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Dear Mr. Malaro: g
Reference is made to your letter of June 2,1972 requesting recommendations
and comments from the Geological Survey concerning the Kerr-McGee Corporation
application for amendment to license No. SUB-1010 to dispose of liquid waste
from its uranium hexa-fluoride production plant by deep-well injection.

As stated in your letter of June 2,1972, Mr. Robert Schneider formerly of
this office, reviewed data submitted by the Kerr-McGee Corporation in
support of their source material license SUB-1010 Docket 40-8027. Mr.
Schneider reviews were given in letters of December 19, 1969 and July 13,
1970.

In the July 13, 1970 letter Mr. Schneider stated: "In summary, the in-
jection of waste fluid of any type would build up the pressure head in the
Arbuckle Formation and resuit in brine moving upward along faults and
fractured zones and discharge at or near the land surface. The available
geologic and hydrologic date are inadequate to predict the flow paths or
the time when radioactive wsste solutions might reach the surf ace. How-
ever, it is possible that these waste event ually will discharge in the
Arkansas River valley where, in addition to entering the river, they
could enter the alluvial aqui"ers which are sources for domestic water
supplies."

A review of the May 10, 1972 data submitted by Kerr-McGee does not reveal
any information which would change Schneider's conclusions and summary.
The new data does not account for the movement of waste for even one half
life time much less the six or more half lives which are necessary to make
it innocuous. The new data does not indicate pressure changes that would
be expected to occur at points of natural discharge of brines from the
Arbuckle or the interconnected overlying aquifers. The new data does not
address itself to account for the volume of brine (50,000,000 gallons in
the first 5 years) that must be displaced by the injection of the waste.
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The pre 1972 data indicated that brines of 140,000 ppm total disolved
solids were being discharged at the land surface from fault associated
sprin8s under natural hydostatic pressures. An increase of 200 psi
gage pressure in the Arbuckle Formation at the injection well would
result in an appreciable increase of flow from such aprings. Water of
this chemical quality would have a noticeable effect on the environment
of the discharge area whether it was on the land surf ace or beneath a
body of surface water.

The complexity of the ground-water system, which is a dynamic system even
under natural head conditions, does not lend itself to the design of a
method for an emergency recovery of the injected waste. An unexpected de-
tection of any radionuclides any place in the system, which includes every-
thing from the land surface down through the Arbuckle Formation, would re-
sult in a situation where it would be impractical or impossible to take
remedial actior. to recover the materials.

We are returning the copy of Kerr-McGeo's letter of Hay 10, 1972 along
with its supporting enclosures which represent purported hydrological
and geological teste and studies.

If you should have any questions regarding these comments, please let
us know.

Sincerely yours,

C cr - )u o,, L

Ceorge D. eBuchananne
I

Chief, Office of Radiohydrology
Water Resources Division
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LIMDIRLL
(40-8027)
SUB-1010

United Grates Department of Interior
A1TH: Mr. George Da Buchanane, Chief

Offica of Radiohydrology
U. S. CeoloS cal Surveyi

Room 119
2100 "M" Street, N. U.

Washington, D. c. 20242

Gentiomen

This confirms the telephone conversation on May 30, 1972, with Mr. Cecil R.
Buchanan concerning the Kerr-McGeo Corporation's application for amendment
to License No. SUB-1010 to dispose of liquid wastes from its uranium hexa-
fluorido production plant by deep-vell injection.

As a matter of background, in November 1969, a similar proposal from Kerr-
McGeo was transmitted through the Comission's Division of Reactor Develop-
ment and Technology to the Office of Radiohydrology for review and comments.
Subsequently, Mr. Robert Schneider responded to our request in letters
dated November 19, 1969 and July 13, 1970. On October 15, 1970, we danied
Kerr-McGee's initial request for liquil wasta disposal by doop-well
injection and the cc.npany was given an opportunity to request a hearing
on the matter. In lieu of a hearing, Kerr-McGee requested withdrawal of
its application trithout prejudico to reaubnission of another application.
The request was approved.

We ate enclosing a copy of Kerr-McGee's letter dated May 10, 1972, resub-
mitting its request for approval of deep-well injection as a means of waste
disposal. This request is supported by enclosures which represent pur-
ported hydrological and geological tests and studies. We would appreciate

'
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roselving your e-tm and r wations sonaerming the application.
If we saa provide you with additional information, please seatset
Mr. Robert L. Layfield or Mr. Cecil R. Buchanas (phone 973-7463),who
will be handling the case.

Sincerely.

OllIGINAL SIGNED BY
JAMES C. MALAHO

James C. Malaro, Chief
Materiala Bransh
Directorate of Licensing

Enslosure:
Copy of ltr dtd 5/10/72

w/enels

bec: Document Room
Docket File
JCMalaro, L:MB
St. Br. Dist.
CO, REGION I
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L:MB RLL
(40-8027)
SUB-1010

University of 111ssouri
School of liines and lietallurgy

ATnis Dr. Donald L. Warner
Department of Geological

Engineering
Rolla, tilssouri 65401

Gentlemen

This is a follow-up of Ifr. Chievood's call to you on Itay 30, 1972, con-
carning our receipt of an application for a:sendment of Kerr-1(cGee
Corporation'a License No. SUB-1010 to provide for deep-voll disposal of
vantes frota their Sequoyah UF6 production plant.

You will recall that this is Kerr-RCee's second proposal for this type
disposal at this facility. The first application was denied and the
company was given an opportunity to request a hearing on the matter. In
lieu of a hearing, Karr-ItcGee requested withdraval of its application
without prejudice to resubmission of another application. Their request
'as approved.

Ws are enclosing a copy of Karr-HeCee's letter dated tray 10, 1972,
resulaitting its request for approval of deep-well injection as a neans
of wasta disposal. This request is supported by enclosures which represent
purported hydrological and geological tests and studies. We would appre-
cinte receiving your consnents and recoommendations concerning the appli-
cation. We would be particularly interested in the ability of the geology
and hydrology of the area to accept and contain such disposal and the
r..iomble impact, if any, such disposal could have on the environment.

WYYY ,/,|
-

_ _ - _ _ -_____-_____J
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If you abomid amed additional information, please sentact Mr. Robert L.
Layfield or Mr. Cecil R. Duehanan (phone 973-7463), who will be handlins

ithe ease.
,

i

Sincerely, ,

O!110lNAI. SIGNED BY
JAMES C. MALARO '

,

tJames C. Malaro, Chief
Materials Braneh
Directorate of Licensing

|
Emelosures
Copy of Itr dtd 5/10/72

w/enels.
i

lact Dr. G. Richard Grove
{
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9Mr. L. M. Muntzing

O'Director of Regulation
United States Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muntzing:

RE: Application for Amendment to
License No. SUB-1010, Docket

| No. 40-Ro?7, to permit Subsurface
Storage of Certain Liquids at
Kerr-McGee's Sequoyah Facility

Although Kerr-McGee's Sequoyah Facility has a licensed waste
treatment and storage system in operation, we have continuously
studied possible superior alternate systems since the decision
to build this facility in Eastern Oklahoma. One system consid-
cred with the AEC and the State regulatory body over the period
1969 to date involves subsurface low level radioactive waste
storage.

In May of 1970, after furnishing information requested by the
AEC, we met with representatives of the AEC and USGS to discuss
the feasibility of using a deep Arbuckle well for injection of
the plant's entire liquid waste remaining after treatment into
permeabic members of the Arbuckle dolomite section. At that
time, the pertinent government agencies had under consideration
the development of an overall policy relating to deep well

l disposal, but AEC representatives advised that in their opinion
, this policy decision would not be resolved by the agencies
! involved for some time, perhaps 12 nonths or longer.

On October 15, 1970, we received a letter from the AEC stating
that in its opinion the information submitted did not put it in
a position to approve the deep well waste storage requested by
Kerr-McGee, but that we could appeal the decision. In view of
the overall situation we asked, and received AEC approval, to
withdraw our application without prejudice to a future applica-

,

tion, on the basis that we wanted to study the Arbuckle reser-'

|
voir in greater detail as well as the plant's liquid waste

' streams.

;

!

| 2661
f91 Sit 49;
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May 10, 1972
Page 2

At about the time we withdrew our license application, we
learned that the Federal government had published a policy
statement on disposal or storage of wastes by subsurface
injcction in Federal Water Quality Administration Order
COM 5040.10, which is apparently still the government's only
published guideline. Therefore in hereby making this appli-
cation for license amendment to permit subsurface storage of
the below described plant liquid wastes, and in developing
the waste handling program being submitted, we have been
guided by the policies stated therein.

The FWQA policy states that the government is opposed to the
disposal or storage of wastes by subsurface injection without
strict controls and a cicar demonstration that such wastes
will not interfere with present or potential use of subsurface
water supplies, contaminate interconnected surface waters, or
otherwise damage the environment. In its second section it
provides that all proposals for subsurface injection of wastes
shall be critically evaluated to assure that certain criteria
are met. These criteria and our compliance with each are
summarized as follows:

(1) " Alternate measures have been explored and
found less satisfactory in terms of environ-
mental protection;"

As a result of our extensive exploration of
possibic alternate waste treatment and
disposal methods, the plant's fluoride
contaminated waste, the largest portion (90
gpm of a total of 120 gpm) of the waste
stream originally proposed to be inj ected
into the well, is now being successfully
treated and the purified waste returned to
the nearby Illinois River from which the
Sequoyah Facility takes its water supply.
Other means have been taken to reduce the
quantity of was te being generated. For
exampic, in one case the acidic condensate
stream emanating from one of the processes
has been rerouted for use in another process
and the pure condensate previously being
used there is now returned to the boiler
feedwater system.

Due to these efforts, only the raffinate
stream containing nitrates, radionuclides, and
various other chemical contaminants from our
solvent extraction uranium purification

- _ _ - - - _ - _ _ - _
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process, plus a few minor streams contain-
ing nitrates, are proposed to be injected
into the well. The total raffinate and
nitrate waste accumulation anticipated over
the next five to 20 years is as follows:

After 5 years - 50 million gallons
After 10 years - 115 million gallons
After 20 years - 250 million gallons

For the first five years, this waste flow
is expected to average only 19 gallons per
minute, including injection of the accumu-
lated raffinate now being stored at the
Sequoyah Facility.

Process flow sheets have been studied of
alternate methods of treating, recovering
chemical values, concentrating dissolved
materials into solids, breaking nitrates
down into innocuous substances, etc. These
are discussed in more detail in Exhibit E.
Ilowever, none of these flow sheets are
based on sufficiently developed technology
that bench tests and pilot studies are not
necessary prerequisites and it has been
concluded that none could be available for
practical use in less than some five years
and possibly longer. Thus they do not pre-
sent an immediate alternative to our current
surface storage er proposed subsurface
storage. However, for the longer term, we
are evaluating the alternatives to determine
which is the most promising and to determine
exactly what bench tests need to be made.

Thus, while other alternatives have been and
will continue to be explored and while some
were satisfactory and are being used, there
remains a significant waste stream for which
storage appears the only immediate solution.

(2) " Appropriate preinjection tests have been
made to allow prediction of the fate of
wastes to be injected;"

It was in this area that the AEC questioned
the appropriateness of our original applica-
tion for underground storage and it is in
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this area we have concentrated our main
efforts to strengthen the basis for this
application. This work will be covered in
detail later in this application.

(3) "There is adequate evidence to demonstrate
that such injection will not interfere with
present or potential use of water resources
nor result in other environmental hazards;"

The work we have performed and the results
presented herein c1carly demonstrate that
the subsurface wastes will be confined to
the Arbuckle formation and that we have
developed a monitoring system that will dis-
cern any subsurface conditions that could
result in a potential loss of control of
waste confinement before there could be any
detrimental effect to water resources or
'the general environment. In addition, there
are no significant fresh water aquifers in
the area nor any significant mineral, natural
gas or petroleum deposits to be endangered
in any way by our proposed waste injection.
See Exhibit F for detailed discussion in -

this area.

"Best practical measures for pretreatment(4)'
of wastes have been applied;"

The raffinate preinjection treatment program
consists of removal of tributyl phosphate
and hexane and monitoring and recycle if
necessary to remove excess uranium. Stored
raffinates to be mixed with fresh raffinate
and injected will have undergone neutraliza-
tion and settling of precipitated impurities.
The preinjection treatment system is described
more fully in Exhibit G.

(5) "The subsurface injection system has been
designed and constructed using the best
availabic techniques, equipment, and design
criteria;"

The injection system both above ground and
below ground was designed and constructed
based on the best known design criteria,

'-
. __ , _ _ _ ,_
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techniques, equipment and materials avail-
abic. These are described fully in Exhibit
H. Proposed additions to the system to
improve monitoring capability are discussed
under (6) below.

(6) " Provisions for adequate and continuous
monitoring of the injection operation and
resulting effects of the injection on the
environment have been made;"

The original provisions for the routine moni-
toring of inj ection operations were described
in detail under item (5) above and Exhibit H.
Since the original design criteria and de-
sign were developed, further study of good
practice in deep well injection systems and
the development of advanced monitoring tech-
niques in our research program have indicated
the need for additional well monitoring
instruments to record inj ection flow (origi-
nally only indicated and totalized), to
indicate and record well head injection
pressure (originally injection pump pressure
only was indicated and alarmed), to indicate
and record well head injection temperature
(not originally monitored), and to indicate
and record tubing casing annulus pressure
(originally only indicated).

A comprehensive program of testing the re-
actions of the well and reservoir to confirm
continued safe and defined performance of
the subsurface storage system is discussed
later in this application. This program is
the result of our work and is based on
advanced, accepted and demonstrated engineer-
ing technology developed for and proved by
the petroleum industry.

To provide additional assurance that no
adverse effects on the surrounding surfacei

and shallow subsurface environment are taking
place, a program of surface and shallow sub-
surface monitoring is proposed and delineated
in Exhibit I. In the extremely improbabic
event that some breach of waste confinement
occurred and went undetected by the primary
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monitoring systems, this program would
provide detection and enable quick and
proper corrective action to be taken.
As a result, any damage to the surrounding
environment will either be avoided or
minimized to the extent it will not be
significant.

(7) " Appropriate provision will be made for
plugging such wells at horizons below pre-
sent or potential sources of water supply
when their use for disposal is discontinued".

Adequate provisions are present to allow
effective plugging of the well when use of
the well is discontinued. The State of
Oklahoma has specific procedures which must
be followed when plugging wells as well as
a system for inspection and record keeping.

The third section of the FWQA policy states that where subsur-
face injection of wastes is practiced, it will be recognized
as a temporary means of ultimate disposal to be discontinued
when alternatives enabling greater environmental protection
become availabic. Our efforts to determine alternatives to

~

injection and our currently licensed method were discussed in
(1) above and in Exhibit E. Although no other alternatives
are feasibic at this time, our studies are continuing so that
underground storage can be considered a temporary means to be
discontinued when reasonably feasible alternatives are develop-
ed which provide greater environmental protection.

To provide complete answers to the points of concern raised in
the AEC's letter to our Mr. Wuller of October 15, 1970, and to
comply fully with the requirements of (2) and (3) above, we
have engaged in a comprehensive and concerted research effort
to develop by the most advanced and proved petroleum engineer-
ing and geological methods the data, information, and safe-
guards that would either satisfy the AEC and other regulatory
bodies that we should proceed with subsurface storage or con-
vince Kerr-McGee that subsurface low 1cyc1 radioactive waste
storage was not a superior alternative for the Sequoyah Facility.

To this end, a research and field testing program was conducted
based on advanced engineering rescrioir technology. We believe
that the research work performed, involving both actual well
testing and develcpment and utilization of a numerical reservoir
model in a high speed computer for prediction of performance
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establishes such favorable subsurface reservoir conditions
that utilization of the deep well promises superior waste
handling gor the Sequoyah Facility from a health, safety and
environmental standpoint. This research has also assembled
and demonstrated an additional method of monitoring the in-
jection well which affords the control necessary to discern
in a timely manner any unfavorable situation in the well
bore and reservoirs and thereby to prevent the development
of unsafe or unmanageable waste movement.

On a broader scale, we believe we have developed an approach
for analyzing injection systems and reservoirs which, if
allowed to be demonstrated, can show that this method is,
from a health, safety, and environmental stand,oint, a superior
method of handling certain wastes under favara31e conditions
such as prevail at our Sequoyah Facility.

During the research program to better define the proposed
storage reservoir, we made injectivity tests monitoring the
flow into the various permenole zones, performed pressure
fall off testing, and measured with in-hole flow monitoring
devices the back-flow of some zones through the well bore
into other zones af ter a period of water injection and gradual
pressure increase. The injection profiling was conducted to
determine the rates of water injection into each permeable
zone of the total Arbuckle section at various times during the
injection period. The pressure fall off testing was executed
to reflect the transient pressure characteristics of the
reservoir system. Exhibit A attached hereto gives an analysis
of the results of the testing program; Exhibit B a detailed
description and schedule of the testing program, as well as a
tabulation of injection flow rates and surface pressures as
measured and recorded by Kerr-McGee personnel; Exhibit C a
report of the test results of the Well Analysis Company who
made various in-hole measurements; and Exhibit D the te,t data
on in-hole and surface pressures recorded via precision gauges
furnished by the Sperry-Sun Well Surveying Company.

Pressure production tests, injection tests, and production or
inj ection profiling are all utilized extensively in the petro-
leum industry and in the field of hydrology to obtain reservoir
description. The test procedure analyzed in the attached
report was designed to create a pressure distribution in the
reservoir sufficient in magnitude to measure the pressure
transients or pressure gradients propagated from the test well
through the reservoir system as a function of time. Because a
pressure transient moves through the reservoir as a function
of reservoir rock and fluid properties, the recorded pressure

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ -



f '

"

:
. O o

.

Mr. L. M. Muntzing
May 10, 1972
page 8

behavior measured at the test well is directly related to
these properties and to the geometry of the system. The
physical laws of fluid flow and the mathematical relationships
for calculating pressure behavior used in our consultant's
study are those which have been accepted in the science of
reservoir fluid mechanics.

Evaluations of the reservoir characteristics and predicted
reservoir performance were accomplished with the aid of a
three-dimensional numeric reservoir model used in a high-speed
digital computer. A description of the model used and the
means for calibration is included in the report in sections
III B and III D.

J kbI
In summary, our study reveals the reservoir to have five layers qy 'j k
having a total volume of at 1 cast 860 million barrels (3.6 x a

10 10 gallons). These layers exhibit different permeabilities
and no effective communication between the lay ers except in the
well bore. The areal extent and dimensions for the various
layers are presented in the report. The analyses show that the
boundaries reficcted by the pressure data are scaling and that 1
other communicating faults or fracture zones do not exist within f

the areas analyzed in the calculations.

Temperature profiles and radioactive well bore fluid velocity
surveys indicate that significant back-flow from Zone 5 occurred
during the shut-in periods after each injection period. The
specific nature of the observed back-flow and the favorabic
comparison of measured and calculated pressure fall off obtained
with the model both substantiate that significant vertical com-
munication does not exist between the layers in the reservoir
outside of the well bore.

The model calculations incorporating the given injection rate
schedule and individual layer permeability, porosity, thickness
and dimensional data further indicate that after five years of
injection, the injected fluid will disperse dist ances in the
several layers ranging between 140 tc 900 feet from the well
bere. Atter five years the calculated well bore injection
pressure is 1,420 pounds per square inch gauge at a depth of
2,650 feet (well below the lowest formation fracture pressure).
The predicted modest pressure increase of 200 psi indicates
that no significant danger exists in establishing pressure com-
munication through the boundaries or between the respective
layers for at 1 cast five and probably ten years or more.

The injection flow pressure and temperature at the well head
can be continuously monitored so that any change in flow
characteristics, such as would occur if a leak of any nature

1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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should develop, could be detected immediately. This continuous
monitoring program combined with a periodic pressure fall off
test program and analysis of the injection well would insure
rapid detection of any broaching of the reservoir and would be
superior in our opinion to a program using monitoring wells.

Because of the closed nature of permeabic Lenses Nos. 1, 2 and
5, the relatively low permeability of the more extensive Layers
3 and 4, and the low magnitude of pressure increase calculated
for many years, it is not reasonable to expect Arbuckle waters

tto be forced to the surface by the injection fluids. The
. ),g jgn #.,extensive well monitoring program and environmental surface ( ,,, g

,

and shallow subsurface monitoring programs proposed would t .' "'
'

assure that timely and effective corrective action would be ;

taken should a deviation from predicted performance develop.

We request a license amendment for injection into this existing
storage well that would be revocable at any time that injection
is determined to be harmful. We propose quarterly reports
covering the performance of the well including any well test
data taken during the period would be presented to the Commis-
sion who could then decide if any changes that have occurred
are grounds for abandonment of the project.

A summary list of revision pages and the revised pages to be
incorporated in the license pursuant to this application are
attached to this letter.

Sincerely,

KERR-McGEE CORPORATION

6 la Y.

Exect ti e Vice President
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SUMMARY LIST OF REVISION PAGES

Revision 5/10/72

Reference: License SUB-1010, Docket 40-8027
Kerr-McGec Sequoyah Facility

Summary list of replacement pages, Revision 5/10/72

New Pages Replaces Pages
(5/10/72) Revision Reason (2/3/70) .

I-3 Added specific approval I-3
request to exceed 10CFR20
limits for well disposal.

Fig. III-2 Raffinate to well storage Fig. III-2.

or surface pond.

III-3 Raffinate to~well storage III-3
or surface pond.

IV-1 to IV-6.1 Partial revision of Section IV-1 to IV-6.1
and Fig. IV-1 IV - Waste Disposal to re- (Figs. IV-1 and
(7 pages) ficct waste well storage. IV-2) (9 pages)

IV-7 Liquid waste releases. IV-7
.

Total 11 new Total 13 pages
pages plus to be removed.
Appendix B

.

_ _ . _ . _ . _ _ . _
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a. Exemption is requested from the specific posting requirement
of Section 20.203(c)(2) of 10CFR20 for areas and rooms within
the plant. All entrances to the plant will be conspicuously
posted in accordance with Section 20.203(c)(2) and with the
words, "Any area or room within this plant may contain radio-
active material",

b. Specific approval pursuant to 10CFR20.305 for incineration of
contaminated combustibic waste materials is requested. Incin-
eration of radioactive contaminated waste will be conducted
as described subsequently under the Waste Disposal section.

*c. Specific approval pursuant to 10CFR20.302 is requested for
underground storage of radioactivity in liquid waste in excess
of the limits of Appendix B, Tabic II of 10CFR20. Liquid
waste releases to the unrestricted area will be made by deep
well injection as described subsequently in the Waste Disposal
or Storage section.*

I -3 * Revised 5/10/72
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After the uranium has been removed from the solvent, it is
treated with ammonium sulfate-caustic to remove the residual
uranium and TBP degradation products.

The raffinate from the extraction step (pumper-decanters)
contains about 0.002 lb. U per gallon and the impuritics
associated with the yellowcake. *This waste is diluted with
other waste liquids and pumped down a waste storage well or
neutralized with ammonia and stored in a surface pond.*

Preparation of Uranium Trioxide

The aqueous uranyl nitrate prepared in the solvent extraction
step is converted to dry uranium trioxide by a two-step procc-
dure. The solution is first concentrated by eva) oration to
form uranyl nitrate hexahydrate (UNil) which is tten heated to
yield uranium trioxide. Continuous processes utilize stirred
trough and/or fluid-bed denitrators.

livaporation and Denitration

The purified uranyl nitrate is concentrated by evaporation in
a single effect evaporator followed by batch boildown tanks
and converted to UO3 by heating in agitated trough denitrators.

The boildown tanks are heated by steam. The boiling tempera-
ture is controlled at 1cycls ranging from 250 to 290*F.
Solution freezing points range from 140 to 240*F., thus re-
quiring heating on all transfer lines and storage tanks. In
general, nitric acid is recovered from the denitrator off-gas
and condensed streams containing uranium are recycled.

The concentrated uranyl nitrate hexahydrate (UNil) may be
denitrated to U03 by a horizontal heated and agitated trough
or in an externally heated fluidized bed reactor.

The process uses a heated trough, 26 inches in width, with a
rounded bottom. The 12-foot long trough with a reaction
length of about 6 feet is heated electrically and contains a
horizontal agitator which rotates at 60 rpm. The agitator
consists of an 8-inch diameter shaft with 12 arms cach in the
form of a T-bar. The clearance between the shalt and the arms
is 1/8th inch. The agitator is driven by a 150 hp motor and
generally draws about 90 hp.

Uranyl nitrate hexahydrate is introduced through four feed
pipes extending vertically f rom the top of the trough to
within about 3 inches of the bottom. The uranium trioxide
product overflow through an adjustabic weir into a collection
bin below the reactor. The uranyl nitrate hexahydrate feed
rate is regulated to control the bed temperature at a set
value, usually about 570*1;.

III - 3 *llevised 5/10/72

_ _ _ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _



F. )
.

..m. O O.
,

.

-
,

.

*IV. WASTE DISPOSAL OR STORAGli ;

The various waste products which evolve from operation of the
Sequoyah Facility are treated and disposed of or stored in a
manner to avoid surface water or potabic underground water
pollution. ;

,

Liquid Waste Systems

The liquid waste handling scheme at the Sequoyah Facility is
divided into four separate systems, namely:

1. Solvent extraction raffinate treatment faci 11 tics
which prepare the raffinate for injection into a
deep well storage system or for neutralization with
ammonia and storage in waste ponds when the well is i

not availabic because of maintenance, testing, etc.
'

t

2. The waste well system includes a surge tank and as- f

sociated liquid collection system, injection pumps,
lines, automatic sampler, controls and instrumenta-
tion. The alternate storage systems consists of a
neutralization mixing tank, ammonia addition system,
lines, and surface storage ponds.

3. The fluoride wasto stream system consists of a lime
'

neutralization system, settling ponds, a clarifica-
tion pond, and sulfuric acid addition system for aid
in coagulation and neutrall::ation of clarified
effluent.

A simplified sketch of the liquid warte system is shown on Figure
IV-1. The Oklahoma Water Resources Board has approved the overall
waste treatment plan within their jurisdiction.

The quality of the various waste streams can be divided into two
areas: 1) offluent to the disposal well, and 2) surface effluent.

The conposition of the well effluent varies because it is made up
of a mixture of several separate plant streams of widely varyl(in
compositions, many of which will flow only intermittently. T h e' " ' ~ '

'normal effluent to the disposal well is primarily inorganic nitrate
solution containing about one molar free nitric acid, up to 0.5 lb/
gal suspended solids, and traces of natural uranium, other metals,
tributyl phosphate and hexane.

The only surface effluents which are released from the plant site
are the sanitary lagoon effluent, cooling tower blowdown, boiler
blowdown, once- through cooling water brine solution f rom the water
treatment regeneration system and clarified water from the fluorldc
waste treatment system. All of these streams are diluted with
excess raw water from I,ake Tenkiller before entering the Illinois

IV - 1 * Revised 5/10/72
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River. The only release of radioactivity in this liquid effluent
is from the laundry and ample dilution of the stream assures com-
pliance with the regulatory limits. Continuous samples of the
combined outfall to the river will be' collected daily and analyzed
radiometrically to demonstrate compliance to the release limits of
10CpR20. The surface effluent stream ultimately discharges to the
Illinois River at 3,140 feet north and 3,700 feet west of southwest
corner of Section 21, range 211!., and Township 12 N., Sequoyah
County, Oklahoma.

Neutralization and impoundment provisions are availabic in case
the storage well is not availabic. Included are provisions for a
manual diversion and piping of the discharge stream from the well
pumps through ammonia neutralization to one of two settling ponds or
one of two raffinate storage ponds of 25 million gallon capacity.
This separate impermeabic surface storage is provided for temporary
storage during periods that the well system may be inoperative and
the construction of the ponds is in accordance with the Al!C licens-
ing guide for limbankment Retention Systems.

A flow indicator, totalizer and recorder measures the quantity and
rate of liquid pumped either to the disposal well or the settling
ponds.

All raffinate is thus impounded and there is no release to the
river. Monitoring of ground waters in the area is periodically
conducted to assure that ground scepage is not excessive.

The raffinates stored via deep well will pass into a confined
reservoir of the Arbuckle limestone formation at a depth of approx-
imately 1.600 to 3,100 feet. Nearby monitor wells, surface ponds,
rivers and creeks are sampled and sampics analyzed to assure that
no contamination of upper potable aquifers occurs.

Raffinate Treatment

The primary purpose of the solvent extraction raffinate treatment
system is to prepare the raffinate for injection into the storage
well. The raw raffinate contains a considerabic volume of the
organic solvent tributyl phosphate (TilP) and may contain more than
a desirable amount of uranium. The THP is removed since it is
detrimental to the lining material on the well tubing. The excess
uranium is removed primarily for economic reasons and to control
radloactive releases.

To remove the THp, the raffinate is serubbed with hexane in a
decanter and the raffinate flows to one of two 5,000 gallon hold
tanks until released to the well surge tank for disposal. If the
uranium content is high, the raffinate is recycled to solvent
extraction.

IV - 2 * Revised 5/10/72
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.The raf finate stream consists of the liquid volume from digestion,
after solvent extraction, plus about 30% for scrub and other .

streams. It is about one molar in free nitric acid. The disposal 7 !
system can handle a combined stren.t of fresh raffinate, stored
raffinate end miscellaneous nitrate waste at up to 125 gpm. '

Automatic samples are taken while filling a raffinate hold tank '

and analy:cd prior to disposal. The hold tanks are used alter- ;

nately but not at the same time. Provisions exist for recycling .

traf finate to a pumper decanter in case raffinate is high in uranium
content. The raffinate hold tanks operate continuously on an !

alternating basis, one tank being filled in six to cinht hours.
One of the raf finate disposal pumps is operating continuously.
Additional automatic sampling of the combined raffinate and chemical ,

waste stream is done at the disposal pump and analyzed for final
verification of the disposed contaminants.

t

Waste Well System
-) ,

The waste well. system includes the collection systems for all of j
the nitrate wastes that flow to the well, a surge tank, the well
pumps , and the well itsel f. The surge tr.nk insures holding capa- i

city in case of high intermittent flows and maintains a positive | |
'

suction head on the disposal pumps. One pump is in operation and i !

one in standby. Each pump is rated for 125 gpm at 350-400 psig.
f

'

Itaf finate acceptahic for disposal is drained from the hold tanks |
to the 2,500. gallon surge tank. The hold tanks are controlled so .

'that when draining they cannot be filled. ,

,

Idquid lif fluent llandling and Storage ,

|

i The liquid ef fluent handling and storage system processes all of
the plant liquid wastes which do not normally go to the well.
In addition, it provides emergency facilities for holding well
wastes at times when the well is not operabic.

The following specific facilities comprise this system:
,

Settling Hasin No. 1 - lleceived drainage from londing dock sump
and drum storage pad sump when radioactive contamination of this
drainage is expected. Flow to well may be diverted to the basin ;

when the well is not operating. Provision is made for pumping
the chemical wastes back to the well system.

Sett11na Basin No. 2 - Flow to the well may he diverted to this ;

basin wlen well is not operating and back to the well for disposal. |

Sani t a ry Was te 1,agoon - All pl an t sewage including laundry of fluent |
flows to this oxidation type lagoon. The lagoon meets the design ;

' requirements of the Oklahoma State llealth Department.

|

t

IV - 3 *ltevised 5/10/72
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Excess IVater Line - Lake Tenkiller water, which is surplus to
,

the plant's requirement, is used to dilute the sanitary lagoon
effluent ann other streams before discharge to the Illinois Iliver.

Loading Dock Sump and Drum Storage Pad Sump - These sumps may be
drained to Settling Basin No. 1 in abnormal circumstances to limit
the spread of any spilled uranium concentrate and/or chemicals.

~

llaffinate Storage Pond No. 1 - This carthen embankment pond with |
clay lining will hold about 8 x 106 gallons of neutralized raffi-
nate,

,

Itaffinate Storage Pond No. 2 - Similar to Pond No. 1 except 12 x
106 gallons capacity.

Neutra11:ation Facility for adding lime to fluoride wastes and
ammonia to nitrate wastes.

Fluoride settling ponds and clarifier pond with sulfuric acid
neutralization system for fluoride wastes.

,

*lias te Disposal lic11

(See Exhibits A through I - License Amendment Application Dated
5/10/72.)
Itadiological Aspects of lic]1 Disposal

,

The radioactivity in the liquid wastes is due to that of the
in the solvent extraction step plus thatj hnatural uranium lost

the decay products of natural uranium which are purposely (xtracted,h2 f#bnamely, thorium-234, thorium-230 and radium-226. -

For the initial plant capacity, the release of natural uranium is . _ ,

expected to be slightly above the limits of 10CFit20 for release ,

; to the unrestricted area. The natural uranium in the effluent to !

| the well is expected to average about 25 pounds per operating day
(about 1.2 curie per year assuming 85% on-stream factor), for
initial plant capacity of 5,00v tons annually, of which abiiiit~ 50% ;

is soliiTite and L(it insiiTTiVIe. ' Nil s u riiiil um i s dilu t ed wi th an 4

average of about 20 gallons per minute of liquids before it is
injected into the well. The resulting activity from the natural
urani.um is thus about 3.5'x'10-5 pCl/n1 as connared to the allowahic
release concentration of 10CFil20 of 2 x 10-5 pC1/ml.

|
| llecause of its short half-life, the Th-234 yetches its equilibrium p

concentration in the feed material. The [ccoverf;of Th-234 in the -

solvent extraction process and subsequent Pasp6sn1 to the well
| results in the release of essentially the equilibrium quantity of

_

'

Th-234 associated with the total uranium processed. This retcase i
will normally be about 0.075 pCl/ml for initial plant capacity /
which is uhout 3750 times MPC for the allowable release limit of :

2 x 10 ' '' p C i /m l . This release does not constitute a health hazard f7
'in the disposal scheme and furthermore,

,

|

IV - 4 * Revised 5/10/72
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'. After 235 days in the ground, the Th-234 decays to the1

allowable radioactivity limit due to its relatively'

short half-life.
;

2. The maximum radius of water travel af ter a five-year
7eriod is estimated to be only 900 feet from the well!

> ore. Therefore, the radioactive waste is under land on
which Kerr-McGee controls underground development until
past the time when the Th-234 had decayed to acceptable
unrestricted area release limits.

3. Ilxperimental data from a similar well indicates that
about 99% of the thorium will precipitate at the inter- ,

face between the waste water and the disposal fornation '

because of neutralization of the acid waste water. This
also decreases the likelihood that radioactive thorium
will migrate very far from the well bore. (Reference: ,

Lynn, R. D., Arlin, Z . II . , " Anaconda Successfully I)is- |-

poses of Uranium Mill Waste Unter by Deep Well Injection".
Mining lingineering, July 1962, Page 49).

At an initial processing rate of 5,000 tons ler year, the liquid
waste could exceed MPC for soluble material >y a factor of 500 MPC ;

for Th-230 and by a factor of 1165 for Ra-226. The primary as-
'

sumptions are:
t

1. The yellowcake as produced at the mill will contain 1%
of the thorium 230 and 0.035% of the radium 226 origi-
nully present in the uranium ore (at radioactive equili-

The.e are averaze figures contained in thebrium). s
1 literature for ac.ld Icaci type mills. Information tources

are:
|n. " Waste Guide for Uranium Milling Industry," U. S.

) Department of Ilealth, l! ducat lon and Welf are ,
!Public Health Service. Technical Report W62-12.

'

b. "The Control of Radium and Thorium in the Uranium>

j Milling Industry," lleport WIN-112.
1

Data related to acid leach type mills was assumed to be
typical for the Sequoyah operation because (1) it is t

expected that in the long run, at least 50% of the yellow- I

cake processed will come from Kerr-McGee's acid circuit*

imills and (2) about 80% of the remaining uranium milling
capacity in this country is based on an acid circuit..

Present sales indicate that. nore than 50% of the business
involves Kerr-McGee yellowcake and that the balance of !

.the yellowcate is (t o the extent known) from acid circuit ;

mills. ,

I

!
I
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2. Yellowcake is likely to be stored for 18 months prior to
processing to UF6 Actually, the buildup of thorium 230*

and radium 226 in this period is negligibic relative to
the amount of these materials left in the yellowcake at
the mill. The following table relates to the nuclide
buildup.

Til0RIUh1 AND RAD 1115!
PRESl!NT AFTI:lt 18 bl0NTilS STORAGE

p Curies Per flillit er

Sequo{ali Times
Well 2 blFC -2lAEC 1,imit,

Thorium 230 2 x 10~6 1.7 x 10~6 0.85
,

Itadium 226 3 x 10 0 1.8 x 10-0 0.60
__

1 lixcludes original thorium and radium remaining in the yellow-
cake after milling.

2 BaseJ on 15,000 TPY uranitua throughput . For the initial
design throughput. of 5,000 TFY uranium, one-third of this
figure would apply.

Disposal Wel l _Itast, lone t i vi ty 1:elea ses

Conaldering the anticipated expansion of the plant capacity, the
posnihility of increased losses in waste streams over that expected,
and a dilution variance, it is requested that specific approval
be granted to release ra<licactivity via the deep well up to the
following average concentrations:

Isotope Average Conc. (pCi/mQ
,

U-natural 15 x 10~5

Th-234 4.5 x 10~3

Th-230 3.0 x 10~5

lla-226 2.1 x 10~5

llecause of 1imited mohl1ity and confinement wlthin the storage
reservoir, the radioact ivity of the liquid injected into the
well will not constitute a health hazard.

Inc ine ra t inn o f Con t am i na t eil b'a s t e

The incinerator is u:;cd to burn all waste naterials and trash of a
combustIhle lut t ure on ly. All naterials to he incinerated that may

| he contaminated with uranlun are collected in a designated area

|
1
'

IV - 6 Altevised 5/10 /72
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r}nd burned at specified times. The incinerator has a capacity of
50 lb/hr and is installed in a suitable location and vented to the
plant stack. The ash is renoved before and after incineration of
potentially contaminated materials and is monitored and/or analyzed
for uranium content prior to disposal by authorized methods.

Ant 1 -l'ollut i on C ri t er ia

A study was undertaken to entunera te the type and quantity of chemi-
cals and by-product const it uents which would represent a potential
pollution problem in operation of the Sequoyah Facility if adequate
anti-pollution steps were not taken. The plant design includes
measures by which the quantities and types of constituents released
to the environment are held to a reasonable minimum consistent with
the beneficial uses of the air and water in the Sequoyah site area.
Summary of Fot ent !al Radioactive Follutants

llFc Gas - Traces of toxic IlF(, are relased to the atmosphere. Signi-
Tic, ant releases will not be allowed to persist for any consecuential
duration. The normal amount o f IJF6 to escape from the seconiary cold
trap is only 0.00074 lb-mol/ hour. It is teleased along with 3.3
lb-mol/ hour of inert gases, giving a llF6 concentration of .004 mg/m 3
Further, this quantity of IIF6 is immediately converted to (10 F, u)on2contact with water and collected in the scrubber used to remove t.ie
llF in the ef fluent. The llo;F2 formed would be carried by the scrubber
water to the waste disposal well.

Particulate Matter - All gas-solid reaction involves substantini dust
evo liifl on . If5iieWr , these are contained by the use of mic ron metal-
lic lters which are periodically automatically back flushed in
o.dcr t o assure their proper performance. Most of the ef fluent gases
before release also go to an absorption tower or through scrubbers,
which are excellent particulate traps,

ol.ictuids The nit rate waste is a combined stream containiny SX ra f fi--

iiiites, and low concentration nitric acids. These are all forced
ptunped in t o a deep we11 for st orage. The waste stream ut11 contain
numerous metal 1le ni t rat es, possibly ammonium ni t ra te, fron 0.5 to
1.0 nolar f ree nitric acid, and nonerous other lesser impuritles
depending upon t he conpos i tion of t he ore concent rate feed being
processed.*

The only release of radioactivity in liquid effluent is fron the
laundry and fenced fluoride wastes for which t he plant cooling water
will supply ample dilution to comply with regulatory limits.

1.aundry servicea for the decont amina t ion o f employees' work clother.
will result in a procesn stream averaging less than 1.0 gpm. The
waste strean nay contain ehenical impurities and shall have a
radioactivity concentration less than the al owable limits of

,

10CFl!20.303. I,aundry effluent

IV 7 Altevised L/10/72
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Terr-liccea Corporaties
i ATTW: Mr. F. 8. Dunn
i Group Vlee President

Huelear Operations
Xerr-McGee Building

,

Oklahoma City Oklahoea 73102 ;

!, Gentlement

We have received your letter of 13ovember 11, 1970, notifying It

us of your destates to met request a hearias en the matter of
our ==i=1 of your appliaaties for deem 11 dispoesi of liquid

,

unstes. 1

| [
Your request to withdraw your application, without prejudies

,

. to the filing of a new appliestion at a later date, is approved. [,

FOR T1!E ATOMIC EllERGY Colenss10N i

Original Signeel by [
1.yall Johnson ;i

i

, Lyall Johnson r

Astias Directori

4
Division of Katerials Licenslag.

| |
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Kerr-McGee Corporation
ATTN Mr. F. S. Dunn

Grotsp'Vice Prealdent
Noelesh0perations

Kerr-McGee Building
Oklahoma City, Oklahoma 73102

N

Gentission \
\

We have received your\ etter of November 11, 1970, notifyingl
us of your decision to not request a hearing on the matter of
our denial of your appliestion for deep-mell disposal of liquid
wastes. Staae the application was denied, it cannot be with-
drawn as requested in your letter. Should additional technical
inforination be developed to hsstify this type disposal at your
Sequoyah site, an application may be filed pursuant to Section
20.302,10 CFR 20.

'

FOR'THE ATONIC ENERGY Cole (ISSION
.

,

T

Lyall Johnson
Acting Director
Division of Materir*.s Licensing

DISTRIBUTION:
Weisan, DR

|
NKShapase OCC s
! Johnson, DHL \,

DANussbassier, DML t
>

Document Roosi
)'p,-) >-Doc'ist File

CO, EEGION IV
St. Br. Dist.
DR

|)d/ 1

tFFT NtAbIR 000 DR
. DML 8.MB. ..},ornct> .

8
,..

p
.[anest. kh i obaumer 1 Johnson

,,,. , ,
N#4een , ,,,,

_

|,11g70g |- DA f11/ /70 | 11/ /70 11/ ,,/70
summawa p

. 7

_,g., . . cart >. 11/19/70 0

f,,...........:.......,,, .4.__.,__....,. . . . .

- - _ --



m

'. O o. .

. . .
yst h$ f

tog *g
*

UNITED STATESg f-

- S,D .# '

ATOMIC ENERGY COMMISSION
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Kerr-McGee Corporation
ATTN Mr. P. S. Dunn

Group Vice President
Nuclear Operations

Kerr-McGee Building
Oklahoma City, Oklahoma 73102

Gentlemen:

We have received your letter of November 11, 1970, notifying
us of your decision to not request a hearing on the matter of
our denial of your application for deep-woll disposal of liquid
wastes. -Gence-thCapplication-was_ dant adpit-cen;;t S - with _
drawn _as -requestad-in yuur latearushould additional L:h;ical

.._iafonwettonibaleveloped to;jwetify-thi. ;.,,,. disposal-st,-your- _

,Sequoyah site, an application-esy b; f 44ed pursuant t=Section,
J0,302,10 ''r; 20. m

FOR THE ATOMIC ENERGY COMMISSION

Lyall Johnson
Acting Director
Division of Materials Licensing
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j Price. Harold L. Morris, P. A.
'

4

Meck, C. K. Case, E. G.
|

Hanauer, S. H. Johnson, L.
|

' Mann, M. M. Cunningham, R. E._

i Henderson, C. L. Edwards, C. T. ,

f Dooly, Wm. C. Chitwood, R. B. i

I

Thornton, C. D. W.
~

aumer, D. A.

I V '

Sullivan , J. L. Buchanan, C. R.
Low, L. D. Malaro, J. C.
Price E. R. OGC Attn

4

! Rogers, L. R. Central Files
*

Mail Room
.
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