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KERR-McGEE CORPORMION
ata .uccer suitomo . ontasoua cm. ontanova m o2

May 27, 1970

*
.

Mr. Donald A. Nucabaumer
Fuel Fabrication and Transportation Branch
Division of Materialc Licencing
United States Atomic Energy Commicsion -

Washington, D. C. 205I54
*

Dear Mr. Nucabaumer:

In response to your request made at the meeting in Ecthesda
yecterday, 7 am pleaced to forward for your une the encloced
five 8 x 1 colored, aerial photographc of the Kerr-McGee
Sequoyah Facility. We chall keep you informed on the status
of our liquid waste handling at the Sequoyah Facility.

Sincerely,

6 /
,G. E. Wuller

{
Nuclear Division-Staff Engineer '

Licensing and Regulation
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Uranium is relatively abundant in the rocks of the earth's crust.
THE NUCLEAR FUEL CYCLE Geographically, in the United States ore has already been found and

The nuclear fuel cycle produced in seventeen states, mostly in the western part of the country.
d=cribes the life of uranium from However, geological formations similar to those in which uranium has

M ' s d as ore aiready been discovered underlie about 80 percent of the conterminouseartl th ough its g

cn:rgy fuel. Normally, the fuel United States. Of this area, about 50 percent is covered by water, glacial
cycle is considered to consist drif t, or other materials, which make exploration difficult or impractical
of the following sequence of with present technology. This leaves 40 percent of the country and parts
stpps: exploration, mining, of Alaska as prospective territory for uranium, only a small percent of |

milling, conversion, enrichment,
p:lletizing, fuel element which has been explored.
fabrication, electric power
generation, spent fuel MINING
r, processing and refabrication. When the search for uranium began in earnest in the late forties, thereP brief desenbedin
it ] f I ig were many lonewolf prospectors and small mining ventures. Today

uranium mining is largely done on an industrial scale and is closely
ntegrated witn milling operations.Exp o tio for deposits of

commercial-grade uranium is the Some uranium deposits are shallow and mined by open-pit techniques,
first step in the nJclear fuel cycle. but the greater part of the ore being produced today comes from
More e
g;olog,xperience, increased underground mines.ical knowledge and
improved techniques are
discovering subsurface deposits MILLING
wh:reas early exploration was The uranium mill recovers the uranium from the ore. The uranium

m t o s that could found concentration in the ore being mined today ranges from as little as 2 to
with Geiger counters. The nuclear as much as 20 pounds of U,0, per ton of oro. The average is about 5 pounds

,

industry must continue an per ton. The ore is first crushed and the uranium is then leached from the
int nsive exploration program to oro. The dissolved uranium is recovered from the " leach liquor" by solvent

a n or ne ange MnWs and is W b mmm mssaniu orei order t m et the
pr:dicted requirements of the w ter. The product is a crude uranium concentrate, known in the industry
nuclear-generated electric power as " yellow cake," which usually assays between 70 and 90 percent U,0..
industry and the Atomic Energy
Commission in the years ahead, CONVrRSION TO UF,
cspecially the years after 1975.

Present estimates indicato that For use as reactor fuel, uranium must t:0 refined to purity standards
air sady proved reserves are more characteristic of the pharmaceuticals industry than of normal
sufficient to supply uranium for chemical manufacture. The impurities are " excess baggage" in a nuclear

fens P t
$aona reactor absorbing neutrons unproductively and detracting from the,9 pe d p o about
cight years. Uranium for use efficiency of the system.
beyond that period must be found The crudo concentrates from uranium mills are purified by solventnext c Y

y e cor stru ining extr ction and calcined to form essentially pure uranium trioxide (UO,),
and processing facilities a fine powder of brilliant orange hue which is called " orange oxide."
n:cessary to produce at rates Interestingly,long before the atomic age was born, this same material was
needed to meet expected produced for use as a coloring agent in chinaware,
d: mand. Althougn an eight-year
supply may seem a small reserve, Orange oxide is first chemically converted by hydrogenation to

.

it should be pointed out that since uranium dioxide (UO,), which is then converted to uranium tetrafluoride
1915, this country's petroleum (UF.), called " green salt," by reaction with hydrogen fluorido gas. The
rn:rves have never been more green salt is reacted with fluorine gas (F,) to convert it to uranium

s.T e rose v t is more hexafluoride (UF.), a volatile compound of uranium used in the
an indication of the cost of emichment process.
inv:ntorying a raw material than Uranium concentrate also can be converted directly to uranium

An x ens e e oration hexafluoride and then purified by a distillation process.
cffort is now underway, searching
for uranium not only around ENRICHMENT

n rt y here u anium h s not Uranium enrichment is perhaps the most interesting step in the chain of
bnn found previously. Tho nuclear fuel production and it is also a key step from the economic
supply of uranium beyond 1975 standpoint.

" 'Y
osi s oundin rea not Natural uranium supplied to the enrichment step of the fuel cycle |

cssociated with present contains a mixture of isotopes (uranium atoms with different weights). Less
production. than one percent is Um with the balance being primarily U ..n

____ ________ __ ____ _ _



In ur:nium enrichment c p:rti:1 sepir: tion of ths ur nium intop:s la
accomplished, resulting in a product called enriched uranium that hr a
high:r-than-normal concentration of the uranium-235 isotope, which is

sfission:ble (the atom will split and release energy,) and a by-product called e atos c nsid a radiation
deplet:d uranium that has a lower-than-normal concentration of the U'a energy, and this heat energy
isotope and a non-fissionable isotope, U,,,. converts water passing over the

b8 s h
The fission process is the basis of the nuclear reaction, and it is ns n elec g ne'r o r.

necessary to concentrate the fissionable isotopo, U,,, to provide the most This process has been
cffici:nt and economic reactor fuel material. Power reactors uso uranium developed to the point whero,
enriched to 2 percent to 4 percent U, . now, nuclear powered

generation of electricity is
In the enrichment process, the UF, gas is forced through an intricato competitive with power generated

syst:m of porous nietal filters, which has the effect of concentrating the using other fuels.
U,,Isotopo on one side of the filters. The enriched UF,is collected on REPROCESSING
cn] side of the filters and the depleted UF, on the other side. The percent During fission, fuel is
enrichment can be controlled by the number of steps or stages. consumed, radiation damages the

fuel material and " nuclear fission
Enr!chment of t' anium using the gaseous diffusion process is dono products" accumu!ato soaking up

by th] Atomic Energy Commission in plants at Paducah, Kentucky; neutrons and lowering
Portsmouth, Ohio; and Oak Ridge, Tennessee. " reactivity." Because of these

effects the fuel must be replaced
Th:ro are two additional fissionable isotopes, Pu,,, and U,,, which when only partial |y consumed.

h va been utili:ed as reactor fuels.These are generated as by-products of in most of the reactors being used
c nucl:ar reactor and are not a part of the gaseous diffusion process, today for civilian power

generation, the fuel must be
replaced when only 1 or 2 percent

PELLETIZING of the fuel atoms have been used
up. Even with this limited amount8: fore the enriched uranium is ready for uso in a reactor, the enriched 0' ' ""P*UF, must be converted chemically to a more economical and efficient fuel nv Ived have a u c$l i$o of

form. Uranium dioxido (UO,)is the most commonly used fuel for three or four years,
r;:ctors today. Part of the plutonium

generated in the reactor is
Enriched UF, gas is reacted with ammonia to form ammonium diuranato consumed during the reaction;

(ADU). The ADU is calcined to UO, powder, and the powder is milled however, the remainder
cnd th:n pressed into cylindrical pellets.These are densified by sintering represents a reactor by-product.

it is obvious, therefore, that(high 1:mperature furnacing).The surf aces are then ground to the
I d irafinil dirmeter to fit into a particular fuel element tube. Pellets rango in u usod u urn a to r cover

siza from 0.3 to 0.5 inch dian,eters and 0.5 to 1.0 inch lengths, the plutonium content.
A larg] reactor will conta,n about 8 million pellets. In the reprocessing operation,

after a period of storago under
water to cool the fuel elements

FADRICATION and reduco radioactivity, the
At the present timo nuclear fuel is fabricated into fairly preciso shapes useful uranium and plutonium are

8P db '
which cro fitted together to form fuel elements. These in turn are arranged ]emicai ohr s
In a c refully designed pattern to make up the " core" of a power reactor, accomplished by solvent

nP ssos. sin the fabrication process, enriched UO, pellets are inserted into ox yep on proc 9,, no
m:tillic tubes. These tubos are assembled into fuel element bundles which remotely, utilizing radiation
h v2 fixed spacial distribution in the reactor coro so the system can barriors, such as massivo
function properly.The tubo also protects the fuel from corrosion by the concreto, until the highly
wit:r which flows through the coro. The tubes are sealed to lock radioactivo fission products have

f in th? r:dioactivo fission products which are formed as fuel atoms bec
The econtaminated

und:rgo fission, uranium can be recycled through
the enrichment process to restoro
the concentration of U,,orit canELECTRIC POWER GENERATION be converted to UO, and blonded

it is in this step that nuclear fuel roloases energy as a result of the with material of higher U,,,
splitting, or fission, of the U,,, atom. content.

REFABR A ONU,, atoms will fission naturally at a fixed (slight) rato. When this fission
occurs, neutrons are released. Under the proper (reactor) conditions are reformed into fuel pellets and
th:so neutrons can induco fission in other U,, atoms and a " chain" fuel bundles by processes similar
r:acti:n occurs. Neutrons, also, interact with U,, atoms subsequently to thoso used for onriched
f:rming Pu,, atoms, which are fissionablo, and contribute to the reaction, uranium described previously.

_ _ _ _ _ _ _ -



.e nn,
s

"Y.,

.

., *'

m w.i% NUCLEAR
y- ' , - .

g
..

-. . . . .

n s q
.

N "4 ;Qt- s . a g===a 4 c:==== 4i j /.p- , |(.~h y .
. . . >

,.

MINING
Ore
B
*

g -6,' ,1
. . .

. -

\ 't
'

^'

ng
-

JLit4 ' ; EXPLORATION..

M * Tc -4 ForUranium Ore
.

ggj=gMf,%er.
y ,g. J x :_ . .

..m x

L' ~

7. ::2== m = _.

t
... - -

'

,

MILLING ~

To"Ye!IowCake"
G y-k

- .~
~ y- g n = 3 $r-"r

~ ~

C, , -
i

- ,) PURIFICATION
~

AND CONVERSION
,

TO UF6,

r ,

,

-

,e

*
ENRICHMENT*

; .. AEC Diffusion Plant.
I..

!

.

PURIFICATION & CONVERSION
Kerr McGee's Sequoyah

Facility
_ _ - - _



l 1

!
l

FUEL CYCLE
. g.. 3. _-

;,

l.g ,,,
::gg.

g

9N%J
,

-
,

,y.. , ,

%{ '
;f * 7,\M .r 34 c: : ra
"

,,

% wo.. e u.. .

,

Y. - .%i
.

i

~ W I!' " g h_

r
-E - ___,- 2_.: ,_m___

IRRADIATED REACTOR
FUEL REPROCESSING g

u

j ::ascrap recycle c:====:rg d
=== u ma recycle ] $2

K I:|F '

tl :;0

'l
.

-. . .
'

'

p ein -..

~jjp,*g gj ;c'

! eg 1%wggi j- i

l; a _L. ...
PELLETIZING FUEL ELEMENT |

Enriched Uranium Dioxide FABRICATION
And Plutonium-Uranium

Mixed Oxides
Cimarron Facility



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

IEE

X=
r-

,

\,

p-

" THE SEQUOYAH FACILITY STORY
'

- Kerr-McGee's Sequoyah Facility is helping link Oklahoma's colorful

,
past with the State's economic potential in the nuclear age.

There is a nostalgia of bygone days when pioneers traversed by
horseback, stagecoach and steamboat, the silent, sun-drenched area of_" eastern Oklahoma between the Illinois and Arkansas Rivers. Traces of old

_b_
" Whiskey Road," which extended down to the ferry across the Arkansas-

River, are still visible on the 1,500-acro site where Kerr-McGee's n>cwest
-- nuclear facility is located. And there is drama in the revelation that man's ',/., '

imagination has caused to rise from the Oklahoma prairie a $25 million
structure wherein man will work with one of the newest energy resources-,

uranium.The product from this plant will becom'' fuel fore
*

g g nuclear reactors which are being built to d[up'pl tfe'ever increasing [~,

, .j g demand for electrical energy. 3p ' j'
"

N.
~

,
' I

"
,w 4 Kerr-McGee announced in July,1967, that construction ^of th'e urani5m N-

@_ hexafluoride conversion plant would begin early I'n,1968.D. A. McGee, <y,
"

,f - chairman of the board, said, "The constFuction of a 5fF, planHs alogical
'

-

'E

extension of our uranium mining anirnliling operations and Is'conslstent -'

4__ with our objective to participate more fu!Iy ir,} th'e' rapidly e,xpanding A"

nuclear industry." Uphn cdrbpletion, Kerr-McGee's facility became thei .<;
,

[ nation's second commercial uranium hexafldoilde facility designed to" ;J'

_
convert uranium oxide [or "yellokcake fr'om both domestic and foreign f[
mills into uranium hexafluoridei g- _ , ,q.j ; nD N

, ,

Comprehensive studies of sites in several states'wsre undertaken to
determine the most feasible location for the facility. The site selected was

~

in eastern Oklahoma,}near Gore, Webbers Falls and Vian - and
approximately 17 miles west of Sallisaw, the county seat of Sequoyah

.

f County.The property is bounded on the south by 1.H. 40, on the west by the
f~ DD Arkansas and Illin'ois Riders,"on'the north by U. S. 64, and on the east by the

.(
-

eastern section lir.e of Section 22 which is approximately two miles east
. . of the Arkansas River. The confluence of the lilinois and Arkansas Rivers,< -

~ ' ? adjoining the western boundary of the property, forms the headwaters
T of the Robert S. Kerr reservoir, now nearing completion by the U. S. Corps,

#
__ y of Engineers.

A- j# In announcing the site for the facility, F. C. Love, president, listed some

.M of the factors influencing the plant site selection. Some of the
considorations included the geographical location of the propertyc e

1_ between the principal yellow cake producing areas in New Mexico and
Wyoming and the U. S. Atomic Energy Commission's gaseous diffusion

i plants in Paducah, Kentucky, Portsmouth, Ohio and Oak Ridge,
M- Tennessee; the proximity to excellent transportation routes and;

I facilities, including 1. H. 40, the Missouri Pacific railroad which follows
the north bourdary of the property, and, upon completion of the Arkansas
River Basin project, availability of water transportation to the Gulf of

~
_ _ t -- O Mexico; an abundance of electrical power; and ample supplies of industrial

-m water from the Illinois River.

. . . . . . . . . ..
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From this control room, Sequoyah-

% Facility's entire operation can be
monitored. Hundreds of gauges are*

contained on the 80 foot long control
\

' ' h )t
panelin the background, and the

\ '
. employee sitting at the console is in

radio contact with all points in the plant.
,

\p3 9 0..

M;,5,gM Mijji!l @
.z ~ ~ y -~ ~

Ep
,E .!.uq[ N
,/yt -

l, fi - - ''|h design capacity in the range of
-

?. The Sequoyah Facility has a
-

-3:0' , s' $ i 5,000 to 10,000 tons of uranium,__. ,,

L f - ,kO.'"^ per year. Operating initially at its

h '||\ hS.h'/'f [ l minimum design capacity, the
J j
j, ( j{ \j{; }, jq .3 facility employs 110 persons--.

.

.[ ..) Y ' i 'D T 90 of whom were recruited fromc, ', f v.y3y tc; y
'<- r

3 eastern Oklahoma. New' 1

| [j O '[
employees are given an intensive. s. s

^'- ey
3

three months training period
,

j^ j i'.jj ; y _ before beginning work. Total
_

+, .W annual payroll at the Sequoyah
"In addition," Love pointed out, "the plant site is only two hours driving Facility presently is approximately

distance from Kerr-McGee's international headquarters in Oklahoma City, $1 million.
the company's technical center and the Cimarron nuclear fuel materials Raising this space age facility
facility. Still another factor is that the property is located within commuting on the once quiet and wind-swept
distance of Tulsa, Sallisaw, Muskogee end numerous other cities which terrain of eastern Oklahoma
offer excellent educational, cultural and recreational advantages to the required 250,000 engineering
families of the plant's future employees." manhours,770 tons of steel,

Announcement that the uranium conversion plant was to be located 130,000 feet of pipe, 125,000 feet
in Oklahoma was lauded by Governor Dewey Bartlett, Congressman of conduit, approximately 200
Ed Edmondson and other Oklahoma governmental officials. It was their miles of wire and 6,500 yards of
enthusiastic consensus that the new facility would be of tremendous concrete. Bechtel Corporation,
technological and economic value to Oklahoma- and especially to the San Francisco, California,
eastern area of the State. The rapidly growing nuclear industry holds the designed and constructed the
greatest potential for future energy development in the nation and it was plant.
their feeling that the plant,in addition to providing jobs and payrolls, would The old has been melded with
enable Oklahoma to take part in the development of an exciting, fast the new in an exciting and
growing industry. The facility also could serve as a strong stimulant for mutually beneficial industry for
attracting new business and creating new empioyment opportunities in Oklahoma and Kerr-McGee
Oklahoma. Corporation.

____ _ _ _ _ _ _ _
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r- After conversion from uranium oxide,"
y uranium hexafluoride is shipped to one
w- of the Atomic Energy Commission's
y enrichment facilities in 10-ton cylinders

such as these shown in the
f - " - - '

-- Sequoyah Facility storage area.
Q in the uranium yellow cake (U,0<)
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, , , . ,
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Cf receiving area at Kerr-McGee's A
Sequoyah Facility, yellow cake is

\>1, [ [ '
, q

' ,
* o- j

' ', ,/ * M
7 3 , + , Q t.G received in 42 gallon drums and placed

.

+-?,',(v.
'

|,,,

} on a large conveyor for weighing prior
$| t *-

,

''- 9.! .,3 %,v<

|1;. to being sampled and dumped into the
,
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f k #z Historic "old Carlisle home," tirst

constructed as a three-room house in

M .t '

1878, was located on a sute near wherey , ,,

the Sequoyah plant was built. Home,

2
C, *- ' gn was moved one mile southeast to a spot,

M SJ'O overlooking the nearly completed
5 Robert S. Kert reservoir.
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Kerr.McGee employee at the Sequoyah

t Facility is shown weighing in a uranium '
.

< * ' ' - ~fjfQyl' drum of yellow cake (U,0.)In the * ^) sampling and receiving section of the Log cabin, thought to be nearly one
y plant. The yellow cake is weighed, hundred years old, stands on Sequoyah
q sampled and then dumped into a facility's 1,500-acre tract purchased

- central receiving bin, by Kerr McGee in 1967.
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