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INTRODUCTION AND APPLICAT' ION
"

4

This application for a special nuclear material license is submitted by SpencerThe company is incorporated in the state of Missouri and hasThe
its principal office in the Dwight Building in Kansas City, Missouri.
Chrmical Company.

principal officers of the Company are:

K. A. Spencer President

C. I. Thomas
General Vice President (Operations)

J. P. Miller General Vice President (Finance)

J. E. Culpepper - General Vice President (Marketing)

E. V. Friedrich Vice President, Administration, and
Assistant Secretary

J. R. Brown, Jr. Vice President, Research and Development
Division

J. C. Denton
Vice President, Agricultural Chemical Division

H. R. Dinges Vice President, Industrial Chemical Division

F. L. Pyle Vice President, Plastics Division

E. W. Morgan - Treasurer .

/ A. Mag Secretary'

W. L. E11eman Administrative Assistant

All these officers have their offices in the Dwight Building except for Mr. MagAll are natural
whose address is 9 West Tenth Street, Kansas City, Missouri.The company is not controlled by any alien,
born citizens of the United States.
foreign corporation or foreign government.

This license is requested for the processing of any enrichment of uranium up toThe uranium in the form of UF6 or scrap is to be converted to
highly enriched. The processing will be done at the Jayhawk Works of
the Spencer Chemical Company located between Pittsburg, Kansas, and Joplin,the nitrate or an oxide.
Missouri, with a freight shipping designation of Military, Kansas.

The license is reqaested for 10 years.
The uranium

Any enrichment of uranium up to highly enriched is to be processed.
to be processed may be UF6, a u mpound of uranium or a mixture of uranium andThe
some metal such as might be generated in the fabrication of fuel elements.
product of the process will normally be finely divided UO2 Powder or pellets.Oxides other than UO2
When the nitrate is produced it will be in solution form.
may also be produced as finely divided powders or pellets.

/
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The uranium will be processed for other licensees. Production is scheduled to .-s,

begin December 1,1957. The maximum design processing rate is 30 pounds of
uranium per day. The actual processing rate will depend upon the exact natu=e
of the feed material and up'dn~ customer demand. Inventory of U235 at the plant

'

will not exceed 100 kg. Processing losses generally will .be held to less than
1%, but may exceed this for small batches.

The Spencer Chemical Company is currently engaged in the manufacture of ammonia,
nitric acid, N15, polyethylene, nylon, urea, methanol and other similar products.
It is accustomed to handling highly valuable materials on a commercial scale as
exemplified by its current handling of a $200,000 inventory of platinum used as
a catalyst. Also, the company has extensive experience in handling hydrogen and
unstable compounds.

II

QUALIFICATIONS OF PERSONNEL

The processing of enriched uranium is the direct responsibility of L. H. Landrum,
Director, Process Development. Mr. Landrum reports directly to Dr. John R. Brown,
Jr., Vice President in . charge of Research and Development for Spencer Chemical
Company.>

Dr. Brown holds a B.S. degree in chemistry from Oberlin College, an M.S. degree
in chemistry from Ohio State and a Ph.D. degree in chemical engineering from
Massachusetts Institute of Technology. From 1938 to 19h6 Dr. Brown was employed
by Esso Laboratories in Elizabeth, New Jersey, serving as assistant Director of
the Chemical Division from 19h1 through 19h6. In 19h6 he was made Director of
Research for the Pro-phy-lac-tic Brush Company, a division of the Lambert Company
in Florence, Massachusetts, and in 19h9 transferred to the Lambert Phamacal
Company, a division of the Lambert Company, as Director of Research. In 1953
he became Vice President - Director of Research. Dr. Brown joined Spencer
Chemical Company in August,1953, as General Manager - Research and Development,
and in February,1957, became Vice President - Research and Development.

Mr. Landrum received his B.S. and M.S. degrees in Chemical Engineering from
Missouri University and Washington University respectively. Before entering
the atomic energy program, he had some ten years of industrial experience in
prucess and engineering development with Carbide and Carbon Chemicals Corporation
in South Charleston, West Virginia, and with Titanium Division of National Lead
Company in St. Louis and Sayreville, New Jersey. He entered the atomic energy
program in July,1951, when American Cyanamid sent him to Oak Ridge as part of
that company's contract with the Atomic Energy Ccmmission to operate the Idaho
Chemical Processing Plant. At Oak Ridge he was associated with the pilot plant
at the I-10 laboratory and participated in the design of some special recovery
facilities. He was transferred to Idaho Falls in December,1951, and was placed
in charge of Cyanamid's pi ocess engineering section. His efforts were directed
toward design of facilities for recovering uranium from spent fuel used in the
submarine reactors, and in studies connected with the main chemical processing
plant.
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Mr. Landrum joined Nuclear Power Group in Chicago in 1953 Nuclear Power Group
consisted of representatives of four utilities and a construction company, and

. Mr. Landrum represented Union Electric of Missouri. Studies made by NPG were
directed toward industrial utilization of atomic energy. Since joining Spen ar

Chemical Company in July,1955, Mr. Landrum has been Director of Process Develop-
ment. As such, he has been in charge of Spencer's pilot plant activities. A
portion of this has been in studies toward developing background for this license
application.

Under Mr. Landrum's supervision are 21 other engineers and scientists, some of
whom have been associated with the design of the uranium process. The process
has been demonstrated in the laboratozy with the use of depleted uranium obtained
under source material license No. C-3571.

Mr. D. A. Young has been responsible for a major portion of the process design.
Among the people who have participated in the design and who have applied previ-
ons experience to the design are Sinesio A. Zagnoli and R. B. Mesler. Two of
the people who have participated in the laboratory demonstration of the process
are L. G. Stevenson and David Rankin.

Mr. Young obt.ained a B.S. degree in Chemical Engineering from Pennsylvania State
University in 19h2. He spent 5 years with the Sun Oil Company at Marcus Hook,
Pennsylvania, and then a year with the Warwick Wax Company at Chanute, Kansas.
He has been with Spencer Chemical Company since 19h? and has been a group leader.

since 195h. He has been associated with many of the process development projects
which have been. responsible for Spencer's growth. Among these have been ammonia,
and methanol gas refoming, fomaldehyde, polyethylene, nylon 6 and others.

Mr. Zagnoli received his B.S. in Chemical Engineering from Purdue University,
and his M.S. in Chemical Engineering and M.S. in Gas Technology from Illinois
Institute of Technology. He had some three years of industrial experience with
petroleum and natural gas industry before his entry into atomic energy activities
in 1952. He entered the atomic energy program with Nuclear Power Group and re-
presented the Commonwealth Edison Company. He participated in several studies
made by the Public Service Company of Northern Illinois and Commonwealth Edison
Company before the latter joined Nuclear Power Group. With NPG, Mr. Zagnoli's
work was with heat transfer, fuels processing and fuel element metallurgy. Mr.
Zagnoli joined Spencer Chemical Company in October,1955, and is a senior staff
member in the Process Development Department, being assigned directly to Mr.
Landrum. He is charged with planning experimental programs and designing experi-
mental facilities, and with making economic analyses of various pzejects in the
atomic energy field.

Mr. Stevenson was an Air Force officer during World War II, having completed the
Air Force training program at the University of New Mexico and the California
Institute of Technology. He was graduated with high honor from Kansas State
College in 19h? with a B.S. in Chemical Engineering. After graduation, Mr.
Stevenson was employed in the research and development laboratories of the Linde
Air Products Company. In 1951 he joined the Spencer Chemical Company for pro-
cess development work. He has been active in the nuclear fuel program since
midsummer of 1956.

_ _ _ _ _ _ _ _ _ _ . _ _ _ _
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j Dr. Rankin graduated from Monmouth College in 1936 with a B.S. degree and a a

major in chemistry. He completed his M.S. and Ph.D. work at Purdue University
in 19h2 with a major in chemistry. He was employed at Penick and Ford, Ltd.,
Inc., as a research chemist during the years 19h2-19h3, and again in 19h6-19h7.
In 19hh-19h5 he was naval officer in training activity. Dr. Rankin was employed
as a research chemist and later as chief chemist of Lucidol Division, Wallace and
Tiernan, Inc., whose principal products were peroxide catalysts and bleaching
compounds. He joined Spencer Chemical Company in June,1956, and was assigned
to Process Development Department work on uranium scrap recovery and uranium
dioxide production for the nuclear fuel cycles.

Dr. Mesler of the University of Kansas was consulted for criticality considera-
tions. Dr. Mesler's background includes the Oak Ridge School of Reactor Tech-
nology, 1951-52, Ph.D., University of Michigan,1955, Project Engineer for the
Ford Nuclear Reactor and Assistant Pmfessor of Nuclear Engineering, University
of Michigan, 1955-1957. He is presently Associate Professor of Chemical Engineer-
ing at the University of Kansas.

III

PROCESSING AREA

The following equipment and facilities will be used to protect health and mini-
mize danger to life and/or property.

.

The building used for uranium processing is a bnilding fomerly used as a high
pressure laboratory. It is of frame construction containing h cells. These
cells have a concrete roof and concrete walls on 3 sides, all a foot or more
thick. One cell has been converted to a vault by adding a fourth concrete
block wall. Another cell is used for the location of several storage vessels
and a third cell for dissolving operations. The walls of these cells effectively
isolate the contents criticalitywise, fmm anything outside.

The east end of the building has a partial second level. There is enough head
room in the east end to accomodate the extraction columns and some other pieces
of equipment. Lockers are provided at one end of the building for changing
clothes. Film badges are provided for all personnel and ring film monitors are
provided for those using the dry boxes. A Geiger counter survey meter with a
range from 0.2 to 20 mr per hour is available for monitoring against contami-
nation. Air sampling equipment and dust masks are available for monitoring
building air. Film monitors will be mounted around the building to detect the
occurrence of any spread ol' radioactivity.

A fence encompasses the entire Jayhawk' plant works and entrance into, the plant
area is controlled by 2h hour guard force.

The concrete vault in the building is provided for storage of both raw materials
and finished product. Another vault in a nearby building may also be used. Raw
material will arrive in "always safe" geometry containers, packed in bird cages
to maintain the necessary spacing between other containers. Watertight con-
tainers of "always safe" geometry along with their bird cages are provided for
shipping out finished product.

L
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IL PRECAUTIONS FOR SAFETI
4

The following procedures are proposed to protect health and minimize danger tolifeand/orproperty.

All personnel working with uranium are required to pass a complete medical
examination including chest x-ray before starting to work. Quarterly, or more
frequently if justified, urine samples will be analyzed for uranium. Chest
x-rays will be required annully. No smoking or eating will be allowed within
the uranium processing building.

Good housekeeping vill be exercised. Wet mopping will be performed in order tominimize air pollution.
9

Any minor spills (less than 20 grams) will be cleaned up immediately, both to
recover the uranium and to avoid spread of contamination. Clean-up will be per-

;

t formed with rubber gloves and dust mask. Wash water will be collected and storedI

in safe containers awaiting return to process for recovery. Detergent may beuseful for decontanination.
j

Major spills may necessitate orderly plant shutdown and reducing the inventory
of umnium in the spill area to allow more freedom of movement. In handling

;

cleanup solutions 1 liter graduates are to be used to transfer solution to safei

storage, or transfer may be accqmplished with small diameter tubing running tosafe storage.

Clothing is to be monitored when leaving the building to prevent spread of con-
tamination. The working areas will be continually surveyed for uranium on the
floor and elsewhere.

.

Building and building exhaust air will be sampled to see that concentrations
are below pemissible limits of 5.0x10-ll and 1.7x10-12 microcuries per ml re-spectively.

Aqueous wastes will be discharged to the sanitary sewer which carries an average
daily flow in excess of a million gallons away from the plant. The quantity of
waste eleased to the sewer will be limited to that quantity which, if diluted
by the average daily flow of sewage, will result in an average concentration
less than 2x10-h microcuries per ml.
Part 20, Code of Federal Regulations. These conditions are set by Title 10,

Only one uranium container may be in motion at any one tirae and no uranium con-
tainer may be moved unless all other uranium containers are in approved loca-tions. No uranium container may enter the storage tank cell, the area behind
the cells, or the main processing area. Chain guards prevent the movement ofUF6 cylinders, scrap containers, or finished material into these areas.

A UF6cylinder and scrap may be safely moved by the processing area on the sidewalkoutside the building.

Uranium containers are always to be in bird cages or in place in process exceptwhen removed and mplaced one at a time.

~__
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} Uranium shipments are to be shipped by Railway Express, Protective Signature.
Ship.r:ent is to be made in bird cages with instructions to the carrier not to ,,

stack containers, but to secure them while in transit. No other enricheduranium shipment is to bc handled iit the same car.
ders, special additional instructions to the carrier will be as follows:In the case of UF6 cylin-

1. Avoid mechanical damage to container.

2 Protect from fire or"eleessive heat.
3. In case of leak as evidenced by a white fume, avoid

exposure and notify shipper. Protect the public by
prohibiting access to the general area.

The uranium processing building will be posted and uranium containers will be
labeled according to Title 10, Part 20, Code of Federal Regulations. Outsideshipping containers will be labeled according to ICC regulation.

Safe geometry storage is provided for all process streams. Before pumping any
solution from safe storage to unsafe storage, it is to be sampled to assure that
the uranium concentration is below 1 gram / liter.
inspected > frequently for accumulation of uranium. Unsafe vessels are to be

As much of the uranium inventory as possible will be kept in the vault where it
is secure in the event of an emergency.

Fire in the frame constructed building presents three problems. First, the organicphase for extraction is inflammable. Second, the hydrogen is both inflammableand explosive.
Third, water used in fighting a fire could mix with uranium andcreate a criticality condition. This is particularly true of the uranium in the ,

dry box and furnaces. CO2 will be used to control any fire in the uranium
building and the plant fire department is instructed not to use water unless
requested to do so by the uranium building supervisor. Care will be taken inhandling UO2 as it has been reported to burn. Explosion could occur as a result
of the hydrogen, although precautions have been taken to prevent this. ,

In theevent of an explosion, the area will be surveyed for uranium containation.
Tornadoes are a possibility in Kansas.
storage cell should be undisturbed by a tomado. Material in the vault and in the vesselPlant design is on the premise
damage compared to that of the tornado.that a condition of criticality resulting from tornado damage would do negligible

The building site is 30 feet above any previous flood stage.

los a of electrical power does not present any hazard except for loss of ventila-tion.
Pumps, 2nrnaces, vacuum system and dry box would be inoperative.

Criticality is avoided primarily by proper spacing of ''always safe" geometryvessels.
Concentration and mass control is exercised in handling dilute solu-tiens.

Mass and noderation control is exercised in handling dry UO
box, and in storing and shipping scrap uranium. 2 in the dry

A combination of mass, volume,
and moderation control is used in specifying containers for shipping and storingUO2 product.

All safe parameters used are safe with a thick water reflector.
;

- |
|
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Process vessels are located so as to minimize interaction between vessels. Ind many instances advantage has been taken of the isolating effect of concrete
walls thicker than 8". In other instances, spacing is used to minimize inter-
action.

A detailed process description, flow sheet and layout are presented in the
Appendix with a discussion of the methods used for prevention of criticality.

. .

'! V
; INSURANCE COVERAGE

The company is negotiating for insurance to cover any possible loss of enriched
| uranium both while in process and in transit. Details of coverage will be
| supplied to the AEC when they are obtained.
t

i
l
!

- f VI
FINANCIAL QUALIFICATIONS

A copy of the 1957 annual report of the Spencer Chemical Company is submitted
with this application in support of the company's financial qualifications to
undertake the processing of enriched uranium.

!
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A. PROCESS DESCPlPTION

This process is designed to produce primarily UO2 from either UF6 or scrap.
The steps in the process include uranium dissolution, extraction, filtration,,

calcining, reducing,[ screening and grinding. . e,

,e

Starting with UF , ~ a cylinder is first weighed and then'placed in a heating6
chamber to liquefy the UF . The chamber is steam heated and the temperature is

6
controlled at 160 F. A vacuum pump preceded by a cold trap and a chemical trap
permits evacuation and leak testing of the UF6 piping.

f r hydrolysis is prepared by filling a small vessel of safe de-A batch of UF6sign. Nitrogen is used to force UF6 out of the UF6 cylinder into a metering
fr m this vessel into the hydrolyzer.vessel and then to force UF6

to the hydrolyzer, the hydrolyzer is first charged withBefore transferring UF6
an aqueous solution of A1(NO )3 Acid may also be added to adjust the acidity.

3

The product of the hydrolyzer is transferred to one of two rich acid storage
tanks, again with nitrogen pressure.

Starting with metallic scrap, a weighed quantity of the scrap is added to the
empty dissolver. Acid is then added. The dissolver is fitted with a reflux con-
denser and with a jacket for heating and cooling the dissolver. After solution
is developed, it is transferred to one of the rich acid storage tanks using
nitrogen pressure.

Rich acid is pumped to the countercurrent extractor column using metering pump.
.

An organic solvent is used as an extractant.

: Rich acid and solvent flow to the extractor. The rich organic phase overflowst

from the extractor column into an intermediate storage tank. From this tank'

the rich organic is pumped to the stripper column. Raffinate from the extractor
column exits through a jack leg to one of the two lean acid storage tanks. Here
the lean acid is sampled and if the concentration of uranium is sufficiently low,
it is then pumped to the remote aqueous waste tank or if the uranium concentra-
tion is too high for this routing, it will be recycled to process.

Water is the solvent in the stripper column. The stripped organic phase over-
The richflows to a system which continually cleans the solvent for reuse.

aqueous phase exits through a jack leg to the rich aqueous storage tank.

Rich aqueous is pumped continuously to the precipitator where ammonia is also
i added continuously. Slurry from the precipitator overflows to one of two fil-

ters. The filters remove water to produce a calciner feed.

Out of this run ace the material flows into the reducing furnace where reduc-
from the second furnace is transferred to a drytion occurs. The reduced UO2

box with a conveyor.

An inert helium atmosphere is maintained in the dry box so that the UO2 can be
screened and ground without oxidation.

- - -

. . - _ _ _ _ .
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B. PIANT IAYCUT AND EQUIPET DESCRIPTION

The building to house this facility is contained within the Jayhawk plant site.
it is a two-level building with columns, furnaces, precipitator and filters in

It is constructed of steel framework and covered by
the two-story section.It contains four concrete cells originally built for conducting

Feed and product are stored in a vault in caged,wooden siding.

high pressure research work.The flow of material is across a balance to the UF6heating
Movementsafe containers.Thence the uranium con: pounds flow through pipes and vessels.chamber.of materials in other directions is hindered by chain guards.

Uranium scrap follows much the same path from the vault into the concrete cellCritically safe storage vessels are all located within
containing the dissolver.
another concrete cell.
Concrete trenches, lined with an acid-resistant coating are under these vessels.
Accidental discharge of contents of any one of these vessels will be contained

The complete contents of more than 1 vessel would overflow into
Similarly the columns, precipitator and filters are equipped with suchwithin trenches.

the cell.
trenches.

They
Various storage tanks for chemical feed solutions are on the north side.

$ All feed
are conveniently placed for the process and will contain no uranium.
to the aqueous recycle and remote aqueous waste tanks will have been analyzedi

and be at a low uranium level before storage.

The second level of the building at 11 feet covers approximately one quarter of
The floor consists of the tops of the concrete bays and access

,*

the building.
is obtained by stairway and walkway.

A
1

l

l

-
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PPIIENTION OF CRITICALITY
'(1

C.

Many features of the process design are determined by the necessity of avoiding. ~.(F
/'

Criticality is the prime consideration in specifying shipping con- p
tainers and in spacing and locating processing equipment.
criticality. p

A bird cage [:3

Standard 5" Monel cylinders are used for transporting enriched UF . keeps the cylinder upright and maintains a suitable axis to axis spacing be ween.

6 '

t

cylinders.
Containers for finished product of either UO2 or uranyl nitrate solution have1.-The density of UO2 packed, the vol-

i acked Icritically safe volumes and are watertight.
ume of containers, the spacing of containers and the number of conta ners p
is such as to prevent forming a critical mass.

lly

A heating chamber allows melting of UF6 while keeping the UF6 cylinder totaThe chamber is sized to allow the entire contents of a UF6 cylinder;

Interaction
to spill on the bottom without exceeding a " limited-safe" cylinder.enclosed. is

between a portion spilled on the bottom and the remainder in the cylinder !

prevented by spacing.

A dissolver with safe geometry allows dissolution of uranium feed materialIt is located so as to be isolated from other uranium-contain-
;

1

The maximum quantity of U-235 which may be added to the dissolverother than UF6 hip-
'

is limited to a fully water reflected " limited-safe" mass the same as the s
,

ing vessels.
t

ping container above. t

The extraction columns are within safe geometry through their own size and in er-Auxiliary equipment
Other equipment is separated for safe interaction.

for the columns consists in small tubing and pipe so as to mahitain safe geo-spacing.

metry.
/ The

Two furnaces are located in the same plane and spaced no less than 3-128first furnace has a suitable ID so that when under no condition will the density

5 per ec, the fur-
of the uranium in this furnace exceed 3 2 grams of uranium-23The second furnace has an ID of 6-1/2".

iThe

is 1" which
nace is of "always-safe" geometry. maximum depth of material in this furnace for effective operationb Under no cir-
corresponds to about 12% of the cross-sectional area of the tu e. '

25% of the cross-
cumstances will it be possible for material to occupy more thanat 25% the area is equal to that of a 3-1/h" ID
sectional area of the tube.
tube.

The precipitator and filters are on top of the storage vessel cell which has aThe concrete effectively isolates the precipitator
l'3" concrete slab as a roof. Both the precipitator and filter vessels are
and filter from other equipment.The precipitator is directly above one filter and the other" critically safe".
filter is 2' away.

i

The feed end of the furnace is essentially the intersection of a 2" pipe tee ng
Experience with feeding a furnace has shown that there is noA short rod lying inside

into 2" pipe.

trouble with caking or buildup in the furnace tube.the furnace which rolls as the furnace turns has been found effective
in insuring

*

free flow through the fumace.r s

~ ' ' + _
a me* @q a =

_
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The feed end of the second furnace is essentially the intersection of a 2-1/2" 1
r

The discharge end contains a negligible holdup.pipe teeing into a 2" pipe. 1C
O

The first furnace is the most central item in the configuration and sees the . D"
precipitator, the filters, the second furnace, and other equipment including
the closest extraction column. The precipitator and filter are partially iso- k

g
lated from the furnace by concrete, although this is not considered in analyzing I,6

The total solid angle seen is less than 0.8 steradians. rfor interaction.
h

The maximum quantity of uranium allowed in the dry box is limited to a safedensity of 6.0E
mass and is based on a thick water reflector, on a maxinum UO2

Inventory will be main-
[4grams per cc and on an allowance for double batching.

tained low by daily packaging of all finished product.
(k

The dry box has a controlled filtered atmosphere so that dust is not released pThere are no water taps into the dry box andinto the building atmosphere.
every precaution is taken to assure water (or any fluid hydrogenous material)

c

A flange on the floor of the dry box permits loading 'never enters the dry box.
product into finished product shipping containers. h

In [
The storage vessels in the cells are placed in two associated plane arrays.All tanks in the system |
each plane array the vessels are spaced critically safe.
which could conceivably contain U-235 at concentrations with significant amounts

,

of uranium are of "always-safe" geometry.
j

Two tanks for very dilute uranium solutions are provided outside the buildhig. -

Cnly after analyses are made to assure adequately low uranium concentration fSince these tanks contain only dilutewill solutions be pumped to these tanks.
solutions of U-235, and because of their spacing, interaction is not a problem

j
i

Almost all piping which might conceivably carry a rich uranium solution is
Except for piping to a vessel, the closest approach of pipingsmall tubing. ,

to a vessel is 8".

Metering pumps have such a small holdup volume that their criticality and inter-
action effects are negligible. Centrifugal pumps have even less holdup.

Spill pans are located under any vessel or point of operation where there might
.

The pans are sized to allow accumulation from reasonablebe a uranium leak.without overflowing, and overflowing takes place into a curbed area,accidents
all designed to prevent appreciable interaction with other containers.

These
Several pieces of equipment will contain only minor amounts of uranium.
include the scrub columns, the cold trap, the chemical trap and the dry filter.
The amount of uranium that these can contain is so small that their location is
not considered in interaction.
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