nMo

pergon 1icensed by the Iisde En

sion, within the limits of his license,
Concitiens: Reguirec to maintaln reccrus 0. Li-

vemteriss, reosiple snd tramsfers { refissd

powroe materisl, M“mﬁ 2
t;“mmlﬁo.m “:1

(comtimued cn revarse side
(e Ihu'..'.}'\ A00 nteny of nOn MnpUADCe

e licensee's sctivities that utilise sowres material obtsioed umder this license are
carried out ie tbe same facilities that sre used for a pregre inwolving special muclasr
paterial obtaimed by Mallincirodt umder Licenss Bo. SHN=13. }ouh programs are confined
to one plant Located ir Hematite, Mispouwri, «uich is ceroted exclurively to ccmmercisl
procesging and produci.cn of wranimm compounds and me'lils. Ko thoriws has been procured
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ticrr are piven all employr: Routine surveye are xade 0 de .ermine the levele of
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1. GENERAL INFORMATION

e On August 18 and 19, 1958, & compliance inspectic

the activities conducted by Mallinckrodt Chemical

issouri, that utilize materials obtained
License N_. C~273L4 and Special Nuclear Ma
The inspected activities are confined to
Hematite, Missouri

License hr SNM-3

lant located in

10, "'hs' inspection was conducted by Dr. Marvin M. Mann, I f

Inspection, Washington, D. C., and Leo Dubinski
Hubbard, I""‘e'“z'/r‘ Division, OR0O, who, during
the visit, interviewed the following licensee persor

Dr. W, M. Leaders - '.'ec!'ml"" Director of Special

Metals Divieion
Dr., E. D. North - Manager cf Hematite Plant
Mr. Jo. We Miller - Supervisor of Industrial Hygiene

Dep artment

11, 1lds two licens the Hematite
plant o} ‘or source maie ther is for
special nuclear material, The licenses i as follows:
L. License No., C-2734

(1 Issued September 23, 1955, for 500 pounds of U03 to he
used in 02 reactor fuel ement studies,
(2) Amended November 9, to ¢
other licensees,
| 'l\f“(". led :l“""’!’“‘t‘ '1", :_."‘.” te

03 and 1,000 pounds of UF§ to
of Wy for fuel element studies,

(L) Amended March 9, 1956, to provide for 500 pounds of U03
and 4,000 pounde of normal UF§ for fuel element studies.

)3
es

(5) Amended May 2L, 1956, to provide for 500 pounde o© f
and 5,000 pounds of normal UF§ for fuel element stu

{’, =

t. e 1 10€
ember ’ .

6) License expired 1, 1

ol e SR ™ Reneped October 9, 1956, to provide for *x-\;"ee,a‘rg and
SRR (L fuel element atudieo .nvolﬂ.ng wp: to 500 pounds of W3,
" V100 pounde of W, and 2,000 pounds of UPL.

Amended March 1 1957, to provide for 3,1

: normal wanium met.al anci Cum,num.r for fuel
BN SR procesein:, and resale,




s

Amended November 22, 1957, for unlimited amounte
of normal uranium metal and tc be used for
mocessing, fuel element st resale,

Amended April 1L, 1958, to provide for unlimited amovviis

’ 1
of normal uranium and thorium metals and compounds for
processing, fuel element studies, research and development
activities, and resale,

License No, SNM-33

(1)

n

(7

Issued July 18, 1956, to provide for unlimited amounte of
uranium enriched up to 7.5% to be converted to W2 using
procedures set forth in the licensee's letter dated May 1.,
1956, The procedures included design information pertain-
ing to plant facilities, shipping containers, criticality
control, process equipment; radiclogical safety procedures;
and detailed process procedures

Amended August £, 1956, to provide for unlimited amc unts

of uranium enriched up to 7.5% and 1.1 kg. of 20% enriched

wranium. Use is according to additional proceduree dated
" (‘f

June 18, 1956,

Amended August 2L, 1956, to provide for unlimited amounts
of enriched uranium to be used according to additional
procedures dated August 9 and August 21, 195%. The pro-

the same process as described
ut with some minor equipment
and chemical flow-sheet changes.

9 a
cedures involve essentially
in earlier correspondence b

“

g S7 IS

Amended February 19, 1957, to allow the preparastion
wranium oxide and uranyl sulfate from UFg according
! dated January 21, 1957 The vrocedures
scri in detail the process, including criticality
considerations, for enrichments ranging from 20% to full

enrichment.

g

~A

®

procequres -

Amended April 22, 1957, to include procedures dated
Mareh S, 1957, which consisted of changes in transpor-
tation arrangements and design of shipping containers.

-t

e date

Amended October 28, 1957, to i ,
October 21, 1957, that set forth a mode of operation
used for the conversion of UF§ to W02 st assays between
3 and 5% enriciment.

Amended March 3, 1958, to include the preparation of
uranium metals ds, blending operations and
waste recovery in tbree proceaure suppie-
mentis dated February L, 1956, The procedures cover
equipment and techniques used to produce uranium metel
of any enriciment and blended batchee of UD wp % c%
enrichment., Alsc described were two facilities used
for solvent extrection recovery of uranium from scrap
material. One facility is designed to Nimdlé’scred w
to 5% enrichment shile the other is de igned W firocass




111,

Kroct

St

wie 1OV

is, Missouri
License No,.

processes for p roducing uranyl nitrate and uranyl fluoride
(erystals and s~luticn), and shipping containers for the

UOpFp and U02(NO3)2.

In addition to the source material activities conducted at the
Hema ‘te plant by the Special Metals Division, the licensee also
carrie. on two additional source material programs., One program,
conducted by the Sales Group under Source Material License No,

D s is a nonprocessing type activity limited to 900 pounds of
source material for resale and use as an analytical reagent. The
other program involves the rrocessing of euxenite ore for the
Government Services Administration under that agency's Source
Material License No, D195, This process is conducted by the
Operations Group in one of the licensee's buildings located in
St. louis. Uranium obtained from the ore is sold to the Commis-
sion's Weldon Spring, Missouri, Feed Materials Plant, while the
thorium residues are stored at the Army's Granite City Engincer
Depot in Granite City, Illinois,

f
.

n_"12
=l

13, One additional specizl nuclear materi al license has been issued
to the licensee for research purposes to develop a process for
producing UF), by a direct conversion from UFge All development
work for this process will be done at the Hematite plant if the
research efforts are pursued,

1L. The details of this report cover only the activities conducted
| o v
under License Nos. C-273L and SNM=-33.

LICENSEE BACKGRO UND

15, The Mallinckrodt Chemical Works was one of the first companies
to0 commercially produce uranium and uranium compounds and has
been continuously engaged in the field since 1942, The company
is a prime contractor of the U. S. Atomic Energy Commission and
currently operates the Commission's waium refinery plant at
weldon Spring, Missowri, and formerly operatcd a gimilar plant
on Deetrehan Street in St. louis, Missouri,

ORGANIZATION

16, The licensee is a stockholder company organized so as tc have
seven major operating groups as shown in Exhibit A. The Uranium
Divieion of the company is the group responsible for the contract
operation of Comnission-owned facilities in Weldon Spring in which
refined uraniym oxides, uranium tetrafluoride and uranium metal
are produceds

Following the 195i amendment to the Atomic Energy Act, which was
degigned to encourage private business participation in the atomie

energy field, the licensee created the &; ial ¥etals Division
to further the company's private commerclal efforte.

17, The Special Metals Division wae formed on January 1, 1956, and
placed under the management of Mr. Frederick M, Belmorc who holds
s B, 8, degree in chemistry end s B,5.E, degree in chemical en-
gineering. Mr. Belmore was employed in varicus capacities by the
Manhstten Engineer District and the Atomic Energy Commission from
1943 wuntdl 195L. The last Commiseion position held by Nr. Belmore
was that of Deputy Director of the New York Operstions 0ffice,

In sddition to being Manager of the Special Metals Diviedon, Mr.
Belmore is alm Specisl Asgistamt to the President of the sompany,
Mr, Fistere, snd the Special Metals Divieion te directdy to

v stoal ghawdirt
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assisted by the Plant Manager, Dr. E. D. North, and Dr. G. W.
Thompkins who directs research and cevelopment efforts at the
Hematite plant (see Exhibit B).

A.

B.

The plant operating force consists of approximately 25
persons working under the supervision of the Plant Manager,
Dr. North., Reporting to Dr, North directly are two Process
Engineers,who act in staff capacity, and a General Foreman.
Other supervision includes the three Assistant Foremen, one

to a shift, who report to the General Foreman. In the absence
of the Plant Manaper and the General Foreman, the Shift Fore-
man is the senior and responsible supervisor of operations.

In addition to the operating personnel there are several other
persons such as mechanics, porters, and guards who also report
to Dr. North.

The Process Engineers are both graduate chemical engineers
who normally work day shift but often work around the clock
if a situstion arises that requires non-routine houre. Re-
search and development pecple have on occasions in the past
acted as relief for the Process Engineers. The Process En-
gineers' major responsibilities are to check on personnel

to determine if written procedures and standards are being
complied with and to review each morning all process reporte
that were completed on the night shifts. P‘ct.h men have read
los Alamos and Oak Ridge ecriticality data reports and have
copies available for their use but they are not regarded as
criticality experts,

No technical training is required for any of the foremen or
operators and generally speaking the foremen are old=time
employees who have come up through the chemical operator ranks.
Operators start as trainees and progress tarough B and A op-
erator grades, then utility operator with the next promotion
being to that of Assistant Foreman,

The plant has a amall analyticsl laboratory, employing five
persons, that is maintained and operated by the operating
organization, The research and development laboratory, a
separate group, is staffed by several technical persons and
technicians from the Research and Development organization
of the Specizl Metals Division who are not responsible to the
lant Mangger but report instead to Dr. Shearer through Dr,
Thompkirs.

It appears that operasting personnel h: selected with

ar 4 SuUpErv.sol atore ngve Ssome

emer*ence in normal uranium prorem-ng. Expc?'ience in pro=-
cessing of enriched uranium prior to initiation of the Hematite
operstion, however, is confined to Dr. Leaders, Technical
Apsiptant to the Manager of the Special Metals Division,

care and that all supervisors and sen
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License No, C-77"

On the east side of the main building is the incoming storage

and blending building while on the west side is the outgoing

gtorage building, The entire plant area is surrounded by a fence and
the gate is manned by guards twenty-four hours a day. A new build-
ing duplicating the main building in size is now under construc-

tion outside of the fence. When completed, the building will be
occupied by both the research and development and opersting groups.
The fence will be enlarged in the future to include the new building.

The main building consists cf three separate processing areas that
are separated so that materials of various enrichments may be
manufactured simultaneously.

A, Area mumber one is designed to handle materials of high en-
richment, that is 20% U-235 and higher. The rvom houses a
general products line primarily used for high~fired uranium
dicxide for cermet type fuel elements and a process line for
the manufacture of metal. Operating in conjunction with the
high assay production unit are two esuxiliary areas, one con-
taining special equipment used for the sclvent extraction of
highly enriched uranium from scrap material while the other,
a soluble products area, is used for the preparation of crystals
or solutions of uranyl nitrate, uranyl sulfate, and uranyl
fluworide.

B. The second area is for large scale mroduction of low enrich-
ment materials that range up to 5% enrichment in U-235., The
main product is ceramic grade uranium dioxide. The equipment
in this area, like that in ares number one, is alsc housed
in special hoods for dust contrcl and consists of standard
chemical plant equipment--tanks, pumps, filter procescas,
registance dryers, resistance furnace, etc,

C. The third proceseing erea is actually divided into three
pections. One section contains equipment for solvent extrac-
tion of low enrichment uranium from scrap, while another is
for the mamufacture of middle enrichment (5 - 20% U-232%)
uranium ccmpounds, The third section containg the research
and development activities and & pilot plant for pressing
and firing ceramic pellets of W», The relleting linc equi-
ment can be used for all assays of uraniur and while said to
have been initially installed primarily for quality control

purposes in mamufacturing ceremic grade oxide, it is also used

for the production of high density W2 pellets for direct
loading inl  fuel elements,

The incoming material storage vault is & one-story reinforcec
concrete building (~~30' x 15') equipped with a concrete floor

and is locsted approximately 50 feet to the east of the main
building., The room is equipped with chaine and brackets that are
fastened to the wall and used to securs ghirping contairers. All
shipping containers containing waniu: of the same degree of en-
richment are chained together, Vault responsibility lies primarily
with the process engineers who are sssieted by the foremen,

The blending building is 2 mingle room contained in’'a conorete
block building (20' x 50!') located directly south of and &djacent
to the incoming storage veult, Blending equipment s 4 1
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The south end of the room is used for the sterage of cc ntainers
which are designed so as t¢ rive a minimum twe foo o
between adjacent containers,

The outgoing storage vault is a small (~s20' x 10') reinforced
concrete building located approximately 50 feet to the west of
the main building., The room is equipped with racks and chains
attachec¢ to the wall that are used to keep containers separate
prior to shipment.

V. RADIOLOGICAL SAFETY PROGRAM

2L.

25.

The over-all radiological safety rrogram of the Hematite plant

is under the direc-t supervision o J. W. Miller, "u\l:ne."\r‘ sor of
the Industrial Hygiene Department, who reports to Mr. J. G. Moore,
Vice~President in charge of Operatiions, Mr. Miller holds a B.S.
degree in chemistry and hae hac severa. years' expericnte 9 the
licensee's Uranium Division's He'alth Division eccverins similar
normal uranium operations, He is by training both - Health
Physicist and Industrial Hygienist and is »esponc.ple for all of
the licensee's commercial operations, including the Hematite plant.
He ie ass’iswd by two technicians., Control of factors affecting
eriticality are not part :f the radiological safety program but
are handled separately by Dr. Leaders and Dr. North with Dr.
Leaders having the prime respongibility.

Personnel monitoring is conducted by routine use of film badge:,
bio-aseays, and physical exami: ations, Film badges are obtained
from St. John X-Ray Laboratory in Califon, New Jersey, and are
distributed to personnel on a f{requency determined by individual
job Auignnem. Permanent operzting personnel at the Hematite
plant are monitored on a weekly basis while rotating personnel
are monitored monthly., Complete individual exposure recor ds and
summaries are maintained on all employees gnd were reviewed, The
average exposure of Hematite plant personnel during the past year,
ae indicated by the ref‘orda, was BO rrad due to bota radiation
and 3% mrad due to gamma radiation. The maximum gingle gix months
sccumulative exposure recorced as duc to beta wes 2525 mrad while
the maximum due to parma was 360 mrad, No single weekly exposure

ce ~ F h - ) % g - .- ~ o~ 49
in excess of U permissitle weekly exposure was notec., Film

badges are worn ‘~v g1l persons entering the Hematite plant and
are distributed and collected by the guard at the door,
.

Clinieal and radiclogical urinalyses are made routinely with the
frequencie s dete"r- ned by mf“v‘dual ico aseigment, The minimum

>N - one v & v‘vg maximur n,w\-‘,y- ,“ o ‘4V“> ,'_‘,.:
per person is radiolegical urinaiyses are per-
formed by a c-cmarical crgan ;.ion, Nuclear Service and Engineering
Corporation, located in Pittsburgh, Pennsy:wania., This pervice

wae formerly supplied by the Tracerlad Cor;.--tion. Resulte are
reported in disintegrations per minute per liier (~~ 2l hour saple)
with h6 established as tolerance., The maximum single exposurs,
as in y the licensee's records, wae 37.L d/m/1 shils the
average mrin(t.hopmpunlortheorderof § d/m/l. Pre-
employment physicals are given all -ployun.

Prcucﬁn clothing, immluding shoes, are pzmmhd WG
_ oz.q'mtbdro—um&'yhcm, A_div,i :

ne
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26, The licensee's airb activity conmtrol program operates
on the philosophy that & correctly decigned installation will

control the material in such & manner that the material does not
become a health hazard to the employee who operates the instal-
lation., Thus, maximum sttention is given to adequate enrineer-
ing design and to the development of standard operating procedures
which will provide acceptable control., Dust studies (general
and breathing zone) of individual jobs are made to determmine an

1 while carrying out his

4

d

operator's exposure to airborne materia 3
normal duties, Based upon the dust studies, changes are made to
achieve the lowest practical exposure, Concentrations

than the plant's maximum permissible concentration (70
during some operstions may be permitted provided the weipghted
average for the daily job does not exceed cne M.F.C. In general
degign and operstion are aimed toward &n upper 1

Once & job has been evaluated, it is assumed that the exposure
of each operator on that job will be arproximately the same.
The exposure value for that operation is then charged to each
person who performs the operatl job history is
maintained on each employee & " each operation is
made on a periodic basis to e: 4blish an up-to-date exposure value,
High urinalyeis results and film badge reports slso require a re-
evaluation of an operation,

2 M

imit of 1/1f

a8

Air samples have been taken on ihe ro
the maximum results noted being 1 x 1
have mot in the past been taken outside of the fence or &t the
outer edge of the property line, but plans are being developed
to do so in the near future,

of of the main building with
0=4+¢ ye/ml of air, Samples

A1 dusty operastions are enclosed in hoods equipped with double
filters, and, in addition, all personnel are ovided with face

pre
masks which are worn around the neck when working with a dust
genersting process even though the process is enclcsed in & hood,

Complete sir surveys are made of the entire plant a1 lesst twice
s year and some sarpling is done in the plant at least one week
out of every month; however, mo full-time Health Puysieist it
assigned to the Hemztite plant,

27, Ares monitoring of the entire plent, using murvey meters, 1s done
at lesst four times & year formally and more often ‘nformally.
The smear tecinique for detecting contamination is mot used,
The resulte of the fowr formal surveys are reccrded on floor planse

which are filed in Mr, Miller's office, The records veilable
were reviewed with no significant r tion levels ncted; however,
it was pointed out to Mr, Miller that both his ares moriloring
and air sarpling survey records were considered to be close t«

marginal eince they did not present a complete picture of the
Hemstite operstion, He steted that the program would be expanded
iy the future in order to 111 in the gape nmoted in ie present
records. It was alm pointed out that instrument swveys are not
slways sdequate for revealing low level alphs contanination and
that since he hed counting equipment sveilsble he might want to
eveluste the use of mmears for thet purpose.

28, Instrumentation for the n:nologien‘ safety program m of:
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Most of the contaminated liquid waste generated by the licensee's
activities consists of ammonium diuranate, These solutions are
currently treated witn lime to precipitate the uranium and f{lvoride
values then the slurry is brought to the boiling point to release
the ammonia while the precipitate is filtered to remove the calcium
fluoride and uranium contents. The filter cake is stored for future
processing while the filtrate which is essentially pure water is
released to the process waste sewer line, The ammonium fluoride
sclution analyses have shown the maximum uranium contents to be

€0 parts per million with the aversge value between 5 and 25 parts
per million., Ninety-nine per cent of the ammonium fluoride liquors
are produced in the section of the plant that handles up to &
marimum of 5% enriched wranium. Since the uranium contents are

so low the licensee in the near future proposes to stop the lime
treatment and transport the untreated ammoniwn {luoride by truck

to its main plant in St. Louis where the meterial will be used in
another process. This procedure has been approved by the Division
of licensing and Regulation,

Liquid effluent monitoring of the Hematite plant discharge iz cone
dusted at several locations on a non-routine basis using a grab
sample technique. All process wasles are discharged due west

from the main building through a sewer that empties into a siream
running south through the licensee's property. From there it flows
several hundred feet then discharges into the Joachim Creek which
ie not on licensee's property. Samples have been obtained from
the process sewer, from process filtrate, in the stresm, and at
several points in Joachim Creek, both below and sbove the enmiry
point of the licensee's stream, Effluent sampling records vere
reviewed and the highest concentration moted was 6.03 x 10 ue/ml
of alpha activity which was detected in the filtrate. The highest
concentration reported off the licensee's property was detected

in Joachim Creek just below the licensee's point of emtry. This
wee detected on July 27, 1957, and showed s concentration of

1.8L x 10°7 pe/ml of alpha activity,

T4+ wae pointed out to Mr, Miller and Ir. Leaders that with the
company's incresse in production during the past year it would
sppear that additionzl and more recent ef{luent informastion obe

v ab Por o —

tained on & more routine basis would be desirable lor thel

t there were some additional sample resul
reccrded but that he was unsble to locate them during the visit,
He alsc stated that the stream on the company's property will be
mondtored with & continuous sampler in the near future, No figures
were svailsble as to the average volume of the plant's 1iquid

™~ ¢ M

P Y - » - ¥ w ~r "
effluent or the averape Ilow oachi eke

419 ot ’
Mr., Miller ststed th 1.8

Shipping containere are monitored by a Health Physicist to assure
compliance with ICC regulations and &ll containers are posted
externally with ICC type labels,

Regulation type posting is in use throughout the plant Including
each individusl container of meterial., A color coding syetem has
been combined with container posting which identifies the emriclment
of the material in the containers. W e W

s & result of the Dak Ridge (Y-12) erdticslity inciderit, ithe 11~
censee i# mow in the procees of obtaining a redistion rtdc
and alerm systex thet will be installed ’ 1
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33, Radiclogical safety ion ar netruction of personnel has
been conducted on a scale gin most of the operating
personnel now employed have we 1 the company's
Uranium Divigion or the Euxer )everal lectures are
said to have been given by Dr n-routine baeis thet
were concerned with housekee observed by him during
tours through the plant, Wri INE neist of one
four-page memorandum entitled turegs - Hemstite Plant"

written by Mr. Miller and distribute supervision., Loples
were observed posted on bulletin boards located st several prominent
points within the main building.

PROCESSES

plant

the

The main process of
is fuced from normal
through an intermediate diur:
of equipment is different

ing processed,

v

and engviched

depending on

t

Hoxiae LT
UF%

the

low er

the 1

is one whereby uranium
grade hexafluoriae
ADU' step. Al
whe ther high or

sheets for

Whouzh

he b

11

ADU type W2 are identical, lcally, the process
of the hydrolysis of UFg with & dilute ammonia solution

to give a precipitate of ammonium diuranate which is filtered,
washed, and dried., The dried powder 1s pyrohyar lized with stean
and at the same time the ADU is converted tc black oxide (UXE),
which provides an intermec.ate that 1s used for preparing ouher
wanium compounds. The U{g is then reduced to W2 with hydrogen
or cracked ammonis. If the U02 is to be pressed into pellets for

elemente 1t

use in fuel
temperatures,
also be produced £«

high

fired

is blended, pellieted, and

llowing the

gintered at high
W02 may
may be

crystals and ceramic grade
blendins the 02

sk o Y
aLeg )4

converted to green salt (UF for use rreparing uranium metal,
Although Mallinckrodt is licensed for processing thorium, none

hae been obtained to date,

Procese scrap, including such
re jected pelletis, destrustive
is diesolved in acid;
tracted ia solvent then put 1

following

itemes as filter bags, clean-up scrap,
test samples, and analytical scrap,
his the uranium velues are ex-

8 purified uranyl nitrate sclution

which can be converted to ADL. crap from the¢ processes ig re-
vered from the hoods, filters, and equipment and returned o U
stomer,
»
MATERIAL ACCOUNTABILITY '
7€, Adequste meterial asceountsbility procedures are in effect, Source
nd special nuclear materials are recelv c Fy
which are shirped To the Hemetite plant by private commercial trucl
lines. Wwhen the trucke srrive, the cylinders are unlosded, weighed, {

and stored under

the supervision of the foreman who epters ihe num-

ber and contents

of each container in s log book kept in Mr, North's
/ ' office. Cylinders are removed only wheu they are to be, piil into

, the procese and are tramsferred sccording to maber st iNesd4d
tion of the fo assistant foremwn. Ov Ref®

I\

Pt e



v ine krodt hemic s ‘A rka
St. louis 5 Missourd
License No,. g
ghipments from the Hematite plant anc M e vy checks all sers
to make certain that they are ¢ ither valid licensees or else are

exempt from licensing.

%. The amount of source and enriched d
shipped by the licensee each year e,

957 the following amounte

11, .96 1lbs,
UFs used 11, 38,75 1lbs,
UF6 on hand (1-]=5¢ 863.23 1lbs,
W2 purchased 5 306,7¢ 1bs,
P2 shipped 1,2u7.00 1bs,
0» on hand (1-1=5¢
Research Department 39,67 1bs,
Warehouse 0,¢ i1bs,e
Regidues (U content 156,92 1bs,

UKo Wi

The licensee has found it unecomomical to completely empty the

source grade VFg cylinders, and, as & It sult, each cylinder re-

turne? % the Commission's Paducah, Kentucky, plant c ntains ap~

prox. ately 1.5 pounds of UFg, In arriving &t an over-all material
balance in the above figures the licenmsee charged themselves with

a
the total weight of UF{ recorded in the original transfer papers
+

though it ie estimated that the returnmed UFg is af proximately
1/L of 15 of the amount received.

ecial Kuclear Materisl

(1) Received
e

UFg (2.3%) 1877.66 1bs,
5 ‘ org (2.7%) 693,68 1be.
Yl owmer e OFg {1.5%) L721.60k 1bs.
R i g (5.1%) 1632l Abns
PR :"v"‘:‘v‘\" A m(’ (ttﬁl 114257 lbﬂo
urg (20% 21R,215 1be,

B
]




i
linckrodt Chemical Works
St. louis, Missouri

License No,

On Hand

(a) In Research Laboratory (1-1-58)

Wso (2.3%) 12,15 1bs.

W (2.7%) 18.84 1bs,

W2 (1.5% L4295 1bs. Blz
/

(b) In Process (1-1-5E)

! U0, (20% 1.6 1bs,
Wy (90% 7.813 1be,

W2 (2.3% 29,74 1bs,
’r? "?."1 1"”‘0‘17 1bs,
W2 (1.5%) 90.9L 1lbe.
V02 (S.L¥) «007 1lbs,
W2 (6.6%) «05 1lbe,
0o (20% 5L 1te,
U02 (NS=LC 15,89 1lbs,

(o8

In Storage Vault (1-1-58

Wy (1.5%) 2002.26L 1lbve,

The sbove figures indicate the scope and adequacy of accountability
proceduree,

VIIL CRITICALITY CONTROL

37. The development of & mew process prior to putting it inmto full
scals production is carried out in the early stages by the Resenrch
and Development Group which devises the chemical flow sheet to be
used. The chemical flox sheet is reviewed jointly by the Technical
Director, the Prodection Orowp, and the Repearch amdl Devsiopment
Orotp. Following this review the Techmical Director, withicon-
sultartion frem Oak Ridge and Rocky Flats personnel, reviews the
proposed process from a c~iticality viewpoint, After the criti-
cality etudy has been completed, equipment is obtained or designed

in rdapce pith the findings of the Technical Direcior. The

et 10 Yhe' AVE#10N OF Tax n
I Ty L‘-md "R o toraret
15 instelled and several test runs sre made using scurce grade
material. During these tests the wrinkles ere irgped out amd

i




M krodt Chemical rks
t. louis, Missouri
License No, -

the procedures a is were underpgoing review and w i

be revised to o«

months,
36, nee a process is turned over to the ?.’*’,Ju!"ti{m 'xr' up, the fore-
men and proce ibilit Dre

engincers assume primary respongibility &
ring the process to ensure that the operations

ped procedures, These

North for mon
are ¢
men ar

rOCesE &

t the deve

cality limitations for each step of the
4 f

»
Boelng the
engineers are cont
production and handling
Operator process f{low
ascertain that procedures are being f«
said to have been instructed to contac
if they are uncertain about any phase of thelr w rk or if there

them. The foremen and

~
o
g
-

in the areas during the

once daily &
peratlore are

ha foremen or engineer

om

appears to be

39 Mater

al

valners that limitation and physical seps
principles « accumulation of a critd

are ;.;sr used for storing the
product, Movement ¢

masg. e se
ravw material
within the dbu

out

T €
container from being in motion in cne area

Equipment in each of the process lines has been
- £

so dimensioned as to be "always ‘or the intended enr-.chment

-
of naterial. It appears that thorough and conscienilous use of
experienced consultante has been made in an effort to ensure ade-

quacy of deeign. All vegsels, retoris, trays, and plpes are 8¢
gized ae to enjoy e factor of safety of approximately two or
greater, the factor being basec on Oal

It sppears that the plant equipmeni has been carefully designec
to minimize the probabilit ritical

dental scoumuletion of crd
masses of fiesionable materials, There are, however, a mmber

f
of nointe 4in the proceesses and in the activities where-

-

in ristakes coul cour anG critlical d be assembled,
£-11

nes noted are as 10..0wWS:

&, The raw material for the severzl processes is UFg. Thie ma-
terial 4e received from Oak Ridge in "alwayw Bale" SOMtainiars

for the material involved, The selection of appropriate con-
ners from st & the introduction of erial to the
-

rrocess line usually depends uwpon one person., Records of

mm.aimre and their contents are kept in e Mansg 'a office
EAoyald .




IX. SUMMAR

e
“ew

’ -
o r 1 Works
t. 118,
License No.
« It was observed that in connection wiih resear h and develop-
ment activities ttl ining uranium sclutions are

stored temporari without phyeical limitation

on geometlry the ction, each
f some tlree t on & bserved to
or v "oz . f
ntain more thar rams of utions of
greater thar
Aft + he nerat ns had been reviews e was held
with Dr. ) th, ! £ W per: r., Lea al Director;
ler. sneeif t,exm €
wer nenection rer
re sent v ge the opersation is cor
sidered as beir v
sldered as bel -
it was noted tl
rel VT ”
reli upon 1 5

uld possibly
and procedural
regard to researc

ticularly since

that certsin questionable procedures were i foll by
search persomnel, It is the understandin of the Division of
Inspection that Mallinckroat apement ies taking steps to improve
the situation,

The use of source and specila ials in the activities
onducted by Mallinckrodt Chemical Vorks at the comg any's Hematite,
4

is

S04V

P
M

(4 ssouri, plant are in accordance with the license condd tions,
license mpplicaticns, and license aplication suppiementis,

Plant supervision appears tc be composed of exerienced and quali~-
fied personnel who are interested in cc nducting safe nmuclear and
redlological programe in conjunction with the licensee's activities,
The radiclogical safety program undsr Mr. Miller's direction is
functioning effectively but additional survey and efTluent monitor -
ing informstion appears to be desirable., A more complete program

verineg these v e

3
P
o
!

e ™o
- .- Te : e

tion ¢ lLeaders, while
int of view, does involve

nuclear safety program
asdequate from ghe equipment design pointi ol
activities stéseveral points in which there is relisnce wpon in-
dividpals, to. carry out procedures. Any reduction irn the.progedures
shich $OUTA 14mit relience on individusls'would fartherimprove

afety of the operation Management intends to

the over-all B
contimumously review these matters and make improgements where

o
reasonably poss
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