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SUBJECT: License: SNM~777, Docket 70-820
SECTION: 100 - GENERAL INFORMATION
Subsection: -101 ~" General

ISSUED  October 31, 1968

SUPERSEDES New

101, General

101.1' Introduction

This manual ‘has been prepared to provide the information required

by the Atomic Energy Commission regulations 10 CFR 20, 10 CFR 70,

and 10 CFR 71 for renewal of special nuclear material license SNM~-777.
The manual outlines the United Nuclear Corp., Commercial Products
Division practices, guides, proceedures and controls applied to
insure the safe handling of special nuclear materials at its facilities
at New Haven, Connecticut and Wood River Junction, Rhode Island, '

101.2 Corporateblnformation

The United Nuclear Corporation, a Delaware corporation, maintains head-
quarter offices at Elmsford, New York. The corporation is in the
business of mining and milling Uranium ores, processing ¢f Uranium into
fuel for nuclear power reactors, and developing inproved reactor sys~
tems to utilize nuclear fuel, . .

The Commercial Products Division includes plants at Hematite, Missouri,
Wodd River Junction, Rhode Island, and Fuel Fabrication-facilities in

* the New Haven, Connecticut Plant, Headquarters for this Division are
.located at the HEmatite Plant. T

A listing of the principal oificers, maJor operating divisions and
their locations may be found in the annual report. (A copy of the
latest report is attached )

There 'is no known ownership or control exercised upon United Nuclear
Corporation by any alien, foreign corporation or foreign government.




UNITED NUCLEAR |
C ORPORATI ON ) PAGE~ -.1-~- OF 2
LICENSE: ~ SNM-777, Docket: - 70-830 . o Approved
SECTION: 100 - GENERAL INFQRMATION . - : Issuep October 31, 1968
Subsection: 102 ~ Location and Faéilities I
' o ‘ SUPERSEDES  New
102, Location and Facilities
1. Recovery Operation AL "f:u'n“:fﬁ?:i ;r,:{ﬂ' T;
The Recovery Operations Plant is locatéd on a 1200 acre site in a
sparsely populated area of Southwestern Rhode Island. The plant
’is approximately one mile southeast of=Wbod:River'Junction~" i _f
The general arrangement ot the plant is shown onﬁdrawings A-601
A-602, A-603 and Y-601 “The general racility arranwement is’ shown
.on Sketch 102 I : 11 L _.A;: A:._ ,_1__ n ' T” .
'I The plant consists of a sinﬂle principal buildin 'with office,,-

: V VI o
1 L13, 111, I_v (First" loor)

1ocker-room, general utilities .and maintenance facilities -to the-

. - front -(West End)- and storage and processing facilities at the T
" back (East End), A small laboratory is. located at. the second -
~level above the locker-room area,.- . . Co T e

: TWO lagoons with waste’ discharge control facilities are located
'within the ienced area and Just north of the building..;.rh” .

'.”The building ¢omsists oi the following areas (deiined by bays)

Lo X, XITI, XIV, 'xvr xvn £IX
L 3xx (3 floors) - : ‘

"XV, xvnl, xxl

XTi) XTI -
: ‘IV (Second Floor)

’:Bazs”:t* ?;Description of Operations

“(For Bay designations, see Drawing Y-GOl) ‘Uranium Process Areas

'+, Shipping & Receiving Area -

Head Ends Processing Area

fPurification Processing

‘Ared '

End’ Product Processing

- Area -

JfProduct Storage Area

-; Control Laboratory .- : ..
Non=-Uranium Storage Area

‘Utility Area’:; - ' L

Main - Entrance, General

Plant: Office,- Lunch °

:,Room, Clothes-Change

.n{Locker»- Change Room

VIL, VIII:

3gn

,These areas .are used £or" storage of. uranium ;'

'l;materials as receive' in pnotective sbacing, birdcages and drums

f:=nmpty shipping containers;or other:material;containing'unrecoverable

Tu amounts of uranium pay ‘be 50" identified and ‘gtored. outside the




Page 2 of 2

UNITED NUCLEAR

CORVPORATI ON Issued 2/6/70
LICENSE; SNM-777, Docket 70-820 A
SECTION: 100 - GENERAL INFORMATION Supersedes  10/31/68
Subsection: 102 - Location and Facllities Approved
Subpart: PP

Amendment No,

102. Location and Facilities (continued)

2, Fuel Fabrication Operations .

The Fuel Fabrications Operations are petformed at the United Nuclear
Corporation fabrication plant located in New Haven, Connecticut and
the assembly plant located at Montville, Connecticut.

The Naval Products Division has control over Buildings 3H, 6H, 7H,
8H, 9H basement, 10H basement, 1llH basement, 14H 41H and 24D of the

* New Haven Facilities and the Montville Assembly Plant, Commercial
Products Division controls the first floor of building 9H, the first
floor of building 10H except the. chem sample storage area, the first
floor of building 11H except the experimental welding srea, the first
floor of building 19H; the 19H basemént waste disposal area and all
of building SO0H (except Navy®. The Naval Products Division and the
Commercial Products Division are responsible for the nuclear critical-
ity safety and health physics in their buildings.

2.1 New Haven Operatioms

Figure 102-II is a map of the Corporation in. New Haven. This
property is located in the area generally bounded by Division
Street on the north, Munson and Henry Streets on the east. The
buildings indicated by the letter "H" on the map, are known as
D" Tract. The remaining buildings on the map marked as "E"
Tracts (buildings SE and 6E) do not comprise any manufacturing
operations, but only office, administration, and engineering
activities,

Further details on the "B" Tract arrangeﬁent ‘and bdilding'9ﬂ, .
10H, 11H, 19H and 50H are shown in following listed drawings:

B-304 238 Equipment layout 9H, 10H, 11H
B-304 236 Equipment layout 19H :
B-304 237 Equipment layout 50H

B-304 23A Change Room layout 19H

'B-304 252 . H Tract Building layout

*An srea approximately 50 feet x 65 feet on the ndrth'éide,'
approximately 100 feet from the entrance.

*Indicates Change
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Page 1 of 1
UNITED NUCLEAR
CORPORATION Issued 2/6/70
LICENSE: SNM-777, Docket 70-820 '
SECTION: 100 - GENERAL INFORMATION Supersedes  10/31/68
ubsection: 103 - Summary of Activities '
Subpart: Approved
Amendqent No.
103, Summary of Activities

SNM bearing materials are recéived handled, stored, processed and shipped
in accordance with Regulations of che Atomic Energy Commission or as pro-

vided by this license.

The maximum quantity of slightly irradiated material+ at any one time will
be less than 2% of the total allowable SNM. The maximum radiation levels

1.

2.

" acceptable will be 10 mr/hr at one foot.

Recovery Operations

These materials may be in the form of uranium metel or its alloys,
compounds and solutions. This includes those materials in fabricated
reactor component shapes. The U-235 isotopic content of the uranium
will be up to and including full enrichment,

.Fuef Fabrication Operations

Operations under this license are primarily the fabrication of
uranium bearing materials into specified shapes, cladding these with
corrosion resistant materials such as: zirconium, stainless steel or
aluminum, and assembling these into larger compoments or into cores
for reactors.

These materials may be in the form of uranium metal or its alloys,
compounds and solutions and plutonium oxide-uranium oxide mixtures.
The U-235 isotopic content of the uranium will be up to and including
full enrichment, Plutonium oxide-uranium oxide mixtures will be in
the form of sintered pellets in sealed rods.

+IOCFR 50.2.3.}1 ===-- the material to be processed contains mot
more than 10™° graems of plutonfum per gram of U-235 and has fission
product activity not in excess of 0.25 millicuries of fission products
per gram of U-235. This material is in the form of fuel rods and
~assemblies and is only non-destructively modified and inspected.

*Indicates Change
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UNITED NUCLEAR

CdRPORATION Issued 2/6/70
LICENSE: SNM-777, Docket 70-820
SECTION: 100 - GENERAL INFORMATION Supersedes 10/31/68

Subsection: 104 - Special Nuclear Materiel

Possession Limits Approved

Amendment No,

f 104. Source and Special Nuclear Materials Possession Limits

1. Recovery Operations ) .

e The maximum quantity on hand at any one time is limited to 4000 kgs
of contained U-235.

.2. Fuel Fabrication Operations

At eny one time, the maximum quantity:éxpected to be on hand 1is
¥ limited to 4000 kgs of contained U-235 and 10 kgs contained Plutonium.

*Indicates Change
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UNITED NUCLEAR
C ORPORATI ON PAGE 1
- > Approved:
SUBJECT: License: SNM-777, Docket: 70-820

SECTION 200:

ORGANIZATION, PERSONNEL AND ADMINISTRATIC

TABLE QF

N ISSUED October 31, 1968

CONTENTS SUPERSEDES

New

SUBSECTION 201 .

SUBSECTION 202°

SUBSECTION 203 .-
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UNITED NUCLEAR .
CORPORATI!I ON PAGE- -L.... OF 1
LICENSE: SNM=777, Docket: 70-386—- e Approved
SECTION: 200 - ORGAMIZATION; PERSONNEL. - = . ISSUED October 31, 1968
AND ADMINISTRATION : S : N
Subsection: 201 - Division Ograriization ) SUPERSEDES  New

201. Division Organizatioh

- The Commercial Products Division is organized for efficient

manZgement and administration of three independent - operations
located in. three separate plants. The General Manager, Commercial
Products Division reports-to the Presidént of United Nuclear '
‘Corporation and has the overnli responsibili‘hy for operation ‘0
the Division Fac:ilities. A R Ly e

The organization of the Division provides fo,r administration,

production, technical support and nuclear industrial safety

functions,. and nuclear materials .management on a- Division wide
{ basis. This is shown ' on the Division Organization Chart, . "7 ERTE
’Figure 201-1.,;_ o - . o KRR *

4
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Approved:

SUBJECT:

" License SNM 777, Docket 70-820
200 - ORGANIZATION, PERSONNEL AND

SECTION:

Subsection:

202 - Nuclear and Industrial Saiety

ADMINISTRAT ION ISSUED_october 31, 1968

Department SUPERSEDES New

202, Nuclear and Industrial Safety Department

1.

. ment,

2.'

Organlzation

The Nuclear and Industrial Safety Department (NIS) is organized to
provide nuclear criticality safety, health physics, industrisl safety and
fire prevention, and medical services for the Division, The Nuclear

afnd Industrial Safety Manager reports to the Genexal Manager, Commercial
Products Division, and is responsible for all activities.of the Depart-

1.1
1.2

1.3

1.4

1.5

The Department. activities include:
Establishment of Division nuclear and industrial safety policy.
Preparation of Regulatory Agency licenses.

On site nuclear criticality safety and health physics control
tunctions independent oi, but parallel to the functions of oper-
ating personnel, .

‘Technical support servicés, as-related to nuclear criticality

safety and health physics for review of proposed additions to

‘or modiiications of process equipment.

Systematic auditing of plant qperations.-

The Départment organization is shown on Figure 202-I,

Basic Responsibilities

2.1

2.2

Nuclear and Industrial Safetf Department Manager

The NIS Department Manager is responsible to ensure effective

and timely administration of (the nuclear and industrial
safety control and audit function of the Division., He assists

" the Division in establishing sound programs in compliance with

Division Policy and eppropriate Federal and State Regulations

and ensures continued compliance of these official programs through
regular audits and follow-up with responsible Division management.
He must provide competent techincal support services to the Divi~"

" sion from either in-house specialists or from specialists outside

of the Division on a consulting basis,

Nuclear end Industrial Safety Representative

The Nuclear and Industrial Safety Representative 1s responsible

for daily surveillance of nuclear criticality/industrial safety

and health physics at his assigned plant, He initiates NIS
Department Nuclear criticality safety and health physics evaluations

" of proposed midifications to processes and equipment, He may

perform preliml:nary nuclear criticality safety evaluations of

these proposed changes. H? performs inspectipns of operating

.
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UNITED NUCLEAR

CORPORATION Issued 2/6/70
LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820 s 10/31/68°
SECTION: 200 - ORGANIZATION, PERSONNEL AND upersedes
] ADMINISTRATION

SUBSECTION: 202 - Nuclear and Industrial Safety

Approved

Department Amendment No

202. Nuclear and Industrial Safety Department (continued)

procedures and general plant conditions for the benefit of both the
Nuclear and Industrial Safety Department and Operating Persomnel,
These audits may serve as a management tool for joint action to
correct any deficiencies noted. .

2.3 Nuclear Safety Specialist .

The Nuclear Safety Specialist assists the Department Manager in -
providing a sound program in compliance with Division Policy,
Federal and State regulations. He performs Nuclear Criticality
Safety evaluations of processes” and equipment, plant inspections
and follow up with responsible operating management. He also
provides competent technical support to other Divisions on a
consulting basis.

2.4 Health Physics §pgcialist

The Health Physics Specialist assists the Department Manager in
providing a sound program in compliance with Division Policy,

Federal and State regulations. He performs evaluations of radio-
logical safety and plant inspections, and follows.up with responsible
operating management. He also provides competent technical support
to other Divisions on a consulting basis.

2.5 Consultants

* .3-:

Consultants to the Nuclear and Industrial Safety Department, assist
the Department Manager through reviews, technical evaluations, etc.,
within the area of their specialty. Such agsistance is at the re-
quest of the Department Manager. !

Personpel Qualifications

The Nuclear and Industrial Safety Department Manager shall hold a degree
in science or engineering and have at least ten years experience in a
responsible position in the nuclear industry at least three years of which
have been in an activity in which he has performed nuclear criticality -
safety assessments and has developed an understanding of health physics
and industrial safety problems and controls.

Nuciear and Industrial Safety Department Specialist shall have a B,S.
Degree in Science or Engineering and not less than three years experience
in a2 responsible nuclear engineering or physics position and not less

_than one year of experience in the area of their speciality. 1In addition,

.

the Nuclear Safety Specialist will be required to have at least one year
experience in performing nuclear safety assessments,

Nuclear and Industrial Safety Department Representatives shall have a
high school diploma and not less than three years experience in the

*Indicates Change
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UNITED NUCLEAR

CORPORATI Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820 Supersedes 10/31/68

SECTION:

Subsection: 202 - Nuclear and Industrial Safety

200 - ORGANIZATION, PERSONNEL AND

ADMINISTRATION
Approved

Department -
partm Amendment No,

]

202. Nuclear and Industrial Safety Department (continued)

nuclear 1ndustry including specific training in nuclear criticality
safety, health physics, and industrial safety, and fire prevention.

Nuclear and Industrial Safety Department Consultsnts shall meet the
same requirements as listed for the Specialist.

Resumes of the qualifications of the personnel performing these
functions are included as back up information.

Combined Activities

Routine health physics control services for the Commercial Products
Division Fuel Fabrication Operations at New Haven will be contracted
from Naval Products Division NIS personnel. These services include
contamination control monitoring, sampling of ariborne effluents,
monitoring and handling'of liquid radioactive effluents, and health
physics daily checks, etc. This service includes the evaluation of
the data taken during the performance of these tasks. Results of
these services, including the evaluations, will be furnished to the
Commercial Products NIS Representative for record and. follow-up
action if required.

However, Naval Products NIS' personnel have the authority to suspend
unsafe operations in the Commercial Products‘activities.
R !

*Indicates Change
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UMNITED NMUCLEAR
CORPORATI ON PAGE 1 OF 1

— Approved:
SUBJECT: License: SNAM-777, Docket: 70-820
SECTION: 200 - ORGANIZATION, PERSONNEL AND ISSUED  October 31, 1968

ADMINISTRATION
Sub;ection: 203 = Nuclear Materiazls Management SUPERSEDES  New
203, Nuclear Materials Management

The Nucléear Materials Management responsibilities are & function of

the Administration Department. The Nuclear Materials Managemént

Section is headed by the Supervisor of Nuclear Materials Management,

Each Operation has an 8S Materials Control Representative.. The SS Materials
Control Representative and his delegates are.responsible for accounting

for all SS Materials, and overall administration of the Nuclear Materials
Management Office. He maintains the accounting records of receipts,
shipments, inventories, and losses of SS Materials.. Details of the Nnclear
Materials Management program are set forth 1n Section 500,
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UNITED NUCLEAR

CORPORATION - | Issued 2/6/70
LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820 ~
: 5 6
SECTION: 200 - ORGANIZATION, PERSONNEL AND upersedes 10/31/68
ADMINISTRATION Approved

Subsection: 204 - Production Organization
Amendment No.

204, Production Organization

Y

1. General Description

1.1 United Nuclear Corporation's Commercial Products Divigion is
organized for the specific purpose of chemical and ceramic
processing SNM for further fabrication of fuel elements, actual
fabrication of fuel elements and the recovery of the SNM from
unirradiated scrap material. The Organization chart, Figure
-201-1I shows how this organization is set up to carry out and
control the various functions essential for this type of manu-
facturing operating. The General Manager of the Commercial
Products Division reports directly to the President of the
Corporation.

* 1.2 Each department is headed by a Department Manager who has full
responsibility and authority to carry out the functions of that
department in conjunction with contributions of other depart-
ments to achieve the overall objectives of the Commercial
Products Division. Each Department Manager is directly respon-
sible to the Division General Manager for the c¢onduct of his
departmental affairs including implementation of disciplinary
action against personnel failing to follow imstructioms. Further,
each Department Manager has line responsibility to the members

of his department. '

2. Manufacturing Departments

* 2.1 The manufacturing covered by this license will be carried out
under the direct responsibility of the respective Manufacturing
Department Manager or Superintendent. Thesé departments have
the responsibility for manufacture, engineering and shipment
applicable to the production of products described in this

application.

2.2 Specific procedures are set up to insure that the proper
quantities of uranium are present in the various products pro-
duced, Processing procedures are set up within the responsible

department,

Management channels are established as the need for delegation
of work arises, Changes at levels below the first line manage-
ment level reporting to the head of a department are a manage-
ment prerogative, and therefore, a detailed listing of the
present supervisory levels is not provided except for the
Nuclear and Industrial Safety Department which is described

in a separate subsection, -

*Indicates Change
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204. Production Organization (continued)

3. Reccvery Operations . 'fflh.' f'if{ﬂ;.?;;“?'fjil.?#f

3 i Organization

.The Fuels Recovery Plant 1s organized.for the specific purpose of
¢conversion of .scrap’ materials containing uranium into-a;high—purity
'compound for sale or re-useé. .The" Organization Chart,;Figure 204-1
shows how this organization is set up to carry out and control the
. various functions essential for this operation._ L

Q/'lt'1$i2f Basic Responsibilities

‘~3 2 l Plant Manager

5"x- The Plant Manager is responsible for the safe efficient
. operation and maintenance of the plant in conformance 4
- -}Hiwith established policies and procédures for required = - -
S ﬁn‘administrative and process development work. R I

n;”First Line Management

_“‘AiFirst Line hhnaaement reporting to the Plant Manager
G jhpg" - are responsible for the safe efficient operation of their
B EEE assigned portions of the " facilities.‘ This. includes the
Ca el R supervision of anw activities assigned to them.;,'

;:Personnel Qualifications :#;{f;

.

o @The minimum qualifications of the Plant Mhnager, and first Aine
~¢§--management shall.be a.B. S. ‘degree in a technical’ field with two
- ' years., experience in Nuclear plants and laboratories, or high school:
'7:‘with ten years nuclear industry experience." .

"Resumes of the qualifications of the personnel performing these
.functions are included as bapk up information.;» o

..744;' Fuel Fabrication Operations ~ﬁ1'~,5'

AR 4, 1 Organization k:

’ﬁ'g: The Fuel Fabrication Operation.is;organized for the purpose of ' -
7 fabricating-SNM bearing components for test and power reactors. .
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4 2 Basic Responsibilities _

4.2.1 Plant Manager

-
[y

4.3

The Plant Manager has the overall respongibility for the
design, development and operations of the facilities. As
is standard practice, he also 'is responsible to insure that
all operations are performed safely.

4.2;? Managers
-

Managers reporting to the Plant Manager are responsible for
the safe efficient operation of theii assigned - portions of
the facilities.” This includes the supervision of any
activities assigned to. them. .

Persoinnel Qualifications

The minimum qualificatiohs for Plant Manager or Manager.shall be

a B. S. degrees in a technical field with two years experience in
the nuclear industry, or; high school Wlth ten years industry
experience. )

Resumas of the qualifications of the personnel performing these
functlons are included as back up information. .. S
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205.

*

Process Control °

1.

.

Ll

General

levels assure themselves that all handling,:processing; storing and
shipping of SNM, 1is given prior review and’ approval by,the NUclear and-
;Industrial Saiety Department, that suitable'control measures are pre- A

"relative to nuclear criticality saiety or‘radiological safety, are’

Vﬂaccordnace with criteria established’ by t_

ﬁ~abnorma1 occurences.

S ;z'.e"'; Operating Reports

T 2.2 _‘.‘_Process Parameter Sheets :

,.Fuel Fabrication Operations 5

'3 health- physics"

followed by supervision and all operating persoﬁnel. _‘

-guch approVal is described in more detai"':fﬁ*:,,..’f:'u

T

Recovery Operations lf.iiﬁrlﬁiff,ﬁ.:ﬁiﬂfi;i¥}?

" ‘Control of the process 1s maintained through a system oi standard . .
- procedures and parameters, and provisions tor reporting and correeting'_

T .

i

‘2.1 Operating Procedures

'Issued by the Process Engineer, provide detailed instructions ior?,
equipment ‘operation end material handling, including speciiic 'f
safety requirements., '8 O‘P.'s are the basic oontrol-document, Vel

" before issuance or fevision they. require Engineering, Production,»

~Nuc1ear and’ Industrial Safety and SNM Management approval by

sisnature-'-- A fe

A i ‘*.‘ \'

'-:Issued by Process Engineer, establish ‘and. communicste detailed‘
parameters ior each Job, within limits estsblished by 8.0. B,

ked s soidredfor profuetion

__« ._.

o Control of the process is maintained through a.system of written
) . "operating- procedures and provisions for reporting and’ correcting

gbno¥mal occurrences. Dperations involving SNM require prior written
approval by the:. Nuclear ‘and. Industrial@Safety Department. . This is

.acconplished. by”the pobting if'igns*'ith 'uclear“criticality ‘safety and
: epared and issued

in accordenc

COmmercial Products Division policy requires that supervision ‘at sll o

o s s -t
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206. RNuclear and Industrial Safety Controls

1. Responsibility AN

On-site nuclear and industrial safety control is exercised by
Operating Supervision with overchecks performed by Process Engineers
and the Nuclear and Industrial Safety Representative. Operating
Supervision must assure that nuclear criticality safety and health
physics control procedures are followed as defined by approved
operating procedures or posted control limits.

* 2, Nuclear and Industrial Safety Department Approval

NIS Department approval on equipment and operating preeeduresAis.
identified by signature of the NIS Department Representstive on the
operating procedures and/or criticality signs. This approval shall

. only ‘be. granted when:
-2,1 Deleted

2.2 (a) Nuclear criticality safety evaluation has been performed
‘ by the NIS Representative based on the criteria and standards
of Section 300,

(b) The NIS Representative's evaluation has been reviewed by
the Nuclear Safety Specialist or Nuclear and Industrial
Safety Department Manager. This review is based on the
.criteria and standards of Section 300 end includes veri-
fication of each of the following:

1, assumptions :

2. correct application of criteria of Section 300
3. completeness and accuracy of the evaluation

4., familiarity of the installation.

(c) Health Physics criteria of Section 400 have been fulfilled.
* 3. Records
Records of NIS evaluations and approvals will be maintained for a
period of at least six (6) months after use of the operation has

been terminated,

* 4, Suspension of Operations

Primary responsibility and authority to suSpend unsafe operations is
placed with Operating Supervision, Within their respective responsi-
bilities the members of the Nuclear and Industrial Safety Department

also have authority to suspend operations not being performed in
accordance with approved procedures, ) ,

*Indicates Change
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207. Inspections and Audits

1.

2‘

General

A continuous re-appraisal of the safety program is provided through
a system of daily checks, regular inspections, and audits. Health
physics personnel, thoroughly familiar with regular operations, make
daily checks to determine that there has been no change in the para-
meters or conditions of operatioms, that may affect the safety of
these operations. A planned schedule of regular inspections is
established by the Department Manager. Infractions and violations
are corrected on the spot with the concurrence of the cognizant
Specialist and/or Manager of Industrial Safety. Results of inspec-
tions and audits are included in the department monthly report.

Daily Checks

Daily checks and visits are observations made routinely by Health
Physics Technicians who observe, note, and make general observations
in addition to their radiation survey functioms.

Inspections

Inspections are performed by NIS Department Representative (non-
resident), Specialist or NIS Manager. An inspection includes a
review of checks to determine the area or areas requiring more
detailed observation. Generally, a specific area will be observed
for a sufficient time to indicate corrective action if needed. _
Inspections are documented and maintained as a record for at least
one year. These inspections will be performed as follows:

Function Minimum Frequencyd .
Health Physics : : 2 wonths
‘Nuclear Criticality Safety . 2 months

-#The minimum frequency is increased when new Operations are
in the startup phase.

*Indicates Change
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207. Inspections and Audits (continued)

4,

Audits .

An audit 1s 8 more thorough inspection in which the results of
previous checks, inspections or audits are also reviewed, ad an
evaluation on the effectiveness of the program. All aspects of
the activities involved, including the equipment, facilities and
operator's knowledge are covered. A review of the follow-up
action taken on previous audits and inspections, the recommended
corrective action, and a schedule date which such action will be
accomplished are also covered. These audits may also involve a
detailed review of non-safety documents such as operating procedures,
route cards, etc. It may also include a review of the nuclear mat-
erials management program, These audits are documented by a formal
report to the Division General Manager. Records of audits are
maintained for at least one year, An audit i{s performed once a
year by & team appointed by the General Manager.

~

*Indicates Change
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ADMINISTRATION . Issuep Cctober 31, 1968
Subsection: 208 - Training o h . :

' L SUPERSEDES  New
208, Training )
1. Puipose . - o-. 0Tk

2. New Employeesf‘ .
f,~ " The indoctrination oi new employees 4in the safety aspects of the e N
| facility is- conducted by, or under the supervision of Specialist e
© ' in the wvaripus’ topics. The indoctrination topic ;include but are "-.
: -.not limited to..-,.'-.j , S R T
a) Fundamentals of nuclear criticality safety and controls.-*.‘
b,w Fundamentals of the health physics program and controls. -
cs,'Emergency Alarms and actions required. :
'_Vd): A review of the.racility operations.-'
A L e)f'On the Job training, under direct line supervision and/or by B
: 5 'A”experienced personnel.f' el : R
1'3.fgContinued Training ;'{ ?_ .;A;:_

The purpose cf.the training program is to inform and instruct all .
‘employees in the. Ppolicy and programs of the company as they relate -

to nuclear.criticality safety, health physics and- industrial safety,_i.r
“and proper and saie performance of their assignments S

el L

-,:_The training and personnel safety program is continued with on the Job
"~ training supplemented by regularly scheduled meetings conducted by line

lhsuperviSion and. specialist in.the subjects covered.

Included are L

Afj;topics An ‘nicledr’ saiety, health ;physics. and. radiation ‘safety, use of
o personnel’ protection equipment, industrial safety and accident prevention

;and other topics applicable-tOzthe’iacilitywpperations.




. UNITED NUCLEAR CORPORATION

COMMERCTAL PRODUCTS DIVISION

POSITION General Manager, Commercial Products Divisien
PERSOR Frederick G. Stecngel

EXPERIENCE

Mr, Stengel has fifteen jeafs experience in development and fabrication
of nuclear core fuel materials, fuel elements, and agsemblies. His
developmental experience includes several prototype maval réactors,

PWR, and HIGR. He has extensive background in the developiment of uranium '

alloy, carbide, and ceramic fuel materials, and in management of related
technicalprograms.

FORMER POSITIONS

1965 - 1967 " Chemical Operations Manager, Fuels Division,
Hematite, Missouri -

1963 - 1965 Manager, Process Engineering, General Atomic, Fuel

: Operations Division '

1958 - 1963 °  Supervisor, Westinghouse Electric Corporatiem,
Bettis atomic Power Division, West Mifflin,
Pennsylvania

1952 - 1958 Junior to Senior Engineer, Westinghouse Electric

Corperatien, Battis Atemlec Power Divisioen,
West Mifflin, Pemnsylvania,

EDUCATION

B. S., Metallurgical Engineering, Massachusetts Institute of Technolegy,

Business Administrafion,.Univeraity;of Pittsburgh, 1959.

5/22/68
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+ ' UNITED NUCLEAR CORPORATION .

- . COMMERCIAL PRODUCTS DIVISION ..

POSITION Chemical Operations Plant Menager |
PERSON Robert M. Barto, Jr.

EXPERIENCE

Mr. Barto has 17 years industrial experience in manufacturing industries, ten
years of which have been line management. Experience has included Naval re-
actor fuel and structural fabrication and assembly. Developmental experience
_has been in the field of mechanical, electromechanical and electronic equipment
essocigted with the electrostatic photocopy industry. . A

FDRMER POSITIDNS

1967 - 1968 Director of Research and Development, Copystatics
. ©°  Manufacturing Corporation, Miami, Florida.

© 1961 - 1967 Manager, Quality Assurance and ‘Inspection, Veeder—Root
. : Company, Hartford, Connecticut .

1956 -~ 1961 Manager, Quality Control and Inspection, Combustion ‘ ..
. Engineering, Nuclear Divisicn, Windsor. Connecticut

1951 - 1956 : Process Engineer. Remington Arms Company, Lake City
' Arsenal, Independence, Missouri

EDUCATION

Williem Jewell College ~ A.B. Physics & Mathmatics .
Cornell University & Mohawk College - Engineering Courses
Syracuse University - Graduate Work, Physics o T




UNITED NUCLEAR CORPORATION

COMWERCIAL PRODUCTS DIVISION
POSITION Recovery Operations Superintendent
PERSON " Russell P, Smith

EXPERIENCE

Mr. Smith has had more than fourteen years experience in various
phases of the chemical processing of enriched Uranium, His experience
has included Research and Development work, process engineering and
management of these and related technical pregrams,

FORMER POSITIONS

1965 - 1967 Process Engineer, Fuels Recovery Plant, Fuels Divisien,
United Nuclear Cerporation, Wood River Junction,
. Rhode Island :

1955 - 1965 ~ Process Engineer and Supervisor ¢f Enriched Uranium
Scrap R covery, Y-12 FPlent, Uniom Carbide Corperation,
Oak Ridge, Tennessee

1953 - 1955 Process Development Engineer, Fuels Cenversion Process,

Ozk Ridge Gaseous Diffusien Plant, Union Carbide
Corperatien, Oak Ridge, Temnessee

EDUCATION

B.S., Chemical _Engineer:l_n‘g, Grove City College, Pennsylvania g

A

. 5/22/68



UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION  Fuel Fabrication Operations Plant Manager
PERSON William J. Compas

EXPERIENCE

Mr. Comipas has had fifteen years experience in technology of nuclear reacter
cores and nucléar material fabrication and testing, with particular emphasis
on uranium glleys, Zircaloy éand hafnium. He has extensive background :I.n
quality control and process development, and improvement,

FORMER POSITIONS

1965 - 1967 Quality Control Mané.ger, Naval Products Department,
. Fuels Division, United Nuclear Corporaticn, New Haven, Connecticut.

1962 - 1965 -Ma'nager, Manufacturing Engiﬁeering, Fuels Division, -
United Nuclear Corpo';ation, New Haven, Comnecticut,

1961 - 1962 Superintendent of Engincering, Fuels Division, United Nuclear
Corporation, New Eaven, Connecticut

1958 - 1961 - Technical Project Supervisor, Nuclear Fuel Operation, Olin
. Mathieson Chemical Corporation, New Haven, Connecticut.

1957 - 1958 Senior Process Engineer, Nuclear Fuel. Operation, Olin Mathiesen
Chemical Corporation, New Haven, Cemnecticut.

1956 - 1957 Process Engineer, Nuclear Fuel Operation, Olin Mathieson Chemical
' Corperation, New Haven, Connecticut,

1954 - 1956 Supervisor, Process Development in Establishing Roll Bond Tube
in Sheet Technology, Olin Mathieson Chemical Corporatienm,
East Altcn’, Illinois.

1952 - 1954 Research Mctallurgist, Ames La.boratory (AEC) y Iowa State
University, Ames, i[ewa.

EDUCATION
éZx: (;
B.S., St., Louils University,

Graduate studies at Iowa State Un:l.vers:lty,_ 1952-54.;

5-22-68



POSITION !
PERSON

EXPERIENCE

UNITED NUCLEAR CORPORATION
c RC D

Nuclear and Industrial Safety Manager

Louis J. Swallow

Mr, Swallow has thirteen years experience in the nuclear fuel industry. His
experience includes plant design and construction, quality centrol, production,
special nuclear material accountability, and specificilly, six years of
nuclear safety including criticality evaluatiens, health physics, and license

preparatioen,

FORMER POSITIONS

1967 - 1968
1964 ~ 1967
1958 - 1964
1955 - 1958
EDUCATION

B, S., Mechanical Engineering, Washington University, ‘St Louis, Missouri -

M. S§., Mechanical Engineering, Washington University, st, Louis, Missouri, 1955

Oak Ridge Natiecnal Leboratary, Nuclear Safety School, October 1959 ‘ L

5/22/68

Construction Manager, SWOPP Task Force, Chemicals Operationm,
Commercial Products Division, United Nuclear Corporationm,

Hematite, Missouri

Operations Control Manager, Chemicels Operation, Fuels i
Division, United Nuclear COrporation, henatite, Missouri

Research and Development Engineer, Quality ‘Control Engineer,
Nuclear Safety Engineer, Chemicals Operation, Fuels Division,
United Nuclear corporation, Hematite, Missouri

Project Engineer, Uranium Division, Mallinckrodt Chemical Works
St. Louis and Weldon Springs, Missouri

.r

e e———




. oty College of New York, H.3. -, 1966

UNITED NUCLEAR COREORATION

COMMERCIAL PRODUCTS DIVISION - ) L

POSITION Special Projects Manager
PERSON Robert.I. Hanfling

EXPERIENCE

Mr. Hanfling has seven years experience in the Nuclear Industry. His experience
~ 1ncludes production, planning and control, and nuclear reactor design and develop-~
ment. :

FORMER POSITIONS

1968 - to present Special Project Manager, Commercial Products Division,
. United Nuclear Corporation, New Haven Conmnecticut

1967 - 1968 " Project Manager - KAPL Contract, Naval Products Divisionm,

. United Nuclear Corporation, New Haven, Comnecticut ‘ LT
1967 ~ : ‘ Manager, Operations Control, Naval Products Division, ‘
) United Nuclear Corporetion, New. Haven, Connecticut ’
1966 - 1967 - Manager, Planning and Control, Naval Products Department,
Fuels Division, United Nuclear Corporation, New Haven, N
. .Connecticut - .
- 1966 - ‘Project Director - "136" Contract, Naval Products Depart- :
- : ment, Fuels Division, United Nuclear Corporation, .
' New Haven, Connecticut - o .
1962 - 1866 . Project Engineer, MCR, NDA and UNC Research and Engineering i
: . : Center ( formerly Development Division) .
1962 - (Temporary Assignment) Supervisory Engineer,’Navy Core
: Assembly, Fuels Division, United Nuclear Corporation
1961 - 1962 Engineer, Reactor Design and Analysis. Kuclear Development
Corporation of America _
" EDUCATION

" Renmsselszer Polytechnic Tnstitute, B.S., Chem:lcal En, 1@%@ )4 ! C
. West Virginia University, M.S., Nuclear. Epgineering 1961

-y
a .- C e e . B

.. 8/'19/6.8':‘.”_'



UNITED' NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION |

POSITION Manager Faclilities & Development Engineerihg) Commercial Products Division

PERSON

James A. Rode

EXPER IENCE

Sixteen years experience in refining, production & fabrication ol uranium and its

compounds,
U0y, uranium, uranium carbides and mixed oxides of uranium,

Eis experience includes production, research & development dinvolving

FORMER POS ITIQNS'
1965 - 1967 | Mznager R_esearch & bevelopment Chemicals Operation, Hematite; Missourl
1964 - 1965 - Technical Director - Chemicals Operation, Hematite, Missouri
1561 ~ 1964 Assistant Tec’lu_zical_ Director - Chemicals Division, Hematite, Missouri
1958 - 1961 Group Leader - Maliinclcrodt Kuclear Corporation, Hematite, Missouri
1957 - 1958 Production Enginecer & Production Supervisor Special Metals Division,

' ' Mallinckrodt, Hematite, Missouri
1955 - 1567 Proj_ect Engineer - L!allinckrodt'Qhemical Works Special Metals
1954 - 1955 Group Leader - Development Group, Mallinckrodt Chemical Works

- ' Uranium Division, St. Louls, Missouri
1953 ~ 1854 Research Chemist, ‘Developz.nent Epgineer Production Ez;gineer

Mallinckrodt Chemical Works, Uranium Division,- St. Louis, Missouri

‘EDIBATION _
B, S. Chenmical Engineering, University of '.l‘exas, | ) é X é

10-23-68



UNITED NUCLEAR CORPORATION

‘COMMERCIAL PRODUCTS DIVISION

POSITION Administrative Manager, Commercial Products Division

PERSON Laurence R. Garland

EXPERIENCE

Has extensive background in financial management in manufacturing as well asf}
plant management experilence. .

 FORMER POSITIONS

1964 - 1967  Chemical Operstions Administrative Manager

.1'962 - 1964 ‘Flant M:gnager - Wa;worth Company, East St. Louis,A Illinois
1958 ~ 1982 Division COntroller: - Walworth Company, East St. Louls, Illinois
- 1842 - 1958 ' Works Ac:countant and Cost Accountant - Various .Plants, Walworth,
Company . A . :
1937 - 1842 Accountznt - Northern Indiana Public Service Co. |
EDUCAT ION ‘
. 'B- S. In Business Admin:l.st;-ai:ion’, University of Notre bame,)‘ 6 Ké

10-23-68



UNITED NUCLEAR CORPORATION

~ COMMERCTAL PRODUCTS DIVISION

POSITION Nuclear Safety Specialist
PERSON Robert E. Kropp

EXPERIENCE

Mr. Kropp has over fifteen years experience in nuclear safety, reactor
hazards. analysis, reactor physics and reactor design., His experieénce
covers the -design, fabrication and operation of Swimming Pool,
Pressurized Water and High Temperature Gas Cooled Reactors. He has
extensive background in directing nuclear safety programs, preparing
manuals and precedures for criticality contrel and reactor operatiens
and preparing computer programs for health and safety analysis, Also,
Mr. Kropp has been licensed as a reactor operator,

FORMER POSITIONS

1965 - 1968 Nuclear Safety Specialist, Fuels Divisicn, United
Nuclear Corporation, New Haven, Connecticut,

1963 - 1965 Staff Associate, Nuclear Analysis and Reacter Physics
' Department and Member, Criticality Safeguard Committee,
John J. Hopkins Laborateory for Pure and Applied Sciences,
General Atomic, San Diego, Califormia. )
1958 - 1963 Lead Engineer, Criticality Control Standards, Bettis
" Atomic Power Laberatory, Westinghouse Electric
Corporation, Pittsburgh, Pennsylvania,
1956 - 1957 Test Engineer, Redctor Operations and Hazards Group,
Convair, Fort Worth Division, Fort Werth, Texas.
1952 - 1956 Aerological and Research Officer, U. S. Navy.
A1951_ - 1952' Meteorological Aic:I; U. S. Weather Bureau,
Spartanburg, South Carolina,
EDUCATION ' U P ———
 B.S., Meteorology, Florida State Univefsity,@ b ' £Xé

Graduate Physics, University of California, 1954-55.

Graduate Physics, Texas Christian University,| 1956-57.

Bettis School of Reactor Engincering, 1958 61.

P N

- . e s rn

Graduate Computing Sciences, Carnegie Institute of Technelogy,\l%z =53,

5/22/68
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PERSON

POSITION

EXPERIENCE

UNITED NUCLEAR CORPORATION

. COMMERCTAL PRODUCTS DIVISION

Health Physics Specialist

David G. Darr

Mr. Darr has fourteen years' experience in Health Physies involving’
source and special nuclear materials, by~product materials, x-ray
equipment end particle actelerators. His background includes planning
and administering Health Physics programs, preparing manuals and
procedures for Health Physics controls, equipment amd facility design,
and environmental sampling and evaluation. ‘

He has far years'

for both reactor component fabrication and special nuclear materials
processing,

One year of this experience included performing basic nuclear
safety evaluations and reviewing and preparing manuals and procedures for

criticality control.

FORMER POSITIONS

Physics, New Haven College,{1960 ,

" 5/22/68

Nuclear Licensing and Safety Specialist, Fuels Division,

1967 - 1968
United Nuclear Corporation, Hematite, Missouri.

1964 - 1967 Health Physics and Safety Supervisor, Fuels Division,
United Nuclear Corporation, Hematite, Missouri.

1961 - 1964 Eealth Physics Officer, Member cf Isotope Committee
and Consulting Industrial Physicist, Nuclear Consultants
Corp., St., Louls, Missouri.

1957 - 1961 Health Physics Supervisor, Nuclear Fuels Operation, Olin
Mathieson Chemical Corp., New Haven, Comnecticut

1956 - 1957 Technicien, Health Physics Depértmeut, Uranium Division,
Mallinckrodt Chemical Works, St. Louls, Missouri,

1954 - 1956 NCOIC, Operations Group, lst Radioclogical Safety Support

: Unit, U. S. Army, Nevada Test Site and Ft. McClellan,

Alabama

EDUCATION .

Engineering, Central Missouri State COIIege, :]

_'Engineering, Washington University,[1957

3
)

— e b i e T S

experience in nuclear safety involving audit functions




UNITED NUCLEAR CORPORATION
. COMMERCIAL PRODUCTS DIVISION

POSITION Nuclear and Industrial Safety Department Representative
PERSON Elmer A, Barton

EXPERIENCE

Mr. Barton has elevan year experience in Health Physics, Nuclear Materials
Management and Nuclear Criticality Safety. His experience includes
administering operational health physics, nuclear criticality and nuclear
materials management programs a2t chemical recovery and fuel component
-fabrication plants. Health physics experience includes implementing policies
and procedures, supervising routine health physics operations and actual
performance of the routine health physics operations. Nuclear criticality
safety experience includes inspection of recovery operations and reviewing
operating documents and manuals for conformance with approved licenses. Nuclear
Materials Management experience included routine records keeping, auditing and
other associated duties. '

FORMER POSITIONS

1965 - 1968 Niclear Licensing and Safety Department Representative,
Fuels Divisicn, United Nuclear Corporation, Woed River
Junction, Rhede Island. '

1965 Health Physics and Safety Technician (Senior), Fuels:Division,

1963 -

United Nuclear Corporation, Weod River Junctien, Rhode Island
1961'- 1963 -. Health Physics and Safety Technician, Fuels Divisioen,

" United Nuclear Corporation, New Haven, Comnecticut

1960 - 1961 Materials Contrel Technicisn, Nuclear Fuels Operation,

Olin Mathieson Chemical Corporation, New Haven, Connecticut
1957 - 1960 Accountibility Iechnician, Nuclear Fuels Operation, Olin

‘ Mathieson Chemical Corporation; New Haven, Connecticut

EDUCATION

Education, Lynden (Vermont) Teachers College, /il

5-22-68



UNITED NUCLEAR CORFORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Supervisor of Nuclear Materials Management
PERSON James M. Scoffin

EXPERIENCE
Mr. Scoffin has ten years experience in the nuclear fuel industry. His

experience includes SS Material Control in production, irradiation test
experimentation, and as SS Material Accountability representative.

FORMER POSITIONS )

1965 - present Supervisor of Nuclear Materials Management, United
Nuclear Corporation, Hematite, Missouri
- 1962 - 1965 " Productien Control Coordinator, Generzl Atemic Fuels
Divigion, San Diege, Californmia
1958 - 1962 Research Assistant, General Atomic, San Diego, California
EDUCATION
B. A., Mzthematics, San Diego State College, j SX /

‘Business Administratien, San Diego State College,l’ 1960 - 61.

N

5-22-68




. UNITED NUCLEAR CORPORATION

* COMMERCIAL PRODUCTS DIVISION

POSITION Fuel Fabrication Operatione Engineering Manager
PERSON Eugene Krinick

EXPERIENCE

Mr. Krinick has fifteen years experience in the fabrication of nuclear fuel
elements., Work in this field includes development and production on aluminum-
uranium alloys, stainless steel UO2 dispersion plates, rolling, machining and
casting of uranium and critical experiments; fabrication of plate type and
tubular aluminum fuel elements for research and test reactor use, end the
fabrication of U02 pellet - Zircaloy tubular clad fuel elements for many utility
power reactors. ’

FORMER POSITIONS

1967 - 1968 Engineering Mznager, Fuels Division, United Nuclear Corporation,
New Haven, Connecticut.

1965 - 1967 Supervisor of Mechanical Design, Fuels Division, United Nuclear
Corporation, New Haven, Connecticut

1661 - 1965 Engineering Specialist, Fuels Division, United Nuclear
Corporatien, New Haven, Connecticut

1959 - 1961 Engineering Specialist, Nuclear Fuel Operations, Olin Mathieson
Chemical Cerporation, New Haven, Comnecticut

1955 - 1959 Supervisor, Mechanical Engineering, Sylvania-Corning Nuclear
Corporation, Hicksville, New York.

1954 - 1855 Project Engineer, Sylvania-Corning Muclear Corporatiom, Hicks-
ville, New York. :

1953 - 1954 Rocket Design Engineer, U. S. Army.

1952 - 1953 Mechanical Engineer, Atomic Energy Divisien, Sylvania Electric

' Products, Inc., Hicksville, New York.
1951 - 1953 Mechanical Engineer, Norfolk Naval Shipyard, Portsmouth, Virginia,
EDUCATION

- B. 8., Mechanical Enginearing, Brooklyn Poly;echfxic Instw

M. S., Industrial Engineering, New York University,

5-22-68



UNITED NUCLEAR CORPORATION

. COMMERCIAL PRODUCTS DIVISION

POSITION Fuel Fabrication Operations Manufacturing Manager

PERSON Francis J. Planki

EXPERIENCE

Mr. Piankl has sixteen yezrs experience in the field of fuel element and nuclear
materials production and development, and this production d@nd development
experience includes eluminum, stainless steel, zirconium and many other special
type fuel elements. He has alsc been engaged in research and development of
fabrication mathods for nuclear fuel materials,

FORMER POSITIONS

1966 - 1967 Manufacturing Mahager, Fuels Division, United Nuclear Corperation,
New Haven, Connecticut.
1965 - 1966 Supervisor of Metallurgical Functions Engineering, Fuels Division,
United Nuclear Corperation, New Haven, Connecticut.
1964 - 1965 Manufacturing Engineering Superintendent, Fuels Division,
" United Nuclear Corporation, New Haven, Connecticut
1963 - 1964 Manufacturing Superintendent, Fuels Division, United Nuclear
Corporation, New Haven, Connecticut
1961 - 1963 Commercial Development Supervisor, Fuels Divieion, United
Nuclear .Corporation, New Haven, Comnecticut
1959 - 1961 Commercial Development Supervisor, Nuclear Fuel Operationms,
Olin Mathieson Chemical Corporation, New Haven, Connecticut,
1957 - 1959 Supervisor of Productien Engineering, Sylvania-Corning Nuclear
Corporatieon, Hicksville, Long Island, New York,
1956 - 1957 Senior Engineer, Sylvania-Corning Nuclear Corperation, Bayside
New Yerk
1955 - 1956 Senfior Engineer, Westinghouse Atomic Pcwer Division, Beattis
Field, Pittsburgh, Pennsylvania.
1952 - 1955 Engineer, Atomic Energy Division, Sylvania Electric Products,
Inc,, Bayside, New York. A
1952 - 1952 Metallurg;ist, Spery Gyroscope Ca., Lake Success, Long Island
New York
EDUCATION

Metallurgical Engineering, Purdue University,

B. S., Metallurgical Engineering, Polytechnic Institute of Brooklyn,‘m] ; ~é
Graduate Metallurgy, Polytechnic Institute of Brooklyn

-

5-22~68



UNITED NUCLFAR COPRORAT ION

COMMERCIAL PRODUCTS DIVISION

POSITION Quality Control Superintendent

-

PER3ON Raymond C. Sohl
EXPERIENCE
Mr, Sohl has 21 years experience in quality control including seven years in

nuclear fuel fabrication.

FORMER POSITIONS

1861 - 1967 - Supervisor, Quality Control
. - Commercial Products Department
Fuels Division, United Nuclear Corp.
New Haven, Connecticut

1947 ~ 1931 - Quality Engineer, Thompson Ramo Woolridge, Inc.
Cleveland, Ohio

T g e e e

EDUCATION

Graduate, Case Institute of Techonlogy,
B. 3. Engineering, Ohioc State Universit

10-30/68 oot
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" UNITED NUCLEAR CORPORATION

~ COMMERCTAL PRODUCTS DIVISION
fOSITION Recovery Dpérations Process Engineer
PERSON" Clifford E. Smith, Jr.

EXPERIENCE

Mr. Smith has had eight years experience in laboratory and developmental
chemistry, the last -four years as Supervisor and Assistant Chemical Process
Engineer at the Fuels Recovery Plant. He has assisted in the development
and processes nov in use and supervision of these operationms.

FORMER POSITIONS
"1964 - 1967 Operatiomns Superﬁisor and Process Engineer, Fuels
- Recovery Plant, Fuels Division, United Nuclear Corporation,
‘Weod River Junction, Rhode Island

1960 - 1964 Quality'Control Chemist, Bird & Son, Ine., Walpole,

Massachusetts
" EDUCATION | | |
B. S., Chemistry, University of Rhode Island, é;i)( 4;

5-22-68
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‘ UNITED NUCLEAR CORPORATION

COMMERCTAL PRODUCTS DIViSION

POSITION Recovery Operations Plaat Administrator
PERSON Frederick R, Thoennes
EXPERIENCE

Mr, Thoennes has one year experience in Divisional accounting procedures.
He is trained in standard dccounting practices and has received on the
job training iu Nuclear Materials Manegement.

FORMER POSITIONS

1867 - 1967 Junior Cost Accountant, Fuels Division, United Nuclear
Corporation, New Haven, Connecticut

EDUCATION

B. 8., Accounting and Business Management, Bob Jones University,

5-22-68



UNITED NUCLEAR CORPORATION

COMMERCTAL PRODUCT3 LIVISION

POSITION Recovery Operations Plent Chemist

PERSON David H. Nichols

EXPERIENCE

Mr. Nichols has five years experience in industrial research and

applied chemical analytical techniques. His experience includes
three years in the uranium processing industry. .

FORMER POSITIONS

1967 - Present Recovery Operations Plsnt Chemist, Fuels Division,
United Nuclear Corporation, Wood River Junction,
Rhode Island

1965 - 1967 Chemist, Fuels Division, United Nuclear Corporation,
' Hematite, Missouri.

1963 - 1965 ' Research Chemist, Dennis Chemical Company,
St. Louils, Missouri

EDUCATION

B. 8., Mathematics, Southeast Missouri State College €>{,é

5-22-68



FOSITION
PERSON

EXPERIENCE

UNITED NUCLEAR CORPORATION

COMMERCTAL PRODUCTS DIVISION

Recovery Opérations Production Supervisor

James H. Wakefield

Mr. Wakefield has had 17 years experience in industry related to nuclear fuels
and uranium processing., This includes 4 years inm eariched uranium recovery opera-

tiouns,

FORMER POSITIONS

‘1965 = Present

1954 - 1965

1951 - 1954

1949 - 1951

EDUCATION

B. S., Chemistry and Mathematics, Florence State College} &

'9/25/68

Recovery Operations Production Supérvisor, Commercial
Products Division, United Nuclear Corp., Wood River.
Junction, R. I.

Shift Process Foreman, Union Carbide Corp., Oak Ridge,
Tennessee,

Chemical Operator, Union Carbide Corp., Paducaﬁ, Ky.

Shift Supervisor, Alabama Power Co., Underground’
Gasification Projects, Gargas, Alabama.




UNITED MUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Recovery Operations Production Supervisoxr
PERSON Robert A. Nelson '

EXPERTENCE

Mr. Nelson has eizht years of experisnce in the chemical and nuclear fuel industry.
His experience includes laboratory development in analytical chemistry, research
and development in céramic fuel materiels, process engineering and production
supervision in the uranium processing industry, .

FORMER POSITIONS

1965 - Present Recovery Operations Production Supervisor, Commercizl
Products Division, United Nuclear Corp., Wood River Junction,
Ehode Island

1961 -~ 1965 . Chemist, Fuels Divisicn, United Nuclear Corp., Hematite, Mo.
1960 - 1961 Analyi_:ical Chemist, Mallinckrodt Chemical Works, St. Louis, Mo.
EDUCATION

B. A., Chemistry, Wisconsin State College,! “t] 8( é}

M. S., Physical Chemistry, Iowa State University, 960 ,‘

e Y
.

9/25/68




UMITED NUCLEAR CORPORATION

COMMERCTAL PRODUCTS DIVISION

POSITION Recovery Operations Production Supervisor
PERSON William R. Pearson

EXPERIENCE

Mr, Pearson has 15 years of experience in the chemical and nuclear fuels industry.
Experience includes design and development of a UFg manufacturing plant, manage=-
ment of a small chemical plant and operation of the utilities operations of a
chemical plant. Mr. Pearson has 5 years experience in enriched uranium recovery

operations,

FORMER POSITIONS

1964 - Present Recovery Operations Production Supervisor, Commercial Products
Division, United Nuclear Corp., Wood River Junctiom, R.I.

1962 - 1964 . Supervisor, Utilities Operations Production Sub-Division,
Goodyear. Atomic Corp., Piketon, Ohic.

1958 - 1962 General Foremsn, Flouride Generation and Feed Vaporization
Facility, Goodyear Atomic Corp., Piketon, COhio.

1953 - 1958 . Foreman, Flouride Generation and Feed Vaporization Facility,
Goodyear Atomic Corp., Piketon, Ohio.

EDUCATION

PR

Certificate, Textile Chemistry, New Bedford Textile 1nstitute,?1948 }

2
B.S., Chemistry, Northeastern University,mj g)( ‘:a

Graduate Management, Ohio University* 1958 -~ 1962 l

K pm—————— et S P
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LICENSE: ° SNM-777, Docket: 70-820 .~ "7 .*| spnroved

SECTION: © 300 = NUCLEAR CRITICALITY SAFETY - - . .| ccien October 31, 1068
o - STANDARDS A : _ e —
Subsection: 301 - Statement of Policy ' - '

" suPERsEDES New

301. Statement of Policy . .

, - . o - . . e

It is the policy of United Nuclear-Corporation to establish management
‘controls, plant facflities and equipment designs, and operating procedures
to reduce the possibility of'a nuclear griticality accident to_a minimum.
The standards contained in this section 300, .describe; thé controls and

criteria applicgble. £o the implementation’of this policy. . L e
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UNITED NUCLEAR

Page 1 of 1

CORPORATION Issued 2/6/70
LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820 .
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes 10/31/68
. B STANDARDS
- Subsection: 302 - General Requirements Approved

Amendment No.

302. General Reguirements

1.

2.

*Indicates Change

Purpose N

1.1

1.2

These standards provide basic nuclear ctiticality safety criteria
for:

1.1.1 Design of new plant facilities and equipment, or

1.1.2 Modification of existing facilities and equipment, or

1.1.3 UNC Commercial Products Division internal evaluations,
reviews and authorizations in lieu of obtaining formal

AEC license approval.

The type of activities for which these standards ere applicable
are those described in Sections 700 and 900.

Basic Principles

2.1

2.2

2.3

All new and revised plant facilities, and equipment intended for
processing, handling or storing special nuclear material shall be
designed for nuclear criticality safety. The nuclear criticaslity
safety evaluation shall be based on principle that at least two
unlikely and unrelated events must occur before accidental criti-
cality can result,

All evaluations shall assume complete water reflection and optimum
moderation unless mechanical or physical controls are present
which prevent these conditions under normal and abnormal conditions

In cases in which different SNM are present in an area at the
same time, the limits for the more reactive SNM will apply to
all SNM in the area.

AR s o ay o




Page 1 of 2

UNITED NUCLEAR

CORPORATION ’ Issued 2/6/70
LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820 s
SECTION: 300 - NUCLEAR CRITICALITY SAFETY upersedes 10/31/68
STANDARDS A
Subsection: 303 - Evaluatioms pproved
Amendment No.
303. Evaluations .
1. Purpose ' R
Evaluations will be performed considering factors which may affect
' the criticality of the system, These include:
1.1 Enrichment ) 1.6 Volume
1.2 Geometry " 1.7 Concentration
1.3 Moderation 1.8 Interaction
1.4 Reflection 1.9 Structural Integrity
1.5 Mass 1.10 Poisons (if applicsable)

1.11 Homogeneity and Heterogeneity of
the System

2, Determination of Safe Values

2.1 Individual .Units

The tables and graphs in Subsection 309 contain the-basié¢~1limits
which are used to obtain operating criticality safety limits.
These graphs and tables have safety factors incorporated into them,

2,2 Interaction

Vhen evaluating interaction between units of :an array or group
of arrays, the following techniques will be applied:

2.2.1 Solid Angle Method - Solid angie of the most reactive
units shall be calculated in accordance with the following:

2,2.1.1 The criteria set forth in TID-7016, Rev, 1.
2.2,1.2 Keff values listed in Table XVII and footnote 6
on page 30, K-1019, Rev, 5, will be utilized
* : : except for Specific values used and explicitly
quoted in Section 800.
2.2,1.3 Solid angles equal to or less than 0.005 steradians
will be neglected. .

2.2.2 K~AMethod - Solid angles ;hail be calculated using the
figures in Y-1272, .

ST dfmaban Mhanmn
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UNITED NUCLEAR

CORPORATION ' Issued 2/6/70 .
LICENSE: gNM-33 & SNM-777, Docket 70-36 & 70-820
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes 10/31/68
5 ARDS Approved

Subsection: 303 - Evaluations

Amendment No,

303. Evaluations (continued)

2.2.3 Criticality Zones .
The interaction between criticality zones may ﬁb; be
specifically evaluated if the following are met:

a) The SNM in each criticality zone is separated from
SNM in other criticality zones by &t least one (1)
foot.

b) The plant average surface density of SNM does not
exceed 175 grams U-235 per square foot of aspect
area. The aspect area applies to plant areas where
SNM is processed and handled. This value may be
used if the SNM in the criticality zone has a
fraction critical which does not exceed 0.3. The
maximum size units in each zone shall be evaluated
as 1llustrated in attached Nuclear Safety Evaluatiom. -

* Storage devices are not considered criticality zomes.
Interaction between storage devices and criticality zones
is considered only when adjacent criticality "zones are
not isolated in accordance with the criteria of Subpart
303.2.2.4.

2.2.4 Isclation

" Individual units or arrays are considered isolated from
neutron interaction when separated by one of the follow-
ing:

L a) Eight (8) inches of solid concrete with a demnsity
of 140 pounds per cubic foot. Less dense concrete
may be used, provided the thickness is increased

- in inverse proportion to the concrete density. This
is applicable only to units no more reactiveé than
those of Table 309-II (refer to attached Nuclear

"Safety Evaluation, Concrete Isolation).

b) Twelve (12) feet or the greatest distance across the
orthographic projection of the largest unit or array
. on a plane perpendicular to a line joining the center
of that unit or array to other units or arrays, which-

ever is greater,

*Indicates Change
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UNITED NUCLEAR ——
CORPORATION © PAGE- -1 OF 1
LICENSE: = SNM-777, Docket: 70-820 ~ ~ "7 - aonioved
SECTION: 300 - NUCLEAR CRITICALITY SAFETY = — - - .
' | STANDARDS . . . " "+ .| issuep October 31, 1938
Subsection: 304 - Structual Integrity : _ " —
’ R ' superseoes  New

304.- Structural Integrity -

1.

2.

Purpose ) ..t;'_
Vhenever nuclear criticality saiety is directly dependent on the
integrity of a fixture, container, storage rack or isoletion structure,
the fixture, container, storage rack or isolation’ sturcture shall be
-designed in accordance with the followinw criteria. AR awﬁ-f -

Apecifications i f'i; o -;l _i, Lf’ftnf :ff' e

~.
_.-

2.1 ~Materia1s shall be selected to be fire and corrosion resistant. .

2.2 The safety factor is at least five (5) (applicable to ultimate
. strength of material at design conditions).< Assurance that the
e 'conditions of. this Se¢ction are met will be accomplished by test
or design by an encineer knowledseable dn material properties end
design.- » :

‘2.3 ‘Records of test results and design calculations Will be maintained
- as provided An Subsection 205-,- -

Llnspections A y-‘, :ﬂ=~'“-n“‘:=; 'Ju?txyf Q-~ Ce e

Fixtures, containers, storage racks' or isolation structures which
maintein a safe. geometry or spacing will be inspected to assure the
continued reliability of such devices. ' .

3 l Fixtures Exposed to Corrosive Enviornments

3

‘3 1.1" Fixtures such es pickling iintures will be visually
; inspected for defects such as cracks- ‘at least monthly.
These chechs ‘will be performed.by operatinn supervision

who will maintain a record of these checks

.‘,. - . - .- a1t ..

3 1 2 Defective fixtures will be withdrawn from service and
..repaired Fixtures shall be inspected by operating ‘'super-

- vision to insure that original desicn conditions have been .

.irestored.;‘A e

‘3. 2 Other Devices ‘15‘ -
"3 3 2 1 Devices such as storave raoks and containers shall be
: . checked by NIS personnel during inspections and audits.

,.3;2.2_ Devices requirinﬂ repair shall be identified and repaired
¢ V. Repaired’ devices shall be . inspected by NIS personnel or
e operating supcrvision to’ insure that original design
”;ﬂconditions have’ been restored. $4 T
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UNITED NUCLEAR.

CORPORATION Issued 2/6/70
LICENSE: SNM-33 & SNM=777, Docket: 70-36 & 70-820 g des 10/31/68
SECTION: 300 - NUCLEAR CRITICALITY SAFETY upersedes
STANDARDS

Subsection: 305 - Nuclear Poisons Approved

Amendment No,

305. Nuclear Poisons

305.1 Use of Nuclear Poisons .

Nuclear poisons are used only as secondary nuclear crificality
" control. The following types may be used. ’ ’

1.1 Boro-silicate Glass Raschig Rings

Boro-silicate glass raschig rings may be used in vessels
containing solutions when primary nuclear criticality safety
is maintained by concentration control. Such use shall be
as described herein. .

1.1.1, Boro-silicate glass raschig rings shall be constructed
of a low expansion corrosion resistant type glass com-
patible with the chemical and physical enviornment.

1.1.2. Raschig rings shall be Corning Glass 7740 type or
equivalent containing nominal four (4) w/o natural
Boron with a range to 11.2 to 13.8 w/o B,0,.

1.1.3. .Raschig rings are small hollow cylinders with length
and diameter approximately equal., Wall thickness is
a maximum of 1/4".

1.1.4. The raschig rings will be uniformly distributed in the
vessel and will occupy at least 22% of the volume.

1.1.5. Maximum solution comcentration is 10 grams U-235/1iter.

* 1.1.6. Deleted

1.2 Imspections

1.3,1 Samples of the raschig rings from the bottom of the
vessels or from a selected sample point typical of
the vessel contents will be evaluated at least once
each year.

Raschig rings shall be replaced when the material is
damaged or the Boro content of the glass is reduced
to less than 3 w/o as determined by analysis,

1.3.2 Vessels will be checked monthly to insure that the
tank contains the required amount of raschig rings
and that the material 1is intact and in a planned
location. '

*Indicates Change




o NO.
UNITED NUCLEAR .
CORPORATI ON ,PAGEZ OF 2
— - Approved°
SUBJECT: LICENSE; SNM~777, Docket: 70-820 :
=SECTION: 300 -~ NUCLEAR CRITICALITY SAFETY ISSUED  October 25, 1958
. STANDARDS :
Subsection: 305 - Nuclear Poisons SUPERSEDES New
305, Nuclear Poisons ( continued)

2.1 Soluble Salts

SoIuble boron or cadmium salts may be added to drums of solutions
such as pickle liquids, analytical laaboratory residues or other.
solutions when primary nuclear criticality safety is based on
concentration control. Such use shall be as described herein.

' 2.1.1 Specifications

Maximum solution concentrations are 10 grams U235 per liter,
Quantity of salt ‘shell be established to maintain equal
molal quantities of U235 and boron or cadmium .,

(Reference: TI1D 7016, Rev, 1, page 32, Soluble Poisons)




UNITED NUCLEAR

C ORPORATI

Page 1 of 2

Issued 2/6/70

LICENSE: SKM-33 & SNM-777, Docket: 70-36 & 70-820

SECTION: 300 - NUCLEAR CRITICALITY SAFETY
STANDARDS

Subsection: 306 - Criticality Zones

Supersedes 10/31/68

Approved

Amendment No.

306, Criticality Zones

306.1 General .

Nuclear Criticality Safety control may be achieved by aub&lyidtng
the manufacturing or process area into logical work statioms or
process regions called criticality zones.

306.2 Criticality Zone Specifications

2.1 -Boundary
Criticality zone boundaries are established such that SNM with- ~
in the zone is a minimum of one foot from the SNM in an adjacent .
zone except when transferring in or out of the zone,

2.2 Zone Control Limits
Nuclear criticality safety control limits within a zone are.
established as described in Subsection 303.

2.3 Interaction between Zones
Interaction between zones 1is controlled as described in
Subsection 303. i

. 2.4 Type of Criticality Zones

2.4.1 Wet Zones

Wet zones are established when there .are no controls
against introduction of moderating materials., In
general, wet zones are applicable to chemical and
ceramic processing, and chemical laboratories, and
plckling, rinsing and degreasing operations in fuel
element machining and fabrication areas.

2.4.,2 Special Zones

Special zones are established when there are specific
controls against introduction and/or use of moderating
materials, These controls include:

.a) Provision for free drainage of the zome or éxclusion
of liquids, no water lines connected to the equipment,
specific limits and controls on the quantity of water
or other moderating materials (such as plastics, wood,

paper).

*Indicates Change




UNITED NUCLEAR

Page 2 of 2

Subsection: 306 - Criticality Zones

CORPORATION Issued 2/6/70
LICENSE: SNM-36 & SNM-777, Docket: 70-36 & 70-820 :
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes 10/31/68
STANDARDS Approved

Amendment No.

*Indicates Change

* 2.4.) Special Zones (continued)

b) The effect of moderating materials pérmitted is )
included in the nuclear criticality safety: evaluation
performed for the activities within the zome.

In general, special zones are applicable to Fuel Element
Febrication Operations and dry box operations in the
Chemical and Ceramic process operatiomns.

 Lrrg e et mamr e it e 8 155




UNITED NUCLEAR.

€C O RPORATI ON

Page 1 of 1

Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820
SECTION: 300 - NUCLEAR CRITICALITY SAFETY
. STANDARDS

Subsection: 307 - Marking and Labeling

Supersedes - 10/31/68

Approved

Amendment No,

.307. Marking and Labeling
1. Criticality Limits

1)

Signs listing approved nuclear criticality safety limits shall be
posted so that information is readily discernible to employees,
‘This posting may be for individual pieces of equipment or groups
of equipment, depending on the nature of the operations covered.

1.1 Signs are prepared and issued by the NIS Representative,

1.2 Signs must be posted prior to use of SNM in the equipment

or at the work station,

* . 1.3 Criticality limit signs are signed in approval by the Nuclear
and Industrial Safety Representative and the Production

Manager.

2. Process Containers

Empty containers used for SNM shall be identified or marked as

empty.

Process containers will have information readily available to

-allow identification of their contents.

*Indicates Change
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UN 'ED NUCLEAR =
CORPORATION PAGE 1 oF 1
. - ~ : - Approved?
SUBJECT: LICENSE: SNu-777, Docket: 70-820 I ‘ _
SECTION: 300 -~ NUCLEAR CRITICALITY SAFETY STANDARDS} Issuep October 31, 1968
‘Subsectioh: 308 ~ Equipment Design SUPERSEDES
308, Equipment Design
1. Purpose

Certain criteria apply to the 211 pheses of equipment design. These
criteria are considered in the design of all equipment used in the
@rocessing of SN,

Specifications

.2 1 Vessels of unsafe geometry shall be separated by air breaks or

other positive method from safe geometry vessels used for SNM
" beering solutions to prevent siphoning the SNH‘bearing solutions
into the unsafe geometry vessels,

2.2 Catch pans which are located under some of the equipment ere for
the purpose of controlling any minor lezks or drips. .This improves
housekeeping, reduces the spread of contamination, and reduces

* SNM losses. The depth or volume of the pans shall not exceed the
safe slab thiclmess or volume estzblished for the area. .

-2 3 The diameter or volume of overflow and vent bottles shall ‘not -

exceed thée safe diameter or volume estahlished for the process
aree. .

Insulation on pipee end equipment which contain SNM besring solu-’
tions will be made of impervious materials (e.g., foam glass) and
provided with wegp holes to prevent the possibility of obtaining
greater dimensions (volume, diameter, etc. ).

2.4_

1
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UNITED NUCLEAR.

CORPORATION Issued 2/6/70

SECTION:

Subpart:

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820

Subsection: 309 - Tables and Graphs

300 - NUCLEAR CRITICALITY SAFETY STANDARpgSuPersedes 10/31/68

Approved

Amendment No.

1-

2.

* 309, Tables and Graphs

Purpose

t

The tables and graphs of this Subsection 309 are used in the nuclear
eriticality safety evaluation as described in Subsection 303.

Safety Factors

As used on the curves of this Subsection, the safety factor is thé

. ratio of the safe unit to the critical umnit.

.o,
et

In establishing a particular safety factor, consideration must be
given to: - :

a) Accuracy of the data used to establish the critical unit.

b) Operating controls applicable, i.e., degree of administrative
control required versus geometry control, In general, a larger
safety factor is required when safety is primarily dependent on
administrative controls as in the case ofmass or batch control.

The safety factors applicable to the safe standards of this Sub-
section are the same as those in common use  in the industry (refs
erence TID-7016, Rev. 1). The critical data: from which the standard
safe data 1s developed has been reviewed andjdetermined to be

sufficiently accurate as not to warrant a fufther increase.

*Indicates Change




Safe Limits for Individual Units
as Metal, Compound and Solution Systems

Safe Uranium Limits*

Safe Control Parameter __Metal Systems Compound Systems

Solution Systems

Mass

Cylinder Diameter

C;ogs Sectional Area

Volume

Slab Thickness

*Applicable to:

1.
2.

Any

U-235 enrichment,

Full water reflection.

*Specific Conditions to be Maintained:

1.

2.

3.

For
a)
b)
c)
For

a)

b)
For

. a)

Source of

a)
b)

c)

metal, : .
Solid metal pieces with no re-entrant holes.
Smallest individual pilece 18 4 kg U.
Densities up to and including full density.
compounds,

Total U density vs. R/U ratio is not greater
than that of U0, as per Figure 309-XXIV.
Bulk density up to.and including 4 kg U/liter.
solutions,

Total U density vs. B/U ratio is not! greatet
than that of UO,F, as per Figure 309-XXIV.

Data:

L éx-/f

Metal - Figures 1-4, TID-7016, Rev. 1
Compounds - Figures 309-XXV thru

LICENSE: g&;% DOCKET : ;8:&%

XXVIII and Nuclear Safety Evaluationm,

4.8 liter sphere, SECTION:

300 suyBPART: 309

Solutions - Figures 1-4, :ID'7°16;,R3V°1~ Teble 309-I, Safe Limits for

Metal, UOZ and Solution Systems

Page _1
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Nuclear Safety Evaluation-Kqgs's of
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Safe Limits for Individual Units
of Metal and Compounds

Degree of Moderation H/U-235 Mass Limits* ‘Keff Keff
More Than Not More Than SE,,E‘: U-235) Reflected - Bare N

~

*Applicable to:

1., Any U-235 enrichment.
2, Full water reflection.

*Specific Conditions to be Maintained:
1. Interspersed moderation does not
‘ exceed listed H/U atom ratio,
2. Total U density vs. H/U atom ratio
is not greater than that of metal
or compound per Figure 309-XXIV,

Source of Data:

1. TID-7016, Rev, 1,, Table IV (modified) .
2, FKNuclear Safety Evaluation, Table 309-II.

o SNM-33 70-36
: LICENSE:SNM-777 DOCKET:70-820

SECTION: 300  SUBPART:309

Table 309-II, Maximim Size of
Individual Units

‘Page _ 1 of _1
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LIMITS FOR WET ZONES

CONTROL PARAMETER LIMIT

Safe Mass

Safe Linear Density* - gl' 7L [

LIMITS FOR DRY ZONES

CONTROL PARAMETER o LIMIT

Safe Mass | '££)<;4L‘

Safe Linear Demsity¥

.

*NOTE: The safe linear density limits will be maintained irre8pect1ve R
of the arrangement of fuel pieces.

Applicable to:

1. Fuel fabrication operations for purpose of establishing safe plece count.

2. Any U-235 enrichment.

3. Full water reflection.

4. Wet zone limits for:
Uranium solutions} alloys of U-Al& U-58, up to 50 weight % U-235;
and U-Zr up to 25 weight % U-235.

5. Dry zone limits for:
Alloys of: U-Al and U-55 up to 50 weight z U- 235‘ U-Zr up to 25
weight % U-235. ,

Specific conditions to be maintained:

1. Wet and dry zome controls specified in Subsection 306.2.4.1.

Source of Data:

1. Wet Zone - Safe Mass for Table 309-I° . SNM- . 10-36
Safe Linear Density NDEO-1050. | LICENSE: SNH-337 DOCKET:;O-gZO
2. Dry Zonme - Twice wet zoné limits. - | SECTION: 300 SUBPART: 309

Table III, Special Limits

a Page 1 e 1

1SSUED: 2/6/70

SUPERSEDES: 10/31/68
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AMENDMENT NO, :




- SAFE DIAMETERS OF INFINITE CYLINDERS
10.0
U-Zr-Hzo
9.0 Applicable to: :
1. Any U-235 enrichments
2. Homogeneous solution at .
optimum water moderation
3. Heterogeneous allgy at
g optimum water moderation . , 3
8.0 4, Full water reflection ]
\ Safety Factor = ,88 i
1 Source of Data: NDEO 1050, Section 4,0
A :
7.0
; ::25
{'. ::%‘Xf .
i '
G?OE F
o
.
' R
R -

U stn : : —

b ! ' . =L mizs
4.0 L
3.0

R ——t T 70.36
2.0 ' LICENSE: SNM- 377 DOCKPT 70820
SECTION: 300, SUBPART: 309
~o - Y ,':».';04 . .-05 At Figure 309-1V
. ; . . . , . : L
i w235/ (W35 + WzR) !
. We:lght Fraction o APPROVED: ™ _
‘-. - ',“__ Lo o LISSIIED‘ 2/6/70 L E ~---. B -?.'4
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SAFE CROSS-SECTIONAL AREAS OF INFINITE CYLINDERS

OF U- ZR-HP

Applicable to:

1. Any U-235 enrichments

2. Homogeneous solution at

Pk , optimum water moderetion

3. Heterogeneous alloy at

optimum water moderation

4, Full water reflection

1 Safety Factor = ,77 - 3

Source of Data: NDEO 1050,

Section 4.0

W

Nt ot ——

e
i
g i
: L1 ‘ t
1d ‘ : '
N
U-
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T — By —_E:
A4
. T!- !‘x - B _.:l
: HSEs SNM-33 - .70-36 -
| LIGENSE: gyny”22.". DOCKET:d )38
i B SECTION: 300, ° SUBPART: 309
. 04 W08 a2 —
D SR “ @ Figure 309~y .
Wh3s/ (g35t W,0) S . —
; ZR . S : :
“Welght Fraction . . 7T l — — :
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SAFE (SPHERICAL) VOLUMES OF U- Er-Hzo

rr

gay

Applicable to:

1. Any U-235 enrichments

2. Homogeneous solution at é

optimum water moderation

rr

g

3. Heterogeneous alloy at

optimum water moderation

4. Full water reflection .

premmr SR

Safety Factor = .77

Source of Data:NDEO 1050, . ' ;

Section 4.0

-’-

T

TrLL
T

TE

e

K]

1L

SNM-33 - ! DOCKET: 70 36

LICENSE: oy 577 70-850

SECTION: 300, SUBPART: 309

.04

’

“235/ (‘rzas + WZr)

008

Weight Fraction o

.12} Figure 309-vI

“'| APPROVED:
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Applicable to:

1. Bafe individual unice defined in
Figures 309-1IV through VI,

.78 Source of Data: NDEO-1050
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_ Figure 309-VII
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Eiie] i HE  SAFE DIAMETERS OF INFINITE CYLINDERS  fH[H
£ OF U-A1-H,0
12,020
ﬁ :i AR L HH
el T TR
*Egi ¥ : Applicable to:
- 1. Any U-235 enrichments
11, oYt 2. Homogeneous solution at
S optimum water moderation
e 3. Heterogeneous alloy at
5 optimum water moderation
i 4, Full water reflection
", Safety Factor = .88
10.0 \ Source of Data: NDEO 1050, Section 6.0
'!' . - -
9.
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W35 (Ta357+ Wyy) Figure 309-VIII
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SAFE CROSS SECTIONAL AREAS OF INFINITE CYLINDERS
" OF U-A’I-H‘ZO H
80 =i ] H T PP R R b H
Prais Applicable to:
1. Any U-235 enrichments
2, Homogeneous solution at
tHHT: optimum water moderation
3. Heterogeneous alloy at
70 T optimum water moderation
4. Full water reflection
| Safety Factor = .77 :
: Source of Data: NDEO 1050, T
Section 6.0
~ o]
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o W235/.(W235+ W’Al)-

Weight Fraction

, bt b R e R R R AR T R HHEHEE
HH SAFE (SPHERICAL) VOLUMES OF U-Al-H,0 FHEHHHE
18 ST
) Applicable to:
1. Any U-235 enrichments
16k FH H 2. Homogeneous solution at
H " optimum water moderation
: 3. Heterogeneous alloy at
optimum water moderation
) 4. Full water reflection’
A Safety Factor = 0,77 .
1% Source of Data: NDED-1050,
Section 6.0
12, A
A
8
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e S
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4
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SAFE DIAMETERS OF INFINITE CYLINDERS

. OF HETEROGENEOUS LOW ENRICHED U0,

" SAFE CYLINDER DIAMETER, INCHES o

100/ N
9 =
0 Applicable to: =
0 1. U0, pellets at maximum theoretical =
0 density. S
~ 2. U-235 enrichment &s shown (maximum =
50| 5%) =
0 3. Optimum water moderatiom. =
4 4, Full water reflection o §
Safety Factor = ,88 =
40 Source of Data: NDEO 1050, Section 5.0 E:
20
O NN
.
8 == _— =
2
.
$
4,
i
A — NI-33.  DOGKET:. 70-36.

SECTION: 300 SUBPART: 309

i Figure 309-X11

i APPROVED:™
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SAFE MASSES OF HETEROGENEOUS

LOW ENRICHED UO,

1.

2-

3.

4,

SAFE MASS, KGS. U

Safety factor =
Source of Data:

Applicable to:

U0, pellets at maximum theoretical
density.

U-235 enrichment & as shown (maximum

5%)

Optimum water moderation.

Full water reflection.

045

NDEO-1050, Section 5.0

-

'DOCKET: 70-3

LICENSE: SNM-33

70-82(

SNM-777

 SECTION:

300, Subpart 309

Figure:  309-XIII

0,

ISSUED:  2/6/70
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URANIUM ENRICHMENT WT. % U-235

2

%{" SUPERSEDES: 10/31/68

APPROVED:

Amendment No.:




SAFE VOLUME, LITERS

0 SAFE VOLUMES OF HETEROGENEOUS
LOW ENRICHED U0,
% N —
10 Applicable to:
= 1. U0, pellets at maximum theoretical
denisity.
2. U-~235 enrichment as shown (maximum
£ 5%)
3. Optimum water moderation.
$ 4, Full water reflection.
Safety factor = ,77
4 Source of Data: NDEO-1050, Sectiomn 5.0
3
2
L 1
| Y
1007
|
' 3
- X
.3 X
5 X
‘ -
3
-
0 B W e D T 70 5
1 5 1 ) 3 LICENSE: sum-?gf C;lm 20

URANIUM ENRIGHHENT, WT. 2 9-235

SECTION: gpo SUBPART: 309

Figure 309-XIV

|
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6 SAFE THICKNESSES OF INFINITE SLABS
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]
4
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2
Applicable to:
1. U0, pellets at mximm theoretical
denisity.
2. U-235 enrichment as shown (maximum
5%)
, 00 : 3. Optimum water moderation,
9 4, Full water reflection
t Safety Factor = .88
. Source of Data: NDEO-lOSO, Section 5.0
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SAFE DIAMETERS OF INFINITE CYLINDERS OF
HOMOGENEQUS URANIUM COMPOUND

I
1l “0.15 |

HHH

Applicable to:
1. U-235 enrichments as shown
(maximum 5%),

2. Optimum water moderation.
3. Full water reflection,
4. Powdered uranium compounds

or slurries. Total U density
vs. H/U atom ratio is not
1 greater than that of compounds

per Figure 309-XXIV.

Safety 'Factor = 0.88,
Source of Data: pp 1014, Appendix B,

. Minimum "Safe” Value at 0 Rod Size

(INCHES)
o

SAFE CYLINDER DIAMETER

- LICENSE: SNM-33 DOCKET: 70-3¢
. SNM-777 70-82

SECTION: 300, Subpart 309
Figure: 309-XV1

X3 a N 7 al . n.(’
ENRICHMENT, WEIGHT % U-235

G e =l - s el

o . ISSUED: 2/6/70
i . . | SUPERSEDES: 10/31/68
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SAFE MASSES OF HOMOGENEOUS LOW

ENRICHED URANIUM COMPOUNDS

Aﬁplicable to:

slurries,

1., U-235 enrichment as shown
(maximum 5%)

2., Optimum water moderation

E 3., Full water reflection

4, Powdered uranium compounds or

Total U density vs.
H/U atom ratio is not greater
than that of compounds per
Figure 309-XX1V.

Safety Factor = 0.45

1600 _ .
o Source of Data: DP 1014, Appendix
g B, Minimum '"Safe" Value at 0 Rod Siz
7.
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SAFE VOLUME (LITERS)

SAFE VOLUMES OF HOMOGENEOUS LOW ===

S—pr==r=b =S = ==
- st = ENRICHED URANIUM COMPOUNDS == =
. = :
6 Applicable to:
1. U-235 enrichments as shown
(maximum 5%)
b 2, Optimum water moderation
3. Full water reflection
200 4. Powdered uranium compounds
or slurries, Total U density
vs. B/U atom ratio is not
greater than that of compounds
< 00 per Figure 309-XXIV.
Safety Factor = 0,77
Source of Data: DP 1014, Appendix B
Minimum "Safe" Value at O Rod Size
2 00 :
i1
h 1
| 1
1 -
o0 = =
0 = ==
20] S== :
60 =
50 :
40 =
a0 \
N
N,
o
20 CE
LICENSE: SNM-33, DOCKET: 70-3
~ . SNM-777 70-831
SECTION: 300, Subpart 309
40 Figure: 309-XVIII
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ENRICEMENT, WEIGHT % U-235

 ISSUED: 2/6/70
! SUPERSEDES: 10/31/68
CTTTTTTTRT Tt 7T i APPROVED:




2 == SAFE THICKNESSES OF INFINITE SLABS OF SEEEEEEeEEE
= HOMOGENEOUS LOW ENRICHED URANIUM COMPOUNDS
2 = = SEs—s=—c==—S—sE-=ec-eessSesSes
€ Applicable to:
1. U-235 enrichment as shown
(maximum 5%)
5. 2. Optimum water moderation
3. Full water reflection
4. Powdered uranium compounds or
4 slurries, Total U density vs.
H/U atom ratio is not greater
than that of compounds per
Figure 309-XXIV..
8 Safety Factor = 0.88
Source of Data: DP 1014, Appendix
B, Minimum "Safe' Value at 0 Rod Size
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Inches

/

——— v — -
RAGEINN. 8, A,

KEUFFEL & ESSER CO.

B '~

SAFE GEOMETRIC VARIABLES

FOR SPECIFIED U-235 ENRICHMENTS

Applicable to:
1. All U-235 enrichments,
2. Solutions with total U density vs.

2 X2 CcYcLRs

100 _ H/U atom ratio not greater than
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Uranium Density vs. H/U Ratio

I.

II."

General

Nuclear criticality safety parameters are a function of uranium density

and

the degree of moderation of neutrons within the uranium system.

Unless specifically stated otherwise, hydrogen in water is the most effi-
cient moderator for which nuclear safety parameters have been established.

The

deﬁree of moderation is measured by the ratio of the hydrogen to uranium

atoms(g) of the system considered. Generally throughout the literature, the

U-235

sotope is used as the reference for defining the density and modera-

tion effects; however individual publications are usually confined to one
enrichment level &and use of U-235 as the reference is convenient. At the
Commercial Products Division plants, uranium of all enrichments is processed.
To standardize nuclear safety parameters, it is more ‘convenient to work inm
terms of total uranium as it applies to density and degree of moderationm;
therefore, unless specifically stated otherwise, total uranium will be used
in all discussions and data involved in the relationship between density and

H/U

ratio,

Material Types

The

types of material processed at Commercial Products Division facilities

falls into four physical categories:

The
and
are

processed by CFD.

Solutions
U Metal and compound water mixtures

U Metal
U alloys with aluminum, zirconium and stainless steel

relationship of uranium density &nd H/U ratio for water mixtures of metal
compounds and solution is shown on Figure 1. Bdsed on this figure, there
three standard curves for uranium density and H/U ratio. These are for:

Uranium Metal

Uranium Compounds
Uranium Solutions

Uranium Compounds

The density vs. H/U relationship of UOZ is the maximum for uranium compounds
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Uranium Compounds (continued)

Water mixtures of uranium compounds are subject to the most variation of

the density and H/U relationship which is caused by the variation of the
maximum theoretical density of the individual compounds and weight fraction ¥
of uranium in the compound. The typical compounds processed by CPD are Uo,,
U308, UF,, UOgF,, UO,, and ADU (ammonium diuranate). Of these U0, has the
maximum density for a given H/U level. This is illustrated on Figure 1 and
Table 1. For purposes of establishing standard nuclear criticality safety
parameters for compounds, the total uranium density vs. H/U relationship

for U0y is established as the upper limit for which such standards are
applicable. -

The maximum theoretical density has been used to develop .the data of Table 1
and Figure 1. These maximum densities can be achieved only by specisal
ceramic processing such as the process of making UO2 pellets from U0, powder.
These densities are not possible from the chemical process of converting UFg
to U0, or recovery of uranium from scrap and residues; these processes result
in & U0, powder having & maximum bulk density of &4 kg U/liter corresponding
to an H/U of 4. Accordingly, standards for compounds in homogeneous form
are applicable to this level., Standards for compounds having bulk densities
in excess of 4 kg U/liter are applicalbe to densities up to the theoretical
maximum.

Experiments to determine effect on density when water is added to dry UO,
powder were unsuccessful. The water would not "wet' the powder without
special agitation causing a reduction of the density.

This is typical of plant applications. The oxide does not achieve the upper
density levels except when it has been dried. The maximum density limit is

just that, i.e., dry powder introduced into & wet process is either added to
the liquid in incremental quantities (which action reduces its density) or -
the liquid is added to the powder (which action requires mechanical mixing)

also reducing the density,

Uranium Solutions

The density vs, H/U relationship for 002F2 solutione is the maximum for
uranjum solutions processed at CFD,

Historically, UOoF, solutions have been used in experimental measurements of
critical parameters because it permitted the SNM-33 70-36
highest concentration and lowest non-fissioning] LICENSE: SNM-777 DOCKET: 70-820
absorption cross section of solutions generally, SECTION: 300, Figure 309-XXIV
processed. A review of solutions processed at Nuclear Safety Evaluation,

CPD confirms this; the most typical solution /U Rati

being uranyl mnitrete, These data are also Deneity vs. H atio
illustrated in Figure 1 and Table 1.
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III.

c.

Uranium Metal

The relationship of metal density versus H/U shown on Figure 1 is that
obtained from Table 1, TID 7028. o ) This is the
maximum possible density for any form of uranium. Safe parameter stand-
ards for uranium metal are based on this relationship,

Alloys . N

The effect of the relationship of uranium density to H/U ratio for alloys
has been included in the special calculations (NDEO 1050) performed for
the alloys. Safe parameters are reported as a function of the U-235 con-
tent of the alloy. '

Development of the Density wvs. H/U Ratio-

A,

Compounds and Water Mixtures

The relationship for uranium compound's and water mixture is based on the
maximum theoretical density of the compound and the volume additive mix-
tures of the compound with water. Specifically H/U ratios were calculated

‘from the formula:

: ‘ 2 atom H weight U
H Weight Hy0 x mole H)0 x 238 mole U
U veight Hy0 atom U -

18 “moles Hy0 x weight Ux 1 7.7y

weight H20
= 26.45 (Gighcu )

The data plotted on Figure 1 and calculated by the above formula is
tabulated on Table 1.

Metal Water Mixtﬁres

The rélationship for uranium metal and water niixtures has been obtained
from the data of Figures 1 through 4, TID-7016;, Rev. 1.
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C.

Solutions

The data for solutions has been obtained from Figure 1, K-1019 5th
Revision.

In examining Figure 1 it can be seen that all of the curves converge
into-a single curve at an H/U ratio of approximately 20 and a density
of approximately 1. This single curve follows that of the solution
curve for H/U ratios in excess of 20. Unless specifically stated
otherwise, safe parameters for all systems with H/U ratfos greater
than 20 will therefore follow those of solutioms.
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TABLE 1

- - Ex 4
I_ Density, grams U/cc /

H
v (U0,) (NOgY @ N/U-235 = 2.86
) Enriched »
. U0, UF, UO,F, Solid UO,Fp Solution A Density
.1
o3 .
oS
Ex. &
1
2
4
-8
10
20
30
40
: (1) Based on maximum theoretical
50 ) density of compound reported
: by Katz & Rabinowitch, The
100 Chemistry of Uranium, First
' ' ' Edition.
200, (2) Figure 1, K-1019, 5th Rev.
* . Figure 2,5 NDEO-1050
600 ’ .

1000 \
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s = Safe Mass, Homogeneous EE=ssspeeente e E;
0 == = Uranium Compound - Water Mixtures 3 'jfgggff, ==
7.0 =
0
= For Density< 1.0 kg U/liter.
50 Use Figure 1, TID-7016, Rev, 1.
40
80
20 .
— v,
=
. I
£10_
w 9.
5 = SE==
g 8. == —— tm= s = ==
z ] “ ;
% e 7 . =
Applicable to:
& 1. Any U-235 enrichment.
- 2. Full water reflection.
3, Uranium compounds with total
4 ; density vs. H/U atom ratio no
1 greater than that of compound
I per Figure 309-XXIV,
_ 1 + Special Requirement: The containe
8 ] “volume shall not exceed bulk volu
* of the compound (at density cor-
f responding to safe mass) by more
than 10%.
7 Safety Factor = 0.45
P Source of Data: Nuclear Safety
7 Evaluation, Figures 309-XXV thru
309-XXVIII.
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Safe Volume, Homogeneous
Uranium Compound - Water Mixtures

~or-r

Applicable to:
1. Aay U-235 earichment.

Density (Kg. U/liter)

£D 2. Full water reflection,
3. Uranium compounds with total U
E p
N density vs., H/U atom ratio not
& greater than that of compounds
per Figure 309-XXIV,
0 Safety Factor = 0,77
Source of Data: Nuclear Safety
Evaluation,' Figures 309-XXV thru
309-XXVIII. -
20 ++ _ HH -+
L For Density <1.0 kg U/liter.
bt S L= Use Figure 2, TID-7016, Rev. 1,
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== = : 1. Any U-235 enrichment.

2. Full water reflection.
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5 density vs, H/U atom ratio not
=== greater than that of compounds
per Figure 309-XXIV.
4 Safety Factor = 0.88
- Source of Data: Nuclear Safety
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Safe Cylinder Diameter, Homogeneous =

Uranium Compound - Water Mixtures REENN
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Applicable to:

Any U-235 enrichment.
Full water reflection.
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density vs. H/U atom ratio not
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per Figure 309-XXIV.

Safety Factor = 0.88
Source of Data:
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Nuclear Safety

Safe Cylinder Dieameters (Inches)

2 309-HVIIIQ
y For Density £1.0 Kg U/liter. ’
Use Figure 3, TID-7016, Rev. 1.
S 0 8 I A o I O I
104 == == e S5 S = EEcEees
=== = —oe s == = S=552 == S=—
== = EEES S
8 =3 = == = e =5 _:—'E':i?EE
7 l' = E =
€ +
g =1 .—
4
3
’ "]
i
LICENSE: SNM-33 DOCKET: 70-3
SNM-777 70-8
SECTION: 300, Subpart 309
1 Figure: 309-XXVIII
0 1 2 3 4 5 6 7 8 | ISSUED: 2/6/70
. SUPERSEDES: 10/31/68
e : : APPROVED

Density (Kg. U/liter) |

| Amendment WNo.: ~



Critical and Safe Homogeneous Uranium Compound - Water
Cylinder Diameters and Slab Thicknesses at all Enrichments

Densi Cylinder _Slab
ensity 1) . (2) 2)
U-235 Total U R D r(-) Reb. DgpM) Top T r T“"§ Is,b
H/I-235 (Rg./L) Rg. U/L (E4) Un.) (cm) (In.) (cm) Un.) (cm (in.)
0 B I
0.98
2.94 Ex
8.96 '
20.60 'ﬂL
43.90 .
!
2 R, (cm) '
NOTE: (1)' Ds = 3T (em/in.) = 1.13 5.F. = ,693 RC’ where R, values are obtained from Table V-K, LA-3612
T, (cm) . ' :
() T, 2.5% (en/in) x 115 o F = .346 T,, where T, values are obtained from Table V-K, LA-3612
Subscripts: ¢ = critical
8 = safe -
b = bare

r = full water reflector : -
s.f.= safety factor
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Critical and Safe Homogeneous Uranium Compounds -
Water Volumes and Masses at all Enrichments

Sphere Mﬁss~
Density 1) - (2) . (¢9)] (2) (3) 4 4
Tu-235 nTotal ] Ve,r Va,r Vs,b Mor 3 Ms,r( ) Mc.b(s) Ms,b( )
'U-235 (Rg./L) Kg U/L (Liters) (Liters) (Liters) (Kg, U-235) (Rg. U) (Kg. U=-235)

(Liters)

(Kg. U)

.98
94 |
.96
.60
.90.

4

]

- NOTE: [¢))
).

3

(%)
Subscripts:

<

<

= &

L - I o]

critical

safe

bare

full water reflector

c3 ‘where R.c values are obtained from Table V-K,:LA-3612

€ x. o
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401, General Health PhysiCS Requirements

' The Radiation Protection Proeram shall comply with the standards established
in Title 10, Code of Federal Regulations, Part’ 20, the Standards of this .
' Subsection and the requirements of other regulatory agencies.

- Internzl procedures and/or data forms are used in performing end documenting
) the heazlth bhysics functions in accordance with_;his_sectinni__changes to
these procedures shall be reviewed .by the Health Physics Specialist or
. Health Physic Consultant prior to approval by the Manager of- ,the Nuclear

" and Industrial Safety Department Commercial Products Division.

':: / 1. Surface Contamination*

1 1 Restricted Areas (As defined in 10 CFR 20)

Cleanup

limited

. 'Action o ' Contamination Action Level (Excluding Process
: v - Equipment) -
Immediate_Cleanup ..’I0,0QD alpha dpr/100 cm? removable_(smear?
- 100000 béta. dpm/lOO cmz. Temovable (sméar)’
End of Shift B, 000 alpha dpm/lOO em? removable (smear)

Haterial on processin@ equipment or fixed on surfaces shall be’
radiation~erposures. o o _ ST

1.2 Unrestricted Areas (Release of Miterials and equipment but does not

3 50 ooo beta dpm/lOO cm2 removable (smear)

as required to control airborne radioactivity ‘and external

DI o

1.2.1.

" 1.2.3

' not exceed 25 000,

1.2.2

C -~ integrations per minute per 100 square centimeters shall
not exceed 5 boo D _ .

" by wiping the surface with a filter  baper or soft’ absorbent
_minute per 100 square centimeters shall not exceed 1, 000.

" 1.3.4
ER i=contaminated surface measured with an open-window beta-
‘-ﬂ»gamma survey meter through a tissue equivalent absorber of
| _‘not more than seven milligrams per square centimeter shall
'7:Qnot eAceed one millirad per hour." o s o

- *Apply tO’uranium; naturallthorium and miXed:fissiOnjand_activation products;;

. include the abandonment of buildings)
The maximum amount of fixed alpha radioactivity in dis-

inteﬂrations per minute per 100 square centimeters shall

The average amount of fixed alpha radioactivity in dis~

The maximum amount of removable (capeble of beinv removed

paper) radioactivity (21lpha or beta) in disintegrations per.

The maximum level at one centimeter from the ‘most highly
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401. General Health Physics Requirements (Con't)

2.

Air and Gaseous Effluents L 1”
i,The radioactivity concentration limits of 10 CFR 20 will be IoIlowed

" Records
—=gores

The average radiation level at one centimeter trom the

. ;' _;-']’_-.contaminated surface measured in the same manner shall not’

T exceed 0 2 millirad per hour.

‘Records’ of Personnel Mbnitorin Mbnitoring Surveys, Respiratory )

Protective Program Personnel Instructions and Instrument Mhintenance

;and Calibratibn shall he maintained by Health Physics.
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'Personnel Monitoring shall ‘be supplied to each individual who is likely to
rec8ive a dose in excess of 25% of the applicable limits in lD CFR 20 and
those personnel who routinely work in the process areas.

'-The personnel dosimeters shall be sensitive’to an exposure of 25

-'~~millirem. Hand exposures will be determined by surveys.. Exposures in‘_

A Bioassaz Vb’;i'; ir.?vl'

..excess ot 25% ‘of the applicable limits shall be investigated

Personnel Monitorina
1., Dosimetgz .;{:"
[ 2.

The urine analyses shall be sensitive to concentrations of_ 10 elpha
dpm/liter. Insofar as- possible, samples are collected after two days
off the job as follows- . .

2.1 At the start and_termination‘of employmentJ

242 on a8 routine scbedule consistent with the degree of exposure and

results of past’ samples but at leest as iollows.

- Hinimum Bioassay Frequency*' o
. Area’ 'f:_ S T ' Frequency
' Clean or. clear'areas" - Employment and termination

Intermediate or limited

contaminated areas .,- o :l. é’ﬁ&ﬁfﬁs
'Contaminated or restricted o IS

areas ) . .. e T r ._'T Lo . o 3 mOnthS -., . Lt
_If respiratory protection :
is required .or 1f the radio-
nuclides are in 8 soluble S o
form L . -7+ monthly

-~

"2.35}Following g suspected potential overe nosure'or ingestion'oi”

'Q'contaminated material. IR _4 B St .

‘ztg'lThe investigation and action levels follow-

i . n A
S

: @2 4 l All samples above 50 dpm/liter shall be investigated

-2 4 2 A sample in excess of 100 dpm/liter will require immediate
restriction of the individual to Jobs where -airborne.
L j- :radioactivity levels are not etpected ‘to exceed 25% MPC,
e s 7 The ‘individual willk remain on restricted Jobs until two
S ?"A;consecutive samples less than 50 dpm/litter are obtained
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402. Personnel Monitoring . - = ‘ "“, W-ﬂ:"' '.”r L
- 2.4.3 Mbre 1ntensive investigation shall be performed on the
.circumstances of exposure for persons. who remain on

restriction for three (3) or more resamplinvs.

¥ These frequencies apply to personnel spending 10% or more of their assigned
woqk schedule in the Aarea. listed A S
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403,

Respiratory Protection Procram

1.
- radiocactive materials by use of process or other engineering controls:'

- In circumstances in which adequate limitationiof'the inhalation of

is impractical United. Nuélear Corporation may permit an individusi in a
restricted area to be exposed ‘to average. concentrations of airborne
radicactive materials in excesg of the imits specified in Appendix B
Table I Colum l of 10 CFR 20 provided° ;_- i ; .

PR .;&,

1 1 The individual uses respiratory of. other appropriate protective
., equipment such that the total intake, in any period of seven
‘consecutive days by inhalation, ingestion .or absorption, would not.
- exceed that intake which vould result from breathinv the concentra-
. tions spepified in Appendix B Table I Column 1 of 10 CFR 20 for
g -} period of 40 hours. . . g : : . :
~ 1.2 UNC shall advise each respirator user that he. may leave the area
for relief from respirator use in case of : :equipment malfunction,
physical or psychological discomfort, .or any other condition that
‘might -cause reduction in the protection afforded the wearer.

1.3 UNC shall maintain a respiratory protection procram adequate to
assure that the obJectives of 1.1 above is met. Such program shall
Vinclude- . : .

1.3.1 fAir samplinb and" other surveys sufficient to identify the
- " hazard, to evaluate individual exposure, .and “to permit
proper selection of the respiratory protective equipment;

'1,3.2' Procedures to assure proper selection, supervision and
- adequate training of personnel using such protective
~-’equipment- : ’
1.3.3 Procedures £o assure’ the adequate fittinn of respirators
e and the testing of equipment for operability,

. 1.3.4 'Procedures foi maintenence to assure full effectiveness of
- i ‘:.'respiratory protective equipment, includinv issuance,
' cleaning and decontamination, inspection, repair and
' ltoraﬁe. - oL _ :
-f1t3;5 'Bio-assays of individuals and other surveys as may be
3 - appropriate to evaluate individual exposures and to assess .
v protection actually provided* and ~ :
P .- .’ :
'tffiga.s Records sufficient to permit periodic evaluation of the
;jjziikadequacy of tne respirato*y protective program. o
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403. Respiratory Protection Procram (continued)

1 4 UNC has evaluated the protective equipment (1) and has deter- _
- mined: that, when used to. protect a”ainst radioactive material -
“ under the conditions of use to be encountered; such equipment id
capable of providing a degree of ‘protection at least equal to
the Pprotection factors’listed in: Table 403-1. (2)

T2 Uhited Nuclear Corporation shall not assign protection factors in h
excess oi those given in Table 403 I in selectinv equipment. '

tor

(1) In evaluatinn resoiratory protective equipment for use awainst
.- radioadtive materials: to assure that the equiument provides the
protection factors ‘1isted in Table 403-1, UiC may accept equipment
iapproved under appropriate test schedules of the U S. Bureeu oi '
_AM1nes to, the ‘extent pertinent. y :
-€2) The factors listed apply only to protection against radioactive 2
' fi‘materials.' Additional precautions may have to be taken to protect T
' 3.~against concurrent non— adiation hazards. E

-

~

e T R Y - B ‘. Ll




PROTECTION FACTORS FOR RESPRATORS

PROTECTION FACTORS 2/

Particulates
Description Modesl/ and Vapors and Tritium
Gases Except Oxide

Tritium 0xide /

—

1. AIR-PURIFYING RESPIRATORS

Facepiec’e, half-mask 10 1
Facepiece, full 100 1l
I, ATMOSPHERE~SUPPLVING RESPIRATOR
1, Air-line respirator
Facepiece, half-mask CF 100 2
Faceplece, half-mask D 100 2
Facepiece, full CF . 1000 2
Facepiece, full D 500 2
Faceplece, full PD 1000 2
Hood CF . 1000 2
Suit CF ' NIRRT 4/
2, Self-contained breathing
apparatu 3CRA L : .
Facepiece, full . _ ’ D 500 2
Facepiece, full D 1000 2
Facepiece, full R ’ - 1000 - 2
3., Combination respirator _ )
" Any combination of air-purifying and Protection factor for type
stmosphere supplying respirator. and mode of operation as

listed above.

- continuous flow

1/ CF:
~ D : demand
PD: pressure demand (i. e., always positive pressure)
R : recirculating
2/ (a) For purposes of this authorization the protection factor is & measure of the

degree of protection afforded by a respirator, defined as the ratio of the
concentration of sirborne radioactive material outside the respiratory pro-
tective equipment to that inside the equipment (usually inside the face-
pilece) under the conditions of use. It is applied to the airborne con-
centration to determine the concentration inhaled by the wearer, according
to the following formula: :

COnbentration Inhaled = - Airborne Concentration
. Protection Factor

LICENSE: SNM~-777, Docket:70:83
SECTION: 400, Subsection: 403

Table 403~I g*

APPROVED

ISSUED October 31, 1968
SUPERSEDES: New

Page 1 of 2
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2/ (b) The protection factors apply

- (i) only for individually fitted respiratoxs worn by trained individuals
and usad and maintained under supervision in a well-planned respiratory
protection prograa.

(11) for air purifying respirators only when high efficiency particulate
) filters and/or sorbents appropriate to the hazard are used.
(1ii) for atmosphere supplying respirators only when supplied with adzquate
‘respirable air. . o . . :

3/ Excluding radioactive contaminants that present an- absorption or submersion
hazaxd, . .

4/ Appropriate protection factors. must be determined taking account of the .
permeability of the suit to the contaminant under conditions of use. No
protection factox greater than 1000 shall be used except as authorized by
the Commission. .

NOTE Az Protection factors for respirators 2s may be approved in the future by the
U. S. Bureau of Mines according to approval- schedules for respirators to
protect against airborne radionuclides may be used in lieu of the protection
factors listed in this Table. Vhere additional respiratory hazards other
than radioactive ones are present, especially’ those immediately dangerous
to life, the seléction and use of respirators shall also be governed by
the approvals of the U. S, Bureau of Mines in accordance with their
applicable schedules. ' . . .

i

. | LICENSE:- SNM-777, Docket:70-82
SECTION: 400, Subsection: 403

Table 403-1

"|APPROVED: - .
ISSUED: October 31, 1968

SUPERSEDES: New

Page_- 2 -of 2
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404.

Facllity and Equipment Requirements

1. Zoning - .; i 7 e
The facility shall be zoned to define contamination areas, limited
contamination areas and clear areas. Protective clothing or. ~Special
clothing, ‘shower and change facilities shall be provided for use in the

_’'contamination area. A sink and aplha survey meter’ or hand. monitor shall
. be provided at the exit from the contamination area. ,}~ R

2. Ventiletion

Air flow sahll be from the -areas of lower to areas of higher contamine- .
tion. Hoadds, glove boxes, or local exhaust shall be provided as required
to maintain zirborne and surface contamination in the work areas within
the 1imits under normal conditions. The type of equipment will depend
upon the operation being ventilated, t.e., very dusty operations A

will be ‘performed in glove boxes, while highly localized contemination
sources such as product takeoff or grab sampling ports are ventilated
with-local exhaust, and the routine handling of uncontained SNM is per-
formed in hoods, Fire prevention shall be considered in the design of
ventilation equipment. “VWhere operations are exhaustdd ‘which generete
high effluent temperatures, fire resistant filters will be used.
.Consideration will also be given to the potential for generating
explosive atmospheres in glove boxes and appropriate safe design
implemented. Ventilation equipment.is required for operations generatinv
airborne concentrations in.excess of 25% of MFC with minimum air

movement requirements as follow5(

Fume hood iace velocity . - *75 feet per minute
General purpose hbod face velocity 150 feet per minute
Tocal exhaust . = 150 feet per minute
‘Glove boxes o - _sufficient negative
. S - o " pressure to .control the
‘operational hazard (ex-
... cept- inert atmosphere
.- fboxes)

T A1l process'exhaust'genereting more than 25% of MPC'durinv operations
shall be filtered through high efficiency filters (nominel 99.97% for
particles larger than 0.3 microns) or a scrubber system.
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404, Facility and :.quipment Requiremants (continu--\d)
3. Liquid Efﬂuent | IR i Sk R,
Process waste and laundry water is transferred to a lawoon or liquid
handling system prior to discharve. ~ Where particulate contaminants
constitute a significant re.dioactive component of’ the liquid filtration
may be requifed ‘before discharve.' Tha contaminatién level of thnse
: effluents; is monitored B S VLR Ee L oEL e
. ! : -:A - ’
d . . R
T :
o S
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405. JInstrumentation

The mininmun instrumentation required for operational surveillance is listed
below. All instruments are celibrated quarterly or in accordance with the
manufacturer's recommendations. The manufacturer's calibration of flowmeters,
velometers, rotameters and orifices are-used.

1. Nuclear Alarm SYStem ﬂil ];v;f7’?A'y:'

PRSE SUR LS Frs

The nuclear alarm systen consists of gamma sensitive detectors, audible
alarms and remote indicator panel at or near the guard station. The |

' requirements for this alarm system f°11°w'11~:fffﬁfj”'ﬁ{f'77l-?7'*2**

1.1 Detector units shall have a pre-set alarm level of not less than 5
. MR/hr or greater than 20 MR/hr, :

. 1. 2 Detector units shall also have a response time no greater than 3
'seconds at a radiation level of 20 uR/hr.

1.3 -Detectors shall be 1ocated 50 as to be capable of detectin° and
operating the alarm from en incident of the magnitude that would
result in‘a gamma flux of 3 % 10° mrem/hr one (1) ioot from the
source of radiation. 'g L

1 4 Detectors shall be installed within 120 feet of enery location
where 500 grams or more of Special Nuclear Material is handled
used, or storead. .

1.5 Whenever possible, the location ‘and spacing of the detectors is
chosen to evoid the effect of shielding by messive eguipment or
materials. Low density materials of construction such as 2 x 4
stud construction walls, plaster or metal corrugated panels;
asbestos panels, doors, panel walls and steel office partitions
are disregarded in determining the spacing, The spacing is
‘reduced where high density building materials such as brick, _
concrete, concrete or cinder blocks, or lead-1ined x-ray rooms, '
shield a potential accident area Irom the detector. '

Calculations to determine adequate coverage throu"h significant
shielding materials is performed using the‘Iollowing formula-

" ' ‘f"",i 7Pt s .
o2 S ',':1I¢$'£g—£gag—l L
_.,%4Cr,.?§e%é_,i ' gamms intensity at the detector (minimum o
Teta s for calculations Will be 20 mrem/hr)

.2 LT R L . .. e e
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405,

.

Instrumentation (continued)

4.2‘.

A

i;G The detector and alarm circuits shall be equipped with an auxilliary

1.7 The system will be tested by scundin~ the alarm at least monthly

Minimum detectability - 10 DPd

: lﬁnimum countin~ efficiency - 30% '(calibrated to read 211)

' Routine - Nominal 20 liters per'

. ;';;“ Io. Unatﬁenuated gamma intensity one (l) foot from
SRR the flux ‘source’ ’ .

_)E = ‘mass absorption cioss section of the shieldinu
’ neterial- x density of ‘the shield T

A thickness of’ shie;[d in,ce.ntimeterst' \'!here ansie .
ST -_T- of incidence € is rot 9q° “to the.plane of the
barrier, t will assume the dimension, csc e t.

.',

d = distance from souroe in feet._ff"zf?if:?.

. Such calculations will not include the effect of broad beam attenuatior
An example of the calculational technique is shown in the health physig
evaIuation for this subsection, . PR e

self: starting diesel generator which will automatically supply -
. power to the system in the event of disruption of primary power,
'This backup pOWer system will be checked dat- least quarterly._

'and at the time of each practice evacuation drill.-_

1.8 Automatic monitors shall give marning in case of any maliunction
o which renders the system inoperable. ;f el
1.8 The alarm shall be clearly audible in all portions of areas in.
' 'which"Specisl- Nuclear. Materials are nandled, ‘used, or. stored -and
in all adjacent -areas. where significant exposure to radiation may
‘result from an incident., T R . :

Alphe Counting System }fi{'blim‘;{”}%fin'

.

Alnha Survey Leter iszn ,];r" yi?}lfg:mﬁf_ fy:ﬁ 1 ﬁ:' - 'f' T :f.:".

B S

Minimum Range -:';
‘s B FEVRR

Air Samplina Equipment

- 100 000 counts per minute ;;,ﬂ.,y RIS

‘\

1]
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405, . Instrumentatioﬁ (cpn't)'r ' T R
LT .- 5. Beta-Gamma Survey Méter -
GM type with maximum window thickness of not more than thirty milligrams
) per square centimeter.' ’ T _
. ' : 0 = 20 mn/hr 75'J
S '; " Beta Gamma- Cbunting System :
B - Minimum detectability - 200 dpm k B
Emergency instrumentatipn is listed in Section 600
i : . ) =
s | _ S




NUCLEAR ALARM .SYSTEM COVERAGE CALCUIATIONS

I. TFollowing are calculations of the effectiveness of nuclear alarm system
coverage through significant barriers encountered in facility construction.

. : -ut) .
Using the Formula I = Eo_ﬁgii__ |
; ; - 3
A, Barrier: 8" Concrete Block
' Thickness, t = 7.625 cm/in = 19.37 ‘¢m.
,u-=00317 cx? x 1.22 gm/emS = 0.0387 cm~1

42 = 3% 105 my/nr (e70-7%0)

20 mx/hr

a2 = 7.10 x 108 L

d =84 ft. maximum permitted distance of source from
detector to provide coverage. :

B. Barrier: 12" Concrete Block :
: Thickness t = 11.625" x 2, 54 cm/in = 29,6cm
J = 0.0317 em? x 1.17 gn/er® = 0.0371 cn-l

© . 42 = 3 x 105 mr/hr (e1:10)
L 20 mr/hr -
a2 = 5 x 10%" :
d = 70.7 £t. maximum permitted distance of source from detector
to provide coverage. :

€, Barrier: 8" Poured Concrete Wall .
' Thickness t = 8" x 2.54 cm/in = 20 3 em,

m = 0 317 e x 2.3 gm/cm3 = 0,735 co~1

a2 = 3 x 105 mr/hr (e-1.49).
- 20 mr/hr

a2 = 3 375 % 108

d = 58.1 ft. maximum permitted distance of source from
detector to provide coverage.

II} The effectiveness of the nuclear alarm system when a bariier is interposed
between the source and the detector at an angie which is not normal) to the
line between them is calculated using the tollowing formula.

I = ‘IO /e A)lt,(csce) / )
dz
where © is the angle of incidence of the line .
between the source and detector with respect to_ LICENSE: SNM-777, Docket 70-82!

~the plane of the barrier. S SECTION: 400,
' Subsection: 405,1
In this manner, increased attenuation caused by .
angular incidence of the beam on a barrier, of ﬁﬁﬁi:grpkiﬁiﬁs ;}g%gitéggerage

given thickness is calculated. -7 .7 . [APPROVED:
' B ISSUED; October 31, 1968

_ |SUPERSEDES: New.
“.lPage . 1 of 1
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406, Survelllance

. 1.. Special Survejs .

All new, non-routine and spill cleanup operations shall be performed
under the congizance of Health Dhysics. 1; : PR e
with ‘the - éxception of incidents rec:mirinﬂr immediate evacuation, major
spills. or other accidental releases. shall be cléaned up” immediately.
Criticality restrictions on the. use of containers and water shall be
followed at all times. The Foreman and Health Physics ‘must be notified
'immediately of such incidents._ Appropriate precautions such.as use of

f ' respirators shall be observed. - 2
. e, ':. . SR 3’, . -
;2. Routine Surveillance . -,,_~_~;»,‘;' o ‘,-
Surveys shall be conducted on a- re«ularly scheduled basis consistent .
with plant operation and survey results,.  The frequency of .survey depends
" .upon the contaminaton levels common to’ the area, the extent to which
' the area is. occupied end the probability of perSonnel etposures.
- 3, _Surface Contamination -'L";' S f.i*ﬂ?L;“ ‘54f ';Lﬁiifgf

Corrective action and/or cleenup is initiated when contamination ex ceeds
the action levels.- - Ce A :_.:_ et e 4

4, Airborne Concentrations in Restricted Areas

_.1 Airborne levels in excess of 25o of ‘the manimun permissible'
: ;_concentration require postinﬂ in- accordarce with 10 CFR 20 and
an investigation of the causes.~:' : :

l4.2f Airborne levels in excess oi the marimum permissible concentration
) 'require .exposure evaluation., Controls to restrict the personnel
to 40 JPC hours per week shall be: required.=.', S

5. -Air and Gaseous Effluents L;,.E %g:ff:f, .-7-'wﬁl";-‘a -

. Ty e HE .-
[ R N

Systems will be reviewed and/or checLed for malfunctions wnenever the f
;concentration e’ ceeds 25 of the applicable 1imit

Inasnuch as process stacks are equipped with hiﬁh efficiency filters
’andamanometers desivned to indicate ‘filter pressure drop, such stacks °

will be sampled du.inv initial operations (at least three (3) samples

per stack). Theveafter, each process stack shall be sanpled no less g
;frequently than onca per quarter. Stacks usinc a scrubber system are ’
';monitored continuously durinn operations. AL RN
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406. Surveillance (continued)
5. Air'and Gaseous ﬁffluents (coh't) ‘1'ii;le _fﬁeﬁf - ':z;'_-_: .

- - three (3). timas during operations to re—establish the effectiveness
.of the :Eiltering system.

A weekly inspection of all process exhaust systpms will be made.

,the filters are found to be plugged, or a manometer or stack sample

6.

£ilter loading is determined by pressure drop readings.

,during operations, Tt ,_: . v. -,}ﬁ..

.Water Samples B L L

Process and/or system chanaes shall require that the effluent gir 1rom
the exhaust system(s) thus affected should again be sampled at least

This
will include intake" velocity measuréements and inspéction of the degrees
of filter loading. Velocity measurenehnts are made with B, velometer; ..

‘The filter o
loading inspection may. be omitted if the stack is sampled continuously

Filters in- the exhaust system shall, be chanved when the air £low at the
hoods sarved by - the' systems falls below the 1limits, or iz by inspection, .

indicates a filter failure.

641 Plant Waste Eiiluent

Cs

fThe contamination level of liquid effluent is measured at the
point of discharge from the waste handling system. . A representative
_sample oi the outflow shall be collected and analyzed for alpha,

" and betta activity and pH. - In. eddition, grab samples from & ’

'_lagoon must be collected and evaluated prior to discharge.
._Where liquid wastes are. discharged into a river or streem, e
“grab sample sghll be collected monthly from above and below !
the plant outfall and analyzed for alpha eand beta activity and pH
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" 601, General Objectives y

This Emergency Control Plan is applicable to the Chemical Operations Plant,
Hematite, Missouri (SNil-33) and ReeoVery Operations Plant, Wood River
Junction, g "lhode Island (SNM-777). .

It is the policy to anticipat g, insofar as possible, those emergencies
which may erise at -plants within the Commercial Procducts Division, and
minimize by organized action, any injury, loss of life or property demage,

Emergencies for which this plan is prepared include, but are not limited “to,
the following: . ) . )

Nuclear Alarm = False and Accidental Criticality
Fire
Release.of Radioaotive Materials

;Explosion'or Bnilninv Collapse

- - .

Flood, Hindstorm or other Natural Disasters

. The plen for control of emergenciles established personnel training
requirements,; requirements for” emergency equipment.and supplies,
liaison with hospitals, a2mbulance corps and mediczl personnel and State
and Federal Agencies vhose’ assistance may be required, means for establish—.
ing and maintaining current emergency procedures and post-accident
investigation ard reporting. instructions,
Authority for audit and enforcement of plant emergency procedures and
approval of emergency plans as described herein rests with the manager
of the Nuclear and’ Industrisl Safety Department, whose responsibility
inaiudes the. coordination of emergency planning in Commercial Products

" Division Plants, Implementation of these plans is the responsibility
of the operating group, as defined herein. '

, 1The Emergency Control Plan for the Fuel Fabrication Operations,v
' ‘_-New Heven, Conn. (SNi-777) is that plan applicabdes to the Naval Products
Division, New Haven, Conn. (SNM-368, Docket: 70-731). The Naval -
-Products Division has prim° responsibility for establishin° and
raintaining emergency plans and proceedures for the fuel fabrication o
'ﬂoperations. R : : “f

- - : S L. Y .
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. gssunme the indicated responsibility.J

Establishment of Responsibilities

Each . Plant emergency orsanization 1s headed by the Emergency Director .
who 1is responsihle for the direction . and doordination of all activities
during the .emergency . Emergency duties will be carried out by in-plant
personnel under the Emergency Directon's supervision and control.

The Emergency Directqr is the senior member present-of those selected

'supervisors designﬂted in writing &s Bmergenpy Directcrs. Each ‘mémber of -
__this group is designated by ‘the General Manaﬂer, Cemmercial ‘Products
. -Division, for the Hematite, iissouri and Wood River Junction, Rhode Island
' locations, end.certified’ by the Manager of the Nuclear and Industrial

Safety Department es having the proper qualiiications and trainine to

- .o .'_-:7 -.'"

. - " " =~

ln the event of a continuing emergency situation, further responsibilities

are aseiened to the indivduals holdinv the positions listed below.

' Responsibility ]- L ?_..‘,“;fi Assignod o ,;_-
Security e A:Corporate Security Director, Supervisor
,'oi personnel services. k
Public Relations & .;-:4' General.rmnager (Gommercial Products

Communications . 'ﬂ" Division) Administration manaver or -
.o : L President's Office o

‘Health Physipsfh Saiety' "Hanager, Nuclear & Industrial Safety
_ - : . _;__HEalth Physics Specialist/Nuclear &
13-2 Industrial eafety Representative

. Medical ‘;"":; }5?..'f; .Consultant Physician/”lant Physician/
: : "“; f' :f-.-vp;,g_i_lhnager, Nuclear & Ihdustrial Saiety

A -
.‘o

Criticality Control (nu-~r manager, Nuclear & Industrial Saiety/
clear Criticality Safety) Nﬂclear Criticality Safety Specialist

Procedures are available to plant personnel outlining required iunctions
~ to be performed in above areas oi responsibility prior to arrival of = ' °
designated individuals. . 7. DR ’

- Ny . e S ', . _'i‘ - . . -
:_‘ . 1_,, .

“In the absence of the above listed individuals, the Emergency Director

- assumeg the indicated resnonsibliity except for plant re-entry undar
conditions not speciiied in th= emergency procedures. . :
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603. Emergency Plans

Becguse of the basic difference in required response, emergency plans are
broken into four categories and detailed procedures or check lists are
maintained in up-to-date form to implement each category. The categories
are:

A. Nuclear Alarm - False and Accidental Criticality .

B. Fire Alarm

C. TRelease of Radioactive Materials

‘'D. Other non-nuclear emergency which may result in B. or C,

Procedures or check lists to implement the plans for each of these
emergencies, will:
. Be brief to permit reading during the emergency.
. Be posted where they can be used.
Establish limitations of authority where needed.

Provide guidelines for emergency judgments.
Insure that &all needed outside assistance is summoned in timely manner.

Provide for relocation in event of emergency assembly area becomes

untenable. .
‘Include criteria for first-aid treatment and decontamination of persomnel

(2] ”JNPC\UP

603.1 Nuclear Alarm

603.1.1 Detailed Procedure Requirements
The detailed procedures will establish a sequence of re-

quired actions. This includes:

A, Immediate plant evacuation by all personnel upon
sounding of the nuclear alarm,
B, Check list of instructions for the Emergency Director,

This will include but not be limited to:
&) TImmediate accounting for all personnel
b) Identification of exposed personnel and initiating

emergency treatment,

¢) Preliminary radiation survey of emergency assembly
building to insure safe occupation. ’

d) Implementation of Emergency Procedures.,

C. A list of persons suthorized to function as Emergency
Director.

D, A check list of instructions to the plant guard. This
includes establishing emergency road blocks. -

E. A list of persons certified by the Nuclear and Industrial
Safety Manager to function as a plant re-entry team.
The Emergency Director will not normally be part of this

' team,

*Indicates Change
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2 IS : R AR R . SUPERSEDES New
603, Emergency Plans (continued) ' 5 .
~§{L:.§7“::f;e: F. A~check'1ist of instructions for the plant re-entry tean.
- — ._:”G, cr1terta'by‘which the Emergency Director will determine if
‘ S -_-the alerm was false or if an. accidental criticality has
' ;:_ occurred o i : ~ ﬁ .
SN — prl-—Es———A- check,.list for ohtaining off-site-_assistance including
T . telephone numbers and priority of,notification.
- s j~"‘5,i:_'i;:L The off-site assistance list includes-ﬂi ;1?Efw";ﬂ ,J
S .[5n_ntgi.j_4;,i_ . a)— Off—site Company personnel-—Oii-duty plant supervisory
A S - personnel and Nuclear and InduStrial Safety Personnel.
. oL ~b) Local police, fire department and civilian defense v
- o e - authorities. . R ST IO
SR - (Arranoements are in effect with these local .
- 2o " authorities to. assist as requested by the Emergency
s e % . ' Director.) )
: c) Medical Assistarce. (Arrangements are in effect for
w o S T -.obtaining assistance from competent medical personnel
7 SRR ""_ -and hospitel facilities.) - . .+ . .. . . o
N -"-‘.:;-.»-'---—d) ‘Atomic Energy Commission, ..~ % -~ LR
- ' e) Plant and Company lhnagement.- i' ; S
. e I; An outline of criteria to follow in effecting emergency
- I ,.l rescue of personnel.‘ .;f.,.‘x_ ; 11__1 :-,“}'>;§.
An outline of criteria to follow when the Emergency
L ) ) ; » Director determines the need to shut down equipment left
. e ] "fff' running.- N S p
= 603.1.2 -Plant Re-Entry SO T .

[.A._ Re-Entrxésurvey Team f;q_f; : '
- " The plant re-entry survey" team shall consist of a minimum of -
_ 'f two persons.. The‘team sahll be equipped with’ a high range .
e (0-500 r/Hr) and a low ranve (0-2500 mr/hr) beta/gamma survey
T ‘ : metert UL o RS s s . R

3

N B Initial Ea-Entry S ORI

’ S The team will enter and survey all areas of the plant unless
.gamma: radiation levels. greater than '100- mr/hr are present. .
“It radiations oi 100 mr/hr or, higher is found the ‘tean shall'

P Re-Entry for Emergengy}Rescue . s e
- The | Emergency Director will determine the need for're-entry
. oi thevplant for emergency rescue.:.Re-entry procedures for
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this purpose shall be based on National Bureau of Standards,
.. Handbook-59 Permissible Dose from’ External sources of
L Jonizine Radietion. Re-entry personnel will be
- , - .kept cognizant through training of probable radiation. eifects
for various exposures, means to reduce exposure, and
additional criteria which will assist thém in making such
- decisions. B A
- D. Re-Entry for Equipment Shut Down
-*" " The Emergency Director will determine the need for re-entry .
. . for shut down of equipment left running. This'determination '
will include an evaluation of the potential exposure to.
personnel against the hazard of permitting the equipment to
, run, Re-entry prOcedures for this purpose shall be based on
: National Bureau of Standards, Handbook 59, Permissible Dose-
. . £rom Ecternal Sources of JTonizing Radiation. However, re-
- entry persomnel will be kept cognizant through training of
_probable radiation effects for various exposures, means to
‘reduce ‘exposure, and additional criteria which will assist
- . -them in making such decisiens.,
E. Isolation of Affected Area
. “If radiation is excess of .100 mr/hr is present, barricades will

.-

L'be ‘established to mark the 100 mr/Hr boundary. Only personnel
..authorized by the Emergency Director will be permitted past
this boundary.

603 1 3 All Clear

Felse Alerm R S T

. ~ The Emergency Director will determine that 2 false alarm has,

- occurred if:
a8) There is no physical evidence that an accidental criticality
. ".has occurred,
- b)Y No radiation is detected from indium foil contained in’
personnel badges.
¢) 'No radiation: levels, in excess of normal plant radiation
- levels are found by the re-entry team. ;

When these conditions have been iulfilled .the Emergency'Director
may’ release 2ll. personnel to return to the plart. Operation of
the plant shall not resune uatil the nuclear slarm system-is

: L 5reset and -operable. In event of deféctive monitor(s), operations, .
C o -or any. ‘nevement of nuclear material may be rasumed only in the :
" 7 portion of the Plant covered by detectors, as defined in 10 CFR ~ |
o 70, 24. I A R .

}_:503;17.4, Accidental Criticality ', PR 3 : — IR

Tl When the Emergency Director determines (by physical evidence,
L radiation neasurements or: other means) that an accidental
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CE l‘603- Eme rge ncy Plans (continued)

.

criticality has occurred he shall immediately start implementation
'oi all requirements ot this control plan. SR

I B £03.2 fFire Alarm - -_.'A}.lr nf:n7¢¢}} ;z SIS Va fFjel'?':

. - jff‘; B Upon sounding of the firexnlarm, the fire brigade shall assemble

8t the non—nuclear emergency assembly station.

The Emergency Director is’ responsible ior° S

QAT

et
A

hatde -

a) Direction ‘of the fire brigade. ' : AL AT
b) "Ditermining the need to- -summon assistance from the

- " local Fire Department.

R Arrangements pave been made with the 1oca1 Fire e
_ L . S EEs Bepartment to comply with the Emergency Director s,
y S T instructions. : _ 5

\ I o o ) :Determining the need for plant evacuation and issuing
T e _"" appropriate instructions. ) .

e L oo PN - Lh - RN
,.v...,)_ e e ..:-:1 R I TR SN _:a.

E
i
¢

,Outside Assistance
Call numbers for locel iire companies and police are maintained
in strategic locations in the Plant and in the emervency .asgembly
) " building. In all cases of fire within the fenced perimeter,'
L v .+ leéal Eire companies will assist only under the direction oi
S . the Emergency Director. S S oo

.rnr."-Mbderation Control C :
: - Use of fire hoses in! p“ocess areas, which may result in ,
o accidental relocation of special nuclear materizls or flooding
_ will be avoided. Use of fogs and hydrogenous foams are not
L ST - -specifically prohibited, but will be used in process: areas
Foo w40 . 7 ‘énly -3f dry extinguisher supplies are ineffective and the
o o .+ fire must be contr$lled promptly to prevent development of more
'serious hazards. Any erea in which the use of water is prohibited
ior any reason will be clearly indicated by posted signs.

-

1603.3 Release of Radioactivé nIaterial . ', _' Lo o
T Releese of radioactive material, i e., uranium—bearinv particles )
;or mists requires an immediate but orderly evacuation of the room ’0_'
-or plant 2rea directly" involved Equipment shutdown may’ bé ‘done '
konly under the direction of the Emergency Director with use of
»protective equipment ma'datory. .




| unITED NUCLEAR

T _CORPORAT oL rAeE5 io.=5
s _TLICENSE: _j " Siu-33, Bockéts 70-36 .. | Appmved T =
P B iﬂ‘”-ln SNH—777 Docket' 70-820 wt
= )T T Fuel Recovery Operations . "
F=h SECTION: - -600 - Emergency Control Plan " | 1SSUED October 31, 1968

Subsectibn: 603 =~ Emergency Plens

T R  SUPERSEDES New

- 1603, Emergency Plans( continued)
All involved may,
e Representative, furnish semples for bio-assay.‘;a;

603.4 Other Non-Nuclear Emergencies
- a) Sudden Emergencies.m > A -
Authority for emergency action in event of chemical explosion,
i equipment or pipins feilure, bLilding collapse, or other.sudden
.. unexpected event is placed with the Emergency Director. :
. ) b) Anticipated Emergency @~ - :
ioe. o f ot L Intevent of impending flood, windstorm, ‘or other adverse .
ey happening, the Emergency Director will dévise & specific plan
:j: of sction to minimize the resultant hezards, obtaining qualified
. . . ‘nucleer criticality safety and: other advice as appropriate.
v ' c) Emergency - M,vemént of SN -

TSN

- Should &ny emergency condition make advisable the relocation
of uranium inventories, ‘such. movenent .may be suthorized by the
Emergency Director. If it becomes necessary "to move such

. : : » " material to abnormal locations or by abnormal methods, such

- T - - movement will require either greater spacing between safe .

i s units, or smzller units, or both, than normally provided., All

such storage will be immediately’ reviewed under the direction . .
“of thé Nuclear gnd. Industrial Saiety Depertment Representative.ﬁ-"
£or return to approved storage areas.

) I Basic training in nuclear criticality safety practices will be-
SO AT ~»;N',wfﬂ%given all- employees -who may be called on to assist in.such :
SN B L jqemergency movenents. .*' ; :

] B Idsts of those qualified to provide ‘emergency nuclear . criticality {
T ’ safety advice and . means for contacting ‘them shall be kept in '
strategic in-plant and emergency building 1ocations.'
s ) . " d), - Power. Failure =~ - - ;
ARV S . :,;. Emergency power generating equipment:is‘nvailable at all
TN U ’locations,‘and have, functioned well in’the past (loss of
el main ‘povier :has. resulted ‘4n ‘momentary dip in line voltage, with
. no interruption of‘:overage by Nuclear Alarm Detectors).
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604, Coordination of Outside Pgencies

o vBased on the initial assessment of the nature of the-emergency, the ,
Emergency Director, or his: designee will utilize the call lists &available
at the Emergency assembly station (or if evacuation has not been necessary
at the primary guard post) to summon agsistance from the police and/or fire
departments, pndical personnel or radiological safety organizations as
necessary. .. - : . S :

A meles L

Chemical Operations, Hematite, Missouri

! a ‘The Sheriff's office, Hillsboro, Missouri is ﬁlanned on a 24 hour )
- basis and prbcedures are available at the post.to summon assistance . -

) _ from the Statée Police, Barnes Hbspital, local ambulance corps, and the .
- Hematite Fire Department.' . :

Fuel Recovary Operations, wood River Junction, Rhode Island

The Rhode Island State Police barracks at Hope Valley is manned on. )

&8 24 hour basis and procedures are avdilable at that post- to

4. . summon assistance’ from the State ~Council. of Defense (radiological .

Joob ‘ . sefety), the Hope Valley Amuhlance Corps, the Cross Mills Fire Depart-

- - ment and local law enforcement personnel. State Police ‘have received
traininv in radiological and -control procedures. )

. ' _In addition to notification of other assistance avencies, the State
Police and local police procedures provide for immediate action to
- cordon off.plant access_routes to restrict unauthorized personnel
from entering the hazardous areas, S :

e A B. Fire

Chemical Operatious, Hematite, lﬁssouri i'_ .;t'_ f';;Ljf . -

Personnel of area Fire Department at Hematite and Festus are familiar .
with plant layout end potential'hazards in fire control. The,procedures
 in effect require fire fighting personnel to stand by- upon arrival )
for supervision by UNC trained personnel. Selected UNC employees
constitute e plant fire briwade which is subject to periodic refresher
training. - L ; }

3 - . Lo

Fuel Recovery Operations, ﬂood River Jhnction, Rhode Island

- c

Personnel of area Fire Departments at Alton, Shannock and cross Mills
‘are familiar with plant layout and potential hazards in fire control.'
o T The—procedures in eifect require fire: fighting peisonnel to .stand by .
,ff S i+ ‘upon arrival for suoervision on UNC:trained personnel._ Selected UNC
e .- employees constitute a plant fire brigade whioh is subject to periodic ‘
refresher training. o : :
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Coordination of Outside ugencies(continued)

. ‘The Plant Physician will be summoned by the Emergency Director 0% his )
o designee imm~diate1y upon determination of- inJury or exposure to person-

Based on the medical evaluation of conditions of casualties or exposed “t_ .
'*;personnel and the number ‘involved, the victim(s) will. be dispatched to 1

........

thgicians (All Plants) T ""-f RS )

nel. . The Plant Physician has designated secondary medical personnel
‘to be contacted in the event of his absence. The Plant Physician will

in the event of serious radiation casualty cases, contact the Company
Consultant Physician, a specialist -in radiation casualty care, requesting
he proceed to the hospital selected for victim care, The Plant

Psysicien will determine the hospital to which the casualty'will ‘be-
transported and will provide a complete description of patient condition
end associated radiation hazards to the hospitzl. The emergency
procedures provide Tor victim identification and collection of e&cretion_
samples. . - . oo 'i,

e ]

gmbulance-‘

O

Commercial Operations, Henatite,'missouri‘ S _ Q;,hr

Procedures are 2vailable at the Sheriff's Office, Hillsboro, Missouri
toisummon assistarce from local embulance corps. Secondary ambulance
capability is also svailable through the radio network of the Festus
Fire Denartment. . _ . -

Fuel Recovery Operationslgnood River Junction, Rhode Island :

Procedures are availab1e~at the ‘Rhode Island State Police barracks at .-
- Hope V8lley to summon assistance from the. pre‘Valley Ambulance Corps.:
Secondary embulance ‘capability is also gvaileble through ‘the State
Police notification network if necessary. Both the Westerly Ambulance
Corps and the Cross Mills Emergency Squad have received training in the
handling of radiological accident cases.

Hospitals o - . -

Chemical Operations H.matite, Missouri

Based on the medical evaluation of condition of casualties or ex posed
personnel and ‘the number involved, .the victim(s) will be dispatched CoT
to Barnes.Hbspital St Louis, Aissouri' B R

'Fuel Recovery Operations, Wood River Junction, Rhode Island L

EN

~Rhode-Island- Hospital
Bospital.. e

Hew Ecgland Deecouess Hospital, or Westerly
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604 Coordination of Outside Agencies (continued)

¢~.V1ctims whose condition piesents a hazard from the standpoint of
~ “radiation or contamination will be sent to Rhode Island or New Enaland
Deaconess hospitals. ,
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: Supportinv Equipm

'f_z - Absalute Filter Respirators

' building showing layout and floor plans.

.2 - Beta-ganma portable survey meters low range sensitive (0-100 mr/hr)

N 0O
)

_ Subgection: 605 - Emergency Supplies and Equipment ‘ SUPERSEDES 'Hev'z.,-‘
- 7 ,
"~ 605.° Emercency Supplies and Equipment S f .r

A list of location(s) where emergency supplies are. situated is kept 5
"by~the local Nuclear & Industrial Safety Departient Representative, -
each of the authorized Emergency Directors (and elternates) and at
the Guard Post(s) adjacert to operating areas. A detailed ‘listing is
available at ‘the. Emergency Assembly station, together with maps of the

Radiation Survey Equipment "" ,f' fii...w L

< Gammdé portable survey meter hi-range (et least. 3 ranges) 0—500 R/hr;
Alpha portable survey meter gas proportional 0—100 000 cpm

Low range pencil dosimeters, 200 mrem
- High range pencil dosimeters, 200 R
Dosimeter charger -
Film badges (DuPont Pocket Type 544 or equivalent) and badges
- containing .Jdium foll to auvment or replace normal personnel
‘ dosimetry : :

3

=Air-Sampline Equipment

1 - Battery powered air sampler e

1 - High volume air sampler with .annular Kinetic Impactor Head
‘2 < Vecuum Pumps ‘with Inline Filter

1- Self contained Breathing Apparatus o g} - '?_;3 -'??ff.;L.' .
1 = Resuscitator S B

Protective clothing--includes head and foot cover e

. Marking equipment gnd’ tags o o ST

Plant outline drawings o e TR T L

- Blankets . ' S I S

~Pirst Aid Kit including Disposable Litters and Splints - PR
- Flashlight : '_ o - . A ) O '

Additional supplies are available upon calloirom the unaffected location(s)
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- ——y——

The employee orientation program. presents the general outline of required
~--emergency actions; this is continued h,r the floor supervisors and aur*mented
by drills conducted twice per year. S Do - N

' Drills will be conducted twice per year for continuing awareness and

-H—-.--——--‘-‘-r ‘-——-—capabi—l—ity -in . exeeution of emergency procedures. These drills’ wi11 .

[ -include. pla_nt evacuation, use of health-—physics monitorin._., equipment énd
‘practice in taking variols enviornmental sam ples. “To the extent practioal

.. 'police, medical personnel ; -and nmbulance corps personnel will be periodi-
caIIy involved in drills.. e .
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Subsection: 607 -~ Public Relatiocns and Communicationr
. L e Emergency Procedure ~ SUPERSEDES New
€07, Public Relations and Ccmmunications--Emergency Procedure

:AReleases to the public throuch the press, radio or television, Shall

- prior to such release._

All communications to the Atomic Energy Commission will originate with

mnnager, Commercial Products Division.

s : A

be made by the Division General kanager. Where practical, the releases
shall be typewritten in duplicate, and copy retained by the individual
releasing the information. The Security Director (or suthorized classifier)
will assist in determininv the security aspects of releases tor publication

the Emergency Director, Nuclear & Industrial Safety Manager, or General :

BETON
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SECTION: 600 - Emergency Control Plan ssueD °°"°ber 31, 1963

. Subsection: . 608 - Investigation and Reporting

: SUPERSEDES ’ Net,'l

€08, Investigation end Reporting_ . :‘ .:‘f.nﬂ;-f R
{Regorts ; LT
'In accordance with 10 CFR 20 403, the Emergency Director, or Manager,

Nuclear and Industrial member of Company Management, will notify the
Director, Division [34 Compliance, Region I or III (as appropriate)

. by

telephone and telegraph’ either immediately or within 24 hours,-

_depending- upon the appropriate determinations of exposure, release of .
radioactive material damaze or operations interruption. e o

ST A,

Accidental Criticality ST e

The Investigation Staff or a member oi that staft under the _
direction of !the. General Manager, will prepare a report in writing
~within 30 days for ,submission to the Directoi, Division-of- -Compliance,
U. §. Atomic Eneray Commisssion, -Washington, D. C. 20545 with & copy ]
to the Director, Region I or III (as appropriate) of: (1) each
exposure of an individual to radiation of concentrations of radioactive

o material in excess of any applicable limit in Part 20 or in the .
' licensee's, (2) any incident for which notification is required by

| v;?Inyestigation Staff - o -*:‘i

20,403; -and (3) levels of radiation or concentrations of radipactive
materials (not. involving excessive exposure of eny individual) in an

unrestricted aree in excess of the times any applicable limit set forth

in Part 20 or in ‘the licnesee & license. The report shall describe the~

. extent of exposure of persons to radiation or to radioactive material
- .1evels of radiation and concentrations of radioactive material

involved; the-cause.of the ‘exXposure, levels of concentrations; and
.corrective steps taken or planned. to assure -against a recurrence. The
names of individuals who have received radiation exposure will be
,stated in a separate part of the report irom the. basic narrative. :

c e

--Radiation exposure other than irom an accidental criticality will be

reported as required in 10 CFR 20 by the Manager of huclear & .
~Industria1 Safety._ S . T

R Ceite ..'-'__'_ -0 »
) »
L}

.

The General Menaver will designate personnel responsible for compilinc
-3 comprehensive report as required under IOCFR 20 40o, including-
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8o Recommendation for improvment :ln hendl:lnu- emergency :
:7-._ Recommendation for corrective neasure '_to preclude
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UNITED NUCLEAR.

CORPORATION Issued 2/6/70
LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820
SECTION: 700 - TRANSPORTATION Supersedes 10/31/68
Approved

‘Subsection: 701 - Introduction -

Amendment No.

701. Introduction

This section 700 describes the packages, handling and administrative
procedures applicable to the shipment of Special Nuclear Material.

* The Manufacturing Departments are responsible (as described in Sub-

section 204) for administration of the procedures described in this
_section 700.

*Indicates Change
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" | LICENSE:

SECTION:
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700 < Tiansportation

Approved

' lSSUED October 31 1988

<

/

Sub-section: 702 - Shipping standards

sups&seoss New' -

w

702.

1.

- _3 1 Prior to each use of any container, the container is inspected :

4;

,Shigging Standards S

'“1'3

nHandling,of Material of UnknOWn Enrichment :

E!zneee

1.1

To assure compliance with a11 UNC local State and Federal
criteria, restrictions or regulations concerning the shipment
of SNM. L .

1;2 To- outline periodic inspection-criteni “.to,. nsure that shippin;

containers meet approved standards..

To list records and reports required.e,ﬁ

“

L2, l The‘material is treated as fully enriched unless a lower enrich-

" ment value has been verified.-o. ISR S

Container Inspection '

. to insure that' n,'.

3 1 1

el T L

e

It has not been significantly damaged.

.:-3 1 2 .Original design conditions approved by AEC ‘and DOT are'
.Amaintained. ”_ g C e e : :
_31,3

Marking and labeling is correct as required by the AEC
and DOT approvals. R s -

.'....__.. .. .

_The Shipping Department is responsible for this inspection.

| me
“~,fNIS Department overchecks as part of its audit function.’ o

'

4 1 l The record.will include (for unirradiated SNM only),

Lﬁl;Identification of the container used bY model number.

:hfvpetails of any. significant defects ‘1n the container,_
Tiincluding the means used to: repair_the défects and
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SECTION: ~ 700 - TRANSPOR‘]_:ATLDN '} " lssuep
Subsection: 702 - Shipping Standards ST e October 31 1958
. S R L sumssoss New

702. Shipping Standards (continued) : o s “Lw

3

4,1;1.5' thal quantity,of SNM in each shipmen':

- 4 l 'Ef Date of Shipment. ;~:‘ .f
4 1_1.7 For Fissile Class IIIAuany special controls
5
=

) ”'.10 Results of inspection-described in Subpart 702 3
ol EBoVEN [ L T e
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| |LICENSE: ' SNM-777, Docket: 70-8200 ..~ .7 = . -~

RTINS N Apéroved .

SECTTON: © 700 - TRANSPORTATION . < © ..

d .

. Subsection: 703 - Shipping Containers .

. -

S0 | sueerseoet - New

| " 1ssueD ‘October 31, 1968

2

703. Shipping Containers Ce T | »

- . S e e RN

' SNM_:-

“The following 'Shipp_;ng'._c.oﬁﬁlai.nfersfW.iifl;:.':b'_é_-‘péle‘a forthé .ti-gnéﬁg-:r‘_;:'é't;ién of

Shipping Container . o AECApprcrval oF Da.te -of. 'Ai?prqir.al
_Model Number . . . -... - -Ameridment Number: : ... : “i; Or Amendment

(SRR

R

oNc-740° T

Y ae

C-1001 L 7o

-wa.

mNe-1351 T R TR

% . Nc-1483 .l

R L . ~ SRt i
me-tsgs | lemds T gy

[ mesn s g

| UNC-2800 716

{o wmeasop T e TR T e

TNC-3000 - 71—13 2-13~63
: 'The use of fﬂé_s';"éoh'l-:.éib?éps'. is subjecttothecondit:[:ms spec;i.fied in the

" |- -above listed AEC. amendments. and to'the ‘conditions speeified in this’ license.
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. | Subsection: 704 - Handling of Incoming & Outgoing

cC OR P © R A.-T1 O.N | PAGE--1-= OF - 7.
LICENSE: sun-777 Docket’ 70—820——- © i <lo | Approved
SECTTON: 700 - TRANSPORTATION i e[ _1ssued  october 31, 1968

.4

Shipments _ SUPERSEDES  New '

'1-

704._ Handligg,of Incoming and Outgoi g hipments e

Storaggiof Undamaged Containers S

“The specifio location shall be covered by'the“nuclear criticality moni- .
“methods listed below.,fﬁ_““ e T S E . .ﬂ

: ,1.1. Tbe sate arrangement that they occupied on the,transportation
LT 'vehicle.b 2 L L :

© L2 Under controlled storage conditions, the total number of containers

:f..e;When the storage conditions do not meet’ the definition “for controlled
1.3 ‘Separation of arrays described in 1.1, and 1 2 above is maintained

2.

Storage of . as—received containers or. containers“awaiting shipment may
be stored anywhere within the fenced area. T -

Q.

. -

toring aiid dlarm system. - The storage arrangement 8hall be one of the n

EEEN . R . ra »
S E e . - _r’

.~ meet a "100 umit" rule (i{.e., no more than that. number of containers
" .whose. assigned -radiation units ean be summed’ to a ‘maxd gum value of .
. 100.0). - Controlled storage is here”defined as an area where a pos-
- . . 1itive safeguard is provided against.the inadvertent. addition of
g moderating media (i.e., in.a roofed.Warehouse or- covared,area
'including use of a water-proof tarpauiin) : -

’ ,..storage, the total number of containers meet 8 "15 Unit" rule.

-

i:, in.accordance with criteria of Subsection 303.-.

.b4

Unloading,and Handling of Contents

. arid storage, the contents of received shipping containérs- will be

During unloading and the subsequent handling, incidental to receipt

handled and- stored to ‘the enrichment as certified by, the lhipper. If
the enrichment {s .unkncim' or. doubtfiil, the materisl. will be handled
and stored’as fnlly enriched until enrichment has been determined by
analyses. ' S . ; R LT

Damaged Containers i'ﬁir o

. Pridr to further handling or :unloading,
. ,evaluated to establish proper action."Results of:the evaluation and

_the extent of damage will be
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SECTION 800 - FUEL FABRICATION OPERATION
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‘812.1 General
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814.1 U-AL Plate and Element Inprocess Storage Racks
814.2 U-AL Plate and Element Storage Racks’

814.3 Low Enrichment uo,- Rod Improcess Storage Racks
814.4 Low Enrichment U02 Finished Component Storage

11H STORAGE

2 Pellet Storage

CART STORAGE

£16.1 Low Enrichment'Uoz.Rod Mobile Work Tables
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SECTION: 800

TABLE OF CONTENTS
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UNITED NUCLEAR

€O RPORATION ¥ace 1 ofl o
LICENSE: SNM-777, Docket: 70-820 - A D
" SECTION: 800 - FUEL FABRICATION OPERATION Approvad :

+|° Subsection; 810 - Storage ' :
Subpart; 811 - General Considerations ISSUED _ October 31, 1968
811.1 - Outside Storage . - .
: | sueeRseoes iy |
L3
811.1 .- OUTSIDE STORAGE. . )

'SNM.bearing materials may be stored outside the buildings of
the Fuel Fabrication Operation within the fenced-in area if the

'SNM 1s in ‘a shipping container. Arrays of.containers will be
stored as described in Subsection 704,

.o .-.?:-2,‘.“
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UNITED NUCLEAR ) | N
CORPORATION Pace Ll of 1l S
-/LICENSE: SNM-777, DOCKET: 70-820- . - -~ | jorov.g '
~ SECTION: 800 - FUEL FABRICATION OPERATION ) : :
Subsection: 810 - Storage _ £D
Subpart: 811 - General Considerations : 15U October 31, 1968
811.2 - InsidezStoraE%F o .| superseoes " NEW
N
811.2 INSIDE STORAGE

SNM may be stored in buildings in specified locations, in .
shipping containers. Arrays of containers will be stored as
described in' Subsection 704. - . o

’ . . M d ’ ) )
After unloading from - shipping containers, SMM will be
stored In storage areas or devices described in this Subsection.

In-process storage devices are placed throughout the buildings
to retain SNM.during processing or between process steps. These -
devices are metal racks pr concrete bunkers which provide spacing
between safe cross section metal boxes or ports, or safe piece
count. batches., :

v
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UNITED RUCLEAR Lo 1 i

CORPORATI1ON EAGE ° ; .
' LICENSE: SNM-777, Docket: 70-820 Approvad S
SECTION: 800 - FUEL FABRICATION OPERATION
Subsection: 810 - Stordge ISSUED October 31, 1968
Subpart: 812 - 19H Fuel Storage Area .

812,1 - General . . s'UPEg'ase.oss NEW

'\
812.% GENERAL

- types of vperations to be performed im this hood and work table or

“SNM in racks.

L 4

A locked, controlled storage area Is located in Building 19H which
is used primarily for the storage of incoming SNM. Uranium metal,
uranium compounds such as U0,, UALX, uranium-aluminum alloy recycle
materisl and various uranium“bearing scraps are currently stored in
this srea.- The various storage devices in this area are described
in further detail in the remainder of this subpart. The layout of -
this area is shown on Sketch 812.,1-I..

A emall hood and a work tsble or desk are provided iﬁ this area for °
routine nuclear materials management and process work, Examplés of

desk are: . -
‘1. Weighing as receive&Ashipp;;g';optainers;

: . 2., Transfeflof m#ﬁetial fromuone'gontainer to another,
3. U-AL alloy'éhange preparation, e

Work involving opening cohtainefsl'transfers of powders (eicept UALX)
etc, will be performed only in the hood. The hood and table or desk
will -be centrally located in the area at least 5 feet from any other

The hood will ‘be limited to two safe geometry containers plus 700: 2
grams of U-235 as loose pleces, such as cores, etc,  Each container
and the .loose pileces will be separated 12 inches using administrative|.

control, Safe geometrics will be ébtained using the Figs. in Sub-
section - 309, The same safety requirements apply to the work table
or desk. - ' )

o
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UNITED NUCLEAR

CORPORATION Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820

SECTION:

Subsection: 810 - Storage

Subpart:

800 - FUEL FABRICATION OPERATION Supersedes 10/31/68

812 - 19H Fuel Storage Area Approved

812.2 - High Enrichment Uranium Metal
Storage

Amendment No,

812. High Enrichment Uranium Metal Storage

1.

2.

Description !

These racks will be used primarily for the storage éf high enrichment
uranium metal after unloading from the as received shipping container
and prior to processing. .Miscellaneous process scrap, residues and
other such material in bottles or cans may also be .stored on this
type of arrangement. Racks are formed by individual holders placed
on an existing concrete block wall. Other walls of this type may be
provided at a later date and these other walls willbe constructed of
mortored 8" high density concrete blocks, or equivalent, to insure
effective isolation. See Sketch 812.1-I.

Uranium metal will be stored in as received containers. These con-
tainers will be 5%"ID x 4-3/4" high (1.85 liters) maximum and will
be limited to 10 kgs U-235. Process scrap, residues and other such
material will be in 6" ID x 10" high (1 gallon capacity) plastic or
metal bottles, jars or cans.

Racks will be constructed with individual holders fastened to a
concrete block wall. These holders will be .7"x7"x7"-20 gage or
heavier welded steel with two or more powder actuated bolts holding
them to the wall, Individual holders will be arranged in a 4x12
arrangement with 16.8" center to center side separation and 24"
center to center top to bottom separation.

Details of this arrangement are shown on Sketch 812.2-I.

Ruclear Safety

Cans for metal provide a safe volume when limited to 10 kgs U-235,
The 1 gallon bottle is safe for densities.up to and including 3.2
grams U-235 per cubic centimeter. Containers meet the maximum unit

quantities listed in Table V, LA-2063, Groups of containers on each

wall form planar arrays which are separated by 8" to 12" of high
density concrete. As stated on page 41, LA-2063, "two arrays are
effectively isolated from one another if the arrays are completely
separated by concréte at least 8" thick".

‘ *Indicates Change
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1. DESCRIPTION LT T " .

1. The maximum size container will be 1 gallon (6" oD x 10"). T

2. - Holders (ports) are spaced 16 8" side-by-side and 24 top to bottom. Y

3.- Arrays will be isolated. in accordance with the’ criteria of Subpart
© 303.2.3.,

II. NUCLEAR SAFETY OF INDIVIDUAL UNITS

Metal will be stored in 1.85 liter cans limited to 10 Kgs U-235 each. A 1.85
liter volume is subcritical for U-235 densities not exceed in 10 Kgs U-235 _
per liter as shown on Fig. 9, TID-7028. A mass of 10 Kgs U-235 is subcritical |
for densities greater than 2»5 Kgs U-235 per liter as shown on Fig. 8,
TID-7028. - Therefore, 10 Kgs.U-235 in & 1..85 liter volime is suberitical.. A
one (1) gallon volume is nuclarly safe for- matérial with a density not exceed-
ing 3.2 kg per liter as shown tn Table 309 I.

A0

-

III. INTERACTION GALCULATTONS © - e e

The nuclear safety of a'planar erray ‘of units on & wall will-be evaluated
using the solid angle method. The most reactive unit which will be stored
in this arrangement will be a one gallon bottle.

1. Contribution from Units AboveAand Beldw Centermpst Unit @1 Units)

r=3", h= 19"

o . N N . "
L, o= 27T (1-cos e) where tan e = {-‘ = -31-5,, = .158 S
’ = 6.28 (1-.988) = 6.28 ( 012) o
= .075 . cos e = .988

._fl- (Total) = 2 x (7- = 2 x .075 = .15 steradians

2. Contribution from Units on Each Side (£2 Units)

. .- LICENSE:  SNM-777,

e ' DOCKET: 70-820 '

SECTION: 800, Subpart 812.2

- . | Nuclear Safety Evaluation -
_ -o. High Enrichment Uranium

. . - g ' Metal Storage -

- Page 1 of 3 ,

. .~ - | APPROVED: _ e
_ - _ . | I5SUED:  October 31, 1968
SR o SUPERSEDES: NEW




/ ]

d=6" L= 10“} L/2 ;'5n, h = 14"

,;)_2 = %ﬂ sin e " where tan e ;.LLQ = éz = .375
. * _ - h 14u
12' 6 . :
1411 ( 33 ) L . gin e = .336
- .288 ’ ,
P

,—D-z (Total) = 2 x L2 = 2 x .288 = .576 Steradisns

3. Contribution from Nearest Units in Next Row (ﬁG;Unitgs

a = diagonal =%/62+102 = /136 = 11.7", b = diameter = 6", q = 23.5"
h = 19", r = 14"

\.

r 14"

.51-3'= 55%; cos e . where tan e = ¢ =75y, = .737
g;; ;§6) (.805) = 7022 (. 805) cos e = ,805

,_Ei-3 (Total) = 4 x.fl3 =4 x .102 = .408 steradians
4, Contribution from Next Nearest Units in Next Row ("% Units)

a= diagonal = 11.7", b = diameter = 6", q = 45", h = 43", r =.14"

”
Sy o= E—zg cos o where tan e = ﬁ‘= %%ﬁ = ,326 -
o (11.7x6) cos e = ,950
- GHT (930) » 5% (.950) |

= ,0347 x .95 = .033
/).4 (Total) =2 x 714 =2 x .033 = .066 steradians
5. Contribution from Nearest Units in Second Row (5 Units)

a = diagonal = 11.7", b = diameter = 6", q = 36.5", h = 31", r = 14"

L5 ='E§gg cos o . ' where tan e s-ﬁ = %%; = 452
- 11.7x6) . 70.2 2 : cos e = ,911
(36.5) .(.911) 1330 (. 911) .

= .053 x .911 = 048

. -
—— ..

r)_ 5 (Total) 4 x /15 =4 x 048

= .192 steradians LICENSE: SIM-777; DOCKET: 70-8%
: ‘ SECTION: 800, SUBPART; B812.2

fuclear Safety Evaluation -
H§§§a§n§%8¥gent Uranium

PAGE 2 of 3

: " | ArPrOVED

ISSUFD: OCTOBER 31, 1968



6. Contribution from Next Nearest Units in Second Row (:6 Units) v

a = diagonal of unshielded portion = 8.5", b = diameter of unshieldéh'i
‘portion = 3" . . .

q = 5L.5",-h = 48", r = 14"
i

152—6 = gﬁ%g = cos e where tan e = % =-%§; = .292
L 8. 5x3 25.5 " cos e = .960
. = %31?37% (860) = 5550 (-860) ,

.00964 x .96 = .00925

| g (rotal) = 4 x Qg = 4 x 00925 = .037 steradians
"7. Contribution from ALl Other Units in Array
. " All other uﬁits in the array are shielded.

8. Total Interaction

Tota1‘13—= 2.111 (Total) + e +;§l5_(Tota1) = 1.43 steradians

9. Allowable Interaction

From Figure XVII, K-1019, Rev. 5, the allowable interaction for
a 4.8 liter (approximately 1 gallon) volume is 1.9 steradians

IV. CONCLUSIONS

The storage arrangement is nuclearly safe.

LICENSE: SNM-777, Docket:70-820
SECTION: 800, Subpart 812.2
|Nuclear Safety Evaluation -
High Enrichment Uranium

|Metal Storage

Page 3 of 3
APPROVED: _
“ISSUED: OCTOBER 31, 1968
SUPERSEDES: NEW
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UNITED NUCLEAR
CORPORATION pace Ll of 1 |
. SNM-33, Docket: 70-36 - A
“LICENSE:; SNM-777, Docket: 70-820 s Approvad
~ SECTION: 800 - FUEL FABRIGATION OPERATION . '
Subsection; 810 - Storage : Issuep  February 6, 1970
Subpart: 812 - 19 H Fuel Storage Area - < T
812.3 - High Entrichment Alley Storage | supersepes October 31, 1968
'\
812.3  HIGH ENRICHMENT ALLOY STORAGE ‘

l. Description

These racks will be used to store U-AL alloy. The material will

be in the form of pieces, melting splatter, residues left from

core punching, etc. or cast ingots or rolled slabs. Two racks,

maximum, will be placed end-to-end forming indi idual arrays.

There will be two such arrays side-by-side separated by 10 feet

in this Storage ‘Area. See Sketch 812 1-I for the rack arrange-
. ment. . -
The small pieces will'be held in metal tote boxes. These boxes
are constructed of 1/16" aluminum with 3"x6''x16" inner dimensions.
Large pieces (ingots and slabs) will be limited so that the thick-
ness and width do not exceed 18 sq. inches (3"x6").

Racks will be constructed of 3/16" slotted angle bolted together.
The outside will be covered with a thin'metal (24 gage or heavier)
to provide 14" edge-to-edge and 12-1/2" top to bottom separation
between ports. Ports are long troughs running the entire ‘length
of the rack with a maximum 3-3/4'"x7-1/2" opening. Steel hasps
with 16 gage steel plates welded to them are welded along the
length of each opening to provide closures which ensure retention
of the tote boxes.or ingots or slabs. Racks are fastened to the
‘floor by bolting with powder actuated bOICB.

Detalls of ;onstruction are shown on Sketch 81213-1.

2. Nuclear‘Safe§1~

The tote boxes or the ingot or slab geometrics provide a safé cross
se¢tion for the material to be stored. The nuclear safety of this
storage arrangement is evaluated in the attached Nuclear Safety
Evaluation. .
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814.4 . Jow Enrichment.UO. Finished Cogponenthtorage
. T r .

1. Description

Finished U0 componénis will be stored along the north wall of
"Building S0H.- .The rack contains spaces for 16 components on 18"
centers. This arrangement consists of hanging components from

2" x 1-1/4" steel bars which are welded on 18" centers to an
8" x B" wide flange H beam. The H beam is supported from the
floor by six.5" Schedule 40 steel pipes and secured through the
cinder block wall in six locations. An adjustable clamping bar
contains each componeht at its bottom fitting to prevent it from
coming into contact with adjacent fuel elements.
Structural calculations indicate that the storage arrangement
would support a total of 13, 600 lbs. or 16 components weighing

> 850 lbs.

Details of thie séorage arrangement are shown on_ Sketch 814.4-1. .

' 2. Nuclear Safety

Individual components Vill‘be nuclearly safe by themselves. The’
s0lid angle subtended by the centermost component in the array
when one other component is in transit is

Type of Component ' Solid Angle . . 3w';

[ ]
. Dresden 7 1.35 steradians
" Yankee . : 2.4 stéradians

No:more than one (1) -component will be permitted to be in transit
at any one time. Other SNM bearing material in the general
vicinity of this rack will be spaced at least four (4) feet from .
the rack. ' A
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814.3 . Low Enrichment UOQ, Rod Inprocess Storage

I; Description

These racks will be used to ‘store U0y rods mot exceeding 5% enriched
during processingi- They will be placed 1ndtvidua11y or in groups -
‘formed by placing racks end-toend but never side by side.

Rods are contained in modules for ease in handling. These modules
are open end, troughs or channels made of 1/16" or 16 gage stainless
steel. 3/8" diameter drain holes are placed 4" apart apptoximately
9/16" above the module bottom along the entire length of the
module. 16 gage safety bars or lids may be placed over the top

‘of the module for product protection. Modules have 1~ ~1/2"x .2-3/4'" x
various length . inside dimensions. .

Racks are constructed of 1" x 1" x 1/8" frame steel angle welded
together. The outside is covered with at least 20 gage steel to
provide 12" edge- to<edge and top to bottom separation between ports.
Ports are long troughs running the entire length of the rack with
a maximum 5" x 15" opening. Steel hasps with 16 gage steel plates
welded to them are welded along the length of each opening to
provide closures which ensure retention of the modules and tubes.

¢ These racks may form one or two planer arrays.

Details of construction are ‘shown on Sketch 814.3 - I and - II. PERTS BE

. 2. Nuclear Safety

Under normal conditions) these racks are unmoderated and unreflected
and are nuclearly safe. They are also safe under. accident conditions
of. optimum water moderation and complete water reflection. . The ports
or openings are safe when filled with uranium not exceeding 2.8%
enrichment, The storege of higher enrichmerits require reduced
opening sizes so the material is safe under accident conditions.
~Details of their nuclear safety are set forth in Nuclear Safety
Evaluation 814,13, -
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I. DESCRIPTION _ . S
' ..

' . Rods will be stored in metal modules. ‘ R
2. db to 15 modules (3x5) may be stored in each port openlng. o

3. Ports are separated 12 inches edge to-ege.

4, There will be no hydrogeneous material (e.g., paper, polyethyiene,
etc.) with the rods or modules in each port. L

5. SNM will be restricted to UOg pellets with enrichments hot exceeding
.5.0% which are encased in metal (usually zircaloy or stainless steel) - -—--
,to form rods.

6. Racks may be placed end“to-end to foxm planar arrays.

7. 1Individual racks or planar arrays formed by racks placed ‘end-to- end
l will be separated at least 3 feet side-by-side. N

‘11,  NUJLEAR SAFETY OF INDIVIDUAL PORTS
|

Under normal conditions, there will be no moderating material in the ports
with the SNM. As indicated on page 10, TID-7028, unmoderated uranium
cannot become critical if the U-235 content is below 5 or 6 wt. %".

'Eacp port opening has a cross sectlonal area of.
| 4 =5"x 15" = 75 &q.in.
T1ié cross eehtion corresponds to a cylinder diameter of. 9.78 inches.
2 5E J300 —_—. - -
A =175 in? = /Ig— d =‘/é;,-‘§‘-_= -3—7(370- =§l[9;,5 =9,78"
. 2 i

This is & safe diameter for enrichments up to and including 2.8% as shown
in Figure 309-XII. Therefore, the SNM in a port would be safe even if
accidentally flooded to cause optimum water moderation and complete water
reflection. If higher enrichments are to be stored, the equivalent diameter
will be reduced using Figure 309-XII.

III. INTERACTION CALCULATIONS

Under normal conditions, there will be no moderating material in the ports
with the SNM or between the ports. As stated in II above, unmoderated
material with enrichments less than 5% cannot become critical.

'LICENSE: SMM-777; DOCKET: 70-82
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2ll water would "run out” of the modules, ports, and racks as the flooding -

If accidental flooding should occur, individual ports will be separated.
by 12 inches of water. Twelve inches of water gives effectiye neutron
isolation as indicated in T1D-7016, Rev. 1. -Since, the modules, ports

and racks have many openings, there is no place for water retention. So,

subsided. ' Also; the rack construction is such that in the event of a

" water spray (eg., sprinkler release, water pipe rupture, etc.), it is

IV.

‘considered unlikely that water would enter the modules, ports or racks.

Therefore, these racks are safe under accident conditions.

CONCLUSIONS

These racks are safe under ndrmal or accident éonditiongJ

*
L
(1Y
‘\
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i I, DESCRIP;ION

1;' Components Wlll be stored on 18" centers

———

2. No more- than 1 component will be permitted tao be in tran51t at any
| one time. RN
Y
{ 3. Other Siii bearing material in the general vicinity of the rack will
4 ‘ be spaced at least 4 feet from the rack

II. NUCLEAR SAFETY OF INDIVIDUAL UNITS OR COHPONENTS

Individual components will be subscritical with optimum possibie water
oderation and complete water reflection. A summary of components and
their effective multiplication factors is listed below:

Component Type Keff Reference
! Dresden ..591 Nuclear Safety Eval.-Dresden I.F.E.-Subsection 823

! Yankee .852 Nuclear Safety Eval.-Yankee F.E.-Subsection 823

II1. H&TERACTION CALCULATIONS

The nuclear safety of planar array formed by the 16 components in a line
will be evaluated using the K -JQ,method

;1. Dresden_Fuel Elements

h = active fuel length = 108.25", d = side dimension = 4.38",
-e = 13" - 4.38" = 13.62" :

108.25" _ e- 13.62"
‘\’E = .87 © 24'7,r=edc 4.3g7 =31

~p

L ¢ = .035 from Fig. F-1.1, Y -1272

Since the rack forms a planar array, the centermost element sees
only two other elements in the array--the ones on each side of it.
Assuming one element in transit at the same spacing, the centermost
unit sees three elements. :

Ny = 417i;f x number elements

.= 12,56 x .035 x 3 = 1.35 steradians

- \..-_.
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"YII. INTERACTION CALCULATIONS ° ‘ e

1. Dresden Euei Elements (Continued) ‘ _ A .

From the Nuclear Safety Evaluation - Dresden I Fuel Elements
(Subsection 823), ‘the effective multipiication factor for one
water moderated, unreflected element is -

\

Keff = 0.306

Therefore,

Allowable ) = 9-10K = 9-3.06 = 5.94 steradians
This rack is safe for these components.
2, Yankee Fuel Elements

h = active fuel length - 91" d = side dimension = 7.615",
e-e = 18" - 7, 615" = 10.385"

= 91" . _ ‘e-e ;'10.335" _
>\ TS - ot T3 < TTiasn < L.é

-

.= (063 from Fig. F-1.1, )/-1272
Since the rack forms a planar array, the centermost element sees
only two other elements in the array--the ones on each side of it.
Assumning one element in transit at tHe same spacing, the centermost
unit sees three elements.
SNt = 457 “'JlFX no. units = 12,56 x .063 x 3 = 2.4 steradians
From the HNuclear Safety Evaluation - Yankee Fuel Elements (subsection
823) the effective multiplication factor for one water moderated, un-
reflected element is

Keff = 0.595
: Therefore,

Allowable 1= 9-10K = 9-5.95 = 3.05 steradians

This rack is safe for these components.
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815.1 |

Low Enrichment’U0, Pellet Storage -

1.

Description

U02 pellets will be. stored in flbrepaks, or equivalent type inner
container packages used with shipping containers, by placing them
horizontally across the floor in one of the rooms in 11 H.

The pellet packages are stored in troughs and are resting on con-

crete blocks:

The walls are standard concrete blocks (with two

holes). butted together and not cemented.

The block arrangement

is held in place by ghgle iron supports around the outer edge

which are bolted to the floor.

This (1/8" thick) steel plates are

.used to cover the troughs.

Loading and unloading the troughs will

be done while standing on the concrete blocks as no aisles are
located within this storage area, . -

Nuclear Safety -

- This storage arrangement provi&es-e safe cross section for the

material stored in each trough. The solid angle subtended by the
centermost trough of the array is dpproximately 1,964.steradians.




1. SNM will be in Fibrepaks with inner dlmen51ons of 8-1/2" diameter
and 8" height or boxes with an 8" width ard thickness.

2. Fibrepaks will be arranged upright, side by side; and boxes will be
arranged end to end im troughs. .

3. Troughs will be separated 12" edge—to—edgeJ

4. SNM will be restricted to U0 pellets with enrichments up to and including
2.34%.

" II. NUCLEAR SAFETY OF INDIVIDUAL TROUGhS

The SNM in each trough is restricted to a 68 sqaure inch (8.5" x 8") cross
sectional area. This cross sectional area corresponds to a cylinder
diameter of 9.3" ’

) . 42 - ’ ; .
a=681n2 =T 4 -=\f‘*A . \/“"68 = V86.6 = 9.3 1in.

This is a safe diameter for enrichments not exceeding 3.25% as shown in
Figure 309-XII.

II1I. INTERACTION CALCULATIONS

Since the storage arrangement is a planar array, the’ centermost trough sees
only the trough on each side. A row of Fibrepaks placed side by side in a
trough form a rectangle of SMM 8" x 8.5" x 35'. The solid angle would be

8.5"

d = thickness of SNM = 8", L = 35' = 420", L/2 = 210", h = - &2t - 16.25"
- R . . ) o Toes - . ’ n ’
QR %Q sin e _ .~ where tan e =-Lﬁg,= T%lgg. 12.92

16"
= 16.25"”
= ,982

{.997) = .985.x 997 sin o = .997_

~L (Total) =2 x <L = 2.x .982 = 1.964 steradians.
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The geometric buckling for a trough of Fibrepaks is,
a =8,5" =21.6 cm, b = 8" = 20.3 cm, ¢ = 35' = 420" = 1066.8 cm PR
o A2 M2 12 b ~ N
Bgs = (a+2k)2' (b+2h)‘ (C+2K)2 where N = 2.5 cm from Fig. 3
9.8. ., . 8 ‘o . TID - 7028
(21.6+5)% 7(20.345)% ’
o928 . _9.8
(26.6)2 7 (25.3

9.8 9.8
= 307.6 + —= 640 +0 = .0138 + .0153

.0291 em?

)z"'o . \

Replotting the data from Appendix B and C, DP-1014, for 2. 34% enriched UOz
at the minimum critical diameter,

Em2 = 0115 cii2, M2 = 32,2 cm2
The effective multiplication factor for a trough of Fibrepaks is

1442Bm2 _ 1+(32.2x.0115) _ 1.370
14M2Bg2 © 14(32.2x.0291)  1.937

'k eff = = ,707

Lﬁe sllowable solid angle 1is ‘
). (Allowable) = 9-10 k = 9-7.07 = 1.93 steradians
1v. CONCLUSIONS
Although.the actual solid angle slightly exceeds the allowable solid angle,

the system is nuclearly safe since the solid augle method contains a large,
though undefined, safety factor. .
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CRITICAL URANIUM OXIDE - WATER SYSTEMS
DATA FROM APPENDICES B & C,. DP-1014

ENRICHMENT ROD. DIA. AUG, U-235 0-235 MASE CYL. DIA, MIGRATION "BUCKLING REFLECTOR

(IN) DENS (G/L) (Kes.) - _(om) . Anea (cm?) _(em~2) Savings (ew
.80 1.2 38.08 149 - 156 - 36,85 . . .000906 6.54
.95 1.0 ' 40.16 27.5 80.6 35.65 .002638 ' 6.50
1.08 1.0 45,66 15.9  63.6 " 35.48  ,003%34 - 6.52
1.17 * 0.8 44.99 11.2 56.8 ' 34,61 . .004751 6.50 |
1.30 0.8 49.43 | 8.68 50.1 34.46 .005109 6.51
1.50 0.6 | 51,82 6.09 43.4 " 33,63 .007260 6.53
2.00 0.6 . 69.10 4.17 34.0 33.17 .010339 6.64
3.00 - 0.4 . 8L.34 2.71 27.4 3147 .014056 6.60
5.00- 0.3 118.56 2.31 . 22,3 30,15 017172 6.66
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' 816.1 - Low Enriched UO, Rod Mobile WOrk . SUPERSEDES
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s
816.1 LOW ENRICHED UO, ROD MOBILE WORK;TABLES

1. Deseription

These carts-will be ‘used aé mobile work tables Hﬁring the pro-

cessing of .UD, Rods,

They also may serve as temporadry storage

for thése rods while they are awaiting further processing. Rods

will normally be kept in modules for ease in handling,

These

modules are described in Subpart 814.3.

Carts are constructed.of angle iron, usually 1/2" x 1/2" x 1/8",
which {s covered 'With a thin metal skin, ususlly 24 gage or
heavier. The cart assembly is welded construction, These carts
are designed with a horizontal trough down the middle for holdimg|’
loose rods or rods in modules. Non-stacking devices will be
placed in each side of the trough., Each cart is designed so
that the cart width and length or added bumpers provide at
least 12" 'separation from other SNM.

2. Nuclear Safety o ‘ ) .

The troughs will be -restricted to a safe slab thickhess, depend-

ing on the enrichment of the SNM being processed.

Safe slab-

The

thickness valves will be obtained using Figure 309-XV, )
interaction effects of Subpart 814.3 also apply to these tables,

Fa
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L O 1

and procedures which.will be used in the

fabrication of finished

SNM bearing components.

Operations, equipment items, safety limi-

tations and considerations, and processing information are discussed
and described in the appropriate subsections. -~

The use of up to and including 350 grams of U- 235 at any enrichment
is authorized for research, development, and pilot operations under

‘the following conditions;

2.1 Each 350 gram batch may ccntein any number of smaller units.
2.2 The maximum. amount of material to be. so regulated is 10 kgs

° U-235 at any enrichment per room.
2.3 Each work station, 0peration, zone, or pilece of equipment will

be separated a minimum of four feet from each 350 gram U-235
batch or any other SNM, °
Id . .
The interaction between process operations is not calculated.
Generally, each process operation is separated by three feet and
identified as a criticality zone.
ports or shelves in storage devices. In lieu of determining the
interaction between these process operations, a process area limit
has been established.using a safe surface density.of 175 qm U-235
per square ft. The Process Area Limits are:

Building ) Process Area Limit
108 122 "kg U-235
19H 1050 Kg U-235
50H . 5075 Kg U-235

Details concerning these limits are set forth in Nuclear Safety

Evaluation 821.

The Possession Limits set forth in Section 100 will-

not be exceeded regardless of the Process Area Limit.
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I. DETERMINATION OF SAFE SURFACE DENSITY VALUE

A safe surface density value of 175 gms U 235 _per sq. ft. of floor area
was used. Reference subsection 300

I1. PROCESS AREA LIMIT - BUILDING 10H

The Tube Loading Area has a floor area of approximately 788 sq.ft.
Assuming that the inprocess storage devices occupy approximately 88 sq.ft.
there is approximately 700 sq.ft. as process area.

Process Area Limit = 700 ft.2 x 175 gm U-235/£t.2 = 122 Kg U-235.

II1I. PROCESS AREA LIMIT - BUILDING 19H

The total floor area is. approximately 6600 sq.ft. Assuming that inprocess
storage devices occupy approximately 600 sq.ft., there is approximately
6000 sq.ft. as process area. .

Process Area Limit = 6000 ft.2 x 175 gm U-235/ft.2 = 1050 Kg U-235

IV. PROCESS AREA LIMIT - BUILDING 50H
The total floor area is approximately'32 175 sq.ft. Assuming that Inprocess
storage devices occupy approximately 3,175 sq.ft., there is approximately
29, 000 sq.ft. as process area.

Process Area Limit = 29,000 ft.2'x 175 gm ﬁ-235/ft.2 = 5,075 Kg U-235.
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oIvision ATOMIC ENERGY DIVISION

GENERAL OFFICE
LYNCHBURG, VA, ' 5061 FORT AVENUE

P. O. 80X 1260
l‘YNCHBl’JRG, VA. 24505

¥, Terernone
AREA CODE-7023
.ﬁ\\a 7371
vy

November 1, 1966

United Nuclear Corp.
- 365 Winchester Avenue
New Haven, Connecticut

ATTENTION: U. A. Cameron

Re: BXW Purchase Order
4-27859, 190x807

Dear Sir:
In accordance with your Mr. Kropp's request, we submit the following infonmation to

supplement our letter dated August 17, 1966, on multiplication. and migration aréa values
for the BAWTR fuel elements:

Recent calculatlons for the standard BAWTR fuel element'(' _ ‘grams U235') give the
following results: ’

Case I . Fuel homozenized.over th

Case IT Fuel Homogenized over entire element area! ' '

e.area within the fuel boundaries
EX,

The above calculation'S'wei(S made usinv the B.ATE—l(l) Program for Maxwellian averaged (3)
thermal constants, EUFT-5 ) Fast neutron spectrum program for the fast groups, and .mm-s
neutron diffusion program: Thirty-four (3k4) group cross-sect:\.ons were used,

REFERENCES

(1) H. J. Amster and 4. B. ‘Calla'ghah, KATE-1, "4 Progrém for Calculating
!Ilgner-,lilklns and Maxwellian Averaged Themal Constants for the
Ph11c0-2000 L«PD—IM-—ZBZ (October 1960)



THE BABCOCK & WILCOX COMPANY . ' e

United Nuclear Corp. Page - 2 - November 1, 1966

(2) H. Bohl, Jr. and A. P. Hemphill, MUFT-5, "A Fast Neutron Spectrum
Program for the Philco-2000, “APD-TH-218 (February 1961),

(3) 0. J. Marlowe and ¥. C. Suggs, JaNDi-5, "A One-Dimensional MNentron
Diffusion Equation program for the Philco-2000, WiPD-TH-241 (Novem-
ber 1960).

We trust the above will be sufficient, however, if you have any questions, please do not
hesitate to contact us. ‘

Yours very truly,

THE BABCOCK & WILCOX COMPANY
Atomic Energy Division

R. A, Beal, Purchasing Agent

L .- ’ -1
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By C. D. Carter, Jr.

CDC, Jr. /cbp
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.GENERAL'CONSIDERATIONS . 2

1.

0perations on pellets will be performed in Building 10H. Rod and
assembly fabrication will be performed in Building 50H,
3. Fuel assemblies which may be fabricated under the provisions of
- this Subsection will be limited to the following types of com-
ponents: : : :
‘ 4,1 Dresden (BWR) :
4,2 Yankee (PUR)
4. Safe crose.section valves used in Subpart 823,2 will be obtained
using the safe diameter valves shown on Fig. 309-XII, .
The cross section will be calculated using .
Safe Cross Section = qrx (safe diameter)2
4 .
.Unless stated othérwisa, safe valuss referenced in this Subpaff'

‘pellets clad in Stainless Steel, Zircaloy, or Aluminum.

This subsection covers preparation and processing of up to and in:
cluding 5% énriched UQ, fuel material as pellets and its fabri-
cation into tubular type fuel rod assemblies or clusters with the
Indivi-
dual operations “which may be performed, are shown on Diagram
823~I,'and are listed in their expected sequence,

will be ohtaiqed usinr the Figures rsferenced im the followiny .. ..
table. . ) - R B

Safe Valuve Figure'
5.1 Heterogeneous Dismeter 309-X1I
5.2 Heterogcneous Mass 309-X1I1
5.3 Heterogeneous Volume 309-X1V
5.4 Heterogeneous Thickness 309 -XV
5.5 Homogeneous Diameter 309-XVI
5.6 Homogeneous Mass 309-XVIL
5,7 Hdmogeneous'Volpme 309-XVIIL
, 5.8 Homogeneous Thickness .~ 309-XIX
5.9 Geofietric Variables for . s
. Speciffied U235 Enrichments 309-XX ,
5.10 Masses for Specified U235 .
* Enrichment . 309-Xx1 -
K - 4
- 5,11 BaXe Cylinders fo; any
- " 309-XX11

U-235 Enrichu=ntd
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6. K eff values will be determined by individual Nuclear Safety

evaluations included in this Subpart (823).

RPN
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2.

3.

!40

5.

6.

1.

8.

9.

Receive Pellets ) . - .

Pellets will be received and handled in accordance with Subsection
810. .

Méasure and WeiOh Stack

This is a dty operation and will be limited to a2 safe hoterogensous
mass. If pellets are damaged, they will be placed in safe hotero-
geneous diameter or volume or cross section containers or they will
be placed in a container and limited to a. safe hetelo"en ous mas

" If the pellets are sufficiently damaged so that U02 powder ‘is found
the U0, powder will. be' placed in safe homogeneous diameter or volume
or cross section containers or placed in a container and limited to
a safe ‘homogeneous mass., -

Pellet Dryness Test

A few representative pellets are remgved frOm each batch or lot and
tested for dryness. This operation will be limited to a safe
heterogensous mass. ' .- .

" Load and Weld

Pellets are loaded into tubes and the end plugs added and welded to
the tubes during this operation. It will be limited to a safe.
hete"ogeneoua mass or a fixture may be used which provides a safe
heterogencous cross-section.

Machine or Hand Finish Welds S e B o

This oPeration is usually performed on individual loaded rods one at'.
a time., -It is 1imited tO a8 safe het=10fe1eou5 nass.,

Inspect
This operation will be limited to a safe heteio"eﬁeous mass,

nglo Test

Dye penetrantis brushed on the welded end caps and the welds checked.
Test materials are_ removed by dipping the ends of the rods in a
liquid. Since only the ends.dre placed in a liquid (approximately 1
to 2 inches), this operation is limited to a safe heterogencous mass.

Leak Test by Alcohol Immersion

Prior to leak testing, rods are immersed in alcohol. This is a wet

operation and is limited to a safe hetcorogeneous mass or the. rods

are held by a fikture or the equipment in a safe hetero 2na20US CrO3S—
* section.. . :

Helium Leak Test -

This 0peration 1s dry and performed, in leak tight vessels., Each .
vessel is limited to a safe hataroziunsous nass or the rod ara
retained in a safe heterogencous cross—-section. _ .
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.10'

11.

12,

13..

*, mass.

Clean and Pickle

Typically, the’ sequence of Operations are a detergent clean, a water
rinse, an acid dip, a cold water and/or a hot water rinse, and a warm
water soak. Tanks are spaced close together to allow quick transfer
and each is roughly 1-1/2 ft. square and approximately 10 ft. deep.
All SNM material is clad and fixtured. Fixtures are moved from tank
to tank via ‘an overhead crane one at a time. Only one fixture at a

time is allowed in movement and one other fixture is allowed in one of |

the other tanks at any one time. Fixtures are designed to hold only
a safe mass of SNM, or the SMM is retainad in a safe cross-section, or
‘the fixture has a P eff (bare) € 0.65 and k eff (reflected) < 0.9.

The safe geometry for the fixture will be determined neglecting the
affects of the cladding.’

- Fixtures are further dasigned to preclude accidental insertion of

twvo fixtures into one tank. An acid tank is assumed to have enough
acid to dissolve one batch completely. Acid tanks are continuously .
agitated, usually by air bubbling, waich insures uniform mixing and
pickling. No uranium is alloved in the solutions. Pickling solutions
are checked, usually by sampling,-before the start of each shift to
determine how speat they are. If thare is reason to believwe that the
solution contains SiM, the solution is sampled and analyzed for
uranium chateat prior to processing aiditional S¥M. MWMatecial is
inspeczted after piskling. Aay over-pizkling or panetration to SNM
‘causes rejection of the material aad sampling of the pickle solutipn.
In addition, the pickle lines are equippad with an automatic with=
drawal system. The system will be designed to insure automatic with-.

drawval of the SN material or dumping of the acid even in. the event Fi-fu

of loss of primary power. Therefore, the insertion of a fixture con-
taining SNM into e solution containing SNM or the dissolution of the
SNM, is considered unlikely. 7TIn addition; acid tanks are equipped
with an automatic dump system to preclude SNM being in the tanks for
extended periods dué to electrical or mechanical failure. An example
of a k eff calculation for a fixture of this tvpe is shown in NDEO-107
Load Autoclave and Corrosion Test

After. picklin the fixture containing SMM may undergo a water soak .
(if required), them is.loaded into an autoclave and corrosion tested.
Again, individual fixtures will hold only a safe mass of SNM, or the
SNM is retained in a safe cross-section, or the fixture has a k eff
(bare) < 0. 65 and k eff (reflected) < 0.9. ‘The interaction between
autoclaves is approximately 1.82 steradlans with 2.5 steradians
allowed.

Visual Inspection ;.

This operation is limited to a safe hete:osz-eous na

Storage/Issue for Assembly

Storage:bf rods will be in dccordange with Subsection 810. During .
issue for assembly, loose rods will be retained in a safe hote ;
geneous Cross- section container or limited to a safe h=teiogcnsous ~

-
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14,

15-

16.

17.
-!18.
19.

20.‘

21.

22,

_Alpha Count

Prior to assembly, rods may be alpha counted for surface contamination.
This operstion is limited to a safe hetcorogeneous mass.

Assemble Elements

Rods are assembled with non-SNM components and welded (if required)
into assemblies. This is a dry operation and limited to a safe .
mass or the assemblies will have a k eff (bare) < 0.65 and k eff
(reflected < 0.9.

Machine or Hand Finish . ) ) -

if requiﬁed;.excess welld material may be machined off or the assem-
blies hand finished. This operation is limited to that number of
assemblies with a k eff (bare) < 0.65 and K eff (reflected) <.0.9.

Rivet Grids, Assemble End Fittings.

This operation-is limited to that number of assemblies with k eff (bare]
< 0.65 and k eff (reflected)< 0.9. e

etc.

Dimensional and Viaual Inspect~

Same considerations as Subpart 823 24517,

Radiogragﬁ
Sdme considerations as Subpart 823.2.17.

Degrease or Water Rinse, etc. : - T

A finallcleaning operation is performed.' The number of aseemblies
will be limited 5uch that k eff (bare) < 0 65 and k eff (reflected)

< 0.9.

Alpha Count
Same'cOnsideratiOne as Subpart 823.2.17.

Store -

Assemblies will he stored in accordance with Subsection 810.

<
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A. Pellet Descripticn: 0.,%482" ¢ x 0.6" 1.0" long ‘
B. Rod Deseription: 3 L
1. Type Rod Fuel Stack Length Tube Length Wght., Fual Loading/ﬁod
Free End 108.25 + .50 114,70"Length, 8# 3251 + 98 g
Spring,Disc (67.0 g U=235)
Fixed 108.25 + .50 114.70"Length, 8% 3251 + 98 g
Type Spring, Disc (67.0 g U=235)
Remov, 108.25 + + 50 114,70"Length, 8¢ 3251 + 98 g
Type 1 ‘ Spring, Disc (67.0 g U=235)
*Remov, . 108.25 + .50 114,.70"Length, 83 3175 + 95 ¢
Type 2 Spring, .Disc i
PPC Type 108.25 + .50 114,70"Length, & 3251 4+ 98 g

spring, Disc (50.7 g U~235).

- 114,70"Length,
Spring, Disc

Segmented 17,54 + .05
5 per Rod

104 3013 4+ 90 g

(62.17U-235 Total)

12,63 + .050
1 per Rod '

114,70"Length, 3#
No Spxrings,Disc

Instrumented None None

*Uranium Dioxide~Gadolinia (64.1 g U-235) (55.0 g Gd203)

2. Zixcaloy~2 Tubing _ :
std Tuba: 0.0370".+ .0025".W.T. x 0.,4925" + .,0020" L.D.
Instru. Tube: 0,0293" ¢ .0025" W,T. x 0.540" 4 .002" I.D,

C., .  Elemant Description .
R " Length  Ovar Active Fuesl - 108,25"
4.38" x 4,387 x Length Between Grids = 115,33"
Length Overall - 134,35"
‘36 Rods Par Elemant

1, Type Elemant Requirad/Batch No 6

Type 1 : 53
Type 2 30

Instrumanted . 13
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IL.

D.

No Required Per No Required Per No Kequirea res

2, Type Rod Type I Element Type II Element Instrument Element

Free End 20 20 20
Fixed Type A 8 g 8
Remov, Type 1 1 - -
Remov,. Type 2 - 1 -
PEC Type 6 6 6
Segmented 1 1 1
Instrument - - 1

General Information

1. Enrichment
a. Nommal Fuel 2,34 + 0.05 w/o
b. Segmented Fuel 2.34 4 0.05 w/o
c. PPC Fuel 1,77 + 0.05 w/o

d. Gadolinia Content 1.74 4+ 0.05 w/o (Remov.Type 2 Pellets Only With
2,34 + 0.05 w/o U=235)

Note: Free End, Type A, Remov, No. 1 and Remov. No. 2 Know a8 “Normal"

2, Pellét Density: 93.5% Theoretical + 2.0%

ASSUMPTIONS

A.

C.

D,

The design reactivity information contained in NDE0-1033 is applicable and
will be used to determine effective multiplication factors

(KO9P= 1,21 and Hz = 39 cmz)

Calculations will be performed using the following equations:

S | a2 Al ?.

B = @ength + 28) T wiath + 28) T (thickness + 2 3)2. and
K, oo s
eff s

Using Fig. 4=27 of ANL-5800, 2nd Edition, a reflector savings ($) of 8 cm.
for a full water reflector was selected.

From Fig. 3 and 4 of TID-7028, an extrapolation length (also designated§)
of 2,5 cm, was selected for bare, moderated systems. This value is based
on highly enriched uranium experimental data; however, it is consistent
with the calculated results shown on Fig. 2.7 of DP~532. At lower enrichment
DP=532 indicates a higher extrapolation length (approximately 4 cm,) which
is probably due to calculated or experimental error or perhaps a real effect
due to increasing system radii. This variation of extrapolation length

from 2,5 to 4 cm, wi.l.l yield minor reacti.vi.ty changes, probably 10% or less
h K ‘ff. ) = .
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eiemenes 1§ assumad, Under moderated conditions, this will yield
higher k eff values than would occur if thes elemynts were closely
packed, o

- I1X. CALCULATIONS

. A. Onz Element ~ envelopes = 11.13 cm. x 11.13 en, % 275 cn.
1. Reflectad Case

2 n - 9.81 b o 2:8T_ - 9.87 _ 9.81
Refl. (11,13 + 16)2 7 (I1.13 + 16)2 © (275 + 16)2 ~ (27.13)2
9,87 , 9.87 9,87 9.87 . 9.87

@7.152 t 29132 = 736.06 T 736.04 T 84,861 - 0-0134 + 0.0134 +
0.0001 = 0.0269

1.21 1.21 1.21

Ke£s™ T+ (39 % 0.0269) ~ 1+ 1.049 ~ 2,049 - |1 0:39¢
2, Bare Case - ' |
2 9.8 Y 9.87 9.87 . 9.87 9. 87
B pare” (ILL3 + 52 "V AL13 + 32+ @75 + 552 = de.1992 * @632
9,87 9.87 , _9.87 ., 9.87

55052 = 360,18 T 360,18 * 75400 = 0+0379 + 0.0379 + 0.0001 = 0.0759

g moLe2l __u21 L2l
eff 1 + (39 x 0.0759) ~ 1 + 2.9601  3,9601

0.306

‘B, Two Elems=nts = envelope = (11.13 + 1.91 4 11,13 = 24.17) = 24,17 cn %
11,13 cn x 275 ca, . -

1. Reflected Case ] _ . .
2, _ 9.8 __ . _.5.87 9.87 _ __ _9.81
B refl.” (25.17 + 16)2.7 (T.13 ¥ 16)2 ¥ (@75 + 16)2" (@0.17y2 *+ 0.0134

0.0001 = T232lrny 0,0134 + 0,0001 = 0.0061 + 0.0134 + 0.000L .= 00196
_ 1613.63 . 0001 .= 0.
- 1,21 ' 1,21 1,21
Kegs = T+ (39 % 0.0166) ~ 1 +.0.764 ~1.764 = (2:5%6
2, Bare Case )
2 9.87 9.87 9.87  9.87_
B pare " (2617 ¥ 5)2 Y @L13 + 5)2 7 @75 # 5)2 7 (29.17)2 + 00379 +
0.0001 = =2:87 40,0379 + 0.0001 = 0.0116 + 0.0379 + 0.0001 = 0,0496
1.21 S 7'} | T
Kegs “ TF (35 x 00696y ~ 1+ 1,934 ~ 2,935 ~{0:412
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-~

~ 1, R=flected Case . : R
2 L.

B pegy, 0-0061 + O, 0061 + 0. 0001 = 0.0123
1.21 1,21 _ 1.2
Kegs = T+ (39 x 0.0123) ~ 1T+ 0.480 ~ 1.48 ~ 1.0:819

2, Bare Case
2

B°. = 0.0116 + 0.0116 + 0,0001 = 0.0233
Bare
. 1,21 S Vs N ¥ S I e;E]
Kee. L1+ (39x0.0233) 1+0.909 1.909 L. .

D, Nine Elements (3 x 3) = envelopé (11.13 + 1,91 + 11,13 + 1.91 + 11,13 =
37.21 em,) = 37.21 cm. X 37.21 ¢cm, x 275 cm.

1, Reflected Cas
‘2 o 9 87 9.87 9,87 9,87

Brerl, " 321+ 1602 T T+ 102t @75 + 1652 T (3. t
9.87 9.87 9.87 _
(53,2192 *+ 0.0001 = Soaiay + 5531,30 *+ 0-0001 = 0.0035 + 0.0035 +

0.0001 = 0,0071

1.21 1.21 = 1e21
Kegs 1+ (39 x 0. 0071) 1+ 0.2769  1.2769

0.948

2, Bare Case v
B2 - 9.87 + 9 87 ) + 9.87 9,87
Bare (37.21 + 5)2 (37.21 + 5) (275 + 16)2 (42, 21)2 +

@ ory2 * 0.0001 = gl o 1?8?768 + 0.0001 = 0,0055 + 0.0055 +

0.0001 = 0,0111

- 1,21 1.21 - _1.21 _
eff 1 + (39 x 0.0111) 1 + 0,433  1.433

0.844

E. Sixteen Elemnnts (4 x 4) = envelope = (11.13 + 1,91 + 11.13 + 1,91 + 11,13 +
1,91 + 11,13 = 50,25 cm) 50.25 cm x 50 25 em x
275 cm,

1. Reflected Case
B2 - 9,87 & o 9,87 + 9,87 - 9.87 9 87
Refl. (50, 25 + 16)2 (50.25 + 16)2 (275 + 16)2 (66, 25) (66 25)

+0.0001 = - 2:87_ ;. 287, 0 0001 = 0.00224 + 0,00224 + 0,0001 = 0,00453

%389.1 © %389.1

1,21 ol 1.21
Kegf” T+ (39 x 0,00655) 1+ 0.1786 ~ 11786

1.027

—
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E. Sixteen Elements (continued)

2, Bare Case

2 9.87 _ . __9.87 + .87 . 9:87 . _ 9.8
B pare ~ (50.25 + 5)2 T (50.25 + 5)2 T (275 + 5) (55.25)2 7 (55.25)2

9, 87 9,87 - o
+ 0.0001 = 55255z + Jge5 5g + 0.0001 = 0.00323 + 0.00323 + 0,0001

o'!oossa

1.21 1.21 1.21 2
Kegs ™ T+ (39 x 0,00656) ~ T + 0.2558 + T.2558 = | 0964

IVe C Us

* A. These calculations indicate that 16 elements 1n.a.4%x 4 array would be

Just critical, Calculations in NDEO-1033,~1164 -and 1501, indicate that
17 nominally fabricated elements would be required for criticality.

Therefore, these calculationa are representative.

*Indicates Change

[ T,
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Suppleméent to
NUCLEAR SAFETY EVALUATION
DRESDEN FUEL ELEMENT (BWR)

I. Material Description

Pu.O2 - UO2 Fuel Rods and Elements.

A. General
Thie supplement provides additional information applicable to the shipment

of Dresden Pu0, - UO, fuel rods and elements. The orginial nuclear safety
evaluation remains unchanged.

The rods and elements are the same type and with the same dimensions and
arrengement as the previously described Dresden BWR elements.

B. Pellets
Pellets are sintered (high fired) ceramic of two types:

a) U02 2.34% U235 enrichment.
b) Mik¥ed oxide Pu0, - UO
Nominal composigion.

97.7 + w/o UO, natural enrichment
_2.3 + w/o Pua
100.0

Nominal isotopic composition of Pu is:

Pu 238 0.37%
Pu 239 71.34%
Pu 240 © 20.63%
Pu 241 6.09% :
Pu 242 1.57% . L
' 100.00%
C. Rods ) .
Two types

a) UO2 pellets

Dimensions, weight and enrichment as described in Nﬁclear Safety
Evaluation--Dresden I Fuel Elements (BSR) dated 9/15/67.
b) Pqu - U0, pellet

Net weight Pu0, - UO2 3254 gms/rod

vo, 3179 gms/rod
Pqu 75'gms/rod
U-235 19.9 gnms/rod
Pu 66 gms/rod LICENSE: SNM-777 DOCKET: 70-820 -
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D. Element

Net Weight Net Weight

Per Rod, Per Element,

Type Rod * Number Grams Grams
U0y Pellet, Free End : -

and Fixed End 19 3251 61769
UO2 Pellet, FPC 6 3251 19506
U0, Pellet, 1 3013 © 3013
U0, -Gd 03 Pellet 1 3251 3251
Pua2 - 60 Pellet, Free .

end afid fixed end 9 3254] .29286

- 36 116, 825.

II. Nuclear Criticality Safety

A, A. Elements

The Pu0, - UO, elements are neutronically equivalent to standard UO
Dresden”element. (Ref. NDEO 1501). The Nuclear Safety Evaluation
for assembly and handling Dresden elements remains unchanged and is
applicable to these elements.

B. Rods

The standard batch size will be 18 rods. As shown in NDEO-1771, 90
rods at the optimum moderating condition and fully reflected will have
a Keff not exceeding 0.92. Therefore, 18 rods will be subcritical by a

larger margin and are nuclearly safe.
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I. BASIC INFORMATION
A. Pellet Description: 0.3145" ¢ x 0.6"==p 1.0" long
B. Rod Description:

1. Type Rod [Fuel Stack Length Tube Length Weight Fuel Loading/Rod
1 91.00 + +25 9%, 57" 3.3 1bs.1182.8 g U0,

(36.49 g U=235)

2, Zircaloy=2 Tubing .
std, Tube: 0.020" W.T. x 0.368" + 0.002" 0D x 0.3210"-f 0.001" ID

C. Element Description

Length Over Active Fuel = 91,00"
Length Between Grids = 95.44" _
7.615" x 7.615" x Length Overall - 111.9" N
238 Fuel Rods Per Element

Pitch - 0.468"

D. General Information

1. Enrichment; 3.5 w/o
2, Ppellet Density: 94% Theoretical

II. ASSUMPTIONS

A, The design reactivity information contained in’ NDEO-1134 1s applicable
and will be used tg determine effective multiplication factors “
-~ (Roo= 1,405 and M* = 40,9 cu? ) o

.B. ICaicﬁlationa will be performed using the following equations

B ® Tength + 29) * idth + 25) ¥ (thickmess + 25) and
g o | ‘ '

K eff =——
e

C. Using Fig. 4-~27 of ANL-5800, 2nd Edition, a reflector savings (§) of 8 em
for a full water reflector was selected.

* D. From Fig. 3 and 4 of TID=-7028, an extrapolation length (also designated

. S ) of 2.5 cm. was selected for bare, moderated systems. This value isg
based on highly enriched uranium experimental data; however, it is
consistent with the calculated results shown on Fig. 2.7 of DP-532., At
lower enrichments, DP=532 indicates a higher extrapolation length
(approximately 4 cm.), which is probably due to calculated or experimental
error or perhaps a real factor due to increasing system radii. This
variation of extrapolation length from 2.5 to 4 cm. will yield minor
reactivity changes, probably 10% or less in k eff,
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elements is assumed., Under moderatad conditions, this will yiald
higher k eff values thgn would occur if the elgments were closely ’
packed.

I1T. CALCUIATIONS .
A. One Element = envelope = 19.34 cm x 19,34 em x 231 cm

1. Reflected Case

g2 .. 9.8 o287 9.B1 . 9.87
Refl. (190.34 + 16)2 7 (19.34 + 16)2 T (231 + 16)2 ~ (35.34)2

9.87 . 9.87 _9.87  9.87  _9.87 _ . 0 0n0] o
0.0159
K = 1,405 L1405 1405 _ ro55;

eff 1 + (40.9 x 0,0159) 1 + 0.650 1.650 :

2. Bare Case

B w987 . _9.87 . _9.87 _ 9.87

bare  (19.3%4 + 5)2  (19.34 + 5)2 T (231 + 5)2 T (24.354)2

9.87 9.87 _ 9.87 _ 9.87 9.87 _ .
0.0333
- 1.405 o 1405 1405 | po