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SECTION: 100 - GENERAL INFORMTIOND October 311 968
Subsection: 101 - General

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 SN -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 facilitie
at New Haven, Connecticut and Wood River Junction, Rhode Island.

101.2 Corporate Information

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 of Uranium int
fuel fol nuclear power reactors, and developing improved reactor sys-
tems to utilize nuclear fuel.

The Commercial Products Division includes plants at Hematite, Missouri,
Wo6d River Junction, Rhode Island, and Fuel Fabrication facilities in
the New Haven, Connecticut Plant. Headquarters for this Division are
located at the Hematite Plant.

A listing of the principal officers, 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.
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SUPERSEDES New

102. Location and Facilities

1. Recovery'Operation' -

The Recovery Operations.Plani is locatdd on a 1200 acre site in a

sparsely populatjd area of Southwvestern Rhode Islan4. The plant
is approximately. one mile" outheast of -Wood Rivp 'JunctIon.

The genrai arrngemeiit- of the plant iisAo o A60I.-

A-602, A-603 and Y-601. 'The general facility .a3rangement is shown

on Sketch 102-I.

The plant consiatd' of a single principal .building-with gfice,'
locker-room, general. utilities .and maiftenance falcilities to the-

.front (West End).and storage and proce6,sing faclties-at the'
back (East End)' simai. laboratory is.located at the second'

* level ab-oye the locker!-room area...- .

.:.to lagoons with waste. discharge .control facilities are located.
:'wlthin the fence'd area' and just north ,ofthe buiding. ..... .

The building consists.of .he following areas (defined y bays):.

.Bays " Description'oX .Operations
(For Bay designations. see'Drawing Y.-601) -.Uranium Process Areas

VIL, VIII .; . . : Shipping & Receiving Area
X, XIII, XIV, XYI, -.v.,; ;ead Ends Processing Area

: ' (3. floors 'Purification Processing

- .', W ,-VIII,.'., I .... - , 'r_.rea

xv r- End Product Pro essing~
Area-.

XII, Ij Produidt Storage- Area
.*v (Second Floor) - . Control Liboratory .
,- .. '' - Non-Uranium Storage Area

VVI, - ' ; -. : Utilit Area. '

I, II, iiI IV: First Floor)p- Main Entranrce,-General r

: . . . Plant Office, Lunch
-. . :-:oom Clothes-Change'

-:. Locker - Change R'oo

Outside storage' areas are the areas surroundling the plant within.
t r. . ' , .' .''.,. .''i *he fence'd ar'ea *-These areas .are'used for'.torage*of-uranium '

.''aterials as recei. ve :.n protective s cing- b rdnages-andrums.

, - 'h'pt* shipping cpntie'rs or' other,- m late r cotaining u cerab1e
amounts of ..uranium eay be-so identified an4:.tored- outside .the -

security axea prior to tnt'th ownerid t

_- 
-...
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LICENSE: SNM-777, Docket 70-820
SECTION: 100 - GENERAL INFORMATION Supersedes 10/31/68

Subsection: 102 - Location and Facilities Approved
Subpart: Approvedm

Amendment No.

102. Location and Facilities (continued)

2. Fuel Fabrication Operations

The Fuel Fabrications Operations are pef formed 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, 101 basement, 11H 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 111H except the experimental welding area, the first
floor of building l9H% the 19H basement waste disposal area and all
of building 50H (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 Operations

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 'T"
Tracts (buildings 5E and 6E) do not comprise any manufacturing
operations, but only office, administration, and engineering
activities.

Further details on the "H" Tract arrangement 'and building 9E,
101, 111, 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 501
B-304 23A Change Room layout 19H
B-304 252 H Tract Building layout

*An area approximately 50 feet x 65 feet on the north side,

approximately 100 feet from the entrance.

*Indicates Change
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UNITED NUCLEAR I
C O R Po R A T I O N I Issued 2/6/70

LICENSE: SNM-777, Docket 70-820
SECTION: 100 - GENERAL INFORMATIONupersedes 10/31/68
Subsection: 103 - Summary of Activities Approved
Subpart:

Amendment No.

103. Summary of Activities

SNM bearing materials are received, handled, stored, processed and shipped
in accordance with Regulations of the 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
acceptable will be 10 mr/hr at one foot.

1. Recovery Operations

These materials may be in the form of uranium metal 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.

2. Fuel 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 components 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.

1OCFR 50.2.3.:i ----- the material to be processed contains not
more than 10 grams of plutonium per gram of U-235 and has fission
product activity not in excess of 0.25 millicuries of fission products
per gram of 11-235. 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
C P0 A TI N Issued 26/70

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

Subsection: 104 - Special Nuclear Material A
Possession Limits Approved

Amendment No.

104. Source and Special Nuclear Materials Possession Limits

1. Recovery Operations

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

2. Fuel Fabrication Operations

At any one time, the maximum quantity-expected to be on hand is
limited to 4000 kgs of contained U-235 and 10 kgs contained Plutonium.

:I

*Indicates Change
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LICENSE: SNM-777, ;)ocltet: 70-8e0 - Approved

SECTION: 200 - ORGANIZATION, PERSONNEL. . ISSUED October 31. 1968

AID ADMINISTRATION
.Subsection: 201 - Div~ision Ograhization SUPERSEDES New -.I
201. Organization

The Commercial Products Division is organized for e1iUiient
mnnnagement and adminis.tration of three independent operationis.. .

located in three separate plants'. The General llanager, Commercial
Products Division reports to the Pregidtnt of United Nuclear'
Corporation and has the overall responsibl1jity;for.o er ti 'of
the Division F-1itles..* '. . .. .

The organization of the Division provides for admini~stration;
production., technical support, and nuclear industriai safety,
functions, .and nuclear.materials management on a iiTion wid- .

* basis. This Is shown'on the bivslion Organ'ization Ciart,
.Figure 201-I.. . . : . -.

. *..
_,.. .- ..

'. ' , .'- Vs',' " , - . '

I
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Approvod:

SUBJECT: License SNM 777, Docket 70-820
SECTION: 200 - ORGANIZATIONs PERSONNEL AND O

ADMINISTRATION1
Subsection: 202 - Nuclear and Industrial Safety

Department UPERSEDESNOw

202. Nuclear and Industrial Safety Department

1. Organization

The Nuclear and Industrial Safety Department (NIS) is organized to

provide nuclear criticality safety, health physics, industrial safety and

fire prevention, and medical services for the Division. The Nuclear

and Industrial Safety Manager reports to the General Manager, Commercial

Products Division, and is responsible for all activities of the Depart-

ment. The Department. activities include:

1.1 Establishment of Division nuclear and industrial safety policy.

1.2 Preparation of Regulatory Agency licenses.

1.3 On site nuclear criticality safety and health physics control

functions independent of, but parallel to the functions of oper-

ating personnel.

1.4 Technical support services, as related to nuclear criticality
safety and health physics for review of proposed additions to

or modifications of process equipment.

1.5 Systematic auditing of plant Qperations.

The Department organization is shown on Figure 202-I.

2. Basic Responsibilities

2.1 Nuclear and Industrial Safety 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 appropriate Federal and State Regulations

and ensures continued compliance of these official programs through

regular audits and follow-up with responsible Division management.

He must providercompetent techincal support services to the Divi-

sion from either in-house specialists or from specialists outside

of the Division on a consulting basis.

2.2 Nuclear and Industrial Safety Representative

The Nuclear and Industrial Safety Representative is 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 mbdifications to processes and equipment. He may

perform preliminary nuclear criticality safety evaluations of

these proposed changes. He performs inspections of operating

I
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UNITED NUCLEAR
C O R P O R A T I O N Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820
SECTION: 200 - ORGANIZATION, PERSONNEL AND Supersedes 10/31/68

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 Personnel.
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 Specialist

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

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

quest of the Department Manager.

* 3. Persortnel 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.

Nuclear and Industrial Safety Department Specialist shall have a B.S.

Degree in Science or Engineering and not less than three years experience

in a responsible nuclear engineering or physics position and not less

than one year of experience in the area of their speciality. In addition,
the Nuclear Safety Specialist will be required to have at least one year
experience in performing nuclear safety assessments.

7-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
C O R P O R A T I j N Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36. & 70-820
SECTION: 200 - ORGANIZATION, PERSONNEL AND Supersedes 10/31/68

ADMINISTRATION
Subsection: 202 - Nuclear and Industrial Safety Approved

Department Amendment No.

202. Nuclear and Industrial Safety Department (continued)

4'^b
nuclear industry including specific training in nuclear criticality
safety, health physics, and industrial safety, and fire prevention.

Nuclear and Industrial Safety Department Consultants 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.

4. 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 hanldling 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. fllow-up
action if required.

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

*Indicates Change
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F . GXI. Stengel

STAFF

(R. Tomonto) 1 INUP1#E Ofinftvm C%-o{^l44 ct. tP-R. E. rnn)luclear Safery Consultant (D. F. Cronin)i rlalth Physics Consultant nW. S. Geiger)
:rd. ISafety & Fire Prev. Cons. (W. L. Jones)I
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203. Nuclear Materials Management

The Nuclear Material1 Management responsibilities are a function of

the Administration Department. The Nuclear Materials Management

Section is headed by the Supervisor of Nuclear Materials Management.

Each Operation has an SS 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 Nuclear

Materials Management program are set forth in Section 500.

!
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LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820
SECTION: 200 - ORGANIZATION, PERSONNEL AND

ADMINISTRATION Approved
Subsection: 204 - Production Organization

Amendment No.

204. Production Organization

1. General Description

1.1 United Nuclear Corporation's Commercial Products Divipion is
organized for the specific purpose of chemical and ceramic
processing SUM 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-I 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 conduct of his
departmental affairs including implementation of disciplinary
action against personnel failing to follow instructions. 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. These 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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SUPERSEDES New

204. Production Organization (continued)

3. Rebovery Operations

3.1 Organization*'

: .The Fuels Iecover Plant is-organized for the spe-cific .purpose of
'convers-ioni.-6f. scrscp materials Oontaini ng uranium i.to a high-puity
compound-for-sale or. re-use The'. rgariizatllonChart,'Figure 204-I
shows hoiw this oiganization'is set up tP ca'ry out and'control the
various functions essential for this .operatio .

:/ 3.2 Baslc ieResponsibilities ,,. .-. .... -

23.2.' Plant Manager. -

The Plant Manager is responsible for ..the safe efficient
; : operation and maintenance of the plant in coniformance .

with established policies .and procedures for requircd
administrative and process.development work..

3.2.2 First Line Management

First Line Milanagement' reporting to the PlantUanager
aie responsible for the safe 4efficient operation of their

* assigned portions'..o.-.the facilities. This'-includes' the
, . supervision of any actlvlties assigned to them.

-.3. .:Personnel Quhlifications

..The minimum qualifications of the Plhnt Manager, and first.line
. management shall.be a.:B., S. degree in a technical:field.with two
' years, experience in Nuclear plants and laboratories,:or high school

with ten years nuclear dindustryexperience.-

Resumes pf the qUalifications of the'personnel performlng these
f unctions "are included as bapkup information. :

4. Fuel Fabrication Operations - .. .: '

4.1 Organization ,;- :. :

The FueI Fabrication Operation lsorganized 'for the purpose of
fabricating SNM tearing cotnponents for.test and power reactors.

'Figure 204-LI shows he .'orgatUizatiob established to perform these
'unctions.'

A .
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204; Production Organization. (continued)

4.2 Basic Responsibilitie~s

*:

4.2. 1 Plant Manager

The Plant Manager has the overall, responsibility 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.

4.2.2 Managers

Managers reporting to the Plant Man'ager are responsible for
the safe efficient operation of their assigned portions of
the facilities. This includes the supervision of any
activities assigned to-them.

4.3 Personnel Qualifications

The minimum qualifications for Plant Manager or Manager.shall be
a B. S. degrees in a technical field with two years experience in
the nuclear industry, or1 high school with. ten years industry
experience.

- Resumes of the qualifications of the personnel perforning these
functions are included as back up information. *
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UNITED NUCLEAR
C O R P O R A T I NI PAGE- I OF 1

LICENSE: SNM.1-777, Docket: 70-820
Section: 200 - ORGANIZATION, PMtStNWEL AN -; Approved

ADMINISTRATION
Subsection: 205 - Proiess Contrdl' ISSUED 2/6/70

SUPERSEDES 10/31/68
205. Process Control

* 1. General

Commercial proauets DivisioA policy requires that supervision-at all.
levels assure themselves that all handling,-prodessing, storing and
shipping of. SNM, is given prior re vie'w and approvalby;.the Nuclear.an
Industrial;.4alety Department, that suifabile 'control.measures s e pre-
'scribed .na ta 'allprtnnt .t ~ - t~os'inrsq1 prcd
relative to'nuciear'criticality safety oe .radiologica' iaf ety, are
followed-by supervision and all'operating persofinel..

*,Approval by the. Nuclearan Industria1 Safety-Departent *' 8 be in
*-accordnace with criteria established by the :icense. ThIe.mechapij m of'
'such appr'v, i8' desc'riber in .re detal in 8aubs1ctio206.

2.- . a.RcoverX. Operations .' . -

Control of the.process is maintained throug a system of standard
. procedures and parameters, and provisions'f6r reporting and correcting.

abnormal occurences. .'

2.1 Operating Procedures . - ' . . , ' .

Issued by' the Process Engineer, provide detailed instructionis,for.
equipment' operatioc' and material'handling, including specific

- safety requirements. B.O P.Is are the basic oontro l document;
before issuance or tevisioh they requfre Engineeringi".:Production,
Nuclear' nd,'Industrial Safety and. SNAI Management approval by.
signature. . .. . . , . -

. .2.2 Process Parameter Sheets . .

Issued 'byProcess Engineer establsh- and communicate detailed
parameters for each Jobuithin limit6s established by 8.0'. P.

2.3 Operating'Reports'

,Operating reports are ued and pepare ,as requi redfor production
'. lIJn .d: .c.n .. :...:-.

3 . Fuel Fabrlcation&Oporations

Control of.the procqss ismainta'ined through a sy$ti of written '
'operating prroceduresnd provisions for reporting and correcting

*abnotmal occurrences.:.Operationsfinvdltin,'SNiM require.,prior written
.: , .. approvalby btheyNuclear aiid.Indftria1 Safety Departmenht,. .This is.

'- .accomplished b~y *he .poosting .sbign wbitbh nclear..criticp3ity safety and
.'.: a g .healthn w and issued.enaccrlthwt et~n 0~i 144 . -,.

h, -phy * I:idrd-ddise

S. - .-. 1'
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- ADMINISTRATION
Subsection: 206 - Nuclear and Industrial Safety Approved

Controls
Amendment No.

206. Nuclear and Industrial Safety Controls

1. Responsibility

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 procedures is
identified by signature of the NIS Department Representative 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 thecriteria 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 and 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. 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 operations, 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.

2. 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 functions.

* 3. 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 Frequency#

Health Physics 2 months

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 is a more thorough inspection in which the results of
previous checks, inspections or audits are also reviewed, as 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 is performed once a
year by a team appointed by the General Manager.

lI

I

I

*Indicates Change
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203. Training

1. Purpose-

The purpose 6f the training program is 'to inform and instruct all
employees in the policy and programs of.the company as they relate
to nuclear:,criticality saf*ety, health physicjs and-indust±,ial safety,,nd:prper & Pe . rande '.of $ther assigniientgs.. -a:,'

: 2. New Employees

The indoctrnation of new emplo'yees in'the safety aspects of -the.'
/ facility is conducted by, or under the 'supervisi~on of 'Specialisit'

in the'varipus''topics. The -indoctrination:to'pis-'±nclude but are
-* not limited to;.- - - .

* a) Fundamentals'of.nuclear criticality safety'tcndtcs'trols.

b). Fundamentals of'the health physics.program afid controls.

* c) Emergency-Alarms'and actions required.''

-d) A review of the.' acility operations

,). On the job training, .underr direct line luapervision and/or by
experienced'pe3sonnel. '

3. Continued'Training-. .

The training and personnel.safety program'is continued with on the job
-traiing supplemented -by regularly scheduled meetings conducted by line
supervidion and-.specialisfn the subjects covered. EIncluded are
:topics:in -nuclear sa:Nety, health'.phytics' and radia ion safety,, use of
:personnel prot'ect-on.equlpment, industrial isaet ion d'aceidt,usprevention
and other topics applicable to thW fac4 ity pperaticon.-

i .,,.-, -r..

' :.

'' ' '' ' d. ' ' ,:' ' D .: .2 i . . : t ' 'f '.' " 'S;'F' ' ' ..
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I
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UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION'

POSITION General Manager, Commercial Products Division

PERSON Frederick G. Stengel

EXPERIENCE

Mr. Stengel has fifteen years experience in development and fabrication
of nuclear core fuel materials, fuel elements, and'assemblies. His
developmental experience includes several prototype naval reactors,
PWR, and RTGR. He has extensive background in the developtent of uranium
alloy, carbide, and ceramic fuel materials, and in management of related
technicalprograms.

FORMER POSITIONS

J-

1965 - 1967

1963 - 1965

.1958 - 1963

. 1952 - 1958

Chemical Operations Manager, Fuels Division,
Hematite, Missouri

Manager. Process Engineering, General Atomic, Fuel
Operations Division

Supervisor, Westinghouse Electric Corporation,
Bettis Atomic Power Division, West Mifflin,
Pennsylvania

Junior to Senior Engineer, Westinghouse Electric
Corporation, Bettis Atomic Power Division,
West Mifflin, Pennsylvania.

EDUCATION

B. S., Metallurgical Eng:tneering, Massachusetts Institute of Technology

Business Administration,.tUiversity of Pittsburgh, 1959.

5/22/68



UNITED NUCLEAR CORPORATION .' ; .

COMMERCIAL PRODUCTS DIVISION..

POSITION Chemical Operations Plant Manager

PERSON Robert M. Barto, Jr.

EXPERIENCE

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

FORMER POSITIONS

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

1961 - 1967 Manager, Quality A.Asurance and Inspection, Veeder-Root
Company, Hartford, Connecticut

1956 - 1961 Manager, Quality Control and Inspection, Combustion
Engineering, Nuclear Division, Windsor, Connecticut

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

EDUCATION

William Jewell College A. B. Physics & Mathmatics
Cornell University & Mohawk College.- Engineering Courses
Syracuse.University - Graduate Work, Physics,

.8/19/68-



UNITED NUCLEAR CORPORATION
d

COMMERCIAL PRODUCTS DIVISION

POSITION

PERSON

Recovery Operations Superintendent

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 programs.

FORMER POSITIONS

1965 - 1967

1955 - 1965

1953 - 1955

Process Engineer, Fuels Recovery Plant, Fuels Division,
United Nuclear Corporation, Wood River Junction,
Rhode Island

Process Engineer and Supervisor of Enriched Uranium
Scrap R covery, Y-12 Plant, Union Carbide Corporation,
Oak Ridge, Tennessee

Process Development Engineer, Fuels Conversion Process,
Oak Ridge Gaseous Diffusion Plant, Union Carbide
Corporation, Oak Ridge, Tennessee

EDUCATION

B.S.. Chemical Engineering, Grove City College, Pennsylvania je & 64

5/22/68



UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Fuel Fabrication Operations Plant Manager

01PERSON William J. Compas

EXPERIENCE

Mr. Compas has had fifteen years experience in technology of nuclear reactor
cores and nuclear material fabrication and testing, with particular emphasis
on uranium alloys, Zircaloy and hafnium. He has extensive background in
quality control and process development.and improvement.

FORMER POSITIONS

1965 - 1967

1962 - 1965

1961 - 1962

1958 - 1961

1957 - 1958

1956 - 1957

1954 - 1956

1952 - 1954

EDUCATION

B.S., St. Louis

Quality Control Manager, Naval Products Department,
Fuels Division, United Nuclear Corporation, New Haven, Connecticut.

Manager, Manufacturing Engineering, Fuels Division,
United Nuclear Corporation, New Haven, Connecticut.

Superintendent of Engineering, Fuels Division, United Nuclear
Corporation, New Raven, Connecticut

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

Senior Process Engineer, Nuclear Fuel. Opetation, Olin Mathieson
Chemical Corporation, New Haven, Connecticut.

Process Engineer, Nuclear Fuel Operation, Olin Mathieson Chemical
Corporation, New Haven, Connecticut.

Supervisor, Process Development in Establishing Roll Bond Tube
in Sheet Technology, Olin Mathieson Chemical Corporation,
East Alton, Illinois.

Research Metallurgist, Ames Laboratory (AEC), Iowa State
University, Ames, Towa. -

University j_.j

Graduate studies at Iowa State University, 1952-54.'

5-22-68



UNITED NUCLEAR CORPORATION
A

COMMERCIAL PRODUCTS DIVISION

POSITION'

PERSON

Nuclear and Industrial Safety Manager

Louis J. Swallow

EXPERIENCE

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

FORMER POSITIONS

1967 - 1968

1964 - 1967

.1958 - 1964

1955 - 1958

EDUCATION

B. S., Mechanici

L. S., Mechanici

Oak Ridge Nativi

Construction H
Commercial Pr
Hematite, Miss

Operations Con
Division, Units

anager, SWOPP Task Force, Chemicals Operation,
ducts Division, United Nuclear Corporation,

ouri

trol Manager, Chemicals Operation, Fuels
ed Nuclear Corporation, Hematite, Missouri

I.

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

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

an6
81 Engineering, Washington University, St. Louis, Missouri,1

zl Engineering, Washington University, St. Louis, Missouri, 1955

aal Laboratory,. Nuclear Safety School, OctoberL1959

5/22/68



UNITED NUCLEAR CORPORATION

CO1MERCIAL PRODUCTS DIVISION

POSITION Special Projects Manager

PERSON Robert I. Hanfling

EXPERIENCE

Mr. Hanfling has seven years experience in the Nuclear Industry. His
includes production, planning and control, and nuclear reactor design
ment.

experience
and develop-

FORMER POSITIONS

1968 - to preset

1967 -. 1968

1967 -

1966 - 1967

Lt Special Project Manager, Commercial Products Division,
United Nuclear Corporation, New Haven Connecticut

Project Manager - KAPL Contract, Naval Products Division,
United Nuclear Corporation, New Haven, Connecticut

Manager, Operations Control, Naval Products Division,
United Nuclear Corporation, New. Haven, Connecticut

Manager, Planning and Control, Naval Products Department,
Fuels.Division, United Nuclear Corporation, New Haven,
Connecticut -

Project Director - "136" Contract, Naval Products Depart-
ment, Fuels Division, United Nuclear Corporation,.
New Eaven, Connecticut

' 1966 -

.... 1962

1962 -

,:

- 1966 Project Engineer, MCR; NDA and UNC Research and Engineering
Center (formerly Development Division)

(Temporary Assignment) Supervisory Eng'ineer,'Navy Core
Assembly, Fuels Division. United Nuclear Corporation -

-1961 - 1962 Engineer, Reactor Design and Analysis, Nuclear Development
Corporation of America ' .

EDUCATION'. - '- -- .'-' .

* Rensselaer Polytechnic Institute, B.S., Chemical Eni 'eeringjj *.
West Virginia University, M.S., N clear Engineering.1961 .
City College of New York, M.B.A., 1966

-*- .. . .

I.

S%
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UNITED NUCLr4R CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Manager Facilities & Development Engineering.Commercial Products Division

PERSON James A. Rode

EXPERIENCE

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

compounds. His experience includes production, research & development involving
U02, uranium, uranium carbides and mixed oxides of uranium.

FORLER POSITIONS'

1965 - 1967 Manager Research & Development Chemicals Operation, Hematite, Missouri

1964 - 1965 Technical Director - Chemicals Operation, Hematite, Missouri

1961 - 1964 Assistant Technical Director - Chemicals Division, Hematite, Missouri

1958 - i961 Group Leader - Mallinckrodt Nuclear Corporation, Hematite, Missouri

1957 - 1958 Production Engineer & Production Supervisor Special Metals Division,
Mallinckrodt, Hematite, Missouri

1955 - 1957 Project Engineer - Mallinckrodt Chemical Works Special Metals

1954 - 1955 Group Leader - Development Group, Mallinckrodt Chemical Works

Uranium Division, St. Louis, Missouri

1953 - 1954 Research Chemist, Development Engineer Production Engineer
Mallinckrodt Chemical Works, Uranium Divisions St. Louis, Missouri

EDUCATION

B. S. Chemical Engineering, University of Texas, 8.X.
10-23-68



UNITED NUCLEAR CORPORATION

CO?&ZRCLkL PRODUCTS DIVISION

POSITION Administrative Manager, Commercial Products Divipion

PERSON Laurence R. Garland

EXPERIENCE

Has extensive background in financial management in manufacturing as well as
plant management experience.

FORMER POSITIONS

1964 - 1967 Chemical Operations Administrative Manager

1962 - 1964 Plant Mianager - Walworth Company, East St. Louis, Illinois

1958 - 1962 Division Controller - Walworth Company, East St. Louis, Illiz

1942 - 1958 Works Accountant and Cost Accountant - Various Plants, Walwow
r% -- -

rios

!th,

Accounta.nt - Northern Indiana Publid Service Co.1937 - 1942

EDUCATION

B. S. In Business Administrations University of Notre Dame, , bc. 4

10:23-68



UNITED NUCLEAR CORPORATION

COMMERCIAL 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 experience
covers dt -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 procedures for criticality control and reactor operations
and preparing computer programs for health and safety analysis. Also,
Mr. Kropp has been licensed as a reactor operator.

FORMER POSITIONS

1965 - 1968

1963 - 1965

1958 - 1963

1956 - 1957

1952 - 1956

1951 - 1952

Nuclear Safety Specialist, Fuels Division, United
Nuclear Corporation, New Haven, Connecticut.

Staff Associate, Nuclear Analysis and Reactor Physics
Department and Member, Criticality Safeguard Committee,
John J.. Hopkins Laboratory for Pure and Applied Sciences,
General Atomic, San Diego, California.

Lead Engineer, Criticality Control Standards, Bettis
Atomic Power Laboratory, Westinghouse Electric
Corporation, Pittsburgh, Pennsylvania.

Test Engineer, Reictor Operations and Hazards Group,
Convair, Fort Worth Division, Fort Worth, Texas.

Aerological and Research Officer, U. S. Navy.

Meteorological Aid, U. S. Weather Bureau,
Spartanburg, South Carolina.

* _.. . _._v.

EDUCATION

B.S., Meteorology, Florida State University, < £6X. \

Graduate Physics, University of California, 1954-55.

Graduate Physics, Texas Christian Universit 1956-57.

Bettis School of Reactor Engineering, 1958-61.

Graduate Computing Sciences, Carnegie Institute of Technology \1962-63.
.. . ........

5/22/68



UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Health Physics Specialist

PERSON David G. Darr

EXPERIENCE

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

He has for years' experience in nuclear safety involving audit functions
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

1967 - 1968

1964 - 1967

1961. - 1964

1957 - 1961

1956 - 1957

1954 - 1956

EDUCATION

Engineering,

.Engineering,

Physics, New

Nuclear Licensing and Safety Specialist, Fuels Division,
United Nuclear Corporation, Hematite, Missouri.

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

Health Physics Officer, Member of Isotope Committee
and Consulting Industrial Physicist, Nuclear Consultants
Corp., St. Louis, Missouri.

Health Physics Supervisor, Nuclear Fuels Operation, Olin
Mathieson Chemical Corp., New Haven, Connecticut

Technician, Health Physics Department, Uranium Division,
Mallinckrodt Chemical Works, St. Louis, Missouri.

SCOIC, Operations Group, 1st Radiological Safety Support
Unit, U. S. Army, Nevada Test Site and Ft. McClellan,
Alabama.

Central Missouri State Collee', ,

Washington University,,11957

Haven College, 1960

5/22/68



TRTITED 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 at chemical recovery and fual 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 M4anagement experience included routine records keeping, auditing and
other associated duties.

FORMER POSITIONS

1965 - 1968

1963 - 1965

1961- 1963

1960 - 1961

1957 - 1960

Nuclear Licensing and Safety Department Representative,
Fuels Division, United Nuclear Corporation, Wood River
Junction, Rhode Island.

Health Physics and Safety Technician (Senior), Fuels -Division,
United Nuclear Corporation, Wood River Junction, Rhode Island

Health Physics and Safety Technician, Fuels Division,
United Nuclear Corporation, New Haven, Connecticut

Materials Control Technician, Nuclear Fuels Operation,
Olin Mathieson Chemical Corporation, New Haven, Connecticut

Accountibility Technician, Nuclear Fuels Operation, Olin
Mathieson Chemical Corporation, New Haven, Connecticut

EDUCATION

Education, Lynden (Vermont) Teachers College,

5-22-68



UNITED NUCLEAR CORPORATION

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

1962 - 1965

1958 - 1962

Supervisor of Nuclear Materials Management, United
Nuclear Corporation, Hematite, Missouri

Production Control Coordinator, General Atomic Fuels
Division, San Diego, California

Research Assistant, General Atomic, San Diego, California

-r EDUCATION

B. A., Mathematics, San Diego State College,

Business Administration, San Diego State Col

5-22-68



UNITED NUCLEAR CORPORATION

COMMRCIAL PRODUCTS DIVISION

POSITION Fuel Fabrication Operations 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 U02 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, and the
fabrication of U02 pellet - Zircaloy tubular clad fuel elements for many utility
power reactors.

FORMER POSITIONS

1967 - 1968

1965 - 1967

1961 - 1965

1959 - 1961

1955 - 1959

1954 - 1955

1953 - 1954

1952 - 1953

1951 - 1953

Engineering Manager, Fuels Division, United Nuclear Corporation,
New Haven, Connecticut.

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

Engineering Specialist, Fuels Division, United Nuclear
Corporation, New Haven, Connecticut

Engineering Specialist, Nuclear Fuel Operations, Olin Mathieson
Chemical Corporation, New Haven, Connecticut

Supervisor, Mechanical Engineering, Sylvania-Corning Nuclear
Corporation, Ricksville, New York.

Project Engineer, Sylvania-Corning Nuclear Corporation, Hicks-
ville, New York.

Rocket Design Engineer, U. S. Army.

Mechanical Engineer, Atomic Energy Division, Sylvania Electric
Products, Inc., Hicksville, New York.

Mechanical Engineer, Norfolk Naval Shipyard, Portsmouth, Virginia.

EDUCATION

B. S., Mechanical Engineering, Brooklyn Polytechnic Institu

M. S., Industrial Engineering, New York University,1958.

•x4

5-22-68



UNITED NUCLEAR CORPORATION

COhMERCIAL PRODUCTS DIVISION

POSITION Fuel Fabrication Operations Manufacturing Manager

PERSON Francis J. Pianki

EXPERIENCE

Mr. Pianki has sixteen years experience in the field of fuel element and nuclear
materials production and development, and this production and development
experience includes aluminum, stainless steel, zirconium and many other special
type fuel elements. He has also been engaged in research and development of
fabrication methods for nuclear fuel materials.

FORMER POSITIONS

1966 - 1967

1965 - 1966.

1964 - 1965

1963 - 1964

1961 - 1963

1959 - 1961

1957 - 1959

1956 - 1957

1955 - 1956

1952 - 1955

1952 - 1952

Manufacturing Manager, Fuels Division, United Nuclear Corporation,
New Haven, Connecticut.

Supervisor of Metallurgical Functions Engineering, Fuels Division,
United Nuclear Corporation, New Haven, Connecticut.

Manufacturing Engineering Superintendent, Fuels Division,
United Nuclear Corporation, New Haven, Connecticut

Manufacturing Superintendent, Fuels Division, United Nuclear
Corporation, New Haven, Connecticut

Commercial Development Supervisor, Fuels Division, United
Nuclear .Corporation, New Haven, Connecticut

Commercial Development Supervisor, Nuclear Fuel Operations,
Olin Mathieson Chemical Corporation, -New Haven, Connecticut.

Supervisor of Production Engineering, Sylvania-Corning Nuclear
Corporation, Ricksville, Long Island, New York.

Senior Engineer, Sylvania-Corning Nuclear Corporation, Bayside
New York

Senior Engineer, Westinghouse Atomic Power Division, Bettis
Field, Pittsburgh, Pennsylvania.

Engineer, Atomic Energy Division, Sylvania Electric Products,
Inc.-, Bayside, New York.

Metallurgist, Spery Gyroscope Co., Lake Success, Long Island,
New York

EDUCATION

Metallurgical Engineering, Purdue University, * 0 j,

B. S., Metallurgical Engineering, Polytechnic Institute of Brooklyn, v

Graduate Metallurgy, Polytechnic Institute of Brooklyn

5-22-68
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UNITED HWiLEA6R COPRO~IT ION

COL2flRCIAL PRODUCTS DIVISION

POS ITIOIT Quality Control Superintendent

PERSON Raymond C. Sohl

EXP RIENCE

Sir. Sojil has 21 years experience. In quality control including seven years in
nuclear fuel fabrication.

FOIUMR POSITIONS

1961 - 19(

1947 - l9

EDTUAT MO

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

31 Quality Engineer, Thompson Ramo Woolridge, Inc.
Cleveland, Ohio

Graduate, Case Institute of Techoulogy, 1944
B. S. Engineering, Ohio State Universit * b

10-30/68



UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Recovery Operations 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 now in use and supervision of these operations.

FORMER POSITIONS

-; i.

; I

. I

1964 - 1967

1960 - 1964

Operations Supervisor and Process Engineer, Fuels
Recovery Plant, Fuels Division, United Nuclear Corporation,
Wood River Junction, Rhode Island

Quality Control Chemist, Bird & Son, Inc., Walpole,
Massachusetts

EDUCATION

B. S., Chemistry, University of Rhode Island,
4�-X. ('0

5-22-68
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UNITED NUCLEAR CORPORATION

COWERCIAL PRODUCTS DIVISION

POSITIONS Recovery Operations Plant Administrator

PERSON Frederick R. Thoennes

EXPERIENCE

Mr. Thoennes has one year experience in Divisional accounting procedures.
He is trained in standard accounting practices and has received on the
job traiuing in Nuclear Materials Management.

FORMER POSITIONS

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

EDUCATION

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

5-22-68



UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCT3 DIVISION

POSITION Recovery Operations Plant 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

A.

1967 - Present

1965 - 1967

1963 - 1965

Recovery Operations Plant Chemist, Fuels Division,
United Nuclear Corporation, Wood River Junction,
Rhode Island

Chemist, Fuels Division, United Nuclear Corporation,
Hematite, Missouri.

Research Chemist, Dennis Chemical Company,
St. Louis, Missouri

EDUCATION

B. S., Mathematics, Southeast Missouri State College- ex-'�

5-22-68



UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Recovery Operations Production Supervisor

PERSON James H. Walkefield

EXPERIENCE

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

FOUIER POSITIONS

1965 - Present Recovery Operations Production Supervisor. Commercial

1954 - 1965

1951 - 1954

1949 - 1951

Products Division, United Nuclear Corp., Wood River-
Junction, R. I.

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

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

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

EDUCATION

D. S., Chemistry and Mathematics, Florence State College,

. I

9/25/68



UNITED NUCLEAR CORPOkATION

COMERCIAL PRODUCTS DIVI8ION

POSITION Recovery Operations Production Supervisor

PERSON Robert A. Nelson

EXPERIENCE

Mr. Nalon has eight years of experience in the chemical and nuclear fuel indusery.
His experience includes laboratory development in analytical chemistry, research
and development in ceramic fuel materials, process engineering and production
supervision in the uranium processing industry.

FORMER POSITIONS

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

1961 - 1965 Chemist, Fuels .Divisicn, United Nuclear Corp., Hematite, Mo.

1960 - 1961 Analytical Chemist, Mallinclcrodt Chemical Works, St. Louis, Mo.

EDUCATION

B. A., Chemistry, Wisconsin State College, e

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

'U/-

9125/68



UNITED NUCLEAR CORPORATION

COMMERCIAL PRODUCTS DIVISION

POSITION Recovery Operations Production Supervisor

PERSON William R. Pearson
r

EXPERIENCE

Mr. Pearson has 15 years of experience in the chemical and nuclear fuels industry.
Experience includes design and development of a UF6 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

1962 - 1964

1958 - 1962

1953 - 1958

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

Supervisor, Utilities Operations Production Sub-Division,
Goodyear-Atomic Corp., Piketon, Ohio.

General Foreman, Flouride Generation and Feed Vaporization
Facility, Goodyear Atomic Corp., Piketon, Ohio.

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

EDUCATION

Certificate, Textile Chemistry, New Bedford Textile Institute, ; 1 9 4 8

B.S., Chemistry, Northeastern University,. Ea. /
Graduate Management, Ohio University! 1958 - 1962 -

9/25/68
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Subsection: 301 r- Statement of Policy SPREE e

-301. statement of Policy .*--

'It jj the policy. of* United Nuclear Corp'oration ~to est-ablish "man:agement
controls, plant facilities and...equipment -designs, aitd. bperatizig proceduresto reduce the possibility of a. nuclear qriticality acdAdent toas minimum.The standards contained in this sectiorn .300), .dcesAcribe- the. conltrols' an~dcriteria. app al.to tbe. impleentation' of .th ispliy
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UNITED NUCLEAR
C 0 R P a R A T I 0 N I Issued 2/6/70

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

SECTION: 300 - NUCLEAR CRITICALITY SAFETY
STANDARDS

Subsection: 302 - General Requirements Approved

Amendment No.

302. General Requirements

1. Purpose

1.1 These standards provide basic nuclear criticality 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.

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

2. Basic Principles

2.1 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 criticality
safety evaluation shall be based on principle that at least two
unlikely and unrelated events must occur before accidental criti-
cality can result.

2.2 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

2.3 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.

*Indicates Change
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UNITED NUCLEAR.
C 0 R P 0 R A T I 0 N Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes 10/31/68

STANDARDS
Subsection: 303 - Evaluations Approved

Amendment No.

303. Evaluations

1. Purpose

Evaluations will be performed considering factors which may affect
the criticality of the system. These include:

1.1 Enrichment

1.2 Geometry

1.3 Moderation

1.4 Reflection

1.5 Mass

1.6 Volume

' 1.7 Concentration

1.8 Interaction

1.9 Structural Integrity

1.10 Poisons (if applicable)

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-basic--limits
which are used to obtain operating criticality safety limits.
These graphs and tables have safety factors incorporated into them.

2.2 Interaction

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

2.2.1 Solid Angle Method - Solid angle 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 KRAMethod - Solid angles shall be calculated using the
figures in Y-1272.

*



Page 2 of 2
UNITED NUCLEAR .

COR POR ATION IIssued 2/6/70.
LICENSE: SNM-33 & SNM-777, Docket 70-36 & 70-820 Supersedes 10/31/68
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes _10/31/68

STANDARDS Approved
Subsection: 303 - Evaluations

Amendment No.

303. Evaluations (continued)

2.2.3 Criticality Zones

The interaction between criticality zones may not be
specifically evaluated if the following are met)

a) The SNM in each criticality zone is separated from
SNM in other criticality zones by at 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 illustrated in attached Nuclear Safety Evaluation.

* Storage devices are not considered criticality zones.
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 Isolation

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

* a) Eight (8) inches of solid concrete with a density
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 reactive 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 perpendicularto 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 NUCLEA-,5 R
C O R P O R A. T I O N 'PAGE--1. OF

LICENSE: SNM-777, Docket: 70-82_0 Approved
SECTION: 300 - NUCLEAR CRITICALITY SAFETY . .

SAkPARDSSubeton 30 . .. .ISSUED October 31, 1868
Subsection: 304 Structual Integrity -q

SUPERSEDES New

304. Structural Integrity .

1. Purpose

VWenever nuclear criticality safety is directly dependent on the
integrity of,,a fixture, container, storage rack or isolation structure,

the fixture,, container,.storage rack' or.isolation stuircture s'hall be
.-_designed ih.baccdrdance.with the follwincritria. .-. -

2. 'Secifications

2.1 Materials shall be selected.to.be fire 'and coxrosion .resistant.
..-. :. :.'- -1 - mate.... .' :-: ;*

.2.2 The safety factor.is at least five (5)' (applicab le to ultimate
strength.of material at design coiditions). Assurance'that the

conditiobs of.this Section are met.will be accomplis.hed by test
_ or design by an engineer knowledgeable in material properties and

design'.

2.3 Records of test results and design calculations will be maintained
. as provided.in Subsection 206.

; 3. Inspections ' r **

. Fixtures, containers, storage racks, or isolation structures which
maintain a safe geometry or spacing will be'inspected to assure the

- continued reliability of such devices.

3.1 Fixtures Exposed to Corrosive Enviornments.

3.1.1 Fixtures sAuqh as'pickling ±iitures will.be visually
inspected'foqr defects such as cracks at least monthly.

. These checls will be performed by.'opeiating supervision
'whowill aia record of-these. checks.

:3.1.2 Defective fixtures will be Wvithdrawn fromi service and
repaired. Fixturesashall be inspected by operating super-
. .ision to insu3e that orlginal degign conditions have been

.restored.

3.2 Other Devices',

3.2.1 Devic'es such as storage racks and containers- shall be
-'', checed by XS pers'onnel during inspections and audits.

3.2.2. Devices requiring'repair shall be identiied and repairbd.
-Repar ed ...by NIS. personnel or
.operating supe'rvis oE to insute that original design
conditiois have bee6 restored.

~~~. . ...-................

-* . ,. ,;-t
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UNITED NUCLEAR.

C O R P O R A T I NI Issued 2/6/70
LICENSE: SbM-33 & SNM-777, Dockets 70-36 & 70-820 Supersedes 10/31/68
SECTION? 300 - NUCLEAR CRITICALITY SAFETY Superedes _10/31/68

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 criticality
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 B203.

1.1.3. Raschig rings are small hollow cylindersiwith 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 22X of the volume.

1.1.5. Maximum solution concentration is 10 grams U-235/liter.

* 1.1.6. Deleted

1.2 Inspections

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 is intact and in a planned
location.

*Indicates Change
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STANDARDS
305 - Nuclear Poisons SUPERSEDES New

305. Nuclear Poisons ( continued)

2.1 Soluble Salts

Soluble 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 shall be established to maintain equal
molal quantities of U235 and boron or cadmium
(Reference: TOD 7016, Rev. 1, page 32, Soluble Poisons)

:
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UNITED NUCLEAR

C 0 R P 0 R A T I 0 N I Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820 Supersedes 10/31/68
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes _10/31/68

STANDARDS Approved
Subsection: 306 - Criticality Zones Apoe

Amendment No.

.306. Criticality Zones

306.1 General

Nuclear Criticality Safety control may be achieved by subdividing
the manufacturing or process area into logical work stations 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 is controlled as described in
Subsection 303.

2.4 Type of Criticality Zones

2.4.1 Wet Zones

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

* 2.42 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 zone or exclusion
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
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C O R P O R A T I O N Issued 2/6/70

LICENSE: SNM-36 & SNM-717, Docket: 70-36 & 70-820
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes 10/31/68

STANDARDS
Subsection: 306 - Criticality Zones Approved

Amendment No.

* 2.4.2 Special Zones (continued)

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

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

I*Indicates Change
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UNITED NUCLEAR
C O R P O R A T I O N Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Dockets 70-36 & 70-820 Supersedes 10/31/68
SECTION: 300 - NUCLEAR CRITICALITY SAFETY Supersedes _10/31/68

STANDARDS
Subsection: 307 - Marking and Labeling Approved

Amendment No.

307. Marking and Labeling

1. Criticality Limits

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.

c

*Indicates Change
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SUBJECT:
SECTION:

LICENSE: SNM-777, Docket: 70-820
300 - NUCLEAR CRITICALITY SAFETY STANDARDS

._

PAGE 1 OF 1

Aporoved:

ISSUED October 31, 1968

SUPERSEDES*Subiectioh: 308 - Equipment Design

3Q8. Equipment Design

1. Purpose

Certain criteria apply 'to the all phases of equipment design. These
criteria are considered in the design of all equipment used in the
Processing of SMiI.

2. Specifications

2.1 Vessels of unsafe geometry shall be separated by air breaks or
other positive method from safe geometry vessels used for SNM
bearing solutions to prevent siphoning the SEW bearing solutions
into the unsafe geometry vessels.

2.2 Catch pans which are located under some of the equipment are for
the purpose of controlling any minor leaks or drips, This'improves
housekeeping, reduces the spread of contamination, and reduces
S1MI losses. 'The depth or. volume of the pans shall not exceed the
safe slab thickness or volume established for the area.

.2.3 The diameter or volume of overflow and vent bottles shall-not
exceed the safe diameter or volume established for the process
area.

2.4 Insulation on pipes and equipment which contain SNMI bearing solu-
tions will be made of impervious materials (e g., foam glass) and
provided with wepp holes to prevent the possibility of obtaining
greater dimensions (volume, diameter, etc.).
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UNITED NUCLEAR.

C O R P O R A T I O N I Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820
SECTION: 300 - NUCLEAR CRITICALITY SAFETY STANDA1
Subsection: 309 - Tables and Graphs
Subpart: Approved

Amendment No.

k 309. Tables and Graphs

1. Purpose

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

2. Safety Factors

As used on the curves of this Subsection, the safety factor is the
ratio of the safe unit to the critical unit.

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 (ref-
erence TID-7016, Rev. 1). The critical data from which the standard
safe data is developed has been reviewed andjdetermined to be
sufficiently accurate as not to warrant a further increase.

*Indicates Change



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

Safe Uranium Limits*
Safe Control Parameter

Mass

Cylinder Diameter

Cross Sectional Area

Volume

Slab Thickness

*Applicable to:

Metal Systems Compound Svstems Solution Systems

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

*Specific Conditions to be Maintained:
1. For metal,

a) Solid metal pieces with no re-entrant holes.
b) Smallest individual piece is 4 kg U.
c) Densities up to and including full density.

2. For compounds,
a) Total U density vs. H/U ratio is not greater

than that of U02 as per Figure 309-XXIV.
b) Bulk density up to and including 4 kg U/liter.

3. For solutions,
a) Total U density vs. H/U ratio is not! greatet

than that of U02 F2 as per Figure 309-XXIV.

Source of Data:
a) Metal - Figures 1-4, TID-7016, Rev. 1
b) Compounds - Figures 309-XXV thru

XXVIII and Nuclear Safety Evaluation,
4.8 liter sphere.

c) Solutions - Figures 1-4, TID-7016, Rev.l.

LICENSE: SNN4477 DOCKET: 2(

SECTION: 300 SUBPART: 309

Table 309-I, Safe Limits for
Metal, U02 and Solution Systemi

Page 1 of l

ISSUED: 2/6/70

SUPERSEDES: 10/31/68

APPROVED:
AMENDMENT NO.:
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Safe Limits for Individual Units
of Metal and Compounds

Degree of Moderiition H/U-235 Mass Limits*
Not More Than SK-N. U-235)More Than

------ 111--�
I____

l
Keff Keff

Reflected ,Bare -

a

_ .- . .A F F. -

*Applicable to:

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

. . .. .. . Z

*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 ofiData:

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

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

SECTION: 300 SUBPART:309
Table 309-II, Maximum Size of
Individual Units

Page 1 of 1

ISSUED: 2/6/70

SUPERSEDES: 10/31/68

APPROVED:
AMENDMENT NO.:
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LIMITS FOR WET ZONES

CONTROL PARAMETER LIMIT

Safe Linear Density*

Safe Mass
ex, f

0
LIMITS FOR DRY.ZONES

CONTROL PARAMETER LIMIT

Safe Mass

Safe Linear Density*
.�'X-,.f

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

Applicable to:
1. Fuel fabrication operations for purpose of establishing safe piece count.
2. Any U-235 enrichment.
3. Full water reflection.
4. Wet zone limits for:

Uranium solutions: alloys of U-Al& U-SS, up to 50 weight % U-235;
and U-Zr up to 25 weight X U-235.

5. Dry zone limits for:
Alloys of: U-Al and U-SS up to 50 weight X U-235 U-Zr up to 25
weight % U-235.

Specific conditions to be maintained:
1. Wet and dry zone controls specified in Subsection 306.2.4.1.

Source of Data:
1. Wet Zone - Safe Mass for Table 309-I

Safe Linear Density NDEO-1050.
2. Dry Zone Twice wetzone limits.

,'-9l

LICENSE: SNM-:77 DOCKET: 0 20

SECTION: 300 SUBPART: 309
Table III, Special Limits

Page. 1 of 1

ISSUED: 2/6/70

SUPERSEDES: 10/31/68

APPROVED:
AMENDMENT NO.:
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SAFE MASSES OF HETEROGENEOUS
LOW ENRICHED U02

Applicable to:
1. U02 pellets at maximum theoretical

density.
2. U-235 enrichment as shown (maximum

5%)
3. Optimum water moderation.
4. Full water reflection.
Safety factor - .45
Source of Data: NDEO-1050, Section 5.0

.0I.

LICENSE: SNM-33 DOCKET: 70-3#
SNM-777 70-821

SECTION: 300, Subpart 309

Figure: 309-XIII

ISSUED: 2/6/70
SUPERSEDES: 10/31/68

APPROVED:
Amnendmepnt No.*!

URANIUM ENRICHMENT, WT. % U-235
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SAFE VOLUMES OF HETEROGENEOUS
LOW ENRICHED U02

Applicable to: .
1. U02 pellets at maximum theoretical

density.
2. U-235 enrichment as shown (maximum

5%)
3. Optimum water moderation.
4. Full water reflection.
Safety factor = .77
Source of Data: NDEO-1050, Section 5.0
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SAFE THIClKNESSES OF INFINITE SLABS
OF HETEROGENEOUS LOW ENRICHED U02
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Applicable to:
1. U02 pellets at maximum theoretical

density.
2. U-235 enrichment as shown (maximum

5%)
3. Optimum water moderation.
4. Full water reflection
Safety Factor - .88
Source of Data: NDEO-1050, Section 5.0
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SAFE DIAMETERS OF INFINITE CYLINDERS OF
HOMOGENEOUS URANIUM COMPOUND

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
greater than that of compounds
per Figure 309-XXIV.

Safety Factor - 0.88
Source of Data: DP ldl4, Appendix B,
Minimum "Safe" Value at 0 Rod Size
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SAFE MASSES OF HOMOGENEOUS LOW
ENRICHED URANIUM COMPOUNDS
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Applicable to:
1.. U-235 enrichment 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 greater
than that of compounds per
Figure 309-XXIV.

Safety Factor - 0.45-
Source of Data: DP 1014, Appendix
B, Minimum "Safe" Value at 0 Rod Sizi
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SAFE VOLUMES OF HOMOGENEOUS LOW
ENRICHED URANIUM COMPOUNDS

6_.

5-

4

Applicable to:
I. 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
greater than that of compounds
per Figure 309-XXIV.

Safety Factor - 0.77
Source of Data: DP 1014, Appendix B
Minimum "Safe" Value at 0 Rod Size
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SAFE THICKNESSES OF INFINITE SLABS OF
HOMOGENEOUS LOW ENRICHED URANIUM COMPOUNDS

Applicable to:
1.. U-235 enrichment as shown

(maximum 5%)
2. Optimum water moderation
3. Full water reflection
4. Powdered uranium compounds or

slurries. Total U density 'is.
H/U atom ratio is not greater
than that of compounds per
Figure 309-JXXIV..

Safety Factor = 0.89
Source of Data: DP 1014, Appendix
B, Minimum ' t4afe" Value at 0 Rod Size
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SAFE GEOMETRIC VARIBWLES

FOR SPECIFIED U-235 ENRICIMENTS

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

H/U atom ratio not greater than.nn

WHO M- p . g that of solutions per Figure 309-XXIV.13. Full reflection.
7 .i N_ Safety Factor:7. Sphere diameter - 1.1 (volume)

-E Cylinder diameter - 1.5. HMOf 4 Uf . Slab thickness- 1.05
Somrce of Data: Table XIII,' Figure 2,K-1019, 5th Revision
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Iflnite Cylinder- , Diameter
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SAFE MASSES FOR

SPECIFIED U-235 ENRICME

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

H/U atom ratio not greater than
that of solutions per Figure 309-XXIV.

3. Full reflection.
Safety Factor:

Mass - 2.3
Source of Data: Table XIV and Figure 3,
and Table XII K-1019, 5th Revision

%U-235 Enrichment
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ANY U-235 ENRICHMENT

Applicable to:
1. All U-235 enrichments.
2. Solutions with total U densit:

vs. H/U atom ratio not greater
than.that of solutions per
Figure 309-XXIV.

3. Full reflection.
Source of Data: Table XV, K-1019,
5th Revision
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NUCLEARLY SAFE MASSES FOR SPECIFIED MODERATION
I
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Applicable to:
1. All U-235 enrichments.
2. Full reflection.
3. Solutions with total U

density vs. H/U atom
ratio not greater than
that of solutions per
Figure 309-XXIV.
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Uranium Density vs.. H/U Ratio

I. 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 de ree of moderation is measured by the ratio of the hydrogen to uranium
atoms( ) of the system considered. Generally throughout the literature, the
U-235 Ysotope 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 in
terms of total uranium as it applies to density and degree of moderation;
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.

II. Material Types

The types of material processed at Commercial Products Division facilities
falls into four physical categories:

Solutions
U Metal and compound water mixtures
U Metal
U alloys with aluminum, zirconium and stainless steel

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

Uranium Metal
Uranium Compounds
Uranium Solutions

A. Uranium Compounds

The density vs. H/U relationship of U02 is the maximum for uranium compounds
processed by CPD. -

LICENSE: SNM-777 Docket 70-820
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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 U02,
U308, UF4, U02F2, U04, and ADU (ammonium diuranate). Of these U02 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 U02 is established as the upper limit for which sugh, 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 special
ceramic processing such as the process of making U02 pellets from U02 powder.
These densities are not possible from the chemical process of converting UF6
to U02 or recovery of uranium from scrap and residues; these processes result
in a U0 powder having a maximum bulk density of 4 kg U/liter corresponding
to an HOU 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 U02
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 a 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.

B. Uranium Solutions

The density vs. H/U relationship for U02F2 solutions is the maximum for
uranium solutions processed at CPD.

Historically, U02F2 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 genera
processed. A review of solutions processed
CPD confirms this; the most typical solution
being uranyl nitrate. These data are also
illustrated in Figure 1 and Table 1.

For purposes of establishing standard nuclear
criticality safety parameters for solutions i
density vs. H/U relationship of U02F2 soluti'

is established as the upper limits for which
the standards will be applicable.
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C. Uranium Metal

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

D. Alloys

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.

III. Development of the Density vs. H/U Ratio

A. Compounds and Water Mixtures

The relationship for uranium compounds 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:

B .
U

Weight H20 x
2 atom H
mole H20

weight U
x 238 mole U

.

weight H20
18 moles H20

atom U
x weight U x 1 mole U

weight H20
= 26.45 ( weight U )

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

B. Metal Water Mixtures

The relationship for uranium metal and water mixtures has been obtained
from the data of Figures 1 through 4, TID-7016, Rev. 1.

SNM-33, Docket /0-36
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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 ratios greater
than 20 will therefore follow those of solutions.
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TABLE 1

H _ Density, grams U/cc
U .(UO2 /U-235 =2.6

U°2 UF4 U02P2 S ldU02F2 Solution( )DEnsityd

O -.

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, X-1019, 5th Rev.
|0*. Figure 2.5 NDEO-1050

600

1000
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Safe Mass, Homogeneous
Uranium Compound - Water Mixtures

6L

For Density4l.0 kg U/liter.
Use Figure 1, TID-7016, Rev. 1.

to 9_
N

Ca

XA 8..

,f 7_

X6_

4-

.3

Applicable to:
1. Any U-235 enrichment.
2. Full water reflection.
3, Uranium compounds with total

density vs. H/U atom ratio no
greater than that of compound
per Figure 309-XXIV.

Special Requirement: The containe
volume shall not exceed bulk volu
of the compound (at density cor-
responding to safe mass) by more
than 10%.
Safety Factor = 0.45
Source of Data: Nuclear Safety
Evaluation, Figures 309-XXV thru
309-XXVIII.

Density'(Kg. U/liter)



0 Safe Volume, Homogeneous -
Uranium Compound - Water Mixtures

Q .... - ___Applicable to:

._.. .. = = == 1. Any U-235 enrichment.
2. Full water reflection.

_ ___3. Uranium compounds with total U
.n... 3density vs. H/U atom ratio not

greater than that of compounds
per Figure 309-XXIV.

Safety Factor 0.77
Source of Data: Nuclear Safety
Evaluation,'Figures 309-XXV thru
309-XXVIII.

t~~ For Density 41.0 kg U;/iter. -| ||||||||Il
llll it 3 dt Use Figure 2, TID-7016, Rev. 1.tlIIIIIIIII eLIIIIIIIII
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Safe Slab Thickness, Homogeneous
Uranium Compound - Water Mixtures
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Applicable to:
1. Any U-235 enrichment.
2. Full water reflection.
'3. Uranium compounds with total U

density vs. H/U atom ratio not
greater than that of compounds
per Ffgure 309-XXIV.

Safety Fa~tor 0.88
Source of Data: Nuclear Safety
Evaluatiop, Figures 309-XXV thr~u
309-XXVIII.
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For Density 41.0 Kg U/liter
Use Figure 4, TID-7016, Rev. 1.
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Critical and Safe Homogeneous Uranium Compound - Water
Cylinder Diameters and Slab Thicknesses at all Enrichments

Density
U-235 Total U

11/1-n4 (KgR. /L) Kg. U/L

0
0.98
2.94
8.96

20.60
43.90

R
(cdth

Cylinder

(1) R
D Rcb

______ (cm)
D L.)
8(In.)

T
(C )

Slab

T (2)
,r

Uln. )

-

_Tcd

Tb (2)
(,b

NOTE: (1) D8 m

2 R. (cm)

2.54 (cm/in.) x 1.13 s.f.

Tc ( cm)

2.54 (cm/in.).x 1.13 s.f.

- .693 %, where Rc values are obtained from Table V-K, LA-3612

- .346 Tc, where Te values are obtained from Table V-K, LA-3612(2) Ts '

Subscripts: c -
5 =
b -
r -

s.f.-

critical
safe
bare
full water reflector
safety factor LICENSE: SUHK-33 Docket: 70-36
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Critical and Safe Homogeneous Uranium Compounds -
Water Volumes and Masses at ll Enrichments

Sphere Mass

Density
..U-235 Total U

'U-235 (Kg./L) Kg U/L

*

(1)
Vcr
(Liters)

Vs, r(2) .
Vstr
(Liters)

(1)
Vc ,b
(Liters)

V9b(2)
V5 tb

_(Liters)

M (3)
ctr

(Kg. U-235)
* Msr
-ft. U)

Mcb 3

(Kg. U-235)
14sab 4

(Kf- RJ)

.98 1
94
.96
.60
.90.

NOTE: (1) Vc - 4/3f R 3

(2). Vs - .77 Vc

(3) Mc - Vc (

(4) Ms = .45m
.935

where Rc values are obtained from Table V-K, LA-3612

Subscripts: c - critical
a - safe
b - bare
r - full water reflector .LICENSE: SRK-33 Docket: 70-36

SNH-777 70-820
SECTION: 300. Subpart 309
Nuclear Safety Evaluation-Data fc
Figures 309-XXV thru XXVIII !
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Subsection: .401 '- General Health Physics Requirements

ISSUED October 3i, 1e968

401. General Health Physics Requirements

The Radiation Protection Program 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.

Internal procedures and/or data forms. are used in performing and documenting
the health physics functions in accordance witfthis section. Changest,
these procedures shall be reviewed.by'the Heaglth Physics Specialist or
Health Physic Consultant prior to approval by the Manager of the Nuclear
and Industrial Safety Department, Commercial Products Division.

1. Surface Contami-nation*

1.1 ResVrictVd Areas (As defined in 10 CPR 20).

. Action Contamination Action Level (Excluding'Process
''____ -_______ _ Equipment)

Immegliate Cleanup .10,000 alpha dpmrlCO cm2 removable .(smear)
100`0O0 beta. 'pm/100 cm? removable (smear)'

End of Shift 5,000 alpha'dpm/100 cm2 removable (siear)
* Cleanup. . 50,00 beta dpq/1O0 cm2 removable (smear)

Materiai on processing equipment or fixed on ..surfaces shall be'
limited as required to control Airborne radioactivity and external'
radiation-exposures.,

1.2 Unrestricted Areas -(Release of. afterials and equipment but does not
include the abandonment of buildings)

1.2.i. The maximum amount of fixed alpha radioactivity in dis-
intearations per minute per.100 square centimeters.shall
not exceed 25,000.

. 1.2.2 The average amount of fixed alpha radioactivity in dis-
integrations per minute per 100 square centimeters shall-

. , not exceed 5,000. . .

. ,1.2.3. The maximum amount of removable (capable of.being removed
by wiping the surfac`e with a filter paper or sioft'absorbent
paper) radioactivity (alpha or beta) in disintegrations per.

. minute per.100 square centimeters shall not exceed 1,000.

' 1.3.4 The maximum level att one cen'timeter from the'imost highly .
- contaminated surface measured with an open-window beta-

gamma survey meter through a tissue equivalent absorber of
not more than seven milligrams per square centimeter shall
.not exceed one millirad per hour.'-

*Apply to uranium, natural thorium and mixed fission and activation products.'
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401. General Health Physics Requirements (Con't)

The:average radiation level-at one centimeter from the
._ --contaminated surface measuredin the same manner shall not

exceed 0.2 millirad per hour.

2. Air and Gaseous Effluents -

- The radio'aqtivityeconcentration limits of-10 CFRs20 will be tollowed,

3. Records

* Records of Personnel Monitoring, Woftitoring Surveys, Respratory
.- Protective Program Personnel Instructions and Instrument Maintenance'

and Calibratibzi shall be maintained by;Health Physics.
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402. Personnel Monitoring. .

Personnel Monitoring shail-be supplied to eacb. individual who is likelyto.
-recdive a dose in exce's of 25% of the applicable limits in 10 CFR 20 and
those personnel who routinely work in the process areas.

1.. Dosimetry - . - r

The personnel dosimeters shall-be sensitive to. ai exposure, of 25
- millirem. .Hand exposures will -be determined by surveys.. kxposures in
, excess. of 25%,of the applicablb limits shall be investigated.

2. Bioassay . . .

' The urine analyses shall be sensitive to concentrations of 10 Plpha
dpm/liter. Insofar,as possible, samples are collected af ter two.. days
off the iJob as follows:

2.1 At the start and termination of employment.'

t

- I.

. 2.2 O6 a routine schedule consistent with the degree
results of past samples but ait least as followss:

of exposure and

Minimum Bioassay Frequency*

Area - 'Freq

Cl-ean or clear areas Empl

Intermediate or'limited
contaminated areas. 6 mc

Contaminated or restricted
areas. , , . *.. 3 mc

If respiratory protection
is required, or if-the. radio-
nuclides are in a soluble
form mont

quency .

.oyment and terminatiQn

inths

inths - .

hly

j

* 2.3 .Following a: suspected potential overexposure-or ingestion of'
contaminated material.

2?4 The investigation and action'levels follow:

2,4.i All samples above 50 dPm/liter shall be investiga±nvetig~ted.'
'' ' ' .2,.- . 2. ' - - '',, P I .^ :'i .--- mm..e'.d.ia.:t., '

2.4.2 .A sample in e:cess-of 100 dpi liter'will require inmediate
-. estriction of the individuaI to jobs where airborne.

-ratioactivity levels are not expected to exceed 25% NPC
* 'The individual will remain on restricted jobs until two

'consecutive samples less than 50-dpntlitter are obtained.
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. 402. Personnel L.Ionitorin --.

- 2.4.3 11orp intensive-investigation shall .beperformed on the
.circumstances of exposure for persons '.ho remain on
restriction for three (3) or more resamplings.

.~ .. . . *, *.. r

*.These, frequencies apply to pet'sonnel spending 10% or more.-of their assigned
wor0 schedule in the area listed.

: , " - . , ' . . ...... . .

I
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LICENSE: SNM-7772 Docket:. 70-8-20 Appove
SECTION: 400 - HEALTH PHYSICS STAMUNRDS -'

Subsection: .403 -'Respiratory. Protection Program. 1
ISSUED October 31. 1988
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403. Respiratory Protection Program

1. In circumstances in which adequate limitation..of the inhalation of.
- radioactive materials by use'of process. or other engineering controls

is impractical United. Nudlear Corporation may permit an individual in a
restricted area to be exposed'to average concentrations of airborne

. radi6active materials in excess of the limits specified. ih Appendix B.
Table .1 Corlm. 1 of 10 CFR 20 provided; .

1.1 The individual uses -respirzatory or other appropriate protective
equipment such that the total intake, in any period of seven
consecutive days by inhalation, in-estion..or absorption. would not.
exceed that intake which Would result'from breathing the conceiitra-
tions speptfied in Appendix Bs Table I, Column 1 of '10 CFR 20 for
-a period'of 40'hours.

' .. 1.2 'N C shall advise each respirator user that he.may leave the area
for relief from respirator use in case of',.equipmeni Malfunction,
physical or psychological discomfort, or any other condition that
might -cause reduction in the protection afforded the wearer.

1.3 MMC shall maintain a respiratory protection program adequate to
assure that the objectives of 1.1 above is met. Such program shall
include:

1.3.1 -Air sampling and other surveys sufficient to identify the
- hazard, to evaluate individual exposure1 .and -to permit
' proper selection of the respiratory protective equipment;

*1.3.2- Procedures to assure proper selectibn, supervision and
- . adequate training of personnel using such protective

equipment;

1.3.3 Procedures to assure the adequate fitting of respirators
and the testing of equipment.for operability;.

1.3.4 Procedures for maintenance to. assure full effectiveness of
respiratory protective equipment, including issuance,
cleaning and decontamination,.inspection, repair and
storage. -

1.3.5 Bio-assays of individuals and other surveys as may be
appropriate to evaluate individual exposures and to assess
protection actually provided; and

IF-

1.3.6 Records sufficient to permit periodic evaluation of the
,adequay of the respiratory protective program.
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403. Respiratory Protection Program (continued)

* 1.4! UNC has evalvated the protective equipment (l)and has deter-
' mined. that, when used to.piotect against radioactive material

under the conditions of use tolbe encountered,, such equipment i
capable of providing a degreeof protection at least equal to-
.the protection factors-listed in:Table 403-I.(2)

2. United Nuclear Corporation shall not assign protection factors in
* excess of those given in Table 403-I, in selecting equipment.

*1 ............................................

- I.

- I . I

(1) In evaluating respiratory protective equipment for use against
radioactive materials.-to assure thlt the equipment--provides the
*protection factors listed in Table 403.-I, UMR may accept equipment
approved under appropriate test schedules of the. TI. S. Bureau of
lines to the extent pertinent. , _

(2) The factors listed-apply only to protection against radioactive
materials.- Additional precautions my have tobe taken to protect
against concurrent non-radiation hazards.



PH(Y.rT.TION FACTORS FOR RESPRATORS

PROTECTION FACTORS 2/
Particulates

Description Modes!/ and Vapors and Tritium
Gases Except Oxide
Tritium Oxide3/

1. AIR-PURIFYING RESPIRATORS
Facepiec e, half-mask 10 1
Facepiece, full 100 1

II. ATMOSPiERE-SUPPLYING RESPIRATOR
1. Air-line respirator

Facepiece, half-mask CF 100 2
Facepiece, half-mask D 100 2
Facepiece, full CF 1000 2
Facepiece, full D 500 2
Facepiece, full PD 1000 2
Hood CF 1000 2
Suit CF 4/ 4/

2. Self-contained breathing
appa-ratus (ISC13A)
Facepiece, full D 500 2
Facepiece, full PD 1000 2
Facepiece, full R 1000 2

3., Combination respirator
Any combination of air-purifying and Protection factor for type
atmosphere supplying respirator. and mode of operation as

listed above.

I/ CF: continuous flow
D : demand
PD: pressure demand (i.e., always positive pressure)
R : recirculating

2/ (a) For purposes of this authorization the protection factor is a measure of the
degree of protection afforded by a respirator, defined as the ratio of the
concentration of airborne radioactive material outside the respiratory pro-
tective equipment to that inside the equipment (usually inside the face-
piece) 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:

Concentration Inhaled -Airborne Concentration
Protection Factor

LICENSE: SNMI-777, Docket:70:82

SECTION: 400, Subsection: 403

Table 403-ISi

APPROVED

ISSUED October 311 1968
SUPERSEDES: Now
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2/ (b) The protection factors apply:
(i) only Nor individually fitted respirators worn by trained individuals

and usod and maintained under supervision in a well-planned respiratory
protection program.

(ii) for air purifying respirators only when high efficiency particulate
filters and/or sorbents appropriate to the hazard are used.

(Iii) for atmosphere supplying respirators only when supplied with adequate
respirable air.

3/ Excluding radioactive contaminants that present an absorption or submersion
hazard.

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

NOTE:l: Protection factors for respirators as 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. Where additional respiratory hazards other
than radioactive ones are present, especially those immediately dangerous
to life, the selection'and use of respiratiorsashall 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
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404. Facility and Equipment Requirements *' -,._..

.- 1.' ~Zoning --::. ......--:.: .:.---
. -. .*. . . .

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.

2. Ventilation

Air flow sahll be from the areas of lower to areas of higher contamina-
tion. Ho6ds, glove boxes, or local exhaust shall be provided as required
to maintain airborne and surface contamination in the work areas within
the limits under normal conditions. The type of equipment will depend
upon the operation being ventilated, i.e., very dusty operations
will be performed in glove boxes, while highly localized contamination
sources such as product takeoff or grab sampling ports are ventilated
with-local exhaust,'and the routine handling of uncontained*S m.is.per-
formed in hoods. Fire prevention shall be considered in the design of
ventilation equipment. Where operations are exhausted which generate
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 generating
airborne concentrations in. excess of 25% of AI with.mi nimum air
movement requirements as follows:

Fume hood face velocity . - - 75 feet per minute
General purpose hood face velocity -. 150 feet per minute
Local exhaust - 150 feet per minute

: Glove boxes - sufficient negative'
.- pressure to.control the
operational hazard (ex-

. .: - -cept inert atmosphere
boxes)

All process exhaust generating more than 25% of LP during operations
shall be filtered through high efficiency filters (nominal 99.97% for
particles larger than 0.3 microns) or a scrubber system.

: -: ' -, .. rV ; .
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- I

404. *Facility and Zquipment Requirements (continued)

3. Liquid Effluent

Process waste and laundry water is transferred to a lagoon 'or liquid
handling system prior to discharge. Where particulate contaminatts
constitute a sidgnificant rdioactive CbmV'onent of'the loi
may be requi d bbefor~e'Adisharge- Th-contamin tion .levelj- o theas -
effluents is monitored.:

./ ' :. >

' I ' ''..'-'', -. '' ". , ' '' ' , ', '; " '' ''' . -- ''.' ', ' ,

* ", '- ;' ''- . ' -''-._ ",'."''':'_''
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405. -Instrumentation

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

1. Nuclear Alarm System

The nuclear alarm system consists of gamma sensitive detectors, audible
*alarms and remote indicator panel at or near the guard station. The
requirements for this alarm system follow: .

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

_ 1.2 Detector unitl shall also have a response time no greater than 3
seconds at a radiation level of 20 MR/hr.

1.3 -Detectors shall be located so as- to be capable of detecting and
operating the alarm from an incident of the magnitude that would

N 'result inma gamma flux of 3 c 105 mrem/hr one (1) foot from the
source of radiation.

1.4 Detectors shall be installed within 120 feet of every location
where 500 grams or more of Special Nuclear Material is handled,
.used, or stored.

*1.5 Whenever possible, the location and spacing of the detectors is
chosen to avoid the effect of shielding'by massive equipment 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-lined x-ray rooms,
shield a potential accident area from the detector.

Calculations to determine adequate coverage through significant
shielding materials is performed. using the I ollovwing formula:

I(e JPt)

where I'= gamma intensity at the detector (minimum
-for calculations will be 20 mrem/hr)'
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405. Instrumentation (continued)

* .= Unattenuated gammp intensity one.) foot from
'the flux.source'

* -mass absorption cross section of the shielding
Material- x density..of 'the shield

t = thickness of'shiiXd in Cdentit rst -; 're an'gle*
of inct4ence 0 is 'not 9q to the.plane of the

. barrier, t will'assume the dimension, csc 9 t.

* . d r distance from source in feet. : -.

Such cal'culations will .not include the eff ect: -.6f bxoad beam attenuatio.
An example of the calculational technique is khowm in the' health physi s
evaluation for this subsection, . . .. .. -

.1.6 The detector and alarm circuits s.hall be equipped.with an auxilliary
self starting diesel generstor which will automatically supply'.
* pow'er to the system in the event of disruptiu nbf prlmary power.-

. This backup pbwer system will be checked at least quarterly.

1.7 The system will be tested by sounding the alarm at least monthly
aid at the.time of each practice evacuation'drill! .

1.8 Automati6c monitors shall give warning in case of'any. malfunction
which renders the syst6e inoperable. ..

1.9 The alarm shall be clearly audible' in all p-ortions.of areas in.
which Sp~ecia'l Nuclqar LIterials are handle .'used; or stored and
in all adjacent areas v where significant exposure to radiation may
result from 'an incident.

2. Alpha Counting System

Minimum detectability - 10 DPM .

3. Alpha Survey Meter . .- .

' , inimum counting efficiency -' 30,*(calibrated to read.2 2f)
Minimum Range.- - . OOa0 counts per' miinute:..

4. Air Sampling Equipment' *

' out * -or 'n20 ler pe i samling 'rate
...Routinie. Nominal 20litpers %per mi uesapln.rte; ............................... :,.

~~~~~~~~~~~~...,,..r.. -,,, *! ..
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405.. Instrumentation (con't)

-5. Bets-Gamma Survey, Meter --.

GM type with- maximum wlindow thickness of not more than thirty milligrams
per square centimeter.

.-Minimum ranged - 0- 000 -.counits per miinute

- O- 20mr/hr

6. Beta Gamma. Counting systkem

Minimum detectability -200 dpm

Emergency. instrumentatipni~s listed, i n Seiction 600.



NUCLEAR ALARM. SYSTEM COVERAGE CALCULATIONS

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

Using the Formula
I W I,, ( 0 -et)

d2

A. Barrier: 8" Concrete Block
Thickness, t - 7.625 cm/in m 19.37 cm.

- 0.0317 cm2 x 1.22 gm/cm3 - 0.0387 cmul

2 3 x 105 mr/hr (e0
20 mr/hr

d2 =7.10 x-103

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
' = 0.0317 cm2 x 1.17 gIcim = 0.0371 cmul

* d2 2 3x105 r/hr(e' 1 0 ).
-20 mr/hr

d2 . 5 x 104'
d - 70.7 ft. maximum permitted distance of

to provide coverage.
source from detector

C. Barrier: 8" toured Concrete Wall
Thickness t a 8" x 2.54 cm/in = 90.3 cm.
p - 0.317 cm2 x 2.3 gaVcm3 = 0.735 cm'l

d2  3 x 105 mr/hr (e-1.49)
20 mr/hr

d2 . 3.375 x 103

d - 58.1 ft. maximum permitted distance of
detector to provide coverage.

source from

II. The effectiveness ofi the nuclear alarm'system when a barrier is interposed
between the source and the detector at an an,'ZIe which is not normal to the
line between them is calculated using the following formula:

I = Jo re ,it(C'cec)
- d2 '

where e is the angle of incidence of
between the source and detector with
the plane of the barrier.'

the line.'
respectto- LICENSE: SNM-777, Docket 70-82'

SECTION: 400,
Subsection: 405.1

In this manner; increased attenuation caused by
angular incidence of the beam on a barrier of
given thickness is calculated.

Health Physics Evaluation
Nuclear Alarm System Coverage
APPROVED:

ISSUED; October 31, 1968

SUPERSEDES: New.

Page 1 , of 1. -- a . . . . I
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406. Surveillance .

.1. Special Surveys.. - -....

All newi non-routine and spill cleanup operations shall be performedunder the congiance of Health Physics.

With the exo iptiton. of. incidents requiring immodiate evacuation, majorspills- or other accidental releases.shall be cleaned..up',immediately.
Criticality restrictions on the. use of containers and water shall befollowed' at all times. Thq Foreman and Health Physics must be notifiedinm=diately of such incidents. Appropriate pr-ec~utions,.ucb as use ofrespirators shall be observed.

-2. Routine Surveillance

St* iSrveys shall be conducted on a regularly schediled basis consistent
with plant operation and survey results.- The frequency of survey depends'.upon the contamination'levels common to the area, the extent to which* the area is.occupied 2 and the probability of.personnel-exposu±es.

3. Surface Contabmination

Corrective action and/or cleanup.is initiated when contamination exceedsthe actionlevels--. . -

4. Airborne Concentrations in Restricted Areas

4.1 Airborne levels.in excess'oX 25o of the maxiTmun permisisible
concentration require posting in accordance 'vith'10 CFR 20 andan investigation.'of the causes.. '

.4.2 Airborne; levels in excess oq the raximum permissiblb concentrationrequire. e.#pasure evaluation. Controls to restrictthe-personnelIt -:-*ho"' rs~-''to 40:PC urs ;er:week shall be requlred. - -

5. -Air and Gaseous Eflues ;nt

Systems v1ill be revievred and/or clieeked for malfunctions whenever theconcentration exceeds 25% of the app1ickb2be limit.

Inasmuch as process stacksare. equipped wi'th h:ih .efficiency filters
- . ndmanometers.desigmied to: indicate 'filter pressrure drop such stackswill be sampled during i.nitia operations (at'least three (3) samples. per stock).-' Theveafter' eacfi process stack shall be sampled no lessfrequ'ently. than once per quarter.- Stacks usinl a scrubber'system aremonitored continuously durI.ng peratios.-
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406. Surveillance (continued)

. 5. Air and Gaseous Effluents (con't.t) .

Process. and/or system changes shall require that.the'effluent air from
the exhaust systems) thus affected should .gain be sampled at least

-- three (3) :times during operations topre-es6tablish the effectiveness
o f the 2 lftetiisystem. -al. l.. ,.::

A weekly inspection f al pro.ess exhau't- systoems will .-be made. This
Will include intake'velocity.measurtments and insp&ction of the degrees
of filter loading. Velocity measurements6 aremade'with avelometer;
l filter load~ing is determined b . pressure drop readings. The filter
loading inspection may be omitted if the .stack is samp2ed continuously

.. . during opLrations ,. . . - . -

_ . . ; ilters- in the exhaust system shall.be changed *hen the-air flow at the
hoods served.by-the' systems falls below the limits, or iI by inspection,
.the filters are found to be plugged, Pr a manobeter or.stack sample.
indicates a filter failure. -..' '.

6. Water ;amples -

6.1 Plant Vfaste -ifluent . . . .

The conitaipinati6n level of liquid effluenit. is measuried at the
point.of.discharge from the waste handling system.. A representativ

. sample of the outflow shall be collected and analyzed for alpha.
and betta activity and pH.. Xn addition, grab samples from a

. - lajoon. must be- collected a~nd evaluated pxrior. to discharge.

Where liquid wastes are.discharged into a river or stream, a
. . grab sample sahll be'collected monthly from above and.below

the plant outfall and analyzed for alpha and beta activity and pH.

X ~. -. 
,J.-* ,.- .
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500. Nuclear Material Management

This section has been submitted under separate bcver dated AaUo*t 20,.1968 to:

ar. Dale Smith
AEC Division of Nucleat Materials Safeguards
.Division ofJ terials'Licens:-

*SP.. At'omlc~ -?nergy cldicesin
495SjE31mob-lace ~~iso

-bethesda, AL irynd 20014 ;
'i,

.*'

.I ,,''; . "...; ''." . .'}- . ,'
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601. General Objectives-

This Emergency Control Plan is applicable to the Chemical Operations Plant,
Hematite, Missouri (SN7J-33) and Recovery Operations Plant, Wood River
Junction,. Rhode Island (SNRE 777).l

It is the policy to anticipate, insofar as possible, those emergencies
which may arise at plants within the Commercial Products Division, and
minimize by organized action, any injury, loss of life or property damage.

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

Nuclear Alarm - False and Accidental Criticality

Fire

Release of Radioactive Materials

Explosiohf or Building Collapse

. Flood, Windstorm or other Natural Disasters

.The plan for control of emergencies established personnel training
requirementsy requirements for emergency equipment and supplies,
liaison with' hospitals, amibulance corps and medical personnel, and State
and Federal Agencies whose'assistance may be required, means for establish-.
ing and maintaining current emergency procedures' and post-accident'

-- investigation and 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 Industrial Safety Department, whose responsibility
includes the coordination of emergency planning in Commercial Products
Division Plants. Implementation of these plans is the responsibility
of the operating group, as defined herein.

.. --

Ithe Emergency Control Plan for the Fuel Fabrication Operations,
New Haven, Conn. (SNM$777) is that plan applicable to the Naval Products
Division, New. Haven, Conn. (SNM-368, Docket: 70-731). The Naval
Products Division has prime responsibility for establishing and
maintaining emergency plans and proceedures- for the fuel fabrication

' operations.
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602. Establishment of Responsibilities :

EAch.Plant. emergency organization i's headed by,.the Emergency:Director
who is responsible for the direction snd coordination-of all activities
durin the.emergency; Emergency'duties will be carried out by in-plant
personnel under .the Emergency Director.'s supervision'and control.

The Emergecy .DirectQr is the senior ne:ber present of .those selected
'supervisors.designated in vrri ting is Emer rectors. -Xaqh.me~ber of
this group is designated-by the General Manager, Cojmmercial.Products

.Division, fdr the Hematite, Uissouri and 116od Rivet Juiction, Rhode Island
, locations,. and-certified'by the Manager of the Nuclear and.'rndustrial

Safety Ddpartment aS havixig the prQper qualfi cations and tra inino to
assume the indicated responsibility.

In the event of a continuing emergency situation, further responsibilities
.,.are asired to the indivduals holding the positions' lstedbelow:.

Responsibility . ,-,*. .. Assigned-to..

Securi ecurity Director, Supervisor
.o$ personnel services

. Public Relations & Gezieral Ianager (Commircial Products
Comiinications Division) Administration Manager or'President's Office:

-Health Physics ' Safety I.inager, .Nuclear & Industrial Safety-
Health Physics Specialist/NTuclear.&
Industrial Safiety Representative

. . edical -ConsUltant Physician/Plant Physician/
I -anager, 'Nuclear .& Ihdustrial Safety

Criticality Control,(X'u- Manager *uc leara & Industrial Saf ety/-
. clear Criticality.Safety). Nuclear Criticality:.Sa£.ety'Specialist

Procedures are available to plant.personn`l outlining required functions
to be perfbrmed in above areas -of responsibility prior toa-rrival of
designated. individuals. . . . .. .

In the absence ot the .. abcve liqte4 JndiViduans',.the Emergency Director
' assumes the indicated respoonsibliity except for plant.re-entry under

conditions not specified in 'th emergency.procedures. *

-~~~~~~~~~~~~~~~~~ -*-'';*;--,**.' '@ *r.--;.,--* -.

-; - . ; * , ; . . 7 V....................... , . ... . ;
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603. Emergency Plans

Because of the basic difference in required response, emergency plans are
broken into four categories and detailed procedures or c4eck 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. Release 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:
A; Be brief to permit reading during the emergency.
B. Be posted where they can be used.
C. Establish limitations of authority where needed.
D. Provide guidelines for emergency judgments.
E. Insure that all needed outside assistance is summoned in timely manner.
F. Provide for relocation in event of emergency assembly area becomes

untenable.
* G. Include criteria for first-aid treatment and decontamination of personnel

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:
a) Immediate accounting for all personnel
b) Identification of exposed personnel and initiating

emergency treatment.
c) Preliminary radiation survey of emergency assembly

building to insure safe occupation.
d) Implementation of Emergency Procedures.

C. A list of persons authorized 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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603. ,Emergency Plans (continued)

: .- . . .- F . A-hc .is .f itrt
- - A-chek list of itructions.for.*the plant re-entry team.

__ '-. - G-Critertr bry- whIch the Emergency Director will determine if
_ _ ' - the alarm was false or if an acidental.criticality has

- occurred. '.

_. '._---'-ceckl-eist for ,o ta.ni z ' o ff'siie. s s nl ng
telephone numbers .and priority'of'F.zotificaiion.

- -The off-site assistance list includes,:

. - a- Off-site Company personnel--'Of1-duty, plant supervisory
. personnel and Nuclear and.Industrial-Safety Personnel.

, ,b) Local polico, fire department and civilisn defense
_ * * : -,. authorities.. . . .

- (Arrangements are.inr effect with these local
authorities to-assist as reque'sted by the Emergency

--- Director.)
.cY Medical Assistance. (Arrangements ar'e ii effect for) ... - *. obtaining assistance irom competent medical personnel

.and.hosp~ital facilities.)
. ---.-- d) -Atomic Energy Commission.

. *. .e) Plant and Company 11anagement;. '

T _. An outline of 'criteria to follow in effecting emergency.
rescue'of personnel.

-. J.. An outlin'eof criteria to follow wfhen the, Emergency
. : : . Director deteriines the need to shut down equipment left

. .running.

* : .- .603.1.2 .Plant:Re-Entry . . ." . - .

A.. Re-Entry .Survey Team .-
The planttre-entry survey teami shall consist of a minimum oi -

. two persons.. The'team sahll be equipped with's high range
'(0-500 r/Hr) and, a low range (0-2500 mr/hr) beita/gamma survey
meteri -

- B. initial as-Enti-y,
'The team will. enter and survey all areas' .of the plant unless

.. ' .. gamma radiation levels-greate -than 100 mr/hr are present..
If radiations of ':100 mr hr or. higher is found1 the team shall
immediately report ack to the Emergericy Director for further

' 'nstructions.

Re-Entry. for e g ncy:R escue:
-- The'Emergency Di'ector will detert'ne the need for re-entry
: of the. plantI or emergesc rescue' Reentry pro~edures for
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603. Emergency Plans (continued)

this purpose shall be based bn National Bureau of Standards,
* HandbookZ59, Permissible Dose from'Ekternal .Sources of
,Ionizing :adiation. Re-entry personnel 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
decisions.

D. Re-Entry for Equipment Shut Down
The Emergency Director will determine the need for reentry'
for shut down of equipment left running. This determination
will include an evaluati6n 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.
from' Mternal Sources of Ionizing Radiation. However, re-
entry personnel 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 decisions.

E. Isolation of Affected Area
If radiation is excess of .100 mr/hr is present, bariicades wil
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

False Alarm '
The Emergency Director will determine that a false alarm has
occurred if:

a) There is no physical evidence that an accidental criticality
has occurred.

be No -radiation is detected from indium foil contained in'
personnel badges.

c) :No -radiation levels, in excess of normal plant radiation
'levels are found by the re-entry team.

When these conditions have been fulfilled, the Emergency Director
may release all personnel to return to thp plant. Operation of
the plant shall not resume uhtil the nuclear alarm system is

- reset and operable. In event of defective monitor(s), operations,
or any mevement of nuclear~material may be resumed only inthe
'portion of the Plant covered by detectors as defin6d in 10 CFR -

-0 .24.

603.1.4 Accidental Criticality ' -- -

- hen the Emergency Director determines (by physical evideace,
radiation measurements or other means) that an accidental

s .
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603. Emergency Plans (continued) '

criticality has occurred1 he shall immediately start implementation
* of all requirements of this control plan..

603.2 AFire Alarm

'Upon sounding of the fireialarm, the fire brigade shall assemble
at the, non-nuclear emergency assembly station.

The Emergency Director is responsible for:'

- . - Direction of the fire brigade.
b) Dbtermining the need to summon assistance from the

local Fire Department.

, Arrangements pave been made with the local Fire
Department to comply with the Emergency Director's
instructions.

_- . -.. ,: , -' :. . -r _

c) Determining the need for plant evacuation and issuing
appropriate instructions.

' Outside Assistance ' ' -.
Call numbers for local fire companies and police are maintained
in strategic locations in the Plant and in the emergency .essembly
building. In all cases of fire within the fenced perimeter,
local fire companies will assist only under the direction of
the Emergency Director..

.,-Moderation Control :
Use of fire hoses iniprocess areas, which-may result in-,
accidental relocation of.special nuclear materials or flooding
will be avoided. Use of fogs and hydrogenous foams are not
specifically prohibited, but will be used in process areas
'only if dry extinguisher supplies are ineffective and the
fire must be controlled promptly to prevent development of more
serious hazards. Any area in which the use of water is prohibited
-for any reason will be clearly indicated by posted signs.

-603.3 Release of Radioactive Material -- - . -

- Release of. radioactive material, i.e.,'-uranium-bearing particles
* or mists'requires an immediate but',ord-rely evacuation of the room

or plant area'directly involved' Equip'ient shutdown may be done
; only under the direction of the Emergency Director with use of

protect ve equipment mandatory.

-71J
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603. Emergency Plans'( continued) - -

All:involved may, as reiquired by the Nuclear & Industrial Safety
-. A. '' - Representative, furnish-samples for. bio-assay.

603.4 Other Non-Nuclear Emergencies - . ~ -- :..- ' .

a) Sudden Emergencies' -

-.Authori t for emergency action in event of chemical explosion,
.equipment'or piping failure, -building collapse, or other sudden
-unexpected event Is placed with the Emergency Director.

b)Y Anticipated-Emergency
: _ In event -of impending 6lood,, windstorm, 'or other adverse

happening the Emergency Director will ddvise a specific plan
c of action to minimize the resultant hazards, obtaining qualified

nuclear criticility safety and-other advice as appropriate.'
*c) _Mergency.-LTvement of'SNLI '

- Should any emergency condition make advisable the relocation
-of uranium inventories, such .moveent. may be authorized by the

- Eergency Director. If it becomes necessary to move such
material to abniormal locations or by abnormal methods, such

'- ' - movement will require either greater spacing between safe
'n - ' unitsor smialler units, or both, than normally provided. All

: uch storage will be ikmmediately' eviewed under the direction
-of.the Nuclear gnd Industrial Safety Department Representative
for return to *approved.storage areas.

Basic traihinj in nuclear criticality safety practices-will be
- - . '- --- . givenall l.mpployees who may be ca jUed on to assist in.such .

emergency movemeritz.
.. - .*: ..:. . -e. . :

- 'Lsts of.those qualified to provide emergency nuclear criticality
- . -safeyadvice and .e'ans for contacting'them shall be kept'in
.strategic in-plant and 'emergency buil'ding locations.

d) Ptower-Yailure . ''' -.

Emergency power. generating equipment.-is available at all
- lcations.,al'd have functioned welf-in:the past (loss of -

-:.';-.anpower.has resukted 'n'momentary.dip in line voltage, with
.:''nonterrutionof poverage by Nuclear Alarm Detectors).

., - ''.Supervis0ory pers'nnl will determine what post-outage action is
' 'required--azd the number'aend type of personnel required to'

acdomplibh'the task(s).

..,;

C-i

%.,-.;-
2--
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.604. Coordination of Outside Agencies

B* ased 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 assistance frou the police and/or fire
departments,.pedical personnel or radiological safety organizations as
necessary.- .-

A. Police . . .

Chemical Operations, Hematite, Missouri

The Sheriff's office, Eillsboro, Missouri, is .U anned on a 24 hour
. ' basis and prhcedures are available at the post.to summon assistance

from the State Police, Barnes Hospital, local -ambulance corps, and the
Hematite- Fire Depaitment.

Fuel Recovery Operations, Wood River Junction, Rhode Island

The Rhode Island State Police barracks at Hope Valley is manned on
a 24 hour basis and procedures are avdilable at that post to
summon assistance from the State .Council.-of Defense (radiological

' safety), the Hope Valley Amublance Corps, the'Cross Mills Fire Depart-
ment and local law enforcement personnel.' State Police have received
training in radiological and control procedures..

* In addition to notification of other assistance agencies, the State
Police and local police procedures provide for immediate acti9n to
cordon off-plant access-routes to restrict unauthorized personnel
from entering.the hazardous areas. - -

B F .: . . . -Fir

Chemical Operations, Hematite, Missouri . :i..- .

Personnel of area Fire Department at Hematite and Festus are familiar
with plant layout and potential Hazards in fire control.' Therprocedures
in effect require fire fighting personnel to stand by upon arrival

- for supervision b7*U,1 trained personnel. Selected UNC employees
'.constitute a plant fire brigade which is subject.to periodic refresher

training. .- . -

Fuel Recovery Operations, Good River Junctiof,' Rhbde Island

Personnel of area Fire DepartmentEsat Alton, Shannock and Cross Mills
. are familiar with plant layout and potential hazards in fire control.
. The- procedures in effect requii.rlp ire fighting p1ersonnel to stand by

:upon arrival for supervision on UNC trained'personnel.'Selected UNC
employees.constitute a.plant fire brigade which is subject to periodic
refreshe tra ning .-
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. 604. Coordination of Outside'Agencies (continued) -

C. Medical - -

Physicians (All Plants) - - .- . .

The Plant Physician will be summoned by the Emergency Director o., his
.- ' designee immediately upon determination of injury or exposure to person-

.el. 'The Plant Physician has designated secondary medical personnel
to be contacted in the event of his absence. The Plant Phypician 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
Pgysician will determine the hospital to which the casualty will be
transported and will provide a complete description of patient condition
and associated radiation hazards to the hospital. The emergency
procedures provide for victim identification and collection of excretion
samples. - .

Ambulance

commercial erations, He1*matite, Missouri- '

Procedures are available at the Sheriff's Office, Hiilsboro, Missouri.
to~summon assistance from local ambulance corps. Secondary ambulance

capability is also available through the radio network of the Festus
Fire Department.

Fuel Recovery Operations, trood RiverkJunction, Rhode Island:

Procedures are available at the Rhode.Island State Police' barracks at
Hope Valley to summon assistance from the Hope.Valley Ambulance Corps.1
Secondary ambulance'capability is also available through the State
Police notification network if necessary. Both the Westerly Ambulance
Corps and the Cross Hills Emergency Squad have received training in the
handling of radiological accident cases.

Hospitals

Chemical Operations, Hematite, Missouri

Based on the medical-evaluation of condition ot casualties or exposed
personnel, and.the number involved, the victim(s) will be dispatched
to Barnes HospitalL St. Louis,'Missouri.

Fuel Recovery Operations, Wood River. Junction, Rhode Island

.Based on. the medical evaluation' t conditions of casualties or exposed
personnel, and the number involved, the victim(s) will -be dispatched to
*Rhode Island.Hspitdli New EnglandDeaconess Hospi aL,- or Westerly
-sital.. .- ' , -
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604. Coordination of Outside Agencies (continued)

, .Victims whose condition presents a hazsrd from the standpoint'of
- -adiation or contanination'%will be sent to Rhode Island or New England

.Deaconess. Hospitals.

. 7 -

- r -.
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605. Emergency Supplies and Equipment

A list of location(s) where emergency supplies.are situated is -kept
.byWthe local Rucxenr & Industrial Safety Department Representative,
each of the authorized Emergency Directors (and alternates) and at'
the Guard Post(s) adjacent to operating-areas. A dptailed listing is
ayailable at the Emergency Assembly station, together with maps of the
building showing layout and floor plans. -

. Radiation Survey Equipment '

2 - Beta-gamma portable survey meters low range sensitive (0-i0 mr/hr)
' 1 - damma portable survey meter hi-range (at least.'3 ranges) 0-500 R/hr'

, - Alpha portable-survey meter gas proportional 0-100,000 cpm' :
- 8 - Low range pencil dosimeters, 200 mrem

2 --High range pencil-dosimeters, 200-R
1 Dosimeter charger

Film badges (DuPont Pocket Type 544 or equivalent) and badges
containing.Tdium.foil to augment or replace normal personnel

.: dosimetry

.Air Sampling Equipment

' ' 1 - Battery powered air sampler -.

.1 - High volume air sampler with.annular Kinetic 'Impactor Head
2 'Vacuum Pumps with Inline Filter

Supporting Equipment

1 -. Self contained Breathing Apparatus
1 - Resuscitator
2 - Absolute Filter Respirators

Protective clothing--includes head and foot cover
- ' Marking.equipment &nd tags

Plant outline drawings
' Blankets
'First Aid Kit including'Disposable Litters.. and. lints
Flashlight

Additional supplies are available.upon call from the unaffected location(s).



. 7

�- L

.i

m--

- i.

UNITED NUCLEAR
C 0 R P 0 R A T I 0 N

. _ _

PA--.i. .Ij

LIC-'.. ,.SWU-33, Docket: 70-36, ,-' Approved
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SECTION:. 600 - Emergency Control Plan
Subsection:. 606 - Employee Training and Drills SUiERsEDEs New

SUPERSES Ne

606.' Employee Tiaining and Drills

- Training -

, The employee orientation program presents the general outline of required
- - emergency actions, this is continued by the floor supervisors and augmented

by drills conducted twice per year.

.fDrfi will be 'conductedtwice per year for continuing awareness and
capabl4lty-in execution of emergency procedures. These drills will

- include plant evacuation, use of health-piysics monitoring equipment and
- practice.in takina yarious enviornmental iamples. 'To the extent practical,

-police, medical personnel, and ambulance corps.personnel will be periodi-
'cIly involved in drills.
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LICNESE: 8'N'M-33, Docket: 70-56 - Approved
SNM-777, Docket:.. 70-820

SECTION: 600 - Emergency Control Plan ISSUED October 31 1gfi
Subsection: 607 - Public Relations and Communication S ' ew

-- Emergency Procedure SUP_ _ _ __ES New _

607. Public Relations and Communications--Emergency Procedure.'

Releases to the publ'ic thiough the press, radio or television', shall
-be made by the Division General Manager. Where peacticals the releases
shall be typewritten in duplicate, and copy retained by the individual
releasing the information. The Security Director (or authorized'clagsifier)
:will assist in determining the security gspects of releases .forpublication
prior to such release. - .'@ - -.

All communications to the. Atomic Eiergy Commission will originate with
the Emergency Director, Nuclear'& Industrial Safety Manager, or General
Manager, Commercial Products Division. ...

II

- ;). ,.-

_ 'S- .....,-
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LICENSE:-. SNM-33, Docket: 70-:36 - Approved
SNM-777, Docket: 70-820

>F- ue Recovery Operations -ISSUED October 31- 1o6
SECTION: 600 - Emergency Control Plan
Subsection: 608 - Investigation and Reporting SUPERSEDES New.UESDSN~

608. Investigation and Reporting

Reports -

In accordance with 10 CFP 20.403, the Emergency Director, or Manager,
Nuclear and Industrial member of Coppany Management will notify the
Director, Division bf 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, damage or operations interruption.

A. -Accidental Criticality ' .

The InvqstigAtion Staff, or a member of.that staff, under the
direction of!±he.General Manager, will prepare a report in writing
within 30 days for,submission to the Director, Division.0f Compliance,
'U. S. Aomic Energy Commisssion, Washington, D. C. 20545 with a copy
to the Director, Region I or III (as appropriate) of: (1) each
exposure oft an individual to radiation or concentrations of radioactive
material it excess of any applicable limit in Part 20 or in the
licen'ee's, (2) any incident for which notification is required by
20.403; .and (3) levels of radiation or concentrations of radipactive

... materials'(not-involving excessive exposure of any individual) in an
unrestricted.area.in excess of the times any applicable limit set forth
in Part 20 or in the licnesee's license. The report shall describe the

. extent of exposure of persons to radiation or to radioactive'material;
levels of radiation and concentrations of radioactive material
involved; the-cause of the exposure, -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 Prom the basic narrative.

B. Other . .. - .: . . ..

:Radiation exposure other than from an accidental criticality will be
reported as.'required in 10 CFR 20, by the Manager of nuclear &
Industrial Safety`0 . . .

Investigation Staff

The.General Manager will designate personnel responsible for compiling
a comprehensive report as required under l6CFR 20.405, Including:

- :.. .:Q) ause-.:

'.2. 'tent of injury 'to personnel to include' radiation doses received'

..3. Extent of property damag .

.; .-. 4., Extent oof contalmination. ' --... .. --..-. '';';- .''-'
¢ ,, t.4 ., oi"''.'al' is'.- do A- tg'p'-A -,L: ,,*- ;.

i -, -;- _ ;
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Fuel Recovery Operations ISSUED October 31, 1968
SECTION: 600 - Emergency-Control Plan. -

'.Subsbction: 608. - Investigation and Reporting SUPERSEDES .New

.*608.

_t . .

: I,. ,

. . 1

Investigation and Reporting(continued)

5. Decontamination procedures . *.

.6. Recommendation for improvment in handling emergency

7. Recommendation for correct±.re'measur.esqto preclude
recurreinces of incident. -

0 - : .* . ; . .: .- - -:r : '-a - * ;.<,:. . .

_I.

I
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UNITED NUCLEAR

C o R P 0 R A T I O N Issued 2/6/70

LICENSE: SNM-33 & SNM-777, Docket: 70-36 & 70-820
SECTION: 700 - TRANSPORTATION Supersedes 10_31/68

Subsection: 701 - Introduction Approved

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: SNM-777, Docket 70-820_ - Approved

SECTION: 700 - Tiaxj.spprtation ISSUED October 31, 1968Sub-sectinn: 702 - Shipping standards -.

SUPERSEDES New

702. Shipping Standards --

.1. Purose. - - -,-

1.1 TQ assure compliance' with a'll UNC, local, Stae and Federal
criteria, restrictions or regulations concerning the shipment
of SNM. .

1.2 ,To-o.tlin perioc inspection a.ceit to ,antur :
containers meet approved standards.,

rs' eports qie.. 1,3 'To-list reco'rds.anid reprsequired. ,'. -* .'- ............................ '.-.'::Ie . .adr

2.Handling of-Material of UnknoGn Enrichbient< , .- .
L. ' ; ' _ ' .. *

2.1 The material Is'treated as fully enriched unless a lower enrich-
s : . ment~~~value has -been 46dfe A..............; -.... .: '''- ......

Container'Inspection'

3.1. Prior to each use of any container,' the. container is inspected
to insure that:

. 3'.1.1 It h.as.not been .signiftcantly damaged

..3.1.2 .Oiginal design conditionzs approved by AEC and DOT are
mdintained. .

3.1.3 Marktng and labeling ,ls correct as required by.the AEC
: ~~~~~~~.-: --- :,ah D0T a ~pprovals~..-': ....................'::.'--:...... .

TheShipping Dep~artment is responsible for.. this inspection. The
..,'ISDepartment overcheck$ as.part of its audit function.'

- ~4 . Records : , Y?,: .,-.....................................4. 4. , ~.d ap. -. . s. * :. :.- - . .. ...- :i .-: . -

4.1 A record of each s hipment will be. maintained for a Xerio_ of 2 years.
.w 4 ' ,'- Vin ' o--, .n 'die .S k~'' '''o' -',' *

4.1.1 -The. record willinclude (for unirradia.ted SM only);

4. 1. 1 S identification. A;the-contajner used by model number.
M..- -.'-. ,.,''' ;,4.tl;.M Details of',any.significaiit'defe'cts in the- container,

.'.clu dingthe means jsed to repair the ,defects and
: ., ' *E:-'v-.',~prev~ntTt~h'eitr recurre~nce. ; .- . t - .. ,:-ri~ 'th: . , . . " , -s s . ' -a- - - s -- :- -i - .i I 1. ...

4 1. L. 3 Volume' andidentification.o$ coolant (where applicabI )-

:.. -'- '. ':.''SNM; 8: ,ype .ad quanty o n each package.1

T
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LICENSE: SNM-777, Docket- 70-820 Approved

SECTION: 700 - TRANSPORTATJON ... . I O 31. : -
Subsection: 702 - Shipping Standards - __'. . .._____Ckobr 1,198

SUPERSEDES New

702. Shipping Standards (continued)

- '. 4l Tqta1 quaatittjof.sNE in.dah.ihipmen : . ,

.... 4 l.tE Date of- Shipment..

4 1.1.7 For Ftssile'Clasa .. m.,i..any s6pecial -controls.
' ,'eicecised. - -:

4 '4: me8.and m daddress of the trapsteree.

.. .- A. A 41adreti: tQ which. shipme'ttwa ad .4 .. .. .

4 1 .1 .0 Results of inspection descrb'ed in Subpart,702 3
ab on,

- I

*I * -, -;

* ' ; ', ;- - *-~ .-.

. '.- ,';.''".-.~,' '. '.,'"'' '''..-"................- :. ''' :A
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LICENSE: SNM-777, Docket: 70-820' Ap~rovd

SECTIOW: ' 700 - TRANSPORTATION .'
Subsection: 703 - Shipping Containers ISSUED October 31. 1968

SUPERSEDE. New

703. ShippinR Containers , -

-The following' shippng containers willbe used fortfihtransdporiftion of
SNM: .

Shipping Container . AE.CApp.roal or Date .of. Approval
Model Number . Ameuidment Number or Amendment

UNC-740' '' ,- .; ' 71- .-' '.. 7.

UNC-1001 .. -0 . 1 4 68
U>*0 . .- 7.lo . -- -- 8

UNC-1351 ; " ' -l 1 4,68

.UNC-1483 71-1 : -168

.,UNC-1634 ...71-4 7-5-67

..pOC-1886 ' ' 71-5 7'-2-67:

UNC-2406 -71-7 4 - 6 14-

'UNG-2600 -. 71-3. 2-6-67

UNC-2800 71 .6 10-17-67

. UNC-2900 .71-144 ... 768

UN.-3000 -7113 '23-6

-. 'The use of these cont ners Is'subject to the ..conditions specified in the
a.bove listed.AEC amendments and to the conditions specbified in this'license.

t - ::. - .- -. -:. .:--

2 ;- n- - a . --

' . .. .'., -,*''f -_ ' '., '.^3.......................................... . ; "' .', .. ' *-: .. .

- - . * . . ," ;. ..... , , ' ^.'- ,,' .......................... .* t :' ' -. .':, .7
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LICENSE: SNM-777, Docket: 70-82W--: Appyoved

SECTION: 700 - TRANSPORTAIION ISSUED October 31, 1968
Subsection: 704 - Handling of .Incoming &-Outgoing

Shipments * . SUPERS.DES New

704., Handling of Incoming and Outgoing Shipments

.1. Storage of Undamaged Containers .. :. .

Storage bf as-received .ontainers or containersa.waiting.shipment may
be stored amywhere within-the fenced area.,

The specifi 4 &caiocn hall b& coveredby the nclear criticality moni-
toring and alarm system. The.storage arrgxngementshall be oneof the

..methods listed below: Jr;

1.1 .The.same arrangement that.tbey occupied on tr
.1.2' vehicle. .V. - the ; f

'*.:.1.2' Under conerolled ostorage conditions, the total. nuber of containers
. , , meet a "i0o uait" rule (±.e., 'no more than that number of containers

.whoe assigned.,radiation'uinits can be summed to aJmaximum value of
100.0).' Controlled storage is here'defined as.an area where a pos-
itive 'safeguard is provided against. the ihadvertent. addition of-
a , moderating media (i.e., in.a rooed.'d warehouse. or covered area,'
.including.us.eof a water-proof tarpaulin). -

.-. en the storage conditions,;do not'meet.'the definition for controlle
.. stprage, the'total number ...of. containers meet,'.a "75 Unit" rule.

1.3 Separatiornof arrays described in l.l..and 1.2 above is maintained
in accordance with criteria of. Subsection 303.

.2. Unloading and Handling of Contents -.

During unloading and the subsequent handling, incidental 'to receipt.
. and storage, the contents of received shipping containers will be

handled -and- stored to the enrichment as certified by, the shipper.' If
. the enrichment'is unknowni Or. doubtful, the material will be handled

and stored'as fuliy.enriched until enrichment' has'been-determined by
-.. analyses. - " ' . '

3. Damaged.Containers.

Containers'receivedrin 'a danaged co natpon.will b'e held separate from
other SNM (in accordandce with criteri, of .be on 303). .

Pridr to further handLing or' unloading., the 'extent of dfdage will be
evaluated to establish proper action,.:Results of'the evaluation and
action to .be takeAi shall 6e reAi eed .6had- iapproved by the 'rS Represen-.
tetive -

_' ,.'

w z . ;



Or



I
.I

SECTION 800 - FUEL FABRICATION OPERATION

i SUBSECTION 810 - STORAGE
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814.3 Liow Enrichment U02 Rod Irnprocess Storage Racks

814.4 Low Enrichment U02 Finished Component Storage

lHN STORAGE
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816.1 Low Enrichment u02. Rod Mobile Work Tables
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LICENSE: SNM-777, Docket: 70-820 . .pprovad
- SECTION: 800 - FUEL FABRICATION OPERATION

Subsection: 810 - Storage
Subpart: 811 - General Considerations I O

811.1 - Outside StorageR
., ~SUPERSEOESNE

.' * - .. . EW

. .

811.1 OUTSIDE STORAGE .

SN bearing materials may be stored outside the buildings of
the Fuel Fabrication Operation within the fenced-in area if the
SNH is in -A shipping container. Arrays of containers will be
stored as described in Subsection 704.

II

.. 0
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,tICENSE: SNM-777, DOCKET: 70-820.
-SECTION: 800 - FUEL FABRICATION OPERATION Ap rp

Subsection: 810 - Storage
Subpart: 811 - General Considerations ISSUED October 31 968

811.2 - Inside-.Storage U
_ , SUPERSEDES .NEW

811.2

S

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.

,

After unloading from shipping containers, SNK will be
stored in storage areas or devices described in this Subsection.

In-process stdrage 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.

I..

N

. . 5

F V
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LICENSE: SNM-777, Docket: 70-820 Approv-d
SECTION: 800 - FUEL FABRICATION OPERATION
Subsection: 810 - StorAge ISSUED October 31, 1968
Subpart: 812 - 19H Fuel Storage Area

812.1 - General SUPERSEDES NEW

812.1 GENERAL

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 U02 ` UALX, uranium-aluminum alloy recycle
material and -various uranium bearing scraps are currently stored in
this area. 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 small hood anda work table or desk are provided in this area for
routine nuclear matexials management and process work. Examples of

F types of operations to be performed in this hood and work table or
desk are:

1. Weighing as received shipping containers.

2. Transfer of material from one container to another.

3. U-AL alloy change preparation.

Work involving opening containers,' transfers of powders (except 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
-SNM in racks.

The hood will -be limited to two safe geometry containers plus 700'i
grams of U-235 as loose pieces, such as cores,, etc. Each container
and the loose pieces will be separated 12 inches using administrative
control. Safe geometries will be 6btained using the Figs. in Sub-
section 309. The same safety requirements apply to the work table
or desk.

.. . ..._

.~ .

I:

I- -

I



I
7/0
O NCE L

:; fROM

u

n
. .

-PR~OO
flRA

4 13

u I

rc/EuEA I 1 2'F n I I s

0 a

r-~ ~l. 1// / /iL//X
UA Ix STOR4GE--

S 7TtRa rE

9OD

)C~ C34
H JD

-o r ii~G ts

SV t (L 7j,& ZAPs) 5-rg co

F1-7

.
.

S.
-
, . .

p -. -

fCL
- * -. - S r-

~z
0 .
-A

0.

I-

Ca

9
'-3
n
m

1.3

I-I

H,..

0

0CO

cn

B'-
cc
IF..l

H

I )

a#

H
0

Cl)

4-.

~ 2
..

-Ij

0

C>
',.o

$C~~C6.~ 57'IBt

I. -

r-M

a -

(



Page 1 of 1

UNITED NUCLEAR
C 0 R P 0 R A T I 0 N I Issued 2/6/70

LICENSE: SNM-33 & SUM-777, Docket: 70-36 & 70-820 Supersedes 10/31/68
SECTION: 800 - FUEL FABRICATION OPERATION Supersedes_10/31/68
Subsection: 810 - Storage
Subpart: 812 - 19H Fuel Storage Area Approved

812.2 - High Enrichment Uranium Metal Amendment No.
Storage

812. High Enrichment Uranium Metal Storage

1. Description

These racks will be used primarily for the storage if 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
mortared 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 5k"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.

2. Nuclear 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 concrete at least 8" thick".

*Indicates Change
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I. DESCRIPTION

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

2. * Holders (ports) are spaced 16.8"'side-by-side and 2411 top to bottom.

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 10Kgs 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 2,25 Kgs U-235 per liter as shown on Fig. 8,
TID-7028. *Therefore, 10 Kgs.U-235 in ait 1.85 liter volume is subcritical.. A
one (1) gallon volume is nuclarly s.fe for-mate'rial with 8 density not exceed-
ing 3.2 kg per liter as shownhin Table 309-I.

III. INTERACTION OALCULATIONS ' .S , I .;~

The nuclear safety of a planar array of units on a 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 Above and Beldw Centermost Unit (i41 Units)

r'= 3" h - 19" -'- .

-% = 2 W(1-cos e)
- 6.28 (1-.988) = 6.28 (.012)-
4 - .075 2

where tan e ' a * 3 I .158

cos e -. 988

-J

. Co r(Total) f 2 x nt o 2 x .075 i .15 steradians

2. Contribution from Units on Each S~ide C(,:2 Units)

LICENSE; SNM-777
DOCKET: 70-820 _ -

SECTION: 800, Subpart 812.2
Nuclear Safety Evaluation
High Enrichment Uranium
Metal Storage

Page l-of 3
APPROVED: _.__

' IU-1ED:' October3l, 1968
SUPERSEDES: NEW



d = 6", L 10", L/2 = 51, h = 14" ,

= hd sin e where tan e L/2= 57. =.375'
h 14"

12"1
14" (.336) sin e - .336

.288

'(Total) = 2 x-a 2  2 x .288 =.576 Steradians \

3. Contribution from Nearest Units in Next Row (#3.Units)

a - diagonal -'/62+102 =.Vl136 11.7", b - diameter = 6", q = 23.5"

h = 19", r = 14"

r 3  (ab) tne r 14" =
_Q3' = )cos e where tan e = h = 19, - .737

(72) h 9"

(11.7x6) (.805) 7052 (.805) cos e - .805
(.80) =)z 5 (805

- .127 x .805 .102

(.Y 3 (Total) = 4 x 4 x .102 = .408 steradians

4. Contribution from Next Nearest Units in Next Row (t4 Units)

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

(ab) r 14"cos e where tan e =-= '.326 ,

(11.7x6) 70.2 cos e - .950
(45)y (.950) w2/025 (.950)

.0347 x .95 = .033

_cL 4 (Total) = 2 x f4= 2 x .033 = .066 steradians

5. Contribution from Nearest Units in Second Row r- 5 Units)

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

_a b5 )cos a where tan e = 14" .452.. X. 5 (****7 CO 0 n e h 31"11 45

(1.7x6) (.911) * 70.2 cos'e - .911
(36.5)z2 1330 (91

, .053 x .911 = .048

5 (Total) = 4 x-fL5  4 x .048

( .192 steradians LICRNSE: SkU4-777; DOCITT: 7Q-S'

SECTION: 800, SUBPARtT: 812.2

quclear Safety Evaluation -

&ayStce g ._.Uranium

PAGE 2 6f 3

APPRPOVEs)

ISSIUED: OCTOBER 31, 1968
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6. Contribution from Next Nearest Units in Second Row c•6 Units)

a = diagonal of unshielded portion = 8.5", b = diameter of unshieldedj
;portion 3"

q 51.5", h = 48" r 14"

- 6= (7) = ewhere tan e =jh= = .292

(8.5x3) (.860) 2555 (.860) cos e .960

= .00964 x .96 = .00925

-C)L6 (Total) = 4 x .CL6 = 4 x .00925 = .037 steradians

7. Contribution from All Other Units in Array

All other units in the array are shielded.

8. Total Interaction

Total -_:= E A) (Total) + ... +rL 6 (Total) = 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.
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LICENSE: SNM-777, Docket: 70-820 Approvad

- SECTION: 800 - FUEL FABRICATION OPERATION
Subsection: 810 - Storage ISSUED February 6, 1970
Subpart: 812 - 19 H Fuel Storage Area

812.3 - High Entichment Alley Storage SUPER$EDES October 31, 1968

-

812.3 HIGH ENRICHMENT ALLEY STORAGE

1. 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 indiyidual 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 entirelength
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 bolts.

Details of construction are shown on Sketch 812.3-I.

2. Nuclear SafetV

The tote boxes or the ingot or slab geometries 'provide a safe cross
* section for the material to be stored. The nuclear safety of this

storage arrangement is evaluated -in the attached Nuclear Safety
Evaluation.

* c C

*Indicates Change-

P ..
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LICENSE: SNM-777, Docket: 70-820 Kpprovad
-SECTION: 800 - FUEL FABRICATION OPERATION
Subsection: 810 - Storage KSUED OCTO'ER 31,' 1968
Subpart: 814 - Clad SNM Storage

814.4 - 'Low Enrichment U02 Finished SUPERSEDES NEW
Component Storage .

814.4 Low Enrichment..UO, Finished Component Storage

1. Description

Finished U02 components will be stored along the north wall of
'Building.50H.- .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 8" 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 this storage arrangement are shown on Sketch 814.4-I.

2. Nuclear Safety

Individual components will be nuclearly safe by themselves. The
' solid angle 'subtended by the centermost component in the array
-when one other component is in transit is

Type of Component Solid Angle

.Dresden 1.35 steradians

Yankee 2.4 stiradians

No-more than one () -component will be permitted to be in transit
at any one time. Other SRM bearing mategial in the general
vicinity of this rack will be spaced at least four (4) feet. from
the rack.

' "' ''''-' . ' ,'' ,'
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.SLICENSE: SNM-777, Docket: 70-820 - Kpprovad
SECTION: 800 - FUEL FABRICATION OPERATION -
Subsection: 810 - Storage ISSUED October 31, 1968
Subpart: 814 - 50 H Storage

814.3 - tow Enrichment U02 Rod Inprocess SU
Storage w PERSE-ES New

814.3 Low Enrichment UO, Rod Inprocess Storage
. . t

I. Description

These racks will be used to store U02 rods not exceeding 57, enriched
during processing,-? They will be placed individually 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 ehd. troughs or channels made of 1/16" or 16 gage stainless
steel. 3/8" diameter drain holes are. placed 4" apart approximately
9/16" above the module bottom along the entire length of tfie
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-toedge and top to bottom separation between ports.
Ports are long troughs running- the entire length' of the rgck 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.

' 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 wit'h'uranium not exceeding 2.8%
enrichment. The storage of higher enrichments require reduced
opening sizes so the material is safe under accident conditions.

,.-Details of their nuclear safety are set forth in.Nuclear- Safety
Evaluation 814.3.

. ~ ~ .
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I. DESCO1PTION -

1. iods will be stored in metal modules. .'

2. Tdp to 15 modules (3x5) may be stored in each port opening.

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

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

5. SNH will be restricted to U02 pellets with enrichments not exceeding
,.5.0X which are encased in metal (usually zircaloy or stainless steel)
to form rods.

6. Racks may be' placed end-to-end to form planar arrays.

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

II. NUdLEAR SAFETY OF INDIVIDUAL PORTS

Und er 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. %".

* Each port opening has a cross sectional area of.

A = 5" x 15" = 75 sq.in.

TjiA cross section corresponds to a cylinder diameter of 9.78 inches.

-A4= 75 in 2  = - d= = , 9.78"

This is X safe diameter for enrichments up to and including 2.87. 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 57. cannot become critical.

ILICENSE: SUIR'-777; DOCIET: 70-82

SECTION: 800, SUBPAIT: 814.3
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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 TlD-7016, Rev. 1. .S4nce, the modules, ports
and racks have many openings, there is no place for water retention. So;
all water would "run out" of the modules, poarts, and racks as the flooding
subsided. Alsoi the rack construction is such that in the event of a'
water spray (eg., sprinkler release, water pipe rupture, etc.), it is
,considered unlikely that water would enter the modules, ports or racks.
Therefore,, these racks are safe under accident conditions.

IV. CONCLUSIONS

These racks are safe under n6rmal or accident conditions.

. ; . . .6 .

I .
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i . DESCRIPTION -

I 1. Components will be stored on 18" centers.

2. No more than 1 component will be permitted to be in traftsit at any
one time.

3. other SIT4 bearing material in the general vicinity of the rack will/ be spaced at least 4 feet from the rack.

II. NUCLEAR SAFETY OF NDIVIDULL UNITS OR CO11ONENTS

Individual components will be subscritical with optimum possible water
Aoderation and complete water reflection. A summary of components and
4heir effective multiplication factors is listed below:

CmP nent Type Keff Reference

Dresden .59.1 Nuclear Safety Eval.-Dresden I.F.E.-Subsection 823
m Yankee .852 Nuclear Safety Eval.-Yankee F.E.-Subsection 823

III. /IiTERACTION CALCULATIONSI Thenuclear safety of planar array formed by the 16 components in a line
will be evaluated using the K -ALmethod.

;1. Dresden Fuel Elements

h - active fuel length = 108.25", d = side dimension = 4.38",
e-e 13" - 4.38" = 13.62"

h = 108.25" 2 e-c 13.62" 3.1
d 4.38" q d 4.38"9 =

.fL f = .035 from Fig. F-l.l, /-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.

LT 4 4-f'%.f x number elements

- 12.56 x .035 x 3 = 1.35 steradians

LICENSE: SI'1-777; DOCKEOT: 70-32
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III. INTERACTION CALCULATIONS

1. Dresden Fuel Elements (Continued)

From the Nuclear Safety Evaluation - Dresden I Fuel Elements
(Subsection 823- -the effective multiplication factor for one
water moderated, unreflected element is x

Keff 0 Q.306

Therefore,

Allowable fL 9-10K 9-3.06 = 5.94 steradians

This r~ack 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"

X_7_61 1 d 7.615" 1.4

fLf - :063 from Fig. F-l.l, /-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.
As-suming one element in transit at the same spacing, the centermost
unit sees three elements.

.flTj= 41 JTLfJ no. units = 12.56 x .063 x 3 2.4 steradians

From the Nuclear Safety Evaluation - Yankee Fuel Elements (subsection
823) the effective multiplication factor for one water moderated, un-
reflected element is

Keff = 0.595

Therefore,

Allowable ...C= 9-10i'. 9-5.95 = 3.05 steradians

This rack is safe for these components.

I LICENSE: STh1-777; DOCIET: 70-32

SECTIOH: 800, SLMPIM'T: 814.4

Nuclear Safety Evaluation -
U02 Finished Component Storage

PAGE 2 of 2

APPJROkFCD

ISSUED: 0CTOYwR 31, 196&

r.T1~'T-T14,~tv- .?,-I



C. Ct R F 0 .R A T I 0 N PAGE I or 1

"LICENSE: SNM-777, Docket 70-82& AUprovad
SECTION: 800 - FUEL FABRICATION OPERATION -P
Subsection: 810 - Storage ISUED OCTOBER 31, 1968
Subpart: 815 - 11 H Storage ___

815.1 - Low Enrichment UUO Pellet Storage
2 .SUPERSEDES NEW

815.1 Low Enrichment IJ06 Pellet Storage

1. Description

U02 pellets will be.stored in fibrepaks, 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 pelletpackages 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 Angle 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. -

2. Nuclear Safety.

-This storage arrangement provides-a safe cross section for the
material stored in each trough. The solid angle subtended by the
centermost trough of the array is approximately 1,964. steradians.

I
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1. SNM will be in Fibrepaks with inner dimensions of; 8-1/2" diameter
and 8" height or boxes with an 811 width and thickness.

2. Fibrepaks will be arranged upright, side by side; and boxes will be
arranged end to end in troughs.

3. Troughs will be separated 12" edge-to-edge.

4. SNM will be restricted to U02 pellets with enrichments up to and
2.34%.

including

II. NUCLEAR SAFETY OF INDIVIDUAL TROUGHS

The SNH 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"

A 68 in2 d .6 9.3 in.

This is a safe diameter for enrichments not exceeding 3.25% as shown in

Figure 309-XII.

III. 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 SNM 8" x 8.5" x 35'. The solid angle would be

d - thickness of SNM = 8", L - 35' - 420", L/2 - 210", h - 8 12" . 16.25"

.V 2dL - - sin e

16 '"
16-997) .985.x .997

-. 982

* where tan e =L2 = 210"= 12.92
h si e.2 5.

sin e - .997

,I (Total) -. 2 x ALL = 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, c 35' = 420' -" 1066.8 cm

Bg2 = + + 1r2 where X =2.5 cm from Fig. 3
'g2  (a-+2X%)2+ -(b+2%)L (C+2%)2

TID-7028
9.8. 9.8 + o .

(21.6+5)z "(20:3+5)z

9.8 9.8
C2 6. 6)2 +(25.3)z

9.8 9.8
707.6 + 9 + -0 .0138 + .0153

.0291 cm2

Replotting the data from Appendix B and C, DP-1014, for 2.34% enriched U02
at the minimum critical diameter,

Bm2 = .0115 cmn2, M2 - 32.2 cm2

The effective multiplication factor for a trough of Fibrepaks is

I liM2Bm2  l+(32.2x.0115) 1.370
I-k eff -= 1T2g2 1+(32.2x.0291) 1.937 *707

The sllowable solid angle is

a?_ (Allowable) v 9-10 k = 9-7.07 = 1.93 steradians

IV. CONCLUSIONS

Although the actual solid angle slightly exceeds the allowable solid angle,
the system is nuclearly safe since the solid angle 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

.80

.95

1.08

1.17

1.30

1.50

2.00

3.00 -

5.00

ROD. DIA.
(IN)

1.2

1.0

1.0

0.8

0.8

0.6

0.6

0.4

0.3

AUG. U-235
DENS (G/L)

38.08

40.16

45.66

44.99

49.43

51.82

69.10

81.34

118.56

U-235 MASS
(Kga.)

149

27.5

15.9

11.2

8.68

6.09

4.17

2.71

2.31

CYL. DIA.
(C m)

156

80.6

63.6

56.8

50.1

43.4

34.0

27.4

22.3

MIGRATION
Anea (cm2)

36.85

35.65

35.48

34.61

34.46

33.63

33.17

31.47

30.15

*BUCI%%INC
(cm-2)

.000906

.002638

.003934

* .004751

.005109

.007260

.010339

.014056

.017172

REFLECTOR
Savings (clr

6.54

6.50

6.52

6.50

6.51

6.53

6.64

6.60

6.66
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LICENSE: STM-777, Docket: 70-820 Afi -d
SECTION: 800 - FUEL FABRICATION OPERATION Kpprovd
Subsection: 810 - Storage ' .
Subpart: 816 - Coat Storage October 31,-1968

816.1 - Low Enriched UO Rod Mobile Work
Tables 2 SUPERSEDES

NEW.

La. .- a.~..r.aIA

816.1 LOW ENRICHED UOO ROD MOBILE WORK TABLES

1. Description

These cartswill be used as mobile work tables during the pro-
cessing of U02 Rods. They also may serve as temporary storage
for these 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 1/211 x 1/8",
which is covered Aiith a thin metal skin, usually 24 gage or
heavier. The cart -assembly is welded construction. These carts
are designed with a horizontal trough down the middle for holding
loose rods or rods in modules. Non-stacking devices will be
placed ion 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

The troughs will b~e restricted to a safe slab thickness, depend-
ing on the enrichment of the SNM being processed. Safe slab
thickness valves will be obtained using. Figure 309-XV. The
interaction effects of Subpart 814.3 also apply to these tables.

C..
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,LICENSE: SNM-777, Docket 70-826 -
- SECTION: 800 - FUEL FABRICATION OPERATION . r.
Subsection: 820 - Processing
Subpart: 821 - Introduction ISSUED OCTOBER 31 1968

SUPERSEDES New

Ia.
. .

821 INTRODUCTION

1. The subsectio.ns.wlich follow describe the handling, processing steps,
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. -

I,

The use of up to and including 350 grams of U-235 at any enrichment
2.. is authorized for research, development, and pilot operations under

the following conditions:

2.1 Each 350 gram batch may contain 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, operation, zone, or piece of equipment will
be separated a minimum of four feet from each 350 gram U-235

* batch or any other SNM-

3, The interaction between process operations is not calculated.
Generally, each process operation is separated by three feet and
identified as a criticality zone. This separation is exclusive of:"
ports or shelves in storage devices. In lieu of determining the
interaction between these process operations, a process area limit
has been ebtablished.using a safe surface density.of 175 qm U-235
per square ft. The Process Arei Limits are:

Building Process Area Limit

.10H 122 Kg U-235
19H 1050 Kg U-235
501. 5075 Kg U-235

Details concerning these limits are set forth in Nuclear Safety
Evaluation 821. The Possession Limiis set forth in Section 100 will
not be exceeded regardless of the Process Area Limit.

. .9
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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.

II. PROCESS AREA LIMIT .BUILDING 1H

The Tub'e 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/ft.2  122 Kg U-235.

III. 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 72,175 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 U-235/ft.2= 5,075 Kg U-235.

;
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DIVISION ATOMIC ENERGY DIVISION .TELEPHONE
GENERAL OFFICE / '8\ 11i.A CODE.703
LYNCHBURG, VA. 5061 FORT AVENUE a/ 6.7371

P. O. BOX 1260 // *; _ s 7371

LYNCHBURG, VA. 24505 l

November 1, 1966

United Nuclear Corp.
*365 Winchester Avenue
New Haven, Connecticut

ATTENTION: W. A. Cameron

Re: B-.W Purchase Order
A-27859, 190x807

Dear Sir:

In accordance with your Mr. Kropp's request, Br-e submit the following infonnation to
supplement our letter dated August 17, 1966, on multiplication and migration arda values
for the BAWTR fuel elements:

Recent calculations for the standard BAYER fuel element crams U 5 give the
following results: e ( g

Case I -uel Idoroi e c hrie area jithin the fuel boundaries

Case II Fuel homogenized over entire element area

The above calculations were made using the KATE-1 1), Program for Haxw~ellian averaged
thermal constants, I.UFT~-5t) Fast neutron spectrum program for the fast groups, and 'dA1DA-53
neutron diffusion program. Thirty-four (34) group cross-sections were used.

R'FERENiCES

(1) H. J. Amster and J. B. Callaghan, KATE-1, "A Program for Calculating
Wigner-WJilkins and MIax-ellian Averaged Thermal Constants for the
Philco-2000, I-APD-TH-232 (October 1960).



*

THE BABCOCK & WILCOX COMPANY

. I

United Nuclear Corp. Page - 2 - November 1, 1966

(2) H. Bohl, Jr. and A. P. Hemphill, RiUFT-5, "A Fast Neutron Spectrum
Program for the Philco-2000, ',JAPD-Ti-218 (February 1961).

(3) 0. J. Marlowe and K. C. Suggs, .ATNDAe-5., "A One-Dimensional Neutron
Diffusion Equation program for the Philco-2000, IAPD-'f14-2L1 (INlovem-
ber 1960).

We trust the above will be
hesitate to contact us.

sufficient, however, if you have any questions, please do not

Yours very truly,

THE BABCOCK & WILCOX COMPANY
Atomic Energy Division

R. A. Beal, Purchasing Agent

By C. D. Carter, Jr.

CDC, Jr. /cbp
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LICENSE: SNM-:777, Docket: 70-820 opprova.d
SECTION: 800 - FUEL FABRICATION OPERATION
Subsection: 820 - Processing

823 - Fabrication of Stainless Steel, ISSUED October 31 1968
Aluminum, or Zircaloy Clad Tubular PRSEDES HEW
Type UO2 Pellet Assemblies SWE

823.1 - General Considerations

. .flat. WsZ-.SY SZ

823.1 GENERAL 'CONSIDERATIONS

1. This subsection covers preparation and processing of up to and in,
eluding 5. enriched UO2 fuel material as pellets and its fabri-
cation into tubular type. fuel rod assemblies or clusters with the
pellets clad in Stainless Steel, Zircaloy, or Aiuminum. Indivi-

7 dual-operatibns which may be performed, are shown on Diagram
823-I, and are listed in their expected sequence.

2. Operations on pellets will be performed in Building 1OH. Rod and
assembly. fabri~cation 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 (BVR)
4.2 Yankee (PWR)

.4. Safe cross.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.- 'rx (safe diameter) 2

4

-5. Unless stated 6tlherisa, safe values referenced in this Subpart
will be obtained using the Figures referenced in the follovin
table: .

' Safe Value .. Figure
5:.l Heterogeneous Diameter 309-XII

5.2 Reterogoneous 1ass 309-XIII

5.3 Heterogeneous Volume 309-XIV

5 6.4 Heterogeneous Thickness L309-XV

5.5 Homogeneous Diameter 309-XVI

, 5.6 Houogeneous Mass 309-XVII

5.7 Homogeneous Volume 309-XVIII

5.8 Homogeneous Thickness .3.09-XIX

5.9 Geothetric Variables for
Specified. U235 Enrichments, 309-XX

5.10 Masses for Specified U.235,
Ehrichment . 309-XXI

5.11 SaTe Cylinders for any
U-235 Enri ?hment 309-XXII

S e
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823 - Fabrfcation of Stainless Steel, 31, 1968
Aluminum, or Zircaloy Clad Tubular
Type U02 Pellet Assemblies SUPERSEDES NEW

823.1 - General Considerations

l

6. K eff values will be determined by individual Nuclear Safety
evaluations included in this Subpart (823).

9 V
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,-LICENSE: SM-777, Docket: 70-820 - pprovbd
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Subsection: 820 - Processing

823 - Fabrication of Stainless Steel, ISSUED OThBER 31, 1968
Aluminum, or Ziricaley Clad. Tubular.
Type U02 Pellet Assemblies SUPERSEDES

Subpart: 823.2 - Process. Description New

823.2 PROCESS DESCRIPTION

-1. Receive Pellets

Pellets will be received and handled in accordance with Subsection
810.

2. Measure and Weigh Stack -

This is a dry operation and will be limited to a safe heterogeneous
mass. If pellets are damaged, they will be placed in safe hatero-
geneous diameter or volume or cross section containers or theyvwill
be placed in a container' and limited to a safe heterogeco'us mass
If the pellets are sufficiently damaged so that U02 powder is found,
the U02 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.

3. Pellet Dryness Test

A few representative pellets are removed from each batch or lot and
tested for dryness. This operation will-be limited to a safe
heterogeneous mass.

4. 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
hoterozen-eous mass or a fixture may be used which provides a saga
hetero-eneous cross-section.

5. Machine or Hand Finish Welds

This operation is usually performed on individual loaded rods one at'.
a time. -It is limited to a safe heterogeneous mess.

6. Inspect

This operation will be limited to a safe heteroaenaotis mass,

7. Zyglo 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.are placed in a liquid (approximately 1
to 2 inches)} this operation is limited toa safe hsterogef0ous mass.

8. Leak Test by Alcohol Immersion

Prior to*leak testing, rods are immersed in alcohol. This is a wet
operation aid is limited to a safe hetcorogeneous mass or the-rods
are held by a fixture or the- equipment.Cin a safe heterogenaous croSs--
section.. '.

9. Helium Leak Test

-This operation is dry and per~formed.in leak tight vessels. Each
vessel is limited to a safe hatsroauneous masS or the rods ara
retained in a safe hzaterogeneous cross-section.

. . S
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Subpart: 823.2 - Process Description

10. 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 SNM4 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 SRM is retained in a safe cross-section, or
the fixture- has a k eff (bare) - D0.65 and k eff (reflected) < 0.9.
The safe geometry for the fixture will be determined neglecting the
affects of the cladding.'
-Fixtures are further designed to preclude accidental insertion of
two 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,' which insures uniform mixing and
pickling. No uranium is allowed in the solutions. Pickling solutions
are checked, usually by sampling, before the start of each shift to
determine how spent they are. If there is reason to believe that the
solution contains Sl.RML, the solution is sampled and analyzed for
uranium cc'ntent prior to processing additional S&I. M4aterial is
inspacted after pLckling. Any over-pickling or penetration to SUM

'causes rejection of the matprial and sampling of the pickle solution.
In addition, the pickle lines are equipped with an automatic with-!
drawal system. The system will be designed to insuire automatic with-.
drawal of the SNMI material or dumping of the acid even in the event i:
of loss of primary power. Therefore,: the insertion of a fixture con-
taining Sal into a solution containing SNM or the dissolution of the
Sal; is considered unlikely. In addition, acid tanks are equipped
with an'automatic dump system to preclude SMl being in the tanks for
extended periods dud to electrical or mechanical failure. An example
of a k eff calculation for a fixture of this t.pe is shown in NDEO-107

11. Load Autoclave and Corrosion Test

After. pickling, the fixture containing SIM may 'undergo a water soak.
(if required), then is. loaded into an autoclave and corrosion tested.
Again, individual fixtures will hold only a safe mass of SNM, or the
SaM is retained in a safe cross-secpion or the fixture has a k eff
(bare) < 0.'65 and k eff (reflected) 4 0.9. The interaction between
autoclaves is approximately 1.82 steradians with 2.5 steradians
allowed.

12. Visual Inspection*

This operation is limited to a safe heteroznieous mass.

13.. Storage/Issue for Assembly

Storage of rods will be in accordance with Subsection 810. During
issue for assembly, loose rods will be retained in a safe hataro.-
geneous cross-section container or limited to a safe haterogensous

-mass.

.
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14. Alpha Count

Prior to assembly, rods may be alpha counted for surface contamination.
This operation is limited to a safe hetcorogfeneous mass.

15. 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
(reflectecd< 0.9.

16. Machine or Hand Finish

If required, .excess welt 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.

17. Rivet Grids, Assemble End Fittings. etc.

This operation is limited to that number
< 0.65 and k eff (reflected)< 0.9.,

of assemblies with k eff (bare;

18. Dimensional and Visual Inspect

19.

Same considerations as Subpart 823.2;17.

Radiograph

Same considerations as Subpart 823.2.17.

20.' Decrease or Water Rinse, etc.

A final cleaning operation is performed.
will be, limited such that k eff (bare) <
< 0.9.

The number of assemblies.
0.65 and k eff (reflected)

21. Alpha Count

Same considerations as Subpart 823.2.17.

22. Store -

Assemblies will be stored in accordance with Subsection 810.

. ..-. 9
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. I-

Machine or Hand Finish I

Rivet Grids, Assemble End - |
Fittings, Etc.
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I I
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[Alpha Count 1

|Store f
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A. Pellet Description: 0.482" 0 x 0.66" 1.0" long

B. Rod Description:

1. Type Rod

Free End

Fuel Stack Lngith

108.25 + .50

Tube Length

114. 70"Length,
Spring, Disc

_wght.
88#

Fuel Loading/rod

3251 + 98 g
(67.0 g U-235)

Fixed 108.25 + .50
Type

Remov. 108.25 + .50
Type 1

*Remov.. 108.25 + .50
Type 2

PPC Type 108.25 + .50

114.70"Length,
Spring, Disc

114. 70"Lengthp
Spring, Disc

114.70"Length,
Spring, .Disc

114. 70"Length:
Spring, Disc

8WI 3251 + 98 g
(67.0 g U-235)

8# 3251 + 98 g
(67.0 8 u-235)

8# 3175 + 95 g

8# 3251 + 98 g
(50.7 g U-235)

Segmented 17.54 + .05
5 per Rod

114.70"Length,
Spring, Disc

10# 3013 + 90 g
(62.1 U-235 Total)

12.63 + .050
1 per Rod

Instrumanted None 114.70"Length,
No SpringsDisc

3# None

*Uranium Dioxide-Gadolinia (64.1 g U-235) (55.0 g Gd203)

2. Zircaloy-2 Tubing

Std Tuba: 0.0370".+ .0025!.'W.T. x 0.4925" + .0020" I.D.

Instru. Tube: 0.0293" + .0025" W.T. x 0.540" + .002" I.D.

C. Element DescriDtion
4.38" x4 38" xfLength Ovar Active Fuel - 108.25"

3 Length Between Grids - 115.33"
Length Overall - 134.35"
36 Rods Par Element

1. Type Element
Type 1
Type 2
Instrumented

Required/Batch Mo 6
53
30
13

LICNIIISE: SPi-77i; DOCIM1: 70-2_2?
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No Required Per No Required Per No KequLrz-u rt&

2. Type Rod Type I Element Type II Element Instrument Element

Free End 20 20 20

Fixed TypeA 8 8 8

Remov.Type 1 1 - -

Remov.Type 2 - 1 -

PPC Type 6 6 6
Segmented 1 1 1

Instrument - - 1

D. General Information

1. Enrichment

a. Normal Fuel 2.34 t 0.05 w/o

b. Segmented Fuel 2.34 ± 0.05 w/o

c. PPC Fuel 1.77 ± 0.05 w/o

d. Gadolinia Content 1.74 + 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 Remoa. No. 2 Know as "Normal"

2. Pellet Density: 93.5% Theoretical + 2.0X

II. ASSUMPTIONS

A. The design reactivity information contained in NDEO-1033 is applicable and

will be used to determine effective multiplication factors

(KOO- 1.21 an X - 39 cm 2)

B. Calculations will be performed using the following equations:

B2 it 2
IT____ ____and

(length + 2&) (width + 2 ) + (thickness + 2 3)2

K~ff k @
Kef-I + X2B2

C. Using Fig. 4-27 of ANL-5800p 2nd Edition, a reflector savings (CS) of 8 cm.

for a full water reflector was selected.

* D. From Fig. 3 and 4 of TID-7028, an extrapolation length (also designateds)

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. will yield minor reactivity changes, probably 101 or less

in K eff.
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I1 assBUT-ia. under modarated conditions, thls will yield
higher k eff values thanwould occur if ths elem.~nts were closely
pacled.

III, CAALCULUTIONS

A. One Element - envelope 11.13 co. x 11.13 cm. x 275 cm.

1. Reflected Case

B2 -9.87 + 9.87 9(2 .7.13)
B Rafl. (11.13 + 16)2. (11.13 + 16f2 + (275 +6j 2 = (27 2+

9.87 9.87 9.87 + 9.87 +9.87 0.0134 4- 0.0134 +
(27.13)2 + (291)- - 736.04 + +73604 84,861

0.0001 = 0.0269

1.21 1.21
%eff 1 i+ (39 x 0.0269) +1 1.049

2. Bare Case

= 1.21 = [
2.049

2 9.87 9.87
Bare (11.13 + 5)2 2 (11.13 + 5)2

+ 9.87 = 9. 87
+(275 + S52/ (16.13)2 + 9. 87 2 ++(16.13)2 +

92807 2 260.18 +9260.18 + 78,400 0.0379 + 0.0379 + 04.0001 =,0.0759

1.21 1.21 1.21
eff 1 + (39 x 0.0759) 1 + 2.9601 3.9601

B. Turo Elements - envelope - (11.13 + 1.91 * 11.13 - 24.17) 24.17 cm x
11.13 cm x 275 cni.

1. Reflected Case

2 9.87 9.87 9.87 9.87
B Refl. (24.17 + 16)2. (11.i3 + E6)2 + (275 + 16)2 (40.17)2 + 0.0134

0.0001 1 6 3 1 0.0134 + 0.0001. = 0.0061 + 0.0134 + 0.0001.= 0.0196

1.21 - 1.21
Keff 1 + (39 x 0.0196) 1 + 0.764 1.764

2. Bare Case

2 9.87
B Bare .(24.17 +t 5)2

9.87
+ (11.13 + 5)2

+ 9.87 , 9.87
(275 + 5)2 (29.17)2 + 0.0379 +

0.0001 =987 + 0.0379 + 0.0001 = 0.0116 + 0.0379 + 0.0001 = 0.0496
850.89

Keff
1.21

'496) 1 + 1.934 42.9341 + (39 x 0.0

LICENSE: SN14- 7 77 , Docket:70- 82C
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- 1. Reflected Case
2
B Re fl. =0.0061 + 0.0061 + .0.0001 -0.0123

,,.

..

K___1.21__ 1.21 1.21 -

eK£ 1 + 1.3. 0.0123) 1 + 0.480 1.48 EO iYI8-
2. Bare Case

2 .
B 0.0116 + 0.0116 + 0.0001 = 0.0233

Bare

1.21 _ 1.21 1.21 6
Keff 1 + (39 x 0.0233) 1 + 0.909 1.909

D. nline Elements (3 x 3) - envelope (11.13 + 1.91 + 11.13 + 1.91 + 11.13 =

37.21 cm.) = 37.21 cm. x 37.21 cm. x 275 cm.

1. Reflected Case
B2 9.87 9.87 9.887

Refl. (37.21 + 16)2 (37.21 + 16)2 (275 + 16)2 (53.21)2 +

9.87 9.87 +9.87 +000 .05+003'
(53.21)2 + 00001 = 2831.30 + 2831.30 + 0.0001 0.0035 + 0,0035 +

0.0001 - 0.0071

K 1.21
eff I + (39 x 0.0071) 1 + 0.2769 =1:251

2. Bare Case
2 9.87 9.87 9.87 9.87

Bare (37.21 + 5)2 (37.21 + 5)2 (275 + 16)2 = (42.21)2 '

(42.21)2 + 0.0001 = 1781968 + 1781. 68 + 0.0001 0.0055 + 0.0055 +

0.0001 = 0.0111

K 1.21 1.21 * 1.21 V
eff 1 + (39 x O.Oll1) 1 + 0.433 1.433

E. Sixteen Elements (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 cm x
275 cm.

1. Reflected Case
2 9.87 9.87 9.87 ( 69.87 9.87
Refl.= (50.25 + 16)2 (50.25 + 16)2 (275 + 1622~5)2 + (6625)

+ 0.0001 = 9.87 + 9.87 + 0.0001 = 0.00224 + 0,00224 + 0.0001 - 0.00453
4389.1 +4389.1.

K + 1.21eff 1 T (39 x 0.00455) 1.21 = 1.21 .'l+0.1786 1.1786
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E. Sixteen Elements (continued)

2. Bare Case
I

12 9 5 .87 52 .9.87 + 9.87 52- 9.87 9.87
(50.25 + 5) (50.25 (275 + (5525)2 + (55.25)2

9.87 9.87
+ 0.0001 ' 3052.56 + + 0.0001- 0.00323 + 0.00323 + 0.0001 -3052,56 3052.56

0 00656

K0 I+ (39 x 0.00656) 1 + 0.2558 + 1.2558

IV. CONCLUSIONS

* A. These calculations indicate ~hat 16 elements in a kx 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 calculations are representative.

*Indicates Change
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Supplement to
NUCLEAR SAFETY EVALUATION
DRESDEN FUEL ELEMENT (BWR)

I. Material Description

Pu02 - UO2 Fuel Rods and Elements.

A. General
This supplement provides additional information applicable to the shipment
of Dresden PuO2 - UO2 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
arrangement as the previously described Dresden BWR elements.

B. Pellets
Pellets are sintered (high fired) ceramic of
a) U02 2.34% U2 35 enrichment.
b) Mixed oxide PuO, - U02

Nominal composition:

97.7 + w/o UO natural enrichment
2.3 + w/o Pu92

100.0

Nominal isotopic composition of Pu is:

two types:

Pu
Pu
Pu
Pu
Pu

238
239
240
241
242

0.37%
71.34%
20.63%
6.09%
1.57%

100.00%

C. Rods
Two types
a) U02 pellets

Dimensions, weight and enrichment as described in Nuclear Safety
Evaluation--Dresden I Fuel Elements (BSR) dated 9/15/67.

b) PuO2 - U0 2 pellet

Net weight PuO2 - U02 3254 gms/rod

U02 3179 gms/rod

PuO2

U-235
Pu

75 gns/rod

19.9 gms/rod
66 gms/rod

l

LICENSE: SNM-777 DOCKET: 7-820

Nuclear Safety Evaluation
Dresden Fuel Element (BWR)

Page 1 of 2

ISSUED: 2/6/70

SUPERSEDES: New

APPROVED:
AMENDMENT NO.:



D. Element

Net Weight
Per Rod,
Grams

Net Weight
Per Element,
GramsType Rod Number

U02 Pellet, Free End
and Fixed End

U02 Pellet, PPC
U02 Pellet,
UO -Gd 0 Pellet
Pug2 - 10o 3Pellet, Free

end and fixed end

19
6
1
1

3251
3251
3013
3251

61769
19506
3013
3251

29.286

116,825

9

36

3254]

II. Nuclear Criticality Safety

A. A. Elements

The Pu0 - UO elements are neutronically equivalent to standard U02
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.

LICENSE: SNM-777 DOCKET: 70-820

SECTION: gon SUBPART: 823

Nuclear Safety Evaluation
Dresden Fuel Element (BWR)

Page 2 of 2

ISSUED: 2/6/70

SUPERSEDES: New

APPROVED:
A1MENDMENT NO.:
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I. BASIC INFORMATION

A. Pellet Description: 0.3145" 0 x 0.6"-.> 1.0"1 long

B. Rod Description:

1. Type Rod Fuel Stack Length Tube Length Weight Fuel Loading/Rod
91.00 + .25 94.57"- 3.3 lbs. 1182.8 S U02

(36.49 g U-235)

2. zircaloY-2 Tubing
Std. Tube: 0.020" W.T. x 0.368" + 0.002" OD x 0.3210" + 0.001" ID

C. Element Description

(Length Over Active Fuel - 91q00"
I Length Between Grids - 95.440

7.615" x 7.615" x Length Overall - 111.9"
238 Fuel Rods Per Element
Fpitch - 0.468";

D. General Information

1. Enrichment: 3.5 w/o

2. Pellet Density: 94X Theoretical

II. ASSUMPTIONS

A. The design reactivity information contained in NDEO-1134 is applicable
and will be used ti determine effective multiplication factors i
(Koo- 1.405 and H - 40.9 cm2 )

B. Calculations will be performed using the following equations

B2 . , 2 IT + _f 2
(length + 2 ) (width + 2i) (thickness + 2t) and

*

K a'-
K eff l 2

1+ W B-

C. Using Fig. 4-27 of ANL-5800, 2nd Edition, a reflector savings (&) of 8 cm
for a full water reflector was selected.

D. From Fig. 3 and 4 of TID-7028, an extrapolation length (also designated
r§ ) 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 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 lOZ or less in k eff.

LICENSE: SNH- 777 DOcket70-820

SECTION:800; SUBPART: 823

Nuclear Safety Evaluation -
Yankee Fuel Elements (PWR)

Page 1 of 4 pages
APPROVED _

ISSUED: 261670
SUPERSEDES: 10/31/68

I*Indicates Change



elements is assumed. Under moderated conditions, this will yie1d
higher k eff values then would occur if the elqments were closely
packed.

III. CALCUlTIONS

A. One Element - envelope 19.34 cm x 19.34 cm x 231 cm

1. Reflected Case

2  9.87 9.87 9.87 9.87
BRefi. (19.34 + 16)2 +(19.34 + 16)2 + (231 + 16)2 (35.34)2 +

9.87 +9.87 9.87 9.187 +9.87 0.0079 + 0.0079 + .'0001
(35.34)2 + (247)2 1249 +1249 + 61,009

0.0159

K 1.405 1.405 1.405
eff 1 + (40.9 x 0.0159) 1 + 0.650 1.650

2. Bare Case

2B2 9.87 + 9.87 + 9.87 9..87 +
bare (19.34 + 5)2 (19.34 + 5)2 (231 + 5)2 (24.34)2

9.72 9.8 9. + 9.87 + 55 6AZ = 0.0166 + 0.0166 + 0.0001
(24.34)2 +236)- 592 592 55.,696

0.0333

1.405 1.405 1.405
Keff = 1 +(40.9 x 0.0333) 1 + 1.362 2.362 | * {5

B. Two Elements - envelope=(19.34 + 1.91 + 19.34 = 30.59)=30.59 cm x 19.34 cta

x 231 cm.

1. Reflected Case

B2 9.87 + 9.87 9.87 :.9.87 007
B Refl. (30.59 + 16)2 + (19.34 + 16)2 + (231 + 16)2 46.59)2 + 0007

+ 0.001 = 9I7 + 0.0079 + 0.001 = 0.0045 + 0.0079 + 0.001 0.0125
2171

K1.405 1.405 =1.405 T 1
Keff 1 + (40.9 x 0.0125) 1 + 0.511 1.511

LICEIRE: SI!Ui-777; DOCY'ET': 70-82

SECTJSIC) 800k SU3PA.RT: 823

- Nuclear Safety Evaluation -

Yankq Fuel Elements (9,71)
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B. Two elements (continued) ;

2. Bare Case

B2 9:87 + + 9.87 2+ 9.87 9.87 2+ 0.06
Bare (30.59 + 5)2 (19.34 + 5)2 (231 + 5)2 (35.59) 06

0.001= 9.87 + 0.0166 + 0.0001 = 0.0077 + 0.0166 + 0.0001 = 0.02441267

1.405 1.405 1.405 1
Keff= 1 + (40.9 x 0.0244) 1 + 0.998 1.998 0

C. Four Elements (2 x 2) envelope 30.59 cm. x 30.59 cm.x 231 cm.

1. Reflected Case

B = 0.0045 + 0.0045 + 0.0001 = 0.0091
Re f1.

ef 1.405 1.405 1.405
Ke ff 1 + (40.9 x 0.0091) 1 + 0.372 1.37

2. Bare Case

.2
B Bare = 0.0077 + 0.0077 + 0.0001 = 0.0155

K - 1.405 1.405 1.405 F E
eff 1 + (40.9 x 0.0155) 1 + 0.634 1.634

D. Nine Elements (3 x 3) - envelope (19.34 + 1.91 + 19.34 + 1.91 + 19.34
61.84 cm) - 61.84 cm x 61.84 cm x 231 cm.

1. Reflected Case - Critical

2. Bare Case

2 9.87 9.87 9.87 9.87

B Bare (61.84 + 3)2 + (61.84 + 5)2 + (231 + 5)2 (66.84)2 +

(69.84)2 + 0.0001 - 9 87 + 9.87 + 0 0001 = 0.0022 +- 0.0092 + 0.0001(6.8)24468+4468

0.0045

K 1.405 =1.405 1.405
1ef Y + (40.9 x 0.0045) 1 + 0.184 °.1 .Ih± LI

IV. CONCLUSIONS

A. These calculations indicate that just greater than 3 elements would be
required for criticality. NDEO-7034-1164 indicate that
greater than 3 elements would be required for criticality. ThereZerL
these calculations are representative.

j (LICEMSE: SIiI-777;. DoCET.:.r 70-82
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NDEO-1033

10 R. E. Kropp /

L. Goldstein

AT New Haven

Al Elmsford

DATE May 19, 1967

FROM

SUBJECT Nuclear Information Required for Dresdei
Shipping Container Design

COPY TO W. Compas-New Hav
D. Cronin "

a E. Krinick " i
G. Sofer
B. Teer
P. Buck
R. Tomonto

As per your request, nuclear information for Dresden Type 6
fuel elements is enclosed. Basic physics data and their cal-
culational backup are presented first, followed by criticality
safety data.

Physics Data and Backup

The basic physics data for the three types of United Nuclear
fuel elements are given in Table l (as per DRC-2 dated 5/10/67).
All evaluations were made for clean assemblies at 680 F.

Table I - Fuel Element
Type

Average " -

-Enrichment
w/o U-235

* 6C
6P
6I
3-F (G.E.)

2.24
2.24
2.24
2.24

1.210
1.310
1.310
1.210

39.0
41.0
41.0
39.0

The above data were computed using the LEOPARDI zero dimensional
cross section calculation and depletion program. The code
determines fast and thermal spectra using only basic fuel assem-
bly geometry and temperature data, based on a modified FORMI-
TEMPEST slowing down-thermalization model. -A correlation of the
U2 3 8 resonance integral data is incorporated in the code to
correct for resonance spatial and energy self-shielding effects.
The multigroup Amouyal-Benoist method is used to calculate
thermal self-shielding. The code computes fuel depletion
effects for an infinite homzgeneous reactor and recomputes the
spectra and corresponding four-group cross sections before each
discrete burnup step. All basic microscopic cross-section data
are contained within the LEOPARD library, which was compiled by
WAPD based on reported data. The LEOPARD cross sections do not
contain any arbitrary adjustments to improve agreement with
critical experiments.
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The LEOPARD program is used routinely at UNC-REC as a basic
tool for the generation of depletion dependent reactor con1-
stants for both PWRs and BWVRs. The code has been checked
extensively at REC against PWR and BWVR experimental data, as
well as against Monte Carlo calculations. Comparison with
more than fifty oxide fueled critical and exponential experi-
ments was performed by WAPD . Both REC and WAPD evaluations
of the LEOPARD program showed excellent agreement (+0.4% in keff)
with experiments in all cases.

Furthermore, wvhen LEOPARD data are used to develop depletion
dependent constants for use in the UNC-TRILUX fuel management
program, excellent agreement is obtained with operational fuel
cycle lengths and power distributions for both BWRs and PWRs.
Fuel cycle lengths calculated by TRILUX with LEOPARD derived
constants are within 5% of those actually achieved in Cycles 1
and 4 of Dresden 1, and also within 5% of the cycle length
expected for Cycle I of the Trino Vercellese PWR. Calculated
element-wise radial power distributions for Cycle 1 of the
Trino PWR at about 4000 MIVD/MTU deviate by less than 2% rela-
tive to experimental power distributions derived from Mn

56

activations.

Criticality Safety Data

UNC Type 6C fuel is neutronically equivalent to the G.E. Type
3-F assembly. Furthermore, the nucjear properties of UNC
Type 6I and 6P are neutronically equivalent to the G.E. Type
3-F with its gadolinia poison rod removed. Commonwealth Edison
Company in Addenda (dated March 2, 1965) to Exhibit I in Sub-
mittal, dated December 24, 1964, for Amendment of Appendix A of
License DPR-2 to Permit Operation with Type 3-F Fuel-Change
Number 10; Docket 50-10; addendum Section V Safety Evaluation,
reports minimum critical measurement data for Type 3-F fuel
performed at .Vallecitos by G.E. These data are given in
Table 2.

Corresponding Minimum
G.E. Fuel UNC Fuel Number of Elements

Table 2 - Type Type to Reach Criticality

3-F 6C 17
3-F Gd poison
removed 6I, 6P 14

L. Goldstein

References:
1. WCAP-3269-26, LEOPARD-A Spectrum Dependent Non-Spatial

Depletion Code for the IBM-7094, R. F. Barry, Sept. 1963.

2. WCAP-3269-25, "Calculation of Lattice Parameters and Criti-
cality for Uniform Water Moderated Lattices", L. E. Strawbridge,
September 1963.
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to F. .Cronin '

FROM J. R. Tomonto

0 IN T E R -O FFIC E M E tit 0

ATNev. Haven

AT Elnsf ord

NDEO-1077
DATE June 21, 1967

coPY 10 G. Sofer
J. O'Toole

SUiJECT Criticality of Dresden Fuel Rods
During Corrosion and Pickling
Operations

Summary

An analysis has been performed to determine the criticality
safety limits for the Dresden regular enrichnient U02 fuel rods
during corrosion and pickling operations. The Dresden regular
enrichment fuel rods analyzed were located in a-maximum of five

4oncentric rings around a central water region (OD = 3.88 in.)
~as shown in Dwg. D-302863-2. The outer ring of rods is located
in a 10" diameter bolt circle. This pickling rack can be
located in several types of autoclaves (ID from 11" to 20").
Therefore the approach was to determine that individual auto-
claves would be subcritical when fully reflected for all
possible conditions of partial to full loading of the pickling
rack fuel rod locations and for variations in water density
caused by heating and possible boiling; :

IThO results of this analysis indicate:

*1 ''---
1. The maximum koo for a repeating array of Dresden

regular enrichment fuel rods in water (T = 700F)
- is 1.330 and occurs at a water to fuel volume

ratio of 2.20.

-2. The maxim.um keff for the fully reflected rack
loaded with Dresden regular fuel rods is 0.854
and occurs at a water to fuel volume ratio of
2.2.

3. Removing either the center or outermost ring of
Dresden regular fuel rods from the fully reflected
pickling rack reduces keff to 0.765 (water/fuel
volume ratio 2.20)

a.'

4. The keff of the bare but fully
moderated pickling rack is 0 K,
water/fuel volume ratio off §z

a
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Method of Analysis

Calculations of the fueled regions assumed a regular array
of regular enrichment Dresden 1 reload fuel rods in water
(Tr 70 0 F). The Dresden regular fuel rods were selected be-
cause they are the most reactive off the three types of rods
tised in Type 6 Dresden reload assemblies. The fuel is 2.34 w/o
enriched U02 pellets, (OD = 0.482") density 10.34 gi1 U02/cm3,
in Zircaloy tubing (ID = 0.4925", OD 0.5625).

Calculations of ko were performed using the LASER(1) code.
This code is a one dimensional (Cylindrical), multi-energy
(85 groups) )attice-cell program which is based on the ?WFT
and THERMOS codes. Fast group parameters (E>.1.85 ev) are
averaged over a semi-infinite medium spectrum calculated by
the MUFT method. A correlation of the U 8 resonance integral
data is incorporated in the code to correct for resonance
spatial and energy self-shielding effects. Thermal group con-

itstants -were determined for a one dimensional THERMOS type
calculation using the NELKIN scattering kernel. All basic
microscopic cross section data are contained within the LASER
library, which was compiled by WAPD based on recently reported
experimental data. The LASER cross sections and calculational
method have been extensively tested with experimental data
and do tnot require any arbitrary adjustments to improve agree-
ment with critical experiinents( 3 )

Calculations of the pickling rack with internal and external
water regions were performed using the AIM-6 one dimensional
diffusion theory code with two neutron energy groups. Cross
sections for the reflectors and autoclave wall were calculated
with the FORM-TEMPEST codes.

Results

The calculated variation of k for a repeating array of
Dresden I regular fuel rods is soYin in Figure 1. A point
noted on this figure corresponds o the calculated kO for a
completed Type 6P or GI assembly (6} aving an average enrich-
ment of 2.24). The maximum kOO of 1.33 occurs at a water to
fuel ratio.of 2.2.

Calculations were performed to determine keff of pickling
racks when loaded into autoclaves and fully reflected. Because
of the-possibility of using several sizes of autoclaves, the
calculations conservatively neglected the effects of the auto-
clave wall (t As 2"). The calculationis were performed for an
infinite cylinder containing the pickling rack and surrounded
by a thick water reflector. The maximum calculated k ff of
0.854 was found at a water to fuel volume ratio of 2. as
shown in Figlure 2.

In order to assess the potential positive reactivity asso-
ciated with chances in .the moderating properties of the central
water region, a calculation w% vas performneel in which the absorp-
tion in water of the central regioli was neglected. The keff
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for this condition was 0.91.9 for a water to fuel ratio of 2.2
in the fuel region and a thick outer water reflector. It is
concluded that the maxi+imumr. reactivity change that can be
associated with loss of seater fror the central region is +7.5%

b keff. This is an upper limit on the worth of water in the
central region.

,Calculations were performed to determine the loss of react-i-
vity when the inner-or outermost ring of fuel rods were removed
from the pickling rack. The calculated keff for both conditions
was 0.765 for a water to fuel ratio of 2.2 in the fuel region
and with a thick water reflector surrounding the pickling rack.

In analyzing the interaction between adjacent fully loaded
autoclaves, at optimum internal moderation, the following
situations are applicable: -:

-1. Full water flooding between autoclaves -- In this
situation the presence of water essentially iso-
lates each autoclave and the maximum keff is that
calculated for the fully reflected pickling rack

* (e.g., from Figure 2, keff = 0.854).

2. No moderator between autoclaves- If the pickling
rack is' located in a 20" ID autoclave, it will be
essentially fully reflected and therefore isolated

- fromi the other units (keff - 0.86). If the
rack is l.oc.ated in a 14" ID autoclave, the calcu-

' lated keff of an individual unit is 0.804. If
the rack is located in an 11" ID autoclave, keff
will be less than 0.8 because of the lack of
reflector. In the latter two cases, there is a
possibility of interaction between adjacent units
even though the neutron flux is attenuated by the

- autoclave wall ( t'2" of iron)

- The maximum h eff of the pickling rack internally moderated
but unreflected was calculated as 0.64S.

References

1. l.CAP-6O73, t"LASER - A Depletion Program for Lattice
Calculations Based on MUFT and THERM.OS", by C. G. Poncelet,
April 1966.

2. Letter to R. E. Kiopp from L. Goldstein, "Nuclear Information
Required for Dresden Shipping Container Designi, NDEO-1033,
May 19, 1967.

3. Bich, 'll. J., "Analysis' of Pu02 -U02 Critical Experiiments",
Trans. American Nuclear Society, Vol. 10-1 (June 1967).
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I N T E R - 0 FP I C E MEMO . -.,

tO R. E. Kropp A

PROM L. Goldstein

AT New Haven

AT ElmnsfOrd

SUBJECT Nuclear Information Required For Shipping
Yankee Fuel Bearing Components.

NDEO-1134
DATE August 15, 1967

coPY To W. Conpas

.D.. Croxn..
E. Krinik
G. Sofer
M. Labar
R. Tomonto
-P. Buck

As per your request, nuclear informntion.for Yankee fuel
elements are given below. The kaw and M data were obtained by
the methods described in NDE0-1033* The number of assemblies
required to reach Criticality was determined from the basic
physics data (kcmzzM ) by calculating the critical buckling from
which the dimensions of a fully reflected system were evaluated.

The required information for the Yankee fuel elements at
'68'F is as follows:

Average
Enrichment
w/oU-235

kuD Minimun Number
of Elements to
Reach Criticality:

3.50 1.405 40.9 >3

For these elements, the keff of a fully reflected 2 element
array is 0.921.

' .' 4a
L. Goldstein

LG/lh

*NDEO-1033, Nuclear Information Required for Dresden Shipping
Container Desig, L. Goldstein, May 19, 1967.
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I TO R.. E. Kropp AT New Haven
NDEO-1164

DATE Sept. 11, 1967

COPY TO DistributionFROM L. Goldstein AT Elmsford

SUIJECT Additional Information Required for
Shipping Dresden I and Yankee Rowe
Fuel Elements

Reference: NDEO-1033 and NDEO-1134

This memo is to confirm the numbers given by L. Goldstein to
R. E Kropp in a telephone conversation of 9/11/67 concerning
H/U2 95 ratios inside the shroud for Dresden I and Yankee Rowe
fuel elements. The data are as follows:

Fuel Element Type

Dresden I
Yankee Rowe

H/U 2 3 5

165
121

Data are for cold, clean, 0 void condition.

G stein

LG: JK

Distribution

W. Compas
D. Cronin
E. Krinik
G. Sofer
M. LaBar
J. R. Tomonto
P. Buck
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NDEO-1359
To F. Cronin AT DATE March 22, 1968

FROM J. R. Tomonto AT COPY TO

SUBJECT REACTIVI'r CONTRIBUTION OF CLADDING
IN DRESDEN 6P AND PATHFINDER FUEL RODS

References 1 and 2 present the results of a criticality
safety evaluation of Dresden and Pathfinder fuel rods
during corrosion and pickling operations. These
evaluations were based on the most reactive arrangement
of Zr clad fuel rods. The AEC has requested further
information relating to the effort of cladding
desolution during pickling operations. The following
items apply:

(1) If some of the Zr clad is disolved, it would
most likely remain in solution in the
vicinity of the fuel rods and there would
be a slight decrease in k~o of the lattice
because of the reduced Zr thermal self-
shielding factor.

(2) If the Zr clad is completely disolved, the
fuel rods will collapse and fall to the bottom
of the autoclave. This configuration would be
less reactive than the configurations analyzed.

(3) The reactivity controlled by Zr absorptions is
+0.010 Okco/koD for the Dresden rods and
+.012 Zkoo0 /kco for the Pathfinder rods at
optimum moderation.

.I .
J. R. Tomonto

JRT:jk
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Dresden 2.34 w/o PuO2 - U02
Fuel Rod and Assembly Fabrication

1.

2.

3.

4.

5.

6.

7.

8.

9.

I Receive Rods & Assemblies

I
Open Containers & Check

I Packaging for Damage I
II

| Monitor & Verify Previously
IDetermined Health Physics Limits

4. ~I
Remove Components from Containers.
Load Elements on to carts & Place
Rods in Modules I

] Visually Check Rods & Elements _-:

___ ~I __

II

I - - - - - -- . - - - - - - I

I Helium Leak Check Rods & Elements

_ _ _ ~~I __

Visually & Dimensionally Inspect
jDA D .lI...n I

Assemble PuO2 - U02 & U02 Rods
into Required Elements I

I Store I
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824.1 General Consideratlons

1. This subsection covers the preparation and processing of up

to and including fully enriched uranium metal from feed material

through chopped stock (approximately 1/8" cube's), Individual

operations which may be performed are shown bn Diagram 824.I

and are -listed in their expected sequence.

2. All operations normally will be performed in Building 19H

unless otherwise noted. '

3. Unless ttated otherwise, safe values referenced in the follow-

ing Subpart will be obtained using the limits listed in Table

309-I.

4. For this undiluted uranium metal in which the U235 content is

less than 93%7 the U235 wass limit may be increased by the

appropriate factor from Figute 20, TlD-7016, Rev. 1.
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Errata. Sheet ISSUED October 31,. 1968

SUPERSEDES New

The words "special"�and "dry" are 6ynoqym0us when

used to define a criticality zone.
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