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1.0 STANDARD CONDITIONS AND SPECIAL AUTHORIZATIONSe,

( |
s-

1.1 Corporate & Financial Information

This application for license renewal is filed by the .

Wilmington Manufacturing Department of the General

Electric Company, a New York corporation with a
,

principal place of business at One River Road,

Schenectady, New York.

1.2 Location & General Description of Wilmington Plant
_

The General Electric Company, Wilmington Manufacturing

Depart:nent (WMD) operates a nuclear fuel fabrication

plant in Wilmington, North Carolina. At this site, WMD

occupies buildings for administrative, laboratory and

manufacturing activities. The full address is as

follows: General Electric Company, Wilmington

Manufacturing Plant, (name of person and mail code),
- P.O. Box 780, Wilmington, NC 28402.

( )3_

The arrangement of principal buildings is indicated in

Figure 1.1. The site location is identified in Figure

1.2. It is located approximately 6 miles north of

Wil.aington, North Carolina, on Highway US-ll7.
,

1.3 License Number
The Wilmington Manufacturing Department of General

Electric Company currently operates the nuclear fuel

manufacturing plant in Wilmington, North Carolina, as

authorized by the U.S. Nt. clear Regulatory Commission by

License Number SNM-1097, Docket #70-1113 issued January

13, 1969 and renewed on May 24, 1976.

_

~
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FIGURE 1.2
A GE-WMD SITE LOCATIONV
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1.4 Possession Limits

The following types, quantities, and forms of special ggg
nuclear materials are authorized:

1.4.1 Uranium 235, 50,000 kgs total

In any form, contained in uranium to a maximum nominal

equivalent of 4%. -

In the form of loaded fuel rods for use in fabricating

fuel assemblies, contained in uranium to a maximum

nominal enrichment of 4.5%.

In the form of UO2 powder, for use in quantities of safe

batches, in powder blending and in oreparation of

laboratory standards to be used in laboratory

operations, contained in uranium to a maximum nominal

enrichinent of 6.0%.

1.4.2 Uranium 235, 350 grams total

In any form contu' ned in uranium at any enrichment, for

use in measurement, detection, research or development, |||
without regard to conditions of Chapter 4.

1.4.3 Uranium, 500 kgs Total

In any form, contained in uranium at~a maximum nominal

enrichment of 15% for use in process technology '

development operations.

1.4.4 Plutonium

1 milligram and not more than 1.5 millicuries in samples

for analytical parposes

1 milligram and not more than 65 millicuries of

plutonium-239, as standards for checking the response of

radiation detection to alpha radiation

7 grams as scaled neutron sources

In nuclear fuel rods containing not more than 10-6
grams of plutonium per gram of U-235.

-

'
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~ 1.5 Material Use Locations
\~'' Uranium normally will be used at the Wilmington site

in the fuel manufacturing areas only (see Figure 1.1).

Occasionally, but infrequently, small quantities (i.e.,

less than one safe batch of uranium in a completely

encapsulated form) may be used for special tests in

other buildings or site locations. In such cases,

special preparations are made to prevent release of

radioactive material to unrestricted areas. For

purposes of general orientation, the principal

Wilmington Manufacturing Department buildings are

described below.

1.5.1 Ecuipment Manufacturing Facility

The-Equipment Manufacturing Facility is a large steel,

concrete and transite structure in which non-nuclear

reactor components are manufactured.

(~h
4 ;
' '' Only rarely are activities involving special nuclear

material conducted in this building, and if so, the

material would be encapsulated to prevent rel. ease to

unrestricted areas.

r

1.5.2 Fuels Components Facility

The Fuels Components Facility, a large building of

similar construction to all other Wilmington facilities,

is used to manufacture non-nuclear components for

reactor fuels. Only at very rare intervals will

activities be conducted in this building involving

nuclear materials, and if so, the material would be

encapsulated ta prevent release to unrestricted areas.

_ --
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1.5.3 Facility Maintenance Building

This building is similar in construction to other ggg
buildings on the site and houses a centralized shop area

utilized for maintenance, central stores, and related

functions, none of which involve radioactive materials.

1.5.4 Fuels Manufacturing Facility -

This building is a structure fabricated of concrate
_

block and insulated metal siding over a steel framework

with a concrete floor. A built-up roof consist:- of a

metal deck and insulation which is topped with asphalt

and gravel.

Connected to the south side of the Fuels Manufacturing
k

Building, a chemical / metallurgical laboratory is

separated by a 10-ft wide enclosed corridor. The

laboratory is constructed of tilt-up concrete slab

siding with the same roof construction as that on the

main building, ggg

The Fuels Manufacturing Building 'nd associated

laboratory provida an integrated facility for the

processing of uranium compounds for the manufacture of

nuclear reactt fuels as more fully described in later >

chapters of this application. A general layout of the

Fuels Manufacturing Building is shown in Figure 1.3.

Details of the mezzanine floor of this building are
4

shown in Figure 1.4.

1.5.5 Warehouse Building

A warehous building was constructed in August 1980,

located north of the Fuels Manufacturing Building.

This building is used to store various nuclear fuel

shipping containers - empty or full - as wnll as to

.

'"
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store v6rious nori-nuclear items (industrial supplies,,-,

-'' etc.). It is a pre-engineered structure with sheet

metal siding, steel frame, and a poured concrete slab.

1.6 Definitions

Definitions as used in the license conditions are set

forth below.

1.6.1 Area Manager - The manager designated by the Department

General Manager who is responsible for implementation of

nuclear safety requirements in the area assigned. The

general title " Area Manager" does not necessarily refer

to the title of any specific position in the General

Electric's system of organization and position

nomeclature.

1.6.2 Array - means two or more interacting accumulations of

,y fissile material.
LJ

1.6.3 Criticality Control - means the administrative and

t echnical requirements established to minimize the

possibility of achievi g inadvertent criticality in the

environment analyzed.
,

1.6.4 Full Reflection - mcans that degree of reflection

equivalent to a tight fitting shell c,f greater than 3

inches of water.

1.6.5 Minimal Reflection - means that degree of reflection

equivalent to a close-fitting shell of water, steel,

aluminum, nickle or copper not greater than 1/8 inch in

thickness.

.

-
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1.6.6 Safe Batch - means an accumulation of special nuclear

material which is 45% of the critical accumulation for

U-235 enrichments less than or equal to 6% and 33 1/3%

of the critical accumulation f;r U-235 enrichments

greater than 6%, considering enrichment, full

reflection, and optimum water moderation consistent with

the form of the material.

1.6.7 Minimum Critical Dimension - means the smallest

dimension which constitutes a critical system for a

given geometry under conditions of full reflection and

optimum moderation.

1.7 Authorized Activities

1.7.1 Product Processing Operatiorg

1.7.1.1 UF6 Conversion - Conversion of uranium hexafluoride to
uranium oxide powder.

1.7.1.2 Fuel Manufacture - Manufacture of nuclear reactor fuel

rods using uranium oxide pellets fabricated from the

uranium oxide powder and other non-uranium bearing

components.

,

1.7.1.3 Scrap Pecovery - Reprocessing of scrap from WMD and

from other sources with nuclear safety characteristics

identical to WMD in-process materials, provided that the

| enrichment surveillance requirements of Chapter 4.2.2

are met.

1.7.2 Process Technology Operations

1.7.2.1 Conversion and fabrication of reactcr fuel, fuel

elements and fuel assesmblies in small amounts or of

advanced design.

.

'
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,- 1.7.2.2 Development of scrap recovery processa
b/

1.7.2.3 Determination of interaction between fuel additives and

fuel materials.

1.7.2.4 Chemical analysis and material testing, including

physical and chemical testing and analysis,

metallurgical examination and radiography of uranium

compounds, alloys and mixtures.

1.7.2.5 Instrument research and calibration, including

development, calibration and functional testing of

nuclear instrumentation and measuring devices using

sealed plutonium-alpha-activated neutron sources.

1.7.2.6 Other process technology developmer' activities related

to, but not limited by, the above.

' ~ ' l.7.3 Laboratory Operations

Chemical, physical or metallurgical analysis and testing

of uranium compounds and mixtures, including but not

limited to, preparation of laboratory standards.

.

1.7.4 General Services Operations

1.7.4.1 Storage of unirradiated fuel assemblies, uranium

compounds and mixtures in areas arranged specificall;-

for maintenanca of criticality and radiological safety.

1.7.4.2 Design, fabrication and testing of uranium prototype

processing equipment.

1.7.4.3 Maintenance and repair of uranium processing equipment
and auxiliary systems.

_

'
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1.7.4.4 Storage and nondestructive testing of fuel rods

containing small amounts of plutonium. ||h

1.7.5 Waste Treatment and Disposal

1.7.5.1 Treatment, disposal and/or shipment of liquid waste

whose discharges are regulated.
.

1.7.5.2 Decontamination of non-combustible contaminated wastes

to reduce uranium contamination levels, and subsequent

shipment of ach low-level radioactive wastes to

licensed burial sites for disposal.

1.7.5.3 Treatment or disposal of combustible waste and scrap

material by incineration (authorization required

pursuant to 10 CFR 20.302(a) and 10 CFR 20.305).

1.7.6 Offsite Activities

Non-destructive modification, testing, demonstration and

storage of materials and devices containing unirradiated

uranium, provided that such materials and devices shall

be in General Electric's control at all times.

1.8 Exemptions & Special Authorizations
.

1.8.1 Requirements for Prior Authorization of Activities by

License Amendment
Prior authorization by license amendment shall be

required for the following activities:

1.8.1.1 Major changes or additions to existing processes which

may involve a significant in7rease in potential or

actual environmental impact result ing f rom utilizing

such changes or additions.
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U

l.8.1.2 Major process changes or additions which involve a new

([ ) process technology for which a criticality safety

demonctration has not been previously submitted to the

Commission. In determining whether a new process

technology requires such prior authorization by license

amendment, the following factors will be considered:

(1) type of equipment utilized, (2) chemical reactions

involved and (3) potential and/or actual environmental

impact.

1.8.1.3 Proposed activities for which specific application and

prior approval are required by Commission regulations.

1.8.2 Contamination-Free Articles

Authorizteion for disposal of articles removed from a

controlled area for transfer of such articles to persons

not licensed to possess radioactive materials when each

of the following conditions are satisfied:
(.\

,

A reasonable effort to eliminate residual

contamination has been made.

All surfaces are accessible for survey or, it is

reasonable to assume from the design and usage that'
no radioactive materials could have contaminated

inaccessible surfaces without having contaminated

the outer surfaces as well.

Survey of accessible surfaces by the radiation

protection function has verified that contamination

release limits have been met.

S NRC LICENSE SNM-1097 DATE 5/27/81 PAGE
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No fixed alpha contamination in excess of 15,000

dpn. per 100 cm2 with an average not in excens of
gg

5,000 dpm per 100 cm2,

No removable alpha contamination in excess of 1,000

dpm per 100 cm2,
.

No beta-gamma radiation in excess of 1 millirad per

hour with an average not in excess of 0.2 millirad

per hour, as measured one centimeter from the

surface with an open window Geiger-Mueller (GM)

instrument having a window thickness not in excess

of thirty milligrams per square centimeter (or

equivalent instrument with appropriation conversion

factor for measured radiation level).

1.8.3 Disposal of Contamination-Free Liquids

1.8.3.1 Hydrogen Fluoride Solutions g
Authorization, pursuant to 10 CFR 70.42(b)(3), to

transfer to persons not possessing an appropriate NRC or

Agreement State license for special nuclear material,

1.iquid hydrogen fluoride solutions, provided that the

uranium concentration does not exceed three parts per ,

million by weight of the liquid and the enrichment does

not exceed 4 weight percent U-235, as evidenced by the

process-average enrichment factor.

1.8.3.2 Nitrate-Bearing Liquids

Authorization, pursuant to 1C CFR 20.302(a), to dispose

of nitrate-bearing liquids by transport to an offsite

liquid treatment syscem in which decomposition of the

-

''
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nitrates will occur and from which the denitrified

() liquids will be discharged in the effluent from the

system, provided that the uranium concentration does not

exceed a 30-day average of 5 parts per million by weight

of the liquids, provided that the enrichment does not

exceed 4 weight percent U-235, as evidenced by the
'

process-average enrichment factor.

l.8.4 Use of Materials at Off-Site Locations

1.8.4.1 Authorization to use up to 15 grams of U-235 at other

sites within the limits of the United States, except

where the material is subject to licensing by an

Agreement State as defined in 10 CFR 150.

1.8.4.2 Authorization to store uranium fully packaged as for

transport in any Fissile Class I package, in accordance

with the conditions of a license authorizing delivery of

such containers to a carrier for Fissile Class Io(,) transport, at locations in the United States providing

such locations are controlled by the General Electric

Company, with provision of mearures to minimize the

sevetity of potential accident conditions to be no

greater than those in the design bases for the
#

containers during transportation. Storage at nuclear

reactor sites is subject to the financial protection and

indemnity provision of '.0 CFR 140 and is limited to

possession for purposes of delivery to a carrier for

transport. The requirements of 10 CFR 70.24 are waived

insofar as this section applies to the materials

contained in Fissile Class I packages.

_

'"
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1.8.4.3 Authorization to store arrays of finished reactor fuel

rcds and/or assemblies in any of the inner metal ||h
containers of the RA-series shipping package described
in Chapters 2.0, 3.0 and 4.0 c.f the application for

renewal of package certificate USA /4986/B()F dated

12/5/80, at locations in the United States providing

such locations are controlled by the Gener"al Electric

Company with provision of measures to minimize the

severity of p;tential accident conditions to be no

greater than those in the design bases for the

containers during transportation. Arrays can be

constructed without limit to the number of containers so

stored, execpt that each array shall be stacked to a

height of no more than 4 containers high with each

container separated by nominal 2 inch wooden studs, and

with the width and length for each array and separation

between arrays determined only by container handling

requirements. Storage at nuclear reactor sites is

subject to the financial protection and indemnity h

provision of 10 CFR 140 and is limited to possession for

purposes of delivery to a carrier for transport. The
requirements of 10 CFR 70.24 are waived insofar as this

section applies to the materials contained in any of the
'

inner metal containers of the RA-series shipping

package.

1.8.4.4 Authorization to process and use unirradiated reactor

fuel of General Electric Company manutacture at nuclear

reactor sites, for pur: poses of inspection, fuel bundle

disassembly and assembly, including fuel rod

replacement, provided that the following conditions are

met.

-
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1.8,4.4.1 A valid NRC license has been issued to the reactor

(( ) licensee, which authorizes receipt, possession and

storage of the fuel at the reactor site, and that

General Electric Company possesses the fuel only within

the indemnified location.

1.8.4.4.2 Not more than one fuel bundle and 30 unassembled fuel
rods of the types described in Sections (b)(1)(i)

through (v) of NRC Certificate of Compliance

USA /4986/B()F, Revision 10 (3ee Appandix 1), are
possessed by General Blectric Company at any one reactor

site at any one time, except when the fuel has been

packaged for transport.

1.8.4.4.3 All operations involving the fuel are conducted by or

under the direct supervision of a member of General

Electric's staff who shall be responsible for all work

on the fuel element assembly. The person shall be

() knowledgeable concerning all applicable terms and

conditions of the licenses ir effect at the reactor site

and the appropriate actions that are to be taken in the

event of emergencies at the site.

'

1.8.4.4.4 All operations involvi..g the fuel are conducted in

locations that have been selected to preclude mechanical

damage and floof ng.

1.8.4.4.5 Loose rous are stored only in RA-series inner metal

containers.

1.8.4.4.6 Fuel is handled in accordance with pertinent provisions

of the reactor license and in accordance with written

and approved General Electric Company procedures. The
procedures shall define the radiation and contamination

_

'"
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surveys that are to be performed and the frequency of

the nurveys. ||I

1.8.4.4.7 Written administrative procedures are jointly prepared

and approved by General Electric and the reactor

licensee, to provide for the nuclear and radiation

safety ot the operations to be performed."

Records of the operation, including evaluations,

procedures used, audits performed, and performance

reports are maintained at the Wilmington, North

Carolina, plant.

1.8.4.4.8 This authorization (Chapter 1.3.4.4) does not exempt

General Electric from the requirements of Section 70.24

of 10 CFR 70, except when the materie.ls are packaged in

Model RA-series containers for delfiery to a carrier for

transport or when the materials are stored in RA-series

matal inner containers as described in the app]ication

for renewal of package certificate, USA /4986/B()F, dated

12/t./80.

1.8.5 Respiratory Protection

Authorization, pursuant to 10 CFR 20.103(c), to make
'

allowance for the use of respiratory protective

equipment in determining whether individuals in

controlled areas at the Wilmington plant are exposed to

concentrations in excess of the limits specified in

Appendix B, Table I, Column 1, 10 CFR 20, subject to the

following specifications:

In circumstances in which adequate limitation of

the inhalation of radioactive materials by use of

process of other engineering controls is

m

mv
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, ,
impracticable, the licensee may permit an

(,) individual in a controlled area to be exposed to

average concentrations of airborne radioactive

materials in excess of the limits specified in

Appendix B, Table I, Column I, or 10 CFR 20

provided:
.

The individual uses respiratory or other

appropriate protective equipment such that the

total intake, in any period of seven consecutive

days by inhalation, ingestion or absorption, would

nct evceed that intake which would result from

breathing the concentrations specified in Appendix

B, Table I, Column I, of 10 CFR 20, for a period of

40 hours.

The licensee shall advise each respirator user that

he may leave the area for relief from respirator

( ) use in case of equipment malfunction, physical or

psychological discomfort, or any other condition

might cause reduction in the protection

.: forded the wearer.

'

The licensee maintains a respiratory protective

program adequate to assure that the objective of

Item (a) above is met. Such program shall comply

with the requirements of NRC Regalatory Guide 8.15,

" Acceptable Programs for Respiratory Protection."

1.8.6 Possession of Special Nuclear Material in Private

Carriage

Authorization to possess special nuclear material in

packages approved pursuant to the Commission's 1.8.7

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET 470-1113 REVISION 0 I-1.19

:



regulations 10 CFR 71 in private carriage, in all forms

authorized w! thin the Appendix A, and pursuant to

applicable rules and regulations of the Commission and

the Department of Transporcation.

1.8.7 Definition of Airborne Effluente
,

Authorization to utilize a dilution factor to the

measured stack discharges for the purpose of evaluating

the airborne radioactivity at the closest site boundary,

provided by stack discharges from the uraniur. processing

facilities. For control purposes, this dilution factor

shall be no greater than 100.

l.8.8 Monitor System Exemotion

Authorization for exemption from the requirements of

Section 70.24, 10 CFR 70, for each area in *hich there

is not more than:

One shipment of packages contain ng special nuclear
~

r.:aterial licensed pursuant to * CFR 71 packaged

for transport outside the conf ines of the

Wilmington site, providing all special arranger 1nts

necessary in the case of Fissile Class III ,

shipments are observed, or,

one " safe batch" (as defined in Chapter 1.6.10) of

finished reactor fuel rods or assemblies, under

conditions which protect against rearrangement of

fuel-bearing portions into more reactive

configuration, or

the number and type of finished reactor fuel rods

and/or as!,emblies authorized for delivery to a

-
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carrier for transport as a Fissile Class I shipment

(, in the model RA-series shipping package described

in Chaptars 2.0, 3.0 and 4.0 of the application for<

renewal of package certificate USA /4986/B()F dated

12/5/80, without limit on the number of such stored

containers, provided the storuge locations preclude

mechanical damage and floeding, or

the quantity of uranium authorized fo~ delivery to

a carrier for transport as a Pissile Class I

package when fully packaged as for transport

according to a valid NRC authorization for such

packages without limit on the number of such

packages, provided storage locations preclude

mechanical damage and flooding, or

arrays of finished reactor fuel rods and/or

assemblies in any of the inner metal containers of

( ,) the RA ceries shipping package described in

Sections 2.0, 3.0, and 4.0 of the application f,r

renewal of package certificate USA /4986/B()F dated

12/5/80, under storage conditions described in

Chapter 1.8.5(3).
,

l.8.9 Incinerator operation'

Authorization, pursuant to 10 CFR 20. 302 (.;) and 10 CFR

10.305, to t; eat or dispose of waste and scrap material

containing special nuclear material by incineration.

l

~~
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2.0 , GENERAL ORGANIZATIONAL & ADMINISTRATIVE REQUIREMENTS

v
2.1 Policy

It is the policy of the General Electric Company to

maintain a safe work place for its employees and to

require the compliance of operations with tertas and

conditions of special nuclear materials licenses and
'

applicable NRC regulationr.

In particular, General Electric has established the

principle of keeping radiation exposures to employees

and the general public as low as reasonubly achievable

(ALARA).

2.2 Organizational Responsibility & Authority

2.2.1 Key Positions with Safety Related Responsibilities

j 2.2.1.1 Area Manager

The area manager is the designated individual in

management who is respcnsible for all safety activities

within a specific area of the plant in which uranium

macerials are processed, handled or stored. The
'

responsibility for safe operation and control of

activities in the area and for the safety of the

environs as Jr.fluenced by the activities conducted

therein shall be vested in the area manager who shall

astablish written operating procedures incorporating

radiation and criticality safety controls and limits

commensurate with the particular operations involved.

-
.__

wr
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2.2.4.2 griticality Safety Function

The criticality safety functic. is administratively h

indep.ndent of production respone.ibilities. The

criticality safety function is defined as that function

of WMD with designated responsibility for providing

authoritative professional advice and counsel to area

managers on matters of control against accidental

criticality, including at least the following:

Analysis and approval of proposed changes in

process conditions and processing equipraent

involving criticality safety.

Establishment of criticality safety control

criteria.

Measurement of the effectiveness of the criticality

control program.

O
2.2.1.3 Rndiation Safety Function

The radiation safety function is administratively

independent of production responsibilities. The

radiation safety function is defined as that functicn of,
WMD with designated responsibility ;o provide

authoritative professional advice and counsel to area

mar.ngers on matters of tadiation safety and to measure

the effectiveness of the radiation safety program.

The radiation safety fonction shall be responsible to

establish and maintain the radiation safety program to

ensure the protection of empicyees at WMD and the

community. The radiation safety program shall include

at least the fcllowing:
,

_

"
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Establishment of the radiation protection a o

,) radiation monitoring program.

Establishment of radiation protection criteria,

procedures and training programs to control

cont"mination and exposure to individuals.

Evaloe. ion of these controls.

Evaluation of radiation exposures of' employees and
visitors and maintenance of related records.
Emergency planning.

Evaluation of the integrity and reliability of

radiation detection instruments.

Establishment of special conditions for the use of

laboratory samples containing plutonium and the

maintenance cf appropriate records.

Analysis of proposed changes ir process conditions

and processing equipment involving radiological

safety.

kj 2.2.1.4 Radiation Protection Function

The radiation protection function is administratively

independent of production responsibilities. The
radiation protection function ir defined as that

function of WM3 designated with the responsibility to

ubta.in data relative to radiation exposures of employees'
and visito n, and to prov'de operational support to

department ' unctions requiring radiation monitoring

services. Radiation protection responsibilities shall

include at least the following:

Conduct of radiation monitoring program.

Administration of radiation work permit (RWP)

j nuclear safety requirements.

-

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET 470-1113 REVISION 0 I-2.3
_

1

9



Measurements of airborne uranium concentration,

contamination levels and external radiation levels.
Evaluation of the operational integrity and

reliabilit; of .a?iation detection instruments.

2.2.1.5 Environmental Protection Function
*

The environmental protection function is

administrative 1y independent of production

responsibilities. It is defined as that function cf WMD

with designated responsibility to provide authoritative

professional advice and counsel to area managers on

environmental protection matters, including at least the

following:

Specification of environmental monitoring program

Review and interpretation of environmental

monitoring measurements.

Evaluation of release of radioactive effluents,

materials and wastes from the site.

2.2.1.6 Industrial Safel-f Function

The industrial safety function is administratively

independent of production responsibilities. It is
'

responsible for determining all of the safety

requirements associated with the fuel manufacturing

operations ce.her than nuclear safety (criticality

safety, rad!clogical safety, radiation protection) or

environmental protection considerations.

2.3 Safety Review Committqe
The functions of the safety review committee shall

include responsibility for the following:

-

-
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Review of ALARA programs and projects.
/ '} Review of nuclear and industrial safety practices

~

applied to major changes made or proposed in

authorized plant activities.

Professional advice and counsel on criticality and

radiation safety issues.

.

The committee shall consist of at least five senior

members of WMD's technical staff, appointed by the

Department General Manager and shall include competence

in the scientific and engineering disciplines. Senior

members of management shall also serve on the committee

upon the request of the Department General Manager.

The committee is responsible to the Department General

Manager. Its proceedings shall be reported in writing

to the section level managers responsible for operations

which have been reviewed by the committee. Such reports
'

(v) shall be retained for at least two years.

The committee s..=ll hold at least four meetings each

calendar year with not more than a 120-day interval

between any such meeting.

#

2.4 Approval Authority for Personnel Selections

The assignment of individuals to area manager,

criticality safety and radiation safety functional

positions identified in Section 2.2 shall be approved by

the manager at the second organizational level above the

position to be staffed.

-
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Assignments to al.' other safety-related staff positions

shall be made within the normal administrative practices ||I
of WMD.

2.5 Personnel Education & Experience Requirements

2.5.1 Area Manao75
'

.

The minimum qualifications of an area manager shall be a

BS degree from a college or university in a technical

field with two years experience in nuclear plants and

laboratories or a high school diploma with ten years

nuclear industry experience.

Each area manager shall have demonstrated proficiency in

the application of criticality control nrocedures and be

knowledgeable in the procedures applicable to the arr

under his management.

Each area manager shall have demonstrated proficiency in I

the application of a radiation safety program as it

relates to limitations and radiological controls for the

kind of activities in his assigned radiation or

radioactive materials area.

|
'

2.5.2 Criticality Safety Function

A criticality safety function manager shall hold a

BS degree in science or engineering, and shall have at

least five years of experience in a responsible position

in a nuclear field such as engineering, physics or

chemistry, at least three years of which shall have been

| in an activity which would develop an understanding of

criticality problems.

i

^
-
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The criticality safety function shall include not less

v> than two technically trained persons, at least one of

whom (a senior member) holds a bachelor's degree in

science or engineering with no less than three years of

experience in a responsible reactor engineering or

physics position and not less than one year of

experience in criticality safety.

At least one other member of the criticality safety

function shall have demonstrated proficiency in the

analysis of criticality safesty of the fuels

manufacturing process and equipment through one year of

such experience. This person shall either hold a

bachelor's degree in a technical field or have not less

than four years of experience in a function related to

criticality safety.

g3 At least one of these two persons shall be physically
'~' located at WMD.

2.5.3 Radiation Safety Function

The minimum qualifications of the manager of the

radiation safety function will be a B3 degree in science,
or engineering with five years of experience in

assignments involving radiation safety.

Qualifications for radiation safety engineers or

specialists assigned to the radiation safety function

shall vary depending upon position assignments and

delegated responsibilities. Such position assignments

shall be made and/or approved by the manager of the

radiation safety function and his manager.

_

'"
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2.5.4 Radiation Protection Function

S
2.5.4.1 Radiation Protection Technician - Trainee

A minimum of a high school education with twenty-four

months monitoring experience or equivalent experience

working with radioactive materials; or two years college

training with science major and a minimam'of four months
monitoring experience; or at least five years of

equivalent experience working with radioactive

materials.

2.5.4.2 Radiation Protection Technician

Qualifications of a radiation protection technician -

Trainee, plus at least six months experience in the

nuclear safety field prior to being certified as a

radiation protection technician, and successful

completion of a General Electric training program which

includes both oral and written examinations covering

radiological and criticality control procedures.

2.5.4.3 Radiation Protection Supervisor

Qualifications of a radiation protection technician,

plus certification as a radiation protection technician
'

and two years of experience as a radiation protection

technician, or at least five years of equivalent

experience in the field of radiation protection.

2.5.5 Environmental Protection Function

At least one individual assigned responsibilities

related to the environmental protection function shall

have a BS degree in a technical field with two years of

related experience in nuclear plants and/or

laboratories, or a high school diploma and ten years

.

-
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nuclear industry experience which includes two years of
~

( ') related experience.
s_/

2.5.6 Industrial Safety Function

At least one individual assigned responsibilities

related to the industrial safety function shall have a

BS degree in a technical field with two years of related

experience in nuclear plants and/or laboratories, or a

high school diploma and ten year. of experience which

includes two years of related experience.

2.6 Training

Training programs are established for the various types

of working positions, such as production operator,

radiation protection technician, contractor personnel,

etc., commensurate with criticality safety and/or

radiction safety responsibilities associated with each

such position. Visitors to the controlled areas shall

( }) be trained or shall be escorted by trained personnel.

2.6.1 Area managers assure that initial instruction of

employees in criticality safety, radiation safety,

radiation protection, and plant operating and emergency

procedures takes place prior to such employees' working *

with special nuclear material.

2.6.2 A training program covering radiation safety, radiation

protection and emergency procedures is maintained and

includes training in the requirements of 10 CFR 20,

license requirements, written procedures, methods of

controlling radiation exposure, protective methods,

basics of radiation effects, and practices designed to

keep radiatiou exposures as low as reasonably

.

w
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achievable. Periodic safety meetings including radiation

safety topics shall be attended by persons who work in ggg
radiation areas.

2.6.3 Details of the training program may vary, depending upon

the positions of individuals being trained (radiation

safety technicians, the managers and engineers of fuel

manufacturing operations, and the workers - the uranium4

processing areas).

2.6.4 Training of radiation protection technicians features

details of radiation effects on humans, radiation

protection instrumentation, techniques for minimizing
the radiation exposure of workers handling radiation

materials (i.e., radiation protection) and criticality

safety.

2.6.5 To the degree commensurate with their involvement in
ggguranium processing, managers and engineers in fuel

manufacturing operations are instructed in radiation

effects on humans, techniques for radiation protection,

and requirements for criticality safety.

2.6.6 Workers in the uranium processing area are trained in <

methods of protecting themselves from exposure to

radiation and in requirements for criticality safety.

2.6.7 All individuals receiving the training must pass an

examination before being permitted access to criticality

areas, radiation areas, or radioactive material areas.

Such examinations are also utilized by the criticality

safety and radiation safety functions to evaluate the

effectiveness of the training.

.

''
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2.6.8 Retraining of all individuals who continually need

() access to the uranium processing areas is accomplished

on an annual basis. Individuals with leave of absence

from a uranium processing area extending over more t1an

a year shall receive the initial training program for

new individuals.
.

2.6.9 In addition to the specific training programs all

aspects of safety in plant operations are discussed and

reviewed on an ongoing basis at frequent roundtable

safety meetings held by foremen or supervisors with

their workers, and at unit or other component meetings

held by managers with theJr employees.

2.6.10 The effectiveness of the training program is evaluated

by means of internal audits.

2.7 Operating Procedures - ft ministrative Controlsd

(_,/ Fissile material processing is conducted in accordance

with properly isaued procedures or instructions.

2.7.1 Adopting & Issuing Procedures

Area managers shall assure that written nuclear safety

control procedures incorporating limitations establi.shed'
by the criticality and radiation safety functions are

developed and maintained; they chall assure that these

procedures are made readily available to foremen,

operators and other concerned personnel through posting
'

of limits, training programs and other appropriate

written notifications.

m

'
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The radiation protection program is designed to

establish and maintain a comprehensive set of written |||
instructions for radiation health and safety practices

so as to maintain occupational radiation exposures at

levels as low as reasonable achievable. Such

instructions are reviewed by the radiation safety
~

function prior to issuance by appropriate managers and

generally annually thereafter.

Criticality safety control and radiation protection

procedures for workers in uranium processing areas are

incorporated into the appropriate operating, maintenance

and test procedures in place for uranium processing

operations.

2.7.2 Changes in Safety-Related Procedures

Activities which do not involve a change in license

conditions but which require procedures, facilities or

equipment substantially different from those previously ||h
used are initiated only afte the applicable conditions

stated below are met:

Changes which involve radiation hazards
'

considerations are reviewed and evaluated, and

approved in writing by the radiation safety

function.

Changes which involve a change in the parameters on

which criticality safety was established are

analyzed and approved in writing by the criticality

saf ety function and documented by a written

criticality analysis.

.

W
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2.7.3 Procedures for New or changed Activities7 3
; i
' - ' A request for nuclear safety (criticality and radiation

safety) analysis is prepared in writing by, or at the

direction of, an area manager for any proposed new

activity or change in activity which may require a

proposed change in criticality safety or radiological
,

safety controls.

The changed activity will not be initiated until the

nuclear safety analynis demonstrating safety of the

activity has been ecmpleted, a preoperational inspection

has been conducted to verify that the installation is in

accordance with the nuclear safety analysis, and

appropriate procedures and/or instructions are in

place.

The results of these analyses are documented in nuclear

f~) safety reviews and maintained in an active file while
t''' still applicable.

2.7.4 Procedure Review & Update

Review
,

Document Frequenc,

Operational (Process Requirement As required

& Operator Documents)

Mcintenance/ Test (Job Hazard Analysis) As required

Nuclear Safety (Prac' ices & Biennialc

Procedures)

Radiation Protection ('Juclear Safety Annual

Instructions)
,

,
'

Temporary Operating Instructions Quarterly

..
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|

|

These procedures are subject to change at any time when ggg
a modification to process operations or safety practices

so indicates.

2.8 Audits & Inspegtions

Assurance of compliance with internal progedures is
monitored by regular audits and inspections.

2.8.1 Criticality Safety

2.8.1.1 Radiation Protection Function

The radiation protection function generally inspects the

manufacturing operations daily to assure conformance

with area criticality control procedures and special

procedures established by the criticality safety

function. The radiation protection function receives a

copy of the criticality safety requirements for each

area from the criticality safety function as an aid for

its inspections. gg

Insp'ctions are conducted using these criticality safety

requirements as a basis. Inspection results are

reported to the area manager and to the criticality

safety function. The area manager shall take ,

appropriate corrective action.

2.8.1.2 Criticality Safety Function

Audits shall be performed by the criticality safety

function on a quarterly basis for thore areas which have

not been subject to review in detail or ather purposes

(e.g., facility chances, comprehensive ino 7th review of

each major area, etc.). Such audits shall be performed

to determine that actual operations confo ! to the

physical situations on which the criticality limitations

have been based.
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Audit reports are furnished to area managers. When a

(_) nonconformance is identified, the area manager shall

promptly advise the criticality safety function of

corrective action.

2.8.1.3 Independert Reviews

The methods of calculation used in establi'shing

criticality control lie:ts shall be independently

re /iewed when new calculative methods are adopted or

when major changes are made to previously used methods.

These reviews are parformed by recognized authorities in

criti ulity safety.

2.8.1.4 External Reviews

The in-house criticality safety program is audited

periodically by an appropriate function outside of tue

WMD organization. Audit results are reported to the

criticality safety function and the area managers.,,

k_/ The criticality safety function and the area manager

take appropriate response actions.

2.8.2 Radiation Safety

'

2.8.2.1 Radiation Protection Function

In order t.o maintain day-to-day cognizance of radiation

safety conditions in the uranium processing areas,

personnel of the radiation protection function inspec

these areas on a routine basis. They also review

routine reports of airborne uranium exposures of

personnel to assure that no unreasonable or

anexplainable increases in personnel exposures have

occurred.

.

-
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'
Unusual incidents, conditions, or airborne exposures

observed by radiation protection personnel, which could ||h
lead to radiation health and safety problems, are

documented and reported to the appropriate area manager

and to engineering personnel of the radiation safety

function for their review, analysis and timely

correction.

Engineering personnel of the radiation safety function

receive routine inspection and unusual condition reports

and provide the cecessary review and followup to such

reports.

Surveys of contamination levels in each of the uranium

processing areas are made at least weekly. If

established action levels for contaminatinn in areas

are exceeded, corrective action is taken including

investigation of causes producing the excessive levels.

O
2.8.2.2 Radiation Safety Function

Engineers of the radiation safety function engage in

activities designed to lower the airborne concentrations

of uranium in work areas in which activities involving
.

special nuclear material are conducted and to lower the

exposures of personnel working in such areas to airborne

concentrations of uranium. These activities include tne

following:

AJdit, on a quarterly basis, are.:n which h?ve not

! been subject to review in detail for other purposec

(e.g., facility changes, comprehensive in-depth

reviews of each major area, etc.). Audit results

are documented and submitted to area managers.

|

''
\

__

'

-w
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.

Review of day-to-day reports on radiation safety

b _; conditions from adiation protection personnel.
$

Review and analysis of data concerning personnel
,

exposures to airborne conce:.trations of uranium.

Preparation of periodic reports to appropriate area

manager outlining conditions in the work area which

may lead to radiation health and safety problems,

and recommending corrective actions to eliminate or

alleviate such conditions,

2.8.2.3 External Reviews

The in-house radiation safety program is audited

pr .iodically by an appropriate function outside of WMD.

Audit results are reported to the radiation safety

function and 'he area managers. The radiation safety

function and the area nanager take appropriate response
7~

() actions.

|

| 2.8.3 Environmental Protectica)-
)

Quarterly audits are conducted by the environmental

protection function. These audits include verification,

'

of compliance with administrative procedures and

operational instructions. Periodic reviews shall be

conducted of environmental sampling results to assure

compliance with regulatory require.aents for liquid and

gaseous effluents and to assess trends related to such

data.

Action levels have been established and appropriate

responses have been specified to be taken when uranium

concentration limits exceed these levels, including

investigation of causes producing the excessive levels.

.

-
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2.9 Investigation and Rerorting of Off-Normal Occurrences

2.9.1 Incident Clacsification

All unusual events which potentially threaten or lessen ,

the effectiveness of health, safety or environmental

protection are identified by the area manager and

repcrted to the quality assurance section. Each
incident is considered in terms of its severity and

classified as indicated in Table 2.1. This

classification establishes the apprcoriate response

action including nottfication to fedetal and state

agencies.

2.9.2 Investigation of Unusual Incidents

Each reported unusual incident is evaluated to determine

the level of investigation required. The depth of the

the investigation depends upon the severity of the

incident in terms of the levels of uranium released

and/or the degree of potential for exposure of workers

or the public. T,e sequence of evevc2 which are

followed in investigations and the activities assigned

to each function are shown schematically in Figure 2.1.

A summary of these assigned resp:nsibilities is as
,

follows:

|

2.9.2.1 The quality assurance manager is responsible to

establish, maintain and coordinate the .rogram for

investigation of nuclear safety and environmental
.

incidents. He also performs the duties of investigation

team captain when regnired.
,

2.9.2.2 The operations manager is responsi' ale for protecting the

workers, initiating actions to bring the incident under

control, assuring that any injuries are treated,
Ak
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T7BLE 2.1
INCIDEEP CLASSIFICATIONSg 7

o x
o o
n
m r Category Class 1 Class 2 Class 3

o -

a m
%4 2
o * ONSITE o Evidence of o Evidence of o Death or disabling
1" PERSONNEL apparent exponure apparent exposure injury as defined
[" INJURY OR less than one times less than five under appropriate

f EXPOSURE the regula";ory times the OSIIA regulations.u

limit but greater regulatory limit-

than or equal to but greater than o Evidence of
the administrative one times the apparent exposure':

guides (internal or regulatory limit in excess of or
external). (internal or equal to five

external). times the
regulatory limit
(internal or
external).y a

m >
< a

m-

* PROPERTY o Damage cr loss o Damage or loss
o DAMAGE less than $200,000 jreater than or.,
" but greater than equal to S200,000.

or equal $50,000.o ,
N
M
4
\
m
H

H 7
a >
N O

m*

H
c
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Table 2.1 (Continued)g
o x
o n
n -

[ Category Class 1 Class 2 Class 3m

o --

= m
N 2
o m VIOLATIONSm .

OF LICENSE-

[ $ OR PERMIT
f CONDITIONSu

5 o Effluent Uranium concentra- Uranium concentra- Uranium concentra-
$| concentra- tion less than' tion less than 10 tion greater than

tion permit criteria but times permit or cqual to 10
limit; greater than or criteria but times permit
liquid, equal to greater than or criteria for all
airborne, administrative equal to permit three ca'.egories.

guide criteria for allo In-plant
three categories.airborne,, o

m > .

< w o Contamina-
G* tion ,

g release
S 2 both

inside and
outside ofia m

2i controlled

G area
m
" SHIPPING & o Damage to container o shipment received o Breach of container

RECEIVING in excess of externally in transit offsite
'

administrative contarainated in (loss of integrity'

guides with no loss excess of license of container).
of container or regulatory
integrity. limits.

7Aom m,

N
O
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notifying appropriate management, performing an initial

documentation of the incident, and participating in the

formal investigation as required.

2.9.2.3 For incidents involving nuclear safety the manager of

the nuclear safety function has the responsibility for

classifying the incident as to its severity, performing.

the duties of investigation team captain when required

and preparing a dossier of all incidents identified by

this procedure and ensuring it is accurate and

complete.

2.9.2.4 In the event of an environmental incident, the senior

engineer-environmental protection is responsible for

classifying the incident as to its severity, performing

the duties of investigation team captain when required,

and preparing a dossier of all incidents identified by

this procedure and ensuring it is accurate and

complete.

2.9.2.5 The manager of the irgulatory compliance function is

responsible for deciding the need for

classifying / investigating an incident and performing the,

duties of a team captain when required.

2.9.2.6 The investigation team captain is responsible for

assembling the appropriate investigation team and

directing and coordinating the activities of the deam

members and seeing that the investigation report is

generated within 30 working days after the incident

occurred.

-

''
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2.9.2.7 The manager of the licensing function is responsible for
i \

\ _.? maintaining an appropriate list of agencies to be

notified, determining if a report to the appropriate

agencies is required and notifying the appropriate

agencies when required, participating in the formal

investigation if necessary, distributing the final

report, and maintaining the WMD incident investigation

files.

2.10 Records

Records appropriate to criticality and radiation safety

activities, occupational exposure of personnel to

radiction, releases of radioactive materials to the

environment, and other pertinent act ivities, are

maintained in such a manner as to demonstrate compliance

with Commission license conditions and regulations.

Records of criticality safety analyses are maintained in

sufficient detail and form to permit independent review-

and audit of the method of calculation and rest its.

Such records are retained during the conduct of the

activity and for six months following cessation of such

activities to which they apply.
,

All records associated with the radiation protection

activities are generated and retained in such a manner

as to comply with the relevant requirements of 10 CFR 20
;

and the Commission license SNM-10P7.

! All records asso;;1ated with the environmental protection

activities described in Section 5 of this license

renewal application are generated and retained in such a

manner as to comply with the relevant requirements of 10

CFR 20 and this license.
_

''
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( ') 3.0 RADIATION PROTECTION

3.1 Administrative Requirements

3.1.1 Radiation Work Permit (RWP) Procedures
Routine production and repetitive maintenance work

performed in radiation controlled areas'is controlled by

documented procedures. Nonroutine activities performed

by nonemployees (e.g., contractor personnel), which

generally are not covered by documented procedures, are

controlled and monitored by the RWP system. This

includes construction, maintenance, and service work

(e.g., equipment relocation, floor tile replacement,

ventilation duct removal, etc.) which presents potential

for' exposure of personnel to wholebody radiation and/or

airborne contamination.

(j The manager responsible for performance of the

non routine work is responsible for obtaining the RWP

from the radiation protection function and for obtaining

RNP approvals by the supervisor of the radiation

protection function, the area manager or his delegate

and by the requestor. He is also responsible for i

assuring that only personnel who have cost.pleted

radiation safety training are assigned to perform work

under a RWP.

A copy of the RWP listing any specific radiation safety

precautions i~ posted in a conspicuous location

throughout the duration of the activity, and work is

monitored by the radiation protection function, as

required.

.
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Upon completion of the work under the RWP, the manager |||
responsible for the work is responsible to assure that

the '!P is terminated and that the work araa is returned

to normal conditions.

Responsibilities and elements of the RWP system are

documented in the Department Practices and Procedures

(P/r) system.

3.1.2 ALARA Program

WMD has established a radiation protection program

designed to ensure that occupational radiation exposures

are maintained at levels as low as reasonably

achievable. The approach consists of (1) a strong

management commitment, (2) development and
implementation of improved detection /maasurement
capabilities, (3) development of advanced exposure-

related management information systems, and (4) ||h
provision of facilities for exposure reduction via

implementation o' well engineered systems.

3.1.2.1 Management Commitment
'

The WMD management commitment to the ALARA concept is
emphasized in departmental level P/Ps and is evidenced

in continued support of long range development programs'

and near-term improvement projects. In addition,

implementing instructions to the operating and

engineering personnel stress the importance of

continuous effective exposure control.
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(_) 3.1.2.2 Improved Detection and Measurement Systems

Development of state-of-the-art health physics detection

and measurement systems provides improved capability to

determine airborne concentrations, internal exposures,

extremity exposures, external exposures, ater

concentrations and criticality detection.

3.1.2.3 Improved Information systems

A major program is underway to develop an advanced

computer based management system to calculate, monitor

and record personnel radiological exposures. Relevant

data, automatically and manually entered into the

system, are integrated to provide near real-time

information on employee exposures, medical ctatus, and

training. When completed, this program (REMTRAC) will

provide employee data to management at all levels for

their information anu action, Data analysis capability

(/ being built into the system will provide accurate

information for management planning of the continued

employee exposure reductions.

3.1.2.4 Improved Facilities and Equipment
'

Management attention is continually addressed to

identifying operating conditions which require

modificchion for reduced personnel exposure. Major

facility changes and equipment process development

programs meet stringent criteria directed towards

exposure reduction and/or improvc' shop conditions.

Project safety reviews are held to assure ALARA nas been

effectively addressed in proposed project designs.

-

'

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET 470-1113 R EV I S I ON 0 I-3.3

:



.

Current shop conditions are continually monitored to ||h
identify needed near-term upgrades in process equipment,

equipment accessories and operating systems which, when

implemented, will result in reduced potential for

occupational radiation exposures.
.

3.2 Technical Requirements

3.2.1 Access Control

Controlled areas in the fuel manufacturing building are

identified in Figure 3.1. Access points to controlled

areas are established through change rooms. Each change
,

room includes a " hot" side and a " cold" side, with a

step-off area provided between the hot and cold sides.
,

The personal clothing and other worker belongings are

stored on the cols1 side in the change rooms. Clean
protective clothing (described in Chapter 3.2.4.4) is

made available on the cold side to personnel entering a ||h
controlled area. Used protective clothing is stored on

the hot side and cellected there for processing through

the laundry facility. (In the case of the gadolinia

shop, disposable protective clothing is used to prevent
'

contamination ot? the UO2 shop with the gadolinia

nuclear poison.

Entry points to controlled areas are posted in

accordance with 10 CFR 20.203. Instructions controlling

entry and exit from controlled areas are posted at the

entry points and address such topics as: reporting time

in the controlled areas, personnel dosimetry badges,

protective clothing, personnel surveys and emergency

evacuation.

-- ,

-
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,,

( ,f Personnel survey meters are provided in the step-off_

area of each change room for use by personnel leaving

the controlled areas. Posted instructions address the

use of the survey meters and appropriate decontamination

or radiation protection function notification

instructions should the instrument alarm during the exit

survey.

Change room attendants are provided in the main change

rooms to assist in monitoting of access controls and

radiation safety requirements.

Personnel are authorized to enter controlled areas by

v.irtue of management approval based on their work

requirements and after completing the required radiation

protection trair.ing.

Personnel authorized to enter controlled areas are

issued a coded badge which denotes entry authorization.

Badges are monitorel at randota by the change room

attendants. Other personnel must be escorted by an

authorized person when entering the controlled arens.
.

3.2.2 Ventilation Requirements

3.2.2.1 Inter-area Air Flow Design

Ventilation equipment is designed to provide air flow

from areas of lesser contamination to areas of higher

contamination. Specific facilities and capabilities

of ventilation systems are detailed in Table 3.1.

.

-
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.

g . TABLE 3.1

8$ SPECIFIC FACILITIES & CAPABILITIES OF VENTILATION SYSTEMS
75
m r-
^ ~
e m

--Facility Alarms, Interlocks & Safety Features Purposen

N z
o v) Hoods Air flow designed 280 lineal feet Prevents carryout or blowout of radio-
4 A

per n.inute. active mater.ials.
.

r.
v. vs
v. 2

Fire extinguishers in work arc .. Provides fire prevention.u

|| Effluent air filtered with absolt Prevents release of radioactive
N filters. matcrials to environs.

Glove Boxes 20.1" H 02hP Prevents blowback or spread to working2
areas.

Effluent air filtered through Prevents release of contaminants to
bsolute filters. working areas or environt.x o

m >
[3 $ fire extinguishc rs in work area and Provides fire prevention.

[ boxes wnere flammables are handled.
S-

Smooi' internal surfaces. Facilitates cleanup."

O u1
Fire-resistart construction. Prevents fire damage to maintainss

d containment.
N
m. High Velocity Air flow designated to maintain an Prevent: spread of radioactive materialsH

Local Exhaust average of 200 lineal feet per from work area to immediate room area.
minute.

Effluent air fi'icred with absolut- Prevents release of radioactive
filters, materials in environs.

_

Sintering Automatic hydrogen shutoff and Protects against hydrogen explosion
Furnaces switch over to nitrcgen with and resultant spreaJ of contamination

g y
i > alarm signal. as well as physical injury to room

." $ occupants.
m

e

t > G G
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.

v L,)

E$ $5 Table 3.1 (continued)
o n
X
m r- Facility Alarms, Interlocks & Safety Features Purpose

--a -,
o

[ @ Recirculating Air flow designed 2125 lineal feet Provides cic nup of contaminated air
Air Systems per minute. within rooms.o u)

i m
-

[ Air filtered in potentially Removes essentially all contaminantsm

u 3 contaminated zones with absolute from room and exhaust to environs.
1 filters or water scrubbers.
o
e

Pressure drop indicator set to alarm Maintains adequate circulation forN

at $4" H 02hP across final filter. removal of dust and contaminants from2
the room air.

UF6 Temperature controller and alarm. Controls temperature to not exceed
Vaporization 3000 F, which is 40 F below the
Chambers temperature at which unsafe cylinder

7, g
m > pressure might be generated.
< a
- m
m Ventilation enclosure Provides conta~nment in event of

cylinder rupture or abnormal leakage.,

Electricall interlocked solenoid Prevents transfer of material to theo u,
's valves betwee.' *he cold traps and UF6 cylinder from the hydrolysis
Ej the hydrolysis tanks. tank during operation of the cold trap
;; systems.
H

H T)
| >
w o

m
Q



||3.2.2.2 Enclosures

Containment designs for fuel manufacturing areas

include glove boxes, hoods, and other special enclosures
,

as applicable to contain airborne uranium and thereby

minimize personnel exposures.
.

Other equipment in which processing operations generate

airborne uranium is designed with filtered enclosures,

hoods, dust capturing exhaust ports and othes. devices

which maintain air concentrations of radioactivity f
in work areas below 10 CFR 20 limits under normal and

foreseeable abnormal operating conditions.

Air flow through openings in these containment devices

is measured periodically to assure adequate system

cerformance as necessary for protection of personnel.

The survey is done at least monthly. When air flows
kthrough the openings do not meet minimum requirements of

80 LFPM at anf point, action ir ir.3tituted to correct

the problem and restore containment to the minimum

operating conditions. Additionally, the differential

pressure indicators across exhaust system filters are

routinely checked to assure system performance. When a'
differential pressure is observed to have reached four

inches of water, the effectiveness of the filter is

investigated and if necessary the filter is replaced to

maintain the required air flow through openings and

containment enciosaras.

3.2.2.3 Effluent Air Duct Design

Effluent air ducts and air flow velocities are designed

to minimize radioactive dust accumulations.

*

W
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(''t 3.2.2.4 Exhaust System
v

Exhaust systems in potentially contaminated airborne

effluents are equipped with filter media which are

selected to maintain its integrity when subjected to

chemicals, solvents and abnormal operations of the

processes. These filters are at least 99.97% efficient

for removal of 0.3 micron particles. At least one

filter in each effluent air stream is equipped with a

device for measuring differential pressure.

Filter effectiveness is investigated when the pressure

differential across the filter exceeds four inches of

water. A filter is replaced following evidence of

damage to the filter or inability of the filter or the

exhaust system to perform its function properly.

Water scrubbers are provided where necessary to treat
,() effluents before filtration. Such scrubbers are

installed so that effectiveness of filters is

maintained.

3.2.2.5 Air Eecirculation

Room air may be recirculated within the uranium processing

areas after Leing filtered and sampled.
.

3.2.3 Instrumentation

3.2.3.1 General

Appropriate radiation detection instruments are

available to ensure adequate radiation surveillance can

be accomplished. Selection criteria of portable and

laboratory counting equipment is based on the types of

radiations detected, maintenance requirements,

.

-
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ruggedness, interchangeability and upper and lower

limits of detection capabilities. The radiation safety

function annually reviews the types of instruments being

used for each monitoring function and makes appropriate

recommendations.

.

3.2.3.2 Equipment Description

Shown below are examples of the types and uses of

available instrumentation.

s

Type Typical Range Routine Use

Dose Rate Meters

GM Low Range 0.0lmR-2000mR Area Dose

Rate Survey

GM High Range 0.05mR-1000R Emergency g
Monitoring

Ion Chamber

Low Range 0.lmR-10R Area Dose

Rate Surveys
,

| Shipment

Survey

High Range lmR-1000R Emergency

Monitoring
|

i

| Alpha Survey 50 cpm- Direct

62x10 cpm Personnel &
,

Equip.|
I

Surveys

-

W
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|
l

|

/''T

U
Type Typical Range Routine Use

Neutron Meters 0.5 Rem-5 Rem Special

' Dose Rate
Surveys

Laboratory Instrumentation

Multichannel Analyzer N/A Lab Analysis

Automatic Air N/A Lab Analysis

Sample Counter

Windowless gas-flow N/A Lab Analysis

Proportional Counter

Fixed geometry N/A Lab Analysiss
t i
s_/ Geiger-Mueller

Counter

Sodium iodide well N/A Lab Analysis

Counter
,

Phoswich Detectors N/A Lab Analysis

Beta Surface Barrier N/A Lab Analysis

Detectors

Scintillation Counter N/A Lab Analysis

(PC-6-1) with

Detector (RD-14)

In Vivo Lung Counter N/A Lung

Disposition

Mea- ;urements--
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||I
3.2.3.3 Calibration

Monitoring instruments utilized for radiation safety

purposes are calibrated upon initial acquisition, after

major maintenance, and on a routine basis at least

annually. Such calibration consists of (but is not

limited to) a performance check on each range scale of

the instrument with a radioactive source of known

activity.

Background and efficiency of laboratory counting

instruments are determined on a daily basis during

facility operation. Efficiency is determined using

radioactive sources of known activity.

Operability checks are made on monitoring and laboratory

counting instruments utilized for radiation safety

purposes, prior to each use of such instrumeats. ggg

Background and gaality control checks are made

frequently on the in vivo lung counter.

3.2.3.4 Criticality Detection & Evacuation Alarm System
,

The critical *ty detection system consists of a series of

remotely located detectors which are continually polled

for information by a group of microprocessors. All

microprocessors continually relay alarm status and

detector information to the two control terminals

located in the radiation prot action function of fice and

the emergency control center.

~~
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() A predetermined alarm point not to exceed 50 mr/hr above

background is programmed for each detector. The

evacuation alarm logic is satisfied when two or more

detectors in the same microprocessor exceed the high '

alarm set point or if one detector is in the fail status

and another in the same microprocessor exceeds the high

alarm set point. The' system conforms to the

requirements of 10 CFR 70.24.

The sensors and their associated electronics are fail-

safe and are designed to initiate the prescribed alarm

logic when subject to intense radiation fields.

After initiation of the evacuation alarm, the

audio / visual alarms will continue until acknowledged

even though the radiation level falls below the alarm

point.
(~'i
V

The evacuation alarm system meets the guidance

established in ANSI 8.3-1979 " Criticality Accident Alarm

System".

3.2.4 Internal & External Exposure

3.2.4.1 Ventilation and Containment

The internal radiation exposure of workers is controlled

primarily by the ventilation systems ami the containment

of uranium within process equipment. Within work areas

uranium liquids or powders are handled by workers in

such a manner that reduces the potential for airborne

contamination.

-

W
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The ventilation system for the fuel manufacturing areas

is designed to maintain a conditioned air supply to all ||h
areas of the building and to exhaust potentially

contaminated air through appropriate filtering or

washing devices. Under design process conditions,

personnel will not require respiratory protective

equipment. .

The following design considerations are implemented at

WMD to reduce internal radiation exposures for

controlled area personnel with regards to the

ventilation and containment systems:

The process is the priusry barrier of containment

for the radioactive material and for other

potentially dangerous substances during normal or

abnormal operations.

The primary process containment shall be |||
supplemented with glove boxes, hoods, transfer

boxes, or other similar devices to control airborne

contamination if the process fails to contain the

material.

t

These containment devices shall be detigned

minimize the need for direct contact of

contaminated radioactive materials by the

operator.

The design philosopy of primary and secondary

containment systems shall be to prever' the release

of uranium contamination to work creas during

planned operation and to minimize it during

anticipated accident conditions.

.

W
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(} The process area atmospheric pressure shall be

negative to the outside.

The exhaust equipment is designed to provide air

flow from other areas of lesser contamination to

areas of higher contamination, to confine and

contain air streams containing radioactive

constituents and to minimize the potential

accumulation of contamination within the air

handling ductwork.

3.2.4.2 Air Sampling & Analysis

3.2.4.2.1 Internal Routine Air Sampling

The airborne radioactivity areas established in

accordance with 10 CFR 20.203(d) are continously

monitored for airborne radioactivity when there is work
m

v) being conducted in the area. These areas are equippedf

with a permanent air sampling system with sample points

located at strategic locations for representative

sampling of the worker's airborne exposure. The

filters from these sample points normally changeda.

each shif t and processed through the laboratory countic.y

equipment for radioactive material count.

This routine radiation survey program is supplemented

with backup portable air sample surveys as required to

evaluate operational trends or to evaluate breaches in

containment.

The routine survey data and individual personnel

exposure assignments are monitored by the radiation

safety function to evaluate the effectiveness of the

radiation cvatro3s of personnel exposure.
''

__
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3.2.4.2.2 Special Air Sampling

For routine maintenance operations, air sampling is

provided by the permanently installed air sampling

system. Lapel air or other portable samplers may be

utilized during times when the air sampling system is

not representative of the airborne concentration.

A special survey of airborne concentrations and surface

contaminatior is conducted for nonroutine maintenance-

and, based on these special surveys, the radiation

protection requirements for the particular operation are

prescribed. Typical of these special operations are

burning, welding, and cutting operations which may

result in increased airborne concentrations. Specific

radiation protection measures prescribed for these

nonroutine maintenance operations may include further

decontamination, special clothing, respiratory

gggprotection, etc.

3.2.4.3 Internal Exposure Measurements

3.2.4.3.1 Bioassay Program

Routine urine sampling frequencies are established for ,

operators and maintenance personnel assigned to work

areas where soluble uranium compounds are processed.

These personnel are requested to submit urine samples

based upon the activities performed.

After review of unusual incidents which resulted in

positive bioassay results, the radiation safety function

may request additional urine sampling.

The bioassay sampling frequency is based upon the

guidance of Regulatory Guide 8.11.
.
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cm 3.2.4.3.2 In-Vivo Lung Counting
i

\ ~' The internal exposure of workers from inhaled or

ingested uranium is evaluated by means of in-vivo

counting. A stationary counting system is operated by ,

an independent contractor at WF1D. The minimum

datectable level of the equipment is about,75 ug U-235.

Individual workers are counted on the following

frequency based upon assigned airborne concentration

exposure:

Derived In-Vivo

Airborne Concentration Counting Frequency

< 10% Not Required

> 10% < 25% Annual

> 25% < 50% Quarterly

> 50% < 100% Monthly

g
t <

'^# 3.2.4.4 Protective Clothing

Protective clothing is provided to all pn.- who are.

required to enter radiation controlled ar,. w1ere

a erminedpersonnel contamination potential exists as

by the radiation safety function. The amount and type
,

of protective clothing required for a specific area or

operation is determined by operational experience and

the contamination potential, Available clothing

includes caps, hoods, laboratory coats, coveralls,

safety glasses, boots, overshoes, shoe covers, rubber

and cloth gloves, safety shoes, and respiratory

protection equipment. NIOSH approved air supplied hoods

are also available, for certain operations.

-
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,

|||The minimum clothing requireme7t for controlled area

entrr is as follows:

Controlled Area Workers Visitors

Shoe covers or controlled Shoc covers

area work shoes

Coveralls Laboratory coats

Head covers Head covers

Rubber gloves Rubber gloves (as

appropriate)

Safety Glasses Safety Glasses

The protective clothing is removed upon exit in the

controlled area change rooms. ||k

3.2.4.5 Respiratory Protection Program

3.2.4.5.1 Respiratory Protection Equipment
o

Only respiratory protection equipment specifically

approved by the National Institute of Safety and Health

(NIOSH) are employed. Two types of respirators are

commonly available - half masks and full face masks.

Half mask respirators equioped with particulate filters

are employed as a precautionary measure during routine

operations which may generate uranium dusts. No

protection factor is taken for half mask usage, unless

masks are fitted in accordar.ce with Regulatory Guide

8.15.

- _
-
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(~~/
Full face mask respiratots equipped with a combination;

-

GMR canister are employed as precd'Itionary measures in

rout Ane arn- for emergency actions which may require

additional protection capabilities when there exists a

potential for rel.'ses of soluble uranium gases. A

protection factor of 50 is taken for this -typa of

respirator usage. If quantitative testing is employed,

the actual protection factor for that employee may be

used.

Self-contained breataing devices are also available for

certain emergency situations.

3.2.4.5.2 Erployee Qualifications

Employee managers specify and review annually those

individuals for whom respiratory protection devices may

be required. Each designated employee's medical status

() is determined and reviewed periodically by the medical

function to determine if there are medical restrictions

which may prohibit an individual from using a

respirator. If the individual has no restrictions, the

radiation protection function then proceeds with the

respirator training and fitting. Additional training on-

the use and limitations of self-contained breathing
I devices is provided by an outside service contractor to

designated respirator users.

An adequate mask fit is determined using qualitative

(irritant smoke) methods which are reevaluated annually <

or quantitative (DOP test chamoer) methods which are

reevaluated every two years. (Quantitative results may

be substituted for qualitative.) Respirator

qualification records are maintained on each individual

as a part of the employee's personnel exposure file,
m

'
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hppropriate reports showing the status of qualified

individuals are routinely sent to the appropriate |||
managers for review.

3.2.4.5.3 Testing and cleaning of Equipment

Each respirator is processed for cleaning, inspection,

and replacement of parts as necessary. Air purifying

cartridges and canisters are DOP penetration and

pressure differential tested against parameters

according to internal procedures. The respiratcr and

canister assembly is DOP penetration and pressare tested

prior to reuse. On a quality control basis new

respirators and canisters are similarly tested.

Self-contained breathing devices are inspected for

operational capability and are cleaned and re-inspected

after each use by an outside service contrr4ctor.

3.2.4.6 Surface Contamination Monitoring |hs
Routine contamination survey monitoring is performed for

all uranium process and manuacturing areas including

non controlled areas such an hallways and lunch rooms

immediately adjacent to controlled areas. The type vf
'

monitoring includes direct and removable contamination

measurements based on the potential for contamination

in these a.cas and operational experience.

Survey frequencies are determined by the radiation

safety function.

Tae minimum survey frequencies are as follows:
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o

xJ Minimum Survey

Area Frequency

Controlled Areas Weekly

Receiving, Storage & Shipping
,

Weekly

Eating Areas Used Primarily by Weekly

Controlled Area Personnel

Uncontrolled Areas Monthly

Survey results are compared to action guide values as

.=pecified in internal procedures and appropriate

responses are taken.

Personnel contamination surveys for external-

\' contamination on clothing and body are required by all

pers.nnel when leavine the controlled area. Personnel

are instructed to recognize that contamination is

indicated by a noticeable increase in tna audible count

rr.te or when the survey meter reaches a predeterr..ined
,

t.larm set point, as determined by the radiation

protection function.

3.2.4.7 Decontamination

Personnel monitor themselves upon exit from the

controlled areas (see Chapter 3.2.1). If contamiration

is found in excess of published levels, they attempt to

decontaminate themselves at facilities provided in the

change rooms. Assistance from the radiation protection

function is provided in event the first attempt to

decontaminate is not su cces s f u l .
^

'"
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Personnel contamination accompanied by potential

chemical injury is treated by the site medical

department. The radiation safety function reviews the

contamination levels with medical and makes

determination for bioassay or in-vivo counting to

further assess potential internal exposures.

3.2.4.8 Emergency Evacuation

All personnel working in the fuel manufacturing

operations are instructed to immediately evacuate the

area in the event the criticality warning system alarm

is activated. Personnel are instructed to leave their

work stations and proceed as rapidly as possible along

predetermined routes to the designated staging areas.

Emergency evac"ation drills demonstrate that the

evacuation plan is erfective. Personnel from controlled

areas, who may be contaminated, are sagregated from

non-contaminated personnel upon arrival at the staging

area.

3.2.4.9 Personnel Monitoring - External Radiation

Whole body or partial whole body exposure from external,
sources of radiation are determined by individually

assigned dosimeters. In event of accidents or evaluation

| of unusual exposure conditions, whole body or partial

whole body exposures may be calculated by the radiat?on

protection function on the basis of data obtained by
|

|
Investigation.

Extremity exposure shall be determined by TLD

,

measurements. When TLD measurements are not practical,
!

| then extremity exposures may be determined and assigned

on the bacis of engineering evaluations.
;
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4.0 NUCT;3AR CRITICALITY SAFETY,-

<' 4.1 Administrative Requirements

4.1.1 Process / Facility Design Philosophy

Process designs shall incorporate sufficient factors of

safety to require at least two unlik'ely, independent,
and concurrent changes in process conditions before a

criticality accident is possible.

The preferred method for assuring nuclear criticality

safety is by the r . of geometry control.

The use of fixed neutron absorbers is considered to be a

form of geometry control and is preferred over the use

of administrative controls.

The use of administrative controls for nuclear

criticality safety will be restricted to those cases in

(3 which geometry control is not practical.
V

4.1.2 Requests for Nuclear Criticality Analyses

All changes, modifications, or additions to the process

system are conducted with the cognizance of the ocea

manager. If the area mar.ager determines that the
,

changes, modifications, or additions are related to

criticality control, such changes shall be reviewed by

the criticality safety function prior to

implemente' ion.

If review by the criticality safety function is

required, a request for a nuclear criticality analysis

shall be prepared in writing by, or at the direction of,

the area manager for the new activity or change in

activity. The change shall not be placed into operation

until the criticality safety analysis is complete and
_

''
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the concomitant nuclear criticality safety requirements

and approval for operation are received from the

criticality safety function.

.

Nuclear criticality analyses of major projects will be

reviewed by the safety committee. 4
,

4.1.3 Criticality Control Procedures

Each area manager shall assure that 2riticality control

procedures incorporating limitations established by the

criticality safety function are developed and maintained

and shall assure that foremen, operators and other

concerned personnel are made aware of these procedures

through posting, training programs or other appropriate

-written notifications.

4.1.4 Posting of Nuclear Criticality Safety Limits

Nuclear criticality safety requirements which are
g

received from the criticality safety function for each

process system shall be available to each work station

either in the form of operating orocedures or as clear,

visible signs or notices.

I

Posted nuclear criticality safety requirements shall be

defined by the criticality safety function and may

include: limits on material types and forms; allowable

quantities by weight or number; allowable enrichments;

required spacings between units; control limits, when

applicable, on quantities such as moderation, and

density or the presence of additives.

.

-
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(3 4.1.5 Labeling of Containers of Fissile Material
t i
'"

Containers of fissile material, not including fuel rods,

shipping containers, samples and the like, shall be

labelled such t. hat the material type and form, U-235

enrichment anu gross and net weights can be clearly

identified. .

4.1.6 Role of the Criticality Safety Function

Personnel of the criticality safety function determine

safe batches, safe geometries, safe concentrations, and

safe spacing of special nuclear materials; they shall

determine limitatians of other nuclear parameters

utilizing information set forth in the request for

criticality analysis; and they assess and verify the

normal and potential environmental conditions of

significance to criticality control.

(~~) 4.2 Technical Requirements
I /

4.2.1 Nuclear Criticality Safety Methodology

4.2.1.1 Nuclear criticality analyses shall utilize experimental

data or validated analytical methods that produce

results which compare favorably and in an established ,

manner with experimental data for similar systems.

4.2.1.2 Each nuclear criticality analysis shall be verified by

an independent and qualified member of the criticality

safety function.

4.2.1.3 When analytical methods are used in nuclear criticality

analyses to determine system neutron multiplication

factors, it is required that at the 99 percent

confidence level the neutron multiplication factor for

-

n,EPt|
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normal operations be no greater than 0.90 and the

neutron multiplication factor for all conditions

required to be critically safe by the double-contingency

policy be no greater than 0.97.

The calculated neutron-multiplication factors shall be

corrected for analytical biases determined from

representative benchmark and validation studies.

Criticality safety anal ses shall take the following4.2.1.4 I

into consideration:

Maximum credible degrees of moderation and

reflection

Potential heterogeneous effects due to particle

sizes, neutron absorbers, material densities, or

the separation of fissile material and anoderator

The possibility of buildups of fissile material in

( inaccessible or unplanned locations

4

Interaction between individual pieces of equipment

in the facility including cptimum or maximum

credible interspersed moderation between units

Neutron absorption capability of the materials of

construction.

,

-

-
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4.2.1.5 Calculational methods used in nuclear criticality safetys

,7 \

\> analyses shall include: Monte Carlo Neutron Transport

Codes, Neutron Transport (Sn) Codes, Diffusion Theory

Codes, Keff calculations using the Reactivity Formula,

Solid Angle Code, and Monte Carlo Interaction Codes.

4.2.2 Nuclear Criticality Safety Design Considerations for

Geometry control

4.2.2.1 Equipment used to process or store fissile material

which is designed to be critically safe by geometry

control shall comply with the requirements of 4.1.1 for

the following conditions:

Optimum moderation by water or by other materials

actually present which may be a more effective

moderator thca water

y Optimum credible density of the fissile material

taking into account the presence of the water'-

moderator

The presence of t a fissile material with water

moderator in all areas in which it is not

physically excluded
,

Full rcFlection by a layer of water at least 12

inches thick at the closest boundary to the

equipment unless a greater degree of reflection is

provided by materials (such as concrete) actually

present

The optimum degree of heterogeneity credible to the

system

-

-
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The maximum enrichment of fissile material present

in the system

4.2.2.2 Equipment used to process or store uranium compounds is

geometrically safe if it is designed to retain the

process material within any one of the dimensional

limitations of Tables.4.1 through 4.3 under normal and

foreseeable abnormal process or environmental conditions

and provided that it is separated by at least 12 inches

from concrete walls or other significant reflectors.

4.2.2.3 When cylinders and slabs are not infinite in extent, the

dimensional limitations of Tables 4.1, 4.2, or 4.3 may

be increased by means of standard buckling conversion

methods or reactivity formula calculations which

incorporate validated K-infinites, Migration Areas
2(M ) and Extrapolation Distances.

4.2.2.4 Whenever criticality control is directly dependent on

the integrity of a structure used to retain the

geometric form of a fissile material accumulation or the

spacing within a storage array, the structure shall be

designed with an adequate strength f a : tor to assure
,

against failure under foreseeable loads or accident

conditions. Materials of construction shall be fire

resistant. The degree to which any corrosive

environment might affect nuclear safety shall be

considered and corrosion-resistant materials or coatings

applied as necessary. Such designs shall be reviewed by

a qualified civil or structural engineer.

^
-

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET 470-1113 R EV I S I ON 0 I-4.6

:

. . - .. . , -



.

(~)
w/ TABLE 4.1

SAFE GEOMETRY VALUES
,

FOR HOMOGENEOUS UO -H O MIXTURES2 2

Infinite Infinite

Weight Cylinders Slabs Spheres

Percent Diameter, Thickness, Volume,

U-235(1) Inches Inches Liters

2.00 16.7 8.9 105

2.25 14.9 7.9 75.5

2.50 13.75 7.2 61

2.75 12.9 6.65 51

f-g 3.00- 12.35 6.25 44
J 3. 11.7 5.9 38.5

3.30 11.2 5.6 34

3.75 10.8 5.3 31

4.00 10.5 5.1 29

5.00 9.5 4.45 24
8

6.00 8.95 4.00 18.5

7.00 8.45 3.75 17.0

( (1)For enrichment not specified in this table, smooth
curve interpolation may be used.

_

'"
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TABLE 4.2

SAFE GEOMETRY VALUES

*

FOR HOMOGENEOUS AQUEOU.c SOLUTIONS

Infinite

Slabs Spheres

W/O Thickness, Volu me ,

U-235(1) Inches Liters

2.00 9.3 106.4

2.25 8.4 80.5

2.50 7.8 66.8

2.75 7.3 56.2

3.00 7.0 49.7

h3.25 6.7 44.8

3.50 6.5 41.0

3.75 6.3 38.0

4.00 6.0 34.9

5.00 4.8 26.0
'

6.00 4.4 22.5

7.00 4.1 19.5

(1)For enrichments not specified in this table, smooth
curve interpolation of values may be used.

.
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TABLE 4.3

SAFE GEOMETRY VALUES

FOR HETEROGENEOUS MIXTURES OR COMPOUNDS'

Infinite Infinite

Weight Cylinders Slabs Spheres

Percent Diameter Thickness, Volume,

U-235(1) Inches Inches Liters

2.00 11.1 5.6 35.7

2.25 10.5 5.1 30.7

2.50 10.1 4.8 27.3
2.75 9.7 4.6 24.7

3.00 9.4 4.4 22.6
i-,'

k> 3.25 9.2 4.3 20.9

3.50 9.0 4.2 19.2

3.75 8.9 4.1 18.2

4.00 8.8 4.0 16.9
-

5.00 8.3 3.6 13.0
'

6.00 7.9 3.5 11.0
7.00 7.4 - 7.6

-(l)For enrichment not specified in this table, smooth curve
interpolation of values may be used.

-

W
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4.2.2.5 The use of fixed neutron absorber systems as geometric

controls shall require that:

The effectiveness of the neutron absorber system is

demonstrated utilizing validated calculational

methods
.

The fixed neutron absorber system must be -

non-combustible

The integrity o' .he fixed neutron absorber system

must be verified on a periodic schedule compatible

with the rates of corrosion and deterioration

credible to the process system

The fixed neutron absorber system must be designed

to withstand all credible industrial accidents and

natural events (such as hurricanes, earthquakes,

etc.)

4.2.2.6 Whenever criticality control is directly dependent on

the integrity of physical barriers or neutron absorbers,

the structure shall be designed to assure against loss
'

of integrity through foreseeable accident conditions

such as fire, impact, melting, corrosion or leakage of
,

materials.

4.2.3 Nuclear Criticality Safety Considerations for

Administrative Control of Mass

4.2.3.1 Where geometric control is not practical and criticality
t

safety control is based upon U-235 mass limits, process

operations shall be limited such that the mass of any

single accumulation does not exceed 75 percent of the
'

minimum critical mass. However, if double batching is

credible, the mass of any single accumulation shall not .m

-
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,
exceed a safe batch, which is defined to be 45 percent

of the minimum critical mass taking into consideration

the geometry cf the vessel containing the material.

Table 4.4 lists safe batch limits for homogeneous

mixtures of UO2 and water as a function of U-235
enrichment over the range of 1.1% to 15.0%" for

uncontrolled geometric configurations.

4.2.3.2 The safe batch sizes for UO2 of specific enrichments

set forth in Table 4.4 shall be adjusted when applied to

other compounds by the formula:

kgs U02 x 886 = kg X x f, where f = %U in

Compound X

4.2.4 Nuclear Criticality Safety Considerations for

Administrative Control of Moderation

4.2.4.1 When geometry controls are not practicable, criticality
,

I safety of vessels, structures or processes may be based

on control of moderation provided that the following

conditions are satisfied:

Validated calculational methods are used to

demonstrate the criticality safety of the systems.'

Overmoderated fissile material accumulations shall

be assayed and periodically inspected or sampled to

assure that either the maximum fissile material

concentration does not exceed one half of the

minimum critical concentration for the given

a.arichment or that the H/U-235 atomic radio ic ~ t

less than 5200.

_

''
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TABLE 4.4

|gg~ SAFE BATCH LIMITS FOR UO2 AND WATER
(Kgs UO2)

Weight Weight

Percent UO2 UO2 Percent UO2 UO2

U-235 Powder Pellets U-235 Powder Pellets

(homo- (hetero- (homo- (hetero-

geneous geneous geneous geneous

mixtures) mixtures) mixtures) mixtures)

1.1 2629 510 3.4 34.6 31.0
1.2 1391 341 3.6 31.1 28.5

1.3 833 246 3.8 28.3 26.4

1.4 583 193 4.0 25.7 24.7

1.5 ~ 404 158 4.2 23.7 22.9
1.6 293.3 135 4.4 21.9 21.4

1.7 225.0 116 4.6 20.2 20.0

|||1.8 183.0 102 4.8 19.1 18.8

1.9 150.6 90.5 5.0 18.1 18.1

2.0 127.5 81.6 5.5 15.4 15.4

2.1 109.2 73.1 6.0 13.8 13.8

2.2 96.8 66.4 7.0 8.3 8.3

2.3 84.3 61.0 8.0 6.9 6.9 ,

2.4 74.7 56.1 9.0 5.9 5.9

2.5 68.9 52.1 10 3.1 5.1

2.6- 60.5 48.8 11 4.4 4.4

2.7 56.6 45.4 12 3.9 3.9

2.8 52.2 42.9 13 3.5 3.5

2.9 47.6 40.1 14 3.3 3.3

3.0 44.5 38.1 15 3.0 3.0

3.2 38.9 44.1
NOTE: For enrichments not specified above, smooth curve interpolation

of safe batch values may be used.

.
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4.2.4.2 When control is based upon undermoderated material

accumulations:

Sources of moderation internal and external to the

process shall be identified and appropriate

controls established for each source *

Process equipment shall provide an effective water

barrier to all potential forms of external water

flooding in the area.

Support equipment associated with the control of

processing of moderating materials shall be

de.-igned so that they are either geometrically safe

or designed to prevent backflow of fissile

materials and flood the fissile materials.

n
! Controls shall be established to assure segregation

of fissile materials to areas which are compatible

in degree of enrichment and in moderation

controlled parameters.

4.2.5 Criteria for Fire Protection in Areas Containing Fissile'

Material

4.2.5.1 Fire protection shall be provided for equipment,

processes, and facilities containing fissile material

and shall be selected on the basis of minimum impact on

area nuclear criticality safety.

4.2.5.2 The use of water in fire protection in moderation

control areas shall be minimized and tightly

controlled.

-
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4.2.5.3 Fire protection instructions shall be posted ir. the g
-manufacturing facility to communicate necessary or

permissible methods or techniques.

4.2.6 Nuclear Isolation of Facilities and Eqt ipment

Equipment and facilities may be considered to be

nuclearly isolated if'they are separated from all other

accumulations of fissile material by distances which are

equivalent to the isolation provided by an eight inch-

thick slab of water or the larger of: 12 feet or the

greatest distance across an orthographic projection of

the largest of the fissile accumulations on a plane

perpendicular to the line joining their centers.

O

.

m

NRC LICENSE SNM-1097 OATE 5/27/81 PAGE

DOCKET #70-1113 REVISION 0 I-4.14

:

. _ _ _ .



.

I j 5.0 ENSIRONMENTAL PROTECTION

Radiological releases from the Wilmington Site can occur

v:.a three effluent pathways: airborne, liquid or solid.

Tha control systems for each of these pathways are

addressed in the following sections.
.

5.1 Effluent Control Systems

5.1.1 Airborne Effluents

The exhaust systems from uranium processing areas in the

fuel manufacturing building are designed to maintain a

negative pressure in those areas relative to the outside

environment. This assures that air leakage is inward

into the uranium processing areas. The negative

pressure differential is maintained by regulating the

volume of fresh air taken by the ventilation system into

the uranium processing areas.
,

|
_ '

All exhaust systems from the uranium processing areas

are discharged through high efficiency particulate air

(HEPA) filter assemblies. Each exhaust system contains

one final stage of HEPA filtration preceded by other air
'

cleaning devices specifically suited to the process

steps served by the exhaust systems. Some of these

other air cleaning devices include prefilters, primary

HEPA filters, and wet scrubbers.

Each of the exhaust system stacks, except for the wet

chemical process area and the incinerator, are serviced

by an air cleaning system such as that shown in Figure

5.1. Feed points to these stacks include process areas

in which pellet pressing, pellet sintering, pellet

-

''
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FIGURE 5.1

9

TYPICAL EXHAUST AIR CLEANING SYSTDi FOR URANIUM PROCESSING AREAS
(EXCEPT FOR WET CHEMICAL PROCESSING AREAS) -
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grinding, rod loading, scrap sorting, and-

' decontamination as well as other operations.

The exhaust systems from the chemical processing area ,

which includes the process steps of vaporization,

conversion, defluorination, and uranium scrap recovery,
,

are serviced by an air <: leaning system which is depicted

'in F igure 5. 2.

5.1.1.1 Source Point Monitoring of Airborne Effluents

Each exhaust system stack from the uranium processing

areas is sampled continuously at a point prior to

discharge and after the final HEPA filter in the system.

The stack air sampler continue isly pulls a sample of air

-from the air stream in the stack through a filter. The
filter on each sampler is changed and evaluated for

gross alpha activity. The measurement of gross alpha

~) activity from each stack air sampler filter is utilized

to determine uranium concentration in the air and total'

uranium discharged from the stack.

The majority of the sample filters are changed on a

weekly basis. The sample filters on the stacks
P

contributing the larger portion of the total activity

released are changed on a daily basis.

5.1.1.2 Action Level for Airborne Effluents

Data from the air sampling measurements are entered into

a computer program and are analyzed for comparison with

the concentrations established as an internal action

guide. The occurrence of an individual stack value

exceeding the internal action guide will initiate review

action.

.

W

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET #70-1113 R E'/ I S I ON 0 I-5.3
.



.

FIGURE 5.2

O

EXHAUST AIR CLEANING SISTD( FOR WET CHDi! CAL P,ROCESSING ARF.'.S
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|

( ~i Personnel responsible for operating the exhaust system

are notified if any daily or weekly stack result

exceeds 3 X 10-12 uCi/cc. In the event one of

these values exceeds 10 X 10-12 uCi/cc nucleo. '

safety and environmental protection personnel are 1so
notified. An investigation may be undertaken, det nding

on the severity.of the event, in accordance 'aith

administrative routines described in Chapter 2.9.

5.1.1.3 Reporting Method

Uranium activity releases in the airborne effluents are

sumuarized in a weekly stack program report. This

report includes pertinent information for each stack and

for the total site. Year-to-date summaries and data for

the~ current week are included in the report.

In the event an action guide is exceeded, additional

/] notification as described in Chapter 5.1.1.2 is

initiated.

The activity release data are also accumulated and

reported on a semi-annual basis to the Nuclear

Regulatory Commission. e

5.1.1.4 Lower Limits of Detection, Calibration and

Standardization of Measurements

A gas flow proportional counter is currently used to

determine the activity on the stack sample filters. The

system is calibrated monthly for gross alpha using a

standard traceable to the National Bureau of Standards.
Background and efficiency checks are performed each

operating hift. The lower limit of detection for this

method i 50 disintegrations per minute.

___
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5.1.2 Liquid Effluents
OThe liquid waste streams containing uranium from the

fuel manufacturing operations are kept segregated as

nitrate wastes, fluoride wastes and radiation waste.

This separation makes it possible to utilize final

individual treatment processes most compatible with the

specific streams.

Each of these separated streams is processed through a

quarantine tank system before it is released from the

fuel manufactaring operation. The quarantine tank

control system assures that internal guidelines for

uranium concentrations are met before the liquids are

released from the building to the final treacment

processes.

Figure 5.3 shows schematically how each of the waste

streants is treated before impoundment or release.

5.1.2.1 Source Point Monitoring of Liquid Effluents (Water)

All process waste liquids are collected, treated and

(with the exception of nitrate wastes) discharged to the

Northeast Cape Fear River via the discharge canal.
,

Figure 5.3 details the treated process effluent flows

from the site. This figure also shows the final

discharge measurement points.

The outfalls of each of the two chemical lagoons are

sampled by collecting a composite sample on a basis

proportionate to flow. The sampling device extracts a

30-ml sample for every 1,000 gallons of discharge. This.

.
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FIGURE 5. 3 - PROCESS LIQUID WASTE TREATMNT
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approximates one sample edded to the composite every two

or three minutes in that the total volume discharged is

about one-half million gallons per-day

The volume measurement used to activate the sampler and

generate the total flow signal is based upon an impulse

generated by the water level in a stilling, well in the

weir box above a 90-degree vee notch weir.' The volume

flow is recorded, and an integrated value is generated

by the recording instrument.

The composite samples are. collected daily and chemically

analyzed for uranium concentration. A weekly composite

of the daily samples is analyzed for gross alpha and

gross beta activity.

5.1.2.2 Action Level for Liquid Effluents

The site liquid effluent is controlled to stay within

tne 3 x 10-5 uCi/ml annual limit specified in

10 CFR 20 for release to unrestricted areas. For

reference, this would equate to approximately 20 ppm at

a typical enrichment.

5.1.2.3 Reporting Method

Uranium chemical analyses are available daily via the

generation of a laboratory chemical analysis report on

the discharge sample data. These data are summarized on
a monthly basis. Daily and monthly values are reviewed

against the internal action guide.

The activity release data are reported on a semiannual

basis to the Nuclear Regulatory Commission.

_
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5.1.2.4 Analysis, Lower Limits of Detection Calibration and_t

[) Standardization of Measurements

5.1.2.4.1 Chemical Anal 3 sis of Uranium
The lower limit of detection for uranium analysis on

environmental samples approximates 0.01 parts per
million.

The test method is calibrated using standard solutions

made from National Bureau of Standards 950b standard
U0. The method is verified with each group of38
samples run by use of a verification standard sample.

5.1.2.4.2 Activity Analysis for Liquid Environmental Samples

Gross alpha and gross beta are currently determined by

standardized laboratory counting techniques. Lower

limits of detection are typically 3 X 10-8 uCi/ml

,_

for gross alpha (if no absorption) and 5 X 10-8

_

uCi/ml for gross beta. The alpha calibration is'

accomplished using a standard calibrated by the National

Bureau of Standards. Tne detector is checked daily

using a source of known value.

5.1.3 Solid Wastes

Solid wastes generated in the fuel manufacturing

operation are packaged in boxes. These boxea are

assigned to controlled access queuing areas where they

await processing through a decontamination facility.

The decontamination operation performs a number of

functions including recovery of uranium for recycle,

separation of wastes into combustible and noncombustible

categories, as well as decontamination of material for

reuse where feasible.

_

'"
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After separation in the decontamination facility, the

combustible wastes are designated for burning in an ||h
incinerator designed for processing uranium contaminated

wastes. Wastes which cannot be incinerated or reused

are shipped to a licensed recipient for disposal.

5.1.3.1 Source Point Monitoring Of Solid Wastes

Each box is assayed for uranium content to assure that

it meets storage, shipment and burial requirements.

5.1.3.2- Lower Limits of Detection, Calibration, and

Standardization of Measurements

The assay of solid waste boxes for uranium is done by a

nondestructive method which employs passive and/or

active scanning.

5.1.3.3 Action Level

Boxes which exceed a b-235 content, established by

criticality safety analysis and/or burial site |h
requirement are returned to the decontamination facility

for further removal of contamination.

5.1.3.4 Reporting Method

The activity data on each shipment is summarized on the

shipping papers. The activity data summary is reported

on a semiannual basis to the Nuclear Regulatory

Commission.

5.1.4 Contamination Free Liquid

Two liquid streams generated as a result of the

conversion operation are transferred to unlicensed

recipients and are not regarded as radioactive waste

because of their low activity level.

!
'

.m
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5.1.4.1 Hydrofluoric Acid
n

In the dry process for converting UF6 to UO2, a

product stream of hydrogen fluoride dissolved in water

is generated. This acid contains less than 3 parts per

million of uranium by weight of the liquid.

This product is transferred to persons who'se uses of the

material are such that incorporation of uranium from the

liquid is not likely to occur into any food, beverage,

cosmetic, drug or other commodity designed for ingestion

or inhalation by, or application to, a human being such

that the uranium concentration in such items would

exceed that which naturally exists.

The acid is collected in a bulk storage tank to await

shipment. Material containing more than 3 parts per

million uranium is not released for shipment. The total
'

volume p.oduced will vary based on manufacturing
~

$ requirements.

5.1.4.2 Ammonium Nitrate

A water solution of ammonium nitrate is proluced as a

result of treating spent etch solutions and nitrate

wastes, This solution is impounded in the nitrate

lagoons shown in Figure 5.3.

This ammonium nitrate solution is utilized as part of

-the nutrient system for the biological waste treatment

facility owned by Federal Paper Board Company and

located in Columbus County, North Carolina. The
solution is transferred to the biological waste

treatment facility by tank truck.

'"
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A grab sample is collected from each truck and analyzed

for uranium concentration before release from the site.

In addition, a composite of the grab samples taken in

one day is collected for subsequent uranium analysis.

Action levels on these transfers are as follows:

Uranium Concentration Action

At 3 ppm U, averag ed Investigate the cause for
over a 30-day period ric. in U concentration.

At 5 ppm U, averaged Stop shipments to Federal
over a 30-day period Paper after due

notification and within
one month.

Above 25 ppm U, for a Investigate the cause for
single truckload higher U concentration

Stop shipments to Federal
Paper after notification
and within one week

O
Above 50 ppm U, for a Stop shipment of the
single truckload loaded transport vehicle.

5.1.5 Effluent Control Responsibilities

Airborne and Solid Effluents Monitoring
,

Responsible Area Manager Manager, Regulatory
Compliance

Liquid Effluents Monitoring
Manager - Facilities Manager, Regulatory

Compliance

-

'"
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5.2 Environmental Monitoring,

~J The environmental monitoring program is based upon the
concept of placing primary emphasis on monitoring at the

source points. It has been found that data obtained at

offsite sampling points fluctuate at background levels.

Therefore, data collected at sample points remote from

the sources are utilized as a secondary method of

identifying any unsuspected impact from plant

operations.

5.2.1 Radiological

5.2.1.1 Receiving Stream

The Northeast Cape Fear River is the receiving stream

for treated liquid waste waters discharged from the

facilty. The river is routinely monitored to establish

chemical uranium concentrations in the river upstream

and downstream from the site.
.-

The sampling location, type of sample taken at each-

location and frequency of sampling are detailed in

Figure 5.4.

The data from the monitoring program are evaluated

against an internal action level. The uranium

concentrations are typically less than 0.01 parts per

million. The action leve utilized in this program is

three successive values greater than 0.2 parts per

million.

The upstream and downstream monthly results are reported

to the State of North Carolina.

_
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FIGURE S.4
RIVER WATER SAMPLING LOCATIONS (OPERATIONAL)
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|

l
l

1
1

5.2.1.2 Soil
_

Soil samples are collected and analyzed for uranium

concentration to monitor for long term buildup of

uranium concentrations attributable to plant operations.

The locations of these stations are concentrated along

the predominent wind directions.

Figure 5.5 details the sample locations.

The samples are collected on a quarterly basis and

analyzed for uranium concentration. The results are

recorded and evaluated against an internal action guide

of 0.7 parts per million.

The plant supply water is sampled on a monthly basis. A

grab sample is collected before and after treatment.

Samples are analyzed for uranium concentration and the

results are reviewed and recorded.
,

f

5.2.2 Non-Radiological

5.2.2.1 Airborne

An offsite monitoring program is not conducted for

chemical airborne pollutants. Selected stack emissions

are sampled on a continuous basis for fluoride

emissions. These samples are collected weekly and

analyzed for fluoride content. The results are recorded

and evaluated. Stack gases are not sampled for other

chemical constituents.

2.2.2 Receiving Stream*

As described in 5.2.1, the North East tape Fear River is

the receiving stream for treated liquid wastes

discharged from the site. This river is routinely

monitored for temperature, dissolved oxygen, pH and

_
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FIGURE 5.5

ENVIRONMENTAL SOIL SAMPLING LOCATIONS
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concentrations of fluoride, nitrogen combined as nitrate, 3.,

\' J' or ammonia, biochemical oxygen demand, and fecal

coliform bacteria. The sample results from this

monitoring program arn reported monthly to the State of

North Carolina.

The sample sites designated as No. 1 upstream, and No. 2

downstream, in Figure 5.4, are used for this program.

Grab samples are collected at these locations three

times a week during June, July, August and September and

once a week during the balance of the year.

5.2.2.3 Ground Water

The plant supply water is obtained from wells located on

site. The water produced from the well system is

sampled and analyzed for ammonia, nitra' e and chloride.

These analyses are conducted on a grau sample collected

() monthly. The analytical results are evaluated and
'

recorded.

-
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6.0 SPECIAL PROCESS COMMITMENTS

There are no unique processes or operations for which

descriptions and appropriate safety analyses have not

been included in Chapter 16. .

,3
%)

,
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-. ~7.0 DECOMMISSIONING PLAN - HISTORY

On January 11, 1978, in connection with a WMD

application for extending authorization of disposal of

nitrate-bearing liquids to an offsite liquid treatment

system and in connection with Amendment 3 to the license

granting that request, the NRC added Condition 17 to the

license requiring that within six months of issuance of

the amendment, WMD submit a plan for future

decontamination of the site. See Exhibit 7.1.

On July 14, 1978, WMD submitted an abbreviated

decommissioning plan and requested that the requirement

for submittal of a detailed decommissioning plan be

delayed until the ttelle Pacific Northwest

Laboratories completed their model decommissioning plan

for a large, low enriched uranium fuel fabrication

plant, for which WMD was supplying them information. It

t7 ,i was stated that WMD planned to adapt appropriate

sections of that model plan to apply to the Wilmington' '

site when Battelle completed their study. See Exhibit

7.2.

Subsequently, on May 14, 1979, a statement from a GE
,

official describing _the financial provisions for

decommissioning was mailed to the NRC. See Exhibit 7.3.

On June 4, 1979, the NRC amended the WMD license

(Amendment 9) by adding Condition 19, which required

General Electric to provide further details on our

anticipated methods of decontamination, etc., by July 1,

1980. The specification of that date was based upon the

expected publication by Battelle of the results of their

study by December, 1979. Because of delays in

publishing the Battello study, at WMD request, the NRC
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on June 24, 1980, granted that the decommissioning plan ||h
be submitted 90 days after publication of the Battelle

report. See Exhibit 7.4.

Coincidentally, the Environmental Protection Agency
(EPA) response to the Resources Conservation and

Recovery Act required WMD to prepare a site closure plan
involving plans for disposal of materials classified as

hazardous by the Act. WMD is preparing a single
document to address the decommissioning plan required by
the NRC and the site closure plan required by the EPA.
Because of the new EPA closure requirement, WMD has
received verbal permission to submit the detailed site

decommissioning plan to the NRC by July 31, 1981. It is

anticipated that this schedule will be met.

In the interim until the detailed decommissioning plan
is accepted by the NRC, the abbreviated Wilmington site 4h
plan submitted July 14, 1978, is the official site

closure document.

.
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EXIIIBIT 7.1

.

t

/#*\., umtro startsy *
NUCLEAR REGULATORY COMMisslON [ . ',']*1 g(,

{ 3 wassmarom, o. c. nosss

*g . .. . . ,f' Fi 1. ' '.37i
.|AN 1 1 N 3

FCPF:EYS A. L. GLN{
70-1113
S'N-1097, Amendnent No. 3

General Electric Conpany
ATTN: Mr. A. L. Kaplan

Consulting Engineer
Licensing

P. C. Box 700
Wilmington, North Carolina 28401

Gentlenen:

Pursuant to Title 10. Code of Federal Regulations Part 70, and your
applicatio 1 dated Decenber 20, 1977, Ital No.16 of Special Nuclear
liaterial License No. Sfti-1097 is hereby amended to extend the expira-
tion date of your authorization to dispose of nitrate-bearing liquids
by transportttion to an off-site liquid treatnent systen for test
purposes to Decenber 31, 1978.

We have noted that in your license you have not discussed the future
decontamination of your facility and the ultimate disposition of the
site. Accordingly, we have added Condition 17 to your license.

'

Condition 17. Within 6 months of the issuance of this amendnent,
the licensee shall sutnit a plan for the future
decontamination of the places cf use and sites
authorized by this license 50 that they can be
released for unrestricted use. This subnittal
shall identify and discuss the factors that
were considered in the design of the plan in
sufficient detail to enable an independent
review. The plan shall include an estimate of

-

the costs involved and the financial arranganet 1
that have been or will be made to insure tha*.
adequate funds will be available to cover these
costs at the ti*e of decommissioning. In
considering alternatives for ther$ financial
arrangonents, the licensee shall specifically
include the posting of a band as a means of
assuring availability of adequate funds.

All other conditions of this license shall renain the same,

m

'
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Exhibit 7.1 (. continued)

- _h - E .'5Oi-res:::r..cM.w~2aF3.&, :~. r."'*r.~:M"'
, - Ti<' ' - -uwm.., :. - ~- - . ~ . - - - - ' - ~ - -

2 .fM t t ^&;a

The above condition had been discussed and agreed upon between your
Mr. Kaplan and Mr. W. T. Crow of my staff.

Please note that your application dated Decenber 20, 1977, to extend
the ex r.fation date for this disposal program for the duration of
S'N-1054 itself and to increase the maximum allowabie limits of uranium
in the nitrate-bearing liquids thus disposed of is still being reviewed
by NRC staff.

FOR THE NUCLEAR REGULATORY Cati!SSION,

, . kAM .g'
Leland C. ouse. Chief
Fuel Processing & Fabrication Branch
Division of fuel Cycle and

Material Safety
.

O

.

O

w
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EXIIIBIT 7.2

_ .

GENERALhg ~ELEbTRIC
.

4'

NUCLEAR ENERGY
PRODUCTS DIVISION

WILMINGTON M ANUF ACTURING

CASTLE HAYNE ROAD . P.o, BOX 730 e NLMINGTON, N.C.28401 * (9191343-5000 DEPAR W M

July 14, 1978

Director
Office of Nuclear Material Safety and SafeguacIs
U. S. Nuclear Regulatory Commission
Washington, D C. 20555

ATTN: Mr. Leland C. Rouse, Chief
Fuel Processing & Fabrication Branch
Division of Fuel Cycle and Material Safety

Bef: 1. Amendment No. 3 to SNM-1097, Dated January 11, 1978
2. NRC License SNM-1097, Docket #70-1-13

Dear Mr. Rouse:

General Electric Company hereby submits the information required by
Amendment 3 to SNM-1097 (reference 1) related to future decontamin-ation of the places of use and sites authorized by SNM-1097
(reference 2) for the fuel fabrication plant in Wilmington, North
Carolina.

.We are currently participating in a study being performed by Battelle
Pacific Northwest Laboratory to develop a decommissioning plan for a
model of a large low-enriched uranium fuel fabrication plant. It is

! our intention to adapt appropriatesections of this plan to apply to'

our Wilmington Plant when the study is completed.

General Electric personnel would be pleased to discuss this matter
with you and your staff as you may deem necessary.

Very truly yours,

GENERAL ELECTRIC COMPANY

.h-

Arthur L. Kap 7an
Manager
Licensing and Compliance
Audits

cc. Mr. John B. Kahle
U. S. Nuclear Regulatory Commission
Region II - Suite 1217
230 Peachtree Street NW
Atlanta, Georgia 30303

-

'
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Lxhibit 7.2 (. continued)

*

ATTACHMENT TO LETTER TO BR. LELAND C. ROUSE DATED JULY 14, 1978

CONSIDERATIONS RECARDING PLAN FOR PUTURE DECONTAMINATION OF

PLACES OF USE AND SITES AUTHORIZED BY NRC LICENSE SNM-1097

1. INTRODUCTION

General Electric Company is required by Amendment No. 3 to
SNM-1097 to provide a plan for future decontamination of the
places of use and sites authorized by SNM-1097 for the manu-
facture of nuclear fuel.

The plan includes a brief description of the fuel fabrication
plant, assumptions made in developing the plan, an estimate
of the costs involved for such decontamination, and consider-
Ation of financial arrangements to insure that adequate funds
will be available to cover these costs at the time of
decommissioning.' -

.

2. PLANT D'SCRIPTIONE

The Wilmington Manufacturing Department of the General Electric
Company occupies approximately 1,000,000 square feet of
administrative, laboratory, and manufacturing space at- the .1650
acre site in Wilmington, North Carolina. Manufacturing
activities are carried out in buildings housing equipment for
fabrication and assembling of nuclear fuel, nonnuclear parts
for the reactor core, and other reactor components.

The arrangement of principal buildings is shown in Figure 1.
Fabrication of nuclear fuel bundles utilizing low-enriched
uranium is conducted in the Fuel Manufacturing Operation
Building. Uranium is normalls handled only in this building.
Occasionally, but infrequently, small quantities of uranium in
a completely encapsulated form may be used for special tests
in other buildings or site locations as authorized by SNM-1097.
In such cases, special preparations are made to prevent release
of uranium to unrestricted areas.

For parposes of general orientation, the functions of principal
Wilmington buildings are described belows

(1) Equipment Manufacturing Facility - Building A

The Equipment Manufacturing Building is a large steel,
concrete and transite structure east of Buildings D and
D used in the manufacture of nonnuclear reactor components.

(2) Fuel Components Building - Building B

The Fuel Components Building is a large structure of

-1-

-
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Exhibit 7.2 (. continued)

.

similar construction to Building A, located between
Buildings A and D. It is used to manufacture the
nonnuclear components of reactor fuel bundles.

,

(3) Facility Maintenance Building - Building C

This building houses a centralized maintenance' shop
area utilized for maintenance work, shipping, receiving,
and related functions, all not involving the fabrication
of nuclear fuel bundles.

(4) Fuel Manufacturing Building - Building D

This building i a 700 ft. x 270 ft. structure built of
concrete block and insulated metal siding over a steel
framework with a concrete floor. A built-up roof consists
of a metal deck and ir.sulation which is topped with
asphalt and gravel.

3. ASSUMPTIONS

The following assumptions were made in preparing this plan

(1) Present radiological limits and decontamination technology
will apply tc decommissioning our plant.

.

(2) By the time that decommissioning of this plant would take
place, the Commission will have established by regulation
de minimus quantities of special nuclear material (low-
enriched uranium, specifically) for transfer to recipients/
not specifically licensed by the Commission.

(3) Any materials with special nuclear material exceeding
de minimus quantities will be appropriately packaged and
sent to a licensed location for disposal.

(4) Packaging, transportation, and disposal charges are
determined from costs associated with disposal at the
Chem-Nuclear Systems, Inc. facility in Barnwell, South
Carolina.

(5) The decommissioning work will be carried out by an
independent contractor, and the operation costs are.

estimated at rates appropriate for such contractor.

(6) Costs are expressed in current (1978) dollars.

(7) Experience from decommissioning a smaller low-enriched
uranium fuel fabrication plant in 1969 at our San Jose,
California site was utilized in determining the extent
of decontamination required, contaminated waste generated,
and contractor effort expenGed in accomplishing the
required decommissioning activities. This structure was
subsequently released for unrestricted use.

-2-

''
_ _ _ _

~
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Exhibit 7.2 (. continued)

'

.

4. PLAN AND COST ESTIMATE

Based on the assumptions outlined above, estimates were made of
the equipment likely to be released for.unrestrictad use by
being either uncontaminated or capable of being ducontaminated
to levels below that required for unrestricted release. The
remainder would be prepared and transported for disposal to a
licensed offsite burial location. EstAmates were also made ofthe area of walls, floor, etc. requiring decontamination to
levels below that required for unrestricted release of the
structure.

The total costs associated with these activities, based on
realistic current rates for labor, contaminated waste disposal
at licensed locations, etc., were estimated by General Electric
to be approximately $11,500,000.

5. FINANCIAL ARRANGEMENTS

The decommissioning costs for Genatal Eler.tric's fuel fabrication
plant in Wilmington, North Carolina, at 4 mated to be $11,500,000,
are small compared to the total assets of the Genercl Electric
Company. Therefore, we believe that there is no credible
likelihood that General Electric would be unable to meet the
financial commitments generally associated with the decommissioning
activities as outlined and estimated above.

,

At some future time, af ter General Electric has developed a more
dete.iled decommissioning plan and associated cost estimate, based
upon the study underway by Battelle Pacific Northwest Laboratory,
an appropriate corporate officer of the General Electric Company
will certify to the Commission that, at the time of any required
decommissioning for the General Electric Fuel Fabrication Plant
in Wilmington, North Carolina, General Electric will fully
comply with all applicable laws, rules and regulations.

.

-3-

*
s

W
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EXIIIBIT 7. 3

'
.

)
GENER ALh ELECTRIC->

.. .. 6 ncer.cca **~'.

Htcti\'ED BY..... ..... . .
. . . . . . . . . . . . . . . . . .

,,

.i 1b. .....
. . . , .

A. L KAFLA!!. . . . .

May 14,1979

Mr. W. T. Crow
Fuel Processing & Fabrication Branch
Olvision of Fuel Cycle & Material Safety
Office of Nuclear Material Safety & Safeguards
U. S. Nuclear Regulatory Connission
Washington D. C. 20555 -

Re ference; NRC License SNM-1097, Docket #70-1113

Dear Mr. Crow:

This letter is to infom you that General Electric
-

Company will have available. 't the time of decommissioning.
the resources deemed necessary to satisfy its obligation to
decomntissicn its nuclear fuel manufacturing plant in Wilmthgton.North Carolina.

,. -

(~-j
. Sincerely. ,

.

R. H. Beaton

.

-

"
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EXIIIBIT 7.4

O
p ese'j UNITED STATES

"o, NUCLEAR REGULATORY COMMisstON
I

,
g usm= crow, o. c. mss

~~, I*
JUN 2 41930

% *... . /
!iLLc .'dO BY.

FCUP:RLS
70-1113
SNM-1097, Amendment No.13 ev . ,10 ;p'-

A. L KAPLAN

General Electric Compary
ATTN: Mr. A. L. Kaplan, Manager

Licensing & Compliance Audits,
M/CJ26

P.O. Box 780
Wilmington, North Carolina 28401

Gentlemen:

In accordance with your application dated May 29, 1980, and pursuant to
Title 10 Code of Federal Regulations, Part 70. Condition 19 of Special
Nuclear Material License No. SNM-1037 is hereby amended to revise the date
for the submittal of additional detafis of the decomissioning plan,
including methods of decontamination, areas to be cleaned and volumes to
be buried at a licensed burial facility. Instead of the July 1,1980, date
for providing those details, the details shall be provided within 90 days
after publication of the final Battelle report on a model decomissioning
plan for a reference UO2 fuel fabrication plant.

All other conditions of this if cense shall remain the sarne.

FOR THE NUCLEAR REGULATORY COMMISSION

R. G. Pa ting Chief
Uranium Fuel Licensing Branc:t
Division of Fuel Cycle and

Material Safety
.

w
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( | 8.0 EMERGENCY PLAN
v

On February 27, 1978. WMD was requested to provide a
Wilmington Site Er ,,ency Plan. See Exhibit 8.1. This

plan was submitted February 27, 1979, and is the

currently approved Emergency Plan in effect at this

time. On FeP' _cy 11, 1981, General Electric received a

new NRC directive requiring preparation of radiological

contingency plan information. See Exhibit 8.2. It is

apparent that the required radiological contingency

planning information is available in the Emergency Plan
or in this license renewal. However, the Emergency Plan

is being modified to include the radiological

contingency planning information. The modified plan

will be available shortly.

<s

b]

.

,
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EXIIIBIT 8.1
: . , ~ . .- >

. .
-- .. .

.r
.. . . .

. . . . . . . .:. - ..w . . - . . . - -

.. ,.r.P .J.% - fG;;;%...a;,C
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'
-, .w ,,.c..a . a . ---

*

1@
:n. * ..

'

.* 'o UNiff D STAf ts

! NUCLEAR REGULATORY cOMMisslONw gc
nasmmotom. o. c. rossss ;

. .g:q
P "* k,*..../ . 2CE.'. Eu - *'

i .g_f3

'i 37-1ii@ -

.,ocket No. 70-1113
|m.T".' SNM-1097 A. L !LJ!>JI

-
w
G F D 2 ? 1373

P General Electric Company
AITN: Mr. Arthur L. Ka ilt.n

! Consulting Engineer Licensing
j ~73.~j Castle Hayne Road'

- ~JT; P. O. Bcx 780
4 9'f; Wilmington, North Carolina 28401
! '97 s
| 'g-] Gentlemen:

I.._. On March 31, 1977, 10 CFR Part 70, Special Nuclear Material, was'

!
%) amended to require applicants for licce.ses to possess and use special
-

8 ''-E nuclear material for processing and fuel fabrication, scrap recovery
! or conversion of uranium hexafluoride to include, in their applications.
|Y'.-Ed plans for coping with emergencies. The same amendment for 10 CFR Part 70

Q requires, as a condition for the approval of applications for the
| 2y.3 specified licenses, thi.i. f:e Nuclear Regulatory Commission determinej that the applicants' propo: ad emergency plans are adequate. These.TO Q.,.,~: requirements replaced a prior procedure which required, by license''

M.y conditions, that selected licensees have emergency plant
. ;;_

.-

Since the n!fective date of the change to 10 CFR Part 70, licensees
have been submitting their emergency plans as part of their applications| q~r for licen'e renewal; and we have been reviewing the plans as part of
our effor . lead 1"g to decisions on the renewal applications. Certain

j - licenses, however, are not due for renewal in the near future; and in
these cases, we are requesting that the licensee', st.bmit their emer-*

!
e--
~7 - gency plans prior to the submittal of their requests for license

renewal.t 2.a
;A
! ~ . - * Special Nuclear Material License No. SNM-1097 does not expire until

W 1981. We are, therefore, requesting that your emergency plan be
,

.

submitted to us for review by August 1, 1978. For your information
'

,

and use in preparing your sutmittal, we are enclosing a copy of

_

.

9

4m-e

j ?Sj ' . *
i ~M 4%

~

' y %e"

M
, m
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Exhibit 8.1 (continued)

. .
.s

.. . ;yw .enQ.:r...m..
. . . . ..; :~;:: - ._. . -. 7w;;

,I ! 3 . r.sw
- +-;;

.

92 ' '
.

k G|E

N h [^d 2
- FE0 :! 71373: ~-.
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.q
/I?: Regulatory Guide 3.42. Emergency Planning for Fuel Cycle Facilities
-f-? i and Plants Licensed Under 10 CFR Parts 50 and 70. Please' note theI% Regulatory Fosition in Part C of the guide which states that if you.y determine that any portion of the guide is, in your case, not necessary,
p. ;; you shculd justify the reason for that determination.7,

i N We are also enclosing a copy of Appendix E of 10 CFR Part 50.
Section IV of Appendix E lists the elements that shall be contained

j . ;_;. in emergency plans for fuel cycle facilities and plants.
I M
- T_' Sincerely,:w. . .- -

Y Z6f
1s . /:: - -.

;dG ' John B. Martin, Assistant Director
TOs Fuel Cycle Safety and Licensing^c= Division of Fuel Cycle andQ Naterial Safety
.M
C Enclosu ms:
-hy,, 1. Regulatory Guide 3.42
e - 2. Appendix E. 10 CFR Part 50

.. 2.; f
a
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EXIIIBIT 8.2

.... . -. --.--..

_

+,. ....,8,i UNITED STATES

[ NUCLEAR REGULATORY COMMISSION,, .

s a ns.unctom. o. c. rosss,

%,**V ,e
IES 1 1 193;***

.

.

General Electric Company
ATTN: J. A. Long, General Manager

Wilmington Manufacturing Department
P.O. Box 780
Wilmington, NC 28401

Gentlemen:

Enclosed is an Order pertaining "o License No. SNM-1097 that
requires you to prepare and submit radiological contingency
planning information to NRC for review.

If you have any questions concerning provisions of the Order,
please contact Mr. R. G. Page (30i-427-4309) or Dr. F. D. Fisher
(301-427-4135) of my staff.

Sincerely,

'
/ ,

Richard E. Cunningham, Director
Olvision of Fuel Cycle and

Material Safety

-

-
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9.0 OVERVIEW OF OPERATION

9.1 CORPORATE INFORMATION

9.1.1 General
'

This application is filed by the Wilmington

Manufacturing Department (WMD) of the Geheral Electric

Company, a New York corporation with a principal place of

business at 1 River Road, Schenectady, NY. The General

Electric Company is a publically held corporation whose stock

is traded on the principal security exchanges.

The Wilmington Manufacturing Department is a function

within the Nuclear Energy Business Group with

headquarters in San Jose, CA. The Nuclear Energy

Business Group is a function of the Power Systems

Sector, with headquarters in Fairfield, CT.

,-,

j The Wilmington plant is located in the State of North
'

Carolina, New Hanover County.

Corporate Financial Qualification

9.2 In order to demonstrate the General Electric Company's

financial capabilities for operating and decommissionihg

the Wilmington plant site, a copy of the Company annual

report for 1980 is included as the Appendix of this

Chapter.

Summary of Operating Objective and Process

9.3 The WMD facility consists of three manufacturing operations:

stainless steel machining, fuel components fabrication, and

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE
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.

nuclear fuel prodrction. Fach activity is conducted in

a separate building or group of buildings. 'I n ||h
particular, the uranium processing activities are all

conducted within a controlled access area.

The fuel plant capacity for converting UF6 to UO2 is

presently about 1500 metric tons UO2 Per' year and will
be increased later in 1981 to about 1800 metric tons

UO2 Per year with the planned addition of the GECO

(dry process dcscribed in Section 16) conversion

capacity. In the uranium process, UF6 is converted to

U02 Powder by either of twc processes - ADU (wet) or

GECO (dry), both of which are described in Chapter 16.

.The UO2 Powder is treated (e.g. hammermilling,

slugging, granulating, blending) to prepare it for

subsequent processing. Some UO2 Powder may be shipped

offsite to customers for their use in manufacturing

nuclear fuel. Most of the UO2 Powder is used to h
manufacture fuel at the Wilmington site. Pressed UO2
pellets are sintered, ground, and either loaded into

fuel rods or shipped offsite to customers for their use -
,

in manufacturing nuclear fuel. Fuel rods are assembled

into fuel bundles, and the bundles are shipped. Certain
activities related to fuel manufacturing, such as

laboratory analyses, fuel process development

instrumentation development and waste treatment are also

conducted at WMD.

9.4 Site Description

General Electric's plant at Wilmington, North Carolina,

is situated on a 1664-acre site in New Hanover County.

(Refer to maps, Figures 9.1 through 9.3.) New Hanover

!
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gFIGURE 9.2
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FIGURE 9.3

PLANT SITE (IIEAVY OUTLINE) & ENVIRONS
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/.
County is located in the southeastern corner of the

state, in the coastal plains region. The county is k

bounded by the Atlantic Ocean and by Pender and

Brunswick counties. The region around the site is

sparsely settled, and the land is characterized by

heavily timbered tracts occasionally penetrated by short

roads. Farms, single-family dwellings, and light

commercial activities are loca'.ed chiefly along the

highway. The major portion of the site (1650 acres)

is bordered on the east by U.S. Highway 117 and on the

west by the Northeast Cape Fear River. Fourteen

additional acres lie to the east of U.S. 117 and are

partially developed including water wells, an employee

park and truck parking. The northern and southern

boundaries, marked by fences, are surveyed lines through

undeveloped forest and marsh lands.1

Of the total 1664 acres, only 150 acres (about 10

percent) have been developed. The developed portion is

used as shown in Table 9.1.

. . Table 9.1

USES OF DEVELOPED AREAS OF THE PLANT SITE
Developed Area Area Size (acres)

Manufacturing Buildings 16.9

Other Buildings 7.8

Waste Treatment Facilities 26.3i

Power Supply Line* 31.7
Paved Roadways, Outside Storage 30.7

and Parking

Unpaved Roadways and Parking 12.5

Landscaped Areas 24.1

* Easement to Carolina Power and Light

-

'
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9.4.1 Population Distribution
_.

) The five-county area surrounding the plant site is
essentially rural with a low pop ~ation density. The
population characteristics of s..e five-county area are

listed in Table 9.2.

TABLE 9.2

POPULATION CHARACTERISTICS

1980 PERCENT POPULATION DENSITY
COUNTY POPULATION URBAN PERSONS /MI2
Bladen 30,069 0 34.1

Brunswick 35,349 0 41.3
Columbus 51,015 8.9 54.0

New Hanover 103,304 69.5 558.4

Pender 22,107 0 25.3

As shown in Table 9.3, this portion of the North
I

j Carolina coastal plains has very few large population
centers. The closest metropolitan area is the City of

Wilmington with a 1980 population of 44,100.

TABLE 9.3

TWENTY-MILE RADIUS POPULA'2 ION CHARACTERISTICS

Location from
Population Center 1980 Population Plant Site

Burgaw 2100 16 miles north

Carolina Beach 1791 20 miles south

Castle Hayne 1500 3 miles north

Wilmington 44100 6 miles south

Wrightsville Beach 2781 11 miles southeast

.

'
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Located 45 miles to the northeast are Jacksonville, North

Carolina, with a 1980 population of approximately 22,500, |||
and nearby Camp LeJeune (U.S. Marine Corps), which had a

1980 population of 35,149.

Most of the land within a five mile radius of the plant
Isite is wooded and largely undeveloped. The developed

areas are used for industrial, commerical, agricultural,

residential, public, and recreation purposes. Three

manufacturing plants are located within a six mile radius

of the plant site: the W. R. Grace & Co. (ammonium
nitrate fertilizer plant), Hercofina, Inc.(manufacturers

of chemical intermediates for the textile industry) and

De Poortere Corporation's (pile fabrics plant).3

Employment levels at these plaats are approximately 200,

200, and 1000 persons, respectively. A small shopping

center is located approximately three miles south of the

plant site along U.S. 117. Within a five mile radius,

severat small commercial establishments are located along |||
the area roadways.

With the exception of Castle Hayne (population 1500) to

the north, residential development in the five mile area

has been primarily in the form of single-family homes

located intermittently along the area roads. Some small

developments have started with a typical size range of 5

to 20 homes. There are a few churches, one public

school, two private schools, and one county prison

facility.

_
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The property immediately north of the site is primarily,_

wooded, with limited residential development. The

property immediately south of the site is a lightly

settled residential area with the majority of the area.

.

being wooded or agricultural. A North Carolina

Horticultural Crops Research Station is located directly

across U.S. 117 from the plant site.

9.4.2 Water Use

Since no municipal water syste:a is available, water

supplies for the plant are provided by individual wells

on the property, as is the practice of other industrial,

residential, commercial, and agricultural establishments

that are beyond the Wilmington water district.

Calculations based on a study by Hittman Associates 5
indicate that the available supply on the plant site is

10 million gallons per day. Based on a planned growth

-_ rate, projected requirements through the year 2000

_) indicate that only a portion of this supply will be used

(Table 9.4).

TABLE 9.4

PROJECTED WATER US AGE

Usage in

Year Millions gal / day

1975 1.0

1980 1.8

1990 4.5

2000 5.0

Drawdown (the dif ference in the statir: Jater level and

the pumping level) of observation wells on the site

indicate that the level of aquifer (a water-bearing earth
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stratum) has been stable since the start of plant

operation. The fluctuations that do occur are what might ||h
be expected from variations in seasonal rainfall.

The Wilmington water district serves the City of
Wilmington and obtains supply water from the Cape Fear
River. The supply point for the district is King's

Bluff, which is about 20 miles above the confluence of

the Cape Fear and the Northeast Cape Fear rivers.
The supply point is also above the dam and navigational
Lock 1 Therefore, the Wilmington water supply is

independent of the General Electric plant discharges.
Before 1944, the water district obtained its supply from

the Northeast Cape Fear River but discontinued this

. practice because of salt water that intrudes during low
river-flow periods.

The Northeast Cape Fear River is the receiving tributary
for the treated plant effluents. Its primary h

recreational usage is for boating and fishing; no

features near the plant attract users disproportionately.

It is also used to transport material by barge to plants

upstream,
b

9.4.3 Geology

The entire coastal region of southeastern North Carolina

consists of relatively flat table land with salt marshes,

tidal flats, and shallow sounds near the ocean. New

| Hanover County elevation averages 30 to 40 feet above sea
'

level, with a maximum elevation of 80 feat 6 The plant

site is very flat, averaging 30 to 35 feet above sea

level.

.
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The major subsurface strata in New Hanover County are
Peedee sandstone and Castle Hayne limestone. The Peedee

'

formation underlies the plant site and is about 35 feet

thick. It slopes from approximately sea-level elevation

at the plant site down to about 190 feet below sea level

at the Atlantic Ocean, about 12 miles east of the

site.7 The Castle Hayna formation is less extensive

and is present at the plant site only to a limited

extent. It is of irregular thickness and occurs about 30

feet below the surface. These characteristics are ideal
for a plant-site location. The ground is stable (not

subject to earth slides or flash flooding) and is
sufficiently above sea level to prevent tidal flooding.
The surface soils on the plant site consist cf sands and
clay. In some of the lower swampy areas the sands are
mixed with humic materials.

Earthquakes are rare in North Carolina. The western part
'~' of the state is in Zone 2 of the Uniform Building Code,

and the only two damaging earthquakes in the state have
occurred in this area. These earthquakes reached a

maximum intensity of VII to VIII on the Modified Mercalli
(MH) scale. These intensities imply negligible to slight
damage in structures specifically designed for this
earthquake zone.

Eastern North Carolina, the area in which the plant site
is located, is classified as a Zone 1 area, an area of
even lesser earthquehe intensity. On the MM scale this
zone corresponds to an intensity of V to VI. These
intensities imply building damage only to the extent of
fallen plaster and damaged chimneys. The only recorded

earthquake in the plant-site area was a localized

_

''
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disturbance in Wilmington in 1884. This earthquake had

an intensity of V to VI, but the only effect was that |||
some homes rocked and some crockery fell from shelves.

The plant structures are specifically designed to

withstand earthquakes of Zone 1 intensity without

structural damage to buildings.
,

9.4.4 Hydrology

New Hanover County, on the North Carolina coastal plain,

drains either into the river or directly '.nto the ocean.

The coastal plain represents part of a Pleistocene sea

floor exposed by withdrawal of the sea. Waters that

could be affected by operation of the plant or that

could influeuce plant operation are limited to the

Northeast Cape Fear River and the groundwaters of the

site and immediate environs.

9.4.4.1 Rivers

The Northeast Cape Fear River, at the westernmost ||h
boundary of the plant site, is the sole receiver of all

surface storm water and treated waste drainage from the

plant site. The Northeast Cape Fear River originates in

Wayne County, about 100 miles north of the plant site,,
The total drainage area of the river is 1740 square

miles.7 The river flows southward through Duplin,

Pender, and New Hanover counties to its confluence with

the Cape Fear River, 6.4 miles south of the plant site.

From this point, the Cape Fear widens into an estuary and

discharges to the Atlantic Ocean about twenty miles

further south. The tributaries of the Northeast Cape

Fear consist of a series of small creeks. Prince George

Creek, approximately five miles to the north, is one of

the largest of these tributaries with a drainage area of

2.4 square miler.
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The flow characteristics of the Northeast Cape Fear River

are complex because of its estuarine characteristics.

Dilution and trancit times are a function of both tidal

influence and fresh-water inflow. A special study was

conducted by the U.S. Geological Survey 8 at the request
of and in cooperation with the North Carolina Department

of Water and Air Resources to determine the dispersive and

assimilative characteristics of this type of flow system.

The study was conducted during October, 1969, on the

Northeast Cape Fear River in the lower reaches from 2.9

miles above the plant site to 1.4 miles above the

confluence with the Cape Fear River. The General Electric

Company made a financial contribution to the North

Carolina Department of Water and Air Resources to aid in

offsetting the study expenses and also furnished a pier

for use as a gaging station for the study.

The study determined that the volume of water passing the

/ ) site during particular ebb and flood tidal cycles was 220

million cubic feet and 310 million cubic feet,

respectively. whereas the fresh water inflow was

..

estimated at only 11 million cubic feet during the same

period. This study, based on data obtained by

fluorescent dye tracing, showed that the Northeast Cape

Fear River quickly' disperses a solute both vertically and

horizontally. This rapid dispersion is caused primarily

by the .la: ge flow that results from tidal ef fects rather

than from frash water inflow.

Extrapolation of the study shows that, at the estimated

10-year, 7-day low-flow volume, the daily maximum

concentration 1000 feet downstream from the point of

discharge of a solute would average about 130g for each

100 pounds of solute added.

__

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET #70-1113 REVISION 0 II-9.13

.

e



While a minimum transit time between point of discharge
to point of use is not applicable, extrapolation of the |||
study does show that at the .aximum fresh water inflow

for the period of record (20,400 cubic feet per second on

July 6, 1962),8 the transit time from the plant site to
the confluence with the Cape Fear River would be about 12

hours. A more normal transit time based ~on the water
year, October, 1969, to September, 1970, would be 10

days. This relatively slow time is because of the tidal

effects, which overwhelm the effect of fresh water flow.

At the plant site, the tidal range is 3.4 feet, and the

water becomes brackish during p tiods of low fresh water

inficw. Although fresh water inflow rates at the site

averge more than 1000 cubic feet per seconJ, the 10-year,
7-day low-flow value is about 15 cubic feet per second.
Changes in fresh water infow are seasonal and generally
follow the region's rainfall pattern.

O
9.4.4.2 Flood Study

The U.S. Army Corps of Engineers conducted a flood study
of the Northeast Capa Fear River, but discontinued the

study at Wallace, North Carolina, about 40 miles upstream
from the plant site. The study was discontinued because

downstream of this point high water war, more

significantly affected by wind and tide rather than by
stream flow.

9.4.4.3 Related Classification of Receiving Streams

The pH of the river water is generally acid, although

values as high as 9 have been measured. Fluorides are

present in concentrations of nearly 1 ppm and are thought
to be of natural origin from fluoride-bearing minerals.
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Nitrates, ammonia, and other ions are also present in,

#
varying but low concentrations. The color of the river

is dark brown, indicative of the contributions from

swamps in the drainage area. -

.

The river is classified as "SC" at the site by the North

Carolina 7ffice of Water and Air Resources. This

classification neans that the best use of the water in
this claasification is designated as " fishing, and any
other usage except bathing or she.?lfishing for market
purposes."

9.4.4.4 Groundwater

Three significant aquifers contain potable water in New

Hanover County: the shallow surface sands, the Peedee

formation, and the Castle Hayne formation. Deeper strata

contain saline water. The Peedee formation is separated

) from the saline aquifers by 100 to 150 feet of
"

impervious clay. sediments. The major recharging sources

of new-surface ground waters is rainfall.

- Residential, industrial, and commercial facilities

outside the Wilmington water district draw their water

from individual wells. The plant site water is supplied

by a series of wells placed strategically on the site to

provide optimum drawdown characteristics. Current

withdra'al of water from aquifers on the site is a veryw

small portion of the available supply. It has been

estimated 5 that approximately 10 million gpd can be

supplied from strategically spaced wells on the plant

site alone without adversely affecting the water table.

.
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/
The quality of the groundwater obtained for plant use is echaracteristic of the aquifer utilized. It contains

considerable quantities of CO2, resulting in a low pH

with iron concentrations averaging 1 to 2 ppm. Chloride
.

concentrations are low, typically 30 to 40 ppm,

indicating salt water intrusion is not affecting water
,

quality.

9.4.5 Meteorology

Because of its maritime location, the Wilmington area

- enjoys a'relatively mild year-round climate. Summers are

warm and humid, moderated by northeast sea breezes which

begin in early afternoon, and most winters are short and

mild. Occasional hurricanes may produce high winds,

tides, and rains. The area receives about two-thirds of

the sunshine possible at its latitude 9 The detailed

meteorological data presented in tnis report are derived

primarily from U.S. Department of Commerce measurements

recorded at the New Hanover County Airport (latitude 34 * ,

16' N, longitude 77* 55' W, el. 28 ft.). The airpcrt is

about 5 miles southeast of the site. Because the flat,
- featureless terrain at the airport is similar to the site

terrain, this datum is considered representative of

conditions at the site.

- 9.4.5.1 Temperature
,

Between 1932 and 1971 the annual averge temperature was

63.4*F with the highest averge monthly temperature of
79.6*F occurring in July and the lowest average monthly

temperature of 47.3*F occurring in January. The highest

and lowest temperatures ever recorded in the Wilmington

area were 104*F in June, 1952, and 5 F in February, 1899,

respectively.

.

''
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. 9.4.5.2 Precipitation

(.I Summer rainfall is usually heavy, occurring as unevenly

distributed thundershowers of short duration, while

winter rains are generally slow, steady, and evenly

distributed lasting 1 or 2 days. Thunderstorms occur on

an averge of 46 days per year. Snow is infrequent and is

usually not measurable as ground accumul'ation. Hail

occurs less than once a year. From 1932 to 1971, the

average annual rainfall was 50.51 inches, with the

highest average monthly total of 7.43 inches in July and

the lowest average monthly total of 2.48 inches in

November. The maximum and minimum figures recorded for

any single month were 21.12 inches in July, 1886, and

0.v2 in. in October, 1943, respectively.

9.4.5.3 Wind Condition

The mean hourly wind speed in the vicinity of the site is

9.3 mph with a mean monthly ranga between 11.0 in April,s
i 2

's.J and 8.0 in August (1971 data).

These data conform to other data recorded in recent

years. Table 9.5 lists normal hourly wind speed and

prevailing direction for the Wilmington area.

i
|

1
-

'"
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TABLE 9.5 g
MONTHLY WIND SPEEDS AND DIRECTIONS

Mean Hourly Prevailing
.

Month Speed (mph) Direction

January 10.3 N

February 11.4 NW

March 11'.6 SSW

April 12.0 SSW

May 10.5 SSW

June 9.6 SSW

July 9.1 SW

August 8.8 N

September 9.5 N

October 9.2 N

November 9.2 N

December 9.3 N

Annual 10.0 SSW ggg

9.4.5.4 Atmospheric Stability

In New Hanover County atmospheric temperature inversions
-

occur an averge of 36 percent of the time. The seasonal

distribution of these temperature inversions is shown in

Table 9.6.

TABLE 9.6

OCCURRENCE OF ATMOSPHERIC TEMPERATURE INVERSION

Season Inversion Frequency (%)

Summer 30

Fall 35

Winter 44

Spring 34

-
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Stagnation conditions, defined as an inversion lasting
() for 4 or more days, occur for an average of 9 days per

year. These inversion frequencies are typical of the

country as a whole and do not represent unusual local

conditions.

9.4.5.5 Hurricanes

Because of its eastern maritime location, the Wilmington
area is subject to occasional hurricanes. These
hurricanes are less frequent and less damaging than
those further south in the tropical storm areas.

Hurricanes affect the North Carolina coastal area an
average of one to three times per year, resulting in

strong winds, high tides, and heavy precipitation. The

strongest wind recorded in the Wilmington area was in

September, 1958, during Hurricane Helene. Wind speeds

averaged 88 mph, with some gusts to 135 mph. The plant(y
(_f buildings are designed to withstand sustained winds of

125 mph, with substantial margins of safety. The
highest tide recorded in the Wilmington area was caused

, by Hurricane Ione in September, 1955. The tides were as

much as 10 feet above normal. The plant facilities are

located 30 to 35 feet above mean high tide and, thus,

would not be subject to flooding by a tide equivalent to

the historical high tide. This fact is sustained by a

Corps of Engineers study.

9.4.5.6 Tornadoes

North Carolina experienced an averge of 7.3 tornadoes

per year from 1953 to 1970. The average number of

tornadoes from 1916 to 1958 was less than 4 per year.

New Hanover County, with an area of 185 square miles has

/ /81NRC LICENSE SNM-1097 DATE PAGE

DOCKET #70-1113 R EV I S ION ~ *

.

O



historically experienced an average of only 0.1 tornado

per year. This statistic is cdasistent with the ggg
published probability of a tornado occurring once per

year in the l' square (4000 square miles) containing New

Hanover County.

9.5 Location of Buildings on Site *

Location of buildings on the plant site is shown and

discussed in Chapter 10 - Facility Description.

9.6 Location of the Plant Site

Figures 9.1, 9.2, and 9.3 show the location of the WMD

plant site in the State, in the County and in the general

environs respectively.

O

.

I

!
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9.7 License History

(,-) 9.7.1 License Amendments
v

Amendment Effective

Number Subject Date

License -- 5/24/76
Renewal

1 Liquid Nitrate Disposal - 12/2?/76'

Extension of Expiration Date

for Authorization

2 Authorization for Continuation 5/25/77
cf On-site Incineration

3 Liquid Nitrate Disposal - 1/11/78
Extension of Expiration Date

for Authorization

3 Requirement Placed by NRC l/11/78
. ( ) Upon GE to Submit Decom-

missioning Plan

Requirement Placed by NRC 2/27/78---

Upon GE to Submit Emer-
'gency Plan

4 Addition of Small U-233 4/27/78
Unsealed Alpha Source to

Possession Authorization

5 Storage of Unirradiated Return 6/6/78|
Heel at Storage Locations or

Nuclear Reactor Sites in RA
,

|

Inner Containers

|
_

''
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License Amendments
Amendment Effective h

Number Subject Date

6 Liquid Nitrate Disposal - 7/3/78
Extension of Expiration Date

for Authorization to Coincide
.

with License Renewal Date

7 Change in Description of 10/27/78
Nuclear Safety Training

Program

8 Submittal of Revised 4/23/79
Emergency Plan

9 Decommissioning Plan and 6/4/79
Financial Commitment

10 Change in Description of 11/6/79
Radiation Safety Training

Program

.

11 Order from NRC to Install and 1/28/80
.

Operate Samples of Airborne

Uranium

12 Additional Small Quantity of 3/5/80
0038 Enriched to 93% in U-2a3
to Possession Authorization

13 Revision in Date for Submittal 6/24/80
of Decommissioning Plan

.

! ! '
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License Amendments
.,_

.) Amendment Effective

Number Subject Date

14 Revision to Conditions 3,4, 7/23/80
and 5 of Amendment 11

(Off-site Sampling of Airborne
'Uranium)

15 Addition of New On-site Storage 9/11/80
Building as an Authorized Place

of Use

16 Deletion of Requirement that 2/4/81
Sample Processing be Limited

to Scrap from GE Owned or

Controlled Plants

,_
17 Revision to Description of 2/17/81

i _j the Wilmington Technological

Safety Council

9.7.1 Significant Changes in Corporate Structure

There have been no changes in General Electric's Corporate
,

*
structure which impact sig i

nuclear fuel at the Wilmfb,pif cantly the production ofgton plant or which affect

significantly the Wilmington Manufacturing Department.

9.8 Changes in Procedures, Facilities, and Equioment

i Administrative controls to ensure that an independent safety

review of the proposed activity is performed and documer.ted,

prior to the start of any new or changed activity involving

| licensed material, are described in Chapters 12 and 15.

_
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| Research GE R&D es panded in 1980: Continuing to " factory of the future."The y nar saw the first
! gng base its sales and earnings growth in iarge part testsof acomputer-designedinjectionmold *

on innovative technologie s. General Electric for pla stic parts, and a developmental G E ro- iDevelopment spent a record $ i ,598 million oh rese arch and bot showed its ability to assemble scores of *

development activities in 1980. This includ ed diff erent type s of electric motors. Ne w tech- j
an increa se of 19*4 from 1979 to S760 milhon in niques-some using lasers-were tested for

|expendituresof theCompany'sownfunds. machining tougn materials at higher speeds
The balance of $838 million was done under than ever before. '

contract. prh,arily for the U.S. government. In energy,the Company's R&D efforts focus
Atthecorpute Research and Develop- on clean methods for converting coalinto elec-

ment Center, scientists are playing a key role tricity, and on ways to reduce energy con-
in the " electronics revolution," producing sumption. Examplesof thelatterincludenew

| smaller.f aster microcircuits for everything fuel-conserving turbofan aircraft engines;en-
from"intelhgent"home appliances tojam-re- ergy efficientiamps;acadjustable speed
sistant military communications systems. dnves; and energy-saving appliances.
During 1980,they tested an advanced u'tra. R& D activitie s pictured below include a
sonic cardiac scanner that can provide moving unique resea rch f acility(left) to study gasified
picturesof thehumanheartviasoundwaves. coal-fueledpowergeneration andstudiesus-

Higher manufacturing produc?vity will re sult ing interactive graphics to boost productivity
;

from computer and robot technologies in the bycomputer-aided design. g
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O
Financial highlights

_

toonar amounts e nwhans: per-share amoets m conars) .1980 1979 ea$

For the year t tes of products and services
to customers $24.959 $22.461 11 %

Otherincome 564 519 9
Totai revenues 25.523 22,980 11

Net earmngs applicable
to common stock 1,514 1,409 7

At year end Totalcapitalinvested $10.447 $9 f 12%
Share owners' equity 8.200 7.362 11

Short- and long-term borrowings 2.093 1.818 15

Per share Net earnings $ 6.65 $ 6.20 7%
Dividends declared 2.95 2.75 7
Share owners' equity- year end 36.00 32.31 11

Measurements Operating margin as a percentage
of sales 9.0% 9.5%

Effective income tax rate 38.4 39.9
Earnings as a percentage of sales 6.1 6.3
Percent earned on average total

capitalinvested 17.3 17.6
Percent earned on average share

owners' equity 19.5 20.2
Borrowings as a percentage of total

capitalinvested 20.0 19.5

.

.

The Ceneral Ewenc invesior s

a

W
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Comments from the Chairman "Innoudcn and self-renewal:and the Chairman. elect !

i these are thernes that '

charr:terize General Electric
as we enter a new era."

Thesignificanceof thesesalesandearn-
ings es not merely that they set new levels in g

L, , ) year when profits for indu str y gene rally de-.
, clined. More importantly, they w ere achieved

i *'?
; in a year when your Company sharply in-*

creased inve s tments in new plant and equip-
i

,

ment. new technology, new product develop-
ment andnew businessventures.

U.S. business today finds atself challenged,

i . e if byaggressiveoverseascompetitors.Nat anal
.

/- ti productivity has been declining and. in indus-
i .

try afterindustry. product leadership 's moving
| to other nations. Companies that refuse to re-

-

,

newthemselves,thatfailtocastoff theoldand
embrace new tednolog res. could well find
themselve,s in senous veclinein the 1980s.

;
We are determined thct this shallnot happen; toGeneralElectric..

Self-renewal.Your Compar.yis engaged in a''s
process of intemalchange lhat will transform

%
, the ways we design. manufactureanddistnb-

; * b - -

ute our products and services in the 1980s. We
-- are encoura ging ourpeople to probe con-'

stantly for ne w markets, new techniques and
{ TheJointsigning of these acoments sig- newbusinessopportunities.

nais the spproaching chas.ge of erecutive This stress on innova tion ha s been gather-
leadershipaf GeneralElectric.On there- ing momentum and is perhaps bestillustrated
tirementof ReginaldH. Jones (right)on by the change in our sources of earnings, as
April t,1981, John f. Welch, Jr., wlil become emphasizedir lastyear's AnnualReport. As*
Chairman and Chief Erecutive Officerof the 1970s began,80% of your Company's
yourCompany.He willbe the eighthperson eamangs came from sts tradstional businesse s

-

. . .

| )T , ta hold that office since the founding of GE inthe manufactureof electncalandelectronicinthenineteenthcentury. equipment. These businesses remain healthy
. ,

| t- p :/ 'i Johnf.Burlingame(middleleft)and and growing, afthough they now provideless
Edward E. Hood,Jr.. continue ss Vice Chair- than ha!f of our earnings. The majonty of our

; men and Ezecutive Officers with expanded earning s are presently derived from growthy w7#
- responsibilities forrealigned staff and businesses in man-made matenais, natural -

;y-' [ operpr'.sns.
resources. aerospace and transportation

.. cit. . equrpment. service s and other new lines ofD %. Gen.teral Electric's diversity and financial opportunity. And42%ofourearningsnow .I

Tf \
r) strengths enabledit to turnin a solid perform- come from intemationalactivities. compared

a *

p c-3 ance in 1980 despite adverse economic condi- withonty 16*.adecade ago.J"
I

tens in the U.S. and many foreign markets. The status of our current businesses is de-
Salesof $24 96billionrepresentedan11% tailedinthepagesof tt is AnnualReport,butto
increase over 1979. Earnings of $ 1.5 billion, or give our c hare owners a " feel'* for the pres ent f$6.65 per share,were 7% above 1979 tevels.

moodof self renewalaf Genera'Electnc letus

a ArmalReport1980
8 '

.

O
-
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O
comment on the Company's response to sev- Energy Fromitsbeginnings.GeneralElectric
eralfundamentalchallengesof the1980s. hasbeenaproducerof energy-cor version

equipment for electric utilities. But thatis now
Electronic s.There is wide agreement that the just a modest proportion of our totalinvolve-
new electronics will be tho dominant techno- ment in the rapidly growing energy field.
logicalforce of the 1980s. And sowe have Through Utah internationai's coal mines
been eng aged in a Companywide effort to ap- and ladd Petroleum's oil and g a s w ells, as well
pfy the new microelectronics and the related as our nuclear fuel operations. we are sup-
Inform ation-based technologies to every pos- pliersof basic tuel. Our e4uipment powers ma-
sible prod uct. service and proce s s in GE. chine ry in the mines and dniling fields. our

The corporata commitment is embodied in die sel-electnc locomotives ha ul the coal, and
hundred-million-dollar investments in the con- ourgasturbinespwerthepipelines.
struction and acquisition of new e:ectronics And as the wortd stnves to reduce its exces-
f aboratones and manuf acturing centers. We sive dependence on one energv source - pe-
have established an industrial Electronics troleum-G E'a research activities seek com-
Group and an information and Communica- n orcialbreakthroughsin significantnew
tions Systems Group. G E training programs energy technologies such as system s to con-
are under wPy to bnng the thinking of our man- vert coal into clean synthetic fuel gas.
ag ers and technical people up to the state of Anotherprofitablefacetof theenergymar-
the artin the new electronics. ad we are vigor- kot is the redesign ef ourproducts to conserve
ously recruiting mors electronic e ngineers. energy-fromenergy efficientlamps,appli-

TheproposedpurchaseofCalmaCom- ances and motors to fuel-savingjet engines.
pany, aleadMg producerofinteractive graph.
Icsequipment,andtheacquisitionof tntersil,a Innovation. Perhaps yourCompany's com-
makerof advancedmicroelectronicchips,are mitment to broad-ba s ed innovation is best e x-
con sistent with our intention to be al the le ad- pressed byits nsing investmentin research
ingedgeofnewtechnology, and development. Since 1977,we have in-

Yourmanagementisdeterminedtobe creased GE-funded R & D expenditures 85%
a le ader in the electro?ics revolution. to $76C million. Total R & D expenditures, with

extemal funding, reached $1.6 billion in 1980.
Productivity. Afteradecadeofslowproduc- General Electricis not merely in the electri--

tivity g rowth, U.S. industry is pta s ed for a major calbusiness oranyotherparticularbusiness.
surge of investment in new eguipment- the This Company has moved forward to a new
so-called"re-industnahzationof Amenca." dimension of industrial cap ability that inv e s-
ForGEtheprocesshasalreadybegun. tors are only beginning to recognize. We arein

Your Company has invested almost $6 bil- the business of ereat ng businesses to antici-
lion overthe past five years, including nearly pate and serve the needs of a changing world.
$2 billinn in 1980, to upgrade its productive Thisis atleastinscale somethingrare. And
capabilities. lnteractive graphics forcom- lt can raak e a constructive contribution to a
puter-assisted design, manufacture and test; world thatis stnving desperately for acceler-
robotics; programmable electronic controls; ated economic aad soc'al development,
energy-efficient drives:these are among the
advanced technologies that are transforming
ourfactonesintosomeof thernostproductive, e

, quality-controlled operations in the world.
*

And what we develop for ourown factonas
we will then sell to ourindustnal custor7er s - a John F. Welch.Jr.
productivity-improvem ent m arket tt'at is grow- Chairman-elect
ing we'f over 20'. per annum.With ourown
factories as a worldwide laboratory tor the de- [/ / ""#velopmentof advancedmanufactunngsys-
tems, and a cus;omer base th at urgently feels
the need for productivity breauhrot qhs.GE ReginaldH Jones. Chairman
expects to be a leaderin equipping tne auto- andChief ExecutiveOlkcer
matedfactoriesof thefuture. February 20.1981

The Generai 0ectrc investor s

.

-

5/27/81NRC LICENSE SNM-1097 DATE PAGE

DOCKET #70-1113 REVISION O
'

II-9.30

L



( <

'" Consumer Earnings are sustained during recessionary period
Products
and Services

tin nihons) 1980 1979 1978 1977 1976

?
"'d Revenues * SS114 s5.448 s4.865 s42G S3 510

hei eannos' 407 401 377 323 261

i P. eeuoes neieannos or
r 4 General Eecmc CrocM Corporasm 11s 90 77 67 s7

,

W y .

4'- - Consumer Products and Services Sector pany. It is the largest nonmanufacturing com-
g revenues and eamings were shghtly ahead pany in equipment financing and leasing,

of 1979, despite operating in an environment handling leasing activities ranging from com-
charactenzed by a sharp dec|ine in appliant e puters to supertankers. Leasing is GECC's

' shipments and extrr mely volatile interest fastest-growing business, it pioneered
PaulwTanOrcen rates. Eamings were led by the strong per- leveraged leasing ano .a a world leader in

YQe[ePr formance of General Electqc Credit Corpora- that business, with over $5.1 billion of indus-a
,,

P% ctsanosenncessector tion (G ECC), the Company's wholly owned trial- and transportation-equipment lever-
nonconsolidated finance affiliate. Sector re- aged leases in its portfolio.
suits reflect effective management actions to GECC also is aleading lenderin home
control costs, strong consurrer acceptance products retailing, home equity financing and
of new products, and an improved balance a wide array of commercia| and industrial
between product and services businesses, equipment industries.

While sustaining eamings, the Sector con-
tinued to fund programs for the development Major appliance businesses, serving retail
of new products 71 services to meet con- and builder markets with a complete line of
sumers' changing infestyles and the evolving GE8 and Hotpoint' kitchen and larindry
neods of business customers. These pro- equipment, had lower eamings in 1380 on
grams, designed for future growth, are main- about the same level of sales as in 1979. The

[ ) taining a strong emphasis on innovation, recession, credit restnctions and a weakness
\ / quality and productivity improvement- in housing severely affected the U.S. major

GECC eamings grew 28%in 1980. As for appliance industry, causing 11% lower unit
the product businesses, sustained cost im- shipments, excluding microwave ovens.
provement actions and continued emphasis General Electnc moderated the earnings im-
on new and improved products enabled them pact with new productivity programs and
to outperform the industry and limit their strong sales of innovative products. These
eamings drop to 6% improvements position these businesses to

in 1980. Sector operations accounted for remain a major contributor to Sector eam-
22*,.of GE revenues and 27% of earnings. ings as the Company continues to respond to

consumers' changing wants and needs.
General Electric Credit Corporation Industry unit sales of the microwave oven
eamed $115 million in 1980, up from $90 mil- were up 32% for the year. In this growing *

lion in 1979, and provided 28% of Sector business, GE has captured a leadership po- !

earnings. Growth in eaming assets of more sition with product improvements and cus-
than $1.0 billion as well as improved operat- tomer acceptance of the SpacemakerTunit. j

ing efficiencies contnbuted to the excellent The positive momentum of the dishwasher
;

l results (see page 40 for condented GECC line was enhanced by strong customer ac-
financial statements). ceptance of the top-of-the l ne Model 1200.i

With total assets of $9 3 billion, GECC ranks To serve customers better. GE placed in-
as the largest U.S. diversified financial com- creased emphasis on product service. In-

e anno mecani9eo

I

.
-

-
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| Tnne-andenergy-samng home service for more than 100 millio:. GE two-speed-compressor Weathertron ' heat
t ' ','$ 8''" h" and Hotpoint maior apphances is provided pump with a rnicroprocessor control for auto-edin

pany songoegwBmoGood through a network of 135 factory service lo- matic adjustments in resr~nse to ambient
Tsungs ToLyconsumer mover- cations and over 10.000 franchised servicers. temperature changes.,

poingcampaign-whichisde-
sgneoic he.pmaneGE an even
moreviseeanoveueoorand. Air conditio. ,ng products, affected by the Lighting operations had shghtfy lower earn-

recession. reported lower earnings and ings on somewhat higher sales. Strong per-
sales. A!! hough late season sales improved formance in most hnes did not completely off-

[

. sharply in response to hot weather, gains set substantial dechnes in markets for photo.
were not sufficient to offset the empact of fiash tamps and lamps for automotive uses.

'

recesmon-driven decline in demand and sus- The continuing introduction of innovative
tained high inflation. However, the market for and energy efficient products found excel-
air Conditioning products is expected to im- lent reception in both Consumer and indus-
prove dunng the 1980s. led by electric heat trial markets.
pumps whicn are today s most efhcient GE reinforced its " convert to-conserve"
method of electnc heating and cochng. theme in 1980. empnasizing the energy saw-4

In 1980. GE introduced a new Executive il ings reainzed by using Lucatox * kghting

Th.c.nere em .co, 7
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heeMuin vapora stiamps. daunt-
- a leading suppher of quartz tubing, rods, boules

,. .c -, .%

57G and crucibles for the semiconductor industry.N#I"##ah -par s are a a co-

_ r A___}T Housewares and audio operationsincreased
-.ve,,r ns atum. -

MG- % -costs pecauseottnenwnproved
t. , ..

"n*,9n F ~ ,' e*
sales and maintained earnings in a highlyma=-

per nauwitn marmancanoescent. .I, ' competitive industry that expenenced signifi-
kocolor. s ' - cant cost pressures in 1980. Capitahzing on its

__ _ g , - y"~ g strong brand-name' recognition. GE intro-
r ,

duced new products that offer quality with
''

vCue, including the powerful Food Processor

( T { tinuous slicing and shreddity, and program-
Supreme with a 5:de discharge chute for con-

- p*
- mable AM FM clock radios and ultra-shm port-

-

*

7 .__
' -s able cassette recorders featunng advanced

electronics at affordabfe prices.

p Television receiver operations reported in-
creased sales in 1980 with earnings about
the same as the previous year.

Sales of television sets manufactured by
Gen' ral Electnc increased for the hfth year in

'' UQ
- -

a row. The Widescreen 3000 Home Television,

M: '. Theater, the Company's new projection TV
set played a major role in the surge of interest

k in projection TV. Sales of video cassette re.
A corders al=o are on the upswing. In 1980, GE
) T formed joint ventures with three companies to; ,

.. ' v-

|.
' ~ ' .

i support the U S. introduction of the VHD bideo
disc system. The home video disc system is,

expected to be the next major product innova-, i

7^# tion in consumer electronics.
'*'^

O.
. ;

1 ', I Broadcasting and cablevision businesses
FM56 [["' in 1980 set new records in sales and earn-hMQ['d " s

, _ , ' . . ings. General Electnc operates three VHF
"

television stations and three AM and five FM
Purchaseandrenovationateus systems. Nsw products included Remote radio stations. In cablevision, where GE op-
( Q",'9"Q Q Q Energy Management (R EM2 ) control for in- erates 13 systems encompassing 66 fran-
GECC s reaiestateenancet ser- dustrial Lucalox8 luminaires which uses re- Chised communities. Customers were added
vuesoperat.ons Thetormerapart- dio signals to command the luminaires to at a 22* annual rate in 1980. GE ended the
[" "S* chai,ge wattage settings, year with about 260.000 basic-service and

** 'd

The electronic Halaret metal halide tamp 122M00 premium service customers.
is targeted for introduction in 1981. It is thet

|. first of a family oflong-hfe lamps that use The outlook: With a grr 1ual economic uptum
I about one-third as much electricity to gener- forecast for 1981, and f avorable demograph-
| ate the same amount of hght as the incandes- ics in the '80s, the Sector's product busi-
} cent bulbs they replace. nesses look forward to healthy markets and
'

Additionally, several operations continue sustained growth rasutting from product inno-
to grow outside the lighting industry. General vation and emphasis on quahty.
Electne is a major suppiter of tungsten and The Sector also sees good opportunities to
tungsten-carbide powder used in manuf actur- expand its business partcpation throughout
ing cutting tools for metal fabrication, oil drill. the decade in the rapidly growing finance and
ing and mining. And the Company has become esrvices markets.

s AnnualReport1980

|
l

-

-
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9
Industrial Continued growth for most major businesses
Products and
Components

(IniMhons) 1980 1979 197s 1977 1976
a Revenues ss.1Sr s4.803 s4.124 s3.698 s3.270d. hei aamings 31s 212 223 191 160

s

t -

Q@ Industrial Products and Components sector Transportation systems businesses contin-
'/ boosted its earnings 16*4 during 19800n reve. ued to grow as quahty supphers of diesel-elec-*'

e -- nues 7*4 ahead of 1979. The improved earn- triclocomotives. motonzed wheels foroff-p ingswerepacedbyoperationss srvingtrans- highway vehicles and transit propulsion equip-*

portation. contractor equipment and industrial ment as well as drilling onves. Earning s im-
motor mark ets, with most major Sector busi- provedconsiderablyon slightly higher sales.
nesses contnbuting to the growth. Sector op. Intemationallocomotive orders incre asedJames A saker
erations include motors. indu strialelectronics, in 1980, and the large st contract for locomo-

Q'] ''d'"|*j contrar .or equipment. transportation sys- tives in the Company's history wa s negotiated
Products andComponents tems apparatusservice.andsuppfyservices with National Railways of Mexico. The ten-yearSociar for t sectrical and related products. agreement calls forde1very of 60 to 100 loco-

Dunng the 1980s. industry's need for new motives or their component sets each year.
products and s ervice s to impove productivity The locomotive line wa s expanded to in-
and ancrease energy supplies will provide fa- ciude the new B36-7 model which feature s
vorablo opportunities in markets to which tne furtherimprovements in fuel e fficiency and
Sector e xpects to bnng continued product puthng power. This 3.600-hp unit uses G E's
leadership and innovation. The industrial elec- highly rehable and advanced railroad-type die-
tronics field should be a particularly important selengine. Althoughthe U S.locomotivemar-
areaforSectorgrowth. ket was retatively weak in 1980.over the next

in 1980, Industnal Products and Compt few years it is forecast to strengthen. Railroad
nents Sectoraccounted for 19% of totalGE haulage is expected toincrease a , a resurt of
revenuesand21%of theyear'searnings, bothine fuelefficiencyadvantageof railroads

over truckw and increa sed coal trans port.
Contractor equipment operations expen- High levels of mining produced bnsk de-
enced an excellent year. with increased sales mand for General Electric motenzed wheel
and earnings. Strength in commercial con- drivesusedonhaulagetrucks. Also. extensive
struction mark ets off set the depres sed f evels oil-well dnihng in 1980 stimulated a sharp m.
of residentia! construction. Industrialplant and crea se in demand for the Company's dnlling
equipment spentting remained strong. and in- drive systems.
ternational operations showed improvement
overthe previous year'slevel. The motorbusinessesof GEt,roducealarge

General E1ectnc manufactures a wide vari- assortment of motors for residentialand in-
- etyof products associated with electncai con- dustnalapphcatrons. In 1980. they had some-

trol. dis tnbution and eircust protection. These what higher earnmgs on shghtly lower sales.
GE product lines enclude low-voltage circuit The industnal motor mark et was strong. re-
brea k ers. motor controls. winng devic es. pro- flecting industry's emphasss on productivity
grammable hghting control. and wire and ca- and customers' needs for energy-saving mo-
ble. New products introduced by tne Company : ors. The market for high-efficiencyindustnal
in 1980 included a hne nf low voltage switch- motorsis growing at more than 60% per year.
gear th at provides in :re a sed operator safety The component motor mark et was weak as a
andimproved rehabihty. result oldepressed apphance markets.

The Generas Eleces inveslor 9
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CreatmgnewintegratedcwCultsis Because ofinereased energy exploration microprocessor-based digitalcontrol. The9
worldwide, sales of motors and genarators for system prolongs motor hfe, and Can reduce by

acousredaffehatectGeneraiEiec. mining and oildnlling were high. Also. exports uptoone-half theamountof powernormallyincthatisainoawadmgproducer of smaller component motors grew dramati- consumedbytheapphcationof aconstant-
#""''''''C'''"''P''" callyduring theyear. speedmotor.

Among other new G E products offered was
Industrialelectronic s operations had the Series Six f amdy of pr ogrammable con-
higher sales although earnings were down, trals, designed to increase productivity and
reflecting.inpart theimpactofnewinvest- lowercosts.
ment prog rams onented tow ard products for As part of G E's new thrusts in high technol-

'

factoryautomation. ogy, two electronics-related acquisitions re-.3
General Electne continuedits role as a lead- cently were announced. In February 1981.

Ing suppherof electrical and electronic compo- G eneral Electnc acquired inte rsil, Inc., a lead-
nents and systems to power industry world- ingsuppkerof advancedintegratedcircuits
wide. New technological developments and data ncquisition and memory products. for

,

( includedahigh efficiency, static, adjustable- $235 rn ihon. Intersil wili continue as a maior'

speed drive system incorporating the latest suppher to the merchant market as m eli as a

I

so Armuwneoortisao

i
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.

h
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Ot
source of integrated eircuits for G E's div ersi- * GeneralElectncSupplyCompany,which
fiedproductlines. Also,in December 1980. the reported improved sale s for the y ear. This
Company agreed to acquire Calma Company, nationai network of supply centers provides
a subsidiary of United Telecommunications products of Genera! Electnc and othercompa-

! Inc., forup to $ 170 milhon. Calma is a supplier nies to customers in the contractor. industrial,'

of interactive graphic systems, which include commercialand utility markets.
technologies u sed for computer-aided design * Apparatus service shops, sales of which
andmanufactunng. were up, although earnings were lower.

Inaddition aS30millioninvestmentinnew With continued e mpha sis on e xpenditure s
electronics capability at Charlottesville.Va., aimed at iong er-term growth a s well as broad- |

was approved in 1980. Construction will in. ened service offenngs.the service shop
( clude manufactunng space forindustnal con. network was expanded to 197 locations

,,',"*[3,n "M* . trolsandanewlaboratorytohelpbotsterGE's worldw ide. The shops provide inspection.,

) tacentrois Eauspoedwe role in th e industrial electronics revolution, maintenance, repair 2nd rebuilding services
Nop'ocesm eeunn guice

for indu stnal eq uipment manuf actured by~ * *
j,','M',7 Q Service and distribution businesses con- General Electnc and other companies. Forty
processcontrat ductedbythe Sectorinclude: repair facihties in this internationai network are

concentrating on the fast-growth electronics
service market.

Theoutlookinthe1980sforma ketsserved
by tndus tnal Products and Components Sec-

T- I,rw T ,, .
tor is favorable. based on the nation's need for

1. M rt A production andenergy-relatedproducts.
I hi n The Sector has strengthenedits competitive

g position by developing leading-edge productsby irth
. ,p

and services. and continues to ex pand its mar-
koting presence abroad, Whale some opera--

F~ . tions may be aff ected by lingenng economic
-,

. uncertainties, most anticipate improved mar-
k.*% ' hx..i- ket conditions. Residentialconstruction mar-

g k ets are foreca st to improve, although com-
-

y' - [*y 'e mercial and industnal construction markets
, y are expected to declinein 1981.

n * TheU.S.locomotivemarketisforecastto-

improve in the earty 1980s. international mar-
v -

k ets. pnm anly in developing countries with
transportation inf rastructure needs. should
remain strong.

d * Continuedhighlevelsof miningandoil
,' ,/ dnlling are expected to sustain demand for.

-; motonzed wheels, drives and motors.
* Emphasisonenergyconservationandpro-
ductivity should stimulate demand lor G E's

- electroniccomponentsandsystems.
* Industry'squestformoreefficientmachine
tools and sophisticated production equipment
is expected to produce significant GE sales

*

l
comoreve repair anc overhaulat opportunities.

meCompacy sHomesi.N Y,syy. * Growth in worldwide maintenance and re-
h*, "j" **,0 permarkets served by General Electne s ap-S

apoarams servre snops ana and- paratus service shops is predicted lo continue
owsm iscounines. . throughout the 1980s.

|

!

ne concai tiectne m nior ii
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Power Eamings growth continues deSpite slow markets
Systems

_

fin trushons) 1980 1979 1979 1977 1976
- -. ,.:: 54.o23 s3.564 s3.486 s3.218 s2.998r.g Not earregs 141 114 93 75 69.w

%'
M General Electric's Power Systems Sector, a level of new orders for these larger units to

-

Q world leader in serving markets for electncal be lower than in 1979. Notable progress,
, . ,' generation and power dehvery apparatus, in- though, was made in winning domestic in-

creased its 1980 earnings by 24% on a 13% dustnal cogeneration orders for smaller-size
rise in revenues. Good earnings in steam steam turbine-generators.h turbine-generator operations and the ex. The orders backlog for steam turbine-gen-
panding installation and service engineenng erators was $2.7 billion at year-end 1980, of

HermanR MR business more than offset deChnes in gas which $1.3 billion is scheduled for shipment* *"*"[ turbine and power delivery operations. after 1985. The comparable backlog for 1979
Power Systems Sector The improved Sector resuits reflected con- was $3.9 billion, of which $2.0 billion was

tinued emphasis on productivity gains, in- scheduled for shipment after 1984.
creased penetration of intemational markets, Mechanical drive turbines showed higher
and expansion of equipment maintenance earnings on higher sales compared to 1979.
services. Selung price increases only par- General Electnc foresees major long-term
tially offset inflation-driven cost increases. growth for this business in intemational ap.

The Sector's strategy for earnings growth pheations such as petrochemical plants and
is based on strengthening its leadership in emerging energy technologies involving coal
a broad range of energy technologies, and tiquefaction and synthetic fuels.

g, diversifying into new energy technologies The Sector's marine propulsion business
( 4 such as those refated to synthetic fuels and consisted pnmarily of U.S. Navy projects.--/ advanced cogeneration.

Power Systems businesses contributed Gas turbine sales were higher but earnings
15% of total GE revenues in 1980 and 9% were down. due pnncipally to tighter margins
of net earnings. Presently, hrgh reserve caused by stiff foreign competition. GE gas
margins of utilities and uncertain national en- turbines continued to maintain their world
ergy policies continue to slow demand for leadership, being used for electric utihty
power generation and delivery equipment. peaking and mid-range power, and for indus-

The back!og of unfilled orders was $11.0 trial appkcations such as natural-gas pipehne
biffion at the end of 1980, compared with pumping and powenng offshore oil platforms.
$12.1 billion at the previous year end. The The Company's highty efficient STAGS
decrease from the 1979 year-end backlog (steam and gas) combined-cycle turbine
was attnbutable primanly to ehmination of or- plants continued to be attractive offerings, e

ders for steam turbine-generators no longer particularly for foreign customers.
e xpected to go into production, and also to in 1980. the Sector dehvered the first of a

,

Sector sales that exceeded new orders. line of large gas turbines to serve the interna-
tionaf electric utikty market. This advanced

Steam turbine-generator earnings were 105-mw heavy duty gas turbine. the largest
well up from 1979 on approximately the such unit ever built by the Company,is now
same level of sales. partof acombined-cyclepowersystemoper.

As expected, the sluggish demand for ating near Kirchlengern, West Germany.
large steam turbine-generators caused the General Electne announced in 1980 that it

12 Ambal AeDort1980

I
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Esportonsorso'GE steamna- is participating in a $300 million coal gasifi- continuing losses for this business.

* ' "g","," ,y' catiott' combined-cycle demonstration plant. Nevertheless, the nuclear fuel fabrication
,

Castenonpoacciant.ecomi4 red Planned for completion in 1983, this 100-mw and services segments of the business are
instananoniocatecon ths facility is designed to convert coal to syn. profitable, and the nuclear fuel and services
eassemmtenaneancoast thetic gas, then clean and burn it to provide needs of U.S. and foreign utihties offer ongo.

economical electncity. GE also is supplying ing opportunities. Additionallarge orders for
the gas and steam turbine-generators for this fuel were received in 1980, and Power Sys-
electnc power plant. tems' installation and service engineenng

. business. In cooperation with the nuclear
Nuclear operations continued to incur a business, has expanded GE's nuclear
modest less. As stated in previous Annual services offenngs. |

Reports, GE is making substantial expendi- The backlog of orders, including nuclear !

tures on engineering and development in reactors fuel assembl.as and plant serveces,
support of nuc! ear projects in the backtog. totaled $5 5 billion at year-end t 980. of
These expenditures, added to the effects of which $ t 9 bilhon is scheduled for snrpment
deferments of shipments and cancellations after 1985. The comparable backlog for 1979'

of nuclear orders, are expected to result in was $5 3 bilhon, of which $2.5 billion was

The Generat Em Imressor 13
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synmeic fuescoveiopmentet
installation and service engineering busi-787,Q,"," '*
nesses reported record r,rders, sales and

* 'gas sureme en.cn woum be m. earnings in 1980. This continued growth wasmasseoceovenceosyntuels
achieverd by espanded offenngs of field engi.s

[,',c'e'of '$'",$ ",$"
, c .' neering and project management services in |s sreasyby meiare sseos. .' - major domestic and international markets.

,

'1 -

Highlights dJnng' 1980 included increased,s
'' b - participatron in domestic nuclear and fossil,

.

N ~ . plant installations as well as in maintenance' '
and refueling, success in developing a market..

ip ' to upgrade older electrical and efectronic
equipment; and p?netration of offshore" . .,' * Y,

h; equipment-maintenance opportunities,

Power delivery businesses, producing |.O
O~

$. -
-

gear and meters, continued to be depre, sed,
transformers, power circuit breakers, switch-

-
.

with inadequate recovery of cost increases
* *

]. s] resulting in lower earnings. To overcomeproblems of utility overcapacity, a stowdownf %' N.
-

in resident!al construction, and inDationary
*

, costs which are not completely recoverable
*

* '
.N through pnce increases, these GE opera-*

a tions are working to improve their margins by
J '- stressing productivity programs to reducem

#
*

'

costs and improve etticisney.
' Utility load manapment, an attradive

means of energy conservation, represents aa, v ,

growth opportunity, and the Company is po-
sitioned to take advantage of this market. By

O - GE's newest time-of use meter, and the
year-end 1980,18 utilities had purchasedi

Company continued the commercial introduc- !'
-

tion of its Automatic Meter Reading and Con-gg trol (AMR ACT) load management system.

ToprondeoEnuc$earWen98- scheduled for shipment after 1984. Some The outlook. Power Systems Sector earn-
"'* '"$"' [ fuel orders include reprocessing, plutonium ings are sensitive to electncalload growth.%,
peciserreactorceeuei.no and f abrication and waste disposal services. In To offset the relatively low load growth fore- ;mannenance. gem 198oburita view of current U.S. government policies, it is cast and achieve satisfactory ssults, the'h*Tyf** SC'"'''" highty uncertain whether such services can Sector has embarked on major programs

be provided. to improve productivity and develop new
in the U.S., cancettations of nuclear plants businesses.

have substantially outnumbered new orders General Electric intends to play a major
dunng the last six years, General Elecinc's role in whatever forms of energy-related
management belie' Ss that resumption of nu- equipment and services are required in the
clear orders will depend not only on renewed 1980s and '90s.

| demand for electric generating equipi..c.it, Over the long tei n, significant growth op-
i but afso on government action. Such action portunities are foreseen as the nation comes
I

is needed to reform the nuclear licensing to gnos with its imported osi problem. GE is a
process and resolve existing uncertainties leader in many energy technologies, and is
regarding such issues as radioactive waste aggressively pursuing a wide range of ad-

| storage as well as nuclear export po:rcy. vanced energy development activities.

14 Annuar Aeport 1900
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Technical Most busi.1 esses grow; investments for future continue
Systems and
Materials

(In milions) 198o 1979 1978 1977 197e
'

Revenues s7,128 s6.oibt s4.745 s4.14s s3.68a

M Nei sanngs 373 356 27s 248 202

b
, }M*# Thehigh technologybusinessesconstituting 34C, and initial orders were received for CT7

!@ ld the Technical Systems and Matenals Sector turdoshaft engines to power the Bell Textron
;m * q had an 18% increase in revenues dunng 1980. 214 ST helicopter. Production go-ahe ad w as

v Earnings were 5% ahead of the 1979 |evel as announced on the Canadair Ltd. Challenger E
Strong performances m airc < aft engmes and executivejet powered by CF34 turbof ans.
information and communications systems inmilitarymarkets productioncontmuedon

,

off set wea kness in markets for engmeered the F404 turbofan engine for the U S. Navy's
chnstoonert xasiner r:iaterials. F/A-18, and Canada became the tirst non-U.S.
E e s aj Dunng 1980. the Sectorcontmued to make customer to select this new fighter aircraft.The
systems anouatsna.s socio, heavy inve stm ents in advanced technologies, F404 and F 101 DFE advanced fighter engines

including microelectronics and engineered completed unprecedented durability tests.
ma tenals. which are expected to be important Both the F101 DFE and a new modelof the J 79
factors in General Electne s future growth. turbolet trew for the first time in U.S. Air Force

TheSectoraccountedfor27%of totalGE F-16s. Flight testing also began on the U.S. Aer
res enuesand24%of earningsin1980. Force KC-10 tanker powered by the CF6-50,

and the CFM56 engine was selected Ior a pro-
Aircrcft engine businesses serving the highly gramaimedatre-enginingKC 135 tankers.
comp e. " vommercial. mslitary, manne and Sa!esof aircraftengaedenvativescontin-
industrial markets produced strong sales and ved on the upswing. The U.S. Navy received
sammgsincreases. fts 30th Spruance Class destroyer powered by

High fuel costs and intensified Competition four LM2500 engmes. while instial LM2500 de-
among airlines stimulated demand for new air- livenes were made for the Aegis cruiser. in
craft with engines ofimproved efficiencies. industrial markets. targ e orders were received
GE commercial engines for this market m- ' from Mexico and india forthe LM2500 engme .
clude the CF6-80, which was selected by
severalairlmes to power their Boeing 767 and Aerospace operations increased their salets
Airbusindustne A310;etkners. Overall.75 andearnmgsin1980.Technologiesof this
customers have now selected the CF6 cr busine s s. which pnnopall / inv olvaW.S. gov-
CFM56 ? for their high-bypass-engine- ernment contracts. span ine space snences,
powered aircraft. electronicsandmicroelectronics avionics.

Seven airknes and the French Air Force computer software andcontrol systems.
haveplacedorderstore-enginetheirDC 8 in 1980. GE installed its first sohd-state,
aircraft with CFM 56 enginesjomtry developed three-dimensional radar system m Belgium as,

bythe Company and SNECMA,the French part of NATO's a.r detense network, and con-
engme msnuf acturer. A smaller f an version of tmuedworkonunitsfortheU S. AirForce,U S.
this engme. the C FM56-3, has been of fered to Marine Corps and the United Kingdos.t.
power new and denvative twin-engme aircraft. In space technology. G E is the pnme con-

In 1980. significant milestones in smailcom- tractor for deve:op ng landsat D, a N AS A
merci.11 engmes aiso were reached. The CT7 earth. resources sat e:iite. and OSCS III. an ad-
turboorop engme was chosen to powerits f.rst vanced defense communications satellite
commuter-sized aircraft,the SAAB-Fairchild in avionics. including aircraf t instruments

The Gene re. E*cwe mesior 1s
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Pee = CF6-80 A tu'tWan engine and ContrOIS. digital sy$ tem s are being lested suppiler Of total d ata proCes sing servlCes
|

or' v for theBoeing 767and 757 sirc aftandthe through new moves in to tne softw. ire and serv. iso s g o o et
! o thrusiv48 000oouridstory, Navy F A-18 etfighter. icessegmentof theindustry.Continuedin- f

n f
| Boeer'g 767 ano Aert>us inaustre ternal developments were comp!emented by |m traws lnformation and communications systems externa: acquisitions which provide entr y into

operations continued their strong increa se in new areas ot systems design. ad vanced soft-
sa!es and earnings dunng the year ware and services

Generai Eiectnc informat on Services The G E mobi!e communication pre scts
Company ( G EISCO hncreased its business busmess oroduced strong gains in both sates
apphcationsin anticipation of ongoing and earra ngs Derv and fo r this ecu rpme nt con- j

changes in the computer industry and in cus- tinued in both domestic and f ore gn mark ets (
tomer needs. lt broadened its market by ex-

|pand.ng nto mar'uf actanng resou<ce o annmq Engineered materials.ncreaw r tes.n >

and by introducing an etectron:c c ycnase or- 1980 A tecugn ea'nngs were rwr te to
denng system nnmng ma or 'et31ers e'" rarge 4rf'atto 'dwen cost.rc easr s aNicam
supphers ume in dep'essed consum t-related marn ets.

GEf SCO strengthenedits position a a these bus nesses contr buted a ma;or snare to

|is Ar% e neoort t980
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Sector earnings. General Electric high-per- proving costs and maintaining high quality.
formance matenals encompass engineered Emphasis on increased productivity in
pla stics. silicone chemicals, tungsten-carbide metal-working indu stnes continu( d to bring
metals, Man-Made 5 diamonds,8orazon ' opportunitiesfortheCompany'slineof tung-
abrasives and etectro-materlaf s such as sten carbidemetalsaadMan-Madeindustrial
laminates and rechargeable ba tteries, diamonds formetal-cutting tocts. Record oil-

TheCompanycontinuedtobeaworld dnlling activity stimuleted strong demand for
leader in supplying high-technology engi- Stratapax 'diamonddntiblanks.
neered plastics.While slow auto sales at-

fected plastics volume, this was partially offset Medical systems businesses. supplying di-
by stronginternationaldemand and higher agno stic imaging and patient monitonng
penetrationofnewmarkets. equipment and servic es, had high er sales and

Among sig nificant facility additions was a eamings in 1980. Intemationaloperations are
new phenol plant at Mt. Vernon, Ind., that be- expected to be sided by the acquisition of sig-
gan operation in late 1980. Production of riificantportionsof theThorn-EMIMedical,

l
phenot, a key raw material required for several sales a:''d service operations outside the U.S.
G E plastics, will help assure supply whileim- This acquisition reinforces the Company's(

ability to market and supportits high-technol-
GE' snow L/U-Angodagnoshe

. y*g ,'f' y,
. ogy medical products in international markets." ' * * -

Orders for General Electne's computed to-
| head andbodyweth a hechdegree mography (CT/TT) scanners increased mark-g

ofeaseandaccuracy. Anoiner .y$, edly during the year, with significant con tribu-wsonh asAgnosecoreary
tionsfrommanymajorworldmarkets.**

In ultrasound diagnostics, the Datason B 2
| Scanner received En enthusia stic reception.

A G 3 Microelectronics Centerwas author-
Izedin 1980 and is being constructed at Re-

9 searchTnangle Park,N.C.The $55 millionfa-
cility will oevelop and produce advanced
microelecte '.componentsfor GEproducts.

A new oceneipiantat ut vernon. ] andisdesig.. JtostrengthentheCompany's
| Ind., wit he*c prDwide both GE's

. . capabihties in cuscom integ rated ctrcuits..

Supplyorvetalfeedstocksand if
hmWyeuh -i i sof many '

GE pasucs' The outlook for the variety of markets served
by Technical Systems and Materials Sectoris
favorablo over the long term. While s ales of* - ,

engineered matenals were aff ected by the
~ '' _ short-term decline in U.S. markets dunng the

g year, some improvement is e xpected in 1981.
g ,' While the airline industry is undergoing ft-

-. -
, ( _ nancial dif ficultie s, prospects for new engine__.

.

sales remain good because of the need for
t. . . . j5 improving fueleconomy.r , M

' I 'p M Y g ve Governm ent ma rk et s for defen se-related- ,' Q , ae

,
technology, services andresea.chanddevel-

i
.

g opment should continue to expand.!
,

2
. ev information services and communicat#on(, d. ' equipment markets are ex pected to rnaintain

i
, ,-^

*, thmrsteadygrowthcl tves.^ ,
,

| , g. }
-

;
, E mphasis on improved medicaldiagnostic

!
. /\ *p. procedures should sustain demand for nigh-

o
.

,

. \ technology medicalsystems.

TheGecera Doctneinvestor 17
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Natural Record results from energy and mineral operations
Resources

-__

(In nvitonal 1980 1979 1978 1977 1978'

' -$ Revenues $1.374 s1.260 si.032 s9tc $1.003$ Not earrungs 224 208 180 196 181

i ,'i Genera! Electric's naturairesources opera- quarterwhen employees protested a govem-
2

.7,7 * , tions, chiefly Utah internationalinc.,in 1980 ment-proposed ta x on subsidized housing.' pT N
h setrecordsforDothrevenuesandeamings. Earning s were up 8% on 9% higher revenues.

tivities and is inve stigating the fea sibility of
Utah seeks expansion ofits coking coal ac-

|'
- .f_

'

Thesenoerationsprovided5%of tota!GE developeg othermine sites nearpresent op-
3

revenua..'d 15% of earnings for 1930. erations. uah-operated coking ccalmines
Eamings improvements were paced by oil now have . *alannualproduction capacity,Asemanderuwesca andnaturalgas ironore. copper. domestic includingpartners' shares ofabout23million$ Q $ [ [* k , coal and ocean shipping operations-more metnctons.

LAaniniernation'alanc. than offsetting lower eamings for cokit ig coal
and uranium. Oii and natural gas operations of Ladd Petro.

Continued growth is expectedin the 1980s leum, Utah's oil and gas affilia te, produced
due to Utah's established position as aleading record revenues and earnings for the year,
low-cost producerof energyand mineraire- Higherprices torpetroleum products was the
sources, and because of vigorous ongoing primary reason for improved results. Ladd's
e xploration and development programs. activities are located in 16 states and three

At year-end 1980, the sales backlog for min- Canadian provinces, and Ladd is a participant
erals. including ui rium, was S6.8 bilhon. of in fourforeign explorationjoint ventures. Drill-

'g) which $5.7 billion was schaculed for shipment ing and acquisition programs dunng 1980 ex-( after 1981. Allcontracts making up this back- panded its property and reserve positions.v' log are payablein U.S. dollars. .
Approxima tely 80% of 1980 natural re-

Iron ore activities made a smallcontnbution to
,ources revenues and 73% of net eamings eamings in 1980. The larg est opera tion is the
originated f rom operation s outpde the U.S.

Brazil-based Samarco. in which utah owns
For additionalinforma tion about certain of 49% cithe votinpu.,ck and provides debt

Utah's natural resources, see page 31, guarantees. lt operated at a break-even level
in1980 compared withalossin1979.

A ustralian coking coa! activitie s, althougt"e.
alizingsomewhatlowereamingsin1980 con- Domestic coal minin j opera tions a fso con-
tinued to be Uta h's major earnir$gs source. tnbuted to the 1980 eamings gain. principally
Utah owns 89% cf Blackwater Mine and 68% of du e to increased s team coal shipments from
four other Ut ah-operated open-cut coking co al the Navajo and San Juan Mines located in the

sines includingNorwichParkMinewhichhad FourComersaresofNewMexico.
Its ferst full yearof production in 1980. In addi- In 1980, Utah acquired the coalleases at
tion thecompanyowns68%of thecompara- SanJuan, where previou sly it ha d ope rated

,

lively small underground Harrow Creek Mine. under a mining contract. and it completed its
A two-year iaborsgreement reached in July purchase from National Stee! Corporation of

1980 between management and the mining ccai reserves in Kentucky and West V;rgmia. '

unions re flects an improved indus tr;al chmate

at Utah's operations. Production, though, was Copper mming operat;ons at fsland Capper
interrupted for 10 weeks dunng the third Minei $8ntishColumWa, Canada reportedrec-

is Annuutaeport:98o
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00c"*'5* 'romwoccien ama, ord eamings in 1980 Earnings gains w ere due are ciouded by current mark et weakness . and
* $*h,9, pnmardy to good price reahzations for copper futureimprovemenits uncertain.oi

I stoc*poesnyred moumeostac. eartyintheyear andhigherpncesforoneof the
i erveciaevs rs tedio e. coq mine sby oroducts go6d In other activities. ocean tra nspor tation oper-

)C' '," [,, *
atsons ca'ried out in supportof Utah s product,

Tom.s ar o.coe c or.ai.or s Uranium mimng opera hon s are conduc t ed .n marmereng reanzed rmproved resuits in 19eo
Lasc Petro,ev e srepo.a9 voe= Wyoming by Pathfinder Mines Corporotron a Land de ve.opment activrties were tess profita-a

hs A78 a s7o whoityo*nednonconsohdated subsdary ao ble than tne previous years
mec3.mnocepeavsa .oaceo Of * hose cc'= men stoca is heid b y mdepen-
anocciarge own carriers dont trustees t see no'e 12 to f,nancia: state- The outlook for Utah inter national s buso

ments) Pathf.nrfer s inc'ea sed ioss durinq nessesis enhanced by e spectedionq term
1980 reflected sha osy hirjhor opearaDnq costs growth en wor'd domand foros products Rec-r

comdir ad we mo ,ow pr. cs rece ved as hna oqn ' og * s opperf u% Umisirtant on
de%eres aern rnMo und" -on"at', sv. d enand r1 :s r o"oninon, v ons 'iuts antiat

intneeacy 970s m 13e t Patnonder s e - increases n 19ac e pioranon arsd deveino-
pected tO began m asung del v7rses On higher. ment expenditures 'et PCT management s opti-i

preced sa:es c ontracts Lci ge' term prospects mism aDoul f utu.e rnark et prospects
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International U.S. export sales show s' ong rise; international business increases

# ''
Foremn muni.endosirv ocerat oca le rNons) 198o 1979 1978 1977 1976

- Hewen es s3 2J4 s2 901 s2367 s2662 s2.334u

, Not earregs 68 65 18 71 7s

Total elemationat operations - ail Sectors t
-

* . Revenues oussee the U S. 59.591 sr.840 s1014 s6. t 35 shir.1. 6.'

wei earnings s39 s2e 48e 4is 445
-

.

General Electnc's total intemational busi- cult economic conditions in many of the
riess from its six Sectors in 1980, wbWs countnes served. These operations are the
summarized above, reported a 21*. eamiscs direct responsibility of the intematicnal Sec.
nse ord 22% increase in revenues. Intema- toc and consist pnman!y o8 affiliates produc-y

EmeruineVice Pres der.t and tional operations accounted for 38% of GE ing vaned lines of produc.'s for local and ex-
Sector Execueme-aniemawnal revenues and 42*.of earnings. port marirus. They also include intemational
sector Demand for a wide range of sophisticated construction operations.

products and services needed by the world's Canadian General Electric Company Ltd..
economies is expected to continue to make largest of the muiti-industry affiliates, re-
international business a major contributor to ported 1980 eamings significantly higher
General Electric eamings. taan those of 1979 on modestly higher sates.

The Company's irbrnational business is improvements in electncal apparatus and
composed of four broad categories oi activi- construction products were partaatly offset
ties: foreign multi-industry operations; U.S. by declines in consumer operations.
exports of General Electnc prooucts and ser. Latin Amencan affiliate eamings were

( vices; operations of nondiversified foreign af- ahead of 1979, pnmanly becauss of strong
?'") filiates including the foreign operations of consumer and industnal markets in Mexico

Utah intemational; and technology licensing and Venazuela.
revenues. Elsewhere, operating profit of restructured

A summary of intemational revenues ap- Italian operations imoroved. The Spanish af-
pears below. Revenues from U.S. exports, filiate continued in a loss position,largely as
operations of nondivers.fied foreign affiliates a result of depressed local aconomic condi-
and technology hcensing also are included in tions. Operations in Afnca, the Midd'e East
the amounts reported by the appropnate and Far East generally improved and contin-
product Sectors elsewhere in this Report. ued to provide significant assistance in " pull-

ing through" more orders for U.S. exports. hinternationat revenues Intemational cor.struction opera :
',had F.

increased sa|es in 1980 with eaming ,out itin rmi:enst 1980 1973

Foreign operaiens and hcenseg *g |_5__066
'

{
' * "'a cussorners $3.761 $2.772 eral Electnc's domestic business operation:tArhaiated cornpan.es 494 467

34 33 33 g3 assisted by marketing and financial services
-- ~~

,,_,,_ provided by the International Sector. were up
$1.0 bilhon in 1980. 36% more than in the

Foreign multi-industry operations had previous year. This sharp increase was led
generally good results in 1980 despite diffi- by high-technology products includmg

2o AnnualReport198o

-

-
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' >clochaiseiromuoperievi e, arts aircraft engines and gas turbines. major foreign industrial countries and of
| [,*,''C"* 8'*gQ5a io As one of the nation's leading erporters. some of the newty industnalizing nations are
I e,e lguacv River.inciudn iu,. General Electric had total erports of $4 3 bti- expected to strengthen in the latter half of the
I teesongnea ano buaibycana. Son in 1980. which enceeded its d. rect im- year. This should provide an advantageous

[f 8[,,'ya ports by approximately $3 3 billion, thereby econom.c environment for General Electnc
d' "-

,
;

products e<e manuiactureo n.cg helping off set the unf avnrable U S. trade operations in those countries, and as e z. (' capermammanves momesand balance. pected to stimulate demand for GE s enports
j,"'y*N*c"oNde,$c ,p The backlog of Company orders from unaf- from the U.S.
plan.GEiecesip sedseugueur, filiated Customers for exports from the U.S. GE operations empect to continue their, y ,

teniomeranonsivimiv 'actud- again increased. from $4 6 billion in 1979 to growth by expanoing from their strong bases
%','g",*L*88..ga27" $51 billion for 1980. snto countnes with high levels of GNP g'owth, , _

- pnncipally the oil-nch nations and several
L The outlook. Prospects for continued industnalizing countries in addition. Interna.

growth of General Electr c's international tional Sector has made notable orogress in
business in 1981 are partty attnbutable to the strengthening its af f.liates, by selectively al-
Company's wide geographtC diversity. After locating resources to emerging markets
some slowdown in early 198', economies of which offer maximum potentsat.

n.c c*aneinve.u, :

;

-

-
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Board
of Directors

.

General Elertne's Board of Directors con- centrating on spe cific areac of interest:
ducted 11 meetings in 1980. The October e The AuditCoi.imittee.madeupentirelyof
meeting took place in Houston. Tex as. where Directors f rom outside the Company, met four

t Board members aiso attended the 1980 share times.ltsreviewsincludedthoseof activitiesof
| owners'information Meeting. both the lndependent Public Accountants and

| Specific Board attention was directed to pro- - the Corporate Autt Staff. At a joint meeting
posed prc, grams relating to the Company's with the Finance and Operations Committees.
strategies for strengthening its electronics ca- the 1979 Annual Report and the 1980 Prox y,

I pability - an incre asingly important f actor in Statr *ntwereapproved.
today's competitive busines s environment. The AnanceCommittee,meetingfoure

In May,the quarterfy dividend was increased times reviewedtheCompany'sfinanCialposi-
by the Board,f rom 70 to 75 cents per share. tion.itsinvestments,andtheoperationsof the

The seven Committees of the Board, listed General Electnc Credit Corporation.j'
allow er right, are designcd to help the f ull TheManagementDevelopmentandCom-e

Board t eep pace with the growir.g scope and pensation Committee held ten meetings and
complexityofits responsibilities by con- reviewed and approved changes in G E's

i

| JoanE Lawrence meners wneson RaipaLaasua OdtietM screner.Jr. Eamunaw Lane +.ca

'

J PaulAuseds Regina.eH Jones Jemono Soseesd CheneeD Dickey.Jr. HenryL ** aman

Johnt. Lawrence,Preseens, E dmund W Littlehoed.Chan. Jemeek DesmesN.Chewman HenrvM Henley.Jr Chaman GertrudeQ Miche6een sensar a
James Lawrence & Ce ,Inc, saanor she E nocv>ve Commenee ereBoard Che Esecutive olme80 erd Che'Esecut.ve vee Pree.oent E miernai Af' ass.r

--' : . a 8ceson, and Drector.ulan enternshore OmcoranoDwector.J G Boo- OmcoraadD=ector Cheit. R M WaevaCo .ine.reis. ore.
Wees (1957) inc..sanFrancecc.CaNI. weHCompany.farmingandre- Peabody 4 Co . int menviaca Nee VortL.N Y O978)

0 964) is'edoussnesace.Los npoes, tunnganaretadiaco acoces.a r
MS wremn.Cherwief Lewe? Presma.Ceanmenosa 0974 Wo wt N Y OU2) IneBoanda,cDweetor J P OthepoersandDeetsor.Chicort J. deut Aesten.Charmenesthe
aneCaesan N A . peen vorni. Boare eno Dvec*st. The Coca. Cheres0 cichev.Jr.. Chair- s66ees Cathcort.Ceanmanet Worgan&Co encoroorareaane
N T 0962) CosaCompeay. Apania.Ga. menormeBoad Cme'Eaccu- the6oa coacDrector ni-no.e MorganGuaranty Tri,etCom-

0 964) Dve Otheer and ovector. scosi Toolwormsinc .orve sded pany NeeVort.N V He76)
pe8oercand RegeneseM Jones.Che<mest pres Chicago e UW g,,,,,,g,,,,,,,,,,,.,
asocomparameenssores Inc., orthe8osto Che Esecuhve samuse it. P*erce. Jr . Partner. Rensee'aer Po8viechndC enee.r

Cancense.oheO S62) OrheersneDweetor General MonryL Meltman. President eame Fowet.Jamn P etceand tute. Troy N Y 0977)
ao rm.NeeVork.N YGHtertM.scribner.Jr Chee- Rechste? Beher.Coneuftarttee

9
menortheBoweaneDrector. W4nw mec-

,

,,,,,,,,,,p,,,,93,p,
screner 8 Co..seeiesaaveend counterws C>e.end OheO U2*,
emeurance.Chcago ai 0962) 09r7) ,

!
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esecutive compensation and management. statusof theevolvingnetionalenergypolicy.
. The Nominating Committee met 9ree . TheTechnologyandScienceCommittee
times. lt assessed candidate s for w n ector. met twice. concentrating on those area s of
ships and the memberships of other Board technological developm ent promising the

; Committees. mo st significant prog ress for the Company.
' . Theoperat.onsCommitteemetfivetimes. The Board is made up primanly ot Directors

At one session, ajoint meeting with the Tech. from outside GE. The 1980 Buard memtvs
nology and Science Committee at the Com. arelistedatlowerleftinorderof theirBoard
pany's Plastics Business Operations facility in seniority, with the yearin which they were
Mt.Vernon. Ind.,it conducted a business re. elected shown in parentheses. Besides Mr.
view o.'the Engineered Materials Group. in- Jones,three other directors aro notcandi.
Cluding perspectives on the Group's antici. dates forre-election. Messrs. Lawrence and

, pated financial performance through 1985. Austin are retinng from the Board after 23 and
. ThePub0cResponsibilitiesCommittee 16 years of service. respectively. Mr. Pierce
hold two meetings and reviewed key public has resigned to become U.S. Secretary or
issues affecting the Company and the current Housing and Urban Development.

,

'

A

>anyM nww.y.a. s,m.s cmaces sea en mec..s oevva.o ucne.oa Le.., uau

'

o ng u to. newer e , Jonar eue.co.m. Ea.cos nooe.s Johnr w.icn.s

1 4.n.F ev,nas.m wc8 Committees ""n*e*w*L.n'es".".e CA.v.Cn."a.". ""o'c'ey ,". c"a.u - ''.*m"m*."*.*.*****'*"C"". "*"* C ""
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GE people

Company domet tic employment. including increase of 10% was applied to the pensions of
consohdated affsh ates. averag ed 285,000 dur- those who retired on or before May 1,1979,
ing 1980,aboutthe same as1979. and smallerincreases were applicable to em.

An analysis of domestic GE and General pioyees who retired atter May 1,1979, and
Electric Credit Corporation employment for beforetheFebruary1,1981 effectivedate.
the yearended September?0 demonstrates This marks the third pension increase for G E
the Company's active support of U.S. progress retired employee s in the la st four years.
toward improved career opportunitie s for Medicalcare forthe Company's retirees was
women and minont9s. The number of women also enhanced with theintroduction of a new
managers increased from 1,288 to 1.478-up prescnption drug plan nd improved medical
15%.The numberof minonty managers in. insurance provision.
creased 8%,f rom 1,332 to 1,432.The totalof
women pr ofes sionals went up f rom 4,690 to G E's occupational safety and health record
5.349, an increase of 14 %, while the number of and expenence compare favorably with those
minonty profes sionals climbed from 3.348 to for companies in similar busine sses. In 1980,
3,663-up 9%. More than 19.000 women and General E!ectric continued to emphasize
9.000 minorities were promoted in 1980.Over. people-onented saf ety programs and health-
all, women account for28% of General Electric hazard education.
employees,and minonties 12%.

Contribution s to philanthropic organizations
Wages and benefits for G E employees con- by the Company and the General Electr;c
tanue to provide a competitive total compensa- Foundation totaled $13 million. The G E Foun-
tion package. in 1980, the new Dental Assist- dation's annuai report will be available in April

/ ance Plan was introduced as an additronal ben- upon request. included in the Foundation'sV efit for employees and theirdependents. contributions were $ 1,050,000 for minority en.
Adjustments in the pensions of retired em- gineenngprograms,amajorpartof aneffortto

playees were approved by the Board of Direc. Improvecareereducation.
tors. Eff ective February 1,1981. a maximum A Companywide survey edentified 80 pro-

grams in 48 GE plant communities where G E
N \ business operations are contnbuting to local

~N; j minority engineering activities and scholar-
ships. These ef forts helped lead to steady

P |
| 7

prog ress in the national effort, which in 1980
| ; resulted in B.S. degrees in engineering for
|

- 2.383 minonty students-a 90% increase
sincethe program beganin 1973.,

I '

,3 Stren gthening the technical work force ofi

|
'

General Electncis a key ongoing objective.
I E ff orts to recruit, reta!n and retrain the profes-

! sional and manageria! peopf e needed for the
'

| ,j changing GE of the t 980s areaggressively
AtatantiocateesswenasmeGE * j* ; under way. Dunng the year, the Company's,

computercerwer m anogeport. new two-year Edison Engineenng Program-,

$7@%7"Y O h. de signed to provide entry-level training oppor-
creers e nconce andeng.neereg ?d tunitiesforengineers-sawitsfirstgraduates.

!

24 Annual Aeoort 1980
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'
Corporate PoHey soard Corpwate staff omcws

f Markingacarefullyplannedsuccession $"*d,,H C'm
* *'v' " ' " *' J''

f 8 >a d P or e
of enacutiveloadership, the Board of Directors and Cneet Esecutive Medcal Director Regiona Relates-

0*'"in December named John F. Wuch. Jr., as James J. conten. Kristian H. chrtsnansen=

h J'- * P ' C''"D"'"*'
VP - S*"****'o'n*sChairman, effective Apnt 1,1981.Hown! J*h"rm'a"rve*.ect Regionai Heiancha j,

| succeed Reginald H.Jonws as Chairman and Joh VP C por E nontal WHHam e. Fregue
Mf Executive Officer on that date,when Mr. vs.n F. surungameCr ,rman or ine issues Proieci vp-south estem

soans and Enecubve Regwai ReahonsI a %s retires r*ter 41 ) ears of outstandingly Frank R Doy4om1 y * % *'
g,,, rd e. Hood. Jr. Re i Wi e" gens.aective servic6 with General Electnc.

| John F. Burlingame and Edward E. Hood, vlce Chaman ot me Reale
Date F,F,[suryJr.,continueasMceChairmenof theBoard g,and Enecuhve y,gi Winism C. Le*ta.

- and Executive Officers tk porting to the Fred W. oarry ($8,''g m / nsC
g,,no, g, ,,,g.,, a

{P-C,W0 ate
- Chairman-elect. with realigned and increased senior vce eresident ngm , g m p,,y,, .
i responsibiP es. Reporting to Mr. Burlingame corporaie Tannaiogy

union s usino,9 *** **9"*'
I " VP Cord,rce R$atm

D*"''' # F'"SY d
aretheinternationalSector PowerSystems

d UvporeiIP ca suitmo s.rwee goytSector, Utah.Internationalinc..Ca rporate an ,9n,,
0"' p**"' Q*@j'i Plan.nng and Development Staff,and Reintesp

3 Corporate Relations Rtaff. Heporting to Mr, M yc. OP***"9 S***** C*ca s. seenpies
sidene

] HoodaretheConsumer Productsand
Corporate Produchon TNodore R Levino 7,*'[ bons,

- Services Sector, industrial Products and and operaung semes P- E secuerve

) Components Sector, Technical Systems and Ddc u, w;g { Me,cne., Ed
j Materials Sector, Corporate Production and corporaie Reations VP- Trus,invoumonts

Opcanon . /,Operating Services,and Corporate Waltw A.schlo tetlock*
S senior vice Pro . den Terence E. McCiary -

d Technolo9Y Staff- Generai Counse and VP-C.orporate hnancialTheseexecutivesheadthe teamot 141 sweinry* Admin urai.on

managers on this and the following two pages. 'homas o.Thorsen John 8. Mexistertek [ ?

Integrationnf theprogramsof these senior ,',8,"m'' Vce Prescent
v potate #

4
managersisaidedbytwomanagement Phunps s. rein L'aa*8 C M*'* 8'-

groups: the Corporate Policy Board made up VP-corporaie Govenment

of tNChi rman Chairman-elect.Vice Renauons Opvauon

Chsiemen and the six Senior Mee Presidents $$*,,T, [,,,cn
j pictured at right:and the Corporate Executive - and oeveopment

.

? Councdwhicnincludesthesesameten ;

$ officers plusthe six Executive Mce Presidents [
~

''
,,

:3 and Sector Executives pictured eartier en this >
} Annua! Report with their Sector review s. E- waii.a s m . m
, The 12 other senior Vice Presidents, ge
4 pictured on pages 26 and 27 along with the 8'

President of GECC, provide management for J' ,(

} groups of Generat Electnc businesses.
, ,
** 3 3%

The continued availability cf broadly mm.is wa.

; expenenced ie adership for ceneral Efectnc in e r'
the future is being achieved through a caverse -

program of learning opportunities provided by ,,,,,, o %,,
D**'**theCompanyworldwide.

7
i
s

The Generas Ewcinc investor 2s

e

A

W

NRC LICENSE SNM-1097 DATE 5/27/81
__

PAGE

DOCKET M70-1113 R EV I S ION O

II-9.50-

. _- - ._- . . . - - .-. -. - . _ . . . - . _. .



-

O ". c 7...at-operations

Jusnee A Damer Robert R. Frederick Herman R. M114Esecutree vce Pressdent Enecutive Vote Pres derd Eaecutive Vice Presdentand Sector Esecutive and Sector E secutive and bector E secuhvobeisuetrol Preaucts and Components Sector Internationel Sector Power Systems Sector

James P Curley Refph 8. Glotrbecti Wime E Forsyth Roy H. Beaton John A. Urquhartboner WP & Group VP-Industna# Products VP & Generat Manager Sensor WP & Group Senior VP & G'oupisecutve -Contractor and Components Lahn ArnersanOpeeatens E secuteve - Nucieat Ese

Wittlern Longstreet Re'atens Operat.on ggg, g, y,,,g Energy Group Dei cuteve - PowerIgepment Group Cussomer and Industry very Group
General Manager A. Philip Bray Nicholas SoreskiVP & Gerieraa Manager Ker1ds R Kuhlman Andean Countres VP & General Manager VP & Generas ManagerOstreutson Equipment VP & Generai Manager Dms on Nucieat Power Systems targe iranstoemerDmsen General Electre Suppey

JameeM Mcdonald ompany Dmson J. Rewd Stonedw Dmsen beten '

Chareman of sne t$oard and Warren H. Bruggeman Doneed C. BerkerVP & General Manager Donald E. Perry Cheet E secutee ,Jhcer VP & General Manager VP & Generat MananerApparatus Destreuten VP & General Manager Ger.erel Electic oo Brasel Nucwar Products Energy Systems andSeies Dmsen Industnal Saes Dnnsen S A.Laien Amencan Dmsson Tecnnology Desen
Dono6d K. Grierson Druce O. Roberts Operatens ,

Henry E. Stone RoDert 7. Bruce |Sener WP & Group VP & Generar Manager Pacto Fresco VP & General Manager VP & General Manager !Eaecumve-Industnal Aoperatus Servce VP & General Manager Nucioar Engmeermg installation and jElectroncs Group Dmmen Europe and Atrca Operatens Dmsson Servce Engineenng
Erwin M. Koersta Cart J. Schiemmer Edward C. Bewarte Bertram Wotte Dmsen
WP & General Manager VP & General Manager VP & General Manager VP & General Manager Eoward W. SpringerElectrons Components Transportaten Systems Middle East Attra Nucmar Fue,and VP & Generai ManagerDmsse Omsen Business Deveiopment Servces Desen Eectre Util#ty Saes
James R. Otan Omsen DunenGeor e B. Con ;VP & General Manager George J. Stethekle Senior VP & Group
bdustnal Electroncs VP & Generai Manager Enocutive- TurDene GroupSystems Omsen intemaisonal Trao.ng

yp a g,H.,G,,o,lds,e,9,, fRMVlun W. Wimams and Construction Operahons
n yn

54nsor VP & Group Arthur V. Puccint Gas Turtano OmssonEsecuhvo-Niotor VP & General Manage'
E aport Saas and R6 chard,,W.,K,,innard ,, a

yp g g , y,n,g *
B. Farnsworth Trading Demn

t,,ge Steam Turtnne- IVP& al Manager Edward F. Reache Generator Dmsson [Component Motor VP & General Manage'Dmsson Intensnonal George,H,. S,,c,he,he,ld,, *
yp g g , yng tEugene J. Koverik Constructen Dnnsen
incustnal and Manne |VP & Geeeraf Manager Vlttono Oral Steam Turcene Drsen -Industnal Motor Manageg Director EDresson SADE SADELMI I

O Construction Operatens l

}'
infomatena* Constructen

, -. Omsen

I4,% '
| rar East Area Dmsen f

rFrank D. Kittredge "
YP & General Manager*

I Alton 1 Ca ht !

, e.

Chaerman of ine id 4-.

[* [..41-C.s Chet E secutive Orhcer g, 4. . ' * Canadian General Esectnc \ 4"Company Lsmited (CGE) '
.

% (a General Eiectnc attihate)
Wimam R. C. Blundell

,4 President and Cnset y
c'

Executive Otheer. Canadian Roy H Beason j
Aposiance Manufactureg .- c,g y Company Ltd. (a CGE

p4 n%atot ,- 3'i' i Robert T. E. Gmespee
"

[
Vice Pressoent ,,

Consumer and Constructen m
;-

-

I.Prooucta Dmsen, CGE -D -
66

Denseau Geeren
-

D. Fterest Rankhne
vce Presplent 4,,' '

_-, h,$' *3 ,7GE Gurges con m a wany
.

- N
O 3. of
W
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O
Christopher T. Kostner Paul W van Orden Alesander M. WilsonEsecuteve Vice Proscent Enocuerve Vice President Charmen of she Board andand Sector E macutive and Sociar E necutive Cheet E secutive OmcorTechmcal Systems and Materiale Sector Consumer Products and Services Sector utan Internationallac.

Densed S. Betoe Brian H. Rowe Richard O. Donegan James R. Berte James T. CurrySenior VP & Gmus Senor VP & Grous Senior VP & Grout VP & General Manager Financaal VPExecuuve-intormaten Emecutwo- Aircraft Executrve-Maior Air Condstempp Dmsen
and Communicat*0ns Engirtu Group Apphance Group Stephen,,K Brtmhallyp g p QSymmes Grwp pg g m

JamesN Krebe Robert E. Fowler.Jr. General Manage'
cropory J. Liemandt VP & Genorm Manager VP & Generas Manager Telemsen Dmson Mehren,,H,. k,en,nedYVP & Geners' Manager Mehtary Engme Operansons Ma#or Acohance yg, p ,,

Orvme A W Manufacturing Divisen Wimam,R. Wi ther Ronald K. Lamsonj trdormanon Services p***"
t VP & Geners Manager Richard T. Grafton General Electne Video. Inc. ''*
! Donald J. Meyers Manne and induetnal VP & General Manage' 88 l'"9| VP & Geners Mariager Engme Protects Dwson Maior Appnance Wener W. Wimame Semor V'P & Manager

0""'*" Wimam J. Crawtere lit Marsehng Operates ,,G s andQ Mencal E mptoranon andMobese Conwnumcahons
,.

o
VP & Genorm Manager Phiftp J. Driect Desen Demopment Desen

Chartee R. Carson Mutary Engme VP & General
O'"g"y,,,",'9,", "- Sener W P & Grouc Projects Diesen Manager - Meer Jo,,hn,W. S, tangw ypp ,, , gE secu'ive - Engmewed Appnance Retad Marme Transportatvort

i "*''"*''O*"8 Sams Dansen C
Gener a age, G aYlectre Robert O. Wheaton*

Alastae C. cowan Aircraft Engine Wm6am L. Grtm Corporaten (GECC) VP & Manager - Buseness
f, VP- Engineered Malenats Marsdeceunng Drvisen vp & Generai Manager (an artihate of General DeveiogrnentTectimcal Operabon

Frank E. Pickwing Maior Appeance Liecinc)
act Saw Chain M. MeArthurGlen H. Hinor VP & General Manager & awrence A. 80ssedy Semor VP & ManagerVP & Geners Manager Arreraft Engme E mecuhve VP & CNet Mmin0 Dmsen

***"
F asicsOperctens Engieeenng Devisen James F. West

Operahng Omco'Credet John T.,At, kins,, g,,9,g,
*

Eugane F. Apple James E. Worsham VP & Genera Manager Genorm (6ectnc yp g y n ,
i Genes a Manager VP & Generai Manager Maior W 8 ""
p Specialty Piastics Desen Commeros Engee M*'''""9D,***" Coal Operations

Norman P Blake
Robert,N,. Hickmanj D.ResSI M wd Operanons John C. Truscott VP & General yp g y *9, , y,-

Man Drectw Nel burgess WP & General Manager Manager -GECC
Techmcai bemcea '*9) Maior Accisance Comrnerciss andGeneral ectnc Plastics VP & General Manager

8V Anbne Progsams Diesen Ao seed hoch ed Wns FW Boyd C. Paufm
Eegeeerrig Dmeen Dewsson Vice ProsecentJohn D. Op6e Harry C. Stoneciphe

a VP & Geners Manager VP & Generas Manag'er R,alph,D. Ketchum, Bernard,R L,ong GeorhW. Ta,rteten,,,g ,, yp g g,% yp g g , ypg y ,yj Leman Products Dvisen Commercial Engme
j Thomas H. Fitzgerald miects Deeen E xecutive - Lightmg Manager-GECC Products MarketegGroup

Consumer Fmancm9 John R Moorea VP & General Manager Louis V. Tomesatti p g. Omason
Sascone Products Omsen Semor VP & Grcuo Esech Pressdent -I add4

g Robert J. Gerardi #""*C' O'"8 VP & General Manager Petroicum Corporaten
Lamp Corpponents (a suoscary of Utay

- General Manager Wmiam A. Andere Dmson
4 Metateurgical Omsen WP & GweralMana er Keith G. Wallace

David O. Gsttord* A#''aN Equipment mson Senor VP & Vanager
VP & Geners uanager Austra' asia Dmeson

l'9" 9
SC Pr 9 un Timothy R. Winterer? k' \t*j

*
VP & General ManagerM v. Thomas L Paganel 6 Henry J. Singer Utah Development- *

$ VP & Gene as Marager VP & Generas Mar.ager Company (a suosearyW Electrome Systerns D.vissori Lamo Products at utanty e

O**''"Allan J. Rosenberg Bruce T. Mitchell
. .

VP & Genorm Manager Secretary
Space Systerns Omnen, J. Gilbert Seeway2 DonseS Swa Ladislaus W. Waraecha General Counsel* VP & General Manager

, ,._n , Re-entry Systems Dmsen
.e 6 **.T Doned S. Beaman : #

v
-

-
}i

* *: vP & Gencai uanao, '

).t

'
Advanced Microe'ectroniC3 '
Operatens

5* "" James E. Dykes - '
'

Generas Manager F y4 M.croescuanees Center g, ,
4 cria,iesa Cargon wl bb , ne,,60 DorMan Joaa Wr Stargergg

v us.c.iSr ,sDmsen
. e, e

Ism * este. . . .

e o
| T A

griann Rose Reed aeachum
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Financial review laterest expense and otner financias charges were
$314 milhon in 1980, compared with $258 milhon in 1979
and $224 million in 1978. The 1980 increase from 1979 ,
reflected higher worldwide in,erest rates as well as a

gsomewhat greater level of borrowing by affihates, interest
expense in 1979 was more than in 1978 principally due to I
higher rates.

Provision for income taxes was $958 million in 1980
This financial review supplements the detailed informa- ($953 milhon and $894 milhon in 1979 and 1978, respec- |tion presented in the audited financial statements which tively). f9ote 6 to the financial statements provides details !
begin on page 34. In addition, reference should be made about income tax provisions and GE's effective tax rate. f
to the ten-year summary of historicalinformation on pages 8

46 and 47, which provides a longer-term perspective. Dividends declared were $2.95 per share in 1980, the fifth '

consecutive year in which the rate increased, and 74%
{Sales and net earnings were up 11% and 7%, respec- more than in 1976. Earnings per share of $6 65 in 1980
gtively, in 1980 from 1979. This performance, despite a were 61 % more than in 197C. Dunng the years shown rperiod of adverse economic conditions in the United below, dividends have been equiva'ent to Just under ha!f ( -

States as well as in a number of the world's industrialized the Company's eamings, with the remainder retained to
economies, emphasizes the strength achieved through maintain the Company s productive capacity and support -

the diversity and changing mix of General Electne opera- future business growth. !

tions. Information about industry and geographic seg- i
ments is on pages 44 and 45. Earnmos per Share

in som ,of the shorter-cycle businesses,particularly
those refa'sd to consumer and residential construction

""markets,,)hysical volume was lower in 1980 due to the r 6 ***"

domestic economic ; lowdown, in other bu.inesses, par- m g p ,n,,,,,g,,,, s.
ticularly where order-to-shipment cycles are longer, as well
as where exports from the U.S. are important,1980 physi- !. { .. , g

hcal volume was higher Overall,it is estimated that additional ) 6 i*
e plq Evolume of shipments accounted for about one-fourth of the aao , , y g ] g

increased sales dollars m 1980. During 1979, higher volume a p' r p p , p
had accounted for somewhat more than one-ha|f of the 14% F * U -

",

L
increasein sales dollars from 1978. b s b b

-'

.m |

* d :
Operating margin dollars, as shown in the Statement in im im in i

of Earnings on page 34, were higher in 1980 and 1979 y
than in each of the previous years. Details of operating Capitel expenditures reached a record $1.9 billion in g
costs are shown in note 2 to the financial statements. Op- 1980, up 54% from 1979 and more than two-and a-half C
erating margin as a percent to sales has declined some- times greater than in 1976. Idenufication of needs for capi- E
what since the high in 1978. Despite continued emphasis tal expenditures and selective allocation of funds to prom- [on productmty improvements, which tend to have long sr. ismg growth businesses, as well as to productivity and
term impact, costs of compensation and benefits and pur- technological improvements, are among tne most impor- !
chased matenalf, supphes and services have been esca- tant aspects of the Company's strategic planning system. glating more rapst y than the Company has been able to Expenditures for property, plant and equipment for each of .

recover the inersases through selling pnces. Also, the the Company's Sectors for the past five years are depicted
Company has substantially increased expenditures in re- below.
cent years to benefit future growth. Research and devel-
opment expenditures from the Company's own funds were Capital Expenditures
$760 million in 1980. This was 19% more than in 1979, a
when expenditures were 23% more than in 1978, "--* I

Germi Electnc derives income from a variety of op- / 8 %"**,77-'* -
**

,

eratirv ad nonocerat ng sources in addit:on to amounts
* . %,

ref .ed from sates of products and services. These other /. , ,%
surces of Company income have been substantialin re- ** -_
cent years, including steady increases in earnings from jdy7 ac.w.m.m
our nonconsohdated finance affihate, General Electric
Credit Corporation. GECC's earnings rose 28% in 1980 to p g. e n . n=,,,

IP sv -.
$115 milhon from the 1979 amount of $90 milhon, which
was 17% more than 1978 earnings. More detail of other

. ac
i

_

income for 1978-1980 is included in note 4 to the financial we im ms im ines
statements.

2s AnnualReport1980
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j in addition to programs aimed at 6mproving productiv- pletion and amortization. The most substantial recurnng5 ity, expend:tures have been made for increased capacity apphcations of funds occur in the form of 6ncreasing dive-
or to provide adequate sources of key raw matenals, sucn donds and *xpenditures for property, ptant and equip-
as plastics feedstocks in the Technical Systems and Mate- ment. As lif ,strated in the chart, funds provided from oper-N nals Sector Stdt other expenditures are aimed at com- ations have been more than adequate dunng the five-year

c4 pfetely new resources for GE, such as the purchase by penod shown to cover those commitments. During 1980.
h Lash internabonal of coal properties in the Eastem United dividends and exponeures for new plant esceeded funds

States. Several Sectors and the corporate Research and generated from opo ons by $279 mdhon. This difference.

Development Center are making substantial 6nvestments was rnet with amounts available from pnor years.
~

y onented to espanding and improving the Company's inte-
4 grated capabihties in advanced electronics. Comparison of Cash Flow from Operations with Cash used
I; Estimated property, plant and equipment expendi- for Dividends and Property, Plant an. Equipment
y tures 6n future periods to complete projects already ap- **~

proved aggregated $1.0 bdhon as of year end 1980. a ga==, ,' -=
**

Cash and marketable securities at year end 1980 to- M W .%w
taled $2.2 bi hon, some $375 mdhon less than a year ear-l * " * * " ' "

3 lier. Short-term borrowings increased $202 mdlion dunng -

p pj (j **',.q 1980 to a total of $1.1 bilhon at year end. As a result of $ l ii Ii |1
these changes, a total of $$97 mdtion of the Company's
not liquid assets were utilized dunng 1980, pnmanly to d b id H h

=,

'

4 fund current period and long-term growth progran s. Net dt h 'h !h !J j
*

r, liquid assets stood at $1.1 tuttion at December 31.1980. .n ,,y , , , , , , , , ,.-::t 'ho decrease in cash and marketables was concen-S trated irt the U.S. and reflected significantly higher ex. ' * * * * * * * " * * * * * ' " " *
in
**Md penditures for additions to domestic-based propert/, plant " " * " " * * * " "

.t and equipment. The borrowings increase related mamly to The Statement of Changes in Financial Pos. tion on
d foreign affdiate operations where GE's general practice is page 36 presents further information about sources andg to utdire local financing for most funding needs. apphcations of funds.
/ %rking capstal, exciuding net Hquid assets men-y tioned above, increased $376 mdhon and consisted princi- Maintaining a sound capital structure is a key e!ement
4 pally of higher customer receivables (up $$48 milhon) and in meeting the Company's financial objective of achievingE mventories (up $182 mithon), partially offset by adddions sustained earnmgs growth and a good return on invest-
'*3 to accounts payable for matenals and services, and semi- ment. GE's fmancial planning involves considerab!e atten-y *ar short-term amounts ovved 'o others. The Company's tion to anticipahng needs and maintaming a sound rela-
W total workir g capital was $2.3 bdhon at year-end 1980. tionship between share owners' equity and funos bor-*~

With respect to receivables, double-digit interest rates, rowed from others, both long- and short-term. As shown in
'

contmuing high inflation, an uncertam economy, and t.ght- the chart below the ratio of equity to total capital has been
% ening in the avadabihty of bank credit created an environ- Increased from 73 5*. at the end of 1976 to 80 0*. at the

ment which necessitated strcnger than usual collection end of 1980.,

g enorts 6n 1980. However, the overall condshon of receiva-
g bles remams good. Inventory levels m the vanous product Total Capitat invested
g businesses were managed throughout the year in re-
-j sponse to cc!ual and anticipated customer demand, and ,.

tq year end balances were at levels consistent with the
| | | |%needs of the business. -

- == m os
Over the last five years, the Company's total working

]
'

'i d
''

2 , [j-

capital has increased by $704 mdhon, led by additions m i.* totahng $1.3 bahon of cash and marketables. Most of the -"Bne
1

latter increase came from internally generated funds. q
[r y h, 6g

4
| .J

Since 1975, net kquid assets have increased by $915 md-
,, .

._ lion after reducing tong .<trm borrow ngs by $239 mdhon. ] f'This strenginenmg of the Company's hquidity positson has U u Jaa
been accomplis *ied by strong emphases on improvmg the '" '" '" '" *
turnover of those elements of working capital. such as During recent years the Company has been able to
ustomer recervables which are closely associated with maintain and grow its busmess from interna!!y generated

growth m sales volume. This emphasis *di continue. funds. As prohrable opportunities are developed, it is hiiety,

j Significant amounts of funds are generated from that additional sources of funds will be needed GE s strong
k Company operations. pnncipally through net earnengs and capital structure and credit ratmgs should ensure availabihty9 non-cash charges ogamst earmngs for depreciation, de- of adequate financial resources for continued g'owth.

n. c .+.m i~. n

-

-
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Inftation in the U.S. continueo at a high level dunng
1980, and most economists currently forec;st double-digit 3,,,,,,,,,,,y3,,,,,,,,,, u, %,,,

tates agair+ 1981. Your management has stressed Effect of Changing Prices ~"
h",^ * " ' ' * " * ' =repeatedly me distortion that inflation has on the trads- ~N YsY Eim aaeas we e**we ==*am Neotional methods of financial reporting This distortion af*

fects indsviduals, companies, and aggregate financial data Sales of products and services

on which national policy decisions are based. to customers $24.959 $24.959 $24.959
The chart below highleghts this distortion by compar* ,

Cost of goods sold 17,751 17,904 '7.892
"

ing reported atter tax earrungs w'th realafter-tax
Sethng. generaland

eamings for all U.S. nonfinancial corporations for the
admitvstrative empense 4.258 4.258 4.258years 1975 through 1980. Three inflation-related factors Depreciation, cepiction and

account for the difference between reported eamings and amortgabon 707 1 o52 1 092real earnings: underdepreciation, reflecteng the shottfall
from wnting off facilities using acqu: red rather than re* Operating costs 22 716 23 214 23 242 *

placement costs:" phantom" profits whach occur when Operahng maryn 2.243 1.74 5 1.717 C
lower than current costs of inventory output are charged Otherincome 564 564 564 a
against revenues, and the loss by more than one-third in interest and other fmancialcharges (314) f314) f 314) [
the general purchasing power of a dollar sinca 1975. Earnengs before income tasies 2.493 1.995 1.967 1

p,,,,s.on for mcome tanos (958) (958) (958) aMinor.ty interest J 2J (8) (8) {Reported and Real Profits of
-

Net eamings $ 1.514 $ 1029 $ 1001 R3
U.S. NonfinancialCorporatione
% Earnings per share $ 6 65 $ 4 52 $ 4 40 Mp.

Effective tax rate 38.4 % 48 0 % 48.7 % hd [.
, ,

p Share owners' equity st Dec. 31 $ 8.200 $12.377 $12.913 ptV
- "e7 ""' (a)In dollars of average 1980 purchasing power, y

3 , - This table shows two different ways of attempting to y_ , , eo .

. - ""'^% remove inflationary trrpacts from financial results as tradi.
ff

tionaily reported, in both " adjusted for" columns, restate-

!#
ments are made to (1) cost of goods sold for the current {n

'**"* cost of replacing inventones, and (2) depreciation for the j
current cost of plant and equipment. The column headed Hseis me een me ears insian s " general inflation" uses only a broad index to calculate the b,

As reported, the aggregate after-tax earnings of all restatement, while the column headed " current costs" h
#

U.S. nontinancial corporations grew each year except for uses data more specifically applicable to GE. G
a small decrease in 1980. The average annualgrowth rate The restatements to cost of goods sold are relatively e'
as reported since 1975 was about 13% small for GE because extensive use of last-in, first-out 4

However, after adjustment for inflation, real earnings in
inventory accounting already largely reflects current costs 6

1980 were lower than any other year during the period, and in the traditional earnings statement. However, restate- tE
actually haFe dechncd smco f 975 atan average rate of about ments to depreciation, which allocates pfant and equip-
2% per year- ment costs to erpenses over time, are relatively large be-

.

"

These data indicate that corporations, just like individ- ca';$e of the high rate of inflation, partscularly in the last

uals, are suffenng from the pemicious effects of inflation. It three years. This is because tradittonal reporting of depre-
.

clation based on original cost does not adequately reflect Fis of vitalimportance to all Americans that intelligent and
higher pr'ces for replacement of productive car.acity of Eforceful action be taken to begin the long and arduous task

of removing the main controllab!e causes of inflation - fixed assets which were purchased a nume 3r of years

growth of the public sector at the expense c'the private ago. Both of these methods of adjusting for inflation result

sector accompanied by burgeoning federal deficits and in lower ea nings than traditiona!!y reported.

nonproductive regulation, signincantry, because innation adjustments are not al-
Iowable forlas purposes, the "real" tar rate was about 10
points higher than in tradotional state *nents.

Your Company's financial results are not immune to
the distorting effects of inflation. Financial data elsewhere Your management beheves the " current cost" method

_

en this Annual Report. including the audited financial state- is more representat've of GE's results, but emphasizes
the considerable St.bjectivity involved in the calculat;ons.ments, are presented using the trad;tional basis of finan.
These types of adjusted data are likely to be more

g

Cial reporting which does not fully identify the effects of
usefulin reviewing trends over a penod of time. rather ,

infiation. The tabte at upper right presents information |
which supplements the traditional financial statements in than in making compansons of restatements for any one L
order to gaugeine effect of changing onces on results for penOC' or in specific analyses of one peno j Compared with h
1980. anotter. GE's after-tax earnings on the traditional basis of h{

accounting have been higher each year kom 1976 through

30 Annual Report 19eo
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O
1*" D *?*T, a reces, on year hke 1980, the average Another important hedge against in fla tion over the

'y annual growth rate for earnings as reported was about long term is represented by the mineral tesource assets of
] 16% Using the " current cost" method of removing the the Company. Neither traditional nor inflation ad ustediy effects of 'intiation, earnings were as depicted on the green methods of measuring financial tesults can adequately
y bars in the chart below. This shows a pattern similar to portray "ie value of unique, non-reproducible minerat re-
7.j samings as reported on the traditional basis, with an aver- source assets. Some measure of tt's significance of theseH sgo annual growth rate since 1975 of about 24% cssets is conveyed by statiatical data of General Electnc s
? -- wholly owned, conschdated affiliate. Utah Inteinational.
N Af ter Tax Earnings of General Electric Cokmg coahs mined by a Utah affiliate, Utah Devel-
.;f AeNs'ed for current costs opment Company (UDC). UDC mines and exports cokingy mm coal from five mines under long-term renewable Special

eas Coal Mining Leases granted by the state of Queef'sland.e e,,,,,,,,,,

., **N Australia. At December 31,1980, LDC's stiare of present**
| | ec export entitlements under these leases amounted to 414.7

- Il * * * * ' "_,,,_r rmilion metne tons of coking coal. Total proved reserve0 _"* | (
,

,,

+ 8 ' I [ { quantitres of the leased areas exceed current export
entitlements. Certain conditions exts! under which axport"

p | [ { entitlements may be increased. The degree to which
a ==

P f (
- additional reserves could be mined would depend on com-,;,d -"

( mercial feasibility and obtainmg additional export entitle-
ments. Fourteen percent of the amount presently available;3 in m ,m .m in .<

is committed under long. term sales contracts,h Howwer, tiis purchasing power of a dollar in 1980 had Utah has steam coal reserves at severallecations m
-3 diminishad Dy n. ore than one third since 1975. To reflect the United States. In the West Utah has steam coal re-Q this deterioraticq of the dollar's purchasing power, the blue serves at three pnncipal locations: the Navajo Mine, held:| bars in the chcrt express current-cost earnings for the under Icng-term lease from the Navajo indian Tnbe m New
'2 years since 1975 in doslars of 1975 purchasing power. Mexico; the Trapper Mine in Colorado: and the San Juany Even on this ba9is, ths data indicate a real average annual Mine in New Mexico. For a number of years, Utah had

growth ratgiin evnings since 1975 of about 14s mined coal at the San Juan Mine on a contract basis but
,,

Generaf flectMc's reelannual growth rate ot t4% ln earn- acquired the coalleases m December 1980. Total provedj ings since 1975 contrasts with the trendin real earnings for and probable reserves at these locations aggregatedthe en egare of a s(J.S.nontinancialcorporations. Assa
n shown on page 30, aggre2 ate earnings for all U.S. nonfinan- 1,464 million tons at year end 1980. Twenty-two percent
n clat corporations ster.tmed during the 1975-1980 period at an of these reserves are currently committed under long-term

&. average rate of strout 2%peryear, sales Contracts.
In 1980 Utah acquired properties in Kentucky and'

De: ling with inflation as it affects your Company re. West Virginia which contam 360 rnillion tons of proved and
quires identifying thn distorting effects of inflation, under- probacle reserves, pnmanly steam coal. These reserves
standing th~n, recogolzing them in business planning, are under development and commercial production is ex-M and managing assets and operations so as to overcome pectec to begin on a timated basis dunng 1981.
the effects ofinflation.

- The Cenpany is conduc'ing an internal program titled cess v ar enood Decomi>er si

%j Effectively Coping mnh inflatrou. This program helps par- goo,,,,,,,,,,,,,,,,,,, ,,,3 , ,7, ,,7,- ticipants to understand chronic high inflation, realize how it
~2 distorts financial data, and learn how to mmamize the im- Colung coal (UDC share in
,} pact. More than 3,000 key managers and professionals A'j, s

3 {a) t31 13 8 13 0g participated in this program tnrough 1980.
.; Effective asset management through differentiated %, age once meenc ton (b) $51.o9 $48 39 $47 78

Sieam coautonsHc)
|? capitai resource allocation is aspecialty smportant in shipped (al 10 5 88 71

.

coping with inflation. Invest.nent in modern plant and Average pnce ton $ 7 82 $ 709 $ 6 03~4 equipment provides a direct effect on operations by im- (a) Quantitres shioced about the same as 1978-8o production.
proving productivity in the face of escalatmg costs. The (b) Represents average onces published by an agency of thed Company s cor9mitment to in1 proving prcductruty is dem. Austranan government since Ju'y 1973 for Queenstand
onstrated by substantialincreases in empend.tures for new ggy f, "g[C$"h' o,$a n 'cuinng the coal

0

plant and equipment donna recent years. In addition, stra- leases m Decernber 198o
ac

tegic emphasis is placed on these busmess opportunities
having inflation-protection charactenstics. As one exam. GE's pnncipal copper resource is the wholly owned
ple, General Electnc Credit Corporation owns over $5 bil. Island Copper Mine in British Columbia. Canada. Esti-

q lion of assets feased to others. Vany of these assets offer mated reserves at the end of 1980 contain approu-
sigilflCant potential gams on residual values after expira. irnately 183 milhon tons of ore with a grade of approx-
tionof theleases. imately 0 48% copper. This mine also produces gold,

The Getierai Eiectnc investor st
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s4lver, molybdenum, and theneum as by-products. Fifteen
percent of the copper ore reserves are presently commit- 1980 dollar purchasing power equivalent of $2.468 to

ted under long-term sales contracts. These contracts Call value the asset and calculate depreciation charges. Simi-

for safes based on London Metaf Exchange pnces. larty, the 1979 purchases of non-LIFO inventory sold in
- 1980 would be accounted for at their *?Jiva!ent in terms of

g
p

1980 dollars, rather thanin terms of the actualnumber ofIsland copper ahne Year eaded Decembe,33 dollars spent. Using this method, earnings for 1979 in
s:

1980 dollars were $1,208 million ($5.31 per share) and,,, , ,, ,,, ,,
share owners' equity at December 31,1979, was $11,845Oro milled (tons) 15,192 14.705 15.653 million.A verage percent recovery 85.2% 87.5% 866% A

" Adjusted for current costs" refers to information pre-
-o a 110.305 110,309 111.672 pared using a third approach to inventory and property, 5Average pnce per plant and equipment transactions. In this case, rather than j,pound of copper

restating to dollars of the same general purchasing Fwer,-copper 5 0.98 $ 0 93 $ 0 64 g
estimates of specifsc current costs of the assets are wed. p-by products 0 65 0 43 0 20

tal Ovantities sold about the same as 1978-80 production. Pnncipal types of information used to adjust for charges in ti
Specific pnces (current costs) are: for inventory costs, G E- E

Technical notes The effect of changing prices on Generat generated indices of pnce changes for specific goods and U
Electnc as set forth on page 30 has been prepared in accor- services; and for property, plant and equipment, externally b
dance with Financial Accounting Standards foard (FASB)

generated indices of pnce changes for major classes of L.
requirements. Information in the following table presents assets. Data for mineral resource assets have been ad- W
additional data in accordance with FASB requirements. justed by applying internally generated indices to reflect U

current costs. Adjuttments for oil and gas preperties are C

Current cost information in average
based on industry indices.

doHars of 1980 purchasing poweru) At December 31,1980, the current cost of inventory %
ca maeas eneceese+are amowni was $5,701 million, and of property, plant and equipment '

N- was $8,797 mattion ($5,251 million and $7,004 million, re-Z * **"*" '**/a @ spectively, at December 31,1979). In dollars of average
ym.,

1980 purchasing power, estimated current costs applica- E,esm- equer Eam- o+ once os.as iags m o.c si ren ea,e m acaea o.c av re..m t
ble to such assets increased dunng 1980, or dunng the M1980 $24.959 $1,001 $12.913 $4.40 $2.95 $59 $(198)
part of the year the assets were held, by approximately1979 25.493 1,119 12,659 4.93 3.12 54 (237) $1,356 million, which was $196 million less than the )A1978 24.819 1,092 12.508 4 79 3.16 57 (145) $1,552 mimon increase which could be expected because /1977 23.817 1,001 12,095 4 40 2.86 66 f69) of generalinflation. The comparable increase for 1979 in1976 22,717 885 11.947 3 92 2.46 79 (23) dollars of average 1980 purchasing power was approxi- t1975 21,590 479 11,414 2.13 2.45 68 22

(a) Average 1980 dollars, using the U.S. Consumer Pnce index mately $1,261 million, which was $373 million less than 3
(1967 = 100): 1975-161.2; 1976-170 5,1977-101.5, the $1,634 million increase which could be expected be- *

a
1976-195.4; 1979-217,4; and 1980-246 8. cause of generalinflation. f

(b) Current cost basis In presenting rcsulta of either of the supplementary b
(c) On net monetaryitems. accounting methods for more than one year, real te ends 9

are more evident w1 en results for all years are expressed 3
Proper use of supplementary information concerning intermsof thegeneralpurchasingpowerof the dollarfora edthe effect of changing pr>ces requires an understanding of

certain basic concepts and definitions. designated penod. Resutts of such restatements are gen- Cferally called " constant dol |ar" presentations. In the six- gin the table on page 30, "as reported" refers to infor- year presentations shown at left, doltar results for earlier
mation drawn directly from the financial statements and periods have been restated to their ecuivalent number of

+

notes on pages 34 to 45. This information is prepared
using generafly accepted accounting pnneiples which ren- constant dollars rf 1980 general purchasing power (CPI-U

bcsis).
der an accounting based on the number of actual dollars

Because none of these restatements is allowable forinvolved in transactions, with no recognition given to the tax purposes under existing laws, sncome tax amounts are
; .,

fact that the value of tne dollar changes over time.
the same as in the traditional statements (but expressed in

p
* Adjusted for general mftation" refers to informa- p

constant dollars).
tion prepared using a different approach to transactions All average annual growth rates in this Report use tne i-

g
involving inventory and property, plant and eqwoment as- "least squares'' metnod of calculation.

in transactions at different dates are all restated to equiva-
There are a number of other terms and concepts Q~,sets, Uncer this procedure, the number of dollars involved

lent amounts in terms of the general purchasing power of
which may be ofinterest in assessing the significance of fQ

the doltar as it is measured by the Consumer Pnce Index
the supplementary information shown. However, it is man- [ '-
agement's opinion that the basic concepts discussed Ffor all Urban Consumers (CPI-U). For example, $1.000 above are the most significant for the reader to have in Qinvested in a building in 1967 would be restated to its mind while reviewing this information. G

g
&?
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Report of management
4

,

l.i-

, To the Share Owners of General Electric Company is composed solely of Directors from outside the Com-
3 The finanual statements of General Electnc Company and pany, maintains anongoing appraisalof the effecuveness

rd
consohdated affiliates are presented on pages 34 through of audits and theindependence of the oublic accountants.
45 of this Annual Report. These statements have been The Committee meets penodicaily with the pubhc account-

Q prepared by management and are in conformity with gen- ants, management and internal auditors to review the
.; erally accepted accounting pnnciples appropnate ir the worts of each. The public accountants have free access to
Q circumstances. The statements include amounts that are the Committee. without management present, to oiscuss
"5 based on our best estimates and judgments. Financial m- the results of their audit work and their opinions on the

formation elsewhere in this Annual Report is consistent adequacy of intemal financial controls and the quahty of
a with that in the fina5cial statements. financia! reporting The Committee also reviews the Com-
q' General Eier.ric maintains a strong systen of internal pany's accounting pohcies. intemal accounting controls.

- financial contro84 and procedures, supported by a staff of and the Annual Repori and proxy matenal.
,_ corporate aud%rs and supplemented by resident auditors The Company has long recognized its obligation to

, located arour 4 the world. TNs system is designed to pro- conduct its affairs in an ethical and socially respon9bre
; vide reasoruble assurance, at appropnate cost, that as- manner, its commitment to these ob ectives is reflected ini
. sets are St.eguarded and that transactions are executed key Company policy statements covenng. among other.s in accord 9nce with management's authorization and re- things, potentia:ly confketing outside business interests ofS corded and reported property. The system is time tested. Company employees, comphance with antitrust laws and
d innovative and responsive to change. Perhaps the most proper conduct of domestic and international business
02 important safeguard in ins system is the fact that the practices. It is not a! ways possible to ensure that all em-
2 Company has long emphasized the selection training and ployees fully understand the importance of comm ; with
T-4 development of profescional financial managers to imple. the specific intent and spent of these pohcies. When c'avia.

@l
ment and oversee the proper application of its intemal tions are detected or otherwise reported, the Company will

F controls and the reporting of management's stewardship continue to act in a responsible manner with respect to
M of corporate assets and maintenance of accounts in con- appropnate disclosure and reporting. Additionally your
, forrruty with generally accepted accounting pnnciples. management will continue effo is to create a strong com-q The independent pubhc accountants provide an ob. pliance environment for the ethical conduct of domestic
'

jective. independent review as to management's dis- and tntemational business activities.n
charge of its responsibihties insof ar as they relate to the
faimess of reported operating results and financial condi.

d tion. They obtam and maintam an understanding of GE's M .

,f d U C'
accounting and financial controts, and conduct such tests

3 p
g and related procedures as they deem necessary to arnve

at an opinion on the f airness of financial statements. Finance and Ch.ef Executive Offser

d The Aud.t Committee of the Board of Directors, whach February 20, t 981
d
2 Report ofindependent certified public accountants
4
n
a To Share Owners and Board of Directors of in our opinion. the aforementioned financial state.

General Electric Company ments present fairly the financial position of General,

We have e amined the statement of financial position of Electnc Company and consohdated attihates at December
- General Electnc Company and consoiidated att. hares as 31. t 980 and 1970 - the resuits of their operations and

of December 31.1980 and 1979, and the related state- the chang in their financial position for each of the three
ments of eamings, reta'ned eamings and changes in ti- ye% m the penod ended December 31.1980 m contorm.
nancal position for each of the three years in the penod sty with generaity accepted accounting pnnciples apphed
ended December 31. t 080. Our examinations were rnade on a consistent basis.
in accordance with generally accepted auditing standards.

r)d MrA'I,/M M Wog and accordingfy included ?xh tests of the accounting rec- A
;; ords and such other auditing pf ocedures as we Considered Peat. Marw ck. M.tcheli & Co
d neCessary m the circumstances. 345 Park Avenue. New York N Y 10154 February 20.1981
r
,

The cenerel E'ecine investor 33
.E

-
zum

W

NRC LICENSE SNr.-1097 DATE 5/27/81 PAGE

DOCKET 470-1113 R EV I S ION O

II-9.58-

<-
_



'
.

!
/

.

Statement of earnings
General Ewe Company and consohdated aftihates

g

i

C

.

For me years ended Decemter 31 on nihons) $l
1980 1979 1978 C.

Sales Sales of products and services k
to customers (note 1) $24.959 $22.461 $19.654

Operating Cost of goods sold 17,751 15.991 13.915costs selling, general and administrative expense 4.258 3.716 3.205 E.
Depreciation, depletion and amortization 707 624 576 {Operating costs (notes 2 and 3) 22.716 20.331 17.696 ;

':,

Operating margin 2.243 2.130 1.958 f.Otherincome (note 4) 564 519 419 *

Interest and other financial charges (note 5) (314) (258) (224)

Eamings Earnings before income taxes and minonty interest 2.493 2.391 2.153 g
Provision forincome taxes (note 6) (958) (953) (894)

'Manonty interest in earnings of consolidated affiliates (21) (29) (29)
.

P'et earnings appiicable to common stock $ 1.514 $ 1.409 $ 1.230

Earnings per common share (in dollars)(note 7) $6.65 $6.20 $5 39 kDividends declared per common share (in dollars) $2.95 $2.75 $2.50 22''3 Operating margin as a percentage of sales 9.0% 9.5% 10.0 % @j
Net earnings as a percentage of sales 6.1% 6.3% 6.3% b.~

:)
@
m
A'.

Statement of retained earnings e
.-

General Electne Company and consohdated af%ates

7

For ce yws ended Decomier si on meihons) 1980 1979 1978
Retained Ba!ance January 1 $6.307 $5.522 $4.862 .eamings Net earnings 1.514 1.409 1.230 g

Dividends declared on
-

common stock (670) (624) (570)
Balance December 31 $7.151 $6.307 55.522

"rj

The me rmation on pages s3 and 37.as e an meegrel part of these statements.a

a
t-

M
E3

s4 Annual Aeoort1980 *.

p

-
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O
3 Statement of financia! position
a Oweal Elecinc company and consonomies aviates

_,
A
c

5
:

. A4 0* center 31 (in mdens) 1980 1979
i Aseets Cash (note 8) $ 1.601 $ 1.904"

Marketable secunties (note 8) 600 672*

Current receivables (note 9) 4.339 3.647
Inventonet (note 10) 3 343.2

1aRCurt * 4 assea 9.883 9,384

Property, p'nt and equipmer.t - net (note 11) 5.780 4.613
investmen,s (note 12) 1.820 1.691

-} Other assets (note 13) 1.028 956

Total assets $18 511 $16.644,

7 UebHities Short-term borrowings (note 14) $ 1.093 $ 871?] andequay A: counts payab6e(note 15) 1.671 1.4777 Progress collections and pnce ad ustments accrued 2.084 1.957i9 Dividends payabfe 170 159
4 Taxes accrued 628 6557 Other costs and expenses accrued (ncte 16) 1.946 1.753
. Current liabibtaes 7.592 6.872

Long-term borrowings (note 17) 1,000 947
Other liabilities 1.565 1.311

Totalliabiht.es 10.157 9.130

Minonty interest in equity of consohdated
aftaliates 154 152

*$
-

Preferred stock ($1 par value; 2.000.000 shares
authonzed; none issued) -

Common stock ($2 50 par value; 251.500.000
~

2 shares authonzed; 231,463.949 shares
f issued 1980 and 1979) 579 579d Amounts received for stock in excess of par vafue 459 656
fj Reta.ned earnerigs 7.151 6.307
1 8.389 7.542
1

i Deduct common stock held in treasury (189) (180)
Total share owners' equity (notes 18.19. and 20) 8.200 7.362

-

'
Total habilities and equity $18 511 $16 644

Commitments and contingent habihbes (note 21)
~

n.womai.on on pag.s sa ano 37-4s an .ni.grei n << or we stai ne.

-J

.

, Tte General Elecirc lavesa 3s

-

-
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1
e

Statement of changes in financial position
General Electruc Company and consohoaied aftAates -

I
;

c

.

For the years ended December 31 (in mdhons) 1980 1970 1978 i
Source of From operations [tunds Net earnings $1,514 $1.409 $1.230 ;Depreciation, depletion and amortization 707 624 576 Linvestment tax credit deferred -net 56 45 25 rincome tax timing differences 63 (37) 32 EEarnings retained by nonconsolidated

4finance affiliates (22) (17) (16) y
Minonty interest in earnings of consolidated

affiliates 21 29 29
"2,339 2.053 1,876

increase in long-term borrowegs 122 50 96Newlyissued common stock
- - 3 gDispositionof treasuryshares 136 148 190

Increase in current payables other than short term
borrowings 498 786 570 P

Decreaseininvestments
Other-net

- - 24 3143 101 150 i
Totalsourceof funds 3,238 0138 2,909

~

pApphcation Additions to property, plant and equipment 1,948 1,262 1.055 sionunas
Dividends declared on common stock 670 624 570) Increase ininvestments 129 281 - f.\ -'
Reduction in long-term borrowings 69 97 386
Purchase of treasury shares 145 156 196 8-
Increase in current receivables 692 358 306 [Increase ininventories 182 158 399 8-

Total application of funds 3.835 2.936 2 912

Net change Net change in cash, marketable securities .

L
and short-term borrowings $ (597) $ 202 $ (3,) {'

>-Analysis of increase (decrease) in cash and marketable secunties $ (375) $ 113 $ 185net change
Decrease (increase)in short term borrowings (222) 89 (188)

,,

increase (decrease) in net liquid assets $ (597) $ 202 $J) kn wo, on n aoes sa an 37-ss.an-e,,a.ga,io.in,s s,ai.meni.

.

'M

kw

,e

m

i.,

( i.

he
s

se Annuainoportiseo -

-

w
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J

Summary of significant artization of prior service liabilities over a pened of 20
5 accounting poliCles. years am bemg enarged to operating expenses currentry.
; investment tax credit
; The investment tax credit is recorded by the "defe ral
e method'* and is amortized as a reduction of the provision
d for taxes over the lives of the facilities to which the credit
] apphes, rather than being " flowed through" to income in

)[ The financial statements consolidate the accounts of the( bstan a Iy alt manufacturing inventories located in the
Basis of consolidation the year the assetis acqwred.

y parent General Electric Company and those of all maior.
g ity-owned and controlled companies (" affiliated compa- U.S. are valued on a last-m first out, or LIFO, basis. Manu-

y nies"), except finance companies whose operations are facturing inventones outside the U.S. are generally valued

not samvar to those of the consolidated group. All signife- or s first-in first-out, or FIFO. besis. Valuations are based,

cant items relating to transactions among the parent and on the cost of material, direct labor and maafactunng
listed companies are elimmated from the consolidated overhead, and do not exceed net realizable values. Cer-

tain indirect manufactunng expenses are charged directly
3 The nonconsolidated finance companies are included @erating asMunng wnN incunet raman

in the statement of fmancial position under investments "9"""'"
and are valued at equity plus advances. In addition com. Mming inventories, which include pnncipally mined'

ma mal, meta @nunuates anMnmg sup@es, ampanies in which GE and.or its consolidated affiliates own
* * '#'9' "* * * *"*20% to 50% of the voting stock (" associated companies") n n ones incWeM M and inht ustsare included under investments, valued at the appropnate

g share of equity plus advances. After-tax eamings of non-
c nsisting of labor, purchased supplies and services, and

g consolidated imance companies and associated compa. depreciation, depletion and amortizaten of property, plant
h nies are included in the statement of eamings under other 'f, , ,","nt and equipmentp

renconsnhdated uranium mining company (see anufacunng plant an equonienhn es me Wnal
7 note 12) is also Wluded under investments and is valued c st of land, buildings and equipment less depreciation,
;* at lower of cost or equity, plus advances. which s the estimated cost consumed by wear and obso-
4 3,g lescence. An accelerated depreciation method, based
5 The Company and its consolidated affiliates record a pnncipally on a sum-of-the years digits formula,is used to

c y aMn he onpalmsWaddumgtransaction as a sale only when title to products passes to
+ the customer or when services are performed in accord- p ant and equipment purchased and installed in the U.S.

. ance with contract terms. subsequent to 1960. Most manufacturing plant and
equipment located outside the U S. is depreciated on a

~
Most mpoy es arncreditsduring thecurrentyearfor stratght-line basis,if manufactunng plant and equipment

a naalengunhnspshs ecvacations to be taken in the following year. The expense
for this liabety is accrued during the year vacations are cence.additi naldepreciaten is pr vided. Expenditures
earned rather than in the year vacations are taken, aham aN mpan paMainng M aM.

1 Pmim equipment are charged to operations as incurred.
3 Investments of the General Electric Pension Trust, which The cost of meng properties includes initial expende.
9 funds the obligations of the General Electric Pension Plan' and cosW map mWng pqeds wM s@stam

2 " '' "' ' " ' 9 8 ** *are carned at amortized cost plus programmed apprecia-
tion in the common stock portfolio. The funding prograrr, f aning pr perties is depreciated, depleted or amortized
and Company cost determination for the Pension Plan use "**'" ** * '" "* "'-

i 6% as the estimated rate of future Trust mcome. Trust pr duction, straight-kne or deciming-balance methods.
income includes recogniten of appreciation in the com- Min ng eupl ration costs are expensed until at is deter.'8

' 'J mon stock portfoho on a systematic basis which does not~
give undue weight to short term market fluctuations. Pro- be econoncah feawe. Memdeternmaton is rnak
grammed appreciation will not be recognized if average aH costs wated to W%Iomnt am caMaN.

3 carrying value exceeds average market value, calculated '" '" #9'"' " "" "'
N on a moving basis over a muit: year penod. of pr duction and is over ten years or the productive life of
7 Changes m pnor service habihties of the Plan are am- pew, WWeveMen

ortized over 20 years. Net actuar.31 gains and losses are and gas me am accouW W m d N
-mst rnethod.amortized over 15 years.

.. Costs of a separate, supplementary pension plan, pri-
? rnanly affectmg long-service professenal and managenal
, employees, are not funded. Current service costs and am-
a

3 _._ s ,
_
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Notes to financial statements ciation of common stock was noi exceeded in any year.
Condensed information for the General Electne Pen-

sion Trust appears below. Pnor-year as well as current- f
year data are presented in accordance with new standards [
issued in 1980 by the Financial Accounting Standards
Board (FASB).

General Electne Pensioa Trust
1. Sales Change 6n not ass *4.t current value
Approximately one-eighth of sales were to agencies of the

am muioasi re ew <en 198o 1979 197sU.S. government, wheen is the Company's largest single
customer. The pnncipal source of these sales was the Netassetss January 1 $4.968 $4 202 53.734

.

Techn cal Systems and Matenals segment of the Com- '" ' 'n r tons 404 34 3
, , ,

investment e wne 435 383 312
,,

2. Operatin9 costs " ' ' bUnrecognized portion ot -

Operating costs by maior expense categones are shown beiow: char *ge iri current value 779 173 (43) >
sen means 198o 1979 1978 Net assets at December 31 56 418 54 96a $4 2o2 -

Employee compensation,
including benefds S nt.196 $ 8.266 5 7.401 Net assets at current value

Matenals. supphes. ser. m aana.ionemow st 1980 1979 1978 Pvices and otner costs 12.636 11.320 9.867 g" ,

anda a 707 624 576 and guarantees $ 44 $ H8 $ 93 g
Taxes. except Social Corporate bonds and notes 727 496 340

Security and those on Real estate and mortgages 825 713 725
mcome 299 259 251 Commora stocks and other P

increasemmv stones equay secunties ,4_l8J 3 193 2,726 {dunng the year (182) (158) (399) 5.777 4.520 3.884 !.
522 716 $20 331 517 696 Cash had short-term d
~~'" "-- mvestments 553 371 240

{Supplementaldetads ve as follows:
urrentv veof not assets 56 4 54 968 54 hm anoa.e G80 G79 G78

Carrying value of not EMaintenance and repairs $784 $775 $672 assets $5593
~" 'Cornpany. funded research ~
$4 922 $4 329 D

[hand deWopment 760 640 521 The actuanal present value of accumulated plan ben.
Social Secunty taxes 484 471 397 efi s for the General Electr'c Pension Plan and the supple- Ft
Advertising 315 282 247 mentary pension plan together represent over 90% of ac- pMineral royarties and cumulated pension plan benefits for General Electne and

!.3
resport duties 80 82 79

its consolidated af hhates. These present values have
Foreign currency translation gains, after recognizing re- been calculated using a 6% interest rate assumption as of Llated income tax effects and minority interest share. were December 31 for each of the years in the tab'e below. The '

$40 milhon in 1980 and $12 milhon en 1979 and 1978. table also sets forth the total of the current value of [.
Pension Trust assets and the relevant accruals in the !"3. Pensions Company's accounts. GTotw pension costs of General Electne and consohdateo

affihates were $478 milhon in 1980. $413 milhon in 1979 General Electric Pension Plan and Supplementary Pension L
and $381 million in 1978. General Electnc and its affikates Plan %have a number of pension plans. i ne most signihcant of ria maoc.i o.comen st 1980 1979 1978

(kthese plans is the General Electri: Pension Plan (the Estimated actuanal present
" Plan"),in which substantially a,1 employees in the U S. =ar eof accumuistedu -

are participating Approximewy 80.800 persons were re. plan eenetds T
ceiving benefits at year-end 1980 (75.700 and 72.100 at vested eenehts $6,027 55 426 54.732
year-end 1979 and 19'8. respectively). Non ste enetds

, $6 4 2 W 55 63Pension benefits under the Plan are funded through
the General Electnc Pension Trust. Earnings of the Trust. Curren ue of trust assets
including the programmed recognition of ccmmon stock - = *

appreciation. as a percentage of the carrying vafue of the For pension plans not included above. there was no N
portfoho.were 8 4* for 1980 and 1979, and 7.8% for significant difference between accumulated benefits and b
1978. The hmitation on recognition of programmed appre- the relevant fund assets plus accruals. N

E.
+

58 Annuai Report 198o

-
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The foregoing amounts are based on new FASB stand- in the effect of timing dJferences result pnncipally from fluc-
ards which dif'er from those used by the Company for tuatons in foreign eamings and tax rates, and frorn recog-
fundmg and cost determination purposes. Based on the nizing in the current year for tax payment purposes the,

; actuanal method used by the Company, and with assets at results of transactons in Austraha recorded for fmancial
j carrying value, unfunded and unamortized siabdities for reporting purposes m other years.
3 the two pnncipal pensen plans totaled $964 mdlion. Investment credit amounted to $92 milion in 1980, com.l

: $1,082 mittion and $882 million at year-end 1980,1979 pared with $76 million m 1979 and $51 mdlon in 1978. In"

and 1978, respectively. 1980. $36 millicn were included in net eamings, compared
An increase in pensons of retired employees offec- with $31 million in 1979 and $26 milton in 1978. At the end,

tive February 1,1981, wdf increase the actuarial present of 1980, the amount stdl deferred and to be includtrd in net

} value of accumulated vested benefits by an estimated eamings in future years was $262 milton.
$196 mdlion.,,

Effect of timing differences on U.S.
4. Otherincome federsiincome taxes
ria mmaan 1980 1979 1978 Ca *'''eaal

ecmie idecream ,a oro e.oa ear ecome news 1980 1979 1978Poet sammgs of GE Credit Corporation $115 $ 90 $ 77 Tax over poois deprecation 5 48 $ 23 $ 26
-? Marietabt secuntes and bar* Undistnouted eammgs of affthates

and associated companies 29 (2) 8j deposits 229 229 140
Margm on msta:Iment sales 1 (10) (10)

} t al agreements 52 50 $" *"*" *
Assocated companies and non-.

] consondated uranium mming affiliate 22 11 34 bid I@ N-

j ,'"j''**"'* The cumulative not effect of timing d|fferences has re-21 20 19
2 Drvidends 13 11 to suited in a deferred-tax asset which is shown under other
j Other sundry stems 40 38 46 assets.

9 $564 $519 $419
=== *== = Reconciliation from statutory to effutive

* * ' ' ' ' ' '
1980 1979 1978y 5. Interest and other financial charges U.S. federal statutory rate 46 0 % 46 0 % 48 0 %q interest capitalized on rnajor property, plant and equ.ip" Reduction m taxes resultmg from-

g ment projectsin 1980 was $21 mdhon. varymg tax rates of consohdated
d affdiates(mciudmg DISC) (4 7) (3.3) (3.4)
q 6. Provision forincome taxes inclusion of earnmgs of the
4. Credit Corporation m before-taxf'a *'aone 1980 1979 19783 income on an after tan basis (21) (11) (1.7)

U S. federal mcome taxes: Investment credit (15) (1.3) (12)Eshmated amount payable $$74 $599 $590 income tax at capital gams rate (0.1) - (0.6)] Effect of timmg differences - 14 (31) (13) Other- net 08 02 04
investment credit deferred-net 56 45 25 Effective tax rats g8ge 3y% M%4

, 644 613 602
f Foreignincome taxes: Based on the location of the .omponent furnishing goods
'

Estimated amount payable 238 323 221 or services. domestic income before taxes was $1.854
Effectof timmgdifferences _ 39 _J6) J milhon in 1980 ($1.706 mdhon in 1979 and $1.592 mdhon

1 277 317 266 in 1978). The corresponding amounts for foreign-based
.] Other forincoatty state and local operations were $639 million. $685 mdhon and $561 mil-
1 mcon,e taxes) 37 23 26 lion in each of the last three years, respectively. Provisen
4 $958 $953 5894 for income taxes is determmed on the basis of the junsdic-

*

' " - ~

tion imposmg the tax habikty. The<efore. U.S. and foreign
* All General Electnc consohdated U.S. federalincome tax - taxes shown a' the left do not compare directly with these
- retums have been closed through 1972. segregations.

Provisen has been made for federal mcome taxes to be4

- paid on that porton of the undestnbuted eamings of a'fehates 7. Earnmgs per common share
and associated companies expected to be remitted to the Eammgs per snare are based on the average number of

. parent company. Undistnbuted eamings mtended to be rein- shares outstanding. Any ddution which would result from
vested mdefinitely in affdiates and associated companies to- the potential emercise or conversion of such items as stock,

taled $1.111 mdlion at the end of 1980. $944 mobon at the options or convert.bfe debt outstandmg is insignificant
j end of 1979, and $815 mahon at tne end of 1978- (less than 1*' in 1980.1979 and 1978).e

Changes in estimated foreign mcome taxes payable anda

i

l
i

Tise General E +ectnc in estor 3sv

A

W
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8. Cash and marketable securities 12. Investments
Deposits restncted as to usage and withdrawal or used as m N * 1980 1979
partial compensation for short-term borrowing arrange- Nonconsolidated tinance affikates S 938 $ 824

" " "k ke ble se u i s (none of which are equity securi- t 188 G7

ties) are carned at the lower of amortized cost or market g,scellaneous mvestments (at cost):
value. Carrying value was substantially the sarre as mar. Government and govemment-

het value at year-end 1980 and 1979. guaranteed secunties 187 233

Other 136 148 k
*

323 381
9. Current receivables
na mn.easi 0.ceaeee st 1980 1979 Marketable equity secunties 44 44

[Associated compames N2 301
Customers' accounts and notes 5 3.816 $3.254
Associated companies 25 36 Less anowance for losses (15) (16) i

$1820 51 691 ;
Nonconsohdated affikates 17 7

Condensed consohdated financial statements for the t"8# #"

4.442 3,736 principat nonconsohdated finance aftaliate, General E
ELess allowance forlosses (103) (89) Electnc Credit Corporation (GECC), follow. Dunng the I5 4'33' 53 8'd normal course of business, GECC has transactions with

the parent Ger.eral Electnc Company and certain oi ns y

10. Inventories consohdated affiliates, and GECC results are included in i:
General Electnc's consohdated U.S. federat income tar &

, % 3, iggo 3979
return. However, virtually all products financed by GECC

Raw matenals and work m process 5 2.082 $1.943 are manuf actured by companies other than General g
Fmished goods 961 966

Electnc. More detailed information is available in GECC'sUnbilied snipments 300 252
1980 Annual Report, copies of which may be obtained by

53343 53.16,
wnting to: General Electric Credit Corporation, P.O. Box f,

About 84% of totalinventones are valued using the LIFO 8300 Stamford, Connecticut 06904. h
Cfriethod of inventory accounting.
IIf the FIFO method of inventory accounting had been ceneral Electric Credit Corporation

used to value all inventones, they would have been Financial position [*
52.240 million higher than reported at December 31, ,% %,,,,, 3, 1980 1979 h
1980 ($1.950 milhon higher at year-end 1979). Casn and marketaoie secunties S 531 5 374 E

R'C'' vases: U
11. Property, plant and equipment Time sales andloans 8.159 7.480 F*

Pr som 1980 1979 Deterred mcome (1,380) (1.124)

Maior classes at December 31:
6,779 6,356 *

Manufactunng plant and equipment investment m leases 1.643 1.207 h
Land and-w.6-. 4s $ 139 $ 125 Sundry receivables 197 141 g
Buildings. structures and Total receivables 8.619 7.704 P
mated equipment 2.329 2.098 Allowance forloswas (249) J 31) f

Hachmery and equipment 6.197 5.314 Net receivables 8.370 7.473 t$
Leasehold costs and manufac- Other assets 43 321 U-

tunng plant under construction 453 372
Totalassets $3 344 Sg P.

Mineral property. plant and Eequipment 1.917 1,456 Notes payable:
$11.o35 g5 Due witnm one year $4.425 $3.921

Cost at January 1 5 9.365 58.328 Long term -semor 1,984 1.743 g
Additior's 1.948 1.262 - subordinated 400 325

Dispositions (278) (225) Other hatnhties 707 63t F=

Cost at December 31 511 035 59.365 Total habilities 7.516 6 620 $

{}
Deferred tr5come taxes 876 718

Accumulated depreciation, depletion
Deferred mvestment tan credit 21 13

and amortiaation
Balance at January 1 5 4.752 $4.305 Caoital stock 658 566 I ,'

Csrent-year provision 707 624 Additional paid.in capital 12 12 F.

Dispositions (214) (188) Retained earnirgs 261 _ 239 E*-

hOther changes to 11 Equity 931 817

Balance at December 31 5 5255 $4.752 Total habi sties. deferred tax [.
items and equity $9 344 $1168 bc&'

Property, plant a nd equipment less
h '

depreciation, depletion and ;;J
amortizaten at December 31 $ 5.780 44 613

e
e.
',

40 ArinualReport1980

.

.

-

-

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET #70-1113 R EV I S ION O

II-9.65-



k General Electric Credit Corporation 13. Other assets4
9 Current and retained eamings

(na am.ac o.c.me= si 1980 1979
.

m aiono6 F.r ve ,e v 1980 1979 1978
Long-term recorvables $340 $107- j Eamed mcome $1.389 $1,102 8 813 p., erred enarges 198 145j Espenses:
Real estate deve!opment projects 132 81Interest and discount 719 528 337 Recoverable engmeenng costs on

-

] Operateg and govemment contracts 113 1213 administrative 451 396 315
g Prossion forlosses

Customer fmancmg 103 107
Licenses and otherintangibles-not 75 52

-3
-recesvables 75 69 56 Deterred encome tanes 21 98-other assets 3 (2) 8 Other 46 4%Provision forincome tazes 26 21 20

_1.274 1,012 736 -

ggi ogg
*==

! Not sammes 115 90 77 Licenses and other intangibles acquired after OctoberJ Less dividends (93) (72) (62) 1970 are being amortized over appropnate periods of
| Retamed earnegs at time.January 1 239 _ 221 206

y eceme 3 Q $ 239 $ 221 14. Short-term borrowings
: -

The average balance of short term borrowings, excluding
investmentir the nonconsolidated uranium mining af. the current portion of long-term borrowings. was $822 md-

'

filiate consists of investment in a wholly owned affdiate lion dunng 1980 (calculated by averaging all month-end
i (established in the course of obtaining a U.S. Department balances for the year) compared with an average balance
* of Justice Business Advisory Clearance Procedure Letter of $705 milhon in 1979. The maximum balance included in
4 in connection with the 1976 Utah merger) to which all of these calculations was $962 mdhon and $727 milhon at thej the then existing uranium business of Utah has been end of October 1980 and March 1979, respectively. The

transferred. All common stock of this affiliate has been average effecuve interest rate for the year * 980 was 18 9%a

! placed in a voting trust controlled by independent voting and for 1979 was 17.6% These average rates represent
j trustees. Prior to the year 2000 General Electric and its total short term interest incurred divided by the averagej affiliates may not withdraw the common stock from the balance outstanding. A summary of short-term borrowings
3 voting trust except for sale to unaffiliated third parties. and the applicable interest rates is shown below.
3 Directors and officers of the affikate may not be directors,
4 officers, or employees of General Electric, Utah or of any Short-term twrowings
I of their affriates Uranium may not be sold by tHs affiliate,

~ 1980 tg79m e o.e ,3,
'8 in any state or form, to, or at :he direction of, General
! Electnc or its affihates.

a ,. 4, ,

g'y g'g%? All outstanding shares of preferred stock of tne ura- %
Parent notes wth trust

| nium affshate are retained by Utah as an affdiate of capartments $353 15 05 % $290 12 62%*
General Electnc. Payment of cumulative quarterly divi- Consohdated aifmate

| dends out of legally available funds on this preferred stock Dann borromngs $39 30 83 389 27.10
is mandatory in amounts equal to 85*' of the affdiate's net OmerJnclueng cunent.

after tax income for the previous quarter (without taking C, """e
Pot 192account of any deduction for exploration expense as de.*

33.o93 gg y,t fined). Utah, as holder of the preferred stock, must make
loans with up to ten year matunties when requested by the Parent berowings are from U.S. sources. Borrowings of

i

affdiate, rithough the aggregate amount of such loans consohoated affihated companies are pnmanly frorn for-
need not at any time erceed preferred dividend payments eign sources. Other borrownigs include amounts from i

for the immediately preceding two ca!endar years,
nonconsohdated affshates of $95 mdhon in 1990 ($65 md- '

t The estimated reahzable value of miscellaneous lion in 1979).
. investments was $287 mdhor 't December 31,1880 Although the total unused credit available to the Com-
; ($350 mdhon at December 3' 1979). pany through banks anr1 commercial credit markets is not
. Marketaole equity secunt es are valued at the lower readdy quantifiable, informal credit knes in excess of $1

of cost or market Aggregate market value 01 marketable bdhon had been entended by approximately 100 U S.
equity secunties was $242 mdhon and $181 mdhon at banas at year end.
year-end 1990 and 1979. respective!y. At December 31,
1980. gross unrealized gains on ma setable equity securi-
ties werc $198 mdhon.

Investments in nonconsohdated affdiates and associ-
1 ated companies mcluded advances of $180 milhon at De
j cember 31,1980 ($ 123 milhon at December 31,1979),
a

l
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15. Accounts payable Utan IntemationalInc. notes with banks were subject to !
m m a.i one-., si isso ists avarage interest rates at year end 1980 and 1979 of i

Trace accounts $t.402 $1,259 11.3% and 7.9% respectively. |
Ceected for the account of others - 203 172 Borrowings of General E6ectnc Overseas Capital ;
Nonconsolidated attilie",e 66 46 Corporation are unconditionally guaranteed by General i

fi'Di fit 7f Electne as to payment of pnncipal, premium if any, and
-"- -

interest. This Corporation pnmanly assists in financing
capital requirements of foregn companies in which

16. Other costs and expenses accrued General Electric has an equity interest, as well as financ- '

T he balances at year end 1980 and 1979 included com. Ing cartain customer purchases.
pensation and benefit costs accrued of $703 million and Borrowings include 4 %% Guaranteed Debentures

.

i
$641 rnithon, respectively. due in 1987, which are convertible into General Electnc I

common stock at $80.75 a share, and Sw% Sterhng Dollar 4

17. Long-term borrowings Guaranteed Loan Stock due in 1993 in the amount of E3.6
'

mdhon ($9 milhon), convertible into GE common stock at
a. . so.as i,. $73.50 a share. Dunng 1980 and 1979, General Electnc
py, ,00* Overseas Capital Corporation 4%'4 Guaranteed Bonds,, ,,

having a face value and a reacquired cost of $2 mdhon
General Electnc Company:

were retired in accordance with sinking fund provisions.5%% Notes $ 62 5 69 1991 1972-90
0 ''0"9 '"" 0 *'"U * *'' '9 Y I'0*905.30% Debentures 70 80 1992 1973-91

and real estate development aftshates with various interest *
7%% Debentures 135 149 1996 1977 95
8%% Debentures 288 295 2004 1985 03 rates and matunties and included amounts due to noncon.

Utah intomationalinc.: sohdated affdiates of $7 mdhon in 1980 and 1979.
Notes with banks 37 5 1993 1981 93 Long term borrowing matunties during the next five
8% Guaranteed Senking years. including the portion classified as current, are

Fund Debentures 15 17 1987 1977-87 $91 mdhon in 1981. $130 mdhon in 1982, $62 milhon in '

7.6% Notes 28 32 1988 1t74-88 1983. $42 milhon in 1984 and $68 milhon in 1985. These
Other 32 25 amounts are after deducting reacquired debentures held |

General Electnc Overseas in treasury for sinking fund requirements. 6CapitalCorporation:
{4%% Bonds 23 24 1985 1976-84 g

4%% Debentures 50 50 1987 None r
5%% Storhng/ |

Dollar Guaranteed
Loan Siock 9 8 1993 None

Other 34 37
M other 217 -158

IR$1000 $947

The amounts shown above are after deduction of the face f

value of secunties held in treasury as shown below. f
Face value of long-term borrowings in treasury *

f*= mmenei Deceaeer st is8o te7e

General Electnc Company:
5 30% Debentures $50 550
7%% Debentures 35 29

|8%% Debentures 12 5
General Electnc overseas Capital

Corporation:
4%% Donds 6 7 h

I

k.
f

hr
I
I
e

b
en annummeportisao
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O
18, Common stock'

f 1980 1979 1980 1979 addition, retained earnings have been increased by $10
mdhon ($5 mahon reduction at December 31,1979), which

p,,,,.,,i m,,,,,,,i..i.n.,,,,

Common stock issued represents the change in equity in associated companies
Baiance Jani,ary 1 and since acquisition.*

| 2 @ 2M 231.a64$Decemeer st ,

Amounte received for 20. Stock option information,

"'''"'''P'' Stock option ptans, appreciation nghts and performance*

- Baiance January 1 8656 $658 units are desenbed in the Company's current Proxy State-
! Gan tiosst on ment. A summary of stock option transactions dunng the

$8g,*g,, last two years is shown eviow:
3 q,

Batance December 31 $659 $ 656 Stock options %,,,,,,,,

Common stock held in shares nimece opoa weses
treasury m os*oa p'<e p*<e

Baiance January 1 $180 $ 172 3.625 3.428 Balance at January 1,
Purchases 145 156 2.644 3.155 1979 4.088.853 $51.37 $47.13
O'800'' tons. Options granted 1,023.122 4625 46 25

Optons enerosed (98.145) 40.63 50.14pa (99) (124) (1.879) (2,492)
1 Employee stock Ophons surrendered on er e-
* ownersnio plan (16) (11) (296) (213) ose of apprec4ation nghts (68 834) 40 52 49.17

j.
Incentive compensa- Optons terminated (166 068) 50.77 -

tion plans (7) (8) (158) (152) Balance at December 31,
Stoca opnons and 1979 4.758.928 50 67 50 63
g gnt (14) (5) (275) (101) Options granted 98.100 61.50 61 50,

Capital Corporanon Optens ewesed (273,193) 44 13 56.16

Balance December 31 $189 fiso-
(2) - Opnons surrendered on euer-loan stock -

oseof apprecatenn9 hts (123.350) 41.93 54 923 699 3 625
Options terminated (157.163) 51.02 -

At December 31,1980, and December 31,1979. respec. Balance at December 31,
1980 4.303 322 51.56 61.25

tively 227,765.000 and 227.839.000 common shares
were outstanding. Common stock held in treasury at De-
cember 31,1980, included 1.921.706 shares for the de. The number of shares avadable for granting additional op-
ferred compensation provisions of incentive compensation tions at the end of 1980 was 1.862.75d (1,831,456 at the
plans (1,785,656 shares at December 31.1979). These *nd of 1979)-
shares are carned at market value at the time of allotment,
which amounted to $96 mdhon and $88 mdhon at Decem. 21. Commitments and contingent liabilities

8 ber 31,1980 and 1979, respectively. The liabihty is re. Lease commitments and contingent habihties, consisting

corded under other liabihties. of guarantees, pending htigation, taxes and other claims.
Other common stock in treasury, which is carned at in the opinion of management, are not considered to be

cost, aggregated 1,777.382 and 1.839.762 shares at De. rnaterialin relation to the Company's financial position.
cember 31,1980 and 1979, respectively. Thes', shares,

e are held for future corporate requirements, ir ciuding distrl-
-

| butions under employaJ savings plans, me entive compen.
sation awards and possible conversion o General Electnc
Overseas Capita! Corporation convertibio indebtedness.*

The mammum number of shares required for conversions
,

was 736.079 at December 31,1980 (737,725 at Decem-
', ber 31.197H Corporate requirements of shares for bene-*

< fit plans and pnversions may be met either from unissued
* stiares or fron. shares art treasury.

Dunng 1978, the baf ance in common stock issued did
i not change, amounts received for common stock in ex-

cess of par value decreased by $10 milhon, and the bab
j ance of common stock held in treasury increased by $6

mdhon.

19. Retained earnings
Retained earnings at year-end 1980 included approxi-
mately $251 maihon ($246 mdtion at December 31,1979)
representing the excess of earnings of nonconsolidated
affdiates over dividends received since their formation in

The Generai 0ectnc investor 43
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Industry segment information

Revenues
*==== tem...enosacece e.si

fece ci . ice..egmeme (m ..e easome.come

1980 1979 1978 1980 1979 1978 1980 1979 1978

Consumerproducts andservices $ 5.b99 $ 5.358 5 4.788 $ 201 $ 199 $ 188 5 98 $ 5.159 5 4.600
Not eamingsof GECredit Corp. 115 90 77 - - - 115 _ _90 77

Total consumor products and services 5.714 5.44* 4.865 201 199 188 5.513 5.249 4.677
lndustnafproductsandcomponents 5,157 4.80J 4.124 565 508 468 4.592* 4.295 3.658

Powersystems 4.023 3.564 3.486 175 210 174 3.848 3.354 3.312
Techrucalsystemsandmatena:s 7,128 6,061 4.745 258 255 190 6.870 5.806 4.555

Naturairesources 1.374 1.260 1.032 - - - 1.374 1.260 1.032

Foreignmuits-mdustryoperatons 3.234 2.901 2.767 75 64 55 3.159 2.837 2.712
Corporateitemsandelirmnatens (1.107) (1 057) (946) (1.274) (1,236) (1.075) 167 179 129

Total $25 523 $22 980 $20 073 $ -$ -$ - $25 523 $22 980 $20 073

Operating profit Netearnings
Foreo ves.enoeo oeceaeor si , sweevea.enoseDeceaeersi

1980 1979 1978 1980 1979 1978

Consumerproducts and services $ 558 5 568 $ 574 $ 292 $ 311 $ 300
Not earmngsof GE CredatCorp. 115 90 77 115 90 77

Totalconsumerproductsandsc vces 673 658 651 407 401 377
Industnalproducts and components $68 485 426 315 272 223
Powersystema 194 174 196 141 114 93

. Techrucalsystemsandmatenals 774 672 545 373 356 278
! Naturalresources 404 431 372 224 208 180

x
245 68 65 76Foregn multi mdustryoperations 295

241 , 2,435Totalsegmentoperatingprofit 2.898 2.661
Interest and other fariancial charges (314) (258) (224)
Corporateitemsandehmmatens (91) (12) (58) (14) (7) 3

Tow $_2393 },,2,31 },2,j,g L,1,,5,j,4 LJ,a,93 51230

Assets Property plantandequipment
moocemeer si sorme, oo.ceae si g

*oepecean aspeenens
!Addeone emwiJanon

1980 1979 1978 1980 1979 1978 1980 197J 1978

Consumerproductsandservces $ 2.325 5 2.157 $ 2.018 $ 238 $ 208 $ 169 $ 133 $ 115 $ 104
investmentmGECreditCorp. 931 817 677 -- - - - - -

Totalconsumerproductsandsevces 3.256 2.974 2.695 238 208 If9 133 115 104

Industnalproductsandcomponents 2.595 2.329 2.125 224 176 166 109 106 91

Powersysterns 2.289 2,135 2.105 129 101 84 91 84 79

Techncalsystemsandmatenais 4.475 3.422 2.683 693 444 289 200 163 150

Naturafrescu'ces 2.109 1.679 1.489 446 201 212 94 83 77

Foregnmultandustryoceratens 2.564 2.0f9 2.100 161 109 119 e6 61 64

Corpora'e tems and eiemmations 1223 1 846 1.833 57 23 to _ 14 12 11

Total 2851_1 Sie644 @ 36 M M2 51M Of W4 O

Consumer Products and Services consists of maior apphances. Generat Electric Credit Cor;' oration, a wholly owned noncon-
air conditionsr*g equipment, lighting products, housewares and sohdated f. nance attshate, engages primanly m consumer.com-
audio products, tetevision receivers, and broadcasteg and ca. mercial and mduatnal financmg, pnncipally m the U S It also
blevisen services. It also mctudes service operatons for maior participates, to a lesser degree. m hie insurance and fire and
anphances, air conditeners. TV receivers. and hcusewares and casualty msurance actenties. Products of companies other than
aude products. GE constitute virtuany a!I products financed by GECC.

44 Amval Report 1980
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O
Industrial Products and Componente ecludes components Forsegn Multi-industry Cperations consists pnncipany of for-
(apphance controls. smalt motors and eiectronic comporients); eign au etes whch manufacture products pnmanly for sete m
industnal capital equipment (construction, automaton and trans. their respective home markets.
portation); maintenance espection, repair and rebuildmg of
eiectnc. e+ectrome and mechanical apparatus; and a networts of Not earnings for industry segments mctude allocation of corpo-
suppty houses oftenng products of General Electnc and other rate mterest mcome expense and other fmancial charges to par-
enanufacturers. ent company components cased on change in individual compo-

nont everage nonfined mvestment. Interest and other financial
Power Systeme metudes steam turthno generstors gas tur- charges of affihated compamos recogmze that such companqs
bees, nuclear power reactors and nuclear fusi assembhes. generally service their own deot.
transformers, switchgear, meters, and estanahon and mam*e- General corporato expenses are allocated pnncipany on the
nance engmeenng services. basis of cost of operations, with certam exceptons and reduc-

tions which recognize the varymg degrees to which affiliated
Technical 5ystems and Materiale consats of jet engmes for ar- compames maentam their own corporate structures.
craft,industnal and manne apo: atons; eiectrome and other in addition, provison for mcome taxes ($958 melhon m 1980.
fiigh-technosogy products and servces pnmanly for aerospace $953 milhon m 1979, and $894 methon m 1978)is allocated based
apphcadont and defense, matenals (engmeered plastes, sil6- on the total corporate effective tax rate, except for GECC and
cones, edustnal cuttmg matenals, lammated and msulateg ma. Natural Resources. whose income tares are calcula3d
tonals, and battenes); medical and communcations equipment; separately.
and tima shanng. computing. and remote data processing. Mmority mterer,t ($21 methon iri 1980 and $29 milhon in both

! 1979 and 1978)is Miocated to operatmg components naving
j Natural Hosources includes the meing of coliing coa 4pnnce responsicehty for r rwestments e consohdated affiliates.
t pally m Austraha). utamum, steam coal, won and copper. In adde. In genere8 et is GE's pohcy to once mterral sa;es as nearly

tion, it celudes 04 and natural gas producton, ocean shippmg as practicable io equivaient commercial seihr:g pnces.
(pnmenty a support of mmmg operations) and land acquisiten,

and deveiopment.

i
'

Geographic segment information

I
! Revenues
; > =an, i sweio,ews . - m s,

,
total sevenues weersegrnoni e4.es E sierae seos omsomeramme

j 1980 1979 1978 tbM 1979 1978 1980 1979 19]
UnitedStates $20.750 $18.859 $16.443 $ 484 $ 467 $ 362 $20.266 $18.332 $10.081,

FarEastmcludmgAustralia 1.277 1,183 1.109 355 280 242 922 903 867.

Otherareasotthe world 4.459 3.814 3.270 124 129 145 4.335 2.685 3.125
Drmnationofintracompany

transachons (963) (876) (749) (963) ,J6) (749) - - -

Total $25 523 $22 980 $20.073 $ - L ,- L -- g5] $22 980 $20 07_3

NetEarnings'
u st aioeroamer n

Assets
Farewens .

1980 1979 1978 1980 1979 1978

Umfed States $ 1.175 $ 1.120 $ 961 $13.732 $12.693 $11.410
FarEastincludegAustralia 169 174 170 1.0% 842 889
Citherareasoftheworld 181 120 104 $ 808 3.207 2.827
Etimmahonofmtracompany

transactions (11) (5) (5) (119) (98) _ p0).

Tota] $ 1514 5 1.409 $ 1.230 $18 511 Sie 644 $15 036.

Geographic segment information (including aflocation of m- U S revenues assoinctode royairy and hcenseg mcome from
come fases and minonty mterest m earnmgs of consuhdated affil- unattihated foreign sources,

la.es)is based on the locahon of the operaton furmshmg goods Revemees, net eammgs and assets associated with foreign.

or services included m Umted States revenues avere export operations are shown m the tabulations above. At December 31
sa'es to unaffikated customers of $3.781 milhon m 1980. $2.772 1980. foreign operahon habehties, minonty mierest m equity and
mdhon in 1979, and $2.571 milhon m 1978 Of such ssies. $2.0a9 GE interest in equity were $2.562 rmliicn. $141 milhon and
methon m 1980 ($1,581melhon m 1979 and $1.662 mdhon m $2.195 milbon. respectiveiy C'n a comparatHe Dasis. the
1978) were to customers m Europe. Afnca and ne M.dce East; amounts were $2.101 rest.on $139 minen and $1809 molton.,

' and $926 milW m 1980 ($741 mehion m 1979 and $498 mdhCn m respechwePy. at Decemeer 31,1979. and $ 1.910 me' hon. $150
1978) were to s stomers a the Far East mctuding Austraha mdhon and $1.656 mehon, respectively. at Decerrber 31,1978

The Gerieral E:ectnc Investor 4s
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Ten year summary (a)
se.eci.d sinanew daia

,

(Oosar smourns a mmons. per-enare amourws e dor.ars: 1980 1979 1978 1977 1976

Summary of operatiens
Sales of products and services to customers $24.959 $22.461 $19.654 $17.519 $15.697

Cost of goods sold 17,751 15.991 13.915 12.288 11.048
Selling. general and administrative expense 4.258 3,716 3.205 3.011 2.635
Depreciat2on, depleton and amortization 707 624 576 522 486

Operating costs 22.716 20.331 17.696 _15.821 14.169

Operating margin 2.243 2.130 1.958 1.698 1,528

Other mcome 564 519 419 390 274

Interest and other financial charges (314) (258) (224) (199) (175)
Eamings before income taxes and minonty interest 2.493 2.391 2.153 1.889 1.627

Provision forincome taxes (958) (953) (894) (773) (668)
Minonty interest (21) (29) (29) (28) (28)
Net earnings $ 1.514 $ 1.409 $ 1230 5 1.088 $ 931

Earnings per common share (b) $ 6.65 $ 6.20 $ 5.39 $ 4.79 $ 4.12
Dividends declared per common share (c) $ 2.95 $ 2.75 $ 2.50 $ 2.10 $ 1.70 ,

Earnings as a percentage of sales 6.1% 6.3% 6.3% 6.2% 59% ;

Earned on average share owners' equity 19 5% 20.2 % 19.6% 19.4% 18.9 % t

Dnndends-General Electric $ 670 $ 624 $ 570 $ 477 $ 333 +

Dividends-Utah Intemational inc. (d) - - - - $ 28 I

' hares outstanding-av erage (in thousands) (e) 227.541 227.173 227.985 227.154 225.791
Share owner accounts-a.arage 524 000 540.000 552.000 553.000 566.000
Market pnce range per share tc)(f) 63-44 55i-45 571-431 571 471 531-46

Price. earnings ratio rar*ge (c) 97 97 11-0 12 10 14 11

Current assets S 9.883 $ 9.384 5 8.755 $ 7.865 $ 6.685
Current liabihties 7.592 6.872 6.175 5.417 4.605

Working capital $ 2.291 5 2.512 $ 2.580 $ ?.448 $ 2.083
Ohort-term borrowings $ 1.093 $ 871 3 960 $ 772 $ 611
Long-term borrowings 1.000 947 994 1.284 1.322
Minonty interest in equity of consohdated affiliates 154 152 151 132 119

Share owners' equity 8.200 7.362 6.587 5.943 5.253
Tctal capitalinvested $IO 4U $ 9.332 $ 8 692 $J g 77M--

Eamed on average tota 1 capital invested 17.3 % 17.6% 16.3% 15.8 % 15.1 %

Share owners' equity per common share-year end (b) $ 36.00 $ 32.31 $ 28.88 $ 26 05 $ 23.18

Total assets $18.511 $16.644 $15.036 $13.697 $12.050
Property, plant and equipment additons $ 1.948 $ 1.262 $ 1.055 $ 823 $ 740
Employees-average worldwide 402.000 405.000 401.000 384.000 380.000 1

(at Uniess soecd.ca v noted, am yews are adiusted to metude Utan mier. (e) inctudes General Electnc outstanding ave < age sna es or year-end , ,

natear mc .weicft became a wholy owned aftmate of General Ew- shares as approonate. plus. m 1976 and pre years. outstandmg I ,
* '

enc cn Decemoet 2o.1976. ibrough the escoange of 41.co2.c34 snares previously reported ey Utah rnvi'ipued by 13 Ad usirnentsi

seares of General Electnc common sacca for an of tre outsiandeg have coen maos for the two-tor-one Utan stoca sphe e''ected e the

shares of Utan. form of stock d*vdends m 1973.
(b) Cornouted ussng outstaeding shares as described m note (eh (f) Represents hegn and low market pnces as reported on New Yorti
(c) For General Ewtnc common stock as reported a the years shown. Stock Enceange through January 23.1976, and as reported on the
(d) Re3ects transactions pnor to merger date. Consohdated Tape thereafter. g

.

_
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O
Otherinformation

cuarterey dheidend ana stock market internation
1975 1974 1973 1972 1971 Divias,ia. cme,os,iman ao.aa..a

.

=e stice range
1980 1979 1980 1979

$14,105 $13.918 $11.945 $10,474 $9,557 First auwin 70s 654 557w s44 5504s45wg
Second quarter 75 70 52 44% 514 46%

| 10.210 10.092 8,445 7,381 6.809 TNrd ouarter 75 to sa w 51w 55+ 49w

2,238 2,240 2,058 1,872 1,686 Fourm ouanw 75 70 63 - 51 % 52w 45

. 47G 415 372 344 290 The New York Stock Exchange is the pnncipal market on whch GE
12.918 12.747 10.375 9,597 8.785 common stocu ns traded and. as of December 8.1980. mere were appros-

1.187 1,171 1,070 877 7 77 inutwy 512.2s2 enare owners of record.

174 207 203 207 177 o,,,,,,,,,,,,,,,,,,,,,,,,,,,,,7,
(187) (197) (143) (121) (102) , g

1,174 1,181 1,130 963 847 p.,- - . ao ,.i n., w.re., an.r ne,

(460) (458) (457) (385) (333) toe 0
(26) (18) (12) (5) (4) Sales o# products and

$ 688 $ 705 $ 661 $ 573 $ 510 swvces to customes 55.s61 56.197 55.963 ss.sta
Operasmg marge $27 556 513 647

$ 3.07 $ 3.16 $ 2.97 $ 2.57 $ 2.30 = .eammes 33 403 35s 411

$ 1.60 $ 1.60 $ 1.50 $ 1.40 $ 1.38 s it eannes per
49% 5.1% 5.5% 5.5% 5.3% common snare 1 50 1.77 1.5e i.a0

15.7 % ~ 17.8% 18.4 % 17.5% 17.2 %

serwces to customers 55.0s2 55.642 55.609 56.128
$ 293 $ 291 $ 273 $ 25; $ 250 Opwanno marge 470 59s Sii 551

$ 33 $ 24 $ 14 $ 13 $ 11 Ne eammgs 303 382 341 as3

224.262 222,921 222,631 222,503 221,591 Ne eammos per
conwn nshare 1 33 1.69 1.50 16e

582.000 566,000 543.000 542,000 529.000
521-321 65-30 753-55 73-581 661-46) Dhridend Reinvestment Plan

17-10 19-9 24-17 25-20 26-18 GE share owners anose Company stock is registered m thee own names
and anose addresses of record are e the united States or its terntones
or possessions are eigtse to partsipate e the GE Devidend Reinvest-

S 5,750 $ 5,334 $ 4,597 3 4.057 $3,700 ment Pian. For mformahon on the pian, wate to: Share Owner Records.
4,163 4.032 3.588 2.921 2.894 General Electnc Company, P O. Bon 206, Scrienectady. N.Y.12301.

$ 1.587 $ 1.302 $ 1.009 $ 1,136 $ 806
Form to-K and other supplementalinforma lon

$ 667 $ 656 $ 676 5 453 $ 582 The fmancialinformation m mis Report,in me coinson of ananagernent.
1,239 1,403 1,166 1,191 1,016 sunstannany conforms with or asceeds the informanon required m ihe

105 86 63 54 50 "10.K Reporf'sutxmtted to the Secunties and Enchange Commissson.

4.617 4 172 3.774 3.420 3.106 Cenmin molemental eformaoon. considwea nonsuomantwe. is in.

S 6.G28 5 6.317 $ 5.679 $ 5.118 $4.754 Ciuded m that report, howev,er. an.d cocios,wiil be,,avastaDee withouten,,,,,,,,,,,,,,y,,,,,.,,,,,, ,,,, ,,,g,,,,,,gi,,,,,,

12.5 % 13.4 % 13.7% 12.7% 12.3 % Company Fairfieed. Connecticut o6431.

$ 20.49 $ 18.65 4 16 a4 $ 15.35 $13.96 Copies of the General Electic Pension Plan, the Summary Armual
Reports for GE empsovee bene +it plans sutnect to the Employee Retue-e
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10.0 FACILITIES DESCRIPTION

(")
-

10.1 Plant Layout

The Wilmington Manufacturing Department (WMD) is located

approximately six miles north of Wilmington, NC on U.S.

Highway 117. Figure 10.1 shows the plant layout of all

major facilities. Figure 10.2 shows that' portion of the

plant area associated with the fuel manufacturing

operations and included in the nuclear risk insurance

pool. Figure 10.3 is a layout of the prime fuel

manufac:turing operations showing principal unit

operations.

10.2 Utilities

10.2.1 Electrical

Electric power is supplied from the Carolins Power &

() Light Company, three-phase (?.7), 115,000-volt

transmission line, originating at the Sutton generating<

plant approx,-- .aly four miles southwest of the WMD

plant.

'

Supply power is reduced to 35, 13,000 V at the WMD

main substation and distributed throughout the plant on

an overhead electrical transmission bridge. Each

production building has rooftop penthouses containing

transformers and switchgear to reduce the voltage from

36, 13,000 V to 36, 440/277 v.
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FIGURE 10.2

SECTION OF GE--JMD INCLUDED IN NUCLEAR RISK INSURANCE POOL
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FIGURE 10.3

GE-Wh!D PRIh!E FUEL h!ANUFACTURING OPERATIONS
O
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.

.

There are two main feeders from the main substation to

('] each major production facility. The building electrical
'''

loads are divided between the two feeders. Manual

switching is provided, and capacity is available for

either feeder to carry the entire building electric

load.
.

10.2.2 Emergency Power

Process equipment design provides for fail-safe

conditions should electrical service be interrupted.

Emergency power is provided for water supply, supervised

alarm system, and essential equipment cooling. The

following are emergency power arplications:

10.2.2.1 Emergency Lighting - Individual Units in Area

Battery operated emergency lighting to provide safe

egress from all interior building locations - 4-8 hour

duration.
,

~

10.2.2.2 Emergency Power - Autocall System - Main Guard Shelter

Provides automatic switch over of autocall system to

batteries to maintain surveillance of supervised alarm
,

system throughout the plant. Duration 4-8 hours,
u

! 10.2.2.3 Emergency Power - Criticality System - Emergency Control

Center

Provides automatic switch over to battery system to

provide continuous criticality surveillance until system

is automatically transferred to the emergency generator.;

10.2.2.4 Emergency Power - FMO - Critical System

| A 175-HP diesel-operated generator, located outside the

| east end of the fuel manufacturing building, provides an
!

!

|

(.
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.

automatic startup of the emergency generator and a

switch over to the emergency system in the event of a gg
power failure. Emergency power is provided for the

criticality alarm system, the controlled area air

?ampling system, and the sintering furnace cooling

system.

.

~

10.2.2.5 Emergency Power - Standby 13V System

A 13,000 V system from a 22 KVA distribution system is

provided for limited emergency power. Normally this

system provides power to the water supply system and the

waste treatment facility. In an event of a power outage

on the main supply there is limited power available by

manue.lly switching to provide power to selected

operstions. The utilization of the standby 13,000 V

system for other than the water supply would not be

considered unless the electrical outage on the main

substation was estimated to be in excess of eight hours.

In this case manual switching of all circuits would be ggg
initiated to limit emergency power to emergency lighting

and selected heating, ventilation, and air conditioning

(HVAC) equipment in the fuels manufacturing operation
'

necessary for airborne containment in the controlled

areas. .

10.2.2.6 Re-establishment of Normal Electric Service

Battery operated emergency systems, used for emergency

lighting, autocall system and criticality system, are

automatically transferred to the main electric supply

when power is returned and recharging capability to the

batteries is provided.

Re-establishment of electric load to the sintering

furnace cooling system is performed manually by

switching individual pump systems and air sampling

''
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systems back to normal power. The emergency generator

is shutdown and placed in the emergency stand-by mode.O
Lighting and air conditioning are automatically restored

when electric service is resumed. Process equipment is

manually restarted in tha same sequence as from a normal

shutdown mode.
,

10.2.3 compressed Air

There are six air compressors in the fuel manufacturing

operation providing a total capacity of 3900 cfm of

compressed air at 100 psi. All air compressors

discharge to common surge tanks from which the air

supply is directed to plant air systems or instrument

air systems. The air compressor system provides for

prefiltering prior to compression, secondary filtering,

and refrigeration drying to remove oil and water. Air

destined for instrumentation and for heating apparatuses

is further filtered and dried in a descicant filter.

Only high quality instrument air is used for breathing

purposes in the waste decontaminatian facility. The air

compressors and auxiliaries are located in the west end

of the fuel manufacturing building and piped throughout

the building area.The plant air and instrument air
,

systems are looped to provide constant air pressure and

volume at remote loca tions. The air compressors are
,

interchanged in pairs with one compressor under load and

the second unit idling on line. When air-supply demands

reduce the pressure in the surge tank by a predetermined

amount, the second unit is automatically placed on line,

and reatains on the line unti.1 the air-supply demand

returns to normal.

6

m
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10.2.4 Water Supply

Plant water is supplied from fifteen deep wells with a

combined capacity of 1125 gpm. There is no alternate

site water' supply. A 300,000 gallon elevated storage

tank provides 150,000 gallons of water for plant use in

the event of a short interruption of electrical power

and maintains a constant pressure in the water system.
,

Figure 10.4 shows a schematic of the water suoply system
for the WMD plant. Well water is treated for removal of

sand and iron, and is chlorinated prior to entering the

distribution system.

At its entrance to each building the water supply is
separated into two systems, potable water and plant
water. Potable water _is restricted to drinking,

sanitary needs, safety showers and eye washers: plant

water supplies process and facility needs. The plant

water system.has reduced pressure backflow preventers to

preclude backflow of plant process water into the

potable water system under any condition.

- Under normal conditions, the average daily water

consumption would be 557,000 gallons used for plant
,

industrial use. Abnormally high usage would only occur

| during activation of the fire protection system a which

time water consumption could reach 1125 gpm.

The following is a failure analysis of the water supply

system. Note that normally the electricity for the

water system is supplied by the 13.8-KV standby system
from a 22-KV distribution system.

-
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FIGURE 10.4
GE-WMD WATER SYSTEM
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10.2.4.1 Loss of System Power

Action: Open disconnects at standby substation and then

transfer system to main substation.

Time: Appro> imately 15-20 minutes

System Effect: None. Elevated storage tank will

normally handle plant loads for 4-6 hours.

10.2.4.2 Loss of Power to Well

System Effect: None. Presently less than 50% of system

capacity is being utilized. Elevated storage tank will

normally handle plant loads for 4-6 hours.

10.2.4.3 Break in Supply Main

Action: In-line valves installed to allow

sectionalizing of system to isolate break point.

Time: 15-30 minutes

System Effect: None. Elevated storage tank will

normally handle plant load for 4-6 hours. ggg

10.2.4.4 Break in Distribution System

Action: Close branch header to building

Time: 15-30 minutes

System Effect: Building supply line cut of f.

Production down time only. As long as electric power is

available in the building affected by the water

curtailment, the recirculating cooling water system will

allow essential equipment to be safely cooled down.

10.3 Heating, Ventilation, and Air Conditioning (HVAC)

10.3.1 General

The heating, ventilation, and air conditioning systems

are designed to maintain a clean and conditioned air

supply to all areas of the building and to exhaust air

-

W
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.

through appropriate filtering or washing devices from

g~x equipment and areas where significant quantities of
(

'

radioactive materials are handled. Under normal and
-

most anticipated abnormal process conditions, personnel

will not require respiratory protective equipment.

The exhaust equipment is designed to provide air flow

from areas of lesser contamination to areas of higher

contamination, to confine and contain air streams

containing radioactive constituents, and to minimize the

potential accumulation of contamination within the air

handling ductwork.

Each of the separate area air handling systems

appropriately combine fans, dampers, ducts, filters,

signals, and pneumatic and electrical control devices to

provide ventilation consistent with the specific

requirements of that area.
,

,
* ;.
' '

Final filters, greater than 99.97% efficient for 0.3
~'

| micron-diameter particles, are equipped with pressure
'

drop measuring devices to detect filter loading;

pressure drop of greater than 4.0" of water across a

; ' filter will signal a condition requiring special 4

investigation of filter effectiveness. When the

airborne radioactivity in the air downstream from a

final filter approaches the maximum acceptable release

limit as determined by air sample results, the filter is

replaced. Detailed information on the various

ventilation systems is set forth below. All rates are
,

nominal.
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10.3.2 Vaporization Area - Area A

volume 71,000 cu. ft. ggg
Exhaust 6,000 CFM

Recirc 11ation 9,000 CFM

Air Changes / Hour 11.7

Total air supply to the vaporization area is 15,000 CFM

with 6,000 CFM coming from outside_ air. Another 9,000

CFM is supplied from the recirculating system which is

equipped with a high efficiency particulate air (HEPA)

filter. Both supply systems are equipped with cooling
and heating coils for room temperature conditioning as
required.

Room air is exhausted to the conversion area discharge
at'a rate of 6,000 CFM. The exhaust via this route is

discharged through the scrubber and HEPA filter system
previously described. Signals, actuated by duct sail

switches and differential-pressure gauges, warn of (|)
malfunction of either primary or recirculation systems.

No gases are discharged directly from this area to the

atmosphere.

10.3.3 EE6-EE2 Conversion Area _ Area B *

Volume 473,000 cu. ft.

Roof Scrubber Exhaust 30,000 CFM

Slugger / Granulate: Exhaust 16,000 CFM

#5 Mill Exhaust 2,000 CFM

Baghouse Exhaust 2,000 CFM

Recirculation 90,000 CFM

Air Changes /Hr 17.7

-

'
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Supply air consists of 27,000 CFM into the area and, in

~') lesser rates, from the changerooms and the machine shop.;- -
Duct-mounted switches signal loss of air supply at a

'

control panel.

Two large exhaust fans are installed in parallel and are

alternately operable by manual switching at the operator

control panel. Each fan is independently filtered and

capable of maintaining 3.8 air changes per hour. The

slugger / granulator exhaust is capable of maintaining 2.0

air changes per hour while the #5 mill and baghouse

exhaust provides 0.5 air change per hour. The

recirculation system provides an additional 11.4 air

changes per hour.

Air intake to the exhaust system moves through polyvinyl

chloride ducts to a water scrubber in which a

recirculating water stream removes contaminants,

I^') returning them, in a portion of the scrub solution, to

the process. After scrubbing, the air is heated by

steam heaters, passed through an HEPA filter and the

exhaust fan, sampled and discharged.
-

10.3.4 Pelletizing Area - Area C '

Volume 66,200 cu. ft.

Exhaust 8,400 CFM

| Recirculation 11,000 CFM

Air Changes / Hour 17.6

The room exhaust of 8,400 CFM is primarily taken from

the pellet press area. Sail switches signal

deficiencies in the exhaust or supply streams at the

control panel in the mezzanine equipment room. Room

-
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pressure is controlled with a manual d'mper in the air

supply duct. HEPA filtration and sampling is provided gg
before the air is e.vhausted to the atmosphere, and HEPA

filters are installed in the recirculation system.

10.3.5 Sintering Area - Area D

Vo'iume 150,000 cu. ft.-

Exhaust 12,000 CFM

Recirculation 60,000 CFM

Air Changes / Hour 27

Four fans recirculate sintering-room air at a rate of

15,000 CFM each through cooling or heating coils, fan

and duct to room discharge. The system performance is

monitored by sail switches and differential pressure

gauges. Alarms for system malfunction are provided at

operator control panels.

The above four fans also supply make-up air to the (|)
sintering area recirculation system to replace the 8,000

CFM which is exhausted from the furnace hood. That

exhaust stream is discharged through HEPA filters to a
.

roof stack. The air stream is sampled prior to its

release to the atmosphere. Room pressure can be 8

controlled by adjusting the input damper on outside

air.

10.3.6 Segmentizing Area - Area E

. Volume 160,000 cu. ft.

Exhaust 11,700 CFM

Recirculation 16,000 CFM

Air Changes / Hour 10.4

-
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Outside air is supplied to the recirculating system duct

i where it is conditioned and passed on with the

recirculated air stream to the room. The recirculating

volume is 16,000 CFM, and the outside air supply adds

11,700 CFM.

Exhaust is accomplished with a flow rate'of 11,700 CFM

from the grinder area and the rod loading stations.

Air is routed through the duct to the HEPA filter, fan,

and monitored exhaust stack.

10.3.7 Noncontrolled Areas - Area F

Air handling in the noncontrolled area is accomplished

by recirculation and fresh air make-up necessary to

maintain design temperature and humidity conditions.

Controls are provided in the noncontrolled areas so that
-

more pressure can be maintained at a positive level with

respect to control zones.

C''

| 10.3.8 Waste Treatment - Area G

Volume 62,500 cu. ft.

Exhaust 8,600 CFM

Fresh Air Make-up 5,000 CFM

Air Changes / Hour 8.3

Exhaust from the waste treatment tanks and the

decontamination hoods is directed to the conversion area

vent system. Combined exhaust from those two sources

add 8,600 CFM to the vent header.

Outside air is supplied to the waste treatment room at a

rate of 5,000 CFM from a 100% outside air make-up unit.

-

''
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Manual dampers control the amount of air exhausting to

the roof scrubbers. Stack gases are sampled prior to ggg
release to the atmosphere at the stack termination

point.
.

10.3.9 UO9 Powder Storage - Area H

Volume 78,500 cu. ft. .

Exhaust 6,000 CFM

Recirculation 7,000 CFM

Air Changes / Hour 9.2

All gaseous exhaust from the UO2 Powder storage area

is through hoods at the powder transfer hoppers. Total

exhaust rate from the room is 9,000 CFM through HEPA

filters with 3,000 CFM discharging to a recirculation

system.

Outside air is supplied to this system at a rate of

5,000 CFM. It is mixed with 4,000 CFM of recirculating ||)
air and is thermally conditioned prior to discharge into

the room by the recirculation fan. Pneumatic-electrical

instruments monitor the system operation and signal loss
'

of air flow.

b

10.3.10 Chemet Laboratory ' Area I

The chemical and metallurgical laboratory ventilation

system where laboratory work is done that products

dust is independent of the fuels manufacturing area and

is designed to exhaust all laboratory air through the

hoods in the controlled rooms. Each hood is equipped

with a roughing filter and a HEPA filter. An additional

HEPA filter is installed in the main duct upstream from

the exhaust fan.

-
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Occasionally, although infrequently, samples of uranium

) containing trace amounts of plutonium may be received
from external sources for purposes of verifying
analytical methods and equipment. When suca samples are

'

received, special preparation is made to isolate the

activity including lining the hood with absorbent paper,
additional protective clothing, special step-off pads

and frequent monitoring.

10.3.11 GECO Subareas - Area J
Vaporization HF Room Chemical Area

Volume 82,800 cu ft 9,974 cu ft 153,900 cu ft

Exhaust 3,000 CFM 2,000 CFM 14,900 CFM

Recirculation 12,100 CFM 0 31,000 CFM

Air Changes /Hr 10.9/hr 12.3/hr 13.8/hr

The GECO area is divided into three main areas -
vaporization, HF room, and a chemical area. The

( ;) vaporization area and the chemical area HVAC systemsw
provide for outside fresh air make-up, recirculation,

and exhaust. The HF room is supplied from the chemical

area and only has exhaust capabilities. The exhaust
.

from all three major systems is passed through a wet

scrubber in which a recirculating water stream removes '

contaminants returning them in a portion of the scrubber

solution to the waste recovery process stream. After

scrubbing, the air is neated by steam heaters, passed

through HEPA filters, sampled and discharged. In the

event of a power failure all systems are designed for

the fail safe mode.

O
NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET #70-1113 REVISION 0 II- 10.17

.



10.3.12 Incinerator - Area K

A contaminated waste incinerator is being constructed on |||
the WMD site west of the fuels manufacturing building.
The building will have a volume of 92,400 cu. ft. The
HVAC system will provide for fresh air intake,

recirculation, and exhaust. Design criteria will be in

accordance with latest standard _ for the' control of HVAC
systems assoc'.ated with the handling of radioactive

materials and the exhaust from such facilities. Exhaust

monitoring capabilities will be provided.

10.4 Waste Handling

10.4.1 Liquid Waste

There are three process liquid waste streams discharged

from the fuel manufacturing operation. These waste

streams are designated as fluoride wastes, nitrate

wastes, and rad waste. The streams are shown

schematically on Figure 10.5.

10.4.1.1 Design Concepts h
The waste streams are separated into the three

chemically compatible groups mentioned above. This

segregation facilitates subsequent treatment steps.
,

#
Necessary interim storage is provided by use of surge

tanks and lagoons. There is no permanent liquid storage

on site.

Dikes and curbs are used to either contain spills or

direct them to the final lagoon system. The developed

areas of the site are graded to direct storm water

runoff to a central ditch which is also used to conduct

treated process and sanitary wastes to the river. A

-
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FIGURE 10.5
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dam installed in this ditch can be utilized to contain
the runoff from the developed areas. These details are

shown in Figure 10.5.

10.4.1.2 Fluoride Waste Stream

Chemical wastes from the conversion process are

collected in slab tanks. The wastes in the tanks are

sampled and analyzed-for uranium content. If the

uranium content meets internal action guides, they are

released to a 65,000 gallon storage tank; otherwise they

are recycled for additional processing. The liquid in

.the 65,000 gallon storage tank is circulated constantly

to keep the solids in suspension and thus prevent

settling in the bottom of the tank. This tank bottom is

V-shaped and is checked on a regular basis for

accumulation of solid material.

The fluoride waste is transferred via a pipeline from

the 65,000 gallon storage tank to a 100,000 gallon

settling tank. At the waste treatment facility the

solid material is recovered from this settling tank by

centrifugation and is-collected and stored in five
'

gallon pails. The supernate from this tank is treated

to remove ammonia and fluoride. 4

The recovered ammonia is reused in the manufacturinJ
process. The treated waste water is pumped into stirage

lagoons in which the precipitated CaF2 is allowed to

settle. The liquid in the storage lagoons is then

pumped to aeration lagtons where if necessary it can be

sprayed to remove entrained ammonia. The liquid is then

discharged through a line in which it is sampled for

uranium, nitrate, and ammonia content. It is then fed

.
-
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into the plant industrial waste drain. This drain

^) directs liquid to the final lagoons from which liquid is
''

released into a drainage ditch and then offsite to the

river. As the liquid leaves the final lagoons it is

sampled for uranium and other chemical contents.

10.4.1.3 Nitrate Waste Stream -

The liquid wastes resulting from the uranium

purification system are processed through a slab

quarantine tank system. As long as the uranium

concentration is less than internal action guides the

liquids are pumped into a 20,000 gallon accumulation

tank. This liquid is then circulated in the

accumulation tank until it is pumped to a second 20,000

gallon treatment tank in which it is tretted with a lime

slurry for raising its pH and for precip tating any

uranium remaining in solution. After a period of time

to permit settling of solids at the bottom of the tank,

|} the clear supernatant is pumped to nitrate storage
s

lagoons. These treated materials are utilized

beneficially as described in Chapter 5.1.4.2. The

solids collected in the bottom of the 20,000 gallon

treatment tank are recycled through a centrifuge with

the solid-free liquid being returned to this tank. *

10.4.1.4 Radioactive (RAD) Waste Stream

Waste water from sources such as laboratory sinks,

| protective clothing laundering machines and floor drains

is routed to the RAD waste system. Concentrations of

uranium in water from these points normally is quite

low. The system consists of collection tanks,

centrifuges and uranium monitoring equipment. Waste

water is collected and transferred to a slab-shaped

accumulator tank,
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From the accumulator tank, the water is centrifuged to

remove suspended uranium compounds. The clarified water |||
flows into a quarantine tank, is sampled and, as long as

the uranium concentration is less than internal action

guides, is pumped to the final lagoon system.

Higher-than-limits waste is returned to the system for

rework. A composite of the RAD waste effluent is

collected on a basis proportioned to flow. This sample

is analyzed daily for uranium concentration.

This is a contained wet system thus presenting no

significant radiation safety hazards. Solids removed

from centrifuges are put into pails and lidded while the

material is still wet.

10.4.1.5 Sanitary Waste Stream

' Sanitary waste is collected and transferred in a

dedicated sanitary drain system to an extended aeration

||hsanitary waste treatment facility. The treated

effluent enters the site drainage ditch where it

combines with other industrial liquid waste for

discharge to the Northeast Cape Fear River.

Final Effluent

As shown in Figure 10.5, the treated fluoride waste and

rad waste streams flow into chemical lagoons. The
effluent from these lagoons is pH adjusted prior to

discharge via a ditch to the Northeast Cape Fear River.

Internal action guides established for uranium

concentration are: (1) a one day value of 5 parts per

million, and (2) a calendar month average of 2 parts per

million.

-

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE
'"

DOCKET #70-1113 R EV I S I ON 0 II-10.22
*

.



10.4.2 Solid waste

Two types of solid waste are gccerated at the WMD_x

._J operation. One is normal industrial waste such as wood
,

crating, packaging material, office paper, rags, cans,

barrels, etc. This waste is collected in large

containers and transported to the county landfill where

it is buried.

Solid process waste can be classified in two

categories; contaminated /noncontaminated and

combustible / noncombustible. Contaminated combustible

solid process waste is burned in a dedicated

contamination incinerator; the ash is shipped offsite to

an approved facility for recovery of uranium.

Contaminated noncombustible waste is cleaned, packaged,

and shipped to a licensed low radioactive material

burial ground. Some solid waste is generated by

chemical precipitation from the liquid solutions and is
_ stored in lagoons. Calcium fluoride sludge is also

( .i
/ stored in large holding ground storage areas. Zirconium'

sludges are fixed by a chemical fixation process and

stored in earthen dike storage areas on site.

Normal noncontaminated solid process waste is disposed

of at the local county landfill.

Other solid wastes are stored in a secured area until

processes are developed to recover the material;

included in this category is zirconium scrap turnings

and grinding dust.
t

In compliance with the Resource Conservation and

Recovery Act, all hazardous waste generated at WMD has

been identified and reviewed; provisions have been made

to identify, control, store, and dispose of it in

approved methods.
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10.5 Chemical Systems

Major components of nonradiological chemical operations
are discussed in this section. The potential hazards

and associated information are presented in Chapter 17.

.

In addition to nuclear fuel manufacturing, other

production operations conducted by General Electric at

the Wilmington site include the manufacture of stainless

steel reactor equipment, the fabrication of zirconium

components for fuel assemblies and the manufacture of

aircraft engine components. These activities are

typical of conventional metalworking plants and are

carried out in facilities physically separate from the

fuel building.

Although these facilities operate on a multishift basis

(the number of days worked per week and the number of

shifts per day will vary with production requirements)

the manufacturing chemical processes operate on a batch
g

basis. The chemicals used in the batch processes are

drawn from either bulk or small package storage areas

adjacent to the facilities. The waste streams are

either treated at the generating facility or transported

to the site waste treatment facility.

All process areas and chemical storage areas are curbed,

diked, sloped to process drains or otherwise contained

to control unplanned raleases.

10.5.1 Reactor Equipment and Aircraft Engine Components

Surface Cleaning - Metal parts are immersed in tanks

containing either water solutions or alkaline cleaners

or dilute nitric acid as appropriate. Some components

are processed through a vapor degreaser operation.

-
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Inspection - These operations require the use of dye

I'l penetrant systems to assure product quality. SmallV
quantities of these materials are handled in water borne

systems.

Plating - Copper plating and subsequent stripping, and

chromium plating is done on a small portion of the parts

manufactured.

Nitriding - Dissociated ammonia is utilized in a

nitriding furnace for surface treatment of stainless

steel.

Etching - Chemical etching of titanium alloys, Inconel

and Rene' will be conducted on a batch basis. The acids

used in these operations are nitric, hydrochloric and

-hydrofluoric.

I~) 10.5.2 Zirconium Fuel Assembly Components
v

Surface Cleaning and Inspection - These operations are

similar to those described in Chapter 10.5.1.

,

Etching - Chemical etching of zircalloy components is

conducted on a batch basis. The acids for this

operation are nitric and hydrofluoric.

10.5.3 Final Lagoon System
r

| Sulfuric acid is added to the final process lagoon

effluent to adjust the pH to the required range of

between 6 - 9. This is a continuous operation.

i

/T,
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10.5.4 Major Chemical List

Major chemicals involved in the nonradioactive chemical

operations are listed below. The U.S. Environmental

Protection Agency codifications used in 40 CFR 261 for

hazardous wastes are used to denote the type of hazards

involved. (40 CFR 261 Designation: C - Corrosive, T-

Toxic, R - Reactive).

TABLE 10.

Chemical 40 CFR 261 Code
Ammonia None

Hydroc..loric Acid Ci

Nitric Acid C

Sodium Hydroxide C

Hydrofluoric Acid C, T

Sulfuric Acid C

1, 1, 1 Trichloroethane T

Spent Plating Solution - Nickel Chloride R, T

Spent Plating Solution - Copper Sulfate R, T

Spent Plating Solution - Chromic Acid R, T

10.6 Fire Protection

10.6.1 Building Design - Nuclear Fuel Manufacturing

Design of the WMD facility was performed by J.E. Sirrine

Co., Greenville, N .' C . in accordance with existing local,

state, federal and national codes, standards and/or

regulationu. The building and appurtances used to

process and store hazardous materials were designed to

provide for contair. ment of such materials under extreme

uncontrollable environmental conditions such as

temperature, fire, wind, flooding, and earthquake.
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The building is fabricated of concrete block and
,
I ) insulated metal siding over a steel framework with a

concrete floor. A built-up roof consists of a metal

deck and insulation which is topped with asphalt and

gravel. The insulated steel deck and roof construction

meets Factory Mutual requirements for minimum fire

hazard and wind resistance. It is desighed for 40-psi

live-load in addition to the dead-load factor.

Earthquake loadings and design criteria are based on the

applicable portion of Volume I, " Uniform Building Code",

latest edition. The building is complete sprinklered

except for the U02 Powder storage area and the

chemical process control room, and is equipped with hose

connections. Water is supplied from onsite wells which

feed a 300,000 gallon elevated water storage tank and a

grade level reservoir of the same capacity. The

facility and processes have been insured for nuclear

liability and property coverage by the American Nuclear

(,) Insurer (ANI). Routine audits'of all facilities

included in the nuclear risk insurance pool, Figure 10.2,

are perfam.ued by the insurer.

10.6.2 Design Criteria

Project leader for J.E. Sirrine & Co. for the design of

the fire protection system was J.H. Bringhirst Jr. , PE

#2064, in the State of North Carolina. Design criteria

included normal fire protection standards of the National

Fire Protection Association and consideration on

interaction of water with process materials. All design

of the fire protection system, materials, and equipment

was reviewed and approved by Factory Mutual Engineering
(FM) prior to installation. Initial system inspection for

conformance and testing was performed by FM who continues
routine inspection and testing for the insurer.
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10.6.3 System components

O
The fire protection system is designed in accordance

with the National Fire Protection Association standards.
Prime components of the fire protection system (Figure '

10.6) are:

,

300,000 gal elevated tank capable of supplying 150,000

gals of dedicated water to the fire protection system.

300,000 gal ground level water retention basin.

1,000 gpm diesel pump with automatic startup
capabilities for supplying the fire protection loop from

the retention basin with water at 125 psi.

Electric jockey pump to maintain a 90 lb. pressure at

all times on the fire protection system.

O
A 10" cast iron underground fire main loop around the

prime production facilities.

A series of underground branch headers - normally 8" -
from the 10" main loop supplying fire protection water

to sectionalized sprinkler systems in each production

building.

A supervised alarm and warning system (autocall)

providing 24 hour coverage of prime fire protection

safety auxilaries such as sprinkler system supply valve

closing, water flow in sprinkler system, fire pump

operations, smoke detector operation, etc.

_
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Fire extinguishers designed for specific fire

control utilization and strategically located for ggg
primary fire containment.

Fire hose on reels connected to the primary fire

protection system.

Halon systems for primary fire control in computer

facilities.

Hose test and certification facility.

Smoke detectors in essential exhmust systems.

An emergency vehicle with extra hose, protective

clothing, self-contained breathing apparatus and

miscellaneous tools and equipment.

The fire protection system is supplied by the fifteen |||
site deep wells having a system capacity of

approximately 1,125 gpm.

,

10.6.4 Fire Protection Program

The fire protection program was developed through the

combined talents of the General Electric Corpirate fire

protection specialist, Factory Mutual Engineering,

the Wilmington, N.C. City fire department and plant fire

protection specialists. This expertise developed the

management responsibility for all phases of the program,

organization and training plans and for the inspection,

testing, and auditing of the program. Details of

organization, responsibility, and training are included
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in tha WMD Emergency Plan and Safety Manual. Factory
d Mutual Engineering conducts an annual fire protections;

audit which is reviewed with top management.

Routine inspection and testing of the fire protection

system is conducted by security personnel under the

direction of the manager of the industridl safety

function. Maintenance and operation of the fire

protection system and equipment is the responsibility of

the manager of the installation engineering and the site

services function.

10.6.5 Fire Safety Considerations in Waste Procedures

Generally combustible, uncontaminated waste tha? was

generated in normal industrial operations where ..o toxic

or radioactive contaminated material are involved is

accumulated in large containers and directly shipped

offsite to the county waste disposal facilities.. - -

( :
.)

Combustible contaminated wastes are boxed and stored

outdoors in secured storage pads pending incineration

and recovery of the uranium. Location of these boxes

outdoors and their physical separation for criticality

safety minimizes their significance as a fire hazard.

''
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11.0 ORGANIZATION AND PERSONNEL

'

11.1 UNIT FUNCTIONS

The Wilmington Manufacturing Department (WMD) is a func-

tion within the General Electric Company, Nuclear Energy

Bu_iness Group (NEDG), headquartered in San Jose, Cali-

fornia. NEBG designs nuclear powered reactors and pro-

duces nuclear reactor components. WMD manufactures
nuclear fuel and special equipment for reactors.

The main functions of WMD are Shop Operations, Quality

Assurance, Technical Support, Technology Development,
*

Major Project Administration and Materials (i.e.,

procurement, production, scheduling and traffic). The

functions of these organizational units are as follows:

11.1.1 Shop Operations (e.g. Fuel Manufacturing) manufactures

product in accordance with methods prescribed by
support units. It manages essentially all of the hourly,

work force.

11.1.2 Quality Assurance assures outgoing product quality via

prescribed inspection techniques, product specifications
and operating procedures. Nuclear safety functions

including criticality and radiation safety engineering,

radiation protection, and environmental protection are

subunits within Quality Assurance. They are responsible

for establishing and maintaining all nuclear safety

programs within WMD.

11.1.3 Technical Support provides technical support for manu-

facturing operations including process definition,
equipment availability, and operating instructions. These

functions also provide maintenance support for manufacturing.

N
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11.1.4 Technology Development develops special processes, equip-

ment and instrumentation needed'for production of

nuclear fuel.

11.1.5 Major Projects provides overall management of major

technical programs such as facility modifications, new

process introduction and product design changeovers.

11.1.6 Materials schedules of production operations to assure

delivery of products as required; procures raw material;

and operates traffic operations (receiving and shipping)..

11.2 ORGANIZATION CHARTS

Figures 11.1 and 11.2 show current NEBG and WMD

organization charte. Functions of Finance and Employee

Relations (including Industrial Safety and Health) are

located in Wilmington, but are managed from the San Jose,

California headquarters.

O
11.3 ORGANIZATIONAL PROCEDURES

NEBG has established policy for protection of employees,

the public and the environs from potential industrial,

radiation and nuclear hazards which could occur because
of activities conducted at NEBG plants. NEBG policies

are documented in Organization and Policy Guides.

Responsibility for adherence to these policies at Wilmington

rests with the General Manager - WMD. WMD instructions

to implement the policies are called Practices and

Procedures (P/P's) , which clearly define functional

responsibilities and authorities. They also contain

specific instructions to assure complianct to NEBG and
WMD managerial guidelines. P/P's require General Manager

approval prior to issue or change. Sections within WMD may

prepare Section Administrative Routines (SAR's) to
_
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govern the conduct of their personnel in accordance with

higher level documentation. SAR's require Section Manager
' '

'

approval prior to issue.

11.3.1 Operating Level Instructions -

Process Requirements and Operating Documents (PROD *2)
are prepared by process engineering and Nuclear Safety
Engineering personnel to provide on-the-floor instructions
to Shop Operating personnel. PROD's require approval

of the area manager prior to issue.

11.3.2 Internal Audits

Nuclear safety audits are conducted daily by the radiation
protection ionction in accordance with the instructions
issued by Nuclear Safety Engineering (NSE). Additional

safety audits are periodically conducted by others
including NSE and Licensing and Compliance Audits (L&CA).

'

11.3.3 External Audits

In-depth nuclear safety audits are conducted periodically
by personnel from the NEBG Product and Quality Assurance
Operation (P&QAO), a Division-level organization with
responsibility of operational over-views of nuclear
safety and product quality.

,

11.4 KEY FUNCTIONS

The following is a description of key functions of Wilmington
manufacturing operations. Each has an individual speci-

fically identified as its manager. Normal plant routines

require identification of a delegate when managers are
unavailatle to perform their duties. The Emergency Plan,

discussed in Chapter 8, delineates responsible managers
and lines of succession for handling site emergency

situations.
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11.4.1 Functions Relating To Safety Of Operations In The Plant

The following in-house functions are provided in support |||
of fuel manufacturing operations. There are conducted

by individual positions or by groups of individuals (i.e.,

organization components) depending on the size and
complexity of the function.

11.4.1.1. Nuclear Safety Engineering

11.4.1.1.1. Criticality Safety

Perform criticality analyses to establish safe batches,

geometries, concentrations, and spacing of special nuclear

materials and equipment. Provide authoritative professional

advice and counsel to area managers on matters of control

against accidental criticality. Measure the effectiveness

of the criticality control program by reviewing the

application of methods and data to actual plant situations.

Conduct educational programs in criticality matters.

Conduct preoperational audits of new facilities.

11.4.1.1.2. Radiological Safety

Establish a radiological safety program, which includes

formulation of radiation protection criteria, definition

of a bioassay program, analyses of existing systems,

equipment and operations and recommendations for improve-
ments therein. Conduct educational programs in radiolo-

gical safety matters. Establish personnel exposure

records system.

11.4.1.2 Radiation Protection

Administer the radiological safety program, which

includes audits for conformance of plant operations to

criticality safety and radiation protection criteria.

Provide and implement a radiation monitoring program.
-

''
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Provide assistance in employee training in the methods

for minimizing radiation exposure through proper work
"'

habits, use of radiation detection instruments, pro-

tective clothing, and respiratory protection devices.

Maintain all radioactive exposure records required by

regulatory agencies.

11.4.1.3 Environmental Protection

Establish and administer an environnentti protection

program, including monitoring of liquid and gaseous

effluents from the plant, periodic sampling of the

environment to evaluate the environmental effects of

plant operations, and provision of authoritative

professional advice and counsel to area managers on

matters of minimizing the environmental effects of

plant operations.

11.4.1.4 Licensing and Compliance Audits

Represent the Wilmington component in legislative

activities concerning radiation protection and licensing-

Procure and administer NRC and Agreement State licenses -

Interpret and determine application of NRC, State a.id

local government regulations. Provide advice and courac1

to Wilmington components and their customers on regula-

tory matters, and audit WMD activities for compliance

with license and regulatory requirements.

11.4.1.5 Industrial Health and Safety

Develop programs to protect employees from industrial

hazards, including operation of medical and safety edu-

cation programs.

11.5 EDUCATION AND EXPERIENCE OF KEY PERSONNEL

_

''
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11.5.1 General Managg7 - Wilmington Manufacturing Department

J.A. Long |||
B.S. - Mechanical Engineering

Mr. Long graduated from the Georgia Institute of Tech-
.

nology in Atlanta, Georgia, in 1957. He worked for

three years as a research engineer in high-temperature

materials at the Southern Research Institute, Birmingham,

Alabama.

In 1960, Mr. Long joined the National Aeronautics and

Space Administration where he was a propulsion engineer

and manager on the Apollo launch vehicles.

From 1967 to 1971, Mr. Long was Staff Assistant to

the administrator of NASA in Washington, D. C.

Mr. Long came to Wilmington in 1974 from the Strategic

Planning Operations of the Genera.' Electric Power Generation

Group, which he joined in New York City in 1971. In

1977, he became Manager, Equipment Manufacturing, in

charge of production operations for the mechanical

hardware in the General Electric boiling water reactors.

He became General Manager of the Wilmington Manufacturing

Department in 1980.

11.5.2 Manager, Fuel Manufacturing

J. E. Bergman

B.S. - Chemical Engineering -

Mr. Bergman joined General Electric at the Hanford

Atomic Products Operation (HAPO) in 1951 as a member of

the Technical Training Program. He later held positions

at HAPO in quality control, shop operations, and engineering
-

'
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associated with the manufacture of nuclear fuel,

i

' In 1960, he was appointed 1:anager, Quality Control for

Nuclear Fuel Manufactur.ing at General Electric's

San Jose operation where he was responsible for the

quality activities for rod and plate-type fuel for

commercial power reactors and research r.eactors.

In 1962, Mr. Bergman was appointed Project Engineer

for the Capacitor Department with responsibility for.

the design, procurement, installation and startup of

the new nickel / cadmium battery plate manufacturing

facility in Gainesville, Florida.

In 1964, he was appointed Manager of Manufacturing

Engineering for the Battery Operation with responsibility

for Facilities, Advanced Manufacturing Engineering,,

Process Engineering and Method and Work Measurement.

)
''

Mr. Bergman joined the Corporate Consulting Operation

in New York in 1966, with consulting assignments in

the areas of manufacturing operation and o ganization,r

and advanced quality techniques development and ape i-

cation.

In 1962, he joined the Wilmington Manufacturing

Department as Manager, Fuel Quality Assurance,

with responsibility for the direction of quality

activities associated with the manufacture of nuclear

fuel for commercial power reactors.

In 1977, Mr. Bergman was appointed to his present

position of Manager, Fuel Manufacturing, where he

is responsible for all fuel and fuel component manufacturing

operations performed at Wilmington.
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11.5.3 Manager, Fuel Chemical Opt ation

B. F. Bentley |g
B.S. - Ceramic Engineering

Mr. Bentley joined General Electric in June 1965 as

a member of the Manufacturing Management Program, af ter
graduating from Alfred University with a B.S. in

Ceramic Engineering. During the three year program, he

held positions in Manufacturing Engineering, Quality

Control, Materials and Shop Operations in the Semi-

Conductor Diamonds Operations, Metallurgical Products

and Neutron Devices Departments.

In 1968, Mr. Bentley was appointed a Methods & Work

Measurements Specialist at Neutron Devices Department

(NDD) with responsibility for standards introduction into

a plant that had not previously had standards. In 1970,

he was appointed Manufacturing Engineer at NDD with

responsibility for assembly, brazing, chemical cleaning |||
and etching.

In 1962, he was appointed Manufacturing Engineer for

the Nuclear Fuel Department with responsbilities

for the Gadolinia Shop. In 1973, he was appointed

shift Process Control Engineer for the Fuel Manufacturing

Operation. This was followed by a Senior Process

Control Engineer and Supervisor - Certification and

Release.

In 1976, he was appointed Manager, Powder Production

Unit with unit shop operation functional responsibilities

for uranium powder production. In 1978, he was appointed

Manager, Fuel Chemical Operation with operations respon-
sibilities for powder production and waste treatment

facilities. ,,

'
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11.5.4 Manager, Fuel Fabrication Operation

i R. G. Patterson,

B.S. - Industrial Engineering

Mr,. Patterson joined General Electric in 1967 as a '

mcmler of the Manufacturing Management Program.

Program assignments included activities.at Evandale,

Ohio, and Decatur, Illinois. He joined the Wilmington

Manufacturing Department in 1971 as a Process Control

Engineer in the nuclear fuel operation. Subsequently,

he was promoted to positions of Manager - Certification

& Release, Manager - Quality Data, Manager - JMC Quality

Liaison for foreign fuel manufacturing, and Manager-

Uranium Fuel Fabrication Operation. He was assigned to

his present position in 1980.

11.5.5 Manager, Fuel Components Operation

W. T. Ross

( B.S. - Metallurgical Engineering,

J

Mr. Ross joined General Electric in 1957 at the Hanford

Atomic Products Operation in Richland, Washington, as

a participant in the Hanford Technical Graduate Program.

After one year, he accepted a permacent assignment as

a metallurgist in the Plutoniu:a Fuels Development

branch of the operation.

In 1962, he transferred to San Jose, California, as

Materials Engineer in the Fuel Design Engineering Unit,

Atomic Power Equipment Department.

In 1971, Mr. Ross because Manager of the Wilmington

Engineering Unit reporting to Design Engineering in

San Jose.

'"
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Mr. Ross accepted his present'pgsition in 1976 and is
responsible for the manufacture'of zircaloy fuel ggg
components including tubing, spacers, end plugs,

water rods and fuel channels.

11.5.6 Manager, Quality Assurance

E. A. Lees

A.A. - Engineering

B.S. - Metallurgical Engineering

M. S. - Materials Science

Mr. Lees joined the General Electric Company in 1958 as

a member of the Engineering Training Program. During

the next two years, he participated in nuclear fuel

development programs at the Vallecitos Nuclear Center,
,

Hanford Atomic Laboratories and the Atomic Power Equip-

ment Department in San Jose, California.

From 1960 to 1964, Mr. Lees held a variety of assignments |||
all associated with process development for nuclear

fuels, burnable poisons and control rods.

Mr. Lees was appointed Manager, Fuels Development

Laboratory in 1964, responsible for all the fabrication

facilities devoted to fuel and materials development

programs.

In 1966, Mr. Lees was assigned to project responsibility

for the AEC sponsored High Performar ~e UO P#09#^"*2
,

In 1968, Mr. Lees was assigned to the position of

Manager, Oyster Creek Pressure Vessel Repair Program.

In this position, he was responsible for the rework

of the Reactor Pressure Vessel at the Oyster Creek Site.

.

'
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In 1969, in the position of Manager of Engineering,

Japan Nuclear Fuel Company, Mr. Lees was responsible-

'

for the design, construction and start up of a nuclear

fuel joint venture company near Yokohama, Japan. In

1971, he was appointed Manager, Department of Engineering, -

Japan Nuclear Fuel Company, with responsibility for JNF

manufacturing, engineering, construction, and nuclear

safety and licensing.

In 1972, Mr. Lees was assigned to the position Manager,

Fuel Manufacturing Plant Engineering, in Wilmington, N.C.

In this position he was responsible for providing technical

assistance to the manufacturing operation.

In July 1973, Mr. Lees was appointed Manager, Fuel

Chemical Operation, where he was responsible for produc-

tion in the UI'6 to UO conversion operation.
2

{' ', In January 1974, Mr. Lees was appointed to the position
^

of Manager, Fuel Manufacturing, where he was responsible
"'

for all fuel manufacturing operations performed at

Wilmington.

Mr. Lees was appointed to his current position as Manager,

Quality Assurance, in June of 1977, In this position,

he is responsible for the direction of quality activities

associated with the manufacture of nuclear fuel for
commercial power reactors.

11.5.7 Manager, Fuel Quality

L. A. Sheely

B. S. - Electrical Engineering
<

Mr. Sheely joined General Electric in 1962 in the

Capacitor Department, Irmo, S.C. He was selected for

9
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the Manufacturing Management Program in early 1965

and completed manufacturing assignments of six 0months duration in five different GE Departments in

four different plant locations.

Upon completion of this program, he came to Wilmington

in Janaury 1968 and accepted an assignment as Specialist,

Shop Administration in the Reactor Equipment Operation.

In 1969, Mr. Sheely was made Manager of the Tube,

Annealing and Cleaning Shop Operations Unit in the

Fuel Components Operation.

In 1971, Mr. Sheely was assigned as Manager, Powder

Production in the Fuel Chemical Operation, responsible

for the chemical operation engaged in the conversion

of UF O2 p wder and for the operation of the6
Uranium Purification System (UPS) used to recover

discrepant material and convert it to usable powder. g

Mr. Sheely was promoted to the position of Managct,

, Fuel Chemical Operation in 1974, which gave him

responsibility for the chemical processes in the

Fuel Manufacturing Operation.

In 1977, Mr. Sheely assumed the position of Manager,

Fuel Quality. In this position, he is responsible

for the definition and implementation of the Quality

System for the Fuel Manufacturing Operation.
.

11.5.8 Manager, Regulatory Complaince

W. J. Hendry

B.S. - Metallurgical Engineering

M.B.A.

_
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Mr. Hendry joined General Electric Coupany in 1954 in

tne Aircraft Nuclear Propulsion Department where he served
' in management positions related to the prod 2ction of high

temperature fuel elements for aircraft and missiles. He

also served as a consultant to the Nuclear Material -

Management Operation concerned with accountability

systems for high enriched UO f"*1*
2

In 1961 he left the Aircraft Nuclear Propulsion

Department to join the Metallurgical Products Department

as Manager of Manufacturing Engineering.

Mr. Hendry joined the General Electric Nuclear Fuel

Department in 1968 as the Manufacturing Engineering

Manager for nuclear fuel and reactor component

production. He provided technical direction for the

start-up of the Wilmington, N.C. nuclear fuel facility..

He subsequently initiated the development of the fuel

Manufacturing Information Control System (MICS).
_

Mr. Hendry became Manager of Manufacturing Systems in
1972, responsible for the development and implementa-

tion of computerized information systems throughout

the Department.

Mr. Hendry also performed special business studies

and compiled annual long-range forecasts for the business.
In addition, in 1975 he assumed responsibility for the

inplementation of all major facility improvement projects.

Ir. July 1978, Mr. Hendry assumed his present position
as Manager of Regulatory Compliance.
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11.5.9 Manager, Nuclear Satety Engineering

J. A. Mohrbacher |||
B. A. - Physics & Mathematics

Certified liealth Physicist
.

In 1952, Mr. Mohrbacher was appointed health physicist
at General Dynamics, which conducted nuclear reactor

research for the Aircraft Nuclear Propulsion Program.
His work area included shielding studies in connection

with remote maintenance for the design aircraft.

He next held a position in the Nuclear Engineering

group of Lockheed Aircraft Corporation from 1955-64,

involved in licensing and health physics in support

of plant design and reactor tests.

In 1964, he was appointec Manager, IIealth Safety for

Pan American World Airways providing radiation safety

support to reactor test projects at the Nuclear Rocket

Development Station until 1969.

He spent the next four years as Manager, Nuclear Safety

& Licensing at Gulf General Atomic's fuel reprocessing

plant in Barnwell, S.C.

In 1973, Mr. Mohrbacher held a position at Los Alamos

Scientific Laboratories.

Mr. Mohrbacher was appointed to his present position

as Manager, Nuclear Safety Engineering, in 197'4, In

this capacity, he is responsible for radiation safety

and nuclear safety related to all operations of nuclear

fuel manufacturing involving the processing of uranium

materials and the utilization of sealed radioactive

sources and x-ray machines. ,,

''
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11.5.10 Nuclear Safety Engineer

W. C. Peters
, ,

B.S. - Physics and Mathematics

PhD Nuclear Physics

.

Dr. Peters joined the Wilmington Manufacturing Depart-

ment in December 1975. Prior to this assignment, he was

associated for two years with General Atomic Company in

San Diego, California, where he was a staff physicist

with the responsbility for criticality safety at the

HTAR and TRIGA Fuel Fabrication Facilities. In this

capacity, he provided review and final approval of

designs and operation of high enriched and low enriched
uranium facilities containing significant quantities

of fissile materials.

11.5.11 Nuclear Safety Engineer

G. E. Powers

B.S. - Biological Science
~ M.S. - Health Physics

PhD Radiation Biology

From 1964-68, Dr. Powers taught science, physics and

biology at the high school level in Colorado. In

1968 he joined the staff of Colorado State University
as a Graduate Research Assistant where he assisted in
the development of personal TLD monit iri"g systems
used by uranium miners. He remained with Colorado State

until 1976 in the positions of Research Associate and

Instructor /Assis*'nt Professor.

Dr. Powers joined General Electric Company at Wilmington
in 1976 in the position of Nuclear Safety Engineer.

In this position, he is responsible for assisting in the
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upgrading of present programs, projects and develop-
ment of a training program in radiological health ;

for WMD. I

11.5.12 Supervisor, Radiation Protection -

R. L. Torres

A.A. - Applied Sciences
,

Mr. Torres joined Sandia Corporation in Albuguerque,

New Mexico, in 1962 as a Certified Reactor Health

Physicist on the Sandia Pulsed Reactory Facility.

From 1963-73, he was employed by Pan American at

Jackass Flats, Nevada, in the following positions:

Radiation Monitor, Senior Radiation Monitor and

Lead Technician. In these positions, he was involved

in assembly / disassembly and' testing of high enriched

test reactors.

Mr. Torres joined Los Alamos Scientific Laboratory in

1973 as Health Physics Surveyor. In this position,

he assisted operating crews in the operation, experi-

mental set up, shield design and safety program at the

accelerator.

In 1976, Mr. Torres joined General Electric Company

in Wilmington, N.C. as a Shift Supervisor. In 1978,

he was appointed to his present position as Supervisor,

Radiation Protection. In this position, he is

responsible for the overall plant radiation protection

program administered through crews of salaried, weekly,

and hourly personnel.

.

''
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11.5.13 Senior Engineer, Environmental Protection

W. B. Smalley

B.S- - Chemical Engineering'

Registered Professional Engineer - New York, Massachusetts

and North Carolina

Mr. Smalley joined the General Electric. Chemical

Development Department in 1956 as a Process Development
Engineer. He was responsible for development and

operation of process segments of manufacturing processes
for new plastic materials.

He later assumed process and project responsibilities

in conjunction with the development and expansion of
the Lexan Polycarbonate Resin Commercial Plant.

He was appointed Manager, Manufacturing Engineering
,

Phenolic Products in 1965 and was responsible for

process engineering, plant engineering and project
' engineering activities as well as pilot manufacturing

activities.

In 1969, he was appointed Manager, Manufacturing
Engineering at Elmira Foundry where he held similar'

responsibilities.

Mr. Smalley was appointed to his present position as
Senior Engineer, Environmental Protection, in 1971.

11.5.14 Acting Manager, Licensing & Compliance Audits
C. M. Vaughan

"

B. S. - Chemistry

Mr. Vaughan entered the nuclear industry in 1965 when
he joined Nuclear Fuel Services as a Chemist with
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responsibility for operation of the uranium scrap

accountability laboratory. He subsequently was
g

active in the development of analyses of plutonium

exotic metals and U-233, activities which resulted

in his promotion to Manager of the Alpha Containment

Laboratory.

He joined General Electric as a Specialist - Nuclear

Materials Management at the Wilmington, N.C. nuclear

fuel fabrication facility. He was promoted to the

position of Manager - Nuclear Materials Management

in 1974 and assumed acting i jonsibilities of his

present position in 1981.

11.5.15 Manager, Materials Operation

P. E. Younghans

B. S. - Metallurgical Engineering

Mr. Younghans joined the General Eelctric Company in gg
1965. He has held positions in Materials / Production

Control functions at Transportation Components Depart-

ment, Transportation Equipment Department, Propulsion

Equipment Department, and the Semiconductor Products

Department at the General Electric Company. He became

associated with General Electric nuclear business in 1975
,

when he was appointed Manager of Production Control with

responsibilities for scheduling production in all fuel

operations. Prior to his promotion to Manager of Materials

he was the Manager of the Equipment Products Operation

where he was responsible for the manufacture of reactor

components.

-

''
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11.5.16 Manager, Material Service

D. A. Burns
_.

Mr. Burns joined General Electric in 1956 in the

machining apprentice course in Schenectady, N.Y. *

Upon completion, he began various assignments in the
Light Military Electronic Department, Johnson City,

N.Y., in planning, computer task force member, budgets

and measurements. He then moved to various department

assignments in Advanced Materials and the Business
Information Systems, Lynn, Massachusetts, and Phoenix,
Arizona.

He came to Wilmington in March 1970 and accepted an

assignment as Specialist, Advanced Materials, in the
Reactor Equipment Operation.

.

In 1971, Mr. Burns became Manager of Bundle Assembly
and Fuel Finishing Unit in the Fuel Fabricatione

Operation.

Mr. Burns was promoted to Manager, Production Planning
in 1973 and was responsible for master scheduling of the

fuel manufacturing operations.

In 1975, he was promoted to Manager, Fuel Fabrication

Operation responsible for the manufacturing operations

encompassing fabrication of pellets through bundle packing.

In 1978 he moved to Manager Procurement and Material

Logistics responsible for purchasing and traffic. The

traffic operation involved nuclear material transportation

to and from the site and the purchasing, design, and

refurbishment of all fuel shipping containers.

.

'
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In 1980, Mr. Burns moved to Matarial Service dropping

purchasing activities and gaining advanced materials

activities. gg)

l' 3.17 Manager, Manufacturing Technology and Engineering

Operations

J. L. Harmon

B.S. - Metallurgical Engineering

Mr. Harmon joined the General Electric Company at

the Knolls Atomic Power Laboratory in 1965. He held

the positions of Manager - Physical Metallurgy

Laboratories, Manager - Core Manufacturing and

Specification Analysis, Manager - Core Materials and

Systems Test, and Manager - Core Manufacturing

Engineering. Mr. Harmon had technical responsibility

for product and manufacturing processes for all naval
Icores for which KAPL had prime contractor responsibility.,

Management assignments included manufacturing process

analysis and the development of manufacturing specifica-

tions as well as material and systems testing evaluation.

In 1977, Mr. Harmon was appointed Manager - Manufacturing

Engineering, Components and Metals, for the Wilmington

Manufacturing Department. In this capacity Mr. Harmon

was responsible for all aspects of Manufacturing

Engineering in the manufacture of nuclear components

and zircaloy metal working. In 1981, he was appointed

to his present position as Manager - Manufacturing

Technology and Engineering Operations. In this position

he is responsible for directing the engineering and

development efforts at WMD.

_
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11.5.18 Manager, Microelectronic Applications & Services

L. N. Grossman

A.B. - Physics

M.S. - Engineering
,

Mr. Grossman joined the General Electric Company as

a Metallurgist / Ceramist at the Vallecito.s Nuclear

Center in 1960. At the Center he subsequently held

positions of Senior Research Ceramist, Technical Leader

and Manager - Ceramic Development. In 1974 he was

appointed to the position of Manager - Quality Technology

Development at the Wilmington Manufacturing Department.

In this position he was responsible for the development

of applications of advanced technology to quality measure-

ment systems. He was appointed to his present position

in 1981.

11.5.19 Manager, Manufacturing Engineering-Fuels

G. W. McKenziec

''

B.S. - Electrical Engineering

Mr. McKenzie joined General Electric in 1954 after

graduating from the University of New Hampshire. He

was assigned to the Engineering Test Program in Pittsfield,

Massachusetts (H. V. Lab). After completing additional

assignments in Somersworth, New Hampshire (Meters) and

Schenectady, New York (Motors) , Mr. McKenzie entered

the Army as a lieutenant in Guided Missiles. He

rejoined General Electric in 1957 in Mac Motors,

Schenectady as a deisgn engineer. In 1959, he transferred

to Utica, New York as a Test Equipment Engineer,

became manager of QIEE in 1962, and held several other

managerial positions in R&QA until 1974 when he trans-

ferred to Wilmington as Manager - AME-Automation. In

May 1976, he was appointed to his current position.
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11.5.20 Manager, Chemical Technology

A. G. Dada

B. S. - Chemical Engineering

Mr. Dada joined General Electric in 1967 after graduating -

from Oregon State University. After four years at

San Jose, he transferred to the Wilmington Manufacturing

Department as a Senior Project Engineer. During his

fourteen years with the company, he has been responsible

for implementing the GECO process. IIc has been responsible

for several patents including the UF to UO Conversion
6 2

Process. He was appointed to his present position in

1977.

11.5.21 Manager, Planning & Projects

R. A. Petelinkar

B.S. - Chemical Engineering.

M.S. - Chemical Engineering

Mr. Petelinkar joined the General Electric Company in

1960 where he held numerous Process Engineering assign-

ments and managerial positions involving production of

silicone products. He also held a managerial position

in the Strategy Review and Ventures Operation for the

Silicone Products Department in Pittsfield, Massachusetts.

He became Manager of Major Projects for the Wilmington

Manufacturing Department in 1974 and was assigned his
present position in 1980.

11.5.22 Manager, Facilities

R. M. McIver

B. S. - Civil Engineering

In 1964, Mr. McIver joined the U. S. Corps of Engineers
-

''
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as a Civil Engineer. During the following years, he
''; held the positions of Engineering / Maintenance Supervisor

'''
at the Kinston, N.C., DuPont plant (1966-70), &nd Staff

Civil Engineer at Consolidated Aluminum in Waverley,

Tennessee (1970-72).

Mr. McIver joined General Electric Company at the

Wilmington plant in 1972 as a project engineer. In

1975, he was appointed Unit Manager, Installation

Engineering and Site Services, and in 1978 he was

appointed Manager, f.n lities.

In his present position, he is responsible for the

general overall management of plant facilities, site

services and utilities. This responsibility includes

facility engineering and design, alterations, additions,

and operation and maintenance.

. f~~)
'

o
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e~w. 12.0 RADIATION PROTECTION PROCEDURES AND EQUIPMENT
,i

12.1 Procedures for Radiation Surveys

The system of the WMD procedures and instructions

described in Chapter 11.3 outlines the Department

commitment to maintaining radiation exposures to ALARA.

Implementation of ALARA is further defined with specific

requirements and methods specified in lower level

procedures which direct the activities of the operating

and maintenance personnel. These instructions include

Nuclear Safety Instructions (NSI's), Process

Requirements and Operating Documents (PROD's), Temporary
Operating Instructions (TOI's) and the Job Hazard

A'alyses (JUA's).n

The purpose of the NSI system is to define the

(~] implementing procedures and routines to be followed
'

within the radiation safety and radiation protection

functions. NSI's are prepared by the reliation safety

;, i function and are reviewed a,nually. In addition to this
- review, an independent audit of the NSI procedural

system is performed annually generally by a function; ,

from NEBG headquarters.

The procedures for radiation surveys are contained in

NSI's which define the type of survey, the survey

instru ment , and the frequency of the surveys. Radiation

surveys are conducted by trained personnel in the

radiation protection function.
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12.2 Posting and Labeling |||
It is the Department practice that all areas where

radioactive materials are utilized will be reviewed and

posted in accordance with the requirements of 10 CFR

Part 20.203. Containers of radioactive materials which

are not a standard part of the uranium process operation

and licensed sealed source materials are marked with the

standard radiation symbol and the words " Caution Radio-

active Material". Areas are classified and posted as

radiation areas, high radiation areas, or radioactive

material areas, as appropriate. In addition, process

areas where uranium is handled in dispersable forms

where an inhalation potential may exist are designated

as controlled areas and are posted as airborne

radioactivity areas. Emergency routes and exits are

posted according to the WMD Emergency Plan.

Determination of the area postings is made by the

radiation safety function, and the radiation protection ||h
function periodically audits the postings.

Criticality control limits are posted for those

operations which are not specifically controlled by the
'process or designed storage areas. These limits are

extracted directly from the PROD's and are available at

the appropriate process work stations.

12.3 Personnel Monitoring

12.3.1 External Wholebody Exposures

.
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12.3.1.1 Thermoluminescent Dosimeters (TLD's)

TLD's are the primary dosimetry devices for monitoring

external wholebody radiation exposure. The TLD's

utilized in WMD are provided, processed, and evaluated

by an external vendor.
.

Two t :es of TLD's .are furnished based upon the

radia ion safety function evaluation of the individual's

potential for exposure. In the absence of neutron

exposure potentials, beta-gamma sensitive TLD's are

provided for personnel monitoring and are exchanged on a

quarterly basis, or sooner if there is indication of an

exposure in excess of established action guides. The

range of these TLD's is 10 millirem to approximately

10,000 rem. A combination neutron and beta-gamma TLD

badge is furnished where there is a potential for both

/ _\-
beta-gamma and neutron exposures. These devices are

_

(; exchanged on a monthly basis. The minimum sensitivity
_

for t'.1e neutron dosimeter is 20 millirem for fast

neutrons; 10 millirem for thermal neutrons.

Where appropriate, as determined by evaluation of the
'

specific operations, TLD's may be used for monitoring

extremity exposure. Where particular operations, such

as the inspection of pellets, do not lend themselves to

direct extremity monitoring, extremity exposure is

administratively assigned to individuals based on the

amount of material processed at his work station. This

administrative exposure assignment is based on time-and-

motion studies and pellet-surf ace dose rates.

_

''
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Exposure results are monitored and evaluated by the
g

radiation safety function, and appropriate investigative

action is taken if the exposure exceeds predetermined

action guides. The circumstances are investigated, and

the individual is restricted for further radiation work

until the exposure is resolved. .

12.3.1.2 Direct Reading Dosimeters

In accordance with internal procedures, pocket

dosimeters may be used to supplement the TLD personnel-

monitoring device for certain personnel operating

radiographic facilities, x-ray generators or using

radioactive sources. Such dosimeters are read on a

daily basis, and the results are reviewed by the

radiation protection function at least weekly. If a

pocket dosimeter result indicates an offscale reading or

an accumulated exposure of 500 mr in one week, the

individual is restricted from further exposure, and his ggg
TLD is returned for immediate processing.

12.3.1.3 Criticality Exposure Monitors

Each TLD issued contains an indium mctivation foil which

could be used as quick sort method in the event .

potential exposure occurs from a criticality accident.

Additionally, indium foils are included as part of the

identification badge for all personnel (employeen,

visitors, and contractors) not requiring TLD dosimeters.

The foils are used as a quick sort method in the event

of an accidental criticality to determine if an

individual was exposed and the relative level of

exposure. Procedures for this interpretation are

.

''
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incorporated in the emergency response plan. Dosimetry
'

devices containing criticality activation inserts are

also strategically located throughout fuel manufacturing -

process areas to provide additional assessment

capabilities.
,

12.3.2 Internal Wholebody Exposure Control

Internal exposure for individuals working in airborne

radioactivity areas is administratively controlled on

the basis of assigned exposure to airborne

contamination. This exposure is assignad on the basis

of airborne concentrations of airborne activities at the

work area and the time that the individual worked at the

' specific location. Exposure to airborne activity is

assessed and assigned on a tieekly basis. When an
individual's assigned exposure exceeds predetermined

' m)
levels, he or she is restricted from further work ine

radioactivity areas for the remainder of the week.'-

In addition, bioassay techniques are employed which have

been established on the basis of Regulatory Guides 8.9

and 8.11. Personnel who work routinely with soluble
,

forms of uranium compounds are routinely monitored by

urinalysis methods. Those individuals who work with

insoluble compounds of uranium are routinely monitored

by in vivo lung counting to evaluate the body burden of

these materials. For additional information refer to

Chapters 13.3 and 13.4.

_

''
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12.4 Surveys |||
A system of structured survey procedures has been

developed and implemented through the NSI's.
Implementing survey procedures include:

Control of uranium concentration in' final liquid

effluent

Radiation protection instrumentation

Surface contamination and control

Stack sampling program

Containment flow inspections

X-ray equipment surveys

O
Shipment and receipt of radioactive materials

Site radiation and contamination surveys

'
Routine survey results are reviewed by the radiation

protection function and are examined for trends by the

radiation safety function to evaluate the effectiveness

of the overall radiation safety program. As

appropriate, the information is factored into new

equipment desi;ns and modification of operational

procedures to further reduce personnel exposures.

-

-
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o
(_J 12.5 Surveys

12.5.1 Records

Records of individual exposures to ':adiation, radiation

surveys and monitoring results, and the disposal of

licensed material are maintained in accordance with 10

CFR 20.401. Additionally, other records are maintained

as may be required. These records and the retention

periods are as follows:

Minimum
Type Record Retention Period

Individual Radiation Exposure Until Disposal is

Authoriz;d

Contamination Surveys Two Yearn

Nuclear Safety Training Period of Employ-

ment plus 3 Years,3

- Instrument Calibration Two Years

Stack Relenses Until Disposal is

Authorized

Liquid Releases Until Disposal is

Authorized
,

Disposal of Licensed Solid Waste Until Disposal is

Authorized

Rout ne Maintenance Six Months

Envirnnmental Surveys Two Years

Extern 1 Radiation Surveys Two Years

Process Changes and Additions Two Years

Criticality Analysis Life of Project +

Six Months

W
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Minimum I
Type Record Retention Period
Radiological Safety Analyses Life of Project +

Six Months
Accident Investigations (involving Until Disposal is

releases or exposure) Authorized
Audits and Inspection Reports Two Years

Radiological Exposure Trends Two Years

All radiologically related records are periodically
validated and micropacked for permanent storage in
separate locations from WMD. The record elements that

are maintained in this fashion include: personnel
. exposure, training, respiratory protection, surveys,

instrument calibration, accident investigations, whole

body counting, stack releases, liquid releases,

extremity exposure, film badge reports, and waste

disposal. I

12.5.2 Reports

Summary reports of radiation surveys and employee

exposure status are made to operating management in
'

accordance with internal established procedures as

necessary to keep management fully informed of radiation

control status of their individual employees.

Formal reports are made as required by 10CFR19, 10CFR20,
10CFR21, 10CFR70, 10CFR71, and Regulatory Guide 13.1.

12.6 Instrumentation

-
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'O 12.6.1 General
V

An adequate number of radiation detection instruments

is available to ensure the proper radiation surveys can

be performed. Selection criteria of portable and

laboratory counting equipment are based on the types of

radiation detected, maintenance requirements, ruggedness,

interchangeability, and the upper and lower limits of

detection. The radiation safety function annually

reviews the types of instruments being used for each

monitoring function and makes appropriate

recommendations.

12.6.2 Instrumentation Types

A detailed listing of the types of radiation detection

instruments employed at WMD is shown in Table 12.1.

12.6.3 Equipment Storage and Maintenance

() Counting equipment is stored and made available for

routine use at various plant locations such as the

radiation protection offices, designated locations and

controlled area change rooms. Emergency equipment is
also stored and made available in the radiation

'

protection offices and designated emergency lockers.

Additional emergency counting and survey equipment are

available in the site emergency control center.

Maintenance is provided at specified frequencies by an

assigned equipment maintenance function, by the

manufacturer's representative, or by contracted service

vendors.
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TABLE 12.1
TYPES OF RADIATION DETECTION INSTRUMENTS

Typical

Models
.

Fixed Installation Equipment

Wholebody counter (Radiation RMC-01

Management Corp.)

Criticality Warning System Eberline DA16CCG-M
Detectors Eberline DA16CC

Eberline DA15CC

Portable Instrumentation

Beta-gamma Geiger-Mueller counter Eberline E-120

Beta-gamma Geiger-Mueller counter Eberline E-520

Alpha survey meter w/AC-3 probe Eberline PRM-6

Alpha survey meter w/AC-3 probe Eberline PRM-4B ggg
Beta-gamma survey meter, tissue UP-1070

equivalent

Low-energy beta-gamma survey meter Victoreen 440

Low-energy beta-gamma survey meter Victoreen 470A
*

Neutron REM detector Eberline PRN-4

Alpha scintillation counter Eberline PAC-4S

w/AC-3 probe
Ionization chamber gamma survey Eberline PIC-6A

meter

Ionization chamber beta-gamma Eberline RO-3,

survey meter 30-3A
Alpha-beta-gamma radiation monitor Eberline RM-14

w/HP-210 probe

Alpha radiation monitor w/AC-3 Eberline RM-15

probe

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET #70-1113 REVISION O
,

II-12.10
.

9

_ _ , . . - - . . . -



_ _ _ _ _ -

/[ ) TABLE 12.1 (Continued)
TYPES OF RADIATION DETECTION INSTRUMENTS

Typical

Models
.

Portable Instrumentation (Continued)

Gama dose rate meters Teletector 6112

High-level gamma detectors Eberline RM-16

w/RD-17A detectors

Laboratory Instrumentation

Multichannel analyzer w/2"x2" NaI well

Low background proportional Alpha Canberra Model 2201

Counter

Automatic air sample counter Harshaw Task 12

Gas-flow proportional counter Nuclear Chicago

() Fixed geometry Geiger-Mueller

counter

Scintillation counter with Eberline MS-3

detector (RD-14)

,
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12.6.4 Criticality Warning System

The WMD criticality warning system complies with the

requirements of Regulatory Gu..'e 8.12. The criticality

warning system can be divided into two systems. The

outside system consists of 19 DAl-6CC Geiger-Mueller
gamma detectors and four microprocessors (field units).

The inside system contains 27 DAl-6CC detectors, one

high-level ionization detector (1-1000 R/hr) model

DAl-5CC, and six microprocessors (field units). The
microprocessors continually poll the detectors for

information, calculate dose rates, determine detector

status, and maintain various history files. In

addition, t' microprocessors determine when the

criticality arm logic is satisfied and cause the

evacuation alarms to sound.

Each microprocessor is routinely polled by the central

control terminals located in the radiation protection

function office and the emergency control center ..ui

these terminals provide the system's current status

using printouts and warning lights.

Typical configurations of the criticality warning system

showing a component block diagram and inside and outside

detector locations are sho", in Figures 12.1, 12.2, and

12.3. The detector locations and system configuration

are subject to modification as may be necessary to

demonstrate adequacy of coverage. This determination is

made by the radiation safety function.
i

12,7 Protective Clothing

Protective clothing is provided to all persons who are

required to enter radiation controlled areas where

personnel contarination potential exists as determined
,

a
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by the radiation safety analysis. The amount and type
k- of protective clothing required for a specific area or-

operation are determined by the radiation safety

function based upon the contamination potential.

Available clothing includes caps, hoods, laboratory

coats, coveralls, boots, overshoes, shoe covers, gloves,
,

safety shoes, and respiratory protection equipment.

National Institute cf Safety and Health (NIOSH) approved

air supplied hoods ara available.

12.8 Administrative Action Guides

Administrative control gu:.aelines are established to

assure that the occupational exposure of WMD employees

is ke5c as low as reasonably achievable and within the

limits established in 10 CFR 20.101 and 10 CFR 20.103.
These guidelines are established and maintained by the

radiation safety function and are dtqumented.in the

?y Department P/P system. Chapter 13 as ines speaific
'-' action levels for contamination surveb and for

shipping / receiving. Administrative gui' alines for

personnel radiation control are shown in Table 12.2.

12.9 ' Respiratory Protection
8

12.9.1 Respiratory Protection Equipemnt

Only respiratory protection equipment specifically

approved by NIOSH or by the NRC is employed. Two types

of respirators are commonly available, half-mask and

full-face mask.

Half-mask respirators, equipped with particulate filters

are employed as a precautionary measure during routine

operations which may generate uranium dusts. No

protection factor is taken for this type of respirator
_

W
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[) TABLE 12.2
v

ADMINISTRATI"F. ACTION GUIDES - PERSONNEL EXPOSURE CONTROL

Action

External Exposure

Wholebody 1 Rem /qtr Restrict'for remainder

of quarter

Skin 6 Rem /qtr Restrict for remainder

of quarter

Extremities 15 Rem /qtr Restrict for remainder

of quarter

Internal

Assigned Airborne > 300x10-ll Restrict for remainder

uCi-hrs /cc of week

In vivo Lung Count > 250 ug Restrict until count

less than 100 ug

() Urinalyses

30 mg/ liter Investigate

Skin Contamination

Average > 1000 dpm/cm2 Notify Radiation
'Protection

Spot > Detectable Wash and resurvey

'"
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usage unless field tested Jn accordance with Regulatory |||
Guide 8.15.

Full-face-mask respirators, equipped with an appropriate

canister, are employed as precautionary measures in

routine operations and for emergency actions which may

require additional protection capabilities. A

protection factor of 50 is taken for this type of

respirator usage.

Self-contained breathing devices, operated in the

pressure demand mode, are also available for certain

emergency situations.

Typical respiratory protection equipment used at WMD for

protection for internal exposure are summarized in Table

12.3.

O
12.9.2 Testing and Cleaning of Equipment

Respirator users deposit used respirators in designated

,
receptacles after use. Each respirator is processed for

cleaning, inspection and replacement of parts as

necessary. Air purifying cartridges and canisters are'

DOP-penetration and pressure-differential tested

according to internal procedures. New respirators and

canisters are cleaned and tested in a similar fashion

prior to initial usage.

Self-contained breathing devices are inspected for

operational capability and are cleaned and re-inspected

after each use by an outside service contractor.

-

''
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>" TABLE 12.3

_ TYPICAL' RESPIRATORY PROTECTION EQUIPMElff
.

FOR PROTECTION
UNIT NIOSH PROTECTION FACER FOR

-FACEPIECE TYPE FILTER / CANISTER / CARTRIDGE PART # APPROVAL e AGAINST URANIUM

: MSA Reg comfoII (460968) . ON - Type H Ultra Filters (459322/

464035). 459439 TC-21C-135 H 10(2)
. MSA Small ComfoII (465825) ONIII Type H Ultra Filters (459322/

10(II
I464035) 459439 TC-21C-135 ext. H

III Filter (7500-8) 7580 TC-21C-152 H 10(2)Welsh /Norton (7500-30) - CN
2)Welsh /Norton (7500-30M) ONIII Filter (7500-8) 758CM E-21C-152 H 10

tillson (AR700) ONIII . Filter (R12) 1212 E -21C-142 H 10(2)

:. MSA Clearview (84304) FF Ultra Filter Cartridge (88480) 88479 TC-21C-150 H 50
Cartridge (88182GMR/466221GMR-C) 466225 E -14G-105 H.C1, (HF) 50
Cartridge (448973GMD) 448979 TC-14G-88 NH3

--

MSA Ultraview '(457126) Fr(I) Ultra Filter Cartridge (88480) 457117 TC-21C-150 H 50
Cartridge (88182GMR/466221GMR-C) 466226 TC-14G-105 H,C1, (HF) 50

- MSA Ultra Win- (460560) FFII)
.

448980 TC-14G-88 NHCartridge (448973GMD) 3
--

Cartridge (461834/464028GMB-H) 461854 TC-23C-150 H,OV,C ,S02 50

Cartridge (460044/464027GMC-H) , 461857
TC-23C-152 H,NH ,MA 50Cartridge (460845/464030GMD-H) 3

461855 TC-23C-153 H,0V,C1,SO2, HCL 50

! ]! Scott Air Pac -
7-

Open Circuit Pressure Demand BM-13E-08/ .
'' .

E-13F-40 10,000I3I.'w/30 min. cylinder of air . 900014-00
3M White Cap Hood & Vent H/H

(5201). _ Regulator (2800AA/9470) E-19C-69 500h)

.

(1) Special order respirators for personnel unable to get fit on majority (stocking of sparo parts optional)
-(2) Applicable protection factor if preirritant smoke test performed

,

(3) Refer to Reg. Guide 8.15

(4) Refer to IE Ballatin No. 78-07
ABBREVIATIONS USED IN LISTS

ON - Orinasal H - Respirat7rs, with replaceable filters, designed as respiratory protection
FF - Fu11'facepiece against ilusts, fumes, and mists having an air contami.'ation level less than 0.05

H/H - Hood or Helmet milligran per cubic meter, and against radionuclides.
C1 - Chlorine . OPD - Open C1.cuit Pressure Demand Type
NH - Ammonia

3
OV - Organic Vapor e

HCL - Hydrogen Chloride-
502 - Sulfur Dioxide
MA - Methyl Amine --

*
.

k

_
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) 13.0 OCCUPATIONAL RADIATION EXPOSURE
s -

13.1 Occupational Exposure Analysis

13.1.1 External Exposures
~

In the second quarter of 1980 WMD terminated the use of

the film badge as the primary dosimeter de'vice for

external exposur'as and instituted the use of

thermal-lumineecent dosimeters (TLD). The decision to

utilize TLDs was based on their increased sensitivity

and compatibility with the WMD working environment.

Badge assignments to individuals are based on their work

areas. Exposure measurements for individuals are made

and recorded quarterly. External dosimetry results

prove that exposures at WMD are relatively constant and

evenly distributed each quarter.

Figures 13.1, 13.2, and 13.3 depict the annual
,-

( _ individual exposures for the years 1978, 1979, and 1980.,

Over the three year period, an average of 1200

individuals were issued external dosimetry.

Approximately 99% of the individual annual exposures

were less than l' Rem. Only 5% of the individuals

received exposures greater than 500 mrem per year. Less'
than 1% of the exposures were greater than 25% of the

annual dose limit for which monitoring would be required

by 10 CFR 20.

13.1.2 Internal Exposures

13.1.2.1 Bioassay

An average of 3200 bioassay samples are taken per year

based upon the criteria defined in Chapter 13.3. Figure

13.4 summarizes the quarterly bioassay results for the

years 1979, 1980, and 1981 Internal exposures from

_
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FIGURE 13.1

1978 EXTERNAL WHOLEBODY EXPOSURE SUMMARY
(PERCENT UNDER NORMAL PROBABILITY PLOT)
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FIGURE 13.2
1979 EXTERNAL WHOLEBODY EXPOSURE SUM.',1ARY
(PERCENT UNDER NOR'!AL PROBABILITY PLOT)
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FIGURE 13.3

1980 EXTERNAL WHOLEBODY EXPOSURE SUllh!ARY
(PERCENT UNDER NOR3!AL PROBABILITY PLOT)
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ls_-) FIGURE 13.4

Per Cent of Total Bionssay Samples with
Uranium Content Above Action Guide
1979-1980
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soluble uranium compounds are effectively controlled. (|) <
Quarterly average intake results have decreased from .4

milligrams uranium to .2 milligrams uranium during the

period reported. Samples with results greater than '35

ug/ liter (Reg Guide 8.11 investigation guideline) have

decreased from 11% (of the total samples),during the

first quarter 1979 to'2.5% in the third and fourth

quarters of 1980.

Fecal sampling is conducted when ingestion of insoluble

uranium is known or suspected. For those infrequent

occurrences when fecal sampling has been performed

(approximately twice per year), analytical results have

been negative.

13.1.2.2 In vivo Lung Counting

The WMD in vivo lung counting facility is operated by

Radiation Management Corporation under a contract with |||
General Electric. The equipment and facility have been

continually upgraded since first installed in 1976; the

counting electronics was upgraded in 1978 and again in

1980.- Additional facility and equipment upgrades are

planned in 1981. ,

Lung counting results for 1979 through the first quarter

1981 are summarized in Table 13.1. An abrupt change in

counting levels was noted in the third quarter of 1980.

j It is apparent that these values do not reflect shop

conditions and that the new levels were not the result

of a long-term trend. Investigation indicates that the

shift in levels is probably attributable to electronics

and detector problems in the counter. Actions have been

taken to resolve the problem, and an improvement (i.e.,

.m
_
-
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.

TABLE 13.1

IN-VIVO LUNG COUNTS

.I.

Total 4 Persons % of Counts % of Counts % of Counts

Quarter Counted <75 ugm J-235 76-150 ugm U-235 >150 ugm U-235

1Q79 464 85 16 1

2079 483 79 19 4

3079 410 81 17 2

4079 437 80 20 < 1

1080 470 84 15 1

16 1

| (''') 2090 424 83 -

() 3080 429 56 40 4

4Q80 428 58 33 9*

1081 526 71 17 13'

I ~

|
,

|
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O
return to prior levels) is apparent from more recent

data. In the interim, the apparently overconservative

measurements of the lung burden have been treated as

being valid. Individual exposures were controlled

during this period in accordance with inte'rnal

. procedures. There were no overexposures.

13.1.3 Airborne Concentrations

During the period of 1979 through the first quarter of

1981, the average air concentrations in individual work

areas show good trends in the areas where uranium has

been historically difficult to contain.

13.1.3.1 Air Sampling System

Details of the WMD air sampling program are described in

Chapter 13.4. In 1979, a new air sampling system was

installed throughout the fuel plant. The system was

designed based upon operational experience, changes to

the process operations and recognition of the need for

additional data for better analyses. The stationary

sampling points were increased from 70 to 120. Since
'

that time, 40 additional points have been added as a

result of changes in operation and ongoing data

evaluation. The system has significantly improved the

quality, traceability and usefullness of factory

environment data. It should E3 noted that in the

figures discussed below data 'oc many of the areas were

not available until the new system was installed.

.

W
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13.1.3.2 Chemical Area
'

In the chemical area, the air concentrations are

generally less than 5 x 10-10 uCi/cc as compared
to the 10 CFR 20 limit of 1 x 10-10 uCi/cc for
insoluble uranium.

,

Figures 13.5 through 13.14 indicate average airborne

concentrations in individual operations in the chemical

area, i.e. calciners, sluggers, hammermills, and the

decon operation. Although none of these areas indicate

unfavorable trends or levels of airborne concentrations,

numerous improvements have been made.

In the calciner area improved hoods have been installed

at the powder discharges and the air cleaning system

upgraded to contro' releases from the calciner fron end;

the .11ugger and hammermill containment systems have been

replaced; in the decontamination facility engineering

improvements which have been implemented reduced air

concentrations from 2 x 10-10 uCi/cc in the first
quarter of 1980 to the current level of approximately

0.8 x 10-10 uCi/cc.
.

Airborne concentrati~ons in the vaporization area from

1979 to 1981 are depicted in Figure 13.15. A marked

increase in concentrations during the first half of 1980

was caused by a series of failures in UF6 piping

flanges and automatic shutoff valves. The flanges have

been repaired and the automatic valves were installed.

These actions, complete with improvements in the UF6

cylinder hook-up and ventilation system have effectively

corrected the problem. During the period, personnel

were protected by respiratory protection and
o

administrative control of personnel occupancy time.
,

W
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There were no significant personnel exposures or high
''

bioassay results during this period. (Although the

permissible air conc entration for soluble uranium at the

average plant enrichment of 2.5% is in the order of 27.5

x 10-11 uCi/cc as compared to 10 x 10-11
uC1/cc for insoluble uranium, the weekly assigned

exposures are routinely controlled to an internal action

guide of 300 x 10-11 uCi - hrs /cc averaged over 40
hours rather than a permissible assigned exposure of

1100 x 10-11 uCi - hrs /cc.)

13.1.3.3 Ceramic Areas

The air concentrations in the ceramic areas (Figurec

13.16 through 13.27) are favorably low (less than 0.25 x

10-10 uCi/cc) and show a good trend.

13.1.3.4 other Areas

j Airborne concentrations in the process technology

laboratory, the maintenance shops, gadolinia operations

and other work areas are generally less than 0.1 x

10-10 uCi/cc. (See Figures 13.28 to 13.40.)

13.1.3.5 Management Review ,

It is the practice at WMD to review the performance of

air concentration controls. Operating first-line

supervision and area managers review the air sample

results on a shift basis and take corrective c:tions.

The manager of the fuel manufacturing ortratico, the

fuel manufacturing area managers, the radiation

protection function and the nuclear safety functions
hold a weekly review of airborne levels in the

operation. Problems are identified and evaluated and

_
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appropriate management action is taken. Figure 13.41

depict charts of typical weekly air concentrations used

in these reviews. (It should be noted that these data

deliberately are biased 10-15% high for conservatism.)

.

13.1.4 Respirator Usage

In 1978, WMD implemented the requirements of Regulatory

Guide 8.15. Prior to that time, half masks were

employed and a factor of 5 protection factor was taken

in airborne assignments.

When the protection factor for half masks was removed,

WMD did not change its operational mode. These type of

masks are still employed as a standard precautionary

measure in operations. It should be noted that with

this practice assigned individual exposures have a
,,() tendency to be biased high.

13.1.5 Abnormal Occurrences

Abnormal occurrences which could adversely impact air

concentration control and/or personnel exposure are

summarized in Table 13.2. There were five such ,

occurrences since early 1979.

Two UF6 releases occurred in the vaporization area in

the first half of 1980. Preventative action was taken

to repair faulty pipe flange gaskets.

The other two UF6 leaks, one in 1980 and oua in 1981,

occurred in the hydrolysis area. Improvements in the

dip tubes and the containment system have been

instituted and the problems have been corrected.

-
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. TABLE 13.2

CATEGORIZATION OF ABNORMAL OCCURRENCES.

1979 1980 1981 Total

Fire 0 0 0 0

Explosion 0 0 0 0

UF6 Gas Release 0 3 1 4

Personnel Injury with 0 0 0 0

Accompanying Contamination

Defective FEPA Filter 0 0 0 0

Leaking Sealed Source 1 0 C '1
(AM-241)

Release in Excess of 0 0 0 0

("] 10 CFR 20.45 Keporting
'~' Requirements

-
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hFIGURE 13.42
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TYPICAL AIR SAMPLE LOCATIONS
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() The leaking sealed source (AM-241) in 1979 was detected

and controlled without spread of contamination or

persennel exposures.

13.2 Measures Takan To Implement ALARA

13.2.1 Improved Detection and Measurement CapabiIity

State-of-the-art measurement systems are developed and

implemented to measure personnel exposure conditions and

to provide data for ALARA evaluations. In general, the

systems are complex technically and costly.

Implementation of a new measurement system is made via

procurement of new commercial state-of-the-art equipment

or the in-house development programs. Typical examples

of these new measurement systems are described in the

following sections.

13.2.1.1 Continuous Air Monitoring System

( ) The continuous air monitoring system (CAM) was installed

in 1979 to provide early warning of releases of airborne

uranium caused by process or containment failures.

Sensors have been installed throughout the fuel

manufacturing process (typical sensor locations are
'

shown in Figure 13.42). Operating details of the

system are presented in Chapter 13.4.5. It is planned

to interface the CAM units with the REMTRAC program

(Chapter, 13.2.2) to provide live time monitoring of

personnel exposures via integration of airborne data

with personnel location.

13.2.1.2 Central Air Sampling SysteEt

The previous system of individual air samplers in the

shop was replaced in early 1979 with a central air

sample system of broader scope and improved capability.
Details of the system are presented in Chapter 13.4.2.
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O
The system provides an increased number of sample

points; typical sample locations of the central air

sampling svotem are shown in Figure 13.42.

'

13.2.1.3 Measurement Instruments

state-of-the-art low level counting equipment has been

provided to update the accuracy of air sample counting.

These new systems can be interfaced with onsite

computers to facilitate data handling and to provide

direct counting data to REMTRAC.

The in vivo lung counter was upgraded in late 1980 to

proyide capability to detect and evaluate very low level

surface contamination which could interfere with the in

vivo lung counting program. Further improvements; e.g.,

computer upgrades, new and data handling systems, tre

planned in 1981. h

13.2.2 n8MTRAC Progrum for Radiological Safety

,
In 1979, simultaneous with the installation of the

central air sampling systems, WMD initiated a major

systems development program to upgrade data accumulation

and analytical routines for the definition, evaluation,

comparison and trending of employee occupational

exposures and factory airborne concentrations. This

program, with the acronym REMTRAC, will result in a

disciplined information system structure which

integrates all nuclear safety related data for

presentation to, and usad by, radiation safety

personnel, shop operations, and general management.

-
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REMTRAC has been designed to provide improved accuracy,'-

traceability, and flexibility in collecting, analyzing

and reporting occupational exposure to radioactive

materials. The system will also provide on-line ad hoc

inquiries to the correlations of exposures vs personnel

vs equipment or job tasks. Timely reports will be

generated for management information to assure that they

are knowledgeable of potential problems that may

jeopardize employee health and safety.

13.2.2.1. Current status

Essentially all historical employee exposure data has

been reviewed in depth, verified or corrected, and

entered into the REMTRAC data base. Computer operating

systems have been designed. fLD control routines have

been implemented. The system reporting capability will

come on-line by year end 1981.es

13.2.2.2 REMTRAC System Capabilities

13.2.2.2.1 Access Control

The system will provide knowledge of the employees

authorized to have access to the nuclear fuel facility
,

based upon having met specific radiological safety

program criteria.

13.2.2.2.2 Integrated Record Control

The system will provide the information control

mechanisms to assure that all exposure related records

(wholebody count, airborne assignment and external

dosimetry) are complete and secure, and that schedules

of training, bioassay tests, and medical examinations

are maintained and evaluated.
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13.2.2.2.3 Programmed Exposure Control

The system will assure that airborne exposure

assignments are tracked and evaluated on a timely basis.

This portion of the program integrates data provided by

the continuous air sampling system and employee
,

time / location within a. specific factory area. On-line

evaluation of these data determines airborne exposure

assignments and assures that individuals are properly

scheduled for in-vivo counting or urinalysis sampling.

If the individual does not satisfy the health physics

program requirements, that individual is restricted from

further exposure until the program requirements are

satisfied.

13.2.2.2.4 Disciplined Methods ,cq

The system will pro /2ue a structured and procedurally

verifiable methodology to evaluate and report accurate

assessment of occupational exposure from varied work

conditions using either regulatory exposure modeling or

the most recent models developed in the open literature.

,

13.2.3 Facility and Equipment Improvement

Engineered facility and process improvements to reduce

exposures are being made continually. Typical projects

recently completed and current projects are shown in

Table 13.3.

-

-
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TABLE 13.3
,,

PROJECT PURPOSE STATUS

GECO II Improved Process and Complete

Containment '

Roof Scrubber Housing Improved Contamination Complete

Control -

Hydrolysis Scrubber Improved Containment Complete

and Hood
Replace Slugger Hoods Improved Containment Complete

New Hoods - Decon Room Improved Containment Complete

Offgas Scrubbed, Red Cap Effluent Control Upgrade Complete

Controlled Ventilation, Contamination Control Complete

Old Stacker Upgrade

UF6 Leak. Detectors Improved UF6 Leak Complete

Control

Slab Blender Accessories Improved Containment Complete

Hood Air Flow Controls Improved Containment Complete

( Upgrade Calciner Reduced Air Concentrations In Process

Scrubber

Automatic Pellet Reduced Extremity Exposure In Process

Inspection

Upgrade Press Hoods Improved Containment
'

In Process

Grinder Accessories Imprcved Containment In Process

13.2.4 Radiation Safety Committee

An Active Radiation Safety Committee has been assembled

to review shop radiological safety conditions and to

plan short-term projects for improvement. Members of
this committee include the supervisor of the radiation

protection function, the manager of the radiation safety

function, and key operations managers (shop

manufacturing, manufacturing engineering, etc.). The

group generally meets biweekly and minutes of the

meetings are distributed to higher level management.
-

"
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The minutes result in identification of specific

problems and corrective actions to be completed;

progress of improvement projects is monitored .

continually. Typical projects addressed by the

Radiation Safety Committee are shown in Table 13.4.

TABLE 13.4

PROJECT STATUS

Film Badge Storage and Control Complete

New Hire Training and Orientation Complete

Personnel Surveys Ongoing
Mask Use and Storage Ongoing
Contamination Control, Assembly Area Complete

Contamination Control, Clean Areas Complete

Copntamination Control, Cylinder Dock Complete

Contamination Control - Powder Pack Ongoing
Air Concentration Control

Calciner Hood Ongoing
Vaporization Complete

Slugger Containment Complete

Hydramet Press Containment Ongoing
,

Powder Sample Room Containment Complete

Slab Blender Containment Complete

Red Cap Blender Containment Complete

Vacuum Cleaner Ongoing
Protective Clothing Evaluation Ongoing
Use of Protective Clothing Ongoing
Emergency Staging Area Control Ongoing

-
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13.3 Bioassay Program'-

13.3.1 General

The WMD bioassay program is necessary and desirable to

aid in determining the extent of an individual's

internal exposure to concentrations of uranium by

analysis of material excreted or removed from the body

and by the in-vivo wholebody counting (WBC) program.

From diagnostic standpoint, the capability exists for

excreta analyses and in-vivo measurements as necessary

to estimate the quantity deposited.in the critical body

organ of interest, and the rate of elimination if an

internal exposure has occurred.

13.3.2 Urinalysis Program

The urinalysis program is designed to permit the

,- determia.ition of soluble uranium intake and to verify
t

-' the validity of the air sampling program and radiation

control program. This is accomplished by establishing

routine urine sampling for normal production and

maintenance activities and by special sampling for

abnormal occurrences.
,

13.3.2.1 Routine Sampling

13.3.2.1.1 Vaporizatin & Hydrolysis Operators

These operators are required to cebmit urine samples at

the end of their shift every other day and/or on the

last day of the scheduled work week in the vaporization

and hydrolysis areas, regardless of the time spent in

these areas during their work day.

_
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13.3.2..'.2 Maintenance Personnel

Maintenance personnel working in vaporization or

hydrolysis submit urine samples daily at the end of

their shift when performing duties associated with the

duct / vent system; pu mps , valves, piping (repair or

removal); plugged dip' tubes; inside hoods; reworking or

removing insulation; scrubbera and their vent lines;

chamber valves and piping; removal of UF6 lines;

inside heating chambers; changing UF6 cylinder

valves.

Maintenance personnel working in the uranium

purification system (UPS) submit urine samples before

entering the cc7 trolled area the following scheduled

work day, when performing work associated with pump

repair or removal; duct or vent system; or work on

equipment inside hoods. ggg

13.3.2.1.3 UPS Operators

A minimum of six individuals assigned to the UPS area

(two on each shift) are required to submit a urine

sample once a week on the last day of their work week. *

The radiation protection function will designate those

individuals, based on their time in the UPS area during

the week. Based upon these sample results, the sampling

frequency may be modified to require additional

sampling.

13.3.2.2 Special Sampling

-

'
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13.3.2.2.1 UFg Gad Leak / Release Detected by Air Samplers
,

q,) When a leak is ietected by evaluation of the air sampler

results, personnel who worked in the vaporization or

hydrolysis areas are requested to submit an additional
.

urine sample before entering the controlled area the

following day.
.

13.3.2.2.2 Gas Leak / Release Detected by Air Monitors

All personnel involved during the leak or release are

requested to submit an initial urine sample and

subsequent samples, as required.

13.3.2.2.3 UNH Gas Leak / Release
All personnel involved in UNH leaks or releases submit

uriae samples 24 hours after the incident, or before

entering the controlled area the following day.

13.3.2.2.4 Ingestion of Soluble Uranium Compounds
'

If any personnel in the vaporization, hydrolysis, or UPS

area have or suspect that they have ingested soluble

uranium compounds, they immediately notify the radiation

protection function. Urinalysis frequency will be

outlined and reviewed with the personnel involved.
.

13.3.2.3 Sample Results

The urinalysis sample results are reviewed by the

radiation protection function. Results that exceed the

equivalent 35 ug uranium per liter for routine

vaporization operators and 15 ug uranium per liter for

UPS operators are subject to a preliminary investigation

by the radiation protection function. This

investigation consists of a brief description of the

incident, the individual's work performed prior to the

time the sample was submitted, and the sample results.

.

''
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Following the preliminary investigation, the radiation ggg
. protection function back calculates the urinalysis

sample results to determine if the calculated maximum

intake exceeds allowable intake of soluble uranium

material.

.

If the urinalysis sample results received by the

radiation protection function exceed 100 ug uranium per

liter, the radiation safety function is notified.

In the event any urinalysis result exceeds 2,000 ug

uranium per liter, the manager of the radiation safety

function is immediately notified.

Appropriate investigtions are initiated by the radiation

safety function, where necessary, and individuals are

notified immediately and restricted from the area based

on internal procedures specifying action guide values, ggg

Sample results obtained from special sampling are

forwarded to the radiation safety function. This

function initiates appropriate investigations and, where

necessary, immediately notifies individuals who are -

required to be restricted from the area based on

internal procedures specifying action guide values.
,

The radiation protection function ensures by review that

the appropriate sampling frequencies are met, and on a

weekly basis submits a summary of samples and results to

the radiation safety function.

-
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['] Urinalysis sample forms are filed in the individual's

personnel exposure history folder and maintained on an

indefinite basis.

13.3.3 Wholebody Counter (WBC) Program

The WBC program is designed to determine uranium lung

burdens. The program is subcontracted to an outside

vendor.

The detectors and associated electronics consist of four

5" diameter phoswich detectors, each equipped with a

pulse shape analyzer and HV power supply. Data analysis

is performed by a computer-based multi-channel analyzer

using alpha-M spectra fit programs. Detector shielding

is provided by a four inch thick steel shadow shield.

The system is calibrated using known standards of U-235,

-'') uranium-235, cesium-137, thorium-234, and potassium-40,

distributed in a lung or Remcal phantom. Typical

minimum detectable activities are U-235 - 75 ug; Th-234 -

<1 nci; Cs-137 - 6 nCi; K-40 - 60 nCi.

Typical counting frequencies are as follows: e

13.3.3.1 As Soon As Possible

New hires (if the employee has a previous history of

working around radioactive materials) or personnel being

assigned to the controlled area.

Terminating employees (if a weekly potential exposure

exists greater than 25% or if time-in-area (TIA).is

greater than 10% for any quarter).
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Personnel involved in an incident (assigned daily

exposure of greater than 400 x 10-11 uCi-hr/ml).

Personnel whose last count was greater than 200 ug

uranium-235, if first in a series.
,

13.3.3.2 Monthly

Personnel whose last count was greater than 150 ug

U-235.

113.3.3.3 Quarterly

Personnel whose quarterly potential airborne exposure is

greater than 100% (>5200 x 10-11 uCi-hrs /ml).

Personnel whose last count was greater than the minimum

detectable level (MDL).

Personnel whose quarterly assigned airborne exposure is

greater than 10% (>520 x 10-11 uCi-hrs /ml).

13.3.3.4 Annual

Personnel whose quarterly TIA is less than 25% but
,

greater than 10% (52-130 hours), or

Personnel whose quarterly assigned airborne exposure is

less than 10% (520 x 10-11 uCi-hrs /ml), and

Personnel whose weekly potential exposure is greater

than 25% (>100 x 10-11 uCi-hrs /ml).

-
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'_1 13.3.3.5 No Counting

Personnel whose quarterly time in controlled areas is

less than 10% (52 hours).

Personnel whose total weekly potential exposure is less
^

than 25% during the quarter (<100 x 10-ll uci-hrs /ml).

13.3.3.6 Counting Procedure

Prior te counting, each individual is requested to

shower and wear fresh disposable clothing. They are

then instructed to lie in a supine position on a movable

pallet. This pallet then moves the individual into

position between two sets of phoswich detectors. The

. upper set of detectors is then positioned on each person

so that the upper edge of each detector is in contact

with the clavicle and centered between the sternum and

outer edge of the body. The lower detectors are then7.~x
r >

k~ placed directly against the person in the corresponding '

position of the back. Once positioned, the person is

counted for 20 minutes.

13.3.3.7 Counting Results
,

Preliminary counting results are used as a guideline to

determine the need for correctiva actions such as area

restrictions or re-counting as shown in Table 13.5.

A final report is prepa ed by the vendor and submitted

to the radiation safety function on a monthly basis.

9
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TABLE 13.5

TYPICAL WBC RESTRICTION & RECOUNT GUIDELINES

WBC Result

in ug U-225 Action to be Taken
_

>250 Restric'. and reschedule count as soon

as possible

>200 Reschedule count within one to two

weeks. If second count is greater

than 200, restrict and count monthly

until the result is less than 100.

>l50 Monthly count until less than 100.

>MDL Schedule for count following quarter.

<MDL No action required.

13.4 Air Sampling Program

13.4.1 The air. sampling system samples airborne concentrations

at work stations and the airborne concentrations in the

work areas. The designed air flow through the sampling

n.edia is a minimum of two (maximum of three) times the

breathing rate.

,

WMD has five categories of operational and back-up units

ror monitoril,, airborne concentration levels. These

include the stationary air samplers, high volume

portable units, low volume portable units, continuous

air monitors and the emergency back-up air samplers.

13.4.2 Stationary Air Sampler System (SAS)

There are currently two SAS systems in place in WMD.

The first is located in the FMO/FMOX area used in
support of the existing ADU/GECO process. The second

^
.
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(new) system ir located in FMOX and is used in support

of the new GECO expansion process. Eac) system consistsj

of a primary vacuum unit that supports a series of air

sampling units.

?cs vacuum system has three levels of back-up to

minimize the risk of downtime: a reserve vacuum pump for

each area (total of four pumps); two separate electrical

feeders (one for each active pump) coming from the

substation each on a different transformer; and a diesel

generator to be used in the event of a total power loss.

Approximately 170 stationary air samplers are used in
support of the ADU/GECO process and approximately 36
u. nits will support the new GECO process.

Each sampling unit has a flow meter that controls air

volume and a filter holder containing a round glass
,,

'',' fiber filter (44 mm) which is changed every shift.
'

These filter samplos are analyzed each shift for the

area's alpha activity within approximately four hours

following removal from the filter holder. This analysis
*is performed by placing the filters into individual

planchets and loading them into the low background alpha
counting systems. The counting time requires

approximately one and a half hours.

Sample counting and sample flow resdits are converted by
a computer program to microcuries per cubic centimeter.
The program then summarizes the average airborne
concentration for specific areas. The program a:Sa

determines each individuals daily airborne exposure

based on airborne concentrations relative to assigned

work areas and the workers time in the area.
,,

''
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If an employee's cumulative ass'gned airborne exposure

(based on a seven day work week) exceeds 300 x

10-11 uCi-hrs /cc (time related), the individual is
restricted from working in an area containing

radioactive airborne material for the rema,inder of that-

work week.

If the individual's exposure exceeds 400 x 10-11
uCi-hr/cc, an investigation is performed and documented

by t?.e radiation protection function.

The radiation safety function evaluates the individual

assigned airborne exposures on a quarterly basis.

Exposures exceeding 520 x 10-11 uCi-hrs /cc are
scheduled for the wholebody counter.

In the event that airborne concentrations in an area

exceed ?.0 x 10-11 uCi/ce, the area and/or
equipment is identified and an investigation initistcd

to determine the cause. The investigation consists of a

review of the activi'y that occurred in the aren during

the time frame. Additional air concentration level
,

samples will be taken using a high volume portable unit

to determine if the problem still exists.

If a problem does exist, employees in the area will

either be evacuated or required to wear respiratory

protection until the problem is resolved.

.

W
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13.4.3 High Volume Portable Units"

There are approximately eight high volume portable units

used at WMD for special spot sampling to determine

airborne concentrations as required to evaluate breaches

in containment and as back-up units during an emergency.

These units maintain an air flow of about 20 cfm through

a four inch ashless filter paper. The average run tir.e

is between five and ten minutes. The units are self-

contained inasmuch as they produce their own vacuum

utilizing a 110 power source.

13.4.4 Low Volume Portable Units
There arc approximately six low volume portable units

used at WMD for performing long-term airborne studies
such as determining airborne trends on new or existing

}; pieces of equipment. These units maintain an air flow

of 150 scfh through a 44 mm round glass fiber filter.

The units are self-contained inasmuch as they produce

their own vacuum utilizing a 110 power source.

13.4.5 Continuous Air Monitor (CAM) Gystem .

There are approximately thirty-one CAM units used at WMD
to identify airborne problems as they occur. These

units are similar to the ones used in the central vacuum
system (Chapter 13.4.2) with Lue additional features of
a solid-state detector and a single channel analyzer.

The primary function of the CAM system is to provide
early warning of loss of containment control.

_
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The CAM's, which are strategically located throughout |||
the controlled areau, provide instant readout capability

to the radiation protection function's office and the

Emergency Control Center (ECC)..

In the event of abnormal air concentrations, the system

will produce three levels of alarms.

Trend Alarm - Produced when air concentrations are
increased above pre-set percentages (typically 3-5%).

Alert Alarm - Produced when the airborne concentration

exceeds a pre-set limit (typically 50% of the high alarm

limit).

High alarm - Produced when the airborne concentration

exceeds twice the alert alarm limit. The high letal

alarm is set at 10 x 10-11 uCi/cc. |||
In additien, there are individual printouts for each of

the CAMS which provide a ten minute average over a past
four hour period and a one hour average over a past

twenty-four hour period. '

13.5 Surface Contamination Control Program

13.5.1 General

The WMD surface contamination control program requires

that administrative action guidelines be established to

assurc that contamination levels and employee exposures

are kept as low as reasonably achievable and within the

limits established by internal action guides.

Ak
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In order to comply with these limits, WMD has a program

for monitoring area contamination levels, personnel;

''

contamintaion, and protective clothing program.
~

13.5.2 Action Guide Levels

Action guides are established to ensure appropriate

corrective actions are taken for contamination control.

The guideline levels are designed to be conservative in

nature and are not to be regarded as the borderline

between " safe" and " unsafe".

If contamination in excess of the guideline limits

occurs, the necessary decontamination action that should

be taken is based upon knowledge of the particular

circumstances and the behavior of the material

' involved.

Typical action guides values are chown in Table 13.6.

[ )
13.5.3 Survey Frequencies

Routine contamination survey frequencies (as shown in

Table 13.7) are established for all uranium process and

manufacturing areas including those noncontrolled areas

such as hallways and lunch rooms immediately adjacent to

controlled areas. These frequencies are based on

operational experience for effective contamination

control.

When detected contamination levels exceed established

action guides (as shown in Table 13.6), action is

initiated for remedial decontamination. The survey

results are trended and evaluated for effectiveness of

radiation controlled programs and to identify potential

problem areas.

_

'
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TABLE 13.6
'

Typical Action Guides Values
o 7
o n
Qn Measurement Response Level,

[ Area Method alpha Responsem
n

CE Controlled
g - Operational Equipment Uniform (smears) 25,000 dpm/100 cm2 Delayedo

- Traf fic Areas -Local (smear) 10,000 dpm/100 cm2 Immediate-

[ E visible (track)ble)
2

f -Uniform (smear) 5,000 dpm/100 cm Delayedu

2Stacker Warehouse Local (smear) 5,000 dpm/100 cm Immediate
Uniform (smear) 2,200 dpm/100 cm2 DelayedN

Uncontrolled Spot (total)(meter) >5,000 dpm immediate
Local (smear) >1,000 dpm/100 cm2 Immediate
Spot (total)(meter) > 1,000 dpm Delayed

2Local (smea r) >220 dpm/100 cm Delayed

N O
m >
< -a

G
g items
'

Respirators Fixed (ratemeter) ND Relaunder
,
s (Interior surfaces) Removable ND Relaunder
ta
" 2o N Protective clothing Spot (total) 15,000 dpm/100 cc Relaunder
$ Uniform (fixed) 10,000 dpm/100 cm2 Discard

Uniform (total) 2,200 dpm/100 cm2 Relaunder

Equipment Removed From
Controlled Areas
- Unconditional Release Local (smea r) 220 dpm/100 cm2 Restrict and decontaminate

Local (fixed) 2,200 dpm/100 cm2 Restrict and decontaminate
Local (dose rate) 1 mR/hr Restrict and decontaminate

[ Uniform (dose rate) .2 mR/hr Restrict and decontaminate
i m>~

wO
m.

4
O

9 ei '
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o z Table 13.6 (continued)o a
o o
N r. Measurement Response Level

Items Nethod alpha Res ponse-v -
n

* U1

yZ - Conditional Release Local (smear) 2,200 dpm/100 cm2 Restrict and deconteminate
i ni Local (fixed) 5,000 dpm/100 cm2 Restrict and decontaminate
C v, Local (dose rate) 1 mR/hr Restrict and decontaminate
[ jj Uniform (dose rate) .2 mR/hr Restrict and decontaminate

I

[ Sealed Sources 1st survey - total (smear) 1,110 dpm Resurvey

$ 2nd survey - total (smear) 2,200 dpm Dispose
2nd survey - total (smear) 1,100 dpm Restrict 7 days, resurver
3rd survey - total (smear) 1,100 dpm Dispose

N O
D1 >< -4

D1==

O,

Z
tn
\
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m
W
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TABLE 13.7

Guidelines for Survey Frequencies h
Minimum
Survey

Area / Item Surveyed Frequency

Controlled Areas Weekly

Receiving, Storage & Shipping Weekly

Eating Areas Used Primarily by Controlled Area
Personnel Weekly

Uncontrolled Areas Monthly

Other Appropriate Areas Quarterly

FMO: Office area aisleways, boiler and-

compressor areas

- FMOX: Office area aisleways, engineering desks
and equipment

- FCO: General aisleways, rod trays, tool room,
and locations where DI water is used

- EMO: General aisloways, gage lab, and locations
where DI water is used (e.g., cleaning room,
shipping and receiving)

Waste Treatment Facility Boiler Building --

General floor areas, pumps in for repair

- Nonradioactive Material Storage Pads - Random
pieces of equipment, but especially items that
could have come from FMO or the WTF.

- Scrap Yard: Same as above

- Contractor Work Area: Tools and equipment,
spare and used parts, includes fenced-in area

Site Maintenanca Building - General floor area,-

tools and equipment, used parts

.

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE
''

DOCKET #70-1113 REVISION O II-13.72

.

k

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ __ _ _ _ . _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _



13.6 Shipping & Receiving Controls
'

The purpose of the WMD shipping and receiving control

program is to provide a uniform method for monitoring

the shipment and receipt of radioactive materials

according to NRC and DOT regulations.
-

13.6.1 Packaging

The licensing function designates which licenses,

certified or DCT specification packaging can be used

routinely for specified radioactive materials and for

cthers in special instances. Licensing obtains the

required certificates of compliance and furnishes

interpretations of licenses and regulations. Table 13.8

shows a listing of authorized shipping containers

currently in use at WMD.

The fuel shipping function routinely refurbishes used

(', packaging and furnishes additional packaging which may
'"

be required to meet DOT regulations.

The designated shop operation function packs materials

for shipment in authorized containers according to

internal instructions. *

The designated quality control function inspects

packages for required identification, closures and

seals, and provides appropriate quality certifications.

Packaging of special or unusual material requiring

radiation shielding or containment (e.g., neutron

sources) is the responsibility of the component desiring

shipment and is subject to traffic and materials review

for conformance to NRC and DOT regulations. The

regulatory compliance function determines acceptability
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TABLE 13.8

SHIPPING PACKAGES AUTHORIZED FOR USE BY GE-WMD

Certificate Package
Number Name Description Authorized Contents
_

0002 UNC 2400 10 gallon metal drum SNM powder, etc.
-6M

0003 UNC 2400 55 gallon metal drum SNM powder, etc.
-6L

4904 21PF-1, Metal cylinder overpacks UF6
etc. and inner metal cylinders

4986 RA-series Wooden outer box and Fuel assemblies / rods
metal inner container

5059 UNH 3800 Gallon stainicss UNH

trailer steel tank trailer

5236 PR-1, 5" steel pipe with end Fuel rods
etc. caps in plywood box

5331 BP-2 3" x 10" steel pipe in SNM powder, etc.
5 gallon pail

O
5768 BB-250-2 74'' long outer steel SNM powder, etc.

Jrum

5857 HG Steel box Fuel assemblies

5926 GE 100 Steel shipping cask Irradiated SNM

6273 48A, 48" cylinders UF6
etc.

6294 UNC 2901 55 gallon steel drum SNM powder, etc.

6364 RR1 10" x 94" steel pipe Fuel rods

6458 BU-5 55 gallon steel drum SNM powder, etc.

9009 FL 10-1 2 - 55 gallon steel drums SNM powder, etc.
welded together

9018 BU-6 10 gallon metal outer SNM powder, etc.
container, i gallon inner

9019 BU-7 55 gallon drum SNM powder, etc.

_
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Table 13. 8 (continued)

f}
k' Certificate Package

Number Name Description Authorized Contents

9065 BU-4 55 gallon drum SNM powder, etc. '

9078 GENS DOT spec 37A-80 SNM sandy powder

9091 30A & 30B Cylinders UF
6

.

%/-

U

5
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for shipment when it becomes necessary in the opinion of ggg
the traffic and material distribution function.

13.6.2 Shipping

The traffic and material distribution function prepares

the required shipping forms, including the radioactive

materials shipping and packaging record for each

shipment.

The radiation protection function does the following

according to internal instructions: performs radiation

and contamination surveys of outgoing shipments to

assure that radiation and contamination levels are below

acceptable limits and supplies shipment release

documentation to the traf fic and material distribution

function as shown in Table 13.9.

13.6.3 Receiving ||)
Incoming shipments that contain radioactive material are

identified using a designated inspection code that

alerts the receiving function that the shipment will
~

require timely radiation monitoring.

.

The traffic and material distribution function performs
~

the following: notifies the radiation protection

function when radioactive materials are received at the

plant; inspects packaging of received shipments for

damage; and reports actual or suspected damage to the

appropriate site functions.

The radiation protection function performs surveys on

incoming packages containing radiouctive materials

within three hours of receipt during normal working

-
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TABLE 13 9

Action Guide for Shipping / Receiving Radioactive Materials

s Maximum
Shipping Container permissible Actions to be Taken
Criteria contamination level * If Level is Exceeded

Removal contamination averaged
over 300 cm2 of exterior
surface of container being
shipped or received, with the
following types of contents
or contamination:
- Natural or deplated uranium 2200 8 y/cm2 - min. Decontaminate surface

and resurvey before
22200 /cm - min. shipping sr acceptir.g

receipt until
contamination levels
are below maximum
Iimit

- All other beta gamma 220 - /cm2 - min. Same as above
emitting materials

- All other alpha 20 /cm2 - min. Same as above
emitting materials

(' Dose rate at external surface <0.5 mrem /hr at Container must have
of container any point on Radioactive White-I

external surface labe: (except for
unall quantities of
radioactive materials
as defined in 49 CFR
173.391).

Between 0.5 0
10 mrem /hr at any Container must have
point on external Radioactive Yellow-ll

surface & <0.5 label
mrem /hr at 3-f t
from external
;urface,

in excess of Container must have
either 10 mrem /hr Radioactive Yellow-Ill
at any point on label
external surface
or 0.5 mrem /hr
at 3-ft from
external surface.

*For shipments consigned to vehicles as exclusive use, limits shown above may
be multiplied by a factor of 10.

9 NRC LICENSE SNM-1097 DATE 5/27/81 PAGE
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Table 13 9 (continued)

gMaximum
Transport Vehicle permissible Actions to be Taken
Criteria contamination level if Level is Exceeded

Incoming Shipments, 2,200,000 dpm 6/300 - Decontaminate surface
removable contamination cm2 and resurvey before

releasing transport
- Exclusive use vehicle 220,000 dpm a/300

truck(natural of depleted U only) cm2
- Notify the manager of

the radiation safety
function

- Exclusive use vehicle 220,000 dpm 8/300 same as above
(other than i;atural or cm2
depleted uranium),
general transport vehicle 22}000 dpm a/300

C*
(sontaining natural or
depleted uranium)

*

- General transport vehldic 22,000 dpm S/300 Same as above
(for other than natural cm2
or depleted uranium) 2 200 dpm a/300

Ecm

Outgoing Shipments - General release contamination values may not

exceed the established (at the time of initial
incoming survey) contamination levels if
the vehicle or containers are in transit.

- Removable contamineclon levels for release of
vehicles and containers generated on plant
site will be 10% of the acceptancg values.

If the contamination levels exceed 10% of the
accepted values, the manager of the radiation
safety function is contacted for authorization
tc h:,ve the shipment released. on to have
shipment decor.taminated until it as belcv the
release limits.

.

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET #70-1113 REVISION 0 II-13.78

.

.



(O
V hours or within 18 hours of receipt if received after

normal working hours, pursuant to 10 CFR 20.205. Action

guide levels and corrective actions are specified in

Table 13.9.

.

) .

v

|

*

|

.

|

_
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__ 14.0 ENVIRONMENTAL SAFETY

k-) The General Electric environmental monitoring program at

Wilmington is based upon the concept of placing primary

emphasis on monitoring at the source points. It has

been found that data obtained at offsite sampling points

fluctuate at background levels and are useful only as a

secondary method of identifying any unsuspected impact

from plant operations. Therefore, the source point data

is used to generate the exposure and offsite

concentration information in this section.

14.1 Radiological

14.1.1 Wa_ter Pathway
An extensive environs study of the facility was

conducted between July 1974 and March 1975* by the

Eastern Environmental Radiation Facility of the U.S.

Environmental Protection Agency. At that time, the
7-
() water pathway was judged as not significant since the_

water in the receiving stream is not potable, is not

used for irrigation, and uptake of uranium from the
'~

river by plants and animals was not considered a

eignificant pathway to man. There was practically no e

swimming in the area'. The direct radiation pathway was

not considered significant.

A determination of exposure via ingestion via che water

pathway was made during the study even though the water

is not used for potable purposes. The potential dose

commitment was determined to be less than 3 millirem per

year based on a 0.96 Ci annual discharge to the river.

EPA 520/5-77-044*

-_

r'"V
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For reference, the releases to the river for the years g
1979 and 1980 were 0.61 Ci and 0.61 C1, respectively.

These values indicate a potential dose commitment of

less than 2 millirem per year for .hese years.

14.1.2 Air Pathway -

It was determined in t'he previously referenced EPA study
that the airborne uranium activity concentration at the

nearest resident would be 0.22 fCi per cubic meter.

This concentration was based on an annual facility

release of 2 to 3 mci per year. This concentration

results in a 50 year organ dose commitment of less than

one millirem to the lung.

The' facility activity releases for the year 1979 to 1980

were 1.69 and 1.05 mci, raspectively, and the calculated

50 year dose commitment from uranium activity to the

lung would still be less than one millirem. ggg

Based upon a 10 quarter study using TLD's conducted

between October 1976 and July 1979, (location shown in

Figure 14.1) an analysis of variance and a least

significant differences test of the data showed that a

there is no statistically significant difference at the

95% confidence level between background locations (see

Figure 14.2). Therefore, there is no discernible whole

body dose to the nearest resident.

14.1.2.1 Dilution of Air Effluents

A value of X/Q, which is used to compute the dilttion

factor for air effluents from the uranium processing

areas in the fuel manufacturing building to the nearest

site boundary, is determined as shown below:

---
-

''
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.

- Assumptions made in the calculations are as follows:

The value of the annual average dispersion factor, X/Q,

is a maximum in the south-southwest (SSW) sector from
the stacks.

The nearest site boundary is a distance X of 137 meters

from the stacks. .

The average annual wind speed U in the SSW direction is

3.52 meters per second.

The average atmospheric stability class is E.

The average volume of air released from the stacks is

101 cubic meters per second.

The minimum cross-sectional area A for the fuel

manufacturing building is 1154 square meters.

The value of the frequency F with which the wind blows

towa'rd the SSW sector is 0.0823. |

The annual average atmosphere dispersion factor for a

'''.
building release is calculated from the following''

equation:

x , 2.032 F
9 I Dx

z

where X is the averge annual ground level e

the sector of interest of the

radioactive material released in

uCi/ml,

Q is the average annual release rate of

the radioactive material released from

all stacks in uCi/m3,
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II is the average annual wind speed for
the sector of interest in meters /sec,

.

X is the distance from the point of release

to the minimum site boundary in meters and
,

F is a variable added to account for the

frequency with which the wind blows towards

the sector of interest.

The vertical dispersion coef ficient, az , has been

replaced by Ez to account for the building wake effect,

and is equal to the following:

(oz + cA)1/22Iz -

W

where oz is the Pasquill-Gifford type vertical

dispersion coefficient in meters as

defined in Figure 3.11, Metorology

and Atomic Energy, 1968(1) .

I
C represents an estimation of the relation

of the cross-nectional area of the

building to the size of observed

pressure wakes = 1/2, and
;

A equals the minimum cross-sectional
2area of the building in m ,
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The assumption was made that all airborne effluent

sources come from the center of the roof of the fuel

manufacturing building. The maximum dispersion factor

is chosen from the data combinations of site boundary

distance, averge wind speed, and the fraction of the

time the wind blows into each sector. In order to

determine the value of oz, an average atmospheric

stability class for the year is assumed to be E.

Presently, the minimum building cross-sectional area, A,

is equal to 1154 m2, and the minimum site boundary
distance is 122 meters in the south sector.

Using the above assumed values for the variables V, F,

C, A, and X, value for az of 4.5 as obtained from Figure

3.11 of reference 1, a value of X/O = 4.5 x 10-5
() sec/m3 is calculated. The dilution factor

corresponding to this X/O is 220. As stated in Chapter

1.6.7 a dilution factor of no greater than 100 shall be

used for purposes of controlling concentrations of

uranium released in airborne effluents from the uranium

processing areas in tne fuel manufacturing building.

14.1.3 Solid Waste - Contaminated solid wastes are either held
onsite pending rework or transportation to a licensed

disposal facility. There is no potential effect to the

public from the temporary onsite retention of solid

wastes and effect to the public of solid waste is

addressed by the disposal site license.

i
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14.2 Nonradiological gg

14.2.1 Water Pathway

Process wastes and sanitary wastas generated onsite are

collected and treated in separate facilities before

discharge from the site. The discharge of these treated

wastes is regulated by North Carolina under the State

administered NPDES permit program.

Discharges of the treated waste waters have been within

the NPDES permit parameters during 1979 and 1980. The

quantities of contaminants released have been

insufficient to change the water quality of the

receiving stream.

Data including effluent concentrations and release rates

and pertinent monitoring information from the sampling

program conducted in the receiving stream are summarized ggg
in Tables 14.1 through 14.3.

14.2.2 Gaseous Effluenta

Individual effluent streams from the fuel manufacturing

operation are treated as appropriate to remove specific

contaminants before discharge to the atmosphere. Each

process emission point is regulated under a permit

issued by the State of North Carolina.

The treatment systems are effective in maintaining

contaminant emission levels low enough to avoid impact

on the environs.

Pine trees, which are notably susceptible to fluoride

damage, flourish immediately adjacent to the conversion
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8 j' TABLE 14.1.
7:

-1 .
-TREATED PROCESS EFFLUENT DATAm r-

.

O *

:sk m *
,

N 2 *

o m
I m *

w
w us Avg.

g Daily- Total
"

.

rgegg) '.0E NII (N) .NO (N) NO (N) gn Avg. Avg. Avg. U3 3 2o Volpae pit Avg.
' Day. ppm - ppm ~

Avg. . #/ . Avg _ #/ Avg. #/ Avg. */ : Avg.#/ Avg. Avg.
E (2s$ 1979 g. Max. E -Day pg g pob ' Dy M.M ppb

JAN .G50 6.6 8.7 2.1 16 6.1 3.7 .28 73 12 09 13 10 110 .07 380
FED .634 G.5 8.7 3.6 26 7.5 2.2 50 71 12 .08 12 08 10 .07 390
MAR .GIO 6.6' 8.7 2.4 ~18 3.2 2.2 .6 47 <10 .06 <10 07 <10 .06 340

,

APR .590 G.5 8.9 3.3' 26 4.4 2.? .37 '60 <10 .05 <10 06 <10 .06 460
MAY .G47 6.0 8.9 '3.9 28 4.8 3.9 .55 67 <10 .06 <10 08 <10 .06 SGOJUN .638 6.5 9.0 3.14 24 2.1 3.3 89 51 <10 .08 <10 .06 <10 .07 470

JUL .610 6.6 8.7 3.8 27 3.8 2.8 62 48 <10 .08 <10 .08 <10- .07 G30
M.n

O
> AUG .571 G.5 8.8 2.5 15 1.9 1.7 .4 25 14 .08 13 .10 '51 .21 660

.

< -4 SEP .765 6.6 8.8 4.0 27 4.2 2.2 .2 54 <10 .10 <10 .07 <10 06 540'm OCT- .780 7.0 8.8 3.5 30 2.8 3.1 .42 57 <10 .08 <10- .07 <10 .07' 790
-.

*: NOV .658 6.8 8.7 3.5 28 5.0 3.4 42 '73 <10 ' 0G <10 06 <10 .06 460
l () DEC .587 S.6 9.0 6.5 40 4.1 3.4 .43 67 10 .06 13 .07 <10 06 620
a 1980

*' O \ JAN .638 6.G 8.3 2.5 19 3.1 3.2 .21 49 10 .07 13 .09 <10 06 1080$ FEB .592 6.6 7.8 2.9 20 2.65 3.26 .23 44 11 .07 10 .05 <10 .05 1030s MAR .563 6.4 8.1 4.5 21 3.4 6.3 .51 54 13 .06 16 .06 <10 .07 1120
'

CD APR .'464 6.6 9.0 3.1 18 2.2 2.6 .38 31 10 .03 11 .06 11 .06 8804

F' MAY .408 6.7 7.8 3.5 32 2.2 5.3 1.0 67 loi .00 12 .07 11 06 860i JUN .580 G.3 8.6 2.8 20 .89 2.2 .6 26 <10 .05 10 .06 <10 .05 370

JUL .460 G.5 8.4 3.5 19 1.1 4.1 88 33 10 .06 13 .07 13 .08 330
AUG .451 G.6 9.0 3.6 21 2.3 3.8 .6 41 <40 .05 <10 05 clo .05 270
SEP .501 6.2 8.8 4.1 18 2.3 2.8 1.0 39 <10 05 10 06 <10 .05 520
OCT 41G G.6 8.9 5.2 19 5.5 4.3 .9 40 10 . 04 13 05 10 .01 4GO
NOV .381 7.1 8.9 4.0 15 4.0 6.6 1.4 45 10 .05 12 41 10 . 41 730
DEC .500 6.6 8.3 5.4 20 5.7 11.3 .6 67 11.5 .05 13.5 .05 15 .06 420

4

, H
'Dl y p (1) millions of gallons per day

{ (2) parts per million

(3) parts per billion,

-

y e

I
<

b

.
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h
TABLE 14.2

SANITARY EFFLUENT DATA

Avg.
Daily
Discharge, BOD, COD,

Year Month MGD(1) ppm (2) ppm
i

1970 JAN 0.022 10 64
FEB 0.022 8 36
MAR 0.021 11 41
APR 0.018 9 28
MAY 0.020 10 20
JUN 0.019 15 43

JUL 0.017 16 43
AUG 0.017 7 48
SEP 0.024 8 28
OCT 0.018 14 52
NGV 0.016 8 40
DEC 0.014 13 47

1980 JAN 0.017 6 48
FEB 0.017 7 40
MAR 0.017 5 40
APR 0.017 19 59
MAY 0.019 4 31
JUN 0.024 3 16

JUL 0.022 7 48
AUG 0.020 6 52
SEP 0.025 19 55
OCT 0.024 6.0 24
NOV 0.022 6.5 28
DEC 0.022 7 16*

(1) Millions of Gallons per Day

(2) Parts per Million
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TABLE 14.3
NORTHEAST CAPE FEAR RIVER MONITORING DATA *

.

.

.

. . Monitoring Location - Upstream Monitoring Location - Downstream

. Ytar Month F NOt(N) NHg pil BOD F NOs(N) Nii 1.N,,1 pH pO,,,D,3

1979' JAN- 0.11 0.19 0.58 5.8-8.7' 1.8 0.15 0.42 0.59 6.3-6.8 2.1
FEB <0.10 0.45 0.50 6.1-6.6 <1.0 0.13 0.41 0.52 6.5-6.9 <1.0

. MAR 0.11- 0.27 0.33 5.8-7.1 3.0 0.11 0.37 0.45 6.1-6.5 1.0
APR <0.10 0.26 0.68 6.3-6.8 <1.0 <0.10 0.30 0.47 6.4-6.8 <1.0
MAY <0.10 0.25 0.67 6.0-6.5 1.2 0.15 0.36 0.46 6.6-6.9 1.4
JUN 0.10 0.27 0.81 6.0-6.5 0.11 0.39 0.62 6.4-G.9 --

JUL. 0.16 0.29 0.60 6.0-6.9 1.4 0.35 0.32 0.54 6.5-7.2 -

AUO 0.19 0.22 0.69 6.2-6.8 1.8 0.37 0.27 0.45 6.6-7.3 3.6
SEP 0.13 ' O .11 . 1.00 5.5-7.~0 - 0.18 0.16 0.60 6.0-7.1 -

OCT~ 0.19' O 14 1.06 ' 6.0-6.4 2.6 0.20 0.18 0.63 6.3-7.1 4.6
'NOV 0.25 .0.22 0.95 6.6-6.7 - 0.35 0. F O.83 6.7-7.2 -

DEC 0.37 0.29 'O 89 6.0-6.5 2.2 0.35 0.32 0.64 6. -7.0 2.7 j,
1980 .JAN 0.21 0.74 0. 7' 7 6.3-6.7 1.6 0.23 0.37 0.59 6. 6- 7. 0 1.6- 5

{.fm.; .FEB 0.20 10.50 0.79 6.3-6.5 <1.0 0.20 0.47 0.68 6.4-6.8 1.2 4

' (v) . APR 0.26 0.37 0.88 5.9-6.6 - 0.28 0.39 0.71 C.3-6.7

MAR O.27 0.38 0.88 5.9-6.6 3 0.27 0.38 0.77 6.2-6.7 2.2 {'
- i

-MAY. 0.30. 0.59 0.67 6.2-6.7 4.2 0.31 0.57 0.48 6.7-6.8 3.4
JUN 0.26 0.30 0.68 5.7-6.6 - 0.40 0.51 0.69 6.4-7.2 - f' -
JUL 0.21 0.39 0.63 6.1-6.7 - 'O.31 0.56 0.29 6.6-7.1 -

AUG C.24 0.32 0.90 6.2-7.1 <1.0 0.43 0.54 0.34 6.6-7.3 1.2
SEP 0.27 0.32 0.73 7.0-7.0 8.0 0.66 0.47 0.46 6.3-G.3 2.0
OCT .0.25 0.30 0.78 6.6-7.1 0.72 0.49 0.32 7.1-7.4- -

NOV 0.22 0.44 0.44 6.7-7.0 1: 2 0.52 0.50 0.21 7.1-7.2 1.0 [DEC 0.15 0.58 0.23 7.0 <1.0 0.31 0.43 0.20 7.0 1.0
,

1

*pH .*esults in units; all other results in parte per million

' Note: Upstream and downstream uranium concentrations were <0.01 ppm

>

.( y
$
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j[)area and in the plant environs. Calculated

concentrations of fluoride at the site boundary are less

than 0.01 micrograms per cubic meter.

Monitoring data summarizing fluoride emis51ons from the
chemical operations area are summarized in Table 14.4.

The discharge of nitrogen oxides from the chemical

process area is controllnd so as to result in a nitrogen

dioxide concentration of less than 0.05 ppm on an annual

basis at the site boundary.

Routine discharges of ammonia to the atmosphere as a

result of process liquid waste treatment w:re eliminated

in 1977 with the addition of an ammonia recovery

system.

O
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TABLE 14.4
AIRBORNE FLUORIDE RELEASES

~

(GRAh!S/ WEEK);
-

1979 1979 1960 1980
Wk Wk ik Wk

01 119 27 7 01 81 27 140
02 17 28 38 02 84 28 138
03 29 29 54 03 79 29 48
04 40 30 23' 04 72 30 135
06 30 31 4 05 100 31 781

06 7 32 23 06 70 32 49
01 20 33 13 07 91 33 50
08 24 34 15 08 121 34 87
09 31 35 8 09 233 35 118
10 27 36 53 10 181 36 138

11 11 37 22 11 157 37 125
12 18 38 1 12 96 38 79
13 29 39 5 13 89 39 --

14 66 40 75 14 84 40 --

15 20 41 54 15 11 41 93

16 181 42 109 16 115 42 257
- 17 464 43 54 17 125 43 100.s

) 18 225 44 42 18 62 44 --

'" 45- 50 19 111 4519 ----

20 23 46 39 20 82 46 127

21 114 47 28 21 56 47 298
22 435 48 121 22 46 48 183
23 39 49 68 23 1.3 49 204
24 69 50 68 24 171 50 97
25 34 51 120 25 124 51 --

26 104 52 68 26 87 52 --

.

.

!
I

I

'

( t
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15.0 NUCLEAR CRITICALITY SAVETY

This chapter describes the administrative and technical

procedures, design approaches, criticality safety
'

methodology and analytical methods which are used by the

Wilmington Manufacturing Department to ensure nuclear

criticality safety in the fabrication, storage and

movement of fissile material.

15.1 Administrative Practices - Area Managers

Responsibility for criticality safety in fuel

manufacturing operations is vested in area managers.

Area managers are appointed by the Department General

Manager, taking into account the Department

organizational structure and the qualifications of the
,

appointee.

() 15.1.1 The current area managers assignments are listed in

Table 15.1

15.1.2 Area Manager-Responsibilities

15.1.2.1 Full responsibility for operation of his area in a

criticality safe manner.

15.1.2.2 Requesting or authorizing the request for a nuclear

L criticality safety analysis from the criticality safety

function for new activities or changes in activities

which he determines may require a change in criticality

controls or changes in environment of possible

consequence to criticality safety.

__ -

''

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET 470-1113 REVISION O
II-15.1

4



-

S5
Q" ,TA3LE 15.1

YC BUILDING AREAS ASSIGNED TO AREA MANAGERS
o

e rn
yy Areas of Responsibility,

,

i m Area Manager Building /Outside Location Building /Outside Location

n- us

[j Hanager, FH0/FM0X ground floor Rad waste treatment & UF6 waste treatment
i Fuel Chemical Operation FH0/FM0X - mezzanine Solid waste decontamination
% Fuel support areas UF6 cylinder storage
$ Outside Locations Va poriza tion

Powder production & UPS
REDCAP
Stacker warehouse
Waste treatment fasility (including lagoons)
Outside pads
Changerooms

a o Blender
Q$ Laundry

m;; New stacker
UF6 mezzanine-

O FM0X rad waste*

FMOX GECO (expansion)

( Powder screen & pack
incinerator Buildingu

o a
N
m Manager, FM0/FMOX ground floor Sintering

Fuel Fabrication FM0/FM0X - mezzanine Grind, load, weld
Operation Gadolinia change rooms

Gadolinia
Bundle assembly, packing & storage
Press
Powder dump stations

Manager, FM0/FM0X ground floor Gadolinia laboratory (upstairs)s

g fuels Manuf acturing FM0/FM0X - mezzanine Process Technology LaboratoryH

H o Engineering FM0/FM0X - roof FM0 maintenance shop, cribs & roof
u,' m

Manager, FM0/FM0X ground floor QTD cold lab"

Measurement Techniques Automatic pellet inspection

G' O O



_ _ _

)

Table 15,1 (continued)
a 7
ON

QO Areas of Responsibility,
[ Area Manager Building /Outside Location Building /Outside Locationm

n

C$ Manager,_ FM0/FM0X ground floor Instrument laboratory
o U' Control Instrumentation Outside location Source storage outside pad
~, Support

y,
r. z
"f Manager, FM0/FH0X ground floor Neutron facility in box factory

Analytical Chemistry QTD hot laboratory-

8 Development
s

Manager, FM0/FM0X ground floor Cheme t la boratory
Fuels Quality

Manager, FM0/FH0X Process lagoons
Facilities Outside locaticns All areas of FM0/FM0X and outside

locations not specifically assigned
N o
r > to another Area Managerj
-, m

$ Manager, Onsite locations Pad 12 annex
o Procurement & Material FMOX shipping bay, box factory

.

Logistics Pad 12 and north roadway~

Site warehouse & roadway storage areas
v,

Offsite location Greenville, SC, facility
]

o u

) Manager, EMO Equipment Manufacturing Operation
Equipment Quality Building-

Manager, FC0 Fuel Components Operation Building
fuel Components -

Operation

i

H
H N
I >

W Q
[ A
w

N



l

15.1.2.3 Assuring that changes for which a criticality safety |||
function review has been requested are not initiated

(that is, placed into operation) until authorized by the

criticality safety function.

15.1.2.4 Assuring that criticality control procedures are written

and maintained which incorporate t.e criticality safety

requirements established by the criticality safety

function in its review.

15.1.2.5 Assuring that these written procedures are provided to

foremen, operators, and other concerned personnel.

15.1.2.6 Assuring that all personnel who enter his criticality

area are properly instructed in the criticality safety

requirements applicable to their function and the area.

15.1.3 Area Manager Compliance |h

15.1.3.1 Responsibility for and control of the nuclear

criticality safety of the operation under his management

is achieved through the authority delegated to the lower

line management (unic managers, foremen, and

supervisors). Day to day operation ir, controlled at

this level and neceseary instructions relative to this

control are communicated in management meetings :nd

round table sessions.

15.1.3.2 Each WMD manager is responsible to the Area Manager for

the control of his functional personnel while in the

criticality safety area.

.

-
_

''
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15.1.3.3 Each area manager assures that proposed changes to his

area are evaluated to determine if a review by the

criticality safety function is required. If a review is

required or if the area manager is uncertain as to

whether one is required or not, a Facility Change

Request (FCR) is submitted to the criticality safety

function.

15.1.3.4 If a FCR is submitted to the criticality safety

function, the change is not permitted to begin operation

until the criticality safety function either indicates

that a review is not required or gives written approval

for the operation.

15.1.3.5 When the criticality safety functon completes a review

of a proposed change in operation, it transmits in

() writing any criticality safety requirements which must

be implemented for the operation. These criticality

safety requirements are then incorporated into the

operating procedures for the system either by attaching

the written criticality safety function communication to

the procedure or by incorporating the requirements into

the procedural instructions. For areas or systems which

do not have detailed written operating procedures, the

criticality safety function document itself serves as

the procedure.

15.1.4 Operating Procedtres

9 NRC LICENSE SNM-1097 DATE 5/27/81 PAGE
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15.1.4.1 Major Department-level procedures (called Practices and
Procedures - P/Ps) are generated for coemunication

between Department sections.

15.1.4.2- In response to the Department P/Ps, section-level

administrative routines may be developed for

communication within the section as required.

15.1.4.3 Subsections and units may also develop administrative

routines or instruction documents appropriate for their

functions.

15.1.4.4 Production Requirements and Operating Documents (PRODS)
are prepared for operators of the fuel manufacturing
operation.

15.1.4.5 The criticality safety function document (currently

called a Nuclear Safety Release / Requirements - NSR/R)
giving the criticality safety requirements for each

operation, is controlled by the criticality safety

function and is binding on all personnel who enter the

criticality area.

15.1.4.6 Operating procedures and instructions (including NRSs)
are available throughout the criticality control areas.

15.1.5 Typical Training

15.1.5.1 Personnel who are authorized to enter criticality

controlled areas receive levels of instructions in the

|
criticality safety requirement applicable to their

function.

^
-

''
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|
15.1.5.2 The first level of instruction is the training program 1

,

(j conducted or approved by the radiation safety function
_

for new personnel and for periodic retraining of the

workforce.

15.1.5.3 Instruction programs are maintained at the subsection

and unit level through. staff level meeting's and
roundtable discussions.

15.2 Administrative Practices - Criticality Safety Function

The criticality safety function has the responsibility

for providing authoritative professional advice and

counsel to area managers on nuclear criticality safety

matters; to analyze proposed changes in equipment,

processes, and facilities involving nuclear criticality

safety; and to measure the effectiveness of the

criticality control program through periodic inspection

and evaluation of criticality safety related data.
e_T

j

The criticality safety function's analysis of proposed

changes in equipment, processes and facilities for

_
nuclear criticality safety is administered through the

nuclear safety review system. The key elements of this

system are that:

15.2.1 A Facility Change Request (FCR) is received by the

criticality safety function on which a proposed change

is summarized. Based on this summary, a criticality or

nuclear safety engineer in the function determines

whether a criticality safety review is required. If no

review is required, it is so designated on the FCR and a

copy is returned to the requestor. The signed off copy

| represents the criticality safety function's approval of

the proposed change and the requestor is authorized to

initiate the change.

, 9
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FCRs which may not require a criticality safety function ggg
review are those which usually fall under one or more of

the following guidelines:

The change represents replacement, usually in like

kind, of an existing piece of equipment, system or

facility.

The change is permissible under the conditions of

the existing criticality safety analysis without a

new analysis being required,

The change does not affect the criticality safety

of the area by, for example, not involving fissile

material.

The change involves insignificant or negligible

amounts of fissile material (as described in (g)
Chapter 15.4.4).

15.2.2 If the criticality or nuclear safety engineer determines
,

that a criticality safety review is required, further

information as required is obtained from the requestor

and a criticality safety analysis is performed using the

analytical methodology and assumptions described in

Chapter 15.4 and 15.5. The criticality analysis is

usually performed by a member of the criticality safety

function but occasionally it is contracted to qualified

outside organizations. While the criticality safety

analysis is being performed, discussions as necessary

are held with the requestor to resolve difficulties or

revise design considerations so that the design criteria

in Chapter 3 are satisfied.
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\ When the criticality safety analysis is completed, it is-

formally documented and referred to an alternate member

of the criticality safety function for review and

verification.

Following this, criticality safety requirements for the

proposed change are identified and transmitted to the

requestor for incorporation into operating procedures ,or

posting in the area. Operating procedures are developed

and implemented prior to startup of the ope'.ation.

15.2.3 When the proposed change has been installed and is ready

to be placed into operation, criticality or nuclear

safety personnel from the criticality safety function

perform a pre-operational inspection to verify that the

installation is in agreement with the criticality safety

gs analysis.
' )

,

If the pre-operational inspection reveals discrepancies

between the criticality safety analysis and the

installaton, these are resolved by revising the analysis

or the installation.

15.2.4 When the key items in 15.2.1 through 15.2.3 are

completed, the criticality safety function transmits in

writing' formal approval for operation and the identified

criticality safety requirements to the cognizant area

manager. This approval for operation is designated a

NSR/R and is required to be signed by the manager of the

criticality safety function.
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15.2.5 Records of the FCR, criticality safety analysis and gg
NSR/R ara filed in tne radiation safety function nuclear

safety review files. These files are maintained for as

long as the equipment system or facility is in operation

and are not deleted for at least six months after the

operation is terminated.

15.2.6 on a quarterly basis, criticality or nuclear safety

engineers from the criticality safety function perform

inspections of the fuel manufacturing operations. These

inspections are performed to verify compliance with the

criticality safety requirements in the NSR/Rs as well as

to identify previously unrecognized potential

criticality.

15.3 Equipment and Facility Design Considerations

15.3.1 Designs of new equipment, processes and facilities (gg
comply with safety design criteria prepared by nuclear

safety engineering.

15.3.1.1 Equipment, processes and facilities must be designed to

be critically safe even if single controls or related
~

multiple controls fail.

15.3.1.2 Geometry control is the preferred method for criticality

safety.

_

'"
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b 15.3.1.3 Geometry control is implemented in designs either by

restriction of key dimensions to the safe geometry

values tabulated in Chapter 4.2.3 (or the equivalent

finite dimensions determined from standard buckling

relationships) or by demonstration of geometric safety

by the methodology described in Chapters 15.4 and 15.5.

15.3.1.4 Because equipment, processes and facilities must be

critically safe even when controls (such as geometry)

fail, the use of process designs which incorporate

optimum or uncontrolled moderation into normal

operations is minimized.

15.3.1.5 The use of fixed poisons is identified as a form of

geometry control and is encouraged over the use of

administrative controls. For example special cace of

. this is the use of borosilicate-glass raschid rings

which is used in conformance with ANS-8.5/N16.4.'

15.3.1.6 The use of geometry control in equipment design also

require that the structural integrity of the equipment

be reviewed by a qualified civil or structural engineer.

Compliance with this requirement is documented in the

form of either drawings properly stamped by the reviewer

or a written report from the reviewer.

15.3.1.7 Equipment and process designs must consider and control

accumulation of fissile materials in inaccessible or

unplanned locations. Periodic inspections are also

required to verify the effectivencss of the controln.

'"
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h15.3.1.8 Non-Geometry Controls

If geometry control is not practicable for assuring

criticality safety, the administrative control methods

listed below in order of preference are authorized.

~ Implementation of any of these must incorporate in
,

addition to the criteria in Chapter 4.2, the criteria

safety factors of at least 2 unless a smaller vr.lue is

justified. This requirement is interpreted as follows:

15.3.1.8.1 Mass Control

Mass limits must be specified such that if the limit is

exceeded by a factor of 2, the unit will be critically

safe. Safe batch limits are an example of this for

uncontrolled geometries but other limits may be

determined (in conjunction, for example, with geometric

configurations) using the methodology described in

Chapters 15.4 and 15.5. g

15.3.1.8.2 Moderation control

Moderation must be controlled such that if the degree of

moderation is changed by a factor of 2, the equipment or

system will still be critically safe.

15.3.1.8.3 Density Control

Density controls must incorporate the safety factors

specified in Chapter 4.

15.3.1.8.4 Combinations of Controls

It is preferrable to utilize combinations of these types

of controls for criticality safety rather than to base

safety on a single type. An example of tuis would be a

storage area of containers which are critically safe

based upon both mass and moderation controls. By this
-

W
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w'
is meant that in the event the mass control failed, the

system would still be critically safe because of the

moderation controls and if the moderation control

failed, the system would still be critically safe
'

because of the mass control.

15.4 METIIODOLOGY IN CRITICALITY SAFETY ANALYSES

The analytical methode and techniques used by the

Wilmington Manufacturing Department to demonstrate

criticality safety of equipment, processes and

facilities are described in Chapter 15.5. The_ purpose
of this section is to describe the methodology and

basic assumptions that are the precursors to the use of

these methods in WMD applications. These are as

follows:

,, m
I I 15.4.1 Density Limits

The maximum credible density of fissile material is a

key parameter in the analytical evaluation of

criticality safety in Wilmington Marafacturing

L'epartment operations. Several such density

specifications have been established. These include:

15.4.1.1 UO2 has the maximum uranium density of any uranium
compound utilized in the manufacturing operation. It is

therefore conservative (but not mandatory) to model any

fuel-moderator mixture in Wilmington Manufacturing

Operations as UO2 and water.

15.4.1.2 The maximum theoretical density of '02 is 10.96

gm/cc.

E
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.

15.4.1.3 It has been determined experimentally that the maximum
bulk density of UO2 Powder at WMD is less than 4.5
gm/cc.

_

15.4.1.4 The normal density of UO2 Pellets is approximately
95% of the theoretical density (i.e., 10.41 gm/cc).

,

15.4.1.5 The maximum theoretical density of U 038 is 8.39
gm/cc and of ADU is 6.40. Densities of other uranium
compounds are tabulated in the literature.

15.4.2 Mixture Specifications

Materials such as UO2 and U 03 8 are characterized by
their verv low solubilities in water. Mixtures of these
materials with water are therefore easily determined by
calculation.

15.4.2.1 For mixtures in which the materials achieve their gggmaximum possible densities - so that the sum of the
volume fraction of fuel and the volume fraction of water
equals 1.0, the mixture density is

.

Emix = 1
WFy + WF

H90

T T
PX P HO2

In this formula, pkandpHOarethemaximum
theoretical densities of the fuel (10.96 for UO2, 8.39

T'

for U 0 , etc.) and water (usually og g= 1.00) and38
2

| WF and WFH O are the weight fractions of fuel andx
2

|

.

-
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(-) H O in the mixture. It follows of course that2

WFx + WF = 1.0

and that the densities of the fuel and water in the
'

mixture are

Ex = WFx Pmix

PH O = WF P"i"H O2 2

15.4.2.2 In some mixtures, the maximum densities described above

may not be achieved. In this event, the fuel-moderator

mixture is described by the relationships

p = WF p
x x mix

(J and_

E EH O HO mix
2 2

15.4.2.3 An example of the application of the relationship above

occurs for the case of UO2 Powder and water. As

described in 15.4.1.4, the maximum density of WMD UO2

powder is 4.5 gm/cc. This corresponds to a " full

density" mixture of 4.5 gm/cc of UO2 and 0.5894 gm/cc

of H 0*.2

*This can be seen from the relationship

E H O
1.0x + 2 =

T T
E EX HO

2

_

'"
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Thus if UO2 Powder and water mix such that the density

hhhof water in the mixture is less than 0.5894 gm/cc, the

mixture will not be full density. For example, if the

water content is 5.0 weight percent (50000 ppm), the
.

mixture will be

4.5 gm/ccp = .yg

4.5 gm/cc x 0.05 0.2368 gm/ccp = =
g g

2 (1-0.05)

15.4.3 Basic Assumotions for Geometry Control

15.4.3.1 Geometry control is defined such that criticality safety

must be assured over normal and abnormal ranges of

fissile material density, onrichment, mass and

moderation. The consideration of normal and abnormal

ranges of fissile material and moderator leads to the

requirement that geometrically safe equipment be

critically safe for optimum moderation. Optimum

moderation is defined to be the combination of fuel and

moderator which results in the maximum neutron

multiplication factor.

15.4.3.2 In addition to optimum moderation, it is required that

geometry controls assure criticality safety for

conditions of full or magimum credible reflection and

must take into consideration potential heterogeneous

effects in the fuel-moderator and equipment geometry.

Full reflection is usually considered to be a 12 inch

thick layer of water placed at the immediate boundary

of the system unless other more reflective materials

such as concrete are present. Concrete reflection is

modelled as a 16 in. thick layer at the system boundari.

.

W
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'd Heterogeneity of the fuel-moderator mixture is required

to be taken into consideration if the fuel particle size

exceeds 127 microns. In WMD applications involving .

002 it is therefore assumed that UO2 powder (which
has a particle size in the 0.2 - 1.2 micro,n _'nge) mixes
homogeneously with water while pellets, rods and chips
greater than 127 microns mix heterogeneously.

15.4.4 Neutron Interaction Between Equipment

Critically safe spacings between equipment and systems

of fissile material are determined by analyses of the

neutron interaction between the individual units. These

analyses are required to demonstrate nuclear criticality

safety for conditions of optimum interspersed water

between the individual units and full reflection by

(~x, water and/or concrete of the entire system. Individual
,

units are defined to be those which maintain a'-

surface-to-surface spacing of at least 12 inches from

all other accumulations of fissile material. Units

which do not meet this spacing requirement must be

analyzed first in connection with all units closer than

12 inches subject to the requirements of chapter 4 and

15.4 and then included in the overall interaction
analysis. Basic to the interaction analyses are the

following assumptions:

15.4.4.1 All units in the interaction analysis must individually

satisfy the double contingency policy as described in
Chapter 4.

_

'"
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15.4.4.2 Negligible quantities or volumes of fissile material can

be omitted from the analysis. For this purpose,

negligible is defined to be less than 10% of the values
listed in Tables 4.1 through 4.4.

,

15.4.4.3 Individual units of fissile material with a K, 1.0

which meet the 12 inch spacing requirement can be
omitted from the interaction analysis if they do not
provide more neutron reflection to any other unit than a
12 inch thick blanket of water at the unit's boundary.

15.4.4.4 Units isolated by the distance specification in Chapter
4.2.8 may be omitted from the interaction analysis.

15.4.4.5 Units with natural or depleted uranium may be omitted
from the interaction analysis but must be considered as
potential reflectors of other units if they do not
satisfy the 12 inch spacing requirement.

15.4.4.6 If a unit or horizontal planar array of fissile material

is separated from all other units and horizontal planar
arrays by a distance at least as great as its height and
all units or arrays satisfy the requirements of Chapter
4 and 15.4, then the total interacting system is
critically safe.

15.5 ANALYTICAL METHODS

The analytical methods used by WMD's criticality safety
function in nuclear criticality safety analyses are
standard throughout the industry and reflect the ongoing
upgrade and improvement in nuclear analysis technology.
These methods are of four types. First and most basic

is the use of experimental or published data along with
simple hand calculations utilizing well known formulas
or relationships. Next are the one and two --

-
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dimensional multigroup diffusion theory and transportx'

codes. Third are the Monte Carlo codes which, because

of their modelling capabilities and wide 7 Inge of

applicability, have become the preferred malysis method

in criticality safety analyses. Lastly ar,e the more or

less empirical interection codes which are used to

evaluate the criticality safety of complex systems or

entire facilities.

15.5.1 Published Data and Hand Calculations

15.5.1.1 The technical literature contains the resr.lts of many

experiments performed expressly to deteruine appropriate

criticality safety limits for specific jrocesses and

cperations. These experimental values and

interpolations between these values are used extensivaly

rw to benchmark nuclear analysis codes and to establish
i t
'' critically safe parameters for individual accumulations

and arrays of accumulations. The most commonly used and

readily available documents f rom which experimental

parameters may be obtained are:

- Karlsruhe Symposium papers, 1961

- AHSB Handbook 1, " Handbook of Criticality Data"

TID-7028, " Critical Dimensions of Systems Containing-

U-235, PU-239 & U-233"

- TID-7016, Rev. 1, " Nuclear Safety Guide"

- LAMS-3067, "Los Alamos Critical Mass Data"

- KAMS-2537, " Correlations of Expermental & Theoretical

Critical Data"

- Y-1272, "Y-12 Plant Nuclear Safety Handbook"

- RFP-NUREG, " Reference Control Experiments"

|
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15.5.1.2 Also published in the technical literature or available |||
internally within the General Electric Company are

compendia of basic nuclear parameters such as infinite

neutron multiplication factors, migration areas,

extrapolation distances, minimum critical masses and
~

multigroup cross section sets. These parameters can be

used with standard analytical methods described in most

nuclear engineering text books. Examples of such

publications are:

- ARH-600, " Criticality Handbook"

- DP-1014, " Critical and Safe Masses and Dimensions of

Lattices of U and UO2 Rods in Water", Savannah River

Laboratory.

- Artigas, R., " Rod Studies Data"

15.5.1.3 A typical analytical method used with experimental or

published data is the calculation of effective neutron ||k
multiplication factors using the reactivity formula.

The reactivity formula is the well-known relationship

._ K,f f = Km

1+B2 M2

where: K. is the published infinite neutron

multiplication factor,

M2 is the published migration area, and
B2 is the geometric buckling (itself a function

of the material extrapolation distance - which

is also obtained from publiahed data) .

Functional relationships of buckling factors on

geometric dimensions are well known for simple

geometries such as cylinders, slabs, and spheres.

_
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15.5.2 Diffusion Theory and Transport (SN) Codes
,
,

(_) If accumulctions of fissile material are not
'

geometrically simple, it is often necessary to use

advanced nuclear analysis methods to evaluate nuclear

criticality safety. When the geometries and mater?.als

are not too complex, the more traditional methods used

have been diffusion theory or transport (SN) codes.

These are multidimensional, multigroup codes which solve

the standard neutron tr:,asport egaation in either

rectangular, cylindrica or spherical coordinates.

Problem input consists of data such as densities,

macroscopic cross section sets, fission spectra,

geometry specifications and convergence criteria. It is

often necessary to compute cross sections using

sophisticated preprocessing codes prior to performing

the diffusion theory of transport calculations.

Examples of these types of computer codes are:

n
() 15.5.2.1 HECATE: A one-dimensional, three-group diffusion theory-

program which solves slab and cylindrical geometry

problems and yields the K-infinite or K-effective of the
'

system.

15.5.2.2 PDQ-04: A two-dimensional, multigroup diffusion theory

program which solves either x - y cr r - z geometry

problems for K-effective or K-infinite values.

15.5.2.3 TWOD: A two-dimensional, multigroup diffusion theory

program which solves either x - y or r - z geometry

problems for K-effective or K-infinite values.

15.5.2.4 ANISN: One-dimensional SN-theory solution of the

Boltzmann transport equation for neutrons.

7y
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15.5.2.5 XSDRN: One-dimensional SN-theory solution of the |||
Boltzmann transport equation, for calculating reaction

rates, eigenvalues and criti.:a1 dimensions.

15.5.2.6 DOT and TWOTRAN: Two-dimensional SN-theory solution of

the Boltzmann transport equation.

15.5.3 Monte Carlo codes

For complex 3 dimensional geometries or problems

requiring a high degree of accuracy or reliability, it

is usually necessary to utilize Monte Carlo codes.

These codes solve the Boltzmann transport equation by

simulating on a statistical basis the propagation of

neutrons through the described geometry model.

Monte Carlo codes are especially useful because their

geometry capabilities permit more extensive benchmarking

against critical experiments. The primary Monte Carlo ||h
codes used by the WMD criticality safety function

are shown below:

,

15.5.3.1 MORSE: A multipurpose neutron and gamma-ray transport

Monte Carlo code used primarily for shielding and

neutron criticality problems.

15.5.3.2 KENO IV and GEKENO: Multigroup Monte Carlo codes

specifically designed for neutron criticality

calculations of three-dimensional systems with leakage

and absorption by region and energy group. These codes

stress the Monte Carlo method rather than the treatment

of cross sections and require broad group cross sections

developed elsewhere as problem input. The standard

sources of these cross section sets are the JRK Modified
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'~ '; Hansen-Roach 16 group cross section sets or the 123
''

group or 216 group cross section sets from the AMPX

system (NITAWL and X5DRNPM).
.

GEKENO is a version of KENO which has expanded geometry

and editing capabilities. The major difference between

KENO IV and GEKENO is that GEKENO permits arrays of box

types to be defined internal to other box types.

15.5.3.3 MERIT: MERIT is a version of the BMC Monte Carlo code

which has been developed to provide benchmark

calculations for design codes used in BWR design. MERIT

has a standard 190 broad group cross section set; coupled

with resonance parameters to permit a more proper

treatment of cross section resonances.

15.5.3.4 GEMER: GEMER is a three-dimensional multigroup Monte

( ) Carlo code with the geometry features of GEKENO and the

cross section and resonance integral treatment of MERIT.

GEMER is the most powerful and most accurate code

currently used by the criticality safety function and is
,

as a consequence often used to validate the other

codes.

15.5.4 Interaction Codes

The analytical methods used to demonstrate the

criticality safety of interacting accumulations of

fissile material are as follows:

15.5.4.1 Monte Carlo: In some cases, the three-dimensional

modelling capabilities in codes .uch as GEKENO and GEMER
permit explicit modelling and analysis of interacting

systems.
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'15.5.4.2 Solid Angle Code (SAC): The solid angle method is a

widely recognized method for specifying safe parameters ||h
of an array of interacting accumulations. With this

method, accumulations in an array are spaced so that

each accumulation of fissile material is allowed to

"see" only a number of other accumulation. The maximum
allowable solid angle subtended by surroun' ding
accumulations is inversely related to the ef fective

multiplication factor (Kegg). The value of

Keff for each accumulation is determined using one

of the methods of Chapter 15.5 for the unreflected but

optimally moderated unit. The solid angles are

determined using the " point-to-plane" or exact formulas

given in TID-7016, Rev. 1, or from tabulated values in

publications such as TID-14975.

If the array being analyzed consists of identical

accumulations, only the most cantrally located

accumulation need be considered as the center point for h

a solid angle calculation. In other cases, it is

usually necessary to choose more than one " center-point"

- accumulation to assure that the Kegg-solid angle

relation is satisfied for all accumulations. In the use

of the solid angle method, contributions from

accumulations that are so far f rom a " center-point"

accumulation that their solid angle r.oes not exceed

0.005 steradians, are neglected provided that the total

amount neglected is less than 50% of the total solid

angla. The exact relations between the Kegg value

of an accumulation, and the maximum allowable solid

angle that may be subtended by other accumulations is

shown in Figure 15.1. Curve #1 of this figure is well

known in the literature and has been used extensively

for most types of fissile materials. The analytical

ovnranninn for thin curve is: __
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.

FIGURE 15.1 (continued) KEY TO SYt!BOLS
,

Syr.br.,1 Twe cf Atcumulatica Refeence

H/X 493
ORHL-3714, VOL.1e 4.9?' ENRICHMENT
FIGURE 2.2.1

CYLlHDER$.

*H/X 297 -

O 93.21; EHRICHMENT Y-1272, FIGURE Y 3.3
- CY LlHDERS

H/X 309
e 93.2?; ENRICHMENT

Y-1272. FIGURE Y 3.4
CYLlHDERS

.
.

H/X 50.1
4 93.2!; ENRICHMENT

'

Y-1272, FIGURE V 3.5
CYLlHDERS ,

H/X 14.3 2 - *

A ' .

93.2?; EHRICHMENT .Y-1272, FIGURE Y 3.6
CyLlHDERS

:

H/X 59' '

O .

92.6'; ENRICHMENT TID-7028, FIGURE 76
CYLlHDERS h
H/X 50

V 93.2?; EN RICHMENT Y-1272, FIGUR E V 4.1
SLAB 5

.

H/X 44
( 93.2!; ENRICHMENT

-

,

-

CYLINDERS

H/X 169 -

5 ( 93.2!; EtlRICHMENT Y-1272, FIGURE V 1.1
CY Lil10 E RS.

'

H/X 330
93.2*; EHRICllMENT

\ 5LA05
.

H/X 59
D 92.6!; EHRICHMENT TID-7023, TABLE 21

CYLitt0ERS -

.

, . . . - -
_
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|

I

) ALLOWED SOLID ANGLE
''

when Keff (STERADIANS)

<.3 0 all = 6 is

l

.3.8 0 all = 9-10 Keff
>.8 n all = 0 I

|
|

However, Curve #1 provides an excessive degree of

conservatism when applied to many arrays cf low enriched

UO2 systems. Therefore, Curve #2 of Figure 2 5.1 is

often used for certain types of arrays. Specifically,

Curve #2 r.4y be used for arrays which are only partially

reflected (as for example, an array of solution

processing vessels in a building that has a thick

concrete floor, and thin walls and roof). The limit of

array reflection (for using Curve #2) is established as a

reflector that is not more effective than a thick water

73 reflector over one-half of the surface of the array.
'(

The analytical expressions for Curve #2 are:

'

SOLID ANGLE
where Keff (STERADIANS)

<.47 0 all = 6

(13 1/3) keff.47 .85 0 all = (12 1/3) -

>.85 0 all = 0
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Curve #2 is deriv'd in a manner that is analogous to thee

derivation of Curve #1 which was originally developed by |||
Henry, Newlon and Knight. (K-1317, "Self-Consistent

Criteria for Evaluation of Neutron Interaction",

December 21, 1956.)

15.5.4.3 ALBALLA/ENANGHAN: These are two Monte Cailo codes that
use 16 group Hansen-Roach cross section sets and the

KENO /GEKENO anisotropic scattering equations to track
neutrons through a medium. -ALBALLA estimates the retu'rn

to a surface of ieutrons entering a reflector at a

specified energy and angle. ENANGHAN estimates the
energy and angular distribution of neutrons that pass

through a surface from a source at a specified distanco

from the surface.

The purpose of these two codes is to compare various

reflecting conditions to the reflection provided by a

tight blanket of water. (||
15,6 METHOD VALIDATION

The analytical met' ascribed in the previous

sections are validated Ly comparison with experimental

data or benchmark calculations. The recent increase in

benchmark critical experiments which is illustrated by

work such as that documented in references 11-14 has

made possible significant expansion of the application

of criticality safety methods and codes. This is

especially true of Monte Carlo codes which have the

flexibility necessary to take advantage of the

technological advances in critical experiments.

i

15.6.1 In WMD applications, the GEMER and GEKENO Monte Carlo

codes are examples of this upgraded technology. These
codes were developed not only to take ad'antage of the
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n'w' extensions in critical experiment benchmarks bute

also to permit use of previous validation work; such as
'# the Handley Hopper benchmarks in references 25 and 26 at

the end of this chapter or the RSIC Compendium of KENO

IV benchmarks.

Ta);les 15.2 and 15.3 show illustrative benchmark

calculations performed with GEKENO and GEMER based on

these sources. The examples in the tables are

especie.lly applicable to WMD applications because of

their ranges of enrichment, moderation and conditions of

reflection. The Handley Hopper benchmarks in Table 15.2

are systems with homogeneous fuel-moderator mixtures and

the Table 15.3 benchmarks are heterogeneous fuel

rod-moderator mixtures. Both sets contain examples of

fixed neutron poisons such as boron or cadmium.

Table 15.4 shows the results of an analysis of bias of
''

Tables 15.2 and 15.3. The bias in GEKENO ranges from
)

O.0035 for homogeneous mixtures to -0.0045 for''

heterogeneous and that in GEMER ranges f rc n -0. " 047 for

homogeneous to -0.0092 for heterogeneous. Ae atives
.

bias indicates that the code underpredicts the

experimental value.

15.6.2 Because of the general utility, flexibility, and

accuracy of Monte Carlo coder as illustrated by the

validation study in the previous section, GEMER and

GEKENO calculations are sometimes used as benchmarks for
the validation of other analytical methods. An example

of this is a comparison study which has been made

between GEMER, MERIT, GEKENO and the reactivity formula

for homogeneous U(4.0)02 and water mixtures with

typical reflector conditions. Table 15.5 specifies the
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TABLE 15.2
VAI.lDATION OF C6 KENO t, GEMER FOR HANDLEY-HOPPER BENCHMARKS

Experi-
ment GEKENO GEMER
No. K-eff +1 sigma K-eff +1 sigma

1 1.0047 0.0023 0.p85P 0.0025
2 1.0064 0.0023 0 9829 0.0023
3 1.0053 0.0024 0 9864 0.0024
4 1.0014 0.0021 0.9915 0.0023
5 0 9989 0.0025 0.9910 0.0022

6 0.9997 0.0024 0.9944 0.0024
7 1.0128 0.0024 0 9829 0.0026
8 1.0109 0.0022 0 9861 0.0024
9 1.0065 0.0022 0.9891 0.0025

10 0 9957 0.0024 0 9839 0.0023

11 1.0132 0.0029 0.9993 0.0028
11 1.0210 0.0032 1.0000 0.0031
13 0 9996 0.0023 0.9963 0.0028
14 1.0077 0.0028 0.9916 0.0031
15 1.0103 0.0025 0.9937 0.0031

16 1.0049 0.0031 0.9944 0.0030
17 0 9842 0.0027 0 9865 0.0023 $
18 0.9929 0.0024 0.9879 0.0026
19 1.0050 0.0022 0 9812 0.0019
20 1.0073 0.0023 0.9838 0.0021

21 1.0174 0.0034 1.0144 0.0031
22 1.0155 0.0030 1.0100 0.0035
23 1.0200 0.0032 1.0117 0.0035
24 1.0074 0,0029 0 9974 0.0033
25 1.0106 0.0035 1.0071 0.0032

26 1.0176 0.0233 1.0135 0.0032
27 1.0113 0.0035 1.0105 0.0032
28 1.0127 0.0031 1.0032 0.0041
29 1.0116 0.0036 1.0028 0.0031
30 1.0055 0.0034 1.0081 0.0036

31 0 9998 0.0031 1.0039 0.0033
32 1.0047 0.0034 1.0042 0.0032
33 0.9827 0.0037 0.9907 0.0033
34 0 9793 0.0032 0.9894 0.0034
35 0.9865 0.0033 0.9987 0.0032
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Table 15.2 (continued)r ,

()
Experi-
ment GEKENO GEMER

No. K-eff +1 sigma K-eff g sigma

36 0 9920 0.0034 0.9969 0.0033
37 0.9839 0.0036 0.9892 0.0034
38 1.0004 0.0033 0.9966 0.0029
39 0.9938 0.0033 0 9834 0.0033
40 1.0003 0.0034 0.9916 0.0031

<;

v

|
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TABLE 15.3

VALIDATION OF GEKENO AND GEMER FOR IIETEROGENEOUS LOW-ENRICIIED ggg
URANIUM SYSTEMS

CRITICAL

EXPERIMENT EXPERIMENT GEKENO GEMER
_

REFERENCE NUMBER K-EFF + SIGMA K-EFF + SIGMA
Bie rman

(Ref. 11,12

& 14) 12 0.9847 0.0028 0.9832 0.0030

21 0.9959 0.0030

23 0.9388 0.0032 0.98G2 0.0032

26 0.9833 0.0038

31 0.9983 0.0029 0.9850 0.0031

32 0.9976 0.0029 0.9914 0.0035

33 0.9900 0.0031 0.9879 0.003G
34 0.9911 0.0033 0.9907 0.0035

(|)35 1.0018 0.0032 0.9895 0.0033

3G 0.9987 0.0031 0.9945 0.0034
37 0.9955 0.0033 0.9880 0.0033

38 1.0010 0.0031

39 0.9985 0.0034
40 0.9890 0.0032

RSIC

(KENO IV 14 1.0377 0.0028 0.9979 0.0029

Benchmarks 15 0.9928 0.0030

21 0.9959 0.0035

22 0.9912 0.0029

TRX TRX-1 0.9969 0.0017

(REF. 22 and TRX-2 0.9987 0.0020

23)
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TABLE 15.4
,

ANALYTICAL BIASES FOR GEKENO AND GEMER FOR
' LOW ENRICHEDI URANIUM SYSTEMS' ' '

CASE 1 ' OMOGENEOUS MIXTURES (HANDLEY HOPPER BENCHMARKS)

CODE Bias 2 Uncertainty in Bias (lo)

GEKENO 0.0035 0.001GG

GEMER -0.0047 0.00151

CASE 2 HOMOGENEOUS MIXTURES (BIERMAN,RSIC, AND TRX)

CODE Bias 2 Uncertainty in Bias

GEKENO3 -0.0045 0.00143

GEMER -0.0092 0.00126

.

( >

L. J

1Enrichments below 6.0% U-235
2A negative value indicates that the_ experimental value was under

predicted

bDoes not include R5iC "xperiment #14

.
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TABLE 15.5

Geometry Parameters for WMD Benchmark Study

Infinite Infinite
pU Cylinder Radli, cm Slab Thickness, cm
(gm/cc)* Case 1 Case 2 Case 1 Case 2

over Moderated Mixtures 0.56 27.864 16.105 32.292 16.930

optimally Moderated Mixture 2.58 .4.067 9.593 13.800 7 952

under Moderated Mixture 6.70 30 761 16.921 33.940 15.860

1

*4.00% enriched UO2 and water at. full density

9

.

.
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simple geometries used (infinite cylinders and infinite
' slabs) and the fuel water mixtures (calculated in'

accordance with Chapter 15.4 for full density mixtures),

and Table 15.6 lists the calculated neutron

multiplication factors. These results have been

analyzed for biases relative to GEMER and.the results

are shown in Table 15.7.

15.6.3 The inherent conservatism of the SAC (solid angle code)

is illustrated by the comparison of a wide range of

critical data points, plotted in Figure 15.1, with the

two curves (for half reflected and fully reflected

arrays) derived from the solid angle-Keff

relationship described in Chapter 15.5. The critical

data shown in Figure 15.1 are for arrays that have less

than a close fitting full reflector. The exact degree

of reflection vr. ries from one experiment to another. It

t'' is noted, however, that the data characteristically
,'
/

correspond to reflection due to a floor underneath the' ' '

experiment and with some reflection from distant walls

and a ceiling. Such ref.; ction is more effective than

no reflection but not as effective as in half

reflections.

i
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S$ TABLE i5.6
o n
N r- Comparison of Analytical Methods for WMD Benchmarks

g --a
== m
y$ Neutron Multiplication Factors (k. 's or k ef f * o)

N0** MERIT GEMB
w System Fr i

MATERI AL Ka's

3 over Moderated Mixture 1.150 1.175 + 0.002 1.144 t 0.003 1.153 * 0.001
(pu = 0.560 gm/cc)N

Optimally Moderated Mixture 1.390 1.422 * 0.004 1.351 * 0.011 1.398 * 0.003
(pu = 2.58 gm/cc)

Unde.- Moderated Mixture 1.150 1.183 * 0.003 1.128 * 0.003 1.134 * 0.003
(pu = 6.70 gm/cc)

:o o

Q& UNREFLECTED CYLINDERS
- rn
m Over Moderated Mixture - Casa 1 0.967 0.979 * 0 003 0.971 * 0.005 0.966 * 0.004_

c3 - Case 2 0.763 0.756 * 6.004 0.755 * 0.004 0.758 * 0.004,

-

Optimally Moderated Mixture - Case 1 0.849 0.826 * 0.005 0.813 * 0.005 0.831 * 0.00;

( - Case 2 0.626 0.545 * 0.004 0.553 * 0.005 0.546 * 0.004
U Under Moderated Mixture - Case 1 0.942 0 948 * 0.004 0 923 * 0.005 0.930 * 0.004 >-o

- Case 2 0.693 0.675 * 0.004 0.660 * 0.005 0.659 * 0.004g
UNREFLECTED SLABS

Over Moderated Mixture - Case 1 0.946 0.964 't 0.004 0.959 * 0.005 0.949 * 0.004
- Case 2 0.703 0.680 * 0.004 0.673 * 0.004 ' O.684 * 0.003

Optimally Moderated Mixturc - Case 1 0.740 0.692 * 0.005 0.679 t 0.004 0.689 * 0.005
- Case 2 0.474 0.326 * 0.004 0.333 * 0.004 0.335 * 0.003

,

Under Moderated Mixture - Case 1 0.898 0.'37 * 0.004 0.882 * 0.004 0.893 * 0.004s .

g - Case 2 0.570 0.525 * 0.003 0.522 * 0.004 0.528 * 0.004H

- o
m m
L *ARH 600 data
* **JRK modified Hansen-Roach 16 group cross sections

< > O e
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gg Table 15.6 (continued)
n n

N r- Neutron Multiplication Factors (k-eff t c)
C '#' Y GEKEN0** MERIT GEMER" ~

n

w z -Formula *= rn System

im WATER REFLECTED *** CYLINDERS
i ~

[E Over Moderated Mixture - Case 1 1.000 1.021 * 0.004 1.005 * 0.005 0 998 t 0.003
f Case 2 0.850 0.856 * 0.004 0.845 * 0.005 0.8 % i 0.004u

Optimally Moderated Mixture - Case 1 1.000 1.008 t 0.005 0.984 * 0.005 0.989 t 0.004~
o
e - Case 2 0.850 0.823 t 0.005 0.829 * 0.007 0.317 * 0.005

Under Moderated Mixture - Case 1 1.000 1.012 * 0.004 0.992 t 0.005 0.990 * 0.004
- Case 2 0.850 0.866 * 0.004 0.835 + 0.006 0.844 * 0.005

WATER REFLECTED *** SLABS

Over Modei:ted Mixture - Case 1 1.000 1.016 1 0.003 1.006 * 0.004 1.010 * 0.003
- Case 2 0.850 0.859 * 0.005 0.847 * 0.006 0.846 * 0.002go

3$ Optimally Moderated Mixture - Case 1 1.000 1.004 * 0.005 0.997 * 0.006 0.994 * 0.005
m - Case 2 0.850 0.835 + 0.005 0.812 * 0.005 0.822 * 0.005

O Under Moderated Mixture - Case 1 1.000 1.021 t 0.005 0.990 t 0.004 0.989 * 0.003*

- Case 2 0.850 0.867 * 0.004 0.865 t 0.004 0.850 * 0.004
C
[ CONCRETE REFLECTED **** CYLINDERS ,o

D Over Moderated Mixture - Case 1 1.011 1.034 * 0.003 1.021 * 0.003
- Case 2 0.878 0.888 i 0.004 0.884 * 0.003~

Optimally Moderated Mixture - Case 1 1.052 1.048 1 0.004 1.040 + 0.005
- Case 2 0.928 0.877 * 0.005 0.870 t 0.004

Under Moderated Mixture - Case 1 1.027 1.049 + 0.004 1.014 t 0.00h
- Case 2 0.917 0.899 * 0.004 0.884 i 0.004

* ARH 600 datas

7m ** JRK modified Hansen-Roach 16 group cross sections
[$ *** 30 cm thick close-fitting blanket
. rn **** 40 cm thick Oak Ridge concrete close-fitting blanket

U

.



8$ Table 15.6 (continued)
o o
N r- Neutron Multiplication Factors (k-eff * o) -

G N0** MERIT EMERSystem Fr 1*
y

Dio

1* CONCRETE REFLECTED SLABS ***
~ us
- Z Over Moderated Mixture - Case 1 1.016 1.051 * 0.003 1.031 0.003 1.035 * 0.003

7 Case 2 0.891 0.926 i 0.004 0.908 i 0.003
"

-

Optimally Moderated Mixture - Case 1 1.076 1.114 i 0.004 1.101 * 0.004 1.100 * 0.005o

~ - Case 2 0 964 0 965 * 0.004 0 954 * 0.006 0.964 * 0.004
Under Moderated Mixture - Case 1 1.038 1.067 * 0.005 1.031 t 0.003

- Case 2 0 945 0 969 t 0.004 0 934 * 0.004

* ARH 600 data
$S ** JRK modified Hansen-Roach 16 group cross sections
jj *** 40 cm thick Oak Ridge concrete close-fitting blanket

$
8-

R
m
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-

H
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J TABLE 15.7

BIAS COMPARISONS BETWEEN GEMER.

REACTIVITY FORllULA, GEKENO, & MERIT ,

Bias (%)
Reactivity

Description Formula GFKENO MERIT

REFLECTOR

Unreflected systems 6.99 0.37 -0.53

Water reflected systems 1.01 1.74 0.11

Concrete reflected systems 0.60 1.72 -0.44

MODERATION

Over moderated systems -0.17 1.08 -0.06

( :
Optimally moderated systems 6.71 0.43 -0.38''

Under moderated systems 2.06 2.32 -0.25

OVERALL 2.87 1.28 -0.23
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16.0 PROCESS DESCRIPTION AND SAFETY ANALYSES -

I_) Included in this chapter are descriptions of each major

process step and a discussion of the associated safety

features. An overall process flow sheet is shown in

Figure 16.1. The part of the overall process flev sheet

associated with each major process step is also shown in

each section in wnich the process step 15 described.

16.1 Receiving and Storing UF6
16.1.1 Process Description

Uranium hexafluoride (UF6) enriched in U-235 up to

4.0% is received in 2.5 ton, 30" diameter cylinders

(Models OR-30A or OR-30B) each contained within a

protective shipping overpack (Models 21PF-1 and 21PF-2).

Five cylinders are normally received in a single truck

shipment. The protective overpack is opened to permit

removal of the UF6 cylinder via an installed bridge

crane and transferred to a scale where it is weighed and,-

b> placed in cylinder storage position on the receiving and

storage platform.

Storage space is provided for 35 of the OR-30A or-

OR-30B cylinders on the elevated concrete platform

adjacent to the truck unloading area.

UF6 enriched in U-235 abrve 4% for use in the Process
Technology Laboratory is received in 55 pound, 5"

diameter cylinders (Model OR-5A), each contained within

| a protect.ive shipping overpack (Model 20PF-1). One or

two cylinders are normally received in a single truck

shipment. The protective fixture is opened to permit

removal of the UF6 cylinder in the UF -to-UO26

conversion area of the laboratory. The cylinder is
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FIGURE 16.1
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placed on a scale, weighed, and placed in a storage area

within the confines of the laboratory.,

V

The one or two OR-5A cylinders are stored in a

design-ated location within the Process Technology

Laboratory.

16.1.2 Safety Features

The full UF6 OR-30A or OR-30B cylinders are received

in protective overpacks. Tnese cylinders are stored

outside within a fenced storage pad equipped with

criticality sensors which tie into the plant criticality

warning system. The cylinders are placed on metal

' chocks" in an array which maintains a 12" spacing.

Those cylinders that are being queued for imminent. use

are ctored on an elevated concrete platform next to the

vaporization room which is adjacent to the truck

unloading area. These cylinders are also stored on

,c
.

metal " chocks" and maintain a 12" spacing.
'd

16.1.3 Safety Analyses

1As reported in h -1686 , protective shipping packages
'

for UF6 cylinders are designed to withstand severe

accidents without release of radicactive contents.

Receiving facilities are designed to minimize the travel

distance of bare cylinders from the truck bed to the

scale and to the storage areas.

Cylinders containing UF6 (99.5% pure UF6) of less

than 4.2% enriched uranium have been shown to be
nuclearly safe even with interspersed water moderation,

and in a close packed (< 1.0" edge-to-edge) hexagonal

array.

1 -1686, Protective Shipping Packages for 30" Diameter UF6K
Cylinders, A. J. Mallet, C. E. Newlon
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Although these experiments involved only seven

cylinders, it has been shown (K-1686) by calculation g
that criticality is improbable for any number of

containers of this size with 3 0.5% impurities and 1
4.5% enrichment.

In addition to the K-1686 study, WMD has performed an

analysis to show that an infinite two high array of 30A

or 30B UF6 cylinders whose axes are parallel to the

ground is crit *.cally safe regardless of the arrangement

of the cylinders. This analysis was performed with the

GEKENO Monte Carlo Code using JRK Modified Hansen-Roach

16 group cross section sets. The results showed that

for U-235 enrichments up to 5.00%, the k-effective of '

the infinite two high array with optimum interspersed

water and full reflection by water and concrete was less

than 0.93 at the 99% confidence level. The maximum
k-effective of a normal one high planar array under the

same intersperced moderation and reflection conditions ggg
is less than 0.84 at the 99% confidence interval.

Cylind s containing UF6 (99.5% pure UF6) cf greater

than 5% enriched uranium are loaded as limited by the

parameter of mass, volume, shepe, and moderation.2 No

more than 80% of a critical mass is loaded into each

cylinder. Also, outer packaging is used to assure safe

spacing.

Internal r,'oderation of the UF6 cylinders during

operations with those cylinders is not credible.

20RO-651, Revision 3, Uranium Hexafluoride Handling
Procedures and Container Criteria.

-
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Re'ceipt of the correct number of cylinders is verified

4 ) by count. Gross weight of each cylinder is compared

with shipper documentation and sionificant differences

are reconciled with the shipper. A cylinder travel card

is prepared for each cylinder identifying pertinent

UF6 data.

Storage of the OR-30A or OR-30B cylinders on the raised

cement platform effectively precludes accidents

involving collisions by vehicles. Equipment for

handling UF6 cylinders are limited to the overhead

crane, special transfer cart and forklift with special

cylinder handling attachment, each sized with ample

safety margins to prevent damage to the cylinder during

handling operations. The cylinder valve cap is is place

whenever the cylinder is in transit with any of the

handling equipment. Radiation levels at the surface of

fully loaded cylinders seldom exceed seven mr/hr.

7
'

In addition, it should be noted that the storage area is

covered by a sheet metal roof which serves to preclude

interspersed moderation between cylinders. OR-5A
,

cylinders are stored indoors, thus also precluding

interspersed moderation between these cylinders.

A sample of UF6, certified to have been withdrawn from
I the vessel containing the material subsequently loaded

into shipping cylinders for transfer to GE, is shipped

to an independent laboratory. This sample is analyzed

to verify that the enrichment is not greater than 4.0%,

for the OR-30A or OR-30B cylinders, and to verify the

! enrichment as to what is on the label and shipping

papers for the OR-5A cylinders.

g I>
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16.2 UE6-to-UO7 Conversion - ADU Process

16.2.1 Cylinder connections and vaporization

16.2.1.1 Process Description

Cylinders are moved one at a time on the transfer cart

from the storage platform into the adjacent vaporization
room where an installed overhead bridge crane is used to
lift cylinder and lower it into one of the vaporization

chambers. With the cylinder at ambient temperature, the
valve cap is removed and flexible tubing is connected.

The cylinder is heated within its vaporization chamber
by means of recirculation of air which is electrically
heated within the closed system. Vaporized UF6 fl0WS
through the installed header system and is hydrclyzed
to UO F2 2 + B' in a 10" dindeter hydrolysis vessel in
the adjacent chemical processing room.

3

When the flow of gas from the cylinder slows

significantly, the residual UF6 gas is withdrawn into
a " cold trap". The cold trap is an externally

refrigerated 12" inside-diameter cylinder (OR-12A). The

UF6 is drawn into the cold trap which has previously
been evacuated by a vacuum pump which exhausts to the

filtered vent system.

16.2.1.2 Safety Features

The ambient temperature in the vaporization chamber is

recorded continuously and an overtemperature device

de-energizes the electrical heater at a preset

temperature well below that which could result in UF6

system rupture. Power to the heater is also

de-energized upon indication of abnormally high line

pressure.

.
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~In'the event of piping or valve rupture, a quick quench

carbon dioxide discharge system is activated locally by
'

a process operator or remotely from the process control

room to aid in freezing the UF6 at the point of

rupture and in general cooling of the cylinder. A

photoelectric device is installed in each vaporization

chamber to aid in leak detection.

Full-face filtered respirators are worn by personnel

when the cylinder connection is made and during other

activities in which a potential UF6 exposure (xists.

Additionally, each vaporization chamber is

independently connected to a ventilation duct fan which

may be activated from the control panel to exhaust

chamber atmosphere in the event of unusual leakage.

This system discharges to the water scrubber in the

vent system.

\_J>

It has been demonstrated that water from the hydrolysis

receiver (capacity nineteen gallons of water) cannot

enter the UF6 cylinder at times of low UF6 flow due
,

to the immediate formation of the uranium hydrate which

plugs the connecting line and stops all flow. At times
,

of low cylinder flo'w, the cylinder contains only a

| residual heel. Normal heel quantities are of the order

of ten to twenty pounds of UF6 The heel must be

cold-trapped in order to reduce the heel value.

The cold trap vessel is a 12" cylinder with an external

cooling coil in which a refrigerant is circulated. The

reflecting properties of the refrigerant are probably

less effective than those of water and there is

:
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no' mechanism for introducing the refrigerant into the

cold trap. Even if the cylinder were filled with cn ggg
optimally moderated UO F2 2 solution instead of dry
UF6, the system would still be subcritical due to its

12" diameter being less than the 12.5" diameter required

for criticality of a 4.0% reflected system.

16.2.1.3 Safety Analysis

Interaction among vessels in the chemical process area

has been analyzed by the k-effective solid angle method

and shown to be within safe limits. In addition,

process ventilation equipment such as scrubbers, bag

houses, etc., have been sized ts be critically safe and

included in the interaction calculations.

Criticality safety of the primary exha'mt system

scrubber reservoir is based en controls in the

manufacturing operation which preclude major releases of

uranium to the scrubber and on concentration limits in ggg
the basin itself. The geometry of the reservoir is a

slab 13 1/2' wide by 15' long by an average of 6" deep.

Based on the standard operating conditions and the
,

postulated worst case accident of loss of an entire

UF6 cylinder into the scrubber system, the maximum

credible uranium density will not exceed 275

gm U/ liter. Adequate mixing is assured by the constant

agitation of the scrubber system and at the 275 gm U/ liter

level, settling of (soluble) UO F22 in water is not

credible. Criticality safety is achieved since 275 gm

U/ liter is below the 350 gm U/ liter limit tabulated in

ARH-600 for which 4.0% enriched UO2 and water achieve a K,
< l.0.
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Mi'nor losses of gaseous UF6 are expected during
cylinder connection and disconnection but normally are

'

less than 1 kilogram of UF6 or less than 25 grams of

U-235 per cylinder. Even under unusual leakage
'

situations, however, essentially all of this material

would be recovered in the vent scrubber system and

returned to the process. Since the onlv UF6 flow path

from the cylinder is to the hydrolysis tank or the cold

trap, there are no possibilities for accidental losses

through valving errors. The net weight of residual

material in the empty cylinder is determined by

re-weighing prior to cylinder return and is verified at

the suppliers plant.

16.2.2 Precipitation

16.2.2.1 Process Description

Vaporized UF6 is introduced beneath the liquid level

() in a 10" diameter polypropylene hydrolysis receiver tank

where it is contacted with a predetermined quantity of

water recirculating by pump th_ough one of two 10"

diameter hydrolysis storage tanks. When the proper

concentration of uranyl fluoride (UO F2 2) is formed,

as indicated by specific gravity instrumentation, the

recirculation (hydrolysis process) is diverted to a

second identical hydrolysis storage tank and the

contents of the first tank are fed by pump to the 10"

precipitation tank.

|
,

''
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' Ammonium hydroxide is flow-controlled into the

precipitation tanks where the ammonium diuranate (ADU) ggg
precipitate is formed. Upon completion of

precipitation, the suspension is pumped to the 10"

diameter digestor tank.

16.2.2.2 Safety Features
.

The hydrolysis receiver tank is equipped with a hood

through which off-gases are collected and in turn

withdrawn by the vent system into a water scrubber.

Hydrolysis and precipitation process stops are conducted

in closed tanks vented to the process vent system. In

the event of leakage, the contents may ba pumped to

standby tanks to permit prompt repairs.

The hydrolysis storage, precipitation and digest tanks

have an inverted "Y" in the vent lines. There are

neither pumps nor drainage systems in this area to which (|)
process material can flow from leaks or ruptures of the

equipment. A gross rupturing of a vessel would flow

over the floor of the UF6 conversion area in a safe
slab configuration.

Since all process material is enclosed, there are no

mechanisms for significant loss of nuclear material.

16.2.2.3 Safety Analyses

The aqueous solutions in the precipitation and digestion

processes are confined to 10" diameter polypropylene

tanks. This diameter is 80% of the minimum critice.1

-

''
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diameter for 4.0% enriched UO F22 if optimum
moderation and full water reflection are assumed. The

walls of the tanks, which are polypropylene for-

corrision resistance are at least 1/2" thick and are

operated near room temperature and pressure. The tanks

are not subject to accidental enlargement; nevertheless,

all polypropylene tanks, which are greater than 8.5' in

height and the hydrolysis receiver which is about 7' in

height are externally reinforced to preclude enlargement

to unsafa diameter.

Process material is controlled to prevent its flow to

unsafe geometry systems. If the liquid level in the

hydrolysis receiver tank rises, despite control

instrumentation, the liquid would overflow through a 2"

hole in the bottom of the hood. If the normal liquid

level increases in the water scrubber basin it would

overflow to the floor via the hood at a volume of 20.169

liters (64.5% of the critical volume). Should thatg- )
overflow line become plugged, it would rise to 37.035-'

liters (61.8% of the critical volume) and similarly flow

to the floor via the hood through the vent line.
-

16.2.3 centrifugation

16.2.3.1 Process Description

From the precipitation vessel, the ADU slurry containing

about 2% solids is continuously pumped to a horizontal

cylindrical dewatering centrifuge. Dewatered ADU
" paste", containing about 50% water, discharges downward

through a 5" or 6" thick slab-type hopper to a pump

feeding the defluorination-reduction unit. Water from

this centrifuging stec normally retains about 500 parts

ADU per million part water and is therefore passed

through a second high speed clarification centrifuge of
__

'"
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1.8 gallon capacity where more than 95% of the remaining

ADU is removed and pumped back to the precipitation gg
tank. The aqueous stream is pumped to quarantine

tanks (addressed in Chapter 16.15.2).

16.2.3.2 Safety Features

The centrifugation step introduces no new or different

radiation hazards. The equipment provides a totally

enclosed environment for the process streams with

provisions for removal of uranium constituents from

effluent vapors prior to their release to the

environment.

16.2.3.3 Safety Analyses

The ADU dewatering centrifuge has been analyzed under

conservative and simplifying assumptions due to its

complex geometry. The calculations were done using the

KENO IV computer code and JRK modified Hansen-Roach 16

group cross section sets, ggg

The results of the analysis show that under the

postulated worse case accident (assuming a maximum
'

credible percent solids of 70%) with full reflection by

water and concrete, the system k-effective is less than

0.932 at the 99% confidence level. With the same

geometry ccnditions and optimum moderation the

k-effective value is less than 0.97 at the 99%
confidence interval. Under normal conditions the

centrifuges are geometrically safe since the solids

discharge is controlled by the 5" thick discharge

hopper.
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The only accidental loss mechanism from the centriguge {

q_j process is through equipment leakage which is readily

detectable and would be in the form of a dilute (less

than 0.1% ADU) aqueous solution.

16.2.4 Defluorination

16.2.4.1 Process Description

The ADU paste is continuously fed into the 10" inside

diameter horizontal chamber of a gas-fired

defluorination-reduction furnace where it is dried at

about 1200*F and reduced to uranium dioxide (UO2).

The product chamber rotaces about its horizontal axis

and is slightly tilted from the absolute horizontal,

thus transferring the product by gravity through the

heated chambar.

() A steam-dissociated ammonia reducing stmosphere is

passed through the chamber countercurrent to the product

flow. Off-gas from the product chamber is withdrawn by

means of a blower, after passing through a 10" diameter

baffled water scrub chamber.

16.2.4.2 Safety Features and Analyses

This step of the process is conducted in an enclosed

chamber. The process chamber is vented to a scrubber

system which removes ammonia and fluorides prior to

filtration. The gas-fired heating chamber is designed

to meet standard codes.

_

'"
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The defluorinator chamber has a 10" inside diameter and
thus is critically safe even if filled with optimum 1y ggg '
moderated material since the minimum critical cylindar

diameter for UO -H O systems is 11.3". The 1/2"2 2

thick Inconel wall of the chamber prevents loss of the

product to a more reactive configuration. The

defluorinator may be safely operated at temperatures up

to 2100*F.

The only credible loss mechanism for uraniuin being

processed in the defluorination step is that involved

with a buildup of material in the expansion bellows at

each end. Although no material accountability problems

arise due to such buildup, the bellows area are of

concern to the criticality safety of the operation since

maximun diameter involved is as much as 19.5".

To demenstrate criticality safety under such

conditions, an analysis has been performed with the ggg
GEKENO Monte Carlo Code using JRK codified Hansen-Roach

16 group cross section sets. The analysis considered

4.0% enriched UO2 and water wj:h optimum moderation
'

in the 10" defluorinator tube and a buildup in the

bellows filling up half the available volume. The

result was that for full external reflection of the

defluorinator system, the maximum k-effective was less

than 0.97 at the 99% confidence interval.

16.3 Uf6-to-UO2 Conversion - GECO Process

16.3.1 Process Description

Uranium hexafluoride (UF6) is received in steel
cylinders containing s4800 pounds of solid material. The
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cylinder is placed in a steam autoclave and heated by
,

_

the condensing steam. The UF6 melts at 150*F and the
liquid is heated to about 180'F developing a gas

pressure of 50-psia. The hot UF6 gas is fed to the

reactor.

The reactor is a vertical, cylindrical chamber. Gaseous

UF6, hydrogen from dissociated ammonia (DA), and
oxygen from dry air, are introduced through a nozzle

assembly into the top of the reactor. The critical flow

rate of each component it measured and controlled

within + 2% of the component parameter.

The chemical reactors for this process are:

Primary reaction -

UF6 + 6H2 + 3.202 + 1/3 U 03 8 + 6HF + 3H O2
+ 0.3702

Secondary reaction -

UF6 + 2H2+O2 +UO F2 2 + 4HF
About 80% of the UF6 is converted to U 03 3 and the
remaining to UO F . These rear:tions take place in a22
flame in which the UF6 burns l'a the presence of

hydrogen and oxygen.

U03 8 and UO F22The hot reaction products,

powder, water vapor (H O), hydrogen fluoride (HF),2

nitrogen (N2), and oxygen (0 ) are discharged from2

the bottom of the chamber to the primary filter. The

U03 8 and UO F2 2 Powder are removed from the
gaseous phase. This separation takes place in too

primary filter, containing hollow, porous monel filter
tubes. The powder is collected on the external surface
of the filters and the gas is pulled through the porous

metal by a high volume vacuum system. The efficiency of

thesa filters is 99.999%.
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Dry powder from the primary filter is fed into the

defluorinator and dissociated ammonia and steam are ||h
introduced into the discharge end flowing countercurrent

to the powder. The defluorinator is a rotating,

gas-fired kiln, similar to the ADU defluorinator.

In the defluorinator, the fluoride is removed from the

UO F2 2 and the U 03 8 Powder is reduced to UO2 at
temperatures up to 700*C. The UG2 Powder is
discharged from the defluorinator and is collected in

5-gallon car.s, weighed, and sent to the powder

preparation operation.

The gas stream removed from the front of the
i

defluorinator is cooled and scrubbed with deionized
orater and discharged to the process ventilation system.

Ammonium hydroxide is added to the scrub water to

neutra',ize the hydrogen fluoride, and the water is sent

to waste treatment. This is the only potential for k

systematic loss of uraniua from the GECO process.

The~ gas stream from solids separation contains hydrogen
fluoride (HF), water vapor (H 0), nitrogen (N2), and2

(0 ). This gas passes through an absorpticacxygen 2

system to recover the HF as an acid solution. This is a

standard absorption system commonly used in the chemical

industry for recovery cf acid gases.

The acid rolution contains about 30% HF. It is purified

by distillation and stored for sale or disposal. The

gas from the absorption system contains mostly nitrogen

and oxygen with trace concentrations of HF and water

vapor. The gas goes to the vacuum system where it is

scrubbed with ammoniated water to remove any HF and

- _d.i_sc.,harged to the process ventilation system.
_

_
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16.3.2 Safety Features and Analyses

Excess air is provided to ensure complete consumption of~,

'_' the hydrogen in the GECO reactor.

Interlocks such as flow, temperature, and flame sensors

ensure safe operation of the reactor.

The reactor pressure -is controlled to a sub-atmospheric

pressure. A special high-volume vacuum scrubber system

pulls the gases from the reactor through the filters.and

HF recovery system.

16.3.2.1 Hydrogen

Safsty features have been built into the hydrogen

distribution system supplying hydrogen to the GLJO

reactor to avoid hydrogen fires or explosions in the

system, as follows:

16.3.2.1.1 Dissociated Ammonia Production Unit7s
'

Dissociated gases are cooled in the unit and pressurex-

regulated to 7-psig (0.5 kg/cm2 gauge). Pure hydrogen

will not explode unless tnere is oxygen or air present
- and the hydrogen content of the mixture has to be less

than 75%. Air is ext.luded from the system by design.

116.3.2.1.2 Hydrogen Distribution System

The piping used for the hydrogen distribution system

consists of all-welded lines. Air is excluded from the

lines by design.

| Pressure in the line is limited to 15 psig (1.1

kg/cm2) gauge by a pressure reducing valve.

Lines are purged with nitrogen and pressuru test.ed at

100 psig prior to each use of the system.

g
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J5.3.2.1.3 Reactor Unit

9There are provisions to assure that hydrogen will not

pass through the reactor even under upset conditions.

These are (1) the reactor gases are always maintained in

an oxidative environment. (i.e., ratio of H2 to 02
is always < 1.9, minimum H /02 ratio of 2.1 required2

for detonation, (2) as inlets are automatically shut offo

and the reactor shut down under " upset conditions" such

as Icss of vacuum inside the reactor, high nydrogen
ficw, or no hydrogen flame and (3) after reactor

shutdown, a five minute post-operation purge of the
system with nitrogen occurs.

16.3.2.2 other Gases

The small amount (<0.0001%) of U 03 8 and UO F22
powder that passes through the primary filter is carried

into the HF recovery system with the off-gas from the

primary filter. There this powder is captured by the

exhaust gases that go to the roof scrubber and HEPA

filter in the chemical area exhaust stack. This stack

is monitored daily for compliance with requirements for

uranium and weekly for fluoride content in gaseous
effluents to the atmosphere.

There are cases where UF6 could be carried through the
reactor under upset conditions. For example, if both

the H2 and 02 (air) systems failed at the same time

(double failure), some unreacted UF6 could pass
through the system before the inlet valves automatically

closed.

-
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Under such conditions, most of the UF6 will condense

('' out into the pipes as UO F2 2 and travel into the
''

primary filter, and then be caught in the hydrogen

fluoride recovery system. The small remainder will be

caught in the offgas system and exhausted to the roof

scrubber where it would be converted to UO F22 in
liquid form. Thus all suca UF6 would be. trapped

before reaching the roof exhaust stack.

The gas from the primary filter, which contains HF,

water vapor, nitrogen and oxygen, as well as the very

small quantities of U 03 8 and UO F22 f.0.0001% of
the powder in the gaseous phase before passing through

the primary filter), all goes to the HF recovery system.

This is a standard absorption system commonly used in

the chemical industry for recovery of acid gases. The

gas from the absorption system goes to a vacuum system

where it is scrubbed with ammoniated water to remove any

/~') HF and then discharged to the process ventilation
\v''

system.

The gas stream removed from the front of the
,

defluorinator is cooled and scrubbed with ammoniated
deionized water and discharged to the process

ventilation system.

Thus, eventually, the gas stream from the primary filter

as well as those from the vacuum system and from the

defluorinator, are all discharged into the same process

ventilation system.

I
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The criticality safety of the steam autoclaves is

assured oy controls which limit the amount of water

which can come into contact with UF6 under any
credible accident conditions. Under normal conditions

the autoclave is critically safe since, as discussed in

Chapter 16.1.3, a water refelcted UF6 cylinder filled
with 2000 kg of 5.0% enriched Uh'6 is critically safe
if no more than 0.5% 'Inr weight of the centents are
impurities.

The control of water in the system autoclave environment

is based upon calculations made with the GEKENO code

which show that the minimum amount of water required to
- result in criticality for a 5.0% enriched UO2+HO 2

system with tight water reflection is '42 liters. Based

on this the steam environment is contro,lled by
temperature and pressure tc assure that the total amount

of water inside the autoclave (including that in the

UF6-cylinder by virtue of the 0.5% i.mpurity level) is
gg

less than 16 kg. In addition to the temperature and

pressure controls, the steara autoclave is also designed

with controls to monitor the HF content of the autoclave
steam and the condensate drain line to assure that
condensate water is properly drained. Failure of any of

these controls (including temperature and pressure)
results in immediate shutdown of the systen and shutoff

of the steam supply.

The GECO reactor and primary filter systems are

critically safe because of geometry control. This has

been demonstrated by calculations made with the GEKENO

code and JRK modified Hansen Roach 16 group cross
sections in which it was shown that for 4.00% enriched

-
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~ U '03 8 and water with optimum moderation and full
r') reflection. The results of these calculations were that
' ' ' '

the k-effective of the reactor was less than 0.945 and

the k-effective of the primary filter wsa less than

O.965 at the 99% confidence level.'

The HF recovery. system is also critically safe because

of geometry _ control. All vessels in the system have

cylindrical diameters no greater than the safe geometry

limits listed in Table 4.1.

16.4 UO9 Powder Prc-Treatment
16.4.1- Process Description

Uranium dioxide is discharged from the defluorinator

through a 6" diameter double rotary airlock system to

5-gallon cans. Lids are placed on the cans and they are

then moved to a station to be' transferred to a

hammermill. The dry milled product discharges to a

(~') slab-shaped hopper which feeds a 2.5" diameter conveyor.
v

This conveyor transfers the material to a 5" thick

slab-type powder collector feeding a predensifier press

via a 3" diameter base. At the predensifier, the

material is compacted in a 3 1/8" diameter, 2" deep die

cavity and transferred to a granulaoor via a 3"

slab-type vibrating conveyor. The lf.-liter granulator

crushes the compacts into material of uniform particle

size which is discharged via a 5.9-liter hopper througn

a 4" diameter hose into a 5-gallon product transfer and

stora e can. The product transfer and storage can is a

standard 5-gallon paint pail having a 11 1/4" inside

diameter. Filled cans.are moved one at a time to a

storage warehouse. Prior to transfer to the storage

area, a statistical sample of the powder production is

! .
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analyzed for moisture and uranium content and each can

is weighed and labeled.
-

16.4.2 Safety Features and Analyses

Equipment used to handle and process UO2 powder is
designed to assure a high degree of containment
integrity due to the intrinsic economic value of the

material. To prevent loss of powder from the

hammermill, r vented enclosure is installed.

Additionally, if the mill becomes plugged, it will be

detected by loss of vacuum at the inlet air stream to

the mill and the milling process can be promptly shut
down.

The completely enclosed and controlled process equipment
used in the UO2 pre-treatment has been sized to be

critically safe under conditions of optimum moderation
and full roflection. Powder controlling enclosures

(hoods) would not retain water, however. The highest

reactivity occurs in the granulator and grt.nulator
hopper complex. The nuclear safety of ttis complex is

based on geometry safety under the specifications given
in Table 4.1 or as demonstrated by Monte Carlo Code
calculations. The hammermills and granualtors have been

analyzed using the KENO IV doe with JRK Modified Hansen
Roach 16 group cross-sections for the case cf optimum
moderation and full reflection. For 4.0% enriched UO2

,

powder these results were that the k-effectives were

0.9550 + 0.0049 for the granualtor. These are both less

than 0.97 at the 99% confidence interval.

_
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Th'e criticality safety of the slab type powder collector

'] and predensifier are based on the 5" safe geometries and
'' volumes in accordance with Table 4.1.

The 5-gallon product can is nuclearly safe based on the

22.45 liter volume which is 51.9% of the minimum

critical volume under conditions of full. reflection. -

Howver, the product containers are sampled on a-

statistical basis and the UO2 analyzed for moisture

prior to transfer to the dry storage area on the

mezzanine.

-The weighing of cans of powder represents the first

opportunity to perform an in-process inventory

measurement since the UF6 cylinder receiving point.

These scales are calibrated according to a set

schedule.

('] 16.5 UO) Powder Blending
v

002 powder is blended for purposes of adjusting the

uranium enrichment or for assuming homogeneity of

physical properties for a batch of UO2 powder. Two
.

blending methods are currently in use - slab blending

and fluidized bed blending.

16.5.1 Slab Blender - Process Description

Powder to be blended is accumulated in 5-gallon pails

and transferred to hold areas in the immediate area of

the blender. The cans are then transferred, one at a

time, to an enclosed and ventilated hood, where the

blend is cha.rged to the slab-process vessel.
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'After the blender has been charged, it is closed and

rotated. Upon completion of the blend, the blended
ggg

material is discharged to 5 gallon containers which are

subsequently transferred to the adjacent hold area to

await enrichment verification. '

16.5.2 Fluidized Bed Blender - Process Description

As an alternate to the slab blender described above, a

fluidized bed blender has been designed and built. The
blender includes a vertically oriented mixing vessel

equipped with a fluidizing grid attached at the bottom.

Also attached at the bottom is a valved outlet and a
conduit assembly for UO2 powder discharge into a
5-gallon container. The fluidized bed apparatus is

mounted over an enclosed conveyor for moving empty
containers under the discharge assembly and for moving
full containers out.

Weight of UO2 discharged into the container is ggg
controlled automatically. All powder vessels are

designed to be geometrically safe for uranium at U-235

enrichments up to and including 4%. The entire
'

apparatus including the conveyor under the discharge
assembly is equipped with containment to preclude

release of airborne UO2 powder.

'

l
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16.5.3 ~Sa'fety Features and Analyses

(~'; Five-gallon cans in transit and storage are fitted with
' '''

lids, thus precluding significant radiation safety

hazards. The transfer hood is exhausted through

absolute filters to insure sufficient face velocity to

preclude loss of uranium dusts to the working environs.
.

The criticality safety of the UO2 Powder blending

operations is based on geometry safety. Five-gallon

containers are geometrically safe for 4.00% enriched-

UO2 by virtue of their 22.45 liters volume. The

corresponding safe geometry volume for 4.00% enriched

UO2 is 29.0 liters (Table 4.1).

The slab blender and fluidized bed blender are both

geometrically safe by virtue of their 5.0" slab

thickness (Ref. Table 4.1).

(v") 16.6 Pellet Production

16.6.1 Process Description

-

The 5-gallon cans containing UO2 Powder are positioned

one at a time in each of the hoods which contain hoppers

connected to tubes that feed 002 Powder to the pellet

presses on the floor below. Each of these cans has an

identity card which is used to input pertinent data to

the computer before the powder is transferred to the

press.

Pellets formed by the pellet presses are nominally a

little more than 1/2" long and 1/2" in diameter and are
,

transferred, as they are formed, into permanently

numbered open-top box-shaped containers fabricated of
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molybdenum metal (referred to as furnace boats). The
U-235 enrichment (percent) is impressed deeply into one

9end of each pellet.

As each furnace boat is being loaded, sample pellets are
checked for density. The weight of each filled boat is

determined and an accompanying identity card is prepared
and data inputed to the computer.

The card remains with the pellets throughout subsequent
process steps. Filled boats are stored on a slab type
conveyor system in the sintering furnace room.

16.6.2 Safety Features and Analyses

U02 powder pails remain closed during storage to
protect product quality and thus present no radiation

safety hazard. Filtered hoods above the feed hoppers
are designed to maintain sufficient face velocity to

assure no powder is lost from the feed system as shown

by air samples at the work stations. Pellet presses are

equipped with filtered vented enclosures and pressed
pellets are not subject to significant dusting

problems.

The powder hoppers are a maximum of 10" in diameter and

are separated by 12' 'iram one annther. The hoppers are

,
connected by a vertical 4" diameter feed line to the

presses. The 5 gallon cans are fitted with valve cones

to facilitate transfer of powder to the hopper. The
safety of this operation is based on the absence of

moisture in the powder and on the diarater of the hopper
and feed line. The pellets, after pressing, are placed

in furnace boats which are transferred ic a conveyor

_
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'st'orage system prior to introduction into the sintering

(] furnaces. The conveyor system is designed as a safe
'#

slab limited to 4" high. This is 83% of the minimum

critical slab thickness for pellets stacked in furnace

boats.

16.7 Sintering -

16.7.1 Process Description

Furnace boats are received in the furnace area and two

boats are charged in a single line into one of five

electrically fired furnaces that are maintained at about

1800 F. As the boats pass through the furnaces in a

controlled reducing atmosphere, the pellets are sintered

to about 95% of theoretical UO2 density. Upon

discharge from the furnaces, the furnace boats are

stored on the slab-roller conveyor system prior to

entering the next processing area which is grinding. A

(] computer transfer is made for each boat exiting from the,

s -
''

furnaces and the density is determined of each boat of

pellets using a gamma densitometer. A statistical

sample of pellets is analyzed for uranium and chemical

impurities.

16.7.2 Safety Features and Analyses

Although protective clothing is worn in the furnace

| area, the pelletized form of the material minimizes the

generation of dusts. No appreciable radiation exposure

is encountered in this room.

| The movement and storage of loaded pellet boats in the

furnace room and the adjacent grinding area are on the

safe slab conveyor system. Physical barriers prevent
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the stacking of boats above the safe slab thickness.

Administrative controls are employed where physical ||h
barriers are impractical.

1G.8 Pellet Grinding

16.8.1 Process De,scription
To obtain uniform diameter, all sintered pellets are

processed through one of five centerless grinders

equipped with a diamond grit work wheel. The grinding

is done without liquid coolant. Pellets to be ground

are received in furnace boats on the input conveyor
adjacent to the grinder feeder bowl. The pellets are

transferred from boats to the feeder bowl for automatic
grinding. As pellets are ground to the specified

diameter, they are inspected for defects and placed in
layers on shallow corrugated trays on the output table.
Loaded trays of pellets are transferred via a cart to

controlled storage cabinets prior to the rod loading I
operation.

Grinding swarf generated at each grinder is collected in

a cyclone separator and electrostatic precipitator

operated in series and vented to a bank of HEPA filters.

The material accumulated together with off-standard

sinte d pellets is containerid2d and stored for

subsequent recovery in the uranium purification recovery
process.

16.8.2 Safety Features and Analyses

The pellet grinding operation is a batch-controlled

process based on material to and from the operation.

The transfer cart is an array of six shelves 5" apart.

-
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Optimum moderation of the pellets in the cart in transit
,-
( ,j is considered to be incredible. However, the maximum

value for k-effectisa under this condition would be less

than 0.97 assuming optimum moderation of the pellets,

optimum interspersed moderation and full reflection.

Physical barriers prevent placement of pellets between

the shelves. The k-effective value was determined by a

Monte Carlo Code, Merit.

16.9 Fuel Rod Loading

16.9.1 Process Description

Pellet trays are removed from the storage cabinets and

located on one of four pellet load!.ng stations.

Normally six trays are at a station at any one time.

The fuel pellets are placed on fuel rod mock-up

channels, weighed and measured to required

specifications. The string of pellets is pushed into

() an empty zircaloy tube previously welded at one end with

a prenumbered end plag. The loaded tubes, now called

fuel rods, are placed in rod trays and held in temporary

,
storage prior to being transferred to the rod outgas

ovens.

Close capture ventilation ports adjacent to the rod

mock-up channel provide effective control of the small.

dusting that may occut as the pellets slide into the

fuel tube.
|

Trays of rods are inserted into one of three horizontal

ovens for final complete removal of moisture. The oven

is maintained in an inert atmosphere throughout the

operation. The rods are heated at a temperature in
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' excess of 500*F for about two hours under less than 50
microns of mercury pressure. After the rods are cooled, ||g-

a statistical sample of rods is analyzed for moisture.

Then the rod trays are transferred to one of three final

end plug welders.

Individual rods from the tray rod lot are inserted into

a controlled atmosphere weld box. The inside of the rod

is evacuated, then backfilled to positive pressure with

inert gas. The end plug is then inserted and welded-

using the tungsten inert gas process. The exterior of

each rod is cleaned mechanically to remove trace amounts

of I;O2 before trays of rods are released to storag::
cabinets for subsequent gamma scanning and assembly in
bundles.

16.9.2 Safety Features and Analyses

The storage of pellets is based on calculations

made with the Merit Monte Carlo Code. The k-effective |||
value for a flooded pellet cabinet is 0.84 assuming a

water density of 1.0 gm/cc throughout. Physical

barriers prevent placement of pellets between the

shelves. The shelves are 5" apart vertically, which

gives 4 1/2" spacing between the single layers of

. pellet" on each shelf. The cabinets are noncombustible
and the doors are designed to eliminate the probability

of inleakage of water due to a fire and the associated

water spray. The cabinets are securely anchored to

prevent pellet spillage due to tipping. The transfer

cart is maintained at a 2 ft. separation distance from

the storage cabinets and from loaded rod trays.

-
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Th'e rod loading, welding and storage operations are

/~'} controlled by geometry. Rod trays are 5" high and deep
'~

and are processed and stored at a constant height in the

controlled area. Calculations of nuclear safety for the

5" trays are described in Chapter 16.10.2. '

' '16.10 Fuel Bundle Assembly ,

16.10.1 Process Description

Rod trays are removed from the storage cabinets to a -

captive fork truck. Every fuel rod is scanned for U-235

content by means of an active scanner employing a

neutron source and appropriate gamma radiation

detectors. Based on the rod enrichment requirements of
'

the fuel bundle design, the required number of rods are

removed from the tray and laid out on one of five

assembly tables. Data from the rod lot and the

individual rod numbers imprinted on the end plugs are '

| (~) recorded for the specifically numbered fuel bundle. The
tj

remainder of the unused rod lot tray is returned to a

storage cabinet. This procedure is repeated for each

enrichment until the number of rcds for the bundle t- t4

assembled is on the bundle makeup table in proper

loading order. The rods are visually inspected and are

hand cleaned.

The assembly operation begins by positioning the spacer

and lower tie plate hardware within the fixtures on one

of five horizontal bundle loading tables. Fuel rods

suitably identified are inserted into the spacer

hardware according to a fixed insertion schedule. When

all rods are in place, an upper tie plate is bolted into

position and the assembly is raised to the vertical
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~po'si tion . The bundle is unlocked from the fixture and

removed by means of the overhead crane to the leak test ggg
and inspection station.

16.10.. Safety Features and Analyses

since all radioactive material is completely enclosed in

rods that have been cleaned, there are ne radiation

hazards associated with the assembly operation. This

work is conducted in a clean area but periodic surveys

are performed to verify that srstus.

The storage of finished fuel rods is in a noncombustible

covered cabinet. The k-effective of this cabinet is

0.89 under conditions of full water moderation of the

rods and full density water in the minimum 4 3/8" space

between trays. The design of this cabinet is such as to

prevent moderation by water spray.

The criticality safety analysis of the fuel rod storage gg
cabinet was performed with the Merit Monte Carlo Code.

In this analysie a single cabinet was moueled a.A two

columns of trays with J = 0 on one side reflected by a

10" thick concrete floor on the bottom and by 12" of

water on the other sides and top. Each fuel rod storage

tray contains a maxinum of 99 fuel rods arranged in a

square pitch in a stainless steel tray. The fuel was

assumed to be uniformly enriched to 4.00% U-235.

The result of the MERIT calculation was that the

k-effective of the fuel rod storage cabinet was less

than 0.89 at the 99% confidence interval for optimum

interspersed water between trays of 0.10 gm/cc.
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Movement of rods in this area is in rod trays with a

() height of 5". Rod processing, inspection and bundle

assembly operations are conducted at a constant height

and confined to rafe geometries. If rods are to be

removed from trays, they are removed on a safe batch

basis, i.e., 45% of the critical number of rods under

conditions of optimum moderation and infinite water
reflection in cylindrical shape. The criticality safety

of individual fuel rod trays is based upon calculations

made with the reactivity formula and tabulated values of

K., M2 and Weight Fraction Ratio (W/F) calculated for
UO2 Pellets and water using the CEBLA code. For the

case of optimum moderation by water of 4.0% enriched

UO2 Pellets, these values are:

W/F Ratio = 3
K = 1.49

M2 = 30.07
reflected = 6.7 cm

.,_ .
() unreflected = 3.2 cm

_

For a rod tray with dimensions of 5" by 6" by 15', the

reactivity formula gives values of:

Fully reflected k-effective = 0.828

Unreflected k-effective = 0.608

During bundle assembly, one rod is handled at a time.

Assembled bundles and these being aasembled are

processed on a batch basis.

16.11 Fuel Bundle Leak Test and Final Inspection

16.11.1 Process Description

Assembled bundles are leak tested in a chamber. The

chamber is closed and evacuated If there is a leak in

-
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the fuel rods, it will be detected by a helium mass

spectrograph which is sensitive to 6.4 x 10-10cc

9helium per recond in the exhausted air.

Following leak tests, the bundle is removed from the

chamber and placed in a lighted inspection fixture where

it is inspected for rod straightness, linearity and

similar design requirements.

16.11.2 Safety Features and Analyses

There are no radi-ition safety protlems involved in the

leak test and inspection step. Any tubes which are

found leaking by the helium leak test method are re.aoved

from the assembly for controlled repair or rework.

Bundles are handled on a batch basis. The leak ; heck

and inspection stations are spaced at distances greater

than that of the bundle storage rack described in the

next section.

16.12 Fuel Bundle Storage

16.12.1 Process Description

Following leak test and inspection, each fuel bundle is

wrapped, but not sealed, with a plastic dust cover and

removed by means of the overhead crane to the Sundle

storage racks and suspended by the upper tie plate from

a hook on the rack. The storage area consists of eight

rows of racks which hold 5G bundles vercically on each

side of the tack. The racks are rigidly constructed of

steel girders on 48" centerlines. The center-to-center

spacing is 16 3/4". The center-to-center distance of

rows of bundle adjacent to each other and hanging on

adjacent racks is 31 1/4".

_
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16.12.2 Safety Features and Analyses

The maximum radiation reading from a fully loaded,,
: 8

(_) storaga system is seldom greater than seven mr/hr. Work

assignments are designed to minimize the time that

workers have to spend at. locations in the fuel bundle

storage rack. If a bundle were to fall from a rack,

uranium would not be released in harmful, concentrations

or in nonrecoverable. forms.

Criticality safety of the fuel bundle storage area is

maintained by the fixed spacing provided by the storage

rack. The fuel rods in the individual assemblies are in

fixed positions leaving well-defined air spaces witain

the assembly whica could conceivably be occupied (at

least partially) by water from overhead sprinklers. For

this reason, optimum interspersed moderation is assumed

to be possible within the interstices as well as between

the assemblies.

!')
(_/ The criticality safety analysis for the fuel bundle

storage area was performed with the MERIT Monte Carlo

Code. The MERIT calculations employed a three

dimensional geometry model which .llowed for a discrete'

bundle defini cion an7 for inclusion of storage rack

materials of construction. The analysis of the bundle

storage area also considered optimum interspersed water

at full reflection of the storage array when completely

filled with the most reactive type of BWR fuel bundle.

The result of the analysis was tnat the maximum expected

k-etfective of the fuel bundle storage area is below

0.90.

"7 x
() NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET 470-1113 REVISION 0 II-16.35

:

.-. - -



!

-

1

Th'e bundles are covered by polyethylene bags which are
open at the bottom to prevent buildup of water in the

gg
bundle. !

The fuel assembly storage racks are rigidly constructed

steel frameworks which securely hold the bundles in

their designated positions. It is physically impossible

to load the rack with more than one assembly per storage
position.

Interaction of the storage area with special nuclesr

material accumulations in adjacent areas were analyzed
and determined to be within ucceptable limits by the

solid angle method.

16.13 Packaging of Fuel Bundles for Transport

Finished fucl bundles are removed by means of an
overhead crane to the inner mv.al container of the GE
Model RA-Series package. This container is designed to ggg
be loaded in the vertical position. When loaded and

sealed, the cover and end cap are bolted in place. The

.

container is then lowered into the hori.zontal position

and placed in the outer shipping container. The cover

of the outer container is bolted in position.

According to a predetermined schedule and upon release
by radiation monitoring and nuclear materials

management, the containers are trunferred to the

transport vehicle for shipment to an authorized

receiver.

There are no radiation safety hazards involved in the

packaging operation. Containers are lined with shock

absorbent material. Packaging operations are conducted
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'to'10 CFR Part 71. The RA-Series package capacity is

~] limited to two bundles.;

v

Rigid administrative control requires the authorization

of several internal functions in order to release

pacLiges for shipment.

t

1G.14 Scrap Recovery

Interrally-generated uranium as compounds in various

physical forms which do not meet quality standards, or

which have been mixed with fo. . Lyn material is

reprocessed through scrap recovery equipment. This

equipment is located in the UF6 to UO2 conversion

area. Recovered material is later blended at

appropriate points in the process with primary

production flow.

16.14.1 Dissolution and Filtration

() Material to be reprocessed in scrap recovery equipment

is accumulated in batches in 5-gallon pails at the

various locations where scrap is generated. A storage

area for accumulating pails of scrap is provided.
-

One product pail containing a dissolvar batch is placed

in a ventilated cabinet where the lid is removed.

The pail is then transferred into position over the

charging chute of a di 3 solver. Nine 10" diameter

vertical stainless s. eel dissolvers are arranged in

three sets of three. The dissolver has been previously

charged with nitric acid to which the scrap is slowly

_
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'added and the contents heated with steam to 180*F and

air sparged until dissolution to uranyl nitrate is

complete. The uranyl nitrate is then pumped through a

10" diameter stainless steel tank containing a porous

filter in order to remove undissolved foreign material.

16.14.2 Precipitation
,

Filtered uranyl nitrate is pumped from the cooling tank

to one of three 10" diameter precipitation tanks.

Ammonium hydroxide and hydrogen peroxide are fed to the

precipitation tank'where the uranium tetroxide

(UO -H 0) precipitate is fonned. The contents of4 2

the precipitation tank are then pumped to the

centrifuge.

16.14.3 Centrifugation and Drying

The slorry enters the end of a horizontal dewatering

centrifuge. This unit is identical to that used in the

previously described UF6 to UO2 conversion process. ggg
The solids discharge to the 6" thick slab feed chute

where they are pumped into a 10" diameter gas-fired

rotary dryer operating at about 1200*F for conversion to

U02-

The aqueous stream from the centrifuge is collected in a

10" diameter tank and pumped to a high speed

clarification centrifuge. The underflow slurry from the

clarifier is collected in a 10" diameter tank from which

it is pumped to the precipitation tank and recycled

through the recovery process. The clarified overflow is

collected in a 10" diameter tank from which it is pumped

to a quarantine tank system for sampling, uranium

analysis and release to the 20,000 gallon accumulation

tank or reworked as appropriate.

.
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16.14.4 Safety Features and Analysis

The wet chemical method of processing scrap uranium,s

w/ described above, presents no radiation safety hazards of

significance, since the equipment is totally enclosed

and is designed on the samJ basis as that in the UF6

conversion process. Powder handled in product pails at

the beginning and end of the process is controlled

against becoming airborne by means of the hoods and by

the use of rotary airlocks to feed and discharge from

the calciners.

Essentially all equipment in the wet chemical scrap

recovery systen is individually geometrically safe

assuming optimum water moderatian and full water

reflection. An exception is the dewatering centrifuge

which has been described in Chapter 16.2.3.

Product pails containing scrap and recovered uranium are

labeled, with identifying information for materialr'
i
'- control.

The liquid in the quarantine tank which results of

uranium analysis show can be released are pumped into a

20,000 gallon accumulation tank. This liquid is then

circulated in the accumulation tank until it is pumped

to a second 20,000 gallon treatment tank in which it is

treated with a lime slurry for raising its pH and for

precipitating any uranium remaining in solution. After

, -7
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a period of time to permit settling of solids at the

bottom of the tank, the clear supernatant is pumped to

nitrate storage lagoons in which the contents are

quarantined. The solids collected in the bottom of the

20,000 gallon treatment tank are recycled through a

centrifuge with the solid-free liquid being returned to

this tank.
1

16.15 Waste Treatment and Disposal

16.15.1 Liqui. Radioactive Waste (RADWASTE) System

Waste water from sources such as laboratory sinks,

protective clothing laundering machines and area

clean-up is routed to the RAD waste system.

Concentration of uranium in water from these points

normally is quite low. The system consists of

collection tanks, centrifuges and uranium monitoring

equipment. Waste water is collected in 10" diameter

cylindrical tank in the floor. This tank in effect

serves as a head tank for a pump which automatically

transfers the water as it is collected to a 5" thick

slab-shaped accumulator tank.
.

From the accumulator tank, the water is pumped to one of

two dewatering centrifuges (one serves as an installed

spare) where suspended uranium compounds and other

,

solids are removed. The clarified water flows 4.nto a

quarantine tank, is sampled and, so long as the uranium

concentration is less than internal action guides, is

pumped by one of two pumps to the process waste disposal
system. Higher-than-limits waste is returned to the

system for rework.

_
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16.15.1.1 Safety Features and Analysis

This is a contained wet system thus presenting no,
,

(_) significant radiation safety hazards. Solids removed

from centrifuges are put into pails and lidded while the

material is still wet.

All equipment in the RAD waste system with the exception

of the slab tanks is individually safe for homogeneous

uranium oxide water mixtures assuming optimum water

moderation for minimum critical cylinder diameter or

volume with full water reflection. The mixtures

expected in the slab tanks are .'ilute mixtures of the

order of a few grams per liter. Sources of water for

this system are off-line drains which, even under

abnormal operating conditions, would not discharge large

quantities of uranium into this system. It is

anticipated that even if large quantities of UO2 were

to enter the system by way of the off-line drains, it

would not make its way to the centrifuges due to the.s
( \
is' presence of traps in drains and the 10" collection tank

which would serve as a trap.

- Each quarantine tank is 6" thick, 8' high and 20' long

and is separated from the adjacent tank by a 1" wide

airtight stainless steel panel containing a polyethylene

and cadmium poison sheet and a 10" thick, 140 pounds per

cubic foot reinforced concrete slab with 2 1/2" of

intervening air space on both sides of the poison panel.

When analysis of this material verifies the uranium

content meets internal release critera, the water is

routed to the rad waste effluent stream.
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In, order to achieve a solution in the slab tanks with a

k-infinite value of 1.0 or more, the uranium

concentration of 4.00% enriched UO2 and water mixture
must be at least 380 grams pet liter.1

The criticality safety of the quarantine tanks is based

on the geometry control obtained by the use of the

cadmium panels. This has been demonstrated for the
worst case (albeit incredible) conditions of optimum

moderation and full reflection and for 4.00% enriched
UO2 and water in the tanks. Calculations made with
the MERIT and GEMER Monte Carlo Codes show that the
worse case k-effective for the quarantine tank system is

less than 0.94 at the 99% confidence interval.

In addition to the individual batch sampling a composite
of the rad waste effluent is collected on the basis of
proportioned flow sampling. This sample is analyzed

daily for uranium concentration.

O
16.15.2 Fluoride Waste Treatment

Chemical wastes from the conversion process are
collected in three banks of two 6" thick slab tanks-

described in Chapter 16.2.3 above. As a tank system is

filling, the contents are being recirculated. Thus, the

feed material is well mixed with the recirculating

.

When one tank system is filled, the feed isstream.

automatically diverted to a second dual tank system. A

third dual tank system is installed and serves as a

lARH-600

_
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spare. The filled tank system is sampled and analyzed

for uranium content. If the uranium content meets
_

internal action guides, it is released to a 65,000

gallon storage tank; otherwise the material is recycled

through the utility system described above. The liquid

in the 65,000 gallon storage tank is circulated

constantly to keep the solids in suspension and thus

prevent settling in the bottom of the tank. This tank

bottom is V-shaped and is checked on a regular basis for

accumulation of solid material.

The liquid is then pumped from the 65,000 gallon storage

tank to a 100,000 gallon settling tank. The solid

material is centrifuged from the settling tank and is

collected in the centrifuge bowl from which it is

cleaned out and stored in five gallon pails. Here the

supernate from this tank is decanted and treated with a

,_
lime slurry to accomplish recovery of the ammonia and

_) removal of fluorides. (See Chapter 16.15.3 for a

description of the ammonia recovery process.)

After recovery of the ammonia, the liquid emerging from

the bottom of the ammonia stripping column is pumped

into storage lagoons in which solid CaF2 is allowed to

settle. The liquid in the storage lagoons is then

pumped to aeration lagoons where, if necessary, it can

be sprayed to remove entrained ammonia. The liquid is

then discharged through a line in which it is sampled

for uranium, nitrate, and ammonia content. It is then

fed into the plant industrial waste stream. This stream

travels to the chemical lagoon, from which liquid is

released into a drainage ditch and then flows off site

to a river. All of the liquids as they leave the

chemical process lagoons headed for the river are also

_
sampled for uranium and other chemical contents.
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16.15.2.1. Safety Features and Analysis i

The criticality safety of the fluoride waste treatment

system is based upon a combination of safe batch and

concentration controls. Under normal operations the

allowable concentrations of uranium in the fluoride
liquid wastes are such that the 65,000 gallon tank will

not contain more than 37 kg of uranium and the 100,000

gallon tank will not;contain more than 57 kg of uranium.
These values are both less than 45% of the minimum
critical mass for credible fluoride sludge densitites.

An additional criticality safety control for the 100,000

gallon tank is provided by two sludge density

probes placed in a 10" ID leg in the conical bottom of

the tank. These controls are set to alarm and air

sparge (mix) the tank if the sludge density in the 10"

ID leg reaches 1.20 gm/cc. If the sludge is entirely in

the form of UO2 and water, this corresponds to a

uranium density of less than 200 gm U/ liter. This value

is less than the 350 gm U/ liter minimum critical density
tabulated in ARH-600 for 4.0% enriched UO2 and water.

16.15.3 Ammonia Recovery

Recovery of ammonia from the fluoride liquid waste

stream is accomplished in equipment located next to

(east of) the control and process building of the waste

treatment facility. In the ammonia recovery process

the-fluoride waste solution is fed into the top of a

stripping column. The solution flows down through the

packing. Steam flows upward through the packing,

stripping the ammonia from the solution. The ammonia
vapors emerge from the top of the stripping column and

flow to a condenser where they are condensed as aqueous
ammonia. The solution emerging from the bottom'of the

stripping column is pumped to the existing settling

lagoon.

_
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Criticality safety of the ammonia recovery operation and

the settling lagoons is based upon concentration control-,

from the 100,000 gallon settling tank. The supernate'-

decanted from the 100,000 gallon tank is limited to no

more than 150 ppm U and the resulting lime, CaF2

and uranium chemistry assumes a uranium concentration of

no more than 10,500 ppm U in dry sludge., This value is

well below the 350 gm U/cc minimum critical

concentration given in ARH-600 for 4.00% enriched UO2

and wate- ,ystems and indicates a worst case minimum

critical mass for moderated sludge on the order of 106
kg of UO2-

16.15.4 Liquid Waste From the GECO Process

The waste water from the GECO process originates in the

defluorinator scrubber and the vacuum system. Both
,

contain ammonium hydroxide and a small amount of

fluoride. The water from the defluorinator scrubber is

(m pumped to a high efficiency filtration system (inertial
' filtration) for recovery of uranium solids. The waste

water is sent to waste treatment where the solution is

treated with lime to precipitate the fluorides, and the

ammonia is recovered. The ammonia as ammonium hydroxide

is returned to the process. The residual solution is

pumped to a lagoon where the calcium fluoride

precipitate is settled.

16.15.5 Solid Wastes

Contaminated articles such as paper, rags, mops,

plastic, wood, protective clothing, damaged tools, and

equipment and similar contaminated materials which are
no longer serviceable are collected in designated

containers to prevent the loss of contents and spread vi

contamination. Containers are located at points in the
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plant where such wastes may occur. These materials are
segregated into noncombustible and combustible

categories in the decontamination facility, |||
decontaminated and disposed of as described below.

16.15.5.1 Noncombustible Soli 6 Waste Material
Filled containers are closed, tagged, and moved to the

packaged waste storage area awaiting tradsfer to the
. Decontamination Facility.

In the decontamination facility, containers of

nonc7mbustible waste are emptied onto a cleaning and
sorr.ng table. An air velocity of 200 linear feet per

minute is maintained across the face of the table to
minimize the generation of airborne uranium. A high

velocity water steam and a steam-cleaning apparatus are
employed to decontaminate the contaminated

noncombustible waste materials. These decontaminated

materials are then repacked into containers.

Noncombustible material may be crushed before |h
containerization. The containers are scanned for U and

U-235 content by means of a passive scanner. If the

material in a waste container has more uranium than the
established limit (which is based on economic as well as

nuclear safety consideration) the container will be

returned to the decontamination f a cility for further

removal of uranium from the contents prior to shipment.

A computer transaction is made for each waste container

to keep track of its U and U-235 content for material

control and accounting purposes.

Detailed shop procedures for packaging and

decontaminating solid wastes are effective in

controlling against contamination spread.

_
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These procedures and the design of the manufacturing
'

equipment and processes also provide the control

required for criticality safety. Non-geometrically safe

vessels and containers used for solid waste are

authorized under safe batch controls and are therefore

restricted from being used for significant amounts of

uranium-bearing materials.

Procedures for reclaiming appreciable quantities of

materials preclude the possibility of accumulating more

than a few grams of U-235 in a single package. Disposal

to burial is confirmed by passive scanning prior to

shipm3nt.

16.15.5.2 Disposition of Solid Waste Material

Filled containers are closed and placed in sealed

plastic bags or cans and transferred to waste storage

boxes. These boxes are scanned to determine uranium-3

content and are then queued on outside storage pads

awaiting incineration for combustible wastes or transfer

to a licensed site for burial of non-combustible

low-level radioactive materials.

16.16 Chemical-Metallurgical Laboratory

The chemical-metallurgic a l (Chemet) laboratory, located

adjacent to the south f a:e of the fuel manufacturing

area is operated in sutport of the fuel fabrication

process. Special nuclear materials and source materiala

are chemically and spectrographically analyzed and/or

suoject to physical testing, metallurgical examination,

and radiography.

W
NRC LICENSE SNM-1097 DATE 5/27/81 PAGE

DOCKET #70-1113 REVISION 0 II-16.47

.

_ - - - - _ . - . _ _ _ _ - _ _ . - - - _ . _ - - - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



.

The laboratory receives uranium in the following forms:

O
Metal buttons, turnings, powder sheets, sectons, and

mixtures of the preceding;

Powder oxides and mixtures of oxides;

Pellets and various sintered shapes;

Fuel tubes and various configurations of' fuel

containers.

Special nuclear materials in various enrichments are

received and used. Materials are in the form of

reference samples, samples in process, standards, waste

residue, rechecks, mounted specimens, and test pieces in

quantities of a few grams. Laboratory samples for

ph sical testing, metallurgical examination, andj

radiography are returned after testing to the

responsible individual who requested the test. Thus, no

accumulation of radioactive material occurs in the

laboratory from this source. Containers of liquid waste

are routed to the RAD waste system.

The laboratory ventilation system is independent of the

fuels manufacturing area and is designed to exhaust all

laboratory air through the hoods in the controlled

rooms. Each hood is equipped with a roughing filter and

an absolute filter. An additional absolute filter is

installed in the main duct upstream from the exhaust

fan.

Occasionally, although infrequently, samples of uranium

containing trace amounts of plutonium may be

received from external sources for purposas of verifying

analytical methods and equipment. When such samples are

received, special preparations are made to isolate the

-

M
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~ activity including lining the hood with absorbent paper,

r~'s additional protective clothing, special step-off pads
P

~

and frequent monitoring.

The wet laboratory area and the spectrograph room are "

controlled radiation areas. All personnel working in

those areas wear the prescribed prottetive clothing.

All laboratory work producing dust or gases is performed

in hoods vented through filters. Liquid acid wastes are

neutralized before disposal co insure proper treatment

in the liquid waste treatment facility.

The criticality safety of the Chemet laboratory is based

noon a ca bination of geometry and safe batch controls.
~ 4 metry controls apply to units such as five gallon

containers, fuel rod trays and sample storage areas (for

example, limited to a 4.0" thick slab). Other areas in

which geometry control is not practicable are liniited to

(} 22 kg of uranium which is the safe batch limit for 4%

enriched heterogeneous mixtures of UO2 and water. The

criticality safety of the interaction of each of the

areas with all others is demonstrated by a SAC (Solid

Angle Calculation).

Sir.ce inventories of special nuclear material are held

'to a minimum and are logged in and out, it is highly

unlikely that a significant unaccountable loss could

occur in the laboratory.
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16,17 Outside Product Can Storage

Immediately adjacent to the south side of the fuels

building are fenced pads utilized for temporary storage

of 5-gallon cans of uranium compounds. Each can is

separated 12" from adjacent cans in a row by physical

barriers with 3' aisleways between adjacent rows. Only

closed containers which are free of surface

contamination are stored in these outside storage

areas.

The criticality safety of the outside can storage areas

has been demonstrated by an analysis performed with the

KEFO IV Monte Carlo Code and using JRK Modified

Hansen-Roach 16 group cross section sets. Calculations

were performed for an infinite planar array of

containers with a minimum separation between containers

of 12" with each container limited to 35 kg of 4.00%

enriched UO , with optimum moderation by water of the2

UO , and with full reflection on the top and bottom of2

the array by 12" of water. The KENO IV result was a

k-effective of less than 0.961 at the 99% co.:fidence

level. Stored containers are protected against
- rearrangement under severe wind conditions.

16.18 Process Technology Laboratory

16.18.1 General Plans and Uses of Materials

The Process Technology Laboratory provides a facility

for periorming tasks associated with the development of

fuel for nuclear power. In addition, facilities are

available for the fabrication of fuel or poison rods,

irradiated test capsules, the development of fabrication

processes and subsequent mock-up to pilot plant scale,

_
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^and for the fabrication of partial reactor cores. The
^

(] special nuclear materials which are used consist of
''' uranium compounds. These materials contain U-235

concentrations ranging from depleted to 15% enrichment.

Activities in the laboratory include UO2 conversion,

fabrication of ceramic pellets, fabrication of fuel

rods, assembly of fuel rods into fuel bundles, thermal

cycling, creep and strain cycle experiments on potential

fuel claddings, and evaluation and development of

nondestructive testing techniques.

UO2 powder enriched in U-235 up to 15% is pressed,

sintered, and ground by a centerless grinding process.

Conventional, as well as developmental, equipment is

used for these activities.

Containment for the equipment utilized in the

f^') fabrication of ceramic pellets is designed to be similar
o

to that presently in place in the WMD facility. This

includes, but is not limited to, hoods over the back end

of the pellet presses and over that section of the

pellet grinder in which the pellets are actually being

ground.

Fabrication of fuel rods is accomplished, including

loading of fuel pellets into cladding rods, welding of I

end p!ugs, and cleaning and monitoring of finished

rods.

.
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16.18.7 Radiation Safety

O
16.18.7.1 General

The Process Technology laboratory work and processes
reauire that all personnel wear protective clothing.
Approved respiratory equipment is provided when

required. Since all dust-producing processes in the

handling of special nuclear materials are enclosed in

vented hoods or are vented to the filtered building

exhaust system, these requirements are infrequent.

Special glove boxes and/or other appropriate
containments are provided in the laboratory for ball

milling, screening, blending and pellet pressing
operations. Sur veys are made and air samples obtained

on a routine basis, to assure that personnel in the

laboratory are not exposed to excessive airborne

concentrations of uranium, and to assure contamination

control. Entrance to the '.aboratory area is controlled,

requiring supervisory authorization and the proper use ||h
of protective clothing.

16.18.7.2 Ventilation

All operations in the process technology laboratory
which potentially produce radioactive dust are hooded

and vented through filters. Typical examples of the

types of operations which are performed in enclosures

are grinding, cutting, powder mixing, pressing, and
powder sampling. These enclosures are maintained at

negative pressure with respect to room pressure.
Additionally, the process technology laboratory is

maintained at a negative pressure with respect to the
remainder of the fuel manufacturing building to prevent

the spread of dust to these parts of the building. Each

-

NRC LICENSE SNM-1097 DATE 5/27/81 PAGE
'"

DOCKET #70-1113 R EV I S I ON 0 II-16.52

.

_ _ _ - - - _ _ _ . _ - - - _ _ _ _ _ _ _ _ _ _ _



vented enclosure is equipped with a roughing filter in
the lead to the exhaust system. All air exhausted from7-

J these enclosures is passed tnrough abeolute filters tos_

prevent the spread of radioacr.ive dust to the environs.

The outlet air a3 continuously sampled to verify filter
integrity.

t

Each major piece of equipment in the process technology
lab that is not enclosed is equipped with a filtered

local trunk line from the ventilation equipment. These
lines are placed near the operation to prevent the
spread of small chips and small amounts of contaminated

dust from the work. For example, lathes, welding

fixtures and drill presses are equipped with local
ventilation. Exhaust air from these sources is filtered
through absolute filters.

Prefilters are used wherever necessary to prevent unsafe
,z y buildup of dust in vent system ducts.
V

In all areas, ventilation has been designed to reduce

the uranium air concentration to within allowable
amounts. Six air changes per hour are passed through
the process technology laboratory from areas of no

contamination to the area of highest contamination

potential.

The bases for adequacy of ventilation and air flows are

the same as those given in Chapter 10 of this

application.
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16.18.7.3 Protective Features

Special design features for the fuel development

laboratory include a smooth floor to facilitate cleanup.

Personnel access to the area is through a change room

equipped with lockers, showers, and band counters. As

previously mentioned, all work funct ons that are

potential dust-producing operations are hooded or

vented, and each new operation As designed to reduce
.

personnel contact with bare radioactive material to a

mitimum.

16.18.7.4 Waste Disposal

Dry waste containing uranium enriched in U-235 to

greater than 5% will be collected in containers on a

safe batch basis, stored within the laboratory, and

shipped periodically for disposal to a licensed vendor.

Liquid waste containing uranium enriched in U-235 to

greater than 4% aill be collected, analyzed, and dried

on a safe batch basis, and disposed of in the same

manner as dry waste.

16.18.8 Criticality Safety

In many cases, the process technology laboratory employs

equipment and materials which are identical to those

used in the fuel manufacturing operations. E:mmples of

these are pellet presses, grinders, powder hoppert and

five gallon containers. When these are used and when

the U-235 anrichment of the material being processed is

not greater than 4%, the criticality safety analyses and

controls are the same as for the fuel manufacturing

operation.
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,0n the other hand for operations with fuel enriched to
greater than 4% criticality safety is assured by safe

I) batch limits. Each batch is contained in a clearly

identified limit area separated from other limit areas

by an isolation zone which satisfies the isolation

criteria established in Chapter 4.

For operations in which special nuclear material is

known to accumulate, as in the pellet grinding

operation, a running inventory is maintained by weighing

batches before and after the operation.

When two physical forms of special nuclear material are

handled in a single limit area on a safe batch basis,

e.g., pellets and rods, the smaller batch limit is

always used.

All accumulations are identified by cards indicating

mass, chemical form and enrichment. Color-coded tage is
,/ m() also used for ease in identifying enrichments. To

,

assist in identifying individual fuel pellets, they are

each stamped either with the enrichment itself or with a

symbol peculiar to a given enrichment.

Since there are no floor drains in this building, all

contaminated waste water is temporarily stored in a

critically-safe container. When this storage container

is nearly full of waste water, the waste is disposed of

as described in Chapter 16.18.7.4.
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17.0 ENVIRONMENTAL EFFECTS OF ACCIDENTS7,
;

!

17.1 Introduction

.In processing low enriched uranium into fuel for nuclear

reactors, the only significant amount of radioactive

material present at the fuel fabrication facility is the

uranium. Because of_the low specific activity of low

enriched uranium (2.25 uCi/gm for 4 percent-enriched

uranium) , the radiological impact on the environment of

f any type of postulated accident within the fuel

fabrication facility or elsewhere on the plant site

would be insignificant compared to the nonradiological

impacts, e.g., chemical effects.

Therefore, with the exception of a criticality accident,

the environmental impact which could result from

postulated accidents in a light-water reactor fuel

fabrication plant and elsewhere on the plant site shouldm

,

\s be analyzed primarily from the point of view of chemical

effects. This would be the same as for any other

manufacturing plant in which large amounts of

nonradioactive chemicals are processed and in which

large inventories of such chemicals are stored. This is

the basis for the discussions in this Chapter.

17.2 Accident Spectru.n

The spectrum of possible accidents is arranged to

incorporatt the design basic accidents (DBAs) of fire,

explosion, criticality power failure, and water failure.

There DBAs are reviewed on the basis of three categories

of verity, described in Table 17.1.
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O
TABLE 17.1

DESIGN BASIC ACCIDENTS - CATEGORIES OF SEVERITY

Severity
Category Typical Accident Definition

1 Pipe line leak or small Likely to happen
spill during lifa of

plant

2 Breaching of bulk Unlikely to
storage tanks aappen during

life of plant

3 Incredible Catastrophic
events that have
not yet occurred

Floods are not addressed in Severity Category 1 and 2
design basis accidents. A flood studyl by the U.S.
Army Corps of Engineers established that wind and tide

-effects would control flood water levels at the plant |h
site.

The highest tide recorded from these effects was caused

by Hurricane Ione in September 1955. The tides were as

much as 10 feet above normal. The plant facilities are

located 30 to 35 feet above mean high tide and, thus,

would not be subject to flooding by a tide equivalent to

the historical high tide.

1Preliminary Report on Wind Tide Flooding in N. Hanover County,
North Carolina, U.S. Army Corps of Engineers, Wilmington, NC
District (December, 1969).

-
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TABLE 17.2
- SUMMARY OF SOURCE TERM DATA

_

0
~

s m

8CW t 8 ;
S al 21 m 'c*

SI" s2" tt
Largest <"- S5"C "M
Quantity b o3 8q 28
Stored, i ." 8 8 e 2. IDLH,"

Ibs5 < 3 v> < u - uo 3 Ref.ppm

3 500 R1Anhydrous Ammonia 150,000 x x <500 pPNt NH

Aqueous Ammonia 280,000 x x <100 ppmw 3 500 R1NH

hcl 100 RIHydrochloric Acid 67,000 x x 1 ppmw

Hydrofluoric Acid 150,000 x x 1 ppm t HF 20 RIw

HNO3 100 R1Nitric Acid 32,000 x x 1 ppmw

H SO4 82 R1Sulfuric Acid 122,600 x x 1 ppm 2g

Sodium Hydroxide 45,000 x NA ppm Na0H 2002 R1

UO2 30 R12c''' Uranium Dioxide 1,000,000 NA NA opmw
'

(insoluble)

Uranium Hexafluoride 1,000,000 x NA ppm t UF6 202 R1w
(soluble)

NH NA R1Aqueous Ammonium 23,000,000 x NA ppmw
3

F R1Nitrate with ppmw
Uranium in Lagoon ppm U RIw

NH NA R1Aqueous Ammonia 23,000,000 x NA ppmw 3
with Uranium s ppm F R1w
Fluoride in ppm U R1g
Lagoon

1 National Institute for Occupational Safety and Health, "NIOSH/0SHA Pocket Guide
to Chemical Hazards," September 1978.

2 Units are mg/m3

3 1DLH means immediately dangerous to life and health.
'' Concentration of particular species expressed in parts per million (ppm) by weight.
Sincludes weight of associated water.
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TABLE 17.3
*

ACCIDENT SPECTRUM

DBA Mode
Power Water

Fire Explosion Criticality Ftilure Failure

gSt/ERITY CATEGORY 1 2 3 4 5

1. OPERATIONAL INCIDENT

Outdoor ChemicalStorage

Anhydrous Ammonia 0 0 0 0 0

Aqueous Ammonia 0 0 0 0 0

Hydrofluoric Acid 0 0 0 0 0

Hydrochloric Acid 0 0 0 0 0

Nitric Acid 0 0 0 0 0

Sodium Hydroxide 0 0 0 0 0

Uranium Hexafluoride 0 0 0 0 0

Uranium Dioxide 0 0 0 0 0

Urynal Nitrate 0 0 0 0 0
Sulfuric Acid 0 0 0 0 0Lagoons Containing Treated Eflouents

Ammonium Nittate/ Uranium 0 0 0 0 0

Calcium Fluoride and
Ammonia / Uranium 0 0 0 0 0

Building Containing Processing
Activities 0 0 0 0 0

2. UNUSUAL INCIDENT

Outdoor ChemicalStorage

Anhydrous Ammonia X 0 0 0 0

Aqueous Ammonia 0 X 0 0 0

Hydrofluoric Acid 0 X 0 0 0

Hydrochloric Acid 0 X 0 0 0

Nitric Acid 0 X 0 0 0

Propane X X 0 0 0

Sodium Hydroxide 0 X 0 0 0

Uranium Hexafluoride X X 0 0 0

Uranium Dioxide X X 0 0 0

Sulfuric Acid 0 x 0 0 0
X - Event which produces significant emission ispossible
0 - Event which produces significant emission is not possible
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Table 17.2 .(continued)

DBA Mode
.

DBA Power Water
fs Fire Explosion Criticality Failure Failure
( ")

SEVERITY CATEGORY 1 2 3 4 5'

Lagoons Containing Treated Efiluents

- Ammonium Nitrate / Uranium 0 0 0 0 0

Calcium Fluoride and
Ammonia / Uranium 0 0 0 0 0

Building Containing Processing
Activities 0 0 0 0 0

3. CAT ASTROPHIC INCIDENT
*

Outdoor ChemicalStorage

Anhydrous Ammonia X 0 0 0 0

Aqueous Ammonia 0 X 0 0 0

Hydrofluoric Acid 0 X 0 0 0

Hydrochloric Acid 0 X 0 0 0 ;

Nitric Acid 0 X 0 0 0
'

Sodium Hydroxide 0 X 0 0 0

~[ Uranium Hexafluoride X X X 0 0 4

;

V
Uranium Dioxice X X X 0 0

Sulfuric Acid 0 x Q Q Q

Lagoons Containing Treated Effluents

Ammonium Nitrate / Uranium 0 X 0 0 0

Calcium Fluoride and
I

Ammonia / Uranium 0 X 0 0 0

I

Building Containing Processing |

Activities X X X 0 0 |

l

l
l

|

|

l

l
1

X - Event which produces significant emission ispossible.
0 - Event which produces significant emission is not possible.

1
I

|

|

|
.

;
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The' chemicals stored on-site in significant quantities
are listed in Table 17.2. For each of these chemicals,

the largest quantity stored at any time is given, and

other information required to characterize the

source-term aspects of each chemical is provided.

:
The accident spectrum .for each of these materials is

analyzed in Table 17.3 against the degree of accident

severity.

17.3 Nonradiological Accidents

17.3.1 Severity Category 1 Accidents

An accident in this category in the chemical processing
area would be typified by a leak in a pipeline resulting

in the release of a few gallons of the material in the

pipelines. A leak of this type inside the manufacturing

buildings would be quickly detected by operators, and

corrective action (such as isolation of the leaking line

section) would be taken. The spilled liquids along with

any necessary water spray utilized to control fumes

would be transferred to the appropriate waste treatment

system. There would not be a release to the environment

through either airborne or liquid pathway.

A leak of this type outside the building would again be

located rapidly by operators and corrective action

implemented. An off-site environmental impact is not

anticipated either from an airborne r,r waterborne

pathway because of material retention provisions and

fast response time inherent in the systems and

procedures. Released material would be retained for

processing in the appropriate waste treatment system.
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Another example of this type of accident might be the
Iinadvertent release to the storage lagoons of improperly

"'
treated waste. However, before entering the lagoons,

all water is pretreated and analyzed on a batch basis,

precluding more than one batch from being untreated and,

thus, the environmental effects of such an occurrence

are negligible. :

17.3.2 Severity Category 2 Accidents

Category 2 accidents occurring inside the building could

not result in releases that would be of concern to the

external environment for the same reasons previously

described under Category 1.

Category 2 accidents occurring in the bulk storage areas

could result in a complete or partial emptying of the

storage tank. Each of the bulk storage tanks is

discussed on the basis of appropriate DBAs in the

( 'l following sections.

17.3. 2.1 Anhydrous Ammonia

The DBAs of water failure, power failure, criticality,

and explosion will not result in the release of

anhydrous ammonia. A release due to a fire could occur.

The storage tanks for anhydrous ammonia are constructed

of welded stnel and are capable of withstanding an

internal operating pressure of 265 psi. Pressure-relief

valves are installed to prevent overpressure in case of

fire.

Exposure of the storage vessel to an intense fire would

result in operation of the relief valves, designed to

bleed overpressure. The release would cease as the fire

is extinguished. Ammonia vapors could reach 50 percent

concentrations in the release area.
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Utilizing an aeolian dilution factor (X/Q) of 10-3

at 100' meters, it is expected that concentrations at the |||
nearest site boundary would be less than IDLH level of

500 ppm referenced in Table 17.2
.

17.3.2.2 Aqueous Ammonia

The DBAs of water failure, power failure,' criticality,

and fire are not applicable. The storage tank is an

isolated, self- contained tank independent of water

supply and electrical power. It is also protected by an

earthen dike and would not be affected by fire.

A projectile from an adjacent explosion could puncture

the tank resulting in discharge of a portion of the

contents into the diked area.

Aqueous ammonia is stored on-site as a 29.4 percent

concentration of ammonia. It is anticipated that the

airborne concentration in the spill area would be less ||k
than 1000 ppm. Using an aeolian dilution factor (X/Q)

of 10-3 for a ground release at 100 meters, the
concentration in air at the site boundary would be less

than 1 ppm (substantially less than the IDLH level

referenced in Table 17.2). There would not be a loss of

liquid solution from the dike area. The released

solution would be pumped into tank trucks or other

storage as available.

17.3.2.3 Hydrochloric Acid

Hydrochloric acid is stored in an Atlak fiberglas inner
'

tank surrounded by an outer fibergl.is emergency tank.

The tank is a self-contained storage vessel, and the

DBAs of water failure, power failure, and fire do not

.
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apply. If a projectile from an explosion penetrated the

~N tank, all or a portion of the contents would be

released. The released material would flow into the''

storm drain system and be impounded behind the site dam.

The impounded material would be neutralized and released

to the river over a several day period. If it were all

-released in 1 day during a period of 10-year, 7-day

consecutive low flow, the anticipated increase in river

chloride concentration 1000 feet downstream would be 16

ppm. River concentrations of several hundred ppm

chloride from natural causes are frequently encountered

in the Northeast Cape Fear River.

The concentration of hydrochloric acid in air at the

site boundary would be less than 1 ppm utilizing the

same dilution factor as in previous discussions. This

concentration is considerably below the IDLH level

(Table 17.2).

n
m. Y

17.3.2.4 Nitric Acid

The nitric acid solutions are stored in stainless steel

tanks that are self-contained. DBAs of water failure,

power failure, and fire will not cause a release. A

projectile from an explosion could pierce the tank wall,

resulting in release of all or part of the tank's

contents. The tank areas are curbed or graded so the

released liquid would flow to the chemical discharge

lagoons. The material would be neutralized in these

lagoons. The site dam and the parallel flow feature of

the chemical discharge .c. goons would permit gradual

release of the nitrate solution. It is calculated that

if the release occurred during the low-flow, 10-year,

7-day consecutive period, the nitrate concentration 1000

feet downstream would increase 2 ppm.
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17.3.2.5 Sodium Hydroxide
;

Sodium hyf roxide is stored in a self- contained, ||h ,
insulated, heated stainless steel tank. The DBAs ci

power failure, water failure, and fire do not apply.

In tha case of extended power failure at low

temperatures, the contents of the tank wo'uld soliuify
but could be liquified by reheating when power service

is resumed.

The tank could be pierced by a projectile in the event

of an explosion and all or part of the material could be

discharged to the chemical discharge lagoons. The

material would be neutralized and released over a

several day period. No impact on the river is

foreseen.

17.3.2.6 Hydrofluoric Acid

Hydrofluoric acid is stored in a self-contained, diked, k

butyl rubber-lined, steel tank. The DBAs of power

failure, water failure, and fire do not apply.

-

A projectile from an explosian coold pierce the tank

wall, resulting in a release of part of the tank

contents into the diked area. The liquid would be

retained and pumped into trailers or available storage.

Vapor concentrations of hydrofluoric acid at the site
'

boundary would be expected to be below 1 ppm using an

aeolian dilution factor of 10-3 for ground level

releases at 100 meters. The IDLH level referenced in

Table 17.2 is 20 ppm.

_
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17.3.2.7 Lagoons

An example of the Category 2 accident in the lagoon area'/

is a leak in the lagoon lining. This is very unlikely

to occur since the lagoon lining is specifically

designed for this application and is not subject to

aging by the elements. The lagoons are designed such

that flow from a leak is in a lateral direction to the

adjacent ditches.

If such a leak were to occur in significant volume, it

would be detected by the routine, periodic analysis of

water in the perimeter ditches. The only material that

would enter the ground water from the lagoon would be a

minor amount of the liquid pha,e. The solids would stay

behind either in the lagoon or in the soil immediately

adjacent to the lagoon. Thus, the environmental effects

of such an accident wo' d be insignificant.

,

'

17.3.2.8 Su_lfuric Acid'

Sulfuric acid is stored in a carbon steel tank. The

DBAs of power failure, water failure and fire do not

apply. A projectile from an explosion would pierce the

tank wall resulting in release of all or part of the
I

tank's contents. The spilled liquid would flow to a

diked area.

i
I

17.3.3 Severity category 3 Accident

The Category 3 accident in the chemical storage area

would release no more than the contents of a bulk
storage tank. This type of release has been discussed

under Category 2.
t
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A Category 3 accident in the lagoon arca would involve a ||| |

catastrophic dike failure causing almost total discharge

of the contents of a lagoon. It is highly unlikely that

this would nappen and no natural disaster of record

would cause such an accident.
-

The largest lagoons are the calcium fluoride lagoons,

each containing three million gallons. Ammonia and
fluoride must be removed from the liquid in these

lagoons before discharge to the environment is

acceptable. The average amount of the materials in a

calcium fluoride lagoon would be about 160,000 pounds of

ammonia and 3,200 pounds of fluoride.

Even the highly unlikely accident of a dike failure

;>ould not cause a serious environmental effect. If such

a failure occurred, the material would flow to the

|||drainage ditch and to the river. As discussed

previously, the drainage ditch flow can be stopped and

the material treated or held for a gradual discharge to

the river c.t a discharge rate determined as a function

of river flow rate.

Assuming the material would be discharged to the river

over a 10-day period, and that one-half of the ammonia

would evaporate, the average effect on the river would

be an increase in fluoride concentration of 0.08 ppm and

an increase in ammonia concentration of 1.8 ppm. These

concentrations would not cause any significant damage to

aquatic life.

_
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17.4 Radiological Accidents
_s

i s

-

17.4.1 Severity Category 1 Accidents

Because any accident in this category inside the fuel

manuf acturing building would be quickly detected,

isolated, and contained (as described under paragraph

17.3.1), there would not be a significant' release to the

environment either through an airborne or a liquid

pathway. Therefore, no radiological impact to the

environment would result from a Category 1 accident

occurring inside the building.

Outside the fuel manufacturing building, a typical

r ' dent in this category might be the dropping of a

cylinder (see figure 17.1) of uranium hexafluoride

(UF6). These cylinders arrive by truck in their

protective shipping containers (see Figure 17.2). The

shipping container is opened, and the cylinder is
g
q_) transferred by a stationary crane to a weighing and

staging area, and then moved into the fuel building or

into an outdoor storage area. All precautions

associated with moving high-pressure cylinders are

observed, but it is possible that a cylinder might be

dropped.

At no time is a cylinder more then 10 feet from an

unyielding surface. Thus, no damage would be expected

even if a drop did occur. During testing it took a

30-foot drop to cause even a hairline crack. If such a

hairline crack did occur, it would not cause major

leakage of UF6 The UF6 is a solid at ambient
temperature (sublimes at 130 F) and therefore would

evaporate out very slowly. Also, UF6 reacts with

S
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(UO F2 2), a non-volatile solid. Thus, a slow leak is

]) self-sealing.

If a cylinder was dropped, it would be checked for

leakage, and corrective action taken immediately. A

leaking cylinder would be taken immediately into the

fuel building where the fumes would enter 'the scrubbad
ventilation system.

The amount of UF6 which could enter the environment
from such an accident is too small to cause concern.

In any other Category 1 accident outside the building

which might invcive uranium dioxide, the maximum amount

of material which could be released (e.g., 90 kg in a

55-gallon shipping container) is very small. The

physical form of the powder is such that the material

would not tend to become airborne or go into solution.

() Under any conceivable circumstances of an accident, no

significant off-site environmental impact from either

airborne or waterborne pathways would occur.

17.4.2 Severity Category 2 Accidents

As discussed in paragraph 17.3.2, Category 2 type

accidents occurring inside the building would result in

release of uranium-bearing materials which would be

contained and would not be of concern to the external

environment.

For example, an explosion in a calciner would cause the

release of uranium compounds which would either remain

inside the building or, if a filter in the ventilation

system f ailed as a result of the explosion, would be

( N,
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released to the atmosphere in an insoluble form, If

one-fifth of the material in the reduction furnace |||
(about 32 kg) were released, the calculated radiation

dose to an individual at the site boundary (about 175

meters from the release point) would be less than 0.2

mrem to the lungs.*
t

For category 2 type accidents occurring outside the

building, the worst radiological impact on the

environment would result from the release of all the
uranium-bearing material from a shipping container

stored outside. This situation could only occur in the

very unlikely instance of a complete failure of the

container, whatever the cause.

In the case of uranium doxide, about 90 kg of material,

containing a maximum of 80 kg uranium and a maximum of
3.2 kg of U-235, would be released in an insoluble form

and would therefore not produce any off-site ||)
environmental impact. For uranium hexafluoride, the

entire contents of a cylinder would not be immediately

released to the atmosphere in the unlikely event of a

massive cylinder failure, even if heating of the

cylinder causes or results from the condition causing
the cylinder to rupture.

The types of cylinders at the Wilmington site are 72

inches long and 30 inches in diameter, with a capacity

of 4800 pounds (about 2200 kgs) of uranium hexafluoride

* Environmental Survey - Nuclear Fuel Cycle, U.S. Atomic Energy

Commission
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(UF6). In the case of a massive cylinder failure, the

UF6 would vaporize over a period of time, forming,
,

UO F2 2 and HF upon contact with the moisture in the

atmosphere. The uranium released from this reaction

would be in soluble form.

The maximum inhalation dose commitments for an
individual located at the nearest site boundary (about

574 feet would be typical) which would result f rom the

massive failure of a 30-inch UF6 cylinder are given in

Table 17.4. The following assumptions were made in

determining these dose commitments:

An aeolian dilution factor of 10-3 was used for the
closest site boundary (574 feet from the release

point).

The ruptured cylinder contained the maximum amount of

,,,) UF6 (4800 pounds).

The entire cylinder contents (4800 pounds of UF6) were
released immediately to the atmosphere.

The dose commitments to the bone and kidney were

calculated based upon all of the inhaled uranium.

Although the uranium would be entirely in soluble form,

the dose commitments to the other organs (lung,

stomach, small intenstine, upper and lower large

intestine) were calculated based upon the conservative

assumption that the uranium inhaled was in an insoluble

form.
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TABLE 17.4 g

MAXIMUM INHALATION DOSE COMMITMENT TO AN INDIVIDUAL AT
THE NEAREST SITE BOUNDARY RESULTING FROM ACCIDENTAL

RELEASE OF URANIUM HEXAFLUORIDE*

Organ Dose Commitment (Rem)

Lung 3.16 ~

Bone 1.06
Kidney 0.176
Stomach 2.47 x 10-5
Small Intestine 3.16 x 10-11
Upper Large Intestine 1.24 x 10-8
Lower Large Intestine 9.15 x 10-8

* Instantaneous release from a 30-inch cylinder
containing 4800 pounds of uranium hexafluoride. See
paragraph 17.4.2 for other assumptions.

It should be recognized that there is an element of

conservatism in these accident calculations because of
the nature of the materials involved. The postulated

release would be in the form of HF and UO F22, both ggg
of which would be expected to be visible as a white

cloud. Hydrogen fluoride, in particular, is very

irritating to the lungs and mucuous membranes; hence,
~

the natural reaction when exposed to this material is to

hold one's breath and run from the cloud. Thus, it is

extremely unlikely that an individual would be exposed

to the cloud for any length of time. An exposure of the

order of a few minutes would be most likely for an

individual standing relatively close to the site

boundary when the postulated incident occurred. Hence,

the actual maximum dose commitments are likely to be a

factor of 10 to 100 lower than those calculated.

_

-
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17.4.3 Severity Category 3 Accident

[; With the exception of the criticality accident, the
v

'results of a Category 3 type accident inside or outside

the plant involving uranium dioxide or uranium

hexafluoride are no worse than those previously

discussed for a Category 2 type accident.
.

No accident analysis of a nuclear fuel manufacturing

plant would be complete without a discussion of a

criticality accident. Actually, no criticality

accidents have ever occurred in a low enrichment uranium
fuel fabrication facility.

At WMD, programs of design, review, procedural control,

engineered safeguards, and audits are in place to

prevent criticality accidents and consequently the

probability of an accident of this type is extremely

low. There have been six criticality accidents,

I) however, which have occurred in operations related to

fuel fabrication or scrap recovery of highly enriched

uranium or plutonium.

It should be noted that much larger quantities of low-

enriched uranium would be required for a criticality

accident than have been involved in these accidents with

highly enriched uranium. Based on this accident

experience, it can be stated that significant

environmental inpact is highly improbable.

17.4.3.1 Criticality Accident Postulation I

It is reasonable, based on the past accident experience, )
1

to assume that the most-probable maximum-c-iticality J

accident will result in a total of 1018 fissions.
1

Since there are no significant fission products existing 1

|
1

.
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in the mass of uranium prior to the initiation of the

accident, the only fission products which could be ||I
released are those formed during the accident.

The assumptions used in determining the amount of

radioactivity released were as follows:
,

The release results from 1018 fissions in a liquid
supercritical system.

Initial fission-product inventory is zero and the

accident lasts one second. Radioactive decay begins at

this time. Only volatile fission products are

considered to be released.

The volatile fission product cloud is released from the

liquid system and is drawn into the building ventilation

system. The time required for the cloud to exit the

stack is based on the rate of room air changes in the h

UF6 conversion and is 13 minutes.

The velocity of the cloud once it is released from the

conversion area stack is 1 m/see toward the southern
site boundary which is 574 feet from the stack. Time
for this travel is three minutes. Therefore, the

fission products are 16 minutes old at the time the site

boundary is reached. A conservative age of 10 minutes

is used in the calculations.

It is assumed that an individual at the site boundary

would receive exposure f rom both internal and external

sources of radiation. The doses (Table 17.5) were

calculated from the individual's submersion in a
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aemi-infinite cloud of beta and gamma emitters, from
)

- inhalation of the fission products, and from the direct

radiation associated with the incident.

The dose from prompt fission gamma rays and neutrons was

obtained from the reference Y-1272, "Y-12. Plant Nuclear

Safety Handbook", J. W. Achter, et al, March 27, 1973,

Union Carbide Nuclear Co., Oak Ridge, Tenn.

The whole body dose due to submersion in the

fission-product cloud was calculated by the standard

semi-infinite cicSd assumptions.

The inhalation dose to the thyroid was calculated based

upon the resulting short-lived radioactive nuclides

contained in the fission products.

- 3 A raedian atmospheric diffusion factor at the nearest
t s

site boundary of 10-3 was used in these~'

calculations.

~

TABLE 17.5
DOSES TO AN INDIVIDUAL AT THE NEAREST SITE BOUNDARY

RESULTING FROM A CRITICALITY INCIDENT

Direct Dose (prompt neutrons 2.8 Rem
and gamma rays)

Submersion Dose 2.1 Rem
Inhalation Dose (thyroid) 0.8 Rem
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As can be seen from Table 17.5, the doses to an |||
individual at the nearest site boundary from a

criticality accident are smaller than the occupational

exposure limits for individuals working with radioactive

materials.
P

Therefore, even in the incredible case of a criticality

accident in the fuel fabrication plant in which

low-enriched uranium is processed, no significant

environmental impact (i.e., radiation dose to an

individual at the nearest site boundary) would result.

17.5 Transportation Accidents

17.5.1 Effects on Local Traffic Patterns

The manufacturing activities have had two effects on

local patterns. The first of these effects is the

increase in personal vehicular traf fic due to |||
transportation of personnel to and from their place of

employment. The impact of plant personnel vehicles an

local traffic pacterns is kept to a minimum by the

staggered reporting hours associated with a 24-hour a

day operation.

The estimated traffic contribution from the WMD site

personnel is approximately 2,000 per day.

The second effect on local traffic patterns is caused by

the shipping and receiving of product and process

materials. All of these activities are conducted by

truck.

_
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The only change in local roadways necessitated by this

(_) increas .n traffic was the installation of a turnoff

lane at each of the plant entrances and a traffic

actuated stop light at one entrance. A vehicular

a' _ ant involving a truck carrying either uranium

bearing materials or chemical process supplies has a

potential low probability of occurrence (10-6 per
vehicle miles).* This probability decreases rapidly as

the anticipated severity postulated for the accident

increases (10-13 per vehicle mile for extremely
severe accidents).** Frequency of truck movements

carrying these materials to and from the site is only

0.2 per day.
i

Specific areas considered in material movement are

detailed in the following sections:

17.5.2 UF6 Shipments to the Site

k_) The shipment of enriched UF6 to the Wilmington Site

invovles transportation of fissile, low specific

activity material. The enriched UF6 is received in
2.5 ton capacity cylinders 30 inches in diameter by 81

inches long (Figure 17.1) containing 2.2 metric tons of

UF6 These cylinders are contained in a Model OR30

protective shipping package (Figure 17.2). This

* Environmental Survey - Nuclear Fuel Cycle, U.S. Atomic Energy

Commission.

** Environmental Survey of Transportation of Radioactive Materials

To and From Nuclear Power Plants, U.S. Atomic Energy Commission,

December, 1972.

/s
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packaging is designed to prevent release or criticality

under normal and severe accident conditions. While k

material could be released in an extremely severe

accident the probability of criticality occurring would

require an incredible series of events.

17.5.3 Shipment of Finished Fuel Assemblies, Uranium Dioxide

Powder, and Uranium Dioxide Pellets

The finished fuel assemblies are shipped from the site

in GE RA - series shipping packages (Figure 17.3).

These c. ; tainers meet DCT Specifications * and NRC

regulations necessary for shipment of these materials.**

Uranium dioxide powder and pellets are also shipped in

containers that meet DOT specifications and NRC

Regulations necessary for shipment of these materials.

Accident frequency and severity would be as in

subsection 17.5.1 above.

17.5.3.1 Intermediate Shipments and Receipts of Uranium-Bearing

Materials

Fissile low enriched materials are also ship ad and
- received in other forms. These include returned,

unirradiated fuel rods, low specific activity uranyl

nitrate solutions, and waste materials shipped to

licensed vendors for off-site disposal. All of these

shipments are made in containers which meet the DOT and

NRC regulations. Accident frequency and severity would

be as in paragraph 17.5.1.

|

*40 CFR 173
**10 CFR 71

'
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Radiation exposures as a result of the shipments to

transportation workers, onlookers, and people along the

shipping route are well within established limits. The

highest exposure would be obtained by the truck drivers.

This exposure is extremely low; i.e., if one driver

handled the total year's production, he would receive

less than 5 mrem which is less than 5 percent of the

background radiation dose.

17.5.3 Bulk Chemicals

Bulk tank truck shipments of anhydrous ammonia, aqueous

ammonia, nitric acid, hydrofluoric acid, hydrated lime,

and sodium hydroxide solutions are received and

utilized on site.

The frequency of these receipts as well as shipments of

nitrate solutions, hydrofluoric acid and spent caustic

is less than 25 per week. These materials are all ggg
shipped in accordance with DOT regulations. The

probability of accident frequency is similar to the

probability discussed for a truckload shipment of

UF6-

n

_
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