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APPLICATION FOR RENEWAL OF LICENSE SNM-1067

PART I. LICENSE CONDITIONS

I.

1.0 Standard Conditions and Soecial Authorizations

1.1 In order to permit Combustion Engineering, Inc. to continue to fabricate
PWR fuel elements at its Nuclear Fuel Manufacturing facility at 1000 Pro-
spect Hill Road, Windsor, CT 06095, it is requested that license SNM-1067
be renewed for a period of five years and include authorizations to allcw
the following:

1.2 Receive, possess, use, and transfer Special Nuclear Material in accordance
with 10 CFR Part 70 of the regulations of the U.S. Nuclear Regulatory Com-
mission in order to permit the manufacture of PWR fuel assemblies utilizing
low-enriched uranium (up to 4.1 weight percent U:ss) in the form of uranium

oxide powder, pellets, rods, and in assemblies.

1.3 Deliver Special Nuclear Material to a carrier for transport in accordance
with 10 CFR Part 71-of the regulations of the Nuclear Regulatory Commission
and in accordance with 49 CFR Parts 173-178 of the regulations of the U.S.

Department of Transportation. -

y,

1.4 Receive, possess, use, and transfer Source Material under 10 CFR Part 40
of the regulations of the U.S. Nuclear Regulatory Commission in order to
pennit the manufacture of fuel assemblies utilizing source material.

1.5 The proposed activities will be conducted primarily at the Nuclear Fuel
Manufacturing facility (Building #17) and an adjacent warehouse and ship-
ping dock-(Building 421).

1.6 Additional Rasearch and Development activities may be conducted in the
Nuclear Laboratory facilities-and buildings at the Windsor site and
authorization is requested to receive, possess, use, and transfer Special
Nuclear Material enriched to less than 20 weight percent U s in lots of2

350 grams U22'. For uranium enriched to 5% or less, a ifmit of 740 grams
-U :s applies. All mass limits will be separated by at least 12 feet.2

Other proposed storage configurations must be approved in accordance with
Section 2.2.2 of this application. The Nuclear Laboratories'are therefore
authorized to receive, possess, use, and transfer Special Nuclear and

d.
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Source Material from tne manufacturing facility in accorcance witn the
provisions of tnis license. It shoulc be noted tnat work under these
transfers will be of an analytical or development nature and that the

( material may ultimately be returned to the fluclear Fuel fianufacturing Facility.
These transfers will not recuire tne issuance of acolicable fiRC transfer cocu-
ments, but must be transferred in accordance witn the provisions of tnis
license, anc will be handled as a departmental transfer and will be controlled
by the Fundamental fluclear Material Control Plan (??'MC) referenced in Section
9.1 of this application.

1.7 Combustion Engineering, Inc., requests authori:ation to receive, use, possess,
store and transfer at its Windsor site, the following quantities of radio-
active materials:

Isoto::e Fo r-n Quantity 1.oca:icn

1.) Uranium enriched Uranium 500,000 Kg U Manufacturing-Bldg.
to < 4.1 weight Oxides a17

perient U2"

Storage-Bidg. *21 &
in trailers between
Bldg. il7 and *21

! Develooment Dept.-
-

Any building

2.) Uranium enriched Any 4800 gas U " Any building. (Bldg.2

to less than 20 517 & #21 li.mited to
2 35 each forweight percent U " 350 gm U

enrichments exceeding
4.1 weight percent U 35)

3.) tiatural and/or Any -10,000-Kg U Any building
Depleted Uranium

Pu ' Encapsul- 5 sources, each Any building24.)
ated containing less
Neutron than 2.0 gm Pu "2

_ Sources

5.)_ Pu Any Form 160 micrograms Any building
as analytical
samoies

.

'f
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2.0 GENERAL ORGANfZATIONAL AND ACMINISTRATfVE REOUIRMENTS ,

,

2.1 Company Background

I Combustion Engineering is a diversified company serving electric utility
companies, oil and gas producers, chemical companies and general industry
throughout the world. The major portion of C-E's business has long been
steam generation equipment for electric utilities, and it is one of the
largest manufacturers of such eouipment in the world. In recent years
the company has diversified into related fields while continuing to apply
its basic skills and technology.

C-E was first organized as a corporation in 1912. When considering the
companies which have merged into the corporate structure, however, C-E's
history dates back to the 1880's. Thus, the organization, as it exists
today, has more than 90 years of experience in the design, development
and fabrication of steam generation equipment.

.C-E has been active in the development of nuclear power for more than 30
years. The Company's decision to extend its systems to large nuclear
utility power plants represents a logical development of its previous
ectivities as a supplier of thermal steam generating plants. All nuc' ear

I. activities are carried out by the Nuclear Power Systems Division.

The capabilities of the entire C-E organization are available to the
'

Nuclear Power Systems Division and will be utilized by it as necessary
to fulfill its responsibilities.

i 'C-E has organized four service divisions (Finance, Research, International
and Administration) and the following operating divisions:

.

2.1.1 Engineering Group - This group has a broad international involvement
in the design, engineering, and construction supervision of projects
in the chemical, petrochemical, petroleum, metallurgical and other
process industries.

.

(
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2.1.2 Process Equicment Grouc - This group manufactures and markets a

wide range of energy-related products including oil and gas pro-
duction processing equipment, heat exchangers, and pollution control
equipment.

2.1.3 Industrial P_roducts Grouc - This group provides a full range of
services in the architectural, engineering, and planning disciplines
with recogni:ed special competency in environmental engineering,'

resource recovery and disposal of solid waste, transportation systems
and the production of high temperature industrial ceramic materials
for lining furnaces and other heat processing auxiliary equipment.

2.1.4 Power Systems Group - C-E Power Systems provides fossil and nuclear

fueled steam generating equipment, nuclear fuel and components, and air
quality control systems for the electric utility industry, and steel
transmission structures. This group also provides industrial steam
generating equipment, fuel burning and auxiliary equipment, and
chemical recovery systems and boilers for pulp and paper mills as
well as heavy thick-walled pressure vessels for the chemical, petro-
chemical and petroleum processing industry.

The Nuclear Power Systems Division of the Power Systems Group has

approximately 1200 (as of January 31,1930) employees, of whom
approximately 70% are scientists and engineers. More than two-thirds
of the professional itaff have at least five years experience in
the nuclear field and approximately 50% have continued their educa-
tion beyond the Bachelors Degree level. This staffing provides com-
petence in the field of nuclear science and technology and extensive
experience in the following specific areas: theoretical and experi-

mental physics, mathematics, reactor analysis, chemistry, metallurgy,
instrumentation controls, mechanical design,' thermal sciences and

nuclear and radiological safety.

2.1.4.1 Nuclear Products Manufacturing

Nuclear Products Manufacturing (NPM) is equipped to provide
a variety of services necessary in the development and manu-
facture of precision reactor components such as fuel rods

~
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and assemblies containing low enriched UO , c nerol2

.

rods, control rod drive mechanisms and reactor core

( internals. Equipment is also available to fabricate
certain alloys of metals used for control rods and
other special nuclear components.

2.1.4.2 Development Department

The Development Department maintains complete facilities
for the development, design, analysis and testing of nuclear
components and systems. The development laboratories consists

of three functional sections:

Fuels Development Section - Establishes experimental basis for

fuel system designs, specifies materials for fuel fabrication;
reviews drawings, specifications and other documents for fuel
system components.

Engineering Development and Services Section - Verifies design
calculations and reactor servicing equipment compatibility by
testing; performs dynamic and structural testing of reactor ccm-
ponents; develops testing programs for mechanical and hydraulic

g

components: evaluates test data, and test results; provides
in-service inspection and component field inspections.

Materials and Chemistry Development Section - Reviews material
.

specifications; analyzes material problems, recommends .naterials
for specific applications and environments; reviews fabrication
and test procedures; develops and maintains chemistry specifica-
tions; performs metallurgical and chemical testing; develops pro-
cedures for chemical cleaning and decontamination; analyzes

chemistry related problems; provides for the reactor vessel sur-
veillance-program; predicts the effects of irradiation on mat-
erial properties; performs fracture toughness testing.

The Development Department staff is comprised of metallurgists,
chemists, engineers, and technicians. The development labora-
tories occupies a 14,000 square foot area in Building #5 and
an additional 11,000 square foot area in the Building #2 complex.

(
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The Development Department maintains equipment for

(,
metallography, mechanical testing, nondestructive
testing,, X-ray diffraction, vacuum and inert atmos-
phere melting, heat treating, brazing, radiography,
powder processing, vibratory compaction, swaging and
ceramics processing.

2.2 Administrative Responsibilities and Controls

The lines of authority for the control of Special Nuclear Material in the
possession of the Nuclear Power Systems Division follow the same paths of
authority as all other operaticns with several modifications dictated by
the problems associated with handling Special Nuclear and Source Material.
Two distinct operations are covered by this license, with separate admin-
istrative controls exercised over each.

Nuclear fuel manuf acturing (NFM-W) is a low enrichment UO fuel fabrication
2

operation where powder is pelletized, pellets are loaded into rods which are
then assembled into fuel bundles.

Research and Development activities are carried.out by the Nuclear Po'wer Systems'

Development Department.

.

I
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2.2.1 Development Department (Nuclear Laboratories)

The Vice President, Development, is responsible through tne Vice

( President, Products, Services and Development to the Vice President,
Nuclear Power Systems for the quantity, accountability, nuclear
safety, and radiological safety related to all Special Nuclear and
Source Materials received by the Development Laboratories and used

in any development process. He assures compliance with federal and
state regulations and the requirements and limitations set forth
in the license during all operations of the laboratories.

In this position, the Vice President-NPS Development Decartment
has delegated to the Manager, Health Physics, responsibility to
assure that all operations involving nuclear materials have been
analyzed to establish the required safety limits and controls.

Changes proposed by laboratory personnel are fomally described
and submitted to the Manager, Health Physics for review and approval.

Written health and safety restrictions for all operations on radio-
active materials are provided in the form of approved Radiatior.
Work Pennits or approved detailed procedures, and appropriate oper-

( ational limits are posted in the vicinity of work stations.
2Each operation on fissile material is limited to 350 gm U ss for

85uranium enriched to more than 5% U225, and to 740 gms U for
uranium enriched to i 5% U235, and must be separated from any other

P8II*tSfissile material by 12 feet. Rods containing sintered U02
enriched to a maximum of 4.1% U-235 are stored in Building #2.

Storage of material in this area is' limited to a single slab less-

than 3.7 inches thick. No other fissle materials are to be used
or stored in building 42. A continuous log is maintained for each
work station or storage area to assure that the limit is maintained~

and that the enrichment of all material is recorded. No other criti-
cality controls are required for the laboratories.

.

(
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In addition to providing the above safety restrictions, the Manager,
haalth Physics is responsible for the surveillance of all Nuclear Lab-

( oratory activities in which radioactivity is involved to ensure that
the health and safety standards set forth in the license application are
met. He has the necessary authority to halt any operation which falls
outside those limits, and he is responsible for indicating what remedial
action is necessary to bring the operation within acceptable limits.
The basic organizational strut.ture for. the Nuclear Laboratories is shown
in Figure 2.2.1.

~
'

2.2.2 Nuclear Fuel F/nufacturing-Windsor

The General Manager reports to the Vice President, Nuclear Fuel and is
responsible for the acca.ntability, nuclear criticality safety and radio-
logical safety related to all Special Nuclear r.nd Source Material received
by the Nuclear Fuel Manufacturing Facility and used in any manufacturing
process. He assures compliance with federal and state regulations and the
requirements and limitations set forth in the license during all phases
of manufacturing.

In this position, the General Manager has delegated to the Production Manager
,

and the Engineering Manager responsibility to assure that all operations in-
volving nuclear materials have been analyzed to establish the required safety
limits and controls.

Before the cognizant engineering supervisor may initiate equipment changes,
or before the Production Manager may initiate limit changes affecting nuclear
fuel. handling, they must describe the proposal to the Health Physics & Safety
Supervisor. .He must review and approve the proposed change or operation and
transmit his approval in writing to the cognizant individual. His approval
will incorporate the results of criticality safety and radiological safety
reviews and will . include reconr:endations to assure that appropriate controls

are implemented. The individual who performs the initial criticality safety
review shall meet the minimum qualifications for a Criticality Safety Spe-

cialist.

License No SNM-1067, Docket 70-1100_ Revision: 0 Date: 12/18/80
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The individual who performs the independent criticality safety review
shall be a person designated by the Nuclear Safety Committee and shall

I meet the minimum qualifications for a Criticality Safety Specialist and
shall not be the initial reviewer. All such approvals shall be recorded

in a log maintained under the direct supervision of the Health Physics &
Safety Supervisor.

The Manager, NLS&A or the Nuclear Licensing Consultant shall review and
approve facility and process changes, equipment rearrangements and addi-
tions affecting criticality safety which fall within the criteria of Sec-

tion 4.2 provided that an independent review is performed by the Nuclear
Safety Comittee or persons designated by that Committee.

Written operating procedures are provided by the cognizant engineering super-
visor for all operations, including equipment and floor cleanup. These in-
clude all criticality and radiological safety restrictions, safety restric-
tions and limits. Signs, including criticality limits as approved by the
Manager, NLS&A or the Nuclear Licensing Consultant; are posted near the appro-

priate work station under the direction of the cognizant supervisor and are
verified by the Health Physics & Safety Supervisor.

In addition, all procedures shall provide for the labeling of mass limited
containers to indicate the enrichment and the uranium content. All process

equipment and operating areas shall be .abeled to indicate the enrichment
and geometry limited containers will be handled as though they are full
unless specifically-labeled otherwise. Labeling shall be carried out under
the direction of the cognizant foreman. The Health Physics & Safety Super-
visor is responsible for the surveillance of all Nuclear Fuel Manufacturing
activities in which radioactivity is involved to ensure that the health and
safety as well as criticality standards set forth in the license are met.
He has the necessary authority to halt any operation which falls outside those
limits, and is responsible for indicating what remedial action is necessary to
bring the operation within' acceptable limits. However, if the operation is
halted because of criticality safety considerations, the Health Physics &
Safety Supervisor will contact the Manager, NLS&A or the Nuclear Safety Com-
mittee who shall determine necessary corrective actions to be taken. He re-
ports directly to the General Manager. The basic organizational structure for

.({
Nuclear. Fuel Manufacturing is shown in Figure 2.2.2.

License No. SNM-1067. DocketL70-1100 Revision: 0 Date: 12/18/80
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FIGURE 2.2.2
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2.2.3 Nuclear Safety Committee

( A Nuclear Safety Committee comprised of engineers and scientists,
representing all areas of the Nuclear Power Systems Division nuclear
cad scientific community, has been organized and assigned as one of
its responsibilities the function of providing assurance to manage-
ment that all nuclear activities are carried out in a safe manner.
The Committee acts in a staff capacity reporting to the Vice Presi-
dent, Nuclear Power Systems.

The functions of the Committee are to:

Assure an independent review of all Nuclear Criticality Safety
aspects or any changes which the Manager, Nuclear Licensing,
Safety, and Accountability is requested to review and approve.
This review will be performed by a qualified person designated
by the Ciiairman of the Committee, and acting in behalf of the
Committee.

Audit all manufacturing operations involving SNM at least once*

a year. This audit must include as a minimum, a review of the
,

nuclear criticality and radiological safety programs and their
application and to assure that management policies are consistent
with the objective of maintaining occupational radiation exposures
as low as reasonably achievable. The Committee member who reviews

the criticality safety program shall-be a person other than the
one who is authorized to perform the monthly criticality safety
audit. 'The Committee member who reviews the radiological safety

program shall be a person other than the one who is authorized to
perform the monthly radiological safety audit.

.

.{
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2.3 Personnel Selection (Aoproval Authority) for Key Positions

2.3.1 Nuclear Laboratories - The Vice President-NPS Development
I Department has apprnval authority for the following key

posi tions: Manager-Health Physics, Director-Fuels Development,
Director-Engineering, Development & Services, Director Materials
and Chemistry Development, and Director-Product Engineering &

Development.

2.3.2 Nuclear Fuel Manufacturing - The Vice President-Nuclear Fuel has

approval authority for the following key positions: General
Manager-Nuclear Fuel Manufacturing, Manager-Nuclear Materials &
Security, Manager-Quality Assurance, Engineering Manager, Produc-
tion Manager, Manager-Nuclear Licensing, Safety, & Accountability,
and Nuclear Licensing Consultant.

2.4 Independence of Safety Personnel

The Manager-Health Physics reports to the Vice President-NPS. Development

Department.

The Manager-Nuclear Licensing, Safety & Accountability, the Supervisor,
' Health Physics &' Safety, the Nuclear Licensing Consultant, the Engineering

Manager and the Production Manager all report to the General Manager-Nuclear
Fuel Manufacturing who reports to the Vice President-Nuclear Fuel.

Conflicts of: interest are thus minimized and independence of safety personnel

is assured.

2.5 Education and Experience Requirements for All Key Safety and. Operations
Personnel

2.5.1 _ Manager, Health Physics - The minimum qualifications for this position
shall be a Bachelors Degree in one of the sciences, engineering,_or
equivalent and a minimum of three years experience in positions which
demonstrate sufficient judgement and capability to establish and main--

tain an effective nuclear criticality and radiological. safety program.

..

- t4
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2.5.2 General Manaoer, Nuclear Fuel Manufacturino - The qualifications
for this position shall be a Bachelors Degree in one of the sciences
or engineering and five years experience in nuclear fuel fabrication
facilities. In addition, at least three years supervisory experience'

is required as well as an understanding of the nuclear criticality
safety, health physics, and industrial safety aspects of fuel handling
and knowledge of administrative controls imposed on nuclear fuel hand-

,

ling operations.

2.5.3 Manager-Nuclear Licensing, Safety, & Accountability (NLS&A) or Nuclear
Licensing Consultant

The minimum qualifications for these positions shall be a Bachelors Degree
in one of the sciences or engineering and a minimum of three years exper-
ience in positions which demonstrate sufficient judgement and analytical
capability to establish and maintain technically sound and effective
nuclear criticality safety, health physics, industrial safety, and nuclear
material accountability programs. He must meet the minimum qualifications
for a Nuclear Criticality Specialist.

2.5.4 Suoervisor-Health Physics and Safety - The minimum qualifications for this
position shall be a Bachelors Degree in one of the sciences, engineering

( or equivalent. A minimum of two years experience in radiation safety
protection in positions which demonstrate sufficient judgement and capa-
bility to establish and maintain an effective nuclear criticality and
radiation safety program.

2.5.5 Radiation Specialist - The minimum qualifications for this position shall
be a Bachelors Degree in one of the sciences, engineering or equivalent
and a minimum of two years experience in Radiation Safety Protection.

2.5.6 Nuclear Criticality Specialist --The minimum qualifications for this
position shall be a Bachelors Degree in one of the sciences, engineering

.

or equivalent and two years experience in outside-of-reactor nuclear
criticality safety or to years experience in nuclear reactor physics
and one year experience in outside-of-reactor nuclear criticality safety.

2.5.7 Nuclear Materials Manager - The minimum qualifications for this position
shall be a' Bachelors Degree in one of the sciences or engineering, and

two years experience in nuclear materials management.

(
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2.5.8 Nuclear Safety Committee Membership - The general qualifications
for Committee membership are as follows:

(
The individual must be a highly competent senior staff member.*

The individual must be capable of evaluating radiological and*

nuclear safety and must have had at least seven (7) years
experience in the nuclear industry.

The individual must not be directly involved in the production*

or development facility utilizing the nuclear material.

The individual must disqualify himself if there is a conflict*

of interest with the production or development groups.

The individual who performs the independent criticality safety
review shall meet the minimum qualifications for a Nuclear
Criticality Specialist and shall not be the person who is auth-
orized to conduct the monthly criticality audits and shall not
be the initial reviewer.

The individual who performs the independent radiological safety*

review shall meet the minimum qualifications for the Manager-
! Health Physics and shall not be the person who is authorized to

conduct the monthly radiological safety audit and shall not be
the-initial reviewer.

2.6 -Training

2.6.1 Initial Training

All new personnel must attend a formal training session. This
will cover principles of radiation safety, nuclear criticality
safety, industrial safety, emergency procedures, and additional
information pertaining to their job. All personnel who will be
working with radioactive materials must complete a test to ascertain
the effectiveness of the training. All training will be conducted
under the direction of the Health Physics & Safety Supervisor for
the manufacturing facility 'and unde.- the direction of the Manager,
Health Physics for the Development Department Laboratories.

(
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Health Physics Technicians

Health Physics Technicians for Nuclear Manufacturing, or the

-( Nuclear Laboratories shall receive the above training, and will
be instructed by the Supervisor, Health Physics and Safety or
the Manager, Health Physics, as appro'priate, in the use of instru-
ments, the evaluation of contamination, environmental sampling,
and other aspects relevant to their assignments. Health Physics
Technicians will also receive sufficient training in criticality

. control to enable them to carry out their auditing functions.

2.6.2 Periodic Retrainino

In addition to a coritinual program of in-plant training, formal
sessions shall be held for production personnel. Since all pro-
duction personnel may be required to work in the pellet shop,
the sessions will be uniform. This training is to be conducted on

-an annual basis.

All maintenance persunnel working in restricted' areas shall attend
- 'an annual safety training session..If they have not attended this

-training, they'may enter the restricted area only with a trained

f. .

escort. Maintenance training sessions will cover the same topics
as the_ production personnel session. Special emphasis will be
given to internal contamination of equipment.

Salaried ~ personnel who . enter restricted areas. shall attend training
sessions annually. These sessions will be directed toward observa-

: tion and supervision in restricted-areas rather than actual handling
of radioactive material. Question and answer periods are held during

f
every. training session to ascertain.the effectiveness of the train-
ing and to assure proper understanding of.the material covered. All
training.-shall be documented.

.
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3.0 RADVATf0N PROTECT 10N

3.1 Administrative Recuirements
i

3.1.1 Radiation Work Permit Procedures

All non-routine maintenance or repair operat?ons on equipment
in contaminated areas must be covered by a Radiation Work Permit

(RWP), including those non-routine maintenance operations in which
the ventilated containment is compromised. The RWP shall be re-

quested by the cognizant foreman or engineer.

The RWP will be issuad by the Nuclear Licensing, Safety, & Account-
ability (NLS&A) group. It will include all safety requirements,

protective clothing and equipment, and health physics monitoring
requirements necessary to assure that the proposed operation is

conducted in a safe manner.

3.1.2 Audits.

3.1.2.1 Laboratory Ooerations

Laboratory operations will be audited once per month by

( an individual who meets the minimum qualifications of the

Health Physics _& Safety Supervisor. He will verify the
adequacy of the Radiation Protection Program and that all
designated operating procedures are being followed. He will
report his findings =to the Vice President-NPS Development
Department.-

3.1.2.2 Nuclear Fuel Manufacturina Operations

Operations at the Nuclear Fuel Manufacturing facility will
be formally audited as follows:

Once each working day by a Health Physics, Technician for

Health Physics compliance and criticality compliance. He
shall submit his findings in writing to the Supervisor
Health Physics and Safety.

.

(
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Once each conth for nuclear criticality safety by an*

individual who meets the minimum qualifications of a

Nuclear Criticality Specialist. He shall audit for
' compliance with a*1 regulations and operating procedures,

and shall assess the' adequacy of the criticality safety
program. His findings will be documented and reported
to the. General Manager-Nuclear Fuel Manufacturing.

Once each month for radiological safety by an individual
who meets the minimum qualifications of a Radiation

Specialist. He shall audit for compliance with all regu-
lations and operating procedures and shall assess the
adequacy of the radiological safety program. His findings
will be documented and submitted to the General Manager-

Nuclear Fuel Manufacturing.

Once each year by the Nuclear Safety Committee. The
committee will review all aspects of the criticality
and radiological safety programs and will transmit their
report in writing to the Vice Pres 1 dent-Nuclear Fuel.

Follow-up actions on audits of the Nuclear Laboratories
will be the~ responsibility of the Manager-Health Physics,

and for audits of_the manufacturing facility, will be the
responsibility of the General Manager, Nuclear Fuel Manu-
facturing.

3.2 Technical Re'quirements
,

'

3.2.1 Access Controls

All personnel en'tering the unclad fuel handling area (pellet shop)
-must do.so through the change rooms provided for this purpose.
Protective clothing for regular pellet shop production personnel,
shall be as follows:'

,

Coveralls--

Special; shoes or shoe covers .-

Safety glasses-

[
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Protective clothing for transients (visitors, inspectors, maintenance
personnel, salaried employees, etc.), shall be as follows:

i * Lab coat
* Special shoes or shoe covers
* Safety glasses

3.2.2 Monitoring Requirements
-All personnel must wash their hands before exiting the contaminated
area and monitor their hands, exposed areas of the body and personal
clothing with the alpha personnel monitor located at the change line.
Any person having suspected contamination on his body must thoroughly

wash the area and recheck for contamination. If contamination per-

sists, a member of the health physics staff will assist in decontam-
,. ination.

3.2.3 Ventilation Requirements

Ventilation in the Manufacturing Facility (Building #17) is provided
by four separate exhaust systems as described herein:

FA-1 Powder Preparation and Pressing - This system has a capacity
of 12,100 CFM and incorporates prefilters and a double bank

of 12, absolute filters, each 99.97% efficient at 0.3 microns.
The air exhaust from this system which is either returned to
or released from the plant is sampled 100% of the time and
analyzed each day.

FA-2 Furnace H2 Burnoff - This system has a capacity of 1340 CFM
and . incorporates prefilters and a single bank of a absolute
filters, each 99.97% efficient at 0.3 microns. The air-exhaust
from this-system is released from the plant and sampled 100%

_

of the tire and analyzed each day.,

FA-3 Pellet Grinding and Rod Loading - This system has a capacity
of 19,422 CFM and incorporates prefilters 'and a single bank,

of 21 absolute filters, each 99.97% efficient at 0.3 microns.
.The air _ exhaust from this system is released from the plant
and sampled 100% of the time and analyzed each day. -

b -

Date: 12/18/80
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FA-4 Recycle' Powder Area - This system has a capacity of 6000 CFM

and incorporates prefilters and a double bank of 6 absolute

. , .-
filters, each 99.97% efficient at 0.3 microns. The air exhaust

\ from this system is released from the plant and samoled 100%
of the time and analyzed each day.

The capacity of the ventilation systems have been matched to provide
a negative pressure differential between the Pellet Processing Facil-
ity and all surrounding work areas. If airborne radioactivity results,
averaged over a two week period, exceed the applicable concentration
listed in Table II, Column I of 10CFR20 Apendix B for air being dis-
charged to an unrestricted area (from manufacturing or laboratory
operations),an investigation will be conducted and corrective action
taken.

Ventilation system filters and/or prefilters will be changed, rotated,
or knocked down whenever a pressure drop of 4 inches of water is
measured across the combination of the prefilters and first bank of
' absolute filters. When the face velocity at a ventilated hood drops
below 100 fpm, the hood filters or ventilation system filters will
be changed, brushed, or knocked down to increase the air flow to 100
fpm minimum or the hood will not be used to handle-radioactive mat-'

>

erial. Face velocities will be checked weekly in the manufacturing

facility and monthly in the laboratories.

Discharge air from the Nuclear Laboratories will be monitored on a
continuous basis whenever operations having a ' potential for dusting
are carried out. Samples will be analyzed daily.

- The adequacy of the sampling techniques to obtain representative

samples will be verified monthly.

1

i

. .

{
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3.2.4 Instrumentation

( Capabilities of radiation detection and measurement instrumentation
shall be as follows:

5
Alpha counting system 10 - 10 dpm

Alpha survey meters 0 - 50,000 counts per
minute

Beta-Gamma survey instrumants .05 mR/hr - 200 mR/hr

Neutron survey instruments .5 - 5000 mrem /hr

The detectors for the criticality alarm system are calibrated quarterly
and following major repair. All other instruments are calibrated twice
per year, and following major repair. Counting equipment is checked
daily to verify background and efficiency.

3.2.5 Internal Exposure (Breathing Zone Air Sampling)

Breathing zone (BZ) air samples will be taken for the first four weeks
of a new operation, with sampling carried out at least 507. of the time
during which the operation is carried out. Thereafter, process opera-

will be surveyed with BZ samplers at leasttions involving unclad UO2
10% of the time. Air samples will be taken at positions which closely
approximate'the breathing zone area. It is the intent of Combustion
Engineering to assure that operations with uranium do not cause exposures
which exceed a level of 0.25 x 10-10uCi/cc. Operations which, because

of their associated physical characteristics (including. material hand-
-ling and ventilation), result in continued higher levels, will be in-
vestigated and corrective' action will be taken. On the other hand, it
is. recognized that the behavior of individual operators can be a sig-
nificant contributing factor to an individual's exposure, and that this
may not be amendable to the desired degree of improvement. Where the
individual operator is found to contribute significantly to higher ex-
posures, closer' personnel surveillance will be maintained. Thus, an
individual.whose 40 hr exposure exceeds 2.5 MPC days will.be continuously

. monitored with a BZ sampler. If his 40 hr exposure exceeds 4 MPC days-

^(.
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he is removed from exposure to airborne contamination. It is the

responsibility of the licensee to evaluate these situations to

( determine the relative contributions of individuals and equipment.

Operations will be monitored using general air sampling stations to
provide samples which are representative of working areas in order
to veri #" adenuate ventilation and contamination control.

3.2.6 Extern _. _,wosure (Dosimetry Reouirements)

Each individual who enters a restricted ares under such circumstances
that he is likely to receive a dose in any calendar quarter in excess
of 25 percent of the applicable value specified in 10 CFR 20.101(a)
shall be supplied with a TLD badge and indium foil for purposes of
personnel dosimetry. Badges will be processed monthly. When a high

exposure is suspected, the individual's badge will be immediately
processed. All visitors will be supplied with indium foil badges.

Area TLD badges and neutron foil; are also strategically placed
throughout the facility for the purpose of recording background
radiation levels as well as radiation resulting from a criticality

accident. These badges will also be processed monthly during nor-
mal operations and immediately following a criticality accident.
Procedures to determine high radiation doses immediately following
a. criticality accident are described in the Emergency Procedures Manual.

3.2.7 Bioassay Program

The bioassay program shall satisfy the requirements of Regulatory
Guide 8.11, " Applications of Bioassay for Uranium" except that
bioassay measurements shall be conducted semi-annually (alternating
between urinalysis and in-vivo lung counting).

~3.2.8 General Air Sampling

General air samples are taken in the fuel handling areas and other
designated areas during operations with unclad fuel. Operations
will be monitored by continuous samplers to provide samples which
are representative of working are , and to verify adequate ventilation4

(
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and contamination control. All samples will be analyzed for each
working shift (after a 24-hour decay to establish a radon-free count).

( It is the intent of Combustion Enginaering to assure that operations
with uranium do not cause general air levels to exceed a level of

-100.25 x 10 pCi/cc. Operations which, because of their associated

physical characteristics (including material handling and ventila-
tion), result in continued higher levels, w'.ll be investigated and
corrective action will be taken.

3.2.9 Contamination Surveys

3.2.9.1 Restricted Areas (As defined in 10 CFR 20.3(a)(14)
*

Removable Aloha Contamination
Action level Action to be Taken

210,000 dpm/100 cm Imediate Clean-up

25,000 dpm/100 cm 24-hour Clean-up

Material on processing equipment or fixed on surfaces
shall be limited as required to control airborne radio-
activity and external radiation exposures.

3.2.9.2 Unrestricted Areas (Release of Materials & Eouioment, but
~p

' does not include the abandonment of
buildinas). ,

,

1) The maximum amount of removable alpha contamination

(capable of being removed by wiping the surface with
a' filter paper or_sofe absorbent paper) shall not

2exceed 100 dpm/100 cm .
_

2) The maximum amount of fixed alpha contamination shall
2not exceed 2500 dpm/100 cm ,

3) The average amount of fixed alpha contamination shall'

2not exceed'500 dpm/100 cm ,

'4 ) The maximum radiation level at one centimeter from the
most highly contaminated surface measured with an open

. window beta-gamma survey meter through a tissue equiva-
.

lent absorber of not more than seven milligrams per
.

square centimeter shall not exceed 1 mr/hr.

f
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5) The average radiation level at one centimeter from the
contaminated surface measured in the same manner shall

(- not exceed 0.2 mr/hr.

6) A reasonable effort shall be made to eliminate residual
contamination.

7) Radioactivity on equipment or surfaces shall not be
covered by paint, plating, or other covering materials
unless contamination levels, as determined by a survey
and documented, are below the limits specified above prior
to applying the covering.

3.2.10 Respiratory Protection

The Respiratory Protection Program shall be conducted in
accordance with USNRC Regulatory Guide 8.15.

.

.

(-
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4.0 NUCLEAR CRITTCALITY SAFETY

4.1 Administrative Requirements

4.1.1 Double Contir.gency Policy

All process equipment and storage locations shall be designed such
that no single failure accident will cause accidental criticality.
At least two independent events shall be necessary to cause a criti-
cality accident.

4.1.2 Written Procedures and Approval Authority

All process operations involving SNM are covered by a shop traveler
and/or an operation sheet. All necessary precautions and limits
regarding criticality and radiological safety are included in these
procedures. They are approved by the Health Physics and Safety Super-
visor. However, procedures involving a change in the criticality safety
controls used for that particular process in the past shall be approved
by the Manager, NLS&A or the Nuclear Licensing Consultant. In their

absence, a member designated by the Nuclear Safety Committee shall

approve the change. Each foreman shall instruct his people to assure

(, their understanding of the operations and their safety limits and re-
strictions. The adequate performance of individuals is continually
ascertained by the foreman.

It is the responsibility of the foreman to assure that each work station
is properly posted,'and that operations are performed in compliance with
posted limits and written instructions.

4.1.3 Request for Changes and Criticality Analysis-

All proposed changes in process, equipment, and/or facilities that
could affect nuclear criticality, radiological or industrial safety
must be approved in accordance with the requirements set forth in section
2.2.2 of the renewal application. The necessary analysis and resultant
safety limits will be established by a person having the minimum quali-
fications of a Criticality. Safety Specialist.

-Procedures have been established for requesting changes _and all request

forms,' approval forms, and associated documentation are maintained under

the supervision- of the Supervisor, Health Physics & Safety,,

l
_
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4.1.4 Posting of Limits

All work stations and storage areas will be posted with a nuclear
k safety limited approved by the Manager NLS&A or the Nuclear Licensing

Consultant.

4.1.5 Internal Review Reauirements

All process / equipment / facility changes which affect nuclear criticality
safety must be reviewed and approved in writing by the Manager, NLS&A
or the Nuclear Licensing Consultant. An independent review shall be
performed by an individual designated by the Nuclear Safety Committee.
He shall meet the minimum qualifications for a Criticality Safety
Specialist and shall not be the initial reviewer.

As stated in section 4.1.3, all such approvals shall be recorded in a
log maintained under the supervision of the Supervisor, Health Physics
& Safety.

4.1.6 Marking and Labeling of SNM

All mass-limited containers shall be labeled as to enrichment and content.
All geometry limited containers and processes are safe up to the maximum

$
(- allowable enrichment of 4.1% U .

4.1.7 Audits

4.1.7.1 Laboratory Operations
,

Nuclear criticality safety for all laboratory operations is
limited to quantities smaller than a minimum critical mass
with the exception ^of.one slab limited storage area in Building

.

2. Each such mass limited area most be isolated from all other
fissile material by at least 12 feet. Criticality control by
any other means (volume, slab, geometry, etc.) shall-not be per-
mitted. Thus, the nuclear criticality safety program in the
laboratories consists of simple mass limits. The monthly radio-
logical safety audit of laboratory operations required by section
3.1.2.1 shall include verifications to assure that all nuclear
safety limits are being adhered to.

.

(
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4.1.7.2 Nuclear Fuel Manufacturing Operations

Operations at the Nuclear Fuel Manufacturing facility will

be formally audited for nuclear criticality safety as re-
'

quired by the audit schedule in section 3.1.2.2.

4.1.8 Training and Retraining

All training and retraining with respect to nuclear criticality safety

shall be conducted in accordance with the requirements of section 2.6.

.

*

,

.

(
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4.2 Technical Reouirements

4.2.1 Preferred Aporoach to Design
t.
t It is the intent of Combustion Engineering to use physical controls

and permanently engineered safeguards on processes and equipment in
the establishment of nuclear safety limits. Use of fixed neutron
poisons and/or administrative controls will be minimized.

i

4.2.2 Basic Assumotions and Analytical Methods

All Laboratory operations are limited to 350 gm U23s for uranium
enriched to more tha.n 5% U ss but less than 20% U23s, and to 7402

gm U ss for uranium enriched to 5% Uzas or less. Each such limited2

operation must be separated from any other limit by at least 12
feet.

Criticality safety of the less complex manufacturing operations
is based on the use of limiting parameters which are applied to
simple geometries. Safe Individual Units (SIU) are selected on the
basis of optimum moderation and full reflection using published
nuclear criticality safety data. These units are spaced using the
surface density method.

t

The remaining manufacturing operations are evaluated using two
dimensional transport and/or 3 dimensional Monte Carlo Codes.
The sixteen group Hansen-Roach cross section library is used for
. homogeneous systems while the CEPAK Code is used to generate four

group' cress sections for heterogeneous systems. A detailed valida-
tion of these calculational codes and cross sections is prosided
in Part II of this application.

.

I(
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4.2.3 Data Sources

Safe Individual Unit (SIU) limits have been established using

( published data from one or more of the following sources:

Chalmers, J. A., Pugh, J.. Walker, G.

UKAEA Handbook AHSB (1), Edition II, 1965

Clark, H. K.

Critical and Safe Masses and Dimensions of Lattics of U and
U0 Rods in Water, DP-1014, February 1966

2

Carter, R. D., Reil, G. P., Ridgeway, K. R.'

Handbook of Nuclear Criticality Safety, ARH-600

Volume I, Rev. I, 6/28/68

Volume II, 5/23/69

Blyckert, W. A., Carter, R. D., Ridgeway, K. R.

Volume III, 9/1/71

4.2.4 Safety Marcins --Individual Units

Safety margins applied to units calculated to be one percent
subcritical, and incorporated in the SIU's are as follows:

Mass 2.3

Volume .1. 3

Cylinder Dia. 1.1

Slab-Thickness. 1.2

These values are further reduced where necessary to assure maximum

fraction critical values of-0.4 for geometrically . limited units,
and 0.3 for mass limited units. An additional reduction has been
applied to several mass and volume limits to' assure that spacing
requirements remain constant for all enrichments.

.

O
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4.2.5 Limits-for Safe fndividual Units (SIU's)

Table 4.2.5

I- Safe Individual Unit Limits for < 4.1% enriched UO at optimum
_ 2

moderation. All Mass and Volume limits have been adjusted to
*

provide constant spacing areas for the enrichment shown. Hetero-
geneous limits have been developed with optimum rod sizes (up to
0.4" diameter) taken to allow for pellet chips, etc.

HOMOGENEOUS HETEP.0 GENE 0VS

4

Limit f* Limit f*

Mass (Kg 00 )
2

<2.5 % U2ss 54 .19 50 .25

2.5 - 3.0 " 41 .23 38 .29

3.0 - 3.2 " 36 .23 36 .29

3.2 - 3.4 " 35 .25 33 .29

3.4 - 3.5 " 32 .26 30 .30

3.6 - 3.8 " 28 .26 27 .29

3.8 - 4.1 " 24 .25 24 .27

( -Volume (liters)

<3.5% 31 .39 22 .40

3.5 - 4.1 25 .38 18 .38

i Cylinder Diameter ' inches)

<3.5% 10.7 .34 9.5 .36

~3.5 - 4.1 9.8 .33' 8.9 .34-

Slab Thickness (inches)
,

<3.5% - 5.1 .36 4.1 .22

3.5 - 4.1 4.6 .32 3.7 .20

* . Fraction of the equivalent unreflected critical spherical
volume or mass

.

'

I'
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4.2.6 Xnteraction Critoria

Activities involving SNM may be conducted in single or two level

( areas of the facility. Tne surface density method is used to
evaluate arrays of SIU's where each mass limit has a fraction
critical of 5,0.3, and each geometry limit has a fraction criti-
cal of 5,0.4. All SIU's must have a separation of at least one
foot, edge to edge.

Spacing for mass limited activities carried out in the single
level portions of the facility are such that the contained UO

2
and moderator, if " smeared" over the allowed spacing areas would
not exceed 50% of water reflected infinite slab surface density

assuming optimum mass moderation. For cylinder and volume limited
activities, a spacing limit based on 25% of the minimum water
reflected infinite slab thickness applies. Slabs specified in
Table 4.2.5 require no additional spacing, and may border the
spacing boundary of any other array unit.

Portions of the facility contain two levels, each of_which may
be used for SNM. In all cases, the floor deck of the second
level consists of a 3/8" steel plate (minimum), which is at

.

least 10 ft. above the ground floor. Mass limits on each level
are spaced to 25% of the applicable slab thickness, and cylinder
or volume limited units are spaced to 16% of the applicable slab
thickness.

All array calculations'have been performed assuming a doubly
infinite planar system, based on the consideration that com-
ponents of subcritical infinite arrays can be combined where

~the unit size.and cell spacing is preserved. Array reflection
consists of a 16" thick concrete floor, and a 4" thick concrete

roof 25 ft. above the floor.
.

P

.

(
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Table 4.2.6

Spacing requirements for mass, volume, or cylinder SIU's specified
in Table 4.2.5 are shown below. Spacing areas will be established
to provide equal distances from the edges of the units to the spacing
boundary in all directions. Co-planar slabs specified in Table 4.2.5
shall require no additional spacing.

Limit Scacina Areas

2
Mass 3.5 ft

2
Volume 9.0 ft

Cylinders (per ft. of length) 5.0 ft
227 ftCylinders 235(11"; x 40" 19. , <3.5'; U only)

For two story operations, a 3/8 inch steel deck,10' above the floor,
separates the operating levels and provides effective neutron isolation
between the two levels.

Justification for this spacing criteria is provided in Part II of this
application. .

;

Whenever more than one SIU is allowed in any given hood or box, positive

spacing fixtures shall be used to assure spacing. Carts, limited to one
mass or volume SIU shall measure at least three feet on a side, and shall

be designed to assure that the SIU is centered.

In cases where the spacing area' extends beyond the equipment boundaries,
s'uch as the storage facilities,-the spacing boundary will be indicated
with a colored line. The line may be crossed by carts only to permit an

.

operator to transfer that SIU to an available storage position.

,

_

(
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4.2.7 Fixed Poisons - Criteria

Fixed poisons will be used as a criticality control method cnly

(
when all other methods have proven unsatisfactory. General criteria
for the use of fixed poisons shall be as follows:

All poisons shall be positively fixed in place to prevent un-
authorized removal or loss of poison.

Poisons shall be contained by a material which is not affected*

by credible accident conditions such as fire, flooding, etc.

The_ poison shall be analyzed initially to demonstrate and docu-*

ment that the actual poison content and density required
by analysis have been achieved.

A periodic. inspection program will be established to verify that*

the poison content or density has not changed beyond established
limits. Rejection criteria will also be established.

4.2.8 Structural Integrity Policy

All storage racks, furnaces, containment, and processing equipment
which provide nuclear safety limiting parameters shall be designed

(. to assure against failure under normal and reasonable overload
conditions and under conditions of shock or collision foreseeable

:in the plant area. All equipment designed in-house shall incorporate
a minimum safety factor of 3.0 All equipment design shall conform
to standard design practices, thereby assuring adequate structural
integrity. Materials of construction will be selected to assure,
as far as possible, resistance to fire and corrosion.

.

4.2.9 Zoning for Fire Protection

An overhead sprinkler system as well as portable extinguishers are
-

located throughout the plant. Onsite and Offsite fire protection
service personnel have been instructed to use only portable dry
chemical fire extinguishers in the unclad fuel handling area to
maintain the highest possible margin of nuclear criticality safety.
Fire hoses are not permitted in this area.

.

[
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4.2.10 Criticality Alarm System

.

A criticality alarm system which meets the requirements of

_( 10 CFR 70.24 and ANSI N16.2-1969 is maintained in the labora-
tory areas and the manufacturing facility.

The detectors operate in the range of 1-10,000 mR/hr. The loca-
tions of the detectors within the manufacturing facility are

; shown in Figure 4.2.10. The radiation intensity is shown on a
central panel located in the health physics office. There is
an alarm which serves as a local and general audible radiation
evacuation alarm. When the alarm is sounded, the Emergency Plan

is immediately put into effect. The monitors are connected to'

the emergency power system, which is supplied to all emergency
lights and alarms in the event of a general power failure within
the facility. This electrical system renders the system operative
at all times. Operation is further enhanced by visual observation
by Health Physics personnel. Alarm operational tests of the radia-
tion monitors are performed monthly by Health Physics personnel.
A Ra-226 source is used to perform these tests. The entire system
is calibrated quarterly and following major repair.

(:'

:

,

_.
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5.0 ENVIRONMENTAL PROTECT 10N

5.1 Effluent Control Systems Commitments

( 5.1.1 Sanitary Wastes

All sanitary wastes are processed through an on-site sewage treat-
ment facility to assure compliance with ali state effluent discharge
regulations.

5.1.2 Control of SNM-Bearing Effluents and Wastes

During the processing of Source and Special Nuclear Materials into
fuel elements and fuel assemblies, a certain amount of scrap and

waste is generated. Salvage of these materials, or discharge of them
;

as wastes with non-recoverable uranium, will be carefully controlled.
Water utilized for cleaning or processing in the unclad fuel handling
area is centrifuged and sampled before being discharged to holding
tanks where the water is again sampled before final discharge.

Combustion has available laboratories to perform analytical services,

as required, to determine uranium content and isotope ratios. These
Laboratories are capable of the following:

Wet chemical or gamma pulse height analyses for uranium content.

and wet chemical analyses for iron, nickel, chromium, cobalt, tin,
boron, and other elements of interest.

Emission spectrographic analyses for isotopic content and proce -
dures for neutron absorbing impurities, and solution and oxide
excitation techniques for impurities in alloying and cladding mat-
erials.

X-ray fluorescent spectrometry on solids, liquids, and powders for*

uranium content.

Fluormetric analyses for measuring trace contaminants, such as
uranium and beryllium and detemining their content in wastes.

Combustion techniques for carbon, hydrogen, and oxygen in uranium-*

containing bodies and cladding.

Spectrophotometric determination of uranium content of salvage

materials.

[
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5.1. 3 Lcw-level Radioactive Waste

Low level radioactive wastes will be packaged in accordance with*

( all applicable regulations and delivered to a carrier for trans-
port to an approved disposal facility. Current copies of disposal

facility regulations shall be maintained.

An outside pad has been provided for the storage of low level wastes.
The pad is 14' x 80' and is contiguous to the south wall of the Build-
ing #21 warehouse. This pad is contained within an 8' high chain link
fence.

Records are maintained to assure that no single package will contain
235more than 350 grams of U All packages will be placed on pallets.

and package stacking will be limited to two high. Maximum residence
time of a package on the pad will be twelve months. Packages will not

be opened outside the building under any circumstances. Packages will

contain no liquid wastes.

In addition, all packages will be sealed, monitored for contamination
235and' labeled as to enrichment and U content. All outside storage

will be checked four times each year at which time contamination
I- levels will be evaluated, and the adequate condition of the packages

I
will be verified. In addition, a weekly visual check on such storage

will be made. Package maintenance operations will be performed in

appropriate indoor locations.

5.1.4 Liquid Wastes

All liquid wastes, in-process, and clean-up rinse water soli.tions are
sampled to verify that MPC is not exceeded, and are then introducedg .

to'the liquid waste system as described below. Release of liquid

waste will be authorized by the Health Physics Technician.

Sinks and showers in the laboratories and the manufacturing facili.ty
are drained to any one of ten (10).2000-gallon retention tanks, located
in the liquid Waste Building, Bldg. #6. -The tanks fill automatically
-in sequence. When eight tanks become filled to capacity, a blinking
warning light located on the outside wall of the building is activated.
to warn that two retention tanks remain in reserve to receh radioactive'

{
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liquid waste before overflow might be expected. A sampling station
is provided at the base of each retention tank. A 500-ml sample is

- ( withdrawn and forwarded to the Radiochemistry Laboratory for gross
alpha and beta analyses. Water is discharged to the ervironment at,

6
or below 3 x 16 aci/ml (this is ten percent of MPC , for insoluble
natural uranium). The discharge level for unidentified mixtures of
radienuclides is 3 x 10 pCi/ml. (This is ten percent of MPC for

unidentified mixed radionuclides). Where the levels of activity ex-
,

ceed these limits, the water is diluted before being discharged.

In-process acid solutions from the acid tanks of the Manufacturing
Facility re sampled and analyzed for pH and uranium content. Those
solutions not contaminated with uranium will be disposed of by normal
industrial practices.

5.1.5 Airborne Effluents

Airborne effluents shall be continuously monitored in accordance w;th
section 3.2.3 and discharge to the environment shall be as specified
therein.

,

5.2 Environmental Monitoring Program

5.2.1 Fallout Stations

Ten stations for collecting rainfall and particulate fallout are
distributed concentrically on the Windsor site property.

These samples shall be analyzed for gross beta and gross alpha
radioactivity and total uranium.

5.2.2 Liquid Samples

Liquid samples shall be taken from the site wells and ponds, the
site creek and points upstream and downstream from the confluence

~of the site creek and the Farmington' River.

These samples shall be analyzed for grass beta and gross alpha
radioactivity and pH, nitrates, -fluorides, and total uranium.

.

f
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5.2.3 Mud Samples

Mud samples shall be taken from the site ponds, the industrial
stream and points upstream and downstream from the confluence

4

of the industrial stream and the Farmington River.

The samples shall be analyzed for gross alnha and gross beta
radioactivity and total uranium.

5.2.4 Vegetation Samoles

Vegetation samples shall be collected at each of the fallout
station locations on-site and four locations in the grassy area

surrounding Building #17.

Additional samples are collected off-site in the tobacco fields
north, south, east and west of the site boundary.

These samples shall be analyzed for gross alpha and gross beta
radioactivity and total uranium.

.5.2.5 Soil Samoles

Soil samples shall be obtained at each of the fallout station
locations on site and four-. locations surrounding Building #17.

I Samples shall also be collected from the tobacco fields north,
south, east and west of the site boundary.

These samples shall be analyzed for gross alpha and gross beta
~ radioactivity and total uranium.

5.2 i Samoling Schedule

The above environmental monitoring program shall be carried out
in accordance with the schedule provided in Table 5.1. All sample

results shall be documented.

.

c
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,. LE 5.1

C C-E ENVIRONMENTAL MONITORING PROGRAM
2
a
ro

z SAMPLE FEQUENCY LOCATION ANALYSES VOLUME
o

1. Farmington River Quarterly in March, Four Locations on the Farm- Gross Alpha and 1.25 Liters*

_y Surface Water, indus- Hay, August and ington River, the site Deta, Nitrate,

trial Stream and Site flovember ponds and Industrial Stream fluoride , pil,
3

Ponds Total Uraniumg
"
.

o 2. Well Water Quarterly.in March, Each Site Well Gross Alpha and 1.25 Liters
8 May, August and Beta, Total Ura-

5 November nium, Nitrate,
" Fluoride and pH
u

3 3. Sediment from Farm- Quarterly in March, Same Locations as Surface Gross Alpha and One Pint
Ington River, Site Ponds May, August and Water Deta, Totala

8 and Industrial Stream llovember Uranium

4. Vegetation On-Site Semi-Annually in May Each Fallout Station Loca- Gross Alpha and One Pint of Pack-
and September tion and Four Locations in Beta, Total aged Vegetation

,
q Grassy Areas Surrounding Uranium

; Building #17

0

b =

Off-Site Semi-Annually in May Tobacco Fields on N,S,E,& Gross Alpha and One Pint of Vege-

o and September West Site Doundary Beta, Total tation, Tobacco

Uranium Leaves at end of
Harvest

y g 5 wil Semi-Annually in May Same Locations .s Vege- Gross Alpha and One Pint

'g g and September tation Beta, Total (Upper inch)
Uranium- -

7 g 6. Fallout Quarterly in March, Ten Locations on Site Gross Alpha and Total Continuous

3 May, August L November Deta, Total Collectionui

03 in Uranium

8 _.

.
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6.0- INDUSTRIAL SAFETV

The Manager, Health Physics shall be responsible for compliance with

-( all applicable industrial safety (OSHA) regulations for all activities
in the nuclear laboratories covered by License No. SNM-1067. The
Supervisor, Health Physics and Safety shall be responsible for compliance
in the manufacturing facility.

,

7.0 DECOMMISSIONING PLAN

Combustion Engineering's Decommissioning Plan dated 1/12/79 was submitted

previously and should be considered cart of this renewal application.

.8.0 EMERGENCY PLAN
t

! Combustion Engineering's Emergency Plan dated 7/30/79 was submitted

previously and should be considered part of this renewal application.

9.0 FUNDAMENTAL NUCLEAR MATERIAL CONTROL PLAN (FNMC)

( ~ Combustion Engineering's FNMC dated February 1980 was submitted on June 11,
1980 and should be considered part of this renewal application.

't

i

o
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PART II. SAFETY DEMONSTRATION

b 1.0 OVERVIEW OF OPERATIONS

.1.1 Corporate Information and-Financial Qualifications

1.1.1 Name and Address ofj.icensee:

COM3USTI; t ENGINEERING, INC.

1000 PROSPECT HILL ROAD

WINDSOR, CONNECTICUT 06095

Combustion Engineering is incorocrated in the State-of Delaware.

Location of Principal Office: Windsor, Connecticut

1.1.2 Names, Addresses and Citizenshios of Princioal Officers

Nase Position Address Citizenshio

SANTRY, A. J., Jr. President 900 Long Ridge Road
Stamford, Conn. U.S.

*

.t .
ENNIS, T. A. Vice President 900 Long Ridge Road

Administration Stamford, Conn. U.S.

GROSS, L. J. Vice President 900-Long Ridge; Road.
Finance Stamford, Conn. U.S.

Group Vice 1000 Prospect Hill RoadWINTERSON, H. M..
President . indsor, Conn. U.S.W
Power Systems

HALLINAN, R..J. Vice President, 900 Long Ridge Road
Secretary, & Stamford, Conn. U.S.

General Counsel

XIAMIE, Mitchell Vice. President 900 Long Ridge Road
& Controller Stamford,' Conn. U.S.

_

.

[
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1.1.3 Information Known to Apolicant Regarding Foreign Control

. - There is no information known to Combustion Engineering, Inc. of

any control exercised over it by any alien, foreign corporation,'

or foreign government. The stock of Combustion Engineering is
traded on the New York Stock Exchange. According to tne stock
records of Combustion Engineering maintained by its Transfer Agent,
The Chase Manhattan Bank, as of December 31, 1979, there were approxi-

mately 26,742 stockholders of record, holding 16,337,119 shares of
Combustion capital stock issued and outstanding. Of this number,
(See Appendix A) less than 1-percent of all stockholders gave foreign
addresses.

1.1.4 Financial Qualifications

Combustion Engineering's most recent published financial position is
as of December 31, 1979 and is attached as Appendix A.

If ,

.

1

.

4

, .
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1.2 Ooeratino Objective and Process - Summary

The process at the manufacturing facility begins with receipt of UO2 powder
235

i enriched to a maximum of 4.1% U from Combustion Engineering's oxide con-

version plant in Hematite, Missouri. This powder is then made up into batches
with various additives and pressed into pellets. The pelle:s are dewaxed in a
furnace where volatile additives are renoved. The pellets then pass through a

sintering furnace where they densify and attain the desired characteristics.
Final sizing is accomplished through the use of a centerless grinder. The finished

pellets are then loaded into zirconium tubes which are sealed and combined into
finished PWR fuel assemblies. The assemblies are finally loaded into approved

shipping containers and delivered to a carrier for transport to their final des-
tination.

Development and analytical operations are carried out by the Nuclear Laboratories.
These operations may require uranium in any form and enriched to <20% U .

1.3 Site Descriotion

1.3.1 Pooulation

The area surrounding Combustion Engineering's 532-acre site is sparsely

(, populated. Windsor, Connecticut is the nearest town of significant size,
approximately five miles away, with a population of 22,502 and a population
density of 760.2 per square mile. East Granby, Connecticut is the nearest
town to the site, approximately tnree miles away, with a population of
3,532 and a population density of 198.4 per square mile. The distribution
of population in the area is shown in Table 1.3. Figure 1.3.1 is a map of
the general area showing the location of the towns listed in Table 1.3.

1.3.2 Industry

The chief occupation of the populace in the immedia?L vicinity is farming.
Farming is prevalent not only in this vicinity, but throughout the Conn-
ecticut Valley. Large industrial plants are widely dispersed in the area.

.

[
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TABLE 1.3

POPULATION AND POPULATION DENSITY OF TOWNS WITHIN 10

( MILE RADIUS OF COM30STION ENGINEERING. INC.

Approximate
Distance of General Estimated Population
Town Center Direction Square Population Density

Town to Site from Site Miles (1970) Persons /Sa. Mile

Hartford 9 S 18.6 158,017 8495.6

Windsor 5 SE 29.6. 22,502 750.2

Bloomfield 5 S 26.9 18,301 680.3

West Hartford 8 54 21.6 68,031 3149.1

East Hartford 9 SE 18.2 57,583 3164.0'

Manchester 13 5 27.6 47,994 1738.9

South Windsor 7 SE 29.2 15,553 532.6

East Windsor 6 SE 25.6 8,513 31 9.6

Windsor Locks 4 E 9.6- 15,080 1520.8

East Granby 3 N 17.8 3,532 198.4
,

-Simsbury; 6 SW 34.2 17,425 510.9

1/3_Avon-incl. Center 8 SW 7.4 3,000 405.4

Granby Center 6 N 10.0 4,500 450.0

_1/2 Suffield incl.
Center & W. Suffield 6 N 22.0 4,300 -195.4

1/3 Enfield incl.
Thompsonville- 8 NE 11.0 16,000 1454.5

1/2 Ellington excl.
Center 12 E 17.0 3,900 229.4

1/3.Vernon excl. Center 13 E 6.0 7,200- 1200.0

TOTALS 333.3 471,481

.

b
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1.3.3 Climatology anu Metecrology ,

Climatological data for the area is based mainly on measurements
made at the U.S. Weather Bureau Station located at Bradley Inter-

(.
national Airport, about five miles northeast from the site. The
following information was taken from the U.S. Weather Bureau local
Climatological Data for the Hartford, Connect. cut area:

"The most significant feature of Hartford's climate is its
rapid changeability. Weather is seldom average or normal
for any appreciable length of time".

The mean temperature for the 50 year period, 1931 through 3)79 was
~ 50.0 F, as recorded at Bradley International Airport. The maximum

and minimum monthly mean temperatures were 19.1 F and 83.2 F respect-

ively.

The total precipitation for 1979 was 38.43 inches with a maximum of
5.15 inches falling in February. The mean annual precipitation from
1931 to 1979 was 42.34 inches. The maximum monthly pree'pitation was

21.87 inches in August 1955.

The flood level for the area's worst flood (August 1955) was about
! 110 feet above mean sea level. Since the Combustion site is located'

approximately 180 feet above mean sea level, the proba'ility of direct
damage resulting from a local flood is very low.

The average hourly wind speed for 1979 was 8.8 miles per hour. The
highest recorded velocity was 70 miles per hour in November 1950.
The prevailing wind direction for six months, May to October is South,
and for the six months November to April, is Northwest. The average

wind velocity at'the Ccmbustion site is 11.2 miles per hour.

With low-to-moderate wind speeds, inversion conditions may exist from
sunset to sunrise. A strong lapse rate exists |around noon; the
temperature difference is maximum with air flow upward at a maximum
rate. As the night approaches, weak lapse conditions occur with low

air flow.

.

:

(
License No' SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80

.

Page: II.1-6

.



_ _.

Hartford's location relative to the continent a"d the ocean has a
significant influence on the area's meteorological and climatol-
ogical conditions. With the prevailing west-to-east air flow, conti-
nental modifications of the air are important. However, sudden and

oftentimes serious upsets result when stoms move north or when
other pressure developments produce the strong and persistent north-
east winds associated with storms known locally as "coastals" or
" northeasters". Seasonable air mass characteristics vary from the

extremely cold and dry continental polar quality of winter te the
warm, humid maritime tropical characteristics of sumer -- the one
type from Canada and the other from the Gulf of Mexico, the Caribbean
Sea, or the Atlantic Ocean.

Local topography also influences the climate. The Berkshire Hills to
the west and northwest are a source of sumer thunderstores which,

when accompanied.by wind and hail, sometimes do considerable damage

to the crops in the Connecticut Valley. Frequently during the winter,
when rain falls throuch the cold air trapped in the Valley, the re-

sultant icing creates nazardous conditions for transcortation and
'

utility installations. On clear nights in the late sumer or early
( autumn, cool air drainage into the Valle' , plus Connecticut River

moisture, produce ground fog which socctimes becomes quite dense

through the Valley and hamoers ground and air transportation.

1.3.4 Geoloay

The surrounding area has been subjected to the actions of glacial
ice. All dominant geologic features are a result of erosion and
depositions se caused during the Pleistocene era.

The State of Connecticut has a. favorable earthquake history. Ten

earthquakes are listed, the fir st recorded in 1791.and the last in
1925. All of these, with the exception of the first, were lot'l in
nature and of moderate intensity.

.

C
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1.3.5 Hydrology

The surface drainage in the surrounding area is excellent. The
k predominately sandy nature of the soil and heavy forest cover

'

results in very moderate run-off even after heavy prolonged pre-
cipitation.

The site creek, into which all site effluents are discharged, flows

into the Farmington River which flows along the northwest corner of
the Combustion site, shown in Figure 1.3.5.Two and one-half miles
below the site the river flows over the dam of the Farmington River
Power Company and approximately six miles balow that into the Conn-

ecticut River. The minimum recorded flow in the river is 5.1 cubic
feet per second.

,

Public use of the Farmington River is limited to fishing and boating.
Analysis of 27 water samples taken between January 1966 and March 1967

at the Windsor Bridge by the State Department of Health indicated a
bacteria count which ranged from 410 to 11,000 per 100 milliliters in
a given microscopic field for a total mean average of 409.4 which ren-
ders it unsuitable for potable use or bathing.

I,
1.3.6 Topograohy

Elevations in the region vary from about 100 feet above seal level at
the Farmington River to hilltop heights of from 2)0 to 280 feet, with
the level areas being at an elevation averagino approximately 120 feet
above sea level. The land rises to the west of the site to a nor* -

south ridge approximately two miles distant and averages 450 feet H.
elevation. The land slopes gently away from the site on all sides as
evidenced by the direction of the flow of-small' streams which drain

:the region.

The Farmington River flows along the northern boundary. The land on
all sides consists of mostly open level fields tilled for farming except

~

.for a small extension of wooded area on the northeast.

.

. (
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1.4 ' Locations of Buildines Onsite

.The locations of all buildings on the Windsor Site are shown in Figure 1.4.
,

,

1.5 History of License

Combustion Engineering first apolied for a license to process low enriched <

-

}. uranium by the methods described in section 1.2 in 1968. License SNM-1067
I was then issued for a period of 5 years by the U.S. Atomic Energy Comm.ission

(AEC). The license was renewed in January 1976 for a second 5 year period.'
;

This application' represents the second request for renewal for a 5 year
period.

"
,

d

*
1

i

.

:
I

6

.

('
-
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FIGURE 1.4
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WINDSOR SITE PLAN d
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2.0 FACILITY DESCRIPTION

! 2.1 Plant Layout

The principal activities of the nuclear fuel manufacturing operation are
carried out in Building #17, a one level building measuring 120 ft. x

2340 ft. (40,800 ft ). The shop section contains approximately 36,000 ft

(120 ft. x 300 ft.), has concrete flooring, corrugated asbestos siding,
and a poured gypsum roof deck approximately 25 feet above floor level.

The front section of the facility contains approximately 4800 ft2 (120 ft.
x 40 ft.), has concrete flooring, exterior concrete block with full windows,
and- a poured gypsum roof deck approximately 11 feet high.

A warehouse, Building #21, is provided for the storage of incoming fuel shipping
containers, raw materials, and finished components. This building is a prefab-
ricated rigid frame steel structure approximately 120 feet long and 80 feet wide
with a neight of 16 feet at the eaves. It is located approximately 100 feet
west of Building #17.

Details of the manufacturing facility layout are shown in Figure B.1 of this

( application.

2.2 Utilities

Electrical power to the Windsor site is provided by the Northeast Utilities
substation at North Bloomfield and the step-down trant.former at Building #17,
substation #6. The substation transformer (3,750 KVA) steps down from 22.9

KV, to 480 volt, 3-phase, 3-wire. The output is then connected to the low
voltage metal clad switchgear for distribution throughout the building. A
further step-down to 208/120 volt is made for lighting and general convenience
power.

Diesel' generators serve as a backup emergency power system (three phase 480
volts' transformed down to 240/120 volts) and are automatically started in
'the event of a power failure. The radiation monitoring system and auxiliary
lighting are connected to the emergency power system to provide uninterrupted
service.

,

~The principal site water supply is provided by the Metropolitan District, the
. source of. city water in-the greater Hartford area. Chemical and radiological-

License' No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
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analyses for both raw and treated well water have been made, and any changes
in composition or activity from any cause will be discovered rapidly.

(
2.3 Heating, Ventilation, and Air Conditioning (HVAC)

2The Building #17 office area, consisting of 4800 ft is heated and cooled by
hot and chilled water respectively supplied by the Windsor site central boiler
house. Office areas have built-in convecters which heat and cool the areas
depending on the time of year. Each office area has an exhaust system which

ventilates the area and allows fresh air to be brought in.

The main shop area of Building #17 consists of approximately 36,000 ft and is
divided into two main areas. The first area is the unclad fuel ar n (pellet

2shop) which contains 12,000 ft , the second area is the manufacturing area, which
2contains 24,000 ft . The unclad fuel trea is air conditioned on a year round

basis because of process heat generateo by the continuously running sintering

furnaces. Some heat is provided in the winter in the locker rooms and annex
areas of this section, but only when the outside temperature drops drastically.
Ventilation of the area is continuous with air being exhausued through banks of
pre and absolute filters. The entire area (pellet shop) is maintained at a nega-
tive pressure of approximately 0.1" H O by the action of the exhaust systems.

2
The manufacturing area is not air cond t.oned, except for the bundle assembly room.
The air outside the bundle assembly room is heated by ceiling blowers which obtain
hot water from the main power house and circulate it through the convecter. During
warm weather, Ge windows are left open for natural air circulation. The bundle
assembly room has a rooftop HVAC unit. Ventilation is accomplished by brincing
outside air into the HVAC unit where it is circulated and then passed into the room.

2.4 Waste Disposal

All non-radioactive wastes are disposed of in accordance with applicable state and
local regulations. The volume of radioactive waste generated will be minimized.
Radioactive waste is then deliveralto a licensed facility for ultimate disposal in
compliance with all regulations.

2.5 Chemical Storage

All chemicals will be stored in accordance with federal and state regulations, in-
cluding OSHA.

.( .
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'2.6 Security

The entire Windser Site is guarded 24 hours a day by the site security force.

i . Additional security provided for the manufacturing facility is described in
Combustion Engineering's Security Plan dated May 16, 1980 and submitted
under separate cover and should be considered part of this renewal applica-
tion.

2.7- Fire Protection

A full-time Fire Marshal is on site during normal working hours. He_ is on
24-hour alert. His duties include daily inspection of the buildings and
routine checks of all fire extinguishment equipment. He is also responsible
for training and equipping an active Fire Brigade. This Fire Brigade is
comprised of Combustion employees, several of whom are also members of local

community fire departments.

Fire protection, including sprinklers, is designed into all buildings
which are subject to fire damage.

A direct emergency telephone line to the Windsor Fire and Safety Complex
(Fire, Police, Ambulance, etc.) is controlled by the site security personnel.
A copy of the Certificate of Insurability from American Nuclear Insurers is

{ provided in Figure 2.7.

.

Q
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FIGURE 2.7

. Nuclear Energy Liability-Propertyinsuranca As cciation
'

Property Divisica
The Esenange, suite 245. 270 Farmington Avenue. Farrnington. Connecticut 06032

{
Declarations atta:hed to and made a part of Policy No. 1474

Rate See Rate Co-Dutation Endorsement flo.1 Premium $337.010.

Name cf Insured COMBUSTI0ti Efi31NEERI!;G, It;C.

Mailing Address 900 Long Ridge Road, Stamford, Connecticut

Unless otherwise provided he-cin, Icss, if any, shall be adjusted with and payable to the named Insured.

The policy period shall be for the term of one year from July 1 , 19 80

to July 1 , 19 81 , beginning and ending at noen, Standard Time at the location of propertf
covered as specified herein.

..

Description and location of prcperty covered.

Location No. I Amount of Insurance 5209,000,000. Deductible 525,000.

All Real and Personal Property on the Insured's Plant premises known as Buildings 1,
2,5,6,17,18 and 21 and all Intervening Roadways connecting tnese Buildings and all
Parking Areas adjacent to then as shown by the heavy black line on Combustion
Engineering _ Drawing FP-3, Fire Protection System, dated September 12, 1972 and
located in '.lindsor, Connecticut and including the extension to Building fio.1,
designated as Building 1A, which is outside the heavy black line (FROPEPTY FILE
t;0. ti-6).

l.ocation fio. 2 Amount of Insurance 590,000,000. Deductible 525,000.

All Real and Personal Property on plant premises occuoied principally for the pro-
cessing of uranium hexafluoride, located on Missouri State Highway fio. 21-A about
one-half mile east of Hematite and six miles west of Festus in Missouri including
the 1.47 acre Parcel of land-(but excluding any dwellings situated thereon) described
by the Survey dated May 30, 1979, Order fio. 1346, and tract in United States Survey

- 423. Township 40 fiorth, Range 5 East, Jefferson County, Missouri (PROPERTY FILE t:3.
fl-1) .

.

.

Countersignature

countersigned July 1 , 19 80 , at Farmincton, Connecticut

B.C. PRCOM, President ,

Auth F, ect ye

,_
'/$ '

NELPI A 38-A Rev. 8I1/77 (NIRB) _

License fio. SNM-1067, Docket 70-1100 Revision: His(fttgey Date: 12/18/80
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I

$ 3.0 Organization and persennel
1.

i- . Functions of key positions, specifics on education and excerience recuired

( -for key personnel, organization procedures, and unit functions (including i
.

safety cocrittees) are described in Part I, sections 2.2, 2.3, 2.', and I
4

c
'

'2.5 of this renewal application. ;

-3.1 Organization Charts

Current organizational- charts and structure are provided in Figures 3.1.1 and 3.1.2. ;-

;
.

3.2 Resures' of Kev Personnel i

.

Resures of key personnel are provided in this section on the pages folicwing-

the above described organization charts.
,

!
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FIGURE 3.1.2 NUCLEAR POWER SYSTEMS j NUCLEAR MANUFACTURI!:G

J. M. West I. ORGANIZATION
Division '

-(- Vice President

NUCLEAR FUEL NUCLEAR MATERIALS i-

MANUFACTURING & SECURITY

H. V. Lichtenberger T. B. Bowie
Vice President Manager

1
i
I,

!
I

l
'

i T t :
NUCLEAR QUALITY ASSURA;CE

ACCOUNTING FUEL FASRICATION''

i LICENSING
,

,

J. E. ,Aahler
i R. F. Brunette F. J. Pianki CONSULTANT

G. J. Bakevich. !
'

[ Controller General Manager -

| L i !

'

- .

--

- . _ _

,

._ ! . ..
,

,

PRODUCTION MA'!AGER, NUCLEAR'
PRODUCTION-i- ENGINEERING i-

j MANAGER ! SUPERINTENDENT MANAGER LICENSING, SAFETY
& ACCOUNTABILITY[- P. W. Hubert l.

. n. R. Neumann G. C. Kersteen.

7 ! | ~(VACANT)
.

;

_

! SUPERVISOR, HEALTH SUPERVISOR
SECURITY ;- PHYS.TCS & SAFETY NUCLEAR MATERIA

SUPERVISOR ; i ACCOUNTABILITY,

G.-A. Johnstone
R. E. Sheeran H. T. Cohen

- -
- . .

-
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WAltitEN P. CilEl: NOCK

EDUCATION: .

.

B. S, , Metallurgical E .gineeling, Columbia University,1949
A1.S., Metallurgy, New York University,1955-

PROFESSIONAL EXPERIENCE: .

Combustion Encincerinc Inc. ,1956 - Present
Vice President. Deve. loom e nt. Nucicar Power Svstems.1974 - Present
Director, Nuclear Laboratorics, 1950 - 1974
Manager. Nuclear Laboratories. 1954 - 1069
Manacer, .Tlerailurcv and Ceramics, 1956 - 1964

Air. Chernock is responsible for the administrative and technical direc-
tion of the Development Department which includes Engineering Develop-
ment & Services, Fuels Development, Materials and Chemistry as well
as Prod.:ct 2:.ngmeermg c Development which is the C-E nuc! car R&D

In addition, he is responsible for.the administratica of theprogram.
joint C-E/KWU (Kraftwerk Union a /G' technical exchange agreemem en

.
pressurized water reactor technclogy.

In previous assignments, Mr. Chernock was ciirectly responsible ivr all
research and development activities related o nuclear materials for
pressurized water reactors. He was responsible for the materials de-
velopment and selection for the SIC submarine reactor and the Licuid
Metal Fast Erceder Reactor Design Study for the USAEC.

.
-

Sylvania Electric Products. 1951 - 1956
Senior Metallurcical Encmcer. 4tomic Enerrv Division

Afr. Chernoc.s performed major research and dev'clopment activities on
the icy.ture and anisotropy in uranium, circonium, tungsten and other '

metals. IIe was responsible for the developmcnt and fabrication'of
reactor fuct 'c!macnts to be used on the Submarine Intermediate Reac-
tor and the Submarine Advanced Reactor Projects at the Knolls Atomic
Power Laboratory.

Arconne Nntional I.nhorntorv. 1049 - 1951
Metallurricai i3:ainee r. mtalierev l>rvision _

'

Mr. Chernoch performed entencive experimental and theoretical inves-
[c tigations of the phenomenon and cause of the dimensional insta' ility of

, .

IIisuranium _ slugs that occur during thermal cycling and irradiation.
correlations of texture and growth were nu.trusuental in establi:,hing

1.icense No. SNM-1067, Docket 30-1100 " Revision: 0' Date: 12/18/80
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WAltitEN P. C11ElINOCK,,
(Continued);

.

'

.

'

fabrication processes aimed at minimizing the growth probicm. Part
of this effort represented the first basic quantitative work on the pre-
ferred orientation in metals.

-
.

i

PROFESSIONAL AFFILIATIONS: i

.

/ ,

' Fellow, American Society for Metals
Fellow, American Nucicar Society
Technical Advisor, ANS Information Center on Nuclear Standards

Member, ASTM Committee E-10, Radioisotopes and Radiation Dam-
age
Member, Technical Advisory Committee of the Metal Properties
Council

Chairman, Subcommittee on " Nuclear Materials," the Metal Proper-
: . ties Council- ,

Member, Steering Committee to USASI N11 on Nuclear Applications*
.

' Member, Advisory Committee to the Department of Metallurgy and
i Materials Science. College of Engineering and Applied Science. . Uni-

versity of Pennsylvania.

~

In 1962, selected to review Joint U.S. -Euratom installations in Europe.

Also selected to participate in the First United States-Japan Sleeting en
.

| Nuclear Ceramic Fuels held in Tokyo, Japan in 1963 and the Second E:<-
. change Meeting at the Hanford Laboratories in November 1964.
Presented the United States Paper on Cladding Materials at the Third>

International Conic cence on the Peaceful Uses of Atomic Energy,
Geneva, Switzerland, - 1964.
Presented the Ualted States Paper on Development of Improved Light
. Water Reactor Fucis at the Fourth ~ International Conference on the
Peaceful Uses of Atomic Energy, Geneva, Switzerland,1971.

,

Also served on the AEC Subcommittee responsible for preparing the
!. _1968 " Report to the President" on fast reactor fuels and materials.

Adjunct Piofessor of. Metallurgy and Chairman of Aletallurgy Depart- ,

~ ; ment at the Ilartford Graduate Center of liensselaer Polytechnic Insti- |
; tute 195G to Present. j-

Formerly visiting Associate Professor of Nuclear Engineering ~at the 8

Massachusetts Institute of Technology.
.w ,

'

(.
- -

3

.
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h($ $ SELIG

yy} isa.==g

EDUCATI0ti:

B.S., Mechanical Engineering, Polytechnic Institute of Brooklyn, 1957
M.S. , Mechanical Engineering, Union College,1963

PROFESSIONAL EXPERIENCE:

Combustion Engineering, Inc.._1965 to Present
Developn.ent Oeoartment, ..uc lear ecyer Syste rs
Director, Engineering _0eveio;ren; anc _5ervices

Mr. Selig is responsible for all engineering develocrent and testing
in support of large pressuriced water reac Ors designed by Nuclear
Power Systems. Tre develo ment anc testing functions include the ma!
and hydraulics, mechanical vit: rations, safety, electronic anc instru-
mentation and ructe systems anc reactor pressure vessel materials
technologies. In addition, Mr. Selig's departrent is res:cnsiole
for the reactor servicing activities of the Deveio:nen De:artmen;
which include inservice inscection, materials surveillance :cograms,
loose parts monitoring systems, vibration monitoring sys: ems, fuel,
steam gener 't:r and reactor systems inscections as well as ccmacr.ent
maintenance anc testing. Mr. Selig also has responsitility for :ne
facilities and capital assets of the Develocment De:artment.

( Mr. Selig previously was Supervisor of the Fuel Channel Cevelcpment
Group of the Heavy Water Organic Cooled Reac:cr Project wi:n overail
responsibility for the cesign, develo: cent, tes and 0; era:icn of
organic lecp facilities usec in the develocment anc testing of fuel
channel assemoiies and components for the HWCCR.

General Electric Cercany, Kncils Atcric Pcwer Labora;0ry. 1960 to 195E

Mr. Selig ccnducted tests on reactor and pcwer clant production and
prototype cocconents in the mecnanical stress and fluid fl w fields.
He also designed experimental facilities and test sections and under-
took the preparation of ccst estimates, schecules and operational
procedures. He supplied sucervision and tecnnical guidance during
fabrication, erection or modification of test facilities, test sec-
tions and allied equipment and directed technical personnel in the
performance of experimental tests. He prepared and assisted in the
preparation of project proposals.

United States Ar-v, Post Encineers, 1959 to 1960

First Lieutenant. Assistant Chiet _or Mecpanicai Branch

Mr. Selig perfor ed engineering tasks in connection with Post Engineer
projects and made inspection of work sites, calculated design data and
compiled cceplete information for heating, air-conditioning and venti-
lation projects. He made project drawings, specifications and cost

(. estimates as well as final inspections. He compiled the necessary
' data for completion of Department of Army engineering reports.

License No. SNM-1067, Dccket 70-1100 Revision: 0 Date: 12/1R/30
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BERilD J. SELIG

- ( Northruo Aircraf t, Inc. ,195/ to 1958

Mr. Selig perfomed engineering work in connection with boundary layer
resea rch. He also rarformed low-speed tests on various wing shapes,
collected, calculatec and correlated test data. He assisted the project

engineer in the design of new test equipment, new wing configurations
and planning for future experiments. He cbtained data on high-speed
air tests to determine the change from laminar to turbulent ficw for
various parameters.

Polytechnic Institute of Brooklyn. 1955 to 1957
Enoineering Researcn Assistan:

Mr. Selig performed engineering work related to transpiration ccoling
research and conducted tests, evaluated data and converted information
to charts and graphs. He assisted in the design of new test ecuipment.
He also assisted the project supervisor in writing reports for the
Office of Scientific Research and the Office of fiaval Research.

ACHIEVEMEliTS A!!D PROFESSIO!iAL AFFILIATIONS:

Member, American Society of Mechanical Engineers

Member, American fiuclear Scciety
,

-Sigma Xi

Listed in Who's Who in American Colleges,1957

Past Chairman, Hartford Section of American Society of Mechanica.1
Engineers-(1959 to 1970)

Chaiman, Nat'..nal Agenda Conference - American Society of Mechanical
Engineers (1971)

Member, Engineering Advisory Connittee, College of Engineering,
University of Hartford

Papers: "The Design and Development of the HWOCR Prassure Tube Assem-
bly," presented at the ASME Winter Annual Meeting and Energy
Systems Exposition, Pittsburgh, Pennsylvania, riovember 12-17,
1967.

" Inservice Inspection Program for a PWR," presented at theI

ANS Power Reactor Systems and Components Meeting, Williamsburg,
Virginia ,-. September 1-3,197C.

~

-

" Plan for Nuclear Inservice Inspection," published in Power
Magazine, February 1973.

"N-Plant' Monitoring Improves Reliability," published in
Electrical World Magazine, May 15.-1974.

License fio. SNM-1067, Docket:70-1100 Revision: 0 Date: 12/18/80
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BERND J. SELIG

( Papers (cont'd):

" Nuclear Systems Inspection Services," published in Kerntechnik
Magazine, January 1977.

" Staff Development for Plant Startup and Reactor Servicing," presented
at the Transfer of Nuclear Technology Conference, Shiraz, Iran,
April 10-14, 1977.

" Inservice Inspection of System 80 Nuclear Steam Supply Systems,"
presented at the Conference on Periodic Inspection for Pressurized
Components, May 8-10, 1979.

.

(
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PHILIP R. ROSENT!!AL' '

.

"DUCATION:
'

A.S., Baltimore Junior College, 1952
B.S., Mechanical Engineering, University of Maryland, 1959

PROFESSIONAL EXPERIENCE:

Combustion Engineering, Inc., 1970 to Present
Development Department, Nuclear Power Systems
Managor, Health Physics, March 1974 to Present

Mr. Rosenthal is responsible for all health physics activities
within the Development Department. He administers all NRC licenses
for byproduct and special nuclear materials used by the Development
Department and is designated by the NRC license as the Radiological
Safety Officer and Radiation Protection Officer. In this capacity,
he implements all NRC regulations to ensure compliance by the
Development Department. He reviews and approves all proposed
citeration, modification and additions to facilities where the use
of radioactive materials are involved. He is responsible for pro-
viding health physics and radioactive material control services
during all Development Department field service activities.
Supervisor, Mechanical Development, April 1970 to March 1974_

Mr. Rosenthal was responsible for all activities related to mechani-
( cal development of Nuclecr Steam Supply Systems. In this capacity,

he supervised and directed the efforts of engineers and technicians
in'the planning, execution and analysis of evaluation and develop-
ment programs. He was responsible for the design, installation
end operation of test equipment used in the. evaluation and develop-
ment programs. He provided advice, consultation and recommendations
in the area of technical expertise to NPS management, projects and
cther organizations.

Prior to assuming this position, Mr. Rosenthal was a Lenior staff
cngineer in the Nuclear Laboratories where he was responsible for
the design, performance and reparting of tests to evaluate the
performance and characteristics of reactor components at reactor
cperating conditions.

Electric' Boat Company, Division of General Dynamics
Senior Nuclear Project Engineer, July 1968 to April 1970

.As Senior Nuclear Project Engineer, Mr. Rosenthal was responsible
for the. design, procurement, test and evaluation of a submersible
cea water pump motor. He was also responsible for reactor assembly
of a prototype submarine reactor plant. In this capr. city, he pre-
pared installation procedures for the major reactor plant com-
ponents and was responsible for the design of special handling
cquipment.

License No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
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PifILIP R. ROSCNT!!AL-' -

.!

.

Refueling Director, February 1964 to July 1968
c

As RefuelAng Director, Mr. Rosenthal was responsible for the develop-
i

ment of refueling procedures, tools and equipment to be used during
refueling of submarine reactors. 11e personally supervised the
refueling of four naval reactors.-

Navy Decartment, Facilities Engineering Ccemand, 1959 to 1960:
1963 to 1354'

Mr..Rosenthal was responsible for technical control and execution
of the Bureau's nuclear engineering research and development pro-
gram. He investigated reactor designs, fuel fabrication, reactor
control, radioactive waste, thermionic and thermoelectric concepts

,

for application to existing requirements. .

As a Mechanical Engineer, 1959 to 1960, Mr. Rosenthal was responsible i

for resolving engineerir.g maintenance problems associated with
boilers and unfired pressure vessels. He was also responsible fc ,

the preparation of econcmic studies of steam and electric utilities.
Mr. Rosenthal performed utility conservation studies and also

.

designed air conditioning systems.

Martin-Marietta Corporation
Reactor Systems Encineer. Nuclear Division, 1960 to 1963

Mr. Rosenthal was responsible for th.e design and fabrication of a
radioactive waste disposal system for the processing of liquid
radioactive waste. In this capacity, he performed analytical work, ;

Heprocured components and prepared fabrication instructions.
also performed engineering liaison ~ duties with manufacturing organi-
zation during the construction of portable nuclear power plants.|- He was responsible for changes made to primary and secondary reactor
systems in order to resolve fabrication and installation problems.

ACHIEVEMENTS AND PROFESSIONAL AFFILIATIONS:,

!
American Nuclear Society

Connecticut Health Physics Society

Completed special training in Radiological Control Practices and
Reactor Plant Testing'

.

,

;
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Paul E. C. Bryant 1

=

(' Education

Queen's University, Kingsten, Ontario, B.Sc., 1960, Major - Metallurgical
Engineering.

McMaster University, Hamilton, Ontario, M. Eng.,1965, Major - Metallurgical
Engineering.

Professional Excerience

Combustion Engineering, Inc., 1977 to Present
Develeprent Decartment. Naclear Po:er Systems
Director, t'aterials and t.remistry C2velocment

Responsible for the technical and administrative activities of the mancgers
(System Materials and Chemistry Cevelorcent) and su:ervisors within the

This includes theMaterials and Chemistry Deve;cpment organizatien.
direction, planning, and execution cf deveio ment and testing in the areas
of component and system materials, irradiation effects on materials, andccst reductions, productprimary and seccndary systems chemistry aimed at
and process inprov2ments, ability to meet warrar ted performance and develop-
ment of new products.

Manager, Sys tem Ma terials ,1974 to 1977

Responsibilities included materials selection, joining, protection and
evaluation (exclusive of reacter core), systems cnemistry specification

Inand performance, plus corrcsion product mcbility and descsition.
addition, for a tvio-year period, orovided overall technical direction and
coordination togerner with tanagement of financial resources related to
entire C-E effort on nuclear steam generatcr R?,0, plus this technical
interface with KUU.

Section Manager. System Materials,1972 to 1974

Responsibilities included materials selecticn, joining, protection and
evaluation (exclusive of reactor core), reacter vessel surveillance programs,
plus systems chemistry specification and perfernance.

Supervisor, Comoor,ent Materials Section,1970 to 1972

Responsibilities included materials selection, performance, assessment and
compatibility in primary, secondary, and aux 11itry system environments,

Acted as Manacer of Materials Group duringexclusive of the reactore core.
absence of current manager, assuming additional responsiliilities for core
materials. -

Senior Develenment Engineer, Kreisinger Develonment Lal3cratcry,1969 to 1970

( Responsible for high pressure and supercritical fossil fired boiler corrosion,
nuclear steam generator corrosion and secondary side chemistry.

License No. SNM-1067 Docket 70-1130 Revision: 0 Date: 12/18/80
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Paul E. C. Bryant

P001 OllINE.

Chalt River ':iclear Lahnratoriet. Atem.ic Er.crgy of Canada. Li :ited,19CJ. to :Or)
1;cta l lu rgi c a i enyncer

Responsible for matcrials/ccolant chemistry c0rpatibility in P!rd :nd OLU reactc-s.

It: Master University Familton, Ontaric, Canada,1963 to 195E
_

Graduate S s:en:.

Steel CO ocnv cf Carada. Linited. "etallurnical Laboratcrv. 1963
Researcn Eng r.eer

- Royal Can:dian f:avy. Cfficer. 1960 to 1963

Achievemen'.s ard ?rr fessicral Affiliations

Member, t;aticrai Ass::iation Of Ccerosi:n Engir.eers, re: gnized as a specialist
in corr 0sicn ::ntrc'.

Member, American ,'iut lear S0ciety

Member, Asse:iation of Professicnal Engineers of Ontario

Me:ber, iluclear Subremmittee of Amarican 5cciety of "echanical Engineers

Publications

Nucerous technical ;a:ers and cublications cenerning raterials selection and
corrosien for r.u:lef r ;;uer plant service, reactor chemistry, :Orrcsicr.
product .T:bility anc depositien, anc high t: perature solid state electre-
chemistry.

.

,

.

(
.
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RESUME OF ROCERT r:0RMA!! OU: CA :

B. S., Metallurgy, Massachusetts Institute nf Technoinov.1955.
! Additional Study, Stanford University, Graduate Materials

Science Courses, 1964-1960.
Registered Professional Engineer (California) FMT-1047.

PRUFESS10flAL EXW RlincE

Director, Fuels Development Decartment, Combustion Ennineerino. Inc..
July 1974 to Pr_csent

Responsible for the direction of core materials development for the
Nuclear Power Department. Current responsibility includes direction of
major C-E programs to develop and test fuel, cladding and control natorials.
Functional responsibility includes Materials Technology, Fuel Performance
Testing and Analysis and Analytical Chemistry.

Responsible for development programs to improve C-E fuel performance by
planning and executing major DED experimental programs in this erca.
In addition, resconsible for evaluation and monitoring of fuel perir: ance
in C-E supplied plants, as required by specific projects. Responsible
for technical integration of these development activities with KWU.
Responsible for negotiating anc follcwing several joint R&D efforts in
core materials area.

Manacer. Core 'hterials, rece-ber 1972 to July 1974

(- Responsible for the line management of the Core Materials Cevelopment
organization. Responsible for tne planning and execution of PED projects
related to fuel testing, examination and performance analysis. Initiated

several major fuel irradiation test prcgrams in both test and power
reactors. Resoonsible for project field support, on-site fuel examinatinns
and plant licensing activities related to fuel performance. Responsible
for the integration of fuel performance related R&D with the acpropriate
KWU programs. Functional groups reorganizec such that fuel and cladding
development activities were within one organization.

Staff Assignment Recortinc to Director, Nuclear Laboratories, May 1972
to D.ecember 1972

In a staff function, reviewed C-E positions on licensing, prepared and
reviewed PED programs, participated in early KWU/C-E information exchanges
on fuel performance and planned integrated C-E/KWU irradiation test
programs. Represented C-E in discussions with !!RC on the impact of fuel
densification. Planned and initiated an experimental irradiation test
program on fuel densification and negotiated agreements for joint programs
in this area with EEI and others. Evaluated the impact of C-E participation
in the llalden Reactor Project and assisted in the negotiations of the*

agreements. .

(
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RESUME OF RODERT NORMAN DUNCAN
Page 2

I

4

General Electric Comnany. Breeder Reactor Develonment Oncration andi

Nucicar Fuels Depart $hnt. Decembp_r 'lVG'3 to iGT T972"
s ~-~

_

Managed Fast Reactor Ceramic Fuels and Cladding Metallurgy Units.
Oirected rescarch and develop = nt effort en stainless stcel clad
uranium-plutonium oxide fuels for fast breeder reactor application;
including basic physical property measurements and an extensive
irradiation test program conducted in EBR-II.

Prior GE assignments included: i

Technical leader on General Electric-sponsored zirconium fuel cladding
development. Included design of irradiation tests, materials selection
and overall coordination of the program including interface witn
Consumers Pcwer Company related to the irradiation testing cf fuel
assemblies in the Big Roc % Point reactor.

Project Ergineer of the AEC-EUP. ATOM Specific Zirconium Alloy Cesign
Program involving the metallurgical development and irradiation testing
of alternate zirconium alloys for use in nuclear service.

Project Engineer of the AEC-EURATCM Stainless Steel Failure Investigation
Program involving multiple areas of investigatien related to stress-
assisted intergranular corrosion of austenitic stainless steels in
water reactors. .

Technical leader of the AEC High Pcwer Density Fuels Develoceent Procran,
including responsiblility for post-irradiatien examinations of VEWP.
fuel assemblies, as v. ell as the irradiation testing of developmental
fuel assemblies in the Consumers Big F.ock Point reactor to evaluate
fuel assembly design and alternate cladding materials performance.

Westinchouse Electric Corcoration - Atomic power Decartment. Secte-ber 195_1
.

to December 1933 ?

Conducted'an extensive irradiation test program on Zircaloy clad UO,
fuel rods for power reactor cores, sponsored.by the AEC. Responsibie

for the planning,. technical follow and liaison of the irradiations andSpecifically,post-irradiation examination at the Westinghouse Test reactor.
this included the design, fabrication and evaluation of 00 fuel rod
samples irradiated in support'of the Carolinas Virginia Pr$ssure Tube reactor.

Senior Engineer responsible for planning and evaluating results from
other Westinghouse-sponsored fuel irradiation testi.

.

.

.

P00R ORIGIMLc
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P(18DRIGNJLL
:

RESUME OF RODERT fiORMAft DutiCAtt i

,.

a( General Electric Cog _any - A_t_cnic Power Equipycnt Department,,,;
.

December 1956 to September 1950
,

Developed retary swaging techniques for febricating stainless stoel
clad U0 fuel rods for irradiation testing.

2
'

Performed tho' major portion of the development work on an aluminum
powdcr metal material. Developed processing and extrusion techniques'

for aluminum powder metal alloys (SAP) as well as evaluating the
high temperature water corrosion resistance of these materials.
During 1957, was on temporary assignment to the General Electric
Research Laboratory in-conjunction with this program.;

i Westinghpu;e Ele _ctric Cey; -ation - Ccmmercial Atomic Power Activity t
'

! June 1955 to Decemoer 1956

|
Worked on co-extrusion techniques to fabricate aluminum clad uranium-
aluminum fuel tubes for use in the Westinghouse Test reactor.

Designed automatic inert gas welding chambers and perforced welding
development on Zircaloy-2 fuel rod end cicsures. |

Publications
.

Published and presented numerous papers as sole and principal author-
(

on both water reactor and fast reactor nuclear materials R&D.
'
.

f- ,

;

,

-
.

,

|- .

,

!

,

...
~

.

b .

F
*

(11 :
.

,
-

,
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HAROLO V. LICHTENBERGER

B.A., Physics, James Milliken University,1942

k PROFESSIONAL EXPERIENCE

Combustion Engineering, Inc., 1961 to Present
Vice President - Nuclear Fuel - Nuclear Power Systems Division

Mr. Lichtenberger is responsible for the manufacturing and quality control
operations for reactor fuel, control rod drives and other nuclear components
including planning, scheduling and the development of improvements in design
and processing techniques. He also is responsible for the design and experi-
mental programs for the development of control rod drive mechanisms.

Mr. Lichtenberger is a member of the Nuclear Safety Committee.

General Nuclear Engineering Corcoration,1956 to 1961
Vice President

Mr. Lichtenberger had overall responsibility for directing the design and
construction of the research and training reactors evolved by GNEC, which
included the University of Florida Training Reactor and the Georgia Tech
Research Reactor. He directed the research and development program for the
Gas Cooled Reactor Project undertaken for the East Central Nuclear Group and
the Florida West Coast Nuclear Group.

Argonne National Laboratory,1951 to 1956
Director, Idaho Division

\ '
Mr. Lichtenberger supervised important experiments in reactor performance, in-
cluding the breeding gain measurements of E3R-1 and the BORAX Experir.ents. He
was also_in charge of the design, construction, and operation of a facility for
performing Zero Power Fast Reactor Criticality Studies.

The University of Chicago,1942 to 1951
Staff Member, Metallurgical Laboratory
Director, Fast Reactor Proiect, Argonne National Latsratory

Upon graduation from college, Mr. Lichtenberger joined the staff at the
University of Chicago and has been actively engaged in reactor design work
since that time. He participated in the construction of the world's first
nuclear reactor and the first heavy water moderated' nuclear reactor. After
these rea'ctors were placed in operation, Mr. Lichtenberger participated in
many of the early experiments in neutron physics. In 1946, he undertook '

experiments on heat transfer and the handling of sodium with a view to using
this metal as a rea'. tor coolant. Subsequently (1947 to 1951), he was Director
of the Fast Reactor Project at Argonne and, as such, was in charge of the
design, const.ructic a, and operation of the Experimental Breeder Reactor No.1

_

(
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HAROLD V. LICHTENBERGER (continued)

t

(EBR-1), a sodium-ccoled reactor which was the first reactor to produce electric
power.

PROFESSIONAL AFFI' :ATIONS:

Fellow, a- ican Nuclear Society

.
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FRANCIS J. PIANKI
,

I

B.S., Metallurgical Engineering, Polytechnic Institute of Brooklyn, 1952

(
Graduate Studies, Polytechnic Institute of Brooklyn

PROFESSIONAL EXPERIENCE:

Combustion Engineering, Inc., June 1969 to Present
General Manager, Nuclear Fuel Manufacturing

Mr. Pianki is responsible for all Nuclear Fuel Manufacturing activities at our Windsor
location. He directs the groups responsible for the manufacturing, production control,
material control and manufacturing engineering of fuel assemblles and control element
assemblies. He is al , es70nsible for Licensing, Nuclear Safety, Health Physics and
Accountability in the manufacturing area.

United Nu: Sar Corooration 1959-1969
Manufacturir. Manager, Nuclear Fuels Department

Mr. Pianki was responsible for directing the activities of the manufacturing group
which was engaged in the production of nuclear fuel elements for both power and test
reactors. These responsibilities involved the production, production control, materials
control and planning for the manufacturing group.

Prior to this assignment, Mr. Pianki was Engineering Superintendent, Prodaction Super-
visor and Project Manager within the manufacturing group.

He was responsible for establishing material control systems, for nuclear and non-neclear
' materials, a production control system at Lie development of administrative policies

and practices.

Sylvania Corning Nuclear Corcoration,1956 to 1959
Production Engineering Supervisor

Supervised the activities of the production engineering groups in a manufacturing organi-
. zation engaged in the fabrication of nuclear fuel elements for both power and test reactors

Westinghouse Electric-Corporation, Bettis Field, 1955 to 1956
Senior Engineer

_ Development of. fabrication i.Wiques for nuclear fuel elements used in Naval Reactors.

Sylvania Electric Products '952 to 1955
Engineer, Nuclear Fuel DivTsion

Research and development in the fabrication of nuclear fuel elements for both test and
power reactors.

,

.
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-GEORGE J. BAKEVICH-

(
RESUME

EDUCATION: Worcester Polytechnic Institute, Worcester, Mass.

B.S. - Mathematics, 6/71
Minor in Nuclear r'.gineering.

University of Utah, Salt Lake City, Utah

M.S. - Nuclear Engineering, 1/73.
Minor in Mechanical Engineering, 4.0 average.

Thesis " Neutron Radiography with Californium-
252 and a Subcritical Neutron Multiplier" at
N.2tional Reactor Testing Station in Idaho
under AEC Fellowship.

. Certified with National Registry of Radiation
Protection Technologists.

EMPLt 7"1NT: Combustion Encineerino, Inc., Windsor, CT.

1977 oresent 1979 - Present:
,

\
.

Mant.ger, Nuclear Licencing, Safety & Account-
ability - Total responsibility for compliance
with NRC, DOT, and OSHA regulations at CE's
uranium fuel fabrication facility. Responsible
for all licensing submittals and management of
the following programs:

Nuclear criticality safety-

Health. physics-

Industrial safety-

Packaging and transportation of radioactive-

material
Nuclear material accountability of S75 millior.-

uranium inventory and associated computer
system
Emergency planning, including interface with-

State of Connecticut, Office of Civil Pre-
paredness

Responsible for audits of CE's oxide conversion
facility in Hematite, Missouri and Research &
Development Labs in Winf.;cr, Connecticut.

.(-
~

Membe of Nuclear Sceakers Service.
'

"
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GEORGE J. BAKEVICH Page 2.

Employment (cont'd) 1977 - 1979:

(' Supervisor, Nuclear Licensing & Safety -

'
Responsible for all aspects of licensing at
fuel fabrication facility, inclvJing criti-
cality safety analysis necessary to support
license changes. Responsible for the Health
Physics monitoring program and Industrial
Safety program to assure compliance with NRC,
State, and OSHA ragulations, including audit-
ing of manufacturing operations and supervision
of health physics personnel.

,

.977 Idaho National Engineering Laboratory, Idaho1974 -

Falls, Idaho.

Criticality Safety Engineer / Health Physicist -
Responsible for criticality safety evaluations
(including computer analysis with KENO-IV, DOT,
etc.) for unirradiated and spent fuel storage,
fuel transport casks, and nucivat waste burial.

Health Physics experience at so"eral large
test reactors, including monitoring of high
radiation fields and fission product contamina-
tion control.

i
Member of Qualifications Review Committee;
Completed ERDA Systems Safety Training (Manage-
ment Oversight and Risk Tree |.

,

1973 - 1974 U.S. Atomic Energy Commission, Schenectady, NY.

Assistant Project Engineer - Responsible for
appraisal and direction of contractor activ-
ities in the areas of Health Physics, Critical
Facilities and developmental stages of the
Light Water Breeder Reactor; also approved
procedures for various testing-programs.

.

A

'
e,-

'
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-GREGG A. JOHNSTONE-

'
RESUME

EDUCATION: Rutgers, The State University of New Jersey, New Brunswick,
New Jersey

M.S. - Radiation Science, 12/78

Critical Essay " Low Level Radioactive Waste Disposal
with emphasis on shallow-land burial and waste manage-
ment criteria" at Brookhaven National Laboratory under
DOE fellowship.

Muhlenberg College,, Allentown, PA

B.S. - Physics, 6/77
Minor in Mathematics

Brookhaven National Laboratory, Upton, N.Y.

Health Physics Training Program, 6/78 - 8/78

Environmental Monitoring and Analysis- Film Badge and
TLD Exposure Analysis, HEPA Filter Testing, Instrument
Calibration, Rc2ctor and Particle Accelerator Radiation
Surveys, Activation Analysis, Contamination Control, In-

,

dustrial Hygiene, and Emergency Planning.

EMPLJYMENT:

3/79 - Combustion Engineering, Inc., Windsor, CT
Present

5/80 - Present
Supervisor, Health Physics and Safety - Total respon-
sibility for compliance with NRC, DO't , and OSHA regu-
lations at CE's uranium fuel fabrication facility.
Responsible for all licensing submittals and management
of the following programs:

- Nuclear criticality safety compliance
- Health physics
- Industrial safety
- Packaging and transportation of radioactive material
- Supervision of health physics technicians and radiation

specialist.
- Emergency planning, including interface with State of
Connecticut, Office of Civil Preparedness.

Responsible for audits of CE's oxide conversion facility
in Hematite, Missouri and Research & Development Labs

{ in Windsor, Connecticut.

'
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GREGG A. JC13 STONE Page 2.

Eaployment (ctnt'd)

( 3/79 - 4/80 Radiation Specialist - Respcasible for develeprent of
E=ergency Plan and =plementing procedures for UO2 fuel
fabrication facility. Preparation of consolidated renew
applications for shipping container certificates cf
compliance. Responsible for ALARA program.

9/7? - 2/79 Rutgers, The State Univers ty of New Jersey, New
,

Brunswick, New Jersey

Maintained personnelRadiation Safety Scecialist --

dosimetry program for 200 radioisotope workers; Conpre-
hensive radiological surviellance of laboratories; -

Liaison betwest ca pus radioisotope investigators and
cen=ercial radioactive waste disposal firm: X-ray
unit surveys at Raritan Valley Hospital; Packaging and ,

transportation of hazardcus laboratory chemicals and
radioactive waste.

1974 - 1977 Radiac Research Corp., Brocklyn, N.Y.
(4 months /yr.)

Health Physics Techician - Established a radioactive
waste dispcsal service program for custc=ers, including
procedures for proper packaging in accordance with CCT
Regulations. Maintained personnel dosimetry and exposur
records of personnel. Maintenance and calibration of
radiological instrumentation at customers facilities.
Assisted in proper packaging and disposal of hazard-
ces chemicals including segregation according to type
and ccmpatibility.

PROFESSIONAL
AFFILIATIONS: Health Physics Society

Member, Radiological Energency Response Team, State' of
Connecti:ut - Of fice of Civil Preparedness

.

{
'
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ROBERT F. BRUNETTE - Controller - Nuclear Products Manufacturing - Windsor

Education

B.S., Business Administration - Accounting, American International College,1960

M.S., Education, State College at Westfield, MA 1965

rProfessional . Excerience

C,onbustion Engineering, Inc., Pcwer Systems Grouo, Windsor, CT-1961 to Presenc
.|

;

Mr. Brunette is presently the Controller for Nuclear Products "anufacturing- ;

Windsor and is responsible for all accounting functions related to this Division. t

From 1966 to 1970 Mr. Brunette was the Manager, Budget ar.d Finance of the Naval |
,

!

Reactors Division of C-E., Inc. Previously, he held other responsible positions
in the controllers group. |'

J

Coca-Cola Bot +1ing Company, Springfield, MA - 1960-1961

Mr. Brunette was the Accountant arid Assistant Office Manager.
c

,
-

-

#

1

|.

.
. .

I

;

!

i

?

,

-

$
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i

ALBERT ~ R. 'iEudA*iN

i.

'. ( Education:
.

New Britain High School, New Britain, CT
|

Naval Basic Engineering School ,

- Naval Refigeration School <

PROFESSIONAL EXPERIE* ICE ,

'Combustion Engineerinc, Inc. - Nuclear Fuel Manufacturinc 1975 to Present
Production Superintencent

General Fore-an - 1962 to 1975 ,
,

i

. Rescensible for oroduction of nuclear fuel assemblies and control ele ent ;

i assemblies, equipment maintenance, and co cliance wt all posted safety

and criticality requirements in the sho:: area.
;,

Engineer - 1957 to 1962 -

,

In 1957 Mr. Neumann joined the coccany in the Manufacturing Engineering section ,

!where his job consisted of trouble shooting ad reviewing : anufacturing processes,
.

'

specifying, requisitioning and approving purchase of ecuipment, tools and access- |
;

!
~ ories.. Also estimating fabrication costs, manufacturing cethod , and tooling of i
.

core coeconents.

1940-1957
.,

These years were spent by Mr. Neunann learning the machinist-toolcaker trade. He
,

was e .oloyed by several job shops in which he advanced to the position of foreman.
.

'

.

:
;

e

4
.

.. .

'

|( . _
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REEU"E OF PUE!1T S. HT ODI':C: I'dnager, f uc'. ear Dasign Ocpa r tr. en t

(
SU "MRY OF CUALIFICATICNS:

Dr. Harding is responsible for directing the P'!R NSSS reacter design
activities in ;;uclear Engineering. He hts 17 yccrs experience in
reactor design and analysis, including 3 ye~ars in HUR reacter desicn.
In additien, he has 4 years experience in the directico and planninc;
of reactor critical experiments. '

PROFESSIC'! AL EXPERI~': E:

COMBUSTION TIGINEERIN's. I' C. , Februarv M 53 to Present
Power Systens Gruup, nuclear Pcwer Systen s

Manager, i;uclear Cesign Dept. , !!ucleer Engineerinc, '972 to Present

Dr. Harding is responsible for the administrative and technical mcnr:e-
ment of the i;uclear Design Cepart~ent which consists of a staff of D
to 30 perscos at varicus levels up to an: inclucing Senior Ccnsultan.
Physicists. This department is rescensitie for the foilcuir,g design
activities on PWR '!aclear Stean Sucply S stems - fuel management,,

reactivity control, pcuer distribution mcnitoring, generation of ccre
nuclear safety carcmeters, radiction physics, criticality evaluatient
for ex-core fuel hancling operaticns, pre.Pration of nuclear design cata
for I;SSS preposals, and sucpcrt of other functionci groucs en the design
of plant syste.as and ccmpenents, licensire, and plant startup.

Manager, PWR Physics f'ethods Develoonent Section, Physics and
Coaputer Analysis Department, 196S-1972

Dr. Harding was respcnsible for developing cnd testing of design catheds
and computer coces employed in the nuclear design of FWR reactor cores.

Manager, H'.-:0CR Reactor Physics Section, Physics Department, 1955-1953

Dr. Harding was responsible for the nuclear design and methods deveicp-
ment activities cn the Heavy Water Orcanic Ccoled Reactor project and
served as the principal liaison reoresentative between the Physics
Department and the H'.:CCR Project Office. He vias also responsible for
the nuclear design analyses relating to the conversion of a Savannnan
River Reactor to a D20 moderated pcuer reactor.

Staff Physicist, General fluclear Engineering Corporation (Ccmbustien
Engineering Subsidiary), 1962-1964

While on assignment to the General fluclear Engineering Corporation,
Dr. Harding particioated in the State-of-the-Art Physics Program, a
study of reactivity control methods for tne NASA reference reactor
design, and the review of literature cn critical experiments for the

( Technical Progress Review, Power Reacter Technoicgy.

License No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80

Page: 11.3-25



- _ . -_ - --- - _- - - - ._ _ - _ _ _ _

RESUME OF RNirRT S. HZ:NG

Supervisor, Advanced Critical E., iment Facility, ?!uclear Power(.
. t'

Departn. cat, 1962

Dr. Harding was responsible for the technical programs and safe operation
of both reactor cells. .

Staff Physicist, Advanced Critical Exper' ment Facility, fluclear Pcuer
Department, 195S-1961

Dr. Harding participated in the SIC Flux Maasurement, Nuclear Superheat,
B0'1U5 Critical, and Army Boiling Unter Reactor (?L-2) Critical Prograr.s.
On the BT US Program. he was the Project i rincipal Exoerimental Physici':;
he was also a member of the critical Facilities Safeguards Comittee arid
in 1961 was desianated as the Alternate Sunerviser of the Critical
Facilities for purposes of assuring safe operation of the facilities.

PROFESSIO!AL AFFILI ATIC:IS:

American Physical Scciety, Member
American Nuclear Society,l' ember

.

AMS 19.3 Working Grcup, 1973 to Presen:

TECHi!ICAL PUBLICATIO::S -

R. S. Harding, "Asy.vmetry Measurr.ents in the Scattering of B5 Mcv "
by C, A1, Cu, Cd, and Pb, i4Y0-8056, Physical Review, Volume lil, pg. . .
(1958)

W. C. Coppersmith, R. S. Harding, and T. R. Hencey, " Analytical "ethods
Used in the Preliminary Analysis of the Transient Sehavior of the HUCCR",
liuclear Engineering Design, 6, 134-8, 1967.

R. R. Lee and R. S. Harding, " Factors Affe cting R2 activity Coefficients
in the H'.!0CR," Transactions of the American Nuclear Society, 9, pg. 450,
1966.

R. S. Harding, P. H. Gavin, and R. L. Hellens, " Systematic Study of
Thermal Reactor Benchmark Experiments," Transactions of the American
Nuclear Society,12., pg. 744-5,1969

R. D. Cyboron, R. S. Harding, and F. Bevilacqua, "High Capacity Stcrage.

of Nuclear Fuel Assemblies," Transactions' of the American Nuclear Society,
22,, pg.~306, 1975.

R. S. Harding, R. J. Klotz, L. C. Nederer, and J. E. Rosentlial, "*nalytical
Techniques Employed in Reactor Fuel Handlino and Storage Related .uclear
Criticality Analyses," Transactions of the ' American Nuclear Society, ,23,,

[ pg. 583, 1976.

!
'Plus numerous publications at' Combustion Engineering and General Nuclear.
Engineering Corporation.

License No..SNM-1067,: Docket ~70-1100 Revision: 0 Date: '12/18/80.
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RESUME OF R::ERT S. MAE0!!;C i,

P00R ORIGINM
( PERSC::AL DA""GR7.7:D

B.S., Physics, Trinity College, Hartford, Conn., 1951
Ph.D. , Physics, University of Roc'icster,1958

,

Phi Beta Kappa, Sigma Xi, Sigma Pi Sigma

.

4

. .
,

;-

i

.

.(
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P00R ORIGINAb..

RESL'!*E OF ROBERT J. KLOTZ: Senior ulting Physicist,tiuc~ lear Design

SU:*"ARY OF OUALIFICATIG!15:

Mr. Klotz is responsible for the radiation and criticality design of
all new and spent fuel racks, fuel transfer equip: rent and all other
cperations involving moving, testing or storing of fuel. He also hr
25 years experience in radiation physics as pertaining to shield des.
of light water reactors, 0 0 reactors, and gas cooled reactors.2

PROFESSIOlAL EXPERIEf!CE:

C0"30STIO1 ENGI!;EERING, INC., 1965 to Present
Power Systems Group, Nuclear Power Systems Engineering

Senior Consulting Physicist,1977 to Present

Mr. Klotz's present responsibilities are for the physics design of '
new and spent fuel racks, fuel transfer machines, and any other piec o
of equipment involved in moving, testing or storing fuel. He is also
the criticality Safety Specialist providing technical support and having
criticality audit responsibilities of both the Windsor Fuel Fabricat '

Facility and the Hematite Fuel Manufacturing Plant. He is also invm .

in solving special physics problems both the day-to-day and long tera
nature.

4

Section Manager, Radiation and Criticality Physics, 1965-1977

Mr. Klotz was resconsible for the radiation shielding and the ex-cer-
criticality work done within the company. He was responsible for pro-
viding all the source terms for the Nuclear Steam Supply Systems under
contract and being-offered by the company to the electric utility
' industry. He was also responsible for providing the nuclear heat
generation rates for all structures in the NSSS, and providing the radia-
tion dose rates for assessing physical changes in NSSS materials and
equipment in the radiation environment.

GENERAL NUCLEAR ENGINEERING CORPORATION, 1959 to 1955

Mr. Klotz was responsible for the shield design of the heavy water rmwh-
reactor at the Georgia Institute of Technology. He also was in char . .

the thermal and biological shield design analysis for the Boiling Nuc' +
Superheat Reactor (BONUS) located in Rincon, Puerto Rico. In addition. ne
reviewed all the literature on radiation shielding for the publication
Power Reactor Technolocy, a quarterly review of. literature pertinent to
tne civilian uses of atomic energy undertaken under contract to the U.S.
Atomic Enercy Commission. He was also responsi!>le for the physics design
calculations, including shielding, for three D 0 moderated reactors cooled2
by pressurized 0 0, boiling 0 0,:and CO2 gas.2 2

(
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RESU"E OF ROBERT J. KLOTZ

CG:!VAIR DIVISION OF GENERAL DYt:Ati1CS, 1954 .

Mr. Klotz was in charge of a group responsible for the design of a shield
for a mobile reactor of the Army Compact Core Design, and participated in
a proposal for a radiation shielding experimental program for compact
core reactors. He also directed a group responsible for the design of
shield for a fluclear Ramjet Missile. Previous assignments included the
analysis of aircraft nuclear shielding experiments wnich involved work
on shield penetration and air, ground, and structure scattering. This
included the development of shielding programs for computers. He also
contributed to the Aircraft Shield Design Manual. While attending the
'0ak Ridge School of Reactor Technology (0RSORT), he worked on the physics
of a high temperature nuclear rocket.

PROFESSIONAL AFFILIATIO:!S:

Member of American fluclear Society ANS-5 Standards Committee (Energy +
Fission Produce Release).

Member of the American iluclear Society AMS 8.17 Criticality Standards
Subcommittee

American iluclear Society
.

TECHNICAL PUBLICATIONS:

" Analytic 31 Techniques Emoloyed in Reactor Fuel Handling and Storace
Related Nuclear Criticality Analysis," co-authored, presented at the
Atl5 1976 Annual Meeting, Toronto, Canada, ANS Transacticn, Volume 23.

"A low Pressure Orcp Reactor Cavity Shield System," co-authored,
presented at che AtiS 1978 Winter Meeting, published in ORNL/RSIC-43.
February 1979.

PATEi:TS:

R. J. Klotz, '' Nuclear Reactor Cavity Streaming Shield," U.S. Patent
4,126,515,- Issued November 21, 1978.

PERSONAL GACKGROUND:

AB,' Physics and Mathema. tics, Kansas State Teachers College of Emporia,
1952

-

MS, Physics, Kansas' State College, 1954

-(i Graduate: Oak Ridge School of Reactor Technology, 1957
Graduate Studies: Texas Christian. University--
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RESUME OF L. C. IlCDERE3 : Consulting Physicist, Nuclear Design Depart =cnt
:

J ( SU:"MRY OF OUALIFICATIO: S:
,

Mr. Nodcrer has thirty three years excerience in a broad range of nuclear
reactor ph/ sics methods and design activities associated with PWR, E'. R,
HWR, graphitc, hemogeneous, experimental and fast reactors.

PROFESSIO::AL EX)ERIENCE:

COMBUSTIO!! EflGI!!EEPII;G. INC. ,1955 to Prase *

Power Syst ms Grcup, stuclear Pcuer Systems

Consulting Physicist, Nuclear Design-Nt. fluclear Engineerinc,1964 to
Present.

h. his pre sent capacity as Consulting Shysicist, tir. Nederer's rescon-
sibilities involve criticality evaluations related to the C-E fuel
fabricatioi facility and fuel handling at custcmer owned facilities, -
special asiignments en NSSS Physics Design, Methods Cevelopment activi: .

and DOE stadies under the Non-proliferation Alternative Systems Assess-
.

ment Progr.im.

Prior to this, Mr. Moderer acted in an advisory capacity to the Director
of Physics and Co.Tputer Analysis, carried out special assignments at his
request aniwas a member of the AEC Crcss Sections Evaluation Working
Group.

He has par:icipated in a study for the AEC of low enrichment, water
moderated reactor syste.ns with high conversion ratio. He was also res-
ponsible for conducting theoretical studies for advanced reactor concepts
and for developing the physics methods and grouc cross secticas us::d in
the Tast Reactor study. He carried out an analysis of the sodium
temperature coefficient in fast reactors and originated the concept of a
voided reg on between the core and reflector to reduce or make neg&tive
this effect. He participated in the physics for the organic cooled, C 02
moderated reactor optimization study, the Savannah River conversion study

. (SARIF), and 'the evaluation and development of physics methods for the
HWOCR.

^

Supervisor, Reactor.. Physi.cs Theory. Group,.1959 to 1964 ~ '. .'~

As supervisor of the. Reactor Physics Theory Group, Mr. floderer was
responsible for theoretical physics work in support of'the SIC project.

.

.

[
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RESUME OF L. C. ::CD RER

OAK F.IrGE ::ATICNAL LAC 00ATORY, ING-1955, Senior Physicist

( Mr. i;oderer attended the Oak Rn.;e Training School upon joining the' '

staff of the Osk Ridge fiational Leboratsry as a Physicist. He later
workea in the Lon:: Range Physics Planni g Group in the cevelco.nont or
physics cencepts for future application ir,the power reactor field.
Mr. ?!oderer was associated with Project Dynamo, the purpose of which
was to coa. pare the econcaic feasibility of different types of ther 21
reactors._ He also performed analytical physics work for the Materials
Testing Reactor and did scme of tne initial calculations for the Mcma.
geneous Reactor Test and the Geneva Reactor. |*c. tioderar has written
many reports describing the several methods he developed analyzing
reactors of various types, and he co-authored a source manuscript on
neutron reactor theory with Alvin M. Heinberg, the Director of the Oak
Ridge ?;ati:nal Laboratory.

U.S. AI R FO''CE . 1942-1945, Materials Pr:.ce'ss Representative

Throughout the war years, Mr. t;cderer served as a materials process
representa;ive for the U.S. Air Force. His function, basically, was
to determine if varicus aircraf t ccmaanies were satisfactorily ccmp;y D -

. with the Air Force metallurgical specifications and techniques.

PROFESSIO:;'t AFFILIATIG::S:

American i uclear Society, 1956-1970
Cross Section Evaluation Uorking Grcup, 1955-1971
American Pi.ysical.Seciety, 1953-1954

PUBLICAT!O:JS (Papers):

' R. S. Harding, R. J. Klotz, L. C. tioderer and J. E. Rosenthal,
"Analyt.ical Techniques Ecoloyed in -Reactor Fuel Handling and Stcrage
Related t!uclear Criticality Analyses", Presented at American i;ucicar
Society Summer Meeting, Toronto, Canada, June 1976.

L. C. floderer and S. Visner, "Effect of a Voided Gap on Reactivity
Coefficient for Voiding Core Sodium in a Fast Reactor, for Various
Geccetries", Presented at American fiuclear Scciety Meeting, i;cvember 30,
1964.-

R. Bruce Kellog and L. C. tioderer, " Scaled Iterations and Linear
Equations", Presented at American Mathematical Society, Chicago,
Illinois, January 1960.

L.- C. tioderer, " Analysis of Boiling Water Reactors", Presentea at A;PP-

Reactor Analysis Seminar, Baltimore, Maryland, October 1960.

D. W. Drawbaugh and L. C. Mcderer, " Angular Step Functions in t;eutron

{i Transport Aporeximations", Presented at American Maclear Society,
Detroit, Michigan, December 1953.
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; Pa y 3.

REST':1 0F L. C. ;02:nER

-
,

it. C. Edluad cnd L. C. I:cderer, " Analysis ef Cc.en Experirents and ;

l.pplicaticas to Safety Analysis' cf P.esearch Reactors", Presen;ed at '

American fluclear Society, Chicago, Illinois, June 1956.
'

F. J. Jawk usky (L. C. !!oderer, one of six centributers), "Ecsearch
Experience with Plastic Mcderated Critical Asse:alies", Presen.ed at
1958 Genev.. Ccn ference, Pape P/2337.

Plus numerous internal publications ct CR*:L and Cc-tustion Engineering, Inc.
,

.

PATEiTS
'
.

L. C. i;cderer, "Licuid |Otal Fast Breeder Reactor" U.S. Patent.
# 3,271,200, Issued September 6, 1955.

PEP.50::AL 9ACMGR' U;D '

B.S., Phys cs, 1939 University of Chicago
Graduate Study.in Physics, 1945-1946,

.. University of Chicago;
3.. part-time, 19/.9-1952, University of Tennessee;

; OR50RT 1945-1950,, Instructor,-1953

i
s

f

.

.

(3
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4.0 RADfATTON PROTECT 10N PROCEDV1ES AND EQUfPMENT

4.1 Procedures

( A manual entitled " Nuclear Licensing & Safety Procedures" which contains
procedures necessary to implement the radiation protection program described
in Part I of this license renewal apvlication is maintained by the NLS&A group.

4.2 Operation Sheets (0.5.)

All routine operations it.volving nuclear fuel handling are covered by a
shop traveler and/or various operation sh ets (0.S.) which are issued by
Manufacturing Engineering or Quality Control.

These procedure; include the necessary precautions which must be observed
to assure that the operation is conducted in a safe manner. The Health Physics
and Safety Supervisor will review these precautions regarding all aspects of
safety and indicate his approval in writing. However, procedures involving a
change in the criticality safety controls used for that particular process in
the past shall be approved by the Manager, NLS&A or the Nuclear Licensing Con-

sul tant. In their absence, a member designated by the Nuclear Safety Committee
shall approve the change. Each foreman shall instruct his people ':a assure

their understanding of the operations and their safety limits and restrittions.
The adequate performance of individuals is continually ascertained by the foreman.

It is the responsibility of the foreman to assure that each work station is
properly posted, and that operations are performed in compliance with posted
limits and written instructions.

4.3 Posting and Labeling

All work stations involving nuclear fuel handling will .be posted with a Nuclear
Safety Limit -in accordance with section 4.2.5 of Part I of this renewal applica-
tion. All mass limited containers will be labeled as to contents and enrichment.
Radiological posting of areas will be in accordance with 10 CFR 20.203.

4.4 Personnel Monitoring-

All. personnel must wash their_ hands before exiting the contaminated area andi

monitor their hands, exposed areas of the body and personal clotning with the
;

(
' icense No. SNM-1067, Docket.70-1100 Revision: 0 Date: 12/18/80
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alpha personnel monitor lccated at the change line. Any person having sus-
pected contamination on his body must thorouchly wash the area and recheck

' t for contamination. If contamination persists, a member of the health physics
,

j staff vill assist in decontamination.

4.5 Surveys

Removable contamination levels in plant areas and on items to be eleased
2to an unrestricted area are established by smearing an area of 100 cm'

(4' x 4") with a two inch diameter smear paper. Pellet Shop and Cold Shop

floor smears are taken on a weekly basis as a minimum. Limits are provided
in section 3.9.1 of Part I of this renewal application.

Direct radiation surveys of plant environs, sealed sources, and offsite ship-
ments of radioactive materials shall be made as necessary to comply with the
regulations in 10 CFR 20.201. All survey results shall be documented.

4.6 Reports and Records

All health physics records for the current calendar year, including training,
and all reports required by the regulations of the U. S. Nuclear Regulatory
Commission and this license will be retained by the NLS&A group. Reports and

4 (. records for previous years will be made available to inspectors upon recuest.
However, t11 reports and records over five years old may be stored on microfilm.

4.7 Instruments

Types of radiation detection instruments, their capabilities, and frequency
of calibration are described in section-3.2.4 of Part I of this renewal appli-

cation.

4.8 Protective Clothing

Protective clothing requirements for personnel entering the unciad fuel handling
,

area are described in section 3.2.2 of Part I of this renewal application.

4.9 Dosimetry

4.9.1 TLD Badges

Each-individual who alters a restricted area under such circumstances
that he is likely to receiva s dose in any calendar quarter in excess
of 25 percent of the applicable value specified in 10 CFR 20.101(a)-

('
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,

.s

shall be supplied with a TLD badge and indium foil for purposes of

I-.
. personnel dosimetry. Badges will be processed monthly. When a high
exposure is suspected, the individual's badge will be immediatelys

2

processed.

All visitors will be supplied with indium foil badges.

- Area TLD badges and neutron foils are also strategically placed ,

throughout the facility for the purpose of recording background
radiation levels as well as radiation resulting fren a criticality

; accident. These badges will also be processed monthly during nor-
mal. operations and immediately following a criticality accident.
Procedures to determine high radiation doses immediately following

,

a criticality accident are described in the Emergency Procedures Manual.
.

-4.9 ? Breathing Zone Monitoring

Breathing zone monitoring of personnel will be conducted in accord-
ance with section 3.2.5 of Part I of this renewal application.

: .

I

f

4

4

k -

' .

. [
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5.0 OCCUPATIONAL RADIATION EXPOSURES

Due to the extremely low levels of penetrating radiation which exist at
Combustion Engineering's fuel fabrication facility (<5 mr/hr), the great-
est emphasis in exposure control has been directed towards minimizing
ingestion of airborne uranium particulates. To this end, CE has always
maintained internal exposures as low as reasonably achievat'le through
the use of ventilated hoods and process containment and an extensive

breathing zone (BZ) air sampling program. General air samplers are

strategically placed through the facility to provide indications of airborne
activity levels and are analyzed three times per day. A bicassay program which
includes periodic urinalysis and in-vivo counting has been providing information
renarding internal deposition of radioactive materials for over 10 years and
confirms Combustion Engineering's long standing comittment to the ALAPA

concept.

5.1 External Radiation Exposures

There has not been a single instance throughout the history of license
SNM-1067 which has resulted in any individual exceeding the 10 CFR 20

quarterly limit of 1.25 Remc A statistical summary has been provided
herein as Figure 5.1 which indicates more individuals have been falling
into the lower exposure categories over the past 3 years. The slight

'

increase in the higher categories can be attributed to the higher through-
put of uranium over the past 3 years (112 MTU in 1977 to 157 MTU in 1979)
and the higher enrichments being processed as utility demand for extended-

life cores increases. (License SNM-1067 was amended in 1979 to allow an
increase in the maximum allowable enrichment to 4.1% U n),2

5.2 . Internal Radiation Exposures
,

The most accurate results concerning actual internal deposition of radio-
nuclides are found in bioassay results. The accuracy of these results far
exceeds the accuracy obtained from personnel breathing zone air samples (BZ's),
since BZ samples serve only as an immediate aid in assessing internal exposure
potential and do not conclusively indicate that the material was actually
ingested. During the_ past 3 years, all urinalysis results were less than
1 microgram U/ liter (the lower limit of detection for our flourimetric method
of analysis) with 3 exceptions in 1978 where 3 individuals' ,results were 2,

-3, and 4 micrograms U/ liter respectively.

C
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In-vivo lung counting results over the past 10 years clearly indicate
that no individual has ever received a maximum pernissible lung burden

21:(MPLB), which is about 200 ugm U '' for icw enriched uranium. Due te<

(. 2
the extreme sensitivity required to detect such low amounts of U 3=~, rest

results are reported as zero with a statistical accuracy associated
with them. Figure 5.2 is a summary of lung ccunting for the cast 5 years
and clearly indicates that the ALARA concapt practiced at CE has paid off.

.

5.3 General Air Sanolino Results
Results in graphic form are shown for all air samoling stations in figure
5.3 thru 5.8. All results are below 15% of MPCa for restricted areas
(1 x 10-10 Ci/cc) and cost results are well below 10% of PPC. The only
results which were slightly over 15% of MFC are exclained belcw:

2) March 1980 - Powder Prep Station il and Presses 1 and 2 (Figures 5.3
and 5.4) The pellet shop had been undergoing a complete cleanup prior
to an enrichment change at this time. Our license action limit was
exceeded four (4) times. An investigation revealed that the sample
heads were colliding with a nearby vacuuming hose wnich was highly

contaminated.

1) -June 1973 - Powder Prep Station #1 (Figure 5.3) Several powder-lot
' cleanups caused rapid plugging of hoed filters and reduced ventilaticn
at-the-time. Froblems were also encountered with the granulator screen

and the belt dryer.

.

.
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General Air Grinder June 1979 - June 1930
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General Air Micronizer June 1973 - June 1979
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Ceneral Air Micronizer June 1979 - June 1950
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6.0 ENVIRONMENTAL SAFETY

6.1 Liquid Effluent Discharges
1- All liquid wastes, in-process, and cleanup rinse water solutions are

sampled to verify that MPC is not exceeded, and are then introducedy
to any one of ten 2000 gallon retention tanks, located in the Liquid
Waste Building, Bldg. #6. Sinks and showers in the laboratories and the
manufacturing facility are also drained to these retention tanks and
provided additional dilution. Before these tanks are discharged to the
site creek, a 500-m1 sample is withdrawn and forwarded to the Radio-
chemistry laboratory for gross alpha and beta analyses. Water is dis-

-6charged to the environment at, or below 3 x 10 uci/ml (this in ten
percent of MPC for insoluble uranium). The allowed discharge levely
for unidentified mixtures of radionuclides is 3 x 10~9 uC1/ml. (This
is ten percent of MPC for unidentified mixed radionuclides). Wherey
the levels of activity exceed these limits, the water is diluted before

being discharged.

Monthly liquid effluent discharges are shown graphically in "igure 6.1
for the past 3 years. The increase in the amount of uranium being dis-
charged is due in part to the increased throughput in the manufacturing
facility.

6.2 Airborne Radioactivity Discharge

All airborne releases are monitored continuously following double HEPA
filtration. Samples are analyzed daily and totaled weekly and monthly<

for all four ventilation systems. The monthly average concentration in
uCi/cc for all 4 systems is shown graphically in Figure 6.2 for the
period 6/78 - 6/80. All levels are less than 10% of MPCa for unrestricted
areas with the exception of June 1980. During 'this month, a HEPA filter
change was performed on the FA-4 system where the filters were not sealed
properly. After discovery of this higher than normal discharge, corrective
actions were taken to preclude recurrence.

.
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-7.0 NUCLEAR CRfTICALITY SAFETY

7.1 Use of Surface Density Technioue

( 7.1.1 Use of Surface Density Criteria of 50~ for Mass Limited Units
on Single Levels

Mass limited units having a maximum fraction critical (f) of
0.3 are to be spaced to a maximum array surface density of 50','
of the optimum critical surface density based on mass per unit
area. This criteria is supported as follows:'-

Consider the following infinite planar arrays of units containing
moderated U0 having an enrichment of 5%. For these arrays, the

2

following parameters apply:

Material - U0 , 5% U2is, fully moderated
2,

3Unit Size - a - 17.955 kg U, 38.548 cm. diam., 0.6 gm U/cm
3b - 17.955 kg U, 35.023 cm. diam., 0.8 gm U/cm

3c - 18.094 kg U, 33.612 cm. diam., 0.91 gm U/cm
3

i d 11.994-k'g U, 28.402 cm. diam., 1.50 gm U/cm
Thr.se units represent 30% (f=0.3) of tre minimum
unreflected critical mass of 60 kg at optimum

; moderation (Fig. 1.d.13, UKAEA Handbook).

Allowable Sur-
face density - The riinimum mass surface density for U(5)0 is.

2
2calculated to be 10.4 kgU/ft . The safe limit is

2therefore 5.2 KgU/ft ,

Spacing Re-

quirement - 56.87 cm center to center spacing ~in a square lattice.

Reflection - - Sixteen inch thick concrete _ reflectors on top and
,

bottom of array, spaced 28.43 cm from the center

of the units. (a)

Calculated

Results - KENO calculations for the above arrays yielded the
following:

-

C
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Unit h
eff

a 0.9460 0.0055

k b 0.9500 0.0070

c 0.9408 0.0083

d 0.8850 0.0080 ,

From this analysis (b) it is concluded that use of a limit equal to
50T, of the minimum critical slab surface density (at optimum modert.: ion)

expressed in tems of mass per unit surface area is safe, with a
maximum nominal array reactivity of 0.950. These calculations clearly
demonstrate that the license criteria provides adequate safety for
plant applications. However, reviews of calculated arrays as described
in Reference 1 could call these limits into question, and therefore

require further attention.

Specifically, several arrays of under-moderated low-enriched uranium
show surface densities which, in some cases, are less than 50". of the
infinite slab thickness for material of like moderation and density.
However, the license criteria specifically limits use of the method
to spacings based on optimum mass per unit area modc"ation. Examina-

I, tion of the spacings in Reference 1 show that when compared to slabs
having optimum mass per unit area moderation, all arrays have surface
densities at or above 85% of the optimum infinite slab value. This

is shown in Table 7.1.

(a) 'At the given sphere spacing, a 16" concrete reflector in contact
with the sphere array produced no significant change in reactivity.

(b) These KEN 0 calculations were perfomed.by Batteile Northwest
Laboratories using 16 group Hansen-Roach cross sections. When

cylinders, and calculated valuesused to check experimental UO F22
published in DP-1014, the calculated reactivities were within one

~ percent of unity.

-Reference 1): R. L. Stevenson and R. H. Odegaarden, " Studies ~ of Surface Density

Spacing Criteria U:;ing KEN 0 Calculations". Unpublished.

(
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/ E- TABLE 7.1
%
S. KENO Calculated Arrays of Low Enriched Uranium Suttrits

k
2 t* (a cg Array Composition Subcrit f** gm U/cc Kgu/ft eg

y 1 U(5)0 cylinder
2

f 11.5 cm.r x 138.6 cm 19 0.3 2.0 12.7 1.019 t 0.006 1.15

5
0 2 .U(5)0 F cylinder22 11.4 cm.r x 152.4 cm 19 0.3 1.0 10.1 1.005 0.009 0.85-

8
% 3 U(5)0 cylinder

2
16.0.cm.r x 211 cm 19 0.3 5.0 40.1 1.000 1 0.006 3.6a

5
b
8 Derived array Surface Density / Surface Density of Optimum Moderated Infinite Slab*

** Fraction of critical values taken from Ref. #1

?
5.
E
8
.

O

.

W 5. .|..

L 3
I
'
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1

7.1.2 Double Level Areas

a) Mass Limited Units
By doubling the required spacing area for mass limited units
on each level, the overall mass surface density is preserveo.

b) Geometry Limited Units
Spacing requirements for geometry limited units on two levels
are based on 16% of the infinite slab surface density at op-
timum geometry. Units are limited to a fraction critical of
0.4. This limit has been validated by two KEN 0 calculations,
for 10.7" diameter x 72" long cylinders (f = 0.36). These
cases are described below:

Material UO , 3.5 w/o U "-

2
optimum moderation

Individual Unit Limit - 10.7" c x 72" ig.

Fraction Critical 0.36-

Array Reflection - 16 inch thick concrete floor,
4 inch thick concrete roof,

25 feet above the floor.
Infinite square pattern on

_f Array Pattern -

two levels, with 10 ft. ver-'

tical separation between levels.
In one case, the upper pattern

rests on a 1/2" thick steel
plate; in the other, on a 3/8"
thick steel plate.

With the units spaced on aArray Surface Density -

80.4" pitch, the total array
surface density-(both levels)

2is 2.36 t/ft , or 16% of the

critical infinite slab surface
density.
With 1/2" steel, k =0.9262Calculated Array Re- e-

activity 0072. With 3/8" steel, k =*0.9273 1 0.0074.
With both the upper and lower
arrays in contact with the
3/8" steel deck, k =0.9223

- e
.0070.'

.

[.
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7.1. 3 Calculation of Fraction Critical
;The concept of fraction critical for an SIU is based on an arb1-

trary definition which ratios the SIU mass, or equivalent spherical(
mt 's to that of an unreflected critical sphere of the same material,

assuming optimum moderation. Several prescriptions for calculating
this value have been described in the literature. Depending on the
method selected, somewhat varying results may be obtained.

In evaluating SIU's for this license, nonspherical SIU's are re-
duced to equivalent spherical shapes using buckling conversions,
in conjuction with somewhat arbitrarily selected extrapolation
lengths which vary with fissile density and moderation, physical
form, and unit shape. For this license, extrapolation lengths are
taken directly from Figure 2 of LMiS-2537. As they are consistently
used, any bias intr;auced is consistent, and based on sphere data
taken from the UKAEA Handbook, is also relatively minor.

As a further check on the reasonableness of the use of these values
for low enrichment uranium, we have comoiled critical data from
WCAP-2999, DP-1014, and the UKAEA Handbook for 'J0 , and from LA-3612

2
for U-metal mixtures and UO F solutions. These data are presented

, 22
' in Table 7.1.3 and show that for the oxide, there is close agreement

for the reflected sphere radius, for the material buckling, for the
reflected extrapolation length, and that 4-4.5 cm represents a
reasonable value for-reflector savings. These considerations lend
support to the use of the extrapolation lengths .as provided herein.

Another variable which must be defined for the license is the unre-'

flected critical mass or volume. These values vary from one author
to another. For this license, all unreflected critical sins are

i

taken from the UKAEA Handbook.

- Examples of the fraction critical calculations follow:

Consider the 10.7" diameter cylinder limit. From data taken

from Figure 1.0.14 of UKAEA AHSS Handbook 1, the minimum

critical unreflected volume for homogeneous 3.5'.' 2"UO2 is
,

79 liters.
-

i
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2

The volume of a sphere having the same buckling as the 10.7"c

cylinder of homogeneous U0 is :
2,

i

- '( 2 2
; 2.405 -2= 0.0230 cm'

B =
SIU

10.7 x 2.54 + 2.25
,

! 2
!

3>

i
~

V SIU == n
_

2.1 x 4.19 = 26.9 liters
* '

B

- The fraction critical of the SIU is: t

! 26.9 1/ 79 1
!

; -= 0.34

,

i
!

l- |
c ~; a

,

\
'

'
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TABLE 7.1.3

( Critical Parameters 'for Optimun Moderated Low Enrichment Uranium

2

Rcb-Rcr (cm)cr (cm) cb (cm) m (cm-2) r_ (cm)

WCAP-2999(a) 24.66 0.0104 6.3
3%

U0
2

DP-1014(D) 24.03 0.0103 -6.88
3%

'UO
2

UKAEA (c)
Handbook 24.29 28.79 4.5

35
U0

2

LA-3612 (d) 17.91 22.16 4.25
5%

U-Metal

LA-3612-(e) 22.42 25.69 3.27*
5%

UO F22

:(a); Figure III-15 s Figure.III-10.

(b) Pages 37 and 57

.(c) ~ Figures 1.D.10 and 1.D.14 respectively_.for reflected and bare
-volumes.

(d s e) Page 26

UO F , being a solution, has somewhat sneller reflector' savings than*
22 _

do oxide or metal systems.

.-

>
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Consider also the SIU for mass limited homogeneous UO2 at an

enrichment of 3.05 U23s. A mass limit of 41 Kg U0 is indicated
2

.

in Table 4.2.5 of Part I. From Figure 1.D.13 of UKAEA Handbcok AHSB

(1), the unreflected critical mass for this material is 185 Kg UO .7

Fraction critical for this SIU is calculated as follows:

-

41 Kg U0 /135 Kg UO2F =
2

+

0.222 (May be conservatively rounded=

to 0.23 as shown in Table 4.2.5
of Part I)

7.1.4 General Consideratiers for 16 x 16 Fuel

Several aspects of fuel handling as they relate to tne 16 x 16
fuel design are not specifically evaluated in view of the general
observation that the reduced pellet and red diameters render this

material less reactive than the la x la fuel which has been exten-
sively evaluated herein.

This finding is based on study of DP-1014 and evaluations made in
g

connection with the calculated values reported in Figure 8.2.7.''

7.2 Validation of Calculational Methods for Nuclear Criticality Safety

To validate the methods used in criticality analysis of fuel manufactur-
ing' processes, the 2.35 w/o U UO critical separation experiments by85

2

Battelle (Reference 1) were analyzed in three dimensions. The mean kgff
value of these nineteen experiments was 1.00157 with a stancard deviation

of 0.00419.

The experiments are concerned with the critical separation between water-
flooded subcritical clusters of fuel rods in the-presence of various fixed

~

neutron poisons. The experiments were carried out in a 1.Sm x 3m x 2.im
deep tank provided .ith features-specifically designed and built for these

235
experiments. These experiments involved aluminum-clad 2.35 wt"; U

enriched UO r ds about 12mm 'in diameter by 91amm in length. The critical
2

separation between three subcritical clusters of these rods aligned in a

(
. License No. SNM-1057, Docket 70-1100 Revision: 0 Date: 12/18/80
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row was determined and analyzed with and without the following neutron
absorber materials (neutron poisons) located between the clusters: 304 L

j Stainless Steel with 0, 1.05 and 1.62 wt% baron; and boral.

7.2.1 Description of Experiments

The experiments analyzed each consisted of three assembly-like
configurations separated by water and/or poison plates with the
spacing adjusted to criticality. Figure 7.2.1 illustrates typical
top and end view of the arrangements. The 914mm length fuel rods

235
11.176mm in diameter of 2.35 w/o U in U0 were clad with 6061

2
aluminum having an 0.0. of 62.7m and 0.762mm thick with different
alloys of aluminum for top and bottom plugs. A fixed square center-
to-center pin pitch of 20.32mm was maintained. The number of pins
in the width of the cluster varied (in different experiments)
between 14 and 17 and the length from 20 to 24 pins. The experi-
mental data on experiments analyzed is given in Tables 7.2.1, 7.2.2 & 7.2.3.

7.2.2 Method of Calculation

The calculational methods which are essentially the same as those
used to determine reactivity for fuel assembly storage racks, fuel

( shipping containers, and other fuel configurations found in fuel
manufacturing areas; broad group neutron cross sections are based on
the CEPAK Code (Reference 2). Using an appropriate buckling value
and taking proper account of resonance absorption, three broad fast
groups are collapsed from the 54 multi-group FORfi type calculations
and one broad thermal group is collapsed from 29 multi-group type
calculations THERMOS. Fast cross sections for certain trace elements
such as sodium and zinc are obtained by averaging over an appropriate

-multi-group spectrum with the GGC-3 code (Reference 3). In addition,

each component such as_ water gap, end plug, or poison plate has its
~

thermal-cross section determined by a slab THERMOS calculation employing

a characteristic fuel environment.

Normally, for two dimensional representations, the transport Code
DOT-IIW (Reference 4)-is used. Since, however, the short fuel length

_

.

(
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FIGURE 7.2.1

GRAPHICAL. ARMNGEMENT OF SIMUL.ATED SHIPPING PACKA3E CRITICAL. EXPERIMENTS
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TABLE 7.2.1 !,

'
\'

EXPERit.'EilTAL DATA ON CLUSERS OF 2.35 wt", 'O Et;RICHED 00 P005 IN '/!n
2

>

!

FUEL CLUSTERS
,

'

: . LENGTH x VllDiH . CF.1TICAL SEPARAT10:1 i20.32mm 50. PITCH EEi?/EEN FUEL CLUSTERS (1) !
(FUEL RODS) (Xc, mm) EXPERif.1ENT t;UT/. <d

i

20 x 17 119.2 0..t 015
20 x 16 83.9A0.5 (c5
20 x 15 & .4 0.5 0'9 (2)
22x 16 (3) 100.5 0.5 013 ;

20 x 14 44.5 1.0 021
.

(
T

!

(1)PERPEi!DICULAR DISTAt;CE BET.'lEEN THE CELL BOUNDARIES OF THE FUEL CLUSIERS. u:.iCR
LIMiiS ARE Ot;E STANDARD DEVIATION

,

, (2)RERUM OF EXPERit.ENT CG5
i

f (3) CENER FUEL CLUSTER AT 20 x 16 RODS. TYl0 OUTER FUEL CLUSERS AT 22 x 16 P.0';5 E;CH

i

!

,

|

.

.

(
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T.iULF. 7.?.2

U ENR cited U0 RU2S IN WATER WITF. 3%L STEEL PLATES
E__X_P_E_R_I_ME_N_T_A.L DATA ON CLU5iERS OF 2.35 wl".

2

-___
_-_.__--__7__.___g.

._____._ _____________________ ___
g 7g ,-_ g.- ________

.

30'l SIEEL PLATES (2)TUEL CLUSTERS

015TANCE TO CRITICAt. SEPARATION
LENGTH x Wl0DI

20.32mm 50. PliCH BORON CONTENT illlCKt1ESS FUEL CLUSTER (3) BETWEEN FUEL CLUSTERS (4)

(FUEL R005) w!". Op. mm) (G. mm) IXc. mm) EXPERIMENT NUMBER -'

20 x 16 0 4.85 i 0.15 6.4320.06 618 i 0.2 023 -

00h |
20 x 16 0 4.85 1 0.15 27.32 2 0.50 76.410.4

02?
20 x 16 0 4.8510.15 , 40.42 2 0.70 75.1 t ').3 -

,

20 x 16 0 3.0210.13 6.4510.06 74.210.2 027
-

20 x 16 0 3.02 1 0.13 40.42 0.70 77.6 : 0.3 026

20 x 17 0 3.02 e 0.13 6.45 t 0.05 101.4 0.3 CM

20 x 17 0 3.0210.13 40.42 : 0.70 114.720.3 035
*

20 x 17 1.05 f.93 0.06 6.4510.06 75.610.2 032
'

20 x 17 1.05 2.9310.06 40.42 0.70 96.210.3 033

20 x 17 1.62 2.93 0.05 6.45 0.06 73.620.3 033

20x17 1,62 2.98 i 0.05 40.42 0.70 95.2 0.3 037 :

|
.*

,

;

(1) EP[ROR LIMITS 5110WN ARE ONE STANDARD DEVIAil0N r

I2) PLATES ARE 356mm WIDE BY 915mm LONG.
!

(3) PERPENDICUL'AR DISTANCE BEBVEEN HIE CELL BOUNDARY OF DIE CENIIR FUEL CLUSTER AND DIE NEAR SURFACE OF I!!E STEEL PLATE'
,

(4) PLR NOICUL AR DISTANCE ben'!EEN HIE CELL B0UNDARIES CF UfE FUEL Cl.tl5TERS
'

,

*To dist inquish from t..<perimnt 4005 of Table 1.
.4. ., . . , cei,i_ inn . nn,on, vn linn Rov kinn 0 Date: 12/18{{,
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TABt.E 7.2.3

UEX PERl*.tEtjf tt 0 tTA Cf! CLtJ5IIR5_CJ_2.J5 vs tf rf Elt4.D@7 P005 l'LyjAITW '/!!JB_iCpt 3(175

.Itrierr=: rert clusters (1)

ruEL CLU5TERS BORAL PLATES

Ltt;GTH w!3fH DISTAt:CE TO CRiflCAL SEP ARAil0tJ ;

20.32mm 50. PliCH THICKr.E55(2)fcEl. CtuutR(3) EEr.iEUJ FUEL Clus7ER5(4)
6UEL POSL c. mm) IG. mms 17:. mal EXPERit.'EP:t t;Ut.1EER

fJ x 17 7.13 1 0.I1 6.45 x 0.C6 63.410.2 020

20 x 17 7.1320.!! /.4.4220.50 90.320.5 015

.

72 x 15 (5) 7.1320.!! 6.45 : a 6 50.5 0.3 017

( (1) ERROR Litt.lTS SH0Vitt ARE C5.E STANDAR0 CEVI ATIC'i

(2) IriCLU0E51.02 mm THICK CtA00lt:G CF TYPE !!a] Al Cti EITHER 5101 OF THE E:C- Al COREIJATERIAL.
PLATES 355mm VilCE SY 915 mm LC:;C.

(3) PERPb;0IC'Ut AR 015iAt4CE EETWEU1 THE CELL BOUT:DARY CF Ti!E CUJIt!! FUEL CLUSER AtID THE!. EAR SURTACE

OF THE SORAL FLATE

(4) PERPU;0lCULAR OISTAt;CE BEraEE!J THE CELL BOUf;DARIES Of THE f!!!L CLUSTERS

(b) CU;ER FUEL CLUSER AT IO x 16 R005. TWO Cui1R FUEL CLUSTERS Al 22 x 15 R005 EACH

.

(

License No. SNM-1067, Docket 70-1100 Revision 0 Date:12/18/80
*
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made necessary a three dimensional treatment, the Monte Carlo

Code KEN 0 IV (Reference 5) was used with six axial levels.
! Batches of one hundred neutron histories were used with the first,-

four discarded. Calculated K values are shown in Table 7.2.4
eff

For economy, about 150 batches were run for most cases, however,
because of their greater use in fuel storage analyses, about 500
batches were employed for the plain stainless steel and boral ex-
periments.

i The mean value of the calculated k is 1.00157 with a standard
eff

deviation of .00419; thus at a 95/95 confidence level using a o
multiplier of 2.423, the k values are between 1.012 and 0.991.eff

7.2.3 References:

1. S. R. Bierman, E. D. Clayton and B. ft. Durst, Critical Separa-
235tian Between Subcritical Clusters of 2.35 w/o U Enriched

U09 Rods in Water with Fixed Neutron Poisons, PNL-2438, October

1977.

2. CEPAK - A Synthesis of the following codes:'

i
' FORM - A Fourier Transform Fast Spectrum Code for the IBM-7090,

McGoff, D. J. , NAA-SR-Memo 5766 (September 1960)

THERMOS - A Thermalization Transport Theory Code for Reactor

Lattice Calculations, Honeck, H., BNL-5816 (July 1961).

CINDER - A One-Point Depletion and Fission. Product Program,

England, T. R., WAPD-TM-334 (Revised June 1964).

3. J. Adir, S. Clark, R. Froelich, and L. Tody, Users and Program-
mers Manual for the GGC-3 Multigrouo Cross Section' Code, GA-7157,

July 25, 1967.

4 R. G. Sottesy, R. K. Disney, A. Collier, Users Manual for the
00T-IIW Discrete Ordinates Transoort Comouter Code, WANL-TME-1982,

December 1969.

5. L. M. Petrie and N. F. Cross, KEN 0 IV, An Improved _ Monte Carlo

Criticality Program, ORNL-4938, November 1975.

License No. SNM-1067, Docket 70-1100. Revision: 0 Date: 12/18/80
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TABLE 7.2.4

k
( Calculated eff Values

Monte Carlo
K

Expt * Type Poison Plate eff JSTDDeviation)

15 None 1.00227 .00534

04 None 0.99912 .00540

49 None 1.00221 .00473

18 None 1.00813 .00489

21 None 0.99589 .00461

23 304 S Steel 0.0 w/o Soron 1.00393 .00303

05 304 S Steel 0.0 w/o Baron 1.00329 .00303

29 304 S Steel 0.0 w/o Baron 1.00271 .00302

27 304 5 Steel 0.0 w/o Boron 1.00418 .00273

'25 304 S Steel 0.0 w/o Baron 0.99811 .00279

34 304 S Steel 0.0 w/c Baron 0.99793 .00297

35 304 S Steel 0.0 w/o Boron 1.00436 .00290

32 304 5 Steel 1.05 w/o Boron 0.99970 .00524
(

33 304 S Steel 1.05 w/o Baron 1.01173 .00491

38 304 S Steel 1.62 w/o Baron 1.00239 .00512

39 304 S Steel 1.62 w/o Boron 1.00208 .00506

20 Boral 0.99585 .00301

16 Boral 1.00020 .00288

17 Boral 0.99519 .002S6

Mean K Value 1.00157
eff

Std. deviation .00419

!

(
License No. SNM-1067. Docket 70-1100 Revision: 0 Date: 12/18/80
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8.0 PROCESS DESCRIPTION AND SAFETY ANALYSES

This section contains detailed descriptions of all operations in the
,
' Manufacturing Facility (Building #17 and #21). Sufficient detail is'

provided to permit an independent verification of the adequacy of the
controls for the purpose of assuring safe operations.

Nuclear criticality limits are taken from Table 4.2.5 of Part I. In certain4

; operations, the intricacies of the equipment require further analysis,
which is provided herein. Details of specific calculations used to sup-

port various aspects of this analysis, and several statements and con-
siderations in Section 4 of Part I are discussed in this section.

" This section provides typical analyses for operations conducted within the
scope of this license. Present arrangements of the equipment in the pellet-
izing facility are shown in Figure P-l. This arrangement may be changed in!

accordance with the procedures in Section 4 of Part I of this license renewal
application.

8.1 UOo Powder Processing

8.1.1 Receipt of Material
('

All UO2 p wder is received in licensed shipping containers from
C-E's dry process oxide conversion plant at Hematite, Missouri.

The as-received 9.75" diameter stainless steel U02 powder cans
-to be stored in the virgin powder storage area (W.S. P-1 in
Figure B-1) shall be sampled before being placed in the storage
area to demonstrate on a 95/95 confidence level that the moisture
content of powder lots is less than 5 wt.".. In addition, all

damaged oackages where containment is breached will be sampled.

8.1.2 Virgin Powder Storage Area

The virgin powder storage area is 1solated from the remainder of
the plant on all sides by concrete block walls, a double steel
roof, and a metal fire door. This door is normally in the open
position, and is automatically closed upon activation of G fire

-

License No. SNM-1067, Docket 70-1100 ' Revision: 0 Date: 12/18/80
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J

alarm, and on failure of electrical power. The automatic closing
feature of this door shall be verified quarterly and records of
its performance shall be maintained. These engineered safrty ;

features are considered adequate to prevent the introduction of
i water in the event of a fire. This area will be kept free of

3
combustibles, and is located such that there are no potentially
hazardous items such as boilers in the vicinity of the area.

The storage area itself is a 5 x 6 array of parallel roller cor-,

ve; ors, each 128 inches long. The steel structure associated with
,

the conveyors provides a minimum edge-to-edge separation distance
_of 12 inches between all powder containers, both horizontally and.

vertically.-

Criticality Safety Analysis __
i ,

The following conservative assumptions were incorporated into the
calculational model of. the Virgin Powder Storage Area:

1) All steel structural materials were neglected.

2) The fuel was assumed to be a homogeneous mixture of UO*

2
containing 7.0 wt". H 0.

2(

3) All storage positions were filled and each individual can was
,

assumed to be full.

4) Effects of interspersed water moderation and flooding were

not addressed.. ;

The KENO-IV Code with sixteen group Hansen-Roach cross sections

was used to determine the-reactivity of the Virgin Powder Storagc-
Area under the conditions noted above. Dimensional details of the

,

model are provided in Figure 8.1. Ak f 0.9338 : 0.0077 was
eff

obtained'for an infinite system in the horizontal direction.

8.1.3 Batch Make-Uc,

Powder containers are removed from the' virgin powder storage area
i and placed on a conveyor (W.S.P-2) (safe' cylinder limit) for

transfer to the Batch Make-Up~ Hood (W.S. P-3). A maximum of_three

9.75 inch diameter x 11 inch long stainless steel powder containers

{ sha_ll be clamped to fixtures in the hood (safe geometry) where ' 12/18/80
License No.- SNM-1067, Docket 70-1100 Revision: 0 Date: .
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an accrocriate batch of less than 35 kg U0 is weighed out and
2

out into 5-gallon pails. The batch weights and enrichment are
recorded on the container. A water tignt cover is secured to these

{ batch containers and they are then conveyed (W.S. P 4) to a lift

(W.S. P-5) for transfer to the blender hoods (W.S. P-6). The batch
make-up operation is enclosed in a ventilated hood. Sufficient
legative pressure is provided to assure a minimum face velocity
of 100 fom.

Criticality Safety Analysis

The following conservative assumptions were incorporated into the
calculational model of the Batch Make-Up Hood and associated con-

veyors (W.S. P-3 and P-4):

1) The 3 stainless steel UO cowder cans inside the hoed were
2

considered to be full at. optimum moderation and maximum en-
richment (4.l'; wt.", U 5),

2) The 5-gallon batch make-up bucket inside the hoed was assumed

to contain U02 powder at octimum moderation and maximum en-
richment (4.1" wt.*; U2is),

.

i
3) The stainless steel of the 9.75" diameter x 11" long pcwder'

containers was modeled. All other structural steel 'n the
hood was neglected.

a). All sealed containers ef UO on conveyors (W.S. P-2 and P-4)
2

adjacent to the hood were assumed to contain 7.0 wt.",H 0.2

The KENO-IV Code witn _16 group Hansen-Roach cross sections was

used to detemine the reactivity of the systen under various

conditions of moderation.

Optimum moderation'of the fuel containers within the iood occured
at a . fuel concentration of 1.8 gm U/cc in water, assuming no external
mist. The highest reactivity of 0.7934 : 0.0070 for an i1 finite-
system (at 1.8 gm U/cc in water) occurred for the full flood case.
Additional calculations for the external full flood condition were
run for various concentrations of fuel in water ranging frem 1.2 -
3.5 gm U/cc. The peak system reactivity of 0.8595 : 0.0117 for the
flooded cases occurred at a fuel concentration of-2.5 gm U/cc in

License No. SNM-1C67, Docket 70-1100 Revision: 0 Date: 12/18/S0
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water. Dirensional details of tne calculational ecdel anc results,

'
of the calculations are shcwn in figures 3.2 thru 3.5.

( 3.1.2 ? wder Pre:aratien and 31encin;

- U02 powder from one sealed baten c:ntainer (moderation contrei
>

assured) is. transferred to a blender where it is mixed aitn a
binder (W.S. P-6). Two sacarate blenders feed a c:= men ocwder
spread funnel by means of indivicual : wder transfer ci;es enter-1

ing at a -45' angle. An identical ocwder preparation.line runs __ _ __
par.a)lel_ to _tnis..cne at a centerline distanta_cf 13 feat.

4 The blending operation is enclosed in a ventilated hcod. Sufficient
negative pres:ure is revided to assure a minicum face velccity
of 100 f:m.

3.1.4.1 Orying
.,

Agglomerated UO2: wder is s: read cnto tne cryer telt
(W.5. P-7) frca the ;cwder s read funnel :: a c:ntrollec

I

death of 1/2". A cocolete enclosure is pr vided around
the dryer belt assemoly and this enclosure is maintained
at a slight negative pressure. The disenarge end of the

g
dryer belt utili:es a wiper blade to revent the ficw of'

significant accunts of material to the plenum uncer the
belt. Nevertneless, the wi er blade and :lenu shall be

I inspected ence per week to assure that .tne wiper blade
is functioning properly and no fuel is accumulating in
the~ clenum belcw the belt. Records of these ins:ections.

,

are maintained. The belt dryer c;eratas On a
~

1/2" slab limit. (The criticality safety analysis also
assumed an accidental . accumulation of uc to 1/2" of

.

- powder under the dryer belt in the event of =alfunction
of the wiper blade). The safety of the dryer assemoly
is assured by this restricted slab thickness.

The dryer heater controls are wired to the =ctor contr:1'

such =that~ the-dryer belt cannot be activated unless the
' heaters ara turned on, and ta stop the belt under condi-
tions ef high heat-(high heat automatically shuts off the

( heating elements).

License No. 5NM-1067, Occket 70-1100 Revisien: 0 Date: 12/.19/30.
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8.2 Criticality Safety 'Iodel-natch Make Up Area

- rVIRGIN PONDER CONVEYOR (w.s.e 2) -i . .LEGEND '

Vo2
.UOh'UO'\Ub. eUO 'kdO ' OO'2, ti)2W-- - t.75DIA X II LONG

-

'

' "
y's. N i W 8CN\ UO., POLY 13UCKET liolA X 13, HIGl _N_.,.,. N_2 -.wh, ,. ,,. , - n.,2 sp. .

e.sm. _ss us, ,

ill w T. 7. U- 235 I ELF.34' "
m< _
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IIUO CL _ __ 3 3" U Op POWDr.R - -
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8.1.4.2 Granulation

Oried oxide is gravity-fed into a granulator (W.S. P-8)
where it is sized for subsequent pressing. The granulated

{ powder is then gravity-fed through a discharge funnel
,

ending in a 2 inch square opening. A snort adapter of 2
inch circular cross section is welded to the funnel to ,

allow connection of a 2" diameter hose which is then con-,

nected to a portable hopper below (W.S. P-9).'

A complete enclosure is provided around the granulator.
It is. maintained at a negative pressure to prcclude dusting.

Criticality Safety Analysis

The powder blending, drying, and granulation stations
(W.S. P-6, P-7, P-8 and P-9) were divided into two parts '

for calculational purposes: The back end of the station
included the blenders, the powder transfer pipes leading
to the powder spread funnel, and the first 10 feet of the
30" wide dryer belt. The spread funnel is fixed in position
to restrict the powder discharge from it to a 24" wide by
1/2" deep layer of U0 . The following conservative assump-; 2.

tions were incorporated into the calculational model of the

i back end:

1. The blender hoods are restricted to <35 kg 00 P'"
_ 2

station. It was assumed that this mass of U0 was2
located at the base of each blender hood directly
above each powder transfer pipe.

2. It was assumed that the above masses were hemispher-

ical in shape, and were at optimum moderation and

maximum enrichment (4.1 wt.% U :s). The radii of these2

hemispheres varies as a function of the assumed con-

centration of UO in water in_ order to maintain a fixed2

i mass of 35 Kg U0 in each.
2

.

.(
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3. Although the belt dryer is limited to 1/2" of U0
2

powder, the model allows for an accidental accumu-,

lation of 1/2" under the dryer belt in the event of

( malfunction of the wiper blade.
'

4. The powder transfer pipes and powder spread funnel
were assumed to be filled to capacity with UO at>

2
optimum moderation and maximum enrichment (4.1 wt.%

U235).

5. An infinite array of stations was analyzed although
there are only 2 parallel stations.

,

~

Sixteen group Hansen-Roach cross sections were used in
KENO-IV to determine the reactivity of the system under
various conditions. Optimum mot eration (assuming no ex-

ternal mist) occurred at a fue' concentration of 0.8 gm
u/cc in water (very undermode ated system initially).
Variable density external water mist was then introduced
to determine peak reactivity of the system. The highest
k of 0.8698 0.0103 occurred for the full flood case
eff

although a secondary peak of 0.7656 0.0077 was found
- at 0.025 gm/cc interspersed water moderation. As this

system was initially undermoderated, it was difficult
to determine whether the large amount of water necessary
to bring the system to peak reactivity was a result of
the large amount introduced into the fuel directly (0.8
gm U/cc in water) or the result of full density external
water introduced in the flooded case. As a final check,

the fuel concentration in water (gm U/cc) was varied while
holding the external moderation condition at full flood.
A peak reactivity of 0.8684 0.0101 was obtained at a
fuel concentration of 1.2 gm u/cc in water, although the
reactivities of the other cases resulted in statistical
overlap, and were therefore essentially of the same magni--

tude.-The conclusion drawn from the above analysis is that

peak reactivity for this system occurred as.a result of
external flooding and reflection rather than by optimization

(
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i of the fuel concentration in ths various individual fuel-bearing
,

components of the system.

(

The front end of the station included the last 10 feet of the 30"
vide dryer belt, the granulator, the discharge funnel and hose,
and a cylindrical press feed hopper. Two different hoppers are
available for use depending on the enrichment being processed.

235For13.5wt.%U , an 11" diameter, 40" long cylindrical hopper
235

with a conical top is used. For enrichments up to t.1 wt.% U ,

a 10.5" ,17.7" long cylindrical hopper (safe volume) with a flat
top is used. The longer hoppers will be stored under lock and
key prior to the start of processing of any enrichment greater than

235
3.5 wt.", U Reactivity calculations were perfomed at the.

maximum allowable enrichment for each case. The following conser-

vative assumptions were incorporated into the calculational models

of the front end:

1) All system components except for the dryer belt were assumed to
be filled to capacity with UO at optimum moderation and maximum

2
enrichment (3.5 or 4.1 wt.% U235),

2) Although the belt dryer is limited to 1/2" of UO2 powder, the
model allows for an accidental accumulation of 1/2" under the
dryer belt in the event of malfunction of the wiper blade.

3) An infinite array of stations was analyzed although there are
only 2 parallel stations.

Sixteen group Hansen-Roach cross sections were used in KENO-IV to
determine the reactivity of the system under various conditions.

235For the first case, the system was analyzed at 4.1 wt.% U with

the 10.5" diameter,17.7" long press feed hopper. Optimum moderation
(assuming no external mist) occurred at a fuel concentration of 1.8

,

gm U/cc in water. Variable density external water mist was then
introduced to detemine peak reactivity of the system with the 10.5"

hop'per. The highest k,ff of 0.9386 : 0.0075 cccurred for the full
flood case.

.(
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235For the second case, the system was analyzed at 3.5 wt.% U with

the 11" diameter, 40" long press feed hopper. The maxirzum kgf
in the absence of external water mi'.*, occurred at 2.2 gm U/cc in

I water. This result was derived from calculations at 2.0, 2.2, and
,

values of 0.800 : 0.010, 0.833 :2.4 gm U/cc with associated keff
0.014, and 0.804 0.014 respectively. Variable density external
water mist was then introduced to detemine peak reactivity of the

system with the 11" hopper. The highest k,ff of 0.934 : 0.17
occurred for tne full flood case. This result was derived fren
calculations at 0.001, 0.01, 0.05, 0.10, and 1.0 gm/cc of H O with

2

associated k,ff values of 0.825 : 0.016, 0.821 0.020, 0,0.5 :

0.012, 0.850 : 0.014, and 0.934 2 0.017 respectively.

Dimensional details of both calculational models and the results
obtained for the 4.1% cases are shown in figures 8.6 thru 8.12.

8.1.5 Final Mixing

Filled press feed hoppers may be rolled to assure cceplete blending

of the die lubricant (W.S. P-10).

8.1.6' Pressing

The filled portable hoppers are transferred to the pelletizing presses
(W.S. P-11)'and secured to assure their stability and the containment
of powder. Powder is gravity fed to the press, and compacted to green
pellets which are placed into furnace boats. The boats have a maximum
height of 3.7 inches. Only one boat shall be at each press at any one

2time. Each press is provided a spacing area of at least 20 ft ,

The press is crovided with enclosures which assure adequate ventilation
at the openir; lace, and at the junction of the portable hooper with
the press. Air flow rates are sufficient to assure face velocities of
at least 100 fpm.

Two work benches (W.S. P-12) are provided for inspection of pellets.

These stations are limited to one safe mass each.

8.1.7 Dewaxing and Sintering
Furnace boats containing green pellets are charged in a single line to
a dewaxing furnace (W.S. P-13), and then to a sintering furnace

.

k
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(W.S. P-14), where under controlled conditions, the pellets attain

( the desired properties. Because the U0 is in a compacted form,'

2

dusting is minimal, and ventilation is not required. Hydrogen burn-
off exhaust is vented from the building, and is filtered and monitored
as specified in Section 3.2.3 of Part I. The furnaces and their inter-
connecting conveyors are slab limited, with pellet heights never ex-
ceeding 3.7 inches. It should be point _ed out that the thickness of
sintered Dellets in the furnace hnats will be considerably less than

that of.the oreen nellets because nf the_densification which occurs
dur.ing, sintering.

Furnace boats containing sintered pellets are stored at W.S. P-15.
A maximum slab thickness of 3.7 inches is permitted.

8.1.8 Final Sizino
Sintered pellets are transferred to the grinder feed system (W.S. P-16)
where they are aligned for the grinding operation which is carried out
under a. stream of coolant. The coolant is centrifuged (W.S. P-26 safe
volume) to remove solids, and is recirculated at a uranium concentration

( considerably less than one gm/ liter. The infeeder, grinder and outfeeder~

(W.S. P-16 and 18) have pellet configurations limited to 3.7 inch slab
thicknesses.

Grinder sludge is removed from the centrifuge and dried in an oven
(W.S. P-24). The dried material subsequently stored in the concrete
block storage area-awaiting final disposition.

A complete enclosure is provided around the grinder to preclude the
dusting of UO . The enclosure is maintained at a negative pressure

2
with respect to the room.

-The centrifuge is limited.to a safe volume of less than 25 liters,
2and-is provided a spacing area of 9.0 ft ,

The grinder coolant may collect in a one inch deep sump in the grinder
.

and in a 25 liter sump behind the grinder, as shown in Figure B-1.
: Experience has shown that no appreciable sludge accumulates in the
grinder sump. The centrifuge .is cleaned periodically as required to
permit continued operation.

'
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Because of its low uranium concentratien (15.0 gm U/ liter, tne

coolant is of no concern with res::ect to nuclear criticality

safety. Nevertheless, Figure 31 does show scacing for tne grincer

( sump to allow for any UO settling wnich may occur. Grinder
2

coolant is nomally recirculated, but may be discosec of by
evaporation, or by discharge to the raciation waste system. In
the latter case, the uranium concentration is verified to be less'

than 3 x 10-5 uCi/cc.

Properly sized pellets are transferred on a ccnveyor (W.S. P-13)
to a storage rack (W.S. P-20). Both are limited to a slab
thickness of 3.7 inches.

8.2 Scrao :lecycle

All clean scrac is accumulated for reprocessing and recycle with the feed
material. Scrap may be milled to yield desired :: article size best suited for

*

the processing, oxidized and reduced to assure removal Of volatile adcitives
and to acnieve the desired ceramic crocerties of the'resulting recycle U0 '

2
and blended to assure uniformity. The following ecuipment is includec in the

ti

- i pellet shop and annex:

a) Oxidation and recuction furnace (W.S. P-65)
.b) Milling equipment (W.S. P-62)

c) Coildown ecui:: ment-(W.S.'P-23 s P-24)'
d)_ General curpose hood.(W.S. P-67),.

e) Filte- knockdown' hood (W.S.-P_-69)
~.f)- Storage facilities (as shown)
g)~ Blender-(W.S. P-64)

h). Micronizer (W.S. P-68)

The furnace is similar~in its operation to the furnaces previously described.
' Although the feed and exit zones of the furnac? are not ventilated, sufficient
reserve ventilation ( Approximately 18C0 SCFM) exists to provide such ventila- ,

.ti.on:if surveys indicate the need.

.
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The remaining operations except blending, are all carried out in hcods witn
sufficient ventilation to assure a face velocity of 100 fpm.

>
' These operations are controlled by use of mass or volume limits in accordance

with Section 4.2.5 with spacing provisions taken from Section t.2.5 of Part
I of this application as shown in Figure B-1. Positive spacing fixtures are
used to assure spacing wherever more than one SIU is allowed in any given
hood or box. A material balance log is maintained at the Milling Hood and
Micronizer to provide additional assurance that the criticality limit of one
safe mass will not be exceeded at these locations.

8.3 Storace and Transfer

8.3.1 Concrete Block Storage trea

A concrete block storage area is provided as shown in Figure 3-1
(W.S. P-27 and P-70). This storage area is intended for volume limited
SIU's and has a maximum height of 7 feet. The blocks are of solid 10"

3thick concrete, having a minimum density of 125d/ft . Mortar is used
to join the blocks and to secure the structure to the building waii.
Steel shelves, of at least 16 ga. thickness are built into the struc-

,

ture with a vertical spacing of at least 16 inches. Each storage
4

position measures 16" wide x 14" deep, and is lined on three sides
with 1/4" thick mild steel. The criticality safety analysis demcnstrates
that the spacing boundary can be located 43 inches from the front of
the shelves. All pellets are contained in 3-1/2 gallon er smaller con-

is contained in 5-gallon or smaller containers.tainers; homogeneous 002

Criticality Safety Analysis

The following conservative assumptions were incorporated into the
calculational model af the concrete block storage area:

1) Each storage position.was assumed to contain a 5-gallon poly
bucket filled with UO at octimum moderation and maximum en-2
richment (4.1 wt.% Uzis),

'2) The system was assumed to be infinite in the horizontal plane.
.

3) Variable density external . water mist was introduced to determine
peak. reactivity of the system.

(
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The KENO-TV Code witn 15 group Hansen ?.cacn crcss sections was

used to deter ;ine tne reactivity of tne concrete bicck storage
area under various conditions of ecderation. Cotimum ecceration

( of the fuel occurred at a concentration of 2.5 g- U/cc in water

assuming no external water mist. The ;:eak reactivity of ne system,

k ff = 0.9207 : 0.0031, occurred at an external water mist density
of 0.75 gm/cc. Dimensional details of the calculational model
and results cbtained for tne various ccnditions analyzed are

shcwn in figures 3.13 through 3.15.

1
-

_
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8.3.2 Pellet Storace Shelves

Steel shelves (W.S. P-22 and 114) are provided for pellet storage.

j~ The shelves are three high. They have a width of 18" and are limited
to a slab thickness of 3.7 inches. The criticality safety and analysis

demonstrates that the spacing boundary can be located 60 inches from

the front of the shelves.

Criticality Safety Analysis

The following conservative assumptions were incorporated into the
calculational model of the pellet storage shelves:

1) Each shelf was assumed to hold a 3.7 inch thickness of U0
at optimum moderation and maximum enrichment (4.1 wt% U23 ).

2) The system was assumed to be infinite in the horizontal plane.
3) Variable density external water mist was introduced to

-determine peak reactivity.

4) All steel construction material (except the 1/4 inch shelf
thickness) was neglected.

The. KENO-IV Code with 16 group Hansen-Roach cross sections was used

to determine the reactivity of the pellet storage shelves under varicus
. conditions of moderation.. Optimum moderation of the fuel occurred at a

concentration of 2.7 gm U/cc in ~ water, assuming no external water mist.

The peak reactivity of the system, Keff = 0.8188 : 0.0088, occurred at
an external water mist density of 0.175 gm/cc (which is' impossible to
duplicate in reality). - Dimensional details of the calculational model
and results'obtained for the various conditions analyzed are shcwn in

figures 8.16 through 8.18.

Additional storage (W.S. P-15, P-19, and P-21) is provided for slab
storage of finished pellets. A 5.5 inch slab limit is imposed, based on

1the fact that : sintered pellets, when randomly loaded into sintering
boats, or. storage trays, pack to an average density of 5.9 gm/cc, with a
2c variation of 0.394 as determined from a series of 14 measurements.
Thus, at a 95% confidence level, the V ratio does not exceed

H0 UO2
0.995 and from Figure 1.E.16 of UKAEAHa .itook AHSB 1, the critical in-

5 .4" dicmeter pellets is 6.7".0finite slab thickness for 4.1% enriched
Applying a safety factor of 1.2-yields a slab limit o" 5.5 inches.

f
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8.3.3 Close Packed Rods
Touching clad rods in horizontal storage packed in a hexagonal
lattice have been analyzed as reported in Figure II-5 of WCAP,,

2999. For kefy 0.99, the slab thickness with full water reflection
is in excess of '9 inches, and an allowable slab limit of 15 inches

will be applied.

8.3.4 Transfer of Material
Material may be transferred on carts which accomcdate one mass or
slab limited SIU, or may be transferred by hand, one SIU at a time.
Carts used for mass limited SIU's shall provide for centering of

the unit, and shall measure at least three ieet on a side.

Because most soring areas do not extend beyond the chysical
boundary of the ecuir.2nt, spacing between Iransfer carts and the

f

equipment is of no concern. In cases where tne spacing area

ex*; ends beyond the equipment boundaries, such as the storage facili-

.tfes, the spacing boundary will be indicated with colored tape. The
tape may be crossed by carts only when they contain no more than

-one mass or volume limited SIU, and then caly to pemit an operator

j - to transfer that SIU to an available storage position.
9

8.4 PreTreatment of low Level Licuid Wastes
In order to effect a reduct an in the quantities of UO released to the#

2

retention-tanks in Building #5, icw level liquid wastes, consisting
primarily of floor cop water will be pumped into a 10 inch diameter, li
foot long settling tank with a release line located 18 inches from'its
lowest point. The water is tnen passed through a high efficiency closed
loop centrifuge system, sampled to verify acceptable discharge levels,
and transferred .to the retention tanks in Building #6. The settling

. tank is located in the rod -loading area, and is shown as W.S. 113 in

Figure B-1.

- Based on past experience, wash water may contain up to 10-3 tCi/cc (W.5

.gm U/2.). Much of this activity quickly- settles to_ the bottom of the tank.
Accordingly, criticality considerations are applied only to the icwer 18
-inches of the tank, with the balance of the tank con!.Mered to have a

._
'.sufficiently low uranium concentration to preclude further criticality

- considerations.
1
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Although the diameter of the tank (10 inenes) slightly exceeds tre Table 4.2.5
- limit (9.8 inches), it is well below the minimum critical diameter (10.8-

inches) f r a fully reflected infinite cylinder. In addition, the cotirum,.

('
concentration necessary to achieve criticality in a 10.8 inch cylinder is

-

between 2000 and 2500 gm U/t for 4.1% enriched UO , a factor of a000 higher2

than the uranium concentrations observed in the eco water handled. The volume
of the settling tank'is 23.2 liters. The allowable surface density (t ) is taken-

3

-c255 of the critical infinite slab thickness (t ). Accordincly, ta = 1.38" crc
2 ?3.25 liters /ft . The required spacing area for the tank is therefore 7.11 ft .

Sludge and other uranium bearing solids will be collected in volu e limited
SIU's. This material may be subsequently loaded into trays to a maximum decth
of 3.7 inches, dried in an over (W.S. P-23 or 2') and stored in authorized,

packages awaiting final dispositicn.

8.5 Rod Loading and Assembly Fabricaticn

S.5.1 Pellet Alignment and Drying

Pellets from the pellet fabrication facility, or froa cutside venders
4

are placed on a downdraft table (W.S. 100) where they are loaded for
placement into 2 drying furnaces (W.S.101 and 102). On the table,q.

the pellet configuration -is limited to a 3.7 inch slab thickness. Thet '

UO2 pellets are placed on aluminum troughs in approximately 12 fcot,

lengths before being loaded into furnaces for drying under a vacuum.

Each furnace contains 216 locations, 200 of which may be cccupied by
,

fuel pellet stacks. The remaining 15 locations contain S C ooison
3

rods which are fixed in place and blocked off to prevent ir.trocucticn

of any fuel. Tha poison material is B;C powder packed into 5/8" 0.0.
x 20 ga. Type 304 stainless steel tubes (nominal 0.555" I.D. x .035".

wall). The B C powder in each tube shall-be packed to a minimum density4-
of 1.15 gm/cc B C (46'; of theoretical density), and the minimum active

4
poison length shall be 157 inches. The B C powder shall be analyzed andg

-certified to demonstrate and document that 1) the D C content is $95';g

and 2) tne B concentration is.that of natural boron. The tubes shall10
.

.
be weighed before and after loading with the 5 C powder to assure that4

- the minimum density requirement has been met. Record of'these weighings

(,
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shall be maintained.

The end of the tubes shall be sealed by welding to assure no>

( subsequent loss of B C. The tubes shall be removed from the4
furnace at least once every two years and visually examined
and weighed to assure that no physical damage to the tubes or
loss of B C has been experienced. The tubes will be replaced

4
if indications of damage (cracks, discoloration, etc.) are

I detected or a change in weight cccurs. This is adequate since
the maximum operating temperature of the furnace does not exceed
500 F, and the atmosphere the tubes will experience is air,
vacuum, or argon. Type 304 stinless steel will operate almost
indefinitely under these conditions. The poison tubes are

larger than any of the Zr-4 fuel tubes being used, making them
easily identifiable All poison rod end caps will be legibly

marked as B C and serial numbered 01-32. Each poison rod will
4

then be placed in those locations of the drying furnaces marked
as " poison" on drawing NFM-E-4080 Rev. 01, daced 6/13/79 (Figure 8.19).

Aluminum plates will then be welded to each end of the furnace

( positions holding the poison rods to prevent their removal ay any
\ ' time. To provide assurance of the continued presence of the B C4

poison rods, a quarterly visual inspection will be performed to
assure that each position contains a serial numbered B C rod _and4
that no damage has been done to the welded end plates. Records of

the 8 C rod loading and the periodic inspections will be maintained.
4

The inside diameter of the furnaces is 20 inches with an overall
length of 13 feet. The furnaces are dry and about 12 inches above
the floor level.- Water entry is possible only when the doors at

either_ end are open; however, under.this condition, free drainage
will occur. With the doors closed, the furnace is a sealed chamber

and moderation cc.itrol is assured.

Criticality Safety Analysis

The following conservative assumptions were incorporated into.the
calculational model of the-pellet drying furnaces: -

1) -It was' assused that the 200 pellet storage positions were
.
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4

fully loaded with maximum diameter pellets (0.3765") at a
235maximum enrichment of 4.1 wt% U ,

( 2) The remaining 16 furnace locations were modeled with B C4
powder at 45% of theoretical density (although i c " pours"
to a greater T.D.). All SS poison tubes were omitted ir the
calculations for additional conservatism.

3) The furnaces were assumed to be infinitely long and spaced
36.5" on center. An infinite array was assumed, although
there are only two furnaces.'

4) Variable density water mist was introduced to determine peak
reactivity of the system.

5) All. aluminum pellet troughs were omitted and the variable
density mist was substituted in their place.

6) Four group cross sections were generated using the CEPAK
Code for the fuel and poison regions of the model and for

_
the concrete floor and ceiling.

The KENO-IV Code was used to determine the rectivity of the Pellet

: Drying Furnaces under various external mist conditions with and.

without_the fixed B C poison rods in place. The peak reactivity of
4

the furnaces'with poison rods, keff=0.8693 0.0057, occurred for

the full density water. condition. Additional calculations were per-
formed assuming loss of all poison. The margin of safety is unaccep-
table only for mist densities exceeding 30%. Since fire hoses are not
permitted in this area, these conditions were not considered crediole.
The furnaces Jrain freely to the floor-and could not retain this amount
of water. Dimensional details of the calculational model and results
obtained are shown in Figures 8.19 and 8.20.

.

%

-
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8.5.2 Rod Loading ard Fuel Rod Transoort Carts

Pellets are transferred to a downdraft loading table (W.S.103)
where they are limited to a 3.7 inch thick slab configuration,

( inspetted, and loaded into rods. The loaded rods are placed into
carts (W.S.104) each of which can hold up to 250 fuel rods in
parallel sleeves whicn are spaced on four rings in an annular
fixture with an I.D. of aoproximately 10 inches and an 0.0. of
approximately 22 inches. Guard rails prevent the carts from
coming any closer then three feet center-to-center. The carts are
used in normally dry areas to transfer the rods to operations wnich
include end plug welding (W.S.105), weld deflashing (W.S.107 and
108) and leak testing (W.S.109). These operations are performed

on one rod at a time. Rods are immediately returned the cart after
each step is completed. Finished rods are fluoroscoped (W.S.111)

and are checked for enrichment (W.S.112) with a slab limit of
3.7 inches.

Criticality Safety Analysis

The following conservative assumotions were incorp- ated into the
calculational model of the fuel rod carts:

( 1) .Only the 1/4 inch thick, 4" 0.D. inner steel cylindrical annulus
,

was accounted for in the model. Aii other steel construction
material was neglected.

2) The carts were assumed to be infinitely long and spaced 36
inches, center-to-center to form an infinite array in the
horizontal plane.

3) The fuel rods are contained in 1/2 inch, Sch 40 PVC tubes,
each 134 inches long. There are 250 tubes arranged in 4
concentric rings with an average pitch of 1.18361 inches.

.

The fuel tube region of the cart is thus a cylindrical annulus
'beginning at 4" from the centerline of the cart and extending
to a radius of 7.312 inches. In the calculational model, it

was assumed that all'250 positions were occupied by the largest

diameter rods (.3765" 0.0. UO2 pellets at 10.03 gm/cc ' stacked
density with a Zr-4 cladding thickness of .023_ inch) at
maximum enrichment-(4.1 wt.% U235),

~

[
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;

'4) Four group cross sections were generated using the CEPAX

Code for various external water mist conditions for the six
.egions used in the model: the fuel annulas, the inner steel

- ring, the three variable density mist regions, and the concrete
floor and ceiling.

The KENO-IV Code was used to determine the reactivity of the fuel
rod transport carts under various external water mist conditions.

The peak reactivity of the fuel rod cart, keff = 0.7756 : 0.0052,
occurred for the full density water condition. Dimensional details
of the calculational model and results obtained are shown in
figures 8.21 and 8.22.

't .
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8.5.3. Autoclave Corrosion Test-

The six autoclaves used for corrosion testing of finished fuel rods
are shown as W.S. 116-121 in Figure 8-1. The stainless steel tanks

( are 14 feet long and have an inside diameter of la inches with a
'

wall thickness of 1.5 inches. The center line distance between
autoclaves is a minimum of 66 inches. Each autoclave is limited
to 32 fuel rods by administrative control. The fuel rods are held
by stainless steel fixtures consisting of eight plates which are
five inches wide and 1/8 inch thick. During operation, tne interior
of the autoclave could conceivably experience all ccnditions of

water moderation, from completely dry to full density water.

Criticality safety of tne autoclaves is based on dimensional
comparison with the fuel assembly storage area. The fuel assemblies

Ofhave beer, designed for maximum reactivity and and have a Reff
less than 0.90 in full density water. (See Section 8.5.7).The rod
spacing in the fuel assembly is thus the ootimum. If the fuel rods
were aligned in the autoclave at this optimum spacing, it would thus
take 256 rods to achieve a k f approx. 0.90. The maximum number

eff
of rods allowed-(32) provides a large margin of safety under all
conditions -of moderation and reflection. Even with all six autoclaves
filled, the number of fuel rods present (192) would be less than
the' number required for one fuel assembly of the 16 x 16 type. In

Section 8.5J a 10 x 13 array of fuel assemblies spaced 20" apart

(minimum) led to a k of 0.89. The autoclaves-are spaced a minimum
gff

of 66 inches center-to-center and would be. considerably less
reactive than the fuel assembly' storage area because of greater

leakage.

~ 8.' 5. 4 Fuel Rod Storage Area

'The multi-level storage area .(W.S.122 in Figure B -1) for boxes for
' fuel rods consists of up to 10 tiers of 32 locations each. The
steel-fuel rod boxes have a maximum length of 14'14" and an inside
width and depth.of 8 inches and 5-3/8 inches respectively. A

' vertical spacing of 12-1/2 inches between boxes is maintained, the
first tier:being 18 inches' above the concrete floor. Lateral spacing.

is restricted by physical barriers to a minimum of 4 incnes. The rod

.(
License.No. SNM-1067 Docket 70-1100 Revision: -0 Date: 12/18/80

Page: II.8-42 '

.. _ .

= P- 7N-T T T w $ f



.

~ boxes rest on roller conveyors to facilitate movement in and out
of the storage array and are held in place by a fixed brace at-

( the back end and by a positive latched door at the front end.

The entire storage array is covered by sheet metal on all four
sides to assure the exclusion of water. Positive latching doors
overlap the rectangular openings in the front of the rack and
allow access only for insertion and removal of the fuel rod boxes.
Each positive latching door covers the opening in front of four
rod' boxes on the same horizontal plane. Tne roof of the storage
rack consists of corrugated fiberglass on a 3% pitch to assure
adequate drainage to the ficor. All joints and connections on
the external covering of the rack are sealed with waterproof caulking.
Moderation control is thus assured under all conditions. Water accumu-
lation in the vicinity of the storage rack is not considered credible
in view of the close proximity of an onen equipment pit in the floor
which is 30 feet x 60 feet x'18 feet deep. A 3 foot deep sump at the

bottom of the pit is equipped with a level detector which activates a
pump to transfer any accumulated water to the industrial sewer system.

I.

Criticality Safety Analysis

The following conservative assumptions were incorporated into the
calculational model of the fuel rod storage area:
1) The fuel rods, if in a tightly packed hexagonal array, wculd

result in over_300 rods in each box. An infinite array of

< boxes in. the horizontal plane was assumed. The fuel was homo-

.genized over the volume of the box and was assumed to be dry.

2) All' rod boxes were assumed to be filled to capacity at maximum
.

enrichment'(4.1 wt.% U235). The smallest diameter rods-(0.382
inch) were used to obtain maximum fuel loading. The Ir-4 cladding
'(0.025 inch thickness) was homogenized with the fuel.

.

(
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3) A lateral separation distance of 3.5 inches between rod boxes
was assumed. Interspersed moderation was not considered credible

( since moderation control is assured by the design of the storage
area.

4) All steel construction material was neglected.
5) A 15 tier array was analyzed although a maximum of 10 shall

be permitted.

The 15 group Hansen-Roach cross sections were used in KE10-!Y to
determine reactivity of the system under the conditions noted above.

A k,ff of 0.7994 : 0.0050 was obtained for a 15 tier infinite
A second calculation of a finite 15 tier array with 16 inch concrete

reflectors on all sides yielded a k of 0.7372 : 0.0045. Details of
eff

the calculational model are shown in figure 8.23.

I 8.5.5 Double Shelf Rod Storace Racks-
The double shelf storage racks for #uel rods hold a maximum of 12

I steel boxes identical in all resoects to those in the multi-tier
array described above. Each box is equipped with a tight fitting

.

aluminum cover which overlaos the outside edge of the box by a

k minimum of'one inch. One box may remain uncovered for short periods
of time to allow for the addition or removal of rods for inspection

purposes provided that personnel are in attendance. Spacing between

boxes in both a vertical and horizontal direction is a minimum of 6
.

inches. Minimum center-to-center spacing between storage racks is
55 inches and the racks are considered to be present in an infinite

array in the horizontal plane. The location of these racks ~ is shown
,

as W.S. 129 in Figure 31.-

The following conservative assumptions were incorporated into the
calculational model of the double shelf- fuel rod storage racks:
1) The fuel rods, if in La tightly packed hexagonal array, would

result in over 300 rods in each bcx. The racks permit storage

-of 12 boxes'each (6 in the vertical direction) and an infinite
array of storage racks was assumed in the horizontal plane. The
fuel was homogenized over the volume of the box and was assumed to

be dry.
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2) All rod boxes were assumed to be filled to capacity at maximum-

enrichment (4.1 wt.% U235). The smallest diameter rods (0.382
inch) were used to obtain maximum fuel loading. The Zr-4 clad-

,

-(, ding (0.025 inch thickness) was homogenized with he fuel.

3) All steel construction material was neglected.

4) Variable density external water mist was introduced to detemine
peak reactivity of the system under optimum conditions.

The sixteen group Hansen-Roach cross sections were used in KENO-IV to

detemine reactivity of the system under the conditions noted above.
The highest k of 0.8886 0.0070 was obtained at an external misteff
density of 0.06 gm H 0/cc. Dimensional details of the calculational

2
model and results obtained are shown in figures 8.24 and 8.25.

8.5.6 Fuel Assembly Fabrication

Fuel rods are loaded into the assembly skeleton in a fixture which
provides a lubricating water spray (W.S. 123,124). These fixtures -

are designed to assure that water cannot be retained. Nevertheless,

safety for this operation has been established with full moderation
and reflection. The criticality safety calculations for a fully

I reflected fuel assembly are presented as part of the criticality
safety analysis of the Fuel Assembly Storage Area in Section 8.5.7.

A maximum k,ff of 0.8961 0.0092 was obtained for a 10 x 13 array
of flooded assemblies. Details of the analysis are discussed in
the following section.

8.5.7 In-Plant Storace of Fuel Assemblies
Fuel assemblies are stored in a vertical position using racks (W.S.130)
of adequate strength to preclude loss of the design spacing. The

assemblies may be wrapped with plastic with the bottom ends open to
assure free drainage. There are 94 storage positions and an adjacent
inspection area consisting of 8 positions. Within the same room (but
at' greater separation distances) there 'are two horizontal loading
tables (W.S.123 and 124) where the fu'el rods are initially loaded
into the assembly skeletons, a vertical wash tank (W.S.132) where

~

the assemblies-receive a final demineralized water rinse, two fixed

' License No. SNM-1067,~ 0ccket 70-1100 Revision: 0 Date: 12/18/80
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'

vertical inspection stands equipped with elevator platforms

(W.S. 131 and 133) to allow final Q.C. dimensional checks, and

} two marked floor areas where the assemblies are loaded into
shipping containers prior to outdoor storage. Each of these

stations is physically limited to one fuel assembly except the
shipping containers which hold two. The assembly storage room can
thus contain a maximum 111 fuel assemblies (94 storage positions,
plus 17 additional locations). All assemblies outside of shipping
containers shall be stored vertically within the design spacing
criteria of the Assembly Storage Room shown on Drawing NFN-E-4074,

Revision 1, dated 12/20/78 (Figure 8.26).

1) A 10 x 13 array of assemblies was modeled at the design spacing.
The array contains 130 assemblies while the maximum number in the
room is limited to 111. This effectively brings the 17 additional

assemblies allowed in the room closer to the 94 assemblies in the
storage area.

2) ' All steel construction material was neglected.

3) Variable density water mist was introduced within and between the

( assemblies to determine peak reactivity of the system under optimum

conditions.

4) Four. group cross sections were generated using the CEPAK Code for

the 3 regions of the assemblies; fuel, water holes, and external
water mist between assemblies. These 3 regions were then smeared
over the entire array using the D0T Code to obtain one set of
flux weighted lattice cross sections.

5) Four group cross sections were generated 1using the CEPAK Code for
the 8" concrete walls,16" concrete floor, and the external water
mist between the top of the fuel assemblies and the ceiling. The-

ceiling was' considered to be 8 inch thick concrete, though 4 inches
is usually assumed.

The 4 group cross section sets described above were then used in
KENO-IV.to determine the reactivity of the fuel assembly storage

area under the above noted conditions for both 14 x 14 and 16 x 16
assemblies. ~The highest-k of 0.8961 : 0.0092'was obtained for

eff
.-

. ( License No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
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an array of 16 x 16 assemblies at full density water mcderation.

and reflection. Dimensional details of the calculational model
and results obtained are shcwn in detail in figures 8.25 through

f- 8.29.

8.5.8 Shipoing Container Storage

Shipping containers (Models 927Al and 927Cl), eacn containing two
fuel assemblies, are stored outdoors in arrays up to three high.
The width and length will vary; thus, the quantity of containers is
limited only by the width and length of the space allocated tcr
storage. The containers are stored on a pavement or blacktop surface.
The steel shipping container, apprcximately 3 feet in diameter and
up to 217|' long, houses two fuel bundles of the types previously
described in this license. The two bundles in each container are
-separated by six inches. An eight foot high chain link fence er. closes
the storage area, and all stored fuel is within 100 feet of a
criticality alarm detector.

._

Criticality Safety Analysis

,.. The following conservathe assumptions were incorporated into the
calculational model of the shipping container storage area:*

235
'l) The fuel assemblies are assumed to be made of 4.1 wt.". U

enriched UO with n p ison shims. The most reactive assemblies
2

.(the 16 x 16 design) were used.

,2) The three high double infinite array of shipping containers was
assumed to be reflected by 4 inches of concrete above and 16

~

inches of concrete underneath, with a 25 foot separation distance

.between the two reflectors.

3) Variable density water mist was introduced to determine the peak
reactivity, o.f the . system. The density of water within and
exterior to the containers was made identical.

.

g
License No.-SNM-1067,-Docket-70-1100 Revision: 0 Date: 12/18/30''

Page: ' II .8-50-

..... - .



.

.

----

}- y.-_-_.
I I

.

*!. .-- - _. _. ____ _ _. _ ___ .

.:.,

.
/-

5 t

| / i'

pt. .

-
U i.

.. _ _ . . _ . . _ _ _- _ . . _

-

T 3 %
. t. ::

: ---1.8 .f|-. .- - -- - _ _ . _ - - . . .

t
'

t
. .

>
A

|
' D z : z z z : z z z z -

- al |-
[a4 tz -

| r}[ !
_ z z _ z -- 1 __ z z z z;

,

! as
t

*
_ -_ _ _

_ - -_ ,_ _ _,, _ _ _ _ _ __ - -_ __ .-- _ - _.

|, ~

t: 3
_

4
--z z L 4

s-
; E3 -| i: a _ _'z - -- z. - .

i 1, ! u '\ + 7,' -
.

.;. -- - -

j ;.3 *
is -

.

-
-. - - --_, ,

I| 4
''

g __ : z z z _ ! -
, t 3

4 I:
1 r

_ _ _ _ _ ,
* * t,, .

.

'1s-

hA -

_- - Z -!s

f
_ _

L=m -
.

a 57
, - - - -- _ i;;

i
- -- - _ .-_ _- ,.

--

,.
es-

h !s-% _ -i E.

[. 2.
d

*
...

-. .,
g c' ~2: 0
,

.. 4 .N .! N:!
.

!_ iiii I!q td ~E

Q! j 'J illi |h 8
g i

I Ill s ..

t im /, 1, ii , ,

G- _' 'r
" 'tm, , .u,

3-

. -t.c r 15-- .e sg ij ! et ,
- ,

[ ! *. . .
. yr %[ Ww ._d d M 57--- M M W Q

l' 7-1 L:Cr
e r .a W . m.'s.- p ;| w, ,,1[.i:,

!
si,,

1:: 2. . y * ..
. g ,8; -tD n' lap ! 'E [j* \, |t.,L

i -

C.4 -

1 !- %

h(p.?.*',.,.,,
a i f,

<3,..
,1.....

.J g.1 - , c.l':.4_g;t

d
.

--
t 1,

I[.3 I I d
*t

\ &: ..n Y |f
. .-

.' \

ly$w#
8

,4 -- 8|
p -

-

,,
s,..

3 '._ t s:4 i3

.,a. kyc), - y Lice-se *<, $v'.1 *f ? #ev. C 34te: !!/1tig;-

(. , ;
aciet n.nm. ,,... ,,...,,... .., .

4 ,M Dii!} s

d. T. 6:A.
- -

;
_ e.

.- . -

g .

t
,

. .
. . _ - . - - . . . . .. . . .



. - _ _ . - - - . . _ _ _ _ - . . _- . ___ _ _ . _

* Figure 8.27
.

Design Paramaters of Fuel Assemblies _
|

.

.

Fuel Assembly
,

Fuel Rod Array per_ Assembly' 14 x 14
Total No. Fuel Rod Positions 16 x 16

per Asse .bly 176 236
,

Fuel Assembly Pitch, in. 8.180 8.116Fuel Rod Pitch, in 0.580 0.506 '

Fuel Rod

Clad Material Zr-4 Zr-4
. .. . .

,

Clad 0.D., in. 0.440 0.382Clad Thickness, in. 0.023 0.025Diametrial Gas, in. 0.0075 0.0070Sc:ive Length, in. 135.7 150.0Tc:al Length, in. 146.963 161.5

Fuel Pellet
Material UD 00Dish Depth, in. 0.bl5 .0f9Di=ceter, in. 0.3765 .325iength, in. 0.450 .390Density, g/cc/; Theoretical 10.412/95.0 10.41/95.0Density Stacked, g/cc/*;

*

Theoretical 10.03/91.5 10.03/91.5
+

Scacer Grid

Ma terial- Zr-4 Zr-4No. per assembly 8 11-
Inconel
i

K,ff ,
-0.90

5 .900

\

.

2
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4) Four group cross sections were generated at the various mist-

densities using CEPAK for the following regions of the medel.
fuel cell, water holes, steel strongback which holds the bundles,.

k the mist region between the assemblies, the mist region exterior-

to the assemblies and container, the outer steel shell of the

container, and the concrete reflectors.

The above cross sections were used in KENC-IV to determine peak

j reactivity of the system under the conditions toted. The highest

k of 0.8601 0.0082 was obtained for the full flood case while
eff

a secondary peak of 0.6206 0.0051 was obtained at a water mist
~

condition of 0.035 gm/cc H 0. Details of the calculational model
- 2

and-results obtained are shown in figure 8.30 and 8.31.

This analysis also provides the basis for considering an open or'

closed assembly shipping container as an SIU which requires no s:: acing
beyond the physical boundaries of the container. Accordingly, individual
containers may be stored in the facility in unrestricted numbers (W.S.
134 represents a typical location for ooen containers).

0.5.9 Fuel Salvage

Off specification fuel rods are cut open and placed into a fixture to('
facilitate the removal of UO2 pellets (W.S. 106). The recovered pellets
are sorted to segregate scrap from reusable material. Ventilation is
provided, and the operations are monitored in accordance with Section 15.
This operation is considered a ' mass limited SIU, with limits taken

.

from Section 19.
8.5.10 In-Process Storage of Fuel Pellets in Containers-

i 002 pellets received-in the United Nuclear Container #2901 may be
stored in the plant, two containers strapped to each pallet, one
pallet high. The pallets may be stored anywhere in Buildings'#17 or
#21 with no additional spacing required beyond their physical dimen-
sion which is greater than 40" x 40". The containers are received in
a' horizontal position. This condition will be maintained in Buildings

'#17 and #2L

.

. c;'
License No. SNM-1067, ' Docket' ' 70-1100 Revision: 0 Date: 12/18/80
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8.6 High Enriched Uranium-

235Up to 350 gms U of <20t enriched uranium compounds may be allowed

j in Building d17 and d21 for purposes of evaluation, ar,alysis, or waste
management anich consists of scanning drums in preparation for their
burial. Such material will be transferred, controlled, and accounted

for in accordance with currently at: proved nuclear material control plans,
and except for the drums, all materldl will be placed in discrete loca-
tions specifically designated and posted for this material. None of these

materials will be processed through manufacturing operations in Building
#17 and d21.

.

( License No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
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9.0 ACCIDENT ANALYSES.

9.1 Soectrum and Impact of Accidents Analyzed

Section 6 of NFM-Windsor's Environmental Impact Information evaluates the

( consequences of all credible accidents. In all cases examined, the

probability of a major accident was found to be extremely icw. This low
probability is derived frcm the fact that: 1) all reccess equioment is
designed to incorporate pemanently engineered safeguards; 2) strict

administrative control of production processes is maintained; 3) the
double contingency principle is adhered to in the preparation of safety

,

evaluations; and 4) generous safety factors are included in all facility
i

limits.
,

Off-site impact of the scectrum of accidents discussed in the Envircreental'

iImpact Information is shown below:

Accident Classification Off-Site impact

Injured Employee Personnel Emergency None
'

Contaminated Employee Personnel Emergency None

Process Leak or Spill Plant Emergency None

Fire Plant Emergency None

Release of 25 uCi of Site Emergency <507. of MPC for insoluble
Airborne Radioactive g235 at site boundary
Particulates into CE
Site Envimns

Criticality Accident Site Emergency Whole body dose .216 RAD
Thyroid Dose 1.32 RAD

Emergency Alert Emergency Alert None (off-site impact from
Emergency Alerts which
are reclassified into Plant
or Site Emergencies are
described above).

9.2 Analysis of Postulated Incidents Havinc Offsite Imcact

9.2.1 Criticality Accident
~

>

235Since the amount of U on site is greater than the minimun mass

necessary to achieve criticality, it is necessary to consider the
possibility of a criticality incident. While such an accident is
theoretically possible, it is highly unlikely because of the admin-
istrative and operational controls' established by C-I over the

:{ . License No 'SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
'

Page: II.9-1



_ _

EXHIBIT 1

C0k1BUSTION ENGINEERING, INC. AND SUBSIDIARY C051PANIE3,

COMPUTATION OF NET INC051E PER SHARE

PR151ARY EARNINGS PER SHAPE:

The average numaer of shares (16,371,638) used in the calculation of net income per
share in 1979 includes 117,525 shares issuable as a result of the assumed exercise
of outstanding options at year-end based on the treasury stock method using
average market price per share during 1979.

FULLY DILUTED EAPNINGS PER SHAKE:

Assuming exercise of outstanding stock cptions at year-end based on the treasury
stock method using the year-end market price, net income per share in 1979 would
have been computed as follows:

(Thousands)

Net income $97,641
=======

Average number of shares outstanding 16,254

Additional shares (net) as a result of assumed
exercise of options 224

|||.______

16,478
=======

Fully diluted earnings per share $ 5.93
=======

0

License No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
Page: A-55
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SCHEDULE XVI

r~
km)s

,

COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES

SCHEDUI.E XVI . SUPPLDifNTARY INCOME STATEMENT INFORMATION

YEARS ENDED DECDiBER 31,1978, and 1979

:

r Column'A Column B

Charged To Costs and
.........53Egnses,,,,,,,,,'

Item 1979 1978

Maintenance and repairs $57,020,000 $41,456,945 ,

Depreciation, depletion and
( w) amortization of property,s_

plant and equipment 66,137,562 52,567,333

. Taxes, other than income taxes:
Payroll taxes 59,894,774 52,188,031
Other 18,829,812 16,391,908

Rents 43,355,446 37,279,810
.

Research and development costs 37,691,788 31,909,933
33333322333 3E33322S333

h.

f

L
L

F
I

i-
L

i

( ~ ((_"4)r . -

License No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
Page: A-54
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SCitt DUI1. XlI1
_

r-
a.

O ColllillSTION l.NGINI'l. RING, INC. AND SullSIDI ARY C(Vil'ANil S
r)
3
un SCll!.pui.fi 1(III -. CAPITAL. Sinkl.S - Int Cl)ll;l R 31, 1979 (3)
(D

y Coliunn A Column il Column C Colinnn D Coltanui 1: Column 17 Colisan C,

.

Number of
vi
M Ntus.ber of Shares Issued or Shares lleid by Number of Shares

i Shares included in outstanding Af filiates for Reserved for Opt ions

- - b2- W* E- As umn on or c tatements hant s, Convenbus**o Number " ~ ~ " ~ " ~ " gh t s"""and other Ri0) Included in Related are Filed licrewit h
of Shares lleid Not iloid "~~"~" " '~~ "~"~~y Balance Sheet under

Numbe r issued lly or l,or By or l'or U"' "I'"' "'**

o of Shares and not Account Account
-- ; ,, Capital Stock"--- --------- Included in Officers

n Name of issucr Authorized Retired or of Issuer of Issuer Amount Consolidated andg

,taten.cnts Others imployees Ot he rr.MF anil Title of Issue by Chart er Cancele1 1 hereof Thereof Ninnber (1) At Which Shown
g,

c+

N
o COMBUSTION I:NGINE.I. RING, INC.
b Preferred stock--

no par value 2,000,000 - - . - $ - - Nore None--*

o
o

Common stock--$1 par value
Nsac Noneper share 50,000,000 16,480,t.06 143,487 16,337,119 16,480,606 $o6,416,6 % - .

g"o TYl.!Nft.R. INC.
< Common stock--$100 par valuo

per share 250 250 - 250 - (2) g j g0,Ogg 125 - None None

O
3 St.ATON l'NGINiil! RING COMPANY:

Conanon stock--no par valuo 't,000 1,000 - 1,000 - (2) j,,,,,,j]O 510 - None None**

o
CE-LSil PilMP 04tPANY, INC.
Common stock--$1 par value

per share 1,000 1,000 - 1,000 - (2) j,,,ggo,Ogo 800 - None Nonc

ItASIC liAl.l.ISTICS ONPANY;

6% Preferred Sto(k--$100 par v. slue 750 534 - 531 - - 538 - None None

Common stock ~ $3 par value 250 250 - 250 - (2)} J0(jO 125 - None None

VhTCO IRAN, l.IMI'llF:

Capital sharcs--1,000 Ill.S
par value per share 1,000 1,000 - 1,000 - (2) } m ,,hjgo 750 - None None

VlilCO COATING Gmbit Ifiji (jh00tj lt,1,g0( ,000 _- Igl,pf] OOO 4_ (2) j _ jjodjo I,*Ijiod,000 None None) ,,,yg
am
to c+

(D. (D. NOTliS:
. . (1) liefore deducting shares held in Treasury.

(2) Represents minority interests,y, -

&Q (3) Consolidated sub,ldiaries of which all the outstanding shares of each issue of the Capital stock
were held h/ one or more persons included in the consolidated financial statements have beenua

( omitted from the above scheilule. 1he answer to Column G for such subsidiaries would be "None".

* O O O
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COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES SCllEDULE XII

C (Continued)
S SCliEDULE XII -- VALUATION AND QUALIFYING ACCOUffrS AND RESLRVES
S
" YEAR ENDED DECEMBER 31, 1979

.N
i - us Column A Column B Column C Column D Column E

Yc Additionsi e
c -a --------------------------------------

'i R Beginning
? Balance at Balance of Charged to Charged to Deductions Balance at

Beginning Acquired Costs and other from Endo

h Description of Period Companies (l) Expenses Accounts Reserves of Period
,

a
" YEAR ENDED DECEMBER 31, 1979: RESERVES
o DEDUCTED IN Tile BALANCE SilEET FROM
L Tile ASSET TO WillCil TilEY APPLY:

'

o Reserves for doubtful accounts
and allowances $14,331,538 $ 132,731 $ 5,792,980 $ - $6,428,208(2) $ 13,829,041

=========== ========== =========== ========== ========== ===========

NRESERVES INCLUDED IN CURRENT
1 LIABILITIES:
h Reserve for additional costs and

possible future expenses on:' IIcompleted contracts (6) $13,581,232 $ 276,000 $10,478,650 $2,323,000(5) $3,947,980 $22,710,902"

o Reserve for supplementary ~ pension
plan 1,768,774 - 91,085 - 196,786 1,663,071

----------- ---------- ----------- ---------- ---------- -----------

$15,350,006 $ 276,000 $10,569,735 $2,323,000 $4,144,768 $24,373,973
====== ==== ========== =========== ========== ========== ===========

NOTES:
(1) Represents reserve accounts of acquired companies, see Note 2

of Notes to Financial Statements.
(2) Represents uncollectible receivables and sales allowances granted.

?? (3) Represents additional costs incurred and adjustments.
$g (4) Represents pension payments.

(5) Reclast -~ .1 from contract accruals.""

(6) See coe at in Item 1(b) on page 2 with respect to cost estimates> _ . ,
4,R) for long-tenn contracts and provisions for future warranty costs.

"E
3
o
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r- SCllEDUI.E XIIg
g COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES
m

_ SCllEDill.E XII -. VAI.UATION AND QllAI.lFYING ACCOUNTS AND RESERVES
.

YEAR ENDED Dl!CEMBER 3t, 1978
x
3:

L Column A Column B Coltunn C Column D Coltuun E
o

_ _ _ _ _ _ _ _ _ _ _ _ A_ d_ d_ _i t_ _i o n_ _s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
e
~a _

Beginning
g Balance at Balance of Charged to Charged to Deductions I,alance at

g lleginning Aqquired Costs and Other from End
Description of Period Companies (l) lixpenses Accounts Reserves of Periodr+

YEAR ENDED DECEMBER 31, 1978: RESliRVliS
DiiDUCTED IN Tilli ilAIANCE SilEliT FROM-

o
o Tile ASSliT TO WilICil Ti!EY APPL.Y:

Reserves for doubt ful accounts
and allowances $12,469,507 $ 53,000 $4,657,058 $ - $2,818,027( 2 )~$14,331,538

g =========== ========== ========== ========== ========== ===========

<
g RESliRVES INCI.UDED IN CURRENT
g 1.I AB II.ITIES :
s, Reserve for additional costs and

possible future expenses on
o completed contracts $11,966,201 $ _ $4,578,757 $ _ $2,963,/26(3) $ 13,581,232

Reserve for supplementary pension
plan 1,864,481 - 91,406 - 187,113(4) 1,768,774

___________ __________ __________ __________ __________ ___________

$13,830,682 $ - $4,670,163 $ - $3,150,839 $15,350,006
===n======= ========== ========== ========== ======u=== m=======_==

NOTES:
(1) Represents reserve accounts of acquired companies, see Note 2 of

Notes to Financial Statements,

yg (2) Represents uncollectible receivables and sales allowances granted.

gg (3) Represents additional costs incurred and adjustments.
(4) Represents pension payment s.-

>-
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I ! k SCllEDUI.E XI
'

COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES

,5 SCllEDUI.E XI -- GUARANTEES OF SECURITIES OF OTilliR ISSUERS (1)'

-h. DECEMBER 31, 1979
'

L
; 'g Column A Column B Column C Column D Column E Column F Coltmn G
-

,- .4

Nature of Any Default bya,

g daae of Issuer ' Amount Owned Amount issuer of Securities

g of Securities Title of Issue Amount by Person in Treasury Guaranteed in Principal,

Guaranteed by of-Each Class Guaranteed or Persons for of Issuer of Interest, Sinking Fund or- r+

' M Person for Which of Securities and Which Statement Securities Nature of Redemption Provisions, or
LStatement is Filed Guaranteed Outstanding is Filed Guaranteed Guarant ee Payment of Dividends
$

i . oEquipet rol- Bank Loan $ 174,000 $ - $ - (2) None
Industria E

. Comercio, S.A.
3

E'
gThe I.ummus Company / Overdraft 21,433,000 - - (2) None
g Thyssen Rheinstahl Facility

?, Technik, G.m.b.ll.

Joint Venture
o ___________ _________ _________ -

,

$21,607,000 $ _ $ _

........... ......... .........

NOTES:
(1) The foregoing data excludes discoimted notes receivable.ya

3* (2) Guarantee of principal and interest.
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SCliEDU' 11

m
"\v) COMBUSTION ENGINEERING, IL.,.) AND SUBSIDI ARY COFIPANIES ' V

(

E SCllEDUI.E VI -- ACCtNULATED DEPRECIATION, DEPl.ETION AND AMORTIZATION OF
.Q-
S PROPERTY, PIMF AND EQUIINENT
u

f YEARS ENDED DECINBER 31, 1978 AND 1979

' vi

'I Column A Column B Column C Column D Column E Column F ,

L-
S,- Additions
.a ---------------------------

[ Beginning Other
4 w Balance at Balance of Charged To Changes Balance at
|N Beginning Acquired Costeaux! ~~533-~ End
; -Jhscription of Period Companies (1) F:.penses (2) Ret irements (Deduct) of Period

?'

' UYEAR ENDED DECINBER 31, 1978:
8 Land impio..:*ents $ 3,856,925 $ 13,839 $ 447,256 $ 21,142 $ - $ 4,296,8784

: Buildings 66,684,794 45,519 7,794,666 1,289,747 - 73,235,232
Michinery'and equi w -t 21S,792,211. 874,341 44,325,411 1,271,580 - 257,720,383l

23 ------------ ----_--- -----_----- --------_-- -------- ------------

[ $284,333,930 $933,699 $52,567,333 $ 2,582,469 $ - $335,252,493
============ ======== =========== =========== ======== ============g

'O-
?. YEAR ENDED DECINBER 31,;1979:,

$ 909,597 $ 75,426 $ - $ 5,131,0491.and improvements '$ 4,296,878 $ -

! Buildings 73,235,232 - 10,495,413 2,184,057 - 81,546,588
Machinery asal equipment 257,720,383 - 54,732.552 17,858,371 - 294,594.564

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

$335,252,493 $ - $66,137,562 $20,117,854 $ - $381,272,201
======= ==== ======== =========== =========== ======== ======_- .. .

NOTES:

(1) Represents in 1978, the reserves for depreciation of property, plant end eq aipment
jg of a company acquired in a transaction constituting a pooling of intcetsts.
cn
MN (2) See Note 1(g) of Notes to Financial Statements for a statement of depreciation

'

policies.; , _, .

a
o

.



C05tBilSTION ENGINiililtlNG, INC. AND SilBSIDI AltY COtlPANiliS ECllEliUI.E V

[
Q SCilllDULE V __ PROPERTY, PLANT AND EQUNil:NT
S
a YEARS ENDEl) DECEllllER 31, 1978 AND 1979

5
,

Column A Column B Column C Column D Column if Column Fi m
5

_ _ - _ _ _ _ _ - _d_d_ _i t_ _i o_ n_ s _ _ _ _ _ _ _ _ .L, A
_

O
Beginning Other-

g Balance at Balance of Changes Balance at

Q Beginning Acquired ~~KJJ-- End
S Classification of Period Companies (1) At Cost Retirements peduct) of Period

O YEAR FNDED DECEFlBER 31, 1978:
d I.. ,L' and land improvements $ 30,624,508 $ 61,594 $ 2,816,756 $ 790,101 $ - $ 32,712,757

8 Buildings 203,156,797 528,589 9,710,994 3,875,700 - 209,520,680
Machinery and equipment 472,072,426 12,676,376 42,540,704 5,595,313 - 521,t>94,163

Construction in progress 15,625,597 - 6,565,643 (2) - - 22,191,240
--___-__-___ ___--___--_ __---__-___ .-______-_- _____--- __- ------__

$ $721,479,328 $13,266,559 $61,634,097 $10,261,144 $ - 178(> ,118 ,84 0
g- ============ =========== =========== ==========, ======== ============

0

?, YEAR ENDED Dl!Cl!MBER 31, 1979:
1.and and land improvements $ 32,712,757 $ 8,257,752 $ 2,894,491 $ 349,411 $ - $ 43,515,589

O Huildings 209,520,680 11,591,727 11,825,824 4,810,711 - 228,127,520
Mac'ainery and equipment 521,694,163 38,409,140 56,514,184 30,444,542 - 586,172,915
Const ruct ion in progress 22,191,240 611,048 16,637,296 (2) - _ 39,439,584

____-_--__-- ___________ _____-__-_. __-________ -_____-_ ____________

$786,118,840 $58,869,667 $R7,871,795 $35,604,661 $ - $897,255,638
============ =========== =========== =========== :,-__===_== = = _ _ = = = = = = _ = =

NOTES:

(1) Represents, in 1978 and 1979, the property, plant and equipment of aconiredya

,$ %. companies; see Note 2 of Notes to Financial Statements.

* P.
(2) Net of transfers to completed property, plant. and equipment .
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z C(HIulSTION I NGINEERING. INC. AND SilBSIDIARY CaiPANil S
. .O

!

!

Efjl Dtilli II -- AM0tlNTS. kiCElVABII: FROI IINDEkWRITI:RS, PRakTrl:RS, |

.

DIRIMOHS, OFFICI:RS, l>tP111YER:S,-

- w. i

@- AND PRINCIPAL. IlOI.DLRS (OlllER TilAN AFFILI ATES) Or 1.0til'IY SICtlRITII:S
- N
*

OF Tite PERSON AND ITS AFFillATES
t o.

. b Yf'AR ENDl D DI:Cl}1BI:R 31, 1978
7e
to
rt '

. 4- Coltan A Column B Column C Coltan D Column F
' o

1
Deductions !!alance at End of Period-.a

c3 . Balance at ---------------------------- --------------------------

O'
.

Beginning Amounts Amounts
' Name of ' Debtor ~ of Period Additions Collected Written Off Current Not Current

. . YE.AR !!NDED DI:CIMBER 31,-1978:
' c,o Cordon Bronson (1) (2) $ 89,364 $ - $ 831 $ - $ 88,533 $ -

-1 Ilarold Bateson (1) (2)^ 17,935 - - - 17,935 -

un -------- -------- ----- -- ---.---- -------. --------

o, $107,299 $ - $ 831 $ - $ 106,4 t>8 $ -

: p, ........ ........ ........ ........ ........ ........

o .NOTLS:

'(1). Includes indeletedness of a partnership of which Mr. Bronson and Mr. Bateson inow
deceased) were partners. Such partnership indebtedness at December 31, 1978
amounted to $18,386 Subsequent to December 31, 1978, $ 17,099 o f t he pa rt ne r- |
ship indebtedness was collected. Mr. Bronson resigned on November 13, 1978.

(2) In addition, a former subsidiary, successor to the partnership l>usiness referred
to in Note 1, sought indemnification by fir. Bronson and the estate of Mr. Bateson
in the amount of approximately $3,700,000, including litigation expenses, with
respect to a judgement entered against Mr. Bronson and the estate of Mr. Bateson
arising out of events which occurred prior to acquisition of sucia subsidiary by

ya ti,e Company, Reserves were provided in 1978 for all amounts then due from Messrs.
- * * Bronson and Bateson including the foregoing amount for whicli the former subsidiary,

7, $ claimed indemnification. . A final settlement was reached with Mr. Bronson during
** ** 1979.which involved the repayment of $5,000 over a 3-year period.,

'
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Estimated replacement cost of sales with comparative historical amounts are as |[)
follows:

December 31,

Cost of Sales 1979 1973

Total as shown in accompanying
consolidated financial state-
ments $2,373,358,000 $2,006,266,000

Less - Amounts for which replace-
ment cost data are not required;
primarily contracts for products
and services designed to meet
customer specifications 1,634,143,000 1,307,840,000

______________ ______________

Historical cost basis of amounts
for which replacement cost data
is required $ 739,215,000 (1) $ 698,426,000(1)

============== ==============

Estimated replacement cost $ 767,959,000(1) $ 722,373,000(1)
============== ======-=======

(1) Depreciation and amorti:atit.
included above -

Historical cost basis $ 22,893,000 $ 23,671,000

Replacement cost basis $ 37,686,000 $ 36,170,000
============== 73==f=========

Replacement cost of sales for the years ended December 31, 1979 and 1978 was esti-
mated through adjustment of historical costs for the cost increases which occurred
between the incurrence of inventory costs and the subsequent sales. For this pur-
pose, reference was made to current production cost records, LIFO cost of sales
data, frequency of inventory turn and internal indexes which reflect the magnitude
of price increases during the years.

The replacement costs shown above do not reflect any operating cost reductions which
result from the replacement of existing assets with new assets having greater effi-
ciency. If the Company's productive capacity were to be replaced in the manner
assumed in the calculation of replacement cost of existing productive capacity,
many costs other than depreciation (e.g. , direct labor costs, repairs and main-
tenance, utilities and other indirect costs) would be reduced. Although these
expected cost changes cannot be quantified with any precision, in the opinion of
management, operating costs would be significantly reduced.

O
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,

(] Estimated replacement cost of inventories with comparative historical amounts are'

v as follows:

December 31

Inventories 1979 1978

Total as shown in accompanying
consolidated financial state-
ments $528,369,000 $458,640,000

Less - Amounts for which replace-
,,

; ment cost data are not required;
~ primarily contracts for products

and services designed to meet -

customer specifications 349,327,000 270,325,000
............ ............

,

Historical cost basis of amounts
for which replacement cost data
is required $179,042,000 $1S8,313,000

333333333333 533333333333

Estimated replacement cost $224,720,000 $230,796,000
332533333333 E33333333333

Estimated replacement costs of finished goods and work-in-process inventories at'

December 31, 1979 and 1978, were calculated using year end production cost records
p/ adjusted for estimated replacement cost depreciation. For raw materials inven-

:
1

\,,

tories, replacement costs were determined from published prices, latest vendor
invoice. prices or internally prepared indexes.

The impact of restating inventories (other than the theoretical adjustment of
depreciation.to reflect replacement cost of property, plant and equipment) is
minimised by the Company's use of the last-in, first-out (LIFO) method of
valuing certain inventories.

,.

!

't

;

I

License No. SNM-1067,' Docket 70-1100 Revision:. O Date: 12/18/80
Page: A-44

_

4 "4 c = n a n ~: 4 m -9 -- ---~-n---a



For the majority of the Company's investment in plant facilities and equip- h
ment, replacement costs were estimated using specific current cost informa-
tion. In the case of machinery and equipment, current quoted market prices
were obtained, where practicable, for new assets of equivalent capacity
taking into consideration technological change. For recently acquired major
equipment items which would be replaced in kind, and for all other less sig.
nificant machinery and equipment, replacement costs were estimated by applying
indexes to historical costs. Such indexes included public infomation such
as Wholesale Price Indexes and internal indexes derived from recent cost
data for items of similar productive capacity. The replacement cost of re-
cently constructed buildings was estimated by applying published construction
cost indexes to the acquisition prices of the buildings. For older buildings,
current estimated construction costs for equivalent space were determined
using internal construction information and cost per square foot data obtained
from construction contractors and an independent appraisal firm.

Accumulated depreciation and amorti:ation used in arriving at net property,
plant and equipment, based on the replacement cost of productive capacity,
has been estimated on a straight-line basis using substantially the same
estimates of useful life and salvage value as utili:ed in preparing the
historical cost data. Average replacement cost of productive capacity
during the year was the basis upon which replacement cost depreciation
and amortization _was computed.

All replacement cost amounts related to foreign assets have been initially
calculated in the relevant foreign currency and then translated to U.S. $dollars using year end rates of exchange. Replacement cost amounts related
to foreign replacement cost depreciation have been translated using average
annual rates of exchange.

Inventories and Cost of Sales -

A substantial portion of the Company's products and services are furnished
to meet the requilements of customer specifications and, in connection
therewith, the Company does not acquire materials or expend efforts to any
consequential degree until a commitment or contract is received from the
customer. Accordingly, replacement cost data as to inventories and cost
of sales for such products and services are not provided for in the tables
which follow.

O
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Depreciation
Property, Plant 5 Equipment and Amorti:ation

f at December 31, 19~9 For the Year
m,

Ended
Gross Net December 31, 1979

Total as shawn in accompanying
consolidated financial state-
ments S 897,256,000 $515,983,000 $66,138,000

Less - Items for which replace-
ment cost data are not required;
primarily land, construction in
progress, mineral resource
assets and assets which will
not be replaced 92,336,000 73,178,000 1,127,000

___________.__ ____________ ___________

Historical cost basis of amounts
for which replacement cost
data is required $ 804,420,000 $442,305,000 565,011,000

33=3E333E23333 2=3222333333 =2E2232333E

Estimated replacement cost $1,686,208,000 $725,109,000 $96,644,000
3333523=3SE323 522223333322 =3=222E3=53

Depreciation
Property, Plant S Equipment and Amorti:ation

at December 31, 1978 For the Year
~'

/ - Ended
~ '

- Gross Net December 31, 1978

Total as shown in accompanying
consolidated financial state-
ments S 786,119,000 $450,866,000 $52,5o7,000

Less - Items for which replace-
ment cost data are not required;

|
primarily land, construction in
progress, mineral resource
assets and assets which will
not be replaced 74,288,000 55,S01,000 3,912,000

______________ ____________ ___________

Historical cost basis of amounts
for which replacement cost
data is required $ 711,831,000 $395,065,000 $48,655,000

E=2323d=2EEB32 333=E233223= ==23232353E

Estimated replacement cost $1,426,510,000 $633,416,000 $77,458,000
===E3333333=== =ES=3=252333 3235223=333

.
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SUPPLEMENTARY NOTE TO FINANCIAL STATE.' TENTS

REPLACE'!ENT COST INFORMATION (UNAUDITED)

The following estimated replacement cost information on inventories and plant and
equipment at December 31, 1979 and 1978, and the related estimated effect of such
data on cost of sales and depreciation and amortization is required by the
Securities and Exchange Commission under Rule 3-17 of Regulation S-X of the
Securities and Exchange Act of 1934.

This data differs as to concept and result from the historical cost / constant
dollar infomation which is required to be furnished in the Company's annual report
to shareholders for 1979 (see pages 38 and 39).

The SEC cautions against simplistic use of the data required. It is important

in the use of replacement cost information that the following factors be con-
sidered:

(a) The information should iot be interpreted to indicate that the Company
actually has present plans to replace its productive capacity or that actual
replacement would or could take place in the manner assumed in estimating the
information. In the nomal course of business, the Company will replace its
productive capacity over an extended period of time. Decisions concerning

replacement will be made in the light of economic, regulatory and competitive
conditions existing on the dates such deteminations are made and could differ
substantially from the assumptions on which the data included herein are based.

O
(b) The use of replacement cost depreciation in restating inventories and cost
of sales as required by the SEC is a theoretical concept intended to focus
attention on the effect of inflation. Depreciation is normally intended only
to allocate the original purchase cost over the useful life of the related
fixed asset and not to provide for the replacement of property, plant and
equipment.

(c) The information required on the restatement of property, plant and equipment
has had to be estimated on the basis of numerous assumptions. The lack of defi-
nitive guidelines for determining the data to be reported will certainly lead
to differences that will make meaningful comparisons to the data furnished by
other companies ha:ardous.

(d) The replacement cost data presented herein are not necessarily representative
of the " current value" of existing inventories and productive capacity.

Property, Plant and Equipment -

Replacement costs have been estimated for the Company's property, plant and equip-
ment excluding certain assets for which replacement cost infomation is not re-
quired. The following tables set forth the reconciliation of gross and net
property, plant and equipment at December 31, 1979 and 1978 and depreciation and
amorti:ation for the years then ended to amounts for which replacement cost data
are required: g
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_ _ _ _ _ _ _ _ _ - - - - _

b Nor has acjustment been made to the proveon for income taxes ;nciuced in the ac;usted income from cont.nuing
cperations, as current tax laws do not permit the cecucten of the add.tional costs resulting from inflabon. As a resu:t.
aithough the effectve income tax rate cased on nistencal cost hnancia! data is 47.7%. at er tne acove ac;ustments to
ccstof sales and cepreciation and amort:zation. the effective tax rate would be 55.1% This nigner ef'ective tax rate is
indicative of the resu:t of taxation of it"tation adjustments.

The purchasing power gain on ne' monetary habihties has nct been recognized in the adlusted income from
continuing cperations. S ece the Cormany is in a net moretary habi'.ty pos, tion, a segneficant gain is generated and
shown separatery. Had such gain been re'lected in riet income ad;usted for generalinf!abon. it would have offset the
increased depreciation and amortization and cost of sales resuiting from the incextog process.

The following table presents a summary of selected financial cata for the years 1975 to 1979 adjusted to average 1979
dollars as measured by the required CPI incex:

1979 1978 1977 1976 1975

IDoilars in Thousands. Except cer Share Amour ts)

Net Safes 52.757 504 S2.595.475 S2.450.337 $2.335.637 52.308.780

Histoncal Cost In!crmation Adjusted
in Accordance wim FAS 33.

Net income S 72.351 7

f ;[f('[kk. b'iX 9'M[g a
. o e A k= )m p , , $ , . "M'b

:p- c

, ['g% 0. N^ M|l;Q)Net income per Share 4.42

WM[y ?
<Net Assets at End of Year 721.688 p

j.;
,*

.M,Purchasing Power Gain on Net
7-Monetary Liabihties 25.802

'~- -^~ '* >- "

Cash Dividends Declared per
Common Share 5 2.20 S 2.00 5 1.80 5 1.68 5 1.69

T Market Pnce per Common Share
j at Year-end S 55.98 0 34.97 $ 43 39 S 41.80 $ 28.34

Average Consumer Pnce Index 217.4 195.4 181.5 170.5 161.2

M Data not required

The Company does not regard the foregoing adjusted net income as a proper reflecton of me impact of inflacon on its
operations or as an indicanon of the e'fects of inf|aton on future cash f:ows for several reasons:

1. Mucn of the busmess of the Company and its subsidianes results from meet ng customer requirements specified
uncercontracts. Such contracts are both !cng and snort-term. The contract pnce, partcularlyin the case cf tong-term
contracts, either includes an amount for the estmated increase in the cost of labor, materals and services ov er the
penod required for performance of the contract. er is subject to adjustment based on a pnce esca!at.on clause in the
contract.

2. With respect to other products and services, the Comparty and its subsidianes attempt to recover cost increases oy
mereasing sethng onces. Their ability to do sois suc,ect to the kmitaton of competitive factors, customer iemand and
the Company's voluntary Comphance with federal pnce guidehnes.

3. The use of constant collar decreciation as required by FAS 33 s a theorebcal concept intended to focus a tention on
the effect of inflaton. Depreciaton is normally intended only to a!!ocate the enginal purchase cost over the useful hfe
of the related fixed asset and not to provide for the eventual replacement of procerty. plant and equipment.

4. Although the cumulative impact of inftation over a number of years has resu:ted in higher costs for replacement of
existng pf ant and equipment, such inflationary increases have partially been ettset by technoicgical improvements
and cesign changes.

5. In the normal course of business, the Company will reolace its property. plant and equipment over an extended
period of nme. Cecisions concerning replacement will be made in the hght of economic. regulatory anc corrpet tive
concitions existing on the dates such determinations are made. There' ore, the indexed amounts given e"ect to
herein in accordance with FAS 33 are not meaningful as a measure of future replacement costs.

The underty ng concepts of accounting methods which adjust for inf!ation are not radically new. Management
considers re'evant economic factors in making basic business decisions. Investors also recognize tnat inflation

_ affects future cash flows and the capabikty of a company to contnue its operations at the levels it has at'ained in the
past. Interpretaton of cata such as is required by FAS 33, hcwever. is very much dependent on the facts and
circumstances in each case, as well as uncontrollable future events. Therefore, any interpretat on of such data
without the knowledge of the particu!ar facts and circumstances can be misleading.
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Supplementary Information Concerning the impact of the Changes
in the General Level of the Purchasing Power of the Dollar (Unaudited)

OIntroduction in September,1979, the Financial Accounting Standards Board issued Statement cf Financial Accounting Standards
No. 33. Financial Report:rg and Chang:rg Pnces (FAS 33). The Statement requ:res targe. pubhcly he'd ccmpanies to
include certain information conceming the impact of inflation as a suppement to the custcmary financial information
in the annual report. This Statement acknowledges the need for expenmentatron in providing information on the
e*fects of infiation, as well it might.

FAS 33 requires the calculation and statement of an adjusted net income amount (presumably for companson witn
net income as reported in the accompanying Consohdated Financial Statements). It is to be noted that the
predecessor to FAS 33. namely. the Secunties and Exchange Commission Accounting Senes Release No.190.
issued in Maren.1976, dealing with the same general subject of inflat:cn-acjusted amounts made no attempt to
determine an adjusted net income and actually cautioned against simphstic use for this purpose of the data
presented.

The objectives of FAS 33 are to be accomplished in a two-step approach: a general indexing approacn ca!;ed
constant dollar accounting, and a specific pncing metnod ca!!ed current cost accounting Only constant dottar
accounting information is being presented nerein. Current cost calculations win te fumished beginning 4ith the year
1980.

FAS 33 FAS 33 requires certain histoncal cost collar amounts to be adjusted to amounts which have purcnasing power
Requirements equivalent to that of the average dottar for 1979. This is to be accomphshed by inde ning certain histoncal cost amounts

using the Consumer Pnce incex for All Urban Consumers tCPI) It should be noted tnat the CPI is not necessaniy
representative of the actualimpact of inflation on the Company's costs. In addition, the constant doilar information
does not purport to represent appraised value, current cost value or replacement cost of the related assets.

In determining " income from continuing coerations on a histoncal cost / constant dollar ' basis, adjustments are to te
made for the effects of depreciation and amortization and cost of safes that resuit from applying the indexing process
to procerty. plant and equipment and certain inventory. A:so the related required disc!csure of " net assets at end of
year on a histoncat cost / constant collar" casis is similarfy only to be adjusted by the effects of indexing net property,
plant and ecuipment and inventory.

FAS 33 requires the estimation of the " purchasing power gain gloss) en net monetary itr ms." Monetary items are
those assets or habihties which are stated in codars tnat are fixed or determinable without rirterence to future onces.
All other assets and habrhties are considered to be non-monetary. Monetary assets and liabii. ties depend heavily on
the general purchasing power of the dollar and its decrease in value dunng penods of inflation. Holders of net
monetary assets lose purenasing power dunng inf!ationary penods since these assets will purenase fewer goods and
services in the future; conversely, a person with net monetary habikties will benef.t dunng penods of inf!ation because
payment of the net habikt.es will be in do!Iars having a lesser value.

Inflation The following table presents a reconcihation between net income as shown in the accompanying Conschdated
Adjusted Data Financial Statements and net income adjusted to a histoncal cost / constant dollar basis. and sets forth the purchasing
for1979 power gain en net monetary habdities for tne year, ad as presenbed by FAS 33:

1979

(Dodars in Thousanos)
Net income as Shown in the Accompanying Consolida.ed Financial Statements 597.641
Adjustments Required by FAS 33 to Restate to Average 1979 Dollars-

Cost of sales (exclud:ng depreciat:on and amortization) ( 8.692)
Depreciation and amortization ( 16.598)

Net income Adiusted for General lnflation (stated in average 1979 dollars) 572.35 t

Furchasing Power Gain on Net Monetary Uabikties $25.802

As can be seen at>3ve. the only adjustments made to net income as reported in the accompanying Conschdated
Financial Statements are mcreases to cost of sales and depreciat'on and amortization as a result of applying the
indexing process to property, plant and equipment and certain inventory. No adjustment to sales has been made.

O
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Capital additons by business segment for the years 1979.1978 and 1977 were as fellows: (a) steam generating
p systems, equipment and services for the electnc uthty industry 520.7 million. $13.9 milhen and $17.0 mithon: tb)

dessn. engineenng and constructen services 59.2 milton. 55.3 mdlion and 54.3 milhon;(c) equipment for incustnal
markets $22.4 milhon. $23.2 milton and 585.8 milhon and (d) products and services for industnal marke's $94.5
melhon 532.5 milhon and $15.0 million.

(b) Signifcant financial data by geographc area follows (1):

1979 1978 1977

Sales (2)-
United States $2.234.650.000(3) $1.851.973.000(4) S1.646,731.000(5)
Canada 191,107.000 163.706.000 169.860.000
Europe 259.950.000 234.134.000 181,419.000

Other Foreign 71.797.000 81.938.000 46.754.000

Total 52.757.504.000 $2.331.751.000 $2.044.764.000

Net income-
United States S 71.887.000 $ 60.356.000 5 52.762.000
Canada 13.552.000 9.639.000 5.670.000
Europe 7.357.000 7.538.000 6.309.000
Other Foregn 4.845.000 2.783.000 2.448.000

Total S 97.641.000 S 80.316.000 S 67.189.000

December 31 1979 1978 1977

Identifiable Assets-
United States S1.213.796.000 S t.022.587.000 S 991.094.000

Canada 118.962.000 121.426.000 112.174.000

Europe 200,418.000 177.390.000 211.609.000

Other Foregn 50.771.000 64.047.000 63.644.000

Total S1.583.947.000 91.387.450.000 $1.378.521.000

1. Data presented for geographic areas outside of the United States includes operatens of foregn subsidiancs and
operatens of domestc subscianes located tn foreign areas.

2. Inctuoes onfy sales to unaff!Iiated customers (intergeograpnc sales are not matenal).

3. Includes export sales of 5258.901.000 of when S19,989.000. $47.703.000 and $191,209.000 represent sales to
customers in Canada. Europe and other foregn countnes, respectively.

4. Includes export sales of $193.052.000 of which $11.686.000. 550.228.000 and $131.138.000 represent sales to
customers in Canada. Europe and other foreign countnes, respectvery.

5. Includes export sales of S189.630.000 of which $9,041.000. S50.842.000 and $129.747.000 recresent sa'es to
customers in Canada. Europe and otner foreign countnes. respectively.

Auditors' Report
To the Board of Directors and Stockholders of Combuston Engineenng. Inc.:

We have examined the consolidated balance sheets of Combustion Engineenng. Inc. (a Delaware corporaten) and
sucsidiary companies as cf December 31,1979 and 1978, and the related consolidated statements of income,
retained eamings and changes in financial positon for the years then ended. Our examinations were made in
accorcance with genera!!y accepted auditing standards and, accordingty included such tests of the accounting
records and such other auditing procedures as we considered necessary in the circumstances.

In our opinion, the accompanying consolidated balance sheets and consolidated statements of income. retained
eamings and changes in financial position present fairty the financial pos+on of Combustion Engineenng. Inc. and
subsidiary companies as of Decernber 31.1979 and 1978, and the results of their operatens and the changes in their

O . financial positen for the years then ended, in conformity wrth generally accepted accountog p;tnciples apphed on a
O Consistent basis.

Arthur Andersen & Co.
Stamford.Connecteut
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15, Financial The company s equipment, products and services are classified into tne following eusiness segments: (a) design.

Reporting manufacture, instaltaten and service of steam generating systems and equipment for the electnc utility industry.

by Business including nuclear steam supply systems;(b) design, engineenng ar.d construction services (pnncipally tnrough its

Segments subsidiary, The t.ummus Company), primanly for the chemical, petrccnemical and petro!eum industnes: (c)
equipment supphed to industnal markets and (d) products and services supphed to industnal markets.

(a) The following tablea present financial data by business segment:

1979 1978 1977

Sales (1)-
Steam generating systems, equ:pment and services for

the electric utdity industry S 926.220.000 S 815,767,000 S 747.S08.000 ;

Des,ign, engineenng and construction services 351,719,000 308,438.000 300,698.000

Equipment for industnal markets 815.563,000 688.815.000 606.338,000

Products and services for industnal markets 664.002.000 518.731.000 389,920.000

Total $2,757,504,000 52,331,751.000 S2.044,764.000
1

Operating Profit-
Steam generating systems, equipment and services for

the electnc utdity industry 5 65,166.000 S 56.985,000 $ 46.451,000
Design, engineenng and construction services 27.979.000 27,663.000 24,664.000

Equipment for industnal markets 81,167,000 62,823,000 53,477,000

Products and services for industrial markets 25.948.000 20.819,000 13.147.000

Total S 200,260,000 $ 168.290.000 $ 137,739.000

Equity in Net Eamings of Associated and Other
Companies (2) 4,340.000 1.397,000 1,775,000

Interest Expense ( 16,663,000) ( 18.400,000) ( 11,563.000)

Unallocated-
Corporate expense ( 16.356,000) ( 14,443.000) ( 12.141,000)

Miscellaneous, net 15.000.000 22.172,000 17.199,000

Consolidated income before income taxes 5 186,581,C00 S 159.016.000 S 133,009.000

December 31, 1979 1978 1977

Identifiable Assets-
Steam generating systems, equipment and services for

the electnc utihty industry S 432,133,000 $ 385,962.000 $ 358,021,000

Design, engineering and constructen services 151,989,000 136,746.000 135.230,000

Equipment for industrial markets 548,756,000 515,815,000 350.387.000

Products and services for industnal markets 451.069.000 349.927.000 334,883.000

Total $1,583,947,000 $1.387,450.000 $1,378.521,000
investments in Associated and Other Companies (Equity

Sasis)(2)
50,713,000 33,172,000 20.988.000

Corporate and Unallocated Assets, net (3) 448.300.000 416.325.000 254.765,000

Consolidated $2,082,960,000 S1.836.947,000 $1.654.274.000

1. Includes only sales to unaffiliated customers (intersegment sales are not significant) and no single customer
accounts for 10% or more of the consolidated sa!es.

2. Companies accounted for under the equity method of accountng (20% or more owned) are located pnncipally in
the United States. Europe and other foreign areas.The pnncipal companies included in this category are not vertically

integrated with the operations of the Company and its consolidated subsidiaries. Such companies are engaged in the
manufacture and sale of steam genc "q t1uipment for utlity and industnal use and other equipment, products and
services forindustnal markets,

3. Includes pnmanly cash. " w Mr3 -ecui,t.es and corporate facihties.

Depreciaton and amorW ; u :an segment for the years 1979,1978 and 1977 were as follows: (a) steam

generating systems, equement a,y Krvices for the electnc utility industry S18.0 million, $12.2 mdlion and $11.8
million;(b) design, enginee ing and construCMn services $3.3 million, $3.7 mdlion and $2.9 million; (c) equipment fa
industnal markets $22.3 mdlion, $20.1 million a$ $12.2 mill;on and (d) products and services for industnal markets
$21.6 mdron, $16.0 million and $12.2 million. Simdar amounts charged to corporate and u1 allocated assets were S.9
millon in the year 1979, S.6 mih;on in the year 1978 and 5.5 mdlion in the year 1977.
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,lo. Quarterly Summanzed unaudited quarterly financial data for the years 1979 and 1978 is as follows:

'- Financial Data
T(Unaudited) First Second Third Fourth
/ Cuarter Cuarter Quarter Quarter

1979
Net sales $582.789.000 5675.781.000 5684.881.000 5814 053.000

Operatng income S 32.110.000 3 42.345.000 S 35.186.000 S 61.104.0C0

Net income S 18.099.000 S 23.036.000 $ 21.494.000 S 35.012 000

Net income oer snare $ 1.11 S 1.42 S 1.30 S 2.13

1978
Net sales $491.923.000 5623.709.000 S559.072.000 S657.047.000

Operating income S 27.080.000 S 37.411.000 S 30.279.000 S 52.674.000

Net income S 14.985.000 S 19.726.000 S 17.278.000 S 28.327.000

Net income per share S A3 S 1.22 S 1 08 5 1.74

11. Net income Net income per share was based on the average numoer of common shares outstand.ng, inctucing, in 1979, the
per Share assumed exercise of outstand:ng stock cotons. and, for me penod pnor to recempton in 1978, common shares

issuable on conversion of the Senes A Convertbie Preferred Stock.

12.Pending in May 1975, three uthry companies filed a complaint against the Company and certain other defencants alleg:ng .nat
Litigation the company is habie for breacn of contract. breach of warranties. negtigence and etner claims in connecton witn tne

supply and erection of a fossit fueied electnc generating plant in New York known as the Roseton Plant. Damages are
claimed against all defendants in an unscecific amount a!!eged to be in excess of S125 milhon, the maicr part of wmcn
appears to be for consequential damages. The case contnues to be in the pretnal ciscovery pnase.

In the past several years several thousand claimants have crcoght suit against industnal corporations for sencus
personal and fatal injunes attegedly resultng from exposure to insulation products cr.daining ascestos. The-y
Company has not manufactured such products'for a nurnber of years. The Company has been inc'uced as a

- defendant in aporoximately 1.900 of sucn claims of which approximately 1.000 were asser*ed in 1979. It can be
l expected that a substantial number of additional asbestos related claims wil! continue to be asserted against the

Company.

Although the amount of liabihty. if any, at Decemeer 31,1979, with respect to the ac* ions tnen pending to wh:ch the
Ccmpany and its substianes are party cannot be ascertainea. in the opinion of the Company. any resuitng hacihty
will not matenally affect the Company's consokdated fi.:ancial statements.

13, Contingent The Company and certain subsidianes are contngently hable under guarantees and on discounted notes receivable
Liabi!ities and ansing in tne orcinary course of business. The financial nsk invoh ad is not matenal in relation to the censolidated
Commitments financial positon.

14. Estimated The company's 1979 annual report on Fcrm 10-K fded with the Securities and Excnange Commission includes
Replacement additionat informaton (required by the SEC) witn respect to the estimateo current replace.nent cost of piant and
Cost equipment and certain inventones at December 31,1979 and 1973, and the ref ated esumatec effect of such costs on

(Unaudited) cost of sales and depreciation and amortization for the years then ended. This data differs from the histoncal cost /
constant doilarinformaton which is recuired to be furnished in the Company's annual report to share holders for 1979.

._
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8. Capital Stock (a) Series A Convertible Preferred Stock
The Senes A Convertible Preferred Stock was redeemed on July 24.1978 at the redemption price of $45 per share.
Changes dunng 1978 in the Senes A Convertible Preferred Stock issued and in the treasury were as toilows:

Preferred Stock
issued T.e'a.py Stock

Shares Amount Shares Amount

Balar'ce at Decemoer 31,1977 240.248 S 1.490.618 54,930 548.293
Conversion into common stock ( 224.157) ( 1.390,784) ( 54,930) ( 48.293)
Redeemed ( 16.091) ( 99.8341 - -

Balance at Decemcer 31,1978 - - - -

(b) Common Stock
*

Changes dunng 1978 and 1979 in common stock issued and in the treasury, as included in the accompanying
Consolidated Balance Sheet, were as follows:

Common Stock
issued Treasury Stock

Shares Amount Shares Amount

Balance at December 31,1977 15,978.112 560.919.295 110,580 $11.474
Conversion of Senes A Convertible Preferred

Stock 302.499 1,395.272 74.155 48.293
Transfer from retained earnings in connection

with redemption of Senes A Convertible
Preferred Stock - 99,834 - -

Transfers in connection with a pooling of
interests in:

1978 - 70,000 ( 69,371) -

a pnor year - - 8.491 -

Balance at December 31,1978 16,280.611 S62.484.401 123.855 559,767
issued in connection with an acquisition 199.995 4.539.287 -

Return to treasury of escrow shares - ( 1,134,744) 33,498 -

Exercise of stock options - 527.694 ( 13,866) -

Balance at December 31.1979 16.480.606 566.416.638 143.487 $59.767

9, Incentive The Company's incentive Compensation Plan was approved by the stockholders in 1941 and, as amended, in 1968.
Compensation The Plan provides that in any fiscal year there may be apocated an amount for use in the Plan determined by a
Plan formula, but subject to certain limitations. The Compensation Committee of the Board of Directors, compnsed of non-

participants in the Plan, subject to the approval of the Board of Directors. ailocates the amount to be used for the
purpose of the Plan in any one year and determines the participants from among the officers and other key salaned
employees and the amount of their participation. The amounts allocated to the incentive Account aggregated
$6,000,000 in 1979. and $4.500,000 in 1978.

.

O
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6.Long-term Total rent. other than on capital leases, charged to ex pense was $43.355,000 in 1979. and S37.280.000 in 1978.
LesSSS At Dec amber 31,1979. the approximate minimum future payments under caoital' eases and noncancetable operating

leases are as follows:

Capital Noncancelaole
Leases Operating Leases

1980 $ 2.989.300 $ 24,416.000
1981 3.207,000 19.343,000

1982 2.909.000 15.152,000

} 1983 2.864.000 11,385,000

1984 2.877,000 8.120,000'

After 1984 22.033.000 30.976.000

Total min mum lease payments $36.879,000 $109.392.000
'

Less-Estimated executory costs 1.065.000

Net minimum lease payments $35,814.000
Less- Amount representing interest 12.642.000

Present value of net minimum lease payments $23.172.000

7. Stock Option ' The ~ "?O Stocx Option PlaC, as amended provides for the granting, to officers and other salaried employees of the
Plan Company and its subsidianes and employees of operations acquired by ine Company, of options to purchase shares

of its common stock at the market pnce of the stock on the dates of grant. Amendments to the 1970 Stock Option
Plan",in 1973, extended the expiratton date to Apnl 24,1989 (formerly Apnl 28,1980), increased the number of shares
authonzed for options from 600,000 to 1,200,000 and provided for the granting of stock appreciatson rights.

Optior's granted in 1972 under the "1970 Stock Option Plan'' were five-year qualified opt: ens and ten-year tandem
options, and those granted in 1979 and 1978 were ten-year non-quahfied options.

in 1979 and 1978 stock appreciation nghts relating to 14,500 and 241.750 shares, respectively, were granted and ared

outstand:ng at December 31.1979. Stock appreciation nghts entitle the optionee to receive an amount equal to the2

A./ difference between the option price and the fair market value on the exercise date for the number of snares for which
the stock appreciation ngnt is exercised. The payment may be made in shares, cash, or a combination of both, at the
discretion of the Compensation Committee of the Board of Directors. The stock appreciation rights become
exercisable on the date that the related stock options become exercisable. However, as to nghts granted in 1978 in
connection with existing n in-qualified options, such nghts became exercisable six t'ionths from the date of
stockhoider approval. Appreciation of outstanding nght- resulted in charges against eamings of $6,000.000 in 1979.

The stock options granted in 1979 and 1978 are exercisable twelve months from date of grant. A summary of option
transactions dunng the years 1978 and 1979 is shown below:

,

Number Option Pnce Market
of Shares Per Share Total Price *

Year ended December 31,1978:
Granted 440.248 S34.00 $14,968.432 514.968,432
Expired ' (118.236) 36.88-39.00 4.374.536

Year ended December 31,1979:
Granted 12,500 $37.75 5 471.875 5 471,875,

Became exercisable 434,748 34.00 14.781.432 25,432,758
' Exercised ( 13.866) 34.00-39.00_ 527.694 714.223

Cancelled ( 9.250) 34.00-39.00 333.250

At December 31,1979:.
- Outstanding

. .

547,382. $34.00-39.00 $19,171,613
Available for future grants 597,023

?At the dates options were granted, became exercisable or were exercised. -

,
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5,Long-term Long-term det,t consisted of tne following:
Debt

December 31. 1979 1978

7.45% Sinking Fund Debentures due 1996, sinking fund requirement
of S3.335.000 annually from 1982 to 1995 S 50.000,000 $ 50.000.000

6%% (as amended in January.1980) Sinking Fund Debentures due
1992.less debentures held in treasury of $2.511.000 in 1979 and
$2.742.000 in 1978: s:nking fund requirement of 52.222.000
annually to 1980. and thereafter. 52.750.000 annually to 1991 34.157.000 36.148.000

Capitahzed lease obligations payab!e through 2001 (Note 6) 23.172,000 19.594.000

9%% Note payable: $1,000.000 annually from 1980 to 1983 and
52.000.000 annually thereafter 20.000.000 20.000.000

Notes and other term payables 22.396.000 17.261.000

$149,725.000 $143.003.000

Less-Current port on 5.339.000 3.364.000

$144.386.000 5139.639.000

The Sinking Fund Debentures are direct unsecured obhgations of the Company and are redeemable at the cption of
the Company, as a whole or in part, at any time pnor to matunty at redemption pnces as set forth in the respective
indentures, plus accrued interest to the redemption date.

In January.1980, the Company received the required consents from holders ofits Sie% S;nking Fund Debentures due
1992 to amend the Indenture under which these debentures were issued in 1967. In general, the amendments
conform certain covenants contained in the Indenture to those of the Indenture under which the 7.45% Sinking Fund

Debentures due 1996 were issued in 1971.1n accition. the amendments increased the interest rate from 5% to 62s %.
effective from January 15.1980, and increased tne mandatory annual sinning fund payment from S2.222.000 to
$2.750.000 beginning with the July 15.1981 sinking fund payment.

Certain of the indentures under whien the long-term debtwas issued provide. among other things, for restrictons on
the payment of cash dividends and the incurrence of funded debt. Unner the most restnctive condition as amended
pursuant to consents received in January.1980 the amount of conschdated retained earnings not restncted as to
payment of cash dividends at December 31,1979. was $363,420.000. Under the most res:nctive condition. as
amended, neither the Company nor any restncted subsidiary may become liable for any Senior Funded Debt, witn
certain exceptions, unless immediately thereafter Conschdated Net Tangible Assets will aggregate at least 200% of
Conschdated Senior Funded Debt.

Annual matunties of total long-term debt, other than capitalized lease obhgations, approximate 54.015.000,
$6.080.000. 59.710,000. 59.448.000 and $10.539.000 for the years 1980 through 1984. respectively.

Notes and other term payables consisted of loans and mortgages payable by the Company and its subsidianes. The
weighted average interest rate on such payables is approximately 9.4% per annum. Certain fixed assets were
pledged to secare 54.721.000 of term payables at December 31.1979.

.
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2. Acquisitions in early 1979, the Company acquired substantialty all of the outstanding common and 5% convertible preference
shares of Basic Incorporated for approximately $74.000,000. Basic Incorporated is an integrated producer of

/ refractory matenals, specialized chemicals and a manufacturer of electronc procucts.D
The Company's investment in Basic Incorporated has been allocated to the varcus tangible and intangible sssets
acquired. Property, plant and equipment acquired in this transaction are being amortized based on their fair market
values and estimated useful1.ves.

The operatens of Basic incorprated have been included in the accompanying Consolidated Statement of Income
beginning with the month of February,1979. If the operatens of the Company for 1978 had been consolidated with
those of Basic incorporated, the pro-forma consolidated net sales would have been $2.418.077.000. After giving
effect to pro-forma adjustments for interest expense, depreciation expense, amortization of intangibles and income
taxes, the pro-forma conschdated net inco ne would have been S83.153.000 ($5.12 per share) in 1978. The

'

Company's operating resuits for1979 have rw. een restated on a pro-forma basis beca use the amounts involved are
not significant.

In January,1979, the Company acquired two other companies; issuir$g 166.497 shares of common stock (net of
escrow shares retumed to Treasury) for one and paying S3.175.000 in cash for the other company. Since these
acquisitions have also been treated as purenases for accounting purposes, results of their operatons from the dates
of acquisition have been included in the accompanying Conschdated Statement of income. Also dunng 1979. the
Company purchased additional shares of Yara Engineenng common stock for 59.323,000 whien increased its equity
to approximately 44%

3. Joint Venture Dunng 1976 The Lummus Company, a wholly owned subsidiary, entered into a Joint Venture Agreement with
Thyssen Rheinstahl Technik. G.m.b.H., a member of the Thyssen A.G. Group, for tne purpos of performing a
S1.100,000,000 lump sum tumkey contract awarded to them by the Ministry of industry anc %nerals of the
Govemment of Iraq. The contract requires the partners to perform engineenng. design. procureme..t constructon.
training and initial operatens for a petrochemical plant in Iraq. The Joint Venture Agreement provides forcertain limits
of Lummus' financial responsibility for the project.

Engineenng and ether services being performed by The Lummus Company in connection with the Joint Venture are
A- not included in sales for 1979 or 1978 as the Company's interest in the Joint Venture operating results will be
d accounted for by means of the equity method of accounting. As of December 31,1979, engineering, procurement and

material deliveries are substantitany completed, with construction expected to be completed in stages dunng 1980.
Upon completion of the plant. the Joint Venture will be responsible for start-up, final training of personnel and initial
operations. The Company anticipates that recognition of its share of Joint Venture profits will commence as
mechanical construction nears completion.

The Joint Venture's total assets of $1,000.000,000 as of December 31,1979, which are not consolidated with those of
the Company, consist pnmanly of costs expended to date and the balance of cash received under the terms of the
contract.

4,Short-term Notes payable and current portion of long-term debt included tne following:
; Borrowings

December 31, 1979 1978

Notes payable to banks S 6.274,000 $1.139,000
- Current portion of long-term debt 5.339.000 3.364.000

$11.613.000 S4.503.000

The weighted average interest rate for notes payable tc banks was approximately 15% at December 31,1979, and
' 10% at December 31,1978. The rnaximum amount of notes payable to banks outstanding at any month-end was
$6,274.000 in 1979, and $10.834.000 in 1978.

Lir'es of credit established at vanous banks in the United States aggregated $95.000.000 at December 31,1979. The
amounts borrowed are generally repayable on a short-term basis with interest at the prevailing prime rate.

p.\. .
,'
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(j) Penscn CCsts
~

Tre Ccccany anc ::s s,.csca es .a se re recer-::ta s Or .ame ccatro.te-s :: u cc ce-sen ca. s ween Oc,er
su stantlah 11 retr em cye.es. Ceftaa of Te pa-S are entre'y ner'l-Cent:L. / aN :Te"s De'-: cr "ec.re
e-ccyeecenecu.cestcaa creces::f eu-re-ase vcececets T eceree.s!:re-cmeesa-ece e-re: -ce,
De te'ms of: e ?Q. s w aOr1 taAe ric corsceraten. ar crig cmer *negs, years cf creC'ec Se'.te aN. o ce *ST
Cases. ea negs Cf emcq ees Genera 4 :eesc-s are c: vere:: f 'unes eves ec cf ras:ees ve:y :c.nces ss.ec

rf csurance coe anes. T"e urt.mcec Ocs* cf cast seccce te-ee.s at Cecem:er 31.19's. s estma:ec a-
5171.483.000. A Cece-cer31.19~9.me a:% arab cc' .x.tec var e cf ves:ec tene'*s excee st e tM asse s ax
OEance sPeet acen a:s Oy accccxe a:ery $102.943 OCC. Tre ac-eases m re : regc g a cs~s esq 19'? cf
541.179.000 arc 525.193.CCO. rescec*r.ety. *ere cue per'anly to ec-easec tecett ' eve s tr a s.g-#ca-::cto cf
re ecsered saiarec anc rcur v ecccyees a-c ic re accusicn et 'as.c L ccr;cra:ec.

kncants acc ued aM c-argec *c cos's a c em:e-ses w;m tes er to sucn pa s a g ega'ec 541 '*0D30 e 1979.
anc S32.995.C00 m 1978. anicn ecuce, as to certa:n of Te sans. amcc aten cf re cas: ser.ce :csts ge-e*aly
over a mry-year cen c it is tre ;cLcy cf me Cocca y a-c es sucscares *c fac rei a:c ac ce sen ecs:s.

(k)inecme Taxes
The crevtsen fer Feceral sta*e anc forep . axes en mere s su . aire: tecw:

i979 '975

563257.CCO 554.21-0.CCC
Ucded Sta es 17.510.000 9.515.0 0
Fere p * B 163,0C0 49 4 CCC
S: ate

528940.0C0 573.700 200

*inct. ces tregn taxes payace by Undec Sta:es s,.cscares cceg cuseess c 'cregn ~vmes.

The prev sen cces:s:s ef:

t9'9 1973

547.653.000 5 6 520.0C0
P cus:en er .nceme taxes estma:ec *c ce cut ency cayac.e

35 213.CCO 71.t 45.CCC
P-cusen for ce'errec ecere : axes resu.teg ' 0 1 tents c "e ences

3.C69.0C0 1. CSS.CCC
Pn:ms.cn 'cr ce'er*ec m estment tax :'ect. 'ess a-cr:raten

535.940.0C0 575.'00 Cec

Tre e*4cese necce tax rate nas 47.7% c 1979 a-c 49 5% o 1979. The e"ectve tu ra:e c. tere: tre- me Urzec
S:ates inceee tax ra:e of 45% (48*. n 1973) pcmar# teca se Of a-ct::atc- cf re mest-e-t :ax c ect
;e e-iage cepeten afewance c escess Of cost ceceDcn. sta e aN treg ec.ve taxes, ent/ n ea-rgs aN
nesses cf asscca'ec at crer cer-ca.ses am trep c:.r-ency trars.aden tsses.

Ce+errec cccce taxes resu:f-cm treg c"erences o reccern; me ticacg rems t ' *ar a-c fea ca; sta:e-e-:
Oct:cses:

f979 :975

P ett recognized On iceg-te<m cercacts en ce"cer tage cf ec-cieton
tasas ter 'narcal statement pur;cses anc cn coepetec cocca :

531.0C0.0C0 5 5.CCC.C00
caso tr occme tax curposes

Excess of ceprecarcn useg acce:e'atememccs Mr tax pr:cses
6.114 OCO 7.1 '5D00

oser strapt-E e baszs er Enanca! reccr:rg pu :cses
1.C99 CCO i 1.CC'*.CCC'

C?er
S38.213.CCC 571 145:DCC

Tre ?,orcany becas tre 0-actee Of arce:rg me mes: rent tax : ec' cvsr me es ~a*ec hes cf re acc: carve
prc erf acetcf's.ramerman eTeyearme acccens a e pacec rn ser.-ce 4 Cecemoer 31.1979,re : na ccrec
ca;ance cf re eves: e' t tax : ect was $17.016 CCO.

P cyrs.cn nas teen mace er Untec States recce taxes ma ay be cue On re ccon of me eamtgs cf
ccnschca:ec trev secscanes wncn rs excecec :c ce re- : ec. Uces7tute: ea-~ gs MeNec c te rec.estec

cceft. e f c brev subscares1::aec 545.500:CCC at Cece-ter 31.1979a

O
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U (e) Inventories

inventones at Decameer 31,1077 zgregated 5435.940.000. Inventones at December 31,1979 and 1978. are

sum nanzed below:

1979 1978
December 31

Inventoned costs relati.., a long-term contracts,
less amounts attnbuted to earned billings (sales) 9171,726.000 5152.036,000

Raw matenals and supplies 69,770.000 76.062.000

Other work in process 1 ts).236.000 150.807.000
101.637.000 79.735.000Finished goods

5528.369.000 5453.640.000
._=--

Inventoned costs relanng to long-term contracts are pnced at the lower of cost (average or actual) or market.
Reference should be made to Note 1d regard:ng accounting for long-term contracts.

Inventones of raw matenals and supplies, other work in process and finished goods are pnced at the lower of cost or
market. Such inventones include, among other things, matenal costs, direct labor and indirect costs (pnmanly
manufactunng overhead). Costs were determined using the average; first-in. first-out (FIFO); and last-a. first-out
(LIFO) metnods of pncing. In general, domestic inventones other than (a) tnose at locat: ens involved in long-term
contract work and (b) those of Basic are pnced using the LIFO metkod.

The excess of current costs over the LIFO basis of inventories valued by this method was 556.969.000 at December
31,1979, and 542,460,000 at December 31,1978.

(f) Translation of Foreign Currencies
The foreign currency amounts witn respect to subsidiary companies and companies w hicn are camed at equity in net
assets are translated in terms of United States dottats as follows: assets tother than inventones and net fa ed assets)
and liabilities at the rates of exchange at tne respective year-ends; inventones and net fixed assets at histoncal rates
of exchange; and income and expenses at the average rates of exchange dunng the years.

h Gains orlosses from foreign currency translation and from exchange transactions are credited or charged to income
currently. Such exchange adjustments are included in the Conschdated Statement of income (pnmanly charged toU
cost of sales in 1978, and interest income in 1979) and aggregated a net loss of $2.968.000 and $4.952.C00 in 1979
and 1978, respectively.

(g) Property, Plant and Equipment
Land, buildings, machinery and equipment are camed at cost. Depreciation expense generally is calculated on the
straight-line basis for financial reporting purposes and on accelerated methods for income tax purposes; annua ! rates
for maior items being from 5% to 10% for machinery and equipment and from 2% to 4% for buildings.

Expenditures for maintenance, repairs. renewals and betterments whch do not matenally prolong the t.se, al h e of
the asset, or are of a minor nature, are generally charged to costs and expenses. When an item er unit of property is
replaced or substantial betterments result from major repair or renewal, the cost of the replaced property is retired and
the cost of the replacing property is capitalized. At the time properties are retired or otherwise dispcsed of the
reserves for depreciation are charged with accumulated depreciation apphcable to such assets. The difference
between the amounts at which such assets are camed (less accumulated depreciation) and the proceeds, in the case
of sales of property, is charged or credited to income.

(h) Research and Development Costs and intangible Assets
Company-sponsored research and development expense relating to the development of new products or services or
the improvement of existing products or services aggregoted 537,700.000 in 1979 and $32.000,000 in 1978.

Costs incurred in connecten with research and development work generally are expensed as incurred. However,
patents and other costs of product development which arise from acquisitions are amortized over their estimated
hves. Goodwdl ansing from certain prior year acquisitions accounted for as purenase transactons (Vetco inc., Gray
Tool Company and Natonal Tank Company)is being amortized over forty years.

(1) Accrued Liabilities
Accrued liabihties included the foilowing:

1979- 1978December 31,

' Wages, salanes and commissons S 71,185.000 $ 56.262.000

(> 164,468.000 167,260.000
- Additonal costs on open contracts

Other 183.257.000 147.653.000

$418.910.000 'S371.175.000
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Notes to Financial Statements e n s m , m = ms2.e.,c n a..,

1. Accounting (a) Principles of Consolidation
Policies and The financ:al statements of att but certain minor domestic and foreign suoscares na.e been ine uced .n tne

Supplementary consolidated hnancial statements. In conschcanng me financ:ai statements of me parent ecmpany and its
Information censolidated subscanes, all significant income and expense amounts and all s:gnihcant ca!ance sneet amounts of

an interccmpany nature. including unreabled intercompany prchts. have been enminated.

Invettments ,n unconsolidated subsid: anes, associated companies (those naving bcense agreements svitn the
Company) and omer companies whicn are 20*. or more owred are recorced at cnst aciusted for the Ccmpany s
ecuity in undistnbuted eamings er losses. Dividends received from such compan-es aggregated 5706.000 in 1979
and $370.000 in 1978. Petained eamings at Decem0er 31.1979. inc!ude 53.126.000 with respect to the undistnbuted
eamings of unconschdated subscanes and other associated comoanies Ach are 20% cr more owned.

The aggregate investment (including the equty in unc:strbuted eamings or Icsses)in companies which are 20% or
more owned exceeds me equity in the net assets of such companies as shown .n their financisi statements by
S5.338.000. Sucn excess is censidered to be allocatie to the undertying assets pnmanly hxed assets including
mineral deposits. and is betng amortized over their estmated useful hves.

'nvestments in associated and omerccmpanies w hicn are less than 20% ow ned are carned at me lower of aggregate
cost or market va!ue. Such investments included secunties whien are traced in foreign markets naving an aggregate
ccst of 514,107.000 at December 31.1979, and S13.951.000 at Decemoer 31,1978. The aggregate market value of

these marketatie secantes was $40.645.000 at December 31.1979. and S31.160.000 at Decemter 31.1978. At
December 31.1979, there wera gress unreahzed gains of $26.538.000.

(b) Cash and Short term investments
Cash inciuded temporary investments and time deoosits amounting to S396.721.000 and 5364.729.000 at
December 31,1979 and 1978, respectvely.

(c) Reserves for Doubtful Accounts and Allowances
Accounts receivab|e are shown in the Conschdated Balance Sheet net of reserves for coubt'ul acccunts and
allowances of 513.929.000 at December 31.1979. and $14.332.000 at December 31.1978.

(d) Long-term Contracts
Costs assoc:ated with long-term contracts are accumutated in worx in crocess inventory and irctude both direct and -

indirect costs. Direct costs inc!ude, among other things, direct !acor held labor, draftng, subcontract:ng and
direct matena!s. Ind: rect costs consist pnmanly of manufacturng ovemead. General and administrative expenses
are not inventoned. Inventoned costs relatng to fong-term contracts, less amounts attnbuted to eamed billings
(sales), aggregated $171.726.000 at December 31.1979, and 5152.036.000 at Decemcer 31,1978 (Note 1e).

Profits on long-term contracts for hnancial reporting purposes are recorded pnnc:pa:ty on the basis of the estimated
stage of completion. However, no profits are recorced on contracts for equipment manufact red in the Company s
piants pnor tn bdling the customer, andin most cases, onor to shipment of the eqwcment. These contracts extend over
a penod cf several months to four or more years. Revisions in cost esumates dunng :ne progress of work under long-
term contracts have the ef'ect of inc!uding in subsequent accounting penods adjustments necessary to re'iect the
results incicated by the revised estmates of final cost. Prclected or realized losses under long-term contracts, if any.
are proviced for in the penod when hrst determined.

At December 31,1979 and 1978, accounts receivable included (a) balances biiled but not paid cy customers under
retainage provisions in long-term contracts and (b) receivac!es uncer long-term contrac's which were not bdiaote
(pnmanly retainages which will be billed upon completen and acceptance of the equipment). The approximate
amounts involved in these categenes are shown below:

1979 1978December 31
,

Bdled but unpaid retainage S 14.171.000 S 15.870.000
Unbilled receivattes (onmanly retainage) 91.6C6.000 82.628.000

$105.777.000 5 98.498.000
Less-amounts inc!uded in uneamed batings ( 75.323.000) ( 72.413.000)

S 30.454.000 S 26.085.000

Approx: mate!y $20.309.000 cf the 530.454.000 shown above at Decemoer 31,1979, is expec*ed to te coilec*ed
cunng 19S0. O
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Consolidated Statement of Changes in Financial Position correu.non ens <<eens. rc aro s esear, co.-cames

For the Years Ended December 31 . 1979 1978
urce of Funds:

Operations-
Net income S 97.641,064 5 80.316.292
Charges (credits) not requinng funds-

Depreciation and amortization 66.137.562 52.567.333
Deferred income taxes (noncurrent) N investment tax credit 9,982.C00 53.039.000
Equity in net eamings of associated ano other companies,

adjusted for divicends received ( 3.634,319) ( 1,026,464)
All other, net, including amortization of patents and

other product develcoment costs 10.932.423 16.411.761
Funds provided from operations $181.058,730 S201.307,922

R tirements of prcperty plant and equipment,
less accumulated depreciation and amortization 15.486,810 7.678.67S

Common Stock issued in connection with
an acquisition. net 3.404,543 -

Proceeds from exercise of stock ootions 527.694 -

Total source of funds $200.477.777 $208.986.597
Application of Funds:
Additions to property, plant and equipment,

including S54.222.322 with respect to Basic incorporated in 1979 5146.741.462 5 74,900,656
Cash dividends declared 35.892,028 29.105,495
Reduction of long-term debt, net 4.253.380 7,630,133
Redemption of Series A Convertible Preferred Stock - 724.095
Increase in investments, net, including Yara Engineenag in 1979 and 1978 12.613.294 19.987.264
Acquisition of Basic Incorporated-

Noncurrent assets other than property, plant and equipment 3.203.937 -

Long-term debt ( 9.000,000) -

Allother net ( 3.933.953) ( 4.237.935)

Net increase in Working Capital
,

S189.770.148 $128.109.708Total application of funds
S 10.707.629 S 80.876.889

Details of increase (Decrease) in Working Cs pital:
Cash S 39.428,158 S137,415.855
Accounts receivable 63,429.937 3.361,449
inventories 69.729.082 22,700,110
Notes payable and current portion of long-term debt ( 7,109.746') 10.431,891
Accounts payable and accrued liacilities ( 51.888.136) ( 42.005.614)
Federal, state and foreign income taxes ( 53.036.843) 5.073.954
Advance payments on contracts ( 51,670,427) ( 56.591.681)
Other, net 1.825.604 490.925

S 10.707.629 S 80.876.889
Averence is mace to N accomcanying notes to france statements.

>

"si,
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Consolidated Statement of income C#eusten Ergineenng. Inc aM suoscam Compan;es

For the Years Enced December 31 1979 1978
Net Sales (1c) S2.757.504.278 52.331.751.133
Costs and Expenses:
Cost of sales (1e) S2.373.357,740 $2,006.265.603
Se' ling, generai and administrative expenses 213.401.782 178.041.245

$2.586.759.522 S2.184.306.848~

Operating income S 170.744.756 $ 147.444.285
Other income and (Deductions):
Int:r:st expense ($ 16.663,121) ($ 18,399,812)
Inter:st eamed 26,956.016 26,173.891
Equity in net earnings of associated and other companies (la) 4,340,294 1,396,768
Misc;flaneous, net 1.203.119 1.701.160

S 15.836.308 $ 11.572.007
Income before income taxes 5 186.581,064 S 159.016.292

Federal. State and Foreign Taxes on income (1 k) 88.940.000 78.700.000
Net income S 97.641.064 S 80.316.292

Net income per Share (11) S5.96 $4.97
Raamnce es made to the accornCanyq nctes to hnanew statements.

Consolidated Statement of Retained Earnings comous:en ens, nee <m. i cw seescary comean-

For the Years Ended December 31 1979 1978
Balance at beginning of year S 431,568.303 $ 379,230,787
Addition resulting from pooling of interests - 1.859.913 g
N:tincome 97.641,064 80.316.292 W

$ 529.209,367 $ 461,406.992
Deduct:
Cash dividends declared-

Pr.;ferred Stock-None in 1979 and S.85 per share
through redemption in 1978 - 104,979

Common Stock-S2.20 per share in 1979 and $1.80 in 1978 35.892,028 28,895,516
Pooled company prior to acquisition - 105,000

Exc:.ss of redemption price of Series A Convertible Preferred Stock
ov:r stated value - 624,261

Transfer to Commco Stock of amount equal to stated value
of redeemed shares of Series A Convertible Preferred Stock - 99,834

Adjustment for fractionai snares on conversion of Series A
Convert:ble Preferred Stock - 9.099

Balance at end of year
_

$ 493.317.339 S 431.568.303
Refereve es rrade to the accompanymg notes to f nancial statemen's.i

.

O
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Crous:en E7neerm Irc. and Subscacy -;.rcanes

:cember 31. 1979 1978

Tlabilities

Current Liabilities:
Not s payable and current portion of long-term debt (4) S 11,612.521 5 4.502,775

Accounts payable 137,178,742 133 025.910

Accrued liabdities (ii) 418,910.059 371,174,755

Federal, state and foreign income taxes (1k) 63,542,799 10,505.956

Advance payments on contracts 503,323,661 451,653.234

Dividends payable 9,769.188 8.085.031

Total current liabikties $1.144.336.970 $ 978.947.661

Deferred income Taxes and Investment Tax Credit (1 k) S 232.981.000 S 222.999.000

Long-term Debt (5) S 144.386.069 S 139.639.449
Minonty Interests in Subsidiary Companies S 1.581.926 S 1.367.730

Shareholders' Equity (5,7 and 8):
Pr:ferred Stock, no par value-

Authorized-2.000,000 shares
issued-none in 1979 and 1978 S - S -

Common Stock, $1 par value-
Authorized-50.000,000 shaes
issued-16,480,606 shares in 1979 and 16,280.611 shares in 1978, stated at 66,416,638 62.484,401

R tained earnings (see accomcanying statement) 493.317.339 431.568.303
$ 559,733,977 S 494,052,704

Deduct shares held in treasurf, at cost:
Common Stock-143.487 shares in 1979 and 123.855 shares in 1978 59,767 59.767

S 559.674.210 $ 493.992.937
s

$2,082.960.175 S1.836.946.777
' m

R ference s made to the accompanying notes to f:nancial statements.

,m
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Consolidated Balance Sheet
December 31. 1979 1978
Assets -

~

-

Current Assets:
Cash and short term investments (1b) S 445.681.286 5 406.253.128
Accounts receivable (less uneamed billings of $195.400,543 in

1979 and S186.225.642 in 1978) (1c and 10) 439.725.672 376.295,735
inventories (1d and le) 528.368.829 458,639.747
Prepaid expenses 14.863.397 11.353.636

Total current assets $1.428.639.184 S1.252.542.246

investments in Associated and Other Companies (ta):
At equity S 50.713.296 S 33,172.345
At cost 17.831.999 18.538.077

$ 68.545.295 S 51.710.422

Property, Plant and Equipment (1g):
Land and buildings 5 272,729,674 5 244.049,757
Machinery and eauipment 624.525,964 542.069.083

S 897.255,638 S 786.118,840
Less- Accumulated decreciation and amortization 381.272.201 335.252.493

S 515.983.437 S 450.866.347

Other Assets:
Goodwill and, in 1978, patents and other intang;ble assets (1h) S 64.514.458 S 75.224.685
Deferred charges 5.277.801 6.603.077

5 69.792.259 5 81.827.762
S2.082.960.175 S t .836.946.72Z

n w.nc. . m o. ro m. acemanyw:uo *namai sta:.m.ns.
.

O
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. Schedules I, III, IV, VII, VIII, X, XIV, XV, XVII, XVIII, and XIX are

() not submitted because they are not applicable or not required.

NOTES:
(a) Separate financial statements of the registrant have

been omitted since it is primarily an operating
company and the minority interests in subsidiaries
and long-term debt of the subsidiaries held by
others than the registrant is less than five
percent of consolidated total assets.

(b) Financial statements for unconsolidated subsidiaries
and S05 owned companies have be?n onitted as not
being required since all such unconsolidated sub-
sidiaries and 505, owned companies, considered in
the aggregate as a single subsidiary, would not
constitute a significant subsidiary.

REPORT OF INDEPENDENT PUBLIC ACCOUNTANTS ON SCHEDULES
.

In connection with our examination of the consolidated financial state-
ments of. Combustion Engineering, Inc. and subsidiary companies for the years
ended December-31,.1979 and December'31, 1978, as reproduced from the 1979
annual report to stockholders, we_have also examined the supporting schedules
listed above. . In our opinion,-these schedules present fairly, when read in
conjunction with the related consolidated financial statements, the financial() data required to be set forth therein, in conformity with generally accepted

-

' accounting principles applied on a consistent basis.

Arthur Andersen & Co.
Stamford, Connectic
February 13, 1980

..Ors_/-

1
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team Generatin g Power Systems Group supplien steam generating systems, equipment and services for the electnc utility incustry. In
ystems, the fossd field, the Company designs, manuf actures and installs systems and equicment fueled by ccal, na' sal gas

quipment and o od; inc!uding natural circulation contro!!ed circulation and combined circuatien types. in tne nuc! ear field, the
Servicae for the company designs. manuf actures and supplies complete pressunzed water nuc: ear steam sucpty systems. inctucing
Electric Utility tne faencation of nuclear fuel. The foregoing systems and equipment are so:o pnnc:paily to electne utd. ties and to

industry pnme contractors for electnc utilities.

Design, Engineering Group designs, engineers and constructs enemical process plants petroleum refinenes and other
Engineering and mdustnai fac:ht:es for the petrochemical.metaiturgical. pulp and paper and other process industnes.This Grcup also

Construction provides engineenng. design and proiect management tecnnology relatec to the ceveiopmant and production of

Services crude od and natural gas: and cesigns, manufactures and insta is gas crocessing and concitiening piants.

Equipment, Several Groups er.d C-E Glass supply equ:pment, products and services for industnal markets, the most significant

Products of which are snown below.
Cnd Services Equipment
forIndustrial Industrial Products Group-
Markets Equipment for the metal casting industry

Screening equipment for general industnal applications

Process Equipment Group-
Field production processing equipment for the oil and natural gas industnes
Oil fie!d equipment, pnmaniy welihead assemblies and high pressure pice connections
Subsea oil and gas field enliing and production ecuipment. and specialized equipment

for use on mobile dniling ngs
Gas-to-gas heat exchangers sold to manufacturers of steam generating equipment and others
Equipment for the pulp and paper incustry

_
/ Gnnding equipment and culvenzers for generaf incustral applications;

Power Systems Group-
Steam generating equioment and services for genera! ncustnat applications
Nuclear reactor vessels and other nuclear comocnents sold to manufacturers

Cf steam generating equipment and for use in research projects

Products and Services
Industrial Products Group-

Wood doors, windows and other build:ng products
E!ec"onic assemthes for the communications industry
Spec:a..y refractones and refractory products for the steet, alummum. g! ass and other industnes
Wire cloth and ccreening for general industnal acplications ar'd for paper mnis
Industnct minerals mined and processed by the Company for itself and others
Foundry chemicals. washes and suco!ies

Process Equipment Group-
Erect:on, retrofit and general contracting in oil and gas field procuction and processing plants
Specialty chemicals ic r use in oil and gas production process;ng
Carbon, alloy and stainless steel forgings
Coating, inspection and cther services pnmaniy for the od and gas indus&/

C-E Glass-
Automotive and architectural glass

,
'

License No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80
Page: A-22



I

Lines of Business and Brief Description of the Business

The Company's products and servins are class,' ed in the following categones accorcing te genera! markets serv
(a) design, manufacture, insta:la.,on and servic i of steam generating systems and equipment for the e'ectnc u.
industry, inciucing r'uclear steam supply syste ns; (b) design, engineering and construct:en services (pnncipally
through its subs'd:ary. The Lummus Company), pnmanly for the chemical, petrochemical and cetroleum industr:es;
and (c) equ:pment. products and services supplied to industnal markets. The relative contncutions to conschdated
net sales and to income from operations before income taxes and extraorc nary items by hnes of business for the
years 1975 through 1979 are shown in the following charts:

Relative Contnbution to Net Sales

.,, ,, . c gn ,

@Itv h%~ M% /
.. G .. y

_. . f
-

, . W e35% r p
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*
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:::'s Steam generating systems. equipment and services for the electnc utihty industry supplied by
the Power Systems Group.

M Design, engineenng and construc'Jon services provided by the Engineen1g Group.

M Equipment, products and services supphed to industnal markets by the Industnal Products.
Process Ecuipment and Power Systems Groups and C-E G! ass (see Notes 2 and 3).

(1) Before taking into consideration the following: interest expense; interest eamed on marketab!e secunties; equity
in earnings (losses) of associated and other companies; minority interests in eamir.gs (losses) of subsidianes;
Corporate unailocated expenses and other income and (deductions); and income taxes.

(2) None of the Company's equipment, procucts cr services supched to industnal markets contnbuted 10% or more to
the Company's consolidated net safes.

(3) See Note 15 of the lotes to Financial ;.tatements. For '977,1978 and 1979.the ecuipmen;, products and semces
category is shown as:

Equipment for industnal marxets. and
B5 Products and semces for industnal markets.

O
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. Market Price Range Per Share
1979 1978

Common Stock (1) Hign Low Hign Low

First Quarter - $39'' 5321e 537'h S31-

Second Quarter 45h 35%' 43 4 33t:
, Third Quarter 54 445, 44?e 37's
Fourtn Ouarter 5 91: 43's 39% 317e

Preferred Stock (1.2) Hign Low Hgn Low

First Ouarter S- S -' 3461: S420:
Second Quarter - - 56va 51
Third Quarter ' - - - -

Fourtn Quarter - - - -

Quarterly Dividends Declared Per Share

Q(/
1979 1978

Common Stock

First Quar'er . S.50 S.40
Second Quarter .55 .45
Third Quarter .55 .45,

Fourtn Quarter .60 .50

. Preferred Stock (2)

' First Quarter 5- 5.425
Second Quarter 425.-

Third Quarter - --

Fourth Quarter -- -

'1 Daced on tre New York Stock Excnarx;e..

2. Aedeemec on July 24.1978.
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1978 Compared On a consolidated basis. net sales increased 14*w cver those in 1977 saies increases by cus: ness segment wer-
to 1977 follows: Products and services for industnal markets by 33*.. equ.cment for 'ncustnal markets by 14*o: ste

generatng systems, ecuipment and serv:ces for tne electnc utsty industry cy 9* sand cesign. engineenng and
constructon services by 3%

Comments on the pnrTipal factors affectng sales .n 1978 fodow:

Sales were adversely af+ected in the year 1978 by worn interruptions at several ma;cr clants due to stnkes reiated to
contract negetations. The segments most signif.cantly af'ected by the strkes were steam generating systems,
equipment and services for the electnc uthty industry and equipment for industnal markets. Otner comments ey
bus ness segment toucw:

(a) Products and services for industnal markets-
The increase in this segment was attnbutable pnmanly to inctuding for a full year the oil field pice inspecten and
coating services and other services p wided by Vetco inc. which was acquired in December.1977, and to increased
shrpments of wood doors, windows and other building products. refractoiy and mineral products, foundry matenats
and supplies and architectural glass.

(b) Equipment for industnej markets-
The increase in this segment was due mainly to sh:pments of oil field expioration and prnduction equipment (inctucing
those of Vetco inc.) and increased shipments of equ:pment for the pu!p and paper industry. These fcveracle trends
were offset in part by lower shipments of equipment for the metal casting industry and steam generating equipment
for industrial use.

(c) Steam geneiat ng systems, equipment and services for the electnc utihty industr/-
The increase in this segment was due mainly to higher shipments of fossil fuered steam generatng equipment and
increased constructon services on bonr erecton work and ma ntenance projects. Activity on contracts for nuc: ear
steam suopfy systems and fuel was approximately the same in coth years.

(c) Design, eng:neenng and constructon services-
The moderate increase in this segment was pnmanly attnbutable to higher activity in domestc offices on process
plants. inc uding petrochemical, pharmaceut cal and energy-related prgects: ct' set by a general dechne in sales cfi

heat transfer equipment. While engineenng and procurement services fumished in connecton with the Lum..

Joint Venture with Thyssen Rheinstahl Technik. G.m b.H. for the supply of a petrochemical complex to i. .
Govemment of Iraq were at a lower levelin 1978 matenal de!rvenes and construction activites increased dunng the
year. It should be noted that engineering and otner services furnished in connection with the Lummus Joint Venture
are notincluded in sales as the 50*s interesM the Joint Venture will be accounted for by means of the equity method cf
accounting (see Note 3 to the Financial Statements).

Cost of Sales increased by 13's over that in 1977 pnmanly as a result of tne increase in sates volume, higher costs of
matenal. tabor and services and the effect of work stoppages related to contract negotiatons. Other significant factors
affectng cost of sales and profitabil.ty in 1978 were as follows:

(a) Amortzation of the adjustment of Vetco inc. and Gray Tool Company assets to reflect fair market value at the dates
of acquisition (Vetco inc., November.1977 and Gray Tool Company. Octocer.1976). partcutarty the upward va!uation
of inventones and intangib!e assets, adversely affected operatng results in 19" and 1978. Amortization of these
adjustments in future years wdl be at a reduced rate.

(b) Profits from the manufacture and distncution of architectural glass, wood doors, windows and cther bui dingi

products improved in 1978 as a result of the increase in nousmg starts and a strong home improvement market.

(c) Losses en overa!! nuc! ear actvities decreased in 1978. This was due primanly to provisions in 1977 for cost
adjustments and repairs on certain nuclear steam supply system contracts.

Seiling. General and Administratve Excenses increased 22*o over these in 1977 due pnmanly to (a) the inclusion of
Vetco inc. expenses for a full year in 1978. tb) higher selling expenses in all business segments and (c) in general,
higher sta'fing, payrolt refated expenses and occucancy expenses.

Interest Excense increased 59's over that in 1977 due mainly to interest on proposed federal income tax
assest.nents and imerest on tne indebtedness of.Vetco Inc.

Miscellaneous, net increased in 1978 due mainly to higher interest eamed as a resuit of a higher average level of
investable funds and higher interest rates. ^

~

Taxes on income increased 20*s over those in 1977 due to the increase in income before taxes.
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(b) Profits from steam generating systems equipment and services for the electnc utikty industry were higher in 1979
than in 1978 due mainly to reduced tosses on overall nuclear activities resuiting from an increase in work on nuclear
fuelandadechneinprovisionsforcostandotherad ustmentstonuclearsteamsupplysystemcontracts. Adjustmentsi

were made in 1979 to recognize the declining level of production in certain nuclear f acilities. Profits from fossil steam
generating equipment, including construction services, were moderately below the 1978 level due to higner
operating expenses.

(c) Profits from products and services for inoustnal markets increased in 1979 over those in 1978 due pnncipally to the
increased shipments of refractory and mineral products, forgings and other products and increased services to the
oil and gas industry.

Amortization of the upward ad;ustment of Basic Incorporated assets to reflect fair market value at the date of
acquisition adversely affected the profits of this business segment in 1979. Acquisition adjustments with respect to
Vetco coating and inspection services in 1979 were at a lower rate than in 1978.

Profit in 1979 from tne distnbution of wood building products was below the tevel of 1978 due in part to competitive
market conditions.

(d) Profit on design, engineenng and cens*ruction services increased shghtly over the year 1978. Higher profits on
engineenng and construction services, pnmanly on work performed by domestic offices for overseas projects, were
offset substantially by unfavorable cost and other adjustments inc!uding acquisition adlustments with respect to a
company acquired in January,1979.

Selling. General and Administratve Expenses increased 20*a over those in 1978 due pnmanly to expenses of
companies acquired in the latter part of 1978 and the begi' .iinyf t979. and in general. higner staffing. payroll related
expenses and other expenses.

Interest Expense decfined 9% from that in 1978 due mainly to a reduction in the provision for interest on prcposed
federalincome tax assessmentr offset in part by interest on the indeotedness of Basic incorporated.

V _
. Miscellaneous. net increased $2.527.000 in 1979 due mainly to the increase of $2.944.000 in the equity in earnings of

associated and other companies. This increase was due largely to the equity interest in Yara Engineenng Corporation
accuiredin 1978 and 1979.,

' Taxes on income increased 13*h over those in 1978 due to the increase in income before taxes, offset in part by a
decline in the statutory United States Federalincome tax rate from 48% to 46*b.

Unfilled Orders . A summary showing the backlog of unfdled orders by business segment is set forth below:

December 31.~ 1979 1978 1977

Steam generating systems, equipment and _
*

services for the electric utility industry S2.113,591.000 S2.143.242.000 $2.247 A5'7.000
Design, engineering and construction

. services 270.938.000* 200.329.000* 237.529.000*
- Equipment forindustrial markets . 528.261.000 457.331.000 ~ 413.160.000
Products and services for industnal markets 73.675.000 79.027.000 69.980.000

$2.986.465.000 * S2.879.929.000* S2.968.556.000*

*The backlog at December 31.1979,1978 and 1977. does not include the suppiy of a $1.1 billion petrochemical
complex for the Government of Iraq. being performed by the Joint Venture compnsed of The Lummus Company and

- Thyssen Rheinstant Technik. G.m.b.H.

L) .
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Management Discussion and Analysis of the Summary of Operatic .,

The following com nents are ir.. ended to present an overview of the more important matters affecting coera
results for the years 1977,1978 and 1979 as shown on pages 14 and 15, and to provide a comparative summary of the
backlog for each of the last three years. Other statistics on Business Segments are contained in Note 15 to the
December 31,1979, Financial Statements and under the caption Lines of Busmess and Snet Dese; ption of the
Business on page 20.

1979 Compared On a consoliciated basis. net sales increased 18*6 ovter those in 1978. Sales increases by business segment were as
to 1978 foilows: Products and services for incustnal markets by 26%; equipment for industnal markets by 18%: steam

ginerating systems, equipment and services for the electnc utility industry by 14% and design, engineenng and
construction services by 14%.

Comments on the pnncipal factors affect:ng sa!es in 1979 follow:

(a) Products and services for indus":al markets-
The increase in this segment was a4nbutable pnmanly to increased shioments of refractory and mineral products
(including those of Basic Incorporated, whien was acquired early in 1979), increased shipments of forgings and other
products and services to the oil and gas industry inc!uding those furnisned by companies acquired in the final quaatr
of 1978, and increased shipments of automotive and architectura! glass. Those favorable factors were off set in part by
a dec!ine n sales and services caused by the disposition of several companies previously included in this segment.

(b) Ec,aipment for industrial markets-
The increase in this segment was due mainly to increased shipments nf oil field equipment (pnmanly wellhead
assemblies, subsea dnlling and production equipmen*. and field production processing equipment), gas-to-gas h6:t
exchangersandpulverizing 4uipment for generalindustrial applications, and a h:gnerlevel of field construction work
on industnal steam generating equipment. Sales in 1978 were adversely af'ected by work interruptions at several
major plants due to contract negotiations.

(c) Steam generating systems, equipment and services for the electnc utility industry-
The increase in this segment was due mainiy to a higher level of activity on nuclear steam supply systems and fuel,
higher shipments of air quality control equipment and maintenance parts and increased field constructon work o
fossil steam generatng equipment. Sales in 1978 were adversely affected by work interruptions at several mar
plants due to contract negotiatons.

(d) Design, engineenng and construction services-
The increase in this segment was prima. iy attributab|e to sales of natural gas proces ting and conoitioning equipment
by a company acquired early in 1979. It should be noted that engineenng, construction and other services being
performed by The Lummus Company in connecton with the Joint Ve-ture with Thyssen Rheinstahl Technik.
G.m.b.H. for the supply of a petrochemical complex to the Government of f r:a are not included in sales (see Note 3 to

the Financial Statements).

Cost of salesincreased by 18% over that in 197C pnmanly as a result of the iners se in sales volume and higher costs
of matenal labor and services.Cther significant facters affectng cost of sales and profitaoihty in1979 were as follows:

(a) Profits from equipment for industnal markets increased over the year 1978 due pnmanly to increased shipments of
oil field producton and processing equipment and the lesser effect of acquisition adjustments (pnmanly with respect
to Vetco inc.) in 1979. These favorable trends were offset in part by lower profits realized in 1979 from shipments of
steam generating equipment and equipment for the pulp and paper industry and the metal casting industry caused by
vanous factors in each case, including higher research and development costs, lower profit margins and work
interruptions caused by contract negotiations.

O
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p 1977(5) [_ t?76(5)
~

1975 1974 1973 1972 1971 1970
.

1 1.044.764 S t .6 '.,0 325 S1.711.151 S1.428.028 $1.168.578 S t .054.532 S 960.910 S 879.204

$1,776.518 S1,601,773 S1,513.297 S1.253,616 S 998,987 5 902,596 5 819,794 5 747.439
145.742 122.117 109.317 94.336 87.484 77.181 69.857 65.984

St 922.260 S t .723.890 S1.622.614 S1.347,952 S1.086.471 S 979.777 S 889.651 S 813.423
S 122.504 S 107,035 S 88.537 5 80,076 S 82.107 5 74,755 S 71.259 S 65.781

( 11.563) ( 9,989) ( 10.119) ( 11,704) ( 9.561) ( 8,643) ( 6.273) ( 5.964)
22.068 8.147 5.024 5.472 6.885 6.387 3.845 3.135

S 133,009 $ 105.193 S 83,442 S 73.844 S 79,431 S 72,499 5 68.831 5 62.952
' 65.620 50.990 38.850 33,660 36.340 32.980 32.100 30.630

$ 67,189 $ 54,203 S 44,592 S 40.184 S 43,091 S 39.519 5 36,731 5 32.322
- - - ( 2,700) ( 16.000) - --

S 67.189 S 54.203 S 44.592 S 37.484(1) S 43.091 S 23.519 5 36.731 S 32.322
,

S 4.17 $ 3.36 S 2.77 5 2.50 $ 2.70 S 2.48 5 2.34 S 2.09,

i
- - - ( .17) - ( 1.00) - -

S 4.17 S 3.36 S 2.77 S 2.33(1) S 2.70 S 1.48 5 2.34 S 2.09
16.117.125 16.1?'.660 16.083.514 16.080.781 15.952.219 15.930.967 15.722.697 15.467.769

$ 24,098 S 21,188 $ 20,137 S 18,617 S 16 320 S 15,160 S 14.195 S 13.237

1.50 1.316 1.25 1.152 .997 .958 .917 .85
1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70

[ ],086,841 5 876.259 5 717.029 S 662.049 $ 523,588 S 484.278 S 458.427 5 388.275
V 894.123 663,412 529,623 494,088 373,170 329,435 315,977 281,544

192,718 212,847 187,406 167,961 150,418 154.843 142,4 0 106,731
437.145 358,741 315.850 297,339 266,536 219.096 203,145 182,731
128.948 54,643 35.977 38,111 40,622 39,976 64,8?' 65.215
169,960 99,638 57.802 41,669 14,946 9,557 20,931 19,104
147.270 128,176 116,497 121,242 121,490 107.116 103,193 75.348

441,581 398,417 364,934 340,500 321,140 297.242 28" 291 260,225
27.30 24.31 22.12 20.49 19.15 17.64 17.15 15.47

S 122.055 S -81.446 S 50,621 S 61.796 S 57.330 S 38.747 5 42.336 5 35,370
39.630 33.030 29.653 27.744 23.868 19.765 17.972 15.723

S2,111,246 $1,738,626 S1,527,288 S2,515.965 $1,99f ' ~,2 ' 720,497 S 979,133 S1,130.262
2.968.556 2.980.098 3.132.481 3.347.114 2.288.v 1 1.477.500 1.350,050 1.337,121

,

44,770 42,843 45.938 40,765 35.316 34,950 33.374 32.645
26.596 25.536 25.212 24.758 21,305 21.549 21.390 19.252

f

3. Represents, in 1972 and 1974. a provision for loss on the disoosition of the holding in United Nuc! ear Corporation. less in each
cas:the effect of aaplicable income taxes (S15.000.000 in 1972 and 52.500.000 in 1974).
4. Based en net ar ats and common shares outstanding at year-end.
S. Inctudes Gray Tool Company for penods subsequent to October,1976, Vetco Inc. for the penods subsequent to November,1977,
and Basic incorporated for the pened subsequent to January,1979.

m
(.)
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Comparative Financial Statistics 1970-1979
^

iDonars.n Thousarts. Excect cer Share Amour :s> 1979(5) '5)
Summary of Net Sales 57.757.504 S2.331 .

Operations Costs and Expenses-
Cost of sales $2.373.357 $2.006.266
Selling. general and administretgexpenses 213.402 178.041

52.586.759 $2.184.307
Operaung income S 170.745 S 147.444
Other income and (Deductions)-

Interest expense ( 16.663) ( 18.400)
Miscellaneous. net 32.499 29.972

Income Before income Taxes
and Extraordinary items S 186.581 S 159.016

Taxes on income 88.940 78.700
income Before Extraordinary items S 97.641 S 80.316
Extraordinary items (3) - -

Net income S 97.641 S 80.316
Net income per Share (2)-

Income before extracrdinary items S 5.96 $ 4.97
Extraordinary items (3) - -

Net income S 5.96 S 4.97
Average Shares Outstanding (2) 16.371.638 16.171.116
Cash Dividends Declared-

Total S 35,892 S 29.105
Per share-

Common 2.20 1.80
Preferred - .85

-

Other Current Assets $1,428.639 $1.252 _Financial Current Liabilities 1.144,337 978,948
Statistics Working Capital 284,302 273.594

Property, Plant and Equipment, net 515,983 450.866
Investments and Other Assets 136,756 132.171
Deferred Income Taxes and Investment Tax Credit 232.981 222,999
Lorg-term Deot 144,386 139.639
Shareholders' Equity

Amount 559.674 493.993
Per share (4) 34.26 30.58

Capital Expenditures S 146,741 S 74,901
Decreciation and Amcrtization 66.138 52.567
Orders Received $2.897,763 S2.298,490
Unfilled Orders 2.986.465 2.879.929
Employees 43,286 45,729
Shareholders of Record 26.742 26.451
see paces 16-is w Management o.scuss on am Anavs.s e me s,mmary or occatons for n years 1979 am 197s

1. In 1974. the Comcany changed to the last-in, first-out (LIFO) method of inventory valuation with respect to certain domest:c inventenes
(genera'ty inventones other than those involved in long-term contract work). The LIFO method was adepted because the racic increase in
pnces would have resu!ted in an overstatement of prof:ts 6f use of the average, or first-in, first-out (FIFO) metnod were cent nued. since
inventones sold were replaced at substantially higher pnces. The effect cf this change was to reduce net income for tne year 1974 by
$5.887.919 equal to 5.37 per share.

2. Net income per snare was based on the average number of shares outstanding. Average shares outstanding, sr cde (a) the average
number of common shares outstanding. (b) common snares issuaD!e en the conversion of the Senes A ConvertiOie Preferred Stock. pnor
to recemption in July.1978, (c) in the years 1970 through 1974 estimated shares to te released from escrow based on eamings of
certain compantes subsecuent to acquisit:on and (d)in the years 1971.1972,1973 and 1979. the assumeo exercise of ait outstanc:no
stock opt!Ons. The average numOer of shares outstanding in each penod has been ac;usted where necessary to give ef'ect retroact
to a 2-for 1 stock split in 1970. a 3 for-2 stock spt:t in 1977, and shares issued in connect:on with s,gnificant poot:ngs of interest.
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Mr. Orr was elected a Vice President of the Company in September, 1973. During
the past five years he has been a senior operating officer of the Engineering
Group.

ffr. Parkin was elected a Vice President of the Company in September, 1973.
During the past five years he has been responsible for corporate planning
and devttopment.

Mr. Slack was elected a Vice President of the Comoany in September, 1973.
During the past five years he has been a senior operating officer of
the Process Equipment Group.

Mr. Winterson was elected a Vice President of the Company in December, 1966.
During the past five years he has been a senior operating officer of the
Power Systems Group. He has been a Director since 1968.

PART II

ITEMS 13. THROUGH IS.

The Company's proxy statement dated March 21, 1930, in connection with its
Annual Meeting of stockholders to be held on April 22, 1980, has been
filed with the Securities and Exchange Commission.

O
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A brief account of each officer's business experience during the past five
years is set forth below:

[~)
N_/ Mr. Santry was elected President in April,1963. During the past five

years he has been the chief executive officer of the Company. He has
been a Director since 1957.

Mr. Calvert was elected a Vice President of the Company in August, 1974
and as of March 15, 1975, was appointed Vice President-Operations. He
was elected a Director in February,1975.

Mr. Condon was elected a Vice President of the Company in January,1978
and is responsible for coordinating the Company's international manu-
facturing and licensing activities, sales and market services, and
project financing outside the United States. Before assuming his
present position, he was Vice President-International Finance for The
Lummus Company, a subsidiary of the Company. Before joining the Company
he was a Senior Vice President of Wheelabrator Frye, Inc. and Chairman
of Wheelabrator International.

Mr. Connolly was elected a Vice President of the Company in April,1976
and is responsible for corporate marketing and communications. Prior
to joining the Company he was' a Vice President of International Paper
Company.

Mr. Ennis was elected a Vice President of the Company in January,1960.
*%

During the past five years he has been responsible for the Company's
<w - legal and administrative functions. He has been a Director since 1960.
( i
\_/

Mr. Gross was elected a Vice President ' of the Company in June,1960.
During the past five years he has been the chief financial officer of
che Company. He has been a Director since 1963.

Mr. Hallinan was elected a Vice President of the Company in November,1976
and Secretary in April, 1973. He became General Counsel in 1973 and since
that time has ~ been in charge of the legal department of the Company.

Mr. Kelly was elected a Vice President of the Company in A9ril, 1967..

During the past five years he has been a senior operatf r.g officer of
the Industrial Products Group. '

Mr. Kiamie was elected a Vice- President of the Company in August, 1967.
During the past five years he has been the principal accounting officer
of the Company.

Mr. Kimmel was elected a Vice President of the Company in April, 1979.
Prior.to joining the Company, he was Vice President-Finance and a
member of the Board of Directors of Lykes Corporation.

Mr. Leeper.was elected a Vice President of the Company in December, 1978 and
is responsible for directing corporate-level' technology programs, and for
coordination of the Company's engineering and technological deve's' tnt.
Before assuming his present position, he was Vice' President-Engineering[_,; at The Air Preheater Company,-Inc., a subsidiary of the Company. Prior_

' ~ to joining the Company, he was President and General Manager of Aerojet
~ Nuclear Company,- a subsidiary of Aerojet General Corporation.
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SUPPLEMENT TO PART I

0FFICERS OF THE REGISTRANT S
Listed below are the officers of the Company as of December 31, 1979:

Name Age Position Presently Held

Arthur J. Santry, Jr. 61 President

James F. Calvert 59 Vice President - Operations

Joseph F. Condon 54 Vice President - International

William J. Connolly 50 Vice President - Marketing and

Communications

Thomas A. Ennis 59 Vice President - Administration

Lambert J. Gross 64 Vice President - Finance

Richard J. Hallinan 57 Vice President, Secretary and

General Counsel

James B. Kelly 52 Vice President in charge of
Industrial Products Group

Mitchell Kiamie 58 Vice President and Controller
O

George S. Kimmel 45 Vice President and Treasurer

Charles K. Leeper 56 Vice President - Corporate Technology

William P. Orr 62 Vice President in charge of
Engineering Group

George R. Parkin 64 Vice President - Development and
Planning

John H. Slack 57 Vice President in charge of
Process Equipment Group

Howard M. Winterson 63 Vice President in charge of
Power Systems Group

There are no family relationshi.ps among the foregoing officers.

I There are no arrangements or any understandings between the
above persons and any other persons pursuant to which such
persons were elceted to the offices indicated.'

!
Election to the offices indicated is for a term of one year.

O
!
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ITDI 10. SUBMISSION OF MATTERS TO A VOTE OF SECURITY HOLDERS

Reference is made to the information in response to Item 7 on Form 10-Q for
the quarter ended June 30, 1979. Reference is also made to Note 5 of the

.'

Notes to Financial Statements regarding amendments to the Indenture for
the 5 7/8% Sinking Fund Debentures due 1992.

:

.

;

' ITEM 11. INDEMNIFICATION OF DIRECTORS AND OFFICERS

Reference is made to the information included in response to Item 9 in the
Company's annual reports on Form 10-K filed for the fiscal years endedI

December 31,1970,1971 and 1974 and in response to Item 11 on Form 10-K
filed for the fiscal year ended December 31, 1978.

G
! k_)

ITDI 12. FINANCIAL STATDfENTS, EXHIBITS AND REPORTS ON FOR'l S-K

Item 12(a) 1 Financial Statements - See accompanying Index to Financial,

Statements.

2 - Schedules and Exhibits - See accompanying Index.

?

bO:
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Common Stock - $1 Par Value

Increase (Decrease)
in Number of

Date and Brief Description Shares Outstanding

January 9, 1979, shares issued in
connection with an acquisition in
1979 199,995

July 13, 1979, shares returned to the
Company in connection with an
acquisition in 1979 ( 33,498)

July 19, thru December 27, 1979, exercise
of stock options 13,866

gITElf S. DEFAULTS UPON SENIOR SECURITIES

No defaults upon senior securities occurred during the year ended December
31, 1979.

.

ITDI 9. APPROXI!! ATE NUMBER OF EQUITY SECURITY HOLDEP.S

The following table discloses, as of December 31, 1979, the approximate number
of holders of record of each class of equity securities of the registrant.

Number of
Title of Class Holders of Record

Common Stock -- $1 par value 26,742

O
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In addition to the foregoing, the registrant has 47 domestic subsidiaries and
42 foreign subsidiaries which considered in the aggregate as a single sub-() sidiary, would not constitute a significant subsidiagr.i

Other Active Subtidiaries Not Included in Consolidated Financial Statements -
At December 31, 1979, the registrant has investments in 26 companies
accounted for on the equity method which, considered in the aggregate as
a single subsidiary, would not constitute a signficant subsidiary.

ITEM S. PENDING LEGAL PROCEEDINGS

Reference is made to Note 12 of the Notes to Financial Statements shown on
page 35.

With respect to Federal, state and local provisions relating to the
discharge of materials into the environment and protection of the
environment, the Company is engaged from time to time in adminis-
trative procedures and/or proceedings with various governmental
authorities with a view to establishing appropriate criteria and
ensuring the compliance of the Company therewith. To the best of.

the Company's information, there is not presently pending any legal
proceedings commenced by any government authority seeking damages,
fines or penalties with respect to an alleged violation of such
provisions, except that a division of the Company is conducting

_ C,s) negotiations with the Commonwealth of Pennsylvania, Department of
Environmental Resources, with respect to a Consent Order and Agree-
ment which would obligate the Company to undertake certain corrective
action in response to .the alleged improper deposit and dumping of
wastes and related discharges at Muse, Pennsylvania. Such corrective
action would not be material to the Company. Also, during the fourth
quarter, a facility of the Company in Fullerton, California was fined
$130 for a smoke emission violation, which fine has been paid.

ITEM 6. INCREASES AND DECREASES IN 0UTSTANDING SECURITIES AND INDEBTEDNESS; AND

ITEM 7. CHANGES IN SECURITIES AND CHANGES IN SECURITY FOR REGISTERED SECURITIES

Reference is made to Note 8 of the Notes to Financial Statements shown on
page 34.

(~'t
%j
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ITEM 4. PARE.'.~rS AND SUBSIDIARIES g
There are no parents of the registrant. Information with respec'. to subsidiaries

of the registrant, as of December 31, 1979, follows:

Active Domestic and Wholly-Owned Foreign Subsidiaries included in the Consolidated
Financial Statements -

Percentage of
Incorporated Voting Securities
Under Laws Owned by

of Im.ediate Parent

Basic Incorporated Ohio 100",

C-E Morgan, Inc. Delaware 100*.
C-E Minerals, Inc. Pennsylvania 100%

C-E Walther, Inc. Delaware 100's

Combustion Engineering -
Superheater, Ltd. Canada 100%

Crest Engineering, Inc. Oklahoma 100t
Globe Refractories, Inc. Delaware 100',

Gray Tool Company (Europe), Ltd. England 100%

Mullite Company of America Georgia 100',

C-E Natco Limited Canada 100%

The Air Preheater
Company, Inc. Delaware 100%

$The Bauer Bros. Co. Ohio 100's

The Bauer Bros. Co. (Canada) Ltd. Canada 100*.

The Ehrsam Company Delaware 100's

The Lummus Company Delaware 100's

The Lummus Company
Canada Limited Canada 100%

The Lummus Company Limited England 100*6

Lummus G.m.b.H. West Germany 100%

Lummus Nederland, B.V. Netherlands 100%

Societe Francaise des
Techniques Lummus France 100's

Veteo Offshore, Inc. Delaware 100';

Vetco Inc. California 1005,

Vetco-Disc, Inc. Cali fornia 100'6

Vetco International, A.G. Swit:e rland 100'4

Vetco Offshore Limited United Kingdom 100%

Vetco Singapore (Pric '-l Ltd. Singapore 100'.

W.S. Tyler, Ir.corporated Ohio 100%

O
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ITE't 3. PROPERTIES

O
,

'

The principal manufacturing and processing plants and other important physical
properties are set forth below. The industry segment (s) which used tha pro-,

perty is also identified. Unless noted, the property is owned by the Conpany ;

or a subsidiary.

Aberdeen, Scotland (3) Mentor, Ohio (3)(4)
Andersonville, Georgia (4)* Monongahela, Pennsylvania (1)(3)
Sirmingham, Alabama (1)(3) Newington, New Hampshire (1) |Bloomfield, New Jersey (2) Newell, West Virginia (4) -

'
Calgary, Alberta (3) Oshkosh, Wisconsin (4)
Chattanooga, Tennessee (1)(3)(4) Sherbrooke, Quebec (1)(3)*

Cinnaminson, New Jersey (4) Springfield, Ohio (3)*
Cleveland, Ohio (4)* Stamford, Connecticut ,

'

Douglas, Scotland (3)* St. Catharines, Ontario (3)(4)

| East Chicago, Indiana (1)(3) St. Louis, Missouri (1)(3)
d Enterprise, Kansas (3) Tulsa, Oklahoma (3)* '

Gabbs, Nevada (4)* Ventura, California (3) ,,

i Gulfport, Mississippi (3)* Waterford, Pennsylvania (4)
i Houston, Texts (2)(3)* Wellsville, New York (1)(3)

Mansfield, Texas (3) Wilmington, Delaware (4)*
Maple Grove, Ohio (4)* Windsor, Connecticut (1)(3)
Marion, North Carolina (1)(3),

i

| (1) Steam generating systems, equipment and services for the
i_ electric utility industry.

3 - (2) Design, engineering and construction services.
-(3) Equipment for industrial markets.

_

(4) Products and services for industrial marke u.

* Includes leased facilities. Expiration dates of such
a leases are as follows:
.

Andersonville, Georgia March 30, 1988 |
i Cleveland, Ohio March IS, 1996

Dcuglas, Scotland November 11, 1988
,

Gabbs, Nevada February 1, 1990;

Gulfport, Mississippi August 1, 1994
Houston, Texas February 28, 1983
Maple Grove, Ohio July 1, 1990
Springfield, Ohio February 1, 1992

| Tulsa, Oklahoma July 29, 2001 |

Wilmington, Delaware July 1, 1939

* The . Company's manufacturing facilities are of varying ages and are well
maintained, in good operating condition and suitable for the purposes
for which they are being used. All of the principal manufacturing and
processing plants are utill:ed on the basis of at least one shift and
some operate with more than one shift. Management regards these facili-
ties as having adequate capacity to meet current production requirements.

O
License No.-SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80<

Page: A-6
i

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



With respect to equipment and products and services for industrial markets, a
the Company is one of nu=crous manufacturers or suppliers and in certain W
cases is one of the leading manufacturers or suppliers. In general, the

Company conducts this portion of its operations under highly competitive
conditions.

Research and Development

ne estimated amount spent during 1979 and 1973 on material research
activities relating to the development of new products or services or
the improvement of existing products or services which was Company
sponsored was $37,700,000 and $32,000,000, respectively, and on that
which was customer sponsored was $24,500,000 and $20,000,000, respectively.

Work on the Connany sponsored research and development projects as well as
engineering work in connection with the sale of the Ccapany's products and
services are carried out by several research laboratories and engineering
centers at various locations. For this reason, it is not practicable to

state the approximate number of professional employees engaged on a full
time basis in Company or customer sponsored research and development.

Ccmpliance Xith Environmental Protection Laws

Compliance by the Company with Federal, state and local envirortrental pro-
tection laws required capital expenditures of $2,547,000 in 1979 and 56~7,000
in 197S. It is estimated that capital expenditures in 1980 for such nurpose
will be at approximately the same level as in 1979. g
Emoloyees

At December 31, 1979 the Company employed 43,2S6 persons.

Item 1(d) Financial Infomation about Foreign and Domestic Coerations and
Export Sales

Reference is made to Note 15 of the Notes to Financial Statements shown on
pages 36 and 37 which is reproduced from the 1979 annual report to stock-
holders.

ITE'4 2. SLM1ARY OF OPERATIONS

Reference is made to the information shown for the five years ended
December 31, 1979, on pages 14 and 15 under the caption " Comparative
Financial Statistics 1970-1979 - Summary of Operations". Reference
is also made to pages 16-18 under the captions " Management Discussion
and Analysis of the Summarv of Operations", "1979 Compared to 1978"
and "1978 Compared to 1977". All of such referred to information is
reproduced from the 1979 annual report to stockholders. g
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the conduct of the business. The Company does not believe that any
O-' si ate ratent is er materia 1 irrverta ce 1 re1atie te a#x sesi#ess

segment or the Company as a whole.

Backlog

Reference is made to " Management Discussion and Analysis of the Summary
of Operations - Unfilled Orders" on page 17 which is reproduced from the
1979 annual report to stockholders. Approximately 55% of the consolidated
December 31, 1979 backlog of unfilled orders is expected to be recorded
as sales (principally on the percentage of completion method) in 1980 and
the remainder in subsequent years.

The backlog of unfilled orders cannot be projected into an annual rate of
net sales for a variety of reasons, including the length of time required
for the completion of contracts and changes in customer requirements.

Competitive Conditions

With respect to the steam generating systems, equipment and services for
the electric utility industry, the Company is one of the largest domestic
manufacturers of fossil fueled steam generating systems and equipment and
is one of four domestic manufacturers of nuclear steam supply systems.
The competitors for fossil fueled steam generating systems include The
Babcock 5 Wilcox Company, a wholly-owned subsidiary of J. Ray McDermctt
5 Co. and Foster Wheeler Corporation. The competitors for nuclear steamc

t] supply systems are The Babcock 6 Wilcox Company, Westinghouse Electric
Corporation and General Electric Company. All of the competitors for
nuclear steam supply systems are substantially larger in size than the
Company.

The Lummus Company, the principal component of the design, engineering and
construction services segment of the Company, is one of the ten largest
domestic firms engaged in designing, engineering and constructing chemical
process plants, petroleum refineries and other industrial facilities for
the petrochemical, matallurgical, pulp and paper and other process indus-
tries. The principal competitors for this business include Bechtel
Corporation, Brown and Root, Inc. , a subsidiary of Haliburten Company,
Stone and Webster Engineering Corporation, Fluor Corporation, Foster
Wheeler Corporation and Pullman Kellogg Division, Pullman, Inc.

Usually, the Company competes for new orders for fossil fueled steam gener-
ating systems and equipment and for nuclear steam supply systems by respond-
ing to specific invitations to bid. This same process is usually involved
in securing orders for the design, engineering and construction of chemical
process plants and other plants sold by The Lummus Company. The principal
methods of competition would include _the following factors, but not

. necessarily 'in the order of importance: design of the equipment or process
.to be furnished in response to the customer's specifications, technical
support and service, ability to meet _the customer's delivery schedule and
price.

A
O
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Profits on long-term contracts for financial reporting purposes are recorded
principally on the basis of the estinated stage of cc=pletion. However, h
no profits are recorded on contracts for equip =ent manufactured in the
Co=pany's plants prior to billing the custoner and, in most cases, prior
to shipnent of the equipment. These contracts extend over a period of
from several =onths to fcur or = ore years. Revisions in cost estimates

ving the progress of the work under long-ters contracts have the effects

of including in subsequent accounting periods adjustments necessary to
reflect the results indicated by the revised estimates of final cost.
Projected or realized losses under long-tern contracts, if any, are pro-
vided for in the period when first determined. See Note 1(d) of Notes
to Financial Statements on page 23.

Cost estimates for long-tern contracts take into account all anticipated
costs, including, a=ong others, engineering, =anufacturing, subcontract-
ing and field construction costs which are required to meet the specifi-
cations, including warranties, of the contracts. In addition, when a

long-term contract for steas generating equipment is completed for account-
ing purposes (usually after payment by the customer of a=ounts retained
under terms of the contract and satisfactory operating perfor=ance of the
equipment), provision is made for future warranty costs, generally en the
basis of past experience.

Iten 1(c) Narrative Description of the Business -

Reference is made to " Lines of Business and 3rief Description of the Business"
shown on pages 20 and 21, and to Note 15 of the Notes to Financial State- g
=ents regarding a narrative description of the Co=pany's business seg=ents.
All of such infornation is reproduced from the 1979 annual report to stock-
holders.

Raw Materials

The principal raw =aterial for each of the Company's business segments is
steel, principally sheet, plate, bar, structurals, tubing, rod, forgings,
castings and wire. However, many other materials are also required. Raw

materials are purchased by the Company as needed for individual contracts
or to maintain proper inventory levels. The Co-cany normally does not
encounter difficulties in procuring adequate supplies of raw materials.

The uncertain availability of natural gas in past years required the Company
to develop alternative sources of energy for certain of its operations. Sub-
stitute forms of energy, while available, are more costly thsn natural gas.

Patents and Licenses

The Company and its consolidated subsidiaries have nu=erous United States
and foreign patents and patent applications which relate to many different
products and processes, and are deemed by the Company to be adequate for

O
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PART I

(D
V

ITEM 1. DESCRIPTION OF THE BUSINESS

References to the Company contained herein shall be deemed to refer to the
Company and its consolidated subsidiaries. Reference is made to the
" Comparative Financial Statistics 1970-1979 - xmary of Operations" on
pages 14 and 15, and to " Management Discussion and Analysis of the
Summary of Operations" on pages 16-18. All of such information is re-
produced from the 1979 annual report to stockholders.

Item 1(a) General Development of Business

Reference is made to Note 2 of the Notes to Financial Statements regarding
acquisitions during 1979.

The Company intends to comply with the federal wage and price standards,
as issued by the President's Council on Wage and Price Stability. Al-

though the Company cannot predict with certainty at this time, it does
not believe that compliance will have any material impact on its oper-
ations.

Item 1(b) Financial Information About Industry Segments

Reference is made to " Lines of Business and Brief Description of the
Business" shown on pages 20 and 21, and to Note 15 of the Notes to
Financial Statements regarding financial reporting by business seg-
ment. All of such information is reproduced from the 1979 annual
report to stockholders.

Much of the Company's business, especially that relating to steam gener-
ating systems, equipment and services for the electric utility industry
and design, engineering and construction services for the chemical,
petrochemical and petroleum industries, involves long-term contracts
of various types, including fixed price and cost plus fee type con-
tracts with some contracts including variations of both types. Certain
contracts include incentive provisions whereby the profit is adjusted
depending on performance. The largest proportion of sales under long-
term contracts is derived from fixed price contracts, Most contracts
provide for progress or scheduled payments over the life of the con-
tracts. The contract price in fixed price contraces either includes
an amount for the estimated increase in the cost of labor, materials
and services over the period required for performance of the contract,
or is subject to adjustment based on a price escalation clause.'

' (This report contains 54 pages).
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December
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COMBUSTION ENGINEERING, INC.
~~

(Exact Name of Registrant As Specified In Its Charter)

Delaware 13-1587569
(State Or Other Jurisdiction of (I,R.S. Employer
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900 Long Ridge Road, Stamford, Connecticut 06902
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receipt, use and storage of enriched uranium. In the history of the

low-enriched fuel fabrication industry, there neve- has been a criticality

accident associated with fuel preparation or fabrication. There have been

Q four criticality accidents in high enriched scrap recovery operations, but

all of these involved wet chemical processing. The operations performed on

the Windsor site do not involve wet chemical processing.

Fortunately, criticality accidents have occurred so rarely that no statis-
tical analysis of the probability of such an accident has been attempted.
Criticality events that have occurred have had no significant environmental
impact. Radiation injuries were restricted to individuals directly involved.

Fission products were effectively cor. fined to the processing building in which
the event occurred. Prompt evacuation of employees upon a criticality alarm
would assure no more than minor radiation doses to all except those in the
immediate-vicinity of the accident.

In estimating the intensity of a criticality accident, it has been assumed
18 6that 10 fissions occur producing approximately 6 x 10 calories of heat.

The following type of accident conditiorswould be necessary to cause a nuclear
excursion:

9.2.1.1 Moderated Uranium 0xide - Encapsulated
G.U A sufficient quantity of production assemblies, to sustain a

nuclear chain reaction when covered with water, could theo-
,

retically, but inadvertently be accumulated.

In the above case, the first spike of.the nuclear chain
16reaction could exceed 10 fissions, ejecting the moderating

water as steam in a sufficient quantity to render the system
subcritical. The release of fission products is not expected
because the enriched uranium is encapsulated in zirconium tubing
which is designed to withstand a reactor environment.

9.2.1.2 Moderated Uranium 0xide - Unencapsulated
.

Unencapsulated enriched uranium such as fuel powder, fuel

pellets or fuel sludges could be accumulated, through in-
a' equate administrative controls, in. sufficient quantitiesd

for a criticality accident. Similar accidents have occurred

e
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in the past with high enriched uranium solutions as previously
15noted. From 10 fissions could be expected from a single

burst releasing fission products.
The fission products which could be released would combine
to yield maximum off-site doses of:

Whole Body Dose 0.216 RAD
Thyroid Dose 1.32 RAD
(Calculated in accordance with NRC Regulatory
Guide 3.34)

9.2.2 Major Airborne Particulate Release
A major airborne radioactive particulate release is again highly
improbable because of the High Efficiency Particulate Air (HEPA)

Filters utilized at C-E NFM-Windsor (99.97% Efficient). All air
released to the environs is sampled continuously by in-line stack
samples which are analyzed daily to determine any release. Any

release that would result in a concentration of airborne U0 '2

greater than 50% of MPC for insoluble U in a 24 hour period
a

at the site boundary will be considered significant and the St o
of Connecticut, Office of Civil Preparedness shall then be notifieo.
A person standing at the site boundary continuously (24 hr/ day in

a concentration equal to 1.0 MPCa (General Population) after 1 year
will . receive a dose of approximately 0.50 rem. This notification
level used by C-E NFM-Windsor is a factor of 1000 less than the NRC
notification level required by 10 CFR Part 20. However, because of

C-E NFM-Windsor's continued low annual airborne effluent release
rates, airborne levels exceeding 50% of MPC at the site boundary

a

would indicate a significant increase above normal operating conditions
and notification of state agencies is viewed to be appropriate. A
release of this magnitude is insignificant from a radiological safety
standpoint, but is used to mitigate the consequences of a potentially
large release.

9.3 Worst Case Scenario

The emergency plan scenario chosen was an accidental criticality excursion.
M is scenario was chosen because it is the only accident that could occur
at C-E NFM-Windsor that has a potential for any significant off-site impact.

(3
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The emergency plan scenario is based on the following: The postulated
b :ident occurs in the powder processing area of the nuclear fuel manu-
facturing facility, the area in which low enriched U0 in p wder form

2

is pressed into pellets (UO in p wder form has the greatest potential
2

of being brought to the conditions required for an accidental criticality
to occur). The following conditions would have to occur simultaneously:
1) A violation of criticality mass limits by a factor of 3 (A safety

factor of 3 is incorporated in all mass limits).

2) The accidental introduction of a large quantity of water to the above
mass of U02 powder to bring it to optimum moderation conditions.

3) TheassemblyofthepowderandwatermQtureintoanoptimumgeo-
metrical configuration. A burst of 10 fissions is then assumed to
occur.

This is equivalent to a release of about 32 megawatt seconds, which is a
much larger excursion than could be expected in any system in a low enriched
fuel fabrication facility. To cause an excursion of this magnitude, a very

rapid increase in reactivity would be required, which is not credible in

the systems in this facility.

Radiation injuries would be restricted to individuals directly involved and
personnel within a 10-20 foot radius of the accident. Prompt evacuation of

employees by an automatic criticality alarm system would result in minor,

radiation doses to all except those in the immediate vicinity of the accident.

9.3.1 Whole Body Cloud Dose

The fission product isotopic release and the average energy used in
this postulated accident are shown in Table 9.1. The distance to the
nearest resident bordering the C-E Windsor site is 640 meters. The
atmospheric itions assumed for this accident were very conser-
vatively men to be Pasquill Type F with a windspeed of 1 meter
per second blowing directly toward the home of_the nearest resident.
If 50%-atmospheric condition information was available for the site,
the calculated dose would be decreased by at least an order of magnitude.

The dose was calculated assuming a semi-infinite cloud surrounding
;

the individual _ with a radioisotope concentration equivalent to the
center line of the plume. Since the Pasquill Type F atmospheric
stability condition produces a.very small plume, the. dose is over-
estimated by about a factor of 8 as a result of the semi-infinite

1.icense No. SNM-1067, Docket 70-1100 Revision: 0 Date: 12/18/80

Page: II .9-4



,

cloud assumption.

The delay time (the time between the criticality and the arrival
. of the cloud at the nearest residence) was calculated to be 18.2

minutes. This delay was composed of two components: One is the
delay in the fuel fabricatirn building (7.5 minutes) and the other
is the transit time from the building to the nearest resident (10.7
minutes). The only other credit taken was for the wake effect of the
building which is only 1.5 based on the minimum external area of
the building which is 334 square meters.

OFF-SITE DOSES FROM WORST CASE CRITICALITY ACCIDENT

Tyoe of Dose

Whole Body Cloud 0.212 RAD

Prompt Garma Beam 0.063 RAD

. Prompt Neutron Beam 0.006 REM

* Thyroid 1.32 REM
3* Calculated using a breathing rate of 3.27 x 10- n /sec.

The rethods utilized in the assessment of this accident are consistent

-) with those used by the U. S. Nuclear Regulatory Commissicn.
. .)

9.3.2 Conclusion
The rergency plan scenario evaluated here indicates that evacuation
as a protective action need not be considered. Even with the extreme
conservatism described above, the off-site doses calculated are below
all reconnended action guidelines.

Combustion Engineering's.Windor site has its own effluent and environ-
mental measurement and monitoring program. Environmental samples have

been taken on a regular basis over the past ~10 years and their results
are available for. comparison in an emergency situation.

.
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TABLE 9.1

.o Radioactivity of Imcortant f;uclides

() Released From the Postulated Criticality Accident .

,

Ave.-age Gamma

Nuclide Curies Energy (l'ev)
.

,

Kr-83m 3.7 E+ 0 2.6E-3*
Kr-85m 1.6E+1 1.6E-1

Kr-85 1.5E-4 2.2E-3

Kr-87 1.0E+2 7.8E-1

Kr-88 6.5E+1 2.0E O
Kr-89 4.1E + 3 1.6E 0

-

Xe-131m 3.8E-4 2.0E-2

Xe-133m 5.5E-2 4.1E-2

Xe-133 1.3E O 4.6E-2

Xe-135m 1.1E+1 4.3E-2

Xe-135 1.6E+1 2.5E-1

Xe-137 3.8E+3 1.6E-1

Xe-138 1.2E+3 1.1E O

1.129 4.2E-11
-

1-131 1.8E-1 3.8E-1

1-132 6.7E-1 2.2E O ,

- 1-133 3.5E 0 6.!E-1
1-134 4.8E+1 2.6E O

.1-135 1.2E+1 1.5E 0
1(]')

. ,

,

.'
*E-3 m 10-3 -
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U.S. IlUCLEAR REGULATORY COI@!IS$1CE.--1)'/
~~

u
uAttention: fir. W. T. Crow

Uranium Process Licensing Section
Uranium Process. Licensing Branch
Office of tiuclear Material Safety

and Safeguards
Division of Fuel Cycle a !4aterial Safety
Washington, D.C. 20555

Dear tir. Crow:
.

Enclosed is one (1) copy of a request to amend License S!iti-1107 as
necessary to authorize operations with special nuclear material in
an upgraded dry conversion line in our Columbia plant. [ Ten (10)
additional copies of this request have also been sutmitted, this date,
by the Westinghouse llES License Administration itanager - see attached
transmittal letter.]

Included with this transmittal are environmental information and
enabling license conditions relating to the proposed !!anufacturing
Automation Project (!4AP) upgrading. A detailed operations safety
evaluation for the proposed production line system, which utilizes
the Integrated Dry Route (IDR) Conversion Process planned for future
applications by the Westinghouse fluclear Fuel Division, will be
transmitted.as detailed design progresses.

If you have any questions concerning this transmittal, please call me
at (412)-256-5760.

Very truly yours,

WESTINGHOUSE ELECTRIC CORPORATI0il
/

M[MJ -

*"" I
- ..p.,.........................|

, _ . ,

c;e.;7..fR?.7A.f.I........., . .. . M h. .j loMAP Project Manager
.

F. Cellier -
'

.r , ,

-)'-
'

.0,Yikl....

f. ' -&K-||'|j
*

_ ,.

*
. .o

L
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Westinghouse Water Reactor Qp ,

Electric Corporation Divisions

January 9, 1981

U. S. Nuclear Regulatory Commission
Office of Nuclear Material Safety & Safeguards
' Division of Fuel Cycle & Material Safety
Washington, D.C. 20555

Attn: Mr. R. C. Page, Chief
Uranium Process Licensing Branch

Subject: Transmittal of Application for Amendment to Upgrade
Facility, License SNM-1107, Docket 70-1151

Gentlemen:

The Westinghouse Electric Corporation hereby requests an amendment
to License SNM-1107 to authorize operations with special nuclear
material in an upgraded section of our Columbia Facility, in
accordance with the attached application.

The information included with this transmittal consists of ten (10)
copies of environmental information and altered license conditions
(submitted as changed pages, in accordance with applicable license
specifications). We will appreciate your timely review of this
information such that the installation schedule for the proposed
line can be maintained.

Please find enclosed a check payable to the U. S. Nuclear Regulatory
Commission, in the amount of $34,600, in accordance with the
amendment fee schedule of 10 CFR 170.31.

If you have any questions regarding this matter, please write me
at the above address or telephone me on 412/373-4652.

Very truly yours,

h
A. T. Sabo, Director
Licensing, Safeguards & Safety

.

__ --

ATS/dc

.
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Proposal For Improvement And Upgrading Of Operations

at the

Westir:ghouse Columbia fluclear Fuel Fabrication Plant
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Docket 70-1151

January 9,1981
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Minimum Specifications an_d Capabilities

2.1 Scope of Licensed Activities

2.1.1 Definitions
Clean Area - an area where radioactive material, if present, is
completely contained and there is negligible contamination on the
floors or accessible surfaces. (e.g. 5bchining Area, Grid Assembly
Area, Final Assembly Area, Office Areas, Cafeteria, etc.)

Component - when used administrative 1y, an organization unit,
dist'inguishable by its assigned responsibilities, e.g., the line
management component, the radiation protection component, etc.

Controlled Area - an area where uncontained radioactive materials are
processed and probability of contamination on floors and accessible
surfaces is high. Prc.tective clothing is required. (e.g., Conversion

Bay,etc.)Area, Pelleting Area, Rod Loading Area, UF6

Dry - When used to describe special nuclear material (Sf M), having a
'

.

moderation ratio (H/U = hydrogen to uranium atomic ratio) less. than,
or equal to, 0.5 for uranium enriched up to 4.15 weight percent in
U-235, and less than or equal to 0.3 for uranium enriched between
4.15 and 5.0 weight percent.

Equivalent Diameter - when evaluating the adequacy, for purposes of
nuclear criticality safety, of the geometry control of a subcrit unit
having'a non-circular cross section, the diameter of that circle
that has the same area as the area of the cross section of the subcrit

dequiv.=)\fea,,whereAreaisthecrosssectionalareaofb
: unit.

the subcrit unit under review.

.

.

.

-N DM bTE. 8/24/74 ' REVISION NO. 12 DATE: 1/9/81 PAGE 201
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2.1.2 Su< mary Description

The objective of the licensed activity will be the ADU or IDP, |
process conversion of uranium hexafluoride to uranium dioxide
and the manufacture of fuel-bearing compnnents for nuclear

reactor cores. The licensed material will be composed of

unirradiated special nuclear materials received principally as
uranium hexafluoride containing uranium enriched up to 5.0 w/o |
in the isotope 235

U.
.

.

.

.

Docyrr 70-1151 DATE: 8/24/74 REVISION Ib.12 DATE: 1/9/81 PAGE 202
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2.1. 2' (continued)

Other chemical forms that may be received are uranium oxides and

uranyl nitrate. Operations may include the fabrication of fuel

assemblies that contain uranium enriched from 4.15 to 5 w/o in the
235 The material for such assemblies will be processed0 isotope.

through IDR conversion or will be received as uranium dioxide powder
(only), and, will not be subject to ADU conversion, scrap preparation,
or other wet chemical processes (unless properly approved and
documented evaluations demonstrate the nuclear criticality safety
of the utilized wet processing systems.) Another similar, limited
activity will involve the fabrication of fuel assemblies containing
mixed oxide fuel material. This material will be a mixture of
Pu0 in natural or depleted U0 . It will be received and handled

2 2
only as sealed fuel rods that have been fabricated by another
Westinghouse flFD facility. Such rods will be surveyed on receipt

on a sample basis to the limits specified for sealed Pu sources,
fio authorization to possess or use exposed plutonium is intended.

Scrap or waste licensed material ($ 4.15 w/o 235 ) resulting from |0
site operations may be processed for concentration, recovery and/or

These operations may involve chemical separation (e.g.,reuse.
acid treatment and dissolution or acid leaching, followed by chemical
precipitation), mechanical separation and thema1 decomposition.

Scrap and wastes resulting from processing operations that involve
urcnium enriched >4.15 w/o will be collected and segregated to
assure that no materials at such higher enrichment are introduced
into any area unless properly approved and documented evaluations
demonstrate the nuclear criticality safety of the subject area at'

the higher enrichments.

.

.

= DocxEr 70-119 .DATE: 2/28/74 REVISION NO.12 DATE: 1/9/81 PAGE 203 '
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2.1.2 (continued) |
;

The licensed activity will perform work for other Westinghouse
Divisions or outside customers which is adapted to the capabilities

'

7_

of the facility. The work may consist of uranium oxide fuel
i

fabrication and quality assurance testing operations and laboratory
analyses of uranium or byproduct material. t

2.1.3 Material

Special Nuclear Material

Listed below are the maximum quantities of special nuclear materials
which will be possessed by the licensed activity at any one time.

1 .

Material Form Quantity

235 Unirradiated, any chemical or 350 grams
g or physical form at any enrichment

235 Unirradiated, any chemical or 50,000
0 physical form at any enrichment kilograms.

! $ 5.00 w/o

233 Any chemical or physical form, 5 grams
g>

i for laboratory uses only
',

-238 Sealed Sources 1.5 grams
Pu

Mixed Unirradiated plutonium oxides, 750 kilograms
Ox' des mixed with oxiaes of natural or contained Pu. i

depleted uranium, as sealed fuel Natural or.

i

rods. The fissile Pu02 depleted U to
-

1 [(239Pu + 241Pu)0 ] will con- suit.
2

stitute a maximum of.6.6 w/o'

of the total oxide weight. .

,

:

.

.

-DOCKET 70-1151 DATE:- 2/28/74 REV1SION No.12 DATE:1/9/81 PAGE 204
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2.2.11 Chemical Ecuipmentt
,

The equipment specified below will be provided as part of the UF6
vaporization system.

A UF detection method in the steam condensate system, with an
6

alarm to alert operating personnel to a leak in steam-type vaporizers,
and with an interlock and an alarm to alert operating personnel to a
leak in hot-water-type vaporszers.

A pressure relief valve and a liquid level detector in the steam-type
UF vaporizers; or, with favorable geometry / overflow-type sumps in

6
.the hot-water-type UF vap rizers.

6

Provisions to permit the leak testing of the UF -cylinder-to-conversion-6

system connections prior to heating each time a cylinder is connected.

cylinder.A means for cooling the UF6

A means to prevent the. backflow of water from the hydrolysis tank to
the UF cylinder, in ADU process systems. |6

,

2.2.12 Incinerator Equipment

The equipment, controls and safety interlocks specified below will
be provided as part of the incinerator system:

Temperature sensor / controllers'in the primary combustion chamber,

breech and scrubber exhaust.

Safety interlocks to inhibit feeding additional wastes if an
overtemperature occurs in the primary combustion chamber.

A means for automatic shut - down of the incinerator -in case of
,

overtemperature in the scrubber exhaust.
.

An auxiliary means for cooling the incinerator exhaust gases.

4

DDCKET 70-1151 DATE: 8/28/74 REVISION NO.12 DATE: 1/9/81 PAiE 212' -
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2.2.12 (continued)
,

Cooling water flow monitoring devices.

Pressure monitoring devices in the breech and scrubber exhaust

A means for automatic shutdown of the incinerator in case of
-

insufficient negative pressure in the breech and scrubber exhaust. ;
'

,

Continuous, representative gaseous effluent sampler.
,

HEPA filtered exhaust and ash removal systems.

A means for monitoring and adjustment of the pH of scrubber solutions.
'

235
Maintenance of a log indicating the mass of U charged and

removed for each burn cycle, and the cumulative total of the net,

assumed to remain in the facinerator.
,

.

.
2.2.13 , Moderation Control Areas

Fire. control in areas of the Stim Building where uranium is processed,
'

h'andled, or stored under hydrogeneous material criticality control criteria
shall receive particular attention, as follows:
- Special consideration shall be given to use of fire-resistive or'

noncombustible building components, equipment, and materials.

Special consideration shall be given to the prompt disposal of-

combustible waste. Such waste that is collected during work activities
shall be-stored in metal conttiners having fire protection covers.

i

- A readily available supply of portable fire extinguishers suitable
for use on the specific hazards encountered shall be provided.

'

Such areas shall be subject to administrative controls, including
,

-

specific personnel training, to assure that only permissible
firefighting means and materiais are used.

!

.

1 .

*

.
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2.2.14 In_t e_rl o(Es

IDR and moderation controlled blending and storage equipment, and its
associated control instrumentation, shall be evaluated for conditions
requiring automatically operating interlocks to safeguard facilities,
workers, and environs against failures of equipment and instru~ents
signficant to safety.

Equipment and instruments requiring such interlocks shall be identified
and docu-ented by the regulatory compliance cceponent.

,

Identified interlocks shall be installed, maintained, and operable as
a minimum condition of applicable equipment or system operation.

3 Safety Limits

2.3.1 Chemical Reaction Safety

Each anion-type ion exchange column will be equipped with a

rupture disc. The concentration of the nitric acid reger.erant
'

will be controlled at or below 5.0 normal. The columns will
be maintained under routine surveillance during regeneration.
When the ion exchange columns are not in routine use, the
bottom of the column shall be opened to atmosphere by

removing the spool piece.

.

.

.
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2.3.2.2 Nuclear Cri ticality Sa fety_ Values

Maximum Permissible Values

Maximum Permissible Values for subcrits with a maximuma.
235U enrichment of 5.0 w/o are established in tabular
form as follows:
Figure 2.3.2.1 Batch or Mass Controlled Subcrits
Figure 2.3.2.2 Volume Controlled Subcrits
Figure 2.3.2.3 Cylinder Diameter or Equal Cross

Sectional Area Controlled Subcrits.

Figure 2.3.2.4 Slab Thickness Controlled Subcrits

b. Subcrits containing uranium enriched to greater than
5.0 w/o will be limited to 350 grams of contained
2350.

Moderation Controlled Subcrits - Systems shall be considere'dc.
under moderation control for nuclear. criticality safety when

.

the following conditions are met:
The contained special nuclear material is " dry" under normal'

,

operating conditions.
The containment precludes introduction of moderator; or,
system controls, procedures, and interlocks preclude intro-
duction of sufficient moderator to compromise the nuclear
criticality safety of the system.

Moderation controlled UF in approved shipping cylinders
6

will constitute a specific MPV.

-d. Uranium concentration controlled subcrits will be limited
235

to a maximum, allowable concentration of- 5 grams U

per liter. This MPV will not be applied unless it can
be demonstrated that the precipitation of the SNM and

higher concentrations .due to process'. failures are not
credible.

-

~
.
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2.3.2.2 (continued).

.
.

c. Subcrits which are safe by concentration control and
which are part of a continuous processing line, will
be filled with Raschig rings which are maintained
'in accordance with the current edition of the
standard N16.4, "Use of Borosilicate - Glass Raschig
Rings as a Neutron Absorber in Solutions of Fissile
Ma te rial . "

f. . Fixed poisons may be used in nonliquid special nuclear
material systems when the following restrictions are
both met: The poison shall be physically protected
from abrasive action by the special nuclear material;
and, Nuclear Criticality safety of such poisoned
systems shall be verified by validated computer
calculations.

g. Subcrits composed of fuel assemblies will be limited |
by reactivity. The computed keff, including
allowances for computational error, will not exceed.

0.95. These computations will be performed by the
NFD, Nuclear Design Department using procedures
such as MUFT, SOFOCAT, LE0 PARD, and/or PDQ-03.

The results of these computations will be independently
reviewed within the department and approved by the

department manager before being transmitted to the NFD
Manufacturing Department.

h. Maximum permissible values for subcrits containing |
plutonium _ will be those established in Figure 2.3.2.5.' .

Subcrits co.. aining plutonium will be restricted*

mixedto encapsulated components containing pug 2
with natural or depleted UO '2

.

.

,
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2.3.2.2 (continued)

d. Moderation controlled subcrits (" dry"*) of 5 w/o {
or less enriched uranium, when limited as follows
will not be considered to contribute to interacting
a rrays: (1) Maximum Permissiblc Values, (2) in
closed containers or configurations which would not
retain water, (3) located outside of areas assigned
to interacting subcrits, (4) no sprinkler system
in the area, (5) no use of water or other hydrogenous
agents for fire fighting purposes and (6) appropriate
nuclear criticality safety signs posted in the
controlled area.

Concentration controlled subcrits (with or withoute.
borosilicate glass Raschig rings) are not considered
to contribute to nuclear interaction provided that
they are outside of areas assigned to interacting
subcrits.

,

f. Notwithstanding other spacing requirements, any subcrit
will be separated by at least 12 inches from any
other subcrit.

All subcrits containing plutonium will be spacedg.

such that the " smeared" slab thickness will not
exceed 25% of the minimum critical stab thickness.

.

As d fined in paragraph 2.1.1 - |
.

h e . 0-1151 DATE: 8/28/74 REVISICU lb.12 DATE: l/9/81 PAGE 232
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2.4 Minimum conditions of Operation

Processing operations involving Stim will be performed routinely only
when appropriate equipment having the capabilities specified in
paragraphs 2.2.3 through 2.2.14 has been provided and is operative {
and when qualified line management personnel are present.

Non-routine and emergency operations involving Stim will be performed

only af ter the particular operation has been approved by the
,

appropriate line management function and the radiation protection
function. The line manager will be responsible to obtain the
evaluation and approval of the operation by the radiation protection
function, consistent with the urgency of the situation in the event
of an emergency. .All equipment specified as necessary to the
operation by the line management function and radiation protection
function will be provided and operative.

The equipment specified in paragraph 2.2.2 will be maintained available
at all times. The necessary trained personnel will be available as~

specified in the emergency procedures.

A continuing program of surveillancc, air sampling.and smear sampling
which will'be adquate to detect ventilation deficiencies and assure
compliance with 10 CFR 20 Timits, will be conducted.

2.5 Emergency Procedures

Written- emergency procedures which comply with the requirements of
10 CFR 70.22(i) will be maintained'and communicated -to al1 employees.'

and unescorted personnel working in the affected areas of the
,

licensed activity. Selected personnel will be organized and trained

to-cope with various credible emergency situations.

~
_

. .

.
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i 4,7 Transfer of Special fluclear Pfaterial

The licensed activity shall be authorized to sell, or otherwise transfer,J

hydrofluoric acid containing trace quantities of uranium (enriched up to
five weight percent in U-235) -to nonlicensed persons, provided that:'

The concentration of uranium in the acid does not exceed 10*

parts per million.>

:
Each such sale or transfer shall be accompanied by a written
instruction that the acid is not to be used for any purpose

4

involving human consumption.
.

.

.

:

,

;

,

i

I

.

i .

.

C
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SECTION 1

' '. DESCRIPTION OF PLANT CHANGES

To best meet the established need for increased productivity at the
Columbia Plant, a fully developed and proven dry conversion process - the

Integrated Dry Route (IDR) method developed and commercially utilized by
British Nuclear Fuels Limited (BNFL) - is proposed as a supplement'to the

plant's existing ADU (wet conversion) process production lines. The

planned IDR process line will replace an experimental dry process line -
the Direct Conversion Fluidized Bed (DCFB) system - which, although it
has been shown to provide some of the desired environmental advantages

of the IDR process, it has not provided the superior fuel product
anticipated in the new process. The IDR process line will provide
opportunity for productivity improvement, while generating much lower
quantities of regulated constituents in liquid effluents, and, while also
providing enhanced control of regulated airborne constituents (when both
are compared to equivalent ADU fuel production capacity). Details of the

proposed IDR system, and plant changes to accommodate installation of the
total Manufacturing Automation Project (MAP), are described in the following

discussion.

1.1 OVERALL PLANT OPERATIONS

The fabrication of nuclear fuel assemblies requires both chemical and
mechanical operations; and, as a r o ult, some (low level radioactive)
solid, liquid, and gas eous wastes are generated. The plant process
equipment and ventilation systems are designed and operated to maintain
regulated chemical and radioactivity discharges to the environment well
with;n established limits, and as low as reasonably achievable. Figure 1

presents a. general flow diagram of proposed total plant operations,
including the new process line. (This fi_gure also schematically identifies
the. sources, treatment,.and anticipated effluent concentrations in releases
to the environs, from new system installation). Figure 2 presents a plan

- view and Figure 3 shows a cross-sectional view of the proposed process area.

1.2 SYSTEM DESCRIPTION

1-1
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1.2.1 Conversion

The planned conversion process will utilize dry methods to convert solid

uranium hexafluoride (UF ) to uranium dioxide (U0 ) Powder. [This process
6 2

involves UF vaporization, gas phase hydrolysis, and gas-solid phase
6

reduction to produce U0 The process is well established, has been
2

commercially utilized in two countries, and provides opportunity for
significant environmental advantages over alternate processes (by
substanitally reducing liquid waste generation).]

UF feed material, received in type 30A/30B cylinders, is vaporized within
6

the cylinders by heating with hot water spray. The resulting UF vapor6

is reacted with superheated steam at the head-end of a conversion kiln to
form uranyl fluoride (UO F ) Powder and hydrogen fluoride (HF) gas. The22
U0 I is further contacted within the kiln - with a countercurrent flow of22
hydrogen, nitrogen, and superheated steam - to strip residual fluoride,
and to reduce the uranium powder to uranium dioxide. The U0 is discharged2

-from the product end of the kiln into check hoppers, and is then pneumatically
Processconveyed (or n+1erwise transported) to the powder processing area.

off-gases [h; .,) gen (H ), hydrogen fluoride (HF), nitrogen -(N ), and steam22
(H 0)] are removed continuously from the top of the head-end of the kiln,

2
through process filtration (periodically reverse-purged) for retention of
uranium-bearing solids prior to recovery of hydrofluoric acid.

.The conversion process is shown schematically in Figure 4; details of the
conversion process follow:

'

Vaporization*

storage area to the ManufacturingUF cylinders are transported from the UF6
6

Building UF bay via lift truck. The cylinders are then installed in a vaporizer,
6

using an overhead crane. ' A cylinder is connected to its process header by
flexible copper tubing.' When the cylinder under hot water spray has reached
process operating temperature (s 180 F) and pressure (> 5 psig'), the UF is

6

delivered to the process (kiln) by remotely opening the cylinder valve.

1-2
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Diormally (during steady-state operations), two cylinders will be hot
.

simultaneously, but during changeover periods (some 50 percent of the time),
three cylinders will be hot simultaneously.]

When a cylinder which is supplying the conversion system is sufficiently

depleted of UF6 (so as to no longer maintain a supply pressure above 5 psig),
it is disconnected from the supply line and valved into a cold trap evacuation

system for removal of residual UF6 (to an acceptable final heel of less than
25 pounds). Heel removal is accomplished by evacuating the cylinder (with a

vacuum pump) through an exhaust train, consisting of a cold trap system with
vapor) and two finalself-contained (-65*F) refrigeration (to condense UF6

series chemical absorber (Al 0 ) traps (for the capture of any final traces23
of UF ). UPon completion of the evacuation process, the cylinder is removed

6
from the vaporizer, and transferred by crane to the cylinder scales for weighing
. to assure that the residual heel is equal to (or less than) 25 pounds.

vapor or liquid containing lines and vessels areIn the vaporization area, UF6
normally enclosed within a pipe chase (or other containment), maintained at a
negative pressure with respect to the operating area and vented through the HF

Vent Scrubber.

UO Powder Production and Handling*

2

Powder product in an IDR kiln.UF supplied by vaporization is converted to UO2
6

Converted powder product from a kiln is held in discharge check hoppers pending

analysis and subsequent processing. Composited U0 samples are used to
2

establish the physical composition of the contents of each check hopper.
Acceptable product powder.is discharged to a pneumatic transfer.line which
conveys the material directly to powder preparation. (Bulk powder containers

are also to be provided as an alternate transport system.) Powder in a check
hopper found to be unacceptable (with respect to fluoride and/or moisture) is
transferred to a powder rework area for further treatment.

Powder Rework
-

*

IReworkL is necer ary when powder properties (primarily fluoride and moisture

content) are out of specification. Powder'which does not meet specifications

1-3
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is discharged from the check hoppers into (geometrically-controlled) containers,.

then is campaign processed through auxiliary drying and fluoride stripping

equipment.

Reworked powder, which upon analysis is found to meet specifications, is
returned to the regular process stream by one of two methods: When the pneumatic

,

conveying system is used, a pre-wieghed amount of reworked powder will be metered
into a transfer line af ter a receiving blender has been charged with the
designated amount of virgin powder. When the bulk transport containers are used,
the reworked powder will be accumulated in a (moderation-controlled) container
until it is full. The container will then be elevated to the blender charging
floor through the container lift and used as needed to supply addback to each
blender charge.

Hydrofluoric Acid Recovery*

The conversion kiln off-gas is cooled to recover byproduct hydrofluoric acid
by condensation. The recovered acid solution is collected in an HF quarantine
tank (Q-Tank) and held for uranium analysis before release (if it meets uranium"

specification) to a bulk storage tank (for subsequent sale as a byproduct).

Out-of-specification (excess uranium) HF solution is transferred to a safe-
geometry precipitator system, located in the acid recovery area, where uranium
values are recovered by (advanced treatment) precipitation and filtration. The
filtrate is transferred to the liquid waste treatment system.

Based on the' current HF conde..ser design, some 95% of the HF will be recovered

as (nominally) 55 w/o hydrofluoric acid. The remainder of the HF will be
cleaned by NaOH in the Condenser Off-Gas Scrubber. The annual HF transfer to

. the scrubber liquor is estimated at some 4400 Kg (approximately 10,000 pounds).

[It is planned'that the recovered HF be licensed-for ' recycle (e.g., sale);
otherwise, it would have to be neutralized with Ca(OH)2 with the product

(CaF ) dried and buried. Licensing for recycle will allow the reuse of the
2

recovered acid in an economic mannerLwhich would also conserve resources -
rather than requiring the otherwise unnecessary controlled disposal of the
material, as radioactive waste, in valuable space at a licensed burial site.]

l-4
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Off-Gas Scrubbing*

fr m gaseous exhaustCaustic scrubbing is provided to remove residud HF and UF6
streams - from either the. nonnal process (and vent exhausts) of the acid

cylinders or transfer lines.recovery system, or from an inadvertent leak in UF6
Two basic scrubber systems are provided for this purpose:

The Condenser-Off-Gas Scrubber is provided to cleanse condenser effluent from

the kiln system (which contains traces of hydrogen in addition to acidic
off-gas). Uncondensed HF gas carryover is treated with caustic (NaOH) in this
scrubber. The resultant scrubber solution (containing traces of uranium) is
quarantined and analyzed prior to release to liquid waste treatment, or to the

Residualprecipitation tanks (if established uranium levels are exceeded).
hydrogen (already below the lower limt of flammability) is further diluted
with plant air prior to discharge of the gaseous stream to the outside atmosphere
(through the confinement and ventilation system described in paragraph 1.3).

The HF Vent Scrubber is utilized to cleanse the nonnal off-gas from vents on

HF storage vessels. In addition, this scrubber can be made available to cleanse

air in the vaporizer room, and vaporizer room process enclosures, which might
become necessary due to inadvertent leakage of UF6 process piping or vessels.
HF Vent Scrubber solutions and gaseous streams are routed in a similar manner

to that previously described for Condenser Off-Gas Scrubbing, except that there
is'no need for hydrogen treatnent.

Uranium Recovery from Solutions*

Uranium will be recovered from spent scrubber solutions (as well as from
.

uranium-containing by-product HF filtrate) via Columbia's existing Advanced
Waste. Treatment system.

1.2.2 : Fabrication

Details of the' fabrication process follow: .

Powder Processing and Pellet Fabrication*

2 p wder fr m the dry conversion process is transferred to the-powder process-UO

~ing area where it is blended with additives - including uranium oxide (U 0 )38
1-5'

.

l=
.- .a



. _

,

1

recycled from scrap recovery processes. After blending, the homogenized.

-

powder is compacted, granulated and pressed into pellets. There are no

liquid effluents from these operations; airborne effluents are treated by the
confinement and ventilation system described in paragraph 1.3.

Sintering*

Pressed pellets are loaded into cats and charged to electrically heated
furnaces for transformation to high-density pellets by sintering in a reducing
atmosphere. There are no liquid effluents from this operation; airborne
effluents are treated by the described confinement and ventilation system.

Pellet Grinding and Rod Loading*

Sintered pellets are processed through a grinding operation to obtain specified

dimensions. Ground pellets are loaded into prepared metal tubes (from the
Tube Prep Area) and the tubes are sealed by welding. Finished rods are

inspected and tested, then transferred for final assembly. There are no
liquid effluents from these operations; airborne effluents are treated by
the described confinement and ventilation system.

Final Assembly*

.In the IDR portion of the Final Fuel Assembly Area, the fuel rods are loaded'

into designated positions in a prefabricated support structure consisting of
a bottom nozzle, thimble -tubes, and structural grids. A top nozzle is then'

attached to complete the final assembly. There are no liquid or airborne

effluents from these operations.

!
1.3 Confinement and Process Ventilation

As noted in the introduction to this Section (and reiterated in several other
paragraphs), the dry process provides the opportunity of enhanced control of
airborne effluents, through improvements in containment and processing. The-
MAP Confinement'and Ventilation System (within the controlled area of the
Manufacturing Building) functions to enhance limitation of plant. personnel

1-6
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exposure potential, and to enhance protection of the general public by strict
control of airborne effluents discharged to the environment. A generic

ventilation schematic is depicted in Figure 5.

.

*
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SECTIONAL VIEW .
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SECTION 2

ENVIRONMENTAL ANALYSIS

The proposed installation of an Integrated Dry Route (IDR) process line at
the Nuclear Fuel Division's Columbia Plant requires minor modifications to
the existing licensed facility and will result in minor incremental releases
of radioactivity and chemicals to the environment. However, expected emissions

are much less than those estimated in the 1975 Environmental Evaluation, less

than the existing ADU emissions, and less than an equivalent addition of ADU
capacity. The purpose of this Environmental Analysis is to compare these
effects with those previously approved by the NRC in the 1975 Environmental

Evaluation.

A. Area Preparation

1. Existing _Eguipment_ Removal

The proposed IDR line will replace the existing Direct Conversion

Fluidized Bed (DCFB) line and the obsolescent incinerator which are
described in the existing license. The disassembly, decontamination
and dispositioning of the DCFB line and obsolescent incinerator are

.

,

part of an on going program at the Columbia Plant to remove and
replace non-productive equipment. Consequently, these plans had

been develeped and are being implemented independent of the proposed

IDR-installation. Presently, instrumentation is being removed

for possible reuse in other areas of the facility. Future efforts
will involve dissassembly and dispositioning of the remaining portions

;

of the DCFB line and obsolescent incinerator,'

f

Dismantling ; existing equipment to make room for the IDR system is

being performed according to existing license conditions. Existing

procedures and administrative controls are being used to contain
airborne radioactivity. and minimize traffic through the affected

For example, where necessary, temporary enclosures willareas.
,

be constructed to minimize releases of airborne uranium; and a
' ~ negative pressure (below atmospheric)_ ventilation and exhaust

system is being maintained in the construction area.

2-1
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Previous similar experience with equipment removal, decontamination.

and dispositioning has shown that these activities can be perforced
with negligible impact on the environment. Examples include:

(1) replacement of the pellet line feed ends with improved equipment
to facilitate uranium processing and minimize airborne radioactivity,
(2) removal of obsolete exhaust ventilation equipment on the facility
roof and replacement with state-of-the-art equipment, and (3) construction
of an approximately 100,000 square foot addition to the Columbia Plant.

2. gujjgjpg,$gpjfjgatjggs

The proposed line will be installed between columns Al-B1 through
A9-B9 of the existing Manufacturing Building (as shown in Figure 2).
Changes in plant facilities will include elevating the roof in the
area between columns Al-Cl to A6-C6 (Figure 2), and modifying existing
structures to support the additional load - as required by the
equipment and the roof superstructure.

The facility changes required for the installation of the MAP system
include: (1) removing part of the concrete floor in the area
designated for the IDR line .(Figure 2) - as necessary to provide the
additional structural support for equipment and the roof super-
structure,- (2) extending the _ roof line upward approximately 20-30
. feet above existing roof line in the designated area,- (3)-installing
structural steel .necessary-for IDR equipment and building support,
-(4) modifying the heating, ventilation and air conditioning (HVAC)
system located in the steel trusses in the ceiling above the
installation area, (5) replacing filter-exhaust systems located on

'the piping and conduit systems within the installation area to meet
moderation water barrier requirements.

Inside the designated area, some of.the concrete floor will be
: broken up and removed (and. sane dirt underneath might be removed)

to permitLinstallation of support structures.
.

Exhaust filter systems located on the existing roof of the designated
area will be scrapped.according to existing' licensed procedures.
Equipment to be removed will include'the DCFB exhaust, the emergency
UF -DCFB exhaust, and the obsolescent' incinerator exhaust. Roof

6
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penetrations will be temporarily covered during construction so-

that there will be no release of airborne constituents, nor leakage
of rain or snow into the production areas. The required openings

will be promptly covered and sealed in a permanent manner. Continuous

air monitoring of existing roof exhaust stacks will be conducted;
negative pressure within the manufacturing building will be maintained
at all times.

Penetrations through the existing roof will also be required for the
new roof superstructure installation, and for new equipment installation.
These temporary open penetrations will be handled the same as those

required for removal of existing equipment.

3. ggigcatigg_gf_g3jstjpg_P]agt_@ggyjggs

Certain plant services within the planned installation area will have
to be relocated. These include the Health Physics Laboratory on the

operating floor, and the Machine Shop, which will be moved to another
area within the existing building.

4. Summary

For the proposed activity, there will be no significant construction
impact. The floor area affected by the IDR system installation will
amount to approximately 22,000 square feet, or only about six percent
of the existing manufacturing building floor area; and, the roof
superstructure will .also enclose approximately 22,000 square feet, or
only about six percent of the existing plant roof area. Thus the

incremental plant area which will be temporarily affected by the.

dismantling, construction and installation activities is a relatively
minor percentage of the total plant area, and planned activities
would most certainly be expected to cause much less effect than the
approxiniately 30 percent floor area addition accomplished in 1978

(Amendment #2 to SNM-1107).
-

B. Effluents

Minor effects on the environment resulting from normal operations might
be expected to occur as a result-of the addition of the automated IDR

2-3
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process line. There are, however, no changes in the types of effluents*

from the IDR process when compared to the existing ADU lines. The

magnitude of such plant radiological and chemical impacts are evaluated

in this section.

The pathways for potential dispersion of radioactive or chemical
discharges to the environment are the same for the new IDR line as

' for the previously evaluated ADU and DCFB processes, differing only
in relative magnitude for the respective airborne and liquidborne

releases. Thus, there are no unforeseen or unevaluated effects

introduced by addition of the IDR line.

The relatively small effects for liquid and air waste discharges
are evaluated below.

Table 1 shows the airborne and liquidborne releases from the proposed
IDR line and compares them with the 1975 Environmental Evaluation,
recent ADU. performance and effluents from the existing DCFB line and

obsolescent incinerator. This Table shows that: (1) proposed IDR

releases are much less than those previously evaluated in the 1975
Environmental Evaluation, (2) except for airborne fluoride releases,
IDR effluents are expected to be below the release of the combined

DCFB and obsolescent incinerator which are being replaced by the IDR

system (the expected airborne fluoride levels are well below the 1975
Environmental Evaluation estimates) .and (3) except for airborne fluoride
releases, IDR effluents are expected to be below existing ADU

performance levels.
.

All IDR liquid effluents are expected to be well within EPA limits
for the existing Columbia Plant National Pollutant Discharge Elimination
System Permit (NPDES). Consequently, no changes in ~ this permit will

be required.

Estimated stack release rates of _ uranium and fluoride in micrograms

per second are summarized below:

2-4
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Fluoride Uranium.

.

Micrograms /sec Micrograms /sec

Previously Estimated (1600 MTU/ year) 24,000 75
;

Existing ADU (700 MTU/ year) 660 31

Estimated IDR (500 MTU/ year) 2,125 3.5

These data (and Table 1 data) show that fluoride emissions will be con-
siderably less than those previously estimated but somewhat greater than
existing ADV emissions. Estimated airborne fluoride concentrations at
the site boundary, however, are much less than the most restrictive State
limit for fluorides (0.5 micrograms per cubic meter).

.During initial operation of the IDR line, representative state-of-the-art
stack sampling of fluorides will be performed 't-o verify the expected low

effluent concentrations.

Note that the existing ADU fluoride emissions are much less than the
1975 previous estimates. This is attributed to the fact that fluoride
scrubbing converts the fluoride to a particulate form which is collected
with a high efficiency by tha following stage of HEPA filtration. A similar
effect is expected with the IDR Scrubber /HEPA filtration system, with
actual effluents being less than those estimated.

C. Production Throughput

The 1975' Environmental Evaluation estimated environmental impacts based

upon an annual . uranium throughput of 1600 MTU. The expected throughput~

of the Columbia Plant with the addition of the IDR process will continue
to be less than 1600 FRU per year.'

D. ~ Effects of Accidents

The Westinghouse Columbia Plant License documents have previously evaluated

a spectrum of hypothetical plant accidents (ranging in severity of consequences
from trivial to significant, and ranging in probability of occurrence from
credible to incredible). In considering the addition of an. automated IDR-

process.line at the Columbia plant, this. spectrum of accidents was reviewed,
and an evaluation has been performed .for additional postulated accidents
which could poteritially occur as a result of proposed plant improvements.

2-5
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Sets of hypothetical accidents for the IDR line shows that (1) the types~

and severity of postulated accidents are similar to those evaluated in the
1975 Environmental Evaluation, (2) the effects of hypothetical accidents

i .are well within those evaluated in the 1975 Environmental Evaluation, and
(3) the probability of occurrence and severity of Category 3 accidents

(Maximum Credible Accidents) as defined in the 1975 Environmental Evaluation
are not changed with the addition of the IDR line.

E. Conclusion

The proposed installation of the IDR process will result in a significantly
improved method of uranium conversion and fabrication, when compated with
an equivalent addition of ADU capacity, while guaranteeing minimal
environmental impact. The following benefits will be achieved with the
IDR process:

1. Increased automation will result in fewer individuals
required to operate the lines and thus lower oc,cupational
exposures.

2. The IDR process represents an improvement in process
control and containment when compared with the ADU

process which should result in reduced in-plant
airborne radioactivity concentrations and thus
-reduced personnel exposures'.~

3. The reduction in the aqueous fluoride emissions will
minimize the solid calcium fluoride wastes now
generated in the ADU process.

.

4.. Ammonia releases are not a factor as they are in the
ADU process since ammonia is not used in the IDR process.

5. .The removal of waste fluorides as hydrofluoric acid will
'

result in the potential recycle of| this material.
.
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Comparison of Airborne and Liquidborne Constituent Releases from Proposed IDR Line, with 1979-1980 ADU Performance,
and Previously Evaluated Releases

Type of Effluent' (1)
:That May Be 1975 Westinghouse (1600 MTU) IDR DCFB + 01 1979-80 ADU

Media' Released Offsite Environmental Evaluation Increment Increment Performance Units
,

Liquid Uranium (U) 1.500' O.020 0.023 0.91 Pounds Per Day

Air * O 'O.00096 0.00005 0.00005 0.0004 Micrograms
'

Per Cubic
Meters (2)

Liquid Fluoride -(F ) 25.0 0.5 0.1 19.6 Pounds Per-

w Day4:

Air F 0.3100 0.0275 0.0110 0.0084 Micrograms-

(DCFB only) Per Cubic
Meters (2)

Liquid Total Suspended 25.0 0.5 0.2 11.7 Pounds Per
Solids Day

- Liquid pH 6.0-9.0 8.5 7.0 8.9 pH Units
4

4

'

(1) DCFB Line plus Obsolescent Incinerator
:

(2) Calculated concentrations at the site boundary (1800 ft NNW of the plant)'


