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LICENSE CONDITIONS

p T10N
1.1 Name, Address and Corporate Information

The name of the applicant is Combustion Engineering, Inc. (C-E). The
applicant is incorporated in the state of Delaware with principal corporate
offices located at 900 Long Kidge Road, Stamford, Ct 06904, The Nuclear
Power Businesses offices are headquartered at 1000 Prospect Hill Road,
Windsor, CT 0€095. The address at which the licensed artivities will be
conductea :s:

Combustion Engireering, Inc.

Post Office Box 107

Highway P

Hematite, Missouri 63047

1.2 Site Location

The Hematite fuel manufacturing facility of Combustion Ecgineering, Inc. is
located on a 154 acre site in Jefferson County, Missouri, approximately 3/4
mile northeast of the unincorporated town of Hematite, Missouri and 31
miles south of the city of St. Louis, Missouri. Activities with special
nuclear materials are conducted within a 6 acre, controlled access area
near the center of the site and adjacent to the access road, Highway P.
.Essentially all nuclear fuel manufacturing activity occurs within six
contiguous buildings inside the fenced, controlled area. These activities
include conversion of UF6 to UO2, fabrication of UD2 nuclear fuel pellets
and related processes.

1.3 License Number and Period of Licerse

This appiication is for rencual of Special Nuclear Material License No.
SNM 33 (NRC Ducket No. 70-36). The current license expires on December 31,
1989 and renewal is requested to cover a period of five (5) years.

1.4 Possession Limits

Combustion Engineering, Inc. requests authorization to receive, use,
possess, store and transfer at its Hematite site, the following quantities
of SNM and source materials:

Material Eorm n
Uranium enriched to Any (Excluding 8,000 kilograms
maximum of 5.0 weight metal powders) contained U-235
percent in the U-235
isotope
Uranium to any enrichment Any (Excluding 350 grams
in the U-235 isotope metal powders)

LICENSE APPLICATION DATE: NOV. 22, 1988 REVISION O ? PAGE NO. 1-1
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Material form mm..u{
Source material Any, 50,000 kilograms
(Uranfum and Thorium) Exciuding
metal powders

Cobalt 60 Sealed Sources 40 millicuries total
Mixed Activation and Solid Sources 200 microcuries total

Fission Product Calibration
Sources Including Am-24]

1.5 Authorized Activities

This license application requests authorization for Combustion Engineering,
Inc. to receive, possess, use, and transfer Special Nuclear Material under
Part 70 of the Regulations of the Nuclear Regulatory Commission in order to
manufacture nuclear reactor fuel utilizing low-¢nriched uranium (up to 5.0
weight percent in the isotope U-235) and tu receive, possess, use, and
transfer Source Material under Part 40 of the Regulations of the Nuclear
Regulatory Commission. Source materials are used for the same purposes as
SNM, and are generally used for the start-up testing of a new process.
Sealed cobalt-60 sources and solid sources are used for instrument
calibration and testing. Authorized activities are conduct»d in the
following buildings and facilities on the Hematite site:

N

Number  Name Present Utilization
101 Tile Barn Emergency Center and
equipment siorage

110 Office Building Guard Station and Offices

120 Wood Barn Equipment storage

. Oxide Building and UF6 to U02 Conversion,
Dock UF6 receiving

235 West Vault Source material storage

240 240-1 Offices and Cafeteria
240-2 Recycle and Recovery area
240-3 Incinerator, SNM storage

and waste processing

LICENSE APPLICATION DATE: NOV. 22, 1989 REVISION O PAGE NO. 1-2
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LICENSE CONDITIONS

Name Present Utilization

240-4 Laboratory and Maintenance
Shop

South Vault Radioactive waste storage

Utility Building Steam supply, SNM Storage,
Operating Supplies, Offices,
and Liquid Waste
Solidification

254-] V02 storage, blending, and
pressing

254-2 U02 oxidation, reduction,
dewaxing, and sintering

254-3 V02 grinding and pellet
packaging

Pellet Plant Pellet fabrication, storage,
and packaging

Warehouse Shipping, Receiving and

Storage

1.6 Exemptions and Special Authorizations

The following specific authorizations are requested:

(a)

(b)

Treat or dispose of waste and scrap material containing uranium
enriched in the U-235 isotope, and/or source material, by
incineration pursuant to 10 CFR 20.302.

We propose to authorize release of equipment and materials from
the plant to off-site or from controlled to uncontrolled areas
on-site in accordance with "Guidelines for Decontamination of
Facilities and Equipment Prior to Release for Unrestricted Use or
Termination of Licenses for Byproduct, Source, or Special Nuclear
Material", dated August, 1987.
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CHAPTER 2 ORGANIZATION AND ADMINISTRATION
2.1 Qroanizational Responsibilities and Authority
The President, Nuclear Power Businesses has the ultimate responsibility for
ensuring that corporate operations related to the Nuclear Power Businesses
Division are conducted safely and in compliance with applicable
regulations. The President has delegated the responsibility for nuclear

fuel manufacturing and product development activities. to the Vice
President, Nuclear Fuel.

2.1.1 Yice President and General Manager. Nuclear Fuel Manufacturing

The Vice President and General Manager, Nuclear Fuel Manufacturing repo-ts
to the Vice President, Nuclear Fuel. He has overal) responsibility for he
operation of Combustion Engineering’s nuclear fuel manufacturing facilities
located in Hematite, Missouri (SNM-33) and Windsor, Connecticut (SNM-1067) .
His responsibilities 1include operations, accountability, security,
training, criticality safety, radiological and industrial safety,
environmental protection, transportation, materials handling and storage,
Ticensing, process and equipment engineering and maintenance.

2.1.2 Plant Manager, Hematite

The Plant Manager, Hematite reports to the Vice President and General
Manager for Nuclear Fuel Manufacturing. He directs the total operation of
the Hematite facility including the production, accountability, security,
criticality safety, radiological and industrial safety, environmenta)

rotection, transportation, training, materials handling and storage,

icensing, process and equipment engineering and maintenance. He fulfills
these functions by delegation to a staff at Hematite that reports to the
Plant Manager. He may also request support from the Windsor, CT staff to
provide functions that may include criticality analysis, production
methods, nuclear licensing and others as needed.

2.1.3 Manager, Nuclear Licensing, Safety and Accountability

The Manager, Nuclear Licensing, Safety and Accountability reports to the
Plant Manager. He manages radiological protection and industrial safety,
SNM accountability, criticality safety, licensing, emergency planning, and
environmental protection. His activities include review and approval of
procedures for control, sampling, measurement and physical inventory of
SNM, auditing of plant operations and evaluation of results from personnel
and environmental monitoring. He compares quantitative measurements and
other observations of facility activities with the requirements of License
No. SNM-33. To enforce compliance, he has authority to halt any operation
at the Hematite facility, and the operation shall not restat until
approved by the Plant Manager or a duly authorized alternate.
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2.1.4 superintendent, Production

The Superintendent of Production reports to the Plant Manager. The
Superintendent directs production operations in accordance with the content
of Operation Sheets and Traveler documents. The Superintendent’s
activities may include review and approval of Operation Sheets and
Travelers, scheduling of production Shift Supervisors and of the activities
of the Maintenance Supervisor, recommending improvements to equipment,
processes and procedures, training and qualification: of producticn
o?erators through their Shift Supervisors and periodically directing the
cleanout of the production equipment in conjunction with the physical SNM
inventory.

2.1.5 Manager, Engineering

The Manager, Engineering reports to the Plant Mar-jer. He manages the
engineering of new equipment and of modifications to existing equipment.
With support from his staff, his activities may include recommendation,
development and qualification of manufacturing processes, specification of
process control methods, design, procurement and installation of processing
equipment, preparation, review and/or approval of Travelers, Operation
Sheets and Data Logs, and providing assistance in developing procedures for
nate;iaI control and inventory and in developing methods and equipment for
sampling.

2.1.6 Nuclear Critica'ity Specialist

The Nuclear Criticality Specialist is located at Windsor, CT. He reports
functionally for criticality evaluations to the Plant Manager at Hematite.
The Nuclear Criticality Specialist verifies that equipment, processes and
procedures satisfy the criticality criteria in Chapter 4 by performing the
review described in Section 2.6. Alternatively, for criticality analyses
that require elaborate computational techniques, he may supervise the
analysis and review at Windsor. He also performs the annual audit at
Hematite required by Section 2.7. .

2.1.7  Supervisor, Health Physics

The supervisor of Health Physics reports to the Manager of Nuclear
Licensing, Safety and Accountability. He supervises the health physics
technicians in the radiological surveillance of activities that involve
radioactive materials, 1in personnel radiation monitoring and 1in the
collection and measurements of environmental samples. He may initiate, for
approval by his manager, Travelers and Operation Sheets for non-routine
activities involving radioactive materials and may suspend unsafe
operations.
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2.1.8 senior Health Physics Technicians

The Senior Health Physics Technicians report to the Supervisor, Health
Physics. The Technicians are responsible for the day-to-day monitoring of
operations. Monitoring is accomplished through the collection of data
which allows the effectiveness of radiological, criticality and industrial
safety, environmental protection and emergency planning programs to be
assessed. Technicians also monitor the proper implementation of radiation
work permits (called Special Evaluation Travelers). :

2.2 Personnel Education and Experience Requirements

Table 2-1 lists the minimum education and experience requirements for the
positions described in Section 2.1.

2.3 Hemative Plant Safety Committee

The Hematite Plant Safety Committee meets at least once each calendar
quarter to review plant operations, to compare them with the safety
requirements of Part | and the License Conditions and to consider other
aspects of safety the Committee believes appropriate. The Committee
chairman or Plant Manager determines which committee members, as a minimum,
shall attend each quarterly meeting according to the topics to be
considered. The Committee submits a quarterly meeting report to the
Hematite manager level personnel and to the Vice President and General
Manager, Nuclear Fuel Manufacturing at Windsor. The Plant Manager appoints
the committee members to represent, as a minimum, engineering, production,
health physics, and criticality safety. He also approves alternates for
the members. Each member shall have at least five (5) years experience in
the nuclear industry. The health physics and criticality safety member(s)
shall have, as a minimum, the education and experience requirements of the
NLSEA Manager and the Nuclear Criticality Specialist, respectively. The
Committee Chairman or Plant Manager may invite participation by others from
within Hematite or from the staff at Windsor.

2.4 P nnel Sel

Two higher levels of management shall approve personnel for safety-related
staff positions.

2.5 TIraining

Hematite staff conduct or supervise the indoctrination of new employees in
the safety aspects of the facility. The indoctrination topics shall
include nuclear criticality safety, fundamentals of radiation and
radioactivity, contamination control, ALARA practices and emergency
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procedures. After test results demonstrate that a new employee has
sufficient knowledge in the above topics, the new employee begins
on-the-job training under direct 1line supervision and/or experienced
personnel. The Supervisor monitors performance until it is adequate to
permit work without close supervision.

The training and personnel safety program continues with on-the-job
training supplemented by regularly scheduled meetings conducted by line
supervision and specialists in the subjects covered... Topics include
personnel protective equipment, industrial safety and accident prevention,
and other safety topics. Production Supervisors receive training in
radiation and criticality control. Testing determines when they have
sufficient knowled?e to enable them to carry out their training functions.
Operating personnel receive a re-training course in criticality control and
radiation safety on an biennial basis. The effectiveness of retraining is
determined by testing. Formal training shall be documented.

2.6 ing Pr r

Operating procedures, called Operation Sheets, are issued and controlled by
Quality Control. They provide the detailed instructions for equipment
operation and material handling and the limits and controls required by the
License. Operation Sheets are the basic control document; before issuance
or revision they receive approval by signature of the cognizant manager or
his designated alternate.

Supervision is required to assure that handling, processing, storing, and
shipping of nuclear materials is given prior review and approval by the
NLS&A Manager or his designated alternate, that suitable control measures
are prescribed, and that pertinent control procedures relative to nuclear
criticality safety and radiological safety are followed.

Primary responsibility and authority to suspend unsafe operations is placed
with Operating Supervision. Within their respective responsibilities,
members of NLS&A also have authority to suspend operations nct being
performed in accordance with approved procedure.

Supervision is further required to assure that, prior to the start of a new
activity involving nuclear materials, approved procedures are available. A
review procedure has been established for changes in processes, equipment
and/or facilities prior to implementation. NLS&A authorization must be
obtained for each change involving nuclear safety, radivlogical safety or
industrial safety. nNiLS&A reviews shall be documented, except for minor
changes within existing safety parameters.
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T:e NLS&A Manager or his designated alternate shall grant approval only
when:

a. A nuclear criticality safety eva‘uation has been performed based
on the criteria and standards of Chapters 3.0 and 4.0 by a person
who meets the education and experience requirements for a Nuclear
Criticality Specialist (who may be the NLS&A Manager). This
evaluation shall be in sufficient detail to permit subsequent
review. .

b. The criticalit{ safety evaluation has been reviewed by a person
who has fulfilled the education and experience requirements for a
Nuclear Criticality Specialist for at least two years (who may be
the NLS&A Manager). This review is based on the criteria and
standards of Chapter 4.0 and includes verification of each of the

following:

1) assumptions

2) correct application of criteria of Section 4.0.
3) completeness and accuracy of the evaluation.

4) compliance with the double contingency criteria.

‘ ¢. The NLS8A Manager or his designated alternate has concluded that
the operation can be conducted in accordance with applicable
health physics and industrial safety criteria.

Review and verification shall include written approval by the reviewer.

The minimum frecuency for review, for the purpose of updating, of operating
procedures involving Special Nuclear Materials shall be every two (2)
years. Updating of operating procedures is the responsibility of the
cognizant manager.

2.7 Audits and Inspections

Audits and inspections shall be performed to determine if plant operations
are conducted 1in accordance with applicable license conditions, C-E
policies, and written procedures. Audits shall apply to safety-related and
environmental programs. Qualified personnel having no  direct
responsibility for the plant operation being audited shall be used to
ensure unbiased and competent audits.

Daily checks for safety-related problems are made by NLS&A technicians, who
observe, note and make general observations in addition *to their other
duties. Problems are normally corrected on the spot by the Shift
Supervisor. More sigiificant problems are listed on the daily exception
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report distributed to the Plant Mana?er and manager level staff. The
Superintendent, Production is responsible for corrective action.

Quarterly inspections shall bte performed in the areas of radiological and
industrial safety by an individual who meets the education and experience
requirements of the NLS&A Manager. Quarterly inspections shall alsc be
performed in the area of criticality control by an individual who meets the
educational and experience requirements of the Nuclear Criticality
Specialist. (This may be the same person performing the.radiological and
safety inspection, if qualified.) For criticality control, no person may
conduct all inspections during the year. Items requiring corrective action
are documented in a report distributed to the Plant Manager and manager
level staff. The Superintendent, Production is responsible for corrective
action, except where another manager is specifically designated. Follow-up
actions taken by the Superintendent, Production or responsible manager,
shall be documented. Documentation shall be maintained for at least the
period stated in Se¢e 1ion 2.9.

Annual audits are conducted in which the results of previous inspections or
audits are reviewed, as an evaluation of the effectiveness of the program.
These audits may also involve a detailed review of non-safety documents
such as operation procedures, shop travelers, etc., and are documented by a
formal report to the Vice President and General Manager, Nuclear Fuel

‘Manufacturing. Annual audits are performed by a team appointed by the Vice

President and General Manager, Nuclear Fuel Manufacturing. The team shall
include, as a minimum, a Nuclear Criticality Specialist and a radiation
specialist who shall audit criticality and radiation safety. The annual
audit will review ALARA requirements in conformance with Regulatory Guide
8.10, as applicable. The NLS&A Manager shall be responsible for follow-up
of recommendations made by the audit team.

2.8 Investigations and Reporting

Events specified by applicable regulations or license conditions shall be
investigated and reported to the NRC. The NLS&A Manager or his designated
representative shall be responsible for conducting the investigation and
documentation of reportable events. Non-reportable occurrences shall be
investigated and documented as appropriate and these reports shall be
available for NRC inspeztion.

2.9 Records

Retention of records required to be maintained by the regulations, and by
the conditions of this license, shall be the responsibility of the
cognizant manager. Records of tests, measurements, and surveys identified
as requiring preservation until the NRC authorizes disposition shall be
retained indefinitely. Records of NLS&A evaluations and approvals shall be

y— e
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retained for a period of at least six months after use of the operation has
been terminated, or for three years, whichever is longer. Other safety
significant records shall be retained for at least three years.

I
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CHAPTER 3 RADIATION PROTECTION

3.1 3Special Administrative Requirements
3.1.1 ALLRA Policy

It is the policy of Combustion Engineering to maintain a safe workplace and
healthful work environment for each employee and to keep radiation
exposures to both employees and the general public as low as reasonably
achievable (ALARA). The annua) audit team, described in Section 2.7
gonsid;r§OALARA requirements in conjunction with the intent of Regulatory
uide 8.10.

A written report shall be made by the Manager, NLS&A to the Plant Manager
every six months providing employee radiation exposure (internal and
external) and effluent release data. Trends in the reported data may
reveal areas where exposures and releases can be lowered in accordance with
the above ALARA commitment. The data may also help to identify problems in
personrel exposure, in effluent release, in process control or in equipment
for measuring effluent and exposures.,

3.1.2 Radiation Work Permit Procedyres

Operations not covered by an effective operating procedure shall be
conducted under a Special Evaluation Traveler (5.E.7.). Prepared by the
responsible function, it shall contain detailed instructions for the
procedure and shall include all safety requirements to assure that the
proposed operation is conducted in a safe manner. The same approvals as
required for Operation Sheets shall be required on all S.E.T.s. Completion
of the operation shall be appropriately documented as indicated on the

traveler.
3.2 Technical Reguirements
3.2.1 Bestricted Areas - Personnel Contamination Control

The facility shall be zoned to define contamination areas and clear areas.
Protective clothing shall be worn in the contamination areas. A sink and
alpha survey meter or alpha monitor shall be provided at the exit from the
contamination area. A1l personnel are required to wash and monitor their
hands, and to monitor other body surfaces and personal clothing as
appropriate, when exiting a contaminated area. Except for hand
contamination which is easily removed on the first rewashing, health
physics assistance and approval for release above background levels shall
be required.
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3.2.2 Yentilation

Air flow shall be from areas of lower to areas of higher contamination.
Hoods, glove boxes, or local exhaust will be used to control contamination
and airborne concentrations. A)) dispersible forms of uranium will be
handled in ventilated enclosures having sufficient air flow to assure
minimum face velocities of 100 Fpm. Face valocities will be checked weekly
by NLSRA, except during periods when not in use. This effectively limits
HEPA filter pressure differential to less than 8 inches of water. Low
velocity blowers are used to preclude filter damage if heavy loading
occurs,

Glove boxes under negative pressure will be used where airborne material is
actively generated such that ventilated hoods would not be adequate.

Fire prevention and the potential for generating explosive atmospheres will
be considered in ventilation design.

Air effluents from process areas and process equipment involving uranium in
a dispersible form shall be subject to air cleaning. A1l exhaust stacks
shall be continuously monitored when in operation. Examples of air
cleaning equipment that may be used are:

a. Cyclone Collectors.

?sed to remove particulates from exhaust streams that are heavily
naded.

b. High Efficiency Particulate Air Filters.
Used in the majority of cases for highest efficiency air cleaning,
normally in conjunction with roughing filters to extend useful 1life
anc improve reliability.

€. Wet Scrubbers.

Used to clean heavily loaded air streams that are not suited, due to
air quality or temperature, to other cleaning methods.

d. Dry Scrubbers.

Used primarily for cleaning air streams cm*aining corrosive agents
that render wet scrubbing impractical.
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e. Fabric Filters.
Normally used in systems where materia) impinging on them can be
returned to the process using reverse jet, pulsed air or other
dislodging methods.

f. Special Filters,

Ceramic or metallic frit filters, usually an integral part of process
equipment, may be used for special air cleaning requirements.

3.2.3 Work - Area Air Sampling
3.2.3.1 Air Sampling Criteria

Air sampling shall be performed using fixed location samplers, personal
(1apel) samplers, and air monitors.

The type of air sample collected at a specific operation or location shal)
depend on the type, frequency, and duration of operations being performed.
One or more of these sample methods shall be employed at intervals
prescribed by the NLS8A Manager. General criteria for sampling are:

a. Fixed location samplers shall be used where uranium handling
operations are pursued for extended periods of time, or where short
term operations occur frequently. These samplers shall be located in
Or as near as practical to the breathing zone of the person performing
the operations. Fixed sampling may also be used for investigative
purposes. In this case, the samples may be collected near the point
of suspected release of material.

b. Lapel samplers may be used where work staticns are not defined or for
supportive measurements and special studies. Continuous air monitors
may be used for early warning of unexpected releases.

¢. Emphasis shall be placed on sampling new operations or processes until
adequate, effective, control of airborne contamination is assured.

3.2.3.2 Airborne Concentrations

a. Airborne levels 1in excess of 25% of the maximum permissible
concentration shall require posting in accordance with 10CFR20 and an
investigation of the causes.

b. Airborne levels in excess of the maximum permissible concentration
shall require exposure evaluation. Controls to restrict the personne)
to less than 40 MPC-hours per week shall be required.

|
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c. Effective air control by ventilation systems shall be assured by face
velocity checks performed at least weekly,

d. The room air in all areas where unclad licensed material is processed
and where operations could result in worker exposure to the intake of
quantities of radioactive material exceeding those specified in 10 CFR
20.103, shall be regularly sampled and analyzed for airborne
concentration of radioactivity. The survey frequency shall be in
accordance with Table 1 of Regulatory Guide 8.24 dated October 1979,
where applicable. .

e. If a single air sample indicates the airborne concentration of
radicactivity for that area exceeds the MPC in air specified in Table
1, Column 1 of 10 CFR 20, Appendix B, an investigation of the cause
shall be made and documented.

f. Where fixed air sampling equipment is used to determine concentration
in a worker’s breathing zone, the fixed air sampling head shall be
reexamined for its representativeness whenever any licensed process or
equipment changes are made.

g. Any air samples that are suspected of reflecting releases and high
concentrations shall be counted at once to identify any samples with
quant1%1es of uranium greater than expected for the sampling location
and volume.

3.2.4 Radioactivity Measurement Instruments

The minimum instrumentation required for operational surveillance is listed
below. A1l instruments shall be calibrated at least every 6 months and
after each repair that would affect the accuracy, except for criticality
detectors, which are calibrated annually and operationally checked
quarterly. The manufacturer’s calibration of flowmeters, velometers,
rotameters and orifices is used.

a. Nuclear Alarm System
The Nuclear Alarm System satisfies the recommendations of Regulatory
Guide 8.12, Revision 1, January 1981, "Criticality Accident Alarm
Systems".

b. Alpha Counting System

Minimum detectability shall be 10 dpm.
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¢. Alpha Surve} Meters

Minimum counting efficiency - 30% (calibrated to read 2n)
Minimum Range - 0 - 100,000 counts per minute

d. Air Sampling Equipment

Lapel samplers - = 2 liters per minute
Fixed air samplers - - 10-100 liters per minute

e. Beta-Gamma Survey Meters

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

Minimui range - 0 - 60,000 counts per minute
0 - 20 mR/hr

f. Beta-Gamma Counting System
Minimum detectability shall be 200 dpm
g. Emergency Instrumentation

Emergency instrumentation is listed in the Radiological Contingency
Plan (see Chapter 8.0)

3.2.8 Radiation Exposures

Personnel monitoring shall be supplied to each individual who is likely to
receive a dose in excess of 25% of the applicable limits in 10 CFR 20 and
those personnel who routinely work in process areas. The personnel
monitoring device may be either a film badge (changed monthly) or a TLD
(changed quarterly)

The personnel dosimeters shall be sensitive to an exposure of 25 millirem.
Hand exposures will be determined by surveys. Exposures in excess of 25%
of the applicable 1imits shall be investigated to prevent the total
occupational dose from exceeding the standard specified in 10 CFR 20.101.

3.2.6 surface Contamination
3.2.6.1 Special Surveys

A1l nor-routine operations not covered by operating procedures shall be
reviewed by NLS&A and a determination made by NLS&A if radiation safety
monitoring is required.

o=
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With the exception of incidents requiring immediate evacuation, spills or
other accidental releases shall be cleaned up immediately. Criticality
restrictions on the use of containers and water shall be followed at al)
times. The Shift Supervisor and NLS8A must be notified immediately of such
1ncidon§s. Appropriate precautions such as use of respirators s 5 ° be
observed.

3.2.6.2 Poytine Surveillance

Surveys shall be conducted on a regularly scheduled basis consistent with
plant operation and survey results. The frequency of survey depends upon
the contamination levels common to the area, the extent to which the area
is occupied, and the probability of personnel exposures. The frequency for
contamination surveys in plant operating areas shall be as specified in
Table 1 of Regulatory Guide 8.24, where applicable. Clear areas with high
potential for tracking of contamination ma_ be surveyed more frequently.
Areas with a Tow use factor may be surveyed less frequently.

Cleanup action for restricted areas shal) be initiated when surface
contamination exceeds the action limits specified in Table 2 of Regulatory
Guide 8.24,

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

Contamination limits for release of equipment and materials from the plant
to off-site or from controlled to uncontrolled areas on-site shall be in
accordance with "Guidelines for Decontamination of Facilities and Equipment
Prior to Release for Unrestricted Use or Termination of Licenses for
Byproduct, Source, or Special Nuclear Material™, dated August, 1987,

3.2.7  PBioassay Program

The bioassay program shall satisfy the recommendations of Regulatory Guide
8.11, "Applications of Bioassay for Uranium", except that in Table 2
semi-annual in-vive frequencies may be replaced by annual frequencies for
minimum programs only.

3.2.8 Respiratory Protection

The respiratory protection program shall be conducted in accordance with
Regulatory Guide 8.15, "Acceptable Programs for Respiratory Protection”.
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CHAPTER 4 NUCLEAR CRITICALITY SAFETY

Nuclear criticality safety shall be assured through the administrative
conditions and technical criteria delineated in this chapter.

Administrative conditions define:

a) the design approar* employed in processes involving the handling and
storage of special nuclear materials (SNM), .

b) the lines of responsibility for assuring that criticality safety
aspects of the process are reviewed, documented and approved, and

c) t?cswritten procedures and postings employed for handling and storage
of SNM.

Technical criteria provide details on the limits and controls employed in
the distribution of SNM. Details on the technical bases and criteria
employed in criticality evaluations are provided as are criteria pertaining
to engineered safeguards employed in process controls.

4.1 Administrative Conditions
4.1.1 Process Design Philosphy

The process design employed by Combustion Engineering, Inc. to assure
criticality safety will meet, when applicable, Reg. Guide 3.4, “"Nuclear
Criticality Safety in Operations with Fissionable Materials at Fuels and
Materials Facilities" and will meet, when applicable, Reg. Guide 3.57,
"Administrative Practices for Nuclear Criticality Safety at Fuels and
Materials Facilities".

4.1.2 Positions Responsible for Criticality Safety

Section 2.1 describes the responsibilities and authority for key
organizational positions affecting safety; Section 2.2 gives the
professional requirements for these positions.

4.1.3 Rocumenting Criticality Evaluations and Reviews

Criticality evaluations associated with facility changes affecting the
handling and storage of SNM shall be documented. Documintation shall be
sufficiently detailed that an independent reviewer can reconstruct the
analysis and bases for the conditiors presented. These conditions shall
include all assumptions affecting criticality safety process limits and
controls.
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Criticality evaluations shall be reviewed by a qualified independent
reviewer. The independent review shall be documented.

Records of the criticality evaluation and the independent review shall be
maintained according to the requirements of Section 2.9 of this License.

4.1.4  g-itten Procedyres

Operations involving the handling and storage of SNM shall be performed
according to written and approved procedures. These procedures miy be of
the following types:

a) Traveler - This document specifies a sequence of operations required
for the process or job.

b) Operation Sheets - An Operation Sheet specifies how a given step,
operation, or process must be performed. It specifies required
process parameters and methods.

¢) Special Evaluation Traveler - The Special Evaluation Traveler
(S.E.T.), 1s employed for those jobs involving the handling and/or
storzge of SNM which are not covered by standard procedures. An
S.E.T. may supplant operating procedures in a development and testing
environment.

4.1.5 Posting of Limits

Work and storage areas where SNM is handled, processed or stored shall be
posted with the nuclear safety limits applicable to that area. NLS&A shall
maintain a current record of the location and the content of each posting.

4.1.6 Labeling of Special Nuclear Material

Mass-1imited containers employed in the handling or storage of special
nuclear material shall be labeled as to their contents. If SNM is in the
container, the amount, enrichment and type shall be indicated; if empty,
the container shall be so labeled or placed in designated areas for empty
containers.

4.1.7 Preoperational Testing and Inspection

Prior to startup of a new or substantially modified process, an inspection
shall be carried out by Engineering and/or NLS8A to assure completeness and
consistency between safety evaluations and equipment design and
installation.

§ T
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4.1.8 Criticality Safety Design

New processes or changes in existing processes affecting the handling and
storage of special nuclear materia)l are evaluated for nuclear criticality
safety. Internal procedures require that all facility changes affecting
tho1 handling and storage of SNM receive appropriate safety reviews and
evaluations,

4.2 Jechnical Criteria
4.2.1 Individual Units
4.2.1.1 Safe Individual Units (SIV)

Minimum critical values of safety parameters shall be based on experimenta)
data, optimum moderation, and full reflection. To arrive at a SIU, these
minimum critical values shall be reduced by the following safety margins.

Parameter safety Margin
Mass 2.3
Volume 1.3
Slab Thickness 1.2
Cylinder Diameter 1.3

The resulting units of SNM ave Safe Individual Units when isolated from
other units by distance or shielding (see Section 4.2.2).

4.2.1.2 Subcritical Units (Subcrits)

Other subcritical units may use multiparameter controls to achieve
criticality safety. The controlled parameters may include, for example,
U-235 mass limit or concentration, container volume, limits on internal
and/or external moderator, etc.

The configuration and composition of these subcritical units depend upon
the process involved. Criticality safety is assured through defined limits
and controls. These 1imits and controls may be implemented by favorable
geometry in equipment and design layout, engineered safeguards where
necessary, and administrative controls in the form of written and approved
operating instructions and postings.

4.2.1.3 (Criteria

a) The possibility of accumulation of fissile materials in not readily
accessible locations shall be minimized through equipment design or
administrative controls or included in the nuclear safety evaluation
of the process.
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b) Nuclear safety evaluations shall include credible sources of internal
moderation, including process variables, when moderation control is
employed in a given subcrit.

¢) Criticality safety evaluations shall consider the neutron reflection
properties of the environment to the SIU or subcrit as well as the the
heterogeneity of the fissile/fertile material within the SIU or
subcrit on the effective multiplication factor.

d) Nuclear criticality safety margins : 11 include consideration of
credible accident conditions consister with the doudble contingency
criterion. Safety Margins for SIUs .re defined in 4.2.1.1. For
subcrits defined in 4.2.1.2, the highest effective multiplication
factor, under normal credible operating conditions, shall be less than
0.95 including a two-sigma statistical calculational uncertainty,
;here appropriate, as well as any other applicable uncertainties and

fases.

e) Reactivity hold-down by other than fixed poisons shall not be employed
in criticality evaluations. Borosilicate Glass Raschig Rings may be
employed in solutions of fissile material in a manner consistent with
ANSI/ANS B8.5-1979. The effect of structural parasitics, either normal
or enhanced, shall be evaluated in a manner which examines both
elastic and inelastic scattering contributions to the multiplication
factor. Use of enhanced structural parasitics, e.g., boron stainless
steel, shall be contingent upon a program to periodically verify the
presence of the parasitic additive.

f)  Whenever nuclear criticality safety is directly dependent on the
integrity of a fixture, container, storage rack or other structure,
design shall include consideration of structural integrity. The
fulfiliment of structural integrity requirements shall be estab)ished
by physical test or by analysis by an engineer knowledgeable in
structural design.

4.2.2 Multiple Units and Arrays

Criticality safety of the less complex manufacturing operations may be
based on the use of limiting parameters which are applied to simple
geometries. This approach employs safe individual units which assume
optimum moderation and full reflection using published criticality data.
Safe individual units may be arrayed using the surface density method. An
alternate empirical method is the Solid Angle Method.
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A more rigorous method is based on two dimensional trarsport and/or three
dimensional Monte Carlo methods. These methods permit the evaluation of
more complex geometric configurations of SNM and the evaluation of
multiparameter control methods.

4.2.2.1 Spacing of Safe Individual Units

The following criteria shall be employed:

a) Application of the surface density method of spacing safe individual
units requires meeting the following criteria: :

1)  Each mass limited SIU must have a fraction critical of < 0.3, and
each geometry Timited SIU must have a fraction critical of < 0.4,

2) Mass limited SIUs shall be spaced such that the smeared density
of the SIUs on a given plane shall not exceed 50% of the minimum
water reflected, semi-infinite critical slab surface density,
based on optimum moderation.

3) For cylinder and volume limited SIUs, the spacing area shall be
based on 25% of the minimum critical water reflected
semi-infinite slab thickness.

4) Each SIU shall be centered in its respective spacing area or
volume depending upon whether the array of SIUs is two or three
dimensional.

b) When either the "fraction critical” or the "smeared* slab thickness
Timitations cannot be met, the spacing may be established by the solid
angle method of TID-7016 (Rev. 2) providing that the applicable
criteria on subcriticality of the primary unit and subtended solid
angle of interacting units are met.

c) Nuclear safety shall be independent of the degree of moderation
between units up to the maximum credible mist density. The maximum
mist density will be determined by studying all the sources of water
in the vicinity of the single units or arrays. The maximum mist
density may be limited by design and/or by administrative controls.

d) Safety margins €or individual units and arrays shall be based on
accident conditions such as flooding, multiple batching, and fire.

e) Optimum conditions (1imiting case) of water moderation and
heterogeneity credible for the system shall be determined in all
applicable calculations.

f) The water content will be verified to be less than 1.0 w/0 in storage
cans in the conveyor storage area on a production lot basis (contents
of two dry blenders).

=S SRS

LICENSE APPLICATION DATE: NOV. 22, 1989 REVISION 0 i PAGE NO. 4-5




COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

PART |
LICENSE CONDITIONS

g) Vessels and other items of equipment requiring exclusion areas shall
have the 1imits of these areas clearly marked on the floor. SIUs in
transit shall not be permitted to enter an exclusion area.

4.2.3 Technical Data

4.2.3.1 3Safe Individual Unit Limits

SIVU Timits which meet the fraction critical criteria for spacing by the
surface density method are listed in Table 4-1.

Spacing criteria are as listed in Table 4-3.

Mass limited units may be stacked on a vertical centerline with at least a
%0-1nch separation. Maximum allowed volume for stacked units shall be 20
iters.

Table 4-2 provides SIU limits for aquecus solutions with enrichments up to
5 w/o U-235. The uranyl fluoride data may be used for UO4.

4.2.3.2 Qther Criteria

a) For validated computer analysis methods, the highest effective
multiplication factor for normal credible operating conditions shall
be less than or equal to 0.95 including applicable biases and
calculational uncertainties.

b) The analytical method(s) used for criticality safety analyses and the
source of validation of the methods shall be specified.

c) A 35 Kg mass limit may be employed for homogeneous or heterogeneous
U02 in a covered, five gallon, or less, metal container.
Heterogeneous U02 shall include hard, clean scrap, i.e., broken
pellets and chips; hard, dirty scrap shall be limited to the SIU
values listed in Table 4-1. These containers shall be separated by a
minimum of twelve inches, edge to edge, in a planar array.

4.2.4 S ntrol
The following technical criteria shall be employed.
a) Buildings containing fissile materials will not have fire sprinkler

systems. Water hoses shall not be used to fight fires in moisture
control areas.

—
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b)

¢)

d)

o "
g)

h)

1)

The hygrometers on the plant air to the Air Mix Blenders in the Oxide
Building and to the micronizers and blenders in Building 254 will be
set to alarm at a dewpoint no higiner than 0°C and checked on a six
month interval. The hygrometer on the cooler hopper at the exit of
the screw cooler in the oxide building will be set to alarm at a
dewpoint no higher than 15°C and checked on a six month period. Upon
alarm, automatic or manual action stops the process until the source
of alarm is eliminated and the process can be safety continued.

The R-2 steam line will have two (redundant) fail-safe shut-off
valves, each activated by two independent high and Yow temperature
alarm setpoints on the R-2 reactor. The operability of this system
will be ascertained at least once every six months.

The moisture content of the U02 powder transferred into the bulk
storage hoppers and the recycle storage hoppers will be verified as
being < 1 w/0. The instruments used for measuring moisture in U02
shall be calibrated on a six month interval. Loading and unloading of
hoppers shall be done with hoods that prevent water ingress.

The R-1, R-2 and R-3 inlet pressure switches will be calibrated at
Teast once every 6 months.

The two vertical dissolver vessels in the Recycle/Recovery Area (240-2)
shall have a barrier to insure that no significant moderating material
can be brought within one foot of the cylindrical tank surface.

Dual independent verifications of moisture content in UO2 shall be
made prior to transfer of material into the bulk storage hoppers or
into the blenders in Building 254,

A1l moderation controlled containers shall be covered such that no
moderator can enter the container when external to protective hoods.

The number of five gallon or less mop buckets shall be limited to 4 on
the second floor and 4 on the third floor of Building 254. The
combined number of five gallon or less containers of lubricant and of
poreformer shall be limited to 6 on the second floor and 6 on the
third floor of Building 254 for each of the two pellet lines for a
maximum total of 24 containers.

l

i
|

|
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TABLE 4-1

SIU LIMITS MEETING FRACTION CRITICAL CRITERIA

U-235 Enrichment

M
ey T p— | {7

>Nat. 5 2.5
»2.5 3.0 4] . 38
>3.0 53.2 36 36
3.2 s 3.4 35 33
»3.4 3.6 32 30
>3.6 = 3.8 28 27
>3.8 s4.] 24 24
4.1 4.3 22 22
>4.3 4.5 20 20
>4.5 < 4.7 18 18
>4.7 £ 5.0 16 16
Volume (L)
>Nat. < 3.5 31 22
>3.5 = 4.1 25 18
>4.1 5.0 22 17
Cyl. Dia. (in.)
>Nat. s 3.5 10.7 9.5
3.5 s 4.] 9.8 8.9
>4.1 5.0 9.2 8.4
_Slab Thickness (in)
Homogeneous
Randomly
Corrugated Loaded
>Nat. s 3.5 4.0 4.4 4.0
3.5 s 4.1 4.0 3.9 4.0
>4.1 s 4.3 4.0 3.7 4.0
4.3 5.0 4.0 3.5 4.0
LICENSE APPLICATION DATE: NOV. 22, 1989 REVISION © PAGE NO. 4-8




COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

PART |
LICENSE CONDITIONS

TABLE 4-2
B 3 T 7T+
Uoze Uoz(.N03)2
Mass (Kg U-235) 0.82 1:77
Cylinder Diameter (in.) 10.0 16.4
Slab Thickness (in.) 4.42 8.33
Volume (liters) 26.9 105.5
Concentration (gr 235/1) 273 298

LICENSE APPLICATION DATE: NOV. 22, 1989 REVISION 0 PAGE NO.

4-9




COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

PART 1
LICENSE CONDITIONS

TABLE 4-3
SPACING AREAS FOR MASS AND GEOMETRIC LIMITS
EOR 5 W/Q U-235
Homogeneous Heterogeneoys
SIU Spacing SIV Spacing
Limit Area (ft2) Limit, Area (ft2)
Mass (1) 6.2 Kguoz/ft? 2.6 5.8 Kguoz/ft?2 2.8
Volume (2) 1.1 in. 8.5 1.0 in. 7.2
Cylinder (2)(3) 1.1 in. 5.1 1.0 1n. 4.6

(1) Smeared density < 50% of minimum water reflected, semi-infinite
critical slab surface density.

(2) Smeared density < 25% of minimum critical water reflected,
semi-infinite siab thickness.

(3) Per foot of cylinder height.

LICENSE APPLICATION DATE: NOV. 22, 1989 | REVISION 0 | PAGE NO.  4-10
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CHAPTER 5 ENVIRONMENTAL PROTECT]ION
5.1 [Effluent Control Systems
314 ALARA Commitment

Gaseous, liquid, and solid waste streams shall be handled such that
radioactivity exposures to plant workers, visitors, and the general public
are kept as low as reasonably achievable.

§.1.2 Air _and Gaseous Effluents

Exhaust air effluents from process areas and process equipment shall be
sampled continuously during operations. These stack samples shal)l be
changed at least weekly, except that new operations shall be sampled more
frequently until effective control 1is assured. A1l samples shall be
counted after suitable delay for decay of radon daughters, and the results
evaluated. The lower limit of detection shall be no more than 10% of 10
CFR 20, Appendix B, limits.

+ The coq&epI 1imit for gross alpha activity in exhaust air effluent shall be

4 x 10 uCi/cc. If the control limit is exceeded, averaged over a two
week period, an investigation shall be conducted and corrective action
taken. A further control limit for total plant exhaust stack effiuents
shall be 150 uCi per calendar quarter. If this control limit is exceeded,
a report shall be prepared and submitted to the commission, within 30 days,
which identifies the cause and the corrective actions taken or to be taken.

5.1.3 Liguid Effluents

Levels of contamination 1in liquid effluents shall be measured by
representative grab sampling of batch discards, by proportional sampling of
continuous discharges, or both. Samples shall be collected at or prior to
the point of discharge from the waste handling system. Samples shall be
analyzed for gross alpha and gross beta activity. The lower limit of
detection shall be no more than 10% of 10 CFR 20, Appendix B, limits.

The control limits for alpha and beta activity in liquid effluents shall
be:

Alpha

- 3.0 x 1072 LCi/m
Beta - 2.0 x 1

0°° LCi/ml

A further control limit for liquid effluent sireams which discharge to
Joachim Creek (NPDES Outfalls 001 and 002) shall be:

Ci/ml

°
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If these contrul 11 dits are exceeded, averaged over a calendar guarter, an
investigation shall be conducted and corrective action taken.

$.2 Environmenial HMonitoring

Locations o1 a‘r particulate, soil, vegetation, well water, surface water
and 1iquid effluent samp!ing stations shall be established-and kept part of
the Demonsiration Section of this )icense.

Monitorirg locations may be changed only if a documented evaluation by
NLSRA demonstrate. that a new location provides data that are as
representative (or morc representative) of conditions likely to impact on
the general public, as was the data from the original location.

Environmental samples shall be collected and analyzed as shown in Table
5-1. Sample frequency may vary due to inclement weather, plant shutdown,
or operating conditions. More frequent or additiona) samples may be taken
as required for special studies and evaluations.
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2ampie Medium ampling Peints Collection § Analysis samplic Type Irpe of Analysis  Aclion Level
. frequency
Alr Effluent Exhaust Stacks Continuous & analyrze Part’-ulate Gress alpha Twn week
weekiy average WPC
Alr Effluent Conversion offgas stack Continwous § asalyze Gaseous & Fluoride &
weenly Particulate Gioss alpha
Liquid Effivent Site dam Continuous & analyze Composite Gross alpha & Above 10% WPC
weekly beta
Sewage treatment outfall  Weekly Grab Gross alpha & Above (0% WPC
beta
OPERAT[ONAL ENVIRONMENTAL MON]TORING PROGRAN
Sampie Medium 2ampling Points Collection & Analvsis sample Trpe Lyee of Analvsls
freguency
Alr 3 onsite resote Continuous & analyze Particulate Gross Alpha
weekly
Surface Water Joachim (reek Above and Monthly Grad Gross Alpha & Bets
below site creek outfall.
Joachim and site creek Quarterly Grab Gross Alpha § Beta
confluence
Ground Water Plant wel? Monthly frab Gross Alpha § Betla
Cifsite well (Hematite) Quarterly Grah Gross Alpha § Seta
3 monitoring wells for Monthly Grab Gross Aipha & Beta
evaporat fon ponds .
Setl 4 locations surrounding OQuarterly Grab Gross Alpha § Beta
plant
Vegetation 4 locations surrounding Quarterly Grab Gross Alpha & Beta
plant & fluoride
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CHAPTER 6 SPECIAL PROCESSES
6.1 Proprietary Information

Information on processes or operations pertaining to activities involving
SNM at the Hematite facility are included in this license application and
no propriotar{ documents are submitted in accordance with 10 CFR 2.790 as
part of this licerse application. ;

6.2 Qccupationa) Safety

Policies for industrial safety and occupationa) hygiene nrecessary to

provide safe and healthful working conditions, and to reduce occupational
injuries and 111nesses to the lowest practicable leve), shal) be contained
in plant operating procedures, as appropriate. Special attention shall be

$1v:? to the prevention of fire and explosions within the Hematite
acility,

Action Tevels and corrective actions involving occupational exposure to
radioactive materials are given in Chapter 3. Common industrial hygiene
practices are employed to protect against non-radicactive hazardous gases
including ammonia, fluoride, organic solvent vapors and nitrous oxides.

6.3 Emergency Utilities

Emergency electric generators provide electric power to essential loads
such as air, water, steam, instrumentation and alarms. These Toads
transfer automatically to the generators upon a power outage.

6.¢ Radigactive Waste Management

Low level solid wastes shall be packaged in accordance with al) applicable
regulations and delivered to a carrier for transport to an approved
disposal site.

Non-contaminated solid wastes are disposed of by & commercial waste
disposal firm. Non-contaminated equipment may be disposed of to commercial
scrap dealers, or by other means.

Conditions of storage of waste, waste containers, and contaminated
equipment shall be included in the quarterly NLS&A inspection.
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CHAPTER 7 DECOMMISSIONING PLAN

Combustion Engineering reaffirms that, wupon terminating activities
involving materia’s authorized under license SNM-33, affected facilities
will be decommissioned in a manner that will protect the health and safety
of the public. Combustion Engineering’s Decommissioning Plan dated January
12, 1979, and financial assurances 1in the letter dated March 8, 1979,
should be considered to be part of this renewa) application.
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CHAPTER 8 RADJOLOGICAL CONTINGENCY PLAN

Combustion Engineering, Inc. shall maintain and execute the response
measures and shall maintain the implementing procedures of the Radiological
Contingency Plan for the Hematite facility dated December 28, 1987 and
incorporated as part of this license application. No change shall be made
in this Plan that would decrease its response effectiveness without prior
approval of the NRC &s evidenced by a license amendment. Changes that do
not decrease the response effectiveness of the Plan may be made without
prior NRC approval. Each change to the Plan shall be reptrted to the NRC
within 6 months after the change is made.

ESREpY fepeapa——

———on
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CHAPTER 9 GENERAL INFORMATION
9.1 Lorporate Information

Combustion Engineering, Inc. ("the applicant®) is a corporation organized
under the corporation law of the State of Delaware. The applicant’s Common
Stock 1s registered with the Securities Exchange Commission and is publicly
traded on the New York ftock Exchange. The management of the applicant
does not now know of any alien, foreign corporation, or foreign government
which currently owns or controls more than 1% of the applicant’s issued and
outstanding Common Stock or which otherwise currently exercises contro)
over the applicant, except for aliens who may from time to time be lawfully
employed by the applicant. The names, positions, addresses and citizenship
gfmtho9 ?anipﬂ officers of Combustion Engineering, Inc. are given in
able 9-1.

The president of the Nuclear Power Businesses Division of Combustion
Engineering, Inc. reports to the corporate vice president for Power
Services Businesses. The line of authority within the Nuclear Power
Businesses and the organization of the Hematite fuel fabrication facility
are described in Chapter 2 and shown in Figure 11-1.

9.2 Einancial Qualification

Information on the financial position of Combustion Engineering. Inc. is
given in the 1988 10-K report provided at the end of this chapter as
Appendix 9-1. Provisions for decommissioning are described in Chapter 7.

9.3 Summary of Operating Objective and Process

Combustion Engineering’s Hematite, Missouri, plant produces low enriched
(up to 5.0% U-235) ceramic fuel for light water reactors. Uranium
hexafluoride feed is initially received from the DOE enrichment plants and
converted to uranium dioxide powder, using a dry fluidized Led conversion
process. Capacity for conversion to oxide powder at the maximum rate is
equivalent to 400 MTUO2 per year. Allowing for enrichment cleanout and
production scheduling, the annual thru-put capacity is estimated at 300
MTUO2 per year. The U02 powder may be shipped offsite for further
processing, but generally it is fabricated into ceramic fue) pellets on
site and then shipped. Additional pellet fabrication capacity, added in
1989, 1s sufficient to fabricate all the pellets on site.

UF6 is received as a solid in 2.5 ton cylinders. These cylinders are
heated in steam chests to vaporize the UF6, which then enters the first
fluidized bed reactor. Here it is reacted with dry steam to form urany!
fluoride (UO2F2) and hydrogen fluoride gas. The gaseous HF and excess
steam exit the reactor through porous metal filters. The U02F2 particles
move to a second and third reactor where they are pyrohydrolyzed in a
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(Lthe past decade,

reducing atmosphere of “cracked" ammonia to remove residual fluoride and
reduce the U02F2 to U02. Offgases from these reactors are also filtered
through porous metal filters and then routed with offgases from the first
reactor to scrubbers filled with calcium carbonate to remove most of the WF
prior to discharge to the atmosphere.

V02 from the third reactor is cooled and pncumaticaIlg transferred to
in-process storage vessels. The powder is withdrawn from the storage
vessels into &« fluid energy mill, where recycle material may also be added.
It is then transferred to blenders and withdrawn for shipment or for use in
one of the two pelletizing buildings.

For pelletizing, blended powder is agglomerated using either an organic
binder and a suitable solvent or a dry powder slugging press introduced in
1989 with the pellet lines in Building 254. The agglomerated powder or
slugs are then granulated to fnsure a consistent press feed and pressed
into pellets. "Green" pellets are processed through a dewaxing furnace to
remove additives and then passed through a sintering furnace where they
densify and achieve the desired characteristics. The sintered pellets are
sized using a centerless grinder, dried, inspected and packaged for
shipment .

Support operations for the conversion and pelletizing process include
material recycle, scrap recovery, cylinder heel recovery, quality control
laboratory, maintenance, waste consolidation and disposal, and effluent
processing.

9.4 Site Description
9.4.1 Location of Plant

The C-E Hematite site is located on Highway P in Jefferson County,
Missouri, approximately 35 miles south of the City of St. Louis and about
3/4 mile northeast of the unincorporated town of Hematite. (See Figures
9-1, 9-2 and 9-3.)

9.4.2 Regional Demography

Jefferson County is predominately rural and characterized by rolling hills
with many .izable woodland tracts. The land area is classified as 51%
forest, 33% agricultural with crops such as grain and hay, and
approximately 16% as urban, suburban, commercial and unused or undeveloped.

The county is part of a dynamic, growing urban region of the St. Louis
Standard Metropolitan Statistical Area. Although extensive development has
resulted from this growth, agricultural land use is still predominant in
the site’s environs. Some areas, generally 1/2 to 5 miles from the plant
site, have been developed as small to moderate-sized subdivisions within
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The average population density is 246 people per square mile based on the
total estimated 1986 population of 163,800 persons and an area of 666.5
square miles. As shown in Figure 9-2, several towns and unincorporated
settiements are wholly or partly within the 5-mile radius of the Hematite
site. Festus/Crystal City, located 3.5 miles east of the site and havin

an estimated 1986 population of about 12,700 people, is the nearest town o

significant size.

9.4.3 Climatology and Meteorology

General climatological characteristics of the site area can be approximated
by those of St. Louis, about 35 miles NNE of the site and the location of
the nearest U.S. Weather Bureau recording station. Both are located near
the Mississippi River and the geographical center of the United States.
The region experiences a modified continental climate without prolonged
periods of extreme cold, extreme heat or high humidity. To the south is
the warm, moist air of the Gulf of Mexico, and to the north, Canada is a
source of cold air masses. The alternate invasion of the region by air
masses from these sources produces a variety of weather conditions, none of
which is 1ikely to persist for any length of time.

Winters are brisk but seldom severe. Snowfall has averaged less than 20
inches per winter season since 1930. Minimum temperatures remain as cold
as 32°F or lower fewer thar 20 to 25 days in most years. Summers are warm
with a maximum temperature of 90°F or higher an averar: of 35 to 40 days
per year. The normal average annual precipitation for the St. Louis area
is a 1ittle over 35 inches. The three winter months are the driest, the
spring months are normally the wettest and it is not unusual to have
extended periods of 1 to 2 weeks or more without appreciable rainfall from
the middle of the summer into the fall.

Thunderstorms occur on the average between 40 to 50 days per year. During
any year there are usually a few of these that can be classified as severe
storms with hail and damaging winds. The U.S. Department of Commerce
reports a mean annual frequency of about 8 tornadoes per year for a 30-year
period. Eight tornadoes were reported in the State of Missouri in 1979.
The problbi1j‘y of a tornado striking this particular location is computed
as 7.51 x 10 7 and the recurrence interval is 1,331 years.

9.4.4 Hydrology

The major stream near the plant is Joachim Creek, which runs into the
Mississippi River. This stream meets state water quality standards. The
United States Department of the Interior, Geological Survey, maintains a
flow gauge at the bridge crossing Joachim Creek at Hematite. Only a small
number of observations have been taken but data indicate that the annua)
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mean flow is about 132 cubic feet per second (cfs). The seasonal mean
f}ous are: spring - 330 cfs, summer - 12 cfs, fall - 16 cfs, winter - 169
cfs.

Wells drilled into bedrock aquifers in the Joachim Creek watershed may
encounter confined or artesian groundwater. In general, groundwater
movement 1is southeasterly towards Joachim Creek. VYields of wells vary,
depending on what rock units are penetrated. Wells finished in St. Peter
Sandstone through Lower Gasconade Dolomite have yields of more than 100

allons per minute, while wells finished in Cambrian age sediments open to

rdovician age sediments have yields up to as much as 500 gallons per
minute. Wells drilled in any of these areas could expect to encounter
water with acceptable dissolved solids (less than 500 ppm) in or above the
aquifer indicated. Water used at the site is supplied by a well located on
the property. Daily average water usage for site operations amounts to
about 15,000 gallons per day. Withdrawal of this volume of water has no
adverse effect on the water table as it represents a very small portion of
the available supply, for example: a spring on the property, a few hundred
feet from the well, naturally flows at the average rate of 350,000 gallons
per day.

Floods which might cccur at the site wil) produce different flood levels
depending upon the flow rate of Joachi» Creek. While the historical
records (maximum observed level of 431 fec’ =7s1) as well as the analysis by
U.S. Corps of Engineers (100-year flood leva2] at 434.7 ft. ms]) show that a
site flood is not likely it stil) is considered remotely possible. If a
flood of larger magnitude (greater than 435 feet msi) were to occur, water
at the plant site would rise but there is not expected to be any
significant water velocity associated with the flooding. The
reason for the minimal water velocity is that the railroad track,
which is located between Joachim Creek and the plant, would serve to
isolate the plant area from the main stream flow. Water would enter and
exit this isolated area via a culvert 900 feet south of the plant boundary
and a second one about 1200 feet northeast of the plant, both of which pass
under the railroad tracks. This postulated flood would be expected to
result in only minimal water velocities (less than 0.1 ft/sec). These
velocities are not expected to be able to tip material storage canisters
within the buildings or transport any spilled material. Experimental
results for a water-sand system show that for particles of U02 size water
velocities of greater than 0.6 ft/sec are required to move the material.
Given the increased density of UD2 relative to sand (a factor of about 4),
it does not seem likely that a credible flood would spill or transport
spilled UO2 particles. The floor elevation of Buildings 253, 254 and 256
that were added in 1989 as well as other buildings where SNM is processed,
except for area 240-3, are above the 100 year flood elevation.

LICENSE APPLICATICN DATE: NOV. 22, 1989 | REVISION 0 PAGE NO. 9-4




COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

PART 11
SAFETY DEMONSTRATION

9.4.5 Geology

The underlying earth structures are composed of younger rock than those of
the southwestern portion of the county. The 240-260 million-year-old
Mississippian system of the far northeastern portion of the county
gradually changes to the 440-470 million-year-old Cambrian system of the
southwestern portion of the county. This difference in age partly explains
the difference in topography. The older Cambrian system has been exposed
to erosion for 200 million years more than the younger Mississippian
system, resulting in a more rolling topography. The younger rock
structures of the northeastern section exhibit a more rugged topography.

The southwestern corner of the county near the Big River is primarily
dolomite (magnesium limestone), with sandstone and chert (an?u1ar fragments
of quartz) present in varying quantities depending on the location. This
dolomite and chert grades northeast toward St. Louis into dolomite with
sandstone. A massive sandstone ridge runs acros:c the county from Pacific
southeast to Festus and Crystal City. This fine quality stone is used for
glass manufacturing and building purposes. Limestone exists in the
Kimmswick formation in a narrow strip across the northern part of the
county and extends south along the Mississippi River. Some deposits of
marble are also present in the county.

Several test borings have been made in connection with past construction
activities at the Hematite site. The borings were drilled to depths of
approximately 35 feet. The soil profile thus obtained shows upper alluvial
soils of stiff, very silty clays containing some sand, underlain by silty
clays of firm to stiff consistency, to depths of 10 to 13.5 feet. Very
stiff, highly plastic clay with limestone fragments were next encountered
to depths of approximately 22 feet. Firm to stiff, sandy, silty clay was
then found until auger refusal was obtained on boulders or limestone
bedrock at an approximate depth of 36 feet.

9.4.6 Seismological

The east-central Missouri general area is relatively active seismically.
The southeastern area of Missouri is quite active seismically and also
contains a portion of the New Madrid Fault that caused the ‘“great
earthquakes" of 1811 and 1812. There were three quakes of Epicentral
Intensity XII Modified Mercalli scale (M.M) which took place on December 6,
1811 and January 23 and February 7, 1812, near New Madrid. During recent
years, there have been two quakes recorded in the New Madrid area. In 1962
a quake measuring V (M.M) was recorded and one with a magnitude of 4-1/2
was recorded in 1963. A quake reported as “"the strongest in years"
occurred near Caruthersville, Missouri, 150 miles southeast of Hematite, on
December 3, 1980.
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9.5 Locations of Buildings on Site

Figure 9-4 shows the location of and identifies the buildings and
facilities on the Hematite site. A general description of the major
buildings follows:

The Oxide Plant (Powder Production Area) is a four-leve! building, 31’ «x
36’, with a concrete floor, corrugated plas-steel siding, and a metal roof.
This building 1s an addendum to the original Building 255 and opens
directly into the pelletizing facility. The Oxide Building s
approximately 50’ in height.

Adjoining the Oxide Plant is a 31’ x 55’ dock area which also has a
concretn floor and a meta)l roof, meta) walls and overhead doors.

Building 240, the Recycle/Recovery Areas and Laboratory, is 83’ x 215’ and
is 16" high. The building has concrete flooring, exterior concrete block
walls with windows, and a concrete-on-metal roof. About 6,000 square feet
of the area is utilized for uranium recycle and recovery operations with
the remainder of the building used for office area, clothing change and
locker rooms, showers, maintenance shop, laboratory space, the site
laundry, and utilities.

The Quality Control Laboratory is located in the southwest corner of
Building 240, An area of approximately 2,500 square feet is utilized for
testing of the chemical and physical properties of uranium oxide, powders,
pellets and other materials.

In 1989, Buildings 250 and 251 were demolished and replaced by three
Buildings; 253, 254 and 256. Figure 9-5 shows a perspective view of the
resultant six adjoining buildings. Building 253 adjoins Buildings 254 and
256 on the east and Building 240 on the west. It measures approximately 77
feet wide by 133 feet long by 17 feet high and is constructed similarly to
Building 240. It has a concrete slab floor, concrete block walls and meta)
supporting roofing.

Filtrate solidification is performed in the south end of Building 253. The
center area contains the steam boiler, storage for chemicals and
maintenance items and storage for SNM. The powder is stored in pails and
in wheeled recycle hoppers. A facility with filtered ventilation is
provided for transfer of powder from pai's to the hoppers and blending in
the hoppers. The bi-level north end of Building 253 contains offices and a
change room.

Building 254 contains two parallel pellet production lines which are
comprised of milling, blending, pressing, sintering, grinding, and
packaging operations. Additional equipment has oeen installed to recycle
green and hard scrap.
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Building 254 1s surrounded on four sides. It adjoins the building 255 on
the east side, the warehouse building 256 on the south side, the womens’
locker room on the north side, and the storage/utilities/office building
253 on the west side.

The building measures 83 feet wide by 161 feet long. The roof is 23 feet
high on the south end and stepped to 36 feet high on the north end.
Building 254 is constructed with a free standing steel freme supported on
shallow poured concrete spread footings with connecting grade beams, a
concrete slab floor on grade and concrete block wa'lls laterally tied to the
steel frame. The block walls are shared where bu 1ding 254 adjoins other |
buildings. Metal curtain walls with insulation are used on the exposed |
exterior walls of the high north end and on the high portions that rise |
above the block walls shared with adjoining buildings. Roofing is rigid |
insulating board over metal decking supported on prefabricated trusses
carried on the steel building frame. The building is designed using a BOCA |
seismic zone 2 earthquake occupancy importance factor of 1.5.

Building 255 measures 83’ x 161’ and is 17 high. This building has
concrete flooring, concrete block walls, and a concrete-on-metal roof.
Pellet production occupies a portion of this building--an area
approximately 83" wide by 83’ long. The remainder of this building area is
used for offices, storage, work-break area, U02 product storage in sealed
containers, and the supply room,

The warehouse building 256 extends westward along the south end of
pelletizing building 255 and the south end of pelletizing building 254.
This warehouse measures approximately 151 feet by 50 wide. It is
constructed of concrete slab floor on grade with concrete block walls and
roofing of rigid insulating board over metal decking supported on
prefabricated steel trusses. The warehouse serves as a storage and
shipping facility for finished pellets and as a receiving warehouse for
site supplies. Truck access to the warehouse is via a roadway corridor
that runs from the main gate to the warehouse.

9.6 Maps and Plot Plans

The Hematite site comprises about 154 acres in Jefferson County, Missouri,
on both sides of Highway P, northeast from the town of Hematite (Figure
9-3). Approximately 6 acres in the center of the site are enclosed by a
security fence. In 1989 the fenced area was increased from 4 1/2 acres to
provide roadway access to the Building 256 warehouse and to accommodate the
related building construction. A1 production activities take place within
six adjoining buildings inside the fenced area (Figure 9-4),

Missouri. Figure 9-2 shows the area within a 5 mile radius of the site,
11lustrating the small towns and settlements,
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9.7 License History

License SNM-33 was transferred to Combustion Engineering from Gulf United
Nuclear on August 21, 1974. It was renewed on March 31, 1977 and December
30, 1983 for 5-year periods. In November, 1988 the license period was

extended one year to December 3], 1989,
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JABLE 91

ERINCIPAL OFFICERS OF COMBUSTION ENGINEERING, INC.

Name
HUGEL, Charles €.

KIMMEL, George S.

FORTNEY, Ray A.

BARNETT, Charles E.

RUBIN, Jeffrey §.
SMITH, Dale E.

CONNOLLY, William J.

KISTNER, Robert E.

MASON, Robert H.

SANDERSUN, Jack T
GARRY, Bernard J.
JONES, Fred R,

Position

Chairman and
Chief Executive
Officer
President and
Chief Operating
Officer
Vice President
Power Services
Businesses
Vice President
&
General Counsel
Vice President
of Finance
Vice President
Human Resources
& Operations
Vice President
Corporate &

Investor Relations

Vice President
Information

Systems & Services

Vice President

Venture Finance
& International
Vice President-

Corp. Technology

Secretary

Treasurer

Address

900 Long Ridge
Stamford, CT

900 Long Ridge
Stamford, C7

900 Long Ridge
Stamford, C7

900 Long Ridge
Stamford, C1

900 Long Ridge
Stamford, C7
900 Long Ridge
Stamford, C7

900 Long Ridge
Stamford, (7

900 Long Ridge
Stamford, CT

900 Long Ridge
Stamford, CT

900 Long Ridge
Stamford, C7
900 Long Ridge
Stamford, CT
900 Long Ridge
Stamford, (T

Road U.S.

Road U.S.

Road U.S.

Road U.S.

Road V.S,
Road U.S.

Road U.S.

Road U.S.

Road U.S.

Road v.S.
Road v,
Road U.5.
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APPENDIX §-1

DEMONSTRATION OF FINANCIAL CAPABILITY

Form 10-K, Annual Report to the Securities and
Exchange Commission for 1988 by Combustion
Engineering, Inc.
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48 part of its emphasis on expanding its products and services in the powver
industry. ESG specializes in energy management and supervisory control
systems vhich are used for data acquisition, analysis and contrel in
optimizing electrical powver grids, including distribution and transmission
networks.

The Company has alsc divested itself of a number of businesses outside of
its core markets. In February 1989, the Company signed an agreement for the
sale of its Vetco Services oil and gas operations and on March 23, 198%
completed the transaction, ronli:ing net proceeds in excess of $30,000,000.
In Decenmber 1568, the Company oigna an agreanent for the disposition of
its C-E Natco, C-E Invalco, Premler Refractories and Chenmicals (formerly
C~L Retractories) and C~E Tyler businesses (the transaction is scheduled to
be completed during 1989). In September 1588, the Company completed the
sale of its investment in Jamesbury Corp., a manufacturer and supplier of
high-perfornmance valves, realizing net proceeds of approximately
$136,000,000 resulting in a pretax gain of approximately $36,800,000.

For more detail on business acquisitions and dispositions in 1988 as well
as 1987 and 1986, refer to Notes 14 and 17 of the Notes to Consolidated
Financial Statements on pages 42 and 44 of the Annual Report.

In connection with the Company's restructuring and repositioning prograns
as wvell as its development and introduction of new technologies and
broadened scope of participation in new markets, a provision of
$272,800,000 was included in cperating loss in the third and fourth
yuarters of 1588. This provision was made in recognition of: (a)
increases in estimated costs to complete vaste-to-energy plants and fluis
bed powver plants both involving new, first-time technologies: (b) cost
overruns on other fossil fuel systems contracts administered in the Unites
States and in Canada; (¢) the estimated costs to repair the boilers in tre
Hartford, Connecticut va-to-to-cnorq¥ plant wvhich experienced tube failures
due to corrosion, and the cost of related modifications required on two
other plants under construction; and (d) restructuring charges for the
Power Generaticn segment.

(d) Pinanzial Information about Industry Segments

For financial reporting by business segment, raference is made to the
Anrual Report's "Management's Discussion and Analysis" on pages 25 threoug
2% and to "Business Segment Information" on page 30.

Much of the Company's business, especially that relating to power
generation and large process industry applications, involves long-tern
contracts of various types, including fixed-price and cost-plus-fee type
contracte, with some contracts including variations of both types. The
largest porticn 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 contracts. The contract price, in fixed-price
contracts, either includes an amcunt for the estimated increase in the cost



of labor, materials and services over the period required for performance
©f the contract or is subject to adjustment based on a price escalation
clause.

Profits on long-term contracts for financial reporting purposes are
recognized on the percentage-of-completion method. Percentage-of-
completion is measured principally by the percentage of costs incurred and
accrued to date versus estimated total costs for each contract. No profits
are recorded on contracts for equipment manufactured in the Company's
plants prior to billing the customer and, in most cases, prior to shipment
of the equipment. Contracts typically extend cver a period of several
months to three or more years. Changes in contract performance and
estimated profitability, including those arising from contract penalty
provisions and final contract settlements, may result in revisions to costs
and income and are recognized in the period in which the revisions are
determined. Profit incentives are included in income wvhen their
realization is reascnably assured.

Cost estimates for long-term contracts take into account all anticipated
costs including, among others: engineering: manufacturing:; subcontracting
and field construction costs including warranties based upon past
experience, wvhich are required to meet the specifications of the contracts.

(e) Narxative Description of Business

Reference is made to "Business Segments and Brief Description of the
Business" shown on pages 5 and 2%5-30 of the "Financial Section" of the
Annual Report regarding a narrative description of the Company's business.

Rav Materials

The primary raw material used by 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. Rawv materials
are purchased by the Company as needed for individual contracts or to
maintain proper inventory levels. The Company normally dces not encounter
difficulties in procuring adequate supplies of raw materials.

Patents and Licenses

The Company has numercus United States and foreign patents and patent
applications which relate to many different products and processes, and
are deenmed by the Company to be adequate for the conduct of its businesses.
The Company does not believe that any single patent is of material imper-
tance in relation to any business segment or the Company as a whole.

The maintenance of licenses issued by the Nuclear Regulatory Commission

is essential to the conduct of certain portions of the Company's nuclear
business.



Backlog

.Docnbot n, 1968 1987 15
(Dollars in thousands)
Power Generation $1,981,177 $2,161,080 $1,537, 418
Process Industries 976,080 623,998 452,298
Public Sector and
Environmental 777,245 835,469 776,702

Overall backlog for the Company increased during 1988 duc to orders taken
in the Process Industries segment vhich offset the decrease in backleg for
the c.her two segments. The Process Industries gain came primarily from a
twvo=fold increase in its process cnqinooring and constructicn business
wvhich won four major pulp and psper awvards in 1988 with a total contract
value of over $130,000,000. Process Industries made = strong showing as
wvall in the petrochemical market, receiving a $160,000,000 order for two
new plants in the Pecple's Republic of China.

The Power Generation and Public Sector and Environmental segments' back-
iogs, howvever, decreaswd from their record levels in 1987 as work was
carried out in 1988 on 1987 orders (including the nuclear plants in Korea,
circulating fluid bed plants in the United States, other fossil plants in
the United States, Canada and the Peocple's Republic of China, and wvaste-t--
cnot?y plants in the United States). The Power Generation segment made
significant contributions to its bucklog with an award for a 130 megawat::
circulating fluid bed unit in the United States and for two 300 megawat:
:1qn1to-tirod stean generators in northeastern Thailand, valued at
82,000,000.

'It should be noted that the Process Industries business segment informa:.:-
has been restated to include the Engineering and Construction ocperatiors.
Also, the Public Sector and Environmental business segment informaticn
includes contract backlog relating to government contract services total.-
approximately $176,000,000 and $158,000,000 in 1988 and 1987, respective.:
which extend over periods approximating five years, many of which are
subject to annual government funding authorizatioen.

For additional information on the 1988 backlog, refer to "Business Segmen:
Information™ - Backlog on page 30 and to "Management's Discussicn and
Analysis" cn pages 25 through 27 of the "Financial Section" of the Annua.
Report. Approximately 63% of the consclidated December 31, 1988 backlog -f
unfilled orders is expected to be recorded as sales (principally on the
percentage-of-completion method) in 1989 and the remainder in subseguent
years.

The backlog of unfilled orders cannot be projected into an annual rate of

net sales for a variety of reascns, including the length of time required
for the completion of contracts and changes in customer reguirements.



Competitive Conditions

With respect to products, services and equipment for the pover generation
industry, the Company is one of the largest domestic manufacturers of
fossil-fueled steanm generating systems. The major competitors for large
scale fossil-fueled stean generating systems in the United States include
The Babcock & Wilcox Company, a wholly-owned subsidiary of McDermott
International, Inc., and Foster Wheeler Corporation. The Company competes
with a number of suppliers of smaller-scale fossil stean generating
systems. The Company is one of many competiters in the worlde-wide market
for nuclear steam supply systems. The Company also competes with numerous
suppliers in servicing cperating fossil and nuclear stean generating
systens and related equipment.

loqardin! products, services and equipment for process industries, the
Company is one of numerous manufacturers or suppliers and, in certain
cases, is one of the leading manufacturers or suppliers. In general, the
Company conducts this portion of its operations under highly competitive
conditions worldwide. Lummus Crest Inc., the principal component of
Process Industries segment's engineering and construction services busi-
ness, is engaged in providing design, engineering and construction service«
for chemical process plants, petroleum refineries and other industrial
facilities. However, the business is highly competitive and the Company
:cv fotp.t.l with various engineering firms of all sizes both domestic arc
oreign.

With respect to public sector and envircnmental, the Company provides
environmental systems and services to the public sector and process and
ower industries. The Company is one of many firms engaged in this highly
competitive market, which includes Ogden Corporation and Wheelabrator
Technologies, Inc.

Usually, the Company competes for new orders by responding to specitic
invitations to bid. The principal bases of competition would include the
following factors, but not necessarily in their order of importance:
design of the equipment or process to be furnished in response to the
customer's specifications, technical support and services, ability to meet
the customer's delivery schedule, price and, in certain cases, project
financing. Project financing has become of increasing importance in
bidding and selection for power project contracts. Over the last two
years, in order to compate in the independent power generation market
through the supply and construction of small power generation plants, the
Company has entered into lease agreezents, standby equity and debt commit-
ments and has invested in project companies (usually 20% or less of the
project value).

Researck and Develcpment
The amounts spent during 1988, 1987 and 1586 on research and development
activities were $78,733,000, $69,995,000 and $68,825,000, respectively,

including estimated amounts spent on customer-sponsored R&D of $22,7%0,000,
$19,502,000 and $20,800,000, respectively.



Compliance with Environmental Protection Lawvs

ompliance by the Company with Federal, state and local environmental
rotection laws required capital expenditures of $425,000 in 1988, $443,000
in 1987 and $238,000 in 1986. It is estimated that capital expenditures in

1989 for such purposes will be approximately $1,227,000.

Enployees

At Decamber 31, 1988, the Company employed 28,832 persons.

(4) pinancial Information about Poreign and Domestic Operations and EBxport
fales

Significant financial data by geographic area can be found in Note 16 of
the Notes to Consolidated Financial Statements shown on page 43 of the

“Financial Section" of the Annual Report.



ITEM 2. PROPERTIRS

The principal manufacturing and processing plants and other izportant
.phyoical properties are set forth below. The industry segunent (s) which

use the property is also identified.

by the Company or a subsidiary.

Anderscnville, Gecrgia (2)*¢4
Bloomfield, New Jersey (2)*
Brantford, Ontario (2)
Chattancoga, Tennessee (1) (2)
Columbus, Ohio (2)
Concordia, Kansas (2)

Dry Branch, Georgia (2)4
Dundalk, Ireland (2)
Entezprise, Kansas (2)

Erie, Pennsylvania (2)*
Gastonia, North Caroclina (2)
Helsinki, Finland (2)*
Houston, Texas (2)*
Lewisburg, West Virginia (2)
Lincolnshire, Illinois (2)*
Lisle, Illincis (2)
Melville, New York (1)+
Muncy, Pennsylvania (2)

(1) Pover generation
(2) Process industries

(3) Public sector and envirconmental

" Includes leased facilities

Unless noted, the property is owned

Norcross, Georgia (1)

Nueve laredo, Mexico (2)¢

Ottawa, Ontario (1)(2)*

Portland, Maine (3)e

Rochester, New York (2)

Sandersville, Georgia (2)¢

Sherbrocke, Quebec (1) (2)

Stanford, Connecticut
(Corporate Offi-e)

Stevenage, England (2)

St. Catherines, Ontario (2)

The Hague, Netherlands (2)*

Teronto, Canada (2)*

Valley Forge/King of Prussia,
Pennsylvania (2)

Walnut Creek, California (1)*

Wellsville, New York (1) (2)

Windsor, Connecticut (1)(2)(3)*

# Includes mining properties some of which are under lease

The Company's nanutncturing facilities are of varying ages and are vell
n

maintained, in good operat

g condition and suitable for the purposes for

wvhich they are being used. All of the principal manufacturing and
processing plants are utilized on the basis of at least one shift and
some operate with more than one shift. Management regards these facili-
ties as having adegquate capacity to meet current production requirements.



ITEN 3. RENDING LEGAL PROCEEDINGS

Reference is made to Note 12 of the Notes to Consolidated Financial State-
zents shown on page 40 of the "Financial Section" of the Annual Repoert.

In addition, a review of environmental proceedings to which the Company
and/or its subsidiaries are parties has indicated certain instances

in which the Company or a subsidiary may be reguested to contribute
cleanup costs in excess of the reporting threshold of one hundred thousand
dollars. The Company would not expect such instances to involve aggre-
gate payments in excess of one million dollars.

ITEX 4. QUBMISSION OF MATTERS TO A VOTE OF SECURITY EOLDERS

None.



QPPICERS OF TAR COMPRANY

s.low are the ofgicers of the Company:

R Listec
ase mmw&w

LanS

charles E. Hugel 60 chairman and chief Executive officer
George S. Rimmel 54 president and Chief operating officer
49 viece President and General Counsel

wiiliam J. connolly vice Presidant-Corporato and 1
Relations

charles E. parnett
nvestor

82 Vice Preaidcnt-lnfcrmation SysteRns and

Rorart E. Kistner
garvices

Vice Prastdcnt»V@nturs Financs and

53
Intornational

i Robart H. Magsoen

45 vice ?residenterinanc@

82 Vice Prasidcnt-Corporato Technology

Vice president-Human Raso
operations support

Jeffrey S. Rukin

Jack T. ganderson
urces and

pale E. smith 43

parnard J. Garry 63 secretary

preston E. Insley

54 controller
Fred R. Jones 41 Treasurer
g the foregoing officers. :

an the above persont
wvere elected to the

There are no ganily ralationships amen
andings betve

eants or any underst
such persons

There are Ne ayrangen
guant to which

and any other persons pur
cffices indicated.

o the ogfices indicated is for @ ceym of one year.

glectien ¢
A brie? account of each officer's pusiness experience during the past give
years i8 sat forth below:

1988, He was alected

scted Chairman, effective July 1,
og¢ficer in April 1984 and President and Director of the

September 1, l982.

Mr. Hugel vas el
chief Executive
Company effactive



Mr. Kimmel was elected President and Chief Operating Officer, sffactive
July 1, '%gs. 1In 1987, he was slected Executive Vice President-~
Operations and a mexbar of the Office of the President. Prior thereto,
he Was an Executive Vice President. He was alected a Directer in April
1981.

Mr. Barnett was elected Vice President and General Counsel of the Cempany
in January 1984. Prior %o jeining the Company, hs vas Vice President,
Ganaral Counssel and Sacretary of St. Joa Minarals Corporation.

Mr. Connolly wag elacted Vice President-Corporate and Investor Ralations
in 1980.

Mr. Kistner was elected a Vice President of the Company in April 1988.
Prior to jeining the Company in November 1983, he ssrved in a number of

systems planning and management pesiticns with Navistar (formarly
International Harvester Corporation).

Mr. Masson served & Vice President-Treasurer of the Company from
Novenbar 1980 te October 1986 and as Vice President=-Financing and Vanture

Development until Octeber 1987 whan ha became Vice President-Venture
Finance and International.

My. Rubin vas alected Vice President-Finance in 1987. Prier thaereto, he
was Vice President-Planning and Control (1988), and Vice Presidant and
controller (1984). Prior to joining the Company in 1984, he vas
agsociated with Atlantic Richfield Company, most racantly as Vice
Presidant Planning & Control, ARCO Hetals Company.

pr. Sanderson was alected a Vice President of the Company in April 1987.

Prier to jeining the Company in April 1986, he was Dirsctor of Technology
Applicatione at ITT Corporation, Naw York, NY.

Mr. Smith was elected a Vice President of the Company in Novamber 1985,
Prier to 1985, he was Vice President of Operaticnal Management of Vetco
offshore, Inc., a subsidiary cf the Company.

Mr. Garry was elacted Secratary of the Company in April 1986, Prior to
April 1986, he served as Asgistant Secrstary ©f the Company.

Mr. Insley was elected Controller in Novaembaer 1986. Prior thereto, he
was President of C-E Refractories, a division of the Company and, prior
to that, Vice President-Finance and Controller of the Industrial Group.

Mr. Jones was elected Treasurer in November 1986. Prior to his election,
ne was Assistant Treasurer and, befors that, Director-Treasury Financial

sarvicaes of the company. Prior to joining the Company in April 1984, he
wag Assistant Treasurer of the Penn Central Corporation.




PART II

ITEMS 5. THROUGH 8.

The "Financial Section" of the Annual Report to Shareholders for the year
ended December 31, 1988, is hereby incorporated by reference.

Page Number in
"Financial Section"

Item 5 -~ Market for the Registrant's Common

Stock and Related Security Holder

Matters 45 to 47 & 49
Item 6 - Selected Financial Data (Summary of

Operations/Financial Pesition and

Other Data) 46 to 47
Item 7 - Management Discussicn and Analysis 28 to 29
Item 8 - Financial Statements and Supplementary

Data 30 to 45

ITEM 9. DISAGREEMENTS ON ACCOUNTING AND PINANCIAL DISCLOBUKE

‘I'Ncno.



PART III

@®: ... YE OPPICERY OF THE COMPANY

Pursuant to General Instruction G(3), the information regarding directors
called for by this item is hereby incorporated by reference from the
Company's 1989 Proxy Statement flled with the Securities and Exchange
Commission. The information regarding executive officers called for by
this item is included at the end of PART I, ITEM 4, of this document under

the heading Qfficers of the Company.
ITEM 11. EXECUTIVE COMPENSATION

Pursuant to General Instruction G(3), the information called for by this
item is hereby incorporated by reference to the information on page § of
the Company's 1989 Proxy Statement filed with the Securities and Exchange
Commission.

ITEX 12. GECURITY OWNERSHIP OF CERTAIN BENEPICIAL OWNERS AND MANAGEMENT

Pursuant to General Instruction G(3), the information called for by this
item is hereby incorporated by reference to the information commencing on
page 2 of the Company's 1989 Proxy Statement filed with the Securities and
Exchange Commission.

ITEX 13. CERTAIN RELATIONSHIPS AND RELATED TRANSACTIONS

‘Purnuant to General Instruction G(3), the information called for by this

item i# hereby incorporated by reference to the information on pages 14
through 16 of the Company's 1989 Proxy Statement filed with the Securities
and Exchange Commission.



PART IV

.I‘l‘t)l l4(a). EXHIRITS AND PINANCIAL STATEMENT SCHEDULES
Decuments: Page

1. Financial Statenments=Note® (d)....iitevivvervessvessses See Part II
2. Financial Statement Schedules-Note (b)
Report of Independent Public Accountants on Schedules...... F-l
Schedule I-Marketable Securities - Other Investments....... F=2

Schedule II-Amounts Receivable from Related Parties and
Undervriters, Promoters, and Employees Other than Related

PRAFREIE ¢ 546 5400000848 9808%8 0043054090808 800080000s00sssnsse Tob
Scheduls VII-Guarantees of Securities of Other Issuers..... F=4
Schedule IX~Short=Term BOrrowing®..cccceeeesvssessncesscscse FeoS

NOTES:

(a) Financial statements for unconsolldated subsidiaries and S0%-owned
companies have been omitted as not being required since considered
in the aggrejate as a single nubsidiary, they would not constitute
a significant subsidiary.

‘ (b) Schedules not filed herein are omitted because of the absence of
conditions necessitating their filing.

ITEM 14(d). REPORTS ON FORM 8-K
Form 8-K dated December 30, 1988

Item 5. Qther Events
Adeoption of Sharehoclder Rights Plan.

-13e



SIGNATURES
.?ursuant to the requirements of Section 13 or 15(d) of the Securities

xchange Act of 1934, the registrant has duly caused this report to be
signed on its behalf by the undersigned, thereunto duly authorized.

COMBUSTION 'ENGINEERING, INC.

w
Eﬁa:;u ;’ E%qﬁ <

Chairman and Chief Executive
Officer, Director

]
/',\4) A‘) O

By Se .
‘ Jeffrey S. Rubin
Vice 3:ooidont = Finance
v-‘

G X

By D = Lo
reston E. Insley

Coritroller

Dated March 29, 1989

lés



Pursuant to the requicements of the Securities Exchange Act of 1934, this
report has been signed below by the following persons on behalf of the
‘oqistnnt and in the capacities and on the date indicated.

Lucy Wilson Benson ¢

By

Director

Walter H. Helnmerich, III »
BY

Director

Robert M. Jenney *
By

Director

L L

Santry, Jr. / U

George S. Kimmelw
B

Y
President and Chief Operating
Officer, Director

Dated: March 29, 1%98%

Paul W. MacAvoy

Director

Scott L. Probasco, Jr. »

Director

Robert C. Seamans, Jr., +

Directer

Robert G. Stone, Jr.,

Director

Kenneth J. Whalen +

Director

David R, Whitwam +

Director

*Pursuant to Power of Attorney

i
/ L2

Bernard J. GArry,
as Attorney<In-Fact .



Exhibits
and _by-laws
(3)=1 Restated Certificate of Incorpcration
of Combustion Engineering, Inc.
(3)=2 By-lLaws of Combustion Engineering,
Inc., as amended June 27, 1588
(i0) Material contracts
(10)=1 Acquisition agreement among Hughes Tool

(10) =2

(10) =3

(10) -4

(10) =8

(10) =6

Company, Combustion Engineering, Inc.,
Combustion Engineering Limited, C-B
Europe Limited and Vetco Gray Inc.,
together with certain exhibits and
amendaents

Agreements incident to the acquisition
¢f AccuRay Corporation

Anended Incentive Compensation Plan, as
amended July 24, 1986

Defarred Compensation Plan for Non-
Enployee Directors of Combustion
Engineering, Inc., as amended November
19, 1%58é

Anendzent adopted Decenmber 15, 1588
Deferred Compensation Plan, as anended
November 19, 1986

Amnendment adopted December 19, 1588
Executive Retirement and Life Insurance

Plan, as amended July 24, 1586, and
Form of Life Insurance Agreenent

Anandnent adcpted December 15, 19588

«l6=

Sequertial
~Eace No,

Incorporated by refer-
ence to form 10-Q
Report for the sec-
ond quarter 1587 and
form 8~K filed Dec-
ember 30,1988

Incorporated by refer-
«nce to Fora 10-Q Re-
port for second guarter
1988

Incorporated by refer-
ence to Fora 8~K Repore
dated November 14, 1358¢

Incorporated by refer-
ence to Form 8-K Repors
dated January 29, 13%8°

Incorporated by refer-
ence to Form 10-Q Re-
port for the third
quarter of 1986

Incorporated by refe
ence to Form 10-K Re-
pert for 1986

Incorporated by refer-
ence to Form 10-K Re-~
pert for 1986

Incorporated by refer-
ence to Form 10-K
Report for 198% and o
Fora 10-Q Report for
the third quarter cof
1986



(10) =7

(10) -8

(10) =9

(10)=10

(10)=11

(10) =12

(10) =13

(10) =14

(10) =158

Key Employee Retention and Severance
Benefit Plan and Forms of Agreements

Anendment and form of Agreenment
adopted December 19, 1588
1982 Stock Option Plan

Anendment adopted December 19, 1988

Restricted Stock Plan for Senior
Executives

Anendment adopted November 16, 1988
and Form of Agreenent

Restricted Stock Plan for Non-
Emplcyee Director of Combustion
Engineering, Inc.

Anendments adopted November 16
and December 19, 1988

Senior Mangement Incentive Plan and
Anendment adopted December 19, 1588

Supplemental Benefit Plan for Salaried

Employees

Anendments adopted September 25 and
Decenmber 15, 1988

Consulting Agreement with James B. Kelly

dated October 20, 1988

Supplemental Retirement Benefit Agree-

ment with Charles E. Hugel
Amnendment adopted December 15, 1988

Agreexent with Arthur J. Santry, Jr.

Anendment adopted December 19, 1988

Incorporated by refer-
ence to Form 10-K
Report for 1982

Incorporated by refer-
ence to Proxy State-
ment for Annual Meeting
on April 22, 1986

Incorporated by refer-
ence to Proxy State-
ment for Annual Meeting
en April 28, 1988

Incorporated by refer-
ence to Proxy State-
ment for Annual Meeting
on April 28, 1588

Incorporated by refer-
ence to Form 10-K
Report for 1982

Incorporated by refer-
ence to Form 10-K
Report for 1982

Incorporated by refer-
ence to Form 10-K
Raport for 1984



(10) =16

(10) =17

Consulting Agreement with Robert C.
Seamans, Jr., as amended April 22, 1986

Benefit Agreement with Dudley C. Mecum

{23) Powers of Attorney

(25)=1

(25) =2

Power of Attorney for Lucy W. Benscon
and David R. Whitwam

All Other Powers of Attorney

-l8=

Incorperated by refer-
ence to Form 10-K
Report for 1980 and
1981 and to Form 10-Q
Report for the second
quarter of 1986

Incorporated by refer-
ence to Form 10-Q Re-
poert for the third
quarter of 1986

Incorporated by refer-
ence to Form 10-K
Report for 1987

Incorporated by refer-
ence to Form 10-K
Report for 1985 and
1986



ARTHUR ANDERSEN & Co.
StaMroRrD, CONNECTICUT

Te the Board of Directors and
Shareholders of Combustion Engineering, Inc.:

We have audited in accordance vith generally accepted auditing
standards, the financial statements included in the Coabusticn
Engineering, Inc. Annual Report to Shareholders incorporated by
reference in this Foram 10-K, and have issued our report therecn
dated February 17, 1989. Our audits vere nade for the purpose cf
forming an copinion on those statements taken as a vhole. The
schedules listed in Item l4(a)2 are presented for the purpcse of
complying with the Securities and Exchange Commission's rules and
are not part of the basic financial statements. These schedules
have beun subjected to the auditing procedures applied in the
audits of the basic financial statements and, in our opinion,
fairly state in all material respects the financial data required
to be set forth therein in relation to the basic financial
stataments taken as a wvhole. ///~

/ ' /“
/ / Z

{ ¥ /M sl
THUR ANDERSEN & CO.

Stamford, Connecticut,
February 17, 1989



SCHEDULE I

-~
(Dollars ir thousands)

Column A Column B Column C Column D Cclumn E

Amount at wWhich Each
Portfolio of Equity

Number of Shares or Market Value of Security Issues and
Name of Issuer Units-Principal Each Issue at Each Other Security
and Title of Each Amount of Bonds Cost of Each Balance Sheet Issue are Carried in
— Issue and Notes I1ssye Date —the Balance Sheet
-
*> Vetco Gray Inc.
Common Stock 199 $ 15,305 {R) $ 15,305
Preferred Stock 2,975,878 148,794 (A) 148,794
164,099
Other Investments
At Cost $ 26,099
At Equity 48,450
$ 74,549

(A) The common and preferred stock of Vetco Gray, Inc. are not traded securities and
therefore do not have a market value as defined under this schedule.



(Dollars in thousands)

Column A Column B Column C Column D Coluen E

Balance at End

of Year
Balance at
Beginning of Non-
Name of Debtor Year Additjons Deductjons _Current = _Current
Cooperative Receivables
Corporation (1) $6,950 $ - $6,950 = - S -

rry
1
w

(1) The Company sold trade receivables to the Cooperative Receivables Corporation (an equity

investee) on December 30, 1987. The above amount represented the holdback which was due to the
Company after the receivables so'd were collected.



=4

Column A

Name of Issuer
of Sscurities
Guaranteed
Person for Which
iled

Combustion Engi-
neering, Inc./
Vetco Gray Inoc.

Combustion Engi-
neering, Inc./

Kruger, Inc.
Other (2)

Column B

Title of lesue
of Rach Class
of Securities

Guarantesd
Notes

Note

Notee

COMBUSTION
_IS88UERE
DECEMBER 31. 1988
{Dollers in thousands)

Columan C Column D Column R
Total Amount Owned Amount
Amount by Person in Treasury

Guarsnteed or Persons for of lssuer of
and _Which statement Securities
Qutstanding is riled Guaranteed

‘53,000 . - . )
18,700 - -
13,893 - -
$84,59) % - ] -

TR e A T s S f EsimEmmm=rmers
NOTK:

(1) Guarantee of principsl and !aterest.
(2) Represente garrantees that individually
are not significant.

Column P

Nature of
Guarantee

1)

1)

(1)

Schedule VII

Columsn G

Nature of Any
Default Issuer

of Securities

Guaranteed

in Princ 1,
Interest, Sinking
Pund or Redeaption

Provielione, or

Payment of Bividends

None



Notes Payable to
Bank $73,220

1987

Notes Payable to
Bank 927,012

Notes Payable to
Bank $22,283

(1) Includes drawdowis utilized to purchase AccuRay.

10.0%

11.0%

9.9%

$02,584 (1)

$ 22,283

$139,903

$ 19,433

11.1%

8.2%

9.9%



EXHIBIT 22
I COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES
SUBSIDIARIES OF THE REGISTRANT

There are no parents of the Registrant. Information with respect to
subsidiaries of the Registrant with respect to continuing operations, as of
December 31, 1988, follows:

Active domestic and wholly-owned foreign subsidiaries included in the
Consolidated Financial Statements -

Incorporated
Under lLaws
PP  AlaNs
Basic Incorporated Delaware
C-E Environmental, Inc. Delawvare
E.C. Jordan Co. Maine
C~E Operations & Maintenance Services, Inc. Delawvare
Avco Services Corporation Delawvare
Bell Technical Operations Corporation Delaware
Combustion Engineering Canada Inc. Canada
Combustion Engineering Eurcpe Limited England
Combustion Engineering Limited England
Combustion Engineering Simcon, Inc. Delawvare
Gecrgia Kaclin Company, Inc. New Jersey
Inpell Corpeoration Delaware
Lummus Crest Inc. Delaware
Mullite Company of America Georgia
Process Automation Business, Inc. Delawvare
Sprout-Bauer, Inc. Ohio
Sprout, Waldron & Co. GmbH Austria
The Air Preheater Company, Inc. Delaware
Vetco Internaticnal AG Switzerland
W.S. Tyler, Inceorporated Ohio

In addition to the foregoing, the Registrant has 134 domestic
subsidiaries and 110 foreign subsidiaries which, considered in the
aggregate as a single subsidiary, would not ccnstitute a significant
subsidiary.

Other Active Subsidiaries Not Included in Consclidated Financial
Statements - At December 31, 19588, the Registrant has investments in
37 companies accounted for on the equity method which, considered in
the aggregate as a single subsidiary, would not constitute a sig-
nificant subsidiary.



ARTHUR ANDERSEN & Co.
STAMFORD, CONNECTICUT

EXHIBIT 24

CONSENT OF INDEPENDENT PURLIC ACCOUNTANTS

As independent public accountants, ve hereby consent to the
incorporation of our reports included or incorporated by reference
in this Porm 10-K, into the Company's previously filed Registraticn
Statement File Nos. 2-73501, 2-77328 and 33-33001.

PrI

/
ANDERSEN & CO.

stamford, Connecticut,
March 29, 1989



COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

PART 11
SAFETY DEMONSTRATION

CHAPTER 10 FACILITY DESCRIPTION
10.1 Plant Layout

Figure 10-1 shows the Tayout of the six contiguous production buildings and
of the equipment within the buildings. Three ot these buildings, 253, 254
and 256, were added in 1989 and replace two demolished buildings that
previously occupied the same area. Production activities, including
n-process transfers of materials, equipment and product, take place within
the six adjoining buildings. A summary of the type of production activity
'n each building follows. Details of the processes involved are given in
Chapter 15.

in the Oxide Building, UFé is converted into UO2 granules that subsequently
follow one of two paths. The U02 may be milled and blended in the oxide
buildina, loaded into small containers and carried to Building 255 for
pelletizing and/or for shipment offsite as powder. Alternatively, the U0?2
granules may be loaded into large hoppers and wheeled to Building 254 for
milling, blending and pelletizing,

Building 255 contains one complete pelletizing line that includes equipment
for agglomeration, granulation, pressing, sintering, grinding and
packaging. It also has facilities for packaging milled and blended powder
for shipment offsite and for related UO?2 storage.

Building 254 has two parallel pelietizing lines added in 1989. The U02 is
received as granules in large hoppers from the oxide building. Each line
has equipment for milling, blending, pelletizing and packaging. These
1ines in Building 254 have greater Capacity and generally are used for the
bulk of routine pellet production. The pelletizing 1ine in Building 255 is
used as backup and for special pellet runs.

The remaining three buildings contain support facilities for production.
Buiiding 256, added in 1989, is the site warehouse for shipping peliets and
powcer and for receiving site supplies. Building 253, also added in 1989,
contains various site utilities, storage and maintenance areas, U02 storage
and offices. Building 240 contains laboratory and maintenance areas, a
recycle recovery area, a waste incineration area, personne! areas and

offices.
10.2 Utilities and Support Systems

10.2.1 tric Power

Electrical power to the Hematite Plant is provided by the Union Electric
Company via a substation located approximately 100 yards northeast of
Building 255, adjacent to Highway P. The substation transformer steps down
the voltage to 12.5 KV and from there is distributed to three stepdown

[
1
|
|
(
|

1
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COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

. PART 11
SAFETY DEMONSTRATION

transformers located on the site. The 3-phase output of each stepdown
transformer is then connected to metal clad switchgear for distribution to
associated buildings. Additionai, smaller stepdown transformers
(480v/230v/120V) provide power for lighting and general convenience. The
major transformer locations and ratings are listed in Table 10-1.

Two natural gas-powered emergency generators provide backup emergency power
to maintain critical loads such as emergency air, water, steam,
instrumentation, alarms, etc. This natural gas supply is
non-interruptable. One unit is located in the Oxide Building and the other
unit is located in Building 240. Both emergency generators feed their own
respective distribution boards and are switched from normal power to
generator (emergency) power by "Onan" automatic line transfer switches.
Both units are startup tested on a weekly basis. The generator ratings and
their emergency loads are listed in Table 10-1.

10.2.2  Compressed Air

Compressed air is employed for process instrumentation an¢ control for
oxide processing including, oxide transfer, milling, blending and pulsed
filter cleaning and for general plant maintenance activities.

of the one story addition on the north end of Building 254. It provides
dry air to the entire plant. A backup plant compressor is located east of
the Building 255-3 area. Both plant compressors have a moisture separator
and dryer that lower the dewpoint of plant air to -40°C. A smallier, higher
pressure compressor located on the 2nd level of the oxide building provides
control air to the cone valves on the blenders in the oxide building. The
fourth compressor is located in Building 240. It is powered by the
emergency electric generator and feeds air through the dryer to the plant
air system to operate pneumatic instrumentation during power outages.
Table 10-2 Tists the air compressors, their ratings and their uses.

10.2.3 Water

Water used on the C-E Hematite site is supplied by a well located north of
Building 253 within the fenced manufacturing area. On the average day,
15,000 gallons are withdrawn from this well. The electric power supply for
the well pump is automatically transferred to the emergency generator upon
a power outage.

. There are four air compressors. The primary one is located at the east end

Well water is stored in a 5,000 gallon tank and distributed as needed
within the plant, primarily for process water. A circulating water cooling
system, including a forced convection evaporative cooling tower, provides
equipment cooling.

LICENSE APPLICATION DATE: NOV. 22, 1989 REVISION O i PAGE NO. 10-2
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|

—— |

Water from the site well is analyzed for ground contamination on a monthly
basis, and al)l systems using the potable water supp’y utilize an air break
to prevent inadvertent contamination.

10.2.4  Sanitary System

Sanitary wastes flow to the site sanitary system from sinks, toilets,
showers and drinking fountains. This system also receives laundry water,
after the water is filtered anc held for sampling, and waste water from the
process water demineralizer system.

The routing of the sanitary system drains is shown in Figure 10-2. The
system includes an extended aeration sewage treatment plant equipped with a
hypo-chlorinator and chlorine contact tank with a rated capacity of 3000
9al/day. Discharge frum the treatment plant is to the site creek below the
site pond under a National Pollutant Discharge Elimination System Permit To
Discharge issued by the Missouri Department of Natural Resources.

10.2.5  Storm Water System

water from roof and ground surface drains flows to the site pond above the
dam via the storm water system. This system also receives condensed steam

from the UF6 vaporizer steam jackets, cooling water from heat exchanges in |
the recycle/recovery process and laboratory sink water from cleaning |

glassware.

The routing is shown in Figure 10-2. Discharge overflow from the pond dam
to the site creek is authorized under a National Pollutant Discharge
Elimination System Permit To Discharge issued by the Missouri Department of
Natural Resources.

10.2.6 Chemical Storage

Chemicals will be stored in accordance with pertinent federal and state
regulations. Chemicals currently used are:

Ammonia - approximately 620,000 pounds used per year as a reducing gas in
the production of UO2 powder, pellets, and in preparation of material for
recycle.

Liquid Nitrogen - approximately 10,000 liters per year used with ammonia to
:stab1ish a reducing atmosphere in the conversion process and the pellet
urnaces.

Potassium Hydroxide - approximately 3,500 pounds used per year. Mixed with
process water and used as wet scrubber liquor to remove hydrofluoric acid
from the recycle pyrohydrolysis process effluent.

|

|
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Sulfuric Acid - approximately 5,000 pounds used per year in régeneration of
demineralizer resins,

Hydrochloric Acid - approximately 850 pounds used per year in cleaning heat
exchanger tubes in the steam boiler.

Nitric Acid - approximately 9,850 pounds used per year to dissolve the U308
wet recovery process fced material.

Hydrogen Peroxide - approximately 20,100 pounds per year used to adjust pH
in the wet recovery process. ‘

Trichlorethane - approximately 9,500 pounds per year used in preparing V02
powder for pelletizing.

Perchloroethylene - approximately 600 pounds per year used for maintenance
activities.

10.3 VYentilation Systems

Th. Oxide Building is heated by forced hot air supplied by a natura)
gas-fired heater located on the roof of Building 255. Buildings 255 and |
240 are heated by steam supplied by the site boiler located in the south |
end of Building 253. This boiler 1s natural gas-fired from an
interruptable supply. Fuel oil is stored in an underground tank for use |
during periods of interruption of natural gas service. Buildings 253 and
254 are heated by forced hot air supplied by natura) gas fired hcaters
located on their roofs. Only the offices, Laboratory, and Maintenance Shop
ere air conditioned.

Ventilation air from the Oxide Building, from Buildings 253, 254 and 25%
and from the Recycle/Recovery Areas in Building 240 is passed through
absolute filters prior to release to the atmosphere, except for the peliet
furnace room air exhausts in Building 255.

A1l exhaust stacks are continuously monitored when in operation. The |
locations and flow rates for the exhaust stacks are shown on Figure 10-3.

10.4 i tive W Handlin
10.4.] Liquid Wastes

There are no planned releases of radioactive liquid wastes from routine
production processes. Radicactive 1iquid wastes are generated from mop and
cleanup water and from the wet recovery process but they are not released |
as liquid effluent.

LICENSE APPLICATION DATE: NOV. 22, 1989 REVISION 0 PAGE NO. 10-4
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Cleanup water is evaporated to recover the uranium. Mop water and process
water from wet recovery is evaporated for concentration and then solidified
for shipment to licensed burial.

Trace amounts of radicactivity may be found in laundry, sink and shower
water., Laurndry water is filtered and sampled prior to discharge to the
sanitary waste system. Water from change room sinks and showers is also
routed to the sanitary waste system. The sanitary waste effluent enters
the site creek immediately below the site pond. It is sampled and analyzed
for gross alpha and beta activity. :

Small quantities of ligquids from cleaning glassware in the laboratory are
discharged to the storm drain system. Disposal of lab analytical residues
to the sink drains is not practiced, as they are recycled for recovery.
The storm drain system dischar?as into the site pond which overflows to
form the site creek. The overflow is continuously proportionately sampled
and analyzed for gross alpha and beta activity.

10.4.2 Solid Wastes

Solid wastes which are potentially contaminated are generated throughout the
controlled area. These wastes consist mostly of rags, papers, packaging

materials, worn-out shop clothing, equipment parts, and other miscellaneous

materials that result from plant operations. After passive assay

(gamma-counting) to determine the U-235 content, non-combustible wastes are

compacted in 55 gallon drums or packaged in metal tote boxes for shipment

to a commercial licensed lTow-level burial site.

Combustible solid waste is fed to a gas-fired incinerator to reduce the
volume of contaminated wastes for shipment to 1licensed burial. The
incinerator also supplements the oxidation/reduction furnaces wused to
reduce wastes containing recoverable quantities of uranium. The
incinerator is equipped with a wet scrubber system to clean offgases prior
to discharge. Incinerator ash with non-recnverable quantities of uranium
and also the final residue from the wet recovery process after evaporation
are solidified with concrete and placed into 55 gallon drums for shipment
to commercial licensed burial.

Calcium fluoride and limestone from the conversion process dry scrubbers
are used as fill materials on site. These materials, referred to as spent
limestone, generally do not contain detectable contamination and are not
considered to be radiological solid waste when the uranium alpha activity
is less than 30 picocuries per gram. Contaminated limestone is held within
the controlled area.

]
T

|
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Non-radioactive solid waste is disposed of by a commercial waste disposal
firm. Non-contaminated equipment may be disposed of to commercial scrap
dealers, or by other means.

10.5 FEire Protection

Technicians who report to the Manager, Nuclear Licensing, Safety and
Accountability function as Fire Marshalls during normal working hours.
Alternate Fire Marshalls are the Shift Supervisors. They perform
inspections of buildings for fire hazards during their routine inspection
of the plant and operations, and perform regular inspections of all fire
fighting equipment. Training is provided to plant operators in the use of
fire fighting equipment. The Hematite and Festus fire departments respond
to emergency calls at C-E Hematite.

Facilities are designed, constructed, and operated consistent with
requirements of all applicable fire safety codes. A copy of the
Certificate of Insurability from American Nuclear Irsurers is provided in
Figure 10-4.
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JABLE 10-1
ELECTRIC POWER SOURCES
Normal Power Supply Transformers
Transformer Input Output
Location Yoltage Yoltage
Oxide Plant 12.5 KV 480 v
East of Bidg. 110 12.5 KV 480 v
Bldg. 240 12.5 KV 230 v
Bldg. 255 480 v 208 v
Emergency Generators
Generator lLocation Rating
Oxide Building 3-phase
4th floor 120/208 volts
7.5 KW
startup and

transfer=5 sec.

2-phase

120/220 volts
75 KW

startup and
transfer=25 sec.

B PO —

. Oxide Roof Exhaust

. Well Pump

. Nuclear Alarms

. Burner Blower-Boiler
. Feed Water

o o B WP -

. Roof Exhaust Above

ow 00~

«  KVA Rating
500 KVA
1500 KVA |
500 KVA |
500 KVA |
|
!
|
|
|
Primary Loads
fnstrumentation
. Alarms

Emergency Lighting

Pump-Boiler
Feed Water Control
Panel-Boiler

Generator

Air Compressor
Emergency Lighting
(Bldgs. 253,254)
Telephones !
Cooling Water .
Pump

F..
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TABLE 10-2
COMPRESSED AIR SUPPLY
Ynit Location Rating Use
Kobelco Utility Room, North 1200 scfm Plant wide air
of Building 254. 125 psig < supply, dry air,
Atlas Compressor Room, 420 scfm Backup plant
East of Building Area 115 psig air supply,
255-3 dry air.
Little Joy Laundry Room, 165 scfm Emergency air
Building Area 240-1. 100 psig supply. Powered

by emergency
generator. Feeds
into air dryer.
Mainly for
instrument supply.

. Quincy Oxide Building, 15 sefm High pressure
2nd floor. 250 psig air supply to
open air mix
valve,
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-

AMERK AN Mot Aronic Exenay
A NUCLEAR Lasuirr gl'l’:mnm
INSURERS a2

™ Sm e 1o
'umnmu‘m 08/ TLX No. 043009

CERTIFICATE OF INSURANCE

mmuu--ucmummuudwm It doss not amend. extend or alier the
coversge afiorded by e pokcass Lsted beicw

Marw of lnswred . COMBUSTION ENGINEERING, INC,

Locations) Coverad . MINGaOr, CONDRCISUS - Hematita, Missourd

Thisieto that the “allowing policies one issued by member of Amencan Nuclear lnsurers (ANT) and the othe issued
by meraben of Mutual Atomic Energy Liability Underwriten (MAELL), respectively. 1o the Insured named above aw i
force w of the effectve iats of thu certificats.

Peliry Numbery Podiry Fxpiratsos Date® Amount or Limk Dusactivl
§39¢ July 1, 1990 32”.000.000. Loe, 1 $280,000.
”.mom- Loe. 2

Type of Lasurasce: All nisk of direct physical damage to the Properry Lnsured by any Cause of Loss specified as coverss in
um.mmmmu-wamumym

Camcaltatios of Policies: Should either or boch of the policies described above be cancelied before the expuation thamwo!,
the issuing entity (ANT or MAELL) will endeavor 1o mall or dativer advance wnnien notice (o the Cernficate Malder, but
Mnumumﬁmﬂmmmmulwqo!mmmm«muu

Neme and Adérem of Cortificam Hoder: M+, George Mess
Combustion tn,'mﬂns. inc.
Wil Code 9332-0407
1000 Prospect Ni)1 Re,
¥indsor, $T 06098

Effective date of the Certificars: . 0v 1y 1, 1989

*A CERTIMICATE WILL NOT BE [SSUED FOR ANY SUBSEQUENT POLICY "ERIOD UNLESS REQUESTED

CrTAIIDE 1A _A AERTIFICATE AF IMCSURAR 17TV
AN \ -

Vv e { v - . s ! - - A eV [SEF SRS
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CHAPTER 11 CORGANIZATION AND PERSONNEL
11.1 Qrganizational Responsibilities

Figure 11-]1 1s the Hematite plant organization chart. Descriptions of the
responsibilities of some supervisory and higher level positions shown in
the chart and that were not included in Section 2.1 follow.

11.1.1  Manager, Administration and Production Control

The Manager, Administration and Production Control reports to the Plant
Manager. He manages the control of SNM from receipt at the Hematite
facility, through the production process until it is shipped as product or
waste. His activities include scheduling of production, selection of SNM
for use in the production process, specification of the product lot makeup,
scheduling of SNM shipments from the supplier to Hematite and from Hematite
to the customer, coordination of the packaging and shipment of SNM waste
and residues to a commercial, licensed disposal facility and development of
procedure: for packaging, shipping and receiving. He also performs
facility administration duties 1including the supervision of the
guards, s © rchasing and personnel services.

11.1.2  Manager, Quality Control

The Manager, Quality Control reports to the Plant Manager. He manages the
measurement activities which verify that the product conforms to
specification, These activities may include development of the Operation
Sheets that are the procedures for acquisition of product data, approval of
laboratory measurement methods, approval of statistical methodology for
data evaluation and establishment of the system for control and
distribution of data documentation. The Manager maintains separation
between his measurement activities and the production activities that he
monitors. He has authority to halt production and it shall not restart
until approved by the Plant Manager or a duly authorized alternate

11.1.3  Coordinator of Nuclear Materials Accountability

The Coordin:tor of Nuclear Materials Accountability reports to the Manager
of Nuclear Licensing, Safety and Accountability. He mnaintains the OSNM
accounting records, prepares NRC required reports on material balance,
transfer and inventory, periodically verifies current knowledge of the
presence of SNM and computes Inventory Differences.
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11.1.4  Sypervisor, Material Control

The Supe-visor, Material Control reports to the Manager, Administration and
Production Control. He implements the production schedules provided by the
Manager through supervision of the production clerk, the material control
operators and the material handlers. He monitors the sequence of steps in
the processing and handling of each material unit including the proper use
of the Traveler that documents each process step.

11.1.5  Supervisor, Quality Control Engineering

The Sugervisor. Quality Control Engineering reports to the Manager, Quality
Control. He supervises the quality contro) technicians who obtain the
measurement samples and he supports the activities of the Manager. His
support may include recommendations on sampling plans, development of
statistical methods, evaluation of data trends, recommendations on
measurement standards, participation in writing procedures, review and
approval of Travelers and Operation Sheets and administration of the
document control system.

11.1.6  Supervisor, Laboratory

The Laboratory Supervisor reports to the Manager, Quality Control. He
supervises and trains the Jlaboratory technicians, recommends samp]in?
procedures, establishes laboratory methods and reviews and approves al
chemical measurements on SNM. He also selects subcontractors and qualifies
and coordinates their measurement services.

11.1.7  Suypervisor, Maintenance

The Supervisor, Maintenance reports to the Superintendent, Production. He
supervises technicians in the maintenance activities related to the
facility and the production equipment within the constraints of applicable
radiation and industrial safety practice.

11.2 Eunctions of Key Personnel

The functions, responsibilities and authorities of key personnel positions
are described in Section 2.1. Succession to each position in the event of
absence is authorized in writing by the person holding the position and is
done with the knowledge of the plant manager.

e ——
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11.3 Education and Experience of Key Personnel

Resumes of key personnel important to safety are provided in this section
for the following personne):

By

h o

C. R, Waterman - Vice President and General Manager, Nuclear Fue)
Manufacturing (located in Windsor, CT)

J. A. Rode - Plant Manager

gi J. Klotz - Nuclear Criticality Specialist (located in Windsor,
)

H. E. Fskridge - Manager, Nuclear Licensing, Safety, and
Accountability

A. J. Noack - Superintendent, Production
R. W. Criscom - Manager, Engineering

C. W. Procter, Jr. - Supervisor, Health Physics

———— ——————
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CHARLES R. WATERMAN - VICE PRESIDENT AND GENERAL MAMAGEK,
NUCLEAR FUEL MANUFACTURING

ERUCATION
B. S. Electrica) Engineering, Tri-State College, 1957

EXPERIENCE

COMBUSTION ENGINEERING, INC.
Windsor, Connecticut
i 1988 to Present

Overal) ros?onsib111ty for the safe operation of Combustion Engineering’s
nuclear fuel manufacturing facilities located in Hematite, Missouri and in
Windsor, Connecticut. Continuing responsibility as the Plant Manager for
the Windsor Nuclear Fuel Manufacturing facility.

Eliﬁﬁii:%:ﬁ:?i 1 1988 to 1989

Responsible for day-to-day manufacturing operations, accountability,
security, nuclear criticality safety and radiolcgical safety related tc al)
special nuclear and source material received by Windsor Nuclear Fuel
Manufacturing and used in any marufacturing process. Assured compliance
with Federal and State and local regulations ane the requirements and
limitations set forth in facility license SNM-1067,

Rirector, Outage Services 1986 to 1988

Ros?onsible for management of outage services, for development test and
application of maintenance and inspection services provided to nuclear
utilities. These services included integrated refueling and maintenance
outages, fuel services, major plant retrofits, full steam generator
services using advanced remote controlled devices designed and huilt by
outage services. Responsible for all aspects of compliance with Windsor
facility NRC by-product license.

Responsible for the operation of Amdata, Inc., a wholly owned subsidiary of
(E. Amdata designs and manufactures advanced ultrasonic imaging equipment
and inspection services for the Nuclear, 0i1 and Gas and Aerospace
industries.

i
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CHARLES R. WATERMAN (continued)

g e e s

Responsible for strategic direction of this joint venture company as wel)
as day-to-day operations. CE/Delas Weir provided new and replacement heat
exchanger equipment to Electric Utilities. :

ENGINEERING PLANNING AND MANAGEMENT CO. 1984 to 1985
President and CEQ

Responsible for strategic direction and day-to-day operations. EPM
supplied cng:ncering services to the Nuclear Utility Industry and

Maintenance Maragement Sottware Programs to the Food and Pharmaceutical
Industries.
SENSOR ENGINEERING COMPANY 198] to 1984

DIVISION OF ECHLIN, INC,

Responsible for strategic direction and day-to-day operations for a
high-tech manufacturing company of magnetic devices for use in security,
automotive and industrial control systems,

ELECTRO-MECHANICS, INC. 1877 to 1981
President snd Chairman of the Board

Responsible for strategic direction and day-to-day operations for a
manufacturer of custom electronic control systems for the Electric Utility
and Commercial Industries.

COMBUSTION ENGINEERING, INC. 1965 to 1877
Director, Plant Apparatus 1975 to 1877

Responsible for technical specification and procurement of all NSSS
mechanical hardware. Established the organization and QA Manua) for CE's
Engineering *N* stamp.

E:gﬂ:ii:gfﬁifiia:gzsinn_iniznn 1972 to 1975
r_Project

Responsible for representing Combustion Engineering with Boston Edison and
all governmental agencies in matters relating to contracts, licensing,
design, fabrication schedules, erection, startup and acceptance of the
nuclear steam supply systems and associated fuel. Authorized al)l work to

. |
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CHARLES R. WATERMAN (continued)

be done on the project. Reviewed, evaluated, and approved all techrical
work on the project, including purchase orders, purchase order supplements,
drawings, and specifications,

Assistad the P-uject Manager in the direction of technical and
administrative sctivities.

General Manager. Nava) Reactor Division 1968 to 1870

Overal) responsibility for the operations of the SIC land-based submarine
grot:typc facility under contract between CE and the U.S. Atomic Energy
ommission.

R By e s e

Responsible for operation and maintenance of the SIC prototype and support
facilities. Responsiblities included the approval and implementation of
schedules for operation testing, training, maintenance, plant modifications
and for the control and forecast of department budgets.

SN Biragers Ravs Reictor Divigion e

Responsible for training SIC prototype operating personnel including
¢oordination of Naval and Division personnel.

CONNECTICUT YANKEE ATOMIC PCWER COMPANY 1964 to 1965
Nuclear Engineer

In training as Assistant Plant Superintendent.

COMBUSTION ENgINEERING. INC. : 1859 to 1964
senfor Shift Supervisor, Naval Reactors Division

Responsible for the safe and efficient operation of the SIC prototype.
Electrica) design engineer responsible for the evaluation of electrical and
electronic systems and equipment.
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CHARLES R. WATERMAN (continued)

ELECTRIC BOAT DIVISION, 1959
GENERAL DYNAMICS CORPORATION
Test Lirector

Test Director on the Nuclear Submarine USS (BN) Georgo Washington for
preoperational and operational tests.

COMBUSTION ENGINZERING, INC. 1957 to 1959
Electrical Control Engineer, Resctor Development Division

Reactor analysis for the SIC/S2C reactor plants.
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JAMES A. RODE - PLANT MANAGER, HEMATITE

EQUCATION:

B.S., Chemical Engineering, Uriversity of Texas, 1953
FXRERIENCE:

COMBUSTION ENGINEERING, INC. " :.1974 to Present
Plant Manacer, Nuclear Fuei Manyfacturing, Hematite

Responsible for all Nuclear Fuel Manufacturing activities at the Hematite
Plant. Manages Engineering, Production and Materials Control,
Manufacturing, Nuclear and Industrial Safety, Nuclear Material Management,
and Quality Control.

GULF UNITED NUCLEAR FUELS CORPORATION 1968 to 1974
Jechnical Consultant

Responsible for establishing process flow sheet: and capacities for
production of U0,, UO2 pellets, and uranium recovery; and coordinating
development activ?tics Also responsible for preparation of stable density
pellets and development of process modifications. Technical Assistant to
the Manager of Chemicals Operations on major operational problems.

UNITED NUCLEAR CORPORATION
1 ical r 1964 to 1568

Responsible for design, construction and startup of the first large scale
fluidized-bed process for the production of uoz from UF6 and of companion
facilities for converting nxide to pellets.

Responsible as Technical Director for Chemicals Operations for process
engineering supervision and development activities 1including design,
construction, and operations of a piiot plant for preparation of UOQ, via
the reaction of UF6 and steam and for development, design, construction and
startup of a fluid=bed vapor phase coa.ing system.

Assistant Technical Director 1962 to 1564

Responsible for process and equipment design in the Rhode Island Scrap
Recovery Facility, development work on process for producing pyrolytic
carbon coated UOZ' and for continuing development work in Naval Fuel
Program.
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JAMES A, RODE (continued)
Project Leader 1961 to 1962

Assumed total responsibility for salvaging a non-operative Naval Fuels
Plant including production, quality contrel, development and customer
contacts. The facility was converted into the primary source of profits
for the Chemical Operations. .

MALLINCKRODT CHEMICAL WORKS
: 1958 to 196)

Responsible for the startup of high enrichment metal production and
development and startup of the Mematite Pellet Plant.

Responsible as Productien Superintendent for detailed supervision of
production in both high and low enrichment conversion operations.

Process Engineer and Research Chemist 1953 to 1958

Participated in preparation of proposals for production of yttrium meta)
and conversion of 5000 tons per year of UF.. Responsible for operation of
the first ADU pilot plant and startup of the Hem:tite Oxide Plant.
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ROBERT J. KLOTZ - NUCLEAR CRITICALITY SPECIALIST
EDUCATION:

Graduate, Oak Ridge School of Reactor Technology, 1857
M.S. Physics, Kansas State College, 1954

?igi Physics and Mathematics, Kansas State Teachers College of Emporia,
Graduate Studies, Texas Christian University

EXPERIENCE:

COMBUSTION ENGINEERING, INC. 1965 to Present
Windsor, Connecticut

senior Consulting Physicist 1977 to Present

Responsible for the physics design of new and spent fuel racks, fue)
transfer machines, and other equipment involved in moving, testing or
storing fuel. Nuclear Criticality Specialist provide technical support and
critical*'y audit function at both the Windsor Manufacturing and Hematite
Fuel1 Masufacturing facilities. Involved 1in solving special physics
problems.

nmmumm 1965 to 1977
Physics

Responsible for radiation shielding, the ex-core criticality, and
determination of source terms for Nuclear Steam Supply Systems. Also for
providing nuclear heat generation rates for structures in the NSSS, and
radiation dose rates for assessing physical changes in NSSS materials and
equipment in the radiation environment.

GENERAL NUCLTAR ENGINEERING CORPORATION
Physicist

1959 to 1965

Responsible for the shield design of the heavy water research reactor at
the Georgia Institute of Technology and the thermal and biological shield
design analysis for the Boiling Nuclear Superheat Reactor (BONUS) located
in Rincon, Puerto Rico. Reviewed 211 the literature on radiation shielding

for the publication Power Reactor Technology.

CONVAIR DIVISION OF GENERAL DYNAMICS
Physicist 1954 to 1959

Responsible for the design of a shield for a mobile reactor of the Army
Compact Core Design and for a Nuclear Ramjet Missile. Performed analysis
of aircraft nuclear shielding experiments, developed shielding programs for
computers, and contributed to the Aircraft Shield Desian Manual,
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HAROLD E. ESKRIDGE - MANAGER, NUCLEAR LICENSING, SAFETY AND ACCOUNTABILITY
EQUCATION:

B.S., Physics, North Carolina State University, 1961
M.S., Physics, North Carolina State University, 1963

EXPERIENCE :
COMBUSTION ENGINEERING, INC.
f nd Accountability 1989 to Present

, Nuclear Licensing, Safety and 1874 to 1989
Accountability - Hematite

Responsible for 1licensing, safety, and safeguards at Nuclear Fuel
Manufacturing - Hematite. Develops and implements the health physics,
criticality and industrial safety, and accountability programs for the
Hematite facility. Audits manufacturing operations and supervises safety
and safeguards personnel in day-to-day operations.

GENERAL ELECTRIC COMPANY 1872 to 1974
Nuclear Safety Engineer : :

v

Analyzed changes and specified requivements for Wilmington nuclear fuel
manufacturing tc assure compliance. Audited manufacturing operations and
radiation protection programs. Planned and conducted development programs
in dosimetry, radiation mo:itoring and environmental sampling.

SALISBURY METAL PRODUCTS COMPANY 1971 T0 19872

Managed operations for manufacturer of precision components; including
sales, finance, production control and quality assurance. Consultant to
Institute for Resources Management on decontamination and radioactive waste

gisposal projects and a member of Rowan Technical Institute Advisory
ommittee.

EVIRONOKICS, INC. 1970 to 1871
Vice President - Nuclear Applications

Performed variety of functions, including market research, proposal
preparation and technical analyses vrelating to remote sensing,
environmental surveys, and health physics services. Contacted potential
customers, including government agencies and utility companies with power
reactors.

|

|
|
|
‘

|
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HAROLD E. ESKRIDGE (continued)

EGAG, INC. ; 1967 to 1870
Senior Scientist and Scientific Executive

Head, Radiological Sciences Section and Senior Health Physicist,
responsible for radiation and nuclear -afety and regulatory compliance for
Las Vegas Operations. Provided technica) direction for Nuclear Counting
Laboratory, Nevada Aerial Tracking System, and Aerial Radration Measuring
Surveys Programs. Acting Manager, Environmental Measurements Department,

:hich included High Energy Neutron Reactions Experiment and Metrology
ections.

NORTH CAROLINA STATE BOARD OF HEALTH 1962 to 1967
Eublic Health Physicist

Technical, policy, and procedural consultation in al) aspects of health
physics, environmental surveillance and radiological) health. Functioned as
administrator of Radioactive Materials Licensing and Regulation. Served as
Team Chief of State Radiological Emergency Team and established and
equipped a laboratory for radiological and chemical andlysis of
environmental samples.

U.S. AIR FORCE'i 1954 to 1857
Nuclear Specialist
Responsible for criticality and radiological safety for nuclear weapon

systems and cumponents. Also wias an instructor in nuclear safety and
weapons systems.
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ARLON J. NOACK - PRODUCTION SUPERINTENDENT, HEMATITE
EDUCATION:

Hillsboro High School, 1961 Graduate

EXPERIENCE:

COMBUSTION ENGINEERING, INC.

1

1981 to Present

Responsible for production and maintenance operations, operator and
maintenance training, manpower scheduling, interviewing and hiring
operating personnel, handling Union grievances, and training new production
and maintenance supervisors,

Maintenance Supervisor - Hematite 1980 to 1961

Responsible for the maintenance of production equipment, building and
grounds maintenance, ordering repair parts, and porter service.

Prodyction Supervisor - Hematite 1974 to 1880

Shift Supervisor in charge of production operations, dealing with Union
problems, operator training, and scheduling production to assure
fulfiliment of customer schedule requirements.

GULF UNITED NUCLEAR FUELS CORPORATION
Production Supervisor - Hematite 1970 to 1974

Production Supervisor in charge of production operations, dealing with
Union problems, operator training, and scheduling production to fulfil)
customer schedule requirements.

Engingering Technician - Hematite 1969 to 1970

Responsible for production engineering functions as assigned by the Process
Engineer, some drafting responsibilities, and Engineering technical
assistance.

UNITED NUCLEAR CORPORATION 1966 to 1969
Process Development Technician - Hematite

Participated in development of Uranium Oxide Conversion Plant, such as
operating and repairing development equipment, and assisting in the
development of new operating techniques.
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ARLON J. NOACK (continued)

LUDLOW SAYLOR WIRE CLOTH COMPANY 1963 to 1566
Production Operator - St. louis

Operated wire screen loom, wire stretcher, and punch press.
HOWARD INDUSTRIES COMPANY « 1962 to 1963
Junior Draftsman - Festus

Responsible for drawing changes, drawing minor equipment, and document
control of production drawings.
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ROBERT W. GRISCOM - MANAGER, ENGINEERING, HEMATITE

EDUCATION:

B.S., Chemical {ngineering, Georgia Institute of Technology, 1968 Co-op

M.S.C.E.-Sanitary, University of Missouri-Rolla, 1874,

EXPERLENC: '

COMBUSTION ENGINEERING, INC. 1981 to Present
: 1989 to Present

: 188] to 1589

Responsible for managing Engineering Department. Activities including
priocess engineering, plant expansion design anrd management, drafting,
instrument maintenance, and staff assistance to other plant departments.

NATIONAL STEEL ENGINEERS & ASSOCIATES 1977 to 188]

Project Manager in corporate enviro.mer »1 consulting group. Directly
responsible for engineering, fabrication, 4nd installation of multi-million
dollar i'r pollution control and wastewater treatment systems for major
steel companies.

ROCKWELL INTERNATIONAL 1974 to 1877
senior Tost Engineer - St. Louis

Responsible for establishing and gathering an hourly emission inventory for
EPS sponsored St. Louis Regional Air Pollution Study (RAPS). Also
supervised and performed stack sampling in St. Louis and New Mexico.

MONSANTO COMPANY 1969 to 1974
Process Engineer - St. Louis

Responsible for process and cost improvements in various chemical
production departments. Designed and installed a wastewater treatment
system for removing phenolics.
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C. W. PROCTOR, JR. - SUPERVISOR, HEALTH PHYSICS
EDUCATION:

5.5 lioIog{. Centenary College, 1966

M.S., Entomology, University of Georgia, 1870

Nuclear Engineering Graduate Studies, Univ. of Cincinnati, 1976
M.S., Engineering Management, University of Missouri, Rolla, 1983

EXPERIENCE:
COMBUSTION ENGINEERING, INC., HEMATITE 1989 to Present
Physics

Responsible for the daily operations management of the health physics
department and staff at Nuclear Fuel Manufacturing - Hematite. Implements
health physics and industrial safety program through training, supervision,
and datly audit. Develops and revises departmental operations procedures
and emergency plan implementing procedures.

IMPELL CORPORATION 1988
Lead Senior Engineer

Worked with a team which designed and installed 18,000 pcrmanent signs on
the process piping at the Zion nuclear power station.

Managed the development of off-site emergency plan implementing procedures
for Duane Arnold nuclear power plant.

UNITED ENERGY SERVICES, INC., 1987 to 1988
n

Performed pre-INPO mini-audit of health physics procedures for Waterford 3
nuclear power plant,

Developed emergency response lesson plans for Rancho Seco  Trained the
plant staff in nuclear emergency response procedures. Audited control room
and management response to emergency drills.

GENERAL TECHNICAL SERVICES (GENERAL PHYSICS) 1986 to 1987
Nuclear Instructor
Taught radiation protection, industrial safety, and nuclear emergency

response at Votgle Plant. Developed on-site nuclear emergency implementing
procecures.

LICENSE APPLICATION DATE: MOV, 22, 1989 REVISION © | PAGE NO. 11-16




COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

PART 11
SAFETY DEMONSTRATION

C. W, PROCTOR, JR. (continued)
NUTECH ENGINEERS, INC. 1886
Consyltant

Wrote on-site nuclear emergency implementing procedures for Davis Besse
nuciear power plant,

UNION ELECTRIC COMPANY 1976 to 1986
supervisor, Nuclear Information

Conceived and executed a nuclear public information and education program
including technical 1ab presentations on nuclear radiation and radioisotope
decay to physics and chemistry classes.

UNIVERSITY OF CINCINNATI, DEPT. OF CHEMICAL 1974 to 1976

& NUCLEAR ENGINEERING
r

Studied energy and nuclear issues at Qak Ridge Associated Universities.
Made informational and technica) lab presentations on these issues.

DAMES & MOORE, CONSULTANTS 197] to 1973
fnvironmentalist

Analysis and characterization of terrestrial ecosystems including
environmental site characterizations of nuclear power plants.
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11.4 Qperating Procedures

The preparation, review and approval of operating procedures is described
in Section 2.6. Procedures for equipment operation may be posted locally
at the equipment and these and the more general procedures may be presented
during personnel training as appropriate.

11.5 TIraining "

The training program for employees is described in Section 2.5.

11.6 (Changes in Procedures, Facilities and Equipment

The review procedure for changes in processes, equipment and/or facilities
is described in Section 2.6. It includes provisions for analysis, review,
approval, verification and recording.
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CHAPTER 12 RADIATION PROTECTION
12.1 Program

A manual containing procedures necessary to implement the radiation safety
zrgz;am described in Part 1 of this renewal application is maintained by
LS&A.

A1l routine operations involving SNM handling are covered by an Operation
Sheet (0.S.) and/or by a Soecial Evaluation Traveler (S.E.T.). A separate
0.5. covers plant-wide radiation safety procedures, while procedures
specific to a certain operation are covered in the 0.S. for that operation.

The NLSEA Manager reviews all 0.S.s and S.E.T.s regarding all aspects of
safety. The Nuclear Criticality Specialist overchecks the criticality
safety controls. A1l approvals are documented. The Shift Supervisors
instruct their people to assure their understanding of the operations and
their sofct{ Timits and restrictions. Adequate performance o° individuals
is continually monitored by the Shift Supervisors.

The Shift Supervisors further assure that each work area is properly
posted, and that operations are performed in compliance with posted )limits
and written instructions. '

12.2 Posting and Labeling

All areas invo1v1nf nuclear fuel handling or storage are posted with
criticality safety limits. Radiological posting of areas is in accordance
with 10 CFR 20.203. A1) mass-limited containers of SNM are labteled as to
their contents. Areas and equipment for which criticality safety is
assured by moderation control are appropriately posted to prevent the
introduction of water or excessive hydrogeneous materials.

Other signs containing summary instructions, cautions, and reminders
relating to safety are posted, as appropriate or required, throughout the
plant.

12.3 fxternal Radiation - Personnel Moritoring

A1l personnel are required to wash their hands and monitor for
contamination before exiting the contaminated area. Alpha personne)
monitors are located beyond the step-off pad at each change area. Any
person having contamination must wash thoroughly and recheck for
contamination. If contamination persists, a member of the NLSZA group wil)
assist in decontamination,
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12.4 Radiation Surveys

Removable contamination on surfaces in plant areas and on items to be
released to unrestricted areas are determined by smearing. Limits are
provided in Chapter 3.

Direct radiation surveys of plant environs, sealed sources, and offsite
shipments of radioactive materials are made as necessary to comply with 10
CFR 20.201. A)) survey results are documented.

12.5 Reports and Records

Records required by NRC regulations and this license are retained by the
NLSBA group. These records include alterations or additions made, abnormal
occurrences and events associated with radioactivity release, criticality
analyses, audits and inspections, instrument calibrations, ALARA findings,
employee training and retraining, personnel exposure, routine and special
radiation surveys, and SNM control records required by 10 CFR 70.51.

Retention of records is described in Section 2.9.

12.6 ]nstruments

Type of radiation detection instruments, their capabilities, and frequency
of calibration are described in Section 3.2.4.

12.7 Protective Clothing

Protective clothing is worn as specified by NLSBA posting or as specified
by the Operation Sheet for a particular operation, including: coveralls,
lab coats, safety shoes, shoe covers, cotton and rubber gloves, safety
glasses, face shields, respirators, supplied-air breathing apparatus,
rubber aprons, and acid suits.

12.8 Administrative Control Levels, Including Effluent Control

External occupational exposure is controlled by individual personnel
dosimetry. A film badge and 1.0D. badge with indium foil is worn by
personnel at all times they are within the controlled area. Visitors also
wear an 1.D. badge. Film badges are processed monthly. Internal exposure
is controlled by a personnel bioassay program described in Section 12.12
that includes urinalysis and in-vivo counting.

Frequency of measurement, action levels and actions to be taken are given
in Chapter 3 for personnel radiation protection and in Chapter 5 for
environmental effluent control.
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Procedures to be followed in case of a criticality accident are described
in the Emergency Procedure Manual.

12.9 Respiratory Protection

Respiratory protective equipment includes full-facc respirators, half-mask
respirators, and supplied-air breathing apparatus.

The respirator fitting program satisfies the guidance of Regulatory Guide
8.15, "Acceptable Programs for Respiratory Protection”,*and NUREG-0041,
"Manual of Respiratory Protection Against Airborne Radicactive Materials".

12.10 Qccupational Exposure Analysis

Due to the low levels of penetrating radiation which exist in the plant,
the greatest emphasis in exposure control has been directed towards
minimizing inhalation of airborne uranium particulates. To this end, C-f
has maintained airborne exposures as low as reasonable achievable through
the use of ventilated hoods, process containment and an extensive breathing
zone (BZ) air sampling program. Fixed air samplers are strategically
placed throughout the facility to provide indications of general airborne
activity levels. Continuous air monitors with alarms are utilized in the
Oxide Building and in both pellet buildings to more rapidly detect an
. increase in the airborne activity level.

Information ieoarding internal deposition of radioactive materials is
provided by a bioassay program which includes periodic urinalysis and
in-vivo counting.

12.10.1  [External Radiation Exposures

The exposure to radration from external sources is measured using film
badges. The film badges are changed monthly. Results of monitoring for

1986, 1987, and 1988 were as follows:

Annual Dose Ranges rsonnel n
gamma (REM) 1986 1987 1988
No measurable exposure 20 11 2]
Less than 0.100 47 55 35
0.100 - 0.250 23 22 30
0.250 - 0.500 ) 11 12
Greater than 0.500 <] <] 2

Number of employees
Monitored 65 80 88
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12.10.2  Interna) Radiation Exposures

Air concentration levels are measured using Breathing Zone (BZ) monitors.
Fixed Work Station Air samples are used to calculate air concentration
levels when BZ sampling data is not available. The quarterly average air
concentrations for reporting years 1986, 1987 and 1988 were as follows:

Quarterly Exposure Bercent of Operstors in Range
Range

1986 1987 ' 1968
Ii 2nd ird @b It 2nd irg 4 LT 2a¢ 2rd 4

O-%z/O%-IO% 0 0 0 0 0 0 ¢ 13 0 0 0

§2-130/10%-25% 33 67 22 11 8 23 s 0 12 O 40 62
130-260/25%-50% 67 33 78 B9 92 77 42 15 76 100 60 38
260-520/50%-100% R S R T T R R G AN TR L
0-%2/0%-10% 8 .0 b 2 o .10 N N % U &
§2-130/10%-25% 28 33 33 3 0 O 0 2 3 3 33 e
130-260/25%-50% 50 67 67 67 0 0 0 42 43 67 56 A0
260-520/50%- 100% R Sl U SN NS AR R I R BRCE
scrap Recvcle

0-52/0%-10% 0 0 0 O 0 0 20 17 S 17 40 33
§2-130/10%-25% 50 S0 17 S0 40 40 40 S0 17 67 60 67
130-260/25%-50% 33 S50 83 S0 60 60 40 33 33 16 0 0O
260-520/50%- 100% 7 AEEY JHEIE T SR SRS ML ACHE PR G S s

c H

o-§2/ox-1ox - 17 100 100 S0 100 100 86 57 50 100 100 100
§2-130/10%- 25% g3 0 0 S 0 o0 14 29 s o0 o0 O
130-260/25%-50% 6 o0 o0 o0 o0 o0 ¢ 14 o0 O 0 O
260-520/50%-100% PEEE WRE Tl Ty T SRS R TR S e ST
Maintenance

0-52/0%-10% RN TR U S R A S RN T S |
§2-130/10%-25% 40 80 80 80 60 80 B0 5 43 33 13100
130-260/25%-50% 60 20 20 20 40 20 20 S§7 87 67 43 0O
2607520/50%-100% o 0 o 0 ©0 o0 O 4 o0 O 0 O

The maximum quarterly exposure for 1986 was 294 MPC hrs or 57% of the
allowable limits set forth in 10 CFR 20.103. For 1887 the maximum
quarterly exposure was 277 MPC hrs or 53% of the quarterly iimit. For 1988
the maximum quarterly exposure was 246 MPC hrs or 47% of the limit.
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In-vivo counting 1is performed by an outside contractor using gamma
scintillation spectrometry. Results for 1986, 1987 and 1988 were:

Range April  Sept. April  Oct. March  Sept. Nov.
{ug V:235

) 1986 1986 1987 1967 1988 1988 1988
Less than 50 L3 33 40 49 64 50 53
50-100 49 66 26 50 28 48 34
100-125 0 0 20 0 7 0 11
125-240 0 0 13 0 0 0 0
Greater than 240 0 0 0 0 0 0 0
Total Employees 17 18 16 18 30 40 29
Counted During the
Period

Operators are placed on partial restriction status when they have 1/2 of a
maximum permissible lung burden. At the end of 1988, no operators were on
restricted status. When C-f acquired the Hematite facility in 1974, 24% of
the operators were on partia)l restriction.

Urinalysis is conducted for all operators on at least a monthly schedule.
Results for 1986, 1987 and 1988 were as follows:

Average Concentration (ugU/liter)

Operation 1986 ! 1988
Range of Number of Range of Number of Range of Number of
~sonc. __operators _ conC. pperators _ conc. pperators
Maintenance <@ 5 <? 5 <2 7
Oxide Conversion «?2 8 <2 11 <2 8
Pellet Fabrication <« 4 <2 9 <«? 24
Material Handling <2 5 <2 5 <2 5
Scrap Recycle <2 7 <2 6 <2 7
12.11 Measures Taken to Implement ALARA
C-E has made numerous changes to equipment and procedures to improve

containment and to reduce airborne exposures,

This 1s a continuous process

of evaluation and change, and reflects the C-E operating philosophy to keep
occupational radiation exposures as low as reasonably achievable.
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12.12 Bioassay Program

The bioassay program is described in Section 12.10.2 on internal radiatign
exposures.

12.13 Air Sampling

The air sampling program for monitoring concentrations of radiocactivity in
working areas is described in Section 3.2.3 where the breathing zone air
samp?in? program is described and in Section 12.10 where results are given
and evaluated.

12.14 r i n

Control of surface contamination is described in Section 3.2.6.
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CHAPTER 13 ENVIRONMENTA( SAFETY - RADIOLOGICAL
13.1 Airborne Releases

During routine plant operations, gaseous effluents containing insoluble
uranium radionuclides are the primary releases that could rudioIo?ically
affect humans and the surrounding environment. Maximum individual dose
commitments were calculated based on measured releases from all exhaust

stacks. Dose commitments for 1987 and 1988 were:
H

yr)
North Onsite Monitoring Nearest Low Population Zone
1987 9.5 0.10
1988 11.6 0.13

The critical organ for routine insoluble releases is the lung. As shown

above, the nearest low population zone resident received a maximum lung

dose commitment of 0.13 mrem in 1988 This is less than 1% of the 40 CFR

. 90 1imit of 25 mrem/yeur.
|

13.2 Liquid Releases

Liquids containing trace quantities of uranium are discharged from the

plant storm sewer and the sewage treatment plant. Average concentrations
of the site dam overflow were less than 2.25% of 10 CFR 20 limits for 1987
and 1988, Further diluted in Joachim Creek, these levels would result in
an insignificant dose commitment to an individual downstream of the plant.

13.3 Non-Radiological Releases

The only release of non-radiological materials of environmental concern is
hydrogen fluoride (HF), which is released as an offgas o§ the UF6 to U0
conversion process. o HF releases for 1987 were 18.1 x 10 pounds and fo;
1988 were 21.0 x 10° pounds.

These reieases would indicate a ground leve) cgneentration of less than
5.2 49/m” at 100 meters and 12ss than 1.0 ug/m” at the nearest low
population zone residence. Damage to vegetation is unlikely at these
concentrations,
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©i3.4 Eovironmenta) Monitoring Summary

Environmental monitoring for the 1982-1988 period is summarized in the

tables on the following pages.

Table
Table
Table
Table
Table
Table
Table
Table

Table

Table
Table
Table
Table
Table
Table
Table

13-1
13-2
13-3
13-4
13-5
13-6
13-7
13-8

13-9

13-10
13-11
13-12
13-13
13-14
13-1%
13-16

Stack Monitoring - Radioactivit

Environmental Air Monitoring - {adioactivity
Site Dam Overflow Monitoring - Radioactivity

Joachim Creek Monitoring - Radioactivity, Upstream

Joachim Creek Monitoring - Radioactivity, Downstream
Quarterly Liquid Environmental Monitoring - Radioactivity
Retention Pond North Sample Well Monitoring

Radioactivity

- Radioactivity
Retention Pond South-East Sample Well Monitoring -

Retention Pond South-West Sample Well Monitoring -

Radioactivity

Site Water Supply Well Monitoring - Radioactivity

Sewage Outfall Monitoring - Radioactivity

Soi1 Monitoring - Radioactivity
Vegetation Monitoring - Radicactivity
Stack Monitoring - Fluoride

Site Dam Overflow Monitoring - Fluoride
Vegetation Monitoring - Fluoride
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(85
Tivity

(RICROCURIES RELEASED)

MOMTH\YZAR 1982 1983 1984 1985 1986 1987 1982
JAN 18.2 27.4 1.1 13.6 9.2 27.2 313
FEB 12.3 22.7 9.1 9.2 5.¢ 26.5 9.2
' o 18.7 29.1 8.9 7..3 16.6 15.0 25.8
APR 10.3 19.9 7.8 8.6 19.0 20.7 35.2
MAY £2.5 22.7 3.4 8.2 6.9 6.8 2.
Jun 246 51.7 2.0 12.7 8.8 20.8 28.5
Jut 20.2 4.7 3.7 5.9 10.4 15.9 308
AUG 4.1 16.2 5.9 8.7 1.2 20.9 18.3
SEP t8.¢ 1.6 - S 9.% 5.7 21.9 16.0
ocy 23.1 3.9 6.0 2.3 33.9 46 16.5
NOV 46.9 1n.e 10.7 9.3 15.2 30.7 38.5
DEC 15.2 4.7 8.2 21.6 17.3 14.5 25.3

TOTALS 294 .1 207.7 89.0 126.9 158.8 277.2 3475

SITE ARY com:.(z’

(1 tCi/mt)

0.9 0.6 6.3 0.4 0.5 0.8 1.1

X wpC 0.02¢ 0.016 0.oor 0.010 e.012 0.021 0.026

(1) Determined by gross alpha couvnting after allowing at least 8 hours for decay of radon deughters.

(2) Calculated.
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(1) Determined by gross alpha counting after allowing & 72 hour period for decay of radon and thorium daughters.

LICENSE APPLICATION DATE: NOV.

22, 1989

REVISION

PAGE

=z
o
-
)

'

>




COMBUSTION ENGINEERING,

INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-36

PART 11

SAFETY DEMONSTRATION

1

:
B

1987

- RADIORCTIVITY
BEIA

(PICOCURIES PER LITER)
BETA

1985

TABLE 133

RFLOW MONITORING
1984

ALPHA

1
1983
BETA

ALPHA

ETA

1982
ALPHA

19
12

114

Jam
FER

15
1%
"%

"“

3

1%

65

23

17

15
2

12
16

22
22

10
L4

15

1"

13

12

15

ARNERARERE
- - -
EXRRIZCR
- -
TEEETTL:
- -
¢ g3gs~="
- " -
~ 50”.00
- - - -
.-
IR S
RRREGH®
l"""“
~ - n NN
-
O - W - - N -
- N O "M - -

27
21
32
24
26

28

WAY
SEP
ocr
oV
BEC

3

LTy

~
Ll
~
~
-
~
~
Lal
Lol
~
s
-
~
-
o
-
bt
-
-
.-
-
-
s =
s &
s 2
«

49

0.25 .34 0.39 6.57 0.93 0.51 0.54 0.9 1.60 1.83 -10

0.2%

mpC

LICENSE APPLICATION DATE: NOV. 22, 1989

REVISION

0

| PAGE NO.

1

S-




INC.

COMBUSTION ENGINEERING,

70-36

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO.

PART 11
SAFETY DEMONSTRATION

e’s 0° %> 2°¢ 0 2> £°6 oS
(98} a5 I Y 0 » 02 02
s 0 g 0°s> 29 0 »
ey 0> 2y 0E> 2°g 0 %
9°s 0> 0y 8> w'g 02>
() 0> 1§ oY 2 02>
is [ T 1 0y e¢ 0%
i's 05 L 1 oy $2 02>
'y 0> 9 s> ®f 0
s oy 2 0y 62 02>
§°2 s> &% s> 1'% 02>
92 ey g 0f> 9¢ 01>
Vi38 WWaIW  ViIe Vedwv  vidE waaiv
CTT IR

02 01> e 01> Yy o> o'y 02
61 0 i> 9% o> £ 0> 0% 06
0 > 62> 0> 01> £% 04> 06 0 2>
05> 0 4> L] 02> % 0 6 05> e's
Fla 0> 86 0 2> 6% 02> TN 02>
o€ 0> 6 62> 0°g 02> 0°251 02
9y [ 22 L Fan e 07> oy 02>
% [ iy 02> 0°s 02> 07§ a2
L9 o 1> g 02 08 0 0y 0
92 05> s 02> 62 0§ 05> 62>
022 o i 02> o 5> 02 s 05> 02>
0g 01> 0s 04> 6§ s 05> 02>
Vi3  VESW VI3 VeeW VIZE  wWaTe Tid@  Vedw
T Seet Y861 fe61 T 2861

Tl 3ievi

3%
AON
iJo
43s
onv
wmr
wr
Avn
a4y
"we
LEL]
nyr

FVIL\HINOW

13-6

PAGE NO.

0

REVISION

LICENSE APPLICATION DATE: NOV. 22, 1989




31v0 NOILYIIddY 3SN3JIN

TABLE 13-5
Hin K _MONITOR( - RADIOACTIVIYY

(PICOCURIES PEL LITER) DOWUNSTREAM

1982 1983 198¢ 1985 1986 1987 1988
IM\YEAR  ALPNA  BETA  ALPNA  BETA  ALPHA  BETA  ALPNA  GETA  ALPEA SEIA  _PHA  BETA ALPNA  BEIA
AN 2.0 3.0 <10 £.3 <10 3.1 <.0 3.6 <.0 3.1 <30 4.0 <. 2.3
71 <2.0 3.0 <s.0 26 <0 2.4 <10 .2 <. 3.6 <4.0 L2 <.9 3.4
nag <2.0 3.0 <3.0 ‘.4 <20 4.6 <30 2.6 <2.0 5.2 <¢.0 3.5 <4.0 «.3
AP 2.0 10e <. 2.0 <10 3.1 «<0.8 29 . 3.5 <5.0 3.3 <0 3.2
nAY 2.0 3.0 <10 2.9  <2.0 “.8 <10 2.7 <. 3.3 4.0 3.0 45 330
Jum 2.0 3.0 <1.0 4.2 «2.0 5.1  <.0 8.6 <30 <30 <4.0 “.1 <30 2.9
sut 2.0 3.0 <2.0 3.0 <.0 9.0 <10 3.3 <«2.@ L8 <4.0 3.5 <2.0 3.2
ACG 2.0 6.0 <2.9 3.9 <0 ‘6 <6 3.5 <20 2.7 <30 49 &S 2.5
sep 3.0 «.0 <30 4.7 <20 4.6 <10 3.0 <30 2.9 <0 3.7 <30 7.2
ocr 2.0 3.0 <t.0 3.9 .9 5.4 <2.0 4.0 <30 3.8 <5.0 2.8 <4.0 .5
nov 9.0 50 <0 3.9 <18 3.3 <0 2.0 78 180 <«.0 5.7 <30 ‘.8
DEC 2.0 4.0 <10 3.0 <10 38 =9 2.1 <0 5.1 <0 $.0 <39 4.5
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TABLE 13 11

SEVA T5A TORING - RADIOACTIVITY
(PICOCURIES PER LITER)
1934 1985 1986
ALPNA  BITA  ALPNA  BETA  ALPNA BETA  ALPNA  BETA
72 rr 126 76 244 148 155 183
170 148 97 42 39 e 13 13
16 11 7 76 L 73 143 32 28
45 125 35 o7 82 LL] 129 59
15 50 " AL 7 67 135 148
7 46 13 19 213 266 . .
30 43 12 9 o7 103 17 36
44 32 - 21 97 112 46 182
39 37 82 118 189 og 50 401
67 49 23 168 219 96 16 "z
24 133 29 122 174 184 19 s2
61 90 2 126 405 177 8 62

1987 1988
ALPMA  BETA  ALPWA  RETA
24 2t 133 94
27 163 69 18
207 80 43 35
28 39 " s
48 56 39 47
v 75 56 61
124 s s5S 40
109 93 33 3
(%} 36 n 25
a7 62 mm 106
36 27 26 78
76 150 n 87
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SOIL STATION 12

A AR _QIR\YEAR

1ST o
280 QTR
JxD QIR
4Tk QTR

$O1L STYATION 13

CALENPAR QTYR\YEAR

157 are
2ud oTe
3rp oR
4TH QTR

$OIL STATION 14

CALENDAR CTR\YEAR

1sT o
2%0 Q>
3ep QTR
4ATH QIR

SOIL STATION 15

CALENDAR OTR\YEAR

TABLE 13-12

ROMITOR - _RADIOACTIVITY
{PICOCURIES PER GRAM)

1ST QIR
2nD QTR
3D oTR
LW QIR

1982 1923 1936 1985 1986 1987 1988
ALPHA  BEIA ALPHA  BETA ALPMA BETA  ALPNA BETA  ALPNA BETA  ALPNA QETA  ALPNA  BEIA
2.3 1.2 6.5 33 L 32 8.6 27 <S 17 " 40 12 28
3.3 2.5 15 - <3 356 9.7 25 «7 28 19 29 12 38
5.8 3.5 <3 34 73 35 < 21 % 38 " 28 6.7 166

3 3.7 <5 * 35 29 <4 29 18 3% 25 s1 25 “1
1982 1983 1986 1985 1988 1987 . loss
ALPHA  BETA ALPHA  BEIA ALP¥A  BETA  APMA  BETA  A.PNA  BETA  ALPWA BETA  ALPHA  BETA
0 1.1 <6 26 5.4 3¢ 5.5 55 <5 30 5 35 18 36
o e.7 <7 32 6.3 *3 5.1 22 10 27 25 32 6.6 3]
5.4 2.9 <3 35 <€ 27 < 33 <7 n 15 30 7.4 19.8
ol 2.9 <5 32 8.1 n <$ 32 18 35 12 30 8.2 39
1982 1983 1984 1985 1986 1987 1988
ALPHA  BETA ALPNA  BEIA ALPHA BETA  ALPNR PETA  ALPNA BETA  ALPMA BETA  ALPSA  BETA
4.6 1.9 8.7 43 30 58 15 33 1" 27 1% 20 1% 40
1.8 1.8 n 40 17 3 52 47 20 53 2¢ 30 17 3
5.6 3.8 15 41 2 “ 13 N 8.2 33 2 8 8.2 5.2
3.2 4 7.8 54 1 S0 b 30 19 8 22 23 s “

1982 1983 1984 1985 1986 1987 1988
ALPHA  BETA ALPHA  BETA ALPHA  BETA  ALPMA  BETA A’V A BETA  ALPHA BEIA  ALPHA BEIA
36 2.9 8.7 36 17 s 9.2 38 9.5 35 7 38 “6 50
2.8 2 20 43 <5 35 19 35 % 31 15 e " 40
7.5 3.9 15 46 9.2 » 7.6 n 19 33 12 43 264 34.1
2.6 3.3 5.6 40 <6 32 1 36 33 55 18 “ 1 A7
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ST QI
240 Qmm
380 Q1R
LT Qe

$O15_STATION 13

1ST ome
2up ar1R
30 Qe
470 o1

NOISIA3Y

C

SOIL SYATION 14
CALENDAR OTR\YEAR

1sY are
2x0 oTR
3zo Qe
ATh QTR

$OIL SYATION 15

CALENDAR CIR\YEAR

ST ore
28D QTR
IRD OrR
4ATw QYR

CALENDAR OTR\YEAR

CALENDAR 2TR\YEAR

TABLE

i3 13

TATION MOMITORI

- RADIOACYIVITY

(PICOCURIES PER AN)

1982 1983 1984 1935 1988 1987 1988
ALPHA BETA ALPHA BETA ALPHA  BETA ALPHA  BETA ALPHA  BETA ALPRA  BETA ALPRA  BETA
<0.1 6.4 <0.2 1.7 1.1 > 0.4 17 1 18 1.1 14 6.76 13

9.1 3.1 <1.0 " <0.2 8.1 «0.2 2.6 <0.8 16 «0.2 14 <0.3 13
<0.3 2.2 8.2 7.2 <0.1 TS 5.8 6.7 0.5 " <0.2 5.5 1 12.8
5.4 46 1 6.6 0.91 12 1.6 1.7 0.6 TE <06 17 0.7 ”?

1982 1983 198 1985 1988 1987 iges
ALPHA BETA ALPHA BETA ALPRA  BETA ALPHA  BETA  ALPHA  BETA ALPMA  BETA  pLPMA  gETA
2.3 4.2 «0.2 6.7 22 3.9 0.48 1 0.2 12 1.1 % 2.4 13

2 3.3 6.2 % <0.2 10 0.2 17 0.38 13 <0.4 t <0.2 12
<6.3 3.1 <0.2 7.3 <0.1 1 0.38 5.3 «0.8 1% <0.4 14 0.4 15
5 9 s 26 0.3 6.5 0.7 12 0.39 7.2 <5 10 0.38 9.1

1982 1983 1984 1985 1986 1987 1988
ALPHA BEIA ALPUA BETA ALPHA  BETA ALPNA  BETA ALPHA  BETA ALPNA  BETA ALPNA  ETA
<0.1 0.3 0.2 L 2.1 1% 0.38 12 0. 13 0.9 1" 6.7 22
«0.1 2.4 «0.2 10 .2 10 0.76 9.8 1.5 55 <0.3 1" 0.1 12
«6.3 3.3 <0.2 7 “0.1 12 0.93 16 0.53 1 «0.2 " «0.3% 9.9
3.1 43 0.78 1" “0.3 6.8 1 12 0.78 2 <0.6 18 0.64 13

1982 19C3 T 1985 1986 1987 1988
ALPHA BETA ALPRA BETA ALPHA BETA R PHA BETA ALP*™A BETA ALPHA BETa ALPRA BETA
<0.1 3.9 <03 19 30 12 0.18 1 0.z 8.7 0.5 % 9 23
«0.1 s.& «2 mn 0.2 7.8 0.4 9.5 0.4 24 «t.2 " «0.2 12
<63 3.7 0.18 9.6 0.5 1% 0.47 8.9 e©.77 13 0.72 13 7.6 1.8
2.1 28 1 % 1.8 16 3.1 13 2 16 0.52 " 8.33 "%
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CHAPTER 14 NUCLEAR CRITICALITY SAFETY

14,1 Administrative and Technical Procedures

Administrative and technical procedures for ensuring criticality safety,
and their mode of implementation, are described in the Nuclear Fuel
Manufacturing Program documentation system. The key features of these
procedures relating to criticality safety are summar‘zed below.

a)

b)

e)

f)

Define individual (management, professional, and operations staff)
responsibilities for nuclear safety through training, job
descriptions, written procedures, and performance reviews.

Ensure that criticality limits and controls, when implemented by
engineered safeguards and physical controls, are imple-ented
correctly, and are reviawed and approved by both management and safety
personnel.

Ensure all facility changes and modifications are reviewed for
criticality safety implications by qualified safety personnel.

Ensure that all facility changes and modificat:ons having criticality
safety implications receive a criticality safety evaluation by
qualified personnel, are independently reviewed by qualified
personnel, and are reviewed for consistency with the safety
evaluation, postings. and operating procedures prior to being placed
in use.

Ensure that criticality limits and controls established by safety
evaluations are conservative at credible accident conditions.

Ensure compliance and applicability of criticality limits and controls
through:

- audits and inspections of equipment and facilities employed in
the handling and storage of SNM,

. testing of safety related instrumentation on . regular ard
defined schedule, and

B review and update of operating procedures, engineered safeguards,
and safety related documents on a regule: and defined schedule by
management and safety personnel.

14.2 Preferred Approach to Process Design

It 1s the intent of Combustion Engineering to employ physical controls and
permanently engineered safeguards on processes and equipment in the
establishment of nuclear safety 1limits, wherever practical. Physical
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controls may utilize safe geometry for the maximum enrichment permitted
under the license or may use favorable geometry in combination with other
types of controls.

When criticality safety is based on an approach other than safe geometry,
en?ineercd safeguards with appropriate administrative controls, if needed,
will be employed to assure that key parameters are bounded within a regime
that precludes criticality in the event of a single credible violation of
the specified limits.

A1l process designs are evaluated for criticality safefy. The ensuing
criticality limits and controls are based upon consideration of such
factors as the consequences of added internal and external moderation,
reflective properties of structures, container walls and personnel,
intr-2ction with other SNM, and inadvertent operator errors. For mass
limited of ations, precautions against SNM accumulations in process
equipment a.e identified.

Subsequent sections examine methods of control other than safe geometry.

14.3 Basic Assumptions

14.3.1 Analytic Models
14.3.1.1 Individual Units
14.3.1.1.1 fe Individual Uni

A safe 1individual wunit, SIU, 15 defined as an individual isolated
subcritical unit whose characteristic parameter (mass or geometric) shall
not exceed the limiting value derived by the following procedure.

a) Minimum critical values of the characteristic parameters shall be
derived from experimental data based on optimum moderation and ful)
reflection for a given material composition. Cylinder and slab data
shall correspond to dimensions of infinite extent in the direction(s)
parpendicular to the diameter or thickness, respectively.

b) The derived minimum reflected critical values shall be reduced by the
following safety factors to obtain the upper Timit values for the safe
individual unit.

Mass 2.3
volume 1.3
Cylinder Diameter 1.1
Slab Thickness 1.2

[ | o -
LICENSE APPLICATION DATE: NOV. 22, 1989 | REVISION O | PAGE hO.  14-2

As



COMBUSTION ENGINEERING, INC.

SPECIAL NUCLEAR MATERIAL LICENSE NO. SNM-33, DOCKET NO. 70-38

PART 11
SAFETY DEMONSTRATION

¢) Since the above minimum critical values for cylinders and slabs are
derived for either a cylinder of infinite length or a slab of infinite
extent in the plane transverse to the thickness dimension, an increase
in these minimum critical values may be warranted for cylinders and
slabs of finite dimensions when they are sufficiently isolated from
other subcritical units. The increase in safe dimensions may be
derived by buckling conversion equations after the method of
H.C. Paxton on pages 16 and 17 of Reference 1.

This definition of SIUs is applicable to = orial compositions having a
U-235 enrichment up to 5 w/o. For enrichr s in excess of § w/o, the
limiting value of 350 grams of U-235 she | be imposed. An isolated
subcritical unit 1s defined as being separated from other subcritical units
by a minimum of eight inches of full density water, or the larger of:
(a) twelve feet, or (b) the greatest distance across an orthographic
projection of the largest of the SNM mass distributions on a plane
perpendicuiar to the line Jjoining their centers. The effectiveness of
otZe; materials or separztions shall be evaluated by a validated analytical
model .

Figures 14-1 through 14-5 show plots of derived minimum critical values of
mass volume, cylinder diameter, slab thickness, and surface density versus
enrichment for homogeneous UO2 powder and water mixtures. Also shown are
the minimum critical reflected values reduced by the applicable safety |
factor for the safe individual unit. The data points were derived from two
sources; as indicated on the figures, UKAEA denotes Reference 2 and DP-1014
denotes Reference 3.

Heterogeneous U02 - water data were also extracted from References 2 and 3.
These *two data scurces employed different ranges of pellet/pin diameters.
Reference 2 heterogeneous data encompassed pin diameters ranging from 0.4
to 1.0 inches whereas the data of Reference 3 cover a range from (.05 to
0.6 inches. Both data sources are required over the enrichment range of
interest to deduce minimum critical values corresponding to optimum
moderation. This 1is illustrated in Figure 14-6 where critical mass,
volume, infinite cylinder diameter, semi-infinite slab thickness and
semi-infinite slab areal density are plotted from the homogeneous limit to
a pin diameter of 0.6 inches for 5 w/0 and 2 w/0 enriched U02; the 2 w/o0
enriched data are normalized to the 5 w/o data at the homogeneous 1imit for
display purposes. It can be seen that the minimum critical values are at
the smaller pin diameters at the higher enrichment. As the enrichment
decreases, the minimum critical value moves to the larger pin diumeters.

Figures 14-7 through 14-11 show plots of minimum critical values of mass,
volume, infinite cylinder diameter, and semi-infinite slab thickness and
areal density versus enrichment for isotropic heterogeneous UO2 and water
mixtures,
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Criticality data on aqueous solutions of uranyl fluoride and uranyl nitrate
are of interest in establishing safety limits for the chemical recovery
process equipment employed in processing of scrap and waste materials,
Table 14-1 pruvides these data for uranium enriched to § w/o U-235 and, for
comparison purposes, data on homogeneous UO2 are provided. Since the data
source (Ref. 4) was the same as for ANSI/ANS 8.1-1983 and this standard
provides subcritical limit type data, the aqueous solution data of Table
14-1 were corrected to critical using information provided in the data
source. The objective was to place the data for aqueous solutions and UQ2
¢n a comparable basis. In Table 14-1, the aqueous solution data have also
been adjusted with the same safety margins as employed for the minimum
critical values of the mass and geometric limits for U02. In this manner
one can judge equivalence on the same bases.

It should be noted that additional conservatism may exist in the aqueous
solution "critical® data since it is based on the most conservative of the
three calculational models employed to fit experimental data and
extrapolate or interpolate to points of interest.

The data discussed above for water reflected homogeneous or heterogeneous
U02 - water mixtures assumes full reflection. Figure 14-12, which was
extracted from Reference 4, shows the dependence of the spherical U-235
critical mass (U(93.5) metal spheres) versus thickness of various reflector
materials. The point of interest is that the reflector worth is a func<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>