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PART I. L8 CENSE COND873ONS
1. 0 Standard Conditions and Special Authorisations
1.1 Name

Combustion Engineering, Inc.,
is incorporated in the State of Delaware

with its corporate offices at
900 Long Ridge Road in Stamford, CT. Tht!

location where licensed activities will be conducted is at 1000
Prospect Hill Road in Windsor, CT.

1.2 Location

The mailing address for all license correspondence is:
- Combustion Engineering, Inc.

1000 Prospect Hill Road
4 Windsor, CT 06095

Licensed activities shall be conducted primarily at the Nuclear Fuel
Manuf acturing facility (Building 617) and an adjacent varehouse and
shipping dock (Building 6 21) .

|
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1.3 License Numoer

Activities are covereo of the License SNM-1067; 0 cta: 70-1100.

1.4 Possession Limits &, Location

Combustion Engineering, Inc., requests autnerization to receive, use,

possess, store and transfer at its Windsor site, tne following

activities of radioactive materials.

-

Ic of ooe 2 Fqrm Qgialj.ty t,g,g g g jgn.

1) Uran ium enr i che: - *am- roo, oo o Kg U n. sin c tud ng -B ld g s .'

to 15.0% weight o4. des sL7 s r21 & storage in
percent U235 tras trs adjacent to

Bldes #17 & #21.

2352) Uranium enricned Any 4800 sms U gjeg, j
to less than 20 17, &
weignt percent 21 (Blog.17 & 21

.

U235 limited to 350 gm U235
each for enrichments
exceeding 5.0 weight
percent U235).

3) Natural and/or Any 10,000 KgU Bldq.
.

Cepleted Uranium 17
& 21

4) Pu238 Encapsul- 5 sources, each Building s17
ated containing less
Neutron than 2.0 gm '

Sources Pu238

5) Pu Any form 160 micrograms 81dg.-
17, &as analytical

.

samples 21

6) Encapsul ated U 0g 20 sources, each Bldg. . .3
Neut ron containing 17 &
sources 1.7 gm U235 21

7) Uranium enriched Residue 1000 sms U235 Windsor Site
to or greater
than 20 weight
percent U235

License No. SNH-1067, Occket 70-1100 Rev. 07 Date: 6/15/93 Page: I.1-2
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1.5 Section Deleted
1.6 Authorized Activities

The primary activities carried out with special nuclear material in
buildings at the Windsor site include, but are not limited to the
following:

.

_

=.
.

.

Bldg. 17 - Manufacture of fuel assemblies utilizing low enriched
urar.ium (up to 5.0 wt% U-235) in the form of uranium oxide
powder, pellets, rods, and in assemblies.

Bldg. 21 - Storage of SNM-in shipping containers. ,

Windsor Site '- Residue from prior operations, not to exceed
350 gms U-235 in any one location. Additional locations to
be separated from one another by a minimum of 12 feet.

1.7 Exemotions and Special Authorizations

Licensed activities in Bldgs.1, IA, 2, 2A, 3, 3A, 5, 6,16, and 18
shall

License No. SNM-1067 Date: 6/15/93
Docket No. 70-1k00 gev. 08 p,g, 7,1,3
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be of a product development nature and the material may ultimately be returned-
to the Nuclear Fuel Manufacturing facility. These transfers shall not require
the issuance of applicable NRC transfer documents, but shall be transferred in
accordance with the provisions of this license, and shall be handled as a
departmental transfer and shall be controlled by the Fundamental Nuclear
Material Control Plan (FHMC) referenced in Section 9.0 of this application.

_

=.

~

In each area where labelling of all containers is not in accordance with
10CFR20.203(f), all personnel ingress locations shall be posted with a sign
stating that "Every container or vessel in this area, unless otherwise-
identified, may contain radioactive material."

License No. SNM-1067 Rev. 06 Date: 6/15/93
Docket No. 70-1100 Page: I.1-4
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2.0 Crganization and Administration

The President, Nuclear Fuel has the ultimate responsibility for
ensuring that corporate operations related to Nuclear Fuel are
conducted safely and in full compliance with applicable Federal,
State and local regulations, licenses and certificates of

i compliance. The President' has delegated this safety and

| compliance responsibility for nuclear fuel manufacturing to the
| Vice President, Manuf acturing Operations, who has in turn

delegated this responsibility to the, Uranium Plant Manager.

I

2.1 Orcanization Responsibilities and Authority for Kev
Positions Imoortant to safety

2.1.1 Uranium Plant Manacer

The Uranium Plant Manager, Windsor Nuclear Fuel Manuf acturing
reports to the Vice President, Manufacturing operations. He or

} she has the overall responsibility for the safe conduct of all
' activities that are regulated by the Nuclear Regulatory

commission in Combustion Engineering's nuclear fuel manuf acturing
responsibilities encompass the following functions: operations,
accountability, security, training, criticality, radiological and
industrial safety, environmental protection, transportation,
materials handling and storage, licensing, process and equipment
engineering and maintenance. These responsibilities are
administered through the professional staff of the Windsor
Nuclear Puel Manufacturing Facility and the technical staff of
Combustion Engineering's Nuclear Fuel Department. |

2.1.2 (SECTION DELETED) !

%
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2.1.3 Senior criticality Soecialist

The Senior Criticality Specialist may be a member of the
technical staff of the Nuclear Fuel organization or an outside
consultant who reports in a functional manner to the Chairperson
of the Facility Review Group. He or she provides assistance to
the Group in executing those aspects of the Group's function
which relate to criticality' safety. The Senior Criticality
Specialist also serves as the second reviewer for criticality' >

evaluations performed by the Nuclear Criticality Specialist
(first reviewer).

The Senior Criticality Specialist has no production
responsibilities. The Senior Criticality Specialist has the-
authority to halt any operation in the fuel manuf acturing
facility or product development laboratories that he or she
believes to represent an unsafe criticality condition. If an
operation is halted;for a criticality safety reason (s), it shall
not be restarted without the concurrence of the Manager, RP&IS or
Uranium Plant Manager, and the concurrence of an individual with
the qualifications of a Nuclear Criticality Specialist.

2.1.4 The Manacer, Radiolocical Protection and Industrial Safetv

The Manager, Radiological Protection and Industrial
Safety reports to the Uranium Plant Manager. The function
of the Manager is to provide information, advice,
and assistance to operating and engineering management to ensure
personnel and environmental protection measures are adequate and
to keep records documenting safety

s

UN NRev. 07 Date:Docket No. 70-1100
License No. SNM-1067 Page: I.2-2
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related facility operations. He or she has the
responsibility for defining and implementing programs ~and -

standards related to radiological, criticality and
industrial safety, environmental protection and emergency
planning for both the fuel manufacturing facility and '

the product development laboratories. The programs and
standards address safety criteria, monitoring, procedures and
training materials necessary to ensure the protection of
employees, the public and the environment. As part of
this responsibility, he or she ensures that ALARA is
considered in the implementation process. The Manager
reviews and approves safety related operating procedures.
These responsibilities are executed for both the fuel
manuf acturing f acility and the product development
laboratories by working with cognizant management to ensure
safety limits and operating procedures are
acceptable.

:

The Manager, Radiological Protection and Industrial Safety
has no production responsibility. If the Manager believes
any operation in the fuel manuf acturing f acility or product
development laboratories to be unsafe, he or she has the
authority to halt that operation. If an operation is halted for
a safety reason (s) (other than nuclear criticality) it shall not
be restarted without his or her concurrence or the concurrence of ;

the Uraniu= Plant Manager.

2.1.5 Euclear Criticality Snecialist

The Nuclear Criticality Specialist is a member of the
technical staf f of the Nuclear Fuel organization and reports
in a functional manner to the Manager, Radiological
Protection and Industrial Safety. The Nuclear Criticality
Specialist works with the cognizant Line Managers to ensure
that nuclear fuel manuf acturing f acility or product
development laboratory operations (processes, procedures and
equipment) or changes thereto are acceptable with regard ,to
nuclear criticality safety. He or she executes this
responsibility by advising cognizant management regarding s

criticality safety practices, arranges for
analyses or reviews and approves changes to processes,
procedures or equipment related to criticality safety.

The Nuclear Criticality Specialist has no production
responsibilities. The Nuclear Criticality Specialist has the

,

authority to halt any operation in the fuel manufacturing
facility or product development laboratories that he or she
believes to represent an unsafe criticality condition.

Docket No. 70-1100 Rev. OB Date: 6/15/93
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2.1.6 Nuclear Criticality Analyst

L The Nuclear Criticality Analyst performs the detailed
numerical criticality calculations as prescribed by the i

Nuclear Criticality Specialist to verify the acceptability
of fuel manuf acturing facility or product development

;

| laboratory processes or equipment. j
1

2.1.7 Sunervisor. Radioloolcal Protection and Industrial
Safety

The Supervisor, Radiological Protection and Industrial
Safety reports to the Manager, Radiologiqal Protection.andi

I Industrial Safety. He or she assists the Manager in
| carrying out his/her duties and is responsible for

surveillance of nuclear fuel manufacturing and. product
development activities related to radiological, criticality

I and industrial safety, environmental protection and }
} emergency planning. This surveillance ensures that

operations are bein~g conducted in accordance with Federal,
State and local regulations, the conditions set down in this
application and certificates of compliance, as applicable.

The Supervisor, Radiological Protection and Industrial
Safety has no production responsibility. If the Supervisor
believes any operation in the fuel manuf acturing facility or
product development laboratories to be outside specified
limits or unsafe, he or she has the authority to halt that i
operation. 1

2.1.8 Industrial Sr.fety Snecialist

The Industrial Safety Specialist reports to the Manager of
Radiological Protection and Industrial Safety. He or she
acts as a consultant to the Manager on matters relating to I

industrial safety and environmental protection at the fuel
manufacturing facility and product development laboratories.
He or she also advises the Radiation Protection and
Industrial Safety Technicians in the proper methods of

,

! monitoring industrial safety and environmental protection
compliance. The Industrial Safety Specialist has no
production responsibility.

Docket No. 70-1100 Rev. 08 Date: 6/15/93
License No. SNM-1067 Page: I.2-4
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;

|

2 .1'. 9 Radiolooical Protection and Industrial-Safetv-
Technicians

The. Radiological Protection and Industrial Safety
Technicians report to the Supervisor, Radiological
Protection and Industrial Safety. The Technicians are
responsible for the day-to-day monitoring of operations at j

the fuel manufacturing facility and the product. development ;

laboratories. Monitoring is accomplished through the .|
collection of data which allows the effectiveness of |

radiological, criticality and industrial safety, i

environmental protection and emergency planning programs to i

be assessed. Technicians also monitor the proper -{
implementation of Radiation Work Permits. The Radiological

'

Protection and Industrial Safety Technicians have-no
production responsibilities.

_
1

'

:
i

,

;
,

,

!i

,

4

T

,
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2.1.10 Emercency Directot

The Emergency Director coordinates the actions of the
emergency response team members (for both on- and off-site
support). The Emergency Director shall remain in control of
emergency operations until the situation is stabilized or
terminated depending on the severity of the incident. The
Emergency Director has authority to direct recovery
operations for any emergency condition which may arise in i

the Nuclear Fuel Manuf acturing f acility or Product
Development laboratories. The Uranium Plant Manager may act in
the capacity of Emergency Director. The Emergency Director may
designate qualified alternates.

~

2.2 Personnel Education and Exnerience Reauirements for Key
Positions Imoortant to Safety

.

2.2.1 Plant Manaaer

The minimum qualifications for this position are a
bachelor's degree in one of the sciences or engineering,
with ten (10) years experience, including at least five (5)
years in management positions in the nuclear industry.

,

2.2.2(SECTION DELETED)

.

'

2.2.3 Senior Criticality Specialist

The minimum qualifications for this position shall be a
bachelor's degree in one of the sciences or engineering, ,

with two (2) years experience performing the duties of a
Nuclear Criticality Specialist.

Docket No. 70-1100 Rey, 09 Date: 6/15/93
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,

2.2.4 Manaaer. Radiolocical Protection and Industrial Safety
.

The minimum qualifications for this position are a
bachelor's degree in one of the sciences or engineering,
with four (4) years experience in health physics, including
two (2) years in operational health physics with uranium

,

' bioassay measurement techniques, internal exposure controls
and radiation measurement techniques. Alternatively, a Master's
degree in science or engineering with three (3) years and one (1)
year, respectively, are considered equivalent.

2.2.5 Nuclear Criticality Soecialist

The minimum qualifications for this position shall be a
bachelor's degree in one of the sciences or engineering,
with two (2) years experience performing criticality
evaluations.

2.2.6 Nuclear Criticality Analyst

The minimum qualifications for this position shall be a
bachelor's degree in one of the sciences or engineering,
with one (1) year of experience performing criticality
analyses. An analyst without the one year experience may
perform analyses under the supervision of a qualified
Nuclear Criticality Analyst as a means of obtaining the
necessary experience.

2.2.7 Supervisor, Radiolecical Protection and Industrial
Safety '

The minimum qualifications for this position are a high
school diploma with five (5) years direct experience in at
least one of the safety related areas within his or her
cognizance. Three (3) of the five (5) years of safety
related experience shall have been as a senior radiological.
protection technician. A senior technician is an individual
who has had at least one (1) year experience as a

'

radiological protection technician.

2.2.8 Industrial Safety Specialist

The minimum qualifications for this position shall be an
associate's degree in industrial safety, with two (2) years
of related experience in industrial safety and/or
envirommental protection. :

Docket No. 70-1100 Rev. 08 Date: 6/15/93
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3 2.9 Radiolocical Protection and Industrial safety
Technicians

The minimum qualifications for this position are a high
school diploma with one (1) year of experience in at least
one of the safety related areas within his or her
cognizance. Technicians shall also complete a facility
specific training program (s) in safety related areas within
their area (s) of cognizance.

!

2.2.10 Emercency Director

The Emergency Director shall be a member of the Nuclear Fuel ,

management team and shall be familiar with the Nuclear Fuel
Manuf acturing and Product Development processes and
facilities. He or Ehe shall be familiar with the emergency
plan and the implementing procedures for the Nuclear Fuel
Manuf acturing f acillty and Product Development laboratories.

Alternate Emergency Director designees shall be selected
from the Nuclear Fuel Manuf acturing or Product Development
supervisory levels or above. Alternates shall also be
f amiliar with the emergency plan and the implementing
procedures for the Nuclear Fuel Manufacturing facility and
Product Development laboratories.

2.3 Facility Review Groue

The Nuclear Fuel Manufacturing facility and Product
Development laboratory operations are monitored by a
Facility Review Group (FRG) . The FRG reports to the Uranium
Plant Manager and is responsible for oversight of safety related
operations.

.

Docket No. 70-1100 Rev. 10 Date:
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The FRG is composed of senior ~ personnel from the technical staff
of Combustion Engineering's Nuclear organizations that have at
least five (5) years experience in the nuclear industry. The
overall function of the FRG is to review operations on a regular
basis. In order to execute these responsibilities, the Group
will meet at least quarterly to review operations and more of ten
if deemed necessary by the Chairperson.

As a minimum, the Group shall review the .following areas for
practice and trends:

Radiological Safety
Criticality Safety
Environmental Safety
Industrial Safety including Fire and Chemical Safety
Emergency Planning
ALARA
Internal Inspection and Audit Reports

The chairperson of the FRG shall ensure that audits of the
radiological, criticality, industrial and environmental safety
programs are performed in accordance with Section 2.7.2. Results
of these audits shall be part of the review for practice and
trends.

In addition, the FRG will review physical facility changes in the
Pellet Shop and changes to operations involving radiation and/or
nuclear criticality safety if the Manager, Radiological

,

Protection and Industrial Safety or the Nuclear Criticality
Specialist considers the change to be significant. Each review
of a significant change by the FRG shall result in a
recommendation to the Uranium Plant Manager before implementation
of the change.

The Chairperson of the FRG, the Uranium Plant Manager or the Vice
President, Manuf acturing Operations may request the Group to
examine other areas deemed appropriate.

'

The Group 'may establish subcommittees and/or use
consultants, as necessary, to carry out its various
responsibilities. Findings, however, shall be those of the
Group and not just that of the subcommittees or consultants.

The Group shall issue a quarterly progress report to the Uranium
Plant Manager, Director of Product Development, and the Vice i

President, Manufacturing operations. !

:

;

|
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Findings and recommendations (if any) of the Group shall
be reported to the Uranium Plant Manager, and the Director of
Product Development with copies to cognizant Line Managers. !
Records of the Group's findings shall be retained for a period of |
three (3) years from the date of issue or until closure of issues i
is obtained, whichever is later.

|

2.4 ADoroval Authority for Personnel Selection

The Uranium Plant Manager and each of his direct reports, which
are in key positions important to safety, shall be approved by
the next two (2) levels o-f management above the position to
be filled. Other staff positions are filled following the
normal administrative practices of Combustion Engineering,
Inc.

L.

.

Chairmanship of, and membership on, the FRG shall be by
appointment of the Uranium Plant Manager.

2.5 Trainino

In addition to on-the-job training and training in special -

operational skills, e=ployees and visitors to the Windsor
Nuclear Puel Manufacturing f acility

. participate in formal (classroom)
training programs to ensure a basic understanding of
facility operations and safety requirements. The degree of
training an individual receives is commensurate with the .

extent to which he or she will require unescorted access to
these facilities or will come into contact with nuclear
materials or other hazardous materials or operations thate
are a part of the manufacturing process.

Escorted visitors do not require any |
training. Guidelines shall be established which denote
the various types of training conducted and classifications
for employees and visitors with respect to what
training / refresher training is required. All safety related
training shall be conducted by an individual well versed
with the specific training subject matter.

i

Docket No. 70-1100 Rev. 08 Date: 6/15/93
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2.5.1 Initisi Triinine

E=ployees and visitors (as necessary) verking in the Windsor
Nuclear Tual Manufacturing facility

shall participate in a General
E=ployee Training program. This progras shall include
infor=ation necessary for each individual to understand the
nature of the work done at these facilities and to perform
his or her duties in a safe manner. As a mini =um,..the
General E=ployee Training program shall cover the following
subject areas; 1) Organization and Administration, 2)
Tacility Description, 3) Quality control, 4) Security, 5)
Industrial Saf ety, 6) Radiation Safety, 7) Criticality
Safety, and 8) E=ergency Preparedness. The General E=cloyee
Training program for Nuclear Fuel Manuf acturing .

shall be appropriate to the activities conducted'

in these respective facilities.

E=ployees and vis.itors (as necessary) verking in
the Nuclear ruel Manuf acturing

f acility Pellet Shop or whose job involves working with
unciad nuclear material shall also participate in a
Radiation Werker Training Program. This program shall
include infer =ation necessary for each individual to
understand the nature of the work perfor=ed in the verk area
and to perfor= his or her duties in a safe manner,
especially as relates to the handling of unclad nuclear
=aterials. As a =in i=us , the Radiation Worker Training
progra= shall provide a higher level of detail concerning
radiological and criticality safety than the GET program
which is appropriate to facility operations.

Individuals that have had prior radiological protection
training, censiscent with the activities conducted in

- Nuclear Puel Manuf acturing, =ay be
exe=pted frc= participatien in the training progra=
described abcVe upon the successful ce=pletion of a
challenge examination. Individuals not familar with site
specific information shall be instructed in these details to
allev their safe cenduct while at the facility. '

2.5.2 Fefresher Trsinine

E=ployees and visitors (as necessary) verking in . .

the Nuclear Tual Manufacturing facility Pellet
Shep or whose job involves ve:Xing with unclad nuclear
=aterial shall participate in an annual, not to exceed
thirteen months, Radiation Worker refresher training
program. The refresher training progra= shall a=phasize the
key safety aspects of their jchs and shall include, as a
=ini=um: 1) a sedule ce"ering significant abnor=al
occurrences and operational deficiencies identified at the

6/H/93Cocket Nc. 70-1100 Rev. 05 Date:
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f acility and the corrective actions taken to preclude
recurrence, 2) Radiation Safety, and 3) criticality Safety.
2.5.3 Trainine Fecords

Formal training sessions shall be documented and competeney
de=onstrated by passing a test to verify training
effectiveness. When changes are made in radiation
protection or criticality safety limits, affected
individuals shall be informed and instructed in the new
material. At the discretion of the Manager, Radiological
protection and Industrial Safety and based on the complexity
of the new material, formal testing to asse.ss an individuals

- understanding may be valved.
.

Training records shall be retained for the duration of an
individuals employment at Combustion Engineering or a
minimum of two years, whichever is greater.
2.6 Ceeratine Procedures

Routine Nuclear Tuel Manufacturing facility
operatiens which involve licensed

materials shall be conducted in accordance with written
procedures. The preparation of vritten safety related
procedures are the responsibility of the cognizant Line
Manager and shall be approved by the cognizant Manager, the
Manager of Radiological protection and Industrial Safety and
the Nuclear Criticality Specialist. Written procedures that
affect radiation and/or nuclear criticality safety shall
include limits and controls which are required for nuclear
saf ety of the subj ect activity.

The preparation, review, revision, approval and
i=ple=entation of safety related operating procedures shall 1

he acco=plished through a dccument control systa=. As a
mini =um, safety-related operating erecedures shall be
reviewed every two years. This review shall be conducted
by the cognizant Line Manager and individuals having the
qualifications of the Radiological protection and Industrial
Safety Manager and the Nuclear Criticality Specialist in
their respective areas of expertise.

Safety related operating procedures, and changes thereto,
shall be retained for a period of six (6) months following
procedure revision or termination of the operation involved,
whichever is longer.
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2.7 Internal Trstactices and Audits

Inspections are routina reviews to check that operations are
being conducted according to approved procedures. Auditsare independent formal examinations made to verify that
operations are being conducted according to established
criteria. Audits are more formal and less frequent than
inspections.

f,
2.7.1 Instections

i

The inspection function (assuring that operations are being
conducted in co=pliance with regulatory requiremsnes, I

license conditions, posted safety limits and safety related
written operating procedures) is a normal part o f the
Radiological Protection and Industrial Saf ety Technician's
job. Technicians are assigned to all operating shif ts. Assuch, the inspection function is informally satisfied on an
ongoing basis. on a monthly basis, Technicians shall
perform a documented inspection using a prepared checklist
to review the conduct of facility operations. Any time the
Technicians find discrepancies, the cognizant Line Manager
is infor=ed of the remedial actions to be taken and a
written deficiency report is turned over to the Manager,
Radiological Protection and Industrial Safety. The Manager

,

or his/her designes, assures that any necessary corrective
actions specified are adequate and that they vill be
initiated in a ti=ely manner. The Manager, Radiological
Protection and Industrial Safety shall also ensure that
quarterly fire safety, ha:ardous material safety
(non-radicactive) and environmental protection inspections
are perfor=ed by menbers of his/her staf f. Theseinspections are also to be conducted with the
aid of a prepared checklist. The Manager shall assure that
any necessar/ corrective actions are initiated in a ti=ely
2anner.

Completed inspecticn checklists shall be signed by the
Technician perfer=ing the inspection and turned over to the .

Mana g e r", Radiological protection and Industrial Safety for
review. A Ccpy of the checklist is also provided to the
Chairperson of the Facility Review Group.

|

Records of all deficiency reports and inspection checklists
shall be retained for a period of a: least threo (3) years
from the date of issue or until closure of all findings is
obtained, whichever is later.

i
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2.7.2 Audits

Audits are performed by individuals independent of
day-to-day operating activities being audited at the Nuclear
Fuel Manufacturing facility

to verify tnat operations are being conducted
according to established criteria. Audits are conducted in
accordance with a written plan.

The Chairperson of the FRG shall ensure the conduct of the
following audits in accordance with the schedule stated below:

Radiological Protection Program Semiannually
.

Criticality Safety Program Quarterly
Industrial Safety Program Semiannually(including Fire & Chemical Safety)
Environmental Monitoring Progra= Annually

Individual (s) conducting audits in the areas of radiological or
criticality safety shall meet the qualification requirements of
the Manager, RP&IS or a Senior Criticality Specialist,

j respectively. These addits may be conducted by members of the
FRG, members of the Nuclear Fuel Staff, or consultants approved'

by the FRG Chairperson. A report of the audit findings shall be
submitted to the Uranium Plant Manager ~

for disposition of the findings, and ';o the FRG for
review and trending.

Records of audit reports shall be retained for a period of
three (3) years from the date of issue.or until closure of
findings is'obtained, whichever is later.

2. / . 2.1 Safety Committee Oversicht

An independent Safety Committee shall conduct an annual
audit for Nuclear Puel Manufacturing
operations involving licensed material covered by this
application. The Safety Committee shall be appointed by and
report to the President, Nuclear Puel and be comprised of senior
engineers and scientists from within C-E's nuclear technical
community. The Committee may establish subcommittees and/or use
consultants, as necessary, to carry out its responsibilities.
Written audit findings shall be provided to the President,
Fuclear Fuel ; Vice President, Manufacturing operations; Uranium
Plant Manager; Director, Product Development; and the Chairperson
of the FRG .

Audit findings, as well as documentation of corrective
actions shall be retained for a period of three (3) years

6/M/MDocket No. 70-1100 Rev. 09 Date:
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from the date of issue or until closure of findings is
obtained, whichever is later.

2.8 Investications and Recortina

Abnormal occurrences are investigated in accordance with written
procedures and are reported to the Uranium Plant Manager,
Windsor Nuclear Fuel Manufacturing. -

Reports to the Nuclear
Regulatory Commission are made in accordance with specific
conditions of this application and/or the_ applicable Federal
Regulations. Regulatory Guide 10.1, Compilation of
Reporting Requirements for Persons Subject to NRC
Regulations, is used as a guide in identifying applicable
reporting requirements. The level of investigation and the
need for correctiv'e action are determined based on the
severity of the incident. The severity of an incident is
based on the levels of uranium released and/or the degree of
potential for exposure to workers or the public. An Abnormal
occurrence Review Committee _is charged with the
responsibility for investigating abnormal occurrences and
recommending corrective action (s), as appropriate. The
Committee is comprised of Line Managers from the Nuclear
Fuel Manufacturing organization.

Records to investigations of abnormal occurrences reported
to the Nuclear Regulatory Commission are retained for a
period of three (3) years after closure of the
investigation.

'2.9 Records

Records pertain!- 'o health and safety, facility
modifications, am .al occurrences, criticality analyses,
inspections, aus its, I.nstrument calibrations, ALARA
findings, employs . ining and refresher training,**

personnel exposures, outine radiation and contamination
surveys and environst ital surveys are retained to

'

demonstrate compliance with the conditions'of this
application and the applicable Federal, State and local
regulations. Records are retained for the periods specified in
this application or the governing regulations, whichever is
longer,

t

i

Rev. 07 Date: 6/15/93 .Docket No. 70-1100
License No. SNM-1067 Page: I.2-15



,

i

3.o B_a d ia t ion Protection
3.1 Special Administrative Recuirements

3.1.1 ALARA Comfn i tm e n t

It is the policy of Combustion Engineering to

conduct its business in a manner which ensures
,

that its Nuclear Fuel Manufacturing Facilities

are in compliance

with radiation protection and_other applicable

regulations, end. that the operation of these

facilities will not be detrimental to the

environment. In implementing this policy,

combustion Engineering shall ensure that radiation

exposure'to personnel (both in-plant and off-site)
is maintained As Low As Reasonably Achievabl'e

(ALARA). In providing this assurance, conditions

of applicable NRC and state licenses and other

regulatory permits or licenses shall be complied

with and regard shall be given to applicable NRC

regulatory guides and industry standards.

For activities carried out within the scope of
'

this application, responsibility for establishing

and ensuring adherence to this policy shall rest

with the Uranium Plant Manager, Windsor Nuclear Puel

Manufacturing.

This policy shall be implemented

through appropriate delegations to the Manager,

Radiological Protection and Industrial Safety, and the

applicable Line Managers.

3.1.2 Padiation Work Permit Procedures

All non-routine
,

maintenance or repair operations on equipment

involved with handling radioactive material within

b"' ! /NDodkat No. 70-1100 Date:
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Nuclear Tuel Manuf acturing involving those non-routine
maintenance operations in which ventilated contair. ment
systa=s are breached shall be covered by a Radiation Work
Permit (RWP).

The RWP shall be requested by the cogni: ant engineer or
supervisor and it shall establish the radiological. safety
requirements. The Manager, Radiological Protection and

Industrial Safety shall approve the initial issue of all
RWPs. Subsequent RWPs, for similar activities, may be
re-authori:ed by the Supervisor, Radiological Protection and
Industrial Safety 4 RWPs may be verbally authorized in

circumstances whe_re the qualified individual is not on-site.
Such verbal'authori:ation shall be documented and the
subj ect RWP shall be signed within one working shif t of the
qualified individuals return to the site. Radiological

Protection and Industrial Safety Technicians are responsible
for monitoring proper i=plementation of RWP's.

As a minimum, RWP's shall be reviewed for their need every
30 days. The Manager 'or Supervisor of Radiological
Protection and Industrial Safety acting on input from the
Radiological Protection and Industrial Safety Technicians
shall close out all RWP's to assure that the specific work
was ce=pleted in a satisf actory =anner prior to permitting
restart of the subj ect operation.

1

3.2 Technical Meetirenents

3.2.1 Access centrols

All personnel ente, .ig the unciad fuel handling areas must

do so through the change areas provided for this purpose.

6/15/93Cocket No. 70-1100 Rev. 08 cate:
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As a minimum, the following protective clothing ;shall' be.

_

vorn:
Coverall or I4b Coat-

special shoes-cr shoe covers-

safety glasses--

_

-

.

,

:

|

1

,

!

,

,

|
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Additional protective clothing which may be required for non routine |
operations shall be prescribed by the applicable RWP in the

Nclear Fuel Manufacturing

facility.

3.2.2 Personnel Nonitorinc Recuirements

All personnel must wash their hands before exiting the contaminated

area and, as a minimum, shall monitor their hands, exposed areas of

the body and personal clothing with the alpha personnel monitor

located at the change line.

The frequency and control levels of monitoring personal clothing and

body surfaces shall be as follows:

PESSONAL CLOTWING AND 800Y SURFACE ALDuA ACTIyITY CONTROL LEVEL $

Surface Aleha dem/100cm2 Min. Survey Frecuenev

Personal Indistinguishable Before leaving contaminated

Clothing, from background area and when contamination

Body Surfaces is observed on body

(Hair, Face, surfaces.

Hands)

If indicated levels are greater than the control level, the
s

individual shall promptly notify a member of the Radiological

Protection and Industrial Safety staff and shall not leave the

coittamiriated area until they respond and the situation is resolved.

3.2.3 ventilation Recutrements

Nuclear Fuel Manufacturine

Ventilation in the Auclear Fuel Manufacturing f acility. (Building

#17) is provided by fou* separata exhaust syste.ms as follows:

Occket No. 70-1100 Rev. 06 Date: 6/15/93
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FA-1 Pewder Precaration and Pretiing This system has a capacity of

12.100 CFN and incorporates profilters and a double bank of 12
-

absolute filters, each 99.97 ef ficient at 0.3 microns. The

air exhaust from this system which is either returned to the

inclad fuel area or released frem the plant is sampled 100?. of

the time and analyzed each day.

FA-2 Furnace M2 Bu/moff - This system has a capacity of 1340 CFM and

incorporates prefliters and a single bank of 4 absolute filters,

each 99.97% ifficient at 0.3 microns. The air exhaust fece this

system is released from the plant and sampled 100'?. of the time and

analyzed each day.

FA-3 Pellet Grindiac and Rod leadinc This system has a capacity of

17.500 0FN and incorporates prefilters and a double bank of 16

absolute filters, each 99.97?. efficient at 0.3 microns. The

air exhaust frem this system is released from the plant and

sampled 1007. of the time and analy:ed each day.

FA a Reevele Powler Area - This system has a capacity of 6000 CFM

and incor; crates prefilters and a double bank of 6 absolute filters,

each 99.977. efficient at 0.3 microns. The air exhaust from this

system is released from the plant and samplec 1007. of the time and

analy:ed each day.

Th' capacity of the ventilation systems haua been matched to providee

a negative pressure differential between th6 Pellet Processing

The directio' of air flowFacility and all surrounding work areas. n

shall be checksd monthly and documented. If airborne activity

results, averaged over a two week period, exceed 25% of the

applicable concentration listed in Table II, Column I of 10 CFR 20

Docket No. 70-1100 Rev. 05 Date: Egl5/93
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Appendix 8 for air being discharged to an unrestricted area (from
manufacturing an investigation

will be conducted and corrective actions taken. In addition, to

assure our releases remain as low as reasonably achievable, a

quarterly limit of 18 uti in gross alpha activity of total uranium
in plant gaseous affluents shall be maintained. If the

radioactivity in plant gaseous affluents exceeds 18 uCl, a report

which identifies the cause for exceeding the limit and the

corrective actions to be taken to reduce release rates shall be

submitted to the NRC within 30 days. Also, if the parameters

important to a dose assesssent change, a report shall be submitted
,

within 30 days which describes the changes in parameters and

includes an estimate of the resultant change in dose comitment.

The 18 uti/qtr limit would result in a lung dose to an individual at

the nearest residence of (conservatively) less than 0.10?. of the 25

mrem / year standard as specified in 40 CFR 190.

Ventilation system filters and/or prefilters will be changed,

rotated, or knocked down whenever a pressure drop of 4 inches of

water is measured across the combination of the profilter and first

bank of absolute filters. The pressure drop for all 4 systems shall-

be chicked weekly and documented. When the face velocity at a

veritilated hood drops below 100 f;m, the hood filtars or ventilation

system filter will be changed, brushed, or knocked down to increase

the -air flew to 100 fpts minimum or the hood shall not be used to

handle radioactive matsrial. Face velocities will be checked weekly

in the Madufacturing facility,

.
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Any work on filter change involving any of the four fixed air

systems in manufacturing shall be R smed under an RWP. Following

all " filter changes or other move.uv. F filters, both the Supervisor

and a Technician from the Radiolqbal Protection and Industrial

Safety group shall inspect the placement of the absolute filters for

proper sealing. In addition, air samples will be taken and counted

ispediately after 1/2, 2,'and 8 hours of operation to assure the

absolute filters are adequately filtering the exhaust air. The

adequacy of the sampling techniques to obtain representative samples

will be verifJed quarterly in the Manufacturing facility,

;

|

|

1

;

,

A

P

F

Occket No. 70-1100 Rev. 05 Date: 6/15/93
License No. SNM 1067 Page 1.3 6

|

|

4

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



.

,

_

(THIS PAGE INTENTIONALLY LEFT BLANK)

,

9

i

!

|

;

i

l

Oceket No. 70-1100 Rev. 06 Date: 6/15/93'
License No. SMPI 1067 Page I.3-7

|
__



- ,. . . .

.!

.

~

,

-;

-

~

.

4

3.2.4 In s t rume n t a t i on

Capabilities of radiation detection and measurement instrumentation.

shall be as follows:

Alpha counting System 10 - 10.000 dpm
Alpha Survey Meters 0 - 50.000 counts per minute
Beta Gtana Survey Instruments .05 mR/hr - 200 mR/hr
Neutron Survey Instruments .5 - 5,000' mrem /hr

,.

A sufficient number of the instruments, meters. and systems listed

above shall be maintained operational to adequately conduct our
i

Radiological Protection and Industrial Safety program. Additional

instrumentation is maintained for emergency use as outlined in Part
,

I Section 8. The detectors for the criticality alarm system are-

calibrated semi annually and following any repair that affects the

accuracy of the measurements. All other instruments are calibrated

semi-annually and foll.owing any repair that affects the accuracy of:

the sensurements. The calibration of the survey instruments shall

meet the specifications described in Sectica 1.11 'of

Docket No. 70-1100 Rev. 05 Date. 6/15/93'
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Regulatory Guide 8.24 ' Health Physics Survey Ouring Enriched

Uranium-235 Processing and Fuel Fabricati_on". The alpha counting

equipment is checked daily to verify background and efficiency

3.2.5 intemal Excesure f rived location Breathina Zone Air samoline and
'

Fired location General Air Sameline

Nuclear Fuel Manufacturino

The room air in all areas where unclad licensed material is handled,

processed, or where operations could result in worker exposure to

the intake of quantities of uranium exceeding those specified in

10 CFR 20.103, shall be continuously sampled and analyzed on every |
shift for radioactivity. Air sampling shall be accomplished using

fixed-location general air sampling stations ~ and fixed location

breathing zone air sampling stations. The sampling results from the

fixed location breathing zone air sampling stations shall be used
,

for the basic evaluation of the internal exposure of workers.

During the normal operating period, if a single breathing zone or
i

general air sampling station indicates the airborne concentration of

radioactivity for that area exceeds the MFC specified in Table ! ;

Column I of 10 CFR 20, Appendix B, an investigation as to the cause

shall be conducted. Any necessary corrective actions to prevent its

recur.rence shall be taken and documented. Both fixed location i

'

breathing zone and general air samplers shall have a minimum flow of

10 1ps.

The fixed locations breathing zone air sampling stations shall be
'

the primary means of determining radioactive airborne concentrati,ons'

ofparticuiatesinthe'workersbrea"thingzone. The fixed location
_

*

breathing zone air sampling stations shall be strategically located
.
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throughout the shop and run continuously during operations. The 1

fixed location general air sampling stations provide air sample

which art representative of working areas in order to verify
i

l
adequate ventilation and contamination control. All samples from

both fixed location breathing zone and general air sampling stations'

shall be analyzed after each working shift.

The representativeness of the fixed location breathing zone air

sampling stations shall be evaluated at lease once every 12 months
2and whenever any licensed process or equipment change is made.

It is recogni' zed that the behavior of individual operators can be a

significant contributing factor to an Individual's exposure, and

that this may not te amenable to the desired degree of improvement.

Where the individual operator is found to contribute significantly

to higher exp'esures, closer personnel surveillance shall be

maintained. An individual whose 40 hr. exposure exceeds 2.5 MPC

days shall be closely monitored with a portable BZ sampler. The

sampler will have a minimum flow rate of lacocc/ min. If the

person's 40 hr. exposure exceeds 4 MPC days, the person shall be

removed from exposure to airborne contamination. It is the

responsibility of the Supervisor, Radiological Protection and

Industrial Safety to evaluate these situations to determine the

relative contributions of individuals and equipment. The pellet

shop is the only place in the manufacturing facility that handles

unclad U02. This portion of the facility is kept at a negative

pressure as described 4n Section 3.2.3. therefore, continuous air

samplin's shall be conducted in this area only.

Occket No. 70-1100 Rev. 05 Dace:
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3.2.6 External Ernosure f 0os tmetry Recuirementsi-

Each individual who enters a restricted area under such

circumstances'that he is'likely to receive a dose in any calendar - .

quarter of 25 percent of the applicable value specified in 10 CFR

20.101(a) shall be supplied with a TLO badge and indium foil for - I

purposes of personnel dosimetry. Badges will be precessed monthly.

When a high exposure is suspected, .the individual's badge will be- -

;

sent out for imediate processing. All visitors will be supplied |
with indium foil badges. Area TLD badges and neutron foils are 'al'so'

strategically placed throughout the facility for the purpose of

recording background radiation levels as well as radi.ation resulting

from a criticality accident. The TLO badges will also be' processac

monthly during nomal operations and imediately following a

criticality accident. Procedures to determine high radiation doses

immediately following a criticality accident are described in the
i

Emergency procedures Manual.

;
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3.2.7 Bioassay procram

Urinalysis and in vivo lung counting shall be conducted annually.

Urine samples for any workers who routinely work with soluble

compounds of uranium shall be collected and analyzed monthly. If

the most recent quarterly average of the airborne uranium

concentration for any work area exceeds 25?. of the respective OAC,

the frequency of sampling and the type of bicassay measurements for

workers in that work area shall be modified to that given in Table 3

of Regulatory Guide 8.11. " Application c' 6totssay for Uranium".
'

The following tables outline the action levelt which will be

utilized for both urinalysis and in vivo countitig:

URINALYSl$ ACTION LEVEL $

Urinalvsis Result Action

1) Sample >25 ugU/ liter 1) Confim result (if unexpected)

2) If result is confirmed:
- Impose work restrictions

- Collect and evaluate

diagnostic urine samples

- Conduct investigatien to

identify probable cause

- Perfom In-Vivo count

|
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IN VIVO ACTION tfVfl$

In-Vfvo Result Action

1) L.ung Burden >175 ug U235 !) Confirm result (if unexpected)

2) If result is confirmed:

Impose (or continue) work

limitations.

_ - Conduct job investigation to

identify probable cause,&.

- determine if others were

exposed, and evaluate

adequacy of air sampling.

- Initiate corrective actions.
3.2.8 Contamination Survevs

3.2.8.1 Contaminated Areas (Dellit Shoo Buildino s17

Removable AIcha Contic[ nation Action to be Taken

10,000-dpm/100 cm2 Imediate Clean Up

5,000 dpm/100 cm2 Clean-Up within 24 hours

Contaminated areas shall be surveyed on a weekly basis. Material
,

fixed on processing equipment or on surfaces 'shall be limited as

required to control airborne radioactivity and external radiation

exposures.

Dockat No. 70-1100 Rev. 04 Date: 6/15/93
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3.2.8.2 Clean Are a s f 0ther e9 ant area s. ' ef fice arens. lunch ' are as) -

Removable Aloha Contamination Action to be Taken

Aloha level

100 dpm/100 cm2 Imediate Clean Up

50 dpm/100 cm2 24 hour Clean-up

10 dpm/100 dm2 (lunch rooms only) Imediate Clean Up
4

Other manufacturing areas, office areas, and the warehouse (Bldg.

21) shall be surveyed on a monthly basis. The lunch rooms shall be -

;

surveyed once a day, as a minimum.

Fired Aloha Contamination
'Monthly fixed alpha contamination levels in the non-contvlinated

areas (and for release of equipment from contaminated areas) shall

be less than 500 dam /100 cm2 average. 4

3.2.S.3 Materials 1 Ecuiement Released for Unrestricted Use Idees not

include the abandenment of Bu11 dines)

The. release of materials and equipment for unrestricted use shall be

in accordance with " Guidelines for Decentamin'ation of Facilities and .

Equipment Prior to Release for Unrestricted Use or Termination of

Licenses for By Product. Source, or Special Nuclear Material *, <

USNRC, Annex 8. July 1982. i

3.2.9 Resstraterv P*etection .

The Respiratory Protection Program shall be conducted in accordance

with the USNRC Regulatory Guide 8.15.

1

.|

)
i
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4.0 Nuclear criticality Safety

4.1 Administrative Recuirements
4.1.1 Double Contincency Poliev - Process designs shall, in

general, incorporate sufficient factors of safety to

require at least two unlikely, independent, and

concurrent changes in process conditions before a

criticality accident is possible.

4.1.2 Written Procedures and Acoroval Authority - All process '

operations involving SNM shall be covered by a shop
traveler and/or an operation sheet which shall be

followed. Precautions and limits regarding

criticali5y and radiological safety shall be included
in these procedures. In addition, all procedures shall

provide for the labeling of mass limited containers to

indicate the enrichment and the uranium content. All

process equipment and operating areas shall be labeled

to indicate the enrichment. Geometry limited
~

containers will be handled as though they are full

unless specifically labeled empty. Labeling shall be

carried out under the direction of the cognizant
,

supervisor.

These procedures shall be approved by the Manager,

Radiological Protection and Industrial Safety.

However, procedures involving a change in the

criticality safety controls used for that partic,ular

process in the past shall also be reviewed and approved

by the Nuclear criticality Specialist. It is the

responsibility of the Uranium Plant Manager to ensure

that personnel are trained in operations and the

corresponding safety limits.

:
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It shall be the responsibility of the Supervisor,
Radiological Protection and Industrial Sa fety to
assure that each work station is properly posted.

,

l

4.1.3 Recuest for Chances and Criticality Analysis

All proposed changes in process, equipment, and/or I

f acilities that could af fect nuclear criticality,
radiological or industrial safety shall be
approved in accordance with the responsibilities
and authorities set forth in Section 2.1 of this
part. The necessary analysis and resultant safety
limits shall be established by a person having the
minimum qualifications of a Nuclear Criticality
Specialist. Procedures have been established for
requesting changes and all request forms, approval
forms, and associated documentation shall be
maintained ~ under the direction of the Manager,
Radiological Protection and Industrial Saf ety.

4.1.4 Postinc of Limits

All special nuclear material work stations and
storage areas shall be posted with a nuclear
criticality safety limit approved by the Manager
of Radiological Protection and Industrial Safety
and the Nuclear Criticality Specialist. The .

Supervisor, Radiological Protection and Industrial
Saf ety, maintains records of the review and
approval of each posted nuclear criticality safety
limit.

4.1.5 Internal Review Recuirements

All process / equipment / f acility changes which
affect nuclear criticality safety shall be
reviewed and approved in writing by the Nuclear _
Criticality Specialist and the Manager, Radiological
Protection and Industrial Safety. An independent
review and written approval shall be performed by the
Senior Nuclear Criticality Specialist.

Docket No. 70-1100 Rev. 07 Date: 6/15/93
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As stated in Section 4.1.3, all such approvals shall be recorded in

a log maintained under the direction of the Supervisor. Radiological
~

Protection and Industrial Safety.

4.1.6 Markina and labeltaa of SNM - All mass limited containers shall be

labeled as to enrichment and content. . All geometry limited

containers and processes are safe up to the maximum allowable

enrichment- of 5.0wt?. U235.

4.1.7 Seetten Deleted

.

f

9

!

f

i
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4.1.8 Section Oeleted
i

4.2 Technical Reauirements

4.2.1 Preferred Aco;gach To Desian - It is the intent of
Combustion Engineering to use physical controls and
permanently engineered safeguards on processes and equipment
in the establishment of. nuclear safety limits wherever
practical . Use of administrative controls in the

~

establishment of safety limits will be minimized.
4.2.2 Basic Assumptions and Analytical Methods - Written health

and safety restrictions for all operations on radioactive
material shall be provided in the form of approved Radiation
Work Permits or approved detailed procedures, and
appropriate operational limits shall be' posted in the
vicinity of work stations in the manufacturing facility.

!
-l

!

|
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shall be separated from any otner fissile atterial ey L2 feet.

Rods containing sinterec 002 pellets enriened to a maximum of

5.0 ?.U235 shall be storea in Building 95. Slab storage

in Building #5 shall be in accoccance with Table 4.2.5.
l

.

.

Criticality safety of the less complex manufacturing

operations is based on the use of limiting parameters which

are applied to simple geom.etries. Safe Individual Units (SIU)

shall be selected from Table 4.2.5. These units shall be

spaced using the surface density method.

The remaining manufacturing operations are evaluated using two

dimensional transport and/or 3 dimensional Monte Carlo Codes.

The sixteen group Hansen-Roach cross section library is used

for hemogeneous systems, while NITAWL and X50RNPM are used to

generate ruitigroup cross sections for heterogeneous systems.

All calculational methods involving computer codes shall be - '

validated in a*cordance with the criteria established in

Regulatory Guide 3.4, " Nuclear Criticality Safety in Operations

with Fissionable Matarials at Fuels and Materials Facilities."

License No. SNM-1067, Docket 70-1100 Rev. 05 Date: 6/15/93 Page: I.4-5
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'l

14.2.4
Se fo ty' Ma risins' -- Individual Units -- Se f e ty margins applied

. .

1
.

. .
.

^ -to : }
-

units calculated -to be critical -(with up; to 24 uncertainty),-
and incorporated in the. SIU's shall- be as follows:.

1
t

i- Mass. 2.3. -

Volume 1.3 ->

.

.{Cylinder Diameter - 1.1
4

Slab Thickness :1.2

These values shall ~be ' further reduced where 'necessary' to

assure maximum fraction critical . values of 0.'4 for. I

geometrically. limited units, and 0.3 for mass' 111mited units~

(based on' optimum water moderation). An. additional reduction
has been applied to several ma'ss ' and volume 111mits to assure = '

that spacing requirements re:naini constant for all enrichments. '
:

.

For validated computer calculations, the highest K off for'a'
i

sincifle unit or ' array 'shall' be 0;95 including |a 2-sigmaL
.

statistical uncertainty and including; all- applicable
,

.

uncertainties and bias.
>

~!
.

The basic assumptions used in establishingj safe parameters for '

single units and arrays shall be as follows:
.;.

The possibility of accu:nulation of fissile materials 1in --

inaccessible locations shall.be minimized..
Nuclear safety shall be dependent.on the degree of--

;

moderation within the process unit. Additional moderatingL
materials, when considered to be _ credible, will be
included in the analysis.

,

License No. SNM-1067, Docket ~10-1100
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.. _ _ _ _ - _ _ _

.

Optimum conditions of wager moderas:f on - reflecSton.; and-

heterogeneity for tne system shall oe determinec' in all

calculatlens.

The analytical method (s) used for criticality safety-

analysis and the source of valication for the method (s) I

shall be specified.

Safety margins for incividual units and arrays shall be . )-

based on accident conditions such as flooding, multiple

batching, and fire.

|
j

i

|

1

I

I

l.
|

s
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!

4.2.4 A Moderation Control

For moderation control a maximum K of 0.95
-

shall apply for validated computer *bklculations.
!The 0.95 K value shall be reduced by_(1) the '

applicable"$gsigma statistical uncertainty
associated with Monte Carlo calculations and (2)the applicable uncertainties and bias associated
with the bench marked ~ calculations.

The basic assumptions used in establishing safe -
parameters for single units and arrays shall be as
follows:

Nuclear safety shall be independent of the degree-

of moderation between units up to the maximum
credible mist density of 0.1% H O
H 0/cc). 2 (0.001 gm

2

Criteria used in the choice of fire protection in-

areas of potential criticality accidents (when
. moderators are present) shall be justified in
writing. An audit of the existing fire sprinkler
system in building 17 (Figure 4.2.3) shall be
conducted once a quarter (Sprinkler Heads, Risers,Distribution Lines, and Pumps) to see to it that
it had not been modified or added to in any waythat would impair its performance or have an
effect on calculated mist density. All proposedchanges to the fire sprinkler system, that could
affect building 17 vill be reviewed and approved
in accordance with Section 2.1.6, as regardsfacility changes affecting criticality, for their
effect on mist density before such changes areimplemented.

Plastic bags which are placed around the fuel-

assembly shall be left open at the bottom at all
times including the period in which the assembly
is in storage.

Combustible materials in the area shall be
minimized at all times.

Docket No. 70-1100 Rev. 03 Date: 6/15/93License No. S NM-10 67 Page: I.4-7A
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In any area where unsealec powder or randomly loaded pellet'-

containers are exposac to tne fire sprinkler system they will De

assumed to fill witn water. Hard scrap (pellets of pieces thereof)

shall ce assumed as optimally moderated.

Possible moderating material around fissile materials will be-

included in the analysis.

4.2.5 Limits for Safe individual Units (SIU's1

Table 4. M
::,

Tyoe of limit gzimum limit

Pellet Shoo

Mas s (powaar u randomly looded 35.0 kg s 002 mS'.0% U235
pellets in e. 5 gat seeel
containers)

CoplanarSlab(Powder / Pellet)) 4.0" Max imum Heigh t.
(Pellets Randomly Loaded
(Sintered pellets up to 0.4"

diameter)
(Green pellets up to 0.43"

diameter)

Coplanar Slab 6.0" Maximum Height.
(Hexagonally stacked rods)
(Sintered pellets up to 0.4"

diameter)

Hard Scrap 15.0 kg UO2 15.0; U235

Cold Shoo '

Slab (Hexagon 411y stacked rocs) e.0" Maximum Heignt. i

Fuel Assemblies keff 1 0.90
|Pre-stacked Array keff 5 0.90

|

|

License No. SNM-1067, Docket 70-1100 Rev. 04 Date: 6/15/93, Page: 1.4-8
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r

Table 4 2.5 (continued)

.

.

.

Buildino 21

Storage of SNM in approved shipping containers
(TI-80 per array)

License No. SNH-1067 Rev. 02 Date: 6/15/93
Docket No. 70-1100 Page I,4 8A
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4.2.6- Interaction _ Criteria - Activities involving SNM may 'De -

conducted in single or two' level dress-of tne' f acility.

All mass units shall have a separation of at least one foot,

edge to edge. |

Spacing for mass unit activities carried out in the single

level portions of the f acility shall be such tnat the contained

UO2 and moderator -if " smeared" over the allowed spacing; areas (
would not exceec 50. of the critical water-reflected infinite >

slab surf ace density assuming optimum water moderation for .

minimum mass per unit area. Co-planar slabs specified in Table >

4.2.5 require no additional spacing if on the same plane. >

Non-co-planar slabs within 4 feet of each other' are limited to -

e maximum of 12-inch vertical differences, and must be

separated ey a L2-inch minimum horizontal spacing,-

i

Portions of the facility contain two levels, each- of which may

be used for SNM. Mass limits on each level shall be spaced

such that the contained 002 and moderator, if " smeared" over

the allowed spacing areas would not exceed 25'. of the. critical
!

water-reflected infinite slab surface density assuming optimum

water moderation for minimum mass per unit area.
'

!

+

|
,

1

|
|

.|
,
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1

1

All array calculations have Daen performed assuming a doubly

infinite planar system, based on tne consideration tr.at

components of subcritical infinite errays can be comoined where

| cne unit si:e and cell specing is preserved. Array reflection

consists of a 16" concrete floor, and a 4" thick concrete roof-

25 feet aoove the floor.
- Table 4.2.6

The spacinf requirement for mass Slu's specified in Table

f 4.2.5 is shown below. Spacing areas shall be established to

provide equal distances from the edges of the units to the

spacing boundary in all directions.

Limit Sodcing Areas
!

Mass 6.73 ft2

Justification for this spacing criteria is provided in Part II

of this application.

Wnenever more tnan one mass SIU is allowed in any given hood or

box,' positive spacing fi tures snall be used to assurex

spacing. Carts, limited to one mass SIU shall measure at

least 2.6 feet on a side, and shall be designed to assure

tnat the Mass SIU is centered.
.

|
'

In cases =nere the spacing area extends ceyond the equipment

boundaries, such as the storage f acilities, the spacing

boundary

|

|

,

License No. SNM-1067., Occke: 70-1100 Rev. 04 Date: 6/15/93 Page: I.4-10
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shall bo indicatod- Uith a colored lino, The lino may he
crossed by carts only to permit

an operator to trans fer that
SIU to an available storage position.

1
4.2.7 Structural Intecritv i

Poliev - All storage racks, furnaces,
containment,

and processing equipment which provide nuclear
!

safety limiting parameters shall be designed to assure agains
failure under normal.,and reasonable overload conditions and

under conditions of shock er collision foreseeable in the
plant area.

All equipment designed shall incorporate a
minimum safe ty factor of 3.0. All equipment design shall
conform to standard design practices, thereby assuring
adequate structural integrity. Materials of construction
shall be selected to assure, as far as possible, resistance te
fire and corrosion. The individual engineer responsible for
the purchasing or design of the new equipment shall assure
that the minimum safety f actor of 3 has been incorporated inte
the design of the equipment.

The minimum qualifications ,for
engineers shall be a bachelors degree in engineering or
related fields.

4.2.8 tonina for rire Protection - An overhead sprinkler system as
well as portable extinguishers are located throughout the fuel
manufacturing facilities

onsite and

off s,,ite fire protection service personnel have been instructedi

!
to use only portable dry chemical extinguishers in the Bldg.
617, to =aintain the highest possible margin of nuclear
criticality safety. Fire hoses shall not be permitted in
Bldg. 917.

4.2.9 Criticality Alarm System - A criticality alar = system which
meets the requirements of 10 CTR 70.24 (a) (1), Regulatorf
Guide

License No. SNM-1067, Docket 70-1100 Rev. 04 Date: 6/15/93 Pace: 1.4-11
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|

|
!

8.12. " Criticality. Accident Alarm system" shall be maintained in the

manufacturing facility, in accordance with requirements of

10CFR70.24(a). the detectors operate in the range of 1-10,000 mR/hr.

The locations of the detectors within the manufacturing facility are !

shown on Page 11.8-75. The radiation exposure rate is shown on a

central panel located in the Building 17 entrance area for Buildings

17 and 21. There is an alarm which serves as a local and general

audible radiation evacuatio.' alarm. When the alarm is sounded, the

Emergency Plan..is imediately put into effect. The monitors are

connected to the emergency power system, which is supplied to all

emergency lights and alarms in the event of a general power failure

within the facility. This electrical system renders the alarm system

operative at all times.

Alarm operational tests of radiation monitors are performed monthly by ,
Radiological Protection and Industrial Safety Personnel. A radioactive

source is used to perform these test. The entire system is tested

semiannually and following any repair that may affect system

performance. ,

4.3 Soecific Criticality Safety Criteria

Specific criticality safety criteria in addition to the general criteria

described in Section 4.2 are necessary to assure nuclear safety for

sneral process operations, as described below:

,

License No. SNM-1067 Rev. 07 Date: 6/15/93
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4.3.1 All incoming 002 powcer shall be stored in 9.75 diameter a 11" long

stainless steel cans. All powcer shall be samplec before Deing

placed in the virgin powder storage area to cemonstrate on a 95/95

confidence level that the moisture content of powcer lots' is less

than 5.0 wt.%. In accition, all damagee packages where containment

is breached shall be sampled. The area in and around the virgin

powder storage arco.shall be kept free of con 4vstibles.

4.3.2 The fire door on ene virgin powder prep storage area shall close

automatically on activation of the fire alarm or upon electrical

power failure. . The automatic closing feature of the door on the

virgin powder storage area shall be verified quarterly and records

of its performance shall be maintained.

4.3.3 . A maximum of Inree 9.75" diameter x 11* long stainless s teel powder

containers anc one 5 gallon powder container or two 9.75" diameter x

11" long stainless steel powder containers and two 5 gallon powder

containers shall be allowed in the batch make up hood in the

position shown in Figure 8.2.

4.3.4 The one 5 gallon pail being filled from the tnree other containers

in the batch Make Up Hood shall be limited to 35 Kg 002 and shall be

sealed with a water tight cover prior to being stored on the conveyor.

4.3.5 The blender hoocs sna11 te restricted to 35 Kg U02 per hood. This

does not include the UO2 in the transfer tute which was assumed to

be full of UO2 in the analysis.

4.3.6 The wiper blade, powcer plenum, and the crying belt at the Powder

Preparation Station shall be inspected once per week to assure that

the wiper blade is functioning properly and that no fuel is

accurulating in the plenum below the belt. The deptn of the powder

t.icense No. SNM-1067 Occket 70-1100 Rev. 05 Cate: 6/15/93 Page: I.4-13
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on the crying celt is limited mechanica11/ to 1/2" tnickness. The

drying belt shall be completely enclosed. Tne powder accumulation

under the crying belt shall be less tnan 1/2".

Recorcs of these inspections shall be maintain *d.

4.3.7 In the Concrete Block Storage Area. A maximum of 35.0 Kgs

002 may be contained in 5 gallon or smaller containers. Each

storage position shall be limited to one container.

4.3.8 UO2 pellet-thickness on each of the Pellet Storage Shelves

shall meet _the slab limit specified in Table 4.2.5. The shelves

shall be covered from above by a sheet metal top.

4.3.9 Storage of sintered pellets shall be limited to the slab limit

specified in Table 4.2.5.

4.3.10 Touching clad rods in horizontal storage shall be close packed

in a hexagonal lattice and shall meet the slab limit specified

in Table 4.2.5.

a.3.11 A maximum of 32 fuel rods shall be allowed in each autoclave.

4.3.12 Tne boxes on the Double Shelf Rod Storage Racks shall ce

cove' red with a tight fitting aluminum cover which overlaps the

outside edge of the box by a minimum of one inch. Fuel rods
1

shall be close packed in a hexagonal lattice and shall meet the

slab limit specified in Table 4.2.5 witnin the individual rod

boxes. One box may

|
1

I
i
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remain uncovered for short periods of time to allow for the

addition or. removal of rods for inspection purposes provided

that personnel are in attendance. Boxes shall be a minimum

of 6 inches edge-to-edge both vertically and horizontally. The

center-to-center distance between adjacent racks shall be at

least 55 inches.

4.3.13 In the Rod Storage Area, fuel rods in each fuel rod storage
' box shall meet a slab height limit of six (6) inches.

Since t.he Rod Storage Area is dry, the fuel rods may be stored

in any array.

The entire storage array is covered by a fire resistant roof to

assure the exclusion of sprinkler water. Large signs are

posted over the stora6e array that say "Do Not Use Fire Hoses

in this Area."

4.3.14 Fuel assemblies shall be stored only in positions described in

Figure 8.11, Part II. The assemblies in the storage positions

only shall be wrapped with polyethylene with the bottom ends

open to assure drainage. Fire fighting in the assembly

storage room with fire hoses is prohibited.

4.3.15 Shipping containers, each containing 2 fuel assemblies, shall

be stored outdoors in arrays up to three high. Containers

shall be stored on pavement or blacktop within an 8 foot high

chain link fence.

4.3.16 Waste containers shall be stored in designated areas of the

pellet shop, on a concrete pad contiguous to the south wall of

the Bldg. #21 warehouse, or in the temporary storage trailer

located inside the Building 17/21 security fence. Packages

will contain less than 350 grams U235 each which will meet the

surface density criteria. Maximum residence time for packages

stored on the pad shall be twelve months.

License No. SNM-1067, Docket 70-1100 Rev. 06 Date: 6/15/93 Page: I.4-15
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4.3.17 Incoming virgin powder in CE-250-2 snipping containers [_

(Certificate of Compliance No. '9022) _ shall ee stored in the ;

;

Bldg. #21 warenouse or in tne truck unicading area in tne ;

<

. northwest corner of Building 17 in trieir original- shipping
,

containers only. The size of tne array of the containers shall

be in accordance with the requirements specified in the NRC

Certificate of Compliance and all 00T regulations.

4.3.18 Incoming pellets in the UNC-2901 shipping containers _f
(Certifica[e of Compliance No. 6294) shall. be stored either

,

within the' transport vehicle or insice Building 17/21 complex.

If stored within the transport vehicle said vehicle shall be f
inside the Building 17/21 security fence. Two UNC-2901 *

shipping containers are strapped to a pallet. Three pallets f
,

can be stored in the Building 17 Pellet Shop Annex and four
f

pallets can ce stor'ed in tne Building 17 Pellet Loading Are*..

The containers are received in a hori: ental position. This

position will be maintained when inside the Building 17/21

complex and the pallets shall be at least i foot from process -
p-

equipment in the area.

4.3.19 The size of any array of shipping containers, with the. .

exception of the 927Al and 927C1' Fuel Bundle Shipping

containers, shall be limited to a total transport index of 80.

The 927Al and 927C1 Fuel Bundle Shipping Container arrays shall .;

not be more than three high. Shipping container arrays of
!

different types shall be separated from one another by at least

20 feet.

.

.

1

!

age: -16 ILicense No. %NM 1067, Occket 70-1100 Rev. 060a:e: 6/15/93
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4.3.20 All storage containers of UO2 5 gallons or less located outside
of hoods or in storage spaces shall be covered. Any storage
containers accidentally internally moderated shall be handled as
individual mass units and stored in the concrete block storage
area.

4;3.21 The UNC-2901 Shipping Containers mounted on 'he shipping pallet
can be opened only one at a time when located in an area free of
other fis~sile material. This area shall be at least 21 ft2.

4.3.22 The filled press feed hoppers can only be stored or placed in
designated areas. Only one filled press feed hopper can be in
transit on the pellet shop main floor and one can be in transit
on the press feed mezzanine.

4.3.23 The maximum int'ernal volume of the centrifuge shall be 22.0
liters. Other fissile material shall be separated from the
centrifuge by at least one foot.

4.3.24 The maximum internal thickness of the slant (storage) tank for
the centrifuge system shall be 14.15 inches.

4.3.25 The centrifuge and dump tank waste contents shall be isolated
from the slant tank when the contents of the slant tank are
diverted to Building 6. When the dump tank, centrifuge and slant
tank circuit is operative, the discharge line to Building 6 shall
be isolated.

i

|

I

!
|

|

|
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5.0 Ewv r oes u R*Tu poor:cr r os
.-

5.1 Efflo at crate-1 svsta-a cw f r, m e,
5.1.1 santta v wast s

All sanitary wastes are processed
through an_on-site sawage

treatment f acility to' assure compliance ~

with all state efflua.discharge regula tions.
5.1.2, c--tr,t n? s9*-a, + - ce*1.,-t* - c. n <t.-

Ouring ene processing of Source and Special Nuclear Materials
into.rusi elements and f uel assembli.es, a cartain amount of

,, .

scrap and wa.ste is generated. Salvage o't these materials, or
disenarge of them as wastes with non-recoverable uranium,will
be caref ully con troll ed. Wa ter utilized for cleaning or
processing in the unciad

f uel handling. area is can.trifuged anc
,

sampled before bei.nq disenarged to holding tanks wnere the wa t
is again sampled bef ore final discharge.
CE has available laboratories to perform analytical services a
r e quir ed , to determine uranium con t'en t anc isotope rattps.
These Laboratories are capable of the f ollowing s

not chemical or gamma pulse height analyses for uranium
-

con te n t ars:: wet enemical analyses for iron. nickel, chromiu:
c6ealt, tin, coron, and other elements of interest.
Emission spectrographic analyses for isotopic content anc

-

prececures for neutron absoreing impurities, and solution ar
oxide excitation techniques for impurities in alloying anc
cladding ma terials.

X-ray fluorescent~

spe ctrome try on solics, liquids, anc

Licens e rio. SA-l uo7, Oceke t 70-Itou
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poacers f or uranium conten t..

Fluorome tric ana lys es . f or measuring trace contaminants. suc
-

as uranium and beryllius and determining their content
in |

wastes.

Combustion techniques f or carbon, hydrogen, and oxygen in
-

uranium-containing bodies and claccing.

Spectrophotometric determination of uranium content of
-

salvage materials.
-

5.1.3 Lew-tival N adi o m eti v a Mas tm

level' radioac t.<e wastes will be pac kaged in accordance witiLow
,

all applicable regulations and delivered to a carrier for
transport to an approved disposal f acility. Current copies of

disposal f acility regula tions shall be maintained.

An outside pad has been approved for the stGrage of' low level
wastes. The pac is 14' x 80' and is contiguous to tne south
wall of the Building #21 warehouse. This pad is contained

within an B' high chain link f ence.

Hecords are main ta tned to assure that no single pacrage will
contain more than 250 graos 'of U235. All pac kages will ee

placed on pallets and package stacking will be limited to two
1

high. Maximum residence tion of a package on the pad will De
twelve months. Packages will not be opened ou ts ide the bu11 dint
under any circumstances. Packages will contain no licuid

wastas.

In accition, all packages will be sealed, monitored for

contamination and labeled as to enrichment and U225 c ontent. -
All outside storage will be checked four times each year at

Li cens e ido. S64-10o7. Docke t 70-1100 Ca e8 /3 / ages I.5-2Rev. 03
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which time centamination levels will be evaluated, and the adequate

condition of the packages will be verified.

5.1.4 Licuid Vastes
i

kil itquid wastes, in process, and clean up rinse water solutions

are sampled to verify that MPC is not exceeded, and are then
1

introduced to the liquid waste system as described below. Release

of liquid waste will be authorized by a member of the Radiological

Protection and Industrial Safety staff.

Sinks.and sfiowers in the manufacturing facility i

are drained to any one of ten (10) 2000 gallon retention tanks. The

tanks fill automatically in sequence. When eight tanks become

filled to capacity, a blinking warning light located in the outside

wall of the building is activated to warn that two retention tanks

remain in reserve to receive radioactive licuid waste before
overflow might be expected. a sampling station is provided at the

base of each retention tank. A 500 ml sample is withdrawn and

forwarded to the Radiochemistry Laboratory for gross alpha and beta

analyses. Water is discharged to the Vindsor site creek which flows

into the Farmington River at, or below 0.000003 uCi/ml (this is ten

percent of MFC for insoluble natural uranium). The discharge level

for unidentified mixtures of radionuclides is 0.000000003 uCi/ml.

(This if ten percent of MFC for unidentified mixed radionuclides).

Where levels of activity exceed these limits the water is diluted

before being discharged. The instruments measuring the liquid wasta

level in each dilution tank shall be calibrated on an annual basis.

Docket No. 70-1100 Rev. 05 Date: 6/15/93
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$.1.6 Airbnen* C'* l .s.n t s
)
lAirborne Etfluents snall be continuously monitorec in accordance |

with Section 3.2.3 and discharge to the environment shall _ be as
specified therein. If the radioac tivity in plant gaseous
ef fluents exceeds 18 uCi gross alpha activity of total uranium i

per calendar quarter, a report to the NHC shall be prepar'ed and !
submi tted within 30 days which identifies the cause for
exceeding $he limit and

the corrective actions taken to reduce
the release rates.

6.2 Envi rana,n ta l menftnefan prenran

5.2.1 Fa l i ne e t S t a t t ee g

Ten stations for collecting rainf all and particulate fallout are
distributed concentrically in the Windsor site property.
These samples shall be analyzed for gross beta and gross alpha
radioactivity and total uranium.

5.2.2 Liant e sa-n t ,<

L'14uid Samples shall be ta kan f rom the site we lls and ponds , the

site creek and points upstream and downstream from the

confluence of the size creek and the Farmington River. '

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

5.2.3 Sedfe+nt

Sediment, samples shall be taken f rom the site pondi, the
industr'ial stream and points upstream and downstream from the

~

confluence of the industrial stream and the Farmington River.

Lic ens e No. 5;m-l uo 7. Doc ke t 70-1100 Rev. 03 Da e 6/15/93 page: I.5-4
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The sample s shall be
analyzec for gross alpha anc gross bet,

radioac tivi ty and total uranium.
5.2.4 Yecetatten are set! S4-nt-s

Vegetation and soll samples shall be collected at'each of the

f allout station locations on-site and four locations in the
grassy area surrounding Building #17.
Additional samples are collected aff-site

in the tobacco fields
north, south, east and wes t of the site counoary.

These samples shall be analyzed for gross alpha and gro:s esta,

radioactivity and total uranium.
5.2.b sa me t t na sex. dot,

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

sample results shall be ' documented.

1

'

!

License No. Sax-10c7, Oce ke t 70-1100 Rev. 03' Dates 6/15/93 Page s !.5-5 |

|
!
l
1

i
i



TA9!_c 5.1

cc CN VIRONu ewT (L uGN !TO 4 f NG p qOq. m

_ 9AMJ!C C Q COU CNCY LOCATION ANAfv5f5 VO f f l u ei 1. Fermington i Qua r t e rly IFour loca tions on i Gross Alpha 11.25 liters!Idiver Surface I in Kar en, Ithe Farmington i and Beta, I gI Wa te r , Indus- Imay, August IHiver, the site i Nitrate. I Iltrial Stream land Novenceripends and Indus- 1 Flouride, pH,1 Ilanc Site Fonds I strial Stream 1 Total Uranium! II- I I I I II 2. de ll Ma ter ICuarterly ins Eacn si te we ll i Gross A lpha 11.25 litersii IMarch, May, I I and Seta, I II I August and i I Nitrate, pH , I II INovemcer I i Flouride, I Ii 1
. I I To ta l Ur ani um i |I l- l I _l i

~

I 3. Sediment louarterly ini Same locations as t Gross Alpha 1 One pint iIfrom Farmingtonidarch', day, i Surface Matar i a nc B e ta , I i1 River, Site JAugust anc I I To tal Uraniums iIPonds and INovember I J i iIIndustrial i I I I IIStream I I I I II I I I I I
I 4 V eg e ta t ion ISemi- 1 Each Fallout Sta-1 Cross Alpha lone pint off
I On-s i t e fannually in I tion Location I and B e ta , lpackaged iI JMay and land f our loca tions i To tal Uraniumi vege tation Ii ISeptember Iin grassy areas i J |t 1 Isurrouncing i i iI i 18uilding al 7 1 1 I
I I I i ! II o f f -s i t e JSemi- 1 Tocacco fields en! Gross Alpna lune pint off
I lannually in i North, South, I and B e ta , I v eg e t a ti on , I
I im y anc I East ano des t i To tal Uraniumi toba cco Ia '

1 JSeptember i Site boundary I flea rs at I
1 1 I i lend of 1
1 1 1 1 lharvest Ii i i i l i
I 5. Soil ISemi- I Sa=e locations as i Gross Alpha 1 One pint I
I f annually in i vegetation I anc de ta , I (Upper I
i laay and i I To ta l Uranium) inch) i
I JSepte:cer 1 i i *
1 1 1 I I l
I o. Fallout ICuarterly ini Tec locations on ! Gross Alpna ITotal i
1 1:Jarch, day, 1 Site I anc Seta, IContinuous. I
I IAugust, and 1 J Total Ur a ni um l Co ll e c tion i
i INo v e rce r i l I I
I J l i I l

|
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6.0 INDUSTRI AL S AFETY ^

The Manager, Radiological Protection-'a'nd Industrial-
7

Saf ety shall be

responsible for defining all programs and standards

related to Industrial Safety, including OSHA regulations,
;

for all activities in the Nuclear Fuel Manufacturing-
Facility. The Industrial Safety Specialist, reporting;to

the Manager, Radiological Protection and' Industrial '

safety,jis responsible for implementing those programs
and standards. The Radiological Protection and

Industrial Safety Technicians monitor the day-to-day
'

compliars:e.

,

f7.0 DECOMMISSIONING PLAN

Combustion Engineering's Decommissioning Plan dated

January 15, 1979 was submitted previously and is included

as Appendix A to this license.
'

8.0 RADIOLOGICAL CONTINGENCY PLAN

Combustion Engineering's Radiological Contingency Plan,

approved as Amendment No. 35 to SNM-1067 on March 26, i

1982, is considered to be part of this license.

9.0 FUNDAMAL NUCLEAR MATERIAL CONTROL PLAN (FNMCP)
Combustion Engineering's FNMCP dated February 1980 was

F

submitted June 11, 1980 and should be considered part of

this license.

1

|

!

l
.
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PAR 7 ff. SAFETY DENNSTRATION

1.0 CVERVIEW 0F OPERATIONS

1.1 Corcorate Information and Financial Oualifications

1.1.1 Name and Address of Licensee:

COMBUSTION ENGINEERING. INC.

1000 PROSPECT HILL ROA0

WIN 050R, CT 06095

Combustion Engineering, is incorporated in the State of Delaware. The

principal office locatton is in Windsor, Connecticut.

1.1.2 Name. Addresses and Citizenshio of Princf oal Officers

ELt Position Address Citizenshio

HUGEl., Charl es E. Chairman and 900 1.ong Ridge Road U.S.

Chief Executive Stamford, CT

Officer

KIMMEL, George S. President and 900 Long Ridge Road U.S.

Chief Operating Stamford CT

Officer

FORTNEY. Ray A. Vice President 900 Long Ridge Road U.S.

Power Services Stamford, CT

Businesses
1

BARNETT, Charles E. Vice President & 900 Long Ridge Road U.S.

General Counsel Stamford, CT

RUBIN,,Jeffrey'S. Vice President 900 Long Ridge Road U.S.

of Finance Stamford, CT

SMITH, Dale E. Vt'cr President 900 Long Ridge Road U.S.

Human Res" cur'ces Stamford, CT

& Operations

Oceket No. 70-1100 Rev. 06 Cate: 6/15/93
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1.1.2 Comoany 8ackcround
_

.

Combustion Engineering is a diversified company serving electric !
1

utility companies, oli and gas producers, chemical companies and

general industry throughout the world. The major portion of C E's

business has long been steam generation equipment for electric

utilities, and it is one of the largest manufacturers of such
1

equipment in the world. In recent years the company has diversified

into related fields while continuing to apply its basic skills and

technology.'

C-E was first organized as a corporation in 1912. When considering

the companies which have merged into the corpcrate structure,

however, C-E's history dates back to the 1880's. Thus, the

organization, as it exists today, has more than 90 years of

experience'in the design, development and fabrication of steam

generation equipment.

C-E has been active in the development of nuclear ocwer for more

than 30 years. The Company's decision to extend its Kystems to

large nuclear utility pcwer plants represents a logical" development

of its previous activities as a supplier of thermal steam generating

plants. All nuclear activities are carried out by the Nuclear Power

Businesses Division.

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

Nuclear ' Power Businesses Division and will be utilized by it, as

necessary. to fulfill its res' casibilities.p

Docket No. 70-1100 Rev. 04 Date: 6/15/93
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Nuclear Power Businesses employs more than 1500 pecole of whom

approximately 70?. are scientists and engineers. A majority of the

professional staff have at least five years experience in the

nuclear field and have continued their education beyond the

Bachelors Degree level. This staffing provides competence in the

field of nuclear science and technology and extensive experience in

the following specific areas: theoretical and experimental physics,

mathematics, reactor analysis, chemistry, metallurgy,

instrumentation controls, mechanical design, thermal sciences and

nuclear and radiological safety.

The Nuclear Power Businesses Division is divided into.three

principal business segments: Nuclear Systems, Nuclear Services and

Nuclear Fuel. Each of these business segments is headed by a vice

President responsible for the activities of the unit and who reports

to the President. Nuclear Power Businesses.

The Nuc1(ar fuel Manufacturing

activities within the scope of this license' application are

conducted under the auspices of the Vice President, Nuclear Fuel.

Nuclear Fuel Manufacturino

Nuclear Fuel Manufacturing (NFH) is equipped to provide a variety of

servi ~ces necessary to the development and manufacture of precision

reactor components such as fuel rods and assemolies containing low

enriched UC2 and control rods.

Docket No. 70-1100 Rev. 05 Cate:6/15/93
License No. SNM-1067 Page 11.1 3
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1.1.4 Infomation Known to Aeolicant Recardino Foreton Control

Thors is no information known to Combustion Engineering, Inc. of any
. ,

control exercised over it by any alien, foreign corporation, or
1
'

foreign government. The stock of Combustion Engineering is traded

on the New York Stock Exchange. According to the stock records of

Combustion Engineering maintained by its Transfer Agent, the Chase

Nanhattan Bank, as of December 31, 1979 there were approximately

26.742 stockholders of record, holding 16.337,119 shares of

Combustion ca;iltal stock issued and outstanding. Of this number i

less than 1 iercent of all stockholders gave foreign addresses.

1.1.5 Financial Oualifications

Combustion Engineering's 10-K which details its financial position

is attached as Appendix B.

1.2 Oceratina Obiettive and Process Suenarv r

The process at the nuclear fuel manufacturing facility begins with

receipt of UO2 powder or fuel pellets enriched to a maximum of

5.0wt: U235. The primary source of this material is Combustion

Engineering's.

Docket No. 70-1100 Rev. 06 0 ate: 6/15/93'
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oxide convorsion plant in Wocatito, Missouri.
This powder is.then ,,,

up into batches with various additives and pressed into pellets.
The

pellets are dewaxed in a furnace where volatile
additives are removed.The pellets then pass through a

sintering furnace where they densify _ a::
attain the desired characteristics. Final sizing is accomplished
through the use of a centerless grinder. The finished pellets are the!

loaded into zirconium tubes which are sealed and combined into finishec t
PWR fuel assemblies. The assemblies are finally loaded into app oved
shipping containers and delivered to a carrier for transport

to their
final destination.

,

~

1.3 _ Site Description

1.3.1 Population

The area surrounding Combustion Engineering 's 1200-acre site is
sparsely populated. Windsor, Connecticut is the nearest town of

t

significant size, approximately five miles away, with a population
of 22,502 and a population density of 760.2 per square mile. East !
Granby, Connecticut is the nearest town to the site, a pproxima tely 1
three miles away, with a population of 3,532 and a population
density of 198.4 per square mile. The distribution of population_

in the area is shown in Table 1.3. Figure 1.3.1 is a map of the :
i

general area showing the location of the tevns listed in Table 1.3 '
.

License No. SNM-106 7, Dockee 70-110 Rev. 04 Cate: 6/15/93 Page:II.1-7
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~13 2 Industry ,

The chief occupation of the populace
in

the immediate vicinity:is farming.
Farming is prevalent not only

throughout the Connecticut in this vicinity, b,
Valley.

Yidelydispersedinthe Large industrial plants ar
area.

133 _ Climatology and Meteorology
,

_

Climatological data for the area is based mainl '
made at the U.S. Veather y on measurementi

Bureau Station located at Bradley
International Airport, about

five miles northeast from the site
The following information was' taken from the U S

. Weather Bursa'.

Local Climatological Data for the Hartford,
Connecticut area: '

'The most significant
feature of Hartford's climate is

its rapid changeability.
Weather is seldom average or

normal for any appreciable length of time *..
The mean temperature for

the 50 year period, 1931 through 1979
was 50.0 degrees Farenheit ,

as recorded at Bradley InternationalAirport.
The maximum and minimum monthly mean temperatures were

83.2 degrees Farenheit and
19 1 degrees. Farenheit respectively.The

total precipitation for .197,9 was 38.43 inches with a maximum
;

of 5.15 inches falling in February.
The mean annual

precipitation from 1931 to
1979 was 42 34 inches. The maximum

monthly precipitation was 21 87 inches in August 1955.

The flood level for the area's worst flood (August 1955) was
about

110 feet above mean sea level. Since the Combustion site
is located approximately 180 feet above mean sea level, the

|
4

License No. SNM-1067, Docke t 70-1100 Rev. 04Date:
6/15/93 Page: II.1-8

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



_ _ _ . .

probabiltty offdiroet damage rosulting from a local'' flood g,
ve ry Icv .

The average' hourly wind speed'for 1979 was 8.8 miles p*r houri
The highest recorded velocity was 70 miles per hour in
November 1950.

The prevailing' wind direction for six months,

May to October is South, and for:the six months November'to|-
April, is Northwest. The average wind velocity at the *

;combustion site is II.2' miles per hour.

With low-to-moderate wind speeds, inversion conditions m'y '

a

exist from sunr'ise to sunset. A strong lapse exists. around- '

the temperature difference is maximum with air flownoon;

upward at a maximum rate. As night approaches, weak lapsel
condition occur with lov air flow.

Hartford's location relative to the continent and the ocean'
has a significant in fluence on t,he area's meteorological and

,

climatological conditions. With the prevailing west-to-east
air flow, continental modifications of the air are important. ,
However, sudden and oftenti=es serious upsets result when

storms move north or when other pressure developments produce
the strong and persistent northeast winds-associated'with

storms known locally as "coastals" or " northeasters".
2

seasonable air mass characteristics vary from the extremely

cold and dry continental polar quality of winter to the warm,
humfd maritime tropi, cal characteristics of su=mer -- the one

type from Canada and the other from the Gulf of Mexico, ther
Caribbean Sea, or the Atlantic Ocean.

Local topography also influences the climate. The Berkshire

P
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Bills to the west and northwest are o source of summer
thunderstorms which, when accompanied by wind and hail,

sometimes do condsiderable damage to the crops in the

Connecticut Valley. Frequently during the winter, when rain

falls through the cold air trapped in the Valley, the
resultant icing creates hazardous conditions for

transportation and utility installations. On clear nights in

the late summer or early autumn, cool air drainage into the

Valley, 'plus Connecticut River moisture, produce ground fog

which skmetimes becomes quite dense through the Valley and
hampers ground and air transportation.

1.3.4 Geology

The surrounding area has been subjected to the actions of

glacial ice. All dominant geological features are a result c ,

erosion and depositions caused during the Pleistocene era.
The State of Connecticut has favorable earthquake history.

Ten earthquakes are listed, the first recorded. in 1791 and E

last in 1925. All of these, with the exception of the first

were local in nature and of moderate intensity.

1.3.5 Hydrology ,

The surface drainage in the surrounding area is excellent.

The predominantly sandy natura of the soil and heavy forest
cover results in very moderate run-of f even after heavy

prolonged precipitation.
into which all site effluents are dischargedThe site creek,

flows into the Farmington River which flows along the
northwest corner of the Combustion site, shown in Figure

1.1.2. Two and

6/15/93 Page:II.1 10License No. SNM-1067, Docket 70-110 Rev. 04 Date:
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one-half alles below the site,
the river flows over the dem of

the Farmington River Power Company and approximately six miles
below that. Anto the Connecticut River.

The minimum re corded
i

flow Ln the river is 5.1 cubic f eet per second. i
'

Puelic use of the Faroington diver is limited to fishing and
coating.

Analysis of 27 water saqa les taken between January
190c and March 1967 at the Windsor Bridge by the State

,

Department of Health indicated a bac teria count which ranged

f rom 4 t b to 11,000 per J00 milliliters in a given microscopic -
field for a total mean average of 409.4 whi ch rer.ders it
unsui tab 12 f or potable use or ba thing.

1.3.0 Te-occragg

Elevations in the region vary from about 100 feet acove sea
level at the Farmington Hiver to hilltop heights of from 200 tc

280 feet, with the level areas being a t an elevation averaging
approximately 120 feet abo ve s e a l e v e l . The land rises to the
west of the site to a north-south ridge approximately two miles
distant and averages 450 f eet in elevation. The land s .spes
gently awcy f rom the site on all sides as evidenced by the
direction of the flow of.Small streams which drain the region.
The Farmington River flows along the northern boundary. The

land on all sicas consists of mostly open level fields tilled
for f arming except for a small extension of wooced area on ene
northeast,

1,4 .Laantfens of Butlafacs casten

The locstions of all cuildings on the Windsor Site are shown in
Fi gure 1.3.3.
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lS Nistnry of Liennso .,

Combustion Engineering first applied for a license to process low
enriched uranium by the methods described in section 1.2 in 1968

.i

License SNM-1067 was then issued for a period of 5 years by the U s-
. .

Atomic Energy cernission (AEC) .
Tne License was renewed a,t 5 year

intervals with the l'atest renewal approved in March 1983 for an
3additional 5 year period. I

I

~I
1

-

|

|

s
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TAALC 11

POdVL ATION ann 9090fATION OcNSITY OF T0 wNS wfTufN in Vit c
mA n f us Os_gqqgSgJn.y eKLN c:P vc. ' n c .

Approxima te
01stane,e of General Es t 1'ma t ed - PopulationTown Center Direction Square Population DensityInxa ta sie. ream sfe. mitse (io70s p..<ar/,a ett_

Har t f o rd . . . . . . . . . . . . . . . 9 . . . . . . . . . . .. . S . . . . . 18. 6 . . . . .15 8 , 01 7 . . . . . . . 8 4 9 5 4
L.

W i n d s o r . . . . . . . . . . . . . .'. . 5 . . . . . . . . . . . . . S E . . . . 2 9 . 6 . . . . . 2 2 , 5 0 2 . .
,

...... 760.2
Bloomfield............=- ;

.5 . . . . . . . . . . . . . S . . . . . 2 6 . 9 . . . . . 1 8 . 3 0 1 . . . . . . . . . e s o . 3
n e s t da r t f o rd . . . . . . . . .'. 8. . . . . . . . . . . . . Sd . . . . 21. 6. . . . . 6 8 ,031. . . . . . . 314 9.1

Ea s t Ha r t f o rd . . . . . . . . . . 9. . . . . . . . . . . . . S E . . . . 18. 2 . . . . . 5 7 ,5 83. . . . . . . 3164 . 0

M a nc h e s t e r . . . . . . . . . . . . 13. . . . . . . . . . . . . S . . . . . 2 7. 6 . . . . . 4 7. 99 4 . ...... 1738.9

S o u th W inds o r . . . . . . . . . . 7. . . . . . . . . . . . 5 E . . . . 29.2 . . . . . 15 ,5 5 3 . . . . . . . . 5 32 . 6

fas t d1 nd s o r . . . . . . . . . . . . o . . . . . . . . . . . . . SE . . . . 2 5. o . . . . . . 8 ,513 . . . . . . . . 319. 6
,

W i nd s o r Lo ck s . . . . . . . . . . 4 . . . . . . . . . . . . .E . . . . . . 9. 6 . . . . . 15 , 08 0 . . . . . . . 15 2 0 . 8i

-

Ea s t Cr a n b y . . . . . . . . . . . . 3 . . . . . . . . . . . . . N . . . . . 1 7. 8 . . . . . . 3 .5 3 2 . . . . . . . . 19 8 . 4 '
$1msoury................o.............S.f..... 34. 2.. . . . . 17 ,4 25 . . . . . . . . 510.9

1/3 A von in c l .C e n t e r . . . 8. . . . . . . . . . . . . Sd . . . . . 7. 4 . . . . . . 3,0 0 0 . . . . . . . . 4 05 .4 .
Granoy Center.....'......o.............h...... 10.0...... 4,500......... 450.0

,

1/2 Suffield
i n c 1 . . . . . . . o . . . . . . . . . . . . . h . . . . . 2 2 . 0 . . . . . . 4 , 30 0 . . . . .. . .' . 1 9 5 . 4'Center & 4. '

Suffield
B

I/3 Enfield
Thompsonv111ein c l . . . . . . . 8 . . . . . . . . . . . . .N E . . . . 1 1. 0 . . . . . 16 , 0 0 0 . . . . . . . 14 5 4 . 5

.

I/2
k

E llington e x cl . . . . 12 . . . . . . . . . . . . . E . . . . . 17. 0. . . . . . .J ,900 . . . . . . . . 22 9. 4Canter
'

1/3 V e rnon ex c 1 C en t e r .13. . . . . . . . . . . . . E. . . . . . .o. 0. . . . . . 7,2 0 0. . . . . . . 12 0 0. 0 ~. '

TOTALS
333.3 471,481
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2.0 Fv rttw ng ewroTras

,2.1 Plant L4vont

The principal activitie.s of
the. nuclear fuel manutacturing opera tion

are carried out. in Building *T 7, a one level building measuring 120 f t
x 340 ft. (40,800 square f ee t) . The shop section contains
approximately 3c,000 square f ee t (120 ft. x 300 ft.), has concre te

~

flooring, corrug'ated asbestos siding, and a, poured gypsum roof deck
approxie.a tely. 25 f t. above floor level.
The

f ront office section of the f acility contains approximately 4800
s quare feet (120 ft. x 40 ft.), has concrete flooring, exterior
concrete bloc k with f ull windows, and a pourec gypsum root deck
approxima tely 31 f ee t high.

A warehouse, Building #21, is provided f or tne storage of incoming f ue!-
shipping containers, raw materials, and finished comconents. This
building is a pref abricated

rigid f rame steel s tructure approximatelyl
'

120 f est long and 80 feet wide with a height of 16 f ee t at the saves.
It is located approximately 100 feet west of Builcing #17.
Details of the manufacturing facility layout are shown in Figure 8-1 of
this applica tion.

2.2 Ut**tt!=<

Electrical power to the windsor site is provided by the Northeast

Utilities suos ta tion a t North Bloomfield and the s tep-down transf ormer!

| at building #17, substation #6. The substation transforcer (3,750 KVA)
steps cown from 22.9 XV, to 480 volt, 3 -p h as e , 3 -w i r e . The output is

License No . S.ik-3 007 Docket 70-1100 Rev. 03 Dates 6/15/93 yage II .2 -1
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.

than connocted
to tho low voltage metal clad switen

distribution gear fo r
through the building. A fu r the r s tep-down tovolt is made 208/120
for lighting and general convenience power

Emerency Power systort. .

A diesel generator serves as a back-up emer
the manufacturing gency power system for

facilities.
The generator produces3 phase, 480 volts, and 200 KW.

distribution panelboard which has severalThe described generator feeds a rated
100 ampere, 3-phase 480 voltcircuit

breakers e The panelboard is switched from norm lagenerator (emergency) power to
power by an Asco transfer switch. Diesel

start-up and transfer takes approximately ten to t
welve seconds.circuit

breaker within this panelboard is used to suppl
A

the manuf acturing y emergencypcwer to

facilities.
The principal site water supply is provided b

y the MetropolitanDistrict, th e

source of city wa ter for the greater Hartford area
Chemical and radiological analyses .

have been made, for both raw and treated well water
and any changes in compositien or activity frem a

cause vill be discovered rapidly. ny

2.3 Heating, Ventilation, and Air Conditiening (HVAC)The
,

Building #17 office area, consisting of 4800
square feet is heated

and cooled by het and chilled water respectively suppli d b
Windsor e y the

site central boiler house.
Office areas have built-inconvectors which heat

and cool the areas depending on the time ofyear.
Each office has an exhaust system which ventilates the area andallows fresh air to be brought ia.

The main shop area of Suildir.g
fl7 consists of approximately 36,000 l

conse No . SNM-10 6 7,
Cocket 70-1100 Rev. 04 Data: 6/15/93 Page: II.2-2
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square f eet and is civicec into two main areas. The first area is the
unclad f uel area (pellet shop) whi ch contains 12.000 square f eet. the.
second area is the manuf acturing area, which contains 24.000 s quare
feet. The unciad f uel area is cir conditioned on a year r'ound basis

because of process heat generated by the continuously running sinterine-
furnaces. Ventilation of tha area is continuous with air being
exnaus tec through banks of pre and absolute tilters. The entire area
(pellet shop) is maintained at'a negative pressura of approximately

~

0.lu H2O by the action of the exhaust systems. The manufacturing area
is not air conditioned, except for the oundle assecoly room. .The air
outside the bundle assembly room is heated by ceiling blowers which

obtain hot water from the main power house and circulate it through
convectors. During warm weather, the windows are left open for natural;
air circulation. The bundle assembly rcom has a rooftop HVAC unit. .

VentLLation is accomplished by bringing outside air into the HVAC unit
wnere it is circula ted and then passed into th e room.

2.4 .1amt. nienesal

All non-radi oac tive wa s tes are dispos ed of in accordance with
applicable stata and local regula tions. The radioactive was ta is then
delivered to a licensed f acility for ultimate disposal in compliance
with all regulations.

,

2.5 cha,1 cal sterace

, ll chemicals will be stored in accordance with f ederal and s tateA

regulations,. Including OSHA.
!

!

I

Licens e do. SNX-1067 Doczet 70-1100 Rev. 03 Da e, 6/15/93 Page: I I ,2 -3
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!

\
i

2.6 Security
\

The entire Windsor Site is guarded 24 h i

\force.
Additional security provided for thours a day by the s,itesecurity

described in Combustion Engineerin e manufacturing facility is
and submitted under separate cover andg's Security Plan dated October198(;,

this renewal application should be considered part of !
.

2.7 fire Protection '

A full time Fire Marshal is on sit
on 24-hour alert. e during normal working hours.

buildings and routine checks of all fiHis duties include periodie inspecti
He is

on of the

Fire protection, including sprinkl re fighting equipment.
ers, is designed

which are subject to fire damage into all buildings
A direct .

emergency telephone line
to the Windsor Firecomplex (Fire,

Police, Ambul anc e , and Safety
etc.) is controlledpersonnel.

A copy of the Certificate of Insur bil by site security
Nuclear Insurers is provided in Fi ity from Americana

gure 2 7.
The manufacturing ~

operated consistent with requirements of thfacilities are constructed and-

safety codes. e applicable NFPA fire

Lic ca s e No .
SNH-1067, Docket 70-1100

Rev. 04 Date 6/15/93 Pa g e : II.2-4
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rmK 2.7
Nuclear Energy Uability- Property insurance Association

Property Divislan
The Esc ^ange suite 245. 270 8simiagion A enue. Ferminpea

. c.caaecucwe 06032

i

Declarsnons attached to and made a part of Policy No. |
1474

Rate _ See Rat e C0mouta tion Endorsement No.1 Premtum ___ $337.010.

Name of Insured COMBUSTION ENGINEERING, INC.
__

u uting Address __ 900 Long Ridge Road, Stamford, Connecticut .__

Unless otherwise provided he sin. toss 11 any shall be adjusted with and payable to th_

e named Insured.
The polley period shall be for the term of one year from

Julv 1 , 19_80to . July I , 11_81 _

__

, beginning and ending at noon. Scandard Time at the location of propertycovered as specifice herein.

Desertption atu2 location of property covered,

t.manon No.1 Amount of Insurance 3209,000,000.
DeductMe 525,000.

All Real and Personal Property on the Insured's Plant premises known as Buildi2,5,6,17,18 and 21 and all Intervening Roadways connecting these Buildings and allngs 1,
Parking Areas adjacent to them as shown by the heavy black line on C
Engineering Orawing FP-3, Fire Protection System, dated Septemoer 12omeustion

located in Windsor, Connecticut and including the extension to Building No, 1972 and

designated as Building 1A, wnich is outside the heavy black line (PROPE3TY FILE1,
NO. N-6).

.

.

l.ocation No. 2 Ancunt of Insurance $30,000,0C0.
Geductible $25,CCO.

All Real and Personal Property on piant premises occuoied principally for th
' cessing of uranium hexafluorice, located on Missouri State Highway Noe oro-
one-half mile east of Hematite and six miles west of Festus in Missouri including. 21-A about
the 1.47 acre Parcel of land (but excluding any awellings situated thereon) dby the Survey dated May 20, 1979, escribed
423, Township 40 Nortn, Range 5 East, Jefferson CountyOrder No.1346, and tract in United States S.n ey
H-1 ) . , Missouri (PROPERTY FILE NO.

Counte signsture
Countersigned July 1 , 19 1 , at Far ninoton, Ccnnecticut

by - B.C. PROCli, President j
i

NEl.?1A 33. A Rev. 8/1/77 (SIRS) 8

License No. SNM-lC67, Cocket 70-1100 -- * -
'
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3.0 Organization and Personnel

Functions of key positions important to safety, specifics on
education and experience required for key positions important to
safety, operating procedures, and training are described in Part I,
Chapter 2.0 - Organization and Administration. The Windsor Nuclear
Fuel Manuf acturing Facility and Product Development Organization
structure is depicted in Figure 3.1.1.

3.1 Functions of Key Personnel

The function, responsibilities and authorities of key personnel
important to safety are described in Part I, Section 2.1 of this
application. This section provides similar information for the
remaining personnel holding key line management positions.

3.1.1 Manacer." Nuclear Materials Licensing

The Manager, Nuclear Materials Licensing reports to the Vice
President, Regulatory Affairs and has responsibility for licensing
of Combustion Engineering's Nuclear Fuel Manufacturing and Product
Development activities. This responsibility is executed by
identifying applicable NRC regulations and ensuring that they are
appropriately addressed in applicable licenses and certificates of
co=pliance, as necessary.

3.1.2 Manager. Nuclear Materials

The Manager of Nuclear Materials reports to the Controller, who in
turn reports to the President, Nuclear Fuel. Nuclear Materials
control relating to the receipt, storage, use and transfer of
Special Nuclear Material (SNM); the accounting and locating of SNM;
preparation / revision / submittal of the Fundamental Nuclear Material
Control Plan; quantity accountability and maintenance of records
relating to the operating, receipt and storage of SNM are directed
by the Nuclear Materials Manager. In order to execute these
functions, he defines the Materials control and Accountability
Program used by the Windsor Nuclear Fuel Manuf acturing Facility.

The Manager of Nuclear Materials has no production responsibility
and he has no hands on responsibility for nuclear materials. He or ;

she also provides an audit function for Combustion Engineering's j

nuclear fuel manufacturing facilities to ensure compliance of _|
operations personnel with the requirements of the Materials Control i

and Accountability Program.

I
i

|

l
1

l

Date: 6/15/93 iDocket No. 70-1100 Rev' 08
License No. SNM-1067 Page: II.3-1
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3.1.3 Director, cuality Assurance

The Director of-Quality Assurance reports to the President,
Nuclear Fuel. Quality control and quality assurance functions are
under the direction of the Quality Assurance Director. He or sheis responsible f or establishing quality control inspection

|procedures to ensure that manufacturing operations produce a ;
product that meets or exceeds customer specifications. He or she
also prepares an implements the Quality Assurance Manual for the
Windsor Nuclear Fuel Manufacturing Facility.

The Director, Quality Assurance, has no production responsibility. ,

He has the authority to shutdown operations which inspection '

reveals are not producing a product consistent with' customer
gyalifications.

3.1.4 Manaaer. iccountability and Security

The Manager of Accountability and Security reports to the Uranium
Plant Manager. The implementation of the Fundamental Nuclear
material control Plan, maintaining custodial control of nuclear
materials, and management of radioactive waste are the .

responsibility of the Manager of Accountability and Security. He
or she maintains nuclear materials measurement control systems and
records of nuclear materials in the production process. He or she
is also responsible for the preparation and implementation of the
Physical Security Plan and oversight of the security force for the
Windsor Nuclear Fuel Manufacturing Facility.

3.1.5 Operations Shift Supervisors.

The Operations Shift Supervisors report to the Uranium Plant
Manager. They are responsible for the coordination of activities
amongst Line Managers to ensure that the f acility production goals
are satisfied within the limits imposed by Federal, State and local
regulations, this license application, certificates of compliance
and other permits, as applicable.

3.1.6 Manaaer, Trainina

The Manager of Training reports to the Uranium Plant Manager. He
or she is responsible for the training program for f acility
personnel as well as other combustion Engineering employees or
visitors that require unescorted access to the f acility. The
Manager assures that

,

Docket No. 70-1100 Rev. 08 Date: 6/15/93
License No. SNM-1067 Page: II.3-2
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appropriate training materials are prepared and administered,
testing is performed and records are retained as called for in
Part I of this license application.

3.1.7 Director, Planninc and Materials

The Director, Planning and Materials reports to the vice President,
Manufacturing Operations. He or she is responsible for scheduling
of production work, planning materials requirements, and purchasing
equipment and materials needed to support the manufactura of fuel
assemblies and other products. The Director also d eve ~ ops s nd.

integrates into the manuf acturing process modernized :nanufacturing
information systems designed to improve efficiency ard
responsiveness to customer needs.

3.2 Pesumes of Kev Personnel Tmoortant to Safety

Resumes of key personnel important to safety are provided on
Pages II.3-5 through II.3-30.

s

Docket No. 70-1100 Rev. 10 Date: 6/15/93
License No. SNM-1067 Page: II.3-3
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MAURICE E. MATCHTR - Radiological protection and
Industrial Safety Technician-

EDUCATION

Jonathan Law High School, Milford, CT, 1981 '

:

EXPEPTENCE !

CCH3CSTION ENGINEERING, INC. 1988 to Present
Windsor Nuclear ruel Manufacturing .

'$

Padioloeical Protection and Industrial Safetv Technician

power Systems Eneryy Services, Inc. Sept. 1987 to 1988

Senior Mealth Phvsies Technician
f

Senior Health Physics Technician assigned to support various
utilities on a contract basis. Responsibilities have included
identifying radioactive vaste, controlling high level vaste, ;

performing routine radiation, contamination and airborne ;
surveys and releasing squipment.

,

Esr:1stt Nuclear, Inc. Feb. 1987 to Sept. 1987
,Health Phvsics Technician

Health Physics Technician assigned to support various
utilities on a contract basis. Responsibilities have included
performing routine radiation, contamination and airborne
surveys. Worked in the ALARA unit responsible for pre- and

,

post-job survey data: installation of numerous contamination '

control devices; installation of various HIPA ventilation
units to control the spread of loose surface contamination.
Performed surveys of tools and equip =ent- to allow for free
release. Performed decontamination of articles above
established limits. Issued respiratory protection equipment. s

,

USS EUNLI'l (Sub=arine Tender) May 1983 to Oct. 1986
Article loa Qualified
Padielecical centrols Meniter

.

Cuties included: ensuring proper radiological controls were
enforced during'all radioactive work, including-supervision of
control Point Watches ensuring numerous radioactive material :
transfers were properly executed; maintaining nuclear grade
"A" cleanliness of primary syste=s; monitoring: personnel
exiting highly contaminated work areas; monitoring personnel

!

>
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MAURICE E. HATcKER

exposure; ensuring that all personnel received exposure within
established limits. Performed job coverage of two Steam
Generator primary side inspections and various Radioactive
Liquid Waste tank dives. Assigned primary collateral duties -
as Radioactive Materials Control Petty of ficer and Primary
Radiological Controls Monitor for the Northern Europe
Radiological.. Casualty Assistance Fly-Away Team.

_
,

L;. -

|

s

,

|
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1

- ROBERT J. KLCTI - Nuclear Criticality Specialist

IDUCATION *

Craduate, Cak Ridge School of Reactor Technology, 1957
M.S. Physics, Xansas State Cc11ege,1954
A.B. Physics and Mathematics, Kansas State Teachers College of;Emporia, 1952
Graduate Studies, Texas Christian University
IX7EntrNCT I

CCM3USTION ENGINIIRING, INC. 1965'to PresentWindsor, Connecticut

Senior Consultide Phvsicist 1977 to'Present
Responsible for the physics design of new and spent fuel'

racks, fuel transfer. nachines, and other equipment involved in
moving, testing or storing fuel. Nuclear criticality .

.

Specialist provide technical support and criticality audit ~ .

function at both' the Windsor Manufacturing and Monatite Fuel-
Manufacturing facilities. Involved in. solving special physics-problems.

Section Manacer. Radiation and 19 65 to 1977Criticality Phvsies
.

Responsible for radiation shielding, the ex-core criticalit
and determination of source terms for Nuclear. steam supply y,
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. ,

''

GINIRAL NUCLEAR ' ENGINEERING CORPCPATION

Physicist
19 5 9 ' to .19 6 5 s

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 (PCRUS) Iccated in Rincon,- Puerto Rico.
Reviewed all the literature on radiation shielding for tho'
publication Pever ?aneter Techneleev. ,

'

CCNVAIR DIVISION CT CINI3AL DYNAMICS ^

!Phvsicist 1954 to 1959-
.

Responsible fo' r the design of a shield for a' mob'ile- reactor of'
the Army Compact Core cesign and for a Nuclear Ramj et Missile.
Performed analysis of aircraft nuclear shielding. experiments,

.

-

developed shielding programs for ccmputers, . and contributed to
the Aircraft. Shield Cesign Manual.
Cocket No. 70-1100 Date: 6/15/93License No. SNM-1067 Rev. 04 '
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RICHARD S. KULA - Supervisor, Radiological Protection and
Industrial Safety

1

EDUCATION

University of Connecticut
B.S. - Animal Sciences, 1977
Postgraduate Study, Auburn University
Major - Animal Science; Minor - Business

EXPERIENCE

COMBUSTION ENGINEERING, INC.

Sucervis or . Radiolocical Protection July 1991 - Present

Responsible for supervision of the Windsor Nuclear Fuel
Manuf acturing and Product Development radiological protection
program. Responsibilities include the training and supervision
of the Radiological Protection Technicians assigned to NFM.
Responsible for direct surveillance of activities related- to
radiological criticality and industrial safety, environmental
protection and emergency planning.

Senior Radiation Protection Technician 1989 - July 1991

Initially assigned the third shif t Lead Technician position,
overseeing three technicians having the responsibility of
controlling the use and handling of nuclear fuel through its
processing from uranium oxide powder to a pelletized form, and
subsequent fabrication into commercial reactor fuel assemblies.
Later assigned the Lead Technician for the decommissioning of the
oxide handling and pelletizing equipment, and the redeployment of
the f acility for return to processing of pre-pelletized fuel into
reactor fuel assemblies.

INTERSTATE NUCLEAR SERVICES

Assistant Plant Manacer 1987 - 1989

Responsible for all second shif t plant operations at this nuclear
decontamination laundry, servicing power plants, duties for two
Health Physics Technicians c.ad serve as Radiation Safety Officer
for the second shift. Oversee the receiving and shipping of
radioactive materials and the generation of docwnents required-by
state and U.S. D.O.T. for the shipping of these materials. This
facility employed 65 persons on two shif ts.
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RICHARD S. KULA (continued)

COMBUSTION ENGINEERING, INC.

Health Physics Technician 1981 - 1987

Responsibility included performing a continuous program of air
sampling and radiation monitoring to access and control
contamination and radiation both in the plant and in the
environment; controlling the use, handling, and storage of all
radioactive materials. Oversee the sorting, packaging and
shipping of radioactive waste. Evaluating and reporting
radiation exposures and contamination levels. Inspecting
manufacturing facilities to ensure compliance with applicable
license and government regulations relative to nuclear and
industrial safety.

AUBURN UNIVERSITY

Assistant Laboratory Manacer 1978 - 1980

Responsible for the day-to-day laboratory operations involved
with muscle physiology and muscle microanatomy research and
teaching. Supervised all aspects of laboratory maintenance, data
management, and maintenance of grant records. Assisted in
teaching laboratory sessions for introductory and advanced animal
science courses.

i
I

|
1
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RCBERT S. KARDING - Senior Criticality Specialist

EDUCATION

B.S., Physics, Trinity College, 1951
Ph.D., Physics, University of Rochester, 1958
EXPERIENCE

CtMBUSTION ENGINIERING, INC.

Prineical consultant, Nuclear Engineering 1989 to Present
currently assisting Nuclear Puel Manufacturing in updating and
implementing applicable SNM licenses. Serve as s9cond partindependent reviewer for facility criticality evaluations. y
Also act as criticality consultant to the Nuclear Safety
Co=mittee.

Senior Nuclear Scientist, Nuclear Engineering 1985

Acted as R&D Manager in the Nuclear Tuols area. In addition,
had technical ccgnizance for the criticality, shielding, and
vessel fluence activities in Nuclear Engineering. Also servedas criticality censultant to the Nuclear Safety Co=mittee.
Maracer. Nuclear Desien, Nuclear Engineering 1972 to 1985

Responsible for the ad=inistrative and technical manage =ent of
the Nuclear Design Cepart=ent for design activities on PWR
Nuclear Steam Supply Systa=s - fuel =anage=ent, reactivity
centrol, pcwer distributien =enitoring, generation of core
nuclear safety parameters, radiation physics, criticality
evaluations for execre fuel handling cperations, nuclear
design data for NSSS p;cpesals, and support of other.
functional groups for plant design. Also served as
criticality consultant to the Nuclear Safety Cc=mittee in 19&3
and 1984.

Manager. 9WR Phvsics Metheds Cevelee-ent, 1968 to 1972
Physics and Cc=puter Analysis Depart =ent

'

Responsible for developing and testing of design =etheds and
computer codes e= ployed in the nuclear design of PWR reactor
cores.

Manacer. RWecM Reseter ?hvsics sectien, 1965 to 1968
Physics Department

|

Responsible for'the nuclear design and methods development
iactivities on the Heavy Water organic Cooled Reactor projec* '

and served as principal liason betyeen the Physics capa rtment !
and the EWCCR Proj ect Of fice. Also responsible for the

i
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ROBERT S. HAADING

nuclear design analyses relating to the conversion of a
Savannah River Reactor to a D 0 mcderated power reactor.

2

Staff Physicist. General Nucle ar Encineerine, 1962 to 1965
(C-E Subsidiary)

Participated in the State-of-the-Art Physics Program, a study
of reactivity control methods for the NASA reference reactor
design, and the review of literature on critical experiments
for the Technical Progress Reviev, Pover Reactor Technology.
Suee rvi s o r . Advanced critical Erreriment racilitv, 1961 to 1962

Nuclear Power Department

Responsible for the technical programs and safe operation of
both reactor cells. .

Staff Physicist. Advanced critical Exteritent 1958 to 1961
Facility, Nuclear Power Department -

,

Participated in the SIC Flux Measurement, Nuclear Superheat,
BCNUS Critical, and Army Boiling Water Reactor (PL-2) Critical
Programs. On BONUS Program was the Proj ect Principal
Experimental Physicist. Also served as a mem.ber of the
critical Tacilities Safeguards Committee and in 1961 was
designated as the Alternate Supervisor of the critical
Tacilities for purposes of assuring safe operation of the
facilities.

s

:

i

!

Cocket No. 70-1100 Rev. 04 Date: 6/15/93License No. SNM-1067 Page: II.3-21

|

i

___ _ _ _ _ _ _ . _ _ _ _ _ - - _ . - - - - - - -- -



PAUI. T. O'DCNNE"L - Nuclear Criticality Analyst

EOUCA?*CN

Professional Engineer Degree, NLclear Engineering, 1973
North Carolina State University

B.S., Nuclear Engineering, Univer ity cf Lovell _ 1977-
h

IX?EPIENCE ;

COMBCSTION ENGINIIRING, INC.
>

=
censultine Nuclear Eneineer 1988 to Present
Responsible for perfor=ing criticality analyses for both the
Hematite and Windsor fuel =anuf acturing f acilities. These ,

analyses include the criticality evaluations in support of _ the
design of the new pelletizing operation at the He=atite
facility. Developed KINC-IV medels for evaluation .of process,
storage and transportation systa=s. Employed both the 16
group Hansen and Reach library and the N!TAWL 'and XSCRNPM
generated cross section libraries for these analyses. Also
has evaluates and revieves equipment and precess changes at
both facilities.

Additionally, responsible for the criticality _ evaluation of
spent pWR fuel asse=bly stcrage facilities. In these analyses,
e= ployed the two disensional transport theory code DCT.
Prineical Nuclear Ereineer 1985 to 1983

Directly respensible for the development, testing and
verification of core physics =cdels for nuclear power
reactors. In addition, directly involved in the analyses of
advanced fuel management strategies for pressurized water i

reactors. In these capacities, espicyed the Discrete IntegralTransport theory code DIT for the generation of neutron cross
sections in MARMCNY for=at, the three dimensional dif fusion
theory ecde RCCS for the calculatien of core pcVer
distri.bution-and reactivity, the tvs dimensional tranpsert
theorf cede DCT for the calculation of radial hcundary
conditions, the ene-dimensional transport theory ' cede ANIsN
ter axial flux and beundary cenditions calculatiens, and pDQ
for pin power distribution calculations.

participated in a project which evaluated core pcVer
distribution and reactivity following a steam line break. ,

i

accident., In this analysis, developed three di=ensional '

ther=al-hydraulic and neutrenic medals for the HIpxI-~ code.
l
i

|

|
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PAUL T. O ' CCNNELL

.

Senior Nuclear Encineer 1982 to 1985
Directly involved in a DOE sponsored program for the
development of gadolinia shims in pressurized water-reactors.
This included the definition of assembly designs with gadolina
shimmed pins, generation of neutron cross sections with the
DIT code, and the development of an 18 month fuel management
strategy.

Also developed a ec=puter code for the automated generation of
assembly neutron cross sections in RAAMcNY format. In
addition, employed and modified the point kernel code SRALRAC
for neutron attentuation calculations.
Nuclear Encineer TT 1980 to 1982

Principal investigator for the development of fuel management
strategies that would transition the CANCU-600 heavy water
reactor from the natural uranium fuel cycle to higher
enrich =ent and burmup fuel cycles . This program was sponsoredby the U.S. Arms Control and Disarmament Agency. In this
capeity, respcnsible for the development of cross sections
using the DIT code and the definition of accoptable refueling
strategies using the three dimensicani diffusion theory codeTC.

CENTRAL ATtMIC C:MPA.VY, HTCR Core Performance and Analysis
Department

Phvsicist 1978 to 1980

Involved in High Temperature Gas Cooled reactor (MTCR)
conceptual design. In this capacity, responsible for:
prismatic and pebble bed reactor core design and safety
analyses, esti=ations of heavy metal = ass requirements, cross'
section generation for hexagonal graphite fuel assemblies and
tha spherical shaped graphite lattice used in the Pebble Bad
concept.. In these analyses, employed the tranport theory code
MICRCSURN for the generation of neutron cross sections, the
one dimensional tranport theory code DTT for control red
modeling, and the two dimensional diffusion theory code 203
for core pcVer distribution and reactivity calculations.

I
i

1

l

!
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KrvIN R. EAYIS - Industrial Safety Specialist

EDUCA? TON
.

B.S., Industrial Technology, Central Connecticut State
University, 1988
Special curricula: Manufacturing; also completed several
requiramnts for occupational Safety and Health

A.S. , Manuf acturing Engineering, Hartford State Technical
College, 1986

EX7E9IENCE

COM3CSTION ENCIAEERING, INC.

Industrial Safety Seccialist. Windsor Nuclear 1989 to present
Puel Manuf acturine Facility

.. .

Consultant on industrial safety and environ = ental protection..
ResponsLble for implementation of programs and standards in
the industrial safety and environmental protection area. Alsoadvise the Radiation Protection and Industrial Safety
Technicians in the proper methods of monitoring industrial
safety and environ = ental protection co=pliance.

Safetv Seecialist. Pever Svstems Enerev 1987 to 1989
Services

Responsible for coordinating Co=bustion Engineering Site
environmental programs for co=pliance with local, state, and
federal regulations. Assisted in revising C-E Nuclear Tual
Manuf acturing f acility emergency plans and procedures. Alsoserved as security guard and ambulance technician. In this
capacity was responsible for site security, responding to
emerg"encies and writing /=aintaining incident records.
SIMS3 cay, CT FIRI DISTRICT

Fire Oe ar7_rert Distatcher 1986 to 1987

Dispatched assistance for all fire calls, interfaced with
public and wrote / maintained records.

METAL IMPROVDCD(T CtMPANY 1982 to 1986

Employed in several shop =anufacturing positiens including
Leadman, Teel Grinder, Maintenance Technician, and Machine
Cperator.

|
!

|
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KEVIN R. MAYES

sueelemental Tynerience

volunteer firefighter for lo yearst connecticut certified
Emergency Medical Technician (certified EXT-D) : Senior Rescue
Instructor, Hartford county Fire / Emergency Plan.

.

_

N

1
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GARY C. KERSTEEN - Uranium Plant Manager, Windsor Nuclear Fuel
Manufacturing, and Emergency Director

EDUCATION

B.S. Mechanical Engineering, Trinity College, Hartford, CT, 1968

Supplemental Education:

Advanced Course - Nuclear Materials safeguards, Argonne Labs
Effective Middle Management Courses
Financial Management Course
Crosby Quality Education Instructors Course,

Taught Quality Improvement Process to more than 100 employees
Worcester Polytechnic Institute, Statistical Process Control
Motorola Manageme6t Institute, Motorola University

EIPERIENCE

COMBUSTION ENGINEERING, INC.

Director. Planninc and Materials 1990 to 1992

Directed the master planning of all nuclear fuel manuf acturing
activities. Managed the planning and procurement of contract
materials and other supplies and services. Coordinated uranium
management activities. Directed manufacturing related'
information systems development and support including
installation of Statistical Process Control (SPC) and Material
Requirements Planning (MRP) systems.

Production Manacer 1982 to 1990

Hanaged all aspects of production control, material contr.o1 and
the manuf actur$ vork force and the Windsor Plant. During this
time ve installed real-time fuel rod data information systems,
moved pellet operations to the Hematite, Mo. Plant and in,itiated
the fuel rod automation project. Developed a sophisticated
fabrication planning system. Initiated the CE Quality -

Improvement Process and developed Improvement Teams at the
Windsor Plant to encourage employee e=powerment, involver.ent and
communications.
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GARY C.- KERSTEEN

Production ~ Control' Manacer .1979 to 1982

. Managed the~- production control section, the material control
group and the warehouse activities.

.

:

Sunervisor, SNM Accountability .1975 to 1979
. ,

~

Started the Windsor Plant accountability department. Wrote.the a
first Fundamental Nuclear Material- Control Plan. Brought the !
first distributed data processing system to the' Windsor Plant to |
automate accountability of special nuclear. material. Developed '

the initial lini,t of error methodologies used at Windsor. Ei

Manuf acturina Enaineer .1974.to 1975 !

'
Initial assignment at Nucleap Fuel Manufacturing developing
fixtures and processes for fabrication activities..

'

MILITARY EXPERIENCE !

U.S. ARMY .1969 to 1974
i

~

U.S. Army of ficer Candidate - School- Engineering, Fort Belvoir, VA'
,

commander, 575 Ordnance Company (Guided Missile. Repair) , Germany;
,p

;
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ROBERT W. SHARXEY - Manager,; Radiological Protection and '

Industrial Safety

EDUCATION
.
,

University of Lowell
M.S. - Radiological Science and Protection 1990 !

,

B.S. - Radiological Health Physics 1988

LICENSE

U.S. Nuclear Regulatory Commission, Reactor Operator, iLicense-No. 10723. '

. !

EXPERIENCE ~

JACOBS ENGINEERING GROUP, INC.

Health Physicist '1989-1990
;

Developed the Weldon Spring Site internal dosimetry program. ~!Developed worker health and safety plans, for remediation j
activities. Developed air monitoring plan to comply with ,

40CFR61 radionuclide NESMAPS. Provided radiation safety
training for-all site personnel.

i

UNIVERSITY OF LOWELL _f
!

Nuclear Reactor Oeerator 1988-1989 I

:

Setup and conducted experiments using the ULR IMW research '

. reactor and a 800,000 Curie CO-60 gamma source. Maintenance'

of all electrical and mechanical facilities. Inspect,
.

repair and calibrate nuclear instrumentation'and radiation
!detection equipment. Training of undergraduate engineers in

nuclear reactor operations.
,

Teachine Assistant 1987-1988_ i

Instruction of the laboratory course, Nuclear
Instrumentation.

i

i E.I. DUPONT DE NEMOURS & COMPANY, NEW PRODUCTS,
! BILLERICA, MASSACHUSETTS

Radiochemistry Technolocist 1987-1988 j

Utilization of radiation detection equipment and smear *

; surveys to minimize exposure and contamination. . Preparation
| of radiopharmaceuticals in a hot cell after proton
j bombardment. Radioassy of pharmaceuticals using nuclair
t instru:nentation.
| !
,

I

!

Docket No. 70-1100 Rev. 01 Date: 6/15/93
'

License No. SNM-1067 Page: II.3-29
)

s

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



. . -

.

ROBERT W.- SHARKEY

U.S. AIR FORCE

Avionic Navication Systems Soecialist- 1980-1985

Test, troubleshoot and repair avionics to component level,
one year special assignment as an aircraft maintenance
controller directing all flight maintenance activities.
KEMBERSHIP

:

St. Louis Chapter, Health Physics Society
..

-

*
1
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4.0 RADIA7 ION PROTECTION PROCE00RES aND E00fowENT

4.1 PROCEDURES
o

. A manual entitled * Nuclear Licensing & Safety Procedures * which .. |

contains procedures necessary to laplement the radiation protection'

,

program described in Part ! of the license application is maintained

under the direction of the Manager,-Radiological Protection and

Industrial Safety. |

4.1 Written Procedures
,

All, routine operations involving nuclear fuel h'andling are covered
~

by a shop traveler and/or various operation sheets (0.S.) which are;
!

issued by Manufacturing Engineering or Quality Assurance.-

These procedures include the necessary precautions which must be

observed to assure that the operation is conducted in a safe ar.nner,.-
,

The Manager.. Radiological Protection and Industrial Safety w lli

review these precautions regarding all aspects of safety.and
-r

indicate his approval in writing. However, procedures involving a

change in the criticality safety controls used for a particular

process in the past shall be approved by Manager. Radiological i

Protection and Industrial Safety, and the Nuclear Criticality

Specialist. Each Line Supervisor shall instruct his people to

assure their understanding of the operations and their particular
,

safety -limits and restrictions. .

It is the responsibility.cf the Supervisor, Radiological Protection

and Industrial Safety to assure that each work station is' properly

posted, and that operations are performed in compliance with posted ;

limits and written instructions'.
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I

4.3 postino and Labet taa

All work stations involving handling of special nuclear material' are i

posted with.a Nuclear Criticality' Safety.1.imits in accordance with

Section 4.0 of Part I of this application. All _ mass limited-

containers are labeled as to U235 contents and enrichment.

Radiological posting of areas is in accordance with 10 'CFR 20.203. |
!

4.4 Personnel Monitorino i

All personnel wash their hands before exiting the Pellet Shop and !
~

!

monitor their hands, exposed areas of the body and = personal clothing i

h with the alpha personnel monitor located at the change line. Any

person having suspected contamination on his body must thoroughly'

wash the area and recheck for contamination. If contamination [

persists, a member of the Radiological Protection and Industrial j

Safety staff assists in further decontamination. ,

,

4.5 Survevs

Removable contamination levels in plant areas and on items to be >

'

released to an unrestricted area are established by smearing an area -

of 100 cm2 (4' x 4*) with two inch diameter smear pa;er. Pellet
.

Shop floor smears are taken on a weekly basis. Cold Shop

floor smears are taken on a monthly basis. Conta.mination action
'thresholds are provided in Section 3.2.3 of Part I of this j

r

application.

Direct radiation surveys of plant environs, sealed sources, and

e

;

f

i

?

Docket No. 70-1100 Rev. 05 Date: 6/15/93
License No. SMM-1067 Page II.4 2

.

,

-- m m



. . . . , , . . . . - ~ ,

.

I

offsite shipments of radioactive materials are made as necessary to*

- i
comply with the regulations in 10 CFR 20.201. All survey results

-|
are documented. I

1

4.6 Reoorts and Records
1|

Radiological Protection records for tae current calendar year, .

including training, and reports required by the regulations of the
.

U.S. Nuclear Regulatory Commission and this license are retained !
under the direction of the Manager, Radiological Protection and

Industrialkafety. Reports and records for previous years are made

available to inspectors upon request.
.

4.7 Instruments i

Types of radiation detection instruments, their capabilities, and
,

frequency of calibration are described in Section 3.2.4 of Part I of |

this renewal application.
i4.8 Protective Clothino
}
IProtective Clothing requirements for personnel entering the Pellet

Shop are described in Section 3.2.1 of Part I of this application.
! 4.9 Destmet-v

4.9.I Tto Badees !

Each individual who enters a restricted area under such f
circumstances that he is likely to receive a dose in any calendar

qurrterin excess of 23 percent of the applicable value specified in
,

,

,

!

i
i

:,

|
,

!
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10 CFA 20.101 (a) shall be supplied with a TLO badge and indium fall
"

for purposes of personnel dosiaetry. . Badges are processed monthly.,

ithers a high exposure is suspected, the individual's badge is sent

out for lamediate processing. All visitors are supplied with indium

foil badges. Area TLD badges and neutron foils are also

strategically placed throughout the facility for the purpose of

recording background radiation levels as well as radiation resulting

from a criticality accident. These badges are processed monthly for

noneal opfr~ations and freediately following a criticality accident. 9

Procedures to determine high radiation doses tenedtately following a

criticality accident are described in the Emergency Procedures '

Manual.
,

4.9.2 Breathino Tone Monitoriha

Breathing zone monitoring of personnel is conducted in accordance

with Section 3.2.5 of Part I of this application.

;

b
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5.0- occupational RADI A7 ion EXPOSURES

Oue to the extremely low levels of penetrating radiation which exist .i

at Combustion Engineering's fuel fabrication facility (<5 mr/hr). .

the greatest emphasis in exposure control is directed towards

minialzing ingestion of airborne uranium particulates. To this end,

C-E strives to maintain internal exposures as low as reasonably

achievable through the use of ventilated hoods and process

containment and an extensive air sampling prograin. General air- >

samplers be strategically placed throughout the facility to provide

indications of airborne activity levels and are analyzed three times

each working day. A bicassay program which includes periodic

urinalysis and in vivo counting also provides information regarding,

internal deposition of radioactive materials and confirms

Combustion Engineering's long standing commitment to the ALARA

concept.

5.1 Ext ernal Radf at ten Ereesures

There has not been a single instance throughout the history of

license SNN 1067 which has resulted in any individual exceeding the

10 CFR .20 quarterly limit of 1.25 Rem. A statistical summary has

been provided herein as Figure 5.1 which indicates more individuals ,

have ,been falling into the lower exposure categories over the past 3

years. .The slight increase in the higher categories can be

attributed to the higher throughput of uranium in the past 3 years
!

(112 MTU in 1977 to 157 MTU in 1979) and the higher enrichments

being processed as utility demand for extended-life cores increases, j

(License SNM 1067 was amended in 1988 to allow an 1.ncrease in the
!
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maximum allowable enrichment to 5.0wtr. U235).

5.2 Internal Radiation Exoosures
,

1

The most accurate results concerning actual internal deposition of

radionuclides are found in bioassay results. The accuracy of these

results far exceeds the accuracy obtained from personnel breathing

zone air samples (8Z's), since 8Z samples serve only as an immediate

aid in-assessing internal exposure potential and do not

. conclusively indicate.that the material .was actually ingested.

During the past 3 years, all urinalysis results were less than 1

aicrogram U/11ter (the lower limit of detection for our fluorimetric

method of analysis) with 3 exceptions in 1978 where individuals'

results were 2, 3, and 4 microgetms U/ liter respectively.

In-vivo lung counting results over the past 10 years clearly

indicate that no individual has ever received a maximum permissible

lung burden (MPLS), which is about 200 ugm U235 for low enriched

uranium. Due to the extreme sensitivity required to detecc such low

amounts of U235, sost results are reported as zero with a

statistical accuracy associated with them. Figure 5.2 is a sunmary

of lun's counting for the past 5 years and clearly indicates that the

ALARA concept practiced at C-E has paid eff.

i
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5.3 General ' air f amelina Resul ts,_

'

Results in graphic' form are shown for all air sampling stations in

Figure 5.3 thru '5.8. All results.are below 157. of MPCa for.

restricted areas _(0.0000000001 UC1/cc) and most results are well
'

below 10% of MPC. The only results which were slightly over 15% of
,

MPC are explained below:
-;

2) March 1980 Powder Prep Station 81~ and Presses El and 2-

(Figures 5.3 and 5.4). The pellet shop had been' undergoing a

complete cleanup prior to an enrichment change' at this time.

Our license action 11att was exceeded four (4) times. an

investigation revealed that the sample heads were colliding

with a nearby vacuuming hose which was highly contaminated.

1) June 1978 Powder Prep Station #1 (Figure 5;3). Several

powder lot cleanups caused rapid plugging of hood filters and

reduced ventilation at the time. Proclams 'were also -

encountered with the. granulator screen and the belt dryer.

:

;

!

-t

|
,

I
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_ . _ _ . _ . . _ _. .

6.0 ENVIRONMENTAL SAFETY

.

6.1 Liquid Effluent Discharges

All liquid wastes, in-process, and clean-up rinse water ' solutions aresampled to verify that HPCV is not exceeded , and are then introduced-ti
any one of ten 2,000 gallon retention tanks , located in the Liquid
Waste Building #6.

Sinks and showers in-the laboratories 'and the ~
i

manuf acturing facility are
also drained to these retention tanks andprovided additional dilution.

Before these, tanks are discharged to th (
site creek, which flows into the Farmington River, a 500-m1 sample is

withdrawn and forwarded to the Radiochemistry Labortory for gross alph *
and beta analyses.

Water is discharged to the environment at, or belo. ,

0.000003 uCi/ml (this is- ten percent of'MPC W for
insoluble uranium). '

The allowed discharge level for unidentified mixtures of radionuclides ,
is 0. 000000003 uCi/ml . (This is ten percent of MPC V for unidentified !

mixed r adionuclides ) . Where the levels of activity exceed these
limits, the water is diluted before being discharged. The instruments
measuring the liquid waste level in each dilution ,tank shall be
calibrated on an anrual basis.
Monthly liquid

effluent discharges are shown graphically in (igure 6.1 ,for the past 3 years.
The increase in the amount- of uranium being

discharged is" due in part to the increased throughput in the;

;
manuf acturing facility.

62 Airborne Radioactivity Discharge

All airborne releases are monitored continuously following double HIPA
filtration.,

Samples are analyzed daily and totaled weekly and monthly i

for all four ventilation systems. The monthly average contentration in

!
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I

uCi/cc for all a systems is snown graphJeally 1

in Figure 6 2 for tneperiod 6/78 - o/80. ,

All levels are less than 10% of M7Ca for
unres tric tec areas wi th the exception of June 1930. Nring this month. .a et Er'A

filter enange was perf ormed on ene FAw system where the tilte
. rs !were not sealec properly.

- Atter discovery of this higher than normal'
\

cisenarge,
corrective actions were taken. to preclude recurrence,
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7.0 NUCLEAR CR[TtcAttTY SAFETY

7.1 Use of Surface Oensity Technicue
J

7.1.1 use of Surface Censity Critec ts of 50t for Mass Limitec -

Units on Sinale i.evels

Mass limited units as specified in Table 4.2.5 are to be spaced

to a maxinom array surf ace density of 50. of the optinum i

critical surface censity based on mass per unit area. The

cr1teria. is Iufgerfed as fo' llows: Cons nier tne fut lowing

analysis at a infinite planar array of 5 gallon steel

containers containing 35 kilograms of 5.0 wt : U235 with the

remaining volume of the 5 gallon container filled with water.

The U02 water etxture is assumed to De uniformity distributed

within tne container. The 5 gallon steel container is 14.25

inches hign, with a bottom ciameter of 10.25 incnes and a top

diameter of 11.25 inches. In this analysis, this container has

been modelec as a carbon steel cyllncer with a diameter of

10.75 inches, witn a wall thickness of 0.0275 inches. A 12

each reflector was placed above and below the array. The

results of tne KENO IV using 16 energy groups are:

Q11tance Between K-effective

Containers '

12 inches 0.9584 0.0065

14 inches 0.9414 1 0.0081

15 inches 0.9258 0.0070

Frem this analysis it is concluced that use of a limit equal to

50% of the minimum critical slab surf ace density (at optimum

mcderation) express in terms of mass per unit surface

License No. SNM-1062 Docket 70-1100 Rev. 04 Date: 6/15/93 page: gt,7_t



area is safe. with a meninum nominal array reactivity of less-
then o.9 f.

-

Allowable Surface

censity . The minimum mass surface density for-

,

U(5)02 is calculated to'be 10.4

kgU/ square foot (Reference 1). The

safe limit is therefore 5.2 Kgu/ square
F

foot._.

Spacing

Requi rement 20.33 inches for a 35.0 kilogram mass-

to meet the surf ace censity criteria

'.

Reference 1): R. L. Stevenson and R. H. Ocegaarden, "Stueles of Surface

Density Spacing Criteria Using KENO Calculations," Transactions

of the American Nuclear Society, 12, 890 (1959)..
:
,

s

>

|
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-7.I.2 Dau- ! * ? e ve t A-***

a) da n ftmtto? Ar***

Sy coucling the requirac spacing area for mass limitec
in each level, ung;

the overall mass surf ace censity. is.

preserved.

D) C+Mm* ?"U f imi tad Um8 tt

Spacing requirements for gecme try
limitec units on - two

. levels are cased on 16% of
the inf inite slac surf ac e densit ;at optimum geome try. Units are ilmited to a trac tioncritical'of U.a.

This limit has been validated cy two KEbc
calculations , f or 10.7* clame ter x 72a long cylincers
tt = 0.36).

These cases are descricec ceiow
aJterial

U02. 3.5 w/o U235
-

Incivicual Unit Limit op timum mocera tion
Fraction Critical 10.7a r 72 a ig.

-

0.36Array Nellec tion -

t o inen : nick concre te floor.
-

4 inch tnick concrete root. 2fArray Pa ttern feet amove tne ficer.
Infinite-

s 'uare pa t tern on twcI
! le veis , wi th 10 f t. verticalseparation between levels. trone case, the upper-94ttern

rests on a 1/2a tniet steel-plates tne o ther. ' on a 3/S"
inict steel plate.Array Surf ace Censity

kith units scacec on,a 80.aa-
(

pitch,I the total arracensity (Doth levels)y surf aceis 2.36liter /scuare foot, or 164 of.

the critical infinite sla:-
Calculated Array Se- surface censity.
activity Witn 1/2a steel.-X off=0 9262

-

0072. di th 3/8" s t eel . '
+

4 e tr =0.92 73 3 0.0U74 ditacotn-tne ucper anc lower
arrays in contact with the
3/B* steel decs, K ett=0.9223

b : .0070.

Li cens e oo. S..*-l uo ?. Docen t 70-1100 Rev. 03 Cates 6/15/93 vage ! ! . 7-3 |
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7.1.3 L'a l e9 3 4?fea of Fractfaa F*ft8e=1

The concept of f raction critical f or an S!U is cased on an
arbitrary ' definition which ratios the SIU mass. or equivalent

-

spherical mass to that of an unreflectec critical sphere of the
same material, assuming optimum modera tion. Several

prescriptions for calculating. this value have been cascribec in
,

the L i te ra ture.
Depancing on the. me thoc selectoc, somewhat

,
~

varying results may os octained.

In evalue t tng SIU's f or this lic ense , nonscherical - SIU's are-
reduced to equivalent

spherical shapes using Duckling
conversions, in conjunc tion wi th somewha t arD1trarily selectea
extrapola tion leng ths whi ch vary witn tiss11e censity anc'
moderation, pnysical form, and unit shape.

For this licens e. .
ex trapolation lengths are taken direc tly f ree. Figure 2 of
LAMS-2537 As they are consistently usec, any bias introduced
is consistent, anc based on spnere cata ta ken f rom the UKAEA

i

Mancbook. is also relatively minor. ,

.

As a f urtner che ct on the reasonaelene ss, o f the use of tnese
vilues for low enrichment uranium. we have compiled critical
da ta f rom WCA/-2 9t9. 09-101a and the UKAEA Hancocek f o'r UO2

f rom LA-3612 f or U-me tal mi xtures anc 002.c2 solutions.
and

Thes e-data are presented in Table 7.1.3 anc show that for tne
oxide, there is close agreement f or th e

reflectec schere raciu,s.
f or the ma terial cucaling. for the reflectec extrapolation
lengtn, and tna t 4-a.5 cm represents 'a reasonanle value for
reflec tor savings. Thes e considera tions lend succort' to the use-
of the extrapolation lengths as provided herein.

.

;
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Another variaDie unich must be definec for the 11 cense 1']
.

- 3 g3,- j
unreflected critical mass 'or volume. These value s~ vary f rom or
autner to another.

For snis license 1'all unreflecteo. critical"-

sites are ta ken from the , UX.AEA. Handbook.
.

.

An example of the traction critica1' calculations follows:
>

Consider'the 10.7a diameter cylincer lirait. . Froni cata tasei
f rom Figure 1.0.l a of UKAEA AHSa Manemook

1 the minirnum
critical unreflected volume for hocogeneous 3.5:

U235 (002)!.v

is 79 liters.

The volume of a sphere having the same euckling as the .to.T!
cylinder of homogeneous UO2.is

*

P

22 1 2.405 l- -28 = 1 - - --- - - - - 1 =51U 1 .10.7 x 2.54 0.0230 cm '

I ;

I - - - - - - + 2.25 't-
1 2 _I

,

- . 3
I 3.la I '.V = 1 - 2.1 i x 4.19 = 26.7 liters---

Stu 1 u .s .|
.

.

The traction critical of the Slu is s
a

20.9 L ,

- - - - - = 0.34 .

79.0 L
..

!

,

:

,

t

t.i c ens e i4o. 5.im-l uo 7. Oce ke t 70-1100 Rev. 03 Da te s 6/15/93 Page 11.7-6
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7.1.4 General rnestderatons for 16 r to cual

Several aspects of fuel hancling as they relate to the 16 x 16;
fuel design are not specifically avaluatec in view of the
general observation that the reduced pellet and roc diame cars
rander this material less reactive than the 14 x 14 fuel which
has been extensive 1y evaluated herein.

,

This finding is based on study of OP-1014
and evaluations'mase

in _ connection with the calculated values reported in Figure
6.25.

7.2 Va11Mattan er calentatinnat vathnne fer Noel.nr criefentfev sn*,ev
7.2.1 Valfdattan far cateolatina* n' H*ta-onananon cnaff n-attam*

To validate tne me thods usec in criticality analysis of fuel
manuf ac turirq proc ess es , the 2.35 w/o U235 UO2 critical

separation experiments by Sa tte11e (Neference IJ were analyzed
in three dimensions. The mean X eff value of these nineteen
experiments was 1.00157 with a standarc caviation of 0.00419

The experiments are concerned with the critical separation

between water-flooded suberitical clusters of fuel rods in ene
presence of various fixed neutron poisons. The experiments wer

carried out in a 1. 8m x 3m x 2. i m d e ep tank provided with

f ea tures Jpecifically designed and built for these experim'ents.;
These experiments involved aluminum-clad 2.35 wt% U235 enriene -

UO2 rods about 12mm in diameter by 914mm in length. The

critical separation between three suberitical clusters of tnese
rods aligned in a row was determined and analyzed with and

Li cens e No. Sna-1007. Doc ke t 70-1100 Rev. 03 Cates 6/15/93 Pages !!.7-8
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,

1

i

wi tnout-- the 'f o llowing ,neut ron. aes orcer- ma te ri a ls -(neutron '

poisons) located bet.een the clusterss .304 L15 ta inle ss S te e t'
,

*

witn O. 1.05 and 1.62 wtx borons and ooral.
Descrfntien of creeriments i

The experiments analyzed each consisted of thr ee ass emely-like - j

configurations separat.ed my water and/or poison plates with the - l

spacing adjusted to criticality. Figure 7.2.1 illustrates
i

typical top and e nd vi e w of the arrangenents. The 914mm length 1

fuel rods ll.176mm in diame ter of 2.35 w/o U235 in. 002 clad:with .
ecol aluminus having an O.D. of 62.7mm and 0.762mm thick : with' I

different alloys of aluminum f or top and. bottom plugs. .A fixed
i

square center-to-center pin pitch of 20.32mm was maintained. -

The numoer of pins in the width of the' cluster varied (in

dif f erent experiments) between 14 and 17 and the length from 20 |
,

to 24 pins. The experimental data on experiments analyzeo 'is~
.

given in Taeles 7.2.I. 7.2.2 & 7.2.3.
.

. .

seemna er calentalics-
.

The calculational me thods which were useo a re ess entially the- ;

same as those useo to determine reactivity for fuel asseM4/[ j

s torage rac ks. f uel shipping containers , and other f uel i

'

configurations f ound in fuel manufacturing areas broad-group i
I

neutron cross sections are based on the CEPAX Code (Reference' ;
-

2). Using an appropriate buckling value and taking oroper
;

.

account of resonance absorption. three broad fast groups are ,

!

collapsed from the $4 culti-group FORE type calculationsLanc one |
s

oroad thermal group is collapsed from 29 multi-grouo. type
,

calculations from THERMOS. Fast cross sections f or certain -[
;

I
i

*
.

-

L

L Lic ens e No. 5.u-3 007. Doc ke t 70-1100 Rev. 03 Da te s 6/15/93 page !!.7-7-
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)

trac e elements sucn as sodium anc tinc are ootainec Oy averaging
over an appropriate multi-group spec trum wi tn the OGC-3 code

(Reference 3). In accition, each component such as water gap,
,

and plug. or poison plate has its thermal cross section

determined by a 51Ab THENMOS calcula tion employing a

cha rac teris tic f uel e nvironmen t.

Normally, lor two dimensional representations. the trtnsport
'

Code DOT-!!W (Reference a) is used. Since however, che short

fuel length made necessary a three dimensional tr e a tm e n t . the

Monte Carlo Code KENO IV (Ref erence 5) was used with six axial

levels. batches of one hundred neutron histories were used with

the f ir s t four discaroed. Calculated K ef t values are shown in

Taolo 7.2.4 For economy, about 50 ba tches wer e run ter most

cases however, cecause of their greater use in fuel storage

analyses. about 500 batches were employed for the plain

stainless steel enc boral experiments.

The mean value of che c alcula t ed kett is 1.0015 7 with a stancard
deviation of .00419: thus at a 95/95 confidence level using a

sigma multiplier of 2.423. the keft values are bat =een 1.012 and

0.991

Referrncess

1 5. W. Bierman. E. O. Clayton and o. x. Durst. Critical
Separation Seeweec Suberi tical clusters of 2.35 w/o U235
Enriched UO2 Rods in .fater with Fixec Neutron voisons,
vsL-2438. Oc tooer 19 77

2. CEPAK - A Systhesis of the f ollowing codes s

FORM - A Fourier Transform Fast Spectrum Coca for tne
I BM-709 0. Acco t t . O. J . , N AA -S R-M e =o 5 7eo
(Septamoer 19o0 )

Lic ens e No . S.1=-10 o 7. Doc ke t 70-1100 Rev. 03 Cate, 6/15/93 p3;,, II,7.a



THERx0S - A Thermali zation Iransport Theory Coce f or .4eac::r
La ttice Calcula tions. Hooec t. H. , SNL-68 t o (Jy;f1961).

CINDER - A one-Point Ospiecion and Fission Product Progra:
England. T. R. . WAPO-Td -334 (Revisse June 19o4). .

3. J. Adir. S. Clart. H. Froelich, and L. Tody. Users and
Progra rners Manual f or tne OCC-3 Multigrovo Cross Sec tionCode. CA-7157. July 25 1767.

4 R. G. So ttesy.
the DOT-!!w Discrete Orcinates Transport Computer Coder. K. Disney. A. Co llier. Users M anual f or
MANL-T2E 1982. Decemoer 19697 .

5. L. M. Petrie and N.
Carlo Critic ality Program. CHHL-4938. Novemoer 19 75F. Cross. XENO I V. An Improvec Monte

7.2.2 valf->?'en for c4'c"fatfem n' '--n-,aemns c+ *tro-att--,

valica tion of the metnods usec in criticality analysis of
homogeneous fuel configurations is cascr'leed in a reports

entitled "Va11ca tion of the KENO Coce f or Nuclear
Criticality Saf ety Calculations of mocerated L o w-Enr ict. ec
Uranium Sys tems." ( Y-194 8 ) by G. H. danclay anc C. A.

Hoppe r da ted June 13. 1974 If computer coces otner than

KENO a r e us ed , or cross sec tions other than the 16 grouc

Hansen-Woach se t are used. a separate validation stucy

shall, be performec to icentity the range of applicam111ty
f or the me thocs ,employec.

I
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7.3 Non-co-olanar 51aes
-

An array of slaus has teen evalua ec using aNA$1N Code. The

configuration is shown telow:

4" concrete

4"I
. .I

'-b~a
I i4" x,y=*

12"

.

(Slabs are U (3.5).02 + H 0, 2.4 ga U/cc)2

16" concrete

Evaluations of this configuration yield the following:
a b ake
0 0 0.0
6 0 4 .022

12 0 4.029
28 0 +0.039
12 0.75 *0.0L39
12 1.5 -0.0009

Accordingly, a 1.5-inch horizontal spacing counters the reactivity
,

increase from a non-co-planar configuration. The change in reactivity
.

for U(3.5)02 is so small that the effect for U(4.1)02 would not be-
significantly dif ferent. Additional safety is provideo by the

requirement that non-co-planar slabs ce limited to 12-inch vertical

differences and separated by at least 6-inch horizontal spacing.

1.icense No. $NH-1067, Occket 70-1100 Rev. 010 ate: 6/15/93 Page: II.7-9A
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TABLE 7.1

ERNO (_a l et t l a t ed A **a y s ed f_ M w Far***ed .. .

t

.

.

U n e fi'm St,Me r t e s
'{

. 2 k 'm curan t e t an- snherit A amu /ce'rauffe
_ pr

i U(5)O cylinder o3 2.0 12,7 l'.019 a 0.006
'

2 11.5 ce r r
i38.6 ca Ig

,'

>

2 U(5)Q F cylincer- 0.3 1.0- 10.I- I.005 m o.009-
',

22 11.4 ca r x
~

*

152.4 ca 19

3 UtS)O cylinder o.3 5.o 40.1 1.000 a o.0062- 16.o .ca r . x
211 cm lg '

|
'

,

Fraction of critical values taken from Ref. si
i

|

-j
-

.

:

- {

;

,

t

,
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T A mt c 7,1.1 s

c_- 1 t i e s t param.t,,,
per o n e i.- W .4 . r a t . d i n y gnrich,.np if ,,, ,,

-
-

M R 8 -2 R .-gte.1 en remi a _ r es i tamna, ce t ,4
er

,. gy,3
WCAd-2999(a) '24. 60 _

3x UO2 0.0104 6.J'
.

OP-1014(b) 2 4.03
3% UO2 0.0103 6.88

.

UKAEA (c) 24.29 28.79Hancoco t 4.5
3% UO2 #

,

(

LA-3c 12 (c) 17.9) 22. l e5% U-Natal 4 25- -

'

!

LA-Jol2 to) 22.42 25.69
e

sx UC2F2 3.27 . .

*

'

!(*) f19UTe Ill-I3 L Figure Ii1-|0
?(c) Pages 37 anc 57
'

t

(c) Figures 1.0.10 anc 1.0.14 respectively for reflectec and care volumes;'
(c & e) Page 2e .

UO2F2 being a solution; has somewnat*

exice or metal systems. smaller reflector savings tnan do
'

;

:

l
4

i

j
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renl. 7 . ") . f

2 35MPCwfu MC OAT 4 On cl ueTos os 2. 35 wir u :w ts:n un _wons t y_- war:0
__ sum erusTFAs

_

, *

LEhcrH x WIDTH
2 0.32 em 50. FITCH CRITICAL SEPARATION
deact wuno BETMEEN FUEL CLUSTERS t t )

i r i. mmi

20 x 17
_ c r 9 ca r u ey- so.4arg

119.2 2 0.4
01520 x 16 '-

83.9 2 0.5
005

20 x t o "
84.4 = 0.5

049 (2)22 x 16 (3) 400.5 2 0.5
01820 x 14

44.6 3 1.0
021

(1)

PERPENDICULAR DISTANCE BETNEE.N THE CEU. BOUNDARIES OF ThE FUEL CLUSTE4SERRod
LIMITS ARE ONE STANDAx0 OEVIATION . .

t2)
rerun UP ExeERINEnT 005

-

(3)
CENTEA FUEL CLUSTER AT 20 x to w005ROOS EACH TWO QUTER FUEL CLUSTEd5 AT 22 x 14-

Lic ens e no. Sam-l oo7, Docke t 70-1200 Rev. 03 ca:e 6/15/93 Page r !!.7-12



,

rut c 7_2 )

tip po N ENT 41 nAtr oN c' us :.es oc ) . 35 wh 2 25

u F9urc9:n tro _eonc is wereo
WfTH 1041 s? cet atATF; a rw ::9 Fu:t etoc7F9e <ti

2 ~

.

*

tL4EL ct usT:4m 304! sTc=t ut(T e r>>
.

CRITICAL
LENUTh x w!OTH Schon O! STANCE S E?A. RATIO N

TO FUEL BETdEEd FUEL20.32mm S0. HITCH CONTENT THICXNESS CLJSTER (3) CLUSTENS (4) EXPERIM ENT

.

,,,, Lc.J e t. 90n91 -_ A ,tte. e) _ to . e i tt. -m>_ _su u s,c o20 x 16 0 4.85 : 0.15 6.45 : 0.06 68.8 0.2 028

_

__

20 x 14 0 4.85 * 0. L5 2 7.32 * 0.50 76.4 0.4 005 e20 x is 0 4.85 0.15 40.42 0.70 73 . 1 : 0.3 02920 x 16 0 3.02 : 0.33 c.45 : 0.08 74 .2 0.2 02720 x 16 0 3.02 0.13 40.42 : 0.70 77.o : 0.3 02620 x 17 0 3.02 0.13 o.45 + n.06 104.4 2 0.3 034~20 x 17 0
3.02 = 0.13 40.42 * 0.70 114.7 0.3 03520 x 17 1.05 2.98 0.06 o.45 0.06 75 . o 0.2 03220 x 17 1.05 2.98 0.06 40.42 0.70 9c.2 = 0.3 03320 x 17 1.02 2.98 0.06 c.45 0.06 73 .6 0.3 038

20 x I7 I.o2 2.98 0.04 40.42 2 0.70 95.2 + 0.3 039

*

(1)
ERACR LIMITS SHOMN ARE ONE STA s

40ARD DEVIATION
.( 2 )

PLATES ARE 356 cc WICE BY 915 mm LONC
(J1

CLUSTEM Ano T>tE NEARPEAPENDICULAR DISTANCE BETdEEN THE CELL BOUNDAdy 0F THE CENTER FUEL
SudFACE OF THE STEEL PLATE

(4)
/E.<PENDICULAN. 0! STANCE BET 4EEN THE CELL BOUNOARIE3 0F THE FUEL CLUSTERS

To cis t.inguish f rom Experiment+
s0CS of Tacle !

Li c e ns e ..o . Sn.4 -10e 7. Oc e k e : 7&-1100 Rev. 03 Cates 6/15/93 vage 11.7-13
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TAMt F 7J j*

2ME19 C'.t! M C'4T 4! PATA O '4 r! 9 CT c'./ S U C ') .33 wi% U cN0fcHCD Uri _ Cons fy
.

wgr=_g
WITH MitAf PLATF9 8t ETW E EN FUFL CLUC?cDe fI1

cuct ct (tq-*;o q gogAf p!_A T c q_

|

CRITICAL
LENGTH x k!OTH DISTANCE SEPARATION

'

TO FUEL BETdEEN FUEL20.32m 50. PITCH THICKNESS (2 ) CLUSTEW (3) CLU ST ERS (4) EXPER! KENT ,,,icuet wons). _ ,, ( e n . wt _,_1; e t fre_ mm) ,,, ,Nu u m ey_ i
20 x 17 7.13 2 0.11 6.45 2 0.06 63.4 3 0.2 020

!

20 x 17 7.13 2 0.11 44.42 2 0.60 90.J 0.5 016
22 x le (5) 7.13 1 0..II 6.45 2 0.06 50.530.3 017

(1)
EkRCR LIx!TS SHorvN ARE ONE STANDARD DEv!ATION

(2) IhC LUCES
1.02 mt THICX CLACOING OF TYPE 1100 Al CN EITHER SIDE OF THEB C-Al CCHE MATEAI AL. PLATES JoS m ' DICE BY 915 m LONO.4

.t3)
PERPEN0!CULAR O! STANCE BETWEEN THE CELL SOUNDARY OF THE CEMTER FUELCLUSTER AND THE nEAR SURFACE OF THE SOAAL PLATE

(4)

PERPEB0JCULAR DISTANCE tsETtvEEN THE CELL BOUNDARIES OF ThE FUEL CLUSTERS(5)
cdTEA FUEL CLUSTER AT 20 x 1o H005.A005 EACH Thu OUTER FUEL CLUSTERS AT 22 x le

~

Lieanse No. SNx-100 7. Doc ta t 70-1100 Rev. 03 Ca te 8 6/15/93 pag'8 II 7~I#

f

_-.- __ _ - - - - _ - _ - _ _ _ - - _ _ - _ _ - - _ - - - . _ . _ _ _ _ _ _ . _ . - _ _ __ _ -



, . . -. . - . . . - . . . ... ..

i !,

>

Tantc 7_7_4

k
(*a l c u l a t e c edf Valhet '

*t
KMrmarimamL_g Tvea 9efson Plate non te . Carlo,,,3 ;gLL , (sta. n,yg.,

IS None 1.00227- 0.00534-
04 None- i0.99912 0.00540- I

49 None 1.00221 0.00473)
la None

'

1.00813 0.00489
21 None 0.99589' O.00461

*
,

28 304. S Steel 0.0 w/o Boron 1.00393 0.00308,
05 304 S Steel 0.0 w/o Soron 1.00329 0.00303~
29 304 5 Steel 0.0 w/o Soron 1.00271' O.00302
27 304 5 Steel 0.0 w/o boron .I.00418 0.00273,
2e 304 5 Steel 0.0 w/o Soron 0.99811 0.00279-
34 304 5 Steel 0.0 w/o Boron 0.99793 0.00297 ~!
15 Ju4 S Steel 0.0 w/o Boron 1.00436 0.0u290

32 304 S Steel 1.05 w/o Soron 0.99970 0.00524
33 304 5 Steel 1.05 w/o Soron 1.01173- 0.00491
38- 304 S Steel 1.02 w/o acr'on 1.00289- 0.00512
39 3u4 5 Steel 1.62 w/o Boron 1.00208 0.00506 '

20 Soral 0.99585 0.00301
16 Boral I.00020 0.00283-
17 Borsi 0.99519 0.00286

.mean K Value 1.00157
ett ,

Stancard ' Deviation 0.00419
..
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8.0 PROCESS DESCRIPTION ANO SAFETY ANALYSES !

This section contains detailed descriptions of all coerations in the

Manufacturing Facility (Building #17 and e21). Suf ficient detail is

provided to permit an independent verification of the adequacy of the

controls for the purpose of assuring safe operations. Nuclear

criticality limits are taken from Table 4.2.5 of Part I. In certain

operations, the intricacies of the equipment require further analysis,

which is provided herein. Details of specific calculations used to
'

support various aspe' cts of this analysis, and several statements and

considerations in Section 4 of Part I are discussed in this section.

This section provides typical analyses for operations conducted within the

scope of this license. Present arrangements of the equipment in the

pelletizing f acility are shown in Figure B-1. (Orawing No. NFH-J-4077) .

This arrangement may be changed in accordance with the procedures in

Section 4 of Part I of this license.

8.1 002 Processino

8.1.1 Receiot of Material

The as-received 9.75" diameter stainless steel UO2 powder cans,

to be stored in the virgin powder storage area (Figure 8.1) and

shall be sampled before being placed in tne storage area to
,

demcnstrate on a 95/95 confidence level tnat the moisture

content of powder lots is less than 5.0 wtf.. In addition, all

damaged packages where containment is breached

.

License No. 'NM 1067. Docket 70-1100 Rev. 04 Date: 6/15/93 s ge: II.8-1, a
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will be samoled.
)

The pellets are received in UNC-290! shipping containers which

may be brought into Bldg.17 as ciscussed in Section 4.3.18.

Three pallets (six UNC-2901 containers) can be brought into the !

Bldg.17 Fuel Pellet Shop Annex and four pallets (eight

UNC-2901 containers) can be brought into the 81dg.17 Pellet |

Loading Area for storage and unloacing. The sealed containers

on the pal 1.ets can be stored next to each other but must be at
i

least i foot from process equipment in the area. Prior to

opening a shipping container the pallet must have an area of

21 ft2 (4.6 f t. x 4.6 f t.) in which the pallet is located.

This a . .. will n= ret the surface density limit specified in

Section 4.2 for a mass of 110 kilgrams of UO . The pellets in2

the shipping container are received in 2 inch deep pellet trays

with covers. These pellet trays are stored in the pellet

storage shelves. The pellets are then treated the same as

pellets made in the 81dg. 17 pellet shop.

.

License No. SNM-1067, Occket 70-1100 Rev. 04 Date: 6/15/93 Page: II.8-2
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8.1.2 Viroin Powder Storace Ares

The virgin powder storage area is isolated from the remainder

of the plant on all sides by concrete block walls, a double

steel roof, and a metal fire door. If the door is in the

open position, it is automatically closed upon activation of
.

the fire alarm, or rm failure of electrical power. The

autornatic closing feature of this door shall be verified

quarterly and recerds of its performance shall be maintained.

These eniineered safety features are considered adequate to

prevent the introduction of water in the event of a fire. This

area will be kept free of combustibles, and located such that

there are no potentially hazardous items such as boilers in the

vicinity of the area.

Two amonia crackers are housed in a concrete block building

which is located some 25 feet northwest of Building #17. In '

view.cf its many redundant safety features, it is not viewed

as a potentially hazardous item.

Criticality Safety Anal ys es '

The following assumptions were incorporated into the

calculational model of the Virgin Powder Storage Area:

1) All steel structural materials were neglected.

2) 'The fuel was assueed to be a homogereous mixture of UO2

containing 5.0 wt". H20.

3) All storage positions were filled and each individual

can was assu:ned to contain 35.0 kg's of UO2 at 5.0 wt%

U235.

4) No interspersed water moderation was considered.

License No. SNM-1067, Docket 70-1100 Rev. 04 Date: 6/15/93 Page: II.8-2A
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The KENO-IV Code with sixteen group Hansen-Reach cross sections.

was used to determine the reactivity of the Virgin Pcwder Storage

Area under the condition notec above. Dimensional' details of the

model are provided in Figure 8.1. A Keff of 0.7781 + 0.0043 was

obtained for an infinite system in the horizontal direction,

8.1.3 Batch Make-Uo

Powder containers are rencved from tne virgin powder storage area

and placed on a conveyor for transfer to the Batch Make-Up Hood.
_

Two 9.75 inch diameter x 11 inch long stainless steel powder

containers shall be placed on fixtures in the left side of hood

and either a powder container or a 5 gallon pail on the right '

side of the hood when an approcriate batch of less than 35 Kg 002

is weigned out and put into a 5-gallen pail. The batch weights

and enrichment are rec,orded on the container. A water tight

cover is secured to these batch containers and they are

then conveyed to the cene change hood. Tne cover is placed in

the change hood with a water tight blender feed cone and then

transferred to the blender hood. The batch make-up operation

and the cone change are enclosed in ventilated hoods.

Sufficient negative pressure is provided to assure a minimum face

velocity of 100 fpm.

Criticality Safety Analysis

The following conservative assumptions were incorporated in the

calculational mooel of the Batch Make up Hood and Conveyor Change

Lift areas:

1. A?1 steel structural materials were neglected.

2. An external mist of .001 g/cc was assumed.
-

,

{
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3. Tne sta inless steal powcer make-up cans (9.75'' ciameter and

11- long) on tne conveyor -ere mocelled as a single cylinder

in the norizontal direction based on tne can containing a

homogeneous mixture of 35 kg 002 at 5.0 wt " U235 and 5 wt :
|

H20. This mixture was assumed to be uniformly distributed

within the can. ,

4. Two stainless steel powder cans and t o 5 gallon stainless steel

ouckets (10.75" aiameter and 1a.25" hign) in the batch

make-up hood were assumed to each contain a homogeneous
,

mixture of 35 kg 002 at 5,0 wt % U235 with maximum

moderation. The batch make-up hood was assumed to be

covered with a 0.25" film of water.

5. The 5-gallen stainless steel buckets on tne conveyors and in

the corie cnange hood and hopper lif ts are assumed to contain

homogeneous mixture of 35 kg 002 at 5.0 wt % U235 and 5 wt

H20. This mixture was assumed to be uniformly distrioutec

within the can. It has been assumed that there'is no distance

between buckets on the conveyors. A single 5-gallon bucket of

UO2 has been assumed in each hopper lif t area and three

5 gallon buckets of 002 have been assumed in the cone enange

hood. All 5-gallon buckets in the cone change hood, the

vertical conveyor, and in the hopper lift areas are assumed to

be covered with a 0.25" film of water.

The KENO-IV code witn sixteen group Hansen-Roach cross sections was

used to determine reactivity of the Batch Make-up and

Conveyor Change Lift areas under the conditions noted above. A

Keff of 0.7940 t .0053 was obtained for an infinite system in the

x and y directions.

License No. SNM-1067, Occket 70-1100 gev. 01 Cate: 6/15/93 Page: II.8-3A
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01mensional details of the calculational model are shown in
Figure S.2.

s

% .

:

i

;

i
;

1
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8.1.4 Powder Precaration and 81endinQ

Ud2 powder from one sealed baten container (moderation control

assured) is transferred to a blender where it is mixed with a

Dinder. Two separate blenders feed a common powder spread

funnel by a means of individual powder transfer pipes entering

at a 45 degree ingle. An identical ~ powder preparation line

runs paraliel to this one at a centerline distance of 13 feet.
''

-

The blending operation is enclosed in a ventilated hood.

Each 15.2 liter blender is charged witn 34 Kg of U0 . The2

total water content of 7 wt" is blended into the powder

to for n agglomerates. The UO2 is pre-dried in the blender for

30 minutes, minimum, witn hot air prior to transferring onto

the dryer belt. The powder after being dried has a water

content of less than 5 wtf., At 9 wt. water the blender U02 is

a slurry, oct an agg1cmeration mixture. The slurry is not

transferred e 3 the dryer telt. It is either processed as

recycle mater'.C or is dried in the blender.

s

|
|
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Suf ficient negative pressure is provided to assure a etnime.a

- face velocity of 100 rpm.

8.1.4. L . Orvino

Agglomerated 002 powder is spread onto tne cryer belt

from the: powder spread fune.el to a controlled dehth of'

1/2". A complete enclosure is provided around the

dryer belt asseably and this enclosure is maintained at
E a slight negative pressure. The discharge end of.tbe

dryer felt utilizes a wiper blade to prevent the flow

of significant amounts of material to the plenum under
!*

the belt. Nevertheless, the wiper blade and plenum '], -

i

shall be inspected once per wer.k to assure that the I

wiper blade is functioning prberly and that fuel is'

not accumulating in the plenum telcw the belt. Records.

of these inspections are maintain.2d. The belt dryer
i

operates on a 1/2" slab lir.it. The criticality safety

analysis also assumed an accidental accumulation of up.

to 1/2" of pcwder under the dryer belt. The. wiper blade

. scrapes the powder from the telt into the granulator.

The wiper blade is inspected weekly as well as the UO2

depth under the belt. If the accurrulation exceed 1/2''

it is cleaned up. Even if tne above was not done, the

accumulation under the belt would not exceed 3.5 inches

due to the pnysical space limitations. The.3.5".delow'

and the 1/2" above which meets the slab thickness limits

in Table 4.2.5. The safety of the dryer assembly is
~

assured by this restricted slab thickness. The grariulator

1.1 cense No. SNM-1067 Docket 70-1100 Rev. 05 Date: 6/15/93 Page: II.8-5
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controls are wired to the motor control such that the

dryer belt cannot be activated unless the granulator is

turned on. An over temperature condition will shut off

the heating elements and light a warning light.

. . .

.

,

.
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8.1.4.2 Granulation

Oried oxide is gravity-red into a granulator -nere it is

sized for subsequent pressing. The granulated powcer is

then gravity-fed through a discharge funnel ending in a 2

inch square opening. A short adapter of 2 inch circular

cross section is welded to the funnel to allow connection of a

2" diameter nose which is then connected to a portable

hopper below.

A ccmplete inclosure is provided around the granulator screening -

mechani sm. The enclosure contains a level probe which will shut

off the drier belt and heaters should the grinulator discharge

funnel fill witn 002 powder. It is maintained at a negative

pressure to preclude dusting.

Criticality Safety Analysis

The powder blending, drying, and granulation stations were

divided into two parts for calculational purposes. The back

end of the stations included the blenders, the powder transfer

pipes leading to the puwcer spread funnel, and tne first 10

feet of the 30" wide dryer belt. The spread funnel is fixed in
,

position to restrict the powder discharge from it to a 24" wide

and 1/2" daep layer of U02. The front end of the station

included the last 10 feet of the 30" wide cryer belt, the

granulator, t'he discharge funnel and hose and the large

cylindrical press feed hopper.

The following conservative assumptions were incorporated into

both calculational models:

1. An external mist cf 0.001 g/cc was assumed.
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12 . The UO2 powder was assumed to have 4. density of. 3.5: i

i
g/cc at an enrichment of 5.0 '=t*. U235 and a water ;

content of 15 wt 2, .nich is. tne water centenc i f two

t imes the normal amount is places in tne blender. -j

3. A.,y structure containing UO2 powder was assumed filled

to capacity. '

.

4. Although the belt dryer is limited byf4 mechanical

feeder to 1/2" of UO2 powde'r, the model allows for an ' >

accidental accumulation of 1/2" under the dryer belt in- !

the event of malfynction of the wiper blade.

5. All surf aces of the structures containing U02 powder and
'the surf ace of the powder in the blender hood and en the

dryer belt were assumed to te covered with a 0.25" film of -- *

|

water. ?

.
. .t6. The concrete floor and ceiling have teen accounted for in

.

t

the models.

7. An infinite array of stations was analyzed although

there are only two parallel stations.

.
. )In the analysis of the back end.of the stations it was assumed

- ,

t' hat tne blender hoods are restricted to a maximum
iof 35 kg 002 per station, that this mass of UO2 was located
,

i
at the base of each blender hood directly above each powder-

,

transfer pipe and was hemispherical in shape.
i

In the analysis of the front and of the stations it was ;

assumed that the large hopper (11"00 x 40"L cylinder)
>

contained the U02 powder at 5 wt % U235.

Sixteen group Hansen-Roach cross sections were used in
,

KENO-IV to detennine the reactivity of the system. Based on :
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the conditions described 4 Dove. th3 following Kaf f were

cotained.

back end of station Keff = 0.5L64 : .0057

front end of station Kaf f = 0.83721 0061

Dimensional details of the calculational model are shown in Figures

8.3 and 8.4 {

.

,

1

..

|

|

|

|
t
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8.1.5 press Feed Hoooer

The press feed hopper is filled at the end of the dryer belt,

where the granulator is located and is on a scale while being

filled. (See Figure 8.4). Zinc sterate (0.25 wt %) is added to

the U02 powder in the granulator. When the proper weight is

attained the system is shutdown and the press feed hopper fill

valve closed. This valve will remain closed until it is hooked up

to the press feed line. The hopper is taken to the press feed

roller station on a roller lift. From the roller station it is

taken by the lift to the elevator, which elevates one press feed

hopper at a time to the press feed mezzanine. The roller lift on

the mezzanine places the press feed hopper in a press feed

position or a press feed hopper storage location. The minimum

center to center distance between press feed hopper in either the

press feed or storage position is 5.0 ft.

Criticality Safety Analysis

Although only.one press feed hopper is permitted in any

designated area, an analysis was performed in order to account

for the possibility of one press feed hopper being imediately

adjacent to another press feed hopper. The following
|

conservative assumptions were incorporated into the

calculational model:

1. Two large hoppers (11 inch 0.0. x 40 inch long cylinders)

were assumed filled to capacity with U02 powder with density

of 3.5 g/cc at an enrichment of 5.0 wt % U235 and a water

content of 5.0 wt %, which is twice the water content after

drying on the belt dryer..
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2. Both hoppers were assumed to be covered with a 0.25* film

of water.

3. An external mist of 0.001 g/cc was assumed.

4. The concrete floor and ceiling have been accounted for in

the models.

Sixteen group Hansen-Roach cross sections were used in KENO-IV

to determine the reactivity of the system. Based on the

conditions described above, a Xeff - 0.3633 1 0042 vas

obtained. -

Although it is very unlikely that a filled press feed hopper could

be fully reflected due to the locations of the storage press feed

stations and configuration of the lifts, an analysis was done for a

single press feed hopper completely filled, with 5.0 wt% UO with a
2

water content of 5.0 wt%. The resulting Xeff 0.6641 : 0.0077.

8.1.6 Final Mirino

Filled press feed hoppers may be rolled to assure complete

blending of the die lubricant. The press feed hopper roller is
,

limited to one press feed hopper and the roller is surrounded by

a wire mesh enclosure. The calculated Xeff is less than the Xeff

for the two touching press feed hopper stated in Section 8.1.5.
i

8.1.7 Pressino

The filled portable hoppers are transferred to the pelletizing

presses and secured to assure their stability and the containment

of powder. Powder is gravity fed to the press, and compacted to
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green pellets whicn are placed into furnace boats. The

pellets in the Deats nave to meet the 5140 neight Ilmit in

Table 4.2.5. Only one ocat shall ce at eacn press at any one time.

Each press is provicea a spacing area of at taast 20 square feet.

The press is providea with enclosures whicn assure adequate

ventilation at the opening face, and at tne junction of the

portable hopper witn the press. Air flow rates are sufficient

to assure face velocities of at least 100 fpm.

8.1.8 Dewaxino and Sinterino

Furnace boats containing green pellets are charged in a single

line to a dewaxing furnace, and then to a sintering furnace,

where under controlled conditions, the pellets attain the desired

properties. Because the U02 is in a ccmpacted ferm, dusting is

minimal. Hycrogen ouni uf t exhaust is ventec frem the building, and

is filtered and monitored as specified in section 3.2.3 of Part I.

The furnaces and their interconnecting conveyors are

slab limited, witn pellet slab heights as specified in Table 4.2.5.

Stored furnace ocats containing sintere<! pellets are limitred to

a maximum slab thickness specified in Table 4.2.5.

'8.1.9 Final Sizinc

Sintered pellets are transferred to the grinder feed system t

where they are aligned for the grinding operation which is

carried out under a stream of coolant. The coolant is

centri fuged to remove solids, and is recirculated at a uranium

concentration considerably less than one gm/1' The infeeder,

grinder and outfeecer have pellet configurations limited to a

slab thicknesses as specified in Table 4.2.5.

Grinder sludge is removec from the centrifuge and dried in an
4
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oven. The dried saterial is subsequently stored in the concrete

block storage area awaiting final disposition. An enclosure is

provided around the grinder to preclude the dusting of UO2. The

enclosure is maintained at a negative pressure with respect to

the room.

The grinder coolant may collect in a one inch deep sump in the

grinder and in a 24 liter sump behind the grinder, as shown in

Figure B-1. A 24 liter sump is a factor of 1.3-less than a fully

reflected optimally moderated critical volume, which is 31.0 liters

as shown'in Figure I.O.10 of UXAEA AHSB Handbook 1. Experience has

shown that no appreciable sludge accumulates-in the grinder sump.

The centrifuge has a volume of 23 liters. The centrifuge is located i

'

in a closed hood. The critical volume for an unreflected volume of

optimally moderated 5.0 wt". U-235 is 56 liters. The critical
~

volume for a water reflected optimally moderated 5.0 wt". U-235 is

31.0 liters. Thate results were taken from Figures I.O.10 and

1.0.14 of UXAEA AHSB Handbook 1. Applying a safety iactor of 1.3~

results in a safe volume of 43 liters for an unreflected volume and

24 liters for a reflected volume. Since the centrifuge has a steel

wall and a steel internal structure which provides internal neutro

absorption, the centrifuge is considered a safe unit. The

centrifuge is cleaned periodically as required to permit

continued operation.

Nevertheless, Figure 8-1 does show spacing for the grinder sump

to allow for any U02 settling which may occur. Grinder coolant is

normally recirculated, but may be disposed of by evaporation, or by

discharge to the radiation waste system. Pellets are

transferred by hand in a 2 inch high covered pellet tray to a

~/15/93 Page: II.8-12License No. SNM-1067, Occket 70-1100 Rev. 04 Date: 6
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storage rack or to a low temperature bulk' drying ~ furnace where any ,

~
-

trace- amounts of moisture are removed prior to rod-loading. ' Both |

are limited-to- a slab thickness of 4.0". |
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8.2 8.rao Recycle

All clean scrap is accunulated for reprocessing and recycle with the

feec material. Scrap may oe milled to yield cesirec particle size

best suited for the processing, oxidized and recuced to assure removal

of volatile additives and to achieve the desired ceramic properties

of the resulting recycle 002, and blended to assure uniformity. The

following equipment is included in the pellet shop anne.x:

a) Oxidation and reduction furnace

b) Hilling equipmest'

c) General purpose

d) Filter Knockdown Hood

e) 81ende r

f) Micronizer

a) Oxidation and Recuttinn Furnace ,

This furnace is made up of two individual sections connected

toge ther. Procuct moves through both furnaces on a wire mesh

telt. The oxidation section is used to heat sintered scrap in

air to convert the U02 to U 0 . The reduction section is used33

to convert U 03 8 to 002 in a heated gas atmosphere of H2 and N -2
s

b) Milline Ecutoment

This is a mechanical impact type grinder which uses a rotor blade

assembly to grind U02 powder to a finer particle size so that the

UO2 powder can be recycled back into the pellet process. The U02

powder is fed through the top of the mill, passes into the milling

charnber, passes tnrough. a screen and into a pail connected to the
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discharge of ene mill. Connected to the disenarge section is a

vacuum cleaner to prevent the air pressure Quild up in the

milling during the chamoer operation.

c) General Purcose Hood

This is a ventilated hood which is used for miscellaneous work

involving handling of U02 powder or UO2 contaminated material.

d) Filter Knockdown Hood

This is a ventilated glove box hood which is used to remove loose

UO2 powder from G~ ed absolute filters and prefilters.s

e) Blender

The blender houses a sealed pail which contains UO2 powder. The

sealed pail is tumbled by rotating the pail in a non-concentric

rotating motion. This action mixed recycle powder into a

homogenous type mixture for use in the production pellet line,

f) Micronizer

This is an air impacting type of grinder. Fine particles of UO2

powder are fed into the micronizer grinding chamber using a

vibratory type feeder. High pressure air is then introduced into

the grinding chamcer. This action causes U02 particles to impact

other 002 particles at high velocity resulting in finer particles.

The powder fines anc air mixture enters a bag house. (sock filters)
,

where the 002 particles are separated from the air. The U02 powder

is collected in a pail while the air is exhausted into the FA-4

HEPA filter system.

The criticality safety tor the furnace is based upon the slab limit as

specified in Table 4.2.5. The remaining cperations except blending, are

all carried out in hoods with sufficient ventilation to' assure a face
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velocity .of ICO ' fpm. These operations 'are ' controlled by use _of a 35~.0 'kg
.

mass limit in accordance witn Table 4.2.5 with spacing provisions.taken ;

from Table J.2.6 of Part [ of the application as sticwn in Figure B-1.

Positive spacing fixtures are used to assure specing wherever more than

one SIU is allowed in any given hood or box. A material balance log is
- .

3

maintained at the Milling Hood and Micronizer to provide
,

additional assurance that the criticality limit of .a '35.0 kg UO2 mass '

limit will not be exceeded at these locations.
..
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8.3 Storace and Transf.sC

8.3.1 Concrete Biott SIo_rg p Arge.

A concrete clocx storage area is ocovided ss snown in Figure 8-1.

This storage area is intended for 5 gallon palls containing a

maximum of 35.0 kg of UO2 and has a maximum height of 7 feet.

The blocks are of solid 10" thick concrete, having a minimum

density of 12s 10/f t3. Hortar is used to join the blocks and to

secure the structure to the building wall. Stael snelves, of at
'

least 16 ga. thickness are built into the structure with a

vertical spacing of at least 16 inches.. Each trorage position

measures 16" wide x 14" deep, and is lined on three sides with

1/4" tnick mild steel. The criticality safety analysis

demonstrates that the spacing boundary can be 1ccated 48

inches from the front of the shelves.

Criticality Safety Analysis

The following conservative assumptiens were incorporated in the

calculational model of the Concrete Block Storage Areas:

1. All steel stmetural materials were neglected.

2. . An external mist of .001 g/cc was assumed.

3. Each storage position was assumed to be full with a
,

5-gallon steel bucket containing a homogeneous mixture

of 35 kg 002 at 5.0 wt % U235 and 5 wt % H20. This

mixture was assumed to be uniformly distributed within

the bucket.

4. A 0.25" film of water has been assumed on the exterior

steel walls of the snelving, the top of the shelves, and

the exterior of each bucket.
|

The KENO-IV code with sixteen group Hansen-Roach cross sections
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.

was used to determine reactivity of f the Concrete Block Storage. - l
.

' Areas under the Conditions noted above. A Keff of 0.3104: t .0049
was ootained for an infinite system in tne horizontal cirection. !

>

The ' dimensional details of the calculational model are- snown 'in - f
Figure 8.5.' !

i
Another analysis was done for.the. Concrete Block Storage. Area wnich - !

. includes a 12" water reflector in front of the storage area. Tne |

1

,

t

resulting Kaf f-is 0.4698 0.0070. A further analysis was done e

assuming the same buik' t was completely flooded witn water and .e -

,

reflected in front with 12" of water. The resulting Keff is 0.9221

t 0.0070. This analysis did not include the steel structures, which
. i

includes the 1/4" steel on each side and the 1/4" steel shelves. '

.
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!
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8.3.2 Pellet S torace Shelves

Steel shelves are provided for pellet storage. The shelves are 3
high. They have a width of 30* and are limiteo to a slab~

,

thickness of 4.0". The slab tnickness of 4.0" is assured by

limiting the number of fuel pellet trays stacked at any position.

The entire storage array is covered by a sneet metal top which

would prevent significant moderation of the array from discharge

of the overhead sprinkler system. Water firefignting is not

pennitted in the Sellet shop. Even though the pellet trays are

nonna11y covered and the storage shelves are covered, it was

assumed in the analysis that the pellet trays were filled with water.
Criticality Safety Analyses

The following conservative assumptions were incorporated in the

calculational model of the Pellet Storage Area:

1. All steel structural materials were neglected.

2. An external mist of .001 g/cc was assumed.

3. Each of the three storage shelves were assumed to hold a 4" thickness

of a hemogeneous' mixture of UO2 at 5 wt i U235 at a

density of 5.686 g/cc based on the random leading of pellets

and water at maximum moderation (volume weighted based on a UO2

density of 10.96 g/cc). '

4 A 0.25" film ut at.cr has been assumed on tne top shelf, which is

empty and the back wall of the shelving.

5. The concrete ceiling (4"). floor (16") and tne back wall (8"

concrete block equivalent to 5" solid concrete) were also

incl uded .
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: The KENO-IV code with sixteen group Hansen-Roacn cross sections was t

:

used. to determine react 1vity of the Pellet Storage Area under. the

conditions noted 'above. ' A Keff of 0.7468 .0049 was obtained for an

infinite system in the horizontal direction.

The U02 loading of the trays was' determined by doing a total. of 14
,

mesurements. The pellets pack to an average density of 5.95 gm 002
~

per cc (5.24-gm U per cc. with a 2 sigma variation of 0.264).-

The 16 group cross sections. for the pellets were calculated for >

0.3766" diameter pellets. Dimensional details of the calculation 41

model is shown in Figure 8.6.

.
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8.3.3 Rod Transfec

Flat carts measuring 3' x 13*-1/2" are used for transporting

up to two steel Doxes witn instce cimensions of 5-1/2" x 8"

x 14'4" long, each containing over 300 fuel rods. The roos

are assumed to be in a close packed hexagonal lattice with a

maximum water to 002 volume ratio of 0.48, based on' a rod

0.0. of 0.44" and a pellet 0.0. of 0.3765".

.

.l

.

1
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From Figure 1.E.16 of UKAEA Handbook AHSB 1, the critical
infinite slab thickness for 5.0% enrichment fully reflected .is
about 8 inches for this degree of moderation. Applying the
safety factor of 1.2 yields an allowable slab thickness of about
6.7 inches. Accordingly, the rod transfer cart with two 5.5
inches deep boxes is safe as long as the rods are not stacked
higher than 6 inches in each box. Carts may be placed alongside
each other, or will be spaced a minimum of I foot from other
fissile material.

8.3.4 Trans fer of. Material

Material may be transferred on carts which accommodate one mass
or slab limited SIU, or may be transferred by hand, one SIU at a
time. Carts used for mass limited SIU's shall provide for
centering of the unit, and shall measure at least 2.6 feet on a
side as specified in Table 4.2.6. Because most spacing areas do
not extend beyond the physical boundary of the equipment, spacing
between transfer carts and the equipment is of no concern. In
cases where the spacing area entends beyond the equipment
boundaries, such extends beyond the equipment boundaries, such as -

the storage facilities, the spacing boundary will be indicated by
a colored line. The line may be crossed by carts only when they -

contain no more than one mass or slab limited SIU, and then only
to permit an operator to transfer that SIU to an available
storage position.

,

8.4 Pre-treatment of low level Liouid Wastes

Aqueous wastes from low level radioactive cleanup operations such as mop
buckets and decontamination solutions are processed through a system
designed to remove particulate matter. This system consists of a prefilter
and dump tank, a high efficiency (double concentric bowl) centrifuge, a
slant storage tank, an open faced ventilated hood, a drying oven, and '

sundry valves, piping and pumps. Figure 8.14 shows a sketch of the liquid
waste processing system layout in the Building 17' Annex. Access to the
open face ventilated hood is on the long side facing away from the slant
storage tank. The 96 inch long hood has three regions. On the right and
left hand sides are work surfaces about 42 inches above the floor. The
left hand work surface is about 22 inches in width and 42 inches in depth;
this surface is used in the dismantling and cleaning of the centrifuge.
The right hand surface is approximately 40 inches in width .id 54 inches in
depth over the majority of the width. A removable drying oven,
approximately 30 x 27 inches, is normally located at the back of this work
surface. The front part of the work surface contains a covered powder
funnel attached to a 6 inch diameter flexible hose which is inturn coupled
to a five gallon bucket sitting at floor level in a fully enclosed bottom
section of the region of the hood. An access door on the face side of the
hood permits access to the bucket. The central region of the hood contains
the Westfalia Clarifier (centrifuge) bolted to a pad on the concrete floor.
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The clarifier bowls are below the 42 inch high working levels of the
adjacent sections of this hood.

Contaminated liquids are batch processed by this system until sampling
checks verify that the activity level is below a specific threshold prior
to pumping the contents of the slant (storage) tank to the Building 6
liquid holding tanks. Solids removed from the prefilter and centrifuge are
handled and processed as dirty residue (contaminated scrap) material. The
overall process is depicted in the flow chart of Figure 8.15. A moredetailed descriptiortof the process and equipment follows.

The principal components of the liquid processing part of the system are as
follows.

1) Prefilter and Dumo Tank - The prefilter is located at the inlet to the
dump tank and consists of a 20 mesh (0.034") screet. backed up by a
coarser mesh screen for mechanical support. The dump tank has a
capacity of 5 gallons, and is raised above the floor far enough (-9
inches) to provide gravity feed to the dump tank pump.

2) Dumo Tank Pumo - This pump is located at floor level and is used to
pump the contents of the dump tank into the centrifuge. This pump isnon-reve rs i bl e. A check valve is in the outlet line to prevent back
flow to the dump tank.

3) Centrifuae - The centrifuge is a Westfalia Clarifier manufactured byWestfalia Separator AG. It is a high efficiency, twin (concentric)-
bowl system having a total capacity of 19 liters. The bowls are-
concentric as illustrated in Figure 8.16.

4) Centrifuae Hood - The centrifuge hood is an open face hood which
provides forced ventilation to the drying oven, centrifuge, and
centrifuge cleaning operation. This hood also minimizes the amount of_

water incident upon the centrifuge and peripheral equipment within the
hood from water emanating from the fire sprinkler system.

5) Slant Tank - The slant tank is a slab geometry stainless steel (304)
storage tank. The outer length and breadth are approximately 48 x 54
inches, the internal thickness is 54.0 inches, and the wall
thicknesses are 11 guage -(0.125"). The tank has five internal welded
angle struts to preserve the thickness dimension. One strut is at the
center and two along each main diagonal, each of the latter being two
thirds of the way from the corner to the center strut. Access ports
are provided in one of the major surfaces for inspection. Fittings
are provided for inlets, outlet, vent line," and a sight glass line.
The tank is in a near horizontal plane; two top diagonally opposite
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corners are at an elevation of approximately 49 inches and the
remaining two are at 52 and 46 inches. The outlet is in the bottom
face at the bottom most corner. The inlet and vent fittings are in
the upper surface near the highest corner. The sight glass fitting is
near the exit fitting. The tank employs 1-1/2" x 1-1/2" x 1/4' angle
stiffeners along the diagonals beneath the lower surface. In addition
to the four corner legs and bracing, a center support leg is employed
to supplement the diagonal stiffeners. ,

6) Overflow Tank 2 The overflow tank is on the floor, made of stainless
steel, and has a capacity of 15 gallons. The large diameter overflow
line exiting the slant tank and going to the overflow tank serves both
as a vent and overflow to the slant tank. The overflow tank also
receives overflow liquid from the centrifuge via the drain line from
the lower housing of the centrifuge and a drain line from the floor of
the center region of the hood that surrounds the upper part of the
centri fuge.

7) Circulatina Pumo - The circulating pump is employed to recirculate the
liquid from the slant tank to the centrifuge. Flow from the
centrifuge to the slant tank occurs as a result of the pumping action
of the operating centrifuge. This pump is non-reversible. The check
valve in the outlet line of the circulating pump prevents backflow
through this pump.

8) Discharce Pume - The discharge pump is employed to transfer the
contents of the slant tank to the pipe line going to the Building 6
waste tanks.

The above components are plumbed and in the manner illustrated in-
Figure 8.17. Typical system operation is as follows; here it is assumed
all pumps are initially off:

The waste liquid is poured through the prefilter to the dump tank. When
the dump tank pump is turned on, the contents of the dump tank are
transferred to the centrifuge. The centrifuge is normally operating: if
the centrifuge is not turned on and the bowls are full, the water wi 3
spill through the overflow rather than go to the slant tank. Pumping
action of the operating centrifuge is required for the excess liquid
flowing to the centrifuge to be directed to the slant tank. Thus, all
contaminated liquid flows through the operating centrifuge prior to filling
the slant tank. Note that as long as the dump tank pump is operating, the
discharge pump cannot be turned on. When the dump tank is empty, the dump
tank pump is turned off.

To recirculate the contents of the slant tank through the centrifuge, the
circulating pump is turned on. Recirculation through the operating
centrifuge continues until the clarity of the water flowing through a sight
glass in the centrifuge discharge line is judged to be acceptable. If
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clarity does not improve sufficiently, the centrifuge may require cleaning.
If clarity is acceptable, a sample is withdrawn, dried, and counted to
determine residual contamination. If not acceptable, further recirculation
is carried out. If acceptable, the circulating pump is turned off and
valve 7 is locked into the off position. A sample of the contents of the
storage tank is extracted at a point below the lowest level of the tank.
This sample is dried and counted; if acceptable, the contents of the tank
are ready to be diverted to the drain line going to the holding tanks at
Building 6. During the time interval between extraction of the sample from
the storage tank and the decision to dump the contents of the tank to
Building 6, the contents of the slant tank are protected from change by the
locked valve (7). Should additional liquid be injected into 1.he centrifuge
system through the dump tank or the wash basin, this liquid w)uld be
ejected to the overflow tank.

t

The contents of the storage tank are transferred to the holding tanks at
Building 6 by first turning on the discharge pump. This automatically
closes the second barrier against additional waste water entering the
storage tank from the centrifuge and opens the solenoid valve between the
discharge pump and valve 8. Upon opening valve 8, the contents of the
storage tank are pumped to the holding tanks of Building 6. When the
slant tank is emptied the discharge pump is turned off and the valves
reset to refill the slant tank, if more liquid is available to process. If
the centrifuge requires cleaning, it is turned off, dismantled, and the .
solids are cleaned out of the two bowls and collected in a pan and dried in
the oven.

If the second sample is not acceptable, further centrifuging of the
contents of the storage tank is required. To revert to a recirculation
mode between the slant storage tank and centrifege, valve 7 must be
unlocked and the circulating pump turned on.

The working floor level in the vicinity of the dump and overflow tanks is
raised about one inch above the concrete floor by a steel grating. This
grating is contained within a large steel pan approximately 3 inches in
depth so as to contain liquid spilled in handling operations.
Nuclear Safety

Nuclear safety of the liquid waste processing system is predicated on the
following observations and conclusions. It will be noted that the primary
barrier against criticality is the use of geometrically favorable
containers. Secondary barriers consist of engineered design features and
administrative controls.

1) The prefilter in the dump tank screens out particles larger than 0.034
inches from entering the dump tank.

2) The dump tank has a capacity of 5 gallons or 18.9 liters. This value
is 26% less than the critical, fully reflected volume of 25.5 liters

,

I
|
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inferred from the most conservative data of Figure 8.18 for 0.050 inch
diameter pellets. In the event that the prefilter failed, the dump
tank is still 15% less than the critical, fully reflected volume of
22.1 liters for the optimum pellet diameter of 0.3 inch diameter
pellets. The bottom of the dump tank is about nine inches off the
floor, consequently the likelihood of full reflection is small as is
the likelihood of having the 0.3 inch diameter pellets uniformly
distributed throughout the volume of the dump tank with a water to
oxide volume ratio of about 2.8.

3) All solution pumped into the slant tank has passed through the
operating centrifuge. Therefore, the larger particles should be
removed from the solution entering the slant tank providing the sludge
regions of the centrifuge bowls are not fully loaded. The slant tank
has a slab geometry with a maximum solution thickness of 54.0 inches
(see discussion below). In addition, the slant tank has a screen
barrier around it so as to prevent the close approach of any
significant moderating type material to either of the major faces of
the slab.

Under normal operating conditions, the concentration of UO2 in the
slant tank is sufficiently low that it is impossible to achieve
criticality regardless of the tank volume or geometry. The
concentration of 002 in the slant tank only approaches that of the
solution being poured into the dump tank when the sludge volume of the
centrifuge bowls approaches full capacity. Nevertheless, the slant
tank geometry is set so as to preclude criticality in the event that
the slant tank is fully reflected and filled with a uniform
distribution of optimally sized U02 pellets at optimum" moderation.

The most conservative data of Figure 8.18 on critical slab thickness
for an optimally moderated and reflected slab versus particle size
shows that the minimum slab thickness occurs for particles / pellets
having a diameter of 0.2 to 0.4 inches. The critical slab thickness ,
is 4.15 inches. The corresponding water to oxide volume ratio is
about 2.3. If the presence of the screen barrier is assumed to reduce
the reflection of the tank by 50%, this is equivalent to an increase
in the critical slab thickness of 1.6 inches for optimum moderation
conditions within the tank. The slant tank is apprcximately four feet
off the floor, consequently flooding of the surrounding area so as to
reflect the tank is highly improbable. An approach to criticality,
even under the postulated failure of the prefilter and centrifuge to
remove U02 particles from the solution entering the slant tank, cannot
occur as long as the slant tank thickness is maintained.

The slant tank engineering design is such that dimens'ional changes
with postulated loading of the tank are minimized. In the absence of
any structural supports other than at the edge of the tank and
calculating the deflections for two coupled (via five internal braces)
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1/8 inch thick plates, it was estimated that the deflection resulting
3

from a mass distribution of liquid of density I g/cc (pure water) !

would be 0.128 inches *Is estimated at 0.249 inches; and for a solution
for a contaminated solution density of 2.5 |

g/cc, the deflection
density of 3.5 g/cc, the deflection is 0.333 inches. To minimize
deflections, the 1.5 x 1.5 x 0.25 angle braces were run diagonally
along the lower face of the tank and a central support leg to the
floor was added.

.)

In summary, the slant tank is structurally reinforced and vented so as |to minirgize possible deflection of the tank and enlargement of the i

liquid slab thickness. The critical slab thickness for optimum
moderation and particle size conditions within the slant tank and

.

|

assuming half reflection of the tank is conservatively estimated as
5.75 inches. This value is based on using the most adverse data of
Figure 8.18 as well as the critical buckling and reflector savings
data of OP-1014 for 5 w/o enriched U02. This derived value exceeds
the 4.0 inch maximum design thickness criterion for the slant tank by
44 percent. ,

4) The centrifuge has twin, concentric bowls with a total capacity of 19
liters. This volume is sufficiently close to that of the dump tank
(18.9 liters) that the same nuclear safety arguments of item 2, above,
apply.

5) As noted in the descriptive section, the hood is a three part hood. .
The central section is occupied by the centrifuge. The right and left
sections are designated as mass limited regions; the contaminated
scrap is handled under the SIU mass limits defined in Chapter 4 of
Part I. The central region of the hood containing the centrifuge has
a floor that is below the right and left work surfaces by about 20
inches. However, this well type area is drained by a line going to
the overflow tank. It is also noted that a city water line enters the
hood but the valve is exterior to the hood, thus, should the line
break within the hood, it would not flood the hood.

6) The overflow tank is a five gallon, or less, capacity stainless
vessel. As noted above in the discussion of item 2 (and 4) above, aill
scenarios involving 5 gallon or 19 liter containers are safe.

7) As noted in Figure 8.14, the centrifuge complex is located in the
Annex near the stairway leading to the mezzanine. Since waste
processing is planned for the mezzanine area,.one pathway for waste is
up the stairway over the slant tank. Therefore, scenarios of possible
interest have to do with potential neutronic interaction between media
on the stairway and material in the slant tank.

The stairway employs an open grill type of stair tread, thus material
can fall through it. However, a barrier in the form of sheet metal
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has been attached to the beams supporting the stair tread and rail. |

Should material be spilled on the stairs and pass through the open
treads, it will strike the sheet metal and slide downward away from
the slant tank. One scenario of interest postulates that a 35 Kg
amount of 5 w/o enriched U02 powder is being carried up the stairway
and the 5 gallon container also has sufficient water in it to yield
an optimum solution density (1.6 gU/cc) in the bottom of the five
gallon container. The container is set on the stairway at the closest
point of approach to the slant tank. For the geometry of Figure 8.14,
the closest distance of approach is along the upper edge of tank
closest to the stair tread. The minimum separation distance between
the bucket and slant tank is calculated to be approximately 8 inches;
the minimum separation distance between the sheet metal dust cover and
the slant tank is approximately 3.5 inches.

To quantify the magnitude of the neutronic interaction between the
postulated 5 gallon container of UO2 and the slant tank, the following
conservative representation was modelled in a KENO-IV calculation.
The slant tank was modelled as horizontal, four feet above a 16 inch
thick concrete floor, and filled with a homogeneous mixture of 5 w/o
enriched UO2 and water at optimum moderation. The tank internal
dimensions were taken as 48" x 54" x 4" and the walls were taken as
one eighth inch thick stainless steel. Twelve-inch thick vertical
water walls were assumed along the four sides of the slab tank
extending from the floor to a 20 foot level. At the latter level a
twelve-inch water slab was modelled. The five gallon bucket was
assumed to be 11.75' O.D.,13.25" tall, and having a 28 gauge steel
wall thickness. The base of the bucket was five inches above the slab
tank and centered on the face of the tank. The homogeneous mi~xture of
optimally moderated 002 was 10.909 inches deep in the bucket. The
KENO-IV computed multiplication factor, using Hansen-Roach cross
sections was 0.76086 0.00489.

Additional analyses were done under the assumption that the UO2 in the
bucket and the slant tank is heterogeneous material having an average
particle diameter of 0.325 inches. The water to oxide volume ratio in
both containers was taken as 2.4 which is close to optimum for the
slab geometry slant tank. The U02 - water depth in the bucket was
taken to be the same as in the previous homogeneous UO2 - water
calculation. By preserving the volume of the solution in the bucket
the mass of UO2 increased in the heterogeneous calculation from 35 Kg
U02 to 58.4 Kg 002. The calculation was run versus separation
distance between the bucket and slant tank. Sixteen group
heterogeneous cross sections were generated by the NITAWL-XSDRNPM
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routines and employed in the KENO-IV code to yield the following
multipitcation factors versus separation distance.

Separation t

Distance
(inches) U

2 0.81741 1 0.00488 ,

5 0.78378 1 0.00462

From these hosogeneous and heterogeneous calculations.it is concluded -

that interactions between material passing up the stairway, resting
upon the stairway, or spilled upon the dust cover attached to the '

under side of the stairway result in acceptable calculated
subcriticality margins

In view of: 1) the highly conservative interactive geometry assumed
between the container and slant tank, 2) postulated loadings of the
mass limited container (>150 lbs of H20/UO2) and slant tank (optimum
moderation and particle size) and 3) complete reflection of array, the
above analysis constitutes a worst case scenario.

>

e

k

r

4
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8.5 Rod leadino and Assembly Fabrication

8.5.1 Pellet Stackina

Pellets from the pellet fabrication facility, or from outside
vendors are placed on a table where they are aligned for rod
loading. On the table, the pellet configuration is limited to
the slab limit as specified in Table 4.2.5. The U02 pellets
are placed on troughs one pliet high before being loaded into
rods.

8.5.2 Rod loadino and Fuel Rod Transoort Carts
_

Pellets are transferred from stacking troughs into rods. The
loaded rods are placed into carts each of which can hold up to
250 fuel rods in parallel sleeves which are spaced on four
rings in an annular fixture with an I.O. of approximately 10
inches and an 0.0. of approximately 22 inches. Guard rails
prevent the carts from coming any closer than 3 feet
center-to-center. The carts are used in normally dry areas to
transfer the rods to operations which include end plug welding,
weld deflashing and leak testing. The welding and deflashing
operations are performed on one rod at a time. The leak
testing operation is performed on two rods at a time. Welded
and deflashed rods are immediately returned to the cart after
each step is completed. Finished rods are fluoroscoped and are
checked for enrichment with a maximum slab limit as specified
in Table 4.2.5.

,

I

i

|
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Criticality 'Sa fety Analy11I
,

The following consesvative 43,umptions .are incorporated ints tne -

calcul . ''al model of the Rod Loading and Fuel Red Transport Carts:-

1)- i tne 1/4 inch thick, 8" 0.0. inner steel cylindrical ' annulus -

was accoanted for in the model. All other construction material was '

neglected.

2) The carts were assumed to be infinite array in the x and z
.;

di rect ions . '

3) A mist of .001 g/cc water was assumed for all air spaces ~.

4) The fuel rods are contained in 1/2 inch, Sch 40 PVC. tubes, each .
,

134 inches long. There are 250 tubes arranged in 4 concentric
-

rings with an average pitch of 1.303 inches. .The fuel tubs

region of tne cart is .thus a cylindrical annulus beginning at

7.445- from the centerline of the cart and extending to a radius

of 12.711 inches. On either side of the fuel tute region, is a

weld sample box g4.375 x 4.375") attached to tne inner side of ;

the cart. The weld sample boxes 'contain a 5x5 array of the PVC [

tubes which hold empty fuel rods for the purposes of weld
-

i

sampling only. A cover of 1/4 inch aluminum with plexiglass f
areas encloses the top, sides, and back of the cart.

;

In the calculational model it has been assumed that all 250 |'
:.
'tpositions in the cylindrical area and all 50' positions in the

weld sample boxes were occupied by the largest diameter rods j

'

(0.3765" 0.0. UO2 pe1 ~ers at 10.061 gm/cc stacked density with a ,

.i
Zr-4 cladding thickness of .028 inch) at the maximum enrichment i

of 5.0 wt : H20. It was also assumed that the fuel rods and the

,

|
t
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PVC tuees extended the full length of tne cart (165 inches). The

moderation effects of the PVC have been included .in the analysis,

no.ever the absorption effects have been neglected. A 0.25" film of

water has been assumed on the exterior sides of the cover. The

concrete floor and ceiling have also been modelled.

The NITAWL and XSDRNPM codes were used to obtain 16-group cross

sections from the 123 group GAM-THERMOS library for input to

XENO-IV. A reictivity for the Rod Loading and fuel Rod Transfer

Cart, keff = 0.873 1 0058, was obtained based on the conditions

described. Dimensional details of the calculational model are shown

in Figure 8.7.

8.5.3 Autoclave Corrosien Test

Two autoclaves used for corrosion testing of finished fuel

rods are shown in Figure B-1. The stainless steel tanks are 14

feet long and have an inside diameter of 14 inches with wall

thickness of 1.5 inches. The center line distance between

autoclaves is a mininium of 66 inches. Each

.

|

|

l
I

License No. SNM-1067, Occket 70-1100 Rev. 01 Cate: 6/15/93 Page: II.8-21A

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



autoclave is Itmited to 32 fuel rods ey administrative

control. The fuel rods are nela ey stainless steel

fixtures consisting of eignt plates anich are five incnes

wide and 1/8 inch thick. Durir.g operation, tne interior

of the autoclave could conceivaely experience all

conditions of water moderation, from completely dry to

full density water. Criticality safety of the autoclaves

is based on dimensional comparison with the . fuel assembly

storage area. The fuel assemelles have been designed for

maximum reactivity and have a keff of less than 0.90 in

full density water. (See section 8.5.7). The rod spacing

in the fuel assembly is thus the optimum. If the fuel

rods were aligned in the autoclave at this optimuirt spacing,

it would thus take 256 reds to achieve a keff of

approximat'ely 0.90. The maximum numter of rods allowed

(32) provides a large margin of safety under all

conditions of moderation and reflection. Even with all

autoclaves filled, the number of fuel rods present (192)

would be less than the number required for one fuel
.

assemoly of the 16 x 16 type.

8.5.4 Fuel Rod Storace Area

The multi-level storage area shown in Figure 8-8 for boxes

of fuel rods consists of up to 10 tiers of. 32 locations

each. The steel fuel rod boxes have a maximum length of

14'-4" and an inside width and denn of 8 inches and 5-3/8

inches, respectively. A vertical spacing of 12-1/2 inches

between boxes is maintained, the first tier being 18 inches

above the concrete floor. Lateral spacing is restricted
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by physical barriers to a alnimum of 4 incnes. The rod boxes

rest on roller conveyers to f acilitate movemert in and out of

the storage array and are held .in place D/ a fi4ed brace.

Tne entire storage array is covered by a sneet metal roof to

assure the exclusion of sprinkler water. .Tne fire resistant

roof has 3% pitch to assure adequate drainage to the

floor. Water accumulation in the vicinity of the storage

rack is not considered creoible in view of the close

proximity of. an open equipment pit in the floor which is 30

feet x 60 feet x 18 feet deep. A 3 foot deep sump at the

bottom of the pit is equipped with a level detector which

activates a pump to transfer any accumulated water to the

industrial sewer system.

Criticality Safety analysis

Tne following conservative assumptions were incorporated

in the calculational model of the Fuel Rod Storage Area

(Figure 8.8):

1) Each of the rod boxes was assuned to contain the smallest

diameter fuel rods (0.382") at an enrienment of 5.0 wt %

U235 with a density of 10.061 g/cc. The fuel rods were

assumed to be tightly packed in an hexagonal array. The s

8" wide box was filled to a height of 6.25" containing 371

fuel rods, which is greater than the slab limit (6 inches)

as specified in Table 4.2.5. The fuel was assumed to be

dry. The fuel and clad were homogenized over the volume
.

,

of the box.

2) A vertical spacing of 11.5" between rod boxes was assumed.
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3)- A lateral separation distance of 3.5 inches between rod
;

bores was assuned. Interspersad meceration was not
i

iconsidered cred1 Die since moderation control is assured by *

,

the cover, walls, and doors and the storage

area.
.

4) All steel . construction material was neglected. 4

:

5) The concrete ceiling (4") and ficor (16") have Deen -

included in the calculation.
;

6)- The Tubber pad was modeled as water in the position'in '

the box as shown in Figure 8.8. '

t

The NITAWL and X50RNPM codes were used to obtain 16-group .j
cross sections from the 123-group GAN-THERMOS library for

input to KENO-IV, the code which was used to determine

reactivity of the Fuel Rod Storage Area under the conditions

noted above. A kerf = 0.6850 t .0032, was obtained . for a

system with four tiers in the vertical- direction and i

infinite array of- boxes in the horizontal diredtion.
;

i
:!

!

-i

.i

,

_
!

!

-
!

I
i
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8.5.5 Double Shelf Rod Stornoe Rack I

'

I
The double sheir storage racks for fuel rocs nold a maximum of 12 I

steel boxes icen:tcal in all respects to tnose in tne mul:i-tier I

t

array described aDave. Each box is equipped witn 3 tigne fitting

Aluminum cover which overlaps the outside edge of the box by a

minimum of one inch. One box may remain uncovered for short

periods of time to allow for the addition or removal of rods for

inspection purposes provided that personnel are in attendance.

Spacing between boxes in both a vertical and norizontal direction

is a minimum of 6 inches. Minimum center-to-center . spacing

between storage racks is 55 inches and the racks are considered

to be present in an infinite array in the horizontal plane. The

location of these racks is shown as in Figure B-1.

Criticality Safety anaivses

The following conservative assumptions were incorporated in the

calculational mocel of the Ocuble Shelf Red Storage Racks (Figure

8.9):

1. Each of the steel boxes was assumec to contain the smallest

diameter fuel rods (0.382") at an enrichment of 5.0 wt %

U235' with censity of 10.061 g/cc. The fuel rods were

assumed to be tightly packed in an hexagonal array. The 8" '

wide box was filled to a height of 6.25" containing 371 fuel

rods. The fuel was assumed to be cry. The fuel and clad

were homogenized over the volume of the box.

2. The 0.125" pad at the bottom of the box was modelled as water.

3. All structural materials were neglected.

4. An external sist of 0.001 g/cc was assumed.

t'

h
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5. A 0.25* film of water has been assumed on the cover and

sides of the box and on the supports on either side of tne

box, which were conservatively assumed to extend the full
.

lengen of the box.

6. The concrete ceiling (4") and floor (18") have been included

in the calculation.

The NITAWL and XSORNPM codes were used to obtain 16 group cross

sections from the 123-group GAM-THERMOS library for input to

KENO-IV, the code which was used to determine reactivity of the

Double Shelf Rod Storage Racks under the conditions noted above.

A keff = 0.9144 : .0065, was obtained for in infinite system in

the horizontal plane.

8.5.6 Fuel Assembly Fabrication

Fuel rods are loaded into the assembly skeleton in a fixture

which provides a lubricating water spray. These fixtures

are designec to assure that water cannot be retained. The Keff

for an isolated assembly is less than 0.90. See Figure 8.10

for all Dimensions of the Fuel assembly.
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8.5.7 In-Plant Storace of Fuel Assemel tes

Fuel assemolles are stored in a vertical position using !
|

racks of acequate strength to precluce loss of tne design '

spacing. The assemc11es in the storage positions only sna11

be wrapped with polyathylene with the bottom ends open to
,

assure free drainage. There are 440 storage positions and

an adjacent inspection area consisting of 16 positions.

Within the same rocm, (but at greater separatien distances)

there are two norizontal loading tables where the fuel rods

are initially loaded into the assembly skeletons, a vertical

wash tank where the assemblies receive a final demineralized

water rinse, two fixed vertical inspection stands equipped

with elevator platforms to allow final Q.C. dimensional

checks, and a marked floor area where the assemblies are

loaded into shipping containers prior to outdoor storage.

Each of these stations is physically limited to one fuel

assembly except the shipping container which holds two. The

assembly storage room can thus contain a maximum of 465 fuel ;

assemblies, 440 storage positions, plus 25 additional

locations. All assemblies outside of shipping containers
'

shall be stored vertically within the design spacing
,

criteria of the Assembly Storage Room shown

on Figure 8.11.

.

.
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1) A 20 x 34 array of assemolies cas conservatively

modeled at a 9.75 inen center-to-center ' spacing of fuel

assemolles witnin the coucle rows. Tne actual average

minimum center to centar distance witnin the fuel

storage racks is 10 inches. The distance between rows

of fuel assemblies within any given double rack is 35

inches center-to-center while the aisle between the

double racks is 37 inches (center-to-center) . ' This

calculational array ef fectively brings the 25

additional assemblies closer together and provides
,

greater interaction with the 440 assemblies in the

storage area than is actually possiole. The

calculational array thus contains 680 assemblies while

the maximum numeer in the room is limt tee to 465. (See

Appendix 8-1, drawing No. NFM-E-J229, " Criticality

Model Fuel Assembly Storage Room." By squaring off the

racks and totaling the number of fuel assemblies the

numeer 680 i s arrived at) .

2) All steel construction material was neglected.

3) The water mist density has been calculated to be

0.000075 grams per cubic centimeter (see section 8.7).
-

For conservatism a water-mist density of 0.001 grams

per cubic centimeter was assumed to be in and around

the fuel assemblies in the storage array. (This is a
factor of about 13 times higher than the mist density

calculated in section 8.7 or about _17 times higher than

the mist density calculated in Appendix 0 for a single

sprinkler head at maxirmam flow and pressure) . A uniform
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. water flim tnickness of 0.025 cantimeters was assumed on the

fuel assemoly surface. The actual calculated film tn tekness

aitn a /J guncertainty .as 0.0094 centtmeters (see Section

8.8). This calculated film tnickness is for 50 degrees F

water, wnile ene minimum ambient temperature is actually

higher.

4) One hundred twenty three (123) OLC-16 energy group cross

sections were used to calculate tne reactivity for an

infinite fuel storage array using KENO. The 123 group was
'

collapsed to'16 groups using XSORNPM end the reactivity

calculated for an infinite fuel- storage array. The

resultant reactivities for 4.1 wt % U235 Fuel were 1.00158 1

0.00608 and 1.00074 : 0.00569 for the 123 and 16 greups,

respectively. Since the reactivities are essentially the

same within the statistical uncertainty of XENO the 5.0 wt t

U235 finite fuel stora'ge array was done using 16 energy groups.

5) The 16 energy group cross sections were generated using XSORNPM

for the 8" concrete walls,16 inch ccncrete floor, 4 inch

concrete ceiling and the external water mist between the fuel

assembly array and the ceilings and the walls. The 16 group

cross section sets described above were then used in KENO-IV to
'

determine the reactivity of the fuel assembly storage area under

the above .noted conditions' for the most reactive assemolies (the

16 x 16 type with the grids being neglected). Dimensional
!
'

details of the calculational model and the fuel results obtained

are shown in Figures 8.10 and 8.11. '

|
|
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1

?he resulting Kef f for the finite fuel storage array is

0.842 0.004 which. is well below a Kef f of 0.95. Using the

same methocology eccitional cases .ere analyzed for a. fuel

enrichment of 4.1 wt i U235 where tne fuel assembly center "

to center spacing and the water flim thickness were varied -

to detennine the effect on reactivity.

A' tabulation of Assembly Spacing / Mist Censity/ Film Thick-
i

ness Reactivity Values follows:

-.

Assembly Hist- Film Reactivity for a

c/c Seacino Oensity Thickness- Finite Arrav

9.75" 0.001 gms/cc 0 0.69575 1 0.00397

9.75" 0.001 gms/cc 0.0094 cm 0.732 : 0.004

(see note 1)

9.75" 0.001 gms/cc 0.025 cm 0.77224 0.00349

9.75" 0.001 gms/cc 0.055 cm 0.89932 1 0.00341
i

,

10" 0.001 gm/cc 0 0.69913 1 0.00422
i

'10" 0.001 gms/cc 0.055 cm 0.904562 0.00367

i |

A validation of the methodology used to calculate the i

reactivity values noted is contained in Appendix C. :|
|

|

The local fire departments have been ~ instructed to use only '

dry chemical extinguishing methods in the fuel assembly -

storage room

,

NOTE 1: This is an interpolated value
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and ShG pellet shop. Signs restricting fire fignting_in

this area to dry chemical methoos only have been posted at

eacn entrance to the assembly storage room. There is only

one vehicle access gate to the fuel fabrication f acility.

Thus, criticality safety is assured under all credible

conditions of moderation.
8.5.8 Shiocino Container StoraQe

Fuel bundle shipping containers (Models 927A1 and 927C1), each

containing two fuel assemblies, are stored outdoors in

arrays up t'o three high. The width and length will vary;

thus, the Quantity of Containers is limited only by the

width and length of the space allocated for storage. The

steel shipping container, approximately 3 feet in diameter

and up to 217" long, houses two fuel bundles of the types

previously described in this license. The two bundles in

each container are separated Dy six inches. An eight foot

high chainlink fence encloses the storage area.

Criticality Sa fet y Analvs11

The following conservative assumptions were incorporated

into the calculational model of the Shipping Container
Storage Area:

1) The fuel assemblies are assumed to be mace of 5.0 wt.".

U235 enriched 002 with no poison shims. The most

reactive assemolies (t.*w 16 x iti design) were used.

2) The three high double infinite array of shipping

container was analyzed.

3) The containers were assumed to be flooded and the array
1was reflected by 12" of water on the top and bottom of

the array.

t.icense No. SNM-1067. Docket 70-1100 Rev. 04 Date: 6/15/93 Page: II.8-29
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- _ _ _ _ _ _ _ _ _ _

The NITAWL and XSORNPH codes were used to obtain 16-group

cross sections from the 123-group GAH-THEM05 library for

input to KENO-IV, the coce which was used to ce: ermine

reactivity of the Shipping Container Storage Area under the

conditions noted above. A keff = 0.9245 : .0057 was

obtained for tne system peak reactivity of the system. The

density of water within the exterior to the containers was

made identical.

Details of the calculat*onal model are snown in figure 8.12._

This analysis also provides the basis for considering an

open or closed assembly shipping container as an SIU which

requires no spacing beyond the physical bcundaries of the

container. Accordingly, individual containers may be stored

in the facility in unrestricted numbers.

8.5.9 Fuel Salvace

Off-specification fuel rods are receivec one red at a time
)
lin a ventilated hood. The end cap is cut off and zirc chips

are vacuumed from the rod. If the rod is not to be unloaded

a temporary plug is installed in the rod before it is removed-

from the hood. If the rod is to be unloaded, the pellets are
!iplaced in a 2 inch high pellet grinder tray. The
|

unloading operation is performed with ventilation being drawn

across the tray. |

This operation is considered a mass limited SIU, with limits

taken from Table 4.2.5.
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8.5.10
In-Process Starace of Fuel Pellets in Containers

Incoming drums of pellets shall ce stored in their original

containers only. Two containers are strapoed to eacn

pallet, one pallet hign as required by the NRC Cert!f1 Cation

of compliance. The pallets may be stored inside the Building

17/21 cenplex security fence or inside Building #21 within the

limits of a Transport Index of 90. In Building #17 three

pallets can be stored in the Pellet Shop Annex and four pallets

can be stored in the Pellet Shop Rod Loading Area 45 discussed

in Section 4.3.18. During storage in Building #17 the pallets

can be stored next to each other but must be at least one foot
from process equipment in the area. Arrays of different

shipping containers shall ce separated from each other by at

least 20 feet.
8.5.11 Buckets containino 35.0ko U03

Tne 002 powder and 002 pellets may be stored in 5 gallons or

less enclosed buckets. Normally the powder and pellets will be
dry. The only time the buckets will be open will be in hoods,

which will limit the amcunt of water that can ce introduced in
the bucket fecm the fire sprinklers.

s

Criticality Safety Anal ysis

A very conservative analysis was done for the following array

of buckets filled with U02 powder. The conditions,

assumptions, and results are as follows:

1) The steel cylindrical container has an effective inner

diameter of 10.75" and an effective height of 14.25". A

2x2x2 array of containers was analyzed with the buckets in

the array separated by 1 foot.
'

.

l
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2) Eacn container was (111ec with 35.0 kg UO enricned at'
2

5.0 wt ?. U235 and wa ter. The U02 as assumed to have a

density of 10.96 g/cc. The water was assumed to fill the

space not.cccupied by the U02 fanning' a mixture.

3) The KEHO-IV code with sixteen group Hansen-Roach cross

sections was used to determine the reactivity at the array

of 8 containers. The X rr for the_ full water densitye

witnin the array is 0.91011 1 0.01013. - The X rr for ane

external mist of 0.001 gm/cc is 0.76685|t 0.00495.

4) To insure that the container with less than 35 kilograms

of UO2 was not more reactive an analysis was done as a

function of U02 mass in the container. The reduction in

the mass in the container results in a higher water to

fuel ratio. The XENO results for a 2x2x2 array of

containers are shown in Figure 8.L3. It can te seen the

maximum activity occurs at the 35.0 kilogram limit.

The following analysis was done for a bucket filled with 0.4"

diameter pellets.

1) Sintered pellets, when randomly loaded pack to an average

density of 5.95 gm/ce, with a one sigma variation of 0.264

as determined from a series of 14 measurements. Thus, at

a 95% confidence level, the VH 0/VUO2 ratio does not2

exceed '

1.0 and from Fig 1 E.1 of UKAEA Handbook AMSB1, the

critical mass for 5.0 wt % U235 at the VH20/VUO2 of 1.0 is
in excess of 200 kg Uranium.

License No. $NM-1067, Oceket 70-1100 Rev 01 Date: 6/15/93 Page: !!.8-31A

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



S.5.12 Slab Limits for Pellets

The following analysis was done for a slab filled with 0.4'

diameter pellets.

Pellets, when randomly loaded, pack to an average density of

5.95 gm/ce, with a one sigma variation of- 0.264, as determined

from a series of 14 measurements. Thus, at a 95% confidence

level, the Volume of H O to Volume at 00 ratio does not exceed
2 2

1.0 and from Fig.1.E.16 of UXAEA Handbook ASHB1, the critical

slab thickness is 6.2 inches. Dividing by the safety margin of

1.2 results in a slab thickness of 5.2 inches.

8.5.13 Fuel Red Pre-Stackina Station

The Fuel Rod Pre-stacking Station is used to stack the fuel

rods in the final array of fuel rods in the finished fuel

assembly. Individual fuel rods are pulled from any one of the

three trays into a rod box forming a close packed hexagonal

array. As the position for the CEA guide tube is approached, a

four rod cluster of empty tubes is placed in the array. The

final array will contain five of these empty tube clusters at

the CEA guide tube location. After the array is completed, the

fuel rod box is loaded into the fuel rod box transporter, $vhich

is limited to one rod box and placed into the fuel rod

storage area.

When a pre-stacked array is to be loaded into the fuel assembly

grid within the fuel assembly area, the fue' rod storage box is

moved to one of two possible storage positions where the fuel-

can be unloaded in the fuel assembly area. The fuel is

unloaded a row at a time, with that row being pushed into the

grid cage.

!
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,

criticality Safety Anal ys i s

The following conservative assumptions were incorporated in

the calculational model of the Fuel Rod Pre-Stacking Station.

1. The three trays on the positioner table are stacked

vertically with a distance of 8.5" between the bottom of

one tray and the bottom of tne next. Each tray was

assumed to contain the largest diameter fuel rods

(0.44")0) at an enrichment of 5.0 wt % U235. The fuel

rods.were assumed to be tightly packed in a hexagonal

array. The trays were assumed to be 9" wide and filled to

a height of 6.1" containing 312 fuel rods each. Each tray '

was flooded with water. The fuel, clad, and water were

homogenized over the volume of the box.

2. All structural materials ' mere neglected.

3. An external mist of 0.001 g/cc was assumed.

4. The concrete ceiling (4") and Floor (15") have caen

included in the calculation.

The NITAWL and X50RNPM codes were used to obtain 16-group

cross sections from the 123-group GAM-THERMOS library for

input to KENO-IV, the code which was used to determine

reactivity of the Fuel Rod Pre-Stacking Station under the

conditicos noted above. Akefr = 0.8475 t .0054, was

obtained for an infinite array of systems 21.0"

center-to-center in the horizontal direction.

The fuel in the pre-stacked array is in a close packed

hexagonal array with 5 internal positions, with 4 fuel rods

missing per position. Since the array has much less of a water

Licensa No. SNM-1067, Occket 70-1100 Rev. 01 Date: 6/15/93 Page: II.S-31C
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to fuel raBio than a fuel assembly, even if the 20 fuel

position were filled with water within the array, the

reactivity would be less than that of a fuel assembly.

The fuel rod box with a pre-stacked array in the rod storage

area will be less reactive than the array analyzed in Section

8.5.4 in that the fuel rod box has less fuel per box, 269 fuel

rods versus 371 fuel rods. The Fuel Rod Storage Area is dry.
'

Therefore, introduction of water in the void space in the

pre-stacked array is not credible.

The individual fuel rod tray which is pulled into the fuel

assembly room is again less reactive than a fuel assembly.

Only two fuel rod storage boxes can be pulled into the room in

fixed positions which are separated by over 4 ft.

.

8.6 Hioh Enriched Uranium

Up to 350 gms U235 of <20". enriched uranium compounds may be allowed in

Building #17 and #21 for purposes of evaluation, analysis, or waste

management which consists of scanning drums'in preparation for their

burial. Such material will be transferred, controlled, 'and accounted

for in accordance with currently approved nuclear material control -

'

plans, and except for the drums, all material will be placed in

discrete locations specifically designated and posted for this material.

None of these materials will be processed through manufacturing

operations in Building #17 and #21.
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Fioure 8.10*

Desion Parameters of Fuel Assemolies

Fuel Assembiv
Fuel Red Array per Assemoly 14 x 14 16 x 16
Total No. Fuel Rod Positions

per Assembly 176 236

Fuel Assembly Pitch, in. 8.180 8.116Fuel Rod Pitch, in 0.580 0.506

Fuel Rod,

Clad Material Zr-4 Zr-4Clad 0.0., in. 0.440- 0.382..

Clad Thickness, in. 0.028 0.025
,

'

Oiametrical Gap, in. 0.0075 0.0070
Active Length, in. 136.7 150.0
Total Lengtn, in. 146.963 161.5

Fuel Pellgt

Material UO2 002
Disn Oeptn, in. 0.015 0.019
Di ameter , in. 0.03765 0.325
Length, in. 0.450 0.390
Oensity, g/cc/t Theoretical 10.412/95.0 10.41/95.0i -

| Density Stacked, g/cc/: Theoretical 10.03/91.5 10.03/91.5

Scacer Grid

Material Zr-4 Zr-4
No. Per Assembly 8 11

[ Inconel
} 1

| Keff 0.90 0.90
i

|

I

.

License No. SNH-1067, Docket 70-1100 Rev. 04 Date: 6/15/93 Page: II.8-41

- - _



_-

. - -
-. . ..

m.

T,
_

1
~

p i.

a ~._
-

..t -
:n. .i II ,i i .. .

II.!. ee,,ns. attamentenksX. it (!
, ... _

. . . , . .
1mwa

ammm.m em.m.}

I .i
s].

~
.

s
il l

I..I .)

g | ;Q -| '|
* '* i i

! -j ,- |!
j!-

; -

| u
;

! l. -). i.
. I ~ ,

e

hI | k~
.

| =, _
. .._ . .,

j
8 $
- o i e

it'lell!'t
,

! U- p $-p
t ,i - i i.

, ,= -
,

s 8 j -, s
; '4

: 1

j.1 2.1,.1 + . i .- i-

1
. .

.i
..

3.

- 1, a; M l' .

. I,
' ^

i !
' *

t .-
~ :

._ .

E
I t ,- i

'

1.| s- -. .

i == - -

=..,) - -- .
. 1 .a ej ( ss I

C. ,E .. li '

5_ its| 3
g, -

- '
.

. . . - i d 1
.

.

.

-

m :=.

g D5. -
i , v s

|
,! L-

. , 4 e
. - - i

,
.

E
. .

i
. ..

.. -.
,

' - '

{-
4 7 j

-

;

.

T ge=**" | *
c

. - = .
_ _

;-. . . -

,' 6_ _ : ..
-

-
-

- "'

I, 1 4 i. - i
'

.

1 --

f
.

,

g' g_ .!.'
i

| - .

:__ i. .

*\. t .

Cir
*4 - | .8 %.j t;-.: .

;

ja = !n

!!, 1|,.g -

; ,

,

;If
._

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



~

{%" .~t . . ; ' . . q. ;; . 'a,c.-.. " '. ; . ;_ _ .. .

_. , _ ,

%% .
.

. -

6

6

.

l
J

= '

. . *
,

t | 0 I
-. *- J

. a #

| 1. .
I .

|'
.

-

| I 2 li!.
:-

*| |;| 3 I = e.. ,
-.

1, ; :
L_ --

g Ts
! h |1 C* k :

,,

a ; i
| . = ,

. .

!
. '41

'

3 ! I '|
h

.

E '
8 : :

|' | .( - f

e.
*

i
! .! S
-.

... ..
f i I

.. .
e

< : *
| ! - a-. -

a.s

,

-

T.:
. : .

| | ;# ' .
.

~~~~~g = i' ; .

'7 4 s ,: ;a r
.-.:~~ I :?l:

- " =
: 8 y C

| A.8
''

8 i
= ./ < -

.
-

| h Io 'g t, * * I
q' ' _

~
:' : 'l || .:.

- - .R. . . ._ -

( ! I' I
',g

| | '

'

. .

i : . -
./ e,...

V , . ,! : <.
:.<

g I
.

2 : ; i :
.g g L

'

:' ,
e ,.

!,
|J. | - '-

| '

.
- | 1

f.Ih .
: : I

- -.
e* * Ai s. _c o..

-

.
. e f *

^

s
.,

-u*
. ,* -

W

.i
t

and ein

b t

i -
,

I e

|

. * ,
* .;,,.

1

.

'

*

.|
, i-

___

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



_ _ . _ .. _- .

.,,r..,_,._ . . . _ _ ._ _.__._'' _-- _ _N 1_;..
.,.

.,_

.

____._.._...--.-_;_,_,,_.,,_.. -
.. .. __

. ._

._. ..__. . . _ -_ _ _ _ _ _ _ -_ _ . .-- , . _ _ , -_ ~ _ . _ _
_

=.- ._
_ . .

.. _ * .~
..;-.".''==.

_
.

_ . _ . . . -__ - , . - - - -- . _ _ . _ - . _ _ - _ . --
.. ._

-

2, _ __ __ -- ._ _. - - - - _ -_ . _ . _ __ _ _ _ _ _

, . , _._. h.- J
- - -

___;;,==.=..:-. . . _
_-. - ._ _

_ .__. _ .
,._ ,_ _ _

_.._.;_.%- - - _ _ . -
_

. __. _. y 1

.- _._. .-- _. ~.- . . .

. ~ . -_ - - - . . _- ;=.

-

.._ . _- _ __.. .
-

._-:m_5
.. ~ . " " _ . _-

-- _ _ _ _ _ _- . .

-~
_.

_ __
.

:,, .- - a_
. .. _ __ _ _ _ ._ _ _ ___ _ _ . . . _,

- - _ _ _ _ - _ ,,

_

. _ .
- - - .. - _ . . . . _. . :; ,_. _ _ =

_

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

_ _-- . .. . .- _ __ _ . _ _ _ _

." * *. . _ _ ..-.- __ . -- ;. _
__ _ _ _ _ . _ . _ ~ ___ ..

. ~ _ . .
-

_

.

._ .
.

** _ __ .

__ _ _ _ : .. . .~.~. J*
,, _

. __._. __. _ _ _ _-

.

, ,;g
_ _.. _ . . -

. . . _ _ _ . _ _ . . _ _..-. . _ . . - _ . . .. - .. _ _ . _ _ ._ _ _ . __ ._ _ _ . . _.. _ , , . . . . -
_ _ _ _ . . _ . . e .._ ..

-.

_ - _ _ . . __
.

, .._ _ . _ _ _ _._. .__ .-_ _ . . . _ _ _ _ ~ . . _ . ,.. . _ s..._ ... . . .. - . _ - _ . _ _ _ . _ _ _ _ _ _ = * _ .
.

=,
. . .. .. . _ .

,
.

_

. _ _ _ .. . . _ . _ .- . _ _ . __ _...
, _

_.. -__._ _ .

. . . . . p _ . . - . _ . _ _ _ _ . , _ _ . _. _ . . , ...,. , , , , , , ,_ _ . . _ . __. _ ... , ,,,__,,.g._

.. _. _

_.
_

. . . . , ,

_
.

.._..=,.#_._(.._.. _.. _.. _ _......g. _... .__. . _ _ . . _ _ _ . _ _ . . _ _ _ . . _ . _.. . . ;
. -- _.. . -._ ..

y .- _
. _.

.

.

A
.

. . . . _ . _ .
. _ . _ _ . _ - . _... , n.

.

w. ._ y.. - . . _ _ . _ . - . _ . . _ .. , -y... . _ _ ,-... _. .W
.

.
-. ._ _ . . . _ . . ., _ _ _ , . _ _ . .... \. - . ~ . . (,._._.. _

-,

.. . _ , __ . . .
.. p _. - -

. 4,- . _
. - -

_ . _ . _ . . . . _ . __ . _ . _ _ . _ _ . __ . _ _ ..
-.-s._,,,,,_,

. _ .. ..__ . . g ._

.- ,a=-

. . . .

m r ,

_ _.. . _._..
.

, _ _ , , . , ,

.
. ,. . a.ac - _ _

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

_.._ ._.... _ _... _.. _ _ _ . ~.. . ..
. . . . _ . . _ , _p . _ .. . .. _

. . ... .. .._ . , _

. .
_ _-.. . , , ,

. .
-_e.__ _, _..___ _ ._ _.._._ _

. ____ _ _ _ _ _. . ._. * , .. , . . .. . . _ . .- n .__ __ _ _ - . - __ .- _ _- - -._ _ ___ _. __..
.

_

. ..

. . .. .-_ . _ . . , _ . ..___ _ ~..__ . _ _ . . m_-_ .

4 ,_. - . . b__. _
. . _ . -

_ _ .
-- .

.

, . .__m&__.__ _. ___ _
_ .. ....

. _. . , , , , . ,_.
_ _ _.

.. . ,,,

8'WL-. -. -- - . ._. - . . _ . %.. , . , _ . , . ~. . . .. . .bd'
6. g __ -. -._.. . . ~ _ - :".'_""""-;-- ._._ - - - - " _ _ _

.

"
,f.,,-* .

. ,
__ _ . _ _ _ ...._..~._ _._.. .._..- ... _ - . $[ , - . - . . _ ,

.- ,_ =.g...__. . . - .. ".

h1 w_ _. - _ _ . , ... . _ . . _ _ ___
_ - ... ...3,

-- . ... _ . . _ _ . _ _.. _ . ._ ._ . ..._.. _ % K_ .
.-_ .. . ... . . .--. . . pmm ,. _ .._ . . - - - ,

_ _ _ __ . _
_._ .. .i,.C.--

___

-

_ _ _ _ _. >
. t. _ . _ _ _ - . th . . .- _

. . .

,
.C,,___ ____. . . _ ,_

. ._ ._ .. , .f . r-

_ Q,,e,,, m
._ ___ g ~-

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

,_. .. . g

_ __ _~ _ __ _ _ - _ _
.

p

_.
. . L.-_..... .

.
_ _ . _ . ___. _ _ . _..

- _.__.. ._._
_ _. w ._

- .._.. g ,., ~.-._ __.- -_- _ ..-_ - -__ _- .w - _-s,
_

. .
-

_ . , _ . --- . % _,,
-

_ _.- . '~w , , ._
v g_

.m _ ._
_ . _ _ _.____ ___ . __ . . .

e
._

_. - r-_,. s_ _.. u
-

, ,.._~...'...c, . . _

.
_ _

. _
..

m. w_
.

_ . _ _ _ _ _ - _ . __ p
__ _ _ _ _ . _ . _ _ _ . _ . . am -

.

..
-_

...

, ;.;,, ,, , , M.e.. - ._ _ w ,_

_ _ . _ . __.
( 3. . . _

-- w- _ . . . _ _ _ _ . _ _ _ _ . .
=

.
. .mp5_ . . _. ._ ;- -- _

- _ + . - _ _-_ _ _ .

. - - . - . . . _ . = -.

- - _ - . ._ _ _ _ _. _ _ __ _ . _ . ._ . _ _ ._ . . . . .
.

- %cx- ,
,

. ' . . . .s._ __ar* . _ . . _ >a
. n

_ . . . _ . - . .n. .._m
. '""~ wC _4 ,w, ..

._.
-

_ _ _ _ . _ . . _ . .
..,e s_4~_

.n

g.
_ __. .- ___ _ __ . _ . . . . . .... .. _, , , . - , , . . _

___ _ _ - - .

._- ,-
U f,,. 4 _g .. . .-

-

9 r g y+
_ _

_ _ _ _ _ . _ _ _ . _. _ . _ .. _ - - - __ .
_ _ .

. .s._ -_. .

..o.
~w A e_ _ _ _ . ._ _ . _. _ . I,. _ .._. _.. _.-.4_

_.. .. . . _..__
. .__ g A-_

-.__ _ _ . . . . _ - _ _ _ _ _ _

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

.
. _ _ . _ _,

_ - . _ . _ . _ _ _.. . .. - _.._ . .__~. - __N
. ..

.._ _ _ . . w- _. . ._ _ ._ __

=- _ -_
_.

.. . . _ . . _ _ _ . . _ . , _ _ __. _......_ ...... ._.- w - - p ... . , , . .... _. _ . . _ - . . _ ......__. . . . _ _ _ _. .

, , 3
==w"

_ . . _ _

- .%_,..___.. . _ _ _ _ _ . . , ._ . _ _ . . . _- k.-,,,,,,,.,,,,=. _ _

_
.

.

_ 7, 4,,-. _ - _ _ _ _ _ y._._. __ - . _ . . _

. . . me. - . . _ .. _ .,.

-- _~_-__;_~._... . L, .-._ . - -_=
-

- - ._e. ~. . . _,_- . _ . . .
. __ .___ _ _ . _ _ _

.__ . . , _ . . _ ... . _ . - . -
-

_ - - - *_." $ .,;. . . *. __ _ _ _ - - _ _. p T_._ _; ' ;._.~ ::*.je_'_
.

. _.- _ __2_-
. . _ .

_
_

P*_ . _ ,_ - . _ ... t

; ;,--
_ -L__..

__

; . g-|g_ . _ _ . _ _ - ...... ,,_. _ _ . _ . _ _ . _ _ . .
r%.-

_. ._ . .-
. . .- ,e . _-.-- - p.6 _m- . __ .

- g ;#-_._ . . = _ _ . , , . _ - - --__ - . . -.. . . . _ ... . . . . . . _ ...L . . . . _ . . .
i- _

._. _ . ,
.. . e._ . . . ._ . . . . _ __ ._._. .,.

.,

, _ - _ . _ - . _ _ . . , , . _ _ _ _ . . .. . _ . . . . ..l.. . ~ . _ _ . -
.

- ,
.

_-_
_ _ . ..,_ __ __.. ._._ __

..
-- p . _ . , ,;-, _. ._. - - _ _ _

. ._ _.-

..."__; . ' . _ ~g.._-__ _ . , . .

..._,.-,.7'. ;.~ . . _ ___ ._ . * .-. - --.

- .
_ =s ._ __ _ _ . , . I ." an , _r;.:i *. =_- == -

,
_.

___,_. _ _ ;* * " " I. ' .'e - ._~'" *'_;~,.=:- - _ ; . : : .; . * __ .r._ _ . - _
-._

_ . _ _ - - - .-*~- * U._
. _- ** .

-- .. _ . . ., -
=.e , . ,,; :.. .

.. _ . _.,.. _-. . _ . . . _ _ _ _ _ _ __
_ __. _ _ _ ..

. . ..
.

,- .~ .. . , . , . , . _ ._
. . . . - _ .

.
,.

... .._ _ _ . - __ . _ _ _ . . .. . _ . , . _ . , , , . _ , ,

_ . . . _ _ _ . __~___ _.

_ ._- ~ _. ._.,_._._. _ . ..-_. ._. _ . . . _ . -. _ _ .

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

. _ ~ . * . __ .

.. _,_._... .... , =,; .,.- *. = . . _
.

-

.-
.

. _ ._._..e. -
_

- .

_.. - . . __ . _ _ _~ ~ ~ _ . _ ..
_ - . . _ _ - - . . _ . . ~ . . _ . _. ._. * ,

.**
_ __

_ . _ . , , , _ * . ' ~ .* * *. ,. ; : ' ~. :. _ , . _ . _ _ . ~ - - *

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

.- .
. . .... _ . ._. . . _ . ____.. . _ . _._ _ - . _ _ . ... .. __ _ _ . __ _ , . _ . _ _ ____ _. - - . . - - . . . _ . . _ _ . ._ _ _ = =. ..,.

- -..
= ...

..

-_ _. .e.-._ _. F_ e o L_
. : . - ".. -. . . . - _ - - - . rm._.>_ .r __ .; .e _ e- - -

,___c;=_.-_..=.=_=_-._-:=t-=_._.~-- .. ..

. . -

...

- _ __e____.
.

. _

_ _._ __ .-_._.s__.___.__._,=_.__.
. -._. . . __________-c--____._.c_.. _ _ _ . _ - . _ . - ~ . . . .

..

.. ._ _. -_ . . _ __ _ _ . -__ _..
.

,

_. _ _. _ e . ,_- _ .

_ _ - . _ _ . --- . _-, _ . _ _ . __..__- .- _ _ _ - _ . -
. ,

. _ . . - . - . . _ . _ . _ . . . _ _ _ _ . _ . - -_m _ _ _ u.

_

. _._ . _ - .. - _ . _. ~ . _ _ _ _ . _ .. _ .. .. ._.....
,

a . f.m.y
_ . _ _ . - . . . n _ _. .._ _. _ .

,.
.

.
. .. . _ .. _ . _ _ _ __ _ ____ . _ _ _ _ _ _ . _ _ _ _ _ _ . ___

_ .=.__. _ .. .=. - ... . ~ . . _ . __..-__ _ - _ _ . , . - . _ _ . _ . _ _ _ . _
___.. _. . . . . .

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

. <. - _ . . _ _ _ _

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

1

l
<. .- . ..v i = . s = .v. . . W. _,.s, r.c .. < " . . e. .' . Rev. 01 N. . = - 6 15 93

. . .. i.-,a e- . ' . - .-*- . . . . .. . . .. 3 . . i

i
I

1
4

_ _ _ _



| FIGURE 8.16

CENTRIFUGE COMPLEX LAYOUT IN BUILDING 17
(DIMENSIONS ARE APPR0XIMATE)
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FIGURE 8.16 -|
TWO COMPARTMEET BOWL OF WESTFALIA CLARIFER
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Section 8.7
..

COMBUSTION ENGINEERING, INC.

Windsor, Connecticut

AN ESTIMATION OF THE WATER VOLUME FRACTION

PROVIDED IN THE ASSEMBLY ROOM OF BUILDING NO. 17,

WINDSOR FACILITY, COMBUSTION ENGINEERING, INC.

2
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ABSTRACT

A method is described for estimating the water volume- fraction ^ (vater -
,

discharge density) provided by automatic sprinklers in the Assembly Room' of -
.

Building 17 at
the Windsor facility of Combustion Engineering, Inc. Water

volume fraction in. thres selected . regions in the Assembly Room were
cycluated separately.

The volume. fraction was estimated to be about
0.0075% of t.he space volume in the three selected regions.
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The objective of this project was to es tima te the wa ter volume

fraction in air which can be provided by the sprinkler syatem in the
Assembly Room of Building 17 at the Windsor facility of Combustion
Engineering, Inc.

1. SCOPE OF ESTIMATION

The estimation vaI performed exclusively for the sprinkler systems and
room configuration shown in Figure 1.

The sprinkler systu in Figure 1 is in conformance with the NTPA
Standard for Sprinkler Systems. The system was installed according to the
pipe schedule for ordinary ha:ard occupancy.

The water volume fraction in
air was estimated separately for Regions A, B, and C indicated in Tigure 1.
Idese regions are

delineated by the valls and dashed lines shown in the/
SIgure.

2. ASSUMPTIONS OF ESTIMATION

The estimation was based on the folleving assumption:
1)

Both the diesel and electrical pumps are running to providesprinkler. vater.

2)
The v:rtical distance from the base of the riser at Building 11to the slavation of the sprinklers is about 27 f t, which isequivalent. to, an elevation head difference of 11.7 psi.

3) The water discharge rate in a region of interest can be obtainedfrom the water supply test data of Building 17 in conjunctionwith the Tactory Mutual Pipe Schedule Sprinkler System DemandTables (1).
4) The pressure drop due to friction loss froo the

to the region of interest top of the riser

Mutual Pipe Triction Loss Tables' (2) .can be e'stimated from the Tactory
5) Water drops are homogeneously distributed in the air of theregion of interest.

2.icensa No. SNM-1067, Docket 70-1100 Rev. 05 cate:
6/15/93 Page: II.8-62
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3. PROCEDURI OF ISTIMATION

The procedure used to estimate
the water volume fraction in air isdescribed sequentially as follows:

1) Obtain
tabulated water pressurethe tabulated water discharge rate from a sprinkler sy tat the

the starting point of the s ematsystem
from the Tactory Mutual Pipe Schedule Sprinkler SystemDemand Tables.

In the tables, water discharge rates and water
pressures aie tabulated such that the water pressure at the endsprinkler in the branch line is 5 psi.

2) Calculate
the actual water discharge rate and the correspondingvater pre s sure from the

based on the water supply test data fog Building 17 tabulated values obtained in Procedure 1,2). For vator densities of 0.2 gps /f t (see Figure
and above, the actualwater discharge rate

(Q ) and water pressure (P3) are related tothe tabulated water disc,harge rate (Q ) and water pressure (P )by 1
g

(0 /,0 I " P /P
'

1 2 1 2 I1)
*

The water pressure drop due to friction loss from the top of theriser to the region of interest
Mutual Pipe Triction Loss Tables.is obtained from the Tactory

3) Approxi= ate the actual vater pressure at the end sprinkler in thebranch line using Eq. (1).
Since the water pressure at the endsprinkler is 5 psi in the tables, the actual wa ter pressure is

P = 5(0 #D ) *

2 2 1 .

(2)4) Take the average of the water pressure at the
the sys tem of interest and the water pressure atstarting point o f.
sprinkler as ,the average water pressure of the system.the end

; 5) Estimate the volanetric median drop si:e at the average waterpressure of the system.
6) Calculate the wa ter volume

based on the water discharge rate, fraction in air for the region ofinterest
region, space volume in the

and average vertical downward velocity of the water dropsof median size. Use the equation:
|

Mkfar Vol. Trac. (Water Dis. Rate) (Time For Drop to Go Trom Ceil /71oor)=

Space Vol. In Region Below SprinX1ers|

License No. SNM-1067, Docket 70-1100 Rev. 05 Date:
6/15/93 #*T** II '* 8 ' ' '
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4. CALCULATIONS ;

~ lThe estimation. of water volume fraction .in air was performed
separately | for Regions A, 3, and C shown, in Figure 1. The'fo11owing
calculation procedures for each region are identified by numbers in ;

- '

accordance with those of Sect' ion 3.
-

!.

Region A l

1).
for Ordinary Basard Occupancy, we obtain:From the Factory Mutual Pipe Schedule Sprinkler System Demand Tables .

tabulated water discharge rate: 185 gym
1

tabulated-water pressur
end sprinkler pressure:e: 17 ,

5 psi.
'

2) Actual water discharge rateL= 446 ypmActual water pressure
.,

117 psi) x (446 ypa/185 gpm)1.85=

= 86.6 psi.
,

Pressure drop along 80 'ft (from a to e in Figure 1) of. 3-in. pipe
-

.

(0.215 psi /f t) x -(80 'f t)=

= 17.5 psi.

Water pressure at the base of the riser

= 36.6 psi + 17.5 psi + 11.7 psi=115.8 psi. '

in Tigure 2.This pressure agre.es with the water supply ' test data for Building 17 -

3) Actual water pressure at the end sprinkler is
P= (5 psi) (4 46 gym /185 gym) 1*8'

= 25.5 psi.,

4) Average water pressure in Region A

(35.6 psi + 25.5 psi)/2=

= 56.1 psi.
,

License No. SNM-1067, Docket 70-1100 Rev. 04 Da te: 6/15/93Page: II.8-66 .
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5) For 1/2-in.
(3) .prinklers, the volumetric median drops size at 30 psi is

s
about 0.86 m
the one-third power of water pressure,Since the median drop size is inversely proportional t

the median drop size at 56.1 psi is o

(0. t 6 mm) (30 psi /56.1 psi)1/3=

= 0.70 s:m.
6)

~

The downward drop velocity is aboutdias.eter (3).
time needed for 0.7-=m drops to fall from the sprinkl21.5 ft/s for drops of 0.7 m in

The
to the floor = 27 ft/11.5 ft/s er= 2.35 s~.'

Therefore, the water = (446) (0.039) (0.13368)
volume fraction x 100

(27) (30) (3 9)

= 0.00741
Region B

1) From the tables, obtain:

Tabula ted wa te'r discharge ra ta = 18 5 gpmTabulated water pressur
End sprinkler pressure =e = 17 psi5 psi.

2)
Actual water discharge rate = 467 gpm
Actual water pres sure - 17 (467/185)1.85 p,g

= 94.3 psi.

Pressure drop along 40 f t
(from a to b in Figure 1) of a 3-in., pipe

= 0.238 x 40 psi
= 9.50 psi '

|Water pressure at the base of the riser
= 94.3 + 9.50 + 11.7 psi
= 115.5 psi.

This agrees with the water supply test data for Building 17.
3) Actual water pressure at the end sprinkler

*0=5 (467/185) psi
= 27.7 psi.

I.icense No. SNM-1067, Docket
70-1100 Rev. 04 Date: 6/15/93 Page: II.8-67
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4) Average water pressure in Region B

(94.3 + 27.7)/2 psi=

= 61 psi.

5) Median drop size at 61 pai

= 0.'86 (30/61)/I3 psi
= 0.68 mm.

6)
The downward veloc'ity for water drops of 0.68 mm is about 115
The time needed for 0.68-mm vater drops falling from the spri klft/s.the floor .= 27/11.5 s n er to= 2.35 s.

The water volume fraction = (4 67) (0.039) (0.13368) x 100
(27) (30) (44)

= 0.0075%.

Regton C

1) .Trom the tables, obtain:
Tabulated water discharge rate = 400 gymTabulated water pres 7ur
End sprinkler pressure =e = 17 psi5 psi.

2)
Actual water pressure = 17 Actual water discharge rata = 992 gpi 85

(992/400) pri
.

=91.2 psi. '
.

Region C can be neglected. Assume pressure drop sue to friction loss from the base of ris
er to '

~

Water pressure at the base of the riser
= S1.2 + 11,7 psi
= 102.9 psi

This agrees with the water supply test data for Building 17
3) .

Actual water pressure at the end sprinkler
=5 (992/400)1.85 p,y
= 26.8 psi.

License No. SNN-1067, Docket 70-1100 Rev. 04 pe ts:
6/15/93 .Page II.8-68
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4) Average water pressure in Region C .

= . (91. 2 + 26.8) /2 psi
= 59 psi

5) Median drop size at 5f psi

= 0.86 (30/59)1/3 sua
= 0 . 6 9 aun .

, , ,

6)
The downward velocity for water drop of 0.69 mm -is about
The time needed for '0.69. mm water drops falling from the sprinkl11.5 ft/s.the floor = 27/11.5 s er to

.= 2.35 s..

The water volume fraction = (992) (0.039) (0.13368) x 100
(27) (64) (40)

= 0.0075%.
S UMVARY

of Building 17 -(see rigure 1) were estimated separately based on theThe water volume fractions in Regions A, B and C in the Assembly Ro
,

om

sprinkler system and room configuration illustrated in Tigure 1, and the
i

water supply tes t data shown in rigure 2.
fractions in air in the above three regions are aboutThe estimated water volume

,

0.0075%.

s

}

f
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1)
' Pipe schedule sprinkinr system demand tables, . Loss Prevention

,

Data Sheets 2-76, The Factory Mutual Systaa. . '

2)
Factory .Mutua1 System. Pipe friction loss tables, I4ss Prevention Data Sh'ests 2-89

,

, The
;3) You, E. E., 'Spri kln er Drop-Si~se Measurements, Part 'II:

Investigation of the spray. Patterns of Selected Commercial -An

Sprinklers with the TMRC PMS Droplet Measuring System,' TMRCTechnical Report, J.I. OGIE7.RA, 1983.
_.
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SECTION 8.8
-.

.$

COMBUSTION ENGINEERING, . INC. -

WINDSOR, CONNECTICUT r

:

AN ESTIMATION OF THE WATER FILM THICKNESS
CN FUIL RODS (IN. FUEL SUNDLES) DURING A-

i

RELEASE OF WATER .FROM THE SPRINKLER ' SYSTEM.

,
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The following are
the calculations used to determine water film thickneson fuel rods (in fuel bundles) s

in storage when the storage room sprinkler
system is activated.

The
following assumptions have been made,:

- No effect due to grida in the fuel bundles

- All vater drops -falling on the fuel bundle accumulate at the top of
the fuel bundles and flow along the fuel rod surfaces.

- Water distribution is uniform in the fuel bundle.
. BASIC INTORMATION

Fuel Arrancement (Geometry)

Tuel 0.D. 0.382 inche s=

Fuel Pitch = 0.506 inches
Flev Rate

For Region B of the storage room = 467 gal / min.
(See Section .8.7)Area of storage room 30 x 40 = 1200 ft2=

Physical Properties

at 14.7 psia and 77'T

Water Density k 362.3 lb/ft=
,

Water Viscosity J.4 = 2.0 x 10 5 2lbr -see/ft
at 14.7 psia and 50 F

Water Density k 3= 62.3 lb/ft

Water Viscosity ,Q = 2.73 x 10'3 lbF -sec/ft
Area of A Single Puel Lattice

A = (0.506) 2/144 0.00178 ft=

i

l

License No. SNM-10 6 7,
Docket 70-1100 Rev. 04 Dat*: 6 15/93 Page: II. 8-7 2/
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a

j
a

Clad ' Perisseter of A Single Fuel La ttice :;

b= (0.38'2)/12 = 0.1 f t
}

)
Water Flow Rate Per Fuel Lattice

3
467 CM x 0.13368 .E x 0.00175 TT260 = 1.54 x 10-6

.

FTCal 1200 FT' '

Ec
Formula for Filan Thickness

f

*

For this calculation reference 1 and 2 are used.
,

'!Q 1/3
!$a i. p2 7' _. {
'
,

twhere gi film thickness (ft) ,

iy: viscosity (L8 -sec/TT )2 t
. g

>

T: mass flow rate per u. nit width of wall (LB/ft see)p: density (LB/f t3)
|'g : acceleration by gravity (ft/sec )2,

: conversion factor
Film Thick. ness calculation

'

at 14.7 psia and 77'T <

I = 1.34 x 10-6 77 a 62 3 L3 = 9. 6 x 10 L3
3 I

IIe W M-See
0.1 TT ;

!

and = 3 x 2.0 x 10~3 x0.6x10[ x 32.2 hg
~~

1/3
-5EC 2 5

3x32.2hC
.!(62.3)

0.00025 TT -=

0.00295 inches = 0.0075 CH |
='

..,

!
, ,

I

t

.
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at 14.7 psia and 50"F

1.54 x 10-6 g.x62.3N3 9.6 x 10'' N-5EC
=

0.1 FT
-

m 1/33 x 2.73 x 10' I'and
9.6 x 10"# E

=

x 32.2 Ex
2 2FT FT-SEC SEC

_.

(52.3)2 g2LB FTx 32.2 RC2
Discussion = 0.00027 FT = 0.0033 inches = 0.0083 CM _

The above approach is based on laminar film flow and derived th
eoretically.

A more comprehensive approach considering turbulent flow wa
s presented byDukler (Re f. 3).

Dukler shows, in Re ference 3, that his approach gives
similar film thicknesses as the Nusselt approach (Ref. 1) at zero shearmars at the

fil.m/ air interface and low Reynolds nu=bers (less ,thah 300) .
/~or the present case, the Reynolds nu:nber is:

Re 4,y=

y

4 x 9.6 x 10'' N-5EC
Re =

$*9*

2.0 x 10-5 -K
232.2hc2

Therefore, it is concluded that the Husselt
approach is a reasonable ene.
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90 ACCIDENT ANALYSES

91 Spectrum and Impact of Acciden ts Analyzed
j

Section 6 of " Environmental Impact In forma tion , Nuclear Fuel

Fabrication Facility, Nuclear Laboratories", April 1981 evaluates the
consequences of all credible accidents. In all cases examined, the
probability of a major accident was found to be extremely low. This
low probability is derived from the fact that: 1) all process equipment
is designed to incorporate permanently engineered safeguards; 2) strict
administrative control of production procesges is maintained; 3) the '

double contingency policy is adhered to in the preparation of safety i

evaluations; and 4) generous safety factors are included in all
facility limits.

Off-site impact of the spectrum of accidents discussed in the
Environm en t al Impact Information is shown below:

Accident Classification Off-Site Impact

Injured E=ployee No tifica tion of None
Unusual Event

Contaminated Employ e e Notification of Non e
Unusual Event

Process Leak or Spill Alert Non e

Fire Alert None

Release of 25 uC . of . Site Area 50% of MPC for insolubleAirborne Radioactive Em erg ency U235 at site boundary
Particulates into CE
Site Environs

Criticality Accident Site Area Whole Body dose 1.184 RAD
Emergency Thyroid dose 2 93 RAD

Emergency Alert General None (off-site impact
Emergency from Emergency Alerts

which are reclassified
into Plant or Site
Emergencies are
described above).

License No. SNM-1067, Docket 70-1100 Rev. 04 Date: 6/15/93 Page: II.9-1
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92 tralvsis ne postulated Incidents Havinc Offge;. r,-4-t

9.2.1 Critic 41ftv A *c iden t

S Lnc e the amount of U235 en site is greater than the minimum

mass necessary to achieve criticality, it is necessary to
consider the possibility of a criticality incident. While such
an accidant is theore tica ly possible, it is highly unlikely
because of the administra tive and opera tional controls

es taotished by C-E over the receipt, use and storage of enriched
uranium. In the history of the low-enriched f uel f abrica tion
industry, there never has been a criticality accident associated

with f uel prepara tion or f abrication. There have been four
criticality accidents in high enrichec scrap recovery
ope rations, but all these involved wet en emical proce ssing. The1
operations performed on the %fndsor site do not involve wett '

chemical processing.

Fortunately, criticality accicents have occurred so rarely tbat
no statistical analysis of the probacility of suen an accident.
has c oen a ttemp ted . Criticality events that have occurred have
had no significant environmen tal impac t.. Radiation injuries

were restricted to individuals directly involved. Fisslon,

;

produc ts, were e f f ec tively con fined to the processing building in
which the even t occurred. Prompt evacuation of emoloyees uc'on a

criticality alarm woeld assure no more than =inor radiation.
.

1

doses to all except those in the imceolate vicinity of the
accident.

l

l

' License no. Stu-10o7. Occket 70-1100 Rev. 03 Date: 15/15/93 vages I I . 9 -2
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In estimating tne intensity of a criticality accident, it has
been assumed that 1,000,000,000,000,000,000 fissions occur

producing approximately 8,000,000 calories of heat. The
following type of accident '

conditions would be necessary to
cause a nuclear excursions
9.2.1.1 Mne. cat d Uranfom Ovida cce=nwota -d-

A sufficient quantity of production assemblies, to

sustain a nuclear chain reaction.when covered with
.

.

water, could th eo r e ti c a lly , but inadvertently be
,

accumulated.

In the abo ve case, the first spike of the nuclear chain
reaction could exceed 1,000,000,000,000,000,000

fissions, ejecting the moderating water as s team in a

suf ficient quantity to render the sys tem subcritical.
The release of fission products is not expected because

the enriched uranium is encapsulated in zire'enium
tubing which is designec to withstand a reactor

environment.
9.2.1.2 Mod-rated Urartum orida - Un en e ss sn1 = t d

s

Unencapsulated enriched uranium such as fuel powder,

f ue l p e lle "J , or fuel sludges could be a ccumulated,
through inadequate administrative con trols , in

sufficient quantities f or a criticallev accident.
Similar accidents have occurred in en e p aJ t with hign

enriched uranium solutions as previously neced. , From
1,000,000,000,000,000 fissions could be expected f rom a

single burst releasing fission products.

License No. Stu-1067, Occke t 70-1100 Rev. 03 Cates 6/15/93 Page: II.g-3
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The tission products which- could be ralsased would
combine to yield maximcm ott-site doses ott ,

Whole Body Dose .

Thyroic Dose 1.184 HAO-
2.93 RAD(Calculated Ln accordance'with NRC Regulatory Guide

-
3.34)

'

9.2.2 un ene A t rnerne '? set ten t s ee ket.as.

A major airborne radioactive ' particulate release is again highlyimprobable because of
the High .Etticiency Particulate Air iHEPAL

Filters utilized a t C-E NFM-dindsor (99.97% Ef t tcient).All air

released to the environs is sampled daily to determine any-
release.

Any release enat would resuit in a concentration at
airborne U02, greater than 50% of MPCa- for insoluble U225 in a

,

24 hour period at the site boundary will' be considerec
s igni ficant anc the S ta te of Conne cticut , office of Civil
Preparedness shall then be notitied. A person standing at_the '

site boundary continuously (24 hr/ day in a concentration equal ',

to 1.0 MPCa General Population) after 1 year will receive a dosa-
of approximately 0.50 rem. This notification level used by 'C-E -'

NFA-nindsor is a tac tor of 1000 less than the NRC notification
level required by Jo CFR Part 20. However, because of C-E:

,

dFM-Wincsor's continued low annual airsorne ettluent release
rates, airborne levels exceeding 50% MPCa at the site boundary!

-

would ,

Lndicate a significant increase aboVe normal operating
conditions and notification ot ' state . agencies is viewed

,

to be ;

appropriate. A release of. this magnitude is insignificant from
,

a rarfiological saf e ty s tandpoint, but is used to. mitigate the

Lic ense No. SNM-J oe7 Doc ke t 70-1100 Rev. 03 Cates 6/15/93 Pages II 9-4
i

!



|

consequenses of a potentially large release.

9.3 werse cas, scenarin

The emergency plan scenario chosen was an accidenta.1 criticality
'

excursion. This scenario was chosen because it is the only accident
tha t could occur a t C-E NFM-Plinds or that has cot ea t f a l for any
s ign i t i c.an t o f f -s i te impa c t .

The emergency plan s'cenario is based on the f ollowing: T"t postulated
a ccide n t occurs in the powder processing area of the nuc1n+- fuel

manuf ac turing f acility, the area in which low enriched UO2 in powder
form is pressed into pellets (UO2 in powder f orm has the greates t

potential of being brought to the condi tions required for an accidental
criticality to occur) . The f ollowing conditierts would have to occur
s imul tan eous ly :

1) A violation of criticality mass limits by a f actor of 2.3 (A saf etyfactor of 2.3 is incorporated in all mass limits).
2) The accidental introduc tion of a large quantity of water to theacove mass of UO2 powoor to cring it to op timum moderationconditions.

3) The assemoly of the powder and wa ter mixture in to an optimum
geometrical configuration. A curst o f 1,00 0,0 0 0,0 0 0. 0 0 0,00,0,000tissions is then assumed to occurs

This is s quivalent to a release of aceut 32 megawa" s econds, which is
a much larger eicurstun than could ee expected in any system in a low

anriched fuel f aerica tion f acility. To cause an excursion of this
eagni tuce , 'a very recid increase in reactivity woulc be recuired, which
is not credicle in the sys te ms in this facility.
Radiation inJuc '*s would be restricted to individuals directly involved
and personnel witoC3 a "10-20 f oc t radius of the accident. Promp t

evacuation of employes.' by an autcma tic criticality alarm system would

Liconsa No . SN,4-1 Oc 7, Docket 70-1100 Rev. 03 Datea 6/15/93 Page: [I.S-5
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'

,

result in sinor radia tion dose s to all. excep t enose in the imedia te '
vicinity of the accident.
9.3.I

wha 1 e ~ Bodv cleue Om
t

The fi ssion product
isotopic release and .the average e'nergy used |

in this postulated accident are shown in Table 9.1
The i

distance to the neare.sc resident bordering tne C-E Windsor sit
e 1is 640 meters.

The a tmospneric conditions assumed for this

accident were very conservatively chosen to be- Pasquill Type F .
iwith a wird:ispeed of I

me ter per second blowing directly toward:
the home of the nearest :

resident. i

If 50% a tmospheric condition [Information was available at the site, the calculated dose would :

ce decreased by at least ,

an order of magnitude.
)The dose was calculated assuming a semi-infinite cloud
i
I

surrounding tne individual wi th a radioisotope concentration !

i
equivalent to the center line plume. Since the Pasquiall Type F

|
a tmosphe ric s tabili ty condi tion producss a very 'small plume , the
dose is overes tima ted by a f ac tor of 8 as a result

of the
semi-infini te cloud a ssump tion.

The delay in the bulloing was done assuming the volatile fission
j

produc ts were instantly mixed within the pelle t' shop volu$e of
291,000 cu. ft. It was assumed that 19,331 cu. ft. of the
ou11 ding v'olume, which is equivalent ;

to 30 seconds ~ flow througn !
the v en t ila tica sys tem, was discharged with no delay' of the ;

'

f ission products.
The dos e s a t the site boundary were -

calculated for tnis release. The next 19,331 cu. ft. volume was. !

delayed f or 30 seconds and the doses at the~ site sits. boundary |
ca lc ul a t ed . This same procedure was f ollowed until the entire

-

,

LIc ense do. SN;J-10o7, Doc ke t
"

70-1100 Rev. 03
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ou11 ding volume wa * released.
The dose s from each 30 second

releas e were added to de termine the total oose from the cloud.
This method of calcula ting has two conserva.tive. assumptions - 3 3
no delay is assumed during each 30 second release,

,

anci 2) no
turther dilution of the fission products in ' the building is

i
assumed for each release. The only other credit taken was for
the wage

ef f ect of the building which is only
1.5 based on the i

minimum external area of the building which is ' 334 . square
meters. ;

!

,

!

QF:-S f T: 005:S c40J woWST cac:-co rT f ca t ITY A& E'

.1ho le Body Dose
* Thyro ic 1.184 AAD

2.93 RAD* Calculated using a breaching rate of !
0.000347 cu. meters /sse

The me thocs utilized in th e a s.s e ssmen t of this accident are
.

con.s i s ten t with those us ed by the U. S. Nuclear dequ14 tory '

Commission.

9.3.2 c2aete,< fen

fhe em' rgency plan scenario evaluated here
,

e

indi ca te s . tha t '
evacua tion as .a protec tive measur's not be considered.

\
Considering the extreme conservatism described acove, the.

of f-site cosas will be below all recommended action guidelines. >

3

Comous tion Engineering's Windsor site has its own effluent and

environmental measurement and monitoring program. Environmental
3

samples have been taken on a regular basis over the past to
years and

their results are available f or compariston in an
emergency situation.

.

; .ic ense No , SN;+-l uo7, Occ ke t 70-lJ00
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Gard i om5 t i vi t v of f er-o r D a t Noc!1det
9 e l ma s ed From th e Pos trel a r.M cri t t em14 tv Acc idme t

NtteI f de Average GammaCitries Er e r-v ( Jav 1
Kr-83m

__

3.7E+0Kr-85m 2 . o E-3 *I.6E+1Kr-83 I .6E-1
Kr-8 7 1. 5 E-4

1.0E*2 2 .2 E-3
Kr-88 7. 8 E-16.5E+1Kr -89 - 2.0E o

_
4.IE+3 I.6E O

X e -131 a 3. 8 E-4Xe-133m 5.5E-2 2 . 0E-2
4 . l E-2Xe-133 I .3E 0 4. 6 E-2X e-l aba 1.lE+1X e -135 1.6E+1 4.3E-2 '

Xe-137 2 . 5 E-13.8E+3
X e -138 : .6E-11.2E+3 1. l E. 0
1.127 4 2$-11
1--131 3.8E-11-132 3 . 8 E-l6.7E-1I-133 2.2E O3.55 01-134 6.1 E-l4 8E+1
1 -135 2.6E o

1.2E+1 't.5E O
,

_

-3
4 E-3 is cetthed as 10

1

.t
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C 4 Power $rstoms - Tes. 2c3/ 688 1911
Comouslion Engineeng. inc. Teter 99297 ,

1000 ProSDect Hall Acad
winoso<. conn.ci,cus o6o95

POWER
SYSTEMS

,

SNM-1067. Docket 70-1100 (Windsor)March 23, 1982'
SNM-33, Docket 70-36 (Hematite)

U. S. Nuclear Regulatory Comission
Washington DC 20555

Attention: Mr. W. T. Crow, Section Leader
Uranium Fuel Fabrication Section '

Fuel Processing & Fabrication Branch
Division of Fuel Cycle & Material Safety

Subject: Decocrnissioning Plans for CE-Vindsor and CE-Hematite
Nuclear Fuel Fabrication Facilities

References: 1) Letter from H. V. Lichtenberger (C-E) -to L. C. Rouse (NRC), !dated January 19. 1979
{

2) Letter from H. E. Eskridge (C-E) to L. C. Rouse (NRC), dated
January 19, 1979

Dear Mr. Crow:

The Decomissioning Plan, Reference 1, for the C-E Windsor Plant is included
in Appendix A of SNM-1067 and made a part of that document; the Decocinissioning '

Plan, Reference 2, for the C-E Hematite Plant is included in Appendix A of ,

SNM-33 and made a part of that document.

When the Windsor and Hematite operations are phased out and it becomes ne,cessary
to decomission these facilities, Combustion Engineering, Inc., will cover all
expenses for such decomissioning costs at the time they are incurred tnroughthe use of current revenues.

Sincerely, '

'. M ,

. . -. , c_4 _. t i..

J'. M. Wes* ;

Vice President, Nuclear Power Systems Division '
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1.0 [N ~ROnUC !OS

Comous tion Enginee ring. Inc., is at ori zec to conductat i ts Mindsor. Connec ticut operations
f acilitiss uncer NHC License SNM-1061Although there.are no federal r egula tions currently in effectwhich would require cecontamination and decommissioningf ac titties, in May of these

SNM-l oc 7 wnica recuires C-E to1978 NAC imposed License ConditionNo. 24 to" submit a plan for the futuredecontamination of cne places of use and sites autnerized oy tnislicense so tney can be released for unrestricted us e '' . In ale tter ca tec Cecemoer 9, 1978 NaC further def;ned the detailsrequired in tnis. plan including the neec for financialarrangement 1,t: insure tnat ene funds will oe availaole andco mmi t ted
to cover the cos ts of decon tamina tion.

Comeus cion Enginee ring. Inc., will, after termination of a lllicensed activities in the facilities cov e r ec ey NRC . LicenseSNM-10o7, comply with License Concition 24
as cefinec in this planand

ce con tamina te tne f acilities as recuired to release them forunres tric tac us e .
2.0 PUooOc:

The purpose of.this plan is to ce scribe the course of action to =eta ten oy Comoustion Engineerin;. Inc., wnen it cecomes
to decommission ene Windsor Facility licensed unc e r SN.4-106 7. The

necessary
oeject of tne decommiss ioning ac tion is to prepare the site andf ac ilities in vo l vec for release for unrestricted use cy thecompany.

3.Q
DCCOHrsvt M s TIO N JLs1t

Uncer SNn-loo 7, all racloactive ma terials are storec, p roc e ss ed ,or retained in cuilcings 5. 6, and 17 on the Wincsor site.Accordingly, tne procecures noted celow will ce a:oliec
to theseouildings to decontaminate enem te the levels notec in ParagraohJ.l.l.

3.1 Oe caramfaarten G"ide!!aas
3.1.1 .Cecen tamina tion will be to tne levels notec belo . Inaccition, every eftert will ce mace to furtner recucecontamination levels to as icw as reasonaolyacnievablea

Av:osn: ( 1.) ( ? ) MAYruuu ti)(3) suo:7 f1 t
Removable Aicha 1,000 dom /100cm2 1,000 c:m/J 00cm2 200 dem/100cm2Fixec Alpha 5,000 cpm /l uc em2 15.000 cem/100 cm2 1,000 com/100cm2

Hevision: 0 Date: 1/12/79 dage: I



NOTES: (1) H e t er enc e Annex C, cated 11/ 76, to Comous: ion Eng Ln e e r ing ,Inc., hematite Site Soec:a1 huclear Saterial License, shg_33
.

** Guidelines f or Oecon tamina tion of Fac ili ti es anc Eouicm en tPrior to delsase for Unres rt:tec Use or Termination ofLicenses for Syproduct, or Special Nuclear Material",
(2) Measurements of average c on tamina tion snail not ce averagedover an area of more nan one scuare me ter.
(3)

The maximum con: amination level acclies to an area of nc: .no r ethan 100:4m2.

3.l'.2 Aa cioa c t i ve surfaces will not be pain ted until it iscomons tra ted tha t contamination coes not excesc theabove noted levels.
3.1.3 The racicac: 1vity of :he in:erior surfaces ef- ducts,

pipes, etc., will ce ce ermined by taking measurements
at all ac:e ss poin 3, provicec contamination a: :neselo c a t io ns is li< elf :o ce representative of interiorcon tamina ti on . It sucn ac:ess loco: ions are not11<ely to ce recrasen;a:1ve, or it interior surfaces
are ina c c e s s i b l e , then such interior surf aces snall be
assumec to ce contamina:ec in excess et :ne aco venotec leveis.

3.1.4 All rou t ine health physics anc environmen;almonitoring programs will con:Inue to ce concuc tec insuen a manner as to minimize betr. cersonnel ex osureanc release of racioactive materiai to tne siteenvirons. A comprehensive survey will be conductecucon completion of the project. All recuirec r - ?. o r c s
'

will be maintained for the cerice specif(ec byapplicaole regulations.

3.1.5 Disposal et uranium inven:ory will proceedsimultaneously with :ne pian; c e c o mmi s s icn ing anccecontamina:!on. Scrap r e co ver y areas will be One' las; areas to ce disman:lec in order to reclaim anyuranium genera:ec from clear-vo. Security cenststentwith :ne requiremen ts of 10 CF. 73 will ce maintainecuntil all r acio ac:ive ma:erials, licensec uncer
SN,4-3 06 7 have oeen removec f rom Buildings 5, 6, anc17.

3.2 Dacca tamiaa r f ^m D sc =do a

3.2.1 Bui'< p. ev,I c o.-temetiv. mar.-i=1a

A pnysical inventory of tne facill:1es will Oe
conduc tec f or all SNM materials coverec uncer LicenseSha-10o7. Inventortec materials will be packagec ano

Hevisions O Ca.:e : 1/12/7; dage 2,
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di spo s ed of in accordance with regulations inexistence- at the t i.n e enat enedeco nmis s ioning takes place. facility'

3.2.2 Dissosa! et enufmm.n-

Contaminated equipment will be disposed of by burialor sale.

as Eculpme n t disposec of by burial will not be ,
de con t ami.n a t ed . Instead, tne equipment wi ll be-
cleaned to remove all culk radioactive -ma t er ia ls .-. The e quipmen t will be vacuum cleaned and ' then ,wiped witn damp clochs to remove all remaining- radioactive particulate ma ttsr. The s culpmen t
will then be- packaged and transported inaccordance with applicaole 00T anc NRCr eg ul a t ions .

b) Contaminated e quipmen t may be sold for use at
anotner f uel cycle f acility. In suen instances,

' all exterior surfaces will be cleaned to levels
permi ssible for res tricted areas. The e cuicce ntwill then be pac kaged and transported inaccordance with acplicaole DCT anc NRCregulations,

c) E cu ip me n t may be sole for use at non-nu cl ear
facilities. In suen instances, all surfaces,
interior and ex terior, sna11 be decontaminated soas not to evceed levels given in Paragrapn 3.1.1.

3.2.3 P-=- 1 = an t ~c e t cactitet=<

Upon removal of inven tory covered under SNM-1067 and-disposal of equipment, tne facilities * i ll beprecleaned in the following manner:
a) Floors will be vacuum cleaned and wet scrubced.

-b) Halls will ce vacuum cleanec and final wicec withcamp clotns.

c) All roof trusses, overneac steel, ceilings,
overheac ductwork, piping, etc., will' be vacuumcleaned and final wipec with camp cloths.

d) All uncerground drain lines will be pressureflushed repea tedly wi th clean wa ter.
3.2.4 Presorv,v

Af ter completion of the physical inventory, disposal
of equipment, anc precleaning of the facilities

Hevision: 0 0,a t a : 1/12/ 79 Page8 3.
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covered und er SN.4-106 7, a r aci o log ic a l surv ey will bemade of contaminated areas to assess One extent og
contamination involved and will include. Out :not celimited tot

a) Floor samples

o) Root smear samples

c) Smears of d!1 interior wall surfaces
_

d) Samples of undergrounc piping
e) Smears of root trusses anc suppor;s

.

f) Smears n' o ve rhe ad- piping, ductwork,- lignting,e tc .

g) Core samples of earth ac jac en t to cen aminateduncerground effluent lines,

h) Records and dra wings of sample loca t ions will ceprepared and maintained.

3.2.6 Li uie Ff t l uen - Svs -m

Uncerground c on tamin a t ec pioing ena: cannot cececontaminated to proper leveis will ce excavated andremovec for burial, if samoling indica t es
contaminated soil, removal anc curial of soil willalso be accomplished.

.

3.2.o Wa!Lt

Wheru the presurvey results incicate residual
contamination in the wall surface, removal of tne
contaminated areas will ensue. Material removal will
be recea:ed as nec e ssa ry . When the contaminationlevels of Paragrapn 3.1.1 have been reachec, a finalcleaning (wet wipedown) will ce performec.

.

J.2.7 F!--rs

Decontamination of floors will f o llo w. Cepencing on
the extent of c on ta mina tion , surf ace cleaning, surf ace
removal, or removal of. sections of the floor will be-
dictated. (In the case of the p e ll e t f a cili tie s ,

'

removal of portions of the floor may be required) .
3.2.8 Vantitat'en Svsta,

The contamina ted area ventilation sys: ems will remainintac t un t il all of the aoove steps have oeen
co mp le :ed . The systems will then be removec and

. Revision: 0 OA :e n 1/12/79 Page 4



burtec.

3.2.9 Damnit!! 2c

in the event that it is planned to raze a' facility,then one of the two courses of action will be=takens
a) The~ facility may be who lly decontaminated asoutlined above, then leveled. In this case, thewalls anc root may be- ciscosec of via sanitary-

_ land t i L1.

e b) Surface cleaning, ra:ner enan surface . removalanc/or de con tamina tion of walls may. ce ' pursued, in-
- which case the wall s will be disposec of- viacurial.

3.2.J O Sicueace

The above events will no: necessarily oroc eed one upon
completion of tne anotner. Alternatively, two ef fortsma y proceed simultaneously, such as removal, _ofinventoried ma:erials anc :ne removal of eculpment.In general, decon tamina:icn of tne facilities willfollow ene . acove outline. *

3.3 Fiaal Dacea amia= t ica damer! =ac s t asa

3.3.1 Upon comp l e t ion of the decontamination of thef acilities , a comprehensive radiological survey willbe taken. If necessary, accitional. decontaminationwill be perf ormed.

3.3.2 When it has been estaclishec tha: the facilities arewitnin the limits specifisc in Paragraon 3.1.1, asurvey report will oe sent to the Direc tor, Office ofNuclear Materials Safety anc Safeguards, with a copyto the Director of degion I. The survey report wills

a) Identify the facilities
t

!
.

| b) Snow that reasonsole effor: nas oeen mace to
recuce resioual contamination below the levels
specifiec in Paragrapn 3.|.1.

c) Describe the scope of the survey and the general'L
proc edures f ollowec.

d) State the results of the final- survey, in units
specified in Paragraph 3.1.1

3.3.3 The f acilities co vered under SNM-1067 on the Windsor
site will be staf f ec for a maximum of two months af ter
decontamination and while waiting a formal release
from the NRC for unrestricted use.

Re v is ien s C Cate t /12/79 dages 5
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i

The total estimated cest f or decontamina ting and decomissioning i

the present afindsor f acilities covered under SIM-10o7 is e.stimatec
at s l 70,000 (in 1978 dolla rs) . A c mplete brea kdown of the costis shown in Taole I. Table I also includes an estimate for thetotal numcor of cubic f ee t of contaminated material / equipment tobe disposed of a t a lic ens ed commercial site.

-,

s
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S.e4 -1 co 7

Facilities natte uterial Decontamination Transport / To ta lCovered To Be Disposed Cost in s Burial cost costUnder SNM- of in cucic tt1067 in s in s
-

duilding #5

al Facilities 1.000 510.000 52.000 s12.000o) Equ ipmen t -2.000 slo.000 55.000 sl5.000
Sub-Total f. 0 0 0 c u f t.

- - - - - -

duilding #6
' s27.000

-

a) Facilities 500 sl5,500o) Equipment 4.000 st.500 .s17,000s19.000 s9.000 s28.000
Sub-Total 4.500 cu. tt. ___

s45.000 '
dulicing 17

a) Fact 11 ties 3.000 525.000 s3.000 s29.000' Equipmen t 12.000 540.000 530,000 570.000
Suc-Total 13.000 cu. f t. ---

598.000

= = = = = = = = = = =
t'O T ALS 20.500 cu. tt. = = = = = = = = = = = .

5170.000-

,

i

d e v is ion s 0 Dates 1/12f 79 page: 7 |
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FORM 10.K

ANNUAL REPORT PURSUANT TO SECTION 13 OR 15(d)
OF THE SECURITIES EXCHANGE ACT OF 1934 !

.

For the fisc.at year ended Cecember 31.1985
Commes.sion file number 1 117 2 '

1------

COMBUSTION ENGINEERING. INC.
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.!Delaware
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g
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New York Stock Emenange '

7.45%. Sinting Fund Cebentures Due 1996
New Yort Stock Esemange
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(Title of Class)

(Title of Class)

................................................................................
Indicate by eneck mark wnetner the r9strant (1) nas filed sit reports requireo to be filed by Section 13 or 1S(d)
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.
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'
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i

Yes . X No
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Ctess Outstancing at Maren 7.1985
Common Stock- $1 Par Value 33.223.2b7
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........................................................................................
Documents incorporated By Reference

The following cocuments are incorporated by reference:

(1) * Financial Section* of the Annual Report to Snarenolcers for the year enced Decemoer 31.1985. in response
to t1 ems 1(a) and 1p) anc item 3 of Part I. anc items 5 enrougn 8 of Part 11; anc in partial resconse to item 1(b)
and 1(c) of Part 1. anc items 14(a). (c) ano (c) of Par 1 IV.

(2) The Company s Prosy Statement cated March 14.1966 in con' nect.on witn its Annual Meeting of Snaremotcers
to be neto cri April 22, 1966. se response to items 11 inrougn 13 anc in partsal respCnse to item 10 of Part 111.
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t. OE SC A!PTICH OF THE BUSINE SS

p,remnces to th* Company contain+d Nre n snau be oe m d to rete to the Comoany and rts censoincated tubeidianese
g,,,.nces to the Annual Aeport shall te oeemed to esten to IN Annual
pcomber 31.1985 Aeport to Sharinotoen for me yger enoen

3,m 1(a) 0+oersi Deve4opment of Susinese

in Septemcor 1985 the Compshy announced piens to seli maior portions of its oil end g.ss equipment and services operations
Accordingly. the results of those operations have been classified as discontinued operations. $+e Note a
r,nencist Statements on Page Q of the *Feencial Section" of the Annual Report of the Notes to
includeo m tnis Form 104 reiste only to contmumg operations Unless otbenwise mdicated all sterns

peterence is made to Note 2 of the Notes to Fmancial Statements on page a2 of the Fmencial Section* of the Annual Aeportregarding SCQuisitierts.

frem 1(b) Financial information About industry Segments

Reference is made to Note ta of the Notes to Fmancist Statements on pages a7 to 49 of the -Financial Section* of the Annutt
Aeoor1 regardmg financial reportmg Dy butmest segments

Much of the Company s busmess. especieny that relatmg to steam generating sy1tems, *Quipment and ser*ces for the
electric utility mdustry and design. engmeerieg and coristruction serwces. involves long-term contracts of various types.
mctudmg fixed pric'e and cost plus fee type contracts with some contracts ecluding vanations of both types Certam
contree's include mcenteve provisions wnereby the profit is ad usted dependmg upon performar ca. The targest porhertl

of sales under long-term contracts is derived from fined price contracts Most contracts provide for progress of Scheduled
payments over the life of the contracts The contract once m fixed price contracts either ecludes an amount for the estimate:!
mcrease m the cos1 of labor materials and services over the period required for performance of the contract, or is sucrectto adjustment Dased on a price escasatiori clause

Profits on long. term contracts for financial reporbeg purposes are recorded precipalty on the basis of the estimated stageof completion
However. no profits are recorded on contracts for equipment manufactured in the Company's plants prior

to biltmg the customer and. m most c.Ajes. DMor to shipment of the equipment These contracts extend over a period of from
severat months to tour or more yeart Revisions m cost estimates durmg the progress of the work under long. term contracts
have tre eMect of mcludmg m subsecuent accountmg periods Solustments necessary to reflect the results mdicated by
the revtsed estimates of fmal cost ProieC!ed or realized losses under long term contracts. if any. are provided for m !be -
period when first determined

See Note 1(c) of the Notes to Financial Staiements on page 38 of the *Fmancial Section*
of the Annual Aeoort.

Cost estimates for long-term contracts take into account all anticipated costs metudmg. among other3. erigmeenng.
manuf acturing. subcontractmg arid field construction costs which are required to meet the specifications, including
warranties of the contracts. In addition. when a lono-term contract for steam g.enerstmg equipment is completed for
accountmg purposes (usuany ener payment ey the custorfier of amounts retamed ur der terms of the contract and satist,actory
operstmg periormance of the equipment), provision is made for future warranty costs. generany on tne cases of pastexpenence

Hem 1(c) Narrative Description of the Businesa

Ae erence is made to Busmess Segments and Brier Cescription of the Busmess* snown on page 51 of the -Fmancial
r

Section' of the Annual Report regardmg a narrative cesenption of the Company s cusmess

Aaw Materials

The principal raw ma'fefial used by the Company's busmess segrnents is steel. Principafly sheet. plate. Dar strVCtufals. tuomg
rod. forgmgs. Castings and wire However rnany other matenals are also recwrec Aaw

*

matenals are purchased by the
Company as needeo for individual contracts or to mamtam proper eventory fevers The Company normany does not Iencounter dif'ficulties m procuring adequate supphes of raw materials.

Patents and 1.1 Censes

The Comoany has numerous United States and foreign patents and patent apphcahces *nich relate to many different
products and processes and are Oeemed Dy the Company to be adequate for the conduct of the butmess The Company
does not believe that arty singte patent is of materialimportance m relation to arly Dusmess segment of the Company as a whcle

Tne mamtenance of ticenses es4ued my the Nuctear Aeguistory Commdsson is esSenDat to tt'e concuct of certam portions
of the Company's ovClear Dusmess

e2

- _ _ _ _ _ _ - - _ _ - _ - _ - - _ _ _ - _ _ - - _ - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ - - _ .
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gas.,.nc, . m oe io tN -1.seaegemeas O.scusa oa sad At asysis of Fmancial Condsison and A u ta of 09.<vtone -unf,% - Ir

o.oerv on oog.13 of tN *Financiai Section" of tN Annual Aeoen Acorosimately a.8% of tN conaorwsated Dec me,,33* 1

1965 escalog of unfilled oroers to espected to tw recorood as sales (principetty on the percentage of oomodesion meinog) ']
. m 1966 and the rimamoer in suesecuent years Not incluoed in bactiog at Decomeer 31. 1985 le the SCO rwison 0,gg J

resou ce recovery contract announced m Decemoor 1965. pendmg rwiease of encrowed fmancing |r

Tne oectiog of unfilled orders cannot be protected into an annual rate of not sales for a veriety of reasons. Including the
tengtn of time tvguired for too completion of contracts and coar ges in custorher requiriments.

,

ComC>etitive Conditions
}

Witn respect to equipment, products and services for mcustrial markets, the Company is one of numerous manuf acturers i
or sucot. ors end. m certam cases. ts orw of the lesemg manufacturers or suppliers. In gen *<si, the Company conducts tncs . '

,

- portion of its operations under ntgniy competitive conditions.

Witn respect to steem generstmg systems. equipment and senrices for the electric utility industry, the Cornpany ~as ofw of
ine targest domestic manuf acturers of fossil fueled steam generstmg systems and ocuipment and is one of four domestic
manuf acturers of nucteer steam supo#y systems The competitors for fossil fueled steam generating systems melude The
Saocock & Wilcon Company. a wnolly-owned suesidiary of McDermott Intemational. Inc. and Foster Wheeler Corporation
Tfw otner domesne manufacturers of nuclear steam sucosy systems are Westingnouse Electne Corporation. Generar
Electne Comoany and TN Babcoes & Wilcos Company in addition.there is a suestantial amount of competitson in foreign
marsets includmg Frematone (France). Westmgnouse Electric Company and K.W.U. (Germany).-

1.ummus Crest loc. the otmcspel component of tne design. engmeenng and construction services segment of tfw Company,
continues to be orw of the largest comestse firms engaged in designmg. engmeermg and constructing chemical process

.,

platits, petroleum refmeries and other industrial facihtees However. me enanging nature of the industry has Created differing
oegrees of competitson due to a shift m the sue and nature of recent contract awards. As a resutt.the Cornpanynow competes
with vanous engineermg firms of als sues, metudmg tne maior firms unien ned been our pnmary competitors in the past.

Usually, the Company competes for new orders ey resoonomg to specific invitations to eid The ormcical basis of competition - !

would erselude tne followmg f actors. eut not necessarity m their order of importance design of the ecusoment or process to .
be tumisned in re.sconse to the customer's specsfications. tecarincJI supDort and lenrices, ability to meet the customer's
oeiseery schedule. ence and, in certain cases, protect fmaticmg

,

Aesearen and Deveiopment

Tne estimated amourit spent durmg 1985.1964 and 1983 on Company sponsored research and deveicoment activities was
$40.062.000. $96.891.000 and 548.284.000. respectivety, and on that wneen was customer sponsored was $19.141.000.
$19.649.000 and 223.025.000 respectivety.

Compliance witn Environmentat Protect on t.aws

Comphance ey the Company with Federal. state and local efivironmentat protection laws required capital expenditures of *'
$2?$.000 in 1965.1983.000 m 1964 and $2.249.000 m 1963 11 is estimated snat capitas esdencitures in 1966 for such purposes .t
will be approximately $300.000. '

Employees

At December 31.1965. the Company employed 24.761 persons.

fsem 1(d) Firtancial Information about Foreign and Domestic Operations and Export Sales

Fleference is made to Note 14 of the Notes to Financial Statements snown on cages a7 to 49 of the -Financial Section' of ,

the Annuat Aeport.
,
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7% or.nc.o4e -e%'acfw,.ag eac orocess.ng sients eno otNe . moon ri pays.cai procen.es are set 'onn oe'o= TNasegrnent(el wn*C*l
ve# the P'ooerTY 4 esso aoentifa+d Unleta noted the DroDerty le Owned Dy fN CO*o48 inedig
Andersonville. Georgie (2)* e 7 or a lubsiggg
Stoomf*d. New Jersey (4)*

Rocnester, New Yort (1)

Brentfore. Ontario (11
Sanoerivme. Georgie (218

Cnananooga. Tennessee (t) (2) (3) Shereroose. Quebec (1) (3)
Chicago. Ithnois (1)* Soringl.*8d. Onio (1)

Stamford. ConnecticutCry Brar<n. Georgie (21e
East Chicago. Indulna (1) (3) (Corporate Ottice)*

Osebs. Nevada (21 s
Stevenage. England (1)

St Catmennes. Ontario (1) (2)Houston. Texas (4)*
Maple Grove. Onio (21s The Hague. Netherlands (4)*

veiley ForgeMng of Prusses. Pennsylvania (1) (2)Marion. North Carchna (1) (3) 1 4

Weinut Creek. California (2) !MonongeNta. Pennsrevenia (1) (3) Waterforo. Penrisylvania (2)*Nortnamoton. Engteno (2)*
Ottaw e. Ontar9e (1) (3)* Wellsville New Yort (1) (3)
Paris, Franca (a}' wmdsor. Connecticut (1) (3)*

Worcester. Massachusetts (1) .

(1) Equipment for industrias markets

(2) Products and servmes for industnal martets
(3) Steam generating systems, equipment and services for ine electric utility mdustry
ta) Desegn. engmeenng and construction services ;

* Includes leased faciteties
sincludes mmmg properties some of =mich are uncer lease

Tne Company's manutactunng facilities are of verymg ages and are = ell maintained. in good doerating condition anc suitable
for tne purposes for wnsen they are teng useo Att of the princiosi man factunng sna processmg plants are utilized on
Ine basis of at least one smitt ano some operate witn more than one snitt Management regares these facilities as naving

u

edecuate capacity to meet current productson requirements

ITEM 3. PENDINO LECA(, PROCEEDINGS

Reference es mace to Note 12 of the Notes to Financial Statements snown on page a6 of ine Financial Section* of the Ann
a'. ,Aeoort for tne year ericec Cecemoer 31,1945 u

|:::
ITEM 4. SUBMIS$10N OF MATTEAS TO A VOTE OF SECURITY Hot.DERS

.

None
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rTtus5.THOCUCH 8.
The "Fieencial Section* of the Annual Report to Sharonoiders for the yeas ended DecemOer 31,'1945

is moreoy inco,pg,,,by reference
,

a

,

Page Number.sn -
* Financial Sec' ion"
of Annuet Report

stem 5-Market for the Registranrs Common Stoca ~

and Related Security Holder Metters ,

56 to 59
'

Item 6-Selected Financial Data ,

. 28
Item 7-Managemenrs Discussion and Analysis of Financial '

Condition and Results of Operations
29 to 33

item 8-Financial Statements and Supolementary Data
- 34 to 55

'
.

ITEM 9. OlSACREEMENTS ON ACCOUNTING AND FIP;ANCIAL OlSCLOSURE .

.

_ *

None

,
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TN Company a Prosy Statement dated Waren ta.19a6 8n connection with na Annuet weeSa.g of Sn.arinoeoers to se neo on
s

Aeris 22.1966. naa teen fded witn toe Securities and Eschange Commisa.on and trw mtormat on **t loca

Compensation on pages 6 to 12 trwroof and informaison witn respect to stoca ownerin o sat tonn on pages 2 to 5 toerios
unoer Ea ecut.., .

la heree incorporated by reference-r

Listed deto= are the officers of the Comsany .

Name Ag Pog, tion presently Held . L

Chartes E. Hugel 57 Preseoent and Chief Esecutwo Officer .
George S. Kimmei 51

: Esecuteve Vice President and Cn.ef Financist OfficerE [-
.

Chartes E. Barnett 46 vice Presscent General Counsel and Secretary : >

Joseon F. Condon

Wittism J Connolly
,

60 Vice President Intemet+onst
56 Vice Presscent Corporate and investor Relations

,

James S Ketty * $4 Vice President m energe of.tecostrial Group -
Msteneff Kiam e 64 Vice President Operationes Performance and Analysis.

' Sven A. Kreipse 60 . Vice President .
Donaic E trorss $6 Vice President m charge of Power Systems Group

,

John F. Mangold 59 Vice President m charge of oil and Gas Group '

RcDert M Masson 50 Vice President and Treasurer
Oudley C Mecum 51 Vice President m enarge of Urean Systems and Services.

and Engmeenng anc Construction Grouc ,

Jonn A Peterson 52 Vice President-Strategy and Busmess Development
;

Jeffrey S Ruem 42 Vice President and Controtter
Care E. Smith 42 Vice President-Human Mesources

,

Eugene T. Yon a9
Vice President in charge of Engmeered Systems and Controts Group ;

Tnere are no tamany relationsnios among the foregoing officers

There are no arrangements or any understandings between the acove persons and any otrer persons pursuant -Ito =nica such persons were eiected to the offices indicated.

Election to tne offices indicated is for a term of one year |
'

A Dnet account of asch officer's business empenence durmg the past five years is set forth below;
f

Mr. Huget was elected Chief Ezecutive Officer in April 1964 and President and Director of tne Cornpany e{fectwe'

Septemoer t.1982. Pnot to joming the Company, ne was an Executive Vice President of Amencan Teleonone & Telegraon
and. Door to trat. he was the Presu|fent of Ohio Sest Teleonone. '

Mr. Kimmo was elected an Esecutive Vice President in December 1984. Vice President Finance in Jur e 1960 an'd a V.ce.President of the Company in April 1979. He was elected a Director m Anni 1981
!

Mr Barnett was elected a Vice Prerident of the Company in January 198.s Pnor to gommg the Company. ne was V+ce
President. General Counsel and Secretary of St. Joe Mmerats Corporation ' j

Mr Condon was elected a Vice President of the Company in January 1975 and is responssoie for coon 2matmg the
Comoany's eternational manufacturmg and licensmg activities, sales and martet serwces ,

-|
Mr. Connotty was elected a Vice Presmnt of the Company.in Anni 1976 and was responsible for corporate mareermg .

;
q

and commur.ecations until September 1980 when no Decame Vice President Corperate and investor Relations
?

.. i

6
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us . Keepy wes sec'ed a Vice bessdeat CPf me Comoeny M A4nt IM? OV"eq fne past **ue years he Mae Deen the g
operet.no 0".cee o true tnoweines Geo cr

We R!amae was e**cted a Vice Prusioent of me Company en August 196? Pnor to April 1964 he weJ the png[
account.ng on.cer of me Company . '

,

'

ur Kroepe e was siected a Vice Prea.oeni of the Comoany in June 1961 >=or to Novemoer 1965 he was the men,o, I
operstmg off.cer of me Engineenng and Construction Groue

ur Lyons was ewted a Vice President of the Cornpany e Septemoer 1642 Effectne wrth nas e6ection, no was pia % !

en energe of tne Power Systems Group Prior to assuming nas present position.tw was Vice Pres dent of Operations in,
me Power Srstems Group and, pr6er to that, Vice President of Fossil Power Systems. ;

,

,

Mr Mangold was elected a vice President of tne Company m January 1962 Effective, waren t.1964 ne eras placed .n
energe of the Oil and Gas Group. Pnot to that, he had been a senior operating officer of me Procesa Equipment Group

Wr. Masson was erected a vice President of the Company m November 1960 Pnor to joining the Company. no was '
Vice President and Treasurer of PepseCo.. Inc,

ur Wecum was elected a Vice President and Derector m Apnl 1985. Effective wrin h,s owtion no was placed m energe
of the Urt>an Srstema and Services business of toe Company. In Novemter 1965 ne was also placed in enarge of me ~!
Engmeenng and Construction Group Pnor to jommg the Company me was managing partner of the New Yort office et e

Post. Marwica. Mitenell and Co. s'nra momeer of Ine firm's operstmg committee

ur Peterson was elected a See Pr.esident of the Company in September 1960 and a responsiole for directing corporate-
;

nevet programs in tne overall strategic planning and cusmesa development areas of me Company. Before assuming . ~

his present position. no was Corporate Staff Vice President of Marketmg.

Mr. Ruem was elected a Vice President of the Company in May 1964 Pnot to joming the Company he was associated
woh Attantic Ricofield Company, most recently as Vice President Ptanning & Control. ARCO Metals Company

. ur Smith was elected a V'ca President of me Company m November 1965 Pnor to 1985 he was Vice President of
Coerational uanagement of Vetco Offanore. Inc.. a suesidiary of the Company. Prior to iommg the Company, he netc .,.

*

severat executive positions in county government in Ventura. Califomia.
'

Of Yon was elected a Vice President of the Company m Apnl 1965 Or Yon toined C.E in January 1964 and was piaced .

1
in energe of the Engmeered Systems and Contross Group Prior to toening C-E ne was a consurtant witn Boot Assen & '

Hamitton most recently as Vice President and lead partner servmg negn tecnnology industries
.

;
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- (TY W 14 EXHlalT1 AND FIN ANCIAL STATTWEVT SCHEDULES '

t

(el Docwetentei Page -

1. Fin.ar<sef Statewments - Note (a) . , , see Part il, . , .. . .,

2. Fhencial State ==ent Schedu6*s
e

Report of snoepenoont Puol.c Accountants on Senecu es 8n .. . . . .... ..

Senecule V-Propony. Pfant anc Equipment '
...........9-..... .. . ,. .... . . .

Senecule vt- Accumulatec Depreciation. Depletion and
Amortiz ation of Property. Plant and C.quipment . .. . . . . . . . . . . .. . . . . . .

. .. t....... 10.... .

!Senecute vil-Guarantees of Secunties of Otner Issuers. ...... .. .. .. . ......... 11-

Senecule vilt-Valuation and Cuahtymg Accounts and Reserves . . . . . . . . . . 12 13..... .

NOTES.
.

(a) Financ.41 statements for unconsolidatec subsidiaries and 50% ownoc companies have Deen omeriod as not being
recuired amce consicerfd m me aggregate as a smgie suesidiary, they wouse not constitute a significant euesidiary

(D) Aeferences to me Annual Report shall De ceemed to refer to the Annual Report to Sharenoncers for the year onced .
December 31.1985 i

Senecules I. II. til. iv. IX. X. XI. I!! and Xtti are not suernittec because they are not acotecaele or not requirec'
3. Ean1 bits- 1

-

(3) Restated Cemficate of locorporation of Combustion Engmeenng lac -Note (a)
.

By-Laws of Combustion Engmeermg. Inc -Note (D)
(10) 1982 Stocst Oct on Plan of Combustion Engitteereg. Inc -Note (c) ,!

Amenced incentive Compensation plan as amenced Novem0er 21.1985 '
i

Oeferrec Compensation Plan for Non-Employee Directors, as amenced NovemOer 21.198$
Deferred Compensation Plan '

Key Empicyee Retention and Severance Benefit Plan and Form of Agreement-Note (c)
;

E2ecutive Retirement and Life insurance Plan, es an'enced Novem0er 21.1985, and Form of Life insurance ~

Agreement
Supplemental Retirement Benefit Agreement witn Cheries E. Huger-Note (c)
Supotemental Benefit Plan for Solaned Employees-Note (el
Agreement witn Arthur J Santry. Jr -Note (g)
Conauttmg Agreement with Roben C. Seamans. Jr -Note (f)

(11) Computat on of Net income Per Snare
f(13) Annual Report to Sharenoicers for tne year enced December 31.1985

(22) Subascianes of the Registrant *
*

(24) Cortsent of Experts I
(25) Powers of Attomey '

%NOTES.

(a) Incorporatec ey referenes to Form 10-0 for the second cuaner of 1983
(b) incorporated by reference to Form 10-0 for the second cuaner of 1945 '

(c) Incorporated by reference to Proxy Statement for Annual Meetmg on Aoni 27.1962
;(c) Incorporatec by reference to Form 10.K Report for 1982 '

te) incorperstec by reference to Form 10.x Report for 1983
;

(f) Incorporated by reference to Form 10~K Aeoort for 1960 anc 1981
(g) incorporatec by reference to Form 10.s( Report for 198a

i

Report of independent Pubiic Accountants on Senecules
]

To the Boarc of Directors and Sharanoscers of Comoustion Engmeenng. Inc.- !
<

In connection wwn our exammations of the Imancial statements inctuced m the Comeustion Engmeermg. Inc. Annual j
Report to Snarenoloers anc incorporatec ey reference in this Form 10-K. we have also examinec me supplemental- '

senecules listec m item 1a(s)2. Our exammations of the financial statements were made for the purpose of forming an
oomion on those statements tasten as a wnote The supplemental senecules are presented for purposes of complying with
the Securities anc Esenange Commission's rules anc are not can of the easic Imancial statements The sucolementat
schecules nave been sustected to the avesting procecures sophee m the examinations of the basic financial statements
and, m out opinen. taarty state m sit material respects ItW fmancial cata required to be set forth therem m relation to toe
bes C Imancial striements laten as a wnole *

Artnur Andersen & CoStamford. Connecticut
Feorwary ta 1986

8
j

.- . -
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.5 C H E Ot A f T

COMBUSTION ENGINEERING,INC. AND SUBSIDIARY COMPANIES
PROPERTY, PLANT AND EQUIPMENT

YEARS ENDED DECEMBER 31,1983,1984 AND 1985

(Dollars in Thousands).

Column A Column a Column C Column O Column E Column i

Additions at Cost"'

Other
Beginnin0 Changes

Betance at Botence of Batero et,

Beginning Acqussad Add fno
Classifica:I$n of Period Compante s"' Olhet Astatemengl4 {0 educt) of Peenod

'

Year Ended Decomt>et 31,3883:
L and and land improvemen*S $ 49.30$ 1 3 32S $ 1.402 8 3.222 ($ 150) $ 50 600
Clay and other mineral deposits 34.3F F - 3 S14 - - 37 e9 8
Duitdang s 208.881 8.834 8.380 5.33I ( F43) 2iS MF

|
Machtnery and equipment 608.533 22.838 35.504 23.120 ( 8964) ud.las

e Construction in progress 27.534 672 2.S t om _ g SI) .m e,s

| 1 928,438 $ 35.66F $ 49.340 $ 32.213 ($ 9.912)* $ M9 254
_..--a n== ==a : _: =_2 --- == .=

Yest Ended December 31,1944:
Land and land improvements ! 50.660 $ 1.108 3 571 $ T.852 ($ 235) $ 44.4S?
Clay end other mmeret deposits 31.898 - - 1.097 - 38.744
Dustdings 215.827 8.918 2.943 17.905 ( l.978) 207.8(75

| Machinery and equipment 634.185 44054 S t.739 59.73 t ( 2.713) 08 F.S 34

| Construcleon in progress 30 695 935 ( 996)*" 4 ( 93 30 e t

1 969 258 1 55.013 $ 54.257 $ 88 389 ( $ _4.._93JI"' 1_ __9_6_ 7_. 206_ m

Yees Ended December 31,1985:
Land and land emprovements 1 44,452 3 338 $ l.278 $ 3 9tF $ 35 1 42 IFF
Clay and other mmetal deposits 36.794 - 68 2.934 226 M.lS7
Uualdmgs 207.805 2.249 6.307 I4.234 l.986 204. I e )

| Mechmery and equipment 667.534 2.168 58.202 28 911 231 e99 730
| Constsuction in progress 30j21 - t1.960'h - ( 4) 47 377

,

| 1 98 r 206 $ 4.753 $ 11.806 $ 49.998 $ ' 480d' $t1772289

HOTES pelnctodas g15.888 in 1983 refeting to the seis of building
pilncludes $33.1 to with respect to Taylor insieument Company products manuf acturing and distributton facilitsen

en t953 and $39.232 and 19.150 witti respect to Jamesbury Corp e" Defence el the beginning of 1983 has been restated for teenstetkm
and impett Corporation tespettavely, m 1984 adjustments resultmg from lhe adopilon of F AS $2 1tw emuunte

d'Het of transluts to completed property, plant and equipmeng shown in Column E above represent Isanelation edjuelment.
'' applicable to the years 1943.1984 and 3985 Hofesence le made so

o neterance is made to Nota 1(g) of the Notes to Financist Statements Note f(f) of the Notes to financial Statemente on page 39 of in,
on page 40 of the Financial Section"of the AnnualReport 73,,,, geggo,y. of the Annual Report.

_ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _



SCNTDtAE VI
COMSUSTION ENGINEERING,INC. AND SUBSIDIARY COMPANIES

ACCUMULATED DEPRECIATION. DEPLETION AND AMORTIZATION OF
PROPERTY, PLANT AND EQUIPMENT

t

YEAR $ ENDED DECEMBER 31,1983,1844 AND 1945

(Dotters in Thousands)
i

Column A Column B Column C Cotumn D Column E Cosumn f .

Addelions

Other*
Beginning Changee

Selenceet estance of Charged to c Besencees- >

II Add E nes
Beginning - Acquised Costs and *

Classificallon of Peelod Compenses Esponsea Rolleoments'88 (Deduct) of Pened- - i

Veer Ended Decembe,31. t943:
Land improvements 8 8.335 $ - $ t.Fl4 3 48 $ F S 8.000 .Clay and other mineral deposits - 2.2F F - 3.272 - .- - .3 Sde

_. . Butidings 94.494 - 15.4 T t 1.928 I 807.954O Machinery and equipment 348.2 F t . - 55.686 - 15.202 ( 4.461) 364. t. .ed.
,

8451.29F 5 1 F4.013"8 $ 17.258 (l 4.453)"' $50S eSe-

,

Yest Ended Decemtier 31. Isee:
L and impsovements 3 8.008 $ - 1 1.369 3 582' - ($ I2) $ e SGS

'

Cler and other mineral deposits 5.549 - 365 453 - S. eelButtdlags 107.958 . - 3,806 4.702 ( 2968 totJusMachinery and equipment 384,144 - 45.836 36.437 ( t.$123- 30 s.2e t

.sms.au - - Lu.ars ,s 42304 _ is i a sst2 3 n
_ .eam_

v.e, End.d o.c.mb.,3 8. tus:
L and impsowements s 8.803 $ - 5- 558 $ 462 ($ I2) $ e eSF -Clay and other meneral deposits 5.468 - 4$6 -489 - S 4FSBuildings 106.766 - 1.522 9.06S ( 26) 30.897 - "

Muhmery and equipment 391.281 - 72.293 38.475 ( t1el 424.983
. $512.381 $ -

$_F 4.829"8 _$ 48.521_ . ($ I S4)'" $130.ee$
_

NOTES

'" includes $20.565 end S82.300 representing ediostments to costein fined astets In connection wish the
provisions ter ed|ustments to faceteises and opeteleons in.1983 and 1985, sospeellvely Heference is made to
Note 3 of the Noles to Financlet Ste'ements on page 42 of the Tanenclet Section"on the Annual Report

* Includes $5.996 in 1983 relating to the sale of building peoducts manufactusing and distribution
imCilities.

88'llelence et beginsiing of peelod has been restated for teensletlon edlustments resulting isom the
adopanon of F AS 52 The amount shown an Columa E ebove estatesenes transletson ediustments

- appiscable to the yeens les3. 89e4 and 19e5 ne eeence is meele to Note 118) of the Notes tos

isoonclet Statements on peGe 39 of the 'Tinsaclet section of the Annuel Repoet.

,
> * *

, _ _ - -

p.. - ww * < , , 4 m ww s . . - , - m- u% m. # w w .-...ws.e ,1p-.3. . e--e-% e',, m_ = _- r- _m____.__--_s-______m_m.._m______._.___n_ _ _ _ , , , _ e,.-
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COM8USTION ENGINEERING,INC. AND SUBSIDIARY COMPANIES

QUARANTEES OF SECURITIES OF OTHER ISSUERS

DECEMBER 31,1945

luotters in Thousands)

Column A Column 0 Column C Column D Column E Column F Coeven O

Nature of Any Deemust hName of issuer Toget Amount Owned Amount I! Issuer of Securtineeof Secuttlies Title,ot issue Amount by Person in Treasury Guaranteed an PnrxtyedGuarenleed by of Each Close Ouesenteed as Pessont fos of leeuer of Intm.t. Sinew Fund enPerson for WNch of Securilles and WNch Sletament Secuellies Nature of flodemption Prowessons, er .
Statement la filed Guaranteed Outetending se Filed Guaranteed Guarantee Perment of Ot,6aseau_ss

Lummus Crest lac / Oweedraft 5 2.001 8 - S m None-

Saltolitet Lummus Facility
O m b H. Joint
Venture

U Jamesbury Corp) Bank 92T - -
see NoneOyu S A. Note

Jamesbury Corp./ Note 1.000 - - et None
Hammet Oeht. Inc.

8 3.92s 5 - 8 -

NOTE.

c4Ouerenlee of palacapal and interest.

, , ,,
- *-=U*

1

._ _ _ _ _ . _ . . . _ _ _ . . _ _ _ . _ _ _ _ _ . . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ , _ _ _ _ - ., , . ,
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3 CHTDULE YM ,
COMBUSTION ENOlHEERING,INC. AND SUBSIDIARY COMPANIES

VA1.UATION AND QUAL.lFYING ACCOUNTS AND RE!.eRVEw
-|

YEARS ENDEa? DECEMBER 31,1983,1534 AND 1981

(CMists in Thousands) )
Column A Column B Column C Column D Coeumn E

Additions
-

, BeginninD
Da!ance el Dessace of Criargedto Charged Semenos etDeginning Acquised Costs and la Other

,

Description of Period Compentes"* E aponses Accounte Deductione c4 Period
End

Year Ended Deswmlar 31, Ise3:
noserv,e Deducted in The
antance SheelFrom The
Asset To Which They Apply:

Heserve for doubtful
g accounds and allowances $1f.F38 $ ido S 6.230 1 -- 8 2.8S4m gisy

fleeervee included la Cuttent
Llabilitles:

Heserve for wattanly* $36.009 $ 845 l F.109 8 - $ 4.319dh 419.S64Reserve for supplementary
pension plan 2.405 - 813 - 200'" 2.9Se538.484 1 645 1 7.922 3

3 4.83} $ 42.S47
-

Yest Ended December 31.1984:
Reservee Deducted in The
Bolence Sheel From The
Asset To which They Apply:

Heterve for doubtful
accounds and allowances $ 15.854 $ 222 $ 3.061 3 8 4 t:4m s t5.N

-

Reservse lacluded in Cuttent
Llehtittles:

Heserve for wertanly* 139.584 3 1 3.898 $ - 8 4.9F8* 13eSoe
-

Reserve for supplementary
pension plan 2.958 $20 - 101'"

-

j 3et$ 42.542 1 5 4.418 $
-

8 5019 54 s.ee t -I - -

-
} ScheduleVill continued on following page.

- =

___-__- -_-_- - -- - .
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COMBUSTION ENGINEERING,INC. AND SUBSIDIARY COMPANIES

VALUATION AND OUAllFYING ACCOUNTS AND RESERVES

YEARS ENDED DECEMBER 31,1913,1984 AND 1985

(Dollars in Thousends)

Column A Column B Column C Column D Co8umn E

Add!!!ons

BeO "Ala0l *

pBolence el Bolence of Charged to Charged ; Botence etBeginning Acquired Cosieand to Other EndDescription of Period Compente s"' Espense: Accounts Deductions of Portoss,

Yeat Ended December 31,1985:
Reserves Deducted la The
Setence sheet From flie
Apoet To Wh8c* They Agty:n

Reserve los doubtful
accounts and allowances $15.043 $ - $ 3.443 $ $ 1.etS'" . $14 SS1-

__ w. m

g Resenes included in Curtont
,

Liebitilles:
Heserve for werenty"' 438.504 1 - $ 18.042 $ - $ 9.42F"' 147.189.Heserve for supplementary
pension plan 3.37) - 750 - 35 t"'

__3_. F TS
$ 4 8.8,8 8 - ,$ 18.792, 1 --$ 9 FF8

$ - - SM
= - -. 895

- - -

.

NOTES

''' Represents reserve accounts of acquired compenles
'#%eptesenta uncollectable seceivables

O'Reptasents additionet costs locurred and adjustments -

"' Represents supplemental pension paymentsi

! 8"See comment in item t(b) on page 2 =sth respect to cost osalmetes
i

s

los long term contracts and provesions for future wastanty coste
i

.s
|

|
I
,

!

- . ,. . . . - . . -, , . - - . - ~ . + ++ . w , _ _ . - - . _ - . _ . - - - .
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Ss3 NATURE 5

Netweat to trw rogverem:nts cf See".ca 13 te tSta et ins Secum*:s Escocage. Act of 1634, the5.strani neo owir cowNM 10 he esgned on its Dent 3l Dy IPe urders.gneg, theriuotS GWly SWino'ited %.

COM8USTlON ENGINEERING,INC.

t

!

gy Cheries E. Huget

Presscent and Choef Esecutive Oro.cer.
~

OsteClOr,.

I

George S Kimmel. r

gy

fleCutore Vote President end '
;

Caset hnencist Otticer. O< rector ''

*

gy Jettrey S Russn

Voce Preszcant and Controner

i

i

1

e

r
;

i

f

-i

14

+

1

-- _____________________.__;_.__________.___.____._ -
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#' " h **%'was Cf re Secwmane W' Act Cf 1854' *** ** **^e n' e ine ,,9.. , .e . e me c.,ec ,, no .n me oo m uu.a .. cas W W W Sa9"*C De*** Dy N tor %ng -)
'

-|

|

I
!

l

.gy Arthur J Sentry ;r gy Ducky C Mecum
Chaurman ot_ tne go ,a O*roctor

i

,

By M*'rY J B o8- o'I' sy Scon L Proesseo Jr
08r9clor.

.

Der #Cfor,,
s~ -

.

By Thomas A Ennis* .i ,

Rooert C Seamans. Jr.gy
{ |'Oorector

0,r.cror

r,

By Wener R Hetmenen, til nBy ooert G stone Jr
Ourector

0, rector *

!

i

Sy Acbert M Jenney gennegn j wn ,,ngy
OsreCfor

Q,,gggar *

i
i

%

Ey
Paul W MacAvoy

'
Ourector

>

.

" Pursuant to Power of Attorney
,

Dateo March 27.1986

-

-

N
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SECURITIES AND E.XCHANGE COWWISSION
. --- . .. . . . . . . . .

|wesNagton. 0.C. 20548

FORM 10-K
l

ANNUAL REPORT PURSUANT TO SECTION 13 OR 15(d)
OF THE SECURITIES EXCHANGE ACT OF 1934 :

For me hacas year ersood Decomeer 31.1981
C.ornmaan.cn me summer i_.it y.2

_

i

COM8USTION ENGINEERING. INC. -!
(Exact Name of Registrant A.s Speczned in its Charter)

Desswere 1313srses
(State or Otner Junediction of (l.A.S. Emotcryer
incorocrutton or organcration)

Identificamon No.) . ,

900 t.ong Aldoe Road. Stamford. Connectscut 08g02

(Accross of Pntional Esecutive officesi (Zio Code)
.

Aogstrset's f edeonone number. Including area code (2C313254771
:

Secunties regrstered purudent to Section 12(b) of the Act

T1ee of Eacn Class Name of Eacn Eacnange on Which Registered

Common Stoca-81 Pur value New Yort Stock E.sceance
,r

7.45% $1nting Fund Oeeenfuros Oue 1996 New Yort Stock Esenange

Securmes regutored pursuant :o Section 12(g) of :ne Ac::
r

!

(T!tle of Ctaan)
-i

-

,

(Title of Clems)

t. .. . ......... ..... . . . ..... ... _ . _. ... .. . .-

Indicate try eneca rwt unether me regassrant (1) has Ried all ruoans regured to be filed try Secuen 13 or 1S(d) '
of the Secunees Eschange Act of 1954 during me proceding 12 months (or for sucn artortar period met .*e '

rogstrant was required to file euca reports), and (2) has beast sungect to suas fuing requitwenoms for the M
|80 dart.

$Yes X, No $

. . _ _ _ _ _ . . _ _ _ _ . . . _ _ . . _ _ _ _ . . . . . . . . . . _ _ _ - _ . . . . . _ . . . _ . . . _ |
Indicste the numour of anarse outstanding of each of me registrants classes at common stock, as of the latest '

pract>caese sm a.
. i

Class Cutstanding at Warcri 12.13a2 I
Comenon Stoca-Il par resue 33.016.182

The aggregare swtet value of me voting stock hedd by non affiliates of me reqpstrant on Wart:n 12.1982. was
accronimatary $334.000.0011 ,

'r
. . . _ _ . . . _ _ _ _ . . . . . . . . . . . _ _ . . . . . . . . . . . . . . . . . . . _ _

I

Documents Incorpersted By Aefersnes i
,

The fodicrwing documents are incorporated Dy referencs
j

(1) *F*inanczal Secuen* of the Annual Report *o Sharonoidert for me year enood Cecember 31.1951. ist response
to itens 1(a) and 1(d) and !!am 3 of Part 1. and ttoma S mrough 4 of Part !!; and in parJai resoonee to ttoms J|
1(b) and 1(c) of Part t and !!am 1.1 of Part tv. I,

(2) The comoany's proxy statement cated March 26, 1982. In connec:Aon wenn its Annual Westing of Stocs- |
,

rwders to De ne+d on Aons 27.19s2. in resoonae to item 4 of Part 1: and items 9 and 10 of Part til.
.

I

j
,

- - . _ _ _ . . _ _ _ - - _ . _ . . . - _ . - , -- a n- - --
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rra i. onenimen or Tm susmess

A etertr%cas to the AnthaJ Aeport er.aA be osemed to ryfer to me Annual A eoortwerence. to ine Como.ny comained herwn vwi de oeemeo o rmt o ne Comen we u comoncated suesic%
Oscantour 31. 1910 t. to Snarenoicort tot h Tsar enoed '

Item 1(a) Qenered O - 4M of 8usanoes

Asterince a m.aos to Note 2 of the Notes to Firsancial Statements on page 33 of me "F nan
Report regatting accursrtions ar4 ciaoosttsorts. c:st Secdon* of :n Annugg

i

y6ene 1(b) Finanched Ink:irmetton About Industry 3ogments

Re+erence a maos 'o Note 13 of the Notes to Firsancsal Strtements on geges 37 to 39 04 the "Financasj $
Annust Report regardfrig firsencial reporting Dy Nsaness segments,. , eccon= of the

Mucn of the Corevoany's walnesa. esoecatPr that relsimg to sisam ger erstmg sytterrts, ocusoment and Serwcas *or the
electnc utility irscurtry are design, engmeermg and construct on services !cr the enem. cal
mcustnes. invorvoo kang-terTn contracts of various types encuding hed poca arid cost paus See "ype comr c:. DetrocnemicaJ and petrtheum

oeoeccing on performanca. Tk targert prcoortion of aajes under ang. term contrac:a a oerrved from timed ones contractscontrac:s inc!ucing vertations of born types. C.ertJun contracts inc:uos ccorrtive prowessorts emeteoy the proftt a adj st d
s s wrth some

u e

West correracts pronce for progresa or schedu6ed payments over the ute of the contruc:1 The contr .

contrac:s evther incsuces an amouret for me estamated incre.ese in the cost of labor, rrtatenats and sefwcas over the p
. act price in fl. sed price

required for performance of the contract. or as maalect to ediustment named on a pnce encatacon cla seriod
u e.

Proftta on Icog-term contiscs for fissarscsal reporting purposes arv t-,,,M pnncpsJPy on the D a

stage of comp 6etkin. However, no proots are recorded on contracts 'or aquipment rnattutacured in the Comperr/s pea Js of the estfrrurted
pnor to bitting the custorner arW. In most cases, poor to aruoment of the ecutoment These corttracts extartts

of * rom wrveral months to four or mors years. Revrsusna in cost estimates cunnq the progrwis of the work under lon
. end over a period

'ricicated Oy me ewetsed estimates of inal cost. Projected or restaed !cmade urtoer icng. term contrac:corttrac s Mave the ettec of inducing in subsequent accountirig perioca adjustinerres nerwaar'y to re1'ect the r
g.tsem

esults.

w m the penod wesen nest cete<mmed. See Note 1(c) of Notes to Financuo Ststemems on page 33 of the "Financaat1. ff arry, are pettriced
Sectx>n" of the Anrwas Aeoort.
Cort

estammtes Ns iong. term contracts taas hnto sc.coum a>l arrtic; pated costa. inclucing
marvutacunng, succontractng and Seto construction corts wn cn are requirwd to meet , among etners, engarseenrug,

warrvettes, of the contrac:3. In noctuon. wtsen a kang. term contrac hce staarn poner:2st%g equipmthe spectnca2Jons, mesudirig
enting purposes (ssualty after peyment te, the customer of amounts estained unoer terms ent a completed 8ar
s411af ectory cosneDng per*ormar%ca of the equipmeett, of tne comract and
base of past upenence. provtaaon a maos for h,rture warrattfy corts, generalPy on the

Item 1(c) Marruths Deectp6cn of the 8usbtees

vinancaaJ Section' of the AnnuaJ Aeoort re arcing a rtarruuve oesenation of the Comparty's pusiness. Reference :s maos to *Susmess Segments and Brief Cescnovkm of the BusJness" snown on pages 40 and 41of the,

Atw ustertats
s

The pnnerosi raw matertal used Dy the Compatrfs busir$ess segmems W steet:
fueing, rt:id, forgsrigs, cas1Jrsgo and wirs. Heerever, rnany other mater ats are erso requirsd AperepaJty sneet, puta. Sat struc:uraks.
by the Company as needed for inctvidual contracts or to maantam prepar inventeiry weeu The Company. rw matertals are purenssed

not encounter dif& cutt $es in oc>cunng adequate suppiles of raw matenaas.
. normaJty does

The uncertam retrry of rsatural gas in pect! years recwred the Comparry to oevcoo attamame sources of
certam of its ooerscioria. Suest tute wma of energy, wtWe sveittete are ;n mort r:ases mors costry tr.an naturaf gas.energy for

Patoms and Leerines

The Comparry has numerous Unrted Statas and foreign patents are pateet applications wnich relate to many Ottf rent
products and processes, and are deemed try the Cornparty to be adequate for me corwuct of the ws. ness The

coes not denere mar arry sing 6e cater-t a of mctonal irnportance in reistion to stry busmess segment or the Company
. e Comparry

as a wrnoes.

The mamtenance of 1censen issued by the Nuc!sar Aequistory Comm:
of me Company's nuc!sar %sanees. 4sion is essential to me conduct of cartaan por* orts

2



.- -.-

mewr,nce a maos to tne usnage%nt Ow:wwon
Unened Oroers" on page 23 of :ne %nancei Seevon or me annual Aeoortand aearysis e Arec.es Condite and men e.3v Coerst oryu

Cocommer 31. IMt. Decanog of untlued oroers e esoec sc to De recorood as seios (pnnco4Jiy on thAcoros mate y ug og ir, conse,%
compascon methodI in !W and the r9mannoer an wOseaueaf yesrs. e pe,c ng ,,
The becausg of unfWd oroers cannot De protected ato en annust este of not sales *or a rari t |

Wn of feme roQuered for tne completion of contrac*s ar*o enenQas n Customer roCuirementa'e y of esasor a. inciudsog me
Comoetrtive Conemons

wttn respect to equipment. producu and aerwees nor tne oil and gas martet, me Company. in cerwn cases h
leedmg manufacnerers or suppilers and comoetas wrth a number of companee 'ecludin i one of m,.

Suppey Cornpeny. a dtvrason of MWCQ: $mrth ifwhastnes. Inc.; Sivans. Inc.; Wajoney Crawfore Tang CoEauiorrwnt Deens.on of FWC Corporation. Wrtn renoect to other equipment, products and aerwcas nor cou t w
,

g Cameron Iron Worta: Neuenal
. and Wetthead

me Comoeny a one of numerous manutocrurwrs or supp4iers anc. e cortam cases. e one of me leading man fet merseen..

or suponers. In general, me Company conducu rna portion of its opersticas unoer mgnty compeintre cond tiou acturers

witn resoect to steam generating rystems, equiornent and servicas for me e6ectne utility incustry the Compa
i ns,

of me targest oomastic manufacturers of toensi fueved steam generstmg rystems and equeoment ed a one of to
, ny a one

comeonc manufacturers of nuclear steam supocy systerra. The compeutors for tonsal besed steam generating systemur.ncsude The Sarvwe
& Wilcos Company, a wescitrewned nutadiary of McCormatt incor'porated and Foster wheees

Corporation. The comoetno# tor aucJear staam sucory systems are The 8sococs & Wilcon Comoerty Wer |
Elects c Corporanon and General Elect.nc Company estinghouse !.

The Lumm4AB Company, the panCapel comportent of the deasgn. engineenng and construC! ion S

panu. petroimum nennenes and omer echastrW facilities for me petrocnemacat anetallurgical pulpCornoany, e one at me ten targest comerac; firms engaged m designmg. engmeermg and consuucsing ch
arween segment of the '

ernical process
process induernes. The pnnesoas compactors for : Pus busanass inca 40e Secnted Ccw-and paper and other
suosiciary of MaA% 1on Company Stone and wooster Engmeonng Cow a ~ un. Brown and Moot. Irw a
Corporsuon and The M. W. Kellogg Co.. a wnodProumed sutisedlary of Wheetabrator # rye Inc. Fluor Corporsoon. Foster Wheeser

,

Uwalty, the Company competes for new oroers for fossal fueled steam genersting systems and equ
.

orders for tne oenagn. engineenng and constn,ction of enemicaJ process plants and other peants sold Dstamm scopPr systems Oy responcing to specif%c revrtations to DM1 The same process a usualfy involv d i
eornent and for nucseer l

e n securing
Compary. The preopal metnocs of cornostrtion would enesuee me foalowmq Pectora but not necy The Lummus

!

of irnoortancat oss.gn of tfw equioment or pmoess to be furmaned m rumporue to me customer's spec 4Me tenaarity 'm the oreer.

mgoort and service, acehry to meet the esmtomer's dedivery schedule and pecs.
;

a sons, tecnnscas
|

Aesaaren and Devercomect

The estimated amourtt soent dunng

produc a or zerwcas or me improvement of assseng producu or serweme wneen was Company spo1981,1980 and 1979 on matsnat ressert:n ac:moes rotatung *o th. e devercoment of new
40.CCC.000 and 337.700.0Co. nasoec:nery, and on mat wnsen was customer soonsored was

. . .

nsored was $a7.3a0.000,
3: 4.K0.000, respecm ery. 315 500 000 337 00 0. 00, arut

t,
,4

CompILance wnn Ertwronmentas prosecosm L,swe
.

of 33.990.000 e 1981,12.745.000 m 1980 and 32.547.0C0 in 1775. It a estimated mat capetaJ expendituresCorno31ance ey me Company wrm FooersL stars ed local ermroarnectaJ protaciton laws twousrod caortal agpencttures

puroome in!! be at approximataty me esme lowed as n 198L e 1962 for suen

Ernpioyees
o

eoemeer 31,12. N bparty wnpW ad.M persorts.At

ftom 1(d) Arusndar larformatkm noout Fors=gn arid Domestic Coernoons and Ezp. ort Sales
Reference es maos :o *4cte 13 of me Notas a !

of me Artnual Report. o Financs4J Statements snown on pages 37 to *S of me Tnancial Sec xm*
,

i

4

)
6

h

3
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i
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(Tim 2. **t o p E A r E s l

!
The pr96 cots mevtac%r'r$g eo proeneslag of acts aed cneer !

=11.cn used Jie property Q sito .oentif**C. Untesa noted. the propefTy is owned ty the Commoor'. ant pr*rtcas propertnes are set 8erm deio , g
o'icustry tegrner'ils)
or a swee6dtary.

Aserosen Scottana (1) Wave Grove. On.o (2)*s
Anoersoneste. Georita (2)*e
Batervftesd. Cahtomia (2) Wenon Nonn Caro <ina (1) (3)

i

Wentor. Cruo (1) (2) '
Samumont. Taas (21
Stem.ngnam. Akoama (1) (3) Mononganela. Ptnnsytysnes (t) (31

Bloomfieed. New Jersey (4) Newington, Nor Marnosotro (3)

Brantsore. Ontanc (1)
Newen. West Virgaus (2}s

Caigory. AJberta (1) Osakonn. Meconsin (2)
paseoena. Texas (7)

C++4e. West Germarry (1) Sarcertvine. Georgte (2)*
Cannanooga. Tennessee (1) (2) (3) Savannan. Georgts (2)
C1.wetend. Onlo (2)*

Shercroose. Queoec (1) (3)Douglas. Scotiand (1)* Sonngf4d. Cnao (1)*
Cry Brunen. George (21s

Stamforo Corinactictit (Corporits Crfu)East Chicago. Inciaria (1) (3)
St. Cathennes. Ontano (1) (2)Erimrpnse. Martsas (1)

Gacos. Nevada (2)*e St. Loues. Wiasoun (1) (3)
The Mague. Netnertancs (4)*Gurtport. utssaascoi (1)*
Tulsa. Ottanoma (1) (2)*Houstoa. Tuas (y (4)*
Ventura. Castforrma (1)London, Engfarw (4)*

Manuf%eed. Texas (1) wedevine. Nar Yort (1) (3)
W1oonor. Connecocut (1) (3)

(1) Ecuipenerst for odi and gas and other Iridustrial marsets.
(Z Produc3 and servions for oil and gas and other incustriaJ markets.
(3) Steam genervurig systema, equipment and accvices for the e4ectnc uffffty industry.
(4) Dersgrt. engtrueering arid cortstructjon servens,

incruces laased teolloos.
Iruc$udes mining properthos some of wrucn are unoer ' ease.

The Comparty's enonuf ac unng a
ncitoes are of varying ages arid are weit inaantained. in good ocersong condPJon and

utittzed on tne tassa of at ' east one erft and some operate natn more than one s.natt. Mariagement regarna mese facilttieseurtante for the strposes Por wmen mey are being used. All of the pnricioaj manufac:uring and procassing plants are
as newng adecuste capacity *.o eneet current prtatfuc2Jon requirements.

rTEM 1 PENDING LEGAL PROCEEDINGS

Reference le maos as Note 11 of Two Notme to Mnano4J Statements mown on page TT of the "AnaricaJ Sec on*Antmas Aeport er Tne year onced Decemoor 31.1941 J of :ne

ITIM 4. SECURITY OWNERSHi# CF CERTAIN BENEF1CIAL OWNERS AND MANAGEMENT
The Company's ortwy statement dated uaren 2tL 1982. M conneccon with its AnnuaJ Weeting of Stociboidars to be head
on Aorti 27,19E2. *mes tx,on f5ed wrtn the Securt5ee and Ezchange Commiss.on and tne informatJon witn respect to stoca
carnersasp set fort:'t ori pages 2 and 3 thereof is hervey incorporatec ey rirferiirica.

4
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S U P ELE W E N T 7 0 D a D * i
-.

OF71Cres or THE AEcisTMANT

t.Jeted beso are me omcars or me Compey-
Name yA poortion wegg

Artriur J. s4nery. Jr. as Pe w oont
James F Carvert 61 V.cs prus, cont-Coerations
Joseon F. Core . 54 Vice Pruesdent-intomational
Willwn J. Cornoser 12 Vice Prudent 4orporata and innstor Aetacons
Thomas A. Ennre 81

Vice Prwoent.Admmestraflon
Racnarc J. Hastinan SS

Vice Preseoent. Secretary and General Cmnse#
James B. Keih 54

Vice Presaoent m enarge of industnal Prodt. cts Group
untenelt Kiam*e 60

Vice Presacent and Coritroller
George S. Kimened 47 vice Presicent rinance
San A. Kimpe e 56

Vice President m enarge of E.,qmeenng and ConstrucJon Group
,_

Cnartes K. Leeper 58
Vice President-Corperste Technology

Jonn F. Mangend SS
Vice Prasadent in enarge of Prwena Equipment Group

Aooeri H. Waamon e4
Vice Prusadent and Treasurer

William P. Orr 64 Vice Prtsadent
Jonn R. Peterson as

Vice Prosacent Ptannmg ud Susariesa Oeveicoment
Joen H. $lacs Se

Vice Prosaceft!in cnarge of Cil and Gas Grovo
Cece u. Wilkinson 52

Vice President-Personnes Administratx3n
Neware u. Winterson 65

Vice Prosecent in ersarge of Power Systems Group
Theri are no faimty rotationsneps among me foregoing officers.

There are no arratigaments or any understandings aetween toe aoove persons and any other persons p rs
to wn.cn sucn persons were e6ected to the officas anoscated. u uarrt

Elecoco to me off!ces indicated a for a term of one year.

A bnet account of mech officer's busanesa exportance cunng the past flw years is set for*n Desow*

the Compey. He esas been a Director since 1957ut. Sanoy was e4ected President in Apot.1983. During me past five years ne rtas been the eniet azscutfve officer of

Vice Preeacerit4perapons. He was e6ected a Director in Factuary,1973.Mr. Catvert was sketed a Vice Presaoent of tpe Comparty in August.1974 Durtng me past five years ne h. as.beert me

Mr. Condon was esected a Vice Prasadent of me Comparry irt January 1978 arid is responsable for coordi
Cormoerty's iretameuonal manufacturing and !&cansing ectrvmes s. ales and martet sarwces. and protect financingnating the.

outsace me Urvted Statsas. Before assumeng has present posmon, tw was Yks Prosaoent-intematiorial Finance forThe 1.ummus Company, a saceidlary of the Cornpany.

Mr. Connouy was efected a Vice Prasaderit of me Compariy in Aoni.1975 and was resconsable for corpo
and commun.catierts unt5 September.1980 wnen he became Vica Prwsident-Corporats and tenrestor Refersonsrtte marketing

Mr. Enma was eseced a Vice Preseoerit of me Comparty in January.1s60 Dunng me past five years he h s b
.

resportaable for me Cortioany's legal and admittistrative functions. He nas been a Director sncs 1960
. a een

Mr. Hallinen was efected a Vice President of me Corriparty in Novemoor,1975 and Secretary in Apnl 1971 H
.

General Courtset in 1973 arid sance mat tirne nas been in charge of me legal departinent of me Company.e became ,.

$

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



IWe atedy wee eineceo e r c4 A
e1 d e * t Y me Co * D e F T ^ a3m 1967 Du e ng Pie paa t %e ro e r)operiung or%oor crf :he indwavw hor'scs Grous *ie 9es Dicen g g ,,(

ur
Klamme was eMcDod a Vice P'99oert Cf the Cornpeny +n a gust

princ2 pas arvriantung of'ncer si me Company ,1967 Outvig the past f re years he ae4 3,,g
w

i |

Iur
Kimmed was efected a Vice hasadent of the ComDat y en Aont, igy) gnq nes soon Vice P

Jurw.1980. He was suc ed a 04rwetor m April,196t , % gent.#,ng g
arid a memDer of the Soarc of Oeractors of Lytats CorporationPnce to joining the Comparty he was Vios Presacerit.# sui nce

ur Kr1HDue was eWed a Vice Prwescorit of the Comoarty e Jurw 1961

rwenng and Conetruction Group. Before assuming nis creserst pesetion. he won President of The LummHe is a sensor operstJog offscar of the Engs-
s wr=dury et the Company. and poor to snat, a Vice Praescent of tfut company. ua Company.

Mr. Leooer was adected a Vice Preeksent of the Cornoany in December,1778 and is resportsab6
ruts-dowed tacnno4ogy prograrne, and for coorcirwtiori of the Cornpenf t engineenng and techno8ogscaJ ce He !Or directJng q !
Setors assuming ass prueent posJtion. he was Vice Pres 4 dent-Eng neenno at The AJr Prenester Compv1 oomment,

Company, a ernandlary of Aercret GeneraJ Corporataon.subsidlary of the Company. Pnor to gormng the Comparty, he was PresJoent and General Manager of Aero et N
i

any.1 % a '

p ucteer

Mr. u.angoed wee edec*od a vice P eeacent of the Company .n January 1982 E!'ocive wv:n M s
.n enarge of :ne Process Ecuioment Group. Pnor to assuming nes present pcrettaon. he was P ese:ent of V fowcDon ne =as placed

, . c

Inc.. a sucandlary of the Company, and poor to snat. Vice President of Nuctaar uanufacn nng fe cc CWs.nors.Group. or the Ptrwer SyTiemaa
g.

vice Pnesadent and Trmasterer of PepsjCo. Inc. and, poor to that. Vice Preseoent-Finance and Trsasurer of Enerde Incur. uas. son was e4+eted a V1ce Prmdent of the Company in Novemoer.1980. Pnor to joining tfie Company he was,

the samor operuting cfficer of :he Engineenng Group. He e*asad being the senior operatingut. Orr was eeocted a Vice Proendent of the Company in Sootember.11rT3. Dunng most of the part five yeari re was
. .

and wW recre si August.1982. officer in June.1981
ut.

Peterson was eeected a Vice Prse4 cent of the Company in Sectember 1980 and es twsoons blportt eWeved programs irt
the overaJI strategic pianning and busanosa oev1Hooment areas of the Companye for c;recting cor-

, a

assuming his prssent position. No was Corporate Stzft Vice Pres > cont of Martenng. Pnor to toitung :he Comp. Before
was uartager of Corporate uarteeng and Strategic Pianrung. Consufong Coericon for GefwaJ El c-any,he

nc Company.e

ur. Stacz was edee ed a Vice P te4oent of the Company in Septemmer.1772. During :he past M years he has deers aeen or operaorg officer of :ne Preir==
cet and Gas Group. Ecuspineru Group. E'fective m January.1982 he was placed in cnarpe et :ne

ut. W11kmson was efec*ed a V;ce Presecent of :he Compar'y in June.1981 and is responsible for the Corporats Per=
sonnet funcnon ufuca includes maragernent traamng and ce+coment prograrna. organcation stannmg and

Company. No was Asatstant to the Chastman and Chief Eaecutree Cfficer of Baner Trawoot Lacoratcews inccompenamoon, benents. securny, pwsontw4 rosaaren actrveen and ovemi personnes polbes. Pnor to joitung the
starfirig.

ur. winterson was edoc ad a vice P weedent of the Comoarty en Decemcor 1968. Ou.nng :he past So years ne tas seen
. .

a see.or ooeracng of9cer of :ne Poww Systems Group. He nas been a Director ance 1968.

1

'
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PART ll- '

f7 Dis 8. TMflOUCH L .

The vinancias Secmon* af tre Anaual Aeoort is Sharenoisers for me year enoes oecomeer 31, tesi ta moy%serued Dy veterwise.
|._ ,

,

Page Number A
Tinancial Section*
of Annual Report

11em 3-Warset Mr me Megretropfs Common Stock +

and Meisted Securffy Ho6eer Matters
44 to 44

Mem 8-Se6ected Mneracial Oede :
18

leem 7 "r ;: 6, Otocussion ans Anefyete of
Mnencial Condition and Assure of OperetJone

12 to 25
ftem 4-Mnancial Statemente and Suppaementary Data

'2e to 30 and
42In 45

PART lit
ITDAS 9. AND 10. ~'

en Aens 27. tes2. nee been need we me Seaurtiles and Esenanee commiseca and me information sw sorm unoerThe Company's prosy sentement estes March 28,1982. In connecdon wlm its Annual Westing of Stocanoscere to be need '
9aformeston on Nomenese for Directore* en pages 2 and 3 thereof and under * Management Memunerasjort and T
ovneere of me Aegiserent" est form on pages 3 and a.actione" on pages 4 to 8 thereof in hersey incorportand by reference. Reference is asas made no *r ':.Td to Part I- :

rane.
;

.

f

h

I

5

j
,

|

e

7
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P A A T- TV .

ITD811. EXHISf73 AMO FINANC1AL STATYMENT SCHEDUt.15
()U- -_ _

.

- hoe
1. Fhenchuf S tetsaments -Noteici . . . . . . . . . .

.

......... ... ....... . . . . .' See Part if
.

2. Fhentsal 3tresument Scstsewes-
'

/

Aeoort of Indeoenoent Pues c Accountants on Senecum
8. .. . ,.

Senedule V - Prope rty. Piant and Eauiomen t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . ,, , .

O
Senedute V1- Accumutsaed Georecasdon. Ospection and j

AEws we6 of %.Jr. Plant and Eaupment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10

Seneduae V11 -G uaranteus of Securttsee of Otner fasuers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Schedule V111 -VaJustion and Qualifying Accourfts and ." ~<= . . . . . . . . . . . . . . . . . . . . . . . 12 13

;

'

NOTT.S.
,

(ma Seoarate financial staroments of true rogsstrarit have Dean omstled since at a pnmatify an. .

. 1

and me mmerrey interests in suon clanes and long-term deot of the sutsadianes heed by others than tnocersting comparrystrant a n ,

ona man fbre percent of conso#idated total assets. e reg

(tu Financzal statenents for unconsolidated suesedlanes and 50% owned compenses have been om tt't

twouired amco sit sucn unconocsiosted subsedlanen and 50% owned compenses consses ed as not being ;

a amgas autodary, would not consetute a significant subsidiary. ered in the aggregate as -.

(c) References to the Annual Report shall be oeemed to refer to me Annual Report to Sharonoid
,

enood Decommer 31.1surt. ers for the year

Senedules I 11. lit. N. IX X. XI. XII and X1tl are not suemsttad because mey are not applic486e or not recluired.
,

3. Embrbets-

!
(3) Aestated Certtficate of incorporsracn of Comeustion Engineenng loc.*

ay4.swo or comousdon Engineenng. Inc.*

(10) Amendment and Restatement of Comeustjon Engineonng. loc. Ig70 stoca Option Piers'
Decomce 30,1981

Arnendment to Amendment and Restatement of Comoustion Enginee' tag. fac.1370 Stoes -2

;

Cotson Plan

Amended Incentnre Compensataan Ran*

Deterred Cornpensation Plan for Non-Employee Cirec:ces'

suociemental Beneftt Man for SaAaned Empeoyees'
Consumne Agro ment w.m manert C. Seamann. .ar.'

Amendment to Consurting Agramment wrth Motort C. Seamans Jr. >

(11) Computshon of Met income Per Shann .

(13) Annual Anuport to sharonoiders for me year ended Decomeer 21,1981 I
'

(22) Suceadlanes of the Megastrare

*Meterwnce is smede to me Company's annual twoort on Form 10 8( for me year ended C*cember 31,1980,
t

t

Maport of Independerrt PubSc Accountants on Schedules
..

!

Recort to Sharonoiders and incorporstse my tweevence in mts Form itHC. we nave asmo examined me supplementalla connection with our asaminadons of me financami sessemereta Incfuded in me Comeusteon Engineering Inc Annual
>

. .

schedules flated in luen 11(a)2. Our examinanons were made for me purpose of formmg an ocenion Ort the basic financzel,

and Exenarrge Comanesson's rules and regulations under me Securmes and E.xchange Act of 1834 and are not amerunesstatements tsaan as a wnoie. The supp6emertini acnedules art presented for purposes of complying wrth the Securstles*

cedures applied in fue examenstjerts of the Basic financsal statements and, in our opission, faarty stata 'n all matartala roouired part of the basic financial statements. The suppeemental schedules have seen suejected to me auditing pro-
ruscocis tne financ2al data twquired to De art fortrt morem in reisdon *.o me basic financial staterrients tasen as a whole.

a
;

>

Arthur Andefsen & Co.
Stamfon2. Connec:! cast j

Foeruary 11.13e.2
i

S
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4EDUL
COA 4908TiOf4 ENGINEEH4NG. INC. AND SUSelD8ARY COMPANIES

PROPERTY, PLANT AND EQUIPSOENT

YEARS ENDED DECfa8SER 31,1970,1000 AS4D lest

lOouare in 1housande)
Column A Column B Column C Column D Column E Cooman F -~

Add 16tene et Cost'#
.__

- 8eelanine Othat'

8elenceet Belance of Changee

. Cleesification
Beginning - Acquited N Seaence se .
oIPeenod Add ' f**'

Voet Ended Deceanber 31,1979;
_ Componlee 8'8 Other Reilsomente (Deduct)

e4 Pasted [
,

__

Land and tend impsovemente $ 30.879 8 4.34 t 8 2.888 8 3S0 8
Cley and ethat ananereldeposite 1.837

.

.

svaldence ' 3.87F 2e8 8 .- 37.383-
,

20s.42i - 4003-
.-

.

Machine <y and equipment t1.662 t1.ste 4.8sal.e64 3a.40s se.a t4 30.444 224.i2e !Construction in proerees 22.19t
-

set 14.s3F as see n F3 -~

[ -

|. - 8 Fee.1le 0 44.870 8 47.aF2 8 38.005 .4
3edie--

.
!

Vest Ended Deseanber af,1844c . 8 867.2$4-

Land and land impeevemente 6 37.863
Cley and othersnineraldepoolia 4 12.964- .$ 8.412 8 128 .$4.043
Buildenes 31.380 ' 36 El 3 $$.Feo:-

226.128Mechanery and ; *; d 3.418 8.845 3.H3
-

37.Se7M s.lF3
* Construction in progenes 26.112 - 100.311 I2.435

--

23e 32s
30.438 1 F.SFO 88.3448e Foo 22s

-

-
-

Fe 3ss# "' Joe e eA!i4 s!a02e ispaVa., ended o mha,31,in u _ si.n2 949
.-

L and and land Isapeowemento 8 M.F40 $ eel- $ 14.98 $ 4.845 - $
Clay and other seineses depoelta 3F.447Boedings 426 ' 6.453 -

3 s.ses -.

-
3- essoF'-

238.824 3.859 ' 29.185 15.441Machinery and equipment 70s.22l 2.220 - 134.1 F 4 82.604 - 244.500 sConettuction in peo0#ees Fe.366
---

301 723 ses 4.644 - Fe2.s s : -.

' $I 012,4] g,,,4 446 gI{3J24 $!23;847W
1

-

#2 est -.;

{! !at.See ;
NOTES:

l'8 Represente the ptoperty, plant and equipsstent of acquired compenl e
' Rosesence le smede to Note 2 of Notes to financast Seeeemente

e.
'

, on page 33 of the ' financial Section" of the Anneses Heport

'* Not of Irene 8eas to completed property plant and r; '. c.t.

sn Reference le snede le Note lle) of Notes to Financial stelemente
on pose 31 of the " financial SecIlon" of the Annual Report.

8' Inehades 006.239 relating to the solo of the C- . __ fe glace .
|_

, _ _ . ._- -- - - - -c m . a.a. 7 s. ...-- - - _ , _ _ . , _ a.-- x , - --4 - ' _
-



-

.

k

hwettDULE V(

COutUSTION ENGINEERINO,INC. AND SUBS 4 DIARY COMPANIES

ACCUMULATED DEPRECIAT4ON, DEPLETION AND AMORTIZATION OF
PROPERTV, PLANT AND EOU4PMENT

. VSARS ENDED DECEMBER 31.1979,1980 AND 1941

(Douses in Thousands)

Colwnn A Colman 8 Colman C Column D Colunn E Cetuma F;
Addishone -

1! . Other '

C*cWane -
'

'

Changee8elance et Selence of Chee0ed toi;'_ri4 Acquiend Coste and Betance es 1
Deetsip44en el Peelod ' Companies Espensee Retiremente (Oeduct) - etPereed

Add End
Veer raded Deenseber38,ters:

Land hepravemente . 8 3.st3 $- 8 - MO . 8 ' 78 - 8
-

Clay and other seineraldepoeMe 344 - 22e - -

8 ~ 4 Ste-

BulWinge 73.236 - 10.4ee 2.t 64 - 8I S4r
4(Machinery and ^^; ';- nt 2SF.720 - S4.733 i F.859

_204 See,
-

; g $338.242 $ 7 $ 89 !3( ,$_29;I t( ) 7 $3e 4.272! Ve= ended December se, ine:'

tend c;;_ re . 8 4.sta 8 -

8 Fa3 s 25 8 - 8 s.see.Csay end esher minweidepoone
; suisdence

. sta 430-

41.647 s.o4 3 :
.-

| Mechenery and r; ';n=t 204.6s4

-

s2.eSa are
-

- 04.s2ees.:re to.aSe
.-

_
sse.ees$3492!2 ! _7- ' s s2,.:2!0 $1IgSo ' $_ 84?2.2a3 -

-

Veer Ended December 39, leel:
Land hopeevesnente - 6 s.nes 6 8 1.321 3 t08 8

-

Cley and other allneret depoeNo 1.043 e e.4:2--

eel -2
-

Buildente 94.129. 1.r3a i-

:14.043:- 5.481Machinety esd equipment 361,el8 '~

-

82.723 ~ 44.F6T '

3e2,423 :-

(462 t3Jm $
367,861-

M {,62 8)f8 $

-

goeg gse
-

. ,

NOTE:
!
;

89 lacaudee $40.322 teleHne to the sole of the Company *e glaae
manutectuting and ptocessing plante.-

I
.

"
__ _. . . . . ._ - . _ _ . _ - . _ _ . _ _ __..._ _. _ - ._. . _ .
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COMSO4 TION ENGINEERING,INC. AND SUSSIDIARY COMPANIES

OUARANTEES OF SECURITIES OF OTHER IS$UERS 84

DECEMBEA St.1941

(Douare in Thousande)

Column A Column B Column O Column D Column E Coloma y rwe
Name of leeuer Neluse of Any he as' Total Amount Owned Ampunty feeuer of soeurmeneof Secuestice TNie of leeue Amount by Person in Tsseeury Quesenseed an PeeracapesGuaranteed by of Each Claae Guesenteed of Persone for of leeuer ofPerson for Whlett of Geousklee and Wedch Stelement Secutistee Nature of Redennp44en Proveneens. a

interest. Senhtng Fune e
Seelement le Filed Guaranteed

Outeiendia0_ to Fated Guaranteed Quotantee Payment of OswesenesEaluipeleot- Bank toen 8 at 4 - $ladueeste E m None
-

Comercle. 8A.

TheLummine C ;x;/ Overdrell 8.ti2Thyseen Rheinstahl Feeluty None
-

en-

Techselk. O.m.b.H.
*: Joint Venture

SeleglNet Lunamus Senk
' O no.b H. Oweedroll see -
. -

to ' 'None

Luit : #
-

-

NOTES:

l's The loteseine dele .cludes elecounted notes receivable-
ene Guarenlee of principal and interest.

-

> - . - a - g -- - . . ~ . .- . , ,
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COMSUSTION SNGINEERING,INC. AND SustlDIARY COMPANIES
.

VALUATION AND OUAliFVING ACCOUNTS AND RESERVES

VIARS ENORD DECEMBER 31,1979,1800 AND 1941

(DoNere in Thousande)

Column A Column B Column C Column D Ph E -
-

.
Addellone

m__a__a__
.__-.u

Belence et Solence of Chereed to
g'Dahereseed to hetenc4 asBeslanine Acquired Coele end *

' Description of Pwled Compentee888 Esponese
End

Ahmmiem Deducelone = of P=aos
*

Year maded Deeember at, term
neewees - an h
selones SheetPoem h
a a Te Wedah They Apply:

Reeene for aloubtsul,

accounes end elsewences 84.333 $ 133-

- _3 s.tes _s 3 a.42em
33 a28_

_.

Rosenes testuded in Current
-

-

,

M Llahuttee:
Rosene ter additional coste

and posehde lueure empenees
en completed contracle* $13.841 4 274 # 80.4 F0 $ 2.323 ; 3.64e m 422.F t i

Reeene ser supplementary
penelon pean t,7ae .

| et - ser e-
-

se
. $18.360 $' 2Fe ,,es_s

-
- _$ 10.870 _$ 2.373 $ 4.14S

| voor ended o.eemne,31. toso: - - . --$24.3F4a

| meeenes Dedueted la The'

solense eswee peem m
i Aseet Ye wedeh They Appa ir'

I
R.eene ser douMeus -

! . eccounto and allowances $ t3.429 $ 144 8 8.000 $ 8 4.60288' SI4.3st
-

R e i.esased in Canoni
Lum

ikserve lot addtponal coete
sad poselbee future esponese
on completed contracts 888 $22.711 4

,

i $12.363 ~$ t,FTe g s,e06"
829.2Fe -

-

aseenv. ser eupplemensesy '

penelon plan 1,843 -
840 312 ' t2389 ~

-

$24.374 _8 2.492sis.033 8 2.0el 8 a.72a -'
'

~

-

pp.pio
| Sehedule Vill continued en Ionement pass.

' ' '
. _ _ _ . , _ _ _ _ _ , . - _. . . - _ _ _ _ . _ _ _ _ - - _ _ _ _m
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Conaanu.

COMSUSTION ENGINEERING,INC. AND SUSS800ARY COMPANIES

- VALUATION AND QUALIFYING ACCOUNTS AND RESERVES

.. YEARS ENDED DECEtesER 31,1979,1988 AND test

(Dosets in Thousande)

Colwnn A Colwen 3 Column C Column O Cohman E
'

Additione

seeinning '

.,,

Eleaenes et Solence of Cheaped to Chesged to Setense et '.
Seeinning Acaguired Caeseand Other EndDeecdption of period C 7 - '_ ^ **8 Espensee Accountom Deduceone of Pestes

veer Ended seemehw at. see :
Aseawee Dedested te The
solenes semes p ese The
A sevemeeshThey appar

Rosene ser deuuhd
esseunto and allowenose ' $le,381 $ 102 g 4 $ 3,430 ** g--

n
neeena inesaded se cumens
Liebesteet

Reena ser memsenes e eie .
and poseaue newe .mpone.e

. I. sempioned sanuecia a sas.2re s 3ar sao.itr : 3.aer ' s e.ama ^so.zes-Rosenesw: . - se,y
panelen plan 2.4e2 - e2 28489 ' ' 2.330 J.

-

$30,77e | 3ar {20,20e : 3.asF- :$ e.264 ' See.cos

NOTES:
s's Represente senerve accounts of acquired -r---;: " _. Reference la

made le Note 2 of Notes to Finenelal Seelemente on pees 33 of the
" Financial Section' of the Annual Repost

8n .t;- -le achh rossiveWee and selee ellowancee gaented. .

m Repeemenen ediassenet seees inewed and -+-a--$ae

,,8e ' Repeseente supplementet peneien paymente.

a see . ..=nens in esem sm en peo. 2 =an eespect so cost eesimeses
for to..ep-larm cenkaste and previolone for Gutete warranty cossa.- >

8e ReeleselRed fleet seensed Behalles
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SLVMARY

Critical experiments for the interposition of hydrogenous compounds
between four assemblies of 16 x 18 U(4.75 4) 0 rods were reported in3
Reference 1. The purpose of this report is to define and validate a
detailed calculational model which would be suitable for MONTE CARLO
calculations to design and license fuel storage under mist '(low
hydrogen density) conditions.

Results of this analysis are as follows:

1. A calculational model based on a homogenized fuel assembly
representation and 16 neutron energy groups which is suitable for
use in KINO analyses to design and license fuel storage under
mist conditions has been defined and verified against critical
experiments. _.

2. This model yields multiplication factors for critical experiments
which are comparable to those obtained by other methods (APPOLLO-
MORIT) used in Reference 1.

A3STRACT

The objective of this task is the development and validation of an
analytical model for use in the design and licensing of Fuel Storage
under mist conditions. Combustion Engineering, Inc. has performed
analyses using the KENO computer code, which show that neutron
multiplication factors obtained for the case of interposition of lov
hydrogen density compounds between four 18 x 18 fuel assemblies, are

! in good agreement with other calculations models and the experiments.
| The bias between prediction and measurement is reasonable and

quantifiable over the range of experimental parameters.

|

|

|

|
|

|

|
|

| July 24, 1997
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Section I

INTRODUCTION

This task has a its primary objective the development and validation
of an analytical model for use in the criticality analysis of fuel

istorage u.nder mist (low hydrogen density) conditions.
!

Experimental criticality data were measured on four asser.blies of la x
:18 (U4.75%) o., rods at 13.5 mm square pitch with variable low hydrogen !density compoQnds interposed between them. The experimental data and '

subsequent analyses of these experiments were reported in Reference 1.
The analyses were carried out using the APPOLLO-MORET computer codes
in 16 neutron energy groups. It was the objective of this task to
define an analytical model for design and licensing of fuel storage
under mist conditions. |

:

|

i

|

|

1 July 24, 1987

|
'

L
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Section 2

B ENCIDd.ARXS

lCritical experiments on the interposition of lov hydrogen density imaterials between four assemblies of 18 x 18 U(4.75 %) 0 rods at 13.5 !7
mm square pitch, were performed by the department of Nuclear Safety ofthe Trench Atomic Energy Commission (Reference 1) . The assemblies
were arranged in a 2 x 2 array in the experimental tank. A mobile
device enabled them to move along the x and y axes in the horizontal
plane (Figure 1).

Cross-shaped watertight containers in various thickness (25.5 to 100
mm) wi th 3 =m thick aluminum walls are then interpositioned between
the four assemblies and successively filled with air and various
hydrogenous ccepounds which are:

1. Air

2. Expanded polystyrene (C Hg) ng

3. Polyethylene power (CH2) n
4. Polyethylene balls (CH2) n
5. Water *

Water is then introduced into the bottom of the tank and the critical
height determined for each configuration. The resulting values are
sure.arized in Table 1.

The calculated results shown in Table 1 were performed by the
criticality service of the French Atomic Energy Commission. Two-step
calculations were performed using the APPOLLO and MORIT codes:

1. Calculation of the neutron constant by AP POLLO .
2. Calculation of the K,ff by MORET.
The APPOLLO code is used with the " transport" option to calculate the2material buckling B and the K ,, of an infinite lattice of rods in
its a=bient medium (water or aff T and to determine the macroscopic
cross-section of"the homogenized lattice based on the 16 energy
groups of Hansen and Roach. The cross-section library used in the
code is ENDF/B-III based and consists of 99 groups (52 fast and 47
thermal groups).

The HORIT code is a Monte Carlo code that calculates the K of any
configuration. The collisions are treated isotropically b3ffanise- '

tropy is taken into account by means of the transport corrections.

2 July 24. 1987
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Rasults of Emperiments and Bewehmark Calculations in the
; Case of Interposition of flydrogenous Cogounds Between Four Asse= biles

of 18 m 18 U(4.75t) 0 A ds at 13.5m Square pitch
2

Emperimental Results

!

Compounds

*

Calculated Results
Cnncentration Water Critical

'

A Densigy ifydrogen Height A P01.1.0-N04 CT
(cm) Nature (g/cm ) (g/cm ) (m) k 22egg

0 1. Water 1.0 0.1119 238 2 0.6 1.010 1 0.011

2. Son + sir 0 0 290.3 1 0.9 1.005 1 0.010
3. Box * (C H )n 0.0323 0.0025 286.1 1 0.8 0.987 1 0.010gg

2.5 4 Bou * powder (Cl4 )n 0.2879 0.0414 269.8 1 0.6
5. Bom & balls (Of n 0.5540 0.0800 255.4 1 0.6 0.995 1 0.0f02ba 6. Ron * water 1.0 0.1119 256.6 1 0.7
7. Water 1.0 0.1119 244.8 1 0.6 1.006 1 0.011

8. Bom * air 0 0 344.8 t 0.7
9. Box * (C "R)n 0.0262 0.0020 343.9 t 0.885.0 10. Box + powdur (Cit )n 0.3335 0.0480 301.6 1 0.6y

11. Box 4 balls (CH 1n 0.5796 0.0833 307.3 1 0.8
2

12. Ron + water 1.0 0.1119 327.8 1 0.8
13. Water 1.0 0.1119 314.7 1 0.6 1.000 t 0.012

14 Ron * nir 0 0 460.8 1 0.7 0.996 1 0.010
(C H )n 0.02R8 0.0022 456.2 1 0.8 0.987 t 0.01015. Ron 6 gn

10.0 16. Box + powdFr (Cil )n 0.3216 0.0464 420.5 t 0.6 1.011 1 0.012
17. Row + balls (Cil n 0.5680 0.0816 499.4 1 0.6 1.010 t 0.010218. Hon * water 1.0 0.1119 641.2 1 0.9
19. Water 1.0 0.1119 643.4 1 0.8

" The symbol A 15 the value of the gap width between the assemblies, thus it is the value of cross-shaped box
width. The actual thickness of hydrogenous compounds is A (H) = a - 0.6 cm.

,

l
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3 .' 1 Computer. Codes

The cceputer codes employed in this_ evaluation were KENO IV (2),
NITAWL, and XSDRNPM (5). The reference microscopic cross section |,

library was the 123 group super - XSDRN library, .DLC-16 (6), i
which was obtained from the Radiation Shielding Information !
Center. j

3.2 Cross section Generation

The NITAWL and XSDRNPM Codes (5) were used to generate'16 neutron
,

energy group cross sections. NITAWL was used to; generate self i

shielded 123 group cross sections from the 123 group super-XSDRN .

'

library (DLC-16) . The resulting working-library is then '

collapsed into homogenized 16 energy group library Lin a typical
fuel pin cell' environment using XSDRNPM.. XSDRNPM is also used-to
obtain separate 16 group cross section sets for structural and
external moderators.

3.3 KINO IV Models

Homogenized fuel pin representation was utilized in the asse=bly
interior. The cross shaped box, the outside moderator, tank
wall, lattic' grid, fuel-pin lower plug, bottom - plate and support
plate were all explicitly represented. The structure details are t

shown in Figure 1 (which were obtained from Reference 1) .
,

Table 2 st=marizes the multiplication f actors computed by KENO .IV
for 6 critical experiments together with the reported K values.
as calculated in Reference 1 using the APPOLLO-MORIT aphfdach.

,

Among the five critical experiments which are analyzed only 3 had
calculated APPOLLO-MORET results. F these three expe ri=en t s
the KENO IV, MORIT APPOLLO and expert _ntal results agree within -

less tha n 0.5% K,ff.
3.4 Statistical Uncertainty and Bias

*
s

The statistical uncertainty and bias of the criticality analysis
of the experiments have been calculated. The only criticality
analysis included in the uncertainty analysis are the lov :

hydrogen and all air calculations as these are representative of
the hydrogen density range of interest in the plant criticality

'

analysis. The results are as follows:

Total Number of Results 6

Hean value (u) 1.00246
Standard Deviation 0.00432
2 Jefm4 0.00864
Bias (u-1) +0.00246 ;

Uncertainty Minus Bias 0.00618

Based on the limted nt=ber of criticality experi=ents in the low
hydrogen rangeA The calculational uncertainty to be applied to
the criticality analysis will be increased to 0.03 ;

4 July 24, 1987
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TABLE 2~

KENO IV Results for Noted Gap Widths

Hydrogen Degsity x,ff
Dascription qm/cm KENO IV APPOLLO-MORET

Gao Width = 2.5 cm Between Assectblies

Aluminum Box
+ Air 0.0 0.99641 + 0.00407 1.005 + .010

Aluminum Box ..

+ (C n 0.0025 0.99913 3 0.00384 0.987 f, .01088

Aluminum Box
+ powder (CH ) n 0.0414 1.01567 + 0.00378 ------

2

Aluminum Box
+ Water 0.1119 1.02362 + 0.00362 ------

Water (No Alumind=
Box) 0.1119 0.99775 + 0.00391 1.006 + .011

Gap Width = 5.0 cm Between Assemblies

Aluminum Box 0.0 1.00412 + 0.00422 ------

+ Air

Aluminum Box 0.0020 1.00647 + 0.00421 ------
~

+ Air

Gap Width = 10. 0 cm 'Be tween As sen.blies

Alu=inum Box 0.0 1.00117 + 0.00390 0.996 + 0.010
~ ~

+ Air

Aluminum Box 0.0022 1.00748 + 0.00378 0.987 + 0.010

t

.

|
|
|
l

5 July 24, 1987
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Section 4

CONCLUSIONS
.

A 16 neutron energy group calculation model which employs a
homogenized fuel assembly representation has been defined and verified
against critical experiments. This model gives multiplication factors
which are comparable to those obtained using the APPOLLO-MORIT
approach.

.

I

l

1

1

6 July 24, 19R7
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APPDENZX D j
i

" MIST DENSITY CALCULATION FOR A SINGLE SPR.INKLER - READ * -

Discharge from a single sprinkler _ head anywhere in region ' A, B, or C |
lsee drawing NTM-C-4440,* Layout of sprinkler system in Pellet Shop.

Annex (Region A) and Tuel Bundle Assembly Room (Regions B & C) 'in '

building 17). -

.

Discharge Flow from 1 Serinkler = 0 = K (P)1!
,

Where Q= Discharge Tiow
. !

K= ' Constant' for 1/2" Sprinkler -Bead = 5. 6
P = ' Discharge Pressure at head = 100 psi

(assumes max. possible line . pres sure
regardless of sprinkler location) .

i

Q = 5.6 (100)1/2 = 56 gal / min (say 60 gal./ min.)

60 gal / min. x 1 ft /7.5 gal.=

Q 8 ft / min.=
.

,

e

At tembi v Roc- Ceiling _
,

' Sprinkler Head,

' - Sorintler tine M *

A' *

:

|
:

o

'

25'

'
i. 24 Y' 1 I' g Assembly Room Floor L

i

1 July 24, 1987
;
$

9

f

. . _ . _.

i.



,

2VOLUME OT SPR8HKLER Tl4W P ARA 3OLO ZD = V * p / 2 W R H j

Whe r e 77~ = A constant = 3.14

Radius of spray at floor = 12'R =

Distance from sprinkler head to floor = 28 ft.B =

V = 1/2 (3.14 ) (12)2 (28) -

3V = 6330 ft

*

WATER DROP SIZE FROM 1/2* SPRINKLER HEAD

DD2" h y
2

Where Dy = Unknown water drop size

Dy = Known water drop size = 0.86 mm

Pg = Reference pressure 8 known drop size = 30 psi

P2 = Reference pressure f unknown drop size = 100 psi
h/

[00D (Dr p size i 100 psi) (0. 8 6)=
2

j

0.77 mm i 100 psiD2- (0.89) (0. 8 6) =

DROP VELOCITY
*

Reference drop velocity for 1 mm drop = 13 ft/sec

10 ft/sec.Drop Velocity 0 0.77 mm = 0.77 x 13 =

TIME FOR DROP TO REACH FLOOR s

T = Drop time from 2 8 f t = 2.3 sec.-

.

WATER VOLUME FRACTION

[Water Volume Fraction =

3
Where Q = Discharge Sprinkler Flow in ft / min.

T = Time for Drop to go from Sprinkler to Floor
V = Paraboloid Volume

(8) ) (1/60)Water Volume Traction =

Water Volume Fraction = 0.000059 Grams /cc

;

Supplied by FMIC 2 July 24, 1987*

. - _ _ _ _ __
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ENCLOSURE III

WINDSOR PRODUCT DEVELOPMENT LABORATORY
I

NOTES:

1. The attached license application applies only to the product research and
development activities (the " Laboratory License"). Certain activities, programs,
and organizations are included that are common to or shared with the separated
Manufacturing License SNM-1067. !

I

2. This application is a complete document, which was adm'inistratively separated -
from SNM-1067 for~the purpose of creating a separate Laboratory License. -The
attached is therefore submitted as Revision 0, with license identification to be '

determined by the NRC. - t

3. Suggested language covering the two license conditions requested: "Until .
September 30,1993, the licensee shall limit the total enriched uranium possessed
under this license to 3000 gms. of U-235. Effective September 30,1993, this limit i

shall be reduced to 350 gms. U-235". :
,
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