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PART I. LICENSE CONDITIONS

1.0 Standard Conditions and Special Authorizations

1.1 Name

De llU‘r'
with i{ts corporate offices at 900 Long Ridge Road in Stamford, c¢7,

Combustion Engineering, Inc., is incorporated in the State of
The
location where licensed activities will be conducted is at 1000
Prospect Hill Road in Windsor, CT.
1.2 Lecation
The mailing address for all license Correspondence is:
Combustion Engineering, Inc.
1000 Prospect Hill Rcad
Windsor, CT 060958
Licensed activities shall be conducted primarily at the Nuclear Fuel
Manufacturing facilicy (Building #17) and an adjacent warehouse and
shipping dock (Building #21).

License No. SNM-1067, Dockes 70-1100 Rev. 05 Date: 6/15/93 Page: I.1-1



L3 License Nymper

Activities are covered by the License SNM-1067: Dacua: 70-1100.

1.4 Possession Limits & Location

Compustion Engineering, Inc., requests autnorization to receive, use,
possess, store and transfer at its Windsor site, the following

activities of radicactive materials.

lsotope ~ Eary Quantity bocation

1) Uranium enrickes - Jawwm soo,000 Ky U Mauy Facturi ng-Bldgs.
to <5.0% weight O des #17 » #21 & storage in
percent U215 tray srs adjacent to

Bldes #17 & 221,

2) Uranium enriched Any 4800 gms yeds 8ldg.
to less than 20 17, L
weight percent 2l (Bleg. 17 & 21
u23s Timited to 350 gm U23§

each for enrichments
exceeding 5.0 weight
percent U235).

3) Natural and/or Any 10,000 xgu Blag.
Cepletec Uranium 17
§ 21
4) Pu218 Encapsul= § sources, each Building #L7
ated containing less

Neutron thar 2.0 gm
Sources Pu2ie

§) Pu Any Form 160 micrograms  Bldg.
s analytical 17, £
sampies el
€) Encapsulated Ua0g 20 sources, each Bldg. :
Neutron cont|1n1n§ 17 4
sources 1.7 gm U235 21
7) Uranfum enriched Res‘due 1000 gms U235 Windser Site

to or greater
than 20 weight
percent U235

License No. SNM-1067, Docket 70-1100 Rev. 07 Date: 6/15/93 Page: 1.1-2



1.5
1.6

1.7

License No. SNM-1067

Section Deleted

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

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

B1dg. 21 - Storage of SNM in shipping containers.
Windsor Site ~ Residue from prior operations, not to exceed
350 gms U-235 in any one location. Additiona) locations to
be separated from one inother by a minimum of 12 feet.
Exemption
Licensed activities in Bldgs. 1, 1A, 2, 2A, 3, 3A, §, 6, 16, and 18
shall

Date: 6/15/93
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be of a product development nature and the materia) may uliimately be returned
te the Nuclear Fuel Manufacturing facility. These transfers shall not require
the {1ssuance 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 (FNMC) referenced in Section 9.0 of this application.

In each area where lib¢111ng of all containers 1s not in accerdance with
10CFR20.203(f), a1l personnel ingress locations shall be posted with a sign
stating that "Every container or vessel in this area, unless otherwise
fdentified, may contain radicactive material.*

License No. SNM-1067 Rev. 06 Date: ©6/15/93
Docket No. 70-1100 Page: 1.1-4
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2.1.3 Senior Criticality Specialist

The Senior Criticality Specialist may be a member of the
technical staff of the Nuclear Fuel organization or an cutside
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. Tie 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 producticn
responsibilities. The Senior Criticality Specialist has the
authority to halt any operation in the fuel manufacturing
facility or product development laboratories that he or she
Pelieves 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 Manager, Radiological Protectjion 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 envircnmental protection measures are adeguate and
to keep records documenting safety

5/93
Docket No. 70-1100 Rev. 07 pate: ©6/1%/
License No. SNM-1067 Page: 1I.2-2



related facility operations. He ©or she has tha
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 *~» 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
manufacturing facility 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. 1If the Manager believes

any operation in the fuel manufacturing facility or product
development laboratories to be unsafe, he or she has the
authority to halt that cperation. 1If 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 Uranium Plant Manager.

2.1.5 Nuclear Criticality Srecialist

The Nuclear Criticality Specialist is a member of the
technical staff 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 manufacturing facility or product
cevelopment laboratory operations (processes, procedures and
equipment) or changes thereto are acceptable with regard to
nuclear criticality safety. He or she executes this
respensibility by advising cognizant management regarding
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 producticn
responsibilities. The Nuclear Criticality Specialist has the
authority to halt any cperation in the fuel manufacturing
facility or product development laboratories that he or she
telieves to represent an unsafe criticality condition.

Docket No. 70-1100 Rev. 08 pate: 6/1%/93
License No. SNM-1067 Page: I.2-3



1at

.
4

<

sures

en

ance

111
i il

e

| y b

¥

A8 SU
<y
P SN

-~ Y - e 1

..x.Ai.Lh.,.- SN N ;.A.
T
il A

)




2.1.9 Radiological Protection and Industrial Safety
Techniclans

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
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 safely,
environmental protection and emergency planning programs to
be assessed. Technicians also monitor the proper
implementation of Radiation Work Permits. The Radiological
Protection and Industrial Safety Technicians have no
production responsibilities.

Docket No. 70-1100 Rev. 08 Date: 6/15/93
License No. SNM-1067 Page: I1.2~5



2.1.10 Emergency Director

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

the Nuclear Fuel Manufacturing facility or Product

Development laboratories. The Uranium Plant Manager may act in
the capacity of Emergency Director. The Emergency Director may
designate gualified alternates.

2.2.1 Pplant Manager

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 positicons 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 Rev. 09 pDate: ©/15/93
License No. SNM-1067 Page: 1I.2-6
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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 uraniun
bicassay measurement techniques, internal exposure controls

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

2.2.5 PNucleaxr Criticality Specjalist

The minimum gualifications 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 Critjicalitvy Apalyst

The minimum qQualifications 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 gupexvisoxr, Radiological Protectjion 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 tlie safety related areas within his or her
cognizance. Three (3) of the five (5) years cf safety
related experience shall have been as a senior radiological
protection technician. A senior technician is an individual
who has had at least cne (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) Yyears
of related experience in industrial safety and/or
environmental protection.

Docket No. 70-1100 Rev. 08 Date: 6/15/93
License No. SNM~-1067 Page: I.2-7



2.2.9 Radielogical Profection 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 conmnplete a facility
specific training prozran(l) in safety related areas within
their area(s) cof cognizance.

2.2.10 Emergency Dirxector

The Emergency Director shall be a member of the Nuclear Fuel
management team and shall be familiar with the Nuclear Fuel
Manufacturing and Product Development processes and
facilities. He or she shall be familiar with the emergency
plan and the implementing procedures for the Nuclear Fuel
Manufacturing facility and Product Development laboratories.

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

2.3 Facility Review Group

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
cperations.

. 6/15/93
Docket No. 70-1100 Rev. 10 Date:
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The FRGC {s composed of senior personnel from the technical scafe
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 often
if deemed necessary by the Chairperson.

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

Radioclogical Safety

Criticality Safety

Environmental Safety

Industrial Safety including Fire and Chemical Safety
Emergency Planning

ALARA -

Irternal 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

©f these audits shall be part of the review for practice and
trends.

In addition, the FPG will review physical facility changes in the
Fellet shop and changes to operations invelving 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. EFach review
of a significant change by the FRG shall result in a
recommendation to the Uranium Plant Manager before implementation
cf the change.

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

The Group way 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 gquarterly progress report to the Uranium
Plant Manager, Director of Product Development, and the Vice
President, Manufacturing Operations.

Docket No. 70-1100 Rev. 08 Date: 6/15/93
License No. SNM-1067 Fage: I.2-9



Findings and recommendations (if any) of the Group shall

be reported to the Uranium pPlant Manager, and the Director of
Product Develcpment with copies to cognizant Line Managers.
Records of the Group's findings shall be retained for a period of
three (J) years from the date of issue or until closure of issues
is obtained, whichever is later.

2.4 v or onn

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 of management above the position to

be filled. Other staff positions are filled following the
normal administrative practices of Combustion Engineering,

Inc.

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

2.% ZIrxaining

In addition to on~-the-job training and training in special
cperational skills, employees and visitcrs tc the Windsor
Nuclear Fuel Manufacturing facility
' participate in formal (classroom)
training programs tc ensure a basic understanding of
facility operations and safety reguirements. 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 cperations that-
are a part of the manufacturing process,

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

Docket No. 70-1100 Rev. 08 Date: 6/15/93
License No. SENM~1067 Page: I.2~10
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from the date of issue or until closure of findings 1is
obtained, whichever is later.

2.8 v ' ions and rtin

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 corrective 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
Cccurrence 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 aknormal occuriences reported
to the Nuclear Regulatory Commission are retained for a
period of three (3) years after closure of the
investigation.

2.9 Records

Records pertaini- *“o health and safety, facility
modifications, .w .al occurrences, criticality analyses,
inspections, au. ims, ‘nstrument calibrations, ALARA
findings, empley. “' inirg and refresher training,

personnel exposares, outine radiation and contamination
surveys and environme tal surveys are retained to

demonstrate compliance with the conditions of this

application and the applicable Federal, State and local
regulaticns. Records are retained for the periodg specified in
this application or the governing regulations, whichever is
longer.
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It is the policy of Combusticn Engineering to
conduct its business in a manner which ensures
that its Nuclear Fuel Manufacturing Facilities

are in compliance
with radiation grotection and other applicable
regulations, #nc 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 Reascnably Achievable
(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, responsibiiity for establishing
and ensuring adherence to this policy shall rest
with the Uranium Plant Manager, Windsor Nuclear Fuel
Manufacturing,

This policy shall be implemented
through appropriate delegations to the Manager,
Radiclogical Protection and Industrial Safety, and the
applicable Line Managers.

3.1.2 Radiation Work Permit Procedures

All non-routine
maintenance or repair operations on equipment
involved with handling radicactive material within

Docket No. 70-1100 hey, &8 Date: ©/15/93
License No. SNM-1067 Page: I.3-1



Nuclear Fuel Manufacturing invelving those non-routine
Bmaintenance cperations in which ventilated containment

$ystexs are breached shall be covered by a Radiation Werk
Perzit (RWP).

The RWP shall be requested by the cognizant engineer cr
supervisor and it shall establish the radiolegical safety
requirenents. The Manager, Radioclogical Protecticn ard
Industrial Safety shall approve the initial issue of all
RWPs. Subsequent RWPs, for sizilar activities, may be
Te-authorized by the Supervisor, Radiclogical Protecticn and
Industrial Safety. RW?Ps may be verbally authorized in
circumstances where the qualified individual i{s not cn-sita.
Such verbal ‘authorization shall ba documented and the
subject RWP shall be signed within cne working shift of the
qualified individuals return to the site. Radiclogical
Protecticon and Industrial Safety Techniclans are Tesponsidble
for menitoring proper izplezentation of RWP's.

As a minizum, RWP's shall be revieved for their need evary
30 days. The Manager or Supervisor of Radiclogical
Frotection and Industrial Safety ac:ing on input from the
Radiclogical Prcoctecsien and Induscsrial Safety Techniclians
shall close cut all RWP's %o assure that the specific work
was cozpleted in a satisfactory manner pricr to persis ing
restart cof the subject cperation.

3.2 "‘!ﬁha‘;—lﬁ ‘.»—n-'o-.q’q-!

S:3:3 e ar 1

All perscnnel ente. .ig the unclad fuel handling areas must
do so through the change areas provided for this purposs.

Decket Ne. 70-1100 Rev. 08 pate: 5/15/93
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As a ninisum, the folloving protective clothing shall Dbe
vorn:

- Coverall or lLab Coat
- Special shoes or shoe covers
- Safaty glasses

Deckeat Neo. 70=1100

Rev. 01 nate: 6/15/93
Licenss No. SNM-1067
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Additional protective clothing which may be required for nen-routine
operations shall te prescridbed Dy the applicadle RWP fn the

Muclear Fuel Manufacturing
facility.

3.2.2 Parsonnel Monitgring Requirgments
A1l personnel must wash their hands before exiting the contaminated
ared and, as a sinigum, shall monitor their hands, exposed areas of
the Body and personal clothing with the alpha personne! moniter
Tocated at the chinge line.
The frequency and control Tevel:z of menitoring personal clothing and

dedy surfaces shall be as follows:

PEISONAL CLOTMING AND BOOY SURFACE ALPWA ACTIVITY CONTROL LEVELS

Syrface Alah m/ in ry r ¥
Persona) Indistinguishadle Before Teaving contaminated
Clothing. from background drea and when contamination
Body Surfaces is observed on body

(Mair, Face, surfaces.

Kands)

[f indicated levels are greater than the control Tevel, the

individual shall promptly notify a member of the Radiological

Protection and Industrial Safety staff and shal) not leave the

contaminated area unti] they respond and the situation s resolved.
3.2.3 Ventilation Requirementy

Nuclear Fuel Manyfaetyring

Yentilation in the Nuclear Fuel Manufacturing facility (Butlding

#17) 13 provided by fou~ separate exhaust systems as follows:

Dockat Ng. 70-1100 Rev. 06 Oate: 6/15/93
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EA-1 Powde~ Prepyration gnd Pregsing - This system has a capacity of

12,100 CFM and incorparates prefilters and 3 doudle Bank of |2
absolute filters, each 99.97% efficient at 0.3 microns. The

alr exhaust from this system which 15 aither returned to the

inclad fuel ared or released from the plant 15 sampled 100% of

the time and analyzed each day.

FA-2 Fyrnice HZ By ngff - This system has a capacity of 1340 CFM an¢
incorporates prefilters and a single Bank of 4 adbsolute filters,
each 99.97% efficient at 0.3 microns. The air exhaust from this
system 1s released from the plant and sampled 100% of the time and

analyzed each day.

FA-J Pellgt Grinding and Rod Loading - This system has a capacity of
17,50C CFM and incorporates prefilters and a double Dank of 16
absclute filters. each 99.97% efficient a2 0.) microns. The

afr exhaust from this system is released from the plant and

sampled 100% of the time and analyZed each day.

FA-4 Recvele Powder Areg - This system Mas a capacity of 6000 CFM

and incarporates prefilters and a doudle Bank of & absolute filters,
each 99.97% efficient at 0.3 microns. The air exhaust from this
system i3 released from the plant and samplesd 10C% of the time and
analyzed each day.

The capacily of the ventilation systems hava Been matched 0 provide
3 negative pressure differantia) Detween the Pellet Processing
Facility and a1l surrounding work areas. The direction of air flow
shall be checksd monthly and documentad. [f airdorne activity
results, averaged over a two week period, exceed 25% of the

applicable concentration 1isted in Tadle II, Column [ of 10 CFR 20

Docket No. 70-1100 Rev. 05 Date: 15/93



Appandix B for alr being discharged to an unrestricted ares (fram
nnufac:urinq), an investigation
will be conducted and corrective actions taken. [n addition, ts
dssure our releases resain as low as reasonably achievable, a
quarterly Timit of 18 uCt 1n gross alpha aictivity of tota) uranium
in plant gasecus effluents shall be maintained. If the
radicactivity in plant gaseous effluents exceeds 18 uCi, a reporet
which fdentifies the cause for exceeding the Timit and the
corrective actions to be taken to reduce release rates shall be
submitted to the NRC within 30 days. Also, {f the paraneters
fmportant to a dese assesszent change, a repert shall be submitted
within 30 days which describes the changes in parapeters and
includes an estimate of the resultant chinge in dose commitment,

The 18 uCi/qer 1imit would resylt ia a lung dose to an individual at
the nearest residence of (conservativaly) less than 0.10% of the 2%
mrem/year standard as specified in 40 CFR 190.

Ventilaticn system filters and/or prefilters will be changed,
rotated, or knocked down whenever a pressure drop of 4 inches of
water i3 meisured across the combination of *he prefilter and first
Pank of absolute filiers. The pressure drop for all & systems shall
be checked weekly and documented. When the face velocity at a
ventilated hood draps below 100 fom, the hood filtars or ventilatien
system filter will ba changed, Brushed, or knockad down to increise
the air flow to 100 fpm ainimum or the hood shall net De used to
handle radfoactive matarfal. Face velocities will Be checked weekly

in the Manufacturing facility

Docket Ne. 70-1100 Rev. 06 Date: 6/15/93
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Any work on filter change fnvelving any of the four fixed air
systems in manufacturing shall Be .« somed under an RWP. Fol'owing
all f1lter changes or other move . ~ filters, both the Supervisor
and a Technician from the Radicliy'.al Protection and Industrial
Safety group shall inspact the placement of the absolute filters for
proper sealing. [n additicn, afr samples will De taken and counted
ievediately after 1/2, 2, and 8 hours of cperation to assure the
absolute filters are adequately filtering the exhaust air. The
adequacy of the sampling techniques to obtain representative samples

will be ver{fied quarterly in the Manufacturing facility

Docket Ne. 70-11C0 Rev. 05 Date: 6/15/93
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3.2.4 Astrymentation

Capadilities of radiation detection and measurement instrumentation.

shall be as follows:

Alpha counting System 10 - 10,000 dpm

Alpha Survey Meters 0 - $0.000 counts per minyte
Beta Gasma Survey [nstruments .08 aR/hr - 200 mR/hr
Neutron Survey [nstruments .9 - 5,000 mrem/hr

A sufficient number of the instruments, meters and systems listad
above shall De maintained operational to adeguately canduct our
Radiological Protection and Industirial Safety program. Additional
fnstrumentation {s 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 repafr that affects the
accuracy of the measuremants. A1l other instruments are calidrated
semi-aanually and follewing any repair that affects the accuracy of
the seasurements. The calibration of the survey instruments shall

peet the specifications described in Sectian 1.11 of

Oocket Me. 70-1100 Rev. 05 Date: 6/15/93
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3.2.%

Docket No.

Regulatory Guide 8.24, “Health Physics Survey Ouring Enriched
Uranfum-235 Processing and Fuel Fabrication™. The alpha counting

equipment 13 checked daily to verify backzround and efficiency.

mal rg (Fix {gn Breashing Jong Afr Sampling gnd
Fixed Location Gangra! Afr Sampling

Nycleir Fuel Manyf rin

The room air in 211 areas where unclad licensed material {s 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 radicactivity. Air sampling skall de accomplished using
fixed-Tocation general air sampling stations and fixed location
breathing zone air sampling stations. The sampling results from the
fixed Tocatien breathing zone air sampling stations shall De used
for the dasic eviluation of the internal exposure of workars.

Quring the normal operating period, 1f 3 single breathing 2one or
general air sampling station indicates the airdorne concentration of
radioactivity for that area exceeds the MPC specified in Tadle |
Column [ of 10 CFR 20, Appendix B, an investigation as to the cause
shall be conducted. Anry necessary corrective actions to prevent its
recdrrence shall Be taken and documented. Both fixed locatien
dreathing 2one and general air samplers shall have a minimum flow of
10 1pm.

The fixed locations Breathing 2one air sampling stations shall Dde
the prizary means of determining radicactive airdorne concentrations
of particulates in the workers breathing zone. The fized location
breathing 2one air sampling stations shall be strategically locates

70-1100 Cate: 6/15/83
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throughout the shop and run continuously during cperations. The
fixed Tocatfon general air sampling stations provide air sample
which are representative of working areas in order to varify
adequate ventilation and contamination control. A1l samples from
both fixed Tocation breathing zone and general air sampling stations
shall bdea analyzed aftar each working shift,

The representativeness of the fixed Jocation breathing zone air
sampling stations shall be evaluated at leass once every 12 months
and whenever-any licensed process or equipment change 13 made.

It fs recognized that the behavior of individual operators can be a
significant contriduting facter to an individual’s exposure, and
that this may not te amenable to the desired degree of improvement.
where the indiviiual operator is found to contribute significantly
to higher exposures, closer perscnnel surveillance shall be
mafntained. An individual whose 40 hr. exposure exceeds 2.5 MPC
days shall be closaly monitored with 2 portadle 82 sampler. The
sampler will have 2 ainimum flow rate of 1400ce/min. 1f the
persen’s 40 hr. exposure exceeds 4 MPC days, the persen shall de
remcved from expesure to afrdorne contamination. It is the
respensidility of the Supervisor, Radiolegical Protection and
Industrial Safety to evaluate these situations to determine the
relative contridutions of individuals and equipment. The pellet
shep 13 the only place in the manufacturing facility that handles
unclad U02. This partion of the facility 1s kept a% a negative
pressure as cescribed in Section 3.2.3. therefore, continuous air

sampling shall be conducted in this area only.

Docket No. 70-1100 Rev. 05 Wi 6/15/93
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3.2.6 rnal Exposgyr imetry Requiremen
Each Individual who enters 2 restricted areid under such
circumstances that he s 1ikely to receive a dose 1n any calendar
quarter of 25 percent of the applicable value specified in 10 CFR
20.101(3) shall be supplied with a TLD badge and indium foil for
purposes of personnel dosimetry. Badges will be precessed menthly.
When a high exposure 1s suspected, the individual’'s badge will be
sent out for immediate processing. All visitors will be supplied
with indium foil Dadges. Area TLD Dadges and neutron foils are also
strategically placed throughout the facility for the purpose of
rocard1ng}back;round radiatien levels as well as radiation resulting
from a criticality accident. The TLD Badges will also De processes
monthly during normal operations and immediately follewing a
crkticaYity accident. Procedures to determine high radiation doses
iomediately following a criticality accident are descrided in the

Energency Procedures Manual.

Docket No. 70-1100 pev. 05 Date: 6/15/93
License No. SNM-1067 Page [.3-11

fffff FPREY |



3.7

B'oassay Progrim

Urinalysis and in-vive Tung counting shall be conducted annually.
Urine samples for any workers who routinely work with soluble
compounds of uranfum shall be collected and analyzed montaly, |f
the most recent quarterly average of the airdorne uranium
concentration for any work area exceeds 25% of the respective DAC,
the frequency of sampling and tha type of Bicassay measurements for
workers in that work area shall De modified to tgat given in Tadle 3
of Regulatory Guide 8.1]1, "Application ¢~ 8icassay for Uranium®.

The fo15ov1ng tadles outline the action Tevely which will be

utilized for doth urinalysis and in-vivo countiny:

URINALYSIS ACTION LEVELS

Yringlvsis Resyls Actign
1) Sample >25 ugU/1iter 1) Confirm result (1f unexpected)

2) 1f result {5 confirmed:
- Impase work restrictions

- Collect and evaluate
diagnesiic urine samples
- Conduct fnvestigaticn t2
fdentify prodadle cause

- Perform In-Vivo count

DOCk't No. 70-1100 Rev. 06 Cazte: 6/]5/93
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IN-VIVO ACTION LEVELS

~Vivg Regy! Agtign
1) Lung Burden >175 ug V23§ 1) Confirm rasult (1f unexpected)
e) 1f result is confirmed:
- Impose (or continue) work
limitations.
- Conduct Job fnvestigation teo
x identify probadle cause,
detaraine {f others were
exposed, and evaluate
adequacy of air sampling.

- Inftiate corrective actions.

3.2.8 ntamination Survey
3.2.08.1 ntamin Ar Pgller Sh {lding 817
Removable Alphy Contgcfnasion Actign to be Taken
10,000-dpm/100 cm? [mmediate Clean-Up
§,000 dpa/100 cm2 Clean-Up within 24-hours
Contaminated areds shall Be surveyed on 2 weekly bDasis. Material
fixed on processing equipment or on surfaces shall be limited as
required to cont=cl airborne radicactivity and extarnal radiation
exposures.
Dockat No. 70-1100 Rev. 04 Date: 6/15/93
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Removable Alghy Contaming®ign Actign Taken
Alghy Leve)
100 dpm/100 em2 Immediate Clean-up
$0 dpm/100 cm2 24-hour Clean-Up
10 dpa/100 dm2 (Yunch rocms only) Immediate Clean-Up

Other manufacturing areas, office areas, and the warehouse (8lag.
21) shall be surveyed on 2 monthly basis., The lunch rooms shill be
surveyed once 2 day, as a mainimum.
Fizxed Alph ; minatiogn
Monthly fixed alpha contamination levels in the non-contaiinated
areas (and for releasa of equipment from contaminated aress) shall
be Tess than $S00 dpm/100 cm2 average.

3.2.8.3  Materials § Eguipment Relggsed for Unressrigtied Use (does not
inglyde the adandonmgnt of Buildings)
The release of materials and equipment for unrestricted use shall be
in accordance with "Guidelines for Decontaminasion of Facilities and
Equipment Prior to Release for Unresiricted Use or Termination of
Licenses for By-Product, Source, or Special Nuclear Material®,
USNRC, Annex B, July 1982.

3.2.9  Besairasory Protection
The Resliratory Protection Program shall be conducted in accordance

with the USNRC Regulatory Guide 8.15.

Docket No. 70-1100 Rev. 05 Date: 6/15/93
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. Nuclear criticality Safetv
4.1 Adminjistrative Reguirements
#:2.% u ingen \

= Process designs shall, in
general, incorporate sufficient factors of safety to

regquire at least two urlikely, independent, and
concurrent changes in process conditions before a

criticality accident is possible.

#.1.2 wri c n v - All process

coperations involving SNM shall be covered by a shop
traveler and/or an operation sheet which shall be
followed. Precautions and limits regarding
criticality 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 cperating areas shall be labeled
to indicate the enrichment. Geczetry 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,
Radiclogical Protection and Industrial Safety.
However, procedures involving a change in the
criticality safety controls used for that particular
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 cperations and the
corresponding safety limits.

Docket No. 70-1100 Rev. 06 Date: ©/15/93
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It shall be the responsibility of the Supervisor,
Radiclogical Protection and Industrial Safety to
assure that each work station is properly posted.

4.1.3 uest r nge d y 4 i n

All proposed changes in process, egquipment, and/or
facilities that could affect 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 Safety.

4.1.4 Peosting 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
Superviscr, Radiolcgical Protection and Industrial
Safety, maintains records of the review and
approval of each posted nuclear criticality safety
limict.

4.1.5% nterna view Re m

All process/equipment/facility changes which

affect nuclear criticality safety shall Dbe

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 ke performed by the
Senior Nuclear Criticality Specialist.

Docket No. 70-1100 Rev. 07 Date: 6/15/93
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As stated fn Sectfon 4.1.3, all such approvals shall be recorded in
2 Tog maintained under the direction of the Supervisor, Radiologica’
Frotection and Industrial Safety.

4.1.8 Marking and Ladeling of SNM - All mass-ifmited containers shall be
Tabeled as to enrichment and content. A1l gecmetry 1imited
containers and processes are safe up to the maximum allowabdle
enrichment of 5.0wt% U215,

4.1.7 fgn De! ,

Dacket No. 70-1100 Rev. 08 Oate: 6/15/93



4.1.8

4.2 Technical Requirements

4.2.1

§.2.2

Preferrzd App oach To Design - 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
est;b\ishment of safety limits will be minimized.

{ ions and Ana) 1 Meth - 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.

License No. SNM-1067 Rev. 07 Date: 6/15/93
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stall be separated from any other fissile materfal by L2 fee:.
Rods containing sintered UC2 pellet; enricned to a4 masimum of
5.0%U235 shal) be storea fn Buiiding 5. Slab storage

in Butlding #3 shall be 1n accordance with Tadle 4.2.5.

Criticality safety of the less complex manufacturing
operations {5 dased on the use of 1imiting parameters which
are applied to simple gecmetries. 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 evaluazed using two
dimensicnal transport and/or 3 dimensicnal Monte Carlc Codes.
The sixteen group Mansen-Roach cross section library is used
for homogeneous systems, nh11Q'NITAHL and XSORNPM are used to
generate multigroup cross sections for heterogeneous Systems.
A1) calculationa! methods invelving computer codes shall be
validated in a-cordance with the criteria established 1n
Regulatary Guide 3.4, *"Nuclear Criticality Safety in Cperations

with Figssionable Matarials at Fuels and Materials Facilities.®
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4.2.4 Safety Marginse -« Individual Units - Safety

BATGins applieq to

units calculated to be €ritical (with up to 2\ uncertlingy)
L
and incorporsted in the SIU's shall be as follows:

Mass 2.3

Volume 3.3

Cylinder Diameter 1.3

Sladb Thickness 1.2
These values shall be further reduced where necessary to
assure maxisum fraction critical values of 0.4 for
geometrically limited units, and 0.3 for mass limited units
(based on optimum water moderation). An additional reduction
has been applied to several nass and volume limits to assure
that spacing requirements remain constant for all enrichments.
For validated computer calculations, the highest X ¢ff for a
singdle unit or array shall be 0.95 including a 2-gigma

statistical uncertainty and including all applicable

uncertainties and bias.

The basic assumptions used in establishing safe parameters for

single units and arrays shall be as follows:

- The possibility of accurulation of fissile materials in
inaccessible locations shall be minimized,

- Nuclear safety shall be dependent on the degree of
moderation within the process unit. Additional moderating

materials, when considered to be credible, will be
included ir the analysis,
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Optimum conditions of water moderat

he system ghg'




4.2.4 A

Docket No.
License No.

o atj

For moderation contreol a maximum K of C.95
shall apply for validated conput-r‘éflculations.
The 0.95 x‘ ¢ Value shall be reduced by (1) the
applicable g sigma 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% Hzo (0.001 gm
HZO/cc).

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 beer modified or added to in any way
that would impair its performance or have an
effect on calculated mist density. All proposed
changes to the fire sprinkler system, that could
affect building 17 will be reviewed and approved
in accordance with Section 2.1.6, as regards
facility changes affecting criticality, for their
effect on mist density before such changes are
inplemented.

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 assexbly
is in storage.

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

70-1100 Rev. 03 Date: 6/15/93
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In any area where unseylea powder or randomly loaded pellet
containers 4re 2xp0sed to the fire sprinkler system they will be
dssumed to Fi1] «1th water. Hard scrap (pellets or pieces thereof)
shall pe assumed as optimally moderated.

- Possible moderating material around fissile materials will de

included in the analysis.

4.2.5 imits for Safe (ndividua) Un!
Table 4.2.%
lxnuf_kﬁis Maximym Limi
Pellet Shép

Mass (pOwdar &¢ randomly lcoded  35.0 kg s U0, »5.0% U235
pellets 1n a § ga! stee!
containers)

Coplanar S1ab (Powder/Pellet) 4.0" Maximum Height.
(Pellets Randomly Loaded)
(Sintered pellets up to 0.4°
diameter)
(Green pellets up to 0.43"
diameter)

Coplanar Slad §.0" Maxfinum Height.
(Hexagonally stacked rods)
(Sintered pellets up to 0.4"

diameter)
Hard Scrap 16.0 kg UOp £5.0% U235
Cold Shop
S1ad (Mexagonally stacked rods) e.0" Maximum Heignt.
Fuel Assempifes keff < 0.90
Pre-stacked Array keff < 0.90
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Table 4 2 5 (continued)

Building 21

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

License No. SNM-1067 Rev. 02 Date: 6/15/93
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§.2.6

[nteraggion ms_‘m - Activities inveliving SNM may De
conducted In single or two leve! dreas of the facility.

ATl mass units shall have 4 separation of at least one foot,
edge to edge.

Spacing for mass unit activities carried out in the single
level portions of the facility shall be such that the contained
U02 and moderater, 1f “smeared” over the allowed spacing areas
would not exceed 50% of the critical water-reflected infinite
s1ad surface density assuming cptimum water moderation for
minimum mass per unit area. Co-planar slabs specified in Tadble
€.2.5 require no additional spacing {f on the same plane.
Non=-co=-planar slads within 4 feet of each other are limited to
¢ maximum of 12-inch vertical differences, and must be
separated dy a l2-inch minimum horizontal spacing.

Portions of the Faciiity contain twe levels, each of which may
be used for SNM. Mass Timits cn each level shall be spaced
such that the contained UO2 and moderator, if “smeared” over
the allcwed spacing aredas would not exceed 25% of the critical
water-reflected infinite slab surface density assuming cptimum

water moderation for minimum mass per unit area.
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B.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 I1.8-75. 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 evacuation alarm. When the alarm is sounded, the
Emergency Plan 1s {mmediately 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 _
Radiclogical Protection and Industrial Safety Personnel. A radiocactive
source 1s used to perform these test. The entire system is tested

semiannually and following any repair that may affect system

performance.

4.3 Specific 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
several process operations, as described below:

License No. SNM-1067 Rev. 07 Date: 6/15/93
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4.3.1

4.1.3

4.3.3

4.3.4

4.3.5

4.3.6

A1l incoming UO2 powder ghall be stared in 9.75° afametar = L1" long
stainless steel cans. A1l powcer shall be sampled before deing
placed in the virgin powder storage 4red to demonssrate on a 95/9%
confidence leve! that the moisture content of powder lots is less
than §.0 wt.4. [n agdition, all damagec packages where containment
s breached shall be sampled. Thne area in ang around the virgin
powder slarage area tha! ! be kept free of combustibles.

The fire door on the virgin powcer prep storage area shall ¢lose
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 fts performance shall dbe maintained.

A maximum of tnree 5.75" ciameter x 11" long stainless stae! powder
containers and cne § gallcn powder container or two 9.75" giameter x
11" Tong stainless stee] powder containers &nd two 5 gallon powder
containers shall Ze allowed in the Datch make-up hood in the
position shown in Figure 8.2.

The one S-gallon pall being filled from the tnree other containers
fn the batch Make Up Hood shall be 1imited to 35 Kg UO2 and shall be
sealed with a water tignt cover pricr to being stored on the conveyor.
The blender hoods snall be restricted to 35 kg UO2 per hood. This
does not include tre UO; in the transfer tute which was assumed to
be fuli of UDp in the analysis.

The wiper blade, powder plenum, and the drying belt at the Powder
Preparation Station shall be inspected once per week to assure that
the wiper dDlade 1s functicning properly and that no fuel 1s

accumulating in the plenum below the belt. The depth of the powder
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on the drying delt 15 1imited mecnanicall, to 1/2* tnickness. The

drying belt snall te complete'y enclosed. The powder accumulation

under the grying del!t ghall be less than /2",

4.3.7

4.3.8

4.3.%

4.3.10

4.3.11
4.3.12

Records of these inspections shall be malntained.

In the Concrete Block Storage Area, A maximum of 35.0 Kgs

UOZ may be contained in S-gallon or smaller containers. Each
storage position shall be 1imited to one container.

V02 peliet -thickness on each of the Pellet Storage Shelves
shall meet the slab 1imit specified in Tadle 4.2.5. The shelves
snall be covered from above by a sheet meta) top.

Storage of sintered pellets shall be limited to the slad limit
specified in Table 4.2.5.

Touching clad rogs 1n horizonta) storage shall be close packed
in a hexagonal lattice and shall meet the slad limit specified
in Table 4.2.5.

A maximum of 32 fuel rods shall be allowed in each autoclave.
The boxes on the Double Shelf Rod Storage Racks shall oe
covered with 3 tight fitting aluminum cover which overlaps the
outside edge of the box by a minimum of cne inch. Fue! rods
shall be close packed in a hexagona) lattice and shal)l meet the
slad limit specified in Tadble 4.2.5 within the individual rod

boxes. One dox may
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remain uncovered for short periods of time to allow for the
dddition 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
Teast 55 inches.

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

Since the 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 stora~e array that say "Do Not Use Fire Hoses
in this Area.* |

4.3.14  Fuel assemdlies 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 drafnage. Fire fighting in the assembly

torage 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. Contiiners
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 areis of the
pellet shop, on a concrete pad contiguous to the south wall of
the Bldg. #2]1 warehouse, or in the temporary storage trailer
Tocated inside the Building 17/21 security fence. Packages
will contain less than 350 grams U235 each which will meet the
surface density criterfa. Maximum residence time for packages

tored on the pad shall be twelve menths.
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4.3.17 Incoming virgin powder in CE-250-2 snipping containers
(Certificate of Compliance No. 9022) shall bde stored in the
Bldg. #21 warencuse or in the truck unlcading area in tne
northwest corner of Building 17 in treir original shipping
containers only. The size of the array of the containers shal)
be 1n accordance with the requirements specified in the NRC
Certificate of Compliance and al) 0CT regulations.

4.3.18 Incoming pellets in the UNC-2901 shipping containers
(Certificate of Compliance No. 6294) shal) be stored either
within the transport vehicle or insice Builaing 17/21 complex.
[f stored within the transport venicle satd vehicle shall be
inside the Building 17/21 security fence. Two UNC-2901
shipping contdainers are strapped to & palle:. Three pallets
can De stored in the Building 17 Pelliet Shop Annex and four
pallets can be stored in tne Buflding 17 Pellet Loading Are..
The containers are received in a horizontal position. This
position will be maintained when insige the Building 17/21
complex and the pallets shall be at least | foot from process
ejuipment 1n the area.

4.3.19 The size of any array of shipping containers, with the
exception of the 927A1 and $27C1 Fue)l Bundle Shipping
containers, shall be limited to & total transport index of 80.
The $27A1 and 927C1 Fuel Bundle Shipping Container arrays shall
not be more than three high. Shipping container arrays of
different types shall be separated from cne another by at least

20 feet.

License No. SN™ 1067, Docket 70-1100 Rev. 0gDace: Page: [.3-1§
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4.3.20 A1l storage contafners of UOZ 5 gallons or less located outside
of hoods or in stora?e spaces shall be covered. Ang 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 paliet
can be opened only one at a time when located .n an area free of
other fissile 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 internal volume of the centrifuge shall be 22.0
Titers. Other fissile materfal 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 <4.15 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 fsolated.
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5.0 BAYISQMMENTA paorecTion
S+! Bffluens Contral Syssens Compirzea:.

s.‘.'

§.1.2

License mo.

janitary masces
All sanitary wastes a4re processec WArough an_on-site Sewage

treataent facilicy tO..’SUfl compliance with all :Eatn efflye
discharge regulations.

- - ¢ e, "’1U==:I anc Nagiee

Ouring tne Processing of Source and Special Nuclear MKaterials

inzo fuel elements and fue. 83semdlies, & certain amount of

SCrap and waste {3 Feneratec. Salvage ot these materisls, or

discharge of then as wW8Stes with non=recoveradle ranium, wil.

Be carefully camtrollec. Water utilizec for cleaning or

Processing In the unmclac fuel harcltnq-lrop is cenirifuged anc

sSampled before e ling discharges ta FPolding tanks where the wat

is again sampled Defore final discharge.

CE has avallavle ladoratories to perfors anmalytical Services a

required, to cetermine uranium content anc [sotope ratips.

These Ladoratories are Capadle of the following:

= et chemical or gamma pulse height analyses for uramium
Content ang wet chemical enalyses for {ren, nickel, chrosiu:
cooalt, tin, boren, anc Ciher elements of {nterest,

- Exz{ssisn Spectrograpghic analyses for isotoplc content ame
procecures for neutron ATsording lepurities, and soluticn ar
Oxice excitation technigues for fmpurities {n alloying snc
claccing materials.

« Xeray fluocrescant Specirometry on solics, liuicgs, anc
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RPoOsCers for yreanlum content,
= Flucrometric analyses for measuring trace contaminanty, lucf
23 uranilua and Derylliua ang deteraining thelr centent {n
waslies,
=~ Cembustion techniques for carsen, hydrogen, and o0xXygen in
uranium=containing bocies and cladaing.
- Spectrophozometric Celarmination of uranium contens ot
salvages lgtortals.
S.1.3 Low=level Hagiosctive wasrs
Low level radicact.ve wastes will be packaged in accorcance wit
all epplicadle regulations anc delivered to a carrier for
Tansport to an approved dispossl facility, Current coples of
Cisposal facllity regulations shall Be maintainec.
An outsice pad has been approved for the stirage of low level
wastes, The pac s 147 x B0’ ars s contigueus te the south
wall of the Bullding #2! warehouse. This pac (s containes
within #n B” high chain link fenrce.
Hecords are saintalirmed to assure trat no Single pacxage will
contain more than 150 grams of U235. All packages will be
placed on pallets ancg paciage stacking will e 11&1:0? to two
high. Maxisum residence time of a package on the pec will De
twelve months, Packages will not be cpenec outsice the dullain
uncer any circumstances. Packages will contain ne ligquie
wastes,
In acition, sll packages will me sealec, menitorec for
contaminaticon and labeled as to enrichoment and U225 comtent.

All outsice storage will ba checked four tizes $8CH year at

License o, Sud=10e7, Locke: 79=1190 Dates 6/15/93 rPage: ].5-2
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which time contamination Tevels will De evaluated. and the adequate
condition of the packages will De verified.

5.1.4 Liguid Wastes
A1l 1iquid wastes, in-process, and clean-up rinse water solutions
are sampled to verify that MPC {3 not exceeded, and are then
introduced to the Tiquid waste sysiem as descrived below. Release
of Tiquid waste will be authorized by 1 member of the Radiological
Protection and [ndustrial Safety staf’.
Sinks .and showers in - the manufacturing facility
ire drained to any one of ten (10) 200C-gallon retention tanks. The
tanks fill automatically in sequence. When eight tanks pecome
fi1lled to capacity, a dlinking warning light Tocated in the outside
wall of the building 15 activated to warn that two retention tanks
remain in reserve to receive radicactive liguid waste before
overfiow might be expected. a sampling station 13 provided at the
Dase of each retention tank. A 500-m] sample 1s withdrawn and
forwarded to the Radiochemistry Laboratory for gross alpha and be%a
analyses. Water i3 discharged to the Windsor site creek which flows
inte the Farmington River at, or below 0.000003 uCi/m) (this is ten
percant of MPC for fnsoluble matural uranium). The discharge level
for uaidentified mixtures of radicnuclides s 0.000000003 uCi/m).
(TRis i ten percent of MPC for unidentified mized radionuclides).
Where Tevels of activity exceed these limits the water 1s diluted
before bDeing discharged. The fnstruments measuring the liguid-wasta

Tevel in each dilution tank shall Be calibrated en an annual Dasis.

Docket No. 70-1100 Rev. 05 Qate: 6/15/93
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S.1.9 Alr=aras Efflupnte

irdorne Effluents snall be continuously monitoread (n 8ccordance
with Section 3.2.3 and discharge to the environment shall be as
specified therein. I[f the racdicactivity {n plant gaseous
effluents exceeds 18 uCt Jross alpha activity of total uraniym
Per calendar quarter, a report to the NWC shall be prepared and
submitted within 30 cays which icentifies the cause for

exceeding the limit and the corrective actions taken to redyce

the relesass rates,

5.2 Eavironmenzal woni{toriag Procran
$.2.7 Eallous Statices

Ten stations for collecting rainfall and particulate fallout are
cdistributed concentrically (n the Alngser site aroperty,
These samples shall be analyzed for gross beta and gress alpha
radioactivity and total uranium.

$.2.2 liquid Samgles
Liguid Samples shall be taken from the site wells anc ponds, the
Site creek and points upstream and downstream from the
confluence of the SiZe cresk and tre Farmington Kiver,
These sacples shall be dnalyzed for jross Det2 and gross alghe
radicactivity, pH, nitrates, fluorides ancd total uranium,

5.2.3 Sadiger:
Sediment samples shall be taksn from the site ponds, the
{ndustrial stresm and polnts upstrean and downstream from the

confluence of the {adustrial stream and the Farmington River.
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5'2.‘

$.2.%

The sasples snall be 8nalyzec for gross alszhas ang Sross bete

radicactivity and total uranium.

- *{ le

Vegetation end soll Samples shall be callected 8T each orf th,
fallout station locations cn-site ang four locazions {n the
Srassy ares surrounding Builaing 17,

Additicnal samples are collected aff-site (n zre tobacce flelds
AOrtn, south, east and west of the site douncary.

These sanmples shall Be analyzec for Sross alpha apz ST0Zs beta

radicactivity amng total uranlum,
The above environmental BONitoring progras snall be carried out
Ln accordance with the Schedule proviced im Table S.1. All

Sample results shall be documented.
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TASLE & |

CE _CNYIRONMENTAL MONITOIING POA~. 1y

Inater,

sl e EQEQUENCY LOCATION ANAI VSIS VOliue
I 1. Farmington | Quarterly IFour locaticns on Cross Alpha 11 ,2% liters)
Iniver Surface | in Maren, Ithe Farmington ana Be:a, |
[naus~ Imay, Augus: IN{ver, the site Nitrate, i

itrial'Strean

lang Site Yondgs

lanc Noveaderiponds and [Adus-

ttrial Stream
f

Flouride, pH,!
Total Uranlum!

2. rell mater

ICuarterly inl Each site well
Iigrch, May,
lAugust ang

INOvemDer

1
I

[
Cross Alpha 11,25 1iters
anc geta, I
Nitrate, pH, |
Flour ({de, I
Total Uranfumi
{

i
1
!
1
[
!
1 3. Sedimen:

Ihiver, Site

IQuarterly in
|from Faraingtonisarch, say,
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6.0

Docket No.

ANQUSTRIAL SAFETY

The Manager, Radiclogical Protection and Industrial
Safety shall be

responsible for defining &1l 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, is responsible for implementing those progranms
and standards. The Radiclogical Preotection and

Industrial Safety Techniclans monitor the day-to-day
comnpliance.

DECOMMISSIONING PLAN

Combustion Engineering's Decomnissioning Plan dated
January 15, 1979 was submitted previously and is included
as Appendix A to this license.

RARIOLOGICAL CONTINGENCY PLAN

Combustion Engineering's Radioclogical Contingency Plan,
approved as Amendment No, 35 to SNM-1067 on March 26,
1982, is considered to be part of this license.
FUNDAMENTAL NUCLEAR MATERIAL CONTROL PLAN (FNMCP)
Combustion Engineering's FNMCP dated February 1580 wvas
submitted June 11, 1980 and should be considered part of
this license.

70-1100 Rev, 06 Date: ©6/15/93
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PART FETY NSTRATION
1.0 v F QPERATION
1:3 .? formation and Financiy! 14F§ ign
3.1.1 me_4n r f Licen

Combustion Enginearing is incorporated in the State of Delaware.

COMBUSTION ENGINEERING, INC.
1000 PROSPECT MILL ROAD

WINDSOR, CT 06095

principal office locatieon is in Windsor, Connecticut.

3.1.3 Name, Addresses and Citizenship of Princina) Qfficers

Name
HWUGEL, Charles E.

KIMMEL, George S.

FORTNEY. Ray A.

BARNETT, Charles E.

RUBIN, Jeffrey §.

SMITH, Dale E.

Docket No. 70-1100
License No. SNM-1067

Positign
Chairman and
Chief Executt
Cfficer
President and
Chief Cperati
Officer
Yice Presiden
Fower Service

Businesses

Yice President &

Ganera) Couns
Yice Presiden
of Finance

Vice Presiden

ve

ng

L

el

-
.

t

Human Rescurces

§ Operations

Rev.

06

Address
$00 Long Ridge Road
Stamford, C7

900 Long Ridge Road
Stamforg, CT

9CC Long Ridge Road

Stamford, C7

900 Long Ridge Road
Stamford, C7
$00 Long Ridge Road
Stanford, C7
ann (ong Ridge Road
Stamford, C7

{

neh i

V.S,

v.§.

U.S.

V.S.

v.S.

v.§S.

Date: 6/15/93
Page I1.1-1



i1,

L

mp4an FaUn
Combustion Enginearing s a diversified company sarving electric
utility companies, oil and gas producers. chemica! campanies and
general {ndustry throughout the world. The major porticn of C.E's
business has long been steam generation equipment for electric
utilities, and 1t 1s one of the largest manufacturers of such
equipment in the world. [n recent years the company has diversified
into related fields while continuing to apply fts Basic skills and
technology.
C-E was first organized as a corporation in 1912. When considering
the companfes which have merged into the corpcrate structure,
however, C-E's history dates back to the 1880°:. Thus, the
erganization, as it exists today, has more than 50 years of
experience in the design, development and fadricalion of stean
generation equipment.
C-E has been active fn the development of nuclear puwer for more
than 30 years. The Company’s decisfon to extend its “vstems to
Targe nuclear utility power plants represents a logical development
of fts previous activities as 2 supplier of thermal steam generating
plants. ATl auclear activities are cirried cut By the Nuc'ear Power
Busqussos Division,
The capadilities of the entire C-E organization are availadle t2 the
Nuclear ?culr Businesses Division and will be utilized by 1t, as

necessary, to fulfill its rcsbonsib111:1|s.

Docket No. 70-1100 Rev. 04 Date: 6/15/93
License No. SNM-1067 Page 11.1-2
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Nuclear Powar Businesses employs mare than 1300 peapie of whom
dpproximately 70% are scientists and enginesrs. A majerity 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 experimenta) physics,
mathematics, reactlor analysis, chemistry, metallyrgy,
instrumentation controls, mechanical design, thermal sciences and
nuclear and radiological safety.

Tha Nuclear Power Businesses Division is divided {nto three
principal business segments; Nuclear Systems, Nuclear Services and
NucTear Fuel. Each of these business segments is headed by a Vice
President responsidle for the activities of the unit and who reports
to the President, Nuclear Power Businesses.

The Mucleuar Fuel Manufacturing

dctivities within the scope of this license application are
conducted uynder the auspices of the Vica President, Nuclear Fuel.
Nyclear Fuel Manyfactyring

Nuclear Fuel Manufacturing (NFM) is equipped to provide a variety of
services necessary to the development and manufacture of precision
roictor components such as fuel rods and assamglies containing low

enriched UC2 and cantrol rods.

Docket Mo. 70-1100 Rev, 0% Qate:6/15/93
Licensa No. SNM-1Q67 Page 11.1-3
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1.1.4

1.1.§

1.2

Dockat No.

Farmgtign wri Appld Regarding Fargign ntral
Thers 13 no Infarmation known to Combustion Engineering, Inc. of any
cont;o1 exercised over 1t by any alien, foreign corporation, or
foreign governsent. The stock of Comdustion Engineering is traded
on the New York Stock Exchange. According to the stock records of
Combustion Enginearing maintained by its Transfar Agent, the Chase
Manhattan Bank, as of Decamber 31, 1979 there were approximately
26,742 stockholders of record, holding 16,337,119 shares of
Combustion capital stock issued and outstanding. Of this number
Tess than 1 percent of all stockholders gave foreign addresses.
Financia! Qualificatiogng
Combusticn Engineering’s 10-K which detafls its financial positien
fs attached as Appendix B.

Qperating Obiestive and Process - Summiry

The process at the nuclear fuel manufacturing facility Degins with
receipt of UCZ powder or fuel pellets enriched to 3 maximum of
§.0wts U235. The primary source of this material {s Comdustion

Engineering’s.

70-1100 Rev. 06 Date: 6/15/93

License Nc. SNM-1067 Page 11.1-6



Oxide convergion plant in Bezatite, Misscuri. Th.s POwder 18 thep Sac

Bp into batches vith various additives And pressed (nto pellets. The

Pellets are dewaxed in & furnace where volatile additives are removed

The pellets then pass through a sintering furnace where they densify ,
a4ttain the desired characteristics. Final sizing is accomplished
through the use of a centerless grinder. The finished Pellets are the
lcaded into zirconium tubes which are sealed and combined into finishe
PWR fuel assemblies. The dssemblies are finally lcaded inte approved

shipping containers and delivered to a carrier for transport to their

final destination.

1.3 Site Lescription

3.3.1 Population

The area surrcunding Combustion Engineering's 1200-acre site is

sparsely populated. Windscr, Connecticut is the Nearest town of
significant size, approximately five miles away, with a population
of 22,502 and a population density of 760.2 Per square mile. EZast
Granby, Connecticut is the nearest town to the site, dpproximately
three miles away, with a population of 3,532 and a pepulation
density of 198.4 Fer square mile. he distribution of population
in the area is shown in Table 1.3. Figure 1.3.1 is a map of the

general area showing the location of the towns listed in Table 1.3

License No. SNM-1067, Docket 70-110 pey. 04 Dace: 6/15/93 Page:11.1-7



1.3.2

1.3.3

License No.

Xndustrz

The chier occupation of the Populace in tne lzzediar
{3 faraming. Farming 13 Prevalent not onyy ¢n this vicinity, »
throughout the Connecticut Valley. Large industriy] Plants ar

e
widely dispersed {n the area.

Cliuatologx and notoorologz

Climatological data for the 4782 13 bagsed zalinly an Beasuregsent
Bade at the U.S. Weather Bureay Station locateg at Bradley
International Airport, about five miles Rortheast from the site
The following information was taken from the U.S. Weather Burea
Local Cliua:olo;ical Data for the Hartforg, Connecticyt frea:
"The most significans feature of Hartford's clizate 43
its rapig chan;cability. Weather i3 Seldom iverage or
fiorzal for any appreciadle length of time=.
The mean tezperature for the 50 year peried, 1931 through 1878
was 50.0 degrees Farenheit, as Fecorded at Bradley Internaticnal
Alirport. The Raxisuw and Binimun gonthly mean tesperatures were
83.2 degrees Farenhelt ang 19.1 degrees Farennei: respectively.
The total Precipitation for 1979 was 38.83 inches with a zarimum
of 5.15 inches falling in Fedruary, The mean annuzl
Frecipitation fropg 1931 to 1979 was 82.34 {nches. The zazizum
lonthzy-precip::ation was 21.87 inches in August 198%,
The flood level for the area's worse flood (August 1955) was
adout 110 feet ddcve mean sea leve). Since the Combusticn site

i3 located dpproximately 180 feet adove mean Sea level, the

SNM-1067, Docket 70«1100 Rev. 04Date: 6/15/93 Page: 11.1.8



prodability of direc: canage Tesulting from a local floge i
very low.

The average hourly wind speed for 1879 was 8.8 Biles per th,
The highest recorded velocity was 70 miles Per hour in
November 1950. The prevailing wind direction for #ix monthg,
May to October is South, and for the six months November o
April, is Northwest. The dverage wind velocity at the .
Combustior site !s 17.2 miles per hour,.

With lew-te-moderate wind speeds, inversion conditions may
exist from sunrise to sunse:. A strong lapse exists around
nocn; the temperature difference is Daximum with air flow
upward at a maximum rate. As night approaches, weak lapse
condition occur with low air flow,

Hartford's location relative to the continent and the ccean
has a significant influence on the area's metecrological and
climatolegical conditions. With the prevailing wesz-to-sast
air flow, continental modifications of the air are important,
Ecwever, sudden and oftentizes serious Upsets result when
Storms move north or when cther pressure cevelopments produce
the strong and persistent northeast winds é4ssociated with
storms known locally as °*ccastals® or "northeasters”,
Seasonable air mass characteristics vary from the extremely
celd and dry continental pPolar gquality of winter to the warm,
humid maritize tropical characteristics of summer == the cne
type from Canada and the other from the Gulf of Mexice, the -

Caribbean Sea, or the Atlantic Ocean.

Local topegraphy also influences the climate. 7The Berkshire

License No. SNM-1067, Docket 70-110 Rev. 03 pacte: 6/15/93 Page:I1.1-9



1.3.‘

1.3.5

License

No.

Hills to the west and northwest are a source of summer
thunderstorms which, when accompanied by wind and hail,
sometimes do condsiderable damage to the crogs in the
Connecticut Valley. Fregquently 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. O©On clear nights in
the late summer or early autumn, cool air drainage intc the
valley, plus Connecticut River moisture, produce ground fog
which so;etimes becomes quite dense through the Valley and
hampers ground and air transportation.

Geclegy

The surrounding area has been subjected to the actions of
glacial ice. All dominant geological features are a result ¢
erosion and depositions caused during the Pleistocene era.
The State of Connecticut has favorable earthquake history.
Ten earthguakes are listed, the first recorded in 1791 and ¢t
last in 1925. All of these, with the exception of the first
were local in nature and of moderate intensity.

Hydroloqgy

The surface drainage in the surrounding area is excellent.
The predominantly sandy naturs of the soil and heavy forest
cover results in very moderate run-off even after heavy
prolonged precipitation.

The site creek, into which all site effluents are dischargec
flows into the Farmington River which flows along the
northwest corner of the Combustion site, shown in Figure

1.3.2. Two and

SNM-1067, Docket 70-110 Rev. 04 pate: 6/15/93 Page:11.1-10
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TARLE 1L 3
EQPULATION AND POPULATION DENSITY QF TOMNS wITHIN §A ¥iiE
BADIUS OF COMBVATION SNCINEEI " NE  th

Approximate
Cistance of GCeneral Estimatec Population

Town Center Dirsction vere Population
w ™ Sq ?tilﬁ) ecnaity

H.rtrora.ocooccooloactooooco.o...ooo-OQSU00000181600000»’58'0'700-00-..8‘?5.‘

nind:or.................5.............SE.....29.6......22.502.........760.2
Bloomf(old...........J:.S.............S......26.9......18.302.........OBO.J
Aest ﬁcrtrord...........8.............54.....2I.6......68.031........3149.|
East Har:rord...........9.............55.....le.z......57.583........3'64.0
uanchostcr.............lJ.............S......27.6......47.994........I730.9
Seuth nlndsor...........7.............SE.....Z?.Z......l5.553.........532.6
East ﬂindsor............6.............52.....25.0.......8.513.........31P.6
windsor Lacxs...........‘.............E.......9.6......15.080........!520.3
zast Cranby.............3.............n......l7.8.......3.532.........lea.c
smour,................e.............s.-.....u.z......17.‘25.........510.9
173 Avon 1nc1.Con:or....8.............Sd......7.4.......3.000.........405.4
Grancy Contcr.....'......a.............h......10.0.......4.500.....v c.430.0

'/2 surti.ld ‘ncl...I...otct‘...l.l..l”.l.I0022l°n|.l..1"3000000 ....'95.‘
Center & A, Suffiela

x/: Enfl.ld ‘nclooo.o.008.0---......;-”5.o.oc‘lc°on1000160000o-oono."‘s‘ﬁs
fhompsonvillie

llz ElllﬂQCOﬂ .!Cl.-..-’2..........---5.---..‘7.0.....--3.900-.-.oo.-.22904
Center

l/3 v‘b’non .::1 c.nt.r.'3‘.0..........5-....'.6.0'....'.7'200....60‘01290.0

T ———————

TQTALS 333.3 471,481

License mo. SuM=1067, Docket 70-11Jy Rev. 03 DLater 6/15/93 Page: [],1=13
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FIGURE 1.3.3
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.0 EasllITY BESAW 12TI0N

4.1 glant layaus
The principal actxvigita of the nuclear fuel Danufactyring operation
are carried out in Bullding @17, & one level building measuring 120 r¢
X J40 fc. (40,800 SQuare rfeet). The Shep section contains
dcproximately 30,000 square feet (120 ft. x 300 ft.), has cencrete
tloering, corruaa:od 43Destos siding, ang 4 poured gypsum reof deck
aporoxizately 25 ft, adove fleor level,
The freont office Section of the facility contains apcroxisately 4800
Square feeX (120 ft, x 40 ft.), has concrete flooring, extarior
Concrete block with fyull windows, and & pourec FYPsum reof deck
Aporoximately 1 feet high,
A warehouse, Building #21, 13 providecd for trne Sterage of lncoenming fue!
Shipping contalners, raw naterials, and f{nishec components., This
dullaing is a prefadricated rigic frame Steel structyre dogroxinately
120 feet long and 80 feet wice wizh & Reight of 16 fees a2 the eaves,
It (s locatec dpproximately 10U fee: west of 8ullcing »n 1,

Details of zhe danufacturing facility layout are shown in Figure B-1 eof

this applicaticn,

2.2 Wnilisies
Electrical power to the Aindsor sites i3 provided Dy the Northeast
Utilities substation at North Bloomfield ang the stez-down transforaer
8 bullaing »17, substation #6. The substation transforaer (3,750 KVA)

Steps cown from 22.9 KV, to 480 volit, J=phase, 3~wire, Ihe output 1is

License No, S.M=1Ue7, Decket 70-1100 Rev. 03 Dates 6/16/93 rager [].2-!



then connected to the low veltage mesy] clad guiten Jear for

distribusion through she building. a further 3tep-down o 208/120
vele is made for liqh:xaq and general Ccnvenience PoOwer

Emcrqgggx_?cwe: System

A diaesel generator serves as a back-yp emergency power System for

the manufcc:urinq facili:ics. The generator Produces

J-phase, 430 volts, and 200 KW. The described Fenerator feeds 4 rated

distridution Panelboard which has several 100 ampere, J=phase 480 vole
Circuit breakers. - The Panelboard g Switched frem normal power to
Senerator (emo:qoncy) Pover by an Asco transfer sSwitch, Diese}
Start-up and transfer takgs approxima:cly ten 2o twelve seconds., a
Circuic breaker within this Panelboard s used to suppl
POWEr to the manu!actu:inq

The principal Site water supply is Provided by the Mezropolitan
Pistrice, the 3Curce of City water faor the greater Hartford area.
Chemical anda radiolegical analyses for both raw and trfeated well water
Rave been made, and Any changes i=n Compositicn or activity frem any

Calise will be discovered rapidly,

| Heating, Vcn:ila:ion, and Air Condi:ioninq {HVAC)

The Building ¢#17 ©ffice area, consisting of ¢899 Square fee: is heated
4nd cocled by hot and chilled water Fespectively supplied by the
Windsor sice central beiler house. Cffice areas Rave Buile~in
Convectors whiehn heat and cool the dreas deperding on the time of

YeAr. FEach office has an exhauss SYstem which ventilates the area and

dllows fresh Air to be brought .,

The main shop area of Buildiry 917 consisty o~ dpproximactely 36,000

Sense No, SNM-1057, Dockes 70-1100 Rev. (4 Daras: 6/15/93 Page: 11.2-2



Jquare Yeel anc is civiced (nto two Malin areses. The firs: 8rea (3 gp,

unclac fuel area (pellet shop) wnich “ontains 12,000 square Teal, tne
Second ares (s the marnufacturing area, which cantalns 24,00y fquare
feet. e unclad fuel ares (s zir canditionec GN & year round bas:is
Decause of process heat Jenerated Dy the continuously running sinterin:
furnaces. vent{lation of tha-area (s continuous with air being
$xnaustec through banks of pre anc adsolute filters. The antire arsa
(pellet shep) (s maintained 4T & negative pressure of dpproximately
0.1¥ H20 by cn‘ilction of the exhaust systems. The manufacturing area
Is not alr conditicned, except for the oundle assemoly room. The air
oytside the dundle 83sembly rocm (s mneated By celling blovers which
obtain hot water from the main poOwer Nouse ancg circulate (¢t through
convectors. Luring warm weather, the windows are left open for natura.
a.r clirculation., The buncle nss;mcly reom has a rcooftop HYAC unit.
Ventllation s accomplishec Oy Bringing cutside air {nto tne MYAC unit

where (T (s circulated ancd than PalsSed (nt> the room.

dasis Disposal

All non=radi{cactive wastes are dispcsec of (n accorcance with
Spplicadble state end local requlations. The racicactive waste {s then
Celivered to a licenses facility for vltimate oisposal in compliance

with all requlations,

All cheaicals will be szored in dccordance with feceral anc state

regulations, (ncluding OSHA.

License wo. SNXx=1U8T7, Uoczet 70~1100 Rev. 03 Later 6/15/93 pace: [1,2-3



2.6

2.7

Socuritz

Fire Protoct{gﬁ

4 ry11 time Fipe Marsha) 13 on site during hormal working hours, He 13
en 28-hoyr alert. His duties include Pericdie 1n:pcct1cn of the
buildin;s and routine checks or all fire fighting eQuipmens .

Fire Protection, xncluding 3prinklers, g4 designed inte a2 buildin(a

wBich are JubJect o fire damage.

CPerated consistent with Fequirements o¢ the Applicadble NFpy fire

Jalfety Codes.

Licease No. SNM-1067, Docket 70=1100 poy 04 Date 6/15/93 Page: I1.2.,



FIGURE 2.7

2.
Nuclear Energy Liability - Property Insursncs Association

Property Division

™™ Ercrange. Suite 268, T70 Farmingion Avenge. Earming:

on Cannecticur 08033

Ceclarations atached 1o and made 4 part of Policy No. 1474 .
Rate _Sge Ras mputation fador at No. 1 Premium $337.010.
Name of Insured COMBUSTION ENGINEZRING, INC.

Muling Address 300 Long Ridge Road, Stamford, Connecticut

Unless stherwise provided Nevsin,

to

one year {ram

loss, U any, shall be adjusted with ang Payabie to the named lnsureq
The policy Feriad shall be for the term of

July 1 . 19_20

July 1 , 19 81

Covered a8 specifieq here:n.

. Sepinning and ending a& noon, S¢

Description and locazion of property covered.
locarion No. | Amount of lnsurance $209,000,000.
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2.5,6,17
Parking
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designat
NC. N-§)
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All Rea!
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the .47

and Persona) Property on the [nsured's Plans
18 and 21 and all [ntervening Roadways connec
Areas adjacent 25 shem a5 shown by the
ing Orawing FP.1, Fire Protectian S
in Windsor, Cennecticut and incliuding the exte
ed as 3uilding 1A, which 1S outside the heavy

No. 2 Amount of [nsurance $30,000,00¢.

and Personal Property on plant premises oczuc

ecated on Missoury §
mile east of Hematite ang s1x miles wes: of
acre Parcel of lang (byt excluding any dwells

by the Survey dated May 20, 1979, Order No. 1346, and

‘233 Township 40 Noren, Range § fast, Jeffer
N-1).

son County

andard Time at the locat on of property

Oeductinle $25,000.

premises known as duildings 1
=1ng these 8uildings and all

heavy black line an Comoustion
sstem, dated Septemoer 12, 1§72 and

nsion o Building No. 1|,
dlacx line (PRQOPEaTY FILE

Jeductidle $25,000.

‘e principally far the pro-
fate Highway No. 21-4 apout
2s%us in Missaouri including

N9s Situated thereon) described
tract in United States Sy

» Missouri (PROPERTY FILE MO,

Counters:gnature

Comrersigned guly 1,19 80 . g Farmingtan, Conn ciicys

8.C. PROOHM, President

by

Au%a ve
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J.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 Manufacturing Facility and Product Development Organization
structure is depicted in Figure J3.1.1.

3.1 Functions of Kevy Personnel

The function, responsibilities and autheorities 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 perscnnel helding key line management positions.

3.1.1 Managexr, Nuclear Materijals 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
compliance, as necessary.

3.1.2 Manager, Nuclear Materijals

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 cof
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 corder to execute these
functions, he defines the Materials Control and Accountability
Program used by the Windsor Nuclear Fuel Manufacturing Facility.

The Manager of Nuclear Materials Las 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
nuclear fuel manufacturing facilities to ensure compliance of
cperations personnel with the reguirements of tre Materials Contrel
and Accountability Progran.
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3.1.3 Director, Quality Assuyrance

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 she
is responsible for establishing quality control inspection
procedures to ensure that manufacturing cperations 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 toc shutdown operations which inspection
reveals are not producing a product consistent with customer
qualifications.

i

3.1.4 Marager, Accountability and Security

The Manager of Accountability and Security reports to the Uranium
Plant Manager. The implementation of the Fundamental Nuclear
material Contreol Plan, maintaining custodial control of nuclear
materials, and management of radicactive 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.:1.8 Operations Shift Supervisors

The Operations Shift Supervisors repoert to the Uranium Plant
Manager. They are responsible for the coordination of activities
amongst Line Managers to ensure that the facility 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 Manager, Training

The Manager o©f Training reports to the Uranium Plant Manager. He
or she is responsible for the training program for facility
personnel as well as other Combustion Engineering employees or
visitors that reguire unescorted access to the facility. The
Manager assures that
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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 Rirector, Planning and Materjals

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
equlpment and materials needed to support the manufacture af fuel
assemblies and other products. The Director also d:veiops .nd
integrates into the manufacturing process modernizec sanufa turing
information systems designed to improve efficiency ad
responsiveness to customer needs.

3.2 Resumes Of Key Perscnnel Impoxrtant to Safety

-

Resumes of key persconnel important to safety are provided on
Pages II.3-5 through II.3-30.
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MAURICE E. MATCHNER - Radioclogical Protecticn and
Industrial Safety Technician

o] b L d

Jonathan Law High Schoo., Milferd, CT, 1981
RXREPIENCE

CCMBUSTION ENGINEERING, INC. 1988 tc Present

Windscr Nuclear Fuel Manufacturing

Power Systens Energy Servicas, Inc. Sept. 1987 to 1988

- . v o T i{

Senicr Health Physics Technician assigned to support various
vtilities on a contract basis. Responsibllities have included
identifying radicactive vaste, controlling Righ level waste,
perforaling routine radiation, contaminaticn and alrbdormne
Wrveys and releasing sguipmzent.

.

sartlatt Nuclesar, Inc. Feb. 1987 %o Sep:t. 1987
Egilb myegl - o {am

Healwr Physics Techniclan assigned to support various
utilities on a contract basis. Responsidbilities have included
rerforming routine radiation, contazinasicn and airbderne
3.rveys. Worked Iin the ALARA unit responsible for pre~ and
Pest~jcb survey data; installaticn of numercus conta=zinaticn
control devices; installation of various HEPA ventilatien
units to control the spread of lcoose surface contaminatien.
Ferforzed survays of tools and egquipment to allow for free
release. Perforzed decontanmination of articles atcve
established lizits. Issued respiratory protectzion esguipment.

CSS HUNLEY (Submarine Tender) May 1983 to Cct. 1986
Article 103 Qualified

l"!’n’gg‘:.' ::-.-:'! v-g‘===

Cutles included: ensuring proper radioclogical controls wers
enlcorced during all radicactive work, including supervisien of
Centrol Point Watches: ensuring numersus radicactive material
transfers wvare properly executed: maintaining nuclear grade
"A" cleanliress of prizary systens; mcnitoring personnel
exiting highly contazinated work areas; monitoring persennel
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MATRICE E. HATCHER

exposure; ensuring that all personnel received exposure within
established limits. Performed job coverage of two Steanm
Gensrator prima side inspections and various Radicactive
Liguid Waste tank dives. Assigned primary ccllateral dutles
as Radicactive Materials Control Petty Officer and Primary
Radiological Controls Monitor for the Nerthern Eurcpe
Radiclogical Casualty Assistance Fly-Away Teaz.
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ROBERT J. KIOTZ =~ Nuclear Criticalisy Specilaliss
f:!';a"zgu -

Graduate, Oax Rlildge School of Reactor Technology, 19%7

M.S. Physics, Kansas State College, 19%4

A.B. Physics and Mathematics, Kansas State Teachers College of
Exporia, 1982

Graduate Studies, Texas Christlan Universisy

EXPERIENCE

COMBUSTION ENGINEZIRING, INC. 1965 to Prasent
Windsor, Connecticut

eIt g . 1877 €o Present

Responsible for the physics design of nev and spent fuel
racks fuel transfer machines, and other equipment invelved in
moving, testing or storing fuel. Nuclear Criticalicy
Specialist provide technical support and criticalicy audit
function at both the Windser Manufacturing and Hematite Musl
Manufacturing facilities. Involved in solving special physics
problens.

(! 4 4 19635 to 1977

Responsible for radiazien shielding, the ex-core criticality,
and ceterzinatiocn of source teras for Nuclear Steanm Supply
Systezs. Alsc for providing nuclear heat generation rates
for structures in the NSSS, and radiasien dose rates for

dssessing physlical changes in NSSS materials and eguipaent (n
the radiazicn envircrment.

GINTRAL NUCLEAR ENGINEERING CORPORATION
BEhvaiciss 19%9 %o 1963

Responsible for the shield design of the heavy water research
Feactor at the Gecryla Institute of Technolegy and the therzal
and blological shield design analysis for the Boliling Nuclear
Siperheat Reactor (2CNUS) loccated in Rincen, Puerts Rice.
fevievead all the literaczure cn radiactisn shielding for the
Fudlication pPguer 2 sor - -

CONVAIR DIVISION OF GENZARAL DYNAMICS

Eavsiciss 19%4 to 1959

Respensible for the design of a shield for a moblle rmactor of
the Aray Compact Core Cesign and for a Nuclear Raznjet Missile.
Perforzed analysis cf aircrafs nuclear shielding exjperizents,

ceveloped shielding Programs for ccaputars, and contributed te
the AlrcraZs Shield Cesign Manual.
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RICHARD §. KULA - Supervisor, Radioclegical Protection and
Industrial Safety

UCATION

University of Connecticut

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

xXe N
COMBUSTION ENGINEERING, INC.
supervisor., Radiological Protection July 1991 - Present

Responsible for supervision of the Windsor Nuclear Fuel

Manufacturing and Product Development radioclogical 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 exergency planning.

Senior Radiation Protection Technician 1989 - July 1991

Initially assigned the third shift Lead Technician positien,
everseeing three technicians having the responsibility of
centrolling the use and handling of nuclear fuel through its
processing from uranium oxide powder toc a pelletized form, and
subsequent fabrication into commercial reactor fuel assemblies.
lLater assigned the lLead Technician for the decommissioning of the
cxide handling and pelletizing eguipment, and the redeployment of
the facility for return to precessing of pre-pelletized fuel into
reactor fuel assexblies.

INTERSTATE NUCLEAR SERVICES
Assistant Plant Manager 1987 -~ 1989

Respensible for all second shift plant operations at this nuclear
decontamination laundry, servicing power plants, duties for two
Health Physics Technicians cad serve as Radiation Safety Officer
for the second shift. Oversee the receiving and shipping of
radicactive materials and the generation of docuvaments required by
state and U.S. D.0.T. for the shipping of these materials. This
facility exployed 65 persons on two shifts,
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RICHARD S. KULA (continued)

COMBUSTION ENGINEERING, INC.
Health Physics Technician 1981 ~ 1987

Responsibility included performing a continuous program of air
sanpling 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
radicactive materials. Oversee the sorting, packaging and
shipping of radiocactive waste. Evaluating and reporting
radiation exposures and contamination levels. Inspecting
manufacturing faciiities to ensure compliance with applicable
license and gavernment regulations relative to nuclear and
industrial safety.

AUBURN UNIVERSITY
Assistant Laboratory Manager 1978 - 1980

Responsible for the day-to-day laboratory operations inveolved
with muscle physiclogy and muscle microcanatomy 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.
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RCBERT S. HARDING =~ Senior Criticality Specialiss
EQUCATION

B.S., Physics, Trinity College, 19851
Ph.D., Physics, University of Rochester, 1958

EXPERIENCE
CCMBUSTION ENGINETERING, INC.
Exincipal Conmsultans, Nuclear Engineering 1989 to Present

Currently assisting Nuclear Fuel Manufacturing in updating and
izplenenting applicadle SNM licenses. Saerve as sscend party
incependent reviever for facility criticality evaluations.
Alsc act as criticality consultant to the Nuclear Safety
Coamittes.

senior Nuclear Sclencisgs, Nuclear Engineering 198S

Acted as R&D Manager in the Nuclear Fuels area. In additien, .
nad technical ceocgnizance for the criticality, shielding, and
vessel fluence activities in Nuclear Engineering. Alsc served
a3 criticality consultant tc the Nuclear Safety Comuittaes.

Manager, Nuclear Design, Nuclear Engireering 1972 to 1988

Responsible for the adainistrative and tectnical managezant of
the Nuclear Cesign Cepartzent for design activitles on PWR
Nuclear Steam Supply Systezs - fuel managesant, reactivicy
centrol, poewer distriduticn monitoring, generation of cors
nuclear safety parazeters, radiation physics, criticalicy
evaluations for exccore fuel handling cperations, nuclear
Cesign data for NSSS prepesals, and suppert o2 other
fincticnal groups for plant design. Alsc served as
criticality consultant to the MNuclear Safety Cocmnittee in 1987
and 1984.

danazer, PWR Phvsice Methodg Ceavglonmg=e, 1962 To 1972
Physits and Cozputer Analvsis Cezarizen:

Responsible for developing a=d testing of dasign =ethcds and
CoIputer coces explcyed in the nuclear dasign cf PWR reacter

<STas.

Satacer, HWOCR Reacsor Phvaics Secsion, 1963 to 19563
Fhysics Cepartaent

Respcnsible for the nuclear design and methods development
dctivities on the Heavy Water Organic Cooled Reacter projecs
and served as principal liascn betveen the Physics Cepartaent
and the HWCCR Project Office. Alsa resporsikle for the
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ROBERT S§. MARDING

nuclear desigm analyses relating to the conversicn of a
Savannah River Reactor %o a ozo acderated power reactor.

o 1 L ¢ 1962 to 1965
(C<-E Subsidiary)

Participated in the Stata-of-the~-Ars Physics Program, a study
of reactivity control methods for the NASA reference reactor
cdesign, and the revievw of literature on critical experizents
for the Technical Progress Review, Power Reactor Technology.

v iz rinent cllisy, 1961 to 1962
Nuclear Power Departzent

Responsible for the technical prograzs and safe cperation of
both reactor cells. .

sas v 4 g - 4 1958 to 1962
Faclilisy, Nuclear Pover Departient .

Participated in the SIC Flux Measurezent, Nuclear Superheat,
BONUS Critical, and Army Belling Water Reactor (PL-2) Critical
Prograss. On BONUS Prograxz was the Project Principal
Ixperizental Physicist, Alsoc served as a member cof the
Critical Facilities Safeguards Committee and in 1961 was
designated as the Alternate Superviscr of the Critical
Facilities for purpcses of assuring safe cperation of the
facilities.

Cockat No. 70=1100 Rev. 04 pate: 6/15/93
Liceanse No. SNM-1067 Fage: IT.3-31:



PA:’L . O'DCNNT...L - Nuc‘..a: 1w

iticality Analyss:

P
Professiconal Engireer Degree, Niclear Engineering, 1978
Nerth Carclina State University

B.S., Nuclear Engineering, Univer:zity ¢? lLowell 1977
EXRPERIENGE

COMBUSTION ENGINEZIRING, INC.

ulzime N - \imas™ 1988 to Present

Responsible for perforaing criticalisy aralyses for both the
Fezatite and Windser fuel manufacturing facilities. These
analyses include the criticality evaluations in support of the
design of the nev pellezizing ocperaticn at the Heza.ite
facility. Ceveloped KENC-IV models for evaluatien of process,
storage and transportaticn systexs. Exployed beth the 16
§Toup Hanscn and Rsach library and the NITAWL and XSDRNPM
Generated cross section libraries for thesa analyses. Alse
Nas evaluates and revieves eguipment and process changes at
both facilities.

Additicnally, respensible for tNe criticality evaluaticn of
Srent PWR fuel assexbly stcorage faciliZies. Tn these analyses,
explcyed the two dinensional transsors theory code DOT.

1583 to 1983

Directly respernsidle for the cevelopment, testinrg and
verificatsicn of core physics =cdels for nuclear pover
reactors. In addition, direcszly invelved in the analyses c?
acdvanced fuesl managezent Strategles for pressurized water '
Feactors. In these capacities, exzloyed the Discrecze Integral
Transpors thecry code DIT for the gereraticon of reutren cress
sections in HARMONY format, the three dizensioral diffusien
theory ccode ROCS for the calculaticn of zore power
distriduticn.and reactivity, the two dizensicral srangsers
thecry code DOT for the calculation of radial Ecundary
conditicons, the cre-dizensicral transgort thecry code ANISYN
for axlal flux and Boundary conditions calculaticrs, and POQ
for pin powver distributicn calculaticns.

Farticipated in a prodect which evaluated core power
distributicn and reactivity follewing a steam line breax
accident. In this analysis, develcped thres cdizensicnal
trerzal-hydraulic and neutrenic medels for the HIBMI™™ coda.
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PAUL F. O'DONNELL

Senior Ny - 4 - 1982 to 1988

Directly involved in a DOE sponsored pregraz for the

developument of gadolinia shins in Pressurized water reactors.

This included the definition of assenbly designs with gadolina
shizmed pins, generation of neutron cross sections vith the
PIT cocde, and the developzmert of an 18 menth fuel managezent
trategy.

Alsc develcped a cozputer code for the acutconmated Ggeneration o7
33seably neutron Cross secticons in HARMONY format. In
addition, employed and modified the peint karnel code SHALARAC
fOr neutron attentuation calculatliens.

lear Tr 1980 to 1982

Principal investigator for the developzent of fuel managenent
strategles that would transiticon the CANDU-600 heavy vater
reactor from the natural uranius fuel cycle to higher
enrichzent and burmup fuel cycles . This prograx was sponsored
By the U.S. Arms Control and Disar=azan: Agency. In this
Capcity, respensible for the cevelcpzent of cross sections
Using the DIT code and the cefinition =¢ accaptable refueling
strategles using the three dimensicanl difsugsion theory code
rc.

CMIC COMPANY, HTGR Core Ferfor-a-ce ard Analysis

hysicias 1978 ¢ 1980

Invelved in High Tezperature Gas Cooled reactor (MTGR)
conceptual design. In this capacity, respensible for:
Friszatic and petble bed reactor cors design and safety
Aralyses, estizaticns of heavy zezal cass regquirezents, cross
section generation for hexageonal graphite fuel assemblies and
the spherical shaped graphite lattice used in the Pebble Bed
concept.. In these analysas, ez=ployed the tranpor: theory code
MICROBURN for the generaticn of reutren cross sections, the
ore dizensicnal tranport thecry csde DTF for contral red
mcceling, and the twe dimensicral diffusien theory code 208
for core powver distrirution and reactivity calculations.
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KEVIN R. HAYES - Industrial Safety Speciallss
EQUCATION

B.5., Industrial Technolegy, Central Connecticut State
University, 1988
Special Curricula: Manufacturing: alse completed seversl
requireznts for Occupational Safety and Health

A.S., Manufacturing Engineering, Hartford S$tate Technical
College, 1986

EXPERIENCE
COMBUSTION ENGINEERING, INC.

inguasrial Salefty Specialist, Windsor Nuclear 1989 to Prasent
el Manufacturing Facility
Consultant on industrial safety and environsental pratecticn.
Respensible for {mplezentation of prograzs and standards in
the industrial safety and envircnmental protection area. Alse
advise the Radlation Protection and Industrial Safety
Techniclans in the proper methods cof monitering industrial
safety and environzental protection cozpliance.

o ry 1 T B ket o) el B 1987 to 1989
Sarvices

Respensible for coerdinating Cezbustion Engineering Site
envircnmental prograas for cezpliance with local, state, and
fecdaral regulations. Assiscted in ravising C-Z Nuclear Fuel
Manufacturing facility emergency plans and procedures. Alsc
Served as security guard and azbulance technlcian. In this
Cagacity was respornsible for site security, respending o
ezergencies and writing/maintaining incident records.

SIMS3URY, CT FIRZ DISTRICT

{ - o e et T {Tgmammwig w 19‘6 b 1-] 1’.7

Cispatched assistance for all fire calls, interfaced witi
FPuUblic and wrcocte/maintalined recards,

METAL IMPROVIMENT COMPANY 1982 tc 198¢

Exployed in several shep manufacturing pesiticns including
Leadzan, Tcol Grinder, Maintenance Technician, and Machine
Cperacor.
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FEVIN R. KAYES

eer firefighter for 10 years: Connecticut
ncy Medical Techniclan (certiflied EMT-D):
Hartford County Fire/Enargency Plan.




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 Instruccors Course,

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

RXIPERIENCE
COMBUSTION ENGINEERING, INC.

Rirectoxr, Planning and Materxials 1950 to 1892

Directed the master planning of all nuclear fuel manufacturing
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 Flanning (MRP) systems.

Preduction Managerx 19882 to 1590

Managed all aspects of production contrecl, material contreol and
the manufacturigg work force and the Windsor Plant. During this
time we installed real-time fuel rod data information systems,
moved pellet operations to the Hematite, Mo. Plant and injtiated
the fuel rod automation project. Developed a sophisticated
fabrication planning system. Initiated the CE Quality -
Improvement Process and developed Improvezent Teams at the
Windsor Plant to encourage exployee empowerment, involvezent and
communications.
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GARY C. KERSTEEN
Bxeoduction Control Manager 1979 to 1982

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

Supervisor, SNM Accountability 1975 to 1979

Started the Windsor Plant accountablility department. Wrote the
first Fundamental Nuclear Material Control Plan. Brought the
first distributed data processing system tc the Windsor Plant to
automate accountability of special nuclear material. Developed
the initial limit of error methodologies used at Windsor.

Manufactuxing Engineer 1974 to 1975

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

MILITARY EXPERIENCE
U.S. ARMY 1969 to 1974
U.S. Army Officer Candidate School~ Engineering, Fort Belvoir, VA

Commander, 575 Ordnance Company (Guided Missile Repair), Germany
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ROBERT W. SHARKEY - Manager, Radiological Protection and
Industrial Safety

ERQUCATION

University of Lowell

M.S. - Radiological Science and Protection 18%0
B.S. = Radiological Health Physics 1988
LICENSE

U.S. Nuclear Regulatory Commission, Reactor Operator,
License Nc. 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
activities. Developed air monitoring plan to comply with
40CFR61 radionuclide NESHAPS. Provided radiation safety
training for all site personnel.

UNIVERSITY OF IOWELL

Fucleaxr Reactor Operator 1988-1989

Setup and conducted experiments using the ULR 1MW 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 coperations.

Teaching Assistant 1587-1988

Instruction of the laboratcry course, Nuclear
Instrumentation.

E.I. DUPONT DE NEMOURS & COMPANY, REW PRODUCTS,
BILLERICA, MASSACHUSETTS

Radiochenistry Technologist is87~-1988

Utilization of radiation detection equipment and smear
surveys to minimize exposure and contamination. Preparation
©f radiopharmaceuticals in a hot cell after proton

bombardment. Radicassy of pharmaceuticals using nuclear
instrumentation.
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ROBERT W. SHARKERY
U.S. AIR FORCE

Avionic Navigation Svstems Specialist 1980-198%

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

MEMBERSHIP
St. Louis Chapter, Health Physics Soclety
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40 RAQIATION PROTECTION PROCEOURES AND EQUIOMENT

‘1 2ROCEDURES
A manual entitled "Nuclear Licensing & Safely Procedures® which
containg procedures neceisary o fmplement the radiation protection
progras described fn Part [ of the Ticense application is saintained
under the direction of the Manager, Radiclogical Protection and
Industrial Safety.

4.2 Writsen Procedyrss
All'routiio cperations invelving nuclear fuel handling are covered
by i'shop traveler and/or varfous operation sheets (0.5.) which are
fssued by Manufacturing Engineering or Quality Assurance.
These procedures include the necessary pracautions which must %e
observed to assure that the operation is conducted 1n 3 safe sinner.
The Manager, Racdielogical Protection and Industrial Safety will
review these precautions regarding all aspects of safety and
indicate his approval in writing. However. procedurss invelving a
change in the criticality safety cantrols used for a particular
process in the past shall be appravad by Manager, Radiological
Protection and Industrial Safety, and the Nuclear Criticality
Specialist. Each Line Supervisor shall fastruct his pecple t2
assure their understanding of the operations and their particular
safety dimits and restrictions.
It 13 the responsidility of the Supervisar, Radiological Protection
and Industrial Safety to assure that each work station is properly
posted, and that cperations are performed in complfance with posted

Timits and written instructions.
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4.3 [ ing gn 1in
A1l work stations iavelving handling of special nuclear mataria! arg
posted with a Nuclear Criticality Safety Limits in accordance with
Section 4.0 of Part [ of this application. A1l mass limited
containers are Tabeled as to U23S contents and enrichment.
Radiological posting of areas is in accordance with 10 CFR 20.203.

4.4 Pgrsonngl Mgnitaring
A1l parsonne! wash thair hands before exiting the Pellet Shop and
monitor their hands, exposed areas of the dody and personal clothing
with the alpha personnal monitor Tecated at the change line. Any
person having suspected contamination on his Dody must thoroughly
wash the ared and recheck for contamination. [f contaminatien
persists, 3 memder of the Radiclogical Protection and Industrial
Safety staff assists in further decantamination.

4.5 Syrvevs
Removable contamination levels in plant areas and on items to De
released to an unrestricted ared are established By smearing an aread
of 100 cm2 (4" x 4°) with two inch diameter smear pager. Pellet
Shop floor smears are taken on a weekly basis. Cold Shop
floor smears are taken on a monthly Dasts. Contaminaticn action
thresholds are provided in Section 3.2.8 of Part [ of this
appiicagien,

Direct radiation surveys of plant environs, sealed sources, and
Y
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offsite shipments of radfoactive materfals are made as necessary tg
comply with the regulations in 10 CFR 20.201. A1l survey results
ire documented.

4.6 r 287
Radiological Protection records for tae current calendar year,
including training, and reports required by the regulations of the
U.S. Nuclear Requlatory Commission and this license are retained
under the direction of the Manager, Radiologica) Protection and
Xndustr1a1zkaflty. Raports and records far previous years are made
availadle te {nspectors upon request.

4“7 Instrumenty
Types of radiation detection fnstruments, their capabilities, and
frequency of calidration are descrided in Section 3.2.4 of Part | of
this renewa) application.

4.8 r $ive Clathin
Protective Clothing requirements for parsonne! entering the Pellet
Shop are descrided in Section 3.2.1 of Pars [ of this application.

‘.5 Qosimgtry

¢.9.1 7LD Badses
Each individual who enters s restricted area under such
circumstances that he s likely to recalve a dose in any calendar

Quarter =in excess of 2 parcent of the applicadble value specified in

focket No. 70-1100 Rev. 04 Date: 6/15/93
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10 CFR 20.101 (a) shal)l be supplied with 2 TLO dadge and Indium foi)
for purpases of personne! dosin{try. Badges are processed menthly,
lhon.a high exposure s suspected, the individual’s badge s sen:
out for imvediate processing. A1) 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 ag radiation resulting
from a criticality accident. These Dadges are processed monthly for
normal opérations and fmmediately fellowing a criticality accident.
Procedures to determine high radiation doses frmediately following a
criticality accident are described in the Emergency Procedures
Manual.

4.9.2 reathin ng Menitarin
Breathing zone menitoring of perscanel 135 conducted in accordince

with Section 3.2.5 of Part | of this application.

Docket No. 70-1100 Rev. 04 Date: 6/15/93
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5.0 PAT [QMA AT R
Oue to the extreme'y low Tevels of penetrating radiation which axise
at Combustion Engineering’'s fuel fabrication facility (<S5 mr/hr),
the greatest emphasis in exposure control is directed towards
minimizing ingestion of airborne uranium particulates. To this end,
C-E strives to saintain internal exposures as low as reasonadly
achievable through the use of ventilated hoods and process
containaent and an extensive air sampliing program. Genera) air
samplars are 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 alsa provides information regarding
internal deposition of radicactive materials and confirms
Combustion Engineering’s long standing commilment to the ALARA
concept.

5.1 xternal Radiation £x yr
Thers has not been a single instance throughout the history ef
Ticense SNM-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 Tower exposure categories over the past 3
years. .The slight increase in the higher categories can De
attridbuted to the higher throughput of uranium in the past 3 years
(112 MTU 1n 1977 to 187 MTU in 1979) and the higher enrichments
being processed as utility demand for extended-life cores increasass.

(Licanse SAM-1067 was amenced in 1588 to allow an increase in the

Docket No. 70-1100 Rev. 05 Date: 6/15/93
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5.2

Dockat No.

saximum allowadle enrichment to 5.0wts U218).

Insermal Radiation Eapgsyres

The most accurate results concerning actual internal deposition of
radionuclides are found in Diocassay results. The accuracy of these
results far exceeds the accuracy obtained from personna! breathing
zone afr samples (BI's), since BZ samples serve only as an fmmediaze
afd in assessing internal exposure potential and do not
canclus1vgiy fndicate that the material was actually fngested.
Ouring the past 3 years, a) urinalysis results were less than |
microgram U/11ter (the lower limit of detection for our fluorimetric
pethod of analysis) with 3 exceptions in 1978 where indfviduals’
results were 2, 3, and 4 micrograms U/1iter respectively.

In-vivo lung counting results over the past 10 years clearly
indicate that no individual has ever received 3 maximum permigsidle
Tung burden (MPLB), which fs about 200 ugm V23S for low enriched
yranium. Due to the extreme sensitivitly required 1o detect such low
ameunts of V215, most results are reported as Zero with 3
statistical accuracy assocfated with them. Figure 5.2 15 3 summary
of lung counting for the past § years and clearly indicates that the

ALARA concept practiced at C-E has paid off.

70-1100 Rev. 04 Date: 6/15/93
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§.3 Gangra! Afr Sampling Regylty

Results in graphic form are shown for 211 air sampling stations in

Figure 5.3 thry $.8. A1l results are Below 5% of MPCa for
restricted areas (0.0000000001 uCi/cc) and most results are well
below 10% of MPC. The only results which were slightly over 15% of
KPC are axplained below:

2) Margh 1980 - Powder Prap Station #] and Presses | and 2
(Figures 5.3 and $.4). The pellet shop had been undergoing a
con;Totn cleanup pricr to an enrichment change at this time.
OQur Ticense action 1imit was exceeded four (4) times. an
{avestigation revealed that the sample heads were colliding
with 2 neardy vacuuming hose which was highly contaminated.

1) Jung 1978 - Powder Prep Station #] (Figure §.3). Several
powder-1ot cleanups caused rapid plugging of hood filters and
reduced ventilation at the time. Prodlams were alse

encountered with the granulator screes and the delt dryer.

Docket No. 70-1100 Qate: 6/15/93
License No. SNM-1067 Rev. 04 Page [1.5-3



o,

4

&

t

THIN

e

=

197%

196



HCE D00 0 2o o ‘
&f )

YREET LR LTHT AI8E




—Acti
—Leve

46 4970

.
= .
k4
i i
.
4
PR ]
o
e

H
H

<Ay

L P

wil fee
|
|
'

|
|
|
;

a

HeE
|
|

e

075 e g TR TS i
- : iYgTese 5 85— —3 Rev. 03 — e 6/15/93

- e A Sez Je £ New Sexz ; F % o >
1378 “ers -an Tan it AZY nd <
L3773



46 4970

§AM AR e
L

o b -

oL

-

we b fee

ey S —
- -~
—— " ——

Seniaen
' o
—
——— e ——
s = i e
o i et g

—:;mp_m——%..}é:_;_m—:b.w}ﬁ»‘-—. Rey 03 e ta 61593
r e —— — — —:‘;‘.7. :. E'~ —
ey e st et e e S F T S~ S—
sun - AL Sez wE'd iov Jec -0 23 =¥ 5 AZT Ma . 3n
1379 * 730



46 4970

tn

AAN am g

cefs

i L T TR S

-y

K-E

welfee

e

———ACTic

Leve.




e e
—
.
‘ .
= —
—=
s —
——
R —
P s
e § - —
= —
-
) . — CeZ
-
hd < —— ACCic
— —— Lave.
. 3
b o ————
- o |
S B
0
iy,
‘—“_—-
3
i
’ 5
:
l: ;
s
1
ok 4
- -
e
. il
_' -
X8 *
-
- ,
. 3
w — — —
- it
o - -
=

! S
T awna— o — i
—
D —
b . ————— ——

——

AT o e e
O S N N L T s e Rev, 03 6/1
e A J" 5!’/ 3 s

P S N i et et e et -
=y e ettt wonEy
st «u. ug S o e ——— e\t e e
sen ce N o n TReY L —_—
i37% 8<  -an Fe3  Mar  ane g -



46 4970

.-y

TEY N W b
LTS

TR

SisM . AMt
LR I
uctfoc

4 say
ol g

HE

-
-

~w

-

e

5

- ———
. e G T
= —
Leve
g
o= =i |
e ey S




46 4970

“ oA FEML AN Sausags
hde &g

K-E

-

.~

s

o
-

senera. AL? ?Tesues

b

-

*

wma g

Aczi
— ey
—y

03 07 Sy

e ——

Rev.

-
TS —— et 3 € A

~-an e ma s AS T el

=2~



46 45970

it -

.

LR S

oAt inang

LI TR
R

H-E

-

uct feg

.

— Cof |
Actic
—Level

e ————. S—

-

i

-~




i

46 4920

e g /(‘(‘




—

C-z
Acztl
Leve

46 4970

.
“

s v -

.~

‘
£
'
- 4
Za
=Y
z v 4 = T - o —
- ~
5- -~ e R, 5
- - e ‘
£3 S ——
b & I s
i = S
. T e - — .
* L e - ——— b |
T —
- = Cn
Y -
> T ——— -~
—_—
- < - :
p — - = —
= —— .
— &
e
als3 ™ -] " . ‘ S
) - ™ ~ ——
R oL 0. (e, e e — Rev. 03 ——— “
- — AT 5'15/93
‘ — / =
. a— —— ola - 4 o
- > oW
= | N e et e oy o TR (15018 -
- -l AL Sen ogs Naov Jec lam & —
. Jes id Tan o7 Az P M3 -



C-z
dcgi
Lave

46 4970

"

i e

:

“ws

LR T
we b fee

el Rl T

-t

K-F

— e ——

-n’~:_{‘f?‘5?-“0.““§”°1{'u&;‘r“}&%‘ﬁ:ﬂ*—w Rev. 03 >2ee« 6/15/93 .

&\ ————

S -

e SN—

- 3~
A e e e —Ale ..

ey

-1 bS] ALl - $- A -8
1379

< Noy Sec -ar Ter Mar

w
"
0
(¥
“©

1 S

PE



Janerd. ALC Mironite-

.

= ——ACTL
— Ve

46 4970

"
2
—

.t $
-A m — o —— -
L ——
b 4 ~ 4 ——
- - 5 - :
i £ = ———— v——————
.. -
oy -
b . -
-
]
-
-
S ——
Y e [y
= &
3 T
I‘L ﬁ rand | amaae v
-
‘ - -
i
-

il e

107 e A CRRTDE T TR g Ty Rev. 03 % 6'1“93
J 437

. Pt . oo e e o) s -
e — s e e D
= - = i ) ———— ey f 2 X Vg -
Ia Mo Al S¢3 # T Sec - T - paad
-5 es N e e Tes “zr AS 2 o fam



46 4970

sz
-

e R TY
"

-k

-

wctfec

e ————— oo
- il =
=t it o /~"'\\
T gt - o A
= =
- - -
L
- B
— s i
S - eteitore.
S T v P e e
-y e e e e Revy 0 ——— T 6/15/93
- 3t o : 4
b e — o Si— e / -/
- ) o o £ - vod= ke
-la - AS Sem N - 3 b Lol r oS N
L4 ¢ vie 5 NG B ¥ Ja- Tos -y Asp Mg o | M

e
tn



6.0

6.

4

ENVIRONMENTAL SAFETY

Liquid Effluent Dtschgil&i

All liquid wastes, in-process, ang clean<up rinse water sclutions are
aauploavzo verily that HPCW 13 net exceeded, and are then introduced ¢
any one of ten 2,000 gallon retention tanks, located in the Ligquie
Waste Building ¢5. Sinks and showers in the ladorateries and the
Banufacturing facility are also drained %o these retention tanks and
provided adﬁitianal dilution. Before these tanks are discharged to i
3ite creek, which flows into the Faraingten River, a $00.a1 Sazple 43
withdrawn and ferwarded to the Radicchsmistry Ladortory for gross alpk
and beta analyses. Water is discharged to the envircnoent at, or bele
0.000003 uCi/ml (this i3 ten percent of MPC W for insaludle uranius).
The allowved dlscharge level for unidentiflied @iztures of radionuclicdes
is C.000000003 UCi/ml. (This is ten percent of MPC W for unidentifiec
®ixed radionuclides). Where the levels o7 Activity exceed these
ligits, the vaEcr i3 dlluted defore teling discharged. The insirumzents
Beasuring the liguid waste level in each dilution tank shall bde
calidbrated on an dnrual baasls.

Monthly 1iquid effluent discharges are shown graphiczally in Figure 6.1
for the past 2 years, The increase {n the azcunt of uraniue being
discharged {7 due in part to the i{ncreased throughput 4n the
Banufacturing faclility.

Alrbarne Radioactivity Dischnrlo

All airdorne releases are monitored continueusly following doudle HEPA
filtration. Sazples are analyzed dally and totaled weekly and mponthly

for all four ventilation systems. The monthly average conszentration in

License No. SNM-1067, Docke: 70=-110 Rev. 04Date: 6/15/93 Page: 11.6-1
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7.0 NUCLEAR CRITICALITY SAFETY

7.1 Use of Surface Density Technigue
.05

4 rf ng i riteri f 5C% for M im i
ni n Sing! vel

Mass limitea units as specified In Tadle 4.2.5 are to be spaced
to a maximum array surface density of 50% of the optiaum
critical surface censity based on mass per unit area. The
criteria 1§ Supported as follows: Consider tne fullowing
analysis at a Infinite planar array of § gallon stee!
éontainors contdining 35 kilograms of 5.0 wt % U235 with the
remaining volume of the § gallen container filled with water.
The UQ; water mixture fs assumed to de uniformity distridbuted
within the container. The S gallon stee! container 15 14.25
inches hign, with a bottom ciamezer of 10.25 inches &nd & top
diameter of [1.2%5 inches. In this analysis, this container has
been modeled as a cardon steel cylinder with 4 diameter of
10.75 inches, with a wall thickness of 0.0275 inches. A 12
each reflector was placed above and delow the array. The
results of tne KENO IV using 15 energy groups are:

Qlstance Getween K-effective

ntiiner
12 iInches 0.9584 + 0.0065
14 inches 0.9414 + 0.008!
13 inches 0.92%8 + 0.0070

From this analysis 1t 1s concluded that use of a limit equal to
S0% of the minfmum critica) slab surface density (at optimum

mcceration) express in terms of mass per unit surface

License No. SNM-1067, Docket 70-1100 Rev. 04 p..o.  6/15/93 page: 11.7-1



drea 15 safe, with g macinum noming! srray reactivity of less
then 0©.95.

Allowable Surface

density - The minfmum mass surface density for
U{5)02 1s calculated to be 10.4
kgu/square foot (Reference 1). The
safe Timit fs therefore 3.2 KgU/sguare

foot -~

Spacing
Requireament - 2C.33 finches for a 35.0 kilogram mass

Lo meet the surrface density criteria

Reference 1): R. L. Stevenson and R. M. Odegaarden, "Studies of Surface
Densfty Spacing Criteria Using KENO Calculations,” Transactions

of the American Nuclear Society, 12, 890 (1969).

License No. SNM-1067, Docket 70~1100 Rey. 04 Date: 6/15/93 Page: [1.7-2
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T.1.3 Qalsulasinn af Fcacsian Lrisizal

The concept of fraction critical for an SiU is dases en an
arbitrary gefinition whien ratios the S(Y mass, or Quivalent
Spherical mass to that of an unrerflectes critical ;phor. of the
Same matertel, assuming optimum moceration. Several
mrescriptions for calculotlnq thls value have been Cesirivec (n
the literature. Depencing on the Meihoc selectec, scmo-nai
varying results say ce cotalineq,

In evaluating SIU’s feor this license, nenspherical SiU<s arge
reduced to eguivalent $pherical srapes using Puckling
cenversions, {n conjunction "W somewhat arditrarily selsctes
¢xirapolation lengths whies Very wiin fissile censity sne
moedersticn, pnysical form, and unmit Shaze. Foar tais license,
extrapolation iengths are taxen Clrectly fron Figure 2 of
LA4S=2537, as they are consistent]y VSec, any dlas introcuced
i3 consistent, arc Bases on Sprere cata taken froa the UKAEA
rancbcok, (s alse relatively minmer.

AS & furthear enece en the rcnsonabloﬁcs; of the use of tress
values for low enrichment uranium, we have compiled critical
Sata from WCAP-2939, DP-1014, ane the UKAZA Hancosok fer V02,
4ng from LA-3612 for U-mezal alxtures anc UC252 salutions.
These-cata are presented in Tedle 7.1,.3 ame snow that fer tne
Cxide, Were {3 closa dSTeement for the reflectec schere rlciuﬁ.
for the matertal Buckling, far tne reflectes extrapolation
lengtn, and tnat 4-4. 5 ca TeZresents a reascra>le value for
reflector savings. These consicerations lenc Supcert to the use

©f the sxtrapelation lengins as provicec herein.

License o, Swm-iys7, Docket 70-1140 Rev. 03 DQazer 6/15/93 Paget [, T4



ANSLNer variable which mus: Be cefinec for the license g t
unreflected critical MasSS or volume. These values var

duthor to another. For this license, &l unre

Ne
7y trom or
flectes eriefeq)

S{2es are taken from %“he UKAEA Manadook,

An example of the fraction eritizal Calculations follows:

Consider the 10,74 dlameter cylincer Limic. From cata taxe

from Figure §.0.14 of UKAEA AHSZ Manedeok I the inimum

critical unreflectec volume for hocogenesous 3.5x V235 (uo2)

» i3 79 lizers.

sly

Siv

The volume of o Sphere having the same Buckling as the 10,7
cylinder of homogeneous U02 (s¢

— g
| 4.408 { -2
® | s | 0.0230 ¢m
I 0.7 x 2.% I
| ememeccnna— » 2,25
) é -l
&l -
I J.14 I
® | ew—— e 2.1 I % 4,13 & 26.7 liters
o ") o

The fractien critical of the SIU is¢

20.9 L

A - - —— e c 3 3‘

7.0 L
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7.1.4 Qeoaral Congideratons for 14 5 18 £

Several aspects of fuel hancling as they relate %5 the 16 x 14
ruoi design are not specifically evaluatec in view of the
general observation that the reduced pellet ang roc Clamecerg
render this materiel less resctive than the 14 x ie fuel whien
has Deen extensively evaluates herein,
This finding (s based on Study of DP=1014 anc svaluations mase

in connection with the calculated values reportac s Figure
50250

7.2 !41LdALLaa_nL_c4L;u1A;4nna1_&&Lnnna_Laz_&uzlgaz_cziiisaixxx.SALs&x

7.2.1 { 4 rer aus Canfiguratisng

To validate the methods uses {n criticality analysis of fuel
manuTacturing processes, the 2,35 wso U239 UO2 critical
Separation experiments by Sattelle (deference !) ware enalyzes
in three ciomensions. The mean K eff value of Lhese nineteen

experiments was 1,00157 with a standars Seviation of 0.00419,

The experisents are concerned with the critical separation
Between water~flooded subcritical clusters of fuel rogs in tne
presance of various fixec neutron pelsons. The experiments wer
carried out {n @8 1.80 x 3m x 2.1 cdeep tanxk provides with
features specifically designed and built for these oxpor{aingl.
These experiments involves aluminum—clad 2.35 wtX U235 enricnes
V02 rods about 12mm {n Clameter By 7idam in length., The
critical separation Between thres subcritical clusters of these

Tocs aligned (n & row was cdeterzined and analyled with anc

License 0. Sn2<l007, Docket 70=1130 Rev. 03 Date? 6/15/93 Paze: 11-7“



witnout the following neutron ansorter materials (neutron
peisons) located between the clusiers: 304 L Stainless Sigq)
with 0, 1.05 and 1,62 wiX boroni and ooral.

Descrintion af Egneriments

The experisents analyzed each consisted of three assemdly~like
configurations separated Dy water and/or poison plates with the
spacing ad justed to criticality. Figure 7.2, 1llustrates
typical top and end view of the arrangements. The 9ldmm length
fuel rocs 11.176mm in clameter of 2.15 w/0 U23% in UQ2 clad with
ouo! aluminua having an 0.D. of 42.7mn end 0.762mm thick with
different alloys of aluminus for top and bottom plugs, A fixed
square center~to-center pin pitch of 20.32mm was maintalined,
The aumber of pins in the wigth of the cluster variec (in
different experisents) between 14 and 17 and the length from 20
to 24 pins, The experimentsl cata on experiments analyzeo is
given in Tedles 7.2.1, 7.2.2 & 7.2.3.

@eiiog of Calouylatian

The calculational methods which were uUSec are essentially the
same 43 thosSe usec to deteraine reactivity feor fuel csscmb,y
storage racks, fuel shipping containers, ind other fuyel
configurations found in fuel manufacturing areas: broad Jroud
reutron cross sections are bases on the CEPAK Code (Reference
2). -stnq en appropriete buckling value and taking proper
8Ccount Of rescnance absorption, three Drosd fast groups are
collapsed from the 54 nmulti=group FOKa type calculatians enc one
oroacd thersal group i3 collapsec from 2% multi-grous type

calculations from THERMOS, Fast cross sections for certain

License No. Sam=1067, Docket 70-110u Rev. 03 pate: 6/15/93 ,ages 11.7-7



icense Mo,

Lra3ce slements Such as SOCium anc 2inc are odtalnec by averaging
over an appropriate sulti=group spectrum with the COC-) code
(Refearence 3). in acclition, esach component Such as water gap,
end plug, or polson plate Nas (ts thersal cross section
deterained by a slab THEWMOS calculatian employing o
charoctorlsgL: fuel environment.

Noraally, far two dinensional representazions, tne trtnspo;:
Code DOT=I1N (Heference 4) 13 used., Since however, the short
fuel length @ade necessary a three disensiaonal ireataent, the
Monte Carlo Coce KENC [V (Reference 5) was used with six axiel
levels. tches of cne hundred neutron histories were used with
the firss four ciscarced. Calculated K off values are shown (n
Teole 7.2.4. For sconomy, about 50 batches were run for most
cases, however, dDecause of their greater use In fuel storage
analyses, about 500 patches were employed for the plain
stalinless steel 2nc Doral experiments,

The mean value of the calculated keff (s 1.00157 with a stancard
deviation of ,004!9: thus at a 95/95 conficence level using &
sigma sultiplier of 2.423, the kef values are Detween 1,012 and

0,991,

Relferences:

1. S. W. Bierman, €. 0. Clayton anc g, M, Durst, Critical
Separaticn Setweec Subcritical clusters of 2.135 w/o v23%
E~arichec J02 Recs in #dater with Fixes Neutron rFolsons,
PNL=2438, October i977.

2. CEPAK = A Systhesis of the following coces:

FJRAN = A Fourler Tramsfora Fast Spectirum Coce for the
[BM=~7090, McCoft, D. J.. MAA=SA=-Mezo 5788
{Septemper 17c0)
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THERMOS = 4 Theraalization Transport Theory Coce for »

®ac:
Lattice Calculations, Acneck, H,, 8NL-5818 ¢ v famd
12611,

Juiy
CINOER = A One~Point Depletion dnd Fisslon Frecuct pr -
Englana, T. R., WAPD-Tu~33¢ (Revisee ypie 19:253"

J. Malr, S. Clarx, R. Froelich, ang L. Tody, Users ana

Programmers sanual for the GGC-3 Mulcl roup Cross §
Code, CA=-7157, July 2%, 1767, s ection

25 Géc§°§f;’62 8. K. gisnoy. A.TCalltor. Users manual ftor
] - dcrete Craolnates Transpore Computer Co .
MANL-T4E~1782, Decemder 1969, g Ui

L. M. Petrie ana w. F. Cross, XKEno 1Y, An Improvea Homte
Carlo Cricicalicy Program, ONNL=4918, November 1975,

7‘2.2 !.Ilﬁ‘:‘gc ta: ci?ﬂxlll’ian a' h:mnn.ngana c:-\‘lcnv'sana

Valication of the methods uses in eriticality snalysis of
fiemogeneous fuel configurations Is cescrived im a repars.
entitled "Valication of the XZND Coce for Nuclear
Criticaiicty Safety Calculations Of MoCerated Lowe=Zarizosc
Uranium Systeas.» {(Y=I548) Dy G, #. nancley anc C. a,
hogpoer dated June 13, 1974, ! comauter caces other tran
KENQ are used , or cross Sections other than the 18 grous
Hansen=wWoach set are used, a Separate valication stucy
snall_bo perforsezs to {Centiry the range of acplicactilicy

for the methods employed,
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7.3 Nm-;g-n‘ angr Sl.ns

An array of slabs has been evaluated using ANASIN code. The

configuration 15 shown Delow:

4" concrete

10‘
e ¢ SRR |

ool R

12"

(S1abs are U (3.5).0z + uzo, 2.4 gm U/cc)

16" concrete

Evaluations of this configuration yield the following:

T SI— PRI NOWEED " -

0 0 0.0

6 0 «0.022
:2 0 +0.029
28 0 *0.0139
12 0.2§ +).0139
12 (.9 -0.0009

Accordingly, a 1.5-1inch horizontal spacing countars the reactivity
increase from a non-co-planar configuration. The change 1n reactivity
for U(3.5)02 1s so small that the effect for U(4.1)0; would not be
significantly different. Agditicnal safaty is providec by the
requirement that non-co-planar slabs be limited to 12-1nch vertical

differences and separated by at least 6-inch horizonta) spacing.
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TABLE 7.1

‘E : : I: ll‘l: !,:. 3 n’ ln. E“!’i"’*ﬁ" U’la“‘“ si-nﬂbvxa

2 K
AlZax Caxgositian m.uwm il

! uis)o cylincer 0.3 2.0 12.7 T 1,019 2 0,008
2 1.5 ¢car x

138.8 ¢ca lg

2 UiSi10 eylincer 0.) 1.0 10,1 1.00% 2 0.00¢
e 2 1l.4 car x
182.4 ¢ 1g

3 VisQ eylinder 0.3 9.0 40,1 1,000 & 0,006
2 160 car x
211 eca lg

Fraction of critical values taken from Ref. #!

License no. SNa=10e7, Locket 70=1100 Rev. 03 Dater 6/15/93 ager [1,7=19



o 1

Critical Paramecere far Onrim.- hil:lf-:d Lasx Encricheent Urag !

P
L} R 8 -2 R =R
~frlea) .enfoa) s fca ) lasmgs (cm -ch_cr (e0)
ACAA=2099(a) 24,80 0.0104 6.]
3x U02
DP=~10iatn} 24,03 0.0103 .38
Jx V02
UKAEA (¢} 24 .29 28.79 4.5
Hanobook
3% Uo2
LA=3812 (g 17.94 22.18 4,25
SX U-weazal
2X UC2F2 :

ta) Figure Ill«iv & Figure Il1=10
(B8] Pages 37 ang §7

(¢) Figures -1.0.1U ang 1.D.14 Fespectiively feor reflectes and tare volumes.
(¢ & o) Page 20

* UCQF2, being & solution; has scmewnat Smaller reflector savings than co
¢xide or petal Systems,
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I"ll. z z I

Q15
mm%z-mm

—-Luzumnm._ )
LENCTH x WIOTH CRITICAL SEPARATION
20.32 s SO, PITCH BETNEEN FUEL CLUSTERS )
(EUSL _RUDS) Xo. 22) EXPEy eyt 248>
20 x 17 119.2 2 0.4 015
U x 1@ : 8.9 2 0.5 00s
20 x 16 84,4 2 0.3 049 (23
Wx 16 (3 400.5 2 0.5 018
0 x 1 44,6 = 1,0 02!

(1) PERPENDICULAR DISTANCE BETNESN THE CELL BOUNDARIES OF ThEg PuzL CLUST xS,
ERRCA LIaITS ARE OnE STANOAXD DEV IAT[un

t2) RERUN UF EXFERINEST ous

t3) CENTER FUEL CLUSTZR AT 20 x 1o wODS. TWO QUTER FUEL CLUSTERS AT 22 x 16
RODS éacH -
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[ABLE 7 2 5

215

B wdi  u ENeigrzp pg

‘IEER'"‘HTA‘ HATA ON c1ue=z ¢ QF 2

TEST D1

RADS I« nATED

EUEL _CLUSTEwe Alel STES! PLaTES (3
' CRITICAL
LENGTRh x WIDTH BQk O gésgcggs 35?3223‘235L
€0.)2mm SC. PITCH  CONTEAT THICKNESS CLJUSTER (3) CLUSTENS (4) EXPERIMENT
—LELEL_BQRS) ~A. _lia..mm) o —n 3 —MERED
0 x 16 ] 4.85 2 0,15 6.45 2 0.00 &8.8 2 0.2 028
Wx 1 0 4.85 =2 0,15 27.32 2 0.50 76.4 2 0.4 008 =
20 x 1§ e 4.85 2 0.15 40,42 20,70 78,1 2 0.3 029
20 x 16 9 3.02 2 0,03 6.45 20,06 74.2 s 0.2 027
20 x 14 v 3.02 2 0.13 4v.42 20,70 77,8 3 0.3 024
20 x 17 e 3.02 2 0,13 6.45 2 0,06 104.4 3 0.3 Cle
20x 17 ° 0 3.02 2 0,13 40.42 2 0.7 114.7 2 0.2 038
20 x 17 1403 2.98 2 0.06 0.45 3 0.06 75.6 £ 0.2 032
29 x 1?7 1405 2.98 = 0.06 40.42 20.70 9¢.2 2 0.3 033
20 x 17 .02 2.98 2 0.06 ¢.4% s 0.08 73.6 2 0.3 0J8
20 x 17 1482 2.98 2 0.06 40.42 2 0.70 ¢s.2 2 0.3 039

ERACR LIMITS SHOwN AWE ONE

STANCARD DEVIATION

(2) PLATES ANE 3% mm WIOE BY 915 mm LONG
t3) PERPEND I CULAR LISTANCE BETwESN ThE CELL BCUNDAAY OF THE CENTER FUEL
CLUSTEN AND THE NEAx SUAFACE OF TAE STzzL PLATE
(4) ﬂEﬂPENOICULAH-DISTANCS BETAESN THE CELL BOUNDARIEZ OF THE FUEL CLUSTERS
* To cistinguish fras Experimant #00% af Tacle !
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TAdLZE 7.9 3

. 218
E‘:C: '!E"": Ca-‘ “:: I‘IA[S:=#S nE z ::’ 'ol

SUEL ClLUSTEDS 80841 PIATES

DISTANCE
LENCTH x WIDTH TO FUEL
¢0.)2mn SQ. PITCH THICKNESS(2) CLUSTEA (1)
eV x 1?7 7.13 2 0,11 8.45 2 0,06
U x 17 7.13 2 0.11 44 .42 2 0,80
22 x 1o (8 7.13 2 0..11 4.45 2 0,09

ERRCOR LIMITS SHOAN

TYPE 1100 Al ON EITH
mn JI0E BY 915 em LON

“ ENOICoMED Mo -QQQS Ix ns?:l
)
‘HH mn“ e AXES :EIHE& E“El mvls‘l egs “l

CRITICAL
SEPARATION
BETWAEEN FUEL
CLUSTERS (4)
6J.¢4 2 0.2
$0.3 =2 0.5

50.%5 £ 0.2

ARE ONE STANDARD DEVIATION

EXPERIMENT |
—MUMEBEY

o2¢
Ote
017

g-i SIDE OF TsE

Y OF THE CENTER FUZL

(2 INCLUDES 1 .02 an THICX CLACOING OF
B C-Al CONE MATERIAL, PLATES Jes
e .
(3 PERPENDICULAR OISTANCE BETMEEN THE CELL SOUNDAR
CLUSTEER AND THE NEAR SURFACE OF THE BO0RAL PLATE
(4)  PERPENDICULAR UISTANCE METWEEN THE CELL BOUNDARIES OF ThE PUEL CLUSTERS
(S CENTER FUEL CLUSTEX AT 20 x 14 RODS.

License No., Shm=10¢7, Dockat 70=1100
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Eoarinsnt ¢
18
Qs
43
13
&l

28
03
a5
27
20
34
E 1)

32
33
k1
a9

<0
i
1?7

License ne. Snu=iUe7, Docket Tu=11y0Q Rev.

——lx2s Palson Placs xgx:..
None 1.00227
None C.99912
Nene 1.00221
None 1.00812
none 0.99%89
304 S Steel 0.0 w/e Boren 1.00393
304 S Steel 0.0 wso Borem 1.0032?
304 S Steel 0.0 w/o Boron 1.00271
304 5 Steel 0.0 w/o Boron 1.00418
304 S Steel 0.0 w/o Borom 2.99811
304 S Stesl 0.0 w/e Boren 0.99773
Ju4 S Steel 0.0 w/o Boron 1.00436
JC4 5 Steel 1,085 wrso 3eron 0.99970
304 S Steel 1 .05 wso Boron G173
Jus S Steel 1.82 ws/o Boren 1.0028%
U4 5 Steel 1.62 w/e Boren 1.00208
: Boral 0.99%83
Beral 1.00020
Beral 0.99%19
sxean K Yalue 1.00157

et

Stancard Deviation 0.90419

03 Dazer 6/15/93

Konte Carle
» -

0.00834
0.00%40
0.00473
0.00487
0.00481

C.00308
0.00303
0.00302
0.00273
0.0027¢
0.00297
0.00270

0.00824¢
0.004%1
0.00812
0.00350¢

Q.00201
9.00238
0.0028¢

Page: 1],7=15
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SRAPHICAL

FIGURE 7.2.1

ARRANGEMENT OF SIMULATED SHIPPING PACKAGE CRITICAL EXPERIMENTS
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8.0

8.1

PRO RIPTION AND SAFETY ANALYSES

This section contalin, detalled descriptions of all operations in the
Manufacturing Facility (Buflding 417 and #21). Sufficient detail is
provided to permit an independent verification of the ddequacy of the
controls for the purpose of assuring safe operations. Nuclear
criticality 1imits are taken from Table 4.2.5 of Part 1. In certain
operations, the Intricacies of the equipment require further analysis,
which 1s provided herefn. ODetafls of specific calculations used to
suppart various aspects of this analysis, and severa)l statements and
considerations in Section 4 of Part [ are discussed in this section.
This secticn provides typical analyses for operations conducted within the
scope of tnis license. Present arrangements of the equipment in the
pelletizing facility are shown in Figure B-1. (Orawing No. NFM=2-4077).
This arrangement may be changed in accordance with the procedures in
Section 4 of Part [ of this license.

Pr in

8.1.1 Receipt of Material
The as-recefved 9.75" diameter stainless stee) UO2 powder cans,
to be stored in the virgin powder storage area (Figure 8.1) and
shall be sampled before being placed in the storage area to
demcnstrate on 4 95/95 confidence level that the moisture
content of powder lots 1s less than 5.0 wth. In addition, all

damaged packages where containment {s breached
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will be sampled.

The pellets are recefved in UNC-290! shipping containers which
may De brought into Bldg. L7 4s discussed in Section 4.3.18.
Three pallets (sfx UNC-2901 contafners) can be brought into the
81ag. 17 Fuel Pellet Shop Annex and four pallets (efght
UNC=2901 containers) can be brought inte the Bldg. 17 Pellet
Lodding Area for storage and unlcading. The sealed containers
on the paliets can be stored next to each other but must be at
Teast 1 foot from process equipment in the area. Prior to
opening a shipping container the pallet must have an area of
21 22 (4.6 f1. x 4.6 £1.) In which the pallet is located.
This giv witl met Lhe surface density limit specified in
Section 4.2 for a mass of 110 kilgrams of UOZ. The pellets in
the shipping container are received 1n 2 inch deep pellet trays
w1fﬁ covers. These pellet trays are stored in the pellet
storage shelves. The pellets are then treated the same as

pellets made in the Bldg. 17 pellet shop.
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8.1.2 Virg!n Powder Storgge Arey
The virgin powder storage area 15 fsolated from the remainder
of the plant on 411 sides by concrete dlock walls, & double
steel roof, and & metal fire door. If tne door 1s in the
open positicn, 1t 1s automatically closed upon activation of
the fire alarm, or on failure of electrical power. The
dutomatic closing feature of this door shall be verified
Quarterly and reccrds of its performance shall be maintained.
| These engineered safety features are considerad adequate to
prevent the introduction of water in the event of a fire. This
area will be kept free of combustidles, and located such tha:
there are no potentially hazardous ftems such as boilers in the
vicinity of the area.
Twoc ammonia crackers are housed in & concrete block butlding
which 15 located some 25 feet northwest of Building #17. In
view of 1ts many redundant safety features, 1t 1s not viewed
a5 a potentially hazardous item.
riticality sSaf Anal
The following assumptions were incorporated into the
calculationa] mode) of the Virgin Powder Storage Area:
1) AT1 stee) structural materials were neglected.
2) The fuel was assummd to be a homogereous mixture of UO2
containing 5.0 wt% M20.
3) A1l storage positions were filled and each individual
can was assumed to contain 35.0 kg's of UOz at 5.0 wtX
v23s.

4) No interspersed water moderation was considered.
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The KENO-IV Code with sizteen group Mansen-Roach cross sections
wa5 used to determine the reactivity of the virgin Powder Storage
Area under the condition notec above. Oimensional details of the
mode! are provided in Figure 3.1. A Kefr of 0.7781 + 0.0043 was
obta‘ned for an infinite system in the horizonta) airection.
8.1.3 teh Make~
Powder containers are removed from thne virgin powder storage area
and placed on a conveyor for transfer £o the Batch Make-Up Hood.
Two 9.75 inch diameter x L1 inch long stainless stee) powder
containers shall be placed on fixtures in the left side of hood
and either a powder container or a § gallon pall on the right
side of the hood when an approoriate datch of less than 3§ Kg UuC2
is weigned out and put into 3 S-gallon patl. The batch weights
and enrichment are reccrded on the container. A water tight
cover 1s secured to these batch containers and they are
then conveyed to the cone change hood. The cover is placed in
the change hood with 4 water tight blencer feed cone and then
transferred to the blender hood. The batch make-up operation
and the cone change are enclosed 1n ventilated hoods.
Sufficient negative pressure is provided to assure a minimum face
velocity of 100 fpm.

Crizicality Safety Analysis

The following consarvative assumptions were incarporated in the
calculational mocel of the Batch Make-up Hood and Conveyor Change
Lift arees:

1. A'] steel structural materials were neglected.

2. An extarnal mist of .001 g/cs was assumed.
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3. The stainless sieel powder Mmake-up cans (9.75" ciameter and
Ll" Teng) on the comv@yor ~ere mode'lec as 4 single cylinder
in the Rorizontal girection basead on the can containing a
homogeneous mixtyre of 35 kg U02 at 5.0 wt % U235 and § wt %
H20. This mixture was assumed to be uniformly distributed
within the can.

4. Two stafnless stee! powder cans and two S~gallon stainless stee)
cuckets (10.75" giameter and 14.25" nign) in the batch
make-up hood were assumed to each contain a homogeneous
mixture of 35 kg UO2 at 5,0 wt % U235 with maximum
moderation. The batch make-up hood was assumed to be
cecvered with a 0.25" film of water.

s The S~galion stainless steel buckets on tne conveyors and in
the core Change hood and hopper 11fts are assumed tc contain
homogenecus mixture of 35 kg UO2 at 5.0 wt % U235 and 5 w2 %
H20. This mixture was assumed to be uniformly @istributes
within the can. It has been assumed that there s no distance
between buckets on the conveyors. A single $-gallon bucket of
UOZ has been assumed in each hopper 1ift area and three
S-galion buckets of UOZ have been assumed in the cone changa
hood. Al S-gallon buckets in the cone change hood, the
vertical conveyor, and in the hopper 11ft areas are assumed to
be cCovered with a 0.25" f1lm of water.

The KENCO~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 abcve. A

Keff of 0.7940 + .0053 was obtained for an Infinite system in the

x and y directions.
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Oimansiona) details of the calculationa) mode) are shown in

Figure 8.2.

License No. SNM-1067, Oocket 70~1100 Rev. 0] Date: 8/16/88 Page: 11.8-38









controls are wired to the motor control such that the
cryer belt cannot be activated unless the granulator is
turned on. An gver temperature Zondition will shut off

the heating elements and 1ight 4 warning ignt.
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2. The UO2 powder was assumec 0 have 4 density of 3.3
§/CC 4t an enrichment of 3.0 «2t% U213 and & water
entent of 13 wt %, «nich i3 tne water contant if Lo
\imes the normal amount s placas in the blanger.

3. Any structure contafning UO2 powder was assumed filled
to capacity.

4. lthough the belt dryer is limited by a mechanica)
feeder to 1/2* of UO2 powder, the mode! allows for an
accidental accumulation of 1/2" under the dryer belt in
the event of malfunction of the wiper blade.

S. A1) surfaces of the structures containing UO2 powder and
the surface of the powder in the dlender hood and on the
dryer delt were assumed to De covered with a 0.25" film of
water,

6. The concrete floor and ceiling have been accounted for in
the mogels.

7. An infinite array of stations was analyzed although
there are only two paraliel staticns.

In the analysis of the back end of the stations 1t was assumed

that the diender hoods are restricted to 4 maximum

of 35 kg V02 per station, that this mass of UD2 was located

at the base of each blender hood directly above each powder

transfer pipe and was hemispherical in shape.

In the analysis of the front end of the stations 1t was

dssumed that the large hopper (11*00 x 40*L cylinder)

contained the UO2 powder at § wt % U23%.

Sixteen-group Nansen~Roach cross sections were used in

KENC-IV to cetermine the reactivity of the system. Bdsad on
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1 € Dvace B A HUARAR®
8.1.5 Preass Feed Hopper

per is filled at the end of the dryer belt
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where the granulator is locited and is on 3 scile whila being

f ed (See Figure 8.4 linc sterate (0.25 wt %) is added to
the WO, powder in the granulator. Wwhen the proper weight is
attained the system {s shutdown and the press feed hopper fil
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Although only one press feed hopper {s permitted in any

B " - > - - - . ¥ 3 ’ ” 4 - - . - . .
esignated area, an analiysis was performed order to account

: b ty of ¢ opp g
adjacent to anothar press feed hopper The following
onsarvative assumptions were incorporate nto the
calculational mode
. Two large hoppers 1 inch 0.0. x 40 inch long cy)linders
were assumed filled to capacity with UO2 powder with dersily
of 3.5 g/cc at in enrichment of 5.0 wt % U235 and a water
content of 5.0 wt %, which 1s twice the water content after
drying on the belt dryer
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2. Both hoppers ware assumed to De covered with a 0.25° fiIm
of water.
3. An external mist of 0.00]1 g/cc was assumed.
4. The concrete flocr and ceiling have been accounted for in
the models.

Sixteen group Mansen-Roach cross sections were used in KENO-IV

to determine the reactivity of the system. Based on the

conditions described above, a Keff « 0.3633 & .0042 vas

obtained.

Although 1t 1s 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 11fts, an analysis was done for a

single press feed hopper completely filled, with 5.0 wt% UOz with a

water content of 5.0 wtX. The resulting Keff « 0.664]1 = 0.0077.
8.1.6 Fingl Mixing

Filled press feed hoppers may be rolled to assure complete

blending of the die lubricant. The press feed hopper roller {s

limited to one press feed hopper and the roller is surrounded by

a wire mesh enclosure. The calculated Keff is less than the Keff

for the two touching preass feed hopper stated in Section 8.1.5.
8.1.7 Pressing

The filled portadls 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 which are placed Into furnace boats, The
pellecs in the DOAts nave to meet the slad neignt limit in
Tadle 34.2.5. Only sne voat shall De 4t eacn press at any on2 time.
Each press 1s provides a4 spacing ares of it laast 20 square feet.
The press 1s providea with enclosures which assure adequate
ventilation at the opening face, and at the !unction of the
portable hopper with the press. Afr flow rates are sufficient
to assure face velocities of at least L00 fpm.

8.1.8 Qewaxing and Sintering
Furnace beats containing green pelletrs are charged in a single
line to a dewaxing furniace, and then to & sintering furnace,
where under controlled conditfons, the pellets attain the desired
properties. Because the V02 s in 3 compacted form, dusting 1s
minimal. Mydrogen Surn uff @xhaust is ventaa from the building, and
is filtered and monitored as specified in section 3.2.3 of Part I.
The furnaces and their interconnecting conveyors are
sTad limited, with pellet slad heights as specifiec in Tadle 4.2.5.
Stored furnace dboats containing sintered pellets are limited to
¢ maximum slad thickness specified in Tadle 4.2.5.

8.1.9 Fina) S$izing
Sintered pellets are transferred to the grinder feed system
where they are aligned for the grinding operaticon which is
carried osut under a stream of coclant. The coclant is
centrifuged to remove solids, and is recirculated at a uranium
concentration consigerably less than one ga/l1’ The infeeder,
grincer and outfeeder have pellet configurations 1imited to &
s1ab thicknesses as specified in Tadle 4.2.5.

Grinder sludge fs removed from the centrifuge and dried in an
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oven. The dried saterial {s subsequently stored i{n the concrete
block storage area awaiting final disposition. An enclosure is
provided around the grinder tc preclude the dusting of UOZ. 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 1itar sump behind the grinder, as shown in
Figure B-1. A 24 liter sump is a factor of 1.3 Tess than a fully
reflected optimally moderated critical volume, which is 31.0 liters
as shown 1n Figure 1.0.10 of UKAEA AHS3 Handbook 1. Experience has
shown that no appreciable sludge accumulates in the grinder sump.
The cantrifuge has a volume of 23 liters. The centrifuge is Tocated
in a closed hood. The critical volume for an unreflected volume of
optimally moderated 5.0 wt% U-235 fis §6 liters. The critical
volume for a water reflected optimally modcrate& §.0 wt% U-235 is
31.0 liters. Thete results were taken from Figures 1.0.10 and
1.0.14 of UKAEA AHSB Handbook 1. Applying a safety ‘actor of 1.3
results in a safe volume of 43 liters for an unreflected volume and
24 1iters for a reflected volume. Since the centrifuge has a steel
wall and a stee! 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 B-1 does show spacing for the grinder sump

to allow for any UO2 settling which may occur. Grinder coolant is
normally recirculated, but may be disposed of by evaporatien, or by
discharge to the radiation waste system. Pellets are

transfarred by hand in a 2 inch high caovered pellet tray to a
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storage rack or %o 3 low temperaturs bulk drying furnace where any
trace amounts of moistyre are removed prior to rod loading. Both

are Timited to 2 slab thickness of 4.0°,
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8.2 3grip Rggzgu
A1l clean scrap is accumulated for reprocessing and recycle with the
feeC matertal, Scrap may de milled to yield desirec particle size
best suited for the processing, oxidized and reduced to assure removal
of volatile additives and to achieve the desired ceramic properties
of the resulting recycle U02, and blended to assure uniformity. The
fuliowing equipment 15 included in the peliet shop annex:
4) Oxidation and reduction furnace
b) Milling equipment
¢) General purpose
d) Filter Knockdown Hood
e) Blencer

f) Micronizer

a) x i ion and R ipn Furnace

This furrace 1s made up of two individual sections connected
together. Product moves through Both furnaces on a wire mesh
telt. The oxidation section 1s used tc heat sintered scrap in
air to convert the U0z to Uj0p. The reduction section 1s used

to convert Uj0g to U0y 1n a heated gas atmosphere of Hy and Np.

b) Milling Egyipment

This 1s a mechanical impact type grinder which uses a rotor blade
assembly to grind UC; powder to & finer particle sfze so that the
U0z powder can be recycled back intoc the pellet process. The U0
powder 1s fed through the top of the mill, passes into the milling

chamber, passes tnrough & screen and into 3 pall connected to the
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d)

¢)

f)

discharge of the mil), Caonnected to the discharge section 15 a
vacuum cleaner IO prevent the air pressure duild-up in the
milling during tne chamoer operition.

General Purpase Hood

This 1s a ventilated hood which 15 used for miscellaneous work
invelving handling of U0y powder or UQ; contaminated material.
Filter Xnockdown Hood

This 15 a ventilated glove box hood which 15 used tc remove lcose
U0, powder from used absolute filters and prefilters.

Rlencer

The blender houses a sealed patil which containg U0, powder. The
sealed pail is tumbled Dy rotating the pall in a non-concentric
rotating motion. This action mized recycle powder 1ntd a
homogenous type mizture for use in the production pellet line.
Migronizer

This 1s an air impacting type of grinder. Fine particles of UOQ;
powder are fed into the micraonizer grinding chamber using a
vidratory type feeder. High pressure air is then introduced into
the grinding champer. This action causes U0 particies to impact
other U0y particles 4t high velocity resulting in finer particles.
The powder fines and air mixture enters a bag house (sock filters)
where the UQp particles are separiated from the air. The UQp powder
is collected in & pa!l while the air 1s exhausted into the FA-4

HEPA filter system,

The criticality safety (or the furmace is based upon the slad limit as

specified in Table 4.2.5. The remaining cperations except blending, are

al) carried out 1n hoods with sufficient ventilation to assure a face
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velocity of 1CO fpm. These cperations are controlled By use of a 35.0 k3
mass limit in accordance w«itn Table 4.2.5 with spacing provisions taken
from Tadle 4.2.6 of Part [ of the anplication 45 shown in figure 8-1i.
Positive spacing fixtures are used to assure $paCing wherever more than
one SIU 1s allowed in any given hood or box. A material balance log 1s
maintained at the Milling Hood and Micronizer to provide

ddditional assurance that the criticality limit of a 35.0 kg UO2 mass

Timit will not be exceeded at thesa locations.
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8.1 Jtorege g4ng Trangfer

8.3.1 Congrete 810Ck Smg‘., Arce
A concrete block storage drea 1s 2rovided 45 snown in Figure B8-1,
This storage area is intended for § gallon pails containing a
maximum of 35.0 kg of U02 and has a maximum height of 7 feet.
The dlocks are of solfd 10" thick concrete, having a4 minimum
density of 123 1b/ftl. Hortar 1s used to join the blocks and to
seCure the structure to the buiiding wall, Stael snhelves, of at
least 15 ga. thickness are duilt 1nto the structure with a
vertical spacing of at least 16 inches.. Each crorage position
measures 16" wide x l4“ deep, and 15 lined on three sides with
174" tnick mila steel, The criticality safety analysis
demonstrates that the spacing boundary can be located 48
inches from the front of the shelves.
Criticality Safety Analvsis

The following conservative assumpticns were incorporated in the

calculational mode! of the Concrete Block Storage Areas:

1. A1l stee)l structural materials were neglected.

2. _An externd! mist of .00l g/¢c was assumed.

3. Each storage position was assumed to be full with &
S-gallon steel ducket containing a homogenecus mixture
of 35 kg UO2 at 5.0 wt % U215 and 5 wt % H20. Thnis
mixture was dssumed to be uniformly gistriduted within
the bucket,

4. A 0.25" film of water has been assumed on the exterior
steel walls of the shelving, the top of the shelves, and
the exterior of each bucket.

The KENC~IV code with sixteaen group Hansen-Roach cross sections
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was used to determine resctivity of the Concrete Block Storage
Areas under the congitions noted above. A Keff of 0.3104 + .0043
was cotalned for an infinite system ‘n tne horizonta)l direction.
The dimensional details of the calculationa! mode! are shown in
Figure 8.5.

Another analysis was done for the Concrete Block Storige Area wnich

fncludes a 12° water reflector in front of the storage area. The

resulting Kerff 15 0.4638 » 0.0070. A further analysis was done

assuming the same bucket was completely flooded with water and

reflected in front with 12 of water. The resulting Keff is 0.9221

£ 0.0070. This analysis dfd not fnclude the steel structures, which

includes the 1/4" steel on each side and the 1/3" steel shelves.
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8.1.2

ri

Pelles Storage Shelves

Stee) snelves are srovigea fFor pellet Storage. The shelves are 3
high. They have a width of 30" and 4re limitea to a slan
thickness of 4.0". The slap thickness of 4.0 is assured by
limiting the number of fue! pellet trays stacked at any position.
The entire storage array 1s 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
permitted in the pellet shop. Even though the pellet trays are
normally covered and the storage thelves are covered, 1t was

assumed fn the analysis that the pellet trays were filled with water,
fcalit 4 Ang!:

The following conservative assumptions were incorporated in the

calculationa) mode) of the Pellet Storage Area:

l.
.

All steel structural materials were neglected.
An external mist of .00l g/cc was assumed.
Each of the three storage shelves were assumed to hold a 34" thickness
of a homogenecus mizture of UD2 at 5 wt % U235 at a

density of 5.686 g/cc based on the random loading of pellets

and water at max!mum moderaticn (volume-weighted based on a U02
density of 10.96 g/cc).

A C.25% filw ut waler has heen assumed on the top shelf, which is
empty and the Back wall of the shelving.

The concrete celling (4*), floor (16") and the back wall (8"
concrete hlock equivalent to §5° sclid concrete) were alse

included.
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The XENO-IV code with siatgen group Hansen-Roacn cross sections was
used to determine redctivity of the Pellet Storage Area under the
conditions noted above. A Keff of 0.7363 + .0049 was odtiined for an
infinfte system in the horfzonta) direction.

The UO2 loading of the triys was determined by doing a total of 14
mesurements. The pellets pack to an average density of 3.95 gm U02
per cc (5.24 gm U per cc, with a 2 sigma varfation of 0.264).

The 16 group cross sections for the pellets were calcyulated for
0.1766" aiameter pellats. D1a¢nsioﬁa1 details of the calculationa)

model 15 shown in Figure 8.6.
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8.3.3 Rogq Trangfer
Flat carts measuring 3' x 13'=1/2" are used for transporting
up to two steel doxes with {nsige aimenstons of §-1/2% x B"
x 14'4* long, each containing over 300 fue! rods. The rods
are assumed fo be in a close packed hexagona) lattice with a
maximum water to UO2 volume ratio of 0.48, based on a rod

0.0. of 0.44" and a pellet 0.0. of 0.3765",
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From Figure 1.£.16 of UKAEA Handbook AHSB 1, the critical
infinite slab thickness for $.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 1 foot from other
fissile material.

8.3.4 Transfer 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 Liguid Wastes

Agueous 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
wiste 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 1d 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 Viquids 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
1iquid 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 more
detailed description of the process and equipment follows.

The principal components of the liquid processing part of the system are as
follows.

1) Prefilter and Qump Tank - The prefilter is located at the inlet to the
dump tank and consists of a 20 mesh (0.034") screen backed up by a
coarser mesh screen for mechanical support. The dump tank has a
capacity of 5 gallens, and is raised above the floor far enough (-9
inches) to provide gravity feed to the dump tank pump.

Z) Dump Tank Pump - This pump is located at floor level and is used to
pump the contents of the dump tank into the centrifuge. This pump is

non-reversible. A check valve is in the outlet line to prevent back
flow to the dump tank.

3) Centrifuge - The centrifuge s a Westfaliz Clarifier manufactured by
Westfalia 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) Centrifuge 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.

§) 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 <4.0 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 ?Tass 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 1s 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 {s
near the exit fitting. The tank employs 1-1/2* x -I/g‘ 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 1s employed
to supplement the diagonal stiffeners.

6) QOverflow Tank - The overflow tank is on the floor, made of stainless
steel, ahd has a capacity of <5 gallons. The large diameter overflow
Tine exfting 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 1iquid 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
centrifuge,.

7) Circulating Pump - The circulating pump is employed to recirculate the
Tiquid from the slant tank to the centrifuge. Flow from the
centrifuge to the slant tank occurs as a result of the gumping 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) QDischarge Pymp - The discharge gump 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 1llustrated in
Figure 8.17. Typical system operation is as follows; here it is assumed
all pumps are initfally off:

The waste 1iquid fs poured through the prefilter to the dump tank. When
the dump tank pump 1s turned on, the contents of the dump tank are
transferred to the centrifuge. The centrifuge s normal opcratin?:‘if
the centrifuge fs not turned on and the bowls are full, the water w

spill throu the overflow rather than go to the slant tank. Pumpind
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 ogerating 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 {s 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 1ine 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 acceﬁtable, the circulating gump is turned off and
valve 7 1s locked into the off position. A sample of the contents of the
storage tank {s extracted at a point below the lowest level of the tank.
This sample is dried and counted; 1f 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 decisfon 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 Tiquid be injected into ‘.he centrifuge
system through the dump tank or the wash basin, this 1iquid would be
ejected to the overfiow tank.

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 agafnst 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 {1s emptied, the discharge pumg is turned off and the valves
reset to refill the slant tank, 1f more 1iquid is available to process. If
the centrifu?e 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. :

1f the second sample {s not acceptable, further centrifuging of the
contents of the storage tank is required. To revert to a récirculation
mode between the slant storage tank and centrifuge, 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 1s contained within a 1ar?e 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 conclusfons. It will be noted that the primary
barrier agafnst criticality {s the use of geometrically favorable
containers. Secondary barriers consist of engineered design features and
adninistrative 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 § ?1110ns or 18.9 liters. This value
is 26% ?ess than the critical, fully reflected volume of 25.5 liters
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3)

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 stil]l 15% less than the critical, fully reflected volume of
22.1 liters for the optimum pellet diameter of 0.3 {nch diameter
peliets. The bottom of the dump tank {s about nine inches off the
floor, consequently the 1ikelihood 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.

A1)l 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 tan
has a slab geometr{ with 3 maximum solution thickness of <4.0 inches
(see discussion below). 1In addition, the slant tank has a screen
barrier around it so as to prevent the close approach of any
;igni{igant 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 Tow that it is impossible to achieve
criticality regardless of the tank volume or geometry. The
concentration of UO2 in the slant tank orly approaches that of the
solution being poured into the dump %ank when the sludge volume of the
centrifuge bowls approaches full capacity. Nevertheless, the slant
tank ?eometry fs set so as to nreclude criticality in the event that
the slant tank is fully reflected and filled with a uniform
distribution of optima{ly sized UO2 pellets at optimum moderation.

The most conservative data of Figure B8.18 on critical slab thickness
for an optimally moderated and reflected slab versus particle size
shows that the minimum slab thickness occurs for particles/pellets

havin? a diameter of 0.2 to 0.4 inches. The critical slab thickness
fs 4.15 inches. The corresponding water to oxide volume ratio is
about 2.3. 1f the presence of the screen barrier 1s assumed to reduce

the reflection of the tank by 50%, this {s equivalent to an increase
in the critical slab thickness of 1.6 inches for optimum moderation
conditions within the tank. The slant tank {s apprcximately four feet
off the floor, consequently floodin? of the surrounding area so as to
reflect the tank is highly 1m?robab e. An approach to criticality,
even under the postulated failure of the prefilter and centrifuge to
remove UOZ particles from the solution entering the slant tank, cannot
occur as Tong as the slant tank thickness {: maintained.

The slant tank engineerin* design fs such that dimensional 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
ca{chJting the deflections for two coupled (via five internal braces)
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4)

5)

6)

7)

1/8 inch thick plates, it was estimated that the deflection resulting
from a mass distribution of 1iquid of densit{ 1 g/cc (pure water
would be 0.128 inches; for a contaminated solution density of 2.
g/cc, the deflection is estimated at 0.249 inches; and for a solution
density of 3.5 g/cc, the deflection 1s 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 minimize possible deflection of the tank and enlargement of the
Tiquid slab thickness. The critical slab thickness for optimum
mocderation and particle size conditions within the slant tank and
assuming half reflection of the tank is conservatively estimated as
§.75 inches. This value {s based on using the most adverse data of
Figure B8.18 as well as the critical buckling and reflector savings
data of DP-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.

The centrifuge has twin, concentric bowls with a total capacity of 19
Titers. This volume is sufficiently close to that of the dump tank
(1819 liters) that the same nuclear safety arguments of item 2, above,
apply.

As noted in the descriptive section, the hood is a three part hood.
The central section 1s occupied by the centrifuge. The right and left
sections are designated as mass limited regions; the contaminated
scrap s handled under the SIU mass 1imits defined in Chapter 4 of
Part 1. 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 1s 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, 1t would not flood the hood.

The overflow tank is a five gallon, or less, capacity stainless
vessel. As noted above in the discussion of item 2 (and 4) above, 271
scenarios involving 5 gallon or 19 liter containers are safe.

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
fnterest have to do with potential neutronic interaction between media
on the stairway and material in the slant tank.

The stafrway emﬂ1oys an open grill type of stair tread, thus material
can fall through 1t. 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 stilled on the stairs and pass through the open
treads, 1t will strike the sheet metal and slide downward away from
the slant tank. One scenario of {nterest postulates that a 35 Kg
amount of § u{o enriched UO2 powder 1s being carried up the stairway
and the 5 gallon container also has sufficient water in it to yield

an optimum solution density 51.6 U/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 {s approximately 3.5 inches.

To quantify the magnitude of the neutronic interaction between the
postulated 5 gallon container of UOZ 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 UOZ 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° 0.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 mixture of
cptimally moderated UOZ was 10.909 inches deep in the bucket. The
KENO-IV computed multiplication factor, using Hansen-Roach cross
sections was 0.76086 + 0.00485.

Additional analyses were done under the assumotion that the UOZ in the
bucket and the slant tank is heterogeneous material having an average
article diameter of 0.325 inches. The water to oxide volume ratio in
oth containers was taken as 2.4 wnich 1s close to optimum for the
slab geometry slant tank. The UO2 - 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
UO2 to 58.4 Kg U02. 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 tc yield the following
multiplication factors versus separation distance.

Separation
Distance
Keff
2 0.81741 & 0.00488
S 0.78378 ¢+ 0.00462

From these homogeneous and heterogeneous calculations it is concluded
that interactions between materia gassing up the stafrway, raesting
upon the stairway, or spilled unn he 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 1imited contalner (>150 1bs of H20/U02) and slant tank (optimum
moderation and particle sfze) and 3) complete reflection of array, the
above analysis constitutes a worst case scenmario.
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Crigicality Safety Analys's
The following conservative syumptions are Incorporeled ints tne
Caleu!? “a)! mcoe) of the fog Loading and Fuel Rod Transport Carts:
1) rthe 1/4 inch thick, 8" 0.0. inner stee! <ylingrical annulus
wads acco nted for in the model. All other construction material was

neglected.

2) The carts were assumed to be infinfte array in the x and 2
directions.

3) A mist of .00l g/cc water was assumed for 811 afr spaces.

4) The fuel rods are contatined in 1/2 inch, Sch 40 PVC tubes, each
134 inches long. There are 250 tudes arranged in 4 concentric
rings with an average pitch of 1.303 inches. The fuel tube
region of the cart 15 thus a cylindrical annulus beginning at
7.345" from the canterline of the cart and extending to a radius
of 12.711 inche:. On efther side of the fuel tude region, 15 a
weld sample box .<.375* x 4.375") attached to tne inner side of
the cart. The weld sample boxes contain a4 515 array of the PVC
tubes which hold empty fue! rods for the purposes of weld
sampling only. A cover of 1/4 inch aluminum with plexiglass
areas encioses the top, sides, and back of the cart.

In the calculational model 1t has been assumed that all 250
pesitions 4n the cylindrical area and al) 50 pesitions in the
weld sample boxes were occupied by the largest diameter rods
(0.3763" 0.0. U02 pel evs at 10.061 gm/cc stacked density with &
Ir-4 cladding thickness of .028 inch) at the maximum enrichment

of 5.0 wt % H20. It was also assumed that the fuel! rods and the
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PVC tudes extended thne full length of the cart (165 inches). The

moderation effects of the PVC have been included in the analysis,

however the abscrption effects have bean neglected.

A 0.25" film of

water has Deen assumed on the exterior sides of the cover. The

concrete floor and cefling have alsc been modelled.

The NITAWL and XSDRNPM codes were used to obta'n 16-group cross

sections from the 121-group GAM-THERMOS 1idrary for input to

XENO-IV. A roictivity for the Rod Loading and Fue)! Rod Transfer

Cart, keff = 0.871 » .0058, was obtained based on the conditions

descridbed. UDimensiona) details of the calculationa) mode! are shown

in Figure 8.7,
8.5.3 Autoclave Corrosion Test

Two autoclaves used for corrosion testing of finished fue!

rods are shown in Figure 8-1. The stainless stee! tanks are 1d

feet long and have an insice diameter of 14 inches with wall

thickness of 1.5 inches. The center line gistance Detween

autoclaves 1s a minfaum of 88 inches. Each

License No. SNM-1067, Docket 70-1100 Rev. 01 Date: 6/15/93 Fage: I1.8-21A



autoclave fs 1imited to 32 fuel rods by agminfstrative
control. The fuel rods are nelld oy stainless stae!
fistures consisting of eight plates «nich are five inches
wide and 1/B Inch thick. Ourirg operation, the fnterior
of the autoclave could conceivadly experience all
conditions of water moderation, from completely dry te
full density water. Criticality safety of the autoclaves
15 based on aimensional comparison with the fuel assembly
Starage area. The fuel assemb!fes have been designed for
maximum reactivity and have a keff of less than 0.90 in
full density water. (See section B.5.7). The rod spacing
in the fuel assemdly 1s thus the optimum. [f the fuel
rods were aligned in the autoclave 4t this optimum spacing,
it would thus take 256 rods to achieve a keff of
approximately 0.90. The maximum number of rods 47 lowed
(32) provices a large margin of safety under all
conditions of moderation and reflection. Even with all
autoclaves filied, the numder of fue! rods present {192)
would de less than the number required for one fue!
' assemdly of the 16 x 16 type.

8.5.4 Fue! Rog Storgge Arsa
The muiti-Tevel 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 & maximum length of
14'=4" and an ingice width and derin of 8 inches and 5-3/8
inches, respectively. A verti al spacing of 12-1/2 inches
between boxes s maintained, the first tier deing 18 inches

above the concrete floor. Lateral spacing 1s restricted
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Oy physica! barriers to 4 ainimum of 3 incnes. The rod boxes

rest on roller conveyers to facilitate movemert 1n and out of

tne storage array ang are helg in place by a figed drace.

The entire storage array 15 covered Dy a sheet 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 15 noL considered credible in view of the close

procvimity of an open equipment pit in the floor which 1s 30

feet x 60 feet x 18 feet deep. A 3 foot deep sump at the

bottom of the pit 15 equipped with 2 level detector which

activates a pump to transfer any accumulated water to the

fndustrial sewer system.

riticald afety Analysi

The following conservative assumptions were incorporated

in the calculationa) mecde! of the Fuel Rog Storage Area

(Figure B.8):

1) Each of the rod boxes was assumed to contain the smaliest

diameter fuel rods (0.382") at an enrichment of 5.0 wt &
U235 with a gensity of 10.061 g/cc. The fuel rods were
assumed to be tigntly packed im an hexagonal array. The
8" wide box was filled to a height of 6.25" containing 371
fuel rods, which 1s greater than the slab 1imit (6 inches)
as specified 1n Tadle 4.2.5. The fuel vas assumed to De
dry. The fuel and clad were homogenized over the volume
of the dox.

2) A vertical spacing of 11.5° between rod boxes was assumec.
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3) A lateral sepgration distance of 1.5 inches bDetwean rod
Boxes «d; @ssumed. [nlerspersad mederdlion was not
considered creaidle since moderation control 1s assured By
the cover, walls, and doors and the storage
area.

4) A1l stee) construction material was neglected.

§) The concrete celling (4*) and floor (16") have deen
fncluded in the calculation.

€) The Tubber pad was modeled as water in the position in
the box as shown in Figure 8.8.

The NITAWL and XSORNPM codes were used to obtain l6~group

Cross sections from the 123-group GAM-THERMCS 1ibrary for

input to KENO-IV, the code which was used to determine

reactivity of the Fuel Rod Storage Area under the conditicns

noted above., A keff = 0.6850 +« .0032, was ottained for a

system with four tiers in the vertical direction and

infinite array of boxes in the horizenta)l directien.
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8.5.%

1 hel? R - Rack
The double sheif storage racks for fue' rods holg o macimum of 12
stee] boxes fgentica) in all respects to those in the mulsi=tier
drray described above. Each box s equipped with a tignt fitting
Aluminum cover which overlaps the outside edge of the box by a
einimum of one inch. One box may remain uncovered for short
perfods of time to allow for the addition or removal of rods for
inspection purposas provided that personne! are in atlendance.
Spacing between boxes in both & vertical and nerizontal direction
1s a minimum bf 6 inches. Minimum center-to-center spacing
between storage racks 15 §5 inches and the racks are considered
to be present in an infinite array in the horizonta) plare. The
locaticn of these racks 15 shown as in Figure B-1.

Criticality Safezy Analyses

The following conservative assumptions were incorporated in the

calculational mode! of the Double Shelf Rog Storage Racks (Figure

8.9):

L. Sach of the stee) boxes was assumed to contain the smallest
diameter fuel rods (0.382") at an enrichuent of 5.0 wt %
U235 with density 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 fue)
rods. The fuel was assumed to be dry. The fuel and clad
were hoemogenized over the volume of the box.

2. The 0.125" pad at the bottom of the box was mode)led as water.

3. AY] structura) materials were neglected.

4. An external mist of 0.001 g/cc was assumed.
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5. A 0.25" film of water has Deen assumed on the cover 4nd
sides of the Dox 4nd on the Supports on either side of the
Box, which were corgervatively dssumed to extend the full
length of the box.

6. The concrete cailing (4") and floor (18") have been included

in the calculation.

The NITAWL and X3DRNPM codes were used to obtain l6=-group cross
sections from the 123-group GAM-THERMOS livrary for input to

KENO~IV, the code which was used to determine reactivity of the
Oouble She!f Rod Storage Racks under the conditions noted above.

A keff = 0.9143 » 0065, was obtained for an Infinite system in

the horizontal plane.

8.5.6 Fuel Assambly Faprication
Fue)l rods are loaded into the assembly skeleton in a fiature
which provides & lubricating water spray. These fixtures
are designed tc assure that water cannot be retained. The Keff
for an 1solated assembly 1s less than 0.90. See Figure 8.10

for a1l Dimensions of the Fuel assembly.

License No. SKM-1067, Docket 70-1100 Rev. 05 pate: 6/15/93 Page: 11.8-25



8.5.7 [n-Plgnt Storige of Fye! Ajsemp)ies

Fuel assemolies are stored 1n a vertics! pesition using
racks of adequate strength to precluce 1oss of the design
spacing. The assempites in the storage positions only snall
be wrapped with polyathylene with the dbottom ends cpen to
assure free drafnage. There are 340 storage positions and
an adjacent inspecticn area consisting of 16 positions.
Within the same rocm, (but at greater separaticn distances)
there are two norizontal loading tables where the fue! rods
are 1n1:141iy lcaded into the assemdbly skeletons, a4 vertical
wash tank where the assemb)ies receive a final demineralized
water rinse, two fixed vertica) 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 1s physically limited to one fue!
assembly except the shipping container which holds two. The
assemdly storage room can thus contain a maximum of 465 fuel
assemblies, 440 storage positions, plus 25 additional
locat1ohs. All assemdlies ocutside of shipping containers
xna\l'bc stored vertically within the design spacing
criterfa of the Assembly Storage Room shown

on Figure 8.11.
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1) A 20 x J4 grray of assemdlies was conservatively
mode'ed 4t 4 9.75 inch Center-to-center spacing of fue)
assemplies within the doudle rows. The actual average
minimum Ccenter to centar distdnce within the fue!
storage racks 1s 10 inches. The distance Detween rows
of fue! assemblies within any given double rack 1s 35
inches center-to-center while the afsle between the
double racks 1s 37 inches (center-to-center). This
calculational array effectively drings the 2§
additional assemblies closer together and provides
greater interaction with the 440 assemblies in the
storage area than 15 actually possivle. The
calculational array thus containg 680 assemblies while
the maximum number in the room is limited to 465. (See
Appendix B~1, drawing No. NFM-E-4229, “Critfcality
Mode! Fue) Assembly Storage Room." By squaring of f the
racks and totaling the number of fue)l assemblies the
numper 680 1s arrived at).

2) A1 stee) construction material was neglected.

J) The water mist density has deen 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 assemdlies in the storage array. (This is a
factor of atout 13 times higher than the mist density
calculated in section B.7 or adbout 17 times higher than
the mist density calculated in Appendix D for a single

sprinkler head at maximum flow and pressure). A uniform
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4)

water fiim thickness of 0.029 centimesers wis assumed on the
fue! assembly surface. The actual calculated Film tnickness
«1th a4 /- uncertainty «as 0.0094 centimezers (see Section

8.8). This calculated film tnickness is for 30 degrees F

water, while the minimum ambient temperature fis actually

higher,

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 td'lﬁ groups using XSORNPM end the reactivity
calculated for an Infinite fue) storage array. The

resultant reactivities for 4.1 wt % U235 Fue) were 1.0C158 :
0.00608 and 1.00074 » 0.00569 for the 123 and 16 groups,
respectively. Since the reactivities are essentially the

same within the statistical uncertainty of KENO the 5.0 wt %
U235 fintte fuel storage array was done using 16 energy groups.
The 16 energy group cross sections were generated using XSORNPM
for the 8" concrete walls, 16 inch concrete floor, 4 inch
concrete ceiling and the external water mist detween the fue)
assembly array and the cefiings and the walls. The L5 group
Cross section sets described above were then used in KENO-IV to
determine the reactivity of the fue! assembly storage area under
the above noted conditions for the most reactive assemblies (the
16 x 16 type with the grids deing neglected). Dimensional
detatls of the calculational model and the fuel results obtained

are shown in Figures 8.10 and 8.11.
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The resulting Keff for the finite fue) storage array 1s
0.842 + 0.004 which 15 well Delow 3 Xeff of 0,95, Using the
same methodology eaditional cases «erz analyzed for 3 fuel
enrichment of 4.1 wt % U235 where the fue! assembly canter
to center spacing and the water film thickness were varied
to determine the effect on reactivity.

A tabulation of Assemdbly Spacing/Mist Sensity/Film Thick=

ness Reactivity Values follows:

Assembly Mist Film Reactivity for a
¢/¢ Sgaging Qensisy Thigkness Finite Array
9.75* 0.001 gms/cc 0 0.63575 + 0.00397

9.7%" 0.001 gms/cc 0.0094 cm 0.732 » 0.004

{see note 1)

.78 0.0C1 gms/cc 0.025 cm 0.77224 = 0.00349

9.75% 0.001 gms/cc 0.0535 cm 0.89932 + 0.00341

10" 0.001 gm/cc 0 0.69913 + 0.00422

10 0.001 gms/cc 0.055 cm 0.904562 = 0.00387

A validation of the methodology used to calculate the

reactivity values noted 1s contained in Appendix C.
The local fire departments have been instructed to use only
dry chemica) extinguishing methods In the fuel assemdly

storage room

NOTE 1: This 1s an interpclated value
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4nd the pellet gnop. Signs restricting fire fignting In

this ares to dry chemica) metnoas enly have been posted at

each entrance to the assemdly storage room, There 15 enly
cne vehicle access gate to the fue! fadrication facility.

Thus, criticality safety 1s assured under a1 credidle

conditions of moderation.

e.5.8 hippin ntainer r

Fuel bundle shipping containers (Models 92741 and 927C1), each

containing two fuel assemdlies, are stored outdoors in

4rrays up to three high. The width and length will vary;
thus, the quantity of containers is limited only by the
width and length of the space allocated for storage. The
steel shipping container, dpproximately 3 feet in diameter
4nd up to 217" long, houses two fuel Bundles of the typas
previously descrided in this license. The tw0 dundles in
each container are separated by six inches. An eignt foot
high chainlink fence encloses the storage area.

Critfcaligy Safery Analvgig

The following conservative assumptions were incorporated

1nto'tne calculationa) model of the Shipping Container

Storage Area:

1) The fue! assemblies are assumed to be made of 5.0 wt.%
U235 enriched UO2 with no poison shims. The most
reactive assemplies (it 16 x s Jeiign) were used.

2) The three high double infinite array of shipping
container was analyzed,

3) ~The containers were assumed to be flocded and the array
was reflected by 12* of water on the top and bottom of

the array.
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8.5.10

8.5.11

n=pPr r f Fyel Pul) in Container

[ncoming drums of pellets shal) De stored in their original
containers enly., Two containers are $trdpped to each
palliet, one pallet high as required by the NRC certification
of complfance. The pallets may be stored inside the Building
17/21 complex security fence or 1nside Butlding #21 within the
limits of 4 Transport Index of 90. In 8uilaing #17 three
pallets can be stored in the Paller Shep Annex and four pallets
Can be stored in the Pellet Shop Rod loacing Area as discussed
In Section 4.3.18. Ouring storage in Building #17 the pallets
C4n De stored next to each other but must be at Teast cne foot
from process equipment in the ared. Arrays of different
shipping containers shal) be saparated from each other by at
least 20 feet.

uck ntainin Ok 2

The UOp powder and UQy pellets may de stored in 5 gallens or
Tess enclosed buckats. Normally the powder and pellets will de
dry. The cnly time the duckets will te cpen will be 1n hoods,
which will limit the amount of water that can de introduced in
the Ducket from the fire sprinklers.

riticald f Analys!
A very conservative analysis was dcne for the following array
of buckets filled with U0y powder. The conditions,
dssumptions, and results are as follows:

1) The steel cylindrical contalner 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.
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2)

3)

4)

Each contatner was fillea with 35.0 kg U0y enriched at
5.0 wt % U215 and water. The U0z ~ds assumed to have a
density of 10.96 g/cc. The «atar w45 assumed to fil) the
$pace not occupfed by the U0; forming a mixture.

The KENO-IV code with sixteen group Mansen-Roach cross
sections was used to determine the reactivity at the array
of 8 containers. The Kees for the full water density
within the array 1s 0.91011 + 0.01013. The Kefge for an
external mist of 0.001 gm/cc 1s 0.76685 + 0.00495.

To fnsure that the container with less than 35 kilograms
of UQp was not more reactive an analysis was done as a
function of UD, mass in the container. The reduction in
the mass in the container results in a higher water to
fuel ratio. The KENO results for a 2x2x2 array of
containers are shown in Figure 8.13. [t can %e seen the

maximum activity occurs at the 35.0 kilogram )imit.

The following analysis was done for a bucket filled with 0.4*

diameter peliets.

1)

Sintered pellets, when randomly loaded pack to an average
densfty of 5.95 gm/cc, with 4 one sigma variation of 0.264
as determined from a series of 14 measurements. Thus, at
4 55% confidence level, the VHy0/VU0; ratio dees not
exceed

1.0 and from Fig | E.1 of UKAEA Handbook AMSBl, the
critical mass for 5.0 wt % U235 at the VH20/VUOp of 1.0 1s

in excass of 200 kg Uranium.
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8.5.12 1 mi ]
The following analysis was done for 2 slab filled with 0.4°
diameter pellets,
Pellets, when randomly loaded, pack to an average density of
$.95 gm/cc, with a one sigma variation of 0.264, as determined
from a series of 14 measurements. Thus, at a 95% confidence
Tevel, the Volume of Hzo to Volume at UOZ ratic does not exceed
1.0 and from Fig. 1.E.16 of UKAEA Handbook ASHB1, the critica)
slab thickness 1s 6.2 Inches. Oividing by the safety margin of
1.2 results in a slab thickness of §.2 inches.

8.5.13 Pre- in i
The Fuel Rod Pre-stacking Station is used to stack the fue!l
rods in the fina) array of fuel rods in the finished fue!
assembly. Individua) fuel rods are pulled from any one of the
thred trays into a rod box forming a close packed hexagonal
irray. 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
fuil rod box {s loaded into the fuel rod box transporter, wh1c§
is 1imited to one rod box and placed into the fuel rod
storage area.
wWhen a pre-stacked array 13 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 3 time, with that row being pushed into the

grid cage.
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ritical 4 Analyeg!

The following conservative assumptions were incarporated in

the calculational mode! of the Fuel Rod Pre-Stacking Station,

1s The three trays on the pasitioner table are stacked
vertically with a distance of 8.5" between the bottom of
one trday and the bottom of the next. Each tray was
assumed to contain tne largest dlameter fuel rods
(0.44%)0) at an enrichment af 3.0 wt % U235. The fuel
rods were assumed to be tightly packed in a hexagonal
array. The trays were assumed to be $§“ wide and filled to
a height of 6.1" containing 312 fuel rods each. Each tray
was fiooded with water. The fuel, clad, and water were
nemogenized over the volume of the box.

2. A1) structural materials were neglected.

J. An externa) mist of 0.001 g/cc was assumed.

4. The concrete ceiling (4") and ficor (16“) have dDeen
included in the calculation.

The NITAWL and XSORNPM codes were used to obtain lE-group

cross sections from the 123-group GAM-THERMOS 1ibrary for

1ant to KENO-IV, the code which was used to determine

reactivity of the Fuel Rod Pre-Stacking Station under the

conditicns noted above. A Keeg = 0.8475 & 0054, was

obtained for an infinite array of systems 21.0"

center-to-center in the horizontal direction.

The fuel 1n the pre-stacked array is in a close packed

hexagoral array with § internal positions, with 4 fuel rods

missing per position. Since the array has much less of a water
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8.6

to fuel ratio than 3 fuel assembly, even If the 20 fuel
position ware 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 Tess reactive than the array analyzed in Section
8.5.4 in that the fuel rod box has less fuel per box, 269 fue)
rods versus 371 fuel rods. The Fuel Rod Storage Area is dry.
Therefore, introduction of water {n the void space in the
prt-sttcged array 1s not credible.

The individual fuel rod tray which 1s pulled into the fuel
assembly room {s again less reactive than a fuel assembly.
Only two fuel rod storage boxes can be pulled into the room in

fixed positicns which are separated by over 4 ft,

nrich rapniym
Up to 350 gms U235 of <20% enriched uranium compounds may be allowed in
Building #17 and #2]1 for purposes of evaluation, analysis, or waste

management which consists of scanning drums in preparation for their

Such material will be transferred, controlled, and accounted

for 1in ac:or&ancn with currently approved nuclear material control
plans, and except for the drums, all materia’ will be placed in
discrete locations specifically designated and posted for this materfal.
Nene of these materials will be processed through manufacturing

cperations in Building #17 and #21.
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FIGUR

CENTRIFUGE COMPLEX LAYQUT IN BUILDING 17
(DIMENSIONS ARE APPROXIMATE)
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Secticn 8.7

COMBUSTION ENGINEERING, INC,

Windsor, Connecticus

AN ESTIMATION OF THE WATER VOLUME FRACTION
PROVIDED IN TEE ASSEMBLY ROOM OF BUILDING NO. 17,
WINDSOR FACILITY, COMBUSTION ENGINEERING, INC.
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FACTORY MUTUAL RESEARCH CORPORATION
52148.91

ABSTRACT

A method is described for estimating the water volume fraction (water
discharge density) provided By automatic sprinklers in the Assembly Roocm of

Bullding 17 at the Windsor facility of Combustioen Engineering, Ine. Water
volume fraction in three selected regions in the Assexbly Room were
evaluated separately. The volume fraction was estimated to be adout

0.00735% of the space volume in the three selected regions,

License ¥No. SNM~1067, Docket 70-1100 Rev. 05 Date: 6/15/93 Page: 11.8-61
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3. PRCCEDURE OF ESTIMATION

The procedure used to estimate the water volume fraction in iir is

descrided Sequentislly as follows:

i)

2)

3)

4)

s)

6)

Obtain the tabulated wWater discharge rate from & Sprinkler sygtenm
4% the tabulated water Pressure at the 8tarting peint of the
Systexm from the Factory Mutual FPipe Schedule Sprinkler Sygtem
Demand Tables. In the tables, water discharge rates and Vater
Pressures are tabulated such that the water Pressure at the end
sprinkler 4in the branch line is 5 pai.

Calculate the actual water discharge rate and the cotrcspondinq
YALer pressure from the tabulated values obtained in Procedure 1,
based on the water supply test data £c§ Building 17 (see Figure
2). For wator densiting of 0.2 gpa/fe* and above, the actual
water discharge rate (Q,) and water Pressure (P.) are related ¢o
the tadulated water d's@harge rate (Ql) and va:i: pressure "1’
by

1.85
(01402) . Pl/P2 . (1)

The water pressure drop due to friction loss from the top of the
Tiser to the region of interest (s obtained from the Factory
Mutual Pipe Friction loss Tadles.

Approximate the acsual Water pressure at the end sprinkler in the
branch line using E5. (1), Since the Water pressure at the end
sprinkler is $ psi in the tables, the actyual water pressure is

1.85
P, = 500,/0)) . (2)

Take the dverage of the water Pressure at the starting point of.
the systenm of interest and the water Pressure at the end
sprinkler as the average vater Pressure of the systenm.

Estinate the voluzetric median drop size a: the average vaser
Tessure of the Systenm,

Calculate the water volume fraction {n aisr for the region of
interest Lased on the water discharge rase, sPace volume {n she
region, and desage vertical downward velocity of the water drops
©f median size. Ose the equation:

Water vo1 Frac. = (Water Dis. Mate) (Time For Prop to Go From Ceil/Floer)

Space VoI, in Region Below Sprinkliers

License Wo. sn4-1067, Dockes 70-1100 Rev. 05 Data: 6/15/93 Page: 11.8-64
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FACTORY MUTUAL RESEARCH CORPORATION
$2148.93

‘. CALCULATIONS

The estimation of vater volume fraction 4n alr was pPerformed
separately for Regions A, B, and C shown in Figure 1. The following
calculation procedures for each region are identifiea by numbers {n

sccordance with those of Section 3.

logion A

1) From the Factory Mutual Pipe Schedule Sprinkler System Demand Tables
for Ordinary Bazazd OCccupancy, we obtain:

tabulated water discharge rate: 18% gra
tadbulated vater pressure: 17
end sprinkler pressure: S psi.

2) Actual vater discharge rate » 44§ Frdd
Actual water Fressure

= (17 psi) x (446 gpm/18s gpm)l-9%
= §6.6 psi.

Pressure drop along 80 ft (from a to o in Yigure 1) of 3-in. pPipe

= (0.219 psi/fe) x (80 f¢)
- 17.% psi.

Water pressure st the bese of the riser

= 86.6 psi + 17.8% Pei + 11.7 psi
=115.8 psi.

This pressure agrees with the water supply tes: data for Building 17
in Fic.ze 2.

3) Actual water pressure at the end sprinkler is

P e (5 psi) (448 5pa/185 gpm) 1-09

- 25.5 pei.
4) Average water Fressure in Region A

“ (86.6 psi + 25.% pgi)/2
= 56.1 psi.

License No. sx4-1067, Docket 70-1100 Rev. 04 Date: 6/15/93 Page: 11.8-66
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$2148.93

5) For 1/2-4n. sprinklers, the volumetric redian drops size at 30 pei ¢,

about 0.86 mm (1), Since the median drop size is inversely Proportional 4o
the cne-third power of Vater pressure, the median drop size at ?:.1 pei 4s

= (0.86 mm) (30 pei/56.1 pgy)l/3
= 0.70 mm.

6) The downward drop velocity {s about 11.% ft/s for drops of 0.9 e in
diameter (1), The time needed for 0.7-mm drops to fall from the Sprinkler
to the floor e 27 £2/11.8 fe/s

« 2.35 ».

Therefore, the vat;r - (446) (0.039) (0.13368) x 100
volume fraction (27) (39) (39)

® 0.0074%

Rogion 3

& From the tadles, cobtain:

2) Actual water discharge rate » 467 sre

Actual vater pressure « 17 (4g7/195) 198 psi
* 94.3 pei.

Pressure ¢rop along 40 f¢ (fzom a to b 4in Figure 1) of & I=in. pipe

* 0.238 x 40 psi¢
® 9.50 psi

Water pressure a: the base of the riser

" 94.3 + 9.50 + 11.9 -1 Bt
= 115.5 psi.

This agrees with the Water supply test data for Building 17,
3) Actual water Pressure at the ¢nd sprinkler

=5 (467/108)28% .,
. 27.7 psi.

License wno. SNM-1067, Dockst 70-1100 Rev. 04 Date: 6/15/93 Page: 11.8-67
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4) Average water Pressure in Region B

= (94.3 + 27.7)/2 pel
- 61 psi.

5) Kedian drop size at 61 pai

= 0.96 (30/61)713 oy
= 0.68 mm,

6] The downward velocity for water drops of 0.68 mm {s about 11.5 fe/g,

The time needed for 0.68-m2 water dreps falling from the 8prinkler to
the floor e 27/11.% ¥

« 2.35 5.

The vater volume fraction « (467) (0.039) (0.1336m) x 100

(27) (30) (49)
« 0,0078%.

Kegion ¢

i) From the tables, obtain:
Tabulated water discharge rate = 400 9P
Tadulated water Presrure =« 17 psi
End sprinkler Pressure = § pgy,

2) Actual waser discharge rate » 992 Py 8
Actual water Pressure = 17 (992/400)*" pri
®91.2 psi.

Assume pressure drop sue to friction loss from the base of riser to °
Reagion € can be neglected.

Water pressure at the base of the riser

*51.2 + 11,7 psi
® 102.9 psi

This agrees with the vater supply test dasa fo- Building 17.
3) Actual water Pressure at the end sprinkler

=5 (992/400)1+85 o 0
“ 26.8 psi.

License No. SNM-1067, Docket 70-1100 Rev. 04 Pate: 6/15/97 Page: 11.3-68



FACTCRY MUTUAL RESEARCY CORPCRATION
$2148.92

4) Average water Pressure in Region C

* (91.2 + 26.9)/2 psi
= 59 psi

s) Median drop size at &5 pei

“ 0.86 (30/59)%) pm
= 0.69 mm,

6) The downward velocity for water drop of 0,69 mx is about 11.5% ft/s,
The time needed for .69 ER water drops falling from the sprinkler to
the floor - 27/;1.3 B
‘. 2.3 ..

The water volume fraction = (992) (0.039) (0.133¢68)

x 100
(27) (64) (40)
= 0.0078%,
S VMAUARY
The water volume fractions in Regions A, B and ¢ in the Assemdbly Room
of Bullding 17 (see Figure 1) vere estimated Separately based on the
sprinkler systex and roos conf

iguration illustrate
Vazer supply test data shown in

d in Figure 1, anda the
fractions in air in the adove

Figure 2. The e¢stizated water volume
three regions are about 0,0075%,

License ¥No, SNM-1067,
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1) Pipe schedule Sprinkler system demand tables, loss Preventiopn
Pata Sheets 2-76, The Factory Mutual Systen.

2) Pipe friction loss tadbles, loss Prevention Data Sheets 2<89, The
Tactory Mutual System,

3)  You, m. ., "Sprinkler Drop~S{ze Measurements, pare II: an
Investigation of the Spray Patterns of Selected Commercial
Sprinklers with the FMRC PMS Droplet Measuring System,* FMRC
Technical Repor:, J.1. OGIE7.RA, 1981,
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SECTION 8.9

COMBUSTION ENGINEERING, INC.
WINDSOR, CONNECTICUT

AN ESTIMATION OF THE WATER FILM THICKNESS
ON FUEL RODS (IN FUEL BUNDLES) DURING A
RELEASE OF WATER FROM THE SPRINKLER SYSTEM.

License No. swM-1067, Docket 70-1100 Rev. 04 Date: 6/15/93 Page: 11.8-71



INTRODOCTION

The folloving are the calculations used to determine water £41lnm thickness
on fuel rods (in fuel bundles) in storage when the ftorage room sprinkler

Systen i{s activated,

The following assumptions have been zade:
= No effect due to grids in the fuel bundles
= Ml vater drops- falling on the fuel bundle accumulate 4t the top of
the fuel bundles and flow elong the fuel rod surfaces,.

= Water distribution is uniform in the fuel bundle.

BASIC INFORMATION

Fuel Arrancement (Geometry)

Fuel 0.0, « 0,312 inches
Fuel Pitch = 0,506 inches

Flow Rate

For Region B of the $torage room = 4§ §al/ain., (See Section 8.7)
Area of STOrage room e 30 x 40 = 1200 1:2

Physical Properties

at 14.7 psia and 77%
Water Density Q = 62,3 1b/fe”
Water Viscosity Ll = 2.0 x 15'3 Lb,. -u<:/£t2
at 14.7 psia a.nd 502
Water Density Q - §2.3 1h/£t3
Water Viscosity Al = 2.73 x 10°3 oy ~sec/fe?
Azes of A Single Puel Lattice

A ® (0.506)%/244 o 0.00178 g42

License No. SNM-1067, Docket 70-1100 Rev. 04 Date: 6/15/93 Page: 1I71.8-72
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Cisd Perimeter of A Single Tuel Lattice
l ® (0.382)/12 e 0.1 £3%

Water Flow Rate Per Puel Lattice

2

b ] b 3
467 CPv x 0.13348 zz z 0.00178 - ]1.% x 10
T Ty s e o =

Formula for Film ‘rhickmh
ﬁ——-_“

For this _calculatign reference 1 and 2 are used,
A

8 - p2¢7— )
where &t film thickness {fe)
Y:  viscosity (Ll‘-ucln‘z)

T': mass flow rate Per unit wideth of vall (LB/ 2t gec)
p: density (1a/ge?)
3,: acceleration by'qravi:y (lt/ncz)

: conversion factor

Fils Thickness Calculation

4t 14.7 psia and 79%

-6 FTJ -
T =~ 1.% x 10 lox 61.3 u» - 9.6x 10 3
Sec f?J %7

clir

~Sec

- -‘
and “3x2.0x10"" f: SEc x 0.6 x 10 ¥%-szc x 32.2 ;;tl

2Ly, T
(62.3) 75 ox 022 T2

*= 0.00025 FT « 0.00295% iaches = 0.007% o

H 6/15/93 ’lg.: 171.8-73



0107 psta and 50%F

" K -4
15021070 B s el o 96410 H.ccc

0.1 FT
—ql 1/3
i -5 LB-SEC -4 1 .
. . 9.6 x 10 x32.2 —2
and 3x2.73x10 " x FT-sEc .
2.3 B2 x 2.2 fa '
00027 FT = 0.0033 fnches » 0,0083 CH
Dzscussion

A more Comprehensive approach considering turbulent flow was Presented by
Dukler (Ref, 3). Dukler shovs, in Reference 3, that his Approach gives

sinilar fi{lm thicknesses as the Nusselt approach (Ref. 1) at zereo shear

mars at the 21ln/ui: interface and low Reynolds nuszbers (less than 300).

for the Prfesent case, the Reynolds number is:

e = | ¥ o
v
Re = 4xs9.6x107'f . . 59

2.0x 107 Bl 0 2

Therefore, {s jis concluded tha: the Nussels &PProach is a reasonadle cne.
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1. Fussele, w., IVDI 60, $41 and 5695 (1916)

2. Bird, Rr.». , ®tal, TRANSPORT PEENOMENA,, Wiley & sons, Ine., N.71. {1960)

3 Dukler, a.2. + Cheamical Engineering Progress SYMP Series No. 30, vel.
56, Page 1 (1560)
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Criticality Remoie Readout
Area 7 Panel

" ADY

20

cabey
1330

§.-8°11
€6/51/9

Peliet Shop :
h-:::-:h Pellet Shop Rod Loading Arca r_ L_{_J __}1 |
E| L1 3
Pucl Bundie Assembly Area Rod Processing Area i _.j_q -y
Machine Shop f [
(See Note 2)
17
Dubive Criticality
* Detector Locations AMG\\.
NOTES: 1. Detectors 1,2, 3, 4, Building
& 5 deleted from system. .

2. Bidg. 6 Is 1/4 mile from the
southeast of Bldg. 17.
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In estimating tne intensity of & criticalizy dccicent, (t hag

Dean assumec thnat 1+003,000,000,000,000,000 fissions oceyr

producing appraximately 8,000,000 calories of heat. The

following type of accicdent concitions would be nocosser to

Cause & nuclear excursion:

Ped.)ad 4 : - axylare
A sufficient guantity of procuction assemblies, to
Sustalin & nuclear crain reaction when covered with
water, coulag theoretically, byt tna&vcrtontly be
accumulated,
[n the above case, the first Splke of the nuclear chain
reaction could exceed !,000,000,000,000,000,000
flsslons, ejecting the moCerating water as steam (n a
sufficlient quantity to rencer the systam subcritical,
The release of fission products (s not expectad because
the enrichec uranium (s encagsylated (n zirconium
tubing which {3 Casignec to withstand a reactor
environment.

9.2.1,2 ratad CAun Qxide = Unsmcangiilszed
Unencapsulatec enriched uranium such as fuel powder,
fuel pelle’s, or fuel slucdges coule be accumylated,
through {nadequate acmini{strative controls, in
Sufficlent 3uantitles for a criticalitv accicent.
Similar accicents have occurred In the zast with high
enriched uranium soluticms es previously neted, From
',000,000,000,00U,U00 fissions could be exZected from @8

single burss: releasing fiss{on products,

License no. Snu-1067, Cocket 70-11yy Rev. 03 Cater 6/15/93 Page:r [[.9=3



The fission PrOCUCLS which could be released woyld

cembine to yileld maximm off-site doses of:

nhole Body Dose | 184 RHAD

Thyrolqd Dose 2.93 HAD

(Cslfulatod In accordance with NRC Hegulatory Culde
4

9.2.2 ' a ulace wele
A major alrborno radicactive particylace release 1s aga(n highly
{mprocable Decause of the High Eff{ciency Particylate Aflr (HEPA)
Filters utilized at C=€ NFiUd~A{ndsor (99.77% Effictient), All air
releasecd to the environs (s sampleg dally to ceterminme any
release. Any release thnat would result in a concentraticn of
airdorne UC2, greater than 59X of 4PCa for insoluble U225 ipn a
24 hour peried st the site Soundary will be consicereg
Significant anc the State of Connecticut, Office of Civil
Preparecress Shall then De netifled., A person f£tanding at the
site boundary continuously (2e Rr/cay (n a cancentration equal
0 1.0 MrCa Cenersl Population) after 1 year will receive a dose
-} 4 approximately 0,80 rem. inis notification level usodiby C~g
NFd=-wincdsor (s & factor of 1000 less than the NAC notifica‘ien
level recguirec By 10 CFR Parc 20. rAowever, because of C-f
WFd=wincser’s cantinued low nnual airsorne effluent release
races, airdorne levels #xCeeding 50X 4PCa at the site Boundary
would {ndicate a significant {ncrease dCove normal operating
conditions and notification of State agencies (s viewed to be
dppropriate. A ralease of this magnitude 1s (nsignifilcant froa

4 raciiological safely standpolnt, but (s used to mitigate the

License No, StM=i0&7T Docket 70-1190 Rev. 03 Oate: §/15/93 Pages [1.9-4



7.3

consecquenses of a potentially large release.

4a£st Case Scenaria

The emergency plan Scenario chosen was an accidental crlcicaixty
excursion. This scenario was chosen because [t (s the only accidens
that coula occur at C-g NFM-nLndior that has gotencial for any
Significant off-site {mpace,

The emergency plan iconcrto s Dased gn the following: T-: Postulated
dccident occurs in the powder processing area of the nuc)- fyel
manufacturing facility, the area in which low enriched UQ2 {n powder
forn (s pressec i(nto Pellets (UQ2 {n powcer form Nas the greatest
Fotential of being Brought to the conditions requirez for an dccicdental
criticality to cccur), The following conditions weuld have to occur
simyltaneously:

I} A vioclation of criticelity mass limits by a faczer of 2.3 (A safety
factor of 2.3 (s i{nmcorporated in all mass |imits),

2) The accidental Introduction of a large guantity of water to the
d0ove mass of UQ2 powcer to Bring It to cptimum noderation
conditions,

3) The assemdbly of tre powCer and water mixiure imte an ortimum
Gecaetrical configuration, A burst of l.000.000.000.000.009.000
fissions (s then assumecd to occur., [

This (s egulvalent to & release of accut 32 megawatt Secands, which s

2 Juch larger excursiun tham could ba expectes (n any System {n a low

enriched fuel facrication facillty., To causs ar excursion of this

Ragnituce, 3 very rapld {ncrease in reactivity woulc be racuirec, which

Is not crecis o Ln the Iystems in this facility,

Radlation anJu. "< would De restricted to {naividuals directly involved

anC persconel wit A a 12=20 foet racdius of the accident. Promot

tvacuation of employss: by an automatic cricicality alara systam woulid

License No, Sna=1367, Docke: 70-i100 Rev. 03 Dates 6/15/93 Pages: [[,.9-3



Fesult (n ainor ra4cilation coses to al] $XieDC those (n TNe Immeciacy

vicinity of tre 4ccicent,

;.J.'

unng_ﬂn:x_thuLﬂaaa

The fission product 1sotoplc release and the adverage energy ysed
In this pestulated accident are shown (n Table f.1. The
distance to the nearest resi{ident Bordering tne C-t Windsor site
is 64U meters. The atzaspneric conditions assumed for this
dccident ware Yery conservatively chosen to be Pasquill Type F
with a ~1n&lpa¢d of | meter per Second blowing directly toward
the home of tre nearest resident. [f sox atmospheric «2ndition
information was dvallable at the Site, the calculated cose would
Ce Jdecreased by a: leas: an order of fagnityde,

The cose was calculateq aSsuming a seal=lnfinize cloua
surrounding tne indlvicual with a radiolsotope concentration
equivalent to the center iine plume. Since the Pasquiall Type F
atlnospheric stavility comciticon produces a very small plumde, the
Cose 13 overestimazes Oy @& factor of ¢ as » result of the
Seni=infinite cloud assumptlion.

The cdelay (n tne dullaing was dere dssuming the volatile f{ssion
products were instantly mixed within the pelle: shop voluﬁn o!
451,000 cu, fe. It was assumec that 19,331 cu. rt., of the
Sullding QBlumo. which {3 equivaleat to 30 seconcs flow thArough
the ventilatian Sysiem, was clischarged with no celay of the
fission products. The coses at the Sita boundary were
calculated for tnls release. The next 19,331 eu. ft. volume was
delayed for 30 Seconcs nnd the doses at the site Site boundary

calculatec. This same procedure was followed unzil the entire

License o, SNd=1Je7, Docket 70-1100 Rev. 03 QDacze: 6/15/93 Pries [ .94



$.3.2

~icense No. s

Sullaing volume was releasec. The doses from each 30 fecong
Felease were acoed to detarmine the total cose from the cloyg,
This method of calculating has two conservative dssumptions - ;)
no delay (s assuped during each 30 second release, and 2, ne
further dilutien of the fission products {(n the dullding {3
a4ssumed for each release. The only other credit taken was rop
the wake effact of the bullding whien Is only 1,5 based on the
minimum external arsea of the dullding which s 334 square

Reters,

CES=SITS DOS2S £304 WONST racs COITICALITY Ar~[OENT

dhole Body Dose | 184 RAD

*Thyroic 2.93 RAD

* Calculatec using a Dreactning rate of 0.000347 cu. meters/ssc,
The nethocs ytil{zes in the assessaent of thls accident are
consistent with these usec Dy the U, S, Nuclear Rejulatory
Commiss{on.

Caclusian

'he enerjency plan scenarico evaluated hera indicates that’
evacuastlian as a protective MeA3Ure not be considerec,
Consldcrinq the extreme Conservatism cescribec above, the
off=-site éﬁscs will be below all recomnenced acifon suicelines.
Comoustion Englnesring’s Wincsor Site has (t3 cwn effluent anc
environmenrtal measurement anc monitoring program. Environmental
sanples have been taken 0N & regular sasis over tre past 10

years and their results are avallable for comparision {n an

eTergency situation.

N#~1067, Docket 70-1100 Rev. 03 Cater 6/15/93 Fagesr [].p-7



:Ad[.' 2.1

. E e ' ! ~ o
eg1a44ga_ELnn_nuLJuu;uLaxaa_CLLLnouAx_A;;L:za:

Average Gamma

Nucligs Quriss

Kr-3im J.7E+0 2.0E=]»
Kr-3Sa | J8Ew| | OE~]
Kr-gs 1.5E-4 2.2E=3
Kr -89 4.1E+3 | .6E 0
le~1lim J.8E-4 2.0E=2
Xe=] Jla 5-55-2 “ .15-2
Xe-!3] .38 0 4,6E-2
Xe=i15a I 1E*] 4,3E-2
Xe~-135% 1,6E*] 2.5~
Xe~137 J.8E+) | J6E=)
Xe~| 38 1.28¢3 1.1E ©
1127 4.25=11

=13 ) JBE~1 3.88-1
l«132 6.7E=] 2.2E 0
I=1133 3.5E 0 6.1E~]
f=134 4.8E~! 2.8 U
1=138 | s2E~] 1.5E 0

-3

“E=3 {3 ceflred as 10

Licanse no, SN¥=1007, Docket 70=1100

6/15/93
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CL Power Syninmm Te 203/688-1911
Comousiion Engneerng, Inc. Telex 99297
1000 Praspect =il Acad

Windsor. Connec it DEDSS

FOWER
SYSTEMS

SNM-1067, Docket 70-1100 (Windsor)
March 23, 1982 SNM-33, Docket 70-36 (Hematite)

U. S. Nuclear Regulatory Commission
Washington, DC 20535

Attention: Mr, W. T. Crow, Section Leader
Uranium Fuel Fabrication Section
Fuel Processing & Fabrication Branch
Civision of Fuel Cycle & Mater{a! Safety

Subject: Oecommissioning Plans for CZ-Windsor and CE-Hematite
Nuclear Fuel Fabrication Facilities

References: 1) Letter from H. V. Lichtenberger (C-£) 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, 1978

Dear Mr. Crow:

The Cecommissioning Plan, Reference 1, for the C-f Windsor Plant is included

in Appendix A of SNM-1067 and made a part of that document; the Decommissioning
lan, Reference 2, far the C-f Hematite Plant is included in Azpendix A of

SNM-33 and mace a part of that document,

When the Windsor and Hematite operations are phased out and it becomes necessary
L0 decommission these facilities, Combustion Engineering, Inc., will cover all
expenses for such decommissioning costs as the time they are incurred tnraugh
the use of current revenyes.

Sincerely,

- -Tl/
‘ ,—/‘, ~.4’_,~t

J. M, West

Vice President, Nuclear Power Systems Qivision
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[A3SLE QF CONTZ4TS

INTRODUCT [OnN
PURPCSE
DECUNTAMINATION PLAN
Jel Oecontamination GCuidelines
3.2 Qecontamination Prscedure
- P I Bulk Removal of Radiocactive material
J.2.2 Disposal of Equipment .
J.2.3 Precleaning of Facilitles
J.2.4 Presurvey
J.2:8 Liguia Effluent System
J.2.6 Nalls
3.2.,7 Floors
J.2.8 vent{latlion Syszem
1.2.9 Cemolictien
3.2.10 Seguence
3.3 Final Deccntamination Report and Release
ESTIMATED COST FCR DECONTA4INATION



UV 6. 5 18 o) bl DA L

Comoustion En;:neeanq. Inc., {3 orlizec to cancuce: Ocerations
at its Aindsor, Conmnecticut facllitiss uncer NWC License SN4=1067.
Althougn there are no feceral tequlations currently . in affect
which would require decontamination and dccommisstonlnq ¢! these
facilicies, in May 1978 NAC (mposed License Concition No, 24 o
SNM =087 which requires C-£ to "y, bmie a4 plan for the future
cecontamination cf the places of yse 4N sites author!zec Oy this
license sc thney can be releasec for Unrestriciec yse«, In a
lettear cazaa Cecemcer 8, 1973 NRC furtrer delinec the Jetails
rejulred In this glan inclucing the neec for financial
drrangements to (nsure that tne funds will ce availacle and
COmnl tled to cover the costs of cecontamination.

Combustion Englnearing, [ne., will, atrar termination of all
licensec activities In the facil{t{es coverac DBy NAC License
ShNM=1007, comply with License Conciticn 24 as deflned (n tnis slan
4n< Jecontaminate the facilitias as reculred tc release trenm for
unrestrictac yse,

Q.0 Hpeges

Ne purgose of.this plan (s 3 descrive the course of a tion to e
tazen dy Comeustion Enqzneerxn;. [ne,, whnen it Decomes necessary
to decommission the Winagsor Facility llcensac Uncer SnM-10487, The
oD ject of the decommiss (aning action s T2 precare the si%8 and
facili{ties involvea for releazse for Unrestricied use Dby the
comgany,

3.0 QEDUTAMINATION P14y

Uncer SNm=i0o7, all racioactive mater{als are Siored, gzraocessec,
or retainec in osuilecings 35, 4, and 17 on ne Nincsor site.
Accoraingly, tne Procecures ncted delow “4il]l De a:z

Bulldings to cecontaminate them tc the levels ~ote
Dal-als

J.l :2"“”::4.3.‘”0 ('”.Qﬂg"n.i

cliec to tnese
€ In Paragrach

Jal 4l -Cecontamimation wiil e 22 tne levals noted Belaw, in
accition, every effar: “.ll ce mace to furirer recuca
cIntamination levels i as - as reasonacly
acnievaple

a‘:b‘“‘.:‘lzszz 'S ad 19 - T AGEET (!z
Removanle Algha 1,040 conv/iYQem2 1,000 eza/100¢a2 220 cdam/100em2
flxec Alpna 5,030 cpaziuQeme 15,000 Sem/130en 1.3Q0 <am/i00em2

-

Hevision: Caze: 1,12,7% rFage:



NOTZS:

(1)

(2)

(3

3.2

Hefarence Annex C, catec 11,74, te Comoustisn Zngine

ering,

Inc., hematite Site Scec:ial Nuclear w~azeria] License, SNM=33
“Gulidelines for Oecontemination of Facillties ang E3uloment

Prior

Licenses

Helease for Unresirictec Use or lernination of
for Byproduct, or Special Nuclear waterialn,

Measyrements of dverage gantamination sma'l Nt Se averageq
over an area of mora tnan QNne SQuare meter.,

The maximum contaminatien lave] 4cp.ieS T3 an area »¢ nes aore
than 100.cm2.

J.1.2

MNa~

3.2.1

Hadiocactive surfaces «.ll not be paintes unetlil {¢ s
cdemonstratec tha: contaminatisn SCes not exceed the
above ncoted levels,

The raclioaciiviiy of the Inlerior surfacas ¢+ ducts,
pioes, etc,, will se elernined Dy taking Tedsurements
at all aczess po.nts, BTOviceC cantaminatizsn as these
locazions (s lickely 2o ne representative sf interior
cantaminasicn, [? suen dczess i3catisns are not
likely to De resrasentative, or 1f lmtaris surfaces
dre Lnaccessible, thenm such intarior surfaces snall be
A5sumed Lo Ce contanmirazes - 2x2ess o! zre aocove
notec lavels.,

All routine »ealt! chysics anrc envirsrmencal
MON.Z0ring prograns will cantiAue =2 se cencuctezs in
SUch @ manner as ts miminize Dot~ 22rscnrne. exzosuyre
anC release of racicaczive matearial tc the sice
eNV.Irons. A comprenensive Survey will. Be canmuctec
ucon complezian of the Project. ALl recuirec r-:orcs
w.ll be maintaimec ‘or :i-e Cer.cc specifiec Dy
azplicaole regulations.

Oisposal cf urasalium inventory will srocecd

Sinultanecusly with zme plant cecommissicning anc
cecontamimation., Scrap Teclvery areas wi.l me :rme
last areas ts e Cismantles i1» orcder tos reclaim anvy
Uranium generated fram cleas-ys, Securiiy cansisczent
w.th the requirements of 1) 2F« 73 will 38 maiazaises
uniil all racioactive mazarials, lizcensa¢ uncer

1067 nave oeen removed rram Sullsings 35, 5, anc

i ma®i - o - a1 a

Rty S sa ]l A4 Qaﬂ-ga‘-]_;vn_“:o—m

A physical linventary of tne facilizies will se
Cenducted for all SKM materials ccverac uncder Lizerse
Shd=1007. lAaventaries Matar.als w.ll B¢ packagez ang

Hevision: Jazta: 1212713 “3aget 2



J.2.2

J.2.3

3.2.4

h

dispcsed of Ln aczarzance wish rejulactions in
existence at the sine thas one
decommissloning take: place,

{ = -

Contami{nated equipment will be disposed of by burial
or sale.

a) Egulpment disposec of Oy burial will set bpe
cecontaminated, [asteac, tne eQuizment w!(ll Dbe
cleaneg to remove all sulk racdioactive materials.
The egquipment will be vacuum cleaned anc then
wiped with damp cloths o remove all remaining

radioactive particulate maztsr, The eculpment
will then De packaged and transportec in
accordance with agplicaocie oor anc MRC

requlations.

B) Contaminated ecquioment may De sold for uyse at
another fuel cycle facility., [n suen instances,
all exterior surfaces will be cleansc te levels
permissidle for resirictec araas. Tne ecuisment
will then Dbe packaged anc transporsec in
dccordance with acplicanle oCcT and NRC
regulations,

€) Equipment may be solz for Use a3t non-nuclear
facilities. [n suen {nstances, all surfaces,
interior and exterisr, snall be cecontaminatec so
35 Not to evceed levels jiven {n Paragrapn 3.1.1.

Bracleaniacs af Eacilirias

Upen removal of inventory coverecd uncer SNM=] 067 and
disposal of equipment, tne facilities will De
precleanecd in the following manner:

4) Floors will De vacuum clLeaned anc wet scrutoecd,

©) Walls will e vacuum cleaznes ana final wicec with
damp clotnhs.

€) All roof trusses, ovarneac steel, ceilinge,
evernheac cductwork, piping, etc., will be vacuum
cleaned and final wipec with camo cloths,

d) All uncerground drain lines will be gressure
flushed repceactedly with clean water.,

Prasirvey

After completion of the pnysical inventary, cisposal
of equipment, ancg precleaning of tre dacilicies

Hevision: 0 Cactar 1,12/79 Page: 3



3.2.5

Je2+0

Jed.7

J.2.83

cioilogical syrvay will Dpe
9 AdsSs52ss ne extant ot
il irclyce, Byt noet pe

Mace of contaminaseC areas
contamination lnvolved anc
liniteg to:

Coversd uncer SiiM=]247, a ra
L

8) Floor samples
©) Roco! smear samples
c) Smears of a!l interior wall surfaces

d) Samples of undargraunc pipging

A

¢’ Smears of roof trusses anc supporsss

f) Somears n* overnead piping, ductwork, lignting,
ete,

g} Core samples of ear:in ac jacent o centaminated
uncergrounc effluent lines.

R) Hecords anc crawings of samole locations will oe
preparec and maintainez.

g Effluens Svgnen

Uncerground contaminatec 2i0ing thats cannot De
Cecontaminated to proper leve!s will oe excavated andg
removec for durial, i? sampling indicates
contaminated soil, removal ans DoSurial of soil will
also bDe accomplisnec.

dalli

Mheru the presurvey resulcts incicace resicual
contamination in the wall surface, removal ef tne
contaminated areas will ensue, Material removal will
Ce repeatec as necessary, Ahen the contamimation
levels of Faragrapn 3.1.! Rave Heen reacs 2, & ftinal
cieaning (wet wipedown) will me performec.

-

:‘ acrs

Oecontamination of floors will follaw. Decencing on
the extent of contamination, surface cleaning, surfaca
removal, or removal of sections of the flcor willi be
Glctated. (In the case of tne pellet facilities,
removal of portions of the floor may be required),

!aa!(?arfnc s“s'en

The contaminated area ventilation Systems will resain
intact wuntil all of the acove Stess rave Daen
compleced. The systems will then De removes anc

Hevision: OCates 1212773 Page: 4
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3.2.10

Duriaag,

Q:mql!'lzu

In the event that it (s plannec L0 raze 3 faciliey,
then one of the two courses of action will be tadcan:

8) The facilicy may Dbe wholly cecontaminated as
Outlined acove, then levalsec. {n this case, the
walls ana roof may Se clsoosac of wvlia Sanitary
lanmatill.

-B) Surface <cleaning, razner than surface removal

anc/or cecontamiration of walls may Oe pursued, i{n
which case the walls w.ll be disposec of via
burial.

S::..n;.

The above events will NCT necassarily proceec one upon
completion of tne anctner, Alternatively, two efforts
Mdy proceed sinultanmeously, such as remova. of
inventoriecd materi{als anc ne removal of eculpsment,
In general, decanzaminazien 0 the facilizies will
folleow the arncove ouiline, :

E!nel ”ofac'am’:x:‘ﬂﬂ SJenors an ‘."‘Sg

J3.3.1

303.2

3.3.3

Upen completion of the cecontamination of the
facilities, a comprenhensive raciological survey will
o8¢ taken. [f necessary, acaitional Jecontamination
will Ce performea,

Ahen (Tt has Deen estacl{shec that the facilities are
within the limits specifisc in Paragraon 3.1.1, a
Survey report will De sent 0 the Oirector, Office of
Nuclear Materials Sa‘et/ anc Saleguardas, with a copy
to the Director of Adegion [. The Survey repors wills

a) Centify thne facilicies

D) Snow that reascracle elforT nas ceen mace o
Fecuce resicual contamisaziosn Delow the lavels
Specifiec In Paragrapn 3.1.1.

¢} Qescribe the scope of the survey and the general
procedures rfsllowea.

d) State the results of the final survey, {n wunitcs
specified In Paragraph 3.1.1.

The facilicies covered uncer SHiM=1087 on the WNincsor
$ite will be staffec for & maximum of two montns after
Cecontaminaticn anc whils w3aiting a formal relesase
from the NRC for unrestrictac use.

Hevision: C Cate: i 712279 rage: §
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The total estimated cos: for decontaminating and cecomissioning
the present Aindsor facilities covered under SnM=1007 {s estimateq
at 3170,000 (in 1978 dollars), A c-mplete Dreaxdown of the

cost
s shown ({n Taole [, Table ! also .ncludes an estimate for the
total numper of cublc feet of contaminated material/equipment o

De disposed of at a liceanseo commercial site.

_Hevisionm: Qactes: 1,12/77 rage: ¢
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Facilities Nasle Material Qecontamination iransporty Total
Coverea To He Disposec Caost {n s Burlal Cast Cost
Under SNa~ of in cubic f¢ in s {n 9
R {7 A—
dullding #5
4! Facllitles 1,000 $10,000 $2,090 $12,000
D) EQquipment 2,300 $10,000 $5,%00 $135,000
— “-‘w
Sub~Total 3,000 cu, re, $27.000
dullding b ]
) Facllities 500 $15,500 sl . 500 $17,000
) Equipment 4,000 319,000 $9,000 $28,000
vty com—————— A e > o ——
Sub=Total 4,500 cy, ft, $45,000
guilding 17
a) Facilities 1,000 $25,000 $3,000 $28,3000
' Equipment 12,000 $40,000 $30,000 $70,000
Sub-Total 13,000 ey, rt, $78,000
.--“.“.- ANBVIBD W I W
tUTALS dU,500 cu. re. $170,300

Hevision: ¢ Cater 1,12/ Page: 7
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(rem 1. QESCAIPTION OF THE BUSINESS

Reterwnces (0 1he Comoany Corianed Meren snei e deemed 1o rele’ 10 1he Comoary and ns consoicaies VU8 Gl g
Reiarancss 10 1he Annyal Repon srall be FJeemed 10 ™mier 10 ihe Annyael Repon Sharercicen 'or ™he year
wﬂ\u' 31 1945 Yoq

mern 1(8) Genars! Developmen! of Business

in Seplember 1385 the Compady announced plans 10 sali major portions of its gl ang FRI eQUIDMeNt and services O0eationg
Aczordingly. the resuits of those opertions Rave Deen cla33lied &S GICONLNUEd 0D RIIONS See Note 4 of the Notes 10

Financial Siatements on Page 43 of the “Fingncial Section” of Ihe Annual Repon Uniess Otherwise ndicated g nited
inciuded in thig Form 10-X reiate only to continuing aperstions :

Referance is made 10 Nate 2 of 1ne Notes 10 Financigl Statements on page 42 ol the “Fingncial Secticn” of the Annyasl Repon
regarding scquisitions

ftem 1(D) Flnancisl ntormation Ab«n.'lhcwtry bogrnenty

Relerance i3 made 10 Note 14 of Ihe NGtes 10 Financial Statements on pages 47 10 49 of the

“Financial Section” of the Annygl
Recor regarding linencial rmpoming by Business segments

Much of the Comomy 1 Dusiness. especially 1hagt relating 10 steam generating syslems equipmen! and services or the
elecing ulilily \ngusiry and gesign. eNQINeL NG AN CONIIFLUCHION 34MVICES INvOlves long-term contracts of various types
nciwding hized price and cost plus lee IyDe Contracts with 30me CONlracts nciuding vanations of Both types Certain
contracis inciude inceriiva provisions whereBy the oralit 13 agjusted depending upon performance The largest poruon
Cf sales under long-lerm CONIracts s derived lrom fined price CONIracts Most contracts grovide for progress or scheduled
Paymenis over the (ife of 1ha contracts The Contract price in liaed price contracts aither ncluces an amount 107 the estimates
moresse in 1Ne cost of 1aDOr. Mmaterials and 3ervices Cver 1he Dei0d required 107 perfgrmance of the contract, or s subrect
0 sgjusIment Dased on & PrICE #3C21A1I0N Clause

Profits an long-lerm contracts

'or hingnciai '400MING DUIPOIAS Are recIrded principally on the Dasis of the estimated stage
of compielan Mowever

Na profits are recorded on conirac!s 'or eQuipment manufaciured in the Company's plents prior
10 Dilling 'Ne cusiomer NG in MOS! Cases Drior 10 shipment of The equioment These cont’acts axtend aver & period of irom
feveral monthg 10 1Qur Or Mmore years Revisiansg n COs! estimates durnng Ihe 2rogreds of INe woOrk ungder long-term contracts
nave INe efect ol inciuding 1N SUBIECUEN! BCCOUNting Denods Adjusiments necessary 10 reflect the results indicated dy
Ne revised estimates of final cost Projecied or resized losses under long-term contracts f any are proviged lor n Ihe

Pe0d when hirg! getermines See NCls V(@) of the NOtes 0 Fimancial Statements on sage 38 of the “Finsncial Section”
of the Annyel Repon

Cast estimates for ong-lerm conirects lake into sccount all anticigated costs ACILGING. AMONG OthErs. engineenng.
mlr\u!lt:!unng subconiracting and leid constryction COSIS which Are requited 10 mee! the 1oec:lications, ncluding
wArraAnties. of (he coniracis In addihon. when g Iong-term Contract 1or steam Qererating equipment i completed lor
ACZOUNting Durposes (usually ener Daymaent By the customer of EMOUNLS FelaiIned UnGer lerms of the contract and satistactory

operatng pertormance of the eGuipment], provision s made for future warranty costs. generally on the basis of past
expernence .

Hem 1(¢) Marrative Description of the Business

Relerence 13 made 10 “Susiness Segments ana Brie! Description of the Business” shown an page $) of the “Financial
Section” of the Annyal Repor reGArSing 8 narrative description of the Company § business

Faw Materigis

The principal raw material used Oy the Como.ﬂ,-, Susiness segrmenty 1 jieel grncipdlly shee! plate Bar stryucturals fuoing
90 Torgings castings and wire Mowever Many oiner matenals are al30 recuirec Raw materials are purchasec By the
Camp‘"‘l A3 needed !or individual contracts or 10 MaNIain Proper Nveniory levels The Comp‘ny Aormaily goes nat
encounter difficuities in procunng aceduate suppies of raw materials

Patents ang Licenses

The Company mas aumerous United States arg foreign parents ang patent applicatiors which relate 1o many difterent

PrOCuC’s and processes and e Jeemed Sy the Company 10 De scequate 1or the carduc! ot the dusiness The Campany
does NGOt believe that Ny inglepatent 1 of mytenal imporiance in relation 1o any Dusinels se3ment or the :,ng.ny asawhcie

The manienance of icenses nsues By 'he Nuclear Regulatory Commussion is essential (0 the conguc: of caran porions
of the Company 3 nuciear Dusiness
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Reia ance & Mace '0 1Ne MMarggeen Discuraon and Andiysis of Financiel Conditon 6nd ResuMa of Operetione ~ Unfiigg
Crvdens ar page 31 of Ihe “Financiel Sechon’ of the Annuel Reocn Approtimalely 48% Gl Me CONBOIKIE! T Decerm ber n
1985 sacriog of unliled Oroems & Sx0ecTed 10 De eCOMIRd 4 KAIes (DONCIDAITy On T De/CENIEQe OF SOMOMON ethod)
in 1988 and Ihe WMAINGE’ 1N BUDIEGUEN! yRars Not inciuded N Bacriog 8t December 31 1085 @ T 5230 mulion Oetrpa
res0ulCe MCOvary coNtact anncunced n Decembar 1985 pending relesse Of eacrowed financing

The bacriog of ynhilled Ofrders Cannol De Prowcied into en annus! rate of Nt saies for & venety of reasons ncluding the
ngin of ime required '0r the complehion Of CONIracts and CRANGES N CUSIOME! MIGUIMNIMeNTS.

Competitive Condiions

With respect 10 equipment. Droducts end services or ingustrial markets, the Company 3 one of AuMmerous manyfsciurers

Of JUDDIMTE aNd. N Cartain Ca3Es 13 0Me Of Ihe Mading manulaciurers Or supplers In genersl the Company conduct the
portion of (13 Operahons under Righly ComMpetitive conditions

-~

Wi rwipec! (O Sleam Generaiing Syllems, equipment and sarvices for the electnic vility industry ihe Company & one of
ihe largest domestic manufaciiurers of lossi lueied steam generating sysiems and equIDMant and is ore of four Someshic
manufaciurers of nuciesr steam JuUpply sysiems The compatiton 197 10ssil lugled sleam genersting tysiems nclude The
Badcock & Wilcox Company. & wholly-owriec subsidisry of McDermott Intemational, Inc. and Foster Wheeler Corporstion
The other gomestic manulacturers of nuciear steam suEply sysiems are Wwestingnouse Electric Corporstion. General
Elactric Company and The Badcocr § Wilcox Company In ag@iion, 1here i3 & Sudsiantial 8mount of competition n foragn
marvets including Framatone (France). Westinghouse Electric Company and K. W U (Germany)

Lummus Crest Inc  the principsl component of the design. ENGINeeNnng And cOoNnSIruclion services segmaent of the COMDMV.
confinues 10 De one Of the iergest domestic lirms engaged n desgmng. engineering And CONSINLCING CARMICS! Drocass
plants. pelroleum relineres anc Other iNCusInal lacilities HOwever e changing nature of 1he industry has crested dittering
Gegrees OF COMPALILION JuE 10 8 SN N NG 3120 81 NaTure Of 7ECENT CONITACT awards As & rasull, the Company now competes
wiih vanous engineering firms of all saes. iINCluding (he Ma;0r lirms which Nad Deen Ou? PrMAry COMPENIONS in the Dast.

Usually the Company competes 1or new orders by re300nding 10 specilic invitations 10 Bid The principal basis of competiion
would incivde the lollowing faciars. Bul NOt necerisanty in ther order of mporance design of 1he equipment or process 10
De 'urmished M response 10 the cusiomer s specihications 18chACs! 1000 and services, alidity 10 mee! tha Cusiomer s

Gelivery scChedule, price and. in CENaN Cases Drojec! hinancing

RAessarch ang Development

The e1timated amount spent during 1985 1984 gnd 1980 on Company sponsored research and development activities was
$60 062,000 398 897 000 anc 548 284 000, respectivaly &nd O INAL which was cusiomer 3POAsOred was $19 141.000.
§19 648 000 ana $23.02%.000 respectively

Compliance with Envirconmental Protection Laws

Comphiance by the Company with Federal. state and local eNVIFOAMEntal Protection laws required cal sl expendityres of

§226.000 in 1985, $383 00C in 1384 and $2.249.000 in 1963 11 13 estmaled 1hat capital excenditures «n 1986 lor such purposes
will De approximatety $300 000

Empioyees
At December 11 1985 the Company empioyed 24 761 persons

Mem 1{d) Financis! Information about Foreign and Domestic Operstions and Expo~ Sales

Re'erence is made 1o Note 14 of the Noies 1o Financial Siatements sShown on pages 47 1o 49 of the “Financial Section™ of
he Annual Repor,




The prncioa menyiazy T Na DoCeng pignts 81T Oiner IROOTATI PAYHICA! DFOOR T 478 4a1 1O D iDw The

SOQTANI(A] WNCT s80 1N MODEY 8 0180 Gentiived Uniews noted e 21008y w owned by 1M Company o
Andersonvie Georgia (2)'e Rochetier Mew Yory (1)
Bioomiwia New Jersay (4)° Sancertvie Georgie (2)¢

Branrorma. Ontano (1) Sherdrooks Quebec (1) (3)
Chananoogs Tennerses M) N Sornglela. Omio (1)

Chicago. Mmoo (1) Stamiorg, Connecticut

N3y
L] .Uo‘lq"’

Ory Branch. Georgia (2)e (Corporeta OMice)"

Esst Chicago Inguna (1) (3) Stevenage Englana (1)

Gadbs MNevads (2)°s St Catverines. Ontanc (1) (2)

Houston, Texas (4)° The Hague Netherangs (4)°

Maple Grove Ohwo (210 Valley Forge/Xing of Prussie. Pennsyivania (1) (2
Mariaon, North Caroling (1) (3) wainut Creex. Calitornis (2)

Mononganela. Pennsyiveria (1) (3) Watertorg, Pennsyivene (2)°

Nonhampton, Engleng (2)° Welisville. New Yorx (1) (3)

Oftawa. Ontar® (1) (3)° windsor. Connecticut (1) (3)°

Paris, France (4)° Worcester, Massachusetts (1)

1) Equipment for industrial markets

(2) Products and services for industnal marxets

{3) Steam generanng systams. equipment AN services lor ihe electng ulility mdustry
(4) Desgn. enginesnng ang consiruction services

‘Inclucet leased 'acinies

fincivces mining properies some of which are under lease

The Company's manuiaciunng laciliiies gre of YATYING 39€3 ANd are well maintained in good dmrt!-ng CONGILON and suntable
for the purposes for wricn IRey are bevng used Al of the PrNCIDal manylacturing ang Drocasning piants are ytilized on

Ihe Dasis of ar least one s and 10me operate wilh more than one snin Management regards these faciities as Raving
scecuale Capacity 10 mee! currant Produchion requiremaents

ITEM 3. PENDING LEGAL PROCEEDINGS

Relarence 4 mace 10 Note 12 of ihe Notes 10 Financial Statements shown on page 46 of ine “Financisl Section” of the Annya’
Report tor the year ences Cecemoer 31 19485

ITEM ¢. SUBMISSION OF MATTERS TO A VOTE OF SECURITY HOLODERS

None




PART |
MIMS § THRAQUAN &

The Financial Section” of Ihe Annuei Repon 10 Shareroiden 'or the res 00000 Ducerntmr 31 1945 4 ner

by relerence 0oy NCO DG 41 g

'lo. Numbe' n
‘Financial Secton”
of Annye! Repor

em § — Marxet for the Registrant's Common Stoex
8nd Related Security Moiger Metters

56 10 %9
liam § — Selected Financia! Data 28
ltem 7 — Management's Discusiion end Analysis of Financa!
Condition and Results of Operations 2001
ltem 8 —Financial Statements ana Supplemaentary Data 4 10 88

TEM 9. OISAGREEMENTS OL‘CCOUNT!NG AND Fi? ANCIAL CISCLOSURE

None



PART 11}
TEMS 10 THAQUGH 13

The Compeny & Praxy Statemen: geied Mareh 14 1986 n conmec:
AprI 27 1988 has Dewn liwd wiih (e Securities ang Exchange
Compensation” on peges 616 12 thereo!
% Nerady incorporned by reference

0N with A% Annual Mee' ng of SRarnOMIen 10 de "ala on
Commisaion £78 INe AT 0N et loan ynoer .E-'.Chﬂu‘
NG Inlormmanon with rssoect 1o 1tocs TwNerInig st 'oNh on pages 210 § Ny i

Listed delow are e officers of the Comgany

Neme _A_q_: Pagition Presently Melg
Charles £ Mugal 7 Presicent and Chiel Executive Otficer

George 5 Kimmei §1 Executive Vice Prasident ang Chee! Financial Otticer

Charies £ Barnen 46 Vice Presicent. Genersl Counsel anc Secratary

Josepnh F Congon 50 Vice Presideni-intgmations!

William J Cannoily 56 Vice Presicent-Cerporste ang Investor Relations

James B Kaity . 33 Vice Prasigent in charge of Incustral Group

Mitenell K gmon 64 Vice Presigent-Operational Perfcrmance ang Analyss

Sven A Hrapae 80 Vice President

Donsid E Lyons % Vice President in charge of Power Systems Group

Jonn F Mangoig 58 Vice Presigent n charge of Ov and Gas Group

Ropert ™ Masson 80 Vice Pres:gent ang Treasurer

Oudley C Mecum $1 Vice President in cnarge of Urdan Systems and Services.
ing Engineering ang Construchion Group

John R Pyterson £2 Yice Presicent-Sirategy ang Business Development

Jetirey § Aupin 42 Vice President ang Controiler

Dsie E Sman 42 Vice Presdent-Myuman fesources

Eugene T Yon 49

Vice Presigent in charge of Engineerec Systems and Controis Group
There we no tamiy relationships Imorg the loregoing officars

There sre no srrangements or any WNderslandings Detweer Ne goove Dersons and any OWFar perions pursusni
10 which Such Dersons were slecied 10 Ihe ofices ndicates

Eiection 10 the oMices iNGicated 13 for & term of one year

A Drie! account of esch officer s Dusiness Qpenance dunng the past live yeers 3 set 10MA Delow

Mr Mugel was elecied Chie! Erecutive Officar in April 1984 and President and Director of ihe Compan, eHective
September 1, 1962 Prior 10 j0ining the Campany. he was an Executive Vice Presigent of Amencan Telephora & Telegraph
4nd. prior 10 131 he was the President of Ohio Bei! Telepnone

Mr Kimme! was glected an Executive Vice Presigent in Decermber 1984 Vice President-Finance in Jure 1980 ang a Vice
Presigent of e Company n Apeil 1979 He was siecied 3 Cirector in Apri 1981

Mr Barnetl was electad a Vice President of the Company in January 1984 Prior 10 joining the Company. he was Vice
Presicent. Gereral Counsel ang Secretary of S1 Joe Minerais Corporaton

M7 Congon wes elected & Vice President af the Company in January 1978 ang s responsidie lor coo: Inating the
Company s mternational MANUIACIunng ang icensing aCtivities. 3ales anc Marke! services

Me Cannoily was elecied a Vice Pres dunt of the Company in April 1976 ang was responsible 1or coarporate marketng
g commurscanons untl Seplember 1980 when he Decame Vice Presicent-Carperate and Invesior Relations




M Kgiry wes swcod ¢ Vion Prassden! 0f e Company W Agn 198" Owﬂwnnm"nmnhnhuwhh
operaiing aMcer 9! 1P Ingueiriel Grows

M Rl was seocted & Yiow Prasioent of e Comony m Augus’ 196" Pror to Apri 1984 he wes

N orincae
sccouniing aficer of e Company

Mr Kraipke was ¢0cied ¢ Yice Praeicen of ihe Compeny in June 198! Pror 1o Novemte: 1985 Ne WAL (e here
operating oft.cer of e Enginesnng ena Construction Group

Mr Lyons was ewcied ¢ Vice Presicent of ihe Company n Septemder 1982 EMect ve wih Ais €16c1iON. e was Dlaces
" charge of the Power Systams Group Prior 10 assuming Mis present position he was v Pres.cent of Operstiong o
™e Powe: Syriems Group and, prior 10 hat, Vice President of Fossi! Power Systems

Mr Mangola was slecied ¢ Vice President of the Company in January 1982 EMective March 1. 1984 he was placed
crarge of the Ol and Gas Group. Pnor 1o that, he had been ¢ senior operaling offcer of the Process Equipment Growp

Mr Masson was efecied & Vice Presicent of (he Compeny in Novermber 1980 Pror 10 pning the com“ny he was
Vice Previgent and Treasurer of PepsiCo inc.

Mr Mecum was slecied & Vica President and Cirector in Apr 1985 EMective wiih his eilechion ne was Discad
of ihe Urban Systems and Services dusiness of the Company In November 1985 he was 8180 DIaced in ohe
Engineerng and Construction Grouo Pror 10 joining the Company he was maneging pariner of the New Yor
Peal. Marwice Micnell and Co 6§70 2 member of the lirm's opersting commities

n ch.r”
ge of the
k oMice of

Lir Petarson was elected 8 Vice President of the Company in September 1880 and i3 responsidie for Girecling corparate-
Wvel programs in (he overdll s7elegic Dianming and Dusiness developmaent sreas of he Company Before assuming
Pus present posihon, he wis Corporate StaM vice President of Marneting

Mr Rubin was elected a Vica President of the Company in May 1984 Prior 10 joiming the Company he wes essociated
wiih Atiantic Richfieid Company, most recently as Vice President Planning & Control. ARCC Metals Company

Mr SMmih was eiecied 8 Vice President of the Compeny in November 1985 Pnor 1o 1985 he was Vice Presicent of

Coerationai Management of veico OManore. Inc.. 8 sudsICiary of the Company Prior 10 pining the Company. he heig
Mveral execulive DCSILIONS 1N COUNty QOvernmaent :n Venturs, Californiag

Or Yon was elecied & Vice President of the Company in April 1985 Or Yon joined C-E i January 1984 and was places
" charge of ihe Engineerec Sysiems anc Controls Group Prior 1o eming C-€ e was & consuitant with Booz, Alien §
Hamiton most recantly as Vice President 8ng lead pariner serving high technology ndustnes

i




PART 1y
ITEM 14 EXHIBITE AND FINANCIAL STATEMENT SCHEDULES

(8) Docurment Page
1. Finenciel Blatements ~ Note a) : v . : ... See Pann il
1 Francial $leteesen! Bcheduies
Report of incepencen: Putilc Aczountants 00 Scheduies s i TR =l
Scheduie V—Property. Plant and Equipment .. ... .. ]
Schedule Vi— Accumulated Depreciation. Depletion sng
Amartzation of Property, Plant and Squipment . ........... ... .. ... AISEPT I S 3 Iy 10
Schedule Vil —Guarantees of Securties of Other Issuers . . ... ... 1
Schedule Vil —~Vaiuation and Cuslitying Accounts and Reserves ... ... .. ... ... .. 12-13

NCTES

B

(#) Financ.al ttatements for unconsolidaled subs:disres and S0% owned companies have been omined as net being
required since consider¥a in ihe 400regRte 43 & 1NGIE SUDLIdiary, they would 0! Constilute & Bignihicant subsIQiary

(D) References 1o the Annual Repon shall be deemed 10 refer 10 the Annyal Report 10 Sharenciders for Ne year ended
Oecember 31, 1985

Screduies |11 ML IV XX, X1 X and Xl sre not submitted Decause they are not appivcatie Of Aot required
3 Exhibits -

(3) Remarec Carnificate of incorporanion of Combustion Engineering. inc — Note (4)

By-Laws of Comdustion Engineering, inc — Note (D)

(10) 1382 Siocx Option Plan of Compustion Enginesnng. Inc = Note (¢}
Amended incentive Compensation Plan. &3 amended November 71 1585
Qeferrec Compensation Plan tor Non-Empioyee Direciors. a5 smenged November 21, 1588
Defervea Compensation Plan
Key Employee Retention and Seversnce Benetit Plgn ang Form of Agreement — Note (4)
Executive Retrement and Lite Insurance Flan o3 an anded Novemder 21, 1985, and Form of e insurance

Agreement

Suppiemental Retireman! Berelit Agreement with Charies E. Hugel — Note (d)
Suoptermeniai Banell Plan 1or Salaned Empioyees — Note (¢)
Agreemant wilh Arthyr J Santry Jr - Note ig)
Consuiting Agreement with Acben C Sezmans Jr — Note (1)

(11) Computaton of Net Income Per Share

(13] Annual Report 10 Sharencicers for 1he year ended December 31 1985

(22) Submidianes of the Regisirant

(24) Consent of Experts

(35) Powers of AMtormey

NOTES

(#) Incorpormed by reference 10 Form 10-0 for the second gquaner of 1983

(B) incorporyted by reference 10 Form 10-0 lor the sacond guarier of 1584

(€) Incorpormed by reference 10 Proxy Statement for Annual Meeting on April 27, 1982
(@) Incorpormiec by reference 10 Form 10-X Report lor 1982

(€] Incorporsted by reference 10 Form 10K Report for 1987

(1) Incorpormec by reference 10 Form 10-K Report tor 1980 ang 1981

(@) Incorpormed by relerente 10 Form 10-4 Report tor 1984

Report of Indupendent Public Accountants on Scheduies
To the Boars of Directors ang Sharenciders of Comoustion Engineenng, inc

in connection wen Qur examinations of 1he fLinancial stgtements nciyded n the Combustion Eng.mrmg, inc. Annya!
Repcr 10 Sharencicers and INCOpOraies by reference in (Mg Form 10-K, we have &iS0 examined INe supplemental
schedules listed wn Mem 14212 Our examingtions of the financial statements were mede 1or the purpose of forming an
DOIMOA O those STatements tanen &5 8 whoie The supplemental schedules sre presented 10r PUrposes of complying with
the Securmies anc Escnange Commission s ruies and are Aot part of the dasic lmancial statements The supplemental
SCheduies Nave bee~ guliecied 10 1he auaiing procedures spphied 0 The gxamingtons Of the Dasic inancial siatements

80T 1N Qur BEINE" Wity S1ate 0 A Malerial respects the hinanc al data required 1C De set 1oMh thergin in reianon 10 the
Dasic hingncial sEIements taken 45 & whole

Arnhyr Angersen § Co
Stamiorg Conneclican

Fedruary 14 1986
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COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPAMIES

PROPERTY, PLANT AND EQUIPMENT

YEARS ENDED DECEMBER 31 1983, 1934 AND i8S

{Doliars in Thousandas)

Column A Column B Column C

Additions sl Cost'™

Baginning
- Balance af Balance of
dsginning Acquirad
Crassiticanidn of Pariod Companias™
Yeour Ended Docomber 21 1982
Land snd land improveman’s § 492308 $ 32328
Ctlay and other muneral deposits RES PO -
Butdings 208 e8Y 883
Machinery and equipmant 608 533 22838
Construction In progress __3!_5-34 672
$ 928408 § J5647
_aama= f ————- e ey
Ysar Ended Decambar 31, 1584
Land and land improvemants §f 50880 § 1108
Cisy and other munsral deposils 3ras -
Bultgings 215 827 898
Machinery and equipment 614 185 44054
Construchion in progress ___Joess ——
§_969 253 3 55003
Year Ended Decomber 31, 1383
Land and land improvements 1 aeas2 $ 338
Clay and other miners! deposits 36 794 -
Buildings 207 805 2248
Machinery and eguipmant 667 534 2.168
Constrnction .n progress __Jos2 e
§_9a’ 206 3 419

NOTES

Mnctudes $33 110 with raspect 10 Taylor instrument Company
n 1983 angd $39 232 any 19 150 wilth respect 10 Jamesbury Cornp
and impett Corporation, iespectively n 1984

Mirdat of translars to completed propeadly plant and equipmeant

Mfigtarance 1y made to Nota 1{g) of the Notes 1o Financia! Siatemeants
on pags 40 of the “Flnancial Saction” of the Annuat Repont

Column D Cotumn £ Coturrn ¢
Other
Changes

Belance st

Add £ ng

Other _Retiramenty™ =~ (Oeduct) = ofPerios

§ 1402 $ 1222 1] 1504 $ e
3514 - - 37 o9
8 380 5.3 { TaM ns e
35 504 237120 { § DAA) a3 188
_ 25%¢" P { W—L1 . nm
§ 49340 $ 3227} i$s 99iy™ i 9

T e —————— . e b
| A § resz (1 235) § sy
- 1097 - 30 194
2943 17,905 { 1878 207 80
S 109 59 13 { 2.1 OaT 334
A 996" K { % e
§ 54257 $ 88 389 ql 4 933 5 %Al 208

o — - —— - — s A
$ i2n $ 9w 5 s $ 217
68 2934 228 My
6 307 14234 1. 986 204 41}
58 202 2891 23 oy 7w
11,960 = { 4 __sasn
§ 77806 $ 49998 § " asov $1022 2¢9

e >

"nciudes §15 888 in 1981 relating lo the seie of bullding
producty manufacturing end dist/ibution faciiitias

“'islance al the baginning of 1943 hes been restated lor transiation
adjusimanis resuiting from the adopiion of FAS 37 The amounts
shown In Column E above repiesant tianslation sdjustmenis
spplicadle 10 the yesrs 1983, 1984 and 1983 Halsience s made 10
Note 1{f) of ihe Notes to Financial Stetemenis on page I8 of ihe
“Financis! Section” ol the Annusi Repont.
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COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES
ACCUMULATED DEPRECIATION, DEPLETION AND AMORTIZATION OF
PROPERTY, PLANT AND EQUIPMENT

!_E_ARS ENDED ODECEMBER 31 1883 1884 AND 1985
{ODolars in Thousands)

Column A Column 8 Column C Column 0 Column € Cobmmn §
Addll_lgn) ey
Othec
g Beginning Changes
Balance st Baitance of Cheargad to Batence o
Beginning Acquired Costs end < h Ada £ s
Clansiticetion of Parled Companies Eapenaes Rethemeants'™ —  (Deduct) = of Pened
Yest Ended Decombar 31 1803
L and mpiovements $§ 8338 $ - § 17 $ 43 1 r § soom
Clay end other minars! deposits 221 -~ 3212 - - 3 S48
Butidings TR - 15,471 1828 ' 107 98
Machinery snd equipment 8271 - 55618 15,282 4.481) B4 raa
— A 44 ™
$451 297 | gc.on‘ | 17,258 18 45)) h_l_b_‘w!
Year Ended Docember 31, 1884
L and improvements § scoe 5 - £ 13es | 582 it 12) § s
Clay and other minera! deposity 5549 - a8 45) B S«
Huligings 07 958 . - 3 806 4702 { 294 100 r've
Machinary snd equipment 384 t4e - __45.136 38.457 { 1912} b1, 1
e $ -
3:5_0;5_0__33 3 - !__5@19{9 $ d?.__,'g: 1) u,uoy. 8342 30
Year Ended Dacambar 31, 138%
Land impiovemanis i saoy H - $ 558 | 52 (s 12) f aeyr
Clay snd othe: mineral degosity 5 &6 - 458 4293 - Sare
Buildings 106 768 - 1522 8063 { 28) L AL L
Macthinery and eguipment ”l.?l! - 72,293 3_45 118) 424.0)
s " 4 "=
b s T S 2.8 - 2

NOTES

Minctudes $20 585 snd $12 300 representing adjustments 10 certein fixed assats In connection with the
provisions ior adjusiments 10 facibiies and opesations In 188) and 1985 respecilvely Retsience Is mads to

Note J of the Noies fo Financial Stetements on page 42 of the “Finencis! Section” of the Annual Repon

inciudes §5 998 In 138) releting to ihe saie of building products menulaciuiing and distribuiion
facititles

“Halence st beginning of period has bean restated for Lrensiation sdjusiments resulting from the
actopiion of FAS 52 The sincunt shown in Column £ ahove repiesents transiation adjustments
apphicable (o the years 1883 1984 and 1985 Relsrence I3 made 10 Note 1{l) of the Notes to
financiai Slatamants on pags 19 of tha “Financial Saction” of the Annust Raport.
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COMBUSTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES

QUARANTEES OF SECURITIES OF OTHER I1SSUERS

Column A Column 8 Column C
MName of I3suer Tolat
of Securities Tiile of s3ue Amount
Ousranised by of Esch Cises OQusraniasad
Fearson tor Which of Sacurities and
Sistemani is Filed Quaranised __ Outsianding
Lummus Crest inc / Overdratt § 200t
Selrgitter Lummus Facllity
G mbH joint
Veniure
Jamesbury Cop / Bank 827
OyM S A MNote
Jamesbury Corp / Note 1000
Haemmaeai Dahl Ing
§ 3928
B e
NOYE

DECEMBER 31, 1838

{Dotlers In Thoussnds)

SCHEDWAE TR

“iQusrsnise of principet and intarast.

Column D Column E Column F Cotomn O
Nature of Any Dafedt vy
Amount Ownad Amount issuer of Secyatiime
by Parson In Treasury Guaianteed n P spad
or Parsong for of lssuer of Intevest Sinting Fung or
Which Ststemant Securitiss MNature of Aesemption Provissors or
ta Fllad Ousrantesd Gusrsnise Paymeni of Dtvidends
§ = £ - ™ Mone
— -— " MNocve
- - ™ Mone
s - $ —
e PSS



COMBLUITION EH()PNIIQ’N‘JJ INC. AND S{r}ﬁtﬂi()ilﬁvr

COMPANIES
VALUAYION AND .;)HAI.VN-VENH AC(’(‘UNY; AKD REfcAVE.

YEARS ENOEL DECEMBER 31, 1983, 1844 AND 1984

{L 2Hiare in Thousandsi

Cotumn (

Addgliions

Baginning
Belancs ot

Bolance of
Dwacription

L F\.ng‘d o
«'%g«_g-"--mg AcQuliad
ol Pariog :’anpuvt.."‘
a2
Rsserves Deducted tn The
Balonce Shee! From The

Assetl To Which They Apply
Heserve for doubitut

Chargad

e Other

{.0is ang
Vour Ended December 3¢

Espaniss

AcCcounts Deductions

sccounty and sliowane CEl

Rozerwes Inchude

reant
Liabtitiise

t ) '5"“
Heserve lor wasranty'™

Reservs for supplemenisry
pansion plan

179 384
2ma
Yosr Ended Dacombar 31, 1984
Roverves Daducied In The
Baisance Shest! From The
Assel Yo Which They Apply
Rararva for duubiiu

$42 30

accounts and stiowances §15.854 § 4154™
Rocerves inciuded in Curreni
Lisbiiitige

Raserve lor warsaniy'™ $39 584
Reserve for supplamentary
peanson plan

7958
§42 542

$ 497e™
'O'IN
Scheduie Viil continued on following page

:



£

Column A

Deacription

Yaor Ended Decamber 31, 1803

Maserves Daducted ' The
Balance Sheat From Tha
Aesnt To Whika Yhey Aspiy:
Reserve lor doubtiul
sccounts and sllowencas

Reserves inciudad in Current
Lisbitities:
Heserva lor warsnty'™
Reserve lor supplementary
peaniion plan

COMBUSTION ENGINEERING, INC. \MD SUBSIDIARY COMPANIE S

VALUATIOM AND QUALIFYING ACCOUNTS AND RESERVES

YEARS ENDED DECEMBER 31 1831 1994 AND 1983

iDotlary in Thoussnds)

Columa 8 Ceolumn C Column D
Additlony
Baginning ,
Balance a! Batance ol Chsiged to Charged
Baginning Acquited Cosiz and to Other
of Pariod Companiss'™ __Espenzes Accounts Deductions
- - ‘ "
$1504) § § Jaid $ ! is)
138 504 ) - 18042 i - $ s
_3an s .. 1%¢ ~eS Y, .
$4i am i3 e $18.792 £ sy $ 9778
=== A=~ L R — ==
NOTES

""Reprasents reserve sccounts of acquired compantes

‘“Msaprasants uncollectible racelvables

‘“Represants adduionat costs Incurred end adjusimentsy

"“Represents supptemental pension payments

MSes commaent in llem 1(b) on pege 2 with respect 10 cost sstimates
tor long-lerm contracts snd provislons for fuiuias warrenty coste

15CHZ am € v

Contwwma

Cotumn §

Balarce ot

L

u-



BIOMATURE:

Pumiueni 10 the "WAuiremenis of Sec 07 13 or 18(9) of 1he Securties Escrenge Ac of 1934 e

QSN Aee duly SO gy
0N O e $QNed 0N na penel! Dy Ine WGErNgned Ihereunio Guly authoriied

COMBUSTION ENGINEERING, INC.

8y Charies € mMyge!

Presigent ang Cruel £ fecutive OV cor,
Direcror

8y George S Kimmael

Esecutive vice Presicent ang
Chiel Financial Otticer Owector

By Jetirey S RAutin
Yice Prasigent sng Coniroiler

14



P ari e -

. uﬁ-lMM. w
PERONE o Doy i1
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Cudiay € Macyum
By Anhur l Saniey o o 0 :Io:
irec
Charrman of the Boarg

By Harry J Bolwei -

8y Scon i Provesco Jr
Durwcior

Qireciar

‘h

By Thomas A Enng”

8y Roven C Seamany Jr
Owrector

Owecror

By Waller M Heimerich 111
Director

By R00en G Sicre Jr
Diracror

By Roter M Jarney
Direcior

By Kennegin | Wrgien
Oirector

By

Paul W Macavoy
Cirecror

‘Pursuant 10 Power of Atlorney

Dulea Marcn 27 1988
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SECURITIES AND EXCHANGE COMMISSION
W anungion, D.C. 20549

FORM 10-X

ANNUAL REPORT PURSUANT TO SECTION 13 CR 15(d)
OF THE SECURITIES EXCHANGE ACT OF 1334

For Tve 'acal year enoed December 31 1981 Cammisson Aie 1umber 1-117.2

COMBUSTION ENGINEERING, INC.
(Exact Name of Regmuram As $pecrfied i# It C et

Delgwars 13- 1547559
(Sigte or Other Jursdiction of (IRS. Empioyer
Incorporetion or Qrgsnaation) Igertfication No |
P00 Long Riage Road Samtord Connectiat cEece
{Agarwss of Princpal Executive O Mces) (2lp Code)

Aeguirants leegnone nuMber. Inciuding area code (203) 3294771

Secumies regretered purient @ Section 12(B) of the Ace

Tise of Each Class Name of Each Excnange on Which Aegistersg
Common Stock — 51 Pur Value New Yorx Stock Exchangs
7 45% Sinung Fund Cetentures Due 1906 New Yors Stock Excrange

Securties gt ed Dursuant W0 Section 12(g) of e Acs

(MTe of Clas)

(Thle of Clasa)

g_-_----‘-------------------...---..--o-‘-------g----—--do-—----—w—-----

'wnmunm:h.mmn-ﬂhellm@muuﬂhdwsamtaulﬂﬂ
uUbs@m.&:me-Aaa|mMc\gmmum(ubwmmmc,%
gt was wguired © Nle weh reports), and (2) Ras Down subiect W sah ling reCUIYTM e for the Last
0 daye

Y X, Ne__

O-----—--------“--C--------‘-------‘------------------‘-'---‘--“-“

Indicate the Mumber Of shares SUTRLANGING Of sach of the regISrRNTS ciasses of COMMON TIoCK M of the latlest
practcable s

Lo Cutztanding of March 12, 1982
Common Socs — |1 par vaiue e s

The sgoregsie Market value of e voung Rock heid By Aon-efiiates of Tw regsrnT on Merch 12, 1982 wes
sporoa maety S84 000 000

‘~-—---O-'~--------‘---------‘--_-----‘-----------A----_‘------------.

Cocuments \ncorporvied By N eference

The 'oliceing SOCIUMeNts &re INCOPOrIIed Dy reler snce

(1) "Financial Secson” of the Annual Repor 3 Sharencicert o Te year noed December T1. 1387 n resporse
W eme T(8) and 1(d) and ltem 3 of Part |, and tema § Traugh § of Purt 1l A 0 Jartal response 10 Meme
1) and 1(c) of Part | and Bem 11 of Past 1V,

2) ™e Company's proxy stalement dsted March 26, 1981 in connecuon with & Ancual Meating of Stocx-
RoiGers 10 De Metd on Apri T 1982 in remponse 10 1Uem 4 of Part I and teerw § ana 10 of Pam i,



PART |
MEM 1. DEICHIFTIION OF THE BUSINESS
Resrence © Tw Comoany comaned heren WUl 3¢ 2eemed ‘0 e 10 e Compary o 1 SOr40/ QNN WSS iaren

Avterences 1 T Avvua Megor snes D% demed o rwier 0 Me Annual Aepan o SParencicens 'or e pear "o
Cmcomom 31 1981

o 1(2) Qererw Devetopment of | J V.

Aelersnce & maoe © Note 2 of e Notes 10 Financiai Sutements an 24ge 13 of Me “Firancial Secion® of e Annue
Aeport regarding acgwetions 0 UROORDONE.

Fomem 1(%) mlmulm!m

Refarwnce @ mace © Nove 13 of T Notes 0 Financial Sartements on pegem 17 10 2% of e “Financ.y Secuon” of e
Annusl Hepor ogarding firancial reporting oy Sunness pogmanty

SO I Wiing Te cuNtomer and. in TOE Cases. DOOr 10 ANIpmem a'mocnwam.m, Th.-amm".m
of rom seversl mante o four or oMY yesrn Revmions 0 oot lUMEies Junng e progress of e oMY under ‘ong- Lwem
COMIAC™ have T offect of NCUdIng In subse) et ACTDUNNAG DerOCE  ad | uBUT et PECHLATY 0 rflect the rewuns
ndicated oy Me wvmed wtimates o Tng) coml. Projected or walzed 'cases JNCer CNg-lerm contracs. M any. are DOV e
‘o M oihe penod when feet dvermined See Note 1(d) of Note 10 Finencial Sixemers on 2408 X0 of the “Financisl
Secton”® of the Anral B eport

Cont exumsias Yo ong-ierm COMTacS ake o accoum wl amicsated AT, UGG, AMOng othery, G P g,
TAMRLIUNNG. WDCONTICUNG and Seid CONMACTION CONTS which e auIed W Meet e ioecficationn. inchuding
PO of e comtrac In sdcMion. when & OGN conrac kr steam genersung eduipment 3 completed ko
CSouming purpomes (Lsually sfer pEyTent by e cusiomer of emourns FNed Unoer e of the comrace and
WUBTACIONY 20eWing Dertemancs H e euiDmenrt) PrOviGT & Mace for Adure WNTRTY Cowtm. Fenerally on e

awn 1{cy nmamuam

Aviwwnces 3 mace o "Sunirems Segmants ena Brie! Descrgvion of the Business” shown on Seges 40 and 41 of e
Financal Secton” of e Annue Revort regaraing & Aarretve eacption of the Company's Susinesy

Haw \gtecian

The prncipsl rew materia uRed Dy the Compary's bDusiness MGMeTE W fieel prncoaly sheet pima Bar STrUCTUrRia.
bing el forgmgs, CRELINGE and wire. Mowever Tany Other materam are arso required. A arw TETRNLIS are puUreHEsed
by the Company m aeeded 'or INAVICLAl CONIraces or 16 "nastan PIoper rveniory wvels The Compary normaty does
R ercoumer Uiy es n PROCUNNG adecuales suppliew Of rew mEleriam.

The uncern evedaty Iy of Amryry TN SET rears recuired e Compary o Jwreico Anematve curces of energy o
CRTNN of 1 opwrwiors. Subertute T Of energy, while svaiiadie & N MOt ases More comly an agtural =8

"he Compary has wmerous Undted Strtas ang foregn patents and setert Wohcxicrs which reime i mary diftferemt
POCUCT and rocesses. 4nd Are dewmed by he Comparry 120 be decuste for e sonQuct of he dusingss. The Company

The muntenance of Tcenses WU Dy e Nuciear Reguiatory Commuission @ essential 1o e onduct of ceraun portions
ot e Compary's muciesr SUB ey,



Retervrce o ~aoe 0 e -UIMQOM' &.(m.on iInd Angiyeig Firarca! Congiton g hu@ o cu"lh"-
nflmd Oroens” on 2ege 29 o e Tinance Section’ of me Annual Recon Acomrmaiey agm 9 N onsonggmg
- oer 11 108 DACHIOG I untlikeg MO & 10 ed 10 De WCOO8D & Aa'es (MMW'Y on e nunu'. o
COMODOn TeTod) 7 1382 AMG Ihe emarGer O el raary

™ wq o unflied orgery SATPOL Ne NOvetied Mo an AONUE 510 Of et Laies ‘Or & rurery of among hc:uqm' e
ONGIR Of lime reQuIred 'or 1he COMOintion of coniracss 4ng CNenges A cumomer "Quireameniy

Competriirve Condrbons

WHA epe © sqwpmenrt, mmmamumwmawwnumw—y. n mnm.mu”
CINg TANUTRCIUIES O DD ang FOMpaas wh & WMber 3 coMmpan s neiuding Cameron (ra Workz Nationa
Suopty Comparry, & anvmuon of ARMCD: Sman Inoustres Inc. Swu ne. Muoney Crawiors Tenn Ca ang Wellheme
Equoment Dawvmeon of FMC Comoraion. MRAOSCT 10 XN SQLIOMENL Droducts and ervom X nousng LT S
he Company & one of Aumerous MANUraCTUrers or SLUDDIIers and i COrLn Ccales. & orw of ‘he wading martacrurers
o MODIeL In geners. he Comparny congues e Dorion of 13 coerstions 4NGer Mgy competrivg onaitions,

NAN rwmpect 10 steam FeNRRING fyMema equipment ang lervicam or the eecine utilmy NIy (N Compary = one
U e arpeet SOt ic mANUIaCureTs of tomeil Neted Flaam Qurerating rywmems and KuUIomen! end 8 one af our

The Lummus Company. the BANCIDY cOmponemt af the demgn, FINGSNNG W CONET raction aCiCEs segment of e
Company. ® one of e (en aroest comazic frrme SNGAQed i Sesgning, "Qineenng g SCrETUCing chemical PO

Compary The prevcpa MeTNGCs of compet tion "Ouid MCiuce the ollowing ‘eciors. bt Aot NOCELArly m 1Ne Oroer
H mporance desegn of the FAVIPMen! or process 10 Se umahed n remponss 10 e CUEOMr 3 0w fications, lechrcal
ODOM and servcE. A2ty 10 Meet he CAOMET 3 deirvery 1Chedule and prca

R esan o ang Caves 00 rmaeent

The axtimated smoum oent dunng 1M1 1980 ang 1979 0N TARNE WAETTY JCTves WELNG D T Seveiopment of new
FOCTUCTE OF IMVCEE OF e (M DrOverre T W aLBTNG JrOduCT o Services which wms Comoany wonsored was 347 340,000,
$40 200 200 ana $37 700, 0C0. WOeCTvely, and on Tt wrich was SFlomer wworsored wes $35 500 200, 837,400,000, arv
24 500 oo RROWCT e Py

Compilancs wren Ervronmental Protecion Lres

Compliarce v T Company wrtn Feowral, SR wnd oo IMAMOTIA Drotection laws quired a0t expenditures
of .990.000 » 198 274800 » 100 e 32 547 00 in 1979, R-m:mwmmamumcmmn 1982 for sucn
rpose wil b g WOUXIMETMY Do e vl ® n e

Emptovee
Al Cocember 31, 19871 the Com parry SNDMye A8 TUd Sersone.

Reterence 4 mace © Nete 13 of he Noum m Financial Satamena srown on pagem I7 10 I8 of e Financial Section®
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™ prncos »eracurng wg 2 OCman N
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™ & wuboKdlary

Abervesn Scotang (1)
Anamrsonniie Georgig )
Bararvytieia Calilomg (2)
Basurmom, Texas (2)

Birmengram. Alasame (1) (3

Bloom flesd, New Jersey (4)
Bowrwtora, Onne (1)
Caigmry  Albwers (1)

Coaste. was Gormarry (1)
Chattanooga. Tennasses (1)
Ceowiandg. Qric (2)°
Cougies. Scotiang (1)°

Cry Bruncn, Georgu (2)8

East Chicago. inglana (1) (3)

Enwrprise. Xansas (1)
Gabbe. Nevads ()9
Gufport, Mismssipe: (1)
PO on. Tases (1) (4)°
Londan, Englamd (4)°
Marnsfeid. Texas (1)

(M) Eguipment for oll
(T Producs snd

INCRes wased fac | e
InCiud ee MNINg D opeties

The Company's menutsceun
tabie for e DurDoses
Wiilted on Me hase of gt
o Naving sdedurte CROEC!YY 10 et Currem

ITEM 3. PENDING LEGAL PROCEEDINGS

Aeterence & meace © Nots 11 @ T Notee
anlnoon'orfnmmo-c-na-

WS UMD T DrUperTY @ Miso Oentilved Unmms Aoted T

nqhalw-ndwﬂq
for wtuch Sy are D g
mmmmwmamummmonwmmnﬂ.

¥ 0lenm arad Titer MoOrAN DYIICA DroDer ies &N et e oag

ow. The
DrOpeTTy W JwTwmd by e

COMM

Mecie Grove Onw ()8
Marnon Nomn Caroinae (MY
Mentor. Qro (1) (2)

Mononganeie Penngytveria (1) (N
Rewngion, New Hampanirs (3)
Neweil, west Virgmeas (2)8
Ouhkomn, Wieconeen (7)

Pmacera. Teim (2)

Sancerevim. Gaorgia (26
Savannan. Georgls (2)

Shervrooxe. Quedsc (1) (1)
Sonngtisid, Crwo (1)°

Smford. Connech ot (Carparate Ottice)
St Cathennes, Omans (1) (2)

SL Loum, Missoun (1) (3)

The Hague. Netherarsds (&)
Tulsa. Oniarome (1) (D)°

Yermure Callforra (1)

Waiteville, New Yorx (1) (3)
Winasor, Connectan (1) (3)
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COoMBUSTION ngomunmo, INC AND sUBSIDIARY COMPaNiIES
PROPEATY, PLANY aND EQUAPMENTY

YEARS ENDED DECEMBER 31, 1879, 1988 AND 1881

{Doliary in Thousands)
Coksmn A Column 8 Column C Column D Colgmn E Cohmnn ¥
Addiilons st Cogit
Othver
Beginning Changes
Balancs ot Balsnce of . Batance s
8rgianing Acquicea ! Add ()

Classiticar o Paciod Companies ™ Other Molkaments  (Deduct) S Peioy

Yoor Ended Dacombar 3, e
Land and lend impsovemenis & 38 8 <22 § 288e f 3% : [ ] - f s
Clay and othes mineral Sepoeits 1.837 Jan 2 — - $01)
Butldings 208824 1682 ita28 481 - 22829
Mschinery and equipmani 821 084 38 400 Ba B 3 d44 -~ 88373
Consiruction In progreas iz e _ 188w = —— __maim
B 784118 § saero § 87802 § 13605 s -~ § 297 2%
e X e —_—_o R = L S B e ——— - .

Vesi Ended Decamber 31, 1080:
Land and land improvemaents § am § 12008 § d402 § (Fd] ] - § sirsc
Clay uldolhu-hudw 401 31 380 a8 L) -— 37 sar
Du“dng. 228,123 Jars #8as ER 25 - 2388
Machinery and equipment 888172 286112 108371 12438 —_ e 2
" Conasiruction in piogress 38 420 17370 _ 3w, e -— 18 333
! 267 288 $ 92114 §id0 029 § 18580 § - $1.012 048
L Y B . [ =SS R B i & &

Yoar Ended Decomber 31, 1885
Land and isng improvemaenia § sare a0 ? 149N § dsas H - § seo)
Cizy and othar mineral depcaite 37887 —_ 428 8.43) - 31580
Busdings 238 02e 385 21,008 15 481 — 248 308
Mechinery and squipmant 108 2214 2220 138174 92 804 - 82 15
Construction in progress ___ 18388 303 T2e 4584 = 72 sos
p!m.g_:! 6 083 !l!_!.jﬂ §123 087 ! — !_': _ugsg

NOYES:

™ Ropvuuulhomopmy. plant and squipmant of acquired companiss
ﬂohumbmdoto“ﬂu?ﬂ“ﬂubfwm
um»umvmum'amammA

"Nﬂdumnmw“mopmy.mmm.

~M..muu¢.umnmumwmmm.
umaaum.'rmulun.'ammm.

"Mmmmuumuucmnm

maniifant, ot
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COMBUBTION ENGINEERING, INC. AND SUBSIDIARY COMPANIES

ACCUMULAYED DEPRECIATION, DEPLE TION AND AMORYIZAYION OF
PROPERYY, PLANT AND EQUIPMENT

YEARS ENDED DECEMBER 31, 1879, 1888 AND 1821

{Dollars in Thousands)
Column A Column 8 Column C Columa D Column E Codurmn ¢
1
! Other
Lwiung Changee
Belance at Baience of Chasged to Balance ot
Heglaning Acguired Coasts snd Add Ena
Descripiton of Peciod Compenise Expsnese Reilrements {Deduci) of Portod
Yaar Ended December 31, 1879:
L and imgrovemants § 3eny ] - § sac $ 18 { ] - § 43512
Clay and other miners! daposite 384 — 228 - — ai)
Buildings 73238 - 10 496 2,184 — arsar
Mechinery and squipment 251720 = A __1rese - 284 304
£334 262 i — § ea 138 § 20118 $ — 381222
S S SN X 3 Zoweadervmen - i e e - e i <
Vaes Ended Dacomber 21, 1988
L snd improvements § éas $ - $ 103 H 25 $ = § Si19e
Clay snda other minesal dapoaits 813 - 430 - - 1043
Butidings 81,847 - 12.0% 278 - 8402
Machinery and equipmant 2604 684 = 8s.17e 10838 — (331043
21312 $ - § 82210 § 11250 3 - $432 203
Yoar Ended Docambar 21, 1981:
Land improvemanis § B.1%e ] — § L $ 108 § - § 8412
Cioy and other minere! dsposiis 1,643 - 887 F - 1%
Bulidings 94,120 - 14,083 8887 - 102 823
Machinery an1 squipmant 381,018 - 82,723 48,167 - 387 8a
fesaie I §.00.02¢ A L ek L
NOTE:

> tnmow,uacmumcmuuncmnm
w.cuuhgmdnocumm<
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SCHEDBLE
COMBUSYION ENQINEERING INC. AND SUBBIDIARY COMPANIES
e T TTD DLTNIIARY COMPANIES
GUARANTEES OF SECURITIES OF OTHER ISBUERS
DECEMBER 31, 1901
{Dolizre in Thousends)
Cohamn A Cokamn B Ceolumn O Column D Cobumn E Column F Cohsmn O
Nature ol Any Delmt
Name of lssuar Total Amount Ownad Ampunt | Tesume of Savaotme
of Sacurities This of lssue Amouni by Parson In Trssswy Ouasantesd in
Gusranieed by of Each Class Ouarantesd or Persons loe of teauer of intsronl Sinbing Fung
Parson tor Whioh of Recuriiies and Which Statement Bacusiibes Neture of Redemption Provislons.
Btaismant le Filed (iusianieed Outstsnding is Fueg Duarsnised Quasantes Faymeni of Divedenas
Equipairod — Bank Loan L I 1 s - ¢ - w Hone
industnie €
Comascio, 8 A
The Lumsnus Company/ Overdrah 8112 - - L Nome
Thyesen Rhainatan! ¥ ailtty
Technle, G
Jolnt Venkus
Balrghttar | s Bank
GmbH, Ovesdeat Bez — - m Norse
l 8744 8§ - ! -
NOYTES:

1 Tha loregoing dats _ chudes dlacounied noies recaivabie
“ Quaranies of principal and inlerest.
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COMBUSTION SHAINEERING, INC. AND BSUBBIDIARY COMPA!!!E_.

VALUATION AND QUALIFYING ACCOUNTS AND REBERVES

YEARS ENOED DECRMBZR 31, 167S, 1980 AND 18481

{Dottare In Thousunds)
Columan A Cokumn 8 Columa C
Addtions
Baginning
Balance a! Batance of Charged to ai0ad to
Bepinning Acquited Costs end Other
Descitpiion of Partod Compenlaa'" Enpanses Accountam
¥ear Ended Decembar 2%, 18re:
Rosarsee Doducied is Tha
Balance Siael From The
Assel To Wiioh They Apohr
Retarve for doubif
accounte and sliowanoee $14.392 g 13 £ 6183 $ -
B S ——— AT o it SR O e Do
Rosarves inaluded in Current
i abiMiing
Resarwe for additionsi costs
and possibie fuluie axpanses
on comglated conliacis ™ gi388 § 2re #0478 § 23
Rasarve iof suppleamentsry
pansion plan 1,788 SR . L 1] -
§13 380 2 278 §1cero i 2.32_:
Voar Ended Devombar 38, 18
Roserves Dodusied in The
Balance Bhee! From The
Assel Ve Which They Appiy
Ressrve for doubiful
sccounta and sliowences $tlaze § a4 § 8800 | e
SR R TR e et~ A T — s
fesarves inciuded in Civveni
L lsbdidtian:
flessrve for additlonal costs
and poseibie fulure expensss
on completed contracts $2a ] - §12.323 g 1T
Aeserve fo7 supplemaeniary 3
pension pian 1,883 - 840 2
124374 B - $13033 § 2081

MNWQAM”

AR v

Codumn D Conheen §
Balancs o
Eng
Deducitons of Peciod
§tan™ 1342
v Jdaa™ 227
107 1 L)
§ 4143 824374
™
§ 6802 $14.381
§ 2o05™ 29 278
. o _2em
§ 872 &,no
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COMBUBTION ENGINEERING, INC. AND BUSSIDIARY COM’MQQ
YALUATION AND QUALIFYING ACCOUNTS AND RESEAVES
YEARS ENDED DECEMERZR 31, 1678, 1980 AND V8et
{Dollarz in Thousands)
Columa A Cotumn B8 Column C Calunn O Cohmen §
Additions '
Baginning 3 g
Baianos st Bsiance of Chaped io Charged to Balance o
Baginning Acgulied Costs andg Othas Ene
eecitpiton of Pertod Companiesti Erpeness Accounis™ Doductione of Pariod
Yaar Ended Docember 32, 1004
Froeares Diemiad o [l
Baiansa Sheat Fram The
Asest Ve Wihioh Yhey Apady:
Reserve for doubliv
sccounis and aliowsnose 14 381 W02 ‘ 4 707 $ — ! Jea= 18 a0
Assarers imohaded 18 T uwvnai
R
Rassrve tor sdditional cosls
ang possibie futuia sxpenses
on compleied Contiacia # 828218 § 7 220117 § 1887 £ s o0 §43 708
Rasarve for supplementsry
pansion pien _ 2882 - 2 . -t /e .30
polm ! Y po Eat) $ 3897 § 5204 48 e0n

NOTES:

1 Represants ressive accounts of scquired compenies Refersnce s
made i Noie 2 of Notes 10 Finenclal Siatemanis on page 13 of the
“Financial Baction™ of ihe Annus! Repont

L] wummmmmmmm
% Represenis additional coste Incivmd and adiusiments
% Aspresanis supplemenisl penaion paymenis.

" Bee , ameni In Hlem 1{b) on page 2 with reapact 10 cos! setimaies
fos oy taim conlrects and provislons fos Rulure warrehily cosis

= Reclessified from soonted Habliiites



Putuamt 10 e "WEvirement of Section 13 o
mmmnuwmmwu

U o i < SRR GRS e R e R e

14

COMBUSTION ENGINEERING, INC.

By Arthge J. A
Prosceet end Oirector

8y Geor . Kim
Vice Pres.cem nance ang Dirscior

By Mncheil Xiam
Vice Presoeet and Controlier




By samem F Carven

Direcaoe

By W Ven A f,

By Thomas A Ennk_

’ )

Olraczoe

By Wanter W it

Olrecuoe

By Boten M_Jenney

Direcaoe

By Py w. M acA very

O irector

Cotat Marcn 29 1080

15

Yred dow Iy Ty i ing
r—"mWT——T

8y eon L Procesco, Jr

Oirector

By Aoven [~ Seamara Jr

Oirector

By Actert G Stonm Jr.

Oireciow '

By lames £ Thormon

Qlirecow

By Howarg M_wimerson

Qirecior



APPENDIX C

Validation of Criticalis Methods for
Calculatain the Effective Mults lication

Factor Under Low Hvdrogen nsity Mocderation

By
Mohamed A. Elmaghrabi
Consulting Physicist

Approved by: R, J. Rlotz
Principal Consulting Scientist

July 24, 1987



5 UMMARY

Critical experiments for the {nterposition of hydrogenous compounds
between four assemblies of 15 x 18 U(4.75%) O, rods were reported in
Reference 1. The purpose of this report is tg define and validate »
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 calculaticnal model based on a homogenized fuel assembly
representation and 16 neutron energy groups which is suitable for
use in KENO analyses to design and )icense fuel storage under

mist conditions has been defined and verified against critical
experiments. .

3 This model yields multiplication facters for critical experiments

which are comparable toc those obtained by other methods (APPOLLO-
MORET) used in Reference 1.

ABSTRACT

The cbjective 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 low
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.
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Section 1

INTRODOCTION

This tasx has & its primary objective the development and validation
of an analytical model for use in the criticality analysis of fuel
storage under mist (low hydrogen density) conditions.

Experimental criticality data were measured on four assemblies of 1g x
18 (U4.758) O, rods at 13.5 sm square pitch with variable low hydrogen
density conpoanda interposed between them. The experimental data and
subsequent analyses of these experiments were reported in Reference 3.
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.

1 July 24, 1987



Section 2

BENCHMARXS

Critical experiments on the interposition cf low hydrogen
materials between four assemblies of 18 x 18 U(4.75%) O. rods at 13.%
mm square pitch, were performed by the department of Nuzlenr Safety of
the French Atomic Energy Commission (Reference 1). The assexdlies
were arranged in a 2 x 2 array in the experimental tank. A pobile

device enabled thez to move along the x and y axes in the horizontal
plane (Figure 1).

density

Cross-shaped watertight containers in various thickness (25.5 o 100
mm) with J mm thick aluminum walls are then interpositioned between
the four assemblies and successively filled with air and various
hydrogenous compounds which are:

i. Air

3. Expanded polystyrene (Ceﬂa)n
¢ |5 Polyethylene power (Cﬂz)n

4. Polyethylene balls (CBz)n

- 1P Water

Water i1s then introcduced i1nto the botten of the tank and the eritical

height determined for each configuration. The resulting values are
summarized in Table 1.

The calculated results ghown in Table 1 were perforned by the
criticality service of the French Atomic Energy Commission. Two-step
calculations were performed using the APPOLLO and MORET codes:

3. Calculation of the neutron constant by APPOLLO.

2. Calculation of the Kess Dy MORET.

The APPOLLO code iszused with the “transport® coption to calculate the
material buckling B” and the K ©f an infinite lattice of rods in
its ambient medium (water or at#f and to determine the macroscopic
cross-section of the homogenized lattice based on the 16 energy
groups of Bansen and Roach. The cross-section library used in the
coce is ENDF/B-III based and consists of 99 groups (52 fast and 47
thermal groups).

The MORET code is a Monte Carlo code that calculates the X ¢ of any

configuration. The collisions are treated isotropically bﬁ€ anisc~
tropy is taken into account by means of the transport corrections.

2 Julv 24, 1987



Resulty of fxperiments and Bewchmark Calculattons In the
Case of Interposition of lHydrogenous Compounds Between Four Assemblles
ef 18 = 18 ({8 _715%) 02 Rods at §3 5w Squere Plich

fxperimental Results
Compounds
Calculated Results
2 Cancentration Water Critical
A ) Density Hydrogen Helght APOLLO-MOREY
{cm}) Nature (g/cm ) {g/cm’) {mwm) & *2s
eff
0 ). Water 1.0 0.111%8 238 ¢+ 0.6 1.010 ¢+ 0,011
2. Box + alr 0 0 290.3 ¢+ 0.9 1.005 ¢ 0.010
v 5 Box » (C H_In 0.0123 0.00625% 2861 ¢+ 0.8 0.%87 ¢ 0.010
25 €. Box + poodfe (CH 0.2819 0.0414 269.8 ¢ 0.6
5. Rox * balls (CM ?fn 0.5540 0 .0R0D 255.4 + 0.6 0.995 ¢ 0010
6. Rox * water 1.0 0.111% 256.6 + 0.7
1. Water 1.0 0.1119 244 8 ¢ 0.6 1.006 ¢+ 0. 011
L Box & alr 0 0 e R ¢ 0.7
9. Box ¢ (C # 0.0262 0.0020 J343.9 ¢+ 0.8
5.0 10. Box ¢ Do~dnr {CH, )n 0.31335 0.0485 J61.6 ¢t 0.6
1%, fox ¢ bhalls (Cﬂz 0.5796 0. 0811 07,1t 0.8
12. Rox + waler 1.0 0.1119 J27.8 ¢+ 0.8
i3 Water 1.0 01119 JI14.7 ¢ 0.6 1.000 « 0.012
L] Rox & alr 0 0 46G.8 ¢ 0.7 0.996 ¢« 0 .010
5. Rox # (C ] 0.62R8R8 0.0022 456.2 ¢+ 0.8 0.987 ¢ 0.010
10.0 16.  Box * po..dﬂr (EM, )n 0.3216 0.0464 020.5 ¢ 0.6 1.011 * 0.012
st fox + halls ((Hz 0. 5680 0.0R186 499 .4 ¢+ 0.6 1.010 »« 0.010
18, Aox ¢ water 1.0 0.1119 641.2 ¢t 0.9
15. Hater 1.0 0.1119 643.4 ¢+ 0.8

? The symbel A 13 the value of the gap width between the assembllies, thus 1t s the value of cross-shaped box
width,  The actual thickness eof hydrogenous compounds fs A (M) = &4 - 0.6 cm,



3.2

Selflc-/ i
——————————

FODEL EVALUATION

Computer Codes

The computer 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),

which was obtained from the Raldiation Shielding Information
Center.

Cross Section Generation

The NITAWL and XSDRNPM Codet (5) were used to generate 16 neutron
energy group cros&s sections. NITAWL was used to generate self
shielded 123 group cross sections from the 123 group super-XSDRN
library (DLC-16). The resulting working library is then
collapsed intoc homogenized 16 energy group library in a typical
fuel pin cell environment using XSDRNPM. XSDRNPM is alsc used to

cbtain separate 16 group cross section sets for structural and
external moderators.

KENO IV Models

Homogenized fuel pin representation was utilized in the assezbly
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 dezails are
shown in Figure 1 (which were obtained from Reference 1),

Table 2 summarizes the multiplication factors computed by KEINO IV
for 6 critical experiments together with the reported K values
as calculated in Reference ] using the APPOLLO-MORET apﬁféa

Amcng the five critical experiments which are analyzed conly 3 had
calculated APPOLLO-MORET results., F these three experiments

the KENC IV, MORET APPOLLO and experi _ntal results agree within
less than 0.5% Kose-

Statistical Uncertainty and Bias

1

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 low
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
Mean Value (u) 1.0024¢6
Standard Deviation 0.00432
2 Jigma 0.00864
Bias (u-1l) +0.00246
Uncertainty Minus Bias 0.00618

Based on the limted number of criticality experiments in the low
hydrogen ranges 'he calculational uncertainty to be applied to
the criticallty analysis will be increased to 0.03

4 July 24, 1587



TABLE 2

KENC IV Results for Noted Gap Widths

Bydrogen chsity xeff
Description gm/cm KENO IV APPOLLO=-MORET

Gap Width = 2.5 cn Between Assemblies

Aluminun Box
4 Mir 0.0 0.99641 + 0.00407 1.008% + .010

Aluminum Box .
+ (C.!‘)n 0.0025 0.99%13

LR

0.00384  0.987 + .010

Aluminum Box
+ powder (Caz)n 0.0414 1.0.567 + 0.00378 -

Aluminum Box
+ Water 0.1119 1.02362 4+ 0.00362 -

Water (No Aluminum
Box) 0.1119 0.99775 + ©.00391 1.006 + .01}

Gap Wideth = £ 0 cm Between Assemblies

Aluminun Box 0.0 1.00412 + 0.00422 - -we
4+ Air
Aluminum Box 0.0020 1.00647 * 0.00421 -
+ Air

Gap Width = 10.0 cm Between Assenblies

Alumpinum Box 0.0 1.00117 # 0.0039%0 0.996 + 0.010
+ Alir
Aluminum Box 0.0022 1.00748 =+ 0.00378 0.987 + 0,010

- July 24, 1987
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APPDENIX D
"MIST DENSITY CALCULATION FOR A BINGLE SPRINXLER READ®

ischarge from & single sprinkler head anywhere in region A, B, or C
[see drawing NFM-C-4440,° Layout of sprinkler system in Pellet Shop
Annex (Region A) and Fuel Bundle Assembly Room (Regione B & C) in
building 17]).

-

Discharge Flow from 1 Sprinkler = Q = x(p)/3

Where Q =« Discharge Flow
K = Constant for 1/2° Sprinkler Head « $. 6
P = Discharge Pressure at head = 100 psi
(assumes max. possible line pressure
regardless of sprinkler location).
Q = 5.6 (100)2/2 « 56 gal/min (say 60 gal./min.)
= 60 gal/min. x 1 ft3/7.5 gal.

c - 8 £t7/min.

Assemplv Roo Cei1\ng

v;prink1er Head
sgrinkler Lin: o

Taae

A

28°

e 77\ Assendly Room Floor

1 July 24, 1987



VOLUME OF SPRINKLER FLOW PARABOLOID « V - /2 TT riw

¥here 7/ = A constant = 3 .14
R = Radius of spray at {loor = 12°'

R = Distance from sprinkler head to floor = 28 f¢.

v e 1/2 (3.16) (12)% (28

Vv o= 6330 f£t°

WATER DROP SIZE FROM 1/2° SPRINKLER HEAD
o, _Qz‘ )1/3 2
’, :

where Dz = Unknown water drop size

D1 = Known water drop size = 0.86 zm

o
L

y = Reference pressure ¢ known drop size = 30 psi

P, = Reference pressure ¥ unknown drop size = 100 psi

; ' o 130 11/3
D, (Drop size & 100 psi) (xoo ) (0.86)

D, = (0.89) (0.86) = 0.77 am ¢ 100 psi

DROP VELOCITY

Reference drop velocity for 1 mm drop = 13 ft/sec :

Drop Velocity ¢ 0.77 mm = 0.77 x 13 = 10 ft/sec.

TIME FOR DROP TO REACH FLOOR

28f¢

T = Drop time from 28ft - 10¢r

= 2.3 sec,

WATER VOLUME FRACTICON

Water Volume Fraction = —%1-

Where Q = Discharge Sprinkler Flow in ftalnin.

T = Time for Drop to go from Sprinkler to Floor
V = Paraboloid Volume

Water Volume Fraction = -2 é;):) (1/60)

Water Volume Fraction = 0.000QSS Grams/cc

¢ Supplied by MIC 2 July 24, 1987
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ENCLOSURE I
WINDSOR PRODUCT DEVELOPMENT LABORATORY

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.

2. This application is a complete document, which was administratively 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.

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
shall be reduced to 350 gms. U-235".



