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The 1nstruct1ons in th1s guide, in conjunction with Table 1, specify the
radionuclides and radiation exposure rate limits which should be used in
decontamination and survey of surfaces or premises and equipment prior

.to abandonment or release for unrestricted use. The limits in Table 1

do not apply to premises, equipment, or scrap containing induced radio-
activity for which the radiological considerations pertinent to their

‘use may be different. The release of such facilities or items from
‘regulatory control is - considered on a case- by-case basis.

1;' The licensee shall make a reasonab]e effort to e11m1nate residual
contam1nat1on. .

2. Rad1oactiv1ty on equ1pment or surfaces shall not be cowvered by

. paint, plating, or other covering material unless contamination
levels, as determined by a survey and documented, are below the
limits specified in Table 1 prior to the app11cat1on of the
covering. A reasonable effort must be made to minimize the
contamination pr1or to use of any cover1ng

3. The rad1oact1v1ty on the interior surfaces of pipes, drain lxnes,
or ductwork shall be determined by making measurements at all
traps, and other appropr1ate access points, provided that contam-
jnation at these Tocations is likely to be representative of
contamination on the interior of the pipes, drain lines, or
ductwork. Surfaces of premises, equipment, or scrap which are
Tikely to be contaminated but are of such size, construction, or
Tocation as to make the surface inaccessible for purposes-of
measurement shall be presumed to be contaminated in excess of
the limits. :

4. Upon request, the Commission may authorize a licensee to relinquish
possession or control of premises, equ1pment, or scrap having

surfaces contaminated with materials in excess of the limits specified.

This may include, but would not be limited to, special circumstances

such as razing of buildings, transfer of premises to another organization
continuing work with radioactive materials, or conversion of facilities

to .a Tong-term storage or standby status. Such requests must:

a. ‘Prov1de detailed, specific information describing the premises,
equipment or scrap, radioactive contaminants, and the nature,
extent, and degree of residual surface contamination.

b. Provide a detailed hea]th and safety analysis which reflects
that the residual amounts of materials on surface areas,
together with other considerations such as prospective ‘use of
the premises, equipment or scrap, are uniikely to result in an
unreasonable risk to the health and safety of the public.
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Prior to re1ease of premises for unrestricted use the 11censee
shall make a comprehenswve radiation survey which establishes that
contamination is within the 1imits specified in Table 1. A copy of
the survey report shall be filed with the Division of Fuel Cycle

and Material Safety, USNRC, Washington, D.C. 20555, and also the =

Administrator of the NRC Regional Office having jurisdiction.  The
report should be filed at least 30 days prior. to the planned date
of abandonment The survey report shall: .

a. Ident1fy the prem1ses.A

b. Show that reasonable effort has been ‘made to e]1m1nate
_‘reswdual contamination.

. ¢. Describe the scope of the survey and general procedures E

,foIlowed

d. State the f1nd1ngs of the survey in un1ts spec1f1ed 1n g
: the 1nstruct1on.

‘,F0110w1ng review of the report, the NRC will cons1der v1s1t1ng

the fac1]1t1es to\conflrm the survey.

-



TABLE] IR R
ACCEPTABLE SURFACE CONTAMINATION LEVELS |

NUCLIDES? o © AVERAGED € f - N W\xmunb af © REMOVABLED € f

U-nat, U-235, U-238, and _ : ) TR : S
associated decay products _ 5,000 dpm «/100 cm ) ‘ 15,000 dpm /100 cmz L ~1,000 dpm a/100 cmé

Transuranics, Ra-226, Ra-228, _ S S e o -

Th-230, Th-228, Pa-231, ' 100 dpm/100 em 300 dpm/100 cm?' PR 20 dpm/100 cm -

Ac-227, 1-125, 1-129 ' S : S A I

Th-nat, Th-232, Sr-90, U T R SR N
Ra]223 Ra-224, U-232, I 126. L lOOO.dpm/lOO.cmz e - . 3000 dpm/100 cmzvi S. .. 200 dpm/100 emd - . o

Beta—gamma emitters (nuclides _ e 3
with decay modes other than . @' - R T i
alpha emission or spontaneous . . 5000 dpm gy/100 cm? e e s, 000 dpm By/loo cm
fission) except Sr-90 and - Coa Col T s T -
others noted above.: i ' . '

ayhere surface contamination by both aipha~ and beta- gamma emitting nuclides exists the limits established for alpha- and beta gannw emitting
nuclides should apply independently : . . ety A N ‘ | Fo .

bas used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as determined by correcting the ,
counts per minute observed by an appropriate detector for background efficiency. and geometric factors associated with the instrumentation

CMeasurements of average contaminant should not be averaged over more than l square meter..

FOP ObJects of less surface area. the average S
should be derived for each such object . . ’ ’ v |

dThe maximum contamination level applies to an-area of not more than l00 cm2

eThe amount of removable radioactive material per 100 cm2 of surface area should be determined by wiping that area with dry filter or soft
ahsorbent paper, applying moderate pressure, and assessing the amount of radioactive material on the wipe with an appropriate:instrument of
known efficiency. When removable contamination on objects of less surface area is determined the pertinent levels should be reduced aoe
proportionally and the entire surface should be wiped. 5 ;uw, . L .3%_,, Y R

fThe average and_ maximum radiation levels associated with surface contamination:resultingrfrom beta:gamma emitters'should not e}ceed
0.2 mrad/hr at 1 cm and l 0 mrad/hr at l cm. respectively. measured through not more than 7 milligrams per square centim er of v
total absorber. . b P o TR
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1. INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

By letter dated December 23, 1980, the Union Carbide Corporation (UCC or licensee)
applied for renewal of Special Nuclear Material License No. SNM-639 pursuant

to 10 CFR Part 70.* Upon request the licensee submitted a revised Consolidated
Application, dated June 6, 1984, in support of the license renewal application.
Supplements to this application were submitted July 16, September 6 and

October 1, 1984. In accordance with 10 CFR Part 51.5(c)(3), the environmental
aspects of the proposed license renewal have been assessed separately and are
addressed in the Nuclear Regulatory Commission staff's (the staff) Environmental
Impact Appraisal, issued in May 1984.

This report documents the staff's review and evaluation of the safety of the
continued usage of special nuclear material (SNM) for generation of byproduct
material to be used in medical applications at the Sterling Forest Research
Center near Tuxedo, New York for a five-year term. OQur technical review of
radiological safety matters with respect to the renewal of License No. SNM-639
pursuant to 10 CFR Part 70 was based on the Consolidated Application, including
amendments thereto. The Consolidated Application is available for public
inspection at the NRC's Public Document Room at 1717 H Street, N.W., Washington,
DC 20555.

In the course of the staff's safety review, a number of visits were made to the
Tuxedo site to meet with the licensee to discuss and observe current operations
with the licensee. During the staff's review, the licensee was reguested to
provide additional information needed for the evaluation. This information was
provided by letters from the licensee. We have reviewed the design and opera-
tion of the Tuxedo operation to determine that the NRC's safety requirements
have been met.: Since the activities conducted under Special Nuclear Material
License SNM-639 are performed in a facility contiguous with the Union Carbide
reactor, the staff considered the relationship of these two Ticensed activities.
In coordination with the Office of Nuclear Reactor Regulation we considered the
influence any abnormal condition of either activity might have on the other,
including severe accidents. We also considered the interfaces between Ticensed
activities during normal operation; particularly the transfer of targets and
fuel from the reactor pool to the transfer canal. A1l other reactor activities,
not related to Building 2 operations, are considered in a separate licensing
review under Docket 50-54 and are not addressed here. The licensee also has a
radioactive materials license issued by New York State for possession and use
of other radiocactive material including byproduct material outside of the
reactor. The relationship of the state licensed activities to those activities
considered in this report is discussed in Section 1.4.1.

1.1 Background

UCC owns and operates the Sterling Forest Research Center, which contains a five
megawatt swimming pool-type research reactor and is located on an industrial

*The renewal application was filed not less than thirty days prior to the expira-
tion date of the license. Pursuant to 10 CFR & 70.33(b) the license shall not
expire until the application for a renewal has been finally determined by the
Commission.



site in the sparsely-settled Sterling Forest development region of Orange
County, New York State. The UCC began commercial operation in September 1961
(first criticality) and has been operating on varying, but regular, schedules
ever since. The reactor is used principally as a source of neutrons for
irradiating target materials, used in fabricating radiopharmaceutical products.
These products are used by the medical industry in diaghosis and treatment. A
major product of the reactor is molybdenum-99 whose radioactive daughter,
technicium-99, is used to meet medical diagnosis requirements in the United
States, Japan, and Western Europe.

1.2 Authorized Activities

. The renewed license will authorize UCC to possess and use special nuclear mate-
rial (consisting primarily of uranium enriched to greater than 20% in the U-235
isotope) to prepare targets and process irradiated targets for recovery of
selected radionuclides for subsequent medical use; to conduct tests and experi-
ments related to these activities under the provisions of the license; and to
‘conduct related receiving, packaging, waste treatment and shipping operations.

1.3 Possession Limits and Places of Use

The quantities of special nuclear materials that will be authorized by the
license renewal are as follows:

Sterling Forest Research Center

A. Uranium-233 (encapsulated sources) 10 grams

B. Uranium enriched in U-235 isotope 23 kilograms of U-235
(>20% enriched)

C. Plutonium (encapsulated sources) 2 milligrams Pu-238
10 grams Pu-239
2 milligrams Pu-241
80 grams Pu-Be neutron source

1.4 Scope of Review

The safety review of UCC's license renewal application included review of
applications related to the previous issuance of the license and subsequent
amendments of the license to date as well as evaluation of the Consolidated
Application filed for license renewal on June 6, 1984, as supplemented July 16,
September 6, and October 1, 1984. Analyses and conclusions presented in the
staff's Environmental Impact Appraisal issued in May 1984 were considered. The
scope of review included review of the relationship of the Ticensed activities
considered herein to those activities covered by the NRC reactor operating
license and those activities authorized by the New York State radioactive mate-
rials license as well as NRC inspection history. The staff's safety evaluation,
as summarized in this report, focused on the UCC organization, administrative
controls, radiation protection program, nuclear criticality safety program,
fire safety capability, accident analyses and emergency response capability as
presented in the licensee's Consolidated Application, as supplemented, and the
facility emergency plan.



An assessment of the capability of the UCC facilities to withstand natural
phenomena events was performed. A portion of the seismic analysis is presented
in Report No. SAI-1-148-08-781, "Evaluation Of Seismic Response Characteristics
Of Hot Cells and Related Structures And Equipment At The UCC Sterling Forest
Laboratory," dated November 30, 1983 and summarized in Section 8.1.1. The
tornado and high winds analyses are summarized in Section 8.1.2. '

Assessments were made against the requirements of 10 CFR 20 and 10 CFR 70, the
guidelines of applicable regulatory guides, and industrial standards and
practices. These are identified in the appropriate sections of the evaluation.

1.4.1 Relationship of SNM License to NYS Byproduct License

In connection with our review, we clarified the licensee-regulatory authority
relationship between Union Carbide, New York State and the NRC with respect to
possession and use of byproduct and special nuclear material by Union Carbide
and its relationship to the NRC licensed research reactor.

Three Ticenses presently exist for the UCC facility: License No. R-81 issued
by NRC's Office of Nuclear Reactor Regulation (NRR) for operation of a research
reactor pursuant to 10 CFR Part 50; License No. SNM-639 by NRC's Office of
Nuclear Material Safety and Safeguards (NMSS) for the possesssion and use of
special nuclear material outside of the reactor pursuant to 10 CFR Part 70;

and the Radioactive Materials License issued by New York State's Department of
Labor for possession and use of other radicactive material including byproduct
material outside of the reactor. License operations present a situation in
which special nuclear material licensed by NRC is intimately intermingled with .
_byproduct material licensed by New York State.

We concluded that the scope of our licensing review under 10 CFR Part 70
legitimately included the health and safety effects of byproduct materials
intermingled with, or, otherwise affected by, special nuclear materials. In
particular, 10 CFR 70.23(a)(3) requires a finding that the licensee's proposed
equipment and facilities are adequate to protect health and minimize danger to
life and property. Thus, our review included an evaluation of the radiological
effects of the associated byproduct material, even though the latter is not
licensed by the NRC. In performing the NRC review, the staff reviewed the
byproduct material license (No. 729-0322) issued by the New York State
Department of Labor and discussed its own review procedure with representatives
of the State.

Qur assessment of environmental effects is contained in our document, "Environ-
mental Impact Appraisal, Union Carbide Corporation, Medical Products Division,
Tuxedo, New York, Related to License Renewal of Nuclear Material License No.
SNM-639, U.S. NRC, May 1984." This appraisal concluded that the environmental
impacts related to the proposed license renewal were not significant and did
not warrant preparation of an environmental impact statement. Accordingly, a

*However, NRC may not be able to condition its licenses to mitigate all
possible environmental effects. For example, NRC cannot impose conditions
that vary the terms of an NPDES permit for the same effluent stream. See
Section 511(c)(2) of the Federal Water Pollution Control Act Amendments of
1972, 86 Stat. 893, (88 U.S.C. 1371(c)(2).



Negative Declaration was issued (49 FR 22169).' The appraisal evaluated combined
effluents resulting from the entire scope of coperations conducted in Building 1
and Building 2 (reactor and hot cell laboratory operations).

1.5 Compliance History

The staff reviewed NRC inspection reports of UCC's activities under License
SNM-639 and supplemented this analysis by discussion with Region I and UCC
personnel. The following areas were examined:

frequency of exposure incidents

location of incidents

cause of incidents

Region 1 citations issued to UCC.
In the review, the staff did not identify a pattern of chronic or repetitious
problems with respect to the NRC regulations and license conditions. This, in

part, provides a basis for the renewal of Special Nuclear Material License,
No. SNM-638.



2. CONDUCT OF QPERATIONS
2.1 Introduction

The staff reviewed the commitments made by the licensee to maintain technically
qualified personnel in key safety positions and to implement adequate internal
administrative control procedures. The staff, in its review, used Regulatory
Guide 3.52, "Standard Format and Content for Uranium Fuel Fabrication Plant
Applications," dated July 1982, as guidance. This document was prepared
specifically for uranium fuel fabrication plants; however, the subjects of
organization, audit and review, and policies and procedures, and many technical
topics are generally applicable to other nuclear material facilities. The
following description of the current management organization and administrative
procedures is provided.

2.2 Management Organization

UCC conducts the Sterling Forest Research Center activities under the manage-
ment of the Medical Products Division of its Union Carbide Subsidiary B.
Subsidiary B was incorporated on December 12, 1980 in Delaware with its
corporate office in Danbury, Connecticut. An organizational schematic of the
Medical Products Division management is shown in Figure 2.1 where four levels
of authority are provided. Level I consists of individuals responsible for the
facility license and site administration; Level II of individuals responsible
for the Reactor and Hot Laboratory facility operat1on and management; Level III
of individuals responsible for the daily operations in the Reactor and Hot
Laboratory; and Level IV of operating staff.

UCC has established a policy of protection of employees, the public, and the
environs from potential industrial radiation, and nuclear hazards that could
occur through activities conducted at the Sterling Forest Research Center. The
responsibility for implementing this basic policy is delegated through line
managers to the manager and supervisor of each activity in which radiocactive
materials are handled, used, or stored. Additionally, UCC has a technical
staff to review act1v1t1es requiring adherence to requlations, license condi-
tions and ALARA principles. The pertinent respons1b111t1es of management
within this organization structure are as follows:

Site Manager - Also known as the General Manager, manages the radio-
chemical business including Reactor operations, Hot Laboratory opera-
tions, Radiochemical separations, facility maintenance, facility
licensing and regulatory matters, and accounts for financial aspects
of Reactor, Hot Laboratory and Radiochemical Production operations.
This position reports to a Corporate Division President (currently,
Medical Products Division).

Nuclear Operations Manager - Manages Reactor and Hot Laboratory
Operations and NRC Regulatory Affairs. Designs and implements
changes to the facility. Assures compliance of operations with
license conditions and regulatory requirements. Maintains current
licenses and obtains revisions to licenses as they become necessary.
Day-to-day operations and training are carried out through delega-
tion of specific duties to the Reactor Supervisor, the Facilities
and Services Engineer and the Project Engineer.




LEVEL 1

LEVEL 2

Nuclear
Safeguards

Site Mahager
Ccmmittes

Manager Heaith

Nuciear Radiochemical

Safety and Environ- . . Production
mental Affairs Operations Manager Manager
LEVEL 3
o . . Process
Heaith Physicsj Reactor Facility : .
Supervisor Supervisor Engineer E:';l::;r (assuf::j;::‘;)
LEVEL 4
! - Aux, Radiochemicai
H.P. . Reactor Pregw h
S ) , . Facilities - Production
-| Technicians | | ‘Operators Operators Technicians

Figure 2.1 Union Carbide Medical Products Division Organization Chart



Health, Safety and Environmental Affairs Manager - Manages the on-site
and off-site environmental monitoring program per license and regula-
tory requirements, and ALARA principles. Carries out the duties of
the Site Accountability Officer for special nuclear material under
-the Fundamental Nuclear Materials Control (FNMC) Plan. Coordinates
activities of all operations groups involving health, safety and
environmental protection against radiological and other, more common
hazards. Day-to-day operations and training are carried out through
delegation of specific duties to the Health Physics Supervisor,
Radiation Safety Officer and General Safety Supervisor.

Radiochemical Production Manager - Manages radiochemical production
operations safely and efficiently. This scope of work includes target
production, radiochemical separations, waste packaging and uranium
accountability. Day-to-day operations and training are carried out
through delegation of specific duties to the Hot Cell Production
Supervisor, the Target Production Supervisor, the Inventory Control
Supervisor and the Radiochemical Packaging Supervisor.

The responsibility for carrying out operations during routine absences of
management personnel will normally be delegated to the next senior line manager.
During emergencies the senior line manager present is the responsible individual
to conduct operations until the emergency staff arrives.

2.2.1 Safety Review Committees

As part of its administrative control of site activities, UCC has established
two safety review committees. One of the two committees is the Nuclear
Safeguards Committee (NSC) which is composed of senior management and technical
personnel. The NSC is responsible for reviewing and auditing operations with
regard to nuclear hazards. The second is the General Safety Committee (GSC)
which is composed of the managers of each major operating organization on site
as well as the Health, Safety and Environmental Affairs Manager, or their
designated alternates. The GSC is responsible for reviewing and auditing all
operations and facilities on site concerning hazards such as fire, electrical
shock, work practice restrictions, provision and maintenance of lifting
equipment, etc.

2.3 Administrative Controls and Procedures

UCC, at its Tuxedo facility, has an internal review system to ensure that
activities at the site are conducted in a safe and efficient manner. Proce-
dures have been developed for initiation and review of all changes in the
design or location of existing and new equipment, changes to storage areas,
emergency procedures, operating limits, and/or operating procedures, and
changes in nuclear criticality or radiation protection controls. Unless the
proposed changes meet the requirements of the conditions of the license and
applicable regulations, UCC will not administer these changes without specific
review and approval of the NRC. As.part of these procedures, a written safety
review is prepared and approved by the Nuclear Safeguards Committee prior to
implementation of the change. In case of emergency it is recognized that
departure from established procedures may be necessary to minimize the con-
sequences of the emergency conditions, and to regain control of radiaticn



.

exposure conditions or prevent personnel injuries and dispersion of radioactive
materials. Supervision authorizes these departures from procedure as discussed
in Section 2.6.

UCC has also developed its Tuxedo site safety standards as part of its nuclear
safety program. The following categories are included in the Tuxedo site
safety standard framework: administration, dosimetry and bioassay, radiation
surveying, air sampling, instrumentation, audits, reviews, training and emer-
gency coordination. The principal features of several of these standards,
respresentative of most of the categories, are summarized as follows:

Administrative - These standards describe the UCC nuclear safety
program and are intended to promote a more formal approach to keeping
doses ALARA, to identify and promote continuance of good practices,
and to promote further improvements where practicable.

Dosimetry and Bioassay - The standards in this category include

the administration of the bicassay program for monitoring possible
internal contaminants by urine analysis and thyroid counting, and the
issuance, collection, and data control of film badge and other
dosimeters for monitoring external exposures.

Radiation Surveys and Air Sampling - Standards in this category define
radiation survey work routines, air sampling routines, action to be
taken when performing personnel decontamination, and transfers, ship-
ments and receipts of radioactive material. .

Instrumentation - Included in this category are standards describing
various types of radiation protection instrumentation, and their
operation and calibration.

Audits - Included in this category is a standard describing the
independent review and audit functions performed by the Nuclear
Safeguards Committee.

Reviews - There are several standards and procedures in this category,
all dealing with informal and formal review activities of the Nuclear
Safeguards Committee against operating procedures activities, tech~
nical specifications, and appropriate regulations. Included are
compliance reviews, radiological safety reviews, criticality safety
reviews, facility equipment/systems reviews and change authorization
reviews.

Emergency Plan - This procedure describes the detailed functions
and responsibilities of nuclear safety personnel during emergency
situations.

2.4 Audits and Reviews

A written review and audit program has been prepared and conducted under the
direction of the Nuclear Safeguards Committee within the UCC. It defines the
scope of the program, designates the personnel and their area of competence,
the frequency of audits, required audit documentation, and defines the areas



to be audited. The persons performing the audits do not have direct respon-
sibility for the areas being audited. The specific areas audited at least
annually include the quality assurance program, measurement procedures, SNM
accountability, SNM criticality, packaging and transport of waste, radiation
safety, and hot laboratory operation.

2.5 Personnel Training Programs

UCC has established training and requalification programs for those personnel
responsible for handling radioactive material and those providing support to-
the various activities. The training and annual requalification programs are
designed to assure an adequate understanding by the employees, who are author-
jzed to handle SNM, of the hazards and complexities of handling radioactive’
materials from the standpoint of both radiological and nuclear criticality
safety. The initial radiation safety training and continuing training program
is designed to develop an understanding of rules and procedures and to promote
safety consciousness and sound safety practices.

Responsibility for training in radiation safety lies with the Health Physics
Department. The UCC safety standards require that Health Physics personnel
determine the duration and depth of training for each employee. Such training
is dependent on the job assignment and previous experience of each new employee.
The Health Physics personnel also determine the need for additional formal
training from follow-up observations and the results of personnel mon1tor1ng
Follow-up tra1n1ng commensurate with the work environment and the employee's
work performance is determined by employee supervision. The employee also
receives on-going training in the form of formal sessions and on-the-job
reviews, etc.

UCC requires that each employee who may work with special nuclear material
undergo an annual requalification program to demonstrate an understanding of
criticality safety requirements as well as other license conditions. Completion
of the requalification requ1rements includes. a signoff by the employee and
supervisor.

Training and retraining in fire protection and emergency procedures are also
included in the UCC training program in addition to the maintenance of training
records.

2.6 Emergency Plan

The staff has reviewed the Union Carbide Nuclear Facility Emergency Plan, which
was submitted on September 3, 1982 and supplemented on August 8, 1983. The
latter was UCC's response to additional emergency planning questions, requested
by letter dated June 23, 1983.

The Emergency Plan is an integrated plan which encompasses both Reactor License
R-81 and Materials License SNM-639. The plan is based on the requirements of
10 CFR 50, Appendix E, "Emergency Plans for Production and Utilization Facil-
jties," and NUREG-0762, the "Standard Format and Content for Radiological
Contingency Plans for Fuel Cycle Facilities." The guidelines of Regulatory



Guide 2.6 and ANS 15.16,'”Emergency Planning for Research Reactors," were also
used,

In our review, the staff determined that UEC's site-wide Emergency Plan is
adequate to demonstrate that the licensee has accomplished the purpose and
intent of radiological contingency planning, by assuring (1) that the facility
is properly configured to 1imit releases of radioactive materials and radiation
exposures in the event of an accident, (2) that a capability exists for measur-
ing and assessing the significance of accidental releases of radioactive mate-
rials, (3) that appropriate emergency equipment and procedures are provided
onsite to protect workers against radiation hazards that might be encountered
following an accident, (4) that notifications are promptly made offsite to
Federal, State, and local government agencies, and (5) that necessary recovery
actions are taken in a timely fashion to return the plant to a safe condition
following an accident.

The principal location where special nuclear material is handled is in the Hot
Laboratory Building. The building, as described in the emergency plan, is
properly configured to 1imit radicactive releases and radiation exposures from
abnormal operations in that: all exhaust air from the Hot Lab passes through
roughing filters, absolute (HEPA) filters, and when necessary through charcoal
filters prior to passage toa monitoring system and 50-foot stack; the Hot Cell
filter banks are protected by a CO, fire suppression system; ventilation systems
are designed to assure positive, continuous flow of air from non-radioactive
areas to radioactive areas; and eight radiation monitors with audio and visual
alarms are located throughout the building.

The radiological contingency planning organization, as described in the emer-
gency plan, provides adequate preplanning for emergency response. The arrange-
ments for offsite assistance as well as the responsibilities of various support-
ing organizations are established. Procedures for implementing emergency
responses for the listed accident scenarios are described, and general plans

for recovery and reentry are deveioped.

The emergency plan improves UCC's ability to protect against, respond to, and
mitigate the consequences of an accident involving radioactive materials. The
staff concludes that UCC's site-wide Emergency Plan satisfies the radiological
contingency planning requirements of NUREG-0762 and provides a basis for an
acceptable state of emergency preparedness.

2.7 Conceptual Decommissioning Plan

In its Consolidated Application, the UCC submitted a conceptual decommissioning
plan for its Tuxedo facility. The plan was prepared for the Reactor License
R-81 renewal application, Docket 50-51." The plan included two alternatives in
decommissioning the facilities depending ultimately on the final utilization
UCC would want for the decommissioned nuclear facilities. In one alternative,
UCC will adhere to levels not exceeding those specified in Table I in the NRC
prepared Annex B to the License, "Guidelines for Decontamination of Facilities
and Equipment Prior to Termination of Licenses for Byproduct, Source, or Special
Nuclear Material," so as to enable release of the property for unrestricted use.
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The second alternative would enable the UCC to maintain the nuclear utilization
capabilities of the facility along with restricted access under a byproduct
materials license (subject to the regulatory jurisdiction of New York State).

These two alternatives in the decommissioning plan also include a discussion

of the general considerations for plant decontamination, the procedures to be
followed during decontamination and an estimate of the costs for decontaminating
the Tuxedo facilities and site.

The UCC decommissioning plan was reviewed by the staff and is adequate in that
it complies with NRC guidelines, the procedures proposed are reasonable, accept-
able to the staff, and the estimated costs for decontamination are realistic.

2.8 Staff Evaluation - Conduct of Operations

The staff concludes on the basis of the review and comparison with the proposed
guidelines in R.G. 3.52 standard that the licensee's management organization and
administrative controls are adequate-to protect health and minimize danger to
1ife and property [10 CFR 70.23(a)(2) and 10 CFR 70.23(a){(4)]. The Tlicense
application commitments and the demonstration portion of the license applica-
tion present the level of detail necessary for the staff to make conclusions
regarding safe operation.

11
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3. SITE AND FACILITY CONSIDERATIONS .

Licensed activities are conducted by Union Carbide at Sterling Forest Research
Center near Tuxedo,; New York. This chapter discusses the type of facilities,
their uses and engineered safety-related features. -

3.1 Site Description

The UCC plant is located within the town of Tuxedo in Orange County, New York.
Orange County is in southeastern New York state, is bordered on the south by
New Jersey, and is approximately 40 miles northwest of New York City. Tuxedo
is in the extreme southeastern corner of Orange County approximately four miles
north of the New Jersey state Tine. The plant site is located on 100 acres of
land, owned by Union Carbide, in an area known as Sterling Forest and is about
3-1/4 miles northwest of the village of Tuxedo Park. Features within 10 miles
of the site are shown on Figure 3.1. The plant itself has been constructed
along Long Meadow Road on the eastern slope of Hogback Mountain at an average
elevation 800 feet above mean sea level (msl).

There are five principal buildings at the plant site which are identified as
follows:

Building 1 Reactor :

Building 2 Hot Laboratory (buildings 1 and 2 ar
structurally joined)

Building 3 Maintenance

Building 4 Administration

Building 5 Heating Plant

There is an additional small concrete block structure at the north end of the
plant site used for temporary storage of drummed, miscellaneous low-level
radioactive wastes.

The plot plan of the plant site is shown in Figure 3.2.

3.2 Facility Description

The Hot Laboratory (building 2) is a steel and concrete building 139 feet long,
57 feet wide and 37 feet high, which shares a common wall (its southern wall)
with the Reactor Building (building 1). A 12-foot deep, concrete, water-filled
canal connects the reactor pool to a location just below hot cell 1.

In the Hot Lab there are five hot cells, each having four-foot thick walls of
high-density concrete, and the cells are separated from each other by four-foot
thick high-density concrete walls. The floor plan for the Hot Lab is shown in
Figure 3.3. The cells are general purpose units designed to accommodate a
variety of operations, including chemical experiments, radiochemical separation
of isotopes, physical testing for evaluation of irradiated material, solid state
investigations and metallurgical work. A general description of the cells is
presented below.
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Féatures Within 10 Miles of the Tuxedo Site
Figure 3.1
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“UCC's Sterling Forest Research Center
Figure 3.2
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Cell 1 is 16-feet wide by 10-feet long by 15-feet in height. This cell is
equipped with a electromechanical remote handling arm (750 1b. capacity), one
pair of Heavy Duty Model 8 manipulators and one pair of Standard Duty ModeTl

8 manipulators. Two Corning 4-foot thick glass shielding windows are located
in the front shielding wall of Cell 1. These viewing windows consist of
Corning's "Radiation Shield Standard Assembly 1480," which is their standard
unit for 4-foot shielding walls. The windows are constructed of five sections
of 3.3 density lead glass each 9-1/2 inches thick.

A Kollmorgan periscope, currently in use in Cell 1, can be relocated to any of
the other cells. With auxiliary attachments on the periscope it is possible
to do in-cell microscopy and to take photographs of specimens in the cell.

Cells 2, 3, and 4 are 6-feet wide by 10-feet Jong by 12.5-feet in height, while
Cell 5 is 6-feet wide by 10-feet long by 25-feet in height. Cells 2, 3, 4, and
5 are each equipped with a Corning 4-feet thick glass shielding window and all
cells are equipped with one pair of Model 8 Master Slave Manipulators.

Major access to all the cells is possible through the rear doors (7-feet wide
by 6-feet high by 4-feet thick) which can be withdrawn utilizing electrical
drives. The electrical connection and power supply to drive these doors are
kept Tocked to prevent unauthorized entrance. An alarm sounds when any of
these rear access doors is opened. The access doors for the cells are motor
driven through a 1200:1 reduction worm gear and move on steel rails located
in the floor of the charging area.

Access to all cells is also possible via top roof openings containing removabie
plugs. The roof and roof plugs of all cells are 3-1/4-feet thick magnetite con-
crete. The roof plug is made up of three 14-inch thick concrete slabs which
must be removed individually with a 10-ton capacity overhead crane. A 6-inch
diameter charging sleeve located in the center of the roof plug is fitted with
an 8-inch long lead-filled steel plug. Two 4-inch diameter charging sleeves
also are provided through the roof. They have magnetite plugs 6 inches in diam-
eter at the exterior surface and are stepped to 4 inches in diameter 18-inches
from the interior surface. There are laboratories and a solution make-up room
above the charging area, but areas directly above the cells are not occupied.

Radioactive samples, specimens, isotopes, etc., are transferred through the
previously mentioned canal and brought into Cell 1 via an automatic elevator
mechanism.

The area on the front side of the cells is the operating zone and is maintained
as a radioactively clean area. The viewing windows, manipulator controls,
intercell conveyor controls, in-cell service controls (air, water, vacuum,.gas)
.and periscope are located in this area. The operating control panels for the
ventilation system and the Radiocactive Waste Water Treatment System are Jocated
at the north end of this area.

Radiation levels in the Hot Lab are monitored by a combined area radiation
monitoring/criticality monitoring system. The system is linked to a master
panel located in the operating area. Area radiation monitors are normally set
to alarm at 5 mR/hr. The setpoint at which each monitor activates the building
criticality evacuation alarm is determined by the detector location and consid-
deration of intervening shielding from the Tocation of a potential criticality.
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In the front shielding wall of each cell there are twelve removable 2-inch
‘diameter stepped pipe sleeves, one 8-1/2-inch diameter sleeve (to accommodate
the Model 8 manipulators). When the sleeves are not in use magnetite shielding
piugs are placed in the sleeves.  Special services not available within the
cell (such as inert gas, high pressure air, natural gas) can be fed into the
cells through special plugs which can be inserted in place of the standard
2-inch diameter stepped pipe sleeves. Locking bars are used to prevent
accidental removal of any of these plugs.

In the rear shielding wall of each cell there are five 2-inch diameter stepped
pipe sleeves. Each rear cell door also contains one 8-inch diameter stepped
sleeve. These sleeves provide additional access ports from the charging area
in the cells. They contain magnetite shielding plugs when not in use.

An intercell conveyor permits transfer of samples or equipment between cells
from an external Toading station. The conveyor loading/operating station is
provided with a shielded viewing window, a remote manipulator, and a radiation
controlled interlock on the access door. The drive unit for the conveyor is
located outside the shielded area so that maintenance can be performed with
minimum radiation exposure.

The charging area is located to the rear of the cells. Controls for the rear
access doors to the cells are located here. Access to the decontamination
room, exhaust fan room, waste treatment facility and conveyor loading station
are from the charging area.

Just north of the charging area is the shipping area with access to a Toading
dock along its eastern wall. The north end of the shipping area is, in turn,
separated from the Waste Drum Storage Facility by swinging doors.

The Waste Drum Storage Facility is a recent addition. The top of this structure
(adjacent to the north end of the Hot Lab) is level with the ground floor of
the Lab. The bottom of the structure is approximately eight feet below ground
level. It is essentially a concrete block 35 feet by 44 feet and eight feet
thick in which 121 cylindrical pits, seven feet deep, and 28 inches in diameter
are provided for waste storage. Each storage pit has a removable shield piug
four feet deep with a diameter of 32 inches in its top 18 inches, and a 28-inch
diameter over its remaining length. The reinforced concrete at the bottom of
the storage pits is one foot thick. No storage pit is located in the concrete
closer than four feet from the outside wall of the block, i.e., four feet of
concrete shielding is provided between any waste drum and all exposed surfaces.
A special mobile crane has been manufactured for shield plug removal, waste
drum placement and shield plug replacement. The facility is roofed and window-:
~ less.. It has three personnel access doors and swinging doors at the exterior
truck loading platform. . :

This facility will provide for lag storage of high specific activity, low-level
radiological waste for six to eight months during which time radioactive decay
will take place so that the specific activity of the waste will be Tower at the
time of retrieval and shipment for ultimate disposal.

Low-level radioactive specimens or samples will be handled in the Radiochemical

Laboratory. Equipment available in the laboratory includes standard laboratory
benches with stainless steel tops, glove boxes and hoods.
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Operations in this laboratory involving higher level radiocactive gases will be
conducted within special hoods. There are three hoods; two regular and one
walk-in unit. These hoods, with all interior surfaces of stainless steel, are
6 feet wide and are designed for work with radioactive materials. A1l flows
from these hoods pass through roughing filters, and absolute filters (these
are standard units) prior to passage to an exhaust fan and monitoring system.
Supporting non-radioactive analytical work also is done in this laboratory.

Three target make-up Taboratories are located in the second floor area. These
labs are currently used for the uranium target preparation. They can also be
used for work similar to that described for the Radiochemical Lab. A1l opera-
tions involving uncontained radioactive materials will be carried out in hoods
or glove boxes of the type used in the Radiochemical Lab.

3.3 Service and Support Systems

The licensee has designed and operates a ventilation system to continuously
confine and control radiocactivity within its Tuxedo facility. In consonance
with "As Low As Reasonably Achievable" (ALARA) criteria, the ventilation system
has been improved to remove most of the radioiodine released to cell air during
processing. Three carbon filters in series are used for this purpose, each
with a design efficiency exceeding 99 percent.

A negative pressure of about 0.3 inches of water referenced to atmospheric
pressure is maintained in the hot cells to assure that the direction of air
flow is from operating areas into the cells. This is also true of hoods and
glove boxes in which radiocactive materials are handled.

A simplified diagram of the ventilation system is shown in Figure 3.4. A
reserve fan is maintained on standby to assure proper air flow and negative
pressure if the main exhaust fan should fail. Procedures require that process
operations cease at that time. Two emergency generators are also available to
assure continued operation of the ventilation system.

The principal service and support systems of ventilation, confinement, and
utilities as they exist at the Tuxedo facility are described in the following
sections.

3.3.1 Ventilation

In order to assure confinement of radioactivity during all operations, the
1icensee has provided a ventilation system shown in simpiified form in

Figure 3.4. The principle that air flow from clean areas to areas of successively
greater potential contamination has been followed. Air is supplied to offices

and other occupied areas by two separate fans. It is drawn into laboratory

hoods, hot cells, and exhaust ducting by a single exhaust fan. Normal flow

rates are shown on Figure 3.4. Exit air joins with the reactor exhaust air and
thence to a common stack. The stack is located near the crest of Hogback

Mountain on the west side of the facility. The fifty-foot stack, and exhaust

duct leading to it, rise 187 feet above grade level.

The hot cells are not sealed and about 2,500 cubic feet of air per minute flows
around doors, cell covers, and equipment ports into the cells. If a door at
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Figure 3.4

Simplified Ventilation System of Union Carbide Facility Tuxedo, N.V.
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the rear of the hot celis is opened, the total flow inward might increase to
about 6,500 cubic feet per_minute. A door is opened about once per week.

A1l air effluent from the hot cells passes through a series of filters prior

to joining additional exhaust air from other facility areas. The hot cell
exhaust splits into two parallel trains consisting of a roughing filter, a high
efficiency particulate air (HEPA) filter, and two carbon filters (shown as one
in Figure 3.4). Downstream of the parallel trains is a single train consisting
of an additional roughing filter and an additional carbon filter. During
maintenance an auxiliary fan and exhaust train is used consisting of a roughing,
HEPA and carbon filter. :

The HEPA filters are used to remove particulate radicactivity at efficiencies
of 99.95% or greater. They are individually tested for efficiency prior to
installation and then tested in place after installation. The carbon filters
are used specifically to remove radioiodine from the exhaust air from the hot
cells. These filters usually exhibit efficiencies for halogen removal of
greater than 99%. The series of three carbon filters, therefore, can be
expected to remove all but 10-® of incident iodine. The minimum overall
efficiency stipulated by the technical requirements for radioiodine is 99.5%.
The combined stream of exhaust air is then further passed through a roughing
filter and final HEPA filter.

Normally the fans are powered by a three phase, 440 volt electrical supply. If
normal power fails, either exhaust fan (main and auxiliary) will be powered by
either of two emergency generators, as described in Section 3.3.3. The switch-
over is automatic; the main exhaust fan operates in this mode at half speed.

Based on the staff's review and evaluation of the licensee's ventilation system
as described above, we conclude that the system will provide adequate confine-
ment capability during normal and foreseeable -abnormal circumstances.

3.3.2 Confinement

Primary barriers for SNM confinement at the facility are provided by the process
equipment, hoods, and, glove boxes. The glove box system works with the ventila-
tion system described in Section 3.3.1, so that leakage of air is normally into
the glove box. The glove boxes are enclosures constructed of welded stainless
steel or aluminum framework onto which are clamped gasketed panels or windows.
Manual operations within the glove boxes are performed through gloves which are
sealed to open ports in the glove box panetls.

The secondary confinement barrier consists of rooms, building walls, and the
building ventilation systems. The Hot Laboratory and Reactor buildings are of
concrete construction.

3.3.3 Utilities
Normal operating power is provided by a commercial utility company and is
standard 3 phase high voltage supply which is stepped down to 440 V by a

dedicated transformer which is located in the motor control center in the Hot
Laboratory building.
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Emergency power for the facility is provided by two auxiliary generators that
are driven by internal combustion engines. ~One is rated at 50 Kw and is fueled
with gasoline. The other is 45 Kw and is fueled with natural gas. When normal
power is lost these auxiliary generators automatically start in sequence and
when they attain their rated capacity an automatic transfer of the emergency
Toad is accomplished. The following safety-related equipment receives elec-
trical power from these generators:

1. Partial lighting of all areas.

2. Reactor control console.

3. Reactor and Hot Laboratory supply fans (at half speed).

4, Reactor and Hot Laboratory exhaust fans (at half speed).

5. Reactor.Building doors.

6. Reactor Emergency exhaust fan and evacuation and containment system
equipment.

7. Reactor beam tube ventilation and flushing system.

8. Fuel pump for emergency generator storage fuel tank.

9. Hot Laboratory auxiliary exhaust fan.

10. Certain electrical power circuits for standing and mobile emergency equip-

ment (i.e., radiation monitors) criticality monitoring and alarm system,
etc. .

When normal power is restored to the motor control center the load is auto-
matically retransferred from the emergency generators after the normal supply
of power has been sustained for 1 minute.

The Hot Laboratory exhaust-fan load can be switched to either emergency genera-
tor by a manual transfer switch. There is a 6-day gasoline supply for the 50 Kw
generator and the 45 Kw generator can be continuously fueled with natural gas
from the utility company distribution system. Both generators are tested

weekly for operability. '

Battery powered emergency lighting is provided initially to aid the safe move-
ment throughout the buildings before the emergency load is supplied from the
auxiliary generators.

Compressed air for operation of safety-related ventilation dampers and various
other non-safety related functions is supplied from the site utilities building
(Heating Plant, Building 5). There are two compressors, one service unit and
one on stand-by, that supply the site requirements. One compressor is pawered
by an emergency generator located in the heating plant. In the event of Tloss
of compressed air the ventilation dampers are monitored and programmed to auto-
matically go into emergency sequence. When normal pressure is resumed the
ventilation system must be reset manually.

Water to the site is supplied by the local water company. It is drawn from

the Indian Kill reservoir, filtered and supplied through a network of mains
that suppiies all Tocal residents and industrial facilities. The water main
system includes a head tank to ensure adequate pressure. The water main system
includes a nearby head tank to assure an adequate supply of water for the fire
main and for emergency cooling of the reactor in the event of interruption of
the normal supply.
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3.3.4 Staff Evaluation - Service and Support Systems

Based on the above discussion, we conclude that the ventilation, confinement
and utilities systems provided by UCC for Sterling Forest Research Center's
special nuclear material handling facilities are satisfactory for normal and
potential abnormal operating conditions. The integrity of secondary confine-
ment barriers and systems in all process building is adequate. Well-engineered
equipment and responsible operation and control of the systems have contributed
to safe confinement practices.

3.4 Seismic Analysis

For our seismic review the staff has relied on seismologic information sub- -
mitted by UCC in its Consolidated Application, the scientific literature, and
information obtained in connection with the Indian Point Station, a nearby
power reactor located in New York. This information was developed as a result
of general interest in seismic safety of power reactors and has resulted in
intense study of the seismic activity in the vicinity of the Ramapo Fault in
the New Jersey-New York Highlands and estimates of the probability of occur-
rence of strong earthquakes at those reactor sites.

Geologically, the UCC site is in the Precambrian Hudson Highlands, an area that
has historically had seismic activity, but at relatively low magnitude levels.
Local seismic networks in the last decade have helped define the features of
the seismicity in the New York City metropolitan region of which the Hudson
Highland is a part. The pattern of earthquakes as located by instruments in
this region has the same general features as the longer term (several hundred
years) historical record. The earthquake locations, which have been determined
from the seismic network data, are accurate to within a few kilometers, while
the historical data are only accurate to within a few tens of kilometers.

UCC in its discussion of the seismicity for the site relies almost exclusively
on one reference (Aggarwal and Sykes, 1978) and the position that much of the
seismicity in the region is attributabie to the Ramapo fault which is located
about 12 kilometers at its closest point to the site. Aggarwal and Sykes (1978)
found two lines of evidence which they interpreted to support their hypothesis
that the Ramapo fault is an active techonic structure, viz.,

(1) proximity of hypocenters of several small earthquakes to the fault, and,

(2) focal mechanism and inferred stress orientation consistent with movement
on the fault.

More recent work (Kafka, 1983) indicates that there is no evidence from the
microearthquakes recorded by the local seismic network from 1970 to 1982 to
suggest that northeast trending faults that lie to the northwest of the Newark
basin (such as the Ramapo fault) are any more active than other structures
which lie around the Newark basin. Woodward Clyde Consultants (1982) report
that earthquakes in the site region as located by instruments do not 1ie pref-
erentially along either the Ramapo fault or along other northeast trending
structures. . No spatial correlation is observed between the distribution of
epicenters and geologic structures or terrains that are mapped at the surface.
The two Targest events since the local seismic network has been operating in
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the New York metropolitan area were not associated with the Ramapo fault, but
rather, were located in the Coastal Plain east of the Newark basin (Cheesequake,
N.J.) and in the Valley and Ridge province north of the Newark basin

(Wappingers Falls, N.Y.). Epicenter locations of Magnitude 2 and larger earth-
quakes appear to be in the region surrounding the Newark basin. Although the
Ramapo fault shows a spatial correlation with some of the earthquakes, fault
plane solutions for many of these events indicate primarily thrust-type fault-
ing on north to west striking planes which is inconsistent with movement on the
Ramapo fault (Woodward-Clyde Consultants, 1982). There is, therefore, a differ-
ence of opinion as to whether seismic activity is solely associated with the
Ramapo fault. '

The largest historical earthquakes within 100 miles of Tuxedo, N.Y., had maximum
Modified Mercalli intensities of VII. (Stover et al., 1980, 1981). For facil-
ities being reviewed under the criteria of 10 CFR Part 100, Appendix A, the

safe shutdown earthquake (SSE) for this site would probably be based on an event
of about maximum Modified Mercalli intensity VII occurring in the site vicinty.
A definitive conclusion on this matter in a nuclear power plant \licensing appli-
cation would require additional review and evaluation. An appropriate peak
acceleration derived from intensity data might be used to anchor a standard
spectral shape. In recent reviews of nuclear power plant sites, it has been the
staff's position that magnitude is a more suitable characterization of earth-
quake size than is intensity. An earthquake's magnitude is used in conjunction
with site geology to select time histories for use in obtaining site specific
response spectra. For the eastern United States, the staff equates earthquakes
of maximum intensity VII with magnitude (mb) of approximately 5.3.

Since there is no seismic design criteria established -for the Hot Laboratory

at the UCC site at Tuxedo, N.Y., the staff must use a greater degree of judg-
ment to evaluate the adequacy of the facility with respect to seismic hazard.

If criteria were to be established, a more general consideration of the regional
geology and seismology should be made rather than simply assigning all earth-
quake to the Ramapo fault and assuming that the ground motion from the resulting
earthquake would not affect the site. A discussion of the effects of an earth-
quake on structures, systems, and components important to safety is presented

in Section 8.1.1 of this report.

3.5 Fire Protection

The licensee has considered the potential for dispersal of radicactivity as a
result of fire. Each hot cell is limited to no more than two liters of any
flammable liquid. Since air inleakage to the cells is limited, the rate of
combustion would be limited to about one pound per minute. Such a fire would
last only a few minutes unless other combustibles were ignited. The licensee
has limited the total of "loose" combustibles to two hundred pounds, but opera-
tor action would be expected to douse the fire before a sizeable fraction of
other combustibles could burn.

Since the heated air from a cell fire would mix with cooler air from the other
cells, the maximum temperature downstream at the filter bank would be reduced
to less than 200°C. The carbon filters would be protected by a carbon dioxide
fire extinguishing-cooling system which would be activated if the heated air
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entering the filter bank exceeded 300°C. Because of the limited air inleakage
and consequent Tow burn rate, all filters are expected to function during any
cell fire, and the consequent release would be minimal.

A fire could occur in areas of the Hot Laboratory Building external to the hot
cells. Smaller quantities of radioactivity would be associated with such fires,
primarily in the radiochemical laboratory. Hood or glove box exhausts are
filtered, but if by-passed, the main building ventilation system would filter
the contaminated air before release.

Because of the reliance on the ventilation system to maintain the safe confine-
ment of radioactivity, particularly in the hot cells, the staff evaluated the
potential for a fire damaging that system. As described in Section 3.3.1, the
main exhaust fan for the Hot Laboratory Building is located in a separate enclo-
sure (fan room) at the northwest end of the charging area (see Figure 3.4.1).
The final polishing filters are located in a separate enclosure adjacent to the
fan room. These enclosures are constructed of reinforced concrete with steel
doors. No combustibles are stored within these enclosures. Although unlikely,
a fire external to these enclosures could affect fan or filter operation. Loss
of the main exhaust fan might be overcome by the auxiliary fan located on the
second floor.

The licensee has taken precautions to extinguish any fire occurring in the Hot
Laboratory Building. There are 22 portable fire extinguishers located through-
out the building. Operators are trained and retrained in fire protection, in-
cluding the use of fire extinguishers (annually). The local volunteer fire
department substation is located on Long Meadow Road within 2,000 feet of the
site. The fire department is instructed in the rudiments of radiation protec-
tion and the compatibility of hose connections and their locations has been
assured. An automatic sprinkler system is installed in the first floor area
north of the radiochemical laboratory in which combustible material is stored.

3.5.1 Staff Evaluation - Fire Safety

Based on the staff's review and evaluation of the licensee's precautions to
prevent a fire and ameliorate its effects, should one occur as discussed above,
we find that the Hot Laboratory is adequately protected. However, a fire
involving radioactive materials is a credible event for the facility. Our
analysis indicates that the radiological impact of such an event would be no
more severe than the design basis accidents described in Section 16 of the
Consolidated Application.
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4. PROCESS SAFETY CONSIDERATIONS

Approval of a license application, including a license renewal, requires that
the equipment and facilities be determined '"adequate to protect health and
minimize danger to life or property" [10 CFR 70.22]. The process safety
considerations evaluated by the staff included the adequacy of the design,
operation of the individual unit operations to minimize occupational exposure,
the design and administrative controls to prevent a nuclear criticality acci-
dent, and control of the various radioactive effluents from the plant.

4.1 Process Operations

The staff reviewed the.three processes involving SNM for safety consideration.
These processes are currently being conducted in the Hot Laboratory facility.
They are (1) target preparation, (2) isotope processing, and (3) uranium waste
form processing. The staff evaluation was based on the information provided

by UCC and knowledge supplemented by site visits and UCC responses to questions
requesting additional information. Target preparation is conducted in hoods.
Other processes described in the following sections are housed in hot cells used
as secondary confinement enclosures. Primary enclosures are process vessels,
themselves.

4.1.1 Target Preparation

Target preparation involves a unique process for preparing a primary target
containing fissionable materials (e.g., uranium). This process was developed
and patented by the UCC. The target is designed so that a thin, uniform layer
of fissile material can be bonded to its inner wall and can then be used

as both an irradiation chamber and container for chemical processing. The
principal radiological safety consideration in this area is criticality
prevention.

4.1.2 Isotopes Processing

Isotope processing involves the separation of fission product isotopes from
irradiated, uranium-fueied targets. In the principal process, Mo-99 is
separated by precipitation and packaged in accordance with 10 CFR Part 71 for
delivery to medical industries. There has been ample demonstration during
the more than twenty years of operation that the thick shielding is adequate
protection against direct radiation. Moreover, the containment of process
radiochemicals in specially designed glassware has proved to be a positive
control over the spread of radioactivity.

4.1.3 Uranium Waste Form Processing

Uranium waste form processing involves the conversion of the waste solution,
resulting from the isotope process, to a form acceptable for transfer offsite
to reprocessing to reclaim the unfissioned uranium. These operations are
similar to isotopes processing with limited potential, because of small batch
sizes, for energetic reactions. Prior to the incorporation of these steps as
a routine operation, UCC conducted several tests to demonstrate the limited
impact of this process. These tests are described in the UCC report, "Startup
Report for Uranium Waste Form Process," dated October 27, 1980.
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4.1.4 Staff Evaluation - Process Operations

Information, as above, provided by the licensee, the history of the safety of
UCC's operations contained in NRC inspection reports, and staff site visits
were used in assessing the safety of the process operations. In addition to
the staff's review of the safety of normal operation, the staff reviewed the
capability for response to abnormal conditions. This aspect is discussed in
Section 2.6.

4.2 Nuclear Criticality Safety

4.2.1 Organizational and Administrative Requirements

The organizational and administrative requirements for the nuclear criticality
safety control of the operations at the Uranium Carbide Corporation (UCC) facil-
ity are described in Chapters 2, 4, and 15 of the Consolidated Appiication ,
together with the requirements for radiological safety controls. This includes
minimum qualifications of key personnel, training, operating procedure reviews,
audits and inspections, and recordkeeping. 'Although the staff has found no
unsafe situations in the facility, it became apparent from the review of the
application that it is necessary for UCC to strengthen its capability in this
area to provide for audits by competent personnel of both current operating
practices and of all calculations prior to instituting any changes in operations.
In this regard, UCC has secured the services of an outside nuclear criticality
safety consultant,* who will perform an annual audit of the nuclear criticality.
safety functions and related process controls of the operations at the facility
and will perform an independent review of all nuclear cr1t1ca11ty safety calcula-
tions prior to instituting any changes in operations.

In addition to the annual audit made by the consultant, a bi-monthly (every
two months) inspection of all SNM criticality control areas is performed by an
appointee of the Nuclear Safeguards Committee to assure that compliance with
criticality limits is maintained in each control area.

4.2.2 Technical Criteria

The UCC nuclear criticality safety criteria provide for reviews by a member of
the Nuclear Safeguards Committee, who is knowledgeable in the area of nuclear
criticality safety and an independent review by the nuclear criticality safety
consultant. These reviewers use approved technical criteria provided in detail
in Chapter 4 of the licence application. The important nuclear criticality
safety criteria are as follows:

1. The basic policy. is the double contingency policy. Process designs incor-
porate sufficient factors of safety to require at least two unlikely, inde-
pendent, and concurrent changes in process conditions before a criticality
accident is possible. This is the basic policy endorsed by Regulatory

*See the licensee's letter, dated June 8, 1984, James J. McGovern to Leland C.
Rouse, concerning this aspect.
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Guide 3.4, ”Nuc]ear‘Criticality Safety in Operations with Fissionable
Materials Qutside Reactors.”

A safe mass 1imit (350 g contained U-235), when there is no control of
container geometry or presence of a container seal against inleakage of
water, is no more than 45% of the minimum critical mass independent of
container geometry or the degree of water moderation and reflection. Dry
(unmoderated) SNM, packaged in 00T or NRC approved containers (for dry
shipment), may contain no more than 700 g of contained U-235. The safety
factor of the Tatter limiting mass of 700 g is even greater than the

350 gram limit regardless of the degree of water reflection. Combinations
of the two types of masses (dry and "wet") in a given work area are
governed by the "unity rule" (sum of reciprocals).

- Although several of the containers used in the processing operations
are safe-by-geometry, the nuclear criticality safety of a batch is not
dependent on container geometry. The U-235 mass is the controlling
parameter. '

The total quantity of contained U-235 in the Waste Storage and Waste Form
Process Hot Cells are limited by specified mass 1imits. Each container in
the cell, having a maximum inside diameter of 5.0 and 3.0 inches, respec-
tively, for the Waste Storage and Waste Form Process Hot Cells, is
separated from the others so that the surface density of the arrays meets
the safety criteria specified in NUREG/CR-0095, "Nuclear Safety Guide,"
TID-7016, Revision 2.

Criteria for the Isotope Process Cell are based on safe, individual batch
sizes (independent of container geometry or degree of water flooding) in
safe geometry containers and filled with borosilicate-glass Raschig rings
in accordance with modifications to ANSI/ANS-8.5-1979, "Use of Raschig
Rings as a Neutron Absorber in Solutions of Fissile Material." The
licensee plans to use very small rings compared to the 1.50-inch diameter
rings generally used in large fuel fabrication facilities (for which the
standard was primarily developed). The Demonstration section of the UCC
consolidated application states, "The mechanical shock-resistance test and
the maintenance inspections specified in the standard are not required
because of conditions and duration of storage."

The exemption from these two tests {s acceptable because of the following
commitment. The Ticensee shall replace all rings no later than 60 days
from the start of use, in lieu of the mechanical shock-resistance test and
the maintenance inspections specified in ANSI/ANS-8.5-1979.

4.2.3 Staff Evaluation - Nuclear Criticality Safety

The nuclear criticality safety review and our conclusions that the controls
are acceptable are based on:

The history of safe plant operations with respect to nuclear criticality
safety since the original license was issued.
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2. The nuclear criticality safety program has been strengthened by the addi-
tional of an outside consultant experienced in outside-of-reactor nuclear
criticality safety.

3. The application is clear and adequately covers all aspects of the nuclear
criticality safety program in the form of a document that should be
equally well understood by the licensee, the NRC, and the public.

The basic policy underlying the conditions sections of the license application
is in accordance with Regulatory Guide 3.4, "Nuclear Criticality Safety in
Operations with Fissionable Materials Qutside Reactors."

4.3 Radioactive Waste Effluents

The staff reviewed the controls UCC has provided for reducing radioactive
contaminants in airborne and liquid effluents to the environment and in solid
waste shipments to offsite burial facilities.

4.3.1 Airborne Radioactive Effluents

The reactor building is maintained at a negative pressure (-0.25 in WG) whenever
the reactor is operating so as to direct any air leakage through the contain-
ment boundary- into the building. The ventilation system is shown in Figure 3.4.
The potential gaseous effluent of primary concern is radioactivity leaving the
building via the main exhaust duct which leads to an elevated stack shared with
the Hot Laboratory building. In the event of a release of radiocactivity from
the reactor core, the ventilation system will automatically isolate the Reactor
Building by tripping the main supply and exhaust fans and dampers and initiating
the emergency exhaust fans which exhaust through absolute and charcoal filters.
Such an isolation will occur when initiated manually, or when the facility
experiences a loss of commercial power and upon high radiation from the bridge
monitors sensing a gaseous release from the core. Double doors at each access
point to the building provide an airlock. The ventilation system for the Hot
Laboratory is shown in Figure 3.4 and described in Section 3.3.1.

The discharge from the Hot Laboratory exhaust fan joins the reactor building
exhaust and passes to the common elevated stack. The stack monitor for the

two buildings is located in Hot Laboratory Building 2, with local readouts and
alarms for the iodine, noble gas, and particulate monitors. Remote recorders
and alarms for each of these three parameters are located in the reactor control
room. No other gaseous effluents of significance originate in Hot Laboratory
and Reactor buildings. :

Hot Laboratory and Reactor buildings share a commercial power feed transformer
and emergency generators. Upon loss of commercial power, the emergency genera-
tors start and pick-up load automatically. The main exhaust fans automatically
transfer to half speed on loss of commercial power. If either fan fails to
transfer, the backup fan (emergency reactor exhaust fan or the auxiliary hot
lab exhaust fan) starts automatically.
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4.3.2 Liquid Radioactive Waste

Figure 4.1 gives an overview of the liquid waste disposal system at the Tuxedo-
site. It has three sub-systems: radioactive waste, non-radioactive process
waste, and sanitary waste. The Tiquid radioactive waste system is discussed
in this section.

A11 radioactive liquid waste from the Tuxedo site is directed to a collector
tank in Building 2, which feeds an evaporator for separating the liquid waste
into radioactive sludge and decontaminated water. This system is shown in
Figure 4.2. The potential sources for liquid radioactive waste are in build-
ings 1, 2 and 4. Upon purifying the contaminated water, the hold tank is
sampled to ensure that the water has been adequately decontaminated. If the
water is pure, it is either returned to the canal, which is part of the primary
water system for the reactor, or discharged to one of the 5,000 galion mall
tanks. If the water has not been decontaminated, it is returned to the
collector tank and reprocessed. When a mall tank is full, it is sampled and
released as a batch. Nonradioactive process waste from Buildings 1 and 2

are also fed into the mall tanks for sampling and batch releasing.

The system for process 1liquid waste is made up of drains directly from Build-
ings 4 and 5 and indirectly by way of the mall tanks from Buildings 1 and 2.
Liquid process wastes from Building 5 and the mall tanks flow through a sample
pit where periodic grab samples are taken to analyze the continuous waste
stream. Process waste from Building 4 can be batch-released from hold tanks
after-sampling.

Small volumes of liquid wastes identified as hazardous substances are collected
and disposed of by proper techniques. These are not handled routinely and are
therefore treated on a case-by-~case basis by qualified technicians on a small
scale in a laboratory environment.

Storm water flows from roofs and paved areas by way of the natural terrain of
the land, ultimately flowing past a sampling point enroute to the Indian Kill
reservoir as is shown in Figure 4.3.

4.3.3 Solid Radioactive Waste

A1l solid radioactive waste originating at the Tuxedo site is classified as
low-level waste with the exception of spent reactor fuel. Approximately 24
reactor fuel elements are shipped to U.S. Department of Energy reprocessing
facilities each year. The low-level radioactive waste is further divided into
low specific activity and high specific activity material. The low specific
activity is made up of resins from the reactor water cleanup system which have
been solidified, liquid wastes from the target preparation process which have
been solidified, and compacted laboratory trash. While the volume of low
specific activity waste is sizeable, the amount of radiocactivity is very small.
The high specific activity wastes, in contrast, are Tow in volume but high in
radioactivity. These wastes are packaged in 55-gallon drums inside of the hot
cells and require substantial shielding when removed from the cells. After
removal from the hot cells where storage space is limited these waste drums

are put into the previously described, specially designed storage pits where
they are allowed to decay for an additional 6 to 8 months before disposal. A1l
low-Tevel radioactive waste is shipped to licensed commercial burial facilities.
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In recent years the following steps were taken by the licensee to reduce the
volume of solid radioactive wastes:

- A commercial compactor was installed for low specific activity
waste drums.

- Packaging procedures were reviewed to minimize the unnecessary
volume of material placed in waste drums.

- Short half-l1ife wastes were segregated so that after decaying to
insignificant levels they could be disposed of by conventional
methods.

- Special equipment was procured and built and procedures were
developed such that the high specific activity waste packaged in
hot cells could be better packed and compacted.

By reducing the volume of wastes, onsite storage time is increased, thus
allowing additional decay onsite and consequently less activity at the time
of offsite shipment and disposal.

Although receipt of these solid wastes at offsite disposal areas may not be
within the jurisdiction of the U.S. Nuclear Regulatory Commission's rules in

10 CFR Part 61, the licensee has committed to packaging and classifying the
wastes in accordance with Subsections 61.55 and 61.56 of 10 CFR Part 61. It is
likely that any Agreement State accepting the wastes will have requirements
simiTar to those promuligated in 10 CFR Part 61. We note here also that the
additional requirements of 10 CFR 20.311 for assuring that the wastes are
properly identified have been implemented in the shipping procedures of the
Ticensee. '

4.3.4 Staff Conclusions on Radioactive Waste Effiuents

Based on the discussions above considering the treatment of airborne and liquid
effluents and solid wastes, the licensee has demonstrated an adherence to the
principle of ALARA in reducing contaminant levels in radioactive wastes and
effluents. The staff has concluded, therefore, that not only radiologically
safe levels have been maintained, but the licensee has continued to improve
treatment techniques to reduce contaminants to even lower levels.
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5. RADIATION SAFETY

The review covered the description of the UCC management policy, design of
facilities, organizational structure regarding radiation protection, and the
use of operating experience in reducing occupational exposure. Also examined
were the method and techniques used for developing plans and procedures for
assuring that occupational. radiation exposures will be as Tow as reasonably
achievable (ALARA). The review included an analysis of UCC's policy, plans,
and organization as compared with Regulatory Guide 8.10, "Operating Philosphy
for Maintaining Occupational Radiation Exposures As Low As Is Reasonably
Achievable," September 1975. Also, where appropriate, it was compared with
applicable porticons of Regulatory Guide 8.8, "Information Relevant to Maintain-
ing Occupational Radiation Exposures As Low As Is Reasonably Achievable," :
June 1978.

5.1 Radiation Safety Administration

5.1.1 Organization and Authority

Radiation protection supervision for this facility consists of the Manager,
Health, Safety and Environmental Affairs, assisted by the Health Physics
Supervisor and members of the Health, Safety and Environmental Affairs group.
The staff has reviewed the qualifications and experience of theé individuals
filling these positions as compared with UCC's stated requirements, those
found in industry for similar responsibilities, and the guidance in Regulatory
Guide 8.10. The individuals occupying these positions possess satisfactory
education, training, and experience to provide and administer an acceptable
health and safety program.

The Manager, Health, Safety and Environmental Affairs, is responsible for
administering the overall safety program. This includes providing technical
bases, criteria, and methods; providing documents that incorporate procedures
and detailed instructions for administering them; and providing technical
input for license applications. This individual is also charged with provid-
ing justification and approval for exceptions to personnel exposure iimits,
establishing frequency for health physics routines, providing safety analyses
of proposed operational changes and/or modifications, and implementing ALARA
policies.

The Health Physics Supervisor is responsible for establishing and maintaining
the plant radiological safety program, preparing and reviewing Radiation
Contamination Work Permits (RCWPs), assisting in health physics and radiation
safety training, and providing health physics supervision at all times includ-
ing emergencies.

The daily activities of the health physics program are carried out by Health
Physics Technicians. Direct radiation protection assistance is provided on
day shifts; on other shifts the HP technicians are on call for support. All.
nonroutine events are documented by the Health Physics Technicians in Unusual
Occurrence Reports. Situations involving potential overexposures and/or body
intakes are documented by the Health Physics supervision in Incident Reports.
These documents are used to identify recurring or potential problem situations.
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5.1.2 Radiation/Contamination Work Permit -

For any operation or maintenance work involving work on or entry into a system
‘containing special nuclear material not already covered by an effective oper-
ating procedure, a Radiation/Contamination Work Permit (RCWP) normally is
prepared if there is a potential for release of contamination. The RCWP
documents the information used to delineate all potential trouble points and to
identify proper safety procedures. The RCWP is approved by a Health Physics
Supervisor. All work performed under an RCWP requires health and safety
coverage. This health and safety coverage shows the ability of management to
control contamination and 1imit personnel exposures.

5.1.3 ALARA Commitment

UCC management subscribes to the philosophy of maintaining occupational
radiation exposures as low as reasonably achievable (ALARA). Shielding has
been installed at appropriate work stations to minimize exposures to external
radiation. To prevent internal exposures, a total confinement approach has
been used for all production-scale operations. Detailed written procedures
prepared for the operations are reviewed for methods of reduc1ng potential
exposures to ithe operating staff.

The General Safety Committe (GSC) consisting of representation from Health
Physics and site management, reviews problem areas and/or operations for ways
to reduce occupational radiation exposures. Planning and process procedures
are under the surveillance of the Nuclear Safeguards Committee (NSC). ALARA
considerations are formulated by NSC and GSC. ALARA recommendations are
directed to the General Safety Committee concerning operational radiation
control. ALARA for new projects is handled by NSC. A file is maintained at
the facility that documents ALARA recommendations.

5.2 Radiation Safety Controls

5.2.1 External Radiation Exposure Control

Whole body dose from external radiation is minimized by 1imiting the exposure
rate at each work station and by administratively limiting the quarterly
accumulative dose of each individual. Pocket chamber dosimeters and film
badges are used to monitor personnel and criticality whole-body and extremity
exposures.

The Health Physics staff has measured the radiation levels at all work stations
and other routinely occupied areas under normal working conditions and- anti-
cipated glove box inventories. Trend and unusual conditions are identified by
changes in the measured radiation levels. If adverse trends occur, affected
persons are requested to give a written account as to the cause of the expo-
sure. In this way, exposure can be maintained ALARA by lowering any exposure
trends as they develop. In general, dose rates of less than 2 mR/hr in
occupied work areas is used as a criterijon.
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5.2.2 Internal Radiation Exposure Control

UCC uses a confinement approach, when possible, to minimize the possibility of
bodily intake. The confinement system consists of primary containers, glove
boxes, hot cells, and the ventilation system. This provides barriers between
the workers and potential hazardous materials. To monitor the effectiveness
of the confinement techniques, alpha and beta-gamma continous air monitors
(CAMS) are located in areas where there is a possibility for airborne radio-
active material. The CAMS are fitted with audible alarms.

Continuous air sampling, contamination surveys and a bioassay program are also
used as part of the radiation surveillance program. UCC is extensively covered
by fixed air sample locations. The samples are taken continuously and analyzed
weekly. Routine contamination surveys and a bioassay program provide back-up
measurements for internal exposure monitoring. These are discussed in
subsequent sections.

5.2.3 Contamination Control

Contamination surveys are an integral part of the ALARA program for potentially
contaminated areas such as the solution make-up Tab, the plating lab, the target
preparation area, and other working locations in the Hot Laboratory building.
Approximately 55 smear samples are collected and evaluated daily. Survey results
are then transmitted to the supervisors of the areas surveyed so that clean-up
action may be taken if required. The action levels for surface contamination
through daily sampling are prescribed in the licensee's Consolidated Application.
Radiation level surveys are conducted at least monthly in work areas, and more
frequently in areas where significant quantities of radiocactive materials are
used.

Area monitors and criticality monitors in radiation areas of the facility are
displayed at a central location and help ensure that exposure to occupational
radiation is kept ALARA. Special surveys performed for the purpose of pre-
planning operational work in radiation areas include an evaluation of radiation
dose rate, contamination conditions, and airborne radioactivity.

5.2.4 Biossay Program

The UCC bioassay program serves as a backup for the radicactive material con-
tamination surveys as well as serving to establish the quantities of internal
contaminants from known exposures. Bioassay at UCC includes both urine and
thyroid. Urine is sampled on an annual basis for all individuals working with
open sources of radicactive material and immediately when an overexposure is
suspected. Thyroid uptake sampling frequency is at least quarterly for all
employees processing and dispersing iodine. Acceptable action points have been
established for resample, whole body counting, and technical evaluation of
potential exposures.

Internal exposure is also evaluated at UCC through measurement of activity at
the fixed air sampling sites in the reactor and Hot Laboratory buildings. In
addition, internal exposure of employees is controlled through hand monitoring
to prevent radioactive material from entering the body through ingestion.
Beta-gamma hand and foot monitors are provided at all the normal exits from
radiation control areas.
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5.3 Staff Evaluation - Radiation Protection

Based on its review and evaluation of the radiation safety information in the
licensee's Consolidated Application, other supportive information and inspec-
tion history, the staff has concluded that UCC has the necessary technical
staff, administrative and technical procedures, and equipment to provide effec-
tive and safe radiation programs. Conformance by UCC to their conditions
should ensure a safe operation and that unfavorable trends or effects can be

detected quickly by UCC or by NRC's Regional personnel and corrective action
initiated.
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6. EFFLUENT AND ENVIRONMENTAL MONITORING

The staff review covered the organization of the program, the description of
the equipment available in the health physics and environmental laboratories,
and the procedures for monitoring effluents and releases. It also included a
study of the concentrations of airborne radiocactive materials in the effluent
stack and at the various sampling point locations; the concentrations of radio-
active/nonradioactive materials in the Tiquid hold-up tank prior to either
reprocessing or release directly to the environment (Indian Kill Reservoir,
Indian Ki1l Brook and indirectly by way of Indian Kill to Warwick Brook and

the Ramapo River); and the concentrations of low-Tevel solid radiocactive wastes
before reprocessing or disposal.

6.1 Organization and Authority

The Manager of Health, Safety and Environment Affairs, is responsible for ensur-
ing that an effective effluent control and monitoring program and a representa-
tive environmental surveillance program is established and maintained. The
effluent monitoring portion of this program is performed by the Health Physics
staff. This invoives the monitoring of stack sample filter results, the
collection of representative batch samples from the 1iquid hold-up tanks, the
periodic grab samples or evaluation of the concentrations of radioactive mate-
rials that these stream or volumes contain, and the shipment of solid radicactive
waste to either U.S. Department of Energy reprocessing facilities or licensed
commercial burial facilities.

The licensee and the New York State Department of Environmental Conservation
(NYS-DEC) have cooperated in an environmental monitoring program. The programs
are directed toward measuring airborne activities and measuring direct radia-
tion from the byproduct material used within the Tuxedo facility. The NYS-DEC
has conducted an environmental monitoring program for the facility for many
years. In addition, several other agencies have performed special monitoring
and their results have been compared to UCC monitoring results. The staff also
analyzed the radiological impacts of UCC effluent releases. This is discussed
in detail in the Section 5.0 of the NRC's Environmental Impact Appraisal, dated
May 1984.

6.2 'Administrative Program (Methods and Procedures)

6.2.1 Effluent Monitoring

The effluent stack is equipped with a continuous air sampling system. The
sample line inlet is located in the second floor of the Hot Laboratory building
after the final .carbon filter; thus the air being sampled is representative of
that being discharged to the environment. The coilecting filter is used once
through and moved continually at 1 inch per hour. The amount of material on
the moving sample filter is counted continuously by the particulate detector
using an anthracence beta scintillation crystal. The particulate detector is
one of the three monitoring systems employed by the stack continuous air sam-
pling system. The other two are the gas and iodine detection systems. All
three use different scintillation crystals to measure different radioactive
species. Action points have been established on the basis of sample activity
that may indicate the possibility of some operational event that must be
immediately investigated to determine the cause of elevated activity.
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A1l potentially contaminated liquid wastes from the UCC operations are collected
in hold tanks. Prior to release from the hoid tanks, the contaminated water

is sampied, and the activity level analyzed. Liquid waste will not be released
from the site unless its activity concentration, including dilution with non-
radioactive waste water, is below that specified in 10 CFR Part 20. This activ-
ity concentration will be determined at Tleast once per month by an analysis of

a composite sample of all tanks released during that period.

6.2.2 Environmental Monitoring

Routine environmental monitoring includes a total of five fixed sampling stations
and twelve water sampling stations, which are located in different directions

"~ and various distances from the facility. Sampling point locations were chosen

to provide measurements of the maximum environmental effects from operation and
consideration was given to residential areas and the prevailing wind direction.

6.3 Equipment, Instrumentation and Counting Facilities

Within UCC, the Health Physics facilities are equipped with instrumentation for
alpha, beta, and gamma analysis of liquid and airborne radicactive materials.

The health physics instrumentation is located in a laboratory suitably segregated
from the operating areas of the facility, but close enough to these areas to
permit rapid identification and quantification of radioactive samples. Showers
and standard decontamination agents are available for use in personneil decon-
tamination. Other contamination control equipment available includes shoe covers,
lab coats, coveralls, and rubber gloves. Alpha and beta-gamma personnel friskers
are used to detect contamination on personnel. A supplied air respiratory protec-
tion system is available for use in potential airborne radioactivity areas. The
facility is designed and maintained so that respiratory protection is normally
not required. However, in the event of an emergency, self-contained breathing
apparatus (Scott Packs) are available. This emergency protection equipment is
located at each entrance to the facility. Other protection gear for contamina-
tion control is located at the entrances to the areas where it is used.

Radiation detectors and monitors presently available include the following:

Number Calibration

Type Available Method* Range
Ion Chamber 5 Cesium-137 1 mR/h 1000 r/h
Ion Chamber 11 Cesium-137 1 mR/h 50 r/h
Portable Geiger Counter 7 Cesium-137 0.1 mR/h 50 mR/h
Alpha Scintillation

Detector : 6 Alpha Source 1 dpm 6x10% dpm
Gas Flow Proportional

Counter 1 Alpha Source 1 dpm 1x106 dpm
Criticality Monitors 13 Cesium-137 0.1 mR/h 10,000 mR/h
Gamma Multichannel Point Source

Analyzer 2 Isotope Up to 10° cpm

Calibration frequency for these instruments is at least quarterly.

*A17 calibration sources are traceable to National Bureau of Standards;
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Personnel are monitored for gamma, beta, and fast neutrons using film dosimetry.
In addition, personnel wear gamma pocket chambers that are evaluated daily by
Health Physics.: A criticality accident, should one occur, would also be
evaluated with this dosimetry. Reports of exposure are Tisted for each indi-
vidual in an exposure history record, which clearly shows his total Tifetime
and permitted occupational exposure. Bioassay is performed at least once per
year on radiation workers. Special bioassay samples are obtained whenever it
appears that an individual may have been exposed to excessive airborne
radioactivity.

Airborne radioactivity concentrations are evaluated and controlled by approx-
imately 25 fixed air monitors. The air monitors' collection filters are
analyzed each day for radioactivity. Appropriate warnings are placed at
boundaries to areas in which an exposure to more than 25 percent of MPC might
occur. Special breathing zone air samplers are used by personnel in areas in
which breathing zone air activity might be higher than that recorded by the
fixed air sample near that location.

A1l portable and laboratory technical equipment and instrumentation are
maintained by an electronics department having responsibility for repair.
Calibration of equipment is performed on a periodic basis by the Health Physics
Department. Under abnormal conditions, an extensive criticality monitoring
system senses the higher levels of radiation produced and activates the
emergency evacuation system.

6.4 Staff Evaluation - Effluent and Environmental Monitoring

Upon review of the UCC effluent and environmental program, its implementation
and past performance, and our analysis of radiological impact of UCC environ-
mental monitoring results, the staff concludes that UCC has an adequate program
for normal operation. UCC also has suitable corrective procedures established
should abnormalities be identified. The basis for acceptance is conformance to
current industrial practice and the recommendations of applicable regulatory
guides.
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7. MATERIALS AND PLANT PROTECTION

7.1 Material Control and Accounting and Physical Protection

The current regulations in Part 70 provide for material accounting and control
requirements with respect to facility organization, material control arrange-
ments, accountability measurements, statistical controls, inventory methods,
shipping and receiving procedures, material storage practices, records and
reports, and management control.

The current regulations in 10 CFR Part 73 provide requirements for the physical
security and protection of fixed sites and transportation inveiving strategic
quantities of nuclear materials. Physical security requirements for protecting
fixed sites include the establishment and training of security organization
(including armed guards), provision for physical barriers, and establishing of
response plans.

The Ticensee has an approved material control and accounting plan and an
approved physical security plan which meet the current requirements of 10 CFR
Parts 70 and 73 (Materials and Piant Protection Amendment MPP-3, issued May 26,
1983).

41



8. ACCIDENT ANALYSIS

As part of its safety review for the continued usage of special nuclear mate-
rial at the Tuxedo facility, the staff reviewed those accidents the licensee
evaluated in its Consolidated Application and Emergency Plan. We performed
independent evaluations which considered the postulated accident scenarios and
natural phenomena that could release radioactive materials to the environment.
These are: (1) earthquake effects; (2) tornado and hurricane; and (3) breach
of a target tube.

Section 3.4 describes earthquake potential for the Tuxedo area. The frequency
of earthquake which could have any noticeable effect on the facility is low.
Based on the information discussed in Section 3.4, an earthquake of magnitude
5.3 is approximately the upper bound to any credible occurrence over the life
of the facility. The staff has evaluated reasonable effects attributable to
an earthquake of this size. Of principal interest was the confinement of the
radioactive materials normally being processed in the hot cells. For process
reasons, not particularly related to earthquake, process materials containing
radioactivity are confined within vessels designed to provide substantial
resistance against impact. The sturdiness of the process equ1pment prevents
the escape of materials during an earthquake.

The results of our analysis and the radiclogical consequences for each of the
accidents are presented below.

8.1 Accident Discussion

8.1.1 Consideration of Earthquake Effects

In Section 3.4 the staff discusses seismicity in the region of the site. It
was concluded that an earthquake of magnitude (mb) 5.3 would probably be an
appropriate maximum for design purposes for a power reactor at that location.
A rough estimate of the acceleration corresponding to a magnitude 5.3 earth-
quake is about 3.9 ft/sec? or 12% of gravity (see Figure 8.1). This value was
used for calculational purposes as a reference point in Figure 1 of Regulatory
Guide 1.60, "Design Response Spectra for Seismic Design of Nuclear Power Plants."
As such, the value would normally be used by design engineers to obtain the
correct forces to be withstood by all safety-related structures, systems, and
components for protection against earthquakes. In this instance, the plant
has been designed, constructed, and in operation for over twenty years. Our
analysis, therefore, considered the impact an earthquake of that size might
have on the existing faci]ity In this report we do not consider the pool
reactor; it is considered in a separate licensing action.

These effects are considered in a Science Applications, Inc. report, "Evaluation
of Seismic Response Characteristics of Hot Cells and Related Structures and
Equipment at the UCC Sterling Forest Research Center," Report No. SAI-1-148-08-781.
The principal conclusion of that report is "that no potential failure has been
identified that would be caused by an earthquake ground acceleration level of

Tess than 0.2 g" (20% of gravity). It should be understood that the analysis

of the report considered only effects on significant structures, systems, and
components, whose failure could result in the release of radicactive materiai.

As stated in the report, these effects were considered up to an acceleration of
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0.2 g, sufficiently greater than the more 1ikely maximum of 0.12 g. This
was done to provide added assurance that uncertainty in the relationship of
acceleration to earthquake magnitude and magnitude itself were encompassed.
It also may be inferred from the report that much of the structure essential
to confinement, such as the five hot cells, are likely to afford protection
well beyond 0.2 g.

In its analysis of earthquake effects the staff also considered the form and
confinement of radioactive materials as a potential source for releases greater
than for normal operation. External to the hot cells, radioactive material is
confined either in target tubes under water or as waste material in confinement
containers, as discussed elsewhere in this report. These materials are
considered to some extent in the SAI report described above; we also note that:
other circumstances, such as dropping containers, would result in stresses for
release greater than from an earthquake.

The radioactive material in the hot cells can be classified as "in process" or
as cell contamination. The licensee has considered the release of radicactive
material from process operations for circumstances similar to earthquake stress.
Special vessels of glass encased in terephthalate with septum seals assure that
only minor quantities of radioactive materials would be released as a result

of shaking or vessel dropping. The amount of radiocactive material resuspended
into the cell air from all vibration would be small. The filtration system
described in Section 3.3.1 will adequately confine the material.

8.1.2 Tornado and Hurricane

In our considerations of possible effects of high winds external to the facil-
ity we have relied upon the extensive analyses of the Indian Point site.

Figure 8.2 is taken from that analysis. Hurricanes, in general, offer less
threat since their large size permits pliant ventilation system equilibration,
i.e., although the absolute pressure is reduced, pressure differences within
the plant remain constant and proper flow direction is maintained. Conversely,
tornado pressure changes, related to their high rotational winds, are rapid,
often occurring within a few seconds. In our analysis we, therefore,
principally studied the effects of tornado, although their occurrence in the
region is rare.

From Figure 8.2 we observe that a tornado strike of any size has a frequency
in the range of one in ten thousand years. At winds speeds of 250 miles per
hour the frequency is lowered to one in a million years. The staff considers
that 200 miles per hour winds are sufficient for purpose of analysis. At this
high wind speed a tornado may develop a pressure change of about one pound per
square inch occurring in six seconds.

Unlike the reactor containment, the interior of the hot laboratory building
(Building No. 2) would sense the pressure change virtually at once.

Analysis of the off-site effect indicates that doses would be insignificant.

A dose of 0.003 millirem was estimated to a person near the site who might be
outside in such severe weather. The principal reason for incurring such low
doses is the extreme turbulence of the tornado which very rapidly disperses any
radioactivity withdrawn from the cells throughout a very large volume of air.
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8.1.3 Breach of Target Tube

The license has considered the effects of breaching a target tube six hours
following its removal from the reactor. We have analyzed the radiological
impact off-site of a possible target breach upon immediate removal from
reactor. This is a more severe condition than analyzed by the licensee and is
considered to be highly unlikely. We also very conservatively have considered
the effect of by-passing any filtering capability.

Even under these extreme conditions, the off-site doses to a nearby individual
would be on the order of 20% of the accident guidancel used by the staff to
judge the acceptability of such events. We note that it is difficult to release
any radioactivity in the Hot Laboratory building which could by-pass the
ventilation filtering system. This is discussed in detail in Section 3.3.1.

- 8.1.4 Interactive Effects with Reactor

As discussed in Section 1.0 we have considered credible impacts of reactor
accidents upon hot cell operation. The nature of these accidents is considered
in a separate staff report.? Although the reactor and hot cell buildings are
contiguous, they are separated for confinement control. The release from a
melt-down accident, which is considered to be a maximum credible event, is
confined within the reactor building except for a portion released from the
common stack. There is substantial shielding between the reactor operating
area and the hot cells operating area. Although it might be decided to
curtail hot cell operations, even this most severe accident would not result
in any further release from a hot cell accident caused by a reactor accident.
It is to be noted that the obverse also holds that the target tube breach
accident described above will not result in unsafe operation of the reactor.

1In evaluating upper limit accidents the staff uses fifty times the values in
Column 1, Table II of Appendix B to 10 CFR Part 20 as concentration Timits
consequent to dose. The same "sum of the ratios" formula is used as indicated
in the footnote to Appendix B.

2Technical Evaluation report to be published by the NRC in October 1984.
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