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ABSTRACT

In order to es-ablish requirements for emergency preparedness plans at
facilities licensed by the Office of Nuclear Materials Safety and Safeguards,
the Nuclear Regulatory Commission (NRC) needs to develop source terms (the
amount of material made airborne) in accidents. These source terms are used to
estimate the potential public doses from the events, which, in turn, will be
used to judge whether emergency preparedness plans are needed for a particular
type of facility. Pacific Northwest Laboratory is providing the NRC with
source terms by developing several accident scenarios for eleven types of fuel
cycle and by-product operations. Several scenarios are developed for each
operation, Teading to the identification of the maximum release considered for
emergency preparedness planning (MREPP) scenario.

The MREPP scenarios postulated were of three types: fire, tornado, and
criticality. Fire was significant at oxide fuel fabrication, UFg production,

.radiopharmaceutical manufacturing, radiopharmacy, sealed source manufacturing,

waste warehousing, and university research and development facilities.
Tornadoes were MREPP events for uranium mills and plutonium contaminated
facilities, and criticalities were significant at nonoxide fuel fabrication and
nuclear research and development facilities. Techniques for adjusting the
MREPP release to different facilities are also described.
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1.0 EXECUTIVE SUMMARY

During the past year, Pacific Northwest Laboratory conducted studies to
provide the Nuclear Regulatory Commission (NRC) with source terms (fractional
releases) for accident conditions. This was accomplished by developing several
accident scenarios for each operation category, leading to the identification
of the maximum release considered for emergency preparedness planning (MREPP)
scenario. .This research will aid individuals charged with evaluating safety
reviews and emergency preparedness plans at facilities licensed by the Office
of Nuclear Materials Safety and Safeguards (NMSS).

Eleven different types of NMSS-licensed operations were investigated and
accident-generated radioactive airborne release source terms developed. These
operations categories are as follows:

uranium fuel fabrication (oxide fuel)
uranium fuel fabrication (nondxide fuel)
uranium hexafluoride (UF6) production from yellowcake
uranium milling

plutonium (Pu) contaminated facility
radiopharmaceutical manufacturing
radiopharmacy

sealed source manufacturing

research and development of nuclear fuels
waste warehousing

university research and development.
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Individual facilities within a category were identified for investigation by
the NRC. These were located in nonagreement states and include licensees
ordered on February 11, 1981, to submit radiological contingency plans.

Estimated releases from the potential accident scenarios are summarized in
Table 1.1. The maximum radionuclide release events were of three types: fire,
tornado, and criticality. The corresponding facility types are as follows:

e Fire - radiopharmaceutical manufacturing, radiopharmacy, waste
warehousing, sealed source manufacturing, university research and
development, uranium fuel fabrication (oxide), and UFg production.

® Tornado - uranium mill and plutonium contaminated facility.

@ Criticality - uranium fuel fabrication (nonoxide) and research and
development of nuclear fuels.

With a fire, the maximum postulated releases were in the form of gaseous 3H,
which is dispersed as water vapor, or as UF6, which converts to particulate
U02F . While these may be the maximum releases in teggi of curies, significant
amounts of isotopes of radiological concern, such as I, can become airborne
in a fire. These isotopes are discussed and fire-generated release factors
were developed for a range of those prepared as radiopharmaceutical and sealed
sources.
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TABLE 1.1. Summary Table of Releases from Accident Scenarios

e e L - -
Linading
o gperations o Does Cbacility o Other o Ligaid o Gas .__Tornadn _ Explosinn Criticality Earthquake Other
L. Cleaniun fued s 1 dh Ty g or o, 253 g of U 0.26 g of B 1.2 x }gg’m(“) 4 x 1073 g of U
fabricdrion af ey : of HFP (1X explosion)
{ocide “us?
. . - . B e S : o o (c)
2. Uranium fuel 7 ox 1073y of 1.9 x 1)77g/sec 36 g nf Y 1.2 x 10” Ci of NS
fabrication 235 HEP
{nonoxide fuel)
3. U, production 34 x 1Y kg 2. x 103wy 75 Ky af UF, 452 kg of U 5% g of 1) 2.1 x 10% ky of UF,
of UFy of UFy (natural qas explosion)
166 ky of
yellowcake
do tlrantum milling 5.9 ky aof Wd g of U 2850 ky of 9.5 gy of 0.13 kg of ore (conveyor
yellowcake yellowcake yellowcake fatlure) 33 kg (slurry
resuspension)
5. Pu contaminated 1.4 x 1wt g = tornado 7.5 x 107® g of Pu
facility of Pu release (external event)
4. Radiopharmace r‘cal 4000 Ci of 27500 €1 of 4 Ci of 3H 600 C165 of Kr = tornado
nanifacturing - 3y 3y release
7. Radiopharmacy(d) 75 Ci of 10 mCi of 1 10 mCi of 1 = tornado
. 133y release
e
3, Sealed source, 1x,10% 61 2 i of 9.4 T)w‘ﬁ Ci 1000 Ci 1ok 10° i of 2.9,5,107 ¢i
mamfacturing\d) of “H 241, of 210p 3y 3y of Po
3. Research and 0.13 g of 2.3 x 1072 g 1.9 x 1078 g/sec 0.011 g of 1.2 x 10° ¢i 6.7 x 102 Ci of noble
development of powders of fissile of U fissile of HFP gases (fuel handling
nuclear fuels event)
1. Waste 6200 Ci of 0.01 Ci 1000 Ci of 3H
warehousing(d) 3q
11. Dniversity res?gsch 1500 Ci of 30 mCi of 1 100 mCi 2 Ci of R 500 mCi of 3H, l4¢
and develoment 3y of 133y, 133y, (waste incinerator error)

Standard NRC criticality.

HFP - mixed fission products.

NS - not significant,

Accidents involve other isotopes in addition to those listed.
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Tornado releases were particulate yellowcake or resuspended plutonium
surface contamination. The probadility that these releases would occur is
dependent on the tornado region where a facility is located. Tornado disper-
sion of the release reduces the inmediate radiological concern to an
individual.

Criticality releases are primarily fission product gases. The NRC staff
has developed methods for analyzing criticality events. These NRC gquides
(USNRC, 1977a, 1979a) are the standard reference that should be used when
estimating criticality releases.

1.3




2.0 INTRODUCTION

The NRC is examining the possibility of radiological accidents occurring
in NMSS-Ticensed operations that could result in serious radiation doses off
site. Pacific Northwest Laboratory has developed source terms for potential
accident scenarios to aid in the examination. They will be used for safety
reviews and for assessing the needed scope and extent of emergency preparedness
at NMSS-licensed facilities. This work is sponsored by the NRC, Uranium Fuel
Licensing Branch, Division of Fuel Cycle and Material Safety. This report
provides technical assistance to its staff in developing and implementing the
emergency preparedness program,

The objective of this study is to develop source terms for accident-
generated airborne releases for various generic types of NMSS-licensed activi-
ties. Realistic maximized standard accidents for each operation type are
identified and the airborne release fractions are estimated. Facilities con-
sidered are uranium fuel fabrication (both oxide and nonoxide), uranium hexa-
fluoride (UF;) production from yellowcake, uranium milling, plutonium (Pu)
contaminated facilities, radiopharmaceutical manufacturing, radiopharmacy,
sealed source manufacturing, waste warehousing, and research and development
(nuclear fuel and university). The specific facilities considered were
identified by the NRC and include some of the licensees that were ordered on
February 11, 1981, to submit radiological contingency plans. Elements making
up the source terms are described and developed. These consist of an initial
dispersing event, maximum quantities and characteristics of potential airborne
releases, and possible specific mitigating actions. Generic source terms are
developed and can be modified for use in a range of circumstances.

A diverse range of operations are covered in this report; however, a user
may be interested in only one. This document, therefore, has been constructed
to help the user in finding pertinent information. The summary section
(Section 1) contains a table of calculated releases and a listing of MREPP
scenarios for each facility type. A directory, Table 2.1, lists the operation
type and refers the user to the report section where relevant information for
that category is found.

A mix of both metric and English units have been included in this
report. The most common unit of measure was selected in each case to further
assist engineers and scientists in using this report.

Accident scenarios are developed by studying the plant and processes, and
by identifying radioactive material holdings, operational procedures, room
dimensions, HVAC system, etc. This leads to the identification of specific
potential accident scenarios that would involve significant radionuclide
releases. Section 3 discusses typical plant and processes for each facility
category, and Section 4, presents a range of potential accidents leading to the
selection of a MREPP scenario. These two sections have been numbered to aid
the user; the second digit of the heading identifies a facility type. For
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TABLE 2.1.

perations

10,

11.

Uranium fuel fabrication

{oxide fuel)
Uranium fuel fabrication
{nonoxide fuel)

g production

Yranium milling

P contaminated
facility

Radiopharmaceutical
manufacturing

Radiopharmacy

Sealed source
manufacturing

Research and development
of nuclear fuels

Waste warehousing

University research
and development

Directory of the

Facility Release

Plant and Process
NDescription

Office of Nuclear

Information

Facility Category MREPP Release

Materials Safety and Safeguards

MREPP

Calculation Discussion

Report Appendix  Facility Estimated Report Report
Section Section Event MREPP Release Section Event Description Section Comments
3.1 ALl Fire 1.3 x 103 Ky 4.1.1, Loading dock fire, 5.1.2.1 Initiating event, truck
of Uby 4,1.2 release from heated accident at dock, gasoline
30A UFy cylinder spill ignites
3.2 A.2 Criticality 1.2 x 10° Ci 4.2.1.3, Solution criticality 5.3.2 NRC standard criticality release
of MFP 4.2.2
3.3 AL3 Fire 3.8 x 103 kg 4.3.1.1, loading dock fire, 5.1.2.2 Product UFg from yellowcake
of UFb 4.3.2 release from heated same accident as 1 above,
147 UFg cylinder larger UFg cylinders
3.4 None Tornado 2.9 x 103 kg 4.4.1.1, Tornado breaches 5.2.1 Assumes 25% of yellowcake is
of yellowcake 4.4.2 facility, lifts in respirable size range
yellowcake
3.5 AS Tornado 1.4 x 1074 g 4.5.1.1, Tornado breaches 5.2.2 Release from contaminated
4.5.2 facility, destroys surfaces of crushed glove boxes
glove bhoxes
3.6 ALS Fire 2.8 x 10% ¢i 4.6.1.6, Fire destroys wooden 5.1.1.1 Entire 3H inventory released.
of “H 4.6.2 facility Release is facility dependent,
other releases discussed in text
3.7 AL Fire 75Ci of 133Xe 4.7.1.5, Fire destroys facility 5.1.1.2 Release is dependent on types
4.7.2 of nuclides processed, other
releases discussed in text
3.8 A7 Fire 1 x 105 Ci of 4,8,1.6, Fire destroys facility 5.1.1.3 Entire 3H license limit,
3y 4.8,2 other releases.discussed in text
3.9 A.8 Criticality 1.2 x 10° ¢i 4.9.1.1 Solution criticality 5.3.2 Fuel handling incidents can also
of MFP 4.9.2 produce significant releases
3.10 A9 Fire 6.23x 103 kg 4,10.1.4 Propane front-end 5.1.1.4 Relegses from drummed waste
of “H 4.4.2 loader initiates and “H cylinders
facility fire
3.11 A.L0 Fire 1.5 x 103 ci J11.1.4  Fire in waste storage 5.1.1.5 Entire 34 inventory in storage
of 3y 4.11.2 area area released



example, Section 3.3 is the discussion of UFg plants and processes; Section 4.3
is the corresponding section that discusses accident scenarios.

The MREPP calculations are found in Section 5. One of three general
scenarios--fire, tornado, or criticality--was the MREPP accident for all
facilities considered. Therefore, this section presents information on the
accident type, followed by details relating to the specific facility category
where it was the MREPP event.

The NRC identified specific facilities to be used for our release cal-
cutation development. Details on plant and process descriptions for these
facilities are in Appendices A through J.

Information in this report was developed using a literature review and
plant visits. The literature review included NRC docket information, safety
assessments, journal articles, environmental reports, standard accident
criteria, research reports, experimental data, and symposia proceedings. Plant
visits were made when possible.

Because a large range of facility types is covered, the information avail-
able is not at the same level of detail and completeness for all categories.
Therefore, the number of descriptive subsections describing the plants and
processes varies with facility type.
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3.0 PLANT AND PROCESS DESCRIPTION

This section describes the plants and processes for the 11 operations
categories of NMSS-licensed facilities. Specific facilities within the cate-
gories were identified by the NRC for study. A general description of each
facility type has been developed and is presented in this section. Details on
specific facilities are found in Appendices A through J.

Because of the wide range of categories, the same level of information was
not available for all operations. For example, fuel manufacturing plants have
had detailed public safety assessments and there is voluminous docket material
available to use. On the other hand, little information is available in the
literature on radiopharmacies. Docket material on radiopharmacies is sparse.
This leads to different levels of information available for inclusion in this

report.

For all operations categories, we have tried to include plants studied;
process descriptions; building description including strength of materials,
HVAC, and engineered safety systems; and inventories of radioactive and
hazardous materials. Our sources include docket material, environmental impact
statements, journal articles, safety assessments, reports on accident
scenarios, and standard references. We visited one representative facility for
some categories or several, in the case of radiopharmaceutical manufacturing.
Pictures, observations, and discussions with facility staff, therefore,
augmented our information,

The numbering system used for the text pertaining to the operation and the
related accident is designed to help the user find each one easily. For
example, Section 3.1 is a facility description, and Section 4.1 is the
corresponding accident scenario. The appendices do not follow this sequence
because there is no detailed plant description for uranium mills, since no
specific plant was designated in this study.

3.1 URANIUM FUEL FABRICATION PLANTS (OXIDE FUEL)

The six facilities listed below were studied to develop information to
characterize the uranium oxide fuel fabrication plants.

1. Babcock and Wilcox, Lynchburg, Virginia (commercial nuclear fuel
plant)

Combustion Engineering, Hematite, Missouri

Combustion Engineering, Windsor, Connecticut

Exxon Nuclear, Richland, Washington

General Electric, Wilmington, North Carolina

Westinghouse, Columbia, South Carolina.
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3.1.1 Process Description

3.1.1.1 Operation

Most uranium fuel fabrication plants use the ammonium diuranate (ADU-
(NH )2 U 07) proces§3go convert UFg to UOp powder. The UFg, at an enrichment
of ?ess %han 5% of U, is transported in cylinders of 2.5-ton capacity and
placed in a steam chest. The UFg is vaporized in a steam or electric heat
chest and is hydrolyzed with deionized water to form an uranyl fluoride solu-
tion. Ammonium hydroxide is added to the solution to precipitate ammonium
diuranate, which is filtered or centrifuged. The precipitate is reduced to U0,
in a calciner operating at high temperatures in a hydrogen-reducing
atmosphere.

A variation on the conversion process is the dry process in which UFg is
vaporized in a steam chest and is then sent through a series of fluidized bed
reactors operating under a reducing atmosphere to complete the conversion to
U0, powder.

In the pelletizing process, UO, powder is blended to form a uniform com-
position. The powder is compacted into wafers, then granulated to form a uni-
form size. An organic lubricant may be added, and the powder is pressed into
pellets.

Pellets are sintered in furnaces at high temperatures in a reducing
atmosphere to give them high density. The sintered pellets are ground down to
a specified diameter, inspected for cracks, and loaded into metal tubes. The
tubes are seal welded and inspected before being bundled into fuel elements.

3.1.1.2 Waste Disposal

Combustible contaminated wastes are frequently burned in incinerators in
batch quantities. The ashes are sent to scrap recovery operations. Low-level
noncombustible waste such ss filter elements, metal, and glass scrap is com-
pressed when possible for shipment off site to a licensed disposal site.
Liquid wastes may be treated by many methods such as filtration, flocculation,
lime addition, distillatiorn, or precipitation in holding ponds to remove
contaminants prior to dispcsal in a waterway.

3.1.1.3 Scrap Recovery

Many of the plants have solvent extraction systems to recover uranium from
scrap materials. The scrap is dissolved in nitric acid and fed through extrac-
tion columns counter-curreri= to an organic solvent. The solvent extracts
uranium from the feed; then it is stripped of uranium by dilute nitric acid in
a stripping column. The product, uranium nitrate, is concentrated by evapora-
tion. The ADU is precipitéted, filtered, dried, and reduced to U0, feedstock

material.
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In some plants the solvent extraction purification step is deleted. Scrap
is dissolved in nitric acid, and the ADU is precipitated with the addition of
ammonia. The ADU is separated from solution with a filter or centrifuge and
calcined to U0y or Uj0g.

Some plants may have an jon exchange column to separate uranium from waste
streams containing small quantities of uranium,

Clean scrap may be recovered by oxidation to U308 in a furnace. It is
then recycled back to the manufacturing area.

3.1.2 Facility Description

3.1.2.1 Buildings

Most fuel fabrication plants are located on large parcels of land. The
fabrication building sizes range from under 20,000 to several hundred thousand
square feet, and operations may be held on one or several floors. Processing
operations are generally divided. Ceiling heights range from 25 to 35 ft high;
an average height is about 30 ft.

Some of the buildings have cast concrete or concrete walls, concrete
floors, and a gypsum roof deck. Steel beams may be used for support. Most
buildings are designed to withstand earthquakes and wind loadings according to
local building codes.

3.1.2.2 Heating, Ventilating, and Air Conditioning Systems

Fuel fabrication plants use scrubbers and/or high-efficiency particulate
air (HEPA) filters to reduce release of airborne particles to the atmosphere.
Scrubbers are commonly used in the UFg conversion and scrap recovery opera-
tions. Prefilters may be employed prior to final filters in areas of heavy
dust. Process areas are kept at negative pressure. Airflow is provided to
give 7 to 24 air changes per hour. Air may be recirculated through process
areas.

3.1.2.3 Engineered Safety Systems

Fire protection systems consist mainly of manual dry-type fire extin-
guishers in areas where criticality might be possible. Overhead sprinklers may
be provided in some areas of the plant that have a high combustible loading.

Potential hazards such as hydrogen or propane gas lines are equipped with
interlocking controls and automatic shutoff capabilities to prevent buildup of
the gases. Excess hydrogen is burned off at areas where it is released to the
air. Radiation alarms are located throughout the plants.
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3.1.2.4 Surrounding Area

Most of the uranium fuel fabrication plants are located in a rural
setting, away from heavy industry. Operations other than fuel manufacturing at
some of the plants include research facilities, chemical recovery operations,
and fuel component manufacture.

3.1.3 Inventory

3.1.3.1 Radioactive Inventory

The licensed posseiggon limits for the operations studied range from
10,000 to 50,000 kg of U. However, the maximum amount of material inventory
at the plant is usually well below the Ticense 1imit and may be as little as
half of the 1imit. The major part of the inventory is stored as completed fuel
assemblies, which may compose 25 to 35% of the total. Other forms can comprise
up to this fraction of the total inventory: fuel rods, 30%; UO, powder, 15%;
UFg s 29%; contaminated waste, 5%; U308, 3%; and UNH, Tess than %%

3.1.3.2 Hazardous and Combustib]e Inventory

Chemicals are usually stored in tanks and cylinders in some central loca-
tion outside of the process buildings and piped into various locations in the
plant. Ammonium hydroxide, liquid anhdyrous ammonia, and hydrofluoric acid are
used in conversion of UF, to U0, and are stored in 5000- to 20,000-gal tanks in
an outside storage area. Nitric acid may be used in the solvent extraction
recovery system or as a cleaning or pickling agent. Nitric acid is stored
outside in large-capacity tanks.

Small quantities of polyvinyl alcohol may be used as a binder before the
pelletizing operation. A lubricant such as zinc stearate is used to ensure
that pellets slip out of the mold. Small quantities (100 gal) may be stored in
the plant. Hydraulic fluid is used in the plant to operate presses.
Fifty-gallon quantities of this material may be stored in the plant also.

The scrap recovery system generally involves flammable or potentially
explosive organics. Solvent extraction systems use tributyl phosphate (TBP) as
an extraction agent with an organic solvent such as kerosene or perchlore-
thylene. Ion exchange columns contain an organic resin.

Nonreactive gases such as nitrogen and argon are used in potentially haz-
ardous operations. Helium is used in leak testing of finished fuel rods.
Gases are stored as a ligquid in 500- tgq 10,000-gal insulated tanks or as com-
pressed gases in 35,000- to 220,000-ft” quantities in an outside storage area
and piped into the plant.

Hydrogen is used as a reducing gas in process equipment such as furnaces,
calciners, and fluidized bed reactors. Excess hydrogen is burned off at

3.4
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locations where it enters or exits a system to prevent buildup of the
potentially explosive gas. Hydrogen gas may be stored outside or may be
provided by cracking ammonia.

Chemicals such as acetone, isopropyl alcohol, trichloroethylene used for
cleaning, and detergent are stored in small quantities (50 to 100 gal) within
the plant. These chemicals may also be found in 1-gal dispensers in various
locations in the plant.

Hydrogen peroxide, calcium oxide, and potassium hydroxide are used for
effluent treatment and may be stored outside the facility. Hydrochloric acid
and caustic are used to regenerate resins for demineralizing water for UFg
hydrolysis. These two chemicals may be stored in 100- to 7000-gal tanks.

3.2 URANIUM FUEL FABRICATION PLANTS (NONOXIDE FUEL)

These uranium fuel fabrication plants make fuel for test reactors. To
develop a description of nonoxide fuel fabrication plants, environmental
reports, license applications, radiological contingency plans, and other docket
material was obtained for the following plants:

1. General Atomic, San Diego, California
2. Rockwell International, Canoga Park, California.

3.2.1 Process Description

3.2.1.1 Operation

Metal and mixed carbide fuels are made for research reactors. The
nonoxide fuel fabrication process starts with highly enriched uranium metal
which may be mixed with an alloying metal in an induction furnace. The metal
may be rolled, punched, drilled, or crushed and compacted. The fuel is
machined and shaped, then enclosed in a metal such as aluminum or stainless
steel. The enclosing process may include placing the fuel in a frame, covering
it with side plates and rolling the metals together, or the fuel may be
injection cast into metal tubes or loaded into a can or mold. Fuel elements
may be inspected, cleaned, and pickled in a HNO3-HF mixture before being
combined into fuel assemblies. S

Mixed carbide fuel is made by mixing highly enriched U0,-Th0, with
graphite flour and heating the mixture to form UC -ThC, kernels. "These kernels
are shaped into spheres by heating to a temperature in excess of the kernel
melting temperature, then coating with carbon and silicon layers in fluidizing
furnaces. Coated kernels are injécted into a hot mold with a matrix material
to form a rod. Rods are inserted into a graphite block.

3.2.1.2 Waste Disposal

Contaminated solid waste is usually packaged for disposal at a licensed
burial ground. Some combustible waste may be incinerated on site. Liquid
waste is generally treated and retained on site before release.
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3.2.1.3 Scrap Recovery

Scrap recovery operations usually involve dissolution of the scrap in acid
followed by filtration and purification of uranium by solvent extraction.
Uranium is then precipitated and calcined.

3.2.2 Facility Description

3.2.2.1 Buildings

Manufacturing buildings range from less than 7,000 to over 20,000 ftz.
Room sizes range from 300 to 2500 ft®, Fabrication areas are separated from
other areas of the plant by concrete or double-wall construction.

Manufacturing areas are generally of substantial construction. Floors are
made of poured concrete. Walls are concrete or concrete block with structural
steel supports. The roof may be prestressed concrete. Storage vaults of much
more substantial construction may be provided for the storage of nuclear
materials. :

3.2.2.2 Heating, Ventilating, and Air Conditioning Systems

Pickling operations may be equipped with fume scrubbers to remove airborne
contaminants. Most areas have HEPA filters to reduce radioactive emissions to
the atmosphere. Process areas are kept at negative pressure and airfiow is
generally from areas of least to greatest potential contamination. Minimum
airflow is usually six changes per hour from each room.

Metal machining equipment or other process equipment generating dusts and
powders are operated in inert atmospheres that may use fireproof fume hoods to
prevent fire or explosion hazards.

3.2.2.3 Engineered Safety Systems

Manual fire extinguishers are usually provided in various locations
throughout the plant. Automatic detection systems and sprinklers may be pro-
vided in critically safe areas. Welding operations and process steps generat-
ing pyrophoric metal dusts are performed in an inert atmosphere. Explosive gas
detectors are located in areas where flammable solvents may be used. Com-
bustible waste is kept in covered containers.

3.2.2.4 Surrounding Area

The plants are located in light industrial areas. Many sites also contain
research facilities and test reactors as well as the fuel fabrication process.
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3.2.3 Inventory
3.2.3.1 Radioactive Inventory

Less uranium is possessed in nonoxide fue]zggants than in oxide plants.,
License limits range from 1,500 to 2,500 kg of u.

Nuclear materials can be found in the form of U0, or ThO, powder; uranium
metal ingots, chips, or buttons; ADU and UNH solutions; and uranium encased in
aluminum, zirconium, stainless steel, or carbon and silicon spheres. Each
station may handle from 350 §3go 13 kg of nuclear material while vault storage

may contain over 1000 kg of U in various forms.

3.2.3.2 Hazardous and Combustible Inventory

Uranium and zirconium metal chips and fines are pyrophoric; therefore,
machining operations using these materials are frequently performed in inert
atmospheres. Zirconium chips and fines may be limited to 1 1b or less at each
machine. Materials may be collected in 5-1b cans, sealed with inert gas, then
stored in concrete storage areas. Pickling operations require HNO3 and HF
solutions, which may be stored in large tanks.

Scrap recovery operations use nitric acid, formic acid, polyvinyl alcohol,
or tetrafurfural alcohol for dissolution of materials. An organic solvent is
used as a purifying agent in solvent extraction systems. The organic solvent
used in metal uranium fuel fabrication plants is not identified in the open
literature.

Natural gas, fuel o0il, and propane may be used as heating fuels in the
plant. Fuel o0il and propane may be stored in large tanks both under- and
aboveground. Natural gas may be piped in from outside the plant. Fuel is used
to provide power and space heat via steam plants, and to heat caliciners, fur-
naces, and incinerators.

Cleaning chemicals such as detergent, trichloroethylene, and solvents are
used in the plant. These chemicals may be stored in 55-gal drums but are
limited to 1-gal or less safety cans around process equipment.

Lab coats, plastic shoe covers,- and other protective clothing may be found
at entrances to contaminated areas. These combustibles contribute to the fuel
loading of an area.

Compressed or liquified gases such as nitrogen and argon are used to
provide inert atmospheres for processes involving pyrophoric metals.

3.3 URANIUM HEXAFLOURIDE PRODUCTION PLANTS

Uranium hexafluoride production plants designated for inclusion in this
study produce UFg from yellowcake. This can be done using either wet or dry
processes. ,
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The two plants in the United States producing UFg from yellowcake were
used to characterize this type of facility. They are:

1. Allied Chemical Corporation, Metropolis, ITlinois
2. Kerr-McGee Nuclear Corporation, Gore, Oklahoma.

Unit operations for both plants include sampling, feed preparation, con-
version, purification, condensation, and packaging. However, the Kerr-McGee
plant uses the "wet" process to purify uranium prior to conversion to UFg while
the Allied plant uses a "dry" process and has the purification process after
the conversion step.

3.3.1 Process Description

3.3.1.1 Operations

" Yellowcake received in 55-gal drums is emptied into a hopper or falling
stream unit, weighed, and sampled in a sampling system. The yellowcake is
checked for sodium and other impurities.

In the dry process, feed with a high-sodium content goes through a sodium-
removal process consisting of a four- stage counter-current decantation system
using ammonium sulfate solution., Feed is then calcined to U3O8 blended,
agglomerated, dried, crushed, and sized to a uniform-particle size. Feed
preparation in the wet process consists of digesting yellowcake in nitric acid
to form uranyl nitrate.

In the wet process, uranyl nitrate solution is purified in a solvent
extraction process using tributyl phosphate in hexane as the solvent. The
uranium-loaded solvent is washed with dilute solutions of ammonium sulfate and
sodium hydroxide to remove impurities, then stripped of uranium in a pulsed
stripping column. Product solution is evaporated and denitrated in a stirred
reactor to UO3, which is milled to a a uniform size.

Conversion to UFg for both the wet and dry processes takes place in a
series of fluidized bed reactors. The first reactor uses reducing gases from
dissociated ammonia to convert UO3 and U,0, to UO powder. The next two
reactors use HF as the fluidizing gas to coOnvert to UF Fluorine provided
by the electrolysis of HF is the fluidizing gas in %he fiuorinator that con-
verts UF4 to UF6

The dry process now goes through purification with high- and low-boiling
distillation columns removing impurities such as molybdenum and vanadium.

Purified gaseous UFg is condensed in cold traps. Condensed solid is
reheated intermittently so.that liquid UF6 is drained off into cylinders.
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3.3.1.2 Waste Disposal

Liquid wastes may be treated with Time in settling ponds and held prior to
release to a waterway. Combustible wastes may be incinerated or drummed for
burial at a licensed burial site.

The Allied plant has a scrap recovery system that uses sodium carbonate
solution to leach uranium from finely ground scrap. The leached material is
drummed as low-level waste, and the recovered uranium is precipitated with the
addition of sodium hydroxide and sent to the sodium removal facility.

3.3.1.3 Other Operations

Both plants have an electrolysis system that supplies fluorine to plant
operations. The Allied plant also produces sulfur hexafluoride, iodine
pentafluoride, and antimony pentafluoride.

3.3.2 Facility Description

3.3.2.1 Buildings

The plants are located within a 54- to.75-acre fenced-in area in an 860-
to 2100-a§re tract of land. The main process areas may cover 12,000 to
26,000 ft“. The Allied plant's main process building is six stories high. 2
Uranium hexafluoride cylinder storage areas cover from 25,000 to 200,000 ft~.

Most of the Allied plant buildings are concrete block, except for the main
processing building, which is steel framed with sheet metal siding. The
Kerr-McGee plant structures are all steel framed with some walls constructed to
obtain a 4-h fire rating.

3.3.2.2 Heating, Ventilating, and Air Conditioning Systems

Dust collectors are used in dust-generating areas, such as the sampling
area.

Scrubbers process gases from the digestion and solvent extraction areas of
the Kerr-McGee plant and from various parts of the conversion operation in both
plants. Less care is taken to contain airborne particles from UFg plants than
from uranium fuel fabrication plants because the materials handled have less

radioactivity.

3.3.2.3 Surrounding Area

Both plants are located in rural areas with Tow population densities. No
obvious impacts can be seen that might impact on the facilities from outside
sources.

3.9




3.3.2.4 Engineered Safety Systems

Fire protection is provided with manual fire extinguishers and water
hoses. Automatic extinguishing systems are provided in extremely hazardous
areas such as the solvent extraction area and substations.

Alarms that detect abnormal operations in the plant signal are located in

the operating rooms. A manual alarm activated by personnel can be set off to
alert the plant to releases.

3.3.3 Inventory
3.3.3.1 Radioactive Inventory

Plant capacities range from 10,000 to 14,000 tons of UFg per year.
Uranium at these facilities can be found as:

e Uranjum hexafluoride stored outdoors in 10- and l4-ton cylinders. may
total 1000 to 11,000 tons of uranium.

© VYellowcake in 55-gal drums with 700 1b of uranium drum totals 1000 to
7000 tons of uranium.

@ Uranjum in other forms in the plant may total 100 to 250 tons of
uranium.

3.3.3.2 Hazardous and Combustible Inventory

The chemical, hazardous, and combustible materials that might be found at
a UFg production plant are listed in Table 3.1.

3.4 URANIUM MILLING

Uranium mills extract and partially refine uranium from uranium ore, and
the material is then prepared for shipment to a UF. or UOZ facility for
additional front-end fuel cycle processing. The uranium 1s shégaed §§5a solid
in powder forngglled yellowcake, which contains the isotopes U, and
predominately (Geffen, 1981).

No specific mills were identified by the NRC for inclusion in this study.
Therefore, this report is derived from information obtained from Environmental
Impact Statements (USAEC, 1974; USNRC, 1977b, 1980) and from documents describ-
ing reference uranium mills (Schneider and Kabele, 1979; Schneider, 1982). No
site visits were conducted, nor was specific information available from
radiological contingency plans.
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TABLE 3.1.

Material

Ammonia

Ammonium sulfate

Ethylene glycol

Fluorspar

Fuels

Hydrofluoric acid

Lime

Nitric acid

Potassium hydroxide

Sodium carbonate

Sodium hydroxide

Sulfuric acid

3.4.1

Chemical and Fuel Materials Found at UFg Production Plants

Description

Stored in 15,000- to 25,000-gal tanks and used to provide
reducing gases to various processes.

Used to pretreat impure feed.

May be used to cool the cold traps in the condensation
process.

May be used as the bed material in the fluidized bed
reactors.

Natural gas, fuel oil, ard liguid petroleum gas (LPG) are
used in the plasts for . :ect or backup heating and to
operate process =aipment. Natural gas may be piped in
from city lines . - & fuel oil and LPG are usually stored
outside in tanks or 10,000- to 30,000-gal capacity.

Stored in 30,000-gal tanks and used as a fluidizing gas
and té produce fluoride for the fluorinators in the
conversion process.

Used to treat liquid wastie.

Used to dissolved feed in the wet process and stored in a
15,000-gal tank.

Used in the scrubbing system.

May be used to wash empty uranium cylinders and used in
the uranium recovery process.

Used in scrap recovery.

May be used in chemical manufacture and to treat liquid
waste.

Process Description

3.4,1.1 Ogerations

Ore is shipped by truck from the mines to uranium mills.

The majority of

uranium mills use an acid leach process to extract uranium from the ore; how-
ever, a few mills use an alkaline leach 'system.
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The mills receive the ore from nearby mines via truck on a daily basis,
and the ore is stored on pads awaiting processing. Most mills operate on a
365 day/yr continual basis, and throughput may vary from 1000 to 2000 tons of
ore per day, producing 400 to 7000 MT of yellowcake per year. The ore is fed
by conveyor into a building where a crushing and wet-grinding operation is
performed. In an acid leach, the slurry from the process is treated with
sulfuric acid to Teach uranium. In the alkaline system, sodium carbonate is
mixed with sodium chlorate and steam in leaching tanks. In either process, the
leach solution is then passed to a counter-current decantation operation using
a series of washing tanks where the sand and slimes are removed and transferred
to the tailings impoundment. The resultant clarified solution is then usually
passed to a solvent extraction process where the uranium is concentrated and
purified in a series of reactor and settling vessels using kerosene-carrying
amine-type organic solvents. The aqueous raffinate from this process is trans-
ferred to the tailings retention area. The concentrated uranium remaining in
solution is precipitated as ammonium diuranate by addition of ammonia. The
precipitate is concentrated and washed in thickeners and dried in a dryer at up
to 1200°F. The dried concentrate is then crushed to sizes less than 6 mm and
packed in 55-gal steel drums for storage and shipment.

3.4.1.2 Waste Disposal

The primary forms of radioactive waste from the milling operation consist
of the solid and liquid effluents from the decantation circuit, the solvent
extraction process, and the uranium precipitation step. These wastes are

pumped into the tailings area at a rate of approximately 1 ton of solid waste
per ton of ore processed. The solids, liquids, and slimes remain in the

tailings pond and are held in place by an earthen and clay dam. Tailings ponds
may cover several hundred acres and stand 100 to 200 ft high.

A secondary source of radioactive waste is the ore dust and yellowcake
dust generated throughout the milling operation. Most of the yellowcake dust
is removed by the wet scrubber systems in the process buildings.

Nonradioactive wastes consist of miscellaneous solids, such as chemical
containers, cardboard containers, and other paper trash. Liquid effluents
other than those discharged to the tailings area, are organic solutions used
during the solvent extraction phase and removed periodically.

3.4.2 Facility Description

3.4.2.1 Buildings

Information on typical uranium mill operations is shown in Table 3.2.

The crushing building houses the ore-crushing devices and has a fairly
open interior. The main mill building contains the grinding and acid leach ‘
operations, as well as the yellowcake drying and packaging areas. The counter-
current decantation pump house contains the pumps used to transfer solutions
and slurries to and from the thickener tanks. The solvent extraction building
houses the settling tanks and precipitation equipment.
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TABLE 3.2. Information on Typical Uranium Mill Operations

Area Dimension, m Construction Feature
Crushing 16 x 12 x 20 Steel Insulated walls,
Concrete floor

Conveyor 41 x 9 x 18 Steel Wood floor
Ore bins 25 x 9 x 26 . Steel
Mill building 54 x 42 x 15 Steel Concrete floor
Counter-current 40 x 15 x 10 Steel, concrete Concrete floor

decantation
Solvent extraction 62 x 27 x 13 Steel

building
Thickener tanks 34 x 4.3 Wood
Maintenance 30 x 18 x 8 Steel
Change house 30 x 18 x 8 Steel
Offices 38 x 15 x 3 Steel

3.4.2.2 Heating, Ventilating, and Air Conditioning System

Dust from crushing, grinding, drying, and storage operations is collected
by wet scrubbers. Fumes generated by leaching and solvent extraction systems
may be discharged to the air without treatment.

3.4.2.3 Engineered Safety Systems

Most process areas at uranium mills have fire alarms and sprinklers.
Water or foam suppression is stored on site for the fire-suppression system.

3.4.2.4 Surrounding Area

Uranium mills tend to be located in very rural areas within convenient
distances of the uranium mines. Most mills are located in the western
United States in Wyoming, Colorado, Utah, New Mexico, and Texas. No other
facilities that might pose a threat from an accident standpoint are located
near the mills.

3.4.3 Inventory

3.4.3.1 Radioactive Inventory

Radioactive inventories at uranium mills consist of 238y and,its daughter
products (primarily thorium, radium, and radon). The amounts of U are
small.
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A typical mill will process 1000 to 2000 tons of ore per day containing
approximately 0.2% of Uj0g per ton, or 2 tons of U3O8/day. Assuming an
activity level of 515 uéi per ton of ore, and contéggous turnover of the ore,
2000 tons of ore represents approximately 1 Ci of U throughput per day.
Assuming further that 95% of the uranium is recovered as yellowcake, roughly
3.8 tons of yellowcake are produced per day for a 2000-ton throughput of ore.
Because as much as 200 tons of yellowcake may be stored prior to shipment,
total® activity in stored U30g may be 5 Ci.

A conservative estimate of radioactivity levels in the tailings pond area
would be as follows:

° 328U: 0.1 mCi/ton
o 23%. 0.0 mci/ton
o 29Th: 0.036 mCi/ton
» 2%%a. 0.38 mCi/ton.

A typical tailings pile might contain roughly 1.5 x 107 tons of tailings,
yielding the following levels of activity:

238

» Us 150 Ci

o 23%. 150 ci

o 230rh. 5400 Ci
226

° Ra: 5700 Ci.

3.4.3.2 Hazardous and Combustible Inventory

Potentially hazardous materials used during the uranium ore process steps
are shown in Table 3.3.

Miscellaneous combustibles would include paper, cardboard, and wooden
furniture. The acid leach tanks (six 18-ft-diam x 18-ft-high tanks) may be
constructed of wood, as well as the clarifier tank (65-ft diam) and the
thickener tanks (five 105-ft-diam x 17-ft-high tanks).

Propane (or natural gas) is used to generate process heat. The uranium
precipitate dryers use propane or natural gas also and may contain 1600 1b or

more yellowcake at any one time.

Emergency power is frequently provided by a diesel generator using fuel
0il stored in an underground tank (3000 gal). Additionally, the fuel oil may
be burned in steam boilers to provide building heat and/or hot water used in
various stages of the ore processing.
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TABLE 3.3. Materials Used in Uranium Ore Processing

Material Quantity
Amines (organics) 62 1b/day
Ammonium sulfate 250 1b/day
Anhydrous ammonia 10,000 1b/day
Fuel oil 3000 gal in storage
Kerosene 170,000 gal/day
Liquid glue 320 gal/day
Organics storage 217,000 gal/storage tanks
Polymeric flocculants 6 1b/day
Propane (natural gas) quantity unknown
Sodium chlorate 2000 1b/day
Sulfuric acid 2600 gal/day

3.5 PLUTONIUM CONTAMINATED FACILITIES

The plutonium contaminated facilities are plants formerly used as mixed
oxide or mixed carbide fuel fabrication plants, which are now being decon-
taminated and decommissioned.

Four plants are used to characterize this type of facility:

Babcock and Wilcox Plutonium Facility, Parks Township, Pennsylvania
General Electric Nuclear Center, Vallecitos, California

Kerr-McGee Plutonium Fuel Plant, Cimarron, Oklahoma

Westinghouse Plutonium Fuel Development Laboratory, Cheswick,
Pennsylvania.

2w
L . -

3.5.1 Process Description

3.5.1.1 Operation

During plant operation, the facilities made mixed oxide or mixed carbide
fuel using the process discussed below.

Blending was done by mixing Pu0, and U0, powders, or mixing Pu0,, UO,, and
C powders in a reducing atmosphere in high temperatures and milling the
resultant product, or mixing plutonium and uranium nitrate solutions and
coprecipitating the mixture from solution with the addition of ammonia and
drying and calcining the precipitate to form mixed oxide. The powder was then
compacted, broken into granules, pressed into pellets, and.sintered in a
reducing atmosphere. Sintered pellets were ground to a specified size in a
centerless grinder and loaded into tubes.
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3.5.1.2 Scrap Recovery

Scrap recovery operations involved solvent extraction and/or ion exchange
systems. Scrap was dissolved in nitric acid; uranium and plutonium were
separated out onto the organic solvent or resin; then uranium and plutonium
were recovered from the organic state and converted to a usable form.

During decontamination, process equipment is taken apart, cleaned, and
prepared for shipment to a licensed burial site.

3.5.2 Facility Description

3.5.2.1 Buildings

Plutonium contaminated facilities are located on 60- to over 1000-acre
sites of which about 60 acres is used to house procesE buildings. The fabrica-
tion plant itself may range from 10,000 to 100,000 ft® in floor space.
Operations are usually located on the ground floor, although a basement may
also contain radiocactive material. If the facility has a second fioor, it is
usually used for heating, ventilating, and air conditioning (HVAC) equipment.

Individual room sizes range from 200 to 3500 ft2 in area with ceiling
heights of 12 to over 30 feet. OEerations are contained within glove boxes.
An average room has about 1400 ft~ with 17 glove boxes.

Construction materials are generally concrete and steel, The basement, if
provided, is reinforced concrete like the floor slabs. Walls are usually
reinforced concrete block, although one of the plants has corrugated steel
siding exterior walls and cement plaster interior walls with steel studs. The
roof may be metal decking supported by structural steel columns, or steel
decking with concrete slab.

Plants may contain a vault and/or a hot cell area, which are built of much
more substantial construction than the rest of the plant. Hot cells may have
2- to 3-ft-thick high-density concrete walls.

3.5.2.2 Heating, Ventilating, and Air Conditioning Systems

Plutonium contaminated facilities use from one to three stages of HEPA
filters to filter exhaust air. Airflow is always toward areas of greater
potential contamination and glove boxes are generally kept at negative pressure

with respect to the room. Room air may be recycled.

3.5.2.3 Engineered Safety Systems

Plutonium contaminated pltants have automatic fire detection systems that
alarm at various locations in the plant. Manual dry chemical fire extin-
guishers are provided in most locations. Some areas may have automatic dry
chemical extinguishing systems or automatic sprinklers. Backup power is
provided as well as redundant ventilation systems to protect the final filters

from fire. :
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3.5.2.4 Surrounding Area

Most plutonium contaminated facilities are located in rural areas outside
of small towns. The Kerr-McGee plant is in an oil-producing area; the
Westinghouse plant has several gas stations located nearby. Other than that,
no potential accident impacts are seen on the plants from their surroundings.

3.5.3 Inventory

3.5.3.1 Radioactive Inventory

Mixed oxide fuel plants may have had from 5 to 100 kg of plutonium and
mixed oxide in jeopardy during plant operations. However, very little remains
after decontamination.

To provide a reference point for the source term, facilities are assumed
to have been emptied of their inventory and initially cleaned so that only
ground-in contamination of glove boxes, building surfaces, and ductwork
remains. Measurement of @gximum residual grognd-in contamination at a fuel
cycle facility was 5 x 10 7 g of plutonium/cm™ (Mishima and Ayer, 1981).
Because of uncgrtainty about the,level of contamination as a conservative
value, 1 x 10 ° g of plutonium/m~ was used to estimate ground-in contamination
(Mishima and Ayer, 1981). This value has been selected for use here.

Plants contain from 50 to 80 glove boxes. At an average, glove box size
of 7 ft x 3 ft, total coataminated areas in the plants (inside of glove boxes)
ranges from 570 to 760 m*, Therefore, about 47 to 76 mg of plutonium are

present as materials at risk in the facility.

3.5.3.2 Hazardous and Combustible Inventory

During plant operations, chemicals such as nitric acid, ammonia, acetone,
hydraulic fluid, tributyl phosphate, and organic solvents were used for various
processes. Reducing gases, commonly hydrogen, were required for sintering and
calcining steps. : .

Six basic groups of combustible materials were commonly used in mixed
oxide (MOX) plants. An estimate was made of the quantity of each type of
material based-on the number of glove boxes and glove box construction and
use. Table 3.4 lists these materials along with their use and the range of
quantities found. - :

During-decontamination and decommissioning_operatiohs, the plants may
contain more cellulosics and some solvents for cleaning. After decontamina-
tion, only the glove boxes themselves are-.assumed to be left. Viewing windows,
rubber gasketing, and plastic covers remain. '
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TABLE 3.4. Typical Combustibles in Mixed Oxide Plants

Material

Form

Quantity, 1b

Ce11ulosicé

Elastomers Rubber gloves, gaskets
Hydraulic fluid Lubricants
Polymethyl methacrylate Glove box viewing windows

Polystyrene
Polyvinyl chloride

3.6 RADIOPHARMACEUTICAL MANUFACTURING

Radiopharmaceutical manufacturing plants produce radionuclide labeled
compounds for medical diagnostics and tracers.

Papers, rags, wipes

Ion exchange resin

Wrapping, bagging, covers

1600 -
900
16 -
4800 -
50 -
650 -

2250
12,175
70
6900
225
920

They can produce many or only a

few isotopes. Four radiopharmaceutical manufacturing facilities were

investigated in this study:

2w M -

Each site was visited during this investigation.

3.6.1 Process Description

3.6.1.1 Operation

A1l four plants label organic compounds with radioisotopes for use by
hospitals and resea56h fggilities for pa
plants manufacture ““Mo/”“Tc generators (NEN-Billerica and Squibb) and two

. Abbott Laboratory, North Chicago, Illinois

New England Nuclear (NEN), Boston, Massachusetts

New England Nuclear (NEN), North Billerica, Massachusetts
. E. R. Squibb and Sons, New Brunswick, New dJersey.

tient diagnosis and treatment.

perform radioiodination (Squibb and Abbott) of diagnostic substances. At
present, the only work at the Abbott facility is radioiodination.
production is about equally divided between radioiodination and generator
production. Both NEN sites are involved with a variety of processes.

At the NEN-Boston site, 3H,

14

P, and °°S constitute t

§§otopes handled; it is the only facility of the four handling ,

S. Large quantities of tritium,

pharmaceuticals containing Xe,

own cyclotrons.

3.18

H, are also handled at this site.
tion, precursor, and synthesis labs for tritium products represent a sizable

portion of the operation. {§3add18}on to gepgrators
d T1.

bu of
Tﬁc §§P, and
Produc-

Squibb

, Billerica produces
Billerica also operates a
source division, which handles a variety of isotopes, many produced by their

Two
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Labeling organic products is usually a wet chemistry process conducted in
fume hoods or glove boxes. Abbott and Squibb have small laboratories contain-
ing one or two hoods or glove boxes for labeling operations. New England
Nuclear uses large areas containing many hoods and glove boxes. Packaging and
shipping is generally an assembly line operation at all sites except Abbott,
whose small size precludes this approach. All of the plants have quality
control labs.

Generators are Bgoduced in an assembly line type of operation. Billerica
and Squibb load the ““Mo generators in a remote cell. Generators are trans-
ferred by conveyors.

Radiopharmaceutical manufacturers can purchase isotopes from vendors. At
all sites, radioactive materials arrive by truck to a warehouse/loading dock
type area. The largest concentration of activity in these areas is usually on
receiving days, which may be one to three times a week. At Billerica and
Squibb shipments leave through this area.

Curie amounts of isotopes may be received in bulk shipments and are
dispensed for production. The radiopharmaceuticals produced by these plants
are generally in the microcurie to millicurie range. Generators may each
contain a maximum of about 2 Ci.

3.6.1.2 Waste Disposal

A1l sites produce similar waste products, although both quantities and
activity levels of wastes vary. Lab trash--paper, glassware, and clothing--is
a common waste form. Rejected products, generators, and vials of compounds,
for example, are disposed of as radioactive waste. Liquid waste can be
solidified and drummed (NEN) or held for decay and discharge after sludge
removal (Squibb and Abbott). New England Nuclear-Boston ships its waste to
Billerica. The other three facilities have separate waste warehouse areas.
Forklifts fueled by LPG or electricity can be used to move drums.

3.6.2 Facility Description

3.6.2.1 Buildings

Facilities usually have buildings specifically designed for radiopharma-
ceutical operations. Concrete, concrete block, brick, and steel are used in
construction. Radioactive areas are isolated from nonradioactive areas and
buildings can be isolated to minimize the risk of spreading contamination.
However, the NEN-Boston production building is a converted wood and brick
warehouse that was constructed about 1890. This building is adjacent to
another production building designed for -handling radiocactivity, and because
they are close, a major fire in one could spread quickly to the other.

Waste warehouses associated with these facilities are concrete and steel
buildings with concrete floors. '
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3.6.2.2 Heating, Ventilating, and Air Conditioning Systems

A1l sites have central heating and air conditioning. High-efficiency
particulate air and charcoal filters are commonly used for air cleaning.
Ductwork is sheet metal except at NEN-Boston, which has some polyvinyl chloride
(PVC) ducting. Warehouse areas are usually heated with gas or electric space

heaters.

3.6.2.3 Engineered Safety Systems

Sprinklers, fire alarms, exhaust air monitors, and radjation detectors are
used at all the facilities. Construction materials at the Billerica, Squibb,
and Abbott buildings promote fire suppression.

3.6.2.4 Surroundings

New England Nuclear-Boston is located in downtown South Boston in a
commercial district. The other sites are in rural or sparsely populated
residential areas. Squibb and Abbott radiopharmaceutical labs are a small part

of larger facilities.

3.6.3 Inventory
3.6.3.1 Radioactive Inventory

Table 3.5 lists the license inventory range of some of the more signifi-
cant isotopes found at radiopharmaceutical manufacturers.

Of the four plants, both NEN facilities handle by far the ggeatest levels
of activity. The largest permiSsib]?zgctivity level is 1.0 x 10¥ Ci of tritium
at NEN. Abbott's 1imit of 75 Ci of [ is one of the smaller holdings.

Although all the licenses permit possession of isotopes with atomic
numbers in the range of 3 to 83, only NEN possesses a wide variety,lggd these
are primarily aE3Ehe soupge d@g%sion at Billerica. Abbott handles I only;
Squibb handles [ and ""Mo/”""Tc only.

wasﬁe inventories range from 1 to 10 Ci at all sites except Billerica
where 107 Ci of tritium waste may be stored.

3.6.3.2 Hazardous and Combustible Inventory

Organic chemistry operations require the use of hazardous combustible
lTiquid solvents. All facilities use these materials, although again the amount
on hand varies with the size of the operation. Solvents and other chemicals
are generally stored in glass bottles with a capacity of 1 gal or Tess.

Lab paper, cardboard shipping containers, plastic containers, PVC piping,
acoustic tiles, and similar materials are found at all sites. Glove boxes can
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TABLE 3.5. Significant Inventories of Isotopes Licensed
for Radiopharmaceutical Manufacturers
Inventory or
Element [sotope Possible Form Range, Ci
Americium 281pm Sealed source 350
Carbon 14C Gas, labeled barium 500
carbonate, lab trash
Cesium 137¢5 Lab trash, HCI 1 to 500
solution
Chromium S1ck HCY solution 0.001 to 100
Hydrogen 3H Gas in cylinders 10 to 1 x 10b
Gold 19%8ay HC1 - HNO5 solution 200
[odine %3?1 Lab trash, Nal 2 to 100
I Lab trash, liquid 10 to 150
Iron 55Fe HC1 solution 200
Krypton 8%,  Gas . 1 x 10°
Molybdenum 99Mo Generator, NHgaOH 2 x 103
solution
. 63, . . s . 3
Nickel Ni Solid, HC1 solution 1 x 10
Phosphorous  SZP HyPO,, Tab trash 50 to 500
Selenium 75Se HC1 solution 5 to 100
Strontium 9OSr Solid, encapsulated, 100 to 500
HCT solution
Sulfur 35 H,$0,, sodium 100 to 1 x 107
sulfate, elemental
sulfur, in benzene
Xenon 133Xe Gas in vials - 1 x 103 '
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be Plexiglass®, as used at NEN, Some or all of the following combustibles are
used at all but the Abbott lab: oxygen, hydrogen, propane, and natural gas.

Billerica has a small surface tank farm for storing diesel and gasoline
fuel for vehicles. Squibb and NEN-Boston have underground diesel fuel tanks to
store fuel for emergency generators.

3.7 RADIOPHARMACY

Radiopharmacies receive radiopharmaceuticals and distribute them for use
by hospitals and medical research facilities. They are not production facili-
ties and thus do minimal handling of the isotopes. A hospital will either have
its own radiopharmacy or, as is becoming common in large metropolitan areas,
order radiopharmaceuticals from one or more private radiopharmacy firms serving
as central distribution points for all hospitals and research facilities in the
area. In the latter case, centralizing the firms increases the transportation
requirements because a single firm serving a number of clients must provide for
distribution of the required material.

Information in this section was taken from the Ohio State University
Radiological Contingency Plan for its hospital and nuclear pharmacy, and from a
site visit to a private radiopharmacy in Seattle, Washington. Data on radio-
active inventories were developed from a number of NRC licenses for private

radiopharmacies.

3.7.1 Process Description

3.7.1.1 Operation

A radiopharmacy receives shipments of radiopharmaceuticals from vendors
either in bulk quantities or as prepackaged diagnostic kits. In the latter
case, the pharmacy merely holds the 88ter581 until it is required for use by
the hospital. Bulk material can be ““Mo/ MTc generators. The radiopharmacy
prepares individual doses by loading the required activity into a syringe, a
process usually conducted in a fume hood. If other bulk materials are handled
(e.g., iodine-labeled compounds), they may be dispensed in glove boxes. After
individual doses are prepared, they are transported elsewhere for use.

3.7.1.2 Waste Disposal

Waste generated at a radiopharmacy can include used generators and storage
packs and miscellaneous laboratory equipment such as paper, glassware, and used
syringes. These materials are collected in a central area and held for ship-
ment to a disposal site or stored until decayed sufficiently for disposal with
nonradioactive materials. Material can be uncontained (generators) or con-
tained in cardboard boxes or in drums.

® Plexiglas is a trademark of Rohm and Haas, Philadelphia, PA 19105
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3.7.2 Facility Description

3.7.2.1 Buildings

Building design and construction is not standardized. A firm in Seattle,
Washington, occupies a concretséblock building consisting of a small Tabora-
tory, a waste storage area, a ““Mo generator storage area isolated by concrete-
block cubicles, offices, and a shipping and receiving area. The Ohio State
University nuclear pharmacy is located in a hospital building and is a single
large room housing a fume hood, glove box, concrete and lead isotope storage
area, and work space. A separate room adjacent to the pharmacy houses the
waste storage.

3.7.2.2 Heating, Ventilating, and Air Conditioning Systems

Radiopharmacies usually have standard heating and ventilating systems
found in business locations. Electric baseboard heating or centrally supplied
heating and air conditioning are both identified for radiopharmacies. Fume
hoods and glove boxes have their own air discharge systems, and special
filtration is not identified.

3.7.2.3 Engineered Safety Systems

Fire extinguishers and/or sprinkler systems are used at radiopharmacies.
Exhaust air discharge from hoods or glove boxes may be monitored and alarmed to
notify personnel of an emergency.

3.7.3 Inventory

3.7.3.1 Radioactive Inventory

Typical radiopharmacy inventories agg 9155% in Table 3.6. Not all firms
handle all of the listed isotopes. The ““Mo/ " Tc generator kits are the most
common, followed by iodine-labeled compounds. Actual inventories on hand may
be lower than the tabulated values. Short half-lives of many of the isotopes
indicated that there is either a fairly rapid turn around of inventories, or
isotopes are ordered only as needed on an intermittent basis.

3.7.3.2 Hazardous and Combustible Inventory

Radiopharmacies may use limited amounts of solvents such as methanol for
cleaning equipment. Combustibles include bui]aéng g@%eria]s and miscellaneous
paper and cardboard shipping containers. The ““Mo/””"Tc generators can be
shielded by a 10-1b cask filled with depleted uranium,

3.8 SEALED SOURCE MANUFACTURING

Facilities in this category produce sealed sources and self-lumirious
devices. The types of processes, radioactive material inventories and
businesses vary widely. Nine sealed source manufacturing facilities were
investigated in this study:
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TABLE 3.6. Representative Radiopharmacy Inventories
Inventory or
Element Isotope Possible Form Range, Ci
Barium 133Ba Sealed source 3 x 10™3
Carbon 14C In vitro test kits 5 x 10-3
Chromium 51Cr Sodium chromate 0.013 to 0.02
labeled serum
Cesium 137Cs Sealed source 2.0 to %0'4 to
1 x 107
Cobalt 57¢o Cyanocobalamin 1.4 x 10-4
(vitamin B12)
58¢, Labeled cyanocobalamin 5 x 1073
60Co Sealed source 2 to 3
Gallium 6754 Gallium 1.2
Gold 198, Colloidal 0.5
Hydrogen 3H In vitro test kits 0,01 to 0.5
Indium 111, Indium 0.049
131, Indiun chloride 0.5
lodine 123, Sodium iodide 0.19
1251 Sodium fodide, fibrogen 2.5 x 1074
diagnostic kits to 0.1
1311 Sodium iodide, labeled 0.1 to 4.5
organic compounds
Iron %9k q 0.01 to 0.02
Molybdenum 99Mo/99mTc Generators (liquid) 20 to 426
Selenium 755e Labeled compound 0.05
Strontium 9OSr Nitrate or chloride 0.01 to 0.5
Thallium 2011 Thallium 2.1
Tin 113Sn 113Sn/113m1n generators  0.06 to 0.5
Uranium 238y, Shielding for generators 91 kg
Xenon 133Xe Gas or saline 0.5 to 75



Amersham Corporation, Arlington Heights, I1linois

Automation Industries, Phoenixville, Pennsylvania

Micro Display Systems, Inc., Norristown, Pennsylvania

Minnesota Mining and Manufacturing (3M), New Brighton, Minnesota
Monsanto Research Corporation, Dayton, Ohio

Pan American World Airways, Kennedy Space Center, Florida

Safety Light Corporation, Bloomsburg, Pennsylvania

Stocker and Yale, Inc., Beverly, Massachusetts

Technical Operations, Burlington, Massachusetts.

CRONNOA £ WN -

Information used for descriptions of sealed source manufacturers was
developed from NRC dockets for all firms and Radiological Contingency Plans for
3M, Monsanto, and the Safety Light Corporation.

3.8.1 Process Description

3.8.1.1 Operation

Sealed-source production may be divided into two areas: 1) production of
doubly encapsulated alpha, beta, and gamma radiation sources; and 2) production
of self-luminous devices for use in watches, compasses, and aircraft instru-
mentation. Although within the first category not all sources will be doubly
encapsulated, this is the most prevalent means to ensure safe handling of the
isotopes. Such sources may be used in instruments, as reference sources, as
calibration sources, or in smoke detectors. Self-luminous devices usually are
gaseous tritium sealed in a phosphor-coated glass ampule.

Sealed-source production methods vary, but in general consist of receiving
the bulk isotope in an approved shipping container, dispensing the material in
the required amounts in an appropriate containment, placing the material in an
inner capsule that is welded or brazed, then sealing the inner capsule in an
outer capsule that is also welded or brazed closed. Thus little actual chemi-
cal processing occurs; rather, the operations are more a repackaging and
redistribution process. The 3M facility goes through a series of steps to
convert the raw isotope to microspheres prior to encapsulation, and this opera-
tion involves some chemical processing. Tritium light source production
usually requires that the gaseous tritium be transferred to a glass ampule,
although in some cases a tritiated paint is produced for appltication to watch
or compass dials.

3.8.1.2 Waste Disposal

Solid waste is usually produced by these firms. Liquid waste may be held
for decay before discharge to sewer systems, but more frequently is solidified
and then treated as solid waste. Most facilities have a special waste storage
area where 55-gal steel drums are held awaiting disposal at an approved site.
Because much of the waste can have a high specific activity, it is frequently
collected inside a hot cell or glove box and stored there in special con-
tainers. The waste is removed from the containment periodically and trans-
ferred to the waste storage area for final packaging and disposal.
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3.8.2 Facility Description

3.8.2.1 Buildings

Building design and materials show some consistency. Most radiation areas
are separated from other buildings, or, if in a main building, are separated by
special walls. Work areas tend to be divided into smaller modules for labs,
glove box areas, hot cells, storage, and services. Construction materials are
most often reinforced concrete or concrete block on a concrete slab. Roofing
materials are frequently metal paneling with an asphalt (tar) surface.

Interior walls are usually standard dry wall. A few facilities have wood
paneling for outside walls. Sometimes work areas or storage areas for sources
are in concrete below grade sheltered areas or bunkers.

3.8.2.2 Heating, Ventilating, and Air Conditioning Systems

Ventilation in radiation areas almost always consists of air inflow from a
central system exhausting through fume hoods or glove boxes operating at nega-
tive pressure. Hot cells usually have their own nonrecirculatory ventilation
systems. Discharge is usually through two high-efficiency filters in series:
one at the containment exhaust port and the other at the discharge stack.

3.8.2.3 Engineered Safety System

Buildings can be made of reinforced concrete construction to provide a
strong facility. Sites may have below grade bunkers for storage of large
radioactive inventories.

Ventilation and other services can be monitored using alarmed systems to
warn of contamination spread. Buildings have sprinkler systems, and fire
extinguishers can be provided.

3.8.2.4 Surrounding Area

Most sites are located in urban industrialized areas. A number of
potential problem areas are located near the 3M site: propane storage, fuel
0oil storage, ammunition, and gun powder storage.

3.8.3 Inventory
3.8.3.1 Radioactive Inventory

Th umber .of isoto han ed i uite,extensive, t the mos ommon are
241, ?39C €0CO’ 3 0 153, g% 210 o %Pm e 185Yb e fa7om o

usua]]y used in place of tr1t1um 1n se]f Tuminous devices, and the 241Am is
most often used in smoke detectors. The other isotopes are used to produce
alpha, beta, and gamma double encapsulated sources. Isotopes frequently
require handling in hot cells. Other isotopes are handled only in glove boxes.

Most of the radioactive materials ..aie in solid forms: gauzes, metallic
wafers or foils, or powders. Tritium is handled as a gas.
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Radioactive inventories vary widely among the licensees. Some are permit-
ted only millicurie amounts of a particular isotope, usually as a purchased
sealed source for reference calibrations, while others may be permitted to
possess several thousands of gﬂries of that isotope. For example, 3M is
allowed to possess 200 Ci of ““Co, while Tech/Ops, Inc. is permitfed
15,000 Ci. The largest single possession limit is 100,000 Ci of “H by the
Safety Light Corporation. Significant maximum license inventories at sealed
source manufacturers are listed in Table 3.7.

3.8.3.2 Hazardous and Combustible Material

Hazardous materials are generally kept to a minimum in any areas where
isotopes are handled. Some solvents such as isopropyl alcohol may be used to
clean encapsulated sources. Minnesota Mining and Manufacturing uses some HNO3,
NaOH solutions, and other potentially hazardous materials during microsphere
production, but quantities are limited. Because most capsules are welded or
brazed, tungsten or acetylene welders are used inside glove boxes or hot cells.

3.9 RESEARCH AND DEVELOPMENT OF NUCLEAR FUELS

Plants in this category develop methods of fuel preparation and perform
analysis of radioactive materials, particularly those materials used as fuel.
Four facilities were included in this category:

Isotopic Analysis, Inc., Tulsa, Oklahoma

Lynchburg Research Center, Lynchburg, Virginia

Rockwell Nuclear Development Fuel Laboratory, Santa Susana, California
. Westinghouse Electric Corporation, Waltz Mill, Pennsylvania.

E—JNOS N\

3.9.1 Process Description

3.9.1.1 Operation

Research and development activities may include transfer of irradiated
fuel elements into hot cells where the elements are declad and fuel is tested
and examined. Fuel elements may be stored temporarily on site in pools

designed for their storage.

Development of fuel manufacturing processes takes place in laboratories
and glove box trains. Operations such as blending, crushing, milling,
sintering, and grinding may take place depending on the process undergoing
study. Samples are taken at different points in the process and studied in a
number of labs. Analytical chemistry, radiochemistry, and other types of labs
are used to analyze samples. ~

The larger research and development facilities, Lynchburg Research Center
and Rockwell, are part of a Targer complex devoted to the development of
nuclear energy.
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TABLE 3.7. Significant(a) Maximum License Inventories <;;>
at Sealed Source Manufacturers

Maximum
Element Isotope Manufacturer Inventory, Ci
Americium 241Am Monsanto 6 x 103
Cesium 137¢4 3M 8 x 104
Cobalt 60Co Automation Industries 2 x 10%
Hydrogen 3y Safety Light 1 x 10°
Iridium 1921r Automation Industries 2.5 x 104
Krypton 85y r 3M 1.5 x 103
Polonium 210, M 4 x 108
Promethium 147pp M 3.5 x 103
Strontium Ng 3M 3 x 10°
Tantalum 183Ta Tech/0ps 2 x 103
Thulium 170Tm Tech/Ops 5 x 103
P]utonium(b) 232{?22§§30 Monsanto 199 ¢
Uranium(b) Depleted U Pan American World 15,000 kg
Airways

(a) Inventories over 1 x 103 Ci
(b) Not a sealed source

3.9.1.2 Waste Disposal

Solid radioactive waste is packaged in approved shipping containers and
stored on site prior to shipment to a licensed waste disposal facility. The
smaller facilities may ship unused materials back to the customer.

Liquid radioactive waste is handled on site in waste processing
facilities. Liquid waste may be retained in large basins or combined with
liquid radioactive waste generated from other facilities nearby. Treatment
systems may include activated charcoal, ion exchange columns, or various
chemical treatment systems.

3.9.2 Facility Description

3.9.2.1 Buildings

Laboratories may be constructed of concrete and steel, brick and cement,
or cinder block. Vaults are usually provided within the laboratories for

-
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storage of nuclear materials. Vault walls usually withstand greater stresses
than the buildings in which they are contained and may be 12-in.-thick con-
crete, Hot cells are provided for larger facilities in which examination or
testing of fuel rods takes place. Hot cell walls may be 11- to 13-in. lead or
42-in. concrete.

3.9.2.2 Heating, Ventilating, and Air Conditioning Systems

Hot cells, glove boxes, fume hoods, and other types of containment
generally operate under separate exhaust systems from the rest of the plant.
Exhaust from areas containing radioactive materials is filtered through a
prefilter and a HEPA filter before being exhausted to the atmosphere.

Airflow is toward areas of greater potential contamination. Except for
special materials such as sodium, which is highly reactive with air, glove
boxes, and hot cells are kept at negative pressure to ensure this cond1t1on.
Sodium is kept under an inert atmosphere at positive pressure.

Hot cells and other glove boxes may also be provided with an inert gas
purge system. This prevents potential reactions and acts as a fire extinguish-

ing system.

3.9.2.3 Engineered Safety Systems

Monitors for radiation levels, smoke detection, heat detection, and poten-
tial criticality situations are located in most facilities. Alarms are pro-
vided that trigger at specified levels. Hot cells usually have some form of
automatic fire extinguishing system. Inert gas may be used to flood the cell
and smother the fire. Manual fire extinguishers, both water and dry chemical,
may be found throughout the facilities.

3.9.2.4 Surroundings

Plants are generally located in low population areas with the nearest town
several miles away. Other nuclear facilities such as fuel manufacturing or
test reactors may share the site, but operate under separate licenses.

3.9.3 Inventory

3.9.3.1 Radioactive Inventory

Nuclear Fuel Research and Development facilities may be licensed to hold
as many as three irradiated fuel assemblies and 40 irradiated Lynchburg Pool
Reactor (LPR) fuel elements. These materials are stored and handled in the
storage pool and hot cell areas of the plant. The Rockwell plant has a license
1imit of 3.5 kg of plutonium in the hot cell building, although only 600 to
805 g of plutonium (the amount in three fuel rods) are in process at one
time.

In larger plants where glove box trains are used for development of fuel
manufacturing processes, license limits may restrict plutonium inventory to 1
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to 2 kg, 235U to 900 to 1500 kg, and 232U to 1 t83§ kg. A glove box may con- ‘;i}
tain as much as 225 g of plutonium and 540 g of U.

Analytical labs handle much smaller samples of radioactive materials. The
amount of uranium and plutonium per sample may be hundredths of a gram. The
maximum quantity of these materials in process in the lab at one time may be
5 g of plutonium, and 334 g of uranium. Other radioactive materials are also
analyzed in the labs. These elements and elements used as sealed sources are
listed in Table 3.8.

TABLE 3.8. Radioactive Material Found as Sealed Sources or Analytical
Quantities at Nuclear Fuel Development Laboratories

Licensed
Element Isotope Quantity
Americium 241Am 30 Ci
Barium 1335, 0.1 Ci
. . 252
Californium Cf 4 mg
Cesium 134¢¢ 0.1 Ci
Cesium 137Cs 0.1 Ci
Cobalt %8¢, 0.1 Ci
Cobalt 60co 0.1 Ci
Hydrogen 3H 100 Ci
Krypton 85Kr 0.1 Ci
Manganese 54Mn 0.1 Ci
Neptunium 237Np 0.1 Ci
Plutonium 239Pu 1 kg
. 238
Plutonium Pu 0.5 kg
Sodium 22\ 0.1 Ci
Strontium 90g. 0.1 Ci
Xenon 135Xe 0.1 Ci

3.9.3.2 Hazardous and Combustible Inventory

Varijous types of hazardous and combustible materials are found at the
plants:

e When decladding operations take place in hot cells, pyrophoric zir-
caloy metal grindings may be produced. These are normally kept in a
medium designed to inhibit combustion.

-
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o Solvents and other flammable liquids used in the hot cells in the
decladding process or in the labs are kept in special storage cabi-~
nets away from radioactive materials. Smaller quantities, generally
limited to 1 L, or in some cases 5-gal containers are brought out as
needed.

® Bagging material, needed to transfer nuclear material into and out of
containment, is another common combustible waste.

@ Glove boxes with rubber gloves are used in process development. Some
glove boxes have Plexiglas® windows.

o Natural gas may be used for heating.

o Diesel o0il is generally stored away from the piant for use in
emergency power generation.

® Ion exchange resins may be used in liquid waste purification
systems. These are also located away from the plant.

3.10 WASTE WAREHOUSING

Waste warehouses receive and store radioactive waste temporarily awaiting
shipment to a licensed burial ground for disposal. The description of waste
warehousing facilities was based on docket information on the three following
companies:

1. Atomic Disposal, Inc., Tinley Park, I1linois
2. Interex Corporation, Natick, Massachussets
3. Teledyne Isotopes, Inc., Westwood, New Jersey.

A site visit to the waste storage facility of New England Nuclear Radio-
pharmaceutical Manufacturing Plant in Billerica, Massachusetts, also provided
us with information.

3.10.1 Process Description

3.10.1.1 Operations

Radioactive waste in 5-, 30-, and 55-gal drums is transported to the waste
storage facility. The waste is monitored and a smear test is taken to deter-
mine the radioactive contamination level. Containers must not exceed 200 mR/h
at the surface. Drums are marked as to contents and radioactivity and stored
for not more than 6 months before being transported to a licensed radioactive
burial ground. Drums are not allowed to be opened while in transport to and
from storage and while in storage in the Teledyne and Interex faciliies. The
Atomic Disposal facility is planning an opening and repackaging area in the
warehouse.
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3.10.2 Facility Description

3.10.2.1 Buildings

Waste may be stored iE a trailer or a warehouse type of building. Sizes
ranges from 600 to 2045 ft® with ceiling heights of 10 to 20 ft. If windows
are provided, they are protected by steel mesh. A rollup door may be provided
in a warehouse to allow movement of drums into and out of the facility.

3.10.2.2 Heating, Ventilating, and Air Conditioning Systems

Not much information is available on the ventilation systems in the waste
warehousing facilities studied. The assumption is made that no active
ventilation system is in operation. No HEPA filters are in place to filter
air. The rollup doors provide open circulation to the facility.

The Atomic Disposal site has four fume absorbers in the proposed drum
handling room where opening and repackaging of drums is planned. The system
provides seven air changes per hour and flow through 98%-efficient charcoal

filters.

3.10.2.3 Engineered Safety Systems

Waste warehousing storage areas may be provided with sprinklers or CO,
automatic fire extinguishers. Radiation surveys of the facility are done

routinely.

3.10.2.4 Surrounding Area

Storage buildings may be located next to office buildings or radiochemical
laboratories. The Billerica site has two gas tanks located near the warehouse.

3.10.3 Inventory

3.10.3.1 Radioactive Inventory

Drums may contain animal carcasses preserved in a cgemical and packed in
plastic bags; scintillation vials containing 10 to 12 cm™ of fluid each and
packed in an absorbent; contaminated combustibles such as gloves, rags, wipes,
plastic 1ab equipment; small amounts of liquid radioactive waste in absorbent
and double drummed; or other types of waste generated from a hospital, clinical
lab, or radiochemistry lab.

The Atomic Disposal site has an inventory of 24 Ci in about 2200 drums. A
listing of the radionuclides in the inventory is given in the individual
description of the plant in Appendix I.

License Timits range from 25 to 2000 Ci of by-product materials other than
34 and 2000 to 5000 Ci of SH. From 220 to 12,500 1b of source material is

permitted, and from 75 to 200 g of special nuclear material such as
233 ang 235U are allowed.
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3.10.3.2 Hazardous and Combustible Inventory

Much of the waste in the drums is combustible. Gloves, cellulosic
materials, plastic lab equipment, and contaminated clothing may be in the
drums, as well as combustible solvents in scintillation vials.

The transport vehicle (a forklift in the Billerica Storage Building) may
be fueled with a flammable liquid. Gas heaters may also be located in the
waste storage facility.

3.11 UNIVERSITY RESEARCH AND DEVELOPMENT

University research and development facilities receive radioactive
materials at a central receiving point and distribute them to various
laboratories where research projects take place. Diagnosis and therapy using
nuclear materials at the universities are also covered in the licenses.

Information characterizing university research and development operations
was gathered from docket materials on the following seven facilities and from a
site visit to a representative facility in an agreement state:

1. Harvard University, Cambridge, Massachusetts

2. Michigan State University, East Lansing, Michigan
3. Ohio State University, Columbus, Ohio

4, Oral Roberts University, Tulsa, Oklahoma

5. University of I1linois, Urbana, Illinois

6. University of Wisconsin, Madison, Wisconsin

7. University of Wyoming, Laramie, Wyoming.

3.11.1 Process Description

3.11.1.1 Operation

Radioactive materials are shipped into a central receiving area. Packages
contain millicurie amounts of isotopes double or triple packaged to prevent
puncture or breakage during shipping. A typical example is a few cubic centi-
meters of radioactive 1iquid in a plastic container surrounded by styrofoam in
a cardboard box. Lead pigs are used as shipping containers for those isotopes

requiring shielding.

Packages may be checked at a central office for leakage or distributed to
the individual labs and checked. Facilities may have from 30 to 500 laborato-
ries where radioactive materials may be handled.

In the labs, millicurie amounts of radioactive materials are used to label
compound§ f054res?§gch §§udies. 3gabs may contain up to 10 to 25 Ci of isotopes
such as “H, ~°C, I, 7P, and “°S. Lab coats, protective clothing, rubber or
plastic gloves, wipes, paper towels, and other combustibles may be used in the
process as well as solvents or organic liquids in liter quantities or less.
Special hot laboratories may handle as much as 50 mCi of material.
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In some universities animals are injected or implanted with microcurie to
millicurie amounts of radioisotopes in various forms such as solutions, cap-
sules, or wire. The animals are isolated while under study. Animal wastes and
carcasses are monitored and disposed of through radioactive waste disposal.

Sealed sources containing hundreds of millicurie to 1 Ci per source are
used for training programs, measurement devices, and assays. The sources are
checked periodically for leakage and are contained within instruments. Some
sources may be taken off site if specified in the license.

As much as 100 mCi amounts of some isotopes may be used off campus for
field experiments. The location, amount, and type of isotope is specified in
the license along with descriptions of the application and monitoring procedure
for its use. These materials are divided in smaller units of microcurie to
millicurie amounts before being 1§g1an§§d or in%ected into plants or animals
for various studies. Carbon-14, °°S, ““P, and “H are commonly used isotopes
for these studies.

Diagnosis and therapy involving radioactive material can be performed in a
hospital. Common diagnosis and therapy opngtions are injections or oral
admln%stration of 10 to 30 mCi amoungs of [; implant of 40 mCi amounts
of 2 99m 90

1 seed§é injection of 10 mCi Tf§3 Sr eye applicatiogb 1nj?§§10n ?g8up
C Cs, Au

to ?9@C1 of “"P; 10 to 30 mCi doses of Xe gas; implant of 0,
or Ir as wires or seeds. Patients are hospitalized until tTglresiduT$8
activity is below a specified level (e.g., 30 mCi or less for I and Au).

3.11.1.2 Waste Disposal

Solid radioactive waste is usually stored in 5-, 30-, or 55-gal drums at a
central location prior to shipping to a licensed burial ground. Combustible
waste may be incinerated either at the university or metered in with fuel at a
nearby power plant. Incineration processes and procedures are specified in the
license and are monitored closely. Ash and gases from incineration are moni-
tored to assure escaping radioactivity is within the specified 1imit. Radio-
active ash is disposed of at a licensed burial site.

Liquid waste is neutralized and stored in l- to 5-gal nonbreakable (poly-
ethylene) bottles or metal cans, which are then put in 30-gal steel barrels
prior to burial at a licensed disposal ground. At some universities the liquid
waste is combined with fuel oil and fed to an incinerator. Concentrations must
be 3 mCi/5 gal of fuel or less for this application. Combustible liquid waste
may be 60 to 70% toluene, 30 to 49% xy]eTﬁ, 4 to 5% dioxane, and 1 to 10% water
and miscellaneous compounds with “H and ~'C as the major isotopes.

The waste storage area might hold up to 40 drums of solid and liquid

waste. Solid waste may contain animal carcasses, glassware, rubber or plastic
gloves, paper towels, wipes, and plastic bags.
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3.11.2 Facility Description

3.11.2.1 Buildings

From 30 to 500 laboratories under one license may handle radioactive
materials., Several of these labs may be located in one building, although the
distribution covers the entire campus. Each lab is usually equipped with a
sink, hood, hung ceilings with fluorescent lights, tile floors, and a nonporous
counter top. The receiving area for radioactive materials may be a loading
dock with a storage room set aside for a temporary storage of incoming mate-
rial. The storage room may also contain a desk, chair, and metal cart and is
similar in construction to laboratories.

Hot laboratories that store or handle greater quantities of radioactive
materials have special shielding for storage considerations. They may be
equipped with caves for added protection,

The waste storage area is usually separated from other campus buildings.
[t may be a trailer or a store room and may be equipped with a separate heating
system.

Buildings are usually made of concrete block with tile-covered fioors and
hung ceilings. Laboratory walls may be sheetrock. Hot laboratories or
specially designed storage rooms may have masonry walls., Storage vaults and
bins may be concrete or lead.

3.11.2.2 Heating, Ventilating, and Air Conditioning Systems

Most laboratories have hoods with a flow rate of 600 to 1300 ft3/min and a
face velocity of 100 to 200 ft/min, Air is exhausted through a duct work sys-
tem above the hung ceilings. This system combines with other room exhausts and
releases to the atmosphere. Charcoal filters may be used in some iodination
labs, although generally no filtration is applied. Waste storage areas do not
usually have an active ventilation system.

3.11.2.3 Engineered Safety Systems

Manual fire extinguishers are located in laboratories and in most areas of
the university.

3.11.3. Inventory
3.11.3.1 Radioactive Inventory

License 1imits restrict university research and development operations to
the quantities of isotopes listed in Table 3.9.

Sealed sources may conti%g 3.5 mCi to 1 Ci per source. Ilodinations fn the
labs handle 193Eo 25 mCi of [ at,_a time. Diagnosis ng therapy doses use up
to 30 mCi of I, up to 5 mCi of “"P, up to 30 mCi of Xe, and millicurie
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TABLE 3.9. License Limits of Radioactive Material at University
Research and Development Facilities
Inventory,
Element Isotope Ci (range)
By-product material 1 to 25 each
atomic no. 3-83 10 to 500 total
Americium 281 5 x 1074 to 5
Cadmium 109¢4 2 x 1072
Calcium #5¢a 0.1
Californium 252¢¢ 5.6 x 107> to 0.1
Carbon L4¢ 5 x 1073 to 10
Cerium 141ce 2 x 1072
Cesium. B3¢ 1 x 1073 to 45
Chlorine 36¢7 1 x 10-2
Chromi um lep 5 x 1075 to 1
Cobalt %0¢cq 3 x 1072 to 20
Curium 244 1 x 107 to 5.1 x 1072
Gadolinium 153Gd 12
Hydrogen 3H 9.3 to 3000
[odine 1251 2 to 8
[ron 59Fe 0.1
Krypton 85r 10
Mercury 203Hg : 1 x 1072
Molybdenum/Technetium o/ 2%Mre 5 x 107% to 10
Neptunium 237Np 5 x 107 to 0.1
Nickel 63y 8 x 1073 to 1
Phosphorous 32p 2x 107 to 5
33p 2.5
Platinum 195mp ¢ 0.1
Polonium 210p, 2 x 1072 to 125
Potassium 42y 1 x 1072
Protactinium 231Pa 5 x 1074
Rubidium 86rp 1 x 1072
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TABLE 3.9. (contd)

Inventory,

Element Isotope Ci (range)
Scandium 465¢ 2 x 1073
Strontium 905, 2 x 1073 to 500
Sulfur 355 2 x 1073 to 5
Tantalum 1827, 1 x 1072
Thorium 2281y 1.5 x 1072
Tin 1135, 2 x 1072
Uranium (depleted) 500 kg
Xenon 133Xe 10 to 2000
Ytterbium 169Yb 100
Zinc 652n 0.2

amounts of 99mTc. Other isotopes are handled in millicurie amounts except 3H, |

which may be stored in one location in a quantity of 1500 Ci in the form of
shipping containers holding 100 to 25 mCi each.

Radioactive waste is mainl%scomposed of 14C, 3H, 32P, and

The major activity comes from I.

1251 isotopes.

3.11.3.2 Hazardous and Combustible Inventory

Isotopes are packaged in plastic, styrofoam, and cardboard, all of which
may be consumed in a fire. Shipping docks where the materials are received may
also contain combustible liquids in drums. Transport vehicles run on

combustible Tiquids.

Laboratories use solvents and organic materials up to liter quantities.
Wipes, paper towels, and other cellulosics may be found in the lab. Protective
clothing and plastic or rubber gloves may be worn. Laboratories contain a
radioactive waste can or box that may contain contaminated combustibles.

Medical facilities are generally not allowed to accumulate combustibles.
However, disposable materials--plastic syringes, paper towels, absorbent paper,
and clothing--are commonly used and may be a source of fuel for a fire. Waste
compacting and storage areas contain combustible solid and liquid waste in
barrels.
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4.0 ACCIDENT SCENARIOS

A range of potential accidents are discussed in this section for the
11 operations categories of NMSS-licensed facilities, leading to the selection
of a MREPP scenario for each. The selected accident scenarios focus on those
that are considered to have potentially significant radiological consequences.
In the context of emergency preparedness, a release to the atmosphere outside a
facility that would impact the public has the most significant consequences.
Therefore, accidents that occur either outside the facility or breach the
facility's integrity providing a pathway to the atmosphere are generally the
MREPP scenarios. Exposures of onsite personnel are excluded from this study.

Several steps are required to assess releases from accidents. First we
list the radioactive materials and consider the quantity and the ease of dis-
persal of these materials. These listings are in Section 3. The force and
conditions generated by the event are then evaluated. These events can be
facility or process related or externally generated (i.e., by natural phenomena
or impact of vehicies). In nuclear facilities, the materials are sometimes
fine powders that move with airflow, so flow direction and filtration are
examined.

The level and type of deagglomeration and dispersal forces that impact on
radioactive material are determined (i.e., identify stresses on the source).
Once airborne, particulate materials obey physical laws of behavior and can be
transported from the facility. The pathway from the facility can be formed by
the events or can exist as doorways, filters, etc.

The above steps were used when defining the postulated accidents and esti-
mating the quantities of radiocactive materials that might be released. No con-
sequence assessments were made in this study. Significant digits have been
retained in this work to allow a user to easily reproduce the calculation., A
user can round them off as appropriate for a specific facility.

4.1 URANIUM FUEL FABRICATION PLANTS (OXIDE FUEL)

In this plant category, accidents will involve uranium powders and solu-
tions, UFg, and hazardous chemicals.

4,1.1 Potential Accident Scenarios

Potential accidents discussed for the uranium oxide fuel fabrication
category are UF. cylinder rupture (Toading dock fire), leak of UFg liquid,
tornado impact, chemical explosion, criticality, ion exchange explosion, fire,

and natural gas explosion.

4.1.1.1 Uranium Hexafluoride Cylinder Rupture (Loading Dock Fire)

Uranium hexafluoride cylinders might be ruptured accidentally in a variety
of situations: puncture, dropping, or a natural or operational event. The
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consequence depends on variables involved: number of cylinders, heat generated
by the event, location of the accident, mitigation, etc. An accident is postu-
lated in which a truck delivering supplies strikes the cyclone fence and rup-
tures two cylinders in a UFg storage area. The truck fuel tank is torn open by
metal debris and the entire 100 gal of gasoline in the fuel tank spills to the
ground and is ignited by sparks created by metal contact with the concrete.

Calculating the release requires an estimate of the fire size and dura-
tion, the UFg cylinder surface area exposed to the fire heat, heat flux to the
cylinder, and finally, the UFg release. Section 5.1.2 gives a stepwise proce-
dure and a detailed illustration as well as a discussion of the parameters.

Fire size and duration are determined by the amount and geometry of the
pool and its burning rate. It is assumed that the 100 (13 ft ) gal of gasoline
forms3a 20-ft-diam circular area and reaches a depth of 0.5 in. (volume

13 ft°). Steady-state burning velocities of 1 (Khitrin, 1962) to 5 mm/min
(Tryon, 1962) have been reported for gasoline. The fuel could be consumed in
2.5 to 12.5 min at these rates.

Cylinders of UFg can be stored in the loading dock area. Two are assumed
to be located near the fire. Fire completely engulfing the cylinders would
provide the maximum heat flux. In this fire, however, it is reasonable to
assume the fire centers around the truck, with the flame height equivalent to
the fire diameter. The cylinders are assumed about 10 ft from the fire and
oriented so that the entire curved side is exposed to the fire.

The principal heat transfer mechanism from a fuel-rich fire is radiation.
According to Clarke et al. (1974), the convective heat flux can be neglected,
assuming that the fire radiates as a black body compensgtes for this omission.
A radiative heat transfer coefficient of 32.4 Btu/hr-ft™ °F for a 2000°F fire
and 80°F container has been calculated (Clarke et al., 1974). The radiative
heat transfer coefficient is a function of distance from the source and must be
estimated. In the semicircular fire profile postulated, at a distance of
10 ft, the flux is 0.25 of the radiative heat transfer coefficient.

Since half the curved wall of the 30A cylinder is the heat-absorbing sur-
face, at a temperature difference of 1780°F, approximately 6420 Btu/min could
be absorbed by the cylinder. The heat of sublimation for UFg (147°F) 1s
58.2 Btu/1b.

Disregarding the heat used to raise the temperature of the cylinder and

UF6, 110 1b of UFg/min from each ruptured cylinder could be made airborne.
Thus, 550 to 2,758 b (250 to 1,249 kg) of UF; from the two cylinders could be

made airborne during the course of the fire if no remedial action is taken.
Some UF. would also be continuously vaporized from the ruptured cylinders at

the temperature of the cylinder and its contents after the fire.
Undamaged cylinders in the immediate vicinity of the ruptured cylinders

could also be heated. Under the assumptions stated above, the radiative heat
transfer is sufficient to-raise the temperature of the cylinder and its
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contents from 20° to 101°F, incregsing the vapor pressure of the UFg inside the
cylinder by only 3.5 to 33 1b/in.“ (well within the operating pressure of the
cylinders).

Uranium hexafluoride reacts very readily with water to form particulate
UO,F5> and HF gas recording to the reaction:

UF6 + 2H20 > U02F2 + 4HF ., (4-1)

Water is formed during the complete combustion of the_gasoline. The gasoline
involved %n the fire can have a density of 0.703 g/cm3 for a total mass of 5
2.66 x 10° g. Assuming that gasoline is 15.5% hydrogen by weight, 3.78 x 10” ¢
of water are formed by the complete cgmbustion of 100 gal. This amount of

water could react with up to 3.7 x 10 kg of UFg to produce particulate
U0 F Consequently, the 1,249 kg of UF. assumed to be airborne from this

accigent could be considered completely Converted to U02F2 particulate.

The number of these particles that can persist in air depends somewhat on
the size distribution and mass of the particles as well as the conditions. To
make an estimate of the concentration of these particles, a stirred settling
model (Koontz et al., 1970) was used. Because it was developed for a 10-m-high
container, it was considered sufficiently similar to the outdoor3p1ume situa-
tion here. The persistent airborne mass calculated to 0.237 g/m~. All the
mass is considered assocjated with particles less than 10 um aerodynamic
equivalent diameter (AED). This is equivalent to a 3.1-um UO,F, sphere with a
density of 10.5. To estimate dose, the model assumes all mass reaching an
individual is associated with particles l-um AED, which are respirable and
deposit in the deep lung. A significant fraction of particles as large as 5 um
AED can enter the respiratory system. A 1.54-um particle of UO Fo is equiva-
lent to a 5-um AED particle. Using the distribution calculation with no addi-
tional agg]omerat%on, 70% of the mass is associated with particles less than
1.54 um (0.17 g/m”). This is the maximum concentration of the UFg particulate.

4.1.1.2 Leak of Uranium Hexafluoride

Leaks of UFg within the facility can occur during processing. Some events
that have initiated UF; release within a gaseous diffusion production facility
(Tabor, 1974) are gasket failure, refrigeration failure, valving error, open
valves on a heated cylinder, and leaking pigtails. A leak in a transfer line
connecting the UF; evaporator to the precipitator is postulated in an oxide
fuel fabrication ?aci]ity where uranium hexafluoride flows from the transfer
1ine at the operational rate of 3 kg of UFz/min (2 kg of uranium/min). It is
assumed that about 15 to 25 min is requireg for the operation to cease and for
the cylinder to cool sufficiently for the UFg flow to stop. The maximum
release is thus 75 kg of UFy gas (50 kg of uranium). Uranium hexafluoride
tends to condense and react with water producing HF gas and U02F2 particles.

This would enable UO,F, removal by deposition. The conservative assumption is
that all the 75 kg o% UFg is released to the environment as gas.
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4.1.1.3 Tornado Impact

It is postulated that a design basis tornado strikes a fully operational
uranium oxide fuel facility. The assumed consequences are as follows:

Complete loss of part of walls and roof

Missiles are generated

Massive equipment such as UFg vaporizer and precipitator remain
A line from the UFg vaporizer is sheared by a missile.

Some airborne release of uranium could occur from the damage of the pro-
cess piping sheared by the missile and from other uranium materials in that
area. Three locations in the process with the largest inventory in jeopardy
from an airborne release viewpoint are the UFg vaporizer, the ADY (ammonium
diuranate) filter, and the scrap recovery area. The potential releases may be
uranium from the vaporizer, 297 kg of uranium on the filter, and 2,000 kg of
in-process scrap.

The UFg is assumed released from the evaporator at its operational vapo-
rization rate of 3 kg/min (2 kg of uranium/min). Some remedial action such as
stopping the steam flow to the evaporator could be instituted promptly, or the
steam flow could be disrupted by damage from the tornado. Both of these events
could Timit the releases to less than the time required for cooling, or about

25 min.

The release of ADU from the filter and in-process scrap are assumed to be
simultaneous. The quantity of in-process scrap that is present as a dispersi-
ble powder or other form varies continuously. For the purposes of this calcu-
lation it is assumed that as much as 10% or 200 kg of uranium is in the form of
powder and these particles are assumed in the respirable size range. l

The ADU on the filter is a moist powder containing at least 5% moisture.
When dry, ADU could have a particle size ranging from 10 to 150 uym. The aver-
age particle size would be approximately 100 um AED. For a powder with a log
normal particle-size distribution, a calculated AED of 100 um and a geometric
standard deviation of 2; less than 0.1% would have a particle size less than
10 um. Therefore, it is conservatively postulated that 1% or 3 kg of the
297 kg of uranium is released as respirable particles.

The total airborne release as a result of the tornado is thus postulated
to be 203 kg of uranium as U0, and U308 powders instantaneous released and
2 kg/min as UFg while heating is retained. If the Teak continues for 25 min,

the total release is 253 kg.

4.1.1.4 Chemical Explosion

Propane is used as auxiltiary fuel in some of -the plants and could present
an explosion hazard. However, the storage facilities are located apart from
the other plant facilities. If an explosion occurs, this would mean it would
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not effect the plant or jeopardize radioactive materials. Combustion within
propane containers can occur in applications where it is used in conjunction
with oxygen; however, such use does not occur in this facility.

Hydrogen explosions could occur in equipment such as the sintering fur-
nace. The fluid bed reactor in the dry UFg production process is a potential
hydrogen-air explosion site. However, to cause this explosion simultaneous
failures in several different systems are required. These include failure to
close the ball valve from the feed hopper; failure of the CO, purge supply; and
reduction of the operating pressure in the reactor from 2 atmospheres to
atmospheric pressure. This is judged unlikely and no release postulated.

4.1.1.5 Criticality

A criticality accident releases energy as a result of accidentally produc-
ing a self-sustaining or divergent neutron chain reaction (American Nuclear
Society, 1975). One might be initiated by 1) inadvertent transfer or leakage
of a solution of fissile material from a geometrically safe vessel into an area
or vessel not so designed, 2) introduction of excess fissile material to a
vessel, 3) introduction of excess fissile material to a solution, 4) overcon-
centration, 5) failure to maintain sufficient neutron absorbing materials in a
vessel, 6) precipitation of fissile solids from a solution and their retention
in a vessel, 7) introduction of neutron moderators or reflectors, 8) deforma-
tion of or failure to maintain safe storage arrays, or 9) similar actions that
can lead to increases in the reactivity of fissile systems (USNRC, 1979a).

Six incidents of unplanned excursions were recorded to occur behind heavy
shielding in processing or production facilities (USAEC, 1971). None occurred
in a powder system; they generally occur in solution systems with material
accumulation in the tank and a surge to unsafe geometry. There appear to be no
vessels of unsafe geometry in this facility where materials could accumulate
during processing. The only tanks of unsafe geometry exist in the waste treat-
ment facility. For any significant quantity of fissile material to reach the
tanks, it would have to pass several alarmed radinactivity monitors and fail to
be discovered by routine sampling analysis. No criticality accidents have been
associated with low-enriched fuel fabrication operations (Exxon, 1974). No
environmental impacts resulted from four criticality accidents that have
occurred in other fuel fabrication and/or scrap recovery operations. Some
small fission gas releases have occurred, and while they are thus of very low
probability, they are covered as part of the required accidents for a safety
analysis.

The regulatory guide (USNRC, 1979a) for evaluating criticality in uranium
fuel fabrication plants recommends assuming simultaneous breakdown of at least
two independent controls throughout all elements of the operation. The stan-
dard criticality accident is assumed applicable for the purpose of assessing
this accident. However criticality is highly unlikely for this process.
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An excursion is assumed to occur in a vented vessel of Eggavorab1e geome-
try containing a solution of 400 g/L of uranium enriched in U. The excur- ‘;;}
sion produces an initial burst of 1E + 18 fissions in 0.5 s followed succes-

sively at 10-min intervals by 47 bursts of 1.9E + 17 fissions for a total of

1€ + 19 fissions in 8 h. The excursion is assumed to be terminated by

evaporation of 100 L of the solution.

It is assumed that all of the noble gas fission products and 25% of the
jodine radionuclides resulting from the excursion are released directly to a
ventilated room atmosphere. It is also assumed that an aerosol, which is
generated from the evaporation of solution during the excursion is released
directly to the room atmosphere. The aerosol is assumed to comprise 0.05% of
the salt conﬁggt of the solution that is evaporated. This is 20 g of uranium
enriched in U.

A reduction in the amount of radioactive material available for release to
the environment may be taken into account but evaluated on an individual case
basis. The jodine depletion allowance is 75%.

The USNRC regulatory guide allows a reduction in the amount of radioactive
material available for release through filtration in the plant exhaust. There-
fore, the amount of particulate released from the plant is mig}gated by the
HEPA filtration system. A decontamination factor of 2.5 x 10 " is con§édered

applicable to two HEPAs in series so the atmospheric release is 5 x 10 ° g of
enriched uranium.

In addition to the particulate release, fission product gaseous releases

have been estimated (USNRC, 1979a) and are shown in Table 4.1. The last column
shows the jodine release retention allowance included.

4.1.1.6 lon Exchange Explosion

One plant has an ion exchange column used for removal of small amounts of
uraniun from waste streams. Ion exchange explosion incidents can occur due to
thermal transients from radiolytic heating, oxidation due to nitration under
uncontrolled conditions, excessive applied heat, or heating by strong oxidants
(Selby et al., 1975). This waste stream column does not appear to be a likely
candidate for an ion exchange explosion. However, the magnitude of a release
is estimated to illustrate the consequence.

After an actual ion exchange column explosion the fractional release to
thg6atmosph§re down stream of HEPA filters (the filters were not damaged) was
107" to 10" of the column radioactive inventory &ERDA, 1976). The con-
tamination level of the waste stream is 300 ug/cm™ of uranium. The column
capacity is 17 L; 13 L of thgs capacity is resin where the uranium is concen-
trated by a factor of 1 x 107,
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TABLE 4.1. Radioactivity of Important Nuclides Released
from a Criticality Accident in a Uranium Fuel
Fabrication Plant
Including

Radioactivity, Ci Iodine
Nuclide Half-1ife 0 to 0.5 h 0.5 to 8 h Total Retention
83my 1.8 h 2.2 x 10! 1.4 x 10° 1.6 x 102
85my 4.5 h 2.1 x 10 1.3 x 102 1.5 x 102
85 10.7 yr 2.2 x10°% 1.4 x10% 1.6 x 1073
8¢y 76.3 min 1.4 x 102 8.5 x 102 9.9 x 102
88y 2.8 h 9.1 x 10! 5.6 x 102 6.5 x 10°
8% 3.2 min 5.9 x 105 3.6 x 10* 4.2 x 10*
131my e 11.9 day 1.1 x 1072 7.0 x107% 8.2 x 107
133my o 2.0 day 2.5 x 1070 1.6 1.8
133y 5.2 day 3.8 2.3 x 108 2.7 x 10
135my ¢ 15.6 min 3.1 x 100 1.9 x 10° 2.2 x 103
13556 9.1 h 5.0 x 101 3.1 x 102 3.6 x 10°
137ye 3.8 min 6.9 x 10° 4.2 x 10 4.9 x 10
138y, 14.2 min 1.8 x 10 1.1 x 10* 1.3 x 10°
131, 8.0 day 1.2 7.5 8.7 2.2
132 2.3 h 1.5 x 102 9.5 x 102 1.1 x 108 2.8 x 10°
133; 20.8 h 2.2 x 108 1.4 x10%2 1.6 x 100 4.0 x 10}
134 52.6 min 6.3 x 102 3.9 x 10° 4.5 x 10° 1.1 x 10°
135 6.6 h 6.6 x 100 4.0 x 100 4.7 x 102 1.2 x 102

An estimated column uranium inventory is as follows:

o 1.3 x 104 cm3 regin with congentrated (300 ug) x (1 x 103) uranium level
= 3,9 x 10

of 3 x 10° ug/cm

® 4 x 107 cm
in solution.

3

uranium on resin.

3 liquid with a uranium level of 300 ug/cm3 = 1.2 g of uranium

If the total inventory is subject to release, 3.9 x 103 g 9§ uranium could
g of uranium

be subject_go stress with a resulting maximu
using a 10 = atmospheric release fraction.

negligible.

the release level could be higher.
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4,1.1.7 Fire

Combustible materials such as polyvinyl alcohol, hydraulic fluid, lubri-
cants, and kerosene are used during the fabrication operations. Flammable
materials (e.g., acetone) used for cleaning could present a fire hazard during
the process. However, only small amounts in containers, such as gallon dis-
pensers, are in the plant and large quantities are stored outside. Therefore,
fires could occur at various locations within the plant.

Kerosene is used in the solvent extraction process for both high- and low-
enriched processes, making this the potential site of a fire accident scenario.

The minimum flammability 1imit of kerosene in air is 0.6% (Burger, 1956). Sol-
vents other than kerosene are used in scrap recovery and a similar scenario
could also apply to them.

The quantities and configurations of in-process scrap that are present as
dispersible powder varies continuously. In this scenario, it is assumed that
2000 kg of scrap is in process, 10% powder and 90% with the solvent. All of
the solvent-associated uranium is subject to airborne release as a result of
fire.

Fire behavior of uranium in kerosene has been investigated experimentally
(Mishima and Schwendiman, 1973c) and less than 1% would be the conservative
fire release value for a solvent fire. The maximum release is 18 kg of
uranium, if all of the solvent burns. The release is in the facility and is
not anticipated to have a significant environmental release. Since the fire is
some distance from the filters, they should retain their 1Q§egr1ty. The
release through the HEPA filters would be 18 kg x 2.5 x 107" = 4.5 x 107" kg or
4.5 x 10 7 g.

Fires can volatilize UFg, as discussed in the cylinder rupture scenario.
However, this scrap recovery fire would not be near the cylinders and thus
would not provide heat to volatilize UFg. Uranium hexafluoride gases, if
volatilized, would react with room air and precipitate on equipment and build-
ing surfaces, and be filtered out by any HEPA filtration system.

4.1.1.8 Natural Gas Explosion

Natural gas explosions are discussed in detail in Section 4.3.1.6 of this
report. It has been hypothesized (Rockwell, 1976) that a complete rupture of a
1-in. gas 11n§ operating at a pressure of 8 in. of Hy0 would release approxi-
mately 750 ft~/h of gas. In these facilities minimum airflows of 7 to
24 changes per hour ensure that natural gas could not build up to an explosive
concentration in event of a line rupture.

4,1.2 Uranium Fuel Fabrication Plants (Oxide Fuel) MREPP Scenario

Because a criticality accident is considered highly unlikely in this
process, the UFg cylinder rupture is selected as the MREPP scenario. The
tornado and fire releases were in the same range. Several considerations in

selecting the MREPP were as follows:

4.8

-



The event occurs outside a facility.

The event is common to all facilities (not just tornado-prone areas).
High inventory is in jeopardy.

Release levels are high.

The energy input/release can be estimated.

It is postulated that a truck delivering supplies and equipment strikes
the UFg storage area with sufficient force to rupture two cylinders. - The truck
fuel tank is torn open by the metal debris generated in the crash and the
entire capacity of 100 gal spills to the ground and is ignited by sparks
created by contact of the metal and concrete.

4,1.2.1 Material Release

Twelve cylinders each containing 2247 kg (Oak Ridge Operations Office
1972) of UFg-enriched gas are located in outside storage. Two are involved in
a fire and 1249 of UFg becomes airborne and is comp]@te]y converted to U02F2
particulate with a maximum concentration of 0.17 g/m”.

4,1.2.2 Factors Affecting Releases

The following factors affect release at uranium fuel fabrication plants
(oxide fuel):

Truck fuel tank capacity

Fi1l of fuel tank

Number of cylinders involved
Fi1l of cylinders

Gasoline distribution in spill
Fire suppression techniques
Burning velocity

Weather conditions.
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URANIUM FUEL FABRICATION PLANTS (NONOXIDE FUEL)

These facilities produce nonoxide reactor fuel. Inventory limits required
for criticality control define the inventory available for the other accidental
releases.

4.,2,1 Potential Accident Scenarios

Potential accidents discussed are earthquake, tornado, criticality, fire,
explosion, and flooding. Releases are fine particles or gaseous fission
products.

4,2.1.1 Earthquake

The uranium fuel fabrication facilities identified in this study are
located in California. These uranium fuel fabrication plants could experience
earthquakes. These plants are built to comply with standards of the uniform
building code applicable to that area and, therefore, should be constructed to
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withstand earthquakes anticipated in that area. Damage scenarios would be a C;;>
function of ground acceleration. Some examples of earthquake damage at
different ranges are as follows (Mishima et al., 1979a, 1979b):

<0.09 g, no significant damage

0.09 to 0.18 g, toppling of gas cylinder

0.18 to 0.25 g, process vessel or equipment overturned
>0.39.9g, transfer lines fail

0.49 g, building collapses.

© 0 0 6 0

Another study indicated facilities did not sustain structural damage below 0.4
g, and buildings will collapse above 0.5 g (Tokarz et al., 1975).

Based on the above analysis, there would be no structural damage in an
earthquake, but some spills and process vessels would be overturned in a
facility. In some cases, process equipment is bolted to the floor to prevent
upset. Because the integrity of the facility is not breached, an earthquake
should not cause significant releases of fuel material to the atmosphere.

Equipment failures may result as a consequence of earthquake, which could
in turn cause fires or pressurized releases. These releases are discussed in
the sections on fire and explosions.

4.2.1.2 Tornado

These buildings have been substantially constructed. Some minor damage
may occur in a tornado (e.g., a door blown from the alloy shop) and this could
result in minor amounts of surface contamination or uncontained powder being
blown from the building. However, the powders are usually contained, so their
release is unlikely.

Waste storage and liquid retention basins could be vulnerable when located
away from the main process building. These are not common to all facilities.
At one site, 5000 gal of dilute, 0.005-g/L waste is held in a retention
basin. The basin is stainless steel set in concrete, so it is unlikely that
more than minor spillage would occur in a tornado strike. A portion of the
spill, perhaps 10% could be subject to aerodynamic entrainment by translational
tornado wind forces and 25% is assumed entrained. A spill would be followed
by resuspension of the surface contamination, Winds will be lower after the
event, so a long-term fractional rate of 10" "/sec (Sehmel and Lloyd, 1974a) is
used. If 100 gal (about 380 L) is spilled, 9.5 L containing 0.05 g is immedi-
ately airgorne, 1.9 g can be subject to resuspension, and the release is
1.9 x 107" g/sec.

4,2.1.3 Criticality

Criticalities are infrequent events and those that have occurred have had
no significant environmental impact (UNC, 1980). In Section 4.1.1.5 of this
report, events that could initiate a criticality were discussed. Specific
causes can be equipment failure, inadequate control of complex systems, and

human error. ;
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In the context of this study, we are concerned with the public safety
assessment and thus the amount of radioactive material released from the
facility is of importance. Noble gases and vapors can be released from the
facility through the filter system; if the building retains its integrity,
particle releases are mitigated by HEPA filtration. Therefore, breaching the
filters or facility greatly increases the downwind hazard. Consequently, we
try to estimate the energy produced by an event to see if building damage could
result from the event.

It has been estimated that 1018 fissions produce apprgximate]y 6 x 10°
calories of heat (UNC, 1973). This ig]culates‘to 2.4 x 10" Btu. The TNT
equivalent is 1800 Btu/1b, so the 10°% fissions are equivalent to 13 1b of
TNT. However, only a fraction of the energy pr?guced causes damage, approxi-
mately 1.4% (Stratton, 1967). Therefore the 10°° fissions are equal to about
0.2 1b of TNT in terms of building damage. An event of this magnitude would
not breach the facility. Energy not expended producing building damage is
expended as heat.

Stratton (1967) compiled a comprehensive review of criticality events. He
suggested that the frequency of accidents might be related to the frequency of
producing an unfamiliar critical configuration. The criticality incidents he
cited for solution syfgems anggmeta1 systems in air produced total fissions
ranging from about 10°7 to 107, Usually no physical damage ensued, but in
some cases minor damage such as warping occurred.

He suggested using the Godiva model (Wimmet, 1956) for information in this
area., If the reactivity insertion rate is known, and a neutron source is
present that is sufficiently strong to guarantee that a continuing fission
chain starts at above prompt critical, the burst yield can be calculated.

wggk done by Woodcock (1966) suggested that a maximum of 3 x 1018 and

3 x 1077 fissions could occur in solution systems of 100 gal or Tess, and more
than 100 gal, respectively. Other empirical models give the same magnitude of
estimated fissions product yield as Woodcock.

Scenarios for criticality events are uranium accumulation in pickling
solutions, unencapsulated moderated sludges or solutions, or an unsafe geometry
accumulated in storage (UNC, 1973).

One potential criticality (Babcock and Wilcox, 1974) suggested a Es]ease
of 0.35 Ci of fission gases from a boiling solution producing a 1 x 10°" fis-
sion criticality. They estimated that 50% of the release was contained by the
building, and the atmosphere release was 0.175 Ci. The release could be
carried -from the building hy the ventilation system.

For eva]Tgting these accidents it appears the the standard criticality
event, 1 x 1077 fissions, is representative of an accident in the pickling
operations. It is assumed the solution is overconcentrated to allow criti-
cality. Releases discussed in Section 4.1.1.5 were 20 g of enriched uranium
through a single HEPA filter and fission product gases produced by the event as
listed in Table 4.1, These are all assumed released to the atmosphere for a
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building. The standard criticality will allow credit of 75% of the iodine

total of 1.2 x 10° Ci. lodine could be absorbed on filters or deposited invthec;;>
removed by retention,

4,2.1.4 Fire

Because uranium and zirconium metals are both pyrophoric, there are many
opportunities for fires in the metal working operations. For example, loss of
coolant to a drill press could lead to spontaneous ignition of the chips. In
machining operations, small fires would result, but they would be limited in
size because of the amount of metal present, which could be about 1 1b.

Several areas of the facility could be the site of metal fires: incinera-
tors, laboratories, alloy shop, pickle area, filler press box line, and scrap
recovery operations. The amount and form of uranium present and the oppor-
tunity for airborne release define the fire impact. Some larger fires could
result in deflagrations and will be discussed in the section on explosions.

Uranium is pyrophoric, and the form can be a controlling variable.
Rockwell (1976) compiled the following information on burning characteristics
of various uranium forms. Large pieces of metal do not generally burn at room
temperature unless exposed to water; turnings ignite during machining; uranium
metal powders ignite at room temperature, and aluminum powder increases pyro-
phoricity. The powder appears to be the form most likely to be involved in a
fire, and the ignition could be caused by friction of the operation, static
spark, or spark from equipment.

Some fires have been hypothesized in environmental reports. A zirconium
fines fire augmented by flammable solvent (UNC, 1973) could blow out a hood
window allowing 100 to 300 g of a 1-kg source to be2b1own from the hood into
the plant, the maximum airborne release was 2 x 107" Ci. Because combustible
wastes are burned using propane, an uncontrolled incinerator fire is possible
(Babhcock and w11&ox, 1974). The fractional airborne release of the source
would be 5 x 107" (Mishima and Schwendiman, 1973b), and it could be assumed
ejected from the systﬁgs However, contamination levels in the waste could be
low, aggut 93%3 g of U per drum of waste. In this uncontrolled fire, about
7 x 107 g U could become airborne if all of the material is expelled from
the drum. It could be anticipated that th release will be contained by the
HEPA filters and that only about 3.5 x 10 ~ g would pass through a single HEPA
filter. The incinerator location is such that this fire would not involve
other building components.

Uranium feed materials for the metal fuel fabrication process can be mixed
with alloying metal in operations involving crushing, grinding, sieving, and
blending. A fire could be initiated during these operations by a spark from
equipment after loss of the protective inert gas atmosphere due EgShuman error.
The maximum inventory in these work stations could be 3.5 kg of U (Rockwell,
"1976). It is assumed that a glove box fire occurs and 1% of the powder becomes
airborne in the enclosure. Some of the material is ejected into the room after
the gloves are destroyed, gnd this fraction is estimated at 10%. Calculation
of the release is 3.5 x 10° g x 0.01 = 35 g airborne in the enclosure, and

-
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3.5 g is transportﬁd t83§he room. If the entire release reaches the HEPA
filters, 1.8 x 10 U will pass to the atmosphere, assuming one filter and
no deposition in the facility. .

These processes could be conducted in a glove box train. If so, there is
the opportunity for a fire to pass to crushing, weighing, recycling, and blend-
ing opegat1ons in a domino effect. This would result in a total release of
7 x 1077 g to the atmosphere from four units.

4.2.1.5 Explosion

Fires could initiate explosions when flammable vapors ignite in an enclo-
sure. The enclosure pressurizes, leading to component failure and explosive
releases.

An explosion resulting in dispersion of U0p from a press line could be
suggested. A box line containing UOZ’ zirconium, and alcohol loses its inert
gas atmosphere allowing an explosive mixture to accumulate in the boxline. An
ignition source (static charge, for example) detonates the mixture, destroying
the boxline and opening a hole in the building roof. One percent of the 3.6 kg
U02 in the line is ejected through the hole in the roof, and a release of 36 g
U0, is postulated.

Explosions in retention tanks caused by inadvertent addition of acid could
cause some liquid spills. Contamination levels in these tanks are low and,
consequently, so are any potential airborne releases.

A uranium aluminide powder explosion in a glove box was hypothesized
(Rockwell, 1976) to produce 19.6 kg of mixed U0, and A120 airborne, 10.4 kg of
which was 93% enriched uranium. It was assumed that 1% of the mass was trans-
ported to the filters, and the release through one HEPA filter would be 0.048 g
of enriched uranjum.

An explosion in the induction furnace could release material from five
trays containing a total 3.6 kg or less of uranium powders (General Atomic,
1971). Uranium carbide or uranium-thorium carbide are oxidized in an oxygen-
air atmosphere, then reduced in a hydrogen atmosphere. Malifunction of the
dilution gas system valve and airflow detector allows H, to accumulate to
Tevels above the 4% flammability limit to about 15%. This event could be
assumed to have 1% (36 g) of the materials ejected from the furnace. The
energy of the explosion would not breach the facility. ﬁrefore, the rp]eaﬁe
challenges the single HEPA filter for a release of 5 x 1077 x 36 = 1.8 x 10
released,

Natural gas explosions discussed in detail in Section 4.3.1.6 of this
report, are another potential release situation. It has been hypothesized
(Rockwell, 1976) that a complete rupture of a l-in. gas 1in§ operating at a
pressure of 8 in. of H,0 would release approximately 750 ft~/h of natural
gas. Minimum airflows of six ‘changes per hour for each room mean that a
natural gas explosion is not likely to occur.




4.2.1.6 Flooding

Flooding itself will not produce airborne release. It is of concern in
regard to producing an environment where criticality could occur and produce
airborne releases. Water flooding is not considered credible because there is
no internal water source with capacity sufficient to produce flood levels.
Water entering the facility must flood to a depth of 3 ft to reach a level of
concern.

4,2.2 Uranium Fuel Fabrication Plants (Nonoxide Fuel) MREPP Scenario

Two events had significant releases from this facility category, the
standard criticality accident and the boxline explosion.

The criticality release is particulate material from the evaporation of
100 L of 400 g/L solution. The aerosol is 0.05% of the salt content of the
solution, or 20 g. Fission product radionuclide releases are listed in
Table 4.1 (USNRC, 1979).  The energy produced by the event would not be suffi-
cient to breach the integrity of the facility. Therefore, the HEPA fi]teri )
would remove a portion of the airborne particulate material, redgcing the 35U
release to 5 . Gaseous fission product release totals 1.2 x 10” Ci. The
8.7 Ci of 1 11, however, is the fission product release of most concern because
of radiological health effects.

The boxline explosion event ejects about 36 g of U0, to the atmosphere
through an opening in the building roof. To compare this to the criticality it
can be converted to curies using the fo]]gwing equation (Bureau of Radiological
Health, 1970) and a half-life of 7.1 x 10° y (Weast, 1973):

5
. C s . 3.578 x 10
Ci/g (specific activity) = (T1/2 ) (aéomiE massy (4-2)

For 235U the calculation is:

5

3.578 x 10 b

= 2.1 x 10°
(7.1 x 10%) (235)

Ci/g =

Ci/g . (4-3)

Assuming the 36 g atmospheric release is all 235U, 7.6 x 107° Ci is released.
This is much lower than the gaseous fission product release in terms of curies.
The fission product nuclides wiggsthe higher specific activity are more of a
radiological concern; enriched U is of concern in radiation damage to the
lungs or the kidney (Eisenbud, 1973). Gaseous releases are an immersion
hazard, and the particulate uranium is an inhalation hazard since the particles
10 um and less can be deposited in the lung.

A reviewzg dose commitment factors (Hoenes and Soldat, 1977) would
suggest that U constitutes the greatest hazard on a unit (per curies)
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basis. However, the actual curie level associated with the 235U is at a
signif{g?nt]y lower level, and a comparison of dose from the actual releases
shows I the greater hazard.

In the uranium oxide fabrication plants with powder processes, criticality
accidents were considered unlikely and another accident was selected as the
MREPP event. However, in these metal plants there are liquid operations that
could provide opportunity for criticality: pickling operations, liquid wastes,
and scrap recovery.

?gied on the opportunity of occurrence and radiological hazard associated
with I, criticality is selected as the MREPP event for uranium nonoxide fuel
fabrication plants.

4,2.2.1 Material Release

5 The total atmospheric release from this criticality accidgﬂt is 1.2 x

10 C§3gf mixed krypton, xenon, and jodine isotopes and 1 x 10 = g of particu-
late . These releases are listed in Table 4.1, which also shows the iodine
retention allowances.

4,2.2.2 Factors Affecting Releases

The following factors affect release at uranium metal fuel fabrication
plants:

Effectiveness of automatic control devices
Containment

Deposition in facility

Filtration

Decay 1in facility

Ventilation flow.

© 990 ® e o

4.3 URANIUM HEXAFLUORIDE PRODUCTION

At the UFg production plants, natural uranium (yellowcake) is processed to
UF6. Accidents will involve natural uranium in powder or liquid form, or as
gaseous UF6.

4,3,1., Potential Accident Scenarios

Potential accident scenarios discussed include UF6 cylinder rupture,
liguid UF; leak, tornado strike, solvent fire, facility fire, chemical explo-
sion, and natural gas combustion explosion.

4.3,1.1. Uranjum,Hexafluoride‘Cy]inder‘Rupture (Loading Dock Fire)

Cylinder ruthEeS were discussed in Section 4.1.1.1. Similar events can
occur in UFg production facilities, but, since the cylinders used are 10 and
14 ton capacity, more UF6 is available to enter the atmosphere. However, the
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natural uranium will have a low specific activity. Cylinders are stored out-
side so there is a potential o£ a truck-type event similar to that described in.
Section 4.1.1.1. The 1.9 x 10" Btu/min absorbed by the exposed cylinder
surface §ou1d release 326 1b/§1n for a total release of UFg of 815 to

4,1 x 107 1b (368 to 1.9 x 10 kg% from one cylinder. If two cylinders are
involved, the release is 3.8 x 10° kg. (Calculations are the same as in
Section 4.1.1.1.) A pool fire centered around a cylinder rather than a truck
was considered un%ike]y but wou]d have higher UFg release levels: 1365 kg/min,
totaling 3.4 x 10% to 1.7 x 107 kg of UFg.

A second postulated outdoor release scenario occurs during handling or
transfer where a valve fajlure is assumed to ogcur (USAEC, 1974). The esti-
mated re]eage over a period of 1 h is 9.2 x 10° 1b (4.2 x 10 kg) natural UFg,
or 2.8 x 10¥ kg of uranium.

Another variation o§ the cylinder rupture gr valve failure estimated that
4550 1b of UFg (2.1 x 10° kg of UFg or 1.4 x 107 kg of uranium) is released in
a 40-min leak through a l.5-in.-diam hole in the wall above the UFg liquid
level (Kerr-McGee, 1975). Heat supplied by the steam cabinet would vaporize
the UF.. After the 10 min, the estimated losses would be fairly small because

the UF¢ should be solidified. Because the release is within a facility, there
would be opportunity for UFg or U02F2 deposition, thus lowering the release.

4.3.1.2 Liquid Uranium Hexafluoride Leak

As discussed in 4.1.1.2, leaks of the heated UFg in liquid form can occur
within the facility from a variety of initiating events. In one occurrence
(Allied Chemical, 1975), a valve failure in the distillation section led to a
95-1b UF6 release. No offsite elevated uranium concentrations were detected.

Uranium hexafluoride releases are independent of the uranium enrichment,
so the maximum 60-kg release postulated in Section 4.1.1.2 would be applicable
in this situation. This release is based on the flow rate of 150 kg/h of
heated UFg (100°C) through a 1l-in. transfer line and a half-hour leak.

4.3,1.3 Tornado

A tornado strike could involve uranium materials stored outside a facil-
ity, either drums of yellowcake primary feed or the cylinders of UFg. Poten-
tial building damage could also occur causing loss of containment.

4,3.1.3.1 Primary Feed Release

Primary feed is stored in 55-gal drums on a pad outside the building in a
location vulnerable to tornado damage. About 3000 yellowcake-filled drums are
stored in stacks three or four deep on pallets. Drums are 0.61 m in height,
and it is assumed that they are stacked three high; total height is approxi-
mately 2.5 m, allowing for pallet spacing. The top layer is assumed to be
impacted by tornado forces to the point of failure. Specification 17H drums,
can survive an impact equivalent to a drop onto an unyielding surface from a
height of 1.2 m (Geffen, 1981) as required for Department of Transportation
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(DOT) requirements so drums in lower layers are assumed intact. This would
mean 1000 drums in the top stack layer each holding about 360 kg of yellowcake
could be lifted by the tornado and impacted on the ground. It is assumed that
30% of the contents are spilled from the drum as it impacts on the ground. In
this type of bulk flow incident, only a fraction of this (10%) material can be
mixed with the air sufficiently to induce dispersion, and a fraction of this
becomes airborne. Sutter (1980) developed relationships between wind speed and
the fraction of source airborne. At a tornado translational velocity of

40 mi/h, 25% of the source becomes airborne.

Yellowcake can have various particle size distributions in different lots
depending on the source. During a site visit, it was indicated that only 5%
was less than 325 mesh (44 um). This calculates to an aerodynamic diameter
greater than 100 um, an order of magnitude above the respirable size range.
However, Geffen (1981) reported aerodynamically measured yellowcake diameters
and used an estimate of 25% in the respirable range for safety assessments.

The immediate airborne release is 1000 drums x 360 kg x 30% falling to the
ground x 10% mixed with air x 25% fraction airborne x 25% fraction respirable =
675 kg airborne. This is the release in the hazardous range that becomes
airborne.

Wind forces following the evegg could resuspend the yellowcake on the
ground, at a fractional rate of 10 ~/sec (Mishima, 1976). This calculates to
3.9 kg/h for an additional 31 kg release in the 8 h following the event. All
resuspended material is assumed in the respirable range for a total release of
706 kg yellowcake.

4,3,1.3.2 Uranium Hexafluoride Cylinder Impact

Experimental work with the 10 ton UFg cylinders indicates they will retain
their integrity for most hypothetical accident conditions (Richardson and
Bernstein, 1971). After as much as a 30-ft drop, there was no visible evidence
of rupture, only a slight leak that could be self sealing. Therefore, no
release from the cylinders is estimated.

4,3.1.3.3 Building Impact

The building damage would be similar to tornado damage postulated in
Section 4.1.1.3, and the postulated UFg release is 2 kg/min of UF¢ for 8 h
totaling 960 kg of UF6 (640 kg of uranium). About 200 kg of uranium in process
is airborne in the initiating event plus 3 kg associated with the filter.

Total uranium in the release is 852 kg of U.

4.3.1.4 Fire

A fire in the solvent rework section has been postulated (Kerr-McGee,
1975; USAEC, 1974). A fire in the solvent extraction stream could involve
2500 gal of solvent containing as much as 817 kg of low specific-activity
uraniun and daughter products. All of this uranium is subject to becoming air-
borne at a 1% fraction release (Section 4.1.1.7). The release is thus about
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8 kg. Because the solvent extraction operations are conducted in a separate
building, the fire damage will be restricted to that area. <;;>

If a fire occurs within a facility, UFg in cylinders could be volatilized,
or the integrity of UFg vessels and transport lines could be jeopardized. Com-
bustion sources in the facility are cellulosics, lubricants, and fuel oil.

They could be involved in fire with ethylene glycol or propane. Bulk storage
of these flammable materials is located outside the main process facility,

reducing the potential for a massive facility fire. However, in the facility
an inadvertent event might initiate a fire that could involve these materials.

[t is assumed that a fire is initiated by spontaneous ignition of a lubri-
cant soaked rag and could involve:

o Propane. This material would not be used close to UFg and, therefore,
when burning it is Tess likely to cause heating and subsequent release. -

e Ethylene glycol. A leak from a cooling mantle could allow ethylene glycol
to burn in the fire., It could contribute to the fire because it has an
ignition temperature of 385°C and a lower flammable Timit in air of 3.2%.
Because it is used close to UFg, there is an opportunity for interaction.

It is assumed that ethylene glycol leaks from a malfunctioning valve and
becomes involved in the fire. With the loss of cooling from the mantle in

addition to the elevated fire temperatures, UFg expands and subsequently breaks
the container, and gases enter the facility. ?hg total UF6 vaporizing is ,
equivalent to that from a UFg cylinder, 2.1 x 107 kg of UFg in 40 min. Even
with loss of ventilation, it can be assumed that all of the releases are
assumed carried upwards by convection from the fire and out open ventilation
ports in upper portions of the building.

4,3,1.5 Chemical Explosion

A "red 0il1" explosion in the UNH evaporator can be a suggested event, but
the possibility is considered remote because temperatures are held below the
266°F required for this type of explosion. "Red oil" is a term applied to
nitrated organic materials formed by the degradation of process liquids.

Degraded process solvents or organic decontaminating agents inadvertently
included in a stream with excess heat could trigger a "red oil" explosion. The
blast effects of such anzexp1osion have been estimated gt 3 1b of TNT, with a
shock wave of 800 1b/in.” and an energy of 230 ft 1b/ft“ at a distance of 15 ft
(Battelle, 1975). The evaporator is ruptured and all the liquid ejected.
Releases from equipment damage in this explosion are shown below:

Quantity
Source (gallons of UNH)
Evaporator 2000
UNH surge tank (half full) 1000
RAC storage (Half full) 1000
Sx seal 500
Maximum release source term = 4500
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At a specific gravity of 1,66 g/cm3, this ca]cuaates to about 2.8 x 107 g
of UNH. The processing grea, estimated at 40,000 ft°, is filled with a mist
concentration of 0.1 g/m~ UNH. This releaseZis carried with the airflow from
the building for a total release of 1.1 x 10° g UNH (52 g of uranium).
No further damage is foreseen.

4,3.1.6 Natural Gas Combustion Explosion

Natural gas used as a building heat source could pose an explosion
hazard. The lower flammability 1imit for natural gas is 4% (McKinnon, 1976).
A gas explosion can occur with a fraction of a room, 0.25 or less, filled with

gas.

The open structure of the process building would seem to ensure safety
from natural gas explosions. Fans can provide for continual removal of
contaminated air. If the building airflow rate of one room change every 5 min
is maintained, it is unlikely that an explosive mixture could be reached in a
room, However, the natural gas is carried through lines in the center of the
building where airflow could be restricted. Loss or reduction of airflow in
conjunction with a natural gas line rupture with gas flow continuing could
initiate an explosion, or the leak could gccur in a "dead" air space allowing
opportunity for an explosion when the gas accumulates.

To illustrate this release, it is hypothesized that a natural,gas leak
occurs, and gas accumulated to the 4% explosive level in a 1000 ft~ volume,
approximately the size of a small room. The gas mixed with air ignites, the
heated air expands, pressure rises, and an explosion follows.

One natural gas composition is 75% methane, 21% ethgne, and 4% propane.

The heat of,combustion for this mixture 1541120.3 Btu/ft” at a gas density of

0.055 1b/ft3. This is 1120/0.055 = 2 x 10" Btu/1b.

The explosion equivalent yield can be calculated (Strehlow and Baker,
1976):

AHC X wc
NNt T T1B00 (4-4)
where
WrnNT = equivalent TNT wt/1b
AH. = heat of combustion of hydrocarbon, Btu/lb
W = weight available as explosive source, 1b
1§00 = heat of explosion of TNT Btu/1b.

For the illustrated explosion these parameters are

2 x 10% Btu/1b

AM
(1000 ft3 x 0.04) x 0.055 1b/ft3 = 2.2 1b.

We

wou
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Calculations are
_ 2 x 107 Btu/1p x 2.2

Went = 1800 Btu/Tb

WTNT = 24.4

However, not all of the heat of combustion energy is released in an explo-
sion. Brasie and Simpson (1968) investigated explosions of vapors in confined

but ventilated operating structures and found the probable yield from these
events was a very small fraction of the predicted value. Relative yields
were one twentieth, and he suggested that they may typically range from one
fortieth to one tenth. For illustration here, the one tenth or 10% value is
used, so it is the equivalent of 2.4 1b TNT.

This illustrated explosion would be anticipated to cause damage, Wéth
overpressures in a range that could cause glass breakage (1 to 2 1b/in.
20 ft). It is hypothesized that one of the two distillation columns is 1ocated
sufficiently close to the explosion center to sustain damage. Overpressures
generated by the incident are postulated damaging the valving. Ethylene
glycol, hexane, and other solvents in the vicinity would sustain a fire ini-

tiated by the explosion.

The heat produced by the event would cause UFg to vaporize from the rup-
tured container. Total UF? airborne assumes the distillation column contains
i

the equ1vg1ent of a UF nder and would, therefore, release 4550 1b

(2.1 x 10 of UF 1n 40 min. The entire release would leave the building
through penetrations formed by the accident. This release would be increased
if more than one container were involved in the event,

4,3.2 Uranium Hexafluoride Production MREPP Scenario

Scenarios where UFg can be volatilized and released in the gaseous form
have maximum impact for emergency preparedness, because the release is in a
form that can be transported downwind. Three events leading to this UFg
release were discussed: 1) the cylinder rupture outside the facility,
2) facility fire, and 3) a natural gas explosion and associated fire. The
Tatter two events expel vaporized UFg from the facility. Although we did not
take credit for mitigation by deposition in a facility in the accident
scenarios this can occur. Therefore, a UFg leak from cylinders located outside
a facility would be considered the most serious event.

4.3.2.1 Material Release

Cylinder ruptures outside the facility as a loading dock fire scenario
were discussed in Section 4.1.1.1. Larger cylinders used for the natural
uranium UFg mean that a larger source is in jeopardy. The release from two

cylinders was estimated as 3.8 x 103 kg of UFg, with the fire centered around
the truck. A fire centered around a cylinder could give even higher releases.
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The mechanisms driving the release are the same force: heating a damaged
UFg cylinder to vaporize UFg.

4,3.2.2 Factors Affecting Releases

The same factors affecting UFg releases (Section 4.1.2) from a UF
cylinder outside a facility apply in this scenario and will not be repeated
here.

4.4 URANIUM MILLS

Uranium mills extract and partia]l% 6ef1ne ugggium ore. Releases of
uranium and uranium daughter products ( 30th and Ra) can come from ore
piles, the tailing retention system, ore crushing, and others. However, the
scope of this study emphasizes the particulate releases. The mill operation is
the primary focus of our work; tailing releases have been well documented in
other studies.

4.,4,1 Potential Accident Scenarios

The potential aerosol-generating accidents discussed are waste retention,
pond slurry release, tornado strike, fires, dryer explosion, and equipment
failure in the ore-handling system,

4,4.1.1 Tornado

Tornadoes can inflict building damage and disperse uranium material. For
this event, it has been assumed in the generic uranium mill environmental
impact statement (USNRC, 1979b) that 1) 2 days production is free and not pack-
aged in containers, 2) the maximum inventory of 45 MT of yellowcake is on site
when the tornado strikes, and 3) 15% of the contained material is released. It
was assumed that the tornado lifts 11,400 kg of yellowcake. The most conserva-
tive model assumes all of the yellowcake is in respirable form. However,
Geffen (1981) reported that two yellowcake samples were sized aerodynamically
to determine the respirable fraction. This fraction was 18 and 32 wt% less
than 10 pm AED, and she used the average value of 25% in her studies. Using
this 25% respirable fraction value for this release means that 2850 kg of
respirable yellowcake becomes airborne.

4.4.1.2 MWaste Retention Pond Slurry Release

Inadvertent discharge of the liquid held in the tailing ponds as a result
of dam failure would, of itself, not lead to airborne releases. However, the
exposed pond bed would become subject to wind stresses and resulg in air?erne
resuspension releases. Fractional airborne release rates of 10 ~ to 10 "7/sec
(Sehmel and Lloyd, 1974a) could apply to estimating this release.

Dam failure could occur as a result of an earthquake or flooding; equip-
ment failure, such as rupture of a tailings distribution pipeline; or operating
errors. Tailings dike failures have occurred in the past; however, new mills
are required to use new construction methods that could reduce this risk.
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It is not 1ikg1y that the entire volume is released. Based on historical
data, about 8 x 107 1b of solids would be an average release from a pond. It
is assumed this release occurred, but did not reach a waterway. The material
is assumed to form a l-in.-thick cover over an area approxématg]y 4000 x 250 ft
(USNRC, 1977b). This would provide an expo§ed grea 1 x 10¥ ft® subject to 3
resuspension, or a tgta1 volume of 2.4 x 107 cm”. At a density of 1.6 g/cm”,
this totals 3.8 x 107 ¢

Sludge and slime mate56a1 would be wet and not prone to resuspension so
the fractional rate of 107""/sec would apply. The release would be 0.38 g/sec.

The release would be dependent on wind stresses and weather conditions. Some
bank surfaces could contribute additional resuspension, but releases would be

low. Total release could be 33 kg/24 h day. Because the ore was originally
0.2% of Uj0g, and about 7% remains in the tailings, this is about 5 g of
dranium. It might be assumed that prompt administrative action would be taken
and the released material covered to prevent resuspension.

4,4,1.3 Fire

A fire in the solvent extraction system could be initiated if kerosene
fumes reach the flammability limit and an ignition source is introduced (e.g.,
& spark from machinery). There could be cellulosics present to continue to
fuel the fire. Thirteen hundred pounds of yellowcake can be involved in the
process and based on experimentally measured releases (Mishima and Schwendiman,
1973c), not more than 1% becomes airborne. In these experiments, 1% or less of
the uranium in solution was released during combustion even when the vessel was
heated externally after a self-sustaining heating period. The release in the
solvent extraction fire is calculated to be 13 1b. The solvent extraction
operation is located in a building separate from other processes so they would
not be impacted. The building should retain its integrity, but for a maximum
event it is assumed that the entire release passes to the atmosphere through
windows and the ventilation system.

In two large solvent fires in uranium mills that have been reported
(USAEC, 1974), 2000 to 3000 1b of uranium were present. There was no
appreciable release to the atmosphere in either case.

The acid leach tanks contain sulfuric acid, which, if spilled on cellu-
losic material, can initiate a fire by spontaneous combustion. It is assumed
that a leak in the tank occurs, resulting in spilled sulfuric acid contacting
rags and a fire.

Because sulfuric acid is not flammable (Industrial Health and Safety
Office, 1980) the fire release is limited. However, if the leach tank
integrity is breached, it can be assumed that the building is filled with
sulfuric acid mists, droplets, agd vaporized salts as a quasi-stable aerosol
with a concentration of 0.01 g/m~ (ORNL, 1970).

These droplets could be assumed to have a uranium concentration similar to
that of the leach solution, which could be 85% uragium. The density of the

leach solution is about 1.2 g/cm”, so the 0.01 g/m” airborne represents about
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0.008 cm3 At_a solution concentration of 0.85 g/cm3, the 0,008 cm3 or

6.8 x 10'3 g/m3 is the calculated uranlum3airborne concentration. The total
mill bui digg volume is about 3.4 x 10" m”, and this volume is reduced to

1.7 x 107 m”, if it is assumed that half of the building volume is filled with
equipment. Therefore, 58 g of uranium would be airborne in the counter current

decantation room and later discharged to the atmosphere.

A fire in the drying and packaging area could be initiated accidentally
with a cutting tool. This fire would be small, and releases would pass through
a filter, reducing the impact.

4.4.1.4 Explosion

Propane or natural gas fired dryers containing 1600 1b of yellowcake could
be the site of a deflagration explosion. The free air space in the building
following an explosion could be filled with a yellowcake dust. Although the
instantaneous mass airborne can be high, the total quantities present will
decrease with time. After 80 min, less than 10% of the initial mass might
remain airborne (Steindler and Seefeldt, 1981)., It is assumed that the aerosol
reaches a quasi-stable concentration of 0.1 g/m~ (Selby et al., 1975) for a
time fo]low%ng the explosion. The room volume where the dryer is located is
3.8 x 103 m”; it is a§sumed to be half full of yellowcake for a total of
1.9 x 107 g (1.6 x 107 g of uranium) and 25% of this material could be 10 um
AED or less (in the respirable range). Dust collectors for yellowcake are 98%
efficient (USNRC, 1979b), and it is assumed they are undamaged. The
atmospheric release is then 9.5 g of yellowcake in the respirable range.

4.4,1.,5 Conveyor Failure

Equipment failure, specifically failure (rupture) of an ore conveyor to
the building could lead to airborne releases. When the conveyor breaks, ore
spills from the conveyor continuing until corrective action (stopping ore flow)
is taken, Rerhaps 10 min. At a mill throughput of 1800 MT/24-h day, 12.5 MT
(1,25 x 10" kg) of ore is spilled. The ore can be assumed fairly dry since
drying is used to reduce the moisture content (USNRC, 1980). The ore mass
moving on the conveyor is 95% in pieces larger than 100 um in diameter, only 1%
are less than 5 um (USNRC, 1979b). Therefore about 125 kg is assumed in the
respirable size range and only a portion of that, perhaps 0.1% (Sutter et al.,
1981) would become airborne for a release of 0.125 kg of ore (0.25 g of
uranium).

4,4,2 Uranium Mill MREPP Scenario

Several levels of release values have been calculated for the uranium-mill
accident scenarios. These are natural uranium releases, presenting a toxicity
hazard.

4,4,2.1 Material Release

Atmospheric releases were 2850 kg of yellowcake for a tornado, 5 g of ,
uranium/day resuspended from a tailing pond release, fire releases of 5.9 kg to
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116 g, about 10 g of yellowcake from an explosion, and 0.125 kg of ore dust
from equipment failure. The tornado impact, therefore, was the MREPP event for
uranium mills. ' @

4,4,2.2 Factors Affecting Release

The following factors affect release at uranium mills:

Quantity of material unconfined in the facility

Onsite inventory
Retention of filtration

Particle size of material
Size of facility breach.

e O 000

4.5 PLUTONIUM CONTAMINATED FACILITY

Plutonium contaminated facilities are plants fomerly used as mixed oxide
or mixed carbide fuel fabrication plants now being decontaminated and decommis-
sioned. Decontamination and decommissioning operational releases are not
within the scope of this study; Jenkins et al. (1979) covers them. Rather, we
are currently looking at the plant licensed as a contaminated facility,
referring to the residual plutonium stored as surface contamination. The
inventopy of concern is t?is fixed contamination estimated conservatively as
1 x 10 g of plutonium/m~ (Mishima and Ayer, 1981). The total plutonium at
risk in this type of facility can range from 46 to 76 mg.

4.5.1 Potential Accident Scenarios

For fixed plutonium surface contamination, there will be little oppor-
tunity for airborne release. The inventory is not in a dispersible form and
will require mechanical or aerodynamic stresses sufficient to dislodge it.
Events that are discussed are tornado, earthquake, fire, explosion, external
event, and criticality.

4,5.1.1 Tornado

Damage resulting from a tornado could include crushing of glove boxes by
failure of building interior partitions. The number of glove boxes damaged in
the event would be dependent on the magnitude of the tornado windspeeds.
Crushing the glove boxes would result in stresses sufficient to suspend fixed

surface contamination.

S%rgace cogEamination is conservatively estimated using a resuspension
factor'®’ of 10 /m (Mishima and Ayer, 1981). The maximum dimegsions of a
glove box are 7 ft x 3 ft x 3 ft and the volume is about 1.8 m”. \Using the

airborne concentration (units/m3)

(a) Resuspension factor: k/m : : - 5
contamination level (units/m“)

-
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10'4 g of p]utom’um/m2 surface contamination levels, assuming the glove box
volume is the affected volume, the instantaneous release per glove box is:

3y =1.8x10%gpu .

(10°%/m)(107% g Pu/m?)(1.8 m
This calculates to 1.4 x 10'4 g of plutonium if all 80 glove boxes are
involved. This is the maximum number of glove boxes in a facility.

Plutonium material could be embedded in the glove box filters and shaken
loose in this event. However, it can be assumed that new HEPA filters were
emplaced at the implementation of the storage mode. Since the glove boxes are
not used during storage, there would be negligible plutonium carried to the
filters by minimal airflow, so no release is estimated from this source.

A1l plutonium not instantaneously suspended could become airborne if
contaminated surfaces are exposed to the existing wind field. Breached glove
boxes could be assumed buried under rubble and debris generated by the event so
only a small portion, less than an estimated 10% could be §TBject to suspen-
sion. An appropriate resuspension rate to use could be 10 "“/sec for the fixed
contamination, since the most readily removed material was released instan-
taneou§1y. The contaminated area inside a g]ovglgox can range figm 9.4 to
15,2 m~. The release could range from 9.4 x 10 to 1.52 x 10 g of plug
tonium/sec dependent on glove box size. Maximum release would be 1.3 x 107"~ g
of plutonium from each glove bgé in 24 h following the event, for a total
resuspension release of 1 x 10 7 q.

4.5.1.2 Earthquake

Collapse of the exterior walls and roof could lead to glove box damage
similar to that described for a tornado. To estimate the maximum event, the
instantaneous and time-dependent release are assumed the same as for the tor-
nado release.

4,5.1.3 Criticality

Plutonium-rich, silica-like sludges tend to accumulate in significant
guantities in chemical plants that have been in operation over a period of
years. These deposits can be created with a Tow hydrogen/plutonium atomic
ratio raising the possibility of an autocatalytic nuclear excursion (Stratton,
1967). In contaminated facility status, equipment will have been removed.
However, drain pipes might not have been replaced, and could conceivably
contain sludge deposits. If such a sludge inadvertently exists in the cleaned
out storage facility, addition of water (e.g., a flood) to a mass of this
material could force it to the critical state. Stratton concluded that even
for such an apparently dangerous situation it is difficult to imagine an
explosive reaction. Based on his conclusions and the unlikelihood of
inadvertent sludge accumulation to a level where criticality is possible, it
does not seem that a criticality accident is feasible.
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4.,5.1.4 Fire

These buildings are generally concrete and steel. Walls are usually rein-
forced concrete block, although the Westinghouse plant has corrugated steel
siding exterior walls and cement plaster interior walls with steel studs. The
roof may be metal decking supported by structural steel columns or steel
decking with a concrete slab. Therefore, there would be 1ittle to sustain a
fire in the event one started, and no release from the facility is anticipated
as a result of fires.

4.5.1.5 Explosion

Only empty glove boxes are left in the cleaned out facility, so there are
no process-related materials to initiate an explosion. The only potential
explosion initiator could be the heating plant. An explosion from this source
would probably not impact the glove boxes, and no release is identified.

4,5.1.6 External Event

The only fire/explosion-type event that could be envisioned generating an
airborne release would be an airplane or truck crash puncturing the building
walls, dumping fuel in the facility. A large pool fire is assumed ignited and
could involve contaminated plastic surfaces, thereby aerosolizing some of the
plutonium. Plutonium is not considered volatile so suspension would require
that it be attached to a burning material. Because metal surfaces will not
burn, only plastic material is involved.

It is assumed that the airborne release from burning cellulosic matgria]s
would apply to plastic, so the appropriate fractional release is 5 x 10~

(Mishima and Schwendiman, 1973b). These would be releases from the plastic
glove box surfaces, estimated at about one-fifth of the glove box surface area.

If all the glove boxes in the bu11d1ng were involved, the totg] source
would range from 9.2 to 15 mg, resulting in a maximum of 7 5 x 10 © g airborne
in the facility.

This scenario seems highly improbable and is included for illustration
only.

4,5,2 Plutonium Contaminated Facility MREPP Scenario

The MREPP scenario for plutonium contaminated facilities is the tornado
accident. Mechanical and aerodynamic stresses from the tornado resuspend
plutonium surface contamination.

4,5,2.1 Material Release

In the unlikely event that all of the maximum 80 glove Roxes in a facility
were crushed, the total release is estimated to be 1.4 x 10 * g. It is all
assumed released to the atmosphere.
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4.5.2.2 Factors Affecting Release

‘ii} “The following factors affect release at plutonium contaminated facilities:

Probability of the event is 10'7/yr (Mishima and Ayer, 1981)
Plutonium surface contamination inventory

Wind speed

Glove boxes breached

Number and size of glove boxes

Residual contamination level.

© 00 @9 6

4.6 RADIOPHARMACEUTICAL MANUFACTURING

Radiopharmaceutical manufacturing facilities produce a wide range of
radionuclides and the individual licenses cover products with atomic numbers in
a range from 3 to 83 as well as specific identified amounts of other radionu-
clides. Physical forms can incliude solids, liqf§gs, colloids, gaseg, Or
microspheres (Grotenhui 31966). Examples are Au as a colloid, P as
chromic phosphate, and Xe gas. Each form responds differently to accident
stresses: gases will become immediately airborne if a container is breached;
tritium is volatile forming water vapor; radioiodides are volatile; cesium and
strontium are semivolatile depending on temperature (Junkins et al., 1964).
Thus dispersibility is a function of form plus physical properties.

Some facilities produce only one or two radionuclides, others many. Quan-
tities of tg?se invengories cqgver a wide range of values from millicurie
amounts of ““Cr to 10” Ci of “H., Thus the isotopes of concern will vary with
the site. Radionucliides with potenfjal inyentorjes in_curie_amounts we
1§?tedsgn Tagée 3.89 Thg% 1nc}gde giTAm,ggﬁC, £§9Cs, 5%§53 18@Au, §H, {551,

I, Fe, Kr, Mo, Ni, P, Se, Sr, S, and Xe. One unique
situation in this category is 1000 Ci of tritium associated with waste stored
at the Billerica facility. Tgis quantity could not be considered a generic
situation. However, because “H is the largest inventory at risk, it will
determine the MREPP from this operation. However, other radionuclides can
contribute more significantly to the radiological consequences of the release
and will also be discuaaid. IE% maf§Tum a]]dgab]e concentration in air (USCFR,
1983b) indicates that14 AEI g, 851’ and 1§5 are of the most concern (of
those listed above); ~'C, “°Cr, “H, ““Kr, and Xe would be of less concern.
Table 4.2 lists the isotopes at the different levels of concern based on per-
missible air concentrations. In another listing, the National Institute of
Health (1972) classified isotopes according to relative radiotoxicity per unit
activity. The above radiopharmaceuticals listed in those classes are the

following:
@ Class 1 (very high toxicity):: 241Am, 903r
. .. 125, 131
o Class 2 (high toxicity): I, 1

137CS, 198Au, 55Fe, 85Kr, 99M0, 32
. 35¢

133y,
14, 51, 3

o Class 3 (moderate toxicity): P,

@ Class 4 (slight toxicity): H.

v
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TABLE 4.2. Selected Isotopes Found in Radiopharmaceutical
Manufacturing Facilities Grouped by Health
Concern Based on Permissible Air Concentration

Intermediate

High Concern Ranges Low
Concern Upper Lower Concern
241am 137¢5 198y, 14
125] N OFe 51,
1314 32, 99MO . 3H
905 35 75¢4 85y
133y¢

Isotopic half-1ife could be considered in evaluating events involving the
short-lived isggopes. Of the isotopes in the significant quantity category
listed above, ““Mo has the shortest ha]{z1ife at 66.79 h., Other half-lives
range from several days to 5730 yr for "~ 'C. All, therefore, have a lifetime
long enough to be of concern in an emergency preparedness accident scenario and
the impact could be dependent on the process phase. For example, when associ-
ated with process waste, the shorter lived ones might be assumed expended since
after 10 half-1ives have passed9§hey would have decayed to background levels
(Sodee and Early, 1981). Thus ““Mo associated with waste could be assumed
expended after 668 h or 28 days.

4.6.1 Potential Accident Scenarios

Two portions of the radiopharmaceutical operation will sometimes contain
relatively larger amounts of radionuclides and, therefore, be the site of acci-
dents with potentially higher releases. These are the shipping/receiving and
waste storage areas. During processing, the isotopes are commonly.,used in
small amounts in hoods, caves, or glove boxes. In one operation, “H processes

were concentrated in one general area.

Events that have been considered for this category are loading dock fire,
explosion (including natural gas), facility fire/deflagration, tornado, earth-
quake, leaks and spills, cyclotron accident, and fire incidents involving

waste.

Because fires are significant accidents for facilities, the potential
behavior of important nuclides in response to fire stresses will be discussed
before the accidents are postulated. Fractional releases of some of the
nuclides have been developed in experimental work; however, this type of
information is limited at present and usually covers isotopes that would have
the largest health effects. Separation techniques and other information devel-
oped for chemical analysis is used to give clues as to the volatility of other
isotopes. Vapor pressure, boiling point, and behavior of nonradioactive ele-
ments will be used to suggest release potential if no experimental measurements
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" were available. However, this is not considered conclusive evidence of their
behavior. Nonvolatile nuclides associated with waste materials such as paper
and rags are assumed to have a fractional release similar to that experiment-
ally measured from burning contaminated waste (Mishima and Schwendiman 1973b),
5 x 1077,

The suggested volatilities for selected isotopes found in radiopharma-

ceutical material facilaities are as follows:

Americium-241 can be volatile at extremely high temperatures. This
conclusion is based on americium purification work in which trace amounts
separated by volatilization gave a yield on the order of 50% (Penneman and
Keenhan, 1960). Americium is separated from lanthanum based on volatility
(Schulz, 1976), and the vapor pressure of the americium metal can be

calculated:
log p (atm) = (6.578 + 0.045) - (14,315 ¢ 55)/T(990-1358°K) .

Based on vapor pressure studies 281 can be volatile above 1727°C (Ward
et al., 1976). Americium is a decay product of plutonium (Weast, 1973).
If the properties are similar, the release factors for burning plutonium
contaminated liquids and powders might be appropriate to use at Tower
temperatures (1000°C). Heated plutonium powder had a maximum release rate
of 0.82% (Mishima et al., 1968a) and plutonium solution 0.3% (Mishima

et al., 1968b). Therefore, 1% is selected as the conservative upper limit
release for americium since the material can be found as either a powder
or in solution.

Carbon-14 can be found as gaseous COp or as labeled barium carbonate
crystalline solid (NEN, 1976). The gas would all be released if its con-
tainment is breached in the fire. This could possibly occur due to
pressurization of the container from heating in the fire. It has been
consi?gred easily volatilized (Durkosh, 1980). Therefore it is suggested
that *7'C be considered completely airborne in a fire.

Cesium-137 exhibits volatility on heating as found in experimental studies
of potential heat-generated releases. These studies show that volatility
is a function of increasing temperature. Releases at 1000°C in percent

. per hour were found to be: 1 (Albrethsen and Schwendiman, 1967), 1 or

less (Mishima and Schwendiman, 1973c), 1.5 (Gray, 1981), and 4.2 (Walmsley
et al., 1969). Some of the volatile release could be removed by filter
retention and condensation (35 to 93%), and an additional 30% by deposi-
tion (Hilliard, 1959). Based on this informfg}on, 1% per hour is the
suggested conservative release fraction for Cs, assuming there will be
some mitigation of the release.

Chromium-51 forms can include chromic chloride solutions, sodium chromate,
or EDTA complexes (NEN, 1976). Its volatility is not available. However,
it has a high boiling point, 2672°C (Weast, 1973), and does not seem to be
a candidate for high fire generated release levels. During chemical
separation by distillation, chromyl chloride was found to be the only
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volatile form of chromium (Pijck, 1964). Typical distillation of oaher
chromium forms yielded 0.03%. BasedS?n this information, a 3 x 107 Q

fractional release is suggested for “*Cr.

Go1d-198 could be in an acid solution. Gold melts at 1064°C and boils at
2807°C (Weast, 1973) suggesting that it could be considered a semivola-
tile. Gold can be volatilized from rapidly evaporating aqua regia
(HC1-HNO3) solutions or if evaporated from HySO4. Solutions containing
gold lost about 1 to 3% on evaporation (Emery and Leddicotte, 1961).
Because the gold can be in an aqua regia solution it is assumed semivolg-
tile, and the conservative fractional release estimate would be 3 x 107¢,

Hydrogen-3 (tritium) is volatile and could be released from breached
containers. One study of breached “H containers estimated that 98% of the
total inventory was released in the first hour after the event (Niemyer,
1970), and heat wog]d not be required for volatilization. In this work3
Niemyer noted the “H could be released at 25°C. Therefore, the entire °H
inventory could be assumed airborne even at ambient temperatures. The
release to the environment would usually be converted to the oxide form
quite rapidly and dispersed like ordinary water (Jacobs, 1968).

lodine-125 and -131 are of concern because they are considered volatile
isotopes (Kristensen, 1979). Iodine solutions are volatile {(Gandsman

et al., 1980). At ambient temperature, Nal solutions generate volatile
iodides and achieve a steady-state vaporization rate (Pollock and Myser,
1979; Quinn, 1980). Volatilization can be a function of increasing tem-
perature (Rimshaw and Case, 1981), and iodine has been found to be almost
completely volatile during combustion and has compounds that are volatile
at room temperature (Alexander et al., 1981). Mishima and Schwendiman
(1973c) found that 65% of the iodine in a TBP solution was released during
1iquid burning, and further heating of the residue resulted in a total
iodine release of 83%. Using a conservative approach, it is considered
100% volatile in a fire.

Iron-55 may be assumed similar to nonradioactive iron, which melts at
1535°C and boils at 2750°C (Weast, 1973). Vapor pressure measurements
(Nesmeyanov, 1963) suggest the solid material is nonvolatile. Iron oxide
decomposes at 1300°C and temperatures less than about 1100°C are recom-
mended during analytical procedures. Iron-55 can be in acid solutions
(NEN, 1976). A separation technique for iron in a mixed acid solution
evaporates the solution to dryness. This method yielded 99% indicating a
maximum loss of 1% (Nielsen, 1960). While all of this loss might not be
caused by volatility during evaporation, the value might be used to
suggest a conservative upper limit release factor of 1%.

Krypton-85 is a gas and would become airborne in a fire.
Molybdenum-99 is stable in air and it is, therefore, assumed that

negligible amounts would become airborne in a fire. The melting point of
molybdenum is 2617°C and the boiling point is 4612°C.
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o Nickel-63 has been assumed stable (Wang, 1969) and is, therefore, not
Gii} airborne in a fire. Separation techniques that include boiling nickel
solutions had %90% recovery of nickel (Kirby, 1961). This behavior
suggests that is nonvolatile in a fire environment.

9 Phosphorus-32 could be considered to resemble other forms of phosphorous
(Wang, 1969), which are volatile and therefore would all be airborne in a
fire. This assumption is substantiated since phosphorous can be separated
from acid solutions based on phosphorous volatility (Mullins and
Leddicotte, 1962).

® Selenium-75 is found as acid solutions. Selenium has a boiling point of
685°C (Weast, 1973). The solid melts at 221°C and boils at 685°C forming
a yellow vapor (Bagnall, 1966). It is very reactive forming the dioxide
on burning. It could be considered volatile in a fire environment, and
this is confirmed by the fact that selenium is separated from other metals
on the basis of volatility. In the chemical behavior of selenium, studies
showed that selenium is lost from samples due to volatilization. It is
vo]agi]ized from dilute HC1 solutions above 100°C (Molinski and Leddicote,
1965).

® Strontium-90 releases have been studied experimentally, and 905k was found
to s?g}vo1at11e. Releases were three orders of magnitude less than those
for Cs (Albrethsen and Schwendiman, 1967). In another study, 0.2% of
the stront1um was released from burning contaminated tributyl phosphate in
a kerosene-type diluent (Sutter et al., 1974). Therefore, this value may
be used as the fire release fraction.

o Sulfur-35 can be found as a sodium sulfate solution, as sulfuric acid, as
elemental sulfur in benzene solution, or as labeled compounds such as
S0p. Sulfur is low boiling ranging from 113°C to 445°C (Weast, 1973), and
also has a gaseous form. It is an easily ignitable combustible solid with
an ignition temperature of 450°C (NFPA, 1978). Sulfur dioxide is the main
incineration product of sulfur (USEPA, 1977) and cog%d be considered
volatile in a fire environment. Sulfur, 1nc1ud1ng S, is analytically
separated on the basis of hydrogen sulfide (a colorless.gas) volatility
(Leddicotte, 1962). This supports the conclusion that 335 would be
completely volatile in a fire.

® Xenon-133 is’a gas and is therefore considered volatile.

The suggested volatilities discussed above are shown as release factors in
Table 4.3.

4.6,1.1 Loading Dock Fire

Raw by-product material is delivered to the radiopharmaceutical manu-
facturers by truck. The largest’ 1nventor1es of nuclides are usually found in

these areas on shipping days.

v
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TABLE 4.3. Suggested Fire Release Factors for Selected Isotopes
Found in Radiopharmaceutical Manufacturing Facilities

Suggested ,
Element Isotope Release Factor Comments
Americium 281pm 0.01 - Volatile above 1727°C
Carbon 14C 1.0 Depends on form
Cesium 137Cs . 0.01 Release per hour of
burning

Chromium Sler --- Nonvolatile

Gold 198y, 3 x 1074

Hydrogen 3y 1 Gas

Iodine 1251 ’ 1 Volatility can be a

: 131 function of increas-
I 1 ing temperature

Iron 55pq 0.01 Essentially
Nonvolatile

Krypton 85Kr 1 Gas

Molybdenum 99Mo - Nonvolatile

Nickel 63y - Nonvolatile

Phosphorous 32p 1

Selenium 755e 1 Solution completely
volatile above 100°C

Strontium 90sy 2 x 1073

Sulfur 555 1 Forms a gas

Xenon 133ye 1 Gas

It is postulated that a truck delivering supplies and equipment strikes
the delivery dock as described in the generic truck/receiving dock fire sce-
nario in Section 4.1.1.1. The truck fuel tank is torn open by the metal debris
generated by the crash and the entire 100 gal of gasoline in the tank spills to
the ground and is ignited by sparks created by the contact of metal and
concrete, The fire following this event would last a maximum of 12.5 min.

The accident is assumed to occur on a receiving day, and thus curie
amounts of isotopes in the bulk shipment cou1d3be in jeopardy in the fire. The
largest inventory at risk could be 2000 Ci of “H in two pressurized
cylinders. The integrity of these cylinders could be breached by the impact
damaging valves, or heating and‘sugsequent pressurization could cause cylinder
failure. The entire inventory of “H is assumed airborne.
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Other radioactive materials could be on a shiEBgng dock and releases of
Q these

isotopes could be of concern. Shipments of I are approximately 4 Ci

each, and this entire inventory is assumed airborne. Other iéotopes poten-
}1a11y involved ng assumegscomp1ete1y airborne are 5 Ci of ““P and 10 Ci of

C. As gases, Xe and ““Kr would all be released if the shipping containers
areggreached. Releases are 450 and 200 Ci, respectively. Negligible amounts

f ““Mo would be released from canisters containing ?99 Ci of solution. 98hip-
ping regulations allow packages containing 10 Ci of Cs and 0.4 Ci of “¥Sr in
normal form (USCFR, 1983a). (Normal form is a Sarm other than special form
such as encapsulated sources.) Cesijum-137 and 7¥Sr exhibit volatility and,
since the fire is assumed to last 12.5 min, the release wgu]d be ?89ut 20% of
the re]eg&e for 198. This results in releases of 2 x 107 Ci of Cs and
1.6 x 10 7 Ci of “"Sr per package of the normal form.

Amounts in shipments will vary. The amounts that are suggested are
typical amounts that might be found on the loading dock and are included for
illustration only. Also, the isotopes would not all necessarily be on the
loading dock at the same time.

In some facilities radioactive waste is stored in the shipping/receiving
area and, therefore, could potentially become involved in the fire. Because
the 20-ft fire is centered around the truck, it would seem that the waste would
be stored at a distance where it would not necessarily become involved unless
other events intervened. For example, the waste storage area could be heated
using natural gas heaters and use propane fueled front-loaders to move the
waste. Involvement of -either or both of these combustible fuels in the fire
could mean additional releases from the drummed waste.

It is therefore assumed that the fire spreads to the waste area where it
heats and ruptures drums containing lab trash. A fraction of the stored waste,
perhaps 10%, is expelled from the drums and contributes to the fire. Volatile
nuclides associated with this expelled waste become airborne. The nonvolatiles
associated with thﬁ cellulosics in the drums become airborne with a fractional
release of 5 x 107" and the vo]ati1e§4are all air?ggne. The expe]]ed3%ab trash
could contain 200 Ci of “H, 5 Ci of C, 1_.Ci of I, and 0.5 Ci of P.

These are all assumed volatilized. Since ““P has a 14.3-day half-life, it
could be assumed decayed at the time of the fire.

4.6.1.2 Tornado

Radiopharmaceutical manufacturing facilities are built according to
specifications of the uniform building code and are not constructed to
withstand tornado damage. It is assumed that a tornado could strike an
operational radiopharmaceutical manufacturing facility. The results could be:

Wall damage and loss of roof
Missile generation

Caves remain intact ‘
Fume hood and glove box damage.

o 600
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?evera] hoods or3glove boxes could be in use at the same time, and 100 Ci
of 1311 or 500 ci of °H might be the total maximum inventory in process. This
inventory would not all be in jeopardy, since it is distributed in smaller
vials within the hood or glove box. A portion of these vials could be assumed
damaged so that some of the material is spi11?§1and released in the hood. The
spilled portion is assumed as 1%, to 1 Ci of [ or 5 Ci tritiated water per
enclosure. The exhaust system filters are assumed to fail, and all the release
will be carried to the atmosphere.

If alternately, the HVAC system is damaged, the material may be ejected
into the room. Because there would be no ventilation flow to transport the

release, it would leave the facility by diffusion, a slow process.

Xenon-133 gas is dispensed from a cylinder in a plexiglass hood. Damage
to this hood accompanied by cylinder damage would allow it to become air-
borne. If this cylinder was full at the time of the tornado, 350 Ci would
become airborne and would be subsequently released to the atmosphere.

Krypton-85, 200 Ci per cylinder, could also be in jeopardy. About 1100 Ci
could be in processing at the time of the event, and it is assumed that half of
the cylinders are damaged and 600 Ci become airborne.

4.6.1.3 Earthquake

Maximum ground acceleration from seismic events can cause damage at dif-
ferent ranges as discussed in Section 4.2.1.1. The degree of severity and
likelihood of the event is dependent on the geographical location of the
manufacturer. The collapse of an entire facility might be anticipated at a
linear acceleration of 0.25 g.

Lesser levels would not produce significant structural damage. Over-
turning process vessels and equipment, and rupturing glass vessels would be
anticipated. Amounts of material in the process could spill or leak.

Generally there is no powder (a dispersible form) in process. Gases are the
most dispersible form, and a broken valve could allow the same gaseous releases
produced by a tornado.

4,6.1.4 Spills and Leaks

Spills can occur in gaseous and liquid processes. The environment in
which this accident occurs is similar to a chemistry laboratory. This means
that there would not be sufficient material involved in any single event to
lead to a significant atmospheric release.

4.6.1.5 Explosions

Use of solvents in the process provides the opportunity for explosions.
As in the case of leaks and spills, because the operations are scattered, a
single event of this type would be unlikely to lead to a significant
atmospheric release.
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Natural gas explosions were discussed in Section 4.3.1.6. It is assumed
that a similar event occurs in the radiopharmaceutical manufacturing plant,
yielding a 2.4-1b TNT -equivalent. This event could subsequently Tlead to a
major facility fire and will be discussed under that heading.

4.6.1.6 Facility Fire

A flammable vapor leak (i.e., natural gas) accumulates and subsequently
deflagrates (Section 4.3.1.6). Oxygen lines located at each glove box are
breached by the initial explosion and could accelerate burning of solvents,
paper, and wood furniture. In a steel- and concrete-reinforced structure, the
damage would be limited. In a wood structure, a full-scale facility fire could
ensue. In an older wooden building, it would be possible to envision the

ntire building becoming engulfed in fire and eventually gutted. The eﬂtire
H inventory in the building could be released in this accident, 3 x 10" Ci,
the maximum amount at the facility.

In addition to 3H, other isotopes of concern could be released in signifi-
cant amounts in a faci]i&y fire. Re&gases of other isggopes from that struc-
ture could be 59 Ci of C, 1 Ci of P, and 10 Ci of S. Iodine isotopes
were not listed in the inventory for the specific wooden structure, but if
present, would be completely volatilized. The wooden structure seems to be the
only one likely to have a major facility fire.

4.6.1.7 Cyclotron Accident

Cyclotrons in radiopharmaceutical manufacturing operations are enclosed in
caves with 6- or 7-ft-thick concrete walls and 4-ft-thick concrete ceilings.
This would contain any releases from an unplanned event.

4.6.1.8 Waste-Incident Fire

Waste is gathered together in a facility and either solidified agg drummed
85 held for decay. "Decay in storage" is used for the shorter-lived “°P or
MTc isotopes.

Orummed waste commonly contains lab trash such as paper, glassware, and
clothing. This type of waste can also be stored in cardboard containers.
Gaseous waste is stored in cylinders.

A large 85Kr'1nventory of 1000 Ci is stored in Matheson 3-L stainless
steel units (cylinders) or equal, with 100 to 150 Ci per container. The
pressure is less than atmospheric. These, in turn, are stored in a shipping
overpack (Devlin, 1978). This stringent packaging means that the container
integrity is of sufgicient strength, so an accident is unlikely to occur. Two
thousand .curies of “H could be contained in type 17H 55-gal steel drums with
6 in. of concrete surrounding each container. This matrix is not conducive to
accidents. A large fire involving waste was discussed as part of the loading
dock accident and will not be repeated here, a smaller event may occur.
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[t is postulated that a glass container of acid is inadvertently included
in the waste and broken during compacting. The spilled acid saturated cellu-
losics and consequently the cellulosics ignite spontaneously. Heat from the
fire pressurizes the drum and ruptures it.

1p5. Lab trash is postulated to contain 50 Ci of %, 2000 Ci of *H, 10 Ci of
I, and 5 Ci of P. An estimate of the number of drums stored in the
building is about 580 drums. This assumes ten stacks of pallets four wide and

four high with foui4drums per p§11et. Thggefore 0T35drum of lab tr%sh would
Sgntain 0.1 Ci of “°C, 4 Ci of "H, 2 x 107 Ci of I, and 1 x 107¢ Ci of

P. All of @his ipventOny in the3§rum would become airborne. Again, because
of decay, it is unlikely that the ““P would be available for release.

[f the fire involves all of the waste, spreading by igniting the pallets,
the entire inventory could become airborne. This fire is considered unlikely
if fire suppression systems operate effectively.

4,6.2 Radiopharmaceutical Manufacturing MREPP Scenario

The quantities of 3H used, coupled with its volatility, make it the con-
taminant with the largest release potential at radiopharmaceutical manufactur-
ing operations. However, releases of the isotopes of more concern with regard
to health effects have also been suggested.

4,.6.2.1 Material Release

The MREPP event for this category would be facility dependent. For a
wooden structure, there is a potential for a major facility fire. Concrete and
steel building construction would reduce this potential and a loading dock fire

would become the MREPP event.

3 Calculated maximgw releases ng the wooden strggture fire were 3 x 104 Ci
of "H, plus 59 Ci of " C, 1 Ci of "°P and 10 Ci of 5.24§ires atlggher
facilities could release other isotopes (e.g., example Am and [). Using

the maximum inventory in Table 3.5 and the suggested release factors, releases
of these isotopes could be 3.5 and 150 Ci, respectively.

4.6.2.2 Factors Affecting Release

The following factors affect release at radiopharmeceutical manufacturing
facilities:
e Facility construction
Effectiveness of fire safety systems

[ ]
e Inventory in process
e Container integrity.

4.7 RADIOPHARMACY

At a radiopharmacy, isotopes are received from a radiopharmaceutical manu-
facturer and repackaged in dose-size amounts as administered in hospitals.
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operations resemble those of a chemical laboratory, and work is performed on
lab benches or in hoods in a few small rooms. Typical work is pipetting dose-
size aliquots of an isotope solution into a syringe and individually packing,
them in lead carriers ready for hospital use.

; ; Generators preparing gngc from 99Mo are another segment of the work. The

The isotopes used are similar to those in radiopharmaceutical manufac-
turing, but in veryggma11 quantities. License 1limit ranges were listed in
Table 3.6 and show Mo with the maximum potenti@l 1nven58ry, 426 Ci. Isotopes
of more concern with regard to health effects, I and ““Sr, would have
maximum potential inventories of 4.5 and 0.5 Ci, respectively. Depleted
uranium enclosed in a stainless steel casing can be used as shielding, and the
maximum license allows 91 kg.

4,7.1 Potential Accident Scenarios

The small scale of the operations, low license limits, and small
individual packages reduce the risks associated with a radiopharmacy.
Accidents discussed are spilis and leaks, tornado, earthquake, fire, and
explosion.

4,7.1.1 Spills and Leaks

Airborne releases from spills would be at a low level because of the small
amounts used and quantities in con}giners. Typical amounts involved in a spill
could be a container of 10 mCi of I as a'Nal solution (NEN, 1976), It is
assumed that due to operator error,lglfull container of Nal is overturned,
spilling the entire contents. The I spill is volatile and will be released
at a steady-state rate. Therefore, it is estimated that the entire 10 mCi
becomes airborne. Because the operation does not typically use charcoal
filters in the ventilation system, this entire release, even when spilled in a
hood, would be carried to the atmosphere outside the facility.

4,7.1.2 Tornado

These facilities would not generally be constructed to withstand tornado
damage. Therefore, if a tornado strikes a radiopharmacy, severe damage and
breaching of the facility could be anticipated. The isotopes in process at the
time of the event could be considered at risk. Packaged isotopes (e.g., lead
fgielded syringes) should not breach as a result of the tornado. Amounts of

[ actually in process would be in jeopardy since they would be in open
containers, and the release would be similar to the spill release or 10 mCi per
containers in process. It is not conceivable that the entire maximum inven-
tory, 4.5 Ci, could be in jeopardy at one time.

4.7.1.3 Earthquake

Earthquake damage to a radiopharmacy could be anticipated to be similar to
tornado damage. Spilled material could be carried to the atmosphere by build-
ing airflow resulting in releases similar to the tornado event. If the
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ventilation system fails, materials would be slowly released by diffusion.
Again, rigorous packaging and small inventories would prevent large releases.

4.7.1.4 Explosions

Potential explosions in the process seem limited due to the small-scale
operations. Solvents and hazardous materials are used in small quantities that
are unlikely to cause explosions.

Natural gas used for heating could be the source of a potential explosion
leading to a deflagration. This event is discussed in detail in Sec-
tion 4.3.1.6 of this report. In this facility, small rooms could enable an
explosive amount of gas from a leak to build up. It is hypothesized that a
deflagration occurs in the radiopharmacy. Combustible building material
ignites and a full-scale facility fire follows. Releases from this scenario
will be quantified as a facility fire.

4,7.1.,5 Fire

A major facility fire is suggested as a consequence of a natural gas
explosion. It is possible to envision such an event consuming the entire
building and fire fighters breaching the roof in attempts to fight the fire.
Or, alternately, the roof could have been breached in the initiating event.
This would provide a direct path to the atmosphere for airborne contamination.

13§1re temperatures reaching 328°C could melt lead shielding (Weast, 1973)
on I containers. The heat causes pressurization, leading to rupture. The
entire inventory could become airborne in the fire, a value that could range
from 10 mCi to 4.5 Ci.

Cylinders containing 133Xe would sustain damage and the entire maximum
1nventory93§ 75 Ci of gas could become airborne. The maximum license limit of
75 Ci of Tc could contribute to the release, since technetium is about 1%
volatile at 600°C (Rimshaw et al., 1980; Rimshaw and Case, 1981).

A fraction of the 0.5,fi of “OSr inventory.could become airborne. The
fire release fraction for g4Sr could be 2 x 10 (Sutter et al., 1974) so a
release of 1-x 10 Ci of 7""Sr is calculated.

Stainless steel casing on the generators could be anticipated to withstand
temperatures in the range of 2220°F (1200°C) (Perry, 1973). If temperatures
reach above this level, the steel casing could conceivably be melted, exposing
the enclosed depleted uranium to the fire stress then subsequently become air-
borne. A 1% fraction (Mishima and Schwendiman, 1973a) is assumed airborne.
Assuming the maximum license limit of 91 kg present in the facility, the
release would be 910 g of uranium.

Fire could engulf the waste in decay in the storage room. Radionuclides
associated with the waste could become airborne. Some additional release could
occur here, but they have been included in the numbers suggested already, since
those figures were based on total license limits.
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4.,7.2 Radiopharmacy MREPP Scenario

The facility fire is the accident with the MREPP potential at a
radiopharmacy.

4,7.2.1 Material Release

Release of radioisotopes from a facility fire based on inventory limits
will be from material in process Tg? associated with c taminated wagg These
potential releases are 4.5 Ci of I, 2 x 1077 Ci of Sr, 1 Ci of mTc,

75 Ci of 133Xe, and 910 g of uranium. Actual releases would depend on the
inventory on hand at the time of the fire.

4,7,2.2 Factors Affecting Release

The following factors affect release at a radiopharmacy:

® Inventory on hand
o Cffectiveness of fire suppression systems
@ Building construction.

4,8 SEALED SOURCE MANUFACTURING

Facilities Ticensed in this category produce sealed sources or self-
Tuminous devices or are distribution centers for these devices. The latter
procedure is generally receiving the isotope and repackaging it in the desired
configuration. In other operations some chemical processing occurs.

Some facilities handle using radiopharmaceutical isotopes. Rather than
cover these again within this category, the user is referred to Sections 4.6
and 4.7, radiopharmaceutical manufacturing or radiopharmacy when appropriate
to do so for a safety analysis. Waste warehousing is another function
performed and that section of this report can be used when applicable for a
safety assessment.. In this category, warehousing can include storage of bulk
shipments as received or manufactured sources before disbursement.

L1cense limits can range from a few millicuries to a max1mum28{ 1 xlgg Ci

r H and c]ud a va ty 0 soto The_most comman are: Am, Cs,
£7, Maand149c1udgs? vaBIBLy ofajsotopgs. Thggrost comggn are: Am.

dep]eted uran1um areva1so found 1n these operations. Significant maximum
inventories of these materials are listed in Table 3.7.

The majority of the time, the isotopes are in a form not susceptible to
airborne release. These could be for example, pellets, metallic.wafers or
foils, or platinum gauzes. Plastic microspheres of controlled particle size
encase some of the isotopes. These are generally spher1caé and range from
10 to 250 um in diameter (Grotenhuis, 1966). Tritium and Kr are gaseous and
would disperse if their containment is breached. Isotopes are particularly
vulnerable to dispersal when they are in the process flow. When they are being
processed they could be in open containers that could be spilled in an
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accident. The quantity of 3H would make it the MREPP, but there are large
inventories of radionuciides with significant biological effects, and their
releases are also discussed. The relative hazard of these isotopes as
reflected in the allowable air concentrations (USCFR, 1983b) is listed in
Table 4.4 for the isotopes commonly found in sealed source manufacturing
facilities.

TABLE 4.4, Selected Isotopes Found in Sealed Source
Manufacturing Facilities Grouped by
Health Concern Based on Permissible
Air Concentration

Intermediate

High Concern Ranges Low
Concern Upper Lower Concern
241Am 137CS 60Co 3H
210p, 192, 8r
90Sr 147Pm

1707,
Pu
U

The National Institute of Health (1972) classified these isotopes as
follows:

e C(Class 1 (very high toxicity): 9OSr, 241Am, 210Po, 239Pu
e (lass 2 (high toxicity): 170Tm, natural uranium
e Class 3 (moderate toxicity): 60Co, 85Kr, 137(:5, 147Pm, 192¢
e (lass 4 (slight toxicity): 3H.
No information on 183Ta toxicity was suggested in either source.

4,8,1 Potential Accident Scenarios

Potential accidents are similar to those postulated for radiopharma-
ceutical manufacturing facilities. Events that are discussed include: fire
during process operations, tornado, earthquake, leaks of both liquids and gas,
spills, explosion, and facility fire.

Fires are an important accident type and the potential isotope releases
are discussed first. These facilities use many of the same isotopes as the
radiopharmaceutical manufacturing facilities, plus some additional isotopes.
Only the potential release of these additional isotopes is discussed. The user
is referred to Section 4.6.1 for the discussion of isotopes common to both
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operations with release fagctors gested_in Taple 4. Release factors are
developed here for 88Co ?gﬁlr ETSPo ?27Pm Tg%Ta, §70Tm, plutonium, and

uranium and are listed in Table 4.5,

e Cobalt-60 is used as a sealed source. The melting point of cobalt is
1495°C, boiling point, 2870°C (Weast, 1973). Analytical determinations
include sample ignition (Bate and Leddicotte, 1961) suggestigg Tow
volatility. In studies of contaminated wi§5e incineration, Co was
suggested as slightly less volatile than Cs (é exander et al., 1981).
Based on the distrigvtion of both nuclides, E§9 Co volatility would be
about 20% that of Cs. The vo]ag&]ity of Cs was suggested at 1% per
hour. Based on thgs information, Co is suggested to have a fractional
release of 2 x 1077/h.

e Iridium-192 has been classified as a nonvolatile (Leddicotte, 1961) and
impurities are removed from it by distillation. It is therefore con-
sidered nonvolatile in a fire.

® Polonium-210 is found as a liquid, in sealed sources, and microspheres.
Polonium is a low-melting fairly volatile metal, 50% of which is vaporized
in air in 45 h at 55°C (Weast,2}873). The melting point is 254°C; the
boiling point is 962°C. Many Po compounds are volatile (Figgins,
1961), show 10% weight loss at 300°C (Bagnall, 1957), and are considered
somewhat volatile (Moyer, 1956). In air, polonium begins to sublime
(convert to a vapor) at 700°C and is completely volatile at 900°C. One
chemical separation procedure warned against flaming the sample and losing
the polonium. Vaporization of polonium deposited on platinum begin§16t
350°C (Haissinsky and Tuck, 1964). Based on all this information, Po
is considered volatile in a fire environment.

e Promethium-147 in encapsulated form is used for sealed source produc-
tion. With a melting point of about .1080°C and boiling point about 2460°C
(Weast, 1973), it could have some degree of volatility. Wheelwright
(1973) reported a,0.1% processing 1055135 1100°C. This value is used to
suggest a 1 x 10 release factor for Pm.

@ Tantalum-183 can be found as metal or sealed sources. Tantalum has a high
boiling point, 5425°C, and mel}ing point, 2996°C (Weast, 1973). The vapor
pressure at 1737°C is 9.5 107"~ mm of Hg (Moshier, 1964). Therefore, it
is considered nonvolatile.

® Thulium-170 is found as a sealed source. Thulium is reasonably stable in
air with a melting point of 1545°C and a boiling point of 1947°C (Weast,
1973). It would not appear to be volatile uT§61 extremely high tempera-
tures are reached, over 1500°C. Therefore, Tm is considered non-
volatile in a fire.
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TABLE 4.5. Fire Release Factors Developed for Selected Isotopes Found <;;>

in Sealed Source Manufacturing Facilities

Suggested
Element Isotope Release Factor Comments
Cobalt 60¢, 2 x 1073/h Slightly Tess volatile
than Cs
L 192 ' ;
Iridium Ir -—- Nonvolatile
Plutonium 1 x 1072
Polonium 210p, 1
Promethium 147Pm ' 1 x 10'3 Based on processing loss
Tantalum 1837, Very high boiling point
Thulium 170Tm -——- Reasonably stable, but
could be volatile at
high temperature
Uranium 1 x 1072 |

e Plutonium and uranium fire releases from solutions and powders have been
measured experimentally at the Pacific Northwest Laboratory (Mishima
et al., 1968a, 1968b; Mishima and Schwendiman, 1973a). The weight percent
of these materials released from boiling solutions was 0.2 to 0.3; when
external heating is added, total releases were 1% or less. Mishima and
Schwendiman (1970) reported a maximum release from.a plutonium powder as
0.9%. Heated powders had a maximum release rate of 0.82% per hour. Based
on this work and considering experimental variability (Mishima et al.,
1968a), 1% is selected as the conservative upper limit for plutonium and
uranium releases in a fire.

4,8.1.1 Process Related Fire

Fires could occur at several points in the operation, but would probably
be of limited size because of small amounts of combustibles available.

A fire could occur in a glove box where 238Pu and 241Am powders are used
for manufacturing neutron sources. They are ball milled to mix with beryllium
in one phase. As the first step, acetone is used to degrease the equipment.
Acetone is a potential fire initiator because it is easily ignited: many
acetone fires have been started by static electricity (Industrial Health and
Safety Office, 1980). Ball milling is a contained operation, so the times when
powder would be in jeopardy are during filling or unloading operations. It is
assumed that a beaker of degreasing solvent (acetone) is left in the glove box
after degreasing and is inadvertently spilled during filling of the ball mill.
A static charge ignites the spilled acetone and a fire follows. For this sol-
vent fire, the combustion source is limited since few cellulosics are in the
glove box to contribute to the fire._ Therefore, the fire would burn out when

4.42

-




v

v

the acetone is expended and the rubber gloves are burned. The burning rate of
actone is 2.41 mm/min (Khitrin, 1962), so a 5-mm-deep spill would burn about
2 min.

Flash fires can cause pressurization of the glove box and subsequent glove
ruptures (USDOE, 1980), allowing material to be ejected into the room. Only a
fraction of the powder in the glove box can be assumed at risk (i.e., loose so
that it is subject to dispersal mechanisms). This is estim@ted as }Q% of the
}gaentory2381t appears thg&lthe maximum inventory is 6 x 107 Ci of Am and

Ci of Pu. Because Am is the isotope with the largest inventory, it is
assumed involved in the accident. Six hundred curies are loose and at risk,
and a fraction would be ejected into the room through the breach. The size of
breach and amount of powder ejected would be a function of the explosive magni-
tude as well as other variables. Sutter (1983) measured aerosols generated by
releases of powders from a pressurized chamber. ,Releases were a function of
source mass and chamber pressure. At 250 1b/in.” gage, the average release was
about 10% of the sources mass. The pressure generated here would probably
rupture the containment at a lower level, but66his value suggests a conserva-
tive upper 1imit release. Therefore, 10% of "~ "Ci is estimated to be ejected
into the room. Much of the release would remain in the room, but for a conser-
vative estimate, it is assumgd that the release reaches the building exhaust
HEPA filters. About 2 x 105, Ci is released to the atmosphere, assuming
transmission of a 2.5 x 10 ° fraction. The pressure is expended during
breaching the containment and ejecting the powder, and increased levels of
pressure should not impact the building filters.

Another potential fire location is in the 210Po extraction process where
solvents in a sonic bath are used to clean the bismuth slug target. It is
postulated that the sonic bath is left on after use, the solvent overheats,
vaporizes and burns; a possible ignition source is a faulty electrical
circuit., Material in the containment is not in a dispersible form so there
would be no release from this glove box. The box is in a glove box train, but
it is unlikely that the fire would be carried to the other units because of the
low combustible loading of the fire.

Other small fires could occur in hoods or glove box units where welding or
brazing using propane or oxyacetylene operations are conducted. These opera-
tions usually involve small radioactive inventory units in operations such as
sealing individual sources. Therefore, it can be assumed that the atmospheric
release would be negligible from this fire. ‘

Promethium-147 microspheres are mixed with dry phosphorous in preparation
of sources. White (yellow) phosphorous ignites spontaneously in air, and other
forms can Téyibit different degrees of ignition and reaction behavior. A fire
involving Pm would result in less than 0.1% volatilizing. The maximum
inventory in the. containment could be 500 Ci,,§o 0.5 Ci might be airborne to
challenge the filters resulting in a 1.3 x 107" Ci release.

4.8.1.2 Leaks

The potential exists for both gas and liquid leaks in this facility:
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® Gas Leak. Krypton-85 in a shielded container holding a maximum of 100 Ci
is connected to a filling system and sealed source capsules are filled
through a filling tube to a maximum of 1.5 Ci per source. The filled tube
is then sealed in an operation using a portab]eggPG source. The operation
is contained in a fume hood. Small amounts of ®“Kr are routinely
exhausted during filling opérations. The maximum accidental release that
can be envisioned is one where the contents8gf an entire container leak,
possibly due to human error, and 100 Ci of ““Kr are carried to the venti-

lation exhaust and released to the atmosphere.

Another potential gas leak could be 3y during transfer initiated by faulty
equipment or human error. One “H cylinder contains 1000 Ci. The entire
cylinder inventory is assumed released in a leak so that it reaches the

atmosphere.

® Liquid Leak. The 210Po opera%ian appears to provide opportunity for
liquid leaks. A leak in the Po transfer line could allow molten NaOH
and bismuth to spill. However, because the line is within the contain-
ment, there would be little airborne release to the atmosphere. A factor
to consider in evaluating the accident is the operator response, since
turning off heating results in cooling and solidification of the slag, and
this, in turn, results in loss of flow and consequently the release

source.

Another potential leak situation is 210Po in liquid storage in the
containment. A maximum of 40 L containing 2300 Ci are held here until required
for use in the process. In the event gf a leak, droplets could become airborne
in the enclosure to a level of 10 mg/m~, the value suggested for a quasi-stable
aerosol (ORNL, 1970)3 The gloye box dimensions are 2.5 x 4 x 5 ft, ca%cu]ating
to a vo%ume of 50 ft” or 1.4 m~, Assuming a so]gtion density of 1 g/m”,

0.01 cm™ of liquid becomes airborne in the 1.4 m_zenc1os re. There are 2300 gi
in the 40 L of solution, calculating to 5.8_5 107° Ci/cm”. Thus the 0.014 cm
airborge in the glove box contaigs 8.1 x 10 " Ci. Ige exhaust flow is .

300 ft“/min or approximately 8 m“/min, and 6.5 x 10 ~ Ci/min is carried with
the flow. This airflow is cleaned by absolute filters assumed at 99.9% for
this siguation, and two sets would have a decontamination_sfficiency of

1 x 10 6 The facility release is calculated as 6.5 x 10 ° Ci/min, or

9.4 x 10 © Ci per 24-h day. The release is dependent on the time elapsed
before remedial measures are taken.

The 3H gas leak situation appears to be the largest potential release from

a leak for sealed source manufacturers.

4.8.1.3 Spills

During sealed source processing, isotopes are usually contained or are, in
a form such as microspheres so they are not in a dispersible form when spilled.
Liquids are handled in contzinments, such as hoods. Spills at these locations
would be a low release event and the maximum reltease from a spill would be
similar to that from a leak. This assumes that droplets from the spilied
liquid fill the containment with an aerosol concentration of 10 mg/m~.
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s as part of the processing operations. Microspheres of Sr, and

Cs are placed in brass cylinders with screw caps and then placed in a lead
pig for transfer to the storage module., Transfers are made on a specially
shielded cart to minimize the opportunity for dropping containers. This, in
addition to the rigid packaging specifications, ensures that no microspheres of
these isotopes are spilled. y

Polonium-210 and 147Pm are doubly contained in sealed containers and
placed in an approved Type B shipping container to transfer by truck between
modules. Transportation is within a fenced area where trucks travel at low
speeds, precluding consideration of a high speed collision and overturn. Low-
speed accidents would not result in airborne releases because packages built to
rigid specifications would retain their integrity. However, a shipment of
improperly packgged microspheres could allow a Tow level of release. A release
fraction of 1077, similar to that suggested for a spill of improperly packaged
waste (PNL, 1979) might be appropriate to use estimating the release. It is
assumed quantities can be based on special form shipping regu]ationsZ{HSCFR,
1983a). The,package could therefore contain a maximum of 20Q Ci of Pogor
1000 Ci of Pm, and this calculates to releases of 2 x 10 ~ and 3 x 10 ~ Ci,
respectively.

4 One operation (3M) transfers material between modules igosepagate buiid-
-~ 199 50

4.8.1.4 Explosion

Solvents such as benzene and acetone as well as gases such as acetylene
and hydrogen used in the process present the opportunity for explosive mixtures
to develop. Some specific incidents are discussed in this section.

Gas line ruptures during the brazing and sealing of sources could result
in small releases, since the radioactive material is in containers and is used
in small amounts. If a fire results, there could be overheating of a container
leading to a material jetting from a pressurized container. Expelling micro-
spheres, which range in size from 10 to 250 um, would mean low-airborne release
hazards because they are above the size that can be inhaled and retained in the
lung.

Natural gas heating has not been indicated in the processing areas, so
this is not a source of potential explosive releases.

Argon, Eiarogen, and He-Hp (96 to 4%) are used to transfer extraction
products of "Po between containment modules. It is postulated that a valving
error allows excess hydrogen to enter the transfer line and build up, exceeding
the explosive 1imit. Static electricity in the metal line causes an explosion
rupturing the transfer line at the point of exit from a containment spewing the
extractant into the room. There is no re]eaéﬁoafter this instant, assuming
flow ceases. At this operational step, the o Po is,in a clear liquid with an
estimated,solution concentrag}on of 5.8 x 10 = Ci/cm™~. At a solution density
of 1 g/cm™, this is 5.8 x 10 © Ci/g. This explosive release is estimated to
reach a quasi-stable level in a portiog of the room near the release. ghis
portion is estimated to fill about 5 m” with a concentration of 0.1 g/m”;
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fore, .a total of 0.5 g of the solution is airborne, calculating to 2.9 x
Ci. Because these operations are apparently not filtered, this is an

atmospheric release.

4.,8.1.5 Tornado

It is postulated that a tornado strikes a sealed source manufacturing

operation resulting in building damage similar to that discussed in
Section 4.1.1.3. This results in the following:

Loss of part of the walls and the complete loss of the roof
Missiles generated

Significant damage so that only massive equipment such as caves and below
grade bunkers remain

Damage to all hoods and glove boxes.

Potential isotopic releases from the various process modules in sealed

source manufacturing facilities are discussed:

Strontium-90 and 137Cs in 1i@g}d solutions containing 1000 Ci of 905r in

0.1 L of HC1 and 2000 Ci of Cs in 0.2 L of HCl1 are used in the hot
cells. A hot cell is a massive piece of equipment and should not sustain
tornado damage. The filter system could sustain damage, and solutions
might be spilled in the cell. However, the ventilation system could be
destroyed in the event so the vapors would only move to the atmosphere by
diffusion. This is a slow process and releases are not considered
significant.

Krypton-85 is in process as 100 Ci in cylinders and 100 Ci contained in
sealed sources. The sealed sources would be dispersed, but are not con-
sidered an airborne release, since they are assumed to be greater than
10 um in size. Cylinders containing the gas would be damaged and the
entire 100 Ci inventory released in the event.

Polonium=-210 in 1iquid storage in a containment is vulnerable, assuming
the containment is crushed in the evegt. Liquids airborne in this type of
event have been estimated at 500 mg/m” gf the enclosure volume (Mishima
and Ayer, 1980). This is the 5.8 x 10 © Ci/g disgussed in the section on
liquid leaks. At 500 mg/TZ airborne in the 1.4 m~.glove box, the instan-
taneous release is 4 x 10.~ Ci. Resuspension of releases of spilled mate-
rial will ggntinue because of aerodynamic wind stresses. The estimated
rate is 10 /sgg for winds greater than 5 mi/h (Mishima and Ayer, 1980).
This is 8 x 10 © Ci/h assuming a 2300 Ci source. After 6 h, the release
is 0.048 Ci; after 16 h, it is 0.13 Ci. Releases are dependent on how
quickly remedial action is taken.

Hydrogen-3 (tritium), based on a limited understanding of the 3H storage

system in depleted uranium beds, can be assumed.released. ‘The entire
inventory contained in the damaged beds, 1 x 10” Ci, is released.
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e Iridium-192 is encapsulated as metallic pellets. This should not be a
significant inhalation hazard if dispersed.

o Promethium-147 microspheres could be dispersed but could be assumed of a
size greater than 10 pm that should not be a significant inhalation
hazard.

4.,8.1.6 Facility Fire

Limited information was available on areas surrounding the facilities
except for one that noted potential problem areas: propane and fuel oil stor-
age, and ammunition and gun powder storage. However, these areas are segre-
gated from the sealed source operations, so they should not jeopardize the
sealed source operations, Other sites are located in urban industrialized
areas, so it is conceivable that a fire could occur outside the facility and
spread to the facility.

While construction was most often reinforced concrete or concrete block on
a concrete slab, the roof could be constructed from material that could burn.
Roofing materials were frequently metal paneling with an asphalt (tar) sur-
face. This type of roofing is considered combustible (McKinnon, 1976)., It is
assumed that the roofing ignites and burns, spreading to interior wooden walls,
which are used in many of the facilities. Combustible loading of the facili-
ties will vary and, therefore, the potential fire magnitude.

Fire response of the radionuclides will vary, and releases from fires for
the individual isotopes were discussed in Sections 4.6.1 and 4.8.1.

Cesium-137, 905r, and 210Po liquid solutions are found in hot cells,
either in process or in storage. Fire engulfing the building could cause heat
generation in the hot cells and melting HEPA filters. Thiszcould lead to
releases oflgyese isotopes.. At the release rate of_% x 107%/h, 20 Ci of the
5800 Ci of Cs source becomes airborne; ﬁEOZ x 10 “/h, 2 Ci of the 1000 Ci of

Sr source becomes airborne. The entire Po inventory, which could be as
much as 2300 Ci, in liquid storage becomes airborne. All of these materials
are released to the atmosphere, since filters are assumed to fail.

Gaseous 85Kr is in process as 100 Ci in cylinders and 100 Ci as sealed
sources. Heating the cylinders could cause the gas to expand, pressurize, and
damage the cylinder or valving resulting in an atmospheric release. If the
microspheres melt, an additional inventory could also be vulnerable and the
entire 200 Ci from cylinders plus sealed source released.

The 3H.inventor‘y_ in the storage systeg is assumed released when the beds
are heated and damaged. The entire 1 x 107 Ci inventory is released.

Waste is solidified, compacted and stored in drums. The drums are stored
in metal or approved fire-resistant containers. Therefore, releases in a fire
would be by heating and subsequent container rupture due to pressure buildup.
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Small additional releases could occur, but because the releases already
discussed are based on maximized inventories, releases from waste are
considered to be included in them.

4.8.2 Sealed Source Manufacturing MREPP Scenario

A large-scale facility fire is the MREPP event postulated at sealed source
manufacturing facilities. The magnitude of the release will vary according to
the facility since not all isotopes are used at - all facilities.

4.8,2.1 Material Release

The MREPP hypothesized was 1 x 105 Cis 3H and other isotope releases were
discussed. This represented the maximum license 1imit. Releases will vary
with the specific inventory in a facility and can be calculated using the
fractional releases suggested in Tables 4.3 and 4.5.

4,8.2.2 Factors Affecting Release

The following factors affect release at sealed source manufacturing
facilities:

Safety system
Inventory distribution in facility, among buildings

Combustible materials present
Deposition in facility.

4.9 RESEARCH AND DEVELOPMENT OF NUCLEAR FUELS

These facilities perform research and development related to reactor fuel
manufacturing and testing. They use special nuclear materials (SNM) in forms
ranging from powders to solutions, although larger quantities are usually in
the form of fuel pellets.

A facility can include a test reactor and/or criticality experiments.
These areas are not included under the SNM license of concern in our study and
are, therefore, not included in our accident scenarios. Some work can use
expended commercial nuclear fuel. Fuel handling is therefore covered using
established nuclear safety assessments to estimate releases.

4.9,1 Potential Accident Scenarios

Potential accidents discussed include criticality, spills and leaks, tor-
nado, earthquake, fire outside facility, fire, explosion (including natural
gas), and fuel-handling accidents.

4,9.1.1 Criticality

Criticalities were discussed in Sections 4.1.1.5 and 4.2.1.3 and the
discussion will not be repeated here. The mere existence of fissile material
in quantities greater than a minimum critical mass creates some finite risk
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that criticality can occur (Carter et al., 1968). Criticality is prevented by
using favorable geometries, fixed poisons, limitations of mass or concentra-
tion, or soluble poisons. Larger quantities of fissile material at nuclear
research and development facilities are powders or other forms not likely to
sustain a criticality. As discussed in Section 4.1.1.5, criticality is more
likely in a liquid system. However, nuclear safety and the potential for
criticality can be considered in all operations at these facilities. These
operations include fissile material receipt and transport, alloy preparation,
powder preparation, fuel billet fabrication, fuel plate fabrication, fuel
element assembly, machining operations, and process fuel storage and scrap.
Administrative procedures and fissile materjal restrictions provide criticality
safety in these facilities.

The glove box train is one area Tikely to have quantities of fissile mate-
rial sufficient for a criticality if water is added to the powder preparation
operation. The glove box train area is provided with an automatic sprinkler
system. An accident that breaks the glove box window and damages the sprinkler
system could allow water to penetrate the glove box, resulting in full water
reflection. An earthquake could precipitate the above damage.

As discussed in Section 4.2.1.3, the kinetic energy released at 1018 fig-
sions would probably be at a level where building damage would not be caused by
the criticality. Damage to the high-efficiency particlies air filter could have
occurred because of the earthquake, and therefore the 20 g of uranium (see
Section 4.1.1.5, the standard criticality event) released is assumed to go
digect]y to the atmosphere. The fission product gas release totals 1.2 x
10 Ci; see Table 4.1 for tabulated releases of individual isotopes.

4,9.1.2 Spills and Leaks

While radioactive materials can be found in any form in these facilities,
from powder to solutions, it appears that contaminated liquids are the primary
radioactive waste. These would be relatively low level. For example, at one
site, waste is controlled to ensure that no more than 230 g of fissile material
are contained therein. The liquid wagte isjcollected in a 3000-gal waste tank
so the concentration would be 2 x 10 © g/cm™. Even in the unlikely event that
the contents of the entire tank spilled, the contamination present should not
produce significant airborne releases. Maximum airborne material from a liquid
spill in static air could be 0.01% of the sgurde (Sutter et al., 1981) so the
airborne release is calculated at 2.3 x 107" g

4,9.1.3 Tornado

The buildings are built to withstand a tornado strike. There could be
minor damage and -equipment overturned. If a door is blown out, minor amounts
of surface contamination or uncontained powder can be blown from the build-
ing. The powders are usually contained so these releases would be
insignificant.

Low-level liquid radioactive waste may be retained in large basins. This
type of basin and the airborne release are discussed in Section 4.2.1.2.

4.49




Because the basin was set in concrete and unlikely to have more than minor
spillage in a tornado, the anticipated spillage results in 0.05 g of uranium
immediately airborne and 1.9 g of uranium subject to resuspension fractional
release. Tgis resuspension occurs after the tornado has passed and is at a
rate of 107 °/sec.

4.9.1.4 Earthquake

Research facilities are built according to the Uniform Building Code and

should be capable of withstanding a linear acceleration appropriate to the
region. It is assumed there would be 1ittle or no structural damage as a

result of earthquake acceleration. Some spills and process vessels could over-
turn in a facility, and process equipment could be upset. The integrity of the
facility should not be breached; therefore, an earthquake should cause insig-
nificant releases of fuel material to the atmosphere. Additionally, any
spilled material could be covered with debris, making resuspension unlikely.

Fires or pressurized releases resulting from equipment failure as a result
of the earthquake could contribute to releases. These are discussed in the
section on fire and explosion.

4.9,1.5 Fire Qutside Facility

One of the facilities, Rockwell Nuclear Fuel Development Laboratory, is in
a location where range fires could be considered a potential hazard., The
structure is built of fire resistant materials, concrete, and steel. There is
some distance from the facility to large vegetation growth. However, sparks
can be carried from range fires by strong, hot winds. It can be assumed that,
while not specifically identified as to material, the roof is fire resistant
and any sparks reaching the roof would not ignite it. Therefore an external
range fire should not damage the facility.

4,9,1.6 Fires

The use of solvents and flammable liquids, such as methanol, during sample
preparation could lead to small fires. These would occur in a glove box, and
the ignition source could be an overheated sonic bath. Because glove box
operations are normally conducted in an inert atmosphere, combustion would not
be supported. However, glove failure could allow air to enter, enabling a fire
to start. The amount of material in the glove box during sample preparation.
would limit tEgSre1ease, since the source would be perhaps 46 g of plutonium
and 189 g of U. Based on releases measured in experimental fires and
discussed earlier in this report {Mishima et al., 1968a, 1968b; Mishima and
Schwendiman, 1973a), 1% is the selected maximum release factor. The glove box
filter is destroyed, andzgge release is expelled from the glove box, 0.46 g of
plutonium and 1.89 g of 4V reach the final HEPA (5 x lg decaggamination)
for a release of 2.3 x 107" g of plutonium.and 9.5 x 107" g of u.

A major fire could occur during milling operations in a glove box train.

Material in the glove box can be in any form from powders to pellets. Powders
and zircaloy metal used in the processes are pyrophoric, so to maximize the.
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release, it is assumed that the entire glove box inventory is in powder form,
perhaps in blending and sieving operations. The inventory per work station is
limited, using for example, about 2 kg of mixed pyrophoric powders.

Because it is a glove box train, it can be assumed the air and thus the
fire spreads through the transfer space until all 13 glove boxes are involved
in the fire. Thus at 2 kg/work station, the source is 26 kg, 1% is assumed
airborne, calculating to 260 g airborne. The glove box HEPA filters are
destroyed but the building HEPA filter remains. The atmospheric release is
0.13 g mixed pyrophoric powders.

4.9.1.7 Explosions

Solvents used for cleaning could generate vapors in sufficient quantity to
be explosive in air. DOue to the smail amounts of solvents involved, an explo-
sive ignition of the vapors would have negligible releases.

A powder explosion could occur in a giove box during blending and sieving,
with 1% of the mass becoming dispersed into the room through a breached glove.
Since 2.2 kg is the glove box inventory, 22 g become airborne and transported
to the ventilation HEPA filter. The explosive force of the overpressure should
be expended before reaching this final filter, so the atmospheric release is
0.011 g of fissile material.

Sintering furnace explosions could release airborne material. A release
of this type was discussed in Section 4.2.1.5, where 1% of the material was
estimated ejected from a furnace. Inventory restrictions would limit the
release (as in the powder explosion) to 0.011 g.

Natural gas explosions are discussed in detail in Section 4.3.1.6 of this
report and could potentially release fissile material. It has been hypothe-
sized (Rockwell, 1976) that a complete rupture og a l-in. gas line operating at
a pressure of 8 in. of Hy0 would release ~750 ft”/h of natural gas into the
room. The room volume and ventilation rate limit the potential of the gas
reaching an explosive limit in the room. Therefore, for this facility, an
airborne release from a natural gas explosion was not foreseen.

4,9.1.8 Fuel Handling Accident

In a research-and development facility, irradiated fuel assemblies can be
used in investigations. The assemblies are transferred into hot cells where
they are declad and the fuel is tested and examined. Fuel elements may be
stored on site temporarily in pools designed for their storage. A license
1imit would be three fuel elements from commercial nuclear power reactors.

The NRC has established a guide for evaluating the potential consequences
of a fuel handling accident in a fuel handling and storage facility (USNRC,
1972). The illustrative accident sequence consists of the dropping of a fuel
assembly resulting in breaching of the fuel rod cladding, release of a portion
of the volatile fission gases from the damaged fuel rods, absorption of water
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soluble gases in and transport of soluble and insoluble gases through the
water, air filtration (if provided) prior to release into the environment, and ‘;;}
dispersion of the released fission products into the atmosphere.

This accident occurs at a time identified as the earliest time fuel hand-
ling operations may begin. Radioactive decay of the fission product inventory
is taken into consideration. All of the 98p inventory is aggumed released.
This is 10% of the noble gases other than Kr, 30% of the ®“Kr and 10% of the
jodine in the rods at the time of the accident. The iodine gap inventory is
composed of inorganic species (99.75%) and organic species (0.25%).

The pool decontamination factors for the inorganic and organic species are
133 and 1, respectively, giving an overall effective decontamination factor of
100 (i.e., 99% of the total iodine released from the damaged rods is retained
by the pool water). This difference in decontamination factors for inorganic
and organic iodine species results in the iodine above the fuel pool being com-
posed of 75% inorganic and 25% organic species. The retention of noble gases
in the pool is negligible (i.e., decontamination factor of 1).

The radioactive material that escapes from the pool to the building is
released from the building over a 2-h time period.

If it can be shown that the building atmosphere is exhausted through
absorbers designed to remove iodine, the removal efficiency is 90% for inor-
ganic species and 70% for organic species.

Decay times for the fuel assemblies and the radioactive inventories have
not been estimated for these research and development facilities in the docket
information available. Therefore, another base for estimating the release must

be used.

Fuel handling accidents have been described in detail and in the Reactor
Safety Study (USNRC, 1975, Appendix I, p. I-96), which will be used as a basis
for our safety assessment and nominal releases are back calculated. This will
give a conservative estimate of releases because at a reactor there has been
little opportunity for the fuel to decay. Shipping regulations mean fuel must
be held at a reactor at least 150 days before transport, and thus the isotopes
with shorter half-lives would be further decayed when used in a nfﬁiear fuel
research and development facility. This is particularly true of I with an
8-day half-life. The fraction remaining at the shipment time after 150 days
storage can be calculated usigg the universal decay tables (Bureau of Radio-
logical Health, 1970). For [, for example, the fraction remaining is much
less than 0,0001, an insignificant fraction.

Dropping a heavy item in the spent fuel pool as a result of crane failure
could damage one or more fuel assemblies. The average inventory in the fuel
pool is one-half a core loading, one-third with 60 days decay and one-sixth
with 150 days decay, and releases are estimated as listed in Table 4.6. Seven
pressurized water reactor (PWR) fuel assemblies represent approximately 4.5% of
a core loading; therefore, 156 fuel assemblies are the entire loading, and thus
78 fuel assemblies produced the total release listed as calculated in the

-
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Reactor Safety Study (USNRC, 1975). The release per assembly is then calcu-
lated, and multiplied by three to estimate release from this event at a
research and development facility, assuming three assemblies are damaged.

These releases are through HEPA and charcoal filters and it was assumed
that these will redfg? the elemental iodides, organic iodides, and particulates
by 99%. Since the I will be decayed, levels will be significantly lower
than those listed in Table 4.6.

TABLE 4.6. Release (Ci) from Dropping a Heavy Item
in Fuel Storage Pool

One-Half Release (a)
Core Loading per R and D'?/ Release
Elements Release Assembly (3 Assemblies)
Noble gas 1.74 x 10% 2.2 x 10° 6.6 x 102
Halogens 1.18 x 1072 1.5 x 107% 4.5 x 107°

(a) Research and Development

4,9,2 Research and Development of Nuclear Fuels MREPP Scenario

Work with irragiated commercial fuel elements presents a high noble gas
release of 6.6 x 10° Ci. This could be much lower, depending on the age and
decay status of the fuel elements. For example, 2 years after discharge from a
reactor the total curies in a fuel assembly is less than 1% of the discharge
level (Alexander et5a1., 1977). However, a criticality event with a total
release of 1.2 x 10~ Ci of fission product gases is thi3¥REPP in this facility
category. The total curie release and the release of I, the isotope of most
concern, are the largest for this event.

4.9.2.1 Factors Affecting Release

The following factors affect release at facilities for the research and
development of nuclear fuels:

Room volume, air ventilation rate, and retention time
Radiological decay in fuel

Filtration systems

Deposition.

4,10 WASTE WAREHOUSING

Radioactive waste in containers (drums) is stored, for a period of not
more than 6 months at these facilities. Drums are not opened in the waste
warehousing operation: they are stored until transported to a licensed radio-
active burial ground.
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4,10.1 Potential Accident Scenarios

Because the radioactive material is containerized, the potential for acci-
dental releases is low. An event of sufficient magnitude to breach one or more
drums would be required to make material airborne.

Accidents discussed are tornado, earthquake, fire, and facility fire.

4,10,1.1 Tornado

Waste warehousing facilities would probably not be constructed to with-
stand tornado damage. Therefore, it can be assumed that damage would be
inflicted if a tornado strikes the building. It is conceivable that if one or
more of the walls collapse and the roof is blown off, the waste drums could be
damaged. As discussed in Section 4.3.1.2, only a fraction (estimated at 1%) of
the drums in a storage area would be involved to the point of failure. A large
warehousing operation could have as many as 2200 drums containing 24 Ci of
radioactivity, and thus the material in jeopardy is 0.24 Ci from 22 drums.

The inventory is not in a readily dispersible form, as for example, a pow-
der. However, it can be broken up by accident stresses. Drummed waste (i.e.,
contaminated trash) could be scattered in and about the facility, subject to
aerodynamic stresses, and a fraction could be airborne. It will be assumed
that the entire 0.24 Ci inventory of the 22 failed drums is subject to aero-
dynamic stresses for 6 h. The resuspension rate for fifﬁd contamination that
could be con§idered applicable to this situation is 10 "“/sec. The release is
thus 5 x 107' Ci, and since the building was destroyed, it is released directly
to the atmosphere. o

One facility stores drummed cylinders of 3H. The maximum Ticense limit is
5000 Ci, 1000 Ci/cylinder. Assuming one drum is breached, the release is
1000 Civ

4.10.1.2 Earthquake

An earthquake could collapse the warehouse and damage drums of waste.
Drums would be buried under debris or some could be scattered. Since much of
the waste would be buried, little would be subject to wind resuspension
stresses. Releases would not exceed those estimated for a tornado.

4.,10.1.3 Fire

Spontaneous ignition of cellulosics contaminated with flammables (oily
rags) could lead to a fire in a drum, or a small fire could be caused by inad-
vertent inclusion of acid in a glass container in a waste drum and breakage of
the container allowing the acid to spill on cellulosics, which heat and ignite.
In either scenario, the drum is subsequently pressurized and ruptures, allowing
a fraction of the contamination associated with the waste to become ajrborne.
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The inventory c8u1d be 24 (Ci/2200 i 0.011 Ci/drum and the release is cal-
culated as 5.5 x 1077 Ci, using 5 x 107" release factor measured for non-
volatiles associated with burning contaminated waste (Mishima and Schwendiman,
1973b). However, many by-product isotopes are volatile so the release can
range from this value to the entire 0.011 Ci inventory assumed airborne from a
single drum.

4,10.1.4 Facility Fire

A propane fueled front-end loader is used to. move the waste drums in a
warehouse. Fuel leaking from the equipment could conceivably initiate a
combustion/explosion event.

Propane flammability 11m1ts3in air are 2.1% and 9.5% (Zabetakis, 1965),
with a specific volume of 8.7 ft°/1b (Linde, 1974)3 A front-end loader will
have a fuel tank capacity of about 10 1b and387 ft~, which, when vaporized,
could produce a flammable mixture in 4000 ft~. This would be a fraction,of a
Xaste ﬁaregouse facility volume. Facilities range in volume from 6 x 10~ to

x 107 ft~.

The explosion gquiva]ent yield can be calculated using propane heat of
combustion 2.1 x 10" Btu/1b (McKinnon, 1976):

AHC + wC
NNt = 1800 (4-5)

where

WTNT = equivalent TNT, 1b

AHC = heat of combustion, Btu/1b

We = explosive source weight, 1b
1800 = heat of explosion of TNT, Btu/1b
The calculation is:
2.1 x10% Btu/lb x 1016 _ 5
TNT 1800 :

‘Assuming 10% of the energy is released in the explosion, Wyy is 11.7.
This- energy is sufficient to blow the roof off the facility and generate
missiles (Brasie and Simpson, 1968), :

Because the waste is contained, it will not contribute a large amount of
combustible material to permit a fire to engulf the entire facility. However,
gas heat in the building, a truck at the loading dock, wooden pallets holding
waste, or fuel storage tanks could provide combustibles to fuel the fire.
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It is postulated that missiles generated by the combustion/explosion pass
through the open loading dock door and hit gas storage tanks. This event <;;>
results in gasoline spillage providing fuel sufficient for a fire to engulf the

facility.

Wooden pallets support the waste drums. In an alternate scenario these
can be assumed ignited, carrying the fire through the facility. Natural gas or
propane heaters could provide additional fuel to the fire.

Heat pressgrizing the 3H cylinders could cause the cylinders to rupture
gnd all of the °H would become airborne. A maximum release could be 5000 Ci of
H.

Damage to drums, plus heating would cause all the volatile radioisotopes
associated with the drummed waste to become airborne., License limits are from
t0,2000,Ci of ,by-prgduct_mategial, which,will typically include volatiles:
ﬁc, 3, ?Zgl, {3?1, 5. E55, E83%e. and g1cr, as a low volatile (1%). To
illustrate this release, the isotopic distribution and release from a typical
waste mixture (based on the Interex by-product curie limit) are as listed in
Table 4.7. '

4,10,2 Waste Warehousing MREPP Scenario

A major combustion/explosion resulting in a large facility fire is the
MREPP scenario for a waste warehouse,

4,10.2.1 Material Release

The airborne release estimated was 5000 Ci of 3H from the cylinders agd

1940.6 Ci of mixed by-product materials associated with the waste. Total "H
release is 6200 Ci, total release of all nuclides is 6940 Ci.

4,10.2.2 Factors Affecting Release

The following factors affect release at waste warehousing facilities:

Safety systems

Inventory

Propane tank volume
Additional fuel sources.

4.11 UNIVERSITY RESEARCH AND DEVELOPMENT

At facilities in this category, radioactive materials are usually received
from manufacturers and used in many laboratories covered under one license.
They can be received at and distributed from a central receiving area. Solid
waste is usually stored at a central location prior to disposal. Thus, the
shipping/receiving and waste storage areas have the largest potential radio-
isotope inventories. License limits are low and actual inventories are usually

fractions of the limit.

-
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TABLE 4.7. Radioisotopes Associated with and Released from
‘ii} Representative Drummed Waste in a Combustion/
Explosion Event (total source = 2000 Ci)

Percent in
Representative Airborne
Element Isotope Waste Release, Ci
Carbon L4¢ 8 160
Chromium e 3 0.6
Hydrogen 3y 60 1200
lodine 125 14 280
| 131y 1 20
Phosphorous 32P 8 160
Sulfur 35 6 120

1940.6

The laboratories are scattered in different locations on a campus; as many
as 500 different locations can handle radioactive materials at one facility.
Several laboratories may be located in one building, some are located in rooms
in hospitals to provide for use in patients.

Qur information does not give details on each of the individual sites.
Since the majority of these sites have very low inventories, this would not be
cost effective for the safety assessment. Some general incidents are suggested
with the major accidents focusing on the high inventory locations: shipping/
receiving and waste storage.

4,11.1 Potential Accident Scenarios

Low license limits, small dispensed doses, material forms such as sealed
sources, and diffuse operations reduce the risks associated with university
research and development facilities. Accidents discussed are spills and leaks,
tornado, explosion, fire, waste incinerator error, and a patient-related
incident. : :

4.,11,1.1 Spills and Leaks

Small amounts of material, gas or liquid, can become airborne as a
consequence of spills and leaks. Some typical events are suggested:

® Gas Leaks. Gaseous 133Xe is dispensed using a gas dispensing system.
These systems normally use vials containing 20 mCi; however, they can
contain up t0‘100-mC1/Y§§1. Therefore, a valve leak could potentially
leak up to 100 mCi of X?33 Hospitals can receive multi-dosage vials
containing as much as 1 Ci Xe, in which case a valve could leak as much
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as 1 E§3 Hospitals can receive multi-dosage vials containing as much as
1 Ci Xe, in which case a valve could leak as much as 1 Ci. C;;}

Another potential 133Xe release is an accident while administering the
xenon to a patient. Since the maximum dosage administered is 20 mCi, this will
be the maximum release.

® Liquid Spills. Iodine-131 and 32p are injected (in the facilities
studied) as liquid solutions, with maximum doses of 30 mCi and 5 mCi,
respectively. It is asigTed thagzdue to operator error an entire dose is
spilled. Because both I and ““P are considered vo]atilgI the entire
dose becomes ?§£borne. The maximum release is 30 mCi of I. Orally
administered I can be 10 uCi in 1iquid or capsule form, or therapy
doses as great as 200 mCi in facilities other than those studied.

4,11.,1.2 Tornado

These facilities are not usually constructed to withstand tornado damage.
Therefore, if a tornado strikes the facility, severe damage and breaching of
the structure are anticipated. Some packaged isotopes (e.g., lead shielded
syringes) are not vulnerable to tornado damage.

133 Isotopes in process could be at risk. This could include the 100 mCi of
Xe, releasing the entire amount from the via]lgg in the gas leak. The
storage area c?gﬁd be the locations of a larger Xe release. If all of the
units full of Xe were in one storage room hit by a tornado, the entire maxi-
mum license limit of 10 Ci could be released. It would be extremely unlikely
- that this inventory level would be in the storage area. Because it has a short
(5.27 day) half-life, it could be assumed to be moved from the storage area
rapidly. Therefore only a fraction of the inventory would be there. If we
assume 10 Ci is a week's supply and moved from the storage area daily, 2 Ci
would be a more reasonable estimate of the maximum release.

Todine-131 in use would be released, with a value similar to the spill
release. Stringent contaigfr design would ensure they would not be damaged so
they are not a source of I releases. The total release is dependent on the
number of containers actually in use when the tornado strikes.

Generators can be damaged spilling 99mTc. Since technetium is a _low vola-
tile (Rimshaw et al., 1980) airborne releases are negligible. Molybdenum-99 is
absorbed on an aluminum oxide (Kristensen, 1979), a form not likely to become
airborne.

Tritiug in process is vulnerable; however, a significant portion, perhaps
1500 Ci of “H, is in waste storage in containers not likely to be breached in a
tornado strike.

Because the inventory is dispersed in many small laboratories, it is

unlikely that a tornado would damage more than a portion of them. This-there-
fore 1imits the magnitude of a release.
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4.11.1.3 Explosion

Due to the small scale of the operations, the potential for explosions to
produce releases are limited to areas with significant inventories.

Natural gas used for heating could be the source of a potential explosion/
deflagration as discussed in Section 4.3.1.6 of this report. It is hypothe-
sized that a detonation/deflagration occurs in the shipping/receiving or waste
storage area. Combustible materials such as wooden pallets fuel the fire, and
it is assumed to engulf the area. Releases from this scenario will be quanti-
fied as a facility fire.

4.11.1.4 Fire

A major facility fire is suggested as the result of a natural gas explo-
sion. Since the entire license limit is located in several buildings, it would
not all be at risk. Two areas are suggested where radionuclides can be found
in relatively large amounts: 1) the central shipment receiving and storage
area, and 2) radioactive waste storage.

4,11.1.4.1 Central Receiving/Storage Fire

This area can be one room in a large building, where radionuclides are
received and then distributed to the users. Due to the short half-lives of
some of the isotopes, they are ordered and used as required and must be shipped
rapidly. Therefore, it is difficult to imagine them accumulating in this
area. Perhaps 10% of the inventory limit are in the area at one time.

Bui1ding material, furniture, paper cartons and so on could be available
to fuel the fire. Adjacent laboratories could use solvents. These could fuel
the fire initiated by the natural gas detonation, and it becomes a major fire.

Volatilities of most of the isotopes potentially involved in the fire were
géicuss§ﬂ41n e§§}1er sectégns and will not be repeated here. Four isotopes,
and “°™c were below the amount selected for earlier
d1scuss1ons because they did not represent a significant portion of the inven-
tories in other facilities. Since they are a more significant fraction here, a
discussion follows:

e C(Californium-252 volatility information was not found in the literature
review. Because of high radiation danger it should be shielded, even when
in use (Hall, lggg Another source (Subrahmanian et al., 1976) recom-
mended 1ock1ng Cf. sources in a fireproof safe when not in use. This

-would  suggest that .administrative procedures would minimize the oppor-
tunity for airborne releases. Procedures used dur1ng processing indicate
that 1t2§§ not.volatile.. For example, one.step in the operation for pro-
ducing Cf sources includes heating to form Cf,03, a stable foggz (Hall
and Rossi, 1974). Based on this information it s assumed that Cf will
not produce an airborne release in a fire.
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e Curium-244 is appreciably less volatile than americium according to
Penneman and Keenhan (1960). However, they do not indicate the volatility
level. The melting point of curium is about 1340°C (Weast, 1973). A
release factor is suggested based on the ratiozﬂg the melting points of
amerjcium and curium, which is about 0.75. A Am release factor of 0.01
was suggested for fire§ about 1000°C. The 244Cm release factor selected
is therefore 7.5 x 1077,

® Neptunium-237 is high boiling at 3902°C (Weast, 1973). During preparation
it is concentrated2§¥ evaporation (Schulz and Benedict, 1972). Based on
this information, Np is assumed nonvolatile. However, fluoride com-.
pounds can be volatile at 400°C as NpFg (chg}z and Benedict, 1972) so the
upper volatility limit would depend on the Np form.

o Technetium-99m is produced by 99Mo generators as needed in the university
researga angggeve1opment facilities. Therefore, airborne releases will be
mixed “"Mo/” " Tc and dependent on the generation status. Studies of
release during §§dioactive waste calcining indicated that less than 1% of
the associated ““Tc would volatilize (Rimég%w et al., 1980). Therefore, a
0.01 release factor is suggested for the "7 'Tc.

Releases from the major fires are listed in Table 4.8. They are based on
the assumptions that 10% of the maximum inventory is located in this area and

the fire lasts 1 h.
4,11,1.4.2 Radioactive Waste Storage Fire

Waste from all the laboratories is gathered in a separate facility and
held until transported for burial. Only waste in this building is subjected to
fire stresses. Wooden pallets holding the barrels of waste can fuel the fire,
as well as waste stored in cardboard cartons. With the addition of sufficient
heat the drums of waste can rupture and thus this material can be available to

fuel the fire.

At one facility (the University of Wisconsin) 1500 Ci of 3H are stored-in
this area either as a gas or in 55-gal drums absorbed on molecular sieve. It
can be assumed that this entire “H inventory is vaporized in the fire. Other
radionuclides associated with the waste would become airborne with the
volatility listed in Table 4.8.

4,11,1.5 Waste Incinerator Error

Two nuclides, 3H and 14C, associated with the ligquid waste (3 mCi/5 gal)
may be released to the atmosphere at a maximum rate of 50 mCi/day during waste
incineration.” They are mixed with fuel o0il and pumped into holding tanks
before incineration. Operator or clerical error could result in a higher spe-
cific activity in the liquid gaste. llf the waste concentration increased by an
order of 10,500 mCi of mixed “H and ~'C could be released to the atmosphere.
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TABLE 4.8. Potential MREPP of Isotopes Potentially Involved in a
‘ii} Major Fire at the Shipping/Receiving Department at a
University Research and Development Laboratory

10 % of Suggested
Maximum Release
Element Isotope Inventory, Ci Factor Release, Ci
Americium 281 pp 0.5 0.01 5 x 1073
Carbon 14¢ 1 1 ' 1
Californium Zsch 0.01 —— -
Cesium 137¢s 1.5 0.01/h 1.5 x 1072
Cobalt 60¢, 0.5 2 x 107%/h 1 x 1073
Curium 244cp 0.01 7.5 x 1073 7.5 x 1075
Hydrogen 3H 300 1 300
Todine 129, 0.8 1 0.8
131 0.07 1 7 x 1072
Mo hmasiamta) Moy %M c 1 0.01 1 x 1072
Neptunium 237Np 0.01 --- -
Nickel 63y 0.1 --- -
Phosphorous 32p 0.5 1 0.5
Polonium 210Po 10 1 10
Strontium 0. 0.05 2 x 1073 1 x 1074
Sulfur 355 0.5 1 0.5
Xenon 133Xe 1 1 1

(a) These are assumed together in generators.

4,11.1.6 Patient Related Incident

Another release mechanism, limited to an administered dose, E3¥1d occur if

a patient becomes sick and vomited angi treatment. The dose of [ can be

30 mCi or as much as 200 mCi. Since [ can be volatile, the entire dose
could become airborne.

4.11.2 University Research and Development MREPP Scenario

Two locations were suggested for the MREPP event based on radionuclide
inventory level. These were the shipping/receiving and waste storage area.

A

fire vo]ati]iging radionuclides in the waste storage area is the MREPP because

of the large “H inventory.

-
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Other isotopes can be present in the waste. Levels would be Tow and
releases from waste should not exceed those from a fire in the shipping/
receiving area.

4,11.2.1 Material Release

Radionuclides in the shipping area become airborne in the fire depending
on vo1a§111ty. These are listed in Table 4.8. However, the large amount of
stored “H at one facility means that the storage area has the MREPP. The
entire 1500 Ci inventory becomes airborne.

4,11.2.2 Factors Affecting Release

The following factors affect release at university research and
development facilities:

o Inventory in waste
@ Effectiveness of fire safety systems.
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5.0 RELEASE CALCULATIONS

While a range of accidental releases have been covered for each of the
operations, MREPP events envisioned are limited to the three types listed in
Table 5.1. These events are fire, tornado, and criticality accident. The
following sections will discuss elements considered when defining each of these
accidents and general calculational considerations. The application to the
specific facilities where the event was the MREPP is then discussed. This
includes calculational techniques and considerations imposed by specific
radioactive materials.

Calculating an airborne release after an accident requires several steps
leading to a general form:

Airborne = radioactive X release factor.
Release material at risk

Components of the formulation thus are the material at risk and a release fac-
tor made of several elements.

Material at risk is the radiocactive inventory that can be in jeopardy from
the accident. This is not necessarily and, in fact, usually is not the license
1imit, but would be some lower value. This value could be, for example, 75% of
the 1imit. The material at risk will include surface contamination on equip-
ment in a facility. Cellulosic and other radioactively contaminated waste
material should be considered in the assessment. Stored materials can be in
jeopardy and can often represent a large inventory.

Release factor can include material form, accident stresses, availability,
mitigation, time, and particle size. These must be considered and may be
included in one release factor or the different parts can be separated. The
most straightforward approach is to estimate the amount of material airborne at
the site of the event and then relate this to conditions in a specific
facility:

® Material form includes whether the inventory is powder, liquid or
gas. In some of the facilities studied here the inventory could
include microspheres or sealed sources. Surface contamination can be
on various materials, and this substrate must also be considered.

o Accident stresses determine the magnitude of the release. These
include fire producing high temperature and turbulent stresses,
explosions producing high levels of energy, pressurized releases
ejecting material forcefully from a container, or impact from
spills. Suggested responses of materials are based on empirically
determined release factors or known behavior,
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TABLE 5.1. MREPP Events

Facility Event
Uranium fuel fabrication UFg cylinder rupture
(oxide) in loading dock
incident (fire)
Uranium fuel fabrication Criticality
(metal)
UFg production UFg cylinder rupture

in loading dock
incident (fire)

Uranium milling Tornado

Waste warehousing Facility fire
Plutonium contaminated Tornado
Radiopharmaceutical Facility fire
manufacturing

Radiopharmacy Facility fire
Sealed source ' Facility fire

manufacturing

Research and development Criticality
of nuclear fuels

University research and
development Facility fire

Availability of the material to the accident stresses must be
considered next. Packaging of the material (e.g., in DOT-approved
containers) precludes releases from all but the most rigorous
accident stresses. Even containment within a glove box lowers the
potential release, since it adds a barrier to the release path.

Mitigation can be planned or inadvertent. Filters included in a
facility reduce the potential for an atmospheric release, and they
must be evaluated to determine if the accident stresses are suffi-
cient to breach them. Deposition, condensation, agglomeration, and
other mechanisms can reduce the release. An event outside a facility
will have a larger release in the absence of mitigation.
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‘ ; © Time includes that required for the release or how long the stresses

are imposed. Some releases such as from an explosion are essentially
instantaneous. However, there will be a period of time after the
initial event when the dispersed radioactive materials can become
airborne by resuspension due to aerodynamic entrainment., For fires,
the burning time will frequently determine the release magnitude.

The length of time a fire will burn is dependent on the combustible
toading, not just the radioactive component.

® Particle size should be considered in the release analysis because
particles with diameters 10 pm AED can be inhaled and retained in the
lung and represent a health hazard. For many of the materials found
in the NMSS facilities, this information is not available, so the
release is conservatively estimated all in the respirable range.

In our analysis, we have used the approach of estimating the fraction of
the radioactive material airborne at the accident site. Elements contributing
to the release have been identified separately rather than using a single
release factor. Thus factors such as mitigation by filters can be suggested as
they apply to specific conditions.

5.1 FIRES

Seven of the facilities reviewed have fires as the MREPP event. Two
general fire scenarios were identified: 1) facility fire and 2) loading dock
(shipping/receiving area) fire. Each of these is discussed including
initiating events, fire ignition and fire development.

Facilities where a facility fire was the suggested MREPP event are
radiopharmaceutical manufacturing, radiopharmacy, waste warehousing, sealed
source manufacturing, and university research and development. Temperatures
resulting from a major facility fire could be 800 to 1000°C, considered typical
of an enclosure fire (Thomas, 1974). A loading dock fire involving UFg
cylinders was the MREPP event for two facilities, uranium fuel fabrication
(oxide) and UFg production.

5.1.1 Facility Fire

This fire is considered to be one initiated by an event within the facil-
ity or involving the entire facility. These fires include those started by
natural gas explosions or fires that spread to an asphalt or flammable roof
from an adjacent fire. The Fire Protection Handbook (McKinnon, 1976) has been
used as a basic reference for this fire section.. Fires require both an
ignition sequence and a development phase:

e Fire ignition sequence. There must be a heat source, a kindling
fuel, and an event (human action or natural act) that gets the heat
source and kindling fuel together to start the fire. Human error,
failure to recognize and comprehend faults that contribute to the
event, is also associated with fires. :Initiating events providing an
dignition sequence can include:
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vapor leak with natural gas as the vapor.
deflagrates (Section 4.3.1.6).

- Electrical. Wiring and associated components can cause fires by
short-circuit faults or by arcs and sparks from damaged or
defective equipment. Heated motors are another fire source.

- Open flames. The use of bunsen burners, welding sparks, and
hydrogen burnoff can cause fires.

- Heating equipment. Natural gas and fuel oil are used for space
heating. When gas or oil is used there is the hazard of vapors
mixing with air and reaching the ignition or explosive level.

- Trash burning. Waste material can be the source of a sponta-
neously ignited fire. Improper use of incinerators can lead to
accidental fires.

- Flammable liquids. Careless handling or storage of flammable or
combustible liquids can lead to fires. Ignition can resu]t due
to leaking of fuels or spills near a heat source.

- Gas explosion. Gas escaping from piping, storage tanks, or
equipment; misuse or faulty operation of equipment can lead to a
buildup of gas to an explosive concentration.

- External source. Lightning can initiate a facility fire. Some
of these NMSS facilities are in locations where they would be in
potential fire jeopardy from sparks from adJacent burning
buildings or range fires.

Fire development. The fire ignition sequence will not of itself lead
to a facility fire. This requires the addition of combustible burn-
ing material for the fire development. Compartmentation of a build-
ing with physical barriers can limit fire spread, as will effective
fire suppression systems. Construction deficiencies can be major
contributors to fire spread: failure to subdivide large areas, lack
of fire doors, absence of fire cutoffs between floors, open stairways
and elevator shafts, conveyor and pipe openings, combustible interior
materials and finishes.

Improper storage of building contents is a frequent contributor to
large fires. Improperly stored 1iquids can escape from drums, tanks,
and processing equipment. Flammable gases escaping from cylinders or
piping can contribute to the fire spread. ELven if contained, these
containers can overpressurize from the initial event.

5.1.1.1 Radiopharmaceutical Manufacturing

The fire ignition sequence for this facility was postulated as a flammable
The gas accumulates and subsequently

An ignition source is fundamental to a combus-
tion explosion: static electricity is one potential fire ignitor. Since gas
is usually used in heat producing equipment, the ignitor can be inherent to the
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system. Solvents used in processes, cellulosics, and wood interior members are
available to contribute combustibles to the fire development. This can be
accelerated by leakage of oxygen from lines located at each glove box, lines
which are assumed broken in the initial deflagration.

To estimate the severity of the event we calculated the overpressure

developed as a result of that event. This, in turn leads to an estimate of
structural and filter damage. In a wooden building the fire could develop even
though the structural integrity is maintained; in a concrete structure, bar-
riers (walls or roof) must fail in order to give opportunity for the fire to
spread. Components of the release calculation are fire ignition, damage,
radionuclide release, and source term modification:

Fire ignition. The accident scenario suggests that the gas leaks
into a "dead" air space in order to reach a flammable,level above

4%, Our illustration uses a 10 x 10 x 10 ft (1000 ft~) vo]umg, about
the size of a small room, filled with an 0.04 fraction (40 ft~) of
natural gas. Combustion explosions can occur when only a portion of
a room, perhaps 25%, is filled with flammable gas. The ignition
sequence is: gas mixes with air, the mixture ignites, heated air
expands, and an explosion follows.,

Damage. Estimating potential damage from explosive events is an
inexact science at present. Some guidelines have been established
that can help relate the overpressure of the event to anticipated
damage.

Natural gas is a mixture and can have varying compositions. For our
illustration, we selected 75% methane, 21% ethane, and 4% propane
(Crane, 1978) and ca]cu]aged a heat of combustion for this specific
mixture to be 1120 Btu/ft~ using heat of combustion of the component
gases (Pacific Coast Gas Association, 1934).. Natural gas heat of
combustion can range from 958 to 1124 Btu/ft 3(McKinnon, 1976). Our
specific mixture has a density of 0,055 Tb/ft™, which calculated to

3
1120 Btu/ft” _ 5, 10% gtu/1b
0.055 1b/ft>

Use of this heat of combustion value enables us to calculate the energy
developed in terms of TNT equivalency, which is then used to estimate
damage produced by the deflagration.

The explosion yield can be calculated (Strehlow and Baker, 1976)

AH x W
W - _C C

NT 800 (5-1)

where:
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WrnT = equivalent, TNT wt/1b
AHc = heat of combustion of hydrocarbon, Btu/lb
W. = weight available as explosive source, 1b

o
1800 = heat of explosion of TNT, Btu/lb.

i

For the illustrated explosion with a 4% flammable gas level, these
parameters are

2 x 10% Btu/1b
(1000 ft3 x 0.04 ) x 0.055 1b/ftS = 2.2 1b.

AH
W

C

Calculations are

4
_ 2 x10_ Btu/lb x 2,2 1b _ 24.4 1b.

TNT 1800 Btu/1b

W

Not all of the heat of combustion energy is released in the
explosion, 10% (Brasie and Simpson, 1968) is suggested and used in
our example. If this value is applied to our example problem, the
explosion, therefore, yields the equivalent of 2.4 1b TNT. This
yield can be used as a measure of anticipated damage.

The damage is a function of (Wpy)}/> called the scaled yield (Brasie
and Simpson, 1968). The scaled explosion yield normalizes the WTNT
values to reference values for 1 1b TNT. These values are plotted in
Figure 5.1. The yield from our example is estimated at 1.3. Using
this scaled value the overpressure at various distances from the
event can be calculated and used to estimate damage.

From Figure 5.2 the distance from ground zero to the point where a
given overpressure will occur can be estimated using the equation:

1/3
= W
= U (5-2)
0 0

UlD

where D is the distance for a given overpressure for a yield of W.
Do and wo are reference values.
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Using the values in our illustration in Eq. 5-2 and using W, = 1 and
D0 of 20 ft,

D_
20

]

1.3

e
1}

26 ft .

Using Figuge 5.2, the overpressure at D, = 20 ft for 1 }b TNT is

1.8 1b/in.“. Based on the above calculation 1.8 1b/in.” overpressure
is reached at 26 ft for our exgmp]e. At 130 ft from ground zero the
peak overpressure is 0.2 1b/in%, '
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Based on this analysis, it is assumed that concrete or cinder b]gck
panels could sustain damage but are not destroyed (2 to 3 1b/in.
overpressure would be rquired to destroy them). HEPA filters can
fail at 2.2 to 3.2 1b/in.“ overpressure, depending on their depth
(Burchsted, 1976). Therefore, the deflagration will be confined to
one room in a concrete structure. A wooden structure would be
entirely engulfed in fire.

Radionuclide release. The largest inventory in a radiopharmaceutical
manufacturing facility is volatile “H; in the wooden interior
facility, the entire 27,500 Ci are released by the heat of the fire,
since the entire facility is engulfed. In a concrete structgre, the
release might be the contents of one cylinder or 1000 Ci of “H.
While this is the largest release in curies, other releases are of
more radiological concern. Table 4.3 suggests release factors for
other radioisotopes.

Modification of the radiopharmaceutical manufacturing source term,
Modification of the source term was illustrated in our calculation.
The three means of modification are the energy in (or released) and,
therefore, the damage produced by the combustion explosion; building
structural elements; and inventory at risk.

- Energy. The energy produced by an explosion is calculated in
terms of the TNT equivalent and blast overpressure thaE in turn
suggests potential damage. For example, 2 to 4 1b/in.” can
collapse a steel panel building or shatter concrete walls
(Brasie and Simpson, 1968). The amount and energy available for
the explosion depends on the amount and type of explosive
involved. If the illustration had pos§u1ated a 10% explosive
gas concentration up to above 4 1b/in.” pressures could be
expected at 75 ft from ground zero.

- Structural elements. Wooden interior walls will burn and add
fuel to a fire. Concrete structures must be breached to allow
fire spread if combustion sources are available. Overpressures
suggested in the illustration should not damage concrete
structures. Fire walls and suppression systems were not
considered in our generic analysis.

- Inventory. These releases were based on the maximum allowable
inventory in the areas affected. Other volatile radionuclides
could be present in another situation. Release factors for
isotopes found. in significant amounts in radiopharmaceutical
manufacturing facilities are listed in Table 4.3. Consideration
must also be given to physical characteristics, whether they are
powders, solids, and liquids. For the generic situation this
was not always identified.
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5.1.1.2 Radiopharmacy

These facilities can be either a small building or single room in a large
building such as a hospital. Fire initiation scenarios will be facility
specific but could potentially be related to the heating system. Natural gas
heating could be the source of a deflagration/explosion with the scenario
discussed in Section 5.1.1.1. Baseboard electrical heating malfunction
igniting combustible material is another fire-initiating scenario. When the
radiopharmacy is located in a room in a large facility, the initiating event
could be elsewhere in the building., Fire ignition radionuclide release and
source term modification follow:

e Fire ignition. For this analysis, a major facility fire was
suggested, with the natural gas heating deflagration as the
initiating event. Releases to the atmosphere would be maximized by a
breach in the facility. Two breaching mechanisms were suggested:
the roof could be damaged in the initiating event or fire fighters
could chop through the roof in their attempts to fight the fire.

Temperatures resulting from a major fire are high enough to damage
containers, which then results in the release of volatile radio-
nuclides. Anticipated releases could be a function of temperature.

® Radionuclide Release. The potential radionuclide release would

depend on the inventory in a facility. Table 4.3 listed suggested
fire release factors for radiopharmaceutical isotopes, and Table 3.6
gave a range of potential ianTtories. §gme of tgs more signif&g%nt
releases igg]d be 4.5 Ci of I, 2 x 107 Ci of "°Sr, 1 Ci of Tc,
75 Ci of Xe, and 910 g of depleted uranium. Releases are from
material in process and radioactivity associated with contaminated
waste.

131

90 I is the most significant release in terms of health effects,

Sr is also of radiological concern,

The
and

e Modification of radiopharmacy source term. Because a deflagration
initiated by the natural gas heating is the event with MREPP release,
the parameters discussed in Section 5.1.1.1 apply here also. Some
additional considerations are discussed:

- Location affects the energy and structural elements. For a
radiopharmacy located in a hospital or other large building the
deflagration source could be there rather than in the pharmacy
itself. Therefore, the structural elements and the combustible
loading of the larger facility would be important in suggesting
the magnitude of the accident.

- Inventory in a radiopharmacy is primarily in a packaged form and

is processed rapidly through the facility. This reduces the
potential of a large source for the release.
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5.1.1.3 Sealed Source Manufacturing

The facility fire scenario suggested as a MREPP event for the sealed
source manufacturing category was hypothesized to involve flammable roofing
material. These roofs are frequently constructed using metal paneling with an
asphalt (tar) surface. The traditional construction of these roofs has been
shown to contribute significant amounts of fuel when exposed to the heat of an
intensive interior fire below the deck. Asphalt vaporized by the heat of a
fire can help to spread fire under a roof deck (McKinnon, 1976). The fire
ignition scenario, radionuclide release, and source term modification are:

o Fire ignition. Most sealed source manufacturers are located in urban
industrialized areas which could provide the source of an external
ignition scenario for the fire. The roof could be assumed to ignite
and burn, spreading to interior wooden (combustible) walls. Or,
conversely, a fire started by malfunction of the building heating
system could spread to the interior walls, then to the asphalt
roofing. The most dramatic illustration of this type of fire was the
General Motors fire at Livonia, Michigan, in 1953, which destroyed
that plant (McKinnon, 1976).

e Radionuclide release. Releases for these facilities have been
calculated for illustration, using the maximum license inventories
listed in Table 3.7 and the suggested release factors in Table 4.3.
Calculated values in Table 5.2 assume the fire lasts for 1 h. These
releases are calculated for illustration of potential upper release
values and are dependent on variables that are discussed in the
section on inventory.

@ Modification of sealed source manufacturing source term., The release
is controlled by two parameters:

- Fire magnitude. It was assumed the entire facility burned.
Release from a partial burn would be lower. No allowance was
taken for safety systems, barriers, or deposition and plateout
in the facility. Temperatures reached by the fire wog&d also
Tgatro125e1eases since volatility for some isotopes Sr,

Cs, increases with temperature.

- Inventory. The releases shown in Table 5.2 do not indicate the
potential release from single facilities. Sealed source manu-
facturers specialize in a few isotopes and products. The
significant licensed isotopes at the different facilities are
listed in Table 3.7. Additionally, the inventory on hand would
usually be below the maximum allowable, perhaps 75%.

Even one manufacturer's total inventory would not necessarily be in
jeopardy. The inventory could be distributed among different process
steps, or on the loading dock or in storage. These different opera-
tions often are located in different buildings, and it is a lower
likelihood that all the buildings at a site would be involved in the

same fire.
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TABLE 5.2. Potential Releases of Radionuclides Found
in Significant Amoun%s in Sealed Sources
Manufacturing Plants ()
Maximum Release Release,

Element Isotope Inventory, Ci Factor Ci
Americium 241 pm 6 x 103 1 x 1072 60
Cesium 137¢ g x 104 1 x 1072 80
Cobalt 60¢, 2 x 10% 2 x 1073 40
Hydrogen 3y 1 x 10° 1 1 x 10°
Iridium 1927 2.5 x 10% - -
Krypton 85 p 1.5 x 103 1 1.5 x 103
Polonium 210p 4 x 10° 1 4 x 10°

. 147 3 -3
Promethium Pm 3.5 x 10 1 x 10 3.5
strontium  20sp 3 x 10° 2 x 1073 6
Tantalum 183Ta 2 X 103 --- ---
Thulium 170Tm 5 x 103 - -
Plutonium  Mixed 199 g 1 x 1072 2 g
Uranium Depleted 1500 kg 1 x 1072 150 kg
Uranium

(a) Ca]cu]gt

1 x 10

ed using maximum license inventories greater than
and 1-h fire

The physiga] form and packaging will also affect the release. For

example,

physical form.
DOT-approved shipping containers.
for isotope releases.

Co can be nonvolatile or semivolatile depending on

Sometimes a large part of the inventory is stored in
Their use reduces the potential

5.1.1.4 Waste Warehousing

The facility fire for the waste warehousing category is a deflagration
event of the type described in 5.1.1.1.

warehouse.

heated motor.

However, here the initiating scenario
involves a propane-fueled front-end loader used to move the waste drums in the

Fuel leaking from this equipment was ignited by hitting an over-

This ignites and deflagrates.

Additional combustible material

contributes to fire development when missiles from the detonation hit and

breach gas storage tanks or other combustibles.

release, and source term modification follow:
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yield is Wryt = 11.7 1b, This energy (2 to 4 1b/in.

Fire ignition. Formulations discussed in Section 5.1.1.1 (not
repeated here) are used to calculate the explosive equivalent

yield. The fuel tank capacity of a front-end loader is about 10 1b,

and the propane heat of combustion is 2.1 x 107 Btu/1b. Using these
values (and assuming the entire 10 1b of propane is involved), the
total energy of the explosion is equivalent to 117 1b TNT. Assuming
that only a 10% fraction of the energy is released, Ehe explosive

at 25 ft from
the event) is sufficient to blow the roof off the facility and
generate missiles (probably from the front-end loader). These
missiles might pass through the loading area and could hit gas
storage tanks. This was assumed to provide sufficient fuel for a fire
with a magnitude sufficient to engulf the facility.

Radionuclide release. The maximum releases are listed {n
Table 4.7. A 2000 Ci release assumes all of the volatile inventory
associated with the waste becomes airborne.

Modification of waste warehousing MREPP source term. Several factors
contribute to scaling the magnitude of this event: 1) volume of
propane in the front-end loader fuel tank, 2) combustible material
available to fuel the fire with.air available to the fuel, and

3) isotopic distribution and decay status of the waste. These are
follows:

- Fuel. A completely filled (10 1b) fuel tank was assumed, with
TNT equivalent energy released in the event of 11.7 1b, One
pound of propane would result in a TNT equivalent ~1 1b. At
10 ft frgm the ~1-1b explosion, the peak pressure would be about
1 1b/in.”, a level that should not result in serious damage to
the facility, although corrugated siding can show buckling and
glass can break.

- Combustibles. If the waste is contained in steel drums, it is
not immediately available to contribute to the fire. Structural
members are steel, concrete blocks, etc. and not combustible.
Therefore additional combustible material must be available if
burning is to be sustained. These could be flammable roofing
material,  stored combustible material (in our illustration, gas
storage tanks), trucks containing flammable material (gas) at
the loading dock as well as the truck fuel tank, or gas heat in
the building, wooden pallets, and the waste itself,

- Isotope status. Essentially, this is how much of the contami-
nated material is still associated with the waste. Since some
of the stored isotopes have relatively short half lives, a
portion. will have decayed away in storage. For our calcula-
tions, we used a mixture of representative radionuclides, the
majority of which were volatile, and.assumed the waste to
contain all of the activity inventory present when it was
stored. Table 5.3 shows the half-1ives of the isotopes
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TABLE 5.3. Half-Lives of Radioisotopes Potentially Available
for Accidental Fire Release of Drummed Waste

Waste Half- 10 Half-

Element Isotope Life Lives, yria)
Carbon 4¢ 5730 yr 57,300
Chromium Sle, 30,2 yr 302
Hydrogen 3y 12.2 yr 122
Todine 1257 60 day 1.6

1311 8.1 day 0.22
Phosphorous  S2p 14.3 day 0.39
Sulfur 354 88 day 2.4

(a) Storage period maximum is 0.5 yr.

associated with a representative waste storage area. This table
illustrates how the inventory can decay with time. For these
nuclides, 10 half-lives (listed in the last column) is the point
where they are considered to be dep]etedI For example, about

1 l/gzmonths after initial storage, the I is gone. This isotope
and “"P could disappear in the maximum allowable storage period of

6 months. The decay status of the waste can be calculated using the
Radioactive Decay Tables (Bureau of Radiological Health, 1970) shown
here in Figure 5.3. These tables and the formula are used to
calculate the fraction of activity at any time after some zero

time. An example is included with the figure.

5.1.1.5 University Research and Development

Fire initiation in this category would be facility specific. In the
scenario we suggested that the fire resulted fron a natural gas leak leading to
a combustion/explosion event. Other heating systems could also initiate a
facility fire as discussed in Section 5.1.1.2. Because many different labora-
tories in scattered locations are typical for this category, buildings covered
under the same license could have different heating systems. The shipping/
receiving and waste storage areas are the suggested fire locations because of
the potential for containing a larger inventory. The fire ignition scenario,
radionuclide release, and source term modification are:

e Fire ignition. A major facility fire developing after initiation by
the heating system is the suggested scenario. Sufficient fuel might
be provided by wooden structural members and shelving. Solvents and
cellulosics stored in the vicinity of the fire could provide suffi-
cient fuel for fire development. Since some of these operations
occur in hospital buildings, it could contribute additional
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FIGURE 5.3. Radioactive Decay (Bureau of Radiological Health, 1970)
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FIGURE 5.3, (contd)
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combustibles such as solvents. Releases to the atmosphere would
‘ii; be maximized since the building would not retain integrity.

® Radionuclide release. Two specific locations were suggested for the
fire based on the anticipated higher isotope inventory levels:
shipping/receiving and waste storage.

- Shipping/receiving area produces the lower release of the two.
This is based on the reasoning that the nuclide residence time
in this building or room would be very limited. In order to
maintain amounts of some of the rapidly decaying isotopes they
must be delivered to a user promptly.

- Waste storage areas will be a collection and holding site where
wastes are accumulated. Some of the longer-lived 1sotoges could
be found here. At one facility significant amounts of “H
1500 Ci, was suggested as vaporized by the fire. A significant
gfagase in terms of health effects was the estimated 10 Ci of
0.

® Modification of university research and development source term. The
isotope distribution and decay status of the waste are significant
variables for this facility category:

- Isotopic distribution of,the waste is facility-dependent. There
can be large amounts of “H associated with the wasEg fag}lity.
&gyer facility license 1imits--10 Ci or less--for ~'C, P, and

I (prominent isotopes in the waste) mean they will be in the
waste in fairly small quantities. These can be assumed in
shipping/receiving, in use in laboratories, or associated with
wastes. Holdings are generally below the license limit so this
value can be modified to a lower level. These considerations
must be assessed and an estimated activity associated with the
waste identified.

- Decay status of the nuclides could lower the inventory.
Table 5.3 ‘inc]ydes,the,Balfslives of ious nuclides,associated
with waste: MC, 3H, 3QP, 1%%1, and Ygi‘I. 0f these lac and 5H
have half-lives sufficiently long to preclude decay in storage.
Levels of the others could be reduced after some time in
storage. This can be calculated using techniques described in
Section 5.1.1.4.

5.1.2 Loading Dock Fire

A fire in the loading dock area was the MREPP event for uranium fuel
fabrication (oxide) and UF; production. The initiating event was a truck
accident: a truck delivering supplies or equipment impacts the loading dock.
The fuel tank is ruptured in the event, spilling gasoline that is ignited by
sparks created by contact of metal and concrete. Uranium hexafluoride was
released from cylinders damaged in the initial impact.
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5.1.2.1 Uranium Fuel Fabrication (Oxide) (;;}

To calculate this UFg release requires three steps: (1) the duration and
size of the fire is estimated, which is dependent on the rate of burn and depth
of the gasoline pool; (2) the heat flux to the cylinder surface is calculated;
and (3) the UFg release is estimated. These are as follows:

e Fire duration and size. Gasoline, being a compound of light and
heavy fractions, will burn more rapidly at first when the lighter
fractions are burning. Two overall burning rates were cited in
Section 4.1.1. The burning rate can vary from 6 to 12 in. of depth
per hour {McKinnon, 1976). This constant burning rate is
proportional to the ratio of the net heat of combustion and the
sensible (total) heat of vaporization.

Based on burning rates in petroleum tank fires, an estimate can be
made of the extent of area which will be involved in a fire resulting
from a gasoline spill. When a spill is burning, the fire area will
first be small and then spread to a point of equilibrium where it
will burn as fast as it is released. At a burning rate of

0.2 in./min, a gallon per minute of sp%]]age will reach an
equilibrium burning area of about 8 ft,. Thus a 10-gal/min spill
rate wé]] be in equilibrium with 80 ft~ of burning area; 100-gal/min,
800 ft° (McKinnon, 1976).

The example fire we used resulted from an approximate 2.5-min spill
covering an area about 20 ft in diameter. The slower the spill time,
the smaller the equilibrium area, since it is burned as fast as it is

released.

® Heat flux. Uranium hexafluoride is volatile on heating, and the
radiative heat generated by the fire provides the energy (Btu) to
sublime the UF6.2 The radiative heat transfer for our postulated fire
is 32.4 Btu/h-ft° (Clarke et al., 1974), and this value is used to
calculate the heat transferred to the surface of the UFg cylinders.
This heat flux is a function of distance from the fire and can be
estimated from fires of varying magnitude using the information shown
in Figure 5.4. For the 10-ft radius fire, we used the suggested
fractional heat flux of 0.25. The calculation of heat transfer is:

hag = 32.4 Btu/h/ft? x °F (5-3)

where:

hrad = radiative heat transfer

Qur example:

hragq = 32.4 btu/h/ft? x 0.25 x 1780°F

h

1.422 x 10% Btu/n/ft?

rad ’ ‘;;}
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In the unlikely configuration of a fire centered around the cylinders
thg radiat1v5 heat transfer coefficient is 1 and h. 4 becomes 5.77 x
Btu/h/ft"~.

Heat absorbed by container. The heat flux is to the cylinder surgace
directed to the fire. The total cylinder surface area is 53.4 ft
(2.5 ft diam x 6.8 ft 1ong) theregore, the curved.half exposed to
the radiation heat flux is 26.7 ft

Using the heat flux calculated using Eq. 5-3 the heat absorbed by the
container can now be calculated:

Btu _ hrad X ft2 )
min =~ 60 (5-4)
Qur example:
1,442 x 10* Btu/n/ft? x 26.7 3
Btu/min = =* 60 *— = 6,42 x 10

Uranium hexafluoride release. Now thét the heat absorbed by the
cylinder has been established, the UFg release can be calculated
using the UF? heat of sub11mat1on of 88.2 Btu/1b (Oak Ridge

f

Operations Office, 1972)
L Btu/min
1b/min = T3¢ of sublimation (5-5)
Our example:
6.42 x 10° Btu/min
1b/min = —

58.2 Btu/1b )

Disregarding the heat required to heat the cylinder and UFg to the
sublimation temperature, this UF; release calculates to a release of
275 and 1375 1b from a single cylinder for a 2.5 or 12.5 min fire
respectively. Total release from our example involving two cylinders
is 550 and 2750 1b (250 and 1249 kg).

Modification of uranium fuel fabrication (oxide) MREPP source term.
This source term can be easily modified by changing the number or
fi11 of cylinders damaged in the initial impact or by changing the
size of the gasoline pool fire:

- Cylinders. This scenario estimated the maximum release from one
cylinder, then multiplied by the number involved. This can be
extended to any number of cylinders considered appropriate for a
specific situation. The amount of surface exposed to radiative
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heat transfer can also be modified as desired using distance
from the fire, portion of cylinder exposed to fire stresses,
etc. Release increases if a cylinder is in the middle of a pool
fire.

- Pool fire. The size, completeness of burning, and duration of
the fire determine the British thermal units available to fuel
the release. A partially filled fuel tank when ruptured will
not provide 100 gal of gasoline. The diameter of a spill of
lesser magnitude can be estimated and the heat flux determined.

5.1.2.2 Uranium Hexafluoride Production

This accident scenario is essentially the same as uranium fuel fabrication

(oxide); therefore, this release is calculated using the methods described in
Section 5.1.2.1. The cylinders used in UF; production weigh 10 and 14 tons, so
more surface is exposed to radiative heat and a larger release per cylinder is
calculated. Components discussed include heat absorbed by the container, UFg
release, and source term modification:

Heat absorbed by container. The curved surfage area of the l4-ton

cylinder (4 ft diam x 12.5 ft long) is 157 ft%, so the exposed half
is 78.5 ft®. Using h.,4q calculated in Eq. 5-3 and 5-4, the Btu/min
heat flux to the cy]inger is estimated for our example:

4 2
Btu/min = 1442 x 10 68tu/h/ft X 78.5 _ 1 g 4 10°

If the pool fire is centered around the cylinder rather than the
truck, the surface area would more than double. The entire curved
surfacg of the cylinder plus the 2 ends calculate to a total of
182 ft-.

Uranium hexafluoride release. This is calculated using Eq. 5-5 for
our example.

1.9 x 10% Btu/min
587 Btu/Th

Ib/min = = 326

The total release.of UF, for 2.5 or 12.5 min is 815 or 4.1 x 103 b
respectively (370 to 1.9 x 10 kg) from a single cylinder. This is a
total release of 740 to 3.8 x 10 kg from the two cylinders involved. If
it appears possible that the fire could engulf a cylinder, i.e., cylinder
in the center of its fire, the UF. release rate is 1365 kg/min. Total
release can be 1.7 107 kg of UFg Tn the longest suggested fire.

Modification of UFg production MREPP source term. The modification

factors used in Section 5.1.2.1 would apply here as well and will not
be repeated. The source term development illustrated modification of
a source term by using a larger container surface area exposed to the
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radiation flux with the analysis used for the uranium fuel fabrica-
tion (oxide) fire and also showed the effect of centering the
cylinder in the fire. This is essentially the same accident and can
be modified using similar methods.

5.2 TORNADO

Two of the operations reviewed have tornadoes as the estimated MREPP
event: uranium milling and plutonium contaminated. Severe tornado damage can
destroy the integrity of a building, damaging the roof and walls. Loose
powders in the facility are thus susceptible to direct airborne release, and
contaminants on exposed surfaces are subject to resuspension forces. A second
release potential could be the result of smashed containers releasing liquids
and powders. In an actual event, some of the release would be buried under
tornado generated rubble, thus 1imiting the airborne fraction. However, for
our use in making conservative MREPP estimates, this was not assumed.

Some elements that should be considered for tornado release scenarios are
tornado frequency, intensity, and damage inflicted on a facility and contained
equipment. Once the damage is assessed, the source terms can be estimated.
Factors required for this estimate are: quantity and size distribution of the
airborne material, and behavior of the airborne material in the time span
required for the release (i.e., characteristics and behavior of the source
term). The following discussion covers tornado elements and aerosol factors
and relates them to types of damage in a facility:

® Frequency. Before considering a tornado as a MREPP event for a
specific facility, the likelihood of impact on that facility should
be evaluated. While tornadoes have a widespread occurrence, they are
more likely to occur in certain parts of the country. About 700 tor-
nadoes a year occur in the United States. The simplified map
(Davies-Jones and Kessler, 1974) shown in Figure 5.5 shows the
distribution of U.S. tornadoes during a 12-year period (1955-1967).

It can be seen that the central portions of the country have the
highest tornado incidence. This is also the area of greatest tornado
losses (damage).

o Intensity. Fujita (1978) has prepared a workbook on tornadoes in
which he assessed the intensity of tornadoes and used an F scale to
relate that intensity to wind speed. Table 5.4 shows the F scale and
the corresponding weighted mean maximum wind-speed values that are
his suggested representative intensities. (Weighted wind speeds are
calculated including a specific weighting function based on the
number of tornadoes in an F-scale range.) This speed includes trans-
lational and rotational winds plus vortices. A facility would see
this wind speed for a maximum of 1 to 3 sec. Once the tornado funnel
has passed, wind speeds will be lower and contain the translational
component only. We have maximized damage and winds by assuming the
facility sees the leading edge of the tornado. The third column
shows the frequency with which they occur.
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FIGURE 5,5. Distribution of Tornadoes in the United States,
Total Tornadoes 1955-1967

TABLE 5.4. F Scale and Corresponding Weighted Average Maximum
Mean Wind Speeds and Frequency

Mean Wind Speed(anh Frequency, %

F Scale (Fujita, 1978) (Fujita, 1976)
0 59 24
1 92 42
2 133 24
3 176 8
4 227 2
5 278 RARE

(a) Total mean wind speed, translational + rota-
tional + vortices and is the average weighted
mean recommended wind speed. Earlier work gives
ranges of wind speeds for F scale.
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It can be seen that 90% of the tornadoes are at the 133 mph mean wind
speed or F2 and below. We will use the F2 tornado to estimate

About one-fourth of the tornadoes are FO. Tornadoes also
have dimensions of length and width with corresponding frequencies.
These have not been included because even the smallest, 0.9 mi long
by 51 ft wide, would be of a size sufficient to cause damage if it
strikes a facility in a favorable direction.

damage.

o Damage.

Nuclear plant facilities are the cnly class of commercial
facilities routinely designed to withstand tornado effects
(Stevenson, 1976). Other structures will sustain damage that can be

related to the Fujita F scale.

One method of estimating damage relates the damage for specific
structures in terms of percent damage and F scale, where percent
repair costs/replacement cost (Hart, 1976). This has been
related to the probability of damage for specific structures in a F2
tornado (90% probability) as shown in Table 5.5.

damage =

TABLE 5.5. F2 Scale Tornado Damage for Several Structure Types
(Hart, 1976)
Damage Probability
1-3 Story Concrete 1-3 Story 4 or
Damage Percent Wood Frame or Masonry Metal More
State Damage (commercial) (commercial) (industrial) Stories
None 0 - 0.05 0.132 0.191 0.174 0.239
Light 0 .05 - 1.25 0.082 0.156 0.119 0.224
Moderate 1.25 - 7.5 0.181 0.164 0.146 0.344
Heavy 7.5 - 65 0.379 0.275 0.411 0.180
Very Severe 65 - 100 0.104 0.104 0.114 0.012
Collapse 100 0.121 0.109 0.036 0

(a) Further information on structures not given.

[t can be seen that there can be several damage level probabilities
for all the structure types. Usually heavy damage can occur.

Abbey (1976) suggested some damage for the F2 classification to be
tearing the roof from frame houses leaving strong upright walls
standing; weak structures or outbuildings demolished; light-object
missiles generated; block structures and walls badly damaged.
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Based on our reviews, damage associated with the MREPP scenario
includes:

Wall damage, roof blown off

Missiles generated (could subsequently cause further damage)
Massive equipment (caves, etc.) not damaged

Hoods and glove boxes damaged.

Fractional airborne releases of particulate materials. In facilities
where radioactive powders are used within containmnts such as hoods
or glove boxes, that containment must be damaged before a release can
occur. As discussed earlier, loose powders in process could be
subject to direct releases.

Mishima and Ayer (1980) assessed high wind damage and related this to
fractional releases of particulate materials. Their study is used as
a basis for this section. The factors they suggested to estimate
airborne releases resulting from postulated damage scenarios are
listed in Table 5.6. Considerations influencing the applicability of
these factors are discussed in the following section and Mishima and
Ayer (1980) is used as a reference.

- Crushing of Glove Box. Crushing is defined as a complete loss
of containment such as rupture of the steel shell or loss of one or
more of the large glove box viewing windows. The event is assumed to
generate sufficient excess force to inject uncontained powders into
the air and break glass or thin-wall, rigid plastic containers.

* Glove box containing powder. Vibrating powder resting on a
surface does not appear to provide as much dispersion of
the powder as tumbling. The mass airborne concentration is
indicated by experimental data measuring the value within
seconds after tumbling of a powder with a density and size
distribution similar to Pu0, (Mishima et al., 1978).

Glove box containing liquids. Subdivision of liquids
during breakage of glass and plastic containers appears to
be less effective than forcing a liquid through a small
opening such as a larger spray nozzle designed to perform
that function. The airborne concentration chosen
represents larger spray openings (0.125-in. diam) at higher
pressures (200 1b/in.") and sga]l openings (0.063-in. diam)
at lower pressures (50 1b/in.“) (Mishima et al., 1978).

Glove box containing surface contamination only. Surface
contamination can range from particles settled on the sur-
face to material mixed into the surface. The resuspension
factor applied is a value measured for a combination of
mechanical and aerodynamic stresses (Mishima et al.,
1979h).
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TABLE 5.6. Fractional

Event

Airborne Release Factors

Factor

Crushing of Glove Box
Containing powder

Containing liquid

Containing surface contamination
only

Perforation of Glove Box
Containing powder

Containing 1liquids
With surface contamination only

Damage to Filters
Crushing
Perforation

Aerodynamic Entrainment
Powder, less than 5 mph
Powder, greater than 5 mph
Liquids, less than 5 mph
Liquids, greater than 5 mph

(a) Drops <100,um in AED.
is 10 mg/m~.

Volume of
powder/m

Volume of
1%qu1d/m

107%/m

g]ove box x 300 mg

g}gxe box x 500 mg

Fraction of vo]umg of glove box x
100 mg powder/m

Fraction of vo]umg(gs glove box x
1@7 mg liquid/m

10 /m

10'% of accumulated material airborne

107° of accumulated material airborne

10:10/sec of exposed material
10_1{sec of exposed material
10 ;" /sec of exposed material
10 “/sec of exposed material

Airborne mass concentration of drops <10 um

(b) Drops >100 um 1§ AED. Airborne mass concentration of drops <10 um

AED is 3.3 mg/m”.

- Perforation of glove box.

Perforation is defined as a partial

loss of containment (loss of one or more glove ports, loss of a

portion of a viewing window, etc.)
The rate of release from the break will

through the glove box.

that allows air to circulate

depend on the size of the opening, whether the exhaust system
continues to function, and the velocity of air entering the

opening.

are released from the glove box with time.
is zero, the release is exponential with time.

The particulate materials airborne within the volume

If the exhaust flow
Release of

greater than 99% of the airborne material within 30 min is

considered instantaneous.

* Glove box containing powders.

The force transmitted to the

glove box during perforation is assumed to be considerably

less than during crushing.

Since a finite period of time
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is required to release the airborne particulate material, a
mass concentration measured approximately 1 min after
tumbling a fine powder and considered quasi-stable, was
selected. Furthermore, the disturbance due to perforation
can be more localized than in crushing, and it was judged
that the powder only occupied a fraction of the volume of
the glove box (Mishima et al., 1979a).

* Glove box containing liquids. For the reasons stated
above, a reduced mass airborne concentration and volume was
selected for the dispersal of liquids held in glass and
thin-wall, rigid plastic containers (Mishima et al., 1978).

Glove box containing surfaﬁe contamination only. A reduced
resuspension factor of 107 '/m was selected to reflect the
reduced force and area involved in perforation (Mishima et
al., 1980).

- Damage to exhaust filters. Exhaust filters can also suffer
damage, dispersing some airborne material:

* Crushing of filters. Although the filter material (glass
fiber mats) is fragile, the fine particulate material
accumulated can be embedded in the filter and associated
with other materials such as dust, condensed organic
vapors, etc. The material may not be readily dispersed in
a respirable, transportable size-range. A conservative
airborne fractional value of 10% of the accumulated
material released is assumed in the absence of experimental
data (Mishima et al., 1979a).

* Perforation of HEPA filters. A reduced fractional airborne
release factor of 1% is applied to reflect the reduced
level of stress required for this level of damage (Mishima
et al., 1979a).

- Aerodynamic entrainment. “Powders and Tiquids can be entrained
in the air passing over their surfaces. Particle suspension
results from initiation of movement in larger particles that
subsequently transfer momentum to particles in the size range
that allows suspension. Under similar conditions of airflow
over a liquid film, droplets are much less likely than particles
to be airborne because of the higher energy required to break up
the film and form droplets. Some suggested entrainment rates
are: ‘

+ Powder by air velocities greater ghan 5 mph'(2.2 m/sec). A

conservative suspension rate (107 °/sec, measured for a
homogeneous bed and with wind velocity variations over a
year's duration is applied (Mishima et al., 1978).
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5.2.1

* Powder by air ve]oc1&bes less than 5 mph (2.2 m/sec). A
suspension rate /sec) measured from a homogeneous bed
at these ve]oc1t1es is applied (Sehmel and Lloyd, 1974a).

* Liquids by air velocities greater than 5 mph a .2 m/sec).
A conservative measured suspension rate of 107 7/sec is
applied. It is consistent with the assumed larger energy
input required to disperse liquids (Mishima et al., 1978).

* Liquids by air velocities less than 5 mph (2.2 m/sec). The
suspension rate applied for higher air velocities was
reduced by a factor conilstent with the reductions found
for powder yielding 107"%/sec.

Release calculation. Calculation of the release is essentially the
material at risk multiplied by the appropriate release factor
selected from Table 5.6.

Uranium Milling

In Section 4.4.2 of this report, a tornado scenario was identified as the

MREPP event for uranium mills based on the uraniun mills generic impact
statement (USNRC, 1979b). The discussion here will illustrate in greater

detail how this release was estimated:

Material release. It was assumed that two days' yellowcake pro-
duction was susceptible to wind pickup on breaching the facility.
Ore is processed at rates between 1000 and 2000 MT/day; 1800 MT/day
was selected as an average value. The ore is 0.16% U3O8, and the
process is 95% efficient at producing yellowcake. Therefore,

2.736 MT of yellowcake are produced per day; two days production is
roughly 5.47 MT. The remainder of the total 45-MT inventory,

39.5 MT, is in containers. Fifteen percent of these containers
rupture (USNRC, 1979b), releasing 5.93 MT of yellowcake subsequently
picked up by the wind and becoming airborne. It was assumed that all
of the material at risk became airborne in the tornado vortex. The
total release is 5.47 MT + 5,93 MT = 11.4 MT (11,400 kg).

Convective vortices can contain significant amounts og particulate
material. Sinclair (1974) estimated loading of § g/m” for a dust
devil; First and Drinker (1952) estimated 10 g/m~ for a duststorm.
[f the yellowcake airborne concentration is 10 g/m”, the requ1ged
tornado volume to support the concentration would be 1.14 x 10

A tornado can have a vortex up to thousands of meters in d1ameter
(Fujita, 1976), so it is not unreasonable to assume that all the
yellowcake can be drawn up and dispersed.

We assumed that 25% of the yellowcake was less than 10 um in diameter

based on an aerodynamic sizing reported by Geffen (1981) and, there-
fore, could be an inhalation hazard. Using the fraction 10 um and
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less in the calculation reduces the release of concern to 2850 kg.
Because all of the material was included in the original calculation,
no further resuspension release is calculated.

Modification of uranium mills source term. Two significant
controlling parameters are the 1) magnitude of the tornado and 2)
amount and characteristics of the material at risk:

- Tornado magnitude in our illustration was of Fujita F2 scale.
Ninety percent of United States tornadoes are at this level or
below. Each F scale classification has certain damage charac-
teristics. Building damage in turn is the precursor of airborne
releases. As discussed in Section 5.2, certain areas of the
country are more prone to tornado damage. Most uranium mills
are in regions where there are few tornadoes reducing the
likelihood of occurrence. In some sections, a tornado in the
lower F scale range could be the maximum tornado scenario, ergo,
less damage, lower release potential. Table 5.7 (Abbey, 1976)
relates F scale to tornado intensity so appropriate damage can
be assumed for the relevant portion of the country. Generalized
damage descriptions of destruction to be expected in each
category are provided. Efforts are continuing to examine the
correlation between observed damage and wind speeds necessary to
produce that damage.

In the F2 tornado, the roof was assumed torn off the facility,
suspending all of the uncontained powder. However, the building
is damaged by the maximum intensity and only the latter half of
the tornado passage is available to suspend material, thus

TABLE 5.7. Fujita Scale of Tornado Wind Intensity and Related
Characteristic Damage

Fujita

Scale

Name Characteristics of Damage

F

F

0

I

Doubtful tornado Little damage is expected.
less than 40 mph

Very weak tornado Some damage to chimneys or TV antennas; breaks

40-72 mph - branches off trees; pushes over shallow-rooted
trees; old trees with hollow inside break or fall
sign boards damaged.

Weak tornado’ 73 mph is the-beginning of hurricane wind speed.

73-112 mph Peels surface off roofs; windows broken; trailer
houses pushed or overturned; trees on soft ground
uprooted; some trees snapped; moving autos pushed
off the road.

5.29

b




Fujita
Scale

Name

TABLE 5.7. (contd)

Characteristics of Damage

F 2

F 3

F 4

F 5

F 6-12

Strong tornado
113-157 mph

Severe tornado
158-206 mph

Devastating
tornado
207-260 mph

Incredible
tornado
261-318 mph

Inconceivable [sic]
tornado
319 mph to sonic

Roof torn off frame houses leaving strong

upright walls standing; weak structure or out-
buildings demolished; trajler houses demolished;
railroad boxcars pushed over, large trees snapped
or uprooted; light-object missiles generated; cars
blown off highway; block structures and walls
badly damaged.

Roof and some walls torn off well-constructed
frame houses; some rural buildings completely
demolished or flattened; trains overturned; steel
framed hangar-warehouse type structures torn; cars
1ifted off the ground and may roll some distance;
most trees in a forest uprooted, snapped, or
leveled; block structures often leveled.

Well-constructed frame houses leveled, Teaving
piles of debris; structures with foundations
lifted, torn, and blown off some distance; trees
debarked by small flying debris; sandy soil eroded
and gravels fly in high winds; cars thrown some
distances or rolled considerable distances finally
to disintegrate; large missiles generated.

Strong frame houses lifted clear off foundation
foundation and carried considerable distance to
disintegrate; steel-reinforced concrete structures
badly damaged; automobile-sized missiles fly
through the distance of 100 yd or more; trees
debarked completely; incredible phenomena can
occur.

Should a tornado with the maximum wind speed

in excess of Fb6 occur, the damage may include a
number of missiles such as water heaters, storage
tanks, automobiles, etc, flying through a Tong
distance, creating serious secondary damage on
structures. Assessment of tornadoes in these
categories is feasible only through detailed
survey involving engineering and aerodynamical
calculations as well as meteorological models of
tornadoes.
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reducing the release. In a weak tornado, the facility would have
some damage such as broken windows leading to wind resuspension
of loose powders. The higher entrainment rates in Table 5.6
could be applied to estimate these releases.

- Materials at risk in our example were assumed to be two days'
yellowcake production and 15% of the contained inventory at risk
(based on the maximum allowable inventory). Ore throughput can
vary from 1000 to 2000 MT per day, hence 1.52 to 3.04 MT yellow-
cake is produced per day based on 0.16% U30g in the ore.
Therefore, loose powder releases can range érom 3.04 to 6.08 MT.

Contained powder releases were conservatively based on a maximum
45 MT inventory: smaller mills could naturally be assumed to
have a lower maximum inventory.

We illustrated the use of a 25% respirable size fraction to estimate
the hazard of the release. This fraction will vary, Geffen (1981)
reported two yellowcake samples sized aerodynamically to have 18 and
32 wt% less than 10 um, Use of either of these values in place of
the 25% estimate changes the magnitude of the release.

5.2.2 Plutonium Contaminated Facility

Tornado damage in these facilities included crushing of glove boxes by
failure of building interior partitions. This results in exposing contaminated
surfaces to aerodynamic stresses thereby entraining some of this material. The
material release scenario and source term modification follow:

o Material release. In a plutonium contaminated facility, surfaces can
be contaminated with residual fixed plutonium. Therefore, the
inventory is not in a readily dispersible form.

In estimating the r?gsases, it is assumed that the 10'2/m
resuspens%on factor is applicable and that the volume of the glove
box 1.8 m~ is the affected volume.

The concentration per m3 is calculated by the following
formulation:

. . . . . 3
Resuspension factor x contamination level = airborne concentration/m

1072 g/m x 107% g/m? = 1 x 107 g/m° (5-6)

airborne concentration (units/m?i

a) resuspension facator k/m = ) ) -
(a) P / surface contamination (un1ts/m2)
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Affected volume = 1.8 m3
3

Total release/glove box =1 x 1070 g/m3 x 1.8 m

1.8 x 1070 ¢ pu.

The total release from 80 glove boxes would be 1.4 x 1074 g of
plutonium. The glove boxes could be assumed buried under debris and
only a portion would be subject to continued wind stresses. However
our calculations conservatively assume all surfaces are exposed to
resuspension. An app58pr1ate resuspension rate to use was selected
from Table 5.6 as 107 ""/sec for fixed contamination, since most
readily removed material was released 1n§tant1y. G%ove box interior
surface areas can range from about 9.4 m~ to 15.2 m~, so the maximum
resuspension release per glove box is

2 -4

15.2 m® x 10 13

g Pu/m? x 107 9/5ec = 1.52 x 1071 g Pu/sec

[f the winds cogginued for 24 hours, the mgéimum resuspension release per
box is 1.3 x 10 © g of plutonium or 1 x 10 = g of plutonium if all
80 boxes are breached and all surfaces exposed to resuspension.

Modification of plutonium contaminated facility source term. As with
the uranium mills, the source term can be modified by using 1) the
magnitude of the tornado, and 2) the amount of inventory:

- Tornado magnitude. As discussed earlier in this section, the
magnitude of the tornado can be estimated leading to evaluation
of the damage, here the number of breached glove boxes. Events
with a Tower gﬁaracteristic damage would perforate the glove box
making the 10 "/m resuspension factor appropriate for use.
Correspondingly, few boxes would be damaged.

- Materials at risk. Surface contamination megéurements at a
facility indicated a maximum level of 5 ¥ 10 ° g of
plutonium/cm” (5 x 10 ~ g of plutonium/m~). The conservative
contamination_gstimate selected Eor use here is twice that
level, 1 x 10 g of plutonium/m~. This was considered a
conservative estimate and contamination levels could be
considerably lower,

We estimated that level of contamination on all of the entire
interior surface. However, contamination would probably be at
lower levels on the walls and ceiling of the glove box.

The maximum tQta1 inventory in a facility aasuming 80 glove
boxes, 15.2 m" of surface each, and 1 x 107" g of plutonium/m
is 0.12 g. No release could therefore exceed this level.
Plants containing fewer (e.g., 50 glove boxes) could have 0.047
to 0.076 g of plutonium depending on their size.
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‘, ; 5.3 CRITICALITY

A criticality producing fission product gases is the MREPP for two
facilities, the uranium fuel fabrication (nonoxide) and researcg and develop-
ment of nuclear fuels. This event releases a total of 1.2 x 10% Ci as
discussed in Section 4.1 and 4.2, The NRC staff has developed methods for
analyzing these accidents and these guides (USNRC, 1977a; 1979b) are the
standard reference that should be used when estimating criticality releases.

A criticality accident results from an uncontrolled release of energy from
an assemblage of fissile material. Three major types of these excursions that
have occurred are in solutions of fissile material, metal assemblies in air,
and inhomogeneous light- or heavy—water-gggerateg3§ystems (Stratton, 1967).
About one-third were water solutions of U or Pu. Accident scenarios for
both of these facilities, therefore, assumed water available for the
criticality.

The circumstances of a criticality accident are difficult to predict.
Criticality depends not only on the quantity of fissile material present, but
on the size, shape, and materials of any containment vessel which may be used,
on the nature of any solvent or diluents, and on the presence of any adjacent
material which may posssibly return neutrons through scattering back into the
fissile material (Clayton, 1974).

Excursion characteristics considered for accidents include: (1) maximum
number of fissions in a 5-sec interval, (2) duration and total number of
fissions from an excursion, and (3) maximum specific fission rate (Tuck, 1974).

Because criticalities were discussed in detail in Sections 4.1 and 4.2,
the discussion here is confined to the specific facilities where they are the
MREPP event.

5.3.1 Uranium Fuel Fabrication (Nonoxide)

For the uranium fuel fabrication (nonoxide) category, criticality was
selected from two potential MREPP scenarios (explosion and criticality) on the

basis of the radiological consequences. Krypton, xenon, and iodine fission
product gases are the important radionucliides involved. '

Several points in the uranium nonoxide process could be the site of a
critica]ityzggent; especially susceptible are operations using solutions
containing U. These would be found in metal pickling operations, scrap
recovery, and liquid waste. In a uranium nonoxide fuel fabrication plant, the
accident could be initiated by leakage of fissile material into an unsafe
geometry, introduction of excess fissile material-to a solution, overconcen-
tration of a solution, failure to maintain sufficient neutron absorbing
materials in a vessel, introduction of neutron moderators or reflectors (e.g.,
water to a highly undermoderated system), deformation or failure to maintain
safe storage arrays, or similar actions that can lead to increases in the
activity of fissile systems (USNRC, 1979a). The guides suggest both the
radionuclide release level and source term modification as follows:
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Radionuclide release. The NRC staff suggests calculation of the
radioactivity of significant fission products produced in the
excursion may be accomplished using the computer code RIBD
(Radioisotope Buildup and Decay); or an equivalent calculation can be
substituted if justified on an individual case basis.

RIBD analyzes the fission product content of irradiated reactor fuel
in terms of potential biological hazards and heating effects
accompanying decay {Gumprecht, 1968).

If the results of the evaluation using RIBD indicates no criticality
exceeding 1E + 19 fissions in 8 h (the NRC standard criticality), it
can be assumed adequate for the facility.

In this standard criticality, an excursion is assumed to occur in a
vented vessel of unfavorable gegggtry containing a solution of

400 g/L of uranium enriched in U. The excursion produces an
initial burst of 1E + 18 fissions in 0.5 sec followed successively at
10-min intervals by 47 bursts of 1,9-E + 17 fissions for a total of
1E 4+ 19 fissions in 8 h. The excursion is assumed to be terminated
by evaporation of 100 L of the solutions.

It should be assumed that all of the noble gas fission products and
25% of the iodine radionuclides resulting from the excursion are
released directly to a ventilated room atmosphere. It should also be

assumed that an aerosol, which is generated from the evaporation of
solution during the excursion, is released directly to the room atmo-

sphere., The aerosol should also be assumed to comprise 0.05% of the
salt content of the solution that is evaporated. The room volume and
air ventilation rate and retention time should be considered on an
individual case basis.

Total release are 1.2 x 105 Ci of fission product gases as listed in

Table 4.1.

Modification of the uranium fuel fabrication (nonoxide) source

term. This source term can be modified by considering (1) deposition
in the facility, (2) radioactive decay, and (3) filtration system
effectiveness:

- Deposition can be assumed. The regulatory guide allows a
retention allowance for iodine, stating that 25% of the iodine
radionuclides resulting from the excursion are released directly
to a ventilated room atmosphere. The room volume and air venti-
lation rate and retention are considered on an individual basis.

- Radioactive decay reduces the release. The guide states that

the effects of radiological decay during transit through the
plant can be evaluated on an individual case basis.
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- Filtration of the amount of radiocactive material available for
release by filtration systems can be taken into account. The
amount of the reduction should be evaluated on an individual
case basis.

5.3.2 Research and Development of Nuclear Fuels

For this facility category, the MREPP criticality accident was assumed to
occur from an earthquake that damaged the sprinkler system. The criticality
can be postulated to occur when fissile materials are present in a configura-
tion that could be made critical by the addition of water. If a fire is
involved, the configuration is likely to be changed by fire such that the
addition of water could cause criticality (Carter et al., 1968). Dry chemi-
cals, C02, inert gases, freon, or high expansion foams are used to fight
fissile material fires. An error, human or mechanical, would therefore be
required to add water to initiate the criticality. This could be caused by
improperly trained or untrained firefighters using water, or by breaching of
the facility sprinkler system. An earthquake was assumed to damage the
facility, glove boxes, and sprinkler system water entering the glove box train
then leads to a criticality event. Radionuclide release and source term
modification guides are:

® Radionuclide release. Releases are the same as discussed in
Section 4.1.

e Modification of the research and development of nuclear fuels MREPP

source term. The modification of this source term can be accom-
plished using methods suggested in Section 5.3.1.
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APPENDIX A

URANIUM FUEL FABRICATION (OXIDE)

A.1 BABCOCK AND WILCOX, LYNCHBURG, VIRGINIA

The Babcock and Wilcox Commercial Nuclear Fuel Plant (CNFP) at Lynchburg,
Virginia, produces fuel assemblies for commercial nuclear power reactors from
low-enriched U0, powder. Information on this plant was obtained from Babcock
and Wilcox reports (1972, 1974, 198la, 1981b).

A.1.1 Process Description

Uranium dioxide is blended, slugged, and granulated, and then is pressed
into pellets. The pellets are sintered in reducing furnaces, ground to
specified sizes, and Toaded into fuel rods. The rods are assembled into fuel
bundles and stored before shipping.

Scrap Recovery

Scrap collection and recycle activities also take place within the plant.

Other Operations

Fuel assembly grids are fabricated in the plant and machining operations
are performed.

A.l1.2 Facility Description

Buildings

The main building, shown in Figure A.l, is a windowless, metal-paneled
structure. Dimensions of the building are 600 ft by 60 ft with a 24-ft average
ceiling height. Interior and exterior plant walls are separated by 8 in.,
including 4 in. of insulation. Structural support is provided by steel beams
on a 24-ft spacing.

The structure, piping, and all major process equipment are designed to

withstand a design basis earthquake of VII on the Modified Mercalli scale. The
buildings could not withstand a direct strike from a design basis tornado.

HVAC Systems

Scrubbers and HEPA filters are used to clean process air. Ten air changes
per hour or more are provided for most areas of the plant. Table A.l gives
specific ventilation information for the plant.
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Engineered Safety Systems

Manual fire alarms and radiation detectors are located in process areas of
the plant.

Surrounding Area

The commercial plant is in a rural area. A naval fuel fabrication plant
and a research center are on the same site. Both facilities handle radioactive
materials.

A.1.3 Inventory

Radioactive Inventory

Table A.2 gives information on radioactive material inventories in the
plant. The plant can process a total of 194 metric tons of uranium (MTU) per
year.

Hazardous and Combustible Inventory

Some hazardous and combustible chemicals used at the Babcock and Wilcox
commercial nuclear fuel plant are listed in Table A.3. The storage capacity
and Tocation of these chemicals are also given.

A.2 COMBUSTION ENGINEERING, HEMATITE, MISSOURI

The Combustion Engineering uranium oxide fuel fabrication facility
produces low-enriched U0y fuel pellets from UFg for Tight water reactor fuel
assemblies. The fuel is fabricated into finished elements at the Windsor,
Connecticut, plant. Information on this plant was obtained from Combustion
Engineering reports (1980a, 1982).

A.2.1 Process Description

Operation

Enriched UFg is received as a solid in 2.5-ton cylinders. These cylinders
are heated in a steam chest to vaporize the UFc, which then enters the first
fluidized bed reactor. Here it is reacted with dry steam to form uranyl
fluoride (U02F2) and HF gas.

The gaseous HF and excess steam, "cracked" ammonia or hydrogen exit the
reactor through porous metal filters; the U0,F, particles move to a second and
third reactor where they are pyrohydrolyzed in a reducing atmosphere of hydro-
gen to remove residual fluorine and reduce the UO,F, to U0,. Off gases from
these reactors are also filtered through porous metal filters, then routed with
of f gases from the first reactors to scrubbers filled with calcium carbonate.
These scrubbers remove most of the HF before the off gas is discharged to the
atmosphere.
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TABLE A.l. Ventilation Capacities of the Powder/Pellet and Assembly Facility,
Babcock and Wiicox Commercial Nuclear Fuel Plant

Space  Space Air Recirculated Stack
Volume, Supply, Air, Exhaust, No. of Air
Area ft3 ft°/min ft3/min ft3/min Changes/h

Pelletizing 438,375 64,090 60,460 12,600 10
Vault & Loading 30,000 4,425 4,425 575 10
Analytical Lab 40,500 10,125 0 15,000 15
Support:

Toilets 12,500 1,890 1,890 190 10

Process

Maintenance 10,000 1,520 1,520 150 10

Filter Room 80,000 12,120 12,120 1,210 10

Change Room 36,000 5,455 5,455 545 10

Services 21,400 3,240 3,240 325 10

Total Support 24,225 24,225 2,420

Uranium dioxide (UOZ) from the third reactor is cooled and pneumatically
transferred to storage silos. The powder is withdrawn from the storage silos
into a fluid energy mill, where recycle material may also be added. It is then
transferred to blenders and withdrawn for shipment to Windsor for use in the
pellet plant.

For pelletizing, blending powder is agglomerated using an organic binder
and a suitable solvent. The agqlomerated powder is then granulated to ensure a
consistent press feed, and pressed into pellets. "Green" pellets are processed
through a dewaxing furnace to remove the additives and then passed through a
sintering furnace where they densify. The sintered pellets are sized using a
centerless grinder, dried, inspected, and packed for shipment.

Waste Disposal

Solid low-level wastes are packaged in 5b-gal drums or plastic-lined
wooden crates for disposal at a licensed waste facility.

Ligquid high-level wastes are chemically processed to recover the
uranium. The radioactivity of liquid lTow-level wastes i1s determined. It 1is
then either discharged to evaporation ponds or quarantined in bSb-gal drums
until the daughter products decay to acceptable levels.

Cylinder heels are also washed and processed in the waste disposal
operations.

NoA
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TABLE A.2. Inventories of Radioactive Materials at the Babcock and
Wilcox CNFP
Physical In-Process In-Storage Dispersibility
Chemical Form Location Inventory, kg Inventory, kg Properties
U0, Powder Pelletizing 5,500 15,000 Insoluble,
0.75-1.0 um MMD,
dispersible,
respirab
o 0 %,
U0, Pellets Pelletizing 4,009 --- Insoluble,
nonrespirable,
nondispegsible
2 to 4% §§§U
U02 Vault --- 35,000 Same
uo, Rod pro- 45,000 Same
cessing
and
storage
00, Finished Fuel --- 82,300 Same
fuel storage
assem-
blies
UG, - Powder, Pelletizing 20,000 Insoluble,
U303 fines ranging from
and respirable to
grinder nonrespirable,
waste generally dis-
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TABLE A.3. Chemical Storage at Babcock and Wilcox CNFP
Storage
Chemical Formula Capacity Container Location
Acetone CH3COCH3 55-gal drum Qutside
Acetylene Cylinders Welding shop
Ammonia NH, 125,000 1b Tanks OQutside
Ammonium NH4HCO3 1,000 gal
bicarbonate
Calcium oxide Cal 30,000 1b Tanks
(1ime)
Carbon dioxide o, 48,000 1b Tanks Outside
Caustic 80-gal drum Qutside
Cutting 0il 50-gal drum Inside
Flocculant Drums
Fuel 0il 1,500 gal Tank Qutside
Helium He 35,000 3 Cylinders Outside
std, ft
Hydrochloric acid HC1 Carboys Machine equipment
building
Hydrofluoric acid HF Carboys Process building
Hydraulic fluids 50 gal Inside
Hydrogen peroxide H202 50-gal drums
Lubricating oil 100 gal Inside
Methanol CH40H 8,000 gal Tanks OQutside
Natural gas Piped (not
stored)
Nitric acid HNO5 Carboys Process building
Nitrogen (liquid) N> 60,000 Cylinders Outside
std. ft3
Oxygen Cylinders Welding shop
Potassium KOH 10,000 1b Tanks
hydroxide
Propane Tanks Outside building .
Trichloroethylene 55-gal drum Outside
Wax 50 gal Inside
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A.2.?2 Facility Description

Buildings

Figure A.2 shows the location of buildings at the Combustion Engineering
Hematite plant site.

The oxide plant has four levels with dimensions of 31 ft by 36 ft by 50 ft
high. The building has a concrete floor, corrugated steel siding, and a metal
roof. It opens directly into the pellet plant. Next to the oxide plant is a
31- by 55-ft loading dock with a metal roof and concrete floor.

The pellet plant has dimensions of 83 ft by 161 ft by 17 ft high. The
pellet production area occupies an 83- by 83-ft section of the building and the
remainder is used for offices and storage. The pellet plant has concrete
floors, concrete block walls, and a concrete-on-metal roof.

The recycle/recovery areas and laboratory are in a structure 83 ft by
215 ft by 16 ft high. This building also has concrete floors, exterior 2
concrete block walls with windows and a concrete-og—meta] roof. About 6000 ft
are used for uranium recycle and recovery, 2500 ft© for a quality control
laboratory, and the rest for offices, change areas, and maintenance.

Process areas of the plant are not designed to withstand an earthquake or
tornado.

HVAC Systems

0ff gases from UFg conversion pass through metal filters and dry scrubbers
containing limestone to extract HF. High-efficiency particulate air filters
are provided in the exhaust stacks of the oxide building where UFg conversion
takes place. An unfiltered exhaust is also located in the oxide building to
prevent Hp buildup in case of a leak. The V-blenders are enclosed in a
ventilated hood with a minimum face velocity of 100 ft/min.

The pellet plant has two manifold systems, and each container has two
banks of absolute filters and two banks of prefilters. The prefilters protect
the final filters.

Ventilation air from the cylinder heel processing equipment is exhausted
through a single final filter.

Engineered Safety Systems

The Hematite plant has a nuclear alarm system consisting of gamma-
sensitive detectors, alarms, and a remote indicator panel at the guard station.

A UFg vaporizer alarm system is also in place to detect UFg jeaks,
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Surrounding Area

The nearest residence is 0.5 mile southwest of the plant site. The plant
is surrounded by woodlands, water bodies, and open spaces.

A.2.3 Inventory

Radioactive Inventory

Plant capacity is 225 MTU per year. Possession limits for the plant are
given in Table A.4.

TABLE A.4. Possession Limits for the Combustion Engineering
Hematite Plant
Material Form Quantity

Uranium enriched to Any %gg kg contained
ggéimum of 4.1 wt% U
- U

Uraa%gm to any enrichment  Any 350 ¢

in U

Source material Uranium and/or 20,000 kg
thorium

Hazardous and Combustible Inventory

Table A.5 Tists some of the chemicals used at the Hematite plant.

A natural-gas-fired heater on the roof of the pellet plant supplies heat
to the oxide building., The boiler is also fired with natural gas.

A.3 COMBUSTION ENGINEERING, WINDSOR, CONNECTICUT

The Combustion Engineering uranium oxide fuel fabrication plant at
Windsor, Connecticut, produces fuel assemblies from UOp powder and pellets for
reactors. Information on this site was taken from Combustion Engineering
reports (1980b, 1981la, 1981b),

A.3.1 Process Description

Operation

Uranium dioxide powder from the Hematite plant is transported to the
Windsor site. The powder is blended, granulated, pressed into "green" pellets,

dewaxed in a reducing furnace and sintered in a reducing atmosphere. Sintered
pellets are ground to a specified shape, aligned in a linear array, dried in an
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TABLE A.5. Chemicals Used at Combustion Engineering Hematite Plant ‘;;}
Amount, Storage
Chemical Formula Use 1b/yr Capacity
Ammonia (anhydrous)  NHq Reducing gas 420,000 10,000 gal
Anticorrosion Boiler treatment 2,600
chemicals
Detergent Laundry 400
Fuel oil Backup power
Hydrochloric acid HC1 Cleaning heat exchanger 850
tubes in steam boiler
Hydrogen (compressed Hp 136,000 ft3
gas)
Hydrogen peroxide H0, Adjust pH in wet 20,100
recovery
Hydropholic starch C6H1605 Lubricate pellet 1,500
cavities
Liquid propane Heat to emergency 300 gal at 2
center 2,200 1b/in.",
Natural gas Power 2,000 gal
underground
Nitric acid HNO3 Dissolve U30g in wet 9,850
recovery
Nitrogen (liquid) N, 500,000 1,000 gal
Organic binder Added to trichloroethane 900
Potassium hydroxide  KOH Wet scrubber liquid 3,500
Sodium chloride NaC1l Regenerate deionizing 7,500
resins
Sodium hydroxide NaOH Regenerate resins for 4,500
deionizing water
Sulfuric acid H2504 Regenerate demineralizer 5,000
resins
Trichloroethane CH3CC]3 Pellet binder 9,500
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oven, -and loaded into a fuel tube. Caps are welded on the end of the fuel rod,
and rods are inspected before being bundled together into assemblies for
shipping to a reactor site.

Waste Disposal

Liquid waste is collected in ten 2,000-gal retention tanks located in a
bu1%d1ng separate from the process building. The wastes are diluted to 3.0 x

uCi/ml before being released to the retention tanks. The waste is
eventua]]y discharged to an industrial waste line, which carries it to a creek
and to the Farmington River.

Solid waste is collected in 55-gal barrels and shipped to a licensed waste
disposal contractor.

A.3.2 Facility Information

Buildings

The Windsor site facility is shown in Figure A.3. The shop section of the
fuel manufacturing building has concrete flooring, corrugated asbestos siding,
and a poured gypsum roof deck about 30 ft above the floor.

The front section of the fuel manufacturing building has concrete
flooring, exterior concrete block with full windows, and a poured gypsum roof.

The warehouse is a prefabricated rigid frame steel structure housing
incoming fuel shipping containers, raw materials, and finished components.

The buildings can withstand 100 mph winds and Zone 2 intensity earthquakes
on the Mercalli scale.

HVAC Systems

Four systems operate in the fuel manufacturing building area to control
airborne releases. They are listed in Table A.6 with their airflow capacity
and number of absolute filters.

TABLE A.6. Airflow in Combustion Engineering Windsor Plant

Airflow 3 Number of
Process Area Capacity, ft°/min  Absolute Filters
Powder preparation and pressing 12,100 .12
Furnace Hy burnoff 1,340 ‘ 4
Pellet grinding and rod loading 19,422 21
Recycle powder area : 6,000 6

Each system has prefilters and absolute filters. The absolute filters are
99.97% efficient.

6ii>
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Engineered Safety Systems

An overhead sprinkler system and portable fire extinguishers are Tocated
throughout the plant. Only portable dry chemical fire extinguishers are
allowed in the unclad fuel-handling area.

Criticality detectors are located throughout the plant.

Surrounding Area

The Windsor site is surrounded by a landfill, the Farmington River, wooded
areas and agricultural fields. A government laboratory used for training naval
personnel to operate prototype submarine nuclear reactors is located east of
the facility. Onsite is a coal gasification test plant and a nuclear
laboratory. The nearest residence is 700 m east of the manufacturing building.

A.3.3 Inventory

License limits for the plant are shown in Tahle A.7.

TABLE A,7. License Limits at Combustion Engineering

Material Location Quantity
Uranium Oxides < 4.1% 235U Manufacturing Building 500,000 kg U
Uranium < 20% 23% Any Building 4,800 g 23%
Natural and/or Depleted U Any Building 10,000 kg U
Encapsulated 238Pu Any Building 5 sources each 2 g 238Pu
Pu Analytical Samples Any Building 160 ug

Hazardous and Combustible Inventory

Table A.8 lists chemicals used at the Combustion Engineering Windsor
plant. The amounts stored and used in the nlant and yearly consumption are

also given.

A.4 EXXON NUCLEAR, RICHLAND, WASHINGTON

The Exxon Nuclear uranium oxide fuel fabrication facility in Richland,
Washington, produces U0, fuel elements from UFg. Information on this facility
was taken from Exxon reports (1979, 1981) and from a report by Jersey Nuclear
Company (1971).
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TABLE A.8. Inventory of Chemicals Combustion Engineering Windsor Plant 4;;}
Year ly
Chemical Formula Storage Contalnment Use Consumption

Acetone

Aluminum nitrate

Anhydrous ammonia
Caustic

Detergent solution
Diesel

Freon

Hydrochlorlc acid

Hydrofluoric acid

lsopropyl alcohol
Liquid nitrogen
Liquid propane
Machline coolants

Perchloroethylene

Polyvinyl alcohol

Nitric acid
Spent pickling

solution

Vacuum pump ofl

Zinc stearate

1-gal dispenser cans

Al (NOg)

NaOH

HC I

HF

HNO

2 tanks (8,000 and 6,000 gafl)

1-gal dispenser cans

Cleanling through factlity

Mixed with process water
to form bath to stop
pickling actlion

Regenerate demineralized reslins
Pickle Zircaloy components

Clean components and assemblies

Degreasing materials before
Introduction to process

Regenerate demlinerallzer resins

Mixed with nitric acid and
water for pickling solution

Cleanling

5000~gal Insulated tank

1500-gal tank

5,000~gal stalinless steel

tank

Mixed wlth process water and
used as cooling solution
during machining operations

Degrease raw material before
to introduction to process

UO2 powder preparation process
to glve powder correct flow
quality for pressing

Pickling solution
Plickle Zircaloy components

Used in vacuum pumps to
achlieve low pressure in
process

Lubricate peliet disc cavities
In backup generators

A.14

600 gal/yr

1,200 1b/yr

1,800 Ib/yr
1,000 Ib/yr
800 1b/yr

1,300 [b/yr

110 gal/yr
5,000 1b/yr
50 gal/yr

1,100 gal/yr

110 gal/yr

11,200 Ib/yr

6000 1b/yr

800 gal/yr

1000 gal/yr

200 gal/yr
1,300 {b/yr

-




v

A.4.1 Process Description

Operation

At the Richland Exxon plant, UFg is received in cylinders, hydrolyzed to
U02F2 and precipitated from solution with the addition of ammonia. The ADU
precipitate is then calcined to UO,.

The U0, is blended and pressed into pellets, which are then sintered and
ground to specified diameter. The pellets are stored temporarily and loaded
into fuel rods, which are then welded shut. The fuel rods are stored,
inspected, etched, and assembled into elements. Elements are stored before

shipping.

Waste Disposal

Liquid waste is stored in lagoons before discharge. Solid contaminated
waste is stored in warehouses awaiting treatment or offsite burial.

Scrap Recovery

A solvent extraction system is used to recover uranium from scrap. The
process involves dissolution in nitric acid, solvent extraction, stripping, ADU
precipitation and calcination. Exxon also has an ion exchange column to
separate uranium from low-level contaminated solutions containing 300 ppm
uranium,

A.4,2 Facility Description

Building
Figure A.4 is a diagram of the facility with processing areas identified.

ProEess buildings are designed to withstand an average wind loading of
20 1b/ft™ and a design basis earthquake with an acceleration of 0.17 g.

HVYAC Systems

Airflow is from areas of low to high potential contamination.
Approximately 7 air changes per hour are supplied to the uranium operations.

Room air is recirculated through HEPA filters. From 1 to 3 stages of HEPA
filters are provided to filter process air. Scrubbers are used to clean some
process air.

Engineered Safety Systems

Areas of the plant are labeled to indicate if water may be used to combat
fires. Radioactive material storage areas do not have sprinklers; combustibles
are kept to a minimum in these areas. Dry powder and carbon dioxide fire
extinguishers are located throughout the plant.
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Burning devices and Hp gas detectors are used to prevent buildup of
explosive or flammable gases around the sintering furnaces and ovens. Hydrogen
is stored outside of the building, and flow of Hp to the furnaces automatically
shuts off in case of loss of ventilation.

Neutron detectors are located throughout the plant,

Final HEPA filters are fire resistant and protected from fires by either a
liquid scrubber, an automatic sprinkler deluge system, or an automatic cool air
injection in the exhaust air upstream of the filters. Rate-of-rise heat detec-
tors as well as automatic and manual alarm systems are provided in the

facility.

Surrounding Area

The facility is located next to a government reservation. Research and
production facilities involving nuclear materials are located nearby. The
immediate surroundings are mostly sagebrush-covered desert,

A.4.3 Inventory

Radioactive Inventory

Table A.9 gives the possession limits at the Exxon plant.

Hazardous and Combustible Inventory

Table A.10 gives storage Tocations of various chemicals at the Exxon
plant, Combustibles are kept to a minimum in storage areas. Tributyl
phosphate in dodecane is used in solvent extraction operations and ion exchange
resins (some of which are combustible) are used in ion exchange columns,

TABLE A.9. Possession Limits at Exxon Nuclear Plant

Radioactive

Material Form Use ‘ Quantity
Uranium-235 235 Analyses 25 g
19.99 wt% 235U 200 kg
5 wt% 10,000 kg
Plutonium Pu0s Sealed sources and 1 mg
) standards
Pul, Surface contamina- 500 g
) tion on equipment
Pu0y-U0, Encapsulated in fuel ~100 kg

rods or NRC-approved
containers
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TABLE A.10. Storage Locations of Chemicals at Exxon Nuclear Plant

Chemical Location
Anhydrous ammonia Outside manufacturing building
Gases (helium, argon, Cylinders outside of building
oxygen, acetylene)
Hydrofluoric acid Plastic carboys in the etch room
Liquid nitrogen Outside manufacturing building
Nitric acid ~ Outdoor tanks
Sodium hydroxide | Qutdoor tanks

A.5 GENERAL ELECTRIC COMPANY, WILMINGTON, NORTH CAROLINA

The General Electric uranium oxide fuel fabricat%gg plant produces fuel
rods for nuclear reactors from UFg enriched up to 4% U. The plant is
located in Wilmington, North Carolina. Information on this site was taken from

General Electric reports (1974, 1982).

A.5.1 Process Description

Operation

Uranium hexafluoride, up to 4% enriched 23bU, is vaporized from 2.5-ton,

30-in.-diameter cylinders. The UFg gas is hydrolyzed with water forming
UOZFZ' Ammonium hydroxide is added to precipitate ADU from solution. The ADU

slurry is centrifuged in two stages, then calcined at 1200°C in a two-stage
calciner to produce U0,.

The UOZQ either from powder storage or delivered to the plant as
6% enriched 5U, is molded into 1/2-in.-diameter pellets 1/2 in. long. The
pellets are sintered in a reducing furnace at 3000°F, ground down to specified
dimensions, inspected, dried, and loaded into Zircaloy tubes. An end cap is
fitted onto the tubes and welded into place. Fuel rods are assembled into
groups of 49 or 64 and packaged for shipment.

Waste Disposal

Combustible wastes are incinerated. Noncombustible waste is collected in
boxes for licensed burial. Liquid wastes are collected in quarantined vessels
and classified as nitrate wastes. Lime is added to precipitate fluoride and

free ammonia.

Zirconium fines are burned on site under carefully controlled conditions.

A.18
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Scrap Recovery

Equipment located in the UFg to UO, conversion area recovers uranium scrap
to be recycled back into the plant.

Other Operations

Control mechanisms and auxiliary equipment for reactors are manufactured
in the plant in facilities separate from the fuel fabrication process. Non-
nuclear components of the assemblies are also fabricated.

A.5.2 Facility Description

Building

The fuel manufacturing building shown in Figure A.5 has concrete block
walls, and insulated metal siding over a steel framework, and a concrete floor.
The roof is metal deck aEd insulation topped with asphalt and gravel. The roof
is designed for 40-1b/ft” live-load in addition to the dead load factor.

HVAC Systems

A stage of HEPA filters cleans final exhaust air from the manufacturing
area. In addition, other air cleaning devices such as prefilters and primary
HEPA filters for powder operations and wet scrubbers for chemical processes are

in place.

Uranium processing areas are designed to maintain negative pressure with
respect to the environment.

Table A.11 lists the air circulation in the fuel manufacturing building.

Engineered Safety Systems

Sensors and alarms are located throughout the plant to detect high levels
of radioactivity.

Sprinkler systems for fire suppression are located in the plant except in
the UO» powder storage area and chemical process control room. A Halon® fire
suppression system is used in computer facilities. Smoke detectors are located
in exhaust systems and manual fire extinguishers are located throughout the

plant.

® Halon is a trademark of the Allied Chemical Corp., Morristown, NJ 07960
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TABLE A.11. Air Circulation in General Electric Wilmington Plant

‘ii} Volgme, Exhau t,_ Recircu1§tiqn, No. of Area
Area ft std., ft2/min std. ft/min Changes/h
UF6—U02 conversion 422,900 35,570 80,400 17
Vaporization 17,000 6,000 9,000 13
North sintering 160,500 12,000 53,000 24
South sintering 67,600 7,370 17,630 22
North UQp powder storage 78,500 5,000 7,000 9
South UO» powder storage 67,700 10,000 2,000 11
North segmentizing 160,000 11,700 16,000 10
South segmentizing 74,000 11,700 16,000 10
North pelletizing 67,620 8,600 11,300 18
South pelletizing 49,245 6,300 8,300 18
North waste retention 62,500 4,000 8,000 12
South waste retention 62,500 4,000 8,000 12

Surrounding Area

Property north of the Wilmington site is wooded and has limited develop-
ment of any kind. South of the site, there is a lightly settled residential

area. It is unlikely that an accident could occur at neighboring facilities
that would affect the plant site.

A.5.3 Inventory

Radioactive Inventory

An inventory of radioactive materials at the Wilmington plant is given in
Table A.12. Table A.13 gives the license limits,

Hazardous and Combustibles Inventory

Table A.14 1ists the type, guantity, and location of chemicals at the
Wilmington plant.

A.b WESTfNGHOUSE ELECTRIC, COLUMBIA, SOUTH CAROLINA

The Westinghouse Electric uranium oxide fuel plant produces uranium fuel
rods for reactors from UFg enriched to a maximum of 4.15% U. Information on
this facility was taken from Westinghouse Electric Corporation reports (1976,
1980, 1981) and from a visit to the plant.
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TABLE A,12, Radioactive Materials Ihventory at General Electric Wilmington <;;>

Radioactive Materials Container Size Amount, MTU

Uranium nitrate crystals outside of

fuel manufacturing building 23
UFg in cylinders outside of fuel

manufacturing building ~1.5 tons/cylinder 181
UF6-u02 conversibn 110
UO, powder storage 20-25 kg units 87
Powder/pellets 16 kg units 2
Intermediate product 20 kg units 2
Pellets 15 kg units 16
Fuel rods 3 kg U/rod 41
Poison pellets 11 kg U/container 2
Poison rods 3 kg U/rod 8
Assemblies 3 kg U/rod 263
Press scrap 16 kg U/container 3
Grinder residue 17 kg U/container 3
Grinder residue 17 kg U/container 4
Dirty powder ' 20 kg U/container 4
Residue/sludge 10 kg U/container 4
Solid waste 2 kg U/container 0.3
Samples 0.3 kg U/sample 1
Standards 2 kg U/units 1

TABLE A.13. Possession Limits at General Electric Wilmington

Maximum ichment
in EggU

Element Form Quantity
Uranium Any 4% 935
Loaded fuel rods 4.5% 50,000 kg U
U0, powder 6.0%
2 P
Any Any 350 g 235U
Any 15% 500 kg
Plutonium Analytical samples 1.5 mCi
Standards 1 mg and <65 mCi
Sealed neutron sources 74
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TABLE A.14. Chemicals and Flammable Materials Inventory at General

Q Electric Wilmington Plant

Qutside of Fuel Manufacturing Building Amount

Acetone 550 gal
Ammonium hydroxide, 29.4% 20,000 gal
Anhydrous ammonia 15,000 gal
Argon 2,400 ga
Helium 2,200,000 ft
Hydrochloric acid, 30% 7,000 gal
Hydrochloric acid, 37% 5,000 gal
Hydrochloric acid, 72% 15,000 ga
Hydrogen 65,000 ft
Lime 100,000 gal
Nitric acid, 56% 5,000 gal
Nitrogen 10,500 gal
Oxygen 6,000 gal
Propane (C3Hg) 143,000 gal
Sodium hydroxide, 50% 7,000 gal
Sulfuric acid, 93% 110 gal

Inside Fuel Manufacturing Building

Carbon dioxide 6 ton
Nitrogen 150 1b
Stearic acid 550 gal

Qutside Equipment Building

Acetone 550 gal
Anhydrous ammonia 15,000 gal
Argon 1,500 ga
Helium (inside building) 200,000 ft
Hydrochloric acid, 30% 110 gal
Nitric acid, 67.3% ' 550 gal
Nitrogen ' 500 gal
Sulfuric acid, 93% ’ ' 110 gal

Qutside Tubing Manufacturing Building

Argon 1,500 ga
Helium 200,000 ft
Nitric acid, 56% 5,000 gal
Sodium hydroxide, 50% 2,000 gal
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A.6.1 Process Description

Operation Q

Uranium received in UFg cylinders is stored in a bay and on a storage pad
outside the plant. The UFg is heated in a steam chest and converted to uranyl
fluoride and HF. Twenty-seven percent agueous ammonia is added to precipitate
ADU, which is separated in a dual centrifuge. The material is calcined at
1700°C in a rotary tube drier in a Ho reducing atmosphere to produce UO,.

The UOo powder is stored temporarily before being pressed into pellets.
Pellets are sintered in a furnace and ground to specified diameter, then
inspected, stored, and loaded into fuel rods. The rods are sealed, inspected,
and grouped into fuel assemblies.

Waste Disposal

Solid wastes are compressed when possible, baled and loaded into
fiberboard boxes or other containers, The containers are gamma scanned and
stored before disposal. Solid wastes may be stored outdoors. Contaminated
combustibles are incinerated, and noncombustibles are shipped to a licensed
burial site.

Liquid wastes may be treated by filtration, flocculation, lime addition,
distillation, or precipitation in holding lagoons to remove uranium, ammonia,
and fluorides.

Scrap Recovery

Uranium is recovered from scrap in batch quantities. Clean scrap is
crushed to a powder in a mechanical granulator, then screened in a vibratory
separator to remove gross impurities. Dirty scrap is dissolved in nitric acid;
ADU is precipitated from solution and mechanically separated with a centrifuge,
then calcined to U0, or U3O8, packaged, and stored.

A solvent extraction system recovers uranium from grease and oil contami-
nated with U0y, incinerator ash, and oxidation furnace products. The scrap is
dissolved in nitric acid and fed countercurrent to a tributyl phosphate solvent
mixture. The solvent extracts uranium from solution and then allows the ura-
nium to be stripped in a puised stripping column. A flash evaporator concen-
trates the UNH product, which is stored before removal and conversion to UO,.

A.6.2 Facility Description

Buildings

The plant site is shown in Figure A.6, with process areas identified. The
process building has a structural steel framework, cast concrete curtain walls,
and concrete slab floors. The solvent extraction and chemical process develop-
ment facility and incinerator system are made of prefabricated, prestressed
concrete tee panels. A concrete wall separates the main processes from solvent

-
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Detailed Site Plan for Westinghouse Electric Columbia Facility

extraction and incineration processes. A partial wall of corrugated metal to
excess heat in the sintering area extends from the ceiling to about 6 or 7 ft
from the floor. It separates the sintering furnace area from pellet inspec-
tion, grinding, and tube-filling processes.

HVAC Systems

Exhaust hoods, HEPA filters, and scrubbers clean the process exhausts.
The scrubber cleans air from UFg conversion and scrap recovery processes,
Building air is recirculated, and pressure is kept negative with respect to the

outside.
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Engineered Safety Systems

Hydrogen and propane gas distribution systems have manual and automatic
interlock controls to shut off the flow of gas at the source on sensing a
pressure loss. Manual extinguishers are provided for fire protection,

Surroundings

The plant is surrounded by farmland on a site about 8 miles from Columbia.

A.6.3 Inventory

Radioactive Inventory

A typical inventory is 757,000 kg uranium at 2 to 3% average enrichment.
The inventory breakdown is shown in Table A,15, License limits are shown in

Table A.16. .
Hazardous and Combustible Inventory

Chemicals in the Westinghouse plant and their uses-are given in
Table A.17. Propane, fuel o0il, anhydrous ammonia, nitric acid, NaCO3, and
liquid HZ’ N2, and Ar are stored in the tank farm,

TABLE A.15. Radioactive Materials Inventory at Westinghouse
Columbia Plant

Percent Amount,
Material of Inventory kg U

UFg 29 220,000
Assemblies 27 204,000
Rods 29 220,000
U0, 8 60,500
U308 3 22,700
Pellets 1 7,600
Scrap 0.6 4,500
UNH 0.2 1,500
Hard scrap 0.4 3,000
Hold-up 0.07 500
Baled waste 0.08 600
Incinerator ash 0.16 1,200
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TABLE A.16, License Limits at Westinghouse Columbia Plant

Q Material : Form Quantity
235 Any form 350 g
235 Any form < 4.15 wt% 50,000 kg
235 Any form > 4,15 wt% but < 5 wt% 2,500 kg
235 Any form for lab use only 54
238Pu Sealed sources 1.5 ¢
Mixed oxides 6.6 wt% Pu as sealed fuel rods 750 kg Pu

TABLE A.17. Chemicals Used in the Westinghouse Fuel Fabrication Plant

Chemical Use

Acetone Sealed rod cleaning

Hydraulic fluid Used in presses and for tube
loading

Hydrogen Reducing gas for calciner and
sintering furances

Kerosene Solvent extraction system

Natural gas Heat calciner

Perchlorethylene Solvent extraction system

Tributyl phosphate Solvent eitraction system
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; ; APPENDIX B

URANIUM FUEL FABRICATION (NONOXIDE)

B.1 GENERAL ATOMIC, SAN DIEGO CALIFORNIA

General Atomic uranium fuel fabrication facility produces fuel elements
for experimental reactors on the General Atomic site. Information on this
facility is obtained from docket material on the site, primarily from General
Atomic reports (1965, 1971, 1975a, 1975b, 198la, and 1981b).

B.1.1 Process Description

Operation

High-temperature gas-cooled reactor (HTGR) fuel is produced from 93%
enriched U0,, and ThO, material. The fuel is mixed with graphite flour, ethyl
cellulose, and an organic solvent in a batch process. The mixture is
homogeneously blended, dried, ground, and screened to separate the material
into various sizes. Appropriately sized material is loaded into a crucible and
heated in a vacuum to form UC,-ThC, kernels with by-product gases of CO and
C02. The kernels are cooled Tn an inert atmosphere, then transferred in an
inert atmosphere to a furnace operating at a temperature in excess of the
kernel melting temperature. The particles assume a spherical form in the
furnace and are solidified in this form. The UC -ThC2 is unstable in air and
may be explosive if not kept in an inert atmosphere.

The fissile particles are coated with carbon and silicon carbide in an
inert gas in each of three different furnaces. In the first furnace a hydro-
carbon gas such as acetylene, propane, or propylene is added. The hydrocarbon
dissociates producing free carbon, which deposits on the kernels as a pyroiytic
carbon layer. Methyltrichlorosilane is introduced to the second furnace to
deposit a silicon carbon on the particles. In the third furnace a pyrolytic
carbon coat is added again. )

Coated thorium and uranium-thorium particles are mixed and loaded into
molds. A matrix material is injected into the hot mold under high pressure,
then allowed to cool. Rods of about 0.5 in. in diameter by 2 in. long are
formed in this way. The rods are loaded into furnace boats and heated in an
inert atmosphere to carbonize the matrix material. The rods are cleaned with
HC1 gas to remove contamination, then fired at high temperature to stabilize
dimensions.

Rods are loaded into hexagonal graphite blocks 15 in. across and 31 1in.
long. After loading, the holds are plugged with graphite plugs and baked to
cure the plug cement. Elements are loaded into approved shipping casks and

stored before removal off site.
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Training Reactors Isotopes Production, General Atomic (TRIGA) fuel is made
of uranium metal (from 20 to 93% enriched). The uranium is annealed, rolled,
reduced to chips, and batched in containers. The uranium chips are mixed with
zirconium and other additives such as erbium in an induction crucible, which is
then placed in a vacuum induction furnace. The alloy ranges from 8.5 to 12%
uranium. In the furnace, the contents of the crucible are melted, mixed by
induction and poured into a mold. When the metal has cooled, the ingots are
taken out, machined, and drilled.

Machined pieces are cleaned, heated in a furnace with a hydrogen atmo-
sphere, machined again, and ground down to final size. The finished pieces are
inserted into an aluminum, stainijess steel, Hastelloy®, or Inconel® can, which
is then sealed by welding the end caps in place.

‘Waste Disposal

Waste material is concentrated, then consigned to a licensed waste
disposal contractor for burial.

Scrap Recovery

Bulky materials are crushed and burned to reduce the volume. Silicon-
carbide-coated HTGR fuel particles are ground and then burned to convert the
kernel to oxides. The scrap is dissolved in acid, filtered, and purified in a
solvent extraction process. The uranium is then precipitated and calcined,
converting it to purified U;0gq.

The TRIGA scrap is returned to the U-Zr alloy state and reintroduced to
the fabrication process.

Other Operations

Three pool-type TRIGA reactors are also located onsite. Two of the
reactors are operating; one is shut down.

B.1.2 Facility Description

Buildings

Figure B.1 shows the fuel manufacturing facility, and Figure B.2 is a
diagram of the TRIGA fuel fabrication building.

The fuel manufacturing facility is bounded by two outside walls: a
masonry wall and a structural steel wall, which separate it from other non-fuel
operations areas and activities.

®Hastelloy is a trademark of the Union Carbide Corp., New York, NY 10017
®Inconel is a trademark of Huntington Alloy Products Div., International
Nickel Co., Inc., Huntington, WV 25720

-
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‘i‘} The TRIGA fuel fabrication building is constructed of 7.5-in.-thick
reinforced concrete prefabricated wall panels. The roof is 4-in.-thick
prestressed concrete.

HVAC Systems

High-efficiency particulate air filters are used to limit release of
radicactive airborne particles to the atmosphere. Process areas are kept at
negative pressure. All building equipment that may generate airborne radio-
activity is used within enclosures., The pickling station uses a fume scrubber.
Flow direction is towards areas with greater potential contamination.

Engineered Safety Systems

Radiation alarms are located throughout the plant. Afterburners and
massive air dilution coupled with safety interlocks are used to avoid buildup
of potentially explosive or flammable gases.

Surrounding Area

Besides the fuel fabrication operations, several laboratories and test
reactors are located on site.

B.1.3 Inventory

Radioactive Inventory

Table B.1 lists the license limits and inventory locations for the General
Atomic facility.

TABLE B.1. License Limits for General Atomic Facility

Type Isotopic Content Mass Limit Location
Uranium Up Egsfully enriched 2500 kg of 235 Fuel Fabrication
in U Facility
Encapsulated Up %géfu]ly enriched 10 g of 238U Fuel Fabrication
Uranium in U Facility
Encapsulated 389t0~100%4§38Pu, 338 g of contained Sorrento Valley B
Plutonium ~“7Pu or Pu which

Pu and 2402§gd 2 kg Building
may be in combination of contained Pu '
with other isotopes
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Individual stations in the fuel fabrication facility contain from less
than 1 to 8 kg of nuclear material. Table B.2 lists the quantities and types <;;>
of material that may be found at each station.

Hazardous and Combustible Inventory

A hydrocarbon gas such as acetylene, propane, or propylene is used in the
fluid bed furnace. Nitric acid and solvent are used in the scrap recovery
operation. Uranium and zirconium metals are pyrophoric. Formic acid,
polyvinyl alcohol, and tetrahydrafurfuryl alcohol may be used in UNH dissolu-
tion. Ammonium hydroxide and isopropyl alcohol may be used to wash the UNH
batch. A propane-fueled engine/generator unit is available onsite for backup
power. Acetylene, propylene, and Ny are stored in the area west of the
Sorrento Valley B building.

B.2 ROCKWELL INTERNATIONAL, CANOGA PARK, CALIFORNIA

The Rockwell International uranium fuel fabrication facility produces fuel
elements for the Experimental Breeder Reactor (EBR-II) and Advanced Test
reactor (ATR). Information on the Rockwell plant is taken primarily from
Rockwell International Reports (1977, 1981).

B.2.1 Process Description

Operation

Uranium in the form of broken metal buttons originally 5 in. in diameter
by 1/2 in. thick is received and stored in the special nuclear material (SNM)
vault. The material is weighed, sampled, and stored until release for the fuel

fabrication process.

In the fabrication of ATR fuel, the broken buttons, at 93 wt% 235U, and a
measured amount of aluminum are blended and melted together to obtain a UA]x

blend batch. The batch is crushed and sieved to a uniform size in glove boxes.

Predetermined quantities of UAl, and aluminum powders are combined into
glass jars. A maximum of 24 jars is loaded during one time. The jars are
moved to the compacting press, loaded into a die and pressed into a fuel
compact. Each compact is placed in an aluminum picture frame, vacuum annealed,
and assembled into preformed cover plates. The assemblies are hot rolled to
obtain a 12:1 reduction in thickness, inspected, and cut to size by removing
only excess aluminum picture frame and corresponding picture frame material.
These fuel plates are then formed and assembled into fuel elements.

The product}gg of EBR-II fuel involves weighing broken uranium buttons
enriched to 67% U and alloying the metal with the correct amount of fissium
in a sealed induction furnace. Ingots of the uranium-fissium alloy are then
injection cast into fuel pins in another induction furnace. The fuel pins are
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TABLE B.2. Fuel Production Station Inventory Limits
Station Material Mass, kg

Batch weighing U0, ThQO, powder 3.6
Blending U0,(Cy) ThO,(Cy) graphite particles

and powder 3.6
Blending U0, ThO, powder 0.79 - 3.6
Calcining U0, ThO, graphite precipitate 0.75 - 3.6
Cleaning UC, ThCp graphite in fuel rods 3.6
Coating UC, ThC, uncoated or partially

coateé particles 3.6
Conversion uo, Tho? powder 0.74 - 3.6
Crucible loading UO2 ThO2 C powder 3.6
Dissolution uo, ThO2 graphite and solution 3.6
Drying UO2 ThO2 powder 8.0
Furnaces U02(C2) Th02(C2) graphite particles

and powder 0.35 - 3.6
Grinding UOZ(CZ) ThOZ(CZ) graphite particles

and powder 3.6
Grinding, sizing uo, ThO2 powder 8.5
Grinding, sizing, UO2 Th02 graphite powder 3.6
blending
High-level oxidation UOZ(Cz) ThOz(CZ) graphite particles

and powder 0.75 - 3.6
HTGR fuel production R&D U02 ThO2 graphite 0.35
In-process storage U02(C2) Th02(C2) graphite particles

and powder 3.6
In-process storage UO ThOZ(CZ) powder and 3.6

par€1c1es
Lab-scale operations UO2 ThO C powder, coated

part1c1es, uncoated particles 0.35
Large batch precipitation UO2 ThOZ graphite solution 3.6
Liquid storage U0, ThO2 graphite in closed containers 3.6
Load, unload UC, ThC, powder 3.6
Material transfer U0,(C,) ThO,(C,) graphite particles

and powder 3.6
Rod batching UC2 ThC2 graphite coated particles 3.6 - 4.2
Rolling U02 ThO, powder 0.79
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TABLE B.2. (contd)

Station Material Mass, kg
Screening UCy, ThC, coated particles 0.79
Screen, weigh, load UCo ThCy coated particles 3.6
Sizing, weighing U0, ThOZ powder 0.75 - 3.6
Size reduction U0,(C,) Th0,(Cy) graphite particles ’

and powder 3.6
Splitting UC» ThCy coated or uncoated

particles 3.6
Unloading, weighing U0y ThO, powder 3.6
Weigh, screen, Toad o) ThCZ uncoated particles 3.6
Weigh, sample U0,(C,) Th0,(Cy) powder, coated

particles or uncoated particles 3.6

inspected before being inserted into stainless steel jackets along with a
measured amount of sodium. The jacket is welded shut and heat-treated so the

sodium is bonded to the fuel and jacket.

B.2.2 Facility Description

Buildings

The facility shown in Figure B.3 is located in the region of the
San Andreas fault and is built to withstand an earthquake of 7.3 on the Richter
scale without major damage. Process equipment is bolted to the poured concrete
floor to prevent upsets.

The manufacturing building is made of precast tilt-up concrete slabs. The
fuel fabrication area is enclosed with double-wall construction. A poured
concrete floor separates an office area on the second floor from the
fabrication area.

The storage vault has walls of 12-in. filled concrete block, a 6-in.-thick
concrete floor, a 9-in.-thick reinforced concrete ceiling, and a l-in.-thick
steel door.

HVAC System

Cutting machinery has fireproof fume hoods with high-draft ventilation
ducts to remove small chips and dust. Movement of air is always towards areas
~ of greater contamination, and air is not recirculated. Prefilters are provided
upstream of all HEPA filters.
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A minimum of 6 air changes per hour in each room is provided. Average air
duct velocities range from 2000 to 2500 ft/min. <;;>

Pulverizing, sieving, and blending operations on UAl, powder are performed
in an inert argon atmosphere.

Engineered Safety Systems

Water scrubbers or fiberglass prefilters are provided in the exhaust where
cutting operations may generate sparks.

Automatic fire detection and sprinkler systems are provided in all areas
of the plant except the vault, which has a manually controlled sprinkler
system. Also, sprinkler heads are blocked off in areas containing alkali
metals. '

Criticality safety is provided by limiting the amount of material handled
and by geometry controls.

Surrounding Area

Several small commercial establishments and an area containing both
single- and multiple-family dwellings are located about 275 ft from the
manufacturing building on the other side of a public street.

B.2.3 Inventory

Radioactive Inventory

License limits for the Rockwell plant at Canoga P%rk are given in
Table B.3. Additional information on mass limits of 23% at individual
stations in the plant is ggven in Table B.4. Total ATR fuel manufacture may
require up to 900 kg of 235 in storaggsand'in process, Total EBR-II fuel

manufacture may require up to 600 kg U in storage and in process.

Hazardous and Combustible Inventory

Acid and organic solvents are used in the laboratory in quantities of less
than a gallon. Solid chemicals in the Tab are stored in containers of less

than a pound capacity.

Flammable materials within the plant are carefully controlled. Organic
cleaning compounds are kept in limited quantities. Paper is used for required
record keeping and documentation although most of the clerical work is per-
formed outside of the main fabrication facility. Some office spaces containing
wooden desks are walled off from the work areas. Lab coats and plastic shoe
covers are provided at the entrance to contaminated areas. Contaminated
combustible items are stored in the SNM vault in sealed steel drums.
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TABLE B.3. Nuclear Materials Allowed at Rockwell International Canoga Park
Facility Under Special Nuclear Materials License SNM-21

By-Product, Source, Maximum Amount that Licensee
and/or Special Nuclear Chemical and/or May Possess at any One Time
Material Physical Form Under this License
Urgnium enriched in the Any enrichment or form 1,500 kg 235y
235y jsotope except UF-6
235, Any 5 kg 233y
Pu (principally 230py)  Any Maximum of 3.5 kg of total Pu

1. NFDL Site
a. Hot laboratory--up to
3.5 kg Pu in irradiated
fuel
b. Pu facility--less than
1.0 kg Pu in process

2. HQ Site

a. HQ vault--up to 3.5 kg
Pu packaged in sealed
authorized shipping
containers

b. A maximum of 2 g total
Pu for gamma spectros-
copy and radiometric
counting analyses

Pu (principally 239y)  Sealed sources (as 1.0 kg total Pu at either or
238 Pu-Be sources) both sites
Pu (principally Pu) Sealed sources 0.5 kg total Pu at either or
both sites

TABLE B.4. Mass Limits of 23° at Fuel Fabrication Stations

Location Mass Limit of 235U

ATR manufacture vacuum arc furnace 350 g
Pulverizing and sieving glove box train 350 g

Accumulation of fines in blending, 350 g--13 kg working limit
pressing, and compacting glove box

train

Plate fabrication area 610 g in eight compacts

916 g in twelve compacts

Annealing furnace 50 kg
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Small amounts of solid sodium are handled in inert glove boxes at room
temperature. Q

The UA14 crushed powder can be pyrophoric; hence, the powder is handled in
an inert atmosphere and stored in sealed containers. .
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APPENDIX C

URANIUM HEXAFLUORIDE PRODUCTION

C.1 ALLIED CHEMICAL CORPORATION, METROPOLIS, ILLINOIS

The Allied Chemical UFg plant at Metropolis, Illinois produces UFg Dy
processing uranium ore concentrates. This appendix was developed using
information in Allied Chemical Corporation reports (1975, 1980, 1981).

C.l.1 Process Description

Operation

Fifty-five gallon drums of yellowcake with a concentration of 75% uranium
are emptied into a hopper. The contents are blended, sampled, and packaged in
drums. Sampling is done separately from the rest of the process to control
dust levels. One hundred drums are received per day in two to three
truckloads.

After sampling, yellowcake is calcined to U30g. The Uj05 is crushed and

blended to a uniform mixture. It is_then remoistened, formed into pellets,
dried, and crushed to U30 powder. The powder is converted to UF. in a series

of fluidized bed reactors. The first reactor uses H, and N2 from dissociated
ammonia as the f1u1d1z1ng gas to convert U 0, to UO powder. The next two
reactors operating in series use HF as the f§u1d1z1ng gas, converting U02 to
UF, powder. A fluid bed fluorinator then uses F2 as a fluidizing gas,
converting UF, to UFg gas.

Uranijum hexafluoride is condensed in primary cold traps at -20°F.
Secondary cold traps at lower temperatures remove residual UFg. The solid is
liquified intermittently in the traps by heating, then transferred to distilla-

tion tanks. Low boiling impurities are stripped from the UFg in a low boiler
distillation column, then high boiling impurities are stripped in a high boiler

distillation column.. The product, UFg-purified to less than- 300 ppm
impurities, is condensed and packaged into 10- or 1l4-ton cylinders. Eight to

nine hundred cylinders are stored on site and shipped at an average of 3 per
day or 90 per month.

Waste Disposal

Liquid waste..is sent to either sludge settling ponds or uranium spill
control ponds before being discharged into -the Ohio River. Lime is added to
the liquid to.precipitate -fluorides, which are separated out in settling basins
and retained on site.

O0ff gases from the sampling to fluorination process steps are filtered and
scrubbed with aqueous KOH to remove fluorine and residual uranium. Scrubbing
liquors are sent to uranium recovery to extract uranium.
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Scrap Recovery Q

Uranium recovery from scrap is accomplished by leaching finely ground
scrap with sodium carbonate solution. The leached material is filtered, dried,
drummed, and disposed of in a radioactive waste facility. Uranium in the
filtrate is precipitated with NaOH then pretreated with ammonium sulfate
solution in a 4-stage counter-current decanter. Product uranium is sent to the
calciner as feed. .

Other Operations

Periodically, UFg product cylinders are washed with sodium carbonate
solution and pressure tested. Uranium leached into the wash solution is
recovered in the uranium recovery facility.

Besides manufacturing UF6, the plant also produces sulfur hexafluoride,
jodine and antimony pentafluorides, and liquid fluorine.

C.1.2 Facility Description

Buildings

Essentially all of the UFg manufacturing processes are conducted in the
feed materials building. This building and others that contain operations
involving the handling or processing of significant amounts of source material
are identified in the site plan, Figure C.1. The operations in those buildings
and their estimated size are listed in Table C.l.

HVAC Systems

Dust collectors and scrubbers are used to clean process gases. Air is
circulated through the feed materials building by several fans and about
12 changes of air per hour are provided., The feed materials building has a
roll-up door on the first floor, which may be open much of the time, and
several windows leading to the outside.

The air system in the main control room is separate from that in the rest
of the plant.

Strength of Buildings

Most buildings are constructed of concrete block, except the feed mate-
rials building which has sheet metal siding on a steel frame. A1l processing
areas are concrete and steel construction. Most process buildings have at
least one open pathway (door or window) to the outside. The feed materials
building has 4 by 6 ft Plexiglas® panels in many locations for windows.

® plexiglas is a trademark of Rohn and Haas, Philadeiphia, PA 19105

-
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TABLE C.1. Areas Containing Amounts of Nuclear
Materials at Allied Chemical UFg Plant ‘;;}

Area Operation Size, ft2
Feed materials bldg. UFg manufacturing 11,900 on each
floor, six stories
high
Ore sampling bldg. Sampling ore concentrates 4,600
Na removal & U recovery Ore purifying and U scrap 7,000
recovery
Calcining facility Incoming feed dried 1,000
Waste drier U recovery wastes dried 500
prior to offsite disposal
Lab building Process and product control 9,900
analyses
Cylinder wash bldg. UFg cylinders washed and 900
tested
Ore storage shed Feed ore stored inside 20,000
Ore storage pads Feed ore stored outside 136,000
Cylinder storage areas UFg product stored 197,000
outside

Engineered Safety Systems

Fire protection is provided by manual fire extinguishers and a fire
hose. Automatic sprinkler systems are provided in hazardous areas.

Besides alarms provided in the control room to alert personnel to
malfunctions in process equipment, an alarm can be activated by personnel
observing a release of UFg.

Surrounding Area

The plant is located in a rural area outside of a small town. It is
bordered by the Ohio River, a coal blending plant, the highway, and privately
owned land. _
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C.1.3 Inventory

The facility is designed to produce about 14,000 short tons per year of
uranium as UFg. The maximum license limit of uranium in all forms is
25,000159ns. Small-source inventories for which A]]igglis 11ce5§§d are 100 m
Ci of Ce as a sealed source, and 0,01 pCi each of Am and Th as plated
sources. A typical plant inventory is given in Table C.Z2.

TABLE C.2. Typical Plant Radioactive Inventory
at Allied Chemical UFg Plant

Uranium Form Quantity, tons
Stored UFg 11,000
Ore concentrate 7,000
Waste material 250
In process 100 to 125
Primary cold traps 11 to 11.5
UFg Cylinders 14 (each)
UFg Cylinders 10 (each)
Green salt in storage hopper 50
Yellowcake in 55-gal drums 600 to 800 1b (each)

Hazardous and Combustible Inventory

Hazardous and combustible materials used at Allied Chemical are compiled
in Table C.3. In addition to those listed, antimony pentafluoride, fluorine,
jodine pentafluoride, and sulfur hexafluoride are produced on the site.

C.2 KERR-MCGEE NUCLEAR CORPORATION, SEQUOYAH FACILITY, GORE, OKLAHOMA

Operations in the Kerr-McGee UFg facility convert yellowcake from uranium
mills into UFg for uranium fabrication plants. Information in this was
developed using Kerr-McGee Corporation reports (1972a, 1972b, 1975, 1981).

C.2.1 Process Description

Operation

Yellowcake is received in 55-gal drums, which are emptied one at a time
through a falling stream sampling unit. This system samples and weighs a
portion of the stream. The drums are vacuum cleaned and reused.
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TABLE C.3. Chemicals, Hazardous, and Combustible Materials

Used at Allied Chemicals Q
Material Description
Ammonium sulfate Used in pretreatment of feed in sodium removal process
Diesel oil Stored underground, used for backup power
Ethylene glycol Used in cold traps condensing UFg
Fluorspar Stored in ore storage building; used as bed material in

fluidized bed reactors. Contaminated fluorspar stored in
55-gal drums for one year before recycling through

uranium recovery

Hydrofluoric acid Fluidizing gas in hydrofluorinator
Lime Used in liquid waste treatment
LPG Stored in 60-ton quantities, dissociated to provide

hydrogen-reducing gas to certain processes

Natural gas Provided by city lines to supply electricity for
calciners and distillation; lines run through main
process building between all six floors

Potassium hydroxide Used in scrubber system

Sodium carbonate Used to leach contaminated scrap and wash UFg cylinders
Sodium hydroxide Precipitates uranium out of scrap recovery filtrate.
Sulfuric acid Used to make ammonium sulfate, sulfur hexafluoride, and

to treat waste

Stored yellowcake is fed to digestive tanks where it is dissolved in hot
(90 to 105°C) 40% nitric acid solution. Recycled feed is added, and the solu-
tion is adjusted for acid and uranium content and then sent on to the counter-
current extraction decanters.

Solvent extraction takes place in several pumper-decanters. Thirty per-
cent tributyl phosphate (TBP) in hexane is used to extract uranium from the
nitric solution. The TBP-hexane solution is then washed with a 10 to 25%
solution of ammonium sulfate followed by a wash with a 1 to 5% sodium hydroxide
solution. After contact with solutions, the extractant is scrubbed to remove
impurities and the uranium is re-extracted in a pulsed stripping column. The
organic solvent is recycled while the aqueous stream now containing uranium is
concentrated in a two-stage heating process.

The uranium-rich solution is déhydrated and denitrated in a stirred
reactor to UO3, which is conveyed to a milling system and stored temporarily.

The U03 powder is fed to a fluidized bed reactor countercurrent with
reducing gases from dissociated ammonia that convert UO3 to U0, powder. The
U0, is fed to hydrofluorinators and converted to UFs. The UF, is then conveyed

-
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to a series of fluorination towers which burn UF4 in F, gas to make UFg gas.
Fluorine is provided by the electrolysis of a molten KF-HF electrolyte.

The gas is cooled and filtered twice with sintered metal particulate fil-
ters, then condensed to a solid in 30°F primary and -75°F secondary cold
traps. The solidified UFg is melted with steam heat and drained into UFg
shipping cylinders. The cylinders are stored before shipping.

Waste Disposal

Liquid wastes containing significant quantities of radioactive material
are retained in basins and stored. Other liquid wastes containing traces of
radioactivity are diluted and released to the I1linois River.

Combustible wastes may be incinerated in an open pit or an enclosed
incinerator, Contaminated solids that are not burned are buried underground on
site. The site is a licensed burial ground.

C.2.2 Facility Description

Bui]dﬁngs
The plant as shown in Figure C.2 consists of about 69,000 ft2 of manu-
facturing, warehousing and office floor space in three separate buildings.

Retention ponds for sludge and raffinate are also shown. Dimensions of the
facility areas are listed in Table C.4.

A1l plant facilities are steel-framed structures except the shop and
utility building. The lean-to on the north side of the process building has
12-in. masonry walls.

Four-hour fire walls separate the process area, cell room, shop, and
utility rooms.

Storage tanks are located out-of-doors and are surrounded by 4-ft-high
concrete walls. All parts of the solvent extraction system are 304 stainless
steel, All equipment .that contacts anhydrous HF or elemental fluorine is
carbon steel.

HVAC Systems

The sampling area and other dust-generating areas are equipped with vacuum
systems and dust collectors. Off gas from the reduction reactor is filtered
through sintered metal filters and burned.

The digestor system operates at negative pressure, Process gases from the
denitrator are scrubbed with 40% HNO3 and piped to an absorption tower for
absorption and concentration of nitrous oxides., Scrubber systems also clean
process gases from the solvent extraction system and UFg collection system,
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i i TABLE C.4. Building Areas at the Sequoyah UFg Facility

Area Size, £t 2
Office and Laboratory 10,600
Fluorine Generation 17,250
Maintenance 5,500
Utility 5,500
Main Process Areas 26,900
Solvent Extraction Building 4,000
Cylinder Storage 12,000

0ff gas from the hydrofluorinator is condensed. Noncondensible gases are
scrubbed with water before being released out the stack. Waste gases from the

fluorinator are also water scrubbed before release.

Engineered Safety Systems

Movement of process material is completely enclosed.

Level alarms and automatic cutoffs are used to avoid overfilling the
vessels, terminate feeds, and reduce operating temperature in the event of a
boilover or excessive off-gas flow.

Curbs are placed around storage tanks to contain spilled materials, Lime
inside the curbs will neutralize spills.

Pressure in the heating/cooling coils is maintained at above the solution
pressure to minimize the leakage of process solutions into the coil if the coil
fails.

There is an automatic water foam deluge system in the solvent extraction
building.

Surrounding Area

The plant is located in a 75-acre fenced portion of a 2100-acre site. It
is in a rural area surrounded by pasture and woodland. The site is bounded on
the north by U.S. Highway 64, on the west by the Illinois and Arkansas rivers,
and on the south by Interstate Highway 40.
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C.2.3 Inventory Q

Radioactive Inventory

The plant can produce 10,000 tons of UFg per year., The radioactive
material storage capacity is shown in Table 8.5.

TABLE C.5. Storage Capacity of Radioactive Materials
at the Sequoyah Facility

Material and Containment Inventory
Ore concentrate as received in drums 3,000 drums, 700 1b/drum
Ore concentrate after sampling 750 ft3 (102 drums)
U0,(N03)2 as 4 1b U/gal solution 2,000 gal (4 tons U)
U0,{N03)2 as 10 1b U/gal solution [sic] 75,000 1b U (38 tons U)
Mitled U053 . 32,250 1b U (16 tons U)
UF4 in storage bin 65,500 1b U (32 tons U)
UF4 in 10-day hopper 322,000 1b U (161 tons U)
UFg cylinder storage 100 cylinders, 10 tons UFg/cylinder

Hazardous and Combustible Inventory

Chemicals and hazardous materials used in substantial amounts are listed
in Table C.6. Other chemicals used are aluminum hydroxide, potassium hydrogen
fluoride, sodium carbonate, and tributyl phosphate.

TABLE C.6. Chemicals, Hazardous, and Combustible Materials
at the Sequoyah Facility

Chemical No. of Tanks(2) Nominal Capacity, gal
Ammonia 1 15,000
Anhydrous hydrofluoric acid 2 30,000
Aqueous hydrofluoric acid 2 30,000
NDiesel o0il 1 2,000
Fuel oil 1 30,000
Hexane 1 19,000
40% nitric acid 1 15,000
60% nitric acid 1 15,000
Sulfuric acid 1 1,000

(a) Tanks usually 80% full.,
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APPENDIX D

PLUTONIUM CONTAMINATED FACILITY

D.1 BABCOCK AND WILCOX, PARKS TOWNSHIP, PENNSYLVANIA

The Babcock and Wilcox plutonium contaminated facility at the Parks
Township site is currently being decommissioned. Inventories have been

removed, and process and other equipment is being removed for disposal at a
licensed burial site. Information in the appendix describing the facility was

prepared using reports by Babcock and Wilcox (1975), U.S. Nuclear Regulatory
Commission (1978), and Mishima, Schwendiman, and Ayer (1978).

D.1.1 Process Description

Operation

Operations during processing included conversion of plutonium nitrate to
Pu02 by precipitation with the addition of peroxide or oxalate. The greci j-
tate was filtered, dried, and calcined to Pu0,. The PuO2 was then ball milled
and blended to a uniform size. '

Fuel rod fabrication also took. place in the plant. The Pu0, and U0
powders were blended together along with recycle material. An organic binder
was added to the mix, which was then compacted into slugs, granulated, and
screened. The mixed oxide (MOX) was pressed into pellets, which were sintered
in a reducing furnace. Pellets were ground to a specified diameter, and
inspected before being loaded into fuel rods.

Scrap Recovery

Scrap recovery operations included an ion exchange system in which dirty
scrap was dissolved in nitric acid, filtered, and passed through ion exchange
columns. The product plutonium eluted from the column was concentrated in an
evaporator.

Clean scrap was oxidized and reduced in a reactor before being recycled
back to the blender. - ‘

D.1.2 Facility Description

Building

The plutonium plant occupies about 8,400 m2 (90,400 ftz). The latest
addition is 12 m (39 ft) high. Other dimensions can be estimated using Fig-
ure D.1. Fabrication rooms range from 100 m? (1,000 ftz) to 800 m? (8,600 ft2)
in size. The hot <cell has about 100 ft“ of area. Room dimensions are shown
in Table D.1. Figure D.1 shows areas in the facility where radioactive
materials were handled and that are thus potentially contaminated. Four
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TABLE D.1, Floor Area of Potentially Contaminated Rooms

Room Area, ft2
Fabrication 1 550
Fabrication 5 150
Fabrication 6 230
Fabrication 7 150
Fabrication 9 370
Hot cell 100
areas -- Fab-2, -3, -4, and -5 -- were used infrequently and held limited

quantities of fissile material. Seventy-five glove boxes are estimated to be
in the facility.

The plutonium plant is made of concrete block, concrete block with brick
facing, and insulated metal siding construction. The roof is made of precast
concrete slabs on steel bar joists. The roof also has built-up tar and gravel
on top of the slabs. Interior partitions are of concrete block or metal.

HVAC Systems

The Parks Township plutonium plant has six HVAC systems to clean air from
areas handling radioactive materials. Each system has at least one stage of
HEPA filters to filter contaminants from exhaust gases and may have as many as
three stages. Airflow is towards areas of greater potential contamination and
some air may be recirculated.

Engineered Safety Systems

Most construction materials are noncombustible. Automatic fire detectors

are installed in most areas of the plant as well as in glove boxes. Automatic
sprinklers are installed in the storage, shipping and receiving, and main-

tenance areas. Manual dry chemical fire extinguishers are located around the
plant.

Surrounding Area

The facility is located on a 59-acre site. The building front is set back
about 30 m from State Highway 66, which parallels the site's front boundary.

D.1.3 Inventory

Radiocactive Inventory

v

While operating, the entire plant inventory was around 526 kg of plutonium
and 2,000 to 3,000 kg of uranium. The licensed possession limits while the
plant was under operation are shown in Table D.Z2.
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TABLE D.2. Licensed Limits of Special Nuclear Materials During

Operations at Babcock and Wilcox Plutonium Plant <;;>
Facility Area Material Inventory, kg
Pu plant P% (non-pyrophoric) fissile 1,000
23§Pu as sealed source 0.060
238p, 45 ggkal or oxide 0.060
U <5 wt% £ 25,000
U >5 wt%b 239y , 5
U natural or depleted 10,000
High-enriched uranium areas U >5 wty 233U <5
UFg cylinder areas U <5 wt% 239y 200,000
U natural or depleted 100,000
Metals and hafnium complex Sealed sources and other 5 Ci

radioactive materials

During operations, the amount of plutonium in process ranged from 0 to
8.6 kg per glove box. About 38 glove boxes were located in the main fabri- |
cation area and about 10 glove boxes were in the scrap recovery area. If the
facility has been decontaminated to the point where only the glove boxes and |
ground-in contamination are left in the building, each glgve box Eas a small !
amount of contamination. A conservative value of 1 x 10 ° g Pu/m~ of ground-in
surface contamination has been used (Mishima and Ayer 1981).

Hazardous and Combustible Inventory

A natural-gas-fired furnace provides heat to areas in the plutonium
plant. Construction materials of concern are plastic windows and rubber gloves
in the glove boxes, some polyvinylchloride (PVC) ventilation ducts, and
combustible frames on some HEPA filters. Plastic bags and tape, and solvent
may be in the building for cleaning operations.

When the plant was under operation, hydrogen gas was piped in for pro-
cesses requiring reducing atmospheres. Ion exchange resins were used in the

scrap recovery processes.

The 75 glove boxes may contain an estimated 6,900 1b of polymethylmetha-
crylate (PMMA) as viewing windows. During the operating period, there could
also be 900 1b of PVC as bagging plastic, 225 1b of cellulosic material as
paper, rags, and wipes, 1,275 1b of elastomers, and 70 1b of hydraulic fluid as

lubricant for process equipment.
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;;D.Z GENERAL ELECTRIC NUCLEAR CENTER, VALLECITOS, CALIFORNIA
The General Electric (GE) Vallecitos plutonium plant is currently being
decontaminated and decommissioned. Information in this section was developed
using a report by Mishima and Ayer (1980).

D.2.1 Process Description

Operations

Former operations in the plant included dry blending Pu0, and U0, as well
as coprecipitation of plutonium and uranium nitrate. Pellets were made and
loaded into fuel elements. Product fuel ranged from 10 to 25% plutonium from
coprecipitation processes with an average of 20% plutonium. Fuel was made on a
small batch basis for experimental purposes, and was not run for production.

Scrap Recovery

Scrap recovery operations were provided during plant operation but the
type of system was not identified. Laboratory operations were designed to
specifically analyze plutonium solutions and compounds. Hot cells were pro-
vided to handle by-product materials.,

D.2.2 Facility Description

Buildings

The_total volume of the plutonium analytical laboratory (PAL) is
8,000 f 3. Within the PAL, six enclosures have a total volume of 17 m3
(600 ft~), In the advanged fuels laboratory (AFL), the scrap recovery glove
box gas a vo]gme of 17 m~ and the nitrate conversion glove box has a volume of
18 m~ (640 ft7).

The sizes of some of the process areas are listed in Table D.3. Fig-

ures D.2 and D.3 are diagrams of the facility showing areas of concern because
of potentially high contamination levels,

TABLE D.3. Process Areas in General Electric Vallecitos Plant

Area Area, ft2 Height, ft
Advanced fuels laboratory 3,500
Plutonium analytical laboratory 700 11-1/2
Radiochemistry laboratory 700
4 Hot cells 1,000 18 to 20
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The main building (102) is made of concrete and steel. The floor slabs
are reinforced concrete. The roof has structural steel framing and a metal
deck supported by structural steel columns., Walls on the ground floor are
8-in. reinforced concrete block, 4-in. reinforced concrete block, precast rein-
forced concrete, and wood studs with gypsum board. The floor slab over the
basement is reinforced concrete as are the basement walls, columns, floor slabs

and footings.

The four principal hot cells have 2- to 3-ft-thick walls of high-density
concrete.

HVAC Systems

Room air is drawn in through HEPA filters. The room is at negative
pressure with respect to the atmosphere and enclosures are at negative pressure
with respect to the room. The sintering furnace is the only exception; it is
kept at positive pressure. Exhaust ducts are primarily stainless steel,

Engineered Safety Systems

Thermal and smoke detectors are located in the advanced fuels laboratory
in the basement of the 102 Building. An overhead sprinkler system as well as a
dry extinguisher are also provided in this area.

Surrounding Area

The facility is located within a fenced portion of the Vallecitos Nuclear
Center.

D.2.3 Inventory

Radioactive Inventory

The advanced fuels laboratory in the basement of the 102 Building con-
tained most of the dispensible, undiluted plutonium in three glove boxes. The
blending glove box held up to 625 g of PuO, powder. The scrap recovery glove
box geld 2 kg of plutonium as nitrate solution and had a total volume of
17 m~. The nitrate conversion g]gve box held 5 kg of plutonium as nitrate
solution and had a volume of 18 m™.

Solutions in the plutonium analytical laboratory had a concentration of
about 200 g Pu/L.

The radiochemistry lab routinely handled 8 Ci of 99Mo, 0.4 Ci of 32P, and

100 mg of mixed oxide fuel in solution. This amount is minor compared to
amounts handled in the advanced fuels and plutonium analytical Taboratories.

Decontaminated glove boxes may be assumed to have 1 x 1074 g Pu/m2 surface
contamination (Mishima and Ayer 1981),

D.8
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i ~Hazardous and Combustible Inventory

While under operation, the fire potential in the facility was limited. A
few combustibles such as cellulosic waste in 55-gal drums were present. Two
hydraulic fluid reservoirs were located ig glove boxes within the facility. A
small amount of isopropanol (50 to 200 cm”) was present as a die lubricant in
one of the glove boxes. ’

Approximately 56 glove boxes in Building 102 may contain an estimated
5,150 1b of PMMA as viewing windows. During the operating period there could
also have been 6190 1b of PVC present along with 1,700 1b of cellulosic
material, 950 1b of elastomer, 150 1b of polystyrene, and 16 1b of hydraulic
fluid.

D.3 KERR-MCGEE, CIMMARRON, OKLAHOMA

The Kerr-McGee plutonium contaminated facility is currently being decon-
taminated and decommissioned. Kerr-McGee reports (1971a, 1971b) were used as a
source for information in this section.

D.3.1 Process Description

Operations

Former operations involived blending plutonium and uranium nitrate solu-
tions, precipitating the plutonium-uranium mixture in a column with the addi-
tion of ammonia, filtering the slurry, and drying and calcining the precipitate
into mixed oxide. The mixed oxide was milled to a uniform size, pressed into
pellets, sintered, ground in a centerless grinder to a uniform shape, and
loaded into tubes. Tubes were assembled into lots, cleaned, inspected, and
packaged for shipment.

Scrap Recovery

A scrap recovery area in a separate section of the building held solvent
extraction and operations purifying plutonium and uranium. Some waste was
incinerated. Low-level wastes with uneconomically recoverable plutonium were
drummed and shipped to licensed disposal sites. Liquid wastes were treated
chemically and retained onsite in ponds before discharging.

D.3.2 Facility Description

Buildings

About 19,000 ft2 of space were used for manufacturing, maintenance,
office, and laboratory operations in one building. Floor areas of potentially
“contaminated rooms at the Kerr-McGee plant are listed in Table D.4. These
areas are amony those designated in Figure D.4, which shows plans for the
basement and first floor of the facility.

v
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TABLE D.4. Floor Area of Potentially Contaminated
Rooms at Kerr-McGee Plutonium Contami- ‘;;}
nated Facility

Sizg,
Room ft

Inspection and assembly 1,200
Fabrication 1,200
Pellet processing 1,200
Vault 800
Scrap recovery 700
Solvent extraction 200
Wet processing 1,100

The plant building is made of precast concrete strengthened with rein-
forced steel to withstand 120 mph winds. The vault within the main building is
substantially stronger and can withstand up to 300 mph winds. Glove boxes
inside the building provide double containment for process materials and are
built of 3/8-in. stainless steel.

HVAC Systems

Airflow is toward areas of greater potential contamination. Air is
filtered as it enters the plant and conditioned to provide heating or cool-
ing. This air is distributed throughout the plant, withdrawn through floor-
level vents, and exhausted through HEPA filters to a final filtration system.
Backup ventilation is provided.

Engineered Safety Systems

Each exhaust system has a firescreen to prevent spread of fire in glove
boxes. Final filters have steam dampeners to protect them from fire. Backup
ventilation systems are provided.

Solvent extraction hoods have an automatic Halon® fire extinguishing
system as well as a nitrogen purge.

Surrounding Area

The Cimmarron plant is located in a rural area. The site itself occupies
1,100 acres, 60 of which are used for Kerr-McGee operations. Farming and
grazing are the primary activities surrounding the site.

® Halon is a trademark of the Allied Chemical Corp., Morristown, NJ 07960

-
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Gas and oil are produced in the vicinity of the plant also. Within a
5 mile radius there are several gas and oil wells.

D.3.3 Inventory

Radioactive Inventory

During operations, the inventory ranged from 1.1 kg of plutonium attached
to process equipment to 201.1 kg of plutonium. Inventory may have reached 250
to 300 kg of plutonium during the processing of FFTF fuel. The plant was
licensed to handle 360 kg of plutonium as oxide or other comaggnds, 2 g of
plutonium as a sealed source, 1050 g of uranium enriched in U and 700 kg of

natural or depleted uranium,

A conservative value of 1 x 10'4 g Pu/m2 can be used to estimate residual
contamination on surfaces of glove boxes and other decontaminated equipment
(Mishima and Ayer 1981).

Hazardous and Combustible Inventory

During operations, the process used nitric acid, ammonia, a reducing gas
composed of 8% by volume hydrogen in nitrogen, sodium carbonate, tributyl
phosphate, and 1iquid hexane. Natural gas fueled the steam-producing
boilers.

D.4 WESTINGHOUSE ELECTRIC CORPORATION, CHESWICK, PENNSYLVANIA

The Westinghouse Plutonijum Fuels Development Laboratory (PFDL) is pres-
ently being decontaminated and decommissioned. In this process equipment is
disassembled, surface contamination is fixed to become less dispersible, and
the material is packaged for burial in a licensed waste facility.

In Building 8, the gross decontamination of the lab is finished. Some
glove boxes and hoods remain to be dismantled. Building 7 has been totally
decontaminated except for a few systems such as liquid waste collection and
ventilation. The building is used to store waste shipping containers for
decontamination and decommissioning.

Information in this section was prepared using reports by Westinghouse
Nuclear Fuels Division (1975, 1981) and Mishima et al. (1979).

D.4.1 Process Description

Operation

Former operations in the two buildings included the fabrication of
uranium-plutonium blend pellets. Both oxide and carbide fuels were made in the
plant as well as some thorium fuel blends. Oxide pellet fabrication involved
mixing PuO2 and U0, powders and slugging the mixture, followed by granulation
and pressing of the granules into pellets. Pellets were sintered, ground to
specified diameter, and loaded into tubes. Mixed carbide blends were made in a

D.12
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similar manner except the initial blending was done with carbon in a reducing
atmosphere at high temperatures.

Waste Disposal

Plutonium-contaminated waste was sealed in PVC bags and transferred to a
55-gal drum. After the plutonium content was confirmed, the drum was shipped
to an offsite disposal facility. Liquid wastes were transferred to tanks,
analyzed, and accumulated. Process liquids in 30-gal drums were adsorbed on
diatomaceous earth; that drum was sealed in an outer 55-gal drum, which was
sealed and shipped to a disposal site.

Solid waste generated during decontamination and decommissioning is resid-
ually contaminated. This waste is sealed in polyvinyl bags, packaged in drums,
and stored awaiting shipment to an offsite disposal facility. Potentially con-
taminated liquid wastes are collected in 1,000-gal tanks. The tank contents
are pump-mixed, analyzed and discharged.

D.4.2 Facility Description

Buildings 7 and 8 can have potentially contaminated areas. Figure D.5
shows Building 8, the PFDL with critical areas with potential surface contami-
nation identified. Table D.5 lists the sizes of both buildings holding
contaminated materials as well as individual rooms that are potentially con-
taminated in the buildings. Building 8, the main building of the PFDL, is a
single-story, open-bay structure,

Building 8 is a steel form structure. The floor is concrete slab and
exterior walls are corrugated steel siding on steel girts. Interior walls have
steel studs with cement plaster interior faces. Ceilings are cement plaster.
The roof is steel decking with 2- to 4-in. cast-in-place concrete slab.

Building 7 is a one-story concrete building with concrete block walls and
steel doors.

HVAC Systems

Room air is recycled and handled separately from glove box air. Each
system goes through two stages of HEPA filters. Glove boxes are kept at
negative pressures of -0.025 to -0.1 in. of water with respect to the room.
Airflow is towards areas of greater potential contamination. Doors are kept
closed to maintain air balance and equipped with alarms indicating when they
are opened. Glove box air is drawn from the room through an absolute filter.

Engineered Safety Systems

A dry pipe sprinkler system is installed in parts of Building 8. Fire
detectors and water spray systems provide fire protection for the filters.
Each glove box is equipped with a fire detector and manual dry chemical fire

extinguishers.
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TABLE D.5. Areas Holding Contaminated Materials
at Westinghouse, Plutonium Fuel
Development Laboratory

Size, ft?

Building 8 14,400
Chemical Processing Lab 1,000
Ceramic Processing Lab 2,200
Process Development Lab 500
ARD Fast Breeder Reactor Facility 2,500
Building 7/ 11,000
Contaminated Areas (includes Pu lab) 5,000
Pu Lab (largest lab) 1,500
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Backup power is supplied by a natural-gas- or manufactured-gas-fired
engine.

Alarm panels are located throughout the plant for detecting local
accidental releases. Two central alarm panels are also provided.

Surrounding Area

The Cheswick site is located in a hilly rural area. Other buildings
onsite are involved in the fabrication of nuclear pumps, mechanisms, and valves

for the Navy.

Eight gasoline filling stations are located within a 1-mi radius of the
plant. A substation and an underground natural gas pipeline are also within
1 mi of the site. An 18-in. underground pipe carrying either No. 2 diesel fuel
oil, gasoline, or aviation kerosene runs 0.9 mi north of the site.

D.4.3 Inventory

Radioactive Inventory

About 62 glove boxes contained radioactive materials in the manufacturing
building. While in operation, inventory of these glove boxes ranged from 2 g
to 100 kg of material. The possession limits (excluding sealed sources) for
Buildings 7 and 8 during the operating period are listed in Table D.6.

Although many glove boxes nhave been removed (in Building 7 all glove boxes
have been taken out), most of the contaminated glove boxes in Building 8
remain. As a common reference point for the source term, all the glove boxes
will be assumed to be present.

Me surenenE of residual con§§E1nat}on in a fuel cycle facility was
5 x 1077 g Pu/m” and 1 x 19 U/cm (Mishima and Ayer, 1981). A con-
servative value of 1 x 10 7 g Pu/m for g]ove boxes formerly handling mixed
oxide of Pu0, may be used (Mishima and Ayer, 1981),

Hazardous and Combustible Inventory

Natural gas used for heating and supply to the emergency generator is sup-
plied through an underground main system. Other gases were used during opera-
tions. A reducing gas with a nominal 94% N, and 6% H, mixture was used and
hydrogen/nitrogen storage tanks were located outside.

Chemicals used during plant operations are listed in Table D.7. Ion
exchange resins were used for scrap recovery. Cleaning operations could use
solvents, plastic bags, rubber gloves, and combustible paper wipes.

A total of 53 glove boxes could contain 4,800 1b of PMMA. During the

operating period, they could also hold 650 1b PVC, 1,600 1b cellulosic
material, 900 1b elastomers, 500 1b polystyrene, and 16 1b hydraulic fluid,
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TABLE D.6. Possession Limits for Westinghouse PFDL

Material Description Limit, kg <;;>
Building 8 238
Pu Maximum 244PuO of 2 wt% 1.5
Minimum “<.""Pu of 5 wt%
Pu Calibration Samples 0.020
235U Contained in enriched uranium 0.334
at level >0.72 wt%
U Normal or depleted 1,000
Th Dry chemical or physical form 25
Pu Maximum 238Pu of 2 wt% 3
Minimum 24OPu of 5 wt%, as

residual contamination in waste
in containers awaiting shipment
to burial

U 235U in enriched uranium at 20 2
wt% or greater as residual con-
tamination dispersed in waste,
contained, awaiting shipments

Building 7
U Normal or depleted 5000
Th Any form 200
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TABLE D,7. Chemicals Used at the Cheswick Site

Material Container Size
Acetone Steel drums 55 gal
Caustic dry Cardboard box lined with
powder polyethylene
Caustic flares Steel drums 20 1b
Hydrochloric acid Polyethylene carboys 20 gal

Glass bottles 1 pt
Nitric acid Stainless steel drums 55 gal
Oxalic acid Glass bottles 1 pt
Perchloric acid Glass bottles 1 pt
Phosphoric acid Glass bottles
Sulfamic acid Brown bottles
Sulfuric acid Glass bottles 1 pt

D.5 REFERENCES

Babcock and Wilcox, Environmental Data for the Apollo Site Materials Plant of
the Nuclear Materials Division of the Babcock and Wilcox Corporation, Docket
No. 70-135, U.S. Nuclear Regulatory Commission, Washington, D.C., 1975,

Kerr-McGee Corporation, Applicants Environmental Report, Docket No. 70-1193-3,
U.S. Nuclear Regulatory Commission, Washington, D.C., 1971a.

Kerr-McGee Corporation, Cimmarron Plutonium Production Plant, License SNM-1174,
Section E, Appendix D, Statement, Revised, Docket No. 70-1193-2, U.S. Nuclear
Regulatory Commission, Washington, D.C., 1971b.

Mishima, J., L. C. Schwendiman, and J. E. Ayer, Increment of Analysis: An
Estimate of Severe Airborne Release of Plutonium from Babcock and Wilcox
Plant as a Result of Wind Hazard and Earthquake, PNL-2812, Pacific Northwest
Laboratory, Richland, Washington, 1978,

Mishima, J., R. B. McPherson, L. C. Schwendiman, E. C. Watson, and J. E. Ayer,
Source Term and Radiation Dose Estimates for Postulated Damage to the 102
Building at the General Electric Vallecitos Nuclear Center, PNL-2844, Pacific
Northwest Laboratory, Richland, Washington, 1979,

Mishima, J., and J. E. Ayer, Estimated Airborne Release of Plutonium from the
102 Building at the General Electric Vallecitos Nuclear Center, Villecitos,
California, as a Result of Severe Wind and Earthquake Hazard, PNL-3601,
Pacific Northwest Laboratory, Richland, Washington, 1980.

n.17




Mishima, J., and J. E. Ayer, Estimated Airborne Release of Plutonium from
Atomics International's Nuclear Materials Development Facility in the Santa
Susana Site, California, as a Result of Severe Wind and Earthquake Hazard,
PNL-3935, Pacific Northwest Laboratory, Richland, Washington, 1981,

U.S. Nuclear Regulatory Commission (USNRC), Environmental Impact Appraisal,
Babcock and Wilcox Company, Nuclear Materials Division, Leechburg, Parks
Township, Pennsylvania, U.S. Nuclear Regulatory Commission, Washington, D.C.,
1978.

Westinghouse Nuclear Fuel Division, Westinghouse Cheswick Site Fuel Development

Laboratories Environmental Report, Westinghouse Electric Company, Cheswick,
Pennsylvania, 1975.

Westinghouse Nuclear Fuel Division, Plutonium Fuels Development Laboratory,
Radiological Contingency Plan, Westinghouse Electric Company, Cheswick,
Pennsylvania, 1981.




APPENDIX E

RADTIOPHARMACEUTICAL MANUFACTURING




APPENDIX E

RADIOPHARMACEUTICAL MANUFACTURING

E.1 ABBOTT LABORATORIES, NORTH CHICAGO, ILLINOIS

The radiopharmaceutical division of Abbott Laboratories manufac&yges in
vitro diagnostic products and diagnostic instruments iodinated with I.
Operations are described in a report by Abbott Laboratories (1981) and the site
was visited.

E.l.1 Process Description

Operation

Radiopharmaceuticals are manufactured in building AP-8, one of many
facilities in the 110-acre Abbott Park site shown in Figure E.l. The primary
process is iodinating organic substances using sodjum iodide in the presence of
chloramine-T. Purification using a sephadex column, dilution, filtration,
filling and labeling are all conducted in AP-8. Tlodine-125 is received in
shipments of about 4 Ci two to four times a month. These packages are smear-
tested for contamination and then transferred to a small lab area where
microcurie-millicurie amounts are dispensed for production processes. Fume
hoods are the primary confinement system. There are several small labs for
labeling. A typical lab contains a single hood, bench, and cart as shown in
Figure E.2. Additional lab space is provided for purification, dilution, etc.

Shipments of 1251 are received in a central loading dock/warehouse area,
which also provides temporary storage for approximately twelve 55-gal steel
drums of compacted waste. The warehouse area in AP-8 also contains a materials
storage area for paper, glassware, and compressed air. Several inactive hot
cells in AP-8 are currently used for the decay of waste products from previous
operations. Process chemicals and products awaiting shipment are stored in
cabinets and refrigerators in several locations in AP-8.

Final diagnostic k{t preparation and shipping are conducted in a separate

building not included in the license. A research and development area con-
taining offices and small chemistry labs is located in AP-8.

Waste Disposal

Solid waste is collected regularly from.all lab areas, compacted and
drummed in 55-gal steel drums. It is transferred weekly to AP-15A, the
radioactive waste storage area, which is part of building AP-15., Thirty- and
55-gal steel drums are stacked on pallets.
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E.1.2 Facility Information

Buildings

The AP-8 building is fabricated of concrete, steel, and brick and is
specifically designed for handling radioactive production processes. Asphalt
tiles cover a concrete slab floor, and walls are concrete block.

The AP-15 building is a 200,000-ft2 warehouse with a 6400-ft2 portion
(AP-15A) set aside for radioactive waste storage. It is a concrete and brick
building with metal walls separating the radioactive waste storage area from
the rest of the building. An electric forklift is used for moving drums.

HVAC Systems

There are HVAC, HEPA, and charcoal filter systems located on the second
floor of the AP-8 building. Fume hood exhaust air is not recirculated but
passes through the filtration system before discharge to the atmosphere. All
hood exhausts have dust, HEPA, and activated charcoal filters.
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Heat 1is provided by a central boiler facility serving the entire com-
plex. No gas lines are located in the buildings. In AP-15, heat is provided
by ceiling-mounted electric space heaters.

Engineered Safety Systems

Only areas with high combustible loading are sprinklered in AP-8. These
are the warehouse, loading dock, and solvent storage areas. O0ffices and labs
have fire walls and doors. Each fume hood is monitored for accidental
discharge of radioactively contaminated air and loss of circulation. Solvent
storage rooms are isolated from radioactive work area and have explosion relief
panels.

Surrounding Area

The AP-8 and AP-15 buildings are located within Abbott Park as shown in
Figure E.1. The park is surrounded by gently rolling countryside. These two
buildings have been deliberately separated from other facilities in the park to
prevent the potential spread of contamination.
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£.1.3 Inventory

Radinactive Inventory

Abbott Laboratories' license allows a possession lgTit of 75 Ci of 1291
and less than 25 Ci of by-product material (including I) with atomic numbers
1 through 83. Iodine-125 is the only isotope currently handled in appreciable
amounts. A typical inventory for all of the AP-8 is in the 23 to 26 Ci range.
The greateig concentration of material in the most limited space will occur on
days when I shipments are received and % Ci can be in the loading dock/
warehouse area, and in the lab where the 125; pigs are opened and the material
dispensed for production processes. Approximately 20 Ci can be associated with
waste.

Hazardous and Combustible Inventory

Combustible material is kept to a minimum in AP-8, and is virtually
nonexistent in AP-15 except for drummed dry paper and liquid organic waste.
Within AP-8, solvents and organics constitute the primary combustible
materials. The building itself is constructed to be fire resistant (e.g.,
concrete, steel, brick, with fire walls). The research and development
laboratory uses solvents and other combustibles such as ethyl alcohol. Hoods
and lab furniture are stainless steel and metal construction. Some cardboard
and plastic materials may be stored temporarily in AP-8 halls.

E.2 NEW ENGLAND NUCLEAR, BOSTON, MASSACHUSETTS

New England Nuclear (NEN) is the world's largest producer of radionuclide-
labeled compounds used for medical diagnostic and tracer purposes. Located in
metropolitan Boston, the facility consists of eight buildings, three of which
handle the bulk of radioactive materials (development, production, storage, and
shipping). Other buildings house the corporate headquarters, offices, and
services. Locations of the buildings are shown in Figure £.3. Information was
developed from a site visit and a New England Nuclear report (1981la). -

E.2.1 Process Description

Operation

. Four radioactive elements are primarily used for labeling organic 3
compoundi4 In order of dec55a31ng activity 1§§entony they are: tritium (“H),
carbon C), phosphorous ( , and sulfur S). Gaseous tritium constitutes

most of the activity handled by NEN. Two thousand curies are received each

week in truck shipments of two 1,000-Ci pressurized cylinders. Ninety-five
percent of the tritium processed becomes waste. Tritium is produced in a lab
on the fifth floor of the 575 Albany building shown in Figure E.4. Tritiated
compounds, usually water, are produced in gas transfer systems using vacuum
line chemistry operations enclosed in a Plexiglas® glove box. These compounds
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~_are passed to the 3y precursor lab, also on the fifth floor, where precursors
Gi;ksed for labeling organic compounds (usually CH3I) are produced. The produc-
ion lab handles 100 to 400 Ci per operation in one glove box, while the
precursor lab handles 500 Ci during each process. The production 1ab has 5 to
10 glove boxes in use at one time, while the precursor lab usually has only one
operation going at a time,

The 3H synthesis lab, also on the fifth floor, receives the tritium
compounds and is the area where many of the labeling operations actually take
place. Most work is done in fume hoods, where 5 to 20 Ci of tritium are
handled per operation.

Other floors of the 575 Albany building contain additional lab space for
compound labeling and research and development.

Adjacent to and connecte?4w1t§5the 575_Albany building is the
100 E. Canton building where "~ °C, S, and “H compound production and labeling
occurs. On the third floor is a large ggganics lab where wet chemistry is
performed, usually in fume hoods. The S labeling is conducted in a smaller
laboratory adjacent to the main lab area. Protein and carbohydrate compounds
represent the majority of substances processed in the facility.

Bulk storage, dispensing, packaging, quality assurance, product storage,
packaging and shipping are conducted in the 120 E. Dedham building.

Waste Disposal

Most of the radioactive waste is produced by the labs in the 575 Albany
and 100 E. Canton buildings. This material is sent to a room on the second
floor of the 575 Albany building where it is sorted, compacted and drummed for
shipment to NEN's Billerica facility for storage. Approximately one to two
dozen 55-gal steel drums of waste can be found in th1§ area. These wastes are
primarily glassware and lab refuse contaminated with “H.

£E.2.2 Facility Description

Buildings

The 575 Albany building is a converted warehouse built about 1890, It
uses wooden beams and cross members for support. Wall studs are both wood and
steel installed since NEN took possession. Rooms are 12 ft high with drop
ceilings concealing HVAC ductwork (placed as space permits), steam lines,
oxygen and natural gas lines, electrical conduits, and sprinkler lines as space
permits. Floors are usually asphalt tile on wood. Standard windows, that is,
wooden frames with single pane glass, are found in all areas, and they are
usually sealed shut.

The 100 E. Canton building is a new facility specifically designed for
housing organic labs. It is a concrete and steel structure with brick facing.
A1l utilities and ventilation lines are housed in a central 4- by 40-ft
shaft.
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The 120 E. Dedham building is of moderate age, and concrete, steel, and
brick construction. Utilities and service lines are concealed by drop
ceilings.

HVAC System

Heat is supplied by a central boiler with a fuel 0il storage tank buried
under the 100 E. Canton building parking lot. There are, HVAC, HEPA filters,
scrubbers, and associated ductwork located in all lab areas.

Engineered Safety Systems

A11 areas are sprinklered, and portable fire extinguishers are provided.
Exhaust airflow from hoods and boxes is monitored for line pressure and sampled
for contamination. If these checks indicate abnormal levels, alarm systems

will activate.

Surrounding Area

The NEN complex is located in the south end of Boston in the heart of a
commercial district, where vehicle traffic can be heavy. City utility and
service lines are located underground. ,

£.2.3 Inventory

Radioactive Inventory

The radioactive inventory at NEN is listed in Table E.1. Both the license
1imit and amount on hand in specific buildings are listed. Tritium is
primarily located on the fifth gloor of the 575 Albany building. Spgcifica]]y
tritium activities are 1.5 ¥ 10" Ci in the production area, 2.0 x 107 Ci in the
precursor lab, and 5.O4x 107 Ci in synthesis lab. Waste on the second floor
could contain 1.0 x 10" Ci.

Hazardous and Combustible Inventory

Because of the type of wet chemistry process used at the facility,
numerous combustibles and other hazardous materials can be found in all lab
areas. Some materials that might be found in the 575 Albany building are
listed in Table E.2.

Combustible materials similar to those in the 575 Albany building can be
found in 100 E. Canton building %%b areas. Plexiglas® "coffins," glove boxes,
and PVC piping are found in the “°S work area.

In the 120 E. Dedham building, the bulk of the combustible material is

cardboard containers for packaging products for shipping. These containers are
stored on the first floor. Dispensing labs and quality control areas are
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TABLE E.1., Radioactive Inventory at NEN Boston

License Approximate

Limit, Inventory,
ETement Isotope Building Ci Ci
Calcium 420a 609 103
Carbon 14¢ 575 5.0 x 102 59
123 5
120 360
100 17
135
Chromium Slce 609 1 x 10-3
Hydrogen 3y 575 1 x 10° 2.9 x 10%
123 200
120 390
100 160 .
3.0 x 10
Todine 1257 100 2 x 10-3
Phosphorus 32p 575 5.0 x 10° 1
100 20
71
Sulfur 355 575 1.0 x 102 10
100 28
38

Tocated on the upper floors, with bulk storage areas for organic compounds.
Natural gas and oxygen lines are present for flame-sealing operations in
hoods. Miscellaneous combustibles include paper trash, cardboard containers
and some wooden furniture.

E.3 NEW ENGLAND NUCLEAR, NORTH BILLERICA, MASSACHUSETTS

The New England Nuclear facility in North Billerica produces both radio-
pharmaceutica1s.angaseagsd sourcess. The medical and diagnostics product
division produces ““Mo/ mTc,generators and in-vitro diagnostic kits using
gallium, thallium, and xenon. The source division produces a variety of
isotopes for sealed sources and for radiolabeling organic compounds. The
description was developed using information gathered in a site visit and in a
New England Nuclear report (1981b). - '
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TABLE E.2. Hazardous and Combustible Materials in NEN 575 Buildings

Operational Area Material Notes C;;>
34 Production Oxygen and natural Gas supplied by city utilities, found
gas at each glove box. Lines above drop
ceilings of acoustic tile
Hydrogen Gas line
Plexiglas®, Lucite® Glove box
Solvents Stored in quartz bottles
PVC Piping on scrubber
Paper Trash, lab clothing
Plastic Gloves, shoe covers
3H Percusor(a) Oxygen, natural gas  Gas lines
Organics such as Stored
enzymes and
amino acids
Solvents Stored
Waste compaction  Flammables In storage cabinet
Spray paint Open storage
Paper Trash

(a) Some reactions may run overnight.

E.3.1 Process Description

Operation

The pr188 88erat1ons of the medical d1agnost1c 81v1s1on include produc-

té9n of the 7“Mo/ Mre ?ggerators, thallus chloride T1), gallium citrate
, and xenon gas A1l of these operat1ons are conducted in the

pharmaceut1ca1 bu11d1ng The generators are produced on two shielded lines,
with the “’Mo loaded into the generators in remote hot cells. Approximately
950 generators are produced weekly. Each generator contains 0.2 to 2.8 Ci
990/ 99mre per generator at the time of shipment. About 1400 to_1500 Ci per
week (about a half to one liter by volume) are used. Six 500-cm” canisters of
9Mo (totaling about 800 Ci) each are received each week. Quality control,
final packaging, and shipping are performed in separate areas.

The gallium, thallium, and xenon production areas are located adjacent to
the generator production area. Gallium and thallium solutions are handled in

® P]ex1g1as is a trademark of Rohn and Haas, Philadelphia, PA 19105.
® tucite is a trademark of DuPont de Nemours, E.I. & Co., Wilmington, DE 19898,
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remote cells, where the solution is dispensed to vials. Xenon gas dispensing
is conducted in Plexiglas® hoods. The gas is stored in cylinders of 350 Ci
each (positive pressure) and dispensed in 10 to 100 mCi increments to vials.
Six thousand vials per week are produced.

Both the packaging and shipping areas are warehouse-type rooms. The
shipping area contains a high bay area for truck shipments.

The source division building houses 4 cyciotrons where bulk isotope raw
material is prepared. Approximately 100 nuclides are produced here, 25 of them
routinely. Over a third of all activity at Billerica is contained in this
building. Target preparation areas, iodination labs, nickel plating opera-
tions, and offices are also located in this building.

Waste Disposal

The Billerica facility contains a warehouse where radioactive waste from
all NEN plant sites is stored. Billerica operations themselves produce a wide
variety of wastes, including lab materials, waste paper, rejected sources and
generators, and liquid waste which has been solidified in an absorbent
material.

The bu]% of the waste stored in 55-gal steel drums in the warehouse
consists of “H from the Boston site. Three shipments arrive per week from
Boston. Liquid waste is stored in 30-gal plastic drums.

E.3.2 Facility Description

Buildings

The North Billerica facility has several buildings located as shown in
Figure E.5.

The pharmaceutical building is a one-story brick, concrete, and steel
structure of 70,000 ft=. The nuclides and source divisign building is also one
story, of similar construction, and has about 100,000 ft®. The waste warefhouse
is built of concrete blocks with a metal roof and has an area of 10,000 ft°©.
A1l of these buildings are of recent construction and are specifically designed
for housing radioactive materials. Thick concrete and lead walls shield the
four cyclotrons. :

HVAC Systems

Each building housing radioactive operations is equipped with standard
airflow filtration systems consisting of HEPA and charcoal filters. Al1l hoods
have roughing and HEPA filters except in the iodine processing areas where they
are fitted with charcoal filters. Glove boxes with potential for airborne
activity have their own HEPA filters. Exhaust air from hoods, boxes, and hot
cells passes through these control systems before discharge to the atmosphere.
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Engineered Safety Systems

A1l operations are equipped with radiation detectors, exhaust airflow
monitors, and fire alarms. All areas except the animal building are
sprinklered. The buildings are specifically designed and operations are
situated to prevent the accidental spread of contamination,

Surrouﬁding Area

The Billerica facility is situated on a 215-acre site; 30 areas are
actually in use. Single family homes are adjacent to the site, and a county
prison is located just north of the plant boundary.

E.3.3 Inventory

Radioactive Inventory

The license inventory is shown in Tables E.3 and E.4. However, the actual
inventory on hand can vary between 65 to 85% of the licensed amounts. The
inventory on hand varies according to requirements for filling orders. Since
most isotopes have fairly short half-lives, they are frequently transported
within 30 hours after receiving the raw materials. Table E.5 lists the major
activity on hand during a specific time period, and Table E.6 shows isotope
movement during a typical week at North Billerica. The inventory associated
with radioactive waste is listed in Table E.7.

Hazardous and Combustible Inventory

In the pharmaceutical building, combustible material includes supplies of
laboratory plastics and paper; cardboard containers and packaging materials are
in the shipping areas; solvents and flammable chemicals are kept in storage
cabinets. Similar materials may be found in the nuclide and sources build-
ing. Both buildings have drop ceilings with acoustic tiles concealing utility
and service lines that include natural gas, oxygen, and steam. Many hoods and
glove boxes are constructed of plastic and PVC piping is used extensively in

the buildings.

The waste warehouse contains natural-gas-fueled space heaters, plywood
boxes containing used HEPA filters, and plastic 30-gal drums containing liquid
waste. An LPG-fueled forklift is used to transfer drums.

A small area where vehicles can be fueled is located near the waste
warehouse. It contains both gas and diesel fuel tanks.
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TABLE E.3. License Quantities for the North Billerica

Nuclides and Sources Division Building 4;;}
Element Isotope Ci

By—pro?gﬁt Atomic No single ngc]ide to
number 3 to 83 exceed 10 Ci, Total 500
By-pro?gﬁt, 241Am(b) 350
number greater
than 83
Calcium 45Ca 50
Carbon l4¢ 500
Cerium 14lcq 50
Cesium 134Cs 25

137¢ 500
Chromium Sler 100
Gold 198Au 200
Lodine 125 100

1311 25
ITron 55Fe 200
Krypton 85Kr 1.0 x 104
Nickel 63y 1.0 x 103
Phosphorus 32P 500
Rubidium 86pb 50
Ruthenium 103Ru 25
Selenium 755e 100
Strontium 905r 500
Sulfur 355 1 x 103
Thulium 1707 25
Tin 13, 100
Ytterbium 169y 50

(a) Except those individually identified
(b) Sealed sources
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TABLE E.4. License Quantities for the North Billerica
Medical Diagnostic Division Building

Element Isotope Ci
By-product, atomic Not to exceed 1.0 x 107!
number 3 to 83 per nuc]{de, total

2.5 x 10

Cesijum/Barium 137Cs/137Ba 1
Chromium 51Cr 10
Hydrogen 3y 10
Lodine 125 2

131, 10
Molybdenum Mo 2.0 x 10°
Phosphorus 32P 50
Selenium 755e | 5
Tin/Indium 113g,,113mp, 50
Xenon 133Xe 1.0 x 103

TABLE E.5. Major Activity at North Billerica, June 1931

__Element Isotope Form Ci

Indium 391 Solids for selected 35
sources

Lodine 1251 10

131y 3.5

Krypton 85¢ p Gas in cylinder, 1.1 x 103
200 Ci/cyl

Nickel o031 Solid 3.5

Phosphorous 32p Phosphoric acid 15

Selenium 75g¢ Encapsulated metal 6
oxide

Strontium 90s. Encapsulated solid 35

Sulfur - 35 sulfuric acid 110

Others <1
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TABLE E.b. Isotope Movement During a Typical

Week at North Billerica Q

Material Ready to
Received Isotope Quantity, Ci Ship
Mon 0700 676a 3.4 Mon 1330

0500 201y 4.5 1230
Tue 1400 133ye 450 Wed 1700

1500 9o 20 1100
Wed 0500 201, 3.2 Wed 1230
Th 1500 9o 600 Fri 1100
Fri 0500  27Mo 1,500 Sat 1100

TABLE E.7. Radioactive Waste Inventory at North
Billerica in June 1981

Flement Isotope Form ' Ci
Americium 241Am Packaged capsules 77
Capsules in drums 4
Lab trash 1
Carbon 14C Lab trash ’ 50
Cesium 137Cs Lab trash 20
Production equipment 20
Gallium 676 Liquid in drummed vials 0.5
Hydrogen. 3y Drummed gas cylinders 2 X 10§
Lab trash 2 x 10
Todine 1251 Lab trash : 2
Phosphorus 325 Lab trash, equipment 5
: in drums
. 201 C s .
Thallium Tl Liquid in vials . 0.25
Xenon 133Xe Gas in vials in shipping 0.25
shields .
Zinc 652n Cyclotron targets as 2
drummed pigs
Liquid on clay 2
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4 > E.4 E. R. SQUIBB AND SONS, NEW BRUNSWICK, NEW JERSEY

The Squibb facility 1T3Tew Brunswick, New Jersey, produces 99M099mTc
generators and iodinated (*°*I) solution and capsules. A site visit and a
report by E. R. Squibb and Sons, Inc. (1981) were used as a basis for this
description.

E.4.1 Process Description

Operation

A1l handling of radioisotopes for the production of radiopharmaceuticals
is confined to the 124 building. Processes are the %{oduction of 99Mo/gngC
generators and ijodination of pharmaceuticals using 1311, goth isotopes are
received in liquid form at a central Bsceiving dock. Iodine-131 is received in
lots of 25 Ci once a week; 200 Ci of 77l are received three times a week. All
materials are received in Department of Transportation-approved packages.

These casks are transferred to specially constructed caves in the 124 building,
opened by remote manipulators, and bulk lots are dispensed for production

runs. A maximum of 45 Ci may be in one cave at one time. A maximum of 2.5 Ci
may be transferred to a production lab.

There are .several iodination labs within the building which are similar in
layout and construction.13Toods and glove boxes are steel. Glove boxes are
used for dispensing the I. A single run may consist of up to 50 mCi of
liquid pharmaceuticals, and up to 1.5 Ci for the production of encapsulated dry
iodinated pharmaceuticals.

The 99Mo/gngc production area is in two rooms: one where the empty
generator packages are prepared and one containing a remoBS slave cave., The
packages enter via a conveyor and are filled with liquid ““Mo. Packages are
then returned to the packaging area 58r f%a%l preparation before shipment.
senerators contain 200 to 2,200 mCi Mo/ " Tc.

Quality control and final packaging of the pharmaceuticals are conducted
in separate areas. Bulk amounts of radionuclides are stored in hot cell caves
until they are needed.

Waste Disposal

Dry waste consists of lab glassware, misce]]aneouslgiash, and rejected
generators. Millicurie to curie (<2 Ci) quantities of I are removed each
week in the form of rejected vials of liquid pharmaceuticals. Two or three
55-gal steel drums of waste are accumulated each week and removed for disposal.
Amounts of waste contains less than 2 mCi are stored in a small, specially
constructed concrete building. Liquid waste is held in four 10,000-gal tanks
buried outside the central receiving area.
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E.4.2 Facility Description

Buildings

The 124 building shown in Figure E.6 is part of a sizable industrial
park., It is specially constructed of concrete, steel, and brick for housing
radiopharmaceuticals. Heat is provided by a central boiler for the entire
plant site. Most of thelﬁ?bs are small, about 20 by 30 ft, but the filling and
packaging areas for the I products are quite Targe, about 60 ft by 60 ft,.
Caves for isotope storage are constructed of concrete, steel, and lead, and

have walls 3 ft thick, Waste is stored in the 122 building adjacent to the
124 building.

t_‘ PARKING (L K
L
[ MANUFACTURING

BUILDING
( 190 ft

L 1 1|
RADIOCACTIVE Wi;fg=
STORAGE BUILDING

)

FIGURE E.6. Plan of the E. R. Squibb and Sons Site

RAILROAD

E.4.3 Inventory

Radioactive Inventory

Although their license permits the possession of curie amountslg{ several

é otopes, production changes have resulted in the handling of only I and
Mo as described above. Actual amounts on hand are approximately half the

license limits as shown in Table E.8.
The greatest concentration of radioactive materials will occur in the

receiving area when shipments of bulk material arrive. Following that, the
material is stored in caves for dispensing throughout the laboratory.
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TABLE E.8. Inventory at E. R. Squibb and Sons

License

Element Isntope Inventory, Ci Limit, Ci
lodine 131y 75 150

Molybdenum/  22Mo/99mTc 1 x 10° 2 x 103

Technetium

Hazardous and Combustible Inventory

A minimal amount of combustible material is located in the 124 and
122 buildings. Paper and similar materials are almost nonexistent in the
laboratories, and no combustible gases are used in the processes. Furniture is
constructed of sheet metal or steel. An emergency generator is located in the
124 building, with fuel 0il stored in a 100 to 200-gal buried tank. Near the
loading dock area is a chemical storage area containing process chemicals and
solvents. These could include acetic acid and hydrochloric acid. Near the
caves is a wood-paneled, walk-in refrigerator containing radiopharmaceuticals
with a total activity of 600 to 800 mCi. Another chemical dispensing room
contains a fire/explosion-proof cabinet where combustible materials such as
ether and acetone are stored. Liquid process chemicals, solvents, etc. are
stored in glass bottles, one gallon or less in size.

E.5 REFERENCES

Abbott Laboratories, Radiological Contingency Plan, License No. 12-00621-03,
North Chicago, I1linois, 1981.

New England Nuclear, Radiological Contingency Plans, License No. 20-00320-98,
Boston, Massachusetts, 198la.

New England Nuclear, Radiological Contingency Plans, License No. 20-00320-13
and 20-11868-01, North Billerica, Massachusetts, 193lb,

Squibb, E.'R. and Sons, Inc., Radiological Contingency Plan, License
No. 29-00139-02, New Brunswick, New Jersey, 1981,
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APPENDIX F

RADIOPHARMACY

F.1 OHIO STATE UNIVERSITY NUCLEAR PHARMACY, COLUMBUS, OHIO

The following description of the Ohio State University nuclear pharmacy is
based on a report by Ohio State University (1981).

F.1.1 Process Description

Operation

The nuclear pharmacy at Ohio State University orders and stores radiophar-
maceuticals, kits, and materials; prepares pharmaceuticals, cold kits, and
in-house preparations; and prepares and dispenses doses. Radiopharmaceuticals
are used in patient diagnosis and/or therapy. Radioactive materials are
located in a fume hood, glove box, concrete or lead storage area, or a
refrigerator.

Waste Disposal

Contaminated waste materials are stored in an area surrounded by concrete
blocks. Radiocactive waste is removed each week or on request and sent else-

where for disposal.

F.1.2 Facility Description

Building

The nuclear pharmacy is in the north wing of the university hospital,
which is located in the southeastern section of the campus. A diagram of the
nuclear pharmacy area in the hospital building is shown in Figure F.1, which
also shows nearby offices. It is approximately 25 ft from an exit to
12th Avenue. Radioactive materials are handled in the hood or glove box.

HVAC System

Hood airflow volume %s calculated at 600 ft3/m1n. Airflow velocity is
100 ft/min through a 6-ft° opening. Air is exhausted at the roof of the

hospital.

Engineered Safety Systems

Air is monitored by an alarmed system.

Surrounding Area

The nuclear pharmacy is surrounded by the Ohio State University campus.
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F.1.3 Inventory
G Radioactive Inventory

Typical radioactive materials and activities ordered by the nuclear
pharmacy during the year are shown in Table F.1.

TABLE F.l. Material and Activities Ordered by Ohio State
University Pharmacy During One Year

Compound Activity,
Element Isotope or Form Ci
Chromium 51Cr Sodium Chromate 1.3 x 10'2
Cobalt 57Co Cyanocobalim 1.4 x 10'4
58CO

Gallium 676a Gallium 1.22 x 10°
Indium Il Indium 4.86 x 10-1
lodine 123 Sodium iodide 1.87 x 107}
124y Fibrinogen 2.5 x 1074
131y Iodomethylchlorestero] 6.0 x 1073
Sodium iodide solution 4,5 «x 1012

HSA (human serum albumin) 3.3 x 10~

Sodium iodide 1.87 x 10-!
Iron 59Fe Ferrous Citrate 1.25 x 10'3
Molybdenum/ ggMO/ Generator 4,26 x 102

Technetium Mre

Phosphorous 32p Phosphorous 3.5 x 1071
Selenium 755e Selenium 1.28 x 10-3
Thallium 201ty Thallium 2.1 x 100
Xenon 133¢e Gas 7.5 x 101

F.2 REFERENCE

Ohio State University, Radiological Contingency Plan, License No. 34-00293-02,
Columbus, Ohio, 1981,
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APPENDIX G

SEALED SOURCE MANUFACTURING

G.1 AMERSHAM CORPORATION, ARLINGTON HEIGHTS, ILLINOIS

The Amersham facility performs a variety of functions: distribution of in
vitro test kits; distribution of in vivo radiopharmaceuticals; distribution of
radioactive sealed sources; standardized solutions of radioactive materials as
reference sources; assembly of smoke detectors; manufacture of fibrinogen; and
research and development. Amersham Corporation reports (1969-1980) provided
information for this appendix.

G.1.1 Process Description

Operation

Plutonium and uranium are acquired and distributed as calibration stan-
?agds and1§?1utions. Radiopharmaceuticals are manufactured in one area and use
I and I, with the maximum activity at one time not to exceed 1 Ci. A

small manufacturing area is used for producing sealed sources and liquid
scintillation standards (maximum activity at one time not to exceed 50 mCi).
Sealed sources for smoke detectors are assembled in an area that allows 5 uCi
per source, not exceeding 1 Ci total activity. Research and development is
conducted in a lab where no isotope is present at >50 mCi total activity except
tritium, which may be present up to 2 Ci.

High-level gamma sources are stored in a special room protected by
additional concrete blocks.

Waste Disposal

Waste is stored in two lead receptacles in a small storage area. A high
bay area also contains two waste storage areas (high- and low-activity
waste). These areas are protected by additional shielding.

G.1.2 Facility Description

Building

Radioactive material is handled in the main building, which has 10-in.-
thick concrete exterior walls. - The building is divided into several areas, and
some inner walls include an additional 8 in. of concrete blocks. Floors are
poured concrete. A warehouse area is used for receiving sh1pments of bulk
isotopes and repackaging these materials for distribution. :

ii G.1




G.1.3 Inventory ;

Radioactive Inventory

Possession 1imits of radioisotopes are listed in Table G.1. Approximately
1800 Ci of activity are permitted under the license; however, daily inventories
may range between 350 and 500 Ci. An ad§1t1?2a1 %88 Ci may3Be present as
waste, Most of the activity on hand is “H C, I, and ““P as labeled
radiopharmaceuticals or radiochemical compounds,

G.2 AUTOMATION INDUSTRIES, INC., PHOENIXVILLE, PENNSYLVANIA

Automation Industries, Inc., manufactures a line of gamma radiography
equipment through its instrument division. These radiatlga detecté8n
instruments use by-product sealed sources consisting of Ir and ““Co. The
sealed sources are produced on site. Information in this appendix was
developed using Automation Industries, Inc. reports (1966-1980).

G.2.1 Process Description

Operation

Iridium is received in bulk quantities as encapsulated metallic pellets.
Iridium-192 is doubly encapsg&ated and sealed using heliarc welding or
brazing. Bulk shipments of “"Co are received either as sealed sources and
placed directly into instruments, or as unencapsulated metallic pellets in
approved containers. The cogBainers are simply redistributed to customers with
no further processing., All ““Co is stored in the hot cell.

Waste Disposal

A11 waste is packaged and stored in a locked area before shipment to a
disposal facility. Liquid waste with high contamination Tevels is solidified

before packaging and disposal.

G.2.2 Facility Description

Buildings

A1l radioisotopes are handled in a separate masonry building at the
facility. Building dimensions are 54 ft long, 33 ft wide, and 18 ft high. The
interior is partitioned into areas for the hot cell, waste storage, utility and
boiler room, shipping and receiving area, offices, laboratory change.room, and
decontamination area. The hot cell has walls of 42-in.-thick concrete and a
30-in.-thick roof. It contains a 72-by 60-in. stainless steel work pan. The
floor is at least 42 in. thick. Entrance is through a 7-in.-thick lead and
steel door. Operations are performed using master-slave manipulators and are
viewed through a 42-in.-thick window.

-
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TABLE G.1. Radioisotope Possession Limits at Amersham Facility

Q Element Isotope License Limit, Ci

Any by-product ' 3.0 x 10!
material, atomic
number 1 to 83

Actinium 227 ¢ 1.0 x 1072
Americium 241 pp 5.0 x 102
Californium 242Cf 5.36 x 10'1
Carbon L4¢ 5.0 x 10!
Cesium 137Cs 1.5 x 102 '
Curium 2h2e, 2.0 x 107%;

2840 1.0 x 10!
Hydrogen 3y 1.0 x 103
Krypton 85Kr 5 x 101
Neptunium 237Np 2.0 x 1072
Polonium 208Po 1 x 10'2

209p,, 5 x 10-3

210Po 5

Limit, g

Plutonium 238Pu 5

239y 1

240p,, 2 x 10-1

241Pu‘ 1 x 10'1

282p,, 1 x 1071
Uranium 233U 1 x 10'l

235 1 x 10-1
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Waste is stored in an area with dimensions about 11 by 9 by 8 ft and has
14-in.-thick concrete walls.

HVAC Systems

A separate ventilation system with two HEPA filters in series is provided
for the cell. An electric hoist and severa] 115 V and 220 V outlets are
located inside the cell.

G.2.3 Inventory

Radioactive Inventory

Possession %bm1ts are: 1921r, 27,000 Ci as metallic pellets, wafers, or

sealed sources; - -Co, 5,000 Ci as sealed sources (maximum 3,000 Ci per source)
and 15,000 Ci as meta111c pellets or wafers.

G.3 MICRO DISPLAY SYSTEMS, INC., BEVERLY, MASSACHUSETTS

Micrq Display Systems distributes LCD watches containing sealed gaseous
tritium (TH) light sources. Possession limits stipulate that no watch is to
contain more than 200 mCi of tritium. The firm also repairs such watches.
Repairs may be done in chemical fume hoods if the repairs require replacement
of the tritium glass vial light source. Micro Display Systems reports (1980-
1981) were used to develop this information. No further information was
available.

G.4 MINNESOTA MINING AND MANUFACTURING, NEW BRIGHTON, MINNESOTA

Minnesota Mining and Manufacturing (3M) operates a sealed-source produc-
tion facility on the 2,370-acre site of the Twin Cities Army Ammunition Plant
(TCAAP) north of Minneapolis and St. Paul, Minnesota. The facility consists of
four primary buildings (573, 575, 590, and 675) and an emergency power facil-
ity. The range of products produced is extensive, but consists priggri]yGB

capsy%gted ii?]ed Z?Brceslgad rad1ophggmaceutica1 products using ““Kr, ““Co,
Cs, Pm, and . Bulk raw isotopes are purchased
from vendors, brought to the 3M 51te, and repackaged as sealed sources
directly. They can be first converted to another form such as microspheres and
then be packaged and distributed. The facility is under the auspices of 3M's
Static Control Systems Department. Information on the 3M sealed-source plant
was developed using a report by Minnesota Mining and Manufacturing (1981).

G.4.1 Process Description

Operation

575 Building. This building is shown in Figure G.1l. Isotopes handled
regularly include 35kr, 60co, 90sr, 137¢s, 210po, and ia7pn, Krypton gas is
received from an outside vendor and used in the north wing to produce sealed
sources. Cobalt, strontium, and cesium are processed into microspheres and

G.4
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FIGURE G.1. 575 Building at the 3M Site

incorporated into a variety of sources in modules in the north wing. Polonium
is pyrochemically extracted from neutron-activated bismuth slugs and later
electroplated onto platinum gauzes and converted to microsphere form.
Promethium is received at the building and converted to microspheres, then
transferred to the 675 building for.incorporation into sources. Operations
using these latter isotopes are conducted in the south wing of 575.

Knypton-85 source production requires several steps conducted én inci-
vidual modules in this building. In module 116, 100 Ci of gaseous SKT enters

the production process and is transferred to individual sources using a nitro-
gen cold trap and associated vacuum pump system. Each source contains a 1.5 Ci
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maximum, The individual metallic tube sources are sealed with an LPG torch.
Three cylinders of LPG gas may be present in the production module. All work
js conducted in metal and Plexiglas® fume hoods. The finished sources are
transferred to other modules for quality control checks and stoggge before
packaging and shipp%ag. Qadule 1021§§ used for storage of the ““Kr sources, as
well as storage of Co137 Sr, and Cs sources. Up to 100 Ci of each isotope
may be present, except Cs which may have a total activity of 500 Ci. All
sources are stored in a steel and lead safe. Quality control is performed on
the sealed sources in a remote-slaved concrete fort,

For 9OSr sealed source production, the bulk isotope (double encapsulated)
is received from vendors and transferred to a hot cell, module 112. It is
opened there, placed in solution, then incorporated into ceramic micro-
spheres. The microspheres are placed in brass cylinders and transferred to
module 110 for temporary storage in steel safes. HB to 1,000 Ci are processed
in this manner. Up to 500 Ci of liquid and solid “~"Sr waste may be held in the
hot cell before removal and disposal.

Periodically, 1-Ci samples of finished product are transferred to module
111 for assay in a Plexiglas® fume hood. The microspheres are transferred to
module 105 for loading to inner capsules, sealing with a tungsten welder, and
brazing with a propane torch. Then they are moved to module 106 for final
sealed source encapsulation and brazing with an acetylene-oxygen torch.
Shielded remote-slaved enclosures are used for all production steps during this
stage. Additional final source production is conducted in module 114.

Simi]gB production steps for the manufacture of different varieties of
137¢s and °YCo sources are conducted in north wing modules 109, 113, 103, 104,
115, 117, and 118. Final products are stored in module 101, A1l the sources
are handled in either slaved forts or Plexiglas® and steel fume hoods.

Promethium-147 sealed source production occurs in south wing module l}ﬂ7
The capsule containing the bulk isotopes is opened in a glove box and the Pm
is dissolved and incorporated into ceramic microspheres. The microspheres are
packaged in Department of Transportation (DOT)-approved containers and
transferred to Building 675 for further processing. Periodically, 1-Ci samples
are taken to module 113 for dilution and assay.

Polonium-210 is also processed into microsphere form before source
fabrication. A1l handling of the isotope occurs in the Alpha Module Complex,
which consists of modules 109, 110, 111, and 112 in the south wing. These
areas are segregated from the rest of the building process areas. Polonium-210
is extracted from neutron-activated bismuth slugs in modu 0112. This process
involves cleaning the irradiated capsules containing the Po using solvent,
then removing and electrically melting the metal isotope in contact with 310
sodium hydroxide solution. The sodium hydroxide solution containing the Po
is neutralized with nitric acid and the polonium is carrier-precipitated from
solution using potassium manganate and manganous nitrate. The precipitate is

® Plexiglas is a trademark of Rohn and Haas, Philadelphia, PA 19105
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dissolved in a nitric acid and hydrogen peroxide solution and the 210pg s
subsequently electroplated onto platinum gauzes. Operations are conducted in a
series of shielded steel and Plexiglas® enclosures. The gauzes are transferred
to module 109 where a hydrochloric acid and ammonium hydroxide solution is used
to produce microspheres, which are subsequently heat treated and nickel plated
using a plating solution of nitric acid, stannous chloride, and palladiam
chloride. The finished microspheres are packaged in approved shipping con-
tainers and transferred to the 675 building for incorporation into products.
The above steps are conducted in a sequence of Plexiglas®, steel, and plywood
glove boxes and fume hoods.

590 Building. Radionuclides are delivered at the 590 building receiving
dock and transferred to a microsphere production area to produce carbonized
mircospheres. These microspheres are placed in glass vials and checked for
quality control before being packaged in shielded containers and shipped to
customers. All materials are handled in fume hoods or shielded containment
areas. Various isotopes are handled in this manner and are listed in the
section on radioactive inventory.

675 Building. This building contaiaioa warehouse, shipping and receiving
. area, offices, and production areas for “~“Po static elimination devices,
radioluminous products, and nuclear medical sources. A nonradioactive process
also takes place here: plastic cylinders are dipped in a solution of147
tetrahydrafuron and cyclohexanon. This work area is adjacent to the Pm
processing area. Fume hoods are used to exhaust vapors from three 55-gal steel
drums that comprise the holding tanks.

Polonium-210 microspheres are transferred by truck from the 575 building
to the 675 building. These microspheres are incorporated into static
elimination devices. All work is conducted in steel and Plexiglas® glove boxes
and the final product is dried elﬁibrica11y in a fume hood with a plywood
base. The material in which the Po microspheres are imbedded is
proprietary. Other microspheres are silk-screened onto aluminum strips and
fixed with epoxy resin before incorporation into static elimination devices.

Ytterbium-169 is processed in two areas. VYtterbium chelate in liquid form
is dispensed to vials in fume hoods in the chelate loading room. The vials are
autoclaved and packaged into lead pigs for shipment. The chelate itself is
produced 1nlgge chelate production room in a lead-shielded fort inside a fume
hood. The Yb is purchased in liquid form from a vendor, arrives at the
590 building and is transferred to 675 building after quality control checks.

Promethium-147 microspheres manufactured in the 575 building are trans-
ferred in DOT-approved packages to the 675 building by truck. The microspheres
are mixed with phosphorous and binding agents to produce a radioluminous
pigment, which is applied to a number of products. These include watch dials,
compass faces, glass tubes, etc. The glass tubes-are sealed with a miniature
acetylene-oxygen torch., Acetone, isopropyl alcochol, trichloroethylene, and
lacquer thinner are stored in this area in safety cans.
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Iodine-125 in liquid form is absorbed onto ion exchange resins, the resin
beads loaded into titanium cans and the cans tungsten-welded. A1l operations
are conducted in steel glove boxes. After inspection and leak testing, the
cans are autoclaved, leak tested again, packaged and shipped.

Waste Disposal

Solid waste collection, compaction, preparation, and storage before
offsite disposal is conducted in 573 building. Radioactive waste is collected
from a variety of process steps within the 3M site. The building is divided
into concrete-walled modules for storage. All waste is stored in DOT-approved
shipping containers. This waste generally includes discarded microspheres,
glassware, filters, plastic containers, and solidified liquid waste. Waste
from the individual processes is packaged at the work site and then transferred
to the 573 building.

G.4.2 Facility Description

Buildings

The 573 building is designed with a number of modules, which are separated
by reinforced concrete walls. One end of the building has plywood walls with a
wood-tar roof. The other end has wood-framed walls with steel siding and a
roof with fiberglass skylights. The floor is a concrete pad. The building
contains a waste compactor, fork 1ift, and other materials for handling
radioactive waste.

Primary production operations occur in the 575 building. Other facilities
include offices, shipping and receiving, quality control, and employee facili-
ties. Production areas are divided into modules constructed of reinforced
concrete on a concrete pad. FEach module is approximately 7 by 14 ft with a
wood-framed outside wall and wood-tar roof. Modules in the north wing of the
building handle beta- and gamma-emitting' radionuclides; modules in the south
wing handle beta- and alpha-emitting isotopes. Each wing contains 20 modules.

The 590 building houses offices, locker areas, warehousing operations,
manufacturing of nonradioactive property, and production and quality control of
nuclear medical products. The building is wood frame construction with a tar

roof.

The 675 building houses offices, warehouse space, shipping and receiving
areas, and production areas for static control devices, nuclear medical pro-
ducts and nonradioactive pharmaceuticals. The building is constructed of
reinforced concrete pillars supporting a concrete roof over a concrete slab.
Qutside and interior walls are of dry-wall construction.

HVAC Systems

In 573 building, only the compactor module is heated, with an LPG space
heater. No water or sewer service is provided.
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Other buildings (57%, 590, and 675) are steﬁm heated from the faci]1t¥
central boiler. High-pressure steam (190 1b/in.“) is reduced to 15 1b/in.
stations in each wing before circulation to the bu11d1ng

An emergency diesel generator and 265-gal diesel fuel storage tank are
located next to the south wing of 575 building shown in Figure G.1. The
generator is used to provide electricity in event of power failure.

A1l areas where radioactive isotopes are handled have systems that include
a circulation fan, filter units, and ductwork. Air intakes are provided at two
points in the 575 building with exhaust air exiting through fume hoods or
exhaust ducts and discharged via roof stacks. Areas where sealed sources are
handled generally do not have filter systems. Where filters are used, they are
usually banks of Ultra-Aire® which are 99.97% effective for 0.3-pm-diameter
particles. In the 590 building, all containment systems (glove boxes) are
provided with filters (type not identified). Standard ductwork carries Eghaust
air to a roof stack. In the 675 building, containments for ?59cess1ng I are
filtered using a series of activated charcoal filters. Igg Pm giﬁas are
filtered by a series of Ultra-Aire® filters, as are the Yb and
production areas. Air intake to the building is provided by two 1nf1ow points
while exhaust air is removed via ductwork and a roof-mounted exhaust stack. In
the 573 building, the waste compactor room is the only one provided with
filtration (99.97% effective for 3-um particles) and ventilation.

Engineered Safety Systems

Ventilation alarms, temperature control alarms, fire alarms, lightning
protection, sprinkler systems, and fire extinguishers are provided throughout
the 3M facility. Isotope handling modules are separated by reinforced concrete
walls. An onsite fire department is maintained for the entire army facility

site.

Surrounding Area

The entire TCAAP site is a restricted area of 2,370 acres with its own
road system and railway spur line, which is only used occasionally. Medical
and fire fighting facilities are prov1ded and a common sewer service and
central heating are provided for the entire site. The area outside the TCAAP
site is primarily residential with some light industry.

Potentially hazardous operations found at facilities other than 3M within
the TCAAP site include small arms ammunition and gun powder, and explosive
detonator storage. These operations are segregated from the 3M sealed-source

operation.

® Ultra-Aire is a trademark of the Mine Safety Appliances Co., Pittsburgh,
Pennsylvania
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G.4.3 Inventory

Radioactive Inventory

License limits of isotopes at 3M are listed in Table G.2. Inventories in
the various buildings are listed in Table G.3 for the 575 building; Table G.4
for the 590 building and Table G.5 for the 675 building.. A list of the maximum
inventory of isotopes in DOT-approved containers awaiting shipment in the waste
storage building, 575, is given in Table G.6.

Hazardous and Combustible Inventory

Table G.7 lists the hazardous and combustible materials at 3M. In
addition to the listed materials, several fuel storage tanks are present on the
3M site. These include:
500-gal propane tank adjacent to 573 building (waste storage)
600-gal aboveground gasoline tank located 100 ft from 573 building
265-gal diesel fuel storage in the emergency power building
500-gal propane storage 150 ft from 590 building (static division).

o o 9 0

G.5 MONSANTO RESEARCH CORPORATION, DAYTON, OHIO

Monsanto Research Corporation (MRC) operates a sealed-source production
facility in Dayton, Ohio, under the control of its Engineered Products
Department (EPD). This facility manufactures, tests, and distributes neutron,
beta, and gamma sources using a variety of isotopes. It also fabricates DOT-
approved isotope shipping containers. The Dayton lab occupies a 20-acre site

TABLE G.2. License Limits of Isotopes at 3M

Element Isotope Inventory, Ci
Americium 241Am 0.1 (any form), 5 (sealed source)
Bismuth 210 200
Cesium 137cs 8,000
Cobalt 60¢ 200
Hydrogen 3y 1000
Todine 125 100
Krypton 85Kr 1500
Polonium 210p, 4000
Promethium 147Pm 3500
Strontium 9OSr 3000
Ytterbium 169y, 100
By-product 10 each, 100 total

isotopes atomic
number 3 to 83
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TABLE G.3.

Typical Radioactive Inventory in 575 Building Modules

Inventory,

Element Isotope " Form Location Ci
Cesium 13705 Sealed Capsules 112, hot cell 3000
Microspheres 20
Liquid 2000
Microspheres or liquid 111, assay 1
Microspheres 110, storage 100
Microspheres 105, source production 1000
Inner source 50
Sealed source 106, source production 50
Sealed source 114, source production 50
Microspheres 109, source production 10
Inner source 10
Sealed source 113, source production 10
Microspheres 103, source production 10
Inner sources 5
Sealed source 104, source production 5
Microspheres 117, source production 75
Inner sources 10
Sealed sources 118, source production 10
Sealed sources 101, storage 20
Sealed sources Quality control 200
Cobalt 60Co Sealed capsules 112, hot cell 50
Microspheres 20
Liquid 50
Liquid or microspheres 111, assay 1
Microspheres 110, storage 100
Microspheres 105, source production 50
Inner sources 10
Sealed sources 106, source production 10
Sealed sources 114, source production 10
HMicrospheres 103, source production 2
Inner sources 2
Sealed sources 113, source production 2
. Sealed sources Quatity Control 200
Krpton dSKr Gas/sealed sources 116, oroduction 100
Sealed sources 102, storage 100
Sealed sources Quality Control 200
Prometnium 1470m Sealed capsule 114, microsphere 2000
production
" Microsphere 200
Liquid (100 cm®) 300
Liquid or microsphere 113, assay - 1
Polanium 21”90 Sealed sources 112, extraction 1500
Liquid {4uL) 2300
Liquid Microsphere production 200
Microspheres Microsphere production 200
Strontium 9”Sr Sealad capsules 112, not cell 1000
Microspheres 200
Liquid. (100 cm3) 1000
Liquid or microsphere 111, assay 1
Microspheres 110, storage 1000
Hicrospheres or
sealed source 107, source production 100
Sealed source 106, source testing 10
Sealed source U1, source testing 10




TABLE G.4. Maximum Amounts of Nuclear Medical Isotopes
Present in 590 Building at 3M
Inventory,
Element Isotope Form Location Ci
Cerium 14lce Microspheres NW Corner 0.4
Chromium Sley Microspheres NW Corner 0.4
Cobalt 60¢o Sealed sources Shipping/receiving - 10
Cesium 137¢s Sealed sources Shipping/receiving 40
Iodine 1251 Sealed source  Shipping/receiving 1
Microspheres NW Corner 0.2
Krypton 85Kr Sealed source  Shipping/receiving 10
Niobium 95Nb Microspheres NW Corner 0.1
Polonium 210Po Sealed sources Shipping/receiving 15
Promethium 147Pm Sealed Sources Shipping/receiving 10
Scandium 4?Sc Microspheres NW Corner 0.3
Strontium 85¢e Microspheres NW Corner’ 0.3
905, Sealed sources Shipping/receiving 1
Ytterbium 169Yb Microsphere NW Corner 0.05
TABLE G.5. Maximum Amounts of Isotopes Present in Processes
in Building 675 at 3M
Inventory,
Element Isotope Form Location Ci
Iodine 1251 KOH solution Production room 5
Ion exchange resins Production room 5
Sealed source Production room 5
Polonium 210Po Microspheres Static elimination room 160
Finished products Static elimination room 160
Promethium 147Pm Microspheres Radioluminous production 500
area
Products Radioluminous production 10
area
Ytterbium 169Yb Liquid Chelate production room 5
Liquid Chelate Toading room 5
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TABLE G.6. Maximum Inventory of Waste in Storage-in 573 Building

Element Isotope Inventory, Ci
Cesium 137¢s 2,000
Cerium 141ce <2
Chromium Sler <2
Cobalt 60¢o 50
Todine 1251 15
Krypton 85¢p 50
Niobium b @
Polonium 210p, 2,500
Promethium 147Pm 50
Scandium 46Sc <2
Strontium 855r <2

90sp. 500

within the Dayton city 1imits. The site consists of 10 buildings, two of which
are used for handling radioactive materials. Figure G.2 is a site plan with
the EPD controlled-access area indicated. A report by Monsanto Research
Corporation (1981) was the basis for this description.

G.5.1 Process Description

Operation

Monsanto produces a variety of sealed sources. Generally, the isotopes
are handled in enclosed boxes or remote cells and are doubly encapsulated.
Three rooms in Building 2 contain glove boxes constructed of sheet metal and
glass. The remote cells are placed in a single room and are also constructed

of sheet metal and glass.

60 So]1d2§§otopes in powder, wire, and pellet form include 238Pu, 137Cs,

Co, and Amounts required for processing are removed from bulk storage
and 1nserted 1nto the process stream. One process produces neutron sources
from plutonium and beryllium by first cleaning the source capsule with acetone,
crushing the plutonium metal, and measuring the required amount. In a glove
box, the metal chips are placed in a beryllium cup, which in turn is placed in
the inner capsule, welded with a tungsten inert gas (TIG) welder and leak
tested. The source is activated by heating the tantalum capsule to 1300 to
1500°C in an inert atmosphere using an induction coil. The activated source is
then sealed in the second capsule and again leak tested. Polonium/beryllium
sources are produced in a similar manner. Polonium-210 as received is
electroplated on platinum gauzes; a similar procedure is used with americium.
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TABLE 6.7

Operational Area

G.7.

Hazardous and Combustible Materials at 3M

Building Module Material Notes
575 103 Plasma needles arc welder, Sealing 137Cs source

glycerin cleaning

104 Nickel chloride Plating *37¢s source

105 116(2) welder, propane, tri- Sealing source,

‘ sodium phosphate cleaning

106 TIG welder, acetylene/oxygen Sealing sources,
torch, glycerin, toluene cleaning

107 TIG welder, glycerin, Sealing sources,
toluene cleaning

109 Propane, nitric acid, stannous Source brazing,
chloride, palladium chloride extraction

112 Nitric acid, ammonium hydroxide For solutions
hydrochloric acid, nitric acid,
solution peroxide

113 TIG welder Source sealing

114 TIG welder Source sealing

116 LPG ‘ 3 cylinders

117 Plasma arc welder source sealing

675 1251 TIG welder Sealing resin beads

production

Radioluminous
production area

(a) Tungsten Inert

Acetone, isopropyl alcohol,
trichlorethylene, lacquer
thinner, oxyacetylene

torch

Gas (TIG)

G.14
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FIGURE G.2, Monsanto Site Plan

liquid source production follows similar steps, with additional processes for
dissolving solid isotopes and checking for purity of the solution.

Waste Disposal

Radioactive waste produced during production is packaged within the
containment where it is generated, then removed for drumming and storage in
Building 7. Solid waste is separated into burnable and nonburnable categories;
liquid waste is first solidified before final packaging and disposal. The
final separation of waste is based on whether material is of.low or high
specific activity, or whether it is transuranic waste with specific activity
greater than 10 mCi/g waste. Approximately thirty 55-gal drums of waste are
generated each year. Any combustible materials stored in Building 7 with the
radioactive waste must be sealed in imetal or approved fire-resistant
containers.,

G.5.2 Facility Description

Buildings

Isotope processing occupies rooms 3 through 14 in a wing of Building 2.
Building 7 is a below-grade storage bunker for housing drummed radioactive
waste,
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Building 2 was built in 1929 and modified in 1962 to allow handling of
radioactive materials. It is divided into two areas: one designated a support
area for handling sources and package preparation, the other designated a hot
area where liquid and powder isotopes are handled in glove boxes or cells and
the sources actually produced. The support area consists of 6 rooms built of
1-ft-thick poured concrete walls faced with tile on a 5-in.-thick concrete
floor. Windows have been sealed with concrete blocks and the roof is con-
structed of concrete beams and deck covered with asphalt. The hot area
consists of 5 rooms built from steel wall panels over masonite interior panels
on dry wall with steel framing. The floor is a poured concrete slab, and the
roof is either steel roof panels with wood sheeting, or steel and wood frame
with tar paper cover and dry-wall interiors.

The waste bunker, Building 7, is built below grade from poured reinforced
concrete. It was specifically designed to protect drummed waste from tornado

damage.

HVAC Systems

Airflow in the isotope handling rooms is from the room to the containment
such as hoods, glove boxes, or remote cells. Air is exhausted through HEPA
filters, usually two in series with one at the containment and the other at the
exhaust stack. Ductwork is standard sheet metal piping. The ventilation
system is designed such that airflow is from areas of low contamination to
areas where higher contamination might exist. Glove box and remote cell
airflow is exhausted through two absolute filters in series, each 99.9%
efficient for 0.3-um particles.

Engineered Safety Systems

Building 2 is fully sprinklered and contains monitors and alarms for fire,
air contamination, and exhaust fan operation. Manual fire extinguishers are
located inside each glove box. Fire extinguishers are automatically operated
in the remote cell. The remote cell system is manually deactivated when
lithium is present in the cell,

Surrounding Area

Monsanto is located in an industrialized area of Dayton. Neighbors
include a junk yard, a steel plant, an-automotive parts plant, and a coal-
burning power plant. Two gasoline service stations are located about half a
mile from the facility.

G.5.3 Inventory

Radioactive Inventory

Possession 1imits of isotopes at Monsanto are listed in Table G.8. The
inventories on hand are assumed to approach possession limits. Most of the
material, appropriately contained, is held in storage in below-ground "wells"
in Building 2. Only 80 to 100 Ci of a single material is in process at one
time in the glove boxes or cells. Stored sources are doubly encapsulated.
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TABLE G.8. Possession Limits of Isotopes at Monsanto

@ " Research Corporation
Possession
Element Isotope Limit, Ci

Americium 241y 6,000
Antimony 2045y, 50
Bismuth 210 5 50
Californium 252 f 10 mg
Cesium 137 200
Cobalt 60¢o 50
Curium 242Cm 600

243Cm 10

284¢nm 600
Neptunium 237\p 0.1
Plutonium 5225539’244’241 199 g
Promethium 147Pm 70
Polonium 210p, 3,000
Strontium 908r 50
Thallium 2041y 50
Thulium 1707, 10
By-product with 2

atomic number
3 through 83

Although Monsanto handles solid.and liquid isotopes, the license does not

distinguish between bulk isotopes in solution and dry solid isotopes.

Hazardous and Combustible Inventory

Volatile or flammable liquids and gases are handled only in glove boxes in
room 9, and only 5 Ci of any isotope are allowed in boxes containing materials
such as benzene. This type of operation usually occurs only 2 weeks during the
year. Some of the shielding used on the containment systems is plastics or

acrylics.

G.6 PAN AMERICAN WORLD AIRWAYS, KENNEDY SPACE CENTER, FLORIDA

Pan American World Airways (Pan Am) is under contractual agreement with
NASA and the U.S. Air Force to provide service to organizations that require
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the handling of radioactive materials. These services include the packing,
storage, and disposal of waste, and health physics operations. The latter <;;>
require the use of instrumentation containing sealed sources. Pan American

World Airways reports (1977-1979) were used to develop this appendix.

G.6.1 Process Description

Operation

Sealed sources used by Pan Am's health physics operations include sources,
required for dosimetry studies, field instrumentation calibration, and
laboratory instrument calibration.

Waste Disposal

Waste handled by Pan Am includes any by-product mat?5§a1 with atomic
number 1 through 83 and not to exceed 100 Ci/nuclide or Ci total. ATl waste
is stored in 55-gal metal drums.

G.6.2 Facility Description

Pan Am's main building at Kennedy Space Center, which houses the sources
is constructed of cement block with concrete floors and a reinforced concrete
and steel roof. Waste is stored in a small building built of metal siding and

roofing.

G.6.3 Inventory

Radioactive Inventory

Possession limits for the facility are listed in Table G.9.

G.7 SAFETY LIGHT CORPORATION, SOUTH CENTRE, PENNSYLVANIA

Safety Light Corporation (SLC), formerly U.S. Radium and now a division of
VSR Industries,,produces and distributes a variety of sealed-source products
using tritium, “H. The majority of these products are divided among the
following types: self-luminous safety devices used in commercial and military
aircraft; tritium foils used for industrial research and development; titanium
tritide-coated rods and pins used in electron tubes; and tritium targets for
neutron-generating devices. Information was developed using a report by Safety
Light Corporation (1981).

G.7.1 Process Description

Operation

The main processing building indicated in the site plan, Figure G.3,
contains two tritium handling areas: tritium paint preparation using tritiated
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TABLE G.9. Possession Limits for Pan American World Airways

Q Inventory, Ci

£ lement Isotope Form per Source Total
Americium 241 pm Sealed source, 5 X 10'4 5
plated source,
foil
: . 252
Californium Cf Sealed source 11 11
Curium 284¢cn Sealed source, 1 x 1074 1 x 1073
plated source,
foil
. 210 .
Polonium Po Sealed source 0.025 5
Thorium 2281 5 x 107 1
2307,
232Th
Uranium 238, Sealed source, 1 x 107* 0.001
plated source,
foil
238y Depleted uranium 15,000 kg

phosphor, and tritium processing using gaseous tritium. Tritiated paint is
prepared by mixing the phosphor with various adhesives within fume hoods.
Luminous paint is then applied to a variety of products, which are packaged-and
shipped.

In the tritium processing area three separate processes occur:
1) production of gaseous tritium light sources, 2) impregnation of foil with
tritium, and 3) a spark gap filling system. Light source production consists
of filling phosphor-coated glass ampules with 94% pure tritium gas. The gas
arrives in cylinders from 0ak Ridge in shipments of 20,000 Ci. The gas is
transferred to a depleted uranium bed reservoir system for storage and
dispensing. Gas is driven off the beds by heating them with an electric
heater, and is then discharged to glass ampules. The ampules are sealed using
infrared heat lamps.

Tritium foil impregnation consists of heating titanium agd scandium foils
in quartz reaction vessels ugder vacuum and then introducing “H gas, which
impregnates the foils. The "H is stored as above in depleted uranium
reservoirs. These reservoirs are heated to above 250°C to drive gas out of the
beds. The impregnated foils are packaged in hoods and sent on for storage and
shipment.

-
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The spark gap tube filling system cons%sts of filling ceramic and copper
éii} vessels with hydrogen diluted with gaseous “H. The tubes are sealed, packaged,
and shipped after quality control checks. All work on the tubes is performed
in fume hoods.

Waste Disposal

Gaseous tritium and oxide effluents are discharged to the atmosphere after
filtration. Liquid waste effluents from processing areas and sinks are dis-
charged to holding tanks for decay before discharge to a nearby river. Some
low-Tevel liquid waste is drummed and disposed of at approved sites. Solid
waste is composed of foil scraps, paint residues, scrubber columns, and
miscellaneous paper and clothing. This material is drummed and disposed of

periodically.

Used tritium products such as self-luminous safety devices, spent tritium
foils, and watch dials are returned by customers for disposal. These are
accumulated and disposed of at approved disposal sites.

G.7.2 Facility Description

Buildings

- The facility is located on the 2-acre site shown in Figure G.3, in South
Centre, Pennsylvania. Another VSR subsidiary located on the site is VSR
Metals, which does not handle radioactive materials. VSR Metals produces
dials, name plates, and other products used by industry and the military. The
SLC buildings consist of main processing, 1iquid waste storage, and three
storage buildings, and a machine shop.

The main processing building is a steel-framed structure Eu11t on a
concrete slab. Building dimensions are 50 by 120 ft, 6,000 ft=., Inner walls
use steel studs covered by dry wall. The building contains service lines for
gas, oxygen, compressed air, and electricity.

The 1iquid waste building is a steel-framed structure containing the
holding §anks. This building is also used as the receiving area for the
gaseous “H from Oak Ridge. The gas is subsequently transferred to the
processing building in its original containers.

0f the three storage buildings, one is a two-story wood-framed structure,
while the other two are of concrete block construction. The wood-framed
building houses both contaminated and uncontaminated production equipment. One
of the concrete block buildings also houses contaminated equipment, while the
other is used for storage of uncontaminated equipment and supplies.

HVAC Systems

In the main processing building, intake and exhaust air are filtered as
needed to maintain quality control. Air conditioning and heat are provided by
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two separate electrical heat pump systems, one providing recirculated air to ‘;;;
nonradioactive work areas and the second providing air to the radioactive

areas. Air from the radioactive areas is not recirculated but is discharged
through a roof-mounted exhaust stack.

Engineered Safety Systems

The main processing building is sprinklered with water provided by an
onsite supply system. Fire extinguishers are strategically placed throughout
the facility. When tritium is handled, air is continuously monitored for
contamingtion. Stainless steel is used as much as possible for containing the
gaseous “H., Alarm systems are located throughout the main processing
building. Fume hoods and glove boxes are used as needed in the tritium
handling areas.

The water supply and controls for the sprinkler system are located in a
pump house in the northeast corner of the plant site. A gas-fired heater is
connected to the holding tank. This building is of concrete block
construction.

Surrounding Area

The Safety Light facility is Tocated in rural Pennsylvania immediately
adjacent to the Susquehanna River. Grass-covered ridges and agricultural land
form the boundary of the site. Some residential housing is located nearby.
Within 1 mile of the plant site are several light industrial firms and a high
school.

The river has flooded the SLC facility waste storage buildings in the
past, after Hurricane Agnes in 1972.

G.7.3 Inventory

Radioactive Inventory

Safety Light's license permits the use of 1 mCi any by-product material in
sealed-source form as a reference standard. The principal sources of radio-
activity at the Safety Light facility are shown in Table G.10. Gaseous tritium
is received in shipments of 20,000 Ci or less and then divided into 5,000 Ci
batches. These batches are distributed to the self-luminous device process
system or the tritium foil impregnation system. All of this activity is in the
processing building. No estimates are available of inventories of radioactive

waste.

Hazardous and Combustible Inventory

Limited quantities of solvents can be found in several locations in the
main processing building.

-
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TABLE G.10. Possession Limits of Principal Isotopes
at Safety Light Corporation

Possession

Element Isotope Form Limit, Ci
Carbon 14C Sealed source gas, 2.05
Hydrogen 3y Gas, tritiated paint, 1 x 10°

sealed sources

Krypton 85¢ Sealed source 5

G.8 STOCKER AND YALE, INC., BEVERLY, MASSACHUSETTS

The Stocker and Yale facility produces self-luminous devices, primarily
and-he1g7compasses, for use by military personnel. The only isotopes used are
H and Pm. Possession 1imits for tritium are currently set at 12,000 Ci,

and are in the form of phosphor paint and sealed sources. Tritium is segre-
gated in two areas in the facility that may hold up to 6,000 Ci on each s%de of
a 4-in.-thick maple wall. Th§4§ota1 floor area of the plant is 50,000 ft~.

The possession limit for the Pm is 10 Ci and is in the form of luminous
paint. Stoihgr and Yale currently produce up to 20,000 compasses per year with
0.4 mCi of Pm in each compass. The entire facility is sprinklered (Stocker
and Yale 1975-1981).

G.9 TECHNICAL OPERATIONS, BURLINGTON, MASSACHUSETTS

Technical Operations (Tech/Ops) functions as a sealed-source manufacturer
producing sources from a number of isotopes. Technical Operations reports
(1957-1981) provided background information used for this appendix.

G.9.1 Process Description

Sources are unloaded in a hot cell and encapsualted in another cell. The
material handled will be in the form of pellets or wafers, which are placed in
an inner capsule. This capsule is welded and placed in an outer capsule, which

is also welded. |

G.9.2 Facility Description

The radioisotope laboratory at Tech/Ops is located underground in one end
of their main building. It consists of two X-ray areas for exposing radiation
sources; a general storage area for holding shielded containers of
radioisotopes; a source cutting area for remotely removing sealed sources from
their container aga transferring the source to another storage container; a
storage area for Egzsea1ed sources; storage area for waste in 30- to 55-gal
steel drums; and a Ir work area for unloading and encapsulating it into
sealed sources.
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G.9.3 Radioactive Inventory

Possesiggn 11T}Bs for T?gg/Ops are listed in Table G.11. Sources
containing Cs, Tm, or Yb are permitted as up to 1 Ci of by-product
material in unsealed solid metallic form anfggp to 1200 C139s sealed sougﬁes.
"QOperating procedures permit up to 1,000 Ci Ir, 100 Ci Cs, or 1 Ci ““Co in
the loading cell at one time.

TABLE G.11. Possession Limits at Tech/Ops

Inventory,

Element Isotope Form Limit, Ci
Cesium 137Cs Sealed source 1 x 104
Cobalt 60co  Solid metallic, 1.5 x 104

sealed sources
Hydrogen 3y Sealed source 5 x 103
Iridium 1921 solid metallic, 5 x 10%(2)

carbide, sealed

source
Strontium 905 Sealed source 19
Tantalum 182Ta Solid metallic 200

carbide, sealed

‘source

18313 Solid metallic, 2 x 103

carbide, sealed

source
Thulium 170tm  sealed source 5 x 103

(a) Application for amendment to change possession
limit from 25,000 Ci to 50,000 Ci
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APPENDIX H

RESEARCH AND DEVELOPMENT OF NUCLEAR FUELS

H.1 ISOTOPIC ANALYSIS, INC., TULSA, OKLAHOMA

Isotopic Analysis, égg., ngvides mass spectrographic analysis of nuclear
materials, particularly U, U, and plutonium., The basis for the facility
description presented here is a report by Istopic Analysis (1976).

H.1.1 Process Description

Operation

Process steps include chemical separation of impurities from the nuclear
material using ion exchange techniques, loading small samples of the uranium or
plutonium onto wire filaments for the spectrographic analysis, analyzing the
sample, and returning unused materials to the customer,

Nuclear material is received in either solid form as an oxide, alloy, or
pure metal, or in liquid form as a nitrate or sulfate. Plutonium may also be
recieved in a chloride solution, The material is packaged in plastic con-
tainers which are packed inside a metal container with vermiculite separating
individual packages. The metal container is in turn packed in a metal, card-
board, or wooden outer container. Nuclear material is unpacked and dispensed
in smaller qgggtities in a glove box or hood. Uranium-235 is handled in fume
hoods while U and plutonium are handled in glove boxes. Unused materials
are placed in a special storage safe,

Waste Disposal

A1l low-level liquid waste is collected inside the glove boxes or fume
hoods and placed in polyethylene bottles. These bottles are assayed when full
for recoverable material. If any is present they are returned to the customer;
if not they are solidified and disposed of at a burial site. Solid waste
(glassware, paper, etc.) is sealed in plastic bags or metal containers for
shipment to a burial site,

H.1.2 Facility Description

Buildings

The facility where nuclear materials are handled is divided into offices,
a cold area, an instrument room, and a hot area. The building has concrete
outer walls with no windows, sheet rock interior walls, a metal-pareled roof
with asphalt coating and an acoustical tiled drop ceiling concealing sheet
metal ductwork and conduits for services.
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HVAC Systems

Ventilation is provided by a central heating and air conditioning unit ‘;;>
with exhaust air discharging through the hoods and glove boxes in the hot
area. There are HEPA filters installed in the hot area exhaust system.

H.1.3 Inventory

Radioactive Inventory

Maximum amounts of nuclear materials in process at any one time are:
200 g 235U, 10 g 233y and 3 g Pu, Quantities dispensed for individual sample

preparation are: 0.05 to 0.5 ¢ 235U, 0.01 g 233U, and 20 mg Pu.

Unused materials are accumulated in the dispensing glove box/hood up to a
level of 50 g of enriched uranium; then returned to the customer.

Hazardous and Combustible Inventory

Flammable organic solvents are stored in a single metal storage cabinet.

H.2 BABCOCK AND WILCOX LYNCHBURG RESEARCH CENTER, LYNCHBURG, VIRGINIA

Research and development using source, byproduct, and special nuclear
material is performed at the Lynchburg Research Center. The facility
description is based on Babcock and Wilcox reports (1978, 1981).

H.2.1 Process Description

Operation

In Building A, which houses two research reactors, experiments are con-
ducted on metals that are placed near the reactor core and exposed to
radiation. In Building B hot cells, destructive and nondestructive testing of
irradiated materials takes place. Materials are received in the cask handling
area in shielded containers, placed in the transfer canal and storage pool, and
the containers are opened. The material is then transferred to the hot cells

and examined.

Building B also has radiochemistry and counting laboratories that analyze
small quantities of radioactive materials to support hot cell activities.

Building C is equipped with glove boxes, and fume hoods to test methods of
nuclear fuel preparation. Research and development of fuel manufacturing
processes takes place intermittently in this building. Process steps may
include receiving oxide powders, blending, pellet pressing, sintering,
grinding, and packaging of the fuel.
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Waste Disposal

Experimental apparatus from irradiating metal samples in Building A are
disposed of as solid waste. Liquid waste from this facility is drained to a
holding tank and pumped to the liquid waste treatment facility at Babcock and
Wilcox's Naval Nuclear Fuel Division.

Solid waste from the hot cells in Building B is containerized and held for
offsite shipment. Liquid wastes are evaporated or solidified and handled as
solid waste. Following examination in the hot cells, nuclear material is
returned to the sponsor after packaging, or handled as solid waste. Water in
the transfer canal and storage pool is recirculated through ion exchange
columns. When exhausted, the ion exchange resins are dried and disposed of as
solid waste.

Solid wastes from Building C are collected and stored for shipment to a
licensed waste disposal facility. Low-level liquid wastes from this area are
transferred to the liquid waste disposal facility for storage, mixing, and sam-
pling, then discharged to the liquid waste treatment facility at the Naval
Nuclear Fuel Division.

H.2.2 Facility Description

Buildings

Building A has an area of 20,000 ft2 on two levels as shown in Figure H.1l.
The building can withstand 100 mph winds overall and 60 mph [sic] winds on the
northwest wall. Interior walls are cinder block.

Building B, shown in Figure H.2, Eas'BS,OOO ft2 of floor area on two
floors. The hot cells occupy 6,000 ft“ and have walls of 1l1- to 13-in.-thick
lead sheet. One hot cell has 42-in.-thick concrete walls. The storage pool is
concrete and has dimensions of 10 by 10 by 22.5 ft deep. The transfer canal is
a concrete pool 6 by 24 by 24 ft deep. This building can withstand 100 mph
winds overall and 60 mph (sic) winds on the east end wall.

Building C, shown in Figure H.3, has 20,000 ft2 of floor area and is a
steel-framed, cinder block building with metal ceilings. Glove boxes in the
nuclear fuel research and development area are stainless steel with fire
retardant Plexiglas®. Two storage vaults with 12-in.-thick concrete walls are
also located in the facility.

Buildings should only sustain minor damage from an earthquake of up to VII
on the modified Mercalli scale. Extensive damage to all buildings could occur

from a major tornado loading.

®lexiglas is a trademark of Rohn and Haas, Philadelphia, PA 19105,
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HVAC Systems

Building A of the Lynchburg Research Center

Hot cells, glove boxes, hoods, and other forms of containment are kept

under negative pressure,
contamination,

Airflow is towards areas of greater potential

Building A has a single exhaust ventilation system, which passes air

through a prefilter and a HEPA filter before release,

In Building B, hot cells and hoods have separate ventilation systems from

Air from contaminated areas is screened through

the main ventilation system,
at least two filters (a prefilter and an absolute filter) before combining with

the main ventilation system and exhausting out of the stack.
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Building C has two exhaust systems. Glove boxes and fume hoods are
exhausted to two HEPA filters before release to a 50-m stack. Room exhaust is
filtered through one stage of HEPA filters before release.

Ducting is mostly PVC with some carbon steel.

Engineered Safety Systems

Building A has smoke detectors, criticality alarms, and automatic shutdown
systems for the two test reactors.

The hot cells in Building B have an automatic fire suppression system.
The cask-handling area has smoke detectors, an air monitor, and criticality and
radiation monitors.

Building C has constant air monitors and criticality monitors.
Filters are fire resistant.

Surrounding Area

The Lynchburg Research Center occupies about 4 acres of a 525-acre site
about 4 miles east of Lynchburg, Virginia. The site is next to the James River
in a rural area. Two fuel fabrication facilities, the Babcock and Wilcox
Commercial Nuclear Fuel Plant and Naval Nuclear Fuel Division Plant, are also
located on the site. A criticality accident at either of these two plants
would activate the criticality monitoring system for the research center and
sound the evacuation alarms.

H.2.3 Inventory

Radioactive Inventory

License limits for the Lynchburg Research Center are shown in Table H.1.

The quantity of nuclear material that may be transferred tozg%fferent
areas of the plant depends on the concentration of plutonium or U. Mass
limits for different concentrations are given in Table H.2. Hot cells may
handle one unit as given in the table.

Glove boxes in Building C are limited to 2.4 kg of fissile material in
each where dry, organic-free operations take place.

Hazardous and Combustible Inventory

Plastic is used for bagging material to transfer special nuclear material
into and out of containment.
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TABLE H.1l.

Material

License Limits at Lynchburg Research Center

License Limit

U enriched to >20% in any form

U enriched to <20% in any form
233,

Pu
Source Material

By-product, special nuclear material,
and source material

By-product, special nuclear material,
and source material

Fission products and transuranium
elements

Fission products and transuranium
elements

Any by-product material (neutron

irradiated)

Any by-product material with
atomic numbers 3-83

Transuranium elements
2520 ¢ (sealed sources)

241 (sealed sources)

3H (sealed sources)

34 (Ni alloy plated Sc tritide foil)

3y (oxide)

4.9 kg 23%y
900 kg 23%y
1 kg 233y
1.9 kg
6,000 kg

40 irradiated Lynchburg Pool Reactor
fuel elements

Irradiation of 250 kg source material

3 irradiated commercial fuel assemblies
5,000,000 Ci

50,000 Ci

3,000 Ci each not to exceed
1,000,000 Ci

20 mCi each
4 mg

30 Ci

100 Ci

3 Ci

3 Ci

Flammable 1iquid storage cabinets are located in all buildings for safe

storage of bulk quantities.
storage for laboratory use.
safety cases.

Liter quantities or less are permitted out of
Larger quantities are permitted out of storage in

Sodium-potassium alloys in irradiated fuel capsules are flammable and can
be found in the hot cell when this type of fuel is examined,

Zircaloy is ground up in the hot cells and up to 16 g may be accumu-
lated. Ground Zircaloy is normally kept in a fire extinguishing medium in a

pan.
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TABLE H.2. Mass Limits for Nuclear Materials at Lynchburg
Research. Center

Mass Limit,

wt% Pu_or 239y g
0 350
1 to 20 313
20 to 40 283
40 to 60 2538
60 to 80 237
80 to 100 220
Mixture of 233U and 235 220
Mixture of 233y and 239 250
Uranium enriched to 4% in 235U 850

H.3 ROCKWELL NUCLEAR DEVELOPMENT FUEL LABORATORY, SANTA SUSANA, CALIFORNIA

Research and development of nuclear fuels and examination of irradiated
fuels take place at the Rockwell Nuclear Development Fuel Laboratory (NDFL).
Information on this facility is obtained from Rockwell International reports
(1976 and 1981) and from a report by Mishima and Ayer (1981).

H.3.1 Process Description

Operation

Two buildings operate under the same nuclear material license. Build-
ing 020 contains hot cells in which reactor fuel is declad and examined with
remote equipment. A shipping canister containing up to three rods (600 to
805 g of plutonium total) transports the fuel rods from a fuel storage facility
to the 020 building and into one of the hot cells. The end of the fuel rod is
cut and fuel pellets are removed. Approximately 55 fuel pellets are in each
rod. These are placed in a transfer can and sealed. The cans are checked for
contamination, weighed, and shipped to a storage facility. Other internal
pieces of the fuel rod, cladding scrap, and waste generated in the process are
put in appropriate containers and shipped off site. Hot cells may be supplied
with nitrogen so that processes take place in an inert atmosphere.

Building 055 is used for research and development work developing solid
reactor fuel materials, radioisotope heat sources, or radiation sources in a .
variety of forms and compositions. Plutonium, uranium or other highly radio-
active fuels are brought in as oxides, nitrides, sulfides, or other forms
depending on the process under investigation. Two glove box lines, one for
fuel fabrication and the other for analytical services are provided in the

H.9




weighing, blending, crushing and sintering, to inspecting and surveying.
Materials are transferred from one glove box to another through transfer
tunnels.

plant to contain research and development processes. These processes vary from <;;>

H.3.2 Facility Description

Buildings

Building 020, shown in Figure H.4, has 17,800 ft2 of floor space. Hot
cells in the building are construc&ed of 42-in.-thick concrete. Building 055,
shown in Figure H.5, has 12,900 ft~ of floor space and is constructed of steel
and reinforced concrete. Glove boxes in this building are steel with
Plexiglas® on each of two faces. Both buildings are built to withstand a
maximum ground acceleration of 0.28 g.

HVAC Systems

Both buildings filter exhaust air through HEPA filters. Flow of air goes
from areas of low potential contamination to higher potential contamination,

The gxhaust system for Building 020 has a nominal discharge rage of
23,000 ft~/min for exhaust from the general facility plus 13,000 ft7/min from
the cell high-volume exhaust. The hot cells are equipped with nitrogen purge
systems,

Building 055 has a high-volume exhaust for working areas and a separate
lTow-volume exhaust to mgintain negative pressure in the glove boxes. Both
systems total 23,000 ft~/min of exhaust. The glove box room undergoes about
10 air changes per hour.

Engineered Safety Systems

Building 055 is equipped with an automatic wet pipe sprinkler system in
all areas except the glove box room and the vault, which can be flooded with
argon to suppress a fire. Smoke detectors and heat detectors are provided
throughout the building as well as a manual fire alarm system. Portable fire
extinguishers are also located throughout the facility.

Hot cells and decontamination rooms have heat detectors, which alarm in
the event of a fire and activate a nitrogen purge system.

Surrounding Area

The Rockwell NDFL is located on a plateau about 29 miles northwest of
downtown Los Angeles., It is relatively isolated from surrounding communities
and over one mile from the closest dwelling.
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H.3.3 Inventory

y Radioactive Inventory

In the 020 building only three fuel rods containing 600 to 805 g of
plutonium are in process at one time. The material is in the form of fuel
pellets, 55 pellets per rod, 18 to 25% Pu in Pu0,-U0,. Unencapsulated fuel is
processed only within the four hot cells.

In 5@@ 055 Building radiocactive material is mass limited to 0.23 to
2.51 kg Pu/station depending upon moderation and container geometry. This

material may be in any form from powders to pellets. Table H.3 gives an
inventory at risk for the glove box room.

TABLE H.3. Inventory-at-Risk in Glove Box Room
Amount of

Radionuclide
Normal Processing

Glovebox

Process Operations Pu, g 235U, g Physical Form Chemical Compounds(a)
Batching, Slugging 225 540 Powder A, B
Carbothermic 0 to 120 0 to 350  Slugs A, B, C
Size reduction 0 to 120 0 to 350 Powder C
Sintering 0 to 120 0 to 350 Pellets C
Pressing and 0 to 120 0 t0 350 Powder and C
inspection pellets
Coulometry 10 40 Dissolved 1in A, B, C
solutions
Emission 1 1 Crushed A, B, C
Spectroscopy pellets
Carbon analysis 20 80 Powder A, B, C
Metallography 2 8 Pellets C
Metallography 20 80 Pellets C
Oxygen analysis 2 5 U-Pu-Pt C
Thermogravimetric 100 400 Solidified Analytical solutions
waste solidified in ben-
tonite clay--stored
until disposed of
Storage of Fuel 0 to 360 0 to 1050 Pellets C
Pellets

(a) A = Pulp, B = U0,, C = Mixed (Pu T U) Carbide
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License limits restrict plutonium inventory to 3.5 kgzgg in the 859 build-
ing, and % 5g Pu in the 0552§g11d1ng. Fifteen hundred kg U, 5 kg U;
and 1 kg 3 Pu, and 0.5 kg Pu as sealed sources are allowed in the license.

Hazardous and Combustible Inventory

In the 020 building, waste such as plastic, paper towels, and gloves is
generated in the dec]adding3process. Alcohol and other cleaning liquids are
Timited to less than 500 cm” in a hot cell at one time.

Diesel fuel is stored in an underground tank and an aboveground 50-gal
tank, both outside the 055 Building. Flammable liquids such as benzene,
methanol and vacuum pump oils are stored in a metal cabinet outside the west
wall of the building and brought into the building in quantities Tess than
5 gal. Glove boxes have Plexiglas® windows and may contain plastic bagging
material, neoprene gloves and pump oil. Waste material is stored in 55-gal
drums. An inventory of combustible materials found in the glove box room is
shown in Table H.4, Natural gas is used for space heating in both facilities.

TABLE H,4, Amounts of Combustible Materials in Glove Box Room

Material Normal Amount Maximum Amount
Methanol 500 cmd 1000 cm3
Vacuum 011 20 gal 20 gal
Lapping oil 500 cm3 1000 cm3
Epoxy 1qt 2 qt
Paper towels 10 1b 15 1b
PVC sheet 100 1b 224 1b
PVC bags 30 1b 40 1b
Spray paint 30 oz 40 oz
Film 0.5 1b 1.0 1b
Sodium 50 g 200 g

H.4 WESTINGHOUSE ELECTRIC CORPORATION, WALTZ MILL, PENNSYLVANIA

The Westinghouse Waltz Mill facility provides a wide variety of research,
development, and analysis of nuclear materials. Information on the Waltz Mill
site is obtained from a Westinghouse Electric Corporation report (1980) and
from other docket information.
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H.4.1 Process Description

Operation

Nuclear material is received and stored in the transfer building (Fig-
ure H.6), which contains a large pool for underwater shielding. Small samples
of material are then transferred to other laboratories on site for analyses.
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Analytical laboratories contain glove boxes, fume hoods, storage vaults
and a variety of analytical instruments. Analyses performed include gamma C;;}
spectrometry, mass spectrometry, and analysis of alkali metals. In the sodium
technology laboratories, various experiments investigating the performance of
selected materials and behavior of fission products in a Tiquid sodium
environment are performed.

Waste Disposal

Radioactive liquid waste is stored in two 120,000-gal retention basins and
processed once a year through activated charcoal, ion exchange resins, or a
chemical treatment decontamination system,

Solid waste is packaged in DOT-approved containers and stored on a waste
pad.,

H.4.2 Facility Description

Buildings

Four buildings handle radioactive materials. These are the transfer
building, reactor service building, analytical laboratories, and sodium
technology laboratories. Diagrams of these facilities are shown in Figures H.6

through H.9.

The reactor service building is of brick and concrete construction.
Radioactive material in the building is in the form of residual contamination
of field service equipment in the building's decontamination and repair area.

The analytical laboratories are housed in a brick and cement block
building., A shielded vault is located in the building for storage of
radioactive materials.

The sodium technology laboratories are in a concrete and steel

building. Millicurie quantities of selected isotopes are handled in the
laboratories. A shielded vault is provided to store radioactive materials.

HVAC Systems

Hoods may have separate ventilation systems. Prefilters and HEPA filters
are used to remove particles. Glove boxes and hoods are kept at negative
pressure except those handling sodium with microcurie to millicurie amounts of
radioactivity. These are under inert atmosphere at slightly positive
pressure, Air exhaust systems are constructed of non-combustible material.
The HEPA filters are either flame rstardant or noncombustible and are designed
to withstand a minimum of 3.4 1b/in” overpressure and 350°F.
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“agineered Safety Systems

Several fire hoses, 1-1/2 in. in diameter, are available within the build-
ings and sprinklers are provided at strategic locations. Fire extinguishers
including CO,, water, and dry chemical are located at appropriate locations
throughout the facility.
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Gamma alarms are located in various areas of the facility as well as

continuous air monitors.

Fire alarms are located throughout the facility.

Surrounding Area

The Waltz Mill facility is located on 850 acres in a sparsely settled area
about 20 miles SE of the Pittsburgh suburbs.

H.4.3 Inventory

Radioactive Inventory

The reactor service building has only residual contamination on field
service equipment. Control 1imits for radioactive materials in the analytical
and sodium technology laboratories are given in Table H.5.

H.5 REFERENCES 3

Babcock and Wilcox, Demonstration and Conditions for License SNM-778, Docket
No. 70-824, U.S. Nuclear Regulatory Commission, Washington, D.C., 1978,
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TABLE H.5. Limits on Amounts of Radioactive Materials at the
Waltz Mill Laboratories
Location Element Isotope Amount, Ci g
Analytical . Uranium %ggadiated 0.5 -4
Laboratories U 7.2 x 10 344
Plutonium irradiated 0.5
239, 0.3 5
Strontium 90sp. 0.1
Todine 131 0.1
Cobalt 60¢o 0.1
Cesium 13703 0.1
134 0.1
Neptunium 237Np 0.1
Others 0.1 each not to exceed
5 Ci of all nuclides
Sodium Technology  Strontium 283r 0.1
Laboratories Cobalt Co 0.1
Cobalt *8co 0.1
Iodine 1311 0.1
Cesium 137¢s 0.1
134¢s 0.1
Manganese 54Mn 0.1
Barium 133Ba 0.1
Sodium 22)a 0.1
Krypton 85Kr 0.1
Xenon 135ye 0.1
Others 0.1 each not to exceed
5 Ci of all nuclides
Uranium 235U 344
233U 1
Plutonium 239Pu 5
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APPENDIX 1

WASTE WAREHOUSING

I.1 ATOMIC DISPOSAL, INC., TINLEY PARK, ILLINOIS

The Atomic Disposal facility in Tinley Park, Illinois, receives and stores
radioactive waste for a short period of time until -it .is_shipped to a licensed
burial ground. Information on this facility was obtained from an Atomic
Disposal report (1980).

I.1.1 Process Description

Operation

Radioactive waste in 55-, 30-, and 5-gal barrels is picked up at the
customer's facility and transported to a warehouse in Tinley Park. The waste
in the drums ia primagily liquid scintillation vials containing toluene and
benzene with “'C and "H contaminants. Absorbed liquids, animal carcasses, dry
wastes, and some bulk liquids are also stored.

Drums may be opened and repackaged at the warehouse to ensure integrity of
barrels before shipment off site.

I.1.2 Facility Description

Buildings

The storage warehouse shown in Figure 1.1 is 50.5 by 40.5 ft with a
ceiling over 9 ft tall. An overhead door and an emergency exit provide
openings to the outside. An office is located inside the warehouse which has
an opening to the storage area and to the outside. A drum handling area (15 by
15 by 9 ft high) is proposed to be built in one corner of the warehouse.

The walls of the warehouse are 6-in. cinderblock. The drum-handling room

is designed to have two walls and the ceiling of 1/8-in.-thick clear cast
acrylic sheet. The other two walls are warehouse walls.

HVAC Systems

The opening and repackaging area to be built (drum-handling room) includes
four fume absorbers drawing 234 ft~/min from the room or about seven air
changes per hour. The system draws the air through 98% efficient charcoal

filters.,

Engineered Safety Systems

An automatic sprinkler system and fire extinguishers are present in the
warehouse. Monitoring systems are also available, primarily for the drum-

;; handling room,
I.1
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FIGURE I.1. Atomic Disposal Waste Storage Facility

Surrounding Area

The storage warehouse is located in an industrial center. Activities
within the industrial center are not specified. No estimate can be made on the
possible impact of neighboring facilities on the warehouse.

I.1.3 Inventory
Atomic Disposal is amending its Ticense limit to read:

o 25 Ci by-product material

® 100 kg source material '
® 1,900 kg source material at temporary job sites in the United States
> 75 g total of 23% and 2%%U.

-
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A typical inventory in the warehouse is shown in Table I.1l.
‘ii} TABLE I.l. Typical Inventory at Atomic Disposal

Number of Barrels(d)
Avg. Range Contents Radionuclides

1,200 to 1,500 Liquid scintillation vials >3 and 3H
(toluene and benzene)

200 Absorbed liquids Mixed
200 Animal carcasses M&xed
400 to 800 Dry waste g e agg 131,
50 Bulk liquid H and “°P

2300 2,000 to 2,700 Total

(a) 90% of barrels are 55 gal
~10% are 30 gal
A few are 5 gal

The primary isotopes present in the drums and total activity present in storage
are given in Table I[.2.

TABLE 1.2. Drummed Inventory at Atomic Disposal

Ci Present
Element Isotope  (in 2,200 drums)

Carbon 14¢ 0.85
Chromium SlCr 0.63
Hydrogen 3H 15
Iodine 125 3.0
Iodine 1311 0.21
Molybdenum  27Mo 0.91
Phosphorous 32P 1.55
Sulfur 35¢ 0.80
Technetium 97, 1.20
Xenon 133y, 0.085

~24.




Hazardous and Combustible Inventory

Protective clothing (which is combustible) is required when working in the Q;;>
repackaging area. The waste in the drums contains solvents, cellulosics, and
other combustibles.

[.2 INTEREX CORPORATION, NATICK, MASSACHUSETTS

The Interex facility in Natick, Massachusetts, is used to store low-level
radioactive waste temporarily until it is shipped to a licensed burial
ground. Information on this facility was obtained from docket material
(Interex Corporation 1971-1977).

[.2.1 Process Description

Operation

Radioactive waste packaged by the customer in 5-, 30-, or 55-~gal drums is
transported by Interex to the storage site in trucks. The waste is stored for
a maximum of 6 months before being moved by a licensed carrier to a licensed
burial ground.

Interex is not authorized to open waste containers at any time. Smear
tests are taken and inspections made to ensure the level of radioactivity does
not exceed that posted by the customer.

1.2.2 Facility Description

Buildings

Waste is stored in a trailer shown in Figure 1.2 to the rear of the main
building. Dimensions are 15 by 40 ft. No additional information on materials
of construction and capacity of the trailer is available from the docket.

Two other buildings had previously been used for storage. The original
storage area was in 3 two-story cinderblock and stucco buiiding. The storage
area occupied 624 ft~ of the first floor, and had a loading door and four
windows protected by heavy steel mesh. Ceilings were 10 ft high.

The second storage building was an annex to the original and had a poured
cement foundation with corrugated metal walls and roof. The walls were 12 ft
high and the ceiling peaked at 17 ft. The two windows were protected by heavy
steel mesh wire. The storage area occupied about 850 ft® of the total
building.

HVAC Systems

The only indication of a HVAC system given in the docket material is a
reference to the procedure to follow in the event of an accident. The
procedure indicates that all ventilation including fans, ducts, and windows
should be shut off.
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FIGURE 1.2. Interex Waste Storage Building

Engineered Safety Systems

The original storage area was equipped with a sprinkler system, Informa-
tion was not available on whether the current storage trailer contains any
engineered safety systems. Radiation surveys of the facilities are done at
intervals., Personnel are monitored weekly.

Surrounding Areas

The storage area is next to the main buf]ding, which is assumed to contain
offices and labs. A wooded area surrounds the storage trailer.
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1.2.3 Inventory

Radioactive Inventory

Possession 1imits are listed in Table I.3. The external radiation level
of most drums does not exceed 2 mrem/hr.

TABLE 1.3, Possession Limits at Interex Corporation

Material Amount
3y 2000 Ci
By-product matgrial

other than H 2000 Ci
Source material 500 1b
Special nuclear material 100 g

Only radioactive solids are accepted. No liquids, gases, or pyrophoric or
explosive material are received, except for the following:

1) Liquids in scintillation vials are accepted in 55-gal drums if the drum
contains at least twice the absorbent needed to absorb the liquid. The
drum %s marked. For example, a 30-gal drum holds 2,000 20 cm™ vials with
10 cm” fluid each and with 75 1b of absorbent material.

2) Animal carcasses in preservative in plastic bags are considered solid.
They must be in 55-gal marked drums.

3) Small amounts of liquids may be converted to a solid by adding
absorbent. No liquid must be released when absorbent is compressed.

Hazardous and Combustible Inventory

Little information was given for this facility except that no pyrophoric
or explosive material is accepted in the drums.

Most waste is from hospitals and clinical labs. Radioactive wastes
expected from these facilities are contaminated rubber gloves, cellulosic
materials, glassware, plastic, animal carcasses, and some liquid wastes packed
in absorbent.

I.3 TELEDYNE ISOTOPES, INC., WESTWOOD, NEW JERSEY

The purpose of the Teledyne Isotopes facility in Westwood, New Jersey, is
to receive and store radioactive waste temporarily for a maximum of 6 months
until it is shipped to a licensed burial ground. Information on this facility
was taken from docket material (Teledyne Isotopes, Inc. 1968-1981).
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I.3.1 Process Description

Operation

Radioactive waste is received at the customer's facility. A swipe test is
made and containers are monitored. Containers reading in excess of 200 mR/hr
at the surface and 10 mR/hr at 1 m must be repackaged before acceptance.

The container is marked as to its contents and radiation Tevel, sealed, and
transported to the waste storage site. Drums are monitored during storage and
transported to a licensed radioactive waste burial ground within 6 months.

Three sizes of containers are used: 5, 30, and 55 gal. Radioactive waste
may be in the form of animal carcasses preserved in formalin in plastic bags,
scintillation vials packed in an absorbent, and other contaminated laboratory
equipment. The storage area is separated according to containers holding
animal carcasses, containers with a dose greater than 10 mR/hr, and all other
containers.,

Teledyne is not authorized to open waste containers.

[.3.2 Facility Description

Buildings

The storage bui}ding at 103 Woodland Avenue is 24.5 by 38.5 ft with a
total area of 950 ft~ and a ceiling height of 12 ft. Seven windows and two
doors are located along the walls of the building., One door is a rollup door
and the windows are 4 by 4 ft,

The storage building is constructed of concrete block with a ceiling
covered in 5/8-in.-thick fire-retardant sheet rock panels.

Former storage operations took place in a warehouse in Avon, Ohio. This
building was also concrete block with steel mesh windows and surrounded by a
6-ft-high cyclone fence.

HVAC Systems

The ventilation system for the 103 Woodland storage building is not
described. However, Teledyne was planning to use part of the 50 Van Buren
Avenue building as a storage location. The proposed area contained a self-
sustained air system segregated from the remainder of the building.

Engineered Safety Systems

The 103 Woodland Storage building has an automatic fire alarm and
extinguishing device using COZ.
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Surrounding Area

The waste storage building is Tocated next to a radiochemistry building
operated by Teledyne Isotopes and on the corner of two streets. Other
buildings and operations in the area are not identified in the docket
information,

[.3.3 Inventory

Radioactive Inventory

Possession limits are listed in Table 1.4.

Radicactive waste may be in the form of contaminated animal carcasses
preserved in formalin, put in plastic bags, and drummed, or scintillation vials
filled with 12.5 L of 1iquid and packed in adsorbent, or other Tab wastes such
as contaminated gloves, wipes, glass and plastic lab equipment, and clothing.

Hazardous and Combustible Inventory

Combustibles in the form of contaminated gloves, rags, cellulosic
materials, and plastic bags may be part of the waste in the drums.

TABLE [.4. Possession Limits at Teledyne Isotopes, Inc.

Material Limit
By-product material 750 Ci
3y 5,000 Ci
Source material 12,500 1b
Special nuclear materié] 200 g

[.4 REFERENCES

Atomic Disposal Co., Appendix A, Emergency Plan for Atomic Disposal Co. -
Tinley Park, I1linois, Atomic Disposal Co., Tinley Park, Illinois, 1980.

Interex Corporation, License Application Information, Docket No. 30-7725, U.S.
Nuclear Regulatory Commission, Washington, D.C., 1971-1977,

Teledyne Isotopes, Inc., License Application Information, Docket No. 30-8681,
Nuclear Regulatory Commission, Washington, D.C., 1968-1981,
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APPENDIX J

UNIVERSITY RESEARCH AND DEVELOPMENT

J.1 HARVARD UNIVERSITY, CAMBRIDGE, MASSACHUSETTS

Harvard University uses radioactive isotopes for research and development
in hospitals, medical and dental schools, and animal research centers. Infor-
mation on this facility was taken from docket material (Harvard University

1965-1981).

J.1.1 Process Description

Operation

[sotopes are assumed received at a central point and distributed to
users. Isotopes are used to perform iodinations and inject animals. Iodina-
tions are performed in glove boxes attached to hoods equipped with a charcoal
filter for outlet air.

Animal injections are performed on trays lined with absorbent paper.
Animals are then kept in labeled cages while under study.

Some radioisotopes are handled in special labs equipped with cave boxes,

The boxes have remote tongs, 1-1/2 in, of lead shielding, lead glass viewing
windows, and absolute filters for the exhaust.

Waste Disposal

The Environmental Health and Safety group regulates the distribution and
disposal of -wastes at Harvard. Liquid wastes are either discharged into the
sewer if activity is under the required level, or neutralized to a pH of 6 to 8
and stored in nonbreakable bottles, such as polyethylene, before being disposed
of by a commercial waste company.

Solid wastes with low activity, such as animal carcasses and combustibles,
are incinerated in the power house incinerator. Some animal carcasses are
bagged and stored in a freezer, then sent to the primate center for burial.

About 90% of the.radioactive waste generated is packed ih 30-gal metal
barrels and stored in a storeroom in the Harvard Medical School before removal
by a commercial disposal firm,

J.l1.,2 Facility Description

Buildings

v

Some radioisotope labs have cave boxes with 1-1/2-in.-thick lead
shielding, and lead viewing windows.
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HVAC Systems

Charcoal filters are used for iodination processes. Areas handling
volatile materials are equipped with extra ventilation equipment, such as
hoods, to prevent build-up of radioactive materials.

Engineered Safety Systems

Fire extinguishers are located close to metal waste baskets in the labs
and at various locations in the facilities. The recommended method of -handling
fires in glove boxes or hoods is to cut off air supply to the unit by shutting
off ventilation and closing openings.

J.1.3 Inventory

Radiocactive Inventory

Iodinations involve up to 10 mCi of 1251 at one time. License limits for
radioactive material at Harvard University are shown in Table J.1.

Hazardous and Combustible Inventory

Gloves, plastic bags, absorbent material, animal carcasses,vand animal
excreta are some of the combustible materials that may be contaminated and may
be found in the labs or waste storage.

J.2 MICHIGAN STATE UNIVERSITY, EAST LANSING, MICHIGAN

Michigan State University (MSU) uses radioisotopes for research and
development studies on plants and animals. Some diagnosis and therapy is
performed. Information on this facility was obtained from docket material
(Michigan State University 1963-1981),

J.2.1 Process Description

Operations

Radioactive materials are received and stored at a central location before
distribution to users at 350 different labs on the MSU campus. SoTﬁ of3the32
reseggch and development activities involve millicurie amounts of “°C, “H,
and °°S in the form of amino acids and metabolites, which are used for
entomology studies. Some of the processes are described below.

P,

14Carbon—14 is applied to marsh plants by acidifying 10 to 100 mCi of
NaH*"C05 in a closed chamber. The plant retains 5% of the activity. The study
is done in situ. : ,

Sulfur-35 is applied to codling moth eggs (0.08 uCi total in 300 eggs).
The eggs are placed in small apple trees. Later the larvae and apples are

collected ‘and studied.

-
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» TABLE J.1. License Limits for Radioactive Materials
Q at Harvard University

Element Isotope Ci

Atomic No. 3 - 38 1 each
Americium 281pm 5 x 1073
Americium (sealed sources) 2810 0.5
Californium (sealed sources) 252Cf 5.6 X 1073
Carbon L 10
Cesium (sealed sources) 137(35 10
Cobalt (sealed sources) 60Co 20
Curium 2840 1 x 1073
Curium (sealed sources) 2440 5 x 1072
Hydrogen 3H 300
lodine 1251 2

129 1 x 1073

131I 3
Krypton 85 r 10
Phosphorous 32p 3
Polonium 210p 2 x 1072
Strontium 90 . 5 x 107°
Strontium (sealed sources) 9OSr 1
Sulfur 358 5
Thorium 23871y 1.5 x 10-2
Xenon 133Xe 10

125

A bone mineral analyzer containing 400 mCi of sealed I source is used
for studies on humans and animals. The analyzer may be transported in the
trunk of a car to areas within the state. The machine operates in a scanning
mode,

A 99Mo/gngc generator is stored in a special unit, The eluate
extracted and stored in a vial in a lead pig before use.

A 908r eye applicator is used on humans and animals.

SR RN

-
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Waste Disposal

Liquid wastes are stored in disposable metal cans, polyethylene jugs, or 4;;;
glass carboys, which must be set in a large pan to contain spills. Solid
wastes are stored within plastic liners in waste containers. Wastes are
disposed of by a licensed firm. Short-lived materials are stored for decay at
the MSU radioactive waste building before disposal with regular waste.
Exhausted Mo/Tc generators are decayed in storage for 15 haif-lives or more
before disposal,

J.2.2 Facility Description

Buildings

The radioisotope shipment storage area is approximately 6 ft by 6 ft and
is located on the first floor of the Department of Public Safety building.

The storage room for the Mo/Tc generator and other radioactive materials
is in the MSU Clinical Center (shown in Figure J.1). Dimensions are about
14 ft by 10 ft, A safe for the storage of radioactive materials has a volume
of 1 ft~ and has 2-in.-thick lead shielding. The nuclear medicine room
containing a gamma camera is nearby. This room is about 17 ft by 26 ft.

The lead shielding housing the Mo/Tc generator is also 2 in. thick.

HVAC Systems

Radioactive materials are handled in hoods equipped to give a minimum of
100 1inear feet per minute air flow.

J.2.3 Inventory

Radioactive Inventory

Table J.2 lists the quantity of radioactive materials that Michigan State
is licensed for.

J.3 OHIO STATE UNIVERSITY, COLUMBUS, OHIO

Ohio State University uses radioactive isotopes for research and
development primarily in the area of nuclear medicine. Information on this
facility was obtained from docket material (Ohio State University 1979).

J.3.1 Process Description

Operation

Ohio State has a radiopharmacy that dispenses radioactive materials for
use in treatment and therapy of patients as well as medical research, This
description emphasizes areas exclusive of the radiopharmacy since
radiopharmacies are covered in another category.

J.4 Q
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FIGURE J.1. MSU Clinical Center - Radiology Section

In the hospital, 6OCo, 137Cs, 198Au, and 1921r implantation in patients

E§§es place. Patients are %88t hospi}séized until the implant is removed. The

Cs is in tubes, and the Ir and Au are seeds. These isotopes are kept
in a lead-lined safe until required. Then they are transported on carts lined
with steel. Strontium-90 is also used for therapy. Strontium disks are stored
in wooden boxes and used at the storage location.
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TABLE J.2. Radioactive Materials at Michigan State University

Element Isotope Ci ' Q

By-product material with

atomic No. 3 - 84 10 total
By-product material with

atomic No. 85 - 103 0.25
Carbon(2) l4¢ 5 x 1073
Cesium (sealed sources) 0.1 max each source
Hydrogen 3y 300
Hydrogen(a) 3y 1 x 107°
Iodine (sealed source) 1251 0.4
Molybdenum/Technetium 99Mo/99mTc 1 generator
Phosphorous 32p 2 x 1073
Strontium 9OSr 0.1
sulfur(d) 355 2 x 1073

(a) Isotopes used in entomology studies in the form of amino
acids and metabolites.

Iodine-131 and 32P are injected as iodide and soluble phosphate respec-
tively for treatment of diseases. The iodine is given in 30 mCi doses or less
while the phosphorous is given in 0,5 to 5,0 mCi doses.

Xenon-133 is given to patients in either a gaseous or saline form for
blood flow studies. Doses of 10 to 30 mCi are applied. Xenon is also used in
a lab for respiratory studies. The gas is injected into. apparatus in a hood in
28 mCi gquantities. The lungs of a dog are used in the experiment and then are
disposed of by packaging in radioactive waste containers.,

Waste Disposal

A commercial waste disposal service removes liquid waste, 99Mo/gngc

generators, and other solid waste. Some solid waste is held for decay and
disposed of as ordinary waste, Liquid waste below a specified radioactive
1imit is disposed of in a sewer,

J.3.2 Facility Description

Buildings

Room dimensions are listed in Table J.3,

e
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TABLE J.3. Room Dimensions of Labs at Ohio State University

Room Dimensions, ft Volume, ft3
Nuclear pharmacy 20 by 16 by 8 2560
In vitro room 12 by 16 by 8 1500
Injection room 5 by 16 by 8 640
N-165 2000
N-149 2400

HVAC Systems

Room ventilation for ‘1ab rooms in the nuclear medicine area was measured
at:

17 to 30 linear ft/min under open doors

80 to 300 Tinear ft/min under closed doors
180 to 145 linear ft/min from supply air
90 to 300 linear ft/min from vents

Hood flow rates provide 600 ft3/min. About 9 air changes per hour are
provided in the wing.

J.3.3 Inventory

Radioactive Inventory

Table J.4 gives the license limits of radioactive material at Ohio State
as of December 1979.

Individual_doses given to patients are 3 x 10-2 Ci 131 injected, 5 x 10'4
-% 3 -g 13

to 5 x 107° i > injected, and 1 x 107° to 3 x 1072 ¢i 133Xe injected. Doses
of 2.8 x 107 Ci Xe are used for one set of experiments.

Chemicals and Hazardous Materials

Combustibles such as lab coats, gloves, wipes, and plastic bags can be
found in the labs and hospital. Strontium sources in disks are kept in wooden
boxes.

J.4 ORAL ROBERTS UNIVERSITY, TULSA, OKLAHOMA.

Oral Roberts University uses radioactive isotopes in research and
development studies involving animals and biological tissue. Information on
this facility was obtained from docket material (Oral Roberts University

1979-1981).
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TABLE J.4. License Limits at Ohio State University

Element Isotope Form/Use Ci
By-product material Medical research, diagnosis and
atomic No. 3 - 83 therapy 10 any
Americium 241Am 5
Californium 25206 Sealed sources 1 x 107° g
Cesium 137Cs Sealed source/R&D 1
137¢s Sealed source/storage 44
Cobalt 60Co Sealed sources/training source 3 x 10'2 each
60¢, Sealed source/storage 5
Hydrogen 3 Medical research, diagnosis 100
and therapy
3H Sealed sources 90
3 Gas 500
3y Tritiated compounds incorporated 2000
into cells
lodine 1311 [odide/medical treatment 0.7
Krypton 85 Sealed source 1.5
Neptunium 237Np 0.1
Nickel 63Ni Sealed source 1
Phosphorous 32P Soluble phosphate/medical 0.1
treatment
Polonium 210Po 100
Polonium 210p, Sealed source 25
Strontium 0g.. 500
Xenon 133Xe Gas or saline/blood flow studies 2000
Ytterbium 163y, 100

J.4.1 Process Description

Operation ’

Several departments use radioisotopes in research studies.
received and distributed from a central office.

studies are described below.

J.8
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Labeling of organic compounds such as cellular proteins, enzymes, and
other biological materials takes place in labs. Iodinations may be performed
in isolated hot labs.

Isotopes are injected into animals and animal tissue to study various
biological processes. The animals are kept isolated in labeled cages during
studies.

Americium-241 sources are used to eliminate static electricity in weighing
cells during some studies.

Waste Disposal

Animal carcasses are stored in freezers until activity has decayed
sufficiently to allow incinerations or disposal to a licensed burial site.
Liquid waste is neutralized and stored in polyethylene bottles before disposal
in 30-gal steel barrels. Solid wastes are packed in 5-, 30-, or 55-gal steel
barrels, then shipped to a licensed disposal site.

J.4.2 Facility Description

Most of the labs are in one building, the Graduate Center. Room sizes are
about 12 by 20 ft to 10 by 12 ft.

The animal facilities containing rooms for surgery, necropsy, lockers,
cage wash, and incinerator has an area of 46,000 ft~. Animals containing
radioactive material are kept in isolated rooms.

Labs are equipped with linoleum tile floors, vinyl-coated sheetrock walls,
epoxy resin bench tops and metal casework.

HVAC Systems

LalQs have hoods with absolute filters and flow rate capacities of
1300 ft”/min., The rooms have one or two air conditioning ducts as well as an
outlet to the return air duct in the ceilings.

J.4.3 Inventory

Radioactive Inventory

Table J.5 gives the license limits for radioactive material at Oral
Roberts University. Organics are in the form of amino acids, carbohydrates,
nucleosides, nucleotides, purines, pyrimidines,. proteins, vitamins, and fatty
acids. Inorganics are in water and hydride salts or appropriate acids.

Hazardous and Combustible Inventory

Rubber gloves, protective clothing, absorbent paper, and other combustible
items can be found in the labs.
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TABLE J.5. License Limits at Oral Roberts University

Element Isotope Form/Use Ci
Americium 281pn 1 x 1073
Cadmium 109¢4 2 x 10-2
Calcium 45Ca Inorganic 0.1
Carbon 14¢ Organic 10
Cerium 141ce 2 x 1072
Cesium 137¢s Sealed source 2 x 1072
Chlorine 36¢1 1 x 107
Chromium 51Cr Inorganic 1
Hydrogen 3H Organic 15

3H Inorganic 4
Iodine 1251 Inorganic 4

1251 Protein 4

1314 Inorganic 0.2

Bly protein 0.2
Iron 59Fe Inorganic 0.1
Nickel 63y 8 x 1073
Phosphorous 32p Organic 2

32P Inorganic 2

33p Organic 1.5

33P Inorganic 1
Platinum 195mp, 0.1
Potassium A2y 1 x 1072
Rubidium 86pp 1 x 1072
Scandium 465 Foil 2 x 1073
Strontium 855, 2 x 1073
Sulfur 35g Organic 0.2

35 Inorganic 0.2
Technetium I9mrc 5 x 1072
Tin 13, 2 x 1072
Zinc 652 0.2

J.10
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Organics are used in labeling processes in the labs and are in the forms
; ; mentioned under radioactive inventory.

J.5 UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS

The University of I1linois uses radioisotopes for various research and
development operations. Animal studies, diagnosis and therapy of veterinary
diseases, soil sciences and plant studies are performed. Information on this
facility was obtained from docket material (University of Ii1linois 1957-1981).

J.5.1 Process Description

Operation

Over 320 laboratories in 40 different buildings conduct studies using
radicactive materials. The isotopes are ordered and received by a central
health and safety group, which also collects and disposes of waste materials.
Some of the research and development operations at the university are described
below.

Iodinations involving 2 to 4 mCi of 1251 per reaction are performed in
hoods on absorbent-lined metal trays. Disposable plastic lab equipment may be
used for this operation.

Animals may be injected with various isotopes and studied. The cages are
labeled and animal carcasses and excreta are monitored before disposal.

Americium-241 and 137
and well-logging devices.

0 137

Cs are used off-campus as moisture and density gages

The ©
the state.

Co and 1 mCi Cs sources are used for training courses throughout

Phosphorous-32 is used in soil science and plant and animal studies on
experimental farm plots.

Waste Disposal

Combustible 1liquid waste is metered in with fuel o0il and incinerated at a
local power plant., This waste comes from liquid scintillation vials and con-
tains 60 to 70% toluene, 30 to 40% xylene, 4 to 5% dioxane, and 1 to 10% water
and miscellaneous compounds. About 1200 to 1500 gal/yr are generated.

Animal carcasses may be incinerated, shipped’to a licensed burial site, or
disposed of with sewage after grinding or chemical digestion.

Solid waste is disposed of through a commercial waste disposal firm.
Liquid waste that is not incinerated may be disposed of in a sewer if activity
is below a certain level. Otherwise it may be solidified in cement or plaster
of Paris, or pH-adjusted to 6.8 to 8.0 and stored in 1- to 5-gal break-
resistant containers before disposal by a commercial firm,
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J.5.2 Facility Description

Buildings

Ehe storage room for well-logging sources has brick masonry walls and
35 ftc of floor space.

HVAC Systems

Iodination hoods have flow rates of 1000 ft3/min.

J.5.3 Inventory

Radioactive Inventory

Table J.6 gives the license limits of radiggctive mate[§a1 at the
University of I1linois. Iodinations use 2 x 10 ™ to 4 x 10 ° Ci amounts of
jodine isotopes.

Hazardous and Combustible Inventory

Gloves, absorbent paper, plastic test tubes, and plastic bags are some
combustible materials that may be found in the laboratories,

Liquid waste has some volatile, flammable, and toxic components as
discussed above. Although no information was given on the contamination level
of the liquid, it is assumed less than that given in Table J.7 to be able to

incinerate the liquid at the power plant.

J.6 UNIVERSITY OF WISCONSIN, MADISON, WISCONSIN

The University of Wisconsin uses radioactive isotopes for research and
development in the following areas: medical research, diagnosis and therapy to
human beings, and tracer studies in laboratory animals. Information on this
facility was obtained from docket material (University of Wisconsin 1956-1981),

J.6.1 Process Description

Operation

Radioactive isotopes are delivered in from radiopharmaceutical manu-
facturing facilities, the University of Wisconsin reactor, and the University
of Wisconsin accelerator. Materials are received by a central ordering,
receiving, and distribution group. This group does not do any aliquoting of
materials but surveys the packages and ships them to the laboratories and
hospital facilities where they are used.

The Veterans Administration Hospital in Madison administers 137Cs and

1921r implants to humans. Other treatments and therapy performed is

J.12




-

TABLE J.6. License Limits at University of Il1linois
Element Isotope Form/Use Ci
By-product material 25 each,
atomic No., 3 - 83 500 total
Americium 2410 5 x 1074
241Am Sealed sources 1 per source
5 total
241 pn Sealed sources/moisture gage 1 x 1072
per source
Californium 252¢¢ Sealed sources 9 x 1073
Cesium 137Cs Sealed sources/density gage 3.5 x 10'3
per source
137¢4 Sealed sources/thickness 5 x 1073
measurement per source
137Cs Sealed sources/training 1 x 1073
course
137¢s Well logging sources (2) 0.125
Cobalt 6OCo Sealed sources/training course 1 x 102
per sougce
3 x 107
total
Hydrogen 3 2000
Iodine 1251 [odinations
1311 Iodinations
Neptunium 237Np 5 x 107
Phosphorous 32 Soil, plant, and animal studies
Polonium 210p | 5 x 1072
210Po Sealed sources 30
210pg Covered alpha emitting sources/ 2
’ vacuum system
o 233
Protactinium Pa 0.1
231p, 5 x 1074
Thorium - 2397 Oxide deposited on nickel foil 1 x 1073
» ' per source

J.13




TABLE J.7. Maximum Concentration of Radioactive Isotopes
Allowed in Liquid Waste Incinerated at the
University of I1linois Power Plant

Compound Isotope Ci/gal
Calcium 45¢a 4.9 x 1074
47ca 3.0 x 1073
Carbon l4¢ 5 x 1072
Chromium S7¢r 4 x 1072
Hydrogen 34 9.9 x 1072
Todine 12571 4.0 x 107
131; 5.0 x 1072
Phosphorous 32p 9.9 x 107%
Strontium 85sr 2 x 1073
90 1 x 1075
Sulfur SN 4.5 x 1073
administration of 60Co implants, 1311, and 199Au treatment. Implant patients

stay at the hospital until the implant is removed. Therapy patients treated
with jodine or gold are hospitalized until the residual activity is 30 mCi or

less.

Laboratory animals are treated with radioactive material for research
studies. Other unspecified research and development experiments take place in
the labs.

The University of NiscgnsiT4is %%censed gg perform research experiments
involving 1-mCi amounts of “H, = C, P, and ~°S at several lakes and streams
away from of the University campus.

Waste Disposal

Liquid waste containing 14C and 3H concentrations of 3 mCi per 5 gal or
less are kept in 5-gal jugs partially filled with fuel oil. This liquid is
then fed to an incinerator. Less than 50 mCi per day can be incinerated.

By-product materials in animal carcasses and animal waste are also
incinerated. The ash from the incinerations is monitored and disposed of with
ordinary waste if it gives less than 300 cpm or 0.5 mR/hr at 1 m from the waste
package. Radioactive ash is put in barrels for disposal at a licensed site.

Solid waste such as syringe needles, broken glass, gloves, aprons and

cellulosic wastes are packaged in bags, boxes, and drums prior to pick up by a
radioactive waste disposal service.

J.14
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J.6.2 Inventory

QRadioactive Inventory

Table J.8 gives the Tlicense limits of radiocactive material for the Univer-
sity of Wisconsin. Fifteen hundred Ci of the tritium are used for research and
development. The other 1500 Ci are stored in the waste storage area in the
original sgipping containers or as concentrated waste (>10 Ci per 55-gal drum
where the “H is absorbed on a molecular sieve and immobilized in concrete).
Cesium-137 is stored in a radium bank within a shielded storage area.

TABLE J.8. License Limits for University of Wisconsin

Element Isotope Form/Use Ci
By-product material 3 each,
atomic No. 3 - 83 30 total
Americium 241Am 2
Carbon 14C 5
Cesium 137(35 15

60

Cobalt Co 5
Curium 284 1 x 107°
Gadolinium l53Gd Sealed Sources 12
Hydrogen 3 3000
Molybdenum/ ggmo/ 10
Technetium Tc
Phosphorous 32P 5
Uranium depleted Plated metal/collimater in 500 kg

X-ray unit

14 32

Millicurie amounts ofv3H, c, P, and 355 are allowed at various
locations off of the university campus for research efforts.

Hazardous and Combustible Inventory

Combustibles such as gloves, aprons, lab coats, plastic bags, wipes, and
cellulosic wastes may be found in the ]ab§4where gadioactive material is
handled and in waste storage areas. The “'C and “H are mixed with a flammable
1iquid (fuel o0il) in 5-gal drums before being incinerated. :

- I




J.7 UNIVERSITY OF WYOMING, LARAMIE, WYOMING

The University of Wyoming uses radioactive isotopes for field experiments
and laboratory research and development of plants and animals. Information on
this facility was obtained from docket material (University of Wyoming
1966-1979).

J.7.1 Process Description

Operation

Radioactive materials are received and distributed through the Radiation
Safety Office. The laboratories normally handle less than 1 mCi of radio-
nuclides with five shielded storage areas available for storage of radioactive
material. About 50 laboratories on campus handle the isotopes as well as areas
of f campus where studies are performed on plants and animals. Some of these
studies are described below.

Millicurie amounts of 755c were fed to plants in greenhouses on campus.

Millicurie amounts of 3 and L3¢ were administered to pronghorn antelope
and big horn sheep at a game research unit. The agima]s were keg& in a corral
for the study. Total quantities used were 0.3 Ci “H and 0.3 Ci C.

Antimony-124 in 10 pCi implants was embedded in brown trout in a creek.
The stream was fenced off and implants removed after the experiment. Twenty-
five to 50 fish were studied.

Waste Disposal

Most radioactive waste is collected in drums in a central storage area
until enough accumulates for burial at the university radioactive waste burial
grounds. The university is authorized for 27 burials per yeqyq or30ne1§gout
§¥ery7 weeks. The most common isotopes found in waste are ~ 'C, “H, I, and

P; /“Se is limited to 10 uCi per burial.

Liquid radiocactive waste is absorbed into dry sawdust in 55-gal drums
lined with plastic before burial. About 1 Ci/yr can be buried. Therefore, up
to 36 mCi might be stored in each burial load.

J.7.2 Facility Description

Buildings

About 50 laboratories handle radioactive material. The labs are equipped
with fume hoods, sinks, nonporous table tops, refrigerators, and areas spe-
cially designed for storage of by-product material. Five shielded rooms are
available for storage of radioactive material. Storage bins for radioactive
materials have lead-lined covers. Doors to the labs may be lead lined.

J.16
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Radioactive waste is stored in a separate building that has protected
windows and a separate heating system. Waste is accumulated here until enough
for one burial has been stored. Lead bricks and sheets may also be stored.

HVAC Systems

Laboratories are equipped with fume hoods with a capacity to draw
200 ft/min velocity.

J.7.3 Inventory

Radiocactive Inventory

Table J.9 gives an inventory of the major isotopes used at the University
of Wyoming for the.first 6 months of 1978,

125, 32, 75 3

Radioactive waste is contaminated mainly with 14C,125 I, P, Se, and “H
I.

with the major activity (greater than 90%) coming from

License limits for the University are shown in Table J.10.

TABLE J.9. Inventory of Major Isotopes at University of Wyoming

Element Isotope Number of Items Ci

Carbon Lac 21 2.2 x 1073

Hydrogen 3H 13 0.1236

Todine 125 8 3.9 x 1072

Phosphorous 32p 14 6.95 x 1072

Selenium 755e 1.3 x 10-3

Other 1.4 x 1073

Hazardous and Combustible Inventory

Protective c1othin§ is worn in controlled areas.
gloves, paper towels, and disposable handkerchiefs may be found in laboratories

and radjoactive waste storage.

J.17
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TABLE J.10. License Limits at the University of Wyoming

Element Isotope Form/Use Ci
By-product materijal Any form/on-campus 1 each,
10 total
Atomic No. 3 - 83 Sealed sources/on-campus 2 each,
20 total
Americium 241pn On-campus 0.5
241 pn Sealed source/on-campus 5
Californium 252¢f Sealed sources/on-campus 1.5 x 1073
each, 0.1
total
Carbon 14¢ National forest and park 2 x 10~3
14¢ Sybille game research unit 0.30
Cesium 137¢s Sealed sources/state of Wyoming 1 x 10-3
Chromium Slg Of f-campus 5 x 1073
Cobalt 60¢o Sealed sources/state of Wyoming 3 x 1072
Hydrogen 3H On-campus 5
3H University farm and ag. substation 4
3y Of f-campus 0.3
203 f o -2
Mercury Hg Medicine box 1 x 10
Polonium 210p, Sealed sources/on-campus 1 x 10'2 each
0.1 total
Tantalum 1821, Jackson Hole 1 x IOf2
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APPENDIX K

GLOSSARY

By-product material - Any radioactive material (except special nuclear
material) yielded in or made radioactive by exposure to the radiation
incident to the process of producing or utilizing special nuclear material.

Carboy - A Tlarge bottle for holding corrosive liquids.

"Cracked" Ammonia - Ammonia that has been thermally dissociated to provide Hy
as a process gas.

Criticality - A self-sustaining nuclear chain reaction.

Cyanocobalamin - Vitamin B-12.

Cyclotron - An accelerator in which charged particles are successively
accelerated by a constant-frequency alternating electrical field that is
synchronized with movement of the particles on spiral paths in a constant
magnetic field.

Cylinder Heel - Residual content of an emptied UFg cylinder.

Dead Load - A static or nonvarying load; the basal pressure exerted by the
weight of a mass at rest.

Excursion - An accidental increase in neutron multiplication.
Fibrinogen - A plasma protein essential to blood clotting.

Fission - The splitting of the nucleus of an atom into nuclei of Tighter atoms,
accompanied by the release of energy.

F-scale - Fujita scale for classifying the magnitude of tornadoes.

Green Salt - Uranium tetrafluoride, corrosive green crystals used in the
manufacture of uranium metal.

Half-Life - The average time interval required for one-half of any quantity of
identical radioactive atoms to undergo radioactive decay.

Halon® - Halogenated fire extinguishing agent.

® Halon is a trademark of the Allied Chemical Corp., Morristown, NJ 07960
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High-Efficiency Particulate Air Filter - A filter having a minimum particle
removal efficiency of no less than 99.97% for 0.3-um particles; a maximum <;;>
resistance, when clean, of 1.0-in. water gdauge when operated at rated airflow
capacity; a rigid casing extending the full depth of the medium.

Live Load - A moving load of variable force acting upon a structure in addition
to its own weight,

Mercalli Scale - Scale for classifying the magnitude of an earthquake,

Purex - Process using solvent extraction and ion exchange for separating
plutonium and uranium from irradiated fuel.

Raffinate - In solvent refining, that portion of the solute that is not
extracted by the selective solvent.

"Red 0il1" Explosion - An explosion that may occur as a result of solvent
degradation in the Purex process.

Sealed Source - Any byproduct that is encased in a capsule designed to prevent
Teakage, or escape of the byproduct material.

Special Form - A physical form of licensed material of any transport group as
defined in 10 CFR 71.

Special Nuclear Material - Plutonium; uranium enriched in the isotope 233 or
235, and any other material as defined in 10 CFR 70 by the NRC.

TNT Equivalent - A measure of the energy produced by an explosive event
expressed in terms of the weight of TNT that would release the same amount of
energy when exploded.

3

Tritium - The hydrogen isotope having mass number 3, “H,

Type B Container - Shipping packagings that must meet stringent requirements.

YeTllowcake - The final precipitate formed during milling of uranium ores.

°

Zircaloy ~ Zirconium alloyed with tin and iron.
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