Radiation Protection Competency 1.9

Competency 1.9 Radiation protection personnel shall demonstrate a familiarity level knowl-
edge of radiological hazar ds associated with the following:

e Plutonium operations

e Uranium operations

e Tritium operations

e Nuclear explosive operations

e Production/experimental reactors

e Accelerator operations

e Waste handling/processing oper ations
¢ Decontamination and decommissioning
e Useof radiation-generating devices

e Environmental restoration activities

1. SUPPORTING KNOWLEDGE AND /OR SKILLS

a. Discussthe basic function and work activities associated with the above list.

b. Discussfundamental characteristics of the major radiological hazards at the above listed activities. This could
include discussion of:
* Mode of decay
e Source

» Energies of major radiations emitted

» Rdative principle biological hazard

« Haf-life

c. Discuss uniqueradiological exposure control techniques associated with the above listed activities.
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2. SUMMARY
Plutonium Operations
Function

In the past, most Plutonium (Pu) was used as the fissile material for nuclear weapons. The isotope used
in the production of nuclear weapons was Pu-239, a fissile material, which fissions upon absorption of
athermal neutron. Pu-239 could also be used in areactor fuel for the productiorof electrical power.
The isotope, Pu-238 is used as heat sources and thermoelectric generators for missile and satellg
applications. A potential use of plutonium is to power medical prosthetic devices such as cardia
pacemakers and artificial hearts.

Plutonium can be particularly hazardous because it can be an/a:

e Interna radiation hazard from alpha emissions
» Pyrophoric hazard, pieces of the metal can spontaneously ignite when exposed to moist air
o Criticality hazard, as little as 500 grams (g) of Pu-239 in solution can achieve criticality.

Work Activities

Work activities include both production and processing facilities. Plutonium production reactcs
operated at Hanford and Savannah River. Between 1944 and 1988, the U.S. built and operated 4
plutonium production reactors at Hanford and Savannah River producing approximately 100 metric tons
of plutonium. Hanford had nine reactors, & had large cubes of graphite blocks with horizontal channels
cut in them for uranium fuel and cooling water. The fuel slugs were inserted into the front face of the
reactor, went through neutron bombardment, pushed through the channels gradually, and fell out th
other side. Savannah River consisted of five reactors, with large tanks of "heavy water," where highly
enriched fud and separate depleted uranium targets were submerged. Only a small fraction of uranium
was converted to plutonium during each cycle through areactor.

At Hanford, uranium-238 (U-238) was exposed to a neutron flux creating U-239, which quickly decays
by beta emission to neptunium-239 (Np-239), which beta deays to Pu-239. After a sufficient irradiation
period, the plutonium is then extracted from the fuel rods and sent to a processing facility. Th
production process creates tremendous amounts of high-level waste, which is currently stored in tanks
at the Hanford site. (The N-reactor at Hanford was built during the 60s and was the focus of intens
review. It was shut down in 1987.)

The bulk plutonium isthen sentto a processing facility. Massive or bulk plutonium is relatively inert in
dry ar and is comparatively easy to handle and store for afew days. But, a significant amount of work
with plutonium dealt with machining the raw metal into bomb components. The machining proces
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created fine powders and metal turnings, which are pyrophoric. This process was mainly donein glove
boxes inerted with nitrogen orargon to prevent fires. (Metal turnings must not be stored and should be
converted to oxide as soon as possible)) The oxidation of plutonium does not always occur ina
predictable manner because he oxidation rate is a complex function of the surrounding atmosphere, the
moisture content, and the alloys or impurities present in the metallic plutonium. Plutonium metha
components for weapons were machined at Rocky Flats, but due to a number of glove box fires
exposure to a DOE inspector andtwo employees, and the cancellation of W-88 warhead (a Rocky Flats
major project), plutonium manufacturing operationswere shut down and the mission was redefined to
Decommissioning & Decontamination, waste clean up and environmental restoration. Because of tk
sudden shut down of plantsthat did plutonium operations26 tons of plutonium were stranded in various
intermediate steps. Currently in the U.S,, if plutonium is not in operational warheads, it is stored &
facilities across the country. 1n 1989, a National Academy of Sciences panel concluded that additional
plutonium production was unnecessary. However, the plutonium surplus continues to increase as each
day more plutonium is removed from dismantled weapons at the Pantex Plant in Texas at a rate b
approximately 2,000 warheads per year.

Radiological Hazards

Predominant Radionuclides/Sources

Transuranics are the predominant radionuclides at most plutonium facilities. Plutonium isotopes include
Pu-238, Pu,-239, Pu-240, Pu-241, Pu-242 Both physical and chemical means are used to separate and
enrich Pu-239 for weapons grade matesial which ends up about 90% by weight of Pu-239 and 6 to 8 %
Pu-240. The exact amount and ratios of radionuclides in a given sample depends on the length of time
since separation.

Radionuclide Decay M ode Decay Energy (MeV) Half-life Biological Hazard
Pu-236 alpha 5.7 2.85years bone surface
Pu-238 alpha 55 87.7 years bone surface
Pu-239 alpha 51 24,000 years bone surface
Pu-240 alpha 51 6,500 years bone surface
Pu-241 beta 0.0052 average 14.4 years bone surface
Pu-242 alpha 4.9 423 years bone surface

Plutonium isotopes have a biologica clearance haf-li€ of about 200 years for bone tissue. Bone seekers
have extremely long retention times after incorporation into bone tissue.
Exposure Control Techniques
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Exposure control techniques should include bothadministrative and physical controls. Administrative
controls include the use of radiation work rmits (RWPs) to authorize exposures. Other administrative
controls include the use of procedures and trained personnel. Procedures should require strit
contamination control by usng good housekeeping practices verified by routine surveys, the posting of
contamination areas, the use of protective clothing, and routine personnel monitoring. Housekeepig
should include an inventory of plutoniummaterials at the source to prevent the spread of contamination.
In order to prevent the spread of contamination and intakes of plutonium,containments such as glove
boxes are used. Glove boxes are usualy kept at a negttive pressure with respect to the surrounding area
so air leaks into the containment, preventing contamination from leaking out. The type and extent b
control measures used in radioactive work will vary. For example, in some cases, plutonium is handled
in open-faced hoods, but in most instances it is handled in semi-remote units (glove boxes) or rema#
enclosures (hot cells).

Features of a particular handling opeation may dictate special control measures, as does the state of the
plutonium being used. For example, low levels (< 37 kBg----approximately 1 i) of nondusty plutonium

samples does not require the degree of control that higher levels do. Sealed or clad plutonium, regardless
of amount, may be handled in hoods rather than glove boxes for certain steps in a process.

The laboratory handling of plutonium often differs from that found in a plant or production facility. In
generd, up to 0.2 GBq (approximately 5 mCi) of pldonium may be handled in open hoods; glove boxes
are used for larger amounts. In plantsin which gram or kilogram amaints are used, glove boxes are used

amost exclusively. Dusty operations or for plutonium in ¢her pyrophoric forms call for the use of glove
boxes with inert atmospheres.

In processes involving highly radioactive materials, such as irradiated plutonium samples that have not
been separated from fisson producs, hot cells are used to provide shielding. Appropriate combinations
of construction materials are used to provide protection from peetrating radiation (gamma and neutron).
Hydrogenous materials, such as concrete and oil, are used to shield neutron radiation; while dense
materials, such as lead and steel, are used to shield gamma photons. Viewing ports are constructed of
leaded or oil-filled glass (or other substances) to minimize dose rates.

DOE/EH-0425, Plutonium Facilities Training Material, includes more detailed information on plutonium
higory, isotopes, uses and properties, internal and external hazards, modes of exposure and treatment,
radiological controls, surveys and monitoring at plutonium facilities, and response techniques fo
abnormal conditions. The student manual to this course can be downloaded from the following wie

page:
http://tis-nt.eh.doe.gov/WPPHM/RST/rst.htm

The learning objectives of the manual include: characteristics, grades and isotopes of plutonium; thei
respective physical, chemical, reactive, radioactive and criticality properties; radiological properties
modes of entry and removal techniques; control methods; identification and monitoring techniques
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detection and dosimetry.
Uranium Operations
Function

Natural uranium consists of three isotopes. uranium-238 (U-238), uranium-235 (U-235), and uranium-
234 (U-234). U-238is99.284 percent abundant in nature with a half life of 4.46 hillion years, U-235is
0.711 percent, and hdf life of 704million years; U-234 is 0.0055 percent, and half life of 245,000 years.
U-238 decays by dpha emisson intothorium-234, which itself decays by beta emission to protactinium-
234, which decays by beta emission to U-234, and so on until theseries ends with the stable isotope lead-

206.

Uranium isimportant to the nuclear industly primarily because of the naturally occurring isotope U-235,
which hasa high thermal fission cross section. To increase the amount of U-235 in areactor core, and
to decrease the size of a reactor, natural uranium is enriched in U-235 by specia processes such a
gaseous diffusion, centrifuging, or laser separation. Natural uranium depleted in U-235 is also useful as
shielding, counterweight, projectiles, and target elements in DOE plutonium production reactors.

As previoudy stated, natural U-238 isfound in 99% abundane in nature. From this, the remaining 0.7%
of U-235 must be physically separated in sufficient quantitiefor nuclear fuel, or for explosives. Gaseous
diffusion is the process used in the U.S. for the enrichment ofuranium. Gaseous diffusion is when U-238
isdriven at controlled temperatures and pressures through miles of filters which gradually collect U-235
atoms in increasing concentration. Highly enricheduranium is considered more than 20% U-235, and
low enrichment uranium consists of less than 20%. Typically more than 90% U-235 is used in nuclear
weapons. U-238 removed during enrichment is referred to as "depleted uranium.” Thousands of tons
of depleted uranium are stored in cylinders in Ohio, Tennessee and Kentucky.

Oneton of uranium ore yields only afew pounds of uranium metl. The result is adry concentrate called
"yellowcake." The milling process produces large volumes of sandlike by-product, mill tailings. Mill
tailing contains toxic heavy metals and radium and thorium. Uranium mill tailings account for onlya
small fraction of the total radioactivity, but approximately 96% of the total volume. The primary hazard
associated with uranium mill tailingsis radon gas.

Work Activities

Much of the uranium feed material that is currently handled at DOE facilities has been reclaimed o
recycled from reprocessed spent reactor fuel. The chemical processes by which recycled uraniums
purified release trace amounts of transuranic elements and fission products, mainly technetium-99
(Te-99). Recycled uranium also contains trace amounts of uranium isotopes not found from fuke
reprocessing facilities, but the radiological impact of these impuritiesis negligible in many cases. There
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are many routine chemical processes which tend to concentrate these impurities either in the uranitm
product or in reaction by-products such that radiological controls and/or environmental monitorig
programs must consider these impurities in some cases.

It is anticipated that the amount of recycled uranium will increge over the next severa years. Thisisdue
to the plans of a number of nations to reprocess uranium for their power reactors.

Radiological Hazards

The radiological hazard present from uranium depends on the processes conducted at the facility
Categories of uranium may include:

e Natural uranium

» Decay chain daughters
¢ Recycled uranium

o 235-enriched uranium

Natural Uranium

Natura uranium consstsof three primary isotopes U-238, U-235, and U-234. The primary isotopes of
uranium are all long-lived alpha emitters. U-235 aso decays by gamma emission. The princip
radiological hazard isfram inhalation of airborne uranium. Uranium is both a chemical and radiological
hazard. For natural uranium, chemical toxicity is usually more limiting. All three isotopes hae
somewhat restrictive annual limit on intake (ALI) values of one microcurie ( uCi).

Decay Chain Daughters

Since DOE facilities do notroutinely process uranium ore concentrates, the only non-uranium members
of these decay chainsthat will be present in virgin (not recycled) éed materials, which are those that have
grown in since the chemical extraction of the uranium.

The primary uranium decay products decay by beta emission. Consequently, the inhalation hazard
associated with these nuclides is usually overshadowed by the alpha-emitting uranium isotopes. Th
nuclides that occur in sufficient abundance to have an impact on radiological control are thorium-23
(Th-234), protactinium-234m (Pa-234m), and Th-231. The long half-lived Th-230 (75,400 years) in the
U-238 decay chain and Pa-231 (32,800 years) in the U-235 chain effectively prevent the accumulation
of dgnificant quantities of other decay products. Still, Th-230 and radium-226 (Ra-226) may be found
in the process waste water of some facilities, so it is prudent to include those nuclides in efflu
ent/environmental monitoring programs. For workplace radiological controlsTh-234, Pa-234m, Th-231,
and the uranium isotopes are those requiring primary consideration. In poorly ventilated areas whes
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uranium is stored, elevated radon (Rn) concentrations can occur from tle small amounts of Ra-226 which
both grow in and carry over as a contaminant in the chemical separation processes.

Recycled Uranium

The five primary isotopes of concern from recycled uranium are Tc-9, U-232, neptunium-237 (Np-237),
Pu-238 and Pu-239. Tc-99 tends to deposit within enrichment equipment and will pocket in the higher
enrichment sections of the gaseous diffusion process. In equipment with accumulations of Tc-99, soft
beta radiation fields of afew rad per hour may be encountered. Thisradiation is effectively attenuated
by the protective clothing required for contamination control. Sine the ALI for Tc-99 is higher than that
of uranium, inhalation is a concern only in situations where the technetium activity greatly exceeds that
of the uranium that is present. Technetium as pertechnetate is also difficult to remove from skin, which
can result in skin contamination and significant skin doses.

The uraniumisotopes that will increase in recycled uranium are U-232, U-234, and U-236. U-236 will
not pose much of a corcern from a health and safety standpoint because it is similar to natural uranium.
Conversely, U-232 can be problematic. The heath hazards of U-232 are due primarily from gamma

activity of its decay products (Th-228). The mgor exposure from U-232 will be from handling UF6

cylinders. The exposure is determined by the enrichment of U-235. Exposures rates of 100 to 50

mrad/hr could exist.

Transuranics neptunium and plutonium wil exist in small quantitiesin recycled material. However, they
can cause significant internal dose even at very low mass concentrations. For example, for a ClastV

transportability mixture, if Pu-239 contamination cortributes 0.1% of the total alpha activity in uranium,
then it will contribute roughly 14% of the total inhalation dose equivalent because of its lower ALI.

235-Enriched Uranium

Uranium presents both a chemical and radological hazard. The primary hazard associated with uranium
depends upon its degree of enrichment, its chemical form, and its physical form. The degree 6

enrichment determines the gamma radiation intensity andthe overall specific activity. The chemical form
determines solubility and corsequently transportability in body fluids. The transportability of an inhaled
or ingested material determines its fate within the body and, therefore, the resulting dose or chemida
effect. When radiological hazards are limiting, chemical hazards can generally be neglected exceptn

overexposure situations. When chemical hazards are limiting,radiological hazards can be neglected if
radiation doses are below regulatory concern. Uranium is toxic to the kidneys and high exposuread

soluble compounds can result in rena injury.

Neutron doses can also be a concern as enrichment in U-235 increases. Alpha radiation emitted frm
uranium can create an (¢, n) reaction with fluoride (F) and other low Z atoms. The neutron energy isin
the 2 MeV range. In the case of UF-6 the typically measured neutron dose rates for cooled storag
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cylinders are as follows:

Natural to 5% enrichment: 0.01 to 0.2 mrem/hr
High enrichment (97%): 2 to 4 mrem/hr or contact and 1 to 2 mrem/hr at 3 feet

Radionuclide Decay Mode | Decay Energy Half-life Biological Hazard
(MeV)
U-238 apha 4.2 4.5x10% years (y) bone surface
U-235 apha 4.4 7x10°y bone surface
U-234 apha 4.7 2.46x10°y bone surface
Th-234 beta 0.193 24 days whole body
Pa-234m beta 2.3 1.2 min skin, extremity
Th-231 beta 0.305 25.5 hours whole body

U-234 is concentrated with U-235 during the enrichment process. Highly enriched uranium contaia
approximately 1% U-234. Because of its much shorter half-life, most of the radioactivity of enrichd
uranium comes from U-234.

ALARA Techniques

Development and implementation of an (ALARA) program in many uranium facilities may bea
challenging task, due primarily to the fact that penetrating radiation doses are typically low and fev

individuals are exposed near the regulatory limits for occupational exposures. As aesult, convincing

management to spend vauable funds to further redue radiation exposures to ALARA can be a problem.
An ALARA program can bedefined in four major elements: 1) program administration, 2) goal setting
and program evauation, 3) radiologica design, ad 4) conduct of operations. All four elements are vital
to the successful implementation of ALARA.

Program Administration

Not only is management commitment to the concgt and success of the ALARA program important, but
communication to al employeesis essentia. Policy statements, proedures, and manuals, as well as direct
communications, should be used to ensure that facility employees are aware of:

a. Theprogram
b. Their persona responsibility
c. Their rolein its success
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d. Persona benefits of the program

Goal Setting

Goals for the ALARA program may be either quantitative or nonquantitative and may or may not b
related to dose measurement. All goals, however, should have one or more clearly defined end points
which contribute directly or indirectly to reducing personnel exposures. An ALARA committe
composed of representatives from operations, engineering, radiation protection, and others responsible
for the ALARA program can often establish more effective goalshan any one special interest group.
In addition to the ALARA progam evaluation, routinely performed as a function of management of the
program, an independent evaluation should be conducted periodically. The evaluation should b
commissioned by senior maregement and the personnel conducting it should report directly to them. A
formal report should be issied to senior management and include an overall assessment of the program,
findings of the evaluation, areas of strengths and weaknesses, and recommendations for change ad
improvement.

Design of facility features, to acconmodate anticipated presence of radioactivity or radiation-generating
devices (RGDs), isimportant in reducing radiation doses received in the condat of work with radioactive
materials to ALARA. For both new facilities and the modification of existing facilities, ALAR
considerations should be introduced into the design process at the earliest possible stage. Some of the
design features that relate to the successful realization of ALARA objectives are:

» Thelayout of the facility; specifically, the use of sequential radiation or contamination zones and the
control of traffic patterns

¢ The ventilation system, which should use pressure differentials and high-efficiency particulate ai
(HEPA) filtersto trap airborne radionuclides and prevent the spread of aiborne contamination within,
or from, the facility

e The waste remova systems, which should minimize the amount of radioactive waste materib
permitted within afacility; provide storage and handling to control exposure of personnel to casual
doses; and minimize the potential for fires, spills, and leakage

Conduct of Operations

The application of the ALARA principles to the performance of work in the field is the main objective
of conduct of operations. ALARA design, engineering, planning, and administration come to fruition in
maintaining radiation exposures to workers and the public ALARA. The operational application 6
ALARA requires the cooperation and coordination of many functional groups including radiatia

protection, operations, maintenance, planning and scheduling, training, engineering, and administration.

The primary responshility for controlling radiation exposure during operations rests with the individual
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and higher immediate supervisor. The support functions provide the training, resources, guidance, and
measurements; but it isin the gppli@tion that the effectiveness of the ALARA program may be realized.
Operational measures for contrdling exposure must be applied to assure that any work with radioactive
materias is carried out in the safest manner reasonable. Both engineered and administrative contrb
measures should be used for limiting exposure.

Draft Radiological Safety Training for Uranium Facilities, training manual discusses in greater detail
such issues as:

e thenuclear fuel cycle.

e physical, radioactive and chemical properties of uranium.
» external exposure control and measurements.

e internal exposure control and measurements.

o criticality safety.

e emergency response for uranium incidents.

The student manual can be found at the following web site:
http://tis-nt.eh.doe.gov/WPPHM/RST/rst.htm

This document contains genera information of the following basic concepts. uraium for nuclear reactors,
radioactive decay products of uranium; nuclear fission; fissile and fissionable materials; enriched ad
depleted uranium; uranium isotopes; UF; gas; uranyl solutions; uranium toxicity; pyrophoric hazards of
uranium; alpha, beta, gamma and neutron monitoring techniques; beta shielding and criticality.
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Tritium (H-3) Operations

H-3 is produced by both natural and manmade means. H-3 is produced in the upper atmosphere 1
cosmic radiation interactions with nitrogen. Once produced, H-3 is carried in rainfall to the surface of
earth where it accumulates in the oceans. Atmospheric nuclear tests also added significant amounts of
H-3 to the environment. H-3 is produced in light ard heavy water reactors, fuel reprocessing plants, and
tritium production reactors.

Function

H-3 is the fuel source for fusion reactions which power the hydrogen bomb. H-3 has many |aboratoy
uses such as compound labeling, and may in the distant future be used as a soute of fuel for fusion power
reactors.

Radiological Hazards

H-3 decays by emitting a weak beta particle, the daughter product is helium-3 (He-3).

Radionuclide Decay M ode Decay Energy Half-life Biological Hazard
H-3 beta 18.6 keV maximum 12.3 years internal whole body
5.7 keV average

H-3 isusualy encountered in the workplace asH-3 gas (HT, DT, T) or asH-3 oxide (HTO, DTO, T,0).

Other forms of H-3 aso exist, such as metd tritidesitritiated pump oil, and tritiated gases. These various
tritiated compounds have a wide range of uptake and retention in humans under similar exposure
conditions. For example, H-3 gas, upon inhaation, is only sightly incorporated into the body ands

rapidly eliminated; whereas, tritiated water vapor is readily taken up and retained by the body.

Following a brief exposure to H-3 gas, small amounts of the gas are dissolved in the bloodstream. For
gaseous H-3 exposures, there are 2 doses. 1) alung dose from the H-3 in the air in the lung, and 2p
whole body dose from the H-3 gas that has been converted to water. This tritiated water converted in
ViVO acts as an exposure to tritiated water.

Skin absorption of gaseous H-3has been found to be negligible compared to inhalation. Small amounts
of H-3 can enter skin through contact with contaminated metal surfaces, which results in elevatd
organically bound H-3 in tissues and urine.
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Control Techniques

ALARA should be gpparent in the policy and procedure documens that implement a radiation protection
program (RPP) at a site, and should aso be incorporated into facility design. Containment ad
confinement, which includes the use of glove boxes and fume hoods, of tritium lsould be the major design
features for maintaining exposures ALARA.  Pressure differentials control the flow of airbore
contamination including local and dilution ventilation. Good administrative procedures mean god
housekeeping requirements and frequent smear and airborne surveys,

Some of the problems encountered when confining H-3 are due to the physical and chemical properties,
which cause H-3 gas to interact in some way with amost al materials. Helium is a monoatomic gas
therefore, one mole of diatomic, H-3 gas decays to two moles of He-3 gas. This leads to pressue
buildup in sealed vessels. The seals faill and may spread contamination. There are also a number b
physical properties that govern how H-3 reacts and migrates through materials; specifically, solubility,
diffusion, and permeability.

Solubili

Solubility is a thermodynamic property; therefore, the solubility of H-3is affected by the temperature.
The solubility of H-3 may increase or decrease with temperaturedepending on the element or compound.
Hydrogen gas (including H-3 gas) dissolves to some extent in aimost all materials. Hydrogen atoms or
diatomic hydrogen molecules and some larger hydrogen bearing molecules dissolve intergtitiadly, i.e., is
they diffuse into a structure and locate between atoms or molecular framework.

Diffusion

Diffugivity isakinetic property and isa measure of the speed at which a species diffuses. It isimportant
in calculating the rate at which H-3 migrates through a structure. The migration of hydrogen in mas
materiasis orders of magnitude faster than the migration of other ééments. The higher the temperature,
the faster the diffusion.

Permeability

Permesbility of a gas through materials is a measure of how much gas will miggte through a material wall
of given thickness and area over a given time. Permeability ) isthe product of the diffusivity (D) and
solubility (S).

cm?® (H,, STP) x cm(thickness) 5 cm? cm?® (H,, STP)
rm?2 (areq) ¥ <o Sec cm3(material)
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The following materials are listed in order of increasing permeability:

e ceramics and graphite
e dlica

e nonhydriding metals
e hydriding metals

e polymers

H-3 gas diffuses through glass, especialy at elevated temperatures.

The following excerpt is from DOE Handbook DOE-HDBK-1079-94,Primer on Tritium Safe Handling Practices .

Thisis agood reference document for more information on the chemical, physical, and biological properties of H-3.
H-3 monitoring and emergency responseprocedures are also introduced. The handbook can be found in its entirety on
the following web page:

http://apollo.osti.gov/html/techstds/techstds.html
DOE-HDBK-1079-94, PRIMER ON H-3 SAFE HANDLING PRACTICES
Radiological Control and Protection Practices
Airborne H-3

H-3 released to room air moves readily with normal air current. The room or building ventilation systemshould be
designed to prevent the air from being caried to uncontaminated areas, such as offices or other laboratories where H-3
isnot alowed. For that reason, differential pressure zoning is commonly used, and released H-3 is directed outsié
through the building stack. In some newer facilities where the large quantities of H-3 are being handled, room a
cleanup systems are available for emergency use. Following a significant release, the room ventilation system
effectively shut down, the room isisolated, and cleanup of room air is begun.

Secondary Containment

The most important control for preventing a release of H-3 to the room atmosphere is the use of containment around
the source of H-3. Thiscontainment usually takes the form of a glove box, which isthen a secondary containment if
the H-3 isaready contained within the process plumbing, which is the primary containment. Even if the H-3 ison the
outside surface of a piece of equipment and locatedinside the glove box, through popular usage, the box is till referred
to as the secondary containment.

Glove boxes used for H-3 work typically are made of stainless steel or aluminum and use gloves made of buty]
neoprene, or Hypalon. Windows are made of glass or Lexan. In order to reduce the amount of H-3 released to tke
atmosphere, glove boxes where significant quantities of H-3 are handled incorporate detritiation systems that process
the glove box atmosphere and remove the H-3. These detritiation systems, including the room cleanup systens
mentioned above, convert released HT to HTO and collect the HTO on amolecular sieve for later recovery or burial.
Newer systems use metd gettersthat recover HT without resorting to oxidation. These getters, which can only be used
in certain glove box atmospheres, can be heated to release and recover the HT easily.

The atmosphere in the glove box may be air, nitrogen, argon, or helium, depending on the type of activity in the box.
Even in boxeswith ingt gas atmospheres, small amounts of moisture and oxygen exist. Any release of H-3 gasin the
box will eventualy be converted to the oxide. As a result, the oxide will slowly diffuse through the gloves a
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contaminate their outside surfaces. For that reason, personnel ushg glove boxes that have had H-3 releases are required
to wear one or more additional pairs of disposable gloves when working in the glove box.

Glove box monitors are usedto alert personnel of arelease in the box and may be used to activate a cleanup system or
to increase the rate of the cleanup process. With releases of H-3 in the box, the monitor chamber will eventualy
develop a memory from contamination, mainly by HTO. Heated monitor chambers are useful in minimizingy
contamination by HTO.

Thereative presaure of the glove box amosphereis normally kept negative in order to prevent the gloves from hanging
outside the box where passersby may brushagainst them and to prevent H-3 from escaping into the room should aleak
developin the glove box. However, outward permeation of HTO through the gloves and inward permeation of room
moisture are not affected by the pressure inside the glove box.

Temporary Enclosures

At times, maintenance or repair work is done on equipment that cannot be moved into a glove box or fume hood and
that has a high potential to release H-3. For these activities a temporary box ("tent"), may be constructed over tle

equipment, and an exigting cleanup system ingtaled to proess the air. Alternatively, if the H-3 at risk is not significant,

the enclosing atmosphere may be purged tothe stack. If the enclosure is small, gloves and glove ports may be fitted
to the side of the enclosure. For larger enclosures entry may be required. In such cases, personnel must work n

air-supplied suitsinside the enclosure.

Protection by Local Ventilation

In spite of the greater protection &forded by glove boxes, fume hoods are commonly used at H-3 facilities for handling
or storing material with low quantities of H-3 or withlow-level contamination. Limits are generally imposed on the
quantities used or stored in these hoods.

Fume hoods are also used to protect personnel at the outside door of glove-box pass boxes where materials are passed
into and out of the boxes. Ideally, any H-3 released in a hood from outgassing or aleaky container, for instance, &
routed to the hood's exhaust duct. However, turbulence may occur at the hood entrance, resulting in backwash arl
possible contamination of personnel if the face velocity is not adequate for the design of the hood, the activitiesin the
hood, or theloca conditions (such astraffic infront of the hood). No hood should be used that has not been thoroughly
surveyed and judged acceptable for H-3 use.

For small operations local ventilation is commonly provided at the work site through a flexible ventilation du¢
("elephant trunk™) directed to theroam exhaust system. The exhaust of these ducts is generally directed to the building
ventilation exhaugt system, which of itself may be adequate to supply the needed air flow for the duct without help from
an additional in-line blower. Flexible ducts can provide adequate ventilation during maintenance in a glovebox with
apanel removed. Inthis application, aflexible duct can be connected to a gloveport before the panel isremoved, and
then the work can proceed safely.

Qupplied-Air Respirators

In genera, only supplied-air respirators are effective in preventing intalation of airborne H-3. Two types of air-supplied
respirators are available: self-contained breathing apparatus (SCBA) and full-face supplied air masks.

An SCBA, consisting of a full-face mask fed by a bottle of compressed air carried on the worker's back, provids
excellent protection against HTO inhalation. Because the mask provides no protection against absorption by most of
the skin, the SCBA is normally reserved for emergency useonly. The protection factor of 3 or more afforded by the
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SCBA may be adequate for some applications. An SCBA can be used as an added precaution during certan
maintenance or operations that experience has shown should not result in the release of significant amounts of HTO.
Nevertheless, the potential for exposure is real, and the SCBA gives the worker time to leave the area if necessay
before a skin exposure occurs.

Full-face supplied-air masks are also available. Becausethe air is normally supplied by a fixed-breathing-air system,
they are not practical for many emergency situations and, consequently, are not as popular as SCBAS.

Qupplied-Air Quits

Because of the inherent disadvantages associated with respirators and other breathing apparatus, supplied-air plastic
suits that completely enclose the body are often used by facilities that handle large quantitiesof H-3. Although they
afford reasonably complete body protection, they are slow to don and cumbersome to wear. For these reasons, they are
not favored for rescue work where time ard mobility are important considerations. For certain maintenance operations
outside of glove boxes with a high degree of risk, supplied-air suits may be quite useful.

For H-3 work, supplied-air suits are constructed of materials that have acceptable permeation protection against HTO
and provide good tear and abrasion resstance. Because ofthe closed environment, and the additional background noise
caused by theflow of air into the suits, communication between personnel may require special equipment or methods.

Protection from Surface Contamination

Experience a H-3 |aboratories has shown that many H-3 exposures to personnel occur as aresult of contact with highly
contaminate surfaces. Sudden and significant releases of airborne H-3 occur mostly as the less toxic form HT and are
quickly detected by portable or strategically placed, fixed H-3 monitors. The result is that the exposure and uptake of
airborne H-3 areminimized. (Heavy-water reactors, of course, present a more significant risk of exposure to tritiated
water vapor than to H-3 gas.)) The presence and degree of contamination may be unknown until measurements are made.
Consequently, the importance of routine and speciad monitoring suveys for surfaces that personnel might contact cannot
be overestimated.

Protective clothing worn by workers is one of the most important aspects of an effective health physics program
Because H-3 can be absorbed easily through the skin or by inhalation, personnel protective equipmentmust protect
against both exposure routes. The following paragraphs describe protective measures and equipment.
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Protective Clothing

Lab Coats and Coveralls

Lab coats and coveralls (fabric barriers) are worn in most H-3 facilities. Lab coats are routinely worn to protet
persona clothing. Coveralsare sometimes worn for added protection instead of alab coat when the work is unusually
dusty, dirty, or greasy. The protection affordedby lab coats and coverallsis minimal (except for short exposures) when
H-3 isairborne, but they are more effective in preventing skin contact with contaminated surfaces.

Disposable water-proof and water-resistant lab coats and coveralls have been tested at various laboratories. They are
not popular for everyday use because of the cost and exceséve discomfort inflicted on the worker. Most facilities prefer
using ordinary open-weave fabricsfor lab coats and coveralls and using an approved laundry for contaminated clothing.
Some facilities have chosen to use disposable paper lab coats and coveralls, exchanging the costs associated witha
laundry for the costs associated with replacement and waste disposal.

Shoe Covers

Although shoe covers provide protection against the spread of contamination and exposure, the routine use of she

covers in a H-3 facility is usually weighed against actual need. Shoe covers can offer both a degree of personné

protection and control over the spread of contamination on floors. However, in modern facilities where H-3 is largely
controlled by the use of secondary containment, shoe covers may not be required. Such facilities can easily maintain
aclean laboratory environment by the use of regular smear surveys and good housekeeping. Using liquid-proof shoe
covers until spills are cleaned up should be considered following spills of H-3-contaminated liquids and solids ©

prevent the spread of local contamination.

Gloves

In most operations, thehands and forearms of workers are vulnerable to contact with H-3 surface contamination. The
proper use and selection of gloves are essential. Many factors should be considered in selecting the proper type @

glove. These include chemical compatibility, permeation resistance, abrasion resistance, solvent resistance, gloe

thickness, glove toughness, glove color, shelf life, and unit cost. Gloves are commercially available in butyl rubber,

neoprene, polyvinyl chloride (PVC) plastics, latex, etc.

The most common gloves found in H-3 laboiatories are the light-weight, disposable short glove (usualy PV C or latex)
used for handling lightly contaminated equipment. Depending on the level of contamination, such gloves may I
changed frequently (every 10 to 20 minutes), asecand pair may be worn, or heavier gloves may be used instead. When
using gloves for this purpose, the work should be planned so that contaminated gloves doe not spread contamination
to surfaces that are being kept free of contamination. When working in a glove box using the box gloves, disposable
glovesare worn to prevent uptakeof HTO contaminating the outside of the box gloves. Again, depending on the level
of contamination, more than one additiona pair may be reuired, one of which may be alonger, surgeon's length, glove.

In spite of all the precautions normally taken, workers may occasionally be contaminated with H-3. The skin should
be decontaminated as soon as possible after any potentid &in exposure to minimize absorption into the body. Effective
persona decontaminationmethods include rinsing the affected part of the body with cool water and soap. If the entire
body is affected, the worker should shower with soap and water that is as cool as can be tolerated. Cool water keeps
the pores of the skin closed and reduces the transfer of HTO across the skin. The importance of washing the affected
skin as soon as possible after contamination cannot be over-emphasized.
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Nuclear Explosive Operations

Two national laboratories have been involved in research development and testing of nuclear weapons
during the Cold War: Livermore, CA and Los Alamos, NM. Sandia Nationa Laboratories, basedmn
Albuquerque, NM, worked on eectronic mechanisms, and desigs for nuclear warheads and for coupling
the warheads to bombs and missiles. The fina assembly process of the nuclear weapons occurrd
primarily at the Pantex Plant in Amarillo, TX. With theend of the Cold War, the plant now disassembles
warheads that have been retired from the naton's arsenal, and is now storing the plutonium components.
The uranium components are shipped to Oak Ridge, TN, and H-3 canisters are shipped to Savanna
River, SC.

The U.S. has performed weapons tests in atmospheric, underwater, and underground tests, mostlyn
Nevada. Residual radioactive contamination from the testing remains at most of these test sites. Th
U.S. halted atmospheric testingin 1963 and has not conducted nuclear explosion tests since September,
1992.

An introduction to the classified material can be found in the following unclassified DOE documents:
DOE Order 452.1A, Nuclear Explosive and Weapon Surety Program; DOE Order 452.2A, Safety of
Nuclear Explosive Operation; Implementation Guide for DOE Order 452.2A, Safety of Nuclear
Explosive Operation.

No sdf-study material has been developed for the nuclear explosive safety area for two main reasons: 1)
the material would be volumous and, in most cases, clasified; 2) subject matter experts from around the
complex felt that a study guide would be both inappropriate and insufficient to meet the needs b

personnel in thisarea. In an effort to assist personnel to become familiar with this topic, the following
are good primer level texts:

e AnIntroduction to Nuclear Weapons, Samud Glasstone and Lelie M. Redman, U.S. Atomic Energy
Commission, WA SH-1037, Secret Security Classification required

* Nuclear Explosive Training Manual, DOE Albuquerque Operations Office, Secret Securiy
Classification required, (NESD, 505/845-5902)

e Caging the Dragon - The Containment of Underground Nuclear Explosions, James Carothers
Lawrence Livermore Nationa Laboratory, DOE/Defense Programs, Defense Nuclear Agency
DOE/NV-388, DNA-TR-95-74, unclassified, (423/576-8401).

The Nevada Operations Office developed a "Nuclear Explosive Safety Topical Area Training-te
Competency Curriculum Matix and Training-to-Competency Matrix" in support of the DOE Technical
Quadification Program. It can be found at the following website http://cted.inel .gov/cted/matrix.html.
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Production/Experimental Reactors
Function

Nuclear reactors are used as a power source to heat water into high pressure steam and produe

electricity. The fuel is comprised of U-238 and U-235. One of the by-products in a nuclear reactor is
plutonium. Reactors specificaly designed to produce Pu239 are called production reactors. Plutonium
is produced from U-238 by capturing a neutron, thus creating U-239 virich under goes beta decay to Np-

239, which then decays by beta emission to Pu-239.

Production/experimental reactors are found throughout the DOE complex. One example is the High Flux

I sotope Reactor Facility (HFIR) at Oak Ridge Nationa Laboratory. The HFIR i®ne of the world’s most

power research reactors. It is a 85-MW isotope production and test reactor with the capability ad

facilitiesfor performing a wide variety of irradiation experiments. One of the primary purposes of the
HFIR isthe production of californium-252 and other transuranium isotopes for research, industrial and
medical purposes.

Work Activities

Work activities include both norma operations and maintenance. Normal opeations usually do not result
in sgnificant exposure to plant operators because of the shielding dsign of the reactor. However, during
maintenance, the reactor is shut down and plant systems such as piping, valves, and pumps are opened.
Reactor internas contain contamination ad higher radiation levels, thus exposing workers. Most of the
exposure at reactors occurs during the maintenance phase.

Radiological Hazards

In selecting materials for reactor components, many problemscan arise. Core components must meet
stringent requirements, such as alow neutron cros section and good high-temperature properties. They
should also transfer heat quikly and easily so that materials do not expand or buckle out of shape. The
material should resist corrosive agents and radiation damage.

In anudear reactor, radioactivity arises, from two nuclear processes: activation of corrosion products
and fisson. Activation results from the absorption & neutrons by nuclel as they pass through the reactor
core in the coolant water. The nuclel result from impurities that enter thecoolant water from internal
meta surfaces such as stainless steel. Corrosion attaks the stainless steel surfaces releasing microscopic
particles of iron, cobalt, nickel and manganese. Some of the more common corrosion products are
Co-58, Co-60, Mn-54, Fe-55, Fe-59, and chromium-51 (Cr-51).
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Magjor Activated Corrosion Products

Nuclide Half-life Formation Reaction Major Source(s)
Cr-51 27.70 days (d) Cr-50 (n,y) Cr-51 steel
Mn -54 312.2d Fe-54 (n,p) Mn-54 steel
Mn-56 2.579 hours (h) Mn-55 (n,y) Mn-56 steel
Fe-59 4451d Fe-52 (n,y) Fe-59 steel
Co-58 70.9d Ni-58 (n,p) Co-58 steel and nickel
Co-60 5.272 years (y) Co-59 (n,y) Co-60 stellite and steel

The most predominant corrosion product is Co-60, which originates from valve seats or surfaces.As
valves are opened and closed, the valve plunger wears against the valve seat releasing microscop
particles into the coolant water which become activated when passing through the core by absorbing a
neutron.

Fission Products

Radionuclide Decay Mode Decay Energy Half-life Biological Hazard
(MeV)
Kr-85 beta, gamma B, 0.687 10.7 years (y) skin, external
Kr-85m beta, gamma B, 0.820 4.5 hours (h) skin, external
Kr-87 beta, gamma B, 3.80 76.3 minutes (m) skin, external
Kr-88 beta, gamma B, 2.80 2.84h skin, external
Xe-133 beta, gamma B, 0.346 5.27 days (d) skin, external
Xe-133m gamma v, 0.233 2.26d skin, external
1-131 beta, gamma B, 0.806 8.05d thyroid
1-133 beta, gamma B, 1.27 20.8 h thyroid
Cs-137 beta, gamma v, 0.662 30y whole body, external
Sr-90 beta B, 0.546 217y bone surface
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Control Techniques

ALARA at reactor facilities include design features and administative controls. ALARA isdesigned into
the reactor facilities by using a "defensein depth” approach. A defense in depth uses multiple barriers
to prevent radioactive material fromentering the environment. The barriers may include control rods,
awater or heat transfer medium, piping system, reactor vessel, reactor vessel containment, and reactor
building. Effluents can be held up for decay, stored, and/or filtered to permissible levels before release
or disposal.

ALARA will be maintaired by a comprehensive RPP outlined by management. Administrative controls
may include ALARA policy requirements such as administrative control levels lower than the federia
limits, procedures, and worker training. Worke training should emphasize time, distance, and shielding.
Physicd controls may include shielding, radiological postings, personnel monitoring, locked and/or fall
safe doors and remote handling devices. Frequent audits of the RPP should be conducted to verif
ALARA is being maintained.

Accelerator Operations
Function

Accelerators are used to accelerate charged paticles to very high energies and then to bombard a target.
Formally, an accelerator is any machineused to impart large kinetic energies of charged particles such
as electrons, protons, and atomic nuclei; and, are capable of creating a radiological area. Thes
accelerated particles are then used to probe nuclear or subnuclear phenomena. There are also mag
accelerators in industrial and medical applications. Accelerators consist of the following mao
components: a high voltage supply, ion source, beam ppe, magnet, targets, beam dump, vacuum system,
and shielding. For detailed information on accelerator physics, consult the following web page:

http: //imww-laacg.atdiv.lanl.gov/accphys.html
Work Activities

Particle accelerators are designed for avariety of purposes, such as research into the nature of matter,
production of radioisotopes, generation of bremssrahlung for radiography, induction of fusion, pumping
of lasers, and productian of synchrotron radiation. Each purpose dictates a particular energy range and
choice of particle to be accelerated; electrons, protons, or nucleiof heavier elements. For a particular
primary beam, the health physicist has to understand the radiation fields produced as the beam $

absorbed, since the resultant dose rates can be quite high.
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Types of accelerators employed at DOE include:

1. Van de Graaff Generator, a polished metal sphere and movable belt which carries electrical charges
up to the sphere where stored. Once the sphere is charged to its maximum voltage, the particles are
gjected into the accelerating tube. The Vande Graaff generator primarily serves two purposes; 1)
asasource of particlesfor research in low-energy nuclear physics, and 2fo inject particles into larger
accelerators.

2. Linear Acclerators, are a series of dternating electrodes which areconnected eletrically to each other,
and holes bored through them permit the passage of the beam. The electric field created by tke
electordes acclerates the charged particles. There are two main types of linear accelerators; 1) the
drift tube, and 2) the wave guide.

3. Cydlatron, isacyclic accelerator in which he charged particles spiral outward from the center of the
machine as they gain energy.

4. Synchrotrons, are accelerators in which the energy of thecharged particle isincreased as it travels
around a circular orbit of fixed radius.

5. Coalliders, are accelerators in which two opposed beams of particles collide head-on.

Radiological Hazards

Particle accelerators pose unique problems br health physics. The radiation given off at accelerators can
be loosely classified as promptand induced. This includes both direct exposure to radiation fields and
airborne radionuclides.

Prompt radiations are produced while the accelerator is operating and include primary and secondary
radiations. Primary radiation, produced by the primary particle beam, can produce enormous dose
rates of radiation over small areas at the target. The secondary radiation (bremsstrahlung, neutrons,
protons, gamma rays and scattered electrons) can create very high dose rates over large areas of the
accelerator workplace. Some secondary radiation is quite penetrating. Bremsstrahlung is produced
in the target and in air along the beam path. Neutrons are generated by a number of means such as

(e, n), (p.n), and (v, n).

If the energy of the primary beam is high enough, induced radioactivity can be produced by neutro
activation of air, collimators, target and beam stop materialsand cooling water. Activation products can
continue to produce radiation after the accelerator is shut down.

Airborne-radioactivity can result from both neutron activation and photo-neutron reactions with aiy
principally oxygen and nitrogen. The most predominant airborne productsnitrogen-12 (N-12), oxygen-
15 (O-15), and carbon-11 (C-11), are positron emitters with half lies of less than 20 minutes. The decay
of all positron emitters is accompanied by two 511 KeV gamma rays which are produced when ta
positron is ultimately annihilated.
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Radionuclide Common Decay Mode Decay Energy Half-life Biological

Sour ce (MeV) Hazard

N-13 air positron B+, 1.20 10 minutes (m) external
0-15 air, water positron B+, 1.74 2m external
Cc-11 air, water positron B+, 0.970 204 m external
H-3 cooling water beta B, 0.0186 12.3 years (y) internal
Be-7 plastics, oil gamma vy, 0.477 53.6 days (d) external
Na-22 concrete positron B+, 1.82 26y external
Ni-57 steel positron B+, 0.850 36 hours (h) external
Cu-64 copper positron, beta | p+, 0.65, B, 0.570 12.8h external
Mn-54 steel gamma v, 0.835 303d external
Zn-65 copper positron B+, 0.327 245d external

Control Techniques

Since accelerators have the potential to generate very high dose ratesthey have shielding designed to
reduce radiation levelsto acceptable vaues. Higtoricaly, aommon weak point in accelerator design has
been thin-roof shielding. Asaresult "skyshine' from airscattered neutrons contribute significantly to the
radiation dose in uncontrolled areas. Other design features are interlocks that prevent entry into areas
where the beam isin operation or shut the beamoff if an entry door is opened. Interlock systems should
be periodically checked to ensure proper operation.

Materials selection is very important to minimize activation of accelerator and beam-dump materials
Routine discharges and spills of radioactive water could also be a problem. Common sources
radioactive water are the closed loops containing water to cool magnets, targets and beam dumps. For
alisting of good references on accelerator and beam physics, see web page:

http://www.d ac.stanfor d.edu/gr p/ar b/dhw/dpb/w3v1/books.html

Another helpful souree of information is DOE-HDBK-1108-97,Radiological Training for Accelerator
Facilities, and can be found on the following web page:

http://tis-nt.eh.doe.gov/WPPHM/RST/rst.htm
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The student manual to this course provides detailed information on facility description, radiologida
concerns, types of controls, monitoring, radioactive waste issues, and abnormal conditions (i.e., loss of
beam containment, radiation overexposure, etc.).

Decontamination and Decommissioning (D& D)

The following sections are from the "Introduction” sections of theDecommissioning Resource Manual
and the Decommisioning Handbook. To obtain copies of these documents, contact:

Remedia Action Program Information Center (RAPIC)
138 Mitchell Road

Oak Ridge, TN 37830-7918

phone: 423/576-6500

FAX: 423/576-6547

E-mail: rapic@ornl.gov

DOE/EM -0246, DECOMMI SSIONING RESOURCE MANUAL
Introduction: Purpose and Scope of this Resource M anual

The purpose of this Resource Manual is to provide a reference resource for the Department of Energy (DOB
decommissioning program conducted by the Office of Environmental Restoration (EM-40). The manua provids
information to asst in the effective implementation of the Decommissaning Framework specified in the Environmental
Restoration Program Decommissioning Implementation Guide, May 22, 1995 (included as Appendix A of this
manual). The Implementation Guide and the Framework it describes are consistent with thePolicy on Decommission-
ing of Department of Energy Facilities Under the Comprehensive Environmental Response, Compensation, an  d
Liability Act (CERCLA), May 22, 1995 (included as Appendix B of this manual). This manual provides background
on the development of decommissioning policy and theframework, identifies decommissioning steps, suggests contents
of documents, provides suggested decommissioring practices, describes the respective roles of DOE Headquarters and
field organizations, and provides additional information on a variety of decommissioning functiona topics.

Theprovisions of thismanual areintended to replace the programmatic (nontechnical) suggestionsfound in
Chapters2 through 5 of the Decommissioning Handbook (document number DOE/EM -0142; Mar ch, 1994).

A revision of the Resource Manua is planned for the near future after field decommissioning planners and managers
have had an opportunity to work with the document and to provide comments.
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DOE/EM-0142P, DECOMMI SSIONING HANDBOOK
Introduction: Handbook Purpose

The Decommissi oning Handbook has been prepared under contract to the U.S. Department of Energy (DOE) b
provide technical guidance on the decommissioning—commonly known asdecontamination and decommissioning
(D&D) of commercia and governmental nuclear facilities. Because of the unique hazards incumbent in nuclea
facilities, their design, licensing, and startup (commissioning) require a stepwise program to address safety. Similarly,
because of residual radioactivity, the termination of operations (decommissioning) presents unique hazards that must
be addressed from a programmatic, safety, environmental, and technological standpoint. This handbook provide
technical guidance for decommissioning activities, including characterization, decontamination, dismantling, aa
disposition (disposal or salvage) of a facility's equipment and structures. Waste treatment is also considereda
decommissioning activity, depending on the regulatory requirements for material disposal and/or the wastes generated
by decontamination. In addition to technical guidance, this document provides an overview of the decommissioniig
process, including planning, applicable regulations, and supporting activities (e.g., transportation and worker arl
environmenta protection). This overviewexplains the background and organization of this document, briefly mentions
the technical subjects addressed, and reviewsthe peripheral (nontehnical) considerations that must be addressed during
a decommissioning project.

This handbook is primarily a technology identification document; thus, the chapters identifying technologies are tie
focus of the handbook. To encompass the entire decommissioning project —including detailed planning requirements,
funding, estimating, and decommissioning operations—is far beyond the scope of this handbook. The reader is referred
to other documents for details involvingthese important elements of atotal decommissioning project. Some of these
documents are the DOE orders concerning D&D and cost estimation, the proposed guidance document unde
preparation for DOE headquarters, applicalde NRC regulations, and the pending codification of DOE orders regarding
decommissioning in Title 10 of the Code of Federal Regulations (10 CFR).

The Remedial Action Program Information Center (RAPIC) provided research information on D& D to support tle
development of this handbook. RAPIC, a support group to the DOE Office of Environmental Restoration (ER) (EM-
40), provides technical information support to al DOE ER programs, program participants, and the scientifc
community involved in environmental restoration activities. The use of RAPIC or other databases is recommended to
obtain the most current information available for a specific technology described in this handbook or identified as part
of an individual decommissioning project.

The Decommissioning Handbook was prepared concurrently with a guidance document that provides speciftc
programmeatic guidance for planning decommissioning for DOE-owned facilities. The programmatic guidance outlines
the full DOE planning process for decommissioning. The technologies and methods outlined in this handbook can be
used in concert with the guidance document to arrive at a comprehensive plan for a decommissioning project. Tle
handbook was prepared as atoal to alow thereader to efficiently research decommissioning technologies by providing
asingle convenient resource.
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Function

At the end of their useful life, nuclear reactors and fatlities must be shut down and decommissioned. To
date, only afew nuclear reactors have been fully decommisioned; several more are in the planning. The
major volumes of radioactive waste will result from the decommissioning of DOE facilities.

Decommissioning activities are carried out under the authority of the Atomic Energy Act (AEA) ad
according to requirements set forth in various DOE Orders andstandards and other guidance documents.

Work Activities

The D&D activities at sudh installations may result in very large volumes of low-level waste, depending
on the methods selected. The three magjor classifications for decommissioning nuclear facilities are
decontamination, safe storage, and entombment. Most DOE facilities will be demolished followig

decontamination.

The decontamination dternative is one in which the equipment,structures, and portions of afacility and
site containing radioactive contaminants are removed or decontaminated to a level that permits th
property to be released for unrestricted use.

The safe storage is a method in which the nuclear facility is shut down and maintained in a safe, non
operational status urtil it can subsequently be decontaminated (deferred decontamination) to levels that
permit release for unrestricted use.

The entombment dternative is onein which radioactive contaminants are encased in a structurally long
lived material, such as concrete. The entombment structure is appropriately maintained and continued
surveillanceis carried out until the radioactivity decaysto alevel permitting the unrestricted release of
property. For short-lived radionuclides this time period could be on the order of 100 years. If th
contaminants cannot be removed or released for unrestrcted use, they will simply remain DOE restricted
property (e.g. the Hanford, WA area).

Radiological Hazards

The radiological hazard present depends on the decommissioning atenative chosen, type of facility being
decommissioned, and the types of waste generated. Radioactive wastes from decommissioning can be
grouped into three major categories:

1. Neutron activated
2. Contaminated
3. Miscellaneous
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Neutron activated waste materials include the reactor vessel and its internal components. High-activity
activation wastes from the decommissioning of reactor internals are estimated to make up less than 1%
of the total radioactive waste volume, but contain more than 95% of the activity. Most of ths
radioactivity isin a single reactor component, the stainless steel core shroud that surrounds the reactor
fuel, from long-term irradiation of stainless steel and other alloys of which Co-60 comprises the mas
activity.

Neutron Activated Wastes
Radionuclide Decay M ode Decay Energy (MeV) Half-Life Biological Hazard
Co-60 gamma 1.17& 1.33 5.27 years external
Ni-59 electron capture X-rays 76,000 years internal
Ni-63 beta 0.0669 100 years internal
Nb-94 beta, gamma 0.473, 0.871 20,000 years external

Contaminated materials include much of the piping and equipment in the reactor containment, fuk
handling, and auxiliary control buildings. In addition, some concrete surfaces of these buildings ae
expected to be radioactive and will require removal.

Control Techniques

Control techniques may include extensive decontamnation before handling the wastes. Decay is another
option for the shorter lived Co-60 which causes the most exposure. The standard ALARA techniques
of time, distance, and shielding would aso apply.

Radiation-Generating Devices(RGDS)

RGDs are not precisaly defined inthe Radiological Control Manual; however, Implementation Guide

(1G), G-10 CFR 835/C3 (Revison 1),Radiation-Generating Devices, defines RGDs as "a collective term

for deviceswhich produce ionizing radiation, sealed sources with emit ionizing radiation, small particle
accelerators used far single purpose application that produce ionizing radiation (e.g., radiography), and
electron-generating devices that produce x-rays incidentally."
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Function

RGDs are used at DOE sites for a variety of reasons, including:

analytical x-ray devices, or electron beam machines.

small accelerators used for radiography or other single purpose applications.
radiation or electron generating devices that produce x-rays incidentally.
sealed gamma-ray sources.

sealed neutron sources.

particle accelerators.

neutron generators.

electromagnetic pulse generators (capable of producing ionizing radiation).
electron microscopes.

electron arc welders.

microwave cavities that produce x-rays incidentally.

cabinet x-ray machines used for security applications.

All the RGDs addressed in the |G may be classified as either devices that must be electrically energized
to produce ionizing radiation or sealed sources consisting of encapsulated isotopeghat emit radiation
continuously. They are used at DOE sites with a great variety of configurations and operatig
characteristics and in a wipe spectrum of applications. This |G addresses RGDs used for industrial and
research applications.

To ensureindividua safety from radiation, RGDs used at DOE sites hould be operated within an exempt
shielded enclosure or ingtallation.  These installations protect individuals by providing physical shielding
and/or controlling access © areas where RGDs are operated. All new RGD installation designs and the
modification of old RGD insallations "shall" consider radiation protection in their design objectives (10
CFR 835.1002 and Radiological Control Manual 128). Further detailed guidance is provided in the I G.

X-ray fluorescence is a useful technique for determining the concentration of a variety of elementsin
awide range of sample types. The technique is based on the fact that: 1) no two elements possess
identical electron orbital energies, and 2) each element emits x-rays of unique energy when irradiated
with x-rays of sufficient energy to gect inner shell orbital electrons. X-rays of unique energy emitted
by a specific element are called characteristic x-rays of the element. The energy of the characteristic
x-rays emitted by an irradiated sample can be identified with a detector, and are the basis for the
gualitative and quantitative analysis of unknown substances by x-ray fluorescence.
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Radiological Hazards

RGDs have the potential to generate very high external dose rates and, therefore, pose a significah
externa radiation exposure hazard if prgoer controls are not used. DOE invokes the American National
Standards Institute (ANSI) standards for the use and handling of RGDs. Also, the Implementatia
Guidance for use with Title 10, Code of Federal Regulations, Part 835 on RGDs, G-10 CFR 835/G
(Revision 1), Radiation-Generating Devices, can be found on the following web site:

http://tis-nt.eh.doe.gov/iwhs/whs.html-ssi
Control Techniques

Special consderations associated with the use of RGDs includelhe presence of extremely high dose rates
and the potentia for uncontrolled exposures. Operation of these devices requires stringent physical and
administrative controls to prevent overexposure to operating ad support personnel and those in adjacent
work areas. Radiographers should have training in accordance with 10 CFR 34.31. RGDs operatas
should have training appropriate for the radiation source involved and commensurate with the levie
described in 10 CFR 34.31.

ANSI N 43.2-1988, Radiation Safety for x-Ray Diffraction and Fluorescence Analysis Equipment,
recognizes two classes of x-ray systems, enclosed-beam sysems and open-beam systems. Both types are
required to have a beam trap, visible signal of x-ray production at the exposure switch as well as at the
source housing, and a fail-safe interlock for x-ray tube disassembly. Operating procedures and bem
alignment procedures shall be documented by themanufacturer and followed by the users. Alignment
procedures should be designed so that radiation exposure to the hands and eyes are minimized. Open-
beam units are typically more hazardous than the enclosed beam systems. The open-beam systems are
required to have shutters with fail-safe design, and shutters on all ports interlocked with the collimator
coupling. A guard or interlockshould be used to prevent entry of body parts to the primary beam. The
enclosed systems arerequired to have a chamber interlocked with the high voltage generator so that no
x-rays are produced when the chamber is open.

Most injuries occur during nonroutine repair and alignment. The users should operate the equipmen

according to the manufacturer's specifications, and followthe manufacturer's recommended alignment
procedures. If modifications are necessary, the radiation protection organization must approve th

changes. Also, nonstandard accessories shoutl not be aligned until procedures have been approved. All
users and maintenance personrel should be cautioned to not remove covers, shielding materials, or tube
housings; or make modifications to shutters, collimators, or beam stops until the beam is off.

10 CFR 34, Licenses for Radiography and Radiation Safety Requirements for Radiographic
Operations, applies only to sealed gamma ray sources used in radiography by the Nuclear Regulatoy
Commission (NRC) or NRC Ageement State licensees. It is not a mandatory standard for adoption by
DOE facilities. Some of the requirements in this NRC regulation are for exposure devices, such a
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coupling the source to the drive cable, labeling the source capsule and exposure device, locking tk
exposure device when not in use, and physically securing the exposure deice during transport or storage.
Other requirements include leak-testing the source every six months, performing radiation surveys g
various stages of radiography, calibratingsurvey instruments every three months, performing a quarterly
inventory of sources, and adhering to requiremens for operating and emergency procedures. In 10 CFR
34, three types of personnel monitoring are required: awhole-body film badge or thermoluminescen
dosmeter (TLD), a pocket ionization chamber, and an alarming ratemeter. The most frequent cause of
accidental exposures (at least anongNRC or Agreement State licensees) is afailure of the radiographer
to perform surveys, which has resulted in exposures from sources that were left in the unshieldd
position. It includes:

10 CFR 34.31, Training, isthe section that addresses the training of radiographers. It isfairly specific
in content and time requirements.

I. Fundamentals of Radiation Safety

a

® oo o

Characteristics of gamma radiation

Units of radiation dose (mrem) and quantity of radioactivity (curie)
Hazards of exposure to radiation

Levels of radiation from licensed material

Methods of controlling radiation dose

- time

- distance

- shidding

[I. Radiation Detection I nstrumentation
a. Use of radiation survey instruments

- operation
- calibration
- limitations

b. Survey techniques

c. Use of personnel monitoring equipment
- FIm badges
- TLDs
- Pocket dosimeters
- Alarm ratemeters
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[11.  Radiographic Equipment to be Used

a. Remote handling equipment

b. Radiographic exposure devices

c. Storage containers
IV. Inspection and M aintenance Performed by the Radiographers
V. Case Histories of Radiography Accidents

Environmental Restoration
Function

The fundamenta god of the DOE Office of Environmental Restoration (DOE/EM-40) is to ensure that
the risks to the environment and human health and safety, posed by inactive and surplus facilities ad
sites, are either eliminated or reduced to prescribed safe levels. Environmental restoration efforts a
proceeding in two mgjor areas. remedial action (RA) and decommissioning. The principle regulatoy
requirements for RAs are derived from the Resource Conservation and Recovery Act (RCRA) and the
Comprehensive Enviraamental Response, Compensation, and Liability Act (CERCLA). Activities may
be subject to further requirements associatedwith compliance with the National Environmental Policy
Act (NEPA) and with regulatory requirements imposed by the states.

The environmental problems DOE faces today are the result of years of research, development, ad

production, with little attention given to the management of waste and by-product disposal. Wartira

urgencies and other nationa priorities took precedence overcleanup efforts. Aswas characteristic of the
time, DOE lacked knowledge of the full impact of environmenél contamination. The waste management
practices considered adequate at the time do not have an infinite life.

In the late 1980s, the priorities of DOE and the nation turned toward environmental protection. DOE
began an dl-encompassing shift in mission froma national defense priority to a mission of environmental
consciousness, accountability, compliance, and cleanup.

EM's objectives include containment of contamination at inactive sites; treatment, storage, and disposal
of the current inventory of hazardous, radioactive, and mixedwaste in a safe, environmentally sound, and
cost-effective manner; and bringirg all DOE facilities and sites into compliance with applicable laws and
regulations.

The DOE has 10 field offices which manage the cleanup and containment of hazardous and radioactive
wastes at numerous DOE sites (see attachment). Two additional programs, the Formerly Utilized Sites
Remediation Act Program (FUSRAP) and the Uranium Mill Tailings Remedial Action Progren
(UMTRAP) are dso under EM, and deal specifically with the cleanup of sites contaminated during the
Manhattan Project.

Work Activities
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A number of DOE facilities are on the EPA National Priorities List. Work activities under RAs include
site discovery, preliminary assessment, and inspection; site characterization, analysis of cleanp
alternatives, and selection of remedy; cleanup; site closure; and site compliance monitoring.

Radiological Hazards

Three mgjor radioactive waste classss associated with environmental restoration activities are: low-level
wadte (LLW), transuranic waste (TRU), and by product material. Environmental restoration activities
are not expected to generate or hande high level waste (HLW) or spent nuclear fuel (SNF). In addition
to radioactive waste contaminants, these wastes can also be contaminated with hazardous constituents
asregulated by RCRA and TSCA. Such wastes are defined as mixed wastes. Thus atotal of six waste
classes are relevant for radioactively contaminated material resulting from environmental restoratio
activities: LLW, mixed LLW, mixed TRU.

The radioactive contaminants in environmental restoration wastes could be a wide variety ©
radionuclides, depending on the operdions performed at the site. A list of radioactive contaminants can
be obtained from the site characterization data.

Environmenta restoration wastesare different from those associated with processing operations, in that
the former generaly have much lower concentrations of radioactive and clemically hazardous substances.

Much of the materia requiring remediation is a consequence of st activities (e.g., spills, waste disposal,
and environmental releases such as liquid discharges to drainage basins). The types of contaminatd

wastes include a great dedl of soils, including sediment and dudges. In addion, environmental restoration

wastes may include debris such as concrete, metal, brick, wood, asphalt, plastic and rubble.

Environmental restoration wastes also dffer from those resulting from processing operations, in that the
former are generdly highly heterogereous in physical form and chemical constituency. In addition afull
gpectrum of contaminants could be associated with these previously disposed materials, including those
associated with ordnance opeations, processing of uranium and thorium ores and concentrates, and the
operation of nuclear reactors and associated chemical processing plants.
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Control Techniques

Due to the low-activity levelsin most d the environmental restoration wastes, exposure of occupational
personnel is not the main concern. Public exposures via goundwater contamination may require interim
actionsto mitigatedoses. Interim actions are used to address urgent risks and remove potential threats
before the completion of detailedcharacterization studies. 1n 1994, the EM-40 program completed 119
of these actions. In 1995, DOE completed another 100 interim actions, bringing the total to more than
500 since the program was initiated.

A Quick Tour OF THEDOE'sNATIONAL PRIORITIESLIST (NPL) SITES
THE NATIONAL PRIORITIESLIST

The Comprehensive Environmental Resporse, Compensation, and Liability Act (CERCLA) mandated that the EPA compile the
National Priorities List (NPL), which isaformal listing of the Nation's worst hazardous waste sites (including Federal sites)
Specifically, the NPL isalist of sitesin the United States where uncontrolled hazardous substance releases have occurred that
are priorities for long-term remedial evaluation and response. The EPA updates the NPL twice ayear.

A stemay be deleted from the NPL when the EPA has determined that no further cleanup response is deemed appropriate (i.e.,
the release poses no significant threat to public health or the environment). However, releases cannot be deleted from the NPL
until the State in which the release islocated has concurred on the proposed deletion. To ensure public involvement during a
proposd to add or delete arelease from the NPL, a noticeis published in the Federal Register and public comments are solicited
during a public comment period.

There are 18 DOE listings representing 15 discrete locations (the Hanford site is listed three times----one each for the 100Area,
200Area, and 300Area, and the Main Site and Site 300 of the Lawrence Livermore National Laboratory [LLNL] are liste

separately).
(1) Oak Ridge Reservation, Oak Ridge, Tennessee

The Oak Ridge Reservation was established as the Clinton Engineg Works, the first of the Manhattan Project sites, in September

1942. Itisoneof the DOE'slargest and mogt diversifiedsites, with programs supporting the entire spectrum of the Department's
missions. The Oak Ridge Reservation consists of three separate sites: anational laboratory, a manufacturing and devel opment
engineering plant, and anationa demongtration Site for innovative environmental restoration and waste management technologies.

Asaresult of the plants historical missions, several offsite areas were contaminated. Environmental restoration (ER) activities
for these areas are also handled by the Oak Ridge Environmental Management program.

The Oak Ridge Nationa Laboratory (ORNL) covers 2,900 acres 10 miles southwest of the center of the city of Oak Ridge. The
Laboratory's mission is to conduct applied research and development in energytechnologies and to perform basic research in
selected areas of the physical and life sciences. Past research, development, and waste management activities at the L aboratory
have produced a number of areas contaminated with low-level and/or hazardous chemical waste that require remediation
Currently, the Laboratory generates waste contaminated with severa radioactive elements. This waste is treated, stored, adl

disposed of through the Waste M anagement program.

Themain sources of the ORNL's waste have been radioisotope production, experimental reactors, research labs, and analytical
laboratories. Solid wastesfrom other sites conributed alarge fraction of the volume and radioactivity buried in the Solid Waste
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Storage Areas (SWSAS) between 1955 and 1963. During this time, the Reservation served as the AEC’ s regional disposa
facility for the southern region. A number of ORNL sites are known or are suspected to contain buried TRU wastes; however,
waste inventories appear to be dominated by H-3 and fission and activation products.

Remedid actions a the ORNL proceed under a Federal Facility Agreement for the Oak Ridge Reservation with the DOE, State
of Tennessee, and EPA, Region IV. A large numberof facilities at the ORNL have been declared surplus because the programs
for which they were built have been conrpleted. Because the potential exists for release of radioactivity to the environment from
these facilities, they will be decontaminated and decommissioned in the future. A structured program of surveillance ad
maintenance is ongoing with these facilities until decontamination and decommissioning (D& D) can begin.

The K-25 Site

The 1,500-acre K-25 Plant, formerly the Oak Ridge Gaseous Diffusion Plant, was constructed as part of the Manhattan Project
between 1943 and 1945, with major additions and upgrades during the 1950s and 1970s. Its original mission was to produce
enriched uranium hexafluoride for use in atomic weapons and, later, for power reactors.

A declining demand for enricheduranium resulted in shutdown of the enrichment process at the K-25 Plant in 1987. Currently,
the K-25 dtehas a multipurpose mission while awaiting D& D of the gaseous diffusion plants so that the facilities may be used
for other purposes. The K-25 ste now serves asthelocation for many contactor central staff functions, environmental restoration

and waste management organizations, and for operating waste treatment and storagefacilities. The K-25 site hosts the Toxic

Substances Control Act (TSCA) Incinerator, afacility for the destruction of mixed waste. Construction of the incinerator was
completed in 1988. The TSCA Incinerator can destroy more than 2 million pounds of hazardous/mixed waste each year.

Operation of the K-25 Plant has resulted in sites that conin hazardous materials and wastes. These sitesinclude buria grounds,
storage facilities, underground storage tanks, surfaceimpoundments, treatment facilities, process equipment, accumulation areas,
and other areas having the potential for releasing hazardous constituents to the environment. Approximately 140 wase
management units have been identified at the K-25 site. A multiple facility activity is underway to address migration @
radionuclides, metals, and organic compounds beyond the boundary of the DOE Oak Ridge Reservation that have contaminated
off-site public surface waters.

Removal of hazardous materials and eguipment, such as asbestos from seam lines, will continue through 1998 in the K-25 D& D
Program, which will affect more then 80 buildings. The Program'’s primary focus during this period will be to conduct remedial
investigations of 16 operable units and perform preliminary assessments of 12 other sites.

The Y-12 Plant

The 811-acre Y-12 Plant was built in 1943 as part of Manhattan Project to separate uranium isotopes by electromagnetc
processes. When the separation process was discontinued after World War 11 (in favor of the more efficient gaseous diffusion
method of uranium enrichment), Y-12's role changed to manufacturing and developmental engineering. Recently, Pla
production has been decreased due to a diminished need for weapons components. Currently, the Plant has four principa
missions: (1) Producing nuclear weapon components and subassembliesand supporting the DOE’ s weapons design laboratories,
including development and fabrication of test hardware; (2) Processing source and specia nuclear materias; (3) Supporting
other DOE installations at Oak Ridge aswell as at Paducah, Kentucky; (4) Providing support to other Government agencies.

The combination of production, developmental engineering, and support activities at the Y-12 Plant represents an integrate
cgpability not normally avalable in production complexes. From a high-technology base of operations, the Plant can handle all
agpects of manufacturing, includng chemical processes, fabrication systems, instrumentation, nuclear materials processing, and
waste management.

Site contamination at the Y-12 Plant has been found to include hazardous materials, low-level radioactive material (mosty
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uranium), and mixed wastes resulting primarily from the weapons components production process. Contaminated sitesin need
of restoration include old waste disposal sites, waste storage tanks, spill sites, and contaminated inactive facilities. In addition,
sgnificant inventories of mercury are present on-site and off-site in the East Fork Poplar Creek floodplain soils and sediments.
Potential hedlth risks exist from off-site migration of cortamination, principally mercury. Many ER Projects at Y -12 have moved
beyond the assessment stage and are actively being cleaned up.

Thereis currently aproposal to consolidate the ronnuclear component of the nuclear weapons complex manufacturing activities.
In accordance with this proposd, trandtion activitiesat the Y-12 Plant are in the planning stage, but no final decisions have been
made regarding these activities.

The Oak Ridge Reservation was placed on the NPL in November 1989. Contaminated sites are being assessed and remediated
in accordance with the Federd Facility Agreement for the Oak Ridge Reservation with the State of Tennessee and Region 1V of
the EPA.

(2) Hanford, Richland, Washington (3 Listings)

The Hanford site was the second of the Manhattan Project sites, established in January of 1943. It islocated near Richland
Washington and occupies 560 square miles within the Columbia River Basin in the southeastern part of the State. The Hanford
ste’ sactivities have included plutonium production and separatian, advanced reactor design and testing, basic scientific research,
and renewable energy technologies develgoment. Now, activities are primarily focused on environmental restoration and waste
management.

Nuclear and chemical wastes (including hazardous, low-level and high-level radioactive, transuranic, and mixed wastes) have
been accumulating at the site since 1943. Much of this waste was disposed of underground. In some cases, wastes have been
released or have lesked into the ground or ground water. There are nine surplus production reactors on the site, all of which are
shutdown.

Over 1,100 waste sites have been identified at the Hanford site that require characterization and may require subsequet

remediation. Mogt of these cleanup sites originated fran on-site storage or disposal of low-level waste (LLW), mixed LLW, and
hazardous wadte, typically generated from plutonium production and separation. The waste sites range in size from one square
foot to severd hundred acres, and they are grouped irto 78 operable units. The Hanford site was listed on the NPL in 1989 three
times one for the 100Area, 200Area, and 300Area.

Hanford' s former production mission has changed to environmental restoration and waste management. A Tri-Party Agreement
signed by the DOE, the EPA, and the State of Washington in 1989 andamended in 1991, 1994, 1995, and 1996, established
enforceable milestones for the inacive waste sites by the year 2018. In addition, more than 100 surplus facilities at the Hanford
site are contaminated with radioactivity and must undergo D& D. These activities will include the surplus reactors, chemich
processing buildings, and other structures such as exhaust stacks, storage tanks, and river outfall structures.

(3) Mound Plant, Miamisburg, Ohio

Most of the Mound facility is located within the southern city limits of Miamisburg in southwestern Ohio. The Mound Plat
covers 756 acres in an area overlooking Miamisburg and the Great Miami River. Dayton is about 10 miles north-northeast of
the installation.

The Mound Plant was established in 1948 to manufacture nonnuclear and H-3-containing components for nuclear weapons
Mound isan integrated research, development, and production facility performing work in support of DOE weapons and energy
programs, with an emphasis on explosives and nuclear technology. Other activities at the Mound Plant include the following:
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separation, purification, and sale of stable isotopes of noble gases;, solar energy research; fossil fuels research; nuclea
safeguards; waste management; plutonium heat source testing; fusion fuel systems.

Operations a the Mound Plant have historicaly generated both airborne and Iquid waste streams containing H-3. Elevated levels
of H-3 detected in the ground water at the Mound Plant areprobably related to earlier liquid releases. Trace levels of chlorinated
organics have been attributed to solvents that were either used in high-explosives processing or were incidental to industri&
operations. The processing, handling, and storage of plutonium resulted in the contamination of several laboratories, building
support areas, and several on-site and off-site locations. Storage, handling, and repackaging of thorium sludge resulted in the
contamination of on-site soils with thorium. The Mound Plant was placed on the NPL in November 1989.

The ER Program at the Mound Plant is an ongoing effort to characterize, assess, and cleanup the sites that have bea
contaminated due to past operations.

(4) Monticello (Uranium) Mill Tailings Site, M onticello, Utah

The Monticello Mill Tailings site was placed on the NPL in November 1989. The Monticello Mill is a 110-acre uranium and
vanadium processing Site that was acquired by the Atomic Energy Commission(AEC) in 1948. The mill remained active through
1960. Prior to closing the millsitein1961, contaminated tailings from the site had been used throughout the town of Monticello
for various construction projects. Tailings were also spread to surrounding areas by water erosion and wind dispersal.

The milling Steincludes the volume of tailings (on 10 acres), contaminated ®il, and contaminated building material in the tailings
impoundments and mill area, estimated at 2.2 million cubic yards.

The DOE signed a Federal Facility Agreement in 1988 with the EPA andthe State of Utah to remediate these contaminated sites.

A CERCLA Record of Decision (ROD) was issued in September 1990 for the mill site. An on-site disposal cell has bea

congtructed; hauling of tailings to the cell will beginin FY 1997, and placement of all contaminated material in the cell will be
completed in FY 1999.

(5) Idaho National Engineering Laboratory, Idaho Falls, Idaho

The Idaho National Engineering and Environmental Laboratory (INEEL) covers890 square miles of the eastern Snake River
Plain and is located approximately 21 miles west of 1daho Falls, Idaho. About 270 square miles of this area was once used as
agunnery range by the U.S. Navy and U.S. Army Air Corps. The INEEL was etablished in 1949 by the AEC as an areato build,
test, and operate various nuclear reactors and support facilities with maximum safety and isolation. Originally known astle
National Reactor Testing Station, it was renamed asthe Idaho National Engineering Laboratory (INEL) in 1974 to reflect the
broad scope of research and engineering activities conducted at the site, and the INEEL in 1997.

Today, the INEEL isoneof the DOE'’s principal centers for conducting nuclear energy research and development. The INEEL
has the world' s largest and most varied collection of nuclear reactors, including research, testing, power, and ship propulsion
reactors. Itscurrent missionisto develop, demonstrate, and deploy advanced engineering technologies and systems to cultivate
U.S. competitiveness and security, improve the efficient use and production of energy, and enhance the qualityof life and the
environment.

Onefunction of the Laboratory wasto recover highly enriched uranium and kypton-85 (Kr-85) from spent nuclear fuel generated
by navd reactors. Theremvered enriched uranium was used in fuel elements for the Savannah River production reactors. The
Kr-85 was shipped to the Oak Ridge National Laboratory (ORNL) for commercial sale (including defense-related electronics
industries). ThelNEEL was the only source of Kr-85 in the Western World, but reprocessing operations and, therefore, Kr-85
recovery were discontinued in April 1992. Emphasis is now focused on spent fuel storage and developing high-level wase

(HLW) treatment technologies.
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Higtoric operation of the INEEL has resulted in chemical and radioactive contamination of the soil and ground water at the site.
Approximately 368 individua Stes have been identified as potentially being contaminated. The INEEL was placed on the NPL
in 1989 primarily because of potential ground water contamination. Environmental restoration activities at the site are proceeding
under aFedera Facility Agreement/Consent Order signed in December 1991 between the DOE, EPA (Region X), and State of
Idaho. To facilitate environmental restoration activities, thel NEEL has been divided into 10 regions known as waste area groups
(WAGS).

Becausethe INEEL historically received transuranic (TRU) waste from the Rocky Flats Plant, and because of past operations,
the Ste managesavery large quantity d TRU waste. Prior to 1970, this waste was buried as low-level waste. Since 1970, this
waste has been retrievably stored. The future management of this waste is a major challenge to the EM Program at the site
Restoration activitiesto cleanup the INEEL consigt of remedia investigations and remedial actions and D& D of surplus facilities.
Included in INEEL regtoration activities is the Inactive Underground Storage Tank Program, which has removed of 117 out-of-
service or abandoned underground tanks a INEEL sites. Ths Program has yielded 125 tons of metals and 40,000 gallons of fuel
oil, al of which have been recycled.

(6) Savannah River Site, Aiken, South Carolina

The Savannah River Site (SRS) covers 325 square miles along the Savannah River near Aiken, South Carolina and wa
established in 1950 to produce H-3 and plutonium in the effort to expand the development of thermonuclear weapons. Tle
original construction site encompassed five nuclear reactors, two chemical separation plants, a heavy water extraction plant, a
nuclear fuel and target fabrication facility, and a waste management facility.

The SRS shigtorica missonwas to support national defense efforts through the production of nuclear materials, primarily H-3
and plutonium. Its currentfocus is on Waste M anagement and Environmental Restoration activities, though it also continues to
support National defense programs.

There are over 400 inactive waste sites at the SRS. The types of contamination at these waste sites range from nonhazardous
waste to waste containing both radioactive and hazardous components. The waste sites have been grouped into a number 6
operable units. Some unitsinclude contamination of surrounding sibsurface soils and ground water. The contaminants identified
include volatile organic compounds (V OCs), heavy metals, pesticides, and radionuclides.

The Defense Waste Processing Facility (DWPF) initiatedradioactive operationsin March 1996. Thisfacility, the first of its kind
inthe U.S., will processthe high-level portion d 35 million gallons of radioactive waste that are stored in 51 underground waste
storage tanks. Current projections are that all SRS high-level waste will be processed at this facility by 2028.

The DWPF is only one component of the high-level waste program at the SRS. Other integral parts of high-level wase

operationsinclude evaporators tha reduce the volume of waste received from the separations facilities, the in-tank precipitation
and extended sludge processing facility that conditions waste for further processing and the saltstone facility that solidifies and
disposes of the low-level portion of the waste.

The SRSwas placed on the NPL in November 1989. The site currently has an ative restoration program focusing on compliance
with environmental regulations and cleanup of contaminated sites. Thisis a particularly challenging task at the SRS because of
the high water table in the area and the migration of contaminants from seepage and settling basins, unlined disposal pits, waste
piles, burial grounds, and underground storage tanksinto the soil and ground vater. However, the threat of contaminant migration
off-site at levels of public health concernis minimal.

Closure options for wastesites are varied and will be determined on a site-specific basis. Most combine some aspects of waste
stabilization, site capping, waste removal, and grading. Ground water remediation activities are being conducted in several areas
in accordance with consent orders and agreements. D&D of inactive and surplus facilities is also underway at the SRS
Surveillance and maintenance will continue at many of these facilities after D& D is concluded.
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(7) Pantex Plant, Amarillo, Texas

The Pantex Plant islocated about 17 miles northeast of Amarillo, Texas and covers approximately 9,100 acres of developed land.
The Pantex Plant was congructed by the U.S. Army during World War 11 as a conventional bomb assembly plant. In 1951, the
plant stewasturned over to the AEC and updated for nuclear weapons assembly. Currently, the primary mission of the Pantex
Plant isto dismantle nuclear weapons no longerrequired in the Nation's nuclear weapons stockpile. Plutonium pits (the primary
explosive nuclear core of the warhead package) are removed and temporarily stored in bunkers at Pantex.

In addition, the Ste conducts research and development on various explosivesin support of weapons design, development, and
production engineering for the DOE. Remediation activities are being conducted under the corrective action section of the site
RCRA permit.

In 1994, the site was placed on the NPL, thereby requiring remediation under CERCLA authority. The Department isworking
closely with the regulators to integrate both RCRA and CERCLA requirements to avoid costly duplication of remediatio
activities. Environmental restoration activities at the site include the assessment of 144 solid waste management units.

Fourteen RCRA Facility Work Plans have been approved by the regulator, and 30 solid waste management units have bee
closed. Interim Corrective M easures have also been completed, as has an expedted site characterization project for ground water.

(8) Rocky Flats Plant, Golden, Colorado

Established as the Rocky Flats Plant in 1952, the Rocky Flats Environmental Technology Site (RFETS) is located 12 mile

northwest of Denver on 6,166 acres of land at the base of the Rocky Mountains. The site itself occupies 384 acres; the rest of
the land provides a buffer area. Operations & Rocky Flats have involved fabrication and recovery of plutonium; waste treatment,
storage, and shipment for storage or disposal off-site; operating several chemical laboratories; and performing research adl

development. Componentsfor nuclear weaponswere manufactured at Rocky Flats from materials such as plutonium, beryllium,
uranium, and alloys of stainlesssteel using various metal fabricating technologies. Rocky Flats did the necessary foundry and
machine shop work to manufacture and assemble the components into their final form. Then, the parts manufactured at tie

RFETS were shipped to another DOE facility for final assembly.

The Plant manufactured weapons components until 1989, when it was placed on the NPL and all plutonium processing wa
stopped for health, safety, and environmental reasons. Now, Rocky Flats's primary mission is cleanup.

Plant activitiesat Rocky Hats have resulted in the generation of alarge volume and variety of waste. Rocky Flats has identified
178 waste sites that require remedia action, including 3 off-site reservoirsaad 1 land arealocated off DOE property. The off-site
areas may have received cortaminated effluent and sediments originating from the Plant. The 178 sites have been grouped into
16 operable units.

Some of the cleanup actions include the following:

» An underground interceptor drainage system that impedes contaminated ground water is currently acting as an intenin
remedial action to remediate ground water contaminated in the 1960s and 1970s.

» Interception, collection, and trestment of contaminated gound water that is seeping from a hillside where drums were stored
in the 1950s and 1960s.

» Remediating the off-dteland area and the reservoirs east of the Plant which were contaminated with effluents from the Plant.

» Cleanup of five solar evaporation ponds that, in the 1950s, accepted mixed process waste contai ningnitrates and acidic
waste. Contaminated ground water nearby has been attributed to pond leakage.

M ultiple compliance agreements have been devel oped to aid in the cleanup of the RFETS.

(9) Feed Materials Production Center, Fernald, Ohio

DRAFT Study Guide RP 1.9-37 Radiation Protection
Revision 1 August 1997



Radiation Protection Competency 1.9

From 1953 to July 1989, the Ferndd FeedM aterials Production Center [now known as the Fernald Environmental M anagement
Project (FEMP)] produced uranium feed materials for nuclear reactor fuel as part of the Nation's defense program. The large-
scale, integrated plant, which comprises 136 of the 1,050-acre site, was utilzed for converting a variety of uranium feed materials
containing depleted or dlightly enriched uranium into the following: (1) finished uranium metal used in the fuel and targe
elements of DOE reactors; (2) depleted uranium metal for fabrication into nuclear weapon components at Oak Ridge and Rocky
Flats; (3) refined uranium trioxide for eventual use in the DOE gaseous diffusion enrichment plants.

The uranium reactor metal supplied was used in the fabrication of fuel cores for the Hanford N-Reactor, target elements for the
Savannah River production reactors, and fuel cores for other reactors operated by the DOE. The facility ceased production in
1989 when its mission changed solely to cleanup and waste management activitis; the FEM P was added to the NPL in November
1989.

Since production began in 1953, waste generated asby-products of operations at this facility had been stored and disposed of
on-site. Many of the storage and disposal methods used, although believed to be safe and efficient at the time, have proven to
be unacceptable by today's standards. Soil and ground water contamination by radionuclides was found both on-site and n
adjacent off-site areas. Also of concern were radon releases and the storage of large quantities of low-level radioactive wastes
on-site.

Wadgte at the FEM P includes residues containing uranium and radium, wastewaters, and various solid waste contaminated with
uranium and thorium materials, reactive chemicals, oils contaminated with uranium, and organic solvents. More than 20 release
sites and an estimated 900,000 cubic yards of waste havebeen identified. Uranium contamination was found in three off-site
private wells near the FEM P; residents using those wells are now being supplied with bottled water by the DOE.

Five operable units have been identified at the FEMP. They are: OU1, the waste pits; OU2, fly ash plies and other waste units;
OU3, the former production area/buildings, OU4, storage silos; and OUS5, envirmmental media and the surrounding affected area.
RODs have been issued for OUs 1, 2, 4, and 5, and Plant 7 and Plant 4A have been dismantled. An on-site disposal cell will
accept approximately 75% of the FEM P cleanup wastes, primarily OUs 2, 3, and 5.

(10) Paducah Gaseous Diffusion Plant, Paducah, Kentucky

The Paducah Gaseous Diffusion Plant is situated in western Kentucky on the southern end of the Ohio River Valley
approximately 3 miles south of the Ohio River. The plant islocated in a sparsely populated rural areain McCracken County,
about 12 miles west of Paducah. The site covers approximately 3,400 acres, 750 of which are in a secured area.

Inlate 1950, the AEC selected the Paducah site for a new plant to enrich uranium. Construction of the plant was completed in
1954. Enriched uranium is produced at the plant by separatinguranium isotopes through the gaseous diffusion process. The
enriched uranium produced was historically used for military purposes and as nuclear fuel in commercia nuclear power plants.
The Paducah plant was leased in July 1993 to a newly formed Federal Government corporation, the United States Enrichment
Corporation. The Department is gtill responsible for cleaning up the on-site and off-site soil and ground water contaminated with
uranium, PCBs, technetium, and trichloroethylene relating to pre-July 1993 activates.

There has been significant on-site and off-site soil, surface water, and ground water contamination at the site. Contaminants of
concern include uranium, technetium-99 (a by-product of nuclear fission), polychlorinated biphenyls (PCBs), ad
trichloroethylene. Appraximately 200 waste management units have been identified at the site. There are two significant areas
at the Ste where ground water contamination has been found. One area has been fully characterized and is undergoing interim
containment actions (the northwest plume). The other area is undergoing characterization activities (the northeast plume). The
site was placed on the NPL in May 1994.

(12) Weldon Spring Quarry/Plant/Pits, St. Charles County, Missouri

TheWeldon Spring steislocaed in St. Charles County, Missouri, approximately 30 mileswest of St. Louis. The site consists
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of two geographicaly digtinct aeas: (1) a217-acre chemical plant area, and (2) a 9-acre limestone quarry about 4 miles south-
southwest of the chemical plantarea. Initialy, the site was used by the U.S. Army in the 1940s to produce explosives. In the
1950s and 1960s, the AEC used the site for processing uranium and thorium ore concentrates.

Radioactive and chemical waste was disposed of at the chemical plant site throughout the 1950s and 1960s. In addition, waste
was disposed of in the quarry by both the Army and the AEC from the 1940s through the 1960s. Chemical and radioactie
contamination has been found in the chemical plant buildings, surface water, soil, andupper aquifer ground water. The EPA
listed the quarry on the NPL in 1987, and the chemical plant area was added in 1990.

From 1989 to 1995, Weldon Spring dismantled al chemical plant buildings and completed operation of the waste treatment pilot
plant. Under the Weldon Spring Site Remedial Action Project (WSSRAP), the DOE is conducting a comprehensive remedial
action program, including long-term management of radioactive waste. Cleanup activities are directed toward the quarry, the
chemical plant, and contaminated ground water, both on- and off-site.

(12) Brookhaven National L aboratory, Upton, New Y ork

The Brookhaven National Laboratory (BNL) is amultipurpose research and development laboratory that directs scientific and
technical efforts, including physics, life sciences, and nuclear medicine research. The Laboratory is located on Long Island

approximately 60 mileseast of New Y ork City, and occupies about 8.3 square miles of mostly wooded land. The U.S. Army used
this 5,260-acre ste asapod during World Wars | and 1. Today, BNL isadesign, construction, and operations center for large
research facilities (e.g., particle accelerators, nuclear reactors, and synchrotron storage rings). These facilities conduct research
in high-energy and nuclear physics, chemistry, biology, nuclear medicine, medical applications of nuclear technologies, aad

energy-related life and environmental sciences.

On-site ground water and soil contamination have been detected over anEPA -designated sole-source drinking water aquifer.
Ground water and soil sampling have been initiated to assess contamination levels. ER activities at BNL are related to ground
water remediation and protection at sites identified as known or potentia areasof soil or ground water contamination. These
areas of contamination are the result of hazardous and radioactive discharges, including VOCs and H-3, and of past on-si¢
disposal of hazardous and radioactive waste in landfills. Twenty-eight areas of concern have been identified at BNL through an
intensive document and record search, employee interview, and site investigation process. These 28 areas of concern have al
been earmarked as needing remedial action. Additionally, the Brookhaven Graphite Research Reactor is scheduled for D& D.
The BNL was placed on the NPL in November 1989.

(13) Lawrence Livermore National L aboratory, Livermore, California (2 sites)

The Lawrence Livermore National Laboratory (LLNL) occupies two sites in northern California. The Main Livermore Sig
encompasses an area of approximately 1 square mile and is located 40 miles east of San Francisco, just east of the City &
Livermore. Site 300, which comprises approximately 11 square miles, islocated 15 miles southeast of the Main Livermore Site.

AttheMain Livermore Site, Navy operationsin the 1940s and subsequent laboratory handling and storage of hazardous materials
resulted in the release of contaminants in soil and ground water on-site and the migration of contaminated ground water off-site.
Operations at Site 300 involved the processing, testing, and deactivating of explosives and experiments in which weapois
components were subjected to environmental stresses. Some of these activities resulted in contaminated soil, ground water, or
both. Both sites have wastewater and petroleum tank systems and transformers that must be upgraded to meet local, state, and
federal requirements. Both sites are on the NPL.

The Laboratory is operated by the University of Cdiforniafor the DOE and currently conducts nuclear weapons research, design,
and testing, aswell asbasic research in physics, chemistry, life sciences, and nuclear engineering. The LLNL’s current mission
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isto serve asanationa resource for science and engineering technology focused on national security, energy, the environment,
biomedicine, and science and mathematics education. The Laboratory has particular strengthsin areas such as nuclear science
and technology, space technol ogy, biology and biotechnology, environmental science and technology, and earth and atmospheric
science.

Major programs include research, development, and test activities associated with all phases of nuclear weapon life-cycle and
related tasks; verification and control technology; magnetic fusion energy; laser fusion and laser isotope separation; biomedical
and environmental sciences; and applied energy technology. The LLNL's Site 300 facilities include a high-explosive testig

facility and its support units.

The Livermore main site was added to the NPL in July 1987, and Site 300 was added in August 1990. The major ER Program
concern a LLNL involves organic solventsin the ground wate under the Livermore site. Contaminated ground water has spread
off-dite, extending approximately 2,000 feet,but pump and treat systems are in place to reduce source contamination and control
plume (amohile volume of contamination) migration. In addition, soils are contaminated with fuel hydrocarbons. The primary
Environmenta Restoration (ER) Programactivity involves assessing and cleaning up volatile organic compounds (V OCs), high
explosives, and H-3 contamination in the surrounding ground water and soil.

At theLivermore Main Site, five treatment facilities have extracted over 175 million gallons of contaminated ground water and
removed about 72 kilograms of VOCs. In addition, Treatment Facility F has treated 15.3 million gallons of ground water and
2.7 million cubic feet of soil using dynamic underground stripping. This project extracted vapor that contained 10,200 gallons
of gasoline. In August 1995, the regulatory agencies approved the closure of the vapor extraction system because the cleanup
had met the requirementsin the CERCLA ROD; vadose zone remediation was closed. Hydraulic control of the western off-site
plume also was established, resulting in a dramatic decrease in the off-site V OC concentrations.

(14) The Laboratory for Energy-Related Health Resear ch/Old Campus L andfill, Davis, California

The Laboratory for Energy-Related Health Reseach (LEHR) consists of several DOE-owned buildings located on a 15-acre site
on the campus of the University of Californiaat Davis (UCD). ThelL EHR consisted primarily of two animal hospitals, laboratory

and support buildings, waste trestment facilifes, and numerous dog pens. The site property, which is leased from the University

by the DOE, is surrounded by other campusresearch facilities and private farms. LEHR was established by the AEC to conduct

research on the long-term health effects of exposureto low levels of radiaton. From 1960 to 1988, the laboratory was specifically

used to study the biological effects of continuous whole body exposure to bone-seeking radionuclides (i.e., Sr-90 and Ra-226)
on research animals. 1n 1988, the Department terminated research on the health effects from chronic exposure to radionuclides
and closed the Laboratory. The Laboratory’s current mission isto conduct D& D, site remediation, and other related activities
so that the facilities can be returned to the University.

During the nearly 30 years of AEC/DOE-funded operations, LEHR generated and disposed of radioactive, biologic, and chemical
wastes, as well asmunicipal and laboratory wastes. Research activities resulted in contamination of animal pens and cages, a
tank trailer, and five buildings. These activities also generatedradioactive sludge wastes. Radioactive wastes were buried in
shallow, unlined trenches and pits that resulted in soil contanination. In addition, two separate liquid radioactive waste treatment
and discharge systems (i.e., septic tanks and sludge settling tanks) were in operation at LEHR that potentially discharge
radionuclidesto leach fields on-site. Some chemica and radioactive contaminants may have reached the ground water as a result.
Furthermore, leachate from the old campus landfill on the LEHR siteis contaminating area ground water. L EHR was added to
the NPL in May 1994, due to ground water contamination detected during preliminary site investigations of ground water and
soil.

(15) W.R. Grace/Wayne Interim Storage Site, Wayne Township, New Jer sey

TheWayne steislocated in ahighly developed area of nathern New Jersey approximately 20 miles north-northwest of Newark,
New Jersey and 36 miles northwest of New York City. From 1948 through 1971, Rare Earths, Inc. and, later, W.R. Grae
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Company processed monazite sand at the site to extract thorium and other metals. These metals were used to manufactue
industrial products, such as mantles for gas lanterns.

In 1954, Rare Earths received a license from the AEC to continue thorium processing operations. The Davison Chemich
Division of W.R. Grace acquired the facility in 1957, and thorium processing ativities continued until 1971. Wastes and residues
from the processing operationsincluded thorium ore taiings, yttrium (ametallic element) sludges, and sulfate precipitates. When
processing ceased in 1971, the facility was licensed for storage only. In 1974, the Wayne site was partially decontaminated by
W.R. Grace. Some buildings were razed; the rubble and processing equipment were subsequently buried on the property. The
remaining buildingswere decontaminated, and the disposal areas on the site were covered with clean fill material. The storage
license for the W.R. Grace plant was terminatedin 1975 following site decommissioning. The site was placed on the NPL in
September 1984.

Contamination at the 6.4-acre storage siteand numerous vicinity properties (V Ps) resulted from commercial thorium processing
operations over aperiod of nearly 25years. During this period, process wastes from the thorium operations were buried on-site
and various liquid effluent wastes were released to local storm drains. The storm drains empty into Sheffield Brook, whib
periodically overflows its banks during heavy rainfall. This has caused contamination to spread to nearby low-lying areas. In
addition, an interim storage pile contains processing wastes and radioactivelycontaminated soil and building rubble from previous
cleanup actions.

The DOE was assigned responsibility for cleaning up the site in 1984 under a congressional mandate. The Wayne siteis used
specificaly asan interim storage site for contaminated material removed during cleanup of the site and the associated VPs. The
remedial investigation for the site was completed in 1992. Complete remediation is expected by the year 2011.

All of the sites discussed in the previous section are part of the DOE'SEM Program. The EM Program also includes several other
NPL stes. Although the BPA does not list these sites in the Federal Facilities Section of the NPL (40 CFR Part 300, Appendix
B), the stesareligted inthe General Superfund Section. Congress has assigned responsibility for remediating these sites to the
DOE. Asaresult, EM isconducting remediation activities at these sites.

(16) St. Louis, Missouri (3 sites)

The St. Louis Airport Storage Site and Vicinity Properties - The St. Louis Airport Storage site islocated immediately north of
Lambert-St. Louis Internationa Airport in St. Louis County, approximately 15 miles from downtown St. Louis and 11 mile

northwest of the St. Louis Downtown site. In 1946, theM anhattan Engineer District (MED, the predecessor agency of the AEC)
acquired the 21.7-acre tract to store radioactive resdues from Federa wanium ore processing activities conducted at the St. Louis
Downtown site during and after World War I1.

Mogt of the stored residuesweresold and removed from the site in 1966 and 1967. On-site structures were razed, buried at the
site, and covered with clean fill dirt. However, buried deposits of various ralionuclides remained on the site. In 1973, the Federal
Government and the City of St. Louis agreed to transfer ownership of the ge, with full disclosure of site conditions, from the AEC
to the St. Louis Airport Authority. The VPs (which are not owned by the DOE) consist of former transport roads adl
approximately 78 adjacent properties.

The Latty Avenue Site- The Latty Avenue siteconsists of 11 acres of properties located north of the St. Louis Airport, including
the Hazelwood Interim Storage Site (HISS) and $x contaminated VV Ps. In 1966, the radioactive ore residues and process wastes
that had been tored & the St. Louis Airport Storage site were purchased by a private company, moved to the HISS, and placed
in storage from 1966 to 1973 under an AEC license. Residua radioactive surface contamination in excess of DOE guidelines
was later discovered in and around the site buildings and in the soil. Congress authorized the DOE to cleanup the site in 1983.
Final remedial action is scheduled to begin in 1998, and remediation is expected to be completed within the next 15 years.

(17) Maywood Chemical Works, Maywood/Rochelle Park, New Jer sey
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The Maywood Chemical Works (MCW) was constructed in 1895. From 1916 through 1956, the MCW extracted thorium and
other metals from monazite sand foruse in manufacturing gas lantern mantles and other industrial products. During this period,
wastes from the thorium ore processingoperations were pumped to diked areas west of the plant. Some of these process wastes
were subsequently removed for use as mulch and fill on nearby properties. These activitiescontaminated more than 80 local

properties with rad oactive thorium in Maywood, Lodi, and Rochelle Park, New Jersey. The disposal areas were later partially
covered by the construction of NJ Route 17.

In 1954, the AEC issued a license alowing the MCW to continue activities involving radioactive materials. In 1956, afte
approximately 40 years of production, MCW stopped processing thorium, and,in 1959, MCW was sold to Stepan Company.
Although cleanup of residual thorium wastes began in 1963, on-site waste buria continued until 1968.

Congress assigned responsihility for cleanup of the Maywood site to the DOE in 1983. The DOE negotiated accessto an 11.7-
acre portion of the Stepan property for use as atemporary storage site (theMaywood Interim Storage Site) for contaminated waste
fromthe VPs. 1n 1985, the interim storage areawas acquired by the DOE. A remedial investigation was conducted during 1991
and 1992, and remediation is expected to be completed within the next 15 years.
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(18) M axey Flats Nuclear Disposal Site, Hillsboro, Kentucky

Maxey Hatswas opened in 1963 asacommercid nucler waste burial site. The site covers 280 acres and was used by the DOE
and other waste generators for disposing low-level radioactive materials. Maxey Flats was closed in 1977 due to wate
management problems. Leachate (i.e., liquid and suspended contaminants that have percolated or drained through the buried
waste) was found to contain H-3 and other radioactive substances. The site was placed on the NPL in 1986.

As one of the approximately 800 designated potentially responsible parties, the DOE is financially responsible for about 4
percent of the total remediation cost. The Record of Decision for the site was signedin 1991. The CERCLA consent decree
negotiations were completed in 1995, and cleanup is underway.
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3. SELF-STUDY SCENARIOS/ACTIVITIESAND SOLUTIONS
Scenario

A repairman and an operator were recently exposed to x-rays from an analytical device used in th
spectrographic analysis of metal at a DOE facility. The device was an enclosed beam x-ray system. In
order to facilitate arepair on the filterholder, alead beam stop that was part of a multiple sample holder
device had been removed. This beam stop is mechanically difficult to remove and is therefore nb
interlocked. As the repairman was making a telephone call from across the room, the operator entered
the room and turned on the x-ray unit. The repairman then returned to work on the filter holder. Over
the course of the next 3 to 10 seconds, the repairman inadvertently touched the cooling jacket of th
x-ray tube and felt awarm sensation. He immedi&ely realized that the x-ray tube was on and terminated
the exposure. During this time, the operator was located approximately one meter from the port. The
operator immediately reported this occurrence as aradiation incident to his supervisor.

Describe the hazards to the repairman and the operator List some follow-up actions to this incident that
should be taken by the supervisor and contractor management. Briefly dentify the applicable standard(s)
and evaluate the incident in relation to requirements of the standard(s).

Your Solution:

Scenario Solution
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(Any reasonable paraphrase of the following is acceptable.)

Hazardsto the repairman involve exposure to the fingers and hands. Because he was very close to the
beamwhile it was on, it is very likely that his fingers or hands could have actually been in the beam for
ashort time. The repairman may suffer some acute effects of radltion exposure to his fingers and hands,
aswell as be at risk for cancer in the area exposed. The operator was standing about one meter away
from the beam. He may or may not have received an exposure, depending on the configuration of the
sysem. If exposed, it islikely that only a portion of his body was exposed, since the leakage or scatter
beams (the main sources of exposure) would be fairlysmall in diameter. The operator is probably not
going to uffer any acute effects, and his risk of long-term effects will depend on the level of exposure.

Some of the follow-up actions that should be taken by the supervisor and contactor management include:

* Immediately process any personnel monitoring devices that the workers were wearing. Tl
dosimetry processor should be notified of the energy range ofthe x-rays that may have caused the
exposure.

* Interview both workers to determine exactly what happened, in what sequence, and when. Tk
workers should be asked to retrace their movements to the best of their knowledge. It isimportant
that this action be performed as soon & possible after the incident so that the workers memories are
still fresh. 1t ishelpful for two interviewers to document the workers' stories so that discrepancies
can be resolved before afina report is written.

» Enact atime-motion study of the workers actions. Once this has been accomplished, management
should obtain radiation exposure measurements toassess worker dose. The measurements should
be made with an instrument capable of measuring high exposure rates of low-energy x-rays
Corrections may aso need to be made to the instrument reading if the detector chamber is larg
relative to the size of the beam.

» Refer the workers for medical follow-up. Dosimeter results or radiation measurements may b
helpful to the examining physician.

» Evaluate the incident from a management perspective relative to regulatory requirements
notifications, root cause, ALARA, and prevention of future similar incidents.

The most pertinentstandard is ANSI N43.2, Radiation Safety for X-Ray Diffraction and Fluorescence

Analysis Equipment. Probably the most signifiant deviation from requirements of the standard involves
aprocedura requirement to ascertain that the tube is off before perfoming maintenance or modifications.

Section 6.5.1 of the standard states, "No operation involving removal of covers, shielding materials, or
tube housings; or modifications to shutters, collimators, or beam stops shall be performed withot

ascertaining that the tube is off and will remainoff until safe conditions have been restored. The main
switch, rather than safety interlocks, shal be used br routine shutdown in preparation for repairs.” Both
the repairman and the operator failed to pull the main power switch before repairs.

Section 5.2.2.1.4 requires avisua indicator (light) at the switchas well as at the tube housing. There may
have been a visual indicator, but if so, it is unclear why the repairman would not have seen it befoe
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resuming repair work. Irstead, he realized the beam was on by accidentally touching the cooling jacket
of the tube. A visual indicator at the tube housing may have prevented his fingers and hands frm
receiving an unnecessary exposure.

Once dosimeter results are available, a dose assessment can be performed on the workers. The dos
assessment should be based on both the dosimeter results and the incident reconstruction data. Dos
assessments will indicate if dose limits were exceeded.
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4. SUGGESTED ADDITIONAL READINGS AND/OR COURSES

e Bush, W.R., Assessing and Controlling the Hazard from Tritiated Water, AECL-4150, Atomic
Energy of CanadaLTD., Chalk River, Ontario, 1972.

¢ Cember, Herman, Introduction to Health Physics, 3rd ed., McGraw-Hill, 1996

* EG&;G Mound Applied Technologies,Health Physics Manual of Good Practices for H-3 Facilities,
MLM-3719, Draft, Miamisburg, Ohio, December 1991.

» Gallnick, Danid A.,Basic Radiation Protection Technology, 3rd ed., Pacific Radiation Corporation,
1994.

* Internationa Atomic Emergency Agency,Safe Handling of H-3, IAEA- 324, Vienna, Austria, 1991.

* Lubenau, Jod O., et d. (1969). Analytical X-ray Hazards: A Continuing Problem. Health Physics
Vol. 16, pp. 739-746.

e National Council on Radiation Protection and Measurements (NCRP) 47,H-3 Measurement
Techniques, 1976.

e T.B. Rhinehammer and P.H. Lamberger (eds.), H-3 Control Technology, WA SH-1269, M onsanto
Research Corporation, Miamisburg Ohio, 1973

*  Weigenburg, Irving J., et a. (1980). Injury Due to Accidental Exposure to X-rays from an X-ray
Fluorescence Spectrometer. Health Physics Vol. 39, pp. 237-241.

 DOE-HDBK-1079-94, Primer on H-3 Safe Handling Practices.

« DOE-HDBK-1108-97,Radiological Training for Accelerator Facilities.

¢ DOE Order 5000.3B, Occurrence Reporting and Processing of Operations Information.
¢ DOE Order 5400.5, Radiation Protection of the Public and the Environment.
 DOE/EH-0256T, Radiological Control Manual.

« DOE/EM-0226, Closing the Circle of the Splitting of the Atom, Office of Environmentd
Management, January 1996.

o DOE/EH-0425, Plutonium Facilities Training Material

o DOE/EM-0246, Decommissioning Resource Manual.

 DOE/EM-0142P, Decommissioning Handbook.

e Implementation Guide G-10 CFR 835/C3, 65,Radiation-Generating Devices.
¢ 10 CFR 835, Occupational Radiation Protection.

10 CFR 34, Licenses for Radiography and Radiation Safety Requirements for Radiographic
Operations.

* ANSI N-43.2-1988, X-Ray Diffraction and Flourescence Analysis Equipment, Radiation Safety.

¢ ANSI N-43.3-1993, General Radiation Safety-Installations Using Non-Medical x-ray and Sealed
Gamma-Ray Sources, Energies up to 10MeV.

e AnIntroduction to Nuclear Weapons, Samud Glasstone and Lelie M. Redman, U.S. Atomic Energy
Commission, WA SH-1037, Secret Security Classification required

* Nuclear Explosive Training Manual, DOE Albuquerque Operations Office, Secret Securiy
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Classification required, (NESD, 505/845-5902)

e Caging the Dragon - The Containment of Underground Nuclear Explosions, James Carothers
Lawrence Livermore Nationa Laboratory, DOE/Defense Programs, Defense Nuclear Agency
DOE/NV-388, DNA-TR-95-74, unclassified, (423/576-8401).
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