
14  Radioactive Waste

The 1950s was a time that saw governments and scientific communities trying to determine the risks of radiation
exposure.  Risks not just to radiation workers, but because of above ground testing, to the entire world population.
In 1955 the UN Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) was established.  Their first
report in 1958 contained predictions on exposures from testing of nuclear devices under various assumptions.  In
1956 the National Academy of Sciences published reports of its Committees on the Biological Effects of Atomic
Radiation (BEAR) which recommended a maximum gonadal dose up to age 30 both for individual radiation
workers and the entire population for genetic protection.

The Federal Radiation Council (FRC) was formed in 1959 to provide a Federal policy on human radiation
exposure.  A major function of the Council was to "...advise the President with respect to radiation matters, directly
or indirectly affecting health, including guidance for all Federal agencies in the formulation of radiation standards
and the establishment and execution of programs of cooperation with States ...."  Over the years the Council
evolved and in 1970 was replaced by the EPA.  The FRC initially reviewed radiation effects literature.  Their
findings have remained relatively unchanged over the decades.

Delayed effects produced either by acute or by chronic radiation exposure are similar in kind, but the ability of
the body to repair radiation damage is usually more effective in the case of chronic than acute irradiation.
Delayed effects from radiation are in general indistinguishable from familiar pathological conditions usually
present in the population.  These include genetic effects, life span shortening, growth and development changes,
and increased incidence of tumors.
The child, the infant, and the unborn infant appear to be more sensitive to radiation than the adult.
The various organs of the body differ in their sensitivity to radiation.
Although ionizing radiation can induce genetic and somatic effects, the current evidence is insufficient to justify
precise conclusions on the nature of the dose-effect relationship especially at low doses and dose rates.
Moreover, the low dose evidence is insufficient to prove either the hypothesis of a "damage threshold" (i.e., a
point below which no damage occurs) or the hypothesis of "no threshold" in man.
If one assumes a direct linear relation between biological effect and the amount of dose, it becomes possible to
relate very low dose to an assumed biological effect even though it is not detectable.  It is generally agreed that
any effect that may actually occur will not exceed the amount predicted by this assumption.

The Council introduced the term Radiation Protection Guide (RPG) as that "radiation dose which should not be
exceeded without careful consideration of the reasons for doing so."  The term RPG was selected because the term
maximum permissible dose in use at the time for radiation workers had connotations which caused to it to be
misunderstood.  Other Council recommendations pertained to public exposures and the need to keep these low:

There should not be any man-made radiation exposure without the expectation of benefit resulting from such
exposure.
When the size of the population is sufficiently large, consideration must be given to the contribution to the
genetically significant population dose, recommending the use of the RPG of 5 rem in 30 years (i.e., an average
of 0.17 mrem per capita per year) exclusive of natural background and medical treatment.
Effort should be made to encourage the maintenance of radiation doses as far below the RPG as practicable.

To assure the appropriate RPGs are not exceeded, a population's exposure from radionuclides in the environment is
controlled.  This is usually accomplished by either restricting the entry of radioactive materials into the environment
or through measures designed to limit the intake of such material by members of the general public.  Generally the
potential exposures are assessed by either:  (1) environmental measurements of the amount of radioactive material
in various environmental media or (2) calculations based upon known amounts of radioactive material released to
the environment and assumptions about the fraction of this material reaching exposed population groups.

14.1  Consequences of Environmental Releases of Radioactivity
Prior to the discovery of nuclear fission and its utilization as a source of energy, the disposal of radioactive waste
was not a problem.  It is estimated that the total quantity of radioactivity in use in research and medicine in 1938
was less than 30 TBq (~ 810 Ci), corresponding to about 1 kg of radium derived from natural sources.  Today, a
single power reactor may contain a fission product inventory in excess of 3.6 EBq [1018] (97,200,000 Ci) (e.g.,
81,000 Ci per fuel rod; 120 fuel rods per reactor core at 100 MW per day) and there are several hundreds of power



reactors in the world.  With the increasing emphasis on protection of the environment, the management of these
wastes has become an important factor in both the economics and the public acceptability of nuclear power.

On a much smaller scale than reactors, low level radioactive wastes are produced in hospitals, factories, research
and teaching institutions as a result of the many applications of radiation.  In these cases, the complex treatment
process used at nuclear power stations is unnecessary, and would be prohibitively expensive.  Often disposal is by
the normal refuse collection or sanitary sewage systems. Remember, radioactivity cannot be destroyed.  It will
decay eventually, but in view of the very long half-life of many radionuclides, it is not always practicable to await
the decay of radioactive material.  Clearly, the consequences of waste practices must be understood and strict
control must be exercised.  There are three general approaches to the management of radioactive wastes:

release when radioactive concentration is below specified limits,
storage for decay prior to ultimate disposal, and
disposal at a commercial waste disposal site.

Release of radioactivity to the environment might reasonably be thought to constitute disposal.  However, it is
useful to distinguish between deliberate dispersal and methods of disposal involving irretrievable placement of
wastes so that they are isolated, at least temporarily, from the environment.  The approach selected in a given situa-
tion depends on many factors such as the quantity and type of radioactivity, its physical and chemical forms and the
geographical location.

Any release of radioactivity is a potential source of radiation exposure to the population at large.  The radiation
exposure can occur via many different exposure pathways.  Consider the release of radioactivity from a chimney
stack during incineration.  This would be dispersed by air movements and could result in radiation exposure of the
population in a number of ways:

direct external β- or γ-radiation from the plume,
inhalation of radioactivity resulting in internal dose,
direct external β- or γ-radiation from deposition (i.e., fall-out) of radioactivity,
consumption of foodstuffs (e.g. vegetables) contaminated by deposition, and
consumption of meat or milk from animals which have grazed on contaminated ground.

Similarly, radioactivity discharged into the sewer system eventually enters rivers, lakes, etc., and could result in a
number of exposure pathways:

contamination of drinking water supplies,
external dose to swimmers or to people using contaminated beaches, and
consumption of contaminated fish, shellfish or plants.

Some of these exposure pathways result from complex routes in various food chains .  For an example of the poten-
tial impact of these exposures, consider the way in which persistent toxins (e.g., PCBs, lead, mercury, dioxin, etc.)
move and accumulate, up the food chain to be consumed by man (Figure 14-1).

Microscopic phytoplankton ingest sediment at
the bottom of the lake where PCBs have settled.
The concentration of PCBs in the phytoplankton
becomes 250 times greater than in the lake.
As zooplankton ingest phytoplankton, PCB
concentration in the zooplankton rises to 500
times that of the lake.
Mysid (a tiny crustacean) ingest zooplankton.
Concentration increases to 45,000 times.
Smelt ingest mysid.  The concentration of PCBs
in the smelt is now 835,000 times that of the
lake.
As trout eat smelt, their PCB concentration rises
to 2,800,000 times that of the lake.
Studies show that babies born to women who
have eaten contaminated trout run a higher risk
of lower birth weights, smaller head circumfer-
ences and slower motor skills development.
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Figure 14-1.  Pathways



In a given situation it is often found that one particular pathway is much more important than any other. That is,
it results in much more radiation dose, sometimes to quite a small group of people. This is called the critical
exposure pathway and the group of people which receives the highest dose from this pathway is known as the criti-
cal group.  The importance of the critical exposure pathway is that the quantity of radioactivity discharged must be
controlled so as to limit the dose to the critical group.  The critical group in any particular case depends on the
method of disposal, the nuclides involved, local ecology (e.g. forms of marine life, etc.) and local habits.

Consider the uptake of radioiodine, mainly 131I, in the thyroid as a result of releases of fission products to the
atmosphere. The uptake may be due to inhalation of airborne iodine or consumption of milk from cows which have
grazed on contaminated pasture.  Either way, exposed children comprise the critical group because of the relatively
large intake by children in proportion to the size of the thyroid.  It's important to remember that in all of these cases,
the discharge limits are set so that the critical group receives doses well below the permissible level.

14.2  Solid Waste
The greatest volume of radioactive waste generated at a facility is usually solid waste.  At research facilities, this is
normally lab trash consisting of plastic tubes, pipette tips, gloves, absorbent paper, etc.  Regardless whether the
waste is compacted or not, decay-in-storage (DIS) is normally the most cost effective method for disposing such
waste.  For relatively longer lived nuclides (e.g., 1 year < T½ < 100 years), commercial burial (perhaps with
compaction or incineration) is the only allowable disposal alternative.  The NRC has classified low-level waste into
three classes.  Class A waste generally contains lower concentrations of long half-lived radioactive materials than
Class B and Class C wastes.  High-level wastes tend to be wastes from burned fuel rods, reprocessing of spent
nuclear fuel and other transuranics from the production of uranium / plutonium for nuclear weapons and reactor
fuels.  While there is currently not a disposal mechanism in the U.S. for these high-level wastes, the Federal
Government is researching a solution.

14.2.a  Commercial Disposal
One problem with radioactive material is that some may remain radioactive for many decades.  When it is necessary
to dispose of this material, it must be sent to special waste repositories.  The Federal Government and Department
of Energy are responsible for exploring suitable waste disposal sites for waste streams with high levels (HLW) of
radioactivity from nuclear fuel. The DOE Waste Isolation Pilot Plant (WIPP), located 26 miles east of Carlsbad,
New Mexico was built as the first underground repository to permanently dispose of defense-generated transuranic
waste left from the research and production of nuclear weapons (i.e., basically plutonium-contaminated clothing,
tools, rags, debris, etc.).  The project facilities include disposal rooms excavated in an ancient, stable salt formation
2,150 feet underground.

But, the type of waste generated in research and medicine, must be disposed at commercial sites licensed to
dispose of this low level waste (LLW).  At one time there were 6 such sites in the U.S.:  West Valley, New York,
Sheffield, Illinois, Maxey Flats, Kentucky, Beatty,
Nevada, Richland, Washington, and Barnwell,
South Carolina.  The large number of available
sites kept costs down and waste volumes high.
Figure 14-2 graphs disposal volumes from 1985 -
1994 at available sites.   Even when the waste has
been properly “disposed,” the licensee that gener-
ated the waste is still liable for incidents involving
the waste (i.e., cradle-to-grave liability).  In the
1970s, indications of off-site environmental effects
near Sheffield and Maxey Flats, led to those sites
being closed.  The UW was liable for a portion of
the cleanup costs at Maxey Flats since some
research waste was disposed of there. However,
the loss of 3 disposal sites and the threatened
closure of Beatty, resulted in the US passing a
1980 legislation designed to create more sites by
allowing the various states to establish compacts
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Figure 14-2.  Low-Level Waste Volume at U.S. Waste Sites
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among themselves to manage radioactive wastes and conse-
quently not overburden the sites at Richland and Barnwell.
With the enactment of this LLW act, disposal costs were
expected to greatly increase.  This threat motivated licensees
to manage wastes better (e.g., decay, compact, etc.) to reduce
costs.  Thus, by 1994, the waste volume disposed was only
858,677 cubic feet divided primarily from utilities (44%),
industrial (39.9%), and government (13.4%) users.  At the
same time, while states moved ahead with developing regional
compacts, no new waste sites have been approved.

Thus, in the US, disposal by land burial is still the only
alternative to DIS for those longer lived materials.  These
wastes can be compacted or incinerated prior to ultimate
disposal.  Other countries also use sea dumping.  While land
burial carries a very low risk of the activity being leached into
underground water streams, certain studies have suggested that deep sea burial is relatively low risk with a very
long delay before the activity can return to the environment and under large dilution factors.

14.2.b  Decay-in-Storage (DIS)
When dealing with short half-life (e.g., T½ < 120 days) radioactive material, holding the waste for a period of up to
a few years may reduce the activity to a sufficiently low level to permit release.   An NRC license usually allows the
licensee to perform DIS for material with half-lives less than 65 days.  If DIS for a longer period (i.e., T½ < 120
days) is desired, a license amendment must be submitted describing the DIS program.  NRC approved DIS
programs have these components in common:

Segregate waste by half-life and type (e.g., liquid versus solid).
Store in suitable, well-marked containers and provide adequate shielding.
Insure all containers are identified with:  date entered into the DIS program, nuclide, and total activity.
Hold the container for a minimum of 10 half-lives of the longest-lived radionuclide in the container.
Prior to disposal, monitor each container (see 5.3.d) by first moving the container to a low background area and
removing any shielding around the container.  The contents can be considered "decayed" if a meter survey of the
contents indicates no residual activity (e.g., < 100 cpm).
Insure a record is maintained of:  date container sealed, disposal date, waste type, survey instrument used, and
initials of person performing surveys and disposing the waste.
All radiation labels must be defaced / removed from containers prior to disposal as ordinary trash.

14.3  Liquid Waste
Water pollution issues involving familiar organic and industrial wastes normally deal with the analysis of water
samples.  With radioactive pollutants, however, water samples alone do not provide adequate information.  In order
to obtain an integrated picture of the possible effects of these wastes on man, it is necessary to work also with
samples of the stream biota and bottom deposits.  Long term studies of the Clinch and Tennessee Rivers below Oak
Ridge have mapped contaminants over 120 miles of river.  Studies of the Mohawk and Columbia Rivers in New
York and Washington have revealed appropriate media for nuclide detection, but every stream radioactivity survey
has it own special features, and each is distinctive.  The magnitude of the survey reserves such an undertaking to
large scale, well funded activities.

The alternative to sampling effluent is constraining the activity to be disposed.  University and research facilities
generally deal with small volumes and low activities.  For them, complying with effluent limits (Table 3-9, Table 3)
is a cost effective method.  The NRC allows for disposal by release into sanitary sewerage (10 CFR 20.2003) if “the
material is readily soluble (or is readily dispersible biological material) in water and ....." The total quantity of
licensed and other radioactive material released in a year does not exceed 185 GBq (5 Ci) of 3H, 37 GBq (1 Ci) of
14C, and 37 GBq (1 Ci) of all other radioactive materials combined.  For example, if a small research lab has an
average sewage flow of 100 gallons per day, how much 35S could be disposed in one month?  Assuming the month
contains 21 workdays, then the total flow is 2100 gallons or, since 1 gallon = 3785 ml, this is equivalent to 7.949 x
106 ml per month.  The sewer limit (see Table 3-9) for 35S is 1 x 10-3 μCi/ml.  Therefore, the total quantity of 35S
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Figure 14-3.  1994 Waste Volumes (1000 cu ft)
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which may be disposed to the sewer in one month is 7949 μCi or 7.9 mCi.  The annual limit would then be 95 mCi.
For a mixture of liquid isotopes, for each radionuclide, the ratio between concentration in effluent and allowable
concentration is calculated.  The sum of all ratios must be less than 1.

There have been several incidents in which radionuclides released into the sanitary sewer were reconcentrated.
As reported in NRC Information Notice 94-06, some of these were the result of insoluble materials released as
dispersible particulates or flakes that were then reconcentrated in the sewage treatment facility requiring great
expense to decontaminate.  For that reason, licensees must demonstrate that radiochemicals disposed through the
sanitary sewer are soluble.  The two accepted approaches are to determine the compound solubility or to filter and
analyze the suspended solids.  If you know the chemical forms of all materials in the liquid effluent it is relatively
easy to directly determine solubility class, formal solubility, or solubility product (Ksp).  Once the determination has
been made for common compounds, the result could be stored in a table for future reference.

Solubility class can be determined directly from common references (e.g., CRC Handbook of Chemistry and
Physics, Lange's Handbook of Chemistry).  Compounds listed as “v s” (very soluble) or “s” (soluble) are considered
readily soluble while those classed as “i” (insoluble), “sl s” (slightly soluble), or “v sl s” (very slightly soluble) are
considered “not readily soluble.”  Some compounds are designated as class “d” (decompose).  If the decomposed
species are then classed as either “v s” or “s”, they may be treated as “readily soluble.”

The solubility product (Ksp) could be calculated by the equation, Ksp = [M]m [A]a, where [M] and “m” are the
ionic concentration (mole/liter) and the number of moles, respectively of the dissolved cation and [A] and “a” are
the ionic concentration and the number of moles of the dissolved anion, respectively.  For a simple electrolytic
compound, with one mole of dissolved cation and anion species, a Ksp greater than 1.00 x 10-5 mole2/liter2 would
indicate the compound is readily soluble.  Formal solubility could be determined from the literature for some
compounds.  A formal solubility greater than 0.003 mole/liter would indicate the compound is readily soluble.

If knowledge of the chemical forms is incomplete, then one could use standard laboratory filtration practices
(e.g., 0.45μ millipore filter) to test representative samples of the waste stream for the presence of suspended radio-
active material.  Activity in the suspended solids portion of the effluent greater than background levels would then
indicate that presence of insoluble radioactive materials. 

14.3.a  Exempt Waste Streams
There are two waste streams which may be be treated as if they were not radioactive.  It is prudent to make use of
such NRC rules and regulations because they reduce the burden on commercial land burial and are cost effective.

Liquid Scintillation Cocktail containing 3H or 14C in activities less than 1.85 kBq (0.05 μCi) per gram may be
treated without regard to radioactivity.  This came about when, in the early 1980s, the commercial radioactive waste
sites banned standing liquids.  At the time, these nuclides were in common use in biomedical research and, unlike
many other nuclides, had half-lives too long to decay.  While such liquids could be solidified, the cost versus the
risk from environmental exposure was not warranted, and both LSC fluid and animals containing 3H or 14C in activi-
ties less than 1.85 kBq (0.05 μCi) per gram were allowed to be treated "as if they were not radioactive."  The licen-
see must insure such tissues will not be used as food for humans or as animal feed.  LSC fluid so classified would
then fall only under EPA regulations which govern their hazardous chemical constituent.

Excreta from individuals undergoing medical diagnosis or therapy with radioactive material are not subject to 10
CFR 20.2003, Disposal by Release into Sanitary Sewage.

In addition, certain clinical procedures are generally licensed under 10
CFR 31.11 (Table 14-1) which states, "A general license is hearby issued to
any physician, veterinarian ... clinical laboratory, ... to receive, acquire,
possess, transfer, or use for any of the following stated tests, ... the follow-
ing byproduct materials in prepackaged units."  While a General license can
be obtained by submitting an NRC-483, Registration Certificate, any licen-
see with a license that authorizes the medical use of byproduct material
issued under Part 35 also has a general license under 31.11.  The benefit of a
general license is that "any person using byproduct material pursuant to the
general license ... is exempt from the requirements of Parts 19, 20, and 21 ...
with respect to byproduct materials covered by that general license."  For
example, Bactec is a growth solution containing less than 10 μCi of 14C in approximately 30 ml of liquid, used clini-
cally (e.g., to determine whether bacterial growths are aerobic/anaerobic).  Part 31.11 exempts such vials if the
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Table 14-1.  31.11 Quantities



activity is less than 50 μCi per vial of 14C.  In general, to make use of the generally licensed criteria, the lab using
the material should be separate from other licensed activities and a conscientious decision should be made and
documented to use the general license provisions.

14.3.b  Organic Liquid (i.e., Mixed) Waste
Regardless of the exemptions, some liquid wastes contain compounds which are also regulated by the EPA.  The
first solution to such wastes is to decay the radioactive portion to a point where it is allowed to be treated without
regard to radioactivity (see 14.2, above) and then dispose of the waste as an EPA chemical.  If the mixed waste is a
solid (e.g., uranyl), it can be solidified and sent for commercial disposal.

14.4  Atmospheric Release 
Releases of radioactivity to the atmosphere present more direct exposure pathways than other forms of disposal and
with a few exceptions, such as noble gases, the discharge limits are quite low.  The exposure pathways include
external irradiation, inhalation, and ingestion by various routes.  The general philosophy is to reduce the activity
being released to atmosphere as far as practicable and then to release it in such a way as to obtain adequate
dispersal.  The methods available to achieve these objectives are:

Filtration to remove particulate activity
Scrubbing or adsorption systems to reduce gaseous activity
Dilution and dispersal via a chimney stack.

Filtration is a very common method and is usually incorporated in exhaust streams from any area containing
significant activity.  The efficiency of the filter depends on the size of the filter particles, but is usually between 95
and 99.9%.  Because the filters become radioactive, when they are changed they must be handled with care and
treated as solid radioactive waste.  Scrubber units and adsorption beds are bulky and expensive items.  Conse-
quently, when relatively small amounts of activity are involved, the releases to atmosphere are usually through a
stack.  However care must be taken in the siting of such exhaust since, under certain weather conditions, eddies and
currents may cause the released activity to reenter the
building through air intakes or even through open
windows.

14.4.a  Charcoal Filters
The most common type filter system uses charcoal to
filter gaseous contaminants from an air stream by
adsorbing these contaminants.  These filters are most
often used in high efficiency containment air filtration
systems such as at nuclear power plants, cancer
research laboratories, toxicology laboratories, radio-
pharmaceutical plants, etc.  The UW does not
routinely use adsorption because the quantities of
gaseous effluents is relatively low.  However, most
such systems usually consist of several desirable components (Figure 14-4).  The system should use a
bag-in/bag-out housing to contain the contaminated filters and protect maintenance personnel during filter change-
out.  A high efficiency or HEPA filter is often located both up and down stream of the charcoal filter to collect any
particulate in the incoming air or which may have been released from the adsorbent material.  Adsorption by the
charcoal may be one of three types.

Kinetic adsorption of a gas molecule or elemental vapor is the physical attraction of the molecule to the carbon
granule by electrostatic forces.  Kinetic adsorption is affected by temperature and humidity.  In general, the higher
the boiling point and the larger the molecule size, and the lower the melting temperature, the easier the molecule is
to kinetically adsorb and the more permanently it is held once it is adsorbed.

Isotopic exchange essentially swaps a non-radioactive, stable isotope for a radioactive one in the air stream.  If a
stable isotope is adsorbed on the carbon initially, a radioactive isotopic compound will, when it comes into close
proximity to the stable isotope, exchange isotopes.  The stable form is now on the airborne molecule, and the radio-
active isotope is on the molecular structure of the charcoal.  For example, it is possible to impregnate carbon with
KI3.  A radioactive form of iodine in organic form, CH3

131I, will isotopically exchange with the stable iodine on the
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Figure 14-4.  Typical Filter System
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carbon.  Isotopic exchange is usually non-directional and the adsorbed / exchanged radioactive species of iodine
may exchange again resulting in a different airborne radioactive methyl iodide molecule which may again isotopi-
cally exchange with stable iodines on the carbon, etc., until the radioactive iodine is delayed long enough to decay
to stable xenon-131.

A third capture mechanism is chemisorption or complexing.  This entails the actual complexing (i.e., attaching
chemically) of a radioactive iodine species to a stable impregnant that has the ability to share electrons.  Once the
iodine is complexed, it does not desorb in the isotopic exchange manner, however it is possible for the entire
impregnant to desorb from the carbon.  An example is to impregnate carbon with triethylenediamine (TEDA).

The NRC specifies that the activated carbon used in nuclear applications shall be coconut shell base, 8 x 16
mesh with a minimum carbon tetrachloride activity of 60% that is specially impregnated to adsorb methyl idodie.
The carbon can also be co-impregnated to take advantage of both impregnates and capture mechanisms.  Then the
carbon is used as a kinetic adsorber, isotopic exchange medium and complexing agent.

Specifications for charcoal systems are often based upon efficiency and penetration.  Efficiency is the ability of
the carbon to remove the desired contaminant.  For example, methyl iodide efficiency is determined by challenging
the carbon with an actual methyl iodide vapor.  The amount of contaminant input is known and the amount that is
collected on a back-up trap is measured.  The efficiency is calculated by comparing the counts in the carbon filter
with the counts on the back-up trap.

Penetration, or mechanical efficiency, is a term used to indicate the degree of leak tightness for the carbon
system.  This is usually tested by using an easily adsorbed test gas such as Freon 11.  The penetration, or by-pass of
the Freon is measured downstream of the filter and this quantity is compared to the amount upstream of the filter.
The adsorption coefficient is the amount, by weight, that the carbon will adsorb of a given material.  The adsorption
coefficient of Freon 11 is about 20 - 25% (i.e., 100 lbs of carbon will hold 20 - 25 lbs of Freon 11).  Another
parameter used, the decontamination factor, is the ratio of the concentration of a contaminant in the untreated air to
the concentration of the contaminant in the treated area.  The decontamination factor, DF, of a filter is the reciprocal
of the penetration (i.e., DF = 1/Pen).

The residence time is critical to chemisorption or complexing
phenomena.  As the gas enters the filter bed, it must have time to
interact with the impregnants on the carbon.  Too little time will mean
that the contaminants will not interact with the carbon or impregnants.
Too much time means the system is not designed efficiently.
Residence time and type of carbon vary depending upon the contami-
nant.  Table 14-2 relates residence time to various applications.
Residence time can be calculated by the two equations:

Where RT is the residence time, BD the bed depth of carbon, V the velocity of the gas stream, Q the quantity of gas,
and A the area that the gas is passing through.  For example, assume that Q = 1000 ft3/min and that a single 6 panel,
16-inch deep (in the direction of flow), 2-inch bed depth filter is to be used.  If the total area of the bed, based upon
actual measurement of the unbaffled bed area on one side of the carbon filter, is 14 ft2, the residence time is then
0.14 seconds; a time acceptable for elemental iodine but not methyl iodide.

A few general axioms for carbon filtration:
Elemental iodine is adsorbed by attraction of the iodine to the carbon (i.e., kinetic adsorption).  Methyl iodide,
which comes from elemental iodine combining with methane, must be adsorbed by chemisorption, usually in the
form of isotopic exchange, where KI is used, or complexing, when TEDA carbon is used.  Elemental iodine,
once adsorbed, usually stays adsorbed.  Methyl iodide adsorbs-desorbs-adsorbs through the bed, exchanging
iodine at each junction, until it decays into harmless xenon.
The ability of carbon filtration to perform decreases as humidity increases. Carbon filtration is slightly affected
(i.e., reduced) as temperature decreases.  In general, nuclear specifications require the filter to perform at 59%
relative humidity and 30oC.
The heavier the molecular weight of the material, the easier it is to adsorb.
The higher the boiling temperature of a material, the easier it is to adsorb.
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Because carbon will adsorb anything adsorbable, it can be “poisoned” by harmless material, and not be able to
adsorb the material it was designed to control.  Carbon should always be protected from fumes that will harm it.
The shelf life of carbon in properly packaged filters (having a vapor barrier of some kind) can be as long as 5
years.
The lower the concentration of a material, the harder to achieve a high removable percentage.
Some hard to adsorb materials can be dislodged by easier-to-adsorb materials.  Thus, acetic anhydride may drive
off acetone, acetone may drive off acetaldehyde, and acetaldehyde may drive off acetylene.
One gram of 60% active carbon has a surface area of about 1000 square meters and will adsorb one milligram
(0.001 gm) of iodine.

14.4.b  Effluent Monitoring
If the quantity of radioactive effluent is relatively low, then perhaps
dilution is the key.  Regulations allow small concentrations of radioactive
effluents.  Normally these concentrations are averaged over a 1 month
period, but must not exceed specified concentrations (see Table 3-9, Table
2, Column 1).  The concentrations for unrestricted release are such that if a
person were to get all of their air from the effluent stream, their dose
equivalent (see 3.5.a) exposure if inhaled continuously over the course of
one year would not exceed 50 mrem in one year.  To verify these concen-
trations, the effluent stream must be sampled.  There are several different
methods.  

If the effluent stream contains tritium gas (3H2), 3H2O, or 14CO2, a
portion of the stream can be passed through a bubbler and the quantity of
radionuclide trapped can be measured.  When using bubblers, the stream is
passed through a liquid which traps or reacts with the radionuclide trapping
it in the liquid.  Consequently, the liquid in the bubbler is crucial.  For
example, (ethylene) glycol is often used for trapping tritium.

At the UW we monitor approximately 45 stacks on campus for 125I/131I
release.  A small syringe containing TEDA impregnated activated charcoal is inserted around the exhaust fan
(Figure 14-5).  The syringes are collected after 125I/131I is used and the activity of the iodine trapped in the syringe is
counted in a gamma counter and is related to the average concentration in the stream. 

14.4.c  Estimating Effluent Concentration
In some instances, measuring the effluent stream is impractical, expensive, or undesired.  Then release parameters
can be estimated and the effluent concentration calculated.  Then use can be restricted to values which will insure
this concentration will not be exceeded.

For example, suppose your nuclear pharmacy wants to store a maximum of 250 mCi of 131I in a nuclear
pharmacy fume hood.  How would one calculate the required effluent rate.  The pharmacist postulates that a
maximum accident would result in 5% of the spilled activity becoming airborne.  Assuming the entire contents of a
250 mCi vial is spilled in the hood, then 12.5 mCi (12,500 μCi) would be released.  The allowable air concentration
for 131I is 2 x 10-10 μCi/ml (Table 3-9, Table 2, Col. 1), and the UW set a (safe-sided) release limit of 80% of this
value or 1.6 x 10-10 μCi/ml.  Then the flow rate at the exhaust point must be greater than 5252 cfm.

Similarly, experiments generating 3H2 gas or 14CO2 can be evaluated, the potential release activity and the air
flow from the fume hood’s exhaust stack will determine the total quantity of either 3H or 14C which can be used at
that point in one year.  For example, if a stack has an exhaust rate of 1000 cfm, then a lab using 3H would have an
air concentration (Table 3-9, Table 2, Col. 1) of 1 x 10-7 μCi/ml.  If operated continuously, the stack exhausts a total
of 1.49 x 1013 ml in a 365.25-day year.  The total 3H activity which can be exhausted and stay under the limits
would then be 1.49 x 106 μCi (1490 mCi or approximately 55 Gbq).  Usually, the amount of a volatile radionuclide
that can be used annually in the room is set to the amount that can be released.  This insures that no matter what
happens, limits will not be exceeded.
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Figure 14-5.  Iodine Monitor System
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COMPLY
When the EPA promulgated the National Emission Standards
for Hazardous Air Pollutants (NESHAP), they required certain
compliance reports.  To aid licensees in meeting these report
requirements, the NCRP promulgated Commentary #3, Screen-
ing Techniques for Determining Compliance with Environmen-
tal Standards: Releases of Radionuclides to the Atmosphere.
The concept behind the techniques is for a facility to start with the simplest model and continue to the most compli-
cated only if needed to satisfy NESHAP.  Several levels of screening are discussed.

Level I is the simplest approach and incorporates a high degree of conservatism.  It is based upon the amount of
radioactivity possessed and assumes a conservative release fraction.  Levels II and III are more detailed.  Level II
relates the atmospheric concentration to the radionuclide concentration at the point of release and compliance exists
if it is less than the limit.  Level III screening accounts for dispersion in the atmosphere to the nearest point of
exposure and combines all possible pathways into the compliance factor.  The assumptions and methods are such
that actual doses will not be underestimated by more than one order of magnitude.  If the licensee is in compliance
with Level I, no further analysis is needed, otherwise Level II is checked, etc.  If the screening fails all three levels,
the Commentary recommends consulting an environmental professional.

Atmospheric Dispersion Modeling
The UW recently replaced an old pathological incinerator with a
new system.  To obtain NRC approval we had to demonstrate
compliance.  It may be beneficial to see the actual calculations
and the reasoning used in getting this approval.  We had the
emissions monitored and noted the following operating parame-
ters were measured at a point mid way up the stack during a
6-hour continuous burn:

Exhaust Flow Rate 6250 cfm
Exhaust Velocity: 14.51 ft/sec
Exhaust Gas Temperature: 1550oF

The stack is 12 meters.  At the test ports the stack is 3 feet in
diameter.  For our stack, above that point the stack gradually
necks down so the last several meters is much narrower and the
inside diameter at the point of exit is only 1.5 feet.

From the effluent point, a continuous stream of pollutants is released into the open atmosphere.  It may experi-
ence a steady wind depending upon conditions.  Initially the pollutant stream will rise, then bend over and travel
with the mean wind.  The wind will dilute the pollutants and carry them away from the source.  This plume will also
spread out or disperse both in the horizontal and vertical directions from its centerline.  The dispersion shown in
Figure 14-7 is intuitively obvious.  Some of the plume spreads by simple molecular diffusion, but eddies of various
sizes may work to broaden and dilute the plume.  Additionally, the random shifting of the wind produces changes in
concentrations over time.  Thus, the actual model for
dispersion in 3-dimensions is binormal.

Stack Height - One concern with incinerators installed in
built-up areas is stack height in comparison to the building
height.  The reason is that the region of turbulence owing to
buildings may extend to nearly twice the building height,
and downwind 5 to 10 times the building height.  A well
known rule of thumb for stack designers is to make the
stack height at least 2.5 times the height of the highest building near the stack.  At our facility the stack was
certainly not more than 2.5 times the height of the highest building near the stack.  As a workaround, we noted that
the plume downwash behind a stack can usually be avoided by specifying a stack diameter small enough to ensure
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Figure 14-6.  COMPLY Scenario
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that the stack exit velocity is greater than 1.5 times the maximum expected sustained wind speed at stack height.
Thus, we must first determine whether the stack height is adequate by calculating the exit velocity.

We can calculate that velocity by using either the flow rate (averaging 6250 cfm) or the velocity (averaging
14.51 ft/sec) measured where the stack inside diameter was 3 feet and extrapolate these values to the 1.5 foot diame-
ter exit point.  The area at the point of exhaust (A = π r2) is 1.77 ft2.  Using the velocity of 14.51 ft/sec leads to an
exit velocity of 58.05 ft/sec (or 17.69 m/sec) while the flow rate of 6250 cfm provides an exhaust gas velocity of
58.06 ft/sec (or 17.71 m/sec).  Converting to miles-per-hour, the exit velocity is thus approximately 39.5 mph.  If
we assume surface wind speeds of 6 m/sec and neutral stability conditions, this implies an expected sustained wind
speed of 13.4 mph and our stack velocity is approximately 3-times the expected sustained wind speed.  Thus, plume
downwash may be neglected and the stack height is not a factor.

Concentration - A plume of hot gases emitted vertically has both
momentum and buoyancy.  As the plume moves away from the
stack it quickly loses its vertical momentum because of drag and
entrainment of the surrounding air.  As the vertical momentum
decreases, the plume bends over in the direction of the mean wind
speed (Figure 14-9).  However, because there is still some buoyancy,
the plume continues to rise for a long time after bending over.  This
buoyancy is due to lighter-than-air density of the gases and is related
to temperature and plume-composition.

Concentration depends on many variables.  One of those is
Effective Stack Height, H which is equal to the physical stack
height, h, and the plume rise, Δh.  There are many different formulas to calculate the plume rise which give Δh
ranging over a factor of 10 or more.  We calculated the effective stack height by several common formulas using the
measured parameters of our system: stack gas velocity, vs = 17.7 m/s; mean wind speed at stack height, u = 6 m/s;
stack inner diameter, ds = 0.4572 m; atmospheric pressure, Pa = 1000 mb; stack gas temperature, Ts = 1120oK; and
atmospheric temperature, Ta = 293oK.  The Holland formula for calculating the plume rise:

From the Holland formula we can calculate the heat emission rate, QH

and use this heat emission rate value to calculate plume rise via Concawe formula:

The Briggs plume rise model is currently recommended by the EPA and, because it appears to be better for large
thermally dominated plumes, is used in all EPA computer programs.  This model uses different equations depending
upon atmospheric stability.  The two calculated values for plume height appear significantly different, for the
parameters of our incinerator, they define maximum and minimum
values and bracket Briggs's plume rise predictions.  The two plume
height models then provide an effective stack height of between 15.24
and 37.84 meters.

The centerline concentration varies in three-dimensions with distance
from the emission point.   The ground level centerline concentrations
typically increase, go through a maximum, and then decrease as one
moves away from the stack.  This is because the pollutants initially
require some time and distance before they can diffuse to ground level.
Once they begin to reach the ground, reflection occurs, causing a rapid
increase in ground-level concentrations.  Finally the pollutants disperse
and the concentrations begin to decline.  The time-averaged concentration as modeled by Pasquill with a double
Gaussian equation is:
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Figure 14-9.  Plume Spreading
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where C is the steady-state concentration at a point; Q is the emission rate; σy, σz are the horizontal and vertical
spread parameters; u is the average wind speed at stack height; y is the horizontal distance from the plume center-
line; z is the vertical distance from ground level; and H is the effective stack height (H = h + Δh).  One simplifica-
tion is to consider the ground level concentration (z = 0) measured only on the centerline (y = 0).  A few points
about concentration and dispersion should be reiterated:
●    The downwind concentration is directly proportional to the source strength, Q.
●    σy, σz increase as the downwind distance c increases, the elevated plume centerline concentration will continu-

ously decline.  The ground level centerline concentration initially increases, goes through a maximum, and then
decreases as c increases.

●    σy, σz increase with increasing turbulence (instability).

Atmospheric Stability - Air is not stable.  It is termed unstable when there is good vertical mixing such as when
there is strong solar insolation, heating of the earth's surface, and consequent heating of the layers of air near the
ground.  Stable air results when the surface of the earth is cooler than the air above (e.g., cool, clear night) and the
layers next to the earth are cooled and no vertical mixing occurs.  Graphs of vertical and horizontal dispersion were
generated for various atmospheric conditions by D. B. Turner who also proposed an  atmospheric stability classifi-
cation (Table 14-3) with 6 stability classes:

A - very unstable
B - moderately unstable
C - slightly unstable
D - neutral
E - slightly stable
F - stable

A few comments about the meaning of the data
in Table 14-3.  The wind speed was measured at
a height of 10 m above the ground.   Strong
instability corresponds to a clear summer day
with sun higher than 60o above the horizon.  A
moderate instability corresponds to a summer day with a few broken clouds or a clear day with the sun 35o - 60o

above the horizon.  A slight instability corresponds to a fall afternoon or a cloudy summer day or a clear summer
day with the sun 15o - 30o above the horizon.  Nighttime cloudiness is defined as the fraction of sky covered by
clouds.  In addition, regardless of wind speed, Class D should be assumed for overcast conditions, day or night.

Turner graphed the horizontal and vertical dispersion coefficients, and , and D. O. Martiny = axb z = cxd + f
generated equations which give a reasonably good fit (Table 14-4).  The constants, a, b, c, d, and f are dependent on
the stability class and on the distance x (where x is represented in km).  The values for these curve-fit constants as a
function of downwind distance and atmospheric stability are in Table 14-4.

There is a correction for variation of wind speed with height.  Turner's wind speed data was obtained at a height
of 10 meters above the ground.  If the pollutant emission point has a height that is quite different than 10 meters,
there is a an effect which seems to vary
with both stability class and surface.
"Rough" surfaces, those typically seen
in urban settings, have a greater effect
on wind speed.  With relatively smooth
surfaces such as flat, open country, lakes
and seas, there is less variation between
surface winds and higher level winds.
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Table 14-3.  Stability Classifications
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Figure 14-4.  Curve-Fit Constants



To calculate the wind speed, u2, at an altitude, z2, different than 10 meters, use
the equation with values for p obtained from Table 14-5.u2 = u1 $ (z2 / z1)p,

For example, if the stability classification is C and the stack height of an
incinerator in an urban environment is 20 meters, and if the initial wind speed is
4 m/s, then the corrected wind speed (p = 0.2) at the tip of the stack would be
4.6 m/s.

Another issue pertains to sampling time.  Data used by Turner was obtained
with a sampling time of 10 minutes.  Because of wind shifts and turbulence, the
time averaged concentration for longer sampling times should be less, and the
averaged concentration for shorter sampling times should be more.  For sampling times between 10 minutes and 5
hours, a corrected concentration for a sampling time of t-minutes, Ct, is:

For sampling times less than 10 minutes, the literature recommends an exponent of 0.2 instead of 0.5 to provide a
better correction.

As seen in Figure 14-10, the maximum downwind ground-level concentration, Cmax, occurs at some distance,
xmax, from the point of emission that is related to stability class, effective stack height, H, wind speed and emission
rate.  For example, as stability changes from unstable to stable, Cmax decreases slightly and xmax increases.  An
increase in H results in a dramatic reduction in Cmax and slight increase in .xmax  The maximum concentration is the
crucial factor since it is used to verify the incinerator is operating within regulatory limits.  The last step in concen-
tration determination is to calculate the distance, xmax, at which the maximum concentration occurs.

While Turner had graphed these relationships, R. J. P.
Ranchoux fit the data to a polynomial equation where the
constants a, b, c, and d depend upon the stability class
(Table 14-6), H is measured in meters. 

Once the (Cu/Q)max term is calculated, use Turner's
graph (Figure 14-11) which correlates (Cu/Q)max and xmax

under various stability conditions to extrapolate the
distance, xmax, at which this
maximum concentration
occurs.

To show how this all goes
together, we will use the
calculations performed for the
UW's new incinerator stack.
Because it is so efficient, the
UW operates the incinerator
about 50 days each year,
usually during the daytime,
when the weather is mild to
cool.  For this example's
stability classes we will
consider both class C and D.
Our earlier calculations had an
effective stack height of
between 15.24 m and 37.84 m.
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0.400.24E
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0.150.09B
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Table 14-5.  Wind Correction
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t )0.5

-0.07650.4977-3.2252-1.0488F
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Table 14-6.  (Cu/Q)max Curve-Fit Constants

( C u
Q )max = e[a + b (ln H) + c (ln H)2 + d (ln H)3]

Figure 14-11.  (Cu/Q)max and xmax as a Function of Stability Class



Using these and the values from Table 14-6 for stability classes C and D, we can calculate (Cu/Q)max term by the
equation:

The results of this calculation for the two stack heights is listed in
Table 14-7.  Taking each of the (Cu/Q)max we determine the
distance, xmax, at which this maximum concentration occurs and
also list that in Table 14-7.  As previously mentioned, notice that
an increase in effective stack height, H, results in a decrease in
(Cu/Q)max and increases the distance at which this maximum
concentration occurs.

Once we know the distance to the maximum, we can calculate the maximum ground-level (i.e., z = 0), centerline
(i.e., y = 0) concentration using the steady-state concentration model.   Simplifying the equation by setting z and y
to zero should provide us the maximum value.   Remember we are
trying to insure that the maximum concentration will be less than
the NRC's Air Concentration (e.g., Table 3-9, Table 2, Col. 1). 

Next we must calculate the terms σy and σz using the values for
the constants found in Table 14-4 (note that all of our maximum
distances are less than 1 km) for both stability classes, C and D and
list the results in Table 14-8. .

The full concentration equations for each of the stability classes C and D are, respectively:

For our purposes, we are concerned with the activity (mCi) we
can incinerate, thus the emission rate will ultimately be activity.
Plugging appropriate values into each equation including a wind
speed of 6 m/s, activity conversion factor (1000 µCi = 1 mCi);
time factors (86,400 seconds per day and 2,635,200 seconds per
30.5 day month); and volume correction factor (1,000,000 ml per
cubic meter) leads to maximum concentrations (Table 14-9).

As can be seen from the results of these calculations, the
highest concentration is 1.0997 x 10-12 µCi/ml per day or 3.5994 x 10-14 µCi/ml per month.  These occur at a distance
of 160 meters using the Holland model with a slightly unstable stability classification (Class C).

The UW then uses this data and the air concentration limits for each radionuclide to calculate a maximum allow-
able activity which can be burned either per day or per month resulting in an a priori certitude that we will not
exceed any concentration limits.

14.5  Decommissioning
While technically not a form of radioactive waste, decommissioning, the process of returning an area once used for
radioactive material work into an area freely accessible to members of the general public, can produce radioactive
waste and can result in radiation exposures to members of the public.  The exposure results because it may be diffi-
cult to remove 100% of all contamination leaving residual contamination that may result in a small radiation
exposure to future occupants.  If it is not possible or cost effective to have 100% removal of the residual contamina-
tion, the question is, "What levels of residual contamination are acceptable?"
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( C u
Q )max = e[a + b (ln H) + c (ln H)2 + d (ln H)3]

0.76 km7.9746 x 10-5D

0.40 km9.748 x 10-5C37.84 m

0.23 km5.6694 x 10-4D

0.16 km6.0083 x 10-4C15.24 m

Xmax(Cu/Q)maxStabilityH

Table 14-7.  (Cu/Q)maxa and xmax

25.5153.200.76 kmD
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Table 14-8.  Dispersion Coefficients
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Table 14-9.  Effluent Concentration (Example)



In August, 1987 the NRC published Guidelines for Decontamination of Facilities and Equipment Prior to
Release for Unrestricted Use of Termination of Licenses for Byproduct, Source or Special Nuclear Material.  The
document specified the "radionuclide and radiation exposure rate limits to be used for decontamination and survey
of surfaces or premises and equipment prior to abandonment or release for unrestricted use."  Some requirements
for acceptable decontamination included:

Licensee shall make a reasonable effort
to eliminate residual contamination.
Radioactivity on equipment or surfaces
shall not be covered by paint, plating, or
other covering material unless contami-
nation levels are below table levels.
The radioactivity on the interior
surfaces of pipes, drain lines, or
ductwork shall be determined by
making measurements at all traps, and
other appropriate access points,
provided that contamination at these
locations is likely to be representative of
contamination on the interior of the
pipe, drain lines, or ductwork.
Surfaces of premises, equipment, or scrap which are likely to be contaminated but are of such size, construction,
or location as to make the surface inaccessible for measurement purposes shall be presumed to be contaminated
in excess of the limits.

Ultimately the NRC (or Agreement State licensing authority) must approve all decommissioning efforts and licen-
sees must send a report to the NRC which includes the detailed survey they conducted to verify that levels were
within acceptable limits (Table 14-10).  The NRC may even send an inspector to perform a close-out survey which
includes random metering and wipes to verify contamination free status.

Because alpha emitters have a higher quality factor (see Table 1-5) than beta emitters, alpha emitters are consid-
ered more of an internal hazard than beta-emitters.  If contamination consists of both alpha and beta emitters, the
limits should be applied independently.  The levels in Table 14-10 are activity limits (dpm, Bq, etc.).  The average
contamination limit should not be averaged over areas greater than 1 square meter; but for objects with less surface
area, an average should be derived for each object.  The maximum limit applies to areas not more than 100 cm2.
Besides contamination limits, there are also radiation exposure concerns.  The average and maximum radiation
levels associated with surface contamination from beta-gamma emitters should not exceed 0.2 mrad/hr at 1 cm and
1.0 mrad/hr at 1 cm, respectively.  

While this decontamination and decommissioning process is essentially unchanged, at the instigation of the
EPA, the regulations have been revised so the release criteria are based on potential population dose rather than
broad levels of residual contamination.

14.5.a  Decommission Planning
Decommissioning is not just a task that is performed when a license is terminated.  The NRC has stated that if the
licensee has decided to permanently cease activities at the entire site or in any separate building or if there has been
a 24-month duration in which no work has been conducted under the license at that site, the license should initiate
decommissioning procedures for that facility.  One disadvantage of being in an NRC state is that the NRC only
considers byproduct material for their decommissioning criteria.  To the NRC, continued x-ray and non-byproduct
(e.g., radium, cyclotron produced, etc.) material use may not constitute "licensed activity" and may require the facil-
ity be decommissioned and reported to the NRC.  

The NRC classifies facilities into one of seven groups based on the amount of residual radioactivity, the location
of the material and the complexity of the activities needed to decommission the site.  The seven groups are:

1.   Licensed material was not released into the environment, did not cause the activation of adjacent materials, and
did not contaminate work areas.  Examples include licensees who used only sealed sources such as radiogra-
phers and irradiators.
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1000 dpm βγ15000 dpm βγ5000 dpm βγbeta-gamma except
as noted above

200 dpm3000 dpm1000 dpm
Th-nat, 232Th, 90Sr,
223Ra, 224Ra, 232U,  
126I, 131I, 133I

20 dpm300 dpm100 dpm
transuranics, 226Ra,
228Ra, 230Th, 228Th,
231Pa, 227Ac, 125I, 129I

1000 dpm α15000 dpm α5000 dpm αU-nat, 235U, 238U,  
decay products

RemovableMaximumAverageNuclides

Table 14-10.  Surface Contamination Limits (dpm / 100 cm2)



2.  Licensed material was not used in a way that resulted in residual radioactivity on building surfaces and/or soils.
Licensee is able to demonstrate that the site meets the screening criteria for unrestricted use.  Examples include
licensees who used only quantities of loose radioactivity that they routinely cleaned up (e.g., R&D facilities)

3.  Licensed material was used in a way that could meet the screening criteria, but the license needs to be amended
to modify or add procedures to remediate buildings or sites.  Examples include licensees who may have
occasionally released radioactivity within NRC limits.

4.  Licensed material was used in a way that resulted in residual radiological contamination of building surfaces or
soils, or a combination of both (but not ground water).  The licensee demonstrates that the site meets unrestricted
use levels derived from site-specific dose modeling.  Examples include licensees whose site released loose or
dissolved radioactive material within NRC limits and may have had some operational occurrences that resulted
in release above NRC limits (e.g., waste processors).

5.  Licensed material was used in a way that resulted in residual radiological contamination of building surfaces,
soils or ground water, or a combination of all three.  The licensee demonstrates that the site meets unrestricted
use levels derived from site-specific dose modeling.  Examples include licensees whose site released, stored, or
disposed of large amounts of loose or dissolved radioactive material on-site (e.g., fuel cycle facilities).

6.  Licensed material was used in a way that resulted in residual radiological contamination of building surfaces
and/or soils, and possibly ground water.  The licensee demonstrates that the site meets restricted use levels
derived from site-specific dose modeling.  Examples include licensees whose site would cause more health and
safety or environmental impact than could be justified when cleaning up to the unrestricted release limit (e.g.,
facilities where large inadvertent release(s) occurred.

7.  Licensed material was used in a way that  resulted in residual radiological contamination of building surfaces
and/or soils, and possibly ground water.  The licensee demonstrates that the site meets alternate restricted use
levels derived from site-specific dose modeling.  Examples include licensees whose site would cause more
health and safety or environmental impact than could be justified when cleaning up to the unrestricted release
limit (e.g., facilities where large inadvertent release(s) occurred.

 The first step of the closeout process is to submit a decommissioning plan to the NRC, if required.  Part of the
plan should include a tentative schedule to commence when the plan is approved by the NRC.

Some decommissioning programs are relatively simple.  If the licensed material consists of a sealed source (e.g.,
irradiator, gauge, teletherapy system, etc.), decommissioning consists of finding a vendor who will remove the
source and, through leak test and survey, assure there is no residual contamination.  Depending upon the type of
radioactive source and the source activity, these costs may vary from $5000 to $50,000.

Whenever a licensee submits a renewal or for each new license requesting radioactive material which has a half-
life greater than 120 days and quantities exceeding certain limits, the licensee must also submit a decommissioning
plan and a decommissioning funding document that sets aside funds for decommissioning activities or provides a
guarantee that funds will be available at closure.  Obviously the magnitude of the radioactive material work
conducted at a facility will be related to the decommissioning costs.  Theoretically, it should not cost as much to
decommission a license which used only 3H, 14C, 32P, 35S, 51Cr, 86Rb and 125I in MBq (mCi) quantities as to decom-
mission a facility which used curie quantities of the same radionuclides.

Decommissioning may include decontamination and/or disassembly and disposal.  The cost estimates included
in the Decommissioning Funding Plan need to consider manpower, dose, time, equipment purchases/rental, etc.
The NRC published NUREG/CR-1754, Technology, Safety and Costs of Decommissioning Reference Non-Fuel-
Cycle Nuclear Facilities, to assist in making these estimates.  The guide notes that, “the costs of decommissioning
facility components are generally estimated to be in the range of $1000 to $12,000, depending on the type of
component, type and amount of radioactive contamination, the decontamination option chosen, and the quantity of
radioactive waste generated from decommissioning operations.”  Given this estimate, it is prudent to plan radioiso-
tope work to limit future costs.  For large sites, compaction,  supercompaction, and incineration of solid wastes may
result in significant savings; however low-level radioactive waste disposal costs are also related to exposure rate at
the package surface, activity per load, type (e.g., liquids in vials, absorbed liquids, biological waste, animal
carcasses, etc.) and volume of waste.

For research-type licenses using unsealed sources, the most important step is to characterize the contamination.
Some types of contamination should be less of a problem than others.  To that end, radionuclides with half-lives less
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than 120 days may be omitted when drafting a Decommissioning Funding Plan.  The reason is that many of these
radionuclides (e.g., 32P, 33P, 35S, 51Cr, 86Rb, 125I, etc.) are often easily decontaminated and will appreciably decay over
the period that decommissioning activities will take place.  For many research type licensees, these short-lived
nuclides probably account for more than 85% of the activity quantities used.  The licensee must pay special atten-
tion to long-lived (T½ > 120 days) radionuclides (e.g., 3H, 14C, 90Sr, etc.) and any alpha emitters.

Decommissioning is not a routine practice.  However, it is possible to make the process relatively painless with a
few practical procedures in place.

Maintain a decommissioning file for each room.  When a room is vacated, insure there is a survey performed
and the survey results are placed in the decommissioning file.
Establish meter and wipe test action limits (cf. Table 14-10) which will require decontamination.  These action
limits should be conservative enough to satisfy regulatory requirements for decommissioning.
Keep a complete history of radioactive materials used in each facility.  This history should include protocols,
spills and sewage disposals.  Non-routine uses involving either large quantities (e.g., MBq or GBq [mCi or Ci])
or more radiotoxic (e.g., 90Sr, 241Pu, etc.) nuclides will require more comprehensive record keeping to reduce
cleanup costs.
Flush all drains with large quantities of decontaminating solution and water (see 6.8.d), then remove all traps
and sample residue to insure no contamination remains.
Do a wipe survey on all fume hoods and associated ductwork and document the results.  If there is no removable
contamination at the entry of the exhaust system, the remaining ductwork is probably clean.  If there are in-line
filters, remove the filters and survey them for radioactivity, radiation and possible contamination.  Also conduct
surveys at the building exhaust points.
For final decommissioning of buildings, take photographs of the facility prior to commencing and include them
with your plan.
For old facilities with activities which predate your history file, consider the possibility that large quantities of
nuclides may have been used and that some long-lived nuclides (e.g., 3H, 14C) may have been absorbed in wood
or bench tops.
Depending upon the type of facility and procedures conducted, soil samples may also be required.  For example,
if large quantities of long-lived radionuclides were exhausted, some may have been deposited locally resulting
in potentially significant soil contamination

14.5.b  MARSSIM and the Decommissioning Process
As noted in chapter 3, the EPA is the Federal Agency responsible for establishing rules and regulations to protect
the American public from unnecessary exposure to hazardous substances.  The EPA has been in the news for
condemning such dioxin contaminated areas as Love's Canal in Buffalo, NY and Times Beach, MO and for identi-
fying superfund sites throughout the US where they can focus cleanup efforts.

Once a site has been cleaned up, another problem is to generate public confidence that a decontaminated area is
indeed "safe."  For example, a room is cleaned of contamination and a wipe survey is done at 30 points in the room,
all of which are "clean."  Persons may then ask, "How do you know that there is no contamination in the spots that
were not wipe surveyed?"

To help answer that question, the EPA developed and standardized a statistical method for planning and
conducting the decontamination and final survey.  While the cleanup of chemically contaminated sites are
conducted following EPA procedures, the NRC has reviewed this method and promulgated three documents to
describe this statistical decommissioning process:

NUREG-1505      A Nonparametric Statistical Methodology for the Design and Analysis of Final Status Decommis-
sioning Surveys

NUREG-1507     Minimum Detectable Concentrations with Typical Radiation Survey Instruments for Various
Contaminants and Field Conditions

NUREG-1575     Multi-Agency Radiation Site Survey and Investigation Manual (MARSSIM) 

NUREG-1757     Consolidated NMSS Decommissioning Guidance

These documents use specific terms which must be defined to avoid misunderstanding.
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Areas with locations where, prior to remediation, the concentrations of residual radioactivity
may have exceeded the DCGLW.  Class I areas have the greatest potential for contamination
and receive the highest degree of survey effort for the final status survey.  Examples include
(1) areas previously subjected to remediation, (2) locations where leaks or spills are known to
have occurred, (3) former burial or disposal sites, (4) waste storage sites, (5) areas with
contaminants in discrete solid pieces of material and high specific activity (e.g., hot particles).

Class 1

Areas with a potential for residual contamination.  Impacted areas are divided into 3 classesimpacted area

Areas that have no potential for residual contamination.  Non impacted areas do not receive
any level of survey coverage because they have no potential for residual contamination.

non-impacted
area

A geographical area from which representative samples of background will be selected for
comparison (e.g., background area).  This is often selected if the radiation levels in the survey
area make it difficult to obtain a background within that area.

reference area

This means (cf., 20.1402) the detectable concentration of radionuclides is statistically different
from the background concentration of that radionuclide in the vicinity.  Depending upon the
DCGL selected, this may also be an area subject to decontamination.

distinguishable
from
background

A factor used to normalize concentrations where DCGLEMC = (FA)(DCGLW) when the residual
activity is confined to an area of size A.

area factor, FA

A radionuclide-specific level based on the release criterion that, if exceeded, triggers some
response such as further investigation.  A DCGL is an example of an investigation level.

investigation
level

Derived assuming that residual radioactivity is concentrated in a much smaller area (i.e., a
small percentage of the entire survey unit).  Any measurement from the survey unit is consid-
ered elevated if it exceeds the DCGLEMC (elevated measurement comparison [EMC]).

DCGLEMC

Derived assuming the residual radioactivity is uniformly distributed over a wide area (i.e.,
entire survey unit).  This can be the default DCGL provided by the model.

DCGLW

The concentration in the survey unit in which the total effective dose equivalent (TEDE) does
not exceed levels in 10 CFR 20.1402 and 20.1403 (25 mrem/yr).  Units of DCGL are in
Bq/kg, Bq/m2, dpm/100 cm2, etc.).  There are 2 distinct DCGLs

derived concen-
tration guideline
level (DCGL)

A regulatory limit expressed in terms of dose (mSv/yr or mrem/yr) or risk (cancer incidence or
mortality).  It is usually based on the total effective dose equivalent (TEDE) or committed
effective dose equivalent (CEDE).  Exposure pathway modeling is used to calculate a
radionuclide-specific, predicted concentration or surface area concentration, called the derived
concentration guideline level, of specific nuclides that could result in a TEDE / CEDE.

release criterion

A geographical area of specified size and shape for which a separate decision will be made
whether or not that area meets the release criteria.   The decision is made as a result of the
final status survey, the survey used to demonstrate compliance with the regulation.

survey unit

A detailed description of the activities that the licensee intends to use to assess the radiological
status of its facility, to remove radioactivity attributable to licensed operations at its facility to
levels that permit release of the site in accordance with NRC's regulations and termination of
the license, and to demonstrate that the facility meets NRC's requirements for release.  A DP
consists of several interrelated components: (1) site characterization information (2) remedia-
tion plan that has several components, including a description of remediation tasks, a health
and safety plan, and a quality assurance plan (3) site-specific costs estimates for the decom-
missioning and (4) final status survey plan

decommission-
ing plan

the categories of decommissioning activities that depend on the type of operation and the
residual radioactivity.

decommission-
ing groups
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When the null hypothesis is not rejected when it is actually false (false negative).  Thus, if the
sample contains radioactivity above background is declared to contain no radioactivity above
background.

type II error

When the null hypothesis is rejected when it is actually true (false positive).  Thus, a sample
that contains no radioactivity above background is declared to contain radioactivity above
background.

type I error

The state of reality if the null hypothesis is not truealternative
hypothesis, Hz

The state / condition that is presumed to exist in realitynull hypothesis,
H0

Areas with a low probability of containing any locations with residual radioactivity.  Examples
include buffer zones around Class 1 or 2 areas, areas with very low potential for residual
contamination but insufficient information to justify a non-impacted classification.

Class 3

Areas containing no locations where, prior to remediation, the concentrations of residual
radioactivity may have exceeded the DCGLW.  Examples include (1) locations where radioac-
tive materials were present in an unsealed form, (2) potentially contaminated transport routes,
(3) areas downwind from stack release points, (4) upper walls and ceilings of buildings or
rooms subjected to airborne radioactivity, (5) areas handling low concentrations of radioactive
materials, (6) areas on the perimeter of former contamination control areas.

Class 2

 When correctly followed, MARSSIM provides guidance for conducting radiation surveys and site investigations
and is concerned with demonstration of compliance and consists of three interrelated parts:

Translate the cleanup / release criteria (e.g., mSv/yr, mrem/yr) into a corresponding derived contaminant
concentration level (Bq/cm2) through the use of environmental pathway modeling.
Measure / acquire scientifically sound and defensible site-specific data on the levels and distribution of residual
contamination (as well as levels and distribution of background radionuclides).
Decide / determine that the data obtained from sampling does support the assertion that the site meets the release
criterion within an acceptable degree of uncertainty, through application of a statistically based decision rule.

Radiation Survey and Site Investigation (RSSI) Process
The RSSI process is an example of a series of surveys designed to demonstrate compliance with a dose- or risk-
based regulation for sites with radioactive contamination.  There are 6 principal steps in the RSSI process:  (1) site
identification, (2) historical site assessment, (3) scoping survey, (4) characterization survey, (5) remedial action
support survey, (6) final status survey.  An alternative approach explained in NUREG 1505 is the Data Quality
Objective (DQO) Process.  The DQO process is a series of 6 or 7 planning steps based on scientific method
designed to ensure that the type, quantity, and quality of data used in decision making are appropriate for the
intended application. 
1.   Site identification is relatively simple and usually accomplished before beginning decommissioning.
2.   The purpose of the historical site assessment (HSA) is to collect existing information concerning the site and its

surroundings.  The objectives are to
identify potential sources of contamination based on existing or derived information
determine whether or not sites pose a threat to human health and the environment and consequently may
require further action
differentiate impacted from non-impacted areas
provide input to scoping and characterization survey designs
provide an assessment of the likelihood of contaminant migration
identify additional potential radiation sites related to the site being investigated

The HSA has three phases: identification of a candidate site, preliminary investigation of the facility or site, and
site visits or inspections. An efficient HSA gathers information sufficient to identify the radionuclides used,
including their chemical and physical form.  Thus, a first step in evaluating the data is to estimate the potential
for residual contamination by these radionuclides.  Also, consider how long the site was operational.  If
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sufficient time has lapsed since the site discontinued operations, short-lived radionuclides may no longer be
present in significant quantities.  In this instance, calculations that the residual activity could not exceed the
DCGL may suffice.  The HSA may help determine whether the area is impacted or not impacted.  Impacted
areas have a potential for radioactive contamination or contain known contamination.  They include areas where
1) radioactive materials were used and stored; 2) records indicate spills, discharges, or other occurrences; and 3)
radioactive materials burials / disposals.  All potential sources of radioactivity in an impacted area should be
identified and their dimensions recorded.  Similarly, non-impacted areas are those areas where there is no
reasonable possibility for residual radioactive contamination.  The product of an HSA is a narrative report which
summarizes what is known about the site, what is assumed, activities conducted during the HSA, etc.

3.   If the data collected during the assessment indicate an impacted area, a scoping survey could be performed.  The
survey provides site-specific information based on limited measurements.  Primary objectives of the survey are:

perform a preliminary hazard assessment
support classification of all or part of the site as a Class 3 area
evaluate whether the survey plan can be optimized for use in the characterization or final status survey
provide data to complete the site prioritization scoring process (CERCLA and RCRA sites only)
provide input to the characterization survey design if necessary

Scoping surveys consist of a judgment measurements based on the HSA data.  If the HSA indicate an area is
Class 3, the area may be so classified and a final status survey may be performed.  If the scoping survey locates
contamination, the area may be considered as Class 1 or 2 for the final status survey.

4.   If an area is classified as Class 1 or 2 for the final status survey, a characterization survey is warranted. The
primary objectives of the survey are to:

determine the nature and extent of the contamination
collect data to support evaluation of remedial alternatives and technologies
evaluate whether the survey plan can be optimized for use in the final status survey
support Facility Investigation / Corrective Measures Study requirements for RCRA sites
provide input to the final status survey design

The characterization survey is the most comprehensive of all the survey types and generates the most data.  This
includes preparing a reference grid, systematic as well as judgmental measurements, and surveys of different
media (e.g., interior and exterior surfaces of buildings, walls, etc.).  The decision as to which media will be
surveyed is a site-specific decision addressed throughout the RSSI process.

5.   If an area is adequately characterized and is contaminated above the appropriate DCGL, a decontamination plan
should be prepared.  A remedial action support survey is performed while remediation is being conducted and
guides the cleanup in a real-time mode.  These surveys are conducted to:

support remediation activities
determine when a site or survey unit is ready for the final status survey
provide updated estimates of site-specific parameters used for planning the final status survey

6.  The final status survey is used to demonstrate compliance with regulations.  Its primary objectives are to:
select/verify survey unit classification
demonstrate that the potential dose or risk from residual contamination is below the release criterion for each
survey unit
demonstrate that the potential dose or risk from small areas of elevated activity is below the release criterion
for each survey unit

The final status survey provides data to demonstrate that all radiological parameters satisfy the established
guideline values and conditions (i.e., demonstrate compliance with the release criterion).

Survey Considerations
Decommissioning assures that residual radioactivity will not result in individuals being exposed to unacceptable
levels of radiation or radioactive materials.  Residual levels of radioactive materials that correspond to allowable
radiation dose standards have been derived (e.g., ANSI N13.12) and these derived concentration guideline levels
(DCGLs) are presented in terms of surface or mass activity concentrations, usually above background levels.  The
DCGLs for buildings / structures are typically Bq/m2 or dpm/100 cm2 and for soils and activated entities are
typically Bq/kg or pCi/gm.  The DCGLW is the uniform residual radioactivity concentration level within a survey

Radioactive Waste     233



unit corresponding to the release criterion.  Thus, to satisfy decommissioning, the survey unit's uniform residual
contamination above background is below the DCGLW and individual measurements / samples representing small
areas of residual radioactivity do not exceed the DCGLEMC for areas of elevated residual radioactivity.  These small
areas may exceed the DCGLW provided they satisfy the criteria of the responsible agency (e.g., NRC).

The goal of surveys is to identify site contaminants, determine relative ratios of contaminants, and establish
DCGLs.  Identification is often done using laboratory analysis.  Establishing the DCGLs is iterative and the DCGL
may change during the process.

In the simplest case, DCGLs may be applied directly to survey data to demonstrate compliance.  For example, if
only one nuclide (e.g., 90Sr) were used at a site, the default DCGL could be obtained and survey measurements /
samples then compared to the surface and volume DCGLs directly to demonstrate compliance.

For sites with multiple contaminants, it may be possible to measure just one of the contaminants and still
demonstrate compliance for all the contaminants present through the use of surrogate measurements.  Here both
time and resources can be saved if the analysis of one radionuclide is simpler than the analysis of the others.  Thus,
using 137Cs as a surrogate for 90Sr reduces analytical costs because the 137Cs gamma-ray is much easier to detect /
measure in situ than the 90Sr/90Y beta particle.  The key is to have a sufficient number of measurements, spatially
separated throughout the survey unit, to establish a consistent ratio.  Even then it may be advisable to have at least
10% of the measurements (both direct and sample) include analysis for all radionuclides of concern.

In some instances use of surrogates is difficult because a consistent ratio can not be definitively established.
One approach is to review the data and select an appropriate ratio of surrogate nuclides.  Decay chains may also be
encountered in which instance either the alphas, betas, or alphas+betas may be used.

Because each radionuclide may have a different DCGL, the presence of multiple radionuclides may complicate
decision making.  The unity rule relating the concentration to its DCGL is:

Additionally, a higher sensitivity will be needed in the measurement methods as the values of C decrease and may
also increase the number of data points necessary for statistical tests.

Surface contamination DCGLs apply to the total of fixed plus removable surface activity.  If the contamination
is due entirely to one radionuclide, the DCGL for that radionuclide is used in comparing measurement data.  For
multiple radionuclides with unique DCGLs, a gross DCGL may be developed enabling field measurement of gross
activity, rather than determining individual activities  To do this:

determine the relative fraction, fi, of the total activity contributed by the radionuclide
obtain the DCGL for each radionuclide
substitute the values in the following equation

However, this process may not work well for sites exhibiting surface contamination from multiple radionuclides
having unknown or highly variable concentrations of radionuclides throughout the site.  In this instance, a good
approach is to select the most conservative surface contamination DCGL from the mixture.  Additionally, because
gross surface activity measurements are not nuclide-specific, they should be evaluated by the 2-sample
non-parametric tests using a background reference area.

All areas of the site do not have the same potential for residual contamination and will not need the same level
of survey coverage to achieve the desired release criteria.  It is most economical to put more effort into areas with
the higher potential for contamination.  For this reason, decisions are made regarding whether an area is impacted or
not impacted.

Non-impacted areas are areas that have no potential for residual contamination. Non-impacted areas do not
receive any level of survey coverage because they have no potential for residual contamination.  

On the other hand, impacted areas are areas with some
potential for residual contamination.  If radioactive material
had been used in an area, it should be considered impacted.
The type of use and potential for residual contamination then
determines whether an area is classified as 1, 2 or 3.  The final
status survey design is based on classification (Table 14-11).
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Because Class 1 areas have the highest potential for containing small areas of elevated activity exceeding the
release criteria, both the number of sampling locations and the extent of scanning effort is greatest.  Sampling is
done on a systematic grid, scanning is done over 100% of the survey unit.  The minimum detectable concentration
(MDC) of the scanning method must be lower than the DCGLEMC.  If the radionuclides of concern also occur at
significant levels in background, then it is necessary to determine / establish background concentration levels for
comparison with the survey unit.  A reference area having similar physical, chemical, geological, radiological, and
biological characteristics or, perhaps several reference areas may be necessary.  Additionally, for large outdoor
areas, variations in background of a factor of five or more may possibly occur.

Class 2 areas may contain residual radioactivity, but the potential for elevated areas is very small.  Sampling can
be done on a systematic grid, the distance between points limited by the size of the survey unit.  Scanning is
performed systematically over the survey area, from 10 - 100%.  

Class 3 areas should contain little, if any residual radioactivity with virtually no potential for elevated areas.
Sampling is random and the sample density can be low.  Scanning is limited to those parts of the unit where it is
deemed prudent (e.g., accessible, near use areas, etc.).

When defining survey units, a survey unit should not
include areas that have different classifications.  For
indoor areas classified as Class 1, each room may be
designated as a survey unit.  Indoor areas may also be
subdivided into several survey units of different classifi-
cation such as separating floors and lower walls from
upper walls and ceilings.  Survey unit optimum sizes are
listed in Table 14-12.  The survey unit size limitation for Class 1 and 2 are to insure that each area is assigned an
adequate number of data points.  Because the number of data points is independent of the survey unit size, the actual
survey coverage in an area is determined by dividing the fixed number of data points required for the statistical test
by the survey unit area.  Survey units which are too small may result in an excessive number of survey points.

  When conducting a survey, each measurement is compared with the DCGLEMC for that unit.  A net survey unit
measurement that equals or exceeds the DCGLEMC is an indication that a survey unit may contain residual radioac-
tivity in excess of the release criterion.  Action levels are established for the scanning procedure so that areas with
concentrations that may exceed the DCGLEMC are marked for quantitative measurement.  When a measurement is
flagged, is should be determined that it is not due to sampling or analysis error. Once a measurement exceeding the
DCGLEMC is confirmed, the size of the area of elevated residual radioactivity, A`, and the average concentration
within it, CA, is used to insure that (FA`)(DCGLW) meets the release criterion.

Investigation levels are established for each class of survey unit to guard against the possible misclassification of
survey units.  If a measurement exceeds the investigation level, additional investigation is required to determine if
the final status survey for the survey unit was adequate to determine compliance with the release criteria.

Based upon the potential radionuclide contaminants, their associated radiations, and the types of residual
contamination categories (e.g., soil, structure surfaces)
to be evaluated, the detection sensitivities of various
instruments and techniques are determined and
documented.  Instruments should be identified for each
of the three types of measurements:  (1) scans, (2)
direct measurements, and (3) laboratory analysis.  It is
desirable that the instrument have an appropriate
minimum detectable concentration (MDC), generally
this MDC should be between 10 - 50% of the DCGL.
Low MDCs help in identifying areas that can be classified as non-impacted or Class 3.  Instruments should be
calibrated for the radiations and energies of interest.  Routine operational checks of instrument performance should
be conducted to assure appropriate instrument response.

A certain minimum number of direct measurements or samples are needed to demonstrate compliance with the
release criterion.  Scanning is done to check for areas of elevated activity and this may be accompanied by direct
measurements.  Sample collection, particularly environmental samples, require additional considerations.  Struc-
tures provide their own problems in scanning.  Items to consider include:

expansion joints, penetrations, etc. may be potential sites for accumulation
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surface conditions (e.g., removal of fixed contamination may involve surface removal) may produce scarred /
broken floor which are more difficult to survey
exterior surfaces may have low potential for contamination, but roof access points, exhaust, etc. and drainage
points may be potentially contaminated areas

A coordinate system is established to facilitate selection of measurement and sampling locations and provide a
mechanism for relocating direct measurement areas.  The coordinate system is usually a grid.  For Class 1 and 2
structural areas, basic grid patterns at 1 - 2 meter intervals are usually sufficient.  One easy way to reference points
is to number the grid lines on the vertical axis and letter the grid lines on the horizontal axis.  Then, each point is
referenced by a number and letter combination (e.g., (4,F), etc.).  The coordinate grid does not necessarily dictate
the spacing or location of sampling points

The goal of MARSSIM is to produce the final status survey which is used to demonstrate that residual radioac-
tivity in each survey unit satisfies the predetermined criteria for release for unrestricted use or, where appropriate,
for use with designated.

Radiation Detection Considerations
Chapter 7 discussed survey meters and counting statistics.  One problem in this regard is that different groups use
different terms to define the same statistical property.  This can lead to confusion as the same term may mean differ-
ent things to different individuals.  Thus, when discussing statistics, remember to specify which definition you are
using as a reference.  MARSSIM instrument related terms and definitions include:

A “false positive” occurs when a detector response is considered to be above backgroundType I error

The detection limit (counts) multiplied by an appropriate conversion factor to give units
consistent with a site guideline, such as Bq/kg.

minimum detect-
able concentra-
tion, MDC

An a priori estimate of the detection capability of a measurement system, and is also reported
in units of counts

detection limit, LD

The level in counts at which there is a statistical probability of incorrectly identifying a
measurement system background value as “greater than background.”  A response above this
level is considered to be greater than background.

critical level, LC

This parameter accounts for the amount of the physical probe area covered by a protective
screen.  The conversion of instrument display in counts to surface activity units is obtained by:

where Cs is the integrated counts recorded by the instrument, Ts the time period
Bq
m2 = CS / TS

( T $A)
over which the counts were recorded (in seconds), εT is the total efficiency of the instrument in
counts per disintegration (i.e., the product of instrument efficiency, εi, and source efficiency,
εs), and A is the physical probe area in m2 or cm2, as appropriate:

effective probe
area

The physical surface area assessed by the detector when it is stationary.  This is used because
the reduced detector response due to the screen is accounted for during instrument calibration.

physical probe
area

The ratio of the number of particles of a given type emerging from the front face of a source
and the number of particles of the same type created or released within the source per unit
time.  It takes into account increased particle emission due to backscatter as well as decreased
particle emission due to self-absorption losses.  For the ideal source, the value of source
efficiency is 0.5.

source efficiency,
εs

The number of particles of a given type above a given energy emerging from the front face of
the source per unit time.  It is the 2π particle fluence that embodies both the absorption and
scattering processes that effect the radiation emitted from the source.

surface emission
rate

The ratio of the net count rate of the instrument and the surface emission rate of a source for a
specified geometry.

instrument
efficiency, εi,
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A “false negative” occurs when a detector response is considered to be background when in
fact radiation is present at levels above background.  The probability of a Type II error is
referred to as β and is associated with LD. 

Type II error

when, in fact, only background radiation is present  The probability of a Type I error is
referred to as α and is associated with LC.

The probability of a Type I error is referred to
as α and is associated with LC; the probability of a
Type II error is referred to as β and is associated
with LD.  Figure 14-10 (cf., Figure 7-35) shows
this relationship. If α and β are assumed to be
equal, the variance, σ2, of all measurement values
is assumed to be equal to the values themselves.
If the background is not well known, then the
critical detection level and the detection limit can
be calculated by the equations  and LC = k 2B

where k is the probability sumLD = k2 + 2k 2B
for α and β (assuming α and β are equal) and B is
the number of background counts that are
expected to occur while performing an actual
measurement.  If values of 0.05 for both α and β are selected as acceptable, then k = 1.645 and   andLC = 2.33 2B
=   For an integrated measurement over a preset time (i.e., a direct measurement), the MDC isLD = 3 + 4.65 2B .
obtained from these equations by  the factor, C, used to convert from counts to concen-MDC = C $ (3 + 4.65 2B ),
tration (e.g., dpm, μCi, etc.).  Usually the factors making up C are not constant, but should not vary significantly.  If
a significant variation is expected, either several factors or an appropriate average factors should be considered.  

In summary, the MDC is the a priori net activity level above the critical level that an instrument can be expected
to detect 95% of the time.  This value should be used when stating the detection capability of an instrument.  The
MDC is the detection limit, LD, multiplied by an appropriate conversion factor to give units of activity.  Again, this
value is used before any measurements are made and is used to estimate the level of activity that can be detected
using a given protocol.  The critical level, LC, is the lower bound on the 95% detection interval defined for LD and is
the level at which there is a 5% chance of calling a background value “greater than background.”  This value should
be used when actually counting samples or making direct radiation measurements.  Any response above this level
should be considered as above background (i.e., a net positive result) and ensures a 95% detection capability for L D.

Another detector issue concerns the survey itself.  The ability to identify a small area of elevated radioactivity
during surface scanning depends on the surveyor's skill in recognizing an increase in the audible or display output
of an instrument.  The scanning sensitivity is the ability of a surveyor to detect a predetermined level of contamina-
tion with a detector.  The greater the sensitivity, the lower the level of contamination that can be detected.  The
probability of detecting residual contamination thus depends not only on the sensitivity of the instrument used for
scanning but also on the ability of the surveyor to make a decision whether the signals represent only background or
residual activity in excess of background.  Persons conducting surveys during decommissioning must interpret the
audible output of the survey instrument to determine when the signal exceeds the background level by a margin
sufficient to conclude that contamination is present.

It is difficult to detect low levels of contamination because both the signal and background vary widely.  Signal
detection theory provides a framework for the task of deciding whether the audible output is due to background or
signal plus background levels.  An index of sensitivity, d' (Table 14-14), that represents the distance between the
means of the background and background plus signal in units of their common standard deviation can be calculated
for various decision errors (i.e., correct detection and false positive rate).  For example, for a correct detection rate
of 95% (false negative rate of 5%) and a false positive rate of 5%, the table gives d' = 3.29.  Because the index of
sensitivity is independent of human factors, the ability of an ideal observer may be used to determine the minimum
d' value.

Scanning is actually a two-step process.  Surveyors do not make decisions on the basis of a single indication.
Upon noting an increased number of counts, they pause briefly and decide whether to move on or take further
measurements.  The two steps are continuous monitoring and stationary sampling.  During the first step,
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Figure 14-10.  Probabilities for Type I and Type II Errors

B  = Background counts (mean)
LC = Critical level (net counts above bkg)
LD = Detection limit (net counts above bkg)
   = probability of Type I error
   = probability of Type II error
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2 = B
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characterized by continuous movement of the probe, the surveyor has only a brief look (based on scan speed) at
potential sources.  Here the surveyor's willingness to decide that a signal is present is likely to be liberal (i.e.,
surveyor should respond positively on
scant evidence), since the only cost of a
false positive is a little time.  The second
step occurs only after a positive response
has been made.  This consists of the
surveyor interrupting scanning and
holding the probe stationary for a period
of time while comparing the instrument
output signal to the background count
rate.  Stationary sampling sensitivity is
high and for this decision the criterion
should be more strict since the cost of a
"yes" decision is to spend considerably
more time taking a static measurement or
a sample.  Thus, each of the two steps
include sensitivity values.  The  minimum
detectable count rate, MDCR, for the
scanning stage is usually larger because of the brief observation interval of the scan (i.e., on the order of 1 or 2
seconds), while the observation interval of the stationary sampling may be several seconds long.

For an ideal observer, the number of source counts, si, required for a specified level of performance is deter-
mined by  where d' is based on the required true positive and false positive rates (Table 14-14) and bi issi = d∏ bi ,
the background counts in interval i.  The MDCR is found by MDCR = si$(60/ i).

The scan MDC is calculated from the MDCR by applying conversion factors that account for detector and
surface characteristics and surveyor efficiency.  As noted above, the MDCR accounts for the background level,
performance criteria, d', and observation interval.  The observation interval during scanning is the actual time the
detector can respond to the contamination source and depends on scan speed, detector size in the direction of the
scan, and area of elevated activity.  Because the actual size of the potentially contaminated area can not be known a
priori, it is recommended postulating a certain area (e.g., 50 to 200 cm2) to select a scan rate that provides a reason-
able observation interval.  The scan MDC is calculated.

where p, εi and εs are the efficiencies for the surveyor, instrument and source, respectively.

Final Status Survey
If scoping, characterization and remedial action surveys have been conducted and areas appropriately decontami-
nated, the last step is to conduct the final status survey and demonstrate that the decommissioning criteria has been
met in each of the survey units and the area may be released for unrestricted use.  Although Federal guidance allows
for areas to be released for restricted use, in this instance the licensee must demonstrate via cost / benefit analysis
that exposures to the maximally exposed individual will be acceptable.

Release is based upon dose.  Recall (Table 3-2) that exposure to members of the general public are to be kept
below 100 mrem per year.  The EPA noted that it is unrealistic to assume a member of the general public will be
exposed to only one source and therefore limits exposures from each source to a fraction of the 100 mrem.  Decom-
missioning had at one time been relatively simple (cf., Table 14-10); identify the radionuclide by broad hazard class
and demonstrate that residual contamination is below allowable levels.  With dose based criteria, even if one has a
thorough history of the site, it is difficult to extrapolate dose from contamination.  But modeling has been done and
several guidance documents published which may be used to make this dose determination (Table 14-15).  Table 2,
ANSI/HPS N13.12, Surface and Volume Radioactivity Standards for Clearance, contains contamination concentra-
tions for various radionuclides calculated to contribute 1 mrem/yr dose for unrestricted use.  NUREG 5521 provides
a similar table for 25 mrem/yr dose.  The Final Status Survey then consists of scanning survey, direct
measurements, and sampling. 
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1.381.020.820.580.420.270.130.000.60
1.511.150.910.710.540.400.260.120.55
1.641.281.040.840.680.520.380.260.50
1.771.411.170.970.800.660.520.380.45
1.901.541.301.100.930.780.640.510.40
2.021.661.421.221.060.910.770.640.35
2.161.801.561.361.201.050.910.780.30
2.321.961.721.521.351.201.060.930.25
2.482.121.881.681.521.361.221.100.20
2.682.322.081.881.721.561.421.300.15
2.922.562.322.121.961.801.661.540.10
3.282.922.682.482.322.162.021.900.05
0.950.900.850.800.750.700.650.60

True Positive ProportionFalse Positive
Proportion

Table 14-14.  Values of d' 

scan MDC = MDCR
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probe area
100 cm2



Scanning is the process by which the surveyor uses portable radiation detection instruments to detect the
presence or radionuclides on a specific surface (i.e., ground, wall, floor, equipment).  A scanning survey consists of
moving the radiation detectors across a suspect surface with the intent of detecting / locating radionuclide contami-
nation.  Investigation levels for scanning
surveys are determined during survey
planning to identify areas of elevated activity
and may be based on the DCGLW, the
DCGLEMC, or some other level.  If a scan
survey result exceeds the investigation level
(based upon potential contaminants and
detector efficiencies), the location is noted
for further action (direct measurement or
sampling).  Scanning is used because areas
of elevated activity are usually very small
and random or systematic direct measure-
ments or sampling on a common grid
spacing might have a low probability of
identifying contaminated areas.  Scanning
surveys are also relatively quick and
inexpensive.  Thus, scanning surveys are
usually performed before direct measure-
ments.  The scan should be for all detectable
radionuclides potentially present, however,
as noted earlier, surrogate measurements
may be used where appropriate.  Document-
ing results is key for interpreting survey
results.  The most common recording device
used for scanning is a rate meter which has a
display representing the number of events
occurring in some time period (e.g., cpm).
Determining the average level on a rate
meter normally requires judgment by the
user, especially when a low frequency of
events results in significant variations in the
meter reading (e.g., background may fluctu-
ate between 20 - 100 cpm).

After scanning, direct field measure-
ments are made at fixed locations with
portable instruments to provide a quantita-
tive measure of radioactivity present at
location.  Direct measurements are taken by
placing the instrument at the appropriate
distance above the surface, taking a discrete
measurement for a predetermined time inter-
val (e.g., 10 sec, 30 sec, 60 sec, etc.), and
recording the reading.  A 1-minute
integrated count technique is a practical field
survey procedure for most equipment and
provides detection sensitivities that are
below most DCGLs.  Direct measurements
may be collected at random or collected at
systematic locations to supplement scanning
surveys for the identification of small areas of elevated activity.  All direct measurement locations and results
should be documented on the final survey.  If the equipment and methodology used for scanning is capable of
providing data of the same quality required for direct measurement (e.g., detection limit, location of measurements,
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43.600.007266722.80.0038244Cm
23.900.008983312.60.0021241Am

1,260.000.2106600.11241Pu
27.200.004533312.60.0021238Pu
89.900.0149833660.011238U
86.600.0144333600.01235U
5.350.000891674.980.00083232Th
29.30.004883325.20.0042230Th
36.70.006116729.40.0049228Th

179.00.02983720.012228Ra
2850.0475780.013226Ra

2,2500.375120.002210Po
4940.0823320.40.0034210Pb

180,00030198Au
11,1001.858400.14154Eu
12,4002.0677200.12152Eu
38,4006.45,9400.99144Ce

2,780,000463.3339000.15137Cs
10,8001.8125I

186,00031111In
10,1001.683480.008110mAg

103,00017.1678,4001.4109Cd
1,170,00019572,0001299Tc

7,7801.2977200.1290Sr
55,8009.389Sr

47,8007.9672,0400.3465Zn
1,630,000271.67168,0002863Ni

6,9401.1573420.05760Co
4,0800.6859Fe

4,040,000673.3252,0004255Fe
31,5005.251,4400.2454Mn

240,0004051Cr
2,550,00042566,0001145Ca
447,00074.533,0005.536Cl

11,500,0001916.670444,0007435S
210,0003532P
96,0001624Na

9,5301.5884320.07222Na
3,400,00056752,8008.814C

114,000,000190001,740,0002903H
dpm/100 cm2Bq/cm2dpm/100 cm2Bq/cm2

NUREG 5512
(25 mrem/yr)

 ANSI 13-12
(1 mrem/yr)

Nuclide

Table 14-15.  Surface Contamination Limits for Unrestricted Use



ability to record and document results), then scanning may be used in place of direct measurements.  Results should
be documented for at least the number of locations required for the statistical tests.

Sampling is done at fixed locations and analyzed for nuclides not readily detectable with meters.  Authoritative
or judgment sampling are samples / measurements made at locations where anomalous radiation levels are observed
or suspected (i.e., biased sampling).  When following the Data Quality Objective (DQO) process (NUREG 1505),
probability sampling, either a simple random sampling (Class 3) or systematic sampling on a grid with a random
start (Class 1 or 2) are needed.  

Each survey unit must have well defined physical boundaries that describe what measurements or samples
should be taken, in which areas, and when the measurements or samples should be taken and any other time
constraints on the data collection.  Thus, it is important to define survey units which are relatively homogeneous in
radiological character.

Within each survey unit, establish a reference coordinate systems to facilitate selection of measurements /
sampling locations and provide a mechanism to reference all measurements.  This is done by laying out a  coordi-
nate system on a site map.  For interior spaces typically a triangular grid (although a square grid may be used) is
superimposed on the coordinate system.  The length, L, of a grid side is calculated by or LT = A / 0.866 n)

 For a triangular grid, the second row of points is located parallel to the first row, but at a Y-axisLS = A/n .
distance of 0.866L from the first row.  The survey points on the second row are located midway between the points
on the first row.  This is then repeated.  The actual steps in constructing the grid are:
1. Locate a random starting point by drawing 2 random numbers from a uniform distribution on the interval [0,1].

Table A.6, NUREG 1505, contains 1000 random numbers for this task
2. Compute the spacing, L, of the sampling locations using the number of sampling locations required, n, rounded

down to the nearest meter.  The method to find n is shown below under the discussion of optimizing survey
design.

3. Superimpose the triangular grid on the coordinate system and mark the sampling points.  When calculating the
width of the rows, round down the distance to insure enough sample points are selected.

4. When completed, count the number of sample points.  If the number is greater than the required number, n, use
all points.  If the number is less than required, additional points will need to be selected in a manner similar to
that used to select the desired starting point.  All sample points are used.

The goal of the Final Status Survey is to decide whether a survey unit meets release criteria.  Therefore, the decision
rule relates the concentration of residual radioactivity in the survey unit to the release criterion so a decision can be
made based on the result of the final status survey.  Basically,
the survey unit meets the release criterion if all of the measure-
ments are below the Derived Concentration Guideline Level
(DCGLW) for the mean residual radioactivity.  Remember, the
DCGLW is the concentration level corresponding to the release
criterion when the residual radioactivity is spread throughout
the survey unit rather than in smaller elevated areas.  The
Lower Boundary of the Gray Region, LBGR (Figure 14-11), is
the concentration level below which further remediation is not
reasonably achievable.  The null hypothesis is then, "the mean
concentration of residual radioactivity above background in the
survey unit exceeds the DCGLW" and the alternative hypotheses
is "the mean concentration of residual radioactivity above
background in the survey unit does not exceed the DCGLW."
There are alternative scenarios with different null and alterna-
tive hypothesis discussed in NUREG 1505.

Besides uniform concentrations, there may be elevated levels which must be considered.  The value of the
DCGLEMC is based on a specific size area of elevated residual radioactivity.  The area used during the survey
planning to determine the DCGLEMC is based on the distance between the sampling locations on the systematic grid
that was constructed.  Because the actual extent of an elevated area cannot be determined from a single measure-
ment, when a measurement exceeds the DCGLEMC, further investigation is required to determine both the size of the
elevated area and its average concentration of residual radioactivity.

Because this process is statistical, there are decision errors and it is necessary to specify limits on these decision
errors.  A statistical decision error occurs when the null hypothesis is rejected when it is true (Type I) or when it is
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Figure 14-11  Survey Unit Release Probabilities
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not rejected when it is false (Type II).  The probability of making a Type I decision error is called α. The probability
of making a Type II decision error is called β, and the power of the test, 1-β, is the probability of rejecting the null
hypothesis when it is false.

The problem is, using the statistical tests, the probability that a survey unit passes decreases as the residual radia-
tion concentration increases.  At concentrations above background near the DCGLW, the probability should be low
to protect the public.  The probability that the survey unit passes should be high when the concentrations are near
background and thus avoid unnecessary remediation costs.  Somewhere between the residual radioactivity concen-
trations of zero and the DCGLW there is a concentration level such that remediation below this level is not consid-
ered to be reasonably achievable.  This concentration range between this lower level and the DCGLW defines a gray
region of residual radioactivity concentrations in which the consequences of decision errors are relatively minor.
As seen in Figure 14-11, the lower boundary of the gray region, LBGR, is the concentration value at which the
acceptable probability of failing a survey unit when it should pass (β in our scenario, α in a different scenario) is
specified.  Since the LBGR is the point below which it is not cost effective to remediate when concentrations are at
the DCGLW, it is desirable to have a small probability of not passing the survey unit.

Once the LBGR and DCGLW are specified, the number of measurements needed to meet the desired values of α
and β from the statistical test can be estimated (Table 14-16).  The desired power curve for the statistical test is
selected during the planning process by specifying the desired values for α and β at the lower (LBGR) and upper
(DCGLW) boundary of the gray region.  The width of the gray region, Δ, is a parameter that is central to the
nonparametric statistical tests.  It is referred to as the shift and the gray region is always bounded from above by the
DCGLW (the release criterion) and the Lower Bound of the Gray Region (LBGR) selected during the planning
phase along with α and β.  The absolute size of the shift is of less importance than the relative shift, Δ/σ, where σ is
an estimate of the standard deviation of the measured values in the survey unit.  Thus, relative shift, Δ/σ, is an
expression of the resolution of the measurements in units of measurement uncertainty.  Relative shifts of less than
one standard deviation (Δ/σ < 1) will be difficult to detect while relative shifts of more than three standard devia-
tions (Δ/σ > 3) are usually easy to detect.

The most time- and resource-effective sampling and analysis plan requires one to optimize the survey design for
obtaining data.  Primary factors to be considered in optimizing the design for determining the mean concentration
are the DCGLW and the measurement standard deviation.  Additionally, the Area Factor and the scan MDC can have
a large impact on the results.  Ultimately, there are relationships between the measurement uncertainty, σ, the width
of the gray region, Δ, the desired decision error limits (α and β) and the number of measurements needed to meet
those limits.  Table 14-16 provides the sample sizes for the sign test (the most appropriate statistical test for indoor
survey units [see Section 14.5.b.5]), the number of measurements to be performed in each survey unit when no
reference area is used (i.e., 1-sample test).

Thus, the number of measurements that will be required to achieve given error rates (α and β) depends entirely
upon the value of Δ/σ.  For example, if Δ/σ= 1, α = 0.05 and β = 0.1, then from Table 14-16, the number of samples
needed is 23.  For fixed values of α and β, small values of Δ/σ result in large numbers of samples, thus it is desir-
able to have Δ/σ > 1.  This can be achieved in one of 2 ways:

Increase the width of the gray region by making LBGR small.  The problem with this is the survey unit will
have to be lower in radioactivity to have a high probability of meeting the release criterion.
Make σ smaller, such as having the survey units relatively homogeneous or by having more precise measure-
ment methods (e.g., nuclide specific rather than gross radioactivity).

Regardless, the design goal is to have Δ/σ between 1 and 3.  It is during this optimizing step that alternatives can be
explored on paper before doing the survey.  For example, if the DCGLW is 1.0, the LBGR is 0.5, σ = 1, α = 0.05
and β = 0.05, then Δ/σ= 0.5 and Table 14-16 indicates that 89 samples are required.  If α = 0.1 and β = 0.1, then
only 54 samples are required.

Besides the survey design for the entire area, the object is also to insure there are no small areas of elevated
residual radioactivity left which might cause the release criterion to be exceeded.  In Class 1 areas, measurements
and sampling on a systematic grid, in conjunction with scanning (Table 14-11), are used to assure that any small
areas of elevated radioactivity that might remain within the Class 1 survey unit will not produce a dose in excess of
the release criterion.  This entails sampling on a random start systematic (usually triangular) grid.  Elevated areas
may then be normalized by an area factor, FA, and the area compared to the DCGLW.  The scanning procedure
should have a minimum detectable concentration (MDC) less than the DCGLEMC.  Once a scanning technique is
selected, the MDC can be compared to the DCGLEMC.  When the scanning method is sensitive enough to detect
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residual concentrations at the DCGLEMC, the combination of sampling and scanning will be sufficient to provide
reasonable assurance that the release criterion is met by any residual radioactivity remaining in the survey unit.

Analysis of Final Status Survey Results
The last step is to review the results and verify that the results are statistically acceptable.  In each survey unit there
are two types of measurements: direct measurements (i.e., samples at discrete locations) and scans.  The statistical
tests are only applied to the measurements made at discrete locations.  If the data show that a survey unit meets the
release criterion, formal statistical analysis may be unnecessary.  If the survey unit fails the release criterion, first
review the data for correctness.  Then, determine the cause of the failure and remediate and document.

When reviewing survey results, one must determine if the objectives of the design have been met.  First ascer-
tain that the number of usable measurements meet the requirements of the statistical tests.  Review the value of the
sample standard deviation.  If the standard deviation of the sample counts is too large compared to that assumed
during the design, there may have been too few sample points.  Besides a review of the count standard deviation,
one could perform a graphical review using a posting plot and histogram.  The posting plot should use color to aid
in identifying patterns.  If the survey was conducted such that there was no need to compare the survey unit with a
reference area, then the Sign test is an appropriate statistical test.

The Sign test is used to compare each survey unit directly with the applicable design criterion.  Because only the
survey unit measurements are analyzed, it is often called a 1-sample test and is applicable if the radionuclide-
specific measurements are made to determine the concentration and the background concentration of the radionu-
clide is negligible.  Thus the residual radioactivity concentrations in the survey unit are compared directly to the
DCGLW value.  The Sign test is designed to detect uniform failure of remedial action throughout the survey unit.
There is also a Sign test for elevated measurement comparison (EMC) of the DCGLEMC.

The first step is to collect the entire data at each measurement / sampling point.  Do a statistical summary for the
data:  mean, standard error, median, standard deviation, sample variance, range, minimum, maximum, count.  Then
apply the sign test considering the Null and Alternative Hypothesis:

H0   The median concentration of residual radioactivity in the survey unit is greater than the DCGLW

Ha   The median concentration of residual radioactivity in the survey unit is less than the LBGR
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35981114914172012172023273.00
359811151014172012172123282.50
3610812151015182112182226292.00
4610912161015182214182226301.90
4610912161116202214202327321.80
4610914171116202314202427331.70
4611914171117212415212429341.60
48111015181217222615222730351.50
48121016201218232716232833381.40
48141117211421242917263035411.30
59151218231522273220273338451.20
510161421261724303521303642501.10
511181523291828344024344148571.00
612211727342233404728404857660.90
815242132402639485734485868800.80
918302640503348597041597283990.70

112340335265426377925477941101290.60
1633544571895887107126751071301521780.50
23488268107136871311621921131621972302700.40
40831431171852341502272813331952823413984680.30
8818431525841051833350362273543162375487910350.20

34572512441018162020481313198924592907170424632984347640950.10
0.250.250.10.250.10.050.250.10.050.0250.250.10.050.0250.01
0.250.10.10.050.050.050.0250.0250.0250.0250.010.010.010.010.01

(α,β) or (β,α)

Δ/σ

Table 14-16.  Number of Samples Required in Survey Unit using the Sign Test



Note that the median is equal to the mean when the measurement distribution is symmetric and is an approximation
otherwise.  If the data is skewed, there may be an area of elevated concentration.

The null hypothesis states that the probability of a measurement less than the DCGLW is less than ½ (i.e., the 50th

percentile or median is greater than the DCGLW).  The median is the concentration that would be exceeded by 50%
of the measurements.  Then the steps involved are:
1. List the survey unit measurements, Xi.  If a measurement is listed as “less than” a given value, insert what that

value is for the measurement (e.g., if < 250 dpm/100 cm2, insert 250 for the value).
2. Subtract each measurement, Xi, from the DCGLW to obtain the differences, Di.
3. If any difference is exactly zero, discard it from the analysis, and reduce the sample size, N, by the number of

such zero measurements.
4. Count the number of positive differences.  The result is the test statistic, S+.  A positive difference corresponds

to a measurement below the DCGLW and contributes evidence that the survey unit meets the release criterion.
5. Large values of S+ indicate that the null hypothesis is false.  The value of S+ is compared to the table of critical

values (Table 14-17).  If S+ is greater than the critical value, k, in Table14-17, the null hypothesis is rejected and
the alternative hypothesis, Ha, The median concentration of residual radioactivity in the survey unit is less than
the LBGR, is accepted.

An Elevated Measurement Comparison (EMC) is performed by comparing each measurement from the survey unit
to the DCGLEMC.  A net survey unit measurement that equals or exceeds the DCGLEMC is an indication that a survey
unit may contain residual radioactivity in excess of the release criterion.  Some scanning instrumentation is capable
of providing quantitative results.  However, if qualitative instruments are used, action levels should be established
for the scanning procedure so that areas with concentrations that may exceed the DCGLEMC are marked for a quanti-
tative measurement.

The statistical tests may not fail a survey unit when there are only a very few high measurements.  The EMC is
used so that unusually large measurements will receive proper attention regardless of the outcome of the tests.  It is
use to flag potential failures in the remediation process and CANNOT be used to determine whether or not a site
meets the release criterion until further investigation is done.

The derived concentration guideline level for the EMC is DCGLEMC = (Fgrid)(DCGLW), where Fgrid is the area
factor for the area of the systematic grid used.  Note that DCGLEMC is an a priori limit, established both by the
DCGLW and the survey design.  Upon investigating a point, the a posteriori limit, DCGLEA = (Factual)(DCGLW) can
be established using the value of the area factor, F, appropriate for the actual measured area of elevated
concentration.

If elevated activity, in addition to residual radioactivity is found, a unity rule can be used to ensure the total dose
is within the release criterion:

Measurements exceeding DCGLW in Class 2 or 3 areas may indicate survey unit misclassification

14.6  Review Questions - Fill in or select the correct response
1. The Federal Radiation Council established the term                                                                                              as

"that radiation dose which should not be exceeded without careful consideration of the reason for doing so."
2. The critical group is the group of people who receive the highest dose from an exposure path.   true / false
3. The critical group for the uptake of radioiodine is                                  .
4. Generally licensed items are exempt from the requirements of Parts 19, 20, and 20.   true / false
5. Charcoal filter systems are an effective mechanism to reduce air emissions.  true / false 
6. To adsorb methyl iodide, the minimum acceptable residence time is                            seconds.
7. The effective stack height consists of the physical stack height and the                                                             .
8. The downwind concentration in a plume is directly proportional to the source strength.   true / false
9. You can decommission a facility by painting surfaces that have residual radioactive contamination.   true / false

10. Decommissioning plans must normally be submitted if a licensee requests to possess radioactive material which
has a half-life greater than                              days.

11. An impacted area where a radioactive material spill is known to have occurred is a Class               area.
12. A Type I error is popularly called a false                             .
13. The final status survey provides data to demonstrate that all radiological parameters satisfy the release criterion.

true / false
14. A class 1 area receives a               percent scanning survey.
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DCGLW
+ ( average concentration in elevated area − )

( area factor for elevated area ) (DCGLW) < 1



15. Using Table 14-14, if the false positive proportion is 0.6 and the true positive proportion is 0.95, then the value
of the index of sensitivity, d', would be                             .

16. If a laboratory is uniformly contaminated with 35S, the concentration which would give a dose of 1 mrem/yr to
the maximally exposed individual is                              dpm/100 cm2.

17. The Lower Bound of the Gray Region (LBGR) represents   more  /  less   radioactivity than the Derived
Concentration Guideline Level (DCGL).

18. Using Table 14-16, if the Relative Shift, Δ/σ = 2.5, the false positive rate, α = 0.025 and the false negative rate,
β = 0.05, then the number of samples required in the survey unit using the Sign Test would be                         .

19. Direct measurements are taken by placing a survey instrument at the appropriate distance above the surface and
taking a discrete measurement for a predetermined time.     true / false
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Table 14-17  Critical Values for the Sign Test Statistic S+
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