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33-10-04.1-01. Purpose.

1. This' chapter establishes standards' for protection against
ionizing radiation resulting from ' activities conducted
pursuant to licenses or registrations issued by the
department. '

2. The requirements of this chapter -are'designed to control the
receipt, possession, use, transfer, and disposal of sources of
radiation -by 'any licenseeor registrant so the total dose to
an individual,'including doses'resulting from all sources of
radiation other than background radiation, does not exceed the
standards for protection against radiation prescribed in this
'chapter.'r However,'nothing in this chapter shall-be construed
'as limiting actions' that'may'be necessary 'to -protect health
and safety in an' emergency. -

History:. Effective March 1, 1994; amended effective July 1, 1995.
General Authority:' NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03,'-23-20.1-04
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33-10-04.1-02. Scope. This chapter applies to persons licensed
or registered by the department to receive, possess, use, transfer, or
dispose of sources of radiation. The limits in this chapter do not
apply to doses due to background radiation, to any medical
administration or therapy the individual has received, to exposure from
individuals administered radioactive material and released in accordance
with subsection 12 of section 33-10-07-05, or to voluntary participation
in medical research programs.

History: Effective March 1, 1994; amended effective May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-10-04.1-03. Definitions. As used in this chapter:

1. 'Annual limit on intake' (ALI) means the derived limit for the
amount of radioactive material taken into the body of an adult
worker by inhalation or ingestion in a year. Annual limit on
intake is the smaller'value of intake of a given radionuclide
in a year by the reference man. that would result in a
committed effective dose equivalent of five-hundredths sievert
[5 rem] or a committed dose equivalent of five-tenths sievert
[50 rem] to any individual organ or tissue. Annual limit on
intake values for, intake by ingestion and by inhalation of
selected radionuclides are given in table I, columns 1 and 2,
of appendix B.

2. "Class' means a classification scheme for inhaled material
according to its rate'of clearance from the pulmonary region
of the lung. Materials are classified as D, W, or Y, which
applies to a range of clearance half-times: for class D,
days, of less than ten days, for class W, weeks, from ten to
one hundred days, and for class Y, years, of greater than one
hundred, days. 'Lung class' and 'inhalation class' are
equivalent terms.

3. 'Declared pregnant woman' means a woman who has voluntarily
informed her employer, in writing, of her' pregnancy and the
estimated date of conception.

-4. 'Derived air concentration' (DAC) means the concentration of a
given radionuclide in-air which, if breathed by the reference
man for a working year of two thousand hours under conditions
of light work, results in an intake of one annual limit on
intake. The condition of light work is an inhalation rate of
1.2 cubic meters-of air per hour for two-thousand hours in a
year. Derived air concentration values-are given in table I,
colum 3, of appendix B.

5. 'Derived air concentration-hour' (DAC-hour) means the product
of the concentration of radioactive material in air, expressed
as a fraction or multiple of the derived air concentration for
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each radionuclide,. and the -timey-of exposure to that
radionuclide, in hours. A licensee or registrant may take two
thousand derived -air concentration-hours- to represent one
annual limit on intake, equivaleht to a committed effective
dose equivalent of five-hundredths sievert [5 rem].

6. 'Dosimetry processor' means an individual-or an organization
that-processes and evaluateslindividual monitoring devices in
order to determine- the radiation dose delivered to the
monitoring devices.

7. 'Inhalation class' [see 'class']. -

8. 'Lung class' [see 'class"].

9. 'Nonstochastic effect' means a health effect, the severity of
which varies with the 'dose and for-which a threshold is
believed to'exist. Radiation-induced cataract formation is an
example of a nonstochastic effect. 'Deterministic effect' is
an equivalent term.

10. 'Planned special exposure' means an infrequent exposure to
radiation, separate from and in addition to the annual
occupational dose limits.

11. 'Quarter! means a period of time equal to one-fourth of the
year observed by the licensee, approximately thirteen
consecutive weeks, providing that the beginning of the first
quarter in a year coincides with the starting date of the year
and that no day is omitted or duplicated in consecutive
quarters.

12. 'Reference man' means a hypothetical aggregation of human
physical -and physiological characteristics determined by
international consensus. These characteristics may be used by
researchers and public health workers to standardize results
of experiments and to relate biologicalzinsult to a common
base. A description of the reference man is contained in the
international Commission on Radiological Protection report,
ICRP Publication 23, 'Report of the-Task Group on Reference
Man'.

13. 'Respiratory protection equipment' means an apparatus, such as
a respirator,-' used- to reduce an individual's intake of
airborne radioactive materials.<

14. 'Sanitary sewerage'< means 'a system of public sewers for
carrying off wastewater and refuse, but excluding sewage
treatment facilities, septic tanks,- and leach fields owned or
operated by the licensee or registrant. -

15. 'Stochastic effect' means a health effect that occurs randomly
and for which the probability of the effect occurring, rather
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than its severity, is assumed to be a linear function of dose
without threshold. Hereditary'effects and- cancer incidence
are examples of stochastic effects. 'Probabilistic effect" is
an equivalent term.

16. "Very high radiation area' means an area, accessible to
individuals, in which radiation levels- could result in an
individual receiving an absorbed dose in excess of five gray
[500 rad] in one hour, at one meter from a source of radiation
or from any surface that the radiation penetrates. (At very
high doses received at high dose rates, units of absorbed
dose, gray and rad, are appropriate, rather than units of dose
equivalent, sievert and rem.).

17. 'Weighting factor' WT for an organ or tissue (T) means the
proportion of the risk of stochastic effects resulting from
irradiation of that. organ or tissue to the total risk of
stochastic effects when the whole body is irradiated
uniformly. For calculating the effective dose equivalent, the
values of WT are:

ORGAN DOSE WEIGHTING FACTORS

Organ or
Tissue WT

Gonads -0.25

Breast . 0.15
Red bone marrow 0.12
Lung ' I .12
Thyroid 0.03
Bone surfaces 0.03
Remainder, 0.30a

Whole-body 1.0Gb
I .

a 0.30 results from .0.6 for each of five
organs, excluding the skin and the lens of the
receive the highest doses.

'remainder
eye, that

b For the purpose of weighting the external whole body
dose, for adding -it to the internal dose, a single
weighting factor, wT = 1.0,- has been-specified. The use
of other weighting factors for external exposure will be
approved on a case-by-case basis until such time as
specific guidance is issued.

History: Effective March-1, 1994; amended effective May 1, 1998.
General Authority: NDCC 23-20.1-04, 28-32-02
Law Implemented: NDCC 23-20.1-03
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33-10-84.1-64. Implementation. This chapter
on March 1, 1994, and all licensees and registrants
date except for the following:-,

shall go into effect
must comply by that

1. Any existing license -or registration condition that is in
place prior to implementation'of this chapter and is more
-restrictive than this chapter remains in force until there is
an amendment-or renewal of the license or registration.

2. If a license or registration condition'exempts a'licensee or
registrant from a provision of this chapter in effect on or
before March 1, 1994, it also exempts the licensee or
registrant from the corresponding provision of this chapter.

3. If a license or registration condition cites provisions of
this chapter in effect prior to March 1, 1994, -which do not
correspond to -any provisions of this chapter,'the license or
registration condition remains in force until there is an
amendment or renewal of the license or registration that
modifies or removes this condition.

History: Effective March 1, 1994.'
General-Authority:, NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-18-04.1-05. Radiation protection programs.

- 1. -Each licensee or registrant shall develop, document, and
implement a radiation protection program sufficient to ensure
compliance with the provisions of this chapter. See
subsection 2 of section 33-10-04.1-15, for recordkeeping
requirements relating-to these programs.

2. To the extent 'practicable, the
use procedures and engineering
radiation protectionwprinciples
and public doses that-are as low

* (ALARA).

* licensee or registrant shall
'controls based upon sound
to achieve occupational doses
as is reasonably achievable

3. At intervals not to -exceed twelve months, the licensee or
registrant shall, review the' radiation protection program
content and implementation. --

4. To implement the' as low as is reasonably achievable (ALARA)
requirements of ' subsection 2,' and notwithstanding the
requirements of subsection 1 of 'section 33-10-04.1-07, a
constraint on air emissions of radioactive material to the

' environment, ,excluding' radon-222 and its daughters, shall be
established by licensees, such that'the individual member of
the public likely to -receive the highest 'dose will not be
expected to receive- a total effective dose equivalent in
excess- of one-tenth millisieverts [10 mrem] per year from
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these emissions. If a licensee subject to this requirement
exceeds this 'dose constraint, the licensee shall report the
exceedance as provided in ' subsection 3 'of section
33-10-04.1-16 and promptly take appropriate corrective action
to ensure-against recurrence.

History: Effective March 1, 1994; amended effective May 1, 1998.
General' Authority: NDCC 23-20'.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-16-04.1-86.- Occupational dose limits.

1. Occupational-dose limits for adults.

a. The licensee or registrant shall control the occupational
dose to individual adults, except for planned special
exposures pursuant to'subsection 6, to the following dose
limits:

(1) An annual limit, which is the more limiting of:

(a) The total effective dose equivalent being equal
to five-hundredths sievert [5 rem]; or

(b) The sum of the deep dose equivalent and the
committed dose equivalent 'to any individual
organ or tissue other than the lens of the eye
being equal to five-tenths sievert [50 rem].

(2) The annual limits to the lens of the eye, to the
skin, and to the extremities which are:

(a) An eye dose equivalent of fifteen-hundredths
sievert [15 rem]; and

(b) A shallow'dose equivalent of five-tenths sievert
[56 rem] to the skin or to any extremity.

b. Doses received in excess of the annual limits, including
doses received during'accidents, emergencies, and planned
special exposures, shall be subtracted from the limits for
planned special exposures'that the individual may receive
during, the current year and during the individual's
lifetime.: See paragraphs 1 and 2 of subdivision e of
subsection 6.

c. The , assigned deep dose equivalent 'and shallow dose
equival'ent shall be for the portion of the body receiving
the highest exposure determined as follows:

(1) The 'deep dose equivalent, eye dose 'equivalent, and
shallow dose equivalent may be assessed from surveys
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or other radiation measurements for the purpose of
demonstrating compliance with the occupational dose
limits, if the individual monitoring device was not
in the region of highest potential exposure, or the
results of individual monitoring are unavailable.

(2) Reserved.

d. Derived air' concentration and annual limit on intake
values-are presented in table I of.appendix B and may be
used to determine the individual's dose and to demonstrate
compliance with the occupational- dose limits. See
subsection 7 of section 33-10-04.1-15.-

e. Notwithstanding the annual dose limits, the licensee shall
limit the soluble uranium intake by an individual to ten
milligrams in a week in consideration of chemical
toxicity.- See footnote 3 of appendix B.

f. The licensee or registrant shall reduce the dose that an
individual may be allowed to receive in the current year
by the amount of occupational dose received while employed
by any other person.- See subdivision eof subsection 5.

2. Compliance with requirements for summation of external and
internal doses.

a. If the licensee or registrant is required to monitor
pursuant to both subdivision a and subdivision b of
subsection 2 of section 33-10-04.1-09, - the licensee or
registrant shall' demonstrate compliance with the dose
limits by summing external and internal doses. If the
licensee or registrant is required to monitor only
pursuant to subdivision a of subsection 2 of section
33-10-04.1-09 or only pursuant to subdivision b of
subsection 2 of section 33-10-04.1-09, then summation is
not required to demonstrate compliance with the dose
limits. ' The licensee or registrant may demonstrate
compliance with the requirements for summation of external
and internal doses pursuant - to subdivision b,
.subdivision c, and subdivision d. The dose equivalents
for the lens of the eye, the skin, and the extremities are
not included in the summation, but are subject to separate
limits. -

b. Intake by inhalation. If the only intake of radionuclides
is byrinhalation, the total effective dose equivalent
limit is not exceeded ''if the -sum of the deep dose

- equivalent divided by the total effective dose equivalent
limit, and one of the following, does not exceed unity:

(1) The sum of the fractions of the' inhalation annual
limit on intake for each radionuclide, or
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(2) The total number'of derived air concentration-hours
(DAC-hours) for 'all radionuclides divided by two
thousand, or

(3) The sum of the calculated committed effective dose
equivalents to all significantly irradiated organs or
tissues (T) calculated from bioassay data using
appropriate biological models and expressed as a
fraction- of the annual limit. For purposes of this
requirement, an organ or tissue is deemed to be
significantly irradiated if, for that organ or
tissue, the product of the weighting factors, WT, and
the committed dose'equivalent, HT, 50, per unit intake
is greater than ten percent of the maximum weighted
value of HT,50, that is, WTHT,50, per 'unit intake for
any organ or tissue.

c. Intake by oral ingestion. If the occupationally exposed
individual receives an intake of radionuclides by oral
ingestion greater than ten percent of the applicable oral
annual limit on intake, the licensee or registrant shall
account for this' intake and include it in demonstrating
compliance with the limits.

d. Intake through wounds or absorption through skin. The
licensee or registrant shall evaluate and, to the extent
practical, account for intakes through wounds or skin
absorption. The intake through intact skin has been
included, in the calculation of derived air concentration
for hydrogen-3 and does not need to be evaluated or
accounted for pursuant to this subdivision.

3. Determination of external dose from airborne radioactive
material.

a. Licensees or registrants shall, when determining the dose
from airborne radioactive material, include the
contribution' to the deep dose equivalent, eye dose
equivalent, and shallow dose equivalent from external
exposure to the radioactive cloud. See appendix B,
footnotes 1 and 2.

b. Airborne radioactivity measurements and derived air
concentration values shall not be used as the primary
means to assess the deep dose equivalent when the airborne
radioactive material includes radionuclides other than
noble gases 'or if the cloud of airborne radioactive
material is not relatively uniform. The determination of
the deep dose equivalent to an individual shall be based
upon measurements using instruments or individual
monitoring devices.

4. Determination of internal exposure.
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a. For purposes -of assessing -dose used to determine
compliance with occupational dose equivalent limits, the
licensee or registrant shall,-when required pursuant to
subsection 2 of section 33-10-04.1-09, take suitable and
timely measurements of:

(1) Concentrations of radioactive materials in air in
work areas;

(2) Quantities of radionuclides in the body;

(3) Quantities of- radionuclides excreted from the body;
or

(4) Combinations of these measurements.

b. Unless respiratory protection -equipment is used, as
provided in subsection 3 of section 33-10-04.1-11, or the
assessment of intake is based on bioassays, the licensee
or registrant shall assume that -an individual inhales
radioactive material at the airborne concentration in
which the individual is present.

c. When specific information on the physical and biochemical
,'properties of the radionuclides taken into the body or the

behavior of the material in an individual is known, the
licensee or registrant may:

(1) Use that -information to calculate the committed
effective dose equivalent, and, if used, the licensee
or registrant shall document that information in the
individual's record;

(2) Upon prior approval of--the department, adjust the
derived air concentration or annual limit on intake
values to reflect the actual physical and chemical
characteristics of airborne radioactive material, for
example, aerosol'size distribution or density; and

(3) Separately assess -the -contribution of fractional
intakes of class D, W, or Y compounds of a given

- radionuclide to- the A- committed , effective dose
- equivalent. See appendix B.

d. If the licensee or-registrant chooses to assess intakes of
class Y material using the --measurements given in
paragraph 2 or 3 of subdivision a, the licensee or
registrant may delay the recording and reporting of the
assessments -for periods up to seven months, unless
otherwise -required by subsection 2 or 3 of section
33-10-04.1-16. - This delay permits the licensee or
registrant to make additional measurements basic to the
assessments.
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e. If the identity and concentration of each radionuclide in
a mixture are known, the fraction of the derived air
concentration applicable to the mixture for use in
calculating derived air concentration-hours shall be
either:

(1) The sum of the ratios of the concentration to the
appropriate derived air concentration value, that is,
D, W, or Y, from appendix B for each radionuclide in
the mixture; or

(2) The ratio of the total concentration for all
radionuclides in the mixture to the most restrictive
derived air concentration value for any radionuclide
in the mixture.

f. If the identity of each radionuclide in a-mixture is
known, but the- concentration of one or more of the
radionuclides in the mixture is not known, the derived air
concentration for the mixture shall be the most
restrictive derived air concentration of any radionuclide
in the mixture.

g. When a mixture of radionuclides in air exists, a licensee
or registrant may disregard certain radionuclides in the
mixture if:

(1) The licensee or registrant uses the total activity of
the mixture in demonstrating compliance with the dose
limits in -subsection 1 and in complying with the
monitoring requirements in subdivision b of
subsection 2 of section 33-10-04.1-09, and

(2) The concentration of any radionuclide disregarded is
less than ten percent of its derived air
concentration, and

(3) The sum of these percentages for all of the
radionuclides disregarded in the mixture does not
exceed thirty percent.

h. When determining the committed effective dose equivalent,
the following information may be considered:

(1) In order to calculate the committed effective dose
equivalent,-the licensee or registrant may assume
that the inhalation of one annual limit on intake, or
an exposure, of two thousand derived air
concentration-hours, results in a committed effective
dose equivalent of five-hundredths sievert (5 rem]
for radionuclides that have their annual limit on
intakes or derived air concentrations based on the
committed effective dose equivalent.

4-10



(2) For an annual limit on intake and the associated
derived air -concentration determined by the
nonstochastic organ dose limit of five-tenths sievert
[50 rem], the intake- of radionuclides that would
result -in -a committed effective dose equivalent of
five-hundredths sievert' [5 rem], that is, the
stochastic 'annual 'limit on intake, is listed in
parentheses in table I of appendix B. As a
simplifying assumption, the licensee or registrant
may use the stochastic annual limit on intake to
determine committed effective dose equivalent.
However, if. the licensee or -registrant uses the
stochastic- annual limit on intake, the licensee or

.registrant shall also demonstrate that the limit in
subparagraph 2 of paragraph 1 of subdivision a of
subsection 1 is met.

5. Determination of prior occupational dose.

a. For each individual who is likely to receive, in a year,
an occupational, dose requiring monitoring pursuant to
subsection 2 of section 33-18-04.1-09, the licensee or
registrant shall:

(1) Determine -the occupational radiation dose received
'during the current year; and

(2) Attempt to *.obtain 'the records of cumulative
occupational radiation dose.

b. Prior to permitting an individual to participate in a
planned special exposure, the licensee or registrant shall
determine:

.(1) The internal and external doses from all previous
planned special'exposures;

(2) All" doses in excess of the limits, including doses
received during accidents and emergencies, received
during the lifetime of the individual; and

(3) All lifetime cumulative occupational radiation dose.

c. In complying with the requirements of subdivision a, a
licensee or registrant may:

(1) -Accept, as a record of the occupational dose that the
individual received during the current year, a
written signed statement from the individual, or from

* the individual's 'most recent employer for work
involving radiation exposure, that discloses the
nature and the amount of any occupational dose that
the individual received during the current year;
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(2) Accept, as the record of cumulative radiation dose,
an up-to-date department's occupational radiation
exposure 'history form (SFN 19443) or equivalent,
signed by the individual and countersigned by an
appropriate official of the most recent employer for
work involving radiation exposure, or the
individual's current employer, if the individual is
not employed by the licensee or registrant; and

(3) Obtain reports of the individual's dose equivalent
from the most recent employer for work involving
radiation exposure, or the individual's current
employer, if the individual is not. employed by the
licensee-' or registrant, by telephone, telegram,
facsimile, or letter. The licensee or registrant
shall request a written verification of the dose data
if the authenticity of the transmitted report cannot
be established.

d. (1) The' licensee or registrant shall record the exposure
history,- as required by subdivision a, on the
department's' occupational radiation exposure history
form (SFN 19443), or other clear and legible record,
of all the information required on that form. The
form or-record shall show each period in which the
individual received occupational exposure to
radiation or radioactive material and shall be signed
by the individual who received the exposure. For
each period for which the licensee or registrant
obtains reports, the licensee or registrant shall use
the dose shown in the report- in preparing the
department's occupational radiation'exposure history
form (SFN 19443) or equivalent: For -any period in
which the licensee or registrant does not obtain a
report, the licensee or registrant shall place a
notation on the department's occupational radiation
exposure history form (SFN 19443) or equivalent
indicating the periods of time for which data are not
available.

(2) Licensees or registrants are not, required to
reevaluate the'separate external dose'equivalents and
internal comnitted dose equivalents or intakes of
radionuclides assessed pursuant to the rules in
chapter 33-10-04 in effect before January 1, 1994.
Further, occupational exposure histories obtained and
recorded on the department's occupational radiation
exposure 'history form (SFN 19443) or equivalent
before January 1, 1994, would not have included
effective dose equivalent, but may be used in the
absence of specific information on the intake of
radionuclides by the individual.
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e. If -the licensee or registrant is unable to obtain a
complete record of an individual's-current and previously
accumulated occupational-dose, the licensee or registrant
,shall assume:

(1) In establishing administrative controls pursuant to
subdivision f of subsection 1,forathe current year,
that the. allowable dose limit for the individual is
reduced by twelve and five-tenths millisieverts *[1.25
rem] for each quarter for which records were
unavailable and the- individual :was engaged in

-activities-that could have resulted in occupational
radiation exposure;-and, -

(2) That the individual
special exposures.

is not- available for planned

f. The licensee or registrant shall retain the records on the
department's occupational radiation exposure history form
(SFN -19443)-or equivalent-until the department terminates
each pertinent license or -registration requiring this
record. The licensee or registrant shall retain records
used in preparing the department's occupational radiation
-exposure history form (SFN 19443) or equivalent for three
years after the record is made.

6. Planned special exposures. A licensee or registrant may
authorize an adult worker to receive doses in addition to and
accounted for -separately from the doses received under the
limits specified in subsection-1 provided -that each of .the'

--following conditions is satisfied: - .

-a. The licensee -or registrant authorizes a planned special
exposure only -in -an exceptional situation when
alternatives -that might avoid -the higher exposure are
unavailable or impractical. --

b. The licensee or registrant, and employer if the employer
- is not the licensee or registrant, specifically authorizes
the- planned- special -exposure,- in writing, before the
exposure occurs. * --

c. Before a
registrant

planned special exposure,
ensures that each-individual

the licensee or
involved is:

(1) Informed-of--the purpose of the planned operation;

I I. (2)

1.

Informed of- the -estimated. doses -and
,potential risks -and--specific -radiation
other conditions.that might be involved in
the task; and

associated
levels or
performing
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(3) Instructed -in the measures to be taken to keep the
dose as low as reasonably achievable considering
other risks that may be present.

d. Prior to permitting an individual to participate in a
planned -special. exposure, the 'licensee, or registrant
ascertains prior doses as required by subdivision b of
subsection 5 during the lifetime of the individual for
each individual involved.

e. Subject to subdivision b of subsection 1, the licensee or
registrant shall not authorize a planned special exposure
that would cause-an individual to receive a dose from all
planned special exposures and all doses in excess of the
limits to exceed:

(1) The numerical values of any of the dose limits in
subdivision a of-subsection 1 in any year; and

(2) Five-times the annual dose limits in subdivision a of
subsection 1 during the individual's lifetime.

f. The licensee or registrant maintains' records of the
conduct of a planned special-exposure in accordance with
subsection 6- of section 33-10-04.1-15- anid submits a
written report in accordance with subsection 4 of section
33-10-04.1-16.

g. The licensee or registrant records the best estimate of
the'dose resulting from the planned special exposure in
the individual's record and informs the individual, in
writing, of the dose within thirty days from the date of
the' plannedd special exposure. The dose from planned
special'exposures shall not be considered in controlling
future occupational' dose of the individual pursuant to
subdivision a of subsection 1 but shall be included in
evaluations required by subdivisions d and e.

7. Occupational dose limits for minors. The annual occupational
dose limits for minors are ten percent of the annual
occupational dose limits specified for adult workers in
subsection 1.

8. Dose to an embryo or fetus.

a. The licensee or registrant shall ensure that the dose to
an embryo, or fetus during the entire pregnancy, due to
occupational exposure of-a declared'pregnant woman, does
not exceed five millisievert [0.5 rem]. See subsection 7
of section 33-10-04.1-15ifor recordkeeping requirements.

b. The licensee or registrant shall make efforts to avoid
substantial variation above a uniform monthly exposure
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rate to a declared pregnant woman-so as to satisfy the
limit in subdivision a (the national council on radiation
protection and -measurements recommended in NCRP report
No. 91 fRecommendations on Limits for Exposure to Ionizing
Radiation' (June 1, :1987) that no more than five-tenths
millisievert [0.05 rem] to the embryo or fetus be received
in any one month).-

-c. The dose--to an'embryo or fetus shall be taken as the sum
of:

(1) The *deep dose, equivalent- to'the declared pregnant
woman; and

(2) -The dose to-the-embryo or-fetus from.radionuclides in
- the embryo-or.fetus and.,radionuclides in the declared

pregnant woman.

d. If by the time the woman declares' pregnancy to the
licensee or registrant 'the dose to the embryo or fetus
has exceeded fouraand five-tenths millisievert [0.45 rem],
the.licensee or registrant- shall -be deemed to be in
compliance with subdivision a of subsection 8 of section
33-10-04.1-06 if the additional dose to the embryo or
fetus does not exceed five-tenths millisievert [0.05 rem]
during the remainder of the pregnancy.

History: Effective March 1, 1994; amended effective July 1, 1995;
May 1, 1998. -
General Authority:- NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-18-04.1-07. Radiation-Adose limits for individual members of
the public.

1. Dose limits for individual members of the public.

a. Each licensee- or registrant shall conduct operations so
that: -- ,

(1) The total effective dose equivalent to individual
membersgof the public-from the licensed or registered
operation , does not exceed one millisievert [0.1 rem]
in-a-year, exclusive of~ther dose contribution from
background radiation, from-any medical administration
the individual has received, from exposure to
-individuals administered radioactive material and
released in accordance with subsection 12 of section
33-10-07-05, voluntary participation in medical
research programs,-and the licensee's or registrant's
disposal, of radioactive material into sanitary
sewerage in accordance with subsection 3 of section
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33-10-04.1-14. Retrofit shall not be required for
locations' within facilities where only radiation
machines existed prior to January 1, 1994, and met
the previous requirements of five millisievert [0.5
rem] in a year; and

(2) The dose in any unrestricted area from external
sources exclusive of the dose contributions from
patients administered radioactive material and
released in accordance with subsection 12 of section
33-10-07-05 does not exceed two-hundredths
millisievert (0.002 rem] in any one hour.

b. If the licensee or registrant permits members of the
public to have access to restricted areas, the limits for
members of the public continue to apply to those
individuals.

c. A licensee, registrant; or an applicant for a license or
registration may apply for prior department authorization
to- operate -up Lto an annual dose limit for an individual
member of the public of five millisievert [0.5 rem]. This
application shall include the following information:

(1) Demonstration of the need for and the expected
duration of operations in excess of the limit in
subdivision a;

(2) The licensee's or registrant's program to assess and
control dose within the five millisievert (0.5 rem]
annual limit; and

(3) The procedures to be followed to maintain the dose as
low as reasonably achievable.

d. In addition to the requirements of this chapter, a
licensee or registrant subject to the provisions of the
United States environmental protection agency's generally
applicable environmental radiation standards in 40 CFR 190
shall comply with those standards.

e. The department may impose
radiation levels in unrestrii
quantity of radionuclides
may release in effluents
collective dose.-

additional restrictions on
cted areas and on the total
that a licensee or registrant
in order to restrict the

2. Compliance with dose limits for individual members of the
public.

a. The licensee or registrant shall make or cause to be made
surveys of radiation levels in unrestricted areas and
radioactive materials in effluents released to
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--unrestricted areas to demonstrate compliance with the dose
limits -for individual members of the public in
subsection 1.

b. A- licensee or' registrant shall show compliance with the
- - annual dose limit in subsection 1 by:

(1) Demonstrating by measurement or calculation that the
- total effective dose equivalent to the individual

-likely to receive the highest'dose from the licensed
-- or registered operation does not exceed the annual

dose limit; or

(2) Demonstrating that: -

(a) The annual average concentrations of radioactive
- - -. material released in gaseous and liquid

-- effluents at the boundary of the unrestricted
area do not exceed' the' values specified in
table II of appendix B;'and

(b) If an individual were continuously present in an
unrestricted area, the dose from external

- sources would not exceed - two-hundredths
millisievert (0.902 rem] -in an hour and
five-tenths millisievert (0.65 rem] in a year.

c.' Upon approval from the department, the licensee or
registrant may adjust the effluent concentration values in
appendix B, table II, for members of the public, to take
into account the actual physical and chemical
characteristics -of the effluents, such as, aerosol size

- -distribution, solubility, density, radioactive decay
equilibrium,- and chemical form. -

History:, Effective March 1, 1994; amended effective'May 1, 1998.
General Authority: NDCC 28-32-02 '
Law Implemented:- NDCC 23-20.1-03,--23-20.1-04

33-10-04.1-08. Testing for- leakage or-contamination of sealed
sources. ;- '

1. Testing-for-leakage or-contamination of sealed sources.

a. 'The -licensee' or registrant -in possession of any sealed
-source shall assure that:

-(1). Each sealed source, except as specified in
-subdivisionb of subsection1,-is tested for leakage
or contamination and the test results are received
before the sealed source is put into use unless the
licensee or registrant has a certificate from the
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transferor indicating that the sealed source was
tested within six months before transfer to the
licensee or registrant.

(2) Each sealed source that is not designed to emit alpha
particles is tested for leakage or contamination at
intervals not to exceed six months or at alternative
intervals approved by the department, after
evaluation ~of information specified by paragraphs 4
and 5 of subdivision k of subsection 5 of section
33-10-03-05, an agreement state, a licensing state,
or the United States nuclear regulatory commission.

(3) Each sealed source that is designed to emit alpha
particles is tested for leakage or contamination at
intervals not to exceed three months or at
alternative intervals approved by the department,
after , evaluation of - information specified by
paragraphs 4 and 5 of subdivision k of subsection 5
of section 33-10-03-05, an agreement state, a
licensing state, or the United States nuclear
regulatory commission.

(4) For each sealed source that is required to be tested
for leakage or contamination, at any other time there
is reason to suspect. that the sealed source might
have been damaged or might be leaking, the licensee
or registrant shall assure that the sealed source is
tested for leakage or contamination before further
use.

(5) Tests for leakage for all sealed sources, except
brachytherapysources manufactured to contain radium,
shall be capable of detecting the presence of one
hundred eighty-five becquerels [0.005 jpCi] of
radioactive material on a test sample. Test samples
shall be taken from the sealed source or from the
surfaces of the container in which the sealed source
is stored or mounted on which one might expect
contamination to accumulate. For a sealed source
contained inra device, test samples are-obtained when
the source is in the loffm position.

(6) The test for leakage for brachytherapy sources
manufactured to contain radium shall be capable of
detecting an absolute leakage rate of thirty-seven
becquerels (9.001 iCi] 'of radon-222 in a
twenty-four-hour period when the collection
efficiency for radon-222 and its daughters has been
determined with respect to collection method, volume,
and time.
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(7) Tests for contamination from radium daughters shall
be taken on the interior surface. of brachytherapy
source storage containers -and shall be capable of
detecting the presence of one hundred eighty-five

-becquerels [0.005 jCi) of a-radium daughter which has
a half-life greater than four days.

b. A licensee or registrant need not perform test for leakage
or contamination on the following sealed sources:

(1) Sealed -sources 'containing only radioactive material
with a half-life of less than thirty days;

(2) Sealed sources containing only radioactive material
as a gas;

(3) Sealed sources containing three and seven-tenths
megabecquerels [100 yCi] or less of beta or
photon-emitting material or three- hundred seventy
kilobecquerels [10 iCi] or less of alpha-emitting
material;

(4) Sealed sources containing only hydrogen-3;

(5) Seeds of iridium-192 encased in nylon ribbon; and

(6) Sealed sources, except teletherapy and brachytherapy
sources, which -are stored, not being used and
identified as in storage. The licensee or registrant
shall, however, test each such sealed source for
leakage or contamination-and-receive the test results
before any-use or transfer unless it has been tested
for leakage or contamination within six months before
the date of use or transfer.

c. Tests for leakage or, contamination from sealed sources
shall be performed by persons specifically authorized by
the department, an agreement state,-,a licensing state, or
the United States nuclear regulatory commission to perform
such services.

d. Test results shall be kept in units of becquerel or
microcurie and maintained for inspection by the
department. -Records of. test results for sealed sources
shall -be made pursuant to subsection 4 of section
33-10-04.1-15.

e. The following-shall be considered-evidence that a sealed
source is leaking:

(1) The presence of one hundred eighty-five becquerels
- (6.605 MCi) or more of removable contamination on any

test sample.
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(2) Leakage of thirty-seven becquerels (0.001 pCil of
radon-222-per twenty-hour hours for brachytherapy
sources manufactured to contain radium.

(3) The presence
from the decay
[0.005 pCi) or

of removable contamination resulting
of one hundred eighty-five becquerels
more of radium.

f. The licensee, or registrant shall immediately withdraw a
leaking sealed source from use and shall take action to
prevent the spread of contamination. The leakage sealed
source shall-be repaired or disposed of in accordance with
this section.

g. Reports of test results for leaking or contaminated sealed
sources shall be made pursuant to subsection 8 of section
33-10-04.1-16.

History: Effective March 1, 1994; amended effective July 1, 1995.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-10-04.1-09.

1. General.

Survey and monitoring.

a. Each
made,

licensee or
surveys that:

registrant shall make, or cause to be

(1) Are, necessary for the
comply with this chapter;

licensee or
and

registrant to

(2) Are necessary under the circumstances to evaluate:

(a) Radiation levels;

(b) Concentrations or quantities of radioactive
material; and

(c) The potential radiological hazards that could be
present.

b. The licensee or registrant shall ensure that instruments
and equipment used for quantitative radiation
measurements, for example, dose rate and effluent
monitoring, are calibrated at intervals not to exceed
twelve months for the radiation measured except when a
more frequent interval is specified in another applicable
section of these rules or a license condition.

c. All personnel dosimeters, except for direct and indirect
reading pocket ionization chambers and those dosimeters
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used to measure the dose to any extremity, that require
processing to determine the radiation dose and that are
used by licensees and registrants to comply with
subsection 1 of section 33-10-04.1-06, with other
provisions of this article, or with conditions specified
in a license or registration -shall be processed and
evaluated by a dosimetry processor:

(1) Holding current personnel dosimetry accreditation
from the national voluntary laboratory accreditation
program (NVLAP) of- the national institute of
standards and technology; and

(2) Approved in this accreditation process for the type
of radiation or radiations-included in the national
voluntary laboratory accreditation program that most
closely approximates the type of radiation or
radiations for which the -individual wearing the
dosimeter is monitored.

d. The licensee or registrant shall ensure that adequate
precautions are taken to prevent a deceptive exposure of
an individual monitoring device.-

2. Conditions requiring individual monitoring -of external and
internal occupational dose. Each licensee or registrant shall
monitor exposures from sources of_ radiation at levels
sufficient to demonstrate compliance with the occupational
dose limits-of this chapter. At a minimum:

a. Each licensee or registrant shall monitor occupational
exposure to radiation and shall-supply and require the use
of individual monitoring devices by: -

(1) Adults likely to %receive, in one year from sources
external to the body, a dose in excess of ten percent
of the limits in subdivision a of subsection 1 of
section 33-10-04.1-06;

(2) Minors and declared pregnant women likely to receive,
-in one year from sources-external to the body, a dose
in excess of- ten percent of any of the applicable
limits in subsections 7 or 8 of section
33-10-04.1-06; and -

(3) Individuals entering a- high or very-high radiation
area.

(4) Reserved.

b. Each licensee or registrant shall monitor, to determine
compliance with subsection 4 of section 33-10-04.1-06, the
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occupational intake of radioactive material by and assess
the committed effective dose equivalent to:

(1) Adults likely to receive, in one year, an intake in
excess of ten percent of the applicable annual limit
on intake in table I, columns 1 and 2, of appendix B;
and

(2) Minors and declared pregnant women likely to receive,
in one year, a committed effective dose equivalent in
excess of five-tenths millisievert [0.05 rem].

History: Effective March 1, 1994; amended effective July 1, 1995.
General Authority: NOCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-18-84.1-16. Control of exposure from external sources in
restricted areas.

1. Control of access to high radiation areas.

a. The licensee or registrant shall ensure that each entrance
or access point to a high radiation area has one or more
of the following features:

(1) A control device that, upon entry into the area,
causes the level of radiation to be- reduced below
that level at which an individual might receive a
deep dose equivalent of one millisievert [0.1 rem] in
one hour at thirty centimeters from the source of
radiation or-from any surface that the radiation
penetrates;

(2) A control device that energizes a conspicuous visible
or audible- alarm signal so that the individual
entering the high radiation area and the supervisor
of the activity are made aware of the entry; or

(3) Entryways that are locked, except during periods when
access to the areas is required, with positive
control over each individual entry.

b. In place of the controls required by subdivision a of
subsection 1 for a high radiation area, the licensee or
registrant may substitute continuous direct or electronic
surveillance that is capable of preventing unauthorized
entry.

c. The licensee or registrant may apply to the department for
approval of alternative methods for controlling access to
high radiation areas.
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d. The licensee or registrant shall establish the controls
required by subdivisions a and c of-subsection 1 in a way
that does not prevent individuals -from leaving a high
radiation area..

e. The licensee or registrant is not-required to control each
entrance or access point to a room or other area that is a
high- radiation area solely because of the presence of
radioactive materials prepared for'transport and packaged
and labeled in accordance with the rules of the United
States department of-transportation provided that:

(1) The- packages' do not remain in the area longer than
- three days; and

(2) The dose rate at one meter from the external surface
of any package-does not exceed-one-tenth millisievert
[0.01 rem] per hour.

f. The licensee or -registrant is not required to control
entrance or access to rooms or-other areas in hospitals
solely because of the presence of patients containing
radioactive material, provided that there'are personnel in
attendance who are taking the necessary precautions to

--prevent the exposure of individuals to radiation or
radioactive material in excess of the established limits
in this chapter and to operate-within the as low as is
reasonably achievable provisions- of the licensee's or
registrant's radiation protection program.

g. The registrant is- not required to control entrance or
access to rooms or other areas containing sources of
radiation capable of -producing a high radiation area as
described in subsection 1 if the registrant has met all
the specific requirements for access and control specified
in other applicable parts of this article, such as,
chapter 33-10-05 for industrial radiography, chapter
33-10-06 for-x-rays- in the healing arts, and chapter
33-10-09 for particle accelerators.

2. -Control of access to-very high radiation areas.

a. In addition to- the requirements in subsection 1, the
licensee or registrant shall institute measures to ensure
that an individual is -not able to gain unauthorized or
inadvertent-access to-'areas' in which radiation levels
could be encountered at five gray [500 rad] or more in one
hour at one meter- from a -source of radiation or any
surface through which -the radiation penetrates. This
requirement does not apply to rooms or areas in which
diagnostic-x-ray-systems are the only source of radiation,
or to nonself-shielded irradiators. -
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b. The registrant is not required to control entrance or
access to rooms or other areas containing sources of
radiation capable of producing a very high radiation area
as described in subdivision a if the registrant has met
all the specific requirements for access and control
specified in other applicable parts of this article, such
as, chapter 33-10-05 for industrial radiography, chapter
33-10-06 for x-rays in the healing arts, and chapter
33-10-09 for particle accelerators.

3. Control of access to very high radiation areas - irradiators.

a. This subsection applies to licensees or registrants with
sources of radiation in nonself-shielded irradiators.
This subsection does not apply to sources of radiation
that are used in teletherapy, in industrial radiography,
or in completely self-shielded irradiators in which the
source of radiation is both stored and' operated within the
same shielding radiation barrier and, in the designed
configuration of the irradiator, is always physically
inaccessible to any individual and cannot create high
levels of radiation in an area that is accessible to any
individual.

b. Each area in which there may exist radiation levels in
excess of five gray [500 rad] in one hour at one meter
from a source of radiation that is used to irradiate
materials shall meet the following requirements:

(1) Each entrance or access point shall be equipped with
entry control devices which:

(a) Function automatically to prevent any individual
from inadvertently entering a very high
radiation area;

(b) Permit deliberate entry into the area only after
a control device is actuated that causes the
radiation level within the area, from the source
of radiation, to be reduced below that at which
it would be possible for an individual to
receive a deep dose equivalent in excess of one
millisievert [0.1 rem] in one hour; and

(c) Prevent operation of the source of radiation if
it would produce radiation levels in the area
that could result in a deep dose equivalent to
an individual in excess of one millisievert [0.1
rem] in one hour.

(2) Additional control devices shall be provided so that,
upon failure of the entry control devices to function
as required by paragraph 1:
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(a) <The.-radiation- level within the area, from the
source of radiation, is reduced below that at
which it would be possible for an individual to
receive a deep dose equivalent in excess of one
millisievert [0.1'rem] in one hour; and

(b) Conspicuous visible and --audible alarm signals
are generated to make an individual attempting
to enter the area aware of the hazard and at
least one other authorized individual, who Is
physically present, familiar with the activity,
and prepared to render or summon assistance,
aware of the -failure -of- the entry control
devices.

(3) The licensee or registrant shall provide control
devices so that, upon failure or removal of physical
radiation barriers other than the sealed source's

''shielded storage container:

(a) The radiation level from the source of radiation
is-reduced-below that at which it would be
possible for an individual to receive a deep
dose equivalent in 'excess of one millisievert
[0.1 rem] in'one hour; and

(b) Conspicuous visible and audible alarm signals
are generated to make potentially affected
individuals aware of the hazard and the licensee
or-registrant or at least one other individual;'

- who -is familiar with the activity, and prepared
to render or summon assistance, aware of the
failure or removal of the physical barrier.

(4) When -the- shield for stored sealed sources is a
liquid, the licensee or registrant shall provide
means- -to- monitor the integrity of the shield and to
signal, automatically, loss of adequate shielding.

(5) Physical radiation -barriers that comprise permanent
structural components, -such as-walls, that have no
credible probability of failure or removal in
ordinary circumstances need not meet the requirements
of paragraphs 3 and 4.-

(6) -Each- area shall be equipped with devices that will
automatically generate , conspicuous visible and
audible 'alarm signals-to alert personnel in the area
before the source of radiation can be put into

- operation and in'time for'any individual in the area
to operate a-clearly identified control device, which
must be installed in the area and which can prevent
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the source of radiation from being put into
operation.

(7) Each area shall be controlled by use of such
administrative procedures and such devices as are
necessary to ensure that the area is cleared of
personnel prior to each use of the source of
radiation.

(8) Each area shall be checked by a radiation measurement
to ensure that, prior to the first individual's entry
into the area after any use of the source of
radiation, the radiation level from the source of
radiation in the area is below that at which it would
be possible for an individual to receive a deep dose
equivalent in excess of one millisievert (0.1 rem] in
one hour.

(9) The entry control devices required in paragraph 1
shall be tested for proper functioning. See
subsection 10 of section 33-10-04.1-15 for
recordkeeping requirements.

(a) -Testing shall be conducted prior to initial
operation with the source of radiation on any
day, unless operations were continued
uninterrupted from the previous day;

(b) Testing- shall be conducted prior to resumption
of operation of the source of radiation after
any unintentional interruption; and

(c) The licensee or registrant shall submit and
adhere to a schedule for periodic tests of the
entry control and warning systems.

(10) The licensee or registrant shall not conduct
operations, other than those necessary to place the
source of radiation in safe condition or to effect
repairs on- controls, unless control devices are
functioning properly.

(11) Entry and exit portals that are used in transporting
materials to and from the irradiation area, and that
are not intended for use by individuals, shall be
controlled by such devices and administrative
procedures as-are necessary to physically protect and
warn against inadvertent entry by any individual
through these portals. Exit portals for irradiated
materials shall be equipped to detect and signal the
presence of any loose radioactive material that is
carried toward such an exit and automatically to
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prevent loose radioactive-material from being carried
out of the area.

c. Licensees, registrants, or applicants for licenses or
registrations for sources of radiation within the purview
of subdivision b which will be used in a variety of
positions or in locations, such as open fields or forests,
that make -it- impracticable to comply with certain
requirements of subdivision b,- such as those for the
automatic control of radiation levels, may apply to the
department for-approval of alternative safety measures.
Alternative safety --measures shall provide personnel
protection at least, equivalent to: those specified in
subdivision b. At least one of the alternative measures
shall include an entry-preventing interlock control based
on a measurement of-the radiation that ensures the absence
of high radiation levels before an', individual can gain
access to the area where such _sources of radiation are
used. ;

d. The entry control devices required by subdivisions b and c
shall be established in such a way that no individual will
be prevented from'leaving the area.'

Historyi Effective March 1, 1994. -
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-10-04.1-11. Respiratory protection. and controls to restrict
internal exposure in restricted areas.-

1. Use of process or other engineering controls. The licensee or
registrant shall use, to the- extent practical' process or
'other engineering controls, - such ', as, containment or
ventilation, to control the concentrations of radioactive
material in air.

2. Use -of other controls. When it is not practical to apply
process or -other-engineering controls to control the
concentrations of radioactive material in air to values below
those that define an airborne radioactivity area, the licensee
-or registrant, consistent with maintaining the total effective
dose equivalent as low as is reasonably achievable (ALARA),
shall increase monitoring and limit intakes by one or more of
the following means:

a. Control of access;

b. Limitation of exposure times;

c. Use of respiratory protection equipment; or
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d. Other controls.

3. Use of individual respiratory protection equipment.

a. If the licensee or registrant uses respiratory protection
equipment to limit intakes pursuant to subsection 2:

(1) Except as provided in paragraph 2, the licensee or
registrant shall use only respiratory protection
equipment, that is tested and certified or had
certification extended by the national institute for
occupational safety and health and the mine safety
and health administration.

(2) The licensee or registrant may use respiratory
protection equipment that has not been tested or
certified by the national institute for occupational
safety and health and the mine safety and health
administration, has not had certification extended by
the national institute for occupational safety and
health and the mine safety and health administration,
or for which there is no schedule for testing or
certification, provided the licensee or registrant
has submitted to the department and the department
has approved an application for authorized use of
that respiratory protection equipment, including a
demonstration by testing, or a demonstration on the
basis of test information, that the material and
performance characteristics of the respiratory
protection equipment are capable of providing the
proposed degree of protection under anticipated
conditions of use.

(3) The licensee or registrant shall implement and
maintain a respiratory protection program that
includes:

(a) Air sampling sufficient to identify the
potential hazard, permit proper respiratory
protection equipment selection, and estimate
exposures;

(b) Surveys and bioassays, as appropriate, to
evaluate actual intakes;

(c) Testing of respiratory protection equipment for
operability immediately prior to each use;

(d) Written procedures regarding selection, fitting,
issuance, -maintenance, and testing of
respiratory protection equipment, including
testing for operability immediately prior to
each use; supervision and training of personnel;
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monitoring, including air sampling and
bioassays; and recordkeeping; and

'(e) Determination by 'a' physician prior to initial
fittinghof respiratory protection equipment, and
either every twelve months thereafter or
periodically at a frequency determined by a
physician,' that the individual user is medically
fit to'use the respiratory protection equipment.

(4) The licensee or registrant' shall issue a written
policy statement on respiratory protection equipment
usage covering:

(a) The use -of process or other engineering
controls, instead of respiratory protection
equipment; of r p

I

(b)- The routine, nonroutine, and emergency use of
respiratory protection equipment; and

(c) The length of periods of respiratory protection
equipment use and relief from respiratory
protection equipment use.

(5) The licensee or' registrant shall advise each
-respiratory protection equipment user that the user
may leave the area' at- any time for relief from
respiratory protection equipment use in the event of
equipment malfunction, physical or psychological
distress, procedural or communication failure,
-significant deterioration of operating conditions, or
any other conditions that might require such relief.

(6) The licensee Cor registrant shall use respirator
protection equipment within the equipment
manufacturer's expressed limitations for type and
mode of' use-'and shall, provide proper visual,

'^communication,- and. oth'er'special capabilities, such
as adequate skin protection,'-when needed.

-b. When' 'estimating exposure of individuals to airborne
radioactive materials, the-licensee or registrant may make
allowance for respiratory protection equipment used to
limit intakes pursuant to subsection 2, provided that the
-following 'conditions,' Ain addition to those in
subdivision a, are satisfied'

.(1)- The licensee or registrant selects respiratory
-_protection, equipment that ~provides a protection
-factor,' specified'--in appendix A, greater than the

- multiple by which peak concentrations: of airborne
radioactive materials in the working area are
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expected to exceed the values specified in
appendix B, -table I,- column 3. However, if the
selection of respiratory protection equipment with a
protection factor greater than the multiple defined
in the preceding sentence is inconsistent with the
goal specified in subsection 2 of keeping the total
effective dose equivalent as low as is reasonably
achievable,- the licensee or registrant may select
respiratory protection equipment with a lower
protection factor only if such a selection would
result in keeping the total effective dose equivalent
as low as is reasonably achievable. The
concentration of radioactive material in the air that
is inhaled when respiratory protection equipment is
worn may be initially estimated by dividing the
average concentration in air, during each period of
uninterrupted use, by the protection factor. If the
exposure is later found to be greater than initially
estimated, the corrected value shall be used;
however, if, the exposure is later found to be less
than initially estimated, the corrected value may be
used.

(2) The licensee or registrant shall obtain authorization
from' the department before assigning respiratory
protection factors in excess of those specified in
appendix A. The department may authorize a licensee
or registrant to use higher protection factors on
receipt of an application that:

(a) Describes- the situation for which a need exists
for higher protection factors; and

(b) Demonstrates that the respiratory protection
equipment provides these higher protection
factors under the proposed conditions of use.

c. In an emergency, the licensee or registrant shall use as
emergency equipment only respiratory protection equipment
that has been specifically certified or had certification
extended for emergency use by the national institute for
occupational safety and health and the mine safety and
health administration.

d. The licensee or registrant shall notify the department in
writing at least thirty days before the date that
respiratory protection equipment is first used pursuant to
either subdivision a or b.

4. Further restrictions on the use of respiratory protection
equipment. The department may impose restrictions in addition
to those in subsection 2, subsection 3, and appendix A to:
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a. Ensure that the respiratory protection program of the
licensee or-registrant is adequate to limit exposures of
individuals to airborne radioactive materials; and

b. Limit the -extent to which a licensee may use respiratory
protection equipment instead of process-controls or other
engineering controls.

History: Effective March 1, 1994; amended effective July 1, 1995;
May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-10-04.1-12. Storage and control of licensed or registered
sources of radiation.

1. Security of stored sources of radiation. The licensee or
registrant shall secure from unauthorized removal or access
licensed or registered sources of radiation that are stored in
unrestricted areas.

2. Control of sources of radiation not in storage.

a. The licensee or registrant shall 'control and maintain
constant surveillance of licensed or registered
radioactive material that is in an unrestricted area and
that is not in storage or in a patient who has been
released in accordance with the patient release criteria
in subsection 12 of-section 33-10-07-05.

b. The registrant shall maintain control of radiation
'machines that are in a controlled or unrestricted area and
that are not in storage.

History: Effective March 1, 1994.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04 -

33-10-04.1-13. Precautionary procedures. - -

1. Caution signs. - - <

a. Standard-radiation symbol.- Unlesssotherwise authorized by
the department, the'symbol prescribed by this subsection
shall use the colors magenta, or purple, or black on
yellow background. -The- symbol , prescribed is the
three-bladed design as shown in appendix H.

b. 'Exception to 'color requirements - forstandard radiation
symbol. -Notwithstanding the - requirements of
subdivision a, licensees or registrants are authorized to
label sources, source holders, or device components
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containing sources of radiation that are subjected to high
temperatures, with conspicuously etched or stamped
radiation caution symbols and without a color requirement.

c. Additional information on signs and labels. In addition
to the contents of signs and labels prescribed in this
chapter, the licensee or registrant shall provide, on or
near the required signs and labels, additional
information, as appropriate, to make individuals aware of
potential radiation exposures and to minimize the
exposures.

2. Posting requirements.

a. Posting of radiation areas. The licensee or registrant
shall post each radiation area with a conspicuous sign or
signs bearing the radiation symbol and the words NCAUTION,
RADIATION AREA.

b. Posting of high radiation areas. The licensee or
registrant shall post each high radiation area with a
conspicuous sign or signs bearing the radiation symbol and
the words "CAUTION, HIGH RADIATION AREA' or 'DANGER, HIGH
RADIATION AREA'.

c. Posting of very high radiation areas. The licensee or
registrant shall post each very high radiation area with a
conspicuous sign or signs bearing the radiation symbol and
words-'GRAVE DANGER, VERY HIGH RADIATION AREA'.

d. Posting of airborne radioactivity areas. The licensee or
registrant shall post each airborne radioactivity area
with a conspicuous sign or signs bearing the radiation
symbol and the words 'CAUTION, AIRBORNE RADIOACTIVITY
AREA" or 'DANGER, AIRBORNE RADIOACTIVITY AREA'.

e. Posting of areas or rooms in which licensed or registered
material is used or stored. The licensee or registrant
shall post each area or room in which there is used or
stored an amount of licensed or registered material
exceeding ten times the quantity of such material
specified in appendix C with a conspicuous sign or signs
bearing the radiation symbol and the words 'CAUTION,
RADIOACTIVE MATERIAL(S)' or 'DANGER, RADIOACTIVE
MATERIAL(S)'.

3. Exceptions to posting requirements.

a. A licensee or registrant is not required to post caution
signs in areas or rooms containing sources of radiation
for periods of less than eight hours, if each of the
following conditions is met:
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(1) The sources of radiation are constantly attended
during these periods by an individual who takes the
precautions necessary to prevent the exposure of
individuals-to sources of radiation in excess of the
limits established in this chapter; and

(2) The area or room is subject to the licensee's or
registrant's control.

b. Rooms or other areas in hospitals that are occupied by
patients are not required to be posted with caution signs
pursuant to subsection 2 provided that the patient could
be released from control pursuant to subsection 12 of
section 33-10-07-05.

c. A room or area is not required to be posted with a caution
sign because of the presence of a sealed source provided
the radiation level at thirty centimeters from the surface
of the sealed source container or housing does not exceed
five hundredths millisievert [0.005 rem] per hour.

d. A room or area is not required to be posted with a caution
sign because of the presence of radiation machines used
solely for diagnosis in the healing arts.

4. Labeling containers and radiation machines.

a. The licensee -or registrant shall ensure that each
- container of licensed or registered material bears a

durable, clearly visible label bearing the radiation
symbol and the words 'CAUTION, RADIOACTIVE MATERIAL' or
'DANGER, RADIOACTIVE MATERIAL'. The label shall also
provide information, such as the-radionuclides present, an
estimate of the quantity of radioactivity, the date for
which the activity is estimated, radiation levels, kinds
of materials, and mass enrichment, to permit individuals
handling or using the containers, or working in the
vicinity -of the containers, to take-precautions to avoid
or minimize exposures.

b. Each licensee or registrant shall, prior to removal or
disposal of empty uncontaminated containers to
unrestricted areas, remove or deface the radioactive
material label or otherwise clearly indicate that the
container no longer contains radioactive materials.

c. Each registrant shall ensure that each radiation machine
is -labeled in a conspicuous manner which cautions
individuals that radiation is produced when it is
energized.

5. Exemptions to labeling requirements. A licensee or registrant
is not required to label:
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a. Containers holding
quantities less than

licensed or registered material in
the quantities listed in appendix C;

b. Containers holding
concentrations less
appendix B;

licensed or registered material in
than those specified in table III of

c. Containers
precautions
individuals
chapter;

attended by an individual who takes
necessary to prevent the exposure
in excess of the limits established by

the
of

this

d. Containers when they are in transport and packaged and
labeled in accordance with the rules of the United States
department of transportation (Labeling of packages
containing radioactive materials is required by the United
States department of transportation if the amount and type
of radioactive material exceeds the limits for an excepted
quantity or article as defined and limited by United
States department of transportation rules 49 CFR
173.403(m) and (w) and 173.421-424.);

e. Containers that are accessible only to individuals
authorized to handle or use them, or to work in the
vicinity of the containers, if the contents are identified
to these individuals by a- readily available written
record. Examples of containers of this type are
containers in locations such as water-filled canals,
storage vaults, or hot cells. The record shall be
retained as long as the containers are in use for the
purpose indicated on the record; or

f. Installed manufacturing or process equipment, such as
piping and-tanks.

6. Procedures for receiving and opening packages.

a. Each licensee or registrant who expects to receive a
package containing quantities of radioactive material in
excess of a type A quantity, as defined in section
33-10-13-02 and appendix A of chapter 33-10-13, shall make
arrangements to receive:

(1) The package when the carrier offers it for delivery;
or

(2) The notification of the
carrier's terminal and
package expeditiously.

arrival of the package at the
to take possession of the

b. Each licensee or registrant shall:
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(1) Monitor the external surfaces of a labeled package
for radioactive contamination unless the package
contains only radioactive material in the form of gas
or in special form as defined in section 33-10-01-04.
Labeled package means posted with a radioactive
white I, yellow II, or yellow III label as specified
in United States department of transportation
rules 49 CFR 172.403 and 172.436-440;

(2) Monitor the external surfaces of a labeled package
for radiation levels 'unless the package contains
quantities of radioactive material that are less than
or equal to the type A quantity, as defined in
section -33-10-13-02 and appendix A of chapter
33-10-13. Labeled package means 'posted with a
radioactive white I, yellow II, or yellow III label
as specified in United States department of
transportation rules 49 CFR 172.403 and 172.436-440;
and

(3) Monitor all packages known to contain radioactive
material for radioactive contamination and radiation
levels if there is evidence of degradation of package
integrity, such as packages that are crushed, wet, or
damaged.

c. The licensee or- registrant shall perform the monitoring
required by subdivision b as soon as practical after
receipt of the package, but not later than three hours
after- the package is received at the licensee's or
registrant's facility if it 'is' received during the
licensee's or registrant's -normal working hours or if
there is evidence of degradation of package integrity,
such as a package that is crushed, wet, or damaged. If a
package is received after working hours and has no
evidence of degradation-of package integrity, the package
shall bet monitored no later than three hours from the
beginning of the next working day.

d. The licensee or registrant shall immediately notify the
final delivery carrier and, by telephone and telegram,
mailgram, or facsimile, the department when:

(1) Removable radioactive surface contamination exceeds
the limits of subsection 8 of section 33-10-13-15; or

(2), -External ' radiation levels exceed 'the limits of
subsections 9 and 10 of section 33-10-13-15.

e. Each licensee or registrant shall:
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(1) Establish, maintain, and retain written procedures
for safely opening packages in which radioactive
material is received; and

(2) Ensure that the procedures are followed and that due
consideration is given to special instructions for
the type of package being opened.

f. Licensees or registrants transferring special form sources
in vehicles owned or operated by the licensee or
registrant to and from a worksite are exempt from the
contamination monitoring requirements of subdivision b,
but are not exempt from the monitoring requirement in
subdivision b for measuring radiation levels that ensures
that the source is still properly lodged in its shield.

History: Effective March 1, 1994; amended effective July 1, 1995;
May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04

33-18-04.1-14. Waste disposal.

1. General requirements.

a. A licensee or registrant shall dispose of licensed or
registered material only:

(1) By transfer to an authorized recipient as provided in
subsection 6 or in chapter 33-10-03, or to the United
States department of energy;

(2) By decay in storage;

(3) By release in effluents within the limits in
subsection 1 of section 33-10-04.1-07; or

(4) As authorized pursuant to subsection 2, 3, 4, or 5.

b. A person shall be specifically licensed or registered to
receive waste containing licensed or registered material
from other persons for:

(1) Treatment prior to disposal;

(2) Treatment or disposal by incineration;

(3) Decay in storage;

(4) Disposal at a land disposal facility licensed
pursuant to 10 CFR 61; or

5/98 4-36



(5) Storage until transferred to a storage or disposal
facility authorized to receive the waste.

2.' Method for obtaining approvalof proposed disposal procedures.
A licensee or- registrant or -applicant for a license or
registration may apply to-,the department for approval of
proposed procedures, not otherwise authorized in this article,
to dispose of licensed-or, registered material generated in the

-licensee's or registrant's operations. Each application shall
include:

a. A description .of the waste 'containing licensed or
registered material Ito be .disposed..of, including the
physical 'and chemical: properties that have an impact on
risk evaluation, and the proposed manner and conditions of
waste disposal;

b. An analysis and evaluation-of pertinentinformation on the
nature of the environment;

- c. The nature -and -location -of other potentially affected
facilities; and -

d. Analyses and *-procedures ,-to -ensure that' doses are
maintained as low as is reasonably achievable and within
the dose limits in this chapter.>

3. Disposalby release into sanitary sewerage.,,

a. A licensee or registrant may discharge licensed or
registered material into sanitary sewerage if each of the
followingconditions.is satisfied: ,

(1) The -material is -readily, soluble, or is readily
dispersible biological material, in water;

(2) The quantity ,of-.licensedor registered radioactive
- -- material that the licensee, or, registrant releases

into, the,, sewer in-onemonthdivided by the average
monthly volume of water released into the sewer by
the licensee or registrant does not exceed the
concentration listed in table III-of appendix B;

(3) If more -than one radionuclide is released, the
following conditions must also be satisfied:

(a) 7The licensee or registrant.shall determine the
-fraction of the limit in table-III of appendix B
represented by discharges into sanitary sewerage
by - dividing the -'_actual' -monthly average
concentration of each radionuclide released by
the licensee or registrant into the sewer by the
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concentration of that
table III of appendix B;

radionuclic
and

le listed in

radionuclide
not exceed

(b) The sum of
required by
unity; and

the fractions for each
subparagraph a does

(4) The total quantity of licensed or registered
radioactive material that the licensee or registrant
releases into the sanitary sewerage in a year does
not exceed one hundred eighty-five gigabecquerels [5
Ci] of hydrogen-3, thirty-seven gigabecquerels [1 Ci]
of carbon-14, and 37 gigabecquerels [1 Ci] of all
other radioactive materials combined.

b. Excreta from individuals undergoing medical diagnosis or
therapy with radioactive material are not subject to the
limitations contained in subdivision a.

4. Treatment or disposal by incineration. A licensee or
registrant may treat or dispose of licensed 'or registered
material by incineration only in the form and concentration
specified in subsection 5 or as specifically approved by the
department pursuant to subsection 2.

5. Disposal of specific wastes.

a. A licensee
licensed or
radioactive:

or registrant may dispose of the following
registered material as if it were not

(1) One and eighty-five one-hundredths
[0.05 pCi], or less, of hydrogen-3 or
gram of medium used for liquid
counting; and

kilobecquerels
carbon-14 per
scintillation

(2) One and eighty-five one-hundredths kilobecquerels
[0.05 pCi], or less, of hydrogen-3 or carbon-14 per
gram of animal tissue, averaged over the weight of
the entire animal.

b. A licensee or registrant shall not dispose of tissue
pursuant to paragraph 2 of subdivision a in a manner that
would permit its use either as food for humans or as
animal feed.

c. The licensee or registrant shall maintain records in
accordance with subsection 9 of section 33-10-04.1-15.

6. Transfer for disposal and manifests.

a. The requirements of this subsection and appendix D and
appendix G are designed to control transfers of low-level
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radioactive waste by any waste generator,-waste collector,
or waste processor licensee, as defined in appendix G, who
ships low-level waste either directly, or. indirectly
through a waste collector, or waste processor, to a
licensed' low-level radioactive waste disposal facility,
establish a. manifest -tracking -system,- and supplement
existing requirements concerning - transfers and
recordkeeping for those wastes.

b. Beginning March 1, 1998, all .affected licensees must use
appendix G. Prior to March 1, 1998, a low-level
radioactive,-.,waste disposal facility operator or its
regulatory authority may require the shipper to use
* appendix D- or appendix G. Licensees -using appendix D
shall comply with paragraph 1 of- subdivision b of this
subsection. . Licensees using appendix G shall comply with
paragraph 2 of subdivision b.

(1) Each--shipment of. radioactive -waste intended for
disposal at-a licensed low-level radioactive waste
disposal :facility shall be accompanied by a shipment
manifest as specified in section I of appendix D.

(2) Any licensee shipping radioactive waste intended for
ultimate disposal at a licensed land disposal
facility must- document the information, required on
the uniform low-level radioactive waste manifest and
transfer this recorded manifest information to the
intended consignee in accordance with appendix G.

c. Each shipment -manifest shall include a certification by
the waste generator as specified in section II of
appendix D or appendix G, as appropriate.

d. Each person involved in the transfer of waste for disposal
or in the disposal -of waste, -including the waste
generator, waste collector, waste processor, and disposal
facility operator, shall comply with-the requirements
specified -in section III of appendix.D or appendix G, as
appropriate.

7. Compliance with environmental and health protection rules.
Nothing in subsection 1, 2, 3, 4, 5, or 6 relieves the
licensee or registrant from complying with other applicable
federal, state, and local rules governing any other toxic or

.hazardous properties of materials that may be disposed of in
accordance with subsection 1, 2, 3, 4, 5, or 6.

History: Effective March 1, 1994; amended effective July 1, 1995;
May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-04.1
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33-18-64.1-15. Records.

1. General provisions.

a. Each. licensee or registrant shall use the international
system units becquerel, gray, sievert, Land coulomb per
kilogram; or the special units curie, rad, rem, and
roentgen, including multiples and subdivisions, and shall
clearly indicate the units of all quantities on records
required by this chapter.

b. Notwithstanding the requirements of subdivision a, when
recording information on shipment manifests, as required
in paragraph-2 of subdivision b of subsection 6 of section
33-10-04.1-14, information must be recorded in the
international system of units or in the international
system of units and units as specified in subdivision a.

c. The licensee or registrant shall make a clear distinction
among the quantities' entered on the records required by
this chapter,' such as, total effective dose equivalent,
total organ dose'equivalent, shallow dose equivalent, eye
dose equivalent, deep dose equivalent, or committed
effective'dose equivalent.

2. Records of radiation protection programs.

a. Each licensee or registrant shall maintain records of the
radiation'protection program, including:

(1) The provisions of the program; and

(2) Audits and other reviews of program content and
implementation.

b. The licensee or registrant shall retain the records
required by paragraph 1 of subdivision a until the
department terminates each pertinent license or
registration requiring the record. The licensee or
registrant shall retain the records required by
paragraph 2 of subdivision a for three years after the
record is made.

3. Records of surveys.

a. Each licensee or registrant shall maintain records showing
the results' of -surveys and calibrations required by
subsection 1 of section 33-10-04.1-09 and subdivision b of
subsection 6 of section 33-10-04.1-13. The licensee or
registrant shall retain these records for three years
after the record is made.
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b. The licensee -,or registrant shall retain each of the
following records-until the department terminates each
pertinent license or registration requiring the record:

(1) Records, of ~the results of surveys to determine the
-dose from external sources of radiation used, in the
absence -of ,or in combination -with individual
monitoring-data, in the assessment of individual dose
equivalents;

(2) Records of the results of measurements and
-calculations used to'determine individual intakes of
radioactive material and used in the assessment of
internal dose; .

(3) Records showing the results of air sampling, surveys,
and bioassays required. pursuant- to subparagraphs a
and b of paragraph 3 of subdivision a of subsection 3
of section 33-10-04.1-11; and

(4) Records of the results _of measurements and
calculations used to evaluate the release of
radioactive effluents .to- the environment. This
includes those records of the results of measurements
and calculations used -to evaluate the release of
radioactive effluents to the environment required
under the standards for protection against radiation
in effect-prior to March 1, 1994.-

c. Upon termination of the license or registration, the
licensee or registrant shall permanently store records on
the department's occupational radiation exposure history

- form (SFN 19443) or equivalent, or shall make provision
with the department for transfer to the department.

4. Records of tests for leakage or- contamination of sealed
- sources. Records of tests.for leakage or contamination of

sealed sources- (required -by subsectionJ1 of section
33-10-04.1-08) shall be kept in units of becquerel or
microcurie and maintained for inspection by the department for
-five years after the records are made.

5. Records of prior occupational dose. -

a. The licensee or registrant shall retain the records of
prior occupational dose-and'exposure history as specified
in subsection 5 of section 33-10-04.1-06 on the
department's-occupational radiation exposure history form
(SFN 19443)..or equivalent-until-the department terminates

- - each pertinent license --or -registration requiring this
-record. The -licensee or registrant shall retain records
-used in preparing thedepartment's occupational radiation
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exposure history form (SFN 19443) or equivalent for three
years after the record is made.

b. Upon termination of the license or registration, the
licensee or registrant shall permanently store records on
the department's occupational-radiation exposure history
form (SFN 19443) or equivalent, or shall make provision
with the department for transfer to the department.

6. Records of planned special exposures.

a. For each use of the provisions of subsection 6 of section
33-10-04.1-06-for planned special exposures, the licensee
or registrant shall maintain records that describe:

(1) The exceptional circumstances requiring the use of a
planned special exposure;

(2) The name of the management official who authorized
the planned special exposure and a copy of the signed
authorization;

(3) What actions were necessary;

(4) Why the actions were necessary;

(5) What precautions were taken to assure that doses were
maintained as low as is reasonably achievable;

(6) What individual and collective doses were expected to
result; and

(7) The doses actually received in the planned special
exposure.

b. The licenseeor registrant shall retain the records until
the department terminates each pertinent license or
registration requiring these records.

c. Upon termination of the license or registration, the
licensee or registrant shall permanently store records on
the department's occupational radiation exposure history
form (SFN 19443) or equivalent, or shall make- provision
with the department for transfer to the department.

7. Records of individual monitoring results.

a. Recordkeeping requirement. Each licensee or registrant
shall maintain records: of doses ' received by all
individuals for whom monitoring was required pursuant to
subsection 2 of -section 33-10-04.1-09, and records of
doses received- during, planned special exposures,
accidents, and emergency conditions. Assessments of dose
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equivalent and records madesusing units in effect before
January 1, 1994, need not be changed. These records shall
include, when applicable:

(1) The deep dose equivalent to the whole body, eye-dose
equivalent, shallow dose equivalent to the skin, and
shallow dose equivalent to the extremities;

(2) The estimated intake of radionuclides, see
subsection 2 of section 33-10-04.1-06;

-(3) The committed effective dose equivalent assigned to
the intake of radionuclides;

(4) The specific information used to calculate the
committed effective dose equivalent pursuant to
subdivision c of subsection 4 of section
33-10-04.1-06; -

(5) The total effective dose equivalent when required by
subsection 2 of section 33-10-04.1-06; and

(6) The total of the deep dose equivalent and the
committed dose to the organ receiving the highest
total dose.

b. Recordkeeping frequency. The licensee or registrant shall
make entries of the records specified in subdivision a at
intervals not to exceed one year.

c. -Recordkeeping, format. The licensee or registrant shall
maintain, the records specified in-:subdivision a on the
department's current occupational -radiation exposure form
(SFN 8416), in accordance with the instructions for the
department's current occupational radiation exposure form
(SFN 8416), or in clear and legible records containing all
the information required by the department's current

- occupational radiation-exposure form (SFN 8416).

d. The licensee' or-registrant shall maintain the records of
dose to an-embryo-or fetus-with the records of dose to the
declared pregnant woman. The declaration of pregnancy,
including the estimated date of conception, shall also be
kept on file, but may be maintained separately from the
dose records.- --

e. The licensee or registrant shall retain each required form
or record until the department terminates each pertinent
license or registration requiring the record.

f. -Upon termination of the license or registration, the
licensee or registrant shall permanently store records on
the- department's- occupational radiation exposure history
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form (SFN 19443) or equivalent, or shall make provision
with the department for transfer to the department..

8. Records of dose to individual members of the public.

a. Each licensee or registrant shall maintain records
sufficient to demonstrate compliance with the dose limit
for individual members of the public. See subsection 1 of
section 33-10-04.1-07.

b. The licensee or registrant shall retain the records
required by subdivision a until the department terminates
each pertinent license or registration requiring the
record.

9. Records of waste disposal.

a. Each licensee or registrant shall maintain records of the
disposal of licensed or registered materials made pursuant
to subsection 2, 3, 4, or 5 of section 33-10-04.1-14,
chapter 33-10-03, or disposal by burial in soil, including
burials authorized before October 1, 1982.

b. The licensee -or registrant shall retain the records
required by subdivision a until the department terminates
each pertinent license or registration requiring the
record.

Requirements for disposition of these records, prior to
license termination, are located in subsection 14 of
section 33-10-03-05 and in sections 33-10-04.1-14 and
33-10-04.1-15 for activities licensed or registered under
this article.

10. Records of testing entry control devices for very high
radiation areas.

a. Each licensee or registrant shall maintain records of
tests made pursuant to paragraph 9 of subdivision b of
subsection 3 of section 33-10-04.1-10 on entry control
devices for very high radiation areas. These records must
include the date, time, and results of each such test of
function.

b. The licensee or registrant shall retain the records
required by subdivision a for three years after the record
is made.

11. Form of records. Each record required by this chapter shall
be legible throughout the specified retention period. The
record shall be 'the original or a reproduced copy or a
microform, provided that the copy or microform is
authenticated by authorized personnel and that the microform
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is capable of producing a clear copy throughout the required
retention period or the record may also be stored in
electronic'media with the capability for producing legible,
accurate, and complete records during the required retention
period. Records, such as letters, drawings, and
-specifications, -shall include all pertinent information, such
as stamps, -initials, and signatures. The licensee shall
maintain adequate safeguards against tampering with and loss
of records.

12. Prior to license termination, each licensee authorized to
possess radioactive material with a half-life greater than one
hundred twenty, days, in an unsealed form, shall forward the
following records to the department:

a. Records- of disposal of licensed material made under
subsection 2 of section 33-10-04.1-14 (including records
of burials made before the effective date of this
section), subsections - 3,, 4, -- and 5 of section
33-10-04.1-14;-and

b. Records required by paragraph-4 of subdivision b of
subsection 3 of section 33-10-04.1-15.

13. If licensed activities are -transferred or assigned in
accordance with subdivision b of subsection 7 of section
33-10-03-05, each licensee authorized to possess radioactive
material, with a half-life greater than one hundred twenty
days, in an unsealed- form, shall- transfer the following
records to the new licensee and the new licensee will be
responsible for maintaining these records until the licensee
is terminated:

a. Records of disposal of licensed material made under
subsection-2 of section' 33-10-04.1-14 (including burials
made before the effective date of this section),
subsections 3, 4,'and 5 of section 33-10-04.1-14; and

b. Records' required by paragraph 4 'of subdivision b of
subsection 3-of. section 33-10-94.1-15.

14. Prior to license'termination, each licensee shall forward the
records required by subdivision gof subsection 14 of section
33-10-03-05 to the department.

History: Effective March 1, 1994; amended effective May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04, 23-20.1-09.1
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33-18-84.1-16. Reports.

1. Reports of stolen, lost,
sources of radiation.

or missing licensed or registered

a. Telephone reports. Each
report to the department by

licensee
telephone

or registrant shall
as follows:

(1) Immediately after its occurrence becomes known to the
licensee or registrant, stolen, lost, or missing
licensed or registered radioactive material in an
aggregate quantity equal to or greater than one
thousand times the quantity specified in appendix C
under such circumstances that it appears to the
licensee or registrant that an exposure could result
to individuals in unrestricted areas; or

(2) Within thirty days after its occurrence becomes known
to the licensee or registrant, lost, stolen, or
missing licensed or registered radioactive material
in an aggregate quantity greater than ten times the
quantity specified in appendix C that is still
missing.

(3) Immediately after its occurrence becomes known to the
registrant, a stolen, lost, or missing radiation
machine.

b. Written reports. Each
make a report pursuant l
days after making the
written report to the
following information:

licensee or registrant required to
to subdivision a, within thirty

telephone report, shall make a
department setting forth the

(1) A description of the licensed or registered source of
radiation involved, including, for radioactive
material, the kind, quantity, -and chemical and
physical form; and, for radiation machines, the
manufacturer, model and serial number, type and
maximum energy of radiation emitted;

(2) A description of the circumstances under which the
loss or theft occurred;

(3) A statement of disposition, or probable disposition,
of the licensed or registered source of radiation
involved;

(4) Exposures of individuals
under which the exposures
total effective dose
unrestricted areas;

to radiation,
occurred, and
equivalent tc

circumstances
the possible
i persons in
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(5), Actions that have been taken, or will be taken, to
recover the source of radiation; and

(6) Procedures or measures that have been, or will be,
adopted to ensure against a recurrence of the loss or
theft of licensed or registered sources of radiation.

c. Subsequent to filing the written report, the licensee or
registrant shall also report additional substantive
information on the-loss or theft within thirty days after
the licensee or registrant learns' of such information.

d. The licensee or registrant-shall prepare any report filed
with the department pursuant to this subsection so that
names of individuals who may have received exposure to
radiation are stated in a separate and detachable portion
of the report.-

2. Notification of Incidents.

a. Immediate notification. - Notwithstanding other
requirements for notification, each licensee or registrant
shall immediately report each event involving a source of
radiation possessed by the licensee or-registrant that may
have caused or threatens to cause any of the following
conditions:-

(1) An individual to receive:

(a) A total effective dose equivalent of twenty-five
one-hundredths sievert [25 rem] or more;

(b) An eye dose equivalent of seventy-five
one-hundredths sievert-[75 rem] or more; or

-(c) A shallow dose- equivalent to the skin or
extremities or a total 'organ dose equivalent of

- two and five-tenths gray [250 rad] or more; or

(2) The release of radioactive material, inside or
outside -of a -restricted area, so -that, had an
individual -been present -for twenty-four hours, the
individual could have received an intake five times
the annual-limit on intake. This provision does not
apply to locations where personnel are not normally
stationed -during routine operations, such as
hot-cells or process enclosures.,

b. .Twenty-four-hour notification. Each. licensee or
registrant, within twenty-four hours of discovery of the
event, shall report to the department each event involving
loss of control of a licensed or -registered source of
radiation possessed by the licensee or registrant that may
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have caused, or threatens to cause, any of the following
conditions:

(1) An individual to receive, in a period of twenty-four
hours:

(a) A total effective dose equivalent exceeding
five-hundredths sievert [5 rem];

(b) An eye dose equivalent exceeding
fifteen-hundredths sievert [15 rem]; or

(c) A shallow dose equivalent to the skin or
extremities or a total organ dose equivalent
exceeding five-tenths sievert [50 rem]; or

(2) The release of radioactive material, inside or
outside of a restricted area, so that, had an
individual been present for twenty-four hours, the
individual could have received an intake in excess of
one annual limit on intake. This provision does not
apply to locations where personnel are not normally
stationed during routine operations, such as
hot-cells or process enclosures.

c. The licensee or registrant shall prepare each report filed
with the department pursuant to this subsection so that
names of individuals who have received exposure to sources
of radiation are stated in a separate and detachable
portion of the report.

d. Licensees or registrants shall make the reports required
by subdivisions a and b to the department by telephone,
telegram, mailgram, or facsimile to the department.

e. The provisions of this subsection do not apply to doses
that result from planned special exposures, provided such
doses are within the limits for planned special exposures
and are reported pursuant to subsection 4.

3. Reports of exposures, radiation levels, and concentrations of
radioactive material exceeding the constraints or limits.

a. Reportable events. In addition to the notification
required by subsection 2, each licensee or registrant
shall submit a written report within thirty days after
learning of any of the following occurrences:

(1) Incidents for which notification is required by
subsection 2; or

(2) Doses in excess of any of the following:
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z (a) The occupational,,,dose
subsection 1 of section

limits for adults in
33-10-04.1-06;

(b) The, occupational -dose limits for a minor in
subsection 7 of section 33-10-04.1-06;

(c) The limits for-an embryo or fetus of a
-pregnant woman -in -subsection 8 of
33-10-04.1-06; -

declared
section

(d) The limits for an individual
- public in subsection 1 of section
.or

member of the
33-10-04.1-07;

(e)-,Any applicable
: - registration; or, .

limit in the license or

(f) The as low as-is reasonably achievable (ALARA)
- constraints for air emissions established under

-,subsection 2 of section 33-10-04.1-05.

(3) Levels 'of radiation or concentrations of radioactive
material in: -

(a) A restricted area in excess of applicable limits
-in the license or registration; or

.(b) .An- unrestricted ai
-applicable limit so
-the- license or'
involving exposure
of the limits
33-10-04.1-07; or

rea in excess of ten times the
et forth in this chapter or in
registration, whether or not
of -any individual, in excess
in-,subsection-l of section

(4) For licensees subject to the provisions of-United
States environmental protection agency's generally
applicable environmental radiation- standards in 40
CFR 190, levels of, --radiation or - releases of
-radioactive material in excess of those standards, or
of license conditions related to those-standards.

b. Contents of reports. -

(1) Each -report required by-subdivision a shall describe
the extent of exposure of individuals to radiation
and radioactive-material,-including, as appropriate:

(a) -Estimates of each individual's dose;

(b) The levels -oft radiation and concentrations of
radioactive material involved;

- 4-49 5/98



(c) The cause of the elevated exposures, dose rates,
or concentrations; and

(d) Corrective steps taken or planned to ensure
against a recurrence, including the schedule for
achieving conformance with applicable limits, as
low as is reasonably achievable (ALARA)
constraints, generally applicable environmental
standards, and associated license or
registration conditions.

(2) Each report filed pursuant to subdivision a shall
include for each occupationally overexposed
individual: the name, social security account
number, and date of birth. With-respect to the limit
for the embryo or fetus in subsection 8 of section
33-10-04.1-06, the identifiers should be those of the
declared pregnant woman. The report shall be
prepared so that this information is stated in a
separate and detachable-portion of the report.

c. All licensees or registrants who make reports pursuant to
subdivision a shall submit the report in writing to the
department.

4. Reports of planned special exposures. The licensee or
registrant shall submit a written report to the department
within thirty days following any planned special exposure
conducted in accordance with subsection 6 of section
33-10-04.1-G6, 'informing the department that a planned special
exposure was conducted and indicating the date the planned
special exposure -occurred and the information required by
subsection 6 of section 33-10-04.1-15.

5. Reporting requirements.

a. Immediate report. Each licensee shall notify the
department as soon as possible but not later than four
hours after the discovery of an event that prevents
immediate protective actions necessary to avoid exposures
to radiation or radioactive materials that could exceed
regulatory limits or releases of licensed material that
could exceed regulatory limits (events may include fires,
explosions, toxic gas releases, etc.).

b. Twenty-four-hour report. Each licensee shall notify the
department within twenty-four hours after the discovery of
any of the following events involving licensed material:

(1) An unplanned contamination event that:

(a) Requires access to the contaminated area, by
workers or the public, to be restricted for more
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than twenty-four hours by imposing additional
radiological-controlsior.,.by- prohibiting entry
into the area;

(b) Involves a'-quantity of material greater than
five times the lowest annual limit on intake
specified in appendix B of this chapter for the
material; and

(c) Has' access to the area'-restricted for a reason
other than to allow isotopes with a half-life of
less than .twenty-four hours to decay prior to
decontamination.

_(2) An event in which equipment is'disabled or fails to
function as designed when:

(a) The -equipment is required -by rule or license
condition to prevent releases exceeding
regulatory limits,, to prevent~ exposures to
radiation and 'radioactive materials exceeding
regulatory 'limits, -or ' to mitigate the
consequences of an accident;'-

(b) The equipment is ..required to be available and
'operable when it is disabled or fails to
function; and'

(c) No redundant-equipment is available and operable
to perform'the required-safety function.

(3) An event that'requires unplanned medical treatment at
a medical facility of an individual with spreadable
radioactive . contamination -on the individual's
clothing or body.

(4) An unplanned fire or explosion damaging any licensed
material or any 'device, 'container, or equipment
containing licensed material.when:,

(a) -The quantity of material involved is greater
than-five' times the slowest annual limit on
intake specified in appendix B of this chapter
for the material; and

(b) The damage affects the integrity of the licensed
material or its container.

c. Preparation and submission -of reports. Reports made by
licensees in response to the-requirements of this section
'must be made as follows:
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(1) Licensees shall make reports required by
subdivisions a and b by telephone to the department.
To the extent that the information is available at
the time of notification, the information provided in
these reports must include:

(a) The caller's name and callback telephone number;

(b) A description of the event, including date and
time;

(c) The exact location of the event;

(d) The isotopes, quantities, and chemical and
physical form of the licensed material involved;
and

(e) Any personnel radiation exposure data available.

(2) Written report. Each licensee who makes a report
required by subdivisions-a and b shall submit a
written followup report within thirty days of the
initial report. Written reports prepared pursuant to
other rules may be submitted to fulfill this
requirement if the reports contain all of the
necessary information and the appropriate
distribution is made.

(a) A description of the event, including the
probable cause and the manufacturer and model
number (if applicable) of any equipment that
failed or malfunctioned;

(b) The exact location of the event;

(c) The isotopes, quantities, and chemical and
physical form of the licensed material involved;

(d) Date and time of the event;

(e) Corrective actions taken or planned and the
results of any evaluations or assessments; and

(f) The extent of exposure of individuals to
radiation or to radioactive materials without
identification of individuals by name.

6. Reports of individual monitoring.

a. This section applies to each person licensed or registered
by the department to:
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(1) Possess or use sources 'f-radiation for purposes of
industrial radiography pursuant to chapters 33-10-03
and 33-10-05;

(2)- Receive radioactive waste -from other, persons'for
disposal pursuant to chapter 33-10-03; or

(3) Possess or ,use at -any time, for processing or
manufacturing for distribution pursuant to chapter
33-10-03' or- 33-10-07, - radioactive material in
quantities exceeding any one -of - the following
quantities:

Radionuclide Activitya

- Ci GBq
Cesium-137. -1 37
Cobalt-60 ' §1 37
Gold-198 100 3,700
Iodine-131 1 37
Iridium-192 - 10 A- 370
Krypton-85 1,000 37,000
Promethium-147 10 370
Technetium-99m 1,000 - 37,000'

a The department may require as a license condition,
-or by rule, or order pursuant to section 33-10-01-09,
vreports from licensees or registrants who. are
licensed or registered to:use radionuclides not on
this list,- in quantities "sufficient-- to -cause
comparable radiation levels.- -

b. Each licensee or registrant in a- category listed in
subdivision a shall submit an annual.report of the results
of individual monitoring carried out by the licensee or
registrant for each individual for' whom monitoring was
-'required by -subsection 2 2of section 33-10-04.1-09 during

' that- year. The licensee.' or 'registrant, may include
additional data for individuals for whom monitoring was

- provided butnot required. The licensee or registrant
sh'all. use-the department's current occupational radiation
"exposure 'form'(SFN 8416) or equivalent or electronic media
',containing " all -the information -required- by the
-Sdepartment8 s'curre4t occupational radiation exposure form

c. The licensee or registrant shall file the report required
-. ,by subdivision b, covering 'ithe preceding year, on or

'before April 'thirtieth of.-each -year. .The-licensee or
.-registrant shall submit the report to the department.

7. Notifications and reports to individuals.
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a. Requirements for notification and reports to individuals
of exposure -to radiation' or radioactive material are
specified in subsection 3 of section 33-10-10-02.

b. When a licensee or registrant is required pursuant to this
section to report to the department any exposure of an
individual to radiation or radioactive material, the
licensee or registrant shall also provide the individual a
copy of the' report submitted to the department. Such
reports shall be transmitted at a time not later than the
transmittal to the department.

8. Reports of leaking or contaminated sealed sources. The
licensee or registrant shall file a report within five days
with the department if the test for leakage or contamination
required pursuant to subsection 1 of section 33-10-04.1-08
indicates a sealed source is leaking or contaminated. The
report shall include the equipment involved, the test results,
and the corrective action taken.

History: Effective March 1, 1994; amended effective July 1, 1995;
May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04, 23-20.1-09.1

33-10-04.1-17. Additional requirements - Vacating premises. Each
specific licensee or registrant shall, no less than thirty days before
vacating or relinquishing possession or control of premises which may
have been contaminated with radioactive material as a result of his
activities, notify the department in writing of intent to vacate. When
deemed necessary by the department, the licensee shall decontaminate the
premises in accordance with the following or in such other manner as the
department may specify.

1. Premises. Each licensee before vacating any premises, or
transferring the premises shall permanently decontaminate such
premises to meet the criteria for decommissioning in section
33-10-04.1-18. A survey shall be made after such
decontamination and the department and the landlord or
subsequent tenant or transferee shall be provided with a copy
of such survey no less than thirty days before vacating or
relinquishing possession or control of premises. No such
premises- may be vacated, sold, or transferred until the
decontamination survey has been verified and accepted by the
department.

2. Equipment. No machinery, instruments, laboratory equipment,
or any other property used in contact with, or close proximity
to radioactive material at a licensed premises may be
assigned, sold, leased, or transferred to an unlicensed person
unless such property has been permanently decontaminated below
or equal to the standards specified in appendix F. A survey
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shall be made after such decontamination and the department
and subsequent transferee or-owner shall be provided with a
copy of such survey. No such equipment may be assigned, sold,
leased, or transferred until such documentation survey has
been verified and accepted by the department.

History: 'Effective March 1, 1994; amended effective May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04, 23-20.1-04.1

33-10-84.1-18. Radiological criteria for decommissioning.

1. General provisions.

a. The criteria in this section apply to the decommissioning
of licensed facilities.

b. The criteria in this section do not apply to sites which:

(1) Have -been decommissioned prior to January 1, 1997,
and met the criteria identified-in the United States
nuclear regulatory commission's action plan to ensure
timely cleanup of site decommissioning management
plan sites in 57 FR 13389; April 16, 1992;

(2) Have previously submitted and received department
approval on a decommissioning plan that is-compatible
with the criteria identified in the United States
nuclear regulatory commission's action plan to ensure

-timely cleanup of site decommissioning management
plan sites in'57 FR 13389; April 16, 1992; or

(3) Submit a- sufficient '-license termination plan or
decommissioning plan before January 1, 1999, and such
license termination plan or decommissioning plan is
approved by the department before January 1, 2000,
and in accordance with the criteria identified in the
United States nuclear regulatory commission's action
plan to ensure timely cleanup of site decoimnissioning
management plan sites in 57 FR 13389; April 16, 1992.
If an -environmental impact statement is required in
the submittal, and if, because of 'the environmental
impact -statement,' the department cannot approve the

-plan-before January 1,-2000, then the department may
grant an-extension.

c. After- a site- has been decommissioned and the license
terminated in accordance with the criteria in this
section, the _department will require additional cleanup
only if, based on new'information, it determines that the
criteria of this section were- not met and residual
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radioactivity remaining at the site could result in
significant threat to public health and safety.

d. When calculating total effective dose equivalent to the
average member of the critical group, the licensee shall
base estimates on the greatest annual total effective dose
equivalent dose expected within the first one thousand
years after decommissioning. Estimates must be
substantiated using actual measurements to the maximum
extent practical.

2. Radiological criteria for unrestricted use. A site will be
considered acceptable for unrestricted use if the residual
radioactivity that is distinguishable from background
radiation results in a total effective dose equivalent to an
average member of the critical group that does not exceed
twenty-five hundredths millisievert [25 millirem] per year,
including that from ground water sources of drinking water,
and the residual radioactivity has been reduced to levels that
are as low as reasonably achievable. Determination of the
levels which are as low as reasonably achievable shall take
into account consideration of any detriments, such as loss
from transportation accidents, expected to potentially result
from decontamination and waste disposal.

3. Criteria for license termination under restricted conditions.
A site will be considered acceptable for license termination
under restricted conditions if:

a. The licensee can demonstrate that further reductions in
residual radioactivity necessary to comply with the
provisions of subsection 2 would result in net public or
environmental harm or were not being made because the
residual levels associated with restricted conditions are
as low as reasonably achievable. Determination of the
levels which are as low as reasonably achievable shall
take into account consideration of any detriments, such as
loss from transportation accidents, expected to
potentially result from decontamination and waste
disposal;

b. The licensee has made provisions for legally enforceable
institutional controls that provide reasonable assurance
that the total effective dose equivalent from residual
radioactivity distinguishable from background to the
average member of the critical group will not exceed
twenty-five hundredths millisievert [25 milliremn] per
year;

c. The licensee has provided sufficient financial assurance
to enable an independent third party, including a
governmental custodian of a site, to assume and carry out
responsibilities for any necessary control and maintenance
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of the site.
,are:e

Acceptable financial assurance mechanisms

(1) Funds placed into an
licensee's assets and
administrative control
33-10-03;

account -segregated from the
outside the licensee's
as described in chapter

(2) Surety method, insurance, or other guarantee method
as described in chapter 33-10-03;

(3) A statement of intent
or local government
chapter 33-10-03; or

in the case
licensees,

of federal, state,
as described in

(4) When a governmental entity is assuming
ownership of a site, an arrangement that
acceptable by such governmental-entity;

custody and
is deemed

d. The licensee has submitted a. decommissioning plan or
license termination plan to the department indicating the
licensee's intent to decommission' in accordance with
chapter 33-10-03, and specifying that the licensee intends
to decommission by restricting, use of the site. The
licensee shall document in the license termination plan or
decommissioning plan how the advice of individuals and
institutions in the community who may be affected by the
decommissioning has -been sought -and incorporated, as
appropriate, following analysis of that advice. Licensees
proposing to-decommission by restricting use of the site
shall seek advice from such affected parties regarding the
following matters concerning the proposed decommissioning:

(1) Whether provisions for institutional
proposed by the-licensee;

controls

(a) Will provide reasonable assurance that the total
I - effective - dose -equivalent from residual

-radioactivity distinguishable from background to
-the average.member-of the critical group will
not exceed twenty-five hundredths millisievert
[25 millirem].total effective dose equivalent
per year;

(b) Will be enforceable; and

(c) Will.- not
- coommunity

impose: undue burdens on
or other affected parties;

the local

(2) Whether -,the licensee has provided sufficient
financial assuranceto enable an independent third
party, including a governmental custodian of a site,
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to assume and carry out responsibilities for any
necessary control and maintenance of the site;

(3) In seeking advice on the issues identified in this
subdivision, the licensee shall provide for:

(a) Participation by representatives of a broad
cross section of community interests who may be
affected by the decommissioning;

(b) An opportunity for a comprehensive, collective
discussion on the issues by the participants
represented; and

(c) A publicly available summary of the results of
all such discussions, including a description of
the individual viewpoints of the participants on
the issues and the extent of agreement and
disagreement among the participants on the
issues; and

e. Residual radioactivity at the site has been reduced so
that if the institutional controls were no longer in
effect, there is reasonable assurance that the total
effective dose equivalent from residual radioactivity
distinguishable from background to the average member of
the critical group is as low as reasonably achievable and
would not exceed either:

(1) One millisievert [100 millirem] per year; or

(2) Five millisieverts [500 millirem] per year provided
the licensee:

(a) Demonstrates that further reductions in residual
radioactivity necessary to comply with the one
millisievert [100 millirem] per year value of
paragraph 1 are not technically achievable,
would be prohibitively expensive, or would
result in net public or environmental harm;

(b) Makes provisions for durable institutional
controls; and

(c) Provides sufficient financial assurance to
enable a responsible government entity or
independent third party, including a
governmental custodian of a site, both to carry
out periodic rechecks of the site no less
frequently than every five years to assure that
the institutional controls remain in place as
necessary to meet the criteria of subdivision b
and to assume and carry out responsibilities for
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any-necessary control and maintenance of those
controls. Acceptable - financial assurance
mechanisms are those in subdivision c.

4.~ Alternate criteria for license termination. The department
may terminate a license using alternate criteria greater than
the dose criterion,' of subsection 2, -subdivision b of
subsection 3, or paragraph 1 of subdivision d of subsection 3,
if the licensee:

a. Provides assurance, that public health and-safety would
continue to be protected, and that it is unlikely that the
total dose from all manmade sources combined, other than
medical, would be- more than the one -millisievert

- [100 millirem] per year limit of section 33-10-04.1-07
would be unlikely, by submitting an analysis of possible
sources of exposure;

b. Has employed to the extent practical restrictions on site
use according to the provisions' of subsection 3 in
minimizing exposures at the site;

-c. Reduced doses to as low as is reasonably achievable
- levels. Determination of the levels which are as low as

reasonably achievable shall take into account
consideration of any detriments, such' as loss from
transportation accidents, expected to potentially result
from decontamination and waste disposal;

d. Has submitted a decommissioning plan or license
termination plan to, the department indicating the
licensee's intent' to decommission in accordance with
subsection 8 of section 33-10-03-05- and' specifying that
the licensee proposes to deconmnission by use of alternate
criteria. The licensee shall' document in the
-decommissioning plan or 'the license 'termination plan how
the -advice of individuals and institutions in the
community who may be affected'by'the decommissioning has
been-sought'and incorporated as appropriate, following
analysis of 'that advice. In seeking such advice, the
licensee'shall provide for:

(1) Participation by representatives 'of a broad cross
section of community interests who may be affected by

* r the decommissioning;

-(2) An - -opportunity for a comprehensive, collective
discussion on' the issues -by 'the participants
represented; and

(3) A publicly available suniiary of the results of all
such discussions, including a description of the
individual viewpoints of the participants on the

4-59 5/98



issues and the extent of agreement and disagreement
among the participants on the issues; and

e. The use of alternate criteria to terminate a license
requires the approval of the department after addressing
any comments provided by the United States environmental
protection agency, the United States nuclear regulatory
commission, and any public comments submitted pursuant to
subsection 5.

5. Public notification and public participation. Upon the
receipt of a license termination plan or decommissioning plan
from the licensee, or a proposal by the licensee for release
of a site pursuant to subsection 3 or 4, or whenever the
department deems such notice to be in the public interest, the
department shall provide opportunity for public comment.
Public comment procedures shall include the following:

a. Notice shall be given by publication in a newspaper of
general circulation in the area where the license is
located or in a state publication designed to give public
notice; to persons on a mailing list developed by the
department, including those who request in writing to be
on the list; and by other means if necessary to assure
adequate notice of the affected public. Notice shall be
made to the United States environmental protection agency
for cases where the licensee proposes to release a site
pursuant to subsection 4;

b. The notice shall identify the affected facility; the name
and address of the licensee; the name and address of the
department; a brief description of the plan; the name,
address, and telephone number of a person from whom
interested persons may obtain additional information,
including copies of the plan, all relevant supporting
materials, and all other materials available to the
department that are relevant to the decision; a brief
description of the comment procedures required by this
subsection; and the time and place of any hearing that may
be held, including a statement of procedures to request a
hearing, unless a hearing has already been scheduled;

c. The department shall provide at least thirty days for
public comment and shall give notice of any public hearing
at least thirty days in advance of the hearing; and

d. The department shall keep a record of the commenters and
also of the issues raised during the public participation
process. These record shall be available to the public.

6. Minimization of contamination. Applicants for licenses, other
than renewals, shall describe in the application how facility
design and procedures for operation will minimize, to the
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extent practical, contamination of
environment, facilitate eventual
minimize, to the extent practical,
radioactive waste.

the facility and
decommissioning,
the generation

the
and
of

History: Effective May 1, 1998.
General Authority: NDCC 23-20.1-04
Law Implemented: NDCC 23-20.1-03, 23-20.1-04, 23-20.1-04.1
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C C
APPENzIx A

FACTORS FOR RESPIRATORS1PROTECTION

I I

Description

Protection Factors4

Modes3  Particu- Particu-
ates lates,
only gases &

vapors

Tested & Certified Equipment

National.Institute for Occupational
Safety and Health-& Mine Safety and
Health Administration tests for
permissibility

30 CFR 11, Subpart K.

(1)

(2)

AIR-PURIFYING RESPIRATORS'

Facepiece, half-mask7

Facepiece, full
Facepiece, half-mask
full, or hood

ATMOSPHERE-SUPPLYING,
RESPIRATORS,

1. - 'Air-line'respirator

NP ,
NP
PP

10
50
1000

.trs

0'%

I Facepiece,
Facepiece,^
Facepiece,
Facepiece,

*.Facepiece,,
Hood- -
Suit

half-mask
half -mask
:full
full
full

CF
D
CF -
D
'PD
CF
CF

1000
5

2000
5

200q
- 9,1o

30 CFR 11, Subpart J.

2., . Self-contained J
breathing apparatus

I - (SCBA) I D.1 D

Facepiece, full PD
Facepiece, full RD
Facepiece,-full RP
,Facepiece,-full I

50
10, 00011

50
5,00012

30 CFR 11, Subpart H.

to
co'

f
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(3) COMBINATION Protection 30 CFR 11, Sec. 11.63(b).
RESPIRATORS factor for type

and mode of
Any combination of operation as
air-purifying and listed above.
atmosphere-supplying
respirators

FOOTNOTES

1. For use in the selection of respiratory protection equipment to be used only where
the contaminants have been identified and the concentrations, or possible
concentrations, are known.

2. Only for shaven faces and where nothing interferes with the seal of tight-fitting
facepieces against the skin. Hoods and suits are excepted.

3. The mode symbols are defined as follows:
CF = continuous flow
D = demand
NP = negative pressure, that is, negative phase during inhalation
PD = pressure demand, that is, always positive pressure
PP = positive pressure
RD = demand, recirculating or closed circuit
RP = pressure demand, recirculating or closed circuit

4. a. The protection factor is a measure.of the degree of protection afforded by a
respirator, defined as the ratio of the concentration of airborne radioactive
material outside the respiratory protection equipment to that inside the
equipment, usually inside the facepiece, under conditions of use. It is applied
to the ambient airborne concentration to estimate the concentrations inhaled by
the wearer according to the following formula: The concentration inhaled is the
ambient airborne concentration divided by the protection factor.

( ' ( (
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b. The protection factors apply:

(1) Only for individuals trained in using respirators and wearing properly
fitted respirators that are used and maintained under supervision in a
well-planned respiratory protection program. '

(2) Forair-purifying respirators only when' high efficiency particulate
filters, above ninety-nine and ninety-seven hundredths percent removal
efficiency by thermally generated three-tenths micron dioctyl jhthalate
(DOP) test or equivalent, are used in atmospheres not deficient in oxygen
and not containing radioactive gas or vapor respiratory hazards.

(3). No adjustment is to be made for the use of sorbents against radioactive
material in the form'ofrgases'or vapors.

,(4) For' atmosphere-supplying respirators- only- when supplied with adequate
respirable air. Respirable air shall be provided of the quality and
quantity 'required in accordance with the 'national ':" institute for

Z' -occupational safety and, health ' and the mine, safety 'and health
0E administration certification described in 30 CFR 11. Oxygen and air shall

not be used' in the same'apparatus. '

5. Excluding radioactive contaminants that present an absorption or submersion hazard.
For tritium oxide, approximately one-third of the'intake occurs by absorption through
the skin so-that-an'overall'protection factor of less than two'is appropriate when
atmosphere-supplying respirators are used to protect against tritium oxide. If the
protection factor for respiratory protection equipment is five, the effective
protection factor for tritium is about one and four tenths; with protection factors
of~ten, the effective-factor for tritium oxide is about'one and seven tenths; and
with protection factors of one hundred or-more, the effective factor for tritium
oxide-is about one and' nine tenths. 'Air-purifying respirators are not suitable for
protection against tritium oxide. See-also footnote 9 concerning supplied-air suits.

01
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6. Canisters and cartridges shall not be used beyond service-life limitations.
in

7. Under-chin type only. This type of respirator is not satisfactory for use where it
Go might be possible, such as, if an accident or emergency were to occur, for the

ambient airborne concentrations to reach instantaneous values greater than 10 times
the pertinent values in table I, column 3 of appendix B of chapter 33-10-04.1.1.
This type of respirator is not suitable for protection against plutonium or other
high-toxicity materials. The mask is to be tested for fit prior to use, each time
it is donned.

8. a. Equipment shall be operated in a manner that ensures that proper air flow-rates
are maintained. A protection factor of no more than one thousand may be
utilized for tested-and-certified supplied-air hoods when a minimum air flow of
six cubic feet per minute (0.17'm3/min) is maintained and calibrated air line
pressure gauges or flow measuring devices are used. A protection factor of up
to two thousand may be used for tested and certified hoods only when the air
flow is maintained at the manufacturer's recommended maximum rate for the
equipment, this rate is greater than six cubic feet per minute (0.17 m3/min) and
calibrated air line pressure gauges or flow measuring devices are used.

b. The design of the supplied-air hood or helmet, with a minimum flow of six cubic
Cn feet per minute (0.17 m3/min) of air, may determine its overall efficiency and

the protection it provides. For example, some hoods aspirate contaminated air
into the breathing zone when the wearer works with hands-over-head. This
aspiration may be overcome if a short cape-like extension to the hood is worn
under a coat or overalls; Other limitations specified by the approval agency
shall be considered before using a hood in certain types of atmospheres. See
footnote 9.

9. Appropriate protection factors shall be determined, taking into account the design
of the suit and its permeability to the contaminant under conditions of use. There
shall be a standby rescue person equipped with a respirator or other apparatus

( ( (



appropriate for the potential hazards and communications equipment whenever supplied-
air suits are used.

10. No approval schedules are currently available for this equipment. Equipment is to
be evaluated by testing or on the basis of reliable test information.

11. This type of respirator may provide greater protection and be used as an emergency
device in unknown concentrations for protection against inhalation hazards. External
radiation hazards and other limitations to permitted exposure, such' as skin
absorption, must be taken into account in such circumstances.

12. Quantitative fit testing shall be performed on each individual, and no more than two
hundredths percent leakage is allowed with this type of apparatus. Perceptible
outward leakage of gas from this or any positive pressure self-contained breathing
apparatus is unacceptable because service life will be reduced substantially.
Special training in the use of this type of apparatus shall be provided to the
wearer.

01 Note 1: Protection factors for respirators approved by the U.S. bureau of mines and the
*' national institute for occupational safety and health, according to applicable approvals

for respirators for type and mode of use to protect against airborne radionuclides, may
be used to the extent that they do not exceed the protection factors listed in this
table. The protection factors listed in this table may not be appropriate to
circumstances where chemical or other respiratory hazards exist in addition to
radioactive hazards. The selection and use of respirators for such circumstances should
take into account applicable approvals of the U.S. bureau of mines and the national
institute for occupational safety and health.

Note 2: Radioactive contaminants, for which the concentration values in table I, column
3 of appendix B of chapter 33-10-04.1.1 are based on internal dose due to inhalation,
may present external exposure hazards at higher concentrations. Under these
circumstances, limitations on occupancy may have to be governed by external dose limits.
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APPENDIX B

ANNUAL LIMITS ON INTAME (ALI) AND DERIVED AIR CONCENTRATIONS
(DAC) OF RADIONUCLIDES FOR OCCUPATIONAL EXPOSUREj EFFLUENT

CONCENTRATIONS, CONCENTRATIONS FOR RELEASE TO SANITARY SEWERAGE

Introduction

For each radionuclide, table I indicates the chemical form which is to be used for
selecting the appropriate annual limit on intake or. derived air concentration value.
The annual limit on intakes and derived air concentrations for inhalation are given for
an aerosol, with an activity median aerodynamic diameter (AMAD) .of one pm, micron, and
for three classes (DWY) of radioactive material, which refer to their retention
(approximately' days, weeks or years) in the pulmonary region of the Jlung., ' This
classification applies to a range of clearance half-times of less than ten days for D,
from ten to one hundred days for W, and of greater than one hundred days for Y. The
class '(D,'W, Y) given in the column headed "class" applies only to the inhalation-annual
limit on intakes'and derived air concentrations given in table I columns 2 and,3. Table
II provides concentration limits 'for airborne 'and liquid effluents released-to the
general environment. Table III provides concentration limits for discharges to sanitary
sewerage. . -

Note: , ' -

'The values in tables I, II, and III are presented in the computer,"E" notation. In
this notation a value of 6E-02"represents a value of 6 x 10'2,or six hundredths, 6E+2
represents 6 x 102 or six hundred, and 6E+0 represents 6 x 100 or six.

Table I "Occupational Values"'

., p ... ,



Note that the columns in table I of this appendix captioned "oral ingestion annuallimit on intake," "inhalation annual limit on intake," and "derived air concentration,"
are applicable to occupational exposure to radioactive material.

The annual limit on intakes in this appendix are the annual intakes of givenradionuclide by "reference man" which would result in either (1) a committed effective
dose equivalent of five hundredths sieverts (five rem), stochastic annual limit onintake, or (2) a committed dose equivalent of five tenths sieverts (fifty rem) to anorgan or tissue, non-stochastic annual limit on intake. The stochastic annual limit onintakes were derived to result' in a risk, due to irradiation of organs and tissues,comparable to the risk associated with deep dose equivalent to the whole body of fivehundredths sieverts (five rem). The derivation includes multiplying the committed doseequivalent to an organ or tissue by a weighting factor, WT. This weighting factor is theproportion of the risk of stochastic effects resulting from irradiation of the organ ortissue, T, to the total risk of stochastic effects when the whole body is irradiated
uniformly. The values of wT are listed under the definition of weighting factor insection 33-10-04.1.1-03. The non-stochastic annual limit on intakes were derived toavoid non-stochastic effects, such as prompt damage to tissue or reduction in organfunction.

ax
A value of wT = 0.06 is applicable to each of the five organs or tissues in the

"remainder" category receiving the highest dose equivalents, and the dose equivalentsof all other remaining tissues may be disregarded. The following portions of thegastro-intestinal tract -- stomach, small intestine, upper large intestine, and lowerlarge intestine -- are to be treated as four separate organs.

Note that the dose equivalents for an extremity (hands and forearms, feet, and lowerlegs), skin, and lens of the eye are not considered in computing the committed effectivedose equivalent, but are subject to limits that must be met separately.

When an annual limit on intake is defined by the stochastic dose limit, this valuealone is given. When an annual limit on intake is determined by the non-stochastic doselimit to an organ, the organ or tissue to which the limit applies is shown, and the
Go
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annual limit on intake for the stochastic limit is shown in parentheses. Abbreviated
organ or tissue designations are used:

o0

LLI wall = lower large intestine wall;
St wall = stomach wall;
Blad wall = bladder wall; and
Bone surf = bone-surface.

The use of, the annual limit on intakes listed first, the more limiting of the
stochastic and non-stochastic annual limit on intakes, will ensure that noh-stochastic
effects are avoided and that the risk of stochastic effects is limited to an acceptably
low value. If, in a particular situation involving a radionuclide for'which the non-
stochastic annual limit on intake is limiting, use of that non-stochastic annual limit
on intake is considered unduly conservative, the licensee may use the stochastic annual
limit - on intake to determine the committed effective dose equivalent.' However, the
licensee shall also ensure that the five tenths sievert (fifty rem) dose equivalent
limit for any organ or tissue is not exceeded by the sum of the'external deep dose
equivalent plus the internal committed dose equivalent to that organ, not the'effective
dose. For -the case where there is no external dose contribution, this would-be
demonstrated if the sum of the fractions of the nonstochastic annual limit on intakes
(ALIn) that contribute to the committed dose equivalent to the organ'receiving the
highest dose does not exceed unity, that is, £ (intake (in uCi) of each
radionuclide/ALIn8) s one. If there is an external deep dose equivalent contribution of
Hd, then this sum must be less than l.- (Hd/50),>instead of s one.'

- The derived air concentration (DAC) values are derived limits intended'to control
chronic occupational exposures. The relationship between the derived air concentration
and the annual limit on intake is given by:

DAC = ALI(in pCi)/(2000 hours per working year x 60 minutes/hour x 2 x 104 ml
per minute) = [ALI/2.4 x 10'] PCi/ml, I



where 2 x 10' ml is the volume of air breathed per minute at work by reference man under
working conditions of light work.

The derived air concentration values relate to one of two modes of exposure: either
external submersion or the internal committed dose equivalents resulting from inhalation
of radioactive materials. Derived air concentrations based upon submersion are for
immersion in a semi-infinite cloud of uniform concentration and apply to each
radionuclide separately.

The annual limit on intake and derived air concentration values include contributions
to exposure by the single radionuclide named and any in-growth of daughter radionuclides
produced in the body by decay of the parent. However, intakes that include both the
parent and daughter radionuclides should be treated by the general method appropriate
for mixtures.

The values of annual limit on intake and derived air concentration do not apply
directly when the individual both ingests and inhales a radionuclide, when the
individual is exposed to a mixture of radionuclides by either inhalation or ingestion
or both, or when the individual is exposed to both internal and external irradiation.
See subsection 2 of section 33-10-04.1.1-06. When an individual is exposed to
radioactive materials which fall under several of the translocation classifications of
the same radionuclide,. such as, class D, class W, or class Y, the exposure may be
evaluated as if it were a mixture of different radionuclides.

It should be noted that the classification of a compound as class D, W, or Y is based
on the chemical form of the compound and does not take into account the radiological
half-life of different radionuclides. For this reason, values are given for class D,
W, and Y compounds, even for very short-lived radionuclides.

Table II "Effluent Concentrations"

Ln The columns in table II of this appendix captioned "effluent concentrations," "air,,
and "water" are applicable to the assessment and control of dose to the public,

to



particularly in the implementation of the provisions of subsection 2 of section 33-10-
04.1.1-07. The concentration values given in columns 1 and 2 of table II are equivalent
to the radionuclide concentrations which, if inhaled or ingested continuously over the
course of a year, would produce a total effective dose equivalent of five tenths
millisievert (0.05 rem).

Consideration of non-stochastic limits has not been included in deriving the air and
water effluent concentration limits because non-stochastic effects are presumed not to
occur at or below the dose levels'established for.individual'members 'of the public. For
radionuclides, where the'non-stochastic limit was governing in deriving the'occupational
derived'air concentration, the stochastic annual limit on intake was used inderiving
the'corresponding'airborne effluent limit in table II'- For this reason, 'the derived air
concentration'and airborne effluent limits are not always proportional as 'was the case
in app'ehdix'A-of the 1992 revision of chapter 33-10-04.1.1. '1

The 'air concentr~ation'values listed in table II, column 1'were derived'by one' of two
methods. For those radionuclides for which the stochastic limit is governing, the
occupational stochastic inhalation annual limit on intake was divided by 2.4 x 109 (ml),
relating the inhalation annual limit on intake to the derived air concentration, as
explained above',' and then divided by a factor of three hundred. The factor of three
hundred includes the'-following- components:'' a' factor of fifty' to relate the five
hundredths sievert, (5 rem) annual occupational d6se6 limit'to the one~'millisievert (0.1
rem) limit formembers of the public, a'factor of three!to adjust for the difference in
exposure time'and the'inhalation rate for'a'worker'and-that'for members of the public;
and a factor of two'to adjust'the occupational'values,'derived for adults, so that they
are applicable'to other'age'groups. ' ' " ' >,'''

For those radionuclides for which submersion, that is external dose, is limiting,
the occupational derived air concentration in table I, column 3 was divided by two
hundred nineteen. 'The factor of two hundred -nineteen-'is'composed of a factor'of fifty,
as described above, and~ a factor of four and thirty-eight hundredths' relating
occupational exposure'for two thousand hours per year to full-time exposure (8,760 hours

i



per year). Note that an additional factor of two for age considerations is not
warranted in the submersion case.

The water concentrations were derived by taking the most restrictive occupational
stochastic oral ingestion annual limit on intake and dividing by 7.3 x 107. The factor
of 7.3 x 107 (ml) includes the following components: the factors of fifty and two
described above and a factor of 7.3 x 105 (ml) which is the annual water intake of
reference man.

Note 2 of this appendix provides groupings of radionuclides which are applicable to
unknown mixtures of radionuclides. These groupings, including occupational inhalation
annual limit on intakes and derived air concentrations, air and water effluent
concentrations and releases to sewer, require demonstrating that the most limiting
radionuclides in successive classes are absent. The limit for the unknown mixture is
defined when the presence of one of the listed radionuclides cannot be definitely
excluded either from knowledge of the radionuclide composition of the source or from
actual measurements.

Table III "Releases to Sewers"

The monthly average concentrations for release to sanitary sewerage are applicable
to the provisions in subsection 3 of section 33-10-04.1.1-14. The concentration values
were derived by taking the most restrictive occupational stochastic oral ingestion
annual limit on intake and dividing by 7.3 x 106 (ml). The factor of 7.3 x 106 (ml) is
composed of a factor of 7.3 x 105 (ml), the annual water intake by reference man, and a
factor of 10, such that the concentrations, if the sewage released by the licensee were
the only source of water ingested by a reference man during a year, would result in a
committed effective dose equivalent of five millisieverts (0.5 rem).
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LIST OP ELEMENTS

Atomic
Number

Atomic
Number

t"
-S
.20

Name

Actinium
Aluminum
Americium
Antimony
Argon,
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium..
Chlorine
Chromium
Cobalt
Cop er
Curium
Dysprosium
kinsteinium
Erbium,
Euroyium '
Ferm um
Fluorine
Francium
Gadolinium
Gallium
Germanium
Cold
Hafnium
Holmium,
Hydrogen
Indium
Iodine
Iridium
Iron. ,
Krypton
Lanthanum
Lead
Lutetium
Magnesium -
Manqanese
M endelevium

Symbol Name Symbol

Ac 89
Al 13
Am 95
Sb 51
Ar 18
As 33
At 85
BA 56
Bk 97'
Be 4
Bi 83
Br 35
Cd 48
Ca 20
Cf 98
C 6
Ce 58
Ca 55
C1 17
Cr , 24
Co 27
Cu. 29
CM 96
Dy 66
Es, 99
Er 68
Eu 63
Fm ,, 100
F 9
Fr 87
Gd , . 64
Ga ' 31
Ge 32
Au 79
Hf , 72
Ho ' 67
H 1
In , 49
I 53
Ir -. ,, 77
Fe, . 26
Kr ' 36
La 57
Pb 82
Lu 71
Mg- 12-
Mn 25
md, 101

Mercury
Molybdenum
Neodymium
Neptunium
Nickel
Niobium
Osmium
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
PromethYum
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur .
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium

- Tin .
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium

- Zinc
Zirconium

Hg
Mo
Nd
Nb

Nb
Os
Pd
P
Pt
Pu
Po
K

I Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru'
Sm
Sc
So
Si
Ag

I Na
Sr
S

I Ta
Tc

, I Te
Tb
Ti

* - ThTh,Tm'
- Sn
Ti

I W
U
V
Xe
Yb
Y
Zn
Zr

80
42
60
93
28
41
76
46
15
78
94
84
19
59
61
91
88
86
75
45
37
44
62
21
34
14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
'30 -
40



Table I Table 11 Table III
Occupational Values Et2luent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. I Col. 2
oral Monthly

AIosic Radionuclide Claus In estlon Inhalation AverageN C Ro.ic AL? AIs DAC Air Water Concentration

'41

I.

1 Hydrogen-3

4 Beryllium-7

4 Beryllium-10

6 Carbon-ll 3

6 Carbon-14

9 Fluorine-181

Water. DAC includes skin
absorption

Gas (HT or Ta) Submersion's

W. all compounds except
those given for Y

Y, oxides, halides, and
nitrates

W. see 7Be

Y. see 'Be

Monoxide
Dioxide
Compounds

Monoxide
Dioxide
Compounds

D. fluorides of H. Li,
Na. K. Rb, Cs, and Fr

W. fluorides of Be, Mg,
Ca, Sr, Ba, Ra, Al, Ca,
In. Tl As. Sb, Bi. Fe.
Ru. Os, Co. Ni, Pd, Pt.
Cu. Ag. Au. Zn, Cd, Hg,
Sc, Y. Ti, Zr. V. Nb,
Ta. Hn, Tc, and Re

Y. lanthanum, fluoride

D. all compounds

D, all compounds

4E+4

1E+3
LLI wall
(1+33)

4E+s

2E*3

2E34

23+4

2H+2

lE+1

IE+6
6E+5
4E+5

2E36
2E35
2B+3

9E-6

8E-6

6e-8

6E-9

5E-4
3E-4
2E-4

7E-4
9E-5
1E-6

3E-5

4E-s
3E-5

3E-7

2E-6

8Et4 8E+4 2E-5

Use above values as HT and Ta oxidize

1E-7

in air

3E-8

3E-8

2E-10

2E-11

2E-6
9E-7
6H-7

2E-6
3E-7
3E-9

1E-7

1E-7
1E-7

9E-10

7E-9

1E-3

and in the

6E-4

2E-5

6E-3

3E-5

7E-4

6E-6

5E-5

1E-2

body to HTO.

6E-3

2E-4

6E-2

3E-4

7E-3

6E-5

5E-4

5E+4 7E+4
St wall
(5E34) -

11

11

Sodium-22

Sodium-24

4E+2

4E*3

9E+4
8E+4

6E+2

SE+3

nl
1-
to
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Table I Table II Table III
occupational Values Effluent Rolease. to

Concentrations Sawers

Col. 1 Cl. 2 Col. 3 Col. 1 Col. 2
II Iora I onthly

ingestion Inhalation Average
Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. IpCil (Pcll IPCI/mil fpCI/mil IPCI/mil JPCI/II)

* Z-
IIr

12 Magnesium-28

13 Aluminum-26

I , o

14 Silicon-31

14 Silicon-32

15 Phosphorus-32

15 Phosphorus-33

D, all compounds except
those given for W

W. oxides, hydroxides.
carbides, halides, and
nitrates

D, all compounds except
those given for W

W. oxides; hydroxides,
carbides, halides, and
nitrates

D, all compounds except
those given for W and Y

W. oxides, hydroxides,
carbides, and nitrates

Y. aluminosilicate glass

D, see "Si

W. see Si
Y. see "Si

D. all compounds except
phosphates given for W

W. phosphates of Zn',%

anlant~hanides

D see 3"P
W see P

7E+2

4E.2

9E+3

2E+3
LLI wall
(3E33)

6E+2

6E+3

2E.3

1E+3

6Ev1

9E~l

3E+4

3E+4
3E+4

2E+2

lE+

9E+i

4E+2
3B+3

63E+

7E-7

5E-7

3e-8

4E-8

le-5

lE-5
lE-5

1E-7

5E-8
2E-9

4E-7

2E-7

4E-6
1E-6

2H-9

2E-9

13-10

4H-8

SE-B
4E-8

3E-10

2E-10
7E-12

lE-9

5E-10

1E-BJ!
4E-9

9E-6

6E-6

1E-4

4E-5

9E-6

8E-5

9E-5

6e-5

1E-3

4E-4

9E-5

8E-4

f



Table I Table II Table III
Occupational Values Etfluent Releases to

Concentrations Sewers
Col. I Col. 2 Col. 3 Col. 1 Col. 2
Oral blonthly

Atoc Radionuclde Claa nton Inhlation AverageAtomic Rdoci Class ALIALIDAC Air Water Concentration
No. E9Cil IiCi) (PCi/ml) (.Ci.ml) (.iCL.al) (.lCim ._

16 Sulfur-35

40-

17 Chlorine-36

17 Chlorine-383

17 Chlorine-39'

Vapor
D, sulfides and sulfates

except those given for W

sulfides of Sr, Ba, Geo
Sn, Pb, As, Sb, Di, Cu.
Ag, Au, Zn, Cd. Hg, W. and
Mo. Sulfates of Ca, Sr,
Ba, Ra, As, Sb, and Bi

D, chlorides of H. Li,
Na. K, Rb, C., and Fr

W. chlorides of lantha-
nides. Be Mg, Ca. Sr
Ba, Ra, Ai, Ga. In, Ti,
Ge. Sn. Pb. As, Sb, Bi.
Fe, Ru, Os, Co, Rh, Ir.
Ni. Pd. Pt. Cu. Ag, Au,
Zn, Cd, Hg, SC, Y. Ti,
Zr, Hf. V, Nb, Ta. Cr.
Mo. W. Hn. Tc, and Re

D, see HCl

W. see "1C1

D, see "Cl

W, see "Cl

Submersion'

Submersion'

Submersion'

D, all compounds

lEt4

1E+4
LLI wall
(8E*3)

6E-6

2E+4

2E-8

7E-6 2E-8

1E-4 1E-3

9E-7 3E-9

W
e leme
n ta I
sulfu
r
6E+3

2E+3

2E+4
St wall
(3E+4)

2Et4
St wall
(4E+4)

3E+2

2E+3

2E+2

4E..4

5E+4

5E+4

6E+4

4E52

1E-6

1E-7

25-5

2E-5

2E-5

2H-5

lE*0

2E-4

3E-6

28-7

3E-9

3E-10

6E-8
6-8

6E-8

7E-8

8E-8

6E-3

8E-7

1E-8

6E-10

2E-5

3E-4

5E-4

4E-6

2E-4

3E-3

5E-3

4E-5

U'
to
Dt

18

18

18

19

Argon-37

Argon-39

Argon-41

Potassium-40
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Table I Table II Table III
Occupational Values Effluent Release* to

Concentrations evwers

Col. 1 Col. 2 Cal. 3 Col. 1 Col. 2
Oral Monthly

Atomic Rtadionuclide Clauss~~eto hlto Air Water Coverage'N.DAl) (C) (Ci/l pim) (c/l .Cincentation

-LJ

-.1

19 Potassium-42

19 Potassium-43

19 Potassium-44,

19 Potassium-45'

20 Calcium-41

20 Calcium-45

20 Calcium-47

21 Scandium-43

21 Scandium-44m

21 Scandium-44

21 Scandium-46

21 Scandium-47

21 Scandium-48

21 Scandium-498

D. all compounds

D. all compounds

D0 all compounds

D, all compounds

W, all compounds

all 'compounds

W. all compounds

Y, all- compounds

Y. all compounds

Y. all compounds

Y. all compound.

Y. all compounds

Y. all compounds

Y. all compounds

5E+3

6E+3

2E+4
St wall
(4E+4)

3E34
St wall
(5E+4)

3E+3
Bone'surf
(4E+3)

2E+3

8E+2

7E+3

5E+2

4E+3

9E+2

2E+3
LLI wall
(3E.3)

8E+2

2E+4

5E+3

9E+3

7E+4

13+5

4E+3
Bone surf
(4E+3)

8E+2

9E+2

7E+2

13.4

2E+2

38+3

5E+35E+

2e-6

4E-6

3e-5

SE-5

2E-6

4E-7

4E-7

9E-6

3E-7

5E-6

13-7

1E-6

6E-7

2e-5

7E-9

1E-8

96-8

2E-7

53-9

13-9lE-9

lE-9

3E-8,

1E-9

2E-8

3E-10

4E-9

2E-9

8E-8 t

6E-5

9E-5

5E-4

7E-4

6E-5

2E-5

1E-5

1E-4

7E-6

5E-5

1E-5

4-5
4E-5

1E-5

3E-4

6E-4

9E-4

5E-3

7E-3

6E-4

2E-4

6E-4

1E-3

7E-5

5E-4

1E-4

4E-4

13-4

3E-3

f



Table I Table II Table III
Occupational Values Ettluent Releases to

Concentrations Sewers
Col, 1 Col. 2 Col. 3 Col. I Col. 2
Oral monthly
Ingestion inhalation Average

Atomic Radionuclide Closs ALi ALI DAC Air Water Concnthaltion
No. (PIC,) (pCi) (PCi/ml) (uCiIml) (Pis~/ol) (uCI/A[

C4

22 TitaniuM-44

22 Titanium-45

23 Vanadium-47'

23 Vanadium-48

23 Vanadium-49

24 Chromium-48

24 Chromium-49'

24 Chromium-51

D, all compounds except
those given for W and Y

W. oxides, hydroxides
carbide;, halides, and
nitrates

Y, SrTiOl

D, see 'Ti
We see "Ti
Y see "Ti
D all compounds except

those given for W

W. oxides, hydroxides.
carbides, and halides

D, see 'IV
W. see 'IV

D, see 4"V

W, see 47V

D, all compounds except
those given for W and Y

W halides and nitrates
Y. oxides and hydroxides

D, see "Cr
W, see "Cr
Y, see "Cr

D, see "Cr
W see "Cr
Y, see "Cr

3E+2 13l

- 3Et1 1B-8
- 63.0 2E-9

93+3 33.4 lE-5
- 4E.4 1E-5
- 33+4 lE-5

3E34 83+4 3E-5
St wall
(3E+4) - _

- lE+5 4E-S

6E32 13+3 58-7
- 68+2 3E-7

7E.4 38.4 1E-5
LLI wall Bone surf
(9E*4) (3E+4) -
- 2E+4 8E-6

58-9 2E-11

4E-11
8E-12

3E-8
SE-8
4E-8

1E-7

1E-7

2E-9
93-10

5E-8
2B-8

2E-8
lE-8
1e-8

1E-7
1E-7
1E-7

6E-8
3E-8
3E-8

4E-6

1E-4

4E-4

9E-6

1E-3

SE-S

4E-4

5E-4

4E-5

1E-3

4e-3

9E-S

1E-2

8E-4

4E-3

SE-3

6E+3

3E34

4E+4

1E+4
7E+3
73+3

8H+4
13.5
93+4

5E+4
2H+4
23+4

SE-6
3E-6
33-6

4E-S
4E-S
4E-5

2E-S
1E-5
8E-6

M

Q ( C
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Table I Table II Table III
occupational Value. Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. I Col. 2
Oral Monthly
In estion Inhalation Average

Atomic Radionucild. Class ALI ALI DAC Air Water Concentration
No. (PCi) IpCiI flCit/ml) fpCi/ml) (pCi/ml) fpCi/31)

'.0

25 a

25 Hanganese-51'

25 Manganese-52m'

25 Manganese-53

25 Manganese-54

25 Manganese-56

26 Iron-52

26 Iron-55

26 Iron-59

26 Iron-60

D, all compounds except
those given for W

W. oxide., hydroxides.
halides, and nitrates

D, see "Sn

W. see "Hn

0 see 'Hn
W see "Mn

*, see "4Mn

W, see "Mn
DW see "Mn

D, see "Mn
W. see "Mn

D, all compounds except
those given for W

W. oxides hydroxides.
and halides

D, aee "Fe
W. see "Fe

D, see "Fe
W. see F

D, see "Fe
W. see "Fe

2E+4

3E*4
St wall
(4E54)

7E*2

SE+4

2E+3

5E+3

9E+2

9E+3

8E+2

3Etl

SE.4

68+4

9E+4

1E+5

AE+3
9E+2

1E*4
Bone surf
(2E+4 )
lH+4

9E+2
9e+2

2E+4
2E+4

3E+3

28+3

4K+3

3E+2
8E+2

6E+2
2E+1

2E-5

3E-5

4E-5

4E-5

5E-7
4E-7

SE-6

SE-6

4E-7
3E-7

6E-6
9E-6

1E-6

1E-6

8E-7
2E-6

1E-7
2E-7

3E-9
8E-9

7E-8

8E-8

1E-7

1E-7

2E-9
1E-9

3E-8
2E-8

lE-9
1E-9

2E-8
3E-8

4E-9

3E-9

35-9
6E-9

5E-10
7E-10

9E-12
3E-11

3E-4

5E-4

1E-5

7E-4

3E-5

7E-5

1E-5

1E-4

1E-5

4E-7

3E-3

SE-3

1E-4

7E-3

3E-4

7E-4

1E-4

1E-3

1E-4

4E-6



Table I Table It Table III
Occupational Values atfluent Releases to

Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral M~onthly
Ingestion Inhalation Average

Atomic Radionuclide Clarr AL! ALI DAC Air Water Concentration
No. (CLId (PCi) (Pci/al) (Pci/mi) (PCi/mi) (PCi/al)

0

27 Cobalt-S5

27 Cobalt-56

27 Cobalt-57

27 Cobalt-58m

27 Cobalt-58

27 Cobalt-60m'

27 Cobalt-60

27 Cobalt-61'

27 Cobalt-62m0

28 Nickel-56

W all compounds except
thosu given for Y

Y, oxides, hydroxides,
halides, and nitrates

W see 'Co
Y, see Co

W see "Co
Y. see Co

W see "Co
Y, see "Co

W see "Co
Y. see "Co

W. see "Co

1E+3

5E+2
4E+2

BE+3
4E*3

6e+4

2E+3
18+3

1E+6
St wall
IlE+6)

5H.2

2H+4
2E+4

4E+4
St wall
(5E+4)

1E+3

854

3E53

3E+3

3E*2
2E+2

3E+3
78+2

9E+4
6854

18+3
7E+2

4E+6

3H+6

2E+2
38+1

6E+4
6B+4

2B+S

2H+5

2E+3

1E+3

15.3

18-6

1E-6

1E-7
8E-8

1E-6
38-7

4E-5
3E-5

5E-7
3E-7

2E-3

15-3

7E-8
1E-8

3E-5
2e-5

7g-5

6E-5

8E-7

5E-7
5B-7

4E-9

4E-9

4E-10
3E-10

4E-9
9E-10

18-7
9E-8

2E-9
1E-9

6E-6

4E-6

2E-10
5E-11

9E-8
8E-8

2e-7

2H-7

3E-9

2E-9
2E-9

Y.

W.

W,
Y.

W.

see

see
see

see
see

see

2E-4

U'Co
SSCO

tCo

"co

65-6

6E-5

8E-4

2E-5

2E-2

3E-6

3E-4

7E-4

2E-5

6E-5

6E-4

8E-3

2E-4

2E-1

3E-5

3E-3

7E-3

2E-4

Y, see "Co

D. all compounds except
those given for W

W. oxides, hydroxides,
and carbides

Vapor

U'
to

co

( ( (
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Table I Table II Table III
Occupational Values Effluente to

Concentration.sewr

Col. I Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class AL? ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) fpCi/ml) (pCI/ml)

28

20

28

28

Nickel-57

Nickel-59

Nickel-63

Nickel-65

Nickel-66

o.

I-

D, see "Ni
W. aee "Ni
Vapor

0, see "Ni
W. see "Ni
Vapor

D, see "Nii
W. see "N
Vapor

D, see "Ni
W. see "Ni
Vapor

D, see "Ni

W. see "Ni
Vapor

D, all compounds except
those given for W and Y

W sulfides, halides,
and nitrates

Y. oxides and hydroxides

D, see "Cu
W see "Cu
Y. see 'ICu

D, see '"Cu
W see "Cu
Y, see "CU

D: see "Cu
W. see "Cu
Y. see "Cu

Y, all compounds

2E+3

2E+4

9E+3.

8E+3

4E+2
LLI wall
5E5+2)

3E+4
St wall
(3E+4)

1E+4

l1+4

SE3

lE3

5E+3
3E+3
68+3

4E+3
7E+3
2E+3

2E+3
3E+3
83+2

2E*4
23+4

2E+3

6E+2
3E+3

93+4

1E*5
1E+5

3E+4
4E+4
48+4

3E+4
2E+4
2E3+4

8E+3
5s+3
5E+3

3E+3

2E-6
1E-6
33-6

2e-6
3e-6
8e-7

7E-7
1E-6
3E-7

13-5
1E-5
7e-6

7E-7

33-7
1E-6

4e-s
4E-5

5E-5
13-5
23-5
13-5
13-5
13-5

IE-5

9E-6

3E-6
2e-6
23E-6

1E-6

7E-9
4E-9
9E-9

5E-9
1E-8
3E-9

2E-9
4e-9
1e-9

33-8
4E-8
2E-8

2E-9

9E-10
4E-9

1E-7

2E-7
1E-7

4e-8
6E-8
5E-8

4E-8
33-0
3E-8

1E-8
7E-9
6E-9

4E-9

2E-5

3E-4

1e-4

1e-4

6E-6

4E-4

- 2E-4

2E-4

6 -

6E-5

2E-5

2E-4

3E-3

1E-3

1E-3

6E-5

4E-3

2E-3

2E-3

6E-4

2E-4

29 Copper-601

29

29

29

30

Copper-61

Copper-64

Copper-67

Zinc-62

0



Table I Table II Table III
Occupational Values ftfluent Releases to

Concentrations Sewers

Col. I Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class AL? ALI DAC Air Water Concentration
No. I(pCi) IuCO} (pCL/ml) (PI~/Mll IPCI/ml) (PCL/ml)

30 Zinc-63
3 y, all compounds

30

30

30

30

30

Zinc-65

Zinc-69m

Zinc-69'

Zinc-71m

Zinc-72

Y.

Y.

Y.

Y.

Y.

all

all

all

all

all

compounds

compounds

compounds

compounds

compounds

2E+4
St wall
(3E+4)

4E+2

4E53

6E+4

6E+3

1E+3

N
31 Gallium-65'

31 Gallium-66

31 Gallium-67

31 Gallium-68'

31 Gallium-70'

D. all compounds except
those given for W

W. oxides, hydroxides,
carbides, halides, and
nitrates

D see "Ga
W. see "Ga

D see "Ga
W see "Ga

D, see "Ga
W. see "Ga

D, see "Go

SE4
St wall
(6E+4)

1E+3

7E+3

2.+4

5E+4
St wall
(7E+4)

lEi3

55+3

75.4

3E+2

7E+3

lH+5

2Bt4

lE+3

2E+5

2E*5

4E+3
3E+3

1E+4
1E+4

4E;4
5E+4

2Z+s

2E+5

4H+3

2E+4
28+4

3E-5

1E-7

3E-6

6E-5

7E-6

5E-7

7E-5

8E-5

1E-6
1E-6

6E-6
4E-6

2E-5
2e-5

7E-5

8E-5
8E-S

15-6

6E-6
68-6

92-8

4E-10

1E-8

2E-7

2E-8

2E-9

2E-7

3E-7

5E-9
4E-9

2E-8
1E-8

6E-8
75-8

2E-7

3E-7

5E-9
4E-9

2E-8
2E-8

3E-4

SE-6

6E-5

8E-4

8E-5

1E-5

9E-4

1E-5

1E-4

2E-4

1E-3

2E-5

7E-5

3E-3

5E-5

6E-4

8E-3

8E-4

1E-4

9E-3

1E-4

1E-3

2E-3

1E-2

2E-4

7E-4

31 Gallium-72

31 Gallium-73

W.

D.
W.

D,
W.

see "Gn

see "Ga
see "Ga

see "Ga
see "Ga

Un

QD
CO

Q ( (
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Table I Table II Table III
- Occupational Values Etfluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Clams ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) IpCi/ml) (pCi/ml) (pci/ml) (pCi/ml)

32 Germanium-66

32 Germanium-67'

Dt all compounds except
those given for W

W oxides, sulfides,
and halides

D. see "Ce'

0,U3

32 Germanium-68

32 ,ermaniu_-69

32 Germanium-71

32 Germanium-751

32 Germanium-77

32 Germanium-78 2

3'3 Ar'senic-69'

33 Arsenic-70'

332 Arsenic-71

33 Arsenic-72

33 Arsenic-73

33 Arsenic-74

W.

D.
W.

D,
WI

D,

W.

D"

W.

D,

D.

W.

W.

W.

WI

W.

W.

W,

see "Ge

see "Ge
see "Ge

see "Ge
see "Ce

See "Ge

see "Ge

see "Ge

see "Ge I

see "Ge
see"G

see "Ge

see "Ge

all compounds

2E+4

3E+4
St wall
(4E+4)

5E+3

13+4

5E+5

4E+4
St wall
(7E+4)

9E+3

2E+4
St wall
(2E+4)

3E+4 '
St wall
(4E+4)

1E+4

- 4E+3

9E+2

8E+3

1E+3

3E+4

22+4

9E+4

13+5

4E+3
1E+2

2E+4
83+3

4E+4

i3+4-7

1B+4

1E+4
68+3

2E+4

2E+4,

13+5

53+4 -

5E+ 3

1E+3

2E+3

83+2

1e-5

83-6

4E-5

43-5

2e-6
4H-8

6E-6
3E-6

2e-4

2E-5

3e-5

4E-5

4e-6
2E-6

9E-6

9e-6

5E-S

2E-5

2e-6

68-7

7E-7

3E-7

4E-8

3E-8

1e-7

13-7,

5e-9
13-10

2E-8
13-8

6E-7

63-8

1E-7

1E-7

1E-8
8E-9

3E-8

2-73E-8

2E-7

7e-8

62-9

2E-9

2E-9

lE-9

3E-4

6E-4

6E-5

2E-4

7E-3

9-4

9E-4.

3E-4

6E-4

3E-4

5E-5

1E-5

1E-4

2E-S

3e-3

6E-3
- I ,

6E-4

2E-3

7E-2,

9E-3

I3-3

3e-3
-3

6e-3
2E-3

SE-4

1E-4

1E-3

2E-4

all

all

all

all

all

compounds

compounds

compounds

compounds

compounds

I



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. I Col. 2
oral Monthly

Aoi Raiuld. CasIniestion Inhalation ArAverageAtmc Rdould lg LALI A i ae Concentration

33

33

33

34

00 34

34

34

34

34

34

Arsenic-76

Arsenic-77

Arsenic-787

Selenium-70'

Selenium-73m'

Selenium-73

Selenium-75

Selenium-79

Selenium-81m'

Selenium-81'

Selenium-83'

Bromine-74m'

W. all compounds

W. all compounds

W, all compounds

D. all compounds except
those given for W

W. oxides, hydroxides,
carbides and
elemental Se

D see "Se
W: see loSe

D, see "Se
W: see "So

D, see 7Se
W. see "'Se

D: see loSe
W. see 'Se

D, see 7Se
W: see "Se

D. see loSe

W. see "Se

D, see 7Se
W. see "Se

D, bromides of H, Li,
Na, K, Rb. Cs, and Fr

1E+3

4Ei-3
LLI wall
(5E+3)

8E+3

2H+4

lE+4

6E+4
3E+4

35+3

5E+2

6E+2

4E+4
2E+4

6H+4
St wall
(8E+4)

4E+4

1E+4
St wall
(2E.4)

1E+3

5E+3

2E+4

4E+4

4H+4

2E+5
lE*5

1E+4
2E*4

7E+2
6E+2

OE+2
6Et2

7H+4
7E+4

7E52

625+2e.2

1E+5
25+5

4E+4

6E-7

2E-6

9E-6

2E-5

2E-5

6E-5
6E-5

5E-6
7E-6

3E-7
3E-7

3E-7
2E-7

3E-5
3E-5

98-5

1H-4

5E-5
5E-5

2E-5

2E-9

7E-9

3E-8

5E-8

6E-8

2E-7
2E-7

2E-8
2E-8

1E-9
8E-10

1E-9
8E-10

9e-8
1E-7

3E-7

3E-7

23-7
2E-7

5E-8

1E-5

6E-5

1E-4

1E-4

4E-4

4E-5

7E-6

8E-6

3E-4

1E-3

4E-4

3E-4

1E-4

6E-4

1E-3

1E-3

4E-3

4E-4

7E-5

8E-5

3E-3

1E-2

4E-3

3E-3

34

35

U'
-S

03
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Table I Table IF- Table III
Occupational Values Effluent Releaaes to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral *Monthly
Ingestion Ainhalation Average

Atomic Radionuclide Class AL LI DAC Air Water concentration
No. (UCi) (pCi) (PCI/mD ) pCi/mi) (pci/l) (Pci/ml)

35 Bl

Co
U' 35 Bl

35 Bl

35 Bl

35 B

35 Bl

35 Bl

35 Bi

35 Bi

W. bromides of lantha-
nides, Be Mg, Ca, Sr
Ba, Ra, Ai, Ga, Tn, Ti,
Ge, Sn, Pb, As, Sb, Bi,
Fe, Ru, Os, Co, Rh, Ir.
Ni, Pd, Pt, Cu, Ag, Au,
Zn, Cd, Hg, Sc, Y, Ti,
Zr, Hf, V, Nb, Ta, Mn,
Tc, and Re

romine-747 D, see '"Br

W,'see 7"Br

romine-757 D, 'see 7-Br

W,- see 7'DBr

romine-76 D see 7"Br
W Bee '"Br

romine-77 D, see '"Br
W. seej7' r

romine-80m D, see '-Br
W. see 7"Br

romine-807 D, see ""Br

W. see 7'-Br

romine-82 D, see 7'"Br
W. see 7DBr

romine-83 D, see '"Br

WI see '-Br

romine-847 D. see '"Br

W, see 7"Br

2E+4
St wall
(4E34)

3E+4
St wall
(4E+4)

4E+3.

2E.4

3- 4
2E+4

SE+4
St wall
(93+4)

3E+3

5Et4
St wall
-(7E+4) --

2E+4
St wall
(3E+4)

4E+4

7E+4

8E+4

5E+4

SE+4

5E+3
4E+3

2E+4
2E+4

2E+4
lE+4

2E+5

2E+5'

4E+3
4H33

6E+4

6E+4

6E+4

68+4

2E-5

3E-5
_ I

4E-5

2E-5

2E-5

2E-6
2E-6

1E-5
8E-6

73-6
6e-6

8E-5

9E-5,

2E-6
2e-6

3E-5

32-5

23-5

3E-5

6E-8

1E-7

1E-7

7E-8

7E-8

7E-9
6E-9

3E-8
3E-8

2E-8
2E-8

3E-7

3E-7

6E-9
5E-9

9E-8

9E-8

8E-8

9E-8

5E-4

SE-4

5E-5

2E-4

3E-4

1E-3 r

4E-5

-9E-4

4E-4

5E-3

5E-3

5E-4

2E-3

3E-3

1E-2 I

4E-4 -

- - - 9E-3

4g-3

I



Table I Table II Table III
Occupational Values Ettluent Release& to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 -- Col. 2
Oral Monthly
In estion InhalWater Averag

Atomic Radionuclide ClasL ALI DAC Airalatio nenra
No. (PCi) (ICl}) ({PC/ml) (PCi/ml) (PuCliml) WConil)

a%'

36 Krypton-74'

36 Krypton-76

36 Krypton-77'

36 Krypton-79

36 Krypton-81

36 Krypton-83m'

36 Krypton-85m

36 Krypton-85

36 Krypton-87'

36 Krypton-88

37 Rubidium-79'

37 Rubidium-81m'

37 Rubidium-81

37 Rubidium-82m

37 Rubidium-83

37 Rubidium-84

37 Rubidium-86

37 Rubidium-87

37 Rubidium-88 1

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

D, all compounds

D, all compounds

D.

D.

D.

D,

D,

D.

D,

all

all

all

all

all

all

all

compounds

compounds

compounds

compounds

compounds

compounds

compounds

4E+4
St wall
(6E+4)

2E+5
St wall
(3E+5)

4E+4

1E+4

6E.2

5E+2

5Et2

IE+3

2Et4
St wall
(3E+4)

1E+5

3E+5

52t4

2E+4

1+3

BE+2

82+2

2E+3

68.4

3E-6

9E-6

4E-6

2E-5

7E-4

1E-2

2E-5

1E-4

5E-6

2E-6

SE-5

12-4

2E-5

7E-6

4E-7

3E-7

3E-7

6E-7

3E-5

1E-8

4E-8

2E-8

7E-8

3E-6

5E-5

lE-7

7E-7

2E-8

9E-9

2E-7
2-?

5e-7

7E-8

2E-8

1E-9

Ie-9

lE-9

2E-9

9E-8

8e-4

4E-3

5E-4

2E-4

9E-6

7E-6

7E-6

lE-5

4E-4

8E-3

4E-2

5E-3

2E-3

9E-5

7E-5

7E-5

1E-4

4E-3

U'

Q



C (
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ao

Table I Table II Table III
Occupational Values Effluent Release. to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2oral M onthly
In estion InaainAverage

Atomic Radionuclide Class AL? ALI DAC Air Water Concentration
No. PCI (Pl) fci/l) Pci/l) pciml) 11C/ml

37 Rubidium-89 3

' - , , I

38 Strontium-803

38 Strontium-812

38 Strontium-82

38 Strontium-83

D, all compounds

D. all soluble compounds
except SrTiO

Y. all insoluble com-
pounds and SrTi0O

D, see :Sr
Y see Sr

D, see *Sr4I,
0, -I.4

38

38

Strontium-85m

Strontium-85

D.Y.D,

D,
Y,

D.
Y.

D,

see 'Sr

see Sr
see "Sr

see "Sr
see '@Sr

see $Sr,
-see "Sr

see "Sr
see "Sr

see "Sr

4E+4
St wall
(6E+4)

42,3

3E34
2E+4

3E+2
LLI wall
(2E32)
2E+2

2E+5

3E+3

5E+4
4E+4

6E+2
LLI wall
J6Et2)

AH+2

3Esi
Bone surf
(4E+I1

2E+3

3E+3

1E+5

IE+4

8E+4-12.

9E8l

7E+3
4E+393.1

87+5

3E+3
2E+3

IE+S
2Et5

8e;2

4E+2

2E.3

4E+1

6E23
4E83
91+3
72+3

6E-5

5E-6

53-6

3E-5
3E-5

2E-7

4E-8

3E-6
12-6

3E-4
4E-4

IE-6
6E-7

5S-5
6e-5

4E-7

63-8

6E-9

28-9

2E-6
1E-6
48-6
38-6

2E-7

22-8

2E-8

Ie-7
1E-7

6E-10
_ I

IE-10

18-8
5E-9

9e-7
1e-6

4E-9
2e-9

28-7
2E-7

1E-9

2E-10

3E-11
6E-12

8E-9
5E-9
1E-8
9E-9

9E-4

6E-5

3e-4

3E-6

3E-5

3E-3

4E-5

6E-4

8E-6

5E-7

2E-5

4E-5

9E-3

6E-4

3E-3

3E-5

3E-4

3E-2

4E-4

6E-3

8E-5'

5E-6

2E-4

4E-4

38 S .rontiium-8m

38 Strontium-89

38 Strontium-90

38 Strontium-91

38 Strontium-92

Y see "Sr

D. see "Sr

Y,

D,
Y.
D.
Y.

see "Sr

see :Sr
see Sr
see 0Sr
see "Sr

e



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
orel m onthly
Inesation inhalation Average

Atomic Rtadionuclide Class ALI L OAC Air Water Concentration

4.

000D

39 Yttrium-86m'

39 Yttrium-86

39 Yttrium-87

39 Yttrium-88

39 Yttrium-9Om

39 Yttrium-90

39 Yttrium-91m'

39 Yttrium-91

39 Yttrium-92

39 Yttriun-93

39 Yttrium-94'

39 Yttrium-95S

W. all compounds except
those given for Y

Y. oxides and hydroxides

W. see 'Y
Y. see 'Y

W. see 'XY
Y. ee Y

W. see
Y. see '"Y

W see "Y
Y. see '"Y

We see *"Y

Y. see "'Y

W. see ",Y
y: see $'Y

W. see '"Y

Y. see ""Y

W. see '6Y
Y. see '"Y

W see 'Y
Y. see "Y

W. see "Y

Y. see "'Y

W. see $,Y

Y. see "6Y

2E+4

le+3

2E+3

lE+3

8E+3

4E82
LLI wall
(SE+2)

lE15

5E+2
LLI wall
(6E+2)

3E+3

lE+3

2Et4
St wall
(3E84)

4E84
St wall
(5E+4)

6E+4
5E84

3E+3
38+3

3E*3
3H+3

3E+2
2E+2

18*4
1e+4

7.+2

6E+2

2Et5
2E*5

2E+2

18+2

9E+3

3E+3
2e+3

BE+4

8E+4

2B+5

88*3

38*3

2e-5
2E-5

1E-6
18-6

1e-6
1E-6

le-7
1e-7

5E-6
5E-6

3E-7

3E-7

lE-4
7E-5

7E-8

58-8

4e-6
3E-6

1E-6
18-6

3E-5

3E-5

6H-5

68-5

8E-8
8e-8

58-9
5s-9

5e-9
s5-9

38-10
3E-10

2e-8
2E-8

9e-10

9e-10

3e-7
2E-7

2E-10

2E-10

IE-8
1E-8

4E-9
3E-9

18-7

1E-7

2E-7

2E-7

3E-4

2E-5

3E-5

1E-5

1E-4

7e-6

2E-3

8e-6

4E-5

2e-5

4E-4

7E-4

3E-3

2E-4

3E-4

IE-4

1E-3

7E-S

2E-2

8E-5

4E-4

2E-4

4E-3

7E-3

Un

03Io

( ( (
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Table I Table II Table III
Occupational Values Effluent , Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. I Col. 2
oral Monthly

A i a d nestCon Inhalation Average
Atomic Radionuclide Close ALI ALI DAC Air Water Concentration
No. EPCI) (PCi) fpci/ml) (pCI/ml) (pci/mil) pCi/mil)

40 Zi

40 zi

40 Zi

rconiuo-86 D all compounds except
those given for W and Y

W, oxides, hydroxides.
halides, and nitrates

Y carbide

rconium-88 D. see "Zr
W see "Zr
Y. see "Zr

rconium-89 D, see "Zr
W see "Zr
Y, see "Zr

rconium-93 D, see "Zr

WI see "Zr

Y. see "Zr

0.

0,
co0 40 Zi

lE+3 4E+3

_ 3E+3
- 2E+3

4E+3 2E+2
- SE.2
- 38+2

2E+3 4E+3
_ 2E+3
- 28+3

12E+3 6E+O
Bone surf Bone surf
(3E+3) (2E+1)
- 22+1

Bone surf
- 26E+l

Bone surf
(72+1)

1E+3 1E+2
Done surf

- 3E+2)
- 12+2
- 3E+2

6E+2 -2E+3
- lE+3
- 1+3

5E+4 2E+5
St wall
(7E+4),
- 2Et5

1E+4 4E+4

_ 4E+4

2E-6

1E-6
1E-6

9E-8
2E-7
1E-7

1E-6
1E-6
1E-6

3E-9

12-8

2E-8

SE-8

2e-7
1E-7

8E-7
6E-7
5E-7

9E-5
92-5
2E-5

2E-S

6E-9

4E-9
3E-9

3E-10
7E-10
4E-10

SE-9
3E-9
3E-9

2H-11

92E-11

9E-11I

4E-10
5E-10
4E-10

3E-9
2E-9
2E-9

3E-7

3E-7

6E-8

5E-8

2E-5

5E-5

2E-5

4E-5

2E-5

9E-6

1E-3

1E-4

2E-4

SE-4

2E-4

4E-4

2E-4

9-S

9E-S
. I

1E-2

1E-3

40 Zirconium-95

40 Zirconium-97

41 Niobium-88'

41 Niobium-89'
(66 min)

D. see "Zr

W, see "Zr
Y see "Zr

* D: see "Zr
W. see "Zr
Y, see "Zr

W. all compounds except
those given for Y

Y, oxides and hydroxides

W. see "Nb

Y. see "Nb



OCUSTable I Table II Table III
Occupational Values Etfluent Raelasea to

Concentrationm Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
Inraetion Inhalation Average

Atomic Radionuclide Clis AL! ALI DAC Air Water Concentration
No. (PCi) (PcI) pCPi/ml) lpCi/ml) (pCi/al) (MCI/ml)

a.

41 Niobium-89
(122 min)

41 Niobium-90

41 Niobium-93m

41 Niobium-94

41 Niobium-95m

41 Niobium-95

41 Niobium-96

41 Niobium-973

41 Niobium-98'

W.

Y.

W.
Y.

W.

Y.

W.
Y.

W.

Y.

W.
Y.

W.
Y.

W.
Y.

W.
Y.

gee

see

see
see

see

see

see
see

see

see

see
see

see
see

see
see

see
see

"Nb

"Nb

"Nb
"Nb

"Nb

"Nb

"Nb
"Nb

"Nb

"Nb

"Nb
"Nb

"Nb
"Nb

"Nb
NNb

"'Nb
$$Nb

5E+3

1E33

9E+3
LLI wall
(13*4)

9E32

2E+3
LLI wall
(2E+3)

2E+3

1E+3

2E+4

1E.4

2E.4

2E+4

33+3
2E+3

2Et2

2Et2

3Et3

2Et3

1E+3
1Et3

3E+3
2E+3

88E4
7Et4

SE+4
se+4

8E-6

6E-6

1E-6
1E-6

8E-7

7-8
7E-8

SE-S
6E-9

1E-6
1-6

9E-7

5E-7
5-7

1E-6
1E-6

3E-5
3E-S

2E-S
23-5

3E-8

2E-8

4E-9
3B-9

3E-9

2E-10

3E-10
2E-11

4E-9

3E-9

2E-9
2E-9

4E-9
3E-9

1E-7
1E-7

8E-8
7E-8

7E-5

1E-S

2E-4

1E-5

3E-5

3E-S

2E-5

3E-4

2E-4

7E-4

1E-4

2E-3

1E-4

3E-4

3E-4

2E-4

3E-3

2E-3

42 Molybdenum-90

42 Molybdenum-93m

42 Molybdenum-93

42 Molybdenum-99

D, all compounds except
those given for Y

y, oxides, hydroxides,
and HoS.

D, see Hoo
D see "Mo

Y, see 'M

D, see "Ho

4E+3

2E+3

9E+3
4E+3

4E+3
2E+4

2E+3
LLI wall
(1E+3)

78+3

5E+3

2E+4
1E+4

2E+2

38+3

3E-6

23-6

7E-6
6E-6

2E-6
8E-8

1B-6

1E-S

6E-9

2E-8

SE-9
2E-10

4E-9

3E-5

6E-5

5E-5

2E-5

3E-4

6E-4

5E-4

2E-4UL
-S

( Q (
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Table I Table II Table III
Occupational Values E fttluent- Releases to

Concentrations Sewers

Col. 1 Col. 2- Col. 3 Col. I Col. 2
oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. IPCi) tPCI) (Pcl/ml) fpCi/sl) IPCi/ml) IpCl/-l)

'0
1-Ij

42 Holybdenum-101'

43 Technetium-930

43 Technetium-93

43 Technetitm-940

43 Technetium-94

43 Technetium-95m

43 Technetium-95

43 Technetiumi-96m

43 Technetium-96

43 Technetium-97m

43 Technetium-97

43 Technetium-98

43 Technetium-99m

Y. *ee °H

D, *ee "Ho

Y. see "Ho

D, all compounds except
those given for W

W, oxides, hydroxides,
halides, and nitrates

0, see "T
W. see Tc

D, see -re
W1. see "Tc

D see ",rc
W see "'Tc

0, see lc
W, see "rTc

D see " Tc
W1 see " Tc

D, see "Tc
W. see 91Tc

D, .a ' .T
D:- see "Sc

W see "'Tc

D, see ""Tc

W. see "'Tc
D,: see "Tc

W. see "'Tc
D, see "T
W4. see "T

D, see -T
W., see " Tc

1E+3

4E+4
St wall
(5E+4)

7E+4

3E+4

2e+4

9E+3

4E+3

l1+4

28.5

2E+3

5E+3

4E+4 -

1E+3

8E+4

1Z+3

lE+5

lE+5

3E+S

7E+4
18+5

4B+4
6E+4

2e+4
2e+4

5e+3
2e+3

28+4
2E+4

3E+S
2E+.5

3E+3
2E+3

7E+3
St wall
(7E+3)
1E+3

58+4
6E+3

2e+3
3E+2

2E+5
2e+5

6E-7

6E-5

68-5

6E-5

1E-4

3E-5
4E-5

2E-5
2E-5

8E-6
1E-5

2E-6
8E-7

9e-6
8E-6

1E-4
1E-4

1E-6
9E-7

3E-6

5E-7

2E-5
2E-6

7E-7
1E-7

6e-5
1E-4

2E-9

2E-7

2E-7

2E-7

4E-7

1E-7
1e-7

6E-8
8E-8

38-8
3E-8

8e-9
38-9

3E-8
3E-8

4E-7
3E-7

5E-9
3e-9

1E-B
2E-9

7E-8
8E-9

2e-9
4E-10

2E-7
3e-7

7E-4

1E-3

4E-4

3E-4

1E-4

5E-5

1E-4

2e-3

38-5

6E-5

5E-4

1E-5

1E-3

7E-3

IE-2

4E-3

3E-3

1E-3

5E-4

1E-3

2E-2

3E-4

6E-4

5e-3

1E-4

1E-2

I



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral M4onthly
In eation Inhalation Average

Atomic Radionuclide Clase ALI ALI DAC Air Water Concentration
No. IpCi) IPCI) IPci/ml) (PCI/ml) (11Cl/ml) IPCI/ml)

43 Technetium-99 D, see *,Tc

k)P

43 Technetium-1013

43 Technetium-1043

44 Ruthenium-94'

44 Ruthenium-97

44 Ruthenium-103

44 Ruthenium-105

44 Ruthenium-106

45 Rhodium-99m

45 Rhodium-99

W. see "'Tc

D, see 'Tc

W. see " Tc

D. see "'TC

W. see 'Tc

D. all compounds except
those given for W and Y

W. halides
Y. oxides and hydroxides

D: see "Ru
W see "Ru
Y. see "Ru

D: see "Ru
W see "Ru
Y. see "Ru

D, see "Ru
W. see "Ru
Y. see "Ru

D. see "Ru

W. see "Ru
Y. see "Au

D, all compounds except
those given for W and Y

W. halides
Y: oxides and hydroxides

D. see "'Rh
W: see "'Rh
Y. see "'Rh

4E+3

9E+4
St wall
(11E5)

2E+4
St wall
(3E+4)

2E+4

8E+3

2E+3

5E+3

2E+2
LL} wall
(2E+2)

2E+4

2E+3

5E+3
St wall
(6E+3)
7E+2

3955

4e*5

7E+4

91+4

4E+4
6E*4
6E+4

2E*4
IE+4
lE*4

21E+3
lE+3

IE+4
IE+4

1E+4

9E+1

5E+1
le.1

6E+4
8E14
71+4

3E+3
2E+3
2E+3

2E-6

3E-7

1E-4

2E-4

3E-5

4E-5

2E-5
3E-5
2E-S

8E-6
SE-6
S5-6

7E-7
4E-7
3B-7

6E-6
6E-6
5s-6

4E-8

2E-8
5E-9

2E-S
3E-5
38-5

IE-6
9E-7
8e-7

8E-9
9E-10

5E-7

5E-7

1E-7

1E-7

6E-8
9E-8
8E-8

3E-8
2E-8
2E-8

2E-9
1E-9
9E-10

2E-8
2E-8
2E-8

1E-10

8E-11
2E-11

8E-8
1E-7
9E-8

4E-9
3E-9
3E-9

6E-5

2E-3

4E-4

2E-4

1E-4

3E-S

7E-5

3E-6

2E-4

3E-5

6E-4

2E-2

4E-3

2E-3

1E-3

3E-4

7E-4

3E-5

2E-3

3E-4

Ln
c-

( c
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Table I Table II Table III
Occupational Values - I Eftluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 col. 1 Col. 2
oral Monthly
In estion Inhalation Average

Atomic Radionuclide Claes AL O AL" DAC Air -Water Concentration
No. (pCL) IPC1} (pCl/ml) IpCi/ml) IpCi/ml) nUcin = o

4-r
I0

45 Rhodium-100

45 Rhodium-lOm

45 Rhodium-101

45 Rhodium-102m

5 d i -

45 Rhodium-102

45 Rhodiu~-'10iiO

45 Rhodium-105'

D, see '~
W. see "'Rh
D see "'Rh

W3 see "'RhY. see Rh

D, see '"Rh
13. see 'X~Y see "'Rh

D, see "-Rh
1. see "Rh

WY see "'Rh
D. see "'Rh

W see "'Rh
Y see Rh

D. see "'Rh
W. see "'Rh
Y. see R

D, see 'Rh

WY see '11h
Y. see "Rh

D, see "Rh
W. see "'Rh
Y. see "Rh

Y, see "'Rh

DW, see "'Rh
Y. see "'Rh

D, all compounds except
those given for W and Y

W. nitrates
Y. oxides and hydroxides

2E+3

6E+3 ,

2E+3

lE+3
LLI wall
(lE+3)

6E+2

4E+5

4E+3
LLI wall
(4E+3)

8E+3

7E+4
St wall
(9E+4)

1E+3

5E+3
4E+3
4E+3

1E+4
8E+3
8E+3

8E+2
28+2

53.2

_ I

4E+2
1E+2

93+1
2E+2
6E+1

IE+6
IE+6
1E+6

1E+4

6E+3
6E+3

3E+4
4E+44E+4

32+5

3E+5

1E+3
1E+3
13+3

2E-6
2E-6
2E-6

5E-6
4E-6
3E-6

2E-7
3E-7
6E-8

2E-7

2E-7
SE-8

4i-8
7E-8
2E-8

5E-4
5E-4
5e-4

5E-6

3E-6
2E-6

1E-5
2E-5
lE-5

1E-4

1E-4
18-4

6E-7
5E-7
6E-7

7E-9
6E-9
5E-9

2E-8
1E-8
1E-8

7E-10
1E-9
2E-10

7E-10

5E-10
2E-10

1E-10
2E-10
8E-11

2E-6
2E-6
2E-6

2E-8

9E-9
88-9

4E-8
5E-8
5E-8

3E-7

4E-7
3E-7

2E-9
2e-9
2E-9

2E-5

8E-5

3E-5

2E-5

8E-6

6E-3

5E-5

1E-4

1E-3

2E-4

8E-4

3E-4

2-4
2E-4

8E-5

6E-2

SE-4

1E-3

1E-2

45 Rhodium-106m

45 Rhodium-107'

46 Palladium-100
2E-5 2E-4



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. I Col. 2 Col. 3 Col. 1 Col. 2
Oral oHnthly
In estion Inhalation Average

Atomic Radionuclide Class AL? ALI DAC Air Water Concentration
No. (PCI) (PCI) (PCi/ml\ IPci/d) tPci/ml) (PCI/ml)

P.0

46 Palladium-101

46 Palladium-103

46 Palladium-107

46 Palladium-109

47 Silver-102'

47 Silver-103'

47 Silver-104m'

47 Silver-104'

47 Silver-105

47 Silver-106m

D,
W.

D,

Y: *ee . Pd

D. see l''Pd

see I'.Pd
sec I'Pd
see I'Pd

see aiPd

1E+4 3E+4 1E-5
3E+4 1E-5
32+4 1E-5

6E.3 6E+3 3E-6
LLI wall
(78+3)

4E+3 2E-6
4-+3 1E-6

3E+4 2E+4 9E-6
LLI wall Kidneys
(4E+4) (22+4) _

7E+3 3E-6
4Bt2 2E-7

2E+3 6E+3 3E-6
5E+3 22-6
58+3 28-6

W: see I"Pd

D, see 1 'aPd
W. see Pd

D. all compounds except
those given for W and Y

W nitrates and sulfides
Y: oxides and hydroxides

D0 see "'Ag
W. see "3Ag
YI see "Ag

D, see "'Ag
W. see "'Ag
Y Iee l'Ag

D. see I''Ag

W. see "'Ag
Y. see 'A

0. see "' Ag
W. see Ag
Y see I'DAg

D see l''Ag
W: see "'Ag
Y.I see IGSA9

5E+4
St wall
(6E.4)

3E+4

2E+4

3E+3

8E+2

2.+5

2E+5
2E+5

lE+5

1B+5

9E+4
lE+5
lE+5

7E+4
IE+5

28+33
2B+3

72+2
9E+2
9E+2

8E-5

9E-5
9E-S

4E-5
SE-S
5e-5

42-5
52-5
52-5

3E-S
6E-S
6E-5

4e-7
7E-7
7E-7

3E-7
4E-7
4E-7

5E-8
SE-8
42-8

9E-9

6E-9
5E-9

3E-8
1E-8
62-10

9E-9
8E-9
6E-9

2E-7

3E-7
3E-7

3E-7
2E-7
2E-7

1E-7
2e-7
2E-7

12E-7
2E-7
2E-7

2E-9
2E-9
2E-9

12E-9
lE-9
1E-9

2E-4

1E-4

5E-4

3E-5

9E-4

5E-4

4E-4

3E-4

4E-5

1E-5

2E-3

1E-3

5E-3

3E-4

9E-3

5E-3

4E-3

3E-3

4E-4

1E-4

L'

~0

Q Q (
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Table I Table II Table III
I I Occupational Values Effluent - Releasea to

I r Concentrations Sewers

Col. I Col. 2 Col. 3 Col. 1 Col. 2
Oral - MonthlyI pgeination " Average

Atomic Radionuclide Class , ALI ALI DAC Air Water Concentration
No. - IPC ( pl pei) IiCi/ml) fpCl/l i/ml) PIl (Pei/ml)

47 Silver-106'.

47 Silver-108m,

47 Silver-lO1m

47 Silver-ll

47 Silver-112

I I
.0
Ln

D, see "'Ag

W. see "Ag
Y. see I"Ag

D, see "'Ag
W. see 1'Ag
Y. sea "'Ag

I ,

0, see ''Ag
W. see,'"Ag
Y see "'Ag

D, see "'Ag

W. see "'Ag
Y. see "Ag

D, see '"Ag'
W. see ''Ag
Y see I"Ag

D, see '"Ag

W. see ''Ag
Y. see 'Ag

D. all compounds except
thoe gven for W and Y

W. sulfi es, halides.
and nitrates

Y. oxides and hydroxides

D, see "''Cd
W, see "Cd
Y. see "''Cd

D, see 3O'Cd

W. see "'Cd

6E+4
St. wall
(6E+4)

6E+2

5E+2

9E+2
LLI wall
(1E+3)

31E+3 ,

3E+4
St wall
(3E+4)

2E+4

3e+2
Kidneys
(4E+2i

47 Silver-115'

2E+5 8E-5

2E+5 9E-5
2E+5 8E-5

2E+2 BE-8
3E+2 1E-7
2E+1 1E-8

1E+2 SE-8
2E.2 8E-8
9E+l 4E-8

2E+3 6E-7
Liver
(2Ei3) -

9E+2 4E-7
9E52 - 4E-7

8E+3' 3E-6
1E+4 4E-6
9E53 4E-6

9E+4 4E-5

9E+4 4E-5
8E+4 3E-5

75+4 35-5

lE+5 sE-5
1E+S- - 5E-5

58+454 2E-5
6E+4, 2E-5

-5E54 - 2E-5

4E+1 1E-8
Kidneys
(15+12 -
1E+2 58-8
Kidneys
(lE+ 2)

3E-7

3E-7
3E-7

3E-10
4E-10
3E-11

2E-10
3E-10
lE-10

2E-9
1E-9-
lE-9

1E-8 .
1E-8
1E-8

1E-7 ,1-B

lE-7
1E-7

9E-8

2E-7
2E-7

8E-B
BE-8
7E-8 -

7E-11

2E-10

9E-4

9E-6

6E-6

2E-5

4E-5

4E-4

3-4

3E-4

6 Ii-i

6E-6

9E-3

9E-5

6E-5

2E-4

4E-4

4E-3

3E-3

3E-3

6E-5

48 Cadmium-104'

48 Cadmium-107

48 Cadmium-109



Table I Table II Table III
Occupational Valuesa Effluent Releaaas to

Concentrations Sewera

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Honthly
In astion inhalation Avaraas

Atomic Radionuclide Class AL? ALI DAC Air Water Concontration
No. IPCi) (PCl (pCi/ml) (Pci/ml) (PCi/al) 1pCi/mi)

Y. see "'Cd

D, see "'Cd48 Cadmium-113m

W, see "'Cd

48 Cadmium-113

-PSI~

48 Cadmium-115m

48 Cadmium-115

48 Cadmium-117m

48 Cadmium-117

49 Indium-109

Y, see "'Cd

D, see "'Cd

W. see "'Cd

Y. see "'Cd

D, see "0'Cd

W. see "'Cd
Y. see "'Cd

D, see "'Cd

W see "'Cd
Y: see "'Cd

D see Cd
W: see "'Cd
Y. see m"Cd

D, see "'Cd
W. see "'Cd
Y. see "'Cd

D, all compounds except
those given for W

W, oxides, hydroxides,
halides, and nitrates

D see "'In
W: see "'in

2E+1
Kidneys
(45+1)

2E.1
Kidneys
(3E+l I

3E+2

9E+2
LLI wall
(15E3)

SE+3

5E+3

2E*4

2E+4

lEt2

2E+0
Kidneys
(4E+0)
SE+0
Kidneys
(1+l)
lE+l

25+0
Kidneys
(35.0)
SE+0
Kidneys
(1+l)

5E+1
Kidneys
(8E51)
1E+2
lz+2

1E+3

lE+3

15.2

IE+422.4
1e54

lE+4
2E54
1.+4

4E,4

62+4

4E+4
65+4

58-8

1E-9

4E-9

5E-9

9E-10

3E-9

6E-9

2E-8

5E-8
6E-8

6E-7

SE-7
6E-7

5e-6
7E-6
65-6

5E-6
7E-6
6B-6

2E-5

3E-5

2E-5
2e-5

2E-10

5E-12

2E-11
2E-11

5E-12

2E-11
2E-11

1E-10
2E-10
2E-10

2E-9

2E-9
2E-9

2E-8
2E-8
2E-8

2E-8
2E-8
2E-8

6E-8

9E-8

6E-8
8E-8

5H-7

4E-7

4E-6

lE-S

6E-S

6E-5

SE-6

4E-6

4E-5

1E-4

6E-4

6E-4

3E-3

2E-3
00

%D

49 Indium-ll0'
(69.1 min)

2E-4

( C



C (
L'

%D
0a)

Table I Table II Table III
Occupational Values Effluent Releases to

, I Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. I Col. 2
IIoral Monthly

Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No.> (pcil IPCI) (Pi/ml) IPCI/ml) fpCI/ml) fpCi/ml)

49

49

49

49

49

.0

Indium-llO
(4.9 h)

Indium-lll

Indium-112'

Indium-113m'
I

Indium-114m

Indium-115m

Indium-115

Indium-116m'

Indiiim-l1170i

Indium-117'

Indium-119m0

49

49

49

49

49

49

D, see "In
W. see "I

D; see "'In
W. see "'Inl

D. see "'In
W, see "I

D, see
W. see '°In

D, see I§In

W. see 'In

DW see "'In
W see "'In

W, see '"In
W. see'°I

D, see 'I
W. see 'I

D, see '"'In
W. see '§Ifl

D, see '°'In
IW see "'In

D, see '°'In

W. see "'In

D, all compounds except
those given for W

W. su fides, oxides,-
hydroxides, halides.
nitrates, and stannic
phosphate

D, see "'Sn
W. see *'sn

5E+3

4E+3 ,

2E55

5E+4
. I

3E+2
LLI wall
(4E.2)

1E+4
I

4E+1

- I

2E+,4
6E+4

65.4

4.4
4E+4
St wall
(sE*4)

4E.3

7E+4

2E54
2E+4

6E+3
6E+3

6Evs
7E+5

lE+5
2E+5

6H+1

1E+2

4E+4
5E+4

lE+O
5E+O

8E+4
1E+5

35+4
4E+4

2E;5
2E+5

15.5

15+5 -

15+4-

1E+4

2E+5
3E+5

7E-6
8E-6

3E-6
3E-6

3E-4
3E-4

6e-5
85-5
8E-S

4E-8

2E-5
2E-5

6E-10
2E-9

3E-5
5E-5

2E-5

7E-5
9E-5

52-5

I -16E-5

- 5E-6

5e-6

9E-5
IE-4

2E-8
3E-8

9E-9
9e-9

se-7
1e-6,

2E-7
3E-7

9E-11

lE-10

6E-8
7E-8

25-12
8E-12

15-7
2e-7

SE-8
6e-8

2E-7
3E-7

2E-7

2E-7

, 2E-8

2E-8

35-7
4E-7

7E-5

6E-5

2E-3

7E-4

55-6

2E-4

5E-7

3E-4

2E-4

8E-4

7E-4

5E-S

1E-3

7E-4

6E-4

2E-2

7E-3

5E-5

2E-3

5E-6

3E-3

2E-3

8E-3

_ I

7E-3

SE-4

1E-2

50 Tin-llO

SO Tin-lll'

I



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora Monthly
Alal ACAW Inhalation Avera te

Atomic Radionuclide CU^SS ALI ALI DAC Air Water Concentration
No. IPCI) IPCL) lPCi/mil (PCi/ml) IPCL/il) IpCL/mil

50 Tin-113

50 Tin-117m

50 Tin-119m

50 Tin-121m

50 Tin-121

D, See 14*Sa

W. see "'Sn

D. see "'9Sn

W, see "'Sn

D. see "'Sn

W. see "'Sn

D, see "'Sn

W. see "'Sn

D. see "'6Sn

o0

2E.3
LLI wall
(2E.3)

LLI wall
(2E+3)

3E+3
LLI wall
(4E+3)

3E+3
LLI wall
(42.3)

6E+3
LLI wall
(6E*3)
56E+3

5E+2
LLI wall
(62.2)

48.2
LLI wall
(SE+2)

3E+2

1E+3

5.+2

12+3
Bone surf
(2E23)
12+3

2E+3

1E+3

9E+2

5.+2

2E+4

1.+4

lE+5
12+5

6Et2

2E+2

4E+2

6E+1
7E+1

5E-7

2E-7

5E-7

6E-7

1E-6

4E-7

4E-7

2E-7

6E-6

52-6
5E-6

6E-5

3E-7
3-?

7E-8

4E-7

12-7

2E-8
3E-8

2E-9

8E-10

3E-9
2E-9

3E-9

12-9

1E-9

8E-10

2E-8

2E-8

2E-7
2E-7

9E-10

2E-10

lE-9

5E-10

8E-11
9E-11

3E-5

3E-5

6E-5

SE-5

SE-S

82-5

7E-4

9E-6

62-6

4E-6

3E-4

3E-4

6E-4

5E-4

8E-4

7E-3

9E-5

6E-5

4E-5

50 Tin-123m0

50 Tin-123

50 Tin-125

50 Tin-126

W.

D.
W,

D,

see

see
see

see

1"Sn

"'Sn
"'Sn

W. see $lesn

D, see "'Sn

W. see "'Sn

D0 see 1"Sn
W. see "'Sn

L'

%D
ao

(, Q
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Table I Table II Table III
Occupational Values , Effluent Releases to

. Concentrations Sewers

Col 1 Col 2 Col 3 Col. 1 Col. 2
1 Oral I , Monthly

I in estion inhalation Average
Atomic Radionuclide Clans ALN ALI DAC Air -Water Concentration
No. IPCII IpCil (pCLiM) (ipCi/mil (PCi/ml) (PCi/ml)

. , I

'0

50 Tin-127

S0 Tin-128'

51 Antimony-ilS'

51 Antimony-116m'

S1 Antimony-116'

51 Antimony-117

51 Antimony-li8m

51 Antimony-119

51 Antimony-120'
- ^ (16 min)

51 Antimony-120
(5.76 d)

51 Antimony-122

51 Antimony-124m'

D, soo "SnW. seo "'Sn

D, e "':Sn

W. see "'Sn

D, all compounds except
those given for W

W. oxides, hydroxides,
halides, sulftides,
sulfates, and nitrates

D see "'Sb
W, see'Sb

D, see "l'Sb

W. see "'Sb

D see
W see Sb

W. see 11'sb
W. see "'Sb

W see "'Sb

D, see 1l'Sb

W. see 1"'Sb

D see "'Sb
W. see "sSb

D. see "'Sb

W. see 1"'Sb

D see "'Sb
W. see a'Sb

7E*3

9e+3

8B+4

28.4

7-4

78+4
St WI
(9E+4

7E*4

6E+3
5+3

2E+4
2E+4

1E+5
St we
(28+!

1E+3
9E+2

8E+2
LLI %P
(8E+2
7E+2

38+5
2E+5

2E+4
28+4

3E+4
4E+4

2 E+S

3E+S

le~s

4) _
3E+S

2E+5
3H+5

2E+4
2H+4

5E+4
3E+4

k11
50 _

9E+S,

2E+3
18+3

2E+3
wall

1E+3

8H+s
68+5

88-6
8E-6

18-5
1E-5

1E-4
r

18-4

3e-5
6e-5

1E-4

1E-4

98-5
1E-4

8E-6
9E-6

2E-5
lE-5

* 2E-4

2E-4

9E-7
58-7

1E-6

4E-7

4E-4
2E-4

3E-8
3E-8

4e-8
se-8

3E-7

4E-7

1E-7
28-7

4E-7

SE-7

3E-7
4E-7.

3E-8
3E-8

6E-8
4E-8

6E-7

7E-7

3E-9
2E-9

3E-9

2E-9

1E-6
88-7

9e-5

18-4

1E-3

3E-4

1E-3

9e-4

7e-s

2E-4

2e-3

1e-5

1e-5

3e-3

9e-4

18-3

1E-2

38-3

1E-2

9e-3

7E-4

2E-3

2e-2
_ I

1E-4

1E-4

3E-2



Table I Table II Table IIIOccupational Values ETaluent ReleasII to
Concentrations Sewers

Col. 1 Col. Col. 3- Col. 1 Col. 2oral HonthlyIn estion Inhalation AverageAtomic Radionuclide Close AL? ALI DAC Air Water ConcentrationNo. (&Ci) (uci) (pCL/ml) MCi/all) (PCi/a/ml) (uCi/mII

I-
0
0

51 Axitimony-124

51 Antimony-125

51 Antimony-126m'

51 Antimony-126

S1 Antimony-127

51 Antimony-128'
(10.4 min)

51 Antimony-128
(9.01 bl

51 Antimony-129

51 Antimony-130'

51 Antimony-131'

52 Tellurium-116

D,
we

D.
W.

D,

W.

D,
W.

D.

W.

D.

W.

wD

D,
W.
W,
D,

W.0,

W,

ase

see

see

see

see
see

see

:ae

see

seesee

see

see
see

see
see

see

see

"'Sb
"$Sb

"'Sb
"'Sb

"'Sb

"'Sb

"'Sb
"'Sb

"'Sb

"'Sb

"'Sb

"'Sb

"'Sb
"'Sb

"'Sb
"'Sb

"'Sb
"'Sb

"'Sb

"'Sb

6E+2
55+2

25+3

SE+4
St wall
(7E+4)

6E+2
SEt2

8E+2
LLI wall
(8H+2)

7H+2

8E+4
St wall

eH+3

3Es 3

2et4

1E+4
Thyroid
(28+4)

9E+2
2H+2

2E+3
55+2

2E+5

2E+5

5E+2

28+3

9H+2

4E+5

45+5

48+3
3e+3

9E+3
95+3

62.4
8E+4

2E+4
Thyroid
(4E+4)
2E+4
Thyroid
(4E+4)

29+4

35.4

4E-7
1e-7

1E-6
28-7

88-5

8H-5

8E-7
25-7

98-7

4s-7

2E-4

2E-4

28-6
1e-6

4E-6
48-6

38-5
38-5

15-5

15-5

9E-6

1B-5

1E-9
3E-10

3E-9
7E-10

3E-7

3E-7

2E-9
7H-10

3E-9

1E-9

5E-7

6E-7

6E-9
S5-9

1E-8
15-8

9E-8
15-7

6E-8

6E-8

3E-8

4E-8

7E-6

3E-5

9E-4

7E-6

1-5

1E-3

2E-5

4E-5

3E-4

2E-4

1E-4

7H-5

3E-4

9E-3

7E-5

1E-4

1E-2

2E-4

4E-4

3E-3

25-3

1E-3

D, all compounds except
those given for W

W. oxides, hydroxides,
and nitrates

85+3

01

Q C C
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Table I Table II Table III
Occupational Values effluent Releases to

Concentrations Bowers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral monthly
Ingeto Inhalation Average

Atomic Radionuclide Claps ALetion aLI DAC Air Water Concentraton
No. ItpCl) (PCi) (pCI/ml) (pCi/al) (pCi/mlD gpCi/Ml

H

52 Tellurium-121m

52 Tellurium-121

52 Tellurium-123m

52 Tellurium-123

52 Tellurium-125m

52 Tellurium-127m

52 Tellurium-127

52 Tellurium-129m

52 Tellurium-129'

52 Tellurium-131m

D. see 116Te

WI see "'Ta

D, see'"'Te
W, see "'4Te

D, see "'Te

W. see "l'Te

0, see "T

W4 see "T

D. see "l'Te

W4 see "'To

D, see "T

W4 see "'Te

D, see "'Te
W4 see "'Te

D see "'Te
D. see "'To

D, see "'Te
W* see "'Te

0, see 1"'To

D, see "3'Te
W: see "'To

5E+2
Bone surf
(7E+2)

3E+3

6E+2
Bone surf
(1E+3)

5E+2
Bone surf
(1E+3)

1E+3
Bone surf
(1E+3)

7E,3 -

SE+2

3e+4

3E+2
Thyroid
(6E+2)

2E+2
Bone surf
(4E+2)

4E+2

4E+3
3E+3

2E+2
Bone surf
(SE+21

2E+2
Bone surf
(58+2)
4E+2
Bone surf
(1E+3)

4E+2~
Bone surf
(lE+3)
7Z+2,

3E+2
Bone surf
14H+2)
3B+2

2E+4
2E+4

6E+2
2E+2

68+4
7E+4

4E+2
Thyroid

1E823

Thyroid
(98+2)

8E-8

2E-7

2E-6
1E-6

9E-8

2E-7

8E-8

2E-7

2E-7

3E-7

1E-7

1E-7

9E-6
7E-6

3E-7
1E-7

3E-5
3B-5

28-7

2E-7

SE-10
6E-10

6E-9
4E-9

8E-10
8E-10

7E-10

2E-9

1E-9
13-9

6E-10
4E-10

3E-8
2E-8

9E-10
3E-10

9E-8
1E-7

2E-9

1E-9

1E-5

4E-5

2E-5

2E-5

9E-6

1E-4

7E-6

4E-4

8E-6

1E-4

4E-4

1E-4

2E-4

2E-4

9E-5

13-3

7E-5

4E-3

8E-5

, . .



Table I Table II Table III
Occupational Values Effluent Releoase to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col 1 Cl. 2oral Monthly
AtoIic Radionuclidn Clae I Inhalation i AverageAtomc RaisLI ALI DAC Air Water Concentration

No.~~~~ ~~~ WU I PI pLm) W181 Pim)(./l

4-0

52 Tellurium-131'

52 Tellurium-132

52 Telluriun-133m'

52 Tellurium-133'

52 Tellurium-134 3

53 Iodine-120m'

53 Iodine-1202

53 Iodine-121

see

see

see

see

see

see

see

see

see

see

all

all

11IT.

"'Te

"'6Te

"'Te

" 'Te

compounds

compounds

3E+3
Thyroid
(6Et3)

Thyroid
(7E32)

3E+3
Thyroid
(6E+3)

1E+4
Thyroid
(32.4)

2He+4}

Thyroid

1E+4
Thyroid

4E+3
Thyroid
(8E+3)

5E+3
Thyroid
(IE+4)
5E+3
Thyroid
(19+4)

2H+2
Thyroid
(89E2)
22.2
Thyroid
(6E+2)

5E+3
Thyroid
(1E+4)
24+3
Thyroid

(6E+4)

Thyroid22E4

Thyroid
(65+4)

2E+4
Thyroid
(5E+4)

25.4

Thyroid
(SE+4)
2E+4

9E+3
Thyroid
(l8t4)

2E-6

2E-6

9E-8

9E-8

28-6

2E-6

9E-6

9E-6

13-5

1E-5

9E-6

42-6

2E-8

2E-8

1E-9

9E-10

22-8

2E-8

8E-8

8E-8

7E-8

7E-8

3E-8

2E-8

8E-5

9E-6

9E-5

4E-4

3E-4

2E-4

1E-4

8E-4

9E-5

9E-4

4E-3

3E-3

2E-3

1E-3
D. all compounds 1E+4 2E54

Thyroid Thyroid
(3E+4) (5E+4)

8E-6

7E-8 4E-4 4E-3
Ua

( C
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Table I Table II Table III- Occupational Values Effluent Releases to
Concentrations sewers

Col. I Col. 2 Col. 3 Col. 1 Col. 2Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALt DAC Air Water ConcentrationNo. I I I (pCi) fpCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/nl)

53 Iodine-123 D, all compounds 3E23 6E+3 3E-6 - - -
Thyroid Thyroid
(1E+4) (22+4) - 2E-8 1E-4 1E-3

53 Iodine-124 D, all compounds 5Se1 8E+1 3E-8 - - -
Thyroid Thyroid
12E+2) (3E+2) - 4E-10 2E-6 2E-5

53 Iodine-125 D, all compounds 4E21 6E.1 3E-8 - - -
Thyroid Thyroid
(12+2) (22.2) - 3E-10 2E-6 2E-5

53 Iodine-126 D. all compounds 2Ee1 42.1 1B-8 - - -
Thyroid Th roid
(7E+l) llx+2) - 2E-10 1E-6 1E-5

53 Iodine-1282 D. all compounds 42+4 lES5 5E-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3

53 Iodine-129 D. all compounds 5E+0 9e.o 4E-9 - - -
Thyroid Thyroid
( 2E+l) (3 +1) - 4E-11 2E-7 2E-6

53 Iodine-130 D. all compounds 4B+2 72.2 3E-7 - - -
Thyroid Thyroid
(12+3) (22+3) - 3E-9 2E-5 2E-4

53 Iodine-131 D. all compounds 3E21 52.1 2e-8 - - -
Thyroid Thyroid
(92.1) (22+2) - 2E-10 1E-6 1E-5

53 Iodine-132m D. all compounds 4E+3 82.3 4E-6 - - -
Thyroid Thyroid
(12+4) (22+4) - 3E-8 1E-4 1E-3

53 Iodine-132 D, all compounds 4E23 8E+3 3E-6 - - -
Thyroid Thyroid
(92.3) (12+4) - 2E-8 1E-4 1E-3

53 Iodine-133 D, all compounds 1E+2 3E+2 12-7 - - -
Thyroid Thyroid
(5E+2) (92+2) - lE-9 7E-6 7E-5

53 Iodine-1343 D, all compounds 2E+4 5B+4 2E-5 6E-8 - -
Thyroid

f



Table I Table II Table III
Occupational Values Ettluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
In estion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (tcil (PCil tipCi/ml) Ip1CL/ml) lPCi/mil fpCl/al)

4-a0

53 Iodine-135

54 Xenon-120'

54 Xenon-121'

54 Xenon-122

54 Xenon-123

54 Xenon-125

54 Xenon-127

54 Xenon-129m

54 Xenon-131m

54 Xenon-133m

54 Xenon-133

54 Xenon-135m'

54 Xenon-135

54 Xenon-138'

55 Cesium-1253

55 Cesium-127

55 Cesium-129

55 Cesium-130'

55 Cesium-131

D, all compounds

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

Submersion'

0. all compounds

D, all compounds

D, all compounds

D, all compounds

D. all compounds

(3E+4)

OE+2
Thyroid
(3E+3)

5E+4
St wall
(9Et4)

6E+4

2E+4

6E+4
St wall
(lE+5)

2E+4

2E+3
Thyroid
(4E*3)

l~tS

9E+4

3E+4

2E+5

3E+4

7E-7

lE-5

28-6

7E-5

6E-6

2E-5

lE-5

2E-4

4E-4

1E-4

1E-4

9E-6

lE-5

4E-6

6E-5

4E-5

1E-5

8E-5

lE-5

6E-9

4E-8

1E-8

3E-7

3E-8

7E-8

6E-8

9E-7

2E-6

6E-7

5E-7

4E-8

7E-8

2e-8

2E-7

lE-7

SE-8

3E-7

4E-8

3e-5

le-3

9E-4

3E-4

15-3

3E-4

4E-4 4E-3

3E-4

1E-2

9E-3

3E-3

1e-2

3e-3tn
1-
QD
co

( C C
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Table I Table II Table III
Occupational Value. Etfluent Roleasea to

Concentrations Sewera

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
Insastlon Inhalation Average

Atomic Radionuclide class ALI ALI DAC Air water Concentration
No. (PCi) (pcWI) pCi/ml) (pCI/ml) (PCi/ml) IpCi/ml)

I-
0
LI,

55 Cesium-132

55 Cesium-134m

55 Cesium-134

55 Cesium-135m'

55 Cesium-135

55 Cesium-136

55 Cesium-137

55 Cesium-138'

56 Barlum-126'

56 Barium-128

56 Barium-131m'

56 Barium-131

56 Barium-133m

56 Barium-133

56 Barium-135m

56 Barium-1393

56 Barium-140

56 Barium-1410

D,

D,

D.

D,

D.

D,

D,

D,

D,.

all

all

all

all

all

all

compounds

compounds

compounds

compounds

compounds

compounds

D, all compounds

D, all compounds

all compounds

all compounds

all compounds

3E+3

1E+5
St wall
(1E+5)

73+1

lE+S

7E+2

iE+2

1E+2

2E+4
St wall
(3E+4)

6E+3

5E+2

4E+5
St wall
(s5ES)

3E+3

2E+3
LLI wall
(3E+3)

2E+3

3E+3

1E+4

5E+2
LLI wall
(6E+2)

2E34

4E+3

le+5

lE+2

2e+5

1E+3

7E+2

2E+2

63+4

23+4

2E.3

1H+6

8E+3

9E+3

73.2

1E+4

3E+4

1E+3

7E+4

2E-6

6E-5

4E-8

8e-5

5E-7

3E-7

6E-8

2E-5

6E-6

78-7

6e-4

38-6

3e-6

32-7

5E-6

lE-5

6E-7

3E-5

63-9

2E-7

2E-10

3E-7

2E-9

9E-10

2E-10

8E-8

2E-8

2E-9

2E-6

13-8

1E-8
1-8I

9E-10

2e-8

4E-8

2E-9

1E-7

4E-5

2E-3

9E-7

1E-3

1E-5

6E-6

1i-6

4E-4

8e-5

7E-6

7E-3

4E-5

4E-5

2E-5

4E-5

2E-4

8E-6

3E-4

4E-4

2E-2

9E-6

1E-2

IE-4

6E-5

1E-5

4E-3

8E-4

7E-5

7E-2

4E-4

4E-4 '

2E-4

48-4

2E-3

8E-5

3E-3

D. all compounds

D, all compounds

D.

D.

D.

D,

all

all

all

all

compounds

compounds

compounds

compgunds

D. all compounds

f



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
In estion Inhalation Average

Atomic Radionuclide Claus ALI ALI DAC Air Water Concentration
No. lvuCI) IpC\ tpCi/ml) IPci/mll luCL/ml) (MCI/ml)

I-

01%

56 Barium-142'

57 Lanthanum-131'

57 Lanthanum-132

57 Lanthanum-135

57 Lanthanum-137

57 Lanthanum-138

57 Lanthanum-140

57 Lanthanum-141

57 Lanthanum-142'

57 Lanthanum-1434

58 Cerium-134

D, all compounds

D. all compounds except
those given for W

W, oxides andhydroxides

D, see "'La
W. see "'La

WD see "'La

D. see "'La

W. see "'La

D, see "'La
W. see "'La

D3, see "'La
D: nee ','.La

D,. see "'La
W see 'La

D, see "IL

W, see "'La

W. all compounds except
those given for Y

5E+4

5H+4

3E+3

4E.4
IE+4

lEt4

9H+2

6E+2

4Et3

8E+3

4E*4
St wall
(4E+41

5E*2
LLI wall
(6E+2)

1E.5

2E+5

1E+4
1e+4

1E+5
9E.4

6E+l
Liver
(7E+l)
3E+2
Liver
(3E.2)

4E+O

1E+3
lEt3

9E+3
lgt4

2E+4
39+4

1e+5

9H+4

7H+2

6E-5

5E-5
7H-5

4E-6
5E-6

4E-5
4E-5

32-8
3-S

1E-7

lE-9
6E-9

6E-7
5E-7

4E-6
5E-6

9E-6
lE-S

4E-5

4E-5

3E-7

2E-7

2E-7
2E-7

1E-8
2E-8

1E-7
1E-7

1E-10

4E-10

5E-12
2E-11

2E-9
2E-9

1E-8
2E-8

3E-8
5E-8

1E-7

1E-7

1E-9

7E-4

6E-4

4E-5

5E-4

2E-4

IE-5

9E-6

5E-5

1E-4

5E-4

7E-3

6E-3

4E-4

5E-3

2E-3

1E-4

9E-5

5E-4

1E-3

5E-3

8E-58E-6

U1
0-

%D
ao

Q ( (.
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Table I Table II. Table III
Occupational Values Effluent Releases to

Concentrations sewers

col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral nalto Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class AL? ALI DAC Air Water Concentration
Mo. (pCL) WMD (Pci/mit (p1Ci/mi) (Pci/al) (Pci/mi)

0
oj

58 Cerium-135

58 Cerium-137m

58 Cerium-137 .

58 Cerium-139

58 Cerium-141

58 Cerium-143

58 Cerium-144

YE oxides, hydroxides,
and fluorides

7 Hee "',Ce

W. see '3'Ce

Y. see "C

W.see "'Ce
W, see "'Ce
Y. see

W. see "'CeW. see 8"Ce

YE see "'Ce

W. see "'Ce

Y. see "'Ce

W. see "''Ce

Y. see "'Ce

- 7E+2

2E.3 4E*3
_ 4E+3

2E+3 4E+3
LLI wall
(2E+3) -
_ 4E+3

SE+4 19.5
- +lE5

SE+3 89.2
- 7E+2

2E+3 7E+2
LLI wall
(29.33 -
- 6E+2

1E+3 2E+3
LLI wall
(1E+3) -
- 2E+3

2E+2 3E91
LLI wall

.13E+2) -
- 19.1

W. all compounds
5E+4 2E+5
St wall
(7E+4) _

- 2E+5

WE see "'6Pr- 19+5

W, see "'6Pr

W. see "P
_ 4E94

W. see "'Pr

3E-7

2E-6
1E-6

2E-6

2E-6

6E-5
5E-5

3E-7
3E-7

3E-7

2E-7

8E-7

7E-7

1E-8

6E-9

except
1E-4

9E-5

4E+4
6E-5

1E+4
2E-5

4E+4

9E-10

5E-9
SE-9

6E-9

SE-9

2E-7
2E-7

1E-9I
9E-10

1E-9

89-10

3E-9

2E-9

49-11

2E-11

3E-7

3E-7

2E-5
2E-7

5E+4
6E-8

lE+5

29-5

3e-s

3E-5

7E-4

3e-5

2E-5

3E-6

1R-3

6E-5

2E-5

5e-5

2E-4

3E-4

72-3

7E-4

3E-4

2E-4

3E-S

59 Praseodymium-136-'
those given for Y

Y, oxides, hydroxides,
carbides. an fluorides

59 Praseodymium-137'

59 Praseodymium-138m

59 Praseodymium-139

1E-2

2E-7

8E-8

2E-7

lE-4IE-3

G(-4(E 3

f



Table I Table II Tabla III
Occupational Values Ettluent Heleaeea to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Orai Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water concentration

No.(PL) JAI) PC/Ml (CI/l) (PC/a) (cim_

59

59

59

Praseodymium-142m'

Praseodymium-142
YP

Praseodymumw- 143

see "'Pr

see "'Pr

see "'Pr

C0

Y, see "'Pr

59 Praseodymium-144'

- 1E+5

W. see "'Pr
- 1E55

W. see "'Pr
_ 25.3

W, see "'Pr
LLI wall
(1E+3) -

- 7Et2

W. see "'Pr
St wall
(4E+4) -
- 1E+5

W. see "'Pr
- 8et3

W. see "'Pr
St wall
(8E+4) -

- 2R+5

59 Praseodymium-145

59 Praseodymium-147'

60 Neodymium-136'

Y. see "'Pr

Y. see "'Pr

Y. see "'Pr

W, all compounds except
those given for Y

Y. oxides, hydroxides
carbides, and fluorides

W. see 1'Nd
Y. see "'Nd

W. see 1'Nd
Y. see 1"'Nd

W. see "''Nd
Y. see "'Nd

W: see "'Nd
Y. see "''Nd

SE-S

85.4
6E-5

lEt3
BE-7

3E-7

3E+4

SE-S

3E+3
3E-6

5E+4

8E-5

2E-5

2E-5

3E-6
2E-6

7e-6
6E-6

1E-4
1E-4

3e-4
35-4

2E-7

2E+S
2E-7

2E+3
3E-9

85.2

9E-10

lEt5

2R-7

9E+3
1E-8

2E+5

3E-7

8E-8

8E-8

9E-9
7E-9

2E-8
2E-8

5E-7
4E-7

1E-6
9E-7

7E-5

9E-7

3E-7

2E-5

55-5

6E-4

4E-6

8E-5

1E-3

2E-4

3-s
3E-S

7E-5

1E-3

2E-3

2E-7

3E-9

1E-9

2E-4

2E-7

6E-3

1E-8

3E-7

1E-2

1E-31E-2

lErSIEr4

4E-54-

60

60

60

60

Neodymium-138

Neodymium-139m

Neodymium-13 9 '

Neodymium-141

lIt4

2E.3

5Et3

9E54

2E+5

65+4

5E,4

6E53
5,+3

2E+4
15.4

3E*5
3Et5

7e5,
6.+5

2e-3

3e-4

7E-4

1E-2

2E-2

U'
toco

(
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Table I Table II Table III
Occupational Values Effluent Releasee to

Concentrations Sewers

, Col. I Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
InAseston Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. We~i) IpCI) qpCi/ml) ftsli/ml) (Pei/ml) IpCi/mll

H
'.0

60 Neodymium-147

60 Neodymium-149'

60 Neodymium-i51'

61 Promethium-141'

61 Promethium-143

61 Promethium-144

61 Promethium-145

61 Promethium-146

61 Promethium-147

61 Promethium-148m

61 Promethium-148

W. see "1'Nd

Y. see "''Nd

W. see "''Nd
Y *ee ''Nd

W: see 1'Nd'
Y see 1'Nd

W, all compounds except
those given for Y

y, oxides,,hydroxides
,carbides, and fluorides

W see 1
4
1 PM

Y: see '1Pm,W. see '"'Pm

Y, see "'PmW. see '"'Pm

Y, see "'Pm

W. see "'Pm
Y. see "'Pm
W. see "',Pm
Y, see "'Pm

W, see "'Pm

Y. see "'Pm
W. see "'Pm

W. see "'Pm

Y., see "'Pm

lEe3
LLI wall
(lE+3)

lE+4

7E.4

5E+4
St wall
(6E+4)

SE+3

1E+3

1e+4

2E+3

4E+3
LLI wall
(5E+3)

7E+2

4E52
LLI wall
tSE+2)

9E+2

88+2

3E+4
2E+4

28+52E+5

2.5.iE,+5

6E+2
7E+2

1E+2

2E+2
Bone surf
(28.2){2E+2}28-2

5E+1

1E+2'
Bone surf
(2E+2)
18+2

38+2
3E+2

5E+2

5E+2

4E-7

4E-7

1E-5
1E-5

8E-5
8E-5

88-5
* I

7e-5

2E-7
38-7

5e-8
5s-8

7E-8

88-8

28E-8
2E-8

58-8

6E-8

18-7
1E-7

2E-7

2E-7

1E-9

1E-9

4E-8
3E-8

3E-7
3E-7

3E-7

2E-7

8E-10
1H-9

2E-10
2E-10

3e-10
3e-10

7E-11
6E-11

3E-10
2E-10

4E-10
5E-10

8E-10

7E-10

2E-5

1E-4

9E-4

8E-4

7E-5

2E-5

1E-4

2E-5

7E-5 -

1E-5

7E-6

2E-4

1E-3

9E-3

8E-3

7E-4

2E-4

1E-3

2E-4

7E-4

1E-4

7E-5



Table I Table II Table III
Occupational Values effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. I Col. 2
oral Monthly
In sation Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. 41CL\ IPCi) IPCi/21) (pCL/ml) lPCI/Ml) IPci/ml)

61 Promethium-149

61 Promethium-150

61 Promethium-151

W. sea "Pm

4Is

0
H

H

62 Samarium-1410

62 Samarium-141
3

62 Samarium-1423

62 Samarium-145

62 Samarium-146

62 Samarium-147

62 Samarium-151

62 Samarium-153

62 Samarium-1553

62 Samarium-156

63 Europium-145

63 Europium-146

Y.

W.
Y.

W.
Y.

W.

W.

W.

W.

W.

see

see

aee
see
ase

all

all

"'Pm

HI&Pm

compounda

compounds

all compounds

all compounds

all compounds

1E+3
LLI wall
5lE*3)

5H+3

3E.4

5E+4
St wall
(6E+4)

8E+3

6Et3

lE+l
Bone surf
(3E+1)

2E+1
Bone surf
13E+1)

1E+4
LLI wall
(1E+4)

2E+3
LLI wall
(2E+3)

6E+4
St wall
(8E+4)

5Et3

2E+3

lE*3

2E+3

2E+3

2E+4
2E+4

4E*3
3E+3

1E+5

2Et5

3E+4

5E+2

4E-2
Bone surf
(63-2)

4E-2
Bone surf
(72-2)

1E+2
Bone surf
(29+2)

3H+3

2E+5

9E+3

2E+3

12+3

8E-7

8E-7

8E-6
7B-6

1E-6
1E-6

4E-5

8E-5

1E-5

2E-7

12-11

2E-11

4e-8

13-6

9E-5

4E-6

8E-7

5E-7

3E-9

2E-9

3E-8
2E-8

5E-9
4E-9

1E-7

2E-7

4E-8

7E-10

9E-14

lE-13

2E-10

4E-9

3E-7

1E-8

3E-9

2E-9

2E-5

7E-5

2E-5

4E-4

8E-4

1E-4

8E-5

3E-7

4E-7

2E-4

3E-5

1E-3

7E-5

2E-5

1E-5

2E-4

7E-4

2E-4

4E-3

8E-3

1E-3

8E-4

3E-6

4E-6

2E-3

3E-4

1E-2

7E-4

2H-4

1E-4

W. all compounds

W. all compounds

W. all compounds

W. all compounds

W.

W.

W,

all compounds

all compounds

all compounds

U'
I-

ao
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Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. I Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthlvrag
Ingestion Inhalation Average

Atomic Radionuclide Class AL ALI DAC Air Water Concentration
No. (PCi) (PCI) (Pci/ml) qPCliml) (Pci/el) (PaCIiml)

63 Buropium-147

63 Europwnu-148

63 Buropium-149

63 Europium-150
(12.62 h)

63 Europiumn-150
(34.2 y)

63 Europiun-152m

63 Europiwn-152

63 Europiuw-154

63 Europiun-155

H

63

63

63

64

Europium-156

Europium-157

Europfum-158'

Gadolinium-145t

W. all compounds

W, all compounds

W, all compounds

W, all compounds

W. all 'compounds

W. all compounds

W, all compounds

W all compounds

W, all compounds

W. all compounds

W. all compounds

W, all compounds

D. all compounds except
those given for W

W. oxides, hydroxides.
and fluorides

D, see "'Gd
W: see "'Gd

D see "'Gd
W: see "'Gd

D, see .'.Gd

W, see "'Gd

8E+2

3E+3

8E32

5E+2

48+3

3E+3

1E+3

1E+4

3E+3

6E+2

2E+3

2E+4

53.4
St wall
(5E+4)

1E+3

2E+3

1 E+1
Bone surf
(2E+1)

23+3 7E-7

4E+2 1E-7

3E+3 13-6

8E+3 4E-6

2E+1 8E-9

6E+3 3E-6

2E+1 1E-8

23.1 8E-9

9E31 4E-8
Bone surf
(1E+2) -

5E+2 2E-7

53+3 28-6

6E+4 2E-5

2E+5 6E-5

2E+.5 7E-5

1E32 SE-8
3E+2 1E-7

4E33 2E-6
4E33 1E-6

8E+3 3E-12
Bone surf
(2E-2) -
3E-2 1E-11
Bone surf

2E-9

5E-10

4E-9

1E-8

3E-11

9E-9

3E-11

3E-11

2E-10

6E-10

7E-9

8E-8

4E-5

1E-S

2E-4

4E-5

1E-5

4E-5

lE-5

7E-6

5E-5

8E-6

3E-5

3E-4

4E-4

1E-4

2E-3

4E-4

1E-4

4E-4

1E-4

7E-5

5E-4

83-5

3E-4

3E-3

6E-3

2e-4

3E-4

3E-6

2E-7

64 Gadolinium-146

64 Gadolinium-147

64 Gadolinium-148

2E-7

2E-10
4E-10

6E-9
5E-9

2E-14

6E-4

2E-5

3E-7

3E-7

I



Table I Tab1enII Table III
Occupational values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral monthly
Inlestion Inhalation _Aver ageAtomic Iladlonucllde Claus ALl ALI DAC Air Water concentration

64 Gadolinium-149

64 Gadolinium-151

64 Gadolinium-152

D, see "'Gd
W see "'Gd

D, see .. Gd

W. see "'Gd

D, see '"Gd

W. see "'Gd

D. see "'Gd

3E+3

6E+3

2E+l
Bone surf
(32+1)

5E+3

I

64 Gadolinium-153

64 Gadolinium-l59

65 Terbium-147'

65 Terbium-149

65 Terbium-150

65 Terbium-ll

65 Terbium-153

65 Terbium-154

65 Terbium-155

65 Terbium-156m
(5.0 h)

65 Terbium-156m
(24.4 h)

65 Terbium-156

W.

W.

W.

W.

W.

We

W.

W.

W.
W.

see 4'Gd

see '"Gd
see "'Gd

all compounds

all compounds

all compounds

all compounds

all compounds

all compounds

all compounds

all compounds

32+3

9E.3

5E+3

5E+3

4E+3

5E+3

2E.3

6E+3

2E+4

(62-2)

2E+3

4E+2
Bone surf
(6e+2)
1e+3

1E-2
Bone surf
(2E-2)
4E-2
Bone surf
(82-2)

Bone surf
(2E+2)
2.+2

8E+3
68.3

32+4

7E+2

22+4

9E+3

7E23

4E+3

8E+3

3E+4

8.+3

1.+3

9E-7
1E-6

2E-7

5E-7

4E-12

2E-11

6E-8

2E-7

3E-6
2E-6

1E-5

3E-7

9E-6

48-6

32-6

22-6

32-6

1E-5

3E-6

6E-7

8E-14

3E-9
3E-9

9E-10
2E-9

3E-14

1E-13

3E-10
8E-10

1E-8
8E-9

5E-8

lE-9

3E-8

1E-8

1E-8

6E-9

1E-8

4E-8

1E-8

2E-9

4E-5

9E-5

4H-7

6E-5

4E-5

1E-4

7E-5

7E-5

5E-5

7E-5

2E-5

8E-5

2E-4

4E-4

9E-4

4E-6

6E-4

4E-4

1E-3

7E-4

7E-4

5E-4

72-4

2E-4

8E-4

2E-3

u'
W. all compounds

W. all compounds

7E+3 1E-4

1E+3 1E-5 1E-4

C
f C C



C C C
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co Table I Table 1I Table III

Occupational Values Effluent Reltlasa to
concentrations Swr

Col. I Col. 2 Col. 3 Col. I Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class Aly ALI DAC Air Water Concentration
- No. (PCI) (PCi) (pAci/all fpCi/al) 0pCi/al) fpCi/al)

4S

H
H4

65 TerbLum-157

65 Terbium-158

65 Terbium-160

65 Terbium-161

66 Dysprosium-155

66 Dysprosium-157

66 Dysprosium-159

66 Dysprosium-165

66 Dysprosium-166

67 Holmium-155'

67 Holmlum-157

67 Holmium-1597

67 Holmium-159

67 Holmium-162m1
67 Holmium-162m'
67 Holmium-162'

67 Holmium-164m'

67 Holmium-164'

W.

W.

W.

W.

W.

W.

W.

W.

W.

W.

W.

W.

W.

W.

all

all

all

all

all

all

all

all

all

all

all

all

all

all

compounds

compounds

compounds

compounds

compounds

compounds

compounds

compounds

compounds

compounds

compounds

compounds

compounds

compounds

W. all compounds 55+4
LLI wall
(5E+4)

18+3

8E+2

2E+3
LLI wall
(2E+3)

9E+3

2E+4

1E+4
lE.

IE+4

6E+2
LLI wall
(8E+2)

4E+4

3E+S

2E+5

5E+4

St wall
(88+5)

le+S

2E+5
St wall
(2E+5)

6E+2

3E52
Bone surf
(6E+2)

2E+1

2E+3

3E+4

6E+4

2E+3

5E+4

72+2

2E+5

35.4

lE+6

4E25

3E54
1E+6

3E+5

6B+5

7H+0

1E-7

8E-9

9E-8

7E-7

1E-5

3E-5

1E-6

2E-5

3E-7

6E-5

6E-4

4E-4

2E-4

1E-4

1E-3

1E-4

3E-4

8E-10

3E-11

3E-10

2E-9

4E-8

9E-8

3E-9

6E-8

lE-9

2E-7

2E-6

1E-6

6E-7

4E-7

3E-6

4E-7

9E-7

9E-12

7E-4

2E-5

15-5

3E-5

1E-4

3E-4

2E-4

2E-4

1E-5

6E-4

4e-3

3E-3

1E-3

7E-4

1E-2

1E-3

3E-3

9E-6

7E-3

2E-4

1e-4

3E-4

IE-3

3E-3

2E-3

2B-3

15-4

6E-3

4E-2

3E-2

1E-2

7E-3

IE-I

1E-2

3E-2

9E-5

W. all compounds

W. all compounds

67 Holmium-166m W. all compounds 3e-9

f



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingsation Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water ConcentrationNo. (pCI) (pCi) (pClI/l) 44Ci/al) (PCi/al) (PCi/ml)

4-r-
I-

Ž-1

67 Holmium-166

67 Holmium-167

68 Erbium-161

68 Erbium-165

68 Erbium-169

68 Erbium-171

68 Erbium-172

69 Thulium-1624

69 Thulium-166

69 Thulium-167

69 Thulium-170

69 Thulium-171

69 Thulium-172

69 Thulium-173

69 Thulium-175'

W.

W.

W.

W.

all

all

all

all

compounds

compounds

compounds

compounds

W, all compounds

W. all compounds

W. all compounds

W. all compounds

W. all compounds

W. all compounds

W. all compounds

W. all compounds

W. all compounds

W. all compounds

W. all compounds

9E*2
LLI wall
(9E+2)

25+4

2E*4

6E+4

3E53
LLI wall
(4E.3)

4E+3

lEt3
LLI. wall
(1E+3)

7E+4
St wall
(7E+4)

4E.3

2E+3
LLI wall
(2E53)

8E+2
LLI wall
(lE+3)
{1Es34

LLI wall
(lE+4)

7E+2
LLI wall
(85+2)

4E+3

7E+4
St wall

2E+3

6E+4

6E+4

2H55

3E+3

1E+4

1E+3

3E55

lE+4

25.3

2E.2

3E+2
Bone surf
(6E+2)

1e+3

IE+4

3E+5

7E-7

2E-5

3E-5

8E-5

1E-6

4E-6

6E-7

IE-4

65-6

8E-7

9E-8

15-7

5E-7

5E-6

1-4

2E-9

8E-8

9E-8

3E-7

4E-9

1E-8

2E-9

4E-7

2E-8

3E-9

1E-5

2E-4

2E-4

9E-4

SE-S

SE-5

2E-5

1E-3

6E-5

3E-5

1E-4

2E-3

2E-3

9E-3

5E-4

5E-4

2E-4

1E-2

6E-4

3E-4

3E-10

1E-5

8E-10

2E-9

2E-8

4E-7

2E-4

15-S

6E-5

1E-4

2E-3

1e-4

6E-4

,'s
1-
to
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C (

U'
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Table I Table II Table III

Occupational Values Effluent Releases to
I Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
Ingestion inhalation AverageAtomic Radionuclide Class AL ALI DAC Air Water ConcentrationNo. (pCi) (PCI) (ticiIml) (Pci/ml) (Pci/ml) (Pci/ni)

H
H
t-n

70 Ytterbium-162'

70 Ytterbium-166

70 Ytterbium-167'

70 Ytterbium-169

70 Ytterbium-175

70 Ytterbium-177'

70 Ytterbium-178'

71 Lutetium-169

71 Lutetium-170

71 Lutetium-171

71 Lutetium-172

71 Lutetium-173

W1t. all compounds except
those given for Y

Y. oxides, hydroxides,
and fluorides

WY see "'Yb
Y. see U''Yb

W. see U''Yb
Y. see "'Yb

W. see "'Yb
Y. see "6'Yb

W. see U'Yb

Y. see "'Yb

W. see "''Yb
Y. see "'Yb

W. see "'Yb
Y. see "'Yb

W. all compounds except
those given for Y

Y, oxides, hydroxides,
and fluorides

W. see a'SLu
Y. see Lu

W. see "'Lu
Y. see ''Lu

W see ''Lu
Y: see "'Lu

W. see "'Lu

Ye see "'Lu

(9E+4)

7e+4

1E+3

3E+5

2E+3

3E+3
LLI wall
(3E+3)

2E+4

lE+4

3E+3

1E+3

2E+3

1E+3

5E+3

33+5

3E35

2E+3
28+3

83+5
7E+5

8E+2

4E+3

3e+3

5E+4
5e+4

4E+4
4E+4

4E+3

4H+3

2H+3
2E+3

2E+3
2E+3

1E+3
IE+3

3E+2
Bone surf
(SE+2)
3E,2

1e-4

1e-4

8e-7
8e-7

3E-4
3e-4

4e-7
3e-7

1e-6

1E-6

28-5
2E-5
2E-5

2E-6

2E-6

9e-7 '
BE-7

8E-7
8E-7

SE-7
5S-7

13-7

1E-7

4E-7

4E-7

3E-9
3E-9

IE-6
1E-6

1E-9
1E-9

53-9

5E-9

7E-8
6E-8

6E-8
5-8

6E-9

6E-9

3E-9
3E-9

3E-9
3E-9

2E-9
2E-9

1E-3

1E-3

2E-5

4E-3

2E-5

4E-5

2E-4

2E-4

3E-5

2E-5

3E-5

1E-S

7e-s

1e-2

1E-2

2e-4

4E-2

2E-4

4E-4

2E-3

2E-3

3E-4

2E-4

3E-4

1E-4

7E-4

6E-10
4E-10



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class AL? ALI DAC Air Water Concentration
No. IPC1\ WMcl luCl/mil fpci/mil lwuCIl/d IPci/ml)

0r'

71 Lutetium-174m

71 Lutetium-174

71 Lutetium-176m

71 Lutetium-176

71 Lutetium-177m

71 Lutetium-177

71 Lutetium-178m'

71 Lutetium-178'

71 Lutetium-179

72 Hafnium-170

W. see "'Lu

Y. see "'Lu

W. see "''Lu

Y.

W.
Y.

W*

see

see
see

see

"'Lu

"'Lu

''Lu

28+3
LLI wall
(3E+3)

5E.3

8E+3

7E.2

Y. see "'Lu

W. see ''Lu

Y, see "'Lu

W, see "'Lu

Y. see "'Lu

W. see "'Lu

Y. see "'Lu

W. see "Lu

Y. see "'Lu

W see "''Lu
Y: see "'Lu

D. all compounds except
those given for W

W. oxides, hydroxides,
carbides, and nitrates

7E.2

2E+3
LLI wall
(3E83)

St. wall
(6E+4)

4Et4
St wall
(4E84)

6E+3

3E+3

2E82
Bone surf
(3E+2)

IE+2
Bone surf
(2E+2)
2E+2

3E+4
2E+4

Bone surf
(1E.1)(lE+l}

Bone surf
(lE2)
89+1

2E+3

2E+5

2E+5

IE+5

1E+5

2E+4
2g+4

6E+3

5E+3

1E-7

9E-8

5E-8

6E-8

1E-5
9E-6

2E-9

3E-9

5E-8

3E-8

9E-7

9E-7

8E-5

7E-5

5E-5

5E-5

8E-6
6E-6

2E-6

2H-6

5E-10
3E-10

3E-10
2E-10

3E-8
3E-8

2E-11
1E-11

2B-10
1l-10

3E-9

3E-9

3E-7

2E-7

2E-7

2E-7

3E-8
3E-8

8E-9

6E-9

4E-5

7E-5

1E-4

iE-5

1E-5

4E-5

8E-4

6E-4

9E-5

4E-5

4E-4

7E-4

1E-3

1E-4

1E-4

4E-4

8E-3

6E-3

9E-4

4E-4CO

( C



C (

tn
'a% Table I Table rI Table III

Occupational Values Effluent Releases to
Concentrations Severs

Col. f Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly

Atomic Radionucllde Clae In ostion inhalation AverageNo Rdocd class ALY ALI DAC Air Water Concentration

H
1-J

72 Hafnium-172

72 Hafnium-173

72 Hafnium-175

72 Hafnium-177m'

72 Hafnium-178m

72 Hafnium-179m

72 Hafnium-180m

72 Hafnium-101

72 Hafnium-182m'

72 Hafnium-182

D,

WID.

WH

D,W.

D,

W,

D,

W,
D,

W.

D,W.

D,

W.

see 'Hf
see "'Hf

see '17Hf

see '7'Hf

see "'HHf
see '7'H f

see "'Hf

see '7'Hf

see "'7Hf

see '7'HE

see I"Hf
see '7'Hf

see 17'Hf

see '7'Hf

see "'Hf
see "7'Hf

see S7OHf

see 1"'Hf

see '7'Hf

see '7Hf

1E+3

5E+3

3E+3

2E+4

3E+2

1E+3

7E+3

4E,4 -

2E+2
Bone surf
(4E+2)

s+o
Bone surf
12341)

Bone surf
(6E+l)

IE+4
1E+4

9E+2
Bone surf
(lE+3)
1E+3

6E+4
9e+4

1E.0
Bone surf
12E+o
3E.0

Bone surf
(9E.0)

3E+2
Bone surf
s6E+2)
3E+2

2E+4
3E+4

2E+2
Bone surf

3+2

9E+4
1E+5

8e-1
Done surf
(2E+0)
33+0
Bone surf

4e-9

3-0
2E-8

5E-6
5e-6

4E-7

-I

5E-7

2E-5
4E-5

5E-10

2E-9

IE-7

3E-7

93-6
13E-5

73-8

2E-7

4E-5
6E-5

3E-10

19-9

3E-ll

8E-11

2E-8
2E-8

19-9
2E-9

8E-8
1E-7

3E-12

IE-11

8E-10
8E-10

3E-8
4E-8
4-9

6E-10
6E-10

1E-7
2E-7

2E-12

2E-S

7E-5

4E-5

3E-4

3E-6

1E-5

1E-4

2E-5

5E-4

5E-6

2e-4

7E-4

4E-4

3E-3

3E-5

1E-4

1E-3

2E-4

5E-3

5E-5

f



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sowers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2Oral Monthly
Inyeationl Inhalation Average

Atomic Radionuclide Class All ALI DAC Air Water Concentration
No. (pCL (pCI) (pCL/ml) (pCi/ml) (pCi/ml) (pCi/al)

72

72

73

4N

H
H

73

73

73

73

73

73

73

73

73

73

Hafnium-183'

Hafnium-184

Tantalum-172'

Tantalum-173

Tantalum-174'

Tantalum-175

Tantalum-176

Tantalum-177

Tantalum-178

Tantalum-179

Tantalum-180m

Tantalum-180

Tantalum-182m'

D, see f'HE
W. see '7'H£

D see "Hf
W. see ''Hf

W. all compounds except
those given for Y

Y. elemental Ta. oxides,
hydroxides, halides,
carbides nitrates,
and nitrides

W see 7'Ta
Y. see '7'Ta

W. see '7'Ta
Y. see" 'Ta

W see '7'Ta
Y. see "'Ta

W. see "'Ta
Y. se7Ta

W: see '7Ta
Y see Ta

W. see '7Ta
Y. see "7'Ta

W see '7Ta
Y see '7'Ta

W. see "'7Ta
Y. see 7'Ta

W see '7Ta
Y. see '7'T

W. see '7'Ta

y, see .'7Ta

2E+4

2E+3

4E+4

7E+3

3E+4

6E+3

4E+3

18+4

2E+4

2E+4

2E+4

1E+3

2E+5
St wall
(2E+5)

(78E0)

5E+4
68+4

8H+3

1E*518+5

2Et4
2E+4

18+5
9E+4

2e+4
1e+4

1E+4
18+4

2E+4
2E+4

9E+4
78+4

5E+3
9E+2

7E+4

4E+2
28+1

58+5

4E+5

2E-5
2E-5

3E-6
38-6

5E-5

48-5

8E-6
7E-6

4E-5
4E-5

7E-6
6e-6

5E-6
5e-6

8E-6
78-6

4E-5
3B-5

2E-6
4E-7

3E-5
2E-5

2e-7
1E-8

28-4

2E-4

1E-11

6E-8
8E-8

1E-8
9E-9

2E-7

1E-7

3E-8
2e-8

1E-7
1E-7

2E-8
2E-8

2E-8
2E-8

3E-8
2E-8

1E-7
1E-7

8E-9
1E-9

9E-8
8E-8

6E-10
38E-11

88-7

6E-7

3E-4

3H-5

5E-4

9E-5

4E-4

BE-5

SE-5

2E-4

2E-4

3E-4

3E-4

2E-S

3E-3

3E-3

3E-4

5E-3

9E-4

4E-3

8E-4

5E-4

2E-3

2E-3

3E-3

3E-3

2E-4

3E-2

-"

%O

C
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Table I Table 11 Table III
Occupational Values Effluent Rlease* to

Concentrations Sewere

Col. I Col. 2 Cl 3 Col. 1 Col. 2
oral Monthly
In estCon Inhalation AverageAtomic Radionuclide dclam ALY ALI DAC Air Water Concentration

No. (pCi) (pCLI IpCI/ml) (pCi/ml) (pCI/l) (pCi/ml)

Wse1)

H.
'.0

73 Tantalum-182

73 Tantalum-183

73 Tantalum-184

73 Tantalum-1843

73 Tantalum-186'

74 Tungsten-176

74 Tungsten-177

74 Tungsten-176

74 Tungsten-1797

74 Tungsten-178

74 Tungsten-185

74 Tungsten-187

74 Tungsten-188

75 Rhenium-177'

y: :gg :Ta
W. aee "'Ta

Y. ace "t'Ta
Wac "'Ta
W. see "'Ta

Y. see '7Ta

ee "'Ta

W: see '"Ta

Y, see "'Ta
. I

Y. see '7'Ta

D, all compounds

D, all compounds

D, all compounds

D, all compounds

D. all compounds

D, all compounds

D, all compounds

D, all compounds

D, all compounds except
those given for W

W. oxides, hydroxides,
and nitrates

8E+2

93.2
LLI wall
(lE+3)

2E+3

3E+4

5E+4
St wall
(7E+4)

lE+4

2E+4

Si+3
5E.3

2E+4

2E+3
LLI wall
(3R+3)

2E+3

4E+2
LLI wall
(sE+2)

9E+4
St wall
(lE+S)

53.

3E+2
1E+2

lE+3

SE+3
5Z+3

7E+4
6E+4

28+5

2E+5~

5E+4

9E+4

2E+4

2et6

3E+4

7e;3

9H+3

lE+3

3E+5

4E+S

1e-7
63-8

5E-7

43-7

2E-6
23-6

3E-5
3E-5

1E-4

9E-5

2e-5

4e-5

8e-6

7E-4

1E-5

38-6

4E-6

53-7

13-4

1e-4

5i-10
2E-10

2E-9

1E-9

8E-9
7E-9

1E-7
9E-8

3E-7

3E-7

7E-8

1E-7

3E-8

2E-6

5E-8

9E-9

1E-8

2E-9

4E-7

5E-7

1E-5

2E-5

3E-5

4E-4

1e-3

1E-4

3E-4

7E-5

7E-3

2E-4

4E-5

3E-5

7E-6

2E-3

1E-4

2E-4

3E-4

4E-3

1E-2

1E-3

3E-3

7E-4

7E-2

2E-3

4E-4

3E-4

7E-5

2E-2



Table I Table II Table III
Occupational Values Effluent Releaseos to

Concentrations Sewers
Col. 1 Col. 2 Cl. 3 Col 1 Col. 2Oral MonthlyInvestion Inhalation AveraeAtomic Radionuclide Clacs AL! ALI DAC Air Water ConcentratianNo. WpC) (pCi) (pCi/el) (pCi/Ml) (pCl/l) (pCi/al)

0

75 Rheniuw-178'

75 Rhenium-181

75 Rheniwu-182
(12.7 h)

75 Rhenium-182
(64.0 h)

75 Rhenium-184m

75 Rhenium-184

75 Rhenium-186m

75 Rhenium-186

75 Rhenium-187

75 Rhenium-188m'

75 Rhanium-188

75 Rhenium-189

76 Osmium-180'

D3 se '7'Re

W. see "'Re

0, see "'7Re
W. se .'7Re

D. see '"Re
W see VIRe

D see '7Re
W, see '7'Re

D, see'7R
W: see 77Re

D see '"Re
W see '77Re

D. see '7Re

D. see ..7Re

W, see "'Re
W. asee "'Re

D, see "'Re

W. see '"Re

D: see 1
7Re

*. see '"Re

*, see '7Re
W: see 'Re

D, see 77Re
W. see '77Re

D, all compounds except
those given for W and Y

W, halides and nitrates
Y. oxides and hydroxides

7E+4
St wall
(l1353

5H+3

7E*3

1E+3

2E+3

2E+3

1E+3
St wall
(2E+3)

2E+3

6E+5

8E+4

2E+3

3E+3

lE5

33.5

3H+5

9E+3
9H+3

lE+4
2E+4

3E+3

4E+2

4E+3
18+3

2E+3
St wall
92E,3)
29+2

3E+3
23+3

83+5
St wall
(9E+5)
18+5

1E+5
lE+5

3E+3
3E+3

5E+3

4233

4E+5

13.5
1H,5set5
33.3

1E-4

1E-4

4E-6
4E-6

53-6
6E-6

le-6
9E-7

1e-6
2E-7

1H-6
6E-7

7E-7

6-a6E-8

1E-6
73-7

4E-4

4H-S

6E-5
63-5

13-6
1e-6

28-6
28-6

2E-4
2e-4
2E-4

4E-7

43-7

4e-8
1e-8

2E-8
2E-8

3E-9
3E-9

4E-9
6E-10

5E-9
2E-9

3E-9
2E-10

4E-9
2E-9

1e-6
13-7

2E-7
2e-7

4E-9
4E-9

7E-9
6E-9

5E-7
7E-7
6E-7

1E-3

7E-5

9H-5

2E-5

3E-5

3E-5

2E-5

3E-5

8B-3

1E-3

2E-5

4E-5

1E-3

1E-2

7E-4

9E-4

2E-4

3E-4

3E-4

2E-4

3E-4

8H-2

1E-2

2E-4

4E-4

1E-2

U'

ao

(I- ( C
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Table I Table II Table III-T

Occupational Values ETfluent Releases to
Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water ConcentrationNo. (PCi3 (Pci) (IlCi/ul) Ep~ml) ( pIitl/nl)

76

76

76

76

76

H

H

Osmium-181' D see "'oOs
W. see '"Os
Y., see- "Os

Osmium-182 D, see '"Os
W see '"Os
r Y see "'Os

Osmium-185 ID, -see,"0
W. see '"Os8
VY. see 'Os

Osmium-189m D, see "'On
* W. see "Os

Y. see"'Os

Osmium-19lm D, see,"Os
W, see "'Os
YV.see "'on

Osmium-191 D, see "'Os

W see '"Os

4Osmium-193 D. see'"'Os

1E+4

2E.3

2E+3

9E+4

_E 4
1E+4

2E+3
LLI wall
(3E+3)

23E.3

2E+3
LLI wall
(2E+3)

4E+2
LLI wall
(6E32)

76

4E+4
5E+4
4E*4

6E+3
4E+3
4E+3

5EH+2
8E+2

i8+2

2E+5
2E+S

3Es+4
I2E+4
2E+4

2E+3

2E+3
IE+3

5E+3

3E+3
38+3

4E+1

26E+1

4,3

51E5

23.2

2E+S33,

23.4

2E-S
2E-5
2E-5

2E-6
2E-6
2E-6

2E-7
3E-7
3E-7

1E-4
- 9E-5
7E-5

1E-5
8E-6
7E-6

9E-7

7E-7
6E-7

2E-6

1E-6
13-6

2e-8

2E-8
3e-9

6E-5

6E-5
5E-5

6E-8
6E-8
6E-8

8E-9
6E-9
6E-9

7e-10
1E-9
lE-9

3E-7
3E-7
2E-7

4E-8
3E-8
2E-8

3E-9

2E-9
2E-9

6E-9

4E-9
4E-9

6E-11

8E-11
lE-11

2E-7

2E-7
2E-7

2E-4

3E-5

3E-5

1E-3

2E-4

3E-5

2E-5

8E-6

6E-4

2E-3

3E-4

3E-4

1E-2

2E-3

3E-4

2e-4

83-5

6E-3

76

76 Osmium-194

W. see "'Os
Y. see "'Os

D, see "'O0

W see "'Os
Y: see s"Os

D, all compounds except
- those given for W and Y

77 Iridium-182'

W, halides nitrates
and metailic iridium

Y. oxides and hydroxides

4E+4
St wall
(4E+4)

i



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral I Monthly
Ingeetion Inhalation Average

Atomic Radionucli4e Claes AL ALI DAC Air Water Concentration
No. (pCL) IPCi} l(uCi/0} (PCi/ml) (PCL/ml) (PCi/ml)

77 Iridiua-184 D,
W.
Ye

77 Iridium-185 D,
W.
yW

77 Iridium-186 D0
W.
ye

77 Iridium-187 D,
W,
ye

77 Iridium-188 Do
W.
Y.

77 Iridium-189 D.

F-J

see
see
see

see
see
ace

see
see
see

see
see
see

sea
see
see

see

see
see

see
see
see

see
see
see

see
see
see

see
see
see

see
see
see

"'Ir
"ZIr

311jr
"'Irir

"'Ir
'ZIr

MiZr

"'Ir

"'IrIIJI r

8Et3

5E+3

2Et3

1Et4

2Et3

SE.3
LLI wall
(5E53)

2E+5

1Et3

3E+3

9Et2

6E+2

2Et4
3H.4
3R*4

lE+4
15+4
15E4

8Et3
6E+3
62*3

3E+4
3E+4
35+4

5E*3
4E+3
3E+3

sE+3

4E+3
4H+3

2EtS
2E*5
2E*5

9E+2
lE+3
set2

9e+1
2Et2
2H+1

3Et2
4E+2
2E+2

9E+1
l2ee+2

45.3

1E-5
IE-515-S

SE-6
5Z-6
4E-6

3e-6
3E-6
2E-6

lE-S
1E-S
1E-S

2e-6
1E-6
12-6

2e-6

2E-6
1E-6

8E-S
9E-5
8E-5

4E-7
4E-7
4E-7

4e-8
9e-8
6E-9

1E-7
2E-7
9E-8

4E-8
7E-8
48-8

3E-8
5E-8
4E-8

2E-8
2E-8
1e-8

1l-8
9e-9
Be-9

SE-s
4E-8
4e-8

6E-9
SE-9
5S-9

7E-9

5E-9
5E-9

3E-7
3e-7
3E-7

1E-9
1E-9
12-9

1E-10
3E5-10
2E-11

4E-10
6E-10
3E-10

1E-10
2E-10
12-10

12-4

7E-5

3e-s

1E-4

3E-5

7E-5

2E-3

1E-S

4E-S

Es-5

9E-6

1E-3

7E-4

3E-4

1E-3

3E-4

7E-4

2E-2

1E-4

4E-4

1E-4

9E-S

77 Iridium-190m'

77 Iridium-l90

77 Iridium-192m

77 Iridium-192

77 Iridium-194m

W.
Ye

D,
W.
Ye

D,
W.
Y.

D.
W,

D,
yWY.

D,
W.
Y.

"'Ir
"'Zr

'"Zr
"'Zr'Issr"'Ir

''ir
&~Sirl

"'Zr
''Ir

"'Ir
''Irr

"'Ir
"'Zar
10'Zr
"'ZirU'

00

( C C
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Table I Table II Table III
Occupational Values 'Effluent Releases toConcentrations Sewers

Col. 1 Col. 2 Cl 3 Col. Col. 2
Oral monthly

Invention Inhalation Avara rAtomic Radlonuclide Cloas At ALI VAC Air Water ConcentrationNo. ' (pCi) (jPCi) pCi/ml) (pCei/l) (pCI/ml) (1Ci/ml)

77 Iridium-194

77 Iridium-195m

77 Iridium-195

D,

yW

D,
W.
Y.

D,
W.
Y.
DI

De

D.

D,

I
w-

see
see
ago

see
see
see

see
see
see

all

all

all'

all

all

"Ir

"'Ir
, ,Ir

"'Ir
, Ir

compounds

compounds

compounds

compounds

compounds

78

78

78

78

78

Platinum-186

Platinum-18

Platinum-189

Platinum-191

Platinum-193m

lE+3

83+3- I

1E+4

lE+4

2E+3

13+4

4E+3

3E+3
LLI wall
(3E+4)

4E+4
LLI wall
(5E+4)

2E+3
LLI wall
(2E+3)

23+4

3E+i

5E+4

lE+3

3E+3
2E+3
23+3

2H+4

2B,4

4E+4

4E+4

4E+4

2E+3

3E+4

83+3

63+3

2E+4

48+3

48+4

lE+4

13+5

3E+3

le-6
9E-7
8E-7

1e-5
lE-5
9E-6

2E-5

2E-5

2E-5

7e-7

13-5

43-6

3e-6

13-5

2E-6

2E-5

4E-6

6E-5

1E-6

4E-9
3e-9
3e-9

3e-8
4E-8
3E-8

6e-8
7E-8
6e-8

5E-8

2E-9

4E-8

1B-8

8E-9

3E-8

63-9

13-5

1E-4

2E-4

2E-4

2E-5

2E-4

5E-5

4E-5

6E-4

3E-5

2E-4

4E-5

7E-4

2E-5

2E-4

13-4

1E-3

2E-3

2E-3

2E-4

1E-3

SE-4

4E-4

6E-3

3E-4

2E-3 ,

4E-4

7e-3

2E-4

78 Platinum-193

78 Platinum-195m

78 Platinum-197m'

78 Platinum-197

78 Platinum-199'

78 Platinum-200

79 Gold-193

D. all compounds

D, all compounds

D. all compounds

D. all compounds

D. all compounds

D, all compounds

D, all compounds except
those given for W and Y

W. halides and nitrates
Y. oxides and hydroxides

68-8

le-8

2E-7

5E-9

4E-8
3E-8
3E-8

9E+3 3e+4
2E+4
2e+4

lE-S
9s-6
88-6

IE-3



Tal ITabla II Table !IIIOccupational Valuea Ettluent Rolease to
Concentrations Sewers

Col. I Col. 2 Col. 3 Col. I Col. 2OralI MonthMy
Anu GtAon InhLlation AiAora

Atomic Radionuclide Class ApLcI AIpl DACil IpA/Fr Wa~ter IConenraio
No. ~ . .pL .pL (j./l PLm) PIm) (~/

79 Gold-194 DoWI
Y.

De
W.

s Au

see MAU

see "'AU
see "'Au
see "'Au

3E+3

79 Gold-195

8E+3
5E+3
59+3

13+4
13+3
43+2

3E*3
lt+3
lE3

4E+3
2E+3
2H+3

79 Gold-198m

H42., 79 Gold-198

D, see "'AU
W. see "'Au
Y. see lu

, bee " IAu
Y see "'AU

D, Ibee "'Au

1e3

1Et3

79 Gold-199

79 Gold-200m

3Et3 9E+3
LLI wall
(3E+3) -
_ 4E+3
- 4Et3

W.
Y.

D.
W,
Y.

see "'Au
see "'Au

see ".Au
see ":'Au
see "'Au

3E-6
2E-6
2E-6

5E-6
6E-7
2B-7

lE-6
5E-7
5E-7

2E-6
SE-7
7E-7

4E-6

23-6
2E-6

2E-6
1E-6
1E-6

3E-6
3E-5
3E-5

93-5

1E-4
9E-5

4E-6
5E-6
43-6

3B-6

1E-8
8E-9
7E-9

2E-8
2E-9
6E-10

4E-9
2E-9
28-9

5E-9
3E-9
2E-9

1E-8

6E-9
5E-9

5E-9
4E-9
3E-9

9E-8
1E-7
1E-7

3E-7

3E-7
3E-7

1E-8
2e-8
1E-8

4E-5

7E-5

1E-5

2E-5

4E-5

2E-5

4E-4

1E-3

6E-5
4E-5

4E-4

7E-4

13-4

2E-4

4E-4

2E-4

48-3

4E-2

6E-4
4E-4

1E+3

3E+4

4E+3
3E+3

6e+4

88+t
23.479 Gold-200'

79 Gold-201'

8o Mercury-293m

W. see "'Au
Y. see '1:1,Au

D. see "'Au

W see "'Au
Y seee sA

Vapor
Organic D
D. sulfates
W. oxides, hydroxides,

halides. nitrates, and
sulf ides

7H+4 23+5
St wall
(9E+4) -

- 2E+5
- 28+5

4E+3
3E+3

83+3
le+4
9E3

8.+3 1E-8
U'
110W

(7 I ( C
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Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations SBower

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
InOertion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. 01cl) UpCi) 1pCL/al) (pCl/ml) (Pci/-1} (PCI/mI}

80 Hercury-193

-D.
I

H
N
Ln

80 Mercury-194

., I

80 MercUry-1l5rn
8 .

80 Mercury-195m

80 Mercu'ry'-195m

I .

80 Hercury-197

80 N Mercury-199m'

80 Mercury-203

81 Thallium-194m'

Vapor
Organic D
D: sea I.:H~fgW e 'bg

Vapor
Organic D
D, see "'~Hg

Vapor
Organic D
D, see "'Hg
W. see "'HSg

Vapor
Organic D
D: see
W see Oftg

Vapor
Organic D
D, see "'-Hg
W. see "H

Vapor
Organic D
D, see
We se4g*
Vapor
Organic D

D, see IbJHg
W. see "'Hg

Vapor
Organic D
D, see "'-Hg
W. see 'Hg

D, all compounds

2E+4
28.4

88+2

3E+3
2E+3

2E+4
1E+4

4E+3
3e+3

7E+3
6E+3

38.4
6E+4
4E+4
43.4

3E+1
3E+1
48+1
13+2

4E8i
6E+3
5E.3
43+3

3E+4
5E+4
4E+4
3E+4

5E+3
9E+3
7E+3
53+3

8E+3
13E4
1E+4
93+3

1E-5
38-5
23E-5
2E-5

1E-8
1E-8
2E-8
5S-8

2E-6
3E-6
2E-6
2H-6

IE-5
2E-5
1E-513-S2E-5

2E-6
4E-6
3E-6
2E-6
18-5

SE-6
48-6

3E-S
78-5

6E-5
7E-5

4E-7
3E-7
58-7
5e-7

63-5

4E-8
9E-8
6E-8
6E-8

4E-11
4E-11
68-11
2E-10

6E-9
8E-9
7E-9
5E-9

4E-8
6E-8
5E-8
5E-8

7E-9
1E-8
1E-8
7E-9

1E-8
2E-8
2E-8
18-8

1E-7
28-7

2E-7
2E-7

1E-9
1E-9
2e-9
2E-9

28-7

3E-4
2E-4

2E-7
1E-5

4E-5
38-5

2E-4
2E-4

5E-5
4E-5

4E-S

98e-s88-5

1e-3
8e-4

73-6
38-5

1e-3

3E-3
2E-3

2E-6
IE-4

4E-4
38-4

2E-3
2E-3

5E-4
4E-4

9E-4
2E-4

IE-2
8E-3

7E-5
3E-4

8E-2

- 8.+4
6+E4 2E+5
St wall
1lE+5) -
E+4 1E+5

- 2E+5

- 8E+2
5E+2 8E+2
2E+3 1E+3
- 13+3

5E+4 23+5
St wall
(7E+4) -



Table I Table II Table III
Occupational Values Ettluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Honthly
Invention Inhalation Averag

Atomic Radionuclide Class AL ALI DAC Air Water Concentration
No. (PCI) (P~ci (PCL/ml) (PC/ml (Pci/lml (1ccelrtlo

81 Thallium-1943

aJ
CF%

81

81

81

81

81

81

81

81

81

82

82

82

82

82

82

82

82

82

82

82

Thallium-195'

Thallium-197

Thallium-198m'

Thallium-198

Thallium-199

Thallium-200

Thallium-201

Thallium-202

Thallium-204

Lead-195m'

Lead-198

Lead-l99'

Lead-200

Lead-201

Lead-202m

Lead-202

Lead-203

Lead-205

Lead-209

Lead-210

D, all compounds

D, all compounds

D. all compounds

D. all compounds

D, all compounds

0. all compounds

D, all compounds

D. all compounds

D, all compounds

0, all compounds

D, all compounds

D, all compounds

D. all compounds

D, all compounds

D, all compounds

D, all compounds

D, all compounds

D, all compounds

D, all compounds

D, all compounds

D, all compounds

3E+5
St wall
(3E+5)

6et4

7E+4

3E+4

2E+4

68+4

8E+3

2Et4

4E83

2E+3

6E84

3Et4

28.4

3E83

78.3

9E+3

le+2

5E.3

4Et3

2E*4

6E-1
Bone surf
(lEO.

68.5

lE+5

lE+5

5et4

3E+4

8E*4

18+4

18.5

58+3

2Et3

88.4

6E14

28.4

68.4

28+4

38+4

9E+3

lH+3

6E+4

2E-1
Bone surf
(4e-l)

2E-4

58-5

5E-5

2E-5

1E-5

4E-5

5E-6

9E-6

28-6

9E-7

8E-5

38-5

3E-5

38-6

8E-6

1E-5

28-8

4E-6

6E-7

2E-5

1e-10

8E-7

2E-7

2E-7

8E-8

5E-8

IE-7

28-8

3E-8

7E-9

3E-9

3E-7

9E-8

1E-7

9E-9

3E-8

48-8

7E-11

1E-8

2E-9

8E-8

4E-3

9E-4

1E-3

4E-4

3E-4

9E-4

1E-4

2E-4

5E-5

2E-5

8E-4

4E-4

3E-4

4E-S

1E-4

1E-4

2E-6

7E-5

5E-5

3E-4

1E-8

4E-2

9e-3

1E-2

4e-3

3E-3

9e-3

1e-3

2E-3

5E-4

2E-4

8e-3

4E-3

3E-3

4E-4

1E-3

1E-3

2e-5

7E-4

58-4

3E-3

1E-7
U'

%D
Go

6E-13
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Table I Table II Table III
Occupational Values Effluent Releases to

I I Concentrations 8ewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
In j tWon Inhalation Average

Atomic Radionuclido clean ALI ALI DAC Air Water Concentration
No. IPCL) iPcil (ipCiml/ lpCi/ml (uIci/ml) ItICI/ml)

82

82

Lead-211'

Lead-212

D, all compounds

Do all compounds

82 Lead-214'

83 Bismuth-200 2

83 Bismuth-201'

83 Bismuth-202'

4I-
I-.'

83 Bisamuth-203

D,

D.
W.

D,
W.

D.
W.

D,
W.

D,
W.

D,
W.

D.
W.

D,

all compounds

nitrates
all other compounds

see 
2
"Bi

see "'Bi

see 2'°Bi
see 2fl8j

see 26SBj

see '°Bi
see Z§Bi .
see 30Bi

see '°'Bi
see '0°Bi

see '°Bi
see "°Bij

see 30GBi

83

83

Bismuth-205
, m h

Bismuth-206

1E+4

8E+1
Bone surf
(1E+2)

9E+3

3E+4

l134

1E+4

2E+3

1E+3

6E+2
_ I

1E53

4E.1
Kidneys

8E+2

SE+3

7E+3

2W.4

6E+2

3E+1

8E+4
1E+5

3E,4
4E+4

4E+4
8E+4

7E+3
6e+3

3E+3
1E*3

1E+3
9E+2

2E+3
43+2

5E+0
Kidneys
(6E+0
73-1

2E+2 8
Kidneys
(43+2)

23+2
33+2

3E+2
45+2

83+2

3E-7

1E-8

3E-7

4E-5
4E-5

1E-5
2E-5

2E-5
3E-5

3E-6
3E-6

1E-6
5E-7

6E-7
4E-7

7E-7
1E-7

23-9

3E-10

1E-7

15-8

1E-7
1E-7

1E-7
13-7

3E-7

9E-10

5E-11

1E-9

1E-7
1e-7

4E-8
5e-8

6E-8
1E-7

9E-9
9E-9

3E-9
2E-9

2E-9
1E-9

2E-9
5E-10

9E-12
9E-13

53-10
43-11

3E-10
4E-10

4E-10
SE-10

lE-9

2E-4

2E-6

1E-4

4E-4

2E-4

2E-4

3E-5

2E-5

9E-6

1-5

8E-7

1E-5

7E-5

1E-4

2E-3

2E-5

1E-3

4E-3

2E-3

2E-3

3E-4

2E-4

9E-5

1E-4

8E-6

1E-4

7E-4

1E-3

83 Bismuth-207

83 Bismuth-210m

I r

83 Bismuth-210

83 Bismuth-212'

83 Bismuth-213'

83 Bismuth-214'

W. see 20B0,

D, see 2"Bi

W.

D.
W,

D,
W.

D,

see 'DBi

see ',Di
see "'Bi

see "'Bi
see "°Bi

see "'Bi

i



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations sewers
Col. 1 Col. 2 col 3 Col. 1 Col. 2Oral MonthlyIngeation Inhalation AverageAtomic Radionuclide Class ALY ALI DAC Air Water Concentration

_St wall

H

00

84 Polonium-203'

84 Polonium-205'

84 Polonium-207

84 Polonium-210

85 Astatine-2073

85 Astatine-211

86 Radon-220

86 Radon-222

W. gas *BL

D, all compounds except
those given for W

W. oxides, hydroxides,
and nitrates

D, see 30Po
W. see:,.Po

D see"
W. see 0'Po
D, see e'Po
W, see lp

D, halides

D, halides
W

With daughters removed
With daughters present

With daughters removed
With daughters present

D, all compounds

D, all compounds

W, all compounds

St wall
(25t4)

3E*4

2H+4

8E+3

3H+0

6E+3

lE.2

9E-2

6E+4

95+4

45.47E+4

3E+4
3E+4

6E-1
6E-1

3E+3
2E+3

8E+1
55+1
2E+4
2E+1
(or 12
working
level
months)

1e*4
1E+2
(or 4
working
level
months)

5E+2

85+2

78-1

4E-7

3E-S

4E-5

2E-5
3E-5

1E-5
1E-5

3E-10
3E-10

1E-6
9E-7

3E-8
2E-8

7E-6
9E-9
(or 1. 0
working
level)

4E-6
3E-8
(or 0.33
working
level)

2E-7

3E-7

3E-10

1l-9

9E-8

1E-7

5E-8
1E-7

3E-8
4E-8

9E-13
9E-13

4E-9
3E-9

1E-10
8E-11

2E-8
3E-11

3E-4

3E-4

3E-4

1E-4

4E-8

8E-5

2E-6

38-3

3E-3

3E-3

1E-3

4E-7

8E-4

2E-5

1E-8
1E-10

87

87

88

Francium-222'

Prancium-223'

Radium-223

2E53

6E+2

5E+0
Bone surf
(9E50)

6E-10

1E-9

9E-13

3E-5

8E-6

1E-7

3E-4

8E-5

1e-601
to
Go

(7 C C
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Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) IpCii (pCi/ml) IpCi/ml) (pCi/ml) (pCi/ml)

I H

88 Radium-224

88 Radium-225

88 Radium-226
8 .d I

88 Radium-227

88 Radium-228

89 Actinium-224

89 Actinium-225

89 Actinium-226

W. all compounds

W. all compounds

W. all compounds

W. all 'compounds

W, all compounds

D. all compounds except
those given for W and Y

W halides and nitrates
Y. oxides and hydroxides

D, see Ac

W see "Ac
Y, see Ac

D, see Ac

W see "'Ac
Y, see "'Ac

8E+0
Bone surf
12BEl)
B2Es1O
8E;0
Bone surf
(2EBs)

2E+o
Bone surf
(5E+0)

2E+4
Bone surf
(2E+4)

2E+O
Bone surf
(4E+0)

2E+3
LLI wall
(2EB3)

LLI wall
152+1)

1E+2
LLI wall
(lE+2)

2B.0

K-i
7E-1

6-i
6E-1

IE+4
Bone surf
(2E+4)

leso ..

lE+d "

3Er1
Bone surf
(4E+l)
5Es1
SE+1

3E-1
Bohe surf
I5E-l)
6E-1
6e-l

3E+0
Bone surf
14E+0)

5E+0

7e-10

3K-lo

3K-10

5K-lo6E-6

1E-8

2E-8
2e-8

lE-10

3E-10
3E-10

1e-9

2E-9
2E-9

2E-12

9E-13

9E-13

3E-8

2E-12

5E-ll
7E-li
6E-11

7E-13
9E-13
9E-13

5E-12
7E-12
6E-12

2E-7

2E-7

6E-8

3E-4

6E-8

3E-5

7E-7

2E-6

2E-6

2E-6

6E-7

3E-3

6E-7

3E-4

7E-6

2E-5

I



Tabl: Z Table II Table III
Occupationl Value. Effluent Release$ to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class AL, ALlI (AC Air Water Concentration
No.~~~~~~ WM jPI PIm) OC/l Pi*)(C/I

89 Actinium-227

89 Actinium-228

90 Thorium-2261

f-'

0

D. age "Ac

W. see "Ac

Y. see "'Ac

D. see "'Ac

W, see "'Ac

Y. see "'Ac

W, all compounds except
those given for Y

Y. oxides and hydroxides

W see "'Th
Y: ee "'Th

W, see "'Th

Y. see 
2
UTh

W. see ".Th

Y, see "'Th

90

90

Thorium-227

Thorium-228

2E-1
Bone surf
(4E-1)

2Et3

5E+3
St wall
(5E.3)

6E+O
Done surf
(1E+l)

6E-1
8one surf
(1E3O)

4E+O
Bone surf
(93.0)

4E+3

4E-4
Bone surf
(8E-4)
2E-3
Bon, surf
(33-3)
4e-3

9E*O
Bone surf
(2El)
4E31
Bone surf
(6E+l1

lE+2

3-1

3E-1
3E-1

13-2
Bone surf
(2E-2)
23-2

9s-4
Bone surf
(23-3)
2E-3
Bone surf
(3E-3)

6E-3
Bone surf
(2e-2)
2E-2
Bone surf
(2H-2)

6E+3
6E+3

2E-13

7E-13

2E-12

4E-9

2E-8

23-8

6E-8

6E-8

1E-10
1-10

4E-12

7E-12

4E-13

13-12

3E-12

63-12

3E-6
3E-6

lE-15

4E-15
63-15

2E-11

2e-11
6E-11

2E-10

23-10

5E-13
5E-13

3E-14
2E-14

3E-15

4E-15

2E-14

3E-14

9E-9
9E-9

SE-9

3E-5

7E-5

2E-6

2E-7

2E-8

1E-7

5E-5

SE-8

3E-4

7E-4

2E-5

2E-6

2E-7

1E-6

5E-4

90 Thorium-229

90 Thorium-230

90 Thorium-231

W.

Y.

see "'Th

see "*Th

U'

%D
0D

W see "'Th
Y: see ... Th

C ( C
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Table I Table II Table III

Occupational Values . effluent Releases to
Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Honthly
Ingestion Inhalation - - Average

Atomic Radionuclide Clams ALI ALI DAC Air Water Concentration
No. I , (Ci) Ipci) I Ipci/ml) lPcl/mll lPCi/mll IPCi/mI

90 Thorium-232 W. se* 3'Th

,I Y, see "'Tb

90 Thorium-234 W. see "'Th

; 4-

41
LA.)
H

Y. see i"Th

91 Protactinium-227'
those given for Y

Y. oxides and hydroxides

91 Protactinium-228

Y. see ip-

91 Protactinium-230

. Y, see 27
.Pa

91 Protactinium-231

7E-1 1E-3 5E-13
Bone surf Bone surf
(2E+0) (3E-3) -

- 3e-3 13-12
Bone surf

_ (4E-3) -

3E+2 2E+2 -83-8
LLI wall
(482) --

- 2E+2 6E-8

-W, all compounds except
4E+3 1E+2 5E-8
- 18+2 4E-8

W. see 
11
"
7
Pa 1E+3

Bone surf
- (2E+1) -
- 13l8+ 5E-9

W. see "'pa
Bone surf
(9e+2)
_ - 4E+0

W, see "7Pa
Bone surf Bone surf
(5E-1) (4e-3)

- ~ 4Z-3
1 Bone surf

- 1 (6E-3)

WI see "'Pa

Y. see "'Pa

91 Protactinium-232

6E+2

lE-9

23-1

2E-12

1E+3

2E-8

lE+3

2e-7

4E-15

6H-15

3E-10

2E-10
I

-2E-10
lE-10

lE+1

3E-11
23E-11

5E+0

5E-12

28-3

6E-15

8E-15

2E+1

8E-11

1E-10

7E+2

8E-10

3E-8

5E-6

5E-5

5E-9

2E-9

1E-S

6E-13

6E-9 -

9E-9

3E-7

2E-5

3E-7

SE-5

5E-4

7E-12

1E-4

6E-8

2B-524

Y. see "'Pa

W1 see "'Pa
LLI wall
(2E+3)

Bone surt
6E+1)
Bone surf
(7E+1)

6E+2

1E-9

2E-4

91 Protactinium-233

Y, see "7Pa



Table I Table II Table III
Occupational Value. Effluent Aeleases to

Concentrations Sewera

Col. 1 Col. 2 Col. 3 Col. I Col. 2Oral Mionthly
Inesation Inhalation i Averase

Atomi Radionuclide Clae1 ALpI} ,ALI DAC Air/l Water lConcnsltio
No.~~~ _PL C1 PIm) (c/l PLm)(c/l

91

92

Protactinium-234

Uranium-230

4-
1

�-A

LI)
W

92 Uranium-231

92 Uranium-232

92 Uranium-233

92 Uranium-2342

92 Uranium-2351

92 Uranium-236

Y. see 3 3
Pa

D, UFy UOAV).
UO, (Nd;},3

W. UO, UF, UCi,
Ye UOa, UA, *

D, see Mu

W see U
Y. see 73'U

P. see °U

W see °U
Y. see °U

D, see °"U

W see °U
Y. see °"U

D. see °"U

D. see 3'"UW see °'U

Y0 see °U

D, see °"U

W see °"U

YW see °'UW. see °"U

W. see 7'Pa
- 7Et3

4E+0 4E-1
Bone surf Bone surf
(6E+03 68-1)
- 4E-1

5E53 88+3
LLI wall
(4E+3) -
- 6E+3
- e5E3

2EtO 2E-1
Bone surf Bone surf
(4E+0) (4E-1)

4E-1
- 8e-3

lEt1 lE+O
Bone surf Bone surf
(2E+1) 12+O)
- 7E-1
- 4B-2

lE1 1E5O
Bone surf Bone surf
(25+1) (25+0)
- 7B-1
- 4B-2

lE+1 1E5O
Bone surf Bone surf
!2E+1) (2E+O)
- e8-l
- 4e-2

lE+1 lE+O
Bone surf Bone surf
(2E.1) (25.O)
- 8E-1
- s4-2

2E+3
3e-6

2E-10

1E-10
1E-10

3E-6

2E-6
2E-6

9E-11

2E-10
3E-12

SE-10

3E-10
2E-11

5E-10

3E-10
2E-11

6E-10

3E-10
2E-11

SE-10

3E-10
2E-11

8Et3
9E-9

8E-13
5E-13
4E-13

1E-8

8E-9
6E-9

6E-13
5E-13
1E-14

3E-12
lE-12
5E-14

3E-12
1E-12
SE-14

3E-12
15-12
6E-14

3E-12
18-12
6E-14

3E-6

8E-8

6E-5

6E-8

3E-7

3E-7

3E-7

8E-7

6E-4

6E-7

3E-6

3E-6

3E-6

1E-8 3E-53E-4

3E-7

U'

%D
Go

( ( C
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Tcuab~leI auuTable I Table IIIOccupationl Values' Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col 1 Cl. 2Oral Monthly
Investion Inhalation ArAverage

Atomic Radionuclide Class AL , naC ir Water ConcentrationNo. NOd) (laCi) QaCi/si) fpCi/mi) (Pci/mi) 1pCI/mi)

W

92 Uranium-237

92 Uranium-2381

92 Uranium-239',

92 Uranium-240

92 Uranium-natural'

93 Neptunium-232*

93 Neptunium-233'

93 Neptunium-234

93 Neptunium-235

93 Neptunium-2364
(9.15E+5 y)

93 Neptunium-236
(22.5 h)

W' see- $'U
Y see u

D, see, 3U
W. see "'eU
Y, see 33U

D, see 11'U
W. see "P°U
Y. see t§U

I

D, see 21V

W. Tsee '§U
Y. see "'U

D, see "s'U

2.+3
LLI wall
(25+3)

lE+1
Bone surf
(25+1)
_,I

7E*4

1E+3

D. see "1'U
Bone surf
(28+1)

15.5

3E53

2E+3
2e+3

Bone surf
'(2E+0}
se-l
23-2

2E53
2E+5
25+5

4E.3
3E53
28+3'

lE1l
Bone surf
(2E+0)

485-1
5E-2

2E.3
Bone surf
(5E+2)

3E+6

3E3'

BE52
Bone surf
(1E+3)

2E-2
Bone surf
(58-2)

35+1
Bone surf
(7E+l)

1E-6

7E-7
6E-7

6E-10

3E-10
2E-li

8e-5
7E-5
6E-5

2E-6
1E-6
1E-6

1E+0

3E-10
25-li

7E-7

IE-3

1E-6

3E-7

9E-12

IE-8

4E-9

2E-9
2E-9

3E-12
lE-12
6E-14

3E-7
2E-7
2E-7

5E-9
4E-9
3E-9

5E-10

3E-12
9E-13
9E-14

6E-9

4E-6

4E-9

2E-9

8E-14

lE-10

W. see
Y. see 3

W, all compounds

W. ail compounds

W. all compounds

W. all compounds

W, all compounds

W, all compounds

3E-5

3E-7

9E-4

2E-5

:3-7

2E-3

1E-2

3E-5

3E-4

9E-8

SE-5

3E-4

,3E-6

9E-3

2E-4

3E-6

2E-2

lE-l

3E-'4

3E-3

9E-7

5E-4

8E+5

2E+3

2E+4
LLI wall
(2E+4)

38+0
Bone surf
(6E+0)

3E+3
Bone surf
(4E+3)

V



Table Table II Table IIIOccupational Values Effluent Releases to
Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2oral M(onthlyAoi Raincie casInvestion Inhalation AverageAto.i ALincld lu ALI DAC Air Water Concentration

L.W

93 Neptunium-237

93 Neptunium-238

93 Neptunium-239

93 Neptunium-2403

94 Plutonium-234

94 Plutonium-2352

94 Plutonium-236

94 Plutonium-237

94 Plutonium-238

94 Plutonium-239

W. all compounds

W, all compounds

W, all compounds

W. all compounds

W, all compounds
except PuO,

Y. PuO,

W: see "Pu
Y see Pu

W, see "'Pu

Y. see 5 "Pu

W see "'Pu
Y: see "'Pu

W. see "'Pu

Y, see "'Pu

W. see Pu

Y, see Pu

5E-1
Bone surf

{2E+3}LLI wall
(25.3)

2H+4

8Et3

9E+5

Bone sur f
(4EtO)

lEt4

9E-1
Bone surf
(2H+o)

Be-1
Bone surf
(Ie+o)

4E-3,
Bone surf
(1E-2)

Bone surf
(25+2)

22E+3

2E*2
2.+2

3E+6
3E+6

2E-2
Bone surf
(4E-2)
4E-2

3E+3
38+3

7E-3
Bone surf
lE-2)
28-2

6e-3
Bone surf
(E-2)
28-2
Bone surf
(2H-2)

2E-12

3E-8

9E-7

3E-5

95-8
8E-8

1E-3
1E-3

8E-12

2E-11

1e-6
1E-6

3E-12

8E-12

3E-12

7E-12

1E-14

2e-10

3E-9

1E-7

3E-10
3E-10

4E-6
3E-6

5E-14
6E-14

se-9
4E-9

2H-14
2e-14

2e-14

2E-8

2E-5

2E-5

3e-4

1e-4

Ie-2

6E-8

2e-4

2e-8

2E-8

2E-7

25-4

2E-4

3E-3

1E-3

1E-1

6E-7

2E-3

2E-7

2E-7

2E-14

L"

0

( ( (
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Table I Table II Tbl I
7 Occupational Values Effluent Rebleasm to

Concentrations Sewers
Col. I Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly

-Ingseston Inhalation AVerg
Atomic Radionuclide Close AL? ALI DAC Air Water Concentration

No.~ WM Wel ,Pi/l .tc/l ,Pi/l , , f

94 Plutonium-240 W. moo "'Pu

Y. see Pu

94 Plutonium-241 W. see "'Pu

Y, see "'Pu

I
I-A

94 Plutonium-242 W. see "'Pu

Y, see "'Pu

94 Plutonium-243

94 Plutonium-244

W.
Y.

W.

see "'Pu
see P

see " Pu

BE-1
Bone surf
(lE0)

I

4E+1
Bone surf
7E.1),

8E-1
Bone surf
(lE+0)

I

2.+4

8E-1
Bone surf
(2.+0)

2E+3

4E+2
LLI wall
(4E+2)

8E+4

4E+4

SE+3

6E-3
Bone surf
(E-2)
2E-2
Bone surf
(22-2)

3E-1
Bone surf
16E-1)ee2-l)
Bone surf
1lE+0)

7E-3
Bone surf
(1E-2)
2E-2
Bone surf
(28-2)

4E+4
4E+4

7E-3
Bone surf
(1E-23
2E-2
Bone surf
(22-2)-

SE+3
4E+3

3E+2

32+2

3E+5

3E+3
Bone surf
(62.3)

1E+4

3E-12

7E-12

1E-10

3E-10

3E-12

7E-12

2E-5
2E-5

3E-12

7E-12

22-6
2E-6

1E-7

1E-7

1E-4

1E-6

5E-6

2e-14

2E-14
21-1

8E-13

1E-12

2E-14

2E-14

5E-8
5E-8

2E-14

2E-14

6E-9
6E-9

4E-10 -

4E-10

4E-7

9E-9

2E-8

2E-8

1E-6

2E-8

2E-4

22-8

3E-5'

6E-6

1E-3

5E-4

7E-5

2E-7

1E-5

2E-7

2E-3

2E-7

3E-4

6E-5S

1E-2

5E-3

7E-4

Y. see "'Pu

94 Plutonium-245

94 Plutonium-246

W.
Y,

W.

Y.

W.

W.

see Pu
see "'Pu

see "'Pu

see "'Pu

all compounds

all compounds

95

95

Americium-237'

Americium-238'

95 Americium-239 W. all compounds

I,



Table I Table II Table III
Occupational Values Eftluent Releaec to

Concentrat ions Sewr

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral monthly
Ingestion Inhalation Average

Atomic Radionuclide Clase ALI AL DAC Air Water Concentration
No. (PC1) (MCij (PCl/ml) (PCi/ml) (Ci/-l) fpCi/ml)

95 Americium-240 W, all compounds 2E83 3E83 1E-6 4E-9 3E-5 3H-4

95 Americium-241 W, all compounds 8E-1 6E-3 3E-12 - - -
sone surf Bone surf
(lE+O1 ) (1-2) - 2E-14 2e-8 2E-7

95 Americium-242m W. all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bane surf
(lE0) (l8-2) - 2E-14 2E-8 2E-7

95 Americium-242 W. all compounds 48+3 88.1 4E-8 - 5E-5 5E-4
Bone surf

- (9E81) - 1E-10 - -

95 Americium-243 W. all compounds 8E-1 6E-3 3E-12 - - -
Done surf Bane surf
(lE0) (1E-2) - 2E-14 2E-8 2E-7

95 Americium-244m' W. all compounds 6E84 4E+3 2E-6 - - -
St wall Bone surf
(8E+4) (7E+3) - 1E-8 1E-3 1E-2

95 Americium-244 W, all compounds 3E+3 2E+2 8E-8 - 4E-5 4E-4
aBone surf

- (3.+2) - 4E-10 - -

95 Americium-245 W, all compounds 38E4 88+4 3E-5 1E-7 4E-4 4E-3

95 Americium-246m' W. all compounds 58E4 2E85 8e-5 3E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3

95 Americium-2463  W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3

96 Curium-238 W, all compounds 2E+4 1E.3 5E-7 2E-9 2E-4 2E-3

96 Curium-240 W, all compounds 6E+1 68-1 2E-10 - - -
Dane surf Bone surf
(88.1) (6E-1) - 9E-13 1E-6 1E-5

96 Curium-241 W, all compounds 1E+3 38+1 1E-8 - 2E-5 2E-4
Bane surf

-(48.1) - 5E-11 --

96 Curium-242 W, all compounds 3E+l 38-1 1E-10 - - -
_ Done surf Done surf

0

aoC
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Table I Table II Table III
Occupational Value. Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
In estion Inhalation Average

Atomic Radlonuclide Class ALI ALI DAC Air Water Concentra ton
No. ticil (pcl) fpCi/mil IPCI/ml) IPCi/ml) fpCi/al)

(5E+1) (3E-l) - 4E-13 7E-7 7E-6

96 Curium-243 W. all compounds 1E.0 9E-3 4E-12 - - -
Bone surf Bone surf
(2E+0) 2E-2) - 2E-14 3E-8 3E-7

96 Curium-244 W. all compounds 1E+0 1E-2 5E-12 - - -
Bone surf Bone surf
(3E+0) (25-2) - 3E-14 3E-8 3E-7

96 Curium-245 W, all compounds 7E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(lE+O) (1E-2) - 2E-14 2E-8 2E-7

96 Curium-246 W, all compounds 7E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(lE0}) (1E-2) - 2E-14 2E-8 2E-7

96 Curium-247 W. all compounds Be-1 6-E3 3E-12 -
Bone surf Bone surf
(lE0) (1E-2) - 2E-14 2E-8 2E-7

96 Curium-248 W. all compounds 2E-1 2E-3 7E-13 - - -
Bone surf Bone surf
(4E-1) (3E-3) - 4E-15 5E-9 5E-8

96 Curium-2493 W. all compounds 5E+4 2E+4 7E-6 - 7E-4 7E-3
Bone surf
(33.4) - 4E-8 - -

96 Curium-250 W. all compounds 4E-2 3e-4 IE-13 - - -
Bone surf Bone surf
(6E-2) (5E-4) - 8E-16 9E-10 9E-9

97 Berkelium-245 W. all compounds 2E+3 15E3 5E-7 2E-9 3E-5 3E-4

97 Berkelium-246 W, all compounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4

97 Berkelium-247 W. all compounds 5E-1 4E-3 2E-12 - - -
Bone surf Bone surf
(l1+0) (95-3) - 1E-14 2E-8 2E-7

97 Berkelium-249 W. all compounds 2E+2 2E+0 7E-10 - - -
Bone surf Bone surf
(5E+2) (4H+0) - 5E-12 6E-6 6E-5



Table I Table II Table III
Occupational Values ESffluent Releases to

Concentrations Sewers

Col. I Col. 2 Col. 3 Col. I Col. 2
oral Honthly
In estion Inhalation Average

Atomic Radionuclide Class ALLI DAC Air Water ConcentratLon
No. WRC1 ("14cl IPcl/ml) Ip~iol) (PCL/ml) (PCL/cl)

97 Berkelium-2S0 W. all compounds

98 Californium-244'

98 Californium-246

98 Californium-248
4-
1

�-4

U3
00

W. all compounds except
those given for Y

Y, oxides and hydroxides

W. see "'Cf
Y. se ZUCf

W. see "'Cf

Y. see "'Cf

W. see "'Cf

Y. see "'Cf

98 Californium-249

98 Californium-250

98 Californium-251

98 Californium-252

98 Californium-253

9Et3

3E+4
St wall
(3E+4)

4E+2

8H+O
Bone surf
(2E+l)

5E-1
Bone surf
(150)

lEO
Bone surf
(2E+O)

5E-1
Bone surf
(1.+0)

2E+O
Bone surf
(5H.O)

2E52
Bone surf
(4E.2)

3E+2
Bone surf
(7H+2)

6E+2

9E*O

6E-2
Bone surf
4lE-1)
lB-l

4E-3
Bone surf
49H-3)
1E-2
Bone surf
(l8-2)

se-3
Bone surf
12E-2)
38-2

4E-3
Bone surf

Bone surf
llB-2)

2e-2
Bone surf
(4E-2)
38-2

2H+0

2E+0

1E-7

28-7

2E-7

4E-9
4e-9

3e-11

4E-11

2E-12

42-12

45-12

15-11

28-12

4B-12

85-12

15-11

8E-10

7E-10

1E-9

8E-10

8E-10

4E-11
lE-11

2E-13
1E-13

1E-14

2E-14

3E-14
4E-14

1E-14

2E-14

5E-14
5E-14

3E-12

2E-12

1E-4

4E-4

5E-6

2E-7

2E-8

3E-8

2E-8

1E-3

4E-3

5E-5

2E-6

2E-7

3E-7

2E-7

W.

Y.

W.

Y.

W.

Y.

W.

Y.

see "C

see "'Cf

see '"Cf

see "'Cf

see "4Cf

see "'Cf

see "'Cf

see "'Cf

7E-8

5E-6 5E-5
U'

-G
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Table I Table II Table III

Occupational Values bffluent Releasea to
Concentrationa Sewers

Col. i Col. 2 cl 3 Col. Col. 2
oral monthly
In *stion inhalation Average

Atomic Radionuclide Class AL? ALI DAC Air Water Concentration
No. NW .WMd) (PCi/al) (pCi/al) (pCi/al) (pCi/l)-

. ..3-14

98 californium-254 W, see 4"Cf

99 Einsteinium-250 W. all compounds

99 Einsteinium-251 W, all compounds

99 Einsteinium-253 W. all compounds

99 Einsteinium-254m

99 Einsteinium-254 W. all'compounds

IJ
W
ko

2E+0 2E-2 9E-12
E- 2-2 7E-12

4E34 5E+2 2e-7
DBone surf
(13+3)

7e+3 9E+2 48-7
DBone surf
(lE+3)

28+2 1E+0 63-10

W., all compounds 3E+2
LLI wall
(3E+2) - -

8E30 7e-2 3E-11
Bone surf Bone surf
(23+1) (1E-1) -

5E+2 1E+l 5E-9

1E+3 1E+1 4E-9

3E+3 9E+1 4E-8

5E+2 2E+1 9E-9

2E+1 22-1 7e-ll
Bone surf Done surf
(43.1) (23-1) -

7e+3 83+1 4E-8
Bone surf

- (93+l) -

33+1 2E-1 1E-10
Bone surf Bone surf
(5E+1) (33-1) -

3E-14

2E-9

2E-9

2E-12

1E+l

2E-13

2E-11

lE-ll

1-10

33-11

3E-13

lE-10

5E-13

3E-8

6E-4

1E-4

2E-6

4E-9

4E-6

2E-7

6E-6

1E-5

4E-5

7E-6

5E-7

1E-4

6E-7

3E-7

6E-3

13-3

23-5

lE-11

4E-5

2E-6

6E-5

1E-4

4E-4

7e-5

5e-6

1E-3

6E-6

100

100

100

100

100

Fermium-252

Fermium-253

Fermium-254

Fermium-255

Fermium-257

W. all compounds

I W. all compounds

W. all compounds

W. all compounds

W. all compounds

1 ,0I ,
101 Hendelevium-257 W, all compounds

101 Mendelevium-258 W. all compounds

- Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous fis-
sion and with radioactive half-
life less than 2 hours Submersion' - 23+2 1e-7 1e-9

f



Table I Table II Table III
Occupational Values Effluent Release* to

Concentrations sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral monthly
Ingesation Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. JpCL) (MCil (PCi/al 1PCL/ol} {"ChI/0l (PCi/al)

Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous fis-
sion and with radioactive half-
life greater than 2 hours - 2E-1 1E-10 lE-12 lE-8 1H-7

Any single radionuclide not listed
above that decays by alpha emission
or spontaneous fission, or any mix-
ture for which either the identity
or the concentration of any radio-
nuclide in the mixture is not
known . . . - 45-4 2E-13 1E-15 2E-9 2E-8

I-

3_
FOOTNOTES:
lSubmersion* means that values given are for submersion in a hemispherical semi-infinite cloud of airborne material.

'These radionuclides have radiological half-lives of less than two hours. The total effective dose equivalent received during
operations with these radionuclides might include a significant contribution from external exposure. The derived air concentration
values for all radionuclides, other than those designated class submersion.' are based upon the committed effective dose equivalent
due to the intake of the radlonuclide into the body and do NOT include potentially significant contributions to dose equivalent from
external exposures. The licensee may substitute 15-7 pCi/ml for the listed derived air concentration to account for the submersion
dose prospectively, but should use individual monitoring devices or other radiation measuring instruments that measure external exposure
to demonstrate compliance with the limits (see subsection 3 of section 33-10-04.1-06).

'For soluble mixtures of U-238, U-234. and U-235 in air, chemical toxicity may be the limiting factor (see subdivision e of subsection
1 of section 33-10-04.1.-06). If the percent by weight (enrichment) of U-235 is not greater than five, the concentration value for
a forty-hour workweek is two tenths milligrams uranium per cubic meter of air average. For any enrichment, the product of the average
concentration and time of exposure during a forty-hour workweek shall not exceed 8E-3 (SA) pCi-hrlml, where SA is the specific activity
of the uranium inhaled. The specific activity for natural uranium is 6.778-7 curies per gram U. The specific activity for other
mixtures of U-238, U-235, and U-234. if not known, shall be:

SA - 3.6E-7 curies/gram U U-depleted

SA = 10.4 + 0.38 (enrichment) + 0.0034 (enrichment)'] E-6 , enrichment > 0.72

where enrichment is the percentage by weight of U-235, expressed as percent.

U'

NOTE:
1. If the identity of each radlonuclide in a mixture is known but the concentration of one or more of the radionuclides in the mixture

is not known, the derived air concentration for the mixture shall be the most restrictive derived air concentration of any
radionuclide in the mixture.

(



2. If the identity of each radionuclide in the mixture is not known, but it is known that certain radionuclides specified in this
appendix are not present in the mixture the inhalation annual limit on intake, derived air concentration, and effluent and sewage
concentrations for the uixture are the lowest values specified in this appendix for any radionuclide that is not known to be absent
from the mixturel or

Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
oral Monthly
Ingestion Inhalation AMotl je

Atomic Radionuclide , Class, ALI ALI DAC Air Water Concentration
No . (1zCi) (pCi) (PCi/ml) (PCi/ml) (IpCi/ml) (pci/ml)

If it is known that Ac-227-D and Cm-250-W are
not present - 7E-4 3E-13 - - -

If, in addition it is known, that Ac-227-W,Y,
Th-229-WY, Th-230-W, Th-232-W,Y, Pa-231-W,Y,
Np-237-W, Pu-239-W, Pu-240-W, Pu-242-W, Am-241-W,
Am-242m-W, Am-243-W. Cm-245-W, Cm-246-W Cm-247-W
Cm-248-W, Bk-247-W, Cf-249-W,,and Cf-25i-W
are not present . - 7E-3 3E-12 - - -

If, in addition, it is known that Sm-146-W,
Sm-147-W,, Gd-148-D,W, Gd-152-D W, Th-228-W,Y.
Th-230-Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y ND-236-W. Pu-236-W,Y,.
Pu-238-WY, Pu-239-Y, Pu-240-Y, Pu-242-Y,
Pu 244-W,Y, Cm-243-W, Cm-244-W, Cf-248-W,
Cf-249-Y, Cf-250-W,Y, Cf-251-Y, Cf-252-W,.Y,
and Cf-254-W,Y are not present - 7E-2 3E-11 - - -

If, in addition, it is known that Pb-210-D,
Bi-210m-W, Po-210-D,W, Ra-223-W, Ra-225-W,
Ra-226-W. Ac-225-DW,Y, Th-227-WY U-230-D,W,Y,
U-232-D,W, Pu-241-W, Cm-240-W, Cm-242-W
Cf-248-Y, Es-254-W, Fm-257-W.. and Md-25A-W
are not present - 7E-1 3E-10 - - -

If, in addition, it is known that Si-32-Y,
Ti-44-Y, Fe-60-D Sr-90-Y Zr-93-D,
Cd-113m-D, Cd-113-D, In-li5-D,W La-138-D.
Lu-176-W, Hf-178m-DW. Hf-182-DW, Bi-210m-D,
Ra-224-W, Ra-228-W, Ac-226-D,W,Y, Pa-230-W,Y,
U-233-D,W, U-234-D,W, U-235-D,W. U-236-D,W,
U-238-D W, Pu-241-Y, Bk-249-W, Cf-253-W,Y,
and Es-253-W are not present 7E+0 3E-9 -

f



Table I Table II Table III
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
In estion Inhalation ArjAtomic Radionuclide Class ALY ALI DAC Air Water Concentration

If it is known that Ac-227-DWY, Th-229-W,Y,
Th-232-W,Y, Pa-231-W,Y, Ca-246-W, and
Cm-250-W are not present lE-14 -

If, in addition it is known that Sm-146-W,
Gd-148-D,W, Gd-i52-D Th-228-W Y, Th-230-W Y,
U-232-Y, U-233-Y, U-234-Y, U-235-Y, U-236-Y,
U-238-Y, U-Nat-Y, Np-236-W, Np-237-W, Pu-236-WY,
Pu-238-W,Y, Pu-239-W,Y, Pu-240-WY, Pu-242-W,Y,
Pu-244-WY, Am-241-W, Am-242m-W, Am-243-W,
Cm-243-W, Cm-244-W, Cm-245-W, Cm-246-W,
Cm-247-W, Bk-247-W, Cf-249-W,Y, Cf-250-W,Y,

p. Cf-251-W.Y, Cf-252-WY. and Cf-254-W,Y
are not present - - - lE-13 - -

If, in addition it is known that Sm-147-W,
Gd-152-W, Pb-216-D, Bi-210m-W, Po-210-D,W.
Ra-223-W, Ra-225-W, Ra-226-W, Ac-225-D,W,i
Th-227-WY. U-230-D,W,Y, U-232-D, W U-Nat-W,
Pu-241-W, Cm-240-W, Cm-242-W, Cf-2i8-WY,
Es-254-W, Fm-257-W, and Hd-258-W are notpresent - - - lE-12 -

If, in addition it is known that Fe-60,
Sr-90, Cd-113m, Cd-113, In-115, I-129,
Cs-134, Sm-145, Sm-147, Gd-148 Gd-152,
Hg-194 (organic), Bi-210m, Ra-223, Ra-224
Ra-225, Ac-225, Th-228, Th-230, U-233, U-234,
U-235, U-236 U-238, U-Nat, Cm-242, Cf-248,
Es-254, Fm-257, and Hd-258 are not present - - - -lE-6 lE-5

3. If a mixture of radionuclides consists of uranium and its daughters in ore dust (10 pm activity median aerodynamic diameterparticle distribution assumed) prior to chemical separation of the uranium from the ore, the following values may be usedfor the derived air concentration of the mixture: 6E-ll iiCi of gross alpha activity from uranium-238, uranium-234, thorium-230, and radium-226 per milliliter of airi 3E-11 PCi of natural uranium per milliliter of air; or forty-five microgramsof natural uranium per cubic meter of air.
U'
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_ 4. If the identity and concentration of each radionuclide in a mixture are known, the limiting values should be derived as
to follows: determine, for each radionuclide in the mixture, the ratio between the concentration present in the mixture and
CD the concentration otherwise established in this appendix for the specific radionuclide when not in a mixture. The sum of

such ratioq 4cw &41 of the radionuclides in the mixture may not exceed *one (i.e. *unity').

Examples It radionuclides 'A I I' and IC are present in concentrations Cat C, and Cc, and if the applicable derived
air concentrations are CAce. DAc3 , and DAC¢, respectively, then the concentrations shall be limited so that the following
relationship ex sts:

CA . C Cc

'A>



-APPENDIX C

QUANTITIES' OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING
_ , _ _ . , _

Radionuclide

Hydrogen-3
Beryllium-7
Beryllium-10
Carbon-l1
Carbon-14
Fluorine-18
Sodium-22
Sodium-24
Magnesium-28
Aluminum-26
Silicon-31
Silicon-32
Phosphorus-32
Phosphorus-33
Sulfur-35
Chlorine-36
Chlorine-38
Chlorine-39
Argon-39
Argon-41
Potassium-40
Potassium-42
Potassium-43
Potassium-44
Potassium-45
Calcium-41
Calcium-45
Calcium-47
Scandium-43
Scandium-44m
Scandium-44
Scandium-46
Scandium-47
Scandium-48
Scandium-49
Titanium-44
Titanium-45
Vanadium-47
Vanadium-48
Vanadium-49
Gallium-66
Gallium-67
Gallium-68
Gallium-70
Gallium-72
Gallium-73
Germanium-66
Germanium-67
Germanium-68
Germanium-69
Germanium-71
Germanium-75
Germanium-77
Germanium-78
Arsenic-69
Arsenic-70
Arsenic-71
Arsenic-72

_

Quantity
(loci)

-- 1.000
1,000
1 ^ 1
1, 000

100
1,000

- 10
'100
100

10
1,000

1
.10
100
100

10-
1,000
1,000
1, 000
1,000

-100
1,000
1,000
1,000
1,000

100
100
100

11,000
100
100

10
100
100

1,000
1

:1,000
1,000
- 100

1,000
I 100

-1,000
1, 000
1,000

100
1,000
1,000
1,000

10
1,000
1, 000
1,000
1,000
1,000
1, 000
1,000

100
100-.

Radionuclide

Chromium-48
Chromium-49
Chromium-51
Manganese-51
Manganese-52m
Manganese-52
Manganese-53
Manganese-54
Manganese-56
Iron-52
Iron-55
Iron-59
Iron-60
Cobalt-55
Cobalt-56
Cobalt-57
Cobalt-58m
Cobalt-58
Cobalt-60m
Cobalt-60
Cobalt-61
Cobalt-62m
Nickel-56
Nickel-57
Nickel-59
Nickel-63
Nickel-65
Nickel-66
Copper-60
Copper-61
Copper-64
Copper-67
Zinc-62
Zinc-63
Zinc-65
Zinc-69m
Zinc-69
Zinc-71m
Zinc-72
Gallium-65
Krypton-81
Krypton-83m
Krypton-85m
Krypton-85
Krypton-87
Krypton-88
Rubidium-79
Rubidium-81m
Rubidium-81
Rubidium-82m
Rubidium-83
Rubidium-84
Rubidium-86
Rubidium-87
Rubidium-88
Rubidium-89
Strontium-80
Strontium-81

Quantity
(Aci) *

1, 000
1,000-
1,000
1,000
1,000

100
1,000

100
1,000

100
100

10
1

100
10

100
' 1,000

- 100
-1,000

10
1,000
1,000

100
-100

100
- 100
1,000

10
1,000
1,000
1,000

'1,000
100

-1,000
o10

100
1, 000
1,000

100
1,000
1,000
1,000
1,000
1,000
1, 000
1,000
1,000
1,000
1, 000
1,000
' 100

-100
.100
100

1,000
1,000

100
1,000

* To convert pCi to kBq, multiply the pCi value by 37.
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APPENDIX C

QUANTITIES' OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

Radionuclide

Arsenic-73
Arsenic-74
Arsenic-76
Arsenic-77
Arsenic-78
Selenium-70
Selenium-73m
Selenium-73
Selenium-75
Selenium-79
Selenium-81m
Selenium-81
Selenium-83
Bromine-74m.
Bromine-74
Bromine-75
Bromine-76
Bromine-77
Bromine-80m
Bromine-80
Bromine-82
Bromine-83
Bromine-84
Krypton-74
Krypton-76
Krypton-77
Krypton-79
Niobium-88
Niobium-89m

(66 min)
Niobium-89

(122 min)
Niobium-90
Niobium-93m
Niobium-94
Niobium-95m
Niobium-95
Niobium-96
Niobium-97
Niobium-98
Molybdenum-90
Molybdenum-93m.
Molybdenum-93
Molybdenum-99
Molybdenum-101
Technetium-93m.
Technetium-93
Technetium-94m
Technetium-94
Technetium-96m
Technetium-96
Technetium-97=
Technetium-97
Technetium-98
Technetium-99m.
Technetium-99
Technetium-101
Technetium-104

Quantity
(uci) *
100
100
100
100

1,000
1, 000
1, 000

100
100
100

1, 000
1,000
1,000
1,000
1,000
1,000

100
1,000
1,000
1,000

100
1,000
1,000
1,000
1,000
1,000
1,000
1, 000

1,000

1,000
100

10
1

100
100
100

1,000
1,000

100
100

10
100

1,000
1,000
1,000
1,000
1,000
1,000

100
100

1,000
10

1,000
100

1,000
1,000

Radionuclide

Strontium-83
Strontium-85m
Strontium-85
Strontium-87m
Strontium-89
Strontium-90
Strontium-91
Strontium-92
Yttrium-86m
Yttrium-86
Yttrium-87
Yttrium-88
Yttrium-9Om
Yttrium-90
Yttrium-9lm
Yttrium-91
Yttrium-92
Yttrium-93
Yttrium-94
Yttrium-95
Zirconium-86
Zirconium-88
Zirconium-89
Zirconium-93
Zirconium-95
Zirconium-97

Palladium-101
Palladium-103
Palladium-107
Palladium-109
Silver-102
Silver-103
Silver-104m
Silver-104
Silver-105
Silver-106m.
Silver-106
Silver-108m
Silver-lO1m
Silver-ill
Silver-112
Silver-115
Cadmium-104
Cadmium-107
Cadmium-109
Cadmium-113m
Cadmium-113
Cadmium-115m
Cadmium-11S
Cadmium-117m
Cadmium-117
Indium-109
Indium-110

(69.1 min)
Indium-llO

(4.9 h)
Indium-lll

Quantity
(uci) *
100

1, 000
100

1,000
10

0.1
100
100-

1, 000
100
100

10
1,000

10
1,000

10
100
100

1,000
1,000

100
10

100
1

10
100

1,000
100

10
100

1, 000
1,000
1, 000
1,000

100
100

1,000
1

10
100
100

1,000
1,000
1,000

1
0.1

100
10

100
1,000
1,000
1,000

1,000

1, 000
100

* To convert pCi to kBq, multiply the yCi value by 37.
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APPENDIX C

QUANTITIES" OF LICENSED OR REGISTERED MATZRIAL REQUIRING LABELING

Radionuclide

Ruthenium-94
Ruthenium-97
Ruthenium-103
Ruthenium-105
Ruthenium-106
Rhodium-99m
Rhodium-99
Rhodium-l00
Rhodium-lOlm
Rhodium-lO1
Rhodium-102m
Rhodium-102
Rhodium-103m
Rhodium-lOS
Rhodium-106m
Rhodium-107
Palladium-100
Tin-123m
Tin-123
Tin-125
Tin-126
Tin-127
Tin-128
Antimony-llS
Antimony-116m
Antimony-116
Antimony-117
Antimony-118m
Antimony-119
Antimony-120

(16 min)
Antimony-120

(5.76 d)
Antimony-122
Antimony-124m
Antimony-124
Antimony-125
Antimony-126m
Antimony-126
Antimony-127
Antimony-128

(10.4 min)
Antimony-128

(9.01 h)
Antimony-129
Antimony-130
Antimony-131
Tellurium-116
Tellurium-121m
Tellurium-121
Tellurium-123m
Tellurium-123
Tellurium-125m
Tellurium-127m
Tellurium-127
Tellurium-129m
Tellurium-129
Tellurium-13lm
Tellurium-131
Tellurium-132
Tellurium-133m

Quantity
(Uci) *

1, 000
1,000

100
1, 000

1
1,000

100
100

1,000
10
10
10

1,000
100

1,000
1,000

100
1,000

10
10
10

1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

1,000

100
100

1,000
10

100
1,000

100
100

1,000

100
100

1,000
1,000
1,000

10
100

10
100

10
10

1,000
10

1,000
10

100
10

100

Radionuclide

Indium-112
Indium-113m
Indium-114m
Indium-114m
Indium-115
Indium-llSm
Indium-117m
Indium-117
Indium-119m
Tin-llO
Tin-ill
Tin-113
Tin-117m
Tin-119m
Tin-121m
Tin-121

Tellurium-133
Tellurium-134
Iodine-120m
Iodine-120
Iodine-121
Iodine-123
Iodine-124
Iodine-125
Iodine-126
Iodine-128
Iodine-129
Iodine-130
Iodine-131
Iodine-132m
Iodine-132
Iodine-133
Iodine-134
Iodine-135
Xenon-120
Xenon-121
Xenon-122
Xenon-123
Xenon-125
Xenon-127
Xenon-129m
Xenon-131m
Xenon-133m
Xenon-133
Xenon-135m
Xenon-135
Xenon-138
Cesium-125
Cesium-127
Cesium-129
Cesium-130
Cesium-131
Cesium-132
Cesium-134m
Cesium-134
Cesium-13Sm
Cesium-135
Cesium-136
Cesium-137
Cesium-138

Quantity
(uci) *

1, 000
1,000

10
1, 000

100
1,000
1 000
1,000
1,000

100
1, 000

100
100
100
100

1, 000

1, 000
1. 000
1, 000

100
1,000

100
10
1
1

1,000
1

10
1

100
100

10
1,000

100
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1, 000
1,000
1,000
1,000
1, 000
1,000
1,000
1.000
1,000
1,000

100
1, 000

10
1,000

100
10
10

1, 000

* To convert wCi to kBq, multiply the gCi value by 37.
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APPENDIX C

QUANTITIES' OF LICENSED OR RZCISTEMzD MATERIAL REQUIRINW LABELING

Radionuclide

Barium-126
Barium-128
Barium-13lm
Barium-131
Barium-133m
Barium-133
Barium-13 5m
Barium-139
Barium-140
Barium-141
Barium-142
Lanthanum-131
Lanthanum-132
Lanthanum-135
Lanthanum-137
Lanthanum-138
Lanthanum-140
Lanthanum-141
Lanthanum-142
Lanthanum-143
Cerium-134
Cerium-135
Cerium-137m
Cerium-137
Cerium-139
Cerium-141
Cerium-143
Cerium-144
Praseodymium-136
Praseodymium-137
Praseodymium-138m
Praseodymium-139
Praseodymium-142m
Praseodymium-142
Praseodymium-143
Praseodymium-144
Praseodymium-145
Praseodymium-147
Neodymium-136
Neodymium-138
Neodymium-139m
Neodymium-139
Neodymium-141
Neodymium-147
Neodymium-149
Neodymium-151
Terbium-147
Terbium-149
Terbium-15O
Terbium-151
Terbium-153
Terbium-154
Terbium-155
Terbium-156a

(5.0 h)
Terbium-156m

(24.4 h)
Terbium-156
Terbium-157
Terbium-lS8
Terbium-160
Terbium-161

Quantity
(mci)

1, 000
100

1, 000
100
100
100
100

1,000
100

1,000
.1,000
1,000
: 100
1,000

10
100
100
100

1,000
1,000

100
100
100

1,000
100
100
100

1
1,000
1, 000
1, 000
1,000
1,000

100
100

1,000
100

1,000
1,000

100
1,000
1,000
1,000

100
1,000
1,000
1,000

100
1,000

100
1,000

100
1,000

1, 000

1,000
100

10
1-

10
* 100

Radionuclide
-

Promethium-141
Promethium-143
Promethium-144
Promethium-145
Promethium-146
Promethium-147
Promethium-148m
Promethium-148
Promethium-149
Promethium-lS0
Promethium-lSl
Samarium-141m
Samarium-141
Saxmarium-142
Samarium-145
Samarium-146
Samarium-147
Samarium-151
Samarium-153
Samarium-155
Samarium-156
Europium-145
Europium-146
Europium-147
Europium-148
Europium-149
Europium-150
1,(12.62 h)

Europium-150
(34.2 y)

Europium-152m
Europium-152
Europium-iS4
Europium-155
Europium-156
Europium-157
Europium-158
Gadolinium-145
Gadolinium-146
Gadolinium-147
Gadolinium-148
Gadolinium-149
Gadolinium-151
Gadolinium-152
Gadolinium-153
Gadolinium-159
Ytterbium-162
Ytterbium-166
Ytterbium-167
Ytterbium-169
Ytterbium-175
Ytterbium-177
Ytterbium-178
Lutetium-169
Lutetium-170
Lutetium-171
Lutetium-172
Lutetium-173
Lutetium-174m
Lutetium-174
Lutetium-176m
Lutetium-176

Quantity
("Ci) *

1,000
100

10

10
1.

10
10
10 -

100
1, 000

100
1, 000
1, 000
1, 000

100
-1

100
10

100
1,000.
1,000

100
100
100

10
100

100

1
100

1
10

10
100
100

1,000
.- _ 1,000

10
100

0.001
100 -

10
100

10
100

1, 000
100

- 1,000
100
100

1, 000 :
1,1000

100
100
100
100

10
* 10

10
1,000

100

.

* To convert pCi to kBq, multiply the pCi value by 37.
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IAPPENDIX C

QUANTITIESB O LICZSEMD OR REGISTERED MATERIAL REQUIRING LABELING

. , _

Radionuclide

Dysprosium-155
Dysprosium-157
Dysprosium-159
Dysprosium-165
Dysprosium-166
Holmium-155
Holmium-157
Holmium-159
Holmium-161
Holmium-162m
Holmium-162
Holmium-164m
Holmium-164
Holmium-166m
Holmium-166
Holmium-167
Erbium-161
Erbium-165
Erbium-169
Erbium-171
Erbium-172
Thulium-162
Thulium-166
Thulium-167
Thulium-170
Thulium-171
Thulium-172
Thulium-173
Thulium-175
Tantalum-182
Tantalum-183
Tantalum-184
Tantalum-185
Tantalum-186
Tungsten-176
Tungsten-177
Tungsten-178
Tungsten-179
Tungsten-181
Tungsten-185
Tungsten-187
Tungsten-188
Rhenium-177
Rhenium-178
Rhenium-181
Rhenium-182

(12.7 h)
Rhenium-182

(64.0 h)
Rhenium-184z
Rhenium-184
Rhenium-1896t
Rhenium-186
Rhenium-187
Rhenium-188m
Rhenium-188
Rhenium-189

Quantity
(Aci) *

1,000
1,000

- 100
1,000

100
1,000
1,000
1,000
1,000
1,000
1, 000
1,000
1,000

-i1
100

1,000
1,000
1,000

100
100
100

1,000
100
100

10
10

100
100

1,000
10

100
100

1,000
1,000
1,000
1,000
1,000
1,000
1,000

100
100

10
1,000
1,000
1,000

1,000

100
-10
100

10
100

1,000
1,000

100
100

Radionuclide

Lutetium-177m
Lutetium-177
Lutetium-178m
Lutetium-178
Lutetium-179
Hafnium-170
Hafnium-172
Hafnium-173
Hafnium-175
Hafnium-177m
Hafnium-178m
Hafnium-179m
Hafnium-180m
Hafnium-181
Hafnium-182m
Hafnium-182
Hafnium-183
Hafnium-184
Tantalum-172
Tantalum-173
Tantalum-174
Tantalum-175
Tantalum-176
Tantalum-177
Tantalum-178
Tantalum-179
Tantalum-180m
Tantalum-180
Tantalum-182m
Iridium-188
Iridium-189
Iridium-190m
Iridium-190
Iridium-192m

(1.4 min)
Iridium-192

(73.8 d)
Iridium-194m
Iridium-194
Iridium-195m
Iridium-195
Platinum-186
Platinum-188
Platinum-189
Platinum-i91
Platinum-193m
Platinum-193
Platinum-195m
Platinum-197m
Platinum-197
Platinum-199
Platinum-200
Gold-193
Gold-194
Gold-195
Gold-198m
Gold-198

Quantity
(Ci) *

10
100

1, 000
1,000
1,000

100
1

1,000
100

1,000
0.1

10
1,000

10
1,000

0.1
1,000

100
1,000
1,000
1,000
1,000

100
1,000
1.000

100
1,000

100
1,000

100
100

1,000
100

10

1
10

100
1,000
1,000
1,000

100
1,000

100
100

1,000
100

1,000
100

1,000
100

1,000
100
10

100
100

_ . D . .
.

* To convert pCi to kBq, multiply the ACi value by 37.
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APPticX C

QUANTITIES1 O., LICENSZD OR REGISTEEZD MATEZRIAL FtQUIRmNG LABzLING

Radionuclide

Osmium-10 -
Osmium-181
Osmium-182
Osmium-185
Osmium-189m
Osmium-191m
Osmium-191
Osmium-193
Osmium-194
Iridium-182
Iridium-184
Iridium-185
Iridium-186
Iridium-187
Thallium-194m
Thallium-194
Thallium-195
Thallium-197
Thallium-198m
Thallium-198
Thallium-199
Thallium-201
Thallium-200
Thallium-202
Thallium-204
Lead-195m
Lead-198
Lead-199
Lead-200
Lead-201
Lead-202m
Lead-202
Lead-203
Lead-205
Lead-209
Lead-210
Lead-211
Lead-212
Lead-214
Bismuth-200
Bismuth-201
Bismuth-202
Bismuth-203
Bismuth-205
Bismuth-206 -
Bismuth-207
Bismuth-210m
Bismuth-210
Bismuth-212
Bismuth-213.
Bismuth-214
Poloniuzm-203
Poloniun-205
Polonium-207
Polonium-210
Astatine-207
Astatine-211
Radon-220
Radon-222
Francium-222

Quantity
(uCi) *

1, 000
1,000

100
100

1,000
1,000

100
100
1

1,000
1,000
1, 000

100
-1,000

1, 000
1,000
1,000
1,000
1,000
1, 000
1,000
1,000
1,000

100
100

1,000
1,000
1,000

100
1,000
1,000

10
1,000

100
1,000

0.01
100

1
100

1,000
1, 000
1,000

100
100
100

10
0.1
1

10
10

100
1,000
1,000
1,000

0.1
100..

10
1'
1

100

- Radionuclide

Gold-199
Gold-200m
Gold-200
Gold-201
Mercury-193m
Mercury-193
Mercury-194
Mercury-195m
Mercury-195
Mercury-197m
Mercury-197
Mercury-199m
Mercury-203

Francium-223
Radium-223
Radium-224
Radium-225
Radium-226
Radium-227
Radium-228
Actinium-224
Actinium-225
Actinium-226
Actinium-227
Actinium-228
Thorium-226
Thorium-227
Thorium-228
Thorium-229
Thorium-230
Thorium-231
Thorium-232
Thorium-234
Thorium-natural
Protactinium-227
Protactinium-228
Protactinium-230
Protactinium-231
Protactinium-232
Protactinium-233
Protactinium-234
Uranium-230
Uranium-231
Uranium-232
Uranium-233
Uranium-234
Uranium-235
Uranium-236
Uranium-237
Uranium-238
Uranium-239
Uranium-240
Uranium-natural
Neptunium-232
Neptunium-233,
Neptunium-234
Neptunium-235
Neptunium-236

(1.15E+S y)

Quantity
(fci) *

- , 100
100

1, 000
1,000

100
1,000

- 1 -
100 -

1, 000
100

1, 000
1, 000

100

100
0.1
0.1
0.1

0.1
1-, 000

0.1
-1
0.01
0.1
.0.001
1

10
0.01
0.001
0.001
0.001

100
100

10
100

10
1
0.1
0.001
1

100
100

0.01
100

0.001
0.001
0.001
0.001
0.001

100
- 100

1, 000
100
100
100

1,000
100
100

0.001

* To convert sCi to kBq, multiply the pCi value by 37.
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APPlEyDIX C

QUANTITIES1 OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

Radionuclide Quantity Radionuclide
(acid *

Neptunium-236
(22.5 h)
Neptunium-237
Neptunium-238
Neptunium-239
Neptunium-240
Plutonium-234
Plutonium-235
Plutonium-236
Plutonium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Plutonium-242
Plutonium-243
Plutonium-244
Plutonium-245
Americium-237
Americium-238
Americium-239
Americium-240
Americium-241
Americium-242m
Americium-242
Americium-243
Americium-244m
Americium-244
Americium-245
Americium-246m
Americium-246
Curium-238
Curium-240
Curium-241

Arm . .

1
0.001

10
- 100
1,000

10
1,000

0.001
100

0.001
0.001
0.001
0.01
0.001

1,000
0.001

100
1.000

100
1,000

100
0.001
0.001

10
0.001

100
10

1, 000
1,000
11000

100
0.1
1

Curium-242
Curium-243
Curium-244
Curium-245
Curium-246
Curium-247
Curium-248
Curium-249
Berkelium-245
Berkelium-246
Berkelium-247
Berkelium-249
Berkelium-250
Californium-244
Californium-246
Californium-248
Californium-249
Californium-250
Californium-251
Californium-252
Californium-253
Californium-254
Einsteinium-250
Einsteinium-251
Einsteinium-253
Einsteinium-254m
Einsteinium-254
Fermium-252
Fermium-253
Fermium-254
Fermium-255
Fermium-257
Mendelevium-257
Mendelevium-258

Quantity
Ouci) *

0.01
0.001
0.001
0.001
0.001
0.001
0.001

1, 000
100
100
0.001
0.1

10
100

1
0.01
0.001
0.001
0.001
0.001
0.1
0.001

100
100

0.1
1
0.01
1
1

10
1
0.01

10
0.01

Any alpha-emitting
radionuclide not
listed above or
mixtures of alpha
emitters of unknown
composition

Any radionuclide
other than alpha-
emitting radionuclides
not listed above, or
mixtures of beta
emitters of unknown
composition

0.001
0.01

NOTE: For purposes of subdivision e of subsection 2 of section 33-10-04.1.1-
13, subdivision a of subsection 5 of section 33-10-04.1.1-13, and subdivision
a of subsection 1 of section 33-10-04.1.1-16 where there is involved a
combination of radionuclides in known amounts, the limit for the combination
shall be derived as follows: determine, for each radionuclide in the
combination, the ratio between the quantity present in the combination and
the-limit otherwise established for the specific radionuclide when not in
combination. The sum of such ratios for all radionuclides in the combination
may not exceed *1 -- that is, unity.

'The quantities -listed above were derived by taking 1/10th of the most
restrictive ALI listed in Table I, Columns 1 and 2, of Appendix B to Chapter
33-10-04.1.1, rounding to the nearest factor of 10, and constraining the
values listed between 37 Eq and 37 MBq (0.001 and 1,000 pCi). Values of 3.7
MBq (100 pCi) have been assigned for radionuclides having a radioactive half-
life in excess of E+9 years, except rhenium, 37 MEq (1,000 pCi), to take into
account their low specific activity.

* To convert pCi to kBq, multiply the gCi value by 37.

.
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APPENDIX D
REQUIREMENTS FOR TRANSFER OF LOW-LEVEL RADIOACTIVE WASTE

FOR DISPOSAL AT LAND DISPOSAL FACILITIES AND MANIFESTS

1. 4Manifest

The shipment manifest shall contain the'name, address, and
telephone number of the person generating the waste. The
manifest shall also include the name, address, and telephone
number or the name and United States environmental protec-
tion agency hazardous waste identification number of the
person transporting the-waste to the land disposal facility.
The manifest shall also indicate: a physical description of
the waste, the volume, radionuclide identity and quantity,
the total radioactivity, and the principal chemical form.
The solidification agent shall be specified.: Waste
containing more than one-tenth percent chelating agents by
weight shall be identified and the weight percentage of the
chelating agent estimated. Wastes classified as class A,
class B, or class C in subsection 1 of appendix E shall be
clearly identified as such in-the manifest. The total
quantity of the radionuclides hydrogen-3, carbon-14,
technetium-99, and iodine-129 shall be shown. The manifest
may be shipping papers used to meet United States department
of transportation or United States environmental protection
agency rules or requirements of the receiver, provided all
the required information is included. Copies of manifests
may be-legible carbon copies or legible photocopies.

2. Certification

The waste generator shall include in the shipment manifest a
certification that the transported materials-are properly
classified, 'described, packaged, marked, and labeled and are
in proper condition for transportation according to the
applicable-rules of the United States department of
transportation and the department. An authorized
representative of the waste generator, shall sign and date
the manifest. -

3. Control and tracking

a.- Any radioactive waste generator who transfers
radioactive waste to-a land disposal facility or a
licensed waste collector shall-comply with the
requirements in paragraphs 1 through 8.- Any
-radioactive waste generator who transfers waste to a
licensed waste processor who treats or repackages waste
shall-comply with the'requirements of paragraphs 4
through 8. A licensee shall: -'
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(1) Prepare all wastes so that the waste is classified
according to subsection 1 of appendix E and meets
the waste characteristics requirements in
subsection 2 of appendix E;

(2) Label each package of waste to identify whether it
is class A waste, class B waste, or class C waste,
in accordance with subsection 1 of appendix E;

(3) Conduct a quality control program to ensure
compliance with subsections 1 and 2 of appendix E;
the program shall include management evaluation of
audits;

(4) Prepare shipping manifests to meet the
requirements of subsections 1 and 2;

(5) Forward a copy of the manifest to the intended
recipient, at the time of shipment, or deliver to
a collector at the time the waste is collected,
obtaining acknowledgment of receipt in the form of
a signed copy of the manifest or equivalent
documentation from the collector;

(6) Include one copy of the manifest with the
shipment;

(7) Retain a copy of the manifest and documentation of
acknowledgment of receipt as the record of
transfer of licensed material as required by
subsection 12 of section 33-10-03-05; and

(8) For any shipments or any portion of a shipment for
which acknowledgment of receipt has not been
received within the times set forth in this
section, conduct an investigation in accordance
with subdivision e.

b. Any waste collector licensee who handles only
prepackaged waste shall:

(1) Acknowledge receipt of the waste from the
generator within one week of receipt by returning
a signed copy of the manifest or equivalent
documentation;

(2) Prepare a new manifest to reflect consolidated
shipments; the new manifest shall serve as a
listing or index for the detailed generator
manifests. Copies of the generator manifests
shall be a part of the new manifest. The waste
collector may prepare a new manifest without
attaching the generator manifests, provided the
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new manifest contains for each package the
information specified in subsection 1. The

. collector licensee shall certify that nothing has
been done to the waste-that would invalidate the
generator's certification;

(3) 'Forward a copy of the new manifest to the land
disposal facility operator at the time of
shipment;

(4) ..Include the new manifest with the shipment to the
--disposal site;

(5) -Retain a copy of the manifest and documentation of
acknowledgment of receipt-as the record of
transfer of licensed material as required by
-subsection 12 of section 33-10-03-05, and retain
information from generator manifest until the

-license is terminated; and '

(6) For any shipments or any portion of a shipment for
which acknowledgment of receipt is not received
within the times set forth in this section,
conduct an investigation in accordance with
subdivision e. .

c. Any licensed waste processor who treats or repackages
wastes shall:,

(1) Acknowledge receipt of- the waiste from the
generator within one week of receipt by returning

.-a signed copy-of the manifest or equivalent
documentation; .-

(2) Prepare a new manifest that meets the requirements
of subsections 1 and 2. Preparation of the new
manifest reflects that the prbcessor is
responsible for the waste;-

(3) Prepare all wastes so that the-waste-is classified
according'to subsecti6n lbf appendix E and meets
-the waste chiaacteristics'requirements in
subsection 2 of appendix E;,

(4) -Label each package of waste to identify whether it
- is class A waste, class'B waste,. or class'C waste,

in accordance with subsections l'and.3 of appendix
E;

(5). Conduct a quality~Cofntrol program to ensure
compliance with subsections 1 and 2 of appendix E.
The program shall include management evaluation of
audits;
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(6) Forward a copy of the new manifest to the disposal
site operator or waste collector at the time of
shipment, or deliver to a collector at the time
the waste is collected, obtaining acknowledgment
of receipt in the form of a signed copy of the
manifest or equivalent documentation by the
collector;

(7) Include the new manifest with the shipment;

(8) Retain copies of original manifests and new
manifests and documentation of acknowledgment of
receipt as the record of transfer of licensed
material required by subsection 12 of section 33-
10-03-05; and

(9) For any shipment or portion of a shipment for
which acknowledgment is not received within the
times set forth in this section, conduct an
investigation in accordance with subdivision e.

d. The land disposal facility operator shall:

(1) Acknowledge receipt of the waste within one week
of receipt by returning a signed copy of the
manifest or equivalent documentation to the
shipper. The shipper to be notified is the
licensee who last possessed the waste and
transferred the waste to the operator. The
returned copy of the manifest or equivalent
documentation shall indicate any discrepancies
between materials listed on the manifest and
materials received;

(2) Maintain copies of all completed manifests or
equivalent documentation until the license is
terminated; and

(3) Notify the shipper, that is, the generator, the
collector, or processor, and the department when
any shipment or portion of a shipment has not
arrived within sixty days after the advance
manifest was received.

e. Any shipment or portion of a shipment for which
acknowledgment is not received within the times set
forth in this section shall:

(1) Be investigated by the shipper if the shipper has
not received notification or receipt within twenty
days after transfer; and
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(2) Be traced and reported to whom. The investigation
shall include tracing the shipment and filing a
report with the department; :Each licensee who
conducts a trace investigation shall file a
written report with the department within two
weeks of completion of the investigation.
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APP1NDIX E -

CLASSIFICATION AND CHARACTERISTICS OF LOW-LEVEL
RADIOACTIVE WASTE

1. Classification of radioactive waste for land disposal'

a.----Considerations. Determination of the classification of
radioactive waste-involves-two considerations. First,
consideration must be given to the concentration of
long-lived radionuclides (and their shorter-lived
precursors) whose potential hazard will persist long
after such precautions as institutional controls,
improved waste form, and deeper disposal have ceased to
'be effective. These precautions delay the time when
long-lived radionuclides could-cause exposures. In
addition,- the magnitude of the potential dose is
limited by the concentration and availability of the
radionuclide at the time of exposure. Second,
consideration must be given to the concentration of
shorter-lived radionuclides for which requirements on
institutional controls, waste form, and disposal
methods are effective.

b. Classes of waste.

(1) Class A waste is waste that is usually segregated
from other waste classes at the disposal site.
The physical form and characteristics of class A
waste must meet the minimum requirements set forth
in subdivision a of subsection 2. If class A
waste also meets the stability requirements set
forth in subdivision b of subsection 2, it is not
necessary to segregate the waste for disposal.

(2) Class B waste is waste that must meet more
rigorous requirements on waste form to ensure
stability after disposal. The physical form and
characteristics of class B waste must meet both
the minimum and stability requirements set forth
in subsection 2.

(3) Class C waste is waste that not only must meet
more rigorous requirements on waste form to-ensure
stability but also requires additional measures at
the disposal facility to protect against
inadvertent intrusion. The physical form and
-ha'racteristics-'of class-C'waste must meet both
the minimum'and stability requirements set forth
in subsection 2.

c. 'Classification determined by long-lived radionuclides.
If the -radioactive waste contains-only'radionuclides
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listed in table I, classification shall be determined
as follows:

(1) If the concentration does not exceed one-tenth
times the value in table I, the waste is class A.

(2) If the concentration exceeds one-tenth times the
value in table I, but does not exceed the value in
table I, the waste is class C.

(3) If the concentration exceeds the value in table I,
the waste is not generally acceptable for land
disposal.

(4) For wastes containing mixtures of radionuclides
listed in table I, the total concentration shall
be determined by the sum of fractions rule
described in subdivision g.

TABLE I

Concentration Concentration
Radionuclide curie/cubic meter' nanocurie/gram?

C-14 8
C-14 in activated
metal 80
Ni-59 in activated
metal 220
Nb-94 in activated
metal 0.2

Tc-99 3
1-129 0.08
Alpha emitting transuranic
radionuclides with half-
life greater than five
years 100
Pu-241 3,500
Cm-242 20,000
Ra-226 100

"To convert-the curie per cubic meter values to
gigabecquerel per cubic meter, multiply the curie per cubic
meter value by thirty-seven.

bTo convert the nanocurie per gram values to becquerel per
gram, multiply the nanocurie per gram value by thirty-seven.
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d. -Classification determined by short-lived radionuclides.
- If the waste does not contain any 'of the radionuclides
listed in table I, classification shall be determined
based on the concentrations shown in table II.
However, as-specified in subdivision f, if radioactive
'waste does not contain any nuclides listed in either
tablel or II, it is class A.

(1)- If the concentration does not exceed the value in
column 1, the waste is class A.

-(2) Ifthe concentration exceeds the value in column 1
but does not exceed the value in column 2, the

- -waste is class'B. -'

(3) If the concentration exceeds the value in column 2
but--does not-'exceed the-value in column 3, the
waste is class C.

(4) If the concentration exceeds-the value in column
3, the-waste"is not-generally acceptable for near-
surface disposal.--

(5) For wastes containing mixtures of the
radionuclides listed in table II, the total
concentration shall be determined by the sum of
fractions rule described in subdivision g.

TABLE II

Radionuclide Concentration, curie per cubic meter*
Column . Column 2 Column 3

Total of all radio-
nuclides with less
than 5-year half-
life 700 * *

H-3 40 *
Co-60 700 * *
Ni-63 3.5 .- - 70 700
Ni-63 in activated
metal - 35 700 . 7000
Sr-90 . 0.04 150 7000
Cs-137 I - -44 -4600

- *To convert the curie per cubic meter value to
gigabecquerel-per cubic meter, multiply the curie

- per cubic meter value by-thirty-seven. There are
no-limits established for these-radionuclides in
class B or classIC wastes.- Practical--

- considerations such as-the effects of external
-radiation and internal heat generation on
transportation, handling, and disposal will limit
the concentrations for these wastes. These wastes
shall be class B unless the concentrations of
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other radionuclides in table II determine the
waste to be class C independent of these
radionuclides.

e. Classification determined by both long-lived and short-
lived radionuclides. If the radioactive waste contains
a mixture of radionuclides, some of which are listed in
table I and some of which are listed in table II,
classification shall be determined as follows:

(1) If the concentration of a radionuclide listed in
table I is less than one-tenth-times the value
listed in table I, the class shall be that deter-
mined by the concentration of radionuclides listed
in table II.

(2) If the concentration of a radionuclide listed in
table I exceeds one-tenth times the value listed
in table I, but does not exceed the value in table
I, the waste shall be class C, provided the
concentration of radionuclides listed in table II
does not exceed the value shown in column 3 of
table II.

f. Classification of wastes with radionuclides other than
those listed in tables I and II. If the waste does not
contain any radionuclides listed in either table I or
II, it is class A.

g. The sum of the fractions rule for mixtures of
radionuclides. For determining classification for
waste that contains a mixture of radionuclides, it is
necessary to determine the sum of fractions by dividing
each radionuclide's concentration by the appropriate
limit and adding the resulting values. The appropriate
limits must all be taken from the same column of the
same table. The sum of the fractions for the column
must be less than one if the waste class is to be
determined by that column. Example: A waste contains
strontium-90 in a concentration of one and eighty-five-
hundredths terabecquerels per cubic meter (50 Ci/m3)
and cesium-137 in a concentration of eight hundred
fourteen gigabecquerels per cubic meter (22 Ci/m3 ).
Since the concentrations both exceed the values in
column 1, table II, they must be compared to column 2
values. For strontium-90 fraction, fifty divided by
one hundred fifty is one-third, for cesium-137
fraction, twenty-two divided by forty-four is one-half;
the sum of the fractions is eighty-three hundredths.
Since the sum is less than one, the waste is class B.

h. Determination of concentrations in wastes. The
concentration of a radionuclide may be determined by
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indirect methods such as use of scaling factors which
relate the inferred concentration of one radionuclide
to another that is measured, or radionuclide material
accountability, if there is reasonable assurance that
the indirect methods can be-correlated with actual
measurements. The concentration of a radionuclide may
be-averaged over the volume-of the waste, or weight of
the waste if the-units are expressed as becquerel
(nanocurie) per gram.

2. Radioactive Waste'Characteristics

a.- The following are minimum requirements for all classes
of waste and-are'intended to facilitate'handling and
-provide protection-of health and safety of personnel at
"the disposal site. -

- d '- (1)- Wastes shall'be packaged in conformance with the
conditions of the license- issued to the site
operator to which'the waste will be shipped.
Where the conditions of the-site -license are more
restrictive than the provisions of chapter 33-10-
04.1.1, the site license conditions shall govern.

(2) Wastes shall not be packaged for-disposal in
- -cardboard-or fiberboard boxes.-

- (3) 'Liquid waste shall'be packaged in sufficient
absorbent material to absorb twice the volume of
the liquid.' - -

(4) Solid waste containing liquid shall contain as
little freestanding and noncorrosive liquid as is
reasonably achievable, but in-no-case shall the
liquid exceed one percent of the volume.

(5) Waste shall not be readily capable of detonation
or of explosive decomposition or-reaction at
normal pressures and temperatures,' or of explosive
reaction with water. -

(6) Waste shall not contain, or be capable of
generating, quantities of toxic-gases, vapors, or
fumes harmful to persons-transporting, handling,

- or disposing-of the waste.- This does not apply to
radioactive gaseous waste packaged in accordance

- with paragraph. -'-'

(7) Waste must not be pyrophoric material. Pyrophoric
materials contained in wastes shall be treated,
prepared, and packaged to be nonflammable. (See
section 33-10-01-04 for the definition of
pyrophoric.)
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(8) Wastes in a gaseous form shall be packaged at an
absolute pressure that does not exceed one and
one-half atmospheres at twenty degrees Celsius.
Total activity shall not exceed three and seven
tenths terabecquerels (100 Ci) per container.

(9) Wastes containing hazardous, biological,
pathogenic, or infectious material shall be
treated to reduce to the maximum extent
practicable the potential hazard from the
nonradiological materials.

b. The following requirements are intended to provide
stability of the waste. Stability is intended to
ensure that the waste does not degrade and affect
overall stability of the site through slumping,
collapse, or other failure of the disposal unit and
thereby lead to water infiltration. Stability is also
a factor in limiting exposure to an inadvertent
intruder, since it provides a recognizable and
nondispersible waste.

(1) Waste shall have structural stability. A
structurally stable waste form will generally
maintain its physical dimensions and its form,
under the expected disposal conditions such as
weight of overburden and compaction equipment, the
presence of moisture, and microbial activity, and
internal factors such as radiation effects and
chemical changes. Structural stability can be
provided by the waste form itself, processing the"
waste to a stable form, or placing the waste in a
disposal container or structure that provides
stability after disposal.

(2) Notwithstanding the provisions in paragraphs 3 and
4 of subdivision a of subsection 2, liquid wastes,
or wastes containing liquid, shall be converted
into a form that contains as little freestanding
and noncorrosive liquid as is reasonably
achievable, but in no case shall the liquid exceed
one percent of the volume of the waste when the
waste is in a disposal container designed to
ensure stability, or 0.5 percent of the volume of
the waste for waste processed to a stable form.

(3) Void spaces within the waste and between the waste
and its package shall be reduced to the extent
practicable.
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3. Labeling

Each package of waste shall be clearly labeled to identify
whether it is class A, class B, or class C waste, in
accordance with subsection 1. -
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APPENDIX F

Standards for Unrestricted Areas

(a) Surface contamination limits

(1) Alpha emitters

(i) Removable: 0.555 Ba = 15 oci = 33 dnm R2 rane nM

(ii) Total
(fixed):

100 cma

.665 -
100cm

1132. -q
100 m

2.5 uSv =
hr

l00 c=' 100 cm' any one su

= 45 p =i = maximum
100 mV 100 a

450 pCi = 1000 dpm average o%
100 cm= 100 cm' any one st:

225 pci = 5000 dom maximum oX
100 cm' loo GrH

(0.25 mrem) maximum at 1 cm from surface
hr

rer
irface

rer
Lrface

(2) Beta-Gama emitters

Mi) Removable: 3 .7 Be 100 Vci average over
(all beta- lo r Co? any one surface
gANa emitters
except 18.5 Bq = Soo Ci maximum
hydrogen-3) 100 cml loo cm'

Removable: 37= 1000 pc average over
(hydrogen-3) 100 100 cm, any one surface

lS Ba = 5000 pi maximum
100 czH 100 cm'

(ii) Total 2.5 uSv = (0.25 mrem) maximum at 1 cm from surface
(fixed): hr hr

(b) Concentration in air and water: appendix B. table II of chapter 33-10-04.1.1.

(c) Concentrations in soil and other materials except water:

(1) Radioactive material except source material and radium: Schedule A. column II of
chapter 33-10-03.

(2) Source material and radium in soil: Concentration of radionuclides above
background concentrations for total radium, averaged over areas of 100 square
meters. shall not exceed:

Ci) 5 picocuries per gram of dry soil, averaged over the first 15 centimeters
below the surface; and

(ii) 5 picocuries per gram of dry soil, averaged over layers of 15 centimeters
thickness more than 15 centimeters below the surface.

(3) Source material and radium in other materials: Concentration of radionuclides
above background concentrations for total radium shall not exceed 5 picocuries
per gram.

(d) The level of gamma radiation measured at a distance of 100 centimeters from the surface
shall not exceed background.
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'APPENDIX G
REQUIREMENTS FOR TRANSFERS OF LOW-

LEVEL RADIOACTIVE -WASTE INTENDED FOR DISPOSAL AT LICENSED LAND
DISPOSAL FACILITIES AND MANIFESTS

I. Manifest

A w'aste generator, collector, or processor who transports, or
offers for transportation, low-level radioactive waste intended
for ultimate disposal.at a licensed low-level radioactive waste
land' disposal facility -must -prepare a Manifest -(Federal OMB
Control Numbers 3150-0164, -0165, and -0166) reflecting
information -requested on applicable U.S.. Nuclear Regulatory
Commission (NRC) Forms 540 (Uniform Low-Level Radioactive Waste
Manifest (Shipping Paper)) and 541 (Uniform Low-Level
Radioactive Waste Manifest (Container and Waste Description))
and,. if necessary, on an applicable NRC Form 542 (Uniform
Low-Level Radioactive Waste Manifest (manifest lndex and
Regional Compact Tabulation)). NRC- Forms 540' and' 540A must be
completed and must physically accompany, the pertinent low-level
waste shipment. Upon agreement between shipper and consignee,
NRC Forms 541 and 541A and 542' and 542A may be completed,
transmitted,' and stored in electronic media with the capability
for producing legible, accurate, and complete records on the
respective forms. Licensees are not required by the department
to comply with the manifesting requirements of this part when
they ship: - , -

(a) ,LLW for processing and expect its return' (i.e., for storage
under their license) prior to disposal at a licensed land
disposal facility; -

(b) LLW that is being returned to the licensee who is the
%waste generator'' or ''generator,'' as defined in -this

part; or
(c) Radioactively contaminated mat'erial to a -'' waste processor''

that becomes the processor's' 'residual"'wasste.''-

For guidance in completing.- the'se, forms, refer to the
instructions that accompany the :forms. _Copies 'of' manifests
required by 'this --appendix -may be legible 'carbon copies,
photocopies, or, computer prin-touts>'that reproduce the data in
the format of the uniforminmanifest.' NRC Forms 540, 540A,.541,
541A, 542 and 542A, and the accompanying instructions,' in hard
copy, may be obtained from the Information -and Records
Management Branch, Office of-Information Resources Management,
U.S. Nuclear Regulatory, Commission, Washington, 'DC 20555,
telephone (301) 415-7232.-

This appendix includes 'information '- requirements of the
Department of Transportation,,-as codified in 49 CFR part 172.
Information on-hazardous, medical, or other waste,'required to
meet Environmental Protection Agency regulations, as-codified in
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40 CFR parts 259, 261 or elsewhere, is not addressed in this
section, and must be provided on the required EPA forms.
However, the required EPA forms must accompany the Uniform
Low-Level Radioactive Waste Manifest required by this chapter.

As used in this appendix, the following definitions apply:

Chelating agent has the same meaning as that given in Chapter
33-10-01.

Chemical description means a description of the principal
chemical characteristics of a low-level radioactive waste.

Computer-readable medium means that the regulatory agency's
computer can transfer the information from the medium into its
memory and process the data.

Consignee means the designated receiver of the shipment of
low-level radioactive waste.

Decontamination facility means a facility operating under a
Commission or Agreement State license whose principal purpose is
decontamination of equipment or materials to accomplish recycle,
reuse, or other waste management objectives, and, for purposes
of this part, is not considered to be a consignee for LLW
shipments.

Disposal container means a container principally used to confine
low-level radioactive waste during disposal operations at a land
disposal facility (also see "high integrity container''). Note
that for some shipments, the disposal container may be the
transport package.

EPA identification number means the number received by a
transporter following application to the Administrator of EPA as
required by 40 CFR part 263.

Generator means a licensee operating under a Commission or
Agreement State license who (1) is a waste generator as defined
in this chapter, or (2) is the licensee to whom waste can be
attributed within the context of the Low-Level Radioactive Waste
Policy Amendments Act of 1985 (e.g., waste generated as a result
of decontamination or recycle activities).

High integrity container (HIC) means' a container commonly
designed to meet the structural stability requirements of the
U.S. Nuclear Regulatory Commission Requirements in 10 CFR part
.61 section 56, and to meet Department of Transportation
requirements for a Type A package.

Land disposal facility means the land, buildings and structures,
and equipment which are intended to be used for the disposal of
radioactive waste. For purposes of this chapter, a "geologic
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repository as defined in -10 CFR part 60 is not considered a
"land disposal-facility' -

NRC Forms 540, 540A, 541, 541A, 542, and 542A are official NRC
Forms referenced'in -this appendix. Licensees need not use
-originals of these NRC-Forms as long as any substitute forms are
equivalent to the original documentation in respect to content,
clarity,' size', and' locati6oin -of information. Upon agreement
between-the shippei'and consignee,'-NRC Forms 541 (and 541A) and
NRC 'Forms `542 1'(and 542A) 'may' be completed, transmitted, and
stored in -electronic medi'a. The electronic media must have the
capability for-.producing legible, accurate, and complete'records
in the'forxiat'bf the uhiform-manifest.

Package has the same meaning as that given in Chapter 33-10-01.

- Physical'description means the items called for on NRC Form 541
to describe a low-level radioactive waste.

Residual waste means low-level radioactive waste resulting from
processing or decontamination activities that cannot be easily
separated into distinct batches'attributable to specific-waste
generators. This'waste is attributable to the processor or
decontamination facility, as applicable. -

Shipper means the licensed entity (i.e., the waste-generator,
waste collector, or waste processor) who offers low-level
radioactive waste for transportation,'-typically consigning this
type of waste to a licensed waste collector, waste processor, or
land disposal facility operator. -

Shipping paper means-NRC Form '540 and, -if -required, -- NRC Form
540A which 'includes the information required by DOT -in 49 CFR
part 172.

Source material has the'- same meaning as that "given in Chapter
33-10-01.

-Special nuclear -material'has the same meaning as that given in
- Chapter 33-10-01.' t, ' ' -

Uniform Low-Level Radioactive Waste Manifest or uniform manifest
means the-combination of NRC Forms 540,' 541, and, if necessary,
--542, and -their -respective continuation 'sheets as needed, or
equivalent.

Waste'collector means an entity, operating tinder ba Commission or
Agreement State license, whose principal purpose is to collect
and consolidate waste generated by others, and to transfer this
waste, without processing or repackaging the'collected waste, to
another licensed waste collector, licensed waste-processor, or
licensed land disposal facility.
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Waste description means the physical, chemical and radiological
description of a low-level radioactive waste as called for on
NRC Form 541.

Waste generator means an entity, operating under a Commission or
Agreement State license, who (1) possesses any material or
component that contains radioactivity- or- is radioactively
contaminated for which the licensee foresees no further use, and
(2) transfers this material or component to-a licensed land
disposal facility or to a licensed waste collector or processor
for handling or treatment prior to disposal. A licensee
performing processing or decontamination -services may be a
''waste generator'' if the transfer of low-level radioactive
waste from its facility is defined as ''residual waste.|@

Waste processor means an entity, operating under a Commission or
Agreement State license, whose principal purpose is to process,
repackage, or otherwise treat low-level radioactive material or
waste generated by others prior to eventual transfer of waste to
a licensed low-level radioactive waste land disposal facility.

Waste type means -a waste within a disposal container having a
unique physical description (i.e., a specific waste descriptor
code or description; or a waste sorbed on or solidified in a
specifically
defined media).

Information Requirements

A. General Information

The shipper of the radioactive waste, shall provide the
following information on the uniform manifest:

1. The name, facility address, and telephone number of the
licensee shipping the waste;

2. An explicit declaration indicating whether the shipper
is acting as a waste generator, collector, processor, or
a combination of these identifiers for purposes of the
manifested shipment; and

3. The name, address, and telephone number, or the name and
EPA identification number for the carrier transporting
the waste.

B. Shipment Information

The shipper of the radioactive waste shall provide the
following information regarding the waste shipment on the
uniform manifest:

1. The date of the waste shipment;
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2. The total number of packages/disposal containers;

3. The total disposal volume and disposal weight in the
shipment;

4. The total radionuclide activity in-the shipment;

5. The activity of each of the radionuclides H-3, C-14,
Tc-99, and 1-129 contained in the:shipment; and

- 6. The -total .masses of U-233;- U-235, 'and plutonium in,
special nuclear material, and the-total mass of uranium
and-thorium in-source material.

C. Disposal Container and Waste Information

The shipper of the radioactive waste shall provide the
following information on the uniform manifest regarding the
-waste and each disposal container of waste in the shipment:

I 1.- -An alphabetic or-numeric-identification that uniquely
identifies each disposal container in the shipment;

2. A physical description of the disposal container,
including the manufacturer l-and model of any high
integrity container;

3. The volume displaced by-the disposal container;

4. The gross weight of the disposal container, including.
the waste; -

-5. For waste consigned to a disposal-faciilty, the maximum
radiation level at the surface--of- each disposal
container;

6.- A physical and chemical description of the-waste;

-7. The total weight percentage of chelating agent for any
waste containing more than 0.1% chelating agent by
weight, plus the identity of. the -principal chelating
agent;

8. -The-approximate-volume of waste within-a container;

9. The:sorbing or solidification-media, if any, and the
identity of the solidification media vendor and brand
name; - - -

10. The .,identities -and activities of individual
radionuclides contained in each container, the masses of
U-233, U-235, and plutonium in special nuclear material,
and the -masses of- uranium and -thorium in- source
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material. For discrete waste types (i.e., activated
materials, contaminated equipment, mechanical filters,
sealed source/devices, and wastes in
solidification/stabilization media), the identities and
activities of individual radionuclides associated with
or contained in these waste types within a disposal
container shall be reported;

11. The total radioactivity within each container; and

12. For wastes consigned to a disposal facility, the
classification-of the waste pursuant to 10 CFR part 61
section 55. Waste not meeting the structural stability
requirements of 10 CFR par 61 section 56 subsection (b)
must be identified.

D. Uncontainerized Waste Information

The shipper of the radioactive waste shall provide the
following information on the uniform manifest regarding a
waste shipment delivered without a disposal container:

1. The approximate volume and weight of the waste;

2. A physical and chemical description of the waste;

3. The total weight percentage of chelating agent if the
chelating agent exceeds 0.1% by weight, plus the
identity of the principal chelating agent; KJ

4. For waste consigned to a disposal facility, the
classification of the waste pursuant to 10 CFR part 61
section 55. Waste not meeting the structural stability
requirements of 10 CFR part 61 section 56 subsection (b)
must be identified;

5. The identities and activities of individual
radionuclides contained in the waste, the masses of
U-233, U-235, and plutonium in special nuclear material,
and the masses of uranium and thorium in source
material; and

6. For wastes consigned to a disposal facility, the maximum
radiation levels at the surface of the waste.

E. Multi-Generator Disposal Container Information

This section applies to disposal containers enclosing
mixtures of waste originating from different generators.
(Note: The origin-of the LLW resulting from a processor's
activities-may be attributable to one or more "generators''
(including ''waste generators'') as defined in this part).
It also applies to mixtures of wastes shipped in an
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uncontainerized form, for which portions of the mixture
within the shipment originate from different generators.

1'. For homogeneous mixtures of waste,'such as incinerator
ash, provide the waste-description applicable to the
mixture'afid the volume of the waste attributed to each

-generator.

2. For heterogeneous mixtures of waste; '-such as the
combined products from a large compactor, identify each
generator contributing waste to the disposal container,
and, for- discrete waste - types ' (i.e., activated
materials, contaminated equipment, mechanical filters,
-sealed source/devices, - and- wastes in
solidification/stabilization media), the identities and
activities of individual radionuclides contained in
these-waste-types within the disposal container. For
each-generator, provide the following:

'(a) The volume of waste within the disposal container;

(b) A-physical -and chemical'description of the waste,
including the solidification agent, if any;

- (c) The total weight percentage of chelating agents for
any disposal container containing more than 0.1%
chelating agent-by weight, plus the identity of the
principal'chelating agent; -

(d)-The sorbing or solidification :media, if any, and
- the identity of the solidification media vendor and
brand name if the media is claimed to meet

--- stability requirements in 10 CFR part 61 section 56
--subsection (b); and - -a

(e) Radionuclide'identities and activities contained in
the waste, the masses- of U-233, U-235, and
plutonium in'special nuclear material, and the

- masses of uranium and thorium-in source material if
contained in the waste.-

II. Certification ~- 7 _

An -authorized representative -of the waste generator,
processor, or collector shall certify by signing and dating
the shipment manifest that ,thietransported,-materials are
properly '-classified,--described,- packaged, marked, and
labeled and are in proper condition for transportation
according to the applicable regulations of the Department of
-Transportation "and 'the -Commission. A- collector in signing
the certification is certifying that nothing has been done
to- the collected-waste which would invalidate the waste
generator's certification.
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III. Control and Tracking

1. Any licensee who transfers radioactive waste to a land
disposal facility or a licensed waste collector shall
comply with the requirements in paragraphs A.1 through
9 of this section. Any licensee who transfers waste to
a licensed waste processor for waste treatment or
repackaging shall comply with the requirements of
paragraphs A.4 through 9 of this section. A licensee
shall:'

(a) Prepare all wastes so that the waste is classified"
according to 10 CFR part 61 section 55 and meets
the waste characteristics requirements in 10 CFR
part 61 section 56.

(b) Label each disposal container (or transport package
if potential radiation hazards preclude labeling of
the individual disposal container) of waste to
identify whether it is Class A waste, Class B
waste, Class C waste, or greater then Class C
waste, in accordance with 10 CFR part 61 section
55;

(c) Conduct a quality assurance program to assure
compliance with 10 CFR part 61 section 55 and 10
CFR part 61 section 56 (the program must include
management evaluation of audits);

(d) Prepare the NRC Uniform Low-Level Radioactive Waste
Manifest as required by this appendix;

(e) Forward a copy or electronically transfer the
Uniform Low-Level Radioactive Waste Manifest to the
intended consignee so that either (I) receipt of
the manifest precedes the LLW shipment or (ii) the
manifest is delivered to the consignee with the
waste at the time the waste is transferred to the
consignee. Using both (I) and (ii) is also
acceptable;

(f) Include NRC Form 540 (and NRC Form 540A, if
required) with the shipment regardless of the
option chosen in paragraph A.5 of this section;

(g) Receive acknowledgment of the receipt of the
shipment in the form of a signed copy of NRC Form
540;

(h) Retain a copy of or electronically store the
Uniform Low-Level Radioactive Waste Manifest and
documentation of acknowledgment of receipt as the
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record of transfer of licensed material as required
by,10 CFR Parts 30, 40, and 70; and

(i) For any shipments-,or any part -of a shipment for
which acknowledgment of - receipt has not been

-receivred within the times - set forth in this
appendix, conduct an investigation in accordance
with paragraph E of this appendix.

B. Any waste collector licensee who handl-es only
prepackaged waste -shall: -

(a) Acknowledge receipt of the waste from the shipper
within one week -of receipt by returning a signed

copy of NRC Form 540;

(b) Prepare a new manifest to reflect consolidated
shipments- that meet the requirements of this
appendix. The waste collector shall ensure that,
for each container of waste in -the shipment, the
manifest identifies the generator of that container
of waste;

(c) Forward a copy or electronically transfer the
Uniform Low-Level RadioactiveWaste Manifest to the
intended consignee so that either:

(1) Receipt 'of the manifest precedes the LLW
shipment or---

(2) The manifest is delivered to the consignee with
the waste at the time the-waste .is transferred
to the consignee. Using-both (i) and (ii) is
also acceptable;

(d) Include NRC Form 540 (and NRC Form 540A, if
required) with -the shipment regardless of the
option chosen-in paragraph B.3 of this section;

(e) Receive acknowledgment of the receipt of the
shipment in the form of a signed copy of NRC Form
540;

(f) Retain a copy of-'or electronically store the
--- Unif orm- Low-Level Radioactive Waste Manif est and
---documentation of acknowledgment of receipt as the
-record of transfer, of licensed material as required
by 10 CFR parts 30, 40, and 70;_

(g) For any shipments or any part of a shipment f or
which - acknowledgment -of receipt has not been
received within- the -times set forth in this
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appendix, conduct an investigation in accordance
with paragraph E of this appendix; and

(h) Notify the shipper and the Administrator of the
nearest Commission Regional Office when any _
shipment, or part of a shipment, has not arrived
within 60 days after receipt of an advance
manifest, unless notified by the shipper that the
shipment has been canceled.

C. Any licensed waste processor who treats or repackages
waste shall:

(a) Acknowledge receipt of the waste from the shipper
within one week of receipt by returning a signed
copy of NRC Form 540;

(b) Prepare a new manifest that meets the requirements
of this appendix. Preparation of the new manifest
reflects that the processor is responsible for
meeting these requirements. For each container of
waste in the shipment, the manifest shall identify
the waste generators, the preprocessed waste
volume, and the other information as required in
paragraph I.E. of this appendix;

(c) Prepare all wastes so that the waste is classified
according to 10 CFR part 61 section 55 and meets
the waste characteristics requirements in 10 CFR
part 61 section 56;

(d) Label each package of waste to identify whether it
is Class A waste, Class B waste, or Class C waste,
in accordance with 10 CFR part 61 section 55 and 10
CFR part 61 section 57;

(e) Conduct a quality assurance program to assure
compliance with 10 CFR part 61 section 55 and 10
CFR part 61 section 56 (the program shall include
management evaluation of audits);

(f) Forward a copy or electronically transfer the
Uniform Low-Level Radioactive Waste Manifest to the
intended consignee so that either: (I) Receipt of
the manifest precedes the LLW shipment or (ii) the
manifest is delivered to the consignee with the
waste at the time the waste is transferred to the
consignee. Using both (I) and (ii) is also
acceptable;

(g) Include NRC Form 540 (and NRC Form 540A, if
required) with the shipment regardless of the
option chosen in paragraph C.6 of this section; l
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(h)-Receive acknowledgment of the receipt of the
shipment in theform'of'a-signed copy of NRC Form
540;

- (i) Retain a: copy of or electronically store the
Uniform -Low-Level Radioactive Waste Manifest and
documentation of acknowledgment of receipt as the
record of transfer of licensed material as required
byl10 CFR-partst3O, 40,-and 70;

(j) For 'any shipment or any part of a shipment for
which acknowledgment of receipt has not been
received within the times set forth in this
appendix, conduct an investigation in accordance
with paragraph E of this appendix; and

(k) Notify the shipper and the Administrator of the
nearest Commission Regional Office when any
shipment, or part of a shipment, has not arrived
within 60 days after receipt of an advance
manifest, unless notified by the shipper that the
shipment has been canceled.

D. The land disposal facility operator shall:

(a) Acknowledge receipt of the waste within one week of
receipt by returning, as a minimum, a signed copy
of NRC Form 540 to the shipper. The shipper to be
notified is the licensee who last possessed the
waste and transferred the waste to the operator. If
any discrepancy exists between materials listed on
the Uniform Low-Level Radioactive Waste Manifest
and materials received, copies or electronic
transfer of the affected forms must be returned
indicating the discrepancy;

(b) Maintain copies of ail completed manifests and
electronically store the information required by 10
CFR part 61 section 80 subsection (1) until the
Commission terminates the license; and

(c) Notify the shipper and the Administrator of the
nearest Commission Regional Office when any
shipment, or part of a shipment, has not arrived
within 60 days after receipt of an advance
manifest, unless notified by the shipper that the
shipment has been canceled.

E. Any shipment or part of a shipment for which
acknowledgment is not received within the times set
forth in this section must:
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(a) Be investigated by the shipper if the shipper has
not received notification or receipt within twenty
days after transfer; and

(b) Be traced and reported. The investigation shall
include tracing, the shipment and filing a report
with the nearest commission regional office. Each
licensee who conducts a trace investigation shall
file a written report with the appropriate nuclear
regulatory commission regional office within two
weeks of completion of the investigation.
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APPENDIX H
RADIATION SYMBOL

A. Color

1. The cross-hatched area is to be magenta, or purple, or black, and;

2. The background is to be yellow.

B. Dimensions. The dimensions of the symbol are based on the radius of the
center circle (A)y

1. The radius of the symbol is 5 times the radius of the center circle (5A).

2. The space between the center circle and the blades is one half of the
radius of the center circle (A12).
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