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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 licensee or 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. 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
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Law Implemented: NDCC 23-20.1-03, 23-20.01-04

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-an 
medical aiLninistration or therapy thle ±nd•-vid ha....s received, to 
exposure f=.... •--S U - --- &d-inite 1 '.di .C.ti ye MLaterL ial an 
Lreeased in accordance with subsection ±2 of section 33 10-07--z, 
o to to exposure of patients to radiation for the purpose of 
medical diagnosis or therapy, to exposure from individuals 
administered radioactive material and released under section 33-10
07.1-32 or to exposure from 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. "Air-purifying respirator" means a respirator with an 
air-purifying filter, cartridge, or canister that removes 
specific air contaminants by passing ambient air through 
the air-purifying element.  

2. "Annual limit on intake" (A-h 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 savored sievert [5 rem] or 
a committed dose equivalent of five-tenths savored 
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.  

3. "Assigned protection factor (APF)" means the expected 
workplace level of respiratory protection that would be 
provided by a properly functioning respirator or a class 
of respirators to properly fitted and trained users.  
Operationally, the inhaled concentration can be estimated 
by dividing the ambient airborne concentration by the 
assianed Drotection factor.
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4. Atmosphere-supplying respirator means a respirator that 
supplies the respirator user with breathing air from a 
source independent of the ambient atmosphere, and 
includes supplied-air respirators (SARs) and self
contained breathing a)paratus (SCBA) units.  

-a5. "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.  

-6. "Declared pregnant woman" means a woman who has 
voluntarily informed her employer the licensee, in 
writing, of her pregnancy and the estimated date of 
conception. The declaration remains in effect until the 
declared oreanant woman withdraws the declaration in

7.

writing or is no longer pregnant.  

"Demand respirator" means an atmosphere-supplying
respirator that admits breathing air to the facepiece 
only when a negative pressure is created inside the 
facepiece by inhalation.  

-48. "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, column 3, of 
appendix B.  

59. "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 each radionuclide, and the time 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, equivalent to a committed effective dose 
equivalent of five-hundredths sievert [5 rem].  

10. "Disposable respirator" means a respirator for which 
maintenance is not intended and that is designed to be 
discarded after excessive breathing resistance, sorbent 
exhaustion, physical damage, or end-of-service-life 
renders it unsuitable for use. Examples of this ty-pe of 
respirator are a disposable half-mask respirator or a
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disposable escape-only self-contained breathing apparatus 
(SCBA).  

*&11. "Dosimetry processor" means an individual or an 
organization that processes and evaluates individual 
monitoring devices in order to determine the radiation 
dose delivered to the monitoring devices.  

12. "Filtering facepiece (dust mask)" means a negative 
pressure particulate respirator with a filter as an 
integral part of the facepiece or with the entire 
facepiece composed of the filtering medium, not equipped 
with elastomeric sealing surfaces and adjustable straps 

13. "Fit factor" means a quantitative estimate of the fit of 
a particular respirator to a specific individual, and 
typically estimates the ratio of the concentration of a 
substance in ambient air to its concentration inside the 
respirator when worn.  

14. "Fit test" means the use of a protocol to qualitatively 
or quantitatively evaluate the fit of a respirator on an 
individual.  

15. "Helmet" means a rigid respiratory inlet covering that 
also provides head protection against impact and 
penetration.  

16. "Hood" means a respiratory inlet coverinq that completely 
covers the head and neck and may also cover portions of 
the shoulders and torso.  

`17. "Inhalation class" [see "class"].  

18. "Loose-fitting facepiece" means a respiratory inlet 
covering that is desicned to form a partial seal with the 
face.  

&19. "Lung class" [see "class"].  

20. "Negative pressure respirator (tight fitting)" means a 
respirator in which the air pressure inside the facepiece 
is negative during inhalation with respect to the ambient 
air pressure outside the repirator.  

921. "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.
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±-e22. "Planned special exposure" means an infrequent 
exposure to radiation, separate from and in 
addition to the annual occupational dose limits.  

23. Positive pressure respirator means a respirator in which 
the pressure inside the respiratory inlet covering 
exceeds the ambient air pressure outside the respirator.  

24. Powered air-purifying respirator (PAPR) means an 
air-purifying respirator that uses a blower to force the 
ambient air through air-purifying elements to the inlet 
covering.  

25. Pressure demand respirator means a positive pressure 
atmosphere-supplying respirator that admits breathinq air 
to the facepiece when the positive pressure is reduced 
inside the facepiece by inhalation.  

26. Qualitative fit test (QLFT) means a pass/fail fit test to 
assess the adecruacy of respirator fit that relies on the 
individual's response to the test agent.  

27. Quality Factor (Q) means the modifying factor (listed in 
tables I and II of section 33-10-01.14) that is used to 
derive dose eguivalent from absorbed dose.  

28. Quantitative fit test (QNFT) means an assessment of the 
adequacy of respirator fit by numerically measuring the 
amount of leakage into the respirator.  

±-±29. "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.  

±--30. "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 biological insult 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".  

±-3-31. "Respiratory protection equipment" means an 
apparatus, such as a respirator, used to reduce an 
individual's intake of airborne radioactive 
materials.
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±432. "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.  

33. "Self-contained breathing apparatus (SCBA)" means an 
atmosphere-supplying respirator for which the breathing 
air source is desicgned to be carried by the user.  

±-534. "Stochastic effect" means a health effect that 
occurs randomly and for which the probability of 
the effect occurring, rather 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.  

35. "Supplied-air respirator (SAR) or airline respirator" 
means an atmosphere-supplying respirator for which the 
source of breathing air is not desiqned to be carried by 
the user.  

36. "Tight-fitting facepiece" means a respiratory inlet 
covering that forms a complete seal with the face.  

37. "User seal check (fit check)" means an action conducted 
by the respirator user to determine if the respirator is 
properly seated to the face. Examples include negative 
pressure check, positive pressure check, irritant smoke 
check, or isoamyl acetate check.  

17&38. "Very high radiation area" means an area, 
accessible to individuals, in which radiation 
levels from radiation sources external to the body 
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.) 

i-739. "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:
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ORGAN DOSE WEIGHTING FACTORS 
Organ or 
Tissue WT 

Gonads 0.25 
Breast 0. 15 
Red bone marrow 0.12 
Lung 0.12 
Thyroid 0.03 
Bone surfaces 0.03 
Remainder 0.30a 

Whole body 1.00b

a 0.30 results from 0.06 for each of five 
"remainder" organs, excluding the skin and the 
lens of the eye, that receive the highest 
doses.  

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 

33-10-04.1-04. Implementation. This chapter shall go into 
eff•et -t--± became effective March 1, 1994, and all licensees and 
registrants must comply by that date except for the following: 

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.
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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 

33-10-04.1-05. 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 practical, the licensee or 
registrant shall use procedures and engineering controls 
based upon sound radiation protection principles to 
achieve occupational doses and public doses that are as 
low as is reasonably achievable (ALARA).  

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 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

4-8



33-10-04.1-06. 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 of the whole bod , and to the skin of 
the extremities_ which are: 

(a) An eye dose equivalent A lens dose 
ecruivalent of fifteen-hundredths sievert 
[15 rem], and 

(b) A shallow dose equivalent of five-tenths 
sievert [50 rem] to the skin of the whole 
body or to the skin of 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 
equivalent shall must be for the portion part of 
the body receiving the highest exposure. deteined 

as follvows7 The assiqned shallow dose equivalent 
must be the dose averaged over the contiguous ten 
scruare centimeters of skin receiving the hicrhest 
exposure.  

(1) The deep dose equivalent, e" lens dose 
equivalent, and shallow dose equivalent may be
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assessed from surveys 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) Rserved-. When a protective apron is worn 
while workinq with medical fluoroscopic 
ecTuipment and monitoring is conducted as 
specified in paragraph 5 of subdivision a of 
subsection 2 of section 33-10-04.1-09, the 
effective dose equivalent for external 
radiation shall be determined as follows: 

(a) When only one individual monitoring 
device is used and it is located at the 
neck (collar) outside the protective 
apron, the reported deep dose equivalent 
shall be the effective dose eauivalent 
for external radiation; or 

(b) When only one individual monitoring 
device is used and it is located at the 
neck (collar) outside the protective 
apron, and the reported dose exceeds 
twenty five percent of the limit 
specified in subdivision a of subsection 
1 of section 33-10-04.1-06, the reported 
deep dose equivalent value multiplied by 
three-tenths shall be the effective dose 
equivalent for external radiation; or 

(c) When two individual monitoring devices 
are worn, one under the protective apron 
at the waist and the other outside the 
protective apron at the neck, the 
effective dose equivalent for external 
radiation shall be assigned the value of 
the sum of the deep dose equivalent 
reported for the individual monitoring 
device located at the waist under the 
protective apron multiplied by one and 
five-tenths and the deep dose eauivalent 
reported for the individual monitoring 
device located at the neck outside the 
protective apron multiplied by four
hundredths.  

(d) Subparagraphs b and c only applv when all 
of the following conditions are met:
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[i1 The individual monitoring devices 
have not been exposed to radiation 
from radioactive material.  

121 Leaded glasses, a thyroid shield, 
and a wrap-around protective apron 
have been worn whenever using the 
medical fluoroscopic equipment.  

[3l The area around the medical 
fluoroscopic equipment has been 
equipped with lead shielding or 
transparent protective barriers for 
control of scattered radiation.  

[4] The medical fluoroscopic procedures 
have been performed in a way that 
minimizes beam on time, such as 
utilizing last image hold.  

[51 Users of the medical fluoroscopic 
equipment must have had formal 
training in radiation safety and 
nn-4r n t-i nr nf mtrnic--l fI uinroroconi rc

F61

equipment.  

Performance of the medical 
fluoroscopic ecruipment must be
monitored and maintained via a 
quality assurance program.  

171 Patient and staff radiation 
exposures from medical fluoroscopic 
equipment must be monitored and 
actions taken to correct problems.  

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
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received while employed by any other person. See 
subdivision e of 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 by inhalation, 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 

(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, 5 0,
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that is, wTH,, 5 0, 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 d.  

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 lens dose 
ecuivalent, 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.  

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;
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(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 
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.  

e. If the identity and concentration of each 
radionuclide in a mixture are known, the fraction 
of the derived air concentration applicable to the
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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.
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(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 33-10-04.1-09, 
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 
of subsection 5, 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
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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; 

(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, 
electronic media, 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.
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(2) Licensees or registrants are not required to 
reevaluate the separate external dose 
equivalents and internal committed 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.  

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 of 
section 33-10-04.1-06 for the 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 is not available for 
planned special exposures.  

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 +s are satisfied: 

a. The licensee or registrant authorizes a planned 
special exposure only in an exceptional situation 
when alternatives that might avoid the higher dose 
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estimated to result from the planned special 
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 planned special exposure, the licensee or 
registrant ensures that each individual involved 
is: 

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

(2) Informed of the estimated doses and associated 
potential risks and specific radiation levels 
or other conditions that might be involved in 
performing the task; and 

(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 and 
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
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special exposure in the individual's record and 
informs the individual, in writing, of the dose 
within thirty days from the date of the planned 
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 equivalent to an embryo or fetus.  

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

b. The licensee or registrant shall make efforts to 
avoid substantial variation above a uniform monthly 
exposure 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 "Recommendations 
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 eauivalent to r= the embryo or fetus shall 
be taken as the sum of: 

(1) The deep dose equivalent to the declared 
pregnant woman; and 

(2) The dose ecquivalent 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 eouivalent to the 
embryo or fetus has exceeded four and five-tenths 
millisieverts [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 ecruivalent to the
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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 

33-10-04.1-07. Radiation dose 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 members of the public from the 
licensed or registered operation does not 
exceed one millisievert [0.1 rem] in a year, 
exclusive of the 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 subsecti 1 ±2 of section 33.  
±e-87-85 section 33-10-07.1-32 ("release of 
individuals containina unsealed radioactive 
material or implants containinq radioactive 
material"), voluntary participation in medical 
research programs, and from the licensee's or 
registrant's disposal of radioactive material 
into sanitary sewerage in accordance with 
subsection 3 of section 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
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limits for members of the public continue to apply 
to those individuals.  

c. Notwithstanding naraQraph 1 of subdivision a of 
subsection 1 of this section, a licensee may permit 
visitors to an individual who cannot be released, 
under section 33-10-07.1-32 ("release of 
individuals containing unsealed radioactive 
material or implants containing radioactive 
material"), to receive a radiation dose greater 
than one millisievert [one hundred milliremsl if: 

(i) The radiation dose received does not exceed 
five millisieverts rfive hundred millirems ; 
and 

(2) The authorized user, as defined in chapter 33
10-07.1 ("medical use of radioactive 
material"), has determined before the visit 
that it is appropriate.  

cd. A licensee, registrant, or an applicant for a 
license or registration may apply for prior 
department authorization to operate up to an annual 
dose limit for an individual member of the public 
of five millisieverts [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 
millisieverts [0.5 rem] annual limit; and 

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

de. 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.  

ef. The department may impose additional restrictions 
on radiation levels in unrestricted areas and on 
the total quantity of radionuclides that a licensee 
or registrant may release in effluents in order to 
restrict the collective dose.
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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 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 [0.002 rem] 
in an hour and five-tenths millisievert 
[0.05 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 23-20.1-04 
Law Implemented: NDCC 23-20.1-03, 23-20.1-04 

33-10-04.1-08. Testing for leakage or contamination of sealed 
sources.
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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 
subdivision b of subsection 1, 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 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 1 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 brachytherapy sources manufactured to 
contain radium, shall be capable of detecting 
the presence of one hundred eighty-five 
becquerels [0.005 pCi] 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
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stored or mounted on which one might expect 
contamination to accumulate. For a sealed 
source contained in a device, test samples are 
obtained when the source is in the "off" 
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 [0.001 pCi] 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.  

(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 pCi] 
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 pCi] or less of 
beta or photon-emitting material or three 
hundred seventy kilobecquerels [10 pCi] 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
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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 [0.005 pCi] or more of removable 
contamination on any test sample.  

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

(3) The presence of removable contamination 
resulting from the decay of one hundred 
eighty-five becquerels (0.005 pCi) or 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 leaking 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. Survey and monitoring_.  

1. General 

a. Each licensee or registrant shall make, or cause to 
be made, surveys that:
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(1) Are necessary for the licensee or registrant 
to comply with this chapter; and 

(2) Are necess reasonable under the 
circumstances to evaluate: 

(a) The magnitude and extent of Rradiation 
levels; and 

(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 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.
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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 from licensed 
and unlicensed radiation sources under the control 
of the licensee 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; and 

(2) M"inors an dec.l.ar.ed pregnia.n.t women likely to 
re=e-v%:, in one year from sources external to 
the body, a dose in excess of ten per-cent of 
anjiL of the applicabLle limiLts in suscin ý7 
- - of section 33-±6-84.1-06, an-d Minors 
likely to receive, in one year from radiation 
sources external to the body, a deep dose 
eguivalent in excess of one millisievert [one 
hundred millirem], a lens dose eguivalent in 
excess of one and five-tenths millisieverts 
Fone hundred fifty millirem], or a shallow 
dose eguivalent to the skin of the whole body 
or to the skin of any extremity in excess of 
five millisieverts rfive hundred millireml 
(the assigned shallow dose eguivalent must be 
the dose averaaed over the contiguous ten 
square centimeters of skin receiving the 
highest exposure); and 

(3) Declared pregnant women likely to receive 
during the entire precgnancy, from radiation 
sources external to the body, a deep dose 
eauivalent in excess of one millisievert [one 
hundred millireml; and 

(&4) Individuals entering a high or very high 
radiation area.  

(45) Reserved.- Individuals working with medical 
fluoroscopic eauipment.  

(a) An individual monitoring device used for 
the dose to an embryo or fetus of a 
declared pregnant woman, pursuant to
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subdivision a of subsection 8 of section 
33-10-04.1-06, shall be located under the 
protective apron at the waist.  

(b) An individual monitoring device used for 
lens dose eguivalent shall be located at 
the neck (collar), or an unshielded 
location closer to the eye, outside the 
protective apron.  

(c) When only one individual monitoring 
device is used to determine the effective 
dose ea-uivalent for external radiation 
pursuant to paragraph 2 of subdivision c 
of subsection 1 of section 33-10-04.1-06, 
it shall be located at the neck (collar) 
outside the protective apron. When a 
second individual monitoring device is 
used, for the same purpose, it shall be 
located under the protective apron at the 
waist. The second individual monitoring 
device is reguired for a declared 
pregnant woman.  

b. Each licensee or registrant shall monitor, to 
determine compliance with subsection 4 of section 
33-10-04.1-06, the 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) Min±or and declared pregnant women ±.kely to 

£ .. . .�e , LII .. .. year. C. Cot iLLittted effc....iv 
dose equivalent in excess of fiv e-teths 

-LLill±ieveJ- t E.. .. .. eir... Minors likely to 
receive, in one year, a committed effective 
dose ea-uivalent in excess of one-tenth 
millisievert rten milliremi.  

(3) Declared precgnant women likely to receive, 
during the entire pregnancy, a committed 
effective dose eauivalent in excess of one 
millisievert [one hundred millireml.  

3. Location of Individual Monitoring Devices. Each licensee 
or registrant shall ensure that individuals who are 
reguired to monitor occupational doses in accordance with 
subdivision a of subsection 2 of this section wear 
individual monitoring devices as follows:
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a. An individual monitoring device used for monitoring 
the dose to the whole body shall be worn at the 
unshielded location of the whole body likely to 
receive the highest exposure. When a protective 
apron is worn, the location of the individual 
monitoring device is typically at the neck 
(collar); 

b. An individual monitoring device used for monitoring 
the dose to an embryo or fetus of a declared 
pregnant woman, pursuant to subdivision a of 
subsection 8 of section 33-10-04.1-06, shall be 
located at the waist under any protective apron 
being worn by the woman; 

c. An individual monitoring device used for monitoring 
the lens dose ecuivalent, to demonstrate compliance 
with subparaqraph a of paragraph 2 of subdivision a 
of subsection 1 of section 33-10-04.1-06, shall be 
located at the neck (collar), outside any 
protective apron being worn by the monitored 
individual, or at an unshielded location closer to 
the eye; 

d. An individual monitoring device used for monitoring 
the dose to the extremities, to demonstrate 
compliance with subparagraph b of paragraph 2 of 
subdivision a of subsection 1 of section 33-10
04.1-06, shall be worn on the extremity likely to 
receive the highest exposure. Each individual 
monitoring device shall be oriented to measure the 
highest dose to the extremity being monitored.  

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 

33-10-04.1-10. 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 
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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.  

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 
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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.  

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 
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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: 

(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

4-33



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 paragraph 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 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
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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 prevent 
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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 inter
lock 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.  

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

33-10-04.1-11. 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, decontamination or ventilation, to 
control the concentrations of radioactive material in 
air.  

2. Use of other controls.  

a. 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 
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increase monitoring and limit intakes by one or 
more of the following means: 

•-U.(i) Control of access; 

b-:-21 Limitation of exposure times; 

c--(3) Use of respiratory protection equipment; 
or 

Other controls.  

b. If the licensee performs an as low as reasonably 
achievable (ALARA) analysis to determine whether or 
not respirators should be used, the licensee may 
consider safety factors other than radiological 
factors. The licensee should also consider the 
impact of respirator use on workers' industrial 
health and safety.  

3. Use of individual respiratory protection equipment.  

a. If the licensee or registrant assigms or permits 
the uses of respiratory protection equipment to 
limit intakes of radioactive material pursuant to 
subsection 2: 

(1) Except as otherwise provided in paragraph 2 
this section, the licensee or registrant shall 
use only respiratory protection equipment that 
is tested and certified or had•U •tifi•±ti± 
Stende by the national institute for 
occupational safety and health (NIOSH) ad-the 

' sarfety 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.. nd health. ercmi st a n . .. ...........  

certification- ext.end.ed by the n.at.ioal
institute for oc-ptoa safety and. health 
and the mine safety and health admLtinistratiou, 
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 
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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 expsures doses; 

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

(c) Testing of respiratory protection 
equipment for operability, including user 
seal check for face sealing devices and 
functional check for others, immediately 
prior to each use; 

(d) Written procedures regarding selti±, 
fitting, -ss ucLiie7, ma-iintenance, and 
testing of respiaty protection 

operability Iiiediately pri. to each 
use, ion V J and gi. training of 
personni.e±Li , LLUJoitLtoring, i l±.. .di... ±1 " 
samplinI~g and bioassays, an 
recrdkeepi 1 ±g, a±±d 

[11 Monitoring, including air sampling 
and bioassays; 

121 Supervision and training of 

respirator users; 

[3] Fit testing; 

141 Respirator selection; 

[51 Breathing air guality; 

[6] Inventory and control; 

171 Storage, issuance, maintenance, 
repair, testing, and auality 
assurance of respiratory protection 
eguipment; 

[8l Recordkeeping;
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[91 Limitations on periods of respirator 
use and relief from respirator use; 

ri0 The use of process or other 
engineering controls, instead of 
respiratory protection equipment;

mb� Yf\i 1 *f� *�

emergency use of 
Drotection ecauipment.

respiratory

(e) Determination by a physician prior to the 
initial fitting of 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.  

(f) Fit testing, with fit factor greater than 
or equal to ten times the assigned 
protection factor for negative pressure 
devices, and a fit factor greater than or 
equal to five hundred for any positive 
pressure, continuous flow, and 
pressure-demand devices, before the first 
field use of tight fitting, face-sealing 
respirators and periodically thereafter 
at a frequency not to exceed one year.  
Fit testing must be performed with the 
facepiece operating in the negative 
pressure mode.  

±±The liene or registrant shall isu a 
-ý- - I. ý -Irt ".M

proteJcLtionJ± equJ.ipmen~t usage cLuV C'-L LIlyj

(a) The use of process or jot.,er ei-4--e--
controls, instead Cof respirato•-y 

protection ei.pment i 

(b) The routine, nonroutine, and eLergency 

us±e of respiratory proJtectJAion equipmLe11tr 

(c) The length of periods of respiratory 

Pr-otectionii. et-iýJLpment use and relief from 

respiratory protection eq-ipmernt use.  

(54) 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
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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.  

(-_5) The licensee or registrant shall use 
respiratory protection equipment within the 
equipment manufacturer's expressed limitations 
for type and mode of use. The licensee or 
registrant shall also consider limitations 
appropriate to the type and mode of use. When 
selecting respiratory devices the licensee or 
registrant and shall provide .prope visual for 
vision correction, adeauate communication, low 
temperature work environments, and the 
concurrent use of other safety or radiological 
protection equipment. The licensee or 
registrant shall use equipment in such a way 
as not to interfere with the proper operation 
of the respirator and shall consider other 
special capabilities, such as adequate skin 
protection, when needed.  

(6) Standby rescue persons are reauired whenever 
one-piece atmosphere-supplying suits, or any 
combination of supplied air respiratory 
protection device and personnel protective 
equipment are used from which an unaided 
individual would have difficulty extricating 
himself or herself. The standby persons must 
be equipped with respiratory protection 
devices or other apparatus appropriate for the 
potential hazards. The standby rescue persons 
shall observe or otherwise maintain continuous 
communication with the workers (visual, voice, 
sicgnal line, telephone, radio, or other 
suitable means), and be immediately available 
to assist them in case of a failure of the air 
supply or for any other reason that requires 
relief from distress. A sufficient number of 
standby rescue persons must be immediately 
available to assist all users of this type of 
equipment and to provide effective emergency 
rescue if needed.  

(7) Atmosphere-supplyinq respirators must be 
supplied with respirable air of grade D 
quality or better as defined by the Compressed 
Gas Association in publication G-7.1, 
"Commodity Specification for Air," 1997 and 
included in the regulations of the United
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States occupational safety and health 
administration (29 CFR 1910.134(i) (1) (ii) (A) 
through (E) . Grade D aualitv air criteria 
including: 

(a) Oxvyen content (v/v) of 19.5-23.5%; 

(b) Hydrocarbon (condensed) content of 5 
milligrams per cubic meter of air or 
less; 

(c) Carbon monoxide (CO) content of 10 T)pm or 
less;• 

(d) Carbon dioxide content of 1,000 ppm or 

less; and 

(e) Lack of noticable odor.  

(8) The licensee shall ensure that no objects, 
materials or substances, such as facial hair, 
or any conditions that interfere with the 
face--facepiece seal or valve function, and 
that are under the control of the respirator 
wearer, are present between the skin of the 
wearer's face and the sealinq surface of a 
tiqht-fittinq respirator facepiece.  

b37712 When estimating exposure of dose to 
individuals to- from intake of airborne 
radioactive materials, the licen-see or 
- t•i- •-at m,,ay ILake allowance f-o 
respiratory protection equipment used to 
limiLt i±±ttakes p~a±1ut to, sbsectioni 2, 
provided that the followigy coditi OTIS, 

ini add3ition to thos~e jin sadv'Z>L.. a, 

arje satisfied.  

(1) The licensee or registrant selects respiratory 
protectionL- .. j....Pi. t that provides a 

protection factor, specified -i± appeix.. A, 

g.reater than. the LL.. . ...... e by wh-' - peak 
co.ncent Jat. I.on.s L.of airboLrn.e .. Ladoact..-v' 

mLateri als in~ the working ar ea qa expected t 
-exceed the v&ttes specifiled J-11 appenixd B, 

table i, c 3. However , if the selection 
of respiratory protection equipment with a.  
proItec~tion factor greater thaji tihe lL~tiple 

define. d in tile". precedin±g sententce I 
± i....... n --L-te--t wiLt-h the oal specif ied _ 

subsection 2 of keeping the total effective 
dose equivalent as low as - easonably 
achievable, th.e licens.ee o.=. .e..a.t may
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se±C.ec. respi-ratory pro.ect)on e-.--l pmeCiLIt Witil et 

lower protection factor. only if such e 
selection wol-d result iL keepirgy the total 

effective dose equivalent as low as is 
reasonably achievable. Tthe concentration of 
radioactive material in the air that is 
inhaled when respirators_ protectioni eýjUJ)-LpMent 

are worn may-be is initially es•t.L...ted by 
during ......t.e ave.aye Con'ellt.Lthjll ±11 a± 
during each period of uninterrupted use, by 
the assumed to be the ambient concentration in 
air without respiratory protection, divided by 
the assicmed protection factor. If the 
exposure dose 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 o registran.t shall obtain 
authorization from.. the depar tmenlt before 
assoigninii r espir.atorjy protec..tion facturs oillý 
excess of those specified in a•pen.di A. The 
department ILtay ...... -uthoize a licensee or 
reygistrant to use hihe±r protection factors o 
rece'pt of ani application~ tha~t

(a) .e..ibe the situation fr wh.ich a nee 
exists f•• higher protection factors, and 

(b) .e.LL ..t.ate. th . t.i.e. .Hesp iJ- atoryr 
otecti.L.L eqj=uipment .provides these 

±ighe. protection factor arider tie 

pr~op2osed condiJtionls of use.  

c. -in al emergency, the licensee r registran.t shall
Ms e as emerger, Cy ... :Ju...e.t on.ly re.. .... r ato . r.. y 
protectionll equipmrtent that has been ..e"ifial•..  
rerti fied or. h.ad cr.. tifiation. . e..te.ded fo 
emergency u be t•-t n-ation -,al in stitute fo 
ocu a±Oiunl: safety andc hlealtih anud the minLle safety 

an- health admnl±i istratio-..  

d. The licensee or registrant shall r±otify the 
depjartmLenlt in writingy at least thirty days~ before 
the date that re)spiratory protection equipment is 
first used Pursuant to either Subdi-vi•-ionj a.  

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 doses to individuals to from intakes 
of airborne radioactive materials consistent with 
maintaining total effective dose equivalent as low 
as reasonably achievable; and 

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

5. Application for use of higher assigned protection 
factors. The licensee or registrant shall obtain 
authorization from the department before using assigned 
protection factors in excess of those specified in 
appendix A. The department may authorize a licensee or 
registrant to use higher assigned 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.  

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 Security and control of licensed or 
registered sources of radiation.  

regyistrat s±hll secure froLm unauthorized removal: o-± 

are stored in unrestricted areas.  

2 . eonatLrol o~f sore of rafitat:±01 nA¶t: ±11J s1tX%j.G.I 

maintain constant surveillance of l±icensed or 

registered radioactive material that1 i- 11 i en 

unrstrcte aea andJ that isL~ no~t in± sto±aye o Lin 

a patient wh ha---•- bee rea-ed ii a.. . .... dan.c.. J w i± 

the patient release criteria i subsection±2 o1 f 
secton.~± 33-10 0ý7-C3.
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b. The registrant Ihall maintain control of radiation 
mLachines~ that are -.L a controJled orL unres .tric~ted 

area and that are nut in storageJ.a 

1. The licensee or registrant shall secure radioactive 
material from unauthorized removal or access.  

2. The licensee or registrant shall maintain constant 
surveillance, and use devices or administrative 
procedures to prevent unauthorized use of radioactive 
material that is in an unrestricted area and that is not 
in storage.  

3. The registrant shall secure registered radiation machines 
from unauthorized removal.  

4. The registrant shall use devices or administrative 
procedures to prevent unauthorized use of registered 
radiation machines.  

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. Unless otherwise 
authorized by the department, the Symbol prescribed 
by this subsection 1 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 for standard 
radiation symbol. Notwithstanding the requirements 
of subdivision a, licensees or registrants are 
authorized to label sources, source holders, or 
device components 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.
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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 "CAUTION-. 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 "CAUTION7. HIGH RADIATION 
AREA" or "DANGER7. 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 DANGER7- 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 
"CAUTION7: AIRBORNE RADIOACTIVITY AREA" or 
"DANGER7I 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 "CAUTION7
RADIOACTIVE MATERIAL+(S-'" or "DANGER-. RADIOACTIVE 
MATERIAL-(St-)".  

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: 

(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.
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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 7
RADIOACTIVE MATERIAL" or "DANGER7- 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: 

a. Containers holding licensed or registered material 
in quantities less than the quantities listed in 
appendix C;
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b. Containers holding licensed or registered material 
in concentrations less than those specified in 
table III of appendix B; 

c. Containers attended by an individual who takes the 
precautions necessary to prevent the exposure of 
individuals in excess of the limits established by 
this chapter; 

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 arrival of the package 
at the carrier's terminal and to take 
possession of the package expeditiously.  

b. Each licensee or registrant shall: 

(1) Monitor the external surfaces of a labeled 
package for radioactive contamination unless
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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 be 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 
telegjart, mailgram, or facsimile, the department by 
telephone in accordance with contact information in 
section 33-10-01-13 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.
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e. Each licensee or registrant shall:

(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 transferJig transportinq 
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 

33-10-04.1-14. 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:
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(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) Storage until transferred to a storage or 
disposal facility authorized to receive the 
waste.  

2. Method for obtaining approval of 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 to 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 pertinent information 
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. Disposal by release into sanitary sewerage.  

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

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

(2) The quantity of licensed or registered 
radioactive material that the licensee or 
registrant releases into the sewer in one 
month divided by the average monthly volume of 
water released into the sewer by the licensee 
or registrant does not exceed the
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concentration listed in table III of appendix 
B; 

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

(a) The 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 concentration of 
that radionuclide listed in table III of 
appendix B; and 

(b) The sum of the fractions for each 
radionuclide required by subparagraph a 
does not exceed unity; and 

(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 [I Ci] of carbon
14, and 37 gigabecquerels [i 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 or registrant may dispose of the 
following licensed or registered material as if it 
were not radioactive: 

(1) One and eighty-five one-hundredths 
kilobecquerels [0.05 gCi], or less, of 
hydrogen-3 or carbon-14 per gram of medium 
used for liquid scintillation counting; and
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(2) One and eighty-five one-hundredths 
kilobecquerels [0.05 yCi], 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: 

(i) •Control transfers of low-level 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 land disposal 
facility, 

(2) eEstablish a manifest tracking system, and 

(3) s-upplement existing requirements concerning 
transfers and recordkeeping for those wastes.  

b. Beginning March ±, ±998, .. H± affected licensees 

must us eappeUndi G. Prior tO March I, 1998, a 
low-±evel radioactive waste disposal facility 
operator or its regulatory authority may require 

"•i.e..se.. . ... ... ..... .a ppendix-Bs l comply -w-th 
paragraph 1 of subdivision b of this subsectioi.  
Licensees" usin ......... G ...... ......... ..  
paragraph 2 of subdivision b.  

Ea1 h shxA ~ipm1ent of radioactive waste inltended2 
for disposal at a licensed low-level 
radioactive waste disposal facility .... all b 
accompanied y e ..ipment mani.fe.s. t e..  
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
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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,----es 
apprL jrate.  

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 B 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 

33-10-04.1-15. Records.  

1. General provisions.  

a. Each licensee or registrant shall use the 
international system units becquerel, gray, 
sievert, and 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.
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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 lens 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.  

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, 
and used7 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;
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(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 subsection 1 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 
the department's occupational radiation 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.
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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 licensee or 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. AssessmLents of dose equivalent andi 
reod ILLde ~±i un.i±ts ±in effect bef Ore 
January ±, 1994, need not be changed. These 
records shall include, when applicable: 

(1) The deep dose equivalent to the whole body, 
eyre lens dose equivalent to the eve, shallow
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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 subdivisions a and c of subsection 4 of 
section 33-10-04.1-06 and when reaiuired by 
subsection 2 of section 33-10-04.1-09; 

(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 eauivalent to -= the 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
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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.  

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 33-15-04.1-15 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.
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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 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 33-10-04.1-15.
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14. Prior to license termination, each licensee shall forward 
the records required by subdivision g of 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 

33-10-04.1-16. Reports.  

1. Reports of stolen, lost, or missing licensed or 
registered sources of radiation.  

a. Telephone reports. Each licensee or registrant 
shall report to the department by telephone 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 licensee or registrant 
required to make a report pursuant to subdivision 
a, within thirty days after making the telephone 
report, shall make a written report to the 
department setting forth the following information: 

(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
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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 to radiation, 
circumstances under which the exposures 
occurred, and the possible total effective 
dose equivalent to persons in unrestricted 
areas; 

(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;
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(b) A eye A lens 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 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) A eye A lens 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.
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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, telegramLL, ±ailgtLc, or facsimile to 

th.e depa.rtmen...t in accordance with contact 

information contained in section 33-10-01-13.  

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: 

(a) The occupational dose limits for adults 
in subsection 1 or section 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 
declared pregnant woman in subsection 8 
of section 33-10-04.1-06; 

(d) The limits for an individual member of 
the public in subsection 1 of section 33
10-04.1-07; or 

(e) Any applicable limit in the license or 
registration; or
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(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 area in excess of ten 
times the applicable limit set forth in 
this chapter or in the license or 
registration, whether or not involving 
exposure of any individual in excess of 
the limits in subsection 1 of section 33
10-04.1-07; or 

(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 of radiation and 
concentrations of radioactive material 
involved; 

(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.
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(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 33-10-04.1-06, 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 than twenty-four 
hours by imposing additional radiological 
controls or by prohibiting entry into the 
area;
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(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 lowest 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: 

(1) Licensees shall make reports required by 
subdivisions a and b by telephone to the
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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 call back 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.
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V

a. This section applies to each person licensed or 
registered by the department to: 

(1) Possess or use sources of radiation for 
purposes of industrial radiography pursuant to 
chapter 33-10-03 and 33-10-05; or 

(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 10 370 
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, reports 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 of section 
33-10-04.1-09 during that year. The licensee or 
registrant may include additional data for 
individuals for whom monitoring was provided but 
not required. The licensee or registrant shall use 
the department's current occupational radiation 
exposure form (SFN 8416) or equivalent or 
electronic media containing all the information 
required by the department's current occupational 
radiation exposure form (SFN 8416).
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c. The licensee or registrant shall file the report 
required by subdivision b, covering the 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.  

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 premise, or 
transferring the premise shall permanently decontaminate 
such premises to meet the criteria for decommissioning in 
section 18. A survey shall be made after such 
decontamination and the department and the landlord or
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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 premise 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 
premise 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 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 

33-10-04.1-18. Radiological criteria for deAommiii 
license termination.  

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 1-7 
1997, mild met the August 20, 1997 in 
accordance with criteria identified in the 
United States nuclear regulatory commission's 
site decommissioning manaqement elan action 
plan to ensure titely cleanup of site 
decoL•LLLisLs.1±)UioJi.g iLtaagemftent plan sites in 57 FR 
13389, April ±6,i992 of April 16, 1992 (57 FR 
13389); 

(2) Have previously submitted and received 
department approval on a license termination 
plan or decommissioning plan that is 
compatible with the criteria identified in the 
United States nuclear regulatory commission's 
site decommissioning management plan action
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plan to erilsLLe t~iLmey clau of site 

deCoILissoniA g aLLCagLeent plan sites i 517 FR 
133 9, Apil :, 1 :9 922, or of APril 16, 1992 
(57 FR 13389); or

(3) Submit a sufficient license termination plan 
or decommissioning plan before January 1, 1999 
August 20, 1998, and such license termination 
plan or decommissioning plan is approved by 
the department before January ., 20 
Auaust 20, 1999, and in accordance with the 
criteria identified in the United States 
nuclear regulatory commission's site 
decommissioning management plan action plan to 
ensl-re tILLmely cl-ealntp Of Site deCOILLLLLissL.)i.oLnrg 

agl~em~ent sit stes in 57 FR 13309, April 
1 . , 19 2 . if a.. . .. _ ..... .en.ta± impact 

sta~temen~t ±5is required ini the submiittal , and3 

if, because of th.. einvirotentearl impact 

statement, the department cannot approve the 

plan before January 1 200, then. th. e 
department may grant an extension of April 16, 
1992 (57 FR 13389), exceDt that if an 
environmental imnact statement is recmuired in 
the submittal, there will be a porovision for 
day-to-day 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 
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
determine the oeak annual total effective dose 
equivalent dose expected within the first one 
thousand years after decommissioning. EstimLates 

must be substantiated using actual measurements to 

the maim=A±LLLL extent pracica~±LOl.  

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 groundwater 
sources of drinking water, and the residual radioactivity 
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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 ±oss deaths 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 traffic 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 millisieverts [25 millirem] 
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 of the site.  
Acceptable financial assurance mechanisms are: 

(1) Funds placed into an account segregated from 
the licensee's assets and outside the 
licensee's administrative control as described 
in chapter 33-10-03; 

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

(3) A statement of intent in the case of federal, 
state, or local government licensees, as 
described in chapter 33-10-03; or
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(4) When a governmental entity is assuming custody 
and ownership of a site, an arrangement that 
is deemed acceptable by such governmental 
entity-, 

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 Ueco.Lissi 

by restricting use of the site shall seek advice 
f±romsch affected parties regarding the following 
matters concerning the proposed decoA1LLssoning.  

(1) 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: 

(a) Whether provisions for institutional 
controls proposed by the licensee; 

tat [li Will 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 millirem] total effective dose 
equivalent per year; 

-O-) [21 Will be enforceable; and 

-(c-- r [1 Will not impose undue burdens on the 
local community or other affected 
parties-;-= 

--2-) (b) Whether 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 of 
the site;
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(-32) In seeking advice on the issues identified in 
this sudiIvis±i paraaraph 1, 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
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remain in place as necessary to meet the 
criteria of subdivision b and to assume 
and carry out responsibilities for any 
necessary control and maintenance of 
those controls. Acceptable financial 
assurance mechanisms are those in 
subdivision c.  

4. Alternate criteria for license termination.  

a. The department may terminate a license using 
alternate criteria greater than the dose criterion 
of subsection 2, subdivision b of subsection 3, or 
item 1 of subparagraph a of paragraph 1 of 
subdivision d of subsection 3, if the licensee: 

n-. (i) 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-- (2) Has employed to the extent practical 
restrictions on site use according to the 
provisions of subsection 3 in minimizing 
exposures at the site; 

C-7 (3) Reduced doses to as low as is reasonably 
achievable levels,. Determination of t...  
leve1 s -whi ar. e as low. as .eas... ..aly 
achievable shall take taking into a-ccont 
consideration oi- any detriments, such as l-oss 
froLL transportation traffic accidents, 
expected to potentially result from 
decontamination and waste disposal; 

d-. (4) 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 decommission 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 advise advice. In
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seeking such adv+-se advice, the licensee shall 
provide for: 

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

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

-3- (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---a--nd.  

eb. 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 
licensee 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. This shall include 
publishincr a notice in a forum, such as local 
newspapers, letters to state or local 
organizations, or other appropriate forum, that is 
readily accessible to individuals in the vicinity 
of the site, and soliciting comments from affected 
parties.
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b. Notice shall be made to, and comments solicited 
from, the United States environmental protection 
agency and United States nuclear regulatorv 
commission for cases where the licensee proposes to 
release a site pursuant to subsection 4.  

c. Notice shall be made to, and comments solicited 
from, local and state governments in the vicinity 
of the site and any Indian Nation or other 
indiqenous Deople that have treaty or statutory 
rights that could be affected by the 
decommissioning.  

bd. 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; 

ee. 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 

df. The department shall keep a record of the 
commenters and also of the issues raised during the 
public participation process. These records 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 extent practiea± practicable, 
contamination of the facility and the environment, 
facilitate eventual decommissioning, and minimize, to the 
extent practi-± practicable, the generation of 
radioactive waste.  

History: Effective May 1, 1998.  
General Authority: 23-20.1-04 
Law Implemented: 23-20.1-03, 23-20.1-04, 23-20.1-04.1
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APPENDIX A 
ASSIGNED PROTECTION FACTORS FOR RESPIRATORS1 

Assigned 
Protection Factors 

Description Modes 3  Particulates Particulates, 
only gases & 

vapors 

(1) AIR-PURIFYING RESPIRATORS 6 

Filtering facepiece 4  NP 
disposable 

Facepiece, half-mask7  NP 10 
Facepiece, full NP 100 
Facepiece, half PP 50 
Facepiece full PP 1000 
Helmet or hood PP 1000 
Facepiece, loose-fitting PP 25 

(2) ATMOSPHERE-SUPPLYING RESPIRATORS 5 

1. Air-line respirator 

Facepiece, half CF 50 
Facepiece, half D 10 
Facepiece, half PD 50 
Facepiece, full CF 1000 
Facepiece, full D 100 
Facepiece, full PD 1000 
Helment or hood CF 1000 
Facepiece, loose- CF 25 
fitting 2 

Suit CF
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2. Self-contained breathing apparatus" 
(SCBA) 
Fce±ec, full 
Facepiece, full D 1002 
Facepiece, full PD 10,000A 
Facepiece, full RD 1002 
Facepiece, full RP 10,0002 

3. COMBINATION RESPIRATORS Assigned protection factor 
Any combination of air-purifying and for type and mode of 
atmosphere-supplying respirators operation as listed above.  

FOOTNOTES 

1. Fu. use i±11 Le Of lele'..±±• of irbpiictLy pkut.Lio± j e LLt_1LL1 to be usead only when.Le 

Ulie Uo±±LcL~i[1±tnL have been.±de.L.i.....d and th±e pussb ele 

cuncentzatoums, are known. These assigned protection factors apply only in a 
respiratory protection program that meets the requirements of this chapter. They are 
applicable only to airborne radiological hazards and may not be appropriate to 
circumstances when chemical or other respiratory hazards exist instead of, or in 
addition to, radioactive hazards. Selection and use of respirators for such 
circumstances must also comply with United States Department of Labor reaulations.  

Radioactive contaminants for which the concentration values in Table 1, Column 3 of 
Appendix B of Chapter 33-10-04.1 are based on internal dose due to inhalation may, 
in addition, present external exposure hazards at higher concentrations. Under these 
circumstances, limitations on occupancy may have to be governed by external dose 
limits.  

2. Only fu•i bhaven fae-1 c11d wh1ere notl±1n iiterferie W±tL1 Lthe sea± of L±y11t-f-±±L11y 

fapceu , c.y.acst the . k..±n. Hoods and ju±t;5 are excepted. No NIOSH approval 

schedule is currently available for atmosphere supplying suits. This equipment may 
be used in an acceptable respiratory protection program as long as all the other
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minimum program requirements in section 33-10-04.1-11, with the exce-Ption of fit 
testing,. are met.  

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 prsue powered air-purifvinc 
RD = demand, recirculating uL closed c±icit.i 
RP = 1positive pressure demand, recirculating or culubd r-±.Luit 

4. cr. The pruLt..Li±a facta.L -LO CL LL~t-C;LU2:t- kif the. de-gre-- ofi protectLion affuided by a 
respzatrl ef±.e-das ht- ic~t~u of the~ r-uncentrLati±on of ctilbarne radiuactivt:ý 

MLateL Ial ouutide t1±e i~~j,.ii.aLuit~v -u~..Liullej.L9L~~1 uLa i±it 1 
'eujprriJ91Ln1, usua±ly ±iLtsi1~de± the pt~t U.iiIe. can±t±JiLun± of asle. IL ±6apl 
Lu 1the ambdient airbor-ne- cancent-Liati±0 L:U t-bLL1LI.LC Lt1± t:..u.u.e±-ai ±1±±l±ae-d--by 
the~ wetcrye accordingy Lo the fUllu)W±iii fuI±LLI.lcL:~ The~ conc..ent±a±Laniu±nc± laec ±.5a the.  
cartIbient± cia±rbuI..e c.unlce±±LL atiui divided by the pi ut~ec.. Iu±a fartor.Li~_ 

b. The- grauctLiui factLux apply.  

(1O.LIy for i±±dividauLIhs Lialijed ±ni ub~±±y.L rebsp-L-ators anid wearingl pLruper-±y 
£1 L~ed Lt:-.p±.cxa.Ls tha UlaL d..LC Libd.L a±±dift~llalied un.uder rbtp.I VME lbull. M11 a 
well-plann±ed mebsp±iiartay pzatctLi±0 .. Ly7IL 

(2) Fur- aLi-p--jLiifYi±Iy M--'Sjj±LCot.L only Whe h±yl±efiei1 paxticUlae 
f±Iteirs , above n±iiiety-niiiie an~d lilliety-sey ci huni±dredths pecientL 7.LeILoVCL± 
e-fficiency by tllt-LaLlHy geiiei aced Liii cc-tnh Lilib ILILu.i OUdiouctyl1 plihalate
(DOE) test or equiivalent, a-e used ±Ii CLt±LLUbPhIMeb:-; nut: defic~tenL.t ±In 0uXygy-II 
and notL con±Laining radiuactLive gas or vaipum mebp±zatory herzrds,.  

(3) No adj UbLILLtCiIL ib Lu be made fur tLhe azie of soiLbentb aLYai±lzb L adiuacrcLVe 
i±uate~r..al ±ni the- furrrL Uf UI:e uiVapi bUL
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(4) Foa tLUS l e-Ily ing re ±zi:Lw unly when .... I..e.. w-L adequa 
respirable a±ir. Resp~rLtble- cLi shall be provided of th~e quclL±±y an 

quait l± Ly L equt1L ed• in acu£cu.iL..ce wi ii theli- n itlunctl ±±; Lt- Lt:Le fui 
.. c.. t. une... sia fe:ely an.d ld.. .. .... t....e ILLLhSC fe y and l l 

atdJminitrat±oL il eiLI_ crLau±± ieib~£i±bei In 30 eEL. 11. 0cyg-n. any Cl cli±b l
iiot be used in Lthe sciLe a £d.eaLta. Licensees may permit individuals to use 
this type of respirator who have not been medically screened or fit tested 
on the device provided that no credit be taken for their use in estimating 
intake or dose. It is also recognized that it is difficult to perform an 
effective positive or negative pressure pre-use user seal check on this 
type of device. All other respiratory protection program reguirements 
listed in subsection 33-10-04.1-11.3 apply. An assigned protection factor 
has not been assicgned for these devices. However, an assigned protection 
factor egual to 10 may be used if the licensee can demonstrate a fit factor 
of at least 100 by use of a validated or evaluated, aualitative or 
guantitative fit test.  

5. Exc-id±ng The assigned protection factors for gases and vapors are not applicable to 
radioactive contaminants that present an absorption or submersion hazard. For 
tritium oxide vapor, approximately one-third of the intake occurs by absorption 
through the skin so that an overall protection factor of less than two three is 
appropriate when atmosphere-supplying respirators are used to protect against tritium 
oxide. Exposure to radioactive noble qases is not considered a siqnificant 
respiratory hazard, and protective actions for these contaminants should be based on 
external (submersion) dose considerations. If tihe patecLtior± factuoz fJL LpiLCt:O.y 
PrUttt±Ui eT t eLj ,ti±L -b -±ve, L±.5 ef-±VL:ve pioetL-utfti- f'utau L foLLtiujI i±S aboUL± 

one and fuu tenths,; w±ILL pzotectiuLi n tU Uf tta,,1, thLLi e-fetLtVe faLUtU fU Li LUIL1L 
mcide ±s about one and be-ven Lenthiib and wILL jioLaectLaoii facLors of ane liundre-d oi 

ILL~re, the- effecL~ve facLoi: Lo i: I~~:ar LuAti o -ld ±s about onre and niine LeuLtb . A±Li 
pui Ifylny respiratoi ai e n±ot su Lable- for grte-Lion against tL ±I iLL Vuoxt±dl. Seiel 
also fooLnoLe 9 cunoi eriruiu _-jupp!±e-d-cLir tei, 

6. Canisters and cartridges shall not be used beyond service-life limitations. Air 
purifyinq respirators with assigned protection factors <100 must be eguipped with
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particulate filters that are at least 95 percent efficient. Air purifying 
respirators with APF = 100 must be equipped with particulate filters that are at 
least 99 percent efficient. Air purifyinq respirators with assigned protection 
factors >100 must be eauipped with particulate filters that are at least 99.97 
percent efficient. The licensee may apply to the department for the use of an 
assicned protection factor qreater than 1 for sorbent cartridges as protection 
against airborne radioactive qases and vapors (e.g., radioiodine).  

7. Under-chin type only. No distinction is made in this appendix between elastomeric 
half-masks with replaceable cartridges and those designed with the filter medium as 
an inteqral part of the facepiece (e.g., disposable or reusable disposable). Both 
types are acceptable so lonq as the seal area of the latter contains some substantial 
typoe of seal-enhancing material such as rubber or plastic, the two or more suspension 
straps are adjustable, the filter medium is at least 95 percent efficient and all 
other recruirements of this chapter are met. Thixs type of LtSt.L7_u.L I;, LLuLt 
sat-isfacu.y fu'. u.e wtl:-e. ±L ILL±Yt t be- jum.ble, such as , ±f an acc.e±±tL Or. eC±LL.LyeC±1y 
were tLu ouCuM, fv ue• .. L.... .±•e±±L ctL±bu7x%, - , no±ce±±tLatioLus to reach InIstbct±Lt±I±euus vctlM 

,-Le i , all. 10 t .LI±.e.., L1±e pe.x...L. ±e,±L values ±n Lable !, --.- u±n 3 of a.pe±... .. B 0 7f 

chapter 33-10)-04.±.1. Th~s Lype. of mesP±.ictuor ±±,,:,nu sctable fur prutecLio±u aycd±nsL 
PlutaloUILL Uoi othe-L !T~±g!-t)A±UY LoRILy I:ýLL0.LL±.lb. Tile- IRLL0k ±b Lu be tested fur fL it IpiL-LJ 
to msie, ea[h tLirMe I ±t ±s dnuune,.  

8. . Euo±prttent shal be uptuited ±11 CL ILL0.LIUML that ensu.ebs that proper 0L~r flow-rates 
d.i LCLd±±Lta±ned. A p Le. ±o. facto LUf IM iL[O.L e ''Lct±± One Lhumscribd ±LLL.y be 
aL±±±zed fur Lested-and-cei L~fled supj±±ei I±L ha0db Whlen CL ±L±1ILL-LI-ILLU C;.±I flUW of 
biAx ucxb~ fieeL-_ Pt='I (L±I11tL (0).1:r7 2/mmn) I:s matintained and ealibrated air ln 

j9.LebLSuL. Yauitiys oT fluw ±LLea.LULii_,, dev±ces are used. A pm.utteutn. fact.o. of up 
Lu two Llhouisand ILLLY be used fur LebLed and eriLfled hoods onIly when the, CL 
flOW lb- ILLaCL±LLti~ed at Lhte I1LLa11UfaCL~L I * 7:b zeoiLmLe'Ide-d mIl-aJLILLUILL iCLte faxLh 
CeqUjJILL~e-IL, Lh±zi iaLe tk 5Yeate. L•han •u x uba ub± feeLt per M±IItt.e (0.17 2*...)-and 
. alibTaeed aii lim- prembLLL o. .... n am ui floW If.i-bU-L±u- device.,w are used.  

lb. The denslyn of Lhe- buPlled-a±ll hood ux ileliLLeL_, wIt CL ILLII11LILLUILL fIl 0 W of -5±21 CLIi 
feeL:-_ jeR- MILIiuLC- (01e/m)o atir, ma; determine its overall efficiency and
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the gpoioLc.io±± iL provides. FUi e~t-CILLjJ~tl, bO±ILM; hoo0ds asirate C-UI±±LcLLiI±C~ttl C±-r-L 

±±±Lu the~ br ea !'LhL.uy whenthe wilei el. war~ Woks withi haia±db-uve -rLuead. Thi J 

C~b.P±LCt±II± Way~ be OVeYL;O1LLI- if CL -jhUJ- UL Jae-likt- Ae~i nion Lo Lthe- hood. ±s wornJ 

u±±d~ei a coat or overalls. Othei iLLalui 6pt-IfI-Ld. by LLt: ap~iuLVal: agt:w..Y 
shaicll be~ consibd.eied. be-forei us±±± ci. hooud ±ni certain LyJptb of CILtiLLUbpheIt-.kM See 

9 . Ap.ujj±. L~ct~e pi oLeLL~un factur shabblll be~ detLenm±n-d., tLckl±ng I±xu cua~..unt± the d~e:51bII 
of L1±e bul L aind. it LbPeYBL±Lb±J:±tbYl Ly Lu t- L1- .. i±tLcLL±.~Ii~t U11 r~dt± r..uni±dILul of use. Thier e
shiall1 be a stLandby r.esc.ue~ pensa boiqu±pped. wI Li a re. sp±i at~u~r. ox Lthe- appai atL Ui 

api pi Ia ,)L~ct for t!~ -LLi ± aa d;b aii 1~LLLiI Cat LIS Olib -L±±iLjJLV-IIt Lwht'lt-V elb Su-Ppl Ie 

air bLLItb a.LC used..  

I1E0. No approval: sched.ulens acE7t- curently available fur Lh±6 te-qL~ipiLLei±Lt. E U±PLLe±±Llb 

Lu be evaluated. by LceLI±ny or on Hie basis of recilable Lcbtit ±IIfojILLaLt±U.L.  

±±8 . This type of respirator may pravlde greattei prutctL±o±± 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. This device may not be used by any individual who ex-Periences 
perce-otible outward leakage of breathingr aas while wearinq the device.  

9. The licensee should implement institutional controls to assure that these devices are 
not used in areas immediately dangerous to life or health (IDLH) 

12. QiiaLLIt CLaLiVte fit L~ebtl LI±±y Ii bte Vtci fUoiLred. on echul I±ndivid~ual, and n10 ILLUZ.Lt- HLIAII 

two Luiidred.Lis vexce±±L leakage ±5 allowed. wiLh LL~s Lypte Of apparaa-Sb.

Pteiut:-ptlble- autwazd. leakage of gCaL f7o±U LIb t 01.- .L anIy pobIL±Ve:' Prebbt±ULke bie±f

conta±ned. brearth±n±y apparatus lbs uncauuept~able bteuam~ie- be.Lviuet life w± 1 1 be 
re-d~uued. sbstbbaiitally. S.Pteula! Lia±1±11Y ±11 Lhe U6(-- of LLI±. Lyp~e of apparltLUi 

sh~all be pruv±ded. Lu Liie wecrreir 
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NotLe 1. Prot eL. iull fautu Li fol £ E.pirLur a ppi uv ezz by the~ UI.S. blLL eLa uf ILL~ilt.b ct±±U L1±
.L±ct±Luijc±Lj ±L,6±tiutt fur ur iipat~ional saftf~y anld healthL, aurUd±.i±y to cppli~cable ctjpj±.vcl~s 
£ u. .1 e-sj±TciLtU.LS fui Lypte culd IlLude ofi use to prote-u. L gay±nstL aciibui±e iaL1Ll±I~ LLCLY 

be used to th±e ecteLCI that~ Lhe-y do IluL exed thie jpiutecti±or facitLuc listed ~±n L1±si 
Ltable. The prLuteLLt±ur±± ac turs 1±6te-d ±ni thi:, Ltable ILLay IM t be: C;L.Pp.L UpJL ±CL :e- Lu 
U±: UL.LL tallr-eb Wllte±.e: uhýeIMLL±ULIt U.±UttT-L(- L~~e c r t u r y hazarctds e~x ± st ini cddi Limu± Lu 
radioactL Lve hazardsc~ . The sefect.. ii± an±d uste ofi reiejiicrt~ui fur SULIC IT L.Lcirrst a±±Les shiu±i 
ta~ke i±nLu acoLunt± agp~l~cabe approvals of the- UI.S. burtecr of mini1es and tLih:e ±±ct~i±ual 
±ns±±b atue for uLL.LlJat~iunllc safety an.d h etihi.  

No te 2.e itctdiocrtL~ve- Lu±ctrtlal±±u±L, for whlchi the LullcentLaLrtoix valtieb ±ni tLcble- !, L;UlmUII 
3 of apjpen±xdA B ofi Lchapter 33-10-04 .1.1 ar bas~ed um ± ilt±-Lei.±ctL duse da±e Lu I±nlxcrlc~ti±u, 
Mayct jile~e± E A-±.±a I t Enspoi a hazartds a ct lijylic co±±Len±LactL±uns~ . U±±denjt. L1e- 6(e 
U±IULUULQ~tL.UI.±Lb , li±IaLaL~t~±IuL;b 0±1 UL;LL±12d1lry CLtcY ihaVe Lu be govexr±e-d by encte£±±ctl dose- ijILLI 6.  
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APPENDIX B

ANNUAL LIMITS ON INTAKE (ALl) AND DERIVED AIR CONCENTRATIONS 
(DAC) OF RADIONUCLIDES FOR OCCUPATIONAL EXPOSURE; 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 Jim, micron, and 
for three classes (D,W,Y) of radioactive material, which refer to their retention 
(approximately days, weeks or years) in the pulmonary region of the lung. 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+O represents 6 x 100 or six.  

Table I "Occupational Values" 

Note that the columns in table I of this appendix captioned "oral ingestion annual 
limit on intake," "inhalation annual limit on intake," and "derived air concentration," 
are applicable to occupational exposure to radioactive material.
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The annual limit on intakes in this appendix are the annual intakes of given 
radionuclide by "reference man" which would result in either (1) a committed effective 
dose equivalent of five hundredths sieverts (five rem), stochastic annual limit on 
intake, or (2) a committed dose equivalent of five tenths sieverts (fifty rem) to an 
organ or tissue, non-stochastic annual limit on intake. The stochastic annual limit on 
intakes 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 five 
hundredths sieverts (five rem). The derivation includes multiplying the committed dose 
equivalent to an organ or tissue by a weighting factor, wT. This weighting factor is the 
proportion of the risk of stochastic effects resulting from irradiation of the organ or 
tissue, 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 in 
section 33-10-04.1.1-03. The non-stochastic annual limit on intakes were derived to 
avoid non-stochastic effects, such as prompt damage to tissue or reduction in organ 
function.  

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 equivalents 
of all other remaining tissues may be disregarded. The following portions of the 
gastro-intestinal tract -- stomach, small intestine, upper large intestine, and lower 
large intestine -- are to be treated as four separate organs.  

Note that the dose equivalents for an extremity (hands and forearms, feet, and lower 
legs), skin, and lens of the eye are not considered in computing the committed effective 
dose 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 value 
alone is given. When an annual limit on intake is determined by the non-stochastic dose 
limit to an organ, the organ or tissue to which the limit applies is shown, and the 
annual limit on intake for the stochastic limit is shown in parentheses. Abbreviated 
organ or tissue designations are used: 

LLI wall = lower large intestine wall; 
St wall = stomach wall;
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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 non-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 
(ALIns) that contribute to the committed dose equivalent to the organ receiving the 
highest dose does not exceed unity, that is, E (intake (in MCi) of each 
radionuclide/ALIns) • one. If there is an external deep dose equivalent contribution of 
Hd, then this sum must be less than 1 - (Hd/ 5 0), instead of < 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 .iCi)/(2000 hours per working year x 60 minutes/hour x 2 x 104 ml 
per minute) = [ALI/2.4 x 109] ýiCi/ml, 

where 2 x 104 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
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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" 

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, 
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).
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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 in deriving 
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 appendix A of the 1992 revision of chapter 33-10-04.1.1.  

The air concentration 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 dose limit to the one millisievert (0.1 
rem) limit for members 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 
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 10 7 . 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.
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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 OF ELEMENTS

Name 

Actinium 
Aluminum 
Americium 
Antimony 
Argon 
Arsenic 
Astatine 
Barium 
Berkelium 
Beryllium 
Bismuth 
Bromine 
Cadmium 
Calcium 
Californium 
Carbon 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Curium 
Dysprosium 
Einsteinium 
Erbium 
Europium 
Fermium 
Fluorine 
Francium 
Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Holmium 
Hydrogen 
Indium 
Iodine 
Iridium 
Iron 
Krypton 
Lanthanum 
Lead 
Lutetium 
Magnesium 
Manganese 
Mendelevium

Symbol 

Ac 
Al 
Am 
Sb 
Ar 
As 
At 
Ba 
Bk 
Be 
Bi 
Br 
Cd 
Ca 
Cf 
C 
Ce 
Cs 
Cl 
Cr 
Co 
Cu 
Cm 
Dy 
Es 
Er 
Eu 
Fm 
F 
Fr 
Gd 
Ga 
Ge 
Au 
Hf 
Ho 
H 
In 
I 
Ir 
Fe 
Kr 
La 
Pb 
Lu 
Mg 
Mn 
Md

Atomic 
Number 

89 
13 
95 
51 
18 
33 
85 
56 
97 
4 

83 
35 
48 
20 
98 

6 
58 
55 
17 
24 
27 
29 
96 
66 
99 
68 
63 

100 
9 

87 
64 
31 
32 
79 
72 
67 

1 
49 
53 
77 
26 
36 
57 
82 
71 
12 
25 

101

Name

Mercury 
Molybdenum Neodymium 
Neptunium 
Nickel 
Niobium 
Osmium 
Palladium 
Phosphorus 
Platinum 
Plutonium 
Polonium 
Potassium 
Praseodymium 
Promethium 
Protactinium 
Radium 
Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulfur 
Tantalum 
Technetium 
Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 
Tungs ten 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 
Zirconium
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Symbol 

Hg 
Mo 
Nd 
Np 
Ni 
Nb 
Os 
Pd 
P 
Pt 
Pu 
P0 
K 
Pr 
Pm 
Pa 
Ra 
Rn 
Re 
Rh 
Rb 
Ru 
Sm 
Sc 
Se 
Si 
Ag 
Na 
Sr 
S 
Ta 
Tc 
Te 
Tb 
T1 
Th 
Tm 
Sn 
Ti 
w 
U 
V 
Xe 
Yb 
Y 
Zn 
Zr

Atomic 
Number

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 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. (gCi) (pci) (pCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

1 Hydrogen-3 

4 Beryllium-7 

4 Beryllium-10 

6 Carbon-11 2 

6 Carbon-14 

9 Fluorine-182

1I 

11
Sodium-22 

Sodium-24

Water, DAC includes skin 
absorption 

Gas (HT or T2 ) Submersion1
: Use 

W, all compounds except 
those given for Y 

Y, oxides, halides, and 
nitrates 

W, see 7Be 

Y, see 
7
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, Ga, 
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, Mn, Tc, and Re 

Y, lanthanum fluoride 

D, all compounds 

D, all compounds

8E+4 8E+4 

above values as HT 

4E+4 2E+4

1E+3 
LLI wall 
(lE+3) 

4E+5 

2E+3 

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

4E+2 

4E+3

2E+4 

2E+2 

IE+l 

1E+6 
6E+5 
4E+5 

2E+6 
2E+5 
2E+3 

7E+4 

9E+4 

8E+4 

6E+2 

5E+3

2E-5 

and T2 oxidize 

9E-6 

8E-6 

6E-8 

6E-9 

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

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

3E-5 

4E-5 

3E-5 

3E-7 

2E-6

1E-7 

in air 

3E-8 

3E-8 

2E-10 

2E-11 

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

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

1E-7

IE-7 
IE-7 

9E-10 

7E-9

1E-3 

and in the 

6E-4

2E-5 

6E-3 

3E-5 

7E-4

GE-6 

5E-5

1E-2 

body to HTO.  

6E-3

2E-4 

6E-2 

3E-4 

7E-3 

6E-5 

5E-4

4-92

-j



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. (wCi) (PCi) (PCi/ml) (1Ci/ml) (PCi/ml) (PCi/ml)

12 Magnesium-28 

13 Aluminum-26 

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 
31s 

W, see 31 
Y, see Si 

D, all compounds except 
phosphates given for W 

W, phosphates of Zi<, 
S, Mg*,Fe',Bi, 
and lanthanides 

D, see 32p 
W, see P

7E+2 

4E+2 

9E+3 

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

6E+2 

6E+3

2E+3 

1E+3 

6E+1 

9E+1 

3E+4 

3E+4 
3E+4 

2E+2 

1E+2 

5E+0 

9E+2 

4E+2 

8E+3 
3E+3

7E-7 

5E-7 

3E-8 

4E-8 

1E-5 

IE-5 
1E-5 

IE-7 

5E-8 
2E-9 

4E-7 

2E-7 

4E-6 
1E-6

2E-9 

2E-9 

9E-11 

1E-10 

4E-8 

5E-8 
4E-8 

3E-10 

2E-10 
7E-12 

1E-9 

5E-10 

1E-8 
4E-9

9E-6 

6E-6 

1E-4 

4E-5 

9E-6 

8E-5

9E-5 

6E-5 

IE-3 

4E-4 

9E-5 

8E-4

4-93



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) (PCi) (11Ci/ml) (11Ci/ml) (PCi/ml) (PCi/ml)

16 Sulfur-35 

17 Chlorine-36 

17 Chlorine-38
2 

17 Chlorine-39
2

Argon-37 

Argon-39 

Argon-41 

Potassium-40 

Potassium-42 

Potassium-43

Vapor 
D, sulfides and sulfates 

except those given for W 

sulfides of Sr, Ba, Ge, 
Sn, Pb, As, Sb, Bi, 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, Cs, and Fr 

W, chlorides of lantha
nides, Be Mg Ca, Sr, 
Ba, Ra, Ai, Ga, In, Tl, 
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, Mn, Tc, and Re 

D, see 36C1 

W, see 36C1 

D, see 36C1 

W, see 36C1 

Submersion' 

Submersion' 

Submersion' 

D, all compounds 

D, all compounds 

D, all compounds

1E+4 

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

2E+3 

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

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

3E+2 

5E+3 

6E+3

6E-6 

2E+4

2E+3 

2E+3 

2E+2 

4E+4 

5E+4 

5E+4 

6E+4 

4E+2 

5E+3 

9E+3

2E-8 

7E-6 

9E-7 

1E-6 

1E-7 

2E-5 

2E-5 

2E-5 

2E-5 

1E+0 

2E-4 

3E-6 

2E-7 

2E-6 

4E-6

2E-8

IE-4 1E-3 W 
eleme 
ntal 
sulfu 
r 
6E+3

3E-9

3E-9 

3E-10 

6E-8 

6E-8 

7E-8 

8E-8 

6E-3 

8E-7 
1E-8 
6E-10 

7E-9 

IE-8

2E-5 

3E-4 

5E-4 

4E-6 

6E-5 

9E-5

2E-4 

3E-3 

5E-3 

4E-5 

6E-4 

9E-4

4-94

18 

18 

18 

19 

19 

19



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. (uCi) (PCi) (PCi/ml) (PCi/ml) (pCi/ml) (PCi/ml)

19 Potassium-44
2 

19 Potassium-452 

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-49
2

D, all compounds 

D, all compounds 

W, all compounds

W, 

W, 
Y, 

Y, 

Y, 

Y, 

Y,

all 

all 

all 

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds

Y, all compounds 

Y, all compounds

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

3E+4 
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

7E+4 

IE+5 

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

8E+2 

9E+2 

2E+4 

7E+2 

IE+4 

2E+2 

3E+3 

1E+3 

5E+4

3E-5 

5E-5 

2E-6 

4E-7 

4E-7 
9E-6 

3E-7 
5E-6 

1E-7 

1E-6 

6E-7 

2E-5

9E-8 

2E-7 

5E-9 

1E-9 

1E-9 

3E-8 

1E-9 

2E-8 

3E-10 

4E-9 

2E-9 

8E-8

5E-4 

7E-4 

6E-5 

2E-5 

1E-5 

1E-4 

7E-6 

5E-5 

1E-5 

4E-5 

1E-5 

3E-4

5E-3 

7E-3 

6E-4 

2E-4 

IE-4 

1E-3 
7E-5 

5E-4 

IE-4 

4E-4 

1E-4 

3E-3

4-95



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) (PCi) (PCi/ml) (PCi/ml) (iCi/ml) (UCi/ml)

22 Titanium-44 

22 Titanium-45 

23 Vanadium-47
2 

23 Vanadium-48 

23 Vanadium-49 

24 Chromium-48 

24 Chromium-49 2 

24 Chromium-51

D, all compounds except 
those given for W and Y 

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

Y, SrTi03 

D, see T1 
W, see Ti 
Y, see Ti 
D, all compounds except 

those given for W 

W, oxides, hydroxides, 
carbides, and halides 

D, see `V 
W, see "V 

D, see 47V 

W, see 4V 

D, all compounds except 
those given for W and Y 

W, halides and nitrates 
Y, oxides and hydroxides 

D, see "Cr 
W, see 48 
*, see Cr 

D, see 48r 
W, see "Cr 
Y, see 4aCr

4-96

I

3E+2 

9E+3 

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

6E+2 

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

6E+3 

3E+4 

4E+4

lE+I 

3E+l 
6E+O 

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

8E+4 

IE+5 

IE+3 
6E+2 

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

2E+4 

1E+4 
7E+3 
7E+3 

8E+4 
IE+5 
9E+4 

5E+4 
2E+4 
2E+4

5E-9 

1E-8 
2E-9 
IE-5 
1E-5 
1E-5 

3E-5 

4E-5 

5E-7 
3E-7 

1E-5 

8E-6 

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

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

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

2E-11 

4E-11 
8E-12 
3E-8 
5E-8 
4E-8 

1E-7 

1E-7 

2E-9 
9E-10 

5E-8 
2E-8 

2E-8 
1E-8 
IE-8 

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

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

4E-6 

1E-4 

4E-4 

9E-6 

1E-3 

8E-5 

4E-4 

5E-4

4E-5 

1E-3 

4E-3 

9E-5 

1E-2 

8E-4 

4E-3 

5E-3



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) (1iCi) (PCi/ml) (PCi/ml) (iCi/ml) (1iCi/ml)

25 Manganese-51
2 

25 Manganese-52m2 

25 Manganese-52 

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, oxides, hydroxides, 
halides, and nitrates 

D, see 51Mn 

W, see 51Mn 

D, see 511M 
W, see 5Mn 

D, see 51Mn 

W, see 51Mn 

D, see 1Mn 
W, see Mn 

D, see "Mn 
W, see Mn 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
and halides 

D, see 52Fe W, see 52Fe 

D, see 52Fe 

W, see 5
2Fe 

D, see 52Fe 
W, see 52Fe

2E+4 

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

7E+2 

5E+4 

2E+3 

5E+3 

9E+2 

9E+3 

8E+2 

3E+1

5E+4 

6E+4 

9E+4 

1E+5 

IE+3 
9E+2 

IE+4 
Bone surf 
(2E+4) 
1E+4 

9E+2 
8E+2 

2E+4 
2E+4 

3E+3 

2E+3 

2E+3 
4E+3 

3E+2 
5E+2 

6E+O 
2E+1

2E-5 

3E-5 

4E-5 

4E-5 

5E-7 
4E-7 

5E-6 

5E-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 

IE-7 

2E-9 
IE-9 

3E-8 
2E-8 

1E-9 
1E-9 

2E-8 3E-8 

4E-9 

3E-9 

3E-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 

5E-3 

1E-4 

7E-3 

3E-4 

7E-4 

1E-4 

1E-3 

1E-4 

4E-6

4-97



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) (PCi) (11Ci/ml) (PCi/ml) (PCi/ml) (PCi/ml)

27 Cobalt-55 

27 Cobalt-56 

27 Cobalt-57 

27 Cobalt-58m 

27 Cobalt-58 

27 Cobalt-60m2 

27 Cobalt-60 

27 Cobalt-612 

27 Cobalt-62m
2 

28 Nickel-56

W, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
halides, and nitrates 

W, see "5 Co 'Y, see SSCo 
W, see Co 
Y, see 55 o 

W, see S~ Y, see Co 

W, see 55Co 
Y , see 55Co 

W, see 55Co

see 

see 
see 
see 
see 

see

55
Co 

55
Co 55
Co 

55
Co 55Co 

55
Co

Y, see 55Co 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
and carbides 

Vapor

4-98

j,

1E+3 

5E+2 
4E+2 

8E+3 
4E+3 

6E+4 

2E+3 
1E+3 

1E+6 
St wall 
(IE+6) 

5E+2 
2E+2 

2E+4 
2E+4 

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

1E+3

3E+3 

3E+3 

3E+2 
2E+2 

3E+3 
7E+2 

9E+4 
6E+4 

IE+3 
7E+2 

4E+6 

3E+6 

2E+2 
3E+l 

6E+4 
6E+4 

2E+5 

2E+5 

2E+3 

1E+3 
1E+3

1E-6 

IE-6 

1E-7 
8E-8 

1E-6 
3E-7 

4E-5 
3E-5 

5E-7 
3E-7 

2E-3 

1E-3 

7E-8 
1E-8 

3E-5 
2E-5 

7E-5 

6E-5 

8E-7 

5E-7 
5E-7

4E-9 

4E-9 

4E-10 
3E-10 

4E-9 
9E-10 

1E-7 
9E-8 

2E-9 
1E-9 
6E-6 

4E-6 

2E-10 
5E-11 

9E-8 
8E-8 

2E-7 

2E-7 

3E-9 

2E-9 
2E-9

2E-5 

6E-6 

6E-5 

8E-4 

2E-5 

2E-2 

3E-6 

3E-4 

7E-4 

2E-5

2E-4 

6E-5 

6E-4 

8E-3 

2E-4 

2E-1 

3E-5 

3E-3 

7E-3 

2E-4

Y, 

W , Y, 

W , Y, 

W,



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. (gCi) (wCi) (iCi/ml) (PCi/ml) (1Ci/ml) (pCi/ml)

28 Nickel-57 

28 Nickel-59 

28 Nickel-63 

28 Nickel-65 

28 Nickel-66 

29 Copper-60
2 

29 Copper-61 

29 Copper-64 

29 Copper-67

30 

30

Zinc-62 

Zinc-63 2

D, see 
W, see 
Vapor 

D, see 
W, see 
Vapor 

D, see 
W, see 
Vapor 

D, see 
W, see 
Vapor

":Ni "N6 i 

"Ni 
"56Ni 56 • 

"Ni "Ni 56 • 

"SNi 

"56 N SNi

D, see 56Ni 

W, see 56Ni 
Vapor 

D, all compounds except 
those given for W and Y 

W, sulfides, halides, 
and nitrates 

Y, oxides and hydroxides 

D, see 61CU 
W, see 60 
Y, see 60CU 

D, see 6OCu 
W, see 60Cu 
Y, see 60Cu 

D, see 6Cu 
W, see CU 
Y, see 60CU 

Y, all compounds 

Y, all compounds

2E+3 

2E+4 

9E+3 

8E+3

4E+2 
LLI wall 
(5E+2) 

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

1E+4 

1E+4 

5E+3 

1E+3 

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

5E+3 
3E+3 
6E+3 

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

2E+3 
3E+3 
8E+2 

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

2E+3 

6E+2 
3E+3 

9E+4 

1E+5 
1E+5 

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

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

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

3E+3 

7E+4

2E-6 
IE-6 
3E-6 

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

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

lE-5 
lE-5 
7E-6 

7E-7 

3E-7 
1E-6 

4E-5 

5E-5 
4E-5 

IE-5 
2E-5 
IE-5 

1E-5 
lE-5 
9E-6 

3E-6 
2E-6 
2E-6 

1E-6 

3E-5

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

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

2E-9 
4E-9 
IE-9 

3E-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 
3E-8 
3E-8 

IE-8 
7E-9 
6E-9 

4E-9 

9E-8

2E-5 

3E-4 

1E-4 

1E-4 

6E-6 

4E-4 

2E-4 

2E-4 

6E-5 

2E-5 

3E-4

2E-4 

3E-3 

1E-3 

1E-3 

6E-5 

4E-3 

2E-3 

2E-3 

6E-4 

2E-4 

3E-3

4-99



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. (uCi) (1iCi) (jCi/ml) (QCi/ml) (PCi/ml) (PCi/ml)

30 

30 

30 

30 

30

Zinc-65 

Zinc-69m 

Zinc-69
2 

Zinc-71m 

Zinc-72

Y, 

Y, 

Y, 

Y, 
Y,

31 Gallium-65
2 

31 Gallium-66 

31 Gallium-67 

31 Gallium-68
2 

31 Gallium-70
2 

31 Gallium-72 

31 Gallium-73 

32 Germanium-66 

32 Germanium-672 

32 Germanium-68

all compounds 

all compounds 

all compounds 

all compounds 

all compounds

D, all compounds except 
those given for W 

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

D, see 65Ga 
W, see "Ga 

D, see 6'Ga 
W, see 6

SGa 

D, see 6Ga 
W, see 6

5
Ga 

D, see 65Ga 

W, see 
65

Ga 

D, see 6 5Ga 
W, see 6Ga 

D, see 65Ga 
W, see Ga 
D, all compounds except 

those given for W 
W, oxides, sulfides, 

and halides 

D, see 66Ge 

W, see "6Ge 

D, see "Ge
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I

4E+2 

4E+3 

6E+4 

6E+3 

IE+3

5E+4 
St wall 
(6E+4) 

1E+3 

7E+3 

2E+4 

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

1E+3 

5E+3 

2E+4 

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

5E+3

3E+2 

7E+3 

1E+5 

2E+4 

1E+3 

2E+5 

2E+5 

4E+3 
3E+3 

1E+4 
1E+4 

4E+4 
5E+4 

2E+5 

2E+5 

4E+3 
3E+3 

2E+4 
2E+4 

3E+4 

2E+4 

9E+4 

IE+5 

4E+3

1E-7 

3E-6 

6E-5 

7E-6 

5E-7 

7E-5 

8E-5 

IE-6 
1E-6 

6E-6 
4E-6 

2E-5 
2E-5 

7E-5 

8E-5 

1E-6 
1E-6 

6E-6 
6E-6 

1E-5 

SE-6 

4E-5 

4E-5 

2E-6

4E-10 

1E-8 

2E-7 

2E-8 

2E-9 

2E-7 

3E-7 

5E-9 
4E-9 

2E-8 
IE-8 

6E-8 
7E-8 

2E-7 

3E-7 

5E-9 
4E-9 

2E-8 
2E-8 

4E-8 

3E-8 

1E-7 

1E-7 

5E-9

5E-6 

6E-5 

8E-4 

8E-5 

1E-5 

9E-4 

IE-5 

1E-4 

2E-4 

1E-3 

2E-5 

7E-5 

3E-4 

6E-4 

6E-5

5E-5 

6E-4 

8E-3 

8E-4 

1E-4 

9E-3 

1E-4 

1E-3 

2E-3 

1E-2 

2E-4 

7E-4 

3E-3 

6E-3 

6E-4



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. (uCi) (PCi) (PCi/ml) (PCi/ml) (PCi/ml) (pCi/ml)

32 Germanium-69 

32 Germanium-71 

32 Germanium-75
2 

32 Germanium-77 

32 Germanium-78
2 

33 Arsenic-69
2 

33 Arsenic-70
2 

33 Arsenic-71 

33 Arsenic-72 

33 Arsenic-73 

33 Arsenic-74 

33 Arsenic-76 

33 Arsenic-77

33 

34

Arsenic-78
2 

Selenium-70
2

W, 
D, 
W, 

D, 

W, 

D, 

W, 

D, 
W, 
D,

see 

see 
see 

see 

see 

see 

see 
see 
see 

see

"66Ge 
"66Ge "66Ge 
"6'Ge 
"66Ge 
"6'Ge 

"6'Ge 
"66Ge 
"66Ge 
"66Ge

W, see 66Ge 

W, all compounds

WI 

W, 

W, 

W, 

W, 

W, 

W,

all 

all 

all 

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds

W, all compounds 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
carbides and 
elementai Se

1E+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 

1E+3 

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

8E+3 

2E+4 

1E+4

1E+2 

2E+4 
8E+3 

4E+5 

4E+4 

8E+4 

8E+4 

1E+4 
6E+3 

2E+4 

2E+4 

1E+5 

5E+4 

5E+3 

1E+3 

2E+3 

8E+2 

IE+3 

SE+3 

2E+4 

4E+4 

4E+4

4E-8 

6E-6 
3E-6 

2E-4 

2E-5 

3E-5 

4E-5 

4E-6 
2E-6 

9E-6 

9E-6 

5E-5 

2E-5 

2E-6 

6E-7 

7E-7 

3E-7 

6E-7 

2E-6 

9E-6 

2E-5 

2E-5

IE-10 

2E-8 
IE-8 

6E-7 

6E-8 

1E-7 

1E-7 

1E-8 
8E-9 

3E-8 

3E-8 

2E-7 

7E-8 

6E-9 

2E-9 

2E-9 

IE-9 

2E-9 

7E-9 

3E-8 

5E-8

2E-4 

7E-3 

9E-4 

IE-4 

3E-4 

6E-4 

2E-4 

SE-5 

1E-5 

IE-4 

2E-5 

1E-5 

6E-5 

1E-4 

1E-4

2E-3 

7E-2 

9E-3 

1E-3 

3E-3 

6E-3 

2E-3 

5E-4 

1E-4 

1E-3 

2E-4 

IE-4 

6E-4 

IE-3 

IE-3

4-101

6E-8



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) (1Ci) (uCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

Selenium-73m
2 

Selenium-73 

Selenium-75 

Selenium-79 

Selenium-81M
2 

Selenium-812 

Selenium-83
2 

Bromine-74m
2

35 Bromine-74
2 

35 Bromine-75 2 

35 Bromine-76

D, see 7 0Se W, see "Se 
D, see "7Se 
W, see 70Se 

D, see 70Se 
W, see •70Se 

D, see 70Se 
W, see 70Se 

D, see •70Se 
W, see 71Se 

70 D, see 70Se 

W, see Se D, see 70Se 

W, see 70Se 

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

W, bromides of lantha
nides, Be, Mg, Ca, Sr 
Ba, Ra, Al, 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, Mn, 
Tc, and Re 

D, see 4mBr 

W, see 74mBr 

D, see 74ýBr 

W, see 74Br 

D, see 7 cmBr 
W, see Br

34 

34 

34 

34 

34 

34 

34 

35

6E+4 
3E+4 

3E+3 

5E+2 

6E+2 

4E+4 
2E+4 

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

4E+4 
3E+4 

IE+4 
St wall 
(2E+4) 

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

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

4E+3

2E+5 
1E+5 

1E+4 
2E+4 

7E+2 
6E+2 

8E+2 
6E+2 

7E+4 
7E+4 

2E+5 

2E+5 

1E+5 
1E+5 

4E+4 

4E+4 

7E+4 

8E+4 

5E+4 

5E+4 

5E+3 
4E+3

6E-5 
6E-5 

5E-6 
7E-6 

3E-7 
3E-7 

3E-7 
2E-7 

3E-5 3E-5 

9E-5 

1E-4 

5E-5 
5E-5 

2E-5 

2E-5 

3E-5 

4E-5 

2E-5 

2E-5 

2E-6 
2E-6

2E-7 
2E-7 

2E-8 
2E-8 

1E-9 
8E-10 

1E-9 
SE-10 

9E-8 
1E-7 

3E-7 

3E-7 

2E-7 
2E-7 

SE-8 

6E-8 

IE-7 

1E-7 
7E-8 

7E-8 

7E-9 
6GE-9

4E-4 

4E-5 

7E-6 

8E-6 

3E-4 

IE-3 

4E-4 

3E-4 

5E-4 

5E-4 

5E-5

4E-3 

4E-4 

7E-5 

8E-5 

3E-3 

IE-2 

4E-3 

3E-3 

5E-3 

5E-3 

5E-4

4-102



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. (1iCi) (4Ci) (PCi/ml) (PCi/ml) (pCi/ml) (PCi/ml)

35 Bromine-77 

35 Bromine-80m 

35 Bromine-80
2 

35 Bromine-82 

35 Bromine-83 

35 Bromine-842 

36 Krypton-742 

36 Krypton-76 

36 Krypton-772 

36 Krypton-79 

36 Krypton-81 

36 Krypton-83m2 

36 Krypton-85m 

36 Krypton-85 

36 Krypton-87
2 

36 Krypton-88 

37 Rubidium-792 

37 Rubidium-81m2

D, 
W, 
D, 
W, 

D,

see 
see 

see 
see 

see 

see 
see 
see 

see

74
mBr 74
. Br 

74
mBr 74
mBr 

74
. Br 

74. Br 

74-Br 
74-Br 

74. Br

W, see 
74mBr 

D, see 74mBr 

W, see 74.Br 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion1 

Submersion' 

Submersion' 
Submersion' 

Submersion' 

D, all compounds 

D, all compounds

2E+4 

2E+4 

5E+4 
St wall 
(9E+4) 

3E+3 

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

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

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

2E+5

2E+4 
2E+4 

2E+4 
1E+4 

2E+5 

2E+5 

4E+3 
4E+3 

6E+4 

6E+4 

6E+4 

6E+4 

1E+5 

3E+5

1E-5 
8E-6 

7E-6 
6E-6 

8E-5 

9E-5 

2E-6 
2E-6 

3E-5 

3E-5 

2E-5 

3E-5 

3E-6 

9E-6 

4E-6 

2E-5 

7E-4 

1E-2 

2E-5 

IE-4 

5E-6 

2E-6 

5E-5 

1E-4

3E-8 
3E-8 

2E-8 
2E-8 

3E-7 

3E-7 

6E-9 
5E-9 

9E-8 

9E-8 

8E-8 

9E-8 
IE-8 

4E-8 

2E-8 

7E-8 

3E-6 

5E-5 

IE-7 

7E-7 

2E-8 

9E-9 

2E-7 

5E-7

2E-4 

3E-4 

IE-3 

4E-5 

9E-4 

4E-4 

8E-4

2E-3 

3E-3 

1E-2 

4E-4 

9E-3 

4E-3 

8E-3

4-103



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. (4Ci) (wCi) (iCi/ml) (PCi/ml) (1iCi/ml) (4Ci/ml)

37 Rubidium-81 

37 Rubidium-82m 

37 Rubidium-83 

37 Rubidium-84 

37 Rubidium-86 

37 Rubidium-87 

37 Rubidium-88
2 

37 Rubidium-8 9
2 

38 Strontium-802 

38 Strontium-812 

38 Strontium-82 

38 Strontium-83 

38 Strontium-85m
2 

38 Strontium-85 

38 Strontium-87m 

38 Strontium-89

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

(3E+4) 

D, all compounds

D, all soluble compounds 
except SrTiO 

Y, all insolubie com
pounds and SrTi03 

D, see 80Sr 
Y, see 8°Sr 

D, see 8°Sr

see 

see 
see 

see 
see 

see 
see 
see 
see 

see

80Sr 
80

Sr 80
Sr 

9Osr 80
Sr 

80Sr 
80

Sr 
80

Sr 
80Sr

4-104

-f

St wall 
(3E+5) 

4E+4 

1E+4 

6E+2 

5E+2 

5E+2 

1E+3 

2E+4 
St wall 

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

4E+3 

3E+4 
2E+4 

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

3E+3 
2E+3 

2E+5 

3E+3 

5E+4 
4E+4 

6E+2

5E+4 
2E+4 

IE+3 

8E+2 

8E+2 

2E+3 

6E+4 

1E+5 

1E+4 

1E+4 

8E+4 
8E+4 

4E+2 

9E+l 

7E+3 
4E+3 

6E+5 
8E+5 

3E+3 
2E+3 

1E+5 
2E+5 
8E+2

2E-5 

7E-6 

4E-7 

3E-7 

3E-7 

6E-7 
3E-5 

6E-5 

5E-6 

5E-6 

3E-5 
3E-5 

2E-7 

4E-8 

3E-6 
1E-6 
3E-4 
4E-4 

IE-6 
6E-7 

5E-5 
6E-5 

4E-7

4E-3 

5E-4 

2E-4 

9E-6 

7E-6 

7E-6 
IE-5 

4E-3 

9E-4 

6E-5 

3E-4 

3E-6 

3E-5 

3E-3 

4E-5 

6E-4

7E-8 
2E-8 

1E-9 

1E-9 

1E-9 

2E-9 

9E-8 

4E-4 

2E-7 

2E-8 

2E-8 

1E-7 
1E-7 

6E-10 

IE-10 

1E-8 
5E-9 

9E-7 
1E-6 

4E-9 
2E-9 

2E-7 
2E-7 

1E-9

4E-2 

5E-3 

2E-3 

9E-5 

7E-5 

7E-5 

1E-4 

9E-3 

6E-4 

3E-3 

3E-5 

3E-4 

3E-2 

4E-4 

6E-3



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) (1lCi) (gCi/ml) (aCi/ml) (PCi/ml) (pCi/ml)

38 Strontium-90

Strontium-91 

Strontium-92 

Yttrium-86m2 

Yttrium-86 

Yttrium-87 

Yttrium-88 

Yttrium-90m 

Yttrium-90 

Yttrium-91m2 

Yttrium-91 

Yttrium-92 

Yttrium-93

Y, see 8 Sr 

D, see 
8 0

Sr 

Y, see 80Sr 

D, see BoSr 
Y, see 

8 0
Sr 

D, see ,Sr 
Y, see 

8 0
Sr 

W, all compounds except 
those given for Y 

Y, oxides and hydroxides 
86m 

W, see 86myY 
Y, see Y 

86m 

W, see 86.Y 
Y, see V 

86m 

W, see 86myY 
Y, see Y 

W, see 86my 
Y, see 

W, see 86my 

Y, see 86my 
8Gm 

W, see 8'mY 
Y, see 86m 

W, see 
8
"'y 

Y, see 861y 
8Gm 

W, see 86mY 
Y, see Y 

W, see 86my 
Y, see G6lly

38 

38 

39 

39 

39 

39 

39 

39 

39 

39 

39 

39

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

3E+1 
Bone surf 
(4E+l) 

2E+3 

3E+3 

2E+4 

1E+3 

2E+3 

1E+3 

8E+3 

4E+2 
LLI wall 
(5E+2) 

IE+5 

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

3E+3 

1E+3

IE+2 

2E+1 
Bone surf 
(2E+l) 
4E+O 

6E+3 
4E+3 
9E+3 
7E+3 

6E+4 
5E+4 

3E+3 
3E+3 

3E+3 
3E+3 

3E+2 
2E+2 

1E+4 
1E+4 

7E+2 

6E+2 

2E+5 
2E+5 

2E+2 

1E+2 

9E+3 
8E+3 

3E+3 
2E+3

6E-8 

8E-9 

2E-9 

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

2E-5 
2E-5 

1E-6 
1E-6 

1E-6 
1E-6 

1E-7 
SE-7 

5E-6 
5E-6 

3E-7 

3E-7 

1E-4 
7E-5 

7E-8 

5E-8 

4E-6 
3E-6 

IE-6 
1E-6

2E-10 

3E-11 
6E-12 

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

8E-8 
8E-8 

5E-9 
5E-9 

5E-9 
5E-9 

3E-10 
3E-10 

2E-8 
2E-8 

9E-10 

9E-10 

3E-7 
2E-7 

2E-10 

2E-10 

1E-8 
1E-8 

4E-9 
3E-9

8E-6 

5E-7 

2E-5 

4E-5 

3E-4 

2E-5 

3E-5 

1E-5 

IE-4 

7E-6 

2E-3 

SE-6 

4E-5 

2E-5

8E-5 

5E-6 

2E-4 

4E-4 

3E-3 

2E-4 

3E-4 

lE-4 

1E-3 

7E-5 

2E-2 

8E-5 

4E-4 

2E-4

4-105



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) (uCi) (ilCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

39 Yttrium-942 

39 Yttrium-952 

40 Zirconium-86 

40 Zirconium-88 

40 Zirconium-89 

40 Zirconium-93 

40 Zirconium-95 

40 Zirconium-97 

41 Niobium-882

W, see "~y 

Y, see 86my 

W, see 86my 

Y, see 86'y 

D, all compounds except 
those given for W and Y 

W, oxides, hydroxides, 
halides, and nitrates 

Y, carbide 

D, see 86Zr 
W, see 6Zr 
Y, see 9'Zr 

D, see 86Zr 
W, see 86Zr 
Y, see 86Zr 

D, see 86Zr 

W, see 86Zr 

Y, see 86Zr 

D, see 86Zr 

W, see "r86 Y, see 86Zr 
Y, see 8Zr 

D, see 86Zr W, see r6 
*Y, see 86Zr 

W, all compounds except 
those given for Y 

Y, oxides and hydroxides

2E+4 8E+4 
St wall 
(3E+4) 

- BE+4 

4E+4 2E+5 
St wall 
(5E+4) 

- lE+5 

1E+3 4E+3 

- 3E+3 
- 2E+3 

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

2E+3 4E+3 
- 2E+3 
- 2E+3 

1E+3 6E+0 
Bone surf Bone surf 
(3E+3) (2E+I) 
- 2E+l 

Bone surf 
- (6E+l) 
- 6E+1 

Bone surf 
- (7E+l) 

1E+3 1E+2 
Bone surf 
(3E+2) 4E+2 
3E+2 

6E+2 2E+3 
1E+3 
1E+3 

5E+4 2E+5 
St wall 
(7E+4) 

- 2E+5

4-106

-p

3E-5 

3E-5 

6E-5 

6E-5 

2E-6 

1E-6 
1E-6 

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

1E-6 
IE-6 
1E-6 

3E-9 

IE-8 

2E-8 

5E-8 

2E-7 
1E-7 

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

9E-5 

9E-5

1E-7 

1E-7 

2E-7 

2E-7 

6E-9 

4E-9 
3E-9 

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

5E-9 
3E-9 
3E-9 

2E-11 

9E-11 

9E-11 

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

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

3E-7 

3E-7

4E-4 

7E-4 

2E-5 

5E-5 

2E-5 

4E-5 

2E-5 

9E-6 

IE-3

4E-3 

7E-3 

2E-4 

5E-4 

2E-4 

4E-4 

2E-4 

9E-5 

1E-2



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. (11Ci) (PCi) (PCi/ml) (iCi/ml) (uCi/ml) (11Ci/ml)

41 Niobium-89
2 

(66 min) 

41 Niobium-89 

(122 min) 

41 Niobium-90 

41 Niobium-93m

41 

41 

41 

41 

41

Niobium-94 

Niobium-95m 

Niobium-95 

Niobium-96 

Niobium-97
2

41 Niobium-98
2 

42 Molybdenum-90 

42 Molybdenum-93m 

42 Molybdenum-93 

42 Molybdenum-99

W, see 88Nb 

Y, see 88Nb 

W, see 88Nb 

Y, see 88Nb 

W, see 88 
Y, see 88

Nb 

W, see 8 8Nb 

Y, see 88Nb 

W, see 88Nb 
Y, see 88Nb 

W, see "Nb 

Y, see 88Nb 

W, see :8 

Y, see Nb 
W, see 98Nb 
Y, see 

88
Nb 

W, see 8 
Y, see 

W, see 88Nb 
Y, see 

88Nb 

D, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
and MOS 2 

D, see 9°Me 
Y, see Me 
D, see 9°Me 
Y, see Me 

D, see 9NMo

IE+4 

5E+3 

1E+3 

9E+3 
LLI wall 
(IE+4) 

9E+2 

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

2E+3 

IE+3 

2E+4 

IE+4 

4E+3 

2E+3 

9E+3 
4E+3 

4E+3 
2E+4 

2E+3 
LLI wall

4E+4 

4E+4 

2E+4 

2E+4 

3E+3 
2E+3 

2E+3 

2E+2 

2E+2 
2E+1 

3E+3 

2E+3 

1E+3 
1E+3 

3E+3 
2E+3 
8E+4 
7E+4 

5E+4 
5E+4 

7E+3 

5E+3 

2E+4 
IE+4 

5E+3 
2E+2 

3E+3

2E-5 

2E-5 

8E-6 

6E-6 

1E-6 
IE-6 

8E-7 

7E-8 

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

9E-7 

5E-7 
5E-7 

1E-6 
1E-6 

3E-5 
3E-5 

2E-5 
2E-5 

3E-6 

2E-6 

7E-6 
6E-6 

2E-6 
8E-8 

IE-6

6E-8 

5E-8 

3E-8 

2E-8 

4E-9 
3E-9 

3E-9 

2E-10 

3E-10 
2E-11 

4E-9 

3E-9 

2E-9 
2E-9 

4E-9 
3E-9 

1E-7 
IE-7 

8E-8 
7E-8 

IE-8 
6E-9 

2E-8 2E-8 

8E-9 
2E-10 

4E-9

1E-4 

7E-5 

1E-5 

2E-4 

1E-5 

3E-5 

3E-5 

2E-5 

3E-4 

2E-4 

3E-5 

6E-5 

5E-5

1E-3 

7E-4 

1E-4 

2E-3 

1E-4 

3E-4 

3E-4 

2E-4 

3E-3 

2E-3 

3E-4 

6E-4 

5E-4

4-107



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. (1iCi) (wCi) (iCi/ml) (jzCi/ml) (PCi/ml) (pCi/ml)

42 Molybdenum-101
2 

43 Technetium-93m
2 

43 Technetium-93 

43 Technetium-94M
2 

43 Technetium-94 

43 Technetium-95m 

43 Technetium-95 

43 Technetium-96m2 

43 Technetium-96 

43 Technetium-97m 

43 Technetium-97 

43 Technetium-98 

43 Technetium-99m 

43 Technetium-99

Y, see 90Mo 

D, see 
9
"Mo 

Y, see 
9 0

Mo 

D, all conpounds except 
those given for W 

W, oxides, hydroxides, 
halides, and nitrates 

D, see 9mTC 
W, see 9"Tc 

D, see 931Tc 
W, see 931TC 

D, see 93mTC 
W, see 93mTc 

D, see "3 mTc 
W, see 13,Tc 

D, see 13'Tc 
W, see 13,Tc 

D, see 93'Tc 
W, see 13,Tc 

D, see 13'Tc 
W, see s

3
mTc 

D, see "'rc 

W, see 9"TTc 

D, see 931Tc 
W, see 9"Tc 

D, see 13,Tc 
W, see "'Tc 

D, see 93mTc 
W, see "'Tc 

D, see 931TC

(lE+3) 
1E+3 

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

7E+4 

3E+4 

2E+4 

9E+3 

4E+3 

1E+4 

2E+5 

2E+3 

5E+3 

4E+4 

1E+3 

8E+4 

4E+3

1E+3 

1E+5 

1E+5 

2E+5 

3E+5 

7E+4 
1E+5 

4E+4 
6E+4 

2E+4 
2E+4 

5E+3 
2E+3 

2E+4 
2E+4 

3E+5 
2E+5 

3E+3 
2E+3 

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

5E+4 
6E+3 

2E+3 
3E+2 

2E+5 
2E+5 

5E+3

6E-7 

6E-5 

6E-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 

IE-6 
9E-7 

3E-6 

5E-7 

2E-5 
2E-6 

7E-7 
IE-7 

6E-5 
IE-4 

2E-6

2E-9 

2E-7 

2E-7 

2E-7 

4E-7 

1E-7 
1E-7 

6E-8 
8E-8 

3E-8 
3E-8 

8E-9 
3E-9 

3E-8 
3E-8 

4E-7 
3E-7 

5E-9 
3E-9 

1E-8 
2E-9 

7E-8 
8E-9 

2E-9 
4E-10 

2E-7 
3E-7

2E-5 

7E-4 

1E-3 

4E-4 

3E-4 

IE-4 

5E-5 

1E-4 

2E-3 

3E-5 

6E-5 

5E-4 

1E-5 

IE-3 

6E-5

2E-4 

7E-3 

1E-2 

4E-3 

3E-3 

IE-3 

5E-4 

1E-3 

2E-2 

3E-4 

6E-4 

5E-3 

1E-4 

1E-2 

6E-4

4-108



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) (vICi) (PCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

43 Technetium-1012 

43 Technetium-1042 

44 Ruthenium-94
2 

44 Ruthenium-97 

44 Ruthenium-103 

44 Ruthenium-105 

44 Ruthenium-106 

45 Rhodium-99m 

45 Rhodium-99 

45 Rhodium-100

W, see 
9 3

mTC 

D, see 93mTc 

W, see 
93

mTc 

D, see 13mTc 

W, see 93mTc 

D, all compounds except 
those given for W and Y 

W, halides 
Y, oxides and hydroxides 

D, see 94RH 
W, see 94Ru 
Y, see Ru 
D, see •:4RU 94 W, see 94Ru Y, see Ru 

D, see :4Ru 
94 

D, see 94Ru 
W, see 94Ru 
Y, see 94Ru.  

W, see 94 

Y, see 94Ru 

D, all compounds except 
those given for W and Y 

W, halides 
Y, oxides and hydroxides 

D, see 9
9
mRh 

W, see 99"Rh 
Y, see 99Rh 

D, see 99m 
W, see 999pRh 
Y, see mRh

9E+4 
St wall 
(lE+5) 

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

2E+4 

8E+3 

2E+3 

5E+3 

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

2E+4 

2E+3 

2E+3

St wall 
(6E+3) 

7E+2 

3E+5 

4E+5 

7E+4 

9E+4 

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

2E+4 
1E+4 
1E+4 

2E+3 
1E+3 
6E+2 

IE+4 
1E+4 
IE+4 

9E+1 

5E+l 
lE+I 

6E+4 
8E+4 
7E+4 

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

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

3E-7 

1E-4 

2E-4 

3E-5 

4E-5 

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

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

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

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

4E-8 

2E-8 
5E-9 

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

IE-6 
9E-7 
8E-7 

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

8E-9 
9E-10 

5E-7 

5E-7 

1E-7 

IE-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 
IE-7 
9E-8 

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

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

2E-3 

4E-4 

2E-4 

1E-4 

3E-5 

7E-5 

3E-6 

2E-4 

3E-5 

2E-5

2E-2 

4E-3 

2E-3 

1E-3 

3E-4 

7E-4 

3E-5 

2E-3 

3E-4 

2E-4

4-109



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 ALl DAC Air Water Concentration 
No. (PCi) (PCi) (WCi/ml) (i1Ci/ml) (pCi/ml) (PCi/ml)

45 Rhodium-10im 

45 Rhodium-i01 

45 Rhodium-102m 

45 Rhodium-102 

45 Rhodium-103m
2 

45 Rhodium-105 

45 Rhodium-106m 

45 Rhodium-107
2 

46 Palladium-100 

46 Palladium-101 

46 Palladium-103

see 
see 
see 

see 
see 
see 

see 

see 
see 

see 
see 
see 

see 
see 
see 

see

W, 
Y, 
D, 
W , Y, 

D,

:
9
sRh 

99mRh 

99mRh 
99mRh 
99mRh 
99

mRh 

99
mRh 

99
mRh 

99mR 

99mRh 

99mRh

see 9mRh 
see "9Rh 

see 99Rh 
see "9Rh 
see 

see "'Rh

W, see 99mRh 
Y, see "'Rh 

D, all compounds except 
those given for W and Y 

W, nitrates 
Y, oxides and hydroxides 

D, see "'Pd 
i00 

W, see 00Pd 
Y, see Pd 

D, see "'Pd

4-110

t

6E+3 

2E+3 

1E+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 

1E+4 

6E+3 
LLI wall

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

5E+2 
8E+2 
2E+2 

5E+2 

4E+2 
1E+2 

9E+l 
2E+2 
6E+1 

1E+6 
IE+6 
IE+6 

1E+4 

6E+3 
6E+3 

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

2E+5 

3E+5 
3E+5 

IE+3 
IE+3 
IE+3 

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

6E+3

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

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

2E-7 

2E-7 
5E-8 

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

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

5E-6 

3E-6 
2E-6 

1E-5 
2E-5 
1E-5 

1E-4 

1E-4 
IE-4 

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

IE-5 
1E-5 
IE-5 

3E-6

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

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

7E-10 

5E-10 
2E-10 

IE-10 
2E-10 
8E-11 

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

2E-8 

9E-9 
8E-9 

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

3E-7 

4E-7 
3E-7

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

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

9E-9

8E-5 

3E-5 

2E-5 

8E-6 

6E-3 

5E-5 

1E-4 

lE-3 

2E-5 

2E-4

8E-4 

3E-4 

2E-4 

8E-5 

6E-2 

5E-4 

1E-3 

1E-2 

2E-4 

2E-3



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) (1Ci) (PCi/ml) (PCi/ml) (pCi/ml) (PCi/ml)

46 Palladium-107 

46 Palladium-109 

47 Silver-102
2 

47 Silver-103
2 

47 Silver-104m2 

47 Silver-104
2 

47 Silver-105 

47 Silver-106m 

47 Silver-106
2 

47 Silver-108m

W, see 110 
Y, see 

D, see "'Pd 

W, see 100Pd 
Y, see 

D, see 'ooPd 
W, see 1ooPd 
Y, see 

D, all compounds except 
those given for W and Y

0 , 

WI 

Y, 

D, 
W, 
Y, 

D, 
W, 
Y, 

D, 
W, 
Y, 

D, 
W, 
Y, 

D, 
W, 
Y, 

D,

nitrates and sulfides 
oxides and hydroxides 

102 
see 112A 
see 102 

102 see 02Ag 
see 102 g 
see 12Ag 

102 

see 102Ag 
see 102 A 

102 

see Ag 
seee 102 Ag 

102 
see 12A see Ag 
Sesee 102 g 

see 102Ag 

see 12A

see 
see 

see 
see

(7E+3) 

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

2E+3 

5E+4 
St wall 
(6E+4) 

4E+4 

3E+4 

2E+4 

3E+3 

8E+2 

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

6E+2

4E+3 
4E+3 

2E+4 
Kidneys 
(2E+4V 
7E+3 
4E+2 

6E+3 
5E+3 
5E+3 

2E+5 

2E+5 
2E+5 

1E+5 
1E+5 
1E+5 

9E+4 
1E+5 
1E+5 

7E+4 
1E+5 
1E+5 

1E+3 
2E+3 
2E+3 

7E+2 
9E+2 
9E+2 

2E+5 

2E+5 
2E+5 

2E+2 
3E+2

2E-6 
IE-6 

9E-6 

3E-6 
2E-7 

3E-6 
2E-6 
2E-6 

8E-5 

9E-5 
8E-5 

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

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

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

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

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

8E-5 

9E-5 
8E-5 

8E-8 
1E-7

6E-9 
5E-9 

3E-8 
1E-8 
6E-10 

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

2E-7 

3E-7 
3E-7 

IE-7 
2E-7 
2E-7 

1E-7 
2E-7 
2E-7 

1E-7 
2E-7 
2E-7 

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

IE-9 
IE-9 
1E-9 

3E-7 

3E-7 
3E-7 

3E-10 
4E-10

IE-4 

5E-4 

3E-5 

9E-4 

5E-4 

4E-4 

3E-4 

4E-5 

1E-5 

9E-4 

9E-6

1E-3 

5E-3 

3E-4 

9E-3 

5E-3 

4E-3 

3E-3 

4E-4 

1E-4 

9E-3 

9E-5

4-111



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) (pCi) (pCi/ml) (pCi/ml) (PCi/ml) (pCi/ml)

47 Silver-ll0m 

47 Silver-ill 

47 Silver-ii2 

47 Silver-lS52 

48 Cadmium-104 2 

48 Cadmium-107 

48 Cadmium-109 

48 Cadmium-113m 

48 Cadmium-113

Y, 

D, 
W, 
Y, 
D, 

W, 
Y, 
D, 
W, 
Y, 

D,

see 

see 
see 
see 

see 

see 
see 

see 
see 
see 

see

102 A 

,Ag

102A W, see ...Ag Y, see 102 

D, all compounds except 
those given for W and Y 

W, sulfides, halides, 
and nitrates 

Y, oxides and hydroxides 

D, see 1140Cd W see04 
W, see 

D, see Cd 

W, see '°4Cd 

Y, see .°.Cd 

D, see '°'Cd 

W, see 104Cd 

Y, see ...Cd 

D, see ...Cd

5E+2 

9E+2 
LLI wall 
(IE+3) 

3E+3 

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

2E+4 

2E+4 

3E+2 
Kidneys 
(4E+2) 

2E+I 
Kidneys 
(4E+l) 

2E+I

2E+I 

IE+2 
2E+2 
9E+l 

2E+3 
Liver 
(2E+3) 

9E+2 
9E+2 

8E+3 
IE+4 
9E+3 

9E+4 

9E+4 
8E+4 

7E+4 

IE+5 
IE+5 

5E+4 
6E+4 
5E+4 

4E+I 
Kidneys 
(5E+I) 
IE+2 
Kidneys 
(IE+2) 
IE+2 

2E+0 
Kidneys (4E+0) 
8E+0 
Kidneys 
(iE+I) 
IE+1 

2E+0

1E-8 

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

6E-7 

4•-7 
4E-7 

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

4E-5 

4E-5 3E-5 

3E-5 

5E-5 
5E-5 

2E-5 
2E-5 
2E-5 

1E-8 

5E-8 

5E-8 
1E-9 

4IE-9 

5E-9 

9E-10

3E-Il 

2E-10 
3E-10 
1E-10 

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

1E-8 
IE-8 
IE-8 

1E-7 

1E-7 
IE-7 

9E-8 

2E-7 
2E-7 

8E-8 
8E-8 
7E-8 

7E-lI 

2E-10 
2E-10 

5E-12 

2E-lI 
2E-iI

6E-6 

2E-5 

4E-5 

4E-4 

3E-4 

3E-4 

6E-6 

5E-7

6E-5 

2E-4 

4E-4 

4E-3 

3E-3 

3E-3 

6E-5 

5E-6

4-112



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. (gCi) (1Ci) (PCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

48 Cadmium-115m 

48 Cadmium-115 

48 Cadmium-l117m 

48 Cadmium-i17 

49 Indium-109 

49 Indium-ll02 
(69.1 min) 

49 Indium-ll0 
(4.9 h) 

49 Indium-lll 

49 Indium-1l22 

49 Indium-113m2 

49 Indium-i14m

W, see 1°4Cd 

Y, see 104Cd 

D, see '°Cd

see 
see 

see

1'4Cd 
1'4Cd 

1'4Cd

W, see 1'04Cd 
Y, see Cd 

D, see ...oCd 
W, see 44Cd 
Y, see Cd 

D, see 10'Cd 
W, see 04Cd 
Y, see Cd 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
halides, and nitrates 

109 

D, see In 
W, see 1°9In 

D, see 10I9n 
W, see 109In 

Dse 091 
W, see In 
W, see 109In 

D, see 109In 
W, see In 
D, see 1°91n 
W, seelgn 

D, see '"gIn

Kidneys (3E+I)T 

3E+2 

9E+2 
LLI wall 
(lE+3) 

5E+3 

5E+3 

2E+4 

2E+4 

5E+3 

4E+3 

2E+5 

5E+4 

3E+2 
LLI wall

Kidneys 
(3E+0) 
8E+0 
Kidneys 
(l2-i-l) 
12+l 

5E+1 
Kidneys 
(8E+1) 
1E+2 
IE+2 

1E+3 

1E+3 
IE+3 

1E+4 
2E+4 
IE+4 

IE+4 
2E+4 
1E+4 

4E+4 

6E+4 

4E+4 
6E+4 
2E+4 
2E+4 
6E+3 
6E+3 
6E+5 
7E+5 
1E+5 
2E+5 
6E+1

3E-9 

6E-9 

2E-8 

5E-8 
6E-8 

6E-7 

5E-7 
6E-7 

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

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

2E-5 

3E-5 

2E-5 
2E-5 

7E-6 
8E-6 

3E-6 
3E-6 

3E-4 
3E-4 
6E-5 
8E-5 

3E-8

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 

2E-8 
3E-8 

9E-9 
9E-9 

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

9E-11

4E-7 

4E-6 

1E-5 

6E-5 

6E-5 

3E-4 

2E-4 

7E-5 

6E-5 

2E-3 

7E-4

4E-6 

4E-5 

1E-4 

6E-4 

6E-4 

3E-3 

2E-3 

7E-4 

6E-4 

2E-2 

7E-3

4-113



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) (PCi) (PCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

49 Indium-ll5m 

49 Indium-ll5 

49 Indium-116m' 

49 Indium-117m2 

49 Indium-117
2 

49 Indium-119M
2 

50 Tin-ll0 

50 Tin-ill 2 

50 Tin-113 

50 Tin-117m 

50 Tin-119m 

50 Tin-121m

W, see 1091n 

D, see '091n 
W, see 10In 

109 W, see I 
D, see I09In 

1,se 09I 

D0, see10 W, see In 

109 D, see on 
W, see In 
0, see oi 

W, see In 

W, see 'O°In 

W, see °i 

D, all compounds except 
those given for W 

W, sulfides, oxides, 
hydroxides, halides, 
nitrates, and stannic 
phosphate 

D, see 1°Sn 
W, see n°Sn 

D, see n"Sn 

W, see 1°Sn 

D, see 1°Sn 

W, see 11Sn 

D, see 110Sn 

W, see 11Sn 

D, see 11Sn

(4E+2) 

1E+4 

4E+1 

2E+4 

1E+4 

6E+4 

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

4E+3 

7E+4 

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

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

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

3E+3

1E+2 

4E+4 
5E+4 

1E+0 
5E+0 

8E+4 
1E+5 

3E+4 
4E+4 

2E+5 2E+5 

1E+5 

1E+5 

IE+4 

1E+4 
2E+5 
3E+5 

1E+3 

5E+2 

IE+3 

Bone surf 
(2E+3) 
1E+3 

2E+3 

1E+3 

9E+2

4E-8 
2E-5 
2E-5 

6E-10 
2E-9 
3E-5 
5E-5 

IE-5 2E-5 

7E-5 
9E-5 

5E-5 

6E-5 

5E-6 

5E-6 

9E-5 
1E-4 

5E-7 

2E-7 

5E-7 

6E-7 

1E-6 

4E-7 

4E-7

1E-10 

6E-8 
7E-8 

2E-12 
8E-12 

1E-7 
2E-7 

5E-8 
6E-8 

2E-7 
3E-7 

2E-7 

2E-7 

2E-8 

2E-8 

3E-7 
4E-7 

2E-9 

8E-10 

3E-9 
2E-9 

3E-9 

1E-9 

1E-9

5E-6 

2E-4 

5E-7 

3E-4 

2E-4 

8E-4 

7E-4 

5E-5 

IE-3 

3E-5 

3E-5 

6E-5

5E-5 

2E-3 

5E-6 

3E-3 

2E-3 

8E-3 

7E-3 

5E-4 

IE-2 

3E-4 

3E-4 

6E-4

4-114



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. (loCi) (uCi) (PCi/ml) (wCi/ml) (iiCi/ml) (uCi/ml)

50 Tin-121 

50 Tin-123m2 

50 Tin-123 

50 Tin-125 

50 Tin-126 

50 Tin-127 

50 Tin-128
2 

51 Antimony-115
2 

51 Antimony-ll6m
2 

51 Antimony-116
2 

51 Antimony-117 

51 Antimony-ll8m

W, see n1Sn 

D, see 1°Sn 

W, see 11Sn 

D, see 11Sn 
W, see " Sn 

D, see "'Sn 

W, see 11Sn 

D, see n1Sn 

W, see n°Sn 

D, see Sn 
W, see "OSn 

D, see n°Sn 
W, see '"Sn 

D, see '"Sn 
W, see Sn 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
halides, sulfides, 
sulfates, and nitrates 

D, see nSb 
W, see 

D, see 15Sb 

W, see 15Sb 

D, see 115 
W, see 

D, see n'Sb

LLI wall 
(4E+3) 

6E+3 
LLI wall 
(6E+3) 

SE+4 

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

4E+2 
LLI wall 
(5E+2) 

3E+2 

7E+3 

9E+3 

8E+4 

2E+4 

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

7E+4 

6E+3

5E+2 

2E+4 

IE+4 

1E+5 
1E+5 

6E+2 

2E+2 

9E+2 

4E+2 

6E+l 
7E+l 

2E+4 
2E+4 

3E+4 
4E+4 

2E+5 

3E+5 

7E+4 
1E+5 

3E+5 

3E+5 

2E+5 
3E+5 

2E+4

2E-7 

6E-6 

5E-6 

5E-5 
6E-5 

3E-7 

7E-8 

4E-7 

1E-7 

2E-8 
3E-8 

8E-6 
8E-6 

1E-5 
1E-5 

1E-4 

1E-4 

3E-5 
6E-5 

1E-4 

1E-4 

9E-5 
IE-4 

8E-6

8E-10 

2E-8 

2E-8 

2E-7 
2E-7 

9E-10 

2E-10 

IE-9 

5E-10 

8E-11 
9E-11 

3E-8 
3E-8 

4E-8 
5E-8 

3E-7 

4E-7 

1E-7 
2E-7 

4E-7 

5E-7 

3E-7 
4E-7 

3E-8

5E-5 

8E-5 

7E-4 

9E-6 

6E-6 

4E-6 

9E-5 

1E-4 

1E-3 

3E-4 

IE-3 

9E-4 

7E-5

5E-4 

8E-4 

7E-3 

9E-5 

6E-5 

4E-5 

9E-4 

1E-3 

IE-2 

3E-3 

1E-2 

9E-3 

7E-4

4-115



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) (11Ci) (PCi/ml) (PCi/ml) (11Ci/ml) (PCi/ml)

51 Antimony-119 

51 Antimony-120
2 

(16 min) 

51 Antimony-120 
(5.76 d) 

51 Antimony-122 

51 Antimony-124m
2 

51 Antimony-124 

51 Antimony-125 

51 Antimony-126m
2 

51 Antimony-126 

51 Antimony-127 

51 Antimony-128
2 

(10.4 min) 

51 Antimony-128 
(9.01 h)

see ..sSb 

see 115 
see 

see "'Sb 

see nsSb 
see "'Sb see 

see lsSb 

see ..Sb 
see Sb 

see "'Sb 
see Sb 

see 'sSb 
see 

see Sb 
see 115 sSb 
see lsSb 

see "'Sb 

see "'Sb 
see 1'S 

see ..Sb 

see ...Sb 

see ..Sb 

see "'Sb 

see ..5 
see

5E+3 

2E+4 
2E+4 

1E+5 
St wall 
(2E+5) 

1E+3 
9E+2 

8E+2 
LLI wall 
(8E+2) 
7E+2 

3E+5 
2E+5 

6E+2 
5E+2 

2E+3 

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

6E+2 
5E+2 

8E+2 
LLI wall 
(8E+2) 

7E+2 

8E+4 
St wall 
(IE+5) 

1E+3

2E+4 

5E+4 3E+4 

4E+5 

5E+5 

2E+3 
1E+3 

2E+3 

1E+3 

8E+5 6E+5 

9E+2 
2E+2 

2E+3 
5E+2 

2E+5 

2E+5 

1E+3 
5E+2 

2E+3 

9E+2 

4E+5 

4E+5 

4E+3 
3E+3

9E-6 
2E-5 
1E-5 

2E-4 

2E-4 

9E-7 
5E-7 

1E-6 

4E-7 

4E-4 
2E-4 

4E-7 
1E-7 

1E-6 
2E-7 

8E-5 

8E-5 

5E-7 
2E-7 

9E-7 

4E-7 

2E-4 

2E-4 

2E-6 
1E-6

3E-8 

6E-8 
4E-8 

6E-7 

7E-7 

3E-9 
2E-9 

3E-9 

2E-9 
1E-6 
8E-7 

1E-9 
3E-10 

3E-9 
7E-10 

3E-7 

3E-7 

2E-9 
7E-10 

3E-9 

1E-9 

5E-7 

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

2E-4 

2E-3 

IE-5 

1E-5 

3E-3 

7E-6 

3E-5 

9E-4 

7E-6 

1E-5 

1E-3 

2E-5

2E-3 

2E-2 

IE-4 

IE-4 

3E-2 

7E-5 

3E-4 

9E-3 

7E-5 

1E-4 

1E-2 

2E-4

4-116

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 Monthly 
Ingestion Inhalation Average 

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration No. (11Ci) ()1Ci) (11Ci/ml) (11Ci/ml) (11Ci/ml) (PCi/ml)

51 Antimony-129 

51 Antimony-130 2 

51 Antimony-131
2 

52 Tellurium-ll6 

52 Tellurium-121m 

52 Tellurium-121 

52 Tellurium-123m 

52 Tellurium-123 

52 Tellurium-125m 

52 Tellurium-127m 

52 Tellurium-127

L, see --6 
W, see 

D, see 15Sb 
W, see 

D, see 15Sb 

W, see ..Sb 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
and nitrates 

D, see '"Te 

W, see 16Te 
116Te B, see 6Te 

W, see Te 
B, see nT 

W, see 1
6Te 

D, see '16Te 

W, see 16Te

D, 

W, 
D, 

W, 

D,

see 

see 

see 

see 

see

3E+3 

2E+4 

1E+4 
Thyroid 
(2E+4) 

8E+3 

5E+2 
Bone surf 
(7E+2) 

3E+3 

6E+2 
Bone surf 
(IE+3) 

5E+2 
Bone surf 
(IE+3) 

1E+3 
Bone surf 
(IE+3) 

6E+2 

7E+3

9E+3 
9E+3 

6E+4 
8E+4 

2E+4 
Thyroid 
(4E+4) 

2E+4 
Thyroid 
(4E+4) 

2E+4 

3E+4 

2E+2 
Bone surf 
(4E+2) 
4E+2 

4E+3 
3E+3 

2E+2 
Bone surf 
(5E+2) 
5E+2 

2E+2 
Bone surf 
(5E+2) 
4E+2 
Bone surf 
(IE+3) 

4E+2 
Bone surf 
(lE+3) 
7E+2 

3E+2 
Bone surf 
(4E+2) 
3E+2 

2E+4

4E-6 
4E-6 

3E-5 
3E-5 

1E-5 

1E-5 

9E-6 

1E-5 

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

1E-8 
1E-8 

9E-8 
1E-7 

6E-8 

6E-8 

3E-8 

4E-8 

5E-10 
6E-10 

6E-9 
4E-9 

8E-10 
8E-10 

7E-10 

2E-9 

IE-9 
1E-9 

6E-10 

4E-10 

3E-8

4E-5 

3E-4 

2E-4 

1E-4 

bE-5 

4E-5 

1E-5 

2E-5 

2E-5 

9E-6 

1E-4

4E-4 

3E-3 

2E-3 

1E-3 

1E-4 

4E-4 

1E-4 

2E-4 

2E-4 

9E-5 

1E-3

4-117



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) (PCi) (PCi/ml) (PCi/ml) (PCi/ml) (pCi/ml)

52 

52 

52

Tellurium-129m 

Tellurium-1292 

Tellurium-131m

W, 

D, 
W, 

D, 
W, 
D, 

W,

52 Tellurium-1312 

52 Tellurium-132 D, 

W,

52 Tellurium-133m
2 

52 Tellurium-133
2 

52 Tellurium-134
2

see 

see 
see 

see 
see 

see 

see

D, see '"Te 

W, see 16Te

see 

see

see '16Te 

see '6Te 

see ..Te 

see " 6Te 

see "'Te 

see '6Te

4-118

f

5E+2 

3E+4 

3E+2 
Thyroid 
(6E+2) 

3E+3 
Thyroid 
(6E+3) 

2E+2 
Thyroid 
(7E+2) 

3E+3 
Thyroid 
(6E+3) 

1E+4 
Thyroid 
(3E+4) 

2E+4 
Thyroid 
(2E+4)

2E+4 

6E+2 
2E+2 

6E+4 
7E+4 

4E+2 
Thyroid 
(1E+3) 
4E+2 
Thyroid 
(9E+2) 

5E+3 
Thyroid 
(1E+4) 

5E+3 
Thyroid 
(lE+4) 

2E+2 
Thyroid 
(8E+2) 

2E+2 
Thyroid 
(6E+2) 

5E+3 
Thyroid 
(IE+4) 

5E+3 
Thyroid 
(lE+4) 

2E+4 
Thyroid 
(6E+4) 

2E+4 
Thyroid 
(6E+4) 

2E+4 
Thyroid 
(5E+4) 

2E+4 
Thyroid 
(5E+4)

7E-6 

3E-7 
1E-7 

3E-5 
3E-5 

2E-7 

2E-7 

2E-6 

2E-6 

9E-8 

9E-8 

2E-6 

2E-6 

9E-6 

9E-6 

1E-5 

iE-5

2E-8 

9E-10 
3E-10 

9E-8 
IE-7 

2E-9 

IE-9 

2E-8 

2E-8 

1E-9 

9E-10 

2E-8 

2E-8 

8E-8 

8E-8 

7E-8 

7E-8

7E-6 

4E-4 

8E-6 

8E-5 

9E-6 

9E-5 

4E-4 

3E-4

7E-5 

4E-3 

8E-5 

8E-4 

9E-5 

9E-4 

4E-3 

3E-3



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) (PCi) (pCi/ml) (PCi/ml) (pCi/ml) (pCi/ml)

Iodine-120m
2 

Iodine-120
2 

Iodine-121 

Iodine-123 

Iodine-124 

Iodine-125 

Iodine-126 

Iodine-1282 

Iodine-129 

Iodine-130 

Iodine-131 

Iodine-132m2 

Iodine-132

all 

all 

all 

all 

all 

all 

all 

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds

D, all compounds 

D, all compounds

1E+4 2E+4 
Thyroid 
(1E+4) 

4E+3 9E+3 
Thyroid Thyroid 
(8E+3) (lE+4) 

1E+4 2E+4 
Thyroid Thyroid 
(3E+4) (5E+4) 

3E+3 6E+3 
Thyroid Thyroid 
(lE+4) (2E+4) 

5E+1 8E+1 
Thyroid Thyroid 
(2E+2) (3E+2) 

4E+1 6E+1 
Thyroid Thyroid 
(lE+2) (2E+2) 

2E+1 4E+1 
Thyroid Thyroid 
(7E+l) (IE+2) 
4E+4 1E+5 
St wall 
(6E+4) 

5E+0 9E+0 
Thyroid Thyroid 
(2E+1) (3E+I) 

4E+2 7E+2 
Thyroid Thyroid 
(IE+3) (2E+3) 

3E+I 5E+1 
Thyroid Thyroid 
(9E+I) (2E+2) 

4E+3 8E+3 
Thyroid Thyroid 
(1E+4) (2E+4) 

4E+3 8E+3 
Thyroid Thyroid 

4-119

9E-6 

4E-6 

8E-6 

3E-6 

3E-8 

3E-8 

1E-8 

5E-5 

4E-9 

3E-7 

2E-8 

4E-6 

3E-6

3E-8 

2E-8 

7E-8 

2E-8 

4E-10 

3E-10 

2E-10 
2E-7 

4E-11 

3E-9 

2E-10 

3E-8

2E-4 

1E-4 

4E-4 

1E-4 

2E-6 

2E-6 

1E-6 

8E-4 

2E-7 

2E-5 

1E-6 

1E-4

2E-3 

1E-3 

4E-3 

1E-3 

2E-5 

2E-5 

1E-5 

8E-3 

2E-6 

2E-4 

1E-5 

IE-3



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) (1Ci) (PCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

53 Iodine-133 

53 Iodine-134' 

53 Iodine-135 

54 Xenon-1202 

54 Xenon-1212 

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-135m2 

54 Xenon-135 

54 Xenon-1382 

55 Cesium-1252 

55 Cesium-127 

55 Cesium-129 

55 Cesium-130'

D, all compounds 

D, all compounds 

D, all compounds 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds

4-120

1

(9E+3) 

1E+2 
Thyroid 
(5E+2) 

2E+4 
Thyroid 
(3E+4) 

8E+2 
Thyroid 
(3E+3)

(lE+4) 

3E+2 
Thyroid 
(9E+2) 

5E+4 

2E+3 
Thyroid 
(4E+3) 

IE+5 

9E+4 

3E+4 

2E+5

1E-7 

2E-5 

7E-7 

1E-5 

2E-6 

7E-5 

6E-6 

2E-5 

IE-5 

2E-4 

4E-4 

1E-4 

1E-4 

9E-6 

1E-5 

4E-6 

6E-5 

4E-5 

1E-5 

8E-5

2E-8 

1E-9 

6E-8 

6E-9 

4E-8 

IE-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 

1E-7 

5E-8 

3E-7

IE-4 

7E-6 

4E-4 

3E-5 

1E-3 

9E-4 

3E-4

1E-3 

7E-5 

4E-3 

3E-4 

1E-2 

9E-3 

3E-3

5E+4 
St wall 
(9E+4) 

6E+4 

2E+4 

6E+4



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. (11Ci) (11Ci) (12Ci/ml) (11Ci/ml) (lCi/ml) (PCi/ml)

Cesium-131 

Cesium-132 

Cesium-134m 

Cesium-134 

Cesium-135m2 

Cesium-135 

Cesium-136 

Cesium-137 

Cesium-1382 

Barium-126
2 

Barium-128 

Barium-131m2 

Barium-131 

Barium-133m 

Barium-133 

Barium-135m 

Barium-1392 

Barium-140

all compounds 

all compounds 

all compounds

all 

all 

all 

all 

all 

all

D, 

D, 
D,

compounds 

compounds 

compounds 

compounds 

compounds 

compounds

all compounds 

all compounds 

all compounds

D, all compounds 

D, all compounds

55 

55 

55 

55 

55 

55 

55 

55 

55 

56 

56 

56 

56 

56 

56 

56 

56 

56

compounds 

compounds 

compounds 

compounds

all 

all 

all 

all

St wall 
(lE+5) 

2E+4 

3E+3 

1E+5 
St wall 
(lE+5) 

7E+l 

1E+5 

7E+2 

4E+2 

1E+2 

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

6E+3 

5E+2 

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

3E+3 

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

2E+3 

3E+3 

IE+4 

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

3E+4 

4E+3 

IE+5 

1E+2 

2E+5 

1E+3 

7E+2 

2E+2 

6E+4 

2E+4 

2E+3 

1E+6 

8E+3 

9E+3 

7E+2 

1E+4 

3E+4 

1E+3

1E-5 

2E-6 

6E-5 

4E-8 

8E-5 

5E-7 

3E-7 
6E-8 

2E-5 

6E-6 

7E-7 

6E-4 

3E-6 

4E-6 

3E-7 

5E-6 

1E-5 

6E-7

4E-8 

6E-9 

2E-7 

2E-10 

3E-7 

2E-9 

9E-10 

2E-10 

8E-8 

2E-8 

2E-9 

2E-6 

1E-8 

1E-8 

9E-10 

2E-8 

4E-8 

2E-9

1E-3 

3E-4 

4E-5 

2E-3 

9E-7 

1E-3 

1E-5 

6E-6 

1E-6 

4E-4 

8E-5 

7E-6 

7E-3 

4E-5 

4E-5 

2E-5 

4E-5 

2E-4 

8E-6

1E-2 

3E-3 

4E-4 

2E-2 

9E-6 

IE-2 

1E-4 

6E-5 

1E-5 

4E-3 

8E-4 

7E-5 

7E-2 

4E-4 

4E-4 

2E-4 

4E-4 

2E-3 

8E-5

4-121



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) (pCi) (PCi/ml) (PCi/ml) (i1Ci/ml) (PCi/ml)

56 Barium-141' 

56 Barium-1422 

57 Lanthanum-1312 

57 Lanthanum-132 

57 Lanthanum-135 

57 Lanthanum-137 

57 Lanthanum-138 

57 Lanthanum-140 

57 Lanthanum-141 

57 Lanthanum-1422 

57 Lanthanum-1432 

58 Cerium-134

D, all compounds 

D, all compounds 

D, all compounds except 
those given for W 

W, oxides and hydroxides 

D, see 13La 
W, see 13La 

D, see 131La 
W, see 13La 

D, see 13tLa 

W, see 131La 

D, see 13'La 
W, see 31La 

D, see 'i3La 
W, see "La 

D, see 131La 
W, see 13 La 
D, see 13La 
W, see 31La 

D, see 13La 

W, see 13La 

W, all compounds except 
those given for Y

2E+4 

5E+4 

5E+4 

3E+3 

4E+4 

1E+4 

9E+2 

6E+2 

4E+3 

8E+3 

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

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

7E+4 

1E+5 

IE+5 
2E+5 

1E+4 
IE+4 

1E+5 
9E+4 

6E+1 
Liver 
(7E+I) 

3E+2 
Liver 
(3E+2) 

4E+0 
IE+l 

IE+3 
1E+3 

9E+3 
1E+4 

2E+4 
3E+4 

1E+5 

9E+4 

7E+2

3E-5 

6E-5 

5E-5 
7E-5 

4E-6 
5E-6 

4E-5 
4E-5 

3E-8 

1E-7 

1E-9 
6E-9 

6E-7 
5E-7 

4E-6 
5E-6 

9E-6 
1E-5 

4E-5 

4E-5 

3E-7

1E-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 

IE-8 
2E-8 

3E-8 
5E-8 

1E-7 

1E-7 

1E-9

3E-4 

7E-4 

6E-4 

4E-5 

5E-4 

2E-4 

IE-5 

9E-6 

5E-5 

IE-4 

5E-4 

8E-6

3E-3 

7E-3 

6E-3 

4E-4 

5E-3 

2E-3 

1E-4 

9E-5 

5E-4 

IE-3 

5E-3 

8E-5

4-122



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) (PCi) (PCi/ml) (PCi/ml) (pCi/ml) (PCi/ml)

58 Cerium-135 

58 Cerium-137m 

58 Cerium-137 

58 Cerium-139 

58 Cerium-141 

58 Cerium-143 

58 Cerium-144 

59 Praseodymium-136 

59 Praseodymium-137 

59 Praseodymium-138 

59 Praseodymium-139 

59 Praseodymiurn-142

Y, oxides, hydroxides, 
and fluorides 

134 

W, see Ce 
Y, see 134Ce 

W, see 134Ce 

Y, see 134Ce 
W, see 134Ce 
Y, see 134Ce 
W, see 134Ce 
Y, see 14Ce 

W, see 14Ce 

Y, see 134Ce 

W, see 134Ce 

Y, see 134Ce 

W, see 14Ce 

y, see 134Ce 

2 

those given for Y 

Y, oxides, hydroxides, 
carbides, and fluorides 

2 

Y, see 16Pr 

m 136 
Y, see Pr 

Y. see 16Pr

2E+3 

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

5E+4 

5E+3 

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

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

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

7E+2 

4E+3 
4E+3 

4E+3 

4E+3 

IE+5 
IE+5 

8E+2 
7E+2 

7E+2 

6E+2 

2E+3 

2E+3 

3E+l 

lE+I

W, all compounds 
5E+4 2E+5 
St wall 
(7E+4) 

- 2E+5 

W, see 136Pr 
- 1E+5 

W, see 136 Pr 
- 4E+4 

W, see 136Pr 
- IE+5 

W, see 136Pr

4-123

3E-7 

2E-6 
IE-6 

2E-6 

2E-6 

6E-5 
5E-5 

3E-7 
3E-7 

3E-7 

2E-7 

8E-7 

7E-7 

lE-8 

6E-9 

exceptlE_4 

9E-5 

4E+4 
6E-5 

1E+4 2E-5 

4E+4 
5E-5 

8E+4

9E-10 

5E-9 
5E-9 

6E-9 

5E-9 

2E-7 
2E-7 

IE-9 
9E-10 

IE-9 

8E-10 

3E-9 

2E-9 

4E-11 

2E-11 

3E-7 

3E-7 

2E+5 
2E-7 

5E+4 
6E-8 

1E+5 
2E-7 

2E+5

2E-5 

3E-5 

7E-4 

7E-5 

3E-5 

2E-5 

3E-6 

IE-3 

6E-5 

2E-5 

5E-5 

7E-5

2E-4 

3E-4 

7E-3 

7E-4 

3E-4 

2E-4 

3E-5 

1E-2 

2E-7 

8E-8 

2E-7 

2E-7

5E-4!-3 

IE-41E-3 

6E16E-3 

IE-31E-2



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) (PCi) (pCi/ml) (wCi/ml) (UCi/ml) (pCi/ml)

Praseodymium-142 

Praseodymium-143

Y, see 16Pr 

Y, see 136Pr

Y, see 136Pr 

59 Praseodymium-1442

Praseodymium-145 

Praseodymium-147

60 Neodymium-1362 

60 Neodymium-138 

60 Neodymium-139m 

60 Neodymium-1392 

60 Neodymium-141

Y, see 136Pr 

Y, see 136Pr 
2 

Y, see 16Pr 

W, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
carbides, and fluorides 

W, see 13Nd 
Y, see "

6
Nd 

W, see "3
6

Nd 
Y, see 16Nd 

W, see 
Y, see 6Nd 

Y, see 
Y, see 'Nd

IE+5 

W, see 136Pr 
2E+3 

W, see 16Pr 
LLI wall 
(lE+3) 
(E3 7E+2 

W, see "6Pr 
St wall 
(4E+4) 

- 1E+5 

W, see 136 Pr 
- 8E+3 

W, see 13'Pr 
St wall 
(8E+4) -

1E+4 

2E+3 

5E+3 

9E+4 

2E+5

6E+4 

5E+4 

6E+3 
5E+3 

2E+4 
IE+4 

3E+5 
3E+5 

7E+5 
6E+5

4-124

59 

59

59 

59

IE-SIE-4 

4E-54E,4

6E-5 

IE+3 
8E-7 

9E+2 

3E-7 

3E+4 

5E-5 

3E+3 
3E-6 

5E+4 

8E-5 

2E-5 

2E-5 

3E-6 
2E-6 

7E-6 
6E-6 

IE-4 
1E-4 

3E-4 
3E-4

2E-7 

2E+3 
3E-9 

8E+2 

9E-10 

1E+5 

2E-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

9E-7 

3E-7 

2E-5 

5E-5 

6E-4 

4E-6 

8E-5 

1E-3 

2E-4 

3E-5 

7E-5 

1E-3 

2E-3

3E-9 

1E-9 

2E-4 

2E-7 

6E-3 

1E-8 

3E-7 

1E-2 

2E-3 

3E-4 

7E-4 

1E-2 

2E-2



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) (PCi) (vlCi/ml) (i1Ci/ml) (pCi/ml) (PCi/ml)

60 Neodymium-147 

60 Neodymium-1492 

60 Neodymium-1512 

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 a3.Nd 

Y, see ..Nd 

W, see ... Nd 
Y, see 

W, see "'Nd 
Y, see 36Nd 

W, all compounds except 
those given for Y 

Y, oxides, hydroxides( 
carbides, and fluorides 

141 W, see 141P• 
Y, see Pm 

141 W, see 141Pm 
Y, see Pm 

W, see 141Pm 

Y, see 141PM 

W, see 141Pm 
Y, see 141Pm 

W, see 141Pm 

Y, see im 
Wse141• 

Y, see 14p 

W, see "'Pm 

Y, see 141Pm

IE+3 
LLI wall 
(IE+3) 

1E+4 

7E+4 

5E+4 
St wall 
(6E+4) 

5E+3 

1E+3 

IE+4 

2E+3 

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

7E+2 

4E+2 
LLI wall 
(5E+2)

9E+2 

8E+2 

3E+4 
2E+4 

2E+5 
2E+5 

2E+5 

2E+5 

6E+2 
7E+2 

1E+2 
1E+2 

2E+2 
Bone surf 
(2E+2) 

2E+2 

5E+1 
4E+l 

1E+2 
Bone surf 
(2E+2) 
1E+2 

3E+2 
3E+2 

5E+2 

5E+2

4E-7 

4E-7 

1E-5 
1E-5 

8E-5 
8E-5 

8E-5 

7E-5 

2E-7 
3E-7 

5E-8 
5E-8 

7E-8 

8E-8 

2E-8 
2E-8 

5E-8 

6E-8 

1E-7 
IE-7 

2E-7 

2E-7

1E-9 

1E-9 

4E-8 
3E-8 

3E-7 
3E-7 

3E-7 

2E-7 

8E-10 
IE-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 

IE-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

4-125



Table I Table II Table III 
Occupational Values Effluent Releases to 

Concentrations Sewers 
Col. 1 Col. 2 Cot. 3 Col. 1 Col. 2 
Oral Monthly 
Ingestion Inhalation Average 

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration 
No. (PCi) (PCi) (wCi/ml) (UCi/ml) (1iCi/ml) (pCi/ml)

61 Promethium-149 

61 Promethium-150 

61 Promethium-151 

62 Samarium-141M
2 

62 Samarium-141 2 

62 Samarium-142
2 

62 Samarium-145 

62 Samarium-146

62 Samarium-147 

62 Samarium-151 

62 Samarium-153 

62 Samarium-155
2 

62 Samarium-156 

63 Europium-145 

63 Europium-146 

63 Europium-147

W, see ...Pm

Y, 

W, 
Y, 

W, 
Y, 

W, 

W, 

W, 

W, 

W,

see 

see 
see 
see 
see 

all 

all

14 Ipm 
141p 
141 PM 
141pm 
141 pm 

compounds 

compounds

all compounds 

all compounds 

all compounds

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

W, 

W, 

W, 

W,

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds
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-p

1E+3 
LLI wall 
(lE+3) 

5E+3 

2E+3 

3E+4 

5E+4 
St wall 
(6E+4) 

8E+3 

6E+3 

lE+I 
Bone surf 
(3E+l) 

2E+l 
Bone surf 
(3E+l) 

1E+4 
LLI wall 
(lE+4) 

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

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

5E+3 

2E+3 

1E+3 

3E+3

2E+3 

2E+3 

2E+4 
2E+4 

4E+3 
3E+3 

IE+5 

2E+5 

3E+4 

5E+2 

4E-2 
Bone surf 
(6E-2) 

4E-2 
Bone surf 
(7E-2) 

IE+2 
Bone surf 
(2E+2) 

3E+3 

2E+5 

9E+3 

2E+3 

1E+3 

2E+3

8E-7 

8E-7 

8E-6 
7E-6 
1E-6 
1E-6 
4E-5 

8E-5 

IE-5 

2E-7 

IE-11 

2E-11 

4E-8 

1E-6 

9E-5 

4E-6 

8E-7 

5E-7 

7E-7

3E-9 

2E-9 

3E-8 
2E-8 
5E-9 
4E-9 

IE-7 

2E-7 

4E-8 

7E-10 

9E-14 

IE-13 

2E-10 

4E-9 

3E-7 

1E-8 

3E-9 

2E-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 

4E-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 

2E-4 

IE-4 

4E-4



Tanle 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 ALl ALI DAC Air Water Concentration 
No. (PCi) (1Ci) (vCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

63 Europium-148 

63 Europium-149 

63 Euro'iu-150 (131'62 h) 
63 Europium-150 

(34.2 y) 

63 Europium-152m 

63 Europium-152 

63 Europium-154 

63 Europium-155

63 

63 

63 

64

Europium-156 

Europium-157 

Europium-158
2 

Gadolinium-145 2

64 Gadolinium-146 

64 Gadolinium-147 

64 Gadolinium-148 

64 Gadolinium-149

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

W, 

W, 

W, 

W,

all 

all 

all 

all

compounds 

compounds 

compounds 

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 145 
W, see 

D, see , Gd 
W, see 45Gd 

D, see 145Gd 

W, see "'Gd 

D, see 145Gd 
W, see

IE+3 

1E+4 

3E+3 

8E+2

3E+3 

8E+2 

SE+2 

4E+3 

6E+2 

2E+3 

2E+4 

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

IE+3 

2E+3 

lE+I 
Bone surf 
(2E+l) 

3E+3

4E+2 

3E+3 

8E+3 

2E+1 

6E+3 

2E+1 

2E+1 

9E+l 
Bone surf 
(lE+2) 

5E+2 

5E+3 

6E+4 

2E+5 

2E+5 

1E+2 
3E+2 

4E+3 
4E+3 

8E+3 
Bone surf 
(2E-2) 

3E-2 
Bone surf 
(6E-2) 

2E+3 
2E+3

1E-7 

1E-6 

4E-6 

8E-9 

3E-6 

1E-8 

8E-9 

4E-8 

2E-7 

2E-6 

2E-5 

6E-5 

7E-5 

5E-8 
IE-7 

2E-6 
1E-6 

3E-12 

1E-11 

9E-7 
1E-6

5E-10 

4E-9 

1E-8 

3E-11 

9E-9 

3E-11 

3E-11 

2E-10 

6E-10 

7E-9 

8E-8 

2E-7 

2E-7 

2E-10 
4E-10 

6E-9 
5E-9 

2E-14 

8E-14 

3E-9 
3E-9

1E-5 
2E-4 

4E-5 

IE-5 

4E-5 

IE-5 

7E-6 

5E-5 

8E-6 

3E-5 

3E-4 

6E-4 

2E-5 

3E-5 

3E-7 

4E-5

1E-4 

2E-3 

4E-4 

1E-4 

4E-4 

1E-4 

7E-5 

5E-4 

8E-5 

3E-4 

3E-3 

6E-3 

2E-4 

3E-4 

3E-6 

4E-4

4-127



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) (PCi) (PCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

64 Gadolinium-151 

64 Gadolinium-152 

64 Gadolinium-153 

64 Gadolinium-159 

65 Terbium-1472 

65 Terbium-149 

65 Terbium-150 

65 Terbium-151 

65 Terbium-153 

65 Terbium-154 

65 Terbium-155 

65 Terbium-156m 
(5.0 h) 

65 Terbium-156m 
(24.4 h) 

65 Terbium-156 

65 Terbium-157 

65 Terbium-158 

65 Terbium-160

D, see 145Gd 

W, see 145Gd 

D, see 145Gd 

W, see 145Gd 

D, see ...Gd

W, 

D, 
W, 

W, 

W, 

W, 

W, 

W, 

W, 

W, 

W,

see 

see 
see 

all 

all 

all 

all 

all 

all 

all 

all

145Gd 

145Gd 145 Gd 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds
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j

6E+3

2E+l 
Bone surf 
(3E+l) 

5E+3 

3E+3 

9E+3 

5E+3 

5E+3 

4E+3 

5E+3 

2E+3 

6E+3 

2E+4

4E+2 
Bone surf 
(6E+2) 

1E+3 

1E-2 
Bone surf 
(2E-2) 

4E-2 
Bone surf 
(8E-2) 

IE+2 
Bone surf 
42E+2) E+2 
8E+3 

6E+3 

3E+4 

7E+2 

2E+4 

9E+3 

7E+3 

4E+3 

8E+3 

3E+4 

8E+3 

IE+3 

3E+2 
Bone surf 
(6E+2) 

2E+l 

2E+2

2E-7 

5E-7 

4E-12 

2E-11 

6E-8 

2E-7 

3E-6 
2E-6 

lE-5 

3E-7 

9E-6 

4E-6 

3E-6 

2E-6 

3E-6 

lE-5 

3E-6 

6E-7 

1E-7 

8E-9 

9E-8

9E-10 
2E-9 

3E-14 

1E-13 

3E-10 
8E-10 

1E-8 
8E-9 

5E-8 

1E-9 

3E-8 

lE-8 

1E-8 

6E-9 

1E-8 

4E-8 

IE-8 

2E-9 

8E-10 

3E-l1 

3E-10

9E-5 

4E-7 

6E-5 

4E-5 

1E-4 

7E-5 

7E-5 

5E-5 

7E-5 

2E-5 

8E-5 

2E-4 

1E-4 

lE-5 

7E-4 

2E-5 

1E-5

9E-4 

4E-6 

6E-4 

4E-4 

1E-3 

7E-4 

7E-4 

5E-4 

7E-4 

2E-4 

8E-4 

2E-3 

1E-3 

1E-4 

7E-3 

2E-4 

IE-4

7E+3

1E+3 

5E+4 
LLI wall 
(5E+4) 

1E+3 

8E+2



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. (1iCi) (1lCi) (4Ci/ml) (iiCi/ml) (LiCi/ml) (UCi/ml)

65 Terbium-161 

66 Dysprosium-155 

66 Dysprosium-157 

66 Dysprosium-159 

66 Dysprosium-165 

66 Dysprosium-166 

67 Holmium-155 2 

67 Holmium-157 2 

67 Holmium-159 2 

67 Holmium-161 

67 Holmium-162m2 

67 Holmium-1622 

67 Holmium-164m2 

67 Holmium-164 2 

67 Holmium-166m 

67 Holmium-166 

67 Holmium-167 

68 Erbium-161 

68 Erbium-165 

68 Erbium-169

W, all compounds

all 

all 

all 

all 

all 

all 

all 

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds 

compounds

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds

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

9E+3 

2E+4 

1E+4 

1E+4 

6E+2 
LLI wall 
(8E+2) 

4E+4 

3E+5 

2E+5 

1E+5 

5E+4 

5E+5 
St wall 
(8E+5) 

1E+5 

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

6E+2 

9E+2 
LLI wall 
(9E+2) 

2E+4 

2E+4 

6E+4 

3E+3

2E+3 

3E+4 

6E+4 

2E+3 

5E+4 

7E+2 

2E+5 

IE+6 

IE+6 

4E+5 

3E+5 

2E+6 

3E+5 

6E+5 

7E+0 

2E+3 

6E+4 

6E+4 

2E+5 

3E+3

7E-7 

1E-5 

3E-5 

1E-6 

2E-5 

3E-7 

6E-5 

6E-4 

4E-4 

2E-4 

IE-4 

IE-3 

1E-4 

3E-4 

3E-9 

7E-7 

2E-5 

3E-5 

8E-5 

IE-6

2E-9 

4E-8 

9E-8 

3E-9 

6E-8 

1E-9 

2E-7 

2E-6 

IE-6 

6E-7 

4E-7 

3E-6 

4E-7 

9E-7 

9E-12 

2E-9 

8E-8 

9E-8 

3E-7 

4E-9

3E-5 

IE-4 

3E-4 

2E-4 

2E-4 

1E-5 

6E-4 

4E-3 

3E-3 

1E-3 

7E-4 

IE-2 

IE-3 

3E-3 

9E-6 

1E-5 

2E-4 

2E-4 

9E-4

3E-4 

1E-3 

3E-3 

2E-3 

2E-3 

1E-4 

6E-3 

4E-2 

3E-2 

IE-2 

7E-3 

IE-1 

IE-2 

3E-2 

9E-5 

1E-4 

2E-3 

2E-3 

9E-3

4-129



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) (1Ci) (PCi/ml) (PCi/ml) (PCi/ml) (pCi/ml)

Erbium-171 

Erbium-172 

Thulium-162
2 

Thulium-166 

Thulium-167 

Thulium-170 

Thulium-171 

Thulium-172 

Thulium-173 

Thulium-1752 

Ytterbium-1622 

Ytterbium-166 

Ytterbium-167
2 

Ytterbium-169

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 except 
those given for Y 

Y, oxides, hydroxides, 
and fluorides 

W, see 112yb 
Y, see 162 

W, see :2 
Y, see 

W, see "'Yb

68 

68 

69 

69 

69 

69 

69 

69 

69 

69 

70 

70 

70 

70

LLI wall 
(4E+3) 

4E+3 

IE+3 
LLI wall 
(IE+3) 

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

4E+3 

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

8E+2 
LLI wall 
(lE+3) 

1E+4 
LLI wall 
(lE+4) 

7E+2 
LLI wall 
(8E+2) 

4E+3 

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

7E+4 

1E+3 

3E+5 

2E+3

1E+4 

1E+3 

3E+5 

lE+4 

2E+3 

2E+2 

3E+2 
Bone surf 
(6E+2) 

IE+3 

1E+4 

3E+5 

3E+5 

3E+5 

2E+3 
2E+3 

8E+5 
7E+5 

8E+2

4E-6 

6E-7 

IE-4 

6E-6 

8E-7 

9E-8 

1E-7 

5E-7 

5E-6 

1E-4 

IE-4 

1E-4 

8E-7 
8E-7 

3E-4 
3E-4 

4E-7

1E-8 

2E-9 

4E-7 

2E-8 

3E-9 

3E-10 

8E-10 

2E-9 

2E-8 

4E-7 

4E-7 

4E-7 

3E-9 
3E-9 

1E-6 
1E-6 

1E-9

5E-5 

5E-5 

2E-5 

1E-3 

6E-5 

3E-5 

IE-5 

2E-4 

IE-5 

6E-5 

1E-3 

1E-3 

2E-5 

4E-3 

2E-5

5E-4 

5E-4 

2E-4 

1E-2 

6E-4 

3E-4 

1E-4 

2E-3 

1E-4 

6E-4 

1E-2 

IE-2 

2E-4 

4E-2 

2E-4

4-130



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) (PCi) (PCi/ml) (pCi/ml) (PCi/ml) (pCi/ml)

70 Ytterbium-175 

70 Ytterbium-177
2 

70 Ytterbium-178
2 

71 Lutetium-169 

71 Lutetium-170 

71 Lutetium-171 

71 Lutetium-172 

71 Lutetium-173 

71 Lutetium-174m 

71 Lutetium-174 

71 Lutetium-176m 

71 Lutetium-176

Y, see 162yb 

W, see 112Yb 

Y, see 112Yb 

W, see 
Y, see 

W, see I 62Yb 
Y, see 

62Th 

W, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
and fluorides 

W, see 16Lu 
Y, see 169Lu 

wse169u 
W, see 169Lu 

W, see 169Lu 
Y, see 16 

W, see '69Lu 

Y, see 16Lu 

W, see 169Lu 

Y, see 169Lu 

W, see 169Lu 

Y, see 169Lu 

W, see 169Lu 
Y, see 169Lu 
W, see 169Lu 

Y, see 169Lu

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

2E+4 

IE+4 

3E+3 

1E+3 

2E+3 

1E+3 

5E+3 

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

5E+3 

8E+3 

7E+2

7E+2 

4E+3 

3E+3 

5E+4 
5E+4 

4E+4 
4E+4 

4E+3 

4E+3 

2E+3 
2E+3 

2E+3 
2E+3 

1E+3 
1E+3 

3E+2 
Bone surf 
(5E+2) 
3E+2 

2E+2 
Bone surf 
(3E+2) 
2E+2 

1E+2 
Bone surf 
(2E+2) 
2E+2 

3E+4 
2E+4 

5E+O 
Bone surf 
(lE+l) 
8E+0

3E-7 

IE-6 

IE- 6 

2E-5 
2E-5 

2E-5 
2E-5 

2E-6 

2E-6 

9E-7 
8E-7 

8E-7 
8E-7 

5E-7 
5E-7 

1E-7 

1E-7 

1E-7 

9E-8 

5E-8 

6E-8 

1E-5 
9E-6 

2E-9 

3E-9

1E-9 

5E-9 

5E-9 

7E-8 
6E-8 

6E-8 
5E-8 

6E-9 

6E-9 

3E-9 
3E-9 

3E-9 
3E-9 

2E-9 
2E-9 

6E-10 
4E-10 

5E-10 
3E-10 

3E-10 
2E-10 

3E-8 
3E-8 

2E-11 
IE-I1

4E-5 

2E-4 

2E-4 

3E-5 

2E-5 

3E-5 

IE-5 

7E-5 

4E-5 

7E-5 

1E-4 

IE-5

4E-4 

2E-3 

2E-3 

3E-4 

2E-4 

3E-4 

1E-4 

7E-4 

4E-4 

7E-4 

1E-3 

1E-4

4-131



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. (11Ci) (PCi) (PCi/ml) (11Ci/ml) (PCi/ml) (•Ci/ml)

71 Lutetium-177m 

71 Lutetium-177 

71 Lutetium-178m' 

71 Lutetium-178' 

71 Lutetium-179 

72 Hafnium-170 

72 Hafnium-172 

72 Hafnium-173 

72 Hafnium-175 

72 Hafnium-177m2 

72 Hafnium-178m

W, see 169Lu 

Y, see 169Lu 

W, see 16'Lu 

Y, see 169Lu 

W, see 169Lu 

Y, see 169Lu 

W, see 169Lu 

Y, see 1'"Lu 

W, see "'Lu 
Y, see 169Lu 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
carbides, and nitrates 

D, see '"Hf 

W, see 17'Hf

D , 
W, 
D, 

W, 

D, W, 

D,

see 
see 

see 

see 
see 
see 

see

170Hf 
170Hf 

170Hf 

"'70Hf 
170Hf 
170Hf 

170Hf

4-132

j

7E+2 

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

5E+4 
St. wall 
(6E+4) 

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

6E+3 

3E+3 

1E+3

5E+3 

3E+3 

2E+4 

3E+2

1E+2 
Bone surf 
(lE+2) 
8E+l 

2E+3 

2E+3 

2E+5 

2E+5 
1E+5 

1E+5 

2E+4 
2E+4 

6E+3 

5E+3 

9E+O 
Bone surf 
(2E+l) 

4E+l 
Bone surf 
(6E+l) 

1E+4 
IE+4 

9E+2 
Bone surf 
(IE+3) 
IE+3 

6E+4 
9E+4 

IE+O 
Bone surf 
(2E+O)

5E-8 

3E-8 

9E-7 

9E-7 

8E-5 

7E-5 

5E-5 

5E-5 

8E-6 6E-6 

2E-6 

2E-6 
4E-9 

2E-8 

5E-6 
5E-6 

4E-7 

5E-7 

2E-5 4E-5 

5E-10

2E-10 IE-10 
3E-9 

3E-9 

3E-7 

2E-7 

2E-7 

2E-7 

3E-8 
3E-8 

8E-9 

6E-9 

3E-11 

8E-11 

2E-8 
2E-8 

1E-9 
2E-9 

8E-8 
1E-7 

3E-12

IE-5 

4E-5 

8E-4 

6E-4 

9E-5 

4E-5 

2E-5 

7E-5 

4E-5 

3E-4 

3E-6

1E-4 

4E-4 

8E-3 

6E-3 

9E-4 

4E-4 

2E-4 

7E-4 

4E-4 

3E-3 

3E-5



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) (PCi) (PCi/ml) (PCi/ml) (PCi/ml) (11Ci/ml)

W, see "'Hf

72 Hafnium-179m 

72 Hafnium-180m 

72 Hafnium-181 

72 Hafnium-182m2 

72 Hafnium-182 

72 Hafnium-1832 

72 Hafnium-184 

73 Tantalum-172' 

73 Tantalum-173 

73 Tantalum-174' 

73 Tantalum-175

D, 

W, 
D, 
W, 
D, 

W, 

D, W, 

D, 

W,

see 

see 

see 
see 

see 

see 

see 
see 

see 

see

170Hf 

"17'Hf 
17OHf 
170Hf 

17OHf 

170Hf 

"170Hf 
170Hf 

170Hf 

170Hf

D, see 1"Hf 
W, see 10Hf 

D, see '"Hf 
W, see 10Hf 

W, all compounds except 
those given for Y 

Y, elemental Ta, oxides, 
hydroxides, halides, 
carbides, nitrates, 
and nitrides 

W, see "'Ta Wse 72 Y, see Ta 

W, see 1"2Ta 
Y, see 172 

W, see 172Ta 
Y, see 172Ta

1E+3 

7E+3 

1E+3 

4E+4 

2E+2 
Bone surf 
(4E+2) 

2E+4 

2E+3 

4E+4 

7E+3 

3E+4 

6E+3

5E+0 
Bone surf 
(9E+0) 

3E+2 
Bone surf 
(6E+2) 
6E+2 

2E+4 
3E+4 

2E+2 
Bone surf 
(4E+2) 
4E+2 

9E+4 
1E+5 

8E-1 
Bone surf 
(2E+0) 
3E+0 
Bone surf 
(7E+U) 

5E+4 
6E+4 

8E+3 
6E+3 

IE+5 

IE+5 

2E+4 
2E+4 

1E+5 
9E+4 

2E+4 
1E+4

2E-9 

1E-7 

3E-7 

9E-6 
IE-5 

7E-8 

2E-7 

4E-5 
6E-5 

3E-10 

1E-9 

2E-5 
2E-5 

3E-6 
3E-6 

5E-5 

4E-5 

8E-6 
7E-6 

4E-5 
4E-5 

7E-6 
6E-6

1E-11 

8E-10 
8E-10 

3E-8 
4E-8 

6E-10 
6E-10 

1E-7 
2E-7 

2E-12 

1E-11 

6E-8 
8E-8 

1E-8 
9E-9 

2E-7 

IE-7 

3E-8 
2E-8 

IE-7 
1E-7 

2E-8 
2E-8

1E-5 

1E-4 

2E-5 

5E-4 

5E-6 

3E-4 

3E-5 

5E-4 

9E-5 

4E-4 

8E-5

IE-4 

IE-3 

2E-4 

5E-3 

5E-5 

3E-3 

3E-4 

5E-3 

9E-4 

4E-3 

8E-4

4-133



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. (lCi) (PCi) (v'Ci/ml) (PCi/ml) (wCi/ml) (12Ci/ml)

73 Tantalum-176 

73 Tantalum-177 

73 Tantalum-178 

73 Tantalum-179 

73 Tantalum-180m 

73 Tantalum-180 

73 Tantalum-182m
2 

73 Tantalum-182 

73 Tantalum-183 

73 Tantalum-184 

73 Tantalum-185
2 

73 Tantalum-186
2 

74 Tungsten-176 

74 Tungsten-177 

74 Tungsten-178 

74 Tungsten-179
2

W, Y, 

W, 
Y, 

W, 
Y, 
W, 
Y, 

W, 
Y, 

W, 
Y, 

W,

Y, 

W, Y, 
W, 
Y, 

W,

see 172 

see Ta 

see 12Ta 
see 1.Ta 

see 17 2Ta 
see 172Ts 

see 172Ta 
see 172Ta 

see 172Ta 
see 172Ta 

see 17'Ta 
see 17 Ta 

see 172T

see 

see 
see 

see 

see 

see 
see 

see 
see 

see 

see 

all 

all 

all 

all

4E+3 

1E+4 

2E+4 

2E+4 

2E+4 

1E+3 

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

8E+2 

9E+2 
LLI wall 
(lE+3) 

2E+3 

3E+4 

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

1E+4 

2E+4 

5E+3 

5E+5

"172
Ta 

172Ta 
72 Ta 

cm2oTa 
d 

172 Ta 
172 Ta 
172 Ta 

1 72Ta 
iVTa 

172 Ta 

cm2uTa 

compounds 

compounds 
compounds 

compounds

IE+4 
1E+4 

2E+4 
2E+4 

9E+4 
7E+4 

5E+3 
9E+2 

7E+4 
6E+4 

4E+2 
2E+l 

5E+5 

4E+5 

3E+2 
1E+2 

1E+3 

1E+3 

5E+3 
5E+3 

7E+4 
6E+4 

2E+5 

2E+5 

5E+4 

9E+4 

2E+4 

2E+6

5E-6 
5E-6 

8E-6 
7E-6 

4E-5 3E-5 

2E-6 
4E-7 

3E-5 2E-5 

2E-7 
1E-8 

2E-4 

2E-4 

18-7 
6E-8 

5E-7 

4E-7 

2E-6 
2E-6 

3E-5 3E-5 

1E-4 

9E-5 

2E-5 
4E-5 

8E-6 

7E-4

2E-8 
2E-8 

3E-8 
2E-8 

IE-7 
1E-7 

8E-9 
1E-9 

9E-8 
8E-8 

6E-10 
3E-11 

8E-7 

6E-7 

5E-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-5 

2E-4 

2E-4 

3E-4 

3E-4 

2E-5 

3E-3 

1E-5 

2E-5 

3E-5 

4E-4 

1E-3 

1E-4 

3E-4 

7E-5 

7E-3

5E-4 

2E-3 

2E-3 

3E-3 

3E-3 

2E-4 

3E-2 

1E-4 

2E-4 

3E-4 

4E-3 

IE-2 

IE-3 

3E-3 

7E-4 

7E-2

4-134



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) (gCi) (vCi/ml) (PCi/ml) (PCi/ml) (pCi/ml)

74 

74 

74 

74

Tungsten-181 

Tungsten-185 

Tungsten-187 

Tungsten-188

75 Rhenium-1772 

75 Rhenium-178' 

75 Rhenium-181 

75 Rhenium-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

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds

2E+4 

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

2E+3 

4E+2 
LLI wall 
(5E+2)

D, all compounds except 
those given for W 

W, oxides, hydroxides, 

and nitrates 

D, see 177Re

see 

see 
see 

see 
see 

see 
see 

see 
see 

see 
see 

see

W, 

D, W, 

D,

"17'Re 
177Re 
177Re 

'"Re 

"'WRe 
"'VRe 
'"Re 
'"7Re 
'"Re 

177R e 'Re 

'"Re

see 177Re 

see 177Re 
see 177Re 

see 177Re

3E+4 

7E+3 

9E+3 

1E+3

9E+4 3E+5 
St wall 
(lE+5) 

4E+5 

7E+4 3E+5 
St wall 
(lE+5) 

- 3E+5 

5E+3 9E+3 
- 9E+3 

7E+3 IE+4 
- 2E+4 

1E+3 2E+3 
- 2E+3 

2E+3 3E+3 
- 4E+2 

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

IE+3 2E+3 
St wall St wall 
(2E+3) (2E+3) 
- 2E+2 

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

6E+5 8E+5 
St wall

4-135

1E-5 

3E-6 

4E-6 

5E-7 

IE-4 

1E-4 

IE-4 

IE-4 

4E-6 
4E-6 

5E-6 
6E-6 

1E-6 
9E-7 

IE-6 
2E-7 

1E-6 
6E-7 

7E-7 

6E-8 

1E-6 
7E-7 

4E-4

5E-8 

9E-9 

IE-8 

2E-9

4E-7 

5E-7 

4E-7 

4E-7 

IE-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

2E-4 

4E-5 

3E-5 

7E-6 

2E-3 

IE-3 

7E-5 

9E-5 

2E-5 

3E-5 

3E-5 

2E-5 

3E-5 

8E-3

2E-3 

4E-4 

3E-4 

7E-5 

2E-2 

1E-2 

7E-4 

9E-4 

2E-4 

3E-4 

3E-4 

2E-4 

3E-4 

8E-2



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 
Ingestion Inhalation Average 

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration 
No. (PCi) (1Ci) (pCi/ml) (pCi/ml) (loCi/ml) (pci/ml)

75 Rhenium-188m2 

75 Rhenium-188 

75 Rhenium-189 

76 Osmium-180' 

76 Osmium-181' 

76 Osmium-182 

76 Osmium-185 

76 Osmium-189m 

76 Osmium-191m 

76 Osmium-191 

76 Osmium-193

W, see 177Re 
D, see 177Re W, see 177Re 

D, see 177Re 
W, see 1 77Re 

D, see 17 Re 

W, see "'Re 

D, all compounds except 
those given for W and Y 

W, halides and nitrates 
Y, oxides and hydroxides 

D, see 1 .o~s 
W, see Os 
Y, see Os 

D, see '9OOs 
W, see "00s 
Y, see Os 

D, see 1"Os 
W, see Os 
Y, see 180s 
D, see '800s 180 
W, see Os 
Y, see '8°Os 

DV see O8°0s 
W, see 18O0s 
Y, see '800s 

D, see 180Os 

W, see 1"°0s 

Y, see 80s 

D, see 1800s 

W, see 1,°0s 
Y, see Boos
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I

8E+4 

2E+3 

3E+3 

1E+5 

1E+4 

2E+3 

2E+3 

8E+4 

1E+4 

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

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

(9E+5) 
1E+5 

1E+5 
1E+5 

3E+3 
3E+3 

5E+3 
4E+3 

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

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

6E+3 
4E+3 
4E+3 

5E+2 
8E+2 
8E+2 

2E+5 
2E+5 
2E+5 

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

2E+3 

2E+3 
1E+3 

5E+3 

3E+3 
3E+3

4E-5 

6E-5 
6E-5 

1E-6 
IE-6 

2E-6 
2E-6 

2E-4 
2E-4 
2E-4 

2E-5 
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 
1E-6

IE-6 
IE-7 

2E-7 
2E-7 

4E-9 
4E-9 

7E-9 
6E-9 

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

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

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

7E-10 
1E-9 
IE-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

IE-3 

2E-5 

4E-5 

1E-3 

2E-4 

3E-5 

3E-5 

1E-3 

2E-4 

3E-5 

2E-5

1E-2 

2E-4 

4E-4 

IE-2 

2E-3 

3E-4 

3E-4 

1E-2 

2E-3 

3E-4 

2E-4



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. (1Ci) (PCi) (vCi/ml) (iCi/ml) (vCi/ml) (uCi/ml)

76 Osmium-194 

77 Iridium-1822 

77 Iridium-184 

77 Iridium-185 

77 Iridium-186 

77 Iridium-187 

77 Iridium-188 

77 Iridium-189 

77 Iridium-190m2 

77 Iridium-190 

77 Iridium-192m

D, see 1800s 

W, see 10s 
Y, see Os 

D, all compounds except 
those given for W and Y 

W, halides nitrates, 
and metallic iridium 

Y, oxides and hydroxides 

D, see 12Ir 
W, see Ir 
Y, see M Ir 

, see Ir 
W, see Ir 
V, see 182Ir 

D, see Ir 

W, see Ir 
Y, see Ir 
D, see 112 Ir 182 

W, see M ir 
Y, see Ir 

D, see 182 182 ir 
W, see 182 
Y, see Ir 

D, see 182Ir 
182i 

W, see 182 

Y, see Ir

D, 
W, 
Y, 

D, W, 
Y,

see 182 
see Ir 
see '82Ir 

182i 
see 182 
see Ir 
see 1Ir

D, see 182Ir

4E+2 
LLI wall 
(6E+2) 

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

8E+3 

5E+3 

2E+3 

IE+4 

2E+3 

5E+3 
LLI wall 
(5E+3) 

2E+5 

1E+3 

3E+3

4E+l 

6E+1 
8E+O 

1E+5 

2E+5 
IE+5 

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

1E+4 
IE+4 
IE+4 

8E+3 
6E+3 
6E+3 

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

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

5E+3 

4E+3 
4E+3 

2E+5 
2E+5 
2E+5 

9E+2 
1E+3 
9E+2 

9E+1

2E-8 

2E-8 

3E-9 

6E-5 

6E-5 
5E-5 

1E-5 
1E-5 
1E-5 

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

3E-6 
3E-6 
2E-6 

IE-5 
IE-5 
1E-5 

2E-6 
1E-6 
IE-6 

2E-6 

2E-6 
IE-6 

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

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

4E-8

6E-11 

8E-11 
1E-11 

2E-7 

2E-7 
2E-7 

3E-8 
5E-8 
4E-8 

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

IE-8 
9E-9 
8E-9 

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

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

7E-9 

5E-9 
5E-9 

3E-7 
3E-7 
3E-7 

IE-9 
1E-9 
1E-9 

1E-10

8E-6 

6E-4 

1E-4 

7E-5 

3E-5 

1E-4 

3E-5 

7E-5 

2E-3 

1E-5 

4E-5

8E-5 

6E-3 

1E-3 

7E-4 

3E-4 

1E-3 

3E-4 

7E-4 

2E-2 

1E-4 

4E-4

4-137



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) (PCi) (uCi/ml) (PCi/ml) (PCi/ml) (pci/ml)

77 Iridium-192 

77 Iridium-194m 

77 Iridium-194 

77 Iridium-195m 

77 Iridium-195 

78 Platinum-186 

78 Platinum-188 

78 Platinum-189 

78 Platinum-191 

78 Platinum-193m 

78 Platinum-193 

78 Platinum-195m 

78 Platinum-197m
2 

78 Platinum-197 

78 Platinum-199
2

see 
see 

see 
see 
see 

see 
see 
see 

see 
see 
see 

see 
see 
see 

see 
see 
see 

all 

all 

all 

all 

all

182i1r 182 ir 

182 Ir 
1 82r 
182 ir 

mSir 

12 Ir 

182 Ir 

182 ir 
.182 ir 
182 Ir 

compounds 

compounds 

compounds 

compounds

D, all compounds 

D, all compounds

D, 

D, 

D,

all compounds 

all compounds 

all compounds
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jf

9E+2 

6E+2 

IE+3 

8E+3 

1E+4 

1E+4 

2E+3 

1E+4 

4E+3 

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

4E+4 
LLI wall 
(5E+4) 

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

2E+4 

3E+3 

5E+4

2E+2 
2E+1 

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

9E+I 
2E+2 
1E+2 

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

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

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

4E+4 

2E+3 

3E+4 

8E+3 

6E+3 

2E+4 

4E+3 

4E+4 

1E+4 

1E+5

9E-8 
6E-9 

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

4E-8 
7E-8 
4E-8 

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

1E-5 
IE-5 
9E-6 

2E-5 
2E-5 
2E-5 

2E-5 

7E-7 

IE-5 

4E-6 

3E-6 

1E-5 

2E-6 

2E-5 

4E-6 

6E-5

3E-10 
2E-11 

4E-10 
6E-10 
3E-10 

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

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

3E-8 
4E-8 
3E-8 

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

5E-8 

2E-9 

4E-8 

1E-8 

8E-9 

3E-8 

6E-9 

6E-8 

IE-8 

2E-7

1E-5 

9E-6 

1E-5 

1E-4 

2E-4 

2E-4 

2E-5 

IE-4 

5E-5 

4E-5 

6E-4 

3E-5 

2E-4 

4E-5 

7E-4

1E-4 

9E-5 

1E-4 

IE-3 

2E-3 

2E-3 

2E-4 

1E-3 

5E-4 

4E-4 

6E-3 

3E-4 

2E-3 

4E-4 

7E-3



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. (1Ci) (1Ci) (pCi/ml) (lICi/ml) (liCi/ml) (UCi/ml)

78 Platinum-200 

79 Gold-193 

79 Gold-194 

79 Gold-195 

79 Gold-198m 

79 Gold-198 

79 Gold-199 

79 Gold-200m 

79 Gold-2002 

79 Gold-2012 

80 Mercury-193m

D, all compounds 

D, all compounds except 
those given for W and Y 

W, halides and nitrates 
Y, oxides and hydroxides 

193Au 
D, see 1.3 
W, see 193Au 
Y, see 

D, see '93 
W, see 193Au 

Y, see 
19Au 

D, see '93Au 
W, see , 3 

Y, see 

D, see 193 

W, see Au 
Y, see 193Au 

D, see 193AU

W, 
Y, 

D, 
W, 
Y, 

D, W, 
Y, 

D,

see 
see 

see 
see 
see 

see 
see 
see 

see

"'9Au 193A 
1'Au 

193Au "193Au 
"193Au 
193Au 
"193Au 
193Au 
"193AU

W, see ...Au 
Y, see 193Au 

Vapor 
Organic D 
D, sulfates 
W, oxides, hydroxides, 

halides, nitrates, and 
sulfides

1E+3 

9E+3 

3E+3 

5E+3 

1E+3 

1E+3 

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

1E+3 

3E+4 

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

4E+3 
3E+3

3E+3 

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

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

1E+4 
1E+3 
4E+2 

3E+3 
1E+3 
1E+3 

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

9E+3 

4E+3 
4E+3 

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

6E+4 
8E+4 
7E+4 

2E+5 

2E+5 
2E+5 

8E+3 
IE+4 
9E+3 

8E+3

1E-6 

1E-5 
9E-6 
8E-6 

3E-6 
2E-6 
2E-6 

5E-6 
6E-7 
2E-7 

1E-6 
5E-7 
5E-7 

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

4E-6 

2E-6 
2E-6 

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

3E-5 
3E-5 
3E-5 

9E-5 

lE-4 
9E-5 

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

3E-6

5E-9 

4E-8 
3E-8 
3E-8 

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

2E-8 
2E-9 
6E-10 

4E-9 
2E-9 
2E-9 

5E-9 
3E-9 
2E-9 

IE-8 

6E-9 
5E-9 

5E-9 
4E-9 
3E-9 

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

3E-7 

3E-7 
3E-7 

IE-8 
2E-8 
IE-8

2E-5 

IE-4 

4E-5 

7E-5 

1E-5 

2E-5 

4E-5 

2E-5 

4E-4 

1E-3 

6E-5 
4E-5

2E-4 

IE-3 

4E-4 

7E-4 

IE-4 

2E-4 

4E-4 

2E-4 

4E-3 

1E-2 

6E-4 
4E-4

4-139

1E-8



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. (1Ci) (PCi) (PCi/ml) (iCi/ml) (pCi/ml) (pCi/ml)

80 Mercury-193 

80 Mercury-194 

80 Mercury-195m 

80 Mercury-195 

80 Mercury-197m 

80 Mercury-197 

80 Mercury-199m
2

80 Mercury-203 

81 Thallium-194m
2 

81 Thallium-194
2

Vapor 
OrganicD 
D, see 1 Hg 
W, see t13mHg 

Vapor 
Organic1 !) 
D, see 93Hg 
W, see 'Hg 

Vapor 
Organic.1 ^D 
D, see 193 Hg 
W, see 'Hg 

Vapor 
Organic1 q.  
D, see .9"Hg 
W, see Hg 

Vapor 
Organic.D 
D, see .Hg 
W, see Hg 

Vapor 
OrganicD99 
D, see 193 Hg 
W, see 'Hg 

Vapor 
Organic D

193mn 
D, see "33Hg W, see Hg 

Vapor 
Organic 1 ? 
, see MHg 

W, see lS'Hg 

D, all compounds 

D, all compounds
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i

2E+4 
2E+4 

2E+l 
8E+2 

3E+3 
2E+3 

2E+4 
1E+4 

4E+3 
3E+3 

7E+3 
6E+3 

6E+4 
St wall 
(lE+5) 

6E+4 

5E+2 
2E+3 

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

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

3E+4 
6E+4 
4E+4 
4E+4 

3E+l 
3E+l 
4E+l 
1E+2 

4E+3 
6E+3 
5E+3 
4E+3 

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

5E+3 
9E+3 
7E+3 
5E+3 

8E+3 
1E+4 
1E+4 
9E+3 

8E+4 
2E+5 

1E+5 
2E+5 

8E+2 
8E+2 
1E+3 
1E+3 

2E+5 

6E+5

IE-5 3E-5 
2E-5 
2E-5 

1E-8 
1E-8 
2E-8 
5E-8 

2E-6 
3E-6 
2E-6 
2E-6 

1E-5 
2E-5 
IE-5 
IE-5 

2E-6 
4E-6 
3E-6 
2E-6 

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

3E-5 
7E-5 

6E-5 
7E-5 

4E-7 
3E-7 
5E-7 
5E-7 

6E-5 

2E-4

4E-8 
9E-8 6E-8 
6E-8 

4E-11 
4E-11 
6E-11 
2E-10 

6E-9 
8E-9 
7E-9 
5E-9 

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

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

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

IE-7 
2E-7 

2E-7 
2E-7 

1E-9 
IE-9 
2E-9 
2E-9 

2E-7

8E-7

3E-4 
2E-4 

2E-7 1E-5 

4E-5 3E-5 

2E-4 
2E-4 

5E-5 
4E-5 

9E-5 
8E-5 

1E-3 
8E-4 

7E-6 
3E-5 

1E-3 

4E-3

3E-3 
2E-3 

2E-6 
1E-4 

4E-4 
3E-4 

2E-3 2E-3 

5E-4 
4E-4 

9E-4 
8E-4 

1E-2 
8E-3 

7E-5 
3E-4 

1E-2 

4E-2



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) (PCi) (PCi/ml) (PCi/ml) (pCi/ml) (pCi/ml) 

81 Thallium-1952  D, all compounds 6E+4 1E+5 5E-5 2E-7 9E-4 9E-3 

81 Thallium-197 D, all compounds 7E+4 1E+5 5E-5 2E-7 1E-3 IE-2 

81 Thallium-198m
2  D, all compounds 3E+4 5E+4 2E-5 8E-8 4E-4 4E-3 

81 Thallium-198 D, all compounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3 

81 Thallium-199 D, all compounds 6E+4 8E+4 4E-5 1E-7 9E-4 9E-3 

81 Thallium-200 D, all compounds 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3 

81 Thallium-201 D, all compounds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3 

81 Thallium-202 D, all compounds 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4 

81 Thallium-204 D, all compounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E-4 

82 Lead-195m' D, all compounds 6E+4 2E+5 8E-5 3E-7 8E-4 8E-3 

82 Lead-198 D, all compounds 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3 

82 Lead-199 2  D, all compounds 2E+4 7E+4 3E-5 IE-7 3E-4 3E-3 

82 Lead-200 D, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4 

82 Lead-201 D, all compounds 7E+3 2E+4 8E-6 3E-8 IE-4 1E-3 

82 Lead-202m D, all compounds 9E+3 3E+4 1E-5 4E-8 IE-4 1E-3 

82 Lead-202 D, all compounds IE+2 5E+1 2E-8 7E-11 2E-6 2E-5 

82 Lead-203 D, all compounds 5E+3 9E+3 4E-6 1E-8 7E-5 7E-4 

82 Lead-205 D, all compounds 4E+3 1E+3 6E-7 2E-9 5E-5 5E-4 

82 Lead-209 D, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3 

82 Lead-210 D, all compounds 6E-1 2E-1 1E-10 -
Bone surf Bone surf 
(lE+O) (4E-1) - 6E-13 1E-8 IE-7 

82 Lead-2112  D, all compounds 1E+4 6E+2 3E-7 9E-10 2E-4 2E-3 

82 Lead-212 D, all compounds 8E+1 3E+l IE-8 5E-11 
Bone surf 
(lE+2) - 2E-6 2E-5 

82 Lead-214 2 D, all compounds 9E+3 8E+2 3E-7 1E-9 IE-4 IE-3

4-141



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 ALl ALI DAC Air Water Concentration 
No. (PCi) (PCi) (pCi/ml) (pCi/ml) (PCi/ml) (pCi/ml)

83 Bismuth-2002 

83 Bismuth-201
2 

83 Bisnuth-2022 

83 Bismuth-203 

83 Bismuth-205 

83 Bismuth-206 

83 Bismuth-207 

83 Bismuth-210m 

83 Bismuth-210 

83 Bismuth-2122 

83 Bismuth-213
2 

83 Bismuth-2142 

84 Polonium-203
2 

84 Polonium-2052

D, nitrates 
W, all other compounds 

D, see Bi 
W, see ..B 

D, see 2O0Bi 
W, see 2i 

D, see 2 Bi 
W, see 2"Bi 

D, see 2Bi 

W, see 2°°Bi 
D se20ei 

D, see B0 
W, see Bi 

D, see 1i 

W, see20 

D, see Bi 

W, see 2 "Bi 

D, see B1 
W, see 200Bi 

D, see 2°°Bi 
W, see 2°Bi 

D, see ...Bi 

W, see 200Bi 

0, all Comppounds except 
those given for W 

W, oxides, hydroxides, 
and nitrates 

203 

D, see B1 
W, see 2°Po

4-142

-f

3E+4 

IE+4 

IE+4 

2E+3 

IE+3 

6E+2 

1E+3 

4E+1 
Kidneys (6E+I) 

8E+2 

5E+3 

7E+3 

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

3E+4 

2E+4

8E+4 
1E+5 

3E+4 
4E+4 

4E+4 
8E+4 

7E+3 
6E+3 

3E+3 
1E+3 

IE+3 
9E+2 

2E+3 
4E+2 

5E+0 
Kidneys 
(6E+EO 

7E-1 

2E+2 
Kidneys 
(4E+2) 

3E+1 

2E+2 
3E+2 

3E+2 
4E+2 

8E+2 

9E-2 

6E+4 

9E+4 

4E+4 
7E+4

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 

2E-9 

3E-10 

IE-7 

1E-8 

1E-7 
1E-7 

1E-7 
1E-7 

3E-7 

4E-7 

3E-5 

4E-5 

2E-5 
3E-5

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 

5E-10 
4E-1I 

3E-10 
4E-10 

4E-10 
5E-10 

IE-9 

1E-9 

9E-8 

iN-7 

5E-8 
1E-7

4E-4 

2E-4 

2E-4 

3E-5 

2E-5 

9E-6 

1E-5 

8E-7 

IE-5 

7E-5 

1E-4 

3E-4 

3E-4 

3E-4

4E-3 

2E-3 

2E-3 

3E-4 

2E-4 

9E-5 

1E-4 

8E-6 

1E-4 

7E-4 

1E-3 

3E-3 

3E-3 

3E-3



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) (PCi) (uCi/ml) (PCi/ml) (PCi/ml) (wCi/ml)

84 Polonium-207 

84 Polonium-210 

85 Astatine-2072 

85 Astatine-211 

86 Radon-220 

86 Radon-222 

87 Francium-222
2 

87 Francium-2232 

88 Radium-223 

88 Radium-224 

88 Radium-225 

88 Radium-226 

88 Radium-227 2

D, see 203Po 
W, see 203Po 

D, see 203Po 
W, see 2P3PO 

D, halides 
W 

D, halides 
W 

With daughters removed 
With daughters present 

With daughters removed 
With daughters present

D, 

D, 

W, 

W, 

W, 

W,

all 

all 

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds 

compounds 

compounds

W, all compounds

8E+3 

3E+0 

6E+3 

IE+2

2E+3 
6E+2 

5E+0 
Bone surf 
(9E+0) 

8E+0 
Bone surf 
(2E+1) 

8E+0 
Bone surf 
(2E+I) 

2E+0 
Bone surf 
(5E+0)

3E+4 
3E+4 

6E-1 
6E-1 

3E+3 
2E+3 

8E+1 
5E+1 

2E+4 
2E+1 
(or 12 
working 
level 
months) 

1E+4 
1E+2 
(or 4 
working 
level 
months) 

5E+2 

8E+2 

7E-1 

2E+0 

7E-1 

6E-1

2E+4 IE+4 
Bone surf Bone surf 
(2E+4) (2E+4) 

4-143

3E-8 4E-8 

9E-13 
9E-13 

4E-9 
3E-9 

1E-10 
8E-11 

2E-8 
3E-11 

1E-8 
1E-10 

6E-10 

1E-9 

9E-13 

2E-12 

9E-13 

9E-13

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 

7E-10 

3E-10 

3E-10 

6E-6

IE-4 

4E-8 

8E-5 

2E-6

3E-5 

8E-6 

IE-7 

2E-7 

2E-7 

6E-8 

3E-4

1E-3 

4E-7 

8E-4 

2E-5

3E-4 

8E-5 

1E-6 

2E-6 

2E-6 

6E-7 

3E-33E-8



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. (gci) (PCi) (PCi/ml) (1Ci/ml) (pCi/ml) (pCi/ml)

88 Radium-228 

89 Actinium-224 

89 Actinium-225 

89 Actinium-226 

89 Actinium-227 

89 Actinium-228 

90 Thorium-2262

90 

90

Thorium-227 

Thorium-228

W, all compounds 

D, all compounds except 
those given for W and Y 

W, halides and nitrates 
Y, oxides and hydroxides 

D, see 224Ac 

W, see 224Ac 
Y, see 224Ac 

D, see 224Ac 

W, see 224AC Y, see 224A 

D, see 224AC 

W, see 224Ac 

Y, see 224Ac 

D, see 224Ac 

W, see 224AC 

Y, see 224Ac 

W, all compounds except 
those given for Y 

Y, oxides and hydroxides 

W, see 22Th 
Y, see 

W, see 221Th

2E+0 
Bone surf 
(4E+0) 

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

5E+1 
LLI wall 
(5E+1) 

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

2E-1 
Bone surf 
(4E-1) 

2E+3 

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

IE+2 

6E+0

1E+0 

3E+1 
Bone surf 
(4E+l) 

5E+1 
5E+1 

3E-1 
Bone surf 
(5E-i) 
6E-1 
6E-1 

3E+0 
Bone surf 
(4E+0) 
5E+0 
5E+0 

4E-4 
Bone surf 
(8E-4) 

2E-3 
Bone surf 
(3E-3) 

4E-3 

9E+0 
Bone surf 
(2E+I) 

4E+1 
Bone surf 
(6E+1) 

4E+1 

2E+2 

1E+2 

3E-1 
3E-1 

1E-2

5E-10 

IE-8 

2E-8 
2E-8 

IE-10 

3E-10 
3E-10 

1E-9 

2E-9 
2E-9 

2E-13 

7E-13 

2E-12 

4E-9 

2E-8 

2E-8 

6E-8 

6E-8 

1E-10 
1E-10 

4E-12

2E-12 

5E-11 
7E-11 
6E-11 

7E-13 
9E-13 
9E-13 

5E-12 
7E-12 
6E-12 

IE-15 

4E-15 
6E-15 

2E-11 

8E-11 

6E-11 

2E-10 

2E-10 

5E-13 
5E-13

6E-8 

3E-5 

7E-7 

2E-6 

5E-9 

3E-5 

7E-5 

2E-6

6E-7 

3E-4 

7E-6 

2E-5 

5E-8 

3E-4 

7E-4 

2E-5

4-144



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) (pCi) (PCi/ml) (PCi/ml) (i1Ci/ml) (PCi/ml)

Y, see 22Th 

Thorium-229 W, see 22Th 

Y, see 226Th 

Thorium-230 W, see 116Th 

Y, see 26Th 

Thorium-231 W, see 2 

Y, see 

Thorium-232 W, see 2"Th 

Y, see 226Th 

Thorium-234 W, see 26Th 

Y, see 226Th 

Protactinium-227
2 

those given for Y 
Y, oxides and hydroxides 

Protactinium-228 

Y, see 227Pa 

Protactinium-230 

Y, see 227Pa 

Protactinium-231

Bone surf Bone surf 
(lE+l) (2E-2) 

2E-2 7E-12 

6E-1 9E-4 4E-13 
Bone surf Bone surf 
(IE+0) (2E-3) 

2E-3 1E-12 
Bone surf 
(3E-3) 

4E+0 6E-3 3E-12 
Bone surf Bone surf 
(9E+0) (2E-2) 

2E-2 6E-12 
Bone surf 
(2E-2) 

4E+3 6E+3 3E-6 
6E+3 3E-6 

7E-1 1E-3 5E-13 
Bone surf Bone surf 
(2E+0) (3E-3) 

3E-3 1E-12 
Bone surf 
(4E-3) 

3E+2 2E+2 8E-8 
LLI wall 
(4E+2) 
- 2 2E+2 6E-8 

W, all compounds except 
4E+3 1E+2 5E-8 
- IE+2 4E-8 

W, see 227Pa 1E+3 Bone surf 
(2E+I) 
IE+l 5E-9 

W, see 227pa 6E+2 
Bone surf 
ý(9E+2) -

9+ 4E+0 1E-9 

W, see 227pa 2E-1 
Bone surf Bone surf 

4-145

90 

90 

90 

90

90 

91 

91 

91 

91

3E-14 
2E-14 

3E-15 

4E-15 

2E-14 

3E-14 

9E-9 
9E-9 

4E-15 

6E-15 

3E-10 

2E-10 

2E-10 
1E-10 
IE+I 

3E-11 
2E-11 

5E+0 

5E-12 

2E-3

2E-7 

2E-8 

1E-7 

5E-5 

3E-8 

5E-6 

5E-5 

5E-9 

2E-9 

1E-5 

6E-13

2E-6 

2E-7 

1E-6 

5E-4 

3E-7 

5E-5 

5E-4 

7E-12 

1E-4



Table I Table IT 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. (11Ci) (1Ci) (PCi/ml) (lCi/ml) (PCi/ml) (2Ci/ml)

Y, see 22Pa 

91 Protactinium-232

Y, see 221Pa

Protactinium-233 

Protactinium-234 

Uranium-230 

Uranium-231 

Uranium-232 

Uranium-233 

Uranium-234
3

Y, see 227Pa 

Y, see 227Pa 

D, UF, U0 2F 2, U62 (N6;) 2 

W, U03, UF , UClI 
Y, U0 UA36 

D, see ..U 

W, see 2•3°00 
Y, see 2300 

Y, see 230U 

W, see 2300 

Y, see 230 

Y, see 230U 

230U W, see 230OU 
Y, see 

D, see 230U 

W, see 2,30U 
Y, see 2300

(5E-1) (4E-3) 
4E-3 
Bone surf 
(6E-3) 

W, see 227Pa 
Bone surf - (6E+l) 

- SE+I 
Bone surf 
(7E+Il) 

W, see 227Pa 
LLI wall 
(2E+3) 

- 6E+2 

W, see 227Pa 
7E+3 

4E+0 4E-1 
Bone surf Bone surf 
(6E+0) (6E-1) 
- 4E-1 
- 3E-1 

5E+3 8E+3 
LLI wall 
(4E+3) 

- 5E+3 
5E+3 

2E+0 2E-1 
Bone surf Bone surf 
(4E+0) (4E-1) 

- 4E-1 
- 8E-3 

IE+I IE+0 
Bone surf Bone surf 
(2E+I) (2E+0) 

- 7E-1 
- 4E-2 

1E+I 1E+0 
Bone surf Bone surf 
(2E+I) (2E+0) 
- 7E-1 
- 4E-2 

4-146

6E-8

91 

91 

92 

92 

92 

92 

92

2E-12 

1E+3 

2E-8 

1E+3 

2E-7 

2E+3 
3E-6 

2E-10 

IE-10 1E-10 
3E-6 

2E-6 
2E-6 

9E-11 

2E-10 
3E-12 

5E-10 

3E-10 
2E-11 

5E-10 

3E-10 
2E-11

3E-5E-4

6E-15 

8E-15 

2E+I 

8E-Il 

1E-10 

7E+2 

8E-10 

8E+3 
9E-9 

8E-13 
5E-13 
4E-13 

IE-8 

8E-9 
6E-9 

6E-13 
5E-13 
1E-14 

3E-12 
IE-12 
5E-14 

3E-12 
1E-12 
5E-14

6E-9 

9E-9 

3E-7 

2E-5 

3E-6 

8E-8 

6E-5 

6E-8 

3E-7 

3E-7

1E-9 

2E-4 

IE-8 

8E-7 

6E-4 

6E-7 

3E-6 

3E-6

-p



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 ALl DAC Air Water Concentration 
No. (iCi) (ilCi) (PCi/ml) (ioCi/ml) (uCi/ml) (gCi/ml)

92 Uranium-235
3 

92 Uranium-236

92 Uranium-237 

92 Uranium-238
3 

92 Uranium-2392 

92 Uranium-240 

92 Uranium-natural
3

D, see 230U

see 
see 

see

2300U 
2300U 

2300U

230 W, see 230U Y, see U 

D, see 2300

W, 

Y, 

D, 

W, 
Y, 

D, 
W, 
Y, 
D, 
W, 
Y,

see 
see 

see 

see 
see 

see 
see 
see 

see 
see 
see

2300 
2300U 

230 u 
2300U 

2300U 

2300U 
2300U 

2300U 

2300

1E+l 
Bone surf 
(2E+l) 

lE+l 
Bone surf 
(2E+l) 

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

IE+I 
Bone surf 
(2E+l) 

7E+4 

IE+3 

D, see 230U 
Bone surf 
(2E+l) 

1E+5 

8E+5 

2E+3 

2E+4 
LLI wall

230 Y, see 3 

93 Neptunium-232 2 W, all compounds

93 

93 

93

Neptunium-233
2 

Neptunium-234 

Neptunium-235

W, 

W, 

W,

all 

all 

all

compounds 

compounds 

compounds

IE+O 
Bone surf 
(2E+O) 
8E-1 
4E-2 

IE+0 
Bone surf 
(2E+O) 
8E-1 
4E-2 

3E+3 

2E+3 
2E+3 

lE+0 
Bone surf 
(2E+O) 

8E-1 
4E-2 

2E+5 
2E+5 
2E+5 

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

IE+1 
Bone surf 
(2E+0) 

8E-1 
5E-2 

2E+3 
Bone surf 
(5E+2) 

3E+6 

3E+3 

8E+2 
Bone surf

6E-10 

3E-10 
2E-11 

5E-10 

3E-10 

2E-11 

IE-6 

7E-7 
6E-7 

6E-10 

3E-10 
2E-11 

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

2E-6 
IE-6 1E-6 

IE+0 

3E-10 
2E-11 

7E-7 

IE-3 

1E-6 

3E-7

3E-12 
1E-12 
6E-14 

3E-12 
1E-12 
6E-14 

4E-9 

2E-9 
2E-9 

3E-12 
1E-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

3E-7 

3E-7 

3E-5 

3E-7 

9E-4 

2E-5 

3E-7 

2E-3 

1E-2 

3E-5

3E-6 

3E-6 

3E-4 

3E-6 

9E-3 

2E-4 

3E-6 

2E-2 

1E-1 

3E-4

4-147



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) (pCi) (i1Ci/ml) (PCi/ml) (pCi/ml) (PCi/ml)

Neptunium-236 
(I.15E+5 y) 

Neptunium-236 
(22.5 h) 

Neptunium-237 

Neptunium-238 

Neptunium-239 

Neptunium-240
2 

Plutonium-234 

Plutonium-235 2 

Plutonium-236 

Plutonium-237 

Plutonium-238

all 

all 

all

compounds 

compounds 

compounds

all compounds 

all compounds 

all compounds 

all compounds 
except PuO2 PuO2 

see 3u 
see23u 

e234 

see 234pu 

see 24pu 

see 234pu seea1p 

see 231Pu 

see 234pu

4-148

-p

93 

93 

93 

93 

93 

93 

94 

94 

94 

94 

94

(2E+4) 

3E+O 
Bone surf 
(6E+O) 

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

5E-I 
Bone surf 
(IE+O) 

IE+3 

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

2E+4 

8E+3 

9E+5 

2E+0 
Bone surf 
(4E+0) 

1E+4 

9E-1 
Bone surf 
(2E+0)

(IE+3) 

2E-2 
Bone surf 
(5E-2) 

3E+I 
Bone surf 
(7E+1) 

4E-3 
Bone surf 
(1E-2) 

6E+I 
Bone surf 
(2E+2) 

2E+3 

8E+4 

2E+2 
2E+2 

3E+6 
3E+6 

2E-2 
Bone surf 
(4E-2) 
4E-2 

3E+3 
3E+3 

7E-3 
Bone surf 
(IE-2) 

2E-2

9E-12 

IE-8 

2E-12 

3E-8 

9E-7 

3E-5 

9E-8 
8E-8 

IE-3 
1E-3 

8E-12 

2E-11 

1E-6 
lE-6 

3E-12 

8E-12

2E-9 

8E-14 

IE-10 

IE-14 

2E-10 

3E-9 

IE-7 

3E-10 
3E-10 

4E-6 
3E-6 

5E-14 
6E-14 

5E-9 
4E-9 

2E-14 
2E-14

3E-4 

9E-8 

5E-5 

2E-8 

2E-5 

2E-5 

3E-4 

IE-4 

IE-2 

6E-8 

2E-4 

2E-8

3E-3 

9E-7 

5E-4 

2E-7 

2E-4 

2E-4 

3E-3 

IE-3 

1E-1 

6E-7 

2E-3 

2E-7



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) (11Ci) (PCi/ml) (PCi/ml) (PCi/ml) (PCi/ml)

94 Plutonium-239 

94 Plutonium-240 

94 Plutonium-241 

94 Plutonium-242

Plutonium-243 

Plutonium-244

W, 

Y,

see '3'Pu 

see 234Pu

W, see 234pu 

Y, see 234pu 

W, see 234pu 

Y, see 24Pu 

W, see 234pu 

Y. see 234Pu

W, 
Y, 
W, 

Y,

Plutonium-245 

Plutonium-246

95 Americium-237 2

see 
see 

see 

see 

see 
see 

see 

see 

all

8E-1 6E-3 
Bone surf Bone surf 
(lE+0) (lE-2) 

2E-2 
Bone surf 
(2E-2) 

8E-1 6E-3 
Bone surf Bone surf 
(lE+O) (IE-2) 

2E-2 
Bone surf 
(2E-2) 

4E+1 3E-1 
Bone surf Bone surf 
(7E+l) (6E-1) 

8E-1 
Bone surf 
(lE+0) 

8E-I 7E-3 
Bone surf Bone surf 
(lE+0) (IE-2) 

2E-2 
Bone surf 
(2E-2) 

2E+4 4E+4 
4E+4 

8E-1 7E-3 
Bone surf Bone surf 
(2E+O) (IE-2) 

2E-2 
Bone surf 
(2E-2) 

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

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

- 3E+2 

8E+4 3E+5

234Pu 
234cpu 
234pu 

234 pu 

compounds

4-149

94 

94

3E-12 

7E-12 

3E-12 

7E-12 

1E-10 

3E-10 

3E-12 

7E-12 

2E-5 
2E-5 

3E-12 

7E-12 

2E-6 
2E-6 

1E-7 

1E-7 

1E-4

94 

94

2E-14 

2E-14 

2E-14 

2E-14 

8E-13 

IE-12 

2E-14 

2E-14 

5E-8 
5E-8 

2E-14 

2E-14 

6E-9 
6E-9 

4E-10 

4E-10 

4E-7

2E-8 

2E-8 

IE-6 

2E-8 

2E-4 

2E-8 

3E-5 

6E-6 

1E-3

2E-7 

2E-7 

1E-5 

2E-7 

2E-3 

2E-7 

3E-4 

6E-5 

1E-2



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) (PCi) (PCi/ml) (liCi/ml) (iCi/ml) (1iCi/ml) 

95 Americium-2382  W, all compounds 4E+4 3E+3 1E-6 - 5E-4 5E-3 
Bone surf 

- (6E+3) - 9E-9 

95 Americium-239 W, all compounds 5E+3 IE+4 5E-6 2E-8 7E-5 7E-4 

95 Americium-240 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4 

95 Americium-241 W, all compounds 8E-1 6E-3 3E-12 -
Bone surf Bone surf 
(lE+O) (lE-2) - 2E-14 2E-8 2E-7 

95 Americium-242m W, all compounds 8E-1 6E-3 3E-12 -
Bone surf Bone surf 
(lE+O) (IE-2) - 2E-14 2E-8 2E-7 

95 Americium-242 W, all compounds 4E+3 8E+l 4E-8 - 5E-5 5E-4 
Bone surf 

- (9E+l) - 1E-10 

95 Americium-243 W, all compounds 8E-1 6E-3 3E-12 -
Bone surf Bone surf 
(lE+O) (1E-2) - 2E-14 2E-8 2E-7 

95 Americium-244m2 W, all compounds 6E+4 4E+3 2E-6 -
St wall Bone surf 
(8E+4) (7E+3) - IE-8 1E-3 1E-2 

95 Americium-244 W, all compounds 3E+3 2E+2 8E-8 - 4E-5 4E-4 
Bone surf 

- (3E+2) - 4E-10 

95 Americium-245 W, all compounds 3E+4 8E+4 3E-5 IE-7 4E-4 4E-3 

95 Americium-246m2 W, all compounds 5E+4 2E+5 8E-5 3E-7 
St wall 
(6E+4) - - 8E-4 8E-3 

95 Americium-246 2  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+l 6E-1 2E-10 -
Bone surf Bone surf 
(8E+l) (6E-1) - 9E-13 1E-6 1E-5 

96 Curium-241 W, all compounds 1E+3 3E+l 1E-8 - 2E-5 2E-4 
Bone surf 
(4E+l) - 5E-11
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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 ALl ALI DAC Air Water Concentration 
No. (PCi) (gCi) (uCi/ml) (PCi/ml) (gCi/ml) (PCi/ml) 

96 Curium-242 W, all compounds 3E+1 3E-1 1E-10 -

Bone surf Bone surf 

(5E+l) (3E-I) - 4E-13 7E-7 7E-6 

96 Curium-243 W, all compounds lE+O 9E-3 4E-12 -
Bone surf Bone surf 
(2E+O) (2E-2) - 2E-14 3E-8 3E-7 

96 Curium-244 W, all compounds IE+O IE-2 5E-12 -
Bone surf Bone surf 
(3E+0) (2E-2) - 3E-14 3E-8 3E-7 

96 Curium-245 W, all compounds 7E-1 6E-3 3E-12 -
Bone surf Bone surf 
(IE+0) (lE-2) - 2E-14 2E-8 2E-7 

96 Curium-246 W, all compounds 7E-1 6E-3 3E-12 -
Bone surf Bone surf 
(IE+0) (1E-2) - 2E-14 2E-8 2E-7 

96 Curium-247 W, all compounds 8E-1 6E-3 3E-12 - -
Bone surf Bone surf 
(IE+0) (IE-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-249 2  W, all compounds 5E+4 2E+4 7E-6 - 7E-4 7E-3 
Bone surf 

- (3E+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 1E+3 5E-7 2E-9 3E-5 3E-4 

97 Berkelium-246 W, all compounds 3E+3 3E+3 IE-6 4E-9 4E-5 4E-4 

97 Berkelium-247 W, all compounds 5E-1 4E-3 2E-12 
Bone surf Bone surf 
(IE+0) (9E-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) (4E+0) - 5E-12 6E-6 6E-5
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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 
Ingestion Inhalation Average 

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration 
No. (1Ci) (PCi) (pCi/ml) (pCi/ml) (PCi/ml) (PCi/ml)

Berkelium-250 

Californium-2442 

Californium-246 

Californium-248 

Californium-249 

Californium-250 

Californium-251 

Californium-252 

Californium-253 

Californium-254

W, all compounds 

W, all compounds except 
those given for Y 

Y, oxides and hydroxides 

W, see 244Cf 
Y, see 

W, see 241Cf 

Y, see 241Cf 

W, see ...Cf 

Y, see 244Cf 

W, see 24Cf 

Y, see 244Cf 

W, see 244Cf 

Y, see 241Cf 

W, see 141Cf 

Y, see 244Cf 

W, see 244Cf 

Y, see 141Cf 21ICf 
W, see 214Cf 
Y, see

9E+3 3E+2 
Bone surf 

- (7E+2) 

3E+4 6E+2 
St wall 
(3E+4) 

- 6E+2 

4E+2 9E+0 
- 9E+0 

8E+O 6E-2 
Bone surf Bone surf 
(2E+l) (IE-l) 
- IE-l 

5E-1 4E-3 
Bone surf Bone surf 
(lE+O) (9E-3) 

1E-2 
Bone surf 
(lE-2) 

1E+0 9E-3 
Bone surf Bone surf 
(2E+0) (2E-2) 

3E-2 

5E-I 4E-3 
Bone surf Bone surf 
(IE+0) (9E-3) 

IE-2 
Bone surf 
(IE-2) 

2E+O 2E-2 
Bone surf Bone surf 
(5E+O) (4E-2) 

3E-2 

2E+2 2E+O 
Bone surf 
(4E+2) 

- 2E+O 

2E+0 2E-2 
2E-2 

4-152

97 

98 

98 

98 

98

98 

98

IE-7 

2E-7 

2E-7 

4E-9 
4E-9 

3E-11 

4E-11 

2E-12 

4E-12 

4E-12 

1E-11 

2E-12 

4E-12 

8E-12 

1E-11 

8E-10 

7E-10 

9E-12 
7E-12

98 

98 

98

1E-9 

8E-10 

8E-10 

IE-Il 
IE-Il 

2E-13 
1E-13 

1E-14 

2E-14 

3E-14 
4E-14 

1E-14 

2E-14 

5E-14 
5E-14 

3E-12 

2E-12 

3E-14 
2E-14

1E-4 

4E-4 

5E-6 

2E-7 

2E-8 

3E-8 

2E-8 

7E-8 

5E-6 

3E-8

IE-3 

4E-3 

5E-5 

2E-6 

2E-7 

3E-7 

2E-7 

7E-7 

5E-5 

3E-7



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) (1Ci) (PCi/ml) (pCi/ml) (PCi/ml) (pCi/ml)

99 Einsteinium-250 W, all compounds 

99 Einsteinium-251 W, all compounds

Einsteinium-253 W, 

Einsteinium-254m

all compounds

99 Einsteinium-254 W, all compounds

100 

100 

100 

100 

100

Fermium-252 

Fermium-253 

Fermium-254 

Fermium-255 

Fermium-257

W, 

W, 

W, 

W, 

W,

all 

all 

all 

all 

all

compounds 

compounds 

compounds 

compounds 

compounds

101 Mendelevium-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'

4E+4 5E+2 
Bone surf 
(lE+3) 

7E+3 9E+2 
Bone surf 
(lE+3) 

2E+2 IE+0 

W, all compounds 
LLI wall 
(3E+2) -

8E+0 
Bone surf 
(2E+l) 

5E+2 

1E+3 

3E+3 

5E+2 

2E+1 
Bone surf 
(4E+Il) 

7E+3 

3E+l 
Bone surf 
(5E+I)

7E-2 
Bone surf 
(IE-l) 

lE+l 

lE+1 

9E+1 

2E+l 

2E-1 
Bone surf 
(2E-1) 

8E+1 
Bone surf 
(9E+l) 

2E-1 
Bone surf 
(3E-1)

2E+2

4-153

99 

99

2E-7 

4E-7 

6E-10 

3E+2 

3E-11 

5E-9 

4E-9 

4E-8 

9E-9 

7E-11 

4E-8 

1E-10 

1E-7

2E-9 

2E-9 

2E-12 

IE+l 

2E-13 

2E-11 

IE-11 

1E-10 

3E-11 

3E-13 

IE-10 

5E-13

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

6E-3 

1E-3 

2E-5 

IE-II 

4E-5 

2E-6 

6E-5 

1E-4 

4E-4 

7E-5 

5E-6 

1E-3 

6E-6

1E-9



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. (wCi) (PCi) (pCi/ml) (iCi/ml) (PCi/ml) (PCi/ml) 

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 IE-10 IE-12 1E-8 1E-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 . . . . 4E-4 2E-13 1E-15 2E-9 2E-8 

fOOTNOTES: 
"Submersion" means that values given are for submersion in a hemispherical semi-infinite cloud of airborne material.  

2These 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 radionuclide into the body and do NOT include potentially significant contributions to dose eguivalent from external exposures. The licensee may substitute 1E-7 wCi/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).  
3For 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 mill1igrains 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 -hr/ml, where SA is the specific activity 
of the uranium inhaled. The specific activity for natural uranium is 6.77E-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 = [0.4 + 0.38 (enrichment) + 0.0034 (enrichment)2
] E-6 , enrichment > 0.72 

where enrichment is the percentage by weight of U-235, expressed as percent.  

NOTE: 
1. 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.  

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 mixture are the lowest values specified in this appendix for any radionuclide that is not known to be absent 
from the mixture; or
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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) (VCi) (PCi/ml) (PCi/ml) (4Ci/ml) (11Ci/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-W,Y, 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-251-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, Np-236-W, Pu-236-W,Y, 
Pu-238-W,Y, 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-D,W,Y, Th-227-W,Y 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-258-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-ll3m-D, Cd-II3-D, In-II5-D,W, La-138-D, 
Lu-176-W, Hf-178m-D,W, 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+O 3E-9 

If it is known that Ac-227-D,W,Y, Th-229-W,Y, 
Th-232-W,Y, Pa-231-W,Y, Cm-248-W, and 
Cm-250-W are not present - 1E-14
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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. (ýCi) (ViCi) (ICi /ml) (PCi/ml) (PCi/ml) (PCi/ml) 

If, in addition, it is known that Sm-146-W, 
Gd-148-D,W, Gd-152-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-W,Y, 
Pu-238-W,Y, Pu-239-W,Y, Pu-240-W,Y, Pu-242-W,Y, 
Pu-244-W,Y, 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, 
Cf-251-W,Y, Cf-252-W,Y, and Cf-254-W,Y 
are not present IE-13 

If, in addition, it is known that Sm-147-W, 
Gd-152-W, Pb-210-D, Bi-210m-W, Po-210-D,W, 
Ra-223-W, Ra-225-W, Ra-226-W, Ac-225-D,W,Y, 
Th-227-W,Y, U-230-D,W,Y, U-232-D,W, U-Nat-W, 
Pu-241-W, Cm-240-W, Cm-242-W, Cf-248-W,Y, 
ES-254-W, Fm-257-W, and Md-258-W are not 
present 1E-12 

If, in addition it is known that Fe-60, 
Sr-90, Cd-113m, Cd-113, In-115, 1-129 
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 Md-258 are not present -lE-6 1E-5 

3. If a mixture of radionuclides consists of uranium and its daughters in ore dust (10 Jim activity median aerodynamic diameter 
particle distribution assumed) prior to chemical separation of the uranium from the ore, the following values may be used for 
the derived air concentration of the mixture: 6E-11 pCi of gross alpha activity from uranium-238, uranium-234, thorium-230, 
and radium-226 per milliliter of air; 3E-11 uCi of natural uranium per milliliter of air; or forty-five micrograms of natural 
uranium per cubic meter of air.

4-156



4. If the identity and concentration of each radionuclide in a mixture are known, the limiting values should be derived as 
follows: determine, for each radionuclide in the mixture, the ratio between the concentration present in the mixture and the 
concentration otherwise established in this appendix for the specific radionuclide when not in a mixture. The sum of such 
ratios for all of the radionuclides in the mixture may not exceed "one" (i.e., "unity").  

Example: If radionuclides "A," "B," and "C" are present in concentrations CAM CB, and C., and if the applicable derived air 
concentrations are DACA, DAC., and DACc, respectively, then the concentrations shall be limited so that the following 
relationship exists: 

CA + C, Cc 

=r =c-
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APPENDIX C 

QUANTITIES' OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

Radionuclide 

Hydrogen-3 
Beryllium-7 
Beryllium-10 
Carbon-il 
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 
(aci)* 

1,000 
1,000 

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 

1,000 
100 
100 

10 
100 
100 

1,000 
1 

1,000 
1,000 

100 
1,000 

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 

1 
1,000 
1,000 

100 
100 
100 
100 

1,000 
10 

1,000 
1,000 
1,000 
1,000 

100 
1,000 

10 
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 )uCi to kBq, multiply the jiCi value by 37.
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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-97m 
Technetium-97 
Technetium-98 
Technetium-99m 
Technetium-99 
Technetium-101 
Technetium-104

Quantity 
(aCi) * 
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-90m 
Yttrium-90 
Yttrium-91m 
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-ilOm 
Silver-ill 
Silver-112 
Silver-ll5 
Cadmium- 104 
Cadmium-107 
Cadmium-109 
Cadmium-li3m 
Cadmium-113 
Cadmium-l5m 
Cadmium-ll5 
Cadmium-ll7m 
Cadmium-117 
Indium-109 
Indium-ll0 

(69.1 min) 
Indium-llO 

(4.9 h) 
Indium-lll

Quantity 
("Ci) * 
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 uCi to kBq, multiply the gCi value by 37.
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QUANTITIES' OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

Radionuclide

Ruthenium-94 
Ruthenium-97 
Ruthenium-103 
Ruthenium-105 
Ruthenium-106 
Rhodium-99m 
Rhodium-99 
Rhodium-100 
Rhodium-101m 
Rhodium-101 
Rhodium-102m 
Rhodium-102 
Rhodium-103m 
Rhodium-105 
Rhodium-106m 
Rhodium-107 
Palladium-100 
Tin-123m 
Tin-123 
Tin-125 
Tin-126 
Tin-127 
Tin-128 
Antimony-ll5 
Antimony-il6m 
Antimony-lh6 
Antimony-117 
Antimony-li8m 
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-1l6 
Tellurium-121m 
Tellurium-121 
Tellurium-123m 
Tellurium-123 
Tellurium-125m 
Tellurium-127m 
Tellurium-127 
Tellurium-129m 
Tellurium-129 
Tellurium-131m 
Tellurium-131 
Tellurium-132 
Tellurium-133m

Ra•lonucll•e

* To convert pCi to kBq, multiply the WCi value by 37.

4-160

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-li5m 
Indium-ll5 
Indium-116m 
Indium-117m 
Indium-117 
Indium-ll9m 
Tin-ll0 
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-135m 
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
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QUANTITIES1 OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

Radionuclide

Barium-126 
Barium-128 
Barium-131m 
Barium-131 
Barium-133m 
Barium-133 
Barium-135m 
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-150 
Terbium-151 
Terbium-153 
Terbium-154 
Terbium-155 
Terbium-156m 

(5.0 h) 
Terbium-156m 

(24.4 h) 
Terbium-156 
Terbium-157 
Terbium-158 
Terbium-160 
Terbium-161

RadionuclideQuantity 
(uCi)* 

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

* To convert yCi to kBq, multiply the yCi value by 37.

4-161

Promethium-141 
Promethium-143 
Promethium-144 
Promethium-145 
Promethium-146 
Promethium-147 
Promethium-148m 
Promethium-148 
Promethium-149 
Promethium-150 
Promethium-151 
Samarium-141m 
Samarium-141 
Samarium-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 

(12.62 h) 
Europium-150 

(34.2 y) 
Europium-152m 
Europium-152 
Europium-154 
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 
(uCi)* 

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 

10 
10 
1 
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 
1,000 

100 
100 
100 
100 
10 
10 
10 

1,000 
100



APPENDIX C 

QUANTITIES' OF LICENSED 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-184m 
Rhenium-184 
Rhenium-186m 
Rhenium-186 
Rhenium-187 
Rhenium-188m 
Rhenium-188 
Rhenium-189

Quantity 
(ci) * 

1,000 
1,000 

100 
1,000 

100 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

1 
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-191 
Platinum-193m 
Platinum-193 
Platinum-195m 
Platinum-197m 
Platinum-197 
Platinum-199 
Platinum-200 
Gold-193 
Gold-194 
Gold-195 
Gold-198m 
Gold-198

* To convert yCi to kBq, multiply the uCi value by 37.

4-162

Quantity 
(MCi) * 

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
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QUANTITIES' OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

Radionuclide 

Osmium-180 
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 
Polonium-203 
Polonium-205 
Polonium-207 
Polonium-210 
Astatine-207 
Astatine-211 
Radon-220 
Radon-222 
Francium-222

Quantity 
(MCi) * 

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

* To convert gCi to kBq, multiply the pCi value by 37.

4-163

Gold-199 
Gold-200mm 
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+5 y)

Quantity 
(uci) * 
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
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QUANTITIES' OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

Radionuclide Quantity Radionuclide 
(Ci) *

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

Any alpha-emitting 
radionuclide not 
listed above or 
mixtures of alpha 
emitters of unknown 
composition

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 
1,000 

100 
0.1 
1

0.001

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

Any radionuclide 
other than alpha
emitting radionuclides 
not listed above, or 
mixtures of beta 
emitters of unknown 
composition

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 "1i. -- that is, unity.  

IThe 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 Bq and 37 MBq (0.001 and 1,000 gCi). Values of 3.7 
MBq (100 MCi) have been assigned for radionuclides having a radioactive half
life in excess of E+9 years, except rhenium, 37 MBq (1,000 jzCi), to take into 
account their low specific activity.  

* To convert gCi to kBq, multiply the yCi value by 37.

4-164

0.01

Quantity 
(,ci) * 

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



APPENDIX D 
(Reserved) 

REQUIREMl.ENTS FOR TRAINSFER OF LOW-LEVEL RADIOACTIVE WASTE 
FOR DISPOSAL AT LAN DISPOSAL FACILITIES A=N MANIFESTS 

The 5l1±p~1W±± Ln tlie La±7-S shall ~UU1t±11i± Lhe IldILL, ad.JIebb5 , 011 

Lelephon±e- n.u~irbe1. of Lhe pei sun generain c±I±y 1e wast e . The 
maifL..est shaldl also0 i±mL~ud. Lthe nammLL, addrLLess, andi~ L~ep!~~u 
nUL~bt-bel U1. Lile 1ICLIL-e anjd Unit edI Stat~eb en±±v ±1. ILLCIItal pi 0Leu Lio± 
a~ye±±cy hacz-.az1.uu.s Wast e identLification± 11URubel of Lile jJ9C1.b
Licum~puz~l±± Lhe wast~e to Lhe land~ dis~posal fau±±±ty. Te 
manc±±iueb shlltl ailso l±n...catwe a physi~cal descri.ption± of th~ 

Wast~e, tlhe VU±lLLLL-e, £a.Jlu±onac1±de .identitLy and± quanita±L y, tile 

totail ra~dioactivity, and~ Lhe p1.i±I±pdil Llchmi~cal form..LL 

so~lidification agunt± shaltl be specifiedl. WastLe wan±Lta±14nny 
MtULU thant± u±e- Le±Lh± pe1.Lue±± c.he±a~tl±,, ciye±±L by mightL silc 
be identified and3 Lie weligh pexe±±Ltae of Lhe ch±ea.Liuy atyee±L 
estL~imated. Wastes classilfied a cu .lams~ A, c.lass, B, or. Lcltb 

ini sbsection±± of apendixL E bshall be clearliy lde±±Llfle~ic
suc.h± in. Lie MaifLt±±est. T1±e- Loal L q tuanit±iy of Lie r-adl..ou±J.±~ie 

hydroume- 3 , ~.CL1bu±±-A4, Leucehluatia-99 , cund luoll±-l29 biha b 
shouwn. The 1LLaCi.L±fteb L ILLWy be.: bh±±JJJ±±±y jPapje1. usLed Lu MLCC 

Un~ited Stat~es depurtLILeLIL uf L tranport ation± ux UjiIted Sctae 
ClinV±T1.uLLLe(M-,Lci Protectioni agyencly .Lileb U1. 1.eqU±1eLWLei.Lt of Lt 
Inum~e.l~e, pz.uvICICC all Lhe r.equLir.ed 111f0r1.L~ct±Uis ±b Il~udJe1 
C.opies of =11VO.±Lebb Matcy be legilbe (.carbonl copies or. laybi 

The wast e yeoiect~um shall linclude lin Lhe MMIi.fLLeill IL0cu1lfb a.  
cer.tifiL.cailon that.L Lie Hlct±spoi Led ILCLteiL±C1. !t Cta.Ie P1. Ujerfly 

1classified, descrilbed, pac~kaged, mart1ked, and labeled ad.d ie 

inl .1 Opelp coniditLionj foiL i.iz01 c talpraulou 6ctLu1 3 . y Luk 
ctppl±cuble rue of Lhe 04 ited Sctates departmLtent of 
Licu±spostLci.Llu and Let depart. ILelILt. An± ciuthu±sul~d. seprumebeint 
Live of Lhe wast e genleratoru shaltl biy.L adi dat~e th~e ILacI±fbL 

3 . Contra l aiud L trakl±niy 

6i. Mau icidluactLve wastbe ge.Lne-cLL01 who translfersb mactlictLLmL 

wast~e Lo a. land dl~,puaai facuility or. a. licensbedwb 
Lullectul shall cunyL~y wI± Li te InqtLii1elLelb ± 

Pad1I.y1.cplb 1 thro.ug~h± 8. Anuy racdioact..ive waste gell1cL1 
whJo Licusfems bwastbe Lu ai ll±e±cense wastbe pro0ceb1.WiL 

Ltreats um. 1. eaci.kagyen wa.cib~- shal bi.
1  ILLply WitLh Lile 1.e14U±i1. C 

m~eiltb of Jpa.±agr1a.pi 4 Lii ougyl 8 . A llLe±±bee s!iti 

(1) Prep~are all wast~es so th±at Lhe wast~e ib classibfied 

acordingL to± Lu bsectio. Lo± 1 f apjpenixd. E an±d melC~ 
Lhe wvaste uharci1.a.L..Le1 ibLIb C4±10 e±LeLtb ±1 

sbstbection 2 of appwnd±xdlA B;
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(2) tabel each package of Waste to ±denltify Wilt:--tllt--.L i7t 

is U±ass A WCL5tt.--, CICL.M5 B Waste, UL class e wastel
in accordance vv±tlt subse-utiair 1: of append±x E; 

(3) Conduc t a qua! ± ty UUII t2: Ul: UT UY.L CULL tu E-ME, ul: e 
C-UILLLJ±±a1IIUe vv±th subsect±uns ± and 2 of F7 
tile P-Lug-LcLiLL 'Shall i=I:Udk-- ILLGUICLyt:--ILLelXt t:--VCLI:UCtt±U.Ll Uf 
aud± ts i 

(4) P.Lt--.Pa-Le ý51!±JJ.P±ily ir1CU!±ft--5tS tU ILR--t--t tht-- Tt--qU±.LeILLt7-,.LltS 

of subsect:±ans 1: and 2; 

(5) Fu.Lwai:d ct cupy of the iLLall±ft'-.'jt tU the 
-Lt--UJ-.PJ-t--.Lit, Ctt tflt::ý t±ILLt-- Uf Sh±.PILLelTt:, oz: de±±vei: t:0-ar 
UUI:I:t--UtUT- CL t tht-- t ±ILLe t: I I (--- WaS tt-- ± 5 U U 1: 1 tf U t: t=ý, 
ubt:a±ii±.Liy acknowledgILLt-,11t Uf -Lt--Ct--±JJt ill tht-- fU-LIIL Uf 
CL s-Lyne-d copy Uf tht-- Mail ± f t--.'j it- k-j -L t--ý u ± V CL 1 eil t 
dUUMLIt::!.Llt:CLt±U.Ll fTUI[L thtf- UUI!t--Ctc)r-, 

(6) include ane capy of tht:-- iLLC;L.Llif-c--St W±tll tht--' ZDh±.PlRt--.Lltj 

(7) Rt=!tCL±il a UUJJY Uf the IrLCLII±feSt and documentatiun Of 
acknowliedgiRtf-ilt Uf -Lt--Ue±iJt CU5 tile Lt--UU-Ld Uf t.LCUIS 
of 1±censed I(LCLte-L±GLI cus te-cau±Ted by subsect±on 1-2
of sect±uil 33-18-83-05; CLIV-1 

(8) FL:%-,i.L. c;L.L.Lv UZ cUly VU-Lt±U.Ll Uf a sh±jJILLt--Ilt fur 
wh±ch acknowledgILLtUlt of r e c e ± ii t has ito t bEltri 

t:-- U t-- V t--d W± tll±.Ll tllt::ý t±ILLt--Z:i ý5 t-- t f U.L th ±11 th±S 
sec t on, conduc 1-. CL ML I -L.L.L V k_- b t i g a t ± u i i in accordance 
with 5ubdj-v-'L..-.)-'LU.Li t--.  

b. TUly WcLZ:it:t-- Cu±H7--UtUmL ±±ce-Lisiet:! who handles u.Lti:y iii-e-p-cackage-d 
wct5tt::! 

Acknow±edye Lt:--ue±pt of WaStt-- f.LUILL the generator 
w±tlx±ii one wc:ek of mLt--ut--±pt by zetarn±ng CL 

rupy of the manHest or equ±valent docUILLt=!Ilta1t±IL).[l; 

(2) Pr e.PCLr t-- el llt:M ILICLIT ± f ej t to reflect uu.Lisul±dcLtt--d 
JiLLt=!Ii t 6 the IM-W ILLaIll± f t: 5 hGL 1: 1: ýj t::!.L V t=: CLS -a 

1 ±S t ±lIg UX ±iidex. fur the d e- t cr i 1 e- d y ener cr tur 
MCLI'l ± f t:-- 5 t.-j . e-U.P±t.--5 Uf tht:-- Yt--Ilel:atUl: ILLr-LlT±fe.--jtý5 Sha±7± 

be- a part of the new incrii±fest. The waste collector 
.LLLCLy PZeLJCI.Lt-- a llt=!W ILLCUI±feSt W±t!IUUt CLttCEUII±Ilg tile 
Ylz'-Ilt--r-atU-L p.Luv±dt--d t:ilt=! llt--W IILCLIT±ft--.:.it Co=
tel±MS fur ealull Liclukaye tht-, ±IlfO-LIELat±Ull specif±ed I 
si abs e, c t ± on 1: . The culle-utor ±±cen,--3et-- shall cem t:±-fy 
that noth±ny has been dy-ne to the waste that wouldt 
iiivcL!±dcLte the yeareratoi- ".) U(--,.L'L±f±UcLti:urr,

(3) Forward CL COPY Of tile IM-W luallift--St tu tilt-- 1: eill 
d±bpusal fctu±!±ty olie-Tator cLt: tht-- t±ILLe Uf blT±JJILLt:--Ilt-, 

(4) lliulmde tht:-- lit--W ILLMI±fetit W±tll tht-- Zjh±pILLelXt tU the 
disposal 5i:t:t,--;
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(5) Retain± a cujpy of Lthe mLanilfestL andC doumentati±±onL.0. uO 

actLknowl edgmentI Lf m ~.ec.eipt asb the- ri.ecord of tr L..ans £ 
uf lIiumned ±Liate±ial as' requ.ired by subsection± 172 
of sect.ionl 33-18-03-05, and.. metalii ±11fUZILLaLSU11 S.UML 

Yeile±.at=± MLal±±ISet L14 th.L~ e l±~e±±b is Lex±ULI±ated, 
and 

(6) For. an.y blLLLLOI&S~ or an±y jpu± Liuj of a shipiLeL £..  

which.l ac.k±±wledyiLeill Of ±elL bis u £ Al~ ed 

with±Iin t1±e Lim~es seL fort Lin tuhis sect ion, conductu~ 
all I±nve~Liyatiuii ini ac~cmax..e with. sbdibvibsion a.  

28my L...eInbed waste procammui. who Lreatb 01. or ZPCakayQeb 

wLeb shall* 

1)Acknouwledge C £ec~p L of th.e wastLe fro tLL he y e±nwLa. ur
Ll~±±n u±±e week of re-..eip L by .1. e U. un±.u a s ligned 

UUPY of Lhe iLLaII±f(ebL 0±U equivalentL doum0L1±Latiui,

(2) PrLejparm a new mLaniIfest th1at mLeats the zmC4LI eLeiu 

of sbsb~ect ions~ 1 and3 2. Pi eparaLt±o of tlhe hew 
iLa±IL.Eeb zef lec.L Lthat Lthe j)±ucesbL is .Lespun±Lblle 

fur th±e waste; 

(3) Pzepare all wastes so that Lthe waste is classified 
acuudI±±y Lo u bsbection±1 of appe±.d±x E and3 moo!e~ 

Lthe wastLe c..la± actwzLe±c zeLIq uU±L emmltei In 

subsection1 2 of mppen±i&IA B, 

(4) Label echd package uf waste Lo id.entify whealhe± iL 
is Class A waste, class B waste, or class e Waste-, 
in. accordance with. subsectluion 1 and3 3 of appe..UI.  
ET 

(5) eanduct a qualitLy Cu±±L± ul pi oyla toIL Lu CubWe 

VOIL~PIl~a1e w ith sbsbectLions 1 and3 2 of appe±.U..z.  
The P.L UY ± LL shall incl. 1ude m~an~agementII eval1uatLi .on 

(6) Fum aid3 a i..upy of th~e new IM1a..I f tb L tuhle d±SPu~al 
bite Opear~t± C)L. Waste UUlle~t.lu± aL Ltile L±I(LtLC uf 

6111J~ILLe.11L, or deliver Lu a wollecLur at th.e LOUe t 
wase ls collec Led; obta.ining ack..uwle3.ynLe.lt 07f 

inc...ept Ox t.he fUliLL of a signJed cupy uf LA 
ILLCU~ile f t o equ.ivalent 3.ucUrrLe.Ltc~tL~on by the 

colluectu 

(7) I..lude Lthe n±ew maiLhfest LwIith the bhipmLent-L 

(8) Retain. cup~es uf origin.al mLanilfestbs .id±JC 

MLaIII£es Lb anhd doumentCLL atLio of. ackn.owl edgmLent L0u 
mae~epL asb Lhie recuzd of Lranabfer of liLcensedJ 

WLaLCT±la LeqU.±Zed by sbsibectLion 12 of muct.i01i 33-
10 - 03 -085, -- aund
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(9) FUr CL.Lly Z:i!lijJILV--Ilt U.L JJU-L t±O.Ll Uf a fU.L Wll±ull 

CLCknUW!t--dgiLLent ±Z5 IlUt: -Lt--Ct--±Ved Witll±.Ll tllt-- t±ILLEM Z:iet 
farth ±n this sel-t±unj conduct an ±nve-stigat±un in 
accordance w±th sabd±v±s±%-jj..L I:--.  

d. The land d±,-jpusal fau±!±ty operatur shalle 

1: Acknowledge rece±.pt of the- waste w±th±n one- week of 
rece±vt by re-turil-Lily CL ý)±yned copy of tllt:ý ILLan±ft-a 
oz t--qu-LvcL!t--.Lit ducuirrentat±un to the si.L±ppt---L. The 

to be iiut±f±ed ±.s the WhO ±ast 
possessed the waste and transferred the wcLstt-- to 
the operator . The retumned copy of tllt-- ILLCLII±feSt U.L 
eclu±valt--Ilt drocUILLelltat±Ull Shall: ±ild±ucLtt:-- ally 
d± s (;.L eparic ± es between ILLCL t t--J- ± a 1 ýj 1 ± s t ed oil th-e 
!LLCLII±ft:--bt and ILLCEt:e-L±ai:S ze-ce±ved,ý 

(2) Ma±nta±.Li t..; up -L U f C11 1 L;UJrLplet:ed ILLCLII±ft=!Sts O.L' 
t--qu±valent ducuirrentat±oir until: the 
tt--.LILL±IICLtedi GLII 

(3) Nut±fy the- Sh±vper- that ±s, tile Y t--ilt"T a[ t 01 , tile 
collector, uz procemssur , and the de-ijam trrient wht--n 
Ctiiy tih±.PiLLt:M t Ul: u 

.PU.L tiUll Uf CL Sh±VILRM t halb IM ;

cL-Lj ±ved w± thiai s ±.2c ty day s ct f t er t 11 e- adv ance 
ILLCUT±febt WCLO -LZ-;"t--±vt--d.  

tl- Paly S liplER--ilt UT JJUL t±Ull Uf CL SII±JJILI("-'.Ll t fUl: Wh±Ch 

CLCkJ.IUW]:t-'dYILLt:Mt ±s not: re-ue±ved vv±thin the tilLit:--S set forth 
±11 th±S seut±ull 

1: Be ±iivt--6t±gcLtt--d by the, bli±pijt--r ±f the sh±ppem has 
not re-ce-±vied u-L mece±pt: w±thin twenty 
days after transfe-ri and 

(2) Be tmaced and i:t:::.pu-Lted tU WiMiLL. Tllt-- ±nVfc!St:±YCit±UlI 
shall include, trcLu±.iiy the 511±JJILLt--.Llt card fi:!±iiy a 
-L epo -L t w± th the! dtnipai: tlM--nt . Each Who 
cuncluctSi cl t-LaCE-- ±nveSt±YcLt±0n Shall: f±l:t-- C;L W-L±tte.L.1 _pu.L t w± th the dt--ijcL:r tlLB--nt Wi tll±il two Weeks UE 
UUILtJJI:t--t±Un Uf tllt--
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APPENDIX 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 pre
cautions 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 avail
ability 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 character
istics 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 
characteristics of class C waste must meet both the 
minimum and stability requirements set forth in 
subsection 2.
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c. Classification determined by long-lived radionuclides.  
If the radioactive waste contains only radionuclides 
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

Concent 
Radionuclide curie/c 

C-14 
C-14 in activated 
metal 

Ni-59 in activated 
metal 2 

Nb-94 in activated 
metal 

Tc-99 
1-129 
Alpha emitting transuranic 
radionuclides with half
life greater than five 
years 

Pu-241 
Cm-242 
Ra-226

:ration Concentration 
zubic metera nanocurie/gramb 

8 

80 

:20 

0.2 
3 
0.08

100 
3,500 

20,000 
100
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aTo 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.  

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 table I or II, 
it is class A.  

(1) If the concentration does not exceed the value in 
column 1, the waste is class A.  

(2) If the 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 1 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 1 44 4600
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*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 class C 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 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
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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 
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 dis
posal site.  

(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.
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(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 8.  

(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.) 

(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
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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.  

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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Standards 

(a) Surface contamination limits 

(1) Alpha emitters 

(i) Removable: 0.555 Ba

(ii) Total 
(fixed)

100 cmz 

1.6 65.._B 

100 cm 

166.5__g 
100 cm 

832.5_.  
100 cmP 

2.5 gSv 
hr

APPENDIX F 

for Unrestricted Areas

I = average o' 
0 m 100 cm, any one s; 

1 c = i00 dpm maximum 
100 cmr 100 cm 

S = 0 dpm average or 
100cm 100 cmý any one si 

- 2250pCi 5000 dpm maximum or 
100 cm• 100 cm• 

(0.25 mrem) maximum at 1 cm from surface 
hr

ver 
urface 

ver 
urf ace 

r

(2) Beta-Gamma emitters 

(i) Removable: 3 10I00 PCi average over 
(all beta- 100 cm 100 cm, any one surface 
gamma emitters 
except = • maximum 
hydrogen-3) 100 cmY 100 cm• 

Removable: 3 = 1000__pCi average over 
(hydrogen-3) 100 cm1 00 cm any one surface 

185 B = 5000 pCi maximum 
100 cm 100 CnM 

(ii) Total 2.5 gSv = (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: 

(i) 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 waste 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 Index 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 th±s par chaDter 
33-10-04.1 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 par t appendix; 
or 

(c) Radioactively contaminated material to a "waste processor" 
that becomes the processor's "residual waste." 

For guidance in completing these forms, refer to the 
instructions that accompany the forms. Copies of manifests 
required by this appendix may be legible carbon copies, 
photocopies, or computer printouts that reproduce the data in 
the format of the uniform manifest. 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
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meet Environmental Protection Agency regulations, as codified in 
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 chapter, 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 R~LLiIe±Ls in 10 CFR part 
61 etLi 56 61.56, and to meet Department of Transportation 
requirements for a Type A package.

4-178

ý . pi



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 
repository" as defined in 10 CFR part 60 or 63 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 location of information. Upon agreement 
between the shipper and consignee, NRC Forms 541 (and 541A) and 
NRC Forms 542 (and 542A) may be completed, transmitted, and 
stored in electronic media. The electronic media must have the 
capability for producing legible, accurate, and complete records 
in the format of the uniform manifest.  

Package has1~, tht±- bdClLe ILLEcU.±±±iy M5~ lIC~t LY±Vt l ill ee1ictjL 3 U-31 -0i 

means the assembly of components necessary to ensure compliance 
with the packaging reguirements of United States department of 
transportation regulations, together with its radioactive 
contents, as presented for transport.  

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 (or eguivalent) and, if 
required, NRC Form 540A (or eguivalent) 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.  

Uniform Low-Level Radioactive Waste Manifest or uniform manifest 
means the combination of NRC Forms 540, 541, and, if necessary,
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542, and their respective continuation sheets as needed, or 
equivalent.  

Waste collector means an entity, operating under a 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.  

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
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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; 

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: 

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 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 facility, the maximum 
radiation level at the surface of each disposal 
container; 

6. A physical and chemical description of the waste;
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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 
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 
sectLiU1 55 61.55. Waste not meeting the structural 
stability requirements of 10 CFR par 6± sectLun 56 
subsect±uLx (b) 61.56(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; 

4. For waste consigned to a disposal facility, the 
classification of the waste pursuant to 10 CFR part 61 
section 55 61.55. Waste not meeting the structural 
stability requirements of 10 CFR part 61 sectnioi 56 
subsecLion (b) 61.56(b) must be identified;

4-182



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 
appendix). It also applies to mixtures of wastes shipped in 
an 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 and 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 sectLonI D 
sabsctLonI (b) 61.56(b); and
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(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 

An authorized representative of the waste generator, processor, 
or collector shall certify by signing and dating the shipment 
manifest that the transported 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.  

III. Control and Tracking 

±A. Any licensee who transfers radioactive waste to a land 
disposal facility or a licensed waste collector shall comply 
with the requirements in paragraphs A. (a) through 9 
A.(i) 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 A. (d) through 9 A. (i) of this section. A licensee 
shall:

(a) Prepare all wastes so that the waste is classified 
according to 10 CFR petL 61 sectLion 55 61.55 and 
meets the waste characteristics requirements in 10 
CFR pat 61 sectLun 56 61.56.  

(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 than Class C 
waste, in accordance with 10 CFR parL 61 secLion 55 
61.55; 

(c) Conduct a quality assurance program to assure 
compliance with 10 CFR part 61 sectLl±i 55 61.55 and 
10 CFR part 61 sectiun 56 61.56 (the program must 
include management evaluation of audits); 

(d) Prepare the NRC Uniform Low-Level Radioactive Waste 
Manifest as required by this appendix;
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(e) Forward a copy or electronically transfer the 
Uniform Low-Level Radioactive Waste Manifest to the 
intended consignee so that either (%L) 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 (TI) 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-.- A. (e) 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 
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 
received 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 handles 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 Radioactive Waste Manifest to the 
intended consignee so that either: 

(1) Receipt of the manifest precedes the LLW 
shipment or
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(2) The manifest is delivered to the consignee with 
the waste at the time the waste is transferred 
to the consignee. Using both (±1) and (±i-2) 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--9 B. (c) 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 
Uniform Low-Level Radioactive Waste Manifest 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 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 

(h) Notify the shipper, the department, 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 parL 61 section± 55 61.55 and
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meets the waste characteristics requirements in 10 
CFR part 61 siect.Lo 56 61.56; 

(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 sectio 55 61.55 
and 10 CFR part 61 section1 57 61.57; 

(e) Conduct a quality assurance program to assure 
compliance with 10 CFR part 61 sectLiu 55 61.55 and 
10 CFR part 61 sectlon 56 61.56 (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: (ti) 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 (±1) 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 eT C. (f) of this 
section; 

(h) Receive acknowledgment of the receipt of the 
shipment in the form 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 
by 10 CFR parts 30, 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, the department, 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:
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(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 all completed manifests and 
electronically store the information required by 10 
CFR part 6± Gi ctLun 80 subsectLon± (±) 61.80(1) 
until the department or Commission terminates the 
license; and 

(c) Notify the shipper, the department, 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: 

(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 department and the nearest commission 
regional office. Each licensee who conducts a 
trace investigation shall file a written report 
with the dePartment and the appropriate nuclear 
regulatory commission regional office within two 
weeks of completion of the investigation.  
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