
STATE OF TENNESSEE
DEPARTMENT OF ENVIRONMENT AND CONSERVATION

DIVISION OF RADIOLOGICAL HEALTH
L & C Annex, 3rd Floor

401 Church Street
Nashville, TN 37243-1532

Phone: 615-532-0360, Fax: 615-532-7938, E-mail: Eddie.Nanney@state.tn.us

December 21, 2004 ,

Josie Piccone, Deputy Director
Office of State and Tribal Programs
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Ms. Piccone:

This is in reference to letters dated July 14, 2004, from Karen Stachowski, August 19, 2004,
from Paul Lohaus, and December 10, 2004, from Josie Piccone.

Staff of the Tennessee Division of Radiological Health have reviewed the referenced letters, and
have considered the reasons pro and con, relative to inserting Table 3 (Releases to Sewers) into
Schedule RHS 8-30 (Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure; Effluent Concentrations; Concentrations for Release
to Sanitary Sewerage) of "State Regulations for Protection Against Radiation" (SRPAR), Rule
1200-2-5-.161 Schedules. The consensus was to start the rulemaking process to insert the table.

Enclosed is a copy of the proposed revision to SRPAR, Rule 1200-2-5-.161, Schedule RHS 8-
30. The proposed changes are identified by strike-through text and are related to the following
equivalent amendment to NRC's regulations:

Appendix B to Part 20, RATS # 1991-3

Also enclosed is a copy of a proposed revision to SRPAR Chapter 8 Radiation Safety
Requirements for Industrial Radiography Operations. The purpose of this revision is to correct
our omission of the words "and registrant" from the last update of industrial radiography
regulations. Although not a matter of compatibility, these corrections are identified by strike-
through text.

We have scheduled hearings for receiving public comments on the proposed revisions for
January 20, 2005, with a request for comments by February 17, 2005. We believe that adoption
of these revisions will satisfy the compatibility and health and safety categories established in
STP Procedure SA-200.
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If you have any questions, please feel free to contact me at 615-532-0360, or Barbara Davis of
my staff at 615-532-0389 or Barbara.A.Daviselstate.tn.us.

Sincerely,

Lawrence E. Nanney
Director

Enclosures: As stated



Notice of Rulemaking Hearing
Department of Environment and Conservation

Division of Radiological Health

There will be a hearing before the Tennessee Department of Environment and Conservation to consider the
promulgation of amendments pursuant to T.C.A. 68-202-101 et seq. and 68-202-201 et seq. The hearing will be
conducted in the manner prescribed by the Uniform Administrative Procedures Act, Tennessee Code Annotated,
Section 4-5-204, and will take place in the 17d" Floor Conference Room of the L & C Tower located at 401 Church
Street, Nashville, Tennessee, at 1:00 p.m. (CST), on the 20th day of January 2005.

Individuals with disabilities who wish to participate in these proceedings or to review these filings should contact
the Tennessee Department of Environment and Conservation to discuss any auxiliary aids or services needed to
facilitate such participation. Such contact may be made in person, by writing, telephone or other means and should
be made no less than ten (10) days prior to January 20, 2005, or ten (10) days prior to the date such party intends to
review such filings, to allow time for the Department to determine how it may reasonably provide such aids or
services. Contact the Tennessee Department of Environment and Conservation, John White, ADA Coordinator,
L & C Annex, Seventh Floor, 401 Church Street, Nashville, TN 37243; (615) 532-0207. Hearing impaired callers
may use the Tennessee Relay Service (1-800-848-0298).

Amendments

Subparagraph (I)(b) and part (lXc)l. of Rule 1200-2-5-.122 Disposal by Release into Sanitary Sewerage are
amended by deleting the words "Table 2, Column 3" and substituting the words "Table 3", so that as amended the
subparagraph and part shall read:

(1) (b) The quantity of radioactive material the licensee releases into the sewer in any one month
divided by the average monthly volume of water released into the sewer by the licensee does not
exceed the concentration listed in Table 3 of Schedule RHS 8-30; and

(c) 1. The licensee shall determine the fraction of the limit in Table 3 of Schedule RHS 8-30
represented by its releases into sanitary sewerage. This shall be done by dividing the
actual monthly average concentration of each radionuclide released by the licensee into
the sewer by the concentration of that radionuclide listed in Table 3 of Schedule RHS 8-
30; and

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206.

Schedule RHS 8-30 of Rule 1200-2-5-.161 Schedules is deleted in its entirety and the following is substituted, so
that as amended Schedule 8-30 shall read:

RHS 8-30

ANNUAL LIMITS ON INTAKE (ALI) AND DERIVED AIR CONCENTRATIONS (DAC) OF
RADIONUCLIDES FOR OCCUPATIONAL EXPOSURE; EFFLUENT CONCENTRATIONS;

CONCENTRATIONS FOR RELEASE TO SANITARY SEWERAGE
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Introduction

For each radionuclide, Table I indicates the chemical form which is to be used for selecting the appropriate ALI or
DAC value. The ALls and DACs for inhalation are given for an aerosol with an activity median aerodynamic
diameter (AMAD) of I tun, micron, and for three classes (D,WY) 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 for D if less than 10 days, for W from 10 to 100 days, and for Y greater than 100 days.
The class (D, W, or Y) given in the column headed "Class" applies only to the inhalation ALIs and DACs 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 systems.

Note:

The values in Tables I, 11, 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 0.06, 6E+2 represents 6 x 102 or 600, and 6E+0 represents 6 x 100 or 6.

Table I "Occupational Values"

Note that the columns in Table I of this schedule captioned, "Oral Ingestion ALI," "Inhalation," "ALI," and "DAC,"
are applicable to occupational exposure to radioactive material.

The ALls in this schedule are the annual intakes of a given radionuclide by the reference man, which would result in
either a committed effective dose equivalent (CEDE) of 0.05 Sv (5 rem), stochastic ALI, or a committed dose
equivalent of 0.5 Sv (50 rem) to an organ or tissue, non-stochastic ALI. The stochastic ALIs 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 0.05 Sv (5 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 1200-2-5-.32. The non-stochastic
ALls 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 GI 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, skin, and lens of the eye are not considered in computing the CEDE
but are subject to limits that must be met separately.

When an ALI is defined by the stochastic dose limit, this value alone is given. When an ALI is determined by the
non-stochastic dose limit to an organ, the organ or tissue to which the limit applies is shown, and the ALI for the
stochastic limit is shown in parentheses. Abbreviated organ or tissue designations are used:

1. LL wall = lower large intestine wall;
2. St wall = stomach wall;
3. Blad wall = bladder wall; and
4. Bone surf= bone surface.

The use of the ALIs listed first, the more limiting of the stochastic and non-stochastic ALMs, 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 ALI is limiting, the use of that non-
stochastic ALI is considered unduly conservative, the licensee or registrant may use the stochastic ALI to determine
the committed effective dose equivalent. However, the licensee or registrant shall also ensure that the 0.5 Sv (50
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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 ALls (ALI,,,)
that contribute to the committed dose equivalent to the organ receiving the highest dose does not exceed unity, that
is, Z (intake [in pCi] of each radionuclide/ALI.) S 1.0. If there is an external deep dose equivalent contribution of
ILd, then this sum must be less than I - (Hdl50), instead of S 1.0.

Note that the dose equivalents for an extremity, 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.

The derived air concentration (DAC) values are derived limits intended to control chronic occupational exposures.
The relationship between the DAC and the ALI is given by:

DAC - ALI (in pC ,)(2000 hrs / working yr X 60 minhr X 2 x 10 4ml /min)
ALI

= jLo Ci/ml2.4 X 10 4 "/

where 2 x 104 ml is the volume of air breathed per minute at work by the reference man under working conditions of
light work.

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

The ALI and DAC values include contributions to exposure by the single radionuclide named and any ingrowth 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 ALI and DAC 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 1200-2-5-.5 1. 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 radioisotopes. For this reason, values
are given for Class D, W, and Y compounds, even for very short-lived radionuclides.

Table 11 "Effluent Concentrations"

The columns in Table II of this schedule captioned "Air" and "Water" are applicable to the assessment and control of
dose to the public, particularly in the implementation of the provisions of 1200-2-5-.61. The concentration values
given in Columns I and 2 of Table 11 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 0.5 mSv (0.05 rem).

Consideration of non-stochastic limits has not been included in deriving the air and water effluent concentration
limits because non-stochastic effects are presumed not to occur at or below the dose levels established for individual
members of the public. For radionuclides, where the non-stochastic limit was governing in deriving the occupational
DAC, the stochastic ALI was used in deriving the corresponding airborne effluent limit in Table 11. For this reason,



Page 4 of 53 Pages

the DAC and airborne effluent limits are not always proportional, as was the case in the previous Schedule RHS 8-
1.

The air concentration values listed in Table II, Column I were derived by one of two methods. For those
radionuclides for which the stochastic limit is governing, the occupational stochastic inhalation ALI was divided by
2.4 x 109, relating the inhalation ALI to the DAC, as explained above, and then divided by a factor of 300. The
factor of 300 includes the following components: a factor of 50 to relate the 0.05 Sv (5 rem) annual occupational
dose limit to the I mSv (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 DAC in Table 1,
Column 3 was divided by 219. The factor of 219 is composed of a factor of 50, as described above, and a factor of
4.38 relating occupational exposure for 2,000 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 ALI and
dividing by 7.3 x 1. The factor of 7.3 x 167 (ml) includes the following components: the factors of 50 and 2
described above and a factor of 7.3 x 105 (ml), which is the annual water intake of the reference man.

Note 2 of this schedule provides groupings of radionuclides, which are applicable to unknown mixtures of
radionuclides. These groupings, including occupational inhalation ALls and DACs, 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 as being present, 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 1200-2-5-
.122. The concentration values were derived by taking the most restrictive occupational stochastic oral ingestion ALI
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 a 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 5 mSv (0.5 rem).
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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

LIST OF ELEMENTS

Atomic
Number Name
89 Mercury
13 Molybdenum
95 Neodymium
51 Neptunium
18 Nickel
33 Niobium
85 Osmium
56 Palladium
97 Phosphorus
4 Platinum
83 Plutonium
35 Polonium
48 Potassium
20 Praseodymium
98 Promethium
6 Protactinium
58 Radium
55 Radon
17 Rhenium
24 Rhodium
27 Rubidium
29 Ruthenium
96 Samarium
66 Scandium
99 Selenium
68 Silicon
63 Silver
100 Sodium
9 Strontium
87 Sulfur
64 Tantalum
31 Technetium
32 Tellurium
79 Terbium
72 Thallium
67 Thorium
I Thulium
49 Tin
53 Titanium
77 Tungsten
26 Uranium
36 Vanadium
57 Xenon
82 Ytterbium
71 Yttrium
12 Zinc
25 Zirconium
101

Symbol
Hg
Mo
Nd
Np
Ni
Nb
Os
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se
Si
Ag
Na
Sr
S
Ta
Tc
Te
Th
Ti
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
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Table I Table 11 Table 111
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class CoL I Col. 2 Col. 3 Col. I Col. 2 Mdonthly
No. Ora Inhalation Average

InetOna DA Air water Concen-
AIlg(sti) ALI (jtCi) DACifl (ji0mlm) (pitall) trationALI (pCi) IL pt "~m) (l~/l (PCVIW)mrl ('40/tmO

I Hydrogen-3 Water, DAC 8E+4 .E+4 2E-5 IE-7 IE-3 IE-2
includes skin
absorption
Gas (HT or T2) Submersion: Use above values as HT and T2 oxidize in air and in the body to l{TO.

4 Besyllium-7 W, all compounds 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3
except those given
for Y
Y, oxides, halides, 2E+4 8E-6 3E-8
and nitrates

4 Beryllium-10 WI see 7Be IE+3 2E+2 6E-8 2E-10
LLI wall 2E-S 2E-4
(IE+3)

Y. sYee'Be lE+I 6E-9 2E-Il
6 Carbon-Wll Monoxide - IE+6 5E-4 2E-6

Dioxide _ 6E+5 3E-4 9E-7
Compounds 4E+5 4E+5 2E-4 6E-7 6E-3 6E-2

6 Carbon-14 Monoxide 2E+6 7E-4 2E-6 _
Dioxide . 2E+5 9E-5 3E-7 _
Compounds 2E+3 2E+3 IE-6 31E-9 3E-5 3E-4

9 Fluorine-l87 D, fluorides of H, Li, 5E+4 7E+4 3E-5 IE-7
Na, K, Rb, Cs, and St wanl . 7E-4 7E-3
Fr (SE+4)
W, fluorides of Be, 9E+4 4E-5 IE-7
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_ 8E+4 3E-5 IE-7

._ fluoride
11 Sodium-22 D, all compounds 4E+2 6E+2 3E-7 9E-10 6E-6 6E-5
II Sodium-24 D, all compounds 4E+3 5E+3 2E-6 71E-9 51E-5 5E-4
12 Magnesium-28 D, all compounds 7E+2 2E+3 7E-7 2E-9 9E-6 9E-5

except those given
for W
W, oxides, IE+3 5E-7 2E-9
hydroxides, carbides,
halides, and nitrates

13 Aluminum-26 D, all compounds 4E+2 6E+1 3E-8 9E-11 6E-6 6E-5
except those given
for W
W, oxides, 9E+I 4E-8 IE-10
hydroxides, carbides,
halides, and nitrates

14 Silicon-31 D, all compounds 9E+3 3E+4 IE-5 4E-8 IE-4 IE-3
except those given
for Wand Y
W, oxides, 3E+4 IE-5 5E-8
hydroxides, carbides,
and nitrates
Y, aluminosilicate 3E+4 IE-5 4E-8
glass

14 Silicon-32 2E+3 2E+2 I E-7 3E-10
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Table!I Table II Table 11I
Releases toOccupational Values Effluent Concentrations Sewers

Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Col. I Col. 2 Monthly
No. Inhalation Average

InetOra ACAir Water Con cen-
Ingcstion ALI (uCi) (pDCi/m) (paCLml) (IiCilml) tration

D, see 31Si LLIWaU - - 4E-5 4E-4
(3E+3) .

W, see 3ISi _ IE+2 SE-S 2E-lo 1
Y, see31Si SE+O 2E-9 7E-12

15 Phosphorus-32 D, all compounds 6E+2 9E+2 4E-7 IE-9 9E-6 9E-5
except phosphates
given for W
W, phosphates of _ 4E+2 2E-7 5E-10 -
Zn2 . S3+ Mg2+
Fe3+, Bj3+ , and
lanthanides

15 Phosphorus-33 D, see 2P 6E+3 8E+3 4E-6 IE-8 SE-5 8E-4
Wsee32P . 3E+3 IE-6 4E-9 .

16 Sulfur-35 Vapor . IE+4 6E-6 2E-8 _
D, sulfides and IE+4 2E+4 7E-6 2E-8
sulfates except those LLI wall . IE-4 IE-3
given for W (8E+3)
W, elemental sulfur, 6E+3 2E+3 9E-7 3E-9
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 . _

17 Chlorine-36 D, chlorides of H, 2E+3 2E+3 IE-6 31E-9 2E-5 2E-4
Li, Na, K, Rb, Cs,
and Fr
W, chlorides of 12E+2 IE-7 3E-10
lanthanides, Be, Mg,
Ca. Sr, Ba, Ra, Al,
Ga, In, T1, Ge, Sn,
Pb, As, Sb, Bi, Fe,
Ru, Os, Co, Rh, k,
Ni Pd, Pt, Cu, Ag,
Au, Zn, Cd. Hg, Sc,
Y, Ti, Zr, Hf V. Nb,
Ta, Cr, Mo, W, Mn,
Tc, and Re

17 Chlorine-387 D, see 36Cl 2E+4 4E+4 2E-5 6E-8 .
St wall . . - 3E-4 3E-3
(3E+4)

W, see 6C1 - 5E+4 2E-5 6E-8 - -

17 Chlorine-39 2  D, see 36'CI 2E+4 5E+4 2E-5 7E-8
St wall - - SE-4 SE-3
(4E+4)

W. see 38C1 6E+4 2E-5 8E-8
18 Argon-37 Submersion' . - IE+O 6E-3
18 Argon-39 Submersion - _ 2E-4 8E-7 _
1 8 Argon-41 Submersion' - 3E-6 IE-8
19 Potassium-40 D, all compounds 33E+2 4E+2 2E-7 - 6E-10 4E-6 4E-5
19 Potassium-42 D, all compounds 5E+3 SE+3 2E-6 7E-9 6E-5 6E-4
19 Potassium-43 D, all compounds 6E1+3 9E+3 4E-6 IE-8 9E-5 9E-4
19 Potassium-442  D, all compounds 2E+4 7E+4 3E-5 9E-S - -

St wall - 5E-4 5E-3
(4E+4)

19 :: =D. all compounds 3E+4 IE+S SE-5 2E-7 - -
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Table I Table II Table toI
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col I COI. 2 CoL 3 COl. I COI. 2 MonthJl
No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
AU (uCt) ALI (iCi) (ICVml) (PCi/'l) (Ciml) tration

_ _ _ _ _ _ _ __ _____(4ci/m i)
Potassium-45 2  St wall - _ 7E-4 7E-3

(5E+4)
20 Calcium-41 W, all compounds 3E+3 4E+3 2E-6 _ .

Bone surf Bone surf - SE-9 6E-S 6E-4
(4E+3) (4E+3)

20 Calcium-45 W, all compounds 2E+3 _8E+2 4E-7 IE-9 2E-5 2E-4
20 Calcium-47 W. all compounds 8E+2 9E+2 4E-7 IE-9 IE-5 lE-4
21 Scandium-43 Y, all compounds 7E+3 2E+4 9E-6 3E-8 IE-4 IE-3
21 Scandium-44m Y, all compounds 5E+2 7E+2 3E-7 lE-9 7E-6 7E-5
21 Scandium-44 Y, all compounds 4E+3 I E+4 5E-6 2E-8 5E-5 5E-4
21 Scandiumr46 Y, all compounds 9E+2 2E+2 IE-7 3E-10 IE-5 IE-4
21 Scandium-47 Y, all compounds 2E+3 3E+3 I E-6 4E-9

LLI wall - 4E-5 4E4
(3E+3) _

21 Scandium-48 Y, all compounds SE+2 I E+3 6E-7 2E-9 IE-5 IE-4
21 Scandium-49 Y. all compounds 2E+4 SE+4 2E-5 SE-8 3E-4 3E-3
22 Titanium-44 D, all compounds 3E+2 IE+I SE-9 2E-1I 4E-6 *4E-5

except those given
for W andY
W, oxides, . 3E+1 IE-8 4E-I I
hydroxides, carbides,
halides, and nitrates
Y, SrTiO 6E+0 2E-9 8E-12

22 Titanium45 DS sW 44Ti 9E+3 3E+4 IE-5 3E-8 IE-4 IE-3

W. see 44Ti 4E+4 I E-5 SE- 518
Y. see -Ti 3E+4 I E-S 4E-8 .

23 Vanadium-47Z D, all compounds 3E++4 SE4 3E-S I E-7 -
except those given St wall - 4E4 4E-3
forW (3E+4)W
W, oxides, IE+S 4E-S IE-7
hydroxides, carbides,
and halides

23 Vanadium-48 D, see 4 7V 6E+2 IE+3 5E-7 2E-9 9E-6 9E-5
W, see 4

iV 6E+2 3E-7 9E-10
23 Vanadium-49 D, see 47V 7E+4 3E+4 I E-5

LLI wall Bone surf - SE-8 I E-3 I E-2
_ _ (9E+4) (3E+4)

W, see V 2E+4 8E-6 2E-S -
24 Chromium-4S D, all compounds 6E+3 IE+4 SE-6. 2E-S 8E-S SE-4

except those given
for W and Y
W, halides and 17E+3 3E-6 IE-S
nitrates
Y, oxides and _ 7E+3 3E-6 IE-S

. hvdroxides
24 Chromium-49' D, see 4Cr 3E+4 SE+4 4E-5 IE-7 4E-4 41E-3

W, see48Cr IE+5 4E-5 IE-7
Y. see 4

aCr 9E+4 4E-S IE-7 -
24 Chromium-5I D, see 48Cr 4E+4 SE+4 2E-5 6E-S SE-4 SE-3

W, see 4"Cr 2E+4*- IE-S 3E-S -

Y, see4'Cr 2E+4 SE-6 3E-S - -

25 Manganese-512  D, all compounds 2E+4 5E+4 2E-5 7E-S 3E-4 3E-3
except those given
for W _

W, oxides, 6E+4 3E-5 8E-8 -

hydroxides, halides,
._ _ _ _ _ and nitrates ._.
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Table IllTable I Table 11 Releaes to
Occupational Values Effluent Con1cntrations Sewers

Atomic Radionuclide Class Col. I Col. 2 | Col. 3 CoL I Col. 2 Afonthly
No. I Inhalation -- Average

Ingestion DAC Air Water Concen-
AI (pCi) ALl (pCi) (j~/n) (iCinil) (pCi'rnl) tration

25 Manganese-52mn Dsee51 Mn 3E+4 9E+4 4E-S IE-7 .
St wall SE-4 5E-3
(4E+4)__ _ _ _ __ _ _ _ _ _ _ _ _ _

W, see 5'Mn IE+5 4E-5 IE-7
25 Manganese-52 D, see 5'Mn 7E+2 IE+3 SE-7 2E-9 IE-5 IE-4

W. see 5Mn - 9E+2 4E-7 IE-9 -

25 Manganese-53 D, see 5Mn 5E+4 1E+4 5E-6 . 7E-4 7E-3
B Bone surf _ 3E-8 -

(2E+4)
W, see5Mn IIE+4 5E-6 2E-8

25 Manganese-54 D, see "Mn 2E+3 9E+2 4E-7 IE-9 3E-S 3E-4
. W. see 5Mn 8E+2 3E-7 IE-9 -

25 Manganese-56 D, see 5Mn1 SE+3 2E+4 6E-6 2E-8 7E-5 7E-4
W, sece"Mn 2E+4 9E-6 3E1-8

26 Iron-52 D, all compounds 9E+2 3E+3 IE-6 4E-9 IE-5 IE-4
except those given
for W
W, oxides, 12E+3 IE-6 3E-9
hydroxides, and
halides

26 Iron-55 D. see "Fe 9E+3 2E+3 8E.7 3E-9 IE-4 IE-3
W, see "Fe 4E+3 2E-6 6E-9 . _

26 Iron-59 D, see 52Fe 8E+2 3E+2 IE-7 5E-10 IE-5 IE-4
W. see 1Fe -c5E+2 2E-7 7E-10 - -

26 Iron-60 D, see "Fe 3E+1 6E+O 3E-9 9E-12 4E-7 4E-6
W. see 52Fe _ 2E+l 8E-9 3E-I I-

27 Cobalt-55 W, all compounds IE+3 3E+3 IE-6 4E-9 2E-5 2E-4
except those given
for Y
Y, oxides, . 3E+3 IE-6 4E-9
hydroxides, halides,
and nitrates

27 Cobalt-56 W. see 55Co SE+2 3E+2 IE-7 4E-10 6E-6 6E-5
Y. see "Co 4E+2 2E+2 8E-8 3E-10

27 Cobalt-57 W, see 55Co SE+3 3E+3 IE-6 4E-9 6E-5 6E-4
Y, see "5Co 4E+3 7E+2 3E-7 9E-10 -

27 Cobalt-58m W. see 55CO 6E+4 9E+4 4E-5 IE-7 8E-4 8E-3
Y. see 55Co o 6E+4 3E-5 9E-8

27 Cobalt-58 W, see -Co 2E+3 IE+3 5E.-7 2E-9 2E-5 2E-4
Y, see "Co IE+3 7E+2 3E-7 IE-9 -

27 Cobalt-6Om2 W, see 5Co IE+6 4E+6 2E-3 6E-6 -
St wall - 2E-2 2E-1
(IE+6)

Y, see 55Co 3E+6 IE-3 4E-6
27 Cobalt-60 W, see "Co 5E+2 2E+2 7E-8 2E-10 3E-6 3E-5

_Y.see-Co 2E+2 3E+l IE-8 5E-l1 1
27 Cobalt-61' W. see "Co 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3

-Y, see 55Co 2E+4 6E+4 2E-5 8E-8
27 Cobalt-62m2  W, see 5Co 4E+4 2E+5 7E-5 2E-7

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

Y. see 55Co 2E+5 6E-5 2E-7 - -

28 Nickel-56 D, all compounds IE+3 2E+3 8E-7 3E-9 2E-5 2E-4
except those given

. _ for W
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Table I Table II Table III
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col. I Col 2 | Col 3 Col. I Col 2 Monthly
No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
ALI (pCi) ALI (1zCi) (uiCi/ml) _(gCi/__) pCiri)on

W, oxides, _ 1E+3 5E-7 2E-9 _
hydroxides, and
carbides
Vapor IE +3 5E-7 2E-9 -

28 Nickel-57 D, see 56Ni 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4

W. see 56Ni 3E+3 IE-6 4E-9
Vaor 6E+3 3E-6 9E-9

28 Nickel-59 D, see 54Ni 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3

W, see Ni 7E+3 3E-6 IE-S -

Vaor 2E+3 8E-7 3E-9
28 Nickel-63 D, see "Ni 9E+3 2E+3 7E-7 2E-9 IE-4 IE-3

W. see 56Ni 3E+3 IE-6 41E-9
. Vapor 8E+2 3E-7 IE-9

28 Nickel-65 D, see °Ni SE+3 2E+4 IE-5 3E-8 IE-4 IE-3
W. see Ni 3E+4 IE-5 4E-8S
Vapor _ 2E+4 7E-6 2E-8 _ _

28 Nickel-66 D, see 56Ni 4E+2 2E+3 7E-7 2E-9 - -

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

W. see Ni 6E+2 3E-7 9E-10
Vapor 3E+3 IE-6 4E-9

29 Copper-60' D, all compounds 3E+4 9E+4 4E-5 IE-7 .
except those given St wall 4E-4 4E-3
for W andY Y_ _ __ _

W, sulfides, halides, IE+5 5E-5 2E-7
and nitrates _ _ | .
Y, oxides and - 1E+5 4E-5 IE-7
hydroxides _

29 Coppar-61 D, see 'Cu IE+4 3E+4 IE-5 4E-8 2E-4 2E-3
W, see 6CuC 4E+4 2E-5 6E-8
Y. see 6Cu 4E+4 IE-5 SE-8

29 Copper-64 D, see I8Cu IE+4 3E+4 I E-5 4E-8 2E-4 2E-3
W, see Cu 2E+4 IE-5 3E-8
Y. see 6Cu 2E+4 9E-6 3E-8 -

29 Copper-67 D. see 'Cu SE+3 8E+3 3E-6 1E-8 6E-5 6E-4
W. see .Cu _ 5E+3 2E-6 7E-9 - -

Y, see WCu 5E+3 2E-6 6E-9
30 Zinc-62 Y, all compounds IE+3 3E+3 IE-6 4E-9 2E-5 2E-4
30 Zinc-632 Y, all compounds 2E+4 7E+4 3E-5 9E-8 - -

St wall 3E-4 3E-3
_ (3E+4) ___ -

30 Zinc-65 Y, all compounds 4E+2 3E+2 IE-7 4E-10 5E-6 5E-5
30 Zinc-69m Y, all compounds 4E+3 7E+3 3E-6 IE-8 6E-5 6E-4
30 Zinc-692  Y, all compounds 6E+4 IE+5 6E-5 2E-7 8E-4 8E-3
30 Zinc-71m Y, all compounds 6E+3 2E+4 7E-6 2E-8 SE-5 8E-4
30 Zinc-72 Y. all compounds IE+3 IE+3 5E-7 2E-9 IE-5 IE-4
31 Galliurn-65 2  D, all compounds 5E+4 22+5 7E-5 2E-7 _

except those given St wall - 9E-4 9E-3
for W (6E+4)
W, oxides, _ 2E+5 SE-5 3E-7
hydroxides, carbides,

I halides, and nitrates
31 Gallium-66 D, see Ga 1E+3 4E+3 IE-6 SE-9 IE-5 IE-4

W, see 6 5Ga 32+3 12-6 42-9 -'
31 Gallium-67 D, see 65"a 7E+3 1E+4 6E-6 2E-8 IE-4 1E-3
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I Table I Table II Rebleas toI
Occupational Values Effluent Concentrations Releasest

Atomic Radionuclide Class CoL I Col. 2 1 Col. 3 Col. I Col. 2 Monthly
No. . Inhalation Average

nesonDC Air Water Concen-
65AU (Ci) ALI (pCi) (pDCV) (pCIdml) (pC,/ml) trationALI p~i)(11c/ml)(pCL'Ml)

W. see Ga . IE+4 4E-6 IE-8
31 Gallium-682  D, see 65Ga 2E+4 4E+4 22-5 6E-8 2E-4 2E-3

W, see 6'Ga . 5E+4 2E-5 7E-8 .
31 Gallium-70 2  D, see 6Ga 5E+4 2E+5 7E-5 2E-7

St wall . - - IE-3 IE-2
(7E+4) _

W. see 6sGa . 2E+5 8E-5 3E-7 .
31 Gallium-72 D, see 65Ga IE+3 4E+3 1E-6 5E-9 2E-5 2E-4

W. Wsee 6Ga . 3E+3 IE-6 4E-9
31 Gallium-73 D, see 65Ga 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4

W, see 6 Ga - 2E+4 6E-6 22-8 -

32 Germanium-66 D, all compounds 2E+4 3E+4 12-5 4E-8 31-4 3E-3
except those given
for W
W, oxides, sulfides, . 2E+4 8E-6 32-8 -
and halides

32 Germanium-67 2  D, see 'Ge 3E+4 9E+4 4E-5 IE-7 .
St wall - - 6E-4 6E-3
(4E+4)

W see*66Ge IE+5 4E-5 IE-7
32 Germanium-68 D, see 'Ge 5E+3 4E+3 2E-6 5E-9 6E-5 6E-4

VWSeeGe - IE+2 41-8 IE-10 . -

32 Germanium-69 D, see 66Ge IE+4 22+4 6E-6 22-8 22.4 2E-3
W_ _ see*Ge - 8E+3 3E-6 IE-8

32 Germanium-71 D, see 'Ge 52+5 4E+5 22-4 6E-7 7E-3 7E-2
W, see 6Ge -. 4E+4 2E-5 6E-8 _

32 Germanium-75 2  D, see "Ge 42+4 8E+4 3E-5 IE-7
St wall - . . 9E-4 9E-3
(7E+4) .

W, see °Ge - 8E+4 4E-5 I E-7 _ .
32 Germanium-77 D. see 'Ge 92+3 IE+4 4E-6 IE-8 IE-4 I E-3

W. see 66Ge - 6E+3 2E-6 82-9
32 Germanium-78 2  D, see "Ge 22+4 2E+4 9E-6 32-8

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

-__W see- eGe - 2E+4 9E-6 3E-8

33 Arsenic-692 W, all compounds 32+4 IE+5 5E-5 2E-7 .
St wall - - - 6E-4 6E-3
(4E+4)

33 Arsenic-70' W, all compounds IE+4 5E+4 22-5 7E-8 21-4 22-3
33 Arsenic-71 W. all compounds 42+3 5E+3 2E-6 6E-9 5E-5 5E-4
33 Arsenic-72 W, all compounds 9E+2 IE+3 6E-7 2E-9 IE-5 IE-4
33 Arsenic-73 W, all compounds 82+3 2E+3 7E-7 22-9 12-4 IE-3
33 Arsenic-74 W, all compounds IE+3 8E+2 32-7 IE-9 2E-5 22-4
33 Arsenic-76 W. all compounds IE+3 1E+3 6E-7 2E-9 I1E-5 1I-4
33 Arsenic-77 W, all compounds 42+3 52+3 22-6 72-9

LLI wall .- - 62-5 6E-4
(5E+3)

33 Arsenic-78 2  W. all compounds 8E+3 22+4 9E-6 3E-8 IE-4 IE-3
34 Selenium-702  D, all compounds 2E+4 42+4 2E-5 5E-8 12-4 IE-3

except those given
for W
W, oxides, 1E+4 4E+4 2E-5 62-8
hydroxides, carbides,
and elemental Se
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Table I Table 11 Table III
Occupational Values Effluent Concentrations Releases to

Sewers
Atomic Radionuclide Class CoL I Col. 2 | Col. 3 Col. I CoL 2 Mlonthly

No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
A.I (pCi) AU (pCi) (pCilml) (iCil/ml) (ItCi/ml) tration

34 Selenium-73m2 D, see "Se 6E+4 2E+5 6E-5 2E-7 4E-4 4E-3
W. see 70Se 3E+4 IE+5 6E-5 2E-7 . -

34 Selenium-73 D. see 7 0Se 3E+3 IE+4 5E-6 2E-8 4E-5 4E-4
W, see '0Se - 2E+4 7E56 2E-8 _

34 Selenium-7S D. see "Se SE+2 7E+2 3E-7 IE-9 7E-6 7E-5
W, see "0Se 6E+2 3E-7 8E-10

34 Selenium-79 D, see "7Se 6E+2 8E+2 3E-7 IE-9 8E-6 8E-5

W. see "Se _ 6E+2 2E-7 8E-10 _
34 Selenium-81mZ D, see "0Se 4E+4 7E+4 3E-5 9E-8 3E-4 3E-3

W, see 'USe 2E+4 7E+4 3E-5 IE-7 -

34 Selenium-812 D, see "0Se 6E+4 2E+5 9E-5 3E-7
St wall _ IE-3 1E-2
(8E+4)

W. see USe 2E+5 IE-4 3E-7
34 Sclenium-83Z D, see 7 0Se 4E+4 IE+5 5E-5 2E-7 4E-4 4E-3

W. see 'Se 3E+4 IE+5 5E-5 2E-7 _
35 Bromine-74m2  D, bromides of H. 1E+4 4E+4 2E-5 SE-8 -

Li, Na, K, Rb, Cs, St wall 3E-4 3E-3
and Fr (2E+4)
W, bromides of 4E+4 2E-5 6E-8
lanthanides, Be, Mg,
Ca, Sr, Ba, Ra, Al,
Ga, In, n, 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

35 Bromine-747, D, see Br 2E2+4 7E+4 3E-5 IE-7
St wall - S-4 5E-3
(4E+4)

W, see 7 4mBr 8E+4 4E-5 IE-7
35 Brominc-75' D, see 74mBr 3E+4 5E+4 2E-5 74E-8

St wall --- 5 5E-3
(4E+4)

W. see i
4
mBr 5E+4 2E-5 7E-8

35 Bromine-76 D, see 4
4mBr 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4

W, see 74mBr - 4f+3 2E-6 6E-9

35 Bromine-77 D. see '4mBr 2E+4 2E+4 IE-5 3E-8 2E-4 2E-3

W, see 44mBr - 2E+4 8E-6 3E-8
35 Brominc-80m D, see 74mBr 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3

W.eW, sce 4
Br IE+4 6E-6 2E-8

35 Bromine-807 D, see mBr 5E+4 2E+5 8E-5 3E-7 - -

St wall E -12-3 IE-2
(9E+4)

W. see 7
4
mBr - 2E+5 9E-5 3E-7 -

35 Brominc-82 D, see i4mBr 3E+3 4E+3 22-6 6E-9 4E-5 4E-4
W, sce 1

4
mBr - 4E+3 2E-6 5E-9

35 Bromine-83 D, see 74 mBr 5E+4 6E+4 3E-5 9E-8
St wall 9E-4 9E-3
(7E+4)

, see 
74mBr 6E+4 3E-5 9E-8

35 2E+4 6E+4 2E-5 8E-8 _
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Table I Table 11 Table III
Occupational Values Effluent Concentrations ceeases to

Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Col. I Col. 2 Monthly
No. Oral Inhalation lverage

Ingestion DAC Air Water Concen-
ALl (pCi) ALI (Ci) (lCi/l) (iiCi'ml) (Ciml) tration

Bromine-842  St wall - 4E-4 4E-3
___4 _ (3E+4)

W. see 74mBr 6E+4 3E-5 9E-8
36 Krypton-742 Submersion' 3E-6 IE-8
36 Krypton-76 Submersion' 9E-6 4E-8-
36 Kypton-771  Submersion[ 4E-6 2E-8
36 Krypton-79 Submersion' 2E-5 7E-8
36 Krypton-81 Submersion _ 7E-4 3E-6
36 Krypton-83mz Submersion' - IE-2 SE-5
36 Krypton-85m Submersion' 2E5 IE-7
36 Krypton-85 Submersion- I E-4 7E-7
36 Krypton-872  Submersion' 5E-6 2E-8
36 Krypton-88 Submersion' 2E-6 9E-9 _
37 Rubidium-792  D, all compounds 4E+4 IE+5 5E-5 2E-7

St wall - SE-4 8E-3
(6E+4)

37 Rubidium-81m2  D, all compounds 2E+5 3E+5 IE-4 5E-7
St wall - 4E-3 4E-2
(3E+5)

37 Rubidium-81 D, all compounds 4E+4 5E+4 2E.5 72-8 51-4 5E-3
37 Rubidium-82m D, all compounds 1E+4 22+4 7E-6 2E-8 21-4 22-3
37 Rubidium-83 D, all compounds 6E+2 1E+3 42-7 IE-9 9E-6 9E-5
37 Rubidium-84 D, all compounds 52+2 8E+2 3E-7 IE-9 7E-6 7E-5
37 Rubidium-86 D, all compounds 5E+2 8E+2 3E-7 IE-9 7E-6 7E-5
37 Rubidium-87 D, all compounds IE+3 2E+3 6E-7 2E-9 IE-5 IE-4
37 Rubidium-88 2  D, all compounds 2E+4 6E+4 3E-5 9E-8 -

St wall - - 4E-4 42-3
._ (3E+4)

37 Rubidium-892  D, all compounds 4E+4 I E+5 6E-5 2E-7
St wall 9E24 92-3
(6E+4)

38 Strontium-S02  D, all soluble 4E+3 IE+4 5E-6 2E-8 62-5 62-4
compounds except
SrTiO 3
Y, all insoluble com- 1E+4 5E-6 2E-8 - -
pounds and S_ _

38 Strontium-SI D. see Sr 3E+4 8E+4 3E-5 IE-7 3E-4 32-3
Y, see 8Sr 2E+4 8E+4 3E-5 IE-7

38 Strontium-82 D, see 50Sr 32+2 4E+2 2E-7 6E-10
LLI wall n 3E-6 3E-5
(2E+2) _

Y, see "Sr 2E+2 9E+1 4E-8 IE-10
38 Strontium-83 D, see "0Sr 3E+3 7E+3 31E-6 I E-8 3E-5 32E4

Y. see wSr 2E+3 4E+3 IE-6 5E-9 -

38 Strontium-85m2  D, see "0Sr 22+5 6E+5 32-4 9E-7 3E-3 3E-2
Y. see "sr _ 82+5 4E-4 IE-6

38 Strontium-85 D, see "Sr 3E+3 3E+3 IE-6 4E-9 4E-5 4E-4
Y. see "Sr 2E+3 62-7 22-9

38 Strontium-87m D, see 4Sr 52+4 IE+5 5E-5 22-7 62-4 62-3
Y. see 'Sr 4E+4 2E+5 62-5 22-7 -

38 Strontium-89 D, see "Sr 6E+2 8E+2 4E-7 IE-9
LLI wall _ 8E-6 8E-5
(6E+2)

Y.see "sr 5E+2 IE+2 6E-8 2E-10
38 Strontium-90 3E+1 2E+1 8E-9 -



Page 14 of 53 Pages

TableI Tale HTable Ill
Table I T Taben | Releases to

Occupational Values Effluent Concentrations Swr

Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Cot. I Col. 2 Monthly
No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
Ingestio ALI (OiCi) (pCiml) (pCi/ml) tration

D, see "sr Bone surf Bone surf 3E-11 5E-7 SE-6
(4E+1) (2E+I) .

Y. see sr - 4E+0 2E-9 6E-12 -

38 Strontium-91 D, see 'Sr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4

Y. see "Sr 4E+3 IE-6 SE-9 -

38 Strontium-92 D, see "Sr 3E+3 9E+3 4E-6 IE-8 4E-5 4E-4

Y. see 8"Sr . 7E+3 3E-6 9E.-9 -

39 Yttrium-S6m1  W, all compounds 2E1+4 6E+4 2E-5 8E-8 3E-4 3E-3
except those given
for Y

Y, oxides and 5E+4 2E-5 8E-8 -

hydroxides.
39 Yttrium-86 W. see RIm y IE+3 3E+3 IE-6 5E-9 2E-5 2E-4

Y, see BmY , 3E+3 IE-6 5E-9
39 Yttrium-87 W. see 6 m y 2E+3 3E+3 IE-6 SE-9 3E-5 3E-4

Y, see "Y 3E+3 IE-6 5E-9
39 Yttrium-88 W. see 96mY IE+3 3E+2 IE-7 3E-10 IE-5 IE-4

Y. see my _ 2E+2 IE-7 3E-10
39 Yttrium-90m W, see S6mY 8E+3 IE+4 5E-6 2E-S IEA4 IE-3

Y. see 96
my IE+4 5E-6 2E-8

39 Yttrium-90 W. see 6 m Y 4E+2 7E+2 3E-7 9E-10 -

LLI wall _ 7E-6 7E-5
(5E+2)

Y, see 86my 6E+2 3E-7 9E-10 -

39 Yttrium-9lm2  W. see 50MY IE+5 2E+5 IE-4 3E-7 2E-3 2E-2

Y. see6 Wy 2E+5 7E-5 2E-7
39 Yatrium-91 W, see 36mY SE+2 2E+2 7E-8 2E-10 _ .

LLI wall - 8E-6 8E-5
(6E+2)

Y. see mmy _ IE+2 5E-8 2E-10
39 Yttrium-92 W. see *OmY 3E+3 9E+3 4E-6 IE-8 4E-5 4E-4

Y, see 6
m

Y 8E+3 3E-6 IE-8

39 Yttrium-93 W. see 86my IE+3 3E+3 IE-6 4E-9 2E-5 2E-4

Y. see *
6

mY Z2E+3 IE-6 3E-9 -

39 Yttrium-942  W. see 86my 2E+4 8E+4 3E-S IE-7 _
St wall - _ 4E-4 4E-3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ (3E+4)_ _ _ _ __ _ _ _ _

Y, see 86my SE+4 3E-5 IE-7

39 Yttrium-951  W, see86'Y 4E+4 2E+5 6E-5 2E-7
St wall 7E-4 7E-3
(5E+4)

Y. see 90MY IE+5 6E-S 2E-7 -

40 Zirconium-86 D, all compounds I E+3 4E+3 2E-6 6E-9 2E-5 2E-4
except those given
for W and Y
W, oxides, 3E+3 IE-6 4E-9
hydroxides, halides,
and nitrates . -

Y, carbide 2E+3 IE-6 3E-9

40 Zirconium-88 D, see °Zr 4E+3 2E+2 9E-8 3E-10 SE-5 5E4

W. see Zr SE+2 2E-7 7E-10 _
y_ see "Zr - 3E+2 IE-7 4E-10

40 Zirconium-89 D, see 76Zr 2E+3 4E+3 IE-6 5E-9 2E-5 2E-4

. W. see Zr . 2E+3 IE-6 3E-9 - -
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Table I Table 11 Table Ill
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Col. I Cot. 2 Monthly
No. Oral Inhalation Average

ingestion DAC Air Water Con cen-
8ALI (Ci) ALU (iiCi) (pCi/ml) (jCi/m1) (JpCdml) trathon

Y. see 86Zr 2E+3 I E-6 3E-9 _
40 Zirconium-93 D, see lZr IE+3 6E+0 3E-9 -

Bone surf Bone surf - 2E-11 4E-5 4E4
(3E+3) (2E+I)

W. see 'Zr _ 2E+1 IE-8 - _
. Bone surf - 9E-11

(6E+I)
Y.see"Zr 6E+1 2E-S8

- Bone surf 9E-11 -

(7E+I)
40 Zirconium-95 D. see IE+3 IE+2 SE-8 2E-5 2E.4

- Bone surf 4E-1O - -

(3E+2)
W. see Zr 4E+2 2E-7 5E-10 _ _ _

Y. see "Zr 3E+2 IE-7 4E-10 .
40 Zirconium-97 D, see °Zr 6E+2 2E+3 8E-7 3E-9 9E-6 9E-5

W. see -zr IE+3 6E-7 2E-9 - -

Y, see 5Zr - IE+3 5E-7 2E-9 _
41 Niobiumr-88 W, all compounds SE+4 2E+5 9E-5 3E-7 _

except those given St wall - - IE-3 IE-2
for Y (7E+4)
Y, oxides and 2E+5 9E-5 3E-7 _
hydroxides

41 Niobium-892  W. see "6Nb IE+4 4E+4 2E-5 6E-8 IE-4 IE-3
(66 min) Y, see -Nb 4E+4 2E-S 5E-8

41 Niobium-89 W. see "M SE+3 2E+4 8E-6 3E-8 7E-5 7E-4
(122 min) y. see -Nb 2E+4 6E-6 2E-8 -

41 Niobium-90 W. see "Nb IE+3 . 3E+3 IE-6 4E-9 I E-5 IE-4
Y. see -Nb 2E+3 IE-6 3E-9 _ -

41 Niobium-93m W, see "'Nb 9E+3 2E+3 8E-7 3E-9 -
LLI wall 2E-4 2E-3
(IE+4) __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Y. see Nb 2E+2 7E-8 2E-10 -

41 Niobium-94 W. see Nb 9E+2 2E+2 8E-8 3E-10 IE-5 IE-4
Y. see "Nb 2E+1 6E-9 2E-1

41 Niobium-95m W. see "Nb 2E+3 3E+3 I E-6 4E-9 - -
LLI wall 3E-5 3E-4
(2E+3)

Y, see 8Nb 2E+3 9E-7 3E-9 - -
41 Niobium-95 W. see 88Nb 2E+3 IE+3 SE-7 2E-9 3E-5 3E-4

y see-"Nb IE+3 5E-7 2E-9
41 Niobium-96 W, see Nb IE+3 3E+3 IE-6 4E-9 2E-5 2E-4

Y, see -Nb 2E+3 IE-6 3E-9 -

41 Niobium-972  W. see 8'Nb 2E+4 8E+4 3E-5 IE-7 3E-4 3E-3
Y, see 85Nb - 7E+4 3E-5 IE-7

41 Niobium-982 W, see Nb IE+4 5E+4 2E-S 8E-8 2E-4 2E-3
Y see Nb 5E+4 2E-5 7E-8

42 Molybdenum-90 D, all compounds 4E+3 7E+3 3E-6 IE-8 3E-5 3E-4
except those given
forY Y
Y, oxides, 2E+3 5E+3 2E-6 6E-9 -

hydroxide, and MoS2
42 Molybdenum- D, see Mo 9E+3 2E+4 7E-6 2E-8 6E-5 6.-4

93m Y, see 90Mo 4E+3 IE+4 6E-6 2E-8
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Table I Table If Tableae toI
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col. I CoL 2 | CoL 3 Col. I CoL 2 Monthly
No. R o l Inhalation Average

Oneas DAC Air Water Concen-

In etiCni) ALI (ItCi) DjACi) (11Ci/ml) (uC/mIl) tration
.__ _ _ _ _ _ _ _ _ _ _ __ _ __ (IUCI/n l)

42 Molybdenum-93 D. sce 'MO 4E+3 5E+3 2E-6 8E-9 5E-5 5E4
Y, see 90Mo 2E+4 2E+2 8E-8 2E-10 _

42 Molybdenum-99 D, see 90Mo 2E+3 3E+3 I E-6 4E-9
LLI wall _ - . 2E-5 2E-4
(IE+3)

Y. see _9Mo IE+3 IE+3 6E-7 2E-9 . .
42 Molybdenum- D, see Mo 4E+4 IE+5 6E-5 2E-7 - -

101 St wall 7E-4 7E-3
(5E+4)

Y, see '°Mo . IE+5 6E-5 2E-7
43 Technetium- D, all compounds 7E+4 2E+5 6E-5 2E-7 IE-3 IE-2

93m2 except those given
for W
W, oxides, . 3E+5 IE-4 4E-7
hydroxides, halides,

.__ _ and nitrates .
43 Technetium-93 D, see vj mTc 3E+4 7E+4 3E-5 I E-7 4E-4 4E-3

W. see 93MT- IE+5 4E-5 IE-7
43 Technetium- D, see 93mrc 2E+4 4E+4 2E-5 6E-8. 3E-4 3E-3

94m2  W, see ' ThTc 6E+4 2E-5 SE-8
43 Technetium-94 D, see 9

3mTC 9E+3 2E+4 8E-6 3E-8 IE4 IE-3
W, see 9imTTc 2E+4 IE-5 3E-8

43 Technetium-95m D, see 93aTc 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4
W see93 mTc - 2E+3 8E-7 3E-9 .

43 Technetium-95 D, see 9,-Tc IE+4 2E+4 9E-6 3E-8 IE-4 IE-3
___ W, see 9 $Tc . 2E+4 SE-6 3E-8 .

43 Technetium- D, see 93mTc 2E+5 3E+5 IE-4 4E-7 2E-3 2E-2
96m2 W. see 93 Tc . 2E+5 IE-4 3E-7 .

43 Technetium-96 D, see 93mTc 2E+3 3E+3 IE-6 5E-9 3E-5 3E-4
_ W.sce-'Tc _ 2E+3 9E-7 3E-9 _

43 Technetium-97m D see 93mTc 5E+3 7E+3 3E-6 6E-5 6E-4
. St Wall IE-S

E + 3) _

W. see 93
mTC IE+3 5E-7 2E-9

43 Tcchnetium-97 D, see 9"Tc 4E+4 5E+4 2E-5 7E-S SEA4 5E-3
W, see 'mTc 6E+3 2E-6 SE-9

43 Technetium-98 D, see 9'mTc IEE+3 2E+3 7E-7 2E-9 IE-5 IE4
W._ _ ssce 9 Tc- 3E+2 IE-7 4E-10

43 Technetium-99m D, see 93mTc 8E+4 2E+5 6E-5 2E-7 IE-3 IE-2
W, see93¶Tc 2E+5 IE4 3E-7

43 Technetium-99 D, see "'Tc 4E+3 SE+3 2E-6 6E-5 6E-4
_ St wall 8 8E-9 . -

93 _ (6E+3)
W. see 93mTc 7E+2 3E-7 9E-10 _ _

43 Technetiurn-1012 D, see "mTc 9E+4 3E+5 lE4 5E-7 _
St wall _ 2E-3 2E-2

._ __ _ _93 __ _ (IE+5 ) __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

W, see 93MTc - :, . 4E+5 2E-4 5E-7 _
43 TechnetiuM_104Z D, see 93'Tc 2E+4 7E+4 3E-5 IE-7 -

St Wall _ 4E4 4E-3
93 _ (3E+4)

W. see 93Tc . 9E+4 4E-5 IE-7



Page 17 of 53 Pages

Table I Table 11 Reblese toI
Occupational Values Effluent Concentrations T

Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Col. I Col. 2 Monthly
No. Oral Inhalation Average

InAsir DCWater Concen-
I estiCi) ALI (pCi) DACimD (iCilml) (±Ci/ml) tration

44 Ruthenium-942 D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
except those given
for W and Y
W, halides . 6E+4 3E-5 92E-8
Y, oxides and _ 6E+4 2E-5 SE-S
hydroxides

44 Ruthenium-97 D, see 9Ru 8E+3 2E+4 8E-6 3E-8 IE-4 IE-3

W. see 9Ru _ IE+4 5E-6 2E-S
Y. see 2Ru IE+4 5E-6 2E-S

44 Ruthenium-103 D, see "Ru 2E+3 2E+3 7E-7 2E-9 3E-5 3E-4

W. see 94Ru IE+3 4E-7 IE-9

Y. see 94Ru 6E+2 3E-7 9E-10

44 Ruthenium-105 D, see 94Ru 5E+3 IE+4 6E-6 2E-S 7E-5 7E4

W. see 94Ru I IE+4 6E-6 2E-S
Y. see 12Ru IE+4 5E-6 2E-S

44 Ruthenium-106 D, see 9Ru 2E+2 9E+1 4E-8 IE-10
LIj wall . 3E-6 3E-5
(2E+2)

W, see 9Ru . 5E+1 2E-8 8E-I I
Y. see 94Ru IE+I 5E-9 2E-1 I

45 Rhodium-99m D, all compounds 2E+4 6E+4 2E-5 SE-8 2E-4 2E-3
except those given
for W and Y

W, halides 8E+4 3E-5 I E-7
Y. oxides and _ 7E+4 3E-5 9E-8
hydroxdes

45 Rhodiun-99 D, see Ymh 2E+3 3E+3 IE-6 4E-9 3E-5 3E-4

W. see 9ftRh 2E+3 9E-7 3E-9

Y. see 99mRh 2E+3 8E-7 3E-9

45 Rhodium-100 D, see "mRh 2E+3 5E+3 2E-6 7E-9 2E-5 2E4

W, see Rh-. 4E+3 2E-6 6E-9 _

_ Y, se 99mRh _ 4E+3 2E-6 5E-9

45 Rhodium-lOm D, see 99mRh 6E+3 IE+4 5E-6 2E-8 SE-5 SE-4

W. see 9'Rh 8E+3 4E-6 IE-S

_ Y, see 99mRh _ 8E+3 3E-6 IE-8
45 Rhodium-101 D. see 99mRh 2E+3 5E+2 2E-7 7E-10 3E-5 3E-4

W, sce Y9mRh 8E+2 3E-7 IE-9

Y. see -"mRh 2E+2 6E-8 2E-10 _

45 Rhodium-102m D, see 99mRh I E+3 5E+2 2E-7 7E-10
LLI wall _ _ _ 2E-5 2E4

99m _ (IE+3)
W, see 9Rh 4E+2 2E-7 5E-10

| Y. see 99mRh I-E+2 5E-8 2E-10

45 Rhodium-102 D, see "'Rh 6E+2 9E+1 4E-8 IE-10 8E-6 SE-5

W. see 99mRh 2E+2 7E-8 2E-10
Y. see 99nRh 6E+1 2E-8 8E-I I

45 Rhodium-103m2  D, see 99mRh 4E+5 IE+6 5E4 2E-6 6E-3 6E-2

W. see 99mRh I E+6 5i-4 2E-6
Y, see 99mRh IE+6 5-4 2E-6 _

45 Rhodium-105 D, see 99-Rh 4E+3 IE+4 5E-6 2E-8
LLI wall 5E-5 5E-4
(4+3)

W, see 9Rh 6E+3 3E-6 9E-9
Y, see 

9 9
mRh 6E+3 2E-6 8E-9
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Table I Table 11 Tablee toIOccupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col. I Col. 2 | Col 3 Col. I Col. 2 Monthly
No. Inhalation Average

Ingestion DAC Air Water Con cen-
ALI (piCi) AU (Ci ) (PCi/ml) (i0/ml) tratlon

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Ci1m i)
45 Rhodium-106m D, see 99lRh 8E+3 3E+4 IE-5 4E-8 IE-4 IE-3

W, see iRh 4E+4 2E-5 SE-8 _ _
Y. sce _'JmRh 4E+4 I-5 5E-S 8

45 Rhodium-1072  D, see 99mTh 7E+4 2E+5 IE-4 3E-7
St wall . IE-3 IE-2
(9E+4)

W. see 99mRh 3E+5 IE4 4E-7 . -

Y. see v9mRh . 3E+5 IE-4 3E-7 -
46 Palladium-100 D, all compounds IE+3 IE+3 62-7 2E-9 2E-5 2E-4

except those given
for Wand Y
W. nitrates - IE+3 SE-7 2E-9 .
Y, oxides and IE+3 6E-7 2E-9
hydroxides_

46 Palladium-101 D, see 'uuPd IE+4 3E+4 IE-5 SE-8 2E24 2E-3
W. see -°°Pd 3E+4 IE-5 SE-8
Y, see °Pd 13E+4 IE-5 4E-8

46 Palladium-103 D, s5e 'wPd 6E+3 6E+3 3E-6 9E-9
LLI wall - - _ 1E4 IE-3
(7E+3)

W,see -Pd 4E+3 2E-6 6E-9 _
-Y. see r°1d 4E+3 IE-6 5E-9 _

46 Palladium-107 D, see l°°Pd 3E+4 2E+4 9E-6
LLI wall Kidneys - 3E-8 SE-4 SE-3
(4E+4) (2E+4)

W. see i°°Pd - 7E+3 3E-6 IE-8 -

Y, see -Pd 4E+2 2E-7 6E-10 _
46 Palladium-109 D. see 'UUPd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4

W. see 'wPd 5E+3 2E-6 8E-9 -

Y, see 10°Pd 5E+3 22-6 6E-9 _ _
47 Silver-1022  D, all compounds 5E+4 2E+5 8E-S 2E-7

except those given St wall - - - 9E-4 9E-3
for W and Y (6E+4)
W, nitrates and 22+5 9E-5 3E-7
sulfides
Y, oxides and 2E+5 SE-5 3E-7
hydroxides

47 Silvcr-1032 D, see "'A 4E+4 IE+5 42-5 IE-7 SE-4 SE-3
W. see ... Ag IE+5 5E-5 2E-7
Y, see "0Ag IE+5 SE-5 2E-7 -

47 Silver-104m2  D, see 102Ag 3E+4 9E+4 4E-5 IE-7 42-4 4E-3
W, see -1Ag IE+5 5E-5 2E-7
Y. see 52Ag IE+S 5E-5 2E-7 .

47 Silvcr-104 D, see Ag 22+4 72+4 3E-5 IE-7 3E-4 32-3
W, see -lAg I E+5 6E-5 2E-7 _ -

Y,2see 10Ag IE+5 6E-5 2E-7 -

47 Silver-105 1D, see 2'Ag 3E+3 IE+3 42-7 IE-9 4E-5 42-4
W 2 see 'Ag 2E+3 7E-7 2E-9
Y see "Ag 2E+3 7E-7 22-9

47 Silver-106m D, see 1 g 82+2 7E+2 3E-7 IE-9 IE-5 IE-4
W, see 10Ag 9E+2 4E-7 IE-9
Y. see uAg 92+2 42-7 IE-9

47 6E+4 22+5 8E-5 3E-7
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Table I Table II Table III
Occupational Values Effluent Concentrations Releases to

_____ __ _ _ _ _ _ _ Sewers
Atomic Radionuclide Class CoLl CoL 2 1 Col. 3 CoL I Col. 2 Monthly

No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
ALI (jpCi) ALI (,uCi) (PCVml) (pCi/ml) (pCiAml) cronV

Silver-1062 D, see 102Ag St wall 9E-4 9E-3
(6E+4)

W. see Ag 2E+S 9E-5 3E-7 .
Y. see Ag 2E+5 8E-5 3E-7

47 Silver-108m D, see Ag 6E+2 2E+2 8E-8 3E-10 9E-6 9E-5
W. see -"Ag 3E+2 IE-7 4E-10
Y s2Ag 2E+I IE-8 3E-I I

47 Silver-lOrm D seen"'Ag 5E+2 IE+2 5E-8 2E-1o 6E-6 6E-5
W.see -g 2E+2 SE-8 3E-10
Y s 9E+1 4E-8 IE-IO _

47 Silver-Ill D, see '°Ag 9E+2 2E+3 6E-7
LLI wall Liver 2E-9 2E-5 2E-4
(IEff) (2E+3) ____

W.see "Ag: 9E+2 4E-7 IE-9
Y,see "'Ag 9E+2 4E-7 IE-9 _

47 Silver-I 12 D. see Ag 3E+3 8E+3 3E-6 IE-8 4E-5 4E-4
W, see -2Ag IE+4 4E-6 IE-8
Y. see -Ag 9E+3 4E-6 IE-8

47 Silver-I 152 D, see "'Ag 3E+4 9E+4 4E-5 IE-7 -
St wall - _ 4E-4 4E-3
(3E+4)

W. sec 10-Ag 9E+4 4E-5 I E-7 -

Y. see '"Ag _ 8E+4 3E-5 IE-7 -
48 Cadmium-104l D, all compounds 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3

except those given
for W and Y_ __ _
W, sulfides, halides, IE+5 5E-5 2E-7
and nitrates
Y. oxides and - IE+5 5E-5 2E-7 - -

l hydroxides
48 Cadmium-107 D, see '0Cd 2E+4 5E+4 2E-5 8E-8 3E-4 3E-3

W, see "0'Cd - 6E+4 2E-5 8E- 8-
Y, see 14Cd 5E+4 2E-5 7E-S8

48 Cadmium-109 D, see °"Cd 3E+2 4E+1 lE-8 - - -
Kidneys Kidneys _ 7E-11 6E-6 6E-5
(4E+2) (SE+I) .

W,see M Cd I 1E+2 5E-8 - -
Kidneys - 2E-10

. _ (IE+2)
Y, see 14Cd _ IE+2 5E-8 2E-10

48 Cadmium-I 13m D see 0'uCd 2E+l 2E+O IE-9 -= _
Kidneys Kidneys - 5E-12 5E-7 5E-6

._______ _ (4E+1) (4E+O)
W, see 'Cd ; 8E+O 4E-9 -

. Kidneys 2E-I I
(IE+l)

Y. see '1Cd IE+1 5E-9 2E-II -
48 Cadmium-113 D, see e'Cd 2E+I 2E+0 9E-10 -

Kidneys Kidneys - 5E-12 4E-7 4E-6
(3E+1) (3E+O)

W, see 14Cd .E- 8E+0 3E-9
Kidneys - 2E-l I _
(IE+l)

Y.see '0Cd - IE+1 6E-9 2E-1 1
48 Cadmium-1 15m 3E+2 5E+1 2E-8 - 4E-6 4E-5
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Table I Table 11 Table III
Occupational Values Effluent Concentrations Releases to

_____ __ _ _ _ _ _ _ Sewers
Atomic Radionuclide ClassCo Col. 2 Col. 3 Col. I Col. 2 MIonthly

No. . Inhalation Average
Anirio DCWater Concen-

AI ng Ci) ALI (jtCi) DC (pCi/nl) (11Ci/ml) tration
ALI_____i _______) (MUCimi)

D, see Cd Kidneys IE-I0
(8E+I)

W. see 'I4Cd IE+2 5E-8 2E-10
Y. see "Cd I lE+2 6E-8 2E-10 _

48 Cadmium- 1I D, see 1WCd 9E+2 IE+3 6E-7 2E-9
LLIEwal3 - IE-5 IE-4

______ _____ _____ (IE + 3 )__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

W,seI "UCd (_ ) IE+3 5E-7 2E-9

Y, see 10
4Cd IE+3 6E-7 2E-9

48 Cadmium-I 17m D, see 'Cd 5E+3 IE+4 5E-6 2E-8 6E-5 6E-4
W, see 1

0
4Cd 2E+4 7E-6 2E-8

Y. see Cd IE+4 6E-6 2E-8 - -

48 Cadmium-l 17 D, see 'wCd 5E+3 IE+4 5E-6 2E-8 6E-5 6E-4
W. see '0Cd 2E+4 7E-6 2E-8 -

Y, see 'MCd IE+4 6E-6 22E-8 -
49 Indium-109 D, all compounds 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3

except those given
for W
W, oxides, . 6E+4 3E-S 9E-8 - -

hydroxides, halides,
and nitrates

49 Indium-l I0' D, see '0In 2E+4 4E+4 2E-S 6E-8 2E-4 2E-3
(69.1 min) W. see 1091n 6E+4 2E-5 8E-8 - -

49 Indium-l 10 D, see '091n 5E+3 2E1+4 7E-6 2E-8 7E-5 7E-4
(4.9 h) W. see "091n - 2E+4 8E-6 3E-8

49 Indium-l 1 D, see '*9n 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4
W, see "iln - 6E+3 3E-6 9E-9

49 Indium-1122  D, seeln 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2
W. see 91n - 7E+f 3E-4 IE-6

49 Indium-I 13m2  D, see "Iin 5E+4 IE+5 6E-5 2E-7 _ 7E-4 7E-3
W, see 'Wln - 2f+5 8E-S 3E-7 .

49 Indium-114m D, see "091n 3E+2 6E+1 3E-8 9E-I -I
LLI wall - 5E-6 5E-5
(4E+2)

W, see "°in IE+2 4E-8 IE-10
49 Indium-I 15m D. see 1091n IE+4 4E+4 2E-5 6E-8 2E-4 2E-3

W. see 'I9n . 5E+4 2E-5 7E-8 . .
49 Indium-I 15 D, see "'in 4E+I IE+0 6E-10 2E-12 5E-7 5E-6

W. see luln _ 5E+0 2E-9 8E-12 -_

49 Indium-I16m2  D,see 1091n 2E+4 8E+4 3E-5 IE-7 3E-4 3E-3
W, see I091n I E+5 5E-5 2E-7 .

49 Indium-1 7m2  D, see '%In IE+4 3E+4 IE-5 5E-8 2E-4 2E-3
W. see 91-n 42+4 2E-5 6E-8 - -

49 Indium-1 172 D, see 109n 6E+4 22f+5 7E-5 22-7 82-4 8E-3
W. see 1091n 22f+5 9E-S 32-7

49 Indium-1 19m 2  D, see 1091n 42+4 IE+5 5E-5 2E-7 .
St wall . - - - 7E-4 7E-3
(5E+4)

W, see "Vin IE+5 6E-5 22-7 - -

50 Tin-110 D, all compounds 4E+3 IE+4 5E-6 2E-8 SE-5 5E-4
except those given
for W



Page 21 of 53 Pages

Table I Table 11 Table 111
Occupational Values Effluent Concentrations Sewers

Atomic Radionuclide Class Cl. I Col. 2 Col. 3 Co. I Col. 2 Monthly
No. O Inhalation Average

Ingestion DAC Air Water Concen-
AI io ALI (pCi) (DCi/mi) (tCi/mD) (pCilml) tration
ALI______ _______l (p4 i/mi)

W. sulfides, oxides, I . E+4 5E-6 2E-8 _
hydroxides, halides,
nitrates, and stannic
phosphate

50 Tin-1112  D, see "°Sn 7E+4 2E+5 9E-5 3E-7 IE-3 IE-2
_ W see "0Sn 3E+5 I E-4 4E-7 . -

50 Tin-113 D, see I °Sn 2E+3 IE+3 5E-7 2E-9
LLI wall - 3E-5 3E-4

______ _____ _____ (2E+3) _ _ _ _ _ _ _ _ _ _

_W.see MSn - 5E+2 2E-7 8E-10 -

50 Tin-l 17m D, see "Sn 2E+3 IE+3 5E-7
LLI wall Bonc surf 3E-9 3E-5 3E14
_ (2E+3) (2E+3)

_ W. see I °Sn IE+3 6E-7 2E-9 .
50 Tin-119m D, see "0Sn _ 3E+3 2E+3 I E-6 3E-9

L wall - _ 6E-5 6E-4

W. see "0Sn IE+3 4E-7 IE-9
50 Tin-121m D, see "'0Sn 3E+3 9E+2 4E-7 IE-9

LLI wall _ . SE-5 5E4
____ ____ ____ ___ (4E+3)

W. see 110Sn 5E+2 2E-7 8E-10
50 Tin-121 D, see "°Sn 6E+3 2E+4 6E-6 2E-8

LLI wall - - 8E-5 8E-4
(6E+3)

W, see I 0 Sn IE+4 SE-6 2E-8
50 Tin-123m2  D, see "°Sn 5E+4 IE+S SE-S 2E-7 7E-4 7E-3

W. see "Sn - IE+5 6E-5 2E-7
50 Tin-123 D, see "'Sn 5E+2 6E+2 3E-7 9E-10 _

LLI wall 9E-6 9E-5
(6E+2) .

. W, sce "Sn 2E+2 7E-8 2E-10
S0 Tin-125 D, see I 0Sn 4E+2 9E+2 4E-7 IE-9 -

LLI wall - 6E-6 6E-5
(SE+2)__ _ _ _ _

W, see " 0Sn 4E+2 IE-7 SE-10
50 Tin-126 D, see I 10Sn 3E+2 6E+1 2E-8 SE-11 4E-6 4E-5

W, see "°Sn - 7E+1 3E-8 9E-1 I
50 Tin-127 D,see 1"0Sn 7E+3 .2E+4 8E-6 3E-8 9E-5 9E-4

W. see I "0Sn - 2E+4 8E-6 3E-8
50 Tin-1282  D,see "10S 9E+3 3E+4 iE-5 4E5-8 IE4 IE-3

_ W, see IWSn - 4E+4 IE-5 5E-8
5I Antimony-l 152  D, all compounds 8E+4 2E+5 IE4 3E-7 IE-3 I E-2

except those given
for W
W, oxides, 3E+5 IE-4 4E-7 _
hydroxides, halides,
sulfides, sulfates,
and nitrates

S Antimony- 16m2  D, see 115Sb 2E+4 7E+4 3E-5 IE-7 3E-4 3E-3
W, see 15 Sb _ IE+5 6E-5 2E-7 -

51 Antimony- 1626 D, see "-Sb 7E+4 3E+f IE-4 4E1-7
St wall - IE-3 I E-2

. __W._sec _____ (94) 3E+S _IE-4_ 5E-
________Wsee ")Sb - S IE-4 SE-7
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Table!I Table 1 Table toI
Occupational Values Effluent Concentrations Relasesto

Atomic Radionuclide Class CoL I Col. 2 | CoL 3 Col. I Col. 2 Monthly
No. Oral Inhalation Average

Igsi DC Air Water Concen-Ingestion ALI (uiCi) DACml) (,tCijmt) (,iCi/ml) trarlon

51 Antimony-I 17 D, see 115 Sb 7E+4 2E+5 9E-5 3E-7 91-4 9E-3
W. see "Sb , 3E+5 IE-4 4E-7 -

51 Antimony-l lSm D, see 1
5Sb 6E+3 2E+4 BE-6 3E-8 7E-5 7E14

W, sWee 15 Sb 5E+3 2E+4 9E-6 3E-8 -
51 Antimony-I 19 D, see "5Sb 2E+4 5E+4 2E-5 6E-8 2E-4 2E-3

W. sce '15Sb 2E+4 3E+4 1 E-5 4E-8 -

51 Antimony-1202  D, see "5Sb 1 E+5 4E+5 2E-4 6E-7 -
(16 min) St wall - - - 2E-3 2E-2

(2E+5)
W, see 115Sb 5E+5 2E-4 7E-7 -

51 Antimony-120 D,see "5Sb IE+3 2E+3 9E-7 3E-9 IE-5 IE-4
(5.76 d) W, see 115Sb 9E+2 IE+3 5E-7 2E-9

51 Antimony-l22 D, see 1 5Sb 8E+2 2E+3 1E-6 3E-9
LLI wall E12-5 1E-4

__ (8E+2)
W. see 7E Sb i+2 1E+3 4E-7 2E-9 - -

S I Antimony-124m2  D, see "'Sb 3E+5 8E+5 4E-4 IE-6 3E-3 3E-2
W, see "'Sb 2E+5 6E+5 2E-4 8E-7 _ -

51 Antimony-124 D, see I'5Sb 6E+2 9E+2 4E-7 IE-9 7E-6 7E-5
W, see "-Sb 51E+2 2E+2 IE-7 3E-10

5 Antimony-125 D. see "-Sb 2E+3 2E+3 IE-6 3E-9 32-5 3E-4
W, see 115Sb 5E+2 2E-7 7E-10 -

5 Antimony-126m" D, see 1 15Sb 5E+4 2E+5 8E-5 32-7
St wall - 9E-4 92-3

._ _ __ _ _ _ (7E+4) . ._
W. see "'Sb 22+5 8E-5 3E-7

51 Antimony-126 D. see "'%Sb 6E+2 IE+3 5E-7 2E-9 7E-6 7E-5
. W.see ='Sb 5E+2 5E+2 2E-7 7E-10

51 Antimony-127 D, see 1"15Sb 82+2 22+3 9E-7 32-9 -
LLI wall - lE-5 1E-4

l ~(8E+2) .
W, see "'Sb 7E+2 9E+2 4E-7 1E-9

51 Antimony-128 2  D, see 115Sb 8E+4 42+5 2E-4 52-7
(10.4 min) St wall - - - IE-3 IE-2

(IE+5).
W, see "'Sb 4E+5 _2E-4 6E-7 -

51 Antimony-128 D, see "'5Sb 1E+3 4E+3 2E-6 62-9 22-5 2E-4
(9.01 h) W. see "'Sb 3E+3 IE-6 5E-9

51 Antimony-129 D, see "'Sb 3E+3 9E+3 4E-6 IE-8 42-5 41-4
. W. see "'Sb 9E+3 4E-6 IE-8 I

51 Antimony-I30' D, see "'5Sb 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
W, see 115Sb - 8E+4 3E-5 IE-7 -

5 Antimony-131' D, see '15Sb IE+4 2E+4 I1E-5
Thyroid Thyroid 6E-8 2E-4 22-3
(2E+4) (4E+4)

W,see 115Sb . . 2E+4 IE-5 -
Thyroid - 6E-8

.__ _ __ __ _ _ _ _ _ (4E+4) I___ _ ._ __ _

52 Tellurium-116 D, all compounds 8E+3 2E+4 92-6 3E-8 IE-4 IE-3
except those given
for W
W, oxides, 3E+4 I E-5 4E-8
hydroxides, and

. nitrates I .
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Table I Table II Table III
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col. I Col. 2 Col. 3 Col. I Col. 2 Monthly
No. OrlInhalation Average

Ingestion DAC Air Water Concen-
AL! AL ) (Ci) (Cim) (ACi/m) (pCihnI) tration

___ __ __ _ __ __ _ __ __ (pCi/mi)6~ fM)

52 Tellurium-121m D" sce 9l6 5E+2 2E+2 8E-8 . -

Bone surf Bone surf SE-10 IE-5 IE-4
(7E+2) 4E+2)

W,see lTe - 4E+2 2E-7 6E-10 .
52 Tellurium-121 -D. 6T, 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

W.see I-CT 3E+3 IE-6 4E-9
52 Tellurium-123m D, see 1 "re 6E+2 2E+2 9E-8 -

Bone surf Bone surf . 8E-10 IE-5 IE1-4
(IE+3) (5E+2) . -

W, see ITe . 5E+2 2E-7 8E-10
52 Tellurium-123 D, see °TC 5E+2 2E+2 8E-8 - .

Bone surf Bone surf . 72-10 2E-5 2E-4
(IE+3) (SE+2)

W. see -6Te 4E+2 2E-7 . . .
. Bone surf . 2E-9 .

52 Tellurium-125m D, see Tc I E+3 4E+2 2E-7
Bone surf Bone surf - IE-9 2E-5 2E-4
(IE+3) 1E+3)

W seel6T- 7E+2 3E-7 IE-9
52 Tellurium-127m D, see "re 6E+2 3E+2 IE-7 . 9E-6 9E-5

. Bone surf . 62-10 .
(4E+2) I

W. see 6Te 3E+2 I E-7 4E-10 . .
52 Tellurium-127 -D see °Te 7E+3 2E+4 9E-6 3E-8 IE-4 IE-3

W. see , 'Te 2E+4 7E-6 . 2E-8
52 Tellurium-129m D, see Te 5E+2 6E+2 3E-7 9E-10 7E-6 7E-5

- W. see -6TC 2E+2 IE-7 3E-10 .
52 Telluriurn-1292  D, see °Te 3E+4 6E+4 32-5 9E-8 .4E-4 4E-3

W.see 16TC 7E+4 3E-S IE-7 .
52 Tellurium-131m D3 see 216Te 3E+2 4E+2 22-7 .

Thyroid Thyroid - 2E-9 8E-6 8E-5
(6E+2) (IE+3)

W,see 116T 4E+2_ 2E-7 .
- Thyroid IE1-9-

_(9E+2) IE-9
52 Telluriumn-131Z D, see I ̂e 3E+3 5E+3 2E-6

Thyroid Thyroid 2E-8 8E-5 8E-4
(6E+3) (IE+4)

W5 see 116T 5+3 2E-6 - -
. Thyroid 2E-8

__ __ _ __ ___ _ __ _ (IE +4)
52 Tellurium-132 D, see G16Te 22+2 22+2 9E-8 .

Thyroid Thyroid . IE-9 92-6 9E-5
(7E+2) (8E+2)

W. sce °Te 2E+2 9E-8 . .

. Thyroid . 9E-10 .
_________ _____ __ ________ (6E +2) _ _ _ _ _

52 Tellurium-133m D, see 16T 3E+3 5E+3 2E-6 . .
Thyroid Thyroid . 2E-8 9E-5 9E-4
(6E+3) (IE+4)

52 5. _ SE+3 2 E-6 - -
- Thyroid - 223-8

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (1E+ 4) _ _ _ _ _ _ _

52 IE______- 1+4 - 22+4 - 923-6 - - -



Page 24 of 53 Pages

Table I Table 11 Tabe IIIt
Occupational Values Effluent Concentrations SRelease t

Atomic Raonuclide Col. I Col 2 CoL 3 Col I Col. 2 Monfhy
No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
ALl (MCi) ALI (pCi) (pCV/) (MCi/mil) (uCi/ml) trafon

ALI __i____ /al)(UCL/Mi)

Tellurium-133 2  D, see 116Tc Thyroid Thyroid 8 1E-S 4E-4 4E-3
(3E+4) (6E+4)

.see °Te, 2E+4 9E-6 . .
. Thyroid - SE-8 .

(6E+4) . -

52 Telluriurn-134' D, see "°TC 2E+4 2E+4 IE-5 . -
Thyroid Thyroid -7E-8 3E-4 3E-3
(2E+4) (SE+4)

W. see I -6Te 2E+4 IE-5 -

. Thyroid - 7E-8
(5E+4)

53 lodine-120m2 D, all compounds IE+4 2E+4 9E-6 3E-8
Thyroid - 2E-4 2E-3
(IE+4)

53 Iodine-1202  D, all compounds 4E+3 9E+3 4E-6 -
Thyroid Thyroid 22E-8 IE-4 IE-3
(8E+3) (IE+4)

53 lodine-121 D, all compounds IE+4 2E+4 8E6 - -6

Thyroid Thyroid 17E-8 4E-4 4E-3
(3E+4) (5E+4)

53 lodine-123 D, all compounds 3E+3 6E+3 3E-6
Thyroid Thyroid - 2E-8 IE-4 11E-3

_ _(IE+4) (2E+4)
53 Iodine-124 D, all compounds 5E+1 8E+1 3E-8 - -

Thyroid Thyroid - 4E-10 22-6 2E-S
___ ___ __ ___ ___ __ ___ ___ __ (2E+2) (3E+2) _ _ _ _ _

53 lodine-125 D, all compounds 4E+1 6E+1 3E-8 . . .
Thyroid Thyroid - 3E-10 2E-6 2E-5
(IE+2) (2E+2)

53 lodine-126 D, all compounds 2E+1 4E+1 IE-8 . .
Thyroid Thyroid 2E-10 IE-6 1E-5

___ __ ___ __ _ _ __ ___ __ ___ __ (7E+ I) (IE+2) _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

53 lodine-1287 D, all compounds 4E+4 IE+5 SE-s 2E-7 -
St wall 8 -82-4 8E-3
(6E+4)

53 lodine-129 D, all compounds 5E+O 9E+O 4E-9 _ - .
Thyroid Thyroid . 4E-1 1 2E-7 2E-6
(2E+1) (3E+I)

53 Iodine-130 D, all compounds 4E+2 7E+2 3E-7 .
Thyroid Thyroid 31E-9 2E-5 2E-4
(IE+3) (2E+3)

53 lodine-131 D, all compounds 3E+1 5E+1 2E2-8 - -
Thyroid Thyroid 2E-10 IE-6 lE-5

_____ ____ ___ (9E+1) (2E+2) _ _ _ _ _ _ _ _

53 lodine-132mn D, all compounds 4E+3 8E+3 4E-6 . . .
Thyroid Thyroid - 32-8 IE-4 IE-3
(IE+4) (2E+4)

53 Iodine-132 D, all compounds 4E+3 8E+3 3E-6 -
Thyroid Thyroid 22-8 IE-4 IE-3

___ ___ __ ___ ___ __ ___ ___ __ (9E+3) (1E+4) _ _ _ __ _ _ _ _ _

53 lodine-133 D, all compounds 1E+2 3E+2 IE-7 . .
Thyroid Thyroid 1E-9 7E-6 7E-5

2 (5E+2) (9E+2)
53 Iodine-1347 D, all compounds 2-+4 5E+4 2E-S 62-8 . -

Thyroid . . . 4E-4 4E-3

53 Iodine-135 D, all compounds 8E+2 2E+3 7E-7 .-
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Table 1 Table 11 Table III
Occupational Values Effluent Concentrations SRlease to

Atomic Radionuclide Class Cot. I Col. 2 | Col. 3 Col I Col. 2 Monthly
No. Inhalation Average

Ingestion DAC Air Water Concen-
ALT (uCi) ALI (uCi) (pCi/mi) (pCLUml) (pCi/ml) trat ton

___ ___ __ ___ (pMI/MI)
Thyroid Thyroid 6E-9 3E-5 3E-4
(3E+3) (4E+3)

54 Xenon-120' Submersion' IE-5 43E-8 -

54 Xenon-121Z Submersion' 2E-6 IE-8 -

54 Xenon-122 Submersion' 77E-5 3E-7 -

54 Xenon-123 Submersion' 6E-6 3E-S -

54 Xenon-125 Submersion' 2E-5 7E-S
54 Xenon-127 Submersion' . I E-5 6E-8
54 Xenon-129m Submension' _ 2E-4 9E-7 _ _ _

54 Xenon-131m Submersion' . 4E-4 2E-6
54 Xenon-133m Submersion' IE-4 6E-7
54 Xenon-133 Submersion. IE-4 5E-7

54 Xenon-135mi Submersion' . 9E-6 4E-8 _
54 Xenon-135 Submersion' IE-5 7E-8

54 Xenon-1382 Submersion' 4E-6 2E-8
55 Cesium-1257 D, all compounds 5E+4 IE+5 6E-5 22-7

St wall - - IE-3 IE-2
(9E+4)

55 Cesium-127 D, all compounds 6E+4 9E+4 4E-5 IE-7 9E-4 9E-3
55 Cesium-129 D, all compounds 2E+4 3E+4 IE-5 5E-8 3E-4 3E-3
55 Cesium-1302  D, all compounds 6E+4 2E+5 8E-5 32-7

St wall _ - I E-3 IE-2
(IE+5)

55 Cesium-131 D, all compounds 2E+4 3E+4 IE-5 4E-S 3E-4 3E-3
55 Cesium-132 D, all compounds 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
55 Cesium-134m D, all compounds IE+5 IE+5 6E-5 2E-7- --

St wall - 2E-3 2E-2
_______ ~~~~ ~~(1E+5) _ _ _ _ _ _ _ _ _ _ _ _ _

55 Cesium-134 D, all compounds 7(E+ I1E+2 42-8 2E-10 9E-7 9b-6
55 Cesium-135mZ D, all compounds IE+5 2E+5 SE-5 3E-7 1E-3 IE-2
55 Cesium-135 D, all compounds 7E+2 IE+3 5E-7 2E-9 IE-5 IE-4
55 Cesium-136 D, all compounds 4E+2 7E+2 3E-7 9E-10 6E-6 6E-S
55 Cesium-137 D, all compounds IE+2 2E+2 61-8- 22-10 IE6 IE-5
55 Cesium-138' D, all compounds 22+4 6E+4 2E-5 SE-8 -

St wall - - 4E-4 4E-3
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~~(3 2+4) _ _ _ _ _ _ _ _ _ _ _ _

56 Barium-126 2  D, all compounds 6E+3 2E+4 6E-6 2E-S 8E-5 82-4
56 Barium-128 D, all compounds 5E+2 2E+3 7E-7 2E-9 7E-6 7E-5
56 Barium-131m 2  D, all compounds 4E+5 IE+6 6E-4 2E-6 _

St wall - - 7E-3 72-2
(5E+5) _ _ _ _ __ _ _ _ _ _ _ _ _

56 Barium-131 D, all compounds 3E+3 8E+3 3E-6 IE-8 4E-5 4E-4
56 Barium-133m D, all compounds 22+3 9E+3 4E-6 IE-8 _

LLI wall -_ _ 4E-5 4E-4
________ _ _ _ _ _ _ _ _ _ _ _ _ ~~~(3E+3) _ _ _ _ _ _ _ _ _ _ _ _

56 Barium-133 D, all compounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E-4
56 Barium-135m D, all compounds 32+3 IE+4 5E-6 2E-8 4E-5 4E-4
56 -arlum-139 D, all compounds IE+4 3E+4 12-5 42-8 22-4 2E-3
56 Barium-140 D, all compounds 5E+2 - IE+3 62-7 2E-9

LLI wall - 8E-6 82-5
(6E+2)

56 Barium-1414 D, all compounds 2E+4 7E+4 3E-5 IE-7 32-4 32-3
56 Barium-1422 D, all compounds 5E+4 lE+5 6E-5 2E-7 7E-4 7E-3
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Table I Table Table I1o
Occupational Values Effluent Concentrations Reases

Atomic Radionuclide Class Cot I Col. 2 Cotl 3 Col. I Col. 2 MontAly
No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
ALIt (ci) ALI (cCi) (ACi/mI) (pCUmI) (pCi/mi) tration

57 Lanthanum-1312 D, all compounds 5E+4 lE+S SE-S 2E-7 6E-4 6E-3
except those given

-for W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

W, oxides and 2E1+S 7E-5 2E-7
hydroxides

57 Lanthanum-132 D. see "La 3E+3 IE+4 4E-6 IE-8 4E-5 4E-4
W, sec u3 La _ IE+4 5E-6 2E-8

57 Lanthanum-135 D, see 3 'La 4E+4 IE+5 4E-5 IE-7 5E-4 5E-3
_ W, see 13 La - 9E+4 4E-5 IE-7

57 Lanthanum-137 D, see '3 La IE+4 6E+I 3E-8 2E-4 2E-3
. Liver IE-l 0

______ _____ (7E+ 1)_ _ _ _ _ _

W. see La _ 3E+2 IE-7 . .
- Liver 4E-10

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (3E + 2) _ _ _ _ _ _ _ _ _ _

57 Lanthanum-138 D, see 'J La 9E+2 4E+0 IE-9 5E-12 IE-5 IE-4
W,see 13La I IE+I 6E-9 2E-I I

57 Lanthanum-140 D, see 1 'La 6E+2 I E+3 6E-7 2E-9 9E-6 9E-5
W,see 13'La IEf3 SE-7 2E-9 -

57 Lanthanurn-141 D,sec 'La 4E+3 9E+3 4E-6 IE-8 SE- 5E-4
W. see Mu_ _ IE+4 5E-6 2E-8

57 Lanthanum-142 2  D. see 131La 8E+3 2E+4 9E-6 3E-8 IE-4 IE-3
W. see 'ILa 3E+4 IE-5 5E-8

57 Lanthanum-143Z D, see "'La 4E+4 IE+5- I 4E-5 IE-7
St wait 5E-4 SE-3

________ _______ (4E+4) _ _ _ _ _

W, see "La ( 9E+4 4E-5 IE-7
58 Ccrium-134 W, all compounds 5E+2 7E+2 3E-7 IE-9 _

except those given LLI wall 8E-6 8E-S
for Y (6E+2)
Y, oxides, 7E+2 3E-7 9E-10
hydroxides, and
fluorides

58 Ceriurn-135 W. see 'J4Ce 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4
Y.sce 3 4Cc - 4E+3 IE-6 5E-9

58 Cerium-137m W. see 34Ce 2E+3 4E+3 2E-6 6E-9
L. wall E 3E-5 3E-4

____ ____ ____ ___ (2 2+3)
Y, see 4Ce C 4E+3 2E-6 5E-9

58 Cerium-137 W,see "4 ce 5E+4 IE+. 6E-S 2E-7 7E-4 7E-3
Y. see 34Ce 1E+5 SE-5 2E-7

58 Cerium-139 W, see 1-4Cc 5E+3 8E+2 3E-7 IE-9 7E-5 7E4
Y. see 34Cec 7E+2 3E-7 9E-10

58 Cerium-141 W. see"'Ce 2E+3 7E+2 3E-7 lE-9
LI waLl _ . 3E-5 3E-4

________ _______ (2E+3) _ _ _ _ _ _ _ _ _

Y. see IJ4Ce ( 6E+2 2E-7 .8E-10
58 Cerium-143 W, see "'Ce IE+3 2E+3 8E-7 3E-9 .

LU wall 2E-5 2E-4

Y, see 134 Ce ( 2E+3 7E-7 2E-9 _

58 Cerium-144 Wsee "'Cc 2E+2 3E+1 IE-8 4E-11
LLI wall _ 3E-6 3E-5
(3Y+2) IE+I 6E-9 2E- I _

__ _ _ _ _ _ _ _ _ _ _ Ysece Ce E1+1 _6E-9 _ 2E-1 -I-
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Table I Table U Table III
Occupational Values Effluent Concentrations eases to

Atomic Radionuclide Class Cot I Col. 2 I Col 3 CoL. I Col. 2 Afonthtv
No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
ALI ( ACi) A (PCi/ml) (Pci/iml) (pICi/ml) tration

59 Prascodymium- W. all compounds 5E+4 2E+5 IE-4 3E-7 ,
1362 except those given St wall - IE-3 I E-2

for Y (7E+4)
Y, oxides, 2E+5 9E-5 3E-7
hydroxides, carbides,
and fluorides .

59 Prascodymium- W. see °Pr 4E+4 2E+5 6E-5 2E-7 5E-4 5E-3
1372 Y, see 136Pr IE+5 6E-5 2E-7 -

59 Praseodymium- W, sec 166Pr IE+4 5E+4 2E-5 SE-S IE-4 IE-3
138m y see '3Pr- 4E+4 2E-5 6E-8

59 Praseodymium- W, see 1"0Pr 4E+4 IE+5 5E-5 2E-7 6E4 6E-3
139 sE+5 51E-5 2E-7

59 Praseodymium- W, see 3°PrE+4 2E+f 7E-5 2E-7 IE-3 1E-2
142m 2  Y see "Pr . IE+5 6E-5 2E-7

59 Praseodymium- W. scc 'JON 1E+3 2E+3 9E-7 3E-9 IE-5 IE-4
142 y. sce 13-pr 2E+3 8E-7 3E-9

59 Praseodymium- Wse F "'Pr 9E+2 8E+2 3E-7 lE-9 -

143 LLI wall - _ 2E-5 2E-4
(IE+3)

Y. see "'Pr 7E+2 3E-7 9E-10 -

59 Praseodymium- 7eY sec 3E+4 1E+5 5E-5 2E-7
1442 St wall _ 6E-4 6E-3

U6__ _ (4E+4) .
Y. see Pr . IE+5 5E-5 2E-7 _

59 Praseodymium- W. see 576P 3E+3 9E+3 4E-6 IE-8 4E-5 4E-4
145 se E+3 3E-6 IE-8

59 Praseodymium- W see "°P 5E+4 2E+5 8E-5 36-7
1472 St wallI - - IE-3 I E-2

(8E+4)
Y. see °Pr 2E+5 8E-5 3E-7 .

60 Neodymium- W, all compounds IE+4 6E+4 2E-5 8E-8 2E-4 2E-3
1362 except those given

for Y
Y, oxides, _ 56+4 2E-5 8E-8 .
hydroxides, carbides,

_ _ and fluorides

60 Neodymium-138 W, sce M6 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
Y, see -Nd 5E+3 2E-6 7E-9 _ -

60 Neodymium- W. s63+d 3Ef 2E+4 7E-6 26-8 7E-5 7E-4
139m Y, see 16"Nd IE+4 6E-6 2E-8

60 Neodymium- 9W. se6 136Nd 9+4 3E+5 IE-4 5E-7 IE-3 1E-2
1392 Y.s-e 13bNd 3E+5 IE-4 4E-7

60 Neodymium-141 W, see '36Nd 2E+5 7E+5 3E-4 IE-6 26-3 26-2
Y, see 136Nd 6E+5 3E-4 9E-7 _

60 Neodymium-147 W, sec 1-6Nd IE+3 9E+2 4E-7 IE-9 _
LLI wall - 2E-S 2E-4
(IE+3)

_Y sec 1Nd_ 86+2 4E-7 IE-9 _ _
60 Ncodymium- W, see 'Nd IE+4 3E+4 I E-5 4E-8 IE-4 IE-3

1492 Y, see -6Nd _ 2E+4 1E-5 36-8 -

60 Neodymium- 'W sec Wd 76+4 2E+5 8E-S 3E-7 9E-4 9E-3
1512 Y sce 13Nd 2E+5 8E-5 3E-7 -

61 5E+4 2E+5 8E-5 3E-7 - I
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Table I Table nI Table III
Occupational Values Effluent Concentrations Releases toSewers

Atomic Radionuclide Class Cot I Col. 2 1 Co. 3 Col. I Col. 2 Monthly
No. Oral Inhalation Average

On Air Water Concen-
Inge tion ALI (pCi) (DCi/mI) (1C1im!) (,Ci/nl) tration

_ _ _ _ _ _ _ _______ . ( CL/MI)
Promethium- St wall _ - - 8E-4 8E-3
1412 (6E+4)

Y, oxides, 2Ef+5 7E-5 2E-7
hydroxides, carbides,
and fluorides

61 Promethium-143 W. see 1
4 1Pm 5E+3 6E+2 2E-7 8E-10 7E-5 7E-4

Y,see 141Pmr 7E+2 3E-7 1E-9 -

61 Promethium-144 W, see '41Pm IE+3 IE+2 SE-8 2E-10 2E-5 2E-4
Y. see ' Pm . IE+2 5E-S 2E-10 -

61 Promethium-145 W, see '4 1Pm IE+4 2E+2 7E-8 - IE-4 IE-3
. Bone surf - 3E-110

(2E+2)
Y._ -see pm W 2E+2 8E-8 3E-10

61 Promethium-146 W, see ' 41Pm 2E+3 5E+1 2E-8 72-11 2E-5 2E.4
Y.see 14

1Pmr 4E+1 2E-8 6E-1 I
61 Promethium-147 W, see '4 'Pm 4E+3 IE+2 SE-8 - -_

LLI wall Bone surf - 3E-10 7E-5 7E-4
(5E+3) (2E+2)

Y,see 141PM I1E+2 6E-8 2E-10 -

61 Promethium- W, see 14 Pm 7E+2 3E+2 IE-7 4E-10 IE-S IE-4
148m I

Y. see 141PmM 3E+2 IE-7 51-10
61 Promethium-148 W, see '4'Pm 4E+2 SE+2 2E-7 8E4-10

LLI wall - - 7E-6 72-5
(5E+2)

Y. see H"Pm _SE+2 2E-7 7E-10 _
61 Promcthium-149 W, see 14 IPm I E+3 2E+3 8E-7 3E-9

LLl wall - - 2E-5 2E-4
(IE+3)

Y. see 14"Pm 2E+3 8E-7 2E-9
6 1 Promethium-lSO W. see "''Pm SE+3 2E+4 8E-6 3E-8 7E-5 7E-4

Y. see 14'Pm 2E+4 7E-6 2E-8
61 Promethium-151 W, see 141pm 2E+3 4E+3 IE-6 5E-9 2E-5 2E-4

Y. see "'Pm- 3E+3 IE-6 4E-9
62 Samarium- W, all compounds 3E+4 IE+5 4E-5 IE-7 4E-4 4E-3

141m
2

62 Samarium-1412  W. all compounds 5E+4 2E+5 8E-5 2E-7 -
St wall _ - - 81-4 81-3
(6E+4)

62 Samarium-1422  W, all compounds 8E+3 3E+4 IE-5 43-S lE-4 IE-3
62 Samarium-145 W. all compounds 6E+3 SE+2 2E-7 7E-10 SE-S 8E4
62 Samarium-146 W, all compounds IE+I 4E+2 IE-11 - -

Bone surf Bone surf 19E-14 3E-7 3E-6
(3E+1) (6E-2)

62 Samarium-147 W. all compounds 2E+1 4E-2 2E-1l - - -

Bone surf Bone surf IE-13 42-7 4E-6
(3E+1) (7E-2)

62 Samarium-S1I W, all compounds IE+4 IE+2 4E-8
LLI wall Bone surf . 2E-10 2E-4 2E-3
(IE+4) (2E+2) _

62 Samarium-153 W, all compounds 2E+3 3E+3 IE-6 4E-9 --
LLI wall - - - 3E-5 3E-4
(2E+3) . 1

62 Samarium-155 W2 all compounds 6E+4 2f+5 9E-5 3E-7 - -

St wall - I E-3 I E-2
(8E+4)
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Table I Table n1 Table IllOccupational Vdurcs EReleases toOuptoaVlesEffluent Concentrations Sew~ers

Atomic Radionuclide Class Col. I CoL 2 1 CoL 3 Col. I Col. 2 Monthly
No. Oral Inhalation Average

No.to Ol IAir Water Concen-
In etion) ALI (pCi) (DCi/m) (pCi/ml) (C1i/Im) trcaton

A~l p~i) AL! (p~imi)(p ct/ml)
62 Samarium-156 W, all compounds 5E+3 9E+3 4E-6 I E-8 7E-5 7E-4
63 Europium-145 W. all compounds 2E+3 2E+3 8E-7 3E-9 2E-S 2E-4
63 Europium-146 W, all compounds I E+3 IE+3 5E-7 2E-9 IE-5 IE-4
63 Europium-147 W, all compounds 3E+3 2E+3 7E-7 2E-9 4E-5 4E-4
63 Europium-148 W, all compounds IE+3 41E+2 IE-7 SE-10 IE-5 IE-4
63 Europium-149 W, all compounds I E+4 3E+3 I E-6 41E-9 21E-4 2E-3
63 Europium-150 W, all compounds 3E+3 8E+3 4E-6 IE-8 4E-5 4E-4

(12.62 h)
63 Europium-150 W, all compounds SE+2 2E+1 8E-9 3E-11 IE-5 IE-4

(34.2 y)
63 Europium-152m W, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
63 Europium-152 W, all compounds 8E+2 2E+I IE-8 3E-I I IE-5 IE-4
63 Europium-154 W, all compounds 5E+2 2E+1 8E-9 3E-1 7E-6 7E-5
63 Europium-155 W, all compounds 4E+3 9E+1 4E-8 5 E-5 SE-4

- Bone surf 2E-10
(IE+2)

63 Europium-156 W, all compounds 6E+2 5E+2 2E-7 6E-10 8E-6 8E-5
63 uropium-157 W, all compounds 2E+3 SE+3 2E-6 7E-9 3E-5 3E-4
63 Europiu2-1587 W, all compounds 2E+4 6E+4 2E-5 SE-8 3E-4 3E-3
64 Gadolinium-145 D, all compounds SE+4 2E+5 6E-5 2E_7 -

except those given St wall - - - 6E-4 6E-3
for W (5E+4)
W, oxides, . 2E+5 7E-5 2E-7 - -
hydroxides, and
fluorides _

64 Gadolinium-146 D. see 145Gd IE+3 1E+2 SE-8 2E-lo 2E-S 2E-4
_W.see "5Gd 3E+2 IE-7 4E-10

64 Gadolinium-147 D, see 45Gd 2E+3 4E+3 2E-6 6E-9 3E-5 3E-4

W_ see 14'Gd . 4E+3 IE-6 5E-9 - -
64 Gadolinium-148 D, see 145 Gd IE+1 8E+3 3E-12 - -

Bone surf Bone surf 2E-14 3E-7 3E-6
(2E+I) (2E-2)

W, see 145Gd 13E-2 IE-I -

B Bone surf SE-14
._ __ (6E-2)

64 Gadolinium-149 D, see 1
4

5Gd 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4
W. see 14'Gd 12E+3 IE-6 3E1-9 -

64 Gadolinium-S1I D, see 145Gd 6E+3 4E+2 2E-7 91E-5 9E-4
D Bone surf - 9E-10

(6E+2)
W,see 145Gd - IE+3 5E-7 2E-9

64 Gadolinium-152 D, see 145Gd 2E+1 IE-2 4E4-12
Bone surf Bone surf 3E-14 4E-7 4E-6

(3E+1) (2E-2)
W, see 1

45 Gd - 4E-2 2E-1 I
. Bone surf IE-13

(SE-2) ;
64 Gadolinium-153 D, see 145Gd SE+3 IE+2 6E-8 _ 6E-5 6E-4

- Bone surf 3E-10
(2E+2)

Wsee 145Gd - 6E+2 2E-7 8E-10
64 Gadolinium-159 D, see 145Gd 3E+3 8E+3 3E-6 IE-8 4E-5 4E-4

W. see 1
45Gd 16E+3 2E-6 8E-9

65 Terbium-147' W. all compounds 9E+3 3E+4 I E-5 5E-8 IE-4 IE-3
65 Terbium-149 W, all compounds 5E+3 7E+2 3E-7 IE-9 7E-5 7E-4
65 Terbium-150 W, all compounds SE+3 2E+4 9E-6 3E-8 7E-5 7E-4
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Table I Table 11 Table III
Occuzpational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col. I Co. 2 | Col. 3 Colt . Col. 2 Monthly
No. Inhalation Average

InetOra DCAir Water Con cen-
AILnges ALI (jCi/mI) (PUCi/nl) (CiMi) Iration
A LI__ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (AM I'M l)

65 Terbium-151 W, all compounds 4E+3 9E+3 4E-6 IE-8 5E-5 5E4
65 Terbium-153 W, all compounds 5E+3 7E+3 3E-6 1E-8 7E-5 7E-4
65 Terbium-154 W. all compounds 2E+3 4E+3 22-6 6E-9 2E-5 2E-4
65 Terbium-15S W, all compounds 6E+3 8E+3 3E-6 IE-8 8E-5 81-4
65 Terbium-156m W, all compounds 2E+4 3E+4 IE-5 4E-S 2E-4 2E-3

65 Terbium-156m W, all compounds 7E+3 8E+3 3E-6 IE-8 IE-4 IE-3
(24A h)

65 Terbium-156 W, all compounds IE+3 IE+3 6E-7 2E-9 IE-5 IE24
65 Terbium-157 W, all compounds 5E+4 3E+2 IE-7

LLI wall Bone surf - 8E-10 72-4 7E-3
(5E+4) (6E+2)

65 Terbium-158 W,all compounds IE+3 2E+1 8E-9 3E-11 2E-5 2E-4
65 Terbium-160 W, all compounds 8E+2 2E+2 9E-2 3E-10 1E-5 IE-4
65 Terbium-161 W. all compounds 2E+3 2E+3 72-7 2E-9 _

LUL wall - - 3E-5 3E-4

66 Dysprosium-155 W. all compounds 92+3 3E+4 IE-5 4E-8 IE4 IE-3
66 Dysprosium-157 W, all compounds 2E+4 6E+4 3E-5 9E-S 3E4 3E-3
66 Dysprosium-159 W, all compounds IE+4 2E+3 IE-6 32-9 2E-4 21-3
66 Dysprosium-165 W, all compounds I E+4 5E+4 2E.5 64-8 2E-4 2E-3
66 Dysprosium-166 W, all compounds 6E+2 7E+2 32-7 IE-9

LLI wall IE-5 IE-4
(8E+2)

67 Holmium-155I ' W. all compounds 4E+4 2E+5 6E-5 2E-7 6E-4 6E-3
67 Holmium-157 2  W. all compounds 3f+5 I E+6 6E-4 2E-6 42-3 4E-2
67 Holmium-1592  W, all compounds 2E+5 IE+6 41-4 IE-6 3E-3 32-2
67 Holmium-161 W, all compounds IE+5 4f+5 21-4 62-7 IE-3 1E-2
67 Holmium-162m72  W, all compounds 52+4 32+5 IE4 4E-7 71-4 7E-3
67 Holmium-1622 W, all compounds 5E+5 2E+6 IE-3 3E-6 -

St wall - I E-2 IE-1

67 Holmium-164m2  W. all compounds IE+5 3E+5 1I-4 4E-7 I E-3 IE-2
67 Holmium-1642  W. all compounds 2E+5 6E+5 32-4 9E-7 -

St wall - - _ 3E-3 3E-2
__ (2E+5)

67 Holmium-166m W, all compounds 62+2 72+0 3E-9 9E-12 9E-6 92-5
67 Holmium-166 W, all compounds 9E+2 2E+3 7E-7 22-9 -

LLI wall - - IE-5 IE-4
(9E+2)

67 Holmium-167 W, all compounds 2E+4 6E+4 22-5 8E-8 21-4 2E-3
68 Erbium-161 W, all compounds 22+4 62+4 32-5 92-8 22-4 2E-3
68 Erbium-165 W, all compounds 62+4 2E+5 8E-5 3E-7 91-4 9E-3
68 Erbium-169 W, all compounds 3E+3 3E+3 IE-6 4E-9 -

LLI wall - - -SE-S 52-4
_________ (42+3) _ _ SE-5

68 Erbium-171 W, all compounds 4E+3 IE+4 4E-6 IE-2 SE-5 5E-4
68 Erbium-172 W, all compounds IE+3 IE+3 6E-7 22-9

LLI wall - - 2E-5 2E-4
(IE+3)

69 Thulium-1622  W, all compounds 7E+4 3E+5 1-4 42-7
St wall -- I 12-3 12-2
(7E+4) _ __ 3

69 Thulium-166 W, all compounds 4E+3 IE+4 6E-6 2E-8 6E-5 62-4
69 Thulium-167 W, all compounds 2E+3 2E+3 8E-7 32-9 - -

LLI wall - 3E-5 32-4
(2E+3) __I
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Table I Table 11 Table III
Occupational Values Effluent Concentrations Releases to

Sewers
Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Col. I Col. 2 Monthly

No. Inhalation Average

Ingestion DAC Ar water, Concen-
ALIA (#C) ALI (jCi) (PCVi/l) (PCi/ml) (iiCi/ml) Cration

69 Thulium-170 W, all compounds 8E+2 2E+2 9E-8 3E-10 - -

LLI wall - - IE-5 IE-4
(IE+3)

69 Thulium-171 W, all compounds IE+4 3E+2 lE-7 -
LLI wall Bone surf 8E-10 2E-4 2E-3
(IE+4) (6E+2)

69 Thulium-t72 W, all compounds 7E+2 IE+3 5E-7 2E-9 - -
LU wall - IE-5 IE-4

69 Thulium-173 W, all compounds 4f+3 1E+4 5E-6 2E-8 6E-5 6E24
69 Thulium-1752  W, all compounds 7E+4 3E+5 IE-4 4E-7

St wall - IE-3 IE-2
_ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ (9E+4) _ _ _ _

70 Ytterbium-1622  W, all compounds 7E+4 3E+5 IE-4 4E-7 IE-3 IE-2
except those given
forY .
Y, oxides, 3f+5 IE-4 4E-7
hydroxides, and

______ fluorides __.
70 Ytnrbium-166 W. see '"Yb IE+3 2E+3 SE-7 3E-9 2E-5 2E-4

Y, see 62Yb _ 2E+3 8E-7 3E-9 -

70 Ytterbium-l 672 W. see ' 62Yb 3E+5 8E+5 3E-4 IE-6 4E-3 4E-2
Y. see Yb 7E+5 3E-4 _ E-6 - -

70 Ytterbium-l69 W. see 62 Yb 2E+3 8E+2 4E-7 I E-9 2E-5 2E-4
Yy se 162Yb _ 7E+2 3E-7 IE-9 -

70 Ytterbium-175 W, see '62Yb 3E+3 4E+3 IE-6 SE-9 -
LLI wall - - 412-5 4E-4
_(3E+3) _ 4E-5 4E-4

Ys ee
6 2

yb - 3E+3 IE-6 5E-9
70 Ytterbium-177 2  W. see 162Yb 2E+4 5E+4 2E-5 7E-8 2E-4 2E-3

Y. see 1
62

Yb - 5+4 2E-5 6E-8 - -

70 Ytterbium-1782  W. see 162Yb IE+4 4E+4 2E-5 6E-S 2E-4 2E-3
Y. see '6 2Yb - 4E+4 2E-S 5E-8 ._

71 Lutetium-169 W, all compounds 3E+3 4E+3 2E-6 6E-9 3E-5 3E-4
except those given
for Y__ _ _ _ _ _ _ _ _ _ __ _ _ _ _

Y, oxides, 4E+3 2E-6 6E-9
hydroxides, and

. _ _ _ fluorides .
71 Lutctium-170 W, see 16Lu IE+3 2E+3 9E-7 3E-9 2E-5 2E-4

Y. see 69Lu - 2E+3 SE-7 3E-9 -

71 Lutetium-171 W.see "'Lu 2E+3 2E+3 8E-7 3E-9 3E-5 3E14
Y, see 1

6 9
Lu 2E+3 8E-7 3E-9 -

71 Lutetium-172 W. see 169Lu IE+3 IE+3 5E-7 2E-9 IE-5 IE1-4
Y, see "'Lu IE+3 SE-7 . 2E-9 -

71 Lutetium-173 W see 169Lu 5E+3 3E+2 IE-7 - 7E-5 7E-4
. Bone surf _ 6E-10 -

I___ __ __ _ __ _ _ _ _ _ _ _ (5E +2) _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

Y. see '0Lu _ 3E+2 IE-7 4E-10 _ .
71 Lutetium-174m W, see LT 2E+3 2E+2 IE-7

LLI wall Bone surf S E-10 4E-5 4EE4
_________________ (3E+3) (3E+2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Y, see 1'9Lu - 2E+2 9E-8 3E-10 -

71 Lutetium-174 W. see 1
69 Lu . 5E+3 IE+2 5E-8 7E-5 71-4

Bone surf - 3E-10 - -
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Table I Table H Table III
Occupational Values Effluent Concentrations Releases to

_____ _____ Sewers
Atomic Radionuclide Class Col. I Col 2 Col. 3 CoL I CoL 2 Afonthly

No. O Inhalation Average

Ingestion DAC Air Water Concen-
ALI ( Ci) ALI (pCi) (PCi/m) (PCVmD (uCVml) tratlon

Y. see '69Lu 2E+2 6E-8 2E-10
71 Lutetium-176m W. see 8E+3 3E+4 IE-5 3E4-8 IE-4 IE-3

Y, see 9Lu _ 2E+4 9E-6 3E-8 _
71 Lutetium-176 W. se 16Lu 7E+2 SE+0 2E-9 I IE-5 IE-4

1 Bonesurf - 2E-I

Y. see 'Lu . 8E+0 3E-9 IE-l 1
71 Lutetium-177m W. see Lu 7E+2 I E+2 SE-8 - IE-5 I E-4

1 Bone surf _ 2E-10 _
__ __ __ _ (IE +2) __ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8E+1 3E-8 IE-10 _
71 Lutetium-177 W. see 79Lu 2E+3 2E+3 9E-7 39E-9

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

_ Y, see "Lu 2E+3 9E-7 3E-9 _
71 Lutetium-178mZ W, see 169Lu SE+4 2E+5 82-5 3E-7 -

St. wall - 8E-4 SE-3
(6E+4) _

_ Y. see 1
09LU - 2f+5 7E-5 22-7

71 Lutetium-1782 W, se L69Lu_ 4E+4 1E+5 5E-5 2E-7 - -
St wall - 6E-4 6E-3
(4E+4)

Y. see 169Lu IE+5 SE-5 22-7
71 Lutetium-179 W. see '°9u 6E+3 2E+4 SE-6 32-S 9E-5 9E-4

Y. see 1
69 Lu 2E+4 6E-6 3E-S -

72 Hafnium-170 D, all compounds 3E+3 6E+3 2E-6 8E-9 - 4E-5 4E-4
except those given
for W _ _ _ _ _ _ _ _ _ _ _ _ _

W, oxides, 5E+3 2E-6 6E-9 - -
hydroxides, carbides,
and nitrates

72 Hafnium-I72 D, see "0uHf IE+3 9E+0 4E-9 _ 2E-5 2E-4
Bone surf 3E-11
(2E+I)

W. see -uif 4E+1 2E-8 . .
1 Bone surf - SE-I I

72 Hafnium-173 D, see iuHf SE+3 IE+4 5E-6 2E-8 7E-5 7E-4
W. see 12+Hf IE44 5E-6 2E-8

72 Hafnium-175 D, see U"Hf 3E+3 9E+2 4E-7 4E-5 4E-4
Bone surf -IE-9 _

_ _ _ _ _ _ _ _ _ _ _ (I12+ 3) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ W. see f1_2Hf_ I E+3 5E-7 22-9 -

72 Hafnium-177m2  D, see " 0EHf 22+4 6E+4 2E-5 SE-8 32-4 3E-3
W se- "Hf - 9E+4 4E-5 IE-7 -

72 Hafnium-178m D, see "9Hf 32+2 IE+0 52-10 3E-6 3E-5
- Bone surf 3E-12 -

(22+0)
W, see-"' SE+0 22-9 _ - _

, Bone surf - IE-11
_ __ __(92+0) _ -

72 Hafnium-179m D, see "uHf IE+3 3E+2 IE-7 IE-5 IE-4
Bone surf - 8E-10

(6E+2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

W. see 1-If - 6E+2 32-7 8E-10 - -

72 Hafnium-I 80m I see f 7E+3 22+4 92-6 3E-8 IE-4 IE-3
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Table I Table 11 Table III
Occupational Values Effluent Concentrations Releaseesto

Atomic Radionuclide Class Col. I CoL 2 1 Cot. 3 CoL I CoL 2 Monthly
No. Oral Inhalation Average

Ingestion DAC Air Water Con cen-
ALl (pCi) ALI (pCi) (pACVml) (iiCilml) (,uCihnl) tration

._ _ _ __ _ _ _ _ _ _ _ (gC L/m I)
WIsee. 3E+4 IE-5 4E-8 .

72 Hafnium-181 D, se IE+3 2E+2 7E-8 . 2E-5 2E-4
. Bone surf - 6E-10 -

(4E+2)
W. see "'Hf 4E+2 2E-7 6E-10 - -

72 Hafnium-182m2  5Dsee701-lf 44E+4 99E+4 4E-5 lE-7 SE-4 SE-3
W, see 1-0Hf IE+5 6E-5 2E-7 - -

72 Hafnium-1l2 D. see 1 i0Hf 2E+2 8E-1 3E-10 - - -

Bone surf Bone surf 12E-12 5E-6 5E-5
(4E+2) (2E+O)

W. see -Hf . 3E+0 I E-9
Bone surf - 1E-1I -

(7E+0)
72 Hafnium-183 2  D, see "Ff 22+4 5E+4 2E-5 6E-8 3E-4 3E-3

W. see 1-tHf 6E+4 2E-5 SE-8 - -

72 Hlafnium-1l4 -D, see 1 f 2E+3 8E+3 3E-6 IE-8 3E-5 3E-4
W, see "01-f 6E+3 32-6 9E-9 - -

73 Tantalum-172 2  W, all compounds 4E+4 IE+5 SE-5 2E-7 SE.4 5E-3
except those given
for Y
Y, elemental Ta, IE+5 4E-5 IE-7
oxides, hydroxides,
halides, carbides,
nitrates, and nitrides

73 Tantalum-173 W, see "'Ta 7E+3 2E+4 8E-6 32-8 9E-5 9E-4
Y. see I "Ta. .. I -. . ..2E+4 7E-6 22-8 -

73 Tantalum-174 2  W. see "'Ta 3E+4 IE+f 4E-5 IE-7 42-4 4E-3
Y. see l7a 9E+4 4E-5 IE-7 -

73 Tantalum-175 W see "Ta 6E+3 2E+4 72-6 2E-8 SE-5 8E-4
Y2 see 72Ta I E+4 6E-6 2E-S8

73 Tantalum-176 W4 see 12Ta 4E+3 IE+4 52-6 2E-8 5E-5 5E-4
Y, see Ta- IE+4 52-6 22E-8

73 Tantalum-177 W. s1e "'Ta IE+4 2E+4 82-6 3E-8 2E-4 2E-3
Y. see 1-Ta . 22+4 7E-6 2E-8 . -

73 Tantalum-178 W, see 112Ta 2E+4 92+4 4E-5 IE-7 2E-4 22-3
Y, see "la - 7E+4 32-5 IE-7 - -

73 Tantalum-179 -W2 see 1ra 2E+4 5E+3 2E-6 8E-9 32-4 3E-3
Y. see I"Ta . 92+2 423-7 1E-9 _

73 Tantalum-180rn W, see , "Ta 22+4 72+4 3E-5 9E-8 32-4 32-3
Y, see -2Ta 62+4 2E-5 8E-8 .

73 Tantalum-10 W, see 112Ta 1E+3 4E+2 22-7 62-10 2E-5 22-4
Ysee ITa _ _ 2E+1 IE-8 3E-11 - -

73 Tantalum-i 82m2 W, see 1i2Ta 2E+5 52+5 22-4 82-7 - -
St wall - - - 32-3 32-2
(2E+5)

Y. see -72Ta . 4E+5 2E-4 62-7
73 Tantalurn-182 W. see i JTa 82+2 3E+2 12-7 5E-10 1E-5 1E-4

Y,1see2"Ta I E+2 6E-8 - 2E-10

73 Tantalum-183 W, sec 2Ta 92+2 IE+3 5E-7 2E-9
LLI wall - 2E-5 2E-4
(IE+3) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Y. see I2 IE+3 4E-7 IE-9 _
73 Tantalum-184 W2 see 1 "Ta 2E+3 5E+3 22-6 8E-9 32-5 32-4

Y, sce -Ta 5E+3 2E-6 7E-9 - -
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Table I Table II Table 111
Occupational Values Effluent Concentrations Releases to

____ ____Sewers

Atomic Radionuclide Class Col. I Col. 2 Col. 3 Col. I Col. 2 Monthly
NO. OrlInhalation Average

Ingestion DAC Air Water Concen-
Angestion ALI (pCi) (P)Ci/m) (m (pCi'ml) tration

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( CI /rn!m )

73 Tantalum-1852  W see '"Ta 3E+4 7E+4 3E-5 IE-7 4E-4 4E-3

Y. see -'Ta 6E+4 3E-5 9E-8

73 Tantalum-1862  W.5see 22ra SE+4 2E+5 IE-4 3E-7
St wall - IE-3 IE-2
(7E+4)

Y. see I -a .a. 2E+5 9E-5 3E-7
74 Tungsten-176 D, all compounds IE+4 5E+4 2E-5 7E-8 IE-4 IE-3
74 Tungsten-177 D, all compounds 2E+4 9E+4 4E-5 IE-7 3E-4 3E-3
74 Tungsten-17S D, all compounds 5E+3 2E+4 8E-6 3E-8 7E-5 7E-4
74 Tungsten-179" D, all compounds 5E+5 2E+6 7E-4 2E-6 72-3 7E-2
74 Tungsten-1Sl D, all compounds 2E+4 3E+4 IE-5 5E-8 2E-4 2E-3
74 Tungsten-185 D, all compounds 2E+3 7E+3 3E-6 9E-9 -

LLI wall - 4E-5 4E24
. _(3E+3)

74 Tungsten-187 D, all compounds 2E+3 9E+3 4E-6 IE-8 3E-5 32-4
74 Tungsten-188 D, all compounds 4E+2 IE+3 5E-7 2E-9

LLI wall - - 7E-6 7E-5
(5E+2)

75 Rhenium-1772  D, all compounds 9E+4 3E+5 IE-4 4E-7
except those given St wall _ - 2E-3 2E-2
for W (IE+5)
W, oxides, _ 4E+5 IE-4 5E-7
hydroxides, and
nitrates

75 Rhenium-1782 D,see "'Re 7E+4 3E+5 IE-4 4E-7
St wall _ IE-3 IE-2

. . ._ (IE+5)
W,see ... Re 3E+5 IE-4 4E-7

75 Rhenium-181 D,see "'Re 5E+3 9E+3 4E-6 IE-8 7E-5 71-4

W, see "'Re 9E+3 4E-6 1E-8
75 Rhenium-182 D, see 17'Re 7E+3 1E+4 5E-6 22-8 9E-5 91-4

(12.7 h) W. see "'Re . 22+4 6E-6 2E-8

75 Rhenium-182 D, see "'Re 1+3 22+3 IE-6 3E-9 2E-5 2E-4

(64.0 h) W. see mRe - 2E+3 9E-7 3E-9 -

75 Rhenium-184m D,see "'Re 2E+3 3E+3 IE-6 4E-9 3E-5 3E-4

W, see"'Re - 4E+2 22-7 6E-10

75 Rheniurn-184 D, see "'Re 2E+3 4E+3 IE-6 5E-9 3E-5 3E-4

_ W ,se 'Rc- I1E+3 6E-7 2E-9
75 Rhenium-186m D, see "'Re IE+3 2E+3 7E-7 .

St wall St wall - 3E-9 2E-5 2E-4
(2E+3) (2E+3)

_ see "'Re . 2E+2 62-8 2E-10 -

75 Rhenium-186 D,see "'Re 2E+3 3E+3 IE-6 4E-9 3E-5 32-4

W, see "'Re 2E+3 7E-7 2E-9
75 Rhenium-187 D, see T'Re 6E+5 8E+5 4E-4 8E-3 8E-2

S Stwall - IE-6
______ _____ (9E+5) _ _ _ _ _

W, see "'Re IE+5 4E-5 IE-7

75 Rhenium-188mr D. see "'Re 8E+4 IE+5 6E-5 2E-7 IE-3 IE-2

W, see "'Re I1E+5 62-5 22-7 - -

75 Rhenium-188 D, see "'Re 2E+3 32+3 IE-6 4E-9 2E-5 22-4

W,see "'Re - 3E+3 IE-6 4E-9 - -

75 Rhenium-189 D, see "'HRe 32+3 5E+3 2E-6 7E-9 42-5 4E-4

-_ - W, see 7'Re - 42+3 2E-6 6E-9
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Table I Table ll TRble toI
Occupational Values Effluent Concentrations Rclesses to

Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Col I Col. 2 Afonthly
No. Oral Inhalation Average

Ingestion DAC Ar Water Concen-
ALI (piCi) ALI (pCi) mI) (,uCi/ml) (pCUml) tratlon

76 Osmium-180 2  D, all compounds IE+5 4E+5 2E-4 5E-7 IE-3 1 E-2
except those given
for W and Y
W, halides and 5E+5 2E-4 7E-7
nitrates _ _ _ _
Y, oxides and 5E+5 2E-4 6E-7 -

_ _ ~~hydroxides_ _ _
76 Osmium-1812  D, see "Os IE+4 4E+4 2E-5 6E-8 2E-4 2E-3

W. see MOOs 5E+4 2i-5 6E-8 -

Y, see '"Os 4E+4 2E-5 6E-8
76 Osmium-182 D, see INOS 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4

W, see UUOs . 4E+3 2E-6 6E-9
Y, see 'gOs 4E+3 2E-6 6E-9 _

76 Osmium-185 D, see 'aOs 2E+3 5E+2 2E-7 7E-10 3E-5 3E4

W.see "'°Os . 8E+2 3E-7 IE-9
Y. see "DOs - SE+2 3E-7 IE-9 -

76 Osmium-189m D. see IwOs 8E+4 2E+5 I E-4 3E-7 IE-3 IE-2
W. see "Os - 2E+5 9E-5 3E-7 _

loOY, see 't0Os 2E+5 7E-5 2E-7
76 Osmium-19lm D,see I&)0s I1E+4 3E+4 IE-5 4E-8 2E-4 2E-3

W. see '"Os 2E+4 SE-6 3E-S -

Y, see"Os 2E+4 7E-6 2E-8 _

76 Osmium-191 D, see 1°0Os 2E+3 2E+3 9E-7 3E-9
LLI wall - 3E-5 3E-4
(3E+3)

W, see Igoos . 2E+3 7E-7 2E-9 -

Y, see "Os - IE+3 6E-7 2E-9 _
76 Osmium-193 D, see °Os 2E+3 5E+3 2E-6 6E-9 -

LLI wall - 2E-5 23-4
(2E+3) .

W, see "Os 3E+3 IE-6 4E-9
Y,see I Os 3E+3 IE-6 4E-9

76 Osmium-194 D. see '8'Os 4E+2 4E+1 2E-8 6E-I I
LLI wall - 82-6 8E-5
(6E+2)

W. see "Os 6E+1 2E-8 SE-l _1
Y, see I a-O 8E+0 3E-9 IE-II

77 Iridium-182' D, all compounds 4E+4 IE+5 6E-5 22-7 . -
except those given St wall _ _ 6E-4 62-3
for W and Y (4E+4)
W, halides, nitrates, 2E+5 6E-5 2E-7 -
and metallic iridium .
Y, oxides and . IE+5 SE-5 22-7
hydroxides

77 Iridium-1l4 D, see "52r 8E+3 2E+4 IE-5 3E-8 IE-4 IE-3

W,see 821r _ 3E+4 IE-5 SE-8
Y. Ysee °2f Ir _ 3E+4 IE-5 4E-8 -

77 Iridium-185 D,see 182 r 5E+3 IE+4 5E-6 2E-8 7E-5 71-4

W, see °2lr . IE+4 SE-6 22-8 -

Y. see In1r IE+4 4E-6 IE-8 -

77 Iridium-186 D, see " 21r 2E+3 8E+3 3E-6 IE-8 3E-5 3E24

W. see 1821r . 6E+3 32-6 9E-9 _
Y. see 182Ir . 6E+3 2E-6 8E-9 . .

77 Iridium-187 D, see 182'r 1+4 3E+4 IE-5 5E-8 IE-4 IE-3
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Table I Table II Table III
Occupational Values Effluent Concentrations Reasst

Atomic Radionuclide Class Cot I CoL 2 Col. 3 CoL I CoL 2 Monihily
No. Inhalation Average

Ingestion DCAr Water Con cen-
..ALI Ci) A (yCi) (DCV=) (pCilml) (PCi/ml) irallon
ALI_________ILC______(pUCL/Ml)

W, see "'~Ir 3E+4 IE-5 4E-8 .
Y. see 'sIr 3E+4 lE-S 4E-8

77 Iridium-188 D, see '8ir 2E+3 5E+3 2E-6 6E-9 3E-5 3E24
W.see'8 21r - 4E+3 IE-6 5E-9 - -

Y,see 5sl2 r 3E+3 IE-6 5E-9
77 Iridium-189 D,see 1

521r SE+3 5E+3 2E-6 7E-9 -
LLI wall - _ 7E-5 7E-4

____ ____ ____ ____ (5E+3) _ _ _ _ _

W, see "'1r ( 4E+3 2E-6 5E-9 .
. Y,see lgzlr 4E+3 IE-6 5E-9

77 Iridium-190m2  D, see 112l 2E+S 2E+5 8E-5 3E-7 2E-3 2E2
w, see MIr 2E+5 9E-5 3E-7 .

_ Y. see 11
2 r 2E+5 8E-5 3E-7

77 Iridium-190 D, see Mi21r 1E+3 9E+2 4E-7 IE-9 IE-5 IE-4
W. see lglr IE+3 4E-7 IE-9 _
Y. see "IIr 9E+2 4E-7 IE-9

77 Iridium-192m D, see 1321r 3E+3 9E+1 4E-8 1E-10 4E-5 44E4
W. see 152lr 2E+2 9E-8 3E-10
Y. see 18r - 2E+1 6E-9 2E-lI -

77 Iridium-192 D, see 1I2r 9E+2 3E+2 IE-7 4E-10 IE-5 IE-4
W.see 1852 r - 4E+2 2E-7 6E-10 .
Y, see 'Ir 2E+2 9E-8 3E-10 - _

77 lridium-194m D, see L"zlr 6E+2 9E+1 4E-8 IE-10 9E-6 9E-S
W. see "S1r 2E+2 7E-8 2E-10 - -

Y. see "'2 fr IE+2 4E-8 1E-10
77 Iridium-194 D,see Ir 12+3 3E+3 IE-6 4E-9 1E-5 IE-4

W. see '2Ir 2E+3 9E-7 3E-9 -

Y. see lUIr 2E+3 8E-7 3E-9
77 lridium-195m D, see '""Jr 8E+3 2E+4 IE-5 3E-8 IE-4 IE-3

W, see 1
82 r 3E+4 IE-5 4E-8

Y. see '8Ir . 2E+4 9E-6 3E-8 _
77 lridium-195 D, see 'I&lr IE+4 4E+4 2E-5 6E-8 2E-4 2E-3

W. see "If- 5E+4 2E-5 7E-8
Y. see ' 2Ir _ 4E+4 2E-5 6E-S

78 Platinum-186 D, all compounds 1E+4 4E+4 2E-5 5E-8 2E-4 2E-3
78 Platinum-188 D, all compounds 2E+3 2E+3 7E-7 2E-9 2E-5 2E-4
78 Platinum-I89 D, all compounds 1E+4 32+4 1E-5 4E-8 IE-4 IE-3
78 Platinum-191 D, all compounds 4E+3 8E+3 4E-6 IE-8 5E-5 5E-4
78 Platinum-193m D, all compounds 3E+3 6E+3 3E-6 82-9 -

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

78 Platinum-193 D, all compounds 4E+4 22+4 IE-5 3E-8
LLI wal - 6E-4 62-3
(5E+4)

78 Platinum-195m D, all compounds 2E+3 42+3 2E-6 6E-9 = -
LLIwall - - 3E-5 3E-4
(2E+3) _ _ __. _ _

78 Platinum-197m 2  D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
78 Platinum-197 D, all compounds 3E+3 1E+4 4E-6 IE-8 4E-5 4E-4
78 Platinum-1992  D, all compounds 5E+4 IE+5 6E-5 2E-7 7E-4 7E-3
78 Platinum-200 D, all compounds IE+3 3E2+3 IE-6 5E-9 2E-5 22-4
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Table I Table 11 Table III
Occupational Values Effluent Concentrations Releases to

________Sewers

Atomic Radionuclide Class Col. I Cot 2 Col 3 Col. I Col 2 Monthly
No. Oml Inhalation Average

Ingestion DAC Air Water Concen-
AIn (jtio ALI (pCi) (PCan) (GtCi/mI) (KCUMlr) fration

_ _ _ _ _ __ ____ ___ ___(p40 /m i)
79 Gold-193 D, all compounds 9E+3 3E+4 IE-5 4E-8 IE-4 IE-3

except those given
for W and Y
W, halides and - 2E+4 9E-6 3E-8 .
nitrates
Y, oxides and - 2E+4 8-6 3E-8 -

hydroxides
79 Gold-194 D, see "Au 3E+3 8E+3 3E-6 IE-8 4E-5 4E-4

W. see 193Au - 5E+3 22-6 8E-9 - -

Y. see ... Au E52+3 2E-6 7E-9 _
79 Gold-195 D, see 193Au 5E+3 IE+4 5E-6 2E-8 7E-5 7E-4

W, see 193Au I E+3 62-7 2E-9

Y, see '7'Au - 4E+2 2E-7 6E-10 _
79 Gold-198m D, see 9"Au IE+3 3E+3 IE-6 42-9 IE-5 IE-4

W. see 93
_Au IE+3 5E-7 2E-9

Y. see 193Au I1E+3 5E-7 2E-9 -

79 Gold-198 Dsee ' 93Au IE+3 4E+3 2E-6 52-9 2E-5 21-4
W see 193Au 2E+3 8E-7 3E-9 - -

Y. see '93Au - 2E+3 7E-7 22-9 _

79 Gold-199 D, see '93Au 3E+3 9E+3 4E-6 IE-8 -
LLI wall _ - 4E-5 4E-4
(3E+3)

W, see 193Au 4E+3 2E-6 6E-9 _

Y, see"-u9 3  4E+3 22-6 5E-9 -

79 Gold-200m D, see "9'Au IE+3 4E+3 1E-6 5E-9 2E-5 2E-4
W. see 19 Au 3E+3 IE-6 4E-9 -

Y. see 'Au - 2E+4 IE-6 3E-9 -

79 Gold-2001  D see9Au 3E+4 6E+4 32-5 92-8 4E-4 4E-3
W. see 9Au - 82+4 3E-5 IE-7

Y. see '9 Au 7E+4 3E-5 1E-7 _

79 Gold-2012  D. see "'Au 7E+4 2f+5 9E-5 3E-7 -
St wall _ - - 1E-3 IE-2
(9E+4)

W.see 193 _ 2E+5 IE-4 32-7
Y. see '9 Au 2E+5 9E-5 3E-7

80 Mercury-193m Vapor 8Ef+3 4E-6 1IE-8
Organic D 4E+3 I E+4 5E-6 2E-8 6E-5 6E-4
D, sulfates 3E+3 92+3 4E-6 1_-8 42-5 4E-4
W, oxides, 8E+3 32-6 IE-8 - -

hydroxides, halides,
nitrates, and sulfides

80 Mercury-193 Vapor - 32+4 IE-5 4E-8 - -

Organic D 2E+4 62+4 3E-5 9E-8 3E-4 3E-3
D, see mHg 2E+4 4E+4 22-5 6E-8 - 2E-4 2E-3
W, see 1Y3mHg - 4E+4 2E-5 62-8 -

80 Mercury-194 Vapor 3E+1 IE-8 4E-11 I
OrganicD 2E+1 3E+1 IE-8 4E-1I 2E-7 2E-6
D, see 193tHg 8E+2 4E+1 22-8 6E-11 IE-5 IE-4
W,see 1 mHg - 1E+2 5E-8 2E110

80 Mercury-195m Vapor 42+3 22-6 6E-9
anic D 32+3 6E+3 3E-6 8E-9 42-5 42-4

D, see Ly3mHg 2E+3 5E+3 2E-6 72-9 3E-5 3E-4
W. see "'Hg 4E+3 22-6 5E-9

80 Mercury-195 Vapor I3+4 1E-5 42-8
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Table I Table II Table IIl
Occupational Values Effluent Concentrations Slewe

Atomic Radionuclide Class Col. I Col. 2 1 Col. 3 Col. I CoL 2 Monthly
No. Oa Inhalation Average

Ingestion DAC Air Water Concen-
ALT (MCi) ALI (jiCi) (Cud) CWilml) (0CiCml) tratton

ALIu_____iml (p9i/mi)

Organic D 2E+4 SE+4 2E-S 6E-8 2E-4 2E-3
D, see mHg IE+4 4E+4 IE-S SE-S 2E-4 2E-3
Wsee tmllg 3E+4 IE-S 5E-S

g0 Mercury-197m Vapor _ 5E+3 2E-6 7E-9 _
Organic D 4E+3 9E+3 4E-6 IE-S 5E-5 5E-4
D, see 3E+3 7E+3 3E-6 IE-8 4E-5 4E-4
Wsee l" mHg 53E+3 2E-6 7E-9

80 Mercury-197 Vapor . SE+3 4E-6 IE-S
Organ 7E+3 IE+4 6E-6 2E-8 9E-5 9E-4
D, see '93mfg 6E+3 IE+4 5E-6 2E-8 SE-5 8E-4

_ W, see V tj mHg - 9E+3 4E-6 IE-S -

80 Mercury-199m 2  Vapor . 8E+4 3E-S IE-7 .
Organic D 6E+4 2E+S 7E-5 2E-7

St wall - IE-3 I E-2

193m__ __ _ __ _ (IE+5) _ _ _ _ _ _ _ _ _ _ _

D, see Hg 6E+4 IE+5 6E-5 2E-7 8E-4 8E-3
_ W, see lymHg 12E+5 7E-5 2E-7

80 Mercury-203 Vapor - SE+2 4E-7 IE-9 - -

EOrganic D SE+2 8E+2 3E-7 - IE-9 7E-6 7E-S
D, see 1Hg 2E+3 IE+3 5E-7 2E-9 3E-5 3E-4
W,see ty3mHg - IE+3 SE-7 2E-9

81 Thallium-194m 2  D, all compounds SE+4 2E+5 6E-5 2E-7
St wall - - IE-3 IE-2

. ~(7E+4).
81 Thallium-1942  D, all compounds 3E+S 6E+5 2E-4 8E-7

St wall - - - 4E-3 4E-2
_ _ (3E+5)

81 Thallium-1952 D, all compounds 6E+4 IE+5 SE-5 2E-7 9E-4 9E-3
8 1 Thallium-197 D, all compounds 7E+4 IE+5 5E-5 2E-7 IE-3 I E-2
8 1 Thallium-l98m` D, all compounds 3E+4 5E+4 2E-5 SE-8 4E-4 4E-3
81 Thallium-198 D, all compounds 2E+4 3E+4 IE-5 5E-S 3E-4 3E-3
81 Thallium-199 D, all compounds 6E+4 8E+4 4E-5 IE-7 9E-4 9E-3
81 Thallium-200 D, all compounds 8Ef3 IE+4 5E-6 2E-8 IE-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
8 1 Thallium-204 D, all compounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E-4
82 Lead-195m 2  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-S 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-S IE-4 IE-3
82 Lead-202m D, all compounds 9E+3 3E+4 IE-5 4E-8 IE-4 IE-3
82 Lead-202 D, all compounds I E+2 5E+1 2E-8 7E-1 I 2E-6 2E-5
82 Lead-203 D, all compounds 5E+3 9E+3 4E-6 IE-8 7E-5 7E-4
82 Lcad-205 D, all compounds 4E+3 IE+3 6E-7 2E-9 5E-5 5E4
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-I IE-10 _

Bone surf Bone surf 6E-13 IE-8 IE-7
- (IE+O).-. r (4E-I)

82 Lead-21 12 D, all compounds IE+4 6E+2 3E-7 9E-10 2E.4 2E-3
82 Lcad-212 D, all compounds 8E+1 3E+1 IE-8 5E-l1

Bone surf - - 2E-6 2E-5
(IE+2) _

82 Lead-2142  D, all compounds 9E+3 8E+2 3E-7 IE-9 1E-4 IE-3
83 Bismuth-200 D, nitrates 3E+4 SE+4 4E-5 2E-7 4E-4 4E-3
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Table I Table II Table IlI
Occupational Values Efuent Concentrations Releases to

________Sewecrs

Atomic Radionuclide Class Col. I Col. 2 Col. 3 CoL I CooL 2 Monthly
No. Inhalation Average

Ingestion DAC Air Water Con cen-
ALI ( ALt (pCi) (pCifUnl) (pCi/nl) (ICilml) tration

W, all other 1E+5 4E-5 IE-7
-compounds

83 Bismuth-2012  D, see 2wBi IE+4 3E+4 1E-5 4E-8 2E-4 2E-3

W. sce 2-3i 4E+4 2E-S 5E-8 _
83 Bismuth-2022  D, see 2001i IE+4 4E+4 2E-5 6E-8 2E-4 2E-3

W. see 2- 8E+4 3E-5 IE-7
83 Bismuth-203 D, see 20B i 2E+3 7E+3 3E-6 9E-9 3E-5 3E4

W, see 2- Bi 6E+3 3E-6 9E-9 -

83 Bismuth-205 D. see 2 wBi IE+3 3E+3 1E-6 3E-9 2E-5 2E-4

W, see 200Bi . IE+3 5E-7 2E-9
83 Bismuth-206 D, see 2Bi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5

W. see Bi 9E+2 4E-7 lE-9
83 Bismuth-207 D, see 1wBi IE+3 2E+3 7E-7 2E-9 1E-5 IE4

W, see 2°Bi 4E+2 IE-7 5E-10
83 Bismuth-210m D, see 200Bi 4E+1 5E+0 2E-9 -

Kidneys Kidneys - 9E-12 8E-7 8E-6
(6E+1) (6E+0)

W. see 'Bi . 7E-1 3E-10 9E-13 .
83 Bismuth-210 D, see 'wBi 8E+2 2E+2 IE-?7 I E-S IE-4

Kidneys 5E-10
(4E+2)

W, see 200Bi _ 3E+1 IE-8 4E-I I
83 Bismuth 2122 D, see 2°°Bi 5E+3 2E+2 IE-7 3E-10 7E-5 7E-4

W see 2-B 3E+2 IE-7 4E-10
83 Bismu.h-213Z D, see 2°°Bi 7E+3 3E+2 IE-7 42-10 IE4 IE-3

W. see 2wBi 4E+2 . IE-7 5E-10
83 Bismuth-214 1  D. see 200pi 2E+4 8E+2 3E-7 IE-9 -

St wall _ - 3E-4 323-3
(2E+4) _ _ _ _ _ _ _ _ _

W. see 22Bi 9E-2 4E-7 IE-9
84 Polonium-2032 D, all compounds 3E+4 6E+4 3E-5 9E-8 3E4 3E-3

except those given
for W
W, oxides, 9E+4 4E-5 IE-7 _
hydroxides, and
nitrates

84 Polonium-2052 D, see ... Po 2E+4 4E+4 2E-5 5E-8 3E4 3E-3
W, see 2 3 Po 72+4 3E-5 1E-7

84 Polonium-207 D, see 203po 8E+3 3E+4 IE-5 3E-8 IE4 IE-3

2,seee
03 Po . 3E+4 1E-5 4E-8

84 Polonium-210 D, see 2"3Po 3E+0 6E-I 3E-10 9E-13 4E-8 4E-7

W. see 203 po 6E-1 3E-10 92-13
85 Astatine-207 2  D, halides 6E+3 3E+3 IE-6 42-9 8E-5 8E4

W _ 2E+3 9E-7 3E-9
85 Astatine-211 D, halides IE+2 8E+1 3E-8 IE-10 2E-6 2E-5

W 5E+1 2E-8 SE-I I
86 Radon-220 With daughters 2E+4 7E-6 2E-8

removed
With daughters 2E+1 9E-9 3E-11
present (or 12 working level (or 1.0 working level)

months)
86 Radon-222 With daughters 1 E+4 4E-6 IE-8 r

removed +
- IE+2 3E-8 IE-10 r -
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Table I Table 11 Table Ill
Occupational Values Effluent Concentrations Rele to

Atomic Radionuclide Class Col I Col. 2 | Col. 3 CoL ) Col. 2 AJlondily
No. Inhalation Average

o DAC Air Water Concen-
Ing! sti)n ALI (pCi) DACi/I (Ritliml) (usCifml) tratlonAnLICi) (_ I (__Ciml) _______ __ _ (pCi/mn!)

With daughters (or4 working level (or 033 working level)
present months)

87 Francium-222 2  D, all compounds 2f+3 5E+2 2E-7 6E-10 3E-5 3E-4
87 . Francium-223Z D, all compounds 6E+2 8E+2 3E-7 IE-9 8E-6 8E-S
88 Radium-223 W. all compounds 5E+0 7E-1 3E-10 9E-13

Bone surf - - IE-7 IE-6
(9E+0) . -

88 Radium-224 W. all compounds 8E+0 2E+o 7E-10 2E-12 _
Bone surf - 2E-7 2E-6

(2E+I)
88 Radium-225 W, all compounds SE+0 7E-1 3E-10 9E-13 .

Bone surf - - 2E-7 2E-6
(2E+I)

88 Radium-226 W, all compounds 2E+0 6E-I 3E-10 9E-13 -

Bone surf _ - 6E-8 6E-7
(5E+0)

88 Radium-227 2  W, all compounds 2E+4 IE+4 6E-6 - -

Bone surf Bone surf 33E-8 3E-4 3E-3
(2E+4) (2E+4)

88 Radium-228 W. all compounds 2E+0 IE+0 5E-10 2E-12 -
Bone surf - 6E-8 6E-7

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (4E + 0) _ _ _ __ _ _ _ _

89 Actinium-224 D, all compounds 2E+3 3E+1 IE-8
except those given LLI wall Bone surf SE-1 I 3E-5 3E-4
for W and Y (2E+3) (4E+I)
W, halides and 5E+1 2E-8 7E-1 I
nitrates _ . .
Y, oxides and 5E+I 2E-8 6E-1 1
hydroxides

89 Actinium-225 D, see Ac 5E+I 32-I IE-10 -

LLI wall Bone surf _ 7E-13 7E-7 7E-6
(5E+I) (5E-1)

W, see "4Ac 6E-1 3E-10 9E-13
Y. see 4 Ac 6E-1 3E-10 9E-13

89 Actinium-226 D, see 224Ac IE+2 3E+0 I E-9 - -
LLI wall Bone surf 5 SE-12 2E-6 22-5
(IE+2) (4E+0)

W see "4Ac 5E+0 2E-9 7E-12 -

Y. see 'Ac - 5E+0 2E-9 62-12
89 Actinium-227 D, see "4Ac 2E-1 4E-4 2E-13 - -

Bone surf Bone surf - IE-15 5E-9 52-8
(4E4-1) (8E-4)

W. see 'Ac 22-3 7E-13 - -

Bone surf - 4E-15 _
ZZ4 _ (3E-3)

Y. see Ac A 4E-3 2E-12 6E-15
89 Actinium-228 D, see "4Ac 2E+3 9E+0 4E-9 3E-5 3E-4

Bone surf - 2E-I I

W. see n4 Ac 4E+1 2E-8
Bone surf - 82E-11
(6E+I)

Y, see 4 Ac - 423+1 2E-8 6E-11 -_

90 Tborium-2262  W, all compounds 5E+3 2E+2 6E-8 2E-10 -
except those given St wall - 7E-5 72-4
for Y (5E+3)
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Table I Table 1I Table III
Occupational Values Effluent Concentrations Releases to

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ S e wers
Atomic Radionuclide Class CoL. I Cl. 2 Ct L 3 Col. I Cal. 2 Monthly

No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
AU (uCi) ALI (pCi) (uCi/ml) (pCiml) (pCL'ml) tration

._ (pC( i )

Y, oxides and IE+2 6E-8 2E-l0
hydroxides

90 Thorium-227 W. see "I IE+2 3E-l lE-10 5E-13 2E-6 2E-5
Y. Sec2Z6Th 3E-1 IE-10 5E-13l

90 Thorium-228 W, see Th 6E+0 IE-2 4E-12 -

Bonc surf Bone surf _ 3E-14 2E-7 2E-6
(IE+I) (2E-2)

Y. see Th 2E-2 7E-12 2E-14 -

90 Thorium-229 W. see Th 6E-1 9E-4 4E-13 .
Bone surf Bone surf - 3E-15 2E-8 2E-7
(IE+0) (2E-3)

Y. see Th . 2E-3 IE-12 -

Bone surf 4E-1S
(3E-3)

90 Thorium-230 W Sec22Th 4E+0 6E-3 3E-12 .
Bone surf Bone surf 2E-14 IE-7 IE-6

(9E+0) (2E-2)

Y. see 22-m 2E-2 6E-12 .
. Bone surf 33E-14 .

(2E-2)

90 Thorium-231 W, see 2Th 4E+3 6E+3 3E-6 9E-9 5E-5 5E-4

Y. see z*"Th 6E+3 3E-6 9E-9
90 Thorium-232 W, see * Th 7E-1 IE-3 5E-13

Bone surf Bone surf - 4E-IS 3E-8 3E-7
(2E+0) (3E3-3)

Y. see Th 3E-3 IE-12 - .
Bone surf - 6E-15

(4E-3)

90 Thorium-234 W see 6Th 3E+2 2E+2 8E-8 3E-10 .
LLI wall - - SE-6 5E-S
(4E+2)

Y. see 226Th 2E+2 6E-8 2E-10 .
91 Protactinium- W, all compounds 4E+3 IE+2 5E-8 2E-10 5E-5 SE-4

2272 except those given
for Y
Y, oxides and IE+2 4E-8 IE-10 -

hydroxides

91 Protactinium-228 W, see "'Pa I E+3 1E+l SE-9 12E-5 2E-4
. Bone surf - 3E-11

_ _ _ _ _ _ _ _ _ (2E +I ) )_ _ _ _ _ _ _ _ _ _ _ _

Y, see 2Pa IE+I 51E-9 2E-1
91 Protactinium-230 W, see "'Pa 6E+2 SE+0 2E-9 7E-12 -

Bone surf . . IE-5 IE-4
(9E+2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Y. se e 22Pa 4E+0 IE-9 5E-12 .

91 Protactinium-231 W, see z2Pa 2E-I 2E-3 6E-13 -

Bone surf Bone surf 16E-15 6E-9 6E-8
(5_E-1) (4E-3)

Y, see 22pa - 4E-3 2E-12 - -

. Bone surf 8E-15 -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (6E .3) _ _ _ _ _ _ _ _ _ _ _ _ _

91 Protactinium-232 W, see 2'Pa I E+3 2E+1 9E-9 2E-S 2E-4
Bone surf 8E-I I
(6E+l)

Y, see "'Pa 6E+1 2E-8
Bone surf - IE-10

(7E+I)
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Table I Table nl Table Ill
Occupational Values Effluent Concentrations Releases to

________Sewers

Atomic Radionuclide Class COt. I CoI.2 Co. 3 Cot I Cot. 2 Monthly
No. Oral Inhalation Average

Ingestion DAC Air Water Con cen-
ALI (Ci) ALI (0Ci) (tCi/mI) (iCvml) (pCirnl) mrtc

91 Protactinium-233 W, see 7Pa IE+3 7E+2 3E-7 IE-9 -

LLI wall _ 2E-5 2E-4
Q2E+3)

Y. see 22_Pa_ . 6E+2 2E-7 8E-10 -
91 Protactinium-234 W. se se Pa 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4

Y. see 7Pa - 7E+3 3E-6 9E-9
92 Uranium-230 D. UF6, UO2F2, 4E+0 4E-1 2E-10 -

UOA(NO,) Bone surf Bone surf - 8E-13 8E-8 8E-7
(6E+0) (6E-I)

W ,UO3, UF4, UCu . 4E-1 IE-10 5E-13 -

Y, U0 2, U30, _ 3E-1 IE-10 4E-13 - -

92 Uranium-231 D, see 2U 5E+3 8E+3 3E-6 1E-8 -

LLI wall - 62-5 6E-4
(4E+3) __ _ _ _ __ _ _ _ _

W. see 3U 6E+3 2E-6 SE-9 -

Y,_see 230  
- 5E+3 2E-6 6E-9 g

92 Uranium-232 D, see 2-0U 2E+0 2E-1 9E-1 I _
Bone surf Bone surf _ 6E-13 6E-8 6E-7

(4E+0) (4E-I)
W, see -U 4E-1 2E-10 5E-13 - -

Y. see -2U 8E-3 3E-12 IE-14 _
92 Uranium-233 D, see 1U IE+I IE+0 5E-10

Bone surf Bone surf 33E-12 3E-7 3E-6
(2E+I) QE+30)

W. see -U 7E-1 3E-10 IE-12 _
Y. see 3U 4E-2 2E-1 I 5E-14

92 Uranium-234 3  D, see 12V IE+I IE+0 5E-10 - -
Bone surf Bone surf 13E-12 32-7 3E-6

(2E+1) (2E+0)
W7 see 232U 7E-1 3E-10 IE-12 -

Y. see 0 U 4E-2 22-11 52-14 _
92 Uranium-235 3  D1 see23U IE+1 IE+0 6E-10 .

Bone surf Bone surf 3E-12 3E-7 3E-6
(2E+I) Q(2+0)

W, see U . 8E-1 3E-10 IE-12
Y, see -U 4E-2 2E-11 6E-14

92 Uranium-236 D, sec 231U IE+1 IE+0 5E-10
Bone surf Bone surf - 3E-12 31-7 3E-6
(2E+I) (2E+0) _

W. see 23-U SE-1 3E-10 IE-12 -

. 4E-2 2E-11 62-14 _
92 Uranium-237 D2 see "U 2E+3 3E+3 IE-6 4E-9 _ _

LU wall - - 3E-5 3E-4
(2E+3) *

W2 see+23U 32E+j 7E-7 2E-9
Y. see -3ou 2E+3 6E-7 2E-9

92 Uranium-2383  D, see ZQu IE+1 I2E+0 6E-10 - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

(2E+I) - *2Q+0) .
W. see230U SE-1 32-10 IE-12

Y, see 2-U 4E-2 2E-11 6E-14 .
92 Uranium-2392  D, see 2U 72+4 22E+ 8E-5 32E-7 92-4 92-3

W, see MU - 22+5 72-5 2E-7 - -
-22+5 623-5 22--7 -Y. see 9 aU1 42+3 6E 5 2E-7

92 Uranium-240 D, see23QU I E+3 4E+3 2E-6 5E-9 I 2E3-5 2E3-4
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Table I Table 11 Table III
Occupational Values Effluent Concentrations Releases to

Sewers
Atomic Radionuclide Class Col. I Col. 2 | Col. 3 Col. I Col. 2 Monthly

No. Oral Inhalation Average

netinAC Air Water Concen-
ALT (iCi) ALI (uCi) (pC*L) (ICilml) (pCimlI) tration

ALI____UM_ (401"mi)

W. see 23-U 3E+3 IE-6 4E-9 - -

Y. seew 2U 2E+3 IE-6 3E-9 - -

92 Uranium-natural 3  D. see U IE+l IE+0 5E-10
Bone surf Bone surf _ 3E-12 3E-7 3E-6

(2E+1) (2E+0)
W. see U 8E-I 3E-10 9E-13
Y. see U SE-2 2E- 1I 9E-14

93 Neptunium-2322  W. all compounds Ef+5 2E+3 7E-7 - 2E-3 2E-2
Bone surf 6E1-9

I_ (SE+2)
93 Neptunium-233' W, all compounds 8E+5 3E+6 I E-3 4E-6 IE-2 IE-I
93 Neptunium-234 W, all compounds 2E+3 3E+3 IE-6 4E-9 3E-5 3E-4
93 Neptunium-235 W, all compounds 2E+4 8E+2 3E-7 -

LLI wall Bone surf 2E-9 3E-4 3E-3
_ _ (2E+4) (IE+3)

93 Ncptunium-236 W, all compounds 3E+O 2E-2 9E-12 - - -

(I. I 5E+5 y) Bone surf Bone surf - SE-14 9E-8 9E-7
_ (6E+0) (SE-2)

93 Neptunium- W, all compounds 3E+3 3E+1 IE-8 - -

236m (22.5 h) Bone surf Bone surf IE-10 5E-5 5E-4
________ _________________ (4E+3) (7E+I) _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

93 Ncptunium-237 W, all compounds 51E-1 4E-3 2E-12
Bone surf Bone surf IE-14 2E-8 2E-7

(IE+O) (IE-2)
93 Neptunium-238 W, all compounds IE+3 6E+l 3E-8 _ 2E-5 2E-4

Bone surf - 2E-10 -

L _ _ _ __ _ _ _ _ _ _ _ (2E +2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

93 Ncptunium-239 W, all compounds 2E+3 2E+3 9E-7 3E-9 _
LLI wall 2E-S 2E-4

_ _(2E+3)

93 Neptunium-2402 W, all compounds 2E+4 8E+4 3E-5 I E-7 3E-4 3E-3
94 Plutonium-234 W, all compounds 8E+3 2E+2 9E-8 3E-10 IE-4 IE-3

except PuO2
Y.PuO2  _ 2E+2 SE-8 3E-10 _ _

94 Plutonium-235 2  W. see "'Pu 9E+5 3E+6 IE-3 4E-6 IE-2 IE-I
Y. see-34Pu 3E+6 IE-3 3E-6

94 Plutonium-236 W. see 234Pu 2E+0 2E-2 8E-12
Bone surf Bone surf 5E-14 6E-8 6E-7

(4E+0) (4E-2)
Y. see 4Pu- 4E-2 2E-I1 6E-14 _

94 Plutonium-237 W. see ZPu IE+4 3E+3 IE-6 5E-9 2E-4 2E-3

Y, see 2Pu - 3E+3 IE-6 4E-9 _
94 Plutonium-238 W, see 234Pu 9E-1 7E-3 3E-12

Bone surf Bone surf _ 2E-14 2E-8 2E-7
(2E+O) (IE-2)

_ Y. sec Pu _ 2E-2 8E-12 2E-14 _ _
94 Plutonium-239 W, see 24Pu S E-1 6E-3 3E-12 -

Bone surf Bone surf 2E-14 2E-8 2E-7
(IE+0) (IE-2)

Y, see 234Pu 2E-2 7E-12 -

_ Bone surf 2E-14 _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (2 E -2 ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

94 Plutonium-240 W. see 2Pu 8E-1 6E-3 3E-12 _

Bone surf Bone surf 2E-14 2E-8 2E-7
(IE+0) (IE-2)

I 2E-2 7E-12 _
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Table I Table 11 Table III
Occupational Values Eunt Concentrations Relses to

Atomic Radionuclide Class Col. I Col. 2 |T Col. 3 Col. I Col. 2 Monthly
o. Orl Inhalation Average

OralAir ater Concen-
Ingestion DAC ('~I tCVl rto
AL (piCi) ALI (tiCi) (DjA±Cml) Cpi/tm) Crtion/m

Y, see 23Pu Bone surf 22E-14
__ __ _ _ _ __ __ _ __ _(2E -2) _ _ _ _ _ _ _ _ _ _

94 Plutonium-241 W. see 3Pu 4E+1 3E-1 IE-0 I
Bone surf Bone surf - 8E-13 I E-6 IE-5

(7E+1) (6E-I)
Y,see 4Pu -81E-1 3E-10

Bone surf - IE-12
I_ (IE+0)

94 Plutonium-242 W, see 4Pu SE-I 7E-3 3E-12 - -

Bone surf Bone surf 12E-14 2E-S 2E-7
(IE+0) (IE-2)

Y. see 3Pu 2E-2 7-12-
Bone surf 2E-14

_ (2E-2)
94 Plutonium-243 W, see 2Pu 22+4 4E+4 2E-5 5E-8 2E-4 2E-3

Y.see- Pu 4E+4 2E-5 5E-8
94 Plutonium-244 W, see 2APu SE-I 7E-3 3E-12

Bone surf Bone surf 22E-14 2E-8 2E-7
(2E+0) (IE-2) ____ ____

Y.see 42Pu - 2E-2 7E-12
Bone surf - 2E-14

(2E-2)
94 Plutonium-245 -W. see 'Pu 2E+3 52+3 2E-6 62-9 3E-5 3E-4

Y, scee3 4 Pu _ 4E+3 22-6 6E-9 _
94 Plutonium-246 W. see 4Pu 4E+2 3E+2 IE-7 4E-10

LLI wall 6E-6 6E-5
(4E+2)

_ Y, see 234Pu 3E+2 IE-7 42-10
95 Americium-237 W. all compounds 8E+4 3E+5 IE-4 42-7 12-3 I2-2
95 Americium-2382 W, all compounds 4E+4 3E+3 IE-6 5E-4 5E-3

_ Bone surf 9E-9 -

(6E+3)
95 Americium-239 W, all compounds 5E+3 I E+4 5E-6 2E-8 7E-5 72-4
95 Americium-240 W, all compounds 2E+3 3E+3 IE-6 42-9 32-5 32-4
95 Americium-241 W. all compounds SE-1 6E-3 3E-12 - _

Bone surf Bone surf 2E-14 2E-8 2E-7
_(IE+0) (1E-2)

95 Americium- W, all compounds 8E-1 6E-3 3E-12 _
242m Bone surf Bone surf - 2E-14 2E-8 22-7

(IE+0) (1E-2) I
95 Americium-242 W, all compounds 42+3 8E+1 42-S 5E-5 5E-4

Bone surf - IE-10
(9E+I)

95 Americium-243 W, all compounds 8E-1 62-3 32-12 -

Bone surf Bone surf - 22-14 2E-8 2E-7
(IE+0) (1E-2)

95 Americium- W, all compounds 6E+4 4E+3 22-6 -

244m 2  St wall Bone surf - IE-8 IE-3 IE-2
(8E+4) (7E+3) _

95 Americium-244 W, all compounds 3E+3 2E+2 SE-8 - 42-5 42-4
_ Bone surf 4E-10

I _ __ _ _ (3E+2) ,

95 Americium-245 W, all compounds 3E+4 82+4 3E-5 IE-7 4E-4 42-3
95 Americium- W. all compounds 5E+4 2E+5 8E-5 32-7 -

246m2  St wall - 8E-4 8E-3
(6E+4)

95 Americium-2462 W, all compounds 32E+4 I E+5 4E-5 I E-7 4E-4 42-3
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Table I TableT ReTaleae toI
Occupational Values Effluent Colncentrations R b Seers

Atomic RainciCasCOL. I Col. 2 1 Cot. 3 Cot. I CoL. 2 Monthly
No. RadionuclidO Class Inhalation Average

Oral Air Water Concen-

ALAL (Ci) QjtlCVMl) (pYCi/mD (pCimI) fin)

96 Curium-238 W, all compounds 2E+4 IE+3 SE-7 2E-9 2E-4 2E-3
96 Curium-240 W, all compounds 6C+1 6E-1 2E-10 -

Bone surf Bone surf 19E-13 IE-6 IE-S
(8E+1) (6E-1)

96 Curium-241 W, all compounds IIE+3 3E+1 IE-8 - 21-5 2E1-4
- Bone surf 5E-I I- -

_ (4E+I)
96 Curium-242 W, all compounds 3E+1 3E-1 IE-10 -

Bone surf Bone surf - 4E-13 7E-7 7E-6
_ _ _ __ __ _ _ _ _ _ _ _ _ _ 5E+l1 (3E-l) _ _ _ _ _ __ _ _ _ _ _

96 Curium-243 W, all compounds IE+0 9E-3 4E-12 - - -
Bone surf Bone surf - 2E-14 3E-8 3E-7

(2E+0) (2E-2) .
96 Curium-244 W, all compounds IE+0 IE-2 SE-12 - -

Bone surf Bone surf - 3E-14 3E-8 3E-7
(3E+0) (2E-2)

96 Curium-245 W, all compounds 7E-1 6E-3 3E-12 -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(IE+0) (1E-2)
96 Curium-246 W. all compounds 7E-1 6E-3 3E-12 _

Bone surf Bone surf 2E-14 2E-8 2E-7
(IE+0) (IE-2) _

96 Curium-247 W, all compounds 8E-1 6E-3 3E-12
Bone surf Bone surf - 2E-14 2E-8 2E-7

(IE+0) (IE-2)
96 Curium-248 W, all compounds 2E-1 2E-3 7E-13 -

Bone surf Bone surf - 4E-15 5E-9 SE-8
(4E-1) (3E-3)

96 Curium-249 2  W, all compounds 5E+4 2E+4 7E-6 - 7E-4 7E-3
Bone surf 14E-8 - -

(3E+4) _
96 Curium-250 W, all compounds 4E-2 3E-4 E-13-

Bone surf Bone surf E8-16 9E-10 9E-9
(6E-2) (SE)_4)

97 Berkelium-245 W, all compounds 2E+3 IE+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-14 2E-8 22-7
(I E+0) (9E-3)

97 Berkdlium-249 W, all compounds 2E+2 2E+0 7E-10 - -
Bone surf Bone surf - 5E-12 6E-6 6E-5

(5E+2) (4E+0)
97 Berkelium-250 W. all compounds 92+3 32+2 I E-7 - 1E-4 I E-3

- Bone surf - IE-9 _
(7E+2)

98 Califomium- W, all compounds 32+4 62+2 22-7 8E-10 -
2442 except those given St wall' - - 42-4 42-3

for Y (3E+4)
Y. oxides and 6E+2 2E-7 8E-10 .
hydroxides

98 Califomium-246 W, see '4Cf 42+2 92+0 42-9 IE-11 51-6 SE-S
. Y, see 244Cf . 92+0 42-9 IE-11 -_

98 Califomium-248 W, see 2 Cf 8E+0 62-2 31-1 I _
Bone surf Bone surf - 22-13 22-7 2E-6

.a (2E+I) (IE-I) ____

Y,see 2 Cf _ IE-1 4E-1I IE-13 .
98 Califomium-249 SE-1 4E-3 2E-12 -
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Table I Table II Table toI
Occupational Values Effluent Concentrations Rlewe

Atomic Radionuclide Class Cot. I Col. 2 | Col. 3 CoL I Col. 2 Monthly
No. Oral Inhalation Average

In t on DAC Water Concen-
ALI (jsCi) ALI (iCi) (,Ci/ml) (pCi/ml) (pCi/ml) tralion

W, see 24Cf Bone surf Bone surf - IE-14 2E-8 2E-7
. (IE+0) (9E-3)

Y. see Cf IE-2 4E-12 _ _
Bone surf

(IE-2) - 2E-14
98 Califomium-250 W, see 25 Cf IE+0 9E-3 4E-12 -

Bone surf Bone surf - 3E-14 3E-S 3E-7
(2E+0) (2E-2)

Y. see z-Cf - 3E-2 IE-I1 4E-14
98 Californium-251 W see C44Cf SE-I 42-3 2E-12

Bone surf Bone surf IE-14 2E-8 2E-7
(IE+0) (9E-3)

Y. see,"Cf IE-2 4E-12 _
. Bone surf 2E-14

(I E-2)
98 Californium-252 W, see 24Cf 2E+0 2E-2 8E-12 -

Bone surf Bone surf 5E-14 72-8 7E-7
(5E+0) (4E-2)

Y, see 2"Cf 3E-2 IE-11 5E-14 -

98 Californium-253 W see 2C44Cf 2E+2 2E+0 SE-10 3E-12 -
Bone surf . SE-6 5E-5

(4E+2) I I
Y. see 2C44 2E+0 7E-10 2E-12 -l

98 Califomium-254 W, see 44Cf 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7
Y. see2"44Cf 2E-2 7E-12 2E-14 _

99 Einsteinium-250 W, all compounds 4E+4 5E+2 2E-7 6E-4 6E-3
Bone surf 2E-9

(IE+3)
99 Einsteinium-251 W. all compounds 7E+3 9E+2 4E-7 I E-4 I E-3

Bone surf 2E-9
_________ _ __________ (IE +3)_ _ _ _ _ _

99 Einsteinium-253 W, all compounds 2E+2 IE+0 6E-10 22-12 2E-6 2E-5
99 Einsteinium- W, all compounds 3E+2 IE+I 4E-9 IE-11 . -

254m LLI wall _ _ 4E-6 4E-5
(3E+2)

99 Einsteinium-254 W. all compounds 82+0 7E-2 32-1 I - -
Bone surf Bone surf - 22-13 22-7 2E-6
(2E+I) (IE-1)

100 Fermium-252 W, all compounds 52+2 IE+I 5E-9 2E-11 62-6 6E-5
100 Fcrmium-253 W. all compounds IE+3 IE+l 4E-9 IE-11 IE-5 IE-4
100 Fermium-254 W, all compounds 3E+3 9E+1 4E-8 IE-10 4E-5 4E-4
100 Fermium-255 W, all compounds 5E+2 2E+1 92-9 32-11 72-6 7E-5
100 Fcrmium-257 W, all compounds 2E+1 2E-1 7E-11 I

Bone surf Bone surf 32-13 5E-7 SE-6
(4E+l) _ (2E-I) _____ _____

101 Mendelevium- W, all compounds 72+3 8E+1 42-8 I -4 I E-3
257 - Bone surf - IE-10

._ (9E+1)
101 Mendelevium- W, all compounds 3E+1 2E-1 IE-10 - - -

258 Bone surf Bone surf E52-13 6E-7 61-6
(S+I) (3E-1)
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Table I Table 11 Table In1
Occupational Values Effluent Concentrations Releases to

_____ __ _ _ _ _ _ _ Sewers
Atomic Radionuclide Class CoL I Col. 2 CoL. 3 CoL I Col 2 Mfonthly

No. Oral Inhalation Average

Ingestion DAC Air Water Concen-
ALI (juCi) ALI (jiCi) (j±CiMO (UI) (paim) /Cml) tration

Anysingle Submersion' 2E+2 IE-7 IE-9
radionuclide not
listed above with
decay mode
other than alpha
emission or
spontaneous
fission and with
radioactive half-
life less than 2
hours I _
Anysingle 2E-I IE-10 IE-12 IE-8 IE-7
radionuclide not
listed above with
decay mode
other than alpha
emission or
spontaneous
fission and with
radioactive half-
life greater than 2
hours
Any single 4E-4 2E-13 IE-15 2E-9 2E-8
radionuclide not
listed above that
decays by alpha
emission or
spontaneous
fission, or any
mixture for
which either the
identity or the
concentration of
any radionuclide
in the mixture is
not known

ENDNOTES:

"Submersion' means that values given are for submersion in a hemispherical semi-infinite cloud of airborne material.
2 These radionuclides have radiological half-lives of less than 2 hours. The total effective dose equivalent received during operations

with these radionuclides might include a significant contribution from external exposure. The DAC 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 equivalent from external exposures. The
licensee may substitute IE-7 pCi/ml for the listed DAC 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 LAC 33:XV.412)

For soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see
LAC 33:XV.410.E). If the percent by weight (enrichment) of U-235 is not greater than 5, the concentration value for a 40-hour
workweek is 0.2 milligrams uranium per cubic meter of air average. For any enrichment, the product of the average concentration
and time of exposure during a 40-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)] E -6,

where enrichment is the percentage by weight of U-235, expressed as percent.

NOTE:

enrichment 2 0.72
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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 DAC for the mixture shall be the most restrictive DAC 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 radionuclids specified in this schedule are
not present in the mixtue, the inhalation ALI, DAC, and effluent and sewage concentrations for the mixture are the lowest values specified in this
schedule for any radionuclide that is not known to be absent from the mixture; or

0
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Table III
Table I Table 11 Releases to

Occupational Values Effluent Concentrations Sewers

Atomic No. Radionuclide Class Col I Col. 2 |T Col. 3 Col. I Col. 2
Inhalation Montdiy Average

DAC Air Water Concentration
Ingestion ALI (,uCi) (ui Ci / (1) (Ci/rmi) (pCi/mi) (CiAml)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ A L (110 ) _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

If it is known that Ac-227-D and Cm-250-W are . 7E-4 3E-13 _
not present
If in addition, it is known that Ac-227-W, Y, Th- 7E-3 3E-12 -

229-W, Y, Th-230-W, Th-232-W, Y. Pa-23 I-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
If in addition, it is known that Sm-146-W, Sm- 7E-2 3E-I I
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
If, in addition, it is known that Pb-210-D, Bi- 7E-I 3E-10 _ .
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
If, in addition, it is known that Si-32-Y, Ti-44-Y, 7E+O 3E-9
Fe-60-D, Sr-90-Y, Zr-93-D, Cd-I 13m-D, Cd-I 13-
D, In-I 15-D, W. La-138-D, Lu-176-W, Hf-178m-
D, W, Hf-182-D, W, 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
If it is known that Ac-227-D, W, Y, Th-229-W, Y, IE-14
Th-232-W, Y, Pa-231-W, Y, Cm-248-W, and Cm-
250-W are not present
If, in addition, it is known that Sm-146-W, Gd- IE-13
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-24 I -
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
If, in addition, it is known that Sm-147-W, Gd- IE-12
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-24 I-W, Cm-240-W, Cm-242-W, Cf-
248-W, Y, Es-254-W, Fm-257-W, and Md-258-W
are not present
If, in addition it is known that Fe-60, Sr-90, Cd- . _ . . .E-6 IE-5
113m, Cd-I 13, In-I 15,1-129, 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 *



3. If a mixture of radionuclides consists of uranium and its daughters in ore dust (10 pm AMAD particle distribution
assumed) prior to chemical separation of the uranium from the ore, the following values may be used for the DAC of the mixture: 6E-
11 I Ci of gross alpha activity from uranium-23S, uranium-234, thorium-230, and radium-226 per milliliter of air, 3E-1- I Ci of natural
uranium per milliliter of air, or 45 micrograms of natural uranium per cubic meter of air.

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 Schedule RHS 8-30 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 "1" (i.e., 'unity").

Example: If radionuclides "A," "B," and "C" are present in concentrations CA, CB, and Cc, and if the applicable
DACs are DACA, DACB, and DACc, respectively, then the concentrations shall be limited so that the following
relationship exists:

CA CB

DACD

Cc
+

DACCDACA

Authority- T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206.

Other Information

Oral or written comments are invited at the hearing. In addition, written comments may be submitted to Barbara A.
Davis at the Division of Radiological health, Central Office, address below, prior to or following the public hearing.
However, the Division must receive comments in its Central Office by 4:30 p.m. (CST), February 20,2005, in order
to assure consideration

Copies of draft rules are available for review in the Public Access Areas of the following Departmental
Environmental Assistance Centers:

Chattanooga Environmental Assistance Center
State Office Building
540 McCallie Avenue, Suite 550
Chattanooga, TN 37402-2013
(423) 634-5745 / 1-888-891-8332

Knoxville Enviromnental Assistance Center
2700 Middlebrook Pike, Suite 220
Knoxville, TN 37921-5602
(865) 594-6035 / 1-888-891-8332

Memphis Environmental Assistance Center
Perimeter Park
2510 Mt Moriah Road, Suite E-645
Memphis, TN 38115-1520
(901) 368-7939 / 1-888-891-8332

Nashville Environmental Assistance Center
711 R. S.Gass Boulevard
Nashville, TN 37243.
(615) 687-7000 / 1-888-891-8332

Copies are available for review also at the Division of Radiological Health, Central Office:
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Division of Radiological Health
L & C Annex, Third Floor
401 Church Street
Nashville, TN 37243-1532
(615) 532-0364

The "DRAFT" rules may be accessed for review also at the Department's World Wide Web Site located at
http://www.state.tn.us/environment/rad.

Legal Contact: Party who will approve final copy / contact for
disk acquisition:

Alan Leiserson
TDEC Office of General Counsel
L & C Tower, 20' Floor
401 Church Street
Nashville, TN 37243-0131

Barbara A. Davis
TDEC Division of Radiological Health
L & C Annex, 3rd Floor
401 Church Street
Nashville, TN 37243-1532

I certify that this is an accurate and complete representation of the intent and scope of rulemaking proposed by the
Tennessee Department of Environment and Conservation.

Lawrence E. Nanney, Director
Division of Radiological Health

Subscribed and sworn before me this the day of__ 2004.

Notary Public

My commission expires on the day of. _,20-

The notice of rulemaking hearing set out herein was properly filed in the Department of State on the
day of_ 2004.
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Riley C. Darnell
Secretary of State

By
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Notice of Rulemaking Hearing
Department of Environment and Conservation

Division of Radiological Health

There will be a hearing before the Tennessee Department of Environment and Conservation to consider the
promulgation of amendments pursuant to T.C.A. 68-202-101 et seq. and 68-202-201 et seq. The hearing
will be conducted in the manner prescribed by the Uniform Administrative Procedures Act, Tennessee
Code Annotated, Section 4-5-204 and will take place in the 17h Floor Conference Room of the L & C
Tower located at 401 Church Street, Nashville, Tennessee, at 10:00 a.m. (CST), on the 20th day of January,
2005.

Individuals with disabilities who wish to participate in these proceedings or to review these filings should
contact the Tennessee Department of Environment and Conservation to discuss any auxiliary aids or
services needed to facilitate such participation. Such contact may be made in person, by writing, telephone
or other means and should be made no less than ten (10) days prior to January 20, 2005, or ten (10) days
prior to the date such party intends to review such filings, to allow time for the Department to determine
how it may reasonably provide such aids or services. Contact the Tennessee Department of Environment
and Conservation, John White, ADA Coordinator, L & C Annex, Seventh Floor, 401 Church Street,
Nashville, TN 37243-0437; (615) 532-0207. Hearing impaired callers may use the Tennessee Relay
Service (1-800-840298).

For a copy of this notice of rulemaking hearing, contact: Barbara A. Davis; Division of Radiological
Health, L & C Annex, Third Floor; 401 Church Street; Nashville, TN 37243-1532, 615-532-0364.

Amendments

The first sentence of paragraph (1) of Rule 1200-2-8-.03 Definitions is amended by adding the words " or
registrant" before the words "for its employees", so that as amended the sentence shall read:

Annual refresher safety training means a review conducted or provided by the licensee or
registrant for its employees on radiation safety aspects of industrial radiography.

Paragraph 10 of Rule 1200-2-8-.03 Definitions is amended by adding the words " or registered" after the
word "licensed", so that as amended the paragraph shall read:

Field station means a facility where licensed or registered material may be stored or used
and from which equipment is dispatched.

Paragraph (17) of Rule 1200-2-8-.03 Definitions is amended by deleting the words "sealed source or
sources' and substituting the words "radiographic exposure devices" and by adding the words " or
registrant' after the word "licensee" and the words "or registration" after the word "license", so that as
amended the paragraph shall read:

'Radiographer' means any individual who performs or who, in attendance at the site
where the radiographic exposure devices are being used, personally supervises industrial
radiographic operations and who is responsible to the licensee or registrant for assuring
compliance with the requirements of the Division's regulations and the conditions of the
license or registration.

Paragraph 20 of Rule 1200-2-8-.03 Definitions is amended by deleting the paragraph in its entirety and
substituting the following, so that as amended the paragraph shall read:

Radiographic exposure device (also called a camera or a projector) means:

(a) Any instrument having a sealed source in which the sealed source or shielding thereof
may be moved or otherwise changed from a shielded to unshielded position for
purposes of making a radiographic exposure; or

(b) Any apparatus that may produce, when the associated controls are operated, one or
more forms of radiation used for making a radiographic exposure.
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Paragraph 21 of Rule 1200-2-8-.03 Definitions is amended by deleting the words "radioactive sources" and
substituting the words "sources of radiation", so that as amended the paragraph shall read:

Radiographic operations means all activities associated with the presence of sources of radiation in a
radiographic exposure device during use of the device or transport (except when being transported
by a common or contract transport), to include surveys to confirm the adequacy of boundaries,
setting up equipment and any activity inside restricted area boundaries.

Paragraph 29 of Rule 1200-2-8-.03 Definitions is amended by adding the words " or registered" after the
word "licensed", so that as amended the paragraph shall read:

Temporary job site means a location where industrial radiography is performed and
where licensed or registered material may be stored other than the location(s) of use
authorized on the specific license or registration.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206.

Subparagraph (2Xa) of Rule 1200-2-8-.04 Equipment Control is deleted in its entirety and the following is
substituted, so that as amended the subparagraph shall read:

Each radiographic exposure device shall have a lock or outer locked container designed
to prevent unauthorized or accidental production of radiation or removal of a sealed
source from its shielded position. Each radiographic exposure device or storage
container shall be kept locked (and if a keyed-lock, with the key removed at all times)
when not under the direct surveillance of a radiographer or a radiographer's assistant
except at permanent radiographic installations as stated in paragraph 1200-2-.06(1).
in addition, during radiographic operations a sealed source assembly shall be secured in
the shielded position each time the source is returned to that position.

The first sentence of subparagraph (4Xa) of Rule 1200-2-8-.04 Equipment Control is amended by deleting
the words "radioactive material is" and substituting the words "sources of radiation are", so that as
amended the sentence shall read:

The licensee or registrant shall maintain sufficient calibrated and operable radiation
survey instruments at each location where sources of radiation are present to make
physical radiation surveys as required by this chapter and Chapter 1200-2-5 of these
regulations.

Subparagraph (4)(c) of Rule 1200-2-8-.04 Equipment Control is amended by adding the words " or
registrant" after the word "license", so that as amended the subparagraph shall read:

In accordance with Rule 1200-24-.15, the licensee or registrant shall maintain records
of calibrations, dates and results thereof for inspection by the Division for three (3) years
after the date of calibration.

Part (5Xf)3. of Rule 1200-2-8-.04 Equipment Control is deleted in its entirety.

The last sentence of paragraph (6) of Rule 1200-2-8-.04 Equipment Control is amended by deleting the
word "its" and substituting the word "each", so that as amended the sentence shall read:

Each sealed source and each radiographic exposure device shall be identified by serial
number.

Subparagraph (7Xa) of Rule 1200-2-8-.04 Equipment Control is amended by deleting the subparagraph in
its entirety and substituting the following, so that as amended the subparagraph shall read:

Each licensee or registrant shall maintain, at the address specified in the license or
registration, current utilization logs showing for each source of radiation the following
information:
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Paragraph (10) of Rule 1200-2-8-.04 Equipment Control is amended by deleting the words "radiography
equipment" and substituting the words "sealed source radiographic exposure devices and associated
equipment", so that as amended the paragraph shall read:

Performance requirements for sealed source radiographic exposure devices and
associated equipment. Equipment utilizing radioactive material used in industrial
radiographic operations shall meet the following minimum criteria:

Authority. T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206.

Subparagraph (lXc) of Rule 1200-2-8-.05 Personal Radiation Safety Requirements for Radiographers and
Radiographer's Assistants is amended by adding the words "or registrant" after the word "licensee", so that
as amended the subparagraph shall read:

Each licensee or registrant shall maintain the following records of training and
certification for three (3) years after the record is made for inspection by the Division.

Subparagraph (4Xc) of Rule 1200-2-8-.05 Personal Radiation Safety Requirements for Radiographers and
Radiographer's Assistants is deleted in its entirety.

The last sentence of paragraph (5) of Rule 1200-2-8-.05 Personal Radiation Safety Requirements for
Radiographers and Radiographer's Assistants is amended by adding the words "or registrant's" after the
word "licensee's", so that as amended the sentence shall read:

The RSO shall ensure that radiation safety activities are being performed in accordance
with approved procedures and regulatory requirements in the daily operation of the
licensee's or registrant's program.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206.

Paragraph (3) of Rule 1200-2-8-.12 Reporting Requirements is amended by deleting the word
"radiography" and substituting the words "radiographic exposure devices or associated", so that as
amended the paragraph shall read:

Reports of overexposure submitted under Chapter 1200-2-5 that involve failure of safety
components of radiographic exposure devices or associated equipment shall also include
the information specified in (2) of this rule.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206.

Rule 1200-2-8-.15 Recordkeeping Requirements is deleted in its entirety and the following is substituted,
so that as amended the rule shall read:

1200-2-8-.15 Recordkeeping Requirements.

(1) Location of documents and records.

(a) Each licensee and registrant shall maintain copies of records required by this rule and
other applicable parts of this chapter at the location specified in the license or
registration.

(b) Each licensee and registrant shall also maintain copies of the following documents and
records sufficient to demonstrate compliance at each applicable field station and each
temporary jobsite;

1. The license or registration authorizing the use of licensed material or registered
equipment;

2. A copy of "State Regulations for Protection Against Radiation;
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3. Utilization records for each radiographic exposure device dispatched from that
location as required by paragraph 1200-2--.04(7).

4. Records of equipment problems identified in daily checks of equipment as
required by paragraph 1200-2-.04(8). The licensee or registrant shall
maintain each record for three (3) years after it is made. The record shall
include the date of check or inspection, name of inspector, equipment involved,
any problems found, and what repair and/or maintenance, if any, was done.

5. Records of alarm system and entrance control checks required by paragraph
1200-2-&-.04(9), if applicable. The licensee or registrant shall maintain each
record for three (3) years after it is made.

6. Records of direct reading dosimeters such as pocket dosimeter and/or electronic
personal dosimeters readings as required by paragraph 1200-2-8-.05(3). The
licensee or registrant shall maintain each record for three (3) years after it is
made.

7. Records of dosimetry reports received from the accredited NVLAP personnel
dosimeter processor as required by paragraph 1200-2-8-.05(3). The licensee or
registrant shall maintain each record until the Division terminates the license or
registration.

8. Operating and emergency procedures required by paragraph 1200-2-8-.05(2).
The licensee or registrant shall maintain a copy of current operating and
emergency procedures until the Division terminates the license or registration.
Superceded material shall be retained for three (3) years after the change is
made.

9. Evidence of the latest calibration of the radiation survey instruments in use at
the site, as required by paragraph 1200-2-8-.04(4). The licensee or registrant
shall maintain each record for three (3) years after it is made.

10. Evidence of the latest calibrations of alarm ratemeters and operability checks of
pocket dosimeters and/or electronic personal dosimeters as required by
paragraph 1200-2--.05(3). The licensee or registrant shall maintain each
record for three (3) years after it is made.

11. Latest survey records required by paragraph 1200-2-&-.06(4). The licensee or
registrant shall maintain the record of each exposure device survey conducted
before the device is placed in storage, if that survey is the last one performed in
the workday, for three (3) years after it is made.

12. The shipping papers for the transportation of radioactive materials required by
Chapter 1200-2-10; and

13. When operating under reciprocity pursuant to Rule 1200-2-10-.29, a copy of
the Agreement State license authorizing the use of licensed materials.

14. Records of estimates of exposures because of off-scale personal direct reading
dosimeters or of lost or damaged personnel dosimeters until the Division
terminates the license or registration.

Authority- T.C.A. §§4-5-201 et seq. and 68-202-203 and 206.

Other Information

Oral or written comments are invited at the hearing. In addition, written comments may be submitted to
Barbara A. Davis at the Division of Radiological Health, Central Office, address below, prior to or
following the public hearing. However, the Division must receive such written comments in its Central
Office by 4:30 p.m. (CST), February 17, 2005, in order to assure consideration.
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Copies of draft rules are available for review in'the Public Access Areas of the following Departmental
Environmental Assistance Centers:

Chattanooga Environmental Assistance Center
State Office Building
540 McCallie Avenue, Suite 550
Chattanooga, TN 37402-2013
(423) 634-5745 / 1-888491-8332

Knoxville Environmental Assistance Center
2700 Middlebrook Pike, Suite 220
Knoxville, TN 37921-5602
(865) 594-6035 / 1-888-891-8332

Memphis Environmental Assistance Center
Perimeter Park
2510 Mt Moriah Road, Suite E-645
Memphis, TN 38115-1520
(901) 368-7939 / 1-888-891-8332

Nashville Environmental Assistance Center
711 R. S. Gass Boulevard
Nashville, TN 37243
(615) 687-7000 / 1-888491-8332

Copies are available for review also at the Division of Radiological Health, Central Office:

Division of Radiological Health
L & C Annex, Third Floor
401 Church Street
Nashville, TN 37243-1532
(615)532-0364

The "DRAFT" rules may be accessed for review also at the Department's World Wide Web Site located at
http://www.state.tn.us/environment/new.htm

Legal Contact:

Alan Leiserson
TDEC Office of General Counsel
L&C Tower, 20e Floor
401 Church Street
Nashville, TN 37243-1548
(615) 532-0131

Party who will approve final copy / contact for
disk acquisition:

Barbara A. Davis
TDEC Division of Radiological Health
L & C Annex, 3rd Floor
401 Church Street
Nashville, TN 37243-1532
(615) 532-0364

I certify that this is an accurate and complete representation of the intent and scope of rulemaking proposed
by the Tennessee Department of Environment and Conservation.

Lawrence E Nanney, Director
Division of Radiological Health

Subscribed and sworn to before me this the day of .20

Notary Public

My commission expires on the day of , 20-.

The notice of rulemaking set out herein was properly filed in the Department of State on the,

day of_ 20
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Riley C. Darnell
Secretary of State

By
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Airborne Radioactive Material
Determination of Internal Exposure
Planned Special Exposures
Occupational Dose Limits for Minors
Dose to an Embryo/Fetus

Reserved
Dose Limits for Individual Members of
the Public

1200-2-5-.61

1200-2-5--.62
through
1200-2-5--.69
1200-2-5-.70

1200-2-5-.71

1200-2-5-.72
through
1200-2-5-.79
1200-2-5-.80

1200-2-5-.81

1200-2-5-.82

1200-2-5-.83
through
1200-2-5-.89
1200-2-5-.90

1200-2-5-91
1200-2-5-.92

1200-2-5-.93

1200-2-5-.94
through
1200-2-5-.99
1200-2-5-.100
1200-2-5-.101
1200-2-5.102
through
1200-2-5-.109
1200-2-5-.110
1200-2-5-.111
1200-2-5-.112
1200-2-5-.113
1200-2-5-.114
1200-2-5-.115

1200-2-5-.116
through
1200-2-5.119
1200-2-5-.120
1200-2-5-.121

1200-2-5-.122

1200-2-5.123
1200-2-5-.124
1200-2-5-.125
1200-2-5-.126

Compliance with Dose Limits for
Individual Members of the Public

Reserved
General Survey and Monitoring
Requirements
Conditions Requiring Individual
Monitoring of External and Internal
Occupational Dose

Reserved
Control of Access to High Radiation
Areas
Control of Access to Very High
Radiation Areas
Control of Access to Very High
Radiation Areas-lrradiators

Reserved
Use of Process or Other Engineering
Controls
Use of Other Controls
Use of Individual Respiratory Protection
Equipment
Further Restrictions on the Use of
Respiratory Protection Equipment

Reserved
Security of Stored Material
Control of Material Not in Storage

Reserved
Caution Signs
Posting Requirements
Reserved
Labeling Containers
Exemptions To Labeling Requirements
Procedures for Receiving and Opening
Packages

Reserved
General Disposal Requirements
Method for Granting Approval of
Alternative Disposal Procedures
Disposal by Release into Sanitary
Sewerage
Treatment or Disposal by Incineration
Disposal of Specific Wastes
Transfer for Disposal and Manifests
Compliance with Environmental and
Health Protection Regulations
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1200-2-5-.127
through
1200-2-5-.129 Reserved
1200-2-5-.130 General Records Provisions
1200-2-5-.131 Records of Radiation Protection

Programs
1200-2-5-.132 Records of Surveys
1200-2-S-.133 Determination of Prior Occupational

Dose
1200-2-5-.134 Records of Planned Special Exposures
1200-2-5-.135 Records of Individual Monitoring

Results
1200-2-5-.136 Records of Dose to Individual Members

of the Public
1200-2-5-.137 Records of Waste Disposal
1200-2-5-.138 Records of Testing Entry Control

Devices for Very High Radiation Areas
1200-2-5-.139 Form of Records
1200-2-5-.140 Reports of Theft or Loss of Licensed

Material
1200-2-5-.141 Notification of Incidents

1200-2-5-.142

1200-2-5-.143

1200-2--5-.144
1200-2-S-.145

1200-2--S-.146
through
1200-2-5--.149
1200-2--5,150
1200-2--5--.151
1200-2-5,.152
through
1200-2-5,.159
1200-2--5-.160
1200-2-5,.161
1200--2-5-. 162

Reports to Individuals of Exposure to
Radiation
Reports of Exposures, Radiation Levels,
and Concentrations of Radioactive
Material Exceeding the Limits
Reports of Planned Special Exposures
Notifications, Records and Reports of
Misadministration

Reserved
Applications for Exemptions
Additional Requirements

Reserved
Violations
Schedules
Type X Quantities and Transport Groups

1200-2-5-.01 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Administratve History: Original rule certified June 7, 1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendment filed April 3, 1986: effective May 31, 1986.
Amendmentfiled effective

1202-5-.02 REPEALED.

Authority: T.C.A. §68-202-101 et seq. AdminbitrativeHistory: Original rule certif ed June 7, 1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendment filed April 3, 1986; effective May 31, 1986.
Amendmentfiled - ;effective

.1200-2-5-.03 REPEALED.

Authority: T.C.A. 68-202-101 etseq. AdmIniLsrveHistory: Originalrule certifedJune 7,1974. Amendment
filedAugust 15, 1978; effective October2, 1978. AmendmentfiledApril3, 1986; effective May31, 1986.
Amendmentfiled effective

1200-2-5-.04 REPEALED.

Authority: T.CA. §68-202-1O1 et seq. Admdnistrative History: Original rule certifled June 7, 1974. Amendment
filed August 25, 1978; effective October 2, 1978. Amendmentfiled April 3, 1986; effective Aay 31, 1986.
Amendmentfiled - * effective

1200-2-5-.05 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Administrative History: Original rule certfied June 7, 1974. Amendment
filed August 15, 1978; effective October 2 1978. AmendmentfiledApril 3, 1986; effective Aay 31, 1986.
Amendmentfiled ;effective

1200-2-5-.06 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Administrative History: Original rule certified June 7, 1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendment filed April 3, 1986; effective May 31, 1986.
Amendmentfiled ; effective
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1200-2-5-.07 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Admniulslratve Hstory: Original rule certified June 7. 1974. Amendment
filed August 15, 1978: effective October 2 1978. Amendment filed April 3, 1986; effective May 31, 1986
Amendment filed effective

1200-2-5-.08 REPEALED.

Authority: T.CA. §68-202-101 et seq. Administrative History: Original rule certified June 7, 1974. Amendment
filed August 15, 1978: effective October 2, 1978. Amendment filed April 3, 1986: effective May 31, 1986
.Amendmentfiled effective

1200-2-5-.09 REPEALED.

Authority: T7CA. §68-202-101 et seq. Administrative Hitory: Original rule certifed June 7, 1974. Amendment
filed August 15, 1978: effective October 2, 1978. Amendment filed April 3, 1986: effective May 31, 1986.
Amendmentfiled ; effective

1200-2-5-.10 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Adndnistrative History: Original rule certified June 7, 1974. Amendment
filed August 15, 1978; effective October 2 1978. Amendment filed April 3. 1986; effective May 31, 1986
Amendmentfiled effective

1200-2-5-.11 REPEALED.

Authority: T.C.A. §4-5-202;68-202-206and68-202-101 e seq. AdministrativeHistory: Originalrulecertifed
June 7, 1974. Amendmentfiled August 15, 1978; effective October 2 1978. Amendmentfiled April 3, 1986: effective
May 31, 1986 Amendmentfiled May 5, 1988; effective August 29, 1988. Amendmentfiled ;
effective

1200-2-5-.12 REPEALED.

Authority: TCA. f68-202-101 et seq. Administrative History: Original rule certUfed June 7, 1974. Amendment
filed August 15. 1978: effective October 2. 1978. Amendment filed April 3, 1986: effective May 31. 1986.
Amendmentfiled , effective

1200-2-5-.13 REPEALED.

Authority: T CA. §68-202-101 et seq. Administrative History: Original rule certified June 7. 1974. Amendment
filed August 15. 1978; effective October 2 1978. Amendment filed April 3, 1986; effective May 31, 1986
Amendment filed effective

1200-2-5-.14 REPEALED.

Authority: TCA. §68-202-101etseq. Admin~strativeHistory: OriginalrulecertifledJune7, 1974. Amendment
filed August 15 1978: effective October 2 1978. Amendment filed April 3, 1986; effective May 31. 1986
Amendmentfiled ; effective
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1200-2-5-.15 REPEALED.

Authority: TCA. p68-202-101 et seq. Administrative History: Original rule certifedJune 7,1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendment filed April 3, 1986; effective May 31, 1986.
Amendment filed ; effective

1200-2-5-.16 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Admnstrive History: Original rule certified June 7, 1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendmentfiled April 3, 1986; effective Afay 31, 1986. Amendment
filed January 8, 1990; effective May 1, 1990. Amendmentfiled effective

1200-2-5-.17 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Administrative History: Original rule certified June 7. 1974. Amendment
filed August 15. 1978: effective October 2, 1978. Amendmentfiled April 3, 1986; effective May 31, 1986. Amendment
filed July 11, 1988; effective August 25, 1988. Amendment filed effective

1200-2-5-.18 REPEALED.

Authority: T.C.A. f68-202-101 et seq. AdmhJstradve History: Original rule certifled June 7. 1974. Amendment
filed August 15, 1978; effective October 2, 1978. AmendmentfiledApril 3, 1986; effective May31, 1986. Amendment
filed May 9, 1990; effective August 29, 1990. Amendment filed effective

1200-2-5-.19 REPEALED.

Authority: T. CA. §68-202-101 et seq. Administrative History: Original rule certified June 7, i974. Amendment
filed August 15, 1978; effective October 2. 1978. Amendment filed April 3, 1986; effective Alay 31, 1986.
Amendmentfiled ; effective

1200-2-5-.20 REPEALED.

Authority: T.CA. §68-202-101 et seq. Administrative History: Original rule certified June 7, 1974.
Amendment filed August 15, 1978; effective October 2. 1978. Amendment filed April 3, 1986; effective
May 31, 1986. Amendment filed March 9, 1990; effective June 26, 1990. Amendment filed

; effective

1200-2-S-.21 REPEALED.

Authority: T.CA. §68-202-101 et seq. Administrative History: Original rule certified June 7, 1974. Amendment
filed August 15, 1978; effective October 2. 1978. Amendment filed April 3, 1986; effective May 31. 1986.
Amendment filed ;effective

1200-2-5-.22 REPEALED.

Authority: T.CA. §68-202-101 et seq. Administrative History: Original rule certified June 7, 1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendment filed April 3, 1986; effective May 31. 1986.
Amendmentfiled ;effective
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1200-2-5-.23 REPEALED.

Authority: T.C.A. §68-202-101 et seq. Adndnasrdlve History: Original rule certified June 7. 1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendment filed April 3, 1986; effective May 31, 1986.
Amendmentfiled ; effective

1200-2-5-.24 REPEALED.

Authority: T. C.A. §68-202-101 et seq. Admlnistrative History: Original rule certified June 7. 1974. Amendment
filed August 15, 1978; effective October 2, 1978. Amendment filed April 3, 1986; effective May 31, 1986.
Amendmentfiled ; effective

1200-2-5.25 REPEALED.

Authority: T.CA. '68-202-101 et seq. Administrative History: Original rule certified June 7. 1974. Amendment
filed August 15, 1978; effective October 2 1978. Amendment filed April 3. 1986; effective May 31. 1986.
Amendmentfiled ; effective

1200-2-5-.26 REPEALED.

Authorit: T.C.A. §68-202-101 et seq. Adndnistratdve History: Original rule certIfied June 7. 1974. Amendment
fled August 15. 1978; effective October 2 1978. Amendment filed April 3, 1986; effective AMay 31, 1986.
Amendmentfiled effective

1200-2-5-.27 REPEALED.

Authority: T.C.A. 68-202-101 et seq. Administte History: Original rule certifled June 7. 1974. Amendment
filed August 15, 1978; effective October 2. 1978. Amendment filed April 3, 1986; effective May 31, 1986.
Amendmentfiled ; effective

1200-2-5-.28 REPEALED.

Authority: T CA. §68-202-203; 68-202-206 and 4-5-201 et seq. Administrative History: Original rule
filed March 22 1990; effective June 2 1990. Amendment filed effective

1200-2-5-.29 REPEALED.

1200-2-5-30 PURPOSE.

(I) The regulations in 1200-2-5-.30 through 1200-2-5-.162 establish standards for protection
against ionizing radiation. These standards are issued under Tennessee Code Annotated
(T.C.A.) 4-5-201 et seq. and 68-202-203 and 206, as amended. These standards are also
issued to meet the Nuclear Regulatory Commission's requirements for compatibility as set
out in 42 United States Code Annotated (USCA) Section 2021(dX2) and 10 CFR 20. It is the
intent of the Division of Radiological Health of the Tennessee Department of Conservation
that these rules enable the State of Tennessee to maintain its compatibility as an Agreement
State. This principle should be considered, when relevant, in any interpretation of these rules.
To that end judicial or administrative interpretation of corresponding rules in other
jurisdictions should be given persuasive authority.
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(2) The purpose of these standards is to control the receipt, possession, use, transfer and disposal
of sources of radiation by any person, This is done so that the total dose to an individual from
all sources of radiation other than background radiation does not exceed these standards.
However, nothing in these standards shall be construed as limiting a licensee's or registrant's
actions that may be necessary to protect health and safety during an emergency.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5--631 SCOPE.

These standards apply to all persons who receive, possess, use, transfer, or dispose of sources of radiation
within the jurisdiction of the State of Tennessee. The limits in these standards do not apply to doses due to
background radiation or to exposure of patients to radiation for medical diagnosis or therapy.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.32 DEFINITIONS.

(I) Absorbed dose means the energy imparted by ionizing radiation per unit mass of irradiated
material. The units of absorbed dose are the rad and the gray (Gy).

(2) Act means the Tennessee Code Annotated Chapter 202, as amended.

(3) Activity is the rate of disintegration (transformation) or decay of radioactive material. The
units of activity are the curie (Ci) and the becquerel (Bq).

(4) Adult means an individual 18 or more years of age.

(5) Airborne radioactive material means radioactive material dispersed in the air in the form of
dusts, fumes, particulates, mists, vapors or gases.

(6) Airborne radioactivity area means a room, enclosure, or area in which airborne radioactive
materials, composed wholly or partly of licensed material, exist in concentrations:

(a) In excess of the derived air concentrations (DACs) specified in Schedule RHS 8-30; or

(b) To such a degree that an individual present in the area without respiratory protective
equipment could exceed, during the hours an individual is present in a week, an intake
of 0.6 percent of the annual limit on intake (ALI) or 12 DAC-hours.

(7) ALARA (acronym for as low as is reasonably achievable) means making every reasonable
effort to maintain exposures to radiation as far below the dose limits in these standards as is
practical consistent with the purpose for which the activity is undertaken and taking into
account: - ' I

(a) The state of technology;

(b) The economics of improvements in relation to:
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1. The state of technology;

2. Benefits to public health and safety, and other societal and socioeconomic
considerations; and

3. Utilization of radiation and radioactive materials in the public interest.

(8) Annual limit on intake (ALI) means the derived limit for the amount of radioactive material
taken into the body of an adult worker by inhalation or ingestion in a year. ALI 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 5 rems (0.05 Sv) or a committed dose equivalent of 50
rems (0.5 Sv) to any individual organ or tissue. ALI values for intake by ingestion and by
inhalation of selected radionuclides are given in Schedule RIS 8-30.

(9) Background radiation means radiation from cosmic sources, naturally occurring radioactive
materials, including radon (except as a decay product of source or special nuclear material)
and global fallout as it exists in the environment from the testing of nuclear explosive devices
or from past nuclear accidents such as Chernobyl that contribute to background radiation and
are not under the control of the licensee. "Background radiation" does not include radiation
from sources of radiation subject to licensing or registering by the Division.

(10) Bioassay (or radiobioassay) means the determination of kinds, quantities or concentrations,
and, in some cases, the locations of radioactive material in the human body, whether by direct
measurement (in vivo counting) or by analysis and evaluation of materials excreted or
removed from the human body.

(11) Byproduct material refers to any radioactive material (except special nuclear material)
yielded in or made radioactive by exposure to the radiation incident to the process of
producing or utilizing special nuclear material.

(12) Class (or lung class or inhalation 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 10 days, for Class W (Weeks) from 10 to 100 days, and for Class Y (Years) of
greater than 100 days.

(13) Collective dose is the sum of the individual doses received in a given period of time by a
specific population from exposure to a specific source of radiation.

(14) Committed dose equivalent (CDE) (HTl5o) is the dose equivalent to organs or tissues of
reference (T) that will be received from an intake of radioactive material by an individual
during the 50-year period following the intake.

(15) Committed effective dose equivalent (CEDE) (HE50 ) is the sum of the products of the
weighting factors applicable to each of the body organs or tissues that are irradiated and the
committed dose equivalent to these organs or tissues (HE5o=(EWTHT,5o).

(16) Declared pregnant woman means a woman who has voluntarily informed her employer, in
writing, of her pregnancy and the estimated date of conception. The declaration remains in
effect until the declared pregnant woman withdraws the declaration in writing or is no longer
pregnant.

(17) Deepdose equivalent (DDE) (Hid), which applies to external whole-body exposure, is the
dose equivalent at a tissue depth of 1 cm (1000 mg/cm2).
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(18) Department refers to the Tennessee Department of Environment and Conservation.

(19) 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 2,000 hours under conditions of
light work (inhalation rate 1.2 cubic meters of air per hour), results in an intake of one ALI.
DAC values are given in Schedule RHS 8-30.

(20) Derived air concentration-hour (DAC-hour) is 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 may
take 2,000 DAC-hours to represent one ALI, equivalent to a committed effective dose
equivalent of 5 reins (0.05 Sv).

(21) Division means the Division of Radiological Health of the Tennessee Department of
Environment and Conservation.

(22) Dose or radiation dose is a generic term that means absorbed dose, dose equivalent, effective
dose equivalent, committed dose equivalent, committed effective dose equivalent, or total
effective dose equivalent, as defined in other paragraphs of this rule.

(23) Dose equivalent (HT) means the product of the absorbed dose in tissue, the quality factor, and
all other necessary modifying factors at the location of interest. The units of dose equivalent
are the rem and sievert (Sv).

(24) Dosimetry processor means an individual or an organization that processes and evaluates
individual monitoring equipment in order to determine the radiation dose delivered to the
equipment (EHEso=(WTHT,3o).

(25) Effective dose equivalent (EDE) (HE) is the sum of the products of the dose'equivalent to the
organ or tissue (HT) and the weighting factors (WT) applicable to each of the body organs or
tissues that are irradiated (Hef(rWTHT).

(26) Embryo/fetus means the developing human organism from conception until the time of birth.

(27) Entrance or access point means any location through which an individual could gain access
to radiation areas or to sources of radiation. This includes entry or exit portals of sufficient
size to permit human entry, irrespective of their intended use.

(28) Exposure means being exposed to ionizing radiation or to radioactive material.

(29) External dose means that portion of the dose equivalent received from sources of radiation
outside the body.

(30) Extremity means hand, elbow, arm below the elbow, foot, knee, or leg below the knee.

(31) Generally applicable environmental radiation standards means standards issued by the
Environmental Protection Agency (EPA) under the authority of the Atomic Energy Act of
1954, as amended, that impose limits on radiation exposures or levels, or concentrations or
quantities of radioactive material, in the general environment outside the boundaries of
locations under the control of persons possessing or using sources of radiation.

(32) Government agency means any executive department, commission, independent
establishment, corporation wholly or partly owned by the United States of America, which is
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an instrumentality of the United States, or any board, bureau, division, service, office, officer,
authority, administration, or other establishment in the executive branch of the Government.

(33) Gray (See 1200-2-5-.33(1)(a)).

(34) 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 a dose equivalent
in excess of 0.1 rem (1 mSv) in 1 hour at 30 centimeters from the source of radiation or from
any surface that the radiation penetrates.

(35) Individual means any human being.

(36) Individual monitoring means:

(a) The assessment of dose equivalent by the use of devices designed to be worn by an
individual;

(b) The assessment of committed effective dose equivalent by bioassay (see Bioassay) or
by determination of the time-weighted air concentrations to which an individual has
been exposed, i.e., DAC-hours; or

(c) The assessment of dose equivalent by the use of survey data.

(37) Individual monitoring devices (individual monitoring equipment) means devices designed to
be worn by a single individual for the assessment of dose equivalent, such as film badges,
thermoluminescence dosimeters (TLDs), pocket ionization chambers, and personal ('lapel")
air sampling devices.

(38) Internal dose means that portion of the dose equivalent received from radioactive material
taken into the body. .

(39) Lens dose equivalent applies to the external exposure of the lens of the eye and is taken as the
dose equivalent at a tissue depth of 0.3 centimeter (300 mg/cm2).

(40) License means a license issued under the regulations in Chapter 1200-2-10.

(41) Licensed material means radioactive material received, possessed, used, transferred or
disposed of under a general or specific license issued by the Division.

(42) Licensee means the holder of a license.

(43) Limits (or dose limits) means the permissible upper bounds of radiation doses.

(44) Lost or missing radioactive material means radioactive material whose location is unknown.
It includes material that has been shipped but has not reached its destination and whose
location cannot be readily traced in the transportation system.

(45) Member of the public means any individual except when that individual is receiving an
occupational dose.

(46) Minor means an individual less than 18 years of age.

(47) Monitoring (or radiation monitoring, radiation protection monitoring) means the
measurement of radiation levels, concentrations, surface area concentrations or quantities of
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radioactive material and the use of the results of these measurements to evaluate potential
exposures and doses.

(48) Nonstochastic effects means health effects, the severity of which vary with the dose and for
which a threshold is believed to exist. Radiation-induced cataract formation is an example of
a nonstochastic effect (also called a deterministic effect).

(49) NRC means the Nuclear Regulatory Commission or its duly authorized representatives.

(50) Occupational dose means the dose received by an individual in the course of employment in
which the individual's assigned duties involve exposure to sources of radiation from
registered, unregistered, licensed and unlicensed sources of radiation, whether in the
possession of the licensee, registrant or other person. Occupational dose does not include
dose received from background radiation, from any medical administration the individual has
received,-from exposure to individuals administered radioactive material and released in
accordance with subparagraph 1200-2-10-.14(2Xe), from voluntary participation in medical
research programs, or as a member of the general public.

(51) Person means an individual, trust, firm, joint stock company, corporation (including a
government corporation), partnership, association, state, municipality, commission, political
subdivision of a state, any interstate body, any governmental agency of this state and any
department, agency or instrumentality of the federal government.

(52) Planned special exposure (PSE) means an'infrequent exposure to radiation, separate from and
in addition to the annual dose limits.

(53) Public dose means the dose received by a member of the public from exposure to radiation
and radioactive material released by a licensee, or another source of radiation in a licensee's
or registrant's unrestricted areas. It does not include occupational dose or doses received
from background radiation, from any medical administration the individual has received, from
exposure to individuals administered radioactive material and released in accordance with
subparagraph 1200-2-10-.14(2)(e), or from voluntary participation in medical research
programs.

(54) Quality factor (Q) means the modifying factor (see Tables RHS 5-1 and RHS 5-2) that is
used to derive dose equivalent from absorbed dose.

(55) Quarter means a period of time equal to one-fourth of the year observed by the licensee or
registrant (approximately 13 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.

(56) Rad (See 1200-2-5-.33(1)(b)).

(57) Radiation includes all ionizing electromagnetic waves and corpuscular emissions such as, but
not necessarily limited to, gamma rays and x-rays, alpha and beta particles, electrons,
neutrons, and protons, and other nuclear particles, but not radio waves or visible, infrared, or
ultraviolet light.

(58) Radiation area means an area, accessible to individuals, in which radiation levels could result
in an individual receiving a dose equivalent in excess of 0.005 rem (0.05 mSv) in I hour at 30
centimeters from the source of radiation or from any surface that the radiation penetrates.
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(59) Reference man means a hypothetical aggregation of human physical and physiological
characteristics arrived at by the Division after considering among others data and information
published by the International Commission on Radiation Protection and the National Council
on Radiation Protection and Measurements.

(60) Rem (See 1200-2-5-.33(lXc)).

(61) Respiratory protective device means an apparatus, such as a respirator, used to reduce the
individual's intake of airborne radioactive materials.

(62) Restricted area means an area, access to which is limited by the licensee or registrant for the
purpose of protecting individuals against undue risks from exposure to radiation and
radioactive materials. Restricted area does not include areas used as residential quarters, but
separate rooms in a residential building may be set apart as a restricted area.

(63) Sanitary sewerage means a system of public sewers for carrying off waste water and refuse,
but excluding sewage treatment facilities, septic tanks, and leach fields owned or operated by
the licensee.

(64) Shallow-dose equivalent (Ij, which applies to the external exposure of the skin or an
extremity, is taken as the dose equivalent at a tissue depth of 0.007 centimeter (7 mg/cm2)
averaged over an area of I square centimeter.

(65) Sievert (See 1200-2-5-.33(lXd)).

(66) Site boundary means that line beyond which the land or property is not owned, leased or
otherwise controlled by the licensee or registrant

(67) Source material refers to:

(a) Uranium or thorium, or any combination thereof, in any physical or chemical form; or

(b) Ores that contain by weight, 1/20 of one percent (0.05 %) or more of: uranium,
thorium or any combinations thereof. Source material does not include special nuclear
material.

(68) Stochastic effects means health effects that occur 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.

(69) Survey means an evaluation of the radiological conditions and potential hazards incident to
the production, use, transfer, release, disposal, or presence of radioactive material or other
sources of radiation. When appropriate, such an evaluation includes a physical survey of the
location of a source of radiation and measurements or calculations of levels of radiation or
concentrations or quantities of radioactive material present.

(70) Total effective dose equivalent (TEDE) means the sum of the deep-dose equivalent (for
external exposures) and the committed effective dose equivalent (for internal exposures).

(71) Unrestricted area means an area, access to which is neither limited nor controlled by the
licensee or registrant.

(72) 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
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dose in excess of 500 rads (5 grays) in 1 hour at 1 meter from a source of radiation or from
any surface that the radiation penetrates.

(Note: At very high doses received at high dose rates, units of absorbed dose (e.g., rads and
grays) are appropriate, rather than units of dose equivalent (e.g., reins and sievcrts)).

(73) Week means seven (7) consecutive days starting on Sunday.

(74) Weighting factor (WT), for an organ or tissue (T) is the proportion of the risk of stochastic
effects resulting from irradiation of the organ or tissue to the total risk of stochastic effects
when the whole body is irradiated uniformly. For calculating the effective dose equivalent,
the values of WT are:

ORGAN DOSE WEIGHTING FACTORS

Organ or Tissue . WT

Gonads 0.25
Breasts 0.15
Red Bone Marrow 0.12
Lung 0.12
Thyroid 0.03
Bone Surfaces 0.03
Remainder aO.30
Whole Body b1.00

a 0.30 results from 0.06 for each of 5 "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.

(75) Whole body means, for purposes of external exposure, head, trunk (including male gonads),
arms above the elbow, or legs above the knee.

(76) Working level (WL) is any combination of short-lived radon daughters (for radon-222:
polonium-218, lead-214, bismuth-214, and polonium-214; and for radon-220: polonium-
216, lead-212, bismuth-212, and polonium-212) in I liter of air that will result in the
ultimate emission of 1.3 (E+5) MeV of potential alpha particle energy.

(77) Working level month (WLM) means an exposure to I working level for 170 hours (2,000
working hours per year/12 months per year = approximately 170 hours per month).

(78) Year means the period of time beginning in January used to determine compliance with the
provisions of these standards. The licensee or registrant may change the starting date of the
year used to determine compliance by the licensee or registrant provided that the change is
made at the beginning of the year and that no day is omitted or duplicated in consecutive
years.

(79) Misadministration means the administration of:

(a) A radiopharmaceutical dosage greater than 30 microcuries of either sodium iodide I-
125 or 1-131:
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1. Involving the wrong individual, or wrong radiopharmaceutical; or

2. When both:

(i) Thc administered dosage differs from the prescribed dosage by more than
20 percent (20%) of the prescribed dosage and

(ii) The administered dosage differs from the prescribed dosage by more than
30 microcuries.

(b) A therapeutic radiopharmaceutical dosage, other than sodium iodide 1-125 or 1-13 1:

1. Involving the wrong individual, wrong radiopharmaceutical, or wrong route of
administration; or

2. When the administered dosage differs from the prescribed dosage by more than
20 percent (20%) of the prescribed dosage.

(c) A gamma stereotactic radiosurgery radiation dose:

1. Involving the wrong individual, or wrong treatment site; or

2. When the calculated total administered dose differs from the total prescribed
dose by more than 10 percent (10%) of the total prescribed dose.

(d) A teletherapy radiation dose:

1. Involving the wrong individual, wrong mode of treatment or wrong treatment
site;

2. When the treatment consists of three (3) or fewer fractions and the calculated
total administered dose differs from the total prescribed dose by more than 10
percent (10%) of the total prescribed dose;

3. When the calculated weekly administered dose exceeds the weekly prescribed
dose by 30 percent (3 0%) or more of the weekly prescribed dose; or

4. When the calculated total administered dose differs from the total prescribed
dose by more than 20 percent (20%) of the total prescribed dose.

(e) A brachytherapy radiation dose:

1. Involving the wrong individual, wrong radioisotope, or wrong treatment site
(excluding, for permanent implants, seeds that were implanted in the correct site
but migrated outside the treatment site);

2. Involving a sealed source that is leaking;

3. When, for a temporary implant, one or more sealed sources are not removed
upon completion of the procedure; or

4. When the calculated administered dose differs from the prescribed dose by more
than 20 percent (20%) of the prescribed dose.
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(f) A diagnostic radiopharmaceutical dosage, other than quantities greater than 30
microcuries of either sodium iodide 1-125 or 1-13 1:

1. Involving the wrong individual; or

2. When both:

(i) The exposure involves the wrong radiopharmaceutical or wrong route
of administration, or when the administered dosage differs from the
prescribed dosage; and

(ii) The dose to the individual exceeds 5 rems effective dose equivalent or
50 rems dose equivalent to any individual organ.

(g) A therapeutic radiation machine dose:

1. Involving the wrong individual, wrong mode of treatment or wrong treatment
site,

2. When the treatment consists of three (3) or fewer fractions and the calculated
total administered dose differs from the total prescribed dose by more than 10
percent (10%) of the total prescribed dose,

3. When the calculated weekly administered dose exceeds the weekly prescribed
dose by 30 percent (300%) or more of the weekly prescribed dose, or

4. When the calculated total administered dose differs from the total prescribed
dose by more than 20 percent (20%) of the total prescribed dose.

(h) A diagnostic x-ray radiation machine exposure involving the wrong individual.

(80) Constraint (or dose constraint) means a value above which specified licensee actions are
required.

(81) Air-purjfing 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.

(82) 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 APF.

(83) 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 apparatus (SCBA) units.

(84) 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.

(85) 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 type of
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respirator are a disposable half-mask respirator or a disposable escape-only self-contained
breathing apparatus (SCBA).

(86) Filteringfacepiece (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.

(87) Fitfactor 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.

(88) Fit test means the use of a protocol to evaluate qualitatively or quantitatively the fit of a
respirator on an individual.

(89) Helmet means a rigid respiratory inlet covering that also provides head protection against
impact and penetration.

(90) Hood means a respiratory inlet covering that completely covers the head and neck and may
also cover portions of the shoulders and torso.

(91) Loose-fittingfaceplece means a respiratory inlet covering that is designed to form a partial
seal with the face.

(92) 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
respirator.

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

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

(95) Pressure demand respirator means a positive pressure atmosphere-supplying respirator that
admits breathing air to the facepiece when the positive pressure is reduced inside the
facepiece by inhalation.

(96) Qualitativefit test (QL ) means a pass/fail fit test to assess the adequacy of respirator fit
that relies on the individual's response to the test agent.

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

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

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

(100) Tight-fittingJacepiece means a respiratory inlet covering that forms a complete seal with the
face.
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(101) 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

Autho ry: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed July 18, 2002; effective October
1, 2002. Amendment filed effective . Amendment filed

; effective

1200-2-5-.33 UNITS OF RADIATION DOSE.

(1) Definitions. As used in these standards the units of radiation dose are:

(a) Gray (Gy) is the SI unit of absorbed dose. One gray is equal to an absorbed dose of I
joule/kilogram (100 rads).

(b) Rad is the special unit of absorbed dose. One rad is equal to an absorbed dose of 100
ergs/gram or 0.01 joule/kilogram (0.01 gray).

(c) Rem is the special unit of any of the quantities expressed as dose equivalent. The dose
equivalent in rems is equal to the absorbed dose in rads multiplied by the quality factor
(I rem= 0.01 sievert).

(d) Sievert is the SI unit of any of the quantities expressed as dose equivalent. The dose
equivalent in sieverts is equal to the absorbed dose in grays multiplied by the quality
factor (1 Sv = 100 rems).

(2) As used in these standards the quality factors for converting absorbed dose to dose equivalent
are shown in Table RHS 5-1.

Table RHS 5-I QUALITY FACTORS AND ABSORBED DOSE EQUIVALENCIES

Absorbed
dose equal

Type of Radiation Quality to a unit
Factor dose

(Q) equivalent8

X-, gamma, or beta radiation 1 1
Alpha particles, multiple charged particles, fission 20 0.05
fragments and heavy particles of unknown charge
Neutrons of unknown energy 10 0.1
High-energy protons 10 0.1

Absorbed dose in rad equal to I rem or the absorbed dose in gray equal to I
sievert.

If measuring the neutron fluence rate is more convenient than determining the neutron dose
equivalent rate as provided in this paragraph, I rem (0.01 Sv) of neutron radiation of
unknown energies may be assumed to result from a total fluence of 25 million neutrons per
square centimeter incident upon the body. If sufficient information exists to estimate the
approximate energy distribution of the neutrons, the licensee or registrant may use the
fluence rate per unit dose equivalent or the appropriate Q value from Table RHS 5-2 to
convert a measured tissue dose in rads to dose equivalent in reins.
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Table RHS 5-2 MEAN QUALITY FACTORS, Q, AND FLUENCE
EQUIVALENT FOR MONOENERGETIC NEUTRONS

PER UNIT DOSE

Neutron Quality Fluence per unit

Energy Factor' dose equivalent b

(MeV) (Q) (neutrons cm72 remni)

(Thermal). 2.5 (E-8) 2 980 (E+6)
I (E-7) 2 980 (E+6)
I(E-6) 2 810(E+6)
I(E-5) 2 810(E+6)
1 (E-4) 2 840 (E+6)
I (E-3) 2 980 (E+6)
1 (E-2) 2.5 1010 (E+6)
1 (E-1) 7.5 170 (E+6)
5 (E-1) 11 39 (E+6)

I 11 27 (E+6)
2.5 9 29 (E+6)
5 8 23(E+6)
7 7 24 (E+6)
10 6.5 24 (E+6)
14 7.5 17 (E+6)
20 8 16 (E+6)
40 7 14 (E+6)
60 5.5 16 (E+6)

1 (E+2) 4 20 (E+6)
2 (E+2) 3.5 19 (E+6)
3 (E+2) 3.5 16 (E+6)
4 (E+2) 3.5 14 (E+6)

* Value of quality factor (Q) at the point where the dose equivalent is maximum in a
30 cm diameter cylinder tissue-equivalent phantom.

b Monoenergetic neutrons incident normally on a 30 cm diameter cylinder tissue-
equivalent phantom.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 206. Administrative History: Original rule filed
October 19, 1993; effective January Z 1994. Amendment filed _ effective

1200-2-5--.34 UNITS OF RADIOACTIVITY.

(I) For the purposes of these standards, activity is expressed in the special unit of curies (Ci) or in
the Si unit of becquerels (Bq), or their multiples, or disintegrations (transformations) per unit
of time.

(a) One becquerel = I disintegration per second (sdl).

(b) One curie = 3.7 x 1010 disintegrations per second = 3.7 (E+10) becquerels = 2.22
(E+1 2) disintegrations per minute.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History. Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed ; effective
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1200-2-5-.35 COMMUNICATIONS.

Unless otherwise specified, communications or reports concerning the regulations should be addressed to
the Director, Division of Radiological Health, L&C Annex, 3rd Floor, 401 Church Street, Nashville, TN
37243-1523.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-36 RESERVED.

Authorthy: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. AdmInistrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effecttve

1200-2-5-37 THROUGH 1200-2-5-39 RESERVED.

1200-2-5-.40 RADIATION PROTECTION PROGRAMS.

(1) Each licensee and registrant shall develop, document and implement a radiation protection
program for a licensee's or registrant's activities that ensures compliance with these
standards. See 1200-2-5-.131 for recordkeeping requirements relating to these programs.

(2) The licensee's or registrant's procedures and engineering controls shall be based on sound
radiation protection principles and shall achieve occupational doses and doses to members of
the public that are ALARA.

(3) The licensee or registrant shall periodically (at least annually) review radiation protection
program content and implementation.

(4) To implement the ALARA requirements of paragraph 1200-2-5-.40(2) and notwithstanding
the requirements in Rule 1200-2-5-.70, licensees shall establish a constraint on air emissions
of radioactive material to the environment, excluding radon-222 and its daughters. The
constraint shall ensure that the individual member of the public likely to receive the highest
dose shall not be expected to receive a total effective dose equivalent in excess of 10
millirems (0.1 millisievert) per year from these emissions. If a licensee exceeds this dose
constraint, the licensee shall report the occurrence as provided in Rule 1200-2-5-.143 and
take prompt, appropriate corrective action to ensure against recurrence.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994. Amendmentfiled July 18, 2002; effective October
1,2002. Amendmentfiled ; effective

1200-2-5-.41 THROUGH 1200-2-5-.49 RESERVED.

1200-2-5-.50 OCCUPATIONAL DOSE LIMITS FOR ADULTS.

(1) Except for planned special exposures under 1200-2-5-.54, the licensee or registrant shall
limit the occupational dose to individual adults to the following annual dose limits:
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(a) The lesser of a total dose equivalent of 5 rems (0.05 Sv) or the sum of the deep-dose
equivalent and the committed dose equivalent to any individual organ or tissue, other
then the lens of the eye, equal to 50 renis (0.5 Sv).

(b) A lens-dose equivalent to 15 rems (0.15 Sv).

(c) A shallow-dose equivalent of 50 rems (0.50 Sv) to the skin or to any extremity.

(2) The amount by which occupational dose from all sources exceeds an individual's annual
limits shall be subtracted from the individual's limits for planned special exposures for the
current year and for lifetime exposure. See 1200-2-5-.54(lXf)1. and 2.

(3) The assigned deep-dose equivalent and shallow-dose equivalent shall be for the part of the
body receiving the highest exposure. Deep-dose, lens-dose and shallow-dose equivalents
may be assessed from surveys or other radiation measurements to demonstrate compliance
with occupational dose limits. However, this may be done only if the individual monitoring
device was not subject to the highest potential exposure, or the individual monitoring results
are unavailable.

(4) Derived air concentration (DAC) and annual limit on intake (ALI) values are presented in
Schedule RHS 8-30 and may be used to determine the individual's dose and demonstrate
compliance with the occupational dose limits.

(5) In addition to the annual dose limits, the licensee shall limit the soluble uranium intake by an
individual to 10 milligrams in a week in consideration of chemical toxicity (see footnote 3 of
Schedule RHS 8-30).

(6) The licensee shall reduce the dose that an individual may be allowed to receive in the current
year by the amount of occupational dose received while employed by any other person.

Authority: T.CA. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994. Amendmentfiled July 18, 2002; effective October
1, 2002.

1200-2-5-.51 COMPLIANCE WITH REQUIREMENTS FOR SUMMATION OF EXTERNAL
AND INTERNAL DOSES.

(1) If the licensee is required to monitor under both 1200-2-5-.71(1)(a) and (b), the licensee
shall demonstrate compliance with the dose limits by summing external and internal doses. If
the licensee or registrant is required to monitor only under 1200-2-5-.71(l)(a) or only under
1200-2-5-.71(1)(b) then summation is not required to demonstrate compliance with the dose
limits. The licensee may demonstrate compliance with the requirements for summation of
external and internal doses by meeting one of the conditions specified in (2) of this rule and
the conditions in (3) and (4) of this rule.

(Note: 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.)

(2) 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:

(a) The sum of the fractions of the inhalation ALI for each radionuclide; or
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(b) The total number of derived air concentration-hours (DAC-hours) for all
radionuclides divided by 2,000; or

(c) The sum of the calculated committed effective dose equivalents to all significantly
irradiated organs or tissues (T) l where the organ dose is expressed as a fraction of
the annual limit. This sum shall be calculated from bioassay data using appropriate
biological models.

(3) Intake by oral ingestion. The licensee shall account for oral ingestion of radionuclides and
include it in demonstrating compliance with the limits when:

(a) The occupationally exposed individual intakes radionuclides by ingestion; and

(b) The oral ingestion exceeds 10 percent (10%) of the applicable oral ALI.

(4) Intake through wounds or absorption through skin. The licensee shall evaluate and, to the
extent practical, account for intakes through wounds or skin absorption.

(Note: The intake through intact skin has been included in the calculation of DAC for
hydrogen-3 and does not need to be further evaluated.)

Authority: T.C.A. §§4-5-201 et seq., 6&-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2--.52 DETERMINATION OF EXTERNAL DOSE FROM AIRBORNE RADIOACTIVE
MATERIAL

In determining the dose from airborne radioactive material, the licensee shall include the contribution to the
deep-dose equivalent, lens-dose equivalent, and shallow-dose equivalent from external exposure to the
radioactive cloud (see Schedule RHS 8-30 footnotes I and 2).

(Note: Airborne radioactivity measurements and DAC values should 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 should-be based upon measurements using instruments or
individual monitoring devices.)

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Admimnistrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendmentrfiled July 18, 2002; effective October
1, 2002.

1200-2-5-.53 DETERMINATION OF INTERNAL EXPOSURE.

(1) To assess the dose used to determine compliance with occupational dose equivalent limits,
and when required by 1200-2-5-.71, the licensee shall take suitable and timely
measurements of:

An organ or tissue Is considered significantly irradiated if he product of the weightingfactors. WT. and the committed dose
equivalent. Hrm per unit Intakefor that organ or tissue Is greater than 10 percent of the maximum weighted value of Hr,0 (ie..
WrTrHn per unit intakefor any organ or tissue.
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(a) Concentrations of radioactive materials in air in work areas; or

(b) Quantities of radionuclides in the body; or

(c) Quantities of radionuclides excreted from the body; or

(d) Combinations of these measurements.

(2) The licensee shall assume that the concentration of airborne radioactive material inhaled by
an individual is equal to the concentration in the individual's ambient air unless:

(a) Respiratory protective equipment is used, as provided in 1200-2-5-.92; or

(b) The assessment of intake is based on bioassays.

(3) When specific information is known about the physical and biochemical properties of the
radionuclides taken into the body or the behavior of the material in an individual, the licensee
may:

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

(b) Upon prior approval of the Division adjust the DAC or ALI values to reflect the
actual physical and chemical characteristics of airborne radioactive material (e.g.,
aerosol size distribution or density); and

(c) Separately assess the contribution of fractional intakes of Class D, W or Y
compounds of a given radionuclide (see Schedule RES 8-30) to the committed
effective dose equivalent.

(4) If the licensee uses the measurements in 1200-2-5-.53(lXb) or (c) to assess intakes of Class
Y material, the licensee may delay recording and reporting the assessments for up to 7
months. This delay is allowed only if:

(a) It is necessary to make additional measurements basic to the assessments;

(b) Recording and reporting are not otherwise required by 1200-2-5-.141 or 1200-2-5-
.143.

(5) If the identity and concentration of each radionuclide in a mixture are known, the fraction of
the DAC applicable to the mixture for use in calculating DAC-hours must be either:

(a) The sum of the ratios of the concentration to the appropriate DAC value (e.g., D, W,
Y) from Schedule RHS 8-30 for each radionuclide in the mixture; or

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

(6) If the identity of each radionuclide in the mixture is known, but the concentration of one or
more of the radionuclides in the mixture is not known, the DAC for the mixture must be the
most restrictive DAC of any radionuclide in the mixture.

(7) When a mixture of radionuclides in air exists, licensees may disregard certain radionuclides in
the mixture if:
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(a) The licensee uses the total activity of the mixture in demonstrating compliance with
the dose limits in 1200-2-5-.S0 and in complying with the monitoring requirements
in 1200-2-5-.71(1)(b);

(b) The concentration of any radionuclide disregarded is less than 10 percent (10%/6) of
its DAC; and

(c) The sum of the percentages for all disregarded radionuclides does not exceed 30
percent (30%).

(8) To calculate the committed effective dose equivalent, the licensee may assume that the
inhalation of one ALI, or an exposure of 2,000 DAC-hours, results in a committed effective
dose equivalent of 5 rems (0.05 Sv). This assumption may only be made for radionuclides
that have their ALIs or DACs based on the committed effective dose equivalent.

(9) When the ALI (and the associated DAC) is determined by the nonstochastic organ dose limit
of 50 rems (0.5 Sv), the intake of radionuclides that would result in a committed effective
dose equivalent of 5 rems (0.05 Sv) (the stochastic ALI) is listed in parentheses in Table I of
Schedule RHS 8-30. In this case, the licensee may, as a simplifying assumption, use the
stochastic AIls to determine committed effective dose equivalent. However, if the licensee
uses the stochastic ALIs, the licensee must also demonstrate that the limit in 1200-2-5-
.50(lXa) is met.

Authorty: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Adminlstrative Histoiy: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-.54 PLANNED SPECIAL EXPOSURES.

(1) A licensee or registrant may authorize an adult worker to receive doses in addition to the
doses received under the limits specified in 1200-2-5-.50. Additional doses are allowed only
if the following conditions are satisfied:

(a) The additional doses are accounted for separately from the doses received under the
limits in 1200-2-5-.50.

(b) The licensee or registrant authorizes a planned special exposure only in an
exceptional situation when alternatives that might avoid the dose estimated to result
from the planned special exposure are unavailable or impractical.

(c) The licensee or registrant (and employer if different from the licensee or registrant)
gives specific written authorization before the planned special exposure occurs.

(d) Before a planned special exposure, the licensee or registrant ensures that the
individuals involved are:

1. Informed of the purpose of the planned operation;

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 ALARA considering
other risks that may be present.
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(e) Prior to permitting an individual to participate in a planned special exposure, the
licensee or registrant ascertains prior doses during the lifetime of the individual for
each individual involved, as required by 1200-2-5-.133(2).

(f) Subject to 1200-2-5-.50(2) the licensee or registrant does 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:

I. The numerical values of any of the dose limits in 1200-2-5-.50(1) in any
year, and

2. Five (5) times the annual dose limits in 1200-2-5-.50(1) during the
individual's lifetime.

(g) The licensee or registrant maintains records of the conduct of a planned special
exposure in accordance with 1200-2-5-.134 and submits a written report in
accordance with 1200-2-5.144.

(h) The licensee or registrant records in the individual's record the best estimate of the
dose resulting from the planned special exposure. The dose from planned special
exposures is not to be considered in controlling future occupational dose of the
individual under 1200-2-5-.50(1) but is to be included in evaluations required by (5)
and (6) of this rule.

(i) The licensee or registrant gives the individual written notice of the estimated dose
within 30 days after the date of the planned special exposure.

Authorily: T.C.A. §§4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.55 OCCUPATIONAL DOSE LIMITS FOR MINORS.

The annual occupational dose limits for minors are 10 percent (10%) of the annual dose limits specified for
adult workers in 1200-2-5-.50.

Authority: T.C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2-5-.56 DOSE TO AN EMBRYO/FETUS.

(1) The licensee or registrant shall ensure that the dose equivalent to an embryo/fetus during the
entire pregnancy, due to occupational exposure of a declared pregnant woman, does not
exceed 0.5 rem (5 mSv). (For recordkeeping requirements see 1200-2-5-.135).

(2) Using ALARA the licensee or registrant shall make efforts to avoid substantial variation
above a uniform monthly exposure rate to a declared pregnant woman.

(3) The dose to an embryolfetus shall be taken as the sum of:

(a) The deep-dose equivalent to the declared pregnant woman; and
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(b) The dose equivalent to the embryo/fetus from radionuclides in the embryo/fetus and
radionuclides in the declared pregnant woman.

(4) If when a woman declares her pregnancy to the licensee or registrant the dose equivalent to
the embryo/fetus is found to be OA5 rem (4.5 mSv) or greater, the embryo/fetus is permitted
an additional dose not exceeding 0.05 rem (0.5 mSv) during the remainder of the pregnancy.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. AdminIstrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed ; effective

1200-2-5-.57 THROUGH 1200-2-5-.58 RESERVED.

1200-2-&-.59 ORDER REQUIRING FURNISHING OF BIOASSAY SERVICES.

Where necessary to ascertain the extent of an individual's exposure to concentrations of radioactive
material, the Division may require a licensee to make available to the individual bioassay services and to
furnish a copy of the reports of such services to the Division.

Authority: T.C.A. §68-202-101 et seq. Administrative History: Original rule filed :
effective

1200-2-5-.60 DOSE LIMITS FOR INDIVIDUAL MEMBERS OF THE PUBLIC

(1) Each licensee and registrant shall conduct operations so that:

(a) The total effective dose equivalent received by any individual member of the public
from the licensed or registered operation does not exceed 0.1 rem (1 mSv) in a year.
,This limit is 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 subparagraph
1200-2-10-.14(2)(e), from voluntary participation in medical research programs,
and from the licensee's disposal of radioactive material into sanitary sewerage in
accordance with 1200-2-5-.122; and

(b) The dose in any unrestricted area from external sources does not exceed 0.002 rem
(0.02 mSv) in any one hour.

(2) A licensee, registrant or applicant may apply for prior authorization to operate up to an annual
dose limit of 0.5 rem (5 mSv) for an individual member of the public. This application by the
licensee, registrant or applicant shall include the following:

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

(b) The licensee's or registrant's program to assess and control dose within the 0.5 rem
(5 mSv) annual limit; and

(c) The procedures to be followed to maintain the dose as low as is reasonably
achievable (ALARA).

(3) In addition to the requirements of this chapter, a licensee subject to the provisions of EPA's
generally applicable environmental radiation standards in 40 CFR Part 190 shall comply with
those standards.
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(4) The Division may impose additional restrictions on radiation levels in unrestricted areas and
on the total quantity of radionuclides that a licensee may release in effluents in order to
restrict the collective dose.

Authority: T.C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994. Amendment filed July 18, 2002; effective October
1, 2002.

1200-2-S-.61 COMPLIANCE WITH DOSE LIMITS FOR INDIVIDUAL MEMBERS OF THE
PUBLIC.

(I) The licensee or registrant shall demonstrate compliance with the dose limits in 1200-2-5-.60
by making or causing to be made surveys of:

(a) Radiation levels in unrestricted and restricted areas; and

(b) Radiation levels and radioactive materials in effluents released to unrestricted areas.

(2) A licensee or registrant shall show compliance with the annual dose limit in 1200-2-5-.60
by:

(a) Demonstrating by measurement or calculation that the individual likely to receive the
highest dose from the licensee's or registrant's operation does not receive a total
effective dose equivalent exceeding the annual dose limit; or

(b) Demonstrating that:

1. 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 2 of Schedule RHS 8-30; and

2. If an individual were continually present in an unrestricted area, the dose from
external sources would not exceed 0.002 rem (0.02 mSv) in an hour and 0.05
rem (0.5 mSv) in a year.

(3) Upon approval from the Division, the licensee may adjust the effluent concentration values in
Schedule RHS 8-30, Table 2, for members of the public, to take into account the actual
physical and chemical characteristics of the effluents (e.g., aerosol size distribution,
solubility, density, radioactive decay equilibrium, chemical form).

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2-S-.62 THROUGH 1200-2-5-.69 RESERVED.

1200-2-5-.70 GENERAL SURVEY AND MONITORING REQUIREMENTS.

(1) Each licensee and registrant shall make or cause to be made, surveys that:

(a) May be necessary for the licensee or registrant to comply with the standards in this
chapter, and

(b) Are reasonable under the circumstances to evaluate:
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1. The magnitude and extent of radiation levels;

2. Concentrations or quantities of radioactive material; and

3. The potential radiological hazards.

(2) The licensee or registrant shall ensure that instruments and equipment used for quantitative
radiation measurements (e.g., dose rate and effluent monitoring) are calibrated periodically
for the radiation measured.

(3) Except for direct and indirect reading pocket ionization chambers and those dosimeters used
to measure the dose to the extremities, all personnel dosimeters for determining the dose and
used to comply with these standards or with conditions specified in a license or registration
shall be processed and evaluated by a dosimetry processor

(a) Holding current personnel dosimetry accreditation from the National Voluntary
Laboratory Accreditation Program (NVLAP) of the National Institute of Standards and
Technology, and

(b) Approved for processing and evaluating dosimeters exposed to the type of radiation(s)
included in the NVLAP program that most closely approximates the type of
radiation(s) being monitored by the dosimeter.

Authority: T.C.A. §&4-S-201 et seq., 68-202-203 and 68-202-206. AdministraIve Hstory: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed ;efective

. Amendment filed ; effective

1200-2-5-.71 CONDITIONS REQUIRING INDIVIDUAL MONITORING OF EXTERNAL
AND INTERNAL OCCUPATIONAL DOSE.

(1) Each licensee and registrant shall monitor exposures to radiation and radioactive material at
levels sufficient to demonstrate compliance with the occupational dose limits of this chapter

(a) Each licensee and registrant shall monitor occupational exposure to radiation from
licensed and unlicensed and registered and unregistered radiation sources under the
control of the licensee and registrant and shall supply and require the use of
individual monitoring devices by:

I. Adults likely to receive, in one (1) year from sources external to the body, a
dose in excess of 10 percent (10%) of the limits in 1200-2-5-.50;

2. Minors likely to receive, in one (1) year from radiation sources external to the
body, a deep dose equivalent in excess of 0.1 rem (I mSv), a lens dose
equivalaent in excess of 0.15 rem (1.5 mSv), or a shallow dose equivalent to
the skin or to the extremities in excess of 0.5 rem (5 mSv);

3. Declared pregnant women likely to receive during the entire pregnancy, from.
radiation sources external to the body, a deep dose equivalent in excess of 0.1
rem (I mSv) 2 ; and

4. Individuals entering a high or very high radiation area.

2 All of the occupational dose in 1200-2-5-.50 continue to be applicable to the declared pregnant woman as long as
the embryo/fetus dose equivalent limit Is not exceeded



(2) Each licensee shall monitor (see 1200-2-5-.53) the occupational intake of radioactive
material by, and assess the committed effective dose equivalent to:

(a) Adults likely to receive, in one (1) year, an intake in excess of 10 percent (10%) of
the applicable ALI(s) in Table 1, Columns I and 2, of Schedule RHS 8-30; and

(b) Minors likely to receive, in one (1) year, a committed effective dose equivalent in
excess of 0.1 rem (1 mSv); and

(c) Declared pregnant women likely to receive, during the entire pregnancy, a
committed effective dose equivalent in excess of 0.1 rem (I mSv).

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.72 THROUGH 1200-2-5-.79 RESERVED.

1200-2-5-.80 CONTROL OF ACCESS TO HIGH RADIATION AREAS.

(I) The licensee or registrant shall ensure that each access to a high radiation area has one or
more of the following control features:

(a) A device that, upon an attempt at entry and before any opening into the area occurs,
reduces the level of radiation. Before an opening occurs the level of radiation shall
be below that at which an individual could receive a deep-dose equivalent of 0.1 rem
(I mSv) in 1 hour at 30 centimeters from the source of radiation or any surface that
the radiation penetrates;

(b) A device that emits a conspicuously visible or audible alarm so the individual
entering the high radiation area and the supervisor of the activity are made aware of
the entry; or

(c) Locked entryways, except when access to the area is required, with positive control
over each individual entry.

(2) In the case of a high radiation area established for a period of 30 days or less, the licensee or
registrant may substitute continuous direct or electronic surveillance to prevent unauthorized
entry for the controls required in (1) of this rule.

(3) A licensee or registrant may apply to the Division for approval of alternative methods for
controlling access to high radiation areas.

(4) No control required by (1) through (3) of this rule shall prevent individuals from leaving a
high radiation area.

(5) Control is not required for 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 regulations of the U.S. Department of
Transportation provided that:

(a) The packages do not remain in the area longer than 3 days; and



(b) The dose rate at I meter from the external surface of any package does not exceed
0.01 rem (0.1 mSv) per hour.

(6) Control of areas in hospitals is not required solely because of the presence of patients
containing radioactive material, provided:

(a) There are personnel in attendance who will take necessary precautions to prevent
exposure of individuals to radiation or radioactive material in excess of the limits in
these standards; and

(b) The licensee operates within the ALARA provisions of its radiation protection
program.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.81 CONTROL OF ACCESS TO VERY HIGH RADIATION AREAS.

In addition to the requirements in 1200-2-5-.80, the licensee or registrant shall institute additional
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 500 rads (5 grays) or more in 1 hour at I meter from a
source of radiation or any surface through which the radiation penetrates.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993: effective January 2, 1994.

1200-2-5-.82 CONTROL OF ACCESS TO 'UERY HIGH RADIATION AREAS-
IRRADIATORS.

(1) Each area in which there may exist radiation levels in excess of 500 rads (5 grays) in 1 hour at
1 meter from a radiation source 3 that is used to irradiate materials shall meet the following
requirements:

(a) At least one authorized person who is familiar with the activity of the facility and is
prepared to render or summon assistance shall be physically present when radiation
is produced.

(b) Each installation shall have primary barriers and/or secondary barriers sufficient to
assure compliance with 1200-2-5-.50, 1200-2-5-.55, 1200-2-5-.56 and 1200-2-
5-.60 of these standards.

(c) Each irradiation area shall be constructed so that persons within the area shall at all
times be able to leave. Access control devices required by 120D-2-5-.82(I)(b)2
through 4 shall not prevent an individual from leaving the area.

(d) Devices and administrative procedures shall control each area to ensure that the area
is clear of individuals prior to irradiation.

3This rule applies to radiatlonfrom radiation sources that are used In non-self-shielded configuration. This rule does not apply to
sources of radiation that are used in teletherapy, in radiography, or in completely se41-shlelded irradiators in which the source is
both stored and operated within the same shielding radiation barrier and, in the designed configuration of the equipment, Is always
physically inaccessible to any individual and cannot create high levels of radiation In an area that Is accessibk to any individual.



(e) After any use of the radiation source and prior to the first individual's entry into the
area, the area shall be surveyed to ensure that the radiation level in the area from the
radiation source is below that at which an individual could receive a deep-dose
equivalent in excess of 0.1 rem (I mSv) in 1 hour.

(f) Control Panel:

1. Only the operator at the control panel shall be able to activate an irradiator to
create a radiation field in any area.

2. The irradiator control panel shall be provided with a locking device to prevent
unauthorized use. The locking device shall, when locked, make the irradiator
incapable of creating a radiation field.

3. The control panel and each entrance to an irradiation area shall have a device
that gives a continuous indication of the radiation levels present in the area(s).

4. All meters and controls on the irradiator control panel shall be identified and
discernible.

5. The operator shall have at the control panel a copy of operating and
emergency procedures specific for that facility.

(g) Warning Devices:

1. Each area shall have devices that automatically generate conspicuously visible
and audible alarm signals for at least five (5) seconds before irradiation
begins. Following activation of these warning devices, there shall be a delay
of not less than thirty (30) seconds before the irradiation may begin. The
alarm signals shall be discernible in all irradiation areas. The alarm signals
shall be sufficient to alert personnel in the area and to allow any individual in
the area to reach and to operate the clearly identified emergency shut-off
switches required in 1200-2-5-.82(l)(h)1.

2. Each area shall have visible flashing or rotating warning lights that operate
when, and only when, radiation is being produced. Each entrance shall have a
visible warning device that need not be flashing or rotating, but which
operates when, and only when, radiation is being produced.

(h) Control Devices:

I. Each area shall contain accessible emergency shut-off switches. Operation of
an emergency shut-off switch shall prevent irradiation from occurring. These
switches and their mode of operation shall be identified by a conspicuously
posted sign adjacent to each switch. Shut-off switches shall include a manual
reset at each switch that must be reset at the switch before the irradiator may
be reactivated by the operator at the control panel.

2. Each entrance or access point shall be equipped with interlocks. When any
interlock is interrupted, broken, or tripped and before any opening into the
area occurs, either:

(i) The irradiator shall shut off automatically; or



(ii) The radiation level within the area from the radiation source shall be
reduced below that at which an individual could receive a deep-dose
equivalent in excess of 0.1 rem (I mSv) in I hour.

After shut-off or reduction in output, restoring the irradiator to full
operation shall be possible only from the control panel.

3. Additional control devices shall be provided so that, upon failure of the
interlocks to function as required by 1200-2-5-.82(1)(h)2:

(i) The radiation level within the area from the radiation source shall be
reduced below that at which an individual could receive a deep-dose
equivalent in excess of 0.1 rem (I mSv) in 1 hour, and

(ii) Conspicuously visible and audible alarm signals shall be generated that
make the following persons aware of the hazard and of the failure of
the interlocks:

(I) Any individual attempting to enter the area; and

(X1) The individual required to be present in (lXa) of this rule.

4. Interlocks shall not be used to shut off the irradiator except in an emergency
or during testing.

5. Interlocks shall be bypassed only to test, adjust, maintain, and/or rearrange
equipment. A conspicuous indication of the bypassed condition shall be made
at the control panel. This subparagraph does not authorize the operation of an
irradiator with warning devices, interlocks, emergency shut-off switches or
other control devices that are incapable of proper operation.

6. Activities in which interlocks are bypassed as permitted under 1200-2-5-
.82(l)(h)5 shall be:

(i) Authorized only by the radiation safety officer,

(ii) Performed only for a specified time;

(iii) Recorded, showing:

(I) Date,

(II) Length of time bypassed,

(111) Reason for bypassing, and

(IV) Signature of the individual installing and removing the bypass.

These records shall be maintained for inspection by the Division; and

(iv) Performed at low power and current, if possible.

7. No individual shall be permitted to enter an area, the access of which is
controlled by interlocks, while such interlocks are bypassed as permitted in
1200-2-5-.82(lXh)5., unless such individual is utilizing personnel



monitoring equipment that shall give an audible indication when a dose rate of
.015 rem (.15 mSv) per hour is exceeded. The personnel monitoring
equipment referred to in this paragraph is in addition to that required
elsewhere in these standards. Calibration requirements in 1200-2-5-.70(2)
shall also apply to such personnel monitoring equipment.

8. The licensee or registrant shall provide control devices so that, upon failure or
removal of physical radiation barriers other than a sealed source's shielded
storage container.

(i) The radiation level within the area from the radiation source shall be
reduced below that at which an individual could receive a deep-dose
equivalent in excess of 0.1 rem (I mSv) in 1 hour; and

(ii) Conspicuously visible and audible alarm signals shall be generated that
make the following persons aware of the hazard and of the failure or
removal of the physical barrier:

(1) Any individual attempting to enter the area; and

(11) The individual required to be present in (I)(a) of this rule.

9. When the shield for the stored sealed source(s) is a liquid, the licensee shall
provide means to monitor the integrity of the shield and to signal,
automatically, loss of adequate shielding.

10. Physical radiation barriers that comprise permanent structural components,
such as walls, which have no credible probability of failure or removal in
ordinary circumstances need not meet the requirements of (1)(h)8 of this rule.

(i) There shall be available at each facility portable radiation monitoring equipment that
is operable and has been calibrated for the radiations being produced by the facility.
Such equipment shall be tested for operation and calibrated at intervals not to exceed
three (3) months and after each instrument servicing or repair. A note shall be
attached to each instrument showing the latest calibration date. Records of
calibration shall be maintained for inspection by the Division.

j) The interlock and emergency shut-off systems required in (1)(h) of this rule shall be
separate electrical circuits and/or mechanical systems.

(k) Electrical circuit diagrams of the irradiator and the associated interlock and
emergency shut-off systems shall be kept current and on file at each irradiator
facility.

(1) The access control and warning devices required in 1200-2-5-.82(l)(g) and (h)
shall have been tested for proper functioning (see 1200-2-5-.138 for recordkeeping
requirements).

I. Unless irradiation was continued uninterrupted from the previous day, testing
shall be conducted prior to daily initiation of irradiation;

2. After any unintended interruption, testing shall be conducted prior to
resumption of irradiation; and



3. The licensee or registrant shall submit and adhere to a schedule for periodic
tests of the access control and warning systems.

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

(n) Portals used in transporting only materials to and from the irradiation area shall be
controlled by devices and administrative procedures that warn and physically protect
individuals from inadvertent entry. Exit portals shall be equipped to:

I. Detect and signal the presence of any loose radiation sources being carried
toward such an exit; and

2. Automatically prevent loose radiation sources from being carried out of the
area.

(o) Licensees, registrants or applicants may apply to the Division for approval of
alternative safety measures for irradiators, provided:

I. The irradiator is within the purview of this rule;

2. The irradiator will be used in a variety of positions or locations (such as open
fields or forests) that make it impractical to comply with certain requirements
of (lXh) of this rule (such as automatic control of radiation levels);

3. Any alternative safety measures shall provide a degree of personnel protection
at least equivalent to those specified in this rule;

4. At least one of the alternative measures shall include an access-preventing
interlock control based on a measurement of the radiation. This interlock
control shall ensure that no individual can gain access to the area in which an
individual could receive a deep-dose equivalent in excess of 0.1 rem (I mSv)
in I hour at 30 centimeters from the radiation source or any surface that the
radiation penetrates.

Authority: T.CA. §i4-S-201 et seq., 68-202-203 and 68-202-206. Admlnlstratdve History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed ; effective

1200-2-5-.83 THROUGH 1200-2-5-.89 RESERVED.

1200-2-5-.90 USE OF PROCESS OR OTHER ENGINEERING CONTROLS.

The licensee shall use, to the extent practicable, process or other engineering controls (e.g., containment,
decontamination or ventilation) to control the concentrations of radioactive material in air.

Authority: T.C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. AdmInistrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed _ effective



1200-2-5-.91 USE OF OTHER CONTROLS.

(1) The licensee shall maintain the total effective dose equivalent ALARA by limiting intakes
and increased monitoring if process or other engineering controls are not practical to control
airborne radioactive materials concentration below those contained in the definition of
airborne radioactivity area in 1200-2-5-.32. The limitation of intakes and increased
monitoring shall be by one or more of the following means:

(a) Control of access;

(b) Limitation of exposure times;

(c) Use of respiratory protection equipment; or

(d) Other mechanisms specifically approved by the Division.

(2) If the licensee performs an ALARA analysis to determine whether 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' individual health and safety.

Authority: T.C.A. §§4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.92 USE OF INDIVIDUAL RESPIRATORY PROTECTION EQUIPMENT.

(1) If the licensee assigns or permits the use of respiratory protection equipment to limit intakes
pursuant to 1200-2-5-.9 1:

(a) The licensee shall use only respiratory protection equipment that is tested and
certified or had certification extended by the National Institute for Occupational
Safety and Health/Mine Safety and Health Administration (NIOSH/MSHA), except
as noted in this chapter.

(b) A licensee desiring to use equipment that has not been tested or certified by NIOSH,
or for which there is no schedule for testing or certification, shall apply for
authorization except as provided in this chapter. The application shall demonstrate
by licensee testing or on the basis of reliable test information, that the equipment's
material and performance characteristics provide protection equivalent to that of the
equipment in (lXa) of this rule under anticipated conditions of use.

(c) The licensee shall implement and maintain a respiratory protection program that
includes:

I. Air sampling sufficient to identify the potential hazard, permit proper
equipment selection and estimate doses;

2. Surveys and bioassays, as appropriate, to evaluate actual intakes;

3. Testing of respirators for operability (user seal check for face sealing devices
and functional check for other) immediately before each use;

4. Written procedures regarding:



(i) The routine, non-routine and emergency use of respirators,

(ii) Respirator selection,

(iii) Fit testing,

(iv) Limitations on periods of respirator use and relief from respirator use.

(v) Storage, issuance, maintenance, repair, testing and quality assurance of
respiratory protection equipment, including testing for operability
immediately before each use,

(vi) Supervision and training of respirator users,

(vii) Monitoring, including air sampling and bioassays,

(viii) Breathing air quality,

(ix) Inventory and control,

(x) Record keeping, and

(xi) The use of process or other engineering controls, instead of respirators;

5. Determination by a physician that the individual user is medically fit to use
the respiratory protection equipment before:

(i) The initial fitting of a face-sealing respirator,

(ii) The first field use of non-face-sealing respirators, and

(iii) Either every 12 months thereafter or periodically at a frequency
determined by a physician;

6. Fit testing, with fit factor 2 10 times the APF for negative pressure devices,
and a fit factor 2 500 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 1
year. Fit testing must be performed with the facepiece operating in the
negative pressure mode.

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

(e) The licensee's use of the equipment shall not exceed the equipment's specifications.
The licensee shall* provide proper visual, communication and other special
capabilities (such as adequate skin protection) when needed.

(0) The licensee shall also consider limitations appropriate to the type and mode of use.
When selecting respiratory devices the licensee shall provide for vision correction,
adequate communication, low temperature work environments and the concurrent
use of other safety or radiological protection equipment. The licensee shall use



equipment in such a way as not to interfere with the proper operation of the
respirator.

(g) Standby rescue persons are required whenever one-piece atmnosphere-supplying suits,
or any combination of supplied air respiratory protection device and personnel
protective equipment arc uscd from which an unaided individual would have
difficulty extricating himself or herself. The standby persons shall 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, signal 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 shall be immediately available to assist all users of
this type of equipment and to provide effective emergency rescue if needed.

(h) Atmosphere-supplying respirators shall 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
Occupational Safety and Health Administration (29 CFR 1910.134(iXIXii)(A)
through (E). Grade D quality air criteria include:

1. Oxygen content (vlv) of 19.5-23.5%;

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

3. Carbon monoxide (CO) content of 10 ppm or less;

4. Carbon dioxide content of 1,000 ppm or less; and

5. Lack of noticeable odor.

(i) 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 sealing surface of a tight-fitting respirator facepiece.

(j) In estimating the dose to individuals from intake of airborne radioactive materials,
the concentration of radioactive material in the air that is inhaled when respirators
are worn is initially assumed to be the ambient concentration in air without
respiratory protection, divided by the assigned protection factor. If the dose is later
found to be greater than the estimated dose, the corrected value shall be used. If the
dose is later found to be less than the estimated dose, the corrected value may be
used.

(2) In estimating an individual's exposure to airborne radioactive materials, the licensee may
make allowance for respiratory protection equipment used to limit intakes pursuant to 1200-
2-5-.91. To make such an allowance the following conditions, in addition to those in 1200-
2-5-.92(1) shall be satisfied:

(a) The licensee selects respiratory protection equipment that provides a protection
factor (see Schedule RHS 8-32) greater than the multiple by which peak
concentrations of airborne radioactive materials in the working area are expected to
exceed the values specified in Schedule RHS 8-30, Table 1, Column 3. If the
selection of a respiratory protection device with a protection factor greater than the
peak concentrations is inconsistent with the goal specified in 1200-2-5-.91 of



keeping the total effective dose equivalent ALARA, the licensee may select
respiratory protection equipment with a lower protection factor only if such a
selection would result in keeping the total effective dose equivalent ALARA. The
concentration of radioactive material inhaled when respirators are used may be
initially estimated by dividing the average concentration in air, during each period of
uninterrupted respirator use, by the protection factor. If the exposure is later found
to exceed the estimate, the corrected value shall be used; if the exposure is later
found to be less than the estimate, the corrected value may be used.

(b) The licensee shall obtain authorization from the Division before assigning
respiratory protection factors in excess of those specified in Schedule RHS 8-32.
The Division may authorize a licensee to use higher protection factors on receipt of
an application that A

1. Describes the situation for which a need exists for higher protection factors;
and

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

(c) The licensee shall use as emergency devices only respiratory protection equipment
that has been specifically certified or had certification extended for emergency use
by NIOSH/MSHA.

(d) The licensee shall notify, in writing, the Division at least 30 days before the date that
respiratory protection equipment is first used under the provisions of either 1200-2-
5-.92 (1) or (2).

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. AdmInistrative History: Original
rulefiled October 19, 1993; effective January 2, 1994 Amendmentfiled July 18, 2002; effective October 1,
2002. Amendmentfiled effective

1200-2-5-.93 FURTHER RESTRICTIONS ON THE USE OF RESPIRATORY PROTECTION
EQUIPMENT.

(1) The Division may impose restrictions in addition to those in 1200-2-5-.91, 1200-2-5-.92
and Schedule RHS 8-32 to:

(a) Ensure that the respiratory protection program of the licensee is adequate to limit
doses of individuals from airborne radioactive materials consistent with maintaining
total effective dose equivalent ALARA; and

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

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.94 APPLICATION FOR HIGHER PROTECTION FACTORS.

(I) The licensee shall obtain authorization from the Division before using assigned respiratory
protection factors in excess of those specified in Schedule RHS 8-32. The Division may
authorize a licensee to use higher protection factors on receipt of an application that:



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

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

(2) Reserved.

Authority: TC.A. 4-5-20] et seq., 68-202-203 and 68-202-206. Administrative History: Otriginal
rulefiled ; effective__ ___

1200-2-5-.95 THROUGH 1200-2-5-.99 RESERVED.

1200-2-5-.1O0 SECURITY OF STORED MATERIAL

The licensee or registrant shall secure stored radiation sources against unauthorized access or removal.

Authority: T.C.A. §§4-S-201 et seq., 68-202-203 and 206. Administrative History: Original rule filed
October 19, 1993; effective January 2, 1994.

1200-2-5-.101 CONTROL OF MATERIAL NOT IN STORAGE.

The licensee shall control and maintain constant surveillance of radioactive material that is not in storage.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2-S-.102 THROUGH 1200-2-5-.109 RESERVED.

1200-2-5-.110 CAUTION SIGNS.

(I) Unless otherwise authorized by the Division, the standard radiation symbol prescribed by this
chapter shall use the colors magenta, or purple, or black on yellow background. The symbol
prescribed by this chapter is the three-bladed design:
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RADIATION SYMBOL

(a) Cross-hatched area is to be magenta, or purple, or black; and

(b) The background is to be yellow.

(2) Thiolorrejuireinents of (1) do not apply to licensees and registrants who use conspicuously
etched or stamped radiation symbols to label sources, source holders or device components
containing sources of radiation that are subjected to high temperatures.

(3) On or near the required signs and labels, the licensee or registrant may provide additional
information to make individuals aware of potential radiation exposures and to minimize the
exposures.

Authorly: T.CA. §§4-S-201 et seq., 68-202-203 and 68-202-206. AdmulJsfrative History: Original
rulefiled October 19, 1993; effective Januwy 2, 1994.

1200-2-5-.111 POSTING REQUIREMENTS.

(1) 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."

(2) The licensee or registrant shall post each high radiation area with a conspicuous sign or signs
bearing the radiation symbol and the words "CAUTION, HIGH RADIATION AREA" or
"DANGER, HIGH RADIATION AREA."

(3) The licensee or registrant shall post each very high radiation area with a conspicuous sign or
signs bearing the radiation symbol and words "GRAVE DANGER, VERY HIGH
RADIATION AREA."



(4) The licensee shall post each airborne radioactivity area with a conspicuous sign or signs
bearing the radiation symbol and the words "CAUTION, AIRBORNE RADIOACTIVITY
AREA" or "DANGER, AIRBORNE RADIOACTIVITY AREA."

(5) Each area where radioactive material is used or stored in amounts exceeding 10 times that
specified in Schedule RHS 8-31 shall be posted by the licensee with conspicuous sign(s)
bearing the radiation symbol and the words "CAUTION, RADIOACTIVE MATERIAL(S)"
or "DANGER, RADIOACTIVE MATERIAL(S)."

(6) A licensee is not required to post caution signs in areas or rooms containing radioactive
materials for periods of less than 8 hours, if each of the following conditions is met:

(a) The materials are constantly attended during these periods by an individual who
takes the precautions necessary to prevent the exposure of individuals to radiation or
radioactive materials in excess of the limits established in this chapter; and

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

(7) Rooms or other areas in hospitals that are occupied by patients are not required to be posted
with caution signs pursuant to 1200-2-5-. 111 provided that:

(a) The patient is being treated with sealed sources or has been treated with unsealed
radioactive material in quantities less than 30 millicuries (110 MBq) or the measured
dose rate at I meter from the patient is less than 0.005 rem (0.05 mSv) per hour; and

(b) There are personnel in attendance who will take the necessary precautions to:

I. Prevent the exposure of individuals to radiation and radioactive material in
excess of these Basic Standards; and

2. Operate within the ALARA provisions of the licensee's radiation protection
program.

(8) 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 30 centimeters from the surface of the source
container or housing does not exceed 0.005 rem (0.05 mSv) per hour.

(9) A room containing medical or dental diagnostic x-ray equipment, restricted to use within the
room, need not be posted as noted in 1200-2-5-.1 11(1) and (2) provided:

(a) The registrant exercises control to ensure the patient will be the only person exposed
to radiation levels exceeding the limits in these standards; and

(b) Each room entrance is identified as an "X-ray Room".

(10) Provided a room or area is not otherwise required to be posted under paragraphs (1) or (2) of
this rule, a room or area will not have to be so posted because mobile or portable medical or
dental diagnostic x-ray equipment is intermittently used between rooms and/or areas.

(11) All radiation machines shall be clearly labeled at the control panel near the switch that
energizes the apparatus, and at any remote switched that energize the apparatus, with the
words "CAUTION - RADIATION - THIS EQUIPMENT PRODUCES RADIATION
WHEN ENERGIZED" or "DANGER - RADIATION - THIS EQUIPMENT PRODUCES
RADIATION WHEN ENERGIZED"



Authority: T.CA. §4-5-201 et seq., 68-202-203 and 206. Adminstrative History: Original rule filed
October 19, 1993; effective January 2, 1994. Amendment filed July 18, 2002; effective October 1, 2002.
Amendment filed effective

1200-2-5-.112 RESERVED.

1200-2-5-.113 LABELING CONTAINERS.

(I) The licensee shall ensure that each container of radioactive material bears a durable, clearly
visible label bearing the radiation symbol and the words "CAUTION, RADIOACTIVE
MATERIAL" or "DANGER, RADIOACTIVE MATERIAL." The label shall also provide
sufficient information to permit individuals handling, using or in the vicinity of the containers
to take precautions to avoid or minimize exposures. Such information may need to include,
without limitation, the radionuclide(s) present, an estimate of the quantity of radioactivity, the
date for which the activity is estimated, radiation levels, the kinds of material and the mass
enrichment.

(2) Prior to removal or disposal of empty uncontaminated containers to unrestricted areas, the
licensee shall:

(a) Remove or deface the radioactive material label; or

(b) Otherwise clearly indicate that the container no longer contains radioactive materials.

Authorthy: T.C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2-5-.114 EXEMPTIONS TO LABELING REQUIREMENTS.

(1) A licensee is not required to label:

(a) Containers holding radioactive material in quantities less than the quantities listed in
Schedule RHS 8-3 1;

(b) Containers holding radioactive material in concentrations less than those specified in
Table 2 of Schedule RHS 8-30;

(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 regulations of the U.S. Department of Transportation 4;

(e) Containers that are accessible only to individuals authorized to handle, use or be 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

4Labeling of packages containing radioactive materials Is required by the US Department of Transportation (DO) if the amount
and tpe of radioactive material exceeds the limitsfor an excepted quantl~v or article as defined and limited by DOT regulations 49
CF.R 173.403 (m) and (v) and 173.421-424.



(f) Installed manufacturing or process equipment, such as reactor components, piping,
and tanks.

Authority: T. CA. §4-S-201 et seq., 68-202-203 and 68-202-206. AdminIstrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.115 PROCEDURES FOR RECEIVING AND OPENING PACKAGES.

(1) Each licensee who expects to receive a package containing quantities of radioactive material
in excess of a Type A quantity, as defined in subparagraph 1200-2-4-.04(l)iii), shall
arrange to receive:

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

(b) Notification of the arrival of the package at the carrier's terminal and to take possession
of the package expeditiously.

(2) Each licensee shall:

(a) Monitor the external surfaces of a labeled 5 package for radioactive contamination
unless the package contains only radioactive material in the form of a gas or in special
form as defined in subparagraph 1200-2-4-.04(l)(bbb);

(b) 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 subparagraph 1200-2-4-.04(l)(iii) and Rule 1200-2-
10-.37, Schedule RHS 106; and

(c) 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.

(3) The licensee shall monitor as soon as practical after receipt of the package. A package
received at the licensee's facility during the licensee's normal working hours or showing
evidence of package degradation shall be monitored within three (3) hours. A package not
received during the licensee's normal working hours and not showing evidence of package
degradation shall be monitored no later than three (3) hours after the beginning of the next
working day.

(4) The licensee shall immediately notify the final delivery carrier and the Division by telephone,
telegram, mailgram or facsimile when either removable radioactive surface contamination or
external radiation levels exceed the following:

(a) Removable radioactive surface contamination limits:

1. The level of removable (non-fixed) radioactive contamination on the external
surfaces of each package offered for transport shall be kept ALARA. The level
of removable radioactive contamination may be determined by wiping an area
of 300 square centimeters of the surface concerned with an absorbent material,
using moderate pressure, and measuring the activity on the wiping material.

5 Labeled means labeled with a Radioactive White 1, Yellow 11 or Yellow III label as specified in U.S.
Department of Transportation (DOT) regulations in 49 CFRl172.403 and 172.436-440, as published
October 1, 1993.



Sufficient measurements shall be taken in the most appropriate locations to yield
a representative assessment of the removable contamination levels. Except as
provided in part 1200-2-5-.115(4)(a)2., the amount of radioactivity measured
on any single wiping material, when averaged over the surface wiped, shall not
exceed the limits set forth in Table RHS 5-3 at any time during transport. Other
methods of assessment of equal or greater efficiency may be used. When other
methods are used, the detection efficiency of the method used shall be taken into
account and in no case shall the removable contamination on the external
surfaces of the package exceed ten (10) times the limits set forth in Table RHS
5-3.

Table RHS 5-3 REMOVABLE EXTERNAL RADIOACTIVE CONTAMINATION WIPE
LIMITS

Maximum Permissible Limits
Bq/cm pCi/cm dprn/cm

Beta and gamma emitters and low toxicity
alpha emitters; all radionuclides with half-
lives less than 10 days; natural uranium;
natural thorium; uranium-235; uraniurn-238;
thorium-232; thorium-228; and thorium-230
when contained in ores or physical
concentrates 0.37 1 (E-5) 22

All other alpha emitting radionuclides 0.037 1 (E-d 2.2

2. For packages transported as exclusive use shipments by rail or highway only,
the removable contamination at any time during transport shall not exceed ten
(10) times the levels prescribed in Table RHS 5-1. The levels at the beginning
of transport shall not exceed the levels prescribed in Table RHS 5-1.

(b) External radiation limits:

I. The external radiation levels around the package and around the vehicle, if
applicable, shall not exceed 200 millirems (2 millisieverts) per hour at any point
on the external surface of the package at any time during transportation. The
transport index shall not exceed 10.

2. A package that exceeds the radiation level limits specified in part 1200-2-5-
.1 15(4xb)l. shall be transported as exclusive use by rail, highway, or water, and
the radiation levels external to the package shall not exceed the following during
transportation:

(i) 200 millirems (2 millisieverts) per hour on the accessible external surface
of the package, unless the following conditions are met, in which case the
limit is 1,000 millirems (10 millisieverts) per hour:

(I) The shipment is made in a closed transport vehicle;

- (11) - "The package is secured within the vehicle so that its position
remains fixed during transportation; and

(111) There are no loading or unloading operations between the
beginning and end of the transportation;



(ii) Two hundred (200) millirems (2 millisieverts) per hour at any point on
the outer surface of the vehicle, including the top and underside of the
vehicle, or in the case of a flat-bed style vehicle, at any point on the
vertical planes projected from the outer edges of the vehicle, on the upper
surface of the load, or enclosure, if used, and on the lower external
surface of the vehicle; and

(iii) Ten (10) millirems (0.1 millisievert) per hour at any point 2 meters (6.6
feet) from the outer lateral surfaces of the vehicle (excluding the top and
underside of the vehicle); or in the case of a flat-bed style vehicle, at any
point 2 meters from the vertical planes projected from the outer edges of
the vehicle (excluding the top and underside of the vehicle); and

(iv) Two (2) millirems (0.02 millisievert) per hour in any normally-occupied
space of the vehicle, except that this provision does not apply to private
motor carriers if persons occupying these spaces wear radiation
monitoring devices in accordance with Rule 1200-2-5-.7 1.

(5) Each licensee shall:

(a) Establish, maintain and retain written procedures for safely opening packages in which
radioactive material is received; and

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

(6) Licensees transferring special form sources to or from a work site in licensee owned or
operated vehicles are exempt from the contamination monitoring requirements of paragraph
(2) of this rule. Licensees are not exempt from the requirement in paragraph (2) for surveying
radiation levels to ensure that the source is still properly secured in its shield.

Authority: T.C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2---.116 THROUGH 1200-2-5-.119 RESERVED.

1200-2-5-.120 GENERAL DISPOSAL REQUIREMENTS.

(I) A licensee shall dispose of radioactive material only:

(a) By transfer to an authorized recipient as provided in other chapters of these
regulations;

(b) By decay in storage;

(c) By release in effluents within the limits in 1200-2-5-.60; or

(d) As authorized under 1200-2-5-.121, 1200-2-5-.122, 1200-2-5-.123 or 1200-2-5-
.124.

(2) A person shall be specifically licensed to receive waste containing licensed material from
other persons for:



(a) Treatment prior to disposal;

(b) Treatment or disposal by incineration;

(c) Decay in storage; or

(d) Disposal at a land disposal facility licensed under Chapter 1200-2-11.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January Z 1994.

1200-2-5-.121 METHOD FOR GRANTING APPROVAL OF ALTERNATIVE DISPOSAL
PROCEDURES.

(1) - A licensee or applicant for a license may apply to the Division for approval of alternative
procedures for disposal of radioactive material generated in the licensee's activities. Each
application shall include:

(a) A description of the waste that contains the radioactive material to be disposed,
including the physical and chemical properties important to risk evaluation;

(b) The proposed manner and conditions of waste disposal;

(c) An analysis and evaluation of pertinent information about the environment of the
disposal site;

(d) The nature and location of other potentially affected licensed and unlicensed facilities;
and

(e) Analyses and procedures to ensure that doses are maintained ALARA and within the
dose limits in this chapter.

Authority: T.C.A. §§4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2-5--.122 DISPOSAL BY RELEASE INTO SANITARY SEWERAGE.

(1) A licensee may release radioactive material into sanitary sewerage if each of the following
conditions is satisfied:

(a) The material is readily soluble in water or is a readily dispersible biological material;
and

(b) The quantity of radioactive material the licensee releases into the sewer in any one
month divided by the average monthly volume of water released into the sewer by the
licensee does not exceed the concentration listed in Table _3,C-elumn-2 -of Schedule
RHS 8-30; and

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

1. The license shall determine the fraction of the limit in Table 2-Cehmmin43 of
Schedule RHS 8-30 represented by its releases into sanitary sewerage. This
shall be done by dividing the actual monthly average concentration of each



radionuclide released by the licensee into the sewer by the concentration of that
radionuclide listed in Table 2, elumn-3 of Schedule RHS 8-30; and

2. The sum of the fractions for each radionuclide required by (l)(c)l. of this rule
does not exceed unity; and

(d) The total quantity of licensed and other radioactive material that the licensee releases
into the sanitary sewerage system in a year does not exceed:

1. 5 curies (185 GBq) of hydrogen-3;

2. 1 curie (37 GBq) of carbon-14; and

3. 1 curie (37 GBq) of all other radioactive materials combined.

(2) Excreta from individuals undergoing medical diagnosis or therapy with radioactive material
are not subject to the limitations contained in (1) of this rule.

Aulhority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-.123 TREATMENT OR DISPOSAL BY INCINERATION.

A licensee may treat or dispose of radioactive material by incineration only in the amounts and forms
specified in 1200-2-5-.124 or as specifically approved by the Division pursuant to 1200-2-5-.121.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-.124 DISPOSAL OF SPECIFIC WASTES.

(1) A licensee may dispose of the following radioactive material as if it were not radioactive:

(a) 0.05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-14 per gram of medium
used for liquid scintillation counting; and

(b) 0.05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-I 4 per gram of animal
tissue, averaged over the weight of the entire animal.

(2) A licensee may not dispose of tissue under paragraph (l)(b) of this rule in a manner that
would permit its use either as food for humans or as animal feed.

(3) The licensee shall maintain records in accordance with 1200-2-5-.137.

Authority: T.CA. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

12DD-2-5-.125 TRANSFER FOR DISPOSAL AND MANIFESTS.

(1) This rule and Schedule RHS 8-33 concern low level radioactive waste and are to:

(a) Control transfers of low-level radioactive waste by any waste generator, waste
collector or waste processor licensee, as defined in Schedule RHS 8-33 of Rule 1200-



2-5-.161, who ships low-level waste either directly, or indirectly through a waste
collector or waste processor, to a licensed low-level land disposal facility as defined in
Chapter 1200-2-1 1,

(b) Establish a manifest tracking system; and

(c) Supplement existing requirements concerning transfers and recordkeeping for those
wastes.

(2) Any licensee shipping radioactive waste intended for ultimate disposal at a licensed land
disposal shall document the information required on U.S. NRC Uniform Low-Level
Radioactive Waste Manifest and transfer this recorded manifest information to the intended
consignee as specified in Section I of Schedule RHS 8-33.

(3) Each shipment manifest shall include a certification by the waste generator as specified in
Section II of Schedule RHS 8-33.

(4) The waste generator, collector, processor, disposal facility operator, and each person involved
in the transfer and disposal shall comply with the requirements specified in Section III of
Schedule RHS 8-33.

Authority: TC.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed July 18, 2002; effective October
1,2002.

1200-2-5-.126 COMPLIANCE WITH ENVIRONMENTAL AND HEALTH PROTECTION
REGULATIONS.

Nothing in these standards relieves the licensee from complying with other federal, state, and local
regulations governing toxic or hazardous properties of waste materials.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.127 THROUGH 1200-2-5-.129 RESERVED.

1200-2-.5-.130 GENERAL RECORDS PROVISIONS.

(1) Each licensee and registrant shall use the units: curie, rad, rem, including multiples and
subdivisions, and shall clearly indicate the units of all quantities on records required by these
standards.

(2) In the records required by this chapter, the licensee may record quantities in SI units in
parentheses following each of the units specified in paragraph (1). However, all quantities
must be recorded as stated in paragraph (1).

(3) Notwithstanding the requirements above in paragraph (1), when recording information on
shipment manifests, as required in paragraph 1200-2-5-.125(2), information shall be
recorded in the International System of Units (SI) or in SI and units as specified in paragraph
(1).



(4) The licensee or registrant shall make a clear distinction among the quantities entered on the
records required by this chapter (e.g., total effective dose equivalent, shallow-dose
equivalent, lens dose equivalent, deep-dose equivalent, committed effective dose equivalent).

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994. Amendmentfiled July 18, 2002; effective October
1, 2002. Amendment filed _ effective . Amendment filed

;_ effective

1200-2-5-.131 RECORDS OF RADIATION PROTECTION PROGRAMS.

(1) Each licensee and registrant shall maintain records of the radiation protection program,
including:

(a) The provisions of the program; and

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

(2) The licensee or registrant shall retain the records required by (I)(a) of this rule until the
Division terminates each pertinent license or registration requiring the record. The licensee or
registrant shall retain the records required by (l)(b) of this rule for 3 years after the record is
made.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-.132 RECORDS OF SURVEYS.

(1) Each licensee and registrant shall maintain records showing the results of surveys and
calibrations required by 1200-2-5-.70 and 1200-2-5-.115(2). The licensee or registrant
shall retain these records for 3 years after the record is made.

(2) The licensee or registrant shall retain each of the following records until the Division
terminates each pertinent license or registration requiring the record:

(a) Survey results used to determine the dose from external sources and to assess
individual dose equivalents with or without individual monitoring data;

(b) Results of measurements and calculations used to:

1. Determine individual intakes of radioactive material;

2. Assess internal intakes of radioactive material; and

3. Assess internal dose;

(c) Results of air sampling, surveys and bioassays required pursuant to 1200-2-5-
.92(l)(c)1. and 2.; and

(d) Results of measurements and calculations used to evaluate the release of radioactive
effluents to the environment.

Authority- T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.



1200-2-5-.133 DETERMINATION OF PRIOR OCCUPATIONAL DOSE.

(I) For each individual who is likely to receive, in a year, an occupational dose requiring
monitoring pursuant to 1200-2-5-.71, the licensee or registrant shall:

(a) Determine the occupational radiation dose received during the current year, and

(b) Attempt to obtain the records of lifetime cumulative occupational radiation dose.

(2) Prior to permitting an individual to participate in a planned special exposure, the licensee or
registrant shall determine:

(a) The internal and external doses from all previous planned special exposures; and

(b) All doses in excess of the limits (including doses received during accidents and
emergencies) received during the lifetime of the individual.

(3) In complying with the requirements of (I) of this rule, a licensee or registrant may:

(a) Accept, as a record of the individual's occupational dose for the current year, a written
statement disclosing the nature and the amount of any occupational dose the individual
may have received during the current year. Such statement shall be signed by the
individual or the individual's most recent employer for work involving radiation
exposure.

(b) Accept, as the record of lifetime cumulative radiation dose, an up-to-date Form RHS
8-lH, or equivalent. Such form shall be signed by the individual and countersigned by
an appropriate official of the most recent employer for work involving radiation
exposure. If the individual is employed by a person other than the licensee or
registrant, the countersignature shall be from the current employer.

(c) From the most recent employer obtain reports of the individual's dose equivalent(s) for
work involving radiation exposure. If the individual is employed by a person other
than the licensee or registrant the report shall be from the individual's current
employer. Reports may be obtained by telephone, telegram, 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.

(4) The licensee or registrant shall record the exposure history together with all information
required by (1) of this rule on Form RHS 8-IH 6 , or other clear and legible record. The form
or record shall show each period in which the individual received occupational exposure and
be signed by the individual receiving 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 Form RHS 8-1H. For any period in which
the licensee or registrant does not obtain a report, the licensee or registrant shall place a
notation on Form RHS 8-IH indicating the periods of time for which data are not available.

(5) 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:

6 Licensees or registrants are not required to reevaluate the separate external dose equivalents and internal committed dose
equivalents or intakes ofradionuclides assessed under 1200-2-5-.01 through 1200-2-5-.2& Futher, occupational exposure histories
obtained and recorded on Form MIS 8-1 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



(a) In establishing administrative controls under 1200-2-5-.50(6) for the current year,
reduce the individual's allowable dose limit by 1.25 rerns (12.5 mSv) for each quarter
for which records were unavailable and the individual could have received
occupational exposure; and

(b) Not allow the individual to be available for planned special exposures.

(6) The licensee or registrant shall retain the records on Form RHS 8-1H or equivalent until the
Division terminates each pertinent license or registration requiring this record. The licensee
or registrant shall retain records used in preparing Form RHS 8-IH for three (3) years after
the record is made.

Authority: T.C.A. §§4-S-201 el seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendmentfiled July 18, 2002; effective October
1, 2002.

120G-2-S-.134 RECORDS OF PLANNED SPECIAL EXPOSURES.

(I) For each use of the provisions of 1200-2-5-.54 for planned special exposures, the licensee or
registrant shall maintain records that describe:

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

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

(c) What actions were necessary;

(d) Why the actions were necessary;

(e) How doses were maintained ALARA; and

(f) What individual and collective doses were expected to result, and the doses actually
received in the planned special exposure.

(2) The licensee or registrant shall retain the records until the Division terminates each pertinent
license or registration requiring these records.

Authority: T.C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2-5-.135 RECORDS OF INDIVIDUAL MONITORING RESULTS.

(1) Each licensee and registrant shall maintain records of doses received:

(a) By all individuals for whom monitoring was required pursuant to 1200-2-5-.71 and

(b) During the planned special exposures, accidents and emergency conditions.

(2) These records shall include ', when applicable:

7 Assessments of dose equivalent and records made using units in effect before the licensee 's or registrant s adoption of,1200-2-5-
.30 through 1200-2-5-.160 need not be changed.



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

(b) The estimated intake of radionuclides (see 1200-2-5-.5 1);

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

(d) The specific information used to calculate the committed effective dose equivalent
pursuant to 1200-2-5-.53(3) and when required by 1200-2-5-.71;

(e) The total effective dose equivalent when required by 1200-2-5-.5 1; and

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

(3) The licensee or registrant shall make entries of the records specified in (1) of this rule at least
annually.

(4) The licensee or registrant shall maintain the records:

(a) On Form RHS 8-2C and in accordance with its instructions, or

(b) In clear and legible form containing all information required by Form RHS 8-2C.

(5) The records required under this rule should be protected from public disclosure because of
their personal privacy nature. These records are protected when transferred to the Division
under the regulations in 1200-2-4-.10.

(6) The licensee or registrant shall maintain the records of dose to an embryo/fetus with the
records of dose to the declared pregnant woman. The declaration of pregnancy shall also be
kept on file, but may be maintained separately from the dose records.

(7) The licensee or registrant shall retain each required form or record until the Division
terminates each pertinent license or registration requiring the record.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed July 18, 2002; effective October
1, 2002. Amendment filed effective

1200-2-5-.136 RECORDS OF DOSE TO INDIVDUAL MEMBERS OF THE PUBLIC.

(1) Each licensee and registrant shall maintain records sufficient to demonstrate compliance with
the dose limit for individual members of the public (see 1200-2-5-.60).

(2) The licensee or registrant shall retain the records required by (1) of this rule until the Division
terminates each pertinent license or registration requiring the record.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.



1200-2-5-.137 RECORDS OF WASTE DISPOSAL.

(1) Each licensee shall maintain records of the disposal of radioactive materials made under
1200-2-5-.121, 1200-2-5-.122, 1200-2-5-.123, 1200-2-5-.124, Chapter 1200-2-11 and
disposal by burial in soil, including burials authorized before May 12, 1986 8.

(2) The licensee shall retain the records required by (1) of this rule until the Division terminates
each pertinent license requiring the record.

Authority T.C.A. §§4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-.138 RECORDS OF TESTING ENTRY CONTROL DEVICES FOR VERY HIGH
RADIATION AREAS.

(1) Each licensee and registrant shall maintain records of tests made under 1200-2-5-.82(1)(1)].,
2., and 3. on entry control devices for very high radiation areas. These records shall include
the date, time, and results of each such test of function.

(2) The licensee or registrant shall retain the records required by paragraph (I) for three (3) years
after the record is made.

Authority: T.C.A. §§4-5-201 et seq., 6-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994.

1200-2-5-.139 FORM OF RECORDS.

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

Authority: TC.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-.140 REPORTS OF THEFT OR LOSS OF LICENSED MATERIAL

(1) Telephone reports.

(a) Each licensee shall report:

I. Immediately after learning of any lost, stolen or missing radioactive material:

(i) In an aggregate quantity equal to or greater than 1,000 times the quantity
specified in Schedule RHS 8-31; and

A previous 1200-2-5-.19permitted burial of small quantities of radioactive materials in soil before May 12, 1986 without specific
Division Authorization.



(ii) Under such circumstances that it appears to the licensee that an exposure
could result to persons in unrestricted areas; or

2. Within 30 days after learning of any lost, stolen or missing radioactive material:

(i) In a quantity greater than 10 times the quantity specified in Schedule
RHS 8-31; and

(ii) That is still missing at this time.

(b) Reports shall be made to the Division, telephone (615) 532-0364, during the hours of
7:00 am. Central Time to 4:30 p.m. Central Time except weekends and holidays. At
all other times, reports can be made through the Tennessee Emergency Management
Agency (615) 741-0001.

(2) Written reports

(a) Each licensee required to make a report under (1) of this rule shall, within 30 days after
making the telephone report, make a written report setting forth the following
information:

I . A description of the radioactive material involved, including kind, quantity and
chemical and physical form;

2. A description of the circumstances under which the loss, theft or misplacement
occurred;

3. A statement of disposition, or probable disposition, of the radioactive material
involved;

4. Exposures of individuals to radiation and the circumstances under which the
exposures occurred;

5. The possible total effective dose equivalent to persons in unrestricted areas;

6. Actions that have been taken, or will be taken, to recover the material; and

7. Procedures or measures that have been, or will be, adopted to ensure against a
recurrence of the loss, theft or misplacement of radioactive material.

(b) Reports shall be made to the Division of Radiological Health, L&C Annex, 3rd Floor,
401 Church Street, Nashville, TN 37243-1532.

(3) If after filing the written report, the licensee learns of additional substantive information the
licensee shall report such additional information within 30 days.

(4) Each report filed with the Division shall list for each individual exposed: the name, Social
Security account number, and date of birth. The report shall be prepared so that this
information is stated in a separate and detachable part.

Authority: T.CA. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule fled October 19, 1993; effective January 2, 1994.



1200-2-5-.141 NOTIFICATION OF INCIDENTS.

(1) Immediate notification. Notwithstanding other requirements for notification the requirements
of this rule are controlling. Licensees and registrants shall notify the Division as soon as
possible but not later than four (4) hours after discovery that a source of radiation possessed
by the licensee or registrant has caused, may have caused or threatens to cause any of the
following:

(a) An individual to receive:

I. A total effective dose equivalent of 25 rems (0.25 Sv) or more;

2. A lens-dose equivalent of 75 rems (0.75 Sv) or more; or

3. A shallow-dose equivalent to the skin or extremities of 250 rads (2.5 Gy) or
more;

(b) The release of radioactive material that could cause an individual present for 24 hours
to receive five (5) times or more the annual occupational limit on intake. This does not
apply to locations where personnel are not normally stationed during routine
operations, such as hot-cells or specific process enclosures; or

(c) Prevention of immediate protective actions necessary to avoid exposure to radiation or
releases that could exceed regulatory limits (events may include fires, explosions, toxic
gas releases, etc.).

(2) Twenty-four hour notification. Licensees and registrants shall notify the Division within 24
hours after discovery that a source of radiation possessed by the licensee or registrant may
have caused or threatens to cause any of the following:

(a) An individual to receive, in a period of 24 hours:

1. A total effective dose equivalent exceeding 5 rems (0.05 Sv),

2. A lens-dose equivalent exceeding 15 rems (0.15 Sv), or

3. A shallow-dose equivalent to the skin or extremities exceeding 50 rems (0.5
Sv);

(b) The release of radioactive material that could cause an individual present for 24 hours
to receive an intake exceeding one annual occupational limit on intake. This does not
apply to locations where personnel are not normally stationed during routine
operations, such as hot-cells or specific process enclosures; or

(c) Any of the following events involving licensable material:

I. An unplanned contamination event that:

(i) Requires restricted access to the contaminated area for more than 24
hours. Restriction may be by imposing additional radiological controls or
by prohibiting entry into the area;



(ii) Involves a quantity of material greater than five (5) times the lowest
annual limit on intake specified for the material in Schedule RHS 8-30 of
1200-2-5; and

(iii) Restricts access to the area for a reason other than to allow isotopes with
a half-life of less than 24 hours to decay prior to decontamination.

2. An event in which equipment is disabled or fails to function as designed when:

(i) The equipment is required by regulation or license condition to:

(I) Prevent releases exceeding regulatory limits,

(11) Prevent exposures to radiation exceeding regulatory limits, or

(111) Mitigate the consequences of an accident;

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

(iii) No equipment meeting the same performance standards is immediately
available, operable and capable of performing 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 licensable material or any device,
container or equipment containing licensable material when:

(i) The quantity of material involved exceeds five (5) times the lowest
annual limit on intake specified for the material in Schedule RHS 8-30 of
1200-2-5, and

(ii) The damage affects the integrity of the licensable material or any device,
container or equipment containing licensable material.

(3) Preparation and submission of reports. Licensees and registrants shall make reports in
response to the requirements of this section as follows:

(a) Licensees and registrants shall make reports required by paragraphs (I) and (2) of this
rule by telephone to the Division.

1. The telephone number for the Division is:

(615) 532-0364 7:00 a.m. Central Time to 4:30 p.m. Central Time except
weekends and holidays

(615)741-0001 Tennessee Emergency Management Agency at all other
times.

2. To the extent that the information is available at the time of notification, the
information provided in these reports shall include:



(i) The caller's name and call back telephone number;

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

(iii) The exact location of the event;

(iv) The isotopes, quantities, and chemical and physical form of the licensable
material involved; and

(v) Any personnel radiation exposure data available.

(b) Written report. Licensees and registrants who make a report required by paragraph (1)
or (2) of this rule shall submit a written follow-up report within 30 days of the initial
report. This requirement may be satisfied by submitting written reports prepared under
other regulations that contain all necessary information and are appropriately
distributed. Licensees and registrants shall send these written reports to the Division at
the address given in 1200-2-4-.07. The reports shall include the following:

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

2. The exact location of the event;

3. The isotopes, quantities, and chemical and physical forms of the licensable
material involved;

4. Date and time of the event;

5. Corrective actions taken or planned and the results of any evaluations or
assessments; and

6. For each individual exposed:

(i) The name, Social Security number and date of birth. The report shall be
prepared so that this information is stated in a separate and detachable
part, and

(ii) The extent of exposure of each individual without identification of
individuals by name.

(4) This rule does not include doses that result from, and are within the limits for, planned special
exposures reported under 1200-2-5-.144.

Authority: T.CA. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment fled July 18, 2002; effective October
1, 2002.

1200-2-5-.142 REPORTS TO INDIVIDUALS OF EXPOSURE TO RADIATION.

(I) Licensees and registrants shall report radiation exposure data for an individual, including the
results of any measurements, analyses and calculations of radioactive material deposited or
retained in the body of an individual, as specified in this rule.



(2) Each licensee or registrant, at the request of any worker, shall advise such worker annually of
the worker's exposure to sources of radiation as shown in records maintained by the licensee
or registrant pursuant to Rule 1200-2-5-.135.

(3) Each licensee or registrant, at the request of a worker formerly engaged in licensed or
registered activities controlled by the licensee or registrant, shall furnish to the worker a
report of the individual's exposure to sources of radiation:

(a) 1. As shown in records maintained by the licensee or registrant pursuant to Rule
1200-2-5-.135 for each year the worker was required to be monitored under the
provisions of Rule 1200-2-5-.4 1; and

2. For each year the worker was required to be monitored under the requirements
in effect before January 2, 1993.

(b) This report shall:

1. Be furnished within 30 days from the time the request is made or within 30 days
after the exposure of the individual has been determined by the licensee,
whichever is later,

2. Cover the period that the worker's activities involved exposure to sources of
radiation licensed or registered by the Division; and

3. Include the dates and locations of licensed or registered activities in which the
worker participated during this period.

(c) The worker's request shall include social security number, dates and location of
employment or association and other appropriate identifying data.

(4) When a licensee or registrant is required under Rule 1200-2-5-.143 to report to the Division
any exposure of an identified occupationally exposed individual or an identified member of
the public to sources of radiation, the licensee or registrant shall also provide a copy of the
report submitted to the Division to the individual. Such report shall be transmitted at a time
not later than the transmittal to the Division.

(5) At the request of a worker who is terminating employment with the licensee or registrant that
involved radiation dose, or of a worker who, while employed by another person, is
terminating assignment to work involving radiation dose in the licensee's or registrant's
facility during the current year, each licensee or registrant shall provide at termination to each
worker, or to the worker's designee, a written report regarding the radiation dose received by
that worker from operations of the licensee or registrant during the current year or fraction
thereof. If the most recent monitoring results are not available at that time, the licensee or
registrant shall provide a written estimate of the dose. Estimated doses shall be clearly
indicated as such.

(6) Reports submitted under this rule shall:

(a) Be in writing;

(b) Include appropriate identifying data such as the name of the licensee or registrant, the
name of the individual and the individual's social security number,

(c) Include the individual's radiation exposure information; and



(c) Include data and results obtained under Division regulations, or conditions, as shown in
records maintained by the licensee or registrant under Division regulations

(d) Contain the following statement:

This report is furnished to you under the provisions of the Division of Radiological
Health of the Tennessee Department of Environment and Conservation regulations
entitled "State Regulations for Protection Against Radiation." You should preserve
this report for future reference.

Authority: T.C.A. §4-5-201 el seq. and 68-202-203 and 206. Administrative History: Original rule
filed July 18, 2002; effectiveOctober 1, 2002.

1200-2-5-.143 REPORTS OF EXPOSURES, RADIATION LEVELS, AND CONCENTRATIONS
OF RADIOACTIVE MATERIAL EXCEEDING THE LIMITS.

(1) In addition to the notification required by 1200-2-5-.141, each licensee and registrant shall
submit a written report within 30 days after learning of any of the following occurrences:

(a) Any incident for which notification is required by 1200-2-5-.14 1;

(b) Doses in excess of any of the following:

I. The occupational dose limits for adults in 1200-2-5-.50;

2. The occupational dose limits for minors in 1200-2-5-.55;

3. The limits for an embryo/fetus of a declared pregnant woman in 1200-2-5-.56;

4. The limits for an individual member of the public in 1200-2-5-.60;

5. Any applicable limit in the license or registration; or

6 The ALARA constraints for air emissions established under paragraph 1200-2-
5-.40(4); or

(c) Levels of radiation or concentrations of radioactive material in:

1. A restricted area in excess of any applicable limit in the license or registration;
or

2. An unrestricted area in excess of 10 times any limit set forth in these standards,
the license or registration; whether or not there is exposure of any individual in
excess of the limits in 1200-2-5-.60).

(d) Levels of radiation or releases of radioactive material exceeding EPA's generally
applicable environmental standards in 40 C.F.R. 190, or license or registration
conditions. This applies only if the licensee or registrant is subject to the standards.

(2) Contents of reports.

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



1. Estimates of each individual's dose;

2. The levels of radiation and concentrations of radioactive material involved;

3. The cause of the elevated exposures, dose rates or concentrations; and

4. Corrective steps taken or planned to ensure against a recurrence, including the
schedule for achieving conformance with applicable limits, ALARA constraints,
generally applicable environmental standards, and associated license or
registration conditions.

(b) Each report filed under paragraph 1200-2-5-.143(l) shall include for each
occupationally overexposed individual 9: the name, Social Security account number,
and date of birth. The report shall be prepared so that this information is stated in a
separate and detachable part.

(3) All licensees or registrants who make reports under (1) of this rule shall submit the report in
writing to the Division of Radiological Health, L&C Annex, 3rd Floor, 401 Church Street,
Nashville, TN 37243-1532.

Authorty: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January Z 1994. Amendment filed October 16, 1996; effective
December 30, 1996. Amendment filed July 18, 2002; effective October 1, 2002. Amendment filed

____; effective

1200-2-5-.144 REPORTS OF PLANNED SPECIAL EXPOSURES.

The licensee or registrant shall submit a written report to the Division of Radiological Health, L&C Annex,
3rd Floor, 401 Church Street, Nashville, TN 37243-1532 within 30 days following any planned special
exposure, The report shall inform the Division that a planned special exposure occurred and provide the
information required by 1200-2-5-.134.

Authority: T.C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulefiled October 19, 1993; effective January 2, 1994.

1200-2-5-.145 NOTIFICATIONS, RECORDS AND REPORTS OF MISADMINISTRATION.

(1) For a misadministration:

(a) The licensee shall notify by telephone the Division at the number given in Rule 1200-
2-4-.07 no later than the next calendar day after discovery of the misadministration.

(b) The licensee shall submit a written report to the Division at the address given in Rule
1200-2-4-.07 within 15 days after discovery of the misadministration.

1. The written report shall include:

(i) The licensee's name,

(ii) The prescribing physician's name,

(iii) A brief description of the event,

9 With respect to the limitfor the embiyoalfehs (12OL-2-5-.56). the kentifers should be those ofthe declaredpregnant voman.



(iv) Why the event occurred,

(v) The effect on the individual who received the misadministration,

(vi) What improvements are needed to prevent recurrence,

(vii) Actions taken to prevent recurrence,

(viii) Whether the licensee notified the individual (or the individual's
responsible relative or guardian) and if not, why not, and if there was
notification, what information was provided.

2. The report shall not contain the individual's name or any other information that
could lead to identification of the individual.

3. To meet the requirements of this rule, the notification of the individual receiving
the misadministration may be made instead to that individual's responsible
relative or guardian, when appropriate.

(c) The licensee shall notify the referring physician and also notify the individual receiving
the misadministration of the misadministration no later than 24 hours after its
discovery, unless the referring physician personally informs the licensee either that he
will inform the individual or that, based on medical judgment, telling the individual
would be harmful. The licensee is not required to notify the individual without first
consulting the referring physician. If the referring physician or the individual receiving
the misadministration cannot be reached within 24 hours, the licensee shall notify the
individual as soon as possible thereafter. The licensee may not delay any appropriate
medical care for the individual, including any necessary remedial care because of the
misadministration, because of any delay in notification.

(d) If the individual was notified, the licensee shall also furnish, within 15 days after
discovery of the misadministration, a written report to the individual by sending either

1. A copy of the report that was submitted to the Division; or

2. A brief description of both the event and the consequences as they may affect
the individual, provided a statement is included that the report submitted to the
Division can be obtained from the licensee.

(2) Each licensee shall retain a record of each misadministration for five (5) years. The record
shall contain:

(a) The names of all individuals involved (including the prescribing physician, allied
health personnel, the individual who received the misadministration and that
individual's referring physician, if applicable),

(b) The individual's social security number or other identification number if one has been
assigned,

(c) A brief description of the misadministration, why it occurred, the effect on the
individual, improvements needed to prevent recurrence and the actions taken to prevent
recurrence.
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(3) Aside from the notification requirement, nothing in this section affects any rights or duties of
licensees and physicians in relation to each other, to individuals receiving misadministrations,
or to that individual's responsible relatives or guardians. .

Authority: T.CA. §§4-5-201 et seq. and 68-202-203 and 206. AdmInistrative History: Original rule
filed July 18,2002; effective October 1, 2002.

1200-2-5-.146 THROUGH 1200-2-5-.149 RESERVED.

1200-2-5-.150 APPLICATIONS FOR EXEMPTIONS.

The Division may, upon application by a licensee or registrant or upon its own initiative, grant a specific
written exemption from these standards if the Division determines the exemption is authorized by law and
would not result in undue hazard to life or property.

Authority: T.CA. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed effective

1200-2-5-.151 ADDITIONAL REQUIREMENTS.

The Division may, by rule, regulation, or order, impose requirements on a licensee or registrant, in addition
to those established in these regulations, as it deems appropriate or necessary to protect health or to
minimize danger to life or property.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule fled October 19, 1993; effective January 2, 1994.

1200-2-5-152 VACATING PREMISES.

Each specific licensee shall, no less than 30 days before vacating or relinquishing possession or control of
premises, notify the Division in writing of intent to vacate. If the premises have been contaminated with
radioactive material as a result of his activities, the Department may require that the licensee decontaminate
or have decontaminated the location to a level for use as an unrestricted area, the details to be specified in
each case by the Division.

Authority: T.CA. §68-202-101 et seq. Administrative History: Original rule filed
effective

1200-2-5-.153 THROUGH 1200-2-5-.159 RESERVED.

1200-2-5-.160 VIOLATIONS.

A violation of any of these standards subjects the violator to possible civil and criminal penalties.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. Admiinistratve History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed ; effective
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1200-2-5--.161 SCHEDULES.

RHS 8-30

ANNUAL LIMITS ON INTAKE (ALI) 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 ALI or
DAC value. The ALls and DACs for inhalation are given for an aerosol with an activity median aerodynamic
diameter (AMAD) of I urm. micron. and for three classes (D.WY) of radioactive material, which refer to their
retention (approximately days, weeks. or years) in the pulmonarv region of the lung. This classification applies to a
range of clearance half-times for D if less than 10 davs, for W from 10 to 100 days, and for Y greater than 100 days.
The class (D. W. or Y) given in the column headed "Class" applies only to the inhalation ALls and DACs given in
Table 1, columns 2 and 3. Table 11 provides concentration limits for airborne and liquid effluents released to the
general environment. Table III provides concentration limits for discharges to sanitary sewerage svstems.

Note:

The values in Tables 1. 11. and IlI are presented in the computer "E" notation. In this notation a value of 6E-02
represents a value of 6 x I0 2 or 0.06, 6E+2 represents 6 x 102 or 600, and 6E+0 represents 6 x 100 or 6.

Table I "Occupational Values"

Note that the columns in Table I of this schedule captioned. "Oral Ingestion ALI." "Inhalation," "ALI." and "DAC,"
are applicable to occupational exposure to radioactive material.

The ALls in this schedule are the annual intakes of a given radionuclide by the reference man, which would result in
either a committed effective dose equivalent (CEDE) of 0.05 Sv (5 rem). stochastic ALI, or a committed dose
equivalent of 0.5 Sv (50 rem) to an organ or tissue, non-stochastic ALT. The stochastic ALIs 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 0.05 Sv (5 rem). The derivation includes multiplying the committed dose equivalent to an organ or
tissue bv a weighting factor, W,. This weighting factor is the proportion of the risk of stochastic effects resulting
from irradiation of the ornan or tissue, T. to the total risk of stochastic effects when the whole body is irradiated
uniformly. The values of w1 are listed under the definition of weighting factor in 1200-2-5-.32. The non-stochastic
ALls were derived to avoid non-stochastic effects, such as prompt damage to tissue or reduction in organ function.

A value of WI = 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 GI 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 skin, and lens of the eve are not considered in computing the CEDE
but are subject to limits that must be met separately.

When an ALI is defined by the stochastic dose limit, this value alone is given. When an ALI is determined by the
non-stochastic dose limit to an organ, the organ or tissue to which the limit applies is shown, and the ALI for the
stochastic limit is shown in parentheses. Abbreviated organ or tissue designations are used:

1. LLI wall = lower large intestine wall:
2. St wall = stomach wall:
3. Blad wall = bladder wall: and
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4. Bone surf = bone surface.

The use of the ALIs listed first, the more limiting of the stochastic and non-stochastic ALls, 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 ALI is limiting, the use of that non-
stochastic ALI is considered unduly conservative, the licensee or registrant may use the stochastic ALI to determine
the committed effective dose equivalent. However, the licensee or registrant shall also ensure that the 0.5 Sv (50
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 ALIs (ALI.
that contribute to the committed dose equivalent to the organ receiving the highest dose does not exceed unity, that
is, Z (intake [in ItCi of each radionuclide/ALI, .) s 1.0. If there is an external deep dose equivalent contribution of
H,. then this sum must be less than I - (H50), instead ofS 1.0.

Note that the dose equivalents for an extremity sklin, and lens of the eve are not considered in computing the
committed effective dose equivalent but are subject to limits that must be met separately.

The derived air concentration (DAC) values are derived limits intended to control chronic occupational exposures.
The relationship between the DAC and the ALI is given by:

DAC = AU! (in pC,)
(2000 hrs I working yr X 60 milhr X 2 x 1 4 ml /min)

ALI= 2 po Ci/mi2.4 X 10' "CM

where 2 x 104 ml is the volume of air breathed per minute at work by the reference man under working conditions of
li~ght work.

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

The ALT and DAC values include contributions to exposure by the single radionuclide named and any ingrowth 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 ALI and DAC 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 1200-2-5-.51. 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 radioisotopes. For this reason, values
are given for Class D. W. and Y compounds, even for very short-lived radionuclides.

Table 11 "Effluent Concentrations"

The columns in Table 11 of this schedule captioned "Air" and "Water" are applicable to the assessment and control of
dose to the public, particularly in the implementation of the provisions of 1200-2-5-.61. The concentration values
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given in Columns I 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 0.5 mSv (0.05 rem).

Consideration of non-stochastic limits has not been included in deriving the air and water effluent concentration
limits because non-stochastic effects are presumed not to occur at or below the dose levels established for individual
mcmbcrs of the public. For radionuclides, where the non-stochastic limit was governing in deriving the occupational
DAC. the stochastic ALI was used in deriving the corresponding airborne effluent limit in Table II. For this reason,
the DAC and airborne effluent limits are not always proportional, as was the case in the previous Schedule RHS 8-
1.

The air concentration values listed in Table II. Column I were derived by one of two methods. For those
radionuclides for which the stochastic limit is governing, the occupational stochastic inhalation ALI was divided by
2.4 x 1 relating the inhalation ALI to the DAC, as explained above, and then divided by a factor of 300. The
factor of 300 includes the following components: a factor of 50 to relate the 0.05 Sv (5 rem) annual occupational
dose limit to the I mSv (0.1 rem) limit for members of the public: a factor of three to adiust forthe 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 DAC in Table 1.
Column 3 was divided by 219. The factor of 219 is composed of a factor of 50, as described above, and a factor of
4.38 relating occupational exposure for 2.000 hours per year to full-time exposure (8.760 hours per year). Note that
an additional factor of two for aee considerations is not warranted in the submersion case.

The water concentrations were derived by taking the most restrictive occupational stochastic oral ingestion ALI and
dividing by 7.3 x 107. The factor of 7.3 x 107 (ml) includes the following components: the factors of 50 and 2
described above and a factor of 7.3 x 105 (ml). which is the annual water intake of the reference man.

Note 2 of this schedule provides groupings of radionuclides. which are applicable to unknown mixtures of
radionuclides. These groupings, including occupational inhalation ALls and DACs. 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 as being present, either from knowledge of the radionuclide composition of the source
or from actual measurements.

Table Ill "Releases to Sewers"

The monthly averace concentrations for release to sanitary sewerage are applicable to the provisions in 1200-2-5-
.122. The concentration values were derived by taking the most restrictive occupational stochastic oral ingestion ALI
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 a 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 5 mSv (0.5 rem).
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I LIST OF ELEMENTS

Name
Actinium
Aluminum
Americium
Antimony
Areon
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
Hvdroien
Indium
Iodine
Iridium
Iron
Krypton
Lanthanum
Lead
Lutetium
Magnesium
Maneanese
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
Ma
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
I
49
53
77
26
36
57
82
71
12
25
101

Name
Mercur
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
Tunesten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
Zinc
Zirconium

Symbol
Hlg
Mo
Nd
Np
Ni
Nb
Os
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se
Si
Ag
Na
Sr
S
Ta
Tc
Te
Tb
TI
Th
Tm
Sn
Ti

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
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Table ! Table 11 Table IllI
Occupational Values Effluent Concentrations Releases to

____ ____ ________ ____ ___ Sew ers
Atomic Radionuclide Class Col. I Col. | Col. 3 C'O. I Col. 2 Afonthlv

Ora Inhalation AveraeeI rar Water concn
Incestion DAC Auirm) (~/i rto

ALI WCD ALI NO) (uCimi u/

1 Hvdrogen-3 Water. DAC 8E+4 SE+4 2-5 I E-7 I E-3 I E-2
includes skin
anbsrption
Gas (HT or T.) Submersion': Use above values asHT and T2 oxi in ir and inthe ebodvylo HTC

4 Bervllium-7 W. all comnounds 4E+4 2E+4 9E-6 6E-4 6E-3
except those given
for Y
Y. oxides. halides. - 2E+4 8E-6 3E-8 :
and nitrates

4 BervIlium-l0 W. see 'Be IE+3 2E+2 6E-8 2E-10
LLI wall :11 5 21_4

Y_ YSeejBe :_ _ 1 6E-9 2E-I I :
| Carbon-l 1 Monoxide . IE+6 5E-4 2E-6

Dioxide 6E+5 3E-4 9E-7 :
Compounds 4E+5 4E+5 2E-4 6E-7 6E-3 6E-2

6 Carbon-14 &4onoxide _ 2E+6 7-E4 2E-6 _ _
Dioxide 2E+S 9E-5 3E-7
Compounds 2E+3 2E+3 1 E,-6 3E-9 3E-5 324

2 Fluorine-18' D. fluorides or H. Li. 5E+4 7E+4 3E-5 I E-7
Na. K. Rb. Cs. and St wall 7E4 7E-3
Fr (5±)
W. fluorides oftBe. : 9E+4 4E-5 IE-7 : :
MR. Ca. Sr. Ba. Ra.
Al. Ga. In. TI. As.
Sb. Bi. Fe. Ru. Os.
Co. Ni. Pd. Pt. Cu.
Aa Au. Zn. Cd. H.
Sc. Y. Ti. Zr. V. Nb
Ta. MnTc. and Re
Y. lanthanUm _ SE+4 3E-5 IE 7 : :

I fluoride
11 Sodium-22 D. all compounds 4E+2 6F+2 3E-7 9E-10 6E-6 6E-5
11 S~odium-24 -Dall compounds 4E+3 5F+3 2E-6 72-9 S5E-5 5E4
12 Maenesium-28 D. all compounds 7_+2 2E+3 7E-7 2E-9 2-6 92-5

except those given
for W
W. oxides, I E+3 5E-7 2E-9 :
hydroxides. carbides.
halides. and nitrates

1 Aluminum-26 D. all comnounds 4E+2 6E+1 3E-8 9E-1I 6E-6 6E-5
except those given
for W
W. oxides. 9E+1 4E-8 lE-10 :
hydroxides. carbides.
halidesqandnitrates

14 Silicon-31 D. all compounds 9E+3 3E+4 I2-5 4E-8 IE-4 I E-3
except those given
for W and Y
W. oxides, 3E+4 I- 5F.-8 :
hvdroxides. carbides.
and nitrates
Y. aluminosilicate 3E+4 I E-5 4E-8 :

_ _glass
14 Silicon-32 _ 2E+3 2E+2 12-7 3E-1014 il=-- = -7 HE= =_



I Page 66 of 1861869 Pages

Table [il
Table I Table 11 Releases to

Occupational Values Effluent Concentrations Sewers

Atomic Radionuclide Class Col. I Cot. 2 CoL. 3 Col. 1 Colt 2 Monthh
N Inhalation Average

nesinAir water Concen-
.A11 NO) D (uCvml) (uCi/ml) trotion
A L I (u i' l, ii i (IuC VI/mf __ _ __ _ __ _ _ __ _ __ _ _ 4pim

D. see 3 Si LLI wall 4E-5 4E4
_ _ _ _ _ _ _ _ _ _ _ _ _ ( E + 3) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

W. see''Si : IE+2 SE-8 2E-lo : :

.- Y.see _ IS_ 5E+O 2E-9 7E-12 :
15 Phosphomis-32 D. all compounds 6E+2 9E+2 4E-7 IE-9 9E-6 9E-5

except phosphates
given for W
W. phosphates of 4E+2 2E-7 5E-10 :

Z92t3+ M.2

Fe'+. Bj 3+. and
. _ _ _lanthanides .

| 5 Phosphorus-33 D. see6E 8E+3 4E-6 I E-8 8E-5 8E-4
_ W. se e ~P 3E+3 I E-6 4E-9 :

| 16 Sulfur-35 Vapor _IE+4 6E-6 2E-8
D. sulfides and IE+4 2E+4 7E-6 2E-8
sulfates except those LLI wall : : I E-4 I E-3
given for W (8E+3)
W. elemental sulfur. 6E+3 2E+3 9E-7 3E-9:
sulfides of Sr. Ba.
Ge. Sn. Pb. As. Sb.
Bi. Cu. A°. Au. Zn.
Cd. H°. W. and Mo.
Sulfates of Ca. Sr.
Ba. Ra As. Sb. and
Bi _ _ _

17 Chlorine-36 D. chlorides of H. 2E+3 2E+3 I E-6 2E4
Li. Na. K. Rb. Cs.
and Fr
W. chlorides of 2E+2 I E-7 3E-10 .
lanthanides. Be. M°.
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. fi. Sc.
Y. Ti.Zr.Hf. V. Nb.
Ta. Cr. Mo. IV. Mn.
_TsJOnd Re

.17 Chlorine-382 D. see 'CI 2E+4 4E+4 2E-5 6E-8
St wall _ : 3E-4

_V_ see CI _ SE+4 2E- 6E-8 :
Chlorine-39~ D. see J°CI 2E+4 5E+4 2E-5 7E-8

St wall : : : SE4 SE-3
_ _ _ _ _ _ _ _ _ _ _ (4E ±4) _ _ _ _ _ _ _ _ _ _ _ _ _ _

_W see 0Cl : 6E+4 2ES 8E-S
18 Arcon-37 Submersion I E+O 6E-3 : :
8I Arcon-39 Submersion 2E-4 8E-7

I 8 Arcon4I Submerion 3E-6-8
1912 Potassium40 pall compounds E+2 4E+2 2E-7 6E-10 4E-6 4E-5
1j9 Potassium42 D,.all compounds 5E+3 SE+3 2F-6 7E-9 6E-5 6E-4
19 Potassium-43 D all comp tmds 6E+3 9E+3 4E-6 I E-8 9E-S 9E-4
19 Potassium-44 D. all compounds 2E+4 7E+4 3E-5 9E-8

St wall SE E-3

19 D all compounds _E+4 1E+5 5E- 2E-7
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Table I Table 11 Table toI
Occupational Values Effluent Concentrations Releas

Atornic Radiomiclide Class Col. I Col. 2 | col. 3 Col. 1 Col. 2 fon t/h
No. R i Inhalation Averae

. Air Water Concen-
Ineetion ALI NO) DA (u!Ci/mfl (uCi/mi) tration
ALI (uCi ~ fiucilmI) El____MCI____ 1ifi~)

Potassium-45 2  St wall : : 7E-4 7E-3
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15E +4)_ _ _ _ _ _ _ _ _ _

20 Calcium-41 W. all compounds 3EE+3 4E+3 2E-6
Bone surf Bone surf E-9 6E- 6E4

(_E+_31 (4E+3)
20 Calcium-45 W. all compounds 2_±3 8E+2 4E-7 I E-9 2E-5 2E-4
20 Calcium-47 W all compounds 8E+2 9E+2 4E-7 I E-9 I E-5 IE-4
21 Scandium-43 Yall compounds 7E+3 2E+4 9E-6 3E-R 1 E4 I E-3
21 Scandium-44m Y~AL compounds 5E+2 7E+2 3-E-7 I E-9 7E-6 7E-5
21 Scandium-44 Y. all compounds 4E+3 I E+4 5E-6 2E-8 SE-5 5E-4
21 Scandium-46 Y all compounds 9E+2 2E+2 IE-7 3E-10 IE-5 IE-4
21 Scandium-47 Y. all compounds 2E+3 3E+3 IE-6 4E-9 -

LLI wall : : : 4E-5 4E-4
. (3E+3)

21 Scandium48_Y. all componds 8E+2 _IE+3 6E-7 2E-9 I E-5 IE4
21 Lcandium49" Y. all compounds 2E+4 5E+4 2E-S 8E-8 3E-4 E-3
22 Titanium44 D. all compounds 3E+2 IE+1 5E-9 2E-1 I 4E-5

excent those given
for W and Y
W. oxides, 3E+I I E-8 41E-1
hydroxides. carbides.
balides and nitrates

Y. SrTi 6E+ 2E-9 8-12
22 Titanium-45 D.see i 9E+3 3E+4 iE-5 3E-L IE-4 IE-3

-see-r; 4E+4 IE-5 SE-8 : :
-eW ~ 3E+4 I__E-S__ 4E-8 : -

Vanadium471 D. all compounds 3E+4 8E+4 3E-5 IE-7 - -

except those given St wall 4E-4 4E-3
forLW (3EQ4)
W. oxides. I E+5 4E-5 I E-7
hydroxides. carbides
and halides

23 Vanadium-48 D, see y 6E+2 IE+3 5E-7 2E-9 9E-6 9-
. W. see4 'V 6E+2 3E-7 9E-10 : :

2 Vanadium49 D. see V 7E+4 3F+4 IF -5

LLI wall Bone surf 5E-8 I E3 IE-2
_9E+4) (3E± _

W._see 4 'V _ 2E+4 8E-6 2E-8
24 Chromium48 D. all comnounds 6E+3 I E+4 5E-6 2E-8 8E-5 gE-4

except those given
for W and Y .

W. halides and : 7E+3 3E-6 IE-8 : :
nitrates
Y. oxides and f+3 3E-6 I E-8
hybdroxides ___ _ _ _ __ _ _ _ _

24 Chromrim492 Die4Cr 3E+4 LE+4 4E-- IE-7 4E-4 4E-3
W.see4 Cr : IE+5 4E-5 IE-7 -:

_ Y. see4 4Cr 9E+4 4E-5 IE-7-
24 Chromium-51 D see 4 Cr 4E+4 2E+4 __-_ 6E8 5E-4 SE-3

Wee 44Cr 2E+4 I E-8
I Yse 4 4Cr 2E+4 8E-6 3E-8 _

U Manaanese-512  D. all compounds 2E+4 5E+4 2E-5 7-8 3E-4 3E-3
except those given
for W .
W. oxides, 6E+4 :E-8
hydroxides, halides.

_____ ____ _____ _____ ____ and nitrates _ _ _ _ _ _
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Table I Table If Table III
Occunational Values Effluent Concentrations Releases to

____ ____ ___Sewers

Atomic Radionuclide Class Cl. I Cal. 2 Cl 3 Col. I Cal. 2 Monthri
No. Inhalation Averaee

OrlAir Wte oc-
Inzestion DuAClh Watermf trtonen
ALI (IiCi' ALI (tCi) (11Ci/ml UI)l Rill t

25 Manaanese-52m 2  D. see ' Mn 3E+4 9F+4 4F-5 1 E-7
St wall 5E4 5E-3

__ (4E+4)
. W see-'Mn : IE+S 4E-5 IE-7 : :

25 tvlancanese-52 D see 'Mn 7E+2 IE+3 5 2E-9 IE-5 IE-4
. W. see5Mn 9E+2 4E-7 I E-9

25 Maneanese-53 D.eMn 5E+4 I E+4 5E-6 7F-4 7E-3
- onesurf 3 :

12E+4)

___W. see 'n I 2E+4 5-6 2-8 :
25 Mananese-54 Dsee "Mn 2E+3 92E+2 4E-7 I E-9 -4

._W. see5'Mn 8E+2 3E-7 IE-9 :
25 Maneanese-56 D. see "Mn 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4

_ see5'NMn : 2E+4 9E-6 3E-8 :
26 Iron-52 D. all compounds 9E+2 3E+3 IE-6 4E-9 IE-S 1E-4

except those given
for W
W. oxides, 2E+3 I E-6 3E-9
hydroxides. and

_ _ halides
26 Iron-55 D. see 'Fe 92E+3 2 E+3 8E-7 3E-9 1I-4 IE-3

_ W. see Fe 4+3 2-6 6E-9
26 Iron-59 Psee '2Fe 8E+2 3E+2 LE-7 S -l0 IE-5 1E-4

_ W. see 5E32+2 2E-7 7E-L1 :
| 26 Iron-60 Dsee 'Fe 3+1 6E+0 3 E-9 9E-12 4E-7 42-6

W. see ' Fe : 2E+1 8E-9 3E-I I :
27 Cohalt-55 W. all compounds I E+3 3E+3 I E-6 4E-9 2E-5 2E-4

exceot those given
for Y _ _ _ _ _ _ _ _ _ _ _

Y. oxides. 3+3 I E-6 4E-9
hydroxides. halides.
and nitrates

27 Cobalt-56 W see "Co SE+2 32E+2 IE1-7 4E-10 6E-6 6Ei-5

Y.see 5'iCo 4E+2 2E+2 82-8 3E-10 :
| Cobalt-57 W.se 8E+3 3E+3 IE-6 4E-9 6E-5 6E-4

_ Y.se "Co 4E+3 7E+2 3E-7 9E-10 : :
27 Cobalt-58m W. see "Co 6E+4 9E+4 4E-S I -7 82-4 8E-3

2_ = e Co : 6E+4 43-5 I9-7 8 -

2| 7 Cobalt-58 WV see "Co 2+3+ 5E-7 E-9 2E-5 2E-4
_Y. see'Co 7EI EE+2 3E-7 IE-9 : .

27 Cohalt.6OmZ W. see "Co I E+6 4F+6 2E-3 6E-6
St wall : : : 2E-2 2E-I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ (IE+F ±_ _ _ _ _ _ _ _

-Ys C : 32E+6 . I-3 4E 6
27 Cobalt-60 W see"Co 5E+2 2E+2 7E-8 2E-10 3E-6 3E-5

Y see"Co 2E+2 32E+ I E-S 5E:1L
27 Cobalt-61 2  W see "CQ 2E+4 6E+4 3E-5 9E-8 3E4 32-3

_Y.see 'Co 2E+4 6E+4 2E-5 82E-8 _
Cobalt-62m" W. see "Co 4E+4 2E+5 7E-5 2E-7 - -

St wall : : : 71-4 7E-3
II5E±4) .

Y. see 'Co : 2F+S 6E-5 2E-7 : :
28 Nickel-56 D. all compounds IE+3 2E+3 8E-7 3E1-9 2E-4

except those given
for W. _ __ _ _
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TablelI Table IT Table III
Occunational Values Effluent Concentrations Releases to

____ ___ ___ Sewvers
Atomic Radionuclide Class Col I Colt 2 COt.i Col. I Co. 2 Avf

OrlInhalation Average
lnaestion DAC Air Water Corlce"-
ALI (uCi) ALI) (uCi/mh (u!imI) (ul Ci/m) fration

W. oxides. IE+3 SE-7 2E-9 :
hydroxides, and
carbides

Vapor- I E+3 5E-7 2E-9 -
2 Nickel-57 D.ee~ 5N, + 2E-6 7E-9 2E-5 2E-4

W.see 'LNi : 3E+3 I E-6 4E-9
_ _ Vpor 6E+3 3_E-6 9E-9

| 28 Nickel-59 D. see '°Ni 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3
Wsee 'Ni : 7E+3 I E-8 I:_ :

. Vapor 2E+3 8E-7 3E-9
28 Nickel-63 D see '°Ni 9E+3 2E+3 7E-7 2E-9 I E- IE-

W see '°Ni 3E+3 I E-6 4E-9 _
- Vpomr SE±2 3E-7 I E-9

| 2 Nickel-65 D. see 'Ni SE+3 2E+4 IE-5 3E-8 IE-4 IE-3

W. see 'Ni - 3E+4 I 4E- 8 4 :
_ apor 2E+4 7E-6 2F.-8

28 Nicklel-66 D. see '°Ni 4E+2 2E+3 7E-7 2E-9 :
LLI wall - : : 6E-6 6E-S
(5E+2)

W.see ' 6EN-+2 3E-7 9E-10 : :
yapor 3E+3 I E-6 4E-9

29 Conper-60 D. all compoonds 3E+4 9E+4 4E-5 I E-7
excent those given St wall 4E4 4E-3ror W and Y (3E+4)
WV. sulfides. halides. I 1E+5 SE-S 2E-7 -
and nitrates
Y. oxides and I E+S 4E-5 I E-7
hydroxides

| 29 Coper-61 D. ee °Cu E+4 3E+4 I E-S 4E-8 2E-4 2E-3
W. see °Cu 4E+4 2E-5 6E-8 : :

-Ysee Cu 4E+4 I E-5 SE-8
2 Copper-64 _se _ C _ I E+4 3E+4 IE-5 4E-8 2EL4 2E-3

WZCu 2E+4 IE.S 3E-8 :
._ ._._see _ Ct: 2E+4 9E-6 3E-8 : :

29 Conper-67 D.sCee"'Cu. SE+3 8E+3 3E-6 I E-8 6E-5 6E4
U'. see lCu _ SE+3 2E-6 7E-9 _ :
Y.___ seeCu SE+3 2E-6 6E-9

30 Zinc-62 Yallcornpounds IE+3 I 3E+3 IE-6 4F-9 2E-5 2E-4
30 Zinc-632  Y. all compounds 2E+4 7E+4 3E-S 9E-8

St wall 3E-4 3E-3

30 Zinc-65 Y. al compounds 4E+2 3E+2 IE-7 4E-10 SE-6 5E-5
30 Zinc-69m Y all compounds 4E+3 7E+3 3F.-6 IE.S 6E-5 6E-4
30 Zinc-69t Y. all compounds 6E+4 I E+S 6E-5 8E4 8E-3
30 Zinc-71m Y all compounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E4
30 Zinc-72 Y.-all compounds I E+3 I E+3 5E-7 2E-9 IE-5 IE4
3 1 Gallium-65 D. all compounds 5E+4 2E+S 7E-S 2E-7

except those given St wall-__ 9E4
fbro (6E+4) _
W. oxides, 2E+5 8E-S 3E-7
hydroxides. carbides.
_halides a~ndnnirates _ _

31 Gallium-66 D see°'Ga I E+3 4E+3 I E-6 SE-9 I E-iS LE4
_ XV see°'nGa 3E+3 IE-6 4E-9 :

i31 Gallitim-67 ~eeGa 7E+3 IE+4 6E-6 2E-8 LE-4 I-
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Table I Table 11 Tableae III
Occupational Values Effluent Concentrations Rleaes

Atomic Radionuclide Class C _.) Co.L 2 Col. 3 Col. I Cot. 2 Aonth
No. Inhalation Averaze

Ineestion DAC Air MVateiCffn
ALI (uCA ALI (uCi) (uICI) (uCVml) (uCi/ml' tration

W see °Ga 1E+4 | 4E-6 IE-8 :

| i Gallium-68 2  D see 'Ga 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W see °'Ga : SE+4 2E-5 7E-8 :

it Gallium-70' D. see °'Ga 5E+4 2E+5 7E- 2E-7
St all I E-2

. (7E+4)
Wse a 2E+5 SE-5 3E-7 : :

31 Gallium-72 Dp see 'Ga IE+3 4E+3 I E-6 5E-9_ _2-S 2E-4[ W. see °'Ga 3E+3 I E-6 4E-
| IL Gallium-73 D. see°'Ga 5E+3 2E+4 6E-6 2E-8 7E-S 7E4

-W. see °'Ga 2E+4 6E-6 2E-8 :
32 Germanium-66 D. all compounds 2E+4 3E+4 IE-5 4E-8 3F-4 3E-3

except those eiven
for W
W. oxides. sulfides. 2E+4 8E-6 3E-8

_____ ,and halides _
32 Germanium-67- D. see "'Ge 3E+4 9E+4 4E-5 I E-7 -

St wall 6E-4 6E-3
(4E+4)

W.isee °°Ge I5E+5 I E-7 :
| 2 Germanium-68 D. see °Ge 5E+3 4E+3 2E-6 SE-9 6E- 6E-4

. W. see °Ge : I E+2 4E-8 IE-10 : :
32 Germanium-69 p. see °°Ge I E+4 2E+4 6E-6 2E-8 2E-4 2E-3

__W._se_°Ge _8E+3 3E-6 IE-8 _ :
7 Germanium-71 D see°°Ge SE+5 4E+S 2E-4 6E-7 7E-2

W.p eeGe 4E+4 2E-5 6E-8
32 Germanium-752 D. see °Ge 4E+4 8E+4 3E-5 I E-7

St wall 9 E 4 9E-43
(TE+4)

. W. eeGe : 8E+4 - _4E-5 IE-7 : :
32 Gernanium-77 D see °Ge 9E+3 I E+4 4E-6 ILE-8 IE-4 IE-3

_Wsee WGe : 6E+3 2E-6 8E-9 :
I3 Germanium-78Z D. see °Ge 2E+4 2E+4 9E-6 3E-8 =_____

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

W. ee °Ge 2E+4 9E-6 3E-8 _
3 Arsenic-69' W. all compounds 3E+4 I E+5 5E-5 2,E-7

St vall 6E-4 6E-3
. L4E+4)

I3 Arsenic-70 W. all compounds IE±4 2 E-5 7_-8 2E-4 _ _

33 Arsenic-71 WXAi compounds 4E+3 5E+3 2E-6 _F.-_9 SE-55 5F.-4
33 Arsenic-72 W. al Icompunds 9E+2 I E+3 6E-7 2E-9 I E-5 IEE4
33 Arsenic-73 W. lL compounds 8E+3 2E+3 7E-7 2E-9 IE-4 I E-3
33 Arsenic-74 -Wll compounds I E+3 8E+2 3E-7 I E-9 2E-5 2E-4
33 Arsenic-76 )ValcQompQ nds I E+3 IE+3 6E-7 2E-9 I E-5 IE4
33 Arsenic-77 W. all compounds 4E+3 5E_3 2E-6 7E-9

LLI wall : 6E-5 6E-4
. ... , . LE+3)

33 Arsenic-78" W. all compounds 8E+3 2E+4 9E-6 3E-8 IE-4 IEu3

34 Selenium-702  D. all compounds 2E+4 4E+4 2E-5 5E-8 I E-4 I E-3
except those given
for W_
W. oxides, I E+4 4E+4 2E-5 6E-8 : :
hydroxides. carbides.
and elemental Se
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Table I Table 11 Table 111
Occupational Values Effluent Concentrations ers

Atomic Radionuclide Class Col. I Col.2 Col. 2 M.onthl.
nhra1 Inhalation Wtveraee

IptinDC A ir Water Concen-
ALI (uCf ALI (uCi) (ucl/ml) (ui/ml) (tCi/mi) 'ration

34 SelenitlIm-73m D. see '0Se 6E+4 2E+S -5 2-7 4E-4 4E-3
e Se 3E+4 IE+5 6E-5 2E-7 : :

34 Seleniumi-73 , see iSeq 23=+ IE+4 5F.-6 2E-8 4E-5 4E4
W see 22Se 2E+4 7E-6 2E-8

| 34 Selenium-75 D, see USe 5E+2 7E+2 3E-7 IE-9 7E-5
_ W. see 7"Se 6E+2 3E-7 8E-10

| 4 Selenium-79 D. see IuSe 6E+2 8E+2 3_E-7 I E-9 8E-6 8 E-5

W. e se_ 6E+2 2E-7 8E-10
24 Selenium-81m2  D see 'USe 4E+4 7E+4 3E5 9E- 3E-4 3E-3

_W see tSe 2E+4 7E+4 3E-5 I E-7 :
34 Selenium-8 L1 D. see '°Se 6E+4 2E+5 9E-5 3E-7

St wall : I E-3 I E-2
_ _ _ _ _ _ _ _ 8E+4) .__ __ _ _

_ W see "'Se 2E+5 IE-4 3 _ -7
j 4 Seenium-832 D. see dUSe 4E+4 IE+5 5E-5 2E-7 4E24 4E-3

W._see-,e 3E+4 IE+5 52E-7 : :
3I Bromine-74mn D. bromides of H. I E+4 4E+4 2E-5 5E-8 - _

Li. Na. K. Rb. Cs. St wall 3E4E3E-4
and Fr C2E+4' _ __ L

W. bromides of 4E+4 2-5 6E-8
lanthanides. Be. Me.
Ca. Sr. Ba. Ra. Al.
Ga. In, Tl. Ge. Sn.
Pb. As. Sb. Bi. Fe.
Ru. Os. Co. Rh. Ir.
Ni. Pd. Pt. Cu. A.
.Au. Zn. Cd. Mt. Sc.
Y. Ti. Zr. Hf. V. Nb.

. _ Ta. Mn. Tc and Re
i5 Bromine-74" D. see 4mBr 2E+4 7E+4 3E-5 1E-7

St wall : : : 5E-4 5E-3
(4E+4)

_E Bromine-75 D see ImBr 3E+4 5E+4 2E-5 7F-8
St wall : : 5E-4 SE-3

_ . W. see '5EBr -+4 2E-5 7E-8

| Bromine-76 D.see =mBr 4E+3 5E+3 2E-6 7E-9 _5E __JE-

._ W.se '4 Br : 4E+3 2E-6 E -9

| 3 Bromine-77 D.see Br 2E+4 2E+4 I E-5 3E-8 2E-4 2E-3

I W. ee d4mBr _ 2E+4 8E-6 3E-8 : :
| Bromine-80m D. see 4mBr 2+4 2E+4 73-6 -8-4 3

. W.see m B : I E+4 6E-6 2E-8 : :
35 Bromine-802 D. sce '-eB, 5E+4 2F+5 8E-5 3E-

Stvall I : E-3 I E-2
(9E+4)

NVSo 4, _ 9~
.____________ W~see Irn'Br , 2E+5 9E~ 5 E7

35 Bromine-82 D. see ' 4mBr 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

. W. see i4m-r 4E+3 2E-6 5E-9
35 Bromine-83 D see mBr _+4 62+4 3E-5 9E-8

St a94 9E-3

_ _ _ _ W. e ne i4 Br 6 9E-8
35 2E+4 6E+4 2E-5 8E-
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Table I Table !! Table s 1t
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class COLI Col. 2 Col 3 Ccl.1 Col. 2 AMonthh'

No. 2~ Inhalation ArAveraze
Inoestion DAC ir Water Concen
ALI (iCi'n ALI (uCi) (uCi/ml) (uCvml) (uCi/ml) tration

_ _ _ _ _ _ _ _ __ _ 11__ _ __ _ _ _ _ _ 6 ~ / IBromine-84 2  D. see 74mBr St wall 4E4 4E-3
(IE+4) _ _ _ _ __ _ _ _ _ _ _ _ _ _

W.see B - 6E+4 - 9E-8 : :
_6 Kyvton-742 Submersion : 3E-6 1E-8 _ __ :

36 Krvoton-76 bm¢E6on - . : 26 4E-8 :
36 Kn ton-77V _rbmersion' 4E-6 2E- 8

36 Krton-79 Submersion 2E-S 7E-S :-:
36 Krvoton-81 Submersion : 7E-4 3E-6 :_:

-6 Kry1ton-83mr Submersion' : : IE-2 SE-S :_:
36 KnOton-S5m Submersion' 2E-5 IE-7
3_ Krypton-85 Submersion' -IE-4 7E-7 |

36 KrtonS7-8 Submersion' 5 : SE-6 2E-8
_6 Krvrfton-88 Submersion_ : : 2E-6 2E-92 :

37 Rubidium-79- D. all compounds 4E+4 IE+5 5E-5 2E-7
St wall 8E-4 8E-3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (6E + 4) _ _ _ _ _ _ _ _ _ _

22 Rubidium-81m2 D. all compounds 2E+5 3E+5 IE-4 SE-7 -
St wvall : : : 4E-3 4E-2
(3E+5)

3? Rubidium-8I D all compounds 4E+4 5E+4 2E-5 7E-8 5E-4 5E-3
37 Rubidium-82m D. all compounds I F+4 2E+4 7E-6 2E-8 2E-4 2E-3
37 Rubidium-83 Q all compppnds 6E+2 I E+3 4E-7 _E-9 9E-6 9E-5
37 Rubidium-S4 D. all compounds SE+2 8E+2 3E-7 1E-9 7E-6 7E-S
37 Rubidium-86 D. all compounds SE+2 8E+2 3E-7 I E-9 7E-6 7E-5

37 Rubidium-87 D all compopnds I E+3 2E+3 6E-7 2E-9 I E-5 IE-4
37 Rubidium-88S D. all compounds 2E+4 6E+4 3 E-5 9FE-8

St wall : : : 4E-4
(3E+7 4)

37 Rubidium-S9 D. all comomunds 4E+4 1 E+5 6E-5 2E-7
St wall : : : 9E-4 9E-3
(6E±:)

3S Strontium-80 D. all soluble 4E+3 IEE+4 SE-6 2E-8 6E5 6EE4
compounds except
SrTiO1  .
Y. all insoluble com- I IE+4 SE-6 2E-8 : :

l pou ndsand Sr~iO
| _ Strontium-8SI D.__see _r ^E_ 3_E+4 3 E-S I E-7 3E-4 3E-3

_ _ _ Y.jsee 8Sr 2E+4 SF+4 3E-5 I E-7 :
Strontium-S2 D. see "'Sr 3E+2 4E+2 2E-7 6E-10

LLI wall 3E-6 3E-5
_ (2E+)2

Y._ seeSr_ 2E+2 9E+I 4E-8 E-1
38 Strontium-83 D_ see'OSr 3E+3 7E+3 3E-6 I E-S 3. 3 E4

_ _ Y.seeM!LSr 2E+f 4E+3 I F-6 5 _ :
2| 2 Strontium-85m 2  D ec Sr 25 6E+5 3E-4 9E-7 3E3 3E-2

Y._ see bSr | SE+-S 4E-4 I E-6_ :
38 Strontium-85 -Dsee Sr 3E+3 3E+3 IE-6 4E- 4E-5 4E4

_ _Y see bSr : 2E+3, 6E-7 , 2_
| Strontium-87m D see "Sr IaEm+S 5E-S 2E-7 6E-4 6E-3

Y see " Sr .4E+4 2E+S 6E-S 2E-7 :
. 8 Strontium-89 D. see "S _E+2 8 E+2 4E-7 E-9

LLI wall 8E-6 SE-5
(6E±2) _ __ _ _

Ie buSr IE+2 6E-8 2E-10 :
3 Strontium-90 3E+1 2E+1 8E-9
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Table I Table 11 Rebleae tII
Occoational Values Effluent Concetrations Sewers

Atomic Radionuclide Class Col. I Coo. 2 C 3 Col. I Cot. 2 Monthly
NoQ. . Inhalation Averaze

.Ineesion AL I Air Water Concen-AInaestioi ALI (pCi) filiiml) (mCi/mI) "rtion

D. see OSr Bone surf Bonesurf 3E-l I 5E-7 5E-6
(4E+) 21E+I)

-_ . _ Y. see Sr 4E+O 2E-9 6E-12
Ls Strontium-91 D iSr 2E+3 6E+3 2E-6 8E-9 2E-S 2E-4

_ _Y. see Sr : 4E+3 IE-6 5E-9 .
. 8 Strontium-92 D see uSr 3E+3 9E+3 4E-6 IE-8 4E-S 4E-4

Y. uSr: 7E+3 - I 9E-9 : :
39 Yttrium-86m2 V W. all compounds 2E+4 6E+4 28E-8 3E4 3E-3

exceDt those given
for Y
Y. oxides and 5E+4 2E-5 8E-8 _
hvLdroxides . . ._ .

39 Yttrium-86 W.see "'Y IE+3 3E+3 ILE6 5E 9 2E-5 2E-4
Y see m y 3E+3 IE-6 5E-9 :

| Yttrium-87 W. see _____ 2E+3 3E+3 IE-6 5E-9 3E-4

_ YeebnmY - 3E+3 IE 6
r Yttrium-88 *V seet! my IE+-3 3E+2 E-7 3E-10 E-IE-

I Y seem 'Y 2E+2 IE-7 3IE-10
|9 Ynrium-90m yW. c m Y 8E+3 IE+4 5E-6 2E-8 IE-4 I E-

Ye s mY 5E-6 2E-8

3 Yttrium-90 W. see ""Y 4E+2 7E+2 3E•- 9E-10 -

LLI wall -7E-6 7E-5
(5E+21

Y.see m
Y 6E+2 3E-7 9E-10

39 Yttrium-91m 2  W. seebmy IE+5 2E+5 E4 3E-7 2E-2
.2.se _:E+S 7E- 2E72_ _ _ _y~seei

0m
y -2E+-5 ___ ___ 2u2

39 Yttrium-91 W. see"'Y 5E+2 2E+2 7E-8 2E-10
LLI wall E-6 8E-5
(6Fi+2)

Y.see 0m Y | IE+2 5E-8 2E-10 _:
39 Yttrium-92 W.-sec Y 3E+3 9E+3 4E-6 1E 4E-S 4E4

Y._ seomy _ 8E+43 IE--.- _

_2 Yttrium-93 W. 5eeH1y IE-6 4E-9 2E-5 2E-4
Y see -ony 2E+3 I E-6 3 E-9

39 Ynrium-942 W. see ""Y 2E+4 8E+4 3E-5 I E-7
St wall : : 4E4 4E-3
(3E+4 _

-s Sy 8E+4 3E-5 I E-7 :
2 | Y ctrim-95c W. see 4E+4 2E+5 6F-5 2E-7

St wall : : : 7E-4 7E-3
______ _____ _____ (5E + 4) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__ _ Y. see b~mY 6E-S 2Ei :
40 Zirconium-86 D. all compounds IE+3 4E+3 2E-6 6E-9 2E-5 2E-4

except those eiven
for W and Y
W. oxides, . . IE-6 4E- :
hydroxides, halides.
and nitrates . _ _ __ _ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__ _Ywrbide 2E+3 I E-6 3E-9
40 Zirconium-88 D see 'Zr 4E+3 2E+2 9E-8 3E-10 5E5 E-4

WieZr : 5E+2 2E-7 7E-10
__ Y see bZr _ 3E+2 I E-7 4E-l0 :0

40 Zirconium-89 D see bDZr 2E+3 2 ftl I E-S6 2E- 4
W seem °7r 1 2E+3 IE-6 3E-9 :
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Table [IfTable I Table 11 Releases to
Occupational Values Effluent Concentrations Sewers

Atomic Radionuclide Class Cot. I Cot 2 I Col. 3 Col. I Col. 2 Monthh
No. na Inhalation -lveraee

Oralr Water Coneen-

ALI rci2 ALT (uCiN ) Nlml (uCVml) (WtI Vm) tratio
IL ui uini)______ (uYi/Ni

Y 2E+3 I E-6. 3E-9
40 Zirconium-93 D. see 8Zr IE+3 6E+O 3E-9

Bone surt Bone Surf _ 2E-11 4E-5 4E-4
(3E+3) _ _E_ __

W. see '°Zr 2E+l IE-8
Bone surf 9E-I I :
(6ESl) I

Y. seeZr g 6F.+l 2F-8
: Bonesurf : 9E-I I

40 Zirconium-95 D. see "Zr I E+3 I E+2 5F-8 2F.-5 2E4
- Bone surf 4E-10 : :

_ _ _ _ _ _ _ (3FL±2) _ _ _

W. see "°Zr 4E+2 2E-7 SE-IL :

_ Y. sce Zr 3E+2 IE-7 4E-10 :
40 Zirconium-97 D see brZr 6E+2 2E+3 XE-7 3E-9 9E-6 9E-5

W seeb r : IE-ff 6E-7 2 :
Y. see Zr : IE+3 E7 2E-9

41 Niobium-88' W. all compounds _ E+4 2E+5 F. 3E-7
except those given St wall I E-3 I E-2
for Y (7E+4)
Y. oxides and 2E+5 9E- 3E-7
hydroxides . . -

41 Niobium-892  W. see 'Nb IE+4 4E+4 2E 6E-8 I E-4 IE-3
(66 min) Ye bNb . 4E+4 2E-5 5E-

41 Niobium-89 W. see "'Nb SE+l3 2E+4 8E-6 3E-8 7E-4
(122min) _Yset!!Nb : 2E+4 6E-6 2E-8 : ,

41 Niobium-90 W.see Nb IE+3 3E+3 4E-9 IE-S IE-4

Y. see aNb 1E2 |
. Niobium-93m W. see bNb 2_Eff 2E+3 SE-7 3E-9

LLI wall : _ 2E-4
(I [+4) __ _ _ _

. Y_ ee6Nb 2E+2 7E-8 2E-10 : :
41 Niobium-94 -WseeNb 9E+2 2E+2 8E -8 3E2 0 IE-5 IE-4

Y. seeN 2E+l E-2 2E-11
41 Niobium-95m W. see "'Nb 2E±3 3 F+3 I F-6 4E-9

LLI wall 3E-4
(2l±K) :_ _ _ _ _ _ _ _ _ _ _

Y.see Nb _ _- 2E+3 9E-7 | 3E-9:

41 Niohium-95 W. see Z2+3 IE+3 5E-7 2E-9 au- 3E-4
Ysee LNb 2 IE+g3 5E:7 _

41 Niobium-96 W.see Nb IE+3 3E+3 IE- 4E-9 2E-4
_Y.ee ZNb 2E+3 I E6 3 E_9

41 Niobium-972  W. seeb 2E+4E+4 3E-5 IE-7 3E-4
Y~see "Nb . 7E+4 3E-5 IE-7 : :

41 Niobium-98 IV e T b IE+4 SE+4 -8E-8 2E-4
Y. see Nb 2E-5 7E-8

42 Molvbdenum-90 D. all compounds 4E+3 7E+3 3E-6 I E-8 3E-4
except those given
for Y__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

Y. oxides. 2E+3 SE+3 2E-6 6E-9 :
hydro- xde -and-N 1S?

42 Molybdenum- D see 99Mo 9Ef+ 2E+4 7E-6 2E-8 6E-5 6E-4
!_ , e 9Mo 4E+3 I E+4 6E 2E-8 :
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Table I Table 11 Table I1
.ccupational Values Effluent Concentrations Releases t

______ _____Sewers

Atomic Radionuclide Class C_ o2 c Col. 3 c . 1 Co. 2 Afonthh'
No Oral Inhalation Average

Air Water Concen-.Ineesttn ALI (uCi) (uCi/ml) (uCilmIl tration

.42 Molvbdenum-93 D s 'Mo 4E+3 SE+3 2 8E-,9 _ __ 52-_
. Y yseevMo 2E+4 +2 8E-8 2E-10 :

42 Molvbdenum-99 D. see 9Mo 2E+3 3E+3 I E,6 4E-9
LLI wall 2E-5 2E4

__ _ _ _ _ _ _ _ _ (1E+ 3) I__ _ _ _ _ _ _ _ __ _ _ _ _ _

_Y.seewMo 12E+3 E1+3 6E-7 2E-9 : :
42 Molybdenum- D. see wMo 4E+4 I E+5 6E-5 2E-7

1012 St wall : : 7F4 7E-3
(SE+4)

___ Y. see 9Mo I IE+5 6E-5 2E-7 : :
43 Technetium- D. all compounds 7E+4 2E+5 6E-5 2E-7 IE-3 IE-2

9.25 except those given
for W
W. oxides 3E+5 I E-4 4_-7 : -

hydroxides. halides.
. and nitrates

4 Technetium-93 D see !'nTc 32E+4 7E+4 3E-S I E-7 4E-4
W. see V'nTc I E±+5 4-5 I E-7 :

43 Technetium- D see 9n'Tc 2E+4 4E+4 6E-8 3E-4 32E-3
. M2  Wse 9'mTc : 6E+4 2E-5 8E-8 :

41 Technetium-94 D. see '"Tc 92E+3 2E+4 8E-6 3E-8 IE-4 I E-3
W. see ' mTc _2E+4 IE- 3E-8 :

Technetium-95m psee "Tc 4E+3 SE+3 2E-6 8E-5
W se 2E+3 8E-7 _E-

43 Technetitim-95 D.see 9 mTc I E+4 2E+4 96 3E-4 I E3
W.see : 22F+4 8E-6 3E-8 : :

43 Technetium- D.ee 9'MTc E+ 3 +S 2 E-4 4E-7 2E-3 2E-2
M2  W. see 9 mTc 7- 2E+5 IE4 3

4_ Technetium-96 D. se c 22+3 32E+3 SE-6 5E-9 3E-5 3E-4
.__ _ . .ee 9nxTc : 2E+3 92-7 3E-9

43 Technetium-97m D. see MTc 5E+3 7F+3 3E-6 6E-5 6F-4
St Wall I E-8

, W.see c : IE+3 SE-7 2E-9_::
43 Technetium-97 D. see 9 2mTc 4E+4 27ES-8 E4

K C _, V. see f -6+3 2E -6 : 2 :
43 Technetitim-98 p. see -9'Tc 12I+3 _2E+3 7_-7 2F-9 I E-5 1E24

W. see 9-'Tc 3E+2 14-7 4E-10 :
43 Technetitim-99m Isee E4mTc 8E+4 2E+5 2E-7 I E 12-2

. _ W see- 'Tc 2Ef 4 3E-7 :
43 Teclinetium-99 D. see "Tc 4E+3 SF+3 2E-6 6E-5 6E-4

: Stwal 8E-9 :
L6F ±3) _ _ _ _ _ _ _ _ _ _ _ _

,_ ._.__ W see "' mTc : 7E+2 3 E-7 9E-10
43 Technetium-101 2  D. see "'JTc 9E+4 3E+5 _E,-4 5E-7

St wall 2 -3 2E-2

. W ee t T c : 4E+S - 5-E-7 : :
43 Technetium-1042 D. see 9'mTc 2E+4 72+4 3E-5 1E-7 7

St Wall 4E4 4E-3

I -Wsee t'Tc : 9E+4 4E S IE-7 : :
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Table I Table 11 Table III
Occupational Values Effluent Concentrations Reases to

Atomic Radionuclide Class CO/. I Col. 2 Col. 3 Col1.1 Col. 2 lfMonthky
1O. Inhalation AveraWe

Airl Water Concen-
Inlestion ALI | DC Cl mI) (Uci/ml) ftration

ALI (uCi) ALNui tCYI'm (!Ici~mfi

44 Ruthenium-94- D. all comoomnds 2E+4 4E+4 2E-S 6E-8 2E-4 2E-3
except those given
for Wand Y
WV halides 6E+4 3E-5 9E-S _
Y. oxides and 6E+4 2E-5 8E-S

._ hydroxides
44 Ruthenium-97 Dee Ru 8E+3 2E+4 E-6 3E-8 IE-4 IE-3

W. see 94Ru JE+4 5E-6 2E-8
_ Y.see94Ru : IE+4 2E-8 - -

44 Ruthenium-103 Dsee4jRu 2E+3 2E+3 2E- 3E-S au 3E-4

W. see 94Ru IE+3 4E-7 :E-9
Y._see 4Ru : 6E+2 3E-7 9E-10 _

44 Ruthenium-l1OS Dse94Ru 5E+3 I E+4 6E-6 2E-8 7E__ 7E-4
W -seeRu I E+4 6E-6 2E-8

_Y see 94Ru I E+4 5E-6 2E-8 _
44 Ruthenium-106 D. see 9'Ru 2E+2 9E+1 4E-8 IE-lO -0

LLI wall 3E6E 3E-6
(2E+2)

Wvi-e 9Ru SE+I 2E-8 E- 11
-Ysee LRu IE+I 5E-9 2E-I I :

45 Rhodium-99m D. all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
except those given
forW and Y
W halides SE+4 3E-5 I E-7
Y. oxides and 7E44 3E-5 9E-8 :

._ _ hydroxides
45 Rhodium-99 D. see 'Rh 2E+3 3E+3 IE-6 4E-9 3E-5 3E-4

Wsee m Rh : 2E+3 9E-7 3-
Y__Y. see mRh 2E+3 8E-7 3E-9

45 Rhodium-100 D-see !m Rh E+ E+3 2E-6 7E-9 2E-5 2E4
W.isee mRh : 4E+ 2F-6 -= -

_ Y.see s 'mRh 4E+3 2E-6 SE-9

45 Rhodium-lOlm D see 9'mRh 6E+3 IEE+4 5E-6 E 8E-5 8 E.4

.A see 99n'Rh 8E+3 4E-6 I E-8 :
_ Y. see 9Rh : XE+3 3F-6 I E-8 : :

45 Rhodium-101 D Rh 2E+3 SE+2 2E- 7E-10 -E4
|Wsee- mRh - 8E+2 3E-7 IE-9 :

. Y.seeg'Rh : 2E+2 6E-8 2E-10 L
45 Rhodium-102m D. seew'mRh IE+3 SE+2 2E-7 7E-1o

LLI wall : : : 2E-S 2E-4
(I E+3)

W 9 9mRh 4E+2 2E-7 5E-10
I Y. see n'Rh : IE+2 5E-8 2E-lo :

45 Rhodium-102 D see ~mRh +2 9E+1 4E-8 IE-IO 8E-6-5
W. see 9'nRh 2E+2 7E-8 2E-10 |

I_ -_2_ Y. see tymRh :86E+1 2E8 8E-I I_:_:
45 Rhodium-103m2  D-re m Rh 4E+S IE+6 . 6E. _-3 6E2

Wsee "'Rh IE+6 SE.4 2E-6
YsY.m ee mRh I E+6 5E-4 2E-6 :

45 Rhodium-lOS D. see w'Rh 4E+3 IE+4 5E-6 2E-8 _
LLI wall : E- E4

__ __ _ __1_ 4E+3) .__ _ _ _ _ _ _ _ _ _ _

W. see fmR : 6E+3 3E-6 2E- _ _:

-Y.see9"Rh : 6E+3 2E-6 8E-9 :
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Table I Table If Tableae III
Occupational Values Effluent Concentrations Sewles

Atomic Radionuclide Class Col. I Col. 2 | Cl. 3 Col. I Col. 2 Mtonthhl
Oral Inhalation Averae

QrlAir Water Concen-
Ineion DAC (uCirl) (uCi/ml) tratlon
ALI (IuCi (uCi/mil fi1Ct'mfl

45 Rhodium-106m D.see 9mRh 8+3 3E+4 IE-5 41-8 IE-4 -3

W. see 9 1Rh 4E+4 2E-5E-8
Y. see mRh 4E+4 I E-5_5E_8

45 Rhodium-107 2  D. see "m Rh 7E+4 2E+5 _E-4 3E-7
St wall _ | I E-3 -

(9E+4)
W. see Y9Rh : 3E+5 IE-4 4E-7 :

. Y. se ' mRh -3E+5 IE-4 3E-7 :
46 Palladium-100 D. all compounds IE+3 IE+3 6E-7 2E-9 2E 2-4

except those given
for W and Y
W. ntrates I lE+3 5E-7 2E-9
Y. oxides and IE+3 6E-7 2E-9
bv~droides

46 Palladium-l01 D see Pd IE+4 32+4 IE-5 5E-8 2E-4 2E-3

W. see i"Pd 3E+4 I E-5 E-8
_ Y.smee "'fiPd 3E+4 I E-5 4E-8 :

46 Palladium-103 D. see 2 "Pd 6E+3 6E+3 3E-6 9E-9-
LLI wall : : I E 4 I E-3
(7E+3)

VV. see iPd 4E+3 2E-6 6E9 9

Y. see ""Pd : 4E+3 I E-6 5 :
46 Palladium-107 D. see "jPd 3E+4 2E+4 9E-6

LLI wall Kidneys : 3E-8 5E-4
. (4E+4 (2E+4)

-W.see WPd 7E+3 3E-6 IE _-8::

Y see "T Pd 4E+2 2E-7 6E-10 :
46 Palladium-109 D. see u-uPd 2E+3_ 6E+3 23E-6____ 3E-5_

W. see 'qPd -5E+3 2E-6 8E-9 :

Y_- Ysee _Pd : SE+3 2E-6 6E-9 : :

47 Silver-102- D. all compounds 5E+4 2E+5 8E-5 2E-7 _
except those given St wall 9E-4 9E-3
for Wand Y CkE±4) ____ _______

W. nitrates and 2E+5 9E-5 3E-7
sulfides
Y. oxides and 2+5 8E-5 3E7
hydroxides

47 Silver-l032 Ds see _e 4E+4 IE+5 4E-5 I E-7 52E-4 5 E-3

W.see _'Ag IE+5 5E- 2E-7 :
Y. see "~Az : IE+5 SE-5 2E-7:

47 Silver-l0m D. see "2 Ag 3E+4 9E+4 4E-5 IE-7 4E-4 4E-3

W. see IE+5 5E-5 . 2E-7 I

. Y. seeA - 2I+5 SE___-5_ 2E-7 : :
47 Silver-l042 D.see u A 7E+4 3E-5 IE-7 3E1 13E-3

W see -Ag IE+5 6E-5 2E-7 :
Y see -fA I E+5 6E-5 2E-7

47 Silver-105 D. see 2A | 3E+3 I-9 4E 5 4E-4

-WseeAg 2E+3 7E-7 2E-9:
4Y see uAg 2E+3 7-2E- :_:

47 Silver-106m D. see "' A8E 7E+2 IE-9 IE-4

W. see'Ag _ _: 9E+2 4E-7 IE-9 :

_Y see _uA 9 +2 4E-7 I E-9 __:

47 6E+4 I 2E+5 8E-5 3E-7
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TableI Tabe 11Table III

Occupational Values Effluent Concentrations Sewers

Atomic Radionuclide Class Col I Cool.2 col. 3 Col. I Cl 2 _onth
Oral Inhalation Averaee

Tnesio P Ar Water Con cen-
Izson ALI (uCi) DAC (tCilmh) (uci/ml) trationA Itosim ALIlm (ar- g ttirlmi 6Mm

Silver-106 D. see102A St. wall 9E-4 2E-
1_E+4)__ _ _ __ _ _ __ _ _ _

W. see g _ _g 2E+S 9E-S 3E-7

_ Y. see 'A : 2E+5 8E-S 3E-7 .
47 Silver-108m __se__Ag 6E+2 2E+2 8E-8 3E-10 9E-6 9E-S

W. see uA2 : 3E+2 IE-7 4E--I : -

_ _Ysee_ _Ag : 2F+l IE-8 3E-II I _
47 Silver-I 10m D. see "-Ag 5E+2 IE+2 SE-8 2E-10 6E-6 6E-5

W. see -Ag 2E+2 8E-8 3E-10

___ Y. see "'A f - =9E+1= 4E-8 lE-= :0
47 Silver- I I D. see "uA; 9E+2 2E+3 6E-7 _,

LLI wall Liver 2E-9 2-5 2E4
_LE+3) (2E+3)

W. see hLAO : 9E+2 4F7 1E9 : :
___ Y see UAg 9E+2 4E-7 I E-9

47 Silver-I 12 D. s 2 Ao 3E+3 8Ef 3E-6 IE- 4E-S8 4E-4

W. see iAg : I E+4 4E-6 I E-8 :
Y-5see "2Ag : 9E+3 4E-6 I E-8 _

47 Silver-I 15 D.see _'Ag 3E+4 9E+4 4E-5 IE-7
St wall : : : 4E-4 4E-

see Iu Ag 4E-5 I E-7 . :

Y.-see '"2Ag 8E+4 3E-S I E-7
48 Cndmium-104 D. all compounds 2E+4 7E+4 3E-9E-8 3E-4 3E-3

exceat those given
for W and Y
W. sulfides. halides. IE+5 SE-S 2E-7 z
and nitrates
Y. oxides and I E+S SE-S . 2E-7

._ hvdroxides
48 Cadmium-107 D see ""Cd 2E+E+ 4 +4 2E-5 8E-8 34E-3

Wsee "Cd 6E+4 2E-S 8E-8
-Y-Lee "'Cd -5E4 2E-S 7E-8

48 Cadmium-109 D. se j 4Cd 3E+2 4E+t IE-8 i
Kidneys Kidneys 7E-1 61-6 6E-S
(4E+2) (SE+I)

W. see &u4Cd _F.+2 5E-8 _ _ -

Kidneys 2E-10 ,

. Y. see 4Cd : IE+2 SE-8 2E-10
48 Cadmium-1 13m D. see "Cd 2_+1 2E+O IE-9

Kidneys Kidnevs 5 SE-12 5E-7 5E-6
__ __ __ _ __ (4E+1) (4E+01 I__ _ _ _ _ __ _ _ _ _ _

W. see "MCd r 8E+O 4E-9 _ _
Kidnevs 2E-I I
CIE+I).

Y. see "-4Cd M±1 5~ E-9 2E-I I
. 48 .Cadmium-113, ~D~se Cd ?-E+l 2E+0 9E-10

Kidneys Kidneys SE-12 4E-7 4E-6
(3E+1) (3F+0)

W. see __4Cd _ 8 E+ 3E-9
Kidnevs 2E-1 I :

s d IE+l 6E-9 2E-II I
48 Cadmium-lISm 3E+2 SE+I 2E-8 4F-6 4E-S
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Table I Table If Table III
Occupational Values Effluent Concentrations ReleasesSewvers

Atomic Radionuclide Class Col I Col. 2 Co!. 3 CoLI Col. 2 AtonthIv
No. Ora Inhalation Average

Airsto Water Concen-
Inesion ALI (uCi) | fiI ml' (uCi/ml) C ton

ALI (uOi (u1rilmIl),i~

D. see 104Cd ,Kidnevs I lE-1 0

W see "l'Cd I-E+2 5E-8 2E-l0
Y.see "ACd -IE+2 6E-8 2E-10 :

48 Cadmium-I IS D. see hACd KE+2 IE+3 6E-7 2E-9 -

LLI wall : : I E-5 IE-4
_ LE±3)

W. see"Cd _ IE+3 5E-7 2E-9 :

_ __ -see IMCd I E+3 6E-7 2E-9 : :
48 Cadmium-117m D see £4Cd SE+3 IE+4 5E-6 2E-8 6E-5 6E 4

W. see 4Cd 7E-6 Mm-

.__Y._see ±iCd : I E+4 6Eb6 2E8 : :

48 Cadmium-117 D- see "M'Cd 5E+3 I E+4 SE-6 2E-8 6E-5 6E-4

_W. see Cd : 2E+4 7E-6 2E-8 : :

Y see~ Cd : IE+4 6E-6 2E-8-
49 Indium-109 D. all comnounds 2E+4 4E+4 2E-5 3E-4 3E-3

except those given
for W
W. oxides. 6E+4 3E-5 9E-8 : :

hydroxides. halides.
and nitrates _

49 Indium-10 D see '-In 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
(69.1 min) W. see "9In : 6E+4 2E-5 8E-8 :

49 Indium-110 D. see In SE+3 2E+4 7E-6 2E-8 7E-S 7E-4
(4.9 h) W. see Wln 2E+4 8E-6 3E-8 : :

49 Indium-1II D-see ""in 4 6E+3 3E-6 6E-S 6E-4

_-_W. see -1n 6E+3 3E-6 9E-9 :

49 Indium-112 Dree "I'In 2E+5 6E+S 3E-4 9E-7 2E-3 2E-2

.W.see _ l:E_+S 3E4 I E-6 : :

49 Indium-1h13m2 D. see "n 5E+4 I+ 6E-S 2E-7 7E-4

Wsee Is!n 2E+5 8E-5 3E-7
49 Indium-114m D. see "In 3E+ 2 6E+1 3E-8 9E-1 I

LLI wall 5E-6 5E-5
(4E+2_

W. see i'n _ IE+2 4E-8 1E-1 :

49 Indium-l lSm D. see iLn I E+4 4E+4 E:E 6E-8 2E-4 2E-3

Mjsce "ln SE+4 2E-5 : M
49 Indium-115 pDsee i~ln IE+1 lE+O 6E-10 2E-12 SE-7

W. see Iu
9

n -SE4. 2E-9 8E-12 :

49 Indium-116m Dsee In 2E+4 8E+4 Ui I E-7 3E-4 3E-3

W. see "91n IE+S S-S 2E-7 :

Indium-117m D. see "'In E+4 3E+4 IE-5 5E-8 2E-4 2E
W!ee u91 - 4Ef4 2E-S 6:-

49 Indium-117
2  D, see "in 6E+4 2E+S 7E-5 2E-7 8E-4 8E-3

. W. see "91n : 2E+S 9E25 3E-7 : :

49 Indium-119m2  D. see lusIn 4E+4 I E+5 SE-S 2E-7 :
St wall : - 7E-4 -7E-3
_(E+4) . .

L- Wsee 9in 6 IE+SE5 2E-7 : :

50 Tin-ll0 D. all comnounds 4E+3 IE+4 5E-6 2E-8 5E-S SE4
except those given
for W
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Table I Table If Tablese III
Occutational Values Effluent Concentrations Sewers

Ntomi Radionuclide Class Col. I Col. 2 | ' Col. 3 Col. I Col. 2 MIontlv
NoOra Inhalation . Average

.Air Water Concen-
lnelstNO) ALI (NCiO ( (uCi/ml) (uCi/ml) tration

W. sulfides. oxides. I-E+4 5E-6 2E-8
hydroxides. halides.
nitrates. and stannic
nhosphate

.5 Tin-Il l 2  D. see "'Sn 7E+4 2E+5 _ ___ 313-7 IE-13 1E-2
_W see "Sn 3E+5 I E-4 4E-7 . :

Tin-I 13 D. see "Sn =2E+3 IE+3± 5E,-7 2E-9 - -

LLIwall 3E-5 3E4
__ __ (2E+3) _

_W see ""Sn 5E+2 2E-7 8E-10
50 Tin-I 17m D. see ""Sn 2E+3 IE+3 5E-7

LLI wall Bone surf 3E-9 3E4
(2E+3) (ZE+3)

W.see '"Sn IE+3 6E-7 2E-9 :
5 Tin-I 19m D. see "'Sn 3E+3 2E+3 IE-6 3E-9 .

LLI wall 6E-5 6E-4
(4E+3)

_ W see ""Sn IE+3 4E-7 1E-9 _
50 Tin-121m D.sez "uSn F.3 9E+2 4F-7 IF-9

LLI wall : : - 5E-5 5E-4
_ +3)

. W. see ""Sn 5E+2 2E-7 8E-10

50 Tin-121 6E+3 2E+4 6E-6 2E- 8
LLI wall 8 : : BE-5 8E-4
(6E+3)

W ._*V. see 'USn :I E+4 5E-6 2E-8 :

50 Tin-123m2  D. see ""Sn IE+5 5E-5 2E-7 E-4 7E-3
W.see '"'Sn IE±5 6E-5 2E-7

50 Tin-123 D. see '"Sn 5E+2 6E+2 3E-7 9E- 10
LL wall .E_ 9E-5

. _ (6E+2)
W. see 'ii _ 2E+2 7E-8 2E-10 :

.i-2 -2
50 T-25 D. see ""Sn 4E+2 9E+2 4E-7 IE-9

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

W see '"Sn : 4F+2 IE-7 5E-10 :

5Q Tin-126 D see'"Sn 3E+2 6E+1 2E-8 8E-11 4E-5
W 7sF+I 3E-8 9E-II

| Tin-127 Lee "Sn 7E+3 2E+4 8E-6 3E-8 9E-
W. see IISn : 2E+4 8E-6 3E-8 :

.i pn-l2 Dsee ""Sn 9E+3 3E+4 IE-5 4E-8 IIE-4
_W.see' "Sn : 4E+4 IE-5 5E-8 : :

i Antimonv-1152  D. all compounds 8E-4 2E+5 IE4 3E-7 I E-3 I E-2
excent those ziven
for W
V. oxides. 3E+5 IE4 4E-7 :

hvdroxides. halides,
sulfides. sulfates.

.__________ _ and nitrates . -

51 Antimony-] 16m. D see ^'Sb 2E+4 _7E+4 _IE-7 3E14 ;L
W.see 'Sb 6E.5 2E-7 :

il Antimony-I 162 D. see "5Sb 7E+4 3E+5 IE-4 4E-7 .
Stwall - I E-3 I E-2
(9S+4) : : ,IE-2

W. see "'Sb ( 3E+5 IE-4 :
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Table I Table If aeleae toI
Occupational Values Effluent Concentrations SReles

Atomic Radionuclide Class Co/. I Co1. 2 Col. 3 Col. I Col 2
No. Oral Inhalation A4veraee

Ineestion DAC Air lITtr Concen-
ALI (MCi) ALIT uCiA (|Ciml) (uCilml) (uCi/mi) tramo

Sl Antimonv-117 D.see I'Sb 7E+4 2E+S 9E-5 3E?7 9E-4 9E-3

_W. see " 'Sb 3E+5 I E-4 4E-7
. Antimonv-118m Psee "'Sb 6E+3 2E+4 8E-6 3E-8 7E-5 E-4

.W. see "'Sb S+3E 2E+- 3E-8 :
i Antimony-I 19 D. see "'Sb 2E+4 5E+ 2E-5E 6E-8 2E-4 2E-3

. W see m'Sb 2E3F +34 IE-5 4E-8 :

ii. Antimonv-1202 D. see "'Sb 4E+5 2E-4 6E-7
(16min) Stwall 2E-3 2E-2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ ~(213+5) _ _ _ _ _ _ __,_ _ _

__ i Sb : 5Efb 2E4 7EZ7
51 Antimonv-120 D -see"'Sb IE+3 2E+3 2 3-9 E- IE-4

(5.76d) I W. see "'Sb 29IE+3 _ SE-7 2F-9 :

j Antimony-122 D. see "'Sb 8E+2 2E+3 IE-6 3E-9 . -

LLI wall I E-5 IE4
__ _ _ (8E+2A

W. see 'Sb 7E+2 IE+3 4E-7 I_2E-9::
Antimonv-124m2  D. see "'Sb 3E+5 8E+S 4E-4 IE-6 3E- 3E-2

W. see 2"+Sb 2E±4 SE-7
Sl Antimony-124 D. see "'Sb E+2 9E-+2 4E-7 IE-9 7E-6 7E-

______Me 'Sb 5E+2 2E+2 IE-7 3E-10 : :
I i Antimonv-125 D. see "'Sb 2E+I3 2E+3 IE-6 3E-9 3E-S 3E-4

W. see "5Sb | 5E+2 2E-7 7E-10
R.I Antimonv-126m2  D. see "'Sb 5E+4 2E+5 XE-5 3E-7 _ _

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

W. see"Sb 2E+5 3E-7 _5-

. l Antimonv-126 Dsee 'Sb 6E+2 IE+3 SE-7 2E-9 7E-6 IE-5
_S ee 'Sb E+2 5E+2 _2E-7 7E-10 : :

5 Antimonv-127 D. see -Sb 8E+2 2F+3 9E-7 3E-9 - -

LLI wall I. IE-5 I E4

_W.see "'Sb 7Ee2 9E+2 4E-7 IE -9

Sl. Antimonv-I 28e D. see I"'Sb 8E+4 4E+5 2E4 5E-7
(10.4 min St wal I : IE-3 E-2

W. see "'Sb 4E+S 2E-4 6E-7
-j. Antimonv-128 D. see Ii'Sb IFf+3 4E+3 2E-6 6E -9 MI 2E-4

(9.01 h) _.see "'Sb 3E+3 IE-6 E-9

T j Antimonv-129 D see "'Sb 3E+3 9E+3 4E-6 . IE-8 4E-4
W. see ".Sh 9E+3 4E-6 IE-8 : :

a Antimonv-1302 Dse "'Sb 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3

W. see "'Sb 8E+4 3E-5 IE- 7 :

Antimonv-l3l- D. see 'Sb IE+4 2E+4 I E-5
Thyroid Thlroid : 6E-8 2E4 2E-3
(2E:4) (4E+4)

W. see "'Sb . 2E+4 IE-5
'MTyrid -6E-8-

. , . . G ,E+t4) : .::

52 Tellurium-1 16 D. all compounds 8E+3 2E+4 9E-6 3E-8 I E-4 I E-3
except those given
for W
W. oxides, 3E+4 I E-5 4E-8 : :
hydroxides, and

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ m trate~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table Ill
Table!T Table 11 Releases to

Occuoational Values Effluent Concentrations Sewers

Atomic Radionuclide Class Col. I Col. 2 I Col. 3 Col. I Col.? 2 onthd,
No R uc Inhalation Averaze

Air lWater C7oncen-
Ingestion ALI (uCi) DAC |uCi/ro (uCimI) Iration

ALI (uCi) AL(O uci/mI) ________ _________ (utratio

52 Tellurium-121m D. see "°T 5E+2 2E+2 8E-8
Bone surf Bone surf :E-l O I E-5 1 E-4

LLE+2) 4E+21

_ W. seae °Te : 4E+2 2E-7 6E-10 _ :

52 Tellurium-121 D.see "Te 3E+3 4E+3 2E-6 6E-9 4E-5 -4
W see °Te 3E+3 I E-6 4E-9 :

52 Tellurium-123m Dasee -""iTe 6E+2 2E+2 9E-8
Bonesurf Bonesurf 8 E-10 I E-5 IE4

_LE_3_ (5E+2)
. W. see °Te S5E+2 2E-7 8E-10

52 Tellurium-123 D see °T 5E+2 2E+2 8E-8
Bone surt Bonesur 7E-2E-5 2E4

Ll E+32 L£E+2)
W. see °Te 4F+2 - 2E-7

. Bonesu 3 2E-9 :
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ ____ _ (IE + 3 )_ _ _ _ _ _ _ _ _ _ _ _

52 Tellurium-125m D. see "Te IE+3 4E+2 2E-
Bone su Bone surf I E-9 2E-5 2E4
(I F.+3) I E+32

W. see °Te : 7E+2 E:-7 IE :
5 Tellurium-127m D see ""°Te 6E+2 3E+2 I E-7 9E-6 9E-S

: Bone surt 6E-10 :

W see ""Te 3E+2 I E-7 4E-10 : :
52 Tellurium-127 D. see ____ 7E+3 2E+4 9E-6 3E-8 IIE-4

W_ Wsee "°Te : 2E+4 7E-6 2E-8 : :
52 Tellurium-129m D. seee " G-e S+2 6E+2 3E-7 9E-10 7E-6 _

W.see ""-Te - 2E+2 IE-7 3E-10 :
Tellurium-129 2  Dsee e 3E+4 6E+4 3E-5 9E-8 4E4 4E-3

W. see °"Te : 7E+4 3E-5 I E-7 :
Tellurium-131m D3see Te 3E+2 4E+2 2E-7 _

Thrroid Thyroid : 2E-9 8E-6 8E-S
(6E+22 (i E+31

W. see "°Te 4E+2 2E-7 _
ThLoid 2 IE-9 :

Tellurium-131 D. see Te 3E+3 F.+3 2,E-6 ;
Thyroid Thyroid 2ES8 8E-5 8E4
(6E+3) (JE+4_

W. see °Te SE,+3 2E-6
Th:roid E 2E-8 :

5 Tellurium-132 D. see "°Te 2E+2 2E+2 _E-8
Thyroid Thyroid I E-9 9E-6 9E-5

U7.+2) (8E+21) I

W. see °'Te : 2E+2 9E-
- ThToid : 9E-10 :

. _ _6E+2)

52 Tellurium-133m 2  Dsee °Te 3E+3 5F+3 2E-6
Thyroid Ih2oid- 2E-8 9E-5 9E-4

W. see "Te - 5E+3 2I-6 , - -

: Th*Toid : 2E-8 : :

2 __ IE+4 LE+4 1 -6
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Table!I Table!It Table IlI
Occupational Values Effluent Concentrations Relv ses to

____ ___ _______ ____ ___ Sew ers
Atomic Radionuclide Class Col. I Col. 2 £oL 3 Cot. I Col. 2 A2onthly

No. Inhalation _lveraze

Ineetion D DAC Al water Concen-
ALl (NCiO ALI (uCi' (|CDmC (uCVmI) (trtion

Tellurium-133 2  D. see I"Te Thvroid Thyroid 8E-8 4E-4 4E-3
(3E+4) (6E+4)

W. see "'.'re - 2E+4 9E-6
: Thyroid : 8E-8 : :

52 Tellurium-1342  D. see °"Te 2E+4 2E+4 IE-5
Thyroid Thyroid 7E- 3E-4 -
(2E+4) (5E+I4

W.see ikTe 2E+4 iE-5 .
_ Thyroid : 7E-8 : :

(5E+4)
5 Jodine-120nVM D. all compounds IE+4 2E+4 9, -2 3E-8

Thyroid : : : 2E-4 2E-3
__E+4_

53 Jodine-120 D. all compounds 4E+3 9E+3 4E-6 .
Thvroid Thyroid _ 2E-8 E-4 I E-3
(8F,+3) (IE+4)

53 lodine-121 D. all compounds I E+4 2E+4 8E-6 -

Thvroid Thyroid 7E-8 4E-4 4 E-3
(3E 1 (5E±4_)

53 lodine-123 D. all comnounds 3 _-3 6E+3 3E-6 -
Thvroid Thvroid 2E-8 I E-4 I E-3
(IE±4) L2E±4 _

53 lodine-124 D. all compounds 5E+1 8E+I 3E-8 - - _ - _

Thvid Thyroid 4E-10 2E-6 2E-5
_ (2E+2) (3E+2) _

| lodine-125 D. all compounds 4E+I 6E+l 3F .-8
Thvroid Thyroid : 3E-10 2E-6

. (IE+2) L2 __ _ __

53 lodine-126 D. all compounds 2E+l 4E+1 IE-8 -8
Thyroid Thyroid : 2E-10 I E-6 IE-5

.I . t7E I (IE±2) . .
53 lodine-128- D. all compounds 4E+4 I E+5 5E-S 2E-7

St wall : : 8E-4 SE-3

| 5 lodine-129 D. all comnounds 5E+0 9F.+ 4E-9 .
Thyroid Thvroid : 4E-I I 2E-7 2E-6
(2E+l) (3!E±)

53 Iodine-130 D. all compounds 4E+2 7E+2 3E -7 - : -

Thvroid ThNroid 31E-9 21E-5 21E-4
i._ ( E+3) _2___+3_

lodine-131 D. all compounds 3E±l SE+1 2-8 - -

Thyroid Thyroid : 2E-10 I E-6 I E-5
(9E Sl' 12E+2)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

53 lodine-132m2  D. all compounds 4E+3 8E+3 4E-6
Thvroid Thyroid I E-4 E-3

. _ _ . _ _ _ _ LIE+4) (2,E+4) . _ _ _ . -___ _ __ _

53 lodine-132 D. all compounds 4E+3 8E+3 3E-6 -

Thyroid Thvroid 2E-8 I E-4 _
L(E+3) (!E±14)

Iodine-133 D. all compounds I E+2 3+?2 I E-7 - . -

Thvroid Thvroid IE-9 7E-6
(5E+_2_ (9E __ _

53 lodine-134 D. all compounds 2E+4 _E+4 2E-5 6E-8 -

Thvroid : : 4E1-4

| 53 lodine-135 D alt compoutds _E+2 2_+ E-7
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Table I Table 1i Rebleae III
Occupational Values Effluent Concentrations Sewers

Atomic Radionuclide Class Cot. I Col. 2 /Co. 3 Co/l. Col. 2 Mlaonlhy
No. Inhalation Average

A! Water Conceit-
Ingestion ALI NCO DAC OiW (Ucvml) tration

A~ ui AI NCOi'l (tuCVmi) (idCt'n4)

Thyroid Thyroid 6E-9 3E-5 3E4
_____ 3) (4 F+3j

54 Xenon-1202  Submersion- I E-5 4E-8 :

54 Xenon-2 Submersion 2E-6 I E-8
54 Xenon-122 Submersion'i 37 :

54 Xenon-123 Submersion i 6E-6 3E-8 | :
5 Xenon-125 Submersion 2E-5 7E-8 :

54 Xenon-127 Submersion- I E-S 6E-8

54 Xtnon-129m _ubmersion 2E-4 9E-7 : :
54± Xenon-131m Submersioni _ _ 4E-4 2E-6 : :

54 Xenon-133m Submersion' -IE-4 6E-7 :
54 Xenon-133 Submersionp IE-4 SE-7 :

54 Xenon-i35m Submersion : : 9E-6 4E-8 : :

54± Xenon-135 Submersion I - 7E-8
54 _enon-13__ Submersion : : 4E-6 2E-8 :
5S Cesium-1252 D. all compounds SE+4 IE+5 6E-5 2E-7

St wall I E-3 IE-2
_9 E±4) I _ _ _

55 Cesium-127 Dall compounds 6E+4 9E+4 4E-5 I E-7 9E-4 9-_3
55 Cesium-129 D. all compounds 2E+4 3E+4 IE-S 5SF-8 3E-4 3E-3
5.5 Cesium-130' D. all compounds 6E+4 2E+s XF-5 3E-7

St wall : : : I E-3 I E-2
(1E+5) _

55 Cesium-i31 DPall compounds 2E+4 3E+4 IE-S 4E-8 3E-4 3E-3
55 Cesium-132 D all comp-ounds 3E+3 4E+3 2E-6 6F-9 4E-S 4E-4
55 Cesium-134m D. all comnounds IE+5 I -E+5 6E-5 2E-7 - -

St wall 2E-3 2E-2

S5 Cesium-134 D all compotunds 7E+l IE+2 4E-8 2E-10 9E-7 9E-6
g esium-135mn D. all compounds IE+S 2E+5 E-5 3E-7 I E-2

55 Cesium-135 D.allcompounds 7E+2 IE+3 5E-7 2E-9 IE-S _ IE-4
55, Cesium- 136 D all compounds 4E+2 7E+2 3E-7 9E-10 6E-6 6E 5
55 Cesium-137 D. all compounds IE+2 2E+2 6F-8 2E-10 IE-6 IE-5
. Cesium-1382 D. all comnounds 2E+4 6E+4 2E-5 -8 8

St wall : : : 4E-4 4E-3
_____________ ~~~(3E+4) _ _ _ _ __ _ _ _ _

56 Barium-1262  D. all comyounds _ 6E+3 _ 2E+4 6E- 2E-8 8E-5 8E-4
56 Barium-128 D all compounds SE+2 2E+3 7E-7 2E-9 7E-6 7.E-5
56 Barium-131m2  D. all compotnds 4E+5 IE+6 6E-4 2E-6 -

St wall : 7E-2
_______ ~~(5E?45) _ _ _ _ _

56 Barium-131 D.i a1onmpounds _E+3 SEF3 3E-6 1E-8 4E-5 4E-4
56 Barium-133m D. all compounds 2E+3 9E+3 4E-6 I E-8

LLI wall : : 4E-S 4E-4
C3a+3)

56 Birium-133 D all CQp ounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E1-4
56 Barium-135m D all compounds 3i I E+4 5E-6 2E-8 4E-5 4E-4
56 aum-139 . all compounds 1E+4 E4 IE-5 4-82E-4

Barium-140 D. all compounds +2< I IF+3 6E-7 2E-9 - -

LLI wall 8E-6 8E-S
_ _ __ _ _ __ _ ___ (E+2) _ __ ____ ____

56 Barium-1412  D. all compoinds 2E+4 3E-S 3E4 3

-56 Barium-14*2 D. all compounds SE+4 RF+ f-S 7E-4 M
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Table [11Table I Table 11 Taeleae tof
Occupational Values Effluent Concentrations Seerst

Atomic Radionuclide Class Col. I Col. 2 Col. 3 Col. I C'o. 2 Afonthty

No. Inhalation Averaee
IgsinPC Air Water Concen-InestiM ALI ) ,uCi) (uCimfl) (uCi/mIl (rat ion

57 Lanthanim-131 D. all compounds SE+4 I E+5 5E- 2E-7 6E-4 6E-3
cxcept those given
for W
W. oxides and 2E+5 iE- 2E-7 :
hydroxides

57 Lanthanum-132 D.see 'L 3E+3 IF.+4 4E-6 I E-8 4E-5 4_ __

W.see i' La I E+4 5E-6 2E-8 :
7 Lanthanum-135 D see Lp 4E+4 | IE+5 4E-5 IE-7 5E_ 4

Ws La : 9E+4 4E-5 I E-7 : :
S7 Lanthanum-137 D see "La IE+4 6E+1 3E-8 2E4 2E-3

: Liver : 1E-10 :
L7E 12

W. sejLa . 3E+2 IE-7 , .
: Liver : 4E-10 : :

57 Lanthanum-138 D see La 9E+2 4E+0 5E-12 I E-5 IE-4

I_ __ _ Y e"' La - I E+l 6E-9 2E-I -: .
| 5 Lanthanum-140 D. see "La 6E+2 IE+-'3 _ _ 2E-9 9E-6 9E-

__ _ _ _ _ _ _ _ _ _ _ _ W . see ~~ a I_ _ __ _ 5E +3 :

.5 Lanthanum-141 Dse Jsv La 4E+3 9E+3 4E-6 I E-8 5E-5 SE-4
W. es,"La 5 IE+4 SE-6 2E-

| Lanthanum-1427 D. see 'JLa 8E+3 2E+4 9E-6 3E-8 IE-4 IE-3
W. see L' - 3E+4 I E-5 SE-8 :

57 Lanthanum-143- D.see "'3l.a 4E+4 IEE+5 4,E-5 IE-7 -

St wall SSE 5E-3
._ (4E+4)
Wsee --La 9E+4 4E-5 IE-7 :

. . Cerium-134 W. all compounds _E+2 7E+2 3E-7 IE-9 -
except those riven LLI wall 8 , : 8E-6 8_E-
forY (6E+2)
Y. oxides, 7E+2 3E-7 9E-10 :
hydroxides. and
fluorides

58 Cerium-135 W.-see ' 4Ce 2E+3 4E+3 2E-6 5E_9 2E-S 2E4
e Ce : 4E+3 I E-6 5E-9

58 Cerium-137m W see " 4
Ce 2E+3 4E+3 2E-6 6E-9

LLU wall 3E-4
(2E±+3)

Y__Yi 'L4 Ce 4E+3 2E-6 5E-9
. S Cerium-137 W. see '4C IE+5 6E-S 7E-4 7E-3

._ Y-ee'54 Ce - IE+2E-7
58 Cerium-139 W.isee "'QCe 3E+2 3E-7 IE-9 7E-S 7E_4

Y. see' 4Ce 7E+2 :E- - -

Ls Cerium-141 %v. see '4 4Ce 2E+3 7E+2 3E-7 IE-9 .
LLI wall _ 3E-4
(2E+3)

. Y see "j4Ce : 6E+2 2E-7 ;8E-10 :
S Cerium-143 TV. see ' Ce . IE+3 2E+3 8E-7 3E-9 .

LLI wallE- 2E4
(I E+3)

Y.Se U4 Ce 2E+3 7E-7 2E-9
8 Ceritim-144 W. see A4Ce 2E+2 3E+l I E-8 4E-l I

LLI wall 3E3 3E6E-

_Y. se' IE+l 6E-9 2E- I I
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Table I Table H1 Table 111
Occupational Values Effluent Concentrations Releases to

Atomic Radionuclide Class Col. I Col. 2 col. 3 CoL I co. 2 AMonth'
No2. Inhalation Averame

AL mAir W ter ConCen-lfngestion DA Auirm (uCml trro
ALI (uCit) ALT (uCi' ftlCi/mb oI)) (eim) toi

S Praseodymium- W. all compounds 5E+4 2E+5 I E-4 3E-7
1362 except those given St wall _IE-3 I1E-2

fLr 7E+4)
Y. oxides, 2E+5 3E-7
hydroxides. carbides.
and fluorides

59 Praseodymium- W.see i'°Pr 4E+4 2E+5 6E-5 2E-7 SE-4 5E-3
1372 Ysee -",Pr I E+5 6E-5 _ _ _7

59 PraseodNmium- W.see M °Pr IE+4 5E+4 2E-5 8E-8 1E-4 IE-3
138m Y.- I -5°Pr 4E+4 2 6E-8 z :

59 Praseodymium- W.siee °Opr 4E+4 I 5 5E-5 2E-7 6F-4 6E-3
139 Y.se UOPr 2IE+5 2E-7 :

59 Praseodvmium- WSee °Pr 8E+4 2E+5 7E-5 2E-7 I E-3 I E-2
142m- Y sei°Pr : 1+5 6E-5 2E-7 : :

5 Praseodymium- V see r I+3 2E+3 _ E IE4
142 Y. see i"Pr : 2E+3 8F-7 3E-9 :

59 Praseodymium- W see IPr 9E+2 8E+2 3E-7 IE-9
143 LLI wall : : 2E-5 2E-4

- ( I E+3)
Y. see EPr : 72+2 327 9E-10 :

S Praseodymium- W. see °Pr 3F+4 I E+5 5E-5 2E-7?
1 St wall : : : 6E4 6E-3

l .. _E±4)

. Y see "°Pr :IE_+S 5E-5 2E-7 : :

59 Praseodymium- W see '°Pr 3E+3 92E+3 4E-6 IE-8 4E-5 4E-4

145 _ Ysee'oPr : 8E+3 3E-6 I E-S

59 PraseodNmium- W. see "°Pr 5E+4 2E+5 8E-5 3E-7
1472 StI wall-E 1-3 I E-2

LSE±4J _ _ __ _ _ _ _ _ _ _ _ _

_ Y see a" Pr 8 2E+5 SE-5 3E-7 :

60 Neodymium- W. all compounds IE+4 6E+4 2E-5 8E-8 2E-4 2E-3
1362 except those given

for Y
Y. oxides. E+4 MI 82E-8
hydroxides. carbides.

. and fluorides
60 Neodymium-138 W. see 3'ONd 2E+3 6E+3 3E6 9E-9 3E5 34

. Y. see '3Nd : 5E+3 2E-6 7E-9

60 Neodymium- W. see "'Nd 5E+3 2E+4 7F-6 2E-8 7E-5 7E-4
139m .Ysee Ai°Nd I E+4 6E-6 2E-8

60 Neodymium- W sees uNd 9+4 3+5 IE4 5E-7 IE-3 L-

1392 ys ee Nd -3E+5 :E_4 4E-7
60 Neodynmium-141 U' se'Nd 2E+5 7E+5_ 34 IE-6 2E-3 2E-2

_ Y see 5°Nd -6+ 3E-4 92E
60 Neodymium-147 W.see _'_Nd 1E+3 9F+2 4E-7 I E-9 -

LLI wall 2E-5 2E

(j +3) .__ _ _ _ _ _ _ _ _ _ _

Y. see °4 Nd : 8E+2 4E-7 IE-9 : :
60 Neodymium- W. see LjcNd IE+4 3E+4 IE-5 4E-8 1E-4_ iu_

.149 Y~se ~'°Nd 2E+4 I E-5 E :-B
60 Neodymium- W. see '°Nd 7E+4 2F+5 8E-5 3E-7 9E4 9E-3

151M ___see'°Nd_ 2Ef+ 8E-5 3E-7 : :

61 Promethium- W. all compounds 5E+4 2E+5 8E-5 3E-7
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Table I Table 11 Table [I1
Ocptioable Vaue Effuent Releases

Occuoational Values Concentrations to Sewers

Atomic RadioC Iclide Class C. C. 2 Col. 3 Col. I Col 2 Month

No raincldllasInhalation Averaze
Ineetio Air Wae concen-
Intio ALI (uCi) _ uCi/mI) (uci/ml trationALT (,nCi NOW/m) (401I•)l

132 V seea: I E+4 5E-6_ _
. 7 Lanthanum- D see '"'La 4E+4 IE+S 4E-5 IE- 5E4 5E-3

135 W. see "'La -9E+4 4E-S IE-7
57 Lanthanum- D. see "'La IE+4 6E+I 3E-8 2E4 2E-3

137 L er(7F.+I) IE-10

W se- 7 0 __a3E+2 IE-7 E - _
_ _ _ Liver (3E+2) 4E-10

57 Lanthanum- D see La 9E-2 4E+0 I5E-9 E-12 I E-S IE-4
138 WseeLa : IE+I 6E-9 2E-I I

5 Lanthanum- D see ""La 6E+2 IE+3 6E-7 2E9- 2E-
140 W-see "La _ IE+3 SE-7 2E_ _

57 Lanthanum- D. see "'La 4E+3 9E+3 4E-6 IE-8 - 5_E_ 4
141 W. see7 'La IE+ E-6 2E-8

2 Lanthanum- D. see La 8E+3 2E+4 9E-6 IE-4
1422 W. see'La - 3E.+4 IE5 5E- :

57 Lanthanum- D. see "'La 4E+4 LE+5 4E-5 I I E-7
1432 St wall :5E4 E-3

(4E±.4
. W.see"'La 9E+4 1E-7 : :

58 Cerium-134 W all SE+2 7E+2 3E-7 IE-9
compounds LLI wall _8E-5
except those (6E+2)
given for Y _____

Y. oxides. 7E+2 3E7 9E-10
hydroxides, and
fluorides

58 Cerium-135 W. see "tCe 2E+3 4E+3 2E-6 5E9 2E- 4
_IY. see'4 ce I 4E+-3 IEb 5 -u

5 Cerium-137m W. see ""Ce 2E+3 4E+3 2E-6 6F-9
LLI wall 3 E-S 34-
C2E± .

Y.see - 4E+3 2F-6 1 E___
5 Cerium-137 Wsee 'Ce 5E+4 IE+S 6E-S 2E-7 7E

Y. see-!~ 2E¢ : X0
L Cerium-139 W. see "4Ce 5E+3 8E+2 3E-7 7EE-S

. Y.see ''Ce : 7E+2 3 9E-10 :
58 Cerium-141 W. see C2E+3 7E+2 _ E7 IEE-9

LI wvall -3E-5 3F4
_ _E+3)

_ Y.see 'Z4Ce 6E+2 2E-7 LE-] 10
LS Cerium-143 W. seeCe 1E+3 2E+3 8E-7 3E-9 _ _

LLI wall 2E-5 2E4
(I E"3

YS ee "4Ce' _ 2E+3 7E7 2E-9
5 Cerium-144 W. see 4'Ce 2E+2 3E+1 I E-8 4E-l I

LLI wll 3E-6alt
L3E±2)

L _ Ysee""Ce I __ 6E-9 2E-I I . :[ 9 Praseodsmiu W all _E+4 2E+5 1E-4 3E-7
m- 362 comoounds St wall IE-3 I E-2

except those (7E+41
given for Y
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Table I Table 11 Table III
Occtmational Values Effluent Releases

Concentrations to Sewers
Atomic Radionuclide Class Col. / ol. 2 Col. 3 Cl. 1 Col. 2 Mfonthhl

NOral Inhalation Average
Air Water Concen-

ingsioni ALI (uCi' DAC (tCniflm (tCi/mI) fration
ALT NACi (uICVml)0W

Y. oxides, 2E+5 3 3E-7 :
hydroxides.
carbides. and
fluorides -

59 Prscodmiti uWs. see i°~Pr 4E+4 2E+ - 2 E-7 5 5E-3
m_ n37. Y. see Pr IE+5_ 6E-5 2E1 7 :

|5 Praseodvmiu WV_. see °Pr IE+4 5E+4 2E-5 8E-8 IE-4 IE-3
m-138m Y see °1bPr _ 4E+4 2E-5 6E S _ ::

. 9 Praseodvmiu -W. ees °Pr 4E+4 IE+5 LE-5 2E-7 6E-4 6E-3
m-139 Y Seei±Jpr IE+5 5El 2E-7

59 Praseodymiu W. see i°Pr 8E+4 2E+5 7E-5 2E-7 IE-3 IE-2
m-142m 2  Y.see !Pr IE+5 6 2E-7 : :

59 Praseodsmiu W. see Pr IE+f 2E+3 9E-7 E-92 iE- IE-4
m-142 Y see 13'°Pr 2E+3 8E-7 3E-9 :

. Praseodymiu W. see IjPr 2E+2 8E+2 3E-7 I E-9
m-143 LLI wall 2 2FE4

(I E+3)

Y.i ee ;'°Pr 7E+2 3E-7 9E-In

59 Praseodymiu W. see 1jPr 3E+4 IE+5 5E-5 2E-7
m-1442  St wall _6E-4 E-

(F+4) _

Y. see ' 3
°Pr _ IE+S : 2E-7 :

. 2 Praseodymiu W. see i'°Pr 3E+3 9E+3 4E-6 IE- 8 4E-5 4E-4
m-145 Y.see -'Pr : 8E+3 3E-6 IE-8 : :

S9 Praseodvmiu W. see 'TPr 5E+4 2E+5 8E-5 LE-7
m 1472  St wal I E-3 I E-2

.(8E4

Y. see '°Pr : 2E+5 -8E-5 3
o0 Neodymium- W. all I E+4 6E+4 2E-5 8E-8 2E4 2E-3

1362 compounds
except those
given foir Y

Y.-oxides, 5E+4 2E-5 8E-8 : :
hydroxides.
carbides. and
fluorides

. 0 Neodwmium- W.se iNd 2E+3 6E+3 ML 29E2 -9 3SE-4
._138 Y. see '°Nd : 5E+3 2E6 7E-9 : :

60 Neodymium- W-see ;~ 0Nd 5E+3 2E+4 7E-6 2E-8 7E-5 7E4
139m Y.see ai°Nd IE+4 6E-6 2E-8

60 Neodmitim- Wsee 1'°Nd 9E+4 3E+S IE-4 5E-7 iE-3 I |__

1392 Y. see 0Nd : 3E+5 IE-4 4E-7 : :
60 Neod mium- WY see 'Nd 2E+5 7E+S 3E-4 IE-6 2E-3 2E-2

141 Y-see6E+5 9C-- : ± :_E____

6Q Neodymium- W. see iJoNd I E+3 9E±2 4E-7 I E-9
147 LlA wall 2E- 2E-4

(IW± ___

Y.see -'°Nd 8E+2- 4E-7 IE-9
Q0 Neodymium- W.see "ONd IE+4 3E+4 I 4E-8 IE-4 IE-3

1492 Y. Le INd _2E+4 IE-5 3E-8 :

. Neodvmium- W.seebNd 7E+4 2E+S 8E-5 3E-7 9E4 9E-
151 Y.see t'°Nd __:__ 2E+S 8E-5 3E-7 :

61 _E+_4 2E+5 8E-5 _F-7 _
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Table I Table 11 Table 111
Ocptioable Vaue Effluent Releases

.Occunationa Values Concentrations to Sewvers

Atomic Radionuclide Class Col. I CoL 2 Col. 3 Col. I Col. 2 Month
NoO Inhalation Averaze

Al Air Water oncen-
Ingestion ALICp mI)- -- ~l) tato
ALI (ttic ii)ni (Uci/mi) ________I (uCm mrl)o

Promethium- St wall 8E-4 8E-3
j012 ___ _ _ _ _ (16E+42 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Y. oxides. 2E+5 7E-S 2E-7
hydroxides.
carbides. and
fluorides

61 Promethium- Wsee i4APm SE+3 6E+2 2E-7 8E-10 7E-5 7E-4

143_ _ Y see 4 Pm 7E+2 E-7 I : :
.61 Promethium- W. see"Pm IE+3 IE+-2 5E-8 2E-lO 2E- E4

144 Y. see 141 IE+2 iu- 2E-10 --

61 Promethium- W. see "'IPm IE+4 2E+2 7E-8 IIE-4 IE-3
145 Bone surft2E+2) 3E- 10

_ _ _ e -"Pm - 2E+2 8E-S 3E-10
6iI Promethium- W See -4 Pm 2E+3 5E+1 2E-8 7E-1 2E-5 _ E_ 4

146 Y. see '4'Pm : 4E+l 2E-8 6E-I I I :

61 Promethium- W. see 14Pm 4E+3 IE+2 5E-8
147 LLI wall Bone surf (2E+2) 3E-10 7E-5 7E-4

__ _ (5E+3)
Y. see L4 Pm IE+2 6E-8 2E-L0 : :

61 Promethium- W. see '4'Pm 7E+2 3E+2 I E-7 4E-10 I E- IE-4
1 48m

_ __ Ye '4P : 3E+2 -7 SE-IO :
6f1 Promethium- W. see '4'Pm 4E+2 5E+2 2E-7 8E-10 -

148 LLI wall 7E-6 7E-5
_______ E+2)__

Y. see '4 'Pm : SE+2 2E-7 7E-10 :

61 Promethium- WV. see '4 'Pm IE+3 2F+3 8E-7 3E-9
149 LLI wall 2E-5 2E4

_ _ _ _ _ _ _ tiE + 32 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Y. see, Pm : 2E+3 8E-7_ 2E-9
61 Promethium- WSe '4Pm E+3 2E+4 8E-6 3E-8 7E-5 7ME-4

150 Y see "'Pm 2E+4 2E-S
.6 Promethium- W see _'Pm 2E+3 _E+3 IE-6 2E-5 2E4

. Y. see "'Pm :2E-3 IE-6 4E-9 - -

62 Samarium- W. all 3E+4 I E+5 4E-5 I E-7 4E-4 4E-3
_ L41m' comnounds

62 Samarium- W. all 5E+4 2E+5 8F-5 2E-7
i I2 compounds St wall : 8E-4 8E-3

(6E+4)
62 Samarium- W. all E+3 3E+4 IE-5 4E-8 IE-4 IE-3

1422 comnounds

62 Samarium- W. all 6E+3 5E+2 2E-7 7E-10 8E 5 8E-4
I___ 14-5 gqmpounrds _____

62 Samarium- W. all IE+l 4E4--2 I E-l -
146 compounds Bone surf Bone surf (6E-2) 9E-14 3 E-7 3E-6

62 Samarium- W. all 2E+I _42 2E-_ -I =
147 compounds Bone surf Bone surf (7E-2) Ed3 4E-7 4E-6
_ {(3E+I2

62 Samarium- V. all IE+4 _E+2 4E-8 - =
151 compounds LLI wall Bone surf(2E+2) 2E-10 2E4 2-3

. 2 Samarium- W. all 2E+3 3F.3 IE-6 4E-9 -

comnounds Ll. wall 3E-5 3E-
6 (2FE3)

62 6E+4 2E__ 9E-5 3E-7-
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Table I Table Re Table III
Occunational Values Effluent ReleasesConcentrations to Sewers

Atomic Radionuclide Class Col. I Col. 2 Col. 3 Co 2 Contl

No- AveraID pe T /oral Inhalation vag
In;cest-ion DAC Ar Water C~oncen-
ALT (MCi) ALI (uCi)O ~ 7l (uCi/mfl (utCimI) tration

Samarium- LLI wall 3E-5 3E-4
_ __153 (2E+3)

62 Samarium- W. all 6E+4 2 E+5 9E-5 3E-7____
comlOunds St wall E-3 I E-2

SE+4)
62 Samarium- W. all 5E+3 9E+3 4E-6 I E-8 7E-5 7E-4

156 gompomnds
63 Europium- W. nil 2E+3 2E+3 SE-7 3E-9 2E-4

145 coMnpounds
63 Europium- W. all IE+3 5E-7 2E- MI IE4

146 compounds .
63 Europium- W. all 3E+3 2E+3 7E-7 2E-9 4E-5 4E4

147 conmpounds
63 Europium- U' al IE+3 4E+2 IE-7 SE-I0 1E-5 IE-4

L 148 compounds
63 Europium- *V all IE+4 3E+3 IE-6 4E-9 2E-4 2E-3

L 149 compou-nds
63 Europium- W all 3E+3 8E+3 4E-6 I &8 4E-5 4E-4

150 112 62-h) cornpounds
63 Europium- W. all 8E+2 2E+l 8E-9 3E-l I I E-5 I -4

I lS0 _ 4.2y) compounds
63 Europium- all3 6E+3 3F-6 9E-9 4E-5 4E-4

152m compounds
63 Europium- W. all E+2 2E+l IE-8 3E-ll IE-5 IE4

152 componds _

63 Europitim- W all SE+2 2E+1 8E-9 3E-1 I 7E-6 7E-5
154 congounds

6 Europium- W. all 4E+3 9E+1 4E-8 5E-S 5E-4
comnounds _ Bone surf-iE+2) . 2E-10 _

63 Europium- W all 6E+2 5E+2 2E-7 6E-10 8E-6 8E-5
156 compounds

63 Europium- W-all 2E+3 5E+3 2E-6 7E-9 3E- 3E
157 compounds

63 Europium- W. all 2E+4 6E+4 2E-5 8E8 3E4 3E-3
1582 compunds

64 Gadolinhim- D all 5E+4 2E+5 6E-5 2E-7
1452 compounds St wall 6E4 6E-3

except those (SE+4)
#i CQOr W

W. oxides, :2E+5 ZE 2E-7 :
hydroxides, and
fluorides

64 Gadolinium- D. see ' 4 'Gd IE+3 IE+2 5E-8 2E-10 2 2E-4
146 W.sec 'Gd : 3E+2 IE-7 4E-10 : _

64 Gadolinium- D see 27Gd 2E+3 4E+ 2E6 6E-9 3E5 3E-4
147 W~see 'Gd 4E+3 IE6 SE-9 : :

64 Gadolinium- D.see "4 'Gd IE+l 8E-3 3E-12
148 Bone-surf Bone surf (2E-2) E1 3E-6

______ ______ (2E±jj__ __ _

Y. see 4'Gd 3E-2 I E-I I
_ Be urfi6E-21 8E-14

64 Gadolinium- D see 14 'Gd 3E+3 2E+3 9E-7 4E- 4E 4E-4

149 Wsee 4rGd _2E+3 IE-6 3E-9 :
64 Gadolinium- D. see 1'4Gd 6E+3 . 4E+2 2E-7 9E-5 9E-4

l S l ___ BonesurfC6FEt2) 9E-l:O __ _

W see 4 GdIE+ E-7 2E-9 _

64 _ 2E+l i1-2 4E-12 2
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Table If Table 1II
Tcuabnle VaI e Effluent Releases

Occupational Values Concentrations to Sewers

Atomic Radionuclide Class Col. I Col. 2 Col. 3 Col. I Col 2 Afonthlv
NQo OrI Inhalation Averaee

Inestion ALI (uCi) (CVml) (CVml) raion
AL ui ATl NCOi)(MUMI') _____ (u-1 M_ )

Gadolinium- Bone surf Bone surf (2E-2) 3E-14 4E-7 4E-6
152 (3E+I)

W. see 1
4 Gd 4E-2 2E-I

Bonesurfl8F, 2) IE-13 _
64 Gadolinium- D. see 14 'Gd LE+3 I E+2 6E-8 6E-5 6E-4

153 Bone surf (2E+2) 3E-10 _
W.se _ :E+2 2E-7 SE-L1 M

64 Gadolinium- D. see 1'Gd 3E+3 8E+3 3E-6 IE-8 4 4E-4
159 W. seeq 4'Gd : 6E+3 2E-6 8- _

65 Terbium- W. all 9E+3 3E+4 I5E-8 I E-4 I E-3
1472 ompounds _

65 Terbium-149 W all 5E+3 7E+2 IE-9 7E-4
compounds

65 Terbium-150 W. all 5E+3 2E+4 9 3E-8 7E-5
compounds

65 Terbiutm-lS I W all 4E+3 9E+3 4E-6 I E-8 SE-S SE-4
_ _m=pounds

65 Terbium-] 53 W. all SE+3 7E+3 3E-6 IE- 7E-5 7E-4
._ _ _ _ corn~pounds I__ _ _ _ __ _ _ _ _ _ _

65 Terbium-154 W.all 2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
_ompoumds

65 Terbium-lSS W. all 6E+3 8E+3 3E-6 IE-8 8E-5 8E-4
compounds

65 Terbium- W all 2E+4 3E+4 IE-5 4E-8 21E4 2E-3
1 56m L50 o ompm-inds

65 Terbium- W all 7E+3 8E+3 3E-6 IE-8 IE-4 IE-3
156m (24.4 compounds

65 Terbium-156 W all I E+3 I E+3 6E-7 2E-9 I E-4
._ compounds

65 Terbium-157 W. all SE+4 3E+2 IE-7
compounds LLI wall Bone surf(6E+2) _8E-10 7E4

(5E+4)
65 Terbium-158 W all IE+3 2E+l SE-9 3E-11 2E-S

compounds
6 Terbium-160 W. all 8E+2 2E-2 9E-8 3E-10 IE5 E4

_ compounds
65 Terbium-161 W. all 2E+3 7E7 2E-9

compounds LLI wall 3E-5 3E4
(2E+331

66 Dysprosium- Wall 9 +3 3E+4 IE-S 4E-8 IE-4 IF-3
155 compounds

_ Dvsprosium- W. all 2E+4 6E+4 3E- 9E-8 3E4 3 E-3
157 compounds

66 Dysprosium- W. all I E+4 2E1+3 I E-6 3E-9 2E-4 2E-3
I159 compsunds ___

66 Dysprosium- W. all IE+4 5E+4 2E-5 6E-8 21E
165 £° pounds _

66 Dvsprosium- WV all 6E+2 7E+2, 3E-7 IE-9
166 compounds LLI wall I IE4

i _ L8E+21
67 Holmium- W. all 4E+4 2E+S 6E-5 2E-7 6E4 6E-3

(552 comnomnds

67 Holmium- W. all 3E+5 IE+6 6E-4 2E-6 4E-2
1572 comounds

j67 Holmium- W. all 2E+S IE+6 4E-4 IE-6 3E-3 3E-2
1592 compounds .
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Table I Table If Table IlI
Occupational Values Effluent ReleasesConcentrations to Sewers

Atomic Radionuclide Class Co. I GoL. 2 Col. 3 Col. I Col. 2 Monthly
N Oral Inhalation _verave

Orl ir Water Concen-
InaeLstion AI(iDAC (LuCilmfl (IlCi/ml) fration

AL! (usi) AL1 (uCi) A(CW(mI) faiCiznh

67 Holmium- W. all I E+5 4E+5 2E4 6E-7 I E-3 I E-2
161 compopounds

67 Holmium- W. all 5E+4 3E+5 IE4 4E-7 7E-4 7E-3
162m compounds

67 Holmium- W. all 5E+5 2E+6 IE-3 3E-6
1622 compounds St wall IE-2 IE-1

67 Holmium- W. all IE+5 3E+5 IE-4 4E-7 IE-3 IE-2
164m 2  compounds

67 Holmium- W all 2E+5 6E+5 3E-4 9E-7
compounds St wall _3E-3 3E2

(2E±+5
67 Holmium- W. all 6E+2 7E+0 3E-9 9E-12 9E-6 9E-5

166m compounds
67 Holmium- W all 9E+2 2E+3 7E-7 2E-9

166 compounds LLI *vall I E-5 IE4

67 Holmium- W all 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
167 compounds

68 Erbium-161 W all 2E+4 6E+4 3 9E-8 2E-4 22-3
compounds

68 Erbium-165 W. all 6E+4 2E+5 E 3E-7 9E4 9E-3
CQmpoi nds

§ Erbium-169 vV all 3E+3 3E+3 IE-6 4E-9
compounds LLI wall E4

fjfE+3)
68 Erbium-171 Wall 4E+3 I E+4 4E-6 I2-8 5EA 5E-4

. compounds
68 Erbium-172 W. all IE+3 I E+3 6E-7 2E-9 _

compounds LLI wall 2E4
LI E+3)

69 Thulium- W. all 7E+4 3E+5 -1-4 4E-7
1622 compounds St wall EI E-2

(7E±4)
69 Thulium-166 W-i! 4E+3 I E+4 6E-6 2E-8 6E-5 64

compnomds

69 Thulium-167 ' all 2E+3 2E+3 8E-7 37-9
compounds LlIl wall _25 4

(2E+_3)
69 Thulium-170 W. all 8F+2 2E+2 9E-8 3E-10 _

compounds LLI wall IEIE4
(±I E+3

69 Thulium-171 W all IE+4 3E+2 IE-7 :
compounds LLI wall Bone surf (6E+2) 8E-10 2E4 2E-3

69 Thulium-172 W all 7E+2 IE+3 5E-7 2E-9
compounds LLI vall I E-5 IE4

_SF_+2_ _ _ _ )
69 Thulium-173 W. all 4E+3 I E+4 52-6 2E-8 6E-5 6E4

. _ cQmpopnds

69 Thulium- W 7all 3E+5 IE-4 42-7 : :
compounds St wall IE I E-2

1Q Ytterbium- W. all 7E+4 3E+S IE4 4E-7 I E-3 I E-2
1622 compounds

except those
given for Y
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Table I Table 11 Table IIl
Occupational Values Emuent Releases
__________ Concentrations to Sewers

Atomic _Cas COl. I Cot. 2 Col. 3 Col I Col. 2 Monthhi
No aincie CasInhalation - Averaze

9 Air Water Concen-
Ingestion ALIDACtCi PAC (uCVml) (uCVml) ration
ALI fiiCi). AN u ~ ~ (Cifth(uk,?

Y. oxides, 3E+5 IE-4 4E-7
hydroxides. and
fluorides

70 Ytterbium- Wsee Yb I E+3 2E+3 E-7 - 2E5 E4
166 Y seet Yb I2E+3 SE-7 3E-9 :

_ Ytterbium- W.see ° Yb 3E+5 8E+5 3E4 IE-6 4E-3 4E-2

167- Y.se T, 7E+5 3E-4 IE-6 _
70 Ytterbium- W.ee °Yb 2E+3 8E+2 4E-7 IE9 2- 2E4

169 yseeh ____ 7E+2 3E-7 IE-9 :

70 Ytterbium- W. see °'Yb 3E+3 4E+3 IE-6 5E-9
175 LLI wall 4E-5 4_

(3E+3)

Y.see 1 Yb - 3E6 5E-9 :
70 Ytterbium- W. see ° Yh 2E+4 5E+4 2E-5 7E-8 2E-4 2E-3

1772 y-- 5E,+4 2E-5 6E-8 -

70 Ytterbium- W. see °-Yb IE+4 4E+4 2E-5 6E-8 2E4 2E-3
lu!__Y Y. see 'Yb 4E+4 2E-5 5E-8

1i Lutetium-169 W.a31 3 E+3 4 E+3 2E-6 6E-9 3E4
comoounds
except those
eiven for Y _
Y. oxides, 4E+3 2E-6 6E-9 :
hydroxides, and

L _ fluorides
71 Lutetium-170 W.see_ u IE+3 2E+3 9E-7 3E-9 2E-5 2E4

Y seem'iLu 2E+3 8E-7 3E-9
| 7.1 Lutetium-171 W. see '°Lu 2E+3 2E+3 8E-7 3E-9 _-5 3E-4

Y.sce ZLu _ 2E+3 8E-7 3E-9 : :
F Lutetium-l 72 W. see ° Lu I E+3 IE+3 5E-7 2E-9 I E4

LYje '"'Lu : IE+3 5E-7 : __ 9
71 Lutetium-173 W.see °o)Lu 5IE+3 E-7 7E-5 7E-4

Bone surf (5E+2) 6E-10
Y see °9Lu 3E+2 I E-7 4E-10 :

71 Lutetitim- W. see
9 Lu 2E+3 2E+2 I E-7

174m LLI wall Bone surf(3E+2) 5E-10 4E-5 4E-4
13E+3)

Y. see _0 _Lu 2F+2 9E-8 3E-10 : :
Lutetium-174 W. see °' Lu 5E+3 IE+2 5E-8 7E-5 7E-4

Bone surfLEN+2) 3E-10

._Y. see °0 Lu : 2E+2 6F-8 2E-10 : :
71 Lutetium- W. see t 09Lu 8E+3 3E+4 IE5 3- I E4 _IE-3

1 76m Y.ee ' 9Lu : 2E+4 9E-6 3E-8 : :

7 1 Lutetium-176 W. see " 9 Lu 7E+2 LE+0 2E-9 IE-5 IE4
Bone surfjlE1±) _ 2E-11 __, _ __

Y.eeD °Lu : 8E+0 3E9 IE-El : I

Lutetium- W. see 10'Lu 7E+2 IE+2 5E-8 I E-5 IE.4
177m Bone turfitF 2) 2E-10

__YY. see t
9~lu 8E+l 3E-8 IE-0 : :

71 Lutetium-177 W, see 09 LU 2E+3 2E+3 9E-7 3E-9
LLI wall 4E'5 4E4

Y see Y 09, i 2E+3 :_3E9

| 7 I Lutetium- W. see °'Lu iE!+ 2E+5 8E-5 3E-7
178m2  St. wall : 8E4 8E-3

_6E±4) _-- -_-
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Table I Table Ii Table Ill
Occupational Values Effuent ReleasesConcentrations to Sewers

Atomic Radionuclide Class Col. I Col. 2 Col. 3 Col. I Col. 2 Monthl
N , Inhalation A_ verage

OrlAir Water Concen-
Inestion ALI (C DAC (uCVmli (uCi/ml? tration
AL ui AL (COi (liciml) _____ iC1/Mh

A Y. see "9LU : 2E+5 1u: 2E-7 : :

71 Lutetium- W. see '"Lu 4E+4 I E+5 5E-5 2E-7 - -

1782 St wall 6E-6-
(4 F±4) _ _ _ _ _ _ _ _ _ _ _ _ _

. Y. see "'Lu IE+5 5E-5 2E-7 _
| Lutetium-179 W. s LELu +6 Eff4 2E4

Y. see ""Lu : 2E+4 6E-6 3E-8 :
72 jHafnium-170 D all 3E+3 6E+3 2E-6 8E-9 4E-5 4E-4

compounds
except those
gie for W

W. oxides5E+3 2E-6 6E-9 :
hydroxides,
carbides. and
nitrates .

72 lHafnium-172 D. see "'If IE_3 9E+O 4E-9 2E-5 2E-4
-=___ _ = eurMI2E+1D _-_ _ 3E-1I I_ _

W. see ""Hf 4E+l 2E-8
Do -_-v- Bone suffr6E+I) 8E-1 I

72 Hafnitim-173 D. see ""Hf 5E+3 IE+4 5E-6 2E-8 7E-5 7E_1

-_ _ W. eeHf I E+4 5E-6 2E-8 : :
72 Hafnium-175 D. see "'lf 3E+3 9E+2 4E-7 4E-5 4E-4

__ _ Bnesurf(LE±3 I JE9
!- w see ""Hf EI E+3 5E-7 2E-9 : :

72 Hatnium- D see "Ff 2E+4 6E+4 2E-5 SE-8 3E41 _3E-3

177m 2  W.sece -kjI, 9E+4 4E- IE-7 :
72 Hafnium- D. see "uHf 3E+2 IE+O 5E-1 I 3E-6 3E-5

178m _one surU2E+O) 3E-12 -

W. see ""Hf 5E+O 2E-9
. Bone surf (9E+O_ I E-l I
Hafnium- D see ""Ff IE+3 3E+2 ILE-7 - IE-5 IE-4

D 9 ______ one suCOFj6E2) 8 E-10 -

W see ""Hf 6E+2 3E-7 8E-IO :
12 Hafnium- D. see "Hf 7E+3 2E+4 9E- 3E-8 IE-4 IE-3

180m W see "uHf : 3E+4 IE-5 4E-S : :

72 Hafnium-181 D. see ""Hf IE+3 2E+2 7E-8 2E-5 2E-4
Bonesurf(4-E+2) 6E-lp __-

_W.ee jjjf 4E+2 2E-7 6E-I( :
72 Hafnium- D. see ""Hf 4E+4 9E+4 4E-5 IEE-7 5E _ _-3

182m 2  W.se e"uHf IE+5 6 :

72 Hafnium-182 D see "uHf 2E+2 8E-1 3E-10
Bone surf Bone surf (2E+O) 2E-12 5E-6 5E-5

(4EL+22

W. see If -i 3E+O I E-9
_____ - __ _ne surf 7E 0) E 1

72 Hafnium- D see "mlf 2E+4 E2E-5 6E-8 3E4
1832 W. see ""Hf 6E+4 2E 8E-

72 Hafnium-1 84 D see ""Hf 2E+3 3E-6 IE-8 3 E-5 3E_ 4

W. see "Hf :6E+3 3E 92E-9 ::

f1 Tantalum- W. all 4E+4 IE+5 5E-5 2E-7 5E-3
1722 compounds

except those
given for Y .
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TbeITable!!1 Table III
OcuatinleVaue Effluent Releasesrccunational Values Concentrations to Sewers

Atomic COLI____2__ -(o.3 C!.I Cl2 fohvRadionuclide Class Col. I ol. 2 __ to3 Col. I Col. 2 Afonthh
No Inhalation Averaee

Airs o DCWater Concen-
Inen ALT (ItCi) -A (uCi/ml) NUCml) tration

ALI (Rci) (tiCi/mi)_____6C/I

Y. elemental Ta. I E+5 4E-5 I E-7 :
oxides
hydroxides.
halides.
carbides.
nitrates, and
nitrides .

73 Tantalum- W. see 1jjTa 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4
173 Y. see 5Ia 2E+4 7E-6 2E-8 :

73 Tantalum- W. see "'Ta 3E+4 IE+5 4E-5 IE-7 4E4 4E-3
1742 Ysee i72n 9E+4 4E-5 IE7 :-

73 Tantalum- W. se m"Ta 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
175 Y.see i'2ta : 1E+4 6E-6 2E-8 :

73 Tantalum- W. seeTa 4E+3 I E+4 SE-6 2E-8 5 E-5 5E4
176 Y. see 1E+_a IE+4 SE-6 2E-8

Tantalum- W. jeeg Ta 1E_+4 2E+4 8E6 3E-8 2E-4 LE__-3

177_ Y.isee ITa 2E+4 7E-6 2E-8
73 Tantalum- W. se "Ta 2E+4 9E+4 4 ILE- 21-4 _E-3

1 178 Yse 7 'rTa 7E+4 IE-7 _ :
73 Tantalum- W. see M2Ta 2E+4 SE+3 2E-6 8E-9 3E- 3E-3

1729Y 2Esee :La : 9E+2 4E-7 IE29 :

73 Tantalum- -y% &Ik'fa 2E+4 7E+4 9 E-S 2E-8 3E-4 3E -3
180m Y see h u a : 6E+4 2-5 8E-8 : -

7 | Tantalum- W see iTa IE+3 4E+2 2E-7 6E-10 2E-i 2E14
180 Y.see "Ta 2E+L ILE-8 3E-I I

73 Tantalum- W. see "2 Ta 2E3+5 5E+5 2E-4 8E-7
182m2 Stivall : 31E-3 3E-2

12E+S)

__ Y. see"'Ta,: 4E+5 2E-4 6E-7 7 -

73 Tantalum- Wvsee '8Ta+ BE+2 2+2 IE-7 E-1I0 I E-5 LE L-
182 Y. see 'Ta : I E+2 6E-8 2E-10 : :

3 Tantalum- W. see A Ta 9E+2 I E+3 5E-7 2E-9 - -
L wall 2 2E4

__ _ Y.se "Ta 1E+3 4E-7 IE9 : :

l Tantalum- W. see £'jLTa 2E+3 SE+3 2E-6 8E-9 3E-5
184 Y. see "-T IE+3 2E-6 2E- :

73 Tantalum- W.seqe 2Ta 3E+4 7E+4 5 IE-7 41-4 4E-3
185 Y.see 7'1a - 6E+4 E-5 9E-8 -

73 Tantalum- W. see "ii a 5E+4 2E+5 1-E4 3E-7
1862 St wall I:E3 I E-2

' ~(7E+4) .
_Ysee 'Ta : 2E+S 9E 5 3E-7 : _

74 Tlugsten-176 D. all IE+4 5E+4 2E-5 7E-8 IE4 IE-3
compounds

74 Tungsten-177 D. all 2E+4 9F+4 4E-5 IE-7 3E-3
_ompunds

74 Tunasten-178 D all SE+3 2E+4 8E-6 3E-8 7E-5 7E-4
___ compounds I

74 Tunasten- D all 5E+5 2E+6 7E-4 2E-6 7E-3 7E-2
T179 compounds

74 Tungsten-181 P. all 2E+4 3E+4 IE-5 5E-8 2E-4 2E-3
74 TE3qmepnds

|| 4 Tulngsten-185 2E+ 7E+3 3E-6 9E~-9-
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Table I Table 11 Table Ill
Occupational Values Effluent Releases

Concentrations to Sewers
Atomic Radionuclidc Class Col. I Col 2 1 Col.3 Col. I Col. 2 Monthly

I ainci oCOral Inhalation A~verage

Ingeton lA Air Water Concen-
ALI 6CiO ALI (itCi) (uCi/ml) (uCi/ml trat

__ __ _ __ _ __ __ _ __ _ __ _('uc t'nn

D. all LLI wall 4E-5 4E-4
comp unds 13E+3)

74 Tunesten-187 D. all 2E+3 9E+3 4E-6 I E-8 3 3E4
compounds

74 Tungsten-188 D. all 4E+2 IE+3 5E-7 2E-9
compounds LLI wall 7E-6 7E-5

. (5E+21 I

R2 Rhenium- D. all 9E+4 3E5 I E-4 4E-7
177Z compounds St wall 2E-2

except those (IE+5)
2iven for W -. .

W. oxides, 4E+5 IE-4 5E-7
hydroxides. and
n nitrates _

7 Rhenium- D. see ' Re 7E+4 3E+5 lE4 4E-7
1782 St wall : I E-3 I E-2

OI E+52
Wee " Re : 3E+5 1E-4 4E-7 : :

75 Rhenium-181 D see "'Re 5Eff 9E+3 4E-6 IE-8 E7E
W see ' Re 9E_+3 4E-6 IE-:8

.75 Rhenium-182 D see "'Re 1E+3 IE+4 5E-6 2E-8 9E-5 9ES4
(12.7h) Wsee "Re : 2E+4 6E-6 2E-8 : :

75 Rhenium-182 D-see .' Re IE+3 _ __ I E-6 3 E-9 2E-5 2

(64.Wh) \.see '"'Re -2E+3 9E-7 3E-9 -

75 Rhenium- p see i7LRe 2E+3 3E+ IE-6 4E 3E5 _

.184n1 lsee i"Re 4E+2 2E-7 6E-10 :

75 Rhenium-184 D.ee "'Re 2EIf 4E+3 IE-6 5E-9 3E-4
Wsee"Re IE+3 6E-7 2E-2

75 Rhenium- D. see "Re I E+3 2E+3 7E-7
186m St wall Stwall(2E+3) 3E-9 2E-5 2_

(2 .+3A
W. see "'Re - 2E+2 6E-8 2E-10

75 Rhenium-186 D see "'Re 2E+3 3E+3 IE-6 4E-9 3- 3E-4
W see "'Re 2E+3 7E-7 2E- __:_____

7 Rhenium-l87 D. see' '"Rc 6E+5 8F+5 4F.4 8E-3 8E-2
-_ St *walA9E+5) _IE-6

ee ' Re : I E+5 4E-5 IE-7 : :
75 Rhenium- D. see "Re 8E+4IE+5 f 2E-7 IE3 I E-2

188m2  W. see "'Re _ IE+5 6E-5 2E-7 . :

. Rhenium-188 D see "'Re 2E+3 3E+3 I E-6 4E-9 2E-5 2E-4
W-se 'Re 3+3 _IE-6 4- I

75 Rhenium-189 D see A"'Re 3E+3 5E+3 2E-6 2 4E-4

_ _W. see "'Re 4E+3 E-6 6E-9
76 Osmium- D. all I E+5 4E+5 2E-4 5E-7 I E-3 I E-2

1802 compounds
except those
aiven for W and
Y
W. halides and SE+5 2E4 7E-7 :
nitrates

Y. oxides and 5E+5 2E4 6E-7
. ihvyroxides

76 Osmium D see Os I E+4 +4 2E-5 6E-8 2E-4 2E-3
1812 !e uOs : 5E+4 2E-5 6E-8

Y. seeI'uOs 4E+4 2E-5 6E- : :
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Table I Table 11 Table III
Occupational Values Effluent Releases

Concentrations to Sewers
Atomic Radionuclide Class COI. I COl. 2 Col. 3 Col. I Col. 2 Afonthlv

No . Inhalation Average
Ineetio DA Air Water Concen-

Inlsi ALI (uCi) C (uC/ml (UCVmlW tration
ALl (uCi) (u1CIMIm

76 Osmium-l82 .see bOs= 2E+3 6E+3 E 6 E-9 _3E-5 3E-4

W. see IUQOs 4E+3 2E-6 6E-9 :
Y. see AvO- 4E+3 2E-6 6- :

76 Osmium-1 85 Dse Os 2E+3 5E+2 2UE-7 7E-10 3E-4
W. see 'LOs 8E+2 3E-7 I E-9 :

_ see Os 8E+2 3E-7 JIU - :
| 6 Osmium- PseeuOs 8E+4 2E-+S IE-4 3E-7 I E-3 I E-2

189m W s 2E+5 9E-5 3E-7 : :

Y._see ___ _ 2F.+5 IE- 2E-7 . :
76 Osmium- . see IOVOs IE+4 3E+4 IE-5 4E-8 2E4 2E-3

191m W. see -""' 2E+i4 - 3E-M I

ee b'Os 2E+4 7E-6 2E-8
76 Osmium-191 D. see ibuos 2E+3 2E+3 9E-7 3E-9 _

Ll.l wall 3_ 3E4
(!E+31

W. see bOs _ __ 2E+3 7E-7 2E-9 :

Y. see iOs IE+3 6E-7 2E-9 :
76 Osmium-193 D. see lbUOs 2E±3 SE+3 2E-6 6E 2 -

LLI wall 2E-5 2E4
_____ ____ ____ (2E4-3) _ _ _ _

W seeI bo's : 3E+3 IE-6 4E-9
Y.-see *__Os - 3E+3 IE-6 4E-9 :

76 Osmium-194 D. see ""Os 4E 2 4E+i 2E-8 6E-1I -
LLI al : : E-6 8E
(6F+2)

W. see &Uos : 6Ei+-l 2E-8 8E-I I

_ Y.seOe : . 8E+O E-9 IE-II :
2 Iridium-182 D. all 4E+4 I E+5 6E-5 2E-7

comnounds St wall - 6E:
excet those (4E+4)
given for W and
Y
W. halides, 2E+5 6E-5 2E-7 :
nitrates. and
metallic iridium,
Y. oxides and IE+5 SE-5 2E-7 : :
_ hvdroxides

22 fridium-184 P see lr 8E+3 2E+4 iE-5 3E-8 IE-4 IE-
W see b-k : 3E+4 IE-5 SE-B : .
_Y.soee "'r -3E+4 I.E- 4E-8 :

.77 ridium-185 D see !Eff IE+4 5E-6 2E-8 7E-S 7E-4
W. see iIr : IE+4 SE-6 2E-8 ::

_Y see lbIr I E+4 4E-6 IE-8 _ :
77 Iridium-186 D see Sb lr 2E+3 8E+-3 3E6 I E-8 3E-4

Wsee "Ir 6E+ 3E-6 9E-9
Y-se Y. se'°lr 6E+3 2E-6 E-9

L lridium-l87 D. see I4lr IEE+4 +4 IE-S LEI IE-4 IE-3
V:, se °2 Ir : 3E+4 ILE 4E-8 :_:

Y. see "'-Ir : 3E+4 4E-8 : :
77 Iridium-lBS8 Qsee Ir 2E+3 SE+3 2E-6 6E-9 3E4

_Wsee_ bIr_: 4E+3 IE-6 SE-9 :_:
Y.see'lr : 3E+3 I E-6 5E-9

77 iridium-189 5E+3 2-E-69
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Table I Table If Table IIl
Occupational Values Effluent ReleasesConcentrations to Sewers

Atomic Radionuclide Class Colt I C. 2 Co. 3 Col. I Col. 2 Month
NoQ. orlInhalation Average-

OrlAir Water Concen-
Ineestion ALI NO) DAC (uCi/mN ) (teCi/m) tratio
ALI (uCi) A~ uii(uCi/Imi' (pISCMt

D. see 1l rr LLI wall -7E4

(SE+3)
--s 4E+3 2E-6 SE-9 : :

-Ysee Ir 4E+3 I E-6 SE-9 : :

77 Iridium- Psee 8'1r 2E+5 2E+S 8E-S 3E-7 2E-3 2E-2
1 90m2  W. se f4lr . 2E+S 9E- 3:- :

I__ _ Y. see el"Ir 2E+S SE-S 3E-7 : :

77 Iridium-190 s ee ir IE+3 9E+2 4E-7 I E-9 I E-5 I E4

W. see i6lr : IE+3 4E-7 IE-9 :

Y see 9".lr 9E+2 4E-7 IE-Q :

77 Iridium-192m DLsee *2 1r 3E+3 9E+l 4E-8 IE-10 4E-5 4E-4
W. se e ._ 2E+2 9E-l 3E-10 :

Y see 2 lr 2E+1 6E-9 2E-I I :
77 Iridium-192 D.see Fr 9E+2 3E+2 IE-7 4E-10 IE-5 IE-4

W.e-ei r - 4E+2 2E-7 6E-1O 0

Y. see "'jr 2E+2 9E-8 3E-10 :

77 Iridium-194m D. see "s r 6E+2 9E+1 4E-8 IE-0O 9E-6 9E_-S

W see 'lr : 2E+2 7E-8 2E-10 : :

.- see &'lr ILE+2 4E-8 IE-10 :

77 Iridium-194 D|seej':lr IE+3 3E+3 IE-6 4E-9 | u I E-4

W see h'lr : 2E+3 9E-7 32 :_:

Y.see -IF 2E+3 8E-7 3E-9 : :

77 Iridium-195m D see "',r 8E+3 2E+4 IE-5 3E-8 IE-4 IE-3

W ee Llr 3E+4 IuE- 4E-8 . :

Y. see 'b
2lr 2E+4 9E-6 3E-8 : :

|77 ridium-195 D see 'Ir IE+4 4E+4 2F-S 6E-8 2E-4 2E-3

W.-se H !r , SE+4 2E-5 7E-8
I Y. see i'r 4E+4 _E-5 6E-8 : :

78 Platinum-186 D. all I E+4 4E+4 2ES SE-8 2E-3
_compounds

78 Platinum-188 D. all 2E+3 2E+3 7E- 2E-9 2E-S 2E4
ppmpotinds

78 Platinum-189 D. all IE+4 3E+4 IE-S 4E-8 I E4 I E3
._ compounds .

78 Platin Im-191 D all 4E+3 8E+3 4E-6 I E-8 SE-S 5E4
._ _ compounds .

78 Platinum- D. all 3E+3 6F,+3 3E-6 8E_-9
193m compounds LLI wall : 4E-5 4E-4

_3E±4) _

78 Platinim-193 D.all 4E+4 2E+4 IE-5 3F.-8 _

compounds LLI wall 6E-4 6E-3
_(S+4)

7 Platinum- D. all 2E+3 4E+3 2E-6 6E-9
195m compounds LLI wall 3E-4

(2E+3)

78 Platinum- D all 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
1 97m2  compounds

78 Platinum-197 Dnall 3E+3 IE+4 4E. IE-8 4E-5 4E-4
cpomunds .

78 Platinum D. all 5E+4 IE+5 6E-5 2E-7 7E-4 7E-3
1992 ~ompouinds

78 Platinum-200 D. all IE+3 3E+3 IE-6 2E 5 2E-4
som ounds
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Table I Table 11 Table Ill
Occupational Values Effluent Releases

______Concentrations to Sewe rs
Atomic Rodionuclide Class Col_1 CoL!2 ICol. 3 Col I ol. 2 Monthl

N.Oral Inhalation Averonze
Insinc Air Water Concen-AIn =tionl A I(hai luCilml) (taCiml) rato

Al(i L!(i)(u!CViim _______ LOW)mj

12 Gold-193 D. all 9E+3 3E+4 IE-5 4E-8 IE-4 IE-3
compounds
except those
given for W and
Y ._.
W. halides and 2E+4 9E-6 3E8
nitrates I

Y. oxides and 2E+4 8E-6 3 E-8
hydroxides

79 Gold-194 D, seeAu 3E+3 8E+3 I E.6 IE-8 4E-5 4E4

A.see '9'Au . 5E+3 2E-6 8E-9 : :
Y. see &15Au 5 : E+3 2E-6 7E-9 :

72 Gold-195 D. see 'iAu 5E_+3 IE+4 SE-6 2E-8 IE- 7E-____4

U',seeAu I E+3 6E.7 2E-

Y. see 'At! : 4E+2 ZE-7 6E-lo I
79 Gold-198m D see '9jAu IE+3 3E+3 IE-. 4E-9 I IE-S_

W.see '9
3Au IE+-3 E-7 2E-9

Y. see "'Au IE+3 5E-7 2E-9 .:
79 Gold-198 D. see "jAM IE+3 4E+3 2E-6 SE-9_E- 2E-4

W. see ' Au 2E+3 8E-7 3E-9
_Y.see 9 Au : 2E+3 7E-7 2E-9 :

79 Gold-199 D. see '9'Au 3E+3 E+3 4E-6 I E-8
Lt.l wall : 4E-5 4E-4

W. see " __A( 4E+3 2E-6 6E-9 -

Y. see -95Au 4E+3 2E-6 S-9
79 Gold-200m D. see A IE+3 4E+3 IE-6 SE- 2E-5 2E-4

W.Iec 9Au 3E+3 IE-6 45 E--
Y. see 9AAy _ 2E+4 IE-6 3E: :

79 Gold-200 *D As 3E+4 6E+4 3 9E-8 4E-4 4E-3

W see "-Au : 8E+4 3E-5 I E-7 :

.s 2 _ee__ : 7E+4 3- I E-7 : :
79 Gold-201 D. see ' Au 7E+4 2E+5 9E-S 3E-7

St :a:l1 E-3 I E-2

___e 2E+S E IE4 3E-7_:

. Y. see £V'Au 2E+S 29- 3E-7 :
80 Mercury- Vapor 8E+3 4E-6 I E-8 _

193m Oreanic D 4E+3 IE+4 F-6 2E-8 6E-5 6E-4
D.sulfates 3F+3 9E-+3 4E-6 IE-8 4E-5 4E-4

'. oxides E+3 3E-6 I E-8 :
hydroxides.
halides, nitrites.
_nd sulfides

80 Niercurn-193 _apor 3E+4 I E,- 4E-8
Oreanic D 2E+4 6E+4 3E-5 E -4 3E3E
D.see h9mHo 2E+4 4E+4 2E. 6E-8 2E-4 2E-3

_ V. see i9iHg 4E+4 2E- 6E-8 :
80 Mercurn-19i4 apor 3E_+1I _ E-8 4E-I-

Organic D 2E+l .E+l I F-8 4E-11 2E-7 2E-6
psee _ '_'H 8E+2 4E+1 2E-8 6E-I I IES IE-4
W. see I9 mHG IE+2 2E-lM

80 Mercury- Vapor 4E+3 2E-6 6E-9
195m Organic D 3E+3 6E+3 3E-6 8E-9 4E-S 4E_
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_ Table 11 Table IllTa le u Effluent Releases
Occupational Values Concentrations £o Sewers

Atomic Radionuclide Class Col. I Col. 2 C 51. 3 Co. I Col 2 Monthly
Oral Inhalation Averane

OrlAir Water Conce-Ingestion (uDA (Citnl frto
ALI (nCi) ALI (uCi) (MCI.Mf _ uc' rratinl

D see 2E+3 LE+3 2E-6 7E-2 9 3E_-5 _

Wse s 'Hg : 4E+3 2E-6 S- :
80 Mercurv-195 Yappr 3E+4 IE-5 4E-8

Organic D 2E+4 SE+4 2E-S 6E-8 2E-4 2E-3
D, see 9Jml, IE+4 4E+4 IE-S 5E-8 2E4 2E-3
W. see '93.Hg 3E+4 IE-5 5E-S : _ :

S0 Mercury- Vapor 5E+3 2E-6 7E9
197m Oreanic D 4E+3 9F+3 4E-6 IE-X 5E4

D.7E+3 3Es - 4E-S . 4E-4
W. see 9 m Hg E+3 2E-6 7E-9 : _:

80 Nlercurv-197 Vapor 8E+3 4E-6 I E-8
Oroanic D 7E+3 I E+4 6E-6 2E-8 9E-5 9E-4
D see ljmHa 6E+3 IE+4 | 5E-6 2E8 8E-S 8E-4
W s 9'mg 9E+3 4E-6 IE-8 :

80 Merctuy- Vapor 8E+4 _-5 I E-7
299m2 Organic D 6E+4 2E+5 7E-5 2E-7

St wall IE-3 IE-2
(E+±5)

D. see '9-"Ha 6E+4 IE+5 6E-5 2E-7 8E-4 8E-3

_W see tmHc 2E+ 7E-5 2E-7
0 |Nercunv-203 Vapor 8E+2 4F-7 E-9

Oreanic D 5E+2 8E+2 3E-7 IE-9 7E-6 7E-5
D,see i 9jmHg 2E+3 IE+3 2- 3E -5 3E-4
W see IE.+3 LE - 2E-9

81 Thallium- D. all SE+4 2E+5 6E-5 2E-7
194m 2  compounds Stwall I E-3 I E-

__ E+4)
|L Thallium- D. all 3E+5 6F.+5 2E-4 SE-7

1942 compounds St wall 4E-3 4E-2
_E+-5) 1

81 Thallium- D. all 6E+4 IF+S 5 2E-7 9E-4 9E-3
195! compounds

|Sl Thallium-197 D. all 7E+4 IE+5 5E-5 2E-7 IE-3 IE-2
compounds

| 8 Thallium- D. all 3E+4 5E+4 2E-S 8E-8 4E-4 4E-3
198m2  comnounds

81 Thallium-198 D. all 2E+4 3E+4 I E-5 5E-8 4
compounds I

81 Thallium-199 Q. all 6E+4 8E+4 4E-5 I E-7 9E4 9E-3
l c~pompoundsI

SI Thallium-200 D.all 8E+3 I E+4 SE-6 2E-8 IE-4 I E-3
_ _ofmpmvld5s

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

81 Thallium-202 D. all 4E+3 5E+3 2E-6 7E-9 5E-5
_ompm unds .

8 1 Thallium-204 D all 2EE+3 2E+3 9E-7 3E-9 2E-5 2E-4
compounds

82 Lea -195m D. all 6E+4 2E+5 8E-5 3E-7 8E4 8E-3
c MPounds I

82 Lead- 98 D. all 3E+4 6E+4 3E-5 9E- 4E4-3

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

82 Lead-200 D all 3E+3 6E+3 3E-6 2F 4E-5 4E-4
I gompoa ndsII
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Table 11 Table III
Tcuabnle Vaue Effluent Feleases

Occupational Values Concenitrations to Sewers

Atomic Radionuclide Class Col. I Col. 2 | Col 3 Co I _1. 2 Afothh
Oral Inhalation Averaget

InetOra AC Air Water Concen-
ALI (uC AL (uCi) DAC (uCi/mi) £i/"Cml) trationA!( )(uLCi/mI) &Gi'n1-mf

82 Lead-201 D. all 7E1+3 2E+4 8E-6 3E-8 JE-4 I E-3
. _ compounds

82 Lead-202m D. all 9E+3 3E+4 I E-5 4E-8 I1E-4 I E-3
. compounds

82 Lead-202 D. all IE+2 5E+l 2E-8 7E-11 2Eb 2E-5
. omLp-ounds

82 Lead-203 D all 5E+3 9E+3 4E-6 IE-8 7E-5 7E-4
. cpompgunds

_ Lead-205 D. all 4E+3 I E+3 6E-7 2E-9 SE-5 5E4
. compounds

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

82 Lead-210 D. all 6E-l 2E-1 IE-10 -

compounds Bonesurf Bone surf (4E-1) 6E-13 IE-S I E-7

8 Lead2112 B D. all IE+4 6E+2 3E-7 9E-10 2E4 2E-3
compgqqds 1

.8 Lead-212 D. all 8F+1 3E+1 _E-8 5E-1I - -

compounds Bone surf 2E-6 2E-5
-- lj(LE+22

82 Lead-2 1 4 2 D.all 9E+3 8E+2 3E-7 I E-9 IEi IE-3
. c~ompounds .

.8 Bisnuth-2OO D. nitrates 3E+4 8E+4 4E-5 IE-7 4E-4
W. all other I E+5 4E-5 I E-7 :
comppunds I

83 Bismuth-201- D Psee fBi IE+4 3E+4 IE-5 4E-8 2E4 2E

__W. see 2@Bi 4E+4 2E5 5 E8

83 Bismuth-202 D see 'Bi IE+4 4E+4 2E-5 6E-8 2E-4

W.se£_Bi 3 8E+4 E- I E-7
83 Bismuth-203 D e Bi 2E+3 7E+3 3E-6 9-9 3E-5 3E-4

W. see Bi -B6E+3 3E-6 29- : :

83 Bismuth-205 |D see Bi IE+3 3E+3 IE-6 lu2 2E-5 2E4

Wsee 2Bi : IE+3:2 7 2 :
83 Bismuth-206 p see 

2uBJBi 6E+2 I E+3 6E-7 2E-9 -5

_ Wsee 'Bi : 9E+2 4E-7 I E-9
83 Bismuth-207 D.see

2 
Bi IE+3 2E+3 7E-7 2E-9 I E-5 I E4

. W se 4E+2 IE-7 S1 :

8 Bismuth- D. see 2'uBi 4E+l _E+O 2E-9
210rn Kidneys KidneMs (6E+0) 9E-12 8E-7 8E-6

(6E+I)
s ee Bi HUI:a 7E-1 3E-10 9E-13 :

. Bismuth-210 D. see 
2

9uBi _E+2 2F+2 IE-7 I E-5 IE14

Kidjefst E+2) 5E-10 -

___ W.isee ~i : 3E+1 l I E-8 4E-1 I_:_:
83 Bismuth-212

2  D see 
2'0Bi SE+3 2E+2 I E-7 7EE- 7E-4

W see 2Bi 3E+2 IE-7 4E-10 - :

83 Bismuth-2132 D.Psee 
2 IuBi 7E+3 3E+2 I E-7 4E-10 IE-4 I E-3

.- _-_ W see'L _ 4E+2 I E-7 5E-1O0
83 ismuth-214 D. see 

2
wBi 2E+4 8E+2 3E-7 IE-9

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

. W. see 
2

"Bi : 9E-2 4E-7 ,IE : :

84 Polonium- D. all 3E+4 6E+4 E-S 9E-8 3E4 3E-3
3 compounds

except those
given for W
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Table I Table 11 Table IT1
Occuoational Values Effluent Releases

______Concentrations to Sewers
Atomic Radionuclide Class Col. I Cot. 2 Col. 3 Co I Col. 2 Monthly

No.l Inhalation Average

Oral W oater AConcen-
ALI nesio ALI nCA DAC (uClml (tCvml) tration

W. oxides, 9E+4 4E-5 I E-7 : :
hydroxides. and
nitrates

84 Poiollium- D. see u'Po 2E+4 4E+4 2E-5 _E-8 3E4
2052 W.JPo see - 7E+4 3E-5 IE-7 :

84 Polonium- D. see IUJPo 8F+3 3E+4 I E-5 3E-8 IE-4 I -3
207 W see -uIp : 3E+4 1E-5 4E-8 :_:

84 Polonium- DRie 2s Po 3E+0 E1 32E-1 9E-13 4E-8
210 we fPo _ 6E-I 3E-10 2E-1 -I :

85 Astatine-207" P-halides 6E++3 _ __ I E-6 4E-9 8E-5 8E-4
W 2E+3 9E-7 3E-9 ._ _

85 Astatine-211 D halides 1E+2 XE+I 3E-8 IE-10 2E-6 2E-5
W SE+I 2E-8 $E-al

86 Radon-220 With dauahters 2E+4 7F-6 2E-8 : :
removed
With dauehters 2E+l 9E9 3E-1 I
present (or 12 workine level months) (or 1.0

working
level)

86 Radon-222 With dauehters I E+4 4E-6 I E-8
removed
With daughters : +2 3E-8 F.-t0
present (or 4 working level months) (or 0.33

workine
_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ lewel)_ _ _ _ _ _ _ _ _

87 Francium- D. all '2E+3 '-- 5E+2 2E-7 6E-10 3E-5
2222 compounds

87 Francium- D. all 6E+2 8E+2 3E-7 _ E-9 8E-6 8E-5
223 2 compounds

88 Radium-223 W. all 5E+O 7E-1 3.-10 92E-13
compounds Bone surf 1 E-7 I E-6

(99 E+O )
88 Radium-224 W. all XE+o 2E+O 7E-l0 2E-12 -

comnounds Bone surf :27 2E-6

88 Radium-225 W. all 8E+0 E-l 3E-10 9E-13 -
compounds Bone surf : 2E-7 2E-6

_2E+I)
88 Radium-226 W a-l 2E+0 6E-1 3E-l0 9E-13

compounds Bone surf : 6E-8 67

88 Radium-227T Vll 2E+4 1F+4 6E-6
compounds Bone stirf Bone surf (2E+4) 3E-8 34 3E-3

88 Radium-228 MA 2E+0 1E+0 5E-10 2E-12
compounds Bone surf 6E-8 6E-7

89 Actinium-224 D all 2E+3 3E+8 E8 X
comnounds LLI wall Bone surf (4E+I) SE-I I 3E5
excepttthose (2E+3) !+ . .

eiven for W and
Y
W. halides and 5:E+ 2E-8 7E-11 :
nitrates
Y. oxides and : 5E+1 2E-8 6E-1 I :

._ _ _ _ hvdroxides ..

89 Actinium-225 3E-1 IE-10
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Table I Table 11 Table [il
Ocptioable Vae Effluent Releases

Qccupational Values Concentrations to Sewers

Atomic Radionuclide Class Col. Col. ? Col. 3 Col I Col 2 Afonthlv
I 1 Inhalation _verape

0 Air Water Concen-
Ineestion A O D (Cm) (tuCi/mI) (ration

AL uiALLT (u~i) (Ucilmfl (uIm

D. see 2M4 Ac LLI vall Bone surf (5E-I) 7E-13 7E7 7E6

W. see Ac : 6E-1 3E-10 9E-13 : :

Y__Y se 21
4 

Ac 6E1 3E-10 9E-13 : :

89 Actinium-226 D see 4 Ac I E+2 3E+0 I E-9 -

LLI wall Bone surf (4E+O) 5E-12 2E-6 2E-5
__ _tl_(IE+2)

W. see "
4Ac : 5E+0 2E-9 7E-12 : :

__,, 4AC SE+O 2E-9 6E-12 : :
89 Actinium-227 D. see Ac 2.-1 4E-4 2E-13

Bonesurt Bone surf (8E4) IE-1S 5E-9 5E-8
t4E-I )

W. see 4 Ac - 2E-3 7E-13
Bonesurf{3E3 3 4E-15

Y..see 
4

Ac :4E-3 2E-12 6E-15 : :

89 Actinium-228 D. see '4Ac 2E+3 9E+O 4E-9 3E-5 3E-4
Bone surf 2 E+I) 2E-1 I

W. see INAc 4E+l 2E-8

Bone surfL{6E±I SE-A ._I._,

YQ sce -Ac : 4E+1 2E-8 6E-I I :

90 Thorium- W. all 5E+3 2E+2 6E-8 2E-10 -

226- compounds St wall 7E-5 7E4
except those (tE-+3)
givenfoi_ _ _ __ _ _ _ _ __ _ _ _

Y. oxides and I E+2 6E-8 2E-10
hydroxides -

90 Thorium-227 W see eTh IEE+2 3E-I IE-10 SE-13 2E-6 2E-S
_Y.see

2 
Th - 3E-1 IE-IO SE-13 :

90 Thorium-228 W. see °Th 6E+0 I E-2 4E-12 -

Bone surf Bone surf 12E-2) 3E-14 2E-7 2E-6

Y see; 2 Th 2E-2 7E-12 2E-14 : :

2 Thorium-229 W. see-Thi 6E-1 9E4 4E 13 _

Bone surf Bone surf(2E-3) 3E-15 E-8 2E7
_(IE+O)

Y. see !---h 2E-3 IE-12
Bone surf (-3 4E-15

D Thorium-230 W. see "Th 4E+O 6E-3 3E-12
Bonesurf Bonesurf(2E-2) 2E-14 IE-7 IE-6

OSE±P) I_
Y. see -°Th 2E-2 6E-12

_ne surfl2E-2) 3E-l4

90 Thorium-231 W.see -Th 4E+3 6E+3 3E-6 9E-9
Y.se 6o Th E+3 3E-6 29- :_

90 Thorium-232 W see f22Th 7E-1 I E-3 _E-13 |
Bone surf Bone surf 13E-3) 4E-l 5 3E-8 3E-7

C2E+O)

Y.see 0Th3 3E IE-12 _

-_ _ BnsurfL4E-3) 6E-15 -

90 Thorium-234 W. see rTh 3E+2 2E+2 8E-8 3E-1 0
LLI wall :E-6 SE-S
(4E±2) I

Y. see "Th 2E+2 6E-8 2E-10 :
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Table I Table If Table III
Occupational Values Effluent Releases

Concentrations to Sewers
Atomic Radionuclide Class Cot.ITCot.?1CC / 3 Col. I Col. 2 Monthh

NLo Oral Inhalation Averaze
nesinDC Air Wate Conccn-

AIlg(stio ALI (iiCi) DACi.m (tuCi/mll (LtCimll tration
ALI L _DC;1 ______ _ ALI (ui)12 (Y Ci/m i)

9 1 Protactinium- W. all 4E+3 I E+2 5E-8 2E-10 5E5 LL
227 2 compounds

except those
given forY
Y. oxides and I E+2 4E-8 IE-10 :
hydroxides

21 Protactinium- W. see 'Pa I E+3 B E+I SE-9 2E-5 2E4
228 E____ onc surf-f2E+l) - ~ 1

Ysee Pa -IE+l 5 2E-II I
91 Protactinium- W P see "a 6E+2 5E+0 2F-9 7E-12

230 Bone surf I E- I E-4
(9E+2) _ __ _

Y.SC se__ _ - 4E+O IE-9 5E-12 :
91 Protactinium- W. see "P 2E-1 2E-3 6E-13

231 Bonesur Bonesurf (4E-31 : 6E15 -9 6E-8
(5 EA)__ _ _

Y. see 2Pa - 4E-3 2E-12
L Bone surf8E613) 8E_5

91 Protactinium- W. see I'Pa IE+3 2E+l 9E-92E-5 2F4
232 Bo nce s u rfl F.+j 8 E-1 I

Y. see 2'Pa 6E+1 2E-8
L ._ z___-Bonesuff_7l+I) I E-10

21 Protactinium- W. see 'Pa LE±3 7E+2 LE-7 I E-9
LLI wall 2E-5 2E4
(2E +3)

e Pa 6E+2 2E-7 8E-1 - :

21 Protactinium- W.se Pa 2E+3 8E+3 3E-6 IE-8 u-5 3E4
234 Y. see 22'Pa : 7E-f 3E-6 2E-9 :

92 Uranium-230 D. lJF. UOF., 4E+O 4E-1 2E-10 .____
UO.(NOb Bone surf Bone surf(6E-1) : 8E-13 8E-8 8E-7

(6E+-O ) _ _ _ _ _ _ _ _ _ _ _ _ _

W. UOi, Fe, 4E-1 IE10 5E-13 :

Y. UO -Ut 3E-1 IE- 0 4E-13 -

92 Uranium-231 D. see U 5E+3 8E+3 3E-6 IE-8
LLI wall 6E-5 6E4

2__ _ _- _ (4E+3) _ _

W. see 'UU 6E+3 2E-6 8E-9 : :
Y-_ see 2'-U 5E+3 L2E-6 6E-9 : -

92 Uranium-232 D. see 5 u 2E+O 2E-1 9E-1 I - -

Bonesurf Bonesurf(4E-li - 6E-13 6E-8 6E-7
(4F.+0)_ _ _ _ _ _ _

W-see _ _U L 4E-I 2E-10 5E-13 :
. Ysee"U : 3E-12 :E1 :

92 Uranium-233 D. see '9U LE+I IE+O SE-10 -
Bone surf Bone surf (2E+O) 3E-12 3E-7 3E-6

W.see5 U L 7E-1 3E-10 IE-12 . :
Y seelz~l | 2E-11 5E-14 : :

92 Uranium- D. see2juU IE+l IE+O 5E-10
2343 Bonestir Bone surf (2E+O) 3E-12 3E-7 3E;2

W.see J59U 3-l 3E-10 IE-12 :
_Y.-see _'_ : 4E-2 2E-1i 5E-14 : :
|92 IE+l IE+O 6E-1 I0



Page 105 of 190486 Pages

TbeITable If Table Ill

Occunationaa Values e!feuent ReleasesOuainaVaesConcentrations to Sewers
Atomic Radionuclide Class Col. I Col. 2 Col. 3 Col. I Col. 2 Monithl

NoOral Inhalat ion Averaze
Orl- Air Water Cancent

Ingestion C (Cml) (uCi/mI) t W le
ALI (tiCi) ALI (uCi fiACi/mIn) fa

2353 Bone surf Bone surf (2E+O) 3E-12 LE-7 3E-6
_ (2E+I)

W.isee -'U 8E-1 3E-10 IE-12

Y. see "-U . E-2 2E-11 6E-14 .
92 Uranium-236 D see IE+l IE+Q 5E-10

Bone surf Bone surf (2E+0) 3E-12 3E-7 3E-6
(2E+I )

W.see -'U 8E-I 3E-10 IE-12

__Y._see _ _ _U __ : 4E-2 2E-11 6E-14 4
92 Uranium-237 D. see "' U 2E+3 3E+3 I E-6 4E-9 -

LLI wall 3E-5 34

W. see _ U 2E+3 E-7 2E-9 :_:
______ Y. see uUu _____ 2E+3 6E.-7 ~2E-

92 Uranium- D. see M5U IE+I I E+0 6E-10 _
2383 Bone surf Bone surf (2E+O) 3E-12 3E-7 3E-6

__ _ __ _ _ (22+1) )_ __

W. see J'UU 8E-1 3E-10 IE-12

_ _ Y. see -U 4E-2 2E-L1 6E-14 -4

Uranium- D. see Z"uU 7E+4 2E+5 8E-5 3E-7 9E4 9E-3

2392 W see - 2E+5 7F-5 2E-7 : :
Y. see 2'U 2E+5 6- 2E-7 .

92 Uranium-240 D see 2J1 I E+3 4E+3 2E-6 LE-9 2E-5 2E-4
W. see 'U . 3E+3 I E-6 4E-9 :

__ _ Y see"UU - 2E+3 IE-6 3E :2
| Uranium- D. see 56U IE+I IE+0 5E-10 _

natural3  Bone surf Bone surf (2E+). 3E-12 3E-7 3E-6

W. see I 0 U IE-I 3E-l0 9E-13 :

Y. see SEU : 5-2 2E-11 9E-14 :
93 Neptunium- W all IE+5 2E+3 7E-7 - 2E-3 2FE-2

2322 comnpounds Bone su 2) - 6E-9 :
| 3 Neptunium- W. all 8E+5 3E+6 I E-3 4E-6 I E-2 IE-I

2332 comMoUnds
93 Neptunium- W. a11 2E+3 3E+3 IE-6 4E-9 3E-5 3E-4

234 compounds
93 Neptunium- W.a11 2E+4 - 8E 2 3E-7 -

235 compounds LLI wall Bone surf (I E+3) 2E-9 3E-4 3E-3
(2E ±4)

23 Neptunium- W. all 3E+0 2E-2 9E-12
236 (I.15E+5 compounds Bone surf Bone surf (5E-2) 8E-14 9E-8 9E-7
Y) F+±Q_)

93 Neptunium- W. all 3E+3 3E+l IE-8 _
236m (22.5 comnounds Bonesurf Bone surf (7E--I) IE-10 | 5E-5 |

_ _ (4E+3)
9 Neptunium- W. all 5E-1 4E-3 2E-12

237 compoUnds Bone surf Bone surf (I E-2) IE-14 21E-8 2E-7

9 Neptunium- W. all IE+3 6E+l 3E-8 2E-5 2E_4
238 comounds _one surfA2E±2) 2E-0 Q _

93 Neptunium- W. all 2E+3 2E+3 9E-7 3E-9 _
239 compounds LL a 2E-5 2E-4

(2 E ±
1 Neptunium- W. all . 2E+4 SE+4 3E-5 IE-7 3E4

2402 compounds
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Table I Table 11 Table III
Occupational Values Effluent Releases

Concentrations to Sewers
AtomicCl Col. 2 -- Tcqi. v. c.2 Mnhiom Radionuclide Class Col. I oi i Col 2 onh

I Oral Inhalation Av'erage
In )(estion DAC Air Water Concen-

A ~I N ) ALI (iCi) (ticifli (uiCilmi) ("ivI)iti tration

24 Plutonium- W. all SE+3 2E+2 9E-8 3E-l0 IE-4 IE-3
234 compounds

except PuO.

_Y.PuO. 2E+2 8_-8 3E-10
94 Plutonium- W.e 2'Pu 9E+5 3E+6 1E3 4E-6 IE-2 LE-l

2352 Y seeb54Pu 3E+I 3Eb :
24 Plutonium- W. see ' 4 Pu 2E+O 2E-2 SE-12 :

236 Bone surf Bone surf M4E-21 : 5E-14 6E-8 6E-7
~~(4E+02___

Y see 24Pti 4E-2 2E-11 6E-14
94 Plutonium- W. see 4Pu IE+4 3E+3 IEb 5E-9 2E-4 2E-3

237 Y.isee .j
4Pu 3E+3 IE6 4E-9 :

94 Plutonium- W. see 23 4Pu 9E-1 7E-3 3E-12
238 Bone surf Bone surf(lE-2) 2E-14 2E-8 2_

Q2E±+2
Y. see ' 4Pu I 2E-2 8E-12 2E-14

. Plutonium- W. see 2' 4Pu 8E-1 6E-3 3E-12 _ _

239 Bone surf Bone surf (I E-2) 2E-14 2E-8 2E-7

Y. see "Pu 2E-2 7E-12 _ -

_ _ Bone surfJ2F.-22 2E-14 - -

94 Plutonium- W. see . 4Pu 8E-1 6E-3 3E2 -

240 Bone surf Bone surf(lE-2) 2E-14 2E-8 2E-7

Y. see 2 4 Pu - 2E-2 7E-12
.o ___. _ Bone-surff2E-2) 2E-14

24 Plutonium- W. see 4Pu 4E+1 3E- IE-10 (

241 Bonesurf Bone surf(6E-I SE-13 I) IE-5

Y. see ' 4Pu -1 E-i 31.-10
Boneurf(IE±9) - IE-12

94 Plutonium- W. see 2I4Pu XE. 7E-3 3E-l2 :
242 Bonesurf Bone surf(I E-2) 2E-14 2E-8 2E-7

(1 E±O)

Y. see 4Pu 2E-2 7E-12
B ____:__one surf t2E-2) 2F-14 _

24 Plutonium- W. see ,
4 Pu 2E+4 4E+4 2 5E-8 2E4 2E

243 Y. see 2 4Pu 4E+4 L :E-S
. Qu

24 Plutonium- W. see Pu SE-i .83 3E-12
244 Bonesurf Bone surf(IE-2) 2E-14 2E-8 2E-7

(2E+)
Y. see 4Pt - 2E-2 7E-12

. _____onesurf_-tf 21 _ 2E-14 :
94 Plutonium- W. see 4 Pu 2E+3 5E+3 2E-6 6- 3

245 Ysee2 P 4E+3 2E-6 6E-9 :
24 Plutonium- W. see 2'4 Pu 4E+2 3E+2 IE-7 4E-10

246 LLI wall 6E-6 6E-5
(4 +2)

-___Ysee .2u- E+2 I E-7 4E-10 -

_j Americium- W. all 813+4 3E+5 I E-4 41E-7 1E I- 1E-2
2372 copOunds

25 Americium- W all 4E+4 3E+3 IE-6 51E- _E-3,
2382 comounds : Bone surf (6E+3) : 9E9 :

Americium- W all 5E+3 lE44 2E-8 7E-5 E
239 gompou_ ds I
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Table I Table If Table IIl
Ocptioable Vaue Effuent Releases

Occuational Values Concentrations to Sewers
Atomic Col.___I Cot2 o.3 CtI o.2 !inhvRadionuclide Class Cot. I Col._2 1 Col. 3 _CoL I Co__2 Ao__h

N OrI Inhalation Averaee
ra Air Water Concen-

A~l (tICfi ALI (uCi\ D A (uCim 6Ci/ml) (IC I /ml) t)r

9S Americium- W. all 2E+3 3E+3 IE-6 4E-9 3E-S 3E4
240 cornmpounds

95 Americium- W. all 8E-l 6E-3 3E-12
241 compounds Bone surf Bone surf (I E-2) 2E-14 2E--7

95 Americium- W. all 8E-I 6E-3 3E-12 -4-
242m compounds Bonesurf Bonesurf(lE-2) 2E-14 2E-8 2E-7
_ Ll E+o})

95 Americium- W. all 4E+3 8E+l 4E-8 SE-5 SE4
242 compounds Bone surf (9E+I) I E-:10

9 Americium- W. all 8E-1 6E-3 3E-12
243 compounds Bone sur Bone surf (I E-2) 2E-14 2E-8 2E-7

29 Americium- W. all 6E+4 4E+3 2E-6
244m2  compounds St wall Bone surf (7E+3) _ IE-8 I E-3 I E-2

9 Americium- W all 3E+3 2E+2 XE-8 4E-5 4E-4
244 compounds -BoneurfA3E+2) 4E-10

95 Americium- W all 3E+4 SE+4 3E-5 IE-7 4E-4 4E-3
245 compounds

95 Americium- W all SE+4 2E+5 8E-5 3E-7
246m2  compounds St wall XE-4 8E-3

(6E+4)
9 Americium- 'N all 3E+4 IE+5 4E-5 IE-7 4E-4 4 &3

2462 compounds
9 Curium-238 W. all 2E+4 IE+3 5E-7 2E-9 2E-4 2E-3

Ieomnpounds

| 6 Curium-240 W. all 6E+l 6F-l 2E-10 -

compounds Bone surf Bone surf (6E-1) 9E1-13 I E-6 I E-S
U_ (8E+1) . .

96 Curium-241 W. all IE+3 3E+1 IE-8 2E-5 2E-4
compounds Bone surff(4E+l) 5E11 -

96 Curium-242 W.al . 3E+1 3E-1 IE-10
compounds Bone surf Bone surf (3E-l ) 4E-13 7E-7 7E-6

9 Curium-243 W. all IE+0 9E-3 4E-12 r
compounds Bone surf Bone surf (2E-2) 2E-14 3E-8 3E-7

96 Curium-244 WN al IE+O 1E- 5E-12 _

compounds Bone curf Fnne sirf (2F-2) 3EZ-14 3E-8 3E-7

| 6 Curium-245 W all 7E-1 6E-3 3E1-12 -

compounds Bone surf Bone surf (I E-2) : 2E-14 2 E-8 2E-7

| 6 Curium-246 W' all 7E-1 6E-3 3E-12
compounds Bone surf Bone surf (I E-2) 2E-14 2E-8 2E-7

I ~I E+0)I
96 Curium-247 W. all XE-I 6E-3 3E-12

compounds Bone surf Bone surf(IE-2) 2E-14 2E-8 2E-7

| 6 Curium-248 W. all------ - - 2E-I 2E-3 7E-13
compounds Bone surf Bone surf (3E-3) 4 4E-15 592 SE-S

I WRE-I )
| Cim-2491 W. all SF.+4 2E+4 7E-6 7E-4 7E-3

_ _ mnound- Bone surffl3E+± - 4E-8
96 Curium-250 4allE-2 3E4 IE-13 _

compounds Bone surf Bone surf(5E-4) 9E-10 9E-9
I L6E-2) I
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Table I Table If Table III
TcuabinleVles!fle Releases

Occupational Values Concentrations to Sewers

Atomic Rdnld CsCl Col 2 |Col. 3 Col. I Col. 2 MfonthlvRadionuclide Class Ca.1 U___2__
No Oral Inhalation Averaze

Ineto A, Air Water Concen-
AL etin ALDAC (ticimi) (XCi/ml) trationAL ui L t~)(Ucwml) ajii"mfl0

22 Berkelium- W. all 2E+3 ,IE+3 5E-7 2E-9 3
245 compounds

97 Berkelium- W. all 3E+3 3EIE-6 4E-9 4E-5 4E-4
246 compounds I

97 Berkelium- W all -l 4E-3 2E-12 _

247 compounds Bone surf Bone surf(9E-3) IE-14 2E-8 2E7
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ tIF ± Q ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _

97 Berk-elium- W. all 2E+2 2E+o 7E-l0 -_ _
249 compounds Bone surf Bone surf (4E+0I 5E-12 6E-6 6E-5

_ (5E+2) _
22 Berkelium- W all 9E+3 3E+2 I E-7 I E-4 I E-3

250 compounds Rone surf(7_E+2) I E-9
98 Californium- W all 3F.+4 6E+2 2E-7 8E-10

2442 compounds St wall 4E4 4E-3
excent those 13E+4)
riven for Y
Y. oxides and 6E+2 2E-7 8E-10
hydroxides_

98 Californium- W. see . Cf 4E+2 9E+O 4E-9 IE-1 I 5 5E-
246 Y see "Cf : 92E+ 4E9 IE- I :

98 Califomium- W. see 44Cf 8E+0 6E-2 3E-1 I
248 Bonesurf Bone surf (I E- 1) 2E-13 2E-7 2E-6

_ -Ysee2m4Cf L IE-I 4E-I I IE-13 ::
98 Californium- W. see 4Cf 5E-1 4E-3 2E-12 :

249 Bone surf Bone surf (9E-3) IE-14 2E-8 2E-7

24I E4 0)
Y. see Cf 1IE-2 4F-12 I

Bone surf _

_ _ _IE:2) ___ ___ 2E-14
8 Californium- W. see 2

44Cf I E+0 9E-3 4E-12
250 Bonesurf Bone surf (2E-2) 3E-14 3E8 3E-7

_ (2E _ I

Y see 244Cf E3E-2 1E-l I 4E-14 :

22 Californium- W. see 2
4
4Cf 5E-1 4E-3 2E-12

251 Bone surf Bone surf (9E-3) IE-14 2E-8 2E-7
UE+08)

Y. see '"Cf 1E-2 4E-12
Bonesurf~lE-21 2E-14

8 Califomium- W see j44Cf 2E±P 2E-2 8E-12
252 Bone surf Bone surf (4E-2) 5E-14 7E-8 7E-7

(_5E+ff
Y.see Cf :_ 3E-2 I 1E-1 5E 14 I :

2 Calitmrnium- W.see 244Cf 2E+2 2E+0 2E-10 3E-12
253 Bone su : E

____ __ ~E+2) ____ _

Y. see'4Cf 2E+0 7E-10 2E-12 : :
98 Califomium- W. seeCf 2E+0 2E-2 92E-12 3E-14 | ;8 3E-

254 Y. see 'Cf 2E-2 7E-12 2E-14 : |
| Einsteinium- W all 4E+4 5_+2 2E-7 6E-4 6E-3

? 25 compounds Bone surf i2+3i 2E-9 -

9 Einsteinium- W. all 7E+3 9E+2 4E-7 IE-4 IF-3
251 compounds Bone surTfIWE+3) 2E-9 _

99 Einsteiniurn- W all 2E+2 IE+0 6E-10 2E-12 2E-6 2F-5
2 253 compounds I

99 9 3E+2 _E+I 4F-9 IE-ll :
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TbeITable 11 Table III
Tahle IV. Effluent Releases

Occupational Values Concentrations to Sewers

Atomic Radionuclide Class Col. I Co1. 2 |Col. 3 Col. I |Col. 2 Monthh
N Inhalation Average

OrlAir ffl
Iniestion ( u ~ i / r n l ) (u Water CCn mlinALI jT )AI(~ A (uCi/mt (uCi/mI A112

254m compounds LLI wall 4E-6 4E-
(3_E+2)

99 Einsteinium- W al 8E+0 7E-2 3E- I
254 comnounds Bone surf Bonesurf (IE-1) 2E 13 2E-7 2E-6

(2E+I1)

100 Fermium-252 5 aE+2 I E+l 2E- 6E-6 6-5
pornpounds

.LQ Fermium-253 '.l I E+3 lE+I 4-9 IE- I E-5 I E-4
compounds

100 Fermium-254 W all 3E+3 9E+1 4E-8 IE- 10 4E-5 4E-4
compounds

100 Fermium-255 W.ll 5E+2 2E+l 9E-9 3E-11 7E-6 7E-5
gompo unds

100 Fermium-257 W.all 2E+! 2E-I 7E- 11
compounds Bone surf Bone surf (2E-1) 3E-13 5E-7 5E-6

_ _ _ ~~(4E ±D _ ___ __

.Ol Mendelevium ML.C 7E+3 8E+l 4E-8 E-4 I E-3
-257 compounds Bone surf19E+I) IE-lO

101 Mendelevium W. all 3E+1 2E-I IE-1O -_
-258 compounds Bone surf Bone surf (3E-1) 5E-13 E6E-6

t5E+I )
. Anv single Submersion' 2E+2 I E-7 I E-9 :

radionuclide
not listed
above with
decav mode
other than
alpha
emission or
spontaneous
fission and
with
radioactive
half-life less
than 2 hours :

. Any sinale 2E-1 IE-IO IE-12 IE-8 IE-7
radionuclide
not listed
above with
decay mode
other than
alpha
emission or
spontaneous
fission and
with
radioactive
half-life
rreater than 2
hours
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Table I Table 11 Table Ill
Ocptioable! u Effluent Releass

Occupational Values Concentrations to Sewers

Atomic __Cao Col. 2 Col. 3 Cot. I Cot 2 Alontht
No Radionuclide Class Inhalation ______ --________

No.Oral Inhalationr ACercen

Inestion I (Lti) DAC Air Water C£I tio
ALI 6itCi) AL LLi uCi/ml't &uim (C-I) ~ aionm

Anv sinale : 4E4 2E-13 IE-I5 2E-9 2E-8
radionuclide
not listed
above that
decays by
alpha.
emission or
spontaneous
fissionr
any mixture
for which
either the
identity or the
concentration
of any
radionuclide
in the mixture
is not known

ENDNOTES:
"Submersions means that values given are for submersion in a hemispherical semi-infinite cloud of airborne material.

2These radionuclides have radioloeical half-lives of less than 2 hours. The total effective dose equivalent received during operations
U;.A -he ra n-itmneislanenS'fr~s brtilt^ omotr W h r t- e agel or- -If eirselwnII tUIUC) IsUeII1U~ luIEVulL IEJIUUV U asIL~MUIRL UI Maluli! C.AI!ubUIC. I IIC "MetS'. vhlueW jUJ nl auutUl"UnuCa.

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 equivalent from external exposures. The
licensee mav substitute IE-7 uCVml for the listed DAC to account for the submersion dose prospectivelyv but should use
individual monitoring devices or other radiation measuring instruments that measure external exposure to demonstrate
compliance with the limits. (See LAC 33:XV.412)

3 For soluble mixtures of U-238. U-234, and [-235 in air. chemical toxicity may be the limiting factor (see
LAC 33:XV.41 O.E). If the percent by weight (enrichment) of U-235 is not greater than S. the concentration value for a 40-hour
workweek is 0.2 milligrams uranium per cubic meter of air average. For any enrichment. the product of the average concentration
and time of exposure during a 40-hour workweek shall not exceed 8E-3 ISA) iiCi-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 curiesleram U U-depleted

C A - rn A -f A 2Q0 lnI--- nt - A nn.q 4*vrw \ r-- U Z - - -~en - n 71
Om -IU .. ,.- 1)3O i tU. IenncnmeirL t O. enncImenl 2).IL

where enrichment is the percentage by weight of U-235. expressed as percent.

NOTE:

I . 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 DAC for the mixture shall be the most restrictive DAC 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 schedule are
not present in the mixture, the inhalation AlI. DAC. and effluent and sewage concentrations for the mixture are the lowest values specified in this
schedule for anv radionuclide that is not knowvn to be absent from the mixture: or



bTable III
ITable I Table 1I Releases to

Occupational Valies Effluent Concentrations Sewers

Atomic No. Radionuclide Class Co. I | Col. 2 | Col.3 o!.I Col. 2
Inhalation Monthly Averae

Oral D Air Water Concentration
Inuestion ALI (uCi) | (C(i izCilnl) ( r ( Ct'm !)

_________ I ALUPCO (C~i
If it is known that Ac-227-D and Cm-250-W are 7E4 3E-13 :
not present
If. in addition, it is known that Ac-227-W. Y. Th- 3E-12 -

229-W%. Y. Th-230-W. Th-232-W. Y. Pa-231 -W.
Y. ND-237-W. Pu-239-W. Pu-240-W. Pu-242-W.
Am-24 I-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
If. in addition, it is knovn that Sm-146-W. Sm- 7E-2 3E-I I
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. Nn-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. Yare not present
If. in addition, it is known that Pb-210-D. Bi - 7- 3E-10
21 Om-W. Po-2 I O-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 notpresent .
If, in addition, it is known that Si-32-Y. Ti-44-Y. : 7E+O 3E-9
Fe-60-D. Sr-90-Y. Zr-93-D. Cd-I 13m-D. Cd-i 13-
D. Tn-I I5-D. W. La-138-D. LuI-176-W. Hf-178m-
D. W. Hf-182-D. W. 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 pot present
If it is known that Ac-227-D. W. Y.Th-229-W. Y. : : IE-14- 4F-4
Th-232-W. Y. Pa-23 I -W. Y. Cm-248-W. and Cm-
250-W are notpresent _

If. in addition. it is known that Sm-146-W.Gd- IE-13
148-D. W. Gd-I 52-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-V. Y. Pu-238-W. Y. Pu-239-W. Y. Pu-
240-W. Y. Pu-242-W. Y. Pu-244-W. Y. Am-24 I-
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-25 I -W. Y.
Cf-252.W.Y and Cf-254-WYare not present
If, in addition, it is known that Sm-147-W. Gd- _ IE-12- 4+-42-
I152-W. Pb-2 I O-D. Bi-2 I Om-W. Po-2 I O-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-24 I -W. Cm-240-W. Cm-242-W. Cf-
248-W. Y. Es-254-W. Fm-257-W. and Md-258-W
are not presen! _ .
If. in addition it is known that Fe-60, Sr-90. Cd- I E-6 I E-5
113m. Cd-113. In-115.1-129. Cs-134 Sm-145.
Sm-147. Gd-148. Gd-152. Hg-194 (organic). Bi-
21 Om. 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 a ore notrresent , , ._.



3. If a mixture of radionuclides consists of uranium and its daughters in ore dust (10 urn AMAD particle distribution
assumed) prior to chemical separation of the uranium from the ore. the followina values mav be used for the DAC of the mixture: 6E-
II tiCi of gross alpha activit from uranium-238. uranium-234. thorium-230. and radium-226 per milliliter of air 3E-1 I uCi of natural
uranium per milliliter of air: or 45 microerams of natural uranium per cubic meter of air.

4. If the identitv and concentration of each radionuclide in a mixture are known, the limitina 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 othervise established in Schedule RHS 8-30 for the specific radionuclide when not in a
mixture. The sum of such ratios for all of the radionuclides in the mixture mav not exceed "I" (i.e.. "unitv").

Example: If radionuclides "A." "B." and "C" are present in concentrations CA. and and and if the applicable
DACs are DACA.DACiA and DACHA respectively, then the concentrations shall be limited so that the followine
relationship exists:

C + Cs + gd
DACA DACB + ACC :

RHS4- 0

ANNUAL LIMITS ON INTAKE (ALIS) AND DERIVED AIR CONCENTRATIONS (DACS) OF
RADONUCLIDES FOR OCCUPATIONAL EXPOSURE; EFFLUENT CONCENTRATIONSi

CONCENTRATIONS FOR RELEASE TO SANITARY SEWYERAGE

Introduction

For each radionuclide, Table I indicates the chemical form that is to be used for selecting the appropriate
AL! or DAC value. The ALIs and DACs for inhalation are given fcr an aerosol with an activity median
aeredynamic diameter (AMAD) of 1 pm (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 elassifieation applies to a range of clearance half times for D of less than 10 days, for G from 10 to
100 days, and foF Y greater than 109rcs-- concentration limits for airborne and liquid
effluents released to the general environment.

NOtatiew.

The values in Tables 1 and 2 are presented in the computer "E" notation. In this-notation a value of 6E 02
rersnsavle of 6 I -6E orA-. 0.06, 6E-l-2 represents 6 m I 02 oF 600rand-64-epeets- 6 - II-Oer 6~

Table I "Occupational Values"

Nvote that the columns in Table I of this schedule captined "Oral ingestion ALI," "Inhalation ALl," and
"DA -ae applicable to occeupational exposure to radioative Material

The Abls in this schedule are the annual intakes of given radionuclie by "Reference Man" which wouldresult in either (I) a committed efetive dese equivalent of 5 r-em (0.05 SN, stochastic A!, or- (2)a
eemmitted dose euivalent of 50 remn (0.5 SY) to an organ Or tssue, non stochastic ALI. The stec-hasti
ALIs were derived to result in a risk, due to irradiation of ergans and tissues, comparable te !be FiSk
associated with deep dose equivalent to thew le body ef emr (0.05 S The de8r~ivat~im-ld
multiplying the committed dose equivalent to an organ-or tissue by a weighting factor, U' . This weighting
factor is the propotion of the risk of stochastic effects resulting frem irradiation of the organ or tissue, T, to
the total risk of stochastic effecets when the whole body is irradiated uniferTmy.:he values ef V are listed

ndeFr the definition of weighting factOr in 1200 2 5 .32. The nenstoehastic AtLs were derived to avoidwzv~~ ~ts vsuch ~zas romp damag tor tissu of v euto in- oaT rgvman fun i. on.x v~sv

A value of +Ar - 0.06 is applicable to each of the five organs or tissues in the "remainder" categof'
receiving the highest dose equivalents, and the dose equivalents of atllEtheF Femaining !is
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SCHEDULE RHS 8-31
QUANTITIES OF LICENSED MATERIAL REQUIRING LABELING

Radionuclide

Hydrogen-3
Beryllium-7
Beryllium-10
Carbon-I 1
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
Chromium-48
Chromium-49
Chromium-51
Manganese-51
Manganese-52m
Manganese-52
Manganese-53

Quantity
(PCi) a
1,000
1,000
I
1,000
1,000
1,000
10
100
100
10
1,000
I
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
1,000
1,000
1,000
1,000
1,000
100
1,000

Radionuclide

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
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

Quantity
(Aci) a
100
1,000
100
100
10
1
100
10
100
1,000
100
1,000
I
1,000
100
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
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' To Convert pCi to KBq, multiply the pCi value by

37.
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Radionuclide

Arsenic-72
Arsenic-73
Arsenic-74
Arsenic-76
Arsenic-77
Arsenic-78
Selenium-70
Selenium-73m
Selenium-73
Selenium-75
Selenium-79
Selenium-81 m
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
Krypton-81
Krypton-83m
Krypton-85m
Krypton-85
Krypton-87
Krypton-88
Rubidium-79
Rubidium-8 I m
Rubidium-81
Rubidium-82m
Rubidium-83
Rubidium-84
Rubidium-86
Rubidium-87
Rubidium-88
Rubidium-89
Strontium-80
Strontium-81
Strontium-83
Strontium-85m
Strontium-85
Strontium-87m
Strontium-89
Strontium-90
Strontium-91
Strontium-92

Quantity
(1Ci) *a
100
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
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
100
1,000
100
1,000
10
0.1
100
100

Radionuclide

Yttrium-86m
Yttrium-86
Yttrium-87
Yttrium-88
Yttrium-90m
Yttrium-90
Yttrium-9 Im
Yttrium-91
Yttrium-92
Yttrium-93
Yttrium-94
Yttrium-95
Zirconium-86
Zirconium-88
Zirconium-89
Zirconium-93
Zirconium-95
Zirconium-97
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
Molybdcnum-I01
Technetium-93m
Technetium-93
Technetium-94m
Technetium-94
Technetium-96m
Technetium-96
Technetium-97m
Technetium-97
Technetium-98
Technctium-99m
Technetium-99
Technetium-101
Technetium-104
Ruthenium-94
Ruthenium-97
Ruthenium-103
Ruthenium-105
Ruthenium-106
Rhodium-99m

Quantity
(plCi) a
1,000
100
100
10
1,000
10
1,000
10
100
100
1,000
1,000
100
10
100
I
10
100
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
1,000
1,000
100
1,000
1
1,000
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Radionuclide

Rhodium-99Rhodium-99
Rhodium-Il00
Rhodium-101m
Rhodium -101
Rhodium-102m
Rhodium-102
Rhodium-103m
Rhodium-10m
Rhodium-I106m
Rhodium-107
Palladium-100
Palladium-1 01
Palladium-103
Palladium-i 07
Palladium-109
Silver-102
Silver-103
Silver-104m
Silver-104
Silver-105
Silver-106m
Silver-106
Silver-108m
Silver- lOim
Silver-l l l
Silver-I 12
Silver-1 15
Cadmium-104
Cadmium-107
Cadmium-109
Cadmium-1 13m
Cadmium-1 13
Cadmium-1 15m
Cadmium-1 15
Cadmium-1I17m
Cadmium-1 17
Indium-109
Indium-I lOnm

(69.1m)
Indium-I 10
(4.9h)

Indium-l l
Indium-I 12
Indium-1 13m
Indium-I 14m
Indium-i 15m
Indium-1 15
Indium-I 16m
Indium-I 17m
Indium-1 17
Indium-1 19m
Tin-I 10
Tin-l 1
Tin-I 13
Tin-I 17m
Tin-1 19m

Quantity
(PCi)
100
100
1,000
10
10
10
1,000
100
1,000
1,000
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

0.1
100
10
100
1,000
1,000
1,000

1,000

1,000
100
1,000
1,000
10
1,000
100
1,000
1,000
1,000
1,000
100
1,000
100
100
100

Radionuclide

Tin-121m
Tin-121
Tin-123m
Tin-123
Tin-125
Tin-126
rin-127
Tin-128
Antimony-I 15
Antimony- 16m
Antimony-I 16
Antimony-I 17
Antimony-118m
Antimony-1 19
Antimony-120

(16m)
Antimony-120

(5.76d)
Antimony-122
Antimony-124m
Antimony-124
Antimony-125
Antimony-126m
Antimony-130
Antimony-131
Tcllurium-1 16
Tellurium-121m
Tellurium-121
Tellurium-123m
Tellurium-123
Tellurium-125m
Antimony-126
Antimony-127
Tellurium-127m
Tellurium-127
Antimony-128 (10.4 m)
Antimony-128 (9.01 h)
Antimony-129
Tellurium-129m
Tellurium-129
Tellurium-131m
Tellurium-131
Tellurium-132
Tellurium-133m
Tellurium-I33
Tellurium-134
lodine-120m
Iodine-120
Iodine-121
Iodine-123
Iodine-124
Iodine-125
Iodine-126
Iodine-128
Iodine-129
Iodine-130

Quantity
(RCi) a
100
1,000
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
1,000
1,000
1,000
10
100
10
100
10
100
100
10
1,000
1,000
100
100
10
1,000
10
100
10
100
1,000
1,000
1,000
100
1,000
100 .
10
I

1,000

10
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Radionuclide

Iodine-131
Iodine-132m
Iodine-132
Iodine-133
lodine-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
Xcnon-138
Cesium-125
Cesium-127
Cesium-129
Cesium-130
Cesium-131
Cesium-132
Cesium-134m
Cesium-134
Cesium-135m
Cesium-135
Cesium-136
Cesiurn-137
Cesium-138
Barium-126
Bariur-128
Bariurn-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

Quantity
(PCi) a
I
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
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

Radionuclide

Cerium-139
Cerium-141
Cerium-143
Cerium-144
Prascodymium-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
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 (12.62h)
Europium-150 (3 4.2y)
Europium-152m
Europium-152
Europium-154
Europium-155
Europium-156
Europium- 157

Quantity
(pCi) "a
100
100
100
I
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
10
10
I
10
10
10
100
1,000
100
1,000
1,000
1,000
100
I
100
10
100
1,000
1,000
100
100
100
10
100
100
1
100

10
100
100
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I

Radionuclide

Europium-158
Gadolinium-145
Gadolinium-146
Gadolinium-147
Gadolinium-148
Gadolinium-149
Gadolinium-151
Gadolinium-152
Gadolinium-153
Gadolinium-159
Terbium-147
Terbium-149
Terbium- 150
Terbium-iS I
Terbium-153
Terbium-154
Terbium-lSS
Terbium-156m (5.0h)
Terbium-156m (24.4h)
Terbium-156
Terbium-I 57
Terbium-I58
Terbium-160
Terbiumi-161
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
Ytcrbium-162
Ytterbium-1 66
Ytterbium-167

Quantity
(pCi) *
1,000
1,000
10
100
0.001
100
10
100
10
100
1,000
100
1,000
100
1,000
100
1,000
1,000
1,000
100
10
I
10
100
1,000
1,000
100
1,000
100
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
I
100
1,000
1,000
1,000
100
100
100
1,000
100
100
10

.10
100
100
1,000
1,000
100
1,000

Radionuclide

Ytterbium-169
Ytterbium-175
Ytterbium-177
Ynerbium-i78
Lutetium-169
Lutetium-170
Lutetium- 171
Lutetium-172
Lutetium-173
Lutetium-174m
Lutetium-174
Lutetium-176m
Lutetium-176
Lutetium-1 77m
Lutetium-177
Lutetium-178m
Lutetium-178
Lutetium-179
Hafnium-170
Hafnium-172
Hafnium-1 73
Hafnium-1 75
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
Tantalum-182
Tantalum-183
Tantalum-184
Tantalum-185
Tantalum-186
Tungsten-176
Tungsten-177
Tungsten-178
Tungsten-i 79
Tungsten-181
Tungsten-185
Tungsten-187
Tungsten-188
Rhenium-177

Quantity
(Pci) *a
100
100
1,000
1.000
100
100
100
100
10
10
10
1,000
100
10
100
1,000
1,000
1,000
100
I
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
10
100
100
1,000
1,000
1,000
1,000
1,000
1,000
1,000
100
100
10
1,000
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Radionuclide

Rhenium-178
Rhenium-181
Rhenium-182 (12.7h)
Rhenium-182 (64.0h)
Rhenium-184m
Rhenium-184
Rhenium-186m
Rhenium-186
Rhenium-187
Rhenium-188m
Rhenium-188
Rhenium-189
Osmium-180
Osmiumr-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
Iridium-188
Iridium-189
Tridium-190m
Iridium-190
Iridium-192m (1.4m)
Iridium-192 (73.8d)
Iridium-194m
Iridium-194
Tridium-195m
Iridium-195
Platinum-186
Platinum-188
Platinum -189
Platinum-191
Platinum-193m
Platinum-193
Platinum-19Sm
Platinum-197m
Platinum-197
Platinum-199
Platinum-200
Gold-193
Gold-194
Gold-195
Gold-198m
Gold-198
Gold-199
Gold-200m
Gold-200
Gold-201

Quantity
(,Ci) a
1,000
1,000
1,000
100
10
100
10
100
1,000
1,000
100
100
1,000
1,000
100
100
1,000
1,000
100
100

1,000
1,000
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
100
100
1,000
1,000

Radionuclide

Mercury-193m
Mercury-I 93
Mercury-194
Mercury-195m
Mcrcury-195
Mercury-197m
Mercury-197
Mercury-199m
Mercury-203
Thallium-194m
Thallium-194
Thallium-195
Thallium-197
Thallium-198m
Thallium-198
Thallium-199
Thallium-200
Thallium-201
Thallium-202
Thallium-204
Lead-19Sm
Lead-198
Lead-199
Lead-200
Lead-201
Lead-202m
Lead-202
Lead-203
Lead-205
Lead-209
Lead-21 0
Lead-211
Lcad-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
Francium-223

Quantity
(PiCi) a
100
1,000
I
100
1,000
100
1,000
1,000
100
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
I
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

100
100
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Radionuclide

Radium-223
Radium-224
Radium-225
Radium-226
Radiumn-227
Radium-228
Actinium-224
Actinium-225
Actinium-226
Actiniurm-227
Actinium-228
Thoriumn-226
Thorium-227
Thorium-228
Thorium-229
Thorium-230
Thoriumn-231
Thorium-232
Thorium-234
Thorium-natural
Protactinium-227
Protactinium-228
Protactinium-230
Protactinium-231I
Protactinium-232
Protactinium-233
Protactinium-234
Uranium-230
Uranium-23 1
Uranium-232
Umanium-233
Uranium-234
Uranium-235
Uranium-236
Uranium-237
Uranium-238
Uranium-239
Umanium-240
Uranium-natural
Neptunium-232
Neptunium-233
Neptunium-234
Neptunium-235
Neptunium-236 (1. 15E+5)
Neptunium-236 (22.5h)
Neptunium-237
Neptunium-238
Neptunium-239
Neptunium-240
Plutonium-234
Plutonium-235
Plutonium-236
Plutonium-237
Plutonium-238
Plutonium-.239
Plutoniumn-240

Quantity

(iPCi) a
0.1
0.1
0.1
0.1
1,000
0.1
I
0.01
0.1
0.001
I
io
0.01
0.001
0.001
0.001
100
100
10
100
10
I
0.1
0.001
I
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
I
0.001
10
100
1,000
10
1,000
0.001
100
0.001
0.001
0.001

Radionuclide

Plutoniuni-241I
Plutonium-242
Plutonium-243
Plutonium-244
Plutonium-245
Americium-237
Americium-238
Amcricium-239
Americium-240
Amncricium-24 1
Americium-242m
Amiericiuni-242
Americium-243
Americium-244m
Amcriciurn-244
Americium-245
Amccicium--246m
Americium-246
Curium-238
Curium-240
Curium-241I
Curiurn-242
Curium-243
Curium-244
Curium-245
Curium-246
Curium-247
Curium-248
Curium-249
Berkelium-245
Berkclium-246
Berkelium--247
Berkelium-249
Berkelium-250
Californium-244
Californium-246
Califomnium-248
Califomnium-249
Califomnium-250
Califomium-251I
Californium-252
Califomniumn-253
Califomniurn-254
Einstcinium-250
Einsteinium-250
Einsteinium-2S51
Einsteinium-.253
Einsteinium-254m
Einsteinium-254
Fermium-252
Feffmium-253
Fernium-254
Fermium-255
Fermium-257
Mendelevium-257
Mendelevium-258

Quantity

(ACi)
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
I
0.01
0.001
0.001
0.001
0.001
0.001
0.001
1,000
100
100
0.001
0.1
10
100
I
0.01
0.001
0.001
0.001
0.001
0.1
0.001
100
100
100
0.1
l
0.01
I
I
10
I

0.01
10
0.01
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Radionuclide Quantity
(PiCi) a

Any alpha-emitting
radionuclide not listed
above or mixtures of
alpha emitters of
unknown composition 0.001

Radionuclide Quantity

(PCi) *a
Any radionuclide other
than alpha emitting
radionuclides not listed
above, or mixtures of
beta emitters of
unknown composition 0.01

'The quantities listed above were derived by taking 1/10 of the most restrictive ALI listed in Table I Columns I and 2
of Schedule RHS 8-30 of this chapter, rounding to the nearest factor of 10, and arbitrarily constraining the values listed
between 0.001 and 1,000 pCi (37 Bq and 37 MBq). Values of 100 pCi (3.7 MBq) have been assigned for
radionuclides having a radioactive half-life in excess of 109 years, except rhenium, 1,000 pCi (37 MBq), to take into
account their low specific activity.

NOTE: For purposes of 1200-2-S-.111, 1200-2-S-.114, and 1200-2-S-.140, 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 othervise
established for the specific radionuclide when not in combination. The sum of such ratios for all radionuclides in the
combination may not exceed 1" - that is, unity.

' To Convert pCi to KBq, multiply the gCi value by 37.
' To Convert pCi to KBq, multiply the pCi value by 37.
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SCHEDULE RHS 8-32
aASSIGNED PROTECTION FACTORS FOR RESPIRATORS

Assigned
Operating Mode c Protection

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Factors
b

1. Air-Purifying Respirators [Particulate
C

only]
d

Filtering facepiece disposable
e

Facepiece, half
Facepiece, full
Facepiece, half
Facepiece, full
Helmet/hood
Facepiece, loose-fitting

II. Atmosphere-Supplying Respirators
f

[Particulate, gases and vapors ]:
1. Air-linc respirator.

Facepiece, half
Facepiece, half
Facepiece, half
Facepiece, full
Facepiece, full
Facepiece, full
Helmet/hood
Facepiece, loose-fitting
Suit

2. Self-contained breathing apparatus
(SCBA):

Facepiece, full

Facepiece, full

Facepiece, full

Facepiece, full
111. Combination Respirators

Any combination of air-purifying and
atmosphere-supplvinz respirators

Negative Pressure

Negative Pressure
Negative Pressure
Powered air-purifying respirators
Powered air-purifying respirators
Powered air-purifying respirators
Powered air-purifying respirators

Demand
Continuous Flow
Pressure Demand
Demand
Continuous Flow
Pressure Demand
Continuous Flow
Continuous Flow
Continuous Flow

Demand

Pressure Demand

Demand, Recirculating

Positive Pressure Recirculating

d(d)

10
100
50

1000
1000
25

10
50
50
100
1000
1000
1000
25

h
100

10,000
h

100

10,000

%assigned protection factor for type and mode of operation as listed
above

a 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 U. S. Department of Labor regulations. Radioactive contaminants for which the
concentration values in Table 1, Column 3 of schedule RHS 8-32 in Rule 1200-2-5-.161 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.

b Air purifying respirators with APF <100 shall be equipped with particulate filters that are at least 95
percent (95%) efficient. Air purifying respirators with APF = 100 shall be equipped with particulate
filters that are at least 99 percent (99%) efficient. Air purifying respirators with APFs >100 shall be
equipped with particulate filters that are at least 99.97 percent (99.97%) efficient
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c The licensee may apply to the Division for the use of an APF greater than I for sorbent cartridges as
protection against airborne radioactive gases and vapors (e.g., radioiodine).

d 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 requirements
listed in Rule 1200-2-5-.92 apply. An assigned protection factor has not been assigned for these
devices. However, an APF equal to 10 may be used if the licensee can demonstrate a fit factor of at
least 100 by use of a validated or evaluated, qualitative or quantitative fit test.

e Under-chin type only. No distinction is made in this Schedule between elastomeric half-masks with
replaceable cartridges and those designed with the filter medium as an integral part of the facepiece
(e.g., disposable or reusable disposable). Both types are acceptable so long as the seal area of the
latter contains some substantial type 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 (95%) efficient and all
other requirements of this chapter are met.

f 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 3 is
appropriate when atmosphere-supplying respirators are used to protect against tritium oxide.
Exposure to radioactive noble gases is not considered a significant respiratory hazard, and protective
actions for these contaminants should be based on external (submersion) dose considerations.

g 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 minimum
program requirements, with the exception of fit testing, are met (i.e., Rule 1200-2-5-.92).

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

i This type of respirator may 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 shall be taken into account in these circumstances. This device
may not be used by any individual who experiences perceptible outward leakage of breathing gas
while wearing the device.
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SCHEDULE RHS 8-33

REQUIREMENTS FOR TRANSFER OF LOW-LEVEL RADIOACTIVE WASTE
FOR DISPOSAL AT LAND DISPOSAL FACILITIES AND MANIFESTS

1. 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 shall
prepare a manifest. The manifest shall contain the information requested on applicable 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 shall be completed and shall physically accompany the pertinent
low-level waste shipment. Upon agreement between shipper and consignee, NRC Forms 541 and 541 A
and 542 and 542A may be completed, transmitted and stored in electronic media with the capability for
producing legible, accurate and complete records of the respective forms. Licensees are not required to
comply with the manifesting requirements of this rule when they ship:

I. LLW for processing and expect its return (i.e., for storage under their license) prior to disposal at a
licensed land disposal facility;

2. LLW that is being returned to the licensee who is the 'waste generator' or 'generator,' as defined in
this rule; or

3. Radioactively contaminated material to a 'waste processor that becomes the processors '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 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 shall
accompany the Uniform Low-Level Radioactive Waste Manifest required by this chapter.

As used in this appendix, the following definitions apply:

I. Chelating agent has the same meaning as that given in Rule 1200-2-11-.03.

2. Chemical description means a description of the principal chemical characteristics of a low-level
radioactive waste.

3. Computer-readable medium means that the regulatory agency's computer can transfer the
information from the medium into its memory.

4. Consignee means the designated receiver of the shipment of low-level radioactive waste.



5. Decontamination facility means a facility operating under a license issued by the Division, the U.S.
Nuclear Regulatory Commission, or another Agreement State, whose principal purpose is
decontamination of equipment or materials to accomplish recycle, reuse or other waste management
objectives and, for purposes of this rule, is not considered to be a consignee for LLW shipments.

6. 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.

7. EPA identification number means the number received by a transporter following application to the
Administrator of EPA as required by 40 CFR 263.

8. Generator means a licensee operating under a license issued by the Division, the U.S. Nuclear
Regulatory Commission, or another Agreement State who:

a. Is a waste generator as defined in this rule, or

b. 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).

9. High integrity container (HIC) means a container commonly designed to meet the structural stability
requirements of paragraph 1200-2-11-.17(7) and to meet Department of Transportation
requirements for a Type A package.

10. Land disposalfacility has the same meaning as that given in Rule 1200-2-11-.03.

11. NRC Forms 540, 540A, 541, 541A, 542 and 542A means 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 541 A) and
NRC Forms 542 (and 542A) may be completed, transmitted and stored in electronic media. The
electronic media shall have the capability for producing legible, accurate and complete records in the
format of the uniform manifest.

12. Package means the assembly of components necessary to ensure compliance with the packaging
requirements of U.S. DOT regulations, together with its radioactive contents, as presented for
transport.

13. Physical description means the items called for on NRC Form 541 to describe a low-level
radioactive wvaste.

14. 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.

15. 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.

16. Shipping paper means NRC Form 540 and, if required, NRC Form 540A which includes the
information required by U.S. DOT in 49 CFR 172.

17. Source material has the same meaning as that given in subparagraph 1200-2-5-.32.



18. Special nuclear material has the same meaning as that given in T.C.A. §68-202-202(l).

19. Uniform Low-Level Radioactive Waste Manifest (or uniform manifest) means the combination of
NRC Forms 540, 541 and, if necessary, 542 and their respective continuation sheets as needed, or
equivalent.

20. Waste collector means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, 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.

21. Waste description means the physical, chemical and radiological description of a low-level
radioactive waste as called for on NRC Form 541.

22. Waste generator means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, who:

a. Possesses any material or component that contains radioactivity or is radioactively
contaminated for which the licensee foresees no further use, and:

b. Transfers this material or component to a licensed land disposal facility or to a licensed waste
collector or processor for handling or treatment before 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.'

23. Waste processor means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, whose principal purpose is to process, repackage or otherwise treat loxv-
level radioactive material or waste generated by others before eventual transfer of waste to a licensed
low-level radioactive waste land disposal facility.

24. 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 the purposes of the manifested

B. 3. ShipWRX Cfll~iodress, and telephone number or the name and U.S. EPA hazardous waste
identification number for the carrier transporting the waste to the land disposal facility.

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 shipments;

4. The total radionuclide activity in the shipment;

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;

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 on 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 under paragraph
1200-2-11-.17(6). Waste not meeting the structural stability requirements of subparagraph
1200-2-11-.17(7)(b) shall 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:

I. 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 under paragraph
1200-2-11-.17(6). Waste not meeting the structural stability requirements of subparagraph
1200-2-11-.17(7)(b) shall be identified;

5. The identities and activities of individual radionuclides contained in the waste, the masses of
U-233, U-235 and plutonium in special nuclear material, and the masses of uranium and
thorium in source material; and

6. For wastes consigned to a disposal facility, the maximum radiation levels at the surface of the
waste.

E. Multi-Generator Disposal Container Information.

This section applies to disposal containers enclosing mixtures of waste originating from different
generators. (Note: The origin of the LLW resulting from a processor's activities may be attributable to one
or more 'generators' (including 'waste generators) as defined in this rule). 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.

I. 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 on 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 1/10 of one percent (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
subparagraph 1200-2-11-.17(7)(b); and

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.

11. Certification

An authorized represenetative 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,
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Radiological Health. A collector, in signing the certification, is certifying that nothing has been done to the
collected waste that 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.Ithrough 9 of this section. Any licensee who
transfers waste to a licensed waste processor for waste treatment or repackaging shall comply with
the requirements of paragraphs A.4 through 9. A licensee shall:

I. Prepare all waste so that the waste is classified according to paragraph 1200-2-11-.17(6) and
meets the waste characteristics requirements in paragraph 1200-2-11-.17(7);

2. 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, or Class C waste, in accordance with paragral200-2-11-.17(6);

3. Conduct a quality assurance program to assure compliance with paragraph 1200-2-11-.17(6)
and paragraph 1200-2-11-.17(7); the program shall include management evaluation of
audits;

4. Prepare the NRC Uniform Low-Level Radioactive Waste Manifest as required by this
appendix;

5. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste
Manifest of the manifest to the intended consignee so that either:

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time'the waste is
transferred to the consignee.

c. Using both a. and b. is also acceptable;

6. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of
the option chosen in part 5 of this subparagraph;

7. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

8. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste Manifest
and and documentation of acknowledgment of receipt as the record of transfer of licensed
material as required by Chapter 1200-2-10; and

9. 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 *vho handles only prepackaged waste shall:

I. Acknowledge receipt of the waste from the shipper within one (I) week of receipt by
returning a signed copy of NRC Form 540 or equivalent documentation;
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2. 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; Copies of the generator
manifests shall be a part of the new manifest. The waste collector may prepare a new
manifest without attaching the generator manifests, provided the new manifest contains for
each package the information specified in Section I of this Schedule. The collector licensee
shall certify that nothing has been done to the waste that would invalidate the generator's
certification;

3. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste
Manifest to the intended consignee so that either;

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.

c. Using both (i) and (ii) is also acceptable;

4. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of
the option chosen in part 3 of this subparagraph;

5. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

6. 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 Chapter 1200-2-10, and retain information from generator manifest
until disposition is authorized by the Division; and

7. For any shipments or any part of a shipment for which acknowledgment of receipt has not
received within the times set forth in this appendix, conduct an investigation in accordance
with paragraph E of this appendix.

8. Notify the shipper and the Director, Division of Radiological Health, 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 cancelled.

C. Any licensed waste processor who treats or repackages wastes shall:

I. Acknowledge receipt of the waste from the shipper within one (I) week of receipt by
returning a signed copy of NRC Form 540 or equivalent documentation;

2. 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 required in paragraph I.E. of this
appendix;

3. Prepare all wastes so that the waste is classified according to paragraph 1200-2-11-.17(6)
and meets the waste characteristics requirements in paragraph 1200-2-11-.17(7);

4. Label each package of waste to identify whether it is Class A waste, Class B waste, or Class
C waste, in accordance with paragraphs 1200-2-11-.17(6) and 1200-2-11-.17(8);



5. Conduct a quality assurance program to ensure compliance with paragraphs 1200-2-11-
.17(6) and 1200-2-11-.17(7). The program shall include management evaluation of audits;

6. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste
Manifest to the intended consignee so that either:

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.

c. Using both (i) and (ii) is also acceptable;

7. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of
the option chosen in paragraph C.6 of this section;

8. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

9. 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 Chapter 1200-2-10;

10. 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

11. Notify the shipper and the Director, Division of Radiological Health, 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 cancelled.

D. The land disposal facility operator shall:

I. Acknowledge receipt of the waste within one (1) week of receipt by returning, as a minimum,
a signed copy of NRC Form 540 or equivalent documentation to the shipper. The shipper to
be notified is the licensee who last possessed the waste and transferred the waste to the
operator. 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,

2. Maintain copies of all completed manifests or equivalent documentation and electronically
store the information required by paragraph 1200-2-11-.19(l) until the Division terminates
the license; and

3. Notify the shipper and the Director, Division of Radiological Health, 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 cancelled.

E. Any shipment or portion of a shipment for which acknowledgment is not received within the times
set forth in this section shall:

1. Be investigated by the shipper if the shipper has not received notification or receipt within 20
days after transfer; and



2. Be traced and reported. The investigation shall include tracing the shipment and filing a
report with the Division of Radiological Health. Each licensee who conducts a trace
investigation shall file a written report with the Division within two (2) weeks of completion
of the investigation.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. AdministratIve History: Original
rule filed October 19, 1993; effective January 2, 1994. Amendment filed July 18, 2002; effective October
1, 2002. Amendmentfiled : effective

1200-2-5-.162 TYPE X QUANTITIES AND TRANSPORT GROUPS.

(1) Transport group as used in this rule means any one of seven groups into which radionuclides
in normal form are classified, according to their toxicity and their relative potential hazard in
transport, in Table RHS 2-3.

(a) Any radionuclide, not specifically listed in one of the groups in Table RHS 2-3 shall
be assigned to one of the groups in accordance with Table RHS 2-2.

(b) For mixtures of radionuclides the following shall apply:

I. If the identity and respective activity of each radionuclide are known, the
permissible activity of each radionuclide shall be such that the sum, for all
groups present, of the ratio between the total activity for each group to the
permissible activity for each group will not be greater than unity.

2. If the groups of the radionuclides are known, but the activity in each group
cannot be reasonably determined, the mixture shall be assigned to the most
restrictive group present.

3. If the identity of all or some of the radionuclides cannot be reasonably
determined, each of the unidentified radionuclides shall be considered as
belonging to the most restrictive group which cannot be positively excluded.

4. Mixtures consisting of a single radioactive decay chain where the radionuclides
are in the naturally occurring proportions shall be considered as consisting of a
single radionuclide. The group and activity shall be that of the first member
present in the chain, except that if a radionuclide "x" has a half-life longer than
that of the first member and an activity greater than that of any other member,
including the first, at any time during transportation, the group of the nuclide
"x" and the activity of the mixture shall be the maximum activity of that nuclide
"x" during transportation.

TABLE RHS 2-1 TYPE X QUANTITIES
Type X

Transport Quantity limit
Group (in curies)
I 0.001
11 0.050
III 3
IV 20
V 20
VI 1,000
VII 1,000
Special Form 20



TABLE RHS 2-2
Radioactive half-life

Radionuclide 0 to 1,000 1,000 days to one over one
days million years million years

Atomic Group 11 Group 1I Group III
Number 1-81
Atomic Group I Group I Group III
Number 82 and Over

TABLE RHS 2-3

-

Element
Actinium (89)

Americium (95)

Antimony (51)

Argon (18)

Arsenic (33)

Astatine (85)
Barium (56)

Berkelium (97)
Beryllium (4)
Bismuth (83)

Bromine (35)
Cadmium (48)

Calcium (20)

Californium (98)

Carbon (6)
Cerium (58)

Cesium (55)

TRANSPORT GROUPING OF RADIONUCLIDES
Radionuclide Group
Ac-227 I
Ac-228 I
Am-241 . I
Am-243 I
Sb-122 IV
Sb-124 111
Sb-125 111
Ar-37 VI
Ar-41 II
Ar-41 (uncompressed) V
As-73 IV
As-74 IV
As-76 IV
As-77 IV
At-211 III
Ba-131 IV
Ba-133 11
Ba-140 111
Bk-249 1
Be-7 IV
Bi-206 IV
Bi-207 III
Bi-210 11
Bi-212 III
Br-82 IV
Cd-109 IV
Cd-I15m  III
Cd-15 IV
Ca-45 IV
Ca-47 IV
Cf-249 I
Cf-250 I
Cf-252 I
C-14 IV
Ce-141 IV
Ce-143 IV
Ce-144 III
Cs-131 IV

Atomic number shown in parentheses.
Atomic weight shown after the radionuclide symbol.
Uncompressed means at a pressure not exceeding one atmosphere.

m Metastable state.



Element

Chlorine (17)

Chromium (24)
Cobalt (27)

Copper (29)
Curium (96)

Dysprosium (66)

Erbium (68).

Europium (63)

Fluorine(9)
Gadolinium (64)

Gallium (31)

Germanium (32)
Gold (79)

Hafnium (72)
Holmium (67)
Hydrogen (1)
Indium (49)

Iodine (53)

Radionuclide
Cs-134 m

Cs-134
Cs-135
Cs-136
Cs-137
CI-36
CI-38
Cr-51
Co-56
Co-57
Co-58m

Co-58
Co-60
Cu-64
Cm-242
Cm-243
Cm-244
Cm-245
Cm-246
Dy-154
Dy-165
Dy-166
Er-169
Er-171
Eu-130
Eu-152m
Eu-152
Eu-154
Eu-155
F-18
Gd-153
Gd-159
Ga-67
Ga-72
Ge-71
Au-193
Au-194
Au-195
Au-196
Au-198
Au-199
Hf-181
Ho-166
H-3 (see tritium)
In-I 13tm
In 114
In- 15 m

In-I 15
1-124
1-125
1-126
1-129

Group
III

III
IV
IV
III

IVi

IV
III
IV
IV
IV
III
IV
I
I
I
I
I
III
IV.
IV
IV
IV
III
IV
III
1I
IV
IV
IV
IV
III
IV
IV
III

III

IV
IV
IV
IV
IV

IV
III
IV
IV
IV
III
III
III

m Metastable state.



Element

Iridium (77)

Iron (26)

Krypton (36)

Lanthanum (57)
Lead (82)

Lutetium (71)

Magnesium (12)
Manganese (25)

Mercury (80)

Mixed fission products(MFP)
Molybdenum (42)
Neodymiurn (60)

Neptunium (93)

Nickel (28)

Niobium (41)

Osmium (76)

Palladium (46)

Phosphorus (15)
Platinum (78)

Radionuclide
1-131
1-132
I-133
I-134
1-135
Ir-190
Ir-192
Ir-194
Fe-"5
Fe-59
Kr-85 m
Kr45 m (uncompressed)
Kr-85
Kr-85 (uncompressed)
Kr,47 (uncompressed)
La-140
Pb-203
Pb-210
Pb-212
Lu-172
Lu-177
Mg-28
Mn-52
Mn-54
Mn-56
Hg-197 m

Hg-197
Hg-203

Mo-99
Nd-147
Nd-149
Np-237
Np-239
Ni-56
Ni-59
Ni-63
Ni-65
Nb-93 m

Nb-95
Nb-97
Os-185
OS-191 m

Os-191
Os-193
Pd-I 03
Pd-109
P-32
Pt-191
Pt-193

Group
III
IV
III
IV
IV
IV
III
IV
IV
IV
III
V
III
II
V
IV
IV
II
II
IV
IV
IV
IV
IV
IV
IV
IV
IV
II
IV
IV
IV
I
I
III
IV
IV
IV..
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV

Uncompressed means at a pressure not exceeding one atmosphere.
m Afetastable state. f
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Element

Plutonium (94)

Polonium (84)
Potassium (19)

Praseodymium (59)

Promethium (61)

Protactinium (91)

Radium (88)

Radon (86)

Rhenium (75)

Rhodium (45)

Rubidium (37)

Ruthenium (44)

Samarium (62)

Scandium (21)

Selenium (34)
Silicon (14)
Silver (47)

Sodium (1 1)

Radionuclide
Pt-193m

Pt-I 97 m
Pt-197
Pu-238 (F)
Pu-239 (F)
Pu-240
Pu-241 (F)
Pu-242
Po-210
K-42
K-43
Pr-142
Pr-143
Pm-147
Pm-149
Pa-230
Pa-231
Pa-233
Ra-223
Ra-224
Ra-226
Ra-228
Rn-220
Rn-222
Re-I 83
Re-186
Re-187
Re-188
Re Natural
Rh-103 '
Rh-105
Rb-86
Rb-87
Rb Natural
Ru-97
Ru-103
Ru-105
Ru-106
Sm-145
Sm-147
Sm-151
Sm-153
Sc-46
Sc-47
Sc-48
Se-75
Si-31
Ag-105
Ag-I IOm
Ag-I 11
Na-22

-

Group
I
IV
IV

I
I
I
I
I
I
IV
III
IV
IV
IV
IV
I
I

11

11
II
I
I
I1

IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV

IV
IlV
IVI
III
IV

IV

TV
IV
IV
III
IV
III

(F) Fissile material.
m Metastable State.



Element

Strontium (38)

Sulphur (16)
Tantalum (73)
Technetium (43)

Tellurium (52)

Terbium (65)
Thallium (8 1)

Thorium (90)

Thulium (69)

Tin (50)

Tritium (1)

Tungsten (74)

Uranium (92)

Radionuclide
Na-24
Sr-85 m

Sr-85
Sr-89
Sr-90
Sr-91
Sr-92
S-35
Ta-182
Tc-96 m

Tc-96
Tc-97 m
Tc-97
Tc-99mn
Tc-99
Te-125 m

Te-127 m

Te-127
Te-129 m

Te-129
Te-131 m

Te-132
Tb-160
Tl-200
TI-201
Tl-202
TI-204
Th-227
Th-228
Th-230
Th-231
Th-232
Tb-234
Th Natural
Tm-168
Tm-170
Tm-171
Sn-I 13
Sn-117m
Sn-121
Sn-125
H-3
H-3 (as a gas, as luminous paint, or
absorbed on solid material)
W-181
W-185
W-187
U-230
U-232
U-233 (F)

Group
IV
IV
IV
III
II

111
III
IV
IV
III
IV
IV
IV
IV
IV
IV
IV
IV
IV
111

IV
III
IV
III
IV
IV

IV
111

II

I
I

Iv

III
11
III
III

III

IV
IV
I11
III
IV
IV

VII
IV
IV
IV.
II
I
11

. .

-

t Metastable State.
(F) Fissile material.



Element

Vanadium (23)

Xenon (54)

Radionuclide
U-234
U-235 (F)
U-236
U-238
U Natural
U Enriched (F)
U Depleted
V-48
V-49
Xe-125
Xe-131 m

Xe-131 m (uncompressed)
Xe-133
Xe-133 (uncompressed)
Xe-135
Xe-135 (uncompressed)
Yb-175
Y-88
Y-90
Y-9 1
Y-91
Y-92
Y-93
Zn-65
Zn-69m
Zn-68
Zn-69
Zr-93
Zr-95
Zr-97

Group
11

11
III
HII
III

III
IV
III
III
III
V
III
VI
11
V
IV
III
IV
III
II1
IV
IV
IV
IV
IV
IV
IV
III
IV

Ytterbium (70)
Yttrium (39)

Zinc (30)

Zirconium (40)

Authority: T.C.A. §68-202-101 et seq. Original rulefiled ; effective _

(F) Fissile material.
Uncompressed means at a pressure not exceeding one atmosphere.

m Metastable State.



RULES
OF

DEPARTMENT OF ENVIRONMENT AND CONSERVATION
DIVISION OF RADIOLOGICAL HEALTH

CHAPTER 1200-2-8
RADIATION SAFETY REQUIREMENTS FOR INDUSTRIAL RADIOGRAPHY OPERATIONS

TABLE OF CONTENTS

1200-2-.01 Purpose 1200-2-8-.09 Fluoroscopic Radiography
1200-2 -&.02 Scope 1200-2-8-.10 Required Administrative Procedures for
1200-2-4-.03 Definitions Industrial Radiography Program
1200-2-S-.04 Equipment Control 1200-2-8-.11 Shielded Room X-Ray Radiography
1200-2-&-.05 Personal Radiation Safety Requirements 1200-2-8-.12 Reporting Requirements

for Radiographers and Radiographer's 1200-24-8.13 Reserved
Assistants 1200-2-8-.14 Reserved

1200-2-8-.06 Precautionary Procedures in Radiographic 1200-2-8-.15 Recordkeeping Requirements
Operations 1200-2-8-.16 Schedule RHS 8-35: Radiographer

1200-2-8-.07 Minimum Subjects To Be Covered in Certification
Training Radiographers

1200-2-S-.08 Cabinet Radiography

1200-2-8-.01 PURPOSE.

This chapter establishes requirements for the use of sources of radiation for industrial radiography
operations. Except for the requirements of this chapter clearly applicable only to devices employing sealed
radioactive sources, e.g., 1200-2-8-.04(l) and (5), both radiation machines and sealed radioactive sources
are covered by this chapter. The provisions of this chapter are in addition to and not in substitution for
other applicable provisions of these regulations.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule certifiedJune 7, 1974. AmendmentfiledAugust 15, 1978; effective October 2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Repeal and new rule filed October 27, 1993; effective January 10,
1994.

1200-2-8-.02 SCOPE.

The regulations in this chapter apply to all licensees or registrants who use sources of radiation for
industrial radiography. Nothing in this chapter shall apply to the use of sources of radiation in the healing
arts.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rulecertifledJune7, 1974. AmendmentfiledAugust15, 1978;effectiveOctober2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Repeal and new rule filed October 27, 1993; effective January 10,
1994.

1200-2-.03 DEFINITIONS.

(1) Annual refresher safety training means a review conducted or provided by the licensee or
registrant for its employees on radiation safety aspects of industrial radiography. The review
may include, as appropriate, the results of internal inspections, new procedures or equipment,
new or revised regulations, accidents or errors that have been observed, and should also
provide opportunities for employees to ask safety questions and receive answers to their safety
questions.

-I -



RADIATION SAFETY REQUIREMENTS FOR INDUSTRIAL CHAPTER 1200-2-8
RADIOGRAPHY OPERATIONS

(2) Associated equipment means equipment that is used in conjunction with a radiographic
exposure device to make radiographic exposures that drives, guides or comes in contact with
the source (e.g., guide tube, control tube, control (drive) cable, removable source stop, 'J' tube
and collimator) when it is used as an exposure head.

(3) Cabinet radiography means industrial radiography using radiation machines in an enclosed
interlocked cabinet in which:

(a) The radiation machine will not operate unless all openings are closed with interlocks
activated;

(b) The cabinet is so shielded that every location on the exterior meets the conditions for
an unrestricted area as defined in Chapter 1200-2-5; and

(c) The cabinet is so constructed or arranged as to exclude the entrance of any part of the
body of an individual during irradiation.

(d) Baggage entrance and exit openings of airport baggage systems need not be
interlocked. All other openings in these systems shall be interlocked. The operator shall
be present during operation to ensure no individual enters the device through the
baggage entrance or exit opening(s).

(4) Certifying entity means an independent certifying organization meeting the requirements in
Appendix A to 10 CFR 34 or an Agreement State meeting the requirements in Appendix A to
10 CFR 34 (see Schedule RHS 8-35, Rule 1200-2-S-.15).

(5) Collimator means a radiation shield that is placed on the end of the guide tube or directly onto
a radiographic exposure device to restrict the size of the radiation beam when the sealed
source is cranked into position to make a radiographic exposure.

(6) Control (drive) cable means the cable that is connected to the source assembly and used to
drive the source to and from the exposure location.

(7) Control drive mechanism means a device that enables the source assembly to be moved to and
from the exposure device.

(8) Control tube means a protective sheath for guiding the control cable. The control tube
connects the control drive mechanism to the radiographic exposure device.

(9) Exposure head means a device that locates the gamma radiography sealed source in the
selected working position. (An exposure head is also known as a 'source stop.')

(10) Field station means a facility where licensed or registered material may be stored or used and
from which equipment is dispatched.

(11) Guide tube (or projection sheath) means a flexible or rigid tube (i.e., 'J' tube) for guiding the
source assembly and the attached control cable from the exposure device to the exposure
head. The guide tube may also include the connections necessary for attachment to the
exposure device and to the exposure head.

(12) Hands-on experience means experience in all of those areas considered to be directly
involved in the radiography process.

-2-



RADIATION SAFETY REQUIREMENTS FOR INDUSTRIAL CHAPTER 1200-2-8
RADIOGRAPHY OPERATIONS

(13) Independent certifying organization means an independent organization that meets all of the
criteria of appendix A to 10 CFR 34 (see Rule 1200-2-8-.18).

(14) Permanent radiographic installation means an enclosed shielded room, cell or vault, not
located at a temporary job-site, in which radiography is performed.

(15) Personal supervision means supervision with the radiographer:

(a) Physically present at the site where sources of radiation and associated equipment are
being used;

(b) Observing the radiographer's assistant's performance; and

(c) In such proximity that immediate assistance can be given if required.

(16) Practical examination means a demonstration through practical application of the safety rules
and principles in industrial radiography including use of all appropriate equipment and
procedures.

(17) Radiographer means any individual who performs or who, in attendance at the site where the
sealed source or sourcesradiographic exposure devices are being used, personally supervises
industrial radiographic operations and who is responsible to the licensee or registrant for
assuring compliance with the requirements of the Division's regulations and all license or
registration conditions.

(18) Radiographer certification means written approval received from a certifying entity stating
that an individual has satisfactorily met certain established radiation safety, testing and
experience criteria.

(19) Radiographer's assistant means any individual who under the direct supervision of a
radiographer, uses sources of radiation, related handling tools or radiation survey instruments
in industrial radiography.

(20) Radiographic exposure device (also called a camera or a projector) means;

(a) an.-Any instrument having a sealed source in which the sealed source or shielding
thereof may be moved or otherwise changed from a shielded to unshielded position for
purposes of making a radiographic exposure; or

(b) Any apparatus that may produce. when the associated controls are operated. one or
more forms of radiation used for making a radiographic exposure.

(21) Radiographic operations means all activities associated with the presence of radioactive
sources of radiation in a radiographic exposure device during use of the device or transport
(except when being transported by a common or contract transport), to include surveys to
confirm the adequacy of boundaries, setting up equipment and any activity inside restricted
area boundaries.

(22) S-tube means a tube through which the radioactive source travels when inside a radiographic
exposure device.

(23) Shielded position means the location within the radiographic exposure device or source
changer where the sealed source is secured and restricted from movement.

-3-



RADIATION SAFETY REQUIREMENTS FOR INDUSTRIAL CHAPTER 1200-2-8
RADIOGRAPHY OPERATIONS

(24) Shielded room x-ray radiography means industrial radiography utilizing radiation machines
that is conducted in an enclosed room:

(a) That is not occupied during radiographic operations;

(b) That is shielded so that every location on the exterior meets the conditions for an
unrestricted area as defined in Chapter 1200-2-5; and

(c) The only access to which is through openings that are interlocked so that the radiation
machine will not operate unless all openings are closed with interlocks activated.

(25) Source assembly means an assembly that consists of the sealed source and a connector that
attaches the source to the control cable. The source assembly may also include a stop ball
used to secure the source in the shielded position.

(26) Source changer means a device designed and used for replacement of sealed sources in
radiographic exposure devices, including those also used for transportation and storage of
sealed sources.

(27) Storage area means any location, facility or vehicle that is used to store, to transport or to
secure a radiographic exposure device, a storage container, or a sealed source when it is not in
use and that is locked or has a physical barrier to prevent accidental exposure, tampering with
or unauthorized removal of the device, container or source.

(28) Storage container means a device in which sealed sources are secured and stored.

(29) Temporary job site means a location where industrial radiography is performed and where
licensed or registered material may be stored other than the location(s) of use authorized on
the specific license or reaistration.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule certifiedJune 7, 1974. AmendmentfiledAugust 15, 1978; effective October 2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Amendment filed June 19, 1989; effective September 27, 1989.
Repeal and new rule filed October 27, 1993; effective January 10, 1994. Amendment filed July 18, 2002;
effective October 1, 2002.

1200-2-8-.04 EQUIPMENT CONTROL

(1) Limits on levels of radiation from storage containers and source changers. The maximum
exposure rate limits for storage containers and source changers are 200 millirem (2 mSvs) per
hour at any exterior surface and 10 millirem (0.1 mSvs) per hour at 1 meter from any exterior
surface with the sealed source in the shielded position.

(2) Locking of radiographic exposure devices, storage containers and source changers:

(a) Each radiographic exposure device shall have a lock or outer locked container designed
to prevent unauthorized or accidental production of radiation or removal of the sealed
source from its shielded position. The-Each radiographic exposure device and/or its
container shall be kept locked (and if a keyed-lock with the key removed at all times)
when not under the direct surveillance of a radiographer or a radiographer's assistant
except at permanent radiographic installations as stated in paragraph 1200-2-8-.06(l).
In addition, during radiographic operations the-a sealed source assembly shall be
secured in the shielded position each time the source is returned to that position.
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(b) Each sealed source storage container and source changer shall have a lock or outer
locked container designed to prevent unauthorized or accidental removal of the sealed
source from its shielded position. Storage containers and source changers shall be kept
locked (and if a keyed-lock, with the key removed at all times) when containing sealed
sources except when under the direct surveillance of a radiographer or a radiographer's
assistant.

(3) Storage precautions:

(a) Locked radiographic exposure devices, source changers and storage containers shall be
physically secured to prevent tampering with or removal by unauthorized persons.

(b) The licensee shall store licensed material in a manner that will minimize danger from
explosion or fire.

(4) Radiation survey instruments:

(a) The licensee or registrant shall maintain sufficient calibrated and operable radiation
survey instruments at each location where radioactive m tefiad i sources of radiation
are present to make physical radiation surveys as required by this chapter and Chapter
1200-2-5 of these regulations. Instrumentation required by this paragraph shall have a
range such that 2 millirems (0.02 mSvs) per hour through I rem (0.01 Sv) per hour can
be measured.

(b) Each radiation survey instrument shall be calibrated:

1. At energies appropriate for use and at intervals not to exceed six (6) months and
after each instrument servicing, except for battery changes;

2. Such that accuracy within plus or minus 20 percent (±20%) can be demonstrated;
and

3. For linear scale instruments, at 2 points located approximately one-third and
two-thirds of full scale on each scale; for logarithmic scale instruments, at mid-
range of each decade and at 2 points of at least one decade; and for digital
instruments, at 3 points between 2 and 1,000 millirems (0.02 and 10 mSvs) per
hour.

(c) In acordance with Rule 1200-2-.15, the licensee or registrant shall maintain records
of calibrations, dates and results thereof for inspection by the Division for three (3)
years after the date of calibration.

(5) Leak testing, repairing, tagging, opening, modifying and replacing of sealed sources:

(a) The replacement of any sealed source fastened to or contained in a radiographic
exposure device and leak testing, repair, tagging, opening or any other modification of
any sealed source shall be performed only by persons specifically authorized to do so
by the Division, the U.S. Nuclear Regulatory Commission, or any Agreement State.

(b) Each sealed source shall be tested for leakage at intervals not to exceed six (6) months.
In the absence of a certificate from a transferor that a test has been made within the six
(6) months prior to the transfer, the sealed source shall not be put into use until tested.
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(c) The leak test shall be capable of detecting the presence of 0.005 microcurie of
removable contamination on the sealed source. An acceptable leak test for sealed
sources in the possession of a radiography licensee would be to test at the nearest
accessible point to the sealed source storage position, or other appropriate measuring
point, by a procedure to be approved pursuant to 1200-2-10-.13(6Xe). Records of
leak test results shall identify each sealed source and its container by serial number and
shall be kept in units of microcuries or disintegrations per minute (dpm) and maintained
for inspection by the Division for three (3) years after the test is made.

(d) Any test conducted pursuant to (b) and (c) of this paragraph that reveals the presence of
0.005 microcurie or more of removable radioactive material shall be considered
evidence that the sealed source is leaking. The licensee shall immediately withdraw the
equipment involved from use and shall cause it to be decontaminated and repaired or to
be disposed of in accordance with Division regulations. Two copies of a report shall be
filed within five (5) days after obtaining results of the test with the Division at its office
located at L&C Annex, 3rd Floor, 401 Church Street, Nashville, Tennessee 37243-
1532, describing the equipment involved, the test results and the corrective action
taken.

(e) A sealed source that is not fastened to or contained in a radiographic exposure device
shall have permanently attached to it a durable tag at least one (1) inch (2.54
centimeters) square bearing the conventional radiation caution symbol, as described in
Chapter 1200-2-5, and at least the instructions:

"DANGER - RADIOACTIVE MATERIAL - DO NOT HANDLE -
NOTIFY CIVIL AUTHORITIES IF FOUND"

(f) Each exposure device using depleted uranium (DU) shielding and an S-tube
configuration shall be tested for DU contamination at intervals not to exceed 12
months. The analysis shall be capable of detecting the presence of 0.005 microcuries
(185 Bq) of radioactive material on the test sample and shall be performed by a person
specifically authorized by the Division, the U.S. NRC or an Agreement State to
perform the analysis.

1. Should such testing reveal the presence of 0.005 microcuries (185 Bq) or more
of removable DU contamination, the exposure device shall be removed from use
until an evaluation of the wear on the S-tube has been made. Should the
evaluation reveal that the S-tube is worn through, the device may not be used
again.

2. DU shielded devices do not have to be tested for DU contamination while in
storage and not in use. Before using or transferring such a device however, the
device shall be tested for DU contamination if the interval of storage exceeded
12 months.

3. Licensees will have until July 1, 2002, to comply with the DU leak-testing
requirements of this subparagraph.

(6) Quarterly inventory. Each licensee or registrant shall conduct a quarterly physical inventory
to account for all sources of radiation received and possessed by him. The records of the
inventories shall be maintained for three (3) years from the date of the inventory for inspection
by the Division. The records shall include the quantities and kinds of radioactive material,
location of all sources of radiation, and the date of inventory. Each sealed source and its-each
radiographic exposure device shall be identified by serial number.
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(7) Utilization logs.

(a) Each licensee or registrant shall maintain, at the address specified in the license or
registration current utilization logs showing for each source of radiation the following
information:

1. A description (make, model and serial number) of each radiographic exposure
device or transport or storage container in which the sealed source is located;

2. The identity and signature of the radiographer to whom assigned; and

3. The plant or site where used and dates of use, including the dates removed and
returned to storage.

(b) The licensee shall retain the logs reuired by subparagraph (a) for three (3) years after
the log is made.

(8) Inspection and maintenance of radiographic exposure devices, source changers, transport and
storage containers, associated equipment and survey instruments.

(a) The licensee shall perform visual and operability checks on survey meters, radiographic
exposure devices, transport and storage containers, associated equipment and source
changers prior to use each day the equipment is used to ensure that the equipment is in
good working condition, that the sources are adequately shielded and that required
labeling is present. Survey instrument operability shall be performed using check
sources or other appropriate means. If equipment problems are found, the equipment
shall be removed from service until repaired.

(b) The licensee shall have written procedures for

1. Inspection and routine maintenance of radiographic exposure devices, source
changers, associated equipment, transport and storage containers at intervals not
to exceed three (3) months, or before the first use thereafter, to assure proper
functioning of components important to safety. If equipment problems are
found, the equipment shall be removed from service until repaired. Records of
these inspections and maintenance shall be retained for three (3) years for
inspection by the Division.

2. Inspection and maintenance necessary to maintain the Type B packaging used to
transport radioactive materials. The inspection and maintenance program shall
include procedures to assure that Type B packages are shipped and maintained
in accordance with the certificate of compliance or other approval.

(9) Permanent radiographic installations.

(a) Permanent radiographic installations having high radiation area entrance controls of the
types described in Chapter 1200-2-5 shall also meet the special requirements in (b)
and (c) of this paragraph.

(b) Each entrance that is used for personnel access to the high radiation area in a permanent
radiographic installation shall have both visible and audible warning signals to warn of
the presence of radiation. The visible signal shall be actuated by radiation whenever
the source is exposed or a radiation area is generated. The audible signal shall be
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actuated when an attempt is made to enter the installation while the source is exposed
or a radiation area is generated.

(c) The alarm system shall be tested for proper operation with a radiation source each day
before the installation is used for radiographic operations. The test shall include a
check of both the visible and audible signals. Entrance control devices that reduce the
radiation level upon entry shall be tested monthly. If an entrance control device or an
alarm is operating improperly, it shall be immediately labeled as defective and repaired
within seven (7) calendar days. The facility may continue to be used during this seven-
day period, provided the licensee implements the continuous surveillance requirements
of paragraph 1200-2--.06(1) and uses an alarming ratemeter.. The licensee or
registrant shall retain records of these tests for three (3) years for inspection by the
Division.

(10) Performance requirements for sealed source rfadiograpphy euipmentreadiographic exposure
devices and associated equipment. Equipment utilizing radioactive material used in industrial
radiographic operations shall meet the following minimum criteria:

(a) Each radiographic exposure device and all associated equipment shall meet the
requirements specified in American National Standard N432-1980 "Radiological
Safety for the Design and Construction of Apparatus for Gamma Radiography,"
(published as NBS Handbook 136, issued January 1981) American National Standards
Institute, Inc., 1430 Broadway, New York, NY 10018 (ANSI N432). An applicant or
licensee may submit engineering analyses to demonstrate the applicability of previously
performed testing on similar individual radiography equipment components. Upon
review, the Division may find this an acceptable alternative to actual testing of the
component under the above referenced standard.

(b) In addition to the requirements specified above in subparagraph (a), the following
requirements apply to radiographic exposure devices, source changers, source
assemblies and sealed sources:

I. The licensee shall ensure that each radiographic exposure device has attached to
it a durable, legible, clearly visible label bearing the:

(i) Chemical symbol and mass number of the radionuclide in the device;

(ii) Radioactivity and the date on which this radioactivity was last measured;

(iii) Model (or product code) and serial number of the sealed source;

(iv) Manufacturer of the sealed source; and

(v) Licensee's name, address and telephone number.

2. Any radiographic exposure device intended for use as a Type B transport
container shall meet the applicable requirements of 10 CFR Part 71.

3. Modification of radiographic exposure devices, source changers, and source
assemblies and associated equipment is prohibited, unless the design of any
replacement component, including source holder, source assembly, controls or
guide tubes would not compromise the design safety features of the system.
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(c) In addition to the requirements specified in above subparagraphs (a) and (b), the
following requirements apply to radiographic exposure devices, source assemblies and
associated equipment that allow the source to be moved out of the device for
radiographic operations or to source changers:

1. The coupling between the source assembly and the source control cable shall be
designed in such a manner that the source assembly shall not become
disconnected if cranked outside the guide tube. The coupling shall be such that
it cannot be unintentionally disconnected under normal and reasonably
foreseeable abnormal conditions.

2. The device shall automatically secure the source assembly when it is cranked
back into the fully shielded position within the device. This securing system
shall only be released by means of a deliberate operation on the exposure device.

3. The outlet fittings, lock box and drive cable fittings on each radiographic
exposure device shall be equipped with safety plugs or covers that shall be
installed during storage and transportation to protect the source assembly from
water, mud, sand or other foreign matter.

4. Each sealed source or source assembly shall have attached to it or engraved in it,
a durable, legible, visible label with the words: "CAUTION (or "DANGER") -
RADIOACTIVE." The label shall not interfere with the safe operation of the
exposure device or associated equipment.

5. The guide tube shall be able to withstand a crushing test that closely
approximates the crushing forces that are likely to be encountered during use,
and be able to withstand a kinking resistance test that closely approximates the
kinking forces likely to be encountered during use.

6. Guide tubes shall be used when moving the source out of the device.

7. An exposure head or similar device designed to prevent the source assembly
from passing out of the end of the guide tube shall be attached to the outermost
end of the guide tube during radiographic operations.

8. The guide tube exposure head connection shall be able to withstand the tensile
test for control units specified in ANSI N432-1980.

9. Source changers shall provide a system for assuring that the source shall not be
accidentally withdrawn from the changer when connecting or disconnecting the
drive cable to or from a source assembly.

(d) All newly. manufactured radiographic exposure devices and associated equipment
acquired by licensees after January 10, 1992, shall comply with the requirements of this
paragraph.

(e) All radiographic exposure devices and associated equipment in use after January 10,
1996, shall comply with the requirements of this paragraph (10).

(f) Notwithstanding subparagraph (I)(a) above, equipment used in industrial radiographic
operations need not comply with §8.9.2(c) of the Endurance Test in American National
Standards Institute N432-1980, if the prototype equipment has been tested using a
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torque value representative of the torque that an individual using the radiography
equipment can realistically exert on the lever or crankshaft of the drive mechanism.

(11) Labeling, storage and transportation.

(a) The licensee may not use a source changer or a container to store licensed material
unless the source changer or the storage container has securely attached to it a durable,
legible and clearly visible label bearing the standard trefoil radiation caution symbol in
conventional colors, i.e., magenta, purple or black on a yellow background, having a
minimum diameter of25 mm, and the wording:

CAUTION (or "DANGER")
RADIOACTIVE MATERIAL

NOTIFY CIVIL AUTHORITIES (or "NAME OF COMPANY")

(b) The licensee shall not transport licensed material unless the material is packaged and
the package is labeled, marked and accompanied with appropriate shipping papers in
accordance with regulations set out in 10 CFR part 71.

(c) Locked radiographic exposure devices and storage containers shall be physically
secured to prevent tampering or removal by unauthorized personnel. The licensee shall
store licensed material in a manner that will minimize danger from explosion or fire.

(d) The licensee shall lock and physically secure the transport package containing licensed
material in the transporting vehicle to prevent accidental loss, tampering or
unauthorized removal of the licensed material from the vehicle.

Authoriy: T. C.A. §4-S-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule certified June 7, 1974. AmendmnentfiledAugust 15, 1978; effective October 2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Repeal and new rule filed October 27, 1993; effective January 10,
1994. AmendmentfiledJuly 18, 2002; effective October 1, 2002.

1200-2--.05 PERSONAL RADIATION SAFETY REQUIREMENTS FOR RADIOGRAPHERS
AND RADIOGRAPHER'S ASSISTANTS.

(1) Training.

(a) The licensee or registrant shall not permit any individual to act as a radiographer as
defined in this chapter until such individual:

I. Has been instructed in the subjects outlined in 1200-2-.07 and has
demonstrated understanding thereof by successful completion of a written test
and a field examination on the subjects covered that has been approved by the
Division;

2. Has received copies of and instruction in:

(i) The regulations contained in this chapter;

(ii) The applicable rules of Chapters 1200-2-5 and 1200-2-8;

(iii) License or registration conditions; and
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(iv) The licensee's or registrant's operating and emergency procedures and
shall have been tested in a manner approved by the Division to
demonstrate understanding thereof; and

3. Has physically demonstrated competence to use the sources of radiation, related
handling tools, and survey instruments that will be employed in his assignment.

(b) The licensee or registrant shall not permit any individual to act as a radiographer's
assistant as defined in this chapter until such individual:

1. Has received copies of and instruction in the licensee's or registrant's operating
and emergency procedures and shall have been tested in a manner approved by
the Division to demonstrate understanding thereof; and

2. Has physically demonstrated competence to use, under the personal supervision
of the radiographer, the sources of radiation, related handling tools, and survey
instruments that will be employed in his assignment.

(c) Each licensee or registrant shall maintain the following records of training and
certificaton for three (3) years after the record is made for inspection by the Division.

I. Records of training of each radiographer and each radiographer's assistant. The
record shall include radiographer certification documents and verification of
certification status, copies of written tests, dates of oral and practical
examinations, and names of individuals conducting and receiving the oral and
practical examinations; and

2. Records of annual refresher safety training and semi-annual inspections of job
performance for each radiographer and each radiographer's assistant. The
records shall list the topics discussed during the refresher safety training, the
dates the annual refresher safety training was conducted, and names of the
instructors and attendees. For inspections of job performance, the records shall
also include a list showing the items checked and any non-compliance(s)
observed by the radiological safety officer.

(d) Whenever a radiographer's assistant uses sources of radiation or related handling tools
or conducts radiation surveys required by 1200-2-8-.06(3)(b) to determine that the
sealed source has returned to the shielded position after an exposure, he shall be under
the personal supervision of a radiographer.

(2) Operating and emergency procedures. The licensee or registrant shall submit to the Division a
copy of current operating and emergency procedures prior to the issuance or renewal of a
license or registration. The licensee or registrant shall retain a copy of the operating and
emergency procedures until the Division terminates the license or registration that authorizes
the activity for which the procedures were developed. If the operating and emergency
procedures are superseded, the superseded procedures shall be retained by the licensee or
registrant for three (3) years after each change. These procedures shall include specific
instructions in at least the following:

(a) The handling and use of sources of radiation to be employed such that no individual
shall be exposed to radiation doses in excess of the limits established in Chapter 1200-
2-5 of these regulations;
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(b) Methods and occasions for conducting radiation surveys;

(c) Methods for controlling access to radiographic areas;

(d) Methods and occasions for locking and securing sources of radiation;

(e) Personnel monitoring and the use of personnel monitoring equipment;

(f) Transportation to field locations, including packing of sources of radiation in the
vehicles, posting of vehicles and control of sources of radiation during transportation;

(g) Minimizing exposure of individuals in the event of an accident;

(h) The procedure for notifying proper persons in the event of an accident;

(i) Maintenance of records;

(j) The inspection and maintenance of radiographic exposure devices and storage
containers; and

(k) Steps that shall be taken immediately by radiographic personnel in the event a pocket
dosimeter is found to be off-scale.

(3) Personnel monitoring control.

(a) The licensee or registrant shall not permit any individual to act as a radiographer or a
radiographer's assistant unless, at all times during radiographic operations, each
individual wears, on the trunk of the body, a direct-reading pocket dosimeter, an
operating alarm ratemeter, and personnel dosimeter that is processed and evaluated by
an accredited National Voluntary Laboratory Accreditation Program (NVLAP)
processor. At permanent radiography facilities where other appropriate alarming or
warning devices are in routine use, the wearing of an alarming ratemeter is not
required.

1. Pocket dosimeters shall have a range from zero to 200 millirems (2mSvs) and
shall be recharged at the start of each shift. Electronic personal dosimeters shall
only be used in place of ion-chamber pocket dosimeters,

2. Each personnel dosimeter shall be assigned to and worn by only one individual.

3. Film badges shall be replaced at periods not to exceed one (1) month and other
personnel dosimeters processed and evaluated by an accredited NVLAP
processor shall be replaced at periods not to exceed three (3) months.

4. After replacement, each personnel dosimeter shall be processed as soon as
possible.

(b) Direct reading dosimeters such as pocket dosimeters or electronic personal dosimeters
shall be read and the exposures recorded at the beginning and end of each shift. In
accordance with Rule 1200-2-4-.15, the licensee or registrant shall maintain each
record of these exposures for inspection by the Division for three (3) years after the
record is made.
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(c) Pocket dosimeters, or electronic personal dosimeters, shall be checked at periods not to
exceed 12 months for correct response to radiation. Acceptable dosimeters shall read
within plus or minus 20 percent (+20%) of the true radiation exposure. In accordance
with Rule 1200-2-8-.15, the licensee or registrant shall maintain each record of these
exposures for inspection by the Division for three (3) years after the record is made.

(d) If an individual's pocket dosimeter is found to be off-scale, or if his or her electronic
personal dosimeter reads greater than 200 millirems (2 mSvs), and the possibility of
radiation exposure cannot be ruled out as the cause, industrial radiographic operations
by that individual shall cease. The individual's personnel dosimeter shall be sent for
processing within 24 hours. In addition, the individual shall not return to work with
sources of radiation until a determination of the individual's radiation exposure has
been made. This determination of exposure shall be made by the RSO or the RSO's
designee. The results of this determination shall be included in the records maintained
in accordance with Rule 1200-24--.15.

(e) If the personnel dosimeter that is required by subparagraph (a) is lost or damaged, the
worker shall cease work immediately until a replacement personnel dosimeter meeting
the requirements in subparagraph (a) is provided and the exposure is calculated for the
time period from issuance to loss or damage of the personnel dosimeter. The results of
the calculated exposure and the period for which the personnel dosimeter was lost or
damaged shall be included in the records maintained in accordance with Rule 1200-2-
8-.15.

(f) Dosimetry reports received from the accredited NVLAP personnel dosimeter processor
shall be retained for inspection by the Division in accordance with Rule 1200-2-8-.15.

(g) Each alarm ratemeter shall:

1. Be checked to ensure that the alarm functions properly (sounds) prior to use at
the start of each shift;

2. Be set to give an alarm signal at a preset dose rate of 500 millirem/hr (5mSv/hr)
with an accuracy of plus or minus 20 percent (±20%) of the true radiation dose
rate;

3. Require special means to change the preset alarm function; and

4. Be calibrated at periods not to exceed 12 months for correct response to
radiation. The licensee shall maintain records of alarm ratemeter calibrations in
accordance with Rule 1200-2-8-.15.

(4) Conducting industrial radiographic operations.

(a) Whenever radiography is performed at a location other than a permanent radiographic
installation, at least one other qualified radiographer or an individual who has at a
minimum met the requirements of paragraph 1200-2-8-.07(3) shall accompany the
radiographer. The additional qualified individual shall observe the operations and be
capable of providing immediate assistance to prevent unauthorized entry. Radiography
shall not be performed if only one qualified individual is present.

(b) Reserved.

-13-



RADIATION SAFETY REQUIREMENTS FOR INDUSTRIAL CHAPTER 1200-2-8
RADIOGRAPHY OPERATIONS

(c) Licen1ee will basse until Juh I, 2002, to meet the rel grnents fcr ha avin tWO

qualified indiv'iduals present at leeations-ether- than ra-permanentradiegraphie
installati.nReserved.

(5) Radiation safety officer (RSO) for industrial radiography. The RSO shall ensure that radiation
safety activities are being performed in accordance with approved procedures and regulatory
requirements in the daily operation of the licensee's or registrant's program.

(a) The minimum qualifications, training and experience for RSOs for industrial
radiography are as follows:

1. Completion of the training and testing requirements of 1200-2-9-.07(1);

2. 2000 hours of hands-on experience as a qualified radiographer in industrial
radiographic operations; and

3. Formal training in the establishment and maintenance of a radiation protection
program.

(6) Supervision of radiographers' assistants. Whenever a radiographer's assistant uses
radiographic exposure devices, associated equipment or sealed sources or conducts radiation
surveys required by subparagraph 1200-2-8-.06(3)(b) to determine that the sealed source has
returned to the shielded position after an exposure, the assistant shall be under the personal
supervision of a radiographer. The personal supervision shall include:

(a) The radiographer's physical presence at the site where the sealed sources are being
used;

(b) The availability of the radiographer to give immediate assistance if required; and

(c) The radiographees direct observation of the assistant's performance of the operations
referred to in this section.

Authority: T.CA. §4-5-201 et seq., 68-202-203 and 68-202-206. AdmInistrative History: Original
rule certified June 7, 1974. AmendmentfiledAugust 15, 1978; effective October 2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Repeal and new rulefiled October 27, 1993; effiective January 10,
1994. Amendment filed July 18, 2002; effective October 1, 2002. Amendment filed__
effective . Amendmentfiled effective

1200-2-4-.06 PRECAUTIONARY PROCEDURES IN RADIOGRAPHIC OPERATIONS.

(1) Security. During each radiographic operation the radiographer or the other individual present
as required by subparagraph 1200-2-8-.05(4)(a), shall maintain continuous, direct, visual
surveillance of the operation to protect against unauthorized entry into a high radiation area as
defined in Chapter 1200-2-5 except at permanent radiographic installations where all
entryways are locked and the requirements of paragraph 1200-2-8-.04(9) are met.

(2) Posting. Areas in which radiography is being performed shall be conspicuously posted
according to the standards set out in Chapter 1200-2-5, without exceptions.

(3) Radiation surveys and survey records.
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(a) The licensee or registrant shall ensure that at least one calibrated and operable radiation
survey instrument is available:

1. At the location of its radiographic operations; and

2. At the storage area, as defined in 1200-2-.03, whenever a radiographic
exposure device, a storage container or source is being placed in storage.

(b) After each exposure, the licensee or registrant shall ensure that a survey with a
calibrated and operable radiation survey instrument is made to determine that the sealed
source has been returned to its shielded position or that the radiation from the radiation
machine has been terminated. The entire circumference of the radiographic exposure
device shall be surveyed. If the radiographic exposure device has a source guide tube,
the survey shall include the guide tube. The survey shall determine that the sealed
source has returned to its shielded position before exchanging films, repositioning the
exposure head or dismantling equipment.

(c) Any time the source is exchanged and whenever a radiographic exposure device is
placed in a storage area, the licensee shall ensure that a survey with a calibrated and
operable radiation survey instrument is made to determine that the sealed source is in
its shielded position. The entire circumference of the radiographic exposure device
shall be surveyed. In accordance with Rule 1200-2-4-.15, the licensee shall record
and maintain results of the last storage survey of the workday, required by this
subparagraph, for three (3) years for inspection by the Division.

(d) Records shall be kept of the duration of each radiographic exposure and the number of
exposures made. In addition, for each radiographic exposure employing a radiation
machine the voltage and current used shall be noted. These records shall be maintained
for three (3) years for inspection by the Division and for field work may be kept on the
area survey form.

(e) Each licensee or registrant conducting industrial radiography at a temporary job-site
shall have the following documents available at that site for inspection by the Division:

1. Appropriate license or registration;

2. Operating and emergency procedures;

3. Applicable regulations;

4. Survey records required pursuant to 1200-2-4-.06 and Chapter 1200-2-5 for
the period of operation at the site;

5. Daily pocket dosimeter records for the period of operation at the site; and

6. The latest instrument calibration and leak test records for specific devices in use
at the site. Acceptable records include tags or labels that are affixed to the
device or survey meter.

(4) Radiation surveys.

(a) Conduct surveys with a calibrated and operable radiation survey instrument that meets
the requirements of Rule 1200-2-8-.04(4).
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(b) Using a survey instrument meeting the requirements of subparagraph (a), conduct a
survey of the radiographic exposure device and the guide tube after each exposure
when approaching the device or the guide tube. The survey shall determine that the
sealed source has returned to its shielded position before exchanging films,
repositioning the exposure head, or dismantling equipment.

(c) Conduct a survey of the radiographic exposure device with a calibrated radiation
survey instrument any time the source is exchanged and whenever a radiographic
exposure device is placed in a storage area (as defined in paragraph 1200-2-.03(27),
to ensure that the sealed source is in its shielded position.

(d) Maintain records in accordance with Rule 1200-2-8-.15.

Authoriy: T.CA. 04-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule certifiedJune 7, 1974. AmendmentfiledAugust 15, 1978; effective October 2. 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Amendment filed June 19, 1989; effective September 27. 1989.
Repeal and new rule filed October 27, 1993; effective January 10, 1994. Amendment filed July 18, 2002;
effective October 1, 2002.

1200-2-8-.07 MINIMUM SUBJECTS TO BE COVERED IN TRAINING RADIOGRAPHERS.

(1) A licensee shall not permit any individual to act as a radiographer until the individual:

(a) Has received training in the subjects below in paragraph (7), in addition to a minimum
of two (2) months of on-the-job training, and is certified through a radiographer
certification program by a certifying entity in accordance with the criteria specified in
Appendix A to 10 CFR 34 (see Schedule RHS 8-35, Rule 1200-2-8-.16). (An
independent organization that would like to be recognized as a certifying entity shall
submit its request to the Director, Office of Nuclear Materials Safety and Safeguards,
U.S. Nuclear Regulatory Commission, Washington, DC. 20555-0001.) or

(b) Reserved.

(2) In addition, the licensee shall not permit any individual to act as a radiographer until the
individual:

(a) Has received copies of and instruction in the requirements in this chapter, in applicable
rules of Chapters 1200-2-5 and 1200-2-10, in applicable U.S. DOT regulations as
referenced in 10 CFR part 71, license or registration conditions and the licensee's or
registrant's operating and emergency procedures;

(b) Has demonstrated understanding of the licensee's license and operating and emergency
procedures by successful completion of a written or oral examination covering this
material.

(c) Has received training in the use of the licensee's radiographic exposure devices, sealed
sources, in the daily inspection of devices and associated equipment and in the use of
radiation survey instruments.

(d) Has demonstrated understanding of the use of radiographic exposure devices, sources,
survey instruments and associated equipment described above in subparagraphs (2Xa)
and (2)(c) by successful completion of a practical examination covering this material.
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(3) The licensee shall not permit any individual to act as a radiographer's assistant until the
individual:

(a) Has received copies of and instruction in the requirements in this chapter; in applicable
rules of Chapters 1200-2-5 and 1200-2-10, in applicable U.S. DOT regulations as
referenced in 10 CFR part 71, license or registration conditions and the licensee's or
registrants operating and emergency procedures;

(b) Has developed competence to use, under the personal supervision of the radiographer,
the radiographic exposure devices, sealed sources, associated equipment and radiation
survey instruments that the assistant will use; and

(c) Has demonstrated understanding of the instructions provided above in subparagraph
(3)(a) by successfully completing a written test on the subjects covered and has
demonstrated competence in the use of hardware described above in subparagraph
(3)(b) by successful completion of a practical examination on the use of such hardware.

(4) The licensee shall provide annual refresher safety training for each radiographer and
radiographer's assistant at intervals not to exceed 12 months.

(5) Except as provided below in subparagraph (5Xd), the radiological safety officer or designee
shall conduct an inspection program of the job performance of each radiographer and
radiographer's assistant to ensure that the Division's regulations, license requirements and the
applicant's operating and emergency procedures are followed. The inspection program shall:

(a) Include observation of the performance of each radiographer and radiographer's
assistant during an actual industrial radiographic operation, at intervals not to exceed
six (6) months; and

(b) Provide that, if a radiographer or a radiographer's assistant has not participated in an
industrial radiographic operation for more than six (6) months since the last inspection,
the radiographer shall demonstrate knowledge of the training requirements of
subparagraph 1200-2-8-.07(2)(c) and the radiographer's assistant shall re-demonstrate
knowledge of the training requirements of subparagraph 1200-2-8-.07(3Xb) by a
practical examination before these individuals can next participate in a radiographic
operation.

(c) The Division may consider alternatives in those situations where the individual serves
as both radiographer and radiological safety officer.

(d) In those operations where a single individual serves as both radiographer and
radiological safety officer and performs all radiography operations, an inspection
program is not required.

(6) The licensee shall maintain records of the above training to include certification documents,
written and practical examinations, refresher safety training and inspections of job
performance in accordance with subparagraph 1200-2-8-.05(l)(c).

(7) The licensee shall include the following subjects required above in paragraph (1):

(a) Fundamentals of radiation safety, including:

1. Characteristics of x and gamma radiation.
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2. Units of radiation dose and quantity of radioactivity.

3. Hazards of exposure to radiation.

4. Levels of radiation from sources of radiation to be used.

5. Methods of controlling radiation dose and exposure;

(i) Working time.

(ii) Working distance.

(iii) Shielding.

(b) Radiation detection instrumentation to be used, including:

1. Use of radiation survey instruments.

(i) Operation.

(ii) Calibration.

(ii) Limitations.

2. Survey techniques.

3. Use of personnel monitoring equipment.

(i) Film badges and other personnel dosimeters.

(ii) Pocket dosimeters.

(iii) Alarm ratemeters.

(c) Radiographic equipment to be used, including:

1. Operation and control of radiographic exposure equipment, remote handling
equipment and storage containers, including pictures or models of source
assemblies (pigtails).

2. Storage, control and disposal of licensed material; and

3. Inspection and maintenance of equipment.

(d) The requirements of pertinent state regulations;

(e) The licensee's or registrant's written operating and emergency procedures.

(t) Case histories of radiography accidents.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule certifiedJune 7, 1974. AmendmentfiledAugust 15, 1978; effective October 2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Repeal and new rule filed October 27, 1993; effective January 10,
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1994. Amendment filed July 18, 2002; effective October 1, 2002. Amendment filed ;
effective

1200-2--.08 CABINET RADIOGRAPHY.

(1) The only requirement of this chapter that applies to cabinet radiography as defined in this
chapter is that no registrant shall permit any individual to operate a cabinet radiography unit
until such individual has:

(a) Received a copy of the operating procedures for the unit;

(b) Received instruction in the operating procedures;

(c) Demonstrated an understanding of the operating procedures; and

(d) Demonstrated competence in the use of the unit.

AuThority: T.CA. §4-.5-201 et seq.. 68-202-203 and 68-202-206. Administrative History: Original
rule certifled June 7, 1974. Amendment filedAugust 15, 1978; effective October 2, 1978. Amendment filed
April 3, 1986; effective May 31, 1986. Repeal and new rule filed October 27, 1993; effective January 10,
1994.

1200-2-8.09 FLUOROSCOPIC RADIOGRAPHY.

Radiography utilizing fluoroscopy should be done only by remote observation; however, if direct viewing
of the screen by personnel is used, the registrant shall demonstrate that radiation exposure limits are not
exceeded.

Authority: T.CCA. §4-5-201 et seq., 68-202-203 and 68-202-206 Administrative History: Original
rule certified June 7, 1974. AmendmentfiledAugust i5, 1978; effective October Z 1978. Amendmentfiled
April 3, 1986; effective Malt 31, 1986. Repeal and new rule filed October 27, 1993; effective January 10,
1994.

1200-2-8-.10 REQUIRED ADMINISTRATIVE PROCEDURES FOR INDUSTRIAL
RADIOGRAPHY PROGRAM.

(I) Licensees and registrants shall have a program for training radiographers and radiographer's
assistants and submit to the Division for approval a schedule or description of such program
that includes the:

(a) Initial training:

I. This initial training shall consist of a complete training program as outlined in
1200-24-.07 or

2. Resumes of prior training and experience of individuals that show fulfillment of
the requirements of 1200-2-8-.07(7)(a) and (b) and the initial training of such
individuals in the licensee's or registrant's specific radiography program as
outlined in 1200-2-.07(7)(c), (d) and (e);

(b) Periodic training (shall be at least annual);
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(c) On-the-job training;

(d) Means to be used by the licensee or registrant to determine the radiographer's
knowledge and understanding of and ability to comply with:

1. Division regulations and licensing or registration requirements; and

2. The licensee's or registrant's operating and emergency procedures; and

(e) Means to be used by the licensee or registrant to determine the radiographer's
assistant's knowledge and understanding of and ability to comply with the licensee's or
registrant's operating and emergency procedures;

(2) The licensee or registrant shall establish and submit to the Division for approval written
operating and emergency procedures as described in 1200-2-8-.05(2);

(3) The licensee or registrant shall establish and submit to the Division a description of its
inspection program adequate to ensure that its radiographers and radiographer's assistants
follow the Division's regulatory requirements and the licensee's or registrant's operating and
emergency procedures. The inspection program shall:

(a) Include observation of the performance of each radiographer and radiographer's
assistant during an actual radiographic operation at intervals not to exceed six (6)
months;

(b) Provide that if a radiographer or a radiographer's assistant has not participated in a
radiographic operation for more than six (6) months since the last inspection, that
individual's performance shall be observed and recorded the next time the individual
participates in a radiographic operation; and

(c) Include the retention of inspection records on the performance of radiographers or
radiographer's assistants for three (3) years;

(4) The licensee or registrant shall submit to the Division a description of his overall
organizational structure pertaining to the radiography program, including specified
delegations of authority and responsibility for operation of the program; and

(5) The licensee who desires to conduct his own leak tests shall establish procedures to be
followed in testing sealed sources for possible leakage and/or contamination and shall submit
to the Division for approval a description of such procedures including:

(a) Instrumentation to be used;

(b) Method of performing tests, e.g., points on equipment to be smeared and method of
taking the smear, and

(c) Pertinent experience of the person who will perform the test.

Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule certifiedJune 7, 1974. AmendmentfiledAugust I5, 1978; effective October 2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Amendment filed June 19, 1989; effective September 27, 1989.
Repeal and new rule filed October 27, 1993; effective January 10, 1994. Amendment filed

_ _efiective
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1200-2-8-.11 SHIELDED ROOM X-RAY RADIOGRAPHY.

(I) The only requirements of this chapter applying to shielded room x-ray radiography are as
follows:

(a) All entrances into the shielded room shall be provided with interlocks. After an
interlock has been interrupted, broken, or tripped, it shall be possible to cause x-rays to
be produced again only from the control panel. Interlocks shall not be used to shut off
the x-ray equipment except in an emergency or during testing.

(b) Emergency shut-off switches shall be located within the high radiation areas so as to be
accessible to individuals therein within the warning period in paragraph (5). These
switches and their mode of operation shall be identified by a conspicuously posted sign
adjacent to the switch. The emergency shut-off switches shall include a manual reset
that must be reset at the switch before x-rays can again be produced from the control
panel. After an emergency shut-off switch has been activated, it shall be possible to
produce x-rays again only from the control panel.

(c) The interlock system and the emergency shut-off system shall be separate electrical
and/or mechanical systems.

(d) The interior of the shielded room shall be provided with flashing or rotating warning
lights that operate when, and only when, radiation is being produced. These lights shall
be so positioned that they can be observed from any position or orientation within the
room.

(e) An audible warning signal within the room shall be actuated for at least ten (10)
seconds immediately prior to the first initiation of radiation after the closing of any
opening that can admit personnel.

(f) The x-ray equipment control panel shall be provided with a locking device to prevent
unauthorized use. Such locking device shall, when locked, prevent the production of
x-ray radiation by the equipment.

(g) All entrances into the shielded room shall be provided with a conspicuously visible
warning device that need not be flashing or rotating but which operates only when
radiation is being produced.

(h) Surveys shall be made as required in 1200-2-8-.06(3Xb). Personnel devices providing
an audible signal when activated by radiation will be acceptable for this survey. Proper
operation of this device shall be checked daily and a record maintained of this check.
All personnel working with the x-ray equipment shall be provided with such a device.
This device shall be designed so as to clearly indicate entry into a 2 milliroentgen per
hour x-ray radiation field.

(i) All personnel associated with the x-ray equipment shall be provided with personnel
monitoring devices that shall be calibrated for the x-ray energies being utilized.
Records of personnel exposure shall be maintained as required in Chapter 1200-2-5.

(j) No registrant shall permit any individual to operate a radiation machine for shielded
room x-ray radiography until such individual has received a copy of, instruction in, and
demonstrated an understanding of operating and emergency procedures for the unit, and
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competence in its use. (See 1200-2-8-.05(2Xa), (c), (d), (e), (g), (h), (i), 0) and (k)).
These operating and emergency procedures shall be submitted to the Division for
approval prior to their adoption.

(k) All safety and warning devices, including interlocks and emergency shut-off switches,
shall be tested at intervals not to exceed three (3) months to determine that they are
functioning properly. Records shall be maintained of all tests.

(I) If a safety or warning device malfunctions, the x-ray control panel shall be locked in
the "off' position. It shall not be used, except as may.be necessary for repair or
replacement of the malfunctioning safety or warning device, until the safety or warning
device is functioning properly.

Authority: T.C.A. §4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule certified June 7, 1974. AmendmentfiledAugust 15, 1978; effective October 2, 1978. Amendmentfiled
April 3, 1986; effective May 31, 1986. Repeal and new rule filed October 27, 1993; effective January 10,
1994.

1200-2-8-.12 REPORTING REQUIREMENTS.

(1) In addition to the reporting requirements specified in other chapters of these regulations, each
licensee or registrant shall provide a written report to the Division at the address in Rule
1200-2-4-.07 within 30 days of the occurrence of any of the following incidents involving
radiographic equipment

(a) Unintentional disconnection of the source assembly from the control cable.

(b) Inability to retract the source assembly to its fully shielded position and secure it in this
position.

(c) Failure of any component (critical to safe operation of the device) to properly perform
its intended function.

(2) The licensee or registrant shall include the following information in each report submitted
under (1) of this rule:

(a) A description of the equipment problem.

(b) Cause of each incident, if known.

(c) Manufacturer and model number of equipment involved in the incident.

(d) Place, time and date of the incident.

(e) Actions taken to establish normal operations.

(f) Corrective actions taken or planned to prevent recurrence.

(g) Qualifications of personnel involved in the incident.

(3) Reports of overexposure submitted under Chapter 1200-2-5 that involve failure of safety
components of dioaa raphic exposure devices or associated equipment
shall also include the information specified in (2) of this rule.
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Authority: T.C.A. §§4-5-201 et seq., 68-202-203 and 68-202-206. Administrative History: Original
rule fled October 27, 1993; effective January 10, 1994. Amendmentfiled effective

1200-2-.13 RESERVED.

1200-2-&-.14 RESERVED.

1200-2-8-.15 RECORDKEEPING REQUIREMENTS.

(1) Location of documents and records.

(a) Each licensee and reeistrant shall maintain copies of records required by this part and
other applicable parts of this chapter at the location specified in the license or
registration.

(b) Each licensee and registrant shall also maintain copies of the following documents and
records sufficient to demonstrate compliance at each applicable field station and each
temporaryjobsite;

1. The license or registration authorizing the use of licensed material or registered
equipment;

2. A copy of "State Regulations for Protection Against Radiation;

3. Utilization records for each radiographic exposure device dispatched from that
location as required by paragraph 1200-2-8-.04(7).

4. Records of equipment problems identified in daily checks of equipment as
required by paragraph 1200-2-8-.04(8). The licensee or registrant shall
maintain each record for three (3) years after it is made. The record shall
include the date of check or inspection, name of inspector, eqiupment involved,
any problems found, and what repair and/or maintenance, if any, was done.

5. Records of alarm system and entrance control checks required by paragraph
1200-24-.04(9), if applicable. The licensee or registrant shall maintain each
record for three (3) years after it is made.

6. Records of direct reading dosimeters such as pocket dosimeter and/or electronic
personal dosimeters readings as required by paragraph 1200-2-8-.05(3). The
licensee or registrant shall maintain each record for three (3) years after it is
made.

7. Records of dosimetry reports received from the accredited NVLAP personnel
dosimeter processor as required by paragraph 1200-2-8-.05(3). The licensee or
registrant shall maintain each record until the Division terminates the license or
registration.

8. Operating and emergency procedures required by paragraph 1200-2-.05(2).
The licensee or reeistrant shall maintain a copy of current operating and
emergency procedures until the Division terminates the license or registration.
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Superceded material shall be retained for three (3) years after the change is
made.

9. Evidence of the latest calibration of the radiation survey instruments in use at the
site, as required by paragraph 1200-2-.04(4). The licensee or registrant shall
maintain each record for three (3) years after it is made.

10. Evidence of the latest calibrations of alarm ratemeters and operability checks of
pocket dosimeters and/or electronic personal dosimeters as required by
paragraph 1200-2-.05(3). The licensee or registrant shall maintain each
record for three (3) years after it is made.

.11. Latest survey records required by paragraph 1200-2-.06(4). The licensee or
gistnt shall maintain the record of each exposure device survey conducted

before the device is placed in storage, if that survey is the last one performed in
the workday, for three (3) years after it is made.

12. The shipping papers for the transportation of radioactive materials required by
Chapter 120D-2-10; and

13. When operating under reciprocity pursuant to Rule 1200-2-10-.29, a copy of
the Agreement State license authorizing the use of licensed materials.

14. Records of estimates of exposures because of off-scale personal direct reading
dosimeters or of lost or damaged personnel dosimeters until the Division
terminates the license or registration.

AuthorIty: T. CA. §§4-5-201 et seq. and 68-202-203 and 206. Administrative History: Original rule
filed July 18, 2002; effective October 1, 2002. Amendment filed effective

1200-2-8-.16 SCHEDULE RHS 835: RADIOGRAPHER CERTIFICATION.

(1) Requirements for an independent certifying organization. An independent certifying
organization shall:

(a) Be an organization such as a society or association, whose members participate in, or
have an interest in, the fields of industrial radiography;

(b) Make its membership available to the general public nationwide that is not restricted
because of race, color, religion, sex, age, national origin or disability;

(c) Have a certification program open to nonmembers, as well as members;

(d) Be an incorporated, nationally recognized organization that is involved in setting
national standards of practice within its fields of expertise;

(e) Have an adequate staff, a viable system for financing its operations, and a policy-and
decision-making review board;

(f) Have a set of written organizational by-laws and policies that provide adequate
assurance of lack of conflict of interest and a system for monitoring and enforcing those
by-laws and policies;
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(g) Have a committee, whose members can carry out their responsibilities impartially, to
review and approve the certification guidelines and procedures, and to advise the
organization's staff in implementing the certification program;

(h) Have a committee, whose members can carry out their responsibilities impartially, to
review complaints against certified individuals and to determine appropriate sanctions;

(i) Have written procedures describing all aspects of its certification program, maintain
records of the current status of each individual's certification and the administration of
its certification program;

(j) Have procedures to ensure that certified individuals are provided due process with
respect to the administration of its certification program, including the process of
becoming certified and any sanctions imposed against certified individuals;

(k) Have procedures for proctoring examinations, including qualifications for proctors.
These procedures must ensure that the same company or corporation (or a wholly
owned subsidiary of such company or corporation) does not employ the individuals
proctoring each examination as any of the examinees;

(I) Exchange information about certified individuals with the Division and other
independent certifying organizations and/or Agreement States and allow periodic
review of its certification program and related records; and

(m) Provide a description to the Division of its procedures for choosing examination sites
and for providing an appropriate examination environment.

(2) Requirements for certification programs. All certification programs shall:

(a) Require applicants for certification to:

1. Receive training in the topics set forth in Rule 1200-2-8-.07; and

2. Satisfactorily complete a written examination covering these topics;

(b) Require applicants for certification to provide documentation that demonstrates that the
applicant has:

I. Received training in the topics set forth in Rule 1200-2-8-.07;

2. Satisfactorily completed a minimum period of on-the-job training; and

3. Received verification by an Agreement State or a U.S. NRC licensee that the
applicant has demonstrated the capability of independently working as a
radiographer,

(c) Include procedures to ensure that all examination questions are protected from
disclosure;

(d) Include procedures f6r denying an application, revoking, suspending and reinstating a
certificate;
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(e) Provide a certification period of not less than three (3) years or more than five (5)
years;

(f) Include procedures for renewing certifications and, if the procedures allow renewals
without examination, require evidence of recent full-time employment and annual
refresher training in industrial radiography.

(h) Provide a timely response to inquiries, by telephone or letter, from members of the
public, about an individual's certification status.

(3) Requirements for written examinations. All examinations shall be:

(a) Designed to test an individual's knowledge and understanding of the topics listed in
Rule 1200-2-.07;

(b) Written in a multiple-choice format;

(c) Have test items drawn from a question bank containing psychometrically valid
questions based on the material in Rule 1200-2-8-.07.

Authority: T.C.A. §4-5-201 et seq. and 68-202-203 and 206. Administrative History: Original rule
filed July 18, 2002; effective October 1, 2002.
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