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U.S. Depammnt alf Energy ORDER
.

Q Washington, D.C,
EiEl

1 , 12-21-88
SUBJECT: RADIATION PROTECTION FOR OCCUPATIONAL WORKERS

~—.

.
2.

3.

4.

5.

6.

PURPOSE. TO ● stabl ish radiation protection standards ● nd program
requirements for the Department of Energy (DOE) ● nd DOE contractor
operations with respect to the prot.ect~on of the worker from ionizing
radiation.

$COPE. Tho provisions of this Order ● pply. to ● ll Departmental Elements ● nd
contractors performing work for the.Department ● s provided by law ● rid/or
contract ● nd as implemented by the ● ppropriate contracting officer.

This Order supersedes DOE 5480.lA, ENVIRONMENTAL PROTECTION, -
SAFETY, ANiNHEALTH PROTECTION PROMAM FOR DOE OPERATIONS, of 8-13-81,
Chapter XI, “Requirements for Radiation Protection.m

~FFECTIVE DAT~. 1-1-89.

J?QIJ.u.
● ✎ It is the policy of DOE to implement radiation protection standards that

are consistmt with the Presidential ● pproved guidance to Federal
Agencies promulgated by the Environmental Protection Agency (EPA) ● nd
based on the recommendations by ● uthoritative organizations, e.g., the
National Council on Radiation Protection ● nd Measurements (NCRP),  ● nd
the International Commission on Radiological Protection (ICRP).

b. It is the policy of DOE to operate its facilities and conduct its -

activities so that radiation exposures ● re maintained within the limits
promulgated by this order and as far below the limits of this Order as
reasonably achievable. This policy ● pplies to ● nnual, committed, and
cumulative dose equivalents.

JIEFERENCE!!. The following documents provide useful information for
implementing anid/or a basis for the requirements of this Order.

a . DOE 1324.2A, RECORDS DISPOSITION, of 9-13-88, which prescribes policies,
procedures, standards, and guidelines for the orderly disposition of
records of the DOE and its operating contractors.

b. DOE 5’000.3, UNUSUAL OCCURRENCE REPORTING, of 11-7-84, which describes
procedures and requirements for reporting unusual occurrences.

DISTRIBUTION
All Departmental ~lerrien:s

INITIATED BY
Assist~nt Secretary for

Environment, safety. and &a?tb

, . .
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c.

d .

e.

. f.
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h .

i .

j.

k .

1.

m.

n .

DOE 5480.19, ENVIRONMENT, SAFETY, AND HEALTH PROGRAM FOR DEPARTMENT OF d

ENERGY OPERATIONS, of 9-23-86, which outlines  ● nvironmental, safety,
● nd health protection policies and responsibilities.

DOE 548C.4,  ENVIRONMENTAL PROTECTION,. SAFETY, AND HEALTH PROTECTION
STANDARDS, of 5-15-84, which identifies mandatory and recoasnended
● nvironment, safety, ● nd health standards.

DOE 5480.5, SAFETY OF NUCLEAR FACILITIES, of 9-23-86, which
● stablishes DOE’S nonreactor  nuclear facility safety program.

DOE 5480.6, SAFETY OF DEPARTMENT OF ENERGY-OWNED NUCLEAR REACTORS, of
S-23-86,  which ● stablishes DOE reactor safety program.

DOE 5480.15, DEPARTMENT OF ENERGY LABORATORY ACCREDITATION PROGRAM FOR
P E R S O N N E L  DOSIPIETRY,  of 12-14-87, which defines requirements f o r
participation in the DOE Laboratory Accreditation Program.

DOE 5482.19, ENVIRONMENT, SAFETY, AND HEALTH APPRAISAL PROGRAM, of
9-23-86,  which establ ishes the DOE ● n v i r o n m e n t a l  p r o t e c t i o n ,  s a f e t y ,
a n d  h e a l t h  p r o t e c t i o n  a p p r a i s a l  p r o g r a m .

DOE 5484.1, ENVIRONMENTAL PROTECTION, SAFETY, AND HEALTH PROTECTION
INFORMATION REPORTING REQUIREMENTS, of 2-24-81, which ● stablish
p r o c e d u r e s  f o r  t h e  r e p o r t i n g  o f  i n f o r m a t i o n  h a v i n g  e n v i r o n m e n t a l
p r o t e c t i o n ,  s a f e t y ,  o r  hetlth  p r o t e c t i o n  s i g n i f i c a n c e .

D O E  O r d e r s  i n  t h e  5 5 0 0  s e r i e s  t h a t  o u t l i n e  r e s p o n s i b i l i t i e s  f o r
● mergency preparedness.

DOE 5700.69,  QUALITY ASSURANCE, of  9-23-86,  which sets forth act ions
f o r  e s t a b l i s h i n g ,  i m p l e m e n t i n g ,  a n d  m a i n t a i n i n g  a c t i o n s  t o  ● s s u r e
quality achievement in ODE programs.

DOE 6430.1, GENERAL DESIGN CRITERIA, of 12-12-83, which provides
general design criteria for the acquisition of DOE facilities.

DOE publication DOE/EH-0026, “Handbook for the” Department of Energy
Laboratory Accreditation Program for Personnel Dosimetry  Systems,”
which provides operating procedures for the program and is ● vailable
f r o m  t h e  N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e .

DOE publication DOE/EH-0027, ‘Department of  Energy Standard for  the
Test ing of  Personnel  Dosimetry  S y s t e m s ” which provides the performance
teStin9  criteria used to accredit personnel dosimeters  ● nd is
availaDle  f r o m  t h e  N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  service.
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0 . DOE publication PNL-6577, ‘Health Physics Manual of Good Practices for
Reducing Radiation Exposure to Levels that are As Lou As Reasonably
Achievable (ALARA),’ of 7-88, that provides contractor personnel with
general guidcnce regarding programs  ● nd techniques to reduce radiation -
exposure to as 10U as reasonably  achievable. This document may be
purchased from the National Technical Information Service.

.

P“ DOE publication DOE/EH-0070, ‘External Dose-Rate Conversion Factors for
Calculation of Dose to the Public,- of 7-88, which provides conversion
factors for use in calculating dose from radionuclides  ● xternal to the
body and is available from the National Technical Information Service.

~. DOE publication DOE/EH-0071, “Internal Dose Conversion Factors for
Calculation of l)ose to the Public,n of 7-88, which provides conversion
factors for we in calculating dose from radionuclides in the body and

!is available from the Nationa Technical Information Service.

r. Nuclear Energy Agency report, “Assessment ● nd Recording of Radiation
OOSQ to Workers,” of 1986, which provides reconanended technical
procedures for a unified ● pproach for dose assessment and recording.
This document is available from the Organization for the Economic Co-
operation and Development, Paris, France.

s. The following reports of the K-tional Council on Radiation Protection
and Measurements (NCRP)  ● vaila:e from the National Council on Radiation
Protection amd Measurements, Bethesda, Maryland.

(1) NCRP Report 84, “General Concepts for the Oosimetry  of Internally
Deposited Radionuclides.”

(2) NCRP Report 87, “Use of Bioassay Procedures for Assessment of
Internal Radionuclide  Deposition.’

(3) NCRP.Report 91, “Reconsnendations  on Limits for Exposure to
Ionizing Radiation.rn

t . The following Intern~tional Commission on Radiological Protection (ICRP)
publications available from Pergamon Press, Elmsford, New York.

(1) ICRP Publication 23, *Reference Plan Anatomical Physiological ● nd
Metabolic Characteristics.”

(2) ICRP Publication 26, ‘Recommendations of the International
Commission on Radiological Protection.”

., : . . ,. ,,
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(3) XCRP Publication 30, “Limits for Intakes of Radionuclides  by
Workers.”

(4) ICR? Publication 32, “Limits for Inhalation of
Uorkers.”

(5) ICRP Publication 37. ‘Cost-Benefit Analysis In
Radiation Protection.m

(6) ~:~~g;~lication  48, ‘The Metabolism ofw“.

Radon Daughters by

the Optimization of

Plutonium ● nd Related

u. Environmental Protection Agency standards:

(1)

(2)

v. The

“Radiation Protection Guidance to the Federal Aaenc{es for
Occupational Exposure,” Federal Register, Vol. 52, No. 17, 1987.

Title 40 CFR Part 141, ‘National Interim Primary Drinking Uater
Regulations (Safe Drinking Uater Act),” which prescribes
radionuclide  concentration limits for public drinking water.

following American National Standards Institute (ANSI) standards
available from American National Standards Institute, New York, New
York.

.
(1)

(2)

(3)

(4)

(s)

(6)

(7)

(8)

N2. 1-1971, “Radiation Symbol.”

N2.3-1979, ‘Immediate Evacuation Signal for Use in Industrial
Installations Uhere Radiation Exposures May Occur.”

N8.3-1979, “Criticality Accident Alarm.”

N12.1-1971, ‘Fissile Haterial Symbol.”

N13.I-1982, “Guide to Sampling Airborne Radioactive Materials in a
Nuclear Facility.”

N13.2-1982, ‘Administrative Practices in Radiation Monitoring (A
Guide for Planagement).8

N13.3-1981, “Dosimetry for Criticality Accidents.”

N13.4-1983, “Specifications of Portable X- or Ganwna Radiation
Survey Instruments.”
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(9)

(10]

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

5

N13.5-J982, ‘Performance Specifications for Direct Reading ● nd
Indirect Reading Pocket Dostaeters for X- and 6aana Radiation.e

N13.6-:1972, “Practice for Occupational Radiation Exposure Record
System!s.  n (Reaffirmed in 1982)

NH3.15-1981, ‘Performance of Personnel Thermoluminescence
Dosimetry Systems.m

N317-1985, ‘Performance Criteria for Instrumentation Used for
l’nplant  Plutonium Monitoring.”

M319-1984, ‘Personnel Neutron Dosimeters (Neutron Energies Less
Than 20 14eV).W

li320-1985, ‘Performance Specifications for Reactor Emergency
Radiological Monitoring Instrumentation.m

N322-1983 , ‘Inspection and Test Specifications for Direct ● nd
Indiract Reading Quartz Fiber Pocket Dosimeters.W

!4323-1983, “Radiation Protection Instrumentation Test and
Calibrations.”

N510- :!980 , ‘Testing of Nuclear Air Cleaning Systems.”

288.2 “ 1980, “Practices for Respiratory Protection.”

w. Executive Order 12344, “Naval Nuclear Propulsion Program,” of 2-1-82,
which establishes the responsibilities of the Director, Naval Nuclear
propulsion  Program for the joint ~E/Navy  Naval Nuclear Propulsion
Program.

7. Wpo SIBILI IESN T AND AUTHORITIES.

● “ X!ULWZWZY. Hany provisions in this Order permit ● rid/or necessitate
the ● xercise of discretion ● rid/or judg~nt  in carrying out the
requirements of the Order. In those instances, the determination of
whether, in the ● xercise of such discretion ● rid/or judgment, the
requirements of this Order were complied with, rests initially with the
relevant Departmental ● uthority and ultimately,  Wtth the Secretary. The
Secretary retains the sole ● nd final ● uthority to determine what ● cts
are necessiry  to comply with this Order. This ● uthority may be
delegated by the Secretary as appropriate.
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b. In ● ddition to those responsibilities-and ● uthorities cent-ined  in DOE

5480.16, the following responsibilities and ● uthorities are ● ssigned,
as follows:

(1)

(2)

(3)

(4)

Ass fstant Secreta rv for Envi ronment. Safetv and ~alth (EH-1) :

(a) Oe:elops DOE radiation protection policy ● nd requirements;

(b) Approves, if warranted, requests for specific exceptions to
this Order.

Proa a Assista t Sec eta ies Implement ODE radiation protection
poli;ymand  requ!remen;s i; programs and facilities for which they
have progranmtic or custodial responsibility ● nd through the DOE
contractors for which they have contract administration.

Meads of Field OraanizatioQ.

( a )

(b)

(c)

(d)

Implement the provisions of this Order for ● ctivities for
which they have direct or custodial responsibility ● nd
through the DOE contractors for which they have contract
administration.

Process specific requests for exceptions to this Order [See
paragraph 7b(l) (b)].

In emergency situations, where inwnediate  decisions and
actions are required, ● pprove, if warranted, requests for
● xceptions from the requirements of this Order and report
such action in accordance with DOE 5484.1.

Temporarily suspend the requirements of this Order when
doing so is, in their judgment, necessary to minimize danger
to life or property or to protect public health or safety.
Uhenever this provision is invoked, such suspension and the
reason therefore is to be reported to EH-1 ● t the ● arliest
practicable time.

PeDutv Assistant Sec eta rv for Naval Reactors Executive Order
12344, statutorily” prescribed by PL 98-525 (42 USC 7158 note),
establishes the responsibilities of the Director, Naval Nuclear
Propulsion Program for the joint wE/Navy Naval Nuclear Propulsion
Program. Within the Department, the Director (who is ● lso the
Deputy Assistant Secretary for Naval Reactors) is responsible for
prescribing and enforcing standards and regulations for control of

.
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radiat?on and radioact$vfty  as they ● ffect the safety ● nd health
of workers, operators, and the general public for Naval Reactors
facilities and activities. Accordingly, the provisions of this
order dO not ● pply to Naval Reactors facilities and activities -

except ● s determ~ned by the Director.

a. Annual Limit on Int~. The quantity of ● single radionuclide
which, if inhaled or ingested in 1 year, would irradiate a person,.
represented by reference man (ICRP Publication 23) to the limiting value
for control of the workplace (paragraph 9j(2)).

b. ~s Low As Re~onablv  Achievable {- “ An ● pproach to radiation
protection to control or manage exposur& (both individual and
collective to the workforce  ● nd general public) ● s low ● s social,
technical, economic, practical, and public policy considerations permit.
As used in this Order, ALARA is not a dose limit but a process, which
has the objective of dose levels as far below ● pplicable limits of the
Order as reasonably achievable.

(1) ,Jontr(}lled  Are@. Any area to which ● ccess is controlled in order
to protect individuals from ● xposure to radiation and radioactive
materials.

(2) j?adioloaical Areq Any area within a controlled area where an
individual can receive a dose ● quivalent greater than 5 mrem (50
microsieverts)  in 1 hour at 30 cm from the radiation source or any
surface through which the radiation penetrates. or where airborne
radioactive concentrations greater than 1/10 c’ the derived air
concentrations are present (or ● re likely to bzi, or where surface
contamination levels greater than those specified in Attachment 2
of this Order ● re present. .

d. J)eriv@d Air concentration tDAC~ Quantity obtained by dividing the
ALI for any given radionuclide”by  the volume of air breathed by an
average worker during a working year (2.4 x 103 m3).

e .  Qose lerm~,

[1) - Absorbed Dose (D) The energy imparted to matter by ionizing
raditition per uni~ mass of irradiated material at the place of
interest in that material. The absorbed dose is expressed in
units of rad (or gray) (1 rad = 0.01 gray).

—
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(lo)

(11)

Dose ~uivalent [HI The product of ● bsorbed dose (D) in rads (or
gray) in tissue, ● quality factor (Q), ● nd other modifying factors
(N). Dose equivalent (H) is ● xpressed in units of rem (or
sievert).

Annual Dose Eau ivalm~. The dose equivalent received in ● year.
Annual dose ● quivalent is expressed in units of rem (or sfevert).

Sha Ilow. DeeB. ● d Le s of Eve Dose Eau vale ~i The dose
● quivalent ● t th~ res~ective depths of 0.007ncrn, 1.0 cm, ● nd 0.3
cm in tissue.

Effective Dose ~ivalen~ (HE). The sum over specified tissues of
the products of the dose ● quivalent in ● tissue (Ht)  ● nd the
weightfng factor (Wt) for that tissue, i.e., HE -~Ut Ht. The
● ffective dose equivalent is expressed in units of rem (or
sievert).

jlnnual Effective Dose Fau ivalen~. The effective dose equivalent
received in ● year. The ● nnual ● ffective dose equivalent is
expressed in units of rem (or sievert).

@~”tted  DowEm ivalen~. The calculated dose equivalent )
proj~cted to be received by a tissue or organ over ● 50-year
period ● fter ● n intake of radionuclide.into the body. It does not
include contributions from external dose. Conanitted  dose 9
equivalent is expressed in units of rem (or sievert).

coremitted Effective Dcse Eauivalent (HE 5Q). The sum Of the
committed dose equivalents to various’tissues  in the body, each
multiplied by its weighting factor. It does not include
contributions from external dose. Committed ● ffective dose
equivalent is expressed in units of rem (or sievert).

50liective Dose Eauivalen~. The sum of the dose equivalents of
all individuals in an ● xposed population. Collective dose
● quivalent is ● xpressed in units of person-rem (or person-
sievert).

0llective  Effective Dose Eau ivalent. The sum of the ● ffective
dose equivalents of ● ll individuals in an exposed population.
collective  ● ffective dose equivalent is ● xpressed in units of
person-rem (or person-sievert).

Cumulative Annual Effective Dose Eou ivalen~. The sum of the
annual effective dose equivalents recorded for an individual fOr

)
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f.

9.

h.

i.

j.

(12)

each year of employment at
the effective date of this

a DOE or DDE contractor facility since
Order.

k!wwna Facto r (Ut). Is used in the calculation of ● nnual ● nd
conanitted effective dose @auivalent to ● quate the risk arisin9 -
from the irradiation of tissue T to the total risk when the whole
body i~; uniformly irradiated. Tht weighting factors as defined in
ICRP Publication 26 and NCRP Report 91 are:

Gonads
Breasts
Red Bone Harrow
Lungs
Thyroid
Bone Surf ces
Remainder f

0.25
- 0.15

0.12
0.12
0.03 “
0.03
0.30

I ‘Remainder” means the five other organs or tissue with
the hi hest dose (e.g., liver, kidney, spleen, thymus,

!pdrena , pancreas, stomach, small intestine, upper large
intestine or lower large intestine). The weighting factor
for each remainder organ or tissue is 0.06. The
extremities, skin, ● nd lens of the ● ye ● re excluded from
the “remainder” organs or tissue for ● ssessment of
effective dose equivalent.

Ewx!!w. Extremity includes hands ● nd arms below the elbow or feet
● nd legs bel~w the knee.

%%3%
Actions intended to detect and evaluate radiological

.

Mn-StWMi C Effects. Effects such-as the opacity of the lens of the
eye for which the severity of the effect varies with the dose, and for
which a threshold may ● xist.

Q!&YQL. worker. An Individual who is ● ither a DOE or DDE
contractor employee; an ● mployee of a subcontractor to ● DOE contractor;
or an individual who visits to perform work for or in conjunction with
DOE or utilizes DOE facilities.

WWU (Q). A modifying factor that is ● mployed to derive dose
equivalent from absorbed dose (paragraph 9f(5)).

-. . .
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k . ~i at i“on Uorker.  An occupational worker whose job assignment
requires work on, with, or In the proximity of radiation producing
aachines  or radioactive materials, ● rid/or who has the potential of
being routinely exposed ● bove 0.1 rem (0.001 sievert) per year, which
is the sum of the ● nnual effective dose equivalent from ● xternal
irradiation and the coasnitted  effective dose ● quivalent from internal
i r r a d i a t i o n .

1. ochast ic E ffec~ Malignant and hereditary disease for which the
p r o b a b i l i t y  o f  an effect o c c u r r i n g ,  r a t h e r  than  i ts  sever i ty ,  is
regarded ● s ● function of dose without ● threshold for radiation
protection purposes.

9 . REFiE NTS FOR RADI ATION PROTECTION  OF OCCUPATIONAL WORKERS. UNBORN
. .

‘“ +; i n
Hainta ina ~iat o Exnosures  As Low As -nab v A@ievab  e1 1

It is DOE’s policy that ● xposures to radiation resulting
rom DOE operations be maintained within limiting values given in

paragraph 9 and as far below all limiting values ● s reasonably
achievable. This policy applies to ● nnual, comitted,  ● nd cumulative
dose ● quivalents. Plans and programs used to ● ssure that occupational
radiation exposures are maintained ALARA  shall be documented. The D O E

. publ ica t ion  PNL-6577, ‘Health Physics Manual of Good Practices for
Reducing Radiation Exposure to Levels that ● re As Low As Reasonably
Achievable (ALARA),” presents a guide on useful practices for
achieving the objective of the ALARA process.

b. ~iation Protection Sta da ds for  In terna l  and Exte rnal EXDOSU re f o r
a t ional MO rker~. T;e ;xposure of an occupational worker to

radiation result ing from routine DOE ● ctivities shall not cause the
limiting values for ● ssessed dose specified herein and sunsnarized  in
Figure 1 to be exceeded. Continued ● xposure of any worker over ●

substantial  portion of a working l i fetime at or near the limtting
values for ● ssessed dose to individual workers should be ● voided.
(Note: Natural background ● nd therapeutic and diagnostic medical
● xposures ● re not to be included In dose records or In ● ssessment of
dose against l imiting values.)

(1)

( 2 )

xochastic  FffectS. The limiting value of ● nnual ● ffective dose
● quivalent from both internal ● nd ● xternal sources received in ● n y
year by an occupational worker is 5 rem (0.05 sievert).

ho n-St ochastic E f f e c t s . The limiting value of annual dose
● quivalent received in any year by an occupational worker, for
ind iv idual  organs and t issue is  15 rem (0.15 sievert) to the l e n s

“ )

)
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(3)

.

,

of the eye or SO rem (0.5 sievert)”to ● ny other organ, tissue
(including the skin of the whole body), or extremity of the body.

unborn Child. The limiting value of annual dose ● quivalent
received by the unborn child” from the period of conception to
birth (entire gestation pertod) 8S a result of occupational
~xposure of a female occupational worker, who has notified her
~mployer in writing that she is pregnant, is 0.S rem (0.005
sievert). Efforts should be made to ● void substantial variztion
above the uniform awnthly exposure rate that would satisfy this
llimiting value. If the dose to the unborn child is determined to
have already ● xceeded 0.5 rem (0.005 sievert)  by the time ● worker
notifies her employer in writin9 of her Dregnancy. the worker
~hal~ not be askigned to tasks where ● dditi~nal ~ccupational
exposure is likely. The limiting value of dose equivalent to the
unborn and the ● ssignment of female workers (who have declared
pregnancy in writing to their employer) to tasks where additional
occupational exposure is not likely does not create a basis for
discrimination and should be achieved in conformance with the
provisions of Title VII of the Civil Rights Act of 1964 [See
Envircmmental Protection Agency (1) - pages 2829 and 2832 of
Federal Register, Vol. 52, No. 17, 1987].

~. Em!4JMsLia~  ~xDosu t-e. Planned special exposures (non-emergency}
that would result in an individual exceeding the annual effective dose
equivalent limit are allowed in highly unusual situations where
● lternative!i which would avoid higher exposures are unavailable or
impractical. Such planned special exposures, together with the annual
occupational dose received or anticipated to be received in that year,
shall not exceed 2 times the ● nnual effective dose equivalent limit
specified in paragraph 9b(l). Planned special exposures require the
● pproval of the Head of the DOE Field Organization. A second planned
special exposure to the same individual at any time requires the
approval of the Assistant Secretary for Environment, Safety, and Health
(Eli-l). Documentation of planned special exposures shall be maintained
in an individual’s occupational exposure history.

d. Jiad ”ation Protect o Sta ndards for Internal and External  ~XDOSUYe  to

&unL5tuden:s:

( 1 )  ~inorS. An individual under age 18 shall neither be employed in,
nor allowed to ● nter, controlled areas in such ● manner that he or
she exceeds a limiting value of 0.1 rem (0.001 sievert) per year
from the sum of the committed effective dose ● quivalent from
internal irradiation and the annual effective dose equivalent  from
external irradiation,
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(2) Students under age 18 shall not be ● xposed to radlatlon
durin~ individually ● uthorized educational activities such that he
or she exceeds ● Ifmitfng value of 0.1 rem (0.001 sievert)  per
year from the sum of the coasnitted effective dose equivalent from
internal irradiations and the annual effective dose ● quivalent
from external irradiation. This exposure shall be considered a
part of the limit for workers under age 18 ● nd not supplemental to
It [i.e., where individuals under ● ge 18 are ● xposed to radiation
both as a student and ● s a minor In ● year, their exposure ● s ●

student shall be added to their ● xposure ● s ● minor and the total
is not to ● xceed the single limtting value of 0.1 rem for minors].

Stoc astic Ef ● ctsh f 5 rem (annual effective dose
● quivalent)

n . Stochast ic EffectS
Lens of eye 15 rem (annual dose equivalent)

Extremity 50 rem (annual dose equivalent)

Skin of the whole body 50 rem (annual dose equivalent)

Organ or tissue 50 rem (annual dose ● quivalent)

Wborn Child
Entire gestation period 0.5 rem (annual dose ● quivalent)

Figure 1
Radiation Protection Standards

Lfmiting Values for Assessed Dose from Exposure of
Occupational Workers to Radiation

e. diat~on Protec tion Sta da ds for Public E te “ Q a Cent rolled Area.
The ● ffective dose equiv~~e~t received by •~y ulber of the public
rMUltlng from exposure during direct onsite access ● t a DOE facility
shall not exceed ● limiting value of 0.1 rem (0.001 sievert) per year
from the comnitted effective dose equivalent from internal irradiation
plUS the effective dose equivalent from any external irradiation. In
addition, exposures shall not cause a dose ● quivalent to any tissue

)
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(includ~ng  the skin and the lens of “the ●ye) to exceed 5 rem (0.05
sievert)  per year for anywmber of the public. Guidance for e n t r y
during Qmergency conditions iS provWed  ~n paragraph 9p of this Order.

f.

.

Pr~@u ral Reau irement$.

.

( 2 )  Non-Uniform  ExDOsure to $ kin. For non-uniform exposures to skin
from x rays, beta radiation, or skin contamination, one of the
following assessments shall be made and recorded:

(a) Uhen the area of skin ● x p o s e d  i s  >100  cm2 t h e  m a x i m u m  v a l u e
of dose averaged over ● ny ● rea of 100 cm2  is to be assessed,
recorded, and included in the ● nnual skin (shallow) dose
t’quivalent.

(b) When  t h e  a r e a  o f  s k i n  e x p o s e d  i s  ~10  cm2 but <100  cm2 t h e
c l o s e  e q u i v a l e n t  t o  t h a t  t i s s u e  i s  to.be  d e t e r m i n e d  b y :

H-fD

(1) @mbinjna  Inte rnal  a n d Exte n a l  Oose Eauivalen~T The ● nnual
e f f e c t i v e  d o s e  e q u i v a l e n t  t o  ● n  i n d i v i d u a l  shali  b e  d e t e r m i n e d  b y
sunaning  the ● nnual effective dose equivalents from internally
deposi ted radionuclides  and from ● xternal exposure to radioactive
mater ial  ● nd~or  radiat ion generat ing devices resul t ing from O D E
a c t i v i t i e s .  Mhen in-vivo.  a n d / o r  i n - v i t r o  m e a s u r e m e n t s  c o n f i r m  t h e
r e t e n t i o n  o f  radionuclides  ~n t h e  b o d y ,  w i t h  r e s p e c t  t o  e v a l u a t i n g
confomrnance  with the l imit ing value  f o r  o c c u p a t i o n a l  e x p o s u r e ,  t h e
a n n u a l  ● f fect ive dose equivalent  due to all radionuclides  r e t a i n e d
in the body f rom these intakes shall be ● ssessed for  as  long as
the annual effective dose equivalent is 10 mrem or g r e a t e r .
Exposures to the skin, extremities, ● nd lens of the eye ● re not
included in the determinat ion of  the ● n n u a l  e f f e c t i v e  d o s e
e q u i v a l e n t . F o r  u n i f o r m  e x t e r n a l  I r r a d i a t i o n  o f  t h e  w h o l e  b o d y .  a
weighting factor (Ut) equal to one may be used. This whole  body
dose  is to be measured in ● c c o r d a n c e  w i t h  t h e  prov~sions  in
p a r a g r a p h  9 9 ( 1 ) . Non-unifom  ● xternal  and internal  irradiation
values  of Ut for organs and tissues are defined in paragraph .
IIe( 12).

where: D is the maximum dose averaged over a 1 cm2 of s k i n
and f is the fraction of skin exposed compared to 100 cm2.
In no case shall an “f” of<O,l be used. This value of dose
is to be recorded and included in the annual skin (shallow)
dose equivalent.

.-

.
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#

(3)

(4)

(5)

( c ) Uhen the area of skin exposed is <10 CM2 the maximum value
of dose ● veraged over any I cm2 $s to be ● ssessed ● nd
recorded in the individual’s occupational ● xposure history
as ● special entry but is not to be included in the annual
skin (shallow) dose ● quivalent.

Ememencv or Accidental When ● n occupational worker
has been exposed to radiation ;n excess of the limits spectfied in
this Order ● s ● result of ● n unplanned or ● ccidental situation,
the decision to ● now the worker to return to work in a .
radiological ● rea shall be made by operating management based on
● dvice from health physics ● nd medical personnel ● nd the
concurrence of the worker and shall be subject to the approval of
the,DDE field organization manager. The dose riceived in an

unplanned or ● ccidental situation is to be documented in the
radiation exposure record of the exposed individual pursuant to
paragraph 9m(2) and reported pursuant to DOE 5484.1. The
operating contractor is to verify to the head of the responsible
field organization that the conditions under which the emerge;;:
or accidental exposures were received have been ● laminated.
resumption of operations following ● n emergency or accidental
exposure tn ● xcess of the occupational limtts specified in this
Order shall be subject to the approval of the head of the
responsible field organization. Investigations and reporting
shall be conducted pursuant to DOE S484.1 and DOE 5000.3.

/lir and Water Concentration Gu ides.

(a) ~. Derived air concentration (DAC) values for control of
the workplace are given in Attachment 1. They were derived
from the ICRP Publication 30 values for committed effective
dose equivalent values, translated to conventional U.S.
units of rem ● nd curie. The ICRP Publication 23 recommended
annual inhalation volume for mal workers (40 hr/wk, 50

9wk/yr) was assumed to be 2400 M . The DAC values or other
air concentration values shall ~ be used for the
calculation of internal dose ● quivalent received by a worker
● XCept for unusual circumstances where bioassay data is
unavailable or inadequate.

(b) M. Concentrations of radionuclides  in drinking water in
controlled areas shall not exceed the stzndards given in 40
CFR Part 141.

Qualitv Factors. The dose equivalent limits specified in this
chapter are expressed in terms of rem; this requires that the

)

e )
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absarbed dose (e)(DreSSed in rads) be RUJltiDlied by an 8PProPr~att
Quility factor -(Qj. The quality-factors to be ustd for--

determining dose ● quivalent ~n rem are shown in Figures 2 ● nd 3.

RADIATION TYFIE QUALITY FACTOR (Q)*

X-rays, gamm rays, positrons, 1
electrons (irtcluding tritium beta particles)\
Neutrons, s 10 keV 3

Neutrons, > 10 keV 10

Protons and singly-charged particles 10
of unknown energy with rest mass
greater than one atomic mass unit

Alpha particles and multiple-charged 20
particles (and particles of unknown
charge) of unknown energy

● Where spectra’l_data  is sufficient to identify the energy of the
neutrons, the Q values in Figure 3 may be used.

Figure 2
Quality Factors
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NEUTRON
NEUTRON ENERGY Q FLUX DENSITY

HeV

2.S x 10-8 (thermal)
1 x 10-7
1 x 10-6

x 10-5
: x 10-4
1 x 10-3
1 x 10-2

x 10-1
; ; 10-1

2.5

;
10

;:
40
60
x 102

: x 102
3 x 102
4 x 102

2
2

\ 2
2
2
2
2.5
7.5

;:
9
8
7
6.5
7.5
8
7
5.5

:.5
3.5
3.5

680
680
560
560
580
680

. 700
115
27

::
16
17
17
12
11
10
11
14
13
11
10

. .
Mean quality factors, 6,* ● nd values of neutron flux density which,
in 40 hours, result in a maxtmum dose equivalent of 100 mrem.

--
* Maximum value of Q in a 30-cm dosimetry phantom.

Figure 3
Quality Factors for Neutrons

1

9. POnitoriw. Occupational workers shall be monitored, as ● ppropriate,
to demonstrate compliance with the radiation protection standards in
paragraph 9b and to estimate the dose ● quivalents received from
external and internal sources of radiation. Workplaces shall be
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routinely monitored, as ● ppropriate, for identification ● nd control of
‘potential exposure sources.

(1)

(3)

9),

~snal Radiation. Personnel dosimetry programs shall be
adequate to demonstrate compliance with the radiation protection
standards prov(ded fn paragraph 9b. Personnel dosimeters  shall be
mut~nely c~librated ● nd ● atntatned and shall met the
reQu~rements of the DOE laboratory Accreditation Program for
Personnel Dosimetry as specified in DDE 5480.15. Personnel
dosiwetry shall be provided to radiation workers who have the
potential to exceed in ● year ● ny one of the following from
external sources:

( a )

(b)

(c)

(d)

One hundred mrem (0.001
● quivalent to the whole

Five rem (0.05 sievert)

Five rem (0.05 sievert)
extremity.

sievert) annuzl effective dose
body.

● nnual dose ● quivalent to the skin.

● nnual dose equivalent to any

One and a half rem (0.015 sievert) annual dose equivalent to
the lens of the ● ye.

~rnal Radiation. Internal dose evaluation programs (including
routine bioassay programs) shall be ● dequate to demonstrate
compliance with the radiation protection standards in paragraph
9b. Such programs are required for radiation workers exposed to
surface or airborne radioactive contamination where the worker
could receive 0.1 rem (0.001 sievert) annual ● ffective dose
● quivalent from all intakes of ● ll radionuclides  from occupational
sources, or if ● ny organ or tissue dose equivalent could exceed 5
rem (0.05 sievert) annual dose ● quivalent.

)/orkDl ace.

(a) #ir Mon~torinq. Ambient air monitoring shall be performed in
occupted areas with the potential to ● xceed 10 percent of any
derived air concentration values given in Attachment 1.
Representative ● mbient air monitoring samples should be taken
in strategic locations to detect and evaluate airborne
radioactive material at work locations. Oata obtained from
air monitoring shall be used for assessing the control of
airborne radioactive material in the workplace; it should not
normally be used to evaluate the dose equivalent to radiation
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workers. Air monitors
maintained, and should

shall be routinely calibrated ● nd
be capable of measuring one DAC when

averaged over 8 hours (8 DAC-hours).

(b) diation Honitorinq Appropriate stationary (area) and/or
portable radiation i;strum!nts  shall be ● vailable and used
to measure dose rates for the purpose of controlling
● x osure to radiation.

!
These instruments shall be routinely

ca ibrated ● nd maintained. The combination of instruments
used shall provide capability to measure types of radiation
(neutron, gamna, beta, or x-radiation) ● nd dose rates
characteristic of that which could be encountered at that
facility.

(4) contamination Control and Honito inq Appropriate instruments and
techniques shall be used to prov;de contamination monitoring and
control ● s described below:

( a ) rkolace Sur aces Outside Radioloaf ical Areas should be
maintained ● ssentially free of removable contamination but
in ● ny case contamination shall not exceed the levels
defined in Attachment 2. Acceptable levels for total (fixed
plus removable) contamination ● re also listed in Attachment )
2. *-

(b) BO kD ace QJ Radlolo~al  Ar~.aces n shall be posted e
(p;ra~raph  9~~ and ~ontrolled, ● s ● ppropriate. The degree
of control from simple (e.g., shoe covers ● nd lab coat) to
complex (e.g., multiple layers of protective clothing and
respiratory protection) should be based on the specific
contaminants present ● nd the level of contamination.

(c) ?erson nel and Perso nal ProDertv Contaminat ion Monito rinq
shall be provided, as appropriate, and used inrnediately
prior to or ● fter exits from radiological areas established
to control surface or airborne radioactive contamination.
If monitorin  is performed ● fter the exit, ● ppropriate

!controls sha 1 be implemented to prevent the loss of control
of contamination. Detectable contamination on personnel and
personal property should be removed by ● ppropriate
decontamination methods.

h. W ods oh f ES timatinq Dose Eau ivalen~. Hethods of estimating the dose
equivalent from external and internal Sources of radiation ● re to be
● ppropriate to the workplace conditions and consistent with the
recommendations of NCRP, ICRP, and EPA.

)
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i “ &ku&u2L  ~ateri~ls and m“D~ t“ from ~~oloa
. ical Are~ The

following requirements apply ;or ;he release of materials ● ;d ● quipment
from radiological ● reas for conditional use in controlled areas. h a~~
Cases, contaminated property shall be cleaned as thoroughly M practical
before relwe. These requirements ● re not applicable to the release of
materials or ● qutpment for unrestricted use since such use could result
fn exposure to the general public. (NOTE: Requirements contained in
this order do not pertain to either induced radioactivity or
decontamination ● nd deconsnissioning  release limits.)

(1)

(2)

(3)

(4)

Material ● nd equipment in radiological areas established to
control surface or airborne radioactive material shall be treated
as radioactive material and shall not be released from
radiological areas to controlled ● reas if any of the following
conditions exist:

(a) IHeasurements of accessible surfaces show that either the
total or removable contamination levels exceed the guides
specified in Attachment 2; or

(b) Prior use suggests that the contamination levels on
inaccessible surfaces ● re likely to exceed the guides
specified in Attachment 2.

Material and equipment exceeding the total and removable
contamination levels specified in Attachment 2 shall be
conditionally released for movement onsite from one radiological
area for imnediate placement in another radiological area only if
appropriate monitoring and control procedures are established  -and
● xercised.

Under exceptional conditions, material and equipment with fixed
contamination” that exceed the limits specified in Attachment 2 may
be released for use in controlled ● reas outside radiological
areas. As a condition of such release, the materials shall be
routinely monitored, clearly labeled and/or tagged to ● lert
personnel of the contaminated status, ● nd have ● ppropriate
administrative procedures ● stablished and ● xercised tO maintain
control of these items.

The records for release of potentially contaminated material ● nd
● quipment shall describe the property, the date Of the last

- monitoring operation, the identity of the individual  who Performed
the monitoring operation, the type and identification number of
the monitoring instrument used, and the results of the monitoring
operation,
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~. Des ian and control . Radiation exposure rates in controlled workplace
● reas should be reduced to ● s low ● s reasonably achievable levels by
proper facllltydesfgn ● nd control. The primary means for maintaining
● xposures as low ● s reasonably ● chievable ● re to be through physical
controls, e.g., confinement, ventilation, remote handling,  and
shielding. Administrative controls ● nd procedural requirements ● re to
be considered supplemental means to achieve control.

(1) Jlesian. During the design of facilities, the following objectives
shall be ● pplied:

(2)

(a)

(b)

(c)

(d)

ml
. zation Optimization principles, ● s discussed in ICRP

Publ?;ation 37, are to be utilized in developing and
justifying fac~l ity design ● nd physical controls.

Jxternal Rad iation EXDOSU r~. The design objectives for
personnel exposure from external sources of radiation in
continuously occupied controlled areas ● re ALARA and not
● xceeding 0.5 mrem (5 microsieverts) per hour on average.
The design objectives for exposure rates for potential
exposure to a radiation worker where occupancy is generally
not continuous “are ALARA ● nd not ● xceeding 20 percent of the
applicable standard in paragraphs 9b(l) ● nd (2). )

i
Jnte rnal Radiation ExDosurQ. As a design objective,
● xposure of personnel to inhalation of airborne radioactive
materials is to be avoided under normal operating conditions o

to the ● xtent reasonably achievable. This will no~ally be
accomplished by confinement ● nd ventilation.

Maintenance. Decontamination. and Decomissioninq. Ease of
maintenance and decontamination and deconsnissioning  is to be
considered in facility design ● nd selection of materials.

0ntrol. During routine operations, the combination of design and
control procedures shall provide that,- with respect to the
radiological workplace, the ● nticipated magnitude of the
prospective consnitted  effective dose equivalent from intakes plus
any effective dose equivalent from external exposure will not
● xceed 5 rem (0.05 sievert) in ● year, ● nd the anticipated
magnitude of the conanitted dose ● quivalent to any organ or tissue
from intakes plus ● ny dose equivalent from external  ● xposure will
not ● xceed 50 reins (0.5 sievert) in a year. Compliance with these
requirements shall be demonstrated through appropriate workplace
monitoring pursuant to the provisions of paragraph 9g(3).

)
)o
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k. “ ~@U!2d Labeltnq. Areas in DOE nuclear facilities shall be posted
In accordance with the provisions given below. Radioactive material
and/or its container shall be individually labeled were normal posting
of the area ● nd control of the material would not provide ● dequate
protection. The design of signs, labels, and the radiation s~bol shall
conform to ANSI N32.1-1971 and ANSI N2.S-1971. The background color is
to be yellow; the smbol color 8MY be black or magenta.

(1)

(2)

-rolled Area. The access to any controlled ● rea where
radioactive materials or elevated radiat!on fields may be present
shall be clearly and conspicuously posted ● s a controlled ● rea.
The type of s~gn used may be selected by the contractor with the
approval of the field organization to avQid conflict with local
security requirements.

~gloaical Area.

(a) Post ina for Ext ernal Radiation. The access to any ● rea where
an individual can ● t anytime during normal operations rece$ve
a dose equivalent greater than 5 mrem (50 microsieverts}  in 1
hour ● t 30 centimeters from the radiation source or ● ny
surface through which radiation penetrates shall be posted ● s
below. In addition, the anticipated dose rate or range of
dose rates shall be included on or in conjunction with each
of

i

,.

:2

3

the signs, as appropriate.

“ for any ● rea within a controlled ● rea
where an individual can receive a dose equivalent greater
than 5 mrem (50 microsieverts) but less than 100 mrem (1
millisievert) in 1 hr at 30 cm from the radiation source
or from any surface through which the radiation
penetrates,

“~iah Radiat ion IVearn for ● ny ● rea within a controlled
● rea where ● n individual can receive a dose ● quivalent of
100 mrem or greater (0.001 sievert) but less than 5 rem
(0.05 sievert) in 1 hr at 30 cm from the radiation source
or from ● ny surface through which the radiation
penetrates, and
● erv Hiah Radiat W for any area within a
controlled area where an individual can receive a dose of
5 rem (0.05 sievert) or greater in 1 hour at 30 cm from
the radiation source or from any surface through which the
radiation penetrates.
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1.

{b) Postina for Air&-rne ~1. The ● ccess to
● ny ● rea where airborne radioactive material concentrations
greater than 1/10 of the derived ● ir concentrations
(Attachment 1) ● re present shall .be clearly ● nd
conspicuously posted with ● sign that identifies the
radiological conditions which ● xist (e.g., ‘Atrborne
Radioactivity Area=). The type of sign used shall be
consistent with the radiation protection control policies
● stablished at the facility ● nd may be selected by the
contractor with the ● pproval of the field organization.

(c) Post naf for Surface Conta minat~ The ● ccess to ● ny area
where surface contamination level; greater. than 10 times

‘ those specified in Attachment 2 ● re present shall be clearly
and conspicuously posted with a sign that identifies the
radiological conditions which exist (e.g., “Contamination
Area”). The type of sign used shall be consistent with the
radiation control policies established at the facility and
may be selected by the contractor with the approval of the
field organization.

trv Control Pr~m. An appropriate ● ntry control program shall be
● stablished for radiological areas. This should include a buffer area J
prior to ● ntry to a radiological ● rea where ● ppropriate. The level of
control should be consistent with the degree of hazard. Signs and
barricades, control devices on entrances, conspicuous visual and/or a

● udible alarms, locked entrance ways, and/or administrative procedures
should be used as ● ppropriate to ensure that personnel entry into
radiological areas is controlled. Step-off pads ● nd protective
clothing shall be required for entry to contaminated areas. For very
high radiation ● reas, the entry control program shall include at ●

minimum one of the following:

(1) Control devices on each entrance or access point which function
● utomatically to prevent entry when ● very high radiation area
● xists; permit entry only after the radiation level is reduced
below 0.1 rem (0.001 sievert) per hour; and prevent use or
operation of the radiation source, thereby preventing the
existence of a very high radiation area, while  ● n individual is in
the area. .

(2) A control device which energizes ● conspicuous visible or audible
alarm signal so that the individual entering the very high
radiation area through a failed control device is aware of the
radiation level and radiation protection personnel are aware Of
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{4)

f. . -—. I.= ..d.
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the entry. Administrative procedures shall define the required
actions of personnel when alarms  are activated.

Locked entry ways, except during periods when access to the ● rea -

IS requ~red,  w~th positive control over and radiation surveys made
for the initial entry and periodically as necessary.

Control devices that will automatically generate ● udible ● nd
Visible alarm signals to alert personnel in the ● rea before  use Or
operation of the radiation source ● nd in sufficient time to permit
evacuation of the area or the activation of ● secondary control
device which will prevent use or operation of the source.

m. -. AS a minimum, the records specified below of the radiation
protection program and dosimetry ncords for all individuals for whom
monitoring is prov~ded shall be generated ● nd maintained, commencing
with the effective date of this Order. Information and data developed
pursuant to this Order shall be retained consistent with the
requirements of DOE 1324.2A, RECORDS DISPOSITION.

(1) ~LARA. Records of ALARA programs shall be maintained by field
organizations and operating contractors to demonstrate the
iidequ~cy  of the ALARA plans and programs and their implementation.

(2) Individual OcWat “onal D~~e Reco ~ Individual occupational
internal and exter~al  dose recordl and records of the programs
used to ● ssess individual doses shall be generated and maintained
sufficient to provide ● ppropriate reports to the employee,
managf?ment, and those required by OOE 5484.1. Efforts should be
made to obtain records of occupational exposure received prior to
employment at the site. Records should be readily available for
all current ● mployees. As a minimum, the following data shall be
recorded and retained for individuals for whom monitoring, as
● ppropriate, was provided.

(a) ]nternal ExDosure.

~ Annual effective dose ● quivalent received during the year
from radioactive material deposited in the body;

~ Annual dose equivalent to organ or tissue of concern
received during the year from radioactive material
deposited in the body;

z Committed effective dose equivalent from intakes Occurring
during the year;
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~ Comnitted dose equi~alent to organ or tissue of concern
from intakes occurring during the year.

(b) ternal EXDOSU ?-q.

1 Annual ● ffective dose ● quivalent from external sources
of radiation received during the year.

2 Annual dose equivalent to the lens of the eye.

3 Annual dose equivalent to the skin.

~ Annual dose ● quivalent to the ● xtremities received
during the year, including: (1) hands and forearm
below the elbow ● nd (2) feet ● nd legs below the knee.

(c) Su~at ion of InterDa~ @ External Dose Eau ivalent s.

1 Summation of the annual effective dose ● quivalents
received from external ● nd internal sources during the
year.

2 Cumulative annual effective dose ● quivalent received
from ● xternal ● nd internal sources while employed at

)

the facility, since the ● ffective date of this Order. #

(d) Pro~ a s to Dete
. Ind .e idua 1 EXDOSU e Data necessary

to s;p~ort or re?;?culat;vdoses at a l;t~; date shall be
maintained pursuant to Section 4 of ANSI N13.6-1972.

(3) ~onitorina a d A Pa Control Re@ Records that establish the
conditions u;derrwhich individuals were exposed, such as facility
radiological conditions (as generated by the monitoring programs)
and surveys for the release of personal property ● nd workplace
surfaces, shall be kept to provide a chronological, historical
record pursuant to Section 5 of ANSI N13.6-1972.

(4) J40nitorina  Plet ods Recoh rdS. Records shall be kept to document the
● ppropriateness, quality, ● nd ● ccuracy of monitoring methods,
techniques, and procedures in use during any given period pursuant
to Section 6 of ANSI N13.6-1972. Changes in ● quipment,
techniques, ● nd procedures ● re to be documented and the documents
maintained.

(5) Trainim Records. Training records of plant employees, radiation
workers, and radiation safety personnel shall be retained to
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document the level of understancitng ● nd proficiency of personnel -

who work with radioactive materials. Certification of successful
completion of training programs ● nd performance records should
also be retained.

n. orts to ~IW~. Records of exposure-should be made ● vailable to
all ocwpatimal workers on an Individual basis ● nd should be provided
to terminated employees 8s soon ● s the data is ● va~lable but within 90
days of termination. A sunsnary of annual, cumulative, and conmtitted
● ffective dose ● quivalent shall be provided to ● ach radiation wrker on
● n ● nnual basis. The cumulative effe~tlve  dose equivalent is the sum of
the ● nnual effective dose ● quivalents recorded for each year of
● mploywnt SinCe the ● ffective-date of the Order. &tailed information
concerning a worker’s exposure shall be made ● v~ilable  to the worker
upon the request of the worker, consistent with the provisions of the
Privacy Act (5 USC 552a).

O. BMWWMtfetv  Traininq.

(1) #11 hQ~oYee&. All occupational workers who may enter a
controlled area at a DOE faciltty shall receive an orientation in
radiation safety w~thin 1 month of their initial assignment to ● nd
prior to potential exposure to radiation at that facility.
Retraining shall be provided when there ● re significant changes to
radiation protection policies ● nd procedures which affect general
plant employees ● nd should be provided ● very 2 years. Generic
training (not specific to a facility) in all or some of the topics
listed below may be waived provided: this training has been
received at another DOE facility; there is provisioq  of proof-of-
training in the form of a certification document containing Me
individual’s name, date of training, and specific topics covered;
and an appropriate official has cert~fied the training of the
individual. The level of training is to be commensurate with the
empl~yee’s job assignment wfth the initial  orientation including,
but not limited to:

(a) The risk of low-level occupational radiation exposure,
Including cancer ● nd genetic effects;

(b) The risk of prenatal radiation exposure;

(c) Basic radiation protection concepts;

(d) DOE and company radiation protection policies and procedures;

.
.

—
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(e) Employee ● nd management responsibilities for radiation
safety;

(f) Emergency procedures.

(2) ~iat ion Uorker~ Radiation worker training programs and
retraining shall be ● stablished ● nd conducted at ● sufficient
frequency (not to exceed a period of 2 years) to familiarize the
worker with the fundamentals of radiation protection and the ALARA
process. Training should include both classroom ● nd ● pplied
training. The trainfng  shall be concurrent with ● ssignment ● s ●

radiation worker only if the worker IS accompanied by and under
the direct supervision of ● trained radiation wrker; otherwise,
the training shall precede ● ssignment ● s a radiation worker.
Getieric training (not specific to a facility) in all or some of
the topics listed below may be waived provided: this training has
been received at another DOE facility; there is provision of
proof-of-training in the form of a certification document
containing the individual’s name, date of training, ● nd specific
topics covered; ● nd an ● ppropriate official has certified the
training of the individual. The knowledge of radiation safety
fundamentals possessed by radiation workers should be certified by
examination prior to ● n unsupervised assignment. The training

Radioactivity ● nd radioactive decay;
.0

Characteristics of ionizing radiation;

Han-made radiation sources;

Acute ● ffects of exposure to radiation;

Risks associated with occupational radiat<

Special considerations in the exposure of
reproductive age;

Dose-equivalent limits;

Node of exposure-- internal and external;

Dose-equivalent determinations;

.)
should emphasize procedures specific to •~ Individual’s job - \
assignment. Additionally, the level of training in the following
topics is to be commensurate with each worker’s ● ssignment: 9

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

(i)

on exposures;

women of

1
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9}

(j) Basic Protective measures--time, dtstance, shielding;

.

●

(3)

(k) Specific plant procedures for maintaining exposure
is reasonably achievable;

(1) Radiation survey instrumentation--cal  ibration  ● nd. .
limitations;

(m) Ri)diation  mend

(n) Contamination
equipment and

● s Iowas -

toring programs and procedures;

control, including protective clothing ● nd
workplace design;

(o) P&rsonnel decontamination;

(P) Emergency procedures;

{Q) Uarnin9 signs and ● larms;

(r) Responsibilities of employees ● nd management;

(s) Interaction with radiation protection staff;

(t) Clperational  procedures associated with specific job
assignments (e.g., radiation generating machines, glove
boxes).

J?adial; ion Protect ion Technician. Radiation protection technician
training ● nd retraining programs shall be established and
conducted at a sufficient frequency, not to exceed ● very 2 years,
to familiarize technicians with the fundamentals of radiation
protection and the proper procedures for maintaining exposures
ALARA. This program shall include both classroom ● nd applied
trai~ing and shall precede or be concurrent with assignment as a
radiation protection technician -while under the supervision of ●
trained ~ndividual. The knowltdge  of radiation safety
fundamentals possessed by radiation protection technicians should
be certified by ● xamination pr{or to an unsupervised work
● ssignment. The training program should include the topics listed
in the paragraph (2) ● bove ● nd should emphasize procedures
specific to the facility where the technician is assigned. The
level of training in each topic is to be consnensurate with the
technician’s assignment.

-—
P—

.-
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osu e Dur rina Rescue and

(I) ~urDos~. This paragraph provides ● mergency action guidance for
determining ● ppropriate actions for the rescue ● nd recovery of
persons ● nd the protection of health and property in the event of
● n emergency.

(2) ~enera 1 Considerati~.

( a )

(b)

(c)

(d)

Controlling ● xposure to radiation during rescue ● nd recovery
actions is ● xtremely complex. Multiple hazards ● nd
alternate methods ● re to be taken into account; and prompt,
sound Judgment  ● nd flexibility of ● ction ● re crucial to the
success of any emergency actions. The risk of injury to
those persons involved in the rescue ● nd recovery activ~ties
should be minimized, to the extent practical. However, the
control of radiation exposures should be consistent with the
invnediate objectives of saving human life, recovering
deceased victims, andjor protection of health and property.

To avoid unnecessarily restricting action, a rigid upper
limit of exposure for lifesaving action is not specified;
rather, judgment is left up to the officials in charge to \
● valuate any proposed action involving further radiation
● xposure. The evaluation should consider risk versus e
benefit, i.e., weighing the risks of radiation insults,
actual or potential, ● gainst the benefits [social, economic,
● tcl] to be gained. Essential ● lements in risk
determinations include potential exposure, biological
consequences related to the ● xposure, and the number of
people involved.

These instructions also recognize that accident situations
involving the saving of lives will require different basis
for action than those required to recover deceased victims
or to protect property. In the latter instances, the ● mount
of ● xposure expected to be received by persons should be
controlled ● s much ● s possible within occupational exposure
l i m i t s .

Any rescue action that might involve substantial personal
risk should be performed by volunteers. Mhen feasible,
volunteers should be ● valuated with respect to age and
previous exposure history. Each emergency worker should be
advised of the known or anticipated hazards prior to
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participation by the person onsitt having the emergency
action responsibility.

I!UC9WY sftu~tfon~. SpeCifiC dose criteria and judgment factOYS
are set forth for the three type$ of emergency action: Type 1,
saving of human life; Tne 2* recovery of deceased victims; ● nd
Type 3, protection of health ● nd property.

(a) Svina of Human L~f<.

Attempts to rescue ViCtiftI$  of ● n incident should be
regarded in the same context ● s ● ny other emergency action
involving the rescue of victims, regardless of the type of
hazard involved.

If the victim is considered to be alive, the course of
● ction showld be determined by the person onsite having
the emergency ● ction responsibility.

The potential ● mount of exposure to rescue personnel for
each specific Type 1 emergency action shall be evaluated
by the person onsite having the emergency ● ction
responsibility. The emergency situatirm should be
ininediately evaluated ● nd ● n exposure objective should be
● stablished for the rescue mission. The evaluation of-the
inherent risks should consider:

~ The reliability of the prediction of radiation injury
from measured/estimated dose rates. In this context,
consideration should be given to the uncertainties
associated with the specific instruments ● nd techniques
used to estimate the dose rate. This is especially
crucial when the estimated dose ● pproximates 100 rad (1
gray) or more.

h The effects of acute external ● rid/or internal  exposure.

Q The capability to reduce risk through physical
mechanisms such as the use of pWeCtiVe equipment,
remote manipulation equipment, or similar means.

~ The probability of success of the rescue action.

.-
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“ (b) &coverv of Dewed Vic~iuIS .

1 The recovery of deceased victims should be well
planned. Except ● s provfded tn subparagraph ~ below,
the ● ount of radiation exposure received by persons in
recovery operations shall be controlled within existing
occupational ● xposure limits.

2 When fatalities ● re located h inaccessible ● reas due
to high direct radiation fields, ● nd when the recovery
mission would result in ● xposure in excess of
occupational exposure limits specified in this chapter,
special remote recovery devices should be used to
retrieve bodies, ● s ● ppropriate.

3 When it is not feasible to recover bodies without
personnel entering the ● rea, the official in charge may
determine it necessary to ● xceed the occupational
● xposure limits specified in this chapter. The planned
● xposure of an individual participating in the recovery
should not exceed 10 rem (0.1 sievert) per year.

(c) Protection of Health and Prooerty When the risk
(probability and magnitude) of. the radiation hazard either

bears significantly on the state of health of people, or may 9
result in 10SS of property, so that imediate remedial
action is needed, the following criteria should ● pply:

1 When the official in charge deems it essential to
reduce ● potential hazard to protect health or prevent
● substantial lOSS of property, a planned exposure
objective not to exceed ]0 rem (O.] sievert) per year
may be pemnitted  for individuals participating in the
operation. However, under special circumstances, the
official in charge of emergency action at the incident
may ● lect to permit volunteers ● n emergency ● xposure
objective not to ● xceed 2S rem (0.25 sievert) in ● ny
year.

2 When, the risk of radiation following the incident is
such that life might be in jeopardy, or that there
might be severe  ● ffects on health or the public or 10SS
of property inimical to the public safety, the criteria
for saving of human life shall ● pply.
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~. ~l~ar  ~c$$dent  D~~ imetry. These requirements  ● re ● pplicable to DOE
contractor’ installations pOSStSSin9  Sufficient quantities ● nd kinds of
fissile material tO potentially constitute a critical MSS 8S defined in
WE 5480.5, and where the ● xcessive ● xposure of personnel to radiation
from a nuclear accident iS possible.  ~

(1) *s#l&pJs* The baste elements of nuclear accident dosimetry
..

( a )

(b)

(c)

(d)

, (e)

A=thod to conduct Inltlal ‘screening’ of personnel involved
in nuclear accidents to determine if they have received a
significant radiation exposure:

Methods for analysis of biological-materials (including
sodium-24  ● ctivity in blood ● nd phosphorus-3Z  ● ctivity in
hair).

A system of fixed units capable of yielding estimated
radiation dose and the ● pproximate neutron spectrum at their
locations.

PersOnnel dosimeters capable of furnishing sufficient
information to determine .n’eutron  and gamna dose and/or dose
equivalent.

Counting facilities to ● valuate fixed ● rid/or personnel
dosimeters, sodium in blood, and phosphorus in hair.

(2) ~gd Nuclear Accident Dosimeter Units.

(a) The fixed unit shall be capable of determining neutron dose
in rad (gray) with ● n ● ccuracy of ~ 25 percent.

(b) The fixed unit shall be capable of providing the approximate
neutron spectrum to perm$t the conversion of rad to rem.

(c] The dose range capability of the neutron components of the
fixed unit shall extend from 10 rad (0.1 gray) to ● bout
10,000 rad (100 gray).

(d) The gamma ray components of the fixed unit shall be capable
of measuring fission gansna radiation in the presence of
neutrons with an accuracy of ● pproximately ~ 20 percent.

(e) The dose range capability of the gamma components shall

I
1 ’
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● xtend from 10 rem (0.10 sievert) to ● bout 10,000 rem (1OO
sievert).

(f) The number of dostmeter units needed and their placement
will depend on the nature of the operation, structural
design of the facility, ● nd accessibility of areas to
personnel. Consideration should be given to the need for
remote retrieval mechanisms. The number ● nd placement of
dosimeters  shall be periodically re-evaluated,  ● s
● ppropriate, to ● nsure that modifications to facility design
● nd use have not ● ffected performance. An ● nalysis that
demonstrates that the dosimeters ● nd their placement wI1l
satisfy the performance criteria contained in paragraph q
shall be documented. The ● nalysis shall include the number
of units, their location, ● nd ● ffect of intervening
shielding. Ease of recovery ● fter ● criticality ● vent
should be considered in the placement of the fixed units.

(3) Personnel Nuc lear Accident Dos meter Uni~i .

( a )

(b)

Personnel Nuclear Accident Dosimeter Units shall be worn by
● ll personnel who ● nter a controlled ● rea that contains
locations requiring ● n installed criticality alarm system as
given in paragraph llc(3) (g) of DOE 5480.5.

Dosimeters worn by the worker should be capable of
determining gamma dose from 10 rad (0.1 gray) to 1000 rad
(10 gray) with an accuracy oft 20 percent and neutron dose
from 1.0 rad (0.01 gray) to 1000 rad (10 gray) with an
accuracy of ~ 30 percent without dependence upon fixed unit
data.

r. Co tracton r Internal Aud its.

(1) Contractor internal ● udits of all functional ● lements of the
radiation protection program shall be conducted as often ● s
necessary but no less frequently than every 3 years. The ● udit
should include, but is not limited to:

( a ) External dosimetry;

(b) Internal dosimetry;

(c) Portable and fixed instrumentation;

(d) Respirators;

1
J
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(e)

(f)

(9)

(h)

(i)

U)

(k)

(1)

(m)

33 {and 34)

Contamination con”trol;

Radiological rnonito+ing;

ALARA program;

Nuclear acc$dent dosWetry;

Source material  control;

x-ray prot-t~on;

lra~nfng;

POSt4ngi

Records.

(2) In conducting such ● udits, the guidelines set forth in DOE S482.1
shall be followed.

BY ORDER OF THE WCRETARY OF ENERGY:

LAURENCE F. DAVENPORT
Assistant Secretary
Management and Administration

.-
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DERIVED AIR CONCEMTRATIOUS FOR CONTROLLING
RAl)~N EXPOSURE TO WRXERS AT = FACILITIES——

Tne derfved ● ir concentrations (DAC) for Ilmitlng  radlatlon ● xposures through
Inhslatlon cif radlonucltdes  by wof’kers  ●c  Jfshd fn ~Wacmnt  lt Pwe  4#
F4gure  1. The values are based on ● tther 8 stochastic (comftted effective
dose equlvalcnt)  dose Ilmlt of 5 mm (0.05 SV) or ● nonstochastlc  (organ) dose
Ifmlt Of so rem (0.s W) pm year$ *fC*ver fs=re lf~tfw. (Nob: ~ Is -
rem [0.1S Sv] dose Ilm’it fer the lens of the”eye does not ● ppear as ● crttlcal
organ dose Itmit.)

Table 1 contains five columns of fnfomstton: (1 )  radlonucllde: (2) Inhaled
● lr OAC for lung retent ion class  D (vClm); (3) lnk~- •~r OAC for ~un9
r e t e n t i o n  class w (pc+tw);  (4) inhaled  air DAC for ~UW re~nt~on class  Y
@c$@L): ● n d  ( S )  an fndicatfon of whemer or not+ DAC for  each  class  ~s
controlled by the stochastic (effective dose equivalent) or nons~hastlc
(tissue) dose. The classes D, w, ● nd Y have been ● s-bllshed W tie In~r-
natfonal  Coumlsslon  on Radlolog~cal  ProtectIon (ICRP) to describe the c l e a r -
● nce of Inhaled  radfonuclldes  from the lung. TMs classfficatlon refers to
the ● pproximate length of retention fn the pulmonary region. Thus, the range
of half-times Is less than 10 days for class D (days), from 10 to 100 days for
class W (weeks), ● nd ‘greater than 100 days for class Y (years). The DACS in
Table 1 are listed by radionuclide,  In order of increasing ● tomfc mmss, ● n d
● re based on the ● ssumption that the particle size distribution of the Inhaled
material is unknown. For this situation, the ICRP recommends that ● n assu-d
part$cle size distrfhutfon of 1 pm be u s e d . For sftuatlons where the particle
size distribution is known to differ significantly from 1 pm, ● ppropriate cor-
rections (as described in the DOE report Internal Dose Conversion Factors for
Calculation of Dose to the Public)ll  can be made to both the ● stimated dose to
workers and the DACS.

Alternative ● bsorption factors ● nd lung retention classes for specific com-
pounds are listed by ● lement in Table 2 for cross-referencing with the inhala-
tion DACS i n  Table I. The data shown fn Figure 2 ● re llsted by element ~n al-
phabetical  order .

The following assumptions ● nd procedures werr  used fn calculating these DAC
values for inhalation by workers:

(1) The worker is ● ssumed to fn~le 2,400 W of ● ir during a 2000-hour work
year, ● s defined by the ICRP In its Publication No. 23.21

——
~ / U.S. Departnwnt  of Energy (DOE). 1988. Internal Dose C o n v e r s i o n

Factors for Calculation of Dose to the Public. Washington, D.C.——

gl I n t e r n a t i o n a l  C o m m i s s i o n  o n  R a d i o l o g i c a l  P r o t e c t i o n  (ICRP). 197S. ICRP
P u b l i c a t i o n  23: ReDort of the Ta$& Group  o n  R e f e r e n c e  Ran. Pergamon—
Press, N e w  York, Mew Y o r k .

. ,
b.

--’”~— .-
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(2) The internal dose factors used In Calculstfng the DAC values uere taken e

from  the report Internal Dose Conversion Factors for Calculation of Dose
to the Public.1/ These factors ● re based on themetabollc  datiand
dosimetry models  reconended by the XRP in fts Mbllcation No. 30.S/

The air iumersion DAC values sham in Table  3 ● re based on ● stochast ic  limit
ef 5 rem (0.05 Sv) per year or ● nonstochastlc (organ) dose l imit of 50 rem
(0.S Sv)  per  year . F igure  3  contiins three colums of  In format ion:  (1 )
radionuclide; (2 )  ha l f - l i fe  in  uni ts  o f  seconds (s ) ,  m~nutes (rein),  hOUrS (h),
days (d], or years (y); ● nd (3) ● tr I=rsion MC (pCi~). The data in Table
3 ● re lfsted byradionucl$de in order of Increadng ● tmic mass. The ● ir 4m-
aersion DACS were calculated  for ● continuous,  wnshie~d~ Qxwsure  vla i~r-
s~on In ● semi-infin~te atmospheric cloud. The dose conversion factir$  used
to calculate the DAC values for alr lmrs$on uere taken from the DOE repor t
~xternal Dose-Rate Conversion Factors for Calculation of Des@ to the Public.~/
The DAC v a l u e  f o r  air i~rsion llsted 4n Table  3  for  ●  g~ven radionuclide is
Uetemined  ● ither by ● limit  on ● nnual ● ffective dose eqdvalcnt, *ich
provides ● limit on stochastic radiation ● ffects, or by 8 limit  On ● nnul dose
equivalent to any organ, uhich provides ● Ilmit on nonstochastlc radlatlon ● f -
fects. For most of the radionuclldes llsted In Table 3, the DAC value is
determined by the ltmft on ● nnual ● ffect+ve dose equivalent. Thus, the few
cases  where the DAC value is detemined  by the Iiwlt on ● nnual dose equivalent
to skin ● re Indicated fn the figure by ● n ● ppropriate  footnote. Aga3n, the
DACS Ifsted fn Figure 3 ● ccount only for i~rsion In ● semi-infinite c l o u d
● nd do not ● ccount for Inhalation or Ingestion ● closures. 7hree classes o f
radionuclides ● re included in the ● ir iuersion OACS given in Figure 3, ● s .
described below.

fl) class  1. The first class of radionuclides  includes selected noble gases
● nd short-llved  ● ctivation products that occur In gaseous form. For
these radionuclides, inhalation doses ● re negligible coupared  to the ● x -
ternal dose from immersion in an ● tmospheric cloud.

( 2 ) glass 2. The s econd  class  of radionuclides  +ncludes  those for uhich  a
OAC value for inhalation has been calculated (using the ICRP Inhalation
dose ● quivalent factors), but for which the DAC value fOr ● xternal ● x -
posure  to a contaminated ● tmospheric cloud is wre restrictive (i.e.,

y International  Commission on Radiological Protection (lCRP). 1979-1982.
ICRP Publication 3 0 : Limfts for Intakes of Radionuclides by W o r k e r s .
Parts 1 to 3 ● nd Supplements 2(3/4) through 8(4),  Pergamon PreSS.  Neu
York, New York.

:/ u.S. Department of Energy (DOE). 1988. External Dose-Rate Conversion
Factors for Calculation of Dose  to the Publtc. Washington, D.C.

.
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results in a lower DAC v a l u e ) . These radionuclides generally have
half-llvcs of ● few hours or less, or are ● laminated from the body fol-
Ioufng inhalation sufffc~ently rapidly to limit the Inhalation d o s e .

class 3. The third class of radtonucl+des ~ncludes  selected ~sotopes
wtth relat~voly short half-llves that were not considered fn ICRP
?ublicat(on $0. These radionuclides  typically have half-lives that ● r e
less than 10 minutes, they do not occur ● s ● decay product of ● longer-
lived radionuclide,  or they lack suffic~ent  decay data to persdt  inter-
nal dose calculations. These radionuclides  ● re ● lso typified by ●

rad$oactlve em4ssion of highly intense, high-energy  photons ● nd rapid
removal from the tlody following Inhalation.

. .

T h e  OAC values  ● re  glverl for i n d i v i d u a l  radionuclides. For known mixtures of
rad+onuclfdes, the sum of the ratio of the observed concentration of ● p a r t i -
cular rad+onuclide ● nd Iits corresponding DAC for ● ll radionuclides in the s!lx-
ture -St not exceed 1.0. I

I

. .,. . .
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Table 1
*

Derived Afr Concentrations (DAC) for COTkrOlllIIg Radiation Exposures “to
Wwkers  ● t DOE Facilities

Jnhaled Air - Lung Retention Class

Radionuclide— . .

H-3 (Water)q/
H-3 (Elemntal)~l “

!3e-7
Be-10

C-n (Org)~/
C-n (co)~/
C-n (cozl~l ‘
C-:4 (Org)Z/
C-:4 (co)~7
C-14 (coZ):/

F-1%

Na-22
Na-24

tlg-28

AI-26

si-31
Si-32

P-32
P-33

S-35
S-35  (Gas)

C1-36
Cl-38
C1-29

)(-4G
K-42
K-43
K-44
K-45

Qlci/mL)
D w Y

(uCi/mL)

2.E-05
5.E-01

-s/

2.E-04
S.E-04
3.E-04
1.E-06
7.E-04
9.E-05

3.E-OS

3.E-07
2.E-06

7.E-07

3.E-08

1.E-05
1.E-07

4.E-07
3.E-06

7.E-06

1.E-06
2.E-05
2.E-05

2.E-07
2.E-06
4.E-06
3.E-05
5.E-05

fJJci/mL)

2.E-05
S.E-01

9.E-06
6.E-08

2.E-04
5.E-04
3.E-04
1.E-06
7.E-04
S.E-05

4.E-05

5.E-07

3.E-08

1.E-OS
5.E-08

2.E-07
1.E-06

9.E-07
6.E-06

1.E-07
2.E-05
2.E-05

2.E-05
S.E-01

8.E-06
6.E-09

2.E-04
5.E-04
3.E-04
1.E-06
7.E-04
9.E-OS

3.E-05

1.E-05
2.E-09

stochastic
or Organ~
JD / W / Y)

st/st/st
st/st/st

/st/st
/st/st

st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st

st/st/st

st/ /
st/ /

st/st/

st/st/

st/st/st
st/st/st

st/st/
st/st/

st/st/
/st/

st/st/
st/st/
st/st/

st/ /
st/ /
st/ /
st/ /
st/ /
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C841
Ca45
Ca47

SC-43
sc+4m
SC44
SC46
SC-47
SC-48

“ SC49

1$-44
11-4S

V47
V48
v-49

Cr-48
Cr49
Cr-Sl

fln-51
Rn-52a
Rn-S2
Rn-53
h-54
Rn-S6

Fe-52
Fe-S5
Fe-S9
Fe-60

CO-55
CO-!S6
CO-!S7
Co-sam
CO-58
co-60m
CO-so
CO-61
Co-62m

—

.
. . . . -, . ., -

I n h a l e d  A4r - Lung Retention Class
D u Y

@ci /*)

-
-

S.E-09
1.E-OS

4 .E-05
4 .E-07
1.E-OS

S. E-OS
3 .E-05
2 .E-05

2 .E-OS
4 .E-OS
S .E-07
S .E-06
4 .E-07
6.E-06

1 ● E-OS
8 .E-07
1.E-07
3 .E-09

@ci ml

2.E-06
3.E-07
4.E-07

1.E-08
1.E-OS

4 .E-OS
3 .E-07
7 .E-D6

3 .E-06
4 .E-05
1.E-05

2 .E-OS
4 .E-OS
4 .E-07
S .E-06
3. E-07
9.E-06

1.E-06
2.E-06
2.E-07
8 .E-09

1.E-06
1.E-07
1.E-06
4 .E-OS
S.E-07
2 .E-03
7 .E-08
3 .E-05
7 .E-05

-@c4/mL~

1.E-05
3.E-07
S.E-06
1.E-07
1.E-06
6.E-07
2.E-OS

2.”E-09
1.E-05

3.E-06
4 .E-OS
8 .E-06

1.E-06
0.E-08
3.E-07
3.E-OS
3.E-07
1.E-03
1 .E-08
2.E-05
7 .E-05

Stochastic
o r  Organu
Jo / u / v>

/E I
/st/
/st/

/ m
/ /st
/ fst
/ /st
/ /st
/ /st
/ /st

st/st/st
st/st/st

st/stf
st/st/
Bs/st/

Sttstfst
st/st/st
st/st/st

st/st/
st/st/
st/st/
BS/St/
st/st/
st/stf

st/st/
st/st/
Stlst)
Stlstl

lst/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st~st

.—



Attachment 1
Pacje 6

Raofonucl 1 de.— ——. . . —

W-56 (Inorg)
NI-S6 (Vapor)
Nf-S7 (Inorg)
Nf-S7 (Vapor)
M-S9 (Inorg)
NI-S9 (Vapor)
Nt-63 (Inorg)
Nf-63 (Vapor)
lif-6S (Inorg)
Ni-6S (Vapor)
Nf-66 (Inorg)
NI-66 (Vapor)

CU-60
CU-61
CU-64
CU-67

2n-62
2n-63
Zn-65
2n-6Sm
Zn-69
2n-71m
Zn-72

Ga-65
Ga-66
Ga-67
Ga-68
Ga-70
Ga-72
Ga-73

Ge-66
Ge-67  .
Ge-68
Ge-69
Ge-71
Ge-75
Ge-77
Ge-78

As-69

~nhaled Afr - Lun~-Re@~tfon Class— — .  —- -.—-..—
D - w Y

DOE 5480.11
12-21-88

n

Q,lc4fmLlL

8.E-07

2.E46

2.E46

7.E-07

1.E-OS

7.E-07

4.E-05
1.E-05
1.E-05
3.E-06

7.E-05
1.E-06
6.E46
2.E-OS
7.E-OS
2.E-06
6.E-06

1.E-OS
4.E-OS
2.E-06
6.E-06
2.E-04
3.E-05
4.E46
9.E-06

(ucf/nL)

S.E-07
S.E-07
1.E-06
3.E-06
3.E46
8.E-07
1.E46
3.E47
1.E-05
7.G06
3.E-07
1.E-06

S.E-OS
2.E-05
1.E-OS
2.E-06

8.E-OS
1.E-06
4.E46
2.E4S
8.E-OS
1.E-06
6.E-06

0.E46
4.E-OS
4.E48
3.E46
2.E4S
3.E-05
2.E46
9.E-06

S.E-05

@et/mL).

-“

4.E-05
1.E-05
9.E-06
2.E-06

1.E-D6
3.E-OS
1.E-07
3.E46
6.E4S
7.E46
S.E-07

Stochastic 0
or Organ~/
.~o / W / Y~

st/st/
/st/

st/st/
/st/

st/st/
/st/

st/st/
/st/

st/st/
/st/

st/st/
/st/,

Stlstist
st/st/st  “ “
st/st/st
st/st/st

/ /st
/ /st
/ /st
~ /st
/ /st
/ /st
/ /st

st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/

Stl!w
st/st/
st/st/
st/st/
st/st/
St/St/
stfst/
st/st/

)

)
\

a)

—



DOE 5480.11
12-21-88

Radlonucllde

AS-70
AS-71
As-72
As-73
As-74
As-76
As-77
As-78

se-70
Se-73m
se-73
Se-7S  I
Se-79
Se-81n
Se-81
Se-83

Br-74n
Br-74
Br-7S
Br-76
Br-77
sr-8om
Br-ao
Br-82
8r-83
Br-84

Rb-79
Rb-81m
Rb-81
Rb-82m
Rb-U3
Rb-$4
Rbo6
Rb-(37
Rb-88
Rb-89

Sr-80
Sr-81
Sr-83
Sr-8Sm

Jnhaled”Alr  - Lung Retention Class
D

QAcim)

1.E-OS
6.E-OS
6.E-06
3.E-07
3.E-07
3.E-OS
9.E-OS
S.E-OS

I.E-OS
3.E-OS
2.E-OS
2.E46
1.E-OS
7.E-06
b.E-OS
2.E46
3.E-OS
2.E-OS

S.E-OS
1.E-04
2.E-OS
7.E46
4.E-07
3.E47
S.Ea7
6.E47
3.E-OS
6.E-OS

S,E46
3.E-OS
3.E-06
3.E-04

u
~cfm)

f!.E-OS
2.E46
6.E-07
7.E-07
S.E-07
6.E-07
2.E-06
9.E46

2.E4S
6.E-05
7.E-06
3.E-07
2.E-07
3.E-OS
1.E-04
S.E-OS

2.E-05
3.E-05
2.E-OS
2.E-06
8.E-06
6.E46
9.E-05
2.E-06
3.E-05
3.E-OS

Y
fJlc4/mL)

S.E-06
3.E-OS
2.E-06
3.E-04

Attachment I
Page  7

stochastic
or Organ3J
fo / w / Y]

/st/
/=/
/st/
~st/
Jst/
!st/
lst/
/st/

st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/

st/st/
st/stf
st/st/
st/st/
st/st/
st/st/
st/st#
st@t[
st/st/
stfst/

.

.



Attachment 1
Page 8

DOE 5480.11 .
12-21-88

?adionuclide——

Sr-85
Sr-87u
W-89
Sr-90
Sr-91
Sr-92

Y-86B
Y-86
Y-87
Y-88
Y-9om
Y-90
Y-91=
Y-91
Y-92
Y-93
Y-94
V-95

Zr-86
Zr-88
Zr-89
2r-93
Zr-9S
Zr-97

Nb-88
Nb-89 (66 mfn)
Nb-89  (122 mfn)
Nb-90
Nb-93m
Nb-94
N8-9S81
W-95
w-%
Mb-97
W-96

rlo-90
RO-93RI
f10-93
HO-99
flo-lol

phaledAfr- Lun9 Retention Class

Qlcl/uL)

1.E46
S.E-OS
3.E-07
8.E49
2.E46
4.E46

2.E-06
9.E-08
2.E46
3.E49
6.E-08
8.E-07

3.Ek6
7.E-06
2.E-06
1.E-06
6.E-05

Y
~ck @cl/8L)

2.E-OS
1.E46
1.E46
1.E47
5.E-06
3.E47
1.E44
7.E-08
3.E46
1.E-06
3.E4S
6.E-OS

1.E46
2.E-07
1.E46
1.E-08
2.E-07
6.E-07

1.E-04
2.E4S
8.E-06
1.E46
S.E-07
8.E-08 .
1.E46
S.E47
1.E-06
3.E-05
2.E-OS

7.E47
6.E-OS
6.E-08
2.E-09
1.E-06
3.E46

2.E-05
1.E46
1.E-06
1.E-07
5.E46
3.E-07
7.E-05
S.E-08
3.E-06
1.E-06
3.E-05
6.E-OS

1.E-06
1.E-07
1.E-06
2.E-08
1.E-07
5.E-07

9.E-OS
2.E-OS
7.E-06
1.E46
7.E-08
6.E-09
9.E47
S.E47
1.E46
3.E4S
2.E-OS

2.E46
6.E-06
7.E-08
6.E-07
6.E-05

Stochastic
or Organl/
(D / U /-Y)

Stl /st
st/ /st
st/ /st
8s/ /st
st/ /st
st/ /st

/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st

st/st/st
st/st/st
st/st/st
BS/BS/SS
mntlst
st/st/st

/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
lst/st

st/ /st
st/ /st
Stl /st
Stl /st
Sti /st

I

0]

— —



&d{onuclide

Tc-93m
TC-93
Tc-94m
TC-94
Tc-%m
Tc-%
Tc-97m.
Te-97
TC-98
Tc-99m
TC-99
Tc-101
Tc-104

Ru-94
RU-97
Ru-103
Ru-105
RU-106

Rh-99m
Rh-99
Rh-100
Rh-10lm
Rh-101
Rh-102m
Rh-102
Rh-103m
Rh-105
Rh-106m
Rh-107  -

Pd-100
Pd-101
Pcl-203
Pd-107
Pd-309

Ag-102
Ag-lo3
Ag-104m
Ag-104
A9-105  -

Inhaled Air .  Lung Retent40n class
D u

QJcf/mLl QJcf/mL~

7.E-05
3.E-05
2.E-05
8.E-06
1.E-04
1.E-06
3.E-06
2.E-05
7.E-07
6.E-05
2.E-06
1.E-04
3.E-OS

2.E-05
6.E-06
7.E-07
6.E-06
4.E-08

2.E-OS
1.E-06
2.E-06
5.E-06
2.E-07
2.E-07
4.E-08
4.E-04
5.E-06
1.E-05
1.E-04

6.E-07
1.E-05
3.E-06
9.E-06
3.E-06

8.E-05
4.E-05
4.E-05
3.E-05
4.E-07

1.E-04
4.E-05
2.E--O5
1.E-OS
1.E-04
9.E-07.
5.E-07
2.E-06
1.E-07
1.E-04
3.E-07
2.E-04 .
4,E-05

3.E-05
S.E-06
4.E-07
6.E-06
2.E-08

3.E-05
9.E-07
2.E-06
3.E-06
3.E-07
2.E-07
7.E-08
5.E-04
3.E-06
1.E-OS
1.E-04

5.E-07
1.E-05
2.E-06
3.E-06
2.E-06

9.E-05
6.E-OS
S.E-05
6.E-05
7.E-07

.-

.-

2.E-OS
5.E-06
3.E-07
5.E-06
S.E-09

3.E-05
8.E-07
2.E-06
3.E-06
7.E-08
S.E-08
2.E-08
S.E-04
2.E-06
1.E-05
1.E-04

6.E-07
1.E-OS
1.E-06
2.E-07
2.E-06

8.E-OS
S.E-05
S.E-OS
6.E-OS
7.E-07

Stochastic
or Organ~/
~D / u / Y)

w/st/
st/st/
st/st/
Stlstl
Stfstf
st/st/
su/st/
st/sti
st/st/
St}stl
Slllistj
st/stl
Stlstl

st/st/st
st/st/st
st/st/st
st/st/st
st/stlst

st/stfst
Stistist
St/st/st
st/st/st
Stjstjst
St}stlst
Stjstjst.
Stjst[st
St}st}st
Stistist
Stjst}st .

stfst~st
stjst~st
st/st/st
K /st/st
stlst~st

stjst~st
st/st~st
stfst~s?.
stfst~st
st&t/st

,,

.

-—————.—

—



::tachment 1
Page 10

Inhaled Air - Lunq  R e t e n t i o n  C l a s s
D v Y

RaSionuclide loci/mL) (uci/ulL~ @Cf/mL~

Ag-lG6m . 3.E-07 4.E-07 4.E-07
A5-:06 7.E-05 9.E-05 8.E-05
Ag-108m 8.E-08 1.E-07 1.E-08

DOE 5480.11 ~•Àÿÿ€
12-21-88

S t o c h a s t i c
a

o r  Organ~/
JO / U / y)

st/st/s%
st/st/st
stfst/st

Ag-llom 6.E-08 J, E:o@- . _. - 4.E-08 . . stfstk$t “ “

&g-l 12
Ag-115

Cd-104
Cd-107
CC-i09
Co-1 13m
Cd-i13
Ca-llsm
Ca-:ls
cG-l17al
Cd-117

In-i09
in-110 (69 rein)
In-110 ( S  h )
In-ill
In-112
In-li31n
In-l14m
in-i:5m
Zr$-;15
In-::6m
In-:17m
in-::7
In-l19m

Sn-llC
Sn-111
Sn-113
Sn-l17rn
Sn-llm
Sn-121m
Sn-121
Sn-122m
Sn-123
Sn-125
Sn-126
Sn-127

3.E-06
4.E-05

3.E-05
2.E-05
1.E-08
1.E-09
9.E-10
2.E-08
6.E-07
5.E-06
S.E-06

2.E-OS
2.E-OS
7.E-06
3.E-06
3.E-04
6.E-05
3.E-08
2.E-05
6.E-10
3.E-OS
1.E-OS
7.E-OS
S.E-OS

5.E-06
9.E-05
S.E-07
5.E-07
1.E-06
4.E-07
6.E-06
S.E-OS”
3.E-07
4.E-07
2.E-08
8.E-06

4.E-OS

S.E-OS
2.E-OS
S.E-08
4.E-09
3.E-09
5.E-08
S.E-07
7.E-06
7.E-06

3.E-OS
2.E-05
8.E-06
3.E-06
3.E-04
6.E-05
4.E-08
2.E-OS
2.E-09
S.E-OS
2.E-05
9.E-OS
6.E-OS

S.E-06
1.E-04
2.E-07
6.E-07
4.E-07
2.E-07
S.E-C%
6.E-OS
7.E-08
2.E-07
3.E-08
8.E-06

4.E-06
3.E-OS

S.E-05
2.E-OS
S.E-08
S.E+09
6.E-09
6.E-08
6.E-07
6.E-06
6.E-06

L /St/St
st/st/st
st/st/st

st/st/st
st/st/st
K  / K  / S t
K /K /St
K /K /$t
K  /St/$t
st/st/st
st/st/st
st/st/st

st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
St/St/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/

st/st/
st/st/
st/st/
BS/St/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/

)

,
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~ttachment 1
page 12

I-124
1-125
1-126
I-128
I-129
1-130
1-131
I-132uI
I-132
1-133
1-134
1-135

CS-12S
CS-127
CS-129
CS-130
CS-131
CS-132
cs-1341n
CS-134
cS-135m
CS-135
(x-136
CS-137
CS-138

Ba-126
Ba-128
Ba-131m
Ba-131
Ba-133m
*-133
Ba-135m
Ba-139
Ba-140
Ba-141
Ba-142

La-lal
La-132
La-13s
L~-137
@-~38

3 .E-os
3. E-08
~ . E-08
s .E-05
4. E-09
3. E-07
2. E-08
4 .E-06
3• E-06
1. E-07
2 .E-Os
7. E-07

6. E-OS
4 .E-05
1. E-05
B . E-05
1, E-Os
2 .E-06
6 .Ea5
4. E-08
B. E-05
5. E-07
3 .E-07
7. E-08
2. E-05

6. E-06
7. E-07
6. E-04
3. E-06
4. E-06
3. E-07
5. E-06
1. E-05
6 .E-07
3. E-05
6. E-OS

5 .E-05
4 ● E-06
4. E-05
3. E-08
2. E-09

.

7 .E-05
5 ●  E-06
4. E-05
I . E-07
6. E-09

T/ /
1/ /
7/ /
st/ /
T/ /
T/ /
T/ /
1/ /
T/ /
T/ /
E/ /
T/ /

st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ I
Stl /

st/ /
st/ /
st/ /
st/ I
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /

St/St/
St/St/
st/st/
i. ;E /
St/St/

.



., ,!

DOE 5480.11
Attachment ~
Page 13

12-21-88

. ,,
Stochastic
or Organ~l
(D / W / y>

Inhaled Air - LWW Retention Class
D u Y

@Cf/mL)!?adionuclfde
. . ...—.——. , st/st/

st/st/
st/st/
st/st/

5.E-07
S.E-06
1.E-05
4.E-05

La-l~o
La-141
La-142
1.a-143

6.E-07
4.E-D6
9.E-06
4.E-05

3.E-07
2.E-06
2.E-06
S.E-05
3.E-07
3.E-07
7.E-07
6.E-09

9.E-05
6.E-05
2.E-05
5.E-05
6.E-05
8.E-07
3.E-07
5.E-05
3.E-06
8.E-05

/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st

3.E-07
2.E-06
2.E-D6
6.E-05
3.E-07
3.E-07
8.E-07
1.E-08

Ce-134
Ce-135
Ce-137rn
Ce-137
Ce-139
Ce-141
Ce-143
ce-144

/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st .

/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st
/st/st

1.E-04
6.E-05
2.E-05
5.E-05
7.E-05
8.E-07
3.E-07
5.E-05
4.E-06
8.E-OS

Pr-136
Pr-137
Pr-138m
Pr-139
Pr-142m
Pr-142
Pr-143
Pr-144
Pr-145
Pr-147

2.E-05
3.E-06
7.E-06
1.E-04
3.E-04
4.E-07
1.E-05
8.E-05

2.E-05
2.E-06
6.E-06
1.E-04
3.E-04
3.E-07
1.E-05
8.E-05

7.E-05
3.E-07
5.E-08
8.E-08
2.E-08
6.E-08
1.E-07
2.E-07
8.E-07
7.E-06

Nd-136
Nd-138
Nd-139m
Nd-139
Nd-141
Nd-147
Nd-149
Nd-lSl

/st/st
/st/st
/st/st
/BS/St
/st/st
/Bs/st
/st/st
/st/st
/st/st
/st/st

8.E-05
3.E-07
5.E-08
7.E-08
2.E-08
6.E-08
1.E-07
2.E-07
8.E-07
8.E-06

Pm-141
Pm-143
pm-144
Pm-14!3
Pm-146
Pm-147
Pln-14m
Pm-148
PR)-149
Pm-150

.



Attachment 1
Page 14

DOE 5480.11
12-21-88

R8dionuclfde

-151

sm-141m
SRI-141
Sm-142
sm-145
Sm-146
sm-147
Sm-lsl
sm-153
Sm-lS5
SIR-156

Eu-145 ,
Eu-146
Eu-147
Eu-148
Eu-149
Eu-150 (12 h)
Eu-150 ( 3 4  JW)
Eu-152m
Eu-152
Eu-154
Eu-155
EU-156
Eu-157
Eu-156

Gd-145
Gd-146
Gd-147
Gd-148
Gd-149
Gd-151
Gd-152
Gd-153
Gd-lS9

Tb-147
Tb-149
Tb-lSO
Tb-lSl
Tb-153
Tb-154

Jnhaled A$r - Lunu Retantfon  C l a s s

QJC~/mL)

7.E-05
5.E-08
2.E-06
3.E-12
9.E-07
2.E-07
4.E-12
60E-08
3.E-06

~cl/n14)

2.E-06

4.E-05
7.E-05
1.E-OS
2.E-07
1.E-11
2.E-11
4.E-08
l.E-~
9.E-05
4.E-06

8.E-07
S.E-07
7.E-07
2.E-07
10E-06
3.E-06
8.E-09
3.E-06
1.E-08
8.E-09
4.E-08
2.E-07
2.E-06
2.E-05

7.E-05
1.E-07
2.E-06
1.E-11
1.E-06
5.E-07
2.E-11
3.E-07
2.E-Q6

1.E-05
3.E-07
S.E-06
4.E-06
3.E-06
2.E-06

D “ W Y
QIcl/mL)

1.E-06

Stochastic
or OrgmlJ
JD I U / Y)

fst~st

/st/
/st/
jst/
/st/
/8s/
/8s/
/6s/
/st/
/st/
/st/

/st/
/st/
/st/
/st/
/st/
/st/
/st/
/st/
/st/
/st/
fBS/
/st/
/st/
/st/

st/st/
st/st/
st/st/
BS/BS/
st/st/
BS/St/
6S/5S/
BS/St/
st/st/

/st/
/st/
/st/
/st/
/st/
/st/



DOE 5480.11
12-21-88

Rad{onuelide

Tb-lS5
Tb-lS61a  (24 h)
Tb-lS6m (5 h)
Tb-156
Tb-157
Tb-lS8
Tb-160
Tb-161

Dy-155
Dy-157
Dy-159
Dy-165
Dy-166

HO-155
Ho-157
Ho-159
HO-161
Ho-162m

@

HO-162
HO-164TI
HO-164
Ho-1661h
HO-166
HO-167

Er-161
Er-165
Er-169
Er-171
Er-172

Tm-162
Tm-166
Tm-167
Tm-170
Tm-171
1-172
Tm-173
Tln-175

Yb-162
Yb-166

Jnhaled Alr - Luncl Retentfon Class
D u Y

Qlcf/mL)

-.

@cf/mL)

3.E-D6
3.E-06
1.E-05
6.E-07
1.E-07
8.E-09
1.E-07
7.E-07

1.E-05 .
3.E-05
1.E-06
2.E-05
3.E-07

7.E-05
6.E-04
4.E-04
2.E-04
1.E-04
1.E-03
1.E-04
3.E-04
3.E-09
7.E-07
2.E-05

3.E-05
8.E-05
1.E-06
4.E-06
6.E-07

1.E-04 ~
6.E-06
0.E-07
$.E-08
1.E-07
5.E-07
S.E-06
1.E-04

1.E-04
.8.E-07

(J!lcl/mL)

.-

.-

Attachment ~
Page IS

St.ochastfc
or Or9aW

/st/
/st/
/st/
/st/
/6s/
/st/
/st/
& /

\
/st/
/st/
;st/
/st/
/st/

/st/
/st/
/st/
/st/
/st/
/st/
/st/
fst/
/st/
/st/
/st/

/$3/ .
/st/ .
/st/
/st/
/st/

/st/
/st/
@t/
/st/
/0s/
/st/
/st/
/st/

1.E-04 /st/st
8.E-07 /st/st
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DOE 5480.11 .
12-21-88

Radionuclfde

Yb-167  “
Yb-169
Yb-175
Yb-177
Yb-178

Lu-169
Lu-170
Lu-171
Lu-172
Lu-173
Lu-174E
Lu-174
Lu-176m
Lu-176
Lu-177m
Lu-177
Lu-178m
Lu-178
Lu-179

Hf-170
Hf-172
Hf-173
Hf-175
Hf-177m
Hf-178m
Hf-179m
Hf-180m
Hf-181
Ilf-182uI
Hf-182
Hf-183
Hf-184

7a-172 .
Ta-173
Ta-174
7a-175
Ta-176
Ta-177
Ta-178
Ta-179
Ta-180m

I n h a l e d  Afr - Lung Retentfon Class

2.E-06
4.E-09
5.E-06
4.E-07
2.E-05
6.E-10
1.E-07
9.E-06
7.E-08
4.E-05
3.E-10
2.E-05
3.E-06

3.E-04
3.E-07
1.E-06
2.E-05
2.E-OS

2.E-06
9.E-07
6.E-07
S.E-07
1.E-07
1.E-07
5.E-08
1.E-05
2.E-09
5.E-08
9.E-07
8.E-05
5.E-05
8.E-06

2.E-06
2.E-08
S.E-06
5.E-07
4.E-05
2.E-09
3.E-07
1.E-05
2.E-07
6.E-OS
1.E-09
2.E-05
3.E-06

S.E-05
8.E-06
4.E-05
7.E-06
S.E-06
8.E-D6
4.E-05
2.E-06
3.E-05

Y
.(Jlcf/mL]

3.E-04
3.E-07
1.E-06
2.E-OS
1.E-05

2.E-06
8.E-07

‘8.E-07
S.E-07
1.E-07
9.E-08
7.E-08
1.E-05
3.E-09
3.E-08
9.E-07
7.E-05
5.E-OS
60E-06

.-

4.E-05
7.E-06
4.E-05
6.E-06
S.E-06
7.E-06
3.E-05
4.E-07
2.E-05

Stochastic
or Organ~/
(D / u /–Y)

/st/st
/st/st
/st/st
/st/st
/st/st

/st/st
/st/st
/st/st
/st/st
/Bs/st
/BS/St
/BS&
/st/st
/BS/St
/BS/St
/st/st
/st/st
/st/st
/st/st

st/st/
OS/BS/  .
st/st/
BS/St/
st/st/
0s/8s/
BS/St/
st/st/
BS/St/
st/st/
SS/SS/
st/st/
st/st/

/sL/St
/st/st
/st/st
/st/st
/st/st .
/st/st
/st/st
/st/st
/st/st
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Rgd$onuclfde

Ta-lao “
T8-182U
78-162
Ta-183
78-184
Ta-l@S
18-166

U-176
U-177
U-178
U-179
W-181
W-185
W-187
U-188

Re-177
Re-178
Re-181
Re-182 (64 h)
Re-182 (12 h)
Re-184m
Re-lCJ4
Re-186sI
Re-106
Re-107
Re-lo8m
Re-108
Re-109

OS-lIBO
Os-wl
os-la2
0s-10s
Os-lwm
0s-1918
0s-191
0s-193
0s-194

Ir-182
IT-184
1r-105

4,.,.

Jnhaled A i r -  Lung Retentfon C1*SS
o w’ Y

Jucf/mLl (LlclfalL) @cf/mL~

2.E-OS
4.’E-OS
8.E-06
7.E44
1.E-OS
3.E-06
4.E-06
S.E-07

1.E-04
1.E-04
4.E-06
1.E46
S.E46
1.E-06
2.E46
7,E-07
1.E-06
3.E-04
6.E-OS
1.E46
2.E-06

2.E-04
2.E-OS
2.E46
2.E-07
1.E44
1.E-05
9.E-07
2.E46
2.E-OS

6*E-OS
1.E-OS
S.E46

2.E47
2.E44
1.E47
sO.E47
2.E46
3.E4S
1.E-04

2.E44
1.E44
4.E46
9.E-07
6.E-06
2.E-07
6.E47
6.E48
7.E-07
4.E4S
6.E4S
1.E-06
2.E46

2.E44
2.E4S
2.E46
3.E-07
9.E-OS
9.E46
7.E47
1.E-06
2.E48

6.E-OS -

1.E-OS
S.E46

.l.E-08
2.E-04
6.E48
4.E-07
2.E46
3.E4S
9.E4S

2.E-04
2.E4S
2.E-06
3.E47
7.E4S
7.E46
6.E47
1.E-06
3.E4S

S.E-OS
1.E-05
4.E-06

stochastic
o r  OrganlJ
Jo / u / Y)

~st/st
/st/st
/st/st -

fst/st
/st@t
/st/st
/st/st

st/ 1
st/ i
st/ /
st/ I
st/ /
st/ )
st/ /
st/ /

st/stf
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
sw/stf
st/st/
su/stf
st/st/
st/st/
st/stf

st/st/st
st/st/st
st/st/st
st/st/st
st/stfst
st/st/st
st/st/st
st/st/st
st/st/st

st/st/st
st/st/st
st/st/st



Attachment 1
Page 18

DOE 5480.11
12-21-88

Radfonucllde------—-

IY-166
Ir-la7
IT-188
Ir-189
Ir-190n
Ir-190
Ir-192m
Ir-192
Ir-194m
IT-194
Ir-19Sm
IT-19S

Pt-186
Pt-188
W-189
Pt-191
Pt-193m
Pt-193
Pt-19san
Pt-197sl
Pt-197
Pt-199
Pt-2oo

Au-193
Au-194
Au-195
Au-1981s
Au-198
Au-199
AU-200UI
Au-200
Au-201

Hg-193m (Org)
Hg-193R (IM?Q)
Hg-193U (VapOr)
Hg-193 (Org)
Hg-193 (Inorg)
H9-193 (Vapor)
Hg-194 (~)
Hg-194 (Inorg)
Hg-194 (Vapor)

Inhaled Afr - LungJRetentlon Class———.. .-—.

3.E46
1.E-OS
2.E46
2.E46
8.E4S
4.E-07
4.E-08

\. 1.E-07
4.E48
1.E46
1.E-OS
2.E-OS

2.E-OS
7.E-07
1.E-OS
3.E-06
2.E-06
1.E-05
2.E46
2.E-OS
4.E46
6.E-OS
1.E46

1.E-OS
3.E-06
S.E-06
1.E46
2.E46
4.E46
1.E-06
3.E-05
9.E-OS

6.E-06
4.E-06

3.E-OS
2.E-OS

1.E-08
2.E-08

3.E-06
1.E4S
2.E-06
2.E46
9.E-OS
4.E-07
9.E-08
2.E-07
7.E48
8.E47
1.E4S
2.E-05

8.E-06
2.E-06
6.E-07
S.E47
7.E-07
2.E-06
1.E-06
3.E-OS
1.E44

3.E46
4.E-OS

2.E-OS
1.E-OS

S.E-08
1.E-08

2.E46
1.E-OS
1.E-06
2.E-06
8.E-OS
4.E47
6.E49
9.E48
4.E48
8.E+7
9.E-06
2.E-05

80E-06
2.E-06
2.E-07
S.E-07
7.E47
2.E46
1.E-06
3.E-OS
9.E-OS

Stochastic
or Organ&/
~D/W/YJ

st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st

st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ I
st/ /
st/ /
st/ /
st/ /

st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st
st/st/st

Stl /
st/st/

/st/
st/ /
stfst/

/st/
Stl /
stm/

/st/

I
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‘@)
~adionucllde

119-19sm (Org)
H9-195cs (Inorg)
Hg-19Sm (vapor)
H9-195 (Org)
Hg-195 (Inorg)
Hg-195 (Vapor)
Hg-lS7m (Org)
Hg-197m  (Inorg)
Hg-197m (Vapor)
Hg-J97 (Org)
H9-197 (Inorg)
H9-197 {Vapor)
Hg-199m (Org)
Hg-199m (Inorg)
Hg-199RI (VapOr)
Hg-203 (&g)
Hg-203  (Inorg)
Hg-203 (Vapor)

T1-194m
T1-194
T1-195

a 11-197
T1-198m
11-198
11-199
11-200
T1-201
T1-202
71-204

Db-195m
Pb-198
Pb-199
Pb-2oo
Pb-201
Pb-202e
Pb-202
Pb-203
Pb-205
Pb-209
Pb-210
Pb-211
Pb-212

Inhaled Alr - LuncI Retention Class
. D u Y

(ilci/mL)

3.E-06
2.E-06

2.E-05
1.E-05

4.E-06
3.E-06

6.E-06
S.E-D6

7.E-05
6.E-05

3.E-07
5.E-07

6.E-05
3.E-04
5.E-05
5.E-05
2.E-05
1.E-05
3.E-05
5.E-06
9.E-06
2.E-06
9.E-07

8.E-05
3.E-05
3.E-05
3.E-D6
9.E-06
1.E-05
2.E-08
4.E-06
6.E-07
2.E-05
I.E-10
3.E-07
1.E-08

QAC1/mL)

2.E-06
2.E-06

1.E-05
1.E-05

2.E-06
2.E-06

4.E-06
3.E-05

7.E-05
3.E-05

5.E-07
3.E-07

~ci/mL)

-.

Stochastic
or OrganlJ
JD / W / Yl

st/ /
st/st/
/st/

Stl /
st/st/
/st/

st/ /
st/st/

/st/
st/ /
st/st/

fst/
st/ /
st/st/
/st/

st~ /
st/st/

/st/

st/ /
st/ /
st/ /
st/ /
st/ / “

st/ /
st/ /
st/ /
st/ /
st/ /
st/ /

st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
st/ /
BS/ /
st/ /
st/ /

.,
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.

Jnhaled  Alr -  Lunsi Retentfon  Class
D u’ Y

stochastic
or orgm~
JO / W / Y)Radionuclide &cl/aLl

3.E-07

~cim)

4.E45
2.E4S
S.E4S
2.E46
S.E-07
4.E47
2.E-07
3.E-10
1.E-08
1.E-07
2.E-07
4.E-07

4.E-05
3.E-05
1.E-05
3.E-10

9.E47
2.E-08

-4/
-z/

3.E-10
7.E-10
3.E-10
3.E-10
6.E46
S.E-10

2.E48
3.E-10
2.E49
7.E-13
2.E48

7.E48
1.E-10

&ci/mL)

-4/
-z/

2.E-08
3.E-10
2.E49
2.E-12
2.E-08

6.E-08

Pb-214  “

Bi-200
6i-2ol
Bi-202
8i-203
Bi-zos
Bi-206
Bi-207
Bi-210sI
ei-210
B{-212
Bi-213
Bi-214

3.E-OS
1.E-OS
2.E-OS
3.E-06
1.E46
6.E-07
7.E-07
2.E49
1.E-07
1.E-07
1.E-07
3.E-07

st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
K /St/
K /St/
2t/st/
st/st/
=/St/

Po-203
Po-205
Po-207
PO-21O

3.E-05
2.E-05
1.E-05
3.E-10

st/st/
st/st/
st/st/
E  / S t /

\4t-207
At-211

1.E-06
3.E-08

st/st/
. st/st/

Rn-220
Rn-222

8.E-09:/
3.E-08:1

Fr-222
Fr-223

2.E-07
3.E-07

st/ /
st/ /

Ra-223
Ra-224
U-225
Ra-226
Ra-227
Ra-228

/st/
/st/
/st/
/st/
/6s/
/st/

Ac-224
AC-225
Ac-226
Ac-227
Ac-228

1.E-08
1.E-10
1.E-09
2.E-13
4.E4S

BS/St/St
Bs/st/st
BS/St/St
8s/Bs/st
Bs/Bs/st

Th-226
Th-227

/st/st
1.E-10 /st/st
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‘g,)
Radionuclfde

Th-228 .
Th-229
Th-230
Th-231

“ Th-232
Th-234

Pa-227
Pa-22%
Pa-230
P8-231

‘ Pa-232
Pa-233
Pa-234

U-230
U-231
U-232
U-233
U-234
U-235
U-236

@

U-237
U-238
U-239
U-240

Np-232
Np-233
lip-234
Np-235
NP-236 (1.E+05 yr)
Np-236  (22 h) “
Np-237
Np-238
Np-239
NP-24CI

Pu-234
Pu-235
Pu-236
Pu-237
Pu-238
Pu-239

Inhaled Air - Luno Retentfon  Class
D u Y

~cfm)

-“

2.E-10
3.E-06
9.E-11
5.E-10
5.E-10
6.E-10
6.E-10
1.E-06
6.E-10
8.E-05
2.E-06

@cf/mL)

4.k-12
4.E-13
3.E-12  -

3.E-06
5.E-13
9.E-08

S.E-08
S.E-09
2.E-09
7.E-13 “
9.E-09
3.E-07
3.E-06

1.E-10
2.E-06
2.E-10
3.E-10
3.E-10

3.E-10
3.E-10
7.E-07
3:E-10
7.E-05
1.E-06

10E-0651
1.E-03:/
1.E-OW1
S.E-07~/
l.E-11~/
2.E-08~/
2.E-12:/
4.E-08~J
1.E-06s/
3.E-05~/

9.E-08sl
1.E-03~/
7.E-12:/
1.E-06~/
3.E-12:/
2.E-12~/

fpcf/mL)

7.E-12
1.E-12
7.E-12

. 3.E-06
1.E-12
6.E-08

4.E-06
S.E-09
1.E-09
2.E-12
2.E-08
2.E-07
3.E-06

1.E-10
2.E-06
3.E-12
2.E-11
2.E-11
2.E-11
2.E-11
6.E-07
2.E-11
6.E-05
1.E-06

8.E-08:1
1.E-03:/
l.E-11~/
1.E-06:/
7.E-12~/
6.E-12:/

Attachment  ~
Page 21

Stochastic
or Organ~/
JD / W / Y~

/Bs/st
/0s/0s
/BS/BS
/st/st
/2S/0s
/st/st

/st/st
fBs/st
/st/st .
/Bs/Bs
/BS/BS
/st/st
/st/st

Bs/st/st
st/st/st
BS/St/St
BS/St/St
BS/St/St
BS/St/St
BS/St/St
st/st./st
BS/St/St
st/st/st
st/st/st

/BS/
/st/ -

/st/
/SS/
/0s/
/BS/
/BS/
/BS/
/st/
/st/

/st/st
/stist
/Bs/st
/st/st
/BS/BS
/BS/BS
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Jnhaled A i r  - Lunq Retention Class

Radfonuclfde -

Pu-240
Pu-241
Pu-242
Pu-243
Pu-244
Pu-24S

Aak2
Am-2
Am-2
Am-2
Am-2
Am-2
Am-2
Am-2
Am-2
Am-2
Am-2
Am-2
Am-2

37
3 8
3 9
40
41
42m
42
43
44m
44
45
46m
4 6

Cm-238
Cm-240
Cm-241
Cm-242
Cm-243
Cm-244
Cm-245
Cm-246
Cm-247 .
Cm-248
Cm-249

Bk-245
Bk-246
Bk-247
Bk-249
Bk-250

cf-244
Cf-246
cf-248
cf-249
cf-250

D u Y

2.E-12:1
1.E-lW-A
2.E-1251
l.E-OSsf
2.E-12~/
2.E-06:1

1.E44~l
1.E-06s/
S.E-06~1
1.E-065t
2.E-12:1
2.E-12:1
3.E-08~1
2.E-12~1
2.E-06~1
7.E-08~1
3.E-OS:I
7.E-05:1
4.E-05~1

4.E-07:1
2.E-lW_/
9.E-09:1
l.E-10~/
9.E-125/
4.E-12~/
2.E-12~1
2.E-12~1
2.E-12:/
6.E-13~/
6.E-06~/

S.E47
1.E-06
2.E-12
9.E-10
2.E47

2.E-07:/
4.E-09~1
4.E-1151
2.E-125/
S.E-12:/

QJclnL~

6.E-12~z
3.E-lW_l
6.E-12~/
1.E4S~/
6.E-12~/
2.E-063/

DOE 5480.11
12-21-88

Stochastic
or OrganlJ
JD / W / Y~

/2s/2s
/Bs~Os
/2s/8s
~stist
/2s/2s
/st/st

/st/
/2s/
/st/
/st/
/8s/
/8s/
fls/
/8s/
/BS/
/BS/
/st/
/st/
/st/ “

/st/
/BS/
/BS/
/BS/
/ S S /
/8s/
/BS/
/8s/
/BS/
/8s/
/BS/

/st/
/st/
/Bs/
/EIs/
/Bs/

/st/st
/st/st
/BS/St
/8S/SS
/BS/St

)

)
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14wMonuclide

cf-2sl
cf-2s2
cf-2s3
cf-2s4

Es-2S0
Es-2S1
Es-253
Es-254m
Es-254

Fro-252
Fro-253
F-254
Fro-255
FIR-257

tld-257
Rd-258

Attachment 1
Page 23

Inhaled Air - Lung Retentfon Class
. . ‘ -  D w Y

~c{ jmL~ @cf /mL~ Q#ci M)
. . ,
-.

- -  -

.,.
2. E-12~/
1 .E-13~~
sl. E-10y
9. E-12:f

3.E-07
4 .E-07
6.E-10
4 .E-09
4 .E-11

6.E-09
4.E-OS
4 .E-oe
9.E-09
1.E-10

4 .E-08
1.E-10

-

stochastic
or OrgmlJ
Jo / u / Y)

/ss/6s
/Bs/st
@t@t
/st/st

/ss/
/ss/
~stl
/stf
/ss/

/st/
/st/
/st/
/st/
/E  I

/s%/
/ss/

al ~/ A, deteruinatlon of whether the DACS ● re controlled by stochastic (St) o r
nonstochmtlc ((organ)  dose, or lf they both give the same result (E) f o r
each Ium retenkion class Is given fn t h i s  COIU~. The key to the organ
notatten-fw nonstochestlc do;e fs: BS = Bone surface, K k Kidney, L =
L i v e r ,  SW = Stomeh wall, ● nd T = T h y r o i d .  A blank tndlcates that m
calculations ● re performed for the lung retention class shown.

The ICRP ~dentlf+es tritlated water ● nd carbon ● s h&Vlng tmediate uP-
tike ● nd dlstr~butlon; therefore no solublllty classes ● re designated. ~
For purposes of this table, the DAC values ● re shown ● s being constant.
independent of solubfllty class. For trltiated water,  the Inhalation
DAC values ● now for ● ● dditional S= ● bsorption through the sk+n,  ● s
descr~bed  IR ICRP Publfcatfon N o .  3 0 :  Llmtts fOr I n t a k e s  of
Radlonuclldes by Workers. For ● le=ntal tritlm, the DAC values ● r e
based solely on consideration of the dose-equivalent rati to the t~ssues
of the lung from Inhaled trlt+um gas con~fned ulthln the IUng, W i t h o u t
absorptlm fn the tfssues.

y A dash Indicates no values gfven foT this data category.
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:/ These values are appropriate for PrOtSCtl On fro= radon combined w~th Its
short-ltved daughters ● nd we bssed on lnfO_tlOn gtven In ICRP Publl-
cat+on 32: Lfmlts  for Inhalation of Radon Daughters by Workers ● nd
Federal Guidance Report No. 11: L181ttng  Values o f  Rsdlonucllde  Intake
● nd Air Concentrations. ● nd Dose Conversion Factors for Inhslatton,  Sub-
mersion, ● nd IngestIon (EPA S20/1-00*20).  The values given ● re for
lm equ+librlum  concentration conditions of the mdon dsughters wtth
the psrent. TO ● now for ● n ● ctusl mesured  emdllbrlum concentration
or a demonstrated equlllbrlum  wncentratlon,  the values  given in this
table should be mltfplted  by the ratio (l~ac~l %) or
(NXWde=onstrated  ~), respectively. AIWmstlvely,  the DAC values for
Rn-220 ● nd Rn-222 may be replaced by 1 bfL= ● d 1/3 UL,* respectively,
for •pp~rla~ Ifmlting of daughter concentrat~ons.  -aUse of the
dosl~tric considerations for radon, no f~ or lung clearance values  ● r e
Ilstid.

* A ‘Working Level - (UL) ts any c~fnstton of short-llved radon
dmghters, in,one lfter of ● lr ufthout regard to the degree of equl-
llbrium, that uI1l result In the ultlmate emfsslon  of 1.3 E+OS MeV of
● lpha ● nergy.

For the calculations, fl values were obtafned from ICRP Publfcatlon 48:
The Retabollsn  of Plutonlmmd Related Elements. It ts ● ssumed that
the ● ffectfve dose ● qu~valents  for Inhalation ● re unchsnged ● ven though
the fl values have changed. This fs because the contribution to organ
dose frora Inhalation Is dependent nalnly on transfer from lung to bleed
when fl values ● re ● all. Also, the gastrolntestfnal  tract dose would
be unchsnged because the fraction of acttvtty pssslng through the tract
fs (1.0 - f~).
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Table 2

Alternative Absorption Factors ● nd Lung Retention

El emmt/

Actlnlum/
Ac

Al USI”

Al
num/

Amerl c~ um/
Am

Antimony/
Sb

Arsenic/
As

Astati ne/
At

Barium/
Ba

Berkel i um/
Bk

Berylllum/
Be

Bismuth/
BI

Bromtne/
Br

Atomic
Number Compound. .

89 oxides,  hydrox~des
Hal ides ,  n i t ra tes
All others

1 3 Oxides, hydrwl”dese
carbides, hal~dest
nftratesg  ● le-—. . mental form

. .

95

51

33

85 “

S6

97

~

83

35

All others

All forms

OxIdes, hydroxides,
h a l i d e s ,  sul-
phides, sulphates,
n i t r a t e s

Al l  o thers

All forms

All (as ● h a l i d e )

All forms

All forms

Oxides, halides,
n i t r a t e s

All others

All ● xcept nitrates
Ni t ra tes

BrosAdes

Atcachmenz  1
page 25

Classes for Bpectfic Compounds

fl

1.E-03
1.E43
1.E-03

1.E-02

1.E-02

1.E-03

1.E-01

1.E-02

5.E-01

1.E+OO

1.E-01

S.E-04

S.E-03

5.E-03

S.E-02
S.E-02

1.E+OO

Lung
Retention Class

Y
u
D

M

D

w

D

w

u

w

D

u

Y

w

w
D

w

or D; dependent
upon ● ssoc$ateci
● lement

Or D; dependent
upon ● ssociated
element

.
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Element/
sYmbol

Cadmium/
Cd

Atom4c
Nwber

48

20

98

6

S8

Ss

17

24

27

29

Lung
Retent~on Class

Oxides, hydroxides
sulphates,  halides
All others

S.E-02 Y
S.E-02 w
S.E-02 D

calcium/
Ca

All f o r m s S.E-01 w

Californium/
Cf

Carbon/
c

Ox4des,  hydroxides
All others

1.E-03 Y
1.E-03 . w

Oxldes&~
Organic (llC)
Organic (14C)

D
1.E+OO w
1.E+OO “ w

Cerium/
Ce

Oxides, hydroxides,
fluorldes

All others

3.E-04 Y

3.E-04 w

Ceslum/
Cs

All forms 1.E+OO D

Chlortne/
cl

Chloride 1.E+OO u or D: dependent
upon associated
● lement o

1.E-01 Y
1.E-01 u
1.E-01 o

Chromium/
Cr

Oxides, hydroxides
Halides, nitrates
All others

JnnestionZl
Trivalent
Hexavalent

1.E-02  -
1.E-01

Cobalt/
co

Oxides, hydroxides,
halides, nitrates

All others
Ingestion only~/

.5.E-02 Y

S.E-02  “ w
3.E-01 -

Copper/
Cu

Oxides, hydroxides
Sulphites,  halides,

nitrates
All others

S.E-01 Y
S.E-01 w

S.E-01 D
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El ● merit/
Symb01

Lurf um/
cm

Dysprosium/
Dy

Elnste4nlun/
E s

Erb4um/
Er

Europ4um/
Eu

Fermium/
Fm

Fluorine/
F

Francium/
Fr

Gadolinium/
Gd

Gallium/
Ga

Germanium/
Ge

Atomfc
Number——

96

66

99

6 8

63

100

9

87

64

31

32

Compound fl

All forms ,’ 1.E-03

All forms 3.E-04

All forms S.E-04

.

All forms 3.E-04

All forms . 1.E-03

All forms 5.E-04

Fluoride 1.E+OO

. . ,,

All forms 1.E+OO

OxIdes, hydroxides, 3.E-04
f luor ides

All others 3.E-04. .

Oxides, hydroxides, 1.E-03
carbides, halldes,
n i t r a t e s ,

All o t h e r s 1.E-03

O x i d e s ,  sulphides, 1.E+OO
halldes

All others 1.E+OO

Attactlment 1
Page 27

Lung
Retention Class

w

w

w

W

w

w

Y, W, or D;
dependent upon
associated
● lement

D

w

w

D

w

D

!.
.
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E 1 ● merit/
Symbol

Gold/
Au

Hafni um/
Hf

HOI  tnf um/
HO

Hydrogen/
H

Indl  UTIV
In

Iodl ne/
I

Irtdfum/
Ir

Iron/
Fe

Lanthanum/
La

Lead/
Pb

Lutet$um/
Lu

Hagnesi um/
ng

Atomt c
Number

79

72

67

1

49 s

53

77

26

57

82

71

12

Compound

Oxides, hydroxides
H a l i d e s ,  n i t r a t e s  .
All o thers

Oxides, hydroxides,
halides, carbides,
nftrates

All others

All forms

Mater, elemental

Oxides, hydroxides,
halides

All others

All forms

Oxides, hydroxides
Hal ides ,  n i t ra tes ,

meta l l ic  form
Al l  o thers

Oxides, hydroxides,
hal ides

Al l  o thers .,

Oxides, hydroxides
Al l  o thers

All forms

Oxides, hydroxides,
f luor ides

All others

Oxides, hydroxides,
carbides, ha l ides,
n i t r a t e s

All others

fl

1.E-01
1:E-01
1.E-01

2.E-03

2.E-03

3.E-04

1.E+OO

2.E-02

2.E-02

1.E+OO

1.E-02
1.E-02

1.E-02

1.E-01

1.E-01

1.E-03
1.E-03

2.E-01

3.E-04

3.E-04

5.E-01

5.E-01

Lung t
Retention class

Y *
w
D

W

M

o

0

D

w

o

o

Y

w

w

o

)
)



.e Eleuerit/

liangmese/
Iln ”

fkndel  ● vi um/
Ild

llercury/
Hg

tlol ybdenum/
no

Neptuni uuI/
Np

Nickel  /
Ni

Ni obl UU1/

Nb

Osmium/
0s

Pal Iadi U18/
Pd

Atomic
Number——

25

1,01

. .
[s0

> , m

. . . .

42

60

93
. 0

28

41 ‘

76

46

Comound

Ox fdes,  hydroxides,
halldes, nitrm*s

All ot#ters

All foki ‘

Oxides, hydroxides,
halides, nitrates,
Sulphftes

sulphates,  eleuentil
form

Organic form
Vapor:/

Oxides, hydroxides,
Host

All others

Jnvestfonzl
Ilosz
All Others

Oxides, hydroxides,
carbfdes,
fluorides

All others

All forms

Oxides, hydroxides
All others (vapor)~z

Oxides, hydroxides
All others

Oxides, hydroxides
Maltdes,  nltwates
All others

Oxfdes, hydroxides
Nftmtes
All others

fl

1.E-01

1.E-01

“S:E-04

2.E-02

. 2.E-02

1=E+OO
-.

S.E-02

O.E-01

5.E-02
8.E-01

3.E-04

3.E-04

1.E-03

S.E-02

1.E-02
1.E-02

1.E-02
1.E-02
1.E-02

5.E-03
S.E-03
S.E-03

Page 29

Luns
Retentfon  ClaSs

.
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fl

Element/
SYabo 1

Phosphorus/
P“

AtosIlc
Nuuber Covound

Lung t
Retention Class

e
M Phosptmt4s O.E-01 w OT D: dependent

upon associated
● lement

1.E42
.

78 All formsP18tfnum/
Pt

Plutontum/
Pu

D

94 Oxides, hydroxides
Nltratis
Al l  o ther

. [Note: Use a
v81ues  f o r
lngestfon]

1.E-DS
1.E-04
1.E-03

1.E-01 -

1.E-01

1.E+OO

Polonium/
Po

84 Oxides, hydroxides,
n~trates

Al l  o thers

u

D

DPotissfum/
K

19 All forms

Praseodymfm/
Pr

S9 Dxides, hydroxides,
carbfdes,
fluorldes

Al l  o thers

3.E-04 Y

3.E-D4

3.E-04

w

Y“Promethium/
Psl

61 Oxddes,  hydroxides,
carbides,
fluorfdes

Al l  o thers 3.E-04 W

Protactln(um/
Pa

91 Dxides, hydroxides
Al l  o thers

1.E-03
1.E-03

Radtuw!/
Ra

88 Ail f o r m s 2.E-01 w

1

0
)
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Element/
sYmbol

Rhentum/
Re

Rhodium/
Rh

Rubidium/
Rb

,Ruthenfum/
Ru

s&mal”fum/ ‘
Sm

Scandium/
Sc

Selenium/
Se

S41 icon/
SI

Silver/ .
Ag

sod4uwl/
Na

Strontium/
Sr

Atomic
Nu8ber—.

7s

4s

37

44

62

21

3 4.—

.-

14

47

11

38

COQOund

Ox{des, hydroaddes,
halldes, nitrates

All others

Oxides, hydroxides
Halfdes
All otlwrs

All forms

Ox+des, hydroxides
HalIdes
All others

A l l  foras

All forms

oxides, hydroxides,,
carbides

All others
IngestIon only:l

Ceramic  forms
Oxides, hydroxides,

carbf$es,  n i t r a t e s
All others

Ox4des, hydroxides
Nitrates, sulphtdes
All others, ● l e -

aental form

All forms

srTqo~
All others (soluble)

fl

8.E-01

$.E-01

S:E42
S.E-02
S.E-02

1.E+OD

S.E-02
S.E-02
S.E-02

3.E-04

1.E-04

8.E-01

8.E-01
S.E-02

1.E-02
1.E-02

1.E-02

S.E-02
S.E-02
S.E-02

1.E+OO

1.E-02
3.E-01

Attachment 1
Page 31

Lung
Retention Class

u

D

Y
w
D

D

Y
w
Q

w

Y

w

D

D

Y
w
D

D

Y
D

——
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Element/
Ynbol

Sulfur/
s

Tantalum/
Ta

Technetium/
Tc

Tel 1 urlum/
Te

Terbium/
Tb

Thai 1 iuu/
T1

Thorium/
Th

Thul i UIR/
Tm

Tfn/
Sn

Titanl um/
Ti

Atoml C
Number

16

73

43

. 52 “

65

al

90

69

so

22

Comourl d

All Inorganfc  “-
El@menUl  Form
Gases

Jn9estlon2/
All Inorganic

Oddes, hydroxldest
halldes, carbides,
nttra~s, nitrides

All ‘others

Oxides, hydroxides,
halldes,  nitrates

All others

Oxides, hydroxides,
nitrates

All others

All forms

All forms

Oxides, hydroxides
All others

Al l  forus

Oxfdes, hydroxides,
halldes, nftrates,
sulphldes,
sm(W4)4

All others

SrTtOs
Oxfdes, hydrox~des,

carbides, halldes,
n~trates

All others

fl

8.E-01
8.E-01
1.E+DO

1.E-01

1.E-03

1.C-03

O.E-01

8.E-01

2.E-01

2.E-01

3.E-04

1.E+OO

2.E-04
2.E-04

3.E-04

2.E-02

2.E-02

1.E-02
1.E-02

1.E-02

DOE 5480.11
12-21-88

i
Lung

Retintton Class

D
w
D

Y

w

w

D

M

D

u

D

w

D

Y
w

D

.9P
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(
.

~) Element/
sYmbol

Atomic
Number

74

92

23

70

39

30

40

LuW
Retention ClaSSCompound fl

Ingestion 21
lungstlc ● cid

Tungsten/
1.E-02
3.E-01

u

Urarr
u

usl/

A l l -o thers

U02, U$o.
UOS, tetrava’
Cvnds

UF6, uranyl
co~unds

2.E-03
5.E-02

Y
uent

S.E-02 D

Vanadium/ Oxides, hydroxides,
carb ides,  halldes “

All others “

Oxfdes,  hydrox~des,
fluorldes

All others

Oxfdes,  hydroxides
All others

All forms

1.E-02
.
1.E-02

u
“ v

D

Y

w

Ytterb4um/
Yb

3.E=04

3.E-04

Ytt r ium/
Y

1.E-04
1.E-04

Y
w

Zinc/
Zn

5.E-01 Y

Zlrcontum/ 2.E-03 Y
Oxides, hydroxides,

halldes, n i t r a t e s
All others

2.E-03

2.i-03

w

D

1 / A dash i;dlcatas no dats for the value shown.
ZJ For ingestion, no lung retention classes ● re listed.
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Table 3

Oerived Air Concentrations (DAC) for Workers from External Exposure During
Iumersion in ● Contaminated Atmospheric Cloud

A i r  Imrslon
Radionuclide H a l f - L i f e

C-II 20.48 min 4.E-06

U-13
N-16

9.97 min
7.13 s

4.E+6
7.E-07

0-1s 122.24 S 4.E-06

F-18~1 109.74 min 4.E-06

Na-24~1 1S.00 h 9.E-07

l’lg-27:/ 9.4S8 min 50E-06

A1-285/ 2.240 min 2.E-06

37.21 min 3.E-06

Ar-37
Ar-39
Ar-41

3S.02 d
2 6 9  yr
~.827 h

3.E-00
2.E-04~1
3.E-06

2 2 . 6  h S.E-06

8.719 uin 1.E-06

sc-44~/
Sc-46m:l

3.927 h
18.72 S

2.E-06
S.E-OS

Ti-4s~I
Ti-Sl:I

3.08 h
S.7S2 min

5.E-06
1.E-05

V-5251 3.75 min 3.E-06

S.E-0642.09 min

21.4 win
2.S78S  h
1.47 nin

2.E-06
2.E-06
6.E-05

10.47 min 1.E-03

36.08 h
2.S20 h

2.E-06
8.E-06



WC 3WU.11
12-21-88 Page 35

.

Half-Lffe
%

et 3.408 h
9.74 min

Se-73:1

lk-771 /
Br-8oi/
13r-82~1
Br-84~1
13r-85:1

ICr-79
l(r-81
ICr-83m
ICr-85
l(r-85m
Kr-87
ICr-88
Kr-89
ICr-90

Rb-81~/
Rb-82~1
Rb-88~1
Rb-09~1
Rb-90~l
Rb-90m~/

Sr-85ml/
Sr-87mil
Sr-92:7
Sr-93:/ .

“ Mb-90~/
Nb-94m:l

9.40  !?
68.0 mfn
14.1 h

7.1S h

S7.04 h
17.4 ufn
35.30 h
31.80 mln
172 S

35.04 h
2.1E+05 yr
1.83 h
10.72 yr
4.48 h
76.3 min
2.84 h
3.16 sdn
32.32 S

\

4.58 h “
1.25 mfn
17.8 min
15.44 min
1s7 s
258 S

67.66 min
2.80S h
2.71 h
7 .3  mfn

14.74 h
3.19 h
49.71 mfn

14.60 h
6.26 mfn

AfrImnerslon
OAC (ucl/mL~

S.E-06
S.E46

2.E-06
S.E-06
1.E-06

4.E-06

1.E-OS:I
S.E-05
1.E-06
2.E-06
S.E-05

2.E-05
S.E-04
S.E-02
1.E-04~/
3.E-05
S.E-06
2.E-06
2.E-06
3.E-06

8.E-06
2.E-06
7.E-06
2.E-06
2.E-06
1.E-06

2.E-05
6.E-05
3.E-06
2.E-06

1.E-06
s.E-065/
9.E-06

1.E-07
S.E-04

.
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Afr Imnersfon
OAC~Radlonucllde Half-Life

72.1  mtn
60s

7.E-06
6.E-06

(’IO-91:1
tw-lol~l

1S.49 mln
14.61 m+n

4.E-06
3.E-06

Tc-ql
Tc-sql
Tc-99u~/
lc-lol~l .

20.0 h
S1.S uln
6.02 h
14.2 win

S.E-06
1.E-04
3.E-05
1.E-05

Ru-lo5~l 5.E-064.44 h

Rh-10SuZl
Rh-lof):i”

4s s
29.92 S

1.E-04
2.E-05

2.E-04
1.E-03
Q.E-05

2.37  Wn
39.6 S
24.S7 S

Cd-lllm:/
Cd-l17&/
Cd-l17m~/

48.7 mln
2.49 h
3.36 h

1.E-05
4.E-06
2.E-06

In-l13m~l
In-114~/
In-l16m~/
In-117~/

1.6S8 h
71.9 s
S4.1S  min
43.8 mfn

2.E-05
1.E-04
2.E-06
7.E-06

Sb-117~/
Sb-126m;/
sb-129~t

3.E-05
3.E-06
3.E-06

2.80 h
19.0 sdn
4.40 h

SOE-06
2.E-06
S.E-06

12.4S mfn
SS.4 uln
41.8  sin

1-122:/
I-128~1
I-132~/
I-134~1
I-135~t
1-136:/

3.62 ● fn
24.S9  mln
2.30 h

“ S2.6mfn
6.61 h
83 S

S.E-06
S.E-OS
2.E-06
1.E-06
7.E-07~~
1.E-06
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Radlcmuclide——-

xe-122
“%e-123
X*125
XQ-127
XIR-lWU
X*lalm
XQ-133
X,-1338
XS-I?IS
Xe-135m
xe-137
Xe-lw

Cs-126Zf
Cs-uwif
e s - l o @
cs-139~/

Pr-144*-/

Nd-149~/

Au-lssw-/

.-

lla?f-Lffe

20.1 h
2.14 h
16.$ h
S6.406 d
8.89  d .
11>84  d
S.24S  d
2.19 d
9.11 h
1S.36 mfn
3.83 mln
14.13 mln

1.64 min
32.06 h
32.2 mln
9.40 mln

2.SS2  mfn
18.27 mln
10.70 Wn

9S.4 Wn

7.2 mln

1.73 h

9 .7  Wn

7.76 mln

..06 h

12.7 h

9 . 9  tin

3.2 h

S0.6 S

AIv I_rsfon
OAC (ucf/mL~

8.E-os
7.E-06
2.E-OS
1.E-OS
2.E-04
S.E-04
1.E-04
1.E-04
2.E-OS
1.E+S
2.E-OS
4.E-06

“ 4.E-06
l.E-OS~l
2.E~
1.E-05

7.E-06
S.E-06
S.E-06

1.E-06

9.E-04

I.E-OS

1.E-05

4.E-06

l.E-OS

4.E-06

3.E-06

6.E-OS~I

2.E-OS
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.

Alr Insrslon
Q&c (uclm.~Rsdionucl ide—.. . . . . — —

11 -200~/
T1-207~/
T1-2063/
T1-2m_/
TI-21031

3.E-06
4. E-OS:/
1.E-06
2. E-W
1.E46

26.1 h
4.~7 tin
3.0s3 tin
2.20 min
1.30 tin

66.9 mitt 2.E-06Pb-204*-/

1.E-04

0.S16 S S.E44

Rn-220
Rn-222

SS.61 S
3.824  d

1.E-04Th-233~/ 22.3 tin

2.E-06
4.E-0551

Pa-234~/
Pa-234W_l

6.70 h
1.17 mln

6.E-OS:IU-239?1

6S ● ln
7.4 mln

4.E-06
1.E-OS

2S.0 tin 4.E-06

A/
-. - --- -. . - - -  .

Co=ltW .Tfoctlve dose aqulv818nt  f r o m  lnnslatlon 1s cslculawa
In ICRP Publlcstlon 30, but ths MC valuo for cxtemsl  ● cposure to
● cen~mlnsted  ● ~spherfc  cloud  Is nor. restrlcttva  than the DAC
value  for Inhalat ion.

Comittsd  ● ffutlve da. .qufvalcnt fmu lnhslatlon 1s not aslcu-
Iatsd In ICRP Publlcatlon  30, but DAC VSIUQ  for wct8rnsl  ● c p o s u r e
ta COn~WMW cloud ghOuld b. ~re resttiotfvs  thSn OAC value
for  Inlwlatlon due to Nlatlwly  short half-llfo  of radlonuclldo.

OAC value  1s detcrmlnsd  by lfmit on ● nusl dose ~lv~l.ttt to
skin, rather thsn llmlt on ● nnual gffgctlve  dose aqulvalent.

)
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Page 39 (and ~;

DAC value  ● pplfes to radfomcl$de  In vapor form only; OAC V81UC

f o r  fnhallltton is mre restrtctlve  for mdfomcllde In Inorgmlc
form. . .

OAC value ● ppltes to radlonwlide fn Inorgsrdc  or vapor form.

OAC value for ● xposure to Conta=fked ●tmospheric cloud Is the
sam ● s OAC value for Inhalation. See footnote 4J to Tab18 1 on
psgw 24 of Attachment 1.

.

.
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$URFACE  RADIOACTIVITY GUIDES

,.

auuImll mwABLE2/41  “ (FIXED FLUS minDVAME)

U+at ,U-23S  ,U-238 , 1 ,DDO dpu a/100 -
●

S.DDO dpm a/lDO c@
●nd ● ssociated
decay pT’OdUCfX

~ ?rmsuranfcs, 20”dpnmo - 300 dpm/loo  w
Rs-226, Rs-228,
Th-230, Th-22S,
Pa-231, Ac-227,
1-125, 1-129

Th-nat, Th-232, 200  dpln/loo cm? l,ooodpswlomz “  “
SV-90, R&-223,
Ra-224, U-232,
1-126, 1-131,
1-133

Seta-gamma emitters 1,000 dpm p - r / z o o  cmz

@)
(nuclldes wi th
decay modes other
than ● lpha emissfon
or spontaneous
ffsslon) except
Sr-90 ● nd
others noted above.Sl

5,000 dpsl p-r/loo C@

Where sur face  cori~mlnat$on  by both  &lphs- ● nd  beta-gamma-emitt~ng  nuC~ldeS
● xists, the llSIiLS  •s~~lf$hed for alpha- ● nd beb-gamms-emtttfng  nuclfdes
should apply independently.

AS u s e d  i n  thfs ~ble, dpm (d~$ln~~atfon$ per mfnu~) means t h e  r a t e  Of
S!SliSSiOn  by radioactive ~~rial ~ de~~lned by correcting the counts p e r
mfnute  observed by ● n •pproprla~ detector for background, efflC~encY.  ● n d
fpometrfc  faCtOrS ●  s$ocfatad with tie fn$tru~ntatfon.

The levels my be ● veraged over one  s~are wter provided the -f- SUfi8Ce
actfvfty fl? ● n y  &rea  of 100 cm2 IS ~ess -n three  tqmes the  guide  values.
For purposts of •ver~ging, ● ny s~re ~ter of surface shall be cons idered
to be above the actlvfty guide ~ If: (1) from measurements of ● representative
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number n of sectt ons ft ~s deterdned  thMt l/n A S~ 2 G, uhere SI is the a
di s/min-100  CX dete?uined  from MS8UreBSnt of section i; or (2) It is deter-
mined that the sum of the ● ctivity of 811 ~solsted  spots or particl  ● s In ● n y
100 & ● rea ● xceeds Xi.

41 The mount of removable radioactive mte?ial pa? 1~ Z of surface mea should .
be detimined  by wiping  that ● rea ulth dry f flter or soft 8bsorbent  paper,
applying moderate pressure, ● nd 8ssesslng  the amunt of radfoective  mterlal
on the wipe with ●n 8pproprt8te Ins~t of known ● fftclency. (lhte - The
use of dry material may not be appropriate for trlttum. ) When removabl  ●

contaminate on on ob~ects  of surfsce ● ma 1.ss thSn la * fs determined, the
● cti vity per unit ● rea should be based on the ● ctual ● rea ● nd the entl re sur-
face should be wiped. Except for transuranlcs ●n d  Rs-226,  Ra-2Z8,  Ac-227,
Th-228,  Th-230,  ● nd Pa-231 ● lpha emitters, It Is not necessary b use uiptng
techniques to measure removable  contamination lwels If direct scan surveys ln-
df c8te that the total residual surface  contamination levels are uithln the
1 tmits for removable contamination.

SI This category of radionuclldes Includes mixed flss~on
SR-90 uhf ch ts present fn them. It does not ● ppl y to
separated from the other ffssion products or ● ixtures
● nriched.

prodkts,  tncluding the
SR-90 uhlch has been
where the SR-90 has been

)

)


