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NOTICE!

This report was prepared for use within General Electric Company in the course

of work under Atomic Energy Commission Contract AT(li-S-l)-l350, and any
views or opinions expressed in the report are those of the authors only. This report

is subject to revision upon collection of additional data.

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes ony warranty or representation, express or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any infermation,
apparatus, method, or process disclosed in this report may not infringe privately owned rights: or

B. Assumes any liabilities with respeci to the use of, or for damages resulting from the use of
any infermation, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission” includes any employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access to, any information pursuant to his employment or contract with the Commission.
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PREFACE

This Manual of Radiation Protection Standards contains Henford Atomic Products
Operation policies releveat to control of work with ionizing radiation and
radicactive material. The Radiation Protectlioa Operation, Hanford Laboratories,
establishes Standards for radiation protection by authority of HAPO Organiza-
tion and Poliecy Guide 3.5; it is the responsiblility of all supervision to
enforce these Standards.

These Standards are formulated from several sources, including: recommendations
of recognized authorities such as the National Committee on Radiation Protection
and Measurements; Atomic Fnerpy Commission dlrectives for which HAPO has con-
tractual obligations; federal and siate statutes applicable to work with radio-
active materials; research in the radiological sciences at Hanford Works and
other institutions; and policies snd procedures which have been developed over
the years for the local conditions.

These Radiation Protection Standards are prormulgated to achieve the following
goals:

1. Prevent ionizing radiation injuries to any individual.

2. Control individual accumulated exposures to ionizing radiation.

3. Limit exposures Lo the populaticn in the neighborhood of the Hanford
plant to within values presently coansidered acceptable by the National
Committee on Radiation Protection and Measurements.

L, Minimize the casual exposure of humans to ionizing radiation.

Persons working in zoues where ionizing radiation is or may be present should
be fully informed of the nature of the lonizing radisiions present and the
protective measures required. Ultimately, protection against ionizing radi-
ation has to rest with the individual.

"Shall" and "should" have a special usage throughout the Manual. "Shall" is
used when compliance with the policies 1s coasidered necessary to meet HAPO
standards of protection. "Should" indicates that the policies are to he applied
where practicable; these may be changed from time to time 4o meet local condi-
ticns at Hanford, and in general are included in the Standards as administrative
guides.
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ISSUED BY THE SuUBJECT: CLASSIFICATION:
MANAGER GLOSSARY OF RADIATTON UNITS AND TERMS Radiation Units and
RADIATION PROTECTION Nomenclature

I. POLICY

and ICRP.

II. RESPONSIBILITY

ments.

ITT. STANDARDS

Activity Density

Authorized Signatory

Body Burden

Casual Exposure

Conditiocnal Release

Contamination,
Radicactive

Controlled Area

Terms and definitions relevant to radiation protectiorn practices at HAPO shall
be uniformly applied and shall conform to definitions formulated by the NCRP

1. The Radistion Protection Operation is respounsible for defining radiation pro-
tection units and terms that apply at BAPO.

2. The users of radiation protection terms and unlts at HAPO shall uniformly
apply the terms presented in this Standard in formal presentations and docu-

The following is an alphsbetical listing of terms and units in common usage at
HAPO. Other terms and definitions may be added as the need becomes apparent or
as revisions or additional terms are issued by the NCRP and ICRP.

The guantity of either a specified radionuclide or a mix-
ture of radionuciides per unit quantity of matter (e.g.,
ue Il3l/gram vegetation).

A supervisor or other person designated by management re-
sponsible for immediate planning of specific work in a
Radiation Zone and for proper execution of the plan by
himself or his subordinates.

The amount of radioactive material in the body at the
time of interest.

The unintentional exposure of humans to significant

quantities of ionizing radiation.

The release from established Radiation Zone work areas of
contaminated materials for further use or disposal under
stated conditions (e.g., & contaminated railroad car may
be provisionally released to travel between specified
locations).

The presence of radicactive material where it is undesir-
able, harmful, or causes interference.

A defined area in which the exposure of personnel to radi-
ation or to radicactive material is under the supervision
of a radiation safety officer. (This implies that a

3-1-60
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controlled area is one thaet requires coantrol of access,
occupancy, or working conditions for radiation protec-
tion purposes. )

Controlled Exposure The limiting of occupational exposures to ionizing radi-
ation by administrative means. At HAPO, human exposures
to ilonizing radiation are controlled by means of:

1. Formalized practices and procedures which control
access, occupancy and working conditions for radi-
ation protection purposes.

2. Routine evaluation of these practices and procedures
by Radietion Protection specialists.

3. Routine evaluation of individual exposures.

Controlled Injury A Radiation Zone wherein there are radioactive substances
Zone available to such an extent that en accident involving
the ingestion, inhalation or injection of foreign matter
into the human body cculd result in a deposition of the
radioactive substance(s) exceeding the body burden values
stated in Appendix A.

Critical Orgen For internally deposited radionuclides, that organ of the
body receiving the specified radionuclide that results in
the greatest physiological damage to the body. For eXpo-
sure to lonizing radiation from external sources, the
critical organs &re usually the skin, blood-forming
organs, gonads and eyes.

Curie A unit of radioactivity defined as the quantity of radio-
active nuclide in which the number of disintegrations per
second is 3.7 x 1010 genoted by "c". Microcurie {uc) -
1/1,000,000 curie; millicurie (me) - 1/1,000 curie.

Dose A quantity of radiation.

Absorbed Dose of any ionizing radiation is the energy imparted to matter
by ionizing particles per unit mass of irradiated materiall
at the place of interest. The unit of absorbed dose is
the rad. One rad is 100 ergs per gram.

Derma Dose As used at HAPO, a term relating personnel meter measure-
ments Lo the exposure record. Thus, an exposure recorded
as a "derms dose" is assumed to be the absorbed dose in
the dermal layer of skin (below a nominal depth of 7
mg/cm?) from gamma or X-rays or neutrons, or beta rays or
any combination of ionizing radiation with a half wvalue
layer of greater than 1 mm of soft tissue.

Exposure Dose of X or gamma radiation at a certain place is a measure
of the radiation that is based upon its ebility to pro-
duce ionization. The unit of exposure dose is the
roentgen. One roentgen is an exposure dose of X or
gamma radiastion such that the associated corpuscular

NG, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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Penetrating Dose

REE Dose
Dose Rate

Exposure

Extremities

ICRP

Instruments

Ton

Ionizing Radiation

X-rays

Ganma Rays

Alphe Particle

Hw-=25487 REV 2

emission per 0.001293 gram of air produces, in air, ions
carrying one electrostatic unit of quantity of electricity
of elther sign.

As used at HAPO, a term relating personnel meter measure-
ments to the exposure record. Thus, an exposure recorded
as a "penetrating dose” is assumed to be an absorbed dose
from gamme or X-rays, or neutrons of sufficient penetra-
tion to affect the critical organs, principally the blood-
forming organs.

See REBE and rem.

A redistion dose received per unit time.

To avoid ambiguity with the concept of dose, this word
should be used in the descriptive sense of "being exposed
to".

The hands and forearms, feel and ankles.

International Commission on Radiological Protection. A
group of authorities, functioning under the auspices of
the International Congress of Radiclogy, and concerning
itself with basic principles of radiation protection.

See RPS 2.1 - Personnel Monitoring - Instrumentation.

An atom, or aggregate of atoms, which is not electrically
neutral (e.g., negative ion, positive iom). In certain
circumstances an electiron may be described as a "negative
ion".

Electromagnetic radiation (X-ray or gamma ray photous or
quanta), or corpuscular radiation (alpha particles, beta
particles, electrons, positrons, protons, neutrons and
heavy particles) capable of producing ions.

Electromagnetic lonizing radiation which originates from
the field outside the nucleus of the atom, or resulting
from loss of energy of charged particles (e.g., electrons).
Of shorter wave length than ultraviolet radiation.

Electromagnetic ionizing radiation which originates within
the nucleus of the atom. (Often the terms "X-rays" or

"y rays" are used indiscriminately in radiology. Scien-
tifically. there is no distinctlion between the propertlies
of X-ray photons and gamma ray photons of the same energy.)

Corpuscle consisting of the positively charged nucleus of

(¢ ray) a helium atom and emitted by certain radicactive atomic
nuclei.
Electron Subatomic particle having a rest mass of 9.107 x 10"28
gram and & charge of negative electricity of 4.802 x 1070
e.8.1.
DATE LSSUED SUPERSEDES ISSUE DATED PAGE NO,
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Beta Particle An electron (or positron) originating from nuclear pro-
(B ray) cesses.
Positron A positive electron, which can be formed in the beta

decay of meny radionuclides.

Proton A nuclear particle of unit mass number having a charge
equal and opposite to that of an electron. The nucleus
of the hydrogen atom (not of the nuclides deuterium and
tritium) is a proton.

Heutron Radioactive corpuscle which has no electric charge and
has a mass slightly greater than that of the proton. A
free neutron decays with a half-life of 10 40 30 minutes
10 a proton and an electron. The type of interaction
which occurs between neutrons aend atoms depends upon the
kinetic energy of the former. If the kinetic energy of
the neutrons lies between about 20 Kev and 10 Mev (so-
called "fast neutrons") or between 10 Mev and 500 Mev
(so-called "high energy neutrons”), they can set in motion
the nuclei of atoms with which they collide with sufficient
velocity to ionize metter. "Slow neutrons", which are
usuelly classed as having energies up to 0.1 ev, and
including "thermal neutrons" which have energles (about
0.025 ev) associated with room temperatures, enter into
nuclear reactions with atoms they meet, resulting in the
emission of ionizing radiations. Between slow and fast
neutrons is a group known as "epithermal neutrons" or
"intermediate neutrons”.

Linear Energy Trans- Energy dissipated per unit distance along the path of an
Ter of an Jonizing ioanizing particle, usually in electron volts per micron

Farticle ([ET) of length.

Meximum Permissible The quantity of radicactive nuclide(s) in unit volume
Concentration or weight of air, water, etc., which is prescribed to
{MPC ) limit external and/or internel doses to within estab-

lished values. Most limits are based on the limiting
body burden of the radionuclide{s) in adult humans, .
assuming continuous exposure and a single nuclide as
the sole source of intake, and using average or stan-
dardized bioclogical parameters.

Maximum Permissible  The dose of radiation or body burden of radionuclides
Timit which, under any combination of circumstances, is not

expec%ed to cause appreciable bodily injury to the
average individual at any timé during his lifetime. As
used here, "appreciable bodily injury" means any injury
or effect that the average person would regard as being
objectionable and/or competent medical authorities would
regard as being deleteriocus to the health and well-being
of the individual.

NCRP National Committee on Radiation Protection and Measure-
ments. A body of natlionally recognized authorities who
propound recommendations within the brosd field of radi-
ation protection. These recommendations are normally
published in the National Bureau of Standards Handbooks.

NO, PAGE SUPERSEDES ISSUE DATED DATE 1SSUED
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Cperating Group

Rad

Radiation Monitoring

Group

Radiag}on Work Pro-
cedure

Radistion Zone

Relative Biological
fiectiveness
(REgl
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The exposure to ionizing radiation under conditions which
are beyond those defined as Controlled Exposure. Generally,
exposures to the public.

The supervision and personnel responsible for the opera-
tion of the work area involwved.

Uhit of absorbed dose. Written as rad. It is 100 ergs
per gram. Millirad (mred) - 1/1,000 Tad.

The supervision and personnel of an organizational group
with the designated responsibility for adequete radiation
protection practices.

See Standerd Operating Procedure.

An area or item of equipment requiring access control for
personnel protection purposes. See RPS 4.1 for specific
Radiation Zone criteria.

The appropriate value of the biologlical effectiveness of
the radiation in question, relative to that of X-radiation
with an average specific ionization of 100 ion pairs per
micron of water, for the particular bilological system and
bioclogical effect under consideration and for the condi-
tions under which the radiation is received.

REE VALUES

The following values of REE for all the critical orgsns
according to the value of the average specific ionization
oceurring in the critical organ in which it is highest
are recomended for the determination of permissible tis-
gue doses in rads from external sources by relations:

Permissible dose in rads = Permissible dose in rems
nbls

The specific lonization is expressed in ion pairs per
micron of water in terms of its air equivalent. REE is
expressed in terms of the pertinent biological effect-
iveness of ordinary X-rays taken as one (average specific
ionization of 100 ion pairs per micron of water, or line
eer transfer of 3.5 Kev per micron of water).

1. X-rays, electrons and positronsg of any specific

fonizalion REE = 1
2. Heavy ionizing particles

Average specific ioni- Average linear energy
zation (ion pairs per REE transfer to water
micron of water) (Kev per micron)
100 or less 1 3.5 or less
100 to 200 1l to 2 3.5 to 7.0
200 to 650 2 to 5 T.0 to 23
650 to 1500 5 1o 10 23 to 53
1500 to 5000 10 to 20 53 to 175

For practical purposes, an RBE of 10 is applicable to
fast neutrons and protons up to 10 Mev and an REE of
20 to heavy recoil nuclei for whole body irradiation
and the most sensitive critical organs.

DATE I1SSUED

3-1-60

SUPERSEDES ISSUE DATED PAGE NO,

7-1-57

i

°F__8 1.1

BM-~T800—057 (6 = 57) axc-GE RICHLAND, WasH.



HW=25487 REV 2

Rem

Roentgen (r)

Servicing Group

Shall

Should

Significant

Special Work Permit

(SWP)

Specific Activity -
Gram Element

Specific Activity -

UNCLASSIFIED

The guantity »f any radistion such that the energy
imparted to &« biclogical system (cell, tissue, organ,
or organism) per gram of living matter by the ioniz-
ing particles present in the region of interest, has
the same bioclogical effectiveness as an absorbed dose
of one rad from lightly filtered X-rays generated at
potentials of 200 tc 300 kilovelis. A dose in rems is
equal to the dose in rads mulitiplied by the approprizte
RBE. Written as rem. ' '

See Dose.

Supervision and personnel performing auxiliary services
for the operating group, or functioning in the area or
facilities to which the operating group is assigned.

Mandatory to insure adequate protection against radi-
ation. Indicates necessity in order o meet currently
accepted standards of protection.

To be applied (recommended) wheaever practicable, with
the intent of minimizing personnel exposures. Indi-
cates advisory requirements that are +to be applied
when possible.

In the present state of the art, it is impracticable
to stipulate numerical limits for "significant" which
would be applicable tc all cases, without being ab-
surdly restrictive in some. It is intended that quali-
fied Radiation Protection Specialists exercise good

. Judgment along the gensral lines of past operating

experience at HAPO. Borderline cases should be referred
to the Radlation Protection Operation for an opinion.

A written instructicn sheet signed by authorized signa-
tories of the cperating, Radiation Monitoring and ser-
vicing groups invelved, prior to the start of work in
a Radiatvion Zone, which cilearly defines the work which
will be done, the protectivs clething to be worn, the
necessary radiation survey ueasurements and time limits,
and any special insiructions for the safe performance
of work in the presence of ionizing radiation. An SWP
is invalidated at the conclugion of the shift on whizh
it was authorized, but may be re-instated by signature
of the invoelved supervision of the incoming shift to
signify agresment with the conditions and restrictions.
Also sometimes called a Radiation Work Permit (RWE).

Total radioactivity of a §iven nuclide per gram of ele-
ment (e.g., pc P32/gram P32 4 p3l),

Total radiocactivity of a given nuglide per gram of the
radiocactive nuclide (e.g., pe Pue3?/gram Pu239),
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Standard Operating Standard Operating Procedures are written rules for work
Procedure (SOP) involving radiation or radiocactive materials. Each SOP

shall clearly define the work to be done, location of the
work, protective apperel and equipment regquired, methods
of radiation and contamirnation control, applicable dose
rates and time limits or the manner in which they are to
be determined, and the personnel exposure records to be
maintained. The S0P shall be approved and signed by
appropriate authorized signatories of the Radiation Moni-
toring, operating, and servicing groups concerned. In
some areas the Standard (Operating Procedures defining
conditions for work in Radiation Zones may be called
Radiation Work Procedures.

An SOP may be valid for an indefinite period, revisions
bveing made when necessary and as determined by periodic
reviews by Area Supervision of any signatory unit in
conformance with changes in the conditions under which
it was issued.

Time Limit The amount of time a person may be exposed to a speci-
fied dose rate or may stay in a Radiation Zone under
the conditions prescribed in the Stanfard Operating Pro-
- cedure or Special Work Permit for the job.

Units For reports and publications, the quantity of radicactive
. material shall be stated in microcuries, with the mass in
grams, and the volume in cubic centimeters.

- Waste, Radlioactive See RPS 7.1 and 7.2.

IV. PHILOSOPHY

Several of the Standards contain the heading Philosophy. These headings are
included whenever it is felt that background information, or aa indication of
the basis, reason, approach, or rationale would assist in clarifying the intent
of tne Standard. In the Philosophy for RPS 1.1, it would appear appropriate

to briefly discuss the format of this edition of the HAPO Manual of Radiation
Protection Standards.

Each Standard contaias three headings: Policy, Responsibility, and Stendards.
Some include Administrative Guides. These headings are intended to provide:

Folicy - A short statement of the accepted HAPO means of fulfilling
the title of the Standard.

Responsibility - A means for indicating the group considered most appropri-
ate to fulfill at least a portion of the stated policy.
The words assure and insure are frequently used in this
heading. Insure is intended ‘o indicate underwriting or
guarantee; assure to indicate making certain or confirming.

Standards - A listing of criteria, gauges, measurements, and limits
which are judged necessary to maintain an adequate radi-
ation protection program at HAPO. These are not necegsarily

i~
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arranged in order of importance. In fact, many of the
Standards which could appropriately be found in several
places in the Manual, have only been mentioned once.

This was done both in the interest of brevity and in the
expectation that the users of this Manual would be fami-
liar with the entire contents and would, therefore, apply
the various portions of the Manual as appropriate.

Administrative - Statements of accepted practice proposed to achieve a
Guides reasonable degree of uniformity in the iunterpretation
of the basic policy and standards.

W
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HANFORD ATOMIC PRODUCTS CPERATION

RADIATION PROTECTION STANDARDS

SUBJECT CLASSIFICATIONS
ISSUED BY THE '

MANAGER PERSCHNEL MOMNITORING - INSTRUMENTASICH Rad?_ _athnq,_
e Measurements
RADIATION PROQTECTION

-~ I. POLICY

The measurenent of ionilzing radiation eacouatered in the monitoring of persconnel

zadjor the monitoring of effluents released to the air, ground, or water shall
ve with approved-iype Instruments and la accordaace witi approved procedures.

o IT. CBSPCHSIBILITY

1. Tie Maneger, Radiation Protectlon, is responsible for designaeting epproved-
o Lype faslruments for use in persoanel monitoring.

2. The Calibvrations Operation is respoasiuvle for the procurement, calibration,
meintenance aad distrivution of portalle radistion monitoring instruments.
3. Tuae Radiological Development Opersation 1s responsible for preparation and

issuance of procedures detalling the field use of radiation monitoring
instruments in consuwliation with the using components concerned.

Y.  Thue user of personnel monitoriag instruments shall assure himself of the
limitations and procedures pertinent to the instrument in hand.

5. Speciiicatioas for portable radiation monitoring instruments for user groups

o are established by Callbrations Operation 1a cooperation with the using com-
panents concerned.

&, Bpecifications for functional sources for fleld use are established by

- Calitrations Operation in cooperation with the using components concerned,

{. BSpecificatvions for gemi-portaikle and Ifixed radiation monitoriag instruments
shall ve approved by the Radiation Protectlon Operation.

- U.  Procurement and control ol semi-portable and fixed iastruments are by the

: using components. In order to assure standards of uniZormity, the Radiation

Protecticn Operation shall be consulted concerning specifications and uses,

; Acceptance tesltling of these Instruments is the responsibility of the using

| component.

- ITI. STANDARDS

1. Caly portable radistion monitoring instruments issued and calibrated by

o i the Calibrations Operation shall be used Tor controlling and evaluating

| personnel exposure.

; 2. Portable radiation monitoring instruments shall be calibrated on the basis
of a schedule published by the Calibraitions Operation. Only instruments
dated within the calibration period should be used 4o menitor personnel.

3. Tunctional checks of portable radiaticn monitoring lnstruments shall be
perlormed by operalting personnel on a lreguency which will reasonably
assure tinat the instrument is operating within calibration limits.

b Qualitative Tield messurements of low-level ionizing radiation should
normally be performed with count-rate type instruments.

5. Guantitative field measurements of ioniziag radiation should normally be
performed with dose-rate tType instruments.

0. Specificatioas for new personnel monitoring devices and instruments designed
and/or developed at HAPO or available elsewhere shall Te approved by RPO.

! Acceptance testing of prototypes of such equipnment shall be performed by RPC.

e

e
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L ecalibration oo acansy wncldl e estobhlished

Jor test 1d evalvaition shall not be used

Qe;soancl. Lhen sren devices are tested,
R Lnoantooduang e the Sleld grouves to in-

oo Luat uﬂ&} do not comp“om1°e tie existiag monitoring progsrams.

.« Attleotlon nonitoring instruments are:

‘.

a. Portable Radiation Monltorii; Instruicats

Rodiatlon detection, dose vate measuring, or dose wmeasuring instru-
ments witi: sell-convalned power supply, used for the monitoring of
personicl, and/or the monitoring of effluents to the grouand, air, or
vater. Usually the instrument is equipped with a handle, strap,
clin, or other device for holding and carrying and is of such weight
and size to be quite easily carried by one person.

L.  BSemi-TPortable Rediction loniltorin: ITastrureanis

tLat .o detlection, doge rate neasuring, o dosc measuring lastru-
nents usvally requiring an outside power :)UL3) used r'or the moni-
toring of personael ng/or the moniteriag of eifluents to the ground,
alr, or water. TFrequently the instrument is of such weight and size
that it cannot ve easily carried by one persoa, but may be equipped
with wheels, casters, or skids to facilitate movement.

¢. Tixed Radiation Monitoring Instruments

Rediation detection, dose rate measuring, or dose measuring instru-
ments used for the monitoring of personael and/or the ronitoring of
elilvents releaged to groond, eir, or water, vihich reguire special
instellation sucl as wiring, piplng, cte. They cre usvally coa-
picdered Lo be o building Jixture.
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RADIATION PROTECTION STANDARDS

;ﬁ?u Deghection convrols,

IT. RESPCLEAIEBILIVY
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b. For mixtures of radiocnuclides in the body, the body burden of the
mixture shall be determined and limited in accordance with the prin-
cipleg contained in NBS Handbook 69, Maximum Permissible Body Burdens
and Maximun Permissible Concentrations of Radionuclides in Air and in
Water for Occupational Exposure.

Mixed Exposures

The radiation dose from both external and internal exposure sources shall
be limited such that the average annual dose does not exceed 15 rems for
most individual organs of the bedy, or 30 rems when the critical organ is
the thyrold or skin, or 5 rems when the gonads, or the blood-forming
organs, or the lens of the eyes, or whole-body is the critical organ.

Special Authorizations

Un rare cccasicns, unvsual cases may warrant individual exposures abcve
the limits contained in the Standards. These will require the express
authorization of the Manager, Radiation Protection.

Accidental or Emergency EXposures

Information on accidental and emergency exposures appears in RPS 6.3,

Medical Exposures

Radiation exposures received during medical examinations will not be
included in the record of occupational radiation exposure of the per-
son.

Minimum Age for Radiation Workers

Persons under 18 years of age shall not be assigned Radiation Zone work.

Prior Employment Record

When any person accepts employment in radietion work, it shall be assumed
for purposes of controlling subsequent exposures that he has received his
age-prorated dose up to that time unless: (1) satisfactory records from
prior radiation employment show the previous exposures; or (2) it can be
satisfactorily demonstrasted that he has not been employed in radiation
work.

Human Exposure QOuiside the Controlled Ares

The radiation or radivcactive material outside the HAPQ controlled area,

and atiributable to normal operations within the controlled area, shall

e such that it is improbable that any individual will receive an exter-
nal radiation dose of more than 0.5 rem in any one year.

The maximum permissible body burden of wradionuclides in persons outside
the controlled area, and attributable to normal operations within the
controlled area, shall not exceed one-tenth of the applicable body
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burden 1listed ia Appendix A. The body burden may be averaged over periods
up to one year.

IV. COPERATTONAL COMTROLS

- 1. Occupational External Ixposure

The control of external exposure is primarily achieved at HAPO through
- the personnel meter program. Therefore, the following exposure limita-
tions are to be applied by facility menagement to assure that HAPO Radi-
ation Protection Standards are met:

a. The "whole body dose", evaluated through the personnel meter program,
should not be permitted to exceed 1 rem in any regular four-week

- badge period, or 5 rems including 3 r in any calendar year.

b. The "skin dose", evaluated through the persounnel meter program,
should not be permitted to exceed 2 rems in any regular four-week

e badge perliod, or 10 rems in any calendar year.

c. The "extremity dose”, evaluated through the personnel meter program
or job monitoring, should not be permitied to exceed 8 rems in any

— regular four-week badpge period, or 40 rems in any calendar year.

d. Application of the four-week badge period shall be such that the
exposvre standards in III are not exceeded,

2. Cccupational Internal Exposure

v Control of internal dose at HAPO is achieved by limiting the average con-
centrations of radicactive materials in the air, water or food taken into
the body.

a. Alr-borne radionuclides should be minimized through appropriate local
Operational controls. In general, there should be no planned exposures

- to alr concentrations which exceed the limits contained in Appendix A

without respiratory protection. (Tritium is the exception. Control

Tor exposure to air-borne tritium should be based on limiting the

-~ whole-body dose to a total of 1 rem in any four-week period and 5 rems
in any calendar year.) Whenever air-borne concentratioas are likely
to exceed the limits listed in Appendix A, apparel as noted in RPS 4.7,
Radiological Protective Apparel, shall be worn.

. Drinking water concentrations should be kept to the minimum practical.
Whenever the drinking water in HAPO facilities exceeds one-tenth of
the limits listed in Appendix A, local operational controls should be
enacted to reduce the concentrations to below one-tenth of this limit.
See also RPS 7.2, Radicactive Materials Released to the Environs.

e c. Personal contamination shall be minimized through appropriete local

operational controls. Whenever human contamination in excess of thet

stated in RPS h.?, Radiological Protective Apparel, is likely to

- result, appropriate personnel protective apparel snall be worn.

d. Whenever the body burden from a radionuclide(s) exceeds one-half the
applicable limit listed in Appendix A, further planned exposure to

s the offending or biologically similar auclide shall be prohibited.
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3. Qecupational Mixed Exposures

When o radiatio: dose from both exterazl and iaterual exposure scurces 1s
vel i ovcurrtiated by an individual, exposure coatrols, additionel to those
listed avove, may be iecessary. Any special limivations ilmposed on occupa-
tional exposures of such iudividuals shall be isgued Ly the Manager, Radi-
atios Protection and shall te administered by the lacility management

iavoived.

. Nonoccupational Exposure Control Criteria

The discharge of controlled amounts of radioactive materiesds to the eunvi-
rons ol an atomic eaergy teacility may coatrivute to the potential non-
oceupctional exposure of persons liviag in the vicinity of such a facility.
Tae coatrol of such exposure ig primarily established for the purpose of
lecola; tie average dose to the whole populatioa as low as reagonably
possible axd aot because of the likelihood of specific injury to en indi-
videal. This control at JAPO is primarily ellccted through the rate of
release of radiocactive effiuents.

The degree of control necessary takes into consideration a number of
factors such as: mode of exposure, possible uptake and concentration in
foodstui'fs, multiple paths of intake of radionuclides, the critical organs
involved, effect of other atomic energy facilities on capacity of envirou-
mental dispersal media, and the technologlcal difficulties iavolved 1n
meling direct measurements of the individual dose to a resident of the
environs. For these reasons the control criteria are indirect and are
usually described in terms of concentrations of radionuclides in air

and water at the point of potential intake.

Since an individual's accumulated dose resultilug Srom environmental dis-
charge of radionuclides would normally result from exposure to diverse
sources and multiple paths of intake, the actual concentration of any
one radionuclide in the environs is imporiant only to the degree that

it contributes to the total potential dose from the particular mixture
of radionuclides which may be present.

The above considerations shall be implemented by limiting the calculated
meximun dose to an individual in these environs to 0.5 rem/year of pene-
trating rediation and a maximum body burden of 1/20 of the value in Appen-
dix A. Normally this will require that at the point of potential intake,
the concentration of radionuclides in air and water of HAPQO origin be
limlted to 1,100 of the spplicable MPC specified in Appendix A. Addi-
tiorally, measurements shall be made which allow consideration of radio-
auclides in feodstulls to be factored iato the above limitations. These
caloulations shall utilize the Lest measurement technigues avallable.
These calce.lations and concentrations may be averaged up to a one year
interval.

V. PHILOSOPHY
The occupational exposure conbrols listed above, when considered with the

reliability of HAPO job and area controls, the probability of multiple radi-
ation exposures in one task, the practical limitations in measuremeant of
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personnel exposures, and the acknowledged degree of uncertainty in different
exposure standards, provice reagonable assurance {that no individual's doss

e from vhole-body exposurs to external radistion sources will exceed the levels
preceribed iu the Stanldo i,

o The fational Committee on Radiation Protection and Measurements, whose recom-
mendations form the base for these 3tandards, scknowledges thaet fairly wide
latitude in the rate of delivery of an individual's dose is permissible.

. However, the WCRP qualifies this latitude with the statement that desirably
an cceupational dose should be distributed in time as uniformly as possible.
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY THE SUBRJECT? CLASSIFICATIONS
MANAGER
RESPONSIBILITY FOR RADIATICN ZONE WORK Radiation Controls
RADIATION PROTECTION

I. PQLICY
Areas designated as Radiation Zones, and equipment or personnel within these
zones, shall be controlled to the extent necessary to assure the radiological
protection of persounel.

II. RESPONSIBILITY

1.

2.

’ 6!
|
!

Custodial responsibllities of Radiation Zones shall be stated specifically
by appropriate management.

The Operating group having responsibility for a Radistion Zone shall assure
that access is limited to authorized persons and that work is authorized

in accordance with approved procedures. The Operating group is also
responsible for assuring that thelr Radiation Zone activities are performed
with the stated or implied intent of this Manual and that requests for
deviations are submitted to the Manager, Radiation Protection, for approval.
The prompt reporting of radiation incidents as required by RPS 6.1, Radi-
ation Incidents, is also an Operating group responsibility.

Servicing groups performing work within & Radiation Zone shall assure thatb
current radiological working conditions and protective requirements have
been determined by qualified personnel and specified in an approved Redistion
Work Procedure or Permit.

Individuals entering Radiation Zones shall assure themselves that they have
met radiatiou protection requirements contained in a Radiation Work Proce-
dure or Permit.

The group responsible for local radiation monitoring shall insure that local
Radiation Zone procedures are adequate to control personnel exposure to
within prescribed radiation and contamination limits. The group responsible
for local radiation monitoring shall also be respousible for submission to
RPO of copies of Radiation Work Procedures within their Jurisdiction.

The Manager, Radiation Protection, is responsible for issuing HAPO Radiation
Zone restrictions for specific individuals, based on thelr radiation expo-
sure history. The review and approval of any deviations to the stated or
implied intent of this Manual is also & responsiblility of the Manager,
Radiation Protection.

The Radiation Protection Operatlon is responsible for prescribing the general
criteria for personnel radioclogical protection and personal dose evaluation
messurements and equipment and for determining conformence to the criteria.
The responsibility for providing individuals with a2 sultable radiation pro-
tection orientation regts with the immediate supervisor. See RPS 5.5.

ITI. STANDARDS

1. Radiation Zone Establishment
Radiation Zones are established to identify sources of slgnificant ionizing
radiations and to minimize casual exposure. A Radiation Zone is an area,
item of equipment, or work location wherein:
DATE I1SSUED SUFERSEDES ISSUE DATED PAGE NO,
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v,

PHILOBOPHY

The overriding aspect in any presentation of responsibility for Radisation

Zone work is of courge the protection of the individual. Thus the respon-
sibility and the standards for achieving adequate coatrol within Radistion
Zones at Hanford are based on the individual being informed and upon pro-

cedures and operational techniques which, in depth, assist the individual

to stay within prescribed radiation protection controls.
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

ECT CLASSIFICATION:
ISSUEDR BY THE SUBJECT?

RADIATION PROTECTION

I. POLICY

The presence of radiation or radiocactive materials within the category of
"Radliation Zone" shall be identifled by the symbol described below.

IT. RESPONSTBILITY

The designers and users of Radiation Zone signs, tags, stickers, ete., shall
insure that standardized colors and symbol proportions are met.

III. STANDARDS
1. Bymbol
a. The symbol shall be oriented such that two of the vanes are directed
upward.

. The symbol shall be as large as 1s consistent with the medium used
and shall be maintained in the proportio%F indicated below:

ZETI
|

. 0.28 OF Rjé\ime OF R
2. Colors

a. Symbol and words (if any) - magenta.

b. Backgrouand - lemon yellow.

c. A color shall be acceptable if it is within the Munsell Book of Color
limits listed below:

Magenta Lemon Yellow
Hue Color Value Chroms. Hue Color Value Chroma
10.0 P 3 or 4 Not less ILimit 2.5 Y Not less Not less
than 6 than & than 8
1.3 RP h,2 1.5 Mid-point 5.3 Y 8 12
5.0 RP 3 or k4 Not less Limit 7.5 Y ot less Not less
than 6 than & than &
3. Wording

If any, use RADIATION ZONE, possibly accompanied by an explanatory message
such as KEEP OUT, HANDS OFF, STAY THREE FEET AWAY, UNDERGROUND.

MANAGER RADIATION SYMBOL Radletion Controls

DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO,
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

RADIATION PROTECTION

uBJECT ] CLASSIFICATION?
ISSUED BY THE s t

MANAGER RADIATION CENERATING MACHINES Rediation Controls

POLICY

Control procedures shall be established to protect personnel who operate, ser-
vice or have access to the vicinity of a radiation generating machine,

II. RESPONSIBILITY

1. The user of & radiation generating machine is responsible for maintaining
adequate radiation protection safeguards at end about the machine.

2. The group responsible for local radiation monitoring is responsible for
recommending radiation protection safeguarde that are adequate to prevent
inadvertent personnel exposure from radiation generating machines located
in work areas within thelr juriasdiction.

IIT. STANDARDS

1. A "radliation generating machine" is defined as an X-ray generating device
(fluoroscope, industrial X-ray machine, spectrometer, etc.) or a particle
accelerator (Ven de Graaff, cyclotron, electron microscope, etc.) or any
other electrical device generating ionizing radiation (including TV tubes)
from which personnel may be exposed at a rate exceeding one mrem/hour.
Fach shall have Radiation Zone status while operating.

2. Radiation generating machines shall be operated only under the authority
of a Standard Operating Procedure, This procedure shall be posted at or
near the machine.

IV. PHILOSOPHY

The ionizing radiation from redistion generating machines, unlike that from

radicactive substances, cen be started and stopped upon demand. This feature

can result in radiation protection safeguards that also start and stop, making
possible electric interlocks and barriérs, but also making it difficult to
adequately alert nearby workers, especially for mobile machines. It is hoped
that emphasizing these provlems in a separate Standerd will facilitate creating
adequate radiation protection safeguards for the machines.
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

CLASSIFICATION?
ISSUED BY THE SUBJECT?
MAMNAGER ) ) ‘ . |
OFFSITE OJCUPATTONAT, EXPOSURE Radiation Controls
RADIATION PROTECTION

II.

IIT.

POLICY

HAPO personnel shall ohserve HAPO Radiation Protection Standards while on
official business at offsite locatious.

RESPCNSIBILITY

1. The traveling employee is responsible for notifying the Exposure Evalu-
ation and Records Operation {phone 3204) that he expects to enter Redi-
ation Zones in the course of his officlal offsite trip.

©, The Radiation Protection Operation is responsible for providing consul-
tation on applicable Standards 1o be cbserved during offsite official
business and for providing persoanel monltoring services deemed necessary
to assure the measurement and recording of exposures recelved by HAPO
employees during official offsite business.

STANDARDS

1. HAPO employees, while on official offsite business, should conform to
local Radiation Protecition Standards when these Ztandards are not in
conflict with HAPC Standards.

2. HEAPO employees, while within offsite Rediation Zones, shall wear the
personnel monitoring devices provided by the HAPO Radiation Protection
Operation in addition to devices provided by the offsite facility.

3. The exposure to ionizing radistion sustained by HAPO employees while
performing official offsite business, shall be individually evaluated
and integrated into HAPO exposure records.

PHILOSOPHY

The probability for excessive exposure to lonizing radiation while on a
business trip is small. However, HAPO is charged with the responsibility

of determining and recording the gignificaat occupational exposure of each
employee, essentially irrespective of whers or when received. This is nor-
mally accomplished by the HAPC film badge program. Sometimes, however, other
means such as bioassay evaluations may be appropriate. Therefore, the poten-
tial for exposure is individuslly determined at the time of the inlitial tele-
phone notification, rather than by standardizing on one set method for evalu-
ating offsite exposures.
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

SUBJECT: CLASSIFICATIONT

ISSUED BY THE

MANAGER RELEASE FROM RADIATIOQN ZOWNE STATUS Radiation Controls

RADIATION PROTECTI!ION

I. TOLICY

Personael and eguipment, within Radiatlion Zones, shall be released only in
accorcsncee with epproved procedures.

II. RESZOITSILILITY
- 1. The responsiblﬂ operating group should assure complizace with exit pro-
vosions locel Radietion Zone procedures.
2. The ;youp ~csuon51ble T'or local radiaition monitoring shall sssure that

estalblished procedures forestsll the inadvertent release of contaminated
egu.cment or perscanel {rom established Radistion Zones.

1. nnel aad material unconditionally released Trom Redistion Zones shall
Irom sigaificant radicactive conmtamination.
2. sucveys shell be performed with the mest sensitive alpha, beta, and
a cetecting instruments evailable. These surveys shall be made for
Cnlut »5 of alpha, teta, and gamma radistion unless it is rnown that a glven
type is 20U preseat.

4. Unconditicnal release surveys should ve performed only where the background
does not exceed 500 ¢/m (measured on a QM- type iastrument) or 500 d/m
{measured on a poppy- type Lastrument).

4, Appropriate personal surveys should be made by, or ia Lehali of, personael

exiting rrom Radiation Zones wherein radicactive contamination is present.
5. Any contamination detected as a result of exit surveys shall be promptly
broughit to the attention of the group responsible for loecsl radiation moni-
i toring.
&. The number of exits {rom established Radiabtion Zones should be ninimized.
l T, Coantamiasted excess and surplus materiel may Le released by compliance with
i the Jolleowing conditions:
:
[

g. For uaconditional release there shall
-~ 1o smearable contamlaation .
-- alpha contamination of < 500 d/m per 100 e
-~ beta-gamma contanination of < 200 ¢/m per M probe area
i -= & low probablility Jor occluded or iaternal coatamination.
et fouwd oontgminated Lut to witnla the levels listed velow may
veleased as "lagred” equipment i accordance with AEC Manual Chapter
5i:o-1E11A:
-~ 10 smesravle contand _bljo )
~= alnha cortamiaavion o0 < U0 d;a per 100 an© (when kmown to be plu-
' Tree, tuhe alpha convaminatlion shell e < 2000 d/m per 10U
pamia. contaminatlon of < w0 oym per GM probe area, when il
1o contaminant s uplnowa. Ihgq anown, ke eontaminaant is
mown aaxd is not SrA0, Ca”) g ), BLc*”, x»éﬁv, wnen the beta-saume
release Limit st e 1 quu,Lu.
c. Foriwteriel witn caclace contaaninction > 1 rrad/tr, HAPO Radiation
Zone requirements shall apply.

o

DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO,

"

~1-4 -1-57 S R S .5

BM—7800—055 (6—57) AEC-GE RICHLAND. WASH.




UNCLASSIFIED

HW~—25437 REV D

8. FEquipment removed from a Radiation Zone for further use at HAPO withcut
meeting unconditional release requirements chall itself be identified
as a Radiation Zone.

9, Material to be offered for unrestricted public sale shall be free of
significant quantities of radicactive contamination.

PHILOSOPHY

At HAPO, Radiation Zones are not separated into "radiation" and "contamina-
tion" categories. This is because radiation protection activities are fun-
damentally concerned with controlling personnel exposures, regardless of the
source or type of radiation.

This particular Standard 1s concerned with insuring that significant gquan-
tities of radioactive materials, regardless of physical state, are suitably
confined. This goal is believed best achieved by having local controls,
rather than by having rigid HAPO-wide Standards which would be unduly restric-
tive in some cases. However, to achieve flexlible radiation controls, each
Radiation Zone worker must know and abide with local procedures if adequate
confinement of coantamination is to be achieved.
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

RARDIATION PROTECTION

SUBJECTS CLASSIFICATIONY
ISSUED BY THE

MANAGER SHIPMENT OF RADIOACTIVE MATERTALS Rediation Controls

II.

III.

Iv.

POLICY

Offsite shipments of radioactive material from HAPO shall be in accord with
federal, state, and specific carrier regulations. Onsite shipmeats shall
comply with HAPG standards and regulations.

RESPONSIBILITY

1. Supervision asuthorizing the shipment is responsible for assuring that
applicable regulations are mei,

2. Yor onsite shipments, the group respounsible for local radiation monitoring
that serves the shipper is respongible for insuring that shipment proce-
dures for radicactive materials are adequate to minimize the casual expo-
sure of personnel.

STAITDARDS

1. Orfeite radicactive shipments of HAPO radiocactive material shall conform
to current regulations of federal, state and local legal authorities. An
abstract of these regulations is contained in Appendix B. Shipping arrange-
ments shall be made through the Traffic Subsectlon, Construction Englneering
and Utilities.

2. Onsite radioactive shipments are those within and between the 100, 200,

300, 600, 700, and 1100 Areas. These constitute transient Radiation Zones
and shall be identified as reqguired in RPS 4.1 and L4.2.

3. All onsgite radioactive shipments shall be in accordance with either a
specific Special Work Permit, a Standard Opersting Procedure, or a com-
pleted Radiocactive Shipment Record form. (In addition, shipments of classi-
fied radioactive or other noa-inspective material should meet security
requirements found in the CEZUOQ OPG 9.6.)

L. During shipments within HAPO, the radiation level at closest approach should
not exceed 50 mrems/hour.

5. Shipments escorted by AEC couriers are exempt from federal and state carrier
regulations,

PHILOSCPHY

Nationally, an increasing number and variety of radioactive materials are on
the move and the sgpecific tariffs and government regulations regulating these
movements are gradually changing to meet the increased traffic. Therefore,
although Appendix B provides abstracts of shipping regulations deemed useful

as a guide, it is recommended that for unusual or dublous shipments, the latest
specific applicable tariff be consulted.
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Onsite shipments are also increasing, especially routine shipments of waste.
This type of shipment would appear to be particularly suitable to Standard
Operating Procedures and their use is recommended.
tailored to a specific type of shipment has the advantage of being able to
spell out the practical details of packaging, loading, securing the load,
routine and security approval or escorting, etc., better than a Special Work

Permit or Radioactive Shipment Record.

UNMCLASSIFIED
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HANFORD ATOMIC PRODUCTS OPERATION

RAD]ATION F’ROTECT]ON STANDARDS

ISSUED B8Y THE

MANAGER RADIOLOGICAL PROTECTIVE APPAREL Radiation Controls

RADIATION PROTECTION

SUBJEC"I‘: CLASSIFICATIONY

I. POLICY

Adequate protective apparel shall be provided and worn in Radiafion Zones
wherein significant radicactive contemination is or may be present.

IX. RESPONSIEBILITY

1.

1.

It ie the responsibility of each person who enters a Radiation Zone to be
aware of, and comply with, whatever protective apparel requirements are
specified.

The Radiation Work Procedure of a particular Radlation Zone shall specify
protective apparel Judged necessary 4o prevent or minimize the spread of
contamination to any individual entering the Radiation Zone.

The operating group responsibvle for activities within the particuler Radi-
ation Zone shall issue and control the protective apparel.

The Radiological Development Operation of the Hanford Laboratories Operation
is regponsible for designating, after consulting with interested groups, the
design and performance specifications for all rediological protective apparel
st HAPO with the exception of respiratory equipment. In addition, the fileld
testing and/or evaluation of rediclogical protective apparel shall be co-
ordinated by the Radiological Development Operation.

The evaluation of respiratory equipment, together with the creation of design
and performance specifications, is the responsibility of the Indusirial
Hygiene Operation.

III. STANDARDS

Protective apparel in this Standard applies to all body and extremity
covering schemes and respiratory equipment relating to radiological protec-
tion.

Bedy covering apparel to be used for protection against radioactive contami-
nation shall be predominantly white in color, or else conspicuously identi-
fied by appropriate markings.

Normally, radiological apparel should be donned freshly laundered. Re-use
should be suthorized only after the article has been surveyed and released
in accordance with local procedures. Special items, such as leather gloves
used in handling uranium when judged to be contaminated to less than the
prescribed amount, may also be re-used providing the conditions of re-use
are specified by procedure.

Fresh and used protective apparel shall be kept segregated. The weariug

of protective apparel should normally be limited to Radiation Zones.
Contamination levels for laundered protective apparel shall be such as to
insure that there will be nelther a significant radiation exposure nor a
spread of contamination to the personal clothing or body cof the individual
weariag the protective apparel.

Work with loose or smearable contamination (nominally, in excess of 500 c/m
for P -y-rays as measured by a GM type instrumeat or 500 d/m for g~ray as
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measured by a poppy type instrument) should normally require the use of

protective apparel.
7. Respiratory protection shall be worn in accordance with the below listed

conditions:
RESPIRATCRY PROTECTION REQUIREMENTS
Protection Required
Respirator | Assault] Chemox or
Contaminant Concentration pc/cc | None | or Half Mask | Mask* | Fresh Air¥
Plutonium < 2x10-12 X
2x10-12 to < Lbxio-11 x
P Ly10-11 X
Uranium < éx10-+l 1o ¥
6x10-11 to < 1.2x1077 x
1.2x10710 1o <1.2x107 x
P 1.2x1072 X
Mixed Fission < 1x107Y x .
Products 1x10-9 go < 2x10‘8 X
> 2x107 b4
Other Then < QOccupational Limit
Above listed in Appendix A| X
Up to 20X Appendix A X
> 20X Appendix A X

# Respiratory equipment effectiveness is based in part on the fit of the mask
of the individual. The face should be clean shaven to secure a seal. When
eye glasses with conventional temples are worn, the overall efficiency of
full-face masks shall be assumed to be 50 per cent.

The above listed requirements are considered adequate protection against par-
ticulate air-borne contamination. In the event that gaseous radilcactlive con-
taminants are present, the Industrial Hyglene Operation should be contacted
as to appropriate respiratory apparel.

PHITOSOPHY

Radiological apparel is issued primarily to protect workers from the internal
contamination that can be acquired by the inhalation, ingestion, injection, or
absorption of radiocactive materials. To protect against these modes of body
entry the radiological status of any Radiation Zone work is carefully estab-
lished and the radiological apparel that is judged to provide adequate protec-
tion is specified. Once this has been done, the individual entering the Radi-

ation Zone must assure himself that the protective clothing is doing the intended

job of protection. This may mean checking to determine that the article to be
worn is a good fit and is in good repair. Or, it may mean taping shut openings
in coveralls, or donning clothing in a seguence that will enable subsequent
removal to be effected without cross-contemination. Ultimately, the Radiatlon
Zone worker protects himself throuzh the intelligent and informed use of the
provided protective devices.
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GENERAL @ ELECTRIC

HANFORD ATOMIC PRODUCTS QPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY THE

MANAGER

RADIATION PROTECTION

SUBJECT!: CLASSIFICATIONg

RECEIPT OF RADIOACTIVE MATERIAL
FROM QFESITE Radiation Controls

IT.

III.

PCLICY

Radiation protection procedures shall be established and implemented for
handling radiocactive materials received from offsite.

RESPONSIBILITY

1.

no

Bach HAPC organizational component handling mail, packages, or shipping
containers which are known or suspected to contein radicactive material
is responsitle for establishing and implementing procedures for contami-
nation and personnel exposure control in accordance with +these Radiation
Protection Standards and the recommendetions of the group responsitle for
radiation monitoring for the component.

The individual or group ordering the radicactive material should inform
the expected recipient (if other than self) of the order and the approxi-
mate arrival time of the article.

STAITDARDS

1.

3.

Mail or shipments containing radicactive material from offiste are expected
to be found in conformance with the federsl regulations (RPS Appendix B)
for packaging and labeling. Any apparent viclations shall be reported to
the HAPO Traffic Subsection for relaying via the AEC to the Bureau of Explo-
sives.

If there is apparent damage, leakage or other suspicious characteristic of the
article, it should be set aside and the group responsible for loecal radi-
ation monitoring shall be notified promptly so that sppropriate action may
be taken.

For routine shipments, written standard operating procedures approved by
the group responsible for local radiation monitoring should be used.

ADMITIISTRATIVE GUIDES

1.

If there is evidence that the vehicle transporting radiocactive material
migcht be contaminated, it is HAPO practice to survey the vehicle. When
contemination is found in excess of the limits prescribed by federal regu-
lations (RPS Appeadix B}, the driver should be informed and the HAPO
Traffic Subsection and AEC-HOO Transportation Branch shall be notified.
Private vehicles contaminated by causes outside the control of HAPO shall
be decontaminated only upon AEC request.

Humerous kiads of commercial equlipment now coatain radicactive materials
in such small quantities that labeling or special packaging is not re-
quired by federal shipping regulations. However, the radiation and aay
escaping contamination may interfere with the sensitive radiation measure-
ments made in many HAPO facilities. When such articles are received or
discovered in HAPC facilities, they should be labeled to denote the
presence, and if known, the amount and kind of radioactive material.
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

RADIATION PROTECTION

SUBJECT CLASSIFICATIONS
ISSUED BY THE us '

MANAGER Exposure and
PERSONNEL MONITORING - EXTERNAL

II.

ITT.

POLICY

Tazh individual who enters a Rediation Zone shall have his exXposure to
external radiation evaluated.

RESPONSIEILITY

1. The Radiation Protection Operation is responsible for designating approved
personal radiatioa monitoring devices and their use.

2. The group responsible for local radiation monitoring shall prescribe ithe
approved personal radiation monitoring devices to be used by entrants to
radiation Zones.

3. Pach individual entering & Radiation Zone shall insure thet personsl moni-
toriang equipment is used as prescribved.

L. The Exposure Evalustion aad Records Operation is responsible for supply-
ing, processing, evaluating, and recording all film-type personal radi-
ation monitoring devices at HAPQ.

STANDARDS

1. The minimum personal moanitoring device for Radiation Zone eatry shall he
a film badge sensitive to beta and gamma radiations.

2. Lvaluations of whole body exposure to ionizing radiations msy be supple-
mented by the use of individual lonization chambers, called pencils.

3. For the evaluation of non-routine exposures, special devices (neutron
film and pencils, Cinger rings, etc.) should be prescribed and worn.

4. Personal monitoring devices shall normally be worn at or sbove the waist

on the front of the body and near, but not covering, other units.

Records shall be kept for each individual of occupational exposure to

ionizing radiation.

A

PHILCICPHY

The routinely issued personal monitoring devices in use at HAPO have proven,
throvgh many years of use, 1o be a reliable index of Ilndividual exposures.
However, the devices are iaherently an alfter-the-fact record. Therefore,
although the film badge effects a primary record of exposure, it is empha-
sized that the primary control of exposure is effected by radiaetion protec-
tion programs preseantly utilizing dose rate surveys and time limite.

Pergonael moniltoring equipment at HAPO is highly reliasble given reasonable
care. Iovever, the badge film record can be altered by heat, liquids,
pressure, or iight leaks. Also, & pencil may lose its electrostatic charge
if opened, distorted, severely jarred, or immersed in liquids. Supervision
shall be notified immediately when mistreatment or contamination of any unit
1s known or suspected, or if any unit is lost, and shall arrange for replace-
ment eguipment before the person is further exposed to significant levels
of radiation or contamination.
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GENERAL @ ELECTRIC

HANFORD ATOMIC PROUODUCTS OFPERATION

RADIATION PROTECTION STANDARDS

SUBJECT CLASSIFICATION]
ISSUED BY THE

MANAGER PERSONNEL MONITORING - INTERNAL Exposure and

RADIATION PROTECTION Monitoring Records

I. POLICY

Fach individual routinely working with redicactive materials at HAPO shall have
his exposure potential from internally deposited radionuclides evaluated
periodically.

II. RESPQITSIBILITY

1. The Exposure Lvaluation and Records Operation is responsible for process-
ing, evalvating and recording data directly relating to the internsl doge
of individuals exposed to radiocactive materials within the EAPQ controlled
area,

2. The group respcnsible for local radiation monitoring is responsible for
designating, with the concurrence of the Exposure Evaluation and Records
Operation, those individuals who should have their exposure to radio-
nuclides periodically evaluated.

ITT. STAINDARDS

1. The exposure potential from internally deposited radicnuclides for indi-
viduals who routinely enter HAPO Radiation Zones shall be evaluated at
least once a year.

2. Each permanently assigned HAPO employee shall have his exposure potential
from internally deposited radionuclides estimeted promptly after arrival
at Hanford.

3. Fach terminating HAPO employee who has entered Radiation Zones in the
course of his work assipgnments should have his exposure potential from
deposited radicnuclides cstimated.

L., A prompt evalustion shall be made for each known or suspected case in-~
volving a significant deposition of radiocactive material.

5. DRecords shall be kept for each individual of occupational exposure to
jonizing radiation.

IV, PHILOSOPHY

The routine detection of individual exposures to internally deposited radio-
nuclides is based primarily on bioassay techniques. These technigues detect
minute amounts of radiocactivity and specilal care must be %akea not to intro-
duce contamination into the specimen, or into the equipment. The cooperation
of all groups involved in biocassay sampling is necessary to assure that accur-
ate and sensitive evaluation 1s secured.
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GENERAL @3 ELECTRIC

HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

CLASSIFICATION:
ISSUED BY THE SUBJECT:

MANAGER CONTAMINATION CONTROL Exposure and
RADIATION PROTECTION Monitoring Records

I. POLICY
Contemination control surveys shall be required for HAPO personunel upon each
exit Ifrom Radiation Zones and work areas where significant radioactive con-

tamination may be present.

II. RESPONSIBILIIV

1. The group responsible for local radistion monitoring shell designate the
worll areas wherein routine personnel surveys shall be required.

2. The operatiag group should secure end arrange for the malatensnce of appro-
priate personnel monitoring equipment.

3. Individuals within these desipgnated work areas shall comply with local
personnel monitoring requirements.

LII. STANDARDS

1. The minimum personnel contamination control survey shall te a hand and shoe
suTvVey.

2. Personael surveys shall be performed with sensitive radiation detection
instrunents.

3. Persoannel surveys ghall he made before eating, or when leaving the desig-
nated work area. OSuch surveys shall be in addition to the personal sur-
veys required when leaving a Radiation Zone wherein significant radiocactive
contamination is present.

I,  Then personal contamination is indicated, the local radiation monitoring
or operating group should be notified. Cnly if he is alone should the
person leave the survey location to seek assistance, taking precautions
such ag donning shoe covers or touching as few objects as possible to
minimize the spread of contamination.

2«  Follow-up action aifter persoanel contamination is found shall include a
survey of the individual's exposed skin surfaces, his protective apparel,
the work area and probable source of the contamination if practicable,
and the appropriate recording of pertinent data.

€. Any person observiarg faulty or inoperative persomnel monitoring instru-
ments should notify operating suvervision.

(« Personnel monitoriang equipment shoild hbe functionally checked at least
once each shift that the desipgnated work srea is routinely occupied.
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GENERAL @ ELECTRIC

HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY THE

SUBJECT? CLASSIFICATION:

MANAGER RADTATICON PROTECTICN RECORDS Exposure and

RADIATION PROTECTION

Monitoring Records

iI.

IIT.

POLICY

Records shell be created and maintained which will allow for the evaluation of
human exposures sustained from ionizing radiation of HAPO origin.

RESPONSIBILITY

ll

2.

The Radiation Protection Operation is responsible for the creation, evalu-
ation and recording of primary exposure data.

The group responsible for local radiation monitoring is responsible for
the creatlon, completion and forwarding tc Record Center, or to the
Exposure Evaluation and Records Operation, of secondary and supporting
exposure records.

The Exposure Evaluation and Records Operation is responsible for develop-
ing and coordinating conformity in HAPO radiation protection record-
seeping.

STANDARDS

1.

are normally used ag "office files".
DATE ISSUED SUPERSEDES ISSUE DATED

3-1-80

Primery Exposure Records are forms or material which constitute the origi-
nal individual exposure records. Badge film, including processing data,
and the recording of gemme and neutron pencil indications, plus bicassay
results and evaluations shall constitute the primary expcsure records.
cecondary Records are forms or charts recording radiological conditions
wherein human exposure to ionizing radiation is possible. These supple-
ment the primary records and are used, in general, to evaluate the radic-
logical conditions at HAPO. Examples of secondary records employed to
evaluate radiation exposure at HAPO are;

Radiation Survey Log Sheets Radiation Tncident Records

Air Sample lLog Sheets Skin Decontamination Records

Fixed Tonization Chamber- Radization Exposure Estimate Cards
Recorder Charts Hand and Shoe Score Cards

Special Work Fermits Thyroid Check Records

Radiation Work Procedures

supporting Records are the large variety of records in use at HAPO which
are not prima facie evidence of personnel exposure but which can znd have
been used 1o supplement primery and secondary records. Examples of these
records are:

Radicactive Shipment Records Field Check of Portable Instruments
A11 HAPO records are broadly classified into either "record files" or
"office files" in accordance with the applicable OPG or Advice on Record
Control Programs. In general, primary and secondary exposure records
should be considered 'record files!, while supporiing exposure records

' PAGE NO,

7-1-57 1 oF ) 5.1

BM—7B00—055 (6~57) ac£c.GE RICHLAND. WASH.



HW=25457 REV 2 UNCLASSIFIED

5. Primary records shall be contained in individual exposure record files.
In addition, secondary records directly relating to real or alleged radi-
ation incidents involving personnel shall be included in individual expo-
sure record files.

. Primary records should be treated as containing strictly private infor-
mation.

7. Schedules for the reteantion, storage and disposal of radiation protection
records shall be coordinated with the Exposure Lvaluation and Records
Operation.

3. The scope and degree of data required from HAPC radiation protection
records are described under the following four functional categories.

a. Personnel Radiation Exposure Records

Records accumulated which date, measure and evaluate the occupational
exposure of persons to iopnizing radiation and radiocactive materials:

(1) Individual radiation exposure dossiers, identified by name,
social security number, employee and payroll number, and con-
taining the following:

(a) The status of occupational exposure t¢ ionizing radiation
from sources external to the body (e.g., personal monitor-
ing film, records of pocket ionization chambers, finger
ring film, cumulative exposure summary records, etc.).

(L) Estimates of occupational exposure to ionizing radiation
from sources external to the bLody (e.g., individual expo-
sure estimate records, notations that indicate persounel
exposures for a stated interval were estimated not to
exceed a stated vaiue, individual hand and shoe contami-
naticn check records, etc.).

(c¢) Evaluation of the presence of radiocactive materials occu-
pationally introduced into the body (e.g., bioassay
results, scintillation body-monitor surveys, thyreid
checzks, etc. ).

(d) Deooumentation relative to an individual's involvement in

© known radiation incidents.

(e) UTotations of individuals under diagnostic or therapeutic
medical treatment involving radionuclides or radio-
therapy when such information is known or volunteered by
employees.

(2) Records indiceting persounnel monitoring device assignments;
noting individual time, interval, location, and first-entry
processing data for the device.

(3) Procedures {routine and special) which describe and define
each type of personnel monitoring device, coadition for per-
sonnel assignment, means of processing, and measurement tech-
nigues.

(L) Procedures (routine and special) which present the criteria
for evaluating the persounnel dose sustained from exposure to
ionizing radiation resulting from ocoupational activities.
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(5) Reports, formel aad summery, monthly and aanual, quarterly, and
audit records of the status and evaluations of occupational ner-
sonnel exposure 'to sigaificant sources of ionizing radistions.

b. Zadiation Monitoriag Records

Documents showing periocdic and cumulative determinaticns of the radio-
logical status of work locations, descriptions of radiation incideats
— and sumrary~type reports indicating activities, achievements and
advancements in radiation protection:

- (1) Alr sempling logs and records.

(2) Rediation survey logs and records - listing location, time, per-
sonnel involved, radiation levels (maximum exposure).

(3) Contlaucus recording or detecting radiation device charts or logs
ete.

() Radiation incident records containing a listing of personnel

. involved, an evalustion of personnel exposures, a description of
the incident, the incident cause, and appropriate remedial action.

(5) Procedures (routine and special) that define and describe stan-
dard prectices and policies on survey and monitoring technigques,
as related to the control and measurement of functionzl redi-
ation monitoring activities.

(&) Reports, formal and summary, quarterly, moathly and annual, and
audit records of the control and measurement of Functional radi-
ation monitoring activities.

2

c. Environmental Mounitoring Records

- Documents showing periodic and cumulative determination of the radio-
loglcal status of the air, water, ground and pertinent flora and fauna
immediate to the vicinity of established radiation controlled areas:

Alr sample logs and records.

Ground and sanitary water sample logs and records.

Vegetation sample loga and records.

Wild and domestic life sample logs and records.

Radiation level measurements and records.

Waste disposal locaticon and logs.

Procedures (routine and special) that define and describe stan-
dard practices and policies on survey, monltoring and evaluation
methods and techniques, as related to the control and measure-
ment of fuactional eavironmental monitoring activities.
Reports, formel end summary, monthly and annual, quarterly, and
audit records of the control, measurement aad evaluation of
functional enviroamental monitoring activities.

Y P W N . Vi N
~3I OV Fw o
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d. Calibration Records

Documents containing the history of fixed and portable ionizing radi-
o ation detection and measuring devices used in evaluating personnel
exposures:
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(1) Records aoting the calibration of each individual radiation
detection and measuring instrument. Ixamples of instrumeats
are; (M survey, CP, and Juno meters; poppies, efc.

(2) Routine and special calibration wrocedures, end individual-type

Setection and measuring device specifications.

Records of calibrating sbandards used in evaluating persoannel

dosimeters, (e.g., neutron, [srma, and beta film, pocket ioni-

zation chambers, metellic foils, ete. ).

(k) Ins“srument maintensnce records, listing dates in shop, what
was wroay, repalrs made, aad other detalls of usage and main-
Lenance.

(5) Suamary reports of formal calibration activities (e.g., monthly
reports, annual reporis, auditing and special reportis, ete. ).

—
L
o

1v. DPHEILOSOPLY

Radiation protecticon records 11l several needs. First, to allow management
to ve aware ol and limit human exposures to permissible levels. Secoad, to
reconstruct the radiological status of any location having significant
quantities of lonizing radiation arising from HAFO operations. Third, to
meet Tederal, state and contractual obligations. TLastly, to provide an
administrative tool for the efficient operation of radliation protection
controls.

The Radiation FProtection Qperation is charged with the responsibility of
being able to produce, Ffor all of IAPC, the pertinent records of any indivi-
dusl who has entered & HAFO Radiation Zone. It is thus to the mutual advan-
tage of all HAPO comporents as well as the Radiation Protection Cperation to
insure thet adequate records cre Dbelng kept and that the records are created
and maiatained on Torms or by methods that are mutually acceptiable.
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- GENERAL @D ELECTRIC

HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY THE SURJECTS CLASSIFICATION?
- MANAGER RADIATION EXPOSURE ORIENTATION Exposure and
. RADIATION PROTECTION Monitering Records

I. FPOLICY

- Individuals entering Radiation Zones shall be advised, in advence, of pertinent
radiation protection devices and measures. Also, full and forthright communi-
cations shall be maintained with individual employees councerning real or

- alleged radiation exposures.

II. RESPONSIBILITY

1. The responsibility for advising an employee of the potential for exposurs
t¢ radiation at his work location rests with his immediate supervisor.

2. The interpretation and evaluation of individual exposures at Hanford is
the responsibility of Exposure Evaluation and Records Operation.

3. The discussion with an individusl of his radiaticn exposure is the joint
responsibility of menagement and the Industrial Medicine Operation. Nor-
mally, this discussion is treated as strictly private and is underteken
by the immediate supervisor. In certain cases, or at the request of the
individual, an industrial physicien will also be present.

ITI. STANDARDS

1. Redistion Protecticn Advice - All persons, prior to their initial entrance
into a Radiation Zone, shall be given general information sufficient to
acquaint the individual with the personal monitoring devices and the radi-~
ation protection policies and practices that are in effect at HAPO. In
addition, information should be provided concerning the specific radiation
protection practices and procedures applicable to the individual's particu-
lar work location to a degree sufficient to allow an employee to perform
his assigmment saf'ely.

- 2. Individual Radiation Exposures - The exposure of persons at Hanford to

external and internal sources of radiation is systemstically ascertained

and evaluated. Individuals should be advised concerning their exposure

- as follows:

a. Fremptly in the event of a probable exposure which would affect con-
tinued oceupational exposure to radiation.

b. Whenever a significant exposure {external or internal) makes it advis-
able to temporarily remove a perscon from Hanford radiation work.

- c. Whenever a person is exposed in a known radiation incident, he will
normally be asked to help in investigating the circumstances of both
the incident and his possible exposure. After this investigation the
person ghould be informed of his exposure evaluation.

d. 1In all cases upon the reguest of a HAPO employee.

e. Annually, each HAPO employee should be provided with a summary evalu-

e ation of his occupstional exposure to radiation.
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IV. PHILOSOPHY

At HAPQ there are specialized personal monitoring devices and protection
programs designed to anticipate and minimize or prevent the undue exposure
-of persons to lonizing radiation. These have proven successful over the
years chiefly because the individual Radiation Zone workers have understood
and actively cooperated in the radiation protection program. Continued
effectiveness of the radiation protection program has to be based on the
realization that ultimately, radiation protection effectiveness rests with
an informed individual.
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HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY

MAMNAGER

RADIATION PROTECTION

UBJECT CLASSIFICATIONSg
THE sSuRJ t

RADIATTION INCIDENTS Radiation Incidents

I. POLICY

Whenever a situation occurs involving the suspected or known exposure of

persons

to ionlzing radiation of HAPO origin in excess of permissible limits,

prompt remedial action shall be undertaken.

IT. RESPONSIBILITY

1. Every HAPO employee should accept a voluntary responsibility to notify
supervision and/or the group responsible for local radiation monitoring,
of real or suspected radiation incidents.

2. Investigative action shall be initiated either by the group responsible

for

local radiation menitoring or by the operating group involved.

3. Operating supervision 1s responsible for instigating prompt remedial
action upon tvecoming aware of a radistion incident.

L, fThe

Radiation Protection Operation 1s responsible for the formeal evalu-

atlon of exposures of persons to ionlzing radiation of HAPO origin.

ITY. STANDARDS

1., Radisetion exposure incidents shall be promptly investigated and personnel
exposures evaluated. Incidents shall be categorized as:

e

2. Pers
This

Rediation Incident - Type A - A condition or situation which resulted
in personnel exposures beyond the maximum permissible exposure limits
prescribed in RPS 3.1 - III.

Radiation Incident - Type B - A condition or situation which resulted
in a personnel exposure in excess of the operational controlsg, or in a
significant deposition of radionuclides.

Radiation Exposure Occurrence - Type C - A condition or situation where
an external exposure in excess of permissible limits, or a significant
deposition of rsdionuclides was Jjudged io have been narrowly averted.
Or, a condition or situation which, while not necessarily involving
actual personnel exposures to ionizing radiation, is an undesirable
event of pufficient importence or widespread interest so ags to warrant
investigative action.

"Nerrowly averted" factors are too dependent upon actuel circumstances
to be categorically stated. Each department, therefore, shall prepare
and issue criteria which, as closely as feasible, specify what situ-
ations within their sphere are potential radiation-exposure incidents.
These criteria shall consider at least the following factors: uncon-
trolled dose rates; internally deposited radionuclides; undue spread
of contamination; inadequate monitoring or time keeping; and inade-
gquate protective apparel or procedure.

onoel exposures arising from lncidents shall be evaluated promptly.
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analyses, etc.
mally require the prompt notification of the Exposure Evaluation and

Records Operation:

UNCLASSIFIED

Ag a guide, the following conditions or situations nor-

8. Any positive evidence of a deposition of radionuclides. Examples
are a contaminated injury; positive nasal or sputum smears; local
skin contamination of 40,000 d/m/100 ecm® or 50 mrads/hour (beta-
gamma )} at surface; extensive low-level skin contamination; the
exposure of unprotected personnel to atmospheres which are signi-

ficantly in excess of limits listed in Appendix A.

b. Medical treatment or examination related to an individual's expo-
sure to radiation or contamination.

c. A short-term dose on the order of one rem or greater.

d. Unusual events which may either affect a number of people or lnvolve
more than one facility. Examples are: Radiation Zone fires or
explosions; accidents involving the transport of radicactive materials;
exceeding critical-mass limits; the discharge of radiocactive material
to the enviroans significantly in excess of control limits.

3. Preservation of redistion incident information:

8. Radiation incidents and occurrences shall be documented to the
extent necegsary to describe the incident and evaluate persounnel
eXposures. ’

b. Sufficient copies of each exposure incident document shall be pre-
pared to allow direct placement in the individugl's exposure his-
tory file.

¢, The Exposure Evaluation and Records Operation shall maintain a

master file of radiation incidents at HAPO.

d. The public relesse of information pertinent to Hanford radiation

incidents shall be as specified in OPG 3.6.2.

IV. PHILOSCOPHY

Impartial investigation and publicizing of unsaf'e or undesirable working
conditions, practices, or incidents arising during work with radicactive
materisls is necessary and is beneficial in the improvement of radiation
protection procedures and methods, and in the advancement of radiation

protection design criteria.

HAPO, as a prime contractor for the AEC, is required to determine the
occupational exposures to icnizing radiation of all personnel subJject to

HAPO radistion protection controls.

Concurrent with this requirement is

the Radiation Protection Operation's responsibility to insure that the
records relating to real or alleged personnel exposures &re centrally and

comprehensively filed.

The radiation incident record is of valuable assis-

tance in fulfilling this requirement and responsibility. Nothing should be

allowed to restrict or limit the factuasl reporting of personnel radiation
exposure information and every effert should be made to provide a complete
occupational exposure hisitory for each employee invelved in an incident.
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GENERAL @D ELECTRIC s

HANFQRD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY THE

MAMNAGER RADIATION ZONE INJURY AND

SUBJECT? CLASSIFICATION:

RADIATION PROTECTION CONTAMINATION CONTROL Radiation Incidents

II.

III.

POLICY

Action following Radiation Zone injuries or persomnel contamination shall be
directed towsrd minimizing external exposures and minimizing the internal
deposition of radionuclides.

RESPONSIBILITY

1.

QOperating supervision, in conjunction with the group responsible for
local radiation monitoring, is responsible for insuring that working
conditions within Rediation Zones are such as to minimize the possi-
bilities of physical injury.

Operating supervision is responsible for insuring that procedures are
esteblished which provide for direct remedial action on any Radiation
Zone injury or case of personnel contamination.

The group responsible for radiation monitoring and the operating group
shall mutuelly designate and appropriately post all Controlled Injury
Zones.

Bach supervisor is responsible for assuring that any known or suspected
skin breaks, rashes, or infections of his personnel are adequately pro-
tected before allowling entry into a Controlled Injury Zone.

The group responsible for rediation monitoring is responsible for assur-
ing that a reliable supply of sanitary water is readily available at
each Controlled Injury Zone.

The Radietion Protection Operation and the Industrial Medlcine Operation
shall jointly approve perscnnel decontamination procedures.

The Radiologleal Development Operation is responsible for coordinating
HAPO studies which evaluate radiological reagents and techniques used
in the decontamination of personnel and is responsible for publishing
approved HAPO personnel decontaminating techniques and listing approved
reagents.

STANDARDS

1.

2.

Tn severe injuries, mediceal attention shall take precedence over contami-
nation controls.

When radiocactive material may have been inhaled, ingested or absorbed,
the Industrial Medicine Operation shall be contacted immediately so that
necessary prompt remedial treatment may be started.

In the event an open wound is sustained in a Radiation Zone which is
designated as a Controlled ImJury Zone, the following action shall be
instituted:

a. Control any severe bleeding and flush off acldic, caustic, or corro-
sive reagents.

b. Flush the wound with sanitary water for at least five minutes and
promote bleeding by massaging toward the injury, if required.

c. Install contamination control tourniquet if appropriate.

DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO,
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d. Notify supervision and the group responsible for local rediation
moaitoring.

e. Survey the injury, the object which caused the injury, the clothes
and exposed skin surface of the injured and of the immediate work

area.

L. when skin contamination is detected, operating supervision and the
group responsible for local radiation monitoring shall be notified
without delay.

5. Perscnnel decontamination efforts shall be promptly initiated. Uatil
gualified assistance arrives, cleaning efforts should be limited to
water flushes or soap and water washing.

6. The decontamination of personnel shall be performed only under stan-
dard spproved procedures or at the direction of Industrial Medicine
Operation personnel.

T. Only approved decontamination reagents and techniques shall be used
in the decontamination of personnel.

8. The public release of information pertiaent to Hanford radiation inci-
dents shall be as specified in OPG 3.6.2.
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GENERAL @D ELECTRIC "=

HANFORO ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY THE SUBJECTt CLASSIFICATIONt
MANAGER RADIATTON
RADIATION PROTECTION ' ACCITENTS ANL EMERGENCIES Radiation Incidents

I. POLICY
Action in an accident or emergency ilnvelving radiation or rediocasctive materials
shall be to minimize the radiation exposure of people, employing pre-arranged
procedures and equipment wherever practicable,

IT. RESPONSIBILITY

1. Each person in a Radistion Zone 1s responsible for being aware of and com-
plying with radiatior protection raguirements.

2. FBach person working ion the vicinity of radiation sources should be gener-
ally aware of the kinds of emergencics that might cccur aad the action he
should take. He should promptly potify the appropriate operating or radi-
ation monitoring authordty whensver a coandition is noted that might Jjeopar-
dize personnel cr properiy.

s The group responsible for local radiation monitoring and the appropriate
operating group Jointly are respunsible for preparing general plans of
action and for providine squipment to cope with emergencies which are within
their Jjurisdiction, The proceduras and available equipment shall be made
knowa to each person at the facllity. appropriate to his expected action
in ab emergency.

4, The authorization of plannad exposurss greater than the operational controls
stated in RPS 2.1 - IV, and subseguen® to an accident or emergency, is the
regponsibility of the manager »f the opsrating group involved. This respon-
sibility should not be redelegated. The pricr approval of the Manager,
Radigtion Protection, should be securad for each of the individuals involved.

ITT. STANDARDS

1. If the condition which caused the emsrgency still exists, perscnnel shall
leave the affected srea immadistely arnd isclate it against uncontrolled
entry,

2, Notification of the accident or amsrgency shall be given without delay to
the local radiation monitoring groug. Adéitionally, when external expo-
sures are estimated to excesd 1 rem, sad/or thers is probable internal

' exposure, as evidenced by contaminsted injuries, highly contaminated nasal
smears, the presence of hignlyv coontaminated air; or suspscted ingestion of
radioactive materials, then the Trdustrial Medicine Qperation and the Expo-
sure Evaluation and Fescords Operation ghall also be notified without delay.

2. Plenned exposwres greeter than the operational controls stated in RPS 3,1 -
IV, shall be authorized only for situaiiong requiring dirsct action to save
or protect an individuai or to save an item of vital equipment.

a. FOr extreme emergencics, planned exposures up to twelve times (12 x 1)
the operational controls listed in RPS 3.1 - IV {(e.g., 12 rems of
whole body expesure) may be authorized.
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UNCLASSIFIED

For unususal circumstances involviang vital equipment, planned exposures
up to three times (3 x 1) the operational controls listed in RPS 3.1 -
v (e.g., 3 rems of whole body exposure) may be authorized.

No more then one-half of these doses should be contributed by pene~
trating radiation of high specific ionization (e.g., neutrons).

Women shall not be suthorized for planned exposures greater than the
operational controls stated in RPS 3.1 - IV.

Any individual who has once received an emergency dose approaching
the maximum limit should not be permitted to repeat the exposure.

L, Re-entry into the affected area:

Access to the affected area shall be limited to authorized persons.
Protective apparel appropriate to the emergency, and which minimizes
the possibility of internal deposition of radioactive materials, shall
be worn wherever possible (e.g., masks, coveralls, helmets, fire fight-
ing gear, etc.).

Re-entry should be limited to the locations vherein the dose rates

are known or can be measured with the monitoring instruments in hand.
The best avallable personnel monitoring devices shall be used, includ-
ing film badges.

For critical mass type incidents, no access closer than 50 feet to

the suspected area should be made unless it is known that the criti-
callty conditions causing the lncldent are no longer present. (Closer
access shall require the express authorization of the Manager of the
group responsible for local radiation monitoring.

5. Medical treatment measures shall take precedence over radiation proitection
messures in ceses of severe body injury.

£. Emergency action shall not be delayed because of the leck of an appropri-
ate procedure or authorization.

NO.

6.3

PAGE SUPERSEDES ISSUE DATED DATE ISSUED

2 °F_ a2 T-1-57 3-1-60

BM-—7800-056 (6~57)

AEC-GE RICHLAND. WASH.




UNCLASSIFIED GENEHAL@ ELECTRIC

HW-—25457 REV 2

HANFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

1ISSUED 8Y THE

MANAGER RADIQACTIVE | Radicactive Waste

RADIATION PROTECTION

SUBJECT?} CLASSIFICATION:

SOLID WASTE DISPOSAL L Disposal

I. POLICY

S0lid radiocactive waste disposal shall be accomplished by underground burial
vwhnere practicable.

II. RESPONSIBILITY

1.

The operation or group generating the waste is responsible for institub-
ing procedures that allow for the disposal of solid waste with a minimum
of casual exposure to personnel.

The group responsible for local radiation monitoring is responsibile for
establishing routine and pericdic survey schedules to determine that
waste disposal storage and burial are undertaken with minimal personnel
exposures.

The Radiation Protection Operation is responsible for being aware of the
location of esgtablished waste disposal facilities.

The Chemical Effluents Technology Operaticn is responsible for developing
technology for the containment or disposal of radiocective wastes and
effluents, including criteria for facilities, process controls, and the
monitoring of effluent constituents.

The landlord responsibilities for waste disposal facilities shall be in
accordance with CPG &.1.

ITI. BSTANDARDS

3-1-60

1. Solid radiocactive waste is defined as material that 1s essentially dry or
whose fluids are of small volume and adequately contained.

2. Bach process area should have permanently designated solid waste disposal
locations and an adequate number of intermediate waste disposal locations.
These shall be posted as Radiation Zones.

3. Solid waste containers or packages shall be individually identified with
a radiation symbol where practicable.

k. Open trenches used to receive waste shall be backfilled at a frequency
sufficient t0 minimize dispersal of radiocactive contaminarts by wind,
rain, wildlife, etc.

5. Terminal conditions for direct ground disposal trenches:

a. Backfill with a minimum of 2 feet of dirt cover.

b. Surface dose rate not to exceed 1 mr/hour.

¢. Permanent identification of boundaries of disposal areas both at the
site and on master diagrams and plans.

d. Physicael isolation of the disposal grounds throughout the use of the
disposal grounds.

€. Isolation of alpha and beta-gamma type contaminents should be practiced.

I 7. Fire, explosive and toxlc byproduct hazards should be considered before
placing waste in its common trench.
DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO,
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UNCLASSIFIED

8. Buried and underground radioactive material, not otherwise demarcated,
may be identified by signs hearing the approved radiation symbol and
This mgans should be used to designate locations

where Radiation Zone conditions might be created by disturbance of the
ground surface.

the word "Underground”.
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GENERAL @ ELECTRIC

HANFORD ATOMIC PRODUCTS QOPERATION

RADIATION PROTECTION STANDARDS

ISSUED BY THE SUBJECT! CLASSIFICATION:
MANAGE R RADIOACTIVE Radioactive
RADIATION PROTECTION LIQUID WASTE DISPOSAL Waste Disposal

GENERAL

The object of a radiocactive liquid waste disposal program is economical storage or
dispersion of the wastes 1n such a manner as to assure safety of the human popula-
tion, preserve plant and animal resources, sad minimize restrictions on the use of
land and water.

For the purpose of this Standard, radiocactive liquid waste is defined as a solution,
suspension, or "sludge" of radiosctive material in aquecus, organic or metallic
liguid, which is intended for unconfined disposal into or onto the ground or into

a river.

DISPOSAL CRITERIA

1. Each waste, whether batch, intermittent or continuous stream, shall be indivi-
dually evaluated, together with the associated disposal facility. As a corol-
lary, if a disposal facility designed for one waste is to be used for other
wastes, then the effect of the combined wastes must be evaluated.

2. The characteristics of the waste, as to content of radiocactive and non-
radiosctive materials, physical composition, volume and flow rate shall be
defined. The limit of variations of each characteristic shall also be defined.

3. Redioactive liguid wastes discharged to the Columbia River should not cause
activity densities of individual radionuclides in water used for human con-
sunption in excess of the operational controls specified in Radiation Protection
Stendard 3.1. In practice, the concentration for the waste at the point of
releage to the river should bhe further reduced to allow for non-~uniform dilu-
tion in the river, concentration in aquatic life, irrigated crops and domestic
and wild animals, and multiple sources of waste eatering the river. An allow-
ance may be permitted for wastes discharged into the ground near the river if
solids in suspension are filtered out by the soil or if radionuclides of con-
cern are adsorbed on the soll.

4, Radiocactive liguid wastes discharged into the ground are limited by considera-
tion of the future appearance of radicnuclides in the Columbia or Yakims
Rivers, the possible release of portions of the Hanford Project to public use,
and future expansion of plant facilities. Waste containing concentrations of
radionuclides greater than the limits specified in Radiation Protection Standard
3.1 may be approved for ground disposal where adequate soil adsorption has been
demonstrated or 1f the liquid will be retained in the soil column for sufficient
time to assure decay tc the adjusted limits when the radiocnuclides reach the
river. Disposal of a waste to a particular dispossl facility shall cease when
certain long-lived radionuclides are detected in the ground water¥ below the
facllity in concentrations which can be expected to result in concentrations
at the point of potential intake that are above the controls noted in RPS 3.1.

* Ground water is defined as that which is at or below the regional and unconfined
ground water table.

{
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5. Liquid wastes slightly contaminated or which potentially mey be slightly con-
taminated with radicactive material may be approved for disposal onto the
ground or into open pits. Disposal shall cease when the site constitutes an
uncontrolled radiation or contamination problem.

6. Radioactive liquid waste which is immiscible with water or tends to float or
sink in water requires special consideration.

INVENTORY

An adequate inventory of all radioactive material disposed of to the environment
as liquid waste shall be maintained at HAPO. An adequate inventory is defined
as one in which the statistical uncertainties of sampling and volume or flow
measgurements are consistent with the required analytical accuracy. The volune
of each waste, date or period of discharge, source, disposal facility and ana-
lytical results are to be appropriately reported to the Hanford Laboratories
Operation within twenty (20) days after the end of each month that the disposal
facility was used. Analytical results for radicnuclides are to be reported in
units of absolute quantities disposed of per month (curies or pc per month) and
units of average absolute concentration (uc/cc).

RESPONSIELITIES OF ORGANIZATION ORIGINATING WASTE

The organizational component assigned "user” responsibility for the plant facility
originating radioactive liquid waste is responsible for performing, or having per-
formed the following:

1. Determining characteristics of existing and new waste streams and appropri-
ately reporting such data to the Hanford lLaboratories (peration.

2. Providing disposal facllities,* and securing specificetions and spprovals for
disposal.

3. Properly disposing of the waste, assuring that the disposed waste is within
approved specifications.

L. Sampling and analyzing the waste.

5. Appropriately reporting, demonstrating and documenting the relisbility of
its inventory data.

6. Reporting each instance of shoreline discharge of reactor effluent or similar
waste to the Environmental Monitoring Operstion by the next workday. Report-
ing unusuel discharges of any waste as specified in Rediation Protection
Standard 6.1.

The originating component's responsibility for the waste shall end when the mater-
ial has been released to the environment in the approved fashion. The point of
release is defined to be the end of the discharge pipe or spillway in the river, or
the bottom of the ground disposal facllity.

* Refer to HAPO Organization and Policy Guide 8.1 and 8.2 for responsibilities
of landlord and using department that spply to waste disposal.
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RESPONSIRILITIES OF HANFORD LARCRATORTIES OFERATION

The following responsibllities are o e appropriately assumed by functional orgeniza-
tions within Hanford Laboratories Operation:

1. Eyvsluation of radioactive liquid wastes in relation {0 associeted disposal
facilities, employing the best information available from Hanford Laboratories
Operation and other sources.

2. Advising the component originating the waste on limits to volume, concentra-
tion or total amcunis, and on location of disposal facilities ‘o teke best
advantage of river flows, soil depths, ground water movement or existing
facilities.

3. Specification of radionuclides and other waste characteristics for which
analyses are required, and the reguired snalytical accurscy.

4. Notification when discharge to any particular ground disposel facility should
cease.

5. Advising the concerned "user" component on current release to the Columbia
River of reactor effluent which feils to meet established disposal specificsa-
tions.

6. Conducting perlodic audits of liquid waste sampling, anslyzing methods, and
caleulation of inventory data.

T. Stating the location, size, depth and special requirements of wells necessary
for monitoring purposes; performing such inspectlion and acceptance tests for
the Hanford Laboratories (peration as may be necessary.

8. Obtaining well drilling logs, samples, geological, hydrological and radiologi-
cal data during drilling operations.

9. Conducting such sampling, testing and probing of the wells as may be necessary
to maintein data on the status of the disposal facilities and the fate of tle
liquid wastes discharged to the ground.

10. Plant assistance type studies and experiments to establish basic disposal
criteria.

1l. Maintain current chronological and cumulative waste records.

12. Evaluate the radionuclide content of sanitary water samples secured from the
Hanford Project and immediate environs.

PHILOSOPHY

Releases of radiocactive materials from the many HAPO facilities are controlled
ultimately by measurements as close as possible to the most critical "point of poten-
tlal upteke™ in the environs. The measurements, in general, and the evaluatlion of
exposures are made by the Radlietion Protection Operation through the enviroonmental
monitoring program.
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Day-by-day control is &t the "point of release” by the originator of the radio-
active effluent. Precise and prompt local control in anticipation of changing
levels and locations of exposure in the environs is recognized as impossible,
because of the time-lag and such variables as dilutioan, decay, settling, biologi-
cal removal and reconcentration, and the combination of exposures from the many
independent sources.

The objective is to reduce radiation exposures to the lowest practicable levels,
and in any case to make it improbsble that any exposure will exceed the corre-
sponding operational control. Averaging of environmental exposures over a year
ig permitted.

To ingure the improbability of average human exposures exceeding the pertinent
exposure Standards specified in RPS 3.1, an operational control is imposed on an
intermediste, more measurable precursor of exposure, the concentration of radio-
nuclides in air and water. The central inventory of released materlal also helps
guide each facility in establishing its local operational controls for the release
of redionuclides to the environment and for a realistic consideration of other
contributors to the total exposure.
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RADIATION PROTECTION STANDARDS

HW~ 25457 REY 2

iISSUED BY THE

MANAGER

RADIATION PROTECTION

SUBJECT:

MAXTMUM PERMISSIBLE BODY BURDEN AND
MAXTMUM PEBRMISSIBLE CONCENTRATIONS OF
RADIONUCLITES IN AIR AND IN WATER FOR

OCCUPATIONAL EXPOSURE

CLASSIFICATION:

Permissible Limits

Total Body Occupational Exposure
Radio~ Critical Burden Water Alr
nuclide Orgen e MPCy - uc/cc | MPCg ~ pc/cc | Reference
H3(Hgo) sol. | Body Tissue 103 0.1 2x10-2 P
(Hg) inm. | Skin 2x10~3
Be' sol. | GI (1LI)* 0.05 1072
Total Body 600 6 6x19~6
insol. Lung 107
GI (ILI) 0.05 9x10~6
et (cop)sol. | Fat 300 0.02 4x10-6
imm. | Total Body 5x10-2
Fi8 sol. | GI (SI) 0.02 5x10-6
insol. | GI (ULI) 0.01 3x10-6
Na22  sol. | Total Body 10 1073 2x10-7
insol. | Lung 9x10~9
oI (LLI) 9x10~H ox10- 7
va2%  sol. | aI (sI) 6x10™3 10-6
Totel Body 7 0.01 2x10-6
insol. | GI (LLI) 8x10~4 10-7
813l sol. | GI (8) 0.03 6x10-6
Total Body 30 0.3 k%10~
insol. | GI (ULI) 6x10-3 106
p32 sol. | Bone 6 5x10~4 7x10-8
insol. Lung 8xl$_)"‘8
6I (LLI) Tx10~% 10-7
p33 sol. | Bone 8x10™+ b
535 sol. | Testis 90 2x10~3 3x10~ 1
insol. Lung 3x107
GI (LLI) 8x10-3 10-6

* The abbreviations in this column

page 23.

¥¥ Unless otherwise noted, the values cited are taken
NBS Handbook 69.

are identified in the Appendix A References -

from Reference (a) which is
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Total Body Occupational Exposure
Radio- Critical Burden Water Ar
nuclide Organ e MPCy - uc/cc MPCy - pc/ce Reference
c136  sol. | Total Body 80 2x10~3 4x10” 7
insol. | Lung 2x10-8
¢I (11I) 2x10-3 3x10~7
138 sol. | Gz (8) 0.01 3x10-6
Total Body 9 0.3 4x10-2
insol. | GI (8) 0.01 2x10~
a37 imm. | Skin 6x10~3
Akl imm. | Total Body 2x10-6
K*2 sol. | oI (8) 9x10”3 ox10-6
Total Body 10 0.02 3x10-6
insol. | GI (ILI) 6x10~ 10-T
ca*S  sol. | Bone 30 3x10~4 3x108
insol. Tung 10-7
6T (LLI) 5x10~3 9x10™ T
ca®?  sol. | Bone 5 10-3 2x10~ 7
insol. | GI (ILI) 10-3 2x10~ 1
Tung 2x10'?
Scih sol. Spleen 1 b
sc*®  sol. | or (LLI) 10-3 2x10~7
Liver 10 6 2x10-7
Total Body 20 6 3%10~ 71
insol. Iuang 2x10™
6I (LLI) 10°3 2x10~7
sc*T sol. | oI (111) 3x1073 6x10™ 1
Total Body 80 200 1070
insol. | oI (ILI) 3%1073 5210~
ac*®  sol. | GI (ILI) 8x10~% 2x10~7
Total Body 9 50 ox10-6
insol. | GI (ILI) 8x107% 10-7
yH8 sol. | GI (LLI) 9x10~4 2x1071
Total Body 10 0.0k 4x10™ 1
insol. | Lung 6x10-8
6 (1LI) 8x10™% 10-7
cr’l  sol. | GI (ILI) 0.05 10-5
Total Body 800 0.6 1077
insol. Lung 2x10'6
eI (LLI) 0.05 8x10-6
~NO, PAGE SUPERSEDES ISSUE DATED OA;: I1SSUED
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Total Body Occupational Exposure
Radio- Criticsal Burden Water Mr
nuclide Organ pe MPCyy - pc/cc MPCy - uc/cc Reference
Mn®2  sol. | GI (ILI) 10-3 ox10~1
Total Body 9 0.02 8x10~7
insol. Lung N 10-7
GI (LLI) 9x10~ 2x10-7
m*  sol. | eI (ILI) L4x10-3 8x10-7
liver 20 0.01 43107
insol. | Lung 4x10-8
GI {LLI) 3x10"3 6x10-7
Ma®®  gol. | oI (ILI) 4x10~3 8x10~7
Total Body 10 0.9 3x1072
insol. | GI (LLI) 3x10~3 5x10-7
Fe?? sol. Spleen 103 0.02 9x10'7
Total Body 3x103 0.06 2x10~6
insol. Iung 10-6
6I (1LI) 0.07 1075
Fe59  sol. | GI (LLI) 2x10"3 bx10~7
Spleen 20 4x10"3 10-T7
insol. Iung 5x10'8
GI (LLI) 2x10-3 3x10-7
co’7  sol. | @I (LLI) 0.02 3x10-6
Total Body 200 0.07 6x10~6
insol. Lung ox10~ 7
GI (LLI) 0.01 2x10~6
co®m 501, | Gr (ILI) 0.08 2x10™9
Total Body 200 2 104
insol. | Lung 9319-6
GI (1LLI) 0.06 1072
co?8  so1. | or (1) 4x10”3 &x10™7
Total Body 30 0.01 10-6 5
insol. | Lung 5x10°
GI (1LI) 3x10~3 5x10~ T
co®  sol. | @r (rir) 103 3x10™7
Total Body 10 4x10™3 Lx10~7
insol. Tung 9x10'9
GI (1LI) 10-3 2x10~7
6061 sol. Liver 3 b
Ni57 sol. Liver 1 b
Ni??  sol. | Bone- 103 6x10~3 5x10~ 1
insol. | Lung 8x10~7
¢I (LLI) 0.06 10™2
DATE ISSUED SUPERSEDES I1SSUE DATED PAGE NGO,
3-1-60 10-1-58 3 °F o3 Appendix A

BM—-7B00-057 (6 — 57) .cc-GE RICHLANB, WASH.



HW=-25457 REV 2 UNCLASSIFIED

Total Body QOccupational Exposure
Radio- Critical Burden Water Air
nuclide Organ pe MPCyw - pe/ce MPCy ~ we/cc Reference
Ni®3  sol. | Bone 200 8x10™* 6x10~8
insol. Tung 3xlO“T
6I (ILI) 0.02 hx1076
Ni®5%  sol. | ¢ (uLI) hx10-3 9x10~7
insol. | GI (ULI) 3x10~3 5x10~ 7
cub*  sol. | oI (ILI) 0.01 2x10~6
Total Body 80 0.5 4x10™°
insol. | 6T (ILI) 6x10~3 10-6
Cu6T sol. Liver 0.1 b
72085 sol. | Total Body 60 3x10™3 1077 8
insol. | Lung 6x10”
6I {1LI) 5x10°3 9x10~7
70b9m  g0l1. | @I (1LI) 2x10~3 4x10~7
Prostate 0.7 0.01 4107
insol. | GI (LLI) 2x10™3 3x20~7
9 sol. | aI (s) 0.05 105
Prostate 0.8 0.2 7x10~6
insol. | GI (S) 0.05 9x10~6
Lung 5x10'5
ZHTE sol. Bone 0.1 b
cal®  sol. | @I (LLI) 1073 2x10~7
Total Body 10 20 8x10-6
insol. | GI (ILI) 10-3 2x10™7
cal3 sol. | Bone 5 c
Ge69 sol. Bone 0.06 b
ge™  sol. | 6T (11I) 0.05 107
insol. | Lung 6x106
GI (LLI) 0.05 8x10~6
cel> sol. | Kidney 10 c
celT sol. Kidney 0.5 b
8
cel sol. Kidney 20 c
asT3  sol. | G (LLI) 0.01 3x1076
Total Body 300 0.2 2x10-6
insol. | Lung 4x10-7
oI (1L1I) 0.01 2x10~6
NO, PAGE SUPERSEDES ISSUE DATED DATE 1SSUED

Appendix A L oF o3 10-1-58 3-1-60
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UNCLASSIFIED

HW=25437 REVD

Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ e MPCy - pe/ec | MPCy - pe/ce Reference
As™+  sol. | @I (LLI) 2x10~3 3x10-7
Total Body 40 0.07 8x10~7
insol. | GI (LLI) 2x10-3 3x10~7
asT®  sol. | or (LiI) gx10™4 10”7 )
Total Body 20 0.4 5x10"
insol. | GI (LLI) 6x10~ 10-7
asT?T so1. | a1 (i) 2x10-3 5x10” 1
Total Body 80 2 2x1072
insol. | GI (ILI) 2x10™3 yx10~7
AsTS sol. Kidney 5 c
seT5  sol. | Kidney 90 9x10™3 10-6
insol. Lung 10~7
6I (LLI) 8x10™3 10-6
Brf2  gol. | Totel Body 10 8x10-3 10~6
insol. | GI (LLI) 10-3 2x10~7
Br83  sol. | Totel Body 0.7 ¢
ke85  imm. | Total Body 6x10~0
kr85  imm. | Total Body 10-5
krS7  imm. | Total Body 1076
RbO6  go0l. | Total Body 30 2x1073 3x10"7
insol. Lung 4 %107
oI (ILr) 7x10™ 10~ 1
rb®7  sol. | Pancreas 200 3x10~3 5x10~7
insol. Lung TxlO"B
¢ (ILI) 5x10"3 9x10~7
srdm  g01. | GI (81) 0.2 bx107D
Total Body 50 3 ox10™%
insol. | GI (SI) 0.2 3x10™5
sr85  sol. | Totsl Body 60 3x10-3 2x107"
insol. Tung 10-7
GI (ILI) 5%10"3 9x10-T
Sr 87 sol. Bone 0.1 b
s  sol. | Bone & 3x10~4 3x10~8
insol. | Lung i hx10~8
61 (ILI) 8x10~ 10-7
DATE 1SSUED SUPERSEDES 1SSUE DATED PAGE NG,
3«1-60 10-1-58 5 ©F_p3 Appendix A

BM=7800—057 (6 — 57) aEc-GE RICHLAND, WASH,



HW=25457 REV 2 UNCLASSIFIED

Total Body Occupational Exposure
Radio- Critical Burden Water Ar
nuclide Organ pe MPC,, - pc/ce MPC, - pe/ec Reference
sr?° sol. | Bone 2 l&xlO'6 3x10'10
insol. Iung -3 5x10'9
eI (1LI) 10 2x10~ 1
sr91  sol. | 6T (ILI) 2x1073 hxlo-g
Total Body 9 0.0 6x10”
insol. | GI (ILI) 10- 3x10™ 7
sr92  sol. | GI (ULI) 2x103 4x10-T
Total Body 8 0.2 2x1072
insol. | GI (ULI) 2x10-3 3x10™
198 sol. | Bone 4x16™3 b
y?° sol. | ar (LLI) 6x10% 10-7
Total Body 20 g 3x10~6
insol. | GI (ILI) 6x10~ 10-7
y9m  ge1. | or (SI) 0.1 2x10™
Total Body 20 6x103 2%10"
insol. | GI (sI) 0.1 2x10"2
Y91 sol. | ¢TI (LLI) 8x10~% 2x10~ 1
Bone 5 0.8 4x10-8
insol. Iung L 3x1 -8
GI (LLI) 8x10" 10”
Y92 sol. | oI (ULI) 2x10™3 hx10"
Total Body 10 800 3x10-2
insol. | GI (ULI) 2x10”3 3x1077
¥93 sol. | 6T (LLI) 8x10~4 2x10~7
Total Body 10 250 1077
insol. | GI (ILI) 8x10~ 10”7
ze?3  sol. | 6T (LLI) 0.02 5x106
Bone 100 3 10-7
inscl. | Lung 3;::10"7
6T (ILI) 0,02 Lx10-6
zr9%  sol. | GI (1LI) 2x10"3 - ux107T
Total Body 20 3 : 107
insol. Lung 3xlO"8
or (1LI) 2x10~3 3%10™ 7
79T sol. | GI (LLI) 5x10~4 10-7
Total Body 9 100 5x10~6
insol. | GI (ILI) 5310~k 9x10-8
72  sol. | Bone 22103 b
NGO, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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UNCLASSIFIED HW-25457 REV 2

Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ pe MPC, - uc/ce MPCq - pc/ce Reference
MI3m  sol. | GI (LLI) 0.01 3x10~6
Bone 200 3 10~
insol, Lung EXlO"Z
6I (LLI) 0.01 2x10°
W  sol. | ar (LLI) 3x1073 6x10° 7
Total Body 40 10 5x19'7
inscl. Lung 107 -7
6T (LLI) 3x1073 5%10
M7 sol. | 6I (ULI) 0.03 6x10~6
Total Body 20 bx103 2x10~
insol. | GI (ULI) 0.03 5x10-6
Mo9? sol. | Kidney 8 5x1073 %1077
6T (ILI) 7x10"3 2x10~0
insol. { GI (LLI) 10-3 2x10~7
TeI6M  gol. | GI (ILI) 0.4 BXIO“E
Total Body 70 1 bx10”
insol. | Lung 3%1072
eI (LLI) 0.3 5x107°
196 sol. | or (LLI) 3x1073 6x10-7
Total Body 10 0.0 4x10-6
insol. | GI (ILI) 10” 2x10~7
e go1. | @I (ILI) 0.01 2x10-6
Total Body 200 0.4 bx1072
insol. | Lung 2:_(10“7
GI (ILI) 5x10™3 9x10™ 7
1?7 sol. | oI (1LI) 0.05 1072
Kidney 60 0.1 1072
insol. | Lung 3::.10";3r
ar (LLI) 0.02 hx10”
eI sol. | oI (ULI) 0.2 Lx10-2
Total Body 200 2 2x10-%
insol. | GI (ULI) 0.08 10~
1e??  sol. | GI (LLI) 0.01 2x10~6
Total Body 200 0.k 4x10-5
insol. | Lung 6x10-8
6I (11I) 5x10~3 8x10-7
re?7  sol. | eI (LLI) 0.01 2x10~6
Totel Body 100 2 3x1072
insol. | GI (LLI) 0.01 210~
Lung 2x10~6
DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO.
3-1-60 10-1-58 7 oF 23 Appendix A
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HW=—254%7 REV 2

UNCLASSIFIED

Total Body Qccupational Exposurg
Radio- Critical Burden Water Adr
nuclide Organ ue MPCy - ue/ce MPCq - mec/ec Reference
rui®3  sol. | eI (LLI) 2x10-3 5x10'g
insol. | Lung 8x10™
GI (ILI) 2x10~3 bx10-7
Rui®®  sol. | @I (ULI) 3x10"3 7x10™ 7
Total Body 20 3 hx10"2
insol. | GI (ULI) 3x1073 5x10~7
Rut®®  gol. | @I (1iI) L0~ 8x108
Total Body 10 0.06 7x10~7
insol. | Lung " 6:&]_0'?3
GI (ILI) 3x10° 6x10°
Rh1O3M 501, | 6T (8) 0.k 8x1072
Total Body 400 40 3x1073
ingol. | GI (8) 0.3 6x10~°
rh0%  sol. | GI (1iI) bx10"3 8x10~7
Total Body 100 0.4 2x10"?
insol. | GI (ILI) 3%1073 5x10~
PatP3  so1. | GI (ILI) 0.01 2x10~6
Kidney 20 0.02 10~6
ingol. Lung Txlo"T
6T (1LI) 8x10~3 1076
Pal09  go1. | @T (1LI) 3x10"3 6x10~7
Total Body 50 0.4 3x1072
insol. | GI (LLI) 2x1073 410”7
pat12 501, | Kidney 3x10”3 b
22205 so1. | eI (11I) 3x10°3 6x10° 7
insol. | Lung ax10-8
6I (LLI) 3x10°3 5%10~ 7
Ag1%6  sol. | Iiver 2 b
AgtOR 501, | 6T (ILI) 9x10™% 231071
Totel Body 10 0.2 9xl%“7
insol. Lung L 107
GI (ILI) 910~ 2x10~7
Agtll o1, | eI (11I) 1073 3x1077
Total Body 50 1 6x10-6
insol. | GI (ILI) 1073 2x10~7
Ag112 sol. Liver 17 ¢
NO, PAGE SUPERSEDE ISSUE DATED DATE ISSUED
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UNCLASSIFIED

HW-=25457 REV 2

Total Body Occupational Exposure
Radio- Critical Burden Water Alr
nuclide Organ pe MPCy ~ pe/ce MPCgy - pc/ce Reference
cat®?  sol. | @I (LLI) 5x1073 10-6
Liver 20 0.05 5x10-8
insol. Lung _3 71:10'8
GI (LLI) 5x10 9x10~7
catt®™ go1. | gr (Lir) Tx10™4 2xlo"g
Liver 3 0.03 hxlO:8
insol. | Lung L kx190
¢I (11I) 7x10 101
ca™>  so1. | ar (L) 10-3 2x10'g
Total Body 30 5 5%x107
insol. | GI (LLI) 10~3 2x10~7
117IT
cd sol. Liver .9 b
30 501, | a1 (uLr) 0.0k 8x10-f
Total Body 70 koo 4x107
insol. | GI (ULI) 0.0k 7x10~6
W™ 501, | a1 (1) 5x10™ 1077
Kidney 6 0.1 107! 8
insol. | Lung " 2x1.0°
GI (LLI) 5x10~ 8x10-5
Inltom  go1. | @I (ULI) 0.01 2xlO'E
Totel Body 80 200 2x10~!
insol. | GI (ULI) 0.01 2x1C”
115 go1. | ar (1LI) 3x1073 6x10"7
Kidney 30 0.3 2x10*g
insol. | Lung -3 3x10°
eI (LLI) 3%10 5x10°7
snll3  so1. | er (1a1) %1073 5x10~ 7
Bone 30 0.02 hxlo'g
insol. Lung 5x10~
GI (LLI) 2x10™3 x10™7
sntt7 sol. | Bone 0.0L b
Snll9 sol. | Bone 0.0k b
snt21lIT g01. | Bone 2%10°2 b
gnt2l 561, | Bone 1 b
(27 h)
snl23  go1. Bone 6x10-2 b
DATE ISSUEDR SUPERSEDES 1SSUE DATED A GE NO,
3-1-60 10-1-58 oF 23 | Appendix A
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HW~25457 REV 2

UNCLASSIFIED

Total Body Occupational Exposure
Radio-~ Critical Burden Water Air
nuclide Organ ue MPCy - uc/ce MPCg - uc/ce Reference
sa25  gol. | eI (ILT) 5x10-k 10-2
Total Body 20 0.05 10° 8
insol. | Lung " 8x10~
GI (1LI) 5%10~ 9x10-8
sbi22  gol. { @I (LLI) gx10™ 2x10'g
Total Body 20 0.3 L hx10”
inscl. | GI (ILI) 8x10~ 107
sole4  gol. |Gr (ILI) 7x10™H 2x10~7
Total Body 10 0.02 2x10~7
insol. | Lung 4 2x10-8
6r (ILI) 7x10” 10-7
sp12%  g01. | Gr (ILI) 3x10-3 6x10~7
Lung 4o 0.04 5x10'g
insol., | Lung 3x310°
6T (1LI) 3x10~3 5x10~ 7
sbi26  go1. | Bome 0.k b
Tel2IT 501, | Kidney ox1072 b
(+Tel?)
T2l | xel2l)
Tel25M 501, | kidney 29 5x10™3 kx10"7
insol. Iung 10°7
oI (LLI) 3x10"3 6x107 7
Tel2Tm 501, | Kidney 7 2x10~3 10~7
insol. | Lung x10™8
eI (LLI) 2x1073 3x10~ T
1127 gol. {@I (LLI) 8x10-3 2x10-6
Total Body 80 0.8 621072
insol. | GI (LLI) 5x10™3 9x10~7
1el29m 501, |GI (LLI) 1073 2x107
Kidney 3 10 8x10~
insol. Iung A 3x1 -8
GL (ILI) 6x107 10”
Tel2?  gol. |GI (S) 0.02 5x10"6
Total Body 20 2 10"
insol. |GI (ULI) 0.02 bx10~6
Tel3MM 801, |GI (11I) 2x10~3 bx20-7
Total Body 10 0.0k 3x10~6
insol. {GI (ILI) 10-3 2x10~7
Lung 6x10~7T
NG, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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HW=~25457 REV 2

UNCLASSIFIED
Total Body Occupational ogure
Radio- Critical Burden Water Air
nuclide Organ e MPCy - pefce | MPCg - pe/ee | Reference
Tel32  gol. | Gr (ILI) 9x10™4 2x10~7T
Total Body 10 0.02 1076
insol. | oI (LLI) 6x10” 10-7
Tel33  sol. | Kidaey 3 b
1126 go1. | Thyroid 1 5x10™7 8x10™2
insol. Lung 3);10'7
oI (LLI) 31073 5x10™7
129  sol. | Thyroid 3 105 2x10™7
insol. | Lung 7xlg‘8
GI (LLI) 6x1073 10"
3 so1. | Thyroia 2x10™H b
131 s01. | Thyroia 0.7 6x10°2 9x10~2
insol. | GI (ILI) 2x10™3 3x10-7
Lung 3}s:2|.0'T
1132 501, | Thyroid 0.3 2x10™3 2x10™ T
insol. | GI (ULI) 5x10~ 9x10~7
33 sol. | Thyroid 0.3 px107% 3x10™8
insol. | GI (LLI) 10-3 2x10- T
3% go1. | Thyroid 0.2 bx10"3 5x10™ 1
insol. | GI (8) 0.02 3x106
13 so1. | Mhyroid 0.3 7107 10”7
insol. | GI (LLI) 2x10~3 hx10~7
%el31M  imm. | Total Body 2x1072
xe?33  imm. | Totel Body 1072
Xet3%  imm. | Total Body 4x10-6
cst3t  sol. | Total Body 700 0.07 1075
insol. | Lung 3x1076
eI (LLI) 0.03 5x10~6
Cs132  gol. Muscle 7x10'3 b
csl3*m go1. | GI (8) 0.2 kxl&'5
Totel Body 100 0.7 10~
insol. | GI (ULI) 0.03 6x106
cst3*  gol. | Total Body 20 3x107H hxlg's
insol. | Lung 107
6I (LLI) 10-3 2x10™ 1
DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO, -
3-1-60 10-1~58 1l ©°F 23 |Appendix A
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HwW—-25457 REV 2

UNCLASSIFIED

Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Orgen pe MPC,, - ue/ce MPCq - pe/cc Reference
cs135  sol. | Liver 200 3x1073 5x10™ 1
insol. | T (ILI) 7x1073 1076 -
Lung 9x10'8
0st30  sol. | Total Body 30 2x1073 410”7
inseol. Tung 2x107
GI (ILI) 2x1073 3x10 7
0s?37  so1. | Total Body 30 Lx10™¥ 6x10~8
insol. Lung 1o-
oI (1ILI) 10°3 2x10~ "7
Bat3l  sol. | GI (ILI) 5x1073 1076
insol. | Iung yx10~7
6T (LLI) 5x10™3 9x10~ 1
Bat33IT 501, | Bone px10-2 h
(+Bal33)
Bal33  s01. | Bone byx10~Y o
(8 y)
Ba1l3®  gol. | Bone 2x10"3 b
Bal3?  s0l. | Bone 0.1 ¢
Balt0  sol. | 6T (1LT) 8x1074 2x10~7
Bone 4 6x10"3 10-7
insol. | Lung L Lx10-8
GI (ILI) Tx10” 1077
1at*0  gol. | eT (111) 7210~ 2x10~7
Total Body 10 €0 L 2x10”
insol. | GI (LLT) 7x10° 10~
Lalul sol. Bone 2 c
1e1*2  so1. | Bone 5 c
Ce139 sol. Bone 0.2 b
cel*l  so1. | gr (LLI) 3x1073 6x10™ 7
Liver 30 10 bx10-T
insol. | Lung 2x10™ 7
oI (1LI) 3x10"3 5x10~ 7
ce**3  so1. | 6T (1LI) 10-3 3x10" 7
Total Body 20 100 £x10-6
insol. | GI (LLI) 10-3 2x10~7
NG, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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UNCLASSIFIED

HW=254%87 REVZ

Total Body Occupstional Exposure
Radio- Critical Burden Water Alr
nuclide Organ He MPCw - uc/cc MPC, - pc/cc Beference
cel™  s01. | @T (LLI) 3x107H 8mlg‘8
Bone 5 0.2 107
insol. | ILung -l 6x10'g
GI (LLI) 3x10 6x10~
cel*5  so1. Bone ol c
pri*2 o1, | Gr (1rI) 9x10™* 2x10™ 7
Totel Body 20 30 ) 10-5
insol. | GI (ILI) 9x10~ ox10~ 1
pri*3  go1. |Gr (1LI) 1073 3x107 7
insol. Lung -3 2x10~7
oI (LLT) 10 3x1.0” 7
Prlu5 sol. Bone 1 c
Nal4%  s01. | Bone 0.1 2x1073 8x10™1L
insol. TLung 3JclO"lO
6I (ILI) 2x10"3 hx10”7
val*7  so1l. |er (11I) 2x10~3 by10~7
Liver 10 8 hxio~
insol. Lung 2x10°
GI (LLI) 2x10”3 3x10"
ma*  so1. | 6T (ILI) 8x10-3 2x10-6
Total Body 20 2x10 9xl%'5
insol. | GI (ULI) 8x10~ 107
™7 so1. |er (111) 6x10™3 1076 g
Bone 60 1 6x10"
insol. Lung 10~ 7
GI (ILI) 6x1073 1076
PmlhB s0l, Rone 0.4 b
tt9  sol. |qr (L1I) 1073 3x10~ 1
Total Body 40 200 7x1076
insol. |GI (ILI) 10” 2x107 7
Pm151 sol. Bone 2 c
sm**7  sol. | Bone 0.1 2x1073 7x10~ 3+
insol. |Iung 3x10-10
GI (LLI) 2x10™3 Lx10-
sm*?l  go1. eI (1LI) 0.01 2x10-9
Eone 100 2 6x10™8
insecl. Lung 107
GI (LLI) 0.01 2x10°
DATE ISSUED SUPERSEDES I[SSUE DATED PAGE NGO,
3-1-60 10-1-58 A3 eF_23 Appendix A
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HW=25457 REV 2

UNCLASSIFIED

Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ pe MPCy; - uHc/ce MPCy - uc/cc Reference
sml53  sol. | GI (ILI) 2x10™3 5x10~ 7
Total Body 70 300 1077
insol. | GI (ILI) 2x10™3 Lx10™ 1
smi®©  sol. | Bome 100 c
Ful®  sol. | oI (ILI) 2x10"3 Lkx10-7
(9.2 br) Totel Body 20 500 2x10~2
insol. | GI (I1I) 2x10 3x1077
Bl s01. | oI (1LI) 2x10™3 5xl%‘7
(13 yr) Kidney 20 0.3 10~ 8
insol. | Lung 2x10°
ar (ILI) 2x1073 10”7
Eulo%  so1l. | eI (LLI) gx10™% 10'7_9
Kidney 5 0.09 4x10~
insol. Tung " Tx10 2
¢TI (ILI) 6x10~ 101
Bwl55  sol. | GI (LLI) 6x10°3 1076 8
Kidney 70 2 9x10'8
insol. | Lung Txlg'
6T (LLI) 6x1073 10~
Eul56 sol. Bone 0.2 c
Eul®T  sol. | Boue 6 e
aal®3  so1. | or (1LI) 6x1073 106
Bone 90 5 2x10'g
insol. Lung 9x10”
GI {1LI) 6x1073 10-6
aal59  sol. | oI (LLI) 2x103 5x107 1
Total Body 50 700 3%10"7
insol. | GI (LLI) 2x10™3 kx10~7
™10  g01. | 6T (ILI) 1073 3x10~ T
Bone 20 2 10-7
insol. Lung - 3x10'8
GI (LLI) 10-3 2x10~ 7
pyt65  sol. | or (1LI) 0.01 3x10"6
Total Body 40 bx103 2x10'2
insol. | GI (LLI) 0.01 2x10~
oy so1. | ar (zor) 1073 2x1077
Total Body 30 T0_q 3x10~6
insol. | GI (LLI) 10 2x107
NO, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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HwW=25457 REV 2

Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ e MPCy - pc/ce MPCg ~ pc/cc Reference
50296 501, | aT (ILI) 9x107H 2x10~T
Total Body 30 200 10™
insol. |GI (LLI) 9%10™ 2x10™ 7
Ert69  go1. |qr (1iI) 3x1073 6x10" 7
Totel Body 50 50 2x10~6
insol. | Lung -3 4x10™7
61 (111) 3x10 6x10~7
Er'™  sol. |er (uLI) 3x10”3 7x107]
insol. | GI (ULI) 3x10~3 6x10
! so1. |or (1LI) 10-3 3x10” 7
Bone 9 0.8 hx10-8
insol. | Lung 3x10-8
GI (LLI) 103 2x10~7
Mt sol. | 6T (1LI) 0.01 3x10~°
Rone G0 3 107
iasol. Lung 2x.1.0"7
eI (1LI) 0.01 3x10~6
Ybl69 s0l. Bone 0.6 b
w5 so1. |{ar (1LI) 3x10~3 7x10'g
Kidney 30 80 3x10°
insol. |GI (LLI) 3x103 6x10~ 7
w01, |or (mwr) 3x2073 6x1071
insol. |GT (LLI) 3x10”3 5x10™ 7
Lung TXlO'7
Brl8l  so1. | GI (LLiI) 2x10™3 yx10”7
Spleen L 0.9 bx10-8
insol. Lung Tx107
GI (1iI) 2x10~3 hx10"
1al® 501, {oT (1LI) 1073 3x107(
Total Body 20 2 9x10-8
insol. | Lung 2x10'8
GI (LLI) 1073 2x10"
0193 so01. | Liver 1 b
w8l eo1. |er (1) 0.01 2x10™0
Total Body 100 0.9 31077
insol. Lung 10-7
oI (1LI) 0.01 2x1076
DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO,
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UNCLASSIFIED

Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ pe MPCy, - pe/cc MPCq - ne/cc Reference
w85  sor. oI (ILI) 410”3 8107
Total Body 100 1 5%10
insol. | ILung -3 10-7
oT (LLI) 3x10 6x10” "
w8 g1, |ar (1) 2x1073 Lx10"7
Total Body 30 0.5 2xlo:$
insol. |GI (ILI) 251073 3x10
Rel®3  so1. |ar (TI) 0.02 uxlo'g
Total Body 80 0.02 3x10°
insol. Lung 2xlO'7
6T (LLI) 8x10™3 1076
Relllt  s01. | Thyroid hx1073 o
(50 &)
Rl so1. | Thyroid 0.2 b
(2.2 4)
Rel86 501, |ar (LLI) 3x10"3 6x10'g
Total Body 50 0.0k bx107
insol. | GI (ILI) 1073 2x10~ 7
rRel87  so1. |GI (1LI) 0.07 2x1072
Skin 300 0.08 9x10-6
insol. Lung 5x10'7
oT (LLI) 0.0k 7%10~6
Rel88 501, |er (1) 2x1073 410~ 7
Total Body 20 0.06_, 7x10-6
insol. |GI (LLI) 9x10 2x10~7
028 so1l. |GrI (1LI) 2x10-3 5x10~ 1
Total Body Lo 0.2 6x10°
insol. | Lung 5x10~2
oI (1LI) 2x1073 3x10™ "
0s19Im 01, |G (ILI) 0.07 2x10'2
Total Body 300 7 2x107
insol. Lung ‘ 9xlO'6
GI (1LI) 0.07 10-5
0s¥91  sol. |GI (ILI) 521073 10-6
insol. | Iung 4x10™ 7
eI (ILI) 5x10™3 gx10~7
0s193  go1. |or (1iI) 2x10™3 4x10~T
Total Body 50 0.6 2x10™2
insol. |GI (ILI) 2x1073 3x10”7
NO, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ 11 MPCy, - uc/cc MPCg - un/cc Reference
r!9%  so1. | 61 (LLI) 6x1073 1076 p
Total Body 50 0.06 2x10”
insol, | Lung -3 hx10” 7
eI (LLI) 5x10 gx10™7
Ir'?2 g0l | 61 (11I) 1073 3x10~7
Kidney 6 4x10~3 0™
insol. | Lung 3x10-8
GI (1LI) 10~3 2x10~7
Iri%  go1. | eI (1LI) 10-3 2x10™7
Total Body 20 0.3 1077
insol. | GI (ILI) 9x10~ 2x10~ 1
Irl9  sol. | Kidoey 0.09 b
Pt sol. | Gr (LiT) 4x1073 8x10™7
Total Body 30 0.1 Lx106
insol. | GI (ILI) 3x10"3 6x10~7
Pt193" so1. | Gr (L) 0.03 7x1076
Total Body 300 0.8 3x10~2
insol. | GI (ILLI) 0.03 5%10~
Tung Tx10
Pt'93  go1. | Kidney 70 0.03 10-6
insol. Iang 3x10° 7
¢I (1LT) 0.05 8x10-6
Pt19°  sol. | Kidney 1072 b
9T g0, | ar (uL) 0.03 6x10~6
Total Body 4O 6 ox10-4
insol. | QI (ULI) 0.03 5x10~6
pt1?7  go1. Jor (LLI) bx10™3 8x20” 1
Total Body 80 1 kx10=2
insol. |GI (1LI) 3x1073 6x10~7
a9 g01. | ar (1iT) 5x10~3 1076 ¢
Total Body ) 0.07 3x10°
inscl. | Lung 6x10™71
GI (LLI) 4x10-3 8x10-7
al%8  so1. |61 (111) 2%10-3 3x10-7
Total Body 30 0.1 hx1076
insol. |GI (LLI) 10-3 2x10™ 1
a9 so1. |or (111) 5%1073 10-6
Total Body 100 0.3 1079
insol. |GI (LLI) kx10-3 8x10~7

DATE I1SSUED
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Total Body Qccupationel Exposure
Radio~- Critical Burden Water Air
nuclide Organ e MPC,, - wec/ce MPCq - Hc/ce Reference
He9Tm  gol. | Kidney L 6x10°3 7x10~1
insol. | GI (ILI) 5x1073 8x10™"7
Hgl97 gol. | Kidney 20 E—)xJ.O'3 1076 6
insol. | GI (LLI) 0.01 3x10°
Hg203 sol. | Kidney L 5xlO-u 7x10™8
inscl. lung _ 10-7
or (11I) 3x10°3 6x10~7
2%  go1. | ar (LLI) 0.01 3%10~6
insol. | 6I (ILI) 7x10™3 1076
201 01, | oI (ILI) 9x10”3 ox10-6
Total Body 100 0.1 . 1072
insol. | GI (LLI) 5%10 9x10~ 1
m2%2  go1. | GI (LLI) 41073 8x10‘g
Total Body 50 0.03 3x10°
insol. Lung -3 Qxlo'?
cI (LLI) 2x10 4x10™ 7
112% o1, | 6T (1LI) 3x10™3 7x10™ 7
Kidney 10 £x1073 6x10™ 1
insol. | Lung 3x10~08
oI (LLI) 2x1073 3x10~ T
203 501, | 6T (ILI) 0.01 3x10°6
Total Body 90 0.5 1072
insol. | GT (LLI) 0.01 2x1076
210 501, | Kidney 0.4 uxlo‘g 107+
Total Body L Lhx10™ 1072
rpel2 501, | Kidney 0.02 6x10™ 2x10-8
insol. Tung L gxlo'g
aI (ILI) 5%10° 9x10~
Bi206 g1, | I (LLI) 1073 ox10™ "
Kidney 1 0.0L 2x10~7
insol. Lung - 107
or (ILI) 10-3 2x10”
21297  gso1. | aT (LLI) 2x1073 uwx10” 0
Kidney o 0.0k ox10™ 1
insol. | Luag 10™
or (ILI) 2x1073 3x10” 7
8% so1. | oI (ILI) 1073 3x10~7
idney 0.0k 2x1073 6x10™2
insol. | Lung 6x10™7
er (1LI) 1073 ox10-7
NO, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ pe MPCy - pefee | MPCy ~ pe/ce | Reference
Bi?2 501, |Gr (9) 0.01 2x10-6
Kidney 0.01 0.02 10-7
insol. Lung 2x1.0~7
oI (8) 0.01 2x10~6
P00 501, | spleen 0.03 2x10"7 5x10~10
insol. Lung 4 2x10™10
6T (111) 8x10~ 2x10~7
A2l 501, | Thyroia 0.02 5x10~2 7x10"2
insol. Lung 3x10'8
oI (ULI) 2x10"3 hx10™7
Rn?20 501, Lung 3:!:J.O-7
Rn“?2  30l1. | Lung 3x10~8
Re?23  s0l1. | Bone 0.05 2x10‘2 2x10™2
GI (ILI) 2x10~ bx10-8
insol. | Lung b 2x10'é0
GI (LLI) 10 2x10°
Ra22% 501, | Bone 0.06 721077 5x10-9
insol. Lung L 7x10~10
GI (LLI) 2x10° 3x10-8
Ra226  501. | Bone 0.1 bx19~7 3x10 3L
GI (ILI) 10-3 3x1077
Ra228 501, | Bone 0.06 8x10” " 7x10™+1
insol. | Lung L bx10-11
GI (1LI) 7x10” 10-7
AT 501, | Bone 0.03 6x1077 2x10~12
insol. Lung 3x10"ll
GI (LLI) 9x10™3 2x10"6
2?8 o1, ez (ULI) 3x10"3 6xlo'g
Bone 0.0k4 2 9x10°
insol, Tung 2x10'8
GI (ULI) 3x1073 hxic™7
22T s01. |Gr (ILI) 5x10~4 10-7
Bone 0.02 8x10"3 3x10720
insol. | Lung -l 2x10~10
6I (11I) 5x10 9x10-8
228 501, | Bone 0.02 2x10~4 9x10-12
insol. | ILung 6x10™12
6I (1LI) Lx10-4 7x10™8
DATE ISSUJUED SUPERSEDES 1SSUE DATED PAGE NO,
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Total Body Occupational Exposure
Radio- Critical Burden Water AMr
nuclide Organ e MPC,, - pe/ec | MPCy - pe/cc | Reference
230  gol. | Bone 0.05 5x10°2 2x10712
insol. Lung -l 10~41
oI (LLI) 9x10 25107
m23l  go1. | 6T (LLI) 7x10"3 1076
Total Body 100 900 hx18'5
insol. | GI (ILI) 7x10"3 10"
™32  5ol. | Bone 0.0k 5x10™7 ox10712
insol. ILung 10-11
GI (LLI) 1073 2x10~7
th23%*  so1. | GI (ILI) 5x10™" 10°7 o
Bone b 1 6x10 3
insol. Lung i 3x10°
oI (1LLI) 5x10” 9x10-8
Th-Nat sol. | Bone 0,01 3%1072 2x10'lg
insol. | Lung hx1071
Pac®  gol. | GI (LLI) 7x10°3 22106
Bone 0.07 0.0k 2x1072
insol. | Lung 8x10™10
6T (111) 7x10~3 10°
Pa?3l  g0l, | Bone 0.02 3x1072 10-32
insol. Tung L 10-10
GI (ILI) 8x10 1077
Pa33  gol. | GI (ILI) 4x10~3 8x10~7
Kidney 40 10 6x1077
insol. | Lung 2x10” 1
¢I (LLT) 3x10~3 Ex10° 1
¥ sol. | 6T (1LI) 1074 3x1078
Kidney 0.01 7%10™3 3x10°
insol. | Lung L 10-108
GI (ILLI) 10” 2x10”
gR3e sol. | Gr (LLI) gx10™4 2x107 7
Bone 0.01 2x10~3 10~10
insol. Lung L 3x1 -1l
GI (ILI) 8x10” 10”
Ue33  gol. | @I (LLI) ox10™ 2x107 1
Bone 0.05 0.01 5x19'10
insol. | Lung 10740
oI (LLI) 9x10~4 2x10™ T
NO, PAGE SUPERSEDES [SSUE DATED DATE I1SSUED
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Total Body Occupational Exposure
Radio- Critical Burden Water Air
nuclide Organ pe MPC, - uc/ec | MPCg, ~ pefee | Reference
w©3H o1, | Gr (1) gx10™¥ 2x10~7
Bone 0.05 0.01 6x10~10
iasol. Lung 10-10
oI (ILI) 9x10~4 2x10-7
w®35  sol. | GI (LLI) 8x10% 2x10T
Kidney 0.03 0.01 5%10”
insol. | GI (LLI) 8x10~ 107
w®36  so1. | GI (LLI) 1073 2xlO'IO
Bone 0.06 0.01 6x10"
insol. Lung 10-10
6r (LLI) 10-3 2x10-T
@38 gol1. | Gr (LLI) 10~3 2x10~7
Kidney 5x10~3 2x10~3 Tx10-11
insol. | Lung 10-10
oI (LLI) 1073 2x10~7
U-Net sol. | oI (ILI) 5:10™ 1077
Kidney 5x10~3 2x10"3 7x10-1L
insol. | Lung -l 6x10™11
6T (LLI) 5x10 8x10~8
w237  sol. | Boue 0.06 9x10-2 ux10712
insol. Lung " 10-10
6T (1LI) 9x10” 2x10™ 7
¥pe3?  sol. | @I (LLI) 4x10-3 8x10~7
Total Body 70 300 107
insol. | GT (ILI) bx1073 Tx10™7
Pu23®  go1. | Bone 0,0k 10-% 2x10™12
insol. | Lung L 3x1g"ll
Gt (ILI) 8x10 10~ 1
PuR39  gol. | Bone 0.0l 1074 ox10-12
ingol. | Iung X hx10~+1
G (LLI) 8x10~ 2x107
PuQMO sol. | Bone 0.04 lO"L+ 2x10-12
insol. | Lung hx10™11
oI (LLI) gx10-H 2x10-7
Puaul sol. Bone 0.9 7x10'3 9x10'11
insol. | Lung hx10-8
¢TI (LLI) 0.0k 7x1076
Pe*2 501, | Bone 0.05 10-4 2x10712
insol. |Lung N ux20°11
6I (LLI) 9%10™ 2x10™ 1
DATE ISSUED SUPERSEDES ISSUE DATED PAGE NO.
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Total Body Occupational Exposure
Radio- Critical Burden Water AMr
nuclide Orgen e MPCy, - we/fce MPC, ~ pe/ce Reference
")l sol. | Bone 0.05 1074 6x20-12
insol. Tung L 10-10
GI (ILI) 8x10~ 10-7
Ane43  sol. | Bone 0.05 10'3 6x10™12
Kidney 0.1 10~ 6x10"12
insol. | Lung 10-10
oI (ILI) 8x10~% 10-7
cm@*2 g1, | or (111) 7x20™H 2x10” 1
Liver 0.05 3x10~3 10-10
insol. | Lung L ox10~10
or (1LI) 7%10” 10-7
om243  sol. | Bone 0,09 1074 6x10™18
ingol. Lung by 10-10
¢I (1LI) 7x10" 10-7
em@* 501, | Bone 0.1 ox10™H 9x10-12
insol. Lung L 10710
GI (1LI) 8x10~ 10~
em@5  s01. | Bone 0.0k 10~k 5x10~12
insol. Tung L 10-10
6T (ILI) 8x10~ 1077
cm@*6  gol. | Bone 0.05 107k 5x10712
insol. Lung i 1010
GI (LLI) 8x10~ 107
8% gol. | 6T (LLI) 0.02 4x10-8
Bone 0.7 0.07 9x10~10
insol. lung 10-7
6I (1LI) 0.02 3x10°6
or?¥ 501, | Bone 0.0k 1074 ox10-12
insol. Lung L 10710
oI (ILI) 7x10” 10-1
c£250 501, | Bone 0,04 4104 5x10~ 12
insol. Lung 10-10
ct252 501, | ar (1LI) 7x10™ 2x10~7
Bone 0.0k 2x10~3 px10-11
insol. Tung 10-10
GI (ILI) 7x10™% 10-7
NO, PAGE SUPERSEDES ISSUE DATED DATE ISSUED
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COMMENTS OF APPRINDIX

Thig Appendlx contains body burden values and HPC's for water and air for a

number of sslected rodionuclides. These values were compiled from ICRP recom-

mendations contained in the MHational Zuresu of Standardis Handbook #55, plus a

nwnecr oF locally derived values., They should e applied as indicated in Radi-
siow lon gtanderds 3.1, bLi, BVT, C.L, and YLo.

4 -1 - St
b

[aRvS RO FL e

Hany o {tle nuclides In this Appendix have two or more MPZ's listed for air and
for water. Iormelly, in these cases, the most restriciive value should be
appliecd., "hc addltional MPC's listed are included to facilitate radionuclide
compariscl and caleulations Aqvolv1hu mixtures of nuclides.

The critical organ listing is teken from the Haudboolk .95 column headed Organ

of Delerencsa. ﬂhea Handboolk 465 carries more than one critical crgan, ordinarily
the most restrictive aumerical value is selected for fppendix A, When no speci-
tle oreen of veference is ideatified in Handbook 309 as & critical organ, the
total body burden value is listed.

The velues listed are expected to be sufficient for most ordinary situations.
For specific values aot listed or lor special situtations, the office of the
dpeciallist, Radiation Protection, should be contacted,

REFERLNCLES
*  Fooluote, page one. The abreviations GI, S, SI, ULI and ILI refer to gast-
“OlﬂLGSulual tract, stomach, smell intestines, upper large intestine, and

lower large intestine, respectively.

a. Maximum Permissible Body Burdens and Maximum Permissible Concentrations of
Fadlonuulldeu in Alr and in Water for Occupational Exposure. NBS Handbook
&2 (June 1959).

b.  Reactor Dffluent Monitoriug - HW-45725. J. W. Healy, 10-12-545.

¢. Influence of Hanford Reactors on Domestic Use of Columbiz River Water -
EW-3c0¢2. . W. Healy, R. E. Rostenbach, 5-25-55,

HW=25487 REV 2
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NCLASSIFIED Hw-28457 REV 2
v GENERAL @D ELECTRIC

HAMFORD ATOMIC PRODUCTS OPERATION

RADIATION PROTECTION STANDARDS

SUBJECT: CLASSIFICATION:

ABSTRACT OF FEDERAL REGULATIONS FOR
: SHIPPERS AND CONSIGNEES OF RADICACTIVE
RADIATION PROTECTION MATERIALS

ISSUED BY THE

MANAGER

The following ebstract has been prepared by reviewlng applicable Interstate Commerce
Commission, Clvil Aeronautics Board, Coast Guard, and Post Office Department regula-
tions, and tariffs for the various modes of tramsportation (rail express, highway,
water and air), which are derived from these regulaetions. Since these regulations
and tariffs are revised and amended individually, and since individual carriers often
have their own restrictions, it is necessary that a shipper or consignee of radiocactive
materials comply with the latest regulations and tariffs for the pertinent mode or
modes of trangportation. The latest informaiion cen be obtalned from the code of
Federal Regulations and by reviewing the daily Federal Register for changes issued
after the latest codification. These regulations are also published currently in the
tarlffs and manuels maintained by the Traffic Subsection at HAPO.

Shipments of radioactive material which are escorted by qualified personnel (e.g.,
AEC) are exempt from the regulations of the Interstate Commerce Commission (73.7 b),*
and may be exempted by approval of the Commandant of the Coast Guard (146.02-8) for
water shipments, or approval of the Administrator of the Federal Aviation Agency
(49.2) for air shipments.

Radiocactive materials having more than one hazardous characteristic, i.e., flammable
liguid or solid, oxidizing material, corrosive liquid, flammable or nonflammable com-
pressed gas, explosives A, B, or (¢, or poisons A, B, or C, must be classified accord-
ing to both dangerous characieristlcs. In case more than one hazardous characteristic,
other than poisons, class D, exisits, the most hazardous characteristic will be classi-
fied, in addition to class D poisons. BSuch shipments must be marked, packed, and
labeled in accordance with regulations governing both classificetions (73.2).

The offering for transportation of any package or container of any material which under
conditions normally incident to tramsportation may polymerize (combine or react with
itself), decompose so as to cause, or any material which will cause a dangerous evolu-
tion of beat or gas is forbidden {73.21 b and c).

I. (ROUPS OF RADICACTIVE MATERIALS (73.391)

A, Group I - Radioactive materisls that emit gamma rays only or both gamms and
€lectrically charged corpuscular rays.

B. Group II - Radioactive materials that emit neutrons and elther or both types
of radiation characteristic of Group I materials.

C. Group III -~ Radioactive materials that emit electricelly charged corpuscular
rays only, i.e., alpha or beta, etc.,, or any other that is so shielded that
the gamma radiation at the surface of the package does not exceed 10 mr/2h
hours at any time during transportation.

II. LIMITS ON QUANTITY IN PACKAGE (73.391)

A. Not more than 2000 millicuries of radium, polonium or other members of the
radium family of elements, and ngt more than 2700 millicuries (disintegra-
tion rate of 100,000 million (104l) atoms per second) of any other radio-

active substance may be packed in one ocutside container for shipment by

* Decimal references in parentheses throughout abstract are to the Code of Federal
Regulations, Parts 71-78 of Title 49 (ICC), Part 146 of Title 46 (Coast Guard)
Part 49 of Title 14 (Civil Aeronsutics Board), or the Postal Manual (PM---.-—-5
or Ay Tariff (AT 6-B,---).

3-1-50 T-1=57 1 Appendix B
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rail freight, rail express, water or highway, except by special arrange-
ments and under conditions approved by the Bureau of Explosives (and Coast
Guard or CAB when necessary) or except as specifically provided in sub-
paragreph (B) of this section. Special instructions for air shipments in
excess of 2,000 millicuries are given in AT 6-C, IV-B-165.

B. Not more than 300 curies of solid cesium-137, cobalt~60, gold-198, or
irridium-192 may be packed in one outside container for shipment by rail
freight, rail express, highway or water, except by special arrangements
and under conditions approved by the Bureau of Explosives (and Coast Guard
or FAA when necessary).

C. Postal regulations (125.24) require, in addition to special care in
packaging (conformance to IV) and labeling (see V-C), that a package con-
taining radicactive materials must not emit from its exterior any signi-
ficant alpha, beta, or neutron radiations and the gamma radiatlon at any
surface of the package must be less than 10 milliroentgens for 24 hours.
The package must contain not more than 0.1 millicurie of radium or polonium,
or that amount of strontium-89, strontium-90, or barium-1%C which disin-
tegrates at a rate of 5 million atcms per second, or that amount of any
other radicactive substance which disintegrates at a rate of more than 50
million atoms per second.

IITI. EXEMPTIONS FROM PRESCRIBED PACKAGING, MARKING, AND LARELING REQUIREMENTS (73.392)

A, Radioactive materials are exempt (except in the mails) from prescribed
(49.1c){146.25-25) packing, marking (except water shipments must be
narked to show name of contents), and labeling requirements provided
they Tulfill all of the following conditions:

1. The package must be such that there can be no leskage of radicactive
material under conditions normally incident to transportation.

2. The package must copntain not more than 0.1 millicurie of radium or

_polonium, or that amount of strontium-89, strontium-90 or barium-140

which disintegrates at a rate of 5 million atoms per second, or that
amount cf any other radicactive substance which disintegrates at a
rate of more than 50 million atoms per second.

3. The package must be such that no significant alpha, beta or neutron
radiation is emitted from the exteriocr of the package and the gamma
radiation at eny surface is less than 10 mr/2k hours.

B. Manufactured articles other than liquids, such as instrument or clock
dials or electronic tubes and spparstus, of which radioactive materials
are a component part, and luminous compounds, when securely packed in
strong outside containers are exempt from specification packaging, mark-
ing (except water shipments must be marked to show name of contents), and
labeling requiremente provided the gamma radiation at any surface of the
package 1s less than 10 mr in 24 hours.

Switchboard or similar apparatus contalning electroaic tubes, of
which redicactive materials are a component part, are exempt from
specification packeging, marking, and labeling reguirements when
ghipped in carload or truckload lots or when transported by pri-
vate motor carrier provided the gamms radiation at any readily
accessible surface of the units when prepared for shipment does
not exceed 50 mr in 24 hours.
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Radicactive materials such as ores, residues, salts of natural uranium
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and thorium, etc., of low activity, packed in strong tight containers,

are exempt from specified packing and labeling requirements for ship-

ment in carload lots by rail freight only, (and in planeload lois) pro-
vided that gamms radiation or equivalent will not exceed 10 mr/hour at a
distance of 12 feet from surface of the car, (at 1 meter from any outside
surface of the load in an airplane, 49.L1 b) and will not exceed 10 mr/hour
at a digstance of five feet from either end surface of the car. There must
be no loose radicactive material in the car and the shipment must be braced
{and lashed in airplanes) so as to prevent leakage or shift of lading under
conditions normally iacident to transportation. The railroad car must be
placarded by the shipper (with the Dangerous - Class D Poison placard).
Except when handling is supervised by the Atomic Energy Commission, ship-
ments must be loaded by consignor and unloaded by consignee (73.392). No
perscon shall remaln unnecessarily in or close to a railroad car, motor
vehicle, or hold, compartment or deck cargo space of a vessel and the
shipper must furnish the carrier with such informstion and eguipment as

is necessary for the protection of the carrier's employees, warehousemen,
stevedores, or other persons engaged in the handling of such carge

(Th.532 J, 146.25-35). On board vessels, gamma radiation or equivalent

at any point in any space continuously occupied by passengers, crew, or
shipments of animals, must not exceed 40 mr/24 hours at any time during
transportation.

D. Detonating fuzes with radicactive components (Class A Type 7) are exempt
from labeling requirsments (73.392) {1h6.25-25).

E. Empty containers, 1f authorized for re-use by the Bureau cf Explosives must
nave all openings including remcval heads, filling snd vent holes, tightly
closed before being offerad for transportation. 8Small guantities cf the
material with which the containers were loaded mey remain in "emply" con-
talners and when the vapors remaining therein are unstable, it is permis-
sible to add sufficient inert gas to render the vapors stable (73.29 a,
Th.532 e).

F. All containers and accessories which have been used for shipments of radic-
active materials when shipped as empty must be sufficiently free of radio-
active contamination so as tc conform to Section III-A above (73.29 e),

G- Any box car or motor vehicle which, after use for the transportation of
radioactive materials in carload or truckload lots, is contaminated with
such materials to the extent that a survey of the intericor surface shows
that the beta-gammza radiation is greater than 10 mr physical equivalent
in 24 hours or that the average alpha contamination is greater than 500
disintegrations per minute per 100 sguare centimeters shall be thoroughly
clezned iv such a manner that a resurvey of the inside surface shows the
contamination to be belouw these levels. A certificate to that effect must
be furnished to the local agent of the carrier or to the driver of the motor
vehicle. (ar and motor vehicles which asre used solely for the transportation
of radicectlive materlials are sxempt from the provisions of this secticn
(73.395).

IV. PACKING AND SHIELDING (73.393, 1l46.25-30)

A. Radicactive materials that present speclal hazards due to their tendency to
remain fixed in the humen body for leng periods of time {i.e., radium,
plutonium, and radiocactive strontium, etc.) must, in addition to the packing
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hereinafter prescribed, be packed in inside metal contalners, specification
2R, or other container approved by the Bureau of Explosives {and authorized
by the Commandant of the Coast Guard, for water shipment).

B. All radioactlve materisls must be so packed and shielded that the degree of
fogging of undeveloped film under conditions normally incident to transpor-
tation (24 hours at 15 feet from the package) will not exceed that produced
by. 11.5 mr of penetrating gamma rays of redium filtered by 1/2 inch of lead.

C. The design and preparation of the package must be such that there will be no
significant radiocactive surface contamination of any part of the container.

D The smallest dimension of any outside shipping container for radiocactive
materials must not be less than 4 inches.

E. All cutside shipping containers must be of such design that the gamma
radiation will not exceed 200 mr/hr or equivalent at any point of readily
accessible surface. Containers must be equipped with handles and pro-
tective devices when necessary in order to satisfy thls requirement.

F. The outside shipping container for any radiocactive material, unless
specifically exempt by Sectlon III above or unless approved by the
Bureau of Explosives, shall be as follows:

1. Spec. 15 A, 15 B, 19 A, or 19 B (78.168, 78.169, 78.190 or 78.191).
Wooden boxes. Authorized for not more than 2,700% millicuries.

2. Spec. 12 B {78.205). Fiberboard boxes. Authorized for not more than
2,T700% millicuries.

3. Spec. 21 A or 21 B (78.222 or 78.223). Fiber drums. Authorized for
not more than 2,700% millicuries.

L. Spec. 6 A, 6 B, or 6 C; 17 C or 17 H (single-trip) (78.97, 78.98,
78.99, T78.115, or T8.118). Metal barrels or drums. Authorized for
not more than 2,700% millicuries.

5. Spec. 55 (78.250). Metal encased, lead or uranium metal-shielded
containers. Authorized for not more than 300% curies (see II, or
73.391). Containers must be, equipped with a seal.

G. Radioactive materials Group I, liquid, solid or gaseous, must be packed
in suitable inside containers completely surrounded by & shield of lead
or other sultable material of such thickness that at any time during
transportation the gamma radiation at one meter from any point on the
radioactive source will not exceed 10 mr/hour. The shield must be so
designed that it will not open or break under conditions incident to
transportation. The minimum shielding must be sufficient to prevent
the escape of any primary corpuscular radiation to the exterior of the
outside shipping container (73.393 g) (146.25-30 g).

H. Redioactive materiels Group II, liquid, solid, or gaseous, must be
packed in suitable inside containers completely shielded so that at any
time during trensportetion the radlation measured at right angles to
any point a the long exis of the shipping container will not exceed
the following limits:

Gemms. radiation of 10 mr/hour at 1 meter.
Electricelly charged corpuscular radiation of 10 mrads/hour et 1
meter.
3. Neutron radiation of 2 mrem/hour at 1 meter.
L. If more than one of the types of radistion named above is present,
the radiation of each type must be reduced by shielding so that
* Maximum is 2000 millicuries per package for shipment by air (AT 6-C, II).

P
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L.

the total does not exceed the equivalent of paragraphs 1, 2, or
3.

The shielding must be designed so as to maintain its efficlency under
conditions normally incident to transportation, and must provide personnel
protection ageinst fast or slow neutrons and all other ionizing radiation
originating in the radicactive materials or any part of the aggregate
constituting the complete package (73.393 h) (146.25-30 H).

Liquid radiocactive materials Group I, II and IIT must, in adéition, be
packaged in tight glass, earthenware or other suitable inside containers.
The inside containers must bhe surrounded on all sides and within the

shield by an absorbent material sufficlent to absorb the entire liguid
contents and of such nature that its efficiency will not te Impaired by
chemical reactim with the contents. Where use of shielding is necessary
to reduce radiation to limits prescribed by this section, the absorbent
cushioning material must be placed within the shield. If the container

is packed in = metal container specification 2R or other container approved
by the Bureau of Explosives, the absorbent cushioning is not required.
(Glass, see TV-K) (73.393 5.3(1%.25-30 3

Radiocactive materials Group III, liquid or solids, must be packed in sult-
able inside containers completely wrapped and/or shielded with such mater-
ial as will prevent the escape of primary corpuscular radiation to the
exterior of the shipping container, and secondary radiation at the surface
of the container must not exceed 10 mr/24 hours, at any time during trans-
portation {73.393 j){146.25-30 k).

For airplane shipment, unless otherwise specifled, articles shall be packed
only in containers which are securely closed and of such construction as to
prevent leakage of the article or distortion of the containers caused by
changes in temperature, humidity, and altitude during transportation. Con-
tainers and closures in countact with the article shall be resistant to it.
For liguids, containers shall be so filled as to provide an ullage (outage)}
of not less than 5% nor more than 10% {at a minimum temperature of &£0° F)
according to the nature of the liguid (except where otherwise specified).
The containers including closures, shall be capable of withstanding an
internal gauge pressure of 1% 1b/sq. in. (1.00 kg. per square centimeter)
when filled to such ullage (outage). Ampoules, phials, and similar con-
talners of not more than 10 cc. contenits each are exempt from the foregoing
pressure requirement, providing the total cotents of the ampoules, phials,
and similar containers in any inside package shall be no greater than as
specified for the article concerned. The inside package shall be considered
as the "inside container" in such cases and the packaging requirement for
the article concerned must be met. Containers which are breskable or
puncturable, such as glass, earthenware, plagtic or hard rubber {gutte
percha) must be packed in strong outside containers suitably cushioned to
prevent breakage and leakage. (49.3) (AT 6-¢, IV B-1)

Specification 2R - Inside Contalners - Metal Tubes (78.34):

1. Sigze - Outslde diameter of the tube must not exceed 6 inches and
length must not exceed 16 inches exclusive of flanges, or handling,
or fastening devices.

2. Manufacture -~ Stainless steel, malleable iron, or brass having a wall
thickness of not less then 3/32 inch for dlemeter up to two inches and
not less than 1/8 inch for dismeter up to six inches. The ends of
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the tube must be fitted with screw-itype closures or flanges (see L-k)
except that one or both ends of the tube may be permanently closed by
welded or brazed plates. Welded or brazed side seams are authorized.

3. Welding and Brazing - Must be done in a workmanship-like manner and
must be free from defects.

L. Closing devices - Must be of screw type, except that securely bolted
flange closure provided with sultable gesket is authorized for open-

! ings exceeding three inches in diameter. When of screw thread type,

number of threads per inch must be not less than U. 3. Standard pipe
threads. Ceaps or plugs are authorized.

V. LABELING

A. Unless exempted according to Part III above, each outside container of
Group I or II radioactive material being shipped by carriers other than
air carriers must be labeled with the red label (73.414 a), and of Group
IIT with the blue label (73.41k b), duly executed and applied by the
?hipﬁei)to that part of the package bearing consignee's name and address

T3.404 ),

(Red printing on white) (Blue printing on white)

HANDLE CARESILIT
RADIOACTIVE MAVERIAL
ENITTING CORPUSCULAR RAYS ONLY

Noame of contents
CLASS D POISON

HANDLE CAREFULLY
RADIOACTIVE MATERIAL
" CLASS D POISON Group lor 1

Group Il
T L N Y e e
Annrl o‘ [ ] Priger '."ﬁ.' [
ln. ia the .

tigme g’l‘ﬂh‘ ‘-'Ilhi Indovatith

IIP ‘n

NOTE: Labels for shipments by air {73.414 c¢) are not shown here but
have different wording, and may be used in lieu of labels other-
wise prescribed and for local transportation t¢ or from airport
(73.&02, 13). Either ICC label may be used for shipments by air;
however, the sghipper's certificate, either on the label or in
duplicate on an attached form, must be signed. For shipments on
passenger aircraft, the additional certification must be made:
"This shipment is within the limitations for passenger sircraft."
Carriers may also require the shipper to have the statement cer-
tified by an authority approved by the carrier (AT 6-C, Rule 11).
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B. Containers shipped as "empty" must have the old labels prescribed (by
Federal regulations) removed, obliterated, destroyed, or completely covered
by a square white label (73.413) measuring not less than six inches on each
side, and bearing thereon the word "EMPTY" in letters not less than one
inch high. This does not apply to carload or truckload shipments to be
unloaded by consignee (73.29 f).

€. Postal regulations require that the identity or nature of contents of any
radicactive materials mailed shall be stated plainly on the outside of
the package. Any labels required by Federal laws or regulatidns shall be
pasted to the outside of the parcel (PM 125.7).

VI. LOADING (73.396; 75.655 §; T7.841; 49.25 ¢; 146.25-35, 40, 45; and AT 6-C, IV B-160)

A. When radicactive materials are loaded by the shipper (as well as the carrier)
into rsilroad cars, motor vehicles, airplanes, or other carriers, the shipper
shall observe the following requirements:

1. A container of Group I or II radicactive material must not be placed in
vehicles, depots, or other public places clogser than 3 feet to an area
which may be continuously occupied by passengers, employees, or ship-
ments of animals; closer than 3 feet o the dividing partition in a
combination vehicle carrying passengers and/or express shipments; or
closer than 15 feet to any package containing undeveloped film. {(In
aireraft, only the distance to crew members or passengers is limited,
as shown in the following table. )

Total Feet to Feet to Dividing Feet to Area QOccupied
Units Undeveloped Film Partition lLess Than & Hrs.| More Than & Hrs.
Q-2% 1*
3-5% 2%
6-10% 3%
1-10 15 3 3 5
11-20 20 Iy L 7
21-30 25 > > 9
31=40 30 6 G 10
*Alrcraflt

2. If more than one such container is present, the distance must be com-
puted from the above table by adding the number of units shown on the
labels on the containers (I unit = I mr/hr st L meter, or the amount
of radiation which has the same effect on film as 1 mr/ar at 1 meter
of hard geamme rays of radium filtered by 1/2 inch of lead).

3. Not more than 40 units of Group I or II radiocactive material shall be
trensported in any land or alr vehicle or stored in any public loca-
tion at one time. A package of Group I or II material remaining in
the same building for more than 24 hours must be moved to a different
location after each 24 hours. All containers of such materisl must
be carried by the handles when handles are provided. On board ship,
if the shipment exceeds 40 units, a distance of at least 60 Ffeet must
separate increments of not more than 40 units each. Any hold, com-
partment, or enclosed deck space containing radicactive meterials shall
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VII.

be so ventilated that there will be no accumulation of radioactive
gases therein.

4. Radioactive materials, Groups I, II, or III, must not be loaded, trans-
ported, or stored with Class A explosives {detonating or otherwise of
maximum hazard, as compared to Class B flammable or Class C minimum
nazard explosives), or with samples of explosives. On board vessels,
radioactive materials shall not be stored in the same hold or compart-
ment with Class A, B, or C explosives, inflammeble liquids or solids, nou-
inflammable compressed gases, cotton; adjacent to or under corrosive
liguids; and must be stowed well away from living guarters, refriper-
ated cargo and foodstuffs not packed in hermetically sealed containers
(146.25-35 e).

5. Any tank, barrel, drum or cylinder, not designed to be permanently
attached to a carrier shall be reasonably secured against movement
within the carrier by which it is being trensported. While loading
or unloading a motor vehicle, the handbrake shall be securely set and
all other reasonable precautions shall be taken to prevent motion of
the vehicle., Containers must be so braced as to prevent relative
motion thereof while in transit. Containers having valves or other
fittings must be so loaded that there will be the minimum likelihood
of damage thereto during transportation (77.834).

6. Every motor vehicle other than tank motor vehicles transporting by
public highway any guantity of radicactive material requiring the
red label shall be marked or placarded or each side and rear with a
placard or lettering in letters not less than 2 inches high on a
?ontrasging background as follows: DANGEROUS - RADIOACTIVE MATERIAL

TT.823).

7. If any aircraft is engaged frequently in the transportation ol radio-
active materials, and for any planeload lot, it shall be the respounsi-
bility Jjointly of the shipper and the carrier to monitor all personnel
involved so that the accepted limits of personnel radiation exposure
are not exceeded. TFor shipment in planeload lots, it ig also the
responsibility of the shipper and/or consignee to supervise all
loading and unloading operations (49.25 @ and 49.41 b-2).

8. If shipped by boat, the consignor or consignee shall advise the per-
son in charge of loading or discharging of the hazards and regula-
tions (146.25-25 c).

VIOLATIONS AND ACCIDENTS TO BE REPORTED (73.11, AT 6-C, Rule & and 146.25-50)

Consignees receiving shipments by rall or highway transport must report
promptly to the Bureau of Explosives, 30 Vesey Street, New York 7, N. Y.,
all instances of improper steying and broken, leaking, or defective con-
tainers. (Carriers must report same, plus serious violations of shipping
regulations and accidents or fires in connection with transportation or
storage in transit of radiocactive materials. For water shipments, carriers'
representative will notify shipper and district Commandant of the nearest

U. 8. Coast Guard. For air shipments, operator of ailrcraft will immediately
contact shipper for disposal information and notify the nearest representa-
tive of the Civil Aeronautics Board or the Federal Aviation Agency.)
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