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This report was prepared for use within General Electric Company in the course 
of work under Atomic Energy Commission Contract AT(45-l)-1350, and any 
views or opinions expressed In the report ore those of the authors only. This report 
Is subject to revision upon collection of additional data. 

LEGAL NOTICE 

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

A. Makes any 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 Information, 
apparatus, method, or process disclosed In this report may not Infringe privately owned righh; or 

8. Assumes any liabilities with respect to the use of, or for damages resulting from the use of 
any information, apparatus, method, or process disclosed in this report. 

As used in the above, •person acting on behalf of the Comminion" Includes any employee or 
contractor of the Comml11ion to the extent that such employee or contractor prepares, handles or distrib­
utes, or provides accen to, any Information pursuant to hb employment or contract with the Commission. 
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PREFACE 

This r<1a.nual of Radiation Protection Standards contains Hanford Atomic Products 
Operation policies relevant to control of work with ionizine radiation and 
radioactive material. The Radiation Protection Operation, Hanford Laboratories, 
establishes Standards for radiation protection by authority of HAPO Organiza­
tion and Policy Gui de 3.5; it is t he responsibility of all supervision to 
enforce these Standards. 

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

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

1. Prevent ionizing radiation injuries to any i ndividual. 
2, Control individual accumulated exposures to ionizing radiation. 
3. Limit exposures to the population in the neighborhood of the Hanford 

plant to wi thin values presently considered acceptable by the National 
Committee on Radiation Protection and Measurements. 

4. Minimize the casual exposure of humans to ionizing radiation. 

Persons working in zones where ionizing radiation is or may be present should 
be fully informed of the nature of the ionizing radiations present and the 
protective measures r equired. illtimately, protection against ionizing radi­
ation has to rest with the individual. 

11 Shall11 and "should" have a special usage throughout the Manual. "Shall" is 
used when compliance with the policies is considered necessary to meet HAPO 
standards of protection. ''Should" indicates that the policies are to be applied 
where practicable; these may be changed from time to time to meet local condi­
tions at Hanford, and in general are included in t he Standards as administrative 
guides. 

UNCLASSIFIED 
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SUBJECT! CLASS! FI CATION! 

GLOSSARY OF RADIATION UNITS .AJ."ID TERMS Radiation Units and 
Nomenclature RADIATION PROTECTION 

I. POLICY 

Tenns and definitions relevant to radiation protection practices at HAPO shall 
be uniformly applied and shall conform to definitions formulated by the NCRP 
and ICRP, 

II. RESPONSIBILITY 

1. The Radiation Protection Operation is responsible for defining radiation pro­
tection units and terms that apply at HAPO. 

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

III. STANDARDS 

The following is an alphabetical 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. 

Activity Density 

Authorized Signatory 

Casual Exposure 

Conditional Release 

Contamination, 
Radioactive 

Controlled Area 

The quantity of either a specified radionuclide or a mix­
ture of radionuclides per unit quantity of matter (e.g., 
µc r131/gram vegetation). 

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

The a.mount 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., a contaminated railroad car rna.y 
be provisionally released to travel between specified 
locations). 

The presence of radioactive materiaJ. where it is undesir­
able, harmful, or causes interference. 

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

Controlled Injury 
zone 

Critical Organ 

Curie 

D:>se 

Absorbed D:>se 

Derma. D:>se 

Exposure D:>se 

NO. 
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controlled area is one that requires control of access, 
occupancy, or working conditions for radiation protec­
tion purposes.) 

The limiting of occupational exposures to ionizing radi­
ation by administrative means. At HA.PO, human exposures 
to ionizing 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 Radiation Protection specialists. 

3. Routine evaluation of individual exposures. 

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

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 ionizing radiation from external sources, the 
critical organs are usually the skin, blood-forming 
organs, gonads and eyes. 

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, denoted by "c 11

• Microcurie (µc) -
1/1,000,000 curie; millicurie (me) - 1/1,000 curie. 

A 4u.antity of radiation. 

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

As used at HAPO, a term relating personnel meter measure­
ments to the exposure record, Thus, an exposure recorded 
as a "derma dose" is assumed to be the absorbed dose in 
the dermal layer of skin (below a nominal depth of 7 
mg/ cm2) f rom gamma or X-rays or neutrons, or beta rays or 
any combination of ionizing radiation with a half value 
layer of greater than 1 nnn. of soft tissue. 

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

SUPERSEDES ISSUE D"TED DATE ISSUED 
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Penetrating Dose 

RBE Dose 

Ix>se Rate 

Exposure 

Extremities 

Instruments 

Ion 

Ionizing Ra.diation 

X-rays 

Gamma Rays 

Alpha Particle 
(a ray) 

Electron 

emission per 0.001293 gram of air produces, in air, ions 
carrying one electrostatic unit of quantity of electr icity 
of either sign. 

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

See RBE and rem. 

A radiation 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 
ta". 

The hands and forea.nns, feet and ankles. 

International Commission on Radiological Protection. A 
group of authorities, functioning under the auspices of 
the International Congress of Radiology, 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 ion). In certain 
circumstances an electron may be described as a "negative 
ion". 

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

Electromagnetic ionizing 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-raysrt or 
"-, rays" are used indiscriminately in radiology. Scien­
tifically. there is no distinction between the properties 
of X-ray photons and gamma ray photons of the same energy.) 

Corpuscle consisting of the positively charged nucleus of 
a helium atom and emitted by certain radioactive atomic 
nuclei. 

Subatomic particle having a rest mass of 9,107 x 10-28 
gram and a charge of negative electricity of 4.8o2 x 10-lO 
e.s.u. 
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NO, 

Beta Particle 
(f3 ray) 

Positron 

Proton 

Neutron 

An electron (or positron) originating from nuclear pro­
cesses. 

A positive electron, which can be formed in the beta 
decay of many radionuclides. 

A nuclear particle of unit mass number having a charge 
e~ua.1 and opposite to that of an electron. The nucleus 
of the hydrogen atom (not of the nuclides deuterium and 
tritium) is a proton. 

Radioactive corpuscle which has no electric charge a.nd 
has a mass slightly greater than that of the proton. A 
free neutron decays with a haJ.f-life of 10 to 30 minutes 
to a proton and an electron. The type of interaction 
which occurs between neutrons and 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 matter. "Slow neutrons", which are 
usually classed as having energies up to 0.1 ev, and 
including "thermal neutrons" which have energies (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 "epitherma.l neutrons" or 
"intermediate neutrons". 

Linear Eners::i Trans- Energy dissipated per unit distance along the path of an 
fer of' an7'.onizing ionizing particle, usually in electron volts per micron 
Particle (LE.~r) of length. 

Maximum Permissible 
Concentration 
(MPC) 

Maximum Permissible 
Limit 

NCRP 

PAGE 

The quantity of radioactive nuclide(s) in unit volume 
or weight of air, water, etc., which is prescribed to 
limit externaJ. and/or internal doses to within estab­
lished values. Most limits are based on the limiting 
body burden of the rad.ionuclide(s) in adult humans,. 
aesuming continuous exposure and a single nuclide as 
the sole source of intake, and using average or stan­
dardized biological parameters. 

The dose of radiation or body burden of radionuclides 
which1 under any combination of circumstances, is not 
expec~ed to cause appreciable bodily injl.l!'Y to the 
average individual at any time during hiSUfetime. As 
used here, "appreciable bodily injury" means any injury 
or eff ect that the average person would regard as being 
objectionable and/or competent medical authorities would 
regard as being deleterious to the health and well-being 
of the indi vidu.al. 

National Committee on Radiation Protection end Measure­
ments. A body of nationally recognized authorities who 
propound recommendations within the broad field of radi­
ation protection. These recommendat ions are normally 
published in the Nati onal Bureau of Standards Handbooks. 

SUPERSl!CES ISSUE DATED CATE ISSUE'.C 
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Non-Controlled 
Exposure 

Opera.ting Group 

Rad 

HW-U-457 REV2 

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 involved. 

Unit of absorbed dose. Writteq as rad. It is 100 ergs 
per gram. Millirad (mrad) .. l/l,OOC:r1:ad. 

Radiation Monitoring The supervision and personnel of an organizational group 
Group with the designated reaponsibili~y for adequate radiation 

protection practices. 

Radiation Work Pro­
cedw-e 

Radiation Zone 

ec iveness 
I.mil 

See Standard 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 biological 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 biological system and 
biological effect under consideration and for the condi­
tions under which the radiation is received. 

RBE VALUES 

The following values of RBE for all the critical organs 
according to the value of the average specific ionization 
occurring in the critical organ in which it is highest 
are recoDDDended for the determination of permissible tis­
sue doses in rads from external sources by relations: 

Permissible dose in rads= Permissible dose in rems 
RBE 

The specific ionization is expressed. in ion pairs per 
micron of water in tenns of its air equivalent. RBE 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 lin­
ear transfer of 3.5 Kev per micron of water). 

1. X-rays 1 electrons and positrons of any specific 
ioniza~ion RBE = l 

2. Heavy ionizing particles 

Average specific ioni­
zation (ion pairs

1 
per 

micron of water · 
100 or less 
100 to 200 
200 to 650 
650 to 1500 

1500 to 5000 

RBE 

l 
l to 2 
2 to 5 
5 to 10 

10 to 20 

Average linear energy 
tr'flsfer to water) 

\Kev per micron 
3,5 or less 
3.5 to 7.0 
7,0 to 23 
23 to 53 
53 to l75 

For practical purposes, an RBE of lO is applicable to 
fast neutrons and protons up to 10 Mev and an RBE of 
20 to heavy recoil nuclei for whole body irradiation 
and the most sensitive criticaJ. organs. 
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The quantity of any radiation such t hat the energy 
imparted to ~ biological syatem ( cell, tissue, organ, 
or organism) per gram of living matter by the ioniz­
ing particles present in the region of interest, has 
the same biological effectiveness as an absorbed dose 
of one rad from lightly filtered X-rays generated at 
potentials of 200 to 300 kilovolts. A dose in rems i s 
equal to the dose in rads mult iplied by the appropriate 
REE, Written as rem. 

See DJse. 

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 ad.equate protection against radi­
ation. Indicat~s necessity in order to meet currently 
accepted standards of protection. 

To be applied (recommended) whe~ever 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 to all cases, w1 thout being ab­
surdly restrictive in some. It is intenied that ~uall­
fied Radiation Protection Specialists exercise good 

. judgment along the general lines of past operating 
experience at HAPO. Borderline cases ~hould be referred 
to the Radiation Protection Operat ion for an opinion. 

A written inGtructicn sheet signed by authorized signa­
tories of the operating, Radiation Monitoring and ser­
vicing groups involved, p~ior to the start of work in 
a Radiation Zone, whi~h cl1::.::.rly defines t he work which 
will be done, the protective clothing to be worn, the 
necessary radiation s1.irvey measurements s.nd time limits, 
and any speci al inst:ru.c+,iom:, fo:::- the safe performance 
of wor k in the pre:ser.ce of ionizine; radiatiot::.. An SWP 
is invaliaated at the cor.r;lu2ion of the shift on which 
it was authorized, but rr,ay be re-instated by signature 
of the involved supervision of the in~oming shift to 
signify agreement with the conditions and restrictions. 
Also sometimes called a Radiation Work Permit (RWP). 

Total raclioactivity of a given nuclide per gram of ele­
ment (e.g., µc p32/gram p32 + p31). 

Total radioactivity of a given nuclide per ~am of the 
re.dioactive nuclide {e. g., µc Pu239/gram Pu239), 
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Standard 

Time Limit 

Units 

Waste, Radioactive 

IV. PHILOSOPHY 

Standard Operating Procedures are written rules for work 
involving radiation or radioactive materials. Each SOP 
shall clearly define the work to be done, location of the 
work, protective apparel and equipment required, methods 
of radiation and contamination 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 SOP shall be approved and signed by 
appropriate authorized signatories of the Radiation M:>ni­
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 
being made when necessary and as determined by periodic 
reviews by Area Supervision of any signatory unit in 
confonnance with changes in the conditions under which 
it was issued. 

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 Standard Operating Pro­
cedure or Special Work Permit for the job. 

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

See RPS 7.1 and 7.2. 

Several of the Standards contain the heading Philosophy. These headings are 
included whenever it is felt that background information, or a~ indication of 
the basis, reason, approach, or rationale would assist in clarifying the intent 
of the Standard. In the Philosophy for RPS 1.1, it would appear appropriate 
to briefly discuss the format of this edition of the H.I\PO Manual of Radiation 
Protection Standards. 

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

Policy - 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 to indicate underwriting or 

Standards 
guarantee; assure to indicate ma.king certain or confirming. 

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

NO. 

1.1 

Guides reasonable degree of uniformity in the interpretation 
of the basic policy and standards. 
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SUBJECT! 

PERSONNEL MOHI'.i'OIUNG - INSTRUMENTA'I'ION 
Radiation 

Measurements 

I , POLICY 

The measui·ement of i onizing 1·adiation ea.cou·:1tered in the moni taring of pe:tso:nel 
a.:!d/ or the monitoring of effluents released t o the air, gro'..i.nd, or wa·cer sho.11 
·c,e ,;i t i1 a:pproved-t~1?e instruments e.nd L1 accorda:1ce witi1 approved procedu ... ·es. 

II. It3SPmrsrBILITY 

l. Ti'-e l<~anacer , Radiati on Protection, is responsible f o:c desicnating approved­
";:,ype it1st!·unents for use in pe1·sonnel monitoring, 

2 . The Cali bra·~ions Operation is r esponsible for the procurement, cali bratio:1 , 
meinte,1ance a:1d clistri ";.;t;:ci. on 01' port atle radiation :.noni t.o:tinc ::.nstrt:r.1ents . 

3. T:.i e Radiolorrical Development Operetio,1 is responsible for preparation a :1d 
iss :.ta:we of p:·ocedm·es detru.ling the field use of radiation moni torine:; 
instrument s in consultation with the usinG components concerned. 

l~. The user of' personnel moni torL1g instru.."tlents shall assure himself of the 
limitations and procedures pertinent to the instrument in hand. 

5. Specifi cations for portable radiation monitoring instruments for user groups 
aTe established by Calibrations Operation L1 cooperation with tte usinG cor.1-
ponents concerned. 

6. Speci f ications f or functi onal sources :i:0

0r field use are established by 
Calfbr ati ons Operatio::i in cooperation with the using components concerned. 

7. Specifications f or semi -portable and f"ixed r adiation moni torinG ins'.:.ruments 
shall ·oe approved by the Radiation Protection Operation. 

G. Procurement and control of semi -portable and fixed instruments are by the 
using com:ponents . I n order to assnre standards of unif'ormity, the Rt;.diation 
Protection Oper ation shall be consulted conce~ning specifications and ~ses. 
Acceptance testi ng of these instruments i s the responsibility of the using 
component . 

1. 

2. 

3. 

,~. 
5. 

(i . 

Only portable radiation monitoring instruments issued and calibrated by 
the Calibrations Operation shall be used f or controlling and evaluating 
personnel exposure. 
Portable radiati on monitoring instruments shall be calibrated on the basis 
of a schedule published by the Cali bra-t,ions Operation. Only instruments 
da ted 'di thin the (!alibration period should be used to monitor personnel. 
Functional checks of por table radiation monitoring instruments shall be 
perf ormed by operat ing pernonnel on a fr equency which will reasonably 
assure t hat the instrument is operating within calibrat ion limits . 
qualitative fi eld measurement s of low- level ionizin5 radiation should 
no:tmally be perf ormed with count-rate type instr;.i.ments. 
Quantitative field measurements of ionizi ng radiation should normally be 
perf ormed with dose-rate tYJ?e instrt:ments . 
Specifi catio·:1s for new persmmel moni taring devices and instruments designed 
and/ or developed at HAPO or available elsewhere shall be approved by rtPO . 
Acceptance testi t1g of prot otypes ot' st:.ch equipment shall be performed by rtPO, 
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_,. 

NO. 

2 , J.. 

.- 1 - · c·, •:::. 1 t~.r1)e o/ C(.!_~:.:;_ l)t!c:1.t . 

.. ' .- .- ··•,·. :'. ··:·-'..: :::'~: ·.:; ~( .. or cl.eni G:1cd _·or tes t and evaluation shall not be used 
.'.:. ··_;l_ :.J .· i ,)n].·~o:c: ~1 .. · o~· pe .:·so:n cl. t ~·;c .-, 1;1'e ... 1 devices a.r e tested, 

.. :: :::.>:..:.:u.:. l.:.: •..:::c.:.::·dsccl ., r: ::.1ri:-~·ocll!~ :i. :~; _ :;:·.~·-• -~o ·i:,112 :t i cld c r ou.:ps to in-
.:··· ·c -~~mt they <lo not compromise ti1e exi s tinc r.'lo:ii torins :procrarus. 
_(t..ci.i.r:.-cion noni taring instr uments a r e : 

a. Portable Radiation Mani tol'i .1::; I nstnur:c:i-i:,t; 

nc.dio.t.ion G.ctcction, close :catc 1:ieo.sur i n~; , o.c dose measuri ng instru­
h1ents vi tll sel::'.' -conJ.:;alncd power supply, used f or the monitoring of 
pc:·so:m.cl, and/ or t he mon.i taring of effluents to the groa.."l.d, air, or 
uatcr. Usually the instrument is equipped with a handle, strap, 
clip , or other device for holding and carrying and is of such weight 
and s i ze t o be quite easily carried by one pe:cson. 

b . 3em:L -Po:cto.ble Rt:_di c.tioll 1-Ioni t o :.:L1;;; I .1ot n'I,.C,rLs 

~::.·.{lio.t.·.o~~ detecti on , dose .;:·ate neasm~in~ , o· · done mcasurinc instru.­
ncnts us,xally 1·equi ri n.:; l.',:1 outside poue:c S\.J.l)]_Jl y , used f'o:r the moni­
to:cinG oi' pc1·somJ.el Z.i1d/ or the mo11i taring o:f:' eff luents to the ground, 
o.ir, or water. Frequently the instrument is of such weight and size 
that it cannot be easily carried by one person, but may be equipped 
wit:h wheels, casters, or skids to facilitate movement. 

c. Fixed Radiation Monitoring Instruments 

~adio.tion det ection, dose rate measuring , or dose measuring instru­
r,:ents used f or the r.ioni torin.s of personnel and/or tne noni torj_ng of 
e:f'i'luents released t o J r o,:nd , o..ir , or i-,atcr , ;,~1ich require special 
i nstc.llation m .. tc l1 as wir:.n(;, piping, etc. They c;re usually con­
:1i t ercd t o be o. building fi xture. 
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ISSUED BY THE 

MANAGER 

HANFORO ATOMIC PROOUCTS OPERATION 

RADIATION PROTECTION STANDARDS 

SUBJ E CT I 

ST!,NDARDS JiiJD CuNT~OLS FOR HUMt-JJ 
EXPOSlDE TO IONIZIIJG HADIATIOH 

CLASSIFICATIONS 

Exposure Standards 
RADIATION PROT E CTION 

I . FOLICY 

1. n-:..,nc.n e:.:1)0s-:..'..1.·e to ::.o:1i:: i :;.;:: :radi ation sho.lJ. ·oe :~e:,t o.s low o.s p :cactical. 
2 . ?:;.e ex.:iosLu ·e limits 1):.·cs:;:,::;.·.)cd bclm1 sho.11 ·0c o,~)pl ic:o.ble to all persons 

:::::u.0 .~ c:ct ·::.o :;120 :.:.·e,dia ~i. 0,2 ::_):,·o·::.cct:i.on eo::t:-ols. 

II . HESFOE;.UDILI'.1 Y 

t[II . 

CATE 

1. '.i't1c :k .dio.tio:1 P1·otcctio.1 C_?ei:~·;;,i.0:1. is :cespo,1sili'le :,:·or esto.bl is!1in~ -~be 
m:::xir:1cr:1 ::_:,ei·rJJ.issH;le l imi ts end con·t; c·ols at IIJ..PO , relevant to ma~ , for 
e ::.posL·:ce :, ·::-o i 0:1::. ~i ne:; 1·adi atim1 0:.1.cl :..·o.c\i o r.:.cti vc co,~:;;,o.mina t i on . 

2. It is the r esponsibility o:i:' ·the r.mnageme :1t of es.ell lLo.FO facility to 
cm:ploy detai led !.,:::otec-::.io~1 coc.trols app:opriate to t l1e f adl i ty and 
·011c worl: , a ::d r csponsi vc ·co t~:c J~ci..io.~ton P::cotection Standards in this 
l,Iunu.o.l. 

Oc:.:i.; . .'_)c.·;;,10:10.l cxposi.;_:•e as o. ,1·est·.lt ot io:ii~L1;:_ _•c.cl:.i..atio,1 lror.1 a cour;::c 
exte::c,w:;_ ·:,;o -~i.~e ~~w.ui:1 tioc(, shall :10t e:,~cccd : 

c . 5 :ccr.'l.G m,_;J.t].:_:>lied L;:l -;,~ic n :.-r.1ber o:::· yea:..·s b ct,-:een -~he person ' s n.s e 
and n 2"c 12, iccludJ.n ,~ :1ot r.:.o :·c tlm:1 3 :ce:rns Le U,ly 13 co::secutivc 
\·ree::s, to tii.c '\rl10l c ·i.locly , ~wad e:..1c: t :·u:i:, , t'.c·.;:l. vc -.,100C:::.<.'orraL1c orQ:e.:1s, 
eyes o:c ::;onacis , due to ::.·adiation oi' suf:'icient pe::1etre.:ci :1e:; power t o 
o.~' :::·ec t a c :~c;ni:.:ica.::it :..:',:•ac t i o;' o:~· t:ie c:.."iLLcul tissue; 

b . J.O r ems r.1ultiplied b ? t~:e :r,;mbc::: o: · years 'uet,:-;een the person's o.::;e 
.::.:id. e..c,e :LL- , ic.cludin;~ :10".;, :·,or e -~l1c.n u :.·cr.1G :'...n e.;1y 13 consecutive 
ireel:s, to t he s:,in o.r ·chc m!jor !)Oj~.,.;,io;1 o:i:' the bocly , due to radiation. 
o:[' vc :y lo\·r :ie,1ctn1t.~nL _po-,rc r ( ~1.:l/ - v1,;.l ,1e less t;::n::i 1 nm of soft 
.i • • : r.- •-L'C )' lt.LVQ- ·. _, 

c . ·,) ~·cr:1:;, yc r:..r , i.nclud::. .1~ no t r.,o ..:·c t:10.n 2:i ~-e:11s in o.ny 13 consecutive 
1-,eel:s, to t~1e ~mnds, i' o1·ea:--ns J :s:·ee-~ or anl:les. 

O::: c ·-'-~lati o ,10.l exposure resultin~ t'.i:01:1 :ca:H o~1:cl ides in t::e ;n.uilan o ody 
shall ne co,1sistent as ta:.:- as l)Ossi 0le wi t:1 ·::.he:: ace- p:.·ora·;;..::.on o.nd dose 
principles above . 

o.. :z,:1e body bur den of' the radionucl.i.dcs shall l.;e lim.i. ted -~o the maxim·,;.:n 
.. : ·:·r' .; :.; .:_~) 1.:c bocly burden listed ::..n Appc:-i.di::r. fl. , 
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NO. 

b, For mixtures of radionuclides in the body, the body burden of the 
mixture shall be determined and limited in accordance with the prin­
ciples contained in NBS Handbook 69, Maximum Pennissible Body Burdens 
and Maximum Permissible Concentrations of Radionuclides in Air and in 
Water for Occupational Exposure. 

3. 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 body, or 30 rems when the critical organ is 
the thyroid or skin, or 5 rems when the gonads, or the blood-fanning 
organs, or the lens of the eyes, or whole-body is the critical organ. 

4. Special Authorizations 

On rare occasions, unusual cases may warrant individual exposures above 
the limits contained in the Standards. These will require the express 
authorization of the Manager, Radiation Protection. 

5. Accidental or Emergency Exposures 

Information on accidental and emergency exposures appears in RPS 6.3. 

6. Medical Exposures 

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

7. Minim1.ml Age for Radiation Workers 

Persons under 18 years of age shall not be assi~ed Radiation Zone work. 

8. Prior Employment Record 

When any person accepts employment in radiation 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 demonstrated that he has not been employed in radiation 
work. 

9. Human Exposure outside the Controlled Area 

3.1 

The radiation or radioactive material outside the RAPO controlled area, 
and attributable to normal operations within the controlled area, shall 
be 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 radionuclides 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 listed i n Appendix A, The body burden may be averaged over periods 
up to one year. 

IV. OPERATIONAL cmlTROLS 

1. Occupational External Exposure 

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 management to assure that HAPO Radi­
ation Protection Standards are met: 

a. The "whole body dose" 1 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 personnel meter program, 
should not be permitted to exceed 2 rems in any re 81,llar four-weel: 
badge period, or 10 rems in any calendar year. 

c , 'Ihc "extremity dose", evaluated through the personnel meter program 
or job monitoring , should not be permitted to exceed 8 rems in any 
regular f our-week badge period, or 40 rems in any calendar year. 

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

2. Occupational Internal Exposure 

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

a. Air-borne radionuclides should be minimized through appropriate local 
operational controls. In general, there should be no planned exposures 
to air concentrations which exceed the limits contained in Appendix A 
without respiratory protection. (Tritium is the exception. Control 
for exposure to air-borne tritium should be based on limiting the 
whole- body dose to a total of l rem in any four-week period and 5 rems 
in any calendar year.) Whenever air-borne concentratio::is are likely 
to exceed the limits listed in Appendix A, apparel as noted in RPS 4,7, 
Radiolocical Protective Apparel, shall be worn. 

b . 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, Radioactive Materials Released to the Environs. 

c . Personal contamination shall be minimized through appropriate local 
operational controls. Whenever human contamination in excess of that 
stated in RPS 4. 7, Radiological Protective Apparel, is likely to 
result, appropriate personnel protective apparel shall be worn. 

d. Whenever the body burden from a ra.dionuclide(s) exceeds one-half the 
applicable limit listed in Appendix A, further planned exposure to 
t he offending or biologically similar nuclide shall be prohibited . 
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3. O:::cupational Mixed Exposu:ces 

Wi1en ::. radiatio 1 dose i'rom ooth exte:cna.l e.nd inter,1al exposure sources i s 
t.>ei 1t:; n;,,:crnn'.'.lated by an i ndi vi dua.l, exposure controls, addi tiona.l to those 
lis·ced a·bove, rnay be _1ecessar y. Any special limitations imposed on occv.1)a­
tio,1al exposures of s ~cl·~ L1dividuals shall be issued by the Manager, Radi­
atio:.1 Prot ectioQ and shall ·ce administered b;y the l'acili ty management 
i.~1vol.vc d. . 

4. Nonoccupational Exposure Control Criteria 

The discharge of co,·1trolled amounts of radioactive materials to the envi­
rons ot' an atomic ene:cgy faci lity may coatribute to the potential n.on­
occupc.tioual exposure of persons livic1g in the vicinity of such a facility . 
T~,.e ~i.nt . .:-ol of' such exposure is primarily established for the purpose of 
l,c c;JLlG t;:1e average dose to the whole populatio_1 as low as rea~onably 
possL)le a 1d .10t because of the likelihood of speci fic injury to an indi­
vidc:al. This contr ol at i:-iAPO is primarily ei':.:'ected thj:ough the rate of 
release of r adioactive eff luents. 

The decree of control necessar y takes into consideration a number of 
factor s such as: mode of exposure, possible uptalrn and concentration in 
f oodstuff s , multiple paths of intake of radionuclides , the critical organs 
involved, effect of other atomic enerc;y facilities on capacity of environ­
mental dispersal media, and the technological difficulties involved in 
ma.l~ing direct measurements of the individual dose to a r esident of the 
eiJ.vir ons. For these reasons the control criteria are indirect and are 
usually des cribed in terms of concentrations of radionuclides in air 
and vater at the point of potential intake. 

Since an individual's accumulated dose r esultinG f rom environmental dis­
charge o i' radionuclides would normally result :t'rom exposure to diverse 
sources and multiple paths of intake , the actual concent ration of acy 
one r adionuclide in the environs is important o~ly 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 
maximum dose to an individual in these environs to 0.5 rem/year of pene­
trati:1 g radiation and a maximum body burden of 1/20 of the value in Appen­
dix A. Normal ly this will require that at the point of potential intake, 
the concentration of r adionuclides in air and water of HAP0 origin be 
l inited to 11 100 of the applicable MPC specified i n Appendix A, Addi­
tior:.ally, measurements shall be made which e.llow consideration oi' radio­
nuclid8s in foodstuff s to be factored L1to '.;he above limi tations. These 
calcuJ_at:'..ons shall utilize the best measurement t echniq_ues available . 
These calc ~lations and concentrations may be averac;ed up to a one year 
inter val . 

V. PHILOSOPHY 

NO. 

The occupational exposure controls listed above , when considered with the 
r eliability of HAPO job and area controls, the probability of multiple radi­
ation exposures in one task , the practical limitations in measurement of 
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personnel exposures, and t he acknowledged degree of uncertainty in differ ent 
exposure standards, provio.e reasonable assurance that no individual I s dose 
f r om whole-body exuosure to external r adiation sources will exceed the levels 
:pr~scribed i n the Sta~10.,.:ti<} , 

The I'fa~ional Cammi ttee on Radiation Protection and Measurements, whose recom­
mendations form the base for these Standards, acknowledges that fairly wide 
latitude in the rate of delivery of an individual's dose is pe:nnissible. 
However, the I'WRP qualifies this latitude with the statement that desirably 
an occupational dose should be distributed in time a.s uniformly as possible. 
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I SSUEO av THE 

MANAGER 

RADIATION P ROTECTION 

I. POLICY 

GENERAL. ELECTRIC 
H.-.NFO RD ATOMIC PRODUCT S OPERATI ON 

RADIAT ION PROTECTION STANDARDS 

SUB.JECTI 

.RmPONSIBILITY FUR RADIATIQff ZONE WORK 

HW- 25457 REV 2 

CL.ASSIFICATIONI 

Radiation Controls 

Areas designated as Radiation Zones, and eqw.pnent or personnel within these 
zones, shall be controlled to the extent oecessary to assure the radiological 
protection of personnel. 

II. RESPONSIBILITY 

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

2 . The Operating group having responsibili ty for a Radiation 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 their 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-
1:!,tion Incidents, is also an Operating group responsibility. -

3. Servicing groups performing work within a Radiation Zone shall assure that 
current radiological working couditions and protective requirements have 
been determined by qualified personnel and specified in an approved Radiation 
Work Procedure or Permit. 

4. Individuals entering Radiation Zones shall assure themselves that they have 
met radiation protection requirements contained in a Radiation Work Proce­
dure or Penni t. 

5, 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 responsible for submission to 
RPO of copies of Radiation Work Procedures within their jurisdiction, 

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

7. The Radiation Protection Operation is responsible for prescribing the general 
criteria for personnel radiologicaJ. protection and personal dose evaluation 
measurements and equipment and for determining conformance to the criteria. 

8. The responsibility for providing individuals with a suitable radiation pro­
tection orientation rests with the immediate supervisor. See RPS 5,5. 

III, STANDARDS 

1, Radiation zone Establishment 

Radiation Zones are established to identify sources of significant ionizing 
radiations and to minimize casual exposure A Radiation Zone is an area . I 

item of equipment, or work location wherein: 
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IV. PHILOSOPHY 

NO. 

I, l 

The overriding aspect in any presentation of responsibility for Radiation 
Zone work is of course the protection of the ind.ividuaJ.. Thus the respon­
sibility and the standards for achieving adequate control within Radiation 
zones at Ranford are based on the individual. being in.formed and upon pro­
cedures and operational techniques which, 1n depth, assist the individual 
to stay within prescribed radiation protection controls. 

PAGE .SUPE,.SE0£S ISSUE DATED DATE ll!i&UED 

3-1-60 4 OF 4 
~ =====--'-----------------''-------------' 12-1-60 



p:; .,-. 

A 

A 

UNCLASSIFIED GENERAL. ELECTRIC 
HW-2.5-457 REV 2 

HANFORD ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 
CLASSIFICATION1 

ISSUED BY THE 

MANAGER 

RADIATION PROTECTION 

SUBJECT1 

RADIATION SYMBOL Radiation Controls 

I. 

II. 

III. 

POLICY 

The presence of radiation or radioactive materials within the category of 
"Radiation Zone" shall be identified by the symbol described below. 

RESPONSIBILITY 

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

STANDARDS 

1. 

2, 

Symbol 

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

b. The symbol shall be as large as is consistent with the medium used 
and shall be maintained in the proportiois indicated below: 

Colors 

A'*"("\ 

lURU\ 
0-28 OF R~0.16 OF R 

a. Symbol and words {if any) - magenta. 
b. Background - 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 
lOJ) -P- 3 or 4 

Chroma 
Not less 
than 6 
14.5 

Hue 
Limit 2,5 

Color Value Chroma 
y Not less Not less 

1. 3 RP 4.2 

5.0 RP 

3. Wording 

3 or 4 Not less 
than 6 

Mid-Eoint 5.3 

Limit 7,5 

than 8 than 8 
y 8 12 

y Not less Not less 
than 8 than 8 

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

I. POLICY 

GENERAL. ELECTIIC 
HANFORD ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 

l!IUBJECTt 

RADIATION GENERATING MACHINES 

HW-2.5.C57 REV 2 

CLASSIFICATIOt,ft 

Radiation Controls 

Control procedures shall be established to protect personnel who operate, ser-
A vice or have access to the vicinity of a radiat1Qn generating machine. 

A 

rr. RESPONSIBILITY 

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

2. The 17oup responsible for local radiation monitoring is responsible for 
recormnending radiation protectio~ safeguards that are adequate to prevent 
inadvertent personnel exposure from radiation generating machines located 
in work areas within their jurisdiction. 

III. STANDARDS 

rv. 

1. A "radiation generating ms.chine" 1.s defined as an x~ray generating device 
(fluoroscope, industrial X-ray machine, spectrometer, etc.) or a particle 
accelerator (Van de Grae.ff, 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. 
Each 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. 

PHILOSOPHY 

The ionizing radiation rrom radi~tion generating machines, unlike that from 
radioactive substances, can be started and stopped upon demand. This feature 
can result in radiation protection sEt.feguards that also start a.nci stop, making 
possible electric interlocks and barriets, but also making it difftcult to 
ade~uately alert nearby workers, espeoially for mobile machines. It is hoped 
that emphasizing these problems in a separate Standard will facilitate creating 
adequate radiation protection safeguards for the machines. 
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UNCLASSIFIED GENERAL. ELECTRIC 
HANF'ORO ATOMIC PRODUCTS OPEIOIATION 

RADIATION PROTECTION STANDARDS 

SUBJECT! CLASS I fl' I CATIONI 
ISSUED BY Tl-(E 

MANAGER 

RADIATION PROTECTION 

OFFSITE O0CUPATIONAL EXPOSURE Radiation Controls 

I. POLICY 

HAPO personnel shall observe HAPO Radiation Protection Standards while on 
official business at offsite locations . 

II. RESPOUSIBILITY 

1. The traveling employee is responsible for notifying the Exposure Evalu­
ation and Records Operation {phone 33l34) that he expects to enter Radi­
ation Zones in the course of hi s official offsite trip. 

2. The Radiation Protection Operation is responsible for providing consul.­
tation on applicable Standards to be observed during offsite official 
bus iness and for providine; :persor1::iel moni torinc services d.eemed necessary 
to assure the measurement and recordi :-ig of exposures received by HAPO 
employees during official offsi te busines s . 

III. STANDARDS 

1. HAPO employees, while on official off site business, shoul.d conform to 
local Radiation Protection Sta~darcs when these Standards are not in 
confli ct with HAPO Standards. 

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

3. The exposure to i onizing radiation sustained by HAPO employees while 
performing official offsite business 7 shall be individually evaluated 
and integrated into HAPO exposure records. 

PHILOSOPHY 

The probability for excessive exposure to ionizing radiation while on a 
business trip is small. However, HAPO is charged With the responsibility 
of determining and recording the significa~t occupational exposure of each 
employee, essentially irrespective of where or when received. This is nor­
mally accomplished by the HAPO f ilm badge proeram. Sometimes, however, other 
means such as bioassay evaluations may be appropriate. Therefore, the poten­
tial for exposure is individually deterrlli.ned at t he time of the initial tele­
phone :iotification, rather than by standar1iizing on one set method for evalu­
ating offsite exposures. 
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UNCLASSIFIED 

ISSUED BY THE 

MANAGER 

RADIATION PROTECT ION 

I. POLICY 

GENERAL. ELECTRIC 
HANFORD ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 

SUBJECTS 

:aELEASE FROM RADIATION ZONE STATUS 

-- - - -------------, 

HW-Z5457 REV 2 

CLASSIFICATIONS 

Rad.1.ation Cont:·ol :., 

Fe _::- son:1el ancl eg_uipr.~ent , ui thia Radiation Zo::ies , shall be released only L1 
acco:..·c.c.~1ce with v.ppr oved proc edures. 

II. RE3POIL3gILI'l'Y 

1 . S:'he responsible operating grollp should assure com1Jlian.ce with exit pro ~ 
v.:.si o:-i:..i o i, local Radie.ti on Zo:1e proced.u res . 

2 . 'l'he :_:coup :cesponsible f or l ocal radiation moni toring s hall assure that 
estal;lished procedures f or estall the iaadvertent release of contaminated 
eq_u.:.pment or pe r sonnel from established Radiation Zoaes. 

III. S'i'i\HDAll D3 

1 . ?eJ.·sonael a.1c1. material eacondi tionally r eleased 1r om Rad.iation Zones shall 
be f ree :·i·om sical f'icant radioactive conta.raination . 

2. ~~elease sL,rveys sh..:.,.11 be perf'ormed wi th the most sensitive alpha , beta, and 
i..P-rr.ia 6.etectinc; i:1strL1r.1ents uvai l able . These su.rveys shall b e made f or 
eni tteTs of' alpha, beta, and gamma radiation unless it is lmown that a given 
t:nJe 1. s :i.ot prese,·1t . 

3. Unc:ondi t i o:rnl release surveys should be pel'.'for med only where the backgrm:,nd 
doe s a ot exceed 500 c/m (measured on a. GM- type instri.:ment) or 500 d/m 
(measured m1 a poppy-type L1st r Gment) . 

4. Appropriate personal surveys should be made by, or i:1 behalf of, personnel 
exiting from Radiation Zones wherein radioactive contamination is present. 

5, Any coc,taninati.on detected as a result o:i' exit su1·veys shall be promptly 
broubht t o the attention of the gro up r esponsible for local r adiati on noni­
torin5 . 

6. The ' nw:iber of exits :f:'ror.i established Radiation Zones should be minimized. 
7. Co:1taro.i:iated excess and su.-rpl us materiel may be r eleased by compliance with 

the ::·ollowine, concli tio~1s: 

a . For Lncondi tioao.l ::,_·elease there shall be: 
no smearable cont runilat:Lo:1 
alpha contaninat.i.on o:i:' < 5UO d/ m pet· 100 cra2 

beta- gamma co::itaminatio;1 of < 200 c/m per GM p:cobe area 
a l~w :pr obability ,~or o ;:; c:L.,1.ded or L1ternal co:ita.mination . 

b . :c;q-..d:;.1:e:1;:, l'm.:.nd coi1taminatec.3. lKt t o wl t r1in ·che l evels listed below ·may 
b e .ce le&sed o. s "tac;:_;ed" equ..i.:pmer1L i.n accordanc e with AEC Manual Chapter 
5l: J -1411A: 

:10 smearaole co .rtc.u.i. ·.12..t .:. o:~ 
alpha c:J "·cai";1i :1a.:.;.i. o 1 o,_· < '.JUO d./.':1 ~Jer lCO cm2 (i:;hen known to be pll1. ­

t o::1.~v::: :L·ee, -~he al pha contrrr1L1atio.1 shi::,.11 be < 2000 d/m p e:c 1c:; :;·i) 
be'.;a- 2,arnna co:1tamin£.ti o:1 of < L,X) c;in per GM probe area, \,•hen ·(,i.l(; 

sn.t ec l : 'i ,::: co;1tar;1inant ls upl-:no1-r:1 . When :-:nm-m
2 

-\;he cY1taminant is 
4L ) '- 10 --, .-

;~;J0\1Ll u.1d i s not Sr';i0 , Ca :.i , L:: J , Bi2.,_ , Ra ;:: ;:; , t hen the bet2.- c;ai,:1i10. 
1:cleo.se lil'.1it shell ·cc l mcrnl,. ;,• . 

c . Fo : uate ~·iel , ti·:.;i1 ::; ,t.::tc.ce contf~:-:lin2.cio·.1 > 1 nrad/r.r , ILI\PO Radiati on 
Zone r equi:.--ements shall apply . 
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8. Equipnent removed from a Radiation Zone for further use at HAPO without 
meeting unconditional release re4uirements shall itself be identified 
as a Radiation Zone. 

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

IV. PHILOSOPHY 

1110. 

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

This particular Standard is concerned with insuring that significant quan­
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 flexible radiation controls, each 
Radiation Zone worker must know and a.bide with local procedures if adequate 
confinement of contamination is to be achieved. 
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UNCLASSIFIED 

ISSUED BY THE 

MAN .... GER 

RADIATION PROTECTION 

I. POLICY 

GENERAL. ELECTRIC 
HW-l5-457 REV 2 

HANFORD ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 

SUBJECTS Cl.ASS\FICATIONt 

SHIPMENT OF RADIOACTIVE MATERIALS Radiation Controls 

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

II, RESPONSIBILITY 

1, Supervision authorizing the shipment is responsible for assuring that 
applicable regulations are met. 

2, For onsite shipments, the group responsiole for local radiation monitoring 
that serves the shipper is responsible for insuring that shipment proce­
dures for radioactive materials are adequate to minimize the casual expo­
sure of personnel. 

III. STANDARDS 

l, Offsite radioactive shipments of HAPO radioactive 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 Subsectl.on, Construction Engineering 
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 required in RPS 4.1 and 4.2. 

3. All onsite radioactive shipments she.11 be in accords.nee with either a 
specific Special Work Permit, a Standard Operating Procedure, or a com­
pleted Radioactive Shipment Record form. (In addition, shipments of classi­
fied radioactive or other noa-inspective material should meet security 
requirements found in the CE&UO OPG 9, 6.) 

4. 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. 

IV. PHILOSOPHY 

Nationally, an increasing number and variety of radioactive materials are on 
the move and the specific 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 dubious shipments, the latest 
specifjc applicable tariff be consulted. 

OATE ISSUED SUPERSEDES ISSUE DATED PAGE NO, 

3-1-60 7-1-57 
1 OF 2 4.6 

BM-7800-055 (6-57) Al:c;-O& AICHL.AND , WA• H . 



HW-ZS.Cl7 RIEV 2 UNCLASSIFIED 

NO. 

Onsite shipments are also increasing, especially routine shipments of waste. 
This type of shipment would appear to be particu.l.arly suitable to Standard 
Operating Procedures and their use is recommended. This is because an SOP 
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. 
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UNCLASSIFIED GENERAL. ELECTRIC 
HW-25457 REV ~ 

HANFO~O ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 
...---- ------ --,-----:-:::-'.~~ -- - ----··· · · ·-····· ... 

SUBJECTS 
-----------·- ·­. . . -- ---~-- - - - ~ 

CL.ASSI pr1CATIONI 
ISSUED BY THE 

MANAGER 

RADIATION PROTECT I O,.. 

RADIOLOGICAL PROTECTIVE APPAREL Radiation Controls 

I, POLICY 

Adequate protective apparel shall be provided and worn in Radiation Zones 
wherein significant radioactive contamination is or ma.y be present. 

II. RESPONSIBILITY 

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

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

3. The operating group responsible for activities within the particular Radi­
ation Zone shall issue and control the protective apparel. 

4. The Radiological Development Operation of the Hanford Laboratories Operation 
is responsible for designating, after consulting with interested groups, the 
design and performance specifications for all radiological protective apparel 
at HAPO with the exception of respiratory equipment. In addition, the field 
testing and/or evaluation of ra.d.iological. protective apparel shall be co­
ordinated by the Radiological Development Operation. 

5. The evaluation of respiratory equipment, together with the creation of desigo. 
and performance specifications, is the responsibility of the Industrial 
Hygiene Operation. 

III. STANDARDS 

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

2, Body 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. 

3. Normally, radiological apparel should be donned freshly laundered. Re-use 
should be authorized only after the article ha.s 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 condi.tions of re-use 
are specified by procedure. 

4. Fresh and used protective apparel shall be kept segregated. The wearing 
of protective apparel should norm.ally be limited ·to Radiation Zones. 

5. Conte.mi.nation levels for laundered protective apparel shall be such as to 
insure that there will be neither a significant radiation exposure nor a 
spread of contamination to the personal clothing or body c,f the individual 
wearing the protective apparel. 

6. Wor k with loose or smearable contamination (nominally, in excess of 500 c/m 
for 13 ..; -r -ra.ys as measured by a GM type instrument or 500 d/m for a-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: 

RESPIRATORY PROTECTION REQUIREMENTS 

Protection Required 
Respirator Assault Chemox or 

Contaminant Concentration µc/cc None or Half Mask Mask* Fresh Air* 

Plutonium < 2x10-l2 X 

2x1.o-l2 to< 4x10-ll X 

~ 4x10-ll X 

Uranium < 6x10-ll ox 
6xlo-11 to < 1.2x10-- X 
L 2x.10-lO to <l.2.X1D-9 X 

~ l.2xlo-9 X 

Mixed Fission < lx10-9 X . 
Products 1x10-9 go< 2x10-8 X 

> 2xio- X 
= 

Other Than < Occupational 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 t he 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 ad.equate protection aga;inst par­
ticulate air-borne contamination. In the event that gaseous radioactive con­
taminants are present, the Industrial Hygiene Operation should be contacted 
as to appropriate respiratory apparel. 

Dl. PHILOSOPHY 

HO. 

Radiological apparel is issued primarily to protect workers from the internal 
contamination that can be acquired by the inhalation, ingestion, injection, or 
absorption of radioactive materials. To protect against these modes of body 
entry the radiological status of any Radiation Zone work is carefully estab­
lished and t he radiological apparel that is judged to provide ~dequate protec­
tion is specified. Once this has been done, t he individual entering the Radi­
ation zone must assure himself that the protective clothing i$ 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 sequence that will enable subsequent 
removal to be effected without cross-contamination. Ultimately, the Radiation 
Zone worker protects himself through the intelligent and informed use of the 
provided protecti ve devices. 
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UNCLASSIFIED 
GENERAL. ELECTRIC 

HANFORD ATOI\IIIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 
,--------------,----------------------.--,,..,.....-,,....,,...,,--,-cc..,..-,=--:--==-:-,-------CLASSl,..ICATlON1 

ISSUED EIY THE 
SUBJECTI 

MANAGER 

RADIATION PROTECTION 

RECEIPT OF RADIOACTIVE MATERIAL 
FROM OFFSITE Radiation Controls 

I. POLICY 

Radiation protection procedures shall be established and implemented for 
hand.line radioactive materials received from offsite. 

II. RESPONSIBILITY 

1. Each HAPO organizational component handling mail, packages, or shipping 
containers which are known or suspected to contain radioactive material 
is responsible for establishing and implementins procedures for contami­
nation and personnel exposure control in accordance with these Radiation 
Protection Standards and the recommendations of the group responsible for 
radiation monitoring for the component. 

2, The individual or group orderinc; the radioactive material should inform 
the expected recipient (if other than self) of the order and the approxi­
mate arrival time of the article. 

III. STAIIDA.RDS 

1. Mail or shipments containing radioactive material from offiste are expected 
to be found in conformance with the federal regulations (RPS Appendix B) 
f or paclca[;ing and labeli ug. Any apparent violations shall be reported to 
the HAPO Traffic }3:J.JJ Sc~c~~j.:m for relaying via the .AEC to the Bureau of Explo­
sives. 

2. If there is apparent dama~e , leakage or other suspicious characteristic of the 
article, it should be set aside and the Group responsible for local radi­
ation monitoring shall b e notified promptly so that appropriate action may 
be taken. 

3. For routine shipments, written standard operatinG procedures approved by 
the group responsible f or local radiation monitoring should be used. 

IV. ADMINISTRATIVE GUIDES 

1. If there is evidence that the vehicle transporting radioactive material 
micht be contaminated, it is HAPO practice to survey the vehicle. When 
contamination is found i n excess of the limits prescribed by federal regu­
lations (RPS Appendix B), the driver should be infom.ed and the HAPO 
Traffic Subrection and .AEC-ROO Transportation Branch shall be notified. 
Private vehicles contaminated by caus es outside t he control of HAPO shall 
be decontaminated only upon AEC request. 

2, Numerous kinds of commercial equipment now contain radioactive materials 
in such small quantities that labeling or special packaging is not re­
quired by federal shipping regulations. However, the radiation and any 
escapinG contamination may interfere with the sensitive radiation measure­
ments made in many HAPO facilities. When such articles are received or 
discovered in HAPO facilities, they should be labeled to denote the 
presence, and if known, the amount and kind of radioactive material. 
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ISSUED SY THE 

MANAGER 

RADIATION PROTECTION 

I. POLICY 

HANFORD ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 

SUJUECTI 

PERSONNEL MONITORING - EXTERNAL 

CLASSIFICATIONS 

Exposure and 
Monitoring Records 

Ea~h individual who enters a Radiation Zone shall have his eXpOeure to 
external radiation evaluated. 

II . RESPONSIBILITY 

1 . The Radiation Protection Operation is responsible for designating approved 
pe~sonal radiation monitoring devices and their use. 

2. The uoup responsible for local radiation monitoring shall prescribe the 
approved personal radiation mon1torinb devices to be used by entrants to 
Radiation Zones. 

3. Each i ndividual entering a Radiation Zone shall insure that personal moni­
torinc equipment is used as prescribed. 

4. The Exposure Evaluation and Records Operation is responsible for supply­
ine, processing, evaluating, and r ecording all film-type personal radi­
ation monitoring devices at HP.PO, 

III. STANDARDS 

1. The minimum personal moni t oring device for Radiation Zone entry shall be 
a f ilm badge sensitive to beta and gamma radiations. 

2. Evaluations of whole body exposure to ionizing r adiations m&y be supple­
mented by the use of individual ionization chambers, called pencils. 

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

4. Personal monitoring devices shall normally be worn at or above the waist 
on the front of the body and near, but not covering, other units. 

5. Records shall be l;:ept for each individual of occupational exposure to 
ionizin5 radiation. 

N . PHILOSOPHY 

The routinely i ssued personal monitoring devices in use at HAPO have proven, 
throt1.gh many years of use , to be a reliable i:1.dex of individual exposures. 
However , the devices are inherently an after -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 radiation protec­
tion pro5Tams presently utilizing dose rate surveys and time limits. 

Person!1el monitoring equipment at H.APO is hi£)lly reliable given reasonable 
care. However, the badge film record. can "be altered by heat, liquids, 
pressure, or licht leaks. Also, a 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 
i s known or suspected, or if any unit is lost, and shall arrange for replace• 
ment e~uipment Defore the person is further exposed to significant levels 
of r adiation or contamination. 
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ISSUED BY THE 

MANAG!i:R 

RADIATION PROT ECTION 

PERSONNEL MONITORING - INTERNAL Exposure and 
Monitoring Records 

~-----------..._ _____________________ ,__ ___ .,, 

I. POLICY 

Each individual routinely working with radioactive mater ials at HAPO shall have 
his exposure potential from internally deposited radi onuclides evaluated 
periodically. 

II. RESPcr·::3IBILITY 

1. The Exposure Evaluation and Records Operation is responsible for process­
ing, evaluating and recording data directly relating to the internal dose 
of individuals exposed to radioactive materials within the HAPO controlled 
area. 

2, The croup responsible 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. 

III, STArmARDS 

1. The exposure potential from internally deposited radionuclides 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 estimated promptly after arrival 
at Hanford. 

3. Each terminating HAPO employee who has entered Radiation Zones in the 
course of his work assi gnments should have hi s exposure potential from 
deposi tea. radicnuclides ~stimated. 

4 . A prompt evalua~ion shall be made for each known or suspected case in­
volving a significant deposition of radioactive material . 

5. Records shall be kept for each individual of occupational exposure to 
i onizing radiation. 

IV. PHILOSOPHY 

The r outine detection of individual exposures to internally deposited radio­
nuclides ~s based primar ily on bioassay techniques. These techniques detect 
mi~ute amounts of radioacti vity and special care must be tal~en not to intro­
duce contamination into the specimen, or into the equipment. The cooperation 
of all groups involved in bioassay sampling is necessary to assure that accur­
ate and sensitive evaluation is secured. 
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HANFORD ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 
.------ ------------,.-- --- ------ - - ---- ---.. -- ... - · ci.:...·ss IF' I CATIONt 

ISSUED BY THE 

MANAGER 

SUBJECT! 

CONTAMINATION CONTROL 
RADIATION PROTECTION 

Exposure and 
Monitoring Records 

~-------------'----- -------------· - -··- ·--···-····-·- ·· ---- -- . - . --· 

I . POLICY 

II. 

Contamination control surveys shall be required for HAPO personnel upon each 
exi t f rom Radiation Zones and work areas where significant radioactive con­
tamination may be present. 

RCSPONSIBILI':'Y 

l . The t.,-roup responsible for local radiat:ton moni torinG shall designate the 
worl~ areas wherein routi::ie personnel su._rveys shall be required. 

2. The operatL.1g e;roup should secure and arrange for the maintenance of appro­
priate personnel monitoring equipment . 

3. Individuals wi •:,hin these designated work areas shall comply with local 
personnel monitorinc; requirements. 

III. STAfTDARDS 

l. The mi::iimum personnel contaminatio:1 control survey shall be a hand and shoe 
Si.r::;vey. 

2 . Personnel surveys shall be performed with sensitive radiation detection 
instruments . 

3. Personnel surveys shall be made before eating, or when leaving the desi g­
nated work area. Such surveys shall be in addition t o the personal sur­
veys required when leavinc a Radiation Zone wherein significant radioactive 
contamination is present. 

4. Hhen per sonal contamination is indicated, the local radiation monitorinG 
or ope:cating croup should be notified. Only if he is alone should the 
perso~ lea.ve the survey location to seek assistance, taking precautions 
s1.1cl;, as c.onnint; shoe covers or touching as f ew objects as possible to 

5. 

6. 

7. 

rn.nimize the spread of contamination. 
Follow-up action after perso~nel 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 approp:..1 iate record.ins of pertinent data . 
Any person observins faulty or inoperative personnel monitoring instru­
ments should notify operatin,3 supervinion. 
Personnel monitorinc; equipment sl::1.:-... l d he functionally checked at least 
once each shift that the desi Gnated work area is routinely occupied. 
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HANF"ORD ATOMIC PRODUCTS OPERATION 

RADIATION PROTECTION STANDARDS 

SUBJECT! CLASSIFICATIONI 
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RADIATION PROTECTION 

RADIATION PROTECTION RECORDS Exposure and 
Monitoring Records 

1---------- ------'----- - ------------------1----- . -. -

I. POLICY 

Records shall be created and maintained which will allow for the evaluation of 
hwnan exposures sustained from ionizing radiation of HAPO oriGin, 

II, RESPONSIBILITY 

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

2. The group responsible f or local radiation monitoring is responsible for 
the creation, completion and f orwarding to Record Center, or to the 
Exposure Evaluation and Records Operation, of secondary and supporting 
exposure records. 

3. The Exposure Evaluation and Records Operation is responsible for develop­
inG and coordinatinG conformity in HAPO radiation protection record­
keeping . 

III. STANDARDS 

1. Primary Exposure Records are forms or material which constitute the ori g:i. 
nal individual exposure records. Badge film, includini:; :processing data, 
and the recording of gamma and neutron pencil indications, plus bioassay 
results and evaluations shall constitute the primary exposure records. 

2. Secondary 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 radio­
lo[~cal conditions at HAPO . Examples of secondary records employed to 
evaluate radiation exposure at HAPO are: 

3. 

4. 

Radiation Survey Log Sheets 
Air Sample Log Sheets 
Fixed Ionization Chamuer-

Recorder Charts 
Special Work Permits 
Radiation Work Procedures 

Radiation Incident Records 
Skin Decontamination Records 
Radiation Exposure Estimate Cards 
Hand and Shoe Score Cards 
Thyroid Check Records 

Supporting Records are the large variety of records in use at HAPO which 
are not prima facie evidence of personnel exposure but which can and have 
been used to supplement primary and secondary records . Examples of these 
records are: 

Radioactive Shipment Records Field Checlt of Portable Instruments 

All HAPO records ere broadly classified i nto either "record f iles" 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 "~~~frd ~ztes", while supporting exposure records 
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NO, 

5.4 

5. Primary records shall be c011tained ir. individual expo:3Ure record f iles. 
In addition, secondary r ecor ds directly relati~g to real or alleged r adi­
at ion incidents involvinG personnel shall be i ncluded in individual expo­
sure record files. 

G. Pr i mary records should be treated as containing str ictly private infor­
r.ia tion. 

7' . Schedules for the retenti on, storage and disposal of radiation protection 
records shall be coordinated with the Exposure Evaluation and Records 
Operation. 

8. The scope and degree of data required from HAPO 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 ionizing radiation and radioactive 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 to ionizing radiation 
from sources external to the body (e.g., personal monitor­
:1.ng film., records of pocl<.et ionization chambers., finger 
ring film, cumulative exposu=e sunnna.ry records, etc.). 

(b) Estimates of occupational exposure to ionizing radiation 
from sources external to the body (e.e;., individual expo­
sure estimate records, notations that indicate personnel 
exposures for a stated interval were estimated not to · 
exceed a stated value, individual hand and shoe contami­
nation check records, etc.), 

(c) Evaluation of the presence of radioactive materials occu­
pationally introduced into the body (e.g., bioassay 
results, scintillation body-monitor surveys, thyroid 
che':!ks , etc. ;, . 

(d) Documentation r elative to an individual's involvement in 
known radiation incidents. 

(e) Notations of individuals under diagnostic or therapeutic 
medical treatmeu-t i nvolving radionuclides or radio­
therapy when such infonnation is known or volunteered by 
employees. 

(2) ~ecords indicatinG personnel moni torinc; device assignments; 
notinG individual time, interval, location, and first-entry 
processing data for the device. 

(3) Procedu:res (routine and special) which describe and define 
each type of personnel monitoring device, co~dition for per­
sonnel assi@Ullent, means of processing, and measurement tech­
nig_ues. 

(4) Procedures (routine acd special) which present the criteria 
for evaluating the personnel dose sustained from exposure to 
ionizing radiation resulting from occupational activities. 
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(5) Reports, formal and summary, monthly and annual, quarterly, and 
audit records of the status and evaluations of occupational per­
sonnel exposure to si g~ificant sources of ionizing radiations. 

b . Radiation Mani torin5 Records 

Docu.rnents showing periodic and cumulative determinations of the radio­
lo(J.cal statu.s of work locations, descriptions of radiation incidents 
and sumrr.ary-type reports indicatins activities, achievements and 
advancements in radiation protection: 

(1) Air sampling logs and r ecords . 
(2 ) Radia~ion survey logs and records - listing location, time, per­

sonnel involved, radiation levels (maximum exposure). 
(3) Conti~uous recording or detecting radiation device charts or logs, 

etc. 
(4) Radiation incident records co:.taining a listing of personnel 

involved, an evaluation 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 practices and policies on survey and monitoring techniques, 
as related to the control and measurement of functional radi­
ation monitoring activities. 

( 6) Reports, formal and swnmary, quarterly, monthly and annual, and 
audit records of the control and measurement of functional radi­
ation rnonitorin6 activities. 

c. Environmental .Monitoring Records 

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

(1) Air sample logs and records. 
(2) Ground and sanitary water sample logs and records. 
(3) Vegetation sample logs and records. 
(4) Wild and domestic life sample logs and records. 
(5) Radiation level measurements and records. 
(6) Waste disposal location and logs. 
(7) Procedures (routine and special) that define and describe stan­

dard practices and policies on survey, monitoring and evaluation 
methods and techniques, as related to the control and measure­
ment of functional environmental monitoring activities. 

(8 ) Reports, formal and su.IJ11nary, monthly and annual, quarterly, and 
audit records of the control, measurement and evaluation of 
functional environmenteJ. monitoring activities. 

d. Calibration Records 

Documents containing the history of fixed and portable ionizing radi­
ation detection and measuring devices used in evaluating personnel 
exposures: 
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(1) :'.'{ecords o.ot i nG the calior ation of each individual radiation 
:ie tection ano. measuring instrument. Exa.-nples of i nstrume:its 
ar e : GM survey, CP, and Juno meters; poppi es , etc . 

( 2 ) ~10\:.t i ne C.!l.d sr>eci al cali bra ti on l)roced.ures , and i ~ai vi dual- type 
det ect i on ar:d mea suri nc device speci f i cations. 

( 3 ) :8e ,::ords o::: calibratin,: s ta:idarda used i n evaluating personnel 
dosimet ers , (e . c ., neutron , [JlJDa , an.d beta fi l m, pocket ioni ­
za tion chru:ibe!'s , met alli c foils , etc . ) . 

( L:. ) I ns '~r\.J.cent maintenance r ecords , l i s t i :i::; da,ces in shop , what 
'.-ras wr;::r:ii_:; , r epai rs made , and other details of usage and main­
tena,1ce . 

( 5 ) Su:amary r eport s of f orma l calibrati on activiti es (e . g., monthly 
r eports , annual repo:::'."ts , aud.i ting and special reports , etc . ) . 

lV . PHILOSOP1iY 

NO. 

5.4 

Radlatio;1 1.n-otee;ticn r ecord.s f ill several needs . First, to allow management 
to be a,mre of and lirni t human exposures to permis s i ble l evels . Second, to 
reconstruct the r adiol oc;ical stat us of any locati on having significant 
quantities of i oni~inc radiatio~ arisi ~g f rom Ii.APO operati ons . Third, to 
meet f ederal , s tate and c ontr actual obli gations . Lastly, t o provide an 
ad.'lli ni str~tive t ool f or the ef fic i ent operation of r adiation protection 
controls . 

The Radi ati on Prot e ction 01,)eratim1 is charged with t he r esponsibility of 
:.::,ei n:::, able t o pr oduce, f or all of IIAPO , the per tinent records of any i ndivi ­
dual who has entered a HAFO Radiation Zone . It is th'..1S t o t he mutual a dvan­
tace of all HAPO components as vell a s the Radiat ion Protection Operat ion t o 
insu.re t hat adeq_uate r ecords e.re beinG kept and that the r ecords are created 
and r.1aiatai ned on f orms or by methods t l1at are mutually acceptable . 
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RADIATION EXPOSURE ORIENTATION 
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CLA.SI ... IC:ATIONI 

Exposure and 
Monitoring Records 

Individuals entering Radiation Zones shall be advised, in advance, of pertinent 
radiation protection devices and measures. AJ.so, full and forthright communi­
cations shall be maintained with individual employees concerning real or 
alleged radiation exposures. 

II. BESPONSI13ILITY 

1. The responsibility for advising an employee of the potential for exposure 
to 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 individual of bis radiation exposure is the joint 
responsibility of management and the Industrial Medicine Operation. Nor­
mally, this discussion is treated as strictly private and is undertaken 
by the immediate supervisor. In certain cases, or at the request of the 
individual, an industrial. :physician will also be present. 

III. STANDAROO 

l, Radiation Protection Ad.vice - All persons, prior to their initial entrance 
into a Radiation Zone, sh.all be given ge~eral information sufficient to 
ac4uaint 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 
bis assignment safely. 

2, Individual Radiation Exposures - The exposure of persons at Hanf'ord to 
external and internal sources of radiation is systematically ascertained 
and evaluated. Individuals should be advised concerning their exposure 
as follows: 

a. Promptly in the event of a probable exposure which would affect con­
tinued occupational exposure to radiation. 

b . Whenever a. significant exposure (external or internal) makes it advis­
able to temporarily remove a person 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 possiole exposure. After this investigation the 
person should be informed of his exposure evaluation. 

d. In all cases upon the request of a HAPO employee. 
e. Annually, each HAPO employee should be provided with a summary evalu­

ation of his occupational exposure to radiation. 

DATE IISBUED SUPEASIEDES ISSUE DATED PAGE NO, 

3-1-60 7-1-57 1 OF 2 5.5 
BM-7800-055 (6-51) AII.C-01 ,ttCHLAfrfP , WA • H . 



MW-25'!17 RE\/ 2 UNCLASSIFIED 

IV. PHILOSOPHY 

NO, 

At HAPO there are specialized personal monitoring devices and protection 
programs designed to anticipate and minimize or prevent the undue exposure 
-of persons to ionizing 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 ultiillately, radiation protection effectiveness rests with 
an informed individual. 
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SUBJECTt 

RADIATION INCIDENTS 

CLASSIFICATIO"IS 

Radiation Incidents 

1--------------4.-- ----- ----- - - - - ----~---- ------.· 
I . POLICY 

Whenever a situation occurs involving the suspected or known exposure of 
persons to ionizing radiation of RAPO origin in excess of permissible lilllits, 
prompt remedial action shall be undertaken. 

II. 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 monitoring or by the operating group involved. 

3. Operating supervision is responsible for instigating prompt remedial 
action upon becoming aware of a radiation incident. 

4. The Radiation Protection Operation is responsible for the formal evaJ.u­
ation of exposures of persons to ionizing radiation of HAPO origin. 

III. STANDARDS 

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

a. Radiation Incident - 'l)'Ile A - A condition or situation wbich resulted 
in personnel exposures beyond. the maximum permissible exposure limits 
prescribed. in RPS 3.1 - III. 

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

c. Radiation Exposure Occurrence - Type C - A condition or situation where 
an external exposure in excess of permissible limits, or a significant 
deposition of radionuclides was judged to 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 sufficient importance or widespread interest so as to warrant 
investigative action. 

"Narrowly averted" factors are too dependent upon actue.l 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
quate protective apparel or procedure. 

2. Personnel exposures arising from incidents shall be evaluated prom,ptly. 
This may require special bioassays, surveys, air samples, film studies, 
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analyses, etc. As a guide, the following conditions or situations nor­
mally require the prompt notification of the Exposure Evaluation and 
Records Operation: 

a. 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 cm2 or 50 mrads/hour (beta.­
gamma.) at surf'ace; extensive lov-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-tenn dose on the order of one rem or greater. 
d. Unusual events which may either affect a number of people or involve 

more than one facility. Examples are: Radiation Zone fires or 
explosions; accidents involving the transport of radioactive materials; 
exceeding critical-mass limits; the discharge of radioactive material 
to the environs significantly in excess of control limits. 

3. Preservation of radiation incident information: 

a. Radiation incidents and occurrences shall be documented to tlE 
extent necessary to describe the incident and evaluate personnel 
exposures. 

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

c. The Exposure Evaluation and Records Operation shal.l maintain a 
master file of radiation incidents at HAPO. 

d. The public release of information pertinent to Hanford radiation 
incidents shall be as specified in OPG 3.6.2. 

IT. PHil.,OSOPHY 

NO. 

6.1 

Impartial investigation and publicizing of unsafe or undesirable working 
conditi-ons, practices, or incidents arising during work With radioactive 
materials 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 ionizing radiation of all personnel subject to 
HAPO radiation 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 are 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 factual reporting of personnel radiation 
exposure infonnation and every effort should be made to provide a complete 
occup3.tional exposure history for ea.ch employee involved in an incident. 
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CLASSIFICATIOt-11 

Radiation Incidents 

Action following Radiation zone injuries or personnel contamination shall be 
directed toward minimizing external. exposures and minimizing the internal. 
deposition of radionuclides. 

II. RESPONSIBll,ITY 

1. Operating supervision, in conjunction with the group responsible for 
local radiation monitoring, is responsible for insuring that working 
conditions within Re.dia.tion Zones are such as to minimize the :possi­
bilities of physical injury. 

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

3. The group responsible for radiation monitoring and the operating group 
shall mutually designate and appropriately post all controlled Injury 
Zones. 

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

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

6. The Radiation Protection Operation and the Industrial Medicine Operation 
shall jointly approve personnel decontamination procedures. 

7. The Radiological 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 techni4ues and listing approved 
reagents. 

III, STANDARDS 

1, In severe injuries, medical attention shall take precedence over contami­
nation controls. 

2, When radioactive 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. 

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

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

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

c. Install contamination control tourniquet i f annropriate. 
OAT!: 155UEO SUPE1'15EDES ISSUE DATED PAGE NO, 
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NO, 

d. Notify supervision and the group responsible for local radiation 
monitoring. 

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. 

4. When skin contamination is detected, operating supervision and the 
group responsible for local radiation monitoring sha.11 be notified 
without delay. 

5. Personnel decontamination efforts shall be promptly initiated. Until 
qualified 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 approved procedures or at the direction of Industrial Medicine 
Operation personnel. 

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

8. The public release of information pertinent to Hanford radiation inci­
dents shall be as specified in OPG 3.6.2. 
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CLASSIP'ICATION1 

Radiation Incidents 

Action in an accident or emergency invc,lving radiation or radioactive materials 
shall be to minimize the radiation exposure of people, employing pre-arranged 
procedures and. equipment wherever practicable. 

II, RESPONSIBILITY 

l. Each person in a. Re..d.ie.tion :.::"'.<::me iz. responsible for being aware of and com­
:plying with radiation. p:i:·otect.i.on. req_u.i.rements. 

2. Each person working in the vic.init.;-r of radiatj,cn sources should be gener­
ally aware of the kind.s of emergendt:,s that might occur a!ld the action he 
should take. Re should. promptly not.ify tha appropriate operating or radi­
ation morl.itoring authority w:.,eneve:c a condition is noted that might jeopar­
dize :personnel er property. 

3. The group responsible f'o:r local ra.cliation monitoring and the appropriate 
operating group jointly a,re responsible fer preparing general plans of 
action and for ·provid.1u6 <::g_ui:pmeut, tci cope with emergenci1~s which are within 
their jurisdiction. The procedures a.nd available eq_uipment shall be made 
known to each person. s.t tt.e fac:i.11:t:.y .• e.ppropriat':l to his expected action 
in an emergency. 

4. The authorization of planned. expo;;;·.u-es greater than the operational controls 
stated in RPS 3,1 -· IV_. and suhseg_uen-<: to an accident or emergency, is the 
responsibility of thE, manager ::,f th€ operating group imrol ved.. This respon­
si bil.i ty should not. be red.elegat<:.•.d.. The :pri.or approval oi' the Manager, 
RadiEtion ProtectionJ ah:mld be secur~d f •:ir ea.ch of the individuals involved. 

I III. STANDARDS 

1. If the cond:!.t.ion wb:ich ce.used t he ~mit<:rgency st:i.11 exists, personnel shall 
leave the affected. a,r.E;a .immedia.te.ly a.r:;d. isolate it against uncontrolJ.ed 
entry, 

2, Notification of t.he accic.er..t: or emergency s:t..a.11 be given without delay to 
the local radiation moni t,,:;;r:i.ng grottp. .A.dd5-ti on ally _9 when external expo­
sures are estimated. to ~xc.ei;;6. l rem., s,nd/ or t~er-: is probable internal 
exposure, as ev:i.cienced by cor.,.+,ami.n8.t.ec5. in.jur:1. es , highJ.y contaminated nasal 
smears, the pre,senc e: of tl.tg.::ily cor·.tarrd. nat.-~d. air .,, or suspected ingestion of 
radioacti ,re materials., t h,,;n th~ "Ct:d1.::.strial Medic.i.rle Operation and the Expo­
sure E.'valuatior,. and P.eco.r·ds Ope r ati•:n1 zr.a.11 also be notified without del ay. 

3. Planned exposur·es gr•=:a.ter than t he <:Ipera:t.ional controls stated in RPS 3.1 -
DI, shall be authorized on.ly f c,r .si tw:i t ions r~quiring direc.t action to save 
or protect an individual or to s ay2 an item of vitaJ. equipment. 

a . For extr eme emergencies . plarmE:'d exposures up t o twelve times (.12 x 1) 
the operational o::ontrols listed in ?.I'S 3.1 - IV (e,c, 1 12 rems of 
whole body exposure) ma y be a ut,horized , 
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b. For unusual circumstances involving vital equipment, planned exposures 
up to three times (3 x 1) the operationaJ. controls listed in RPS 3.1 -
rl (e.g., 3 rems of whole body exposure) may be authorized. 

c. No mo.re than one-half of these doses should be contributed by pene­
trating radiation of high specific ionization (~.g., neutrons). 

d. Women shall not be authorized for planned exposures greater than the 
operational controls stated in RPS 3.1 - r.v. 

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

4. Re-entry into the affected area: 

a. Access to the affected area shall be limited to authorized persons. 
b. 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.). 

c. Re-entry shoul.d be limited to the locations \herein the dose rates 
are known or can be measured w1 th the monitoring instruments in band. 

d. The best available personnel monitoring devices shall be used, includ­
ing film badges. 

e. 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
cality conditions causing the incident are no .longer present. Closer 
access shall require the express authorization of the Manager of the 
group responsible for local radiation mo~itoring. 

5. Medical treatment measures shall take precedence over radiation protection 
measures 1n cases of severe body iaJury. 

6. Emergency action shall not be delayed because of the lack of an appropri­
ate procedure or authorization. 
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UNCLASSIFIED 
GENERAL. ELECTRIC 

HW-25457 REV 2 

HANF"ORO ATOMIC PROOUCTS OPER.ATION 

RADIATION PROTECTION STANDARDS 

CL.ASSIFICA.TIONI 
ISSUED BY THE 

SUB.JECTf 

RADIATION PROTECTION 

RADIOACTIVE 
SOLID WASTE DISPOSAL 

Radioactive Waste 
Disposal 

I. POLICY 

Solid radioactive waste disposal shAll be ~ccomplished by underground burial 
where practicable. 

II. RESPONSIBILITY 

1. The operation or group generating the waste is responsible for institut­
ing procedures that allow for the d.isi:iosal of solid waste with a minim.um 
of casuaJ. exposure to personnel. 

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

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

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

5. The landlord responsibilities for waste disposal facilities shall be in 
accordance with OPG 8.1. 

III. STANDAROO 

1. 

2. 

3. 

4. 

5. 

Solid radioactive waste is defined as material that is essentially dry or 
whose fluid.s are of small volume and adequately contained. 
Each process area should have permanently designated solid waste disposal 
locations and an adequate number of intenned.iate waste disposal locations. 
These shall be posted as Radiation zones. 
Solid waste containers or packages sball be ind1vidua1.ly J.denti.fied with 
a radiation symbol where practicable. 
Open trenches used to receive waste shall be backfilled at a frequency 
sufficient to minimize dispersal of radioactive contaminants by wind, 
rain, wildlife, etc. 
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. 
c. Pennaoent identification of boundaries of disposal areas both at the 

site and on master diagrams e.nd plans. 
d, Physical isolation of the disposal grounds throughout the use of the 

disposal grounds. 

6. Isolation of alpha and beta-gamma type contaminants should be practiced. 
7, Fire, explosive and toxic byproduct hazards should be considered before 

placing waste in its common trench. 
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8. Buried and underground radioactive material, not otherwise demarcated, 
may be identified by signs bearing the approved radiation symbol and 
the word 11Underground11

• This means should be used to designate locations 
where Radiation Zone conditions might be created by disturbance of the 
ground surface. 
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RADIATION PROTECTION STANDARDS 

SUB.IECTI 

RADIOACTIVE 
LIQUID WASTE DISPOSAL 

HW- 25457 R EV 2 

CL.ASSIFICATIONI 

Radioactive 
Waste Disposal. 

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

For the purpose of this Stand.a.rd, radioactive liquid waste is defined as a solution, 
suspension, or "sludge" of radioactive material in aqueous, organic or metallic 
liquid, 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 eva.l.uated, together with 1he associated disposal. factli ty. 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 radioactive and non­
radioactive materials, physical composition, volume and flow rate shall be 
defi ned. The limit of variations of each characteristic shall also be defined. 

3. Radioactive liquid wastes discharged to the Columbia River should not cause 
acti vity densities of individual radionuclides in water used for human con­
sumption in excess of the operational controls specified in Radiation Protecti on 
Standard 3.1. In practice, the concentration for the waste at the point of 
release to the river should be further reduced to allow for non-uniform dilu­
tion in the river, concentration in aquati c life, irrigated crops and domestic 
and wild animals, and multiple sources of waste entering the river. An a.l.low­
ance may be permitted for wastes discharged into the ground near the river if 
solids in suspension are filtered out by t he soil or if radionuclides of con­
cern are adsorbed on t he soil. 

4 . Radioactive liquid wastes discharged into the ground are limited by considera­
tion of the future appearance of radionuclides in the Columbia or Yakima. 
Rivers, the possi ble 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 if the liquid will be retained in the soil column for sufficient 
time to assure decay to the adjusted limits when the radionuclides reach the 
river. Disposal of a waste to a particular disposal facility shall cease when 
certain long-lived radionuclides are detected in the ground water* below the 
f acility in concentr atioos which can be expected to result in concentrations 
at the point of potential intake that a.re above the controls noted in RPS 3. 1 . 

*Groundwater is. defined as that which is at or below the regional and unconfi ned 
ground water table. 
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5. Liquid wastes slightly contaminated or which potential.ly may be slightly con­
taminated with radioactive :material may be approved for disposal onto the 
ground or into open pits. Disposal shall. cease when the site constitutes an 
uncontrolled radiation or contaminati on 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 
a s liquid waste shall be maintained at HAPQ. An adequate inventory is defined 
as one i n which the statistical uncertainties of sampling and volume or flow 
measurements are consistent with the required analytical accuracy, The volume 
of each waste, date or period of discharge, source, disposal facility and ana­
l ytical results are to be appropriatel y 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 radionuclides a.re to be reported ,in 
uni ts of absolute quantities disposed of per mon~h (curies or µc per month) and 
units of average absolute concentration {µc/cc). 

RESPONSIBLJ:'l'IES OF ORGANIZATION ORIGmATmG WASTE 

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

1 , Determining characteristics of existing and new waste streams a.od appropri­
ately reporting such data to the Hanford Laboratories Operation. 

2 . Providing disposal facilities,* and securing specifications and approvals for 
disposal. 

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

4. Sampling and analyzing the waste. 

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

6. Reporting each instance of shoreline discharge of reactor effl.uent or similar 
waste to the Environmental Monitoring Operation by the next workday. Report­
ing unusual discharges of any vaste as specified in Radiation Protection 
Standard 6. 1. 

The originating canponent's responsibi lity for the waste shall end when the mater­
i al 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 
t he bottom of the ground disposal facility, 

* Refer to HAPO Organization and Policy Guide 8.1 and 8.2 for responsibilities 
of landlord a.nd using department that apply to waste disposal. 
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RESPONSIBILITIES OF HANFORD LA.EORATORIES OPERATION 

The following responsibilities are -to 1::e appropriately assumed by functional organiza­
tions within Hanford Laboratories Operation: 

l. Evaluation of radioactive liquid wastes in relation to associated disposal. 
facilities, employing the best information available from Hanford Laboratories 
Operation and other sources. 

2. Advising the canpooent originating the waste on limits to volume, concentra­
tion or total amounts, and on location of disposal. facilities to take best 
advantage of river flows, soil depths, ground water movement or existing 
facill ties. 

3. Specification of radionuclides and other waste characteristics for which 
analyses are required, and the required analytical. accuracy. 

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

5. Advising the concerned "user" canponent on current release to the Columbia 
River of reactor effluent which fails to meet established disposal. specifica­
tions. 

6. Conducting periodic audits of liquid waste sampling, analyzing methods, and 
calculation of inventory d.ata.. 

7. Sta.ting the location, size, depth and special requirements of wells necessary 
for monitoring purposes; performing such inspection and acceptance tests for 
the Hanford Laboratories Operation 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 ID8.Y be necessary 
to maintain data on the status of the disposal facilities and the fate of tre 
liquid wastes discharged to the ground. 

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

11. Maintain current chronological and cumulative waste records, 

12. Evaluate the radionuclide content of ss.nitary water samples secured from the 
Hanford Project and illnnediate environs. 

PHILOSOPHY 

Releases of radioactive materials from the many HAPO facilities are controlled 
ultimately by measurements as close as possible to the most critical "point of poten­
tial uptake" ·.1n tbe environs. The measurements, in general, and the evaluation of 
exposures are made by the Radiation Protection Operation through the envirownentaJ. 
monitoring program. 
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Day-by-day control is at 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 dilution, 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 improbable that any exposure will e:x:ceed the corre­
sponding operational control. Averaging of environmental. exposures over a year 
is permitted. 

To insure the improbability of average human exposures exceeding the pertinent 
exposure Standards specified in RPS 3.1, an operational control is imposed on an 
intermediate, more measurable precursor of exposure, the concentration of radio­
nuclides in air and water. The central inventory of released material also helps 
guide each facility in establishing its local operational controls for the release 
of radionuclides to the environment and for a realistic consideration of other 
contributors to the total exposure. 
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HAN,.0 .. D ATOMIC P' .. ODUCTS OP'E .. ATION 

ftADIATION PROTECTION STANDARDS 
~----- ------.-------------------,------:--c-=--c:-:-=-:-=,,...,---- --·-·• . 

C&..ASSl,.ICATIONI 
ISSUED BY THE 

MANAGER 

RADIATION PROTECTION 

su• JECTJ 

MAXIMUM PERMISSIBLE BODY BURDEN AND 
MAXIMUM PERMISSIBl.E CONCENTRATIONS OF 

RADIONUCLIDES IN AIR AND IN WATER F'OR Permissible Limits 
OCCUPATIONAL EXPOSURE ~ -----------1.---,,- - ....::..::====r=-="-==c=------ - -4---- r-----.-

l 

Radio­
nuclide 

Critical 
Organ 

Total Body 
Burden 

µc 

Occupational Exposure 
Water Air 

MPCw - µc/ cc MPCa - µc/ cc Reference 
1--------t--------t-------+---------1------~+-----~-- ·-·--, ... 

' I 

H3(HJo) sol. 

(aj) 1mm. 

Be7 sol. 

insol. 

c14(c~)sol. 
1mm. 

F18 sol. 
insol. 

Body Tissue 

Skin 

GI {LLI)* 
Total Body 
Lung 
GI (LLI) 

Fat 
Total Body 

GI (SI) 
GI (ULI) 

Na22 sol. Total Body 
insol. Lung 

GI (LLI) 

Na24 sol. GI (SI) 
Total Body 

insol. GI (LLI) 

si31 sol. GI (s) 
Total Body 

insol. GI (ULI) 

p32 sol. Bone 
insol. Lung 

sol. 

s35 sol. 
insol. 

GI (LLI) 

Bone 

Testis 
Lung 
GI (LLI) 

103 

600 

300 

10 

7 

30 

6 

90 

0.1 

0.05 
6 

0.05 

0.02 
0.01 

10-3 

9x10-4 

6x10-3 
0.01 

4 8x10-

o.03 
0.3 
6x10-3 

5x10-4 

7x10-4 

I 
8x10-:+ 

2x10-3 

sxio-3 

2x10-5 

2x10-3 

10-5 
6x10-6 
10-6 
9x10-6 

4x10-6 
5x10-5 

5x10-6 
3x10-6 

2x10-7 
9x10-9 
2x10-7 

10-6 
2x1.o-6 
10-7 

6x10-6 
4xio-5 
10-6 

7x10-8 
8x10-8 
10-7 

3x10-7 
3x1q-7 
10-6 

* The abbreviations in this column are identified in the Appendix A References -
page 23. 

\ ~ Unless otherwise noted, the values cited are taken from Reference (a) which is 
1 

NBS Handbook 69. 
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Total Body Occupational Exposure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

c136 sol. Total Body 00 2x10-3 4x.10-7 
insol. Lung 2.x:10-8 

GI (LLI) 2x10-3 3x10-7 

c138 sol. GI (s) 0.01 3x10-6 
Total Body 9 0.3 4-xio-5 

insol. GI (S) 0.01 2X10-6 

A37 imm. Skin 6xlo-3 

A41 imm. Total Body 2x10-6 

02 sol. GI (S) 9x1.o-3 2x10-6 
Total Body 10 0.02 

4 
3x1.o-6 

insol. GI (LLI) 6x10· 10-7 

ca45 sol. Bone 30 3x10-4 3x10-8 
insol. Lung 10-7 

GI (LLI ) 5x10-3 9x10-7 

ca47 sol. Bone 5 10-3 2x10-7 
insol. GI (LLI) 10-3 2x10-7 

Lung 2x.10-7 

sc44 sol. Spleen 1 b 

Sc46 sol. GI (LLI) 10-3 2x.10-7 
Liver 10 6 2x10-7 
Total Body 20 6 3x10-7 

insol. Lung 2x10-8 
GI (LLI) 10-3 2.x:10-7 

Sc47 sol. GI (LLI) 3x10-3 6x10-7 
Total Body 80 200 10-5 

insol. GI (LLI) 3x1.o-3 5:x10-7 

sc48 sol. GI (LLI ) 8xl.o-4 2x10-7 
Total Body 9 50 2x10-6 

i ns ol. GI (LLI) axio-4 10-7 

v48 sol. GI (LLI) 9x10-4 . 2x10-7 
Total Body 10 0.04 4.xio-7 

insol. Lung 
8x10-4 

6x10-8 
GI (LLI) 10-7 

cr51 sol. GI (LLI) 0.05 10-5 
Total Body 80o 0.6 10-5 

insol. Lung 2x10-6 
GI (LLI) 0.05 8xlo-6 
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Total lk>dy Occupational Exoosure 
Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPC8 - µc/cc Reference 

Mn.52 sol. GI (LLI) 10-3 2x10-7 
Total Body 9 0.02 Bxlo-7 

insol. Lung 
9x10-4 

10-7 
GI (LLI) 2x10-7 

Mn.54 sol. GI (ILI) 4x10-3 8xlo-7 
Liver 20 0.01 4x10-7 

insol. Lung 4x10-8 
GI (LLI) 3x10-3 wo-7 

Mn.56 sol. GI (LLI) 4x10-3 Bxlo-7 
Total Body lO 0.9 3x10-5 

insol. GI (LLI) 3x10-3 5x10-7 

Fe55 sol. Spleen 103 0.02 9x10-7 
Total Body 3x1.03 0.06 2.x10-6 

insol. Lung 10-6 
GI (LLI) 0.07 10-5 

Fe59 sol. GI . (LLI) 2.x10-3 4xio-7 
Spleen 20 4.xio-3 10-7 

insol. Lung 5x10-8 
GI (LLI) 2x10-3 3x10-7 

co57 sol. GI (LLI) 0.02 3x10-6 
Total Body 200 0.07 6x10-6 

insol. Lung 2x10-7 
GI (LLI) 0.01 2x10-6 

co58n sol. GI (LLI) 0.08 2x10-5 
Total Body 200 2 10-4 

insol. Lung 9x10-6 
GI (LLI) 0.06 10-5 

co58 sol. GI (LLI) 4x10-3 8.xlo-7 
Total Body 30 0.01 10-6 

insol. Lung 
3x10-3 

5x10-8 
GI (LLI) 5.x10-7 

co60 sol. GI (LLI) 10-3 3x10-7 
Total Body 10 4:xio-3 4xio-7 

insol. Lung 9x10-9 
GI (LLI) 10-3 2.x10-7 

co61 sol. Liver 3 b 

Ni57 sol. Liver 1 b 

Ni59 sol. Bone- 103 6xio-3 5x10-7 
insol. Lung axio-7 

GI (LLI) 0.06 10-5 
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Total Body Occupational Exposure 

Radio- Critical Bur.den Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

Ni63 sol. Bone 200 8x10-4 6x10·8 
insol. Lung 3x10-7 

GI (LLI) 0.02 4xio-6 

N165 sol. GI (ULI) 4xio-3 9x10-7 
1nsol. GI (ULI) 3X10-3 5x10-7 

cu64 sol. GI (LLI) 0.01 2.x10-6 
Total Body 80 0.5 4xio-5 

insol. GI (LLI) 6x:i.o-3 10-6 

cu67 sol. Liver 0.1 b 

zn65 sol. Total .Body 60 3x10-3 10-7 
insol. Lung 6x10-8 

GI (LLI) 5x:i.o-3 9x10-7 

zu69m sol. GI (LLI) 2x:i.o-3 4x10-7 
Prostate 0.7 0.01 

3 
4xio-7 

insol. GI (LLI) 2.x.10- 3x10-7 

zn69 sol. GI (S) 0.05 10-5 
Prostate o.8 0.2 7x10-6 

insol. GI (S) 0.05 9x10-6 
Lung 5x10-5 

zn72 sol. Bone 0.1 b 

aa.72 sol. GI (LLI) 10-3 2x10·7 
Total Body 10 20 8x10-6 

insol. GI (LLI) 10-3 2x10·7 

aa13 sol. Bone 8 C 

Ge69 sol. Bone 0.06 b 

Ge71 sol. GI (LLI) 0.05 10-5 
insol. Lung 6x10-6 

GI (LLI) 0.05 Bxlo-6 

ae75 sol. Kidney 10 C 

ae77 sol. Kidney 0.5 b 

ae78 sol. Kidney 20 C 

P.£,73 sol. GI (LLI) 0.01. 3x1-o-6 
Total .Body 300 0.2 2Xl0-6 

insol. Lung 4xio-7 
GI (LLI) 0.01 2x10-6 
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Total Body OccUD&tional Exposure 
Radio- Critical. Burden Water Air 
nuclide Organ µc MPCw - µc/cc · MPCa - µc/cc Reference 

As74 sol. GI (LLI) 2x10-3 3x10-7 
Total Ilody 4o 0.07 8xl.o-7 

insol. GI (LLI) 2x10-3 3x10-7 

As76 sol. GI (I.LI) 6xio-4 10-7 
Total Body 20 o.4 

4 
5x10-6 

1nsol.. GI (LLI) 6x10- 10-7 

As77 sol, GI (LLI) 2x10-3 5x10-7 
Total Body 80 2 2x10-5 

insol. GI (LLI) 2x10-3 4xio-7 

AP,78 sol. Kidney 5 C 

se75 sol. Kidney 90 9x10-3 10-6 
insol. Lung 10-7 

GI (LLI) 8x10-3 10-6 

Br82 sol. Total Body 10 8xlo-3 10-6 
insol. GI (LLI) 10-3 2x10-7 

Br83 sol.. Total Body 0.7 C 

Kr85m 1mm. Total Body 6xlo-6 

Kr85 1mm. Total Body 10-5 

Kr87 imm. Total Body 10-6 

Rb86 sol. Total Body 30 2x10-3 3x10-7 
insol. Lung 

7x10-4 1x1r8 
GI (LLI) 10-

Rb87 sol. Pancreas 200 3x10- 3 5x10-7 
insol. Lung 7x10-8 

GI (LLI) 5x10-3 9x10-7 

sr85m sol. GI (SI) 0.2 4xio-5 
Total Body 50 3 2x10-4 

insol. GI (SI) 0.2 3x10-5 

Sr85 sol. Total Body 60 3.x10-3 2x1r7 
insol. Lung 

5x10- 3 
10-

GI (LLI) 9x10-7 

Sr87 sol. Bone 0.1 b 

sr89 sol. Bone 4 3.x10-4 3x10-8 
insol. Lung 

Bxlo-4 4-xio-8 

GI (LLI) 10-7 

DATE ISSUED SUPERSEDES ISSUE DATIED PAG!: NO. 
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HW-25497 REV 2 UNCLASSIFIED 
Total Body Occupational Exposure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

sr90 sol. Bone 2 4.x10-6 3x1o-lO 
insol. Lung 

10-3 
5x10-9 

GI (LLI) 2x10-7 

sr91 sol. GI (LLI) 2.x10-3 4.x10-7 
Total Body 9 0.0~ 6.x10-6 

insol. GI (I.LI) 10- 3x10-7 

sr92 sol. GI (ULI) 2x10-3 4.x10-7 
Total Body 8 0.2 2x10-5 

insol. GI (ULI) 2x10-3 3x10-7 

y88 sol. Bone 4x10-3 b 

y90 sol. GI (LLI) 6x10-4 10-7 
Total Body 20 80 3x10-6 

insol. GI (LLI) 6.x10-4 10-7 

y9lm sol. GI (SI) O.l 2x10-, 
Total Body 20 6x103 2x10-

insol. GI (SI) 0.1 2x10-5 

y91 sol. GI (LLI) 8.x10-4 2x10-7 
Bone 5 o.8 4x10-8 

insol. Lung 
8x10-4 3.x1.r8 

GI (LLI) 10-

y92 sol. GI (ULI) 2x10-3 4.x10-7 
Total Body 10 80o 3x10-5 

insol. GI (ULI) 2xio- 3 3xio-1 

y93 sol. GI (LLI) 8x10-4 2x10-7 
Total Body 10 250 10-5 

insol. GI (LLI) 8x10-4 10-7 

Zr93 sol. GI (LLI) 0.02 5x10-6 
Bone 100 3 10-7 

insol. Lung 3x10-7 
GI (LLI) 0.02 4xio-6 

Zr95 sol. GI (I.LI) 2x10-3 4xio-7 
Total J3ody 20 3 10-7 

insol. Lung 3x10-8 
GI (LLI) 2x10-3 3x10-7 

Zr97 sol. GI (LLI) 5x10-4 10-7 
Total Body 9 100 5x10-6 

insol. GI (LLI) 5xio-4 9x10-8 

Nb92 sol. Bone 2.x:10-3 b 
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UNCLASSIFIED 
Total Bod y 0 ti al E on ccupa xposure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

Nb93m sol. GI (LLI) 0.01 ,3x10-6 
Bone 200 3 10-7 

insol. Lung 2Xlo-7 
GI (LLI) 0.01 2x10-6 

Nb95 sol. GI (LLI) 3x10-3 6x10-7 
Total Body 4o 10 5x1r7 

insol. Lung 
3x10-3 

10-
GI (LLI) 5x10-7 

Nb97 sol. GI (ULI) 0.03 6x10-6 
Total Body 20 4xio3 2x10-4 

ineol.. GI (ULI) 0.03 5x10-6 

Mo99 sol. Kidney 8 5x10- 3 7x10-7 
GI (LLI) 7x10-3 2x10-6 

insol. GI (LLI) 10-3 2x10-7 

Tc96m sol. GI (LLI) 0.4 8x10-5 
Total Body 70 4 4xio-4 

insol. Lung 3x10-5 
GI (LLI) 0.3 5x10- 5 

Tc96 sol. GI (LLI) 3x10-3 6x1.o-7 
_Total Body 10 o.o~ 4x1.o-6 

insol. GI (LLI) 10- 2x1.o-7 

Tc97m sol. GI (LLI) 0.01 2x10-6 
Total Body 200 o.4 4x10-5 

insol. Lung 
5x1.o-3 

2x10-7 
GI (LLI) 9x10-7 

Tc97 sol. GI (LLI ) 0.05 10-5 
Kidney 60 0.1 10-5 

io.sol.. Lung 3x.10-7 
GI (LLI) 0.02 4x1.o-6 

Tc99m sol. GI (ULI) 0.2 4xio-5 
Total Body 200 2 2x1r4 

insol. GI (ULI) 0.08 10-

Tc99 sol. GI (LLI) 0.01 2x10-6 
Total Body 200 o.4 4x1.o-5 

insol. Lung 6x1.o-8 
GI (LLI) 5x10-3 8xlo-7 

Ru97 sol. GI (LLI) 0.01 2x10-6 
Total Body 100 2 3x10-5 

insol. GI (LLI) 0.01 2x10-6 
Lung 2x10-6 
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HW-2.5•57 "EV 2 UNCLASSIFIED 
Total Body Occupational Exoosure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPC-w- - µc/cc .MPCa - µc/cc Reference 

Rul03 sol. GI (LLI) 2.xio-3 5x10-7 
insol. Lung axio-8 

GI (LLI) 2x10-3 4.xio-7 

Rul05 sol. GI (m..I) 3x10-3 7x10-7 
Total Body 20 3 4x10·5 

insol. GI (ULI) 3xJ.o-3 5x1.o-7 

Rul06 sol. GI (LLI) 4.xlo-4 8x10-8 

Tote.1 Body 10 0.06 7x10-7 
insol. Lung 

3xJ.o-4 
6x10-9 

GI (LLI) wo-8 

Rhl03m sol. GI (S) o.4 Bxlo-5 
Total Body 400 40 3x1-o-3 

insol. GI (S) 0.3 6x10-5 

Rh105 sol. GI (LLI) 4x10·3 8xlo-7 
Tote.l Body 100 o.4 2x10-5 

insol. GI (LLI) 3X10-3 5x10-7 

pdl03 sol. GI (LLI) 0.01 2x10-6 
Kidney 20 0.02 10-6 

insol. Lung 
8xlo-3 

7x10-7 
GI (LLI) 10-6 

Pdl09 sol. GI (LLI) 3x.l0-3 6x10-7 
Total ,lbdy 50 o.4 

3 
3x10-5 

insol. GI (LLI) 2x10- 4xio-7 

Pdll2 sol. Kidney 3x10- 3 b 

p.g)-05 sol. GI (LLI) 3x10· 3 6.xio-7 
insol. Lung 8xlo-8 

GI (LLI) 3xio-3 5x1.o-7 

Agl06 sol. Liver 2 b 

Aa110m sol. GI (LLI) 9.x10-4 2.x10-7 
Tote.l Body 10 0.2 9x1g-7 

insol. Lung 
9xl.0-4-

10-
GI (LLI) 2x10-7 

Aglll sol. GI (LLI) 10-3 3x10·7 
Total Body 50 1 6x10-6 

insol. GI (LLI) 10-3 2x10-7 

Ag112 sol. Liver 17 C 
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UNCLASSIFIED 
Total Body Occupational. Exposure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPC8 - µc/cc Reference 

Cdl09 sol. GI (LLI) 5x10-3 10-6 
Ll.ver 20 0.05 5x10-8 

insol. Lung 
5x10-3 

1x1.o-8 
GI (LLI) 9x10- 7 

Cdll5m sol. GI (LLI) 7x10-4 2xl0-7 
Liver 3 0.03 4x10-8 

iosol. Lung 
7x10-4 4xlf8 

GI (LLI) 10-

Cdll5 sol. GI (LLI) 10·3 2x10-7 
Total Body 30 5 5x10-6 

insol. GI (LLI) 10·3 2x10-7 

Cdll 7IT sol. 
(+Cdll7) 

Liver 0.9 b 

In113m sol. GI (ULI) 0.04 8x10-6 
Total Body 70 400 4xio-4 

insol. GI (ULI) 0.04 7x10-6 

Inll4m sol. GI (LLI) 5x10·4 10-7 
Kidney 6 0.1 10-7 

insol. Lung 
5x10-4 

2x10- 8 
GI (LLI) 8x10-8 

Inll5m sol. GI (ULI) 0.01 2.x1.o-6 
Total Body &) 200 2x10-4 

insol. GI (ULI) 0.01 2x10·6 

roll5 sol. GI (LLI) 3x10-3 6xio-7 
Kidney 30 0.3 2x10·7 

insol. Lung 
3xl0-3 

3.x1.o-8 
GI (LLI) 5x10-1 

80113 sol. GI (LLI) 2x10-3 5x.10-7 
Bone 30 0.02 4.x1.o-7 

insol. Lung 
2x10-3 

5x10-8 
GI (LLI) 4-xio-7 

Snll7 sol. Bone 0.04 b 

80119 sol. Bone 0.04 b 

snl21IT sol. Bone 2.x1.o-2 b 
(+snl21) 

snl21 sol. Bone 1 b 
(27 h) 

s0 123 sol. Bone 6x1.o-2 b 
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HW-2S4117 RIEV 2 UNCLASSIFIED 
Total Body Occupational Exoosure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa. - µc/cc Reference 

snl25 sol. GI (IJ..I) 5x10-4 io-7 
Total Body 20 0.05 10-6 

insol. Lung 
5x10-4 

8x10-8 
GI (LLI) 9.x10-8 

sbl 22 sol. GI (LLI) sxio-4 2x1.o-7 
Total Body 20 0.3 

4 
4x10-6 

insol. GI (LLI) 8xlo- 10-7 

Sbl24 sol. GI (LLI) 7x10-4 2x10-7 
Total Body 10 0.02 2x10-7 

insol. Lung 
7x.10-4 

2x10-8 
GI (LLI) 10-7 

Sb125 sol, GI (LLI) 3X10-3 6x10-7 
Lung 40 0.04 5x10-7 

insol. Lung 
3X10-3 

3x10-8 
GI (LLI) 5x10-7 

Sb126 sol. Booe O. l~ b 

Tel21IT sol. Kidney 2X10-2 b 
(+Tel2l + 
1121 + xel21 

Tel25m sol. Kidney 29 5x10-3 4-xio-7 
insol. tung 10-7 

GI (LLI) 3x10-3 6xio-7 

Tel27m sol. Kidney 7 2x10-3 10-7 
insol. Lung 

2x10-3 
4x10-8 

GI (LLI) 3x10-7 

Tel27 sol. GI (LLI) &10-3 2x10-6 
Total Body Bo o.B 6:xio-5 

insol. GI (LLI) 5x10-3 9x10-7 

Tel29m sol. GI (LLI) 10-3 2x10-7 
Kidney 3 10-3 Bxl.0-8 

insol. Lung 
6:xl•-4 

3xlf8 
GI (LLI) 10-

Tel29 sol. GI (S) 0.02 5xlf6 
Total Body 20 2 10-

iosol. GI (ULI) 0.02 4x.10-6 

Tel3lm sol. GI (LLI) 2x.10-3 4xi.o-7 
Total Body 10 0.04 3x10-6 

insol. GI (LLI) 10-3 2x.10-7 
Lung 6xio-7 
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UNCLASSIFIED HW-Z5457 IIE\I 2 
Total Body Occupational Exposure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

. .. .. ...... ... . 

Tel32 sol. GI (LLI) 9.xl.o-4 2x1g-7 
Total Body 10 0.02 

4 
10-

insol. GI (LLI) 6x10- 10-7 

Tel33 sol. Kidney 3 b 

rl26 sol. Thyroid 1 5x10-5 &lo-9 
insol. Lung 3x10-7 

GI (LLI) 3x10-3 5x10-7 

I129 sol. Thyroid 3 10-5 2x10-9 
iosol. Lung 

6x10-3 
1x1g-8 

GI (LLI) 10-

1130 sol. Thyroid 2x10-4 b 

rl31 sol. Thyroid 0.7 6x10-5 9x10-9 
insol. GI (LLI) 2x10-3 3x10-7 

Lung 3x10-7 

r132 sol. Thyroid 0.3 2x10-3 2x1.o-7 
insol. GI (ULI) 5x10-3 9x10-7 

Il33 sol. Thyroid 0.3 2.xl•-4 3x10-8 
ineol. GI (LLI) 10-3 2x10-7 

r134 sol. Thyroid 0.2 4.xio-3 5x10-7 
1nsol. GI (S) 0.02 3x10-6 

rl35 sol. Thyroid 0.3 7x10-4 10-7 
insol. GI (LLI) 2x10-3 4x10-7 

xel3lm imm, Total Body 2x10-5 

xel33 imm. Total. Body 10-5 

xel35 imm, Total Body 4x10-6 

Csl31 sol. Total Body 700 0.07 10-5 
insol. Lung 3x10-6 

GI (U.I) 0.03 5x10-6 

cs132 sol. Muscle 7x10-3 b 

csl34m sol. GI (S) 0.2 4x1R-5 
Total Body l.00 0.7 10-

insol. GI (ULI) 0.03 6x10-6 

csl34 sol. Total Body 20 3x10-4 4x1g-8 
insol. Lung 10-

GI (LLI) 10-3 2x10-7 
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UNCLASSIFIED 

Total .Body Occupational Exposure 
Radio- Critical Burden Water Air 
nuclide Organ µc MPCv - µc/cc MPCa. - µc/cc Reference 

csl35 sol. Liver 200 3x10- 3 5x10-7 
insol. GI (LLI) 7x10-3 10-6 . 

.. 
9x10-8 Lung 

c6136 sol. Total Body 30 2x10-3 4xio-7 
insol. Lung 

2x10-3 
2x10-7 

GI (LLI) 3x10-7 

Csl37 sol. Total Body 30 4xio-4 6xig-8 
insol. Lung 10-

GI (!LI) 10-3 2x10-7 

Bal3l sol. GI (LLI) 5x10-3 1~6 
insol. Lung 4xio-7 

GI (LLI) 5x10-3 9x10-7 

Ba.133IT sol. Bone 2x10-2 b 
(+Be.133) 

Ba133 sol. Bone 4xio-4 b 
(8 y) 

Ba,135 sol. Bone 2x10-3 b 

Ba.139 sol. Bone 0.1 C 

Ba14o sol. GI (I.LI) 8x10-4 2x10-7 
Bone 4 6xio-3 10-7 

insol. Lung 
7x10-4 4x1rs 

GI (LLI) 10-

Lal40 sol. GI (I.LI) 7x10-4 2x10-7 
Total Body 10 60 2x1r6 

insol. GI (LLI) 7x10-4 10-

I.al41 sol. Bone 2 C 

r.al42 sol. Bone 5 C 

cel39 sol. Bone 0.2 b 

cel41 sol. GI (LLI) 3x10-3 6xio-7 
Ll.ver 30 10 4xio-7 

insol. Lung 
3x10-3 

2x10-7 
GI (LLI) 5x10-7 

ce143 sol. GI (LLI) 10-3 3x10-7 
Total Body 20 100 6x10-6 

insol, GI (I.LI) 10-3 2x10-7 
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UNCLASSIFIED HW-ZlMI? R E V 2 

Total Body Occupatio al Exp n osure 
Radio- Critical Burden Water Air 
nuclide Organ µc MPCy - µc/cc MPCa - µc/cc ~eference 

. .. 

ce144 sol. GI (LLI) 3x10-4 
8xlf8 

Bone 5 0.2 10-
insol . Lung 

3x10_4 
6x10-9 

GI (LLI) 6x10-8 

ce145 sol. Bone 24 C 

Prl42 sol. GI (LLI) 9x10-4 2x10-7 
Total Body 20 300 10-5 

insol. GI (LLI) 9x10-4 2x10-7 

Pr143 sol. GI (LI.I) 10-3 3x10-1 
insol. Lung 

10-3 
2x10-7 

GI (LLI) 3x10-7 

Pr145 sol. Bone 1 C 

Ndl44 sol. Bone 0.1 2x10-3 8xlo•ll 
insol. Lung 

2x10-3 
3x10-lO 

GI (LLI) 4xio-7 

Na.147 sol. GI (LLI) 2x10-3 4xio-7 
Liver 10 8 4xio-7 

insol. Lung 
2x10-3 

2x10-7 
GI (LLI) 3x10-7 

Ndl49 sol. GI (LLI) 8x10-3 2x10-6 
Total Body 20 2x103 9x1g-5 

insol. GI ("ULI) 8xlo-3 10-

Pm147 sol. GI (LLI) 6xio-3 10-6 
Bone 60 1 6x.10-8 

insol. Lung 
6xio-3 

10-7 
GI (LLI) 10-6 

Pml48 sol. Bone o.4 ·o 

Pml49 sol. GI (LLI) 10- 3 3x10-7 
Total Body 40 200 7x10-6 

insol. GI (LLI) 10-3 2x10-7 

Pml51 sol. Bone 2 C 

sml47 sol. Bone 0.1 2x10-3 7x10-ll 
insol. Lung 

2x.10-3 
3x1o-lO 

GI (LLI) 4xio-7 

sml51 sol. GI (LLI) 0.01 2x10-6 
Bone 100 2 6x10-8 

insol. Lung 10-7 
GI (LLI) 0.01 2x10-6 
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HW-29457 1'11!:V 2 

Radio­
nucli de 

Critical 
Organ 

Sml53 sol. GI (LLI) 
Total Body 

insol. GI (LLI) 

Sml56 l so. 

Eu152 sol. 
(9,2 hr) 

insol. 

Eu152 sol. 
(13 yr) 

insol. 

Eu154 sol. 

insol. 

Bone 

GI (LLI) 
Total Body 
GI (LLI) 

GI (LLI) 
Kidney 
Lung 
GI (LLI) 

GI (LLI) 
Kidney 
Lung 
GI (LLI) 

Eul55 sol. GI (1LI) 
Kidney 

insol. Lung 

Eul 56 1 so. 

Eu157 sol. 

GI (LLI) 

Bone 

Bone 

aa.153 sol. GI (LLI) 
Bone 

insol. Lung 
GI (LLI) 

Gd,1 59 sol. GI (LLI) 
Total Body 

insol. GI (LLI) 

Tb160 sol. GI (LLI) 
Bone 

insol. Lung 
GI (LLI) 

izyl-65 sol. GI (LLI) 
Total 'Body 

insol. GI (LLI) 

Dy
166 sol. GI (LLI) 

Total Body 
insol. GI (LLI) 

... o. PAGE 
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Total Body 
Burden 

µc 

70 

20 

5 

70 

50 

20 

4o 

30 

UNCLASSIFIED 
Occupational Exposure 

Water Air 
MPCw - µc/cc MPCa - µc/cc Reference 

.100 

2x10-3 
500 
2x10- 3 

2x10-3 
0.3 

2x10-3 

6x10-4 
0.09 

6x10-4 

6xlo- 3 
2 

6x10-3 

0.2 

6 

6xlo-3 
5 

6x10-3 

2X10-3 
700 
2x10-3 

10-3 
2 

10-3 

0.01 
4x103 
0.01 

10-3 
70_3 
10 

4x10-7 
2x10-5 
3x10-7 

5x10-7 
10-8 
2x10-8 
4x10-7 

10-7 
4xio-9 
7xlQ-9 
10-7 

10-6 
9x10-8 
7xl0-8 
10-6 

10-6 
2x10-7 
9x10-8 
10-6 

5x10-7 
3x10-5 
4x10-7 

3.x10-7 
10-7 
3x10-8 
2x10-7 

3x10-6 
2x10-4 
2x10-6 

2x10-7 
3x10-6 
2x10-7 

C 

C 

C 
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UNCLASSIFIED HW-15411 IIE:V 2 

Total Body Occupational. ExDosure 
Radio- Critical. Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/ cc Reference 

Hol66 sol. GI (LLI) 9x10-4 2x1g-7 
Total Body 30 200 10-

insol. GI (LLI) 9x10-4 2x10-7 

Erl69 sol. GI (U..I) 3x10-3 6x10-7 
Total Body 50 50 2x10-6 

insol. Lung 
3x10-3 

4xio-7 
GI (U..I) 6xio-7 

Erl71 sol. GI (ULI) 3x:1.0-3 7x10-7 
insol. GI (ULI) 3x10-3 6xlo-7 

Tml70 sol. GI (LLI) 10-3 3x1.o-1 
Bone 9 0.8 4x10-8 

insol. Lung 3x10-8 
GI (LLI) 10-3 2x.10-7 

'1ml 71 sol. GI (LLI) 0.01 3x19-6 
Bone 90 3 10-

insol. Lung 2x.10-7 
GI (LLI) 0.01 3x10-6 

Ybl69 sol. Bone 0,6 b 

Ybl75 sol. GI (LLI) 3x10-3 7x.10-7 
Kidney 30 80 3xio-6 

insol. GI (LLI) 3x10-3 6xio-7 

Lul77 sol. GI (LLI) 3x10-3 6x.10-7 
insol. GI (LLI) 3x.10- 3 5x10-7 

Lung 7xio-7 

Hfl81 sol. GI (LLI) 2.x10- 3 4xio- 7 
Spleen 4 0.9 4.x10-8 

insol, Lung 7x10-8 
GI (U..I) 2x10-3 4xio-7 

Ta182 sol. GI (LLI) 10-3 3x10-7 
Total Body 20 2 9x10-8 

insol. Lung 
10-3 

2xio-8 
GI (LLI) 2xio-7 

Tal83 sol. Liver l b 

wl81 sol. GI (LLI) 0.01 2x10-6 

Total Body 100 0.9 3x10-5 
i nsol. Lung 10-7 

GI (LLI) 0.01 2x10-6 
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HW-Z!MS7 AEV2 

Radio­
nuclide 

w185 sol. 

insol. 

w187 sol. 

insol. 

Re183 1 so. 

insol. 

Critical 
Organ 

GI (LLI) 
Total Body 
Lung 
GI (LLI) 

GI (LLI) 
Total Body 
GI (LLI) 

GI (LLI) 
Total Body 
Lung 
GI (LLI) 

Rel84 sol. Thyroid 
(50 d) 

Re184 sol. Thyroid 
(2,2 d) 

Re186 sol. 

insol. 

Rel87 1 so. 

insol. 

Re188 sol. 

insol. 

os185 sol. 

insol. 

GI (LLI) 
Total Body 
GI (LLI) 

GI (LLI) 
Skin 
Lung 
GI (LLI) 

GI (LLI) 
Total Body 
GI (LLI) 

GI (LLI) 
Total Body 
Lung 
GI (LLI) 

0s19lm sol. GI (LLI) 
Total Body 

insol. Lung 
GI (LLI) 

0s191 sol, GI (LLI) 
insol. Lung 

GI (LLI) 

os193 sol. GI (LLI) 
Total Body 

insol. GI (LLI) 
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Total Body 
Burden 

µc 

100 

30 

50 

300 

20 

40 

300 

50 

UNCLASSIFIED 
Occupational Exposure 

Water Air 
MPCw - µc/cc MPCa - µc/cc Reference 

4x10-3 
1 

3x10- 3 

2.xl.0- 3 
0.5 
2.x10-3 

0.02 
0.02 

8x10-3 

4x10-3 

0.2 

3x10-3 
0.04 
10-3 

0.07 
0.08 

0.04 

2x10-3 
0.06 4 9x10-

2x10-3 
0.2 

2x10-3 

0.07 
7 

0.07 

5x10- 3 

5x10-3 

2x10-3 
0.6 
2x10-3 

8xlo-7 
5x10-5 
10-7 
6x10-7 

4xio-7 
2x10-5 
3x10-1 

4x10-6 
3x10-6 
2x10-7 
10-6 

6x10-7 
4xio-6 
2x10-7 

2x10-5 
9x10-6 
5x10-7 
7x10-6 

4x10-7 
7x10-6 
2x10-7 

5x10-7 
6.xlo-6 
5x10-8 
3x10-7 

2x10-5 
2x10-4 

9x10-6 
10-5 

10-6 
4xio-7 
Bxlo-7 

4xio-7 
2x10- 5 
3x10-7 

b 

b 

SUPl':IIISIEDES ISSUE DATED DATIi. ISSUED 
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UNCLASSIFIED HW-25'97 REV 2 

Total Body Occupational. Exposure 
Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Re:feren.ce 

Irl90 sol. GI (LI.I) 6xio-3 10-6 
Total Body 50 0.06 2x10-6 

insol. Lung 
5x10-3 

4xio-7 
GI (LLI) 9x10-7 

Irl92 sol. GI (LI.I) 10-3 . 3x1f7 
Kidney 6 4xio-3 10-

insol. Lung 
10-3 

3x10-8 
GI (LLI) 2.Xlo-7 

rrl94 sol. GI (LI.I) 10-3 2x1g-7 
Total Body 20 0.3 10-

insol. GI (LI.I) 9x10-4 2x10·7 

rrl95 sol. Kidney 0.09 b 

Ptl91 sol. GI (LLI) 4xio- 3 Bxlo-7 
Total 'Body 30 0.1 -3 4x10-6 

insol. GI (LI.I) 3x10 6x10-7 

Ptl93m sol. GI (LLI) 0.03 7x10-6 
Total Body 300 o.B 3x1-o-5 

insol. GI (LLI) 0.03 5x10-6 
Lung 7x10-6 

ptl93 sol. Kidney 70 0.03 10-6 
insol. Lung 3x10-7 

GI (LLI) 0.05 8x10-6 

ptl95 sol. Kidney 10-2 b 

ptl97m sol. GI (ULI) 0.03 6x10-6 
Total Body 40 6 2x10-4 

insol. GI (ULI) 0.03 5x10-6 

ptl97 sol. GI (LLI) 4xio- 3 8xlo-7 
Total Body 00 l 4x10-5 

insol. GI (LLI) 3x10-3 6x10-7 

Aul96 sol. GI (IJ.I) 5x10-3 10-6 
Total Body 40 0.07 3x10-6 

in.sol. Lung 6x10-7 
GI (LLI) 4xio-3 &10-7 

Aul98 sol. GI (LLI) 2x10-3 3x10-7 
Total Body 30 0.1 4x.10-6 

insol. GI (LLI) 10-3 2x10-7 

Aul99 sol. GI (LLI) 5x10- 3 10-6 
Total Body 100 0.3 10-5 

in.sol. GI (LLI) 4x10-3 8.xlo-7 

DATE ISSUED SUPER8£0£S ISISUlt DATED '°"'GI!: NO. 
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HW-25"57 RE\/ 2 

Radio­
nuclide 

Critical 
Organ 

~ 97m sol. Kidney 
insol. GI (LLI) 

Hg197 sol. Kidney 
insol. GI (LLI) 

Hg203 sol. Kidney 
insol. Lung 

Tl200 sol. 
insol. 

Tl 20l sol. 

i nsol. 

Tl 202 sol. 

insol. 

T:1204 l so. 

insol. 

i nsol. 

Pb210 l so. 

Pb212 sol. 
insol. 

Bl-206 1 so . 

i nsol. 

Bi207 sol. 

i nsol. 

Bl. 210 l so. 

insol. 

Appendix A 

GI (LLI) 

GI (LLI) 
GI (U.I) 

GI (LLI) 
Total Body 
GI ( LLI) 

GI (LLI) 
Total Body 
Lung 
GI (U.I) 

GI (U.I) 
Kidney 
Lung 
GI (U.I) 

GI (LLI ) 
Total Body 
GI (LLI) 

Kidney 
Total Body 

Kidney 
Lung 
GI (LLI) 

GI (LLI ) 
Kidney 
Lung 
GI (LLI) 

GI (LLI) 
Kidney 
Lung 
GI (U.I) 

GI (U.I) 
Kidney 
Lung 
GI (U.I) 

PAGE 

18 o .. 23 
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Total Body 
Burden 

µc 

4 

20 

4 

100 

50 

10 

90 

o.4 
4 

0.02 

l 

2 

0.04 

UNCLASSIFIED 
Occupational Exposure 

Water Air 
MPCw - µc/cc MPCa - µc/cc Reference 

6x10-3 
5x10-3 

9x10-3 
0.01 

5x10-4 

3x10- 3 

0.01 
3 7x10-

9x10-3 
0.1 -3 
5x10 

4x10- 3 
0.03 

2x10- 3 

3x10-3 
6x10-3 

2x10-3 

0.01 
0.5 
0.01 

4xio-~ 
4x10-

6x10-4 

5xlo-4 

10-3 
0.04 

10-3 

2x10-3 
0.04 

2x10-3 

10-3 
2x10-3 

10-3 

7x10-7 
8x10-7 

10-6 
3x10-6 

7x10-8 
10-7 
6x10-7 

3x10-6 
10-6 

2x10- 6 
10-5 
9x10·7 

8x10-7 
3x10·6 
2x10-7 
4x10-7 

7xio-7 
6x10-7 
3x10-8 
3x10-7 

3x10-6 
10-5 
2x10-6 

10-10 
10-9 

2x10-8 
2x10-8 
9x10-8 

2x10-7 
2x10-7 
10-7 
2x10-7 

4xio-7 
2x1a-7 
10-/j 
3x10-7 

3x10-7 
6x10-9 
6x10-9 
2x10-7 

8UPll!:lleEDE5 ISSUE DATED D-"'TIE ISSUED 
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UNCLASSIFIED HW-15'57 1u:v2 

Total Body Occupational. Exposure 
Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

B1212 sol. GI (S) 0.01 2X10-6 
Kidney 0.01 0.02 10-7 

insol. Lung 2x10-7 •.• 

GI (S) 0.01 2x10-6 

Po210 sol. Spleen 0.03 2Xl0-5 5x10-lO 
insol. Lung 

8xl.o-4 
2x1o-lO 

GI (LLI) 2x1.o-7 

At211 sol. Thyroid 0.02 5x10-5 7x10·9 
insol. Lung 3x10-8 

GI (ULI) 2x1.o-3 4xio-7 

Rn220 sol. Lung 3x1.o-7 

Rn222 sol. Lung 3x10-8 

Ra223 sol. Bone 0.05 2x10-5 2x10-9 
GI (LLI) 2x10·4 4x10-8 

insol. Lung 
10-4 

2x1o-lO 
GI (LLI) 2x10-8 

Ra.224 sol. Bone 0.06 7x10- 5 5x10-9 
insol. Lung 

2x10-4 
7x10-lO 

GI (LLI) 3x10-8 

Re.226 sol. Bone 0.1 4x1r7 3x10-ll 
GI (LLI) 10· 3x10·7 

Ra228 sol. Bone 0.06 8xl.o-7 7x1o•ll 
insol. Lung 

7x10·4 
4x10-ll 

GI (LLI) 10-7 

Ac227 sol. Bone 0.03 6x10-5 2x10-l2 
insoL Lung 

9x1.o-3 
3x1.o-ll 

GI (LLI) 2x10·6 

Ac228 sol. GI (ULI) 3x1.o-3 6x1.0·7 
Bone 0.04 2 9x10-8 

insol. Lung 
3x10-3 

2x10-8 
GI (ULI) 4xio-7 

Tb.227 sol. GI (LLI) 5x10-4 10-7 
Bone 0.02 8x10· 3 3x1o-lO 

insol. Lung 
5x10-4 

2xl0-10 
GI (LLI) 9x10-8 . 

Th228 sol. Bone 0.02 2x10-4 9x10·12 
insol. Lung 6x10-12 

GI (LLI) 4xio-4 7x10· 8 
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HW-25457 REV 2 UNCLASSIFIED 
Total Body- Occupational ExPosure 

Radio- Critical. Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

Th230 sol. Bone 0.05 5x10-5 2x10-12 

insol. Lung 
9x10-4 

10-ll 
GI (LLI) 2x10-7 

Th231 sol. GI (LLI) 7x10-3 10-6 
Total ]3ody 100 900 4xig-5 

insol. GI (LLI) 7x10-3 10· 

Th232 sol. Bone 0.04 5x10-5 2x10-12 
1nsol. Lung 

10-3 
10-ll 

GI (LLI) 2x10-7 

Th234 sol. GI (LL!) 5x10-4 10·7 
Bone 4 1 6x10-8 

insol. Lung 
5x10-4 

3X10-8 
GI (LLI) 9x1.o-8 

Th-Nat sol. Bone 0.01 3x10- 5 2x10-12 
insol. Lung 4xio-12 

p8 230 sol. GI (LLI) 7x10-3 2x10-6 
Bone 0.07 0.04 2x10-9 

insol. Lung sxig-10 
GI (LLI) 7x10- 3 10-

p8 231 sol. Bone 0.02 ,3x10-5 10-12 
insol. Lung 

8.xlo-4 
10-10 

GI (LLI) 10-7 

pa,233 sol. GI (LLI) 4xio-3 8x10-7 
Kidney 40 10 6x10-7 

insol. Lung 2x10-7 
GI (IJ.I) 3x10-3 6xio-7 

l]230 sol. GI (LLI) io-4 3x1-o-8 
Kidney 0.01 7x10·3 3x10-10 

insol. Lung 
10-4 

10-10 
GI (LLI) 2x10-8 

u232 sol. GI (LLI) 8x10-4 2xlo-7 
Bone 0.01 2x10-3 10-10 

insol. Lung 
8x10·4 3xlfll 

GI (LLI) 10-

u233 sol. GI (LLI) 9x10·4 
2x10-7 

Bone 0.05 0.01 5xlfl0 
insol. Lung 

9x10-4 
10- O 

GI (LLI) 2x10·7 

NO. PAGE SUPIEIIBIEDE• I 9SU£ DATIED DATllt l&SUED 

Appendix A 20 OI'" 23 10-1-58 3-1-60 
BM-7800-056 ( 6- 5 7 ) 11r,ac..oa ,uG M\. &HD , w•• H . 



UNCLASSIFIED MW-1 .. 17 Al:V 2 
Tot&l. Body Occu~atione.l Exoosure 

Radio- Critical Burd.en Water Air 
nuclide Organ µc MPCw • µc/cc MPCa - µc/ cc Reference 

u234 sol. GI (LLI) 9x10-4 2x10-7 
Bone 0.05 0.01 6x10-lO 

insol. Lung 
9x10-4 

10-10 
GI (LLI) 2x1.o-7 

u235 sol. GI (LLI) axio-4 2x10-7 
Kidney 0.03 0 ,01 

4 
5x10-lO 

insol. GI (LLI) 8x10- 10- 7 

uf:36 sol. GI (LLI) 10·3 2x10-7 
Bone 0,06 0,01 6xlo-10 

insol. Lung 10-10 
GI (U.I) 10-3 2x10-7 

tJ238 sol. GI (LLI) 10-3 2x10-7 
Kidney 5x10-3 2x10-3 7x1.o-ll 

insol, Lung 10-lO 
GI (LLI) 10-3 2x10-7 

U-Nat sol. GI (LLI) 5x10-4 10-7 
Kidney 5x10-3 2x10-3 7x10-ll 

insol. Lung 
5x10-4 

6xlo-ll 
GI (LLI) Bxio-8 

Np237 sol.. Bone 0.06 9x10-5 4x10-12 
insol. Lung 

9x10-4 
10-10 

GI (LLI) 2x10-7 

Np239 sol. GI (LLI) 4x10-3 &io-7 
Total Body 70 300 10- 5 

insol. GI (LLI) 4xio- 3 7x10-7 

Pu238 sol.. Bone 0.04 10-4 2xl.O-l2 
insol. Lung 

8xlo-4 
3xlQ-lJ. 

GI (LLI) 10- 1 

Pu239 sol. Bone 0.04 10-4 2x10-12 
insol. Lung 

8x10-4 
4x10-ll 

GI (I.LI) 2x10-7 

Pu240 sol. Bone 0 . 04 10-4 2x10- l2 
1nsol. Lung 

Bxlo-4 
4x10-ll 

GI (LLI) 2x10-7 

Pu241 sol, Bone 0.9 7x10-3 9x1o•ll 
insol. Lung 4x10-8 

GI (LLI) 0.04 7.x10·6 

Pu.242 sol. Bone 0.05 10-4 2x10-12 
insol, Lung 

9x1.o-4 
4x1o•ll 

GI (LLI) 2x10- 7 

DA'tC teeUED 8UPER91lDE:8 l e 8UI[ i;>ATltD f"AGIE NO, 
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HW-t5457 REV 2 UNCLASSIFIED 
Total Body Occupational Ex"Posure 

Radio- Critical Burden Water Air 
nuclide Organ µc MPCw - µc/cc MPCa - µc/cc Reference 

Am241 sol. Bone 0.05 10-4 6.x10-12 
insol. Lung 

8x10-4 
10-10 

GI (ILI) 10·7 

Am243 sol. Bone 0.05 10-4 6xl.o-.12 
Kidney 0.1 10-4 6x10-12 

insol. Lung 
8x10-4 

10·10 
GI (LLI) 10-7 

cm242 sol. GI (LLI) 7x10-4 2x1~-7 
Liver 0.05 3x10-3 10- O 

insol. Lung 
7x10-4 

2x1rlO 
GI (LLI) 10-

cm.243 sol. Bone 0.09 10-4 6x10-12 
insol. Lung 

7x10-4 
10-10 

GI (LLI) 10-7 

em244 sol. Bone 0.1 2x10-4 9.xl~-12 
insol. Lung 

8.x10~4 
10- O 

GI (LLI) ' 
10-7 

em245 sol. Bone 0,04 10-4 5x10-12 
insol. Lung 

sxio-4 
10-10 

GI (LLI) 10-7 

em246 sol. Bone 0.05 10-4 5x10-12 
insol. Lung 

8x10-4 
10-10 

GI (LI.I) 10-7 

Bk249 sol. GI (LLI) 0.02 4xio-6 
Bone 0.7 0.07 9x10-lO 

insol. Lung 10-7 
GI (LLI) 0.02 3x10-6 

cr249 sol. Bone 0.04 10-4 2x10-12 
insol. Lung 

7x10-4 
10-10 

GI (LLI) 10-7 

cr250 sol. Bone 0,04 4.x10-4 5x10-12 
insol. Lung 10-10 

cr252 sol. GI ( IJ.,I) 7x10-4 2x10-7 
Bone 0.04 2x10-3 2xio-ll 

insol. Lung 
7x10-4 

10-10 
GI (LLI) 10-7 
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UNCLASSIFIED HW-2.507 REV 2 

COMMENTS Jl'; ).PPEI:~DIX ,\ 

This Ap:p~nd:.x conts.;.ns b ody ourde::i values and MPC 's f or water and air for a 
number of s~lec·sec. r2.c.ionuclides. These values were compiled from 1ICRP recorn­
mendc.t0".l.s co,1ta.i.ne(: ir. t he nat ional Bureau o::· ::3-ce.nda ru..s Handbook =//69 , plus a 
m1.11"t:e:r 0:i:' locally C.e:ri ved. v8.L.es. They s ~1oi..:.ld. ..;e applieJ. as inc.icated in Radi ­
u-'vi o~~ ?:r·c·:~c.2 ·~~~0:: ;3~anC.:::;.rds 3 . .1 , 4.1 , /.~. "{, 6 . 1 , a:nC. '( , 2 . 

l-1any of t:::.e ir;.clicles :i..n "i:,his Appendi;c have two or i:1ore M?C I s listed for air and 
for wa,_,2:;:- . Hormc:.lly, in these cases , the most restri-:.:tive value should be 
appliec. . ~t'.--,e fld.c'J. ·::.ioa al _;,tpc' s listed are inclucled to f acilitate radionuclide 
comparisc,1 c:-.cl c€:.lcul e.tions involving mixtures of nucli des . 

The c:!"itical 0:-ca:1 listin6 is taken from t he Haudboo:~ .,;'6) column headed Organ 
of He?crenc.:;. 'dhe:'l Handtoo~,: }69 carries more than one cri tica.l organ, ordinarily 
the most res·~rictive numerical value is selected for Appendix A. \·,'hen no speci­
f ic :::>~ L. e.ii o:' reference i s ide,Ybified in Handtooh: i/69 as a critical organ, the 
total body ~urden vo.lue is l isted. 

s:'he vc.l;..tes listed are expected to be suffic i ent for mos t ordinar y situations. 
For specific val"L:eD not listed or f or special si tutations, the office of the 
Specialist, Rad:.ation Protecti on, shoulcl be contacted.. 

REFER.EI'-TCES 

~<- Footnote , pac e one . The abreviati ons GI, s, SI , ULI and LLI refer to gast­
rointestinal trect, stomach, smal l i ntestines , ~pper l arge intestine, and 
lower larGe intestine , respectively. 

a . Maximum Permissible Body Btirdens and Maximum Permissible Concentrations of 
Radionuclides in Air and in Water f or Occupational Exposure . NBS Handbook 
'59 ( ,June 1959 ). 

b . Reac-:.or Effl uent MonitorbG - HW- 45725 , J . W. Healy, 10-12-56, 

c . Influence of Hanford Reactors on Domestic Use of Columbia River Water -
I"l'il- 36C62 . ;; . W. Healy, R. E. Rostenbach, 5-25-55, 
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UNCLASSIFIED 

ISSUED BY THE 

MANAGER 

RADIATION PROTECTION 

GENERAL. ELECTRIC 
HANf"ORO ATOMIC PROOUCTS OPERATION 

RADIATION PROTECTION STANDARDS 

SUB.IECTI 

ABSTRACT OF FEDERAL REGULATIONS FOR 
SHIPPERS .AND CONSIGNEES OF RADIOACTIVE 

MATERIALS 

HW-25'57 REV 2 

CL.ASSlf"ICATIONt 

The following abstract has been prepared by reviewing applicable Interstate Connnerce 
Commission, Civil Aeronautics Board, Coast Guard, and Post Office Department regula­
tions, and tariffs for the various modes of transportation (rail express, highway, 
water and air), which are derived from these regulations. 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 radioactive 
materials comply with the latest regulations and tariffs for the pertinent mode or 
modes of transportation. The latest information can be obtained 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 
tariffs atd manuaJ.s maintained by the Traffic Subsection at HAPO. 

Shipments of radioactive material which are escorted by quaJ.ified 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. 

Radioactive materials having more than one hazardous characteristic , i.e., flamroable 
liquid or solid, oxidizing material, corrosive liquid, flamma.ble or nonflammable com­
pressed gas, explosives A, B, or C, or poisons A, B, or C, must be classified accord­
ing to both dangerous characteristics. In case more than one hazardous characteristic, 
other than poisons, class D, exists, the most hazardous characteristic will be classi­
fied, in addition to class D poisons. Such shipments must be marked, packed, and 
labeled in accordance with regulations governing both classifications (73.2). · 

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

I. GROUPS OF RADIOACTIVE MATERIALS (73 . 391) 

A. Group I - Radioactive .materials that emit gamma rays only or both gamma and 
electrically charged corpuscular rays. 

B. Group II - Radioactive materials that emit neutrons and either or both t:ypes 
of .radiation characteristic of Group I materials. 

c. Group III - Radioactive materials that em.it electrically charged corpuscular 
rays only, i.e., alpha or betaL etc.Lor any other that is so shielded ~hat 
the gamma radia~ion at the surrace or the package does not exceed 10 mr/24 
hours at any time during transportation. 

II. LIMITS ON Q.UANTITY IN PACKAGE (73.391) 

A. Not more than 2000 millicuries of radium, polonium or other members of the 
radium family of elemeni~{ and n9j; more than 2700 millicuries (disintegra­
tion rate of 100,000 mi on (10.U) atoms per second) of any other radio-
active substance may be packed in one outside container for shipment by 

* Decimal references in parentheses throughout abstract are to the Code of Federal 
Regulations, Parts 71-78 of Title 49 (rec) , Part 146 of Title 46 (Coast Guard)~ 
Part 49 of Title 14 (Civil Aeronautics Boa.rd), or the Postal Ma.nu.al (PM---.---
or Air Tariff t.rP IS-'R -- - ). 
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I 

UNCLASSIFIED 

rail freight, rail express, water or highway, except by special arrange­
ments and under conditions approved by the Bw-eau of Explosives (and Coast 
Guard or CAB when necessary) or except as specifically provided in sub­
paragraph (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 speciaJ. 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 radioactive materials must not emit from its exterior any signi­
ficant alpba, beta, or neutron radiations and the gamma radiation 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-140 which disin­
tegrates at a rate of 5 million atoms per second, or that amount of any 
ot~er radioactive substance which disintegrates at a rate of more than 50 
million atoms per second. 

III, EXEMPI'IONS FROM PRESCRIBED PACKAGING, MARKING, AND LABELING REQUIREMENTS (73,392) 

NO, 

A. Radioactive materials are exempt (except in the mails) from prescribed 
(49,lc)(l46.25-25) packing, marking (except water shipments must be 
marked to show name of contents), and labeling requirements provided 
they fulfill all of the following cond.i tions: 

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

2, The package must contain not more than 0.1 millicu.rie 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 of any other radioactive 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 i.s emitted from the exterior of the package and the gamma 
radiation at any si.;rface is less than 10 mr/24 hours. 

B. Manufactured articles other than li~uids, such as instrument or clock 
dials or electronic tubes and apparatus, of which radioactive materials 
are a component part, and luminous compounds, when securely packed in 
strong outside containers are exempt from specificati9n packaging, mark­
ing (except water shipments must be marked to show name of contents), and 
labeling requ:iremerrts provided the gamma radiation at any surface of the 
package 1s les~ than 10 mr in 24 hours. 

Switchboard or similar apparatus containing electronic tubes, of 
which radioactive materials are a component part, are exempt from 
specification packaging, marking, and labeling requirements when 
shipped in carload or truckload lots or when transported by pri­
vate motor carrier provided the gamma 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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c. Radioactive materials such as ores, resi.iues, salts of natural. uranium 
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 lots) pro­
vided that gamma. radiation or equivalent- will not exceed 10 mr/hour at a 
distance of 12 feet from surface of the car, (at 1 meter f'rom any outside 
surface of the load in an airplane, 49.41 b) and will not exceed 10 mr/hour 
at a distance of five feet from either end surface of the car. There must 
be no loose radioactive 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 incident 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 Coimnission, ship­
ments must be loaded by consignor and unloaded by consignee (73.392). No 
person shall remain 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 information and equipment as 
is necessary for the protection of the carrier's employees, warehouse.men, 
stevedores, or other persons engaged in the handling of such cargo 
(74,532 J, 146.25-35) . On boa.rd 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 Mme during 
transportation. 

D, Detonating fuzes with radioactive components ( Class A Type 7) a.re e.xempt 
from labeling requirements ( 73,392) ( 146. 25-25). 

E. Empty containers, if authorized for re- use by the Bureau of Explosives must 
have all openings including removal heads, filling and vent holes, tightly 
closed before being offered for transportation. Small quantities cf the 
material with which the contai.ner·s were loaded may remain i n "empty" con­
tainers and when the vapors remain.ing therein a.re unstable 1 it is perrnis-· 
sible to add sufficient inert gas to render the vapors stable (73,29 a, 
74,532 e). 

F, All contai ners and accessories which have been used for shi:pments of radio­
active materials when shipped as empty must be sufficiently free of radio­
active contamination so as to conform to Section III-A abmre (73-29 e). 

G, Any box car or mot or vehicle which, after use for the transportation of 
radioactive materials in carload or- truck.load lots, is cont-9l!linated with 
such materials to the extent that a. survey of the 1nterior surface shows 
that the beta- gamma radiation is greater than 10 mr physical equ.1valent 
in 24 hours or t.bat ths average alpha contamination is greater than 500 
di.sintegra.tions per minute per 100 square centimeters shall be thoroughly 
cleaned in such a manner that a resurvey of the inside surface shows the 
contamination to be below 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. Car and motor vehicles which are used solely for the transportation 
of radioactive mat erials are exempt from the provision.a of this section 
(73.395). 

r:v. PACKING AND SHIBI.DING (73. 393, 146.25-30) 

A. Radioactive materials that present special hazards _due to their tendency to 
remain fixed in the human body for lcng periods of .t1lne (i.e., radium, 
plutonium,and radioactive strontium, etc . ) must, in addition to the packing 
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hereinafter prescribed, be packed in inside metal containers, 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 radioactive materials 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 radium filtered by 1/2 inch of lead. 

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

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

E. All outside shipping containers must be of such design that the g8111118. 
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 this requirement. 

F. The outside shipping container for any re.dioactive lllB.terial, unless 
specifically exempt by Section 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. Au~horized for not more than 2,700* millicuries. 

2, Spec. 12 B (78,205), Fiberboard. boxes, Authorized for not more than 
2,700* millicu.ries. 

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

4. Spec. 6 A, 6 B, or 6 C; 17 C or 17 H (single-trip) (78.97, 78.98, 
78.99, 78.115, or 78.118). Metal barrels or drums. Authorized for 
not more than 2, 700* mill1cur1es. 

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 ms.terials Group I, liquid, solid or gaseous, must be packed 
in suitable inside containers completely surrounded by a shield of lead 
or other suitable 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 lO mr/hou:r. The shield mu.at 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, Radioactive materials Group II, liquid, sol.id, or gaseous, must be 
packed in suitable inside containers completely shielded so that at any 
ti~e during tre.nsporta.tion the radiation measured at right angles to 
any point a>. the long axis of the shipping container will not exceed 
the following limits: 

1. Gamma radiation of 10 mr/hour at l meter. 
2. Electrically charged corpuscular radiation of 10 mrads/hour at 1 

meter. 
3. Neutron radiation of 2 mrem/hour at 1 meter. 
4. If more tbao one of the types of radiation named above is present, 

the radiation of each type must be reduced by shielding so that 
_*_Maxi,..,.__-,-m_um_..,..i_s_2_,o,..,o"""'o,.....m1111curies per pack.age tor shipment by air (AT 6-C, II). 
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the total does not exceed the equivalent of paragraphs l, 2, or 
3. 

The shielding must be designed so as to maintain its efficiency under 
conditions normally incident to transportation, and must provide personnel 
protection age.inst fast or slow neutrons and all other ionizing radiation 
originating in the radioactive materials or BrJ..y part of the aggregate 
constituting the complete package (73,393 h) (146.25-30 ~). 

r. Liquid radioactive materials Group r, II and III must, in addition, be 
packaged in tight glass, earthenware or other suitable inside containers. 
The inside containers must be surrounded on all sides and within the 
shield by an absorbent material sufficient to absorb the entire liquid 
contents and of such nature that its efficiency Will not be impaired by 
chemical reactJm with the contents. 'Where UBe of shielding is necessary 
to reduce radiation to limits prescribed by this section, the absorbent 
cushioning materi al must be placed within the shield. If the container 
is packed in a. metaJ. container specification 2R or other container approved 
by t he Bureau of Explosives~ the absorbent cushioning is not required. 
( Glass, see IV-K) (73,393 iJ(l46.25-30 j) 

J. Radioactive materials Gr oup III, liquid or solids, must be packed in suit­
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)(l46 .25-30 k). 

K. For airplane shipment, unless otherwise specified, 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 aJ.titude during transportation. Con­
tainers and closures i n contact with the article shall be resistant to it. 
For liquids, containers shall be so filled as to provide an ullage (outage) 
of not less than 5'1, nor more than 1oi (at a minimum. temperature of 60° F) 
according to the nature of the liquid (except where otherwise specified). 
The contai ners including closures, shall be capable of 'Withstanding an 
internal gauge pressure of 15 lb/sq. in. (1.00 kg. per square centimeter) 
when filled to such ullage (outage). Ampoules, phials, and similar con­
tainers· of not more than 10 cc. contents each are exempt from the f oregoing 
pressure requirement, proyidi ng the totaJ. c cntents of the ampoules, phials, 
and similar containers 1n any inside package shall. be no gr eat er 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 breakable or 
puncturable, such a.s glass, earthenware, pla.stic or hard rubber ( gutta 
pe~cha) must be packed in strong outside containers suitably cushioned to 
prevent breakage and leakage. (49.3) (AT 6-c, rv B-1) 

L. Specification 2R - Inside Containers - Meta.l Tubes (78.34): 

1. Size - outside diameter of the tube must not exceed 6 inches and 
length must not exceed 16 inches exclusive of flanges, or handling, 

2, 
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or f astening devices. 
Manufacture - Stainless steel, malleable iron, or brass 
thickness of not less than 3/32 inch for diarJ;ter up to 
not less than 1/8 inch for diameter up to six inches. 
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the tube must be fitted with screw-type closures or flanges (see L-4) 
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 Bre.ziag ~ Must be done in a workmanship-like manner and 
must be free from defects. 

4. Closing devices - Must be of screw type, except that securely bolted 
flange closure provided with suitable gasket is authorized for open­
i ngs exceeding three inches in diameter. When of screw thread type, 
number of threads per inch must be not less than u. s. Stands.rd pipe 
threads. Caps or plugs are authorized. 

V, LABELING 

NO, 

A, Unless exempted according to Part III above, each outsi de container of 
Group I or II radioactive material being shipped by carriers other the.n 
air carriers must be labeled with the red label (73,414 a), and of Group 
III with the bl ue label (73,414 b), duly executed and applied by the 
shipper to that part of the package bearing consignee ' s name and address 
(73, 404 ). 

· HANDLE CAREFULLY 
RADIC)A.CTM MAURIA.I. 

· Cl.ASS D POISON .... I • • ·-------·---••11:111--,u_,, ___ _ .................... , _____ _ ,..., ., _ _______ _ ...... ., ....... _ ... _____________ ,_ 
=' ~-.::... ·.: :-..: r::: :..r:. -- .. ~•-.:----~:=i\lr.~=· 

(Blue Prlntint OD white) 

IAIDLE CAREFUUY 
IADtDACTIIE IATEIW. 

DIIJ1JIC COIPUUAI UYS lllY 
.._. el content-.•-----­

CLAU D POISOH . 
.... ,n 

NOTE: Labels for shipments by air (73,414 c) are not shown here but 
have diff erent wording, and may be used in lieu of labels other­
wise prescribed and for local transportation ' to or from airport 
( 73. 402, 13). Either ICC label may be used for shipments by air; 
however, the shipper ' s certificate, either on the label or in 
duplicate on an attached form, must be sisned. For shipments on 
passenger aircraft, the additional certification must be made: 
"Thi s shipment is w1 thin the limitati ons for passenger aircraft." 
Carriers may also require the shipper to ha.ve the statement cer­
tifi ed 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). 

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

VI, LOADING (73,396; 75.655 J; 77,841; 49.25 c; 146,25-35, 40, 45; and AT 6-c, IT B-160) 

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

Total 
Units 

1, A container of Group I or II radioactive material must not be placed in 
vehicles, depots, or other public places closer tha.n 3 feet to an area 
which may be continuously occupied by passengers, employees, or ship­
ments of animalsj closer than 3 feet to the di vi ding 1>arti tion in a 
combination vehicle carrying passengers and/or express shipments; or 
closer tha.n 15 f eet to any package containing undeveloped film. (In 
aircraft, only t he distance to crew members or passengers is limited, 
as shown in the following table.) 

Feet to 
Undeveloped Film 

Feet to Dividing 
Partition 

Feet to Area Occupied 
Less Than d Hrs. More Than 8 Hrs. 

0-2* 
3-5* 
6-10* 
1-10 15 

20 
25 
30 

3 
4-

l* 
2* 
3* 
3 
4 

5 
7 
9 

ll-20 
21-30 
31-40 

5 
6 

5 
6 10 

*Aircraft 

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 (l unit= l mr/hr at 1 meter, or the amount 
of radiation which has the same effect on film as 1 mr/nr at 1 meter 
of hard gamma rays of radium filtered by 1/2 inch of lead). 

3. Not more than 40 units of Group I or II radioactive material shall be 
transported in a.ny land or air vehicle or stored in a.ny public loca­
tion at one time. A package of Group I or II material ~emaining in 
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the same building for more than 24 hours must be moved to a different 
location after each 24 hours . All containers of such material must 
be carried by the handles when handles are provided. On board ship, 
if the shipment exceeds 40 units, a distance of at least fl) feet must 
separate increments of not more than 40 units each. Any hold, com­
partment, or enclosed deck space containing radioactive materials shall 
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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 
hazard 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, inflammable liquids or solids, non­
inflammable compressed gases, cotton; adjacent to or under corrosive 
liquids; and must be stowed well away from living quarters, refriger­
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 transported. 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 quantity of radioactive material requiring the 
red label shall be marked or placarded on each side and rear with a 
placard or lettering in letters not less than 3 inches high on a 
contrasting background as follows: DANGEROUS - RADIOACTIVE MATERIAL 
( 77,823), 

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

8. If shipped by boat, the consignor or consignee shall advise the per­
son in cha:cge of loading or discharging of the hazards and regula­
tions (146 .25-25 c). 

VII, VIOLATIONS AND ACCIDENTS TO BE REPORTED (73.11, Nr 6-C, Rule 8 and 146,25-50) 

Consignees receiving shipments by rail or highway transport must report 
promptly to the Bureau of Explosives, 30 Vesey Street, New York 7, N, Y., 

t,tO, 

all instances of improper staying 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 radioactive materials. For water shipments, carriers' 
representative will notify shipper and district Commandant of the nearest 
u. s. Coast Guard. For air shipments, operator of aircraft will immediately 
contact shipper for disposal information and notify the nearest representa­
tive of the Civil Aeronautics Board or the Federal Aviation Agency.) 

PAGE SUPERSEDES ISSUE DAT!i;D DATE ISSUED 

Appendix B 8 OF 9 7-1-57 3-1-60 

BM-7800-056 (6-57) AE"C •Oll ,t l CMLANC . WAI )( , 



UNCLASSIFIED HW-Zs.457 R£V 2 

~:-~II' IC/\.LI'I'Y CONSIDERATICHS 

-~ ::i _n ents which f ollow r·outine ICC or othe:.'.' f'2c.i~::c:l :ce(,1.iations vill not 
. c :~~·.L:e special considerati on of the ]_)0ss i ·o::. 2. ::. -~2-· :.: :~· ·.·. ~;::-::_ •;:,i2£l nass condi­
·;;L o:1 a::·ising during shipment o r i'.ia.ndlin6 . :10·• . .'C:V•::_:. :;::i;-.,n2.1ts escorted oy 
_' '?; co:.:z-ie:- or otherwise exempted f rom s hi::,:;.:,::i: :_; :_. 1 ·. c:.::·~::.'<·' lLr.itations, sbould 
"c ~·evicwed prior to initial assembly to i::;.;L0

.;:·•.: • · ·" · ' ' c.:5.s;:,_--:a:r.e prece.'J:d o:1s 
o.;J~i ·.1::;t inadvertent criticality are mainta:.:.::;:.:;.. . 

. ,:.:; a ·.1 exat:1ple of the quantity of nuclear r::c:te~·i2.l ~-e~:~ir i:1c; c rl:cicality con­
::::.u(:::.·u··.:.ion , the f ollowin.; is tal~en :from a n::ce:1t .i~C :.-: e ,~'J.l ation 10 CFR :·1 -
:;c :0 c1.lations to Protect Against Accidental Co:1cl::. t:!..o:1z o:::' cz•i ticality in the 
:3;1i1x1ent o:i:' Special Nuclear .Material; mv.;cir.a;:,: l.;. :·.:.:::. ·::.c ~\,::.• u~iSU?e1·vised shi:p­
::1e~1t (but still :probably requiring additional Q:'..)l}:CQvc.ls i'ron ICC-CAB-Coas~ 
~;,•.a.:.· cl a.ad; or the carrier) not requirinf; p!'ior /~C r.:: i:.,:,:oval ; 

,...?r 
Uranium enriched i n the isotope U.:'.JJ :_,_; .~ i..:;: '..::.G :::on;:.e.i.~1ei Ur e.nium-235 
Ura,:i L:m-233 
f-l u.toniwn 
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