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BASIS FOR RADIATION PROTECTION OF THE NUCLEAR WORKER
Francisco A. Guevara

Health Physics Group, Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

A description is given of the standards for protection of persons
who work in areas that have a potential for radiation exposure.
A review is given of the units of radiation exposure and dose
equivalent and of the value of the maximum permissible dose
limits for occupational exposure. Federal Regulations and
Regulatory Guides for radiation protection are discussed.
Average occupational equivalent dnses experienced in Several
operations typical of the United Otates NMuclear Industry are
presented and shown to be significantly lower than the max iium
permissible. The concept of maintaining radiation doses to
As-Low-As-Reasonably-Achievable is discussed and the practice of
inposing engineering and adwinistrative controls to provide
effective radiation protection for the nucledr worker is
described.

INTRODUCTION
The difficelties that have been cencountered here in Texes and
elscewhere throughout the nation in building and licensing nuclear
power plaots should not mislead us into thinking the industry is
not viable. As a matter of fact today there are 72 conmercial
nucl car power n-uLLorsl 11ceased to operate in this counlry with
d capdcity to produce a uet b 000 megawalts of electricity to
pour into our national ygrid. This represents approx imately '.)'L;,
of our natioual reguirement.  Througiciut the rest of the world
there arve currently lll3 nuclear power plants in commercial
operation with ¢ net capacity of approximately 100,000 MW, Alsn
both here and  abroad  there are many nuclear unmits  under
constraction or planned for the futuce. S0 farc only conmercial

nuclear power plants have been mentionert. The fact is that those



plants are an important part of, but not the total nuclear
industry. In the United States and the rest of the world there
are many other occupations where nuclear materials or radiation
are encountered. The objective of this presentation is to
describe the radiation protection standards that protect the

workers.
THE OVERALL INDUSTRY

As part of tue continuing effort to insure that radiation
protection standards are adequate the Cnvirommental Protection
Agency (EPA) performed a canprehensive study of the occupations
where there is a potential for exposuie to fonizing r.:diation4
for the year 1975, It wus estimated that in that ycar there were
1.1 million auployeces perfonning ionizing radiation related work
in the United States and that they had recelved o total
collective dose of 130,000 person-rem. The categories of workers
and radiation received are shown in Table 1 below:

TABLL 1. Till MAJOR UCCURATIONAL CATLGORIES TOR IONIZNG RADIATION AND
RADIATION LXPOSURI DOSI FQUIVALINTS FOR 197Y

Collective % of Intal

No. of Dose Callecthve
Worker Cateyory Workers  Person-Rem Noue
Medical 539, (00 W2, 000 40
Industrial [, (D i XN M)
I rieral Govermuent and Contractors 87,000 723,400 In
Miscelbancous (mostly transpartat fon nn, o .00 A

axl universities)

Nuclear Regulatory commissian 17,010 4, 1N in

I fcenses

TOIAI I, 100,000 1£10,00D 101




Since 1975 it is estimated that the number of workers in the above
occupations has increased by 3 to 6% per year. In the case of commercial
power plants licensed by the NRC the work force has almost doubled.
Incidentally college students should note the excellent career
opportunities that are available in this area and that wili continue to be

for the foreseeable future.

STANDARDS SETTING RELATED ORGANIZATIONS
Three major functions interact in the setting of standards for protection
against jonizing radiation. The first is a scientific estimation of the
risks and recomnendation for numerical standards. The second is the
enabling legislation or executive directives that derive fram the Conygress
and the President of the United States. The third function is the

pronsulyation and enforcement of the rules and regulations.

Mdvisory Scientific Organizdt.lons.5

1. The Natiomal Council on Radiation Protection and Measurement (NCRP).
The predecessor ayency, the Advisory Comiltee on X-ray and Radium
Protection in 1934 was the first to set o numerical standard for
rediation workers, 0.1 R/day. (The R designates the Roentyen, the
first unit used for expressing the amount of expasure to radiation.
This it «and other relevant units are defined aml discussed in tLhe
following sectron.) The obgectaives of the NOREF are to collect,
develop, and dissaminate infomation relative to radiation protection
amd the related measurements. The NGREP s charted through the thated
States Comgresy, 15 an Independent ajency, and has na lTegal anthority.
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The International Cowmission on Radiologicaly Protection (ICRP). The
ICPR is similar to our NCRP. It operates on a wnrldwide basis.
Fourteen countries including the United States participate in its
activities.

The National Academy of Sciences -- National Research Council (NAS-NRC)
prepares comprehensive, critical reviews of the effects of ionizing
radiation on living organisms. In 1955 in response to the concern over
nuclear weapons testing in the atimosphere it appointed the Comnittee on
the Biological Effects of Atomic Radiation (the BLAR committee). Later
the NAS-NRC appointed the Advisory Comnittec on the Biological Effects
of loniziny Radiation (BLIR). The BLiR committec has made two reports,
one in 1972 and the other in 1980. These reports undertook a camplete
review and re-evaluation of the scientific knowledye concerning the
effects on humans of exposurc to ionizing radiations. The members of
these committees have been unable Lo come Lo a angnimous opinion
concerning the risks of low level ionizing radiation.

Enviromiental Protection Agency (LPA).

The Office of Radiation Prugrams of the 1PA advines Lhe Pres.odent with
respect Lo radigtion matters and inclwdes  guidanee foar all federal
agencies  in Lhe  formulation of  radiation  standuards. Thee 1PA
camissioned the staduey by the BUIR vomitlee and avsa reparts a1t
own studices relating to cadtation and the enviromwent. Tty predecessar
agency is Lhe Federal Radiatron Counctl which was abolished in December
1900, Carrently 1TPA s prasing new cecomnendations ta the Presodent
far gurdance ta federal agencres far the pratection of workers onjlosed
Lo ionizing radiation.  1be moomeendd, ions have been pulilished meovhe
Federal R(.‘l_ll".ll'l'(, for dascussian and comment . Que Gt the new propasal s



would reduce the maximum annual and 1ifetime radiation dose that any
worker can get by about 60%. The current EPA Radiation Protection
Guide (RPG) value is 3 rem per three months with a lifetime 1imit to
age N of 5(N-18) rems and would be replaced by an EPA RPG of 5 rem per
year. Individual federal agencies use this guidance as the basis upon
which to develop dctailed standards and regulations to meet their

specific statutory responsibilities.

Promulyation and Enforcement of th2 Rules and Regulations.

The United States Conyress provides enabling legislation that establishes
the regulatery agencies. With one exception the Nucledar Reyulatory
Commission (NRC) reyulates thce overall commercial nucle.. fuel cycle
activities necessary for the prodoction of nuclear cneryy. The exception
is the regulation of the health and safely of uraniunm miners: this is
undertaken by the states and the federdl Mine Safety and  lealth
Administration (MSHA). The MSHA regulates oxposure of all underground
miners an the basis of the Federal guide that limits the exposure of their
lunys Lo radivective decay products of raden yas.  The Occupdtional Safety
and  Health Adminestration (OSHA) regulates the remainder of the private
industry ¢f the nation.  The Depertment of [nergy regulates ity own nuclear
programs and those of 1ts contractors.  The Department of Detense (DOD)
regitates the raliation exposures of the mlitary and its nuclear defense
contractors. Severdl staves have entered into agreements with NRC and OSHA

Lo regulate some aclivithyes that operate within the state.



RADIATION DEFINITIONS AND UNITS
It is assumed that the reader is faniliar with the basic principles of
radioactive decay (or disintegration) of the atomic nucleus and the
products of that decay, alpha (a) particles, Beta (B) narticles, or gamna
(y) rays. Recall that ganma rays are the same as the familiar x-ray except
more energetic and tnat both those rays are forms of 2a2lectromagretic
radiation. The term ionizing radiation used throughout this report refers
to the interaction of a, B, v, neutron, or proton radiations with matter to
cause ionization of the atoms or molecules of the irradiated wmaterial.
Examples of non-ionizing radiation are sunl ight, radio and TV signals, and

microwav es.,

Radiation Dosc Units.”

The first uanil that was internationally accepted for expressing the anaunt
of exposure Lo radiation is the roentgen and is basced on tie iouwizalian
produced in air. The ruventyen (R) is defined as the quantity ot x-rays or
rays that will produce in | kilogram of dry air o tolal charge of &4 x
10'4 caulomb.  The roentgen is a defined unit for exposures coy amd x=rays
which are electromagnetic forms of radigticn amd does wnot apply to
partaicle-type radioactivity suen a5 a amd £ particles.  Because the asount
of enceryy absorbed from radiation ot a given R value is nal the same far
all matter enather utit was reavired to expresy energy depasitoed.  The rad,
an acronym far radiation absorbel dose waes defined.

The rod 15 defined as the vadiation duse that depusits 100 crg (1“_”
Joules) of vueryy per o spram af absorbing material, In the internat1anal

system  (S1), o new detinition ot absarbed  dose s the gray  (Gy),



representing the deposition of 1 joule of energy per Kg of material. The

Gy is equal to 100 rads.

In the evaluation of the defined units it became necessary to deal with the
fact that a given value of absorbed dose in rad (or Gy) does not
necissarily result in the sane bioloygical effect because the response or
damnage 1is dependent on the characteristics of the radiation, namely its
form and energy level, and on the characteristics of the irradiated
material. An a particle causes more ionization than a B particle, and a
particle more than a vy ray. Of course the hijzher the energy level cf the
radiation the mmore severe will be its effect on the irradiated material.
Ang finaily, the more radiosensitive the material is to the radiation the
mere severe will be the resulting effect. Therefore, another unit, the
ren, was defined to account for the differing characteristics of radiations

and responses of irradiated materials.

The rem is defined as the absorbed dose 1n rads multiplied by the modifying
factors required to adjust the differing responses to different radiations
to an equivalent basis. The moditying factors sre a subject of continuing
study dnd subject to change. llowever, the fullowing generalities can
scfely be assumed. For X and y rays und g particles the dose cyuivalent in
rems for o ygiven radiation exposure is approximately the same as the
absurbed dose 1n rads.  lor radiation caused by a particles within Lhe
body, the modifying factor varies from 10 tn 20.  The duse equizalent in
rems from interral a ivtadiation could be as much as 20 times higher than
the absorbed dose in rads.  In the case ot radiation workers and also for

mmbers of the public, the duse equivalent tor any radiation expasure that



occurs is satisfactorily evaluated in terms of the rem. The dose
equivalent rem {is useful because it reduces doses to a comnon basis and
thus several dose equivalents may be added to orovide an integrated
estimate of the total exposure for canparison with the maximum permissible
dose (MPD) established by the standards. The new SI unit for the dose

equivalent is the Sievert (Sv) and is equal to 100 rens.

Related Units or Tenns7

The MPD is a term used by the NCRP and the ICRP to quantify the amount of
ionizing radiation which in the 1ight of present knowledge is not expected
to cause any identifiable bodily injury to o person at anytime during that
person's lifetime. The EPA uses a different term for an equivalent
quantity and calls it the radiation protection guide (RPG).

For human intake of radioactivity through air or water maximur permissible
concentrations (MPC) have been defined. The MPCs in air and water dre
est imated radiation protection limiting quantities that take into account
the many varidtions in uptake of the various radioactive materinls, the
yuantities of air or water used by humans, and the retention of a specific
material in a paerticular organ. The MPCs are regarded as radionacl ide
concentrations for hunan intake that should not be exceeded as an annual
averaye over a working lifetime in order t-1 prevent buildup in the body to

a max imun permissibe body burden (MPBB).

The MPBB is defined as that quantity of radioactive wmaterial retained n
the body which will deliver the maximun penmnissible dose, the MPD, to the
whole body or any crity 1 organ. Ihe principal critical organs are the

Tuny, the bonc, the yastrointestinal tract, the thyroid, and the skin,

~-H-



The MPBB is typically expressed in millionths of a curie (uCi). The Ci is
the basic unit of radioactive disintegration.

The Ci 1is defined as the activity of a quantity of a radionuclide that
decays at a rate of 3.7 x 1010 nuclear disintegrations per second (d/s).
The Ci is the fundamental unit and is widely used in radiation protection
to indicate source strengths and the MPCs that were described above. The
SI unit is the Becquerel which is defined as the rate of one per second.

Thus, one Ci is equivalent to 3.7 x 1010 Becquerels.
QUANTIFICATION OF THE STANDARDS

The setting of nuaerical 1imits for radiation protection standards has from
the beyinning of the industry presented a very difficult challeny= to the
scientists of the advisory organizations. The quantification of the
standards recognizes that within practical 1limits as little radiation
exposure as possibie should be received. The approach is to err on the safe
side because the response to low levels of ionizing radiation has not been
dccurately detennined. Tne scientists making the recosmendations take into
account the experiences from the past, the natural background of radiation,
and results of continuin, studies on the effects of low levels of

radiation.

For acute exposures tu high levels of radiation the bioloyicel effects are
well known from historical incidents such as, the internal uptake »xposures
that occurred in the carly 1900s to the rodivm dial painters who licked
their dial brushes with their lips, a few accidents involving nuclear

workers, and the bomnbing of the Japanese in World War [I. Based on these
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and other experiences, the expected effects from acute exposures to ¥ or
x-ray radiation of high intensity are summarized in Table 27 . The
occupational exposures that occur during normal operations are much less
than the 15 R value. Limited studies have been made of the effects of
radiation on National Laboratory plutonium workers showinc discernable
effects. In an attempt to obtain more definitive results the scope of these
limited studies has been expanded. An extensive epidemiologic
investigation of mortality and the incidence of cancer and other diseases
amony plutonium workers at six major DOE facilities 1S underway 2y the
Epideniology Group at Los Alamos8 to analyze for any correiation to levels

of exposure experienced.

TABLE 2. PROBABLE RESPONSE TO ACUTE WHOLE BODY ¥ RADII\TION7

Radiation

Intensity Probable Effect

15 to 25 R Threshold of any response that may be detected from
da statistical interpretation of group blood counts.

5 R Minimum exposure that may te detected for a given
individual from his blood count.

75 R Nausea in 10% of persuns exposed.

100 R Loss ot hair in 10% of persons exposed.

200 R Disabling illness to 90% of persons exposcd.

400 to 500 R Lethal dose to 50% of persons exposed.

-10-



For v ray and B particle radiation it is approximately true that the
numeric value of the 0 exposure is equivalent to the other two units of
dose (the rad and the rem). Thus the values of Tah 2 are approximately
the same dose value in rems. The effects described above apply only when
the whole or a major portion of the body is exposed. The absorption of the
sane doses but by a smaller portion of the body will cause very much less
injury. A good exanple of that fact is that radiation doses of several
thousand rans have been applied locally for the destruction of a malignant
growth and the patient may only become nauseated, with very minor respoise

to any other ill effects.

Background Radiation

A1l of us live in a sea of natural background rediation tnat is part of our
planet Earth. This radiation to winich we are all subjected is causea by
interactions of our aumcsphere with elactrically charged particles from
outer space called cosmic rays. Also, we all receive terrestrial radiatior
from the thurium and uranium radionuclides and their radioactive decay
daughters present in our ground and air, and even from the trace of
potassium-49 that 15 naturally present in our bodies. The values of the
natural background dosv equivalent in rems per year varies throughout the
globe depending principally on elevation and soil. The highest xnown
value, b rem (5000 mrem) per year, occurs in Kerala, India a town of about
70,000 people. The unusually high background radiation in Kkerala is
attributed to the larye deposits of thorium sands that exist therc. In the
United States it is estimated our dosce cquivalent fer natural backyround
radidation averages approximately one twelfth of one ran (B0 milliprem) per

,\m.n'.9 When  mar-made  contributions to backyround are added, (that s,



medical x-rays, atmospheric weapons testing, radioactivity from the nuclear
industry, radiation fron buildings that are constructed from naturally
radioactive materials and flights in high altitude airliners) the United
States average background dose eoquivalent is approximately 120 mrem per
individual. For perspective it should be noted that the NRC regulates the
dose equivalents fron the normal operation of a nuclear power plant to ¢
max imun of 5 mrem per year to any manber of the public who may be in a

location to receive any radiation from operation of the plant.

In setting nunerical values for the occupational dose equivalent standerds,
the objectives cf the advisory comnittees, the NCRP, and the ICRP, and the
BLIR Committee are to recoamend MP) values that |1 protect the radiation
worker from any risk while recoynizing that a zero exposure limit is
unattdirable, As more knuwledye is attained revisions are pericdicdally
issved. Currently the new recommendations by the EPA are being reriewed
for acceptance. The United States and wost foreign couniries are curreotly
operating under the values listed in Table 310 for maximum occy; .t rona!
duses. These valees were adopted from recammendations of the ITRP gl e
in 1971.

TABLL 3. NCRP 1971 KICUMMLNDLD VALULS FOR MAXiMUM %RM:‘.SHH.! el
LQUIVALENTS TROM OCCUPATINNAL | XPOSURLS

Whole Body (ideal) =~ Y raEs In o any ane year

Whole Body (Accumulation ts age N (N-18) x b roms

ytdr)
S5kin b ress 1n oany one year
Hands . rans in any one year (MG
Foreanns 30 rews noany one tear (L, gte)
Other Oryans or Tistunes 1% rams in any one year

Fortile Women (with respect 1o tetns)  O0b vew in gestation period
Dose Vimits for occasionally exposed  O.% rewm in any one year
individusls of the publn,

Students 0.1 rem in any one year
Fablic Population al larye 0.1 rem averaye puer year
Lmeryency Life Saving 100 rams one time whole body

mergency - less urgent YU orms



An important chanye that the new standards proposed by the EPA would cause
is the removal of the flexjbility that permmits more than 5 re: per year
occusionally. 1n the past, 5 rem per year could be exceeded as 1orny as the
(N-18) x 5 rens limit on total career accumulation to age h is not
exceeded. The standards would be tightened so that a masimum of 5 :cos in
any one given year should not be exceeded. This revised limit is alsc in

the process of being implemented in DOE and KRC regulations.

REGULATIONS AlD GUIDES

Corwnercial proauctior and utilization of nuclear eneryy.

The NRZ 1n its rey.clation of the Corergial nuclear fuel tycle aectis thrul;r
Title 10 (Encryy) of the Coce of Federal Reguletlors. deri 20 €f Tiilie .

1s titled "Stancards fur Prciecztiion Agains. Radiation.” In part I Leci:ce
20.101 tne permass:ile dusces, lewvels and concentreticers thet @ Lot wr 2l
Ticensee rmust not eacecd arce defined.  The occujationa: dose 1: “iu ére
specified on g pUt Quarier year basys and are with:in the 1870 (o7 aes
recor~ ended by the KIHF.  Tart 20 Seciion 20.401 reguires that eolh
Ticensee shell me:viain reuords shuwing the radiatiir oagisuares of 2t
Indi1.1duals who are romitored for rectution desce enwd Seclier L.s.

rLgeires athual reporis of persinnel meatering stetisinead sa” Lvies e
made to the NRT.  Fart 20 an Ajiendnia B Tasts fur all rahionud sden the
ma» Imur CONLeNtra’ 1ony 1L air and weter dalwa ¢ natural begbge, e K 01
permitted for both the restiricted arean comirelled by the Ticen o 0 0 The
unrestricted ared’ tha' mecbers of the jublic could be 1n. The regulatnens
n Part 20 apply to all persoes licensed by the NRC to rece:se possess,
use, or transfcr nuelear materials and n general includes medical thervapy

and researth and developaent  facilities as well o, Lomercial  and

-) -



industrial facilities for the producticn and utilization of nuclear eneryy.
In addition to regulations, the NRC also publ ishes a series of reyulatory
yuides that outline cood practices that a ‘icensee may adherc to in order
to ensure A particular operation or design will be acceptable to the NRC
licensing staff. Division 8 of the NRC regulatory guide series consists of
the guides that have been pudl ished for occupational health. Of particular
interest to the subject of this report are Regulatory Guide (R.G.) 8.8,
“Information Relevant To Ensuring That Occupational Radiation Exposures At
kuclear Power Stutions Will de As Low As Is Peasonably Achievable", and
R.G. 8.10, "Operating Philosophy For Mainteining Occupational Radiation
Lsposures As Low As Is Reasonably Achievable." The R.G.'s do not have the
force of law but do specify the standards an appl icant must meet or exceed
1n ordev to be licensed. The NPC issues an annual report of the
occupational exposures that have occurred in its licensed facilities. Data

from Lthat report will pe presented later,

DOL Tacilities

The Department of Eneryy throwgh its operating contractors mandges o baryge
canplex of nuclear facilitles throughout the continental thited States.,
The radiatron protection standards for the employees are promul gatod
through DOL orders initiated by the Operational and nviromental Saiety
Division. Ir the Order DOI H80.1 "Invirommental Pralection, Safety, aml
licalth Protection Progran for DO Operations"  Chapter X1 "Requirements ftor
Radiation Frotection," radlation protection standards for DOP - and DO
contractor amployees are establ ished based vpon Lhe re¢amendat ions ol the
FPA and the NREF. In Chapler XT maximm concentravions abave backiproand in




air and water are listed for all radionucl ides for the controlled and
uncontrolled areas. The DOE issues an annual report of occupational
etposures at its facilities. Data fram that report will be presented

later.

Other Proygrams and Facilities

For the other major categorinss that are listed in Table 1, that 1is,
medical, industrial, and miscelleneous, the regulations amnd guidance are
provided mostly by OSHA and to a lesser deyrec by the states. All these

other acti.ities also abide by the NCRP recommended values for occupational

dose standards.
OPLRATING LXPLRILENCLE

A sumiary of the date that is available for radiation occupational doses in

the United States is presented in Tables 4, 5, and 6. The datd arce taken

fram the 1975 CPA study,d the 1979 poL report,'! and the 1930 NRC report. ?

TABLE 4. CCUPATTONAL DOSLS i(Rdeil)”\ll()N WURN
IN THE UNLEED STARES IN TO/Y
Anual Average
Whole Baody

Totul fotal Bose Hyulvalent

Occupational Caleyory Warkers Ixposed m rom
Medd lenl W 00N nt, 70 RRS|
Imlustrial 1108, 000 41,200 Y]
Nuclear Reyu!atory Comnbuaion

I fcensees 17 ,(XX) 30,400 hJ0
I deral Goverment Cant ractar I#7,000 4, 700 S0
Miscelbaneoun:

tinfvers ity Regearchers

and Transpartat fon 4,000 149,00 S0

lotal L,I00, 000 Juv, (0 (Av 110)



In the United States for all radiation workers actually exposed, the
average annual dose equivalent 1in 1975 was approximately 340 mrem, well
below the 5000 mrem per year value of the standards for occupational dose.
It is estimated that a growth of from 3 tv 6% per year has occurred i1n the
nunber of workers since 1975 but the average annual dose equivalent should
not change significantly. In fact, because of the anphasis on the concept
of maintaininy doses as-low-as-reasonably-achievable (ALARA) it is expected
any change in the average occupational do-ze should show . decrease. The

ALARA concept will be discussed later.

The only update data available were the DOL and the NRC annual report..
The Federal Govermaent and its contractors, principally in the D0OL nuclea
related proyrans had approximately 130,000 employees in 1979 of which
aprprox imately 5H 000 received measurcable doses. The total collective dose
cquivalent wus approximately 9000 man-ram. Therefore, in 1979 the averagoe
annual dose cquivalent for those cueloyees actually exposed {un the DOF
progruns is approximately 160 mrem.  Table b shows Lhe major activitios of

the DOI in which Lhe mijor occupational fdoses . occurred.

IARLE be 1979 SUMMARY OF MAJOR DOI IOGRAMS AND
OCCUPATIONAL BOSES EXPIRTLNGIED

Workers With ~ Collective  “Av. Annm

Proyroan Measirable oo Dase FTquivalent

X posure nan-rem m row
Reactors 4, i 1,389 300
fucel Tahricatiun nan 218 S0
uel Pracessing d.ull oM an
th Enrichment 8,480 Ant ")
Nuclear Weapon Fabricat fan 10,8/ i,24/ 10
General Research [T I, R44 Iau
Accelerat ory 1,004 an A0
Miwcel Faneou
{Wanle Mmt, oetd,) L% L.n/4 110
Dk Aiminist rotors th) AR n
fotal W, S N, (Av 114)



These activities are carried out principally in the DOE facilities located
in Savannah, GA.; Oak Ridge, TN; ldaho Falls, ID; Rocky Fiats, CO;
Livermore, CA; Hanford, WA; and Albuquerque and Los Alamos, NM. It is of
interest to note that during 1979 at the Los Alamos National Laboratory,
2862 employees wore thermoluminescence dosimete'rs to measure their
radiation exposure. Of these, 1060 had measureable doses. The annual
average dose cquivalent per individual with a measureable dose was 340
mrens. The major part of the occupational doses experienced at this major
governnent research and development Laboratory is attributed to workers

handl ing special nuclear wmaterial.

The principal occupdtional doses at MRC licensed facilities occur for
comercial nuclear power redactors. The 1980 annual report issucd by the
NRC was conpiled for the Y nuclear power plants that had conpleted ot
least one full yeur of operation as of December 31, 1980. The data
indicated that the number of employces monitored during 1980 was 133,898
angk that the collective dose Incurrt by these individuals was 93,790
man-rad.  Onl, appraximately H0,00C of the wmonitorad amployees receivd
measureable doses.  The average annual dose equivalents for these workers
receiving measurable exposures in 1980 was approx bnately 700 mew.  Tahle G
sumaarizes the occupational dose percentages by operating fametion. 1
should be noted that in I'W4Y, 44 cammerciol reaclors were operaling aml in
IORO there were G, The work farce in thiv Ixdustry almast douhlbed in that
interval bt yrowth now iy almand ot g standstifl.  The g=owth haw resuolted
In wore workers patenfially oxposed Lo radiation hut the annnal  average
dose eqprivatent for thowe with measmeable donwes Is decreas ing sV hghtly cach

yvar.



TABLE 6. PEKCENiAGEC OF 1980 ANNUAL COLLECTIVL OCCUPATION\L DOSL AT

UNITED STATES TOMMERCIAL NUCLEAR POWER PLANTS BY WORYK. ASSIGNVINT

~ Percentage of lotal

1980
Work Assigmment Collective Dose
Reactor Operation
and Surveillance 9.5
Routine Maintenance 35.4
Inservice Inspection 5.5
Special Maintenance 40.5
Waste Processing 3.0
Refuel ing 6.1

It is of interest to note that the major exposures occur to rrafls~en
performing routine and special maintenance. It is in this arcen that the
strongest effort has to be wmade by designers and managers to oo,

occupational doses ALARA.

RLDUC ING OLCUPATIONAL [XPOSIRES TO ALARA

Recorded data  for HUmtad  Stotes  radialion  workers  indicate  that
occupational dusce equivalents incurred by the workers are well Lelew the
nunerical standard of b rem per year per imbivid. 1. This is in beegang
with the basic goal of all radiation protection programy, naerely tao
maintain exposures as low below the stowlard as practical.  [he current
efferts to achieve this goal incorporate the concept formeriy shecated
"as low as practical® amd now chamged to "at-Tow-as-reasonably-achieoable,”

AIARA Impl ies that there v same practical vabie to which daswes can e



reduced when risk and benefit are both considered. The botta:. 1ine is that
there should he no exposure to any individual without a commensurate

benefit.

The elemextary principles of radiation protection involve the concept of
time, distance, and/or shielding. A given source of radicactivity can
result in an expusure only as lony as an individual spends time in its
field. Distance from a source is important because the strength of its
field can be diminished by increasing the distance from the source. The
strenyth of the radiation decrecases as llr2 where r is the distance from
d point source to the exposed ind:vidual. Engineering design can provide
adequate protection by the int»rpusition of an adequdte shielding material
between the source and the worker. Good ALARA practice calls for a
continued effort to ensurce that the three protection factors are
incorporated tu Lhe max imue benefit of the wvorker by ifmposing rigid
administrative controls and sound enjiticering design. The concept of ALARA
jrovides a focal point for individuals and wmanaygers dealing with radio-
activity to evalutte whether any person is beimgp exposod without justifica-
tion.

A recont l'l!pl)l't.l3 from The Mowortal Stoan-Eettering Cancer Center peescnts
the description of their radialion protection pollcy that has evolvad over
2 yemrs of operatiron.  the Center uses radloisotopes extenyively for a
variety of metabolic, dimrostic, and treatment procedures. A vital part
of the program has xen the rescarch and developmment activities carrmaed out
m medasuranent of exposures In medical provadires and on the raduct fon of

statt aml patient exposure,  An gperating record of exposares below 000 rem



per year has been achieved for 953 of their exposed population and maximum
exposures are held substantially less than 2.0 rem. The most dramatic
finprovement occurred in their inhouse plant for the production of radon
interstitial sources. The doses for some of the workers at that plant had
been exceeding 20 rem per year. By modifying the design to include sliding
lead shields with viewinyg windows and the administrative modification of
collection schedules it was possible to reduce those doses to below 2 re.
per year. There is no doubt that the individual and management must both
be committed to the principle of ALARA for occupationa®' exposures tu be

Jjustifiable on a rish-benefit basis.

CORCLUSIONS

Commercial nuclear power plant eaployment represenls only a saull part of
the overall jnb market that exists for workers where there is a ;.'ctiel
for rudiction exposurc. The radiation proteccion measures that are in
place have been successful in maintaining the average ammual  dore
commitment to the wore than one million Americans engaged in radiation work
tu much less than the maximuen permissible duse of 5 rar per year.  The
advisory scientific organizations that recammend the nurercial valwes far
the standards contrclling occupational radiation exposures ma:niatn a
continued effort to revise the standards as more knowlcedge of the risiy of
low level fonizimy radiation on humans bhecones availahle.  Manaseeent and
individual commivnent to the concept of ALARA will ensure thal eeas o
workers will be niintained at levels where there is no unjustifaad rivi to
the workers. Actual occupational doses eapervienced 1n radiatvan redated
work throughout the country shaew that these occupations are as free fron

14

health risks” * as the wafes! categories of industry that an vadiv bl can

work in.
- -
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