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1.1 General - ScoDe 

The Westinghouse M a t e r i a l s  Company o f  Ohio p laces t h e  s a f e t y  o f  i t s  
employees and t h a t  of t h e  general p u b l i c  f i r s t  on i t s  l i s t  o f  
p r i o r i t i e s .  O f f i c i a l  corporate p o l i c y  on t h e  sub jec t  o f  safety i s  as 
f o l l o w s :  

No t a s k  s h a l l  be considered so impor tant  o r  so -u rgen t  t h a t  
employees need r i s k  i n j u r y  t o  themselves o r  o thers,  r i s k  
damage t o  equipment, o r  r i s k  d i s r u p t i o n  o f  ope ra t i ons  i n  
c a r r y i n g  ou t  work assignments. Whenever o t h e r  work 
o b j e c t i v e s  may c o n f l i c t  w i t h  sa fe ty ,  s a f e t y  s h a l l  be g i ven  
f i r s t  cons ide ra t i on .  

As de f i ned  by S i t e  P o l i c y  and Procedure FMPC-505, r a d i a t i o n  s a f e t y  a t  
t h e  FMPC i s  a l i n e  management r e s p o n s i b i l i t y .  

T h i s  manual presents  t h e  s p e c i f i c  r a d i a t i o n  c o n t r o l  requirements, 
r e s p o n s i b i l i t i e s  and p r o t e c t i v e  measures t h a t  a re  employed by 
Westinghouse M a t e r i a l s  Company o f  Ohio (WMCO) i n  t h e  opera t i on  o f  t h e  
Feed M a t e r i a l s  Product ion Center (FMPC), as w e l l  as some o f  t h e  
u n d e r l y i n g  i n f o r m a t i o n  t h a t  forms t h e  bas i s  f o r  those r a d i a t i o n  
c o n t r o l s .  The requirements o f  t h i s  manual t a k e  precedence over any 
o t h e r  FMPC t o p i c a l  manuals and departmental procedures on r a d i o l o g i c a l  . 
c o n t r o l .  Where c o n f l i c t s  e x i s t ,  t h e  Manager o f  Rad io log i ca l  Safety  
s h a l l  be contacted. 

The r a d i o l o g i c a l  s a f e t y  requirements i n  t h i s  manual a re  based on t h e  
recommendations and requirements o f  t h e  Department o f  Energy, t h e  
Environmental P r o t e c t i o n  Agency (which has i nco rpo ra ted  t h e  f u n c t i o n s  o f  
t h e  Federal Rad ia t i on  Counci l ) ,  t h e  Nat ional  Counci l  on Radiat ion 
P r o t e c t i o n  and Measurements, t h e  I n t e r n a t i o n a l  Commission on 
Rad io log i ca l  P ro tec t i on ,  t h e  Department o f  Transpor tat ion,  t h e  U.S. 
Nuclear Regulatory Commission, t h e  S ta te  o f  Ohio, and on standards which 
have been reviewed and accepted by t h e  U.S. P u b l i c  Hea l th  Serv ice and 
U. S. Department o f  Labor (Occupational Safety  and Heal t h  
Admin i s t ra t i on ) .  Thus, they compare w i t h  r a d i o l o g i c a l  s a f e t y  standards 
used throughout t h e  Un i ted  States and t h e  r e s t  o f  t h e  wor ld.  
w i t h  t h e  requirements i n  t h i s  manual i s  mandatory. 

Radioact ive m a t e r i a l s  i n  several  forms a re  present  d u r i n g  operat ions a t  
t h e  FMPC. These m a t e r i a l s  must be handled c a r e f u l l y  by a l l  personnel t o  
avoid unnecessary r a d i a t i o n  exposure. The presence o f  p o t e n t i  a1 hazards 
f rom r a d i a t i o n  exposure and r a d i o a c t i v e  contaminat ion i n  o therwise 
normal j obs  r e q u i r e s  t h e  establ ishment o f  p r o t e c t i v e  c o n t r o l s .  The cos t  
and t i m e  r e q u i r e d  t o  per form a j o b  a re  increased by t h e  a d d i t i o n a l  
t r a i n i n g  and equipment, l i m i t e d  working cond i t i ons ,  and added personnel 
t o  e f f e c t  r a d i o l o g i c a l  c o n t r o l s .  The major purpose o f  t h i s  manual i s  t .  - - 

e s t a b l i s h  requirements - t h a t  wi-11 ensure sa t - i s fac to ry  c o n t r o l  7 s  - 
exerc ised over exposure o f  personnel t o  r a d i a t i o n  and r a d i o a c t i v e  

Compliance 

FUPk.T.2657-1 (REV Sl lZ l87)  
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contamination. The achievement of lower exposures through ALARA 360 
practices represent a balance between work performance and prescribed 
limitations of cost and manpower . 
NOTE: It must be clearly understood that in emerqencies where personnel 

health and safety are involved, life saving actions of personnel 
take precedence over the radiological controls specified in this 
manual. 

Summary - Pol i cy and ResDonsi bi 1 it ies 
Radiological controls are necessary at the FMPC to protect personnel- in 
areas where radi at i on sources are used, radioactive materi a1 s are 
handled and in areas where potentially contaminated materials may be 
located. 
exposure are in the processing and inspection areas of the facility. 
Additional sources of radiation and radioactive contamination are 
encountered in the operation of radiation generating devices, certain 
instruments and the hand1 ing and processing of waste materials generated 
during the production cycle, and the handling of radioactive samples. 
These operations can cause external radiation exposure to involved 
personnel and could cause internal deposition of radioactivity if proper 
controls to prevent the generation and spread of contamination are not 
followed. The types of radiation encountered may be alpha, beta, gamma, 
neutron or X ray. 

FMPC operations are performed according to operating procedures which 
contain instructions for handling equipment and materials. 
procedures and the designs of equipment involving radiation or 
radioactivity shall include radio1 ogical control considerations. 
Implementation of the requirements in $his manual are required to ensure 
adequate radiological control. 

The radiological control requirements of this manual include but are not 
limited to: 

The major sources of radioactive contamination and radiation 

r 

These 

o Control of external radiation exposure to personnel by means of 
personnel monitoring, area monitoring, shielding, and planning and 
execution of radiological work. 

contamination, using anti -contamination .clothing (Anti -C clothing) 
and respiratory protection, and identifying areas and levels for 

o Control of internal radiation exposure to personnel by containing 

control of surface contamination. 

o Control of radioactive wastes. 

o Decontamination of radioactively contaminated mater 

o Procedures for receiving, transferring, storing and 
radioactive materi a1 s. 

a1 . 
shipping 

_ _  - - -  _ - _ _  - - - - - 

o Training of personnel-in-sound radiological work practices. 

FtAPC.T.2657-1 (REV 5/12/87) 
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NOTE: The requirements in this manual are the minimum requirements 
necessary to assure radiological safety under most situations. In 
unforeseen situations, personnel are expected to perform 
additional measures and take additional precautions as deemed 
necessary to provide adequate protection. 

Requirements are specified throughout this manual. 
indicates a requirement and compl i ance i s mandatory. 
indicates a recommendation. 
the ''should" has improved radiological controls. 

The responsibilities of carrying out the radiation control policy are 
shared by management and each employee. 
include being aware of radiological conditions and alert to potential 
radiological problems. 
are described in Section 5. 

The word "shall" 
The word "should" 

Experience has shown that compliance with 

Employee responsi bi 1 it ies 

Requirements for working in Radiological Areas 

1.2.1 Manaqement ResDonsibilities for Radiation Control 

The WMCO Management responsibilities include: 

o Provide necessary equipment to safely control radiological 
conditions. 

o Provide appropriate training in methods and procedures for 
keeping exposures as low as reasonably achievable (ALARA) and 
for minimizing or limiting spread of contamination. 

o Maintain records of occupational radiation doses and, UJOJ 
written request, provide employees with a copy of- their 
historical recorded occupational radiation doses. 

o Provide each employee with an annual summary of his/her 
recorded occupational radi at i on doses. 

o Notify each affected employee of any radiation dose which 
exceeds the DOE occupational dose limits promptly after the 
dose determination has been made. 

o Inform each employee, upon termination of employment, of the 
procedure to obtain a written summary of his/her cumulative 
recorded occupational radiation doses received during 
employment at the FMPC. 

o Notify employees of the above responsibilities by posting 
Occupational Safety and Health Protection for DOE Contractor 
Employees at Government-Owned Contractor-Operated Faci 1 i ty 
notice DOE-F-5480.5 (9-83). . 

o Control the use of  radiation sources to keep radiation 
exposures as low as reasonably achievable (ALARA) . 

1-3 
Fk4PC.T.2657-1 (REV 5/11/87] 



hUYliCh 

FMPC-2084 

o Plan, initiate, and evaluate programs for air monitoring, 

o Provide technical support for assessing radiological impact of new or 

contamination control, and radiation exposure reduction. 

modified facilities and procedures. 

I l f  WlSIOI~. I5SUC O A 1 f  
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o Conduct radiation safety training program. 

o Operate a sitewide radiation source control program. 

Pertinent Terms and ConceDts 

Throughout this manual many terms and concepts are frequently used. 
These are defined within the content of this document. 
glossary of terms appears as an Appendix A to this manual. 
terms are used less frequently in this manual, they are included for 
completeness of  the material presented. 

In addition, a 
Though some 

1.3.1 Airborne Radioactivity Area - Any area within a radiological area 
where the routine potential exists for airborne radioactivity 
concentrations greater than 0.8 DAC-hours per shift. 

1.3.2 Contamination Area - Any area within a radiological area where 
high potential for contamination exists, or where. known levels of 
nonwork surface contamination exceed the radiological area 1 imits. 
Decontamination is mandatory when surface contamination exceeds 
the contamination area limits. 

1.3.3 Controlled Area - Any area to which access is controlled in order 
to protect individuals from exposure to radiation and radioactive 
materials. 

1.3.4 DAC - Derived Airborne Concentration; the average concentration of 
a radionuclide suspended in air that if inhaled or ingestsed for a 
2000-hour working year, would irradiate a person to the limiting 

. -  radiation dose- value for -control -of-the workplace. - DACIhours-is 
the time (hours) at the DAC value. 

1-4 
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1.3.8 Ionizinq Radiation - Any radiation capable of displacing 
electrons either directly or indirectly from atoms or molecules, 
thereby producing ions. Examples: alpha, beta, gamma, X rays, 
and neutrons. 

radiation dose value for control of the workplace. 
the time (hours) at the DAC value. 

DAC-hours i s  

I 

I 

I 

1.3.5 External ExDosure - The dose of radiation received by an 
individual from a source of ionizing radiation outside the body. 
Measurements of external radiation doses are made for penetrating 
and nonpenetrating radiation. 

1.3.6 Fertile Female - Any female employee below the age of 50, unless 
exempted by the Medical Services Section. 

1.3.7 Internal ExDosure - The dose of radiation received to the 
internal organs of the body from radionuclides ingested, inhaled 
or absorbed into the body. 

. 1.3.9 NonDenetratinq Dose - The radiation dose to the skin at a depth 
of 0.007 cm. 

1.3.10 Nonradioloaical Area - Any area within the plant or facility 
which is kept essentially free of surface contamination and/or 
elevated radiation fields. The annual effective dose equivalent 
received by individuals from contaminated surfaces in 
nonradiological areas shall not exceed 100 mrem per year above 
background. 

1.3.11 Nonwork Surface - The surfaces of the following items are 
considered nonwork surfaces: floors, walls, ceilings, walkways, 
external surfaces of process encl osures (cell housings, gl ove 
boxes, etc.), handrails, doors, windows, electrical uti1 ities, 
HVAC components, and pl umbi ng fixtures. 

1.3.12 Penetratinq Dose - The radiation dose penetrating all tissue 
beyond the skin surface at a depth of 0.007 cm. 

1.3.13 Radiation - Energy emitted in the form of alpha, beta, gamma, 
neutron or X ray during the process of radioactive decay of an 
unstable atom, or by the operation of a radiation generating 
device. - 

' 

1.3.14 Radiation Dose - A quantity (total or accumulated) of energy 
deposited by ionizing radiation in tissue. The term "dose" is 
often used in the sense of exposure, expressed in roentgens. 
This is  distinguished from the absorbed dose, given in rads, that 
represents the energy absorbed from any radiation in a gram of 
any material. A third quantity, the dose equivalent, given in 
rem, is a measure of the biological damage to living tissue from 

._ - -- the radi at i on absorbed - dose. ._ - 
_ _ _ _ - - -  - - - - -  
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1.3.16 Radiation Worker - Any individual who, in the course employment, 
is expected to receive 10 percent or more of the annual 
occupational radiation dose. Also, any individual who works 
directly with radioactive material or radiation generating 
devices . 

1.3.17 Radiation Work Permit - A permit to administratively control 
nonroutine tasks or routine tasks which involve the potential for 
signi ficant radiation exposures. 

radioactive materials or elevated radiation fields are present or 
where access is controlled to protect individuals from radiation 
or radioactive materials but where operations and job activities 
are such as to result in limited potential nonwork surface 
contamination. Radiological areas may include radiation areas, 
contamination areas, airborne radioactivity areas, and respirator 
areas. The level of surface contamination may be identified as 
Zone 2 or Zone 3. 

1.3.18 Radioloaical Area - Any area within the plant or facility where 

1.3.19 Radioloaical Control Proaram - Those programs that have been 
developed for the safe handling of radioactive material and 
control of personnel exposure to ionizing radiation. 

1.3.20 Radioactive Contamination - A deposit of uncontained or unwanted 
radioactive material typically on the surface of structures, 

1 iquids. 
. areas, objects or personnel. It may be carried in air or 

1.3.21 Radioactivity - The spontaneous emission of radiation, generally 
alpha or beta particles, often accompanied by gamma rays or 
X rays, from the nucleus of an unstable atom. 

1.3.22 Radioactivity Quantities and Units - Curie is the basic unit used 
to describe the amount of radioactivity in a sample of material. 
It is based upon the approximate decay rate of 1 gram of radium 
which is 37 billion disintegrations per second. 

Curie (Ci) = 3.7 x. 10" disintegrations per second = 2.22 x lo'* 
disintegrations per minute. 

Millicuri8s (mci) = 3.7 x lo7 disintegrations per second = 
2.22 x 10 disintegrations per minute. 

Microcuries (uCi) = 3.7 x lo4 disintegrations per second = 
2.22 x lo6 disintegrations per minute. 

1.3.23 Work Surface - The surfaces of the following items are considered 
work surfaces-: hand and power tools,-process and process support- - - -  

. . .- - -equipment accessible to human contact, equipment to be reworked, 
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interior surfaces of process encl osures (cell  housings, gl ove 
boxes, e tc . )  when accessible t o  personnel, product and waste 
storage containers, and related items used in-house t o  transport, 
handle, process, fabricate, or store radioactive materials. 

1.3.24 ResDirator Area - Any area w i t h i n  a radiological area where 
actual a i rborne radioactivity concentrations exceed 2.0 DAC-hours 
per sh i f t  when averaged over one calendar quarter or 8.0 DAC- 
hours dur ing  any single sh i f t .  
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SECTION 2 - RADIATION DOSE LIMITS 

2 . 1  

* 

The r a d i a t i o n  dose l i m i t s  and a d m i n i s t r a t i v e  dose c o n t r o l s  i d e n t i f i e d  i n  
t h i s  manual a re  used f o r  c o n t r o l 1  i n g  personnel occupat ional  r a d i a t i o n  
exposure (Rad ia t i on  t h a t  i s  rece ived  as a r e s u l t  o f  medical o r  den ta l  
exams. i s  n o t  inc luded i n  occupat ional  r a d i a t i o n  exposure.).  T h e - l i m i t s  
and c o n t r o l s  i n ' t h i s  s e c t i o n  a re  f o r  exposure t o  i o n i z i n g  r a d i a t i o n  
associated w i t h  operati.on o f  t h e  FMPC. 

These l i m i t s  a re  such t h a t  no s i g n i f i c a n t  d i f f e r e n c e  i n  - b i o l o g i c a l  
e f f e c t s  i n  comparison t o  t h e  general  popu la t i on  a re  expected, even i f  
exposures extend f o r  a l i f e t i m e  a t  these l e v e l s .  Nevertheless,  these 
r a d i a t i o n  p r o t e c t i o n  l i m i t s  s t r e s s  ma in ta in ing  personnel exposure as l o w  
as reasonably achievable (ALARA). To t h i s  end, WMCO has e s t a b l i s h e d  
a d m i n i s t r a t i v e  dose c o n t r o l s  a t  l e v e l s  w e l l  below t h e  DOE l i m i t s  t o  
ensure personnel do n o t  exceed t h e  l i m i t s  and t o  ma in ta in  dose t o  
i n d i v i d u a l s  and t h e  t o t a l  work f o r c e  ALARA. 

Rad ia t i on  ExDosure L i m i t s  

The r a d i a t i o n  dose l i m i t s  i d e n t i f i e d  i n  t h i s  manual have been 
promulgated by t h e  DOE and a re  c o n s i s t e n t  w i t h  t h e  requirements o f  
Federal agencies such as t h e  EPA, NRC and OSHA and recommendations o f  
s c i e n t i f i c  o rgan iza t i ons  such as t h e  NCRP. 
DOE Order 5480.11 are  l i s t e d  i n  Table 2.1 .  

. 

The l i m i t s  as e s t a b l i s h e d  by 

The l i m i t  f o r  occupat ional  whole body dose can o n l y  be exceeded i n  the  
event o f  an unusual s i t u a t i o n .  Dur ing emergency s i t u a t i o n s  personnel 
may vo lun tee r  t o  exceed normal exposure l i m i t s  f o r  l i f e  sav ing rescue 
and o t h e r  emergency s i t u a t i o n s .  The p o t e n t i a l  exposures due t o  t h e  
emergency a re  sub jec t  t o  l i m i t s  approved by t h e  Emergency Duty O f f i c e r .  

L i m i t s  and a d m i n i s t r a t i v e  dose c o n t r o l s  have been es tab l i shed  f o r  
d i f f e r e n t  ca tegor ies  o f  i n d i v i d u a l s  which are descr ibed below. 

2 . 1 . 1  Rad ia t i on  Workers 

Rad ia t i on  workers a re  i n d i v i d u a l s  t h a t  come i n t o  con tac t  w i t h  
i o n i z i n g  r a d i a t i o n  o r  have t h e  p o t e n t i a l  o f  be ing r o u t i n e l y  
exposed t o  l e v e l s  above t h e  dose l i m i t s  f o r  t h e  general  popu la t i on  
i n  t h e  performance o f  t h e i r  j o b .  Due t o  the  na tu re  o f  t h e i r  work 
and t h e  p o t e n t i a l  t o  r e c e i v e  an exposure from i o n i z i n g  r a d i a t i o n ,  
c e r t a i n  1 i m i  t s  have been e s t a b l  i shed f o r  t h e  r a d i a t i o n  worker and 
f o r  body organs exposed t o  r a d i a t i o n .  More r e s t r i c t i v e  l i m i t s  
have been es tab l i shed  f o r  t h e  p u b l i c .  The l i m i t s  are mandated by 
t h e  DOE and a re  cons is ten t  w i t h  those recommended by t h e  NCRP (see 
Table 2 - 1 ) .  A permanent r e c o r d  o f  occupat ional  exposures received 
d u r i n g  t h e  course o f  employment i s  kept  f o r  each r a d i a t i o n  worker. 

- 20 
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TABLE 2.1 360 
RADIATION DOSE EQUIVALENT LIMITS 

ExDosure Cateqory 

OccuDat i onal - - 

Who1 e body 

Lens o f  eye 

A l l  o t h e r  organs, s k i n  and e x t r e m i t i e s  

Unborn c h i l d  ( e n t i r e  g e s t a t i o n  pe r iod )  

9 15 

30 50 

0'4) 0.5 

General Pub1 i c  

A l l  Pathways 

Whole body, 
pro1 onged p e r i o d  o f  exposure 

A i  rborne  Emissions On1 Y 

Whole body 

Any organ 

0.1 

0.025. 

0.075 

(1 )  Occupational r a d i a t i o n  exposure l i m i t s  pe r  DOE Order 5480.11; r a d i a t i o n  
exposure l i m i t s  t o  the  general p u b l i c  pe r  D r a f t  DOE Order 5480.XX 
(03/18/88). 

L i m i t e d  t o  a l i f e t i m e  e f f e c t i v e  dose equ iva len t  o f  100 rem. 

A d m i n i s t r a t i v e  dose c o n t r o l s  es tab l i shed  by WMCO. 

R e s t r i c t e d  t o  dose equ iva len t  accumulated a t  t he  t ime pregnancy i s  
con f  i rmed . 

( 2 )  

(3)  

(4) 

- - - - -_ - - -- - --- -- - 
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The limit for external exposure to the whole body is the most 
restrictive and it pertains to penetrating exposure. 
body includes essential blood forming organs and gonads. The 
limit for radiation exposure to the lens of eye is less 

least restrictive. 
exposure to the skin, extremities or the total radiation dose 
received by internal organs whether from external or internal 
radiation. Extremities include hands, forearms, feet and legs. 

The whole 

.restrictive. For all other organs the radiation exposure limit is 
The limit for all other organs includes 

P1 anned special exposures (non-emergency) are a1 lowed in highly 
unusual situations where alternatives which would avoid higher 
exposures are unavailable or impractical. The annual occupational 
dose received or anticipated to be received in that year, shall 
not exceed 2 times the annual effective dose equivalent limit. 
Planned special exposures require the approval of the Head of the 
DOE Field Organization. Documentation of planned special 
exposures shall be maintained in the individual's occupational 
exposure hi story. 

2.1.2 Occasional Radiation Workers 

Occasional radiation workers are those individuals who do not 
routinely work with or are in the proximity of radiation 
generating devices or radioactive materials but whose duties could 
occasionally bring them into areas where radiation exposures could 
occur. 
than 10 percent of the occupational dose limits. 

Their occupational exposures are routinely kept at less 

2.1.3 The Fertile Female 

Radiation exposure of an unborn child shall not exceed 500 mrem 
from occupational sources. This is achieved by restricting the 
radiation exposure of the female employee to 500 mrem in a nine 
month period. i 
All female employees below the age of 50 years shall be considered 
as fertile unless exempted by the Medical Services Section. The 
Radiological Safety (RS) Section shall identify j o b  
classifications and work locations in which female employees are 
likely to receive 500 mrem (or greater) effective dose equivalent 
in a nine month period. 

Fertile females have a responsibility to immediately notify the 
Medical Services Section to arrange for a pregnancy test when 
pregnancy is suspected. Upon the verification of pregnancy, RS 
shall notify the supervisor of any work restrictions. The 
supervisor has the responsibility to change the work assignment 
based on recommendations of RS. 

' 22 
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Any female employee conf i rmed t o  be pregnant s h a l l  be r e s t r i c t e d  
t o  work areas t h a t  do n o t  r e q u i r e  t h e  use o f  dos imetry  d u r i n g  t h e  
t ime  o f  pregnancy. 
Rad io log i ca l  Safety  o r  des ignate who s h a l l  e x p l a i n  t h e  p o t e n t i a l  
hazards associated w i t h  exposure t o  i o n i z i n g  r a d i a t i o n  d u r i n g  
pregnancy, and answer associated quest ions t h a t  may a r i s e .  The 
necess i t y  f o r  a change i n  work assignment s h a l l  be assessed by Q&S 
and a r e s t r i c t i o n  l e t t e r ,  i f  requ i red ,  forwarded t o  t h e  
superv isor .  
t o  an a v a i l a b l e  j o b  w i t h i n  t h e  j o b  c l a s s i f i c a t i o n  having minimal 
exposure p o t e n t i a l .  
employee's c l a s s i f i c a t i o n ,  t h e  employee should be reassigned t o  an 
open p o s i t i o n  f o r  which t h e  employee i s  q u a l i f i e d .  Any p r o v i s i o n s  
o f  a p p l i c a b l e  ba rga in ing  agreements s h a l l  apply. Work assignments 
f o r  nu rs ing  mothers s h a l l  be evaluated by Q&S f o r  r a d i o l o g i c a l  
cond i t i ons .  Nursing mothers should g e n e r a l l y  be r e s t r i c t e d  from 
areas and work t h a t  cou ld  l e a d  t o  s k i n  contaminat ion o r  exposure 
t o  a i r b o r n e  r a d i o a c t i v i t y  i n  excess o f  1/10 t h e  a l l owab le  a i rbo rne  
l e v e l s  o f  r a d i o a c t i v i t y .  

She s h a l l  meet w i t h  t h e  Manager o f  

Every e f f o r t  should be made t o  reass ign t h e  employee 

I f  assignment i s  n o t  p o s s i b l e  w i t h i n  t h e  

2.1.4 Minors 

An i n d i v i d u a l  under age 18 s h a l l  n e i t h e r  be employed i n ,  no r  
a l lowed t o  enter ,  Rad io log i ca l  Areas i n  such a manner t h a t  he o r  
she exceeds a l i m i t i n g  va lue o f  0.1 rem per  year f rom t h e  sum o f  
t h e  committed e f f e c t i v e  dose equ iva len t  from i n t e r n a l  i r r a d i a t i o n  
and t h e  annual e f f e c t i v e  dose equ iva len t  from ex te rna l  
i r r a d i  a t  i on. 

2.1.5 General Pub1 i c 

The dose l i m i t s  t o  t h e  genera 
5480.XX (3/15/88) and 5480.11 
t o  members o f  t h e  general pub 
30 models and parameters used 

p u b l i c  a re  es tab l i shed  by DOE Order 
(12/21/88). The c a l c u l a t i o n  o f  dose 
i c  a re  based upon ICRP P u b l i c a t i o n  
by DOE environmental programs. Dose 
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equivalent limits for any member of the public from a l l  routine 
DOE operations (') exclusive of natural background and medical 
exposures shall not exceed 0.1 rem/yr. 

, To preclude an i n d i v i d u a l  i n  the general p o p u l a t i o n  from receiving 
th i s  amount of exposure, action levels have been established for 
airborne emissions as follows: 

Dose Equi Val ent Action Level s 
mrem/year 

Whole Body Dose 25 
Any Organ 75 

These action levels are for routine operations and exclude medical 
and natural background exposure. This dose value i s  an 
administrative l imit  which will require a specific evaluation of 
the magnitude of identifiable exposures t o  an exposed i n d i v i d u a l  
by the responsible DOE Field Office. 

The effective dose equivalent received by any member of the public 
resulting from exposure during direct  onsite access a t  the FMPC 
shall not  exceed a l i m i t i n g  value of 0.1 rem per year from the 
committed effective dose equivalent from internal i r r a d i a t i o n  plus 
the effective dose equivalent from any external i r r a d i a t i o n .  I n  
addition, exposures shall not cause a dose equivalent t o  any 
t issue (including the skin and the lens of the eye) t o  exceed 5 
rem per year. 

NOTE: 

( 1) Routine DOE oDerat i ons means normal ~1 anned oDerat i ons and . .  
does not include . - -- actual -or potential' accidental orLunplanned- - - 

- releases. . __ -. - - 

' , 2-5 
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3.1 External Radiation refers to the radiation from sources that are 

outside the body. Some examples are beta radiation from ingots 
and derbies as well as gamma radiation from the same sources or X 
rays from radiation generating devices. In order to control the. 
amount of radiation exposure an individual receives, a means of 
measurement must be utilized. The principle instrument used at 
the FMPC for personnel monitoring is the thermoluminescent 
dosimeter or TLD. This monitoring device shall be worn by all 
personnel entering the production areas except certain commerci a1 
vehicle drivers. The TLD is a multi-chip instrument that responds 
to gamma, X ray, beta, and neutron radiation. Neutron sensitive 
elements in the TLD badge are evaluated only in the event of a 
criticality accident. It shall be worn below the neck and above 
the waist to be representative of the major portion of the body in 
measuring the whole body dose. In addition to the multi-chip 
dosimeters, ring dosimeters are worn by selected employees as 
determined by Q&S. The dosimeters shall be exchanged at a 
frequency defined by Q&S. An exposure record shall be maintained 
for each individual. Individuals may, upon written request, 
receive an official copy of their cumulative exposure history for 
work at FMPC. Individual exposure records may be reviewed in the 
Dosimetry & Instrumentation Section office during the first shift. 

The Q&S Department provides dosimeters for FMPC employees, 
vi si tors and subcontractors; operates and maintains dosimetry 
processing equipment; and records and reports dosimetry results. 
In addition, Q&S identifies personnel for whom dosimetry is 
required, uti1 izing information from 1 ine management, when 
required. Appropriate personnel dosimetry is required for 
radiation workers having the potential to exceed in a year any one 
of the following from external sources (DOE Order 5480.11): 

(a) One hundred mrem annual effective dose equivalent to the 
whole body; 

(b) Five rem annual dose equivalent to the skin; 

(c) Five rem annual dose equivalent to any extremity; 

(d) One and a half rem annual dose equivalent to the lens of the 
eye 

Q&S also sets external monitoring action levels for investigation, 
changing work assignments, and restricting personnel from 
additional radiation exposure; performs exposure investigations; 
and informs line management of work restrictions. 

All FMPC employees, visitors, and subcontractors-are responsible 
for wearing dosimeters whenever they are required in accordance 
with the usage rules listed below for each type of dosimeter. On 
occasion individuals may be required to participate in special 

. -  
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studies which involve the wearins of sDecial dosimeters in . ?69 3 
addition to their personal TLD. "Failure to follow dosimetry 
procedures is listed as a serious offense under the WMCO Rules of 
Conduct. 

. . .. 

Line management shall provide information on work assignments as 
requested by Q&S in order to enable evaluations of required 
participation in the dosimetry program, or evaluations to 
determine which employees should be issued permanent dosimeters. 
On occasion line management will make these determinations for 
their own personnel, utilizing criteria supplied by Q&S. Line 
management shall be responsible for implementing work restrictions 
upon notification from 'Q&S that such restrictions are necessary. 

3.1.1 Whole Body Dosimetry Reauirements 

Whole body thermoluminescent dosimeters (TLDs) are uti1 ized 
to estimate personnel radiation exposures to "unl imi ted" 
areas of the skin, the lens of the eye, and to the whole 
body. A multi-element dosimeter, with each element covered 
by different thicknesses of filtration, measures the 
magnitude of radiation exposure, as well as the manner in 
which the radiation is attenuated by an absorbing medium. A 
calculational method, called an algorithm, is used to 
determine the radiation dose at specific depths into an 
absorbing medium which correspond to the location of the 
tissues of interest for internal dosimetry. The specific 
depths, expressed in density thicknesses, of the tissues of 
interest are: 

Skin 7 mg/cm2 

Lens of eye 300 mg/cm2 

Whole body 1000 mg/cm2 

The Q&S Department is responsible for developing suitable 
algorithms for the radiation types that exist at FMPC, and 
for maintaining the quality of the reported radiation 
exposures. The whole body external dosimetry program is 
subject to the requirements of the Department of Energy 
Laboratory Accreditation Program for dosimetry processing 
(DOELAP), which are contained in DOE Order 5480.15 and the 
various documents referenced therein. 

Requirements for issuing dosimeters, processing dosimeters 
(including frequency of processing), storing dosimeters, and 
reporting of dosimetry results are established by Q&S. All 
FMPC employees, visitors, and subcontractors are responsible 
for compliance with the requirements listed below for whole 
body dosimeter usage. - _. - . - . - -  - -  - - - - - -  _. . . 

a'; 

, 
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a. Dosimeters shall be worn at all times in areas where they 
are required; these areas are posted "TLD Required for 
Entry" or a similar message. 

b. Dosimeters shall be worn on the torso, outside of all 
clothing unless directed otherwise by Q&S. 

c. Personnel shall wear only the dosimeter that has been 

d. Dosimeters shall be stored in designated- storage racks 

e. Dosimeters shall remain at the FMPC. 

assigned to them. 

when not being worn. 

f. Lost or damaged dosimeters shall be immediately reported 
to supervision or to Q&S, and a replacement dosimeter 
obtained from Q&S. 

3.1.2 Extremitv Dosimetrv Reauirements 

The FMPC extremity monitoring program uti 1 i zes s i  ngl e- 
element thermoluminescent dosimeters mounted in ring badges. 
On occasion, wrist dosimeters may be used for special 
studies. Extremity dosimeters are processed and cal i brated 
in order to determine the radiation dose to thezskin of the 
extremity, i.e., at a density thickness 7 mg/cm . 
Q&S shall identify personnel who are required to wear 
extremity dosimetry. Requirements for issuing dosimeters, 
processing dosimeters (including frequency of  processing), 
storing dosimeters, and reporting results are established by 
Q&S. All FMPC employees, visitors and subcontractors are 
responsible for compliance with the requirements listed 
bel ow for extremity dosimeter usage. 

a. Dosimeters shall be worn by personnel designated by Q&S 
as requiring extremity dosimetry. 

b. Dosimeters shall be worn on the palm side of the hand, 

c. Personnel shall wear only the dosimeters that have been 

d. Dosimeters shall be stored in designated storage areas 

8 under gloves unless directed otherwise by Q&S. 

assigned to them. 

when they are not being worn. 

e. Dosimeters shall not be removed from FMPC. 

f. Personnel shall. immediately report lost or damaged- - 

dosimeters to supervision or to Q&S, and obtain 
replacement dosimeters from Q&S. 
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Permanently mounted dosimeter units shall be located by Q&S 
throughout each work area where enriched nuclear material is 
handled. These dosimeters contain eight metal foils- and 
three pellets of various materials each of which are 
activated by a neutron flux such as occurs in a criticality 
accident. By analyzing the radioactivity in these foils and 
pellets the amount of neutron absorbed dose in each area can 
be determined. 

Rules of Conduct and may result in disciplinary action or 
restriction from radiologically controlled areas. 

3.2 Internal Radiation 

R 

, 

Internal radiation monitoring at the FMPC is routinely 
accomplished by performing in vitro and in vivo bioassay 
measurements. The Q&S Department defines the internal radiation 
monitoring program for FMPC employees, visitors and 
subcontractors. QSS is responsible for identifying personnel for 
whom internal monitoring is required, determining what type of 
bioassay measurements will be performed, setting the frequency of 
measurements, performing bioassay measurements or arranging for 
them to be performed by other qualified laboratories, and 
interpreting bioassay results. . In addition, Q&S establishes 
internal monitoring action levels for investigation, restricting 
work assignments, and restr-icting personnel from additional 
radiation exposure; performs exposure investigations; and informs 
line management of work restrictions. 

Internal radiation monitoring is required for all radiation 
workers exposed to surface or airborne radioactive contamination 
where the worker could receive 100 mrem annual effective dose 
equivalent from all intakes of all radionuclides from occupational 
sources, or if any organ or tissue dose equivalent could exceed 5 
rem annual dose equivalent (DOE Order 5480.11). Q&S shall 
identify those individuals for whom internal monitoring is 
required, utilizing information from line management when 
necessary. Line management shall provide information on work 
assignments as requested by Q&S in order to enable evaluations of 
required participation in an internal monitoring program. On 
occasion, line management will make this determination for their' 
own personnel, utilizing criteria supplied by Q&S. 

- 

Most urine samples collected at the FMPC for internal 
radiation monitoring are grab samples from single voidings. 

' 
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Fecal analysis is not performed routinely, but is performed 
when urine sampling is not adequate or appropriate for the 
radionuclide and chemical form o f  interest; or when it is 
helpful in determining the magnitude and nature of a 
suspected intake of radioactive material. 

. 

3 .2 .3  In Vivo Monitorinq 

Prior to September, 1988, routine in vivo monitoring was 
accomplished at the FMPC by using the Mobile In Vivo 
Radiation Monitoring Laboratory (MIVRML), which was rented 
from the Oak Ridge Y-12 Plant for limited periods of time 
each year, starting in 1986. A limited amount of special in 
vivo monitoring has also been performed, both before_and_ - - __ 

need arose. 
-after startLup of the FMPC IVEC, at other facilities as the 

In vivo monitoring is the detection and quantification of 
radioactive materials in a subject’s body by means of 
measuring the photons emitted from the subject’s body or 
certain organs within the body. In September, 1988, an In 
Vivo Examination Center (IVEC) was placed into service at 
the FMPC, with routine operation commencing in December 
1988. This facility uti1 izes intrinsic germanium detectors 
inside a shielded counting chamber to provide sensitive, 

emit low energy photons. 
\ high resolution measurements of radioactive materials that 

By June, 1989, a second in vivo monitoring device will be 
placed into service in the same facility. It is a whole 
body scanning device which utilizes a thick NaI(T1) crystal 
to measure radioactive materials that emit higher energy 
photons, a1 though with considerably poorer resolution than 
the germanium system. 

30 
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3.2.4 Internal Dose Assessments 380 
Starting with CY-1988, internal dose assessments are 
performed for identified intakes of radioactive material 
that are dosimetrically significant. Dose assessments are 
performed according to ICRP-30 methodology, except that Q&S 
may modify the approach if. recent pub1 ications or actual 
bioassay data indicate that it is appropriate. In general 
dose assessments are based-on bioassay data, rather than air 
sampling results. However in circumstances when bioassay 
data are not available or not appropriate, air sampling 
results can be used to estimate internal exposure at the 
discretion of Q&S. Dose assessments from exposure to radon 
and its decay products will generally be based on air 
sampl ing results. 

Starting in CY-1989 results of dose assessments shall be 
i ncl uded in personnel exposure records. The information 
that is retained in those records includes the following: 

a. For each intake of radioactive material, the year the 

’ - - 

intake occurred; 

b. Radionuclide(s) involved in each intake; 

c. Annual effective dose equivalent received in each 

d. Annual dose equivalent to organs or tissues of interest 

cal endar year; 

in each calendar year; 

e. Committed effective dose equivalent from intakes 
. occurring during each calendar year; 

f. Committed dose equivalent to organs or tissues of 
interest from intakes occurring during each calendar 
year. 

3.2.5 ReDorts to EmDloveeS 

Starting with CY-1986 results, annual external exposure 
totals for skin and whole body have been reported to 
individuals at the end of the calendar year. Starting with 
CY-1989 results, employees shall receive a summary of 
annual, cumulative, and committed effective dose equivalent 
at the end of each year. In addition, these results, along 
with more detailed information concerning a worker’s 
exposure, are provided to employees upon their request. 
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4.0 Enqineerina and Administrative Controls for Radioloqical Safety 369 
4.1 WMCO ALARA Proqrams 

4.1.1 Statement of Policy 

It is the policy of WMCO to keep radiation doses to 
employees, subcontractors, visitors, and the public as low 
as reasonably achievable based on sound cost- benef i t 
analyses. 
several aspects of the ALARA concept which are: 

o To keep all radiation exposures to each WMCO employee 

The WMCO ALARA Program is accomplished through 
_ _ _ _ _ _ _ . _ _ _ -  - - . -  - -  - . .  

ALARA. 

o Maintain radiation doses to all subcontractors and 
visitors ALARA. 

o Maintain the annual cumulative radiation dose to all 
personnel ALARA. 

o Maintain the annual cumulative radiation dose to the 
general pub1 ic ALARA. 

Responsibilities for the implementation and effectiveness of 
WMCO’s Radiation Protection/ALARA Program are shared by WMCO 
management, a1 1 departments, a1 1 other WMCO employees, and 
a1 1 subcontractor management and personnel. 

4.1.2 ResDonsi bi 1 i ties 

A. WMCO President. Vice Presidents and Manaqers 

o Enforce rules, imp1 ement requirements and develop 
procedures necessary for an effective radiation 
protection and ALARA program. 

o Elicit support for the WMCO Radiation Protection/ALARA 
Program from a1 1 WMCO employees. 

- o Support the department Managers in effective 
implementation of the Radiation Protection/ALARA 
Program. 

o Identify locations, operations, and conditions 
have the potential for causing exposure or 
environmental releases that are not ALARA. 

o Specify and accomplish goals and objectives for 
operations which incorporate the WMCO ALARA phi 
and objectives. 

hat 

WMCO 
osophy 
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o Review all modifications o f  equipment. or facilities to 
ensure that radiation exposures'and environmental 
releases are ALARA. 

o Ensure ALARA considerations are engineered and 
incorporated into designs, installations, and 
retrofitting of equipment. .~ 

B .  Manaqer, Oualitv and Safety (O&Sl 

The Manager of Q&S i s  responsible for implementation and 
optimization of the Radiation Protection Program. He is 
also responsible for ensuring adequate radiation 
protection for all FMPC personnel. Other 
responsi bi 1 i ties include: 

o Ensure that all operations involving work with 
radioactive materials is supported by adequate 
radiation protection coverage. 

o Provide for employment of a qualified radiation 
protection staff. 

o Recommend a comprehensive radiation exposure control 
program for all FMPC personnel. 

o Review and recommend changes in procedures to maintain 
occupational exposures ALARA. 

o Promote the development o f  training programs related 
to work Derformed in radiation areas or with 
radioact; ve materi a1 s. 

o Support the collection, analysis, and evaluat 
radiological data and information as it perta 
the Radiation Safety/ALAfM Program. 

C. Radioloqical Safety Section (RS1 

The RS Section is resDonsible for the technical 

on of 
ns to 

development and adequacy of the Radiation 
Protection/ALARA Program. RS also has the ongoing 

4-2 
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o Maintain a routine surveillance program including air 
sampling and surface contamination measurements in all 
nomi nal 1 y occupied areas. 

_ _ _ _  --___. - 
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o Review and recommend changes in standard operating 
procedures to maintain exposures ALARA~. 

o Participate in the development and implementation of 
training programs related to work in radiation areas 
or involving radioactive materials. 

o Conduct special investigations of radiation exposures 
which are near or exceed established administrative 
and regulatory guidelines or are outside of the 
expected norms. 

ensure that the potential for significant radiation 
exposures and environmental releases are minimized. 

o Review all process equipment and facility designs to 

o Review all modifications of current equipment or 
facilities to ensure that radiation exposures and 
environmental re1 eases are ALARA. 

o Ensure ALARA considerations are engineered and 
incorporated into designs, installations, and 
retrofitting of equipment. 

D. The WMCO ALARA Task Team 

It is the philosophy of WMCO management that ALARA 
objectives and goals shall be derived and established by 
the departments incurring the exposure, with technical 
guidance provided by RS Section rather than goals being 
developed by the RS Section and imposed on operating 
groups. Each organization incurring exposure shall be 
accountable for the results of its ALARA program. 

To coordinate the establishment and implementation o f  
ALARA goals, a Task Team shall be formed. The Task Team 
shall consist of employees from each major department 
(three from at least the major areas of production) 
within the company who are experienced and knowledgeable 
of FMPC design features and operations. 

The department managers are responsible for appointment 

These 
-individual s--are-assigned-to-develop-the-ALARA- program;----- 

35 
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o f  Task Team members and implementat ion o f  t h e  ALARA 
program. 

The ALARA Task Team s h a l l  : 

o Ensure t h e  d i r e c t i o n  o f  t h e  ALARA program through 
ALARA o b j e c t i v e s  and goals,  and i n t e g r a t e  management's 
ALARA phi losophy and DOE r e g u l a t o r y  requirements.  

Ensure t h a t  ALARA o b j e c t i v e s  and goals  are e s t a b l i s h e d  
by t h e  opera t i ng  departments i n c u r r i n g  t h e  exposure. 

o Ac t  as a rev iew and adv i so ry  group, whose p r imary  
f u n c t i o n s  a re  t o  rev iew ALARA r e l a t e d  t o p i c s  ( i . e . ,  
processes, operat  ions,  procedures, e t c .  ) and major 
sources o f  r a d i a t i o n  exposure w i t h  t h e  i n t e n t  o f  
i d e n t i f y i n g  means f o r  t h e i r  reduc t i on .  

o 

_ _  _ .  

o E s t a b l i s h  t h e  d i r e c t i o n  o f  t h e  WMCO ALARA Program by 
e s t a b l i s h i n g  and implementing f i s c a l  year ALARA 
o b j e c t i v e s  and goals-. 

o Ensure t h a t  t h e  s t a t u s  o f  ALARA goa ls  and o b j e c t i v e s  
as w e l l  as t h e  d i r e c t i o n  of t h e  ALARA program a re  
reviewed on a r e g u l a r  b a s i s  and i n f o r m  management when 
at ta inment  o f  ALARA o b j e c t i v e s  appears jeopard ized.  

o Report t o  management and DOE on a r e g u l a r  bas i s  
concerning the  s t a t u s  o f  ALARA goa ls  and t h e  d i r e c t i o n  
o f  t h e  ALARA program. 

o Make recommendations t o  t o p - l e v e l  management on ALARA 
reviews made by t h e  team. 

E. FMPC EmDlovees 

The WMCO ALARA program i s  o n l y  as e f f e c t i v e  as each 
employee's ALARA performance, t h e r e f o r e  a1 1 employees 
s h a l l  : 

o Comply w i t h  a l l  r a d i o l o g i c a l  s a f e t y  r u l e s ,  procedures, 
and work permi ts ,  e s t a b l i s h e d  by management and by the  
Q&S Department. 

o Report t o  management o r  t h e  Q&S Department, process 
ma l func t i ons  or v i o l a t i o n s  o f  r u l e s ,  o r  procedures, 
t h a t  cou ld  r e s u l  t i n  an increased r a d i  o l  o g i  c a l  hazard 
t o  an i n d i v i d u a l  or t o  t h e  environment. 

o Suggest improvements f o r  t h e  Rad ia t i on  
Protection/ALARA Program and f o r  t h e  r a d i o l o g i c a l l y  
sa fe  ope ra t i on  o f  workplace processes and equipment. 

~~ - - 



o Keep his/her radiation exposure using all ALARA 
principles and concepts when performing radiological 
work or when entering a radiation area. 

~ 

4.1.3 The Radi at i on Protect i on/ALARA Proqram 

An active Radiation Protection/ALARA Program can be very 
effective in lowering radiation doses or maintaining 
radiation doses at low levels. 

The basis of the Radiation Protection/ALARA Program shall 
include a comprehensive set of procedures, job planning 
concepts, record keeping functions , and speci a1 i zed 
equipment and radiological assessment. WMCO shall 
prepare for and preplan all radiological work. For 
routine work, operating procedures shall be devel oped. 
For nonrout ine work speci a1 prepl anni ng and work 
procedures or permits shall be developed. The ALARA 
concepts integrated into the Radiation Protection/ALARA 
Program and into the development of routine and 
nonrout i ne operating procedures shall be as fol 1 ows : 

o Special radiological projects shall require radiation 
dose budgets and the incorporation of ALARA principles 
and concepts into work procedures prior to the 
initiation of work. Radiological work shall be 
planned and performed such that the total dose to all 
workers (person-rem) and to each individual is ALARA. 
A transient scope of operations is the principal 
characteristic of special radiological project. 

o Operating procedures shall be developed for routine 
performance of radiol ogi cal work at the FMPC. 

o Job prepl anni ng, work procedures, and worker brief i ngs 
shall be conducted prior to nonroutine radiological 
work. Rehearsals of work to be performed in radiation 
areas shall be performed in low background areas prior 
to entry into the specific radiation work area when 
practical. 

o Radiological surveys and monitoring shall be conducted 
to obtain information with respect to radiation 
levels, contamination levels, and airborne radiation 
concentrations as appropri ate. These surveys and 
monitoring will provide the data necessary to 
establish the radiation safety requirement to be 
incorporated into the radiological work procedure to 
keep exposure ALARA. Surveys and radiol ogical 
monitoring shall continue during normal operations and 

by the RS Section. 
- ._ prior-to and during -nonroutine operat-ions as required --- 
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380 
Radiation exposure rates shall be reduced either by 
decontamination, shielding or by removing radioactive 
sources from the work areas as appropriate in order to 
keep radiation doses to workers ALARA. . 

Temporary/portable shielding shall be used to reduce 
radiation dose rates in the workplace whenever 
circumstances do not preclude its use. 

The ALARA concepts of minimizing time in a radiation 
area, maximizing distance from- sources, and use of 
shielding shall be applied to all aspects of radiation 
work in order to keep exposures ALARA. 

Radiation Work Permits shall be used for specific j o b s  
to document job requirements and to control radiation 
exposures. Supervisors requesting the work procedure 
shall review the prescribed protective features before 
the start of work. 

Temporary or portable exhaust ventilation systems 
shall be used where practical in order to keep 
radioactive air concentrations ALARA. Uses shall 
include jobs such as welding on contaminated surfaces 
etc. 

Protective equipment such as anti-contamination 
clothing, respirators, dosimetry devices, and 
monitoring equipment- shall be used in the workplace as 
required by Q&S to keep radiation exposures ALARA. 

The Q&S Department and all other departments shall 
constantly search for and develop new ways to conduct 
both routine and nonroutine radiation work ALARA. All 
Radiation Work Permits shall be reviewed by the 
Radiological Safety Section to ensure proper 
documentation of radiological work and evaluate 
radi at i on exposure and work practices . 

Facil itv and EauiDment Desian Features 

The design of facilities, processes, and equipment 
necessary for the performance of work i*nvolved with 
radioactive materials provides one"of3he first and best 
opportunities for ensuring radiation exposures are kept 
ALARA. 

When designing or modifying radiological facilities, 
processes, and equipment the following factors shall be 
considered: 

38 
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Access Control of Radiation Areas 360 
Control of Airborne Contaminants (Ventilation) 

Contamination Control (Isolation and Decontaminati.on) 

Need for Local Change Rooms . 

Radiation Monitoring Systems 

Design shall- limit exposure to oner-fi-fth-of the - - -- - 

applicable DOE dose limits (i.e., 1 rem/year whole 
body) and take into account ALARA considerations. 

Environmental Protection Systems: 

Gaseous - HEPA filtration, dust collectors, scrubbers, 
demisters, etc. 

Liquid - Water treatment systems. 

All facility or process design/modification involving a 
radioTogica1 environment shall be reviewed and approved 
by the Radiological Safety Section. 

4.2 Enqineerina Controls for Facility Desian/Modification 

The concept of maintaining ALARA radiation exposures shall be 
incorporated into the design of all facilities at FMPC (DOE Order 
6430.1A, FMPC 2069). ALARA indicates that no level of exposure is 
acceptable if it can be reduced by some reasonable effort given 
the 1 imitations of economics and practical i ty. Personnel exposure 
levels, under normal operating conditions, of less than 1/5 of the 
permissible dose equivalent limits shall be used as a design 
objective. Design factors to consider are: occupancy time, 
source terms, spacing processes, equipment, and shielding. 

The following shall be considered in designing new equipment or 
modifying a faci 1 i ty: 

o Primary means for assuring personnel protection shall be 
through physical safeguards, e.g., remote hand1 ing equipment, 
shielding, venti 1 at i on, etc. 

o Protective coatings shall be used where appropriate to aid in 
decontamination, but shall comply with the ANSI standards. 

o Interior surfaces of components and facilities as well as 
layout of ducts and pipes, shall be designed to minimize 
buildup of contamination. 

located in areas with the lowest practicable radiation fields 
and outside process enclosures if possible. 

__-_____  - 0- Egulpment-and-components-requi r-ing-frequent -serv-ic-ing- shal-l -be-- ____ 
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o V e n t i l a t i o n  systems s h a l l  be designed t o  assure proper  c o n t r o l  
o f  a i rbo rne  contaminants. 
prov ided i n  a1 1 exhaust systems s e r v i c i n g  contaminated and 
p o t e n t i a l l y  contaminated areas. The system should p e r m i t  easy 
and sa fe  access f o r  s e r v i c i n g .  

o Decommissioning requirements shal l - ' b e  considered i n  t h e  design 
o f  f a c i l i t i e s  and equipment. 

Redundant equipment should be 
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o New equipment o r  m o d i f i c a t i o n s  t o  e x i s t i n g  equipment s h a l l  be 
designed i n  such a manner t h a t  a minimum o f  "hands on" con tac t  
w i t h  t h e  product  i s  requ i red .  Remote hand l i ng  t o o l s ,  r o b o t i c s ,  
etc. ,  should be u t i l i z e d .  Approp r ia te  t r a i n i n g  s h a l l  be g i ven  
t o  employees i n  t h e  use o f  these t o o l s  t o  minimize any nega t i ve  
impact on product ion.  I n  many cases, an increased p r o d u c t i v i t y  
should r e s u l t  a long w i t h  s i g n i f i c a n t l y  reduced exposures. 

o Enclosures s h a l l  be designed w i t h  a negat ive pressure i n  
respec t  t o  t h e  surrounding environment. 
enclosures s h a l l  be r o u t e d  throuah a f i l t r a t i o n  media b e f o r e  

The exhaust f rom these 

being vented t o  t h e  atmosphere. 

4 . 2 . 1  V e n t i l a t i o n  Systems 

P l a n t  v e n t i l a t i o n  equipment s h a l l  be des 
remove contaminat ion f rom t h e  work area. 
v e n t i l a t i o n  design causes contaminated a 
from t h e  work area and s h a l l  be equipped 
system t o  prevent  s i g n i f i c a n t  amounts o f  

gned and used t o  
The optimum 

r t o  be moved away 
w i t h  a f i l t e r i n g  
con t ami n a t  i on f rom 

The I n d u s t r i a l  V e n t i l a t i o n  Manual reaching t h e  environment. 
pub1 i shed by t h e  American Conference o f  Governmental 
I n d u s t r i a l  Hyg ien i s t s  s h a l l  be used as a des ign gu ide  f o r  
a i r  mon i to r i ng  systems f o r  bo th  new and o l d  systems. A l l  
booths and enclosures f o r  r a d i o l o g i c a l  processes s h a l l  have 
c o n t r o l s  on t h e  o u t s i d e  and be prov ided w i t h  acceptable 
v e n t i l a t i o n  as determined by t h e  Q&S Department. V isual  
f l o w  i n d i c a t o r s  a re  l o c a t e d  near t h e  opera t i ng  s t a t i o n  o f  
v e n t i l a t e d  hoods and enclosures.  These i n d i c a t o r s  g i v e  
assurance t o  operators  t h a t  proper  v e n t i l a t i o n  i s  be ing 
maintained. 

4 . 2 . 2  Storaae o f  Radioact ive M a t e r i a l  

Th i s  c r i t e r i a  a p p l i e s  t o  a l l  new and o l d  warehousing 
f a c i l i t i e s  t o  ensure r a d i o a c t i v e  m a t e r i a l s  w i l l  be s t o r e d  i n  
an organized and c o n t r o l l e d  environment p r o v i d i n g  and t h a t  
exposures a re  kept as l ow  as reasonable achievable (ALARA). 

Storaae D e f i n i t i o n s  

- o I n t e r i m  Storage - Storage ou ts ide  the  work area f o r  s i x  _ _  . _ _  - -  - -- -- 
- . -- months o r  l e s s .  - - 
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Stored radioactive material shall contribute less t h a n  5 
percent of - the  dose rate or less than-0.5 rnrem/hr., 
whichever is  less ,  (as measured a t  the work station) t o  
the indiv idua l  r a d i a t i o n  workers whole body or skin dose. 

The storage fac i l i ty  for radium and thorium shall be 
ventilated through a properly designed f i l t e r  system 
which removes radon and thoron daughters and complies 
w i t h  DOE/EPA limits. I 

I 

mrem/hr. 

Radioactive materials shall be stored i n  such a manner as 
t o  fac i l i t a te  access (where access i s  necessary) and 
minimize exposure d u r i n g  storage, access, and retrieval.  

Radioactive material storage f ac i l i t i e s  shall be 
designated as either long term, short term, interim or 
temporary storage f ac i l i t i e s .  

Uranium storage drums and faci l i ty  alpha surface 
contaminatjon shall be maintained a t  less than 1000 
dpm/100 cm . 
Alpha surface contamination on thor ium storage containers 
an9 floors shall be maintained a t  less than  1000 dpm/100 
cm while the material i s  being stored. 

Work area exposure rates from temporarily stored 
radioactive materials shall n o t  exceed 0.5 mrem/hr. 

The exposure rates w i t h i n  work area locations a t  interim 
storage f ac i l i t i e s  shall be maintained t o  less than 2 . 5  
mrem/hr. 

Short  term and long term storage f ac i l i t i e s  w i t h  exposure 
rates i n  excess of 100 mrem/hour must be locked and will  
require a RWP for entry. 

As necessary an appropriate type of shielding shall be 
provided t o  control exposure rates _. . w i  th i -n  nominally 
occup-ied wareh-ouse f ac i l i t i e s .  

_ _  
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.Radioloaical Enaineerina Evaluation 

Radiological Safety Section evaluations are required on all 
projects involving changes in plant equipment or operations that 
involve radioactive material. 
ensure that personnel are provided the maximum protection from 
exposure and that all radiation control regulations are followed. 

To ensure that ALARA is practiced in the workplace the following 
guide1 ines shall be considered: 

The evaluation must be made to 

Prel iminarv Planninq 

Prior to preparation of the detailed work procedure for a specific 
job, the following items shall be considered to minimize exposure: 

Plan in Advance: 
radi at i on requi re consi derabl e pl anni ng , construct i on, and 
training prior to the start of work. 
ideas to be incorporated into the process. 

Many of the methods for reducing exposure to 

Advance planning allows new 

Delete Unnecessary Work: 
accomplished. 
conjunction with the primary task, it should be planned and 
scheduled. An example would be to remove waste material either 
during or immediately after the task is completed. 
the material to remain until a later time and require another work 
group to reenter the area for material removal. 

Know Expected Radi at i on Level s : 
performed periodically in any facility utilizing radioactive 
materials. 
general radi at i on 1 eve1 s encountered in most work. These 
radiation surveys provided in conjunction with inspections or 
other activities can define the nature of the radiation fields and 
identify favorable locations where personnel may take advantage of 
available shielding, distance, geometry, and other factors that 
affect the magnitude of the exposure rate or the portions of the 
body exposed to radiation. 

Determine exactly what is to be 
If secondary work can be accomplished in 

Do not allow 

Radi at i on surveys shall be 

Reports of these surveys provide information on the 

Where sufficient advance notification of work is provided, it is 
possible to obtain more detailed surveys. 
surveys can often be improved if requests for detailed surveys are 
accompanied by photographs, drawings, or sketches on which RS 
Technicians can record or indicate the location of the radiation 
levels measured. 
starting the work will be necessary to determine any changes from 

Interpretation of 

In addition, a survey of work areas prior to 

- _ _  .__ - - - earl i _ _  er survey - data. ~ _ _  . - -- -- 
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D e t a i l e d  w r i t t e n  work procedures s h a l l  be used f o r  r o u t i n e  
j obs  which might  r e s u l t  i n  the  spread o f  a i rbo rne  
r a d i o a c t i v i t y  o r  sur face  contamination. 
procedures i s  essen t ia l  i n  maintenance and r e p a i r  work. 
Such d e t a i l e d  procedures s h a l l  i nc lude  o r  re fe rence 
in fo rma t ion  f o r  min imiz ing  exposure t o  r a d i a t i o n  and 
l i m i t i n g  t h e  spread o f  contamination. 
i tems s h a l l  be incorporated,  as app l i cab le ,  i n t o  t h e  work 
procedures. 

Use o f  formal work 

Each o f  t h e  f o l l o w i n g  

f l E V I S I O 1 ~  I S S U E  D A I E  
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Plan Access To and E x i t  From Work Area: 
t o  and e x i t  f rom t h e  work area, i nc lude  a convenient and 
l a r g e  enough l o c a t i o n  f o r  donning and removing an t i -C  
c l o t h i n g ,  f o r  b r i e f i n g  personnel be fore  e n t r y  and f o r  
survey ing personnel f o r  r a d i o a c t i v e  contami n a t  i on. Where 
considerable work i s  t o  be done i n  a h i g h l y  contaminated 
area, p rov ide  d i r e c t  access from t h e  work area t o  a change 
area. Plan t h e  ent rance and e x i t  t o  r a d i o l o g i c a l  work areas 
t o  avoid hav ing personnel w a i t i n g  i n  areas where s i g n i f i c a n t  
r a d i a t i o n  l e v e l s  e x i s t ;  f o r  example, l o c a t e  t h e  personnel 
mon i to r ing  s t a t i o n  so t h a t  when several people a re  l e a v i n g  a 
work area they  do n o t  have t o  w a i t  i n s i d e  a r a d i a t i o n  area 
whi 1 e t h e  people ahead are se l  f -moni t o r i  ng. 

I n  p lans  f o r  access 

Prov ide f o r  Serv ice  Lines: Plan i n  advance f o r  se rv i ce  
l i n e s ,  i n c l u d i n g  l i n e s  f o r  a i r ,  weld ing and v e n t i l a t i o n ,  and 
spec i fy ,  i n  t h e  work procedure, methods t o  min imize exposure 
t o  r a d i a t i o n  assoc ia ted  w i t h  t h e i r  i n s t a l l a t i o n ,  maintenance 
and removal, and t o  c o n t r o l  t h e i r  i n t e r f e r e n c e  w i t h  
personnel access. Minimize the  number o f  1 ines  going i n t o  
and i n s i d e  a r a d i o l o g i c a l l y  posted area. Min imize 
unnecessary accumulation o f  equipment. Use types of 1 ines 
t h a t  can r e a d i l y  be decontaminated o r  use covers f o r  the  
l i n e s  t o  prevent  t h e i r  being contaminated. 

Prov ide Communication between workers i n s i d e  areas w i t h  
s i g n i f i c a n t  l e v e l s  o f  r a d i a t i o n  o r  contamination, and 
superv is ion  and RS Technicians ou ts ide  the  area. P rov i s ion  
o f  communication devices, headsets, o r  speaker systems can 
reduce r a d i a t i o n  exposure by reducing t h e  t ime requ i red  t o  
make dec is ions-  on -mat ters  -not--foreseen- in-wr i  t t e n  work- 
procedures. Avoid t h e  c o n d i t i o n  where headsets become 
contaminated w i t h  t h e  p o t e n t i a l  o f  causing contaminat ion o f  

- 
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subsequent users. Use o f  a communication system a l s o  a l lows 
superv i s ing  personnel t o  ma in ta in  e f f e c t i v e  c o n t r o l  o f  a j o b  
even though cont inuous v i s u a l  observat ion i s  i m p r a c t i c a l  
because of h i g h  r a d i a t i o n  l e v e l s .  

. - - -_ 
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Remove Sources of Radiat ion:  
r a d i a t i o n  exposure can be obtained by e l i m i n a t i n g  some 
sources o f  r a d i  a t  i on. 

S i g n i f i c a n t  reduc t i ons  i n  

The f o l  1 owi ng a re  exampl es : 

Unused p l a n t  components and h o t  spots which s i g n i f i c a n t l y  
c o n t r i b u t e  t o  t h e  general area r a d i a t i o n  l e v e l s  may be 
reduced by c lean ing  and sh ie ld ing .  A h o t  spot i s  an area 
t h a t  no rma l l y  has i n d i v i d u a l  r a d i a t i o n  l e v e l s  g r e a t e r  
than f i v e  t imes t h e  general work area. 

Perform as Much Work as P r a c t i c a b l e  Outside Rad ia t i on  Posted 
Areas: P r e f a b r i c a t i o n  s h a l l  be considered t o  minimize t h e  
work done i n  r a d i a t i o n  posted areas; f o r  example, 
p r e f a b r i c a t i o n  o f  temporary s h i e l d i n g  t o  reduce i n s t a l l a t i o n  
t ime. 

S ta te  Reauirements f o r  Standard Tools: By r e q u i r i n g  
superv isors t o  determine standard t o o l s  known t o  be needed 
f o r  t h e  j o b  and r e q u i r i n g  t h a t  they be a v a i l a b l e  near t h e  
j o b  1 ocat  i on, r a d i  a t i  on exposure o f  working personnel 
w a i t i n g  f o r  t o o l s  can be minimized. 

Consider SDecial Tools: For c e r t a i n  jobs,  spec ia l  t o o l s  o r  
j i g s  may a l l o w  major reduc t i ons  i n  r a d i a t i o n  exposure 
through simp1 i f i c a t i o n ,  reduc t i on  i n  t ime, o r  reduc t i on  o f  
mistakes. These t o o l s  should be designed, b u i l t ,  and tes ted  
on f u l l - s c a l e  models p r i o r  t o  t h e i r  use i n  r a d i a t i o n  areas 
i f  prev ious usage experience does n o t  e x i s t .  I n  add i t i on ,  
i n d i v i d u a l s  us ing  these t o o l s  f o r  t h e  f i r s t  t ime  should be 
t r a i n e d  i n  t h e  proper  use, handl ing,  and r e s t r i c t i o n s  o f  t he  
t o o l  p r i o r  t o  use i n  t h e  r a d i a t i o n  area. 

Est imate Dose: A f t e r  p lanning t h e  d e t a i l s  o f  t h e  work 
procedure where exposure t o  s i g n i f i c a n t  r a d i a t i o n  l e v e l s  
w i l l  be experienced and p r i o r  t o  per forming t h e  work, an 
est imate o f  t h e  dose t o  be expended on t h e  j o b  should be 
made. Th is  es t ima te  should be based upon r a d i a t i o n  l e v e l s  
measured a t  t h e  work l o c a t i o n ,  and the  est imated t ime  i t  
w i l l  t ake  i n  r a d i a t i o n  f i e l d s  t o  complete each phase o f  t h e  
j ob .  The est imate should r e f l e c t  exper ience gained by 
o the rs  who have performed s i m i l a r  work. 

Examination o f  dose est imates might cause an assessment of 
t h e  d e t a i l s  o f  t h e  work procedure. For example, spec ia l  
t o o l s  might  be developed t o  reduce working t ime. 
a f t e r  t h e  work, t h e  ac tua l  dose received s h a l l  be compared 

d iscrepancies prompt ly  and c o r r e c t i n g  them can reduce 
r a d i  a t  i on dose. 

Dur ing and 

- - _ _  . - w i t h  t h e  est-imates. -Determining the-reasons f o r  - - - - - -  - 
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Consider Accident Situations : Potent i a1 accident sit uat i ons 
and unusual occurrences (such as gross contamination, 
1 eakage , pressure surges, fires, personnel in jury) should be 
considered during the preparation of the work plans. 
Contingency planning can reduce the potential for such 
occurrences and enhance the capabil i ty for expeditiously 
coping with the situation if they occur. 

InsPection Reauirements for Radioloqical Controls 

It is necessary to include steps requiring radiological 
control inspections in detailed work procedures. Typical 
situations which may require verification of work area 
radiation levels prior to onset of work are 1) during 
removal of items from a system, 2) after flushing of a 
process system, and 3) after running a different process 
batch. 

Radiation Work Permit (RWPl 

Radiation Work Permits shall be issued for the performance 
of any task that involves exposure to radiation or 
radioactive material and for which there is not an approved 
work procedure. 
for tasks performed under approved work procedures if those 
tasks involve work in high radiation fields or in areas 
where radiation fields are variable or unknown. The RWP 
identifies the work activity, the associated radiological 
conditions and protective measures required to accomplish 
the work (see Figure 4-1). 

Radiation Work Permits are also required 

The requesting supervisor initiates a RWP by describing on 
the RWP form the work to be performed, and arranges for a RS 
Technician to perform a radiation survey. It is the 
responsibility of the RS Technicians to complete the 
radiation survey, calculate the maximum time allowed by the 
work permit, specify work precautions, issue pocket 
dosimeters (if required), and read pocket dosimeters, 

It i s  the responsibility of the worker(s) involved with the 
job to read the description of work on the RWP and 
understand the work restrictions. They will signify that 
they have been informed of the radiological protective 
requirements on the RWP by signing the form. 

A Radiological Safety Technician shall be in attendance at 
any job where the following conditions are defined and until 
the condition no longer exists: 

1: Whenever a-irborneradioactivity is greater than ten times 
- - _ _  - - - -  - 

the derived air concentration (DAC) 1 imits (Appendix B ) .  



NUMBER; 

FMPC - 2084 

RADIATION WORK PERMIT FORM 

- 
nEv1510fd: ISSUE O A l t .  

1 0 4 / 2 6 / 8 9  -_ 

- . . . . . - 

I 

I 

I I 

1 I Y I  I I IUID:  I l R Y l  b IOMA1URI:  DA11: 

4-14 



N U Y B E R  

FMPC-2084 

3 .  Whenever p e n e t r a t i n g  whole body dose r a t e s  f o r  t h e  j o b  
exceed 100 mrem/hr o r  whole body s k i n  doses exceed 1 
rem/hr . 

_ _  
I S S U E  O A I E  

1 [ 0 4 / 2 6 / 8 9  

nLYlSlON 

. .  4. Whenever t h e r e  i s  a h igh  p o t e n t i a l  f o r  r a d i o a c t i v e .  
-~~~ -. environmental  ~.~ -~ re lease.  - - - -... -~ - ~ -  ~ 

. -  . . ~  . ~ .  . -~ -- - - - 

5. Whenever work procedures could cause changes i n  t h e  work 
environment such t h a t  any o f  t h e  above c r i t e r i a  could be 
met. 

Procedure 

The reques t ing  superv isor  s h a l l  desc r ibe  work on t h e  RWP 
form i n  s u f f i c i e n t  d e t a i l  so as t o  l eave  no quest ions o f  
what i s  t o  be done and then s h a l l  s i g n  i t .  ' 

Requesting superv i so r  n o t i f i e s  RS Technic ian o f  t h e  work t o  
be done. 

The RS Technic ian determines i f  the  area has been p r o p e r l y  
prepared f o r  work. Loose contaminat ion s h a l l  be 
cleaned/vacuumed from t h e  immediate area by personnel 
designated by t h e  reques t ing  superv isor .  The p o t e n t i a l  f o r  
ex te rna l  exposure f rom r a d i o a c t i v e  m a t e r i a l s  s to red  i n  the  
area o r  f rom nearby contaminated equipment s h a l l  be reduced 
by t h e  use o f  rubber  mats o r  o the r  approved s h i e l d i n g .  

I f  t h e  sources o f  a i rbo rne  contaminat ion cannot be 
e l iminated,  r e s p i r a t o r y  p r o t e c t i o n  s h a l l  be requ i red .  

A i r  supp l i ed  r e s p i r a t o r y  p r o t e c t i o n  i s  r e q u i r e d  f o r  a l l  
work i n s i d e  enclosures where u ran i  um i s  hand1 ed and which 
a re  n o t  normal l y  occupied. 

A i r  supp l i ed  r e s p i r a t o r y  p r o t e c t i o n  s h a l l  be r e q u i r e d  i f  
s i g n i f i c a n t  amounts o f  r a d i o a c t i v e  m a t e r i a l  a re  a i rbo rne  
i n  t h e  work area a t  t h e  s t a r t  o f  work o r  i f  t h e r e  i s  a 
p o t e n t i a l  f o r  t h e  c r e a t i o n  o f  a i rbo rne  contaminants due 
t o  t h e  n a t u r e  o f  t he  work (see Sec t ion  8 ) .  Examples 
would be: weld ing on a contaminated surface, c lean ing  up 
s p i l l s  o f  d r y  m a t e r i a l ,  and changing d u s t  c o l l e c t o r  bags. 

Half-mask r e s p i r a t o r s  may be worn on l ower  r i s k  o r  more 
contained dus t  j obs .  An example would be: removing 
p ipes o r  ductwork where uranium bear ing  m a t e r i a l s  could 

_ _  -~ _ _  be inside,_ ~ _ _  - 
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Determinat ion o f  Time L i m i t s  - A t ime l i m i t  f o r  work 
performed under t h e  RWP w i l l  be e s t a b l i s h e d  by one o f  t h e  
f o l l o w i n g  methods: 

Weeklv ExDosure Contro ls  - Weekly dose c o n t r o l  values 
t h a t  a re  used t o  e s t a b l i s h  work pe rm i t  t ime  l i m i t s  are: 

Whole Body Pene t ra t i ng  150 mrem 
Skin 300 mrem 
E x t r e m i t i e s  1500 mrem 

Ouar te r l  v Dose Contro l  s - Q u a r t e r l y  dose c o n t r o l  values 
t h a t  a re  used t o  e s t a b l i s h  work p e r m i t  t i m e  l i m i t s  are: 

Whole Body 2400 mrem . 

Sk in 4000 mrem 
E x t r e m i t i e s  20,000 mrem 
These a re  80 percent  o f  t h e  occupat ional  q u a r t e r l y  dose 
l i m i t s .  

The Manager o f  Rad io log i ca l  Safety  i s  respons ib le  f o r  
determin ing when q u a r t e r l y  dose l i m i t s  w i l l  be-used f o r  
c a l c u l a t i n g  t h e  maximum t ime  al lowed on a work permi t .  

The t ime  l i m i t  w i l l  be se t  by whichever dose r a t e  i s  
l i m i t i n g ,  i .e.,  t h e  one which a l l ows  t h e  s h o r t e s t  t ime. 

I f  t h e  e x t r e m i t y  dose i s  l i m i t i n g ,  t h e  RS Technic ian w i l l  
i s sue  t h e  worker a p a i r  o f  f i n g e r  r i n g s .  
t h e  worker i s  issued can be kept t h e  whole month. The 
worker should reco rd  t h e  r i n g  dosimeter numbers on t h e  
drawer used for storage. 

A f t e r  t h e  work pe rm i t  i s  completed, t h e  reques t ing  
superv i so r  w i l l  rev iew t h e  precaut ions r e q u i r e d  f o r  t h e  job,  
have t h e  person(s) do ing t h e  work read t h e  pe rm i t  and s ign  
it, s i g n i f y i n g  t h a t  they have been informed o f  t h e  
r a d i  o l  og i  c a l  p r o t e c t i o n  r e q u i  rement s . The RS Techn i c i  an 
a l s o  s igns, dates, and i n s e r t s  t h e  t ime  o f  RWP issuance. 

The dosimeter p a i r  

A f t e r  a l l  s i gna tu res  are on t h e  RWP form, t h e  RS Technic ian 
w i l l  g i v e  t h e  f i r s t  copy t o  t h e  reques t ing  superv i so r  f o r  
p o s t i n g  a t  t h e  work l o c a t i o n .  
f o r  Rad io log i ca l  Sa fe ty  Sect ion records.  The t h i r d  copy o f  
t h e  RWP i s  forwarded t o  t h e  cognizant Rad io log i ca l  Safety  
Engineer f o r  rev iew  and eva lua t i on  o f  exposure c o n t r o l .  

The second copy i s  r e t a i n e d  

The work p e r m i t  s h a l l  remain i n  f o r c e  f o r  t h e  d u r a t i o n  of 
t h e  j ob ,  n o t  t o  exceed seven calendar days, as l o n g  as 
c o n d i t i o n s  remain t h e  same, i . e . ,  a l l  m a t e r i a l s ,  equipment, 
sh ie ld ing ,  and s t r u c t u r e s  t h a t  were present  when t h e  survey 

performance o f  work i n  such a way as t o  mod i f y  t h e  
c o n d i t i o n s  o f  t h e  o r i g i n a l  permit .  These c o n t r o l  measures 

- .- - - .was-performed have n o t  been adjusted o r  moved-during t h e  -- --- 
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Time limits and extremity dosimeters shall also be required 
if exposure rates dictate their use. 
nominally occupied work locations where radioactive material 
i s hand1 ed wll be sampled for airborne radioactive 
concentrations. This information may be used as a tool for 
determining the need for modifications of equipment to 
improve the work environment and reduce exposures.. - - 

Special instructions shall be given to employees prior to 
working on grossly contaminated items, such as bag filter 
changes, cleaning of large ventilation ducts, use of 
containment devices, etc. 

The environment of 

- - - -  - _ _  - 
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SECTION 5 

REQUIREMENTS FOR WORKING 
IN RADIOLOGICAL AREAS 

5.1 Radi ol ogical Area Access Control Requirements 

5.1.1 Radiological Area Designations 

5.1.2 Radiation Safety Training 

5.1.3 Dosimeters 

5.1.4 Protective Clothing 

5.1.5 Food, Beverage, Smoki ng 

5.1.6 Open Wounds, Medical Tests with Radionuclides 

5.2 Work in Radiological Areas 

5.2.1 Contamination Control 

5.3 Exiting from Radiological Areas 

5.3.1 Protective Clothing 

5.3.2 Contamination Monitoring 

5.3.3 Release Criteria 
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Radioactive materials in several forms are present during operations at 
the FMPC. These materials must be handled carefully by all personnel to 
avoid unnecessary radiation exposure. 

The presence of potential hazards from radiation exposure and 
radioactive contamination in otherwise normal jobs requires the 
establishment of protective controls. Requirements that assure 
sati sfactory control are exercised to control exposure of personnel to 
radiation and radioactive contamination are defined in this section. 
These requirements are grouped into three parts; those that define 
access control to radiological areas, those that pertain to work in the 
area, and finally, those requirements applicable to exiting from the 
area. 

5.1 Radiolosical Area Access Control Reauirements 

5.1.1 Radiolosical Area Desisnations 

The area within the FMPC where radioactive materials or 
elevated radiation fields are present is defined as a 
Radiological Area. Access into this area is controlled to 
minimize personnel radiation exposure. The Radiological 
Area includes the production area, designated sections of 
the Technical Laboratories and Waste Storage Area. Within 
the Radiological Area, other areas may be defined depending 
on the level of radioactive contamination or radiation 
present. 
designation and precautions or restrictions which apply. A 
summary of these area designations follows: 

Each area is posted with signs that state the area 

Radioloaical Area: Those areas where radioactive materials 
are handled but the "actual" contamination or the potential 
for contamination on surfaces is low, provided that 
procedures are followed and equipment performs as designed. 
Monitoring of personnel and equipment shall be performed 
prior to movement from a Radiological Area. Monitoring 
equipment is provided and must be used by personnel prior to 
breaks, lunch, or exiting the plant site. Some operations 
performed in the Radiological Area may require personnel 
protective equipment. For specific work activities (e.g., 
maintenance involving opening of uranium process equipment) 
with the potential for creating significant contamination 
levels, a temporary contamination control zone may need to 
be established. 
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5.1.2 

5.1.3 

Radiation Area: The Radiation Area designation refers to 
those areas where the external exposure is greater than 2.5 
mrem/hr but less than 100 mrem/hr. 
exposure High Radiation Area and Very High Radiation Area 
designations may be required. (See Section 6) 

Contamination Area: Any area within a Radiological Area 
where a high potential for contamination exists, or where 
known levels of contamination exceed approved values. 
Section 7) 

Airborne Radioactivity Area: - Any area where the routine 
potential exists for airborne radioactivity concentrations. 
(See Section 8) 

For areas of greater 

(See 

ResDi rator Area: - Any area. where respi ratory protection i s 
required. (See Section 8) 

Radiation Safety Traininq 

Radiological Area workers shall successfully complete the 
Radiation Worker Training Program before any unsupervised 
work assignment is made (see Section 13). All other 
employees will receive Radiation Safety Training 
commensurate with the employee’s job assignment. 
training shall be successfully completed every two years. 
WMCO’s construction contractor, RUST Engineering Company 
shall provide radiation worker training for its employees 
and subcontractors. Vendors and personnel providing short 
term repairs on nonradiological equipment shall be provided 
a brief orientation o f  the FMPC operations and safety 
programs. All visitors entering the Radiological Areas o f  
the FMPC shall be escorted by a-qualified radiation worker 
unless the visitor has satisfactorily completed Radiation 
Worker Training. 
from tra i n i ng requ i rement s . 

This 

Drivers of delivery vehicles are exempted 

Dos i meters 

A1 1 contractor and subcontractor personnel except drivers o f  
delivery vehicles shall wear a TLD to enter the Radiological 

training qualifications are current. Visitor badges shall R 
Area. A radiation dosimeter will not be issued unless 

be issued for short-term visits of less than one month. 
TLD’s shall be kept in designated storage racks when not 
being worn. 

I 
5.1.4 

- -  -~ 

Protective C1 othi nq 

Employees hand1 ing process materials or maintaining or 
renovating equipment or structures shall- make a. complete 
change of -personalTclothing to-protective clothes and shoes. 
Personal articles shall not be stored in the Radiological-.. 
Area. 
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5.1.5 Food, Beveraaes. Smoking 
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Food, gum or chewing tobacco shall not be carried into the 
Radi ol ogi cal Area. 
closed containers may be carried from nonradiological areas 
to break areas in the Radiological Area. 
available and may be consumed in break areas and designated 
offices in addition to prescription medicine. 
permitted only in designated areas. 

5.1.6 ODen Wounds, Medical Tests with Radionuclides 

Beverages or beverage i ngredi ent s i n 

Beverages are 

Smoking is 

- 

The existence of open wounds shall be reported to the 
Medical Services Section prior to work in Radiological 
Areas. 

Personnel who are returning to work following tests or 
therapy with radioisotopes shall report to Medical Services. 
Generally, workers will be excluded from the Radiological 
Area until the radioactive material is eliminated from the 
body. This is because radiation from medical radioisotopes 
cannot be distinguished from contamination by radioactive 
materials in the Radiological Area which an individual could 
contact. 

5.2 Work in Radioloaical Areas 

Radiological controls at the FMPC are necessary in areas where 
radioactive materials are handled and in areas where potentially 
contaminated materials or personnel may be located. The major 
sources of radioactive contamination and radiation exposure are in 
the production and inspection areas of the facility. Additional 
sources of radiation and radioactive contamination are encountered 
in the handling and processing of waste materials generated during 
the production cycle, the operation of radiation generating 
devices and the handling of radioactive samples. These operations 
can cause external radiation dose to involved personnel and could 
cause internal deposition of radionuclides if proper controls to 
prevent the generation and spread of contamination are not 
followed. The following rules shall be followed by individuals to 
control or minimize radiological hazards: 

I R  

I R  

o Obey promptly, "stop work" and "evacuate" orders of 
Radiological Safety personnel. 

o Obey posted, written and verbal radiological control 
instructions. 

o Wear personal dosimetry devices and air samplers as required by 
signs, procedures, labels, or by Radiological Safety personnel. 

_- . -  _ _  - __ - - - -  - -  - - - _ _  -- - - -  _ _  . - 
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Maintain an awareness of personal radiation dose status to 
avoid exceeding 1 imits. 
occupational radiation dose to- the Dosimetry Section. 

Remain in as low a radiation exposure area as practicable. 

Loitering in radiation areas is prohibited. 

l R  Report prior or concurrent 

exposures are identified. 
serious offense under the WMCO Rules of Conduct and may result 
in disciplinary action or restriction from radiologically 

Failure to comply is considered a 

54 

Eat, drink, chew, or smoke only in designated areas. 

properly when they are required in order to minimize spread of 
contamination to the skin and internal deposition of 
contamination. Anti-C clothing shall be removed as directed by 
Radiological Safety personnel. 

Monitor for contamination with hand and foot monitors or 
friskers when entering break area or leaving any Radiological 
Area that requires the use of personnel monitors. 
posted requirements for entering break areas or using 
designated smoking areas. 

Follow good "housekeeping" practices to minimize the spread of 
contamination and the amount of material that has to be 
decontaminated or disposed of as radioactive waste. Work areas 
should be returned to "as found" or better radiological 
conditions to the maximum extent practicable. 

Wear Anti-C clothing and respiratory protection equipment 1 R  

Follow 

R 

Avoid contact with contaminated surfaces or allowing clothing, 
tools, or other equipment to do so. 

Place all contaminated equipment, such as tools and sampling 
bottles, on disposable surfaces (e.g., sheet plastic) when not 
in use and inside plastic bags when work is finished. 
contents of bags surveyed for contamination before 
transporting. 

Have 

For a known or possible spill of radioactive material, minimize 
its spread and immediately notify supervision and the 
Radiological Safety Section. 

Report the presence of open wounds to the Medical Services 
Section and Radiological Safety Section personnel prior to work 
in areas where radioactive contamination exists. If a wound 
occurs while in the work area, report immediately to 
Radiological Safety personnel, and Medical Services Section. 

Know the emergency alarm signals and the required work area 
response actions. 

R 

Submit bioassay samples and undergo whole body counts or other 
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General Reauirements 

Radioactive material shall be contained whenever practical. 
The containment may be in the form of plastic wrap, 
specially built plugs, covers or total containment devices. 
The containment shall have a radiation sticker attached with 
the date, exposure rate, contamination level, RS 
Technician's signature and any special instructions 
pertaining to handing of the item. 
shall be handled and stored in such a manner that the 
potential spread of contamination is minimized and exposures 
to all personnel are kept ALARA. 

Ingots, derbies, cores, flats, etc., shall have loose 
surface contamination removed with a HEPA-fil tered vacuum to 
reduce the spread o f  contamination and reduce the potential 
for elevated levels of airborne radioactivity within the 
work environment. The various items made o f  uranium metal 
shall be handled remotely whenever possible to reduce 
extremity exposure. 

Radioactive material 

Phvsical Barriers 

Physical barriers to control access into certain areas'are a 
necessary part of the contamination control program at FMPC. 
Barriers shall be erected by Radiological Safety.-personnel -- -- - 
in-such- a manner as to-isolate hazards within the area but 
not impede emergency egress from it. Temporary barriers are 
normally made with yellow and magenta poly rope and y e l l o w 5 5  

- - _. 
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For e n t r y  i n  t o  designated contaminat ion areas o r  where the  
p o t e n t i a l  f o r  re lease  o f  contaminat ion e x i s t s ,  spec ia l  
d isposable c l o t h i n g  (Ant i -C c l o t h i n g )  s h a l l  be r e q u i r e d  as 
w e l l  as r e s p i r a t o r y  p r o t e c t i v e  apparatus. Ant i -C c l o t h i n g  
s h a l l  be worn over  issued work c lo thes  and shoes and may 
inc lude  a z ippered c o v e r a l l ,  hood, gloves, and shoe covers. 
A l l  An t i -C  c l o t h i n g  s h a l l  be removed,and bagged f o r  d isposa l  
o r  launder ing  upon e x i t i n g  from the  work s i t e  c o n t r o l  area. 

Decontamination 

The removal o f  contaminat ion f r o m  sur faces may be 
accomplished by c lean ing  methods t h a t  p revent  f u r t h e r  spread 
o f  contaminat ion.  Decontamination i s  performed t o  prevent  
t h e  spread o f  contaminat ion and t o  reduce t h e  accumulat ion 
o f  m a t e r i a l  on sur faces (which can lead  t o  e leva ted  exposure 
ra tes ,  especi a1 l y  beta) .  

Caut ion must be taken t o  avoid the  spread o f  contaminat ion 
t o  o the r  sur faces o r  i n t o  t h e  a i r .  The i n t e g r i t y  o f  
equipment must a l s o  be p ro tec ted  aga ins t  damage f rom 
abras ion and water .  

Decontamination e f f o r t s  sometimes i n v o l v e  work i n  areas 
having e leva ted  r a d i a t i o n  exposure r a t e s .  
t he  ALARA p r i n c i p l e s  descr ibed i n  Sect ion 4 and t h e  
r a d i a t i o n  exposure g u i d e l i n e s  i n  Sect ion 6 should be 
consul ted.  

I n  such cases, 

Cleaning 

Cleaning o f  r a d i o l o g i c a l  contaminants s h a l l  be done us ing  
HEPA (High E f f i c i e n c y  P a r t i c u l a t e  A i r )  f i l t e r e d  vacuums, 
damp mopping ( i f  use o f  water i s  no t  prec luded by nuc lear  
m a t e r i a l s  hand1 i n g  requirements f o r  enr iched m a t e r i a l )  o r  
o t h e r  methods which do n o t  cause a i r  suspension o f  dus t .  
Surface contaminants must be removed t o  min imize t h e  
resuspension i n t o  t h e  environment and p o t e n t i a l  i n h a l a t i o n  
by personnel i n  t h e  area. 

The frequency o f  c lean ing  s h a l l  be dependent on t h e  amounts 
and types o f  sur face  contaminat ion,  the  a p p l i c a b l e  1 i m i  t, 

may resuspend t h e  contaminants. The WMCO sur face  
contaminat ion l i m i t s  a re  shown i n  Table 5.1. When these 
1 i m i  t s  a re  exceeded, prompt c l  eanup i s requ i  red.  

- ._ - the  recurre-nce o f  contaminat ion,  _and -nearby- opera t ions  which - 

56 
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TABLE 5.1 

REMOVABLE SURFACE CONTAMINATION LIMITS 

(dpm/100 cm2) 
Rad i ol oq i c a l  Area A1 Dha Beta 
Clean, d r i n k i n g  sur faces (Zone 1) 20 100 

1000 Other  sur faces (Zone 2) 200 

Work sur faces (Zone 3)  5000 50000 
. -  

Por tab l  e Vacuums 

The spread o f  a i r b o r n e  r a d i o a c t i v i t y  can be min imized by 
h i g h  v e l o c i t y  p o r t a b l e  vacuums w i t h  a h i g h  e f f i c i e n c y  
p a r t i c u l  a t e  a i  r (HEPA) f i 1 t e r .  A1 1 proposed works i  t e  vacuum 
systems s h a l l  be reviewed by t h e  Q&S Department p r i o r  t o  
t h e i r  use ( t h i s  i nc ludes  wet and nonprocess vacuums). 

Po r tab le  vacuum u n i t s  used f o r  c lean ing  r a d i o a c t i v e  
m a t e r i a l s  i n s i d e  o f  p roduc t i on  area b u i l d i n g s  s h a l l  be 
equipped w i t h  a HEPA f i l t e r ( s )  o r  t h e  exhaust must be rou ted  
t o  t h e  b u i l d i n g ’ s  f i l t e r e d  exhaust system. 
s h a l l  be l e a k  t e s t e d  by conduct ing a DOP cha l l enge  o f  t h e  
system immediate ly  a f t e r  i n s t a l l a t i o n  o r  replacement o f  t h e  
HEPA f i l t e r  and semi -annual l y  t h e r e a f t e r .  A1 1 HEPA vacuums 
s h a l l  be l a b e l e d  w i t h  a s t i c k e r  t h a t  s t a t e s  t h e  u n i t  has 
passed a l e a k  t e s t  and t h e  da te  when t h e  vacuum must be 
re tes ted .  

1 R 

I R  

HEPA vacuums 

Only des ignated p o r t a b l e  HEPA vacuums s h a l l  be used f o r  
cleanup o f  r a d i o a c t i v e  m a t e r i a l s  ou ts ide  o f  p roduc t i on  area 
b u i l d i n g s .  P o r t a b l e  HEPA vacuum systems approved by Q&S f o r  
ou ts ide  use s h a l l  be l a b e l e d  w i t h  a s t i c k e r  showing 
compliance w i t h  DOP t e s t i n g .  

R 

5.3 E x i t i n a  f rom Rad io loa i ca l  Areas 

5.3.1 P r o t e c t i v e  C l o t h i n g  

A l l  p r o t e c t i v e  c l o t h i n g  and shoe covers s h a l l  be removed and 
l e f t  a t  t h e  e x i t  p o i n t  f rom t h e  Rad io log i ca l  Area f o r  
launder ing .  Shoes a re  kept  i n  employee locke rs .  Dosimeters 
s h a l l  be s to red  i n  t h e i r  des ignated s to rage area. Personnel 
changing f rom company issued work c lo thes ,  i .e., c o v e r a l l s ,  
s h a l l  shower be fo re  donning personal c lo thes .  

P r o t e c t i v e  c l o t h i ?  which has f i x e d  contaminat ion  exceeding 
__._ - - - ..- --. -- _ -  - _ _  

15,000 dpm/100 cm beta-gamma s h a l l  n o t  be issued. b 
57 
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5.3.2 Contamination Moni torinq 

All personnel exiting from the Radiological Area must 
monitor for contamination before entering the non- 
radiological area. Hand and foot monitors and friskers are I 

provided with appropriate instructions for use at each exit 
point. All personal articles carried from the process area 
must 1 i kewi se be monitored. 

Contamination above an acceptable level, indicated by an 
instrument alarm, may generally be removed by repeated 
washing with soap. 
remains, contact RS Technicians for assistance in 
decontamination and remain in place until the RS technician 
arrives to evaluate the reported contamination. 

Vehicles, equipment, and materials being taken from the 
Radiological Area are 1 i kewise subject to contamination 
monitoring. A pass card shall be issued to the vehicle 
operator as evidence of a contamination survey. 
contamination greater than approved limits will not be 
permitted to leave the Radiological Area. 

If contamination above acceptable 1 imits 

I R  
Items with 

5.3.3 Release Criteria 

Release of trash and construction rubble from the 
Radiological Area is controlled by a contamination survey. 
Waste materials shall be surveyed for contamination before 
bagging. Construction rubble having levels of contamination 
greater than 35 pCi/gm for concrete and 30 pCi/gm for soil 
shall be stored in a remote part of the Radiological Area 
pending disposal . I R  
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6.1 C o n t r o l l i n a  Exposure i n  Radiat ion Areas 

Rad ia t i on  Exposure Control  s h a l l  be mainta ined through t h e  use o f  
phys i ca l  b a r r i e r s ,  ope ra t i ng  procedures, R a d i a t i o n  Work Permits, 
s u r v e i l l a n c e ,  t r a i n i n g  and engineered m o d i f i c a t i o n s  t o  equipment. 
Work areas t h a t  produce h i g h  personnel exposures s h a l l  be 
i d e n t i f i e d  and- changes should be engineered t o  lower  exposures. 
Funct ions t h a t  r e s u l t  i n  e levated exposures t o  personnel s h a l l  
a l so  be evaluated and approp r ia te  changes made. 
inc lude,  b u t  a re  n o t  l i m i t e d  to ,  remote hand l i ng  equipment, 
r o b o t i c s ,  t o t a l  enclosures, improved v e n t i l a t i o n ,  and s h i e l d i n g .  

These changes may 

A l l  personnel have t h e  r e s p o n s i b i l i t y  o f  working i n  a safe manner 
and i d e n t i f y i n g  p o t e n t i a l  hazards t o  s u p e r v i s i o n  who s h a l l  
i n v e s t i g a t e  and recommend approp r ia te  remedial  ac t i ons .  WMCO has 
t h e  r e s p o n s i b i l i t y  t o  p rov ide  a safe work environment and t o  
i n v e s t i g a t e  and r e s o l v e  r a d i o l o g i c a l  s a f e t y  concerns i n  a 
consc ient ious manner. 

6.2 

6.3 

Exposure L i m i t s  f o r  Radiat ion Areas 

External  exposure c o n t r o l  i s  accompl i shed by i d e n t i f y i n g  areas 
c o n t a i n i n g  sources o f  r a d i a t i o n  and c o n t r o l 1  i n g  personnel access 
i n t o  these areas o r  by removing t h e  r a d i a t i o n  source. Rad ia t i on  
Areas a re  access ib le  areas where a major p o r t i o n  o f  t h e  body could 
r e c e i v e  a dose equ iva len t  g r e a t e r  than 2.5 mrem, b u t  l e s s  than 100 
mrem, i n  one hour. 

High Rad ia t i on  Areas a re  areas where a major p o r t i o n  o f  t he  body 
could r e c e i v e  a dose equ iva len t  o f  100 mrem or more i n  one hour.  
Major p o r t i o n s  o f  t h e  body are de f i ned  as t h e  head, t runk ,  upper 
arms, th ighs ,  and gonads. 

Requirements f o r  Workinq i n  Rad ia t i on  Areas 

6.3.1 Pos t i nq  Reaui rements 

Rad ia t i on  and High Radiat ion Areas a re  d e f i n e d  by t h e  
f o l l  owing exposure r a t e s  : 

- Area E f f e c t i v e  Dose Rate Eauiva lent  

Radi a t  i on Area 
High Rad ia t i on  Area >lo0 mrem/hr. 

Rad ia t i on  Areas s h a l l  be conspicuously posted by t h e  RS 
Technic ian w i t h  t h e  standard magenta r a d i a t i o n  symbol on a 
ye1 1 ow background and t h e  words "Rad ia t i on  Area". 
p o s t i n g  should d i s p l a y  any a d d i t i o n a l  i n f o r m a t j o n  which-may - -- 

be appro-pri-ate i n  a i d i n g  i j d i v i d u a l s  t o  min imize exposure t o  
r a d i a t i o n .  

>2 .5  (100 mrem/hr. 

The 

_ _  --  _ _  
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The boundaries of a Rad ia t ion  Area o r  a High Rad ia t ion  Area 
t h a t  a re  n o t  formed by permanent s t r u c t u r e s  (wa l l s ,  doors, 
fences, e tc . ) ,  s h a l l  be bar r i caded by r a d i a t i o n  rope/r ibbon 
i n s t a l l e d  a t  approximately w a i s t  h e i g h t .  Rad ia t ion  p o s t i n g  
s igns  must be attached. 

High Rad ia t ion  Areas s h a l l  be conspicuously  posted by the  RS 
Technic ians w i t h  the  standard magenta r a d i a t i o n  symbol on a 
y e l l o w  background and the  words "HIGH RADIATION AREA". The 
p o s t i n g  should i nc lude  t h e  maximum r a d i a t i o n  l e v e l  and 

High Rad ia t i on  Area s ign  o r  on a separate p l a n t  view o r  
sketch. The pos t i ng  a t  t he  e n t r y  s h a l l  c o n t a i n  spec ia l  
i n s t r u c t i o n s  and requirements which may be approp r ia te  i n  
m in im iz ing  exposure t o  r a d i a t i o n .  

High Rad ia t ion  Areas t h a t  have posted survey dates more than 
90 days o l d  must be resurveyed by t h e  RS Technicians p r i o r  
t o  a l l o w i n g  work i n  the  area. If t h e  cond i t i ons  producing 
h i g h  r a d i a t i o n  i n  an area a re  i nhe ren t  t o  the  f a c i l i t y  or 
opera t ion ,  and are  r e l a t i v e l y  s t a b l e  and n o t  sub jec t  t o  
change, permanent s igns may be posted w i t h  t h e  r a d i a t i o n  
symbol "HIGH RADIATION AREA" and approp r ia te  i n fo rma t ion  and 
i n s t r u c t i o n s .  The use o f  permanent s igns  s h a l l  be approved 
by t h e  Manager, RS o r  h i s  des ignate.  

_ _  
- _. - -  - l o c a t i o n  w i t h i n - t h e  area.- The in format- ion may be on - the  - -  - - 

6.3.2 Access t o  Hiqh Rad ia t ion  Areas 

The boundaries o f  a High Rad ia t i on  Area s h a l l  be evaluated 
by RS personnel f o r  a l l  poss ib le  means o f  access and those 
n o t  formed by s o l i d  phys i ca l  s t r u c t u r e s  (wa l l s ,  doors, 
fences, e tc . ) ,  s h a l l  be bar r i caded t o  p rec lude unauthor ized 
en t r y .  

Access(es) t o  t h e  High Rad ia t ion  Area s h a l l  be locked o r  
mainta ined under continuous s u r v e i l  lance.  When l o c k i n g  
systems a re  used, a key c o n t r o l  system s h a l l  be es tab l i shed,  
t h e  number o f  keys s h a l l  be min imized and the  personnel 
au tho r i zed  t o  s ign  ou t  t h e  keys s h a l l  be s p e c i f i c a l l y  
des ignated i n  w r i t i n g .  

P o s i t i v e  c o n t r o l s  s h a l l  be es tab l i shed  f o r  each i n d i v i d u a l  
e n t r y  such t h a t  no i n d i v i d u a l  i s  prevented f r o m  l e a v i n g  the  
area. P r i o r  t o  l o c k i n g  an area, t h e  area s h a l l  be inspected 
t o  ensure t h a t  no personnel remain i n s i d e .  

No l o i t e r i n g  o r  e n t r y  by unauthor ized personnel s h a l l  be 
a l lowed i n  these areas. 

Instances i n  which High Rad ia t ion  Areas are  no t  c o n t r o l l e d  
as r e q u i r e d  by t h i s  paragraph s h a l l  be repo r ted  as Unusual 
0 c c u r r e n c e s . T h e s e  instances-include--the- fo l - lowing: - -  __ 

-~ 
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6.3.3 

6.3.4 

Authorization Work for in Radiation and Hiqh Radiation Areas’ 

Radiation Work Permits are required for tasks performed 
under approved work procedures if those tasks involve work 
in high radiation fields or in areas where radi-ation fields 
are unknown or where large significant variations are ~ 

possible in the radiation-field. The RWP identifies the 
work activity, the associated radiological conditions and 
protective measures required to accomplish the work (See 
Section 4.4.2). 

. -  

Shi el di nq 

Permanent shielding shall be designed and installed as part 
of construction of new facilities and during modifications 
to existing facilities where routine operations, materials 
or equipment produce or involve high radiation levels or 
where an unusual occurrence could result at such levels. 

Changes in the use or operation of facilities which could 
affect radiation levels outside the shielding in excess of 
design levels, and changes in use of areas surrounding the 
shielding shall require prior review and approval by Q&S 
Management. Removal of permanent shielding shall not be 
permitted unless approval has been obtained from the Manager 
of Q&S. Radiation surveys are required any time shielding 
configurations are altered. 

Temporary shielding shall be used in areas where its use is 
reasonably benefici a1 , for example where crucibles, derbies, 
and flats are being temporarily stored. 
instal 1 ation, unauthorized movement, or removal of temporary 
shielding can result in significant changes in work area 
radiation levels; therefore, control of temporary shielding 
is essential. Radiological Safety shall specify the 
locations where temporary shielding is required. 

Rubber matting shall be routinely used on individual items 
such as a derby or an ingot. 
effective in reducing the beta exposure rate on individual 
components. The practice of covering the product will 
significantly reduce skin exposures. 

Beta radiation can also be shielded with light metals, 
plywood, or heavy plastic. 
good shie1ding:mater-ials. --Heavy plastic shall -not be-used---- 
inside any building without approval of WMCO Safety and Fire 

Incorrect 

The rubber matting is very 

-. 
Aluminum and plywood are very 

. 62 



Protection Engineering. 
(Z), i.e., lead, steel, should not be used as the primary 
shield against beta radiation since the X ray generated by 
beta absorption can contribute significantly to the 
penetrating radiation dose. 

Materials with a high atomic number 

6.4 Radiation Surveys 

The primary objective of radiation surveys is to identify existing 
and potential radiation levels. This is to assure that exposures 

- .  - -_ are. maintained- as-low as reasonably achievable -(ALARA). Survey- - 

results are utilized to: 

o Evaluate jobs for ALARA considerations. 
o Set up procedures. 
o Provide a baseline for trend analysis, investigation and 

correction of unusual conditions. 
o Detect departures from operating procedures or failure of 

radiation control s. 
o Identify the origin of radiation exposures in the plant by 

location, system or component. 

6.4.1 Reauirements 

Radiation surveys shall be performed by RS personnel to 
preclude the possibility of personnel being exposed to 
elevated levels of radiation and exceeding established 
radiation dose limits. They shall be used to meet the 
requirements for posting Radiation and High Radiation Areas. 
The surveys shall be performed to determine the magnitude 
and extent of radiation levels. 

Radiation surveys are typically divided into routine and 
nonrout i ne cl assi f i cat i ons . 

6.4.2 Routine Surveys 

Routine surveys shall be performed by RS personnel on a 
regular basis (e.g., daily, weekly, monthly, etc.), while 
nonroutine surveys are performed as necessary to support 
plant processing modifications, work activities, and any 
nonroutine conditions. 

Routine and nonroutine radiation surveys shall be performed 
for. alpha, beta, and gamma radiation. 

Surveys shall be performed with instruments cal i brated for 
the type and energy range of radiation being monitored. 
instrument range should be high enough to read the highest 
exposure rate expected. The instrument used shall have a 
current calibration label and its operability verified. 

The 
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A sufficient number of survey points shall be taken in order 
to adequately assess the radiological status of the area 
being surveyed. 

Surveys shall be accurately and legibly documented in ink on 
a standard form. These survey records shall be filed and 
maintained by area in chronological order so that previous 
radiological conditions can be readily reconstructed and 
background data for radiological engineering evaluation is 
readily avai 1 ab1 e. 

o The data shall be in sufficient detail so that the 
meaning and intent of the record is clear. 

o Ditto marks and continuation lines are unacceptable for 
repeated data. 

o Any corrections to a survey record shall be made by 
drawing a single line through the incorrect entry 
(incorrect entry shall remain legible) and recording the 
correct entry. The person making the correction shall 
initial and date the entry. The use of erasures or 
correction tape/fluid is prohibited. Correction of each 
copy of a survey record shall be completed in the same 
manner. 

6.4.3 Nonroutine Surveys 

Nonroutine surveys shall be performed by RS personnel as 
necessary to support plant operations, maintenance and 
modification efforts. 
fol 1 ows : 

Examples of nonroutine surveys are as 

0 An initial radiation survey shall be performed before and 
after a new facility using radioactive materials becomes 
operational. The survey shall also be required after 
completion of any modifications or changes in existing 
facilities that the Manager of Q&S determines might lead 
to a substantial change in the radiation hazards 
associated with operation of the facility. The survey 
shall be thorough with specific requirements determined 
by Q&S Management. 

Radiation surveys to verify the effectiveness of 
permanent or temporary shielding. 

During removal of shielding so that personnel are not 
unexpectedly exposed to radi at i on. 

After changes in use of operation of a shielded facility 
(may be part of the survey required by the first example 
above). __ . -- - .- - - - - - ._ _ .  - 
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6.4.4 Survey Techniaues 

I I L V I S I O f l  

1 

When survey ing areas or equipment where i n tense  small  beams 
o f  r a d i a t i o n  can be present,  t h e  r a d i a t i o n  d e t e c t i o n  
inst rument  s h a l l  be used w i t h  aud ib le  response. An aud ib le  
response i s  necessary due t o  t h e  l a g  t ime  i n  meter response. 
The probe s h a l l  be moved s l o w l y  enough so t h a t  t h e  
inst rument  has a chance t o  g i v e  an aud ib le  increase f o r  a 
l a r g e  r a d i a t i o n  l e v e l  increase. P a r t i c u l a r  a t t e n t i o n  s h a l l  
be g i ven  t o  thoroughly  scanning suspected areas, such as 
p o r t a b l e  s h i e l d  sect ions and areas which are o r  a re  l i k e l y  
t o  be occupied. Small i n tense  beams have occurred i n  p laces 
such as o u t s i d e  s h i e l d s  surrounding sources c o n t a i n i n g  many 
c u r i e s .  For equipment w i t h  complex s h i e l d  design, surveyors 
s h a l l  o b t a i n  b r i e f i n g s  on t h e  equipment design so t h a t  areas 
most l i k e l y  t o  have small  beams can be g i ven  specia l  
a t t e n t i o n .  
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SECTION 7 

REQUIREMENTS FOR WORKING IN 
CONTAMINATION AREAS 

7.1 Controlling Contamination from Radioactive 
Materi a1 

7.2 Limits for Surface Contamination 

7.3 Requirements for Working in Contamination Areas 

7.3.1 Posting Requirements 

7.3.2 Authorization for Work in Contamination 
Area 

7.3.3 Anti -Contamination C1 othi ng 

7.3.4 Decontamination of Areas 

7.3.5 Personnel Monitoring Requirements 

7.3.6 Handling Radioactive Material 

7.4 Contamination Surveil 1 ance 
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38-3 
7.0 Reauirements for Workina in Contamination Areas 

7.1 Control1 inq Contamination from Radioactive Material 

A Contamination Area designation applies to those areas where 
radioactive material is handled and significant levels of 
contamination exist, or can be generated, even though procedures are 
followed and equipment performs as designed. 
established to prevent the removal and spread of contamination from 

- -Contamination monitoring of personnel and equipment prior to exit 
from the area is essential. Usually, special work practices will be 
required to limit potential employee exposure and to control the 
contamination generated. Anti-contamination (anti-C) apparel will 
be utilized and respiratory protection will often be required. Pre- 
job monitoring and evaluation by RS technicians will usually be 
required. 
summary of the contamination levels detected and the permit 
specifies any personnel protection requirements for the. job must be 
posted at the work site. 
permanently or temporarily established; the operating requirements 
and controls would be the same in either case. 

To achieve containment of contamination in the Contamination Area, 
all anti-Cs must be removed at a step-off pad prior to exit from the 
area. Additionally, personnel, tools, and equipment shall be 
monitored for contamination each time they exit the area. 
monitoring is to be performed by other than Radiological Safety 
personnel, specific exit guidelines shall be provided as "go", 
"no-go" criteria. 
Contamination Area is required with whatever decontamination 
activity is necessary to return the area to its previously 
designated status; at which time the barriers may be removed. 

Controls are 

the Contamination Areas via clothing, shoes, equipment, etc. _. ~ - -  

The RWP (Radiation Work Permit) evaluation provides a 

A Contamination Area may be either 

If the 

Post-job contamination monitoring o f  a temporary 

In all areas, the primary requirement is the control of 
contamination by two basic methods. First, positive contamination 
prevention through job planning that stresses the use of reasonable 
and innovative precautionary measures to eliminate, reduce, and/or 
contain contamination generated by the work activity. Second, an 
active decontamination program administered according to establ ished 
contamination 1 imits. 

7.2 Limits for Surface Contamination 

The values in Table 5.1 are those levels of contamination which 
provide an umer boundary condition for the particular area in 
question. 
contamination level in the area exceeds the Zone 2 and Zone 3 
limits. 

Decontamination is required whenever the averaqe 
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Any area w i t h i n  a r a d i o l o g i c a l  area where h i g h  p o t e n t i a l  f o r  

contaminat ion exceed t h e  Zone 2 l i m i t s  g i ven  i n  Table 5.1, 
s h a l l  be posted by RS personnel w i t h  "Contamination Area" 
s igns. 

' contaminat ion e x i s t s ,  o r  where known l e v e l s  o f  sur face 

Phys ica l  b a r r i e r s  t o  c o n t r o l  access i n t o  c e r t a i n  areas are a 
necessary p a r t  o f  t h e  contaminat ion c o n t r o l  program a t  FMPC. 
B a r r i e r s  s h a l l  be erected by RS personnel i n  such a manner as 
t o  i s o l a t e  hazards w i t h i n  t h e  area. Temporary b a r r i e r s  a re  
no rma l l y  made w i t h  y e l l o w  and magenta rope and y e l l o w  
stanchions. Appropr ia te s igns s h a l l  be at tached t o  t h e  rope 
a t  l e a s t  a t  12 f o o t  i n t e r v a l s .  
standard magenta r a d i a t i o n  symbol and t h e  words "Contamination 
Area". Signs posted a t  t h e  e n t r y  t o  t h e  area s h a l l  c o n t a i n  
speci a1 i n s t r u c t i o n s  and r e q u i  rements . 
The average removable nonwork su r face  contaminat ion 1 eve1 i n  
t h e  area s h a l l  be s p e c i f i e d  on t h e  sign. Personnel p r o t e c t i o n  
requirements s h a l l  a l s o  be s p e c i f i e d  on t h e  s ign.  

The s igns s h a l l  have t h e  

Access c o n t r o l  p o i n t s  f o r  Contamination Areas must have t h e  
f o l l o w i n g :  1) a "Contamination Area" s ign,  2) a s t e p - o f f  pad 
area, 3 )  a contaminat ion-waste b a r r e l  o r  p l a s t i c  bag ( f o r  
d i sposa l  o f  gloves, shoe covers, t yvek  c o v e r a l l s ,  e t c . ) ,  and 
4) a shoe/shoe cover exchange area. There s h a l l  a l s o  be 
adequate p r o v i s i o n  o f  a n t i  -contaminat ion apparel s to red  on the  
c lean  s i d e  o f  t h e  s t e p - o f f  pad. 

Shoe covers o r  dedicated company-issued shoes, company-i ssued 
c o v e r a l l s ,  and gloves s h a l l  be t h e  minimum r e q u i r e d  f o r  e n t r y  
t o  Contamination Areas. Requirements f o r  a d d i t i o n a l  a n t i  - 
contaminat ion apparel and r e s p i r a t o r y  p r o t e c t i o n  s h a l l  be 
s p e c i f i e d  by RS personnel on a case-by-case bas is .  

P o r t a b l e  contaminat ion m o n i t o r i n g  inst ruments s h a l l  be made 
a v a i l a b l e  t o  workers i n  contaminat ion areas, unless t h e r e  i s  
dedicated RS t e c h n i c i a n  support  f o r  a p a r t i c u l a r  j o b  o r  
ope ra t i on .  Workers s h a l l  be i n s t r u c t e d  by RS personnel i n  t h e  
use o f  these instruments.  

7.3.2 A u t h o r i z a t i o n  f o r  Work i n  Contamination Area 

A Rad ia t i on  Work Permit  s h a l l  be r e q u i r e d  f o r  t h e  performance 
o f  any t a s k  t h a t  i nvo l ves  exposure t o  r a d i o a c t i v e  m a t e r i a l  f o r  
which t h e r e  i s  n o t  an approved work procedure. 
i d e n t i f i e s  t h e  work a c t i v i t y ,  t h e  associated r a d i o l o g i c a l  
- condit i-ons .and p r o t e c t i v e  measures- requ- i red .to accompl i s h  t h e  
work. (See Sect ion 4) 

The RWP 

_. 
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7.3.3 Anti -Contaminati.on Clothinq 

For entry or work in designated Contamination Areas or where 
the potential for release of contamination exists, special 
disposable clothing (anti-C clothing) shall be required as 
well as respiratory protective apparatus. Anti-C clothing 
shall be worn over issued work clothes and shoes and may 
incl ude a zippered coverall, hood, gloves and shoe covers. 
All anti-C clothing shall be removed and bagged for disposal 

_ _  - -  upon exiting from-the-work site control .area.-- - - - -  - - - -  - - - - 

Personal property (exclusive of undergarments, jewelry, eye 
glasses, hearing aids and prosthetic devices) shall be 
prohibited in Contamination Areas. 

- _ . -  

7.3.4 Decontamination of Areas 

If surface contamination levels in a Contamination Area which 
is accessible to personnel exceed the Zone 2 limits given in 
Table 5.1, the affected area or item must be decontaminated 
within 5 work days of the receipt of the survey results. 

Cleaning of radiological contaminants shall be done using HEPA 
(High Efficiency Particulate Air) filtered vacuums or, damp 
mopping if water is not precluded by nuclear materials 
hand1 ing requirements for enriched material. Due to bulk 
properties (i .e., density, mass, diameter of particulate) 
surface contaminants must be removed to minimize the 
resuspension into the environment and inhalation by personnel 
in the area. 

The frequency of cleaning shall be dependent on the amounts 
and types of surface contamination, the applicable limit, the 
recurrence of contamination, and nearby operations which may 
resuspend the contaminants. 

When decontamination of any surface is required by 
Radiological Safety personnel, a post-decontamination survey 
shall be conducted in order to document the residual 
contamination levels. 

All items requiring decontamination shall be tagged by RS 
personnel. The tag shall bear the words "Caution - 
Radioactive Contamination" or words of similar meaning. The 
tag shall specify:l) the maximum direct reading and removable 
contamination levels on the item, 2) the recommended action 
(wet decontamination, etc.), and 3) the personnel protection 
requirements necessary to carry out the recommended action. 
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1 .  Routine monitoring of facilities and equipment for contamination 
to specify decontamination requirements and/or to specify 
personnel protection or contamination control requirements for 
subsequent work activities. 

2 .  Job specific monitoring of tasks that may involve the generation 
of significant contamination or that are performed in areas 
where significant levels of contamination may be present (e.g., 
Contamination Areas). This monitoring would include a pre-job 
hazard eval uat i on. 

i 

3. A routine contamination monitoring program of selected areas i s  
required to determine the degree of general workplace 
contamination and to assess the effectiveness of contamination 

. control practices. 

A fourth type of monitoring is associated with an unusual 
occurrence. 
contamination free, then _ _  surveys must be-made-to determine the - - -- 

extent-of th-e problem. 
foll ow. 

If contamination is found in an area that is normally 
_ _  An investigation as to the cause should - - -  

- 70 
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7.3.5 Personnel Monitorinq Requirements 

Contamination monitoring instruments shall be deployed by RS 
personnel at all Contamination Area work sites. Alarm set- 
points and/or administrative action levels shall be set or 
posted. 

7.3.6 Handlinq Radioactive Material 

Radioactive material shall be contained or covered whenever 
practical. 
wrap, specially built plugs, covers or total containment 
devices. The containment shall have a radiation sticker 
attached with the date, exposure rate, contamination level, 
Radiological Safety technician’s signature and any special 
instructions pertaining to handl ing of the item. 
material shall be handled and stored in such a manner that the 
potential spread o f  contamination is minimized and exposures 
to all personnel are kept ALARA. 

The containment may be in the form of plastic _ _  

Radioactive 

Ingots, derbies, cores, flats, etc., shall have loose 
contamination vacuumed from their surfaces before storage or 
transport to reduce the spread of contamination and reduce the 
potential for elevated levels of airborne radioactivity within 
the work environment. The various items made of uranium metal 
shall be handl ed remotely whenever possible to reduce 
extremity exposure. 

7.4 Contamination Surveillance 

In general, three basic types of surface contamination monitoring 
are performed by RS personnel: 



SECTION 8 

REQUIREMENTS FOR WORKING IN AIRBORNE RADIOACTIVE AREAS 

8.1 Controlling Airborne Radioactivity 

8.2 Limits for Airborne Radioactivity 

. .  . . *. . .  

8.3 Requirements for Working in Airborne Radioactive 
Areas 

8.3.1 Posting of Areas 

8.3.2 Respiratory Protection 

8.3.3 Authorization for Work in Airborne Radioactivity 
Areas 

8.3.4 Containment of Airborne Radioactivity 

8.4 Monitoring for Airborne Radioactivity 
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8.0 Reauirements for Workinq in Airborne Radioactivity Areas 

I 8.1 Controllinq Airborne Radioactivity 
I 

Radioactivity can become airborne through such operations as 
burning, welding or grinding a contaminated component, 
decontamination, formation of particles from the products of process 
reactions, or disturbing deposited radioactivity on contaminated 
floors or other surfaces. 

particulate and gaseous radioactive material. Gaseous activity 
(e.g., radon, thoron) is experienced in very limited areas of  the 
facility and does not normally represent a significant contribution 
to exposure. 

Control of airborne radioactivity by the application of engineered 
controls is the primary means for minimizing inhalation of airborne 
radioactivity. 
practicable such as in dust collector enclosures, respiratory 
protection shall be used. 

Air samples shall be taken where significant concentrations of 
airborne radioactivity are probable or suspected within the work 
environment. Continuous air monitors (CAM’s) are used to monitor 
selected nominally occupied areas. Continuous fixed-fil ter air 
samplers are used for monitoring the air exhausted in the plant 
stacks. 

- Airborne radioactivity at the FMPC is a combinat-ion of- both - 

In situations where engineered controls are not 
I 
I 
I 

Other sampling equipment i s  available for specific applications. 
Portable, battery operated samplers are avail ab1 e for emergency 
sampling, such as at a fire. Working level monitors may be used for 
detecting the short-lived decay products of Rn-220 (Thoron) and Rn- 
222 (Radon). High volume samplers are required for quickly drawn 
samples which involve low DAC limit radionuclides, such as Th-232. 
Annular impactors may be used to eliminate radon and thoron decay 
products for early long-lived activity analyses. 

8.2 Limits for Airborne Radioactivity I 
Limits for airborne radioactivity in occupied areas are listed in 
Appendix B to this manual. These limits are designated by the DOE 
as derived air concentrations (DAC) for airborne radioactivity and 
are 1 imits for average concentrations of radionuclides of various 
solubil i ty classes over a working year. The use of respiratory 
protection is prescribed on the basis of airborne concentrations 
present compared to the listed values. Measurement of air 
concentration is routinely reported at FMPC in units of uCi/cm3. 
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Any area w i t h i n  a Rad io log i ca l  Area where t h e  p o t e n t i a l  e x i s t s  
f o r  a i rbo rne  r a d i o a c t i v i t y  concentrat ions g r e a t e r  than 0.8 DAC 
hours per  s h i f t  s h a l l  be posted by RS personnel as an A i rbo rne  
R a d i o a c t i v i t y  Area. 

Any area w i t h i n  a Rad io log i ca l  Area where ac tua l  a i rbo rne  
r a d i o a c t i v i t y  concentrat ions exceed 2.0 DAC hours pe r  s h i f t  
when averaged over one ca lendar  q u a r t e r  o r  8.0 DAC hours 
d u r i n g  any s i n g l e  s h i f t  s h a l l  be posted as a Resp i ra to r  Area. 

I n  a d d i t i o n ,  a r e p  where su r face  contaminat ion excefds 50,000 
a lpha dpm/100 cm , o r  100,000 beta-gamma dpm/100 cm s h a l l  be 
posted as Ai rborne R a d i o a c t i v i t y  Areas due t o  t h e  p o t e n t i a l  
f o r  resuspension o f  r a d i o a c t i v i t y  u n t i l  a i r  sampling shows a i r  
a c t i v i t y  t o  be l e s s  than t h e  l i m i t s .  

The p o s t i n g  s h a l l  have t h e  standard magenta r a d i a t i o n  symbol 
on a y e l l o w  background and t h e  words "Ai rborne R a d i o a c t i v i t y  
Area." Special  i n s t r u c t i o n s  o r  requirements f o r  e n t r y  t o  
a i rbo rne  areas s h a l l  be conspicuously posted a t  

8.3.2 ResDiratorv  P r o t e c t i o n  

I f  t h e  sources o f  a i rbo rne  contaminat ion cannot 
r e s p i r a t o r y  p r o t e c t i o n  s h a l l  be requ i red .  Resp 
be used i n  accordance w i t h  t h e  FMPC Resp i ra to ry  
Manual (FMPC-2152). 

A i r  supp l i ed  r e s p i r a t o r y  p r o t e c t i o n  may be requ 
s i g n i f i c a n t  amounts o f  r a d i o a c t i v e  m a t e r i a l  are 
t h e  work area a t  t h e  s t a r t  o f  work o r  i f  t h e r e  

t h e  entrance. 

be e l im ina ted ,  
r a t o r s  s h a l l  
P r o t e c t i o n  

r e d  i f  
a i rbo rne  i n  
s a p o t e n t i a l  

f o r  t h e  c r e a t i o n  o f  a i r b o r n e  contaminants due t o  t h e ' n a t u r e  o f  
t h e  work. Examples would be: Welding on a contaminated 
surface, c lean ing  up s p i l l s  o f  d r y  m a t e r i a l ,  and changing dust  
c o l  1 e c t o r  bags. 

Resp i ra to ry  p r o t e c t i o n  s h a l l  be considered whenever burn ing,  
g r i n d i n g ,  o r  welding takes p lace  on a contaminated sur face.  

A. Resp i ra to r  Sel e c t  i on 

D i f f e r e n t  brands o f  r e s p i r a t o r y  p r o t e c t i v e  equipment a re  
a v a i l a b l e  a t  t he  FMPC. 
t o  f a c i l i t a t e  proper f i t t i n g  and opt imal  user p r o t e c t i o n  and 
comfort .  

These r e s p i r a t o r s  have been chosen 

Several f ac to rs  govern r e s p i r a t o r  s e l e c t i o n .  - - These- i nclud-e. - 

1. The na tu re  and ex ten t  o f  t h e  hazard. 

_-  - - _ -  . -  - _ -  ._ - _  
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2. Work requirements and conditions. 38rl) 
3. Respiratory equipment protection 1 imits. 

4. Avai 1 abi 1 i ty of approved equipment . 
5. Facial characteristics (size, shape, etc.). 

6. Skin reactions to the material from which the respirator 
is made. 

- B.-Respi rator Types 

The types of respirators available for use are: 
ai r-puri fyi ng respirators, full -face ai r-puri fyi ng 
respirators, air-suppl ied respirators with half- or full - 
face mask or hood and self-contained breathing apparatus. 
(SCBAs). 

Half-mask 

They are described in FMPC-2152. 

C.Protection .Factors 

The overall protection provided by a respirator is defined 
as its protection factor (PF) .  Table 8.1 shows the 
protection factors for each type of respirator as listed in 
NRC Regulatory Guide 8.15. 

The PF is defined as the ratio of the concentration of 
contaminants outside the respirator to that inside the 
respirator under conditions of use. F o r  example, if the 
contaminant concentration inside a half mask respirator is 
less than 10 percent of  that outside the respirator, it may 
be used for respiratory protection in atmospheres with a 
contaminant concentration up to 10 times the permissible 
exposure limit. 
individuals wearing respiratory protection equipment from 
radioactive materials, the concentration of airborne 
radioactive contaminants is divided by the protection factor 
to determine actual intake. The PF is the lowest acceptable 
fit test factor (FTF) defined in FMPC-2152. 

When calculating the exposure of 

8.3.3 Authorization for Work in Airborne Radioactivity Areas 

A Radiation Work Permit shall be required for the performance 
of any task that involves exposure to radioactive material for 
which there is not an approved work procedure. 
identifies the work activity, the associated radiological 
conditions and protective measures required to accomplish the 
work (See Section 4). 

The RWP 

8.3.4 Containment of Airborne Radioactivity 

The spread of airborne contamination should be minimized-by 

particulate air (HEPA) filtered exhaust at the worksite. HEPA 
- employing a localized, high velocity, high efficiency 

8-3 
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TABLE 8.1 

RESPIRATORY PROTECTIVE EQUIPMENT 

Cond i t i on  I n s i d e  
o f  HeadDi ece Type o f  EauiDment 

A i r - P u r i f y i n g b  

( a )  Hal f -Face negat ive pressure 

(b). F u l l  - f ace  Facepi ece negat ive pressure 

A i  r l  i ne Resp i ra to r  (Type "C"  
suppl i ed a i r  r e s p i  r a t o r ) c  

( a )  Hal f -mask cont inuous a i r  f l o w  

(b)  F u l l - f a c e  facepiece wi th 
emergency supply o f  
compressed a i r  cont inuous a i r  f l o w  

- - -  - - .  - -  

( c )  Hood headpiece cont inuous f l o w  

(d)  Helmet headpiece cont inuous f 1 ow 

Sel f -Conta ined Brea th ing  
Apparatus (SCBA) 

NOTES: 

a 

b 

C 

389 

P r o t e c t i o n  
Factor  a 

.. . 
l o  
50 

1000 

200Od 

2000 

2000 

F u l l  - f ace  facepiece - 
open c i r c u i t  pressure-demand 10, OOOd 

P r o t e c t i o n  f a c t o r  i s  t h e  m u l t i p l i c a t i o n  constant  used t o  determine 
t h e  degree o f  p r o t e c t i o n  from a p r o p e r l y  used r e 2 p i r a t o r  ( f o r  
example, t h e  a i r b o r n e  l i m i t  f o r  U-238 i s  1 X 10- uCi/ml. A 
p r o t e c t i o n  f a c t o r  o f  10 a l l ows  entrance i n t o  an environment w i t h  a 
concen t ra t i on  o f  1 x 10 -~  uCi/ml). 

An approp r ia te  h i g h  e f f i c i e n c y  r a d i o n u c l i d e  c a r t r i d g e  must be used 
i n  a l l  cases. 

The equipment supp ly ing  b rea th ing  a i r  and t h e  a i r  supp l i ed  s h a l l  
meet the  requirements i n  Compressed Gas Assoc ia t i on  (CGA) Standard 
6-7.1-1973 f o r  Grade D a i r .  The a i r  i n  any b r e a t h i n g  supply s h a l l  

, b e  t e s t e d  i n i t i a l l y  and a t  l e a s t  annual ly  t h e r e a f t e r  by Q&S. 
,->:-;.: 7 

Approved f o r  use i n  environments t h a t  a re  immediately dangerous t o  
l i f e  and hea l th .  
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f i l t e r e d  vacuum c leaners o r  p o r t a b l e  a i r  movers f i t t e d  w i t h  
d u c t i n g  and HEPA f i l t e r s  may be used f o r  t h i s  a p p l i c a t i o n .  
Personnel a re  s t i l l  r e q u i r e d  t o  use r e s p i r a t o r y  p r o t e c t i o n  
when t h e  p o t e n t i a l  f o r  a i rbo rne  contaminat ion e x i s t s .  Th is  
requirement i s  n o t  re laxed  by t h e  use o f  a l o c a l i z e d  HEPA 
f i 1 t e r e d  exhaust. Proposed worksi t e  HEPA f i 1 t e r e d  exhaust 
systems s h a l l  be reviewed by t h e  Q&S Department p r i o r  t o  t h e i r  
use. 

To prevent  cross contaminat ion,  designated vacuums s h a l l  be 

work areas s h a l l  have t h e  ends taped and tagged as 
r a d i o a c t i v e l y  contaminated a f t e r  use. 

- used i n  work .areas. Hoses o f  vacuums used i n  contaminated - - - - - - 

Contamination containments s h a l l  be used t o  t h e  maximum ex ten t  
p r a c t i c a b l e  t o  prevent  personnel exposure t o  a i r b o r n e  
r a d i o a c t i v i t y  above t h e  l i s t e d  l i m i t s .  T h i s  containment i s  
r e q u i r e d  d u r i n g  r a d i o a c t i v e  work which has been known t o  cause 
o r  i s  expected t o  cause a i rbo rne  r a d i o a c t i v i t y .  

a. The exhaust f rom r a d i  ol ogi  c a l l  y c o n t r o l  1 ed containments 
s h a l l  be HEPA f i l t e r e d  whenever work i s  i n  progress i n  these 
containments t o  prevent  t h e  re lease  o f  a i r b o r n e  
contaminat ion t o  t h e  surrounding environment. 

contaminat ion containments t o  prevent  personnel  f rom being 
exposed t o  s i g n i f i c a n t  a i rbo rne  r a d i o a c t i v i t y .  

Q&S i n  vacuum c leaners  used f o r  removing su r face  
contaminat ion.  

b.HEPA f i l t e r s  s h a l l  be i n s t a l l e d  i n  t h e  exhaust f rom 

c.HEPA f i l t e r s  s h a l l  be i n s t a l l e d  and c e r t i f i e d  acceptable by 

8.4 Mon i to r i na  f o r  A i rbo rne  R a d i o a c t i v i t y  i 

A i r  p a r t i c u l a t e  surveys s h a l l  be performed by RS personnel .  Records 
o f  t h e  r e s u l t s  o f  these surveys s h a l l  be reviewed by Rad io log i ca l  
Safety  personnel. The f o l l o w i n g  a i r  samples s h a l l  be t h e  minimum 
performed: 

a. Dur ing r a d i o a c t i v e  work which has been known t o  cause o r  i s  
expected t o  cause a i r b o r n e  r a d i o a c t i v i t y ,  and i n  occupied 
sur face contaminat ion areas. 

b. When opening a process system t o  t h e  atmosphere f o r  ope ra t i on  o r  
maintenance. A i r  samples a re  n o t  r e q u i r e d  d u r i n g  normal l i q u i d  
sampling opera t i ons  o r  when opening t h e  system i n  a containment 
enclosure equipped w i t h  a h i g h - e f f i c i e n c y  f i l t e r .  

p i p i n g  o r  m a t e r i a l .  
c. When i n i t i a l l y  e n t e r i n g  tanks c o n t a i n i n g  p o t e n t i a l  r a d i o a c t i v e  

-- 
~~ 

~ 

d. Whenever a i rbo rne  r a d i o a c t i v i t y  l e v e l s  above t h e  acceptable 
1 i m i  t a re  suspected. 

* 76 
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The potential airborne radionuclides of 1 imiting concern in the 
various plants and areas of FMPC are shown in Table 8.1. 
cl asses are 1 i sted based on conservative assumptions. 
activity or condition producing the chemical form i s  also listed. 

Solubility 
The process 

When it is determined by Radiological Safety that an employee has 
been in an environment where the air concentration is equal to or 
greater than 40 DAC hours, without a respirator, he/she will leave a 
"special urine sample." 
5480.11, 9.9.2. 

This is based on requirements of DOE Order 

8-6 
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_ _  - ._ -. _- 
nEdislotc.  I5:L'E D A I E :  

0 4 / 2 6 / 8 9 .  1 

LOCATION AND SOLUBILITY CLASS OF POTENTIAL 
AIRBORNE RADIONUCLIDES AT FMPC 

P1 an t/Loca t i on Radionucl ide/Fornl C1 ass sou r c  I2 
P i  1 o t  P1 a n t  

au toc l  ave/reac t o r  

g r i t  b l a s t e r  and 
plasma spray u n i t  

wet area 

P l a n t  1 

P1 a n t  2 /3  

P l a n t  4 

P l a n t  5 

P l a n t  6 

P l a n t  8 

P l a n t  9 

S o l l l b i l i t v  C l a s s  

D G e r y  s o l u b l e  
W = moderate ly  s o l u b l e  
Y = r e l a t i v e l y  i n s o l u b l e  

-. 

UF4 W (U -  2 3 8 )  UFc/UF, c o n v e r s  i on  

D ( U - 2 3 8 )  UF,,./UF,l coiivct-s i o n  
. -  

F6 

uo,, u30, Y ( U - 2 3 8 )  

Th-234 and Pr-234 Y U-238 decay producls 

Rn-220 (Thoron) T t i - 2 3 2  ciiibcdded 
and decay p roduc ts  N/A i n rl oor/cqu i piacn t 

Th-232 W Th- 232  embedded 
i n f 1 oor/equ i pmen t 

Th-232 W Most conserva t i ve  
1 in i i  t f o r  sariipl i n g  
and process ing.  

uo,, u,o, Y ( U - 2 3 8 )  S t a r t  o f  process. 
0 ( U - 2 3 8 )  End o f  process. 

U-238 ox ides  W U oxide t o  UF,. 

U-238 oxides/metal Y A r e a  B 

Th-234 and Pr-234 Y U-238 dccsy products 

uo3 

W ( U - 2 3 8 )  Area A UF4 

U-238 oxides/metal Y I4ach iniricJ/pickl i n g .  

Sodium d i u r a n a t e  W Water t rea tment .  

U-238 Y Most conse rva t i ve  
U 1 iiiii t f o r  
p rocess ing  many U 
conlpourlds. 

U-238 oxides/metal  Y 
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SECTION 9 

RESPONDING TO RADIATION INCIDENTS 

, 

9.1 Incident Repsonse 

9.1.1 Basic Guidelines 

9.1.2 Follow-up Actions 

9.1.3 Radiological Safety Response 
to Incidents 

9.2 High Radiation Alarm 

9.3 Airborne Radioactive Alarm 

9.4 Radioactive Material Spills 

9.5 . Radioactive Material Fires 
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9.0 ResDondinq to Radiation Incidents 

9.1 Incident ResDonse 

An incident is a sudden unexpected event requiring immediate 
response to limit the impact on people, property or the 
environment. When radioactive material is involved, Radiological 
Safety plays a major role in evaluating, controlling, and 
recovering from the event. 
radioactive materials are: nuclear criticality, fire or explosion 

-an unexpected radiation detection a1 arm. 

Examples of incidents involving 

involving radioactive material, spill of radioactive material and . -  .. 

Radiological Safety personnel shall respond to a1 1 radiological 
emergency incidents. The ability to assess and evaluate the 
situation and the immediate steps to minimize the effects of the 
event are crucial for control1 ing the emergency (see FMPC-503), 

An emergency response may be initiated by personnel observing the 

response is required; however, undue risks shall be avoided and 
employee safety shall not be compromised. 

The type of emergency determines the level of planning for 
response. 
requires little planning for the initial response. However, when 
an emergency causes a faci 1 i ty/pl ant evacuation, prep1 anni ng 
(e.g., stay time, route of entry, decontamination method, etc.) 
and the approval of the AEDO are necessary for re-entry. 

event, alarms or the Emergency Operations Center (EOC). A rapid 
I 

For example, a CAM alarm or a small radioactive spill 

9.1.1 Basic Guidelines 

The basic guidelines for emergency response include the 
fol 1 owi ng : 

Radiation exDosure considerations - These are not 
1 imiting factors for rescue of personnel. 

Renderina first aid to injured emDlovees - This may be 
administered by members of the ERT, Medical Staff or 
other trained personnel. 

AttemDt to stoD the cause - Undue risks shall be avoided. 

Warn other Dersonnel - Keep unnecessary personnel away 
from the event. 

Isolate the area - Install barriers as quickly as 
possible to establish a controlled area separating the 
affected area from the unaffected areas. In determining 
the size of the controlled area, the following should be 
considered: Gamma (penetrating) dose rates, possible. ~ - 

-spread of-contami nation-, weather condl ti ons, chemical 
hazards, nonradi ol ogi cal hazards, and securi ty . Normal 

ao 
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381) 
operations outside of the controlled area may continue. 

L 

o Minimize ExDosure - For initial response, unnecessary 
radi at i on exposure shall be avoided. 

o Survey - Define and assess the radiological problem and 
Interview people at the scene regarding the 

Perform radiological 
conditions. 
nature and extent of the incident. 
surveys; the type of survey is based on the event. 
of surveys include: personnel surveys-,-property and - - - 

equipment surveys,-dose rate estimates, air sampling, 
perimeter surveys, and re-entry surveys. 

Types 
- -  

Fol1 ow-up Action 

This includes, but is not limited to, decontamination, 
providing monitoring coverage, formal evaluations, 
restoration, and documentation. A planned operation is 
necessary to assure personnel exposures are minimized. Any 
planned exposure above the occupational dose 1 imi ts requires 
the permission of the FMPC Site Manager and personnel who 
will be expected to receive the extra exposure. 

Any employee involved in an incident which could have 
resulted in an intake of radioactive materials by 
inhalation, ingestion or absorption shall submit a urine 
sample at the end of employee's shift and again at the start 
of the next shift or as directed by Radiological Safety. 

Radioloqical Safety ResDonse to Incidents 

The primary function of Radiological Safety is to provide 
the radiological data necessary to confirm and control the 
incident, determine the magnitude of the incident, minimize 
exposure to personnel, minimize contamination spread, and 
assist in the recovery actions. Radiological data is 
provided through surveys performed by Radiological Safety 
and by air sample monitors in or near the event area. 
Radiological surveys include radiation dose rates, 
radioactive contamination levels and air activity levels. 

The primary purpose of all surveys is to assure personnel 
protection, to maintain exposure ALARA, and to minimize 
contamination of  the area and personnel. 

General ResDonsibil ities of Radioloqical Safety Personnel 

o Respond to any potential emergency involving radioactive 
materi a1 . 

o Perform radjohgical survey-sso.f-p_e-rs-o.nn.el_-and- the ~ -~ - 
.___ 

affected area. - 
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o Document survey results. 
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o Establ ish boundaries and access control. 

Communication 

o Normally, communication is made to the AEDO or EOC. 

o The primary method of communication with the RS 
supervisor is the two-way radio No. 355, . _  and telephone 
system Extension 6889. 

o Contact the emergency representative as soon as possible 
after reaching the assigned area. 
contact to provide radiological data. 

Maintain frequent 

PreDaration 

o Availability of emergency kits and instrumentation. 

o Avai 1 abi 1 i ty of equipment and suppl i es. 

o Protective clothing. 

o Respiratory protection. 

o Dosimetry 

o Emergency vehi cl e. 

o Two-way radio. 

Area Survev and Access Control 

o Don protective clothing as necessary. 

o Approach the affected area cautiously, with instruments 
operating. 

o Survey area to determine incident size. 

o Determine and establish boundaries based on dose rate, 
contamination spread, and air sampling. 

o Establ ish entry/exit point of control. 

o Determine radiation background in staging area. 

o Survey personnel who have evacuated for contamination. 

- ._ - - - - - o If applicable, segr-gate-personnel in prote-c-tive - - 

clothing . 

82 
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o Se t  p r i o r i t y  of survey. In jured  personnel should be 
given f i r s t  p r i o r i t y .  Personnel i n  p r o t e c t i v e  c lo th ing ,  
personnel who evacuated su r face  contaminat ion a rea ,  and 
remaining personnel should fol low.  

ISSUE DATE: 
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- - _ _  

Information t o  be Obtained 

o Report survey results. 

o Survey a l l  personnel and equipment l eav ing  a f f e c t e d  
~ ~~ incident a rea .  ~ ~ - - - .  . . . ~  ~~ -. .~ . - .- .- 

. - .  ~ - ~ 

o Time of incident .  

o Location of  the incident .  

o Nature of the  incident .  

o What r ad io log ica l  information i s  known. 

- Contamination (proper ty  and personnel ) . 
- Dose r a t e .  
- I so topes  involved and the i r  s o l u b i l i t y  c l a s s e s .  
- Air sampl ing  da t a .  

-. . 0 .  Assure t h a t  personnel evacuated from contaminat ion a reas  a r e  
s u r v e y e d - f o r ~ ~ c o n t a m i n a ~ ~ o n . ~ . ~  .__- ~~~ ~- - 

I 

o A v a i l a b i l i t y  of o t h e r  personnel t o  support  emergency 
a c t i v i t i e s .  

o Are nonradi o l  ogi ca l  hazards involved ( i .e. , chemical s ,  
explos ive  dev ices ,  f i r e ,  e tc . )?  

l o Plume t r ack ing  ( i f  necessary) .  I 
l o S t a t u s  o f  environmental p r o t e c t i v e  a c t i o n s  ( i . e . ,  

d i v e r t i n g  storm d r a i n s ,  securing d u s t  c o l l e c t o r s ,  e t c . ) .  

9.2 Hiqh Radiat ion Alarm 

Not i f i ca t ion  o f  a high r a d i a t i o n  alarm wi l l  occur  by means of t he  
RDA system o r  a verbal warning from Q&S personnel o r  coworkers. 

Immediate Action f o r  Hiqh  Radiation Alarm I I 
o Evacuate a l l  personnel .  

o Stop any work o r  opera t ion  t h a t  may be causing the h i g h  
r a d i a t i o n  problem ( f o r  example, radiography) .  
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o Obta in i n f o r m a t i o n  f rom evacuated personnel on t h e  poss ib le  
cause o f  t h e  alarm. 

. 

9.3 

9.4  

o If evacuated personnel a re  wearing d i r e c t  s e l f  read ing  
' dosimeters, read t h e  dosimeter and note any h i g h  reading 

o E s t a b l i s h  boundaries as necessary t o  c o n t r o l  access u n t i  
source o f  t h e  h i g h  dose r a t e s  have been i d e n t i f i e d ,  and 
e l i m i n a t e d  o r  reduced t o  normal cond i t i ons .  

.. 

A i rbo rne  R a d i o a c t i v i t v  Alarm 

the  

N o t i f i c a t i o n  o f  h i g h  a i rbo rne  r a d i o a c t i v i t y  may be e i t h e r  by means 
o f  a Constant A i r  Mon i to r  (CAM) Alarm o r  a verbal  warning from 
Q&S personnel o r  coworkers. 

Immediate Ac t i ons  f o r  A i rborne R a d i o a c t i v i t v  Alarm 

o Evacuate a l l  unnecessary personnel f rom t h e  area. I f  personnel 

o Warn o t h e r  personnel i n  t h e  area. 

must remain i n  t h e  area due t o  ope ra t i on  cons ide ra t i ons ,  they 
must don r e s p i r a t o r y  p r o t e c t i o n  immediately. 

o N o t i f y  superv i s ion  and RS Technic ians o f  t h e  problem. 

o Request any work o r  ope ra t i on  t h a t  may be causing t h e  a i rbo rne  
p rob l  em be suspended u n t i l  f u r t h e r  eval  ua t  i on. 

o Turn o f f  a l l  u n f i l t e r e d  exhaust v e n t i l a t i o n  f rom t h e  
area. 

o Remain o u t s i d e  b u t  ad jacent  t o  t h e  a f f e c t e d  area u n t  
by RS personnel. 

a f f e c t e d  

1 re leased 

Radioact ive M a t e r i a l  S D i l l s  

Response a c t i o n s  a re  needed t o  minimize t h e  spread o f  
contaminat ion i f  r a d i o a c t i v e  m a t e r i a l  i s  s p i l l e d .  These apply t o  
s p i l l e d  r a d i o a c t i v e  m a t e r i a l  i n  d r y  o r  l i q u i d  form w i t h i n  o r  
ou ts ide  a f a c i l i t y / b u i l d i n g .  

CAUTION: I f  u n f a m i l i a r  w i t h  t h e  m a t e r i a l  o r  system, w a i t  f o r  
q u a l i f i e d  help.  
Evaluate p o t e n t i a l  f o r  l i f e  t h r e a t e n i n g  s i t u a t i o n s ,  such 
as t o x i c  chemical fumes o r  c r i t i c a l i t y .  

Do n o t  move damaged con ta ine rs .  

Immediate Act ions f o r  Radioact ive M a t e r i a l  %ill 

o Evacuate a l l  unnecessary personnel i n  o r  near t h e  s p i l l  area t o  
a safe, c e n t r a l  l o c a t i o n .  (Consider personal contaminat ion 

o Warn approaching personnel t o  remain o u t s i d e  o f  s p i l l  area. 

__ _- - - surveys - _ _ _  - -  and - nasal  - 
smears.) - ~- - -  
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o N o t i f y  app rop r ia te  Q&S personnel i f  s p i l l  i s  determined t o  have 

Radioact ive M a t e r i a l  F i r e s  

Most o f  t h e  f a c i l i t i e s  a t  t h e  FMPC have been designed t o  prevent,  
de tec t ,  suppress, and c o n f i n e  f i r e s  and l i m i t  p roduc ts  o f  
combustion. Most areas i n  t h e  Product ion P lan ts  have an automat ic 
f i r e - s u p p r e s s i o n  system ( s p r i n k l e r  system), which when a c t i v a t e d  
w i l l  serve t o  e x t i n g u i s h  t h e  f i r e .  
been ext inguished, and personnel have been evacuated t o  a safe 
d is tance,  steps t o  i s o l a t e ,  c o n t r o l ,  and recover  t h e  area s h a l l  be 
performed by RS personnel .  

Immediate Act ions f o r  Radioact ive M a t e r i a l  F i r e s  

o N o t i f y  Communications Center ( c a l l  6511) o r  a c t i v a t e  f i r e  p u l l  
box). 

o Evacuate a l l  unnecessary personnel t o  a sa fe  c e n t r a l  l o c a t i o n  
(consider  personal contaminat ion surveys and nasal  smears). 

_ _ _  - - _ - -  - -- - - -- 
chemical o r  c r i t i c a l  i t y  concerns. 

. - - _ _ -  - 

I n  cases where t h e  f i r e  has 

ISSUE DATE 
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o SCBAs s h a l l  be worn by a l l  personnel f i g h t i n g  f h e  f i r e  u n t i l  
a i rbo rne  1 eve1 s have been monitored and a i r b o r n e  
concentrat ions pe rm i t  o t h e r  r e s p i r a t o r y  p r o t e c t i o n .  
r e s p i r a t o r s  w i t h  p u r p l e  c a r t r i d g e  s h a l l  be worn by a l l  
personnel r e q u i r e d  t o  e n t e r  an uncleared area o r  support  f i r e  
f i g h t i n g  personnel. . 

smoke o r  fumes. 

F u l l  - f ace  

o Warn approaching personnel t o  s tay  c l e a r  o f  area, and away from 

NOTE: The pr imary r a d i o l o g i c a l  danger d u r i n g  a r a d i o a c t i v e  f i r e  i s  
due t o  i n g e s t i o n  or i n h a l a t i o n  o f  r a d i o a c t i v e  smoke, dust,  
vapors, o r  fumes. It i s  very impor tant  t o  keep personnel 
f a r  enough away from t h e  s i t e  o f  f i r e  and smoke t o  prevent  
t h e  i nadver ten t  i n h a l a t i o n  o f  poss ib le  a i r b o r n e  
r a d i o a c t i v i t y .  
personnel should remain upstream o f  a i r  f l o w  o r  plume. 

o N o t i f y  RS Supervisor 

Whether i n s i d e  o r  ou ts ide  a b u i l d i n g ,  

__  o N o t i f y  operat ions superv i so r  - 

o N o t i f y ' a p p r o p r i a t e  Q&S s e c t i o n  
85 
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SECTION 10 

RADIATION CONTROL MANUAL 

10.1 General Requirements 

10.2 Transuranic Materials 

10.3 Source Control Requirements 
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10.1 General Reauirements 

for the purpose of defining requirements for control of sources, a 
radiation source is defined as a radiation generating device or a 
discrete amount of radioactive material used or designed for use in 
instrumentation (other than consumable standards) or radiography. 

Radiation sources are used throughout the FMPC in various gages and 
as test standards. Inventories must be maintained and leak checks 

._  - 
- - performed to maintain -adequate control o f  sources-. - -- - 

ISSUE DATE: 

04 12618' 

10.2 Transuranic Materials 

Materi a1 s control 1 ed by Nucl ear Materi a1 s inventory in accordance 
with DOE Order 5633.3 are not subject to the requirements of this 
manual. However, lesser quantities of transuranic materials not 
subject to the Nuclear Materi a1 s inventory shall be control 1 ed in 
accordance with this manual . 

Radiation sources falling in this category are as follows: 

. Elements or radionuclide Amount 

0 

0 

0 

0 

Plutonium 
Americium-241 & 243 
Curium 
Berkel i um 
Cal i fornium -25'2 
Neptunium -237. 

10.3 Source Control Reauirements 

(1 gram 
(1 gram 
<1 gram 
(1 microgram 
<1 microgram 
<1  gram 

A permit for radiation sources shall be obtained from the Site 
Radiation Source Controller as required by Q&S. 
shall be issued for each source custodian. The permit shall be 
updated as needed to reflect changing conditions of inventory 
or requirements. 

Radiation Source Permit forms are identified in Figures 10-1 
and 10-2. Figure 10-1 shows the title page(s) of the permit. 
A form provided for specific data and requirements on each 
radiation source is presented in Figure 10-2. 

One permit 

Source custodian 
sources and prov 
Radiation Source 

(s) shall perform a quarterly inventory of all 
ide notice o f  the inventory results to the Site 
Controller. Loss or damage to sources shall 

be reported to the Site Radiation Source Controller 
immediately. 

The source custodian(s) shall coordinate with Radiological 
__ ~ __-- 
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o P r i o r  t o  b r ing ing  a r a d i a t i o n  source on s i t e ,  a Radiat ion 
Source Permit must be obtained.  

o Secure s to rage  and use of  r a d i a t i o n  sources  a s  i den t i f i ed  by 
the Radiat ion Source Permit i s  the r e s p o n s i b i l i t y  of the user. 
Users s h a l l  maintain their  doses  from r a d i a t i o n  sources  a s  low 
a s  reasonably achievable  and maintain the i n t e g r i t y  o f  the  

_ _  . --- - -  _ _  _ _ _ _  - -  - -  - - -  _ -  source con ta ine r .  - - - - _ _  - - 

o Radiological Sa fe ty  s h a l l  provide technica l  a s s i s t a n c e  upon 
request of  the source  user o r  cus todian .  

I5SUE D A T E  
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11 . O  Radioac t ive  M a t e r i a l  ShiDDinq and Receiv inq 360 
11.1 General Reauirements 

Radioact ive m a t e r i a l s  rece ived onto o r  shipped f rom t h e  FMPC s h a l l  
conform t o  U.S. Department o f  T ranspor ta t ion  (DOT) and U . S .  
Department o f  Energy (DOE) r u l e s  and regu la t i ons .  These r u l e s  and 
r e g u l a t i o n s  apply  t o  veh ic les  and packages used f o r  t h e  shipments 
as w e l l  as t h e  m a t e r i a l s  themselves. 

These r u l e s  and r e g u l a t i o n s  s h a l l  apply  t o  a l l  r a d i o a c t i v e  
m a t e r i a l s  rece ived o r  shipped, t o  veh ic les  used t o  s h i p  exc lus i ve  
use shipments, and t o  veh ic les  which d e l i v e r  e x c l u s i v e  use 
shipments, regard less  o f  i n t e n t  t o  reuse f o r  an e x c l u s i v e  use 
shipment. It does n o t  apply  t o  m a t e r i a l s  t ranspor ted  e x c l u s i v e l y  
on s i t e .  Requirements f o r  on s i t e  t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  
m a t e r i a l s  a re  s p e c i f i e d  i n  FMPC-2089. 

Personnel respons ib le  f o r  sh ipp ing  r a d i o a c t i v e  m a t e r i a l  a re  
respons ib le  f o r  packaging i t  i n  compliance w i t h  a p p l i c a b l e  r u l e s  
and regu l  a t  i ons . 
The T ranspor ta t i on  and M a t e r i a l s  Management Department s h a l l  
n o t i f y  RS Technicians when veh ic les  c a r r y i n g  r a d i o a c t i v e  ma te r ia l  
a r r i v e  on s i t e ,  a re  empty, a re  loaded and ready f o r  d ispatch,  and 
f o r  p repara t i on  o f  r e q u i r e d  sh ipp ing  papers. 

The Rad io log ica l  Safe ty  Sec t ion  s h a l l  survey packages, veh ic les ,  
etc.,  ma in ta in  records,  and make requ i red  r e p o r t s  and 
n o t i f i c a t i o n s .  

11.2 TransDortat ion Standards 

The Federal DOT, through T i t l e  49 o f  t he  Code o f  Federal 
Regulat ions (49 CFR), se ts  standards f o r  sh ipp ing  r a d i o a c t i v e  
ma te r ia l s .  These r e g u l a t i o n s  s p e c i f y  how the  m a t e r i a l  i s  t o  be 
packaged, how i t  i s  loaded, exposure ra tes ,  removable sur face  
contaminat ion l e v e l s ,  and i n  some cases, how i t  i s  rou ted .  

The U.S. Nuclear Regul.atory Commission, through T i t l e  10, Pa r t  71 
o f  t he  Code o f  Federal Regulat ions (10 CFR 71), supplements the  
DOT r e g u l a t i o n s  f o r  l a r g e  q u a n t i t i e s  o r  h igh  l e v e l s  o f  byproduct 
m a t e r i a l s  and s i g n i f i c a n t  q u a n t i t i e s  o f  f i s s i l e  m a t e r i a l s .  

The-types o f  r a d i o a c t i v e  m a t e r i a l  shipments g e n e r a l l y  made t o  or 
from FMPC are: 

LSA (Low S p e c i f i c  A c t i v i t y )  and L im i ted  Q u a n t i t y .  LSA i s  f o r  
shipment o f  thor ium and nonenriched compounds o f  uranium v i a  
exc lus i ve  use veh ic les .  L im i ted  q u a n t i t y  i s  f o r  s o l i d  forms o f  
n a t u r a l  thor ium or uranium (no t  t o  exceed 15 g o f  uranium-235). 

mrem/hour o r  l ess .  
- .. - L imi  ted-quan-ti t y  packages- must- have-a sur face  dose r a t e  of--O.5-- --- -- 
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11.3 Survevincr of Shipments 

Surveys of packages and vehicles shall be performed by 
Radiological Safety within the following time frames: 

- Incoming packages nonexclusive use vehicle - As soon as 
practical b u t  not more t h a n  three (3)  hours a f te r  receipt 
during normal worki ng hours. 

- Incoming exclusive use vehicle - prior t o  opening. 

- Vehicle t o  be used for exclusive use - within--24 hoursof 
loading. 

- Outgoing package nonexclusive use vehicle - within 24 hours of 
1 eavi ng. 

- Outgoing exclusive use vehicles - within three (3) hours of 
1 eavi ng . 

- All Vehicles - af ter  unloading. _ _ _  -- --  _ _  _ _  _- 

Removable contamination "Swipe" surveys ar; conducted using dry 
f i l t e r  paper. A 300 square centimeter (cm ) area of each package 
i s  t o  be swiped. I Large smooth surfaces ('IT" hoppers, UF, cy1 inder, 
vehicles, etc.)  may be rough checked by swiping a large area with 
a tissue/towelette (e.g., Kimwipe). 
activity on the tissue/towelette, a formal 300 cm swipe will be 
required. Exclusive use vehicles shall be surveyed prior t o  being 
1 oaded. 

If there i s  $etectable 

Packages shall be surveyed for exposure rate a t  the surface and a t  
one (1) meter. 

Vehicles shall be surveyed for exposure rate a t  the surface and a t  
two ( 2 )  meters. 

I f  the surface dose equivalent rate i s  1.5 mrem/hour or less ,  
packages separated by eight (8) feet or more may be considered i n  
low background. Higher surface dose rates, larger packages - - -  or 
arrays of packages, or closer spacing shall use the "c" (less 
than )  symbol when measured exposure rates are recorded due t o  
unknown contributions from other packages. 

NOTE: Because definitions of limited quantity and the requirements 
for Radioactive I ,  11, I11 labels are based on dose rate 
measurements, the errors resulting from packages being t o o  
close together could adversely affect shipping requirements, 
even though otherwise legal and proper. 

11.4 Radiation and Contamination Limits 

Limits are: Limited quantity packages: 

Surface Dose Rate = 0.5 mrem/hr for non-exlusi re 
.----- - 

____- 

11-2 



NUYBE R: 

FMPC-2084 

Package for other t h a n  exclusive use of vehicle shipment: 

Surface Dose Rate: 200 mrem/hr 

. - - . . . __ . .- 
I I f V I S I O t I ~  I5;UE U A I C .  

0 4 / 2 6 / 8 9  ' 1 

The Transport Index, i . e . ,  the maximum 
radiation level i n  mrem/hr a t  one meter, 
i s  limited t o  not  more than 10 units per 
package and not  more than  50 unit-s-per 
shipment . 

Exclusive use of vehicle package: 

Surface Dose Rate: 200 mrem/hr 
Any "Surface" of Vehicle: 200 mrem/hr 
2 Meters (6.6 f t ) :  10 mrem/hr 
Any normally occupied position 

i n  vehicle (truck Ca.): 2 mrem/hr 
Contamination Limits: Same as 1 imi ted q u a n t i t y  

packages. 

Enclosed Exclusive use Vehicle: 

Surface Dose Rate: 1000 mrem/hr 
Surface of Vehicle: 200 mrem/hr 
2 meters from surface of 

vehicle: 10 mrem/hr 
Any normal 1 y occupi ed pos i t i  on 

i n  vehicle: 2 mrem/hr 
Removabl e Cont ami nat i on: Same as limited quan t i ty  

packages. 

Empty exclusive use vehicles not marked "For Radioact4ve Materials 
Use Only", shall have an inter ior  surface dose rate of 0.5 
mrem/hour or l f s s  and the remozvable contamination must be less 
than  22 dpm/cm (or 2.2 dpm/cm i f  transuranic materials are 
present) averaged over 300 square centimeters. 

11.5 Markinq, Label i nq and P1 acardi ng 

Radioactive materials received onto, or shipped from, the FMPC 
shall conform t o  the marking, labeling, and placarding 
requirements of the DOT and DOE rules and regulations as they 
apply t o  packages and vehicles. 

Personnel responsible for shipping radioactive material are 
responsible for properly packaging, marking and labeling i n  
compliance w i t h  applicable rules and regulations. 

- - - - _ _  -_ - - 
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The WMCO Transpor ta t ion  and M a t e r i a l s  Management s h a l l  v e r i f y  t he  
l a b e l i n g ,  marking and p laca rd ing  o f  incoming ma te r ia l s ,  p r i o r  t o  
acceptance, and t o  v e r i f y  marking and l a b e l i n g  o f  outgoing 
packages, and t o  p laca rd  when p lacards  are requ i red  on ou tgo ing  
shipments. 

The U.S. Department of T ranspor ta t i on  (DOT) through T i t l e  49 o f  
t h e  Code o f  Federal Regulat ions (49 CFR) es tab l i shes  r u l e s  and 
r e g u l a t i o n s  f o r  l a b e l i n g  and p laca rd ing  r a d i o a c t i v e  m a t e r i a l s  f o r  
shipment. The U.S. Department o f  Energy (DOE) es tab l i shes  
c r i t e r i a  f o r  packaging- and sh ipp ing  r a d i o a c t i v e  m a t e r i a l s  through 
DOE Order 5480.3. 

11 .5 .1  Marking: A l l  packages except those shipped as e i t h e r  
l i m i t e d  q u a n t i t y  o r  LSA/exclusive use o f  v e h i c l e  must be 
s p e c i f i c a t i o n  con ta ine rs  and s h a l l  be marked i n  accordance 
w i t h  the  f o l l o w i n g , s e c t i o n s  o f  49 CFR 172: 

300 A p p l i c a b i l i t y  (what must be marked). 

301 General requirements ( i n fo rma t ion  r e q u i r e d  i n  t h e  

304 Marking requirements, c h a r a c t e r i s t i c s  and 1 o c a t i  on( s )  

310 Radioact ive m a t e r i a l s  - a d d i t i o n a l  markings r e q u i r e d  

312 L i q u i d  hazardous m a t e r i a l s  - "Th is  s i d e  up" and 

178 

Tanks and p o r t a b l e  tanks (49 CFR 171.8) have spec ia l  marking 
requirements i d e n t i f i e d  i n  t h e  f o l l o w i n g  sec t ions  o f  49 CFR: 

marking) . 
o f  markings: 

f o r  r a d i o a c t i v e  m a t e r i a l s  packages. 

p r o h i b i t i o n  on use o f  o t h e r  arrows. 
Spec i f i es  the  requirements f o r  t he  c o n s t r u c t i o n  o f  
s p e c i f i c a t i o n  con ta ine rs  and the  requ i red  markings. 

172.326 Por tab le  tanks. 
172.328 Cargo tanks.  
172.332-336 I d e n t i f i c a t i o n  numbers (orange panels) .  

11.5.2 Labels: Packages o f  r a d i o a c t i v e  ma te r ia l  s h a l l  be l abe led  
i n  accordance w i t h  t h e  f o l l o w i n g  sec t ions  o f  49 CFR unless 
they  a re  LSA exc lus i ve  use o r  l i m i t e d  q u a n t i t y  shipments. 

172.400 
172.402 
172.403 

172.406 
172.407 

173.29 
173.427 

- - __ - - _  _ _  - 

General l a b e l i n g  requirements. 
A d d i t i o n a l  1 abel i ng requ i  rements . 
Rad ioac t ive  m a t e r i a l s  a d d i t i o n a l  l a b e l i n g  
requirements. 
P1 acement o f  requ i red  1 abel s .  
Label s p e c i f i c a t i o n s  (dimensions, c o l  o rs ,  
and wording) . 
"Empty" 1 abel s. 

l abe ls -  on c 6 i n t a i G r s  wtiich h3ve c i i n t a i n i d  
r a d i o a c t i v e  m a t e r i a l .  

S p e c i f i c  requirements f o r  use o f  "empty" . ._ _- 
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11.5.3 Placards: Any vehicles carrying a package which has a 
"Radioactive Yellow 111" label and exclusive use vehicles 
carrying LSA must be placarded. 
49 CFR pertain to placarding. 

172.500 Applicability of placarding requirements. 
172.504 General placarding requirements (NOTE: UF, 

in Table 1 and exclusive use shiments of 

The following sections of 

LSA in Footnote 5). 
172.506 Placards for highway. 
172.508 P1 acards for rai 1 roads. 

- 172.574 - Cargo tanks and portable -tanks: - -  

172.516 Visibility and display of placards. 
172.519 Specifications (construction, mater 

shape) for pl acards. 
172.556 "Radi oact i vel' pl acard. 

11.5.4 Miscellaneous: 
are given in Table 2 of 49 CFR 173.417. 

Transportation indexes for fissile 

als, 

materi a1 

Limited quantities of radioactive materials are defined by 
49 CFR 173.421, 173.421-1, and 173.423. 

LSA exemptions and marking , 1 abel i ng , and pl acardi ng 
requirements are given in 49 CFR 173.425. 

49 CFR 173.444 lists the sections which proved exceDtions to 
1 abel i ng requirements. 

' 
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SECTION 12 

RECORDKEEPING 

12.1 Radiological Monitoring Records 

12.2 Work Place Monitoring 

12.3 Personnel Exposure 
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All original radiological sampling data including maps,. surveys 
and .original sample worksheets shall be filed by Radiological 
Safety and kept indefinitely. 

Laboratories (including offsite laboratories) shall maintain 
records of instrument serial numbers, calibration, calibration 
source identification along with documentation of a complete 
qual i ty control program- in accordance with NRC -Regul atory Guide 
4.15. This information shall also be maintained indefinitely. 

- - - - -  

12.2 Work P1 ace Moni torinq 

Records of surveys, data sheets, maps, radiation work permits, 
health physics calculations, investigations, air sample results, 
worksheets and any other documentation directly related to work 
place monitoring shall be filed by Radiological Safety according 
to location (i .e., plant, building, project or location) and 
maintained for an indefinite length of time. 

Data compiled on computer disks shall be trackable to original 
survey results and shall be controlled through the use of backup 
disks. 

Documentation of work conditions affecting the results of work 
area monitoring shall be listed on the appropriate record with 
sufficient detail to allow understanding at an undefined future 
date. Data stored on disk shall not be construed as sufficient 
reason to destroy original information. 

12.3 Personnel ExDosure 

-Completed monthly dosimetry reports shall be retained. Each plant 
supervisor and the subcontractor shall receive a copy of his/her 
personnel's monthly dose. 

A summary of annual, cumulative and committed effective dose 
equivalent shall be provided to each employee and subcontractor 
radiation worker on an annual basis. . Dose records shall be kept 
indefinitely by Dosimetry and Instrumentation. 

All raw data, corrected data and employee external radiation 
reports shall be retained in a folder labeled with the particular 
month. 

I 

An extremity dosimetry report is generated quarterly by Dosimetry ! 
and Instrumentation with extremity dose totals for each month, 
e.g., a March report will contain results for January, February, I 

and March of that year. 
I 

- _ _  __ __ --. -- - -  - _ _ _  -- _ _  - - 
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RADIATION SAFETY TRAINING 

13.1 Radiation Safety Training 

13.2 Training Records 
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13.1 Radiation Safety Traininq 

1 
380 

Radiation safety training shall be provided to all WMCO employees 
and subcontractors by Q&S and all RUST subcontractor employees by 
RUST Engineering Company. 
function of the employee’s work assignment. 

The scope and depth of training is a 

13.1.1 EmDlovee Orientation 

All employees shall receive an orientation in radiation 
safety within one month of their initial employment. 
Retraining shall be provided when there are significant 
changes to radiation protection policies and procedures 

frequency not to exceed two years. The initial orientation 
should include, but is not limited to: 

$ which effect general plant employees, but at a sufficient 

o the risk of low-level occupational radiation exposure, 
including cancer and genetic effects 

o the risk o f  prenatal radiation exposure 

o basic radiation protection concepts 

o DOE and WMCO radiation protection policies and procedures 

l 

o empl oyee and management responsi bi 1 it i es for radi at i on 
safety 

o emergency procedures 

13.1.2 Radiation Worker Traininq 

Radiation worker training programs shall be established and 
conducted at a sufficient frequency (not to exceed two 
years) to familiarize the worker with the fundamentals of 
radiation protection and the proper procedures for 
maintaining exposures ALARA. Training should include both 
classroom and applied training. Training shall precede or 
be concurrent with’assignment as a radiation worker while 
under the supervision of a trained individual. 
knowledge of radiation safety fundamentals possessed by 
radiation workers shall be certified by examination prior to 
an unsupervised assignment. 
be issued unless this training has been satisfactorily 
completed. The level of training in the following topics 
shall be commensurate with each worker’s assignment: 

The 

Radiation dosimeters will not 
R 

o radioactivity _ _  and radioactive -- - __ decay- - - - -- 
- _ _  _. - __ _ _  

o characteristics of ionizing radiation 

180 o man-made radiation sources 

13-1 
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o acute effects of exposure to radiation 

o risks associated with occupational radiation exposures 

o special considerations in the exposure of women of 

o dose equivalent limits 

o mode of exposure--internal and external 

reproductive age 

~ _ _ -  

08/0 1 /89 
PEVISION: 

2 

o dose equival ent determi nat i ons 

o basic protective measures--time, distance, shielding 

o specific plant -procedures for maintaining exposure as 
as reasonably achievable (ALARA) 

o radiation survey ins t rumenta t ion- -ca l ib ra t ion  and 
limitations 

o radiation monitoring programs and procedures 

ow 

o contamination control, including protective clothing and 
equipment and workplace design 

o self-monitoring instruments for detection of 
contamination bioassay and in vivo measurements 

o personnel decontamination 

o emergency procedures 

o warning signs and alarms 

o responsi bi 1 it i es of employees and management 

o interaction with radiaeion protection staff 

13.1.3 RS Technician Traininq 

Radiation protection technician training programs shall be 
established and conducted at a sufficient frequency, not to 
exceed two years, to familiarize technicians with the 
fundamentals of radiation protection and the proper 
procedures for maintaining exposures ALARA. 
shall include both classroom and applied training and shall 
Precede or be concurrent with assianment as a radiation 

This program 

protection technician while under ;he supervision of a 

fundamentals possessed by radiation protection technicians 
shall be certified by examination prior to an unsupervised R 
work assignment. 

- - .  .- _ _  trained individual .- The knowledge - o f  radiat-ion -safety - - - 

The training program should include the 
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t o p i c s  l i s t e d  i n  t h e  paragraph above and should emphasize 
procedures s p e c i f i c  t o  t h e  f a c i l i t y  where t h e  t e c h n i c i a n  i s  
assigned. ‘ The l e v e l  o f  t r a i n i n g  i n  each t o p i c  s h a l l  be 
commensurate w i t h  t h e  t e c h n i c i a n ’ s  assignment. 

13.2 T r a i n i n q  Records 

T r a i n i n g  reco rds  o f  p l a n t  employees, r a d i a t i o n  workers, and 
r a d i  a t  i on s a f e t y  personnel s h a l l  be r e t a i n e d  by Human Resources 
Department t o  document t h e  l e v e l  o f  understanding and p r o f i c i e n c y  
o f  personnel who - work w i t h  r a d i o a c t i v e  m a t e r i  a1 s .  - C e r t j  f i c a t  i on 
o f  successfu l  complet ion o f  t r a i n i n g  programs and performance 
records s h a l l  a l s o  be re ta ined .  
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SECTION 14 

RADIATION EFFECTS 

14.1 Exposure Effects 

14.2 Control of Collective Dose 

14.3 Radiation Risk 
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14.1 ExDosure E f f e c t s  

I t  i s  g e n e r a l l y  accepted by the  s c i e n t i f i c  community t h a t  exposure 
t o  i o n i z i n g  r a d i a t i o n  can cause b i o l o g i c a l  e f f e c t s  t h a t  a re  
harmfu l  t o  t h e  exposed' organism. 

1 
These e f f e c t s  are c l a s s i f i e d  

i n t o  t h r e e  ca tegor ies :  1 

Somatic E f fec ts :  E f f e c t s  occu r r i ng  i n  the  exposed person t h a t ,  i n  
.._ tu rn ,  may be -d i v ided  i n t o  two c lasses:  - _ -  

Prompt e f f e c t s  t h a t  are observable soon a f t e r  a 
1 arge o r  acute dose (e.g., 100 rems o r  more t o  
t h e  whole body i n  a few hours) ,  and 

- .__ 

Delayed e f f e c t s  such as cancer t h a t  may occur 
years  a f t e r  exposure t o  r a d i a t i o n .  

Genet ic  E f f e c t s :  
c h i l d r e n  o f  exposed i n d i v i d u a l s  and i n  subsequent generat ions.  
Genetic e f f e c t s  exceeding normal inc idence have no t  been observed 
i n  any o f  t he  s tud ies  o f  exposed humans. 

Teratogenic  E f f e c t s :  E f f e c t s  t h a t  may be observed i n  c h i l d r e n  who 
were exposed d u r i n g  the  f e t a l  and embryonic stages o f  development. 

14.2 Cont ro l  o f  C o l l e c t i v e  Dose 

Abnormal i t ies  t h a t  may occur i n  the  f u t u r e  

Concerns about these b i o l o g i c a l  e f f e c t s  have r e s u l t e d  i n  c o n t r o l s  
on dose t o  i n d i v i d u a l  workers and i n  e f f o r t s  t o  c o n t r o l  t h e  
c o l l e c t i v e  dose (person-rems) t o  t h e  worker popu la t ion .  

Nuclear  a c t i v i t i e s  r e s u l t  i n  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  t o t a l  
occupat ional  r a d i a t i o n  exposure i n  the  Un i ted  States.  Regulatory  
a c t i o n  has r e c e n t l y  focused more a t t e n t i o n  on ma in ta in ing  
occupat ional  r a d i a t i o n  exposure a t  l e v e l s  t h a t  a re  as low as 
reasonably achievable (ALARA). Rad ia t ion  p r o t e c t i o n  t r a i n i n g  f o r  
a l l  workers who cou ld  be exposed t o  i o n i z i n g  r a d i a t i o n  i s  an 
e s s e n t i a l  component o f  any program designed t o  ma in ta in  exposure 
l e v e l s  ALARA. A c l e a r  understanding o f  what i s  p resen t l y  known 
about the  b i o l o g i c a l  r i s k s  associated w i t h  exposure t o  r a d i a t i o n  
w i l l  r e s u l t  i n  more e f f e c t i v e  r a d i a t i o n  p r o t e c t i o n  and should 
generate more i n t e r e s t  on t h e  p a r t  o f  t he  worker i n  min imiz ing  
bo th  i n d i v i d u a l  and c o l l e c t i v e  doses. I n  add i t i on ,  r a d i a t i o n  
workers have t h e  r i g h t  t o  whatever i n fo rma t ion  on r a d i a t i o n  r i s k  
i s  a v a i l a b l e  t o  enable them t o  make informed dec is ions  regard ing  
t h e  acceptance o f  these r i s k s .  
develop an understanding o f  the  r i s k s  invo lved r a t h e r  than 
excess ive f e a r  o r  i n d i f f e r e n c e .  

I t  i s  in tended t h a t  workers 
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At the low dose limits set for occupational radiation exposure in 
the United' States, it is difficult to demonstrate a relationship 
between exposure and effect. 
and controversy regarding estimates of radiation risk. 
Appendix C, a range of risk estimates is provided (see Table 1) as 
well as a discussion of the health risks due to radiation 
exposure. 
such sources as the 1980 National Academy of Sci-ences'- Report- of- 
the Committee on the Biological Effects of Ionizing Radiation 
(BEIR-80), the International Commission on Radiological Protection 
(ICRP) Publication 27 entitled "Problems in Developing an Index of 
Harm," the 1979 report of the science work group of the 
Interagency Task Force on the Health Effects of Ionizing 
Radiation, the 1977 report of the United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR report), and 
numerous published articles (see the bibliography to Appendix C). 

There is considerable uncertainty 
In 

Information on radiation risk has been included from 
._ 

- 
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APPENDIX A 

Radiat ion S a f e t y  Terminology 

These a r e  terms commonly used i n  nuclear  industry .  

(From NUREG-0770, G1 ossary o f  Terms : Nucl ear Power and Radi a t  i on, 
U .$. Nucl ear  Regul atory Commi ssi on. ) June 1981. 
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TERM ' 

absorber 

- 

absorpt ion 

a c t i v a t i o n  

a i r  sampling 

ALARA 

alpha p a r t i c l e  

ani  on 

a t o m  

RADIATION SAFETY TERMINOLOGY 

DEFINITIONS 

Any m a t e r i a l  t h a t  absorbs o r  l e s s e n s  t h e  i n t e n s i t y  o f  
i o n i z i n g  r a d i a t i o n .  A t h i n  sheet o f  paper w i l l  absorb 
a1 ha a r t i c l e s  and a t h i n  piece o f  aluminum w i l l  
*pt the most energet ic  beta part ic-1es.-  - 

Concrete and s tee l  absorb gamma rays .  
absorbers ( l i k e  boron, hafnium, and cadmium) a r e  used 
i n  c o n t r o l  rods f o r  reactors .  (See s h i e l d i n g . )  

The process by which the number o f  p a r t i c l e s  o r  
photons e n t e r i n g  a body o f  m a t t e r  i s  reduced or 
at tenuated by i n t e r a c t i o n  w i t h  the m a t t e r .  
neutron capture.  

Neutron 

(See 

The process of making a ma te r ia l  r a d i o a c t i v e  by 
.bombardment with neutrons, protons, or other  nuc lear  
rad i a t  i on. (See f n d u c e h r a d i o a c t  i v i  t y  . ) 

The c o l l e c t i o n  and ana lys i s  o f  samples o f  a i r  t o  
measure i t s  r a d l o a c t i v i t  o r  t o  de tec t  the presence o f  
r a d i o a c t i v e  + su stances, p a r t l c u l a t e ,  mat ter  or chemical 
po l  1 u tan ts .  

Acronym for "As cow As Eeasonably Achievable,"  a b a s i c  
concept of  r a d i a t i o n  p r o t e c t i o n  t h a t  s p e c i f i e s  that  
r a d i o a c t i v e  dlscharges f rom nuc lear  p l a n t s  and 
r a d i a t i o n  exposure t o  personnel be kept a s  f a r  b e l o w  
r e g u l a t o r y  l i m i t s  as p r a c t i c a l .  

A p o s i t f v e l y  charged p a r t i c l e  e jec ted  spontaneously 
from t h e  n u c l e l  of some r a d i o a c t i v e  elements. I t  i s  
i d e n t l c a l  t o  a he l ium nucleus t h a t  has a m a s s  number 
o f  4 and an e l e c t r o s t a t l c  charge o f  +2.  It has 
l ow-pene t ra t i ng  power and shor t  range. The mos t  
ene rge t i c  alpha p a r t i c l e  w i l l  gene ra l l y  f a i l  t o  
pene t ra te  the  skin. Alphas are hazardous when an 
a lpha -emi t t i ng  rad lo i so tope  i s  in t roduced i n t o  the  
body. 

Negat ive ly  charged a. (See i o n i z a t i o n )  

The smal lest  p a r t i c l e  o f  an element t h a t  cannot be 
d i v i d e d  or broken up by chem-ans. I t  consis ts  
o f  a c e n t r a l  core c a l l e d  the  nucleus, which contains 
protons and neutrons. E lect rons o r b i t  i n  t he  reg ion 
surrounding t h e e u s .  

The number o f  pos i t i ve - l y  charged rotons i n  the 

electrical ~y n e u t r a l  atom. 

- 
- .  _ _  -- - ~ -  

nucleus o f  an atom and the  number 5-r o e ectrons on an 

so7 
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389 
a t o m i c  weight See mass number. 

attenuation The process by which a beam o f  radiation is reduced i n  
intensity when passing through some material. I t  is a 
combination of absorption and scattering processes. 

background radiation 

_ _  . . - ._. . _ -  - 

beta particle 

becquere 1 

bioassay 

The natural radiation in man's environment, includlng 
cosmic rays and radiation from the naturally occurring 
radioactive elements, both outside and inside the 
bodies of humans and animals. 
exposure from background r-adiation is -125-mill i r e m - p e r - -  -- 
-year i n  mid latitudes at sea level. 

A charged particle emitted from a nucleus during 
radioactive decay, with a mass e q u a l t o 1 8 3 7  t h a t  o f  
a proton. A negatively charged beta particle is 
identical to an electron. 
particle is c a l l e d i t r o n .  Large amounts o f  beta 
radiation may cause skin e-6- urns, and beta emitters are 
harmful i f  they enter the body. Beta particles are 
easily stopped by a thin sheet of metal or plastic. 

A unit, in the International System o f  Units (SI), for 
the measurement of radioactivity equal to one 
transformation or atomic disintegration per second. 

An average individual 

A positively charged beta 

The collection and analysis of human hair, tissue, 
nasal smears, urine or fecal samples to determine the  
amount o f  radioactive material that might have been 
deposited in the body. 
i nhal at ion, ingestion or inject ion. . 

Routes of possible entry are 

biological half-life The time required f o r  a biological system, such a s  
that o f  a human, to eliminate by natural processes 
half the amount o f  a substance (such as a radioactive 
material) that I s  present within it. 

biological shield A mass o f  absorbing material placed around a reactor 
or radioactive source to reduce the radiation to a 
level safe for humans. 

In the total body will produce the maximum permissible 
dose rate to the body organ considered the critical 
organ. 

body burden The amount o f  radloactlve material which if deposited 

bone seeker A radioisotope that tends to accumulate in the bones 
when it i s  introduced into the body. An example i s  
strontium-90, whlch behaves chemically 1 fke calcium. 

- -  

Bremsstrahlung Secondary photon radiation produced by deceleration o f  
charged particles passing through matter. 

The check or correction of the accuracy of a measuring 
instrument to assure proper operational 
character i s t 1 cs . 

_ -  

(See counter . ) 
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A term used in radiation physics to describe the state 
when the number of neutrons .released by fission i s  
exactly balanced by the neutrons being absorbed (by 
the fuel and poisons) and escaping the pile. A 
reaction is sild to be "critical" when it achieves a 
self-sustaining nuclear chain reaction. 

A col 1 oqui a1 t.em-for-corros3 on-and-wear-produc t s---- 

cask 

c h a r g e d  particle 

chronic exposure 

committed dose . 
equivalent 

~. -. . ~~ . . - -~ - -~ - ~- . - -  - - -  

compound 

contamination, 
radioactive 

control 1 ed area 

0 -  
control room 
(build ng) 

cosmic radiation 

counter 

critical organ 

criticality 

crud ---- 

A heavily shielded container used to store and/or.shl: 
radioactive materials. Lead and steel are common 
materials used in the manufacture of c a s k s .  

An ion. 
negative electric charge. 

See exposure. 

An elementary particle carrying a positive or 

Predicted total dose equivalent to a given organ o r  

radionuclide into the body. 
tissue over a SO year period after an -1ntake-of-a- _ - -  

- - 

A chemical combination of two or more elements 
combined in a fixed and definite proportion by weight. 

The deposition o f  uncontained or unwanted radioactive 
material on the surfaces of structure, areas, objects, 
or personnel. 

A defined area in which the occupational exposure of 
personnel to radiation or radioactive material i s  
under the c o n m n  individual in charge of 
rad i at i on protection. 

An area in a plant from which most of 
the plant power production and emergency safety 
equipment can be operated by remote control. 

Penetrating ionizing radiation, both particulate and 
electromagnetic, orlgtnat ing 1 n space. Secondary 
cosmic rays, formed by interactions in the earth's 
atmosphere, account for about 45 to 50 millirem o f  the 
125 millirem background radiation that an average 
individual receives a year. 

A general designation applied to radiation detection 
instruments or surve meters that detect and measure 
radiation. The + signa that announces an ionization 
event is called a count. 
counter. ) 

The body organ receiving a radionuclide or radiation 
dose that results in the greatest overall risk. 

(See Geiger-Mueller 

(rust particles, etc.) that become radioactive under a 
radiatlon flux. (See induced radioactivity.) 

S O 9  
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cumulative dose 

curie ( C i )  

~ .~ 

d aug h t e r product s 

decay, rad i oact i ve 

decontamination 

depleted uranium 

design-basis phenomena 

detect or 

differential pressure 
(DP) 

disintegration 
. .--dose . 

0 -  

The total dose result 
radiation to the same 
over a period of time 

ng from repeated' exposures o f  
region, or to the whole body ,  

The basic unit used to describe the qu a n t i t y  o f  
radioactivit in a sample o f  material. The curie i s  + to 37 billion disintegrations per second, which 
is the rate of deca of 1 gram o f  radium. A curie i s  
also a quanitity -+ o any radionuclide th a t  decays a t  a 
rate of 37 bfllion disintegrations per second. Named 
f o r  Marie and Pierre Curie, who discovered radium in 
1898. . . _ -  _ _  . . 

Isotopes that are formed by the radloactive decay o f  
some other radioisotope. In the case of radium-226, 
for example, there are 10 successive daughter 
products, ending in the stable isotope lead-206. 

The decrease In the amount o f  any radioactive material 
with the passage of time, due to the spontaneous 
emission from the atomic nuclei of either aloha or 
beta articles, often accompanied by gamma rhiation. h; radioactive.) 

The reduction or removal of contaminating radioactive 
material from a structure, area, object, or person. 
Decontamination may be accomplished by ( 1 )  treating 
the surface to remove or decrease the contamination; 
(2) letting the materlal stand so that the 
radioactivity is decreased as a result o f  natural 
decay. 

Uranium havlng a percentage of uranlum-235 smaller 
t h a n e  0.72 percent found in natural uranium. 
mill tailings.) 

(See 

Earthquakes, tornados, hurricanes, floods, etc., that 
a nuclear facility must be designed and built to 
withstand without loss to the systems, structures, and 
components necessary to assure pub1 ic health and 
safety. 

A material or device that is sensitive to radiation 
and can produce a response slgnal suitable for 
measurement or analysis. A radlation detection 
i ns trument . 
The difference in pressure between two points of a 
system, such as between the inlet and outlet of a 
Pump * 

See decay, radioactive. 

A quant-i ty (total-or accumulated) -of-ioni zinq- 
radiation received. The term "dose" is often used in 
the sense o f  the exposure, expressed in roentgens, 

(See counter. ) 

~- 
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dose equivalent 
_ .  . . -  

dosimeter 

dos i me t ry 

dose rate 

effective ha1 f-1 ife 

electromagnetic 
(radiation) 

electron 

element 
. - .- 

a enrichment 

which is a measure o f  the total amount o f  ionization 
that the quantity o f  X ray or gamma radiation could 
produce in air. 
absorbed dose, glven in rads, t h a t  represents the 
energy absorbed from any radiation in a gram o f  a n y  
material. 
rem, is a measure o f  the biological damage to living 
tissue from the radiation exposure. 

This should be distinguished from t h e  

furthermore, t-ical dose, given in 
- 

A term used to express the amount o f  biologically . -  

effective radiation when modifying factors -have been 
considered. The product of absorbed dose mu1 t i p 1  ied 
by a ualit factor multiplied by a distribution 
factor. t is expressed numerically in rem. + - 
A portable instrument for measuring and reqisterina 
the total accumulated exposure to ioniz ing-radi at i&. 
(See dosimetry.) 

The theory and appllcatlon o f  the principles and 
techniques Involved in the measurement and recording 
o f  radiatlon doses. Its practlcal aspect is concerned 
with the use of.various types of radiation instruments 
with which measurements are made. 
survey meter.) 

(See film badge; 

The radiation dose delivered per unit of time. 
Measured, for example, in per hour. 

The time required for the amount of a radioactive 
element present in a living organism to be diminished 
50 Percent as a result of the combined action of 
radioactive deca and biological el imination. (See 
bfol ogical h d i  fe. ) 

A traveling wave motlon resulting from changing 
electric and magnetic fields. Famil far 
electromagnetic radiations range from X rays (and 
amna ra s)  o f  short wavelength, through the +-+ u tra-vio et, visible, and infrared regions, to radar 

and radio waves of relatively long wavelength. 
electromagnetic radiations travel in a vacuum with the 
velocity of  light (See photon.) 

All 

An elementary prrtlcle with a unit neqatfve charge and 
a mass 1/1837 that o f  the roton. Electrons surround 
the positively charged nuc f- eus and determine the 
chemical properties of the-. 
particle. ) 

(See beta 

One of the 103 known chemical substances that cannot 
be broken down further without changing itx-chemi-cal 
prope-rties. 
gold, lead, and uranium. 

- 
SOme examples include hydrogen, nitrogen, 

See isotopic enrichment. 111 
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36r) 
erythema 

- 
exaosure 

- . .  
- .. 

ex t erna 1 rad i at i on 

extremities 

fissile material 

fission 

gamma ray 
(gamma radiation) 

gases 

gaseous diffusion 
(PI ant) 

An abnormal redness of the s k i n  due to distension o f  
the capillaries with blood. It  can be caused by many 
different agents - -  heat, drugs, ultraviolet r a y s  and 
ionizing radi at i on. 

The act or condition of being subject to the effect or 
risk o f  a field of radiation or dispersion o f  
radioactive materlal. 
accepted to be a large exposure received over a short 
period o f  time. 
during a- 1 1  fet ime. 

Exposure to ionizing radiation when the radiation 
source is located outside the body. 

The hands and forearms and the feet and ankles. 
(Permissible radiatlon exposures in these regions are 
generally greater than for the whole bod because they 

Although sometimes used as a synonym for fissionable 
material, this term has acquired a more restricted 
meaning; namely, any material fissionable by thermal 
(slow) neutrons. The three primarily fissile 
materi amrani urn-233, urani um-235 and 
pluton i um-239. 

The spllttlng of a nucleus into at least two other 
nuclei and the r e l e x a  relatively large amount o f  
energy. 
during this type o f  transformation. 

Acute exposure is generally 

Chronlc expgsure i.s exposure-received 
(See dose. ) 

contain less blood-forming materia + .) 

Two or three neutrons are usually released 

High-energy, short wavelength electromagnetic 
radlatlon emitted from the nucleus. Gamma radiation 
frequentTy accompanies a1 ha and emissions and 
always accompanies f i s s  P- on G a m a  rays are very 
penetrating and a r e b e s t t o p p e d  or shielded against 
by dense materials, such as lead or uranium. Gamma 
rays are Identical to X rays of the same energy. 

Normally formless fluids that completely f i l l  the 
space and take the shape of their container. 

A method of isotopic separatlon based on the fact that 
gas atoms or molecules with different masses will 
diffuse t h r o u g h u s  barrier (or membrane) at 
different rates. Thls method i s  used to separate 
uranium-235 from uranium-238: i t requires 1 arge 
gaseous diffusion plants and enormous amounts o f  
electric power. 

112 
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Geiger-Muel l e r  counter  

ha1 f-1 i f e  

h a l f - l i f e ,  
b i o l o g i c a l  

h a l f - l i f e ,  
e f f e c t i v e  

ha1 f - t h i c k n e s s  

h e a l t h  phys ics 

heat exchanger 

heat s i n k  

A r a d i a t i o n  d e t e c t i o n  and measuring instrument.  
c o r n  a g a s - f i l l e d  chamber, such a s  a tube 
con ta in ing  e lect rodes,  between which there 1 s an 
e l e c t r i c a l  vo l tage bu t  no cu r ren t  f lowing.  When 
i o n i z i n g  r a d i a t i o n  i n t e r a c t s  i n  the chamber, a sho r t ,  
in tense pulse o f  c u r r e n t  passes f r o m  the negat ive 
e lec t rode  t o  the p o s i t i v e  e lect rode and i s  measured or  
counted. The number o f  pulses p e r  second measures t h e  
i n t e n s i t y  o f  r a d i a t i o n .  
and W .  Mue l le r  who invented i t  i n  the 1920s. I t  i s  
sometimes c a l l e d  s imply a Geiger counter,  o r  a G-M 

i t  

I t  was named f o r  Hans Geiger 

- - - counter.  - - - - - - - - -  - -----  - -  - 

A form of carbon, s i m i l a r  t o  the 1ead.used i n  penc i l s ,  
used as a moderator i n  some nuclear  reactors  a l s o  for  
molds i n  h i g h  temperature furnaces. 

A u n i t ,  i n  t h e  I n t e r n a t i o n a l  System of U n i t s  (SI), o f  
absorbed dose which i s  equal t o  1 j o u l e  per k i logram. 

1 Gy - 100 r a d  

The t ime i n  which h a l f  t he  atoms o f  a p a r t i c u l a r  
r a d i o a c t i v e  substance d i s l n t e g r a t e s  t o  another nuclear 
form. Measured h a l f - l i v e s  vary f r o m  m i l l i o n t h s  o f  a 
second t o  b l l l i o n s  o f  years.  
ha1 f - 1  1 fe. 

Also c a l l e d  phys ica l  

The t ime requ i red  f o r  t he  body t o  e l im ina te  by 
p h y s i o l o g i c  processes h a l f  o f  t he  m a t e r i a l  present i n  
it. 

The t ime requ i red  f o r  a rad ionuc l i de  present i n  a 
b io locr ica l  system t o  be reduced b v  h a l f  as a combined ~- 

r e s u l i  o f  r a d l o r c t i v e  d e c a l  and b i o l o g i c a l  
e l  imlnat lon.  

The th ickness of any g iven absorber t h a t  w i l l  reduce 
t h e  in tens l ty  o f  a beam o f  r a d i a t i o n  t o  one-hal f  i t s  
I n i t i a l  value. This  value v a r i e s  w i t h  r a d i a t i o n  
energy and beam s i z e  and l o c a t i o n  o f  sh ie ld ing.  
a t tenuat  1 on ; sh i  e l  d i  np. ) 

(See 

The science concerned w l t h  recogn i t i on ,  eva lua t i on  and 
c o n t r o l  o f  h e a l t h  hazards from and 
non- ion i z ing  r a d i a t i o n .  

Any dev ice t h a t  t r a n s f e r s  heat from one f l u i d  ( l i q u i d  
o r  gas) t o  another f l u i d  or t o  the  environment. 

Anything t h a t  absorbs heat; u s u a l l y  p a r t  of the 
environment, such as the a i r ,  a r l v e r  o r  outer  space. 

. .  
- -- _-.hi.gh-rad.i a t  ion-area- Any- avea-access4 ble-to-personnek-in-which-a-major 

p o r t i o n  o f  t h e  body could rece ive  a r a d i a t i o n  dose o f  
100 m i l l i r e m  (0.1 rem) i n  one hour. These a r e a s  must 

113 0 I I 
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hot 

h o t  spot  

induced radioactivity 

ion 
- 

~~ 

ionization 

ionization chamber 

ionizing radiation 

irradiation 

isotope 

isotope separation 

~ . . . . 

isotopic enrichment 
__ -- _. . 

be posted as “high radiation areas’’ and access i n t o  
these areas is maintained under strict control. 

A colloquial term meaning highly radioactive. 

The region in a radiation/contamination area in which 
the level of radiation/contamination i s  noticeably 
greater than in neighboring regions in the area. 

- -  . - -  
See activation. 

An atom or group of atoms that carries a positive or 
negative charge as a result of having lost or gained 
electrons; an electron that i s  not associated w i t h  a 
nucleus. (See lonlzation.) 

The process of adding one or more electrons to or 
removing one or more electrons from atoms or 
molecules, thereby creating ions. High temperatures, 
-1 discharges, or ionizing radiations can 
cause ionization. 

An instrument that detects and measures ionizin 
radiatlon by measuring the electrical current tfat 
m n  radiation ionizes gas in a chamber, making 
the gas a conductor of electricity. (See counter.) 

Any radiatlon with sufficient energy to displace 
electronsfrom atoms or molecules, thereby producing - ions. Examples: alpha, beta, gamma, X rays, neutrons 
and ultraviolet light. 
radiatlon may produce severe skin or tissue damage. 

High doses of ionizing 

Exposure to radiation. 

One o f  two or more atoms with the same number o f  
rotons, but different number of neutrons in their h Thus, carbon-12, c a r b o n - ~ a r b o n - 1 4  are 

G e r  of the element carbon, the numbers denoting 
the approximate atomic weights. Isotopes have the 
same chemical properties, but often different physical 
properties (for example, carbon-12 and carbon-13 are - stable, carbon-14 is radioactive. 

The process of separating isotopes from one another, 
or changing their relative abundances, as by gaseous 
dl ffuslon or electromagnetfc .separat ion. Isotope 
separation is a step in the isotopic enrichment 
process. 

A process by which the relatlve abundances of  the 
isotopes of a glven element-are altexed-, thus--- 
producing a foh-of t h e m e n t  that has been enriched 
in one partlcular isotope and depleted in its other 
isotopic forms, 

1 1 4  
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kilo- 

kilovolt ( k V )  

LD 50/30 

lung counter 

mass-energy equation 

mass number 

.mega- (M) 

megacurie (%I) 

micro- 

microcurie (uCi )  

microsecond ( u s )  

mill tailings 

A prefix that multiplies a basic unit by 1000. 
Example: 1 kilometer = 1000 meters. 

The unit of electrical potential equal to 1000 volts. 

The acute dose of radiation expected to c a u s e  d e a t h  
within 30 days to 50 percent o f  those exposed without 
medical intervention. 
from 400 to 450 rem for humans when received over a 
short period of fie. 
An area of low population density often required 
around a nuclear installation. The number and density 
o f  residents is of concern in emergency p l a n n i n g  so 
that certain protective measures (such as notification 
and instructions to residents) can be accomplished in 
a timely manner. 

Generally accepted to range 

_ _ _  - - - -  - . - _ _  - - -  - _ _  .- 

An instrument system used to identify and measure 
radioactfvity In the lungs of human begins; it uses 
heavy shielding to keep background radiation 
interference low and ultra sensitive radiation 
detectors and electronic counting equipment. 

The equation developed y Albert Einstein which i s  

a body, E (no matter what form the energy takes), 
varies with the product of the ass, m, o f  the body 

speed of light In a vacuum, may be regarded as the 
conversion factor relating units of mass and energy. 
The equation predlcted the possibility of releasing 
enormous amounts of energy by the conversion of mass 
to energy. It i s  also called the Einstein equation. 

usually given as E - mc !! , showing that, the energy o f  

and a factor, c2. The factor c ! , the square of the 

The number of nucleons (neutrons and protons) in the 
nucleus of an m l s o  known as the atomic weight' 
m t  om. 

A preflx that multlplles a basic unit by 1,000,000. 

One million curies. (See curie.) 

A preflx that dlvides a basic unit into one mi 
parts. 

A one-milllonth part of a curie. (See curie.) 

'A one-milllonth part of a second. 

lion . 

ng o f  Naturally radioactive residue from the process 
uranium o r e o w c a k e  in a mill. 

- - - ~ - p r o c e s s - r e c W e r s  abfitC933ercentoEhe 
uranium, the residues, or tail Ings, contain several 
radioactive elements, including uranium, thorium, - radium, polonium and radon. 

Although the 
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m i l l i -  (m) 

.mi 1 1  i rem (mrem) 

milliroentgen (mR)  

rno 1 ec u 1 e 

monitoring 

.. 

nano- ( n )  

nanocurie (nci) 

natural radiation 

natural uranium 

neutron 

neutron capture 

neutron chain reaction 

a 

389 
A prefix that divides a basic unit by 1000. 

A one-thousandth part of a rem. 

A one-thousandth part of a roentgen. 

A group of atoms held together by valence (electron) 
forces. . A molecule is the smallest u n i t  o f  a compound 
that can exist by itself and retain all i t s  chemical 
properties. 

(See rem.) - 
(See roentgen. ) 

Periodic or continuous determination o f  the amount o f -  
ionizing radiation or radioactive contamination 
present in an occupied region, as a safety measure, 
for purposes of health protection or contamination 
control. (See radiological survey.) 

A prefix that divides a basic unit by one billion. 

One billionth part of a curie. 

See background radiation. 
- 

Uranium as f0un.d In nature. It contains 0.7 percent. 
uranium-235, 99.3 percent uranium-238 and a trace o f  
uranlum-234. 

An uncharged elementary particle with a mass slightly 
greater than that of the proton, and found in the 
nucleus of every atom heavier than hydrogen and in two 
i sotopes of hydrogen. 

The process In which an atomic nucleus absorbs a 
neutron. 

A process in which some of the neutrons released in 
one fisslon event cause other fissions to occur. 
There are three types of chain reactions: 

(1) Nonsustrinlng chain reaction - An average of less 
than one fission Is produced by the neutrons 
released by each previous fission (reactor 
subcri tlcal i ti.) 

Sustalnlng chaln reactlon - An average o f  exactly 
one fission is produced by the neutrons released 
by each previous fission (reactor criticality,) 

Multiplying chain reactlon - An average o f  more 
than one fisslon Is produced by the neutrons 
released byprevlous fission (reactor 
supercrfticality.) 

(2 )  

( 3 )  

-A-gaseous chemical- element that-does not readily-enter 
into chemical combination with other elements. An 
inert gas. (See fission gases.) 
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nuc 

nuc 

ear disintegration See decay, radioactive. 

e a r  energy 

nuclear fission 

nuclear force 

- nuc 

nuc 

nuc 

ear radiation 

ear reaction 

eon 

nucleus (or atomic 
nucleus); nuclei 
(pl ural ) 

nucl ide 

occasional radiation 
worker 

parent 

parts per mil 1 ion 
( PPm) 

The energy liberated by a nuclear reaction (fission o r  
fusion) or by radioactive decay. 

See fission. 

A powerful short-ranged attractive force th a t  holds 
together the particles inside an atomic nucleus. 

See radlatlon, nuclear. - 
._-- 

. .  

The process of  inducing a disintegration o f  the 
nucleus of an atom. 

Common name for a constituent particle of the atomic 
nucleus. At present, applied to protons and neutrons 
but may include any other Particles found to e x i s t  i n  
the nucleus. 

The small, central, positively charged region o f  an 
atom that carries essentially all the mass. Except 
f o r t h e  nucleus o f  ordinary (light) hydrogen, which 
has a sirnoproton, all atomic nuclei contain both 
protons and neutrons. The number o f  protons 
determines t m  posltive charge, or atomic 
number; this is the same for all the atomicnuclei o f  
a given chemical element. The total number o f  
neutrons and protons is called the mass number. (See 
i sotope. ) 

- 

A general term referring to all known isoto es, both 

chemical elements. 

An lndlvldual who does not routinely work with or in 
the proximity o f  radiation generating devices or 
radioactive materials but whose duties may 
occasionally bring him/her into areas where radiation 
exposure may occur. 

A radionuclide that upon radloactive decay or 
disintegration yields a specific nuclide (the 
dauqh t er) . 

- stable (279) and unstable (about SOOO) ,  + o the 

Parts (molecules) of a substance contained in a 
million- air (or water) by volume. 

A-1 1 
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periodic table 

personnel monitoring 
- .. - - - .  - 

photon 

picocurie (pCi) 

pluton 

pocket 

um 

dos 

positron 

pu 1 

meter 

proportional counter 

protection factor 

proton 

An arrangement of chemical elements in order o f  
increasing atomic number. 
properties are placed one under the other, yielding 
groups or families o f  elements. Within each group, 
there is a variation of chemical and physical 
properties, but in general there is a similarity o f  
chemical behavior within each group. 

Eiements o f  similar 

The determination of the degree o f  radioactive 
contamination on individuals using survey meters, o r  
the determfnati-on of radiat-ion -exposure received by 
means of dosimetry devices. 

- - -  - 

A quantum (or packet) of energy emitted in the form o f  
electromagnetic radiation. 
examples of photons. 

Gamma rays and X rays a r e  

A prefix that divides a basic unit.by one trillion. 

One trillionth part of a curie. - 
A container (usually lead) used to ship or store 
radioactive materials. The thick walls protect the 
person handling the container from radiation. 
containers are comnonly called casks. 

Large 

A heavy, radioactive, manmade metal1 ic element with 
atomicnumber 94. 
'fissile plutonium-239, which is produced by neutron 
irradiation o f  uranium-238. 

Its most important isotope i s  

A small ionization detection instrument that indicates 
radiation exposure directly or indirectly. An 
auxil lary charging device is usually necessary. 

Particle equal In mass, but opposfte in charge, to the 
electron: a positive electron. 

An Instrument in which an electronic detection system 
receives pulses that are proportional to the number o f  
ions formed In a gas-filled chamber by ionizing 
=ation. 

The degree o f  protection provided by the proper fit 
and use o f  resplratory protective equipment. 

An elementary nuclear particle with a positive 
electric charge located in the nucleus of an 9. 
(See atomic number.) 
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qual i ty factor 

rad 

- - -  

rad i ac 

radiation area 

radiation detection 
instrument 

rad 

rad 

rad 

ation monitoring 

ation, nuclear 

ation shielding 

radiation source 

radi at i on standards 

radiation syndrome 

- -  - - rad-i a t-i on warn i ng 
symbol 

The principal factor by which the absorbed d o s e  i s  t o  
be multiplied to obtain a quantity t h a t  expresses. On 
a common scale for all ionitinq radiations, the 
biological damage to exposed persons. I t  i s  used 
because some types o f  radiation, such as  a l p h a  
particles, are more biologically damaging t h a n  other 
types. 

Acronym for radiation absorbed dose. 
of absorbed Jose o f  raaiation. 
means the absorption of 100 ergs ( a  small but - 
measurable-amount of -energy) per-gram o f  absorbing 
material. 

The basic u n i t  - 
A dose o f  one rad 

An acronym derived from “radioactivity detection 
- indication and computation,” a generic Term applying 
to radiological instruments or equipment. 

Any area, accessible to personnel, f n  which the level 
o f  radiation I s  such that a major portion o f  an 
individual’s body could receive in any one hour a dose 
in excess of 5 millirem, or in any five consecutive 
days a dose in excess o f  100 millirem. 

- 

A device that detects and registers the 
characteristics o f  ionlting radiation. (See 
counter. ) 

See monitoring. 

Particles (alpha, beta, neutrons) or hotons (gamma) 
emitted from the n u t r e u s o f a n s t a b  e-- e (radioactive) 
atom as a result m o a c t l v e  decay. 

Reduction of radiation field by interposing a shield 
of absorbing -between any radiation source and 
a person‘s work area or radiation-sensi tive device. 

Usually a man-made sealed source o f  radtoact ive 
materlrl used in teletherapy, radiography, as a power 
source for batteries, or In various types of 
industrial gauges. Machines such as accelerators, X -  
ray units and radioisotope generators and natural 
radionuclides may be considered sources. 

Exposure standards, radioactivity concentration guide, 
rules for safe handling, regulations for 
transportation, regul at ions f p r  i ndustr i a1 control o f  
radiation and control of radioactive material by 
legislative means. 

See radiation sickness (syndromel. 

An o f f i c i a l l ~ r e s c r i b d d - s y m b o l  (amagenta trefoil) 
on a yellow background that must b e  displayed where 

- ___ - - 

certain quantitles of radioactive materials are 
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radi o a c  t i.re 

radioactive 
contamination 

radi oact i ve isotope 

rad i-oa c t i v e s e r i e s - _ _  

radioactive waste 

radioactivity 

rad i obi ol ogy 

rad 

rad 

rac 

rad 

rad 

ography 

oi sotope 

ol og i cal survey 

O k l Y  

onucl ide 

._ _ _ _  - - rad i o s en s i t 1 v i-t y- 

present or where certain doses o f  radiation could be 
received. Its uses are prescribed by law. 

Exhibiting radioactivity or pertaining to 
radioactivity. 

Deposition of radioactive material in any place where 
it is not contained or wanted. 

-. - _ -  
A radioisotope. 

A succession of nuclides, each of which tranforms by 
radioactive disinte ration into the next until a 
stable nuclide ---+--7 resu ts he first member is called 
the parent, the intermediate members are called 
daughters, and the final stable member is called the 
end product. 

_ - -  - 

See waste, radioactive. 

The spontaneous emission of radiation, generally al p h a  
or beta articles, often accompanied by gamma rays, 
from _q_r_ the nuc eus o f  an unstable isotope. 

The study of the effects o f  ionizing radiations upon 
living tissue or organisms. 

The making of shadow images on photographic film by 
the action o f  ionizing radiation. 

An unstable hotope of an element that decays or 
disintegrates spontaneously, emitting radiation. 
Approximately 5000 natural and artificial 
radioisotopes have been identified. 

The evaluation of the radiation hazards accompanying 
the production, use, or existence of radioactlve 
materials under a specific set of conditions. Such 
m n  customarily includes a physical survey of 
the disposition o f  materials and equipment, 
measurements or estimates o f  the levels of radiation 
that my be involved, and a sufficient knowledge or 
processes affecting these materials to predict hazards 
resulting from expected or possible changes in 
materials or equipment. 

That branch o f  medicine dealing with the diagnostic 
and therapeutic applications of radiant energy, 
including X rays and radioisotopes. 

A radioisotope. 
~ ~~ 

-The rel-at-I-ve susceptabi-l-lty--of c-el-1s 7 t 1 ssues, organs, 
organisms, or other. substances to the injurious action 
of i on i zi ng rad1 at I on. 
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36Q 
radium ( R a )  A radioactfve metallic element with atomic number 88. 

A s  found in nature, the most common isotope h a s  a m a s s  
number o f  226. 
associated with uranium in pitchblend, carnotite and 
other minerals. 

It occurs in minute quantities 

radon ( R n )  

react ion 

~ - recycl-i-q 

A radioactive element that is one of the heaviest 
gases j m i c  number is 86, and its m a s s  
number is 222. It is a daughter of radium. - 

_ _  Any process involving a chemical or nuclear change. 

The reuse of fissionable material after it h a s  been 
recovered by chemical processing from spent or 
depleted reactor fuel, re-enriched and refabricated 
into new fuel elements. 

- _ _  - - - 
_ -  - 

rem 

restricted area 

roentgen (R) 

Acronym of roentgen equivalent man. 
of any ionizing radiation that produces the same 
biological effect as a unit of absorbed dose o f  
ordinary X rays. 

The unit of - dose 

(See quality factor.) 

Any area to which access is controlled for the 
protection of Individuals from exposure to radiation 
and radioactive materials. 

A unit of exposure to ionizing radiation. It i s  t h a t  
amount of a m a  or X rays required to produce ions 
carrying 1 5- e eCtrOStatic unit of electrical charge in 
1 cubic centimeter of dry air under standard 
conditions. Named after Wilhelm Roentgen, a German 
scientist who discovered X rays i n  1895. 

roentgen equivalent See E. 
man (or mammal) 

scattered radiation Radiation that, during Its interaction with a 
substance, has been changed in direction. 
have been modified by a decrease in energy. 
form of secondary radiatlon. 

scintillation detector The combination o f  phosphor, photomultiplier tube, 
and associated electronic circuits for counting 1 i g h t  
emissions produced In the phosphor by ionizing 
radiation. (See counter.) 

I t  may also 
It  is one 

or counter 

secondary radiation Radiation originating as the result of absorption of 
o t h e r l a t i o n  in matter. 
electromagnetic or particulate in nature. 

It may be either 

shielding Any material or obstruction that absorbs radiation and 
thus tends to protect personnel or material from the 
effects o f  ionizing radiation. 

A unit, in the Internatlonal system of Units (SI), of 
dose equivalent. 1 Sv = 100 rem 

~- _ -  - _- - __- -- - _- 
-Si ever t-(Sv ) ~ - ._ 
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369 
soluble 

somatic effects o f  
rad i a t  ion 

special nuclear 
mater i a1 

spent (depleted) fuel- 
. . -  . 

source materi a1 

stable isotope 

stay time 

subcritical mass 

survey 

survey meter 

tailings, tails 

tenth thickness 

terrestr i a1 radi at i o n  

thermal itation 

toxi c.01 ogy 

Readily dissolved in body fluids. 

Effects o f  radiation limited to the exposed 
individual, as distinguished from genetic effects, 
which may also affect subsequent unexposed 
generat ions. 

Includes plutonium, uranium-233, or u r a n i u m  enriched 
in the isotopes uranium-233 or uranium-235. 

.- .- Nuclear reactor fuel that has been used to the- extent 
that it can no longer effectively sustain a c h a i n  
reaction. 

Any physical or chemical form o f  uranium o r  thorium g r  
ores which contain by weight 0.05% or more o f  uranium 
or thorium. 

An isotope that does not undergo radioactive decay. 

The period durlng which personnel may remain in a 
restricted area before accumulatlng some permissible 
exposure. 

An amount of flssionable materfal Insufficient in 
quantity or of improper geometry to sustain a f i s s  
chain reaction. 

A study to (1) find the radiation or contamination 
level o f  specific objects or locations within an a 

on 

ea 
of interest; (2) locate regions of higher-than-average 
intensity; 1.e.. hot spots. (See personnel 
mon i tori ng. ) 

Any portable radiation detection Instrument especially 
adapted to establlsh the existence and amount o f  
ionizing radiation present. (See counter.) 

See mill tailings. 

The thickness of a given material that will decrease 
the amount (or dose) of radiation to one-tenth o f  the 
amount incident upon it.=th thicknesses will 
reduce the dose received by a factor of  10 x 10; i.e., 
100, and SO on. (See shieldinq.) 

The portion of natural radiation (background that i s  
emitted by naturally occurring radioactive materials 
i n  the earth. 

The process undergone by high-energy (fast) neutrons 
as they lose energy by colllslon. (See neutron, - -thermal-; ) - _. . - _--- - 

IS the study o f  the adverse effects o f  chemicals on 
1 iving organisms. 4 22 
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tritium (3H) A radioactive isotope o f  hydrogen 
neutrons). Because it i s  chemica 
naturdlhydrogen, tritium can eas 
body by any inhalation, ingestion 

u l t r a v i o l e t  

unrestricted area 
. -  - . 

u n s  tab1 e 

uranium 

uran 

uran 
(ta 

i sotope 

U )  

um enrichment 

um millings 
1s) 

vapor 

waste, radioactive 

whole-body counter 

whole-body exposure 

~. .- .. -- . _  

wipe sample 
(swipe or smear) 

(one proton txo 
ly identica to 
ly be taken i n t o  t h i  
or absorption p a t h .  

Its radioactive half-life is Decays by beta emission. 
about 12 1/2 years. 

Electromagnetic radiation of a wavelength between the 
shortest visible violet and low-energy X rays .  

The area outside the owner-controlled p o r t  ion of-a- 
nuclear facility (usually the site boundary). 

A radioisotope. 

A radioactive element with the atomic number 92, and 
as found in natural ores, has an atomic we1 h t  of 
approximately 238. The two principa l-+ natura i s o t o p e s  
are uranium-235 (0.7 percent of natural uranium), 
which is fissle, and uranium-238 (99.3 percent o f  
natural uranium), which is fissionable by fast 
neutrons and i s  fertile. Natural uranium also 
includes a minute amount o f  uranium-234. 

- 

See I sotopic enrichment. 

See mill taillngs. 

The gaseous form of  substances that are normally i n  
liquid or solid form. 

S o l i d ,  liquid and gaseous materials from nuclear 
operations that are radioactive or become radioactive 
and for which there i s  no further use. Wastes are 
generally classified as high level (having 
radioactivity concentratlons of hundreds of thousands 
of  curies per gallon o r  cubic foot), low level (in the 
r a n s l e s s  than 1 microcurie per gallon or cubic 
foot), or intemdiatelaval(6etween these extremes). 

A device used to identify and measure the radiation in 
it 

background tadlation on ul trasensi t ive radiation 
detectors and electronic counting equipment. 

of human beings and animals; 
minimize the interference o f  

An exposure o f  the body to radiation, In which the 
entire body, rather than an isolated part, is 
irradiated. Where a radiolsoto e is uniformly 

being concentrated in certain parts, the irradiation 
distributed throughout + t e o y tissues, rather than 

Can-ke considered as a-whole-body- exposure.-- - 

A sample made for the purpose of determining the 
presence of  removable radioactive contamination on a 

- 
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surface. It is done by wiping, with slight p r e s s u r e ,  
a piece o f  soft filter paper over a representative 
type o f  surface area. 
sample." May also be called "smears" at some 
faci 1 i ties . 

I t  is also known as a "swipe 

X rays  Penetrating electromagnetic radiation (photon) having 
a wavelength that i s  much shorter than that o f  visible 
light. These rays are usually produced by excitation 
of the electron field around certain nuclei. 
nuclear reactions, it i s  customary to refer t o  photons 
originating i n  the nucleus as amma ra s ,  and to those 
originating in the electron fie + d o the atom as X 
rays, These rays are sometimes called roentgen rays 
after their discoverer, W .  K .  Roentgen. 

A product of the uranium mllling process, yellowcake 
is a solld uranium compound that takes its name from 
the color and texture. Yellowcake i s  the initial feed 
material to the fuel cycle. 

I n  
- 

- _ -  _ -  - _ -  

ye1 1 owcake 
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DERIVED A I R  CONCENTRATIONS FOR CONTROLLING 
RADIATION EXPOSURE TO WORKERS AT DOE F A C I L I T I E S  

The derived air concentrations (DAC) for limiting radiation exposures through 
inhalation of radionuclides by workers are listed in Table 1, Page 8-3. The 
values are based on either a stochastic (committed effective dose equivalent) 
dose limit of 5 rem (0.05 Sv) or a nonstochastic (organ) dose limit of 50 rem 
(0.5 Sv) per year, whichever is more limiting. (Note: the 15 rem [0.15 Sv] 
dose limit for the lens of the eye does not appear as a critical organ dose limit.) - - - - -  - -  _ _ _  - 

Table 1 contains five columns of information: (1) radionuclide; ( 2 )  inhaled 
air DAC for lung retention class D (uCi/mL); (3) inhaled air DAC for lung 
retention class W (uCi/mL); (4) inhaled air DAC for lung retention class Y 
(uC/mL); and (5) an indication of whether or not the DAC for each class is 
controlled by the stochastic (effective dose equivalent) or nonstochastic 
(tissue) dose. The classes D, W, and Y have been established by the 
International Commission on Radiological Protection (ICRP) to describe the 
clearance of inhaled radionuclides from the lung. 
to the approximate length of retention in the pulmonary region. Thus, the 
range of half-times is less than 10 days for class D (days), from 10 to 100 
days for class W (weeks), and greater than 100 days for class Y (years). 
DACs in Table 1 are listed by radionuclide, in order of increasing atomic 
mass, and are based on the assumption that the particle size distribution of 
the inhaled material is unknown. For this situation, the ICRP recommends that 
an assumed particle size distribution of 
1 urn be used. For situations where the particle size distribution is known to 
differ significantly from 1 um, appropriate corrections (as described in the 
DOE report Internal Dose Conversion Factors for Calculation of Dose to the 
Public)’/ can be made to both the estimated dose to workers and the DACs. 

This classification refers 

The 

The following assumptions and procedures were used in calculating these DAC 
values for inhalation by workers: 

(1) The worker is assumed’to inhale 2,400 m3 of air during $/2000-hour work 
year, as defined by the ICRP in its Publication No. 23. 

(2) The internal dose factors used in calculating the DAC values were taken 
from the report Internal Dose Conversion Factors for Calculation of Dose 
to the Public.’’ These factors are based on the metabolic data and3/ 
dosimetry models recommended by the ICRP in its Publication No. 30. 

lJ U.S.  Department of Energy (DOE). 1988. Internal Dose Conversion 
Factors for Calculation of Dose to the Public. Washington, D.C. 

2J International Commission on Radiological Protection (ICRP). 1975. ICRP 
Publication 23: ReDort of the Task GrouD on Reference Man. 
Press, New York, New York. 

3/ International Commission on Radiological Protection (ICRP). 1979-1982. 

Parts 1 to 3 and Supplements 2(3/4) through 8(4), Pergamon Press, New 
York, New York. 

Pergamon 

- - ICRP Pub1 ication 30: Limits- for Intakes of Radionucl ides-bv-Workers-T--- 
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The DAC values are given for individual radionuclides. 
radionuclides,,'the sum of the ratio of the observed concentration of a 
particular radionuclide and its corresponding DAC for all radionuclides in the 
mixture must not exceed 1.0. 

For known mixtures of 

~ _ _ _ -  - 
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Tablo 1 
. .  

O w i v d  A l r  C o n c r n t r r t l o n s  (DAC) far . C o n t r o l l i n g .  A&jfrtton h s u r , s  to 
Uorkort a t  DOE F a c i l i t i e s  

Radionuclide 

H-3 (Y.t.r)2/ 
H-3 (ElrwnGl)2/ - - -  

Be-7 
Be-10 

- 

Sf-31 
$1-32 

P-32 
P-33 

s-35 
s-35 (Gu) 

C1-36 
C 1 -36 
C1-39 

K-40  
K 4 Z - - - - ,  
K 4 3  
K 4 4  
K 4 S  

Inhaled A l r  - Lung Retantion Class 

L U C l L l  ' ~ C l V N L  

3 E-OS 4. f-05 
. .  

3. € 4 7  0 

2.E-06. 0 

7 * E 4 7  ' S.L-07 

3 .E48 3 9-01 

1 €-OS 1 .€-OS 
1 . E 4 7  S 0 E 4 8  

4. E 4 7  2 E 4 7  
3.E-06 l.E-06 

7.L-06 9. t-07 
6.E-06 - 

1 . E 4 6  1 . E 4 7  

2 IC45 2 E 4 5  
2. L-OS 2 LIOS 

2. E-OS 

Stochwti  c 
o r  Orgrnu 
/ D  / U / Y l  

- st/st-/st - 
S L/St/S t 

/S t /S t  
/ S t / S t  

- 

S t / S t / S t  
s t / S t / S t  
S t / S t / S t  
S t / S t / S t  
S t / S t / S  t 
s t / S  t / S t  

S t / S t / S t  

S t / S t /  

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

S t /S t /  
S t / S t /  

st/st/ 
/ S t / '  

S t / S t /  
=/st/ 
S t / S t /  

B-3 



FMPC-2084 Rev. 1 

DOE 5480.11 

Radfonuclldc 
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0 

0 

0 
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Y-I76 
U-I77 
W-178 
U-179 
u-18 1 
u- 185 
U-187 
Y-188 

Re-1 77 
Re178  
Rc-IBl 

, Re-182 (64 h )  
Rc-182 (12 h) 

. b 1 8 4 m  
Re-104 

... Re0186111 
Re-I86 
Re-1 0 7 
Re-1 80m 
Re-1 88 
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. .  
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Os-1 0 1 
01-1 02 
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360 
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/=/st 
/s t / S  t 
/ S t / S t  
/%/.St - 

/=/s t 
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3 .  E+? S t / S t / S t  
7 .  E-OS S t / S t / S t  
7.r- st/st/st  
6. € 4 7  S t / S  t / S  t 
I.€* S t / S t / S t  

2 E 4 4  2 E 4 4  
2 . E-OS 2. E 4 S  

2.E-07 3 . E 4 7  
1 . E 4 4  9 . L-05 

s t / S  t / S t  2.E-06 2 E006 . 2.E-06 

1 .E4S 9. E 4 6  
9 . E 4 7  7.E-07 
2 E006 
2 . c-00 

1 E006 
2 E-08 3 0 E 4 9  S t / S  t / S  t 

B-16 



FMPC-2084 Rev. 1 
. .  

DCK 5480.11 

Radl onucl f de 

. Ir-186 
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I -192 
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_ _  
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P t - 1 9 7 ~  
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1 . E 4 S  
2.E-06 
- 2 . E 4  
8 E-OS 
4.  E 4 7  
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1 .E47 
4 E 4 8  
1 . E 4 6  
I * E 4 S  
2. €-OS 

2 . €-OS 
7. E 4 7  
1 mE4S 
3 E 4 6  
2.E-06 
1 €-OS. 
2.E-06 
2 4 4 s  
4 *E* 
6.E-OS 
1 .E* 

6.E-06 
2.E-06 
1 .E* 
3.E-07 
s . E 4 7  
1 . L a  
8 L 4 7  
2 .E+$ 
S.E-0J 

S.L-06 
4.L-06 

3 t-Os 
2 . E 4 3  

I .€+a 
2 . L-OB 

0 

0 

3.4-06 
1 . e 4 s  
2.c-06 

-2.L-06 
9 E 4 S  
4 € 4 7  
9.E-08 
2 E 4 7  
7 E 4 8  
8 *EL07 
1 . e 4 s  
2.f-oS 

2.L-06 
1 . E 4 S  
1 .E* 

- - - - -  -2.E-m 
8 .  E 4 5  

. 4.E-07 
6.E-09 
Q a E 4 8  
4 .E+s 

. 8.E-07 
9.E-06 
2eE+S 

S t / S t / S t  
s t / s t / s t  
s t / s t / s  t 
S t / S t / S t  
s t / S t / S t  
S t / S t / S t  
S t / S t / S t  
s t / S  t / S  t 
S t / S t / S t  
S t / S t / S t  
S t / S  t / S t  
S t / S t / S  t 

7.E-06 
2.E-06 
2.E47 
4 € 4 7  
1 .E-06 
1 
1 . E 4 6  
3.1E-w 
9.E-03 

s t / S t / S t  
S t / S t / S t  
s t / S t / S t  
S t / S t / S t  
st/st/st 
st/s t /s t 
S t / S t / S t  
st /st /st  
St/St/St 
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Hg-195. (Org) 
Hg-19Su (Inorg) 
Hg-19Sm (Vapar) 
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- Hg-195 (Inorg) 
. Hg-19s (Vapor) 
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Inhaled A l r  - Lunq Re,rnt,an C l a s s  
0 

b C f  /a1 
3 E 4 6  - 
2 L-06 . 2 . E 4  

0 .2.c-06 
2 0 E-OS 

1 0 €-OSL 
1 .E*S 

1; E-OS 

4.  E 4 6  - '  

3 .  E46 2.L-06 
2 E 4 6  

6 E-06 0 

5 .  E-06 4.E-06 
0 3.E-03 

7 .  E-OS 0 

6 .  E-QS 7,E-m 
0 3 e 4 s  

3.  E-07 - 
5. E-07 S E 4 7 b  

. .  
0 

- . - -  

0 3 E97 
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S b c h r r  ti c 
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Pb-19Sa 
Pb-198 

Pb-200 
P b-20 1 
Pb-202m 
Pb-202 
Pb-203 
Pb-205 
P b-209 
P b-2 10 

Pb-212 

Pe-199 

Pe-2 1 i 

8 0 C 4 S  
3. E 4 S  
3. €-OS 
3.  E-06 
9. € 4 6  

2. €008 
4 .  E 4 6  
6 G O 7  
2. E-05 
1 .E010 
3. € 4 7  

1 . E 4 5  

1. E-oa 
-- - - 
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Pa-233 
Pa-234 

U-230 
U-231 
U-232 
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5 €010 3 Eo10 
6.E-10 3 E-10 
6eEolO ' '3.E-10 
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2 .E46 1 .E106 
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: .  3.E-12 
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1 .E46 
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369 

CLdionuclida 

Cf-2S1 
Cf-252 
cr-253 

0 - 2 5 0  
ES-25 1 
€1-2 53 
Es-254n 
ES-254 

F -252 
Fm-253 
Fm-2S4 
Fm-255 
h - 2 5 7  

I n h l e d  A I ?  - tunq Rotantfan Class Stochutl c .. 0 

3 E-07 
4 E 4 7  
6.L-10 
4 E 4 9  
4eE-11 

6 . E 4 9  
4 E 4 9  
4 E-08 
9.E-09 
1 e € - 1 0  

4 8 E 4 1  
1 .~-10 

A d a t a m i n a t i o n  af uhetJmr #e OACS are c o n t + o l l t d  by stochutic ( S t )  o r  
n o n s t o c h a s t l c  (organ)  dosr ;  or I C  thuy both giva the ram tcsult (E )  for 
each lung r c t a n t l o n  c 1 u s  1s g i v e n  In thls colrrwn. the key to the organ 
n o t a t i o n  f o r  n a n s t o c h a r t i c  dosa is: 8s = Bane S U d I C I ,  K I Kidney, L = 
Liver, SU - Stomach -11, and T 1 Thytoid. A blank lndlcrtes that no 
c a l c u l a t i o n s  arr  performad tor the lung  r o t v n t i o n  class sham. 

The ICRP f d c n t i f l e s  t r i t lr ted uabr and carbon as having fmmdlate up- 
take and d i s t r f b u t i o n ;  thorotore no s o l u b l l l t y  c l a r r ~ r  are d t s l g n a t d .  
For purposes  o f  t h i s  table, Ure.OAC v a l u e r  am shown u baing  c o n s t a n t ,  
independent  of s o l u b i l i t y  c l u r .  
DAC v a l u e r  a l l o u  for  an rddltlonal 5- absorption th rough tho skin, u 
dcrcribod I n  ICRP P u b l i c a t i o n  No. 30: tfrits f o r  Intakes of 
R.d ionuc l fdos  by UOrkwS. 
basod r o t o t y  on c o n s l d e r r t l o n  of the dose-squivalent rat8 to the tissues 
of the l ung  from i nha led  t r l t i u  gas con ta ined  u i t h i n  the l ung ,  without 
a b s o r p t i o n  I n  the t i s s u e s .  

For t r l t i r k d  uakr ,  tha inhrlatlon 

f o r  8 l e a r n t . l  tritium, thu DAC valuer are 

A dash i n d l c a t c r  no v a l u e s  g l v e n  for this data category. 
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9 mrr valurs  ara rpproprlrk f o r  probetton from rodon caubfwd tilth l t r  
short-1 ived drughkts and a n  basad on I n f o n r t l o n  g l v m  I n  lurp Pub1 1 - 
u t l o n  32: L l r i t a  f o r  Inhalatlon of Radon 0.ught.rr by Uorkerr and 
F d r r a l  Gufdmcr Report NO. 11: L l d t i n g  U1uor of bdlonucIld8 Intrko 
ud A l +  Concrntrrtlonr, md Doso Convorrion Factors f o r  Inhalation, Sub- 
w r r i o n ,  and Ingostlon (EPA S20/14+020). 
l o g  oqul11 b r l  u1 concentration conditlonr of th. rrdun- d u g h k r s  -v i  th- - - - - -- - - 

tho prr-rnt._’ t o -  a1 lou for  an actual r a u r d  oqufi3brlrpr concrntrrtl on 
o r - 8  denonsttatad oqulllbriurr ~ m ~ 8 n t r 8 t l O n r  th. vr lur r  glvrn I n  this 
tabla should be rrrl t lpllod by t)w r 8 t l O  (109/attrul 
( l w d a a r o n r t r a t o d  %I, rorpactlv8ly. Altamatlvmly, Uu OAC valuos f o r  
Rn-220 and Rn-222 may b. replacod by 1 UL. and 1/3 a,* ruspactlv~ly, 

* f o r  approprlrta 1 in1 tlng of durghtar concrntratlonr.  Wlur of th8 
dosimetric consldarrt lonr for radon, no f1 or lung clwrrncr values are 
l i s t e d .  

A Working Level. ( u ~ ) ‘ l r  m y  codinritlon of stiort-t ivwi rrdon 
daughters, I n  one lltar of alr u l tnout  reg8rd to tho dllrgrw of .qui- 
l l b r l u a ,  t h a t  vi11 m u l t  ln the u l t l v k  r d s r l o n  of 1.3 EMS HcV of 
alpha rnrrgy. 

For tho cr1culr t ionr ,  f1 ~ 1 u u  wre obtr lnd  fm ICRP Publfutfon 48: 

the aftrctlvr dose rqulvr lants  for  l n h t r t i o n  are unchngrd rvm though 
th. f1 valurs have changed. Thls ls.because tfw contr-lbutlon ta organ 
dose from l nh r l r t l on  1s dep(lndon;t . r l n ly  on truufor Jm. lung to blood 
uhen ti vr lu r r  ara small ~ t r o ,  th. guttolnt.r t incr1 tract b r a  uould 
k unchangsd bocacur th. frrct l~n .of . .Ctlvlty purlng through tha t ract  
Is (1.0 - f l ) .  

Tho valuor glum are f o r  

_ _  _ _  ---- - - 

or 

I/ 
T b  h U b 0 l f S R  O f  PtutoniM 4ld Fk1at.d L18wntS. I t  18 U S & u w d  t h a t  
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CONCERNING RISKS FROH OCCUPATIONAL RADIATION EXPOSURE 

(From NUREC 8.29, Instruction Concerning Risks From Occupational 
Radiation Exposure, July 1981. U.S.  Nuclear Regulatory Commission.) 
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APPENDIX C 

CONCERNING RISKS FROH OCCUPATIONAL RADIATION EXPOSURE 

Risk cm k d o h o d  in mrrl u th, m b i l i t y  (dmnco) 
of injury. iihr4 or drrrh narllin8 from coma acuvity. 
Iiowrvrr, ihr prmpuoa of rlrlr ir affected by how tho 
individual virws its probrbility md ita rrrnty. Tho inrrnr 
of this document u to provide trtimruc of md r r p U  tho 
b a u  for pouiblr rirL of in~uw, ill1184 or dutlr d t i n a  
from occupational radiarion rrporun. (%a Quuds., 9 mJ 
IO for rstimalaa of ndutim fisk md compuironi vi& 
othrr i y p u  of tW.1 

e 0 

4,. , . . - - . . . .. . . . . 150 
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.on. how much radirtion exposure a person gets; therefore, 
every reasonable effort lbould k made to keep expoarras 
low. 

One theory u that radiroon can damage cluomotomes in 3 

cell. and the cell u then duected dong abnormal uowvth 
patterns. Another u that radiation reducer the body s 
normal rnsutmncd to exutrng vmws which can then mul t ip ly  
and damage C O ~  A thud u that radiation activates u1 
exirtmg virus UI the body which then a t tach  normal 
cells c a w 8  them to grow rapidly. 

What U h O W  U that. Ul uOup¶ O f  h&lly e X p O u d  
paoplr, a higher than normrl mcidence of cancer_ u obuned.  - 
Higher than nomdtr tes  of u n 6 r c m  rlso be Produced UI 
labontory mrmll. by h& Lvels of radution. An rncrearad 
lnudena of ullut h u  not k e n  demOnltrJled at  radiation 
lev& below the NRC lirmu. 

1. u 1 wcdn I mdwtoa dom. dm8 rho, m u n  I am 
c-10 *t aurrt 

Not at JI. Everyone mu a n d u u o n  dor every day (ye 
Quutloa 2 9 .  but most pop10 do not got uncer. Even w t h  
d- Of fU Jbarr hmU. most &ndrvidub 
mil rrprrnna no dekyed conwquenur  There u evidence 
that loma ndktloa brmyr CUI bo rapwad. The drnger 
from ndktios u much lilu tho drnpr from -no smoke. 
ow a fnctlon of tho pop& who bnathr m t t e  smoke 
got lutu ULLCU, but thrn u good m d e n a  that r m o h g  
LIIQI- I prnon's chrnas of gam lung mar. Sirmluly , 
thom 8a rndrna rhrt the W r  the radution dose. the 
Lrpr tho m c m m  rn I pomn'r chrnws of gettmg cancer 
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OOSE (REMS) 

limits: d w r  ahould be kept u low u b mamaably Ichir*rblo 
(ALARAI. . 

It u imponrnt to undemrnd the probability futon 
hen. A wndu qwraon would k: If you W e t  on8 urd 
from a full deck. wdl you mt tho LCI of aprdra? Thir 
quaaon unaot k m w u e d  with a U p &  yu or no. Tho 
krt UIIWQ u that your C~MCOI UI I b 52. Howover, if 
IO00 poop18 each-whet-one &-from fuU dub-we ud 
pndrct that about 20 of them rJ1 #at an rer of spades 
Each panon VU have I c h u m  in I2 of d r a m )  the a- of 
rpader. but then u n o  way that we an pmdict which penon, 
vrll get the n3rt urd. The w e  u funhn  compliuted by the 
fact that in I dtavvlg by IO00 poopb, n m m t  get only 
IS succeo18 md in another portups 25 comct  cudr m 

- 

c-3 

I OOO dram Wo UD my tbrt i f  you nah A radiraon dow. 
you will turn in- ywr chrnar of wennully bevelopmg 
ana?, I t  in -mod t&t tho mom ndktion exporwe you 
ct. the mM you muum your chraar of CUIcIr. 

Not J1 rOrtrrrrac~ thr man level of ruk. The ndrr- 
rlon rWt iecvmd by a wrk8f &pond# on the amount of 
don numb. Undrt tho lhur mod01 rxplunrd above, a 
w o r k u  who mam J nm) m a y o u  mcun IO umrr u 
much rLL u mot&r w& (tho nmo rp) who muivea 
only a5 nm. lln ri8k Qpoadr not only on the mount  of 
dor .  but Jlooat&yroftho*rotbrrtthrumethedowu 
mcrmd Tbb dUfwsua is dw. m pur, to thr fact that 
a YOUW rratbr hU mot. h# to  We th.n M O l d U  worker, 
md tho rwt u brllrnd to & p a d  on rho numkr of yeus__ 

-of life follow--tbo dor.  l ’h-mon y e m K f <  the lwer 
tho fuk. It ahauld br clru that. m a  rnthrn the mg’ulatory 
dow linuu. tho ruk m y  v u y  a m t  d d  from one worker 
to mother. Formnatrly. oaly : wry few worken receive 
doorr neu 5 mnu por y u l ;  u pornted out m the answer to 
Question 19, tho a v o w  annual dom for dl radiation 
worken U Irm thra 0.3 I52  

I 
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4 reasonable compmson mvolvesexporure 10 the sun's 
rays Frequent short exposures provide m e  for the rkrn to 
r e p w  An acute exposure to the sun can r e ~ ~ l t  Parnful 
burnmg, and excesswe exporum has k e n  shown to cauM 
rkm cancer However, whether exposure to the 1un'S rays IS 
short term or spread over time. some of the UIJUY is not 
repaired and may evcntuaUy result UI skrn cancer. 

The effect upon a group of worken occupationrlly 
exposed to radiruon may be an-mcreawd mcidenu of 
cancer over urd above the number of unmn that would 
normdly k erpected tn that goup .  Each exposed urdnidurl 
has an mcmased probabrlity of rncumni rubuquent cancer. 
We can say that if 10,000 workeneach mam an addrtlonrl 
1 rem m a year, that amup u more Wtely to have a larger 
incidence of cancer than 10,OOO people who do not nceive 
the addiuonal radution. An eswnate of the tncnud 
probabrlity of a n a r  from low n d u u o n  doms debvend to 
large groups 11 one marrun of occupaoonrl nsk and u 
discussed m Queruon 9. 

8. Wh8r Of # X P r n  HhrLa h8w 8tMdl.d th8 d#k 
N m  upontm L &#ton? 

In 1956, the National Aademy of SaencrsenrblLhed 
advuoy committwr to conndrr ndrruon rulu The bat of 
these w u  the A d v w y  Committee on the BIOI- Effecu 
of Atomic Raduuons (BEAR) rad mom n a a d y  it ru 
renamed the Advuoy  Commttee on the Bmloacrl Effecu 
of lonucng Radutma (BEIR). T b e r  comrmtuII b v o  
penodicrlly renewed the exteame nruch be- done on 
the health effects of ionurn8 nduoon md hr*r publMId 
ernmates of the nsk of untlr from e x p a u n  to ndution 
( 1 9 2  and 19110 BElR reports). Ihe lnumauonrl Cormwpon 
on Radiologcal hot rc t ion  (ICRCIrad the Naoonrl Cound 
on Radiaaon Rotecoon md Muarmmat  ( N C W  m two 
other groups of YaentUO who h m  mdird ndkfioa effrcu 
and publuhed ruk rrtrmater (ICW hbtiatiua 26, 1977). 
Thorr two groups have no m a w a t  affiliation. l a  
addition. the United Natiocu aUbltJud $a ladependent 
study $roup that publLhrd an utrajn npart UI 1977. 
mcludmg estimates of cancer risk from 1oooh( ndtrioa 
(UNSCEAR. 1971). 

-01 at rwnriro rueb u 
Akce Stewart. E.S. Gibm, T.F. Y ~ ~ ~ c w o .  T.W. Andmnoa, 
to name a few. h m  mbUd ~ d h c o a a r r u a ~ l o r l r r d  
n d u u o n  effeca T?u W-phY to Ihbappendu mcludrr 
rsvenl aracler for the nr4a wR0 rLavr to do funhrr 

mrny mdrpmdent rrruchm 

9. W k r  a rlc. ndnrrrr of olk of Smcrtpom r d ~  

Savenl ind indud 

Study. The BEIR-80 NOojl in&& UYO, Of the wrk Of 

rton 8tporuc.t 

--The culm nsk emmatu  (dmloped-bv-the o m - -  
tions Identllid ui Quesaon 8) m p n r a u d  ui Table I. 

In an effort toexp1.m th sigarfiurrr of thar e s t m e s ,  
we wu u n  an approximate avoraga of 300  exum uneer 
caws per muion people. each expoad  to I n m  of ionurng 
radution. If m a group of 10.000 worbn each mcemea 

c-4 

TABLE I 

Ertimatu of EXC- C:ncer lncdrncr from Exposure 
to Lor-Level Redirtion 

Numbor of Additionrl' Cmcrn Estimated 
to oeeur In I M a o n  People After  
Expoeurr of Each to 1 Rem of Radirtion 

SOU- 

_- - _ _ _  - - -  - - ~  _ -  - 

8EIR. 1980 16G4 SO 

ICRP, 1977 200 

UNSCEAR, 1977 Is0350 

~- 

I nm. w could rrdmtr  that throe would develop cancer 
b u m  of that expoam, dthou3r the actual number could 
be mom o r h  rhra t h m .  

fhr knrriua C M a r  Socrety Insrearred that approxi- 
mately 25 p e m t  O f  d adult8 UI the 2r) to 6s-year age 
bracket mil dowlop weer at some ome from au pourble 

w poUutmts. 
md natural brttpound ndluon. Thus m any group of 
10,OOO workon not expond to radiation on the job. we CUI 
expect about 2.J00 to drrrlap cancer. If this entire group 
of l0,OOO worken nn to  reane ra occupatlond radutlon 
don of 1 n m  uch, WI could estuMtr that thmr additional 
UIII mt OCCUt Wh&b wu ld  @VU a total O f  about 2.S03. 
Thl, IMUU that a I-nm d o r  to u t h  of 1O.OOO worken 
m@t inmum thr c8acsr nu from 2s percent to 3 . 0 3  
plrcmt, UI ~QIII of about 3 hundredths of on8 percent. 

As an iPdMdu4 if your curnulame occupational ndu- 
tioa dom u I n m ,  your c&acr8  of eventually dereloprng 
anor dunq your en- lifetune may have mmued from 
25 percent to 2J.03 percent. If y w  Irletlme occupationai 
d m  u IO nt~t& n e m t o  1 2J.3 peran t  c h u m  O f  

drrrlopm# CMOI. Uaag a map& lhru modrl. a lifetime 
d o a  of 100 nm m y  ham incnud your chancer of 
an01 from 2J to 26 poronr 

uch u ~ ~ k n g ,  food, alcohol. 

The nOIllYl c h a  of dmlopmg unur if you mceive 
no 0ccvpraMll nbrwn dor, u about equal to your c h a c e  
Of gmn( l a y  QII a MJI dnw from a full deck of 
pLIylag utdr, whwh o OSu chraa Out of four.-The addi- 
uond duaa of br*rlopiag cancer from an occupational 

ace from a fuU deck of urds rhnc trmea m a row. 

- 

U X P M  Of 1 Nm U l8U thrn Y O U  ChrnCUS O f  drrwvlg UI 

Shco d t h 8  frm e.porun to rdiation UJWUY 
ocmn J to 2J y e a  rlur the exporun md srnce not a11 
c r n a n  M faUl, mother urful  mararm of nsk IS years of 

153 
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I 
hfe expectancy lost on the average from a radiation-induced 
cancer It has been esumared m several studies that the 
Jvetage IOU of bfe expectancy from exposure to radution is 
d b o u t  1 day per rem of exposun. In other word% a penon 
exposed to I rem of radution may, on the average, IOU 
I d r y  of bfe. The words "on the average" are impanant. 
however. because rhe person who getsuncer  from raduuon 
may lose several years of life expectancy whde hrt coworken 
suffer no I O U .  The ICRP estimated that the average n u m b ?  
of y e u s  of bfe lost from fatal rndus td  accidents u 30 
while the averae number of y e u r  of life lost from a frw 
radiation-induced cancer u IO. The Boner IOU of lifo 
expecrancy is due to the delayed onrt of cancer. 

- - -  

I t  i s  lmponanl to ferLtc that them mk n u m k n  UI 
only estimates. M a y  dJficulties rn rnvoksd UI d e w m g  
research studies thrt un accurately mercure the rmrll 
mcrersos in uncar CUII due to low e x p o t u ~ s  to rJduU0n 
u compared to the normal n t e  of uncer. f h o n  u mll 
unccnlrnty and a y r r t  drrl of contfovony wicb rem to 
cstimates o[ radutlon nsk. The n u m k n  u r d  horn m a l t  
from studies mvolvm8 Iugh dowa and huh d o r  n t o r .  md 
they may not apply to dows at tho lower occupraonrl 
IeveL of exposure. Tho NRC and other wnclrs both m tho 
United States urd abroad m c o n ~ u r n ~ e x t e n u v o  l o n m g a  
research prourms on rrdutlon nsk. 

Somo membon of the N J t l O n r l  Acrdomy of Scionus 
BEIR Advisory Comnutteo md othm fod that n8k osamrtrr 
m Table I ue hrfier than would u t u d l y  occur md NpNrnt  
an upper limit on tho nrk. Othor swntuu  be- U t  
the estimates arc low md that the m& could be hr(hor. 
However. these esumatea UI conadored by tho NRC nrff 
10 ba the bast avulrbla thJt the W a r f a  Un U U  to m r k O  J#I 
mformed decroon concemm# r c a p t r n u  of tho nrlu 
cuted wi th  exporum to nduaon. A worker who dmdm to 
accept thrt rut should mako ovory offort to keop etpoun 
to rrduuon ALARA to rvold UMICII~VT fisk. T b  worlr,  
after all, hu tho furt line rerponnbiiiry for pmucua# hrmrll 
from nduuon h u u d r  

Perhaps tho moll urful  unit for c o m p u i m  mon# 
health nrka u tho numba of day8 of We expectancy 
lost per umt of e x p o a m  to rrch puticulu horlth ruk. 
Esumrta ua ulculrted by lookias at a lup number of per- 
sons, ncordrn8 thr u, whoa du& occyn from r p p u r a t  
causn. and asamraw tho numkr  of b y a  of Wo loo u 0 
f e a t  O f  t h m  C U l Y  death& fhr COW numkr Of b y 8  Of 
bfo lost u thon averaged ovor the toul Qovp obwned. 

k v o n l  studm b v o  compmd the pronctod lor, of lilo 
expectancy nrultm8 from o r p w n  to nbraon rnth othrr 
health nrlu. Somo n p n r n u t ~ v o  n u m k n  an p n r n t e d  LD 
Tablo 2. - - - - ~ 

~ -- _- __-  

f h e r  estimates indicrto thr t  tho health risks f r a n  wu- 
panonal rrdiation exposun are unrllor thrn tho rub UID 
cuted with many othrr avontsoracrivitio~ we encounter and 
accept in normal dry-today activiues, 

. 

TABLE 2 

Estimrled Lon of Life Expoctmcy from Htalth R u b '  

H td th  Risk 

Esrirnatts of D a y l  o f  
Life ElptCtMcy Lost .  

Avtragt 

A rcoad umhl c o m p u w n  u to look at  estimates of 
tho nrnp number of days of hfo ~ X ~ C ~ M C Y  lost from 
axporvn  to ndution md from common industnrl acciden t s  
J t  ndulloa.cr&tod f J C a k O 8  md to c o m p m  thu number 
vntb dry# 1088 from other occup8aon~I acudentr  Table 3 
shorn b y 8  of lU0 oxpuuncy IOU JS a nrul t  of 
faW rrort.c.hcod rcadrntr Noto th8c tho drtr for occupa- 
t b #  O t h U  thrs ndktiOa Nlrtrd do OOt ~ l d u d ~  death nlkr 
from O t h U  porblr hurd, wh U OX-N to toxic chcm- 

dWU, Q) WWUJ rrmpontunr Note JIM that the 
ulikaly occvp8Ebnrl orporurr at J rem por YCU for SO 
YOU& tlW mrumvm 8UowobAm nak levol. my result UI a 
nsk cornpurbh to tho r v o n c ~  nJu rn mmm( a d  heavy 
conuructios. 

InduarlJ rcadmt nta in rho nuclou mdustry and 
nhtod occvproOnrl UIU h m  b a n  nlrtnoly low d u ~ )  
tho oath hbwy of chr mdwtry (ma Table4). T b  u 
k w d  to k duo to  thr o u l y  urd conanurng e m p h u u  on 

a d  mu UII k mon by compum# tho probrbiLty of 
dorth by rccidrnt p u  1O.OOO worken over a 4 O y e u  
wrltrn# WotAm8. n o r  fjgunr do not include death 
from poco- ULU# ucb u rrpoaur to toxic chemicals or 
rrdiation. 

ut &Cy C o c r p d r  Tho Nhri*r daw Of V m O U S  O C C U p r  

- 

Obrrnrtion of fadirtion thonpy patients who receive 
locrliud exporun& uruJly rpnrd over a few weeks. has 

c-5 
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TABLE 3 

Estimated Lou o f  Life Expectmcy from Indm H W b l  

lndwcry Type 

himrtu of Daya of 
Life E x r n t m c y  LOIC. 

A*-8 

AU mdusay 

Manufactunns 
Senice 
Government 
fransportrtion and utilittca 
Apnculture 
Consrrucaon 
Mrnrng and quuyvrg 
Radunon accidents, death from 

Radiation bow of 0.65 nm/yr  

-Trade . . - ~ ~ - - --- - - 

expoaure 

(mdusty average) for 30 y lur ,  
calculated 

Radiation bow of J nmr/yr for 
SO y a m  

lndurvul  accidena at n u d u t  
facrkura (nonndiaoon) 

74 

43 
47 
5 5  

1 64 
277 
302 
328 
< I  

- - ---30- - - -- 

20 

250 

SO 

Otc9prtka 

2s 2 
228 
216 
I I6 

56 
U 
40 

36 
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the gonads :an 
produce permanent stenkry m males or femaics (an acute 
wholebody dow of t h u  magnitude would probably resut 
m death withm 60 daya). An acute dor of 20 rems to the 
testes can result UI a muuurable but temporvy reducuon UI 
sperm count. Such h q h  expoaurer on che job could :esulr 
only from rnoua and unlrkely radution acctdents. Althougn 
high dorrc of n d u h o n  CUI affect ferrlkty, they have no 
effect on the ability to funcuon wxuaUy kkewu, exposure 
~o-pqmitrrd occupanonal levels of radiation-has no oere3Zf -- 
effect on femlity urd IISO hu no effect on the ablkty ro 
funcaon r sua l ly .  

I t .  W k r  rn the NRC rtnrnl mdL8ion $oar limrra? 

Fedenl n g u h t i a n s m n t l y  Limt acupr t iond  encmd 
whobbody n d k u o n  do- to 1% ram1 UI my d e n d u  
quuter or sprafird S-month pnod. However, when there 
IS documonud m d 8 n a  thrt J worker's pmvloua occupa- 
Umrl d o n  ir low r n o u d  1 ken# IIUY pernut a d o r  of 
up to 3 nmr por qurur or 12 nmr per YW. llu accumulated 
dom m y  aot ucnd UN - IO) rims‘ whm N u the pemn'i 

UI yeur. Le., rhr lifetim8 occupationat doae may not 
exend M a v e w  of 1 nms for rrcb yeu above the age 
of IO. 

An additional wholabody dow of approximately 
5 nma per YW u prrmrtted from internal expoaure. (See 
Qurrtion 28.) 

If. W k t  h mmt by A U R A ?  

In additioa to pmwdia# an upper limit on I person's 
permhub& ndiraon ex-, the NRC Jw, requues that 
its lbawr m u ~ ~ t m n  occvpalionrl expoeuna u fu below 
thr limrt u u nuorubly rchwnbk (AURA) .  Rw means 
that way wonty bt a nudur f d r y  m r o h g  e x p o w n  
to ndkdoa rbould k plranrd m u  to rrmurmu unaecervry 
e x p o u n  to mdnldwl rrOrtm mb JlO to th8 worker 
populraa A job that rarohs rxpaurs to radrruon 
should k whrdulrd oaly vhrn it u clur that the kndi t  
J W U ~  the IUI ruawd All &nub, conmctlOn, and 
o p r n w  pmadww should k M I n d  wch l e  objecave 
Of n d w g  8X-fW. 

No. for nllrtlas pmoCtlan ourporr th8 ?I& of 
unur from br d m  manmod to be pmpomond to the 
amouILt of erpoun, not tbr nu at rrhuh i t  u r e a m d .  
Thur it u u r d  U t  tondlry the dom Out over nme or 
onr lurn numbon of propla boa not ndua  the overall 
Nt tbr A U R A  coaapt baa b u n  followd only when the 
mdi*idurl md-cd l rec ln -dor r  ua nduad-by nducrns thu- 
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rndividud and coUective doses are reduced by reducrng the 
ume of exposun or decrezung fadotion levels rn the 
working envuonment. 

IS. Whar u m a n r  by c d e c d n  d o u  a d  why ahomld ir 
be mplllmmed A U R A ?  

Nucleu industry actiVitieseXP0~ m rncteurn( nunbcr 
of people to occupational radution m addiuon to the radu- 
tion doses they receive from natural background radrruon 

- and media l  raduuon exposurer The collecuve occupational 
doro (penon-rems) u the arm of JI occupauonal raduuon 
exposure received by ail the worken UI an e n m  worker 
populauon. For example, if 100 worken each fauive 2 rams, 
the individual d o n  u 2 rema md the collective do= u 200 
person-rems. The total additional nsk of cancar md genetic 
effects rn an exporod population u armrmed to depend on 
the collective d w .  

It should be noted that. from the rrrwpornt of ruk t o  
a total populruon, it u the collective dow that muR be con- 
trolled. For a Oven cdlrcuve dou. the numkr  of health 
effecta u awmed to k the m e  wen if a lugar n u m b  of 
p o p l e  rhua the d m .  f h O N f O f 0 .  SpNadhg the do- Out 
m y  nduc8  the rndivtdurl fUk; but mt thrt  Of the populrtiok 

Efforu rhould be made to muntrin the c o k t h e  don 
A LA RA ro aa not to unnueaunly  mcreuI tha o*mll popub 
tion madance of cancer and @ n e t s  e f f ecu  

Them u 'Vea" uuwor to  thb qurraon md a "no'* 
uuwer. For a wen job r n v d w y  uporwr 10 ndutron, 
the more people who aham the work  the lower the men@# 
don to  an mdnldurl. The lower rhr d o r ,  tiw lowor rhr 
nJ. So. for you u an rabi*lbuJ, rhr mor u ' V u "  

But how about tho nJt to tlu mtln o o u p  of wOttrrrt 
Under aaumpuona wed by tbm NRC for puoor, o f  mu0 
tion. the nak of can01 &pea& an tR0 toul a m o u t  of 
ndutroa e- by hvsu (hur. not an the 
n u m b u  of prop& to wbom thb tlvr Thmfon, if 
30 w o r h  m und to d o r p b  inmrd of IO, and rlbotb 
groupa got tho cobctbo dor (-nu). the t o u l  
cancer risk u the mma, m d  aothbu w u  auaod for tiw 
group by upnl30 ratm. From tEb viorpoint tho ~nnm 
u "no." The w a  oot lrdurvl but ampry rprud 
uound among a lupr wmkr of permu 

Unfonunrtdy. s p r u d i q  tho rbk uouod oftoa remlu 
UI a lumr collecuve d o r  for the iob. Workon UI expond 
u they appmrch job. whde thmy m mtuag omnted to 
do the Job. md U rhry ~ 8 t h - W  frOm tbr Job. f h e  d m  
reawed d u m  thrr MUOM U ullrd nonproducctw. If 
r w n l  c n w  c-8 UI roq&. the aoaptoducuve don 

- unkcome very lup. Thua it an bo #n that-the uw of 
e x t n  workers may actually UIQIU the tot& occupauonal 
Oou and the rearlung collective naka. 

The UY of erm worken to comply with NRC dow 
bmits is not the way to  reduce the ruk of radution.mduced 

cancer for the worker population. At  best. rhe t o t d  : :~1 

fcmarns the same, and it may even be rncnawd. The om) 
way to reduce the nsk u to reduce the c o l l e ~ ~ v e  dou.  that 
c u r - &  done only by reducm8 the raoution ieve~s. tne 
workmi times. or both. 

17. Why doem 'r the NRC impose collecnw d o u  lrmrn' 

C o m p h u  wth mdrvidurl do- limits CUI be achieved 
omply by u a a g e x t n  workers. However. cornphance wlth a 
collrcuve dou h t  (such u 100 person-rems per ycu for a- 
liccnre) would faqurn reduction of radution levels. 
workmg m e a ,  or both. But there are many problems 
urOcyted with rtmg rppropnrto collective dou llmltr 

for sxunple, we uu#ht connder applyrng a u g l e  
collectne don Lirmt to ail liamOe& The rlcction of such a 
collectme don limit would be almost unporoble k a u r  of 
the wdr VUUtbM I collretxve d o m  among kcenee r  
A P O W  ruetor Wvld m8MMbly k expected to have M 

r v m g  WuaJ collrcm d m  of rreral hundred penon- 
nmr Homer. a aauJl indunnrl  radiography ban= 
covld vrry nll hn a collecuve d o o  of only a few p e o n -  
nma I a yeu. 

Even cbsrrdrr. a collrcdvo don Limit for a group of 
rLailv Ucrarrc w d d  bo Jmoa aa ddficult. Rahoyaphy 
Irceanea u a m p  had aa areraga collecuve d o n  rn 1977 
of 9 peraon-nmr Homrr, the smallest collective dose for 
a nd implry  Litrnme wu lea  rhrn 1 perron-rem, an0 the 
largost w u 4 O I  peoa-nnu 

ktdag a nuonrblo tollrctl*r d o n  b u t  for each rndr 
vidual licrnrr w d d  rlro be vuy  drlfxult. It would 
nqm 8 ncord O f  4 p u t  cdlrcme dona 01 WbCh to b a r  
rucb UrmP SIttuu aa mud cobcave dow limit would 
then unounl to m attempt to  pndlct a nuonable  collecuve 
dorr for rwh f u M  y l u .  In orda to do t k  it would be 
n- to k abb to  p ~ b i c t  Fhuyrr in each Lcensd 
accmty thrt would iaaur or Qcnu the collectwe dom. 
In rdditloa. ~ u a l  c d k t i v o  d m  v u y  n m f i u n t l y  from 
y w  to y a r  wcwdiaa to rhr L a d  md amount of m u t e -  
wa raqumb. whicb QMO~ p n d y  be pmhcted m 
a d v a a .  FoUodng rll wb chuy# and mmng Lmrts up 
and down would k vrry difficult tf not unpoamblr. Hovrver. 
them effom would be neuaury d a collecuve d o n  krmt 
w a a  to br mmn~bbm M d  help nuamUe bows and risks. 

T?m NRC rruMr occup~ond ndrrtion dor 
Limitr bud 011 -a to  Febnll 4onaes from the 
Eavooarmaul Roucaoa AJIw (€PA) md, UI addition. 
coamdon NCR? urd ICRI ncommendationr k ien td ic  
m r w a  Ol nrucb dru  011 W ~ c d  effecu such u the 
BEIR NW m mh conadrnd. 

For example, ncmt EPA guidmu recommended 
that tho mud w h o l ~ y  dor limit be astabluhed at  5 
rema per y r u  M d  rndiuud that expoarm. yeu after yea. 
10 5 rema would mv&e a ruk 10 a worker compurble Io 
the are- NLU rncumd by worken m the hiaher mk lobs 

- _ _ _  - _ _  

c-7 
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5uch as minmg. In fact, few worken ever reach such a Limit. 
much leu year after year. and the risks u t a c u t e d  with 
actual c:posures are conodered by the EPA to bccomparablo 
to the d e r  job catcgones. A S-izm-per-year Limit would 
a l low occasion4 high dose Jobs to be done without eicesuve 
nslC. 

19. Who? M the typccd m i b n a  &#I rrceivd by wr&n? 

The NRC requues that cmam uteiones of Lcrnmes 
report data on annual worker d p r a n d  d o r s  for al l  workon 
w h o  leare employment with l icenser  Data w e n  rocrivod 
on the occupational dors  m I977 of approximately lOO.OOO 
workers m power nacton, rndusuul radtoqaphy, furl 
procezclni and f lbnpt iOn fac~iitus. and mrnufactunng 
and distribution facrlicres. Of t hu  t o u l  poup ,  8J perant 
recerved an annual d o r  of IeS than 1 rem; 9s parun t  
received less than 2 rems; fewer than 1 perconc o iuedod  
S rems in I yeu. T)re averago rnnud  dom of thow workon 
who were monitored and had moa8urablr exporunt  wa8 
about 0.65 rem. A study complotod by rho EPA, UMI 
197s expowre data for 1.260.000 workers. mdicatod that 
the a v e n p  annual dor for all worbn who nuned 8 
measurable dose WJS 0.34 nm.  

- 

a 

Tablo J lists a v e q e  occuptiod upwunr for vorbn 
(PCMM who had m r u r n b k  orporun above 
Iwelr) m vmous occupaaonr, b u d  on tho 197s dru. 

TAILS 5 

U.S. Occupational EX- Euimata' 

Medicrne 
Inductrul Radiography 

Power Reacton 
Furl F a b n u u o n  urd 

R0p-g 
Uranium Enrichmaat 
Nuclear W m o  D i s p ~ u I  
Uranium M U  
Department of E n =  

Departmoni of Dofear 

Educational Institutions 
Trrnrporuuon 

source MIllUfaCtuM8 

f a u l i t u r  

F acditirr 

3 20 
3 8 0  
630 
760 
J60 

70 
920 
380 
300 

I80 

206 
200 

J 1.400 
J,700 
2.J00 

21,400 
3.100 

400 
100 
760 

I 1,1100 

10,100 

1 .so0 
2.300 

there is danger. Exceeding a limit does not imply 1 3 1 1  y.oU 
have suffered an ~ J U Y .  A good companion IS vlrn [ne 
highwry speed limit, which is selected to limit accidenr risk 
and Stu allow you to get somewhere. If you dnve at  :S 
mph. you increase your risk of an auto accident 10 levels 
that are not conudered acceptable by the people who set 
speed limits. even though you may not actually have an 
accident. If a worker's radiation dose repeatedly eicceds 3 
rems VI a quarter, the ruk of health effects could eventudly 
i nc rew to a level that is not considered acceptable to thy 

- N R d  ~Exuding-m-NRC protection-limG docs not mean 
that my adverse horlth effects UI going to occur. I t  does 
mean that a lieonme's safety pro#rrm has faded m some 
respect urd that tho NRC md the licensee should mwst~gate  
to make sun tho problomr aro corrected. 

_ _ _  --- 

If an ovonxpacun occurs. the regulations prohibit my 
additional OCCUpaUOnd exporurr to that penon dunng the 
remuador of tho u l r n d u  quu te r  UI which the overexposure 
occumd. The lianrrr u t8qu-d to fie UI overexposure 
n p o f l  to th8 NRC M d  m y  pombly k %bl+ct to a fine. 
just U you UI arbnct to a tmffic fur0 for exceedmg the 
spud limit la both eu* tho fines and, m mme rnous or 
rapetrm am, arspenoon of liunrr M intended to 
encovnp  offotu tQ open18 w h m  the Limits fhe vfest 
linuta would be 0 mph md 0 n m  per quuter. But then we 
woulda't mt raywhom. 

Them sm two reasons Fim. the NRC regulations state 
that b C r n W  r h W d  kMp GXpOSJn8 (0 radiation ALARA. 
BY Nquuin( SpeCifi rppfovrl for worker doses UI excess of 
set IrWk mom unfu l  mk-knefit  arulysu can k made as 
arch addicionrl inuent8at of d o r  u approved for a worker. 
Secondly, a fuilily admmruntive h i t  that i s  set lower 
thm the qvurrrty NRC limit pro*idos a vfety m w n  
d q  to help tho liam avoid orrraxporurar 

11 S m d  rlrrmu haw wprmd tkt NRC Iimin m 
tm Lblr ad- k louend W k t  ICI rhe atmmenrt 
Iwlowdn# a). lima? 

In paml. thar alnal of p n m t  d o n  h i t s  n y  that 
the rndindud risk u b&br than u orumrtod by the BEIR 
Cornnutwo, chr ICW, rad UNSCEAR B l u d  on studies of 
low=&vrl upsunr to  lup goup, aomo n r u c h r n  have 
concluded cbu a gmn dam of nduuoa may k mom Uely  
to uun effect8 thm prmoudy thoufit. Some of 
t h r r  rmdwr an listed m chr bibliouaphy (Mancum. 
Archor) m d  the BEIR-80 npon mclUd0~8 rcaon malyzcng 
the findin# d then and other mbrr Scmntific oprnion 
diffon on tbe rrlidity of the n r u c h  methods u r d  and Ihd 
methods of cLlt& u u l y a r  Tho pmbkm u that the 
ex pocud-rdditionrl madraa-of -radutionrcrurd-e I f e S t F -  
such u cancer ia diMcult to  dotoct m compuuon with the 
much l u p r  normd Incrdma. I t  cannot bo &own without 
qurstlon that thrr offectr w e n  mora frequent in tne 
expomd study group than UI tho u n o x p ~ d  group used for 

not absolute h i t s  klov whuh i t  u rrfo and above which compmmn, or that tho o b m e d  effects were Caused 

_- _- 20.-w6&-- rfo wor&r 8xCI.d the Qwnrrll txpo - 

IYIV lima#? 

Radiation pmtection hiu. arch a8 3 n m r  m 3 months, 0 
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b y  radiation The B E l R  committee concluded that claims 
31 higner nrr had "no substance." 

The uRC staff conrrnually reviews the r e d U  d research 
an rrdiation nsks. With respect to Irryc-rcafe studies of 
:adution-rnduced health effect, m humrn populations 
cxporrd io low4evel tonurng radution. the NRC and EPA 
hive recently concluded that there u no one populaoon 
youp  avdable for which such a study could be expected to 
provide a more meanrngful estimate of the low-level radu- 
tron-ruk.-This i s  due. in law pan, CoIhe obG6ed  and 
estimated low incidence of ndu t ion  health effects from 
low doses. However. the mrUltt Of on8omg studus, mch u 
that on nuclear shipyard worken, d k curfully ravuwed 
and the development of a radiation-worker re- u 
being conudered u a pourble dam bu for f U W @  studrer 

23. W h r r  am rho rmwn$ for nor lowin# thr NRC d o a  
brntu? 

- - - -  

AWUmm8 that the S-rem-per-yau limil u adoptod. 
there ate three muons: 

a. Health rirk, u e  already low. 

The estimated hea th  m k s  arwmrted with cunrn t  
averap occupauonrl nd l roon  doma (e.#., 0.5 n m / y r  for 
SO yeon) ara companble to or lam than mk Iweb m other 
occupationd a m u  conodered to k am- the d o s t .  If a 
person were exporrd to the m u i m u m  of S nmr  pet y e a  
for SO yean. which vutlully never occun, he or she W t  
mcut a nrk comparable to tho new nrlu UI rnmw md 
heavy constmction. An oceumal S-fOm mnud d o n  mUbt 
be necessary to &ow #me jobs t o  be dono vnthout a 
signifiunt incream m the Co(lrcUve dor. If the do0 Lirmu 
were lowered Ugnrliuatly, I& n u m b  of peopk n q w r d  
to complete many j o b  would iaaur.  Tho cdkctlrr dom 
would then mmu Ma mon iadirldurlr would k 
receivrn( nonproductrre expoam whUa e n t a u  rad  
learn8 the work a m  urd p n p W  for thr pb. Thr total 
n u m k t  of hedth  effects mt lo up u tlu tdlrru*e don 
mcnrwd. 

b. Tho cumnt n- am coorldmd round. 

The nlukmzy aradudr for dom limru UI b u d  
on the r e c o m m a d o w a r  d thr Fo&rd Radiaoon CouncJ. 
A t  the time t h o u  rWldud8 rM dr*dopod. about 1960, it 
v u  c o n o d m d  Udikdy thrt to ChUe b e &  d u n a s  
a vorkmg Uetrme would rea& a cllaicrl evdena of 
UIJUW or dkurr drffennt from thu occumn~ m tho 
unexpocad populruon. The rwntifk dru ban for tho 
standards conmated pnmrnly of human oxpenence ( x n y  
exporums to m e d i  pnca t ioaon  md paornu. ur(rraon 
of radium by vetch d i d  pamton. eu iy  effocu o b u m d  LII 

level r ~ d ~ t l o n  aCCOtdin8 to the irneu model erptarnec ,'I 
Quesuon 7 Based on thu  approach, the regularions rn 10 C F  R 
p u t  20. "Standuds for Ptotectlon Aga~nrt Radiarion. ' also 
state that hcenms  should m u t u n  dl radiation erposurcs 
and releases of radioacuve materials UI effluents. as low a s  1s 
reasonably achrcvable. More recent scientific reviews of ;he 
large body of expenmental data. such as the E E I R - 8 0  and 
the recent EPA guidance. continue to support the view t ha t  
use of a 5-rem-per-yeu h i t  u acceptable In pracrice 
Expanencc h u  shown that. under this-limit. thewerage-- - 
dose to w o r L m  is n e u  0.S rem/yr wrh very few workers 
conwtantly approrchrn8 the limit. 

c. non u kttl. to m. 

Rodutin( the dolr limru, for example. to 0. S remiyr 
h u  been mrlyud by the NRCsuff. An estrmated 2.6 million 
panoa-rems could be w e d  from 1980 through the year 
ZOO0 by n u c l w  p o w r  plant licenaees tf comphmce 
wth the MW h a t  WON 8chured by lownng the radiation 
levria, workin# tunes, or both. rather than by uwlg extra 
worker% It uesumrted that somethm8 Lke $73 b&on would 
k spent tovud this putparr. Spend1118 $23 b a o n  to save 
2.6 million p o m o ~ ~ ~ r n r  would amount to spending $30 to 
$90 nJuan to p m o n t  uch potenual radution-mduccd 
p n m a n r n  u n a ;  death. b w t y  conaden  thu cost umccept- 
ably hi& for rndiridurl protocnon. 

8. An indopendent study by R o r o  and Mays m d  other 
bi- mntcb hnr lndiutod that a yven dose of 
nm(r0a ndLtioa m y  be mom likely to muse btolo@cal 
effocu thrn w u  pnnoudy  thought. Other recent studies 
c u t  doubt oa tho w e .  The NCRP u cumntly studying the 
data nktrd to  t& na t ron  ndiauon question and is 
expecmd to mJu ncommrndroonr u to whathar neutron 
dom Umia choulb k chu180d. Although the rclentrfic 
conmui!y hu m yrt  tom to  rgrrmrnt on thu question. 
workm chould be advimd of the pambrlrty of h M r r  nrL 
whon e n t m  UUI whom oxpostm to neutrons vlll occur. 

b. It hu lrrra horn for romo time that rapidly 
oowiru d u e  u mom aonmme to uuury from radiation 
than Ciarr ia rtuth tho all, ue not nproducrng rapidly. 
fhur tho embryo 01 fWU8 ir m011 rnot ive  to ndiation 
uuvy than M 8duk Tho NCRP recommended UI Report 
No. 39 that cpcirl pncrucianr k taken whoa an occupa- 
tlonrlly expand woman could k pm8nrnt m order to 
prouct  Uta embryo of f o n u  la 197% tho NRC iuued 
R m l a t m y  Guidr 8.13. "InUluctioa Conammg Prenatal 
l lrdudon-Exparun,"m-rbrcb-it-u-ncommended-that~ lapanen atomic bomb rumom ndoa exporunt of 

uranium m m o ~ - ~ - p ~ f r o ~ ~ d ~ ~ ~ ~ ~ - o i v ~ - ~ c m # r  iartluct rll worlrrn c o n o r n ~  thu ~ p e c d  nsk. 
IaW d-8 delivered at hub d o n  n t o ~  The data b a r  The pi& ncomnb that JL workan k adVtMd that the 

Jto mcluded the narlU of a lup number of animal NCRP meommended th8t the mumum prnnmble  dow to 
expcnments mvohrul8 h q h  d o r s  and don falei  The rnimrl the embryo cu ferut from occupational exposure of the 
expenmeno were particularly uaeful UI the evaluation of mothor should not exceed 0.5 rem for the full %month 
genetic effects. The obaoned effecu v m  nl r ted  to LOW- preylMCy penod. In addition. the #uide suggests options 

- 

0 
c-9 158 



FMPC-2084 Rev. 1 

369 

avadrblc to the female employee who chwws not to 
expose her embyo or fetus to thu additionrl mk. 

The United Stater Depmment of Health ad H u m  
Senices IS nmhr ly  concerned about prenatal exposun 
from medical x-rays. In 1979 they publuhed propowd 
guideher for phyuciani concernmg abdominal x-rays for 
powbly pregnant women. The guidelmesm effect encourage 
the $.ray staff to make efforts to detennrne whether 
female patAent u preaant and to defer x-rays-if porPble 
untrl after the chdd u born. 

_ - -  

c. A h  of special r n t e m t  18 the rnduatlon that femrlr 
worken an SUbJecc to more nsk of war madena thm 
male worken. In terms of all types of cancer a rap t  leukemu. 
the BEIR-80 malyrv indicates that lema& workon have 
a nsk of developrn8 ndution-tnduced canar that u approxk 
mately one md one-half tlmes that for mder. l%u mmud 
nlk IS pnmuJy due to tho rncrdena of braast md thyrold 
cancer m women. Ther types of uncu, homo?, hrve e 
h M  cum ntr. Thus rhr btfurna ktwun men md 
women UI cancer mortality u not mat lncldrno of 
ndution-mduced leukemu u about the ome for both 
sexes. Female workm should be rwnn of thu diff@NIICe ia 
the Nkr of ndrrtlon-mduad mar in deadhg whether 
or not to seek work mvolvrng exporvn to nbroon. 

2s. How m u d  malmtioor d#r the pmaa who 
dar not w k  In rhe nuda? cndcuwy mri#? 

We an rll expord from the moment of concapdoa 
to ion- ndnuoa from mvaml LO(UCII Ow enmoamrat, 
and even the humm body. contun8 MtunUy acun?a# 
radioactive maunrlr that conmbuu loma of the bukpouad 
nduaon WI ncmr. Counrc ndircloa origbrrcm( m space 
and m the sun conmbutu additional expoun.  Th un of 

adds conadmbly to our popvLUoa expoam. 
x-nys md n d - m  mmrlrlr in Md datbay 

- 

Tam 6 show ertimrted ~ n l )  hdMdurl ex- 
UI rnrUinm8 from nuvnl brtgGlad rsd other aourcu 

TABL8b 

s200 mnm/yr Total 

-- 

c-10 

Thus, the avenge mdrvidual rn the general populailon 
receivor about 0.2 rem of ndution expolure each year 
from lourus that are a pu t  of our natural UIQ man-maae 
envuonment. By the age of 20 yean. UI mdivlduai has 
accumulated about 4 rems. n e  most likely target !or 
reducuon of populrtlon exposure u medical UWL 

26. why . F I R ?  m e d i d  rxpoarnr eoandmd OJ pan a/ a 
r o r b r t  ollowd doae? - 

Equal do- of mediuland occupational raduiion have 
equal nrlrr' Medial expagun to ndiahar h u l d  k justifled 
tor m a m ~  quite diffennt. however, from those applicable 
to oceupaOonrl exporum. A phyacun prercnbrng an x-ray 
should k conmad that the knef i t  to the patient of the 
m ~ l t i n g  medrul rnfonnatron jurufies the nsk assauted 
until the mdlrtioa. &ch worker must deade on The rccept- 
Ma of OcarPaOonal ndutlon nak lust u each worker must 
Ccrdr 011 rho rctrpubll ity of any other occupation4 
huud. 

_ _ _  -- 

F o r r a # b r  pint dv i r r r ,  carmder a tmdter w b n a n e s  
a d m  d tnm, from a -8 of x-rays or J ndroactive 

wury or U O t r  Thu bow 
md rhr implied risk should k J u ~ i e d  on medial younds. 
If Ibr WOSb? hd m d  a d o r  Of 2 mmS On the job. 
the combbod d o r  of 4nm would not mupacitate the 
wOrk8r. A don of 4 nfm u not esprcvlly dangerour and u 
not Lup sompuwd to tho cumuLwr Uaume dose. Re imc t -  

nmuada of the quutw would have no effect one way or 
thr otlu? on tho rwt from the 2 rems &lmdy received from 
medial expoam. If the mdimdurl workcrr accepts the nskr 
roroarlrd 4th the x-rays on the buu of the medical 
karfh rad tho nrlu rpoCrrt8d mth Jobdated exposure 
on the brdr o f  employmrnt knefiu. it would k unfw to 
mrrlct tbr iadhdual from employment LII nduuon m a s  
for (lu nmuadrr of Ibr q w a r .  

b C O M I C U ~  wlch 

thr W O t h  from &ltiOw Job eXpWm d U M g  the 
, 

thr pm& olndbrctin mterir lr  by Plorkcn i s  p n n  _ _  
-dy dw to bnrtU#conumiartodrir;llrdiorcove marenah 

may k pnrnt u fba d u t  01 gu~# m tho workplace 
atmwphm. The adaces of equipnent id workkrrches 
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may be contammated. Radioacuve mateMIS may enter the 
body by  being breathed m. taken in with food Or dmk. or 
being absorkd,rhrough the skm. puucukrlY rf the r h  u 
broken. 

After entenng the body, the ndiorcuve matenal wUg 
migrate IO pu t icu lu  organs or p u o c u k r  p v t s  of the body 
Jepcndrng on the blochemutry of the matend. For example, 
uranium WIII tend to depoot rn the bones when i t  Wrll 
remam f0r-a !Ong_ we, It 9 slowly el@mrted_from-the 
body, mostly by way of the ludneyr Radium wtl l  rlro tend 
IO dcpooc in the boner Radioacave rodme cnll seek out the 
rhyroid glands ( l o u t e d  m the neck) urd depout there. 

_ _  _ _  - ._ - 

n e  dose Iran thew u u e d  cminen umot k me, 
sured either by the N m  bad@ or by other ordinary doam 
eten c u n e d  by the worker. Thrc munr  that @e internal 
radiation d o r  must be separately monitored u M g  other 
detection methodr 

a 

Internal exposun can be emmated by meamnag the 
raduuon emitted from the body or by m W M g  the 
radioactive mate& c o n c u e d  in biolgrcrl sampler such u 
unne or f e a r  Dose eaumatu  can dm be ma& tf on8 
h o w  how much rrdiorcuve m8urLl u m the ut and the 
length of time dunng which the w w u  breathed. 

18. now OR the nmin jor bnnvl e.poarn m i  

Standards have been emblirbed for thr maximum 
permurible amount of each radionuclide thrt  may k 
accumulated in the cn0d of88na' of the workn's body. 

Calculations am ma& to  deannlmn the q w n n t y  of 
ndroactrve m r c e J  that hu baa t8km mto the body md 
the total d o n  that would nult. fhra, bud 011 limru 
establuhed for p M c ~ l u  body orpru nmitr to 1% nm~ 
rn a calendar q u m n  for wbo&=4ody expoam, the 
UOM spoafy mumum pofmupbi, cOllOnmMru of ndb 
acuve matend rn the w to rrhch a w a t n  c~ll k e x p a r d  
for 40 h o u n  p-a w u k  over 13 rrb 01 I ulradu qwrru. 
The rcguuluonr rlro nqw t&t ef fau k mrdr to keep 
internal exporvn ALARA. 

lnternrlerrDoanmoolrtmllrdbylb&burhenbuof 
ndiorcuve m t a W  bto tb air and by ~ h r l l y  momtoring 
the work area for &ana md vllra cow 
tammation. PtoucUw do- and n g b r t w  (bnrrhina) 
protecuon should k umd rbrnrnr B o  padbrlity of 
contact w i t h  loor ndiorctire mrmJ olll lot  k p n n n t e d  

Exposun to radiation b a t  nuln from radiorctire 

limit. ICRP recommends that the internd and exrernd i o u s  
should be appropnately added. Thu rccommcndatlon LI 

cumntly under study by the staffs of the NRC. the EP.4. 
and the Occupiuonal Safety and Health Admmutrarion 
(OSHA). . 

A worker may w e u  t h e  ryper of ndution-mearunng 
-dmcer A wlf-readmg pocket donmeter-records the exposure- 
to rnudent nduuon and can be mad out unmediately upon 
firnuhing e Job mvohmg external exposure to radiation. A 
lilm badge or TLD badge recorda ndution dow, either by 
the amount of dukemag of the T i  of by storm8 energy in 

the TLD ayrrrL Both them devltra requrte p r o c t m g  IO 
de tunuae  the dew but are conrrdend more relrrble rhrn 
the pocket boameter. A worker's offiiurl repon of d o g  
reur*ed u nonnrlly b u d  011 f3m or TLD badge readrngs, 
which prorrdr a cumulrtme totd md are more accurate. 

31. not ro u n p t  rhe mitr W k r  av my OP- iff 
-8d Wth orenmttend mdbtlon rxpomn? 

If tbr n3u from exporun to radiation that may k 
expected to occut during your work ua unacceptable to 
YOU, Y o u  d d  nqueat a to 8 job that dorr not 
m v d r r  e x g o u n  to  ndrraos Horrver, the nrk moclr ted 
wntb expoaun to ndrrrion t h t  worken. on the average. 
U t d y  name arm coandemd acceptable, compurd to 
OW occ~pa~onrl nrlu, by Vvcuaily al l  the scientific 
uoups t h t  &e uudied them. Your employer u probably 
not obUgmd to guu8atm you a m a f o r  rf you decide not 
to w a p t  M uagament  n q m  exporun to radiauon. 

You rlro have the option of rrkmg other employment 
in a noMdkaoa  occupraok Homer, the studrrr that 
have compuod occupati0nJ rirt, L I ~  the nuclear mdusw to 
thorr in ot&r job u11) radiuu t h t  nudear work u 
nkci*dy d e .  Thus, you will not n r a d y  fmd -if- 
luady  lower ri8h P raothrr job. 

Your &mp!oyrr 

The ndirUon protection or health phyncs office 
rn the frcrLty when you ue employed. 
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6. Nuclear Remulatoy Commission 

R t F o w l  Officer 

b King of Pruma. PA 19406 2 1  S-337-SOOO 
Atlanta. G A  30303 W - 2 2  I 4 0 3  
Glen EUyn. IL 60137 3 I2.332.2500 
Arlington. TX 7601 2 81  7-3342841 

4 I J-913-3700 

I 

Walnut Creek. CA 94J96 

Htudquorrerr 

\ 

380 
C. Dwurrmrar of Htalrh and Human S t ~ r c r l  

Office of the Director 
Bureau of Radlologlcal Health f HFX.1 
Department of Health and Human Servtcer 
J600 Ftshen L n e  
Rockvdle. MD 208J7 

Telephone 3 0 1 4 3 4 6 9 0  

d. ~nnronmrnrol horrcnan Af tncy  
_____----- - - -- _ _ _ _  - 

Occupationd Radiation Protection Branch 
Office of Nuclear Remlatory R e r u c h  
U.S. Nuclear Regulatory Commuuon 
Washmaton. D.C. 2OSJS 

Offie of Radiation Programs 
U.S. Enwronmental Protection Agency 

Wuhington. D.C. 20460 
401 M stmt .  sw 

Telephone: 30 1443-s970 Telephone: 703-5S7-97 I 0 

c-12 
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6. Nurlmr Rqulorary Cammiuian 

Repowl orm; Office of the Director 
6unru of Radiolo#ical Health (HFX- I  I 
Department of Health and Human S e ~ l c e s  Kin8 of Pmdr. P A  19406 2IS-337.SOOO 

Atlanta. G A  30303 
Glen EUyn. IL  60137 3 12-932-2300 Rockville. MD 208S7 
Arlington. TX 7601 2 81 7-334-1841 
Walnut Creek. CA 94S96 4 I J.9434700 Telephone: JO 1.-443-4690 

b 
I 

. 404-2214J03 . 5600 Fishers b n e  

Htudqwtrn  d. ~nr iwnmrnro l  Rotretion Arsncy 
. . . -  - __ . ~ 

Occupational Radiation-Protection . - .- Branch. ~ - - -  - - --  offi in 3f Rldiition Proyams 
~- -0lfice-ol Nuclear Regulatory R e r u c h  U.S. Environmental Protection Agency -~ - -  

~ .~ 

U.S. Nuclear Ra#ulatory Commission ' 401 M s t m t .  sw 
Washington. D.C. 2OJJJ WYuhlnaton. D.C. 20460 

Telephone: 301U3-J970 lelaphonr: 703-S57-9710 

c-12 
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