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CHAPTER XI 

R E O U I R E M E N T S  FOR RADIATION PROTECTION 

PURPOSC. > i s  chapter establishes radiation protection standards and require- -- 
ments : ~ r  Lepartment of  Energy and Department of Energy contractor operations 
based lpl:ll the recommendations of  the Environmental Protection Agency and the 
Nati 2 ;  - icuncil on Radiation Protection and Measurement. 

DEFINITIONS. 

Controlled Area. Any area t o  which access i s  controlled in order t o  
protect individual s from exposure t o  radiation and radioactive material s. 

Dose Comnitment. The dose equivalent (rem) received by specif ic  organs 
during a period of one calendar year,  t ha t  was the r e su l t  of uptakes of 
radi onucl ides by a person occupational ly exposed. 

F i r s t  Collision Dose. A measure of radiation dose a t  a cer tain point, 
based on the i  nci dent energy transferred to  secondary charged par t ic l  es ,  
per gram of absorbing materials, by primary par t ic les  tha t  suffer  only 
one coll  i  sion i n  the medi um. 

Neutron Spectrum. A description of a neutron radiation f i e l d  in terms 
of the number o f  neutrons per u n i t  energy interval .  

Primary U n i t .  A nuclear accident dosimetry uni t  placed i n  a position 
near a potential accident s i t e .  

Screenin . A method fo r  rapidly selecting those individual s involved i n  + a nuc ear  accident and subjected to  acutely serious radiation exposure. 

RESPONSIBILITIES AND AUTHORITIES. 

a. Heads of Field Organizations shall  : 

(1) Review and approve emergency plans for  rescue and recovkr~ operations, 

( 2 )  Act, where immediate decisions and actions are  required, on requests 
fo r  exemptions from the requirements of this chapter and immediately 
report and jus t i fy  such action to  the Deputy Assistant Secretary fo r  
Envi ronmental Safety and Heal t h  (EP-30). Contractors may be 
authorized to  take a1 1 appropriate measures i n  emergency s i  tuations. 
See page XI-9, paragraph 4e. 

( 3 )  Assure tha t  Department employees, Department contractor personnel, 
and the general public are  protected against unnecessary radiation 
exposure and comply with the provisions of t h i s  chapter. 

Vertical 1 i ne denotes change. 
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b.  The Deputy A s s i s t a n t  Secretary f o r  Naval Reactors s h a l l  assume the  same 
r e s p o n s i b i l  i t i e s  as Heads o f  F ie1  d  Organ iza t ions  f o r  Naval Reactors 
a c t i v i t i e s .  

REOUIREMENTS, 

a. Occupat iona l ly  Re1 a ted  Exposure o f  I n d i v i d u a l s  i n  Cont ro l  l e d  Areas. 
Rad ia t ion  exposures s h a l l  be 1  i m i  t e d  t o  1  eve1 s  reasonably achievable 
w i t h i n  the  standards prescr ibed below. 

(1 )  Rad ia t i on  P r o t e c t i o n  Standards f o r  Ex te rna l  and I n t e r n a l  Exposures. 
(See F igu re  XI-1.) 

( 2  ) Procedural Requi rements . 
R e s t r i c t i o n s .  

1 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 ,  nor - 
al lowed t o  enter ,  c o n t r o l l e d  areas i n  such a manner t h a t  he 
OF she w i l l  r ece i ve  doses o f  r a d i a t i o n  i n  amounts exceeding 
one-tenth the  standards i n  paragraph 4a( 1 )  above. 

2 Dose t o  s tudents under age 18 exposed t o  r a d i a t i o n  du r ing  - 
educat ional  a c t i v i t i e s  s h a l l  n o t  exceed 0.1 rem/year. Th is  
exposure s h a l l  be considered a  p a r t  o f  t he  0.5 rem/year 
l i m i ' t  f o r  workers under age 18 and n o t  supplemental t o  it. i 

/ 

Combining I n t e r n a l  and Ex te rna l  Dose. Cur ren t  yea r  whol e  body 
i n t e r n a l  dose commitment from rad ionuc l  i des  f o r  which the  whol e  
body i s  t he  c r i t i c a l  organ must be combined w i t h  the  ex te rna l  
whole body dose. Where b o t h  t h e  ex te rna l  p e n e t r a t i n g  dose and 
i n te rna l .  dose t o  c r i t i c a l  organ a r e  known, they s h a l l  be com- 
b ined f ~ r  t h a t  organ. 

Emergency o r  Acc identa l  Exposure. Rad ia t ion  doses rece ived i n  
emergency o r  acc identa l  s i t u a t i o n s  w i l l  be chargeable t~ the  
r a d i a t i o n  exposure records o f  t h e  exposed i n d i v i d u a l s .  However, 
t h e  dec i s ion  as t o  whether an i n d i v i d u a l  exposed t o  r a d i a t i o n  
i n  excess o f  t he  standards i n  subparagraph a ( l )  above w i l l  con- 
t i n u e  t o  work i n  a  r a d i a t i o n  area w i  1  1  be made on a  case- by-case 
bas i s  by ope ra t i ng  c ~ n t r a c t o r  management i n  accordance w i t h  the 
advice o f  the  c o n t r a c t o r ' s  h e a l t h  phys ics  and occupat ional  
medical departments and s u b j e c t  t o  t h e  approval o f  t h e  Head o f  
F i e l d  Organizat ion.  The ope ra t i ng  c o n t r a c t o r  s h a l l  assure the 
head of the  respons ib le  f i e 1  d  o f f i c e  t h a t  the unsafe cond i t i ons  
under which t h e  emergency o r  acc jden ta l  exposures were rtbceived 

V e r t i c a l  1  i ne denotes change. 
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Type o f  Exposure 

Whole body, head d trunk, gonads, 21 1 ens of the eye-, red bone marrow, 
active blood-forming organs. 

Unl imi ted areas of the skin (except 
hands and forearms). Other organs, 
t i s sues ,  and organ systems (except 
bone). 

Bone. 

4 / Hands- and fee t .  

Dose Equivalent ose or 
Exposure Period Dose Comitment- 19 rem) 

Year !a 
Cal endar Quarter  3 

Year 
Calendar Quarter  

Year 
Calendar Quarter  

Year 
Calendar Quarter  

Year 
Cal endar Quarter  

1 L  To meet the above dose commitment standards, operations must be conducted in - 
such a manner tha t  i t  would be unlikely tha t  an individual would assimilate in 
a c r i t i ca l  organ, by inhalation, ingestion, or absorption, a' quantity of radio- 
nuclide or  mixture of radionuclides tha t  would commit the individual to  an organ 
dose tha t  exceeds the l imits  specified i n  the above table.  

2/  A beta exposure below maximum energy of 700 KeV will not penetrate the lens - 
of the eye; therefere ,  the applicable l imi t  for  these energies would be that  
for  the skin (15 rem/year). 

3/ In special cases, w i t h  the approval of EP-30, a worker may exceed 5 r e d y e a r ,  - 
provided h is  or her average exposure per year since age 18 will not exceed 
5 rem per year. This does not apply to  emergency s i tuat ions.  

4/ All reasonable e f f o r t  shall be made to  keep exposures of forearms and hands to - 
the general 1 i m i  t for  the skin. 

FIGURE XI-1 
RADIATION PROTECTION STANDARDS FOR 

OCCUPATIONALLY RELATED EXTERNAL AND INTERNAL EXPOSURES 

Vertical 1 ine denotes change. 
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have been el iminated. The decis ion t o  resume operations . 

fo1 1  owi ng an emergency o r  accidental  r ad ia t i on  exposure sha l l  
be subject  t o  the approval o f  the head o f  the responsible f i e l d  
o f f i c e .  

(d)  Moni tor ing Requirements. Moni tor ing i s  required where the 
po ten t ia l  ex i s t s  f o r  the ind iv idua l  t o  receive a  dose o r  dose 
commitment i n  any calendar quar ter  i n  excess o f  10 percent o f  
the quar te r l y  standards s ta ted i n  paragraphs 4a( 1 ) and 4a(2) (a)2 - 
above. Moni tor ing requirements as spec i f i ed  f o r  the fo l low ing  
condi t ions sha l l  inc lude:  

1 External  Radiation. Personnel moni t o r i n g  equi p e n t  f o r  - 
each ind iv idua l  . 

2 I n te rna l  Radiation. Per iod ic  (monthly, quar te r l y ,  annual l y  , - 
etc.) bioassay analys is  o r  i n .  v i vo  counting o r  eva luat ion 
o f  a i r  concentrat ion t o  which the indiv i 'dual  i s  exposed, 
o r  a  combination o f  a l l  methods. 

( e l  Methods o f  Est imat ing Dose Commitment. Methods o f  es t imat ing 
dose commitment t o  the organ o f  i n t e r e s t  should be su i t ab le  t o  
the e x i s t i n g  condi t ions and cons is tent  w i t h  assumptions and 
recommendations o f  the Environmental Protect ion Agency, the 
National Council on Radiat ion Protect ion and Masurement, and 
the In te rna t iona l  Commi ssion on Radio1 ogical  Protect ion.  

Concentration Guides. 

(a)  - Air .  Concentration Guides i n  Attachment 1, Table I, Column 1, 
were derived f o r  the most p a r t  from the year l y  standards i n  
paragraph 4a( 1 )  above (assume a 40 hour workweek). They should 
be used i n  evaluat ing the adequacy o f  hea l th  p ro tec t ion  
measures against  a i rborne r a d i o a c t i v i t y  i n  occupied areas. 

(b )  Water. The Concentration Guides i n  Attachment 1, Table I, 
m n  2, are app l icab le  t o  the discharge o f  1  i q u i d  e f f l u e n t s  
t o  san i tary  sewage systems (see paragraph 4b(5) on page XI-6). 
Dr ink ing water concentrat ions i n  con t ro l l ed  areas sha l l  be 
maintained w i t h i n  the concentrat ion guides spec i f i ed  i n  Tab1 e 
11, Column 2. 

b. Exposure o f  Ind iv idua l  s  and Populat ion Groups i n  Uncontrol led Areas. Ex- 
posures t o  members o f  the pub1 i c  sha l l  be as 1  ow as reasonably achievable 
ieve l  r w i t h i n  the standards prescr ibed be1 ow. 

Ver t ica l  1 i n e  denotes change. 
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Type o f  Exposure 

Whole body, gonads, . 
o r  bone marrow 

Other organs 

Annual Dose Equ iva lent  g r  
Dose Commi tment ( rem)') 

Based on dose t o  Based on average dose 
i n d i v i d u a l s  a t  t o  a s u i t a b l e  ;arnpl e 

p o i n t s  o f  maximum o f  the  exposqd 
probable exposure popul a t i d '  

(rem) (rem) 

- - .I/ - I n  keeping w i t h  Department o f  Energy pol  i c y  on lowest  p r a c t i c a b l e  
exposures, exposures t o  the  pub1 i c  s h a l l  be l i m i t e d  t o  as small a f r a c t i o n  

\ ,  o f  t he  respec t i ve  annual dose l i m i t s  as i s  reasonably achievable. 

2/ See Paragraph 5.4, Federal Radiat ion Council Report No. 1, f o r  d iscuss ion - 
on concept o f  s u i t a b l e  sample o f  exposed popul a t ion .  

FIGURE XI-2 
RADIATION PROTECTION STANDARDS FOR EXTERNAL AND 

INTERNAL EXPOSURE OF MEMBERS OF THE PUBLIC 
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(1) Radiation Protection Standards for  External and Internal Exposure. 
-(see Figure XI-2.) 

( 2 )  Monitoring Requirements. To assure tha t  doses to  the public are 
maintained as low as  reasonably achievable consis tent  w i t h  dose 
standards s e t  for th i n  paragraph 4 b ( l )  above, eff luents  to  the 
environment, and other parameters shall be monitored and docu- 
mented i n  accordance w i t h  DOE 5484.1. 

Concentration Guides. 

( a )  Concentration Guides in Attachment XI-1, Table 11, were derived 
fo r  the most par t  from the dose standards fo r  individuals in 
paragraph 4 b ( l )  above (assume 168 hours of exposure per week). 
These guides shall be reduced by a factor  of three when 
applied to  a sui table  sample of the population. Where 
t rans ien t  exposures can be calculated, the concentration 
guides other than those i n  Attachment XI-1, Table 11, may be 
used to  evaluate compliance w i t h  the dose commitment standard. 

( b )  There may be s i tua t ions  where i t  i s  not feasible  or  desirable 
to  evaluate the exposure of individuals and samples of exposed 
populations to  e f f luents  to  assure compliance w i t h  standards i n  
paragraph 4b( 1) above. In those cases, eff luent  releases to  
uncontrolled areas shall  be such tha t  average concentrations o f  
radioactivity a t  the point of release are within the concentra- 
tfon guides and are  as low a s  reasonably achievable. The p o i n t  
of release shall  be considered to  be the point a t  which the 
e f f l  uents pass beyond the s i t e  boundary. Radioactivity concen- 
t r a t ions  may be averaged over periods up to  1 year. 

( 4 )  Further. Limitations on Effluent Discharges. In any 'situation in 
which the eff luents  discharged by one or more a c t i v i t i e s  of the 
Department, Department contractors,  o r  others cause exposure to  
approach the standards specified i n  subparagraph b ( l )  above, appfo- 
pr iate  eff luent  discharge l imi ts  may be s e t  for  these operations. 
In such cases,  the manager of the fie1 d, organization may take the 
necessary corrective action i f a1 1 act ivi  t i e s  concerned are w i t h i n  
his or her area of responsibil i ty.  Otherwfse, each case will be 
referred t o  EP-30 f o r  appropriate action including, where appropriate, 
coordination w i t h  actions taken by the Nuclear Regulatory Commission 
under the Code of Federal Regulations, T.i t l e  10, Part  2O.l06(e). 

(5 ) D i  scharge to  Sanitary Sewage Systems. 

( a )  Effluents may be discharged to  public sanitary sewage systems 
provided: 

Vertical 1 ine denotes change. 
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1 When t h e  person i n  charge o f  emergency a c t i o n  o n s i t e  deems - 
i t  e s s e n t i a l  t o  reduce a hazard p o t e n t i a l  t o  a c c e p t a b l e  
l e v e l s  o r  t o  prevent  a s u b s t a n t i a l  l o s s  of  p r o p e r t y ,  a 
planned exposure up t o ,  b u t  n o t  t o  exceed, 12 rem f o r  t h e  
y e a r  may be rece ived  by the i n d i v i d u a l s  p a r t i c i p a t i n g  i n  
the ope ra t i on .  The person i n  charge  o f  emergency a c t i o n  
under spec i a l  c i rcumstances could  waive t h e s e  1 imi t s  and 
permi t  vo lun tee r s  t o  r e c e i v e  an exposure up t o ,  bu t  n o t  t o  
exceed, 25 rem. 

( 2 )  Cons ide ra t i ons  Toward Maintaining Radia t ion  Exposures As Low As 
Reasonably Achievable. When apply ing  the f o l l  owing guide l  i n e s ,  
changes i n  p roces se s  o r  mod i f i ca t i ons  t o  e x i  s t i n a  f a c i l  i t i es  

2 Where the po ten t i a l  risk o f  r a d i a t i o n  hazard i s  such t h a t  - 
1 i fe  woul d be i n  jeopardy,  o r  t h a t  there woul d be s eve re  
e f f e c t s  on hea l th  o f  the pub l i c  o r  l o s s  o f  p rope r ty  
in imica l  t o  the pub l i c  s a f e t y ,  the c r i t e r i a  f o r  sav ing  
human 1 i f e  s h a l l  apply. 

f. Guidance on Main ta in ing  Exposures t o  As .Low As Reasonably Achievable .  

(1) In t roduc t ion .  Exposures t o  r a d i a t i o n  s h a l l  be main ta ined  a s  low a s  
reasonably ach i evab le  and w i t h i n  the gui del i nes provided i n  para- 
graphs 4a and b. Assurance t h a t  worker and pub l i c  exposures  do 
n o t  exceed the exposure guidel  i n e s  (e .g . ,  3 rem per q u a r t e r ,  5 rem 
pe r  y e a r  f o r  r a d i a t i o n  workers) is,  i n  i tself,  i n s u f f i c i e n t  i n  t h a t  
Department po l i cy  i s  t h a t  o p e r a t i o n s  s h a l l  be conducted i n  a manner 
t o  . a s su re  t h a t  r a d i a t i o n  exposure t o  i nd iv idua l  s and popul a t i o n  
groups i s  1 iini t e d  t o  the 1 owest 1 eve1 s reasonably ach ievable .  . The 
guidel  i nes  con ta ined  here in  sugges t  s eve ra l  f a c t o r s  t o  c o n s i d e r  i n  
each o p e r a t i o n  t o  a s s u r e  compliance w i t h  Department po l i cy .  They a r e  
by no means exhaus t ive .  The DOE p u b l i c a t i o n ,  "A Guide t o  Reducing 
Radia t ion  Exposures t o  As Low As Reasonably Achievabl e (ALARA) ," 
DOE/EV/1830-T5, r e p r e s e n t s  a more complete guidance on usefu l  
p r a c t i c e s  and p o t e n t i a l  a r e a s  o f  concern i n  s a t i s f y i n g  t h i s  pol i cy .  
To t h e  e x t e n t  f e a s i b l e ,  the c o n s i d e r a t i o n s  o u t l i n e d  i n  t h i s  document 
s h a l l  be implemented t o  i n s u r e  a comprehensive approach toward 
a s s u r i n g  t h a t  r a d i a t i o n  exposure i s  maintained a s  low a s  reasonably 
ach ievable .  Basic  t o  fol lowing these guide l  i n e s  i s  t h e  premise t h a t  
exposures  can be maintained a s  low a s  reasonably ach i evab le  through 
c o n s i d e r a t i o n s  i n  the design o r  mod i f i ca t i on  t o  a f a c i l i t y  and 
equipment, reducing the e r r o r s  i n  r a d i a t i o n  exposure assessments  
through the a p p l i c a t i o n  o f  s t a t e - o f - t h e - a r t  i n s t rumen ta t i on  main- 
tenance  and c a l i b r a t i o n ,  and by the i n s t i t u t i o n  of  a p p r o p r i a t e  
procedures  and t r a i n i n g .  

shouid be cons idered  on the merits of the s p e c i f i c  case .  

Ve r t i ca l  1 i ne deno te s  change. 
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(a )  F a c i l i t y  Considerat ions. 

1 Design. - 
Exposure r a t e s  i n  work areas should be reduced as 
low as reasonably achievable by proper  f a c i l i t y  
design and equipment layout .  Design f a c t o r s  t o  
consider  are: occupancy time, source terms, spacing, 
processes, equipment, and sh ie ld ing .  Qnsi t e  
personnel exposure l e v e l s  l e s s  than o n e - f i f t h  o f  the  
permi s s i  b l  e dose equ iva l  en t  1 i m i  t s  p rescr ibed i n  t h i  s 
chapter  should be used as a design o b j e c t i v e .  

Primary means f o r  assur ing p r o t e c t i o n  should be 
through phys ica l  safeguards, e.g., remote hand1 ing,  
equi pment, s h i e l  ding, e tc .  Admin i s t ra t i ve  c o n t r o l  s 
should be regarded as secondary means. 

The general concept i n  t h e  desIgn f a c i l  i ty f o r  
purposes o f  h i g h  1 eve1 contaminat ion conf inement 
shoul d be pr imary, secondary, and t e r t i a r y  confinement. 
Pr imary conf inement would be the  process enclosures 
and t h e i r  v e n t i l a t i o n  and a i r  c l ean ing  systems, 
secondary conf inement would be the  ope ra t i ng  area 
compartments and t h e i r  v e n t i l  a t i o n  and a i r  c l ean ing  
systems, and the  t e r t i a r y  confinement would be the  
s t r u c t u r e  and i t s  v e n t i l a t i o n  and a i r  c lean ing  
systems. 

Compartmental izat ion should be prov ided t o  i s o l a t e  
h i g h  r i s k  areas. 

Decommissioning requirements shoul d be considered i n  
t h e  design o f  a f a e i l i t y .  The avoidance o f  rough 
surfaces, cracks, and c rev i ces  i n  p o t e n t i a l  
contaminat ion areas shoul d be considered i n  t h i s  
c o n t e x t  . 
The use o f  p r o t e c t i v e  c o a t i n g  i n  r a d i a t i o n  areas 
should comply w i t h  t h e  s p e c i f i c a t i o n s  conta ined i n  
American Nat iona l  Standards I n s t i t u t e  Standard 
N512-1974, " P r o t e c t i v e  Coating f o r  Nuclear Indus t ry . "  

I n t e r i o r  surfaces, as we1 1 as l a y o u t  o f  duc ts  and 
pfpes, should be designed t o  min imize b u i l d u p  o f  
eontaminat ion and exposure t o  personnel, and t o  
f a e i l  i t a t e  cleanup. 
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XI-19 (and 20) 

p l a n t  r e l e a s e s  a s  low a s  reasonably  ach i evab le .  Tra in ing  
programs should be on a  con t inu ing  b a s i s  t o  enab le  
t r a i n i n g  of rep1 acement personnel a s  we1 1  a s  r e t r a i n i n g  
t o  a s s u r e  t h a t  personnel remain p r o f i c i e n t ,  and should 
i nc lude  a  means t o  determine t h a t  t h e  t r a i n e e s  have 
a t t a i n e d  the  necessary q u a l i f i c a t i o n  s t a t u s .  A r a d i a t i o n  
s a f e t y  t r a i n i n g  program should i nc lude  but  n o t  be l im i t ed  
t o :  

i 

i i 

i i i 

i v  

v  

v i 

P r i n c i p l e s  of des ign  o p e r a t i o n  and maintenance 
of t he  p l a n t ,  p r o j e c t  equipment,  o r  experiment .  

Po t en t i a l  problem a r e a s  from t h e  r a d i o l o g i c a l  
viewpoint.  

Basic  c h a r a c t e r i s t i c s  o f  r a d i a t i o n  and contaminat ion,  

Methods (p rocedures ,  equi  pment) f o r  exposure and 
contamination c o n t r o l .  

Basic  understanding of b i o l o g i c a l  dose and method; 
of assessment.  

Emergency procedures  and systems. 

b  Opera t ions  supe rv i s ion  should have a  good understanding - 
of  the r ad io log ica l  c h a r a c t e r i s t i c s  and p o t e n t i a l  s a f e t y  
problem a r e a s  a s s o c i a t e d  w i t h  t h e i r  program i ncl udi ng a1 1 
the t r a i  ning el ements covered under paragraph 4f ( 2  ) ( b )  1 a  - - 
above. This  would permit a  proper  assessment  o f  the 
adequacy of c o n t r o l s  i n s t i t u t e d  t o  main ta in  exposures  a s  
1  ow a s  reasonably  ach ievable .  

g. I n t e r n a l  Audi t s  

(1) I n t e r n a l  a u d i t s  s h a l l  be conducted of  the rad  

( 2 )  In conduct ing such a u d i t s ,  the g u i d e l i n e s  s e t  
s h a l l  be  used. 

i a t  i on con t r o  

f o r t h  i n  DOE 

1  program. 
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