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Attachment 1 
Page 1 (and 2 )  

REFERENCES 

Pending the i ssuances o f  a d d i t i o n a l  supplementary chap te rs  t o  thC s Order, 
t h e  f o l l o w i n g  may be used as g u i d e l i n e  procedures and standards i n  t he  d ischarge  
o f  t he  Department' s environmental  p r o t e c t i o n ,  sa fe t y ,  and heal t h  p r o t e c t i o n  
program. 

ERDAM 0511, RADIOACTIYE WASTE MANAGEMENT, o f  9-19-73, which p rov ides  f o r  
m in im iz i ng  r a d i o a c t i v e  exposure and assoc ia ted  r i s k  t o  man and env i ronnent .  

ERDAM 0527, RESPONSE TO ACCIDENTS INYOLYING NUCLEAR WEAPONS I N  THE CUSTODY 
OF THE DOD, o f  2-15-72, which p rov ides  f o r  compl i ance  w i t h  t he  AEC-DOD 
Memorandum o f  Understanding , o f  6-1 0-70. 

ERDAM 0528, CONTRACTOR OCCUPATIONAL MEDICAL PROGRAM, o f  8-21 -75, which 
e s t a b l  i shes a program t o  p r o t e c t  c o n t r a c t o r  empl oyees aga ins t  heal t h  
hazards i n  t h e i r  work environment. 

ERDAM 0529, SAFETY STANDA.RDS FOR THE PACKAGING OF FISSILE AND OTHER 
RADIOACTIYE MATERIALS, o f  12-21-76, which p rov ides  f o r  assurance o f  t h e  
p r o t e c t i o n  o f  t he  pub1 i c  heal t h  and s a f e t y  d u r i n g  t r a n s p o r t a t i o n  o f  such 
ma t e r i  a1 s . 
ERDAM 0550, OPERATIONAL SAFETY STANDARDS, o f  3-26-73, which provi ,des f o r  
assurance t h a t  a l l  aspects o f  opera t ions  a r e  conducted i n  accordance w i t h  
spec i  f i c a l  l y  i d e n t i f i e d  ope ra t i ona l  s a f e t y  standards. 

V e r t i c a l  l i n e  denotes change 
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CHAPTER XI 

REQUIREMENTS FOR RADIATION PROTECTION 

1.  PURPOSE. T h i s  chapter es tabl ishes  radia t ion protection standards and 
requirements f o r  Department of Energy and Department of Energy contractor  
operations based upon the  recomendati ons of the  Environmental Protection 
Agency and the National Council on Radiation Protection and Measurement. 

2 .  DEFINITIONS. 

a .  Controlled Area.. Any area t o  which access i s  controlled in order t o  
p ro tec t  individuals f r m  exposure t o  radia t ion and radioactive'  
materi a1 s . 

b. Dose Commitment. The dose equivalent (rem) received by s p e c i f i c  
organs during a period of one calendar year ,  t h a t  was the resul  t of 
an uptake of a radionuclide by a person accupationally exposed. 

c. F i r s t  Coll is ion Dose. A measure of radia t ion dose a t  a ce r ta in  point ,  
based on the incident  energy t ransferred t o  secondary charged p a r t i c l e s ,  
per gram of absorbing mater ia ls ,  by primary pa r t i c l e s  t h a t  su f f e r  
only one co l l i s i on  in  the medium. 

d .  Neutron Spectrum. A descript ion of a neutron radia t ion f i e l d  in  terms 
of the  number of neutrons per un i t  energy i n t e rva l .  

e .  Primary Unit. A nuclear accident dosimeter un i t  placed in a posit ion 
near a potential  accident  s i t e .  

f .  Screening. A method f o r  rapidly se lec t ing  those individuals involved 
in a nuclear accident and subjected t o  acutely ser ious  radia t ion exposure. 

RESPONSIBILITIES A N D  AUTHORITIES. 

Heads of Fi el  d Organi zat ions shal l  : a -  - 

( 1 )  Review and approve emergency plans f o r  rescue and recovery operations. 

( 2 )  Act, where immediate decisions and actions a r e  required,  on requests 
f o r  exemptions from the requirements of t h i s  chapter and immediately 
repor t  and j u s t i f y  such action t o  the Operational and Environmental 
Safety Division. Contractors may be authorized t o  take a l l  appro- 
p r i a t e  measures in emergency s i t ua t i ons .  See paragraph 4e, 
"Guidance f o r  Emergency Exposure During Rescue and Recovery Acti vi t i  es . " 
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( 3 )  Assure tha t  Department employees, Department contractor personnel , 
and the general pub1 i c are protected against unnecessary radi a t i  on 
exposure and comply with the provisions of th i s  chapter. 

b .  The Deputy Assistant Secretary for  Naval Reactors shall  assume the same 
responsi bi 1 i t i e s  as Heads of Field Organizations for  Naval Reactors 
a c t i v i t i e s .  

4 .  REQUIREMENTS . 
a .  Occupational ly-Related Exposure of Individuals in Control1 ed Areas. 

Radiation exposures shall  be limited to levels reasonably achievable 
within the standards prescribed be1 ow. 

( 1 )  Radi ation Protection Standards fo r  External and Internal 
Exposures. See Figure XI-1 .  

( 2 )  Procedural Requirements. 

Restrictions. 

1 An individual under age 18 shall  neither be employed i n ,  
nor allowed t o  enter ,  controlled areas in such a manner 
tha t  he o r  she will receive doses of radiation in amounts 
exceeding one-tenth the standards in paragraph a (1 )  
above . 

2 Students under age 18 exposed to  radiation during - 
educational ac t iv i t i e s  shall  not exceed 0.1 rem/year. 
This exposure shall  be considered a part  of the 0.5 rem/year 
l imit  for  workers under age 18 and n o t  supplemental to i t .  

Combining Internal and External Dose. Current year whole- 
body internal dose commi tment from radionucl ides for  which the 
whoie body i s  the c r i t i ca l  organ must be combined with the 
external whole-body dose. Where b o t h  the external penetrating 
dose and internal dose to  c r i t i c a l  organ are  known, they shall  
be combined for  tha t  organ. 

Emergency or Accidental Exposure. Radiation doses received in 
emergency or accidental s i  tuati  ons will be chargeable t o  the 
radiation exposure records of the exposed individuals. However, 
the decision as t o  whether an exposed individual will continue 
to  work in a radiation area will be made on a case-by-case basis 
by operating contractor management in accordance with the advice 
of the contractor 's  health physics and occupational medical 
departments and subject to the approval of the head of the f ie ld  
organization. The operating contractor shall  assure the head 
of- the responsible f i e ld  off ice tha t  the unsafe conditions 



Type o f  Exposure Exposure P e r i o d  

Whole body, head and t r unk ,  gonads, 
l ens  o f  t h e  eye!/, r e d  bone marrow, Year 
a c t i v e  b l o o d - f o m i n g  organs. Calendar Q u a r t e r  

U n l i m i t e d  areas of t h e  s k i n  (excep t  
hands and forearms) .  O ther  organs, 
t i s s u e s ,  and organ systems (excep t  Year 
bone). Calendar Q u a r t e r  

Bone. 

4 / Forearms .- 

4/ Hands- and fee t .  

Year 
Calendar Q u a r t e r  

Year 
Calendar Q u a r t e r  

Year 
Calendar Quar te r  

Dose E q u i v a l e n t  ose o r  9 Dose Comni tmen t rem) 

To meet t h e  above dose commitment standards,  ope ra t i ons  must be conducted 
i n  such a  manner t h a t  i t  would be u n l i k e l y  t h a t  an i n d i v i d u a l  would  ass im i -  
l a t e  i n  a  c r i t i c a l  organ, by i n h a l a t i o n ,  i n g e s t i o n ,  o r  abso rp t i on ,  a  
q u a n t i t y  o f  a  r a d i o n u c l i d e  o r  m i x t u r e  of r a d i o n u c l i d e s  t h a t  would commit 
t h e  i n d i v i d u a l  t o  an organ dose t h a t  exceeds t h e  l i r n i  t s  s p e c i f i e d  i n  t he  
above t a b l e .  

A b e t a  exposure below a  maximum energy of 700 KeV w i l l  n o t  pene t ra te  t h e  
l ens  o f  t he  eye; t h e r e f o r e ,  t h e  a p p l i c a b l e  l i m i t  f o r  these energ ies  would 
be t h a t  f o r  t h e  s k i n  (1  5 rem/year) . 
I n  s p e c i a l  cases, w i t h  t h e  approva l  o f  t h e  D i r e c t o r ,  D i v i s i o n  o f  Opera t iona l  
and Environmental  Sa fe t y ,  a  worker  may exceed 5 rem/year, p rov i ded  h i s  o r  h e r  
average exposure pe r  y e a r  s i nce  age 18 w i l l  n o t  exceed 5 rem p e r  yea r .  Th i s  
does n o t  app ly  t o  emergency s i t u a t i o n s .  

A l l  reasonable  e f f o r t  s h a l l  be made t o  keep exposures o f  forearms and hands 
t o  t h e  genera l  l i m i t  f o r  t he  s k i n .  

FIGURE XI-1 
RADIATION PROTECTION STANDARDS FOR 

OCCUPATIONALLY-RELATED EXTERNAL AND INTERNAL EXPOSURE 



under which the emergency or accidental exposures were received 
have been eliminated. The decision to  resume operations 
fol lowing an emergency or accidental radiation exposure shall 
be subject to  the approval of the head of the responsible 
f i e ld  office.  

( d )  Monitoring Requirements. Monitoring i s  required where the 
potential ex is t s  for  the individual to  receive a dose or dose 
commitment in any calendar quarter in excess of 10 percent of 
the quarterly or annual standards stated in paragraphs ( 1 )  and 
( 2 )  ( a )2  above. Monitoring requirements as specified for  the 
fo l l  owTng ccndi t ions shal l  include: 

1 External Radi a t i  on .  Personnel moni tori  ng equi pment for  
each individual. 

2 Internal Radiation. Periodic (monthly, quarterly,  annually , - 
e tc . )  bioassay analysis or  in vivo counting or evaluation of 
a i r  concentration to  which the individual i s  exposed, or a 
combination of a1 1 methods. 

( e )  Methods of Estimating Dose Commi tment. Kethods of estimating 
dose commitment t o  the organ of in te res t  should be sui table  
to  the existing conditions and consistent with assumptions and 
recommendations of the Environmental Protection Agency, the 
National Counci 1 on Radiation Protection, and the International 
Commission on Radiological Protection. 

( 3 )  C,oncentrati on Guides . 
( a )  Air. Concentration Guides in Attachment 1 ,  Table I ,  Column 1 ,  

w,ere derived fo r  the most part from the yearly standards in 
paragraph a(1)  above (assume a 40 hour workweek). They should 
be used in evaluating the adequacy of health protection measures 
against airborne radioactivity in occupied areas.  

( b )  Water. The Concentration Guides in Attachment 1 , Table I ,  
Column 2 ,  are applicable to  the discharge of l iquid effluents 
t o  sanitary sewage systems (see paragraph 3b(5) on page XI-6). 
Drinking water concentrations in controlled a.reas shall  be 
maintained within the concentration guides specified i n  Table 11, 
Column 2 .  

b .  Exposure of Individuals and Population Groups in Controlled Areas. 
Exposures t o  members of the public shall be as low as reasonably 
achievable levels within the standards prescribed below. 

( 1  ) Radiation Protection Standards for  External and Internal Exposure. 
See Figure XI-2. 
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Type of Expcsure 

Who1 e body, gonads, 
or  bone marrow 

Other organs 

Annual Dose Equivalent o r  
Dose Commitment (rem) -!J 

Based on dose t o  ~ a s e i  on- average dose 
ind iv idua l s  a t  t o  a s u i t a b l e  sample 

po in t s  of maximum of  t h e  expo 
probable  exposure 

( rem) 
$7 population- 

(rem) 

1/  In keeping with Department of Energy pol icy  on lowest p r a c t i c a b l e  - 
exposures,  exposures t o  t h e  publ ic  sha l l  be l imi t ed  t o  a s  small a f r a c t i o n  
of t h e  r e spec t ive  annual dose l i m i t s  a s  i s  reasonably achievable .  

2/ See Pa,ragraph 5.4, Federal Radiation Council Report No. 1 ,  f o r  d i scuss ion  - 
on concept  of s u i t a b l e  sample of exposed populat ion.  

FIGURE XI-2 
RADIATION PROTECTION STANDARDS FOR EXTERNAL AND 

INTERNAL EXPOSURE OF MEMBERS OF THE PUBLIC 
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( 2 )  Monitoring Requirements. To assure that doses t o  the p u b l f  c  are 
maintained as low as reasonably achievable consistent with dos? 
standards s e t  farth in paragraph b(1) above, effluents the 
environment, a n d  other parameters s  ha1 1 be monitored a n d  
documented in accordance with DOE 5484.1, of 2-24-81. 

( 3 )  Concentration Guides. 

( a )  Concentration Guides in Attachment 1 ,  Table 11, were derived 
for the most part from the dose standards for individuals in 
paragraph 4b( l )  above (assume 158 hours of exposure per 
week). These guides shall be reduced by a  factor of three 
when applied t o  a  suitable sample of the population. Rhere 
t ransient  exposures can be calculated, the concentration 
guides other than thosa in Attachment 1 ,  Table 11, may be 
used t o  evaluate compliance with the dose commi tment 
standard. 

(6) There may be situations where i t  i s  n o t  feasible or desirable 
t o  evaluate the exposure of individuals a n d  samples of 
exposed populations to  effluents to assure compiiance with 
standards in paragraph 4b(l ) above. In those cases, 
effluent releases t o  uncontrolled areas shall be such t h a t  
average concentrations of radioactivity a t  the poi n t  of 
release are as low as reasonably achievable. The point of 
release shall  be considered t o  be the point a t  which the 
effluents pass beyond the s i t e  boundary. Radioactivity 
concentrations may be averaged over periods u p  t o  1  year. 

( 4 )  Further Limitations o n  Effluent Discharges. In any s i tuat ion in 
which the effluents discharged b y  one or more ac t iv i t i e s  of the 
Department, Department c o n t ~ a c t o k ,  or others cause exposure t o  
approach the standards speci f  ied in paragraph b ( 1 )  above, 
appropriate effluent discharge l imits  m y  be s e t  for these 
operations. In such cases, the manager of the f ie ld  organization 
may take the necessary corrective action i f  a l l  ac t iv i t i e s  
concerned are  within his or her area of responsibil i ty.  Other- 
wise, each case will be referred t o  the Director, Operational 
and Environmental Safety Division for appropriate action 
f ncl uding, where appropriate, coordination with actions taken 
by the Nuclear Regulatory Commission ufider the Code of Federal 
Regulations, T i t l e  10, Part 20.1CEi(e). 

( 5 )  Discharge t o  Sanitary Sewage Systems. 

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



1 The quantity of radiozct iv i ty  rc"1eased in any one month, i f  - 
di luted by the  average monthly quanti ty of water re1 eased 
by the i ~ s t a l i a t i o n ,  will not -result in an average concen- 
t r a t i on  exceeding the concentration guide i n  Attachment 1 ,  
Table I ,  Column 2 .  

2 The radia t ion protection standards i n  paragraph ( I ) ,  above, - 
are not exceeded. 

( 5 )  Co~cen t ra t ions  o r  auanti t5es of  rad-ioactive materials  g rea te r  
than those speci f ied  i n  paragraphs 4(5) and ( 5 ) ( a ) l  and 2 ,  
above, may be released t o  chemical o r  san i ta ry  sewage systems 
owned by the Federal Government provided the  standards in 
paragraph 4 b ( l )  above a r e  not exceeded in uncontrolled areas.  

c .  Nuclear Accident Dosimetry. These requirements a r e  appl icable  t o  Depart- 
ment of Energy contractor  i n s t a l l  a t ions  possessing s u f f i c i e n t  quan t i t i e s  
and kinds o f  f i s s i l e  material to po ten t ia l ly  cons t i tu te  a  c r i t i c a l  mass 
and where a  nuclear accident  i s  possible and may resu l t  in the  excessive 
exposure of personnel t o  radia t ion.  

Basic Elements. 

( a )  A method fo r  i n i t i a l  "screening" o f  personnel involved in nuclear 
accidents. 

( b )  A system of f ixed uni ts  (primary ilni t )  capable of  y ie lding f i r s t  
col l  i s ion radia t ion dose and the  approximate neutron spectrum 
a t  t he  locat ions .  

( c )  Personnel dosimeters capable of furnishing data s u f f i c i e n t  to 
normalize data derived from the fixed system. 

( d )  Methods fo r  analys is  of biological material s  ( including sodium 2 4  
a c t i v i t y ,  and phosphorous 32 a c t i v i t y  in  ha i r )  . 

( 2 )  Nucl ear  Accident Dosimeter Units. 

( a )  The fixed u n i t  should be capable of determining f i r s t  co l l i s i on  
f i s s ion  neutron dose a t  i t s  location within 25 percent. 

( b )  The gamma ray components f o r  a l l  uni ts  should permit measuring 
f i s s ion  gamma radiat ion in the presence of neutrons a t  the 
location of the  u n i t  w i t h i n  approximately 20 percent. 

( c )  The exposure range of the gamma components should extend from 
10 Roentgen to about 1  o4 Roentgen. 
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( d )  The unit should measure the approximate neutron spectrum 
t o  permit converting rad t o  rem dose. 

(e)  A system for counting t o  provide the dose data within the 
time necessary t o  achieve accuracy required by the above 
c r i t e r i a  (paragraphs k ( 2 )  ( a )  and ( b ) )  should be avai lab1 e. 

( f )  The units should be assembled in such a manner as t o  permit 
easy recovery. 

( g )  Units using foi 1s containing radioactive material shall be 
placed in f i  re-res i s tan t  containers. 

( h )  Units should be shock res i s tan t  and they should also be 
protected against contaminaticn to  avoid f a l se  measurements. 

( 3 )  Number and Placement of Dosimeter Units. The number of units 
needed and the placement of units wi 11 depend on the nature of 
the operation, structural design of the facil  i t y ,  and 
accessibi l i ty  of areas to  personnel. The following placement 
cri  t e r i  a are acceptable. 

( a )  The number and distribution of units should be chosen such 
tha t  each u n i t  will be suf f ic ien t ly  near a  work location as 
to permit increased accuracy in the extrapolation of dose 
t o  personnel . 

( b )  The fixed units should be placed such that  there i s  as 
l i t t l e  extraneous intervening shielding and obstruction as 
possible between the uni ts  and the potenti a1 accident area. 

( c )  If there are unusual shielding situations affecting work 
areas near a  potenti a1 accident location, additional fixed 
units should be provided. Care should be exercised to  assure 
that these units are  distributed in close proximity t o  
actual work 1 ocat ions. 

( d )  Personnel dosimeters should be worn and should be caopable 
of providing spectrum and flux information to aid i n  extra- 
polating dose from fixed units t o  location of personnel. 

(e )  Ease of recovery a f t e r  a  nuclear accident should be 
considered i n  placement of the fixed units. Careful 
consideration should be given t o  the need for remote 
retrieval rnechani sms. 
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( f )  Consideration should be given t o  the type a n d  number of units  
procured in  order to achieve econom:'~ and e f f i c i en t  use of the  
u n i  t. 

d. Quality Factors to be Applied i n  Determining Rem Exposure. The exposure 
standards specified i n  t h i s  chapter are expressed in terms of rem, which 
implies tha t  the  absorbed dose (expressed in rads) should be multiplied 
by an appropriate weight factor  (qual i t y  f ac to r ) .  The qual i t y  factors  
to be used f o r  determining neutron exposures from known energies are  
provided in Figures XI-3 and XI-4. 

e .  Guidance fo r  Emergency Exposure During Rescue and Recovery Act ivi t ies .  

(1 ) Purpose. The emergency action guidance promulgated i n  t h i s  par t  
provides ins t ruct ions  and background information for  use i n  deter-  
mining appropriate actions concerning the rescue a n d  recovery of 
persons and the protection of health a n d  property during periods of 
emergency. 

( 2 )  General Considerations. 

( a )  The problem of control1 ing exposure t o  radiation during rescue 
and recovery actions i s  extremely complex. Performing rescue 
and recovery operations requires t he  exercise of prompt judgment 
to take in to  account mu1 t i p l e  hazards and a1 te rna te  methods of 
accomplishment. Sound judgment and f l e x i b i l i t y  of action a re  
crucial  to the success of any type of  emergency actions,  
Although the  guiding pr inciple  i s  t o  minimize the r i sk  of in ju ry  
t o  those persons involved i n  the  rescue and recovery a c t i v i t i e s ,  
the control o f  radiation exposures should be consistent  w i t h  
the immediate objective of  saving human l i  f e ,  the recovery of a 
deceased victim, and the protecting of health and saving of 
property. 

( b )  To preclude the possibi 1 i t y  of unnecessarily r e s t r i c t i ng  action 
tha t  may be necessary to save 1 ives,  these ins t ruct ions  do not 
es tabl ish  a r i g id  upper l imi t  of exposure but ra ther  leave 
judgment up to persons i n  charge of emergency operations t o  
determine the amount of exposure t ha t  should be permitted t d  
perform the emergency mission. 

(c )  The o f f i c i a l  i n  charge must ca re fu l ly  examine any proposed action 
involving fu r ther  radiation exp0sur.e by weighing the r i sks  of 
radiation i n s u l t s ,  actual o r  potent ia l ,  against  the benefits t o  
be gained. Exposure probabi l i  t y ,  biological consequences 
related to dose, and the number of people involved are the  
essential  elements to  be evaluated i n  making a r i sk  determination. 
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Neutron Energy 
Neutron 

F1 ax Densi t y  

MeV 8 
2.5 x i ~ - ~ ( t h e r r n a l )  

1 x 10I6  
1 x 1CJ5 
1 1 0 4  
1 x 
1 x lo -?  
1 x 1 0 1  
1 x 1011 
5 x 10 

1 11 19 
2.5 9 2 0 
5 8 16 
7 7 1 7  

1 0  6.5 17 
14 7.5 12 
2 0 8 11 
4 0 7 10 

6o 2 5 . 5  11 
1 x 1 0 2  4 14 
2 x 1 0 2  3.5 1 3  
3 ~ 1 0 ~  3.5 11 
4 x 1 0  3 .5  10 

-. 
FIGURE XI-3 

- 
Mean q u a l i t y  f a c t o r s ,  QF*, and va lues  o f  neu t ron  f l u x  d e n s i t y  which i n  a 
pe r fod  o f  40 hours  r e s u l t s  ? n  a maximum dose e q u i v a l e n t  o f  100 mrem. 

"Maximum va lue  o f  q F  ir, a 30-cm phantom. 

Rad ia t ion  Type Rounded QF 

X r a y s ,  gamma r a y s ,  e l e c t r o n s  o r  p o s i t r o n s ,  i 
Energy >0 .O3 MeV 

E l e c t r o n s  o r  posi  t r o n s ,  Energy <0.03 MeV 1 
Neutrons,  Energy <10keV 3 
Neutrons,  Energy >10keV 10 
Protons  1-1 O* 
Alpha p a r t i c l e s  1 -20 
F i s s i o n  f ragments ,  r e c o i l  nuc le i  20 

*Use t h e  h i g h e r  v a l u e  f o r  round-oft '  o r  c a l c u l a t e  5y-the methods of ICRP 
Pub1 i c a t i  on  4 .  

FIGURE XI-4 
PRACTICAL QUALITY FACTORS 
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( d )  These ins t ruct ions  recognize t ha t  accident s i tua t ions  involving 
the saving of l i v e s  will require separate c r i t e r i a  f r ~ m  those 
of act ions required to  recover deceased victims or t o  save 
property. In the  l a t t e r  instances,  the amount of exposure 
expected t o  be received by persons should be controlled as 
much as possible within occupational l im i t s .  

( 3 )  Emergency Si tuat ions .  Specific dose c r i t e r i a  and judgment f a c to r s  
a r e  s e t  fo r th  f o r  the three  categories of r i sk-benef i t  considerat ions,  
i . e . ,  act ions involving the saving of human l i f e ,  the recovery of 
deceased vict ims,  and the  prctection of health and property. 

( a )  Saving of Human Life.  

1  Attempts t o  rescue victims of a nuclear incident  should be - 
regarded in the same context as  any other  emergency act ion 
involving the  rescue of vict ims,  regardless of the type 
of hazard i  nvol ved. 

2 If  i t  f s  determined t ha t  an individual may be a l i ve  within -- 
the affected a rea ,  the course of act ion t o  be pursued should 
be determined by the person ons i t e  having the emerget-xy action 
responsibil i t y .  

3  Exposure projections shall  be determined by the  person .- 
ons i t e  having the  emergency action respons ib i l i ty .  Exposure 
guidance should be based on an immediate evaluation of the 
s i tua t ion .  The decision making process should consider: 

a  Evaluation of the inherent r i sk s :  

i  The r e l i a b i l i t y  of the predict ion of radia t ion 
in jury  cannot be g rea te r  than the  re1 iabi l  i  ty  of 
the estimation dose. Therefore, consideration 
should be given t o  l im i t s  of e r ro r  associated with 
the spec i f i c  instruments and techniques used t o  
est imate the dose r a t e .  This i s  especia l ly  crucial  
when the estjmated dose approximates 100 r m s  or  more. 

i i  The exposure expected in performing the action shall  
be weighed in terms of the e f f ec t s  of acute whole-body 
exposure and entry of radioact ive  material in to  the 
body. 

i i i  Current. assessment of the degree and nature of the 
hazard, and the capab i l i ty  of reducing inherent r i s k  
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from t h a t  hazard througn appropriate mecnanism 
such as the  use of protect ive  equfpment, remote 
manipulation equipment, or s imi iar  means. 

4 In the course of making a decision to  perform the - 
ac t i cn ,  the  r i s k  t o  rescue personnel should be weighed 
agains t  the  probabil i ty of si.lccess of the rescue actjon.  

5 Any rescue action t h a t  may involve substant ia l  personal - 
r i s k  should be performed by volunteers,  and each 
emergency worker shal l  be advised of the  known or  
estimated extent  of such r i s k  p r io r  t o  pa r t i c ipa t ion .  

( b )  Recovery of Deceased Victims. 

Accident s i tua t ions  involving recovery of deceased 
victfms require c r i t e r i a  separate from those f o r  saving 
1 ives. Since the  element of time i s  no longer a 
c r i t i c a l  f a c t o r ,  the recovery of deceased victims 
should be well planned. The amount of radia t ion 
exposure received by persons in recovery operations 
shall  be control led within exis t ing occupational 
exposure guides. 

2 In those s i tua t ions  where victims a r e  located in areas - 
inaccessible because of high d i r e c t  radiat ion f i e l d s ,  
and where the recovery mission would r e s u l t  in exposure 
i n  excess of occupational exposure standards,  special 
remote recovery devices should be used t o  r e t r i eve  the 
bodies. 

3 In special circumstances where i t  < s  impossible t o  - 
recover bodies without the entry of emergency workers 
<nto  the  area ,  t h 2  occupation exposure standards 
contained i n  t h i s  chapter may be exceeded. However, 
the  planned exposures of an individual par t ic ipat ing 
in the  recovery should not exceed 1 2  rem to ta l  f o r  the 
year or  5 (N-18) , whichever i s  the more 1 imi t ing .  

( c )  Protection of Health and Property. Where the r i sk  of the 
radia t ion hazard e i t he r  bears s i gn i f i c an t l y  on the s t a t e  
of health of people o r  may r e s u l t  in loss  of proper-i;y, and 
immediate remedial act ion i s  required,  the fol lowing 
c r i t e r i a  apply: 



i Uhen the person :'n charge o f  emergency action ons i t e  - 
deems i t  essent ia l  to  reduce a hazard potential  t o  
acceptable levels  o r  to prevent a substant ia l  l o s s  of  
property, a  planned exposure u p  t o ,  b u t  not t o  exceed, 
12 rern f o r  the  year may be received by the individuals 
par t ic ipat ing in  the operation. The person in charge of 
emergency action under special  ci rcumstances could waive 
these l imi ts  and permit volunteers t o  receive an exposure 
u p  t o ,  b u t  not t o  exceed, 25 rern. 

2 Where the potential r i sk  o f  radiat ion hazard i s  such - 
t h a t  l i f e  would be i n  jeopardy, o r  t h a t  the re  would be 
severe e f fec t s  on health c f  the public o r  loss  of property 
inimical t o  the public s a f e ty ,  the  c r i t e r i a  fo r  saving 
human 1 i  f e  s ha1 1 apply. 

f. Guidance on Maintaining Exposures t o  As Low As Reasonably Achievable. 

( 1 )  Introduction. Exposures to  radia t ion sha l l  be maintained as low 
as reasonably achievable and within the  gui deli  nes provided in  
paragraphs 4 a  and b. Assurance t ha t  worker and publ ic  exposures 
do not exceed the  exposure guidelines (e.g., 3 rern per quar ter ,  
5 rem per year fo r  radiat ion workers) i s ,  i n  i t s e l f ,  i n su f f i c i en t  
i n  t h a t  Department policy i s  t h a t  operations shal l  be conducted 
i n  a  manner t o  assure t ha t  radia t ion exposure to  individuals and 
population groups i s  1 imited to the  lowest l eve l s  reasonably 
achievable. The guidelines contained herein suggest several 
fac tors  t o  consider in each operation to assure compliance w i t h  
Department policy. They are by no means exhaustive. Other c r i t e r i a  
should be added as pa r t i cu la r  s i tua t ions  d i c t a t e .  Basic t o  
following these guidelines i s  the premise t h a t  exposures can 
be maintained as  low as reasonably achievable through considerations 
i n  the design o r  modification to a f a c i l i t y  and equipment, reducicg 
the  e r r o r s  in  radiat ion exposure assessments through the  appli - 
cation of s ta te-of- the-ar t  i nstrumentat ion maintenance and ca l i  - 
brat ion,  and by the  i n s t i t u t i on  of appropriate procedures and 
t ra in ing .  

( 2 )  Considerations Toward Maintaining Radiation Exposures As tow As 
Reasonably Achievable. When applying the following guidelines, 
changes i n  processes o r  modification I S  t o  ex i s t ing  f a c i l i t i e s  
should be considered on the merits of  the  spec i f i c  case. 
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( a )  -- Facili ty - Considerations. 

a Exposure rates  in work areas should be reduced as - 
low as reasonably achievable by proper faci  1 i  ty 
design and  equipment layout. Design factors  t o  
consider are:  occupancy time, source terms, spacing, 
processes, equipment, and shielding. Onsite 
personnel exposure levels less  than one-fifth of the 
permissible dose equivalent l imits  prescribed in th i s  
chapter should be used as a design objective. 

b Primary means f c r  assuring protection should be 
through physical safeguards, e .g . ,  remote handling, 
equipment, shielding, e tc .  Administrative controls 
should be regarded as secondary means. 

c The general concept in the design f a c i l i t y  for  - 
purposes of high level contamination confinement 
should be primary, secondary, and t e r t i a ry  confinement. 
Primary confinement would be the process enclosures 
and the i r  ventilation and a i r  cleaning systems, 
secondary confinement would  be the operating area 
compartments and the i r  ventilation and a i r  cleaning 
systems, and the te r t ia ry  confinement would be the 
s t ructure and i t s  ventilation and a i r  cleaning 
sys terns. 

d Compartmental ization should be provided to  i so la te  - 
high r isk areas. 

e Decommissioning requirements should be considered in - 
the design of a f a c i l i t y .  The avoidance of rough 
surfaces, cracks, and crevices in potential 
contamination areas should be considered in this  
context . 

f The use of protective coating in radiation areas -- 
should comply with the specifications contained in 
American National Standards Ins t i tu t e  Standard 
N512-1974, "Protective Coating fo r  Nuclear Industry. " 

g Inter ior  surfaces, as well as  layout of ducts and 
pipes, should be designed to minimize buildup of 
contamination and exposure t o  personnel, and to  
f a c i l i t a t e  cleanup. 
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h Equipment and  components requiring frequent servicing - 
should be located in areas free of radiation or in the 
lowest practicable radiation f i e ld .  

i  Ventilation systems should be designed to assure control - 
of a i r  contaminants. Redundant equipment should be 
provided in al l  exhaust systems servicing contaminated 
and potentially contaminated areas. The system should 
permit easy safe access fo r  servicing. 

Air cleaning systems should be designed to reduce plant 
releases and mi nimi ze vul nerabi 1 i  ty to adverse condi t i  ons 
such as f i r e  or explosion. The design should also permit 
in-place testing of both online and standby f i l t e r  
instal  lations.  These t e s t s  should be performed as 
recomnended i  n Ameri can Nationa 1 Standards Ins t i  tu te  
Standard N510-1980, "Testing of Nuclear Air Cleaning 
Systems. " 

k Liquid waste systems should be designed to confine or - 
reduce releases t o  the environment of fs i te  and onsi te .  

1 Personnel and equipment t r a f f i c  patterns should be well - 
defined so as to minimize the potential spread of contami- 
nation. Entrances and exi t s  should be designed, posted, 
and control 1 ed to  minimize t ransient  or casual exposure. 

2 Operating Equipment. - 

a A1 1 operating equipment including enclosures, glove - 
boxes, conveyors, hoods, venti 1 a t ion,  and a i r  cleaning 
systems should be routinely inspected to  assure optimum 
performance from the safety viewpoint. 

b For those faci 1 i t i e s  involving glove box operations , the - 
following guidance applies: 

i  Double ring ports should be required for  a l l  glove 
box g 1 oves . 

i i  Equipment located in glove boxes should be designed 
fo r  in-place maintenance. 



DOE 5480.1 Chg 2 
4-29-81 

iii The i n n e r  sur face  o f  a  g l o v e  box should be 
designed t o  p e r m i t  easy, e f f i c i e n t  decontami- 
na t i on .  S ince contaminat ion b u i l d u p  i n  a  g l o v e  
box i s  a  l a r g e  c o n t r i b u t o r  t o  worker exposure, 
a  r o u t i n e  schedule f o r  i n s p e c t i o n  and 
decontaminat ion o f  g l o v e  boxes should be 
es tab l  ished.  

i v  A i r  c l e a n i n g  should be p rov ided  a t  t h e  g l o v e  
box exhaust p o r t .  

c  Valve pack ing and gaskets should be se lec ted  on t h e  - 
bas is  o f  ach iev ing  optimum performance i n  o r d e r  t o  
m in im ize  leakage and s p i l l a g e  o f  r a d i o a c t i v e  m a t e r i a l s .  

3  Mon i t o r i ng  and P r o t e c t i v e  Equipment. - 

a Ambient a i r  and exhaust m o n i t o r i n g  systems i n c l u d i n g  - 
readout  and p r e s e t  a larms should be l o c a t e d  t o  p e r m i t  
r a p i d  m o n i t o r i n g  o f  a i r b o r n e  r e 1  eases. Mon i to rs  
should be se lec ted ,  t es ted ,  and c a l i b r a t e d  i n  
accordance w i t h  t h e  genera l  guidance con ta ined  i n  
American Na t i ona l  Standards I n s t i t u t e  Standard N13.1, 
"Guide t o  Sampling A i rbo rne  Rad ioac t i ve  M a t e r i a l s  i n  
a  Nucl ear Fac i  1  i ty . " 

b  Po r tab le  i ns t rumen ta t i on  should be a v a i l a b l e  as - 
appropr ia te .  Schedul ed t e s t s  and c a l  i b r a t i o n  should 
comply w i t h  t h e  s p e c i f i c a t i o n s  con ta ined  i n  American 
Na t i ona l  Standards I n s t i t u t e  Standard Nl3/42 WG4, 
"Rad ia t ion  P r o t e c t i o n  I ns t rumen ta t i on  and C a l i b r a t i o n -  
F i n a l . "  

c  I n h a l a t i o n  and i n g e s t i o n  should be min imized by p roper  - 
use o f  s t a t e - o f - t h e - a r t  r e s p i r a t o r y  p r o t e c t i o n .  The 
r e s p i r a t o r y  program s h a l l  comply w i t h  guidance 
conta ined i n  American Na t i ona l  Standards I n s t i  t y t e  
Standard 288.2, "Resp i ra to ry  P r o t e c t i o n .  " 

d  To achieve optimum accuracy, personnel dosimeters - 
should comply w i t h  t h e  performance parameters conta ined 
i n  American Nat iona l  Standards I n s t i t u t e  Standard 
N13.5, "Performance S p e c i f i c a t i o n s  f o r  D i r e c t  Reading 
and I n d i r e c t  Reading Pocket Dosimeters f o r  X and 
Gamma Rad ia t i on  ," American Na t i ona l  Standards I n s t i t u t e  
Standard N13.7, "F i lm  Badge Performance, " and 
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American National Standards Ins t i tu te  Standard N13/42 WG 7 
Final Draft 1979, "TLD - A Standard for  Performance." 

e Radiation monitoring systems (e .g . ,  area monitors, - 
eff luent  monitors, e t c .  ) should be appropriately selected,  
instal  led, tested, and calibrated fol lowing the 
recommendations contained in American National Standards 
Ins t i  tute  Standard N13.10-1974, "Specification and 
Performance of Onsite Instrumentation for  Continuously 
Monitoring Radioactivity in Effluents." 

f  Protection systems should be re l iab le  and capable of - 
.being tested in s i  t u .  The design of c r i t i ca l  systems 
such as alarm systems shall provide for  redundancy and 
independence to assure ( 1 )  t ha t  no single fa i lure  resul ts  
in the loss of the protection function, and (2) tha t  
removal from service of any component does n o t  r e su l t  in 
loss of the redundancy. 

g The emergency warning systems should be designed t o  comply 
with the performance specifications contained in American 
National Standards Ins t i  tu te  Standard N16.2, "Cr i t ica l i ty  
Accident Alarm," and American National Standards Ins t i tu t e  
Standard N2.3, "Immediate Evacuation Signal for  Use in 
Industrial Fac i l i t ies  Where Radiation Exposure May Occur." 

4 Procedures. - 

'a - Records of exposure data, contamination surveys, airborne 
and internal exposure data should be evaluated to  
determine whether exposures are  being maintained as low 
as reasonably achievable. Where appropriate, procedures 
should be used t o  maintain exposures as low as reasonably 
achievable. 

b Total man-rems shculd be estimated fo r  large tasks and - 
a total  man-rem dose established before in i t ia t ing  the 
job. 

c Approximate radiation leve'ls should be posted in work areas. - 

d Contamination control procedures should be established fo r  - 
a l l  jobs where contamination may be present. Supervision 
should assure that workers follow proper procedures in 
order t o  maintain the i r  exposures as low as reasonably 
achievable. 



e Special tools and temporary shielding should be used - 
where practicable to  reduce radiation exposures. 

f Tasks should be completed with the fewest people in - 
the radiation f i e ld  consistent with safe  operations. 
Procedures should be established to  assure there i s  
effect ive use of personnel and tha t  personnel are 
not id le  in the radiation area. 

g blhere appropriate, time and motion studies should be 
conducted to assure that  workers in radiation f ie lds  
complete assigned tasks with 'the minimum time con- 
s i s t en t  with safe operations. 

h Objectives should include reducing exposure rates - 
in worker locations rather than ins t i  tuting a  sys tem 
of worker rotation to minimize exposure t o  individ- 
uals. Emphasis should be placed on worker efficiency. 

i  Worker locations should be properly evaluated on a  - 
routine basis to  determine whether suf f ic ien t  e f fo r t  
has been expended to assure tha t  exposures are main- 
tained as low as reasonably achievable. In the case 
of glove box operations, th i s  would include a  
determination that  box contamination buildup i s  
minimized, shielding i s  optimum, and workers complete 
t h e i r  tasks within a  reasonable time. 

j Buffer area control points should be clearly established - 
and contain appropriate equi pment and clothing to permit 
proper contamination control. Maintaining proper 
supervision in the area i s  essential  t o  maintaining 
exposure as low as reasonably achievable. 

k Procedures should be inst i tuted to  review periodical ly - 
the potential for  and actual release of radioactivity 
to the environment in gaseous and liquid effluents.  

(b)  Radiation Safety Management. 

1 Training. - 

a Worker safety training programs should be established - 
and conducted a t  a  suf f ic ien t  frequency to familiarize 
the worker with the fundamentals of health physics and 
the proper procedures for  maintaining exposures and 



p l a n t  r e l ea ses  a s  low as reasonably achievable .  Training 
programs shauld be on a  continuii-~g bas i s  t o  enable  
t r a i n i n g  o f  replacement personnel a s  we1 l  as  r e t r a i  nlng 
t o  a s su re  t h a t  personnel remain p r o f i c i e n t  and should 
inc lude  a  means t o  determine t h a t  the  t r z i n e e  has 
a t t a i n e d  t h e  necessary qua1 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  progran should inc lude  bu t  
not be l imi ted  to :  

P r inc ip l e s  of  design opera t ion  and maintenance o f  
the  p lan t ,  p ro j ec t  equipment, o r  experiment. 

Poten t ia l  problem areas  from t h e  r ad io log ica l  view- 
poin t .  

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 contamination. 

Methods (procedures-equi pment) f o r  exposure and 
contamination cont ro l  . 
Basic understanding o f  bi 01 ogical  dose and methods 
o f  assessment. 

Emergency procedures and sys  terns. 

b  Operations superv is ion  should have a  good understanding - 
of  t h e  rad io logica l  characteristics and p o t e n t i a l  s a f e t y  
problem areas  a s soc i a t ed  wi t h  t h e i  r program inc luding  
a l l  t h e  t r a i n i n g  elements covered under paragraph a  
above. This would permit a  proper  assessment o f  tFe  
adequacy o f  con t ro l s  i n s t i t u t e d  t o  maintain exposures as 
1  ow as reasonably achievable . 
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Attachment X I - 1  
Page 1 

CONCENTRATIONS IN AIR AN0 WATER ABOVE NATURAL BACKGROUND 

(See notes a t  end of a t t a c h e n  t )  

Table I Table 11 
Controlled Area Uncontrdled Amat 

Iratopc,' Column I Cdumn 2 Cdumn 1 Column 2 
soluble 6): Air Water Air Water 

Ekment (atomic number) r-iubre ('1 (uCi/ml ) ( u C i / m l )  (11~ i / rn1)  (11C i /m1  ) 

Antimony ( 5  1)  

Argon (1 8) 

Arsenic (33) 

Actinium (89) Ac 

Ac 

Americium (95) Am 

Am 

Am 

Am 

Am 

Sb 

Sb 

Sb 

A 
A 
As 

As 

As 

As 

Astatine (85) At 

Barium (56)  Ba 

hk 

S 2 x lo-' = 
I 3 x  1u" 
S 8 x 1U8 
I 2 x lUB 
S 6 x lU1' 
I I x lUiO 
S 6 x 1 V 1 '  
I 3 x 1CP0  
S 4 x IUD 
I 5 x lU6 
S 6 x  1UI2 
I 1 x lu10 

S 4 X 1 P  
I 2 x 1u' 
s 2 x 1u7  
I 1 x 1cr7 
s 2 x 1u7 
I 2 x lu8 
s 5 x 1u7 
I 3 x 1u8 
Sub 3 x 1 U 3  
Sub 2 x 1U6 
S Z x l O d  
I 4 x fU1 
S 3 x lul 
r I x 1u7 
s I x 1u7 
I I x 1w7 
S 5 x lU7 
I 4 x 1u7 
s 4 x 1u9 
I 3 x IF' 
S I x  lP 
I 4 x 1u7  
S 1 x lo-' 
I 4 x 16' 

6 x 10' 8 x lU1' 2 x 1U6 
9 x 1 ~ '  9 x 1 U I 3  3 x 1 p  
3 x 1 ~ 3  3 x 1 u Q  9 x 1 u 5  
3 x 1 ~ ~  6 x 1 U 1 0  9 x 1 ~ '  
1 x 1 ~  2 ~ 1 ~ ~ ~  4 x 1 ~  
8 ~ 1 0 - 4  4 x l U "  3 x 1 U S  
I X I P  2 x 1 ~ 1 3  4 ~ 1 0 - (  
3 x ru3 9 x  1~~~ 9 x IF5 
4~ 1 r 3  I x 1u9 I x 10-4 
4x1cr3  Z X I O - ~  IXIP 
I X W  2 x 1 ~ ~ ~  4 x 1 ~  
8 x  10-4 4 x  lU1' 3 x  lU5 
I x lU' 1 x lU1 5 x 1u" 
1 x lU1 8 x lU1 5 x 1U' 
8 x  10-4 6 x  lUv 3 x 1u' 
8 x  10-4 5 x lU9 3 x  lUs 
7 ~ 1 0 - 4  5 x 1 ~ ~  2 x 1 ~ ~  
7~ 10-4 7 x  lu1° t x 1u5 
3 x 1 U 3  2 x l U 8  I x l p  
3 x 1g3 9 x  lU1° 1 x 10-4 

1 x 1 P  
4 x 1us 

: x lCT2 7 x  IF' 5 x 10-4 
I x  JU' I X I@' 1 X 1@ 
2 x 1u3 I x lu8 s x luS 
X I  4 x 1 ~ 9  S X ' I U ~  
6 x 10-4 4 x 1CF9 2 x 1U5 
6 x  1 p  3 x 1U9 2 x lUs 
2~ lu3 2~ luU a x  lus 
2X lCJ3 I X lU6 8 x lU5 
2 x  15' 2 x  lUtO 2 x  lad 
1 x 1 ~ ~  1 x 1 ~ ~  7 x 1 ~ 5  
5x1cr3  4 x 1 U " x l ~  
5 x 1 ~ '  l x l o d  2x10-4 
8 x 1 p  4 x 1F9 3 x 1U5 
7 x l P  1 x l P  2 x l C s  

*'Subn meuns t l ~ r t  vulu~n dvcn arc fur submersion it, a  mis spherical infinite cloud of rirborm mr!trhl. 
t'l'hcr vducw apply lu inclividurls in unwntrollad arcus. Une-third of thew values will k ured for a wilnhk 

rrmpk d che ppubtion. 
NOTE: N i l m i  x 10' ' - pCi/mB; #('i/ml x 10'  = (';/I. 
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Tsbk I Tabk 11 
ControUwl Area Unco~tmltcd  Area 

Irotope, Column I Column 2 Column t Column 2 
rduble (S): Air Water Air Water 

Element (atomic number) buolubie(l) j u C i / m l )  ( u C i / r n l  ) ( u C i / m l )  ( u C i / m l )  

Bromine (35) 

Cadmium (48) 

Calcium (20) 

Californium (98) 

Carbon (6) 

Cerium (58) 

&rkehum 197) Bk 249 

Bk 250 

kryllium (4)  Be 7 

Bismuth (83) Bi 206 

Bi 207 

Bi 210  

Bi 212 

Br 82 

Cd 109 

Cd 1 l5m 

Cd 115 

Ca 45  

Ca 4 7  

Cf 249  

Cf 250  

Cf 251 

Cf 252 

Cf 253 

Cf 254 

C 14 
(COa ) 
Ce 141 

S 
1 
S 
i 
S 
I 
S 
1 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
1 
S 
1 
S 
1 
S 
I 
S 
I 
S 
I 
S' 
I 
S 
I 
S 
I 
S 
I 
S 
Sub 
S 
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Chlorine (1 7)  

Chromium (24) 

Cobalt (27) 

COPW (29) 

Curium (96) 

Cerium (58) Cont'd. Ce 

Ce 

Cesium (55) Cs 

cs 

Cs 

Cs 

Cs 

Cs 

C1 

C1 

C r 

Co 

Co 

Cc 

Co 

Cu 

Cm 

Cm 

Cm 

Cm 

Cm 

4 x lrS 
4 x 1u" 
I x 1u5 
I x l o 5  
2 r: 1 ~ 3  

9 x  10-4 
6 x 1U3 
I x l U 3  
9 x  10+ 
4~ tu5 
1 x lo-' 
2 x  lo-' 
9 x 1u5 
6 x 1U5 
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(Src notes MI end of a t t t c h e n t )  

isotope, Cdrrmc 1 Gohrnn 2 Cohmn 1 Column 2 

Dysprosium (46) 

Einsteinium (99) 

Erbium (68) 

Europium (63) 

Fluorine (9) 

Gadolinium (64) 

Cufium (96) Cont'd. Cm 247 S 5 x 10-" 
I i x to-1C 

Cm 248 S 5 x 1 r 1 3  

1 1 x lo-" 
Cm 243 S : x !Crs 

I 1 x 1uS 
Dy 165 S 3 x  10d 

1 2 x  10-C 
Dy 166 S 2 x w7 

I 2 x 1 u 7  
Es 253 S 8 x  1 ~ ' ~  

1 6 x IF'" 
Es 254m S S X  io-" 

I 6 x lU9 
Es 254 S 2 x lU" 

I ! x 1Ci-I' 

Es 255 S 5 x lQ-'O 
z 4 x 1 r 1 5  

Er !59 S 6 x IF' 
1 4 x 1r7 

Er 171 S 7 x 1 ~ '  
1 6 x lU1 

EU 152 s 4 x 1v7 
(Tl2P9.2 hrs) I 3 x lU1 
Eu 152 S i x lo-' 
(T/2=13 y n) i 2 x lU8  
Eu 154 S 4 x l v  

I 7 x 1 r 9  
Eu i55 S 9 x l v 8  

I 7 x 1u8 
Fm 254 S 6 x 1Cr8 

I 7 x 1u8 
Fm 255 S 2 x lCr8 

I I x lod 
Fm 256 S 3 x l@ 

I 2 x  lo+ 
F 18 S S x l p  

I 3 x  10d 
Cd 153 S 2 x l r 7  

I 9 x tr" 
Gd 159 S 5 x 1U7 

I 4 x 1r7 
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lurtopt. 
soluble ( S  ) . 

Eiemen! (atomic ~ u n b e i )  insoluble ( 1 )  

Galhum (3  l ) Gz 71 

Germanium (32) Ge 71 

Gold (79) Au 196 

Au 108 

Air 199 

H f  181 

Ho 166 

H 3 

Hafnium (72) 

Hofm'um (67)  

Hydrogen ( I )  

Indium (49) 

iodine (53). 

S 
I 
S 
I 
S 
1 
S 
I 
S 
I 
S 
1 
S 
I 
S 
I 
Sub 
S 
1 
S 
I 
S 
I 
S 
I 
S 
I 
S 
1 
S 
I 
S 
I 
S 
I 
S 
I 

Table I Table I1 
CofifroUed Arta Uncontmlled A,ma 

Cdxrnn I Column 2 Cofurnn E Coiumn 2 
Ak Water A. ir Wzter 

( 1 1 C i  / rnl  ) ( h C i / r n l  ) ( u C i / r n i  ) ( u C i / m i  ) 

- -  -- 

*in the derivation of the conaneat ion  guider for s l u b l e  forms of iodine in Table 11, a 7 p a ~  thyroid 
(infmrs) and daily intakes of 3 r 10' ml d a b  m d  1 x 10' rnl of water (fluid water plus vrter contents of foods) 
assumed. 
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4 2 9 - 8 1  

Iron (16)  

Krypton (36) 

Lanthanum (57) 

Lead (82) 

Lutetium (7 1 ) 

M a n g a n t x  (25) 

Mercury (80) 

Molybdenum (42) 

Tobk I Tabk t i  
Controled Area Uwoatuolled Area 

hotope. Cdumn 1 Cdumn 2 Column E Cdumn 2 
Doluble (S ) ; Air Water Air Water 

Element (atomic numkr)  k*ubic(i) (~ !C i /ml )  (uC!/ml) ( u C i / m l  ) ( ~ , C i / r n ]  ) 

iodine (53) Cont'd. 1 134 S 3 x iU7 2 x lU3 6 x  ir9 2 x 1 ( r c  
I 3~ lG4 2 x 15' I x IF' 6 x  1p 

1 135 S 5 x 4 x I@ I x lu9 4 x  10-0 
i 4 x 1u7 , I x m3 I x lup 7 x 1c5 

Iridium (77) Ir  190 S 1 x l@ 6 x IF' 4 x 1U8 2  x lo-' 
i 4 x 1u7 5 x l ~ "  x 1 r 6  2 x 1 0 "  

l r  192 S 1 x 1 ~ '  1 x 1 ~ '  4 x 1 ~ ~  4 x 1 ~ '  
I 3 x 1 ~ ~  1 x 1 ~ ~  9 x 1 0 - l o  4 x 1 ~ ~  

1r 194 S 2 x 1 x 1U3 8 x  1cY 3 x  l C T S  
I ? x 1u7 9~ 10-4 5 x 1u9 3 x 1 r 2  

Fe 55  S 9 x  1U7 2 x 1U2 3 x  lU" 8 x  lU4 
I 1 x 1 ~  7 x 1 ~ '  3 x 1 ~ ~  2 x 1 ~  

Fc 59 S 1 x lU7 2  x lE3 5 x lU9 6 x  lrS 
I 5 x ice 2 x icr3 2 x 10-9 5 x 1r5 

Kr 85m Sub 6 x I@ 1 x IU' 
Kr 85 Sub l x lU5 3 x i(r7 
Kr 87 Sub I x I@ 2 x 15' 
Kr 88 Sub 1 x 1 @  2 x 1U8 
~a 140 s 2~ 1u7 7 x  10-4 s x 1c9 2 x  1u5 

I I x 1(r7 7~ 10-4 4~ 10-4 2 ~  1 r 5  
~b 203 s  XI@ 1 x l c r 2  9 x 1 ~ ~  4 ~ 1 0 - 4  

1 2 x l P  I x 1 U 2  6 x 1 U 8  4 x 1 @  
~b 210 s 1 x 1 ~ ~ 0  4 x 1 ~ ~  4 x 1 ~ ~ ~  1 x 1 c 7  

i 2 x  lU1° 5 x  lU3 8 x  IU" 2 x  IT' 
Pb 212 S 2 x  l,U6 6 x  1@ 6 x  l U I O  2 x  lUs 

I 2 x m8 5 x I@ 7 x lutO 2 x 1 r s  
Lu 1?7 S 6 x  lU7 3  x lU3 2 x  lU8 1 x 10-4 

i 5 x lU7 3 x 1u" x lUB 1 x 10- 
Mn 52 S 2 x IU' 1 x 1 ~ - x  1 5 ~  2 x lu2 

I I x 1u7 9 x IP 5 x 1u9 3 x 1rs 
Mn 54 S 4 x  IP 4 x lu3 1 x ICP I x 10-4 

I 4~ ICP 3~ 1u3 I x 10" I x 10-4 
Mn 56 S 8 x  lU7 4 x  lU3 3 x  1U8 1 x 10-4 

I 5 x lU7 3 x  lU3 2 x lUB 1 x 10-4 
Hg 197m S 7 x  1U7 6 x 1U3 3 x !U8 2 x  10-4 

I 8 x lU1 5 x  lU3 3 x  1U8 2 x  10-4 
Hg 197 S I X  ICP 9 x 1 ~ ~  4 x 1 ~ ~  3x104  

I 3 x 1 ~  x I 2  9 x 1 U 6  5 ~ 1 0 - 4  
Hg 203 S 7 x 1 ~ ~  5 x 1 ~  2 x 1 ~  Z X ~ U ~  

i I X  IU' 3 x  lr3 4 x 1 ~  1 x 1 ~  
Mo W S 7 x 1 ~ '  5 x 1 ~ ~  3 x l ( r 8  2 x 1 ~  

I 2 x lc7 i x 1r3 7~ IP 4~ lus 
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hsotspe. 
soluble (S); 

Ekrnen? (atomic number) lnsolrible ! I )  

Nickel (28) 

Osmium (76) 

Phosphorus (I 5 )  

Ratinum (78) 

Neodymium (60) N d 

Nd 

Nd 

NP 

N P 

Ni 

Ni 

Ni 

Niobium (Columbium) (4 1) Nb 

Nb 

Nb 

0s 

0s 

0s 

0 s  

Pd 

Pd 

P 

Pt 

Pt 

Pt 

Table 1 
Controlled Area 

Table I I  
UncontroUed Area 

Cdumn 1 Column 2 
Air Water 

(uCi/ml ) (uCi/1n1 ) 

8 x ! C f 1 '  2 x 1 0 '  
3 x lcJO 2 x lo-" 
4~ 1u7 2 x  1u3 
2 x lo-' z x 1u3 
2 x iu6 8 %  IT3 
1 x l P  8 x 1 U 3  
4~ 1u13 9~ iu5 
I x l U ' O  9 x  lo+ 
s x lu7 4~ 10-3 
7 x lo-' 4 x 1u3 
5 x 1U7 6 x  1U3 
8 x 1 U 7  5 x 1 U 2  
6 x  1u8 8 x  l@ 
3 x 1 ~  2 x 1 u 2  
9 x lU7 4 x  lU3 
5 x 1 ~ ~  3 x 1 ~ ~  
I x lU7 1 x 1u2 
2 x I 1 x 1u2 
5 x IO-~ 3 x IU' 
I x lu7 3 x 1u3 
6 x 1 @  3 x 1 U 2  
5 x I@ 3 x  lU2 
5 x 1cr7 2 x 1u3 
5 x 1 ~ ~  2 x 1 ~ ~  
2 x 1 ~ ~  7 x 1 u 2  
9 x 1u6 7 x  1u2 
1 x l P  5 x 1 u 3  
4 x  iu7 s x  1u3 
4~ 1 5 7  2 x lu3 
3~ IU' 2~ 10-3 

1 x I x lo-' 
7 x  lU7 8 x  lU3 
6 x  1CJ7 3 x 1U3 
4 x 1u7 2 x 1u3 
7 X l ( T 8  5x10-4 
8 x 1 ~ '  7 x l p  
8 x  1U7 4 r  lu3 
6 x  1U7 3 x 1U3 
1 x 1@ 3 %  1u2 
3 x 1u7 5 x 1U2 
7 x 1 5 ~  3 x 1 U 2  
5 x l O d  3 x 1 U 2  

Column 1 
Air 

(uCf /ml ) 

3 x 
I x IU' ' 
1 x 1u8 
8 x lg9 
6 x 1U8 
s x 1u8 
I x I ~ J ' ~  
4 %  
3 x lU8 
2 x lU8 
t x  1u8 
3 x 1u8 
2 x 1u9 
1 x 1u8 
3 x 1u8 
7 x lU8 
4 x 1u9 
s x 1u9 
2 x 1u8 
3 x 1u9 
2 x lU7 
2 x 1u7 
2 x lu8 
2 x 1v9  
6 x  lU7 
3 x 1u7  
4 x  1u8 
1 x 1u8 
1 x 1u8 
9 x 1 r 9  
5 x 15' 
3 x 1u8 
2 x 1u8 
1 x 1u8 
2 x 1u9 
3 x lo-" 
3 x lU8 
2 x lUB 
? x !!T3 
I x 10-3 
2 x 107 

2 x i G 7  

Coltimn 2 
W a t e r  

(LlCj/Kl ) 

7 x i U 5  
8 x 1Cf5 
6 X 1U5 
6 X lU5 
3~ I@ 
3 x  1cP 
3 x  1P 
3 x lu' 
1 x 10-4 
1 x 10-4 
2 x )CJ4 
2 x 1r3 
3 x 1U5 
7 x  lo-' 
1 x lo-" 
1 x lo-" 
4 x  10-4 
4 x 1u4 
I x lU4 
I x lP 
9 x  10-4 
9 x  I@ 
7 x 1u5 
7 x lus 
3 x 1u3 
2 x lu3 
2-x  1cP 
2 x  1cP 
6 x  1u5 
5 x iu5 
3 x  1P 
3 x  lr' 
9 x luS 

. 7  x lus 
2 r lU5 
2 x lU5 
1 x 1P 
! x  lo-' 
3 x  !o-' 
2 x 1u3 
I x lU3 
I x 1u3 
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CONCENTRATIONS IN AIR CWD WATER ABOVE NATURAL BACKCROUND-4ontinued 

(See notes at end of a t t achmen t )  -- 
Table I Tshle 11 

ControMed Area . Uncontrdled &ma - 
Isotope. Column I Column 2 Column 1 Column 2 

rduble (S); Air Water Air Water 
Ekmcnt (atomic number) *UO'uble(l' ( u C ~ / I T I ~  ) (uCiLrn1) (11r.j / m l  ( ~ s - i f ~ l )  

Matinurn (7 8) Cont 'd. Pt 197m S 

Polonium (84) 

Potassium ( 19) 

Praseodymium (59) 

Rotrctinium (91) 

3 x  lU2 
3 x  1u2 
4 ~  1u3 
3 x. luJ 
I x  lUA 
S x  lo-' 
1 x  1G4 
8 x  10-4 
1 x 10-4 
R x lu4 
7 x  IF' 
4 x  1u2 
I x  ICY 
9.u 10-4 
1 x  
l x  lU2 
I x  lP 
3 x  I i f"  
2 x 1u5 
8 x  luA 
9 x  1u3 
6 x  lU" 
9 x  lo-. 
9 x  10-4 
I x  lU3 
I x 1u3 

6 x  lU3 
6 x  1U3 
I x l u 3  
1 x  1u" 
7 x 1u3 
7 X 1u" 
3 x 1u2 
b x  lU4 
4 x lCT3 
3 x  lU3 
2 x 1u5 
1 x  10-4 
7 x  1u5 
Z x  lo-. 
4 x IU' 
9  x I O - ~  
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CONCENIRATIONS IN AIR AND W A T E R  ABOVE NATURAL BACKGROUND-Cmtinued 

(See nutel at  end of attachment ) 

Trbk I Table I I 
Controlled Area Uncontrolled Area 

iwtope, Cdumn 1 Column 2 Column 1 Column 2 
soluble (S): Air Water Air Water 

Ekment (rtomk number) inmluth (Ii (u~i/ml) (uCi/ml ) (uci /ml ) (uCi/ml ) 

Scandium (2  1 ) 

Selenium (34) 

k d i u m  (88) Cont'd. Rn 

Radon (86) Rn 
Rn 

Rhenium (75)  Re 

Re 

Re 

Re 

Rhodium (45) R h  

Rh 

Rubidium (37)  Rb 

Rb 

Ruthenium (44) Ru 

Ru 

Ru 

Ru 

Samarium (62) Sm 

Sm 

Sm 

Sc  

Sc 

Sc 

st 

8 x lo-' 
7 x 

2 x lo- '  
8 x IF3 
3  x 10-3 

1 x 10-3 

4  x  lo-' 
4 x 1r2 
2 x I O-3 
9 x  I O - ~  
4 x 1r' 
3  x  lo - '  
4 ~  to-) 
3  x 10-3 

2 x I O - ~  
7 x 1r4 
3  x lo-) 
5 x 1cr3 
I x  lo-' 
1 x  1r2 ' x  1U3 
2 x  lU3 
3  x 1u3 
3  x 1r3 
4 x  lo-' 
3 x  l a "  
2 x lo-) 
2 ~  1u3 
I x  lo-' 
I x 10-? 
2 x  lU3 
2 x 1u3 
I x 1u3 
I x  lo-' 
3  x 10-3 
3 x 104 
8 x  1 U '  
8 x  1@ 
9~ 1r3 
8 x  lC3 

2 x 10'' ' 
1 x 1r'' 
l x l ( r R  
3 x 10-9 

Y X lU8 
s x  10-P 
2 x lo-' 
8 x  10-9 
3 x 
2 x lo- '  
I x lo-$ 
6 X  1F9 
3 x  lo-' 
2 x 10-6 
3 x  IF8 
? x  
I x  lo-a 
2 x 
2 X 

x 1 ( r 9  
8  x  l ( r 8  
6 x lUn 
2 x  1r8 
3 x  10-9 
2  x 1 ( r 8  
2  x  lcrB 
3 x  103 
2 x  iUI0 
2 x  1u" 
9 x  l o - ' '  
2 x  10-9 
5 x 10-9 

' x  l ( r 8  
1 x  lU8 
8 x  1U9 
8 x 1 0 - l 0  

2 x  1u8 
2 x  1r8 
6 x  lU9 
s x 1u9 
4  x 1r8 
4  x 1r9 

3 x lrF 
3 x 1r' 

6 X lCf4 
3 x  lo-' 
9 x lo-' 
5 x lo-' 
3  x 1u3 
7 X lo-' 
6 X lCT5  
3 x lo-' 
I >I 1u' 
1 x lo-' 
1 x  lo-' 
I x 1cr4 
7 x 10-s 
2 x 1us 
I x 1u4 
I x 1cr4 
4  x 1u4 
3  x 1r4 
8 x  lo-' 
8 x  1u2 
1 x  lo-' 
1 x  lo-' 

1 1  x 1crS 
I x lo-' 
6 x  lCJ' 
7 x 1r5 
4 x  lo-' 
4 x  10-4 
8 x  lo-' 
8 x  lo-' 
4 x lo-' 
4 ~  10-5 

9 x 1r3 
9 x lrs 
3 x l r s  
3  x 1u5 
3 x  1P 
3 x  lo-' 



Attachment XI -1 0 
Page 1 0  

DOE 5480.1 Chg 2 
4-29-81 

@SW&WEaAtBONS ON AIR AND WATER ABOVE NATURAL B.ACKGWOUF(D-Cmtinrred 

(See notes at  end of attachment) 

Tabk I Table I1  
Controlled Area UncontroUed Area 

lwtopc.  Cdumn 1 Column 2 Column l Column 2 
d u b l e  (S): Air Water Air Water 

Silicon (1 4 )  

Silver (47) 

Sodium (1 1) 

Strontium (38)  

Sulfur (I 6) 

Tantalum (73)  

Technetium (43)  
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A t t a c r y e n t  XI-I 
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CQNCEWTWAT%ONS IN AIR AND WATER ABOVE NAWXAL BACKGROUND-Continued 

Table I Table I 1  
Controlled Ama UncontroUed Area 

iwtope. Column 1 Column 2 Column 1 Column 2 
d u b r e  (S): Air Water Air Water 

Ekment (atomic numks)  in'olub'e ( u C i / m l  ) ( u ~ i / r n l )  ( ~ ~ ~ i / r n l )  ( q c i  / m l )  

Terbium (65) 

Thallium (8 1) 

Thorium (90) 

l e l l i l r i ~ m  ( 5 2 )  Cont'd. Te 127m 

Te 1'17 

Te i2Y;n 

Te 129 

Te 131m 

Te - 132 

Tb 160 

TI 200 

TI 201 

TI 202 

TI 204 

Th 227 

TI1 228 

Th 230 

TI? 231 

Th 232 

TA-netural* 

Th 234 

f huiium (69) Tm 1'40 

*A curie sf nrtural thoriummerns the sum of 3.7 x 10'' dislwc from Th 232 plus 3.7 x 10' O dirlrec from Th 
228. One cur# of mtursl thcrium is eQu&rlent to 9,090 kilograms or 19,850 pounds of  natural thorium. 
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L .- - 

CONCENTRAIIONS BN AIR AND WATER A W V E  NATURAL BACKGROUND-Continut8 

(See notes a1 end of attachment) 
- - --- - - 

fabk Tcbk !I 
Contrdled A m  Uncontrolled Area 

Irotope, Column I Column 2 Cdurnn l Column 2 
d u b k  6): Air Water Air Water 

Uranium (92) 

Thullurn (69) Cont'd. Trn 

Tm (50)  Sn 

Sn 

Tungsten (Wolfram) (74)  W 

W 

W 

U 

U 

U 

U 

U 

U 

U 

U 

U-natural' 

Vanadium (23)  V 48 

Xenon (54) Xc 131m 
Xe 133 
Xc 133m 
Xe 135 

Ytterbium (70) Yb 175 

S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
1 
S 
I 
S 
1 
S 
1 
S 
I 
S 
I 
S 
I 
S 
I 
Sub 
Sub 
Sub 
Sub 
S 
I 

.A curie of nrturrl uranium mauns the sum of 3.7 x 10'' disintugntions p r  m n d  from U 238 plus 
3.7 x 10'. dirlrc from U 234 plus 1.7 r 10. dislllec from tJ 23s. Onc curie of natural unnfum is equivilenc to 

3.000 kilqrrmr or 6,615 poundr of nrturrl uranium. 
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4 t t a c  q e n t  X I - 1  
)age P 2 

t3NCEWTRAFkONS bN A5R AND WATER ABOVE NATURAL BACKGROUND -Continued 

(See notes rt end uf at tachment  ) 

T obk I T a b k  I1 
C o n t r o k l  A t t r  Uncontmlled Area 

lsarope. Column 1 Column 2 Column 1 Column 2 
soluble (S); Air Water Air Water 

Zinc (30) 

Any sin& rcrdionuclide no1 
tistcd above with decax 
mode other than rlphn emis- 
sion or spontaneous fission 
and with radioactive half- 
life kss than 2 hours. 

Any single mdionuclide not 
Listed abovc with decav 
mode other than alpha enris- 
sion or spontaneous I'ission 
and with radioactive I\all'- 
life greater than 2 hours. 

Any single radionuclide not 
b t e d  above which 
decays by alpha emis- 
sion o r  spontaneous - 
fission. 

Sub 1 x 1U6 

2 x  lcJ' 
2 x lcr4 
3 x  IU' 
3 x  lcr '  
3 x lo-< 
3 x  ]us 
6 x  l U S  
6 x lCTS 
3 x  l U S  
3 x  1u' 
I x 1 u 4  
2 x  lo-' 
7 x  l U <  
6 x  lUs 
2 x 1u3 
2 x  1u3 
8  x  l u 4  
8 x  lo-' 
6 x  l U 5  
6 x  l U 5  
2 x 1u5 
2 x 1u" 

W: In any ar w k r e  there h r mixture in air or water of n?ere than one rrdionudide, the pWc vrlues, 
for p ~ p ~ ~ ~ o r t k i ~  attachment, shou ld  be determined as follows: 



1, I f  t h e  fdeqt f  ty and concent ra t ion  of each rad ionuc l  i d e  i n  the  mixture 
a r e  known, t h e  l j m l t f  ng vaiues shouid be eer ibed as  QoiSows: 9 e t e r m i n ~ -  
f o r  each rad ionuc l i de  i n  the mixture,  the  r a t f c  between the auan t i ty  
present i n  the  m i x t u r e  end the  guide c therw ise  ~ s t a b l l s h e d  -in t h i s  
aftachment f o r  t h e  spec j f i c  rad ionuc l  i d e  when n o t  i n  s , ~ 5 x t u u ~ .  The sum 
a f  such r a t i o s  fo r  a1 l the rad ionuc l  fdes Fn t h e  nixtvre will n o t  exceed 
"1" ( i . e . ,  "unc ty" ) .  

EXrSF4PLE: Z f  r a d i o w c l  ides A, 3, ajld C ar? press;;: in c c n c e ~ t r a t f s n s  ::: k , , and CC, and if t h e  app l i cab le  C6s a r e  CGA, C%, and C G r ,  r e s p e c t i v e l y ,  
en the  concsntrat fons s h o u l d  be limited so tha.t t h e  fo?!&ing w l a t i c n -  

sh ip  e x i s t s :  

2. I f  e i t h e r  t he  i d e n t i y  o r  t he  concentrat!on o f  any rad ionuc l i de  i r :  the 
m ix tu re  i s  no t  known, the  guide values f o r  purposes o f  t h i s  2ttachrnent 
w i l l  be: 

a. For purposes o f  Tabl e  I, Co7 . 1  , 6 x 1 0-l3 

b. For purposes of Table I, fo'l . 2, 4 x 

c .  For purposes o f  Tabl e I I ,  Col . 1  , 2 j: 10-1Q 

d. For purposes o f  Table 11, Co7 . 2, 3 x  !We 

3 .  i f  any o f  t he  cond i t ions  s p e c i f i e d  below are  met, t h e  corresponding values 
s p e c i f i e d  below may be used i n  l i e u  o f  those s p e c i f i e d  i n  2 . ,  above. 

a .  I f  t h e  i d e n t i t y  o f  each rad ionuc l i de  i n  t he  m ix tu re  i s  known b u t  the 
concent ra t ion  o f  one o r  more o f  t h e  radionucl  ides i n  t h e  m ix tu re  i s  
no t  known, t he  concent ra t ion  guide f o r  t he  m ix tu re  i s  t he  guide 
s p e c i f i e d  i n  t h i s  attachment f o r  t h o  rad ionuc l  i d e  i n  t he  m ix tu re  having 
t h e  lowest  concent ra t ion  guide, o r  

b .  I f  the  i d e n t i t y  o f  each rac i ionucl ide I n  the  mixtui-e i s  n o t  known, bu t  
i t  i s  known t h a t  c e r t a i n  rad ionuc l ides  spec i f ied  i n  t h i s  attachment are 
n o t  present i n  t he  mixture,  the concent ra t ion  guide f o r  t h e  m ix tu re  i s  
t h e  lowest  concent ra t ion  guide specifi:ed i r !  t h i s  attcchment fur  any 
rad ionuc l i de  which i s  nut  known t o  be absent from the  mixture,  o r  
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C 

Table I Table I I  
ControUed Area Uncon~roUed Area 

Column l C o l u m n 2  Column 1 Column 2 
Air Water A ir Water 

Elemen1 ( a t o m ~ c  number) m d  tsolope (pCl/ml ) (vCl/ml) (vCl/rnl) (pCf/ml) 

If It Is kn0n.n that Sr 90.1 1 3 ,  1 126. 1 129. 
1 1 3 1  ( I  133. Table I 1  onl) 1 Pb 210. Po 2 1 0 .  
41 21 1. R3 223. R3 224. Ra 226. .ti 227. 
Ra 228. TI1 230. Pa 231. TI1 2.12. Th-n31. 
( rn 248. ('f 254. and 1.m 256 arc not 
yrcwnl 

I f  I I  I \  L n w n  11id1 Sr 90.  1 125. I 126. 1 129 
1 1  131. I 17.:. 1 ~ 1 ~ 1 ~  I 1  o n l ~ ) P b ? l ( J .  Pu 210. 
K J  2 2 3 .  R d  ! 2 b .  RLI 22H. Pa 231, Thenat. 
Cm 248. Cf 1 4 .  and I m 256 arc not 
p r e c ~ ~ n t  

I t '  I I  i \  known that Sr 90. 1 129 (1 1 2 5  1 1 XI 
131. Tablc I I  onl! I Pb 210. Ra 226. R; 228. 

Cm 248. 2nd C' 254 srr  not pi<w,Pi  

11 11 I S  known tlu! I 1  115). T;lblc I 1  onl! I Ha 216 
and Ha 228 arc nor prewnt 

If r t  i\ k n m n  t h ~ l  3lyti~-crniltcr\ and Sr YO. 
1 1 9 .  Ph 210. Ac 227. R J  228. PJ 230. 
Pu 24 I .  and Bk 249  are not prescnt 

If it is known that alpha-ernitten and P h 2  10. 
A c  227. Ra 2 2 8 ,  and Pu 241 are not 
present 

I f  it is known that alpha-emitten and 
Ac 227 are not present 

If rt is known that Ac 227. Th 230,  Pa 231. 
Pu 238. Pu 239. Pu 240. Pu 242. Pu 244. 
Cm 248. Cf 249. and Cf 25 1 are not present 

4 .  I f  t h e  m i x t u r e  o f  r a d i o n u c l i d e s  c o n s i s t s  o f  uranium and i t s  d a u g h t e r  
p r o d u c t s  i n  o r e  d u s t  p r i o r  t o  chemical p r o c e s s i n g  o f  t h e  uranium o r e ,  
t h e  v a l u e s  s p e c i f i e d  below may be used i n  1  i e u  o f  t h o s e  de te rmined  i n  
accordance  w i t h  1  ., above,  o r  t h o s e  s p e c i f i e d  i n  2 .  and 3 . ,  above.  

a .  For purposes  o f  Tab1 e  1  , Col . 1  , 1  x  1  0 - l o  uCi/ml g r o s s  a1 pha 
a c t i v i t y ;  o r  2.5 x  10- l1  uCi/ml n a t u r a l  uranium; o r  75 micrograms 
p e r  c u b i c  meter  o f  n a t u r a l  uranium i n  a i r .  

b. For purposes  o f  Tab le  11, Col. 1 ,  3 x 1 0 - l 2  pCi/ml g r o s s  a l p h a  
a c t i v i t y ;  o r  8 x 10-13 uCi/ml n a t u r a l  uranium; o r  3 micrograms p e r  
c u b i c  mete r  o f  n a t u r a l  uranium i n  a i r .  
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5. For purposes of t h i s  note, a  radionuclide may be considered as  not present 
in  a mixure i f  ( a )  the r a t i o  of  the concentration of t h a t  radionuclide in 
the  mixture ( C  ) to  the  concentration guide fo r  t ha t  radionuclide speci f ied  
in Table I1 o p t h i s  annex (CGA) does not exceed 1/10,  i  . e . ,  

and (b )  the sum of such r a t i o s  f o r  a l l  the  radionuclides considered as not 
present in the mixture does not exceed 114, i . e . ,  

6. Conversion from uCi/cc t o  pCi/m3 fo r  a i r  and pCi)l f o r  water a r e  as follows: 

7. Concentrations may be derived f o r  unlisted radionuclides provided yearly 
dose l im i t s  i n  paragraph 6b ( l )  of  t h i s  chapter and paragraph 6 a ( l )  a r e  used 
and the  methods a r e  consis tent  w i t h  those recommended by the Federal 
Radiation Council, National Council on Radiological Protection,  and Inter-  
national Commission on Radio1 ogical Protection.  


