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DISPOSITION CRITERIA FOR DECONTAMINATION 
AND DECOilMISSIONING OF A MIXED OXIDi . 

FUEL-FABRICATION PLANT 

by 
D. A. Waite, 

and 
C. E.  Jenkins 

INTRODUCTION 
- - . . 

T h i s  report discusses the devel opment and clef i n i  t ion of acceptable 
. 

c r i t e r i a  .for release of nuclear s i t e s  and/or f ac i l  i t i e s  under specified 
use res t r i c t ion  cat2gories--disposition c r i t e r i a .  Previous reports have 

defined s i t e  and faci  1 i t y  character is t ics  before major decontaminati on or 

C :  - deconmissioni ng.  ~i t h  t h i s  background informat.ion, disposition c r i t e r i a  

were developed t o  f a c i l i t a t e  decision-making regarding disposition 
a1 ternatives, (see Figure. 1 ), 

Tq develop these disposition c r i t e r i a ,  exis t ing guidance was 

reviewed, phi1 osoph~y and objectives were ident i f ied  , and mechani srns were 

developed and applied t o  a generic mixed oxide fuel  fabrication plant. 

STATEMENT OF PROBLEM 

Useful disposition c r i t e r i a  m u s t  1)  be based on a c0nsisten.t system 

of rat ionale,  2 )  give quanti tat ive guidance on acceptable levels f o r  s i t e  

o r  Pacility.usage, 3) be applicable t o  a l l  of the  use res t r ic t ion 
categories, and 4)  be adaptable t o  other types. of nuclear f a c i l i t i e s .  

In order t o  determine i f  existing guidance on acceptable c r i t e r i a  f o r  

release met these requirements, an extensive l i t e r a t u r e  search was ' 

conducted. This review revealed tha t  exist ing c r i t e r i a  for release 



. FIGURE 1. Commercial Nucl ear Faci'l i ty Decommissioning Study 



. . 

for plutonium and other transuranics were inadequate but could.be used as 

one element in determining the acceptability of derived disposition 

cri teri a. 

The quantitative requirement was met by the inconsistent array of 

existing criteria but the requirements for rationale, applicability and 

adaptability could only be met by further development. 

EXISTING GUIDANCE 

- A sear,ch of the literature for previously derived criteria revealed 
that decontamination limits for plutonium and other transuranics have tended 
to be derived piecemeal and independent of one another. Documented inci- 

dents, such as the cleanup of a plutonium contaminated truck terminal or . 

the cleanup of plutonium contamination spread from damage to several nuclear 

explosive devices involved in an airplane crash in Spain, required immediate 

action and decisions on acceptable criteria for release 'of the site. ' 

Necessity has focused much more attention on contaminated surfaces 
than on contamination of liquids or solids. However, from the basic 
population dose criteria, ICRP and NCRP promulgated a nonoccupational 

water standard for soluable plutonium. Also, a,n assessment by colorado 
o f  the plutonium contamination from the Rocky Flats Plant resulted in a 
plutonium-in-soil standard for.unconditiona1 release. 

Examples of existing criteria for release of plutonium contaminated 
materials include: . . . . 

e .  "Guides for Decontamination of Facilities and Equipment -------- " were 
establ ished by USAEC Division of Materials Licensing on AprTl' 22, 1970. 
Criteria were, establ i shed for average and maximum amount' o f  

nonremovabl e pl utoni um contamination as we1 1 as maximum 'remova'l 
contamination. These arc: . 

Removabl e 100 

~ v e r a ~ e  fixed 500 

Maximum fixed 2500 



The dra f t  on ANSI  Standard M13-3A dated September 1973 contains 

c r i t e r i a  for  total  and removable plutonium contamination levels .  

The'se are:  
. . 

Total 1 00 

Remova bl e 20 

A review' ) of t h e  d ra f t  ANSI standard suggested al ternates fo r  to ta l  

contami nati on as 

2. .  
Total .500 

Remova bl e 50 

. . 
In a study fo r  Regulatory Standards on "Considerations i n  the Assess- 

ment of the Consequences of Effluents from Mixed Oxide Fuel Fabrication 
Plants," BNWL-1697, a cutoff between contaminated and noncontaminated 

" was establ ished .arid' related t o  c r i t e r i a  f o r  surface and volumetric 

. contamination. . The defini t ion of plutonium contamination was: - 
Surface 10 nci/m2 

.. Volumetric 10 pCi/g 

Other than the 1970 "Guides f o r  Decontamination of Faci l i t ies  and 

Equipment -------- " no legal o r  regulatory requirements ex i s t  that  are  
d i rec t ly  applicable t o  decontamination o r  decommiss.ioning. The following 
legal o r  regulatory guidance are  a t  l e a s t  indirect ly  applicable o r  useful 

i n  evaluating proposed c r i t e r i a .  

e AEC Appendix 5301 Part VI - Real Estate Management fo r  Pu s t a tes  a 
2 'detection level of 100 dpm1100 cm should be used. I t  further s t a t e s  

t ha t  proposed radiological decontamination and cleanup plans shall  be 
designed t o  achieve a.range of levels  down t o  lowest practicable. 

e DOT - Provides a vehicle smearable contamination l imi t  of 20 nCi/m 2 

49CFR. 

o The 10 CFR provides specif ic  re lease  1 imits i n  several of i t s '  
sections. . . 



- Existing guidance, detection levels ,  e t c .  fo r  plutonium contaminatior~ . 
were corre la ted.  t o  determine w h a t  meaningful relat ionships exist  (see 

PHILOSOPHY AND OBJECTIVES . 

The basic-guiding philosophy f o r  the disposit ion c r i t e r ia .  development 

i s  t h a t  once radiological protection parameters a r e  quantified, the resul t -  

i n g  degree of protection level will  be met i n  every category. That is ,  

under no c i  rcumstance will o f f s i  t e  population exposures exceed those 
specif ied a t  the unrestricted use level .  Where higher residual contamina- 

, t ion level s are  a1 lowabl e ,  prevention of increased exposure potential w i  11 

be maintained through use res t r i c t ions  specif ied f o r  each use category. 
. The objectives a re  t o  provide a ra t ionale  and methodology t h a t  are consis- 

t en t  and adaptable, yet provide def in i t ive  technicaliy based n.umerica1 

cyidance fo r  acceptable c r i t e r i a  f o r  release.  

~ c c e ~ t a b i l i  ty of numerical guidance derived through th i s  methodology 
is determined by analysis on the basis of 1 )  de tec tab i l i ty  i n  the f i e ld  

, by portable instrumentation, 2)  dose comnitment potential to  individuals 
or populations, 3 )  by comparison w i t h  previously suggested guidance as  

. shown i n  Figure 2. 

The collect ive function of these assessment parameters i s  t o  estab- 
l i s h  an acceptable contamination level range f o r  each use category. The 

. requirement t h a t  specified contamination leve l s  must be detectable i n  the , 

f i e l d  with portable instrumentation provides a simple means of establishing 

an upper bound for  the unrestricted use category. Limitation of dose 
I 

commitment potenti a1 t o  individuals  o r  populations, practical ly in terpre ted,  
I 

. a l s o  establishes an upper bound t o  the unrestr icted use category. This 
value a l so  i s  expl ic i t ly  considered f n  deriving upper. bounds for  other use 

. . ! . ,  categories. The pract ica l i ty  of derived disposit ion c r i t e r i a  numbers are  
, . 

assessed by comparison with the previously suggested guidance offered i n  

Figure 2. . . ,  

. . 
i 

. . ? 





Economic f e a s i b i l i t y  w i l l  a f f ec t  the decontamination and decommis- 

s ion ing o f  spec i f i c  s i t e s  and f a c i l i t i e s ,  but  t h i s  f a c t o r  was not 

al lor ied t o  in f luence the establishment o f  acceptable d i spos i t i on  c r i t e r i a .  

USE RESTRICTION CATEGORIES . 

Use r e s t r i c t i o n  categories fo r  the  d i s p o s i t i o n  c r i t e r i a  development 

methodology began as 1 ) r e s t r i c t e d ,  2) cond i t iona l  and 3) unrest r ic ted.  

As i nves t i ga t i on  progressed, the  cond i t iona l  category was subdivided i n t o  

(a) cond i t iona l  uses needing cont inu ing surve i l lance and (b) those no t  

r e q u i r i n g  such survei l lance.  

Condit ional use categories were assessed on the basis  o f  p r a c t i c a l  

l i m i t a t i o n s  a f f e c t i n g  the  a v a i l a b i l i t y . o f  t o x i c  mater ia ls  by manipulat ion 

af a c t i v e  exposure pathways by e i t h e r  surve i l lance o r  nonsurveil lance 

modes. For instance, r e s t r i c t i n g  the  a v a i l a b i l i t y  o f  contamination by 
. . 

e i t h e r  r e s t r i c t i n g  the use o f  d r i nk ing  water o r  by phys i ca l l y  r e s t r i c t i n g  

access of the contamination t o  the  atmosphere would necessi tate the a c t i v e  I 

involvement o f  rad io log i ca l  moni tor ing personnel a t  the  f a c i l i t y  s i t e  and 

i n  i t s  adjacent environment. 

Condit ional-nonsurveil lance use +s def ined as the  use o f  s ta tu to ry  

l a w  t o  l i m i t  land usage o r  t o  block s i g n i f i c a n t  exposure pathways; f o r  

instance, c i t y  zoning laws r e s t r i c t i n g  a g r i c u l t u r a l  use, d r i l l i n g  water 

wel ls,  etc.  Governmental maintenance comnitments may a l s o  be involved, 

such as those associated wi th  present day low-level  rad ioac t ive  waste 

surface burfa1 . 
. . 

The r e s t r i c t e d  use category denotes ' t h e  1 irni t a t i o n .  of the f a c i l i t y  to. I .  

"nuclear use only. " Thus, vo luntary o r  occupat ional-  exposure i s  a1 1 owed . . 

v i a  the  r e s t r i c t e d  use category s p e c i f i c a t i o n  wh i le  invo lun tary  exposure . I 

i ' 
i s  .I i m i  ted t o  the un res t r i c ted  category 1 eve1 . 

The unres t r i c ted  use category denotes re1 ease o f  s i t e  and facil i t y  

f o r  uncondit ional access and .use by the  pub l ic .  - .  . .  



I n  determining t h e  appropriate use category of a specifi 'c s i t e  or 

faci 1 i ty, the s i t e  character is t ics  must be compared ' t o .  technical ly based 

numerical guidance. 

To a id  i n  visualization of the derivation process, a matrix w i t h  use 

res t r i c t ion  category rows and contaminated medium columns was constructed 

(see Figure 3 ) .  The f i r s t  number selected would be i n  column 1--row 1 (sur- 

face contamination--unrestricted use) which i; based on detectabi l i ty  and 

serves a s  the  eas ies t  a t ta inable  upper bound number t o  the  unrestricted use 

category. Assessment on basis of other c r i t e r i a  a r e  discussed subsequently. 

surface contamination guidance i s  intended t o  be used on any surfaces where 

. . . such f i e l d  measurements a r e  feasible. Activi ty/mass contamination levels  a r e  

intended t o  be applied to  bulk materials such a s  water, s o i l ,  etc.  Because 

of radical differences in ava i lab i l i ty  factors  o r  re lease  fractions of 'smear- 
able and nonsmearabl e surface contamination, appropriate levels a re  specified 

fo r  each of these circunstances fo r  each use category. 

~ i ~ u r e '  2 was organized i n  such a way tha t  a comparable act ivi ty/  

mass contamination level appears across from each surface contamination 

value. An ac t iv i  ty/mass value consistent with 'the row 1--column 1 number 

i s  selected by reading the number on the r i g h t  axis  w i t h  the same ordinant 
a s ' t h e  selected surface contamination value. This activity/mass value is 
entered in to  row 1--column 2. 

Before values f o r  row 2 can be derived, row 1 values (unrestricted 
use) mus t  be examined on the  basis of dose commitment potential t o  indi- 

. viduals o r  populations. Computer codes based on ICRP models for  evaluating 

environmental consequences of releases of radionuclides a r e  discussed a s  

applied t o  th i s , s tudy  i n  Appendix A. If the calculated dose exceeds 

established dose standards, a reduction i n  row 1 values i s  necessary. 

Therefore, development of more sensi t ive detection instrumentation i s  

. required t o  s a t i s fy  a l l  acceptability c r i t e r i a .  If the calculated dose 
potentials  a r e  w i t h i n  exist ing .standards, doses resul t ing from row 1 

concentration values would serve as the basis f o r  calculat ing remaining 

- rlease c r i t e r i a .  
.. . 



Row ' Column 1 Column 2 

Surface Contamination 

Unrestricted Use 
5 . .  

Surface Contamination 

Conditional Use 

Nonsurvei 1 1  ance 

Surface Contamination 

Conditional Use 

Survei 1 1  ance 

Surface Contamination 

Restricted Use 

Activi ty/mass Contamination 

Unrestricted Use 

Activi tylmass 

Conditional Use . 

Nonsurvei 1 1  ance 

Acti vi ty/mass 

Conditional Use 

Surveil lance 

Activi ty/mass 

Restricted Use 

FIGURE 3. . 'Basic Disposition Criteria Matrix 



Results of the dose calculation \.rill a1 so identify c r i t i c a l  pathways: 

The relat ive importance of components of these pathways can be used t o  
indicate which pathway adjustments can be made t o  r e s t r i c t  dose. potential  

t o  unrestr.icted use levels .  . ( A  more detai led discussion of pathway 

components i s  included i n  Appendix A. ) 

Appendix A doses were calculated on the basis of 1 glyear released 

during rou.tine operation. To calculate the doses result ing from the 

disposition c r i t e r i a  values derived in t h i s  study, t h e  Appendix A values  

must be corrected by using faci.1 i t y  inventory and release fraction data. 
' 

derived in Task I11 of this study. ' The applicable transformation 

equation i s :  

Facil i t y  contamination Inventory x Re1 ease Fraction ' Appendix A 
Routine Release Dose Calculation 

= Disposition Cri ter ia  Dose 

The quotient term is ,  fo r  t h i s  case, i n  the range of Disposition 
c ' r i ter ia  doses used i n  the derivation of Figure 4 values can be expected 

t o  be less  than those indicated i n  the appendix. 

. The dose reduction which can be achieved by pathway res t r ic t ions  are  

taken advantage of t o  equivalently increase acceptable concentration levels  

i n  row 2 (conditional use--nonsurveillance) . The f a c t  t ha t  more effect ive  
pathway res t r ic t ions  a r e  usually po.ssib1e w i t h  ac t ive  surveillance than 
without surveillance is incorporated i n t o  the derivation of values f o r  

row 3 (conditional use--surveil lance). As .a resu'l t ,  surveillance values 
may be higher than. nonsurvei 1 lance without violating the unrestricted dose 

level  c r i t e r i a .  . . 

Since the res t r i c ted  use category i s  defined a s  "nuclear use only," 
occupational exposure standards a re  used t o  determine the row 4 values. 
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APPLICATIOI4 OF D I S P O S I T I O N  CRITCRI;: 

The derivation process f o r  the generic mixed oxide fuel fabrication 

plant was begun by set t ing u p  the matrix and selecting' a numbei i n  row 1 -- 
column 1 based on detectabi l i ty  i n  the f i e l d  by portable instrumentation 

2 (see Figure 4 ) .  On this basi s a number of 220 dpm/100 cm fixed con- 

. tamination was selected. A comparison of this value w i t h  Figure 2 shows 
2 t h i s  value (equivalent t o  10 nCi/m ) ,  t o  be - the  in terface  between materials 

contaminated (by def ini t ion)  with plutonium and materials not contaminated. 
A smearable contarnination level two orders of magnitude more res t r i c t ive  

was a lso  selected fo r  unrestricted use surface contamination on the basis 
of greater  release fract ion potential as indicated i n  the  discussion 

.of release sequences presented e l  sewhere. 

.Figure 2 shows a value fo r  contamination ac t i v i t y  per u n i t  mass of 
2 10 pCi/g approximately equivalent t o  10 nCi./m ., T h i s  value was included 

i n  row 1 --column 2 (act.ivi tylrnass concentration--unrestricted use) (see . 

Figure 4).  The re la t ior~ship  of t h i s  number t o  relevant detection levels  
and t o  occupational and nonoccupational standards can be seen on ~ i g u r e  2. 

 inclusion of a to ta l  inventory limit was or ig inal ly  intended, b u t  

integrat ion of the recornmended surface contamination level over the 
5 2 approximately 4 ' x  10 f t  of f a c i l i t y  surface i n  the reference mixed oxide 

fuel fabricat ion plant yielded a .number f o r  the  t o t a l  inventory of sl . ightly 

l ess  than 1 m C i  plutonium. T h i s  quantity of plutonium could not ,be real i s -  
' 

- 
t l c a i l y  determined fo r  the purpose of s i t e  use r e s t r i c t i on  category 

select ion purposes. Therefore, this column was dropped from the matrix. 

Procedures used t o  insure conservatism included, f o r  plutonium, 

agetng the fuel mixture fo r  15 years t o  increase the  dose potential because 
of 241Am ingrowth and a l s o  t o  approximate the midpoint of plant l i f e .  Sev- 
eral  mixed oxide isotopic mixtures representing d i f fe ren t  burnup fuel were 

a l so  analyzed t o  establish a bracket of recognfzable potential hazards. A 
detai led discussion of these mixtures and the result ing doses i s  included 

i n  Appendix A. 



An examination of Appendix A dose ca lcula t ions  indica tes  t h a t  within' 

t h e  r e s t r i c t i o n s  appropriate t o  the conditional use--nonsu'rveillance 

category's fac tor  ,of a t  l e a s t  10 can be expected. Another f ac to r  of 10 . 

can be expected under the  survei l lance condit ion.  As a r e su l t ;  values in  

rows 2 and 3 a r e  one arid two orders of magnitude g rea te r  than those 

spec i f ied  f o r  unres t r ic ted  use. However, i n  no case  were these ca lcu la ted  

.doses found t o  be the most l imi t ing  of t h e  a c c e p t a b i l i t y  c r i t e r i a .  

The upper bounds indicated i n  row 3 serve a l s o  a s  the  lower bounds 

f o r  the  r e s t r i c t e d  use category values.' Upper bounds f o r  t h i s  category 

m u s t  be established on the  basis of spec i f i c  comparisons of contamination 
,conditions with occupational dose standards.  

The relat ionships of a l l  values. shown i n  Figure 4 a r e  graphical ly  

i l l u s t r a t e d  i n  'Figure 2. 

REFERENCES 

1 . .  Peter Logan "Economics of Building Decontamination," International 
Symposium on Surface Contamination, CONF-555-14, June 12, 1964. 

- 2. Let te r  from J .  F. Somners t o  E. J.  Val la r io ,  "Comments on Proposed 
Standard-N328," SOM-93-74, dated December 13, 1974. 



F IFTY  YEAH L t I V I  RO:II.;CfITAL DOSC FHO:.1 I?OUT 11;: 
OPCRAT IO:i O F  A PLUTO1IIUI.1 f UCLS TAI:I<IC~IT 10:; I'LPI::: 

The radiological impact of re leases  of  radioact ive material a s  a  r e s u l t  

of rout ine operation of a  " typ ica l "  plutonium fue l s  fabricat ion p lant  was 

evaluated. I t  was assumed t h a t  only airborne re leases  of radioact ive 
mater ia ls  occurred during rout ine  operation of the  nuclear fue l s  f ab r i ca t ion  

plant.. Two source terms were used based .on fuel material  of d i f f e r e n t  i so -  

topic  compo.~ition (see Table I ) .  Case 1 was developed from the i so top ic  

d i s t r ibu t ion  assumed t o  e x i s t  i n  1993 ' i f  only l i g h t  water reactors  (LWR's) 

present ly scheduled f o r  construct ion a e r e ' i n  operation. Case 2 a l s o  took 

i n t o  account the forecasted LWR's. I t  was assumed t h a t  the postulated 

average isotopic composition' f o r  1993 would be a  reasonable approximation 
f o r  a  30-year period beginning 15 years  before 1,993 and ending 15 years  

a f t e r .  The Am-241 buildup was determined by decaying the  Pu-241 re l ease  

i n  1993 f o r  15 years.  
TABLE I  

ESTII4ATED RELEASE RATES T O  THE ATMOSPHERE 
FROM A PLUTONIUM FUELS FABRICATION FACILITY 

. Nuclide Case 1 Case 2 

Pu-238 3.60E-1 3.25E-1 

Pu-239 3.06E-2 3.78E-2 
Pu-240 . 1 .52E-2 1.20E-2 

. Radiation doses were ,calculated f o r  two hypothetical individuals res id-  .. 

ing one. kilometer frurn the p lant  where the  atmospheric d i lu t ion  was 4.2;10-~ 

s/m3. One individual was postulated t o  l i v e  a t  the  given locat ion,  f o r  the  
30-year period the plant  operated and then moved t o  another locat ion remote 

from nuclear f a c i l i t i e s .  The o the r  individual was postulated t o  l ive  a t  . t he  
give11 location continuously f o r  50 years  beginning with the time, o f  p lan t .  

s t a r tup .  . . 



Tile exposure p ~ t l i w d y :  of pri111dry i n t e r e s t  a r c  d i  r ~ c t  r a d i  a t  iorl ~ x ~ o s u r c  
fro111 t l ~ c  ;urrounding radioactive cloud, inhala t ion  of airborne radiodct ivi  L;, 

. . 
and ingestion of food whi ctl would becon~e contaminated by materSal deposited 

from the cloud. Results of the radia t ion  dose ca lcu la t ions  c l e a r l y  iden t i fy  

the  c r i t i c a l  .pathway and c r i t i c a l .  organs. 
The ' radiat ion dose due t o  ingestion of contaminated food was calcu-  

l a t e d  using an updated and revised version of the  computer program FOOD. ( 1 )  

Inhalation radia t ion .  doses were calculated using an unpubl ished computer code 
ca l l ed  GAUCHE.  Radiation doses due t o  submersion in  the  radioact ive cloud 

(2)  were calculated using dose fac tors  derived from equations i n  BNWL-SA-3939. 

The radiat ion doses via the inhala t ion  pathway a r e  by f a r  the  l a r g e s t  

(see Tables I1 and 111). For a l l  organs, except the  gas t ro in tes t ina l  t r a c t ,  
the doses due to' inhala t ion  of airborne rad ioac t iv i ty  a r e  two t o  t h r e e  orders  

o f  magnitude l a r g e r  than the  corresponding doses along t h e  ingestion pathway. 
Bone is  the c r i t i c a l  organ via the inhala t ion  pathway exceeding rad ia t ion  doses 

t o  o ther  organs by about a  f ac to r  of ten. No addi t ional  dose was accrued by 

the  individual who continues t o  res ide  near t h e  f a c i l i t y  a f t e r  shutdown. 
.- 

TABLE I1 

FIFTY YEAR ACCUMULATED DOSES FROM ALL AIRBORNE 
PATHWAYS TO PERSONS RESIDIflG ONE KILOMETER FROM 

A PLUTONIUM FUELS FABRICATION PLANT HAVING RADIO- 
NUCLIDE RELEASES LISTED IN TABLE I - CASE 1 

(mrem) . 

30-Year Resident 

Total 
Pathway Skin - Body Bone Liver Lung 

Inhalation ---- !.2E+3 1.1E+O 4.0E+4 6.3E+3 2.9E+3 
Ingestion ---- 6.9E-1 2.2E+O 1.3E+1 2.6E-1 ---- 
A i r  Submersion 2,. 9E-4 . 1.8E-4 (1 -8E-4) (1.8E-4). , (1.8E-4) (1 - 8 ~ - 4 )  .. 

TOTAL ' . 2.9E-4 1.2E+3 3.3E+O . 4.OE+4 6.3E+3 2 .'9 E+3 

Inhalation . , ---- 1.2E+3 1.1E+O 4.OE+4 6.3E+3 2 . 9 ~ + 3  
.---- _ 1.3E+1 Ingestion 6.9E-1 2.3E+O 2.7E-1 ---- 

A i r  Submersion 2.9E-4 '1.8E-4 (1.8E-4) (1.8E-4) (1.8E-4) ( 1 . 8 ~ - 4 )  . . 

TOTAL 2.9E-4 1.2E+3 3.4E+O '4.OE+4 6.3E+3 2.9E+3 



T A C L E '  I 1 1  

F I  T T Y  Y E A R  ACCUf.1ULATCD DOSES FRO:.1 A L L  A I  R G O I ! ~ ~ ~  
PATHWAYS TO .PERSOi4S 'RES I 01 NG O N E  K I  LO/- IETER FROPI A . P L U T O N I U M  

FUELS F A B R I C A T I O N  PLANT H A V I N G  RADIOPiUCLI DE 
RELEASES LISTED IN TABLE I - CASE 2 

. . 
(mrem) 

- 
30-Year Resident 

: Total 
. Pathway 

>. 
Skin '' - Body GI-LLI Bone Liver Lung 

Inhalat ion ---- 1 .lE+3' 9 . 4 ~ - 1  3.5E+4 5.6E+3 2.6E+3 . 

Ingestion ---- 6.1E-1 2.OE+O '1.1E+1 2.3E-1 ---- 
Air Submersion 2.5E-4 1.. 5E-4 (1.5E-4) (1.5~- '4)  (1.5E-4) ( I  .5E-4) 

TOTAL 2.5E-4 1.1E+3 .2.9E+O 3.5E+4 5.6E+3 2,6E+3 

50-year Resident 

Inhalat ion . --- 1.1E+3 9.4E-1 . 3.5E+4 5.6E+3 2.6E+3 
Ingestion . ---- 6.1E-1 2.OE+O l.lE+l 2.3E-1 ---- 
~ i r  Submersion 2.5E-4 1.5E-4 (1 -5E-4) (1.5E-4) (1.5E-4) (1.5E-4) 

TOTAL 2.5E-4 1 .lE+3 2.9E+O 3.5E+4 5.6E+3 2.6E+3 ' 

The r e l a t i v e  contr ibut ion of  the  d i f f e r e n t  isotopes t o  the r ad ia t ion  

dose t o  bone via the inha la t ion  pathway'is shown i n  Table IV.. This t a b l e  
is given a s  an example of the  dose d i s t r i b u t i o n  and how i t  changes with time. 

. The longer-lived isotopes (Pu-238, Pu-239 and Am-241) contr ibute  an increasing 

port ion of the dose i n  the  l a t t e r  years .  The r e l a t i v e  contributions f o r  o the r  
. 

organs a r e  simil a r  t o  t h i s .  i 1 l u s t r a t i o n .  
. - 

parameters used f o r  ca l cu la t ion  of t h e  rad ia t ion  doses via inges t ion  o f  
. . food are shown i n  Table V .  
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Based on ,Dose f r o m  
Inha la t ion  During 

Based on Dose from . Based on Dose from 30 Years of P lan t  j 
I nha la t i on  During 1 nha l 'a t i  on During Operation Plus Body ! 

1 s t  Year Af ter  P lant  30 Years o f  P lan t  Burden Over the Next ! 
Nucl i d e  Star tup Operation 20 Years I 

( X )  ( % I  (%) ! 

Pu- 
Pu-238 

TOTAL (%) 

TOTAL DOSE (mrem) 

Food - 

TABLE V 

PARAMETERS USED FOR CALCULATION OF RADIATION DOSES 
FROM CONSUMPTION OF FOODS 

Y ie ld  Gro~l;;~:;ri od 

Leafy Vegetables 1 30 

Potatoes 10 110 

Orchard F ru i  t 10 265 

Wheat 10 . 80 0:72 . 9 0 

199s 1 30 0.84 90 ' .  ! 

M i l k  1 274'* . 1.3** 30 I 
i ' 

Beef 15 $0 0.81 90 
' .  i 

Poul t ry  . I  . 



Using an i t c r a t i v t .  IJrocc:s, r d d i a t i o r ~  doscc, f roll1 cacti y c d r ' s  i n t s k c .  

p l us  the dose co~nrnitn~cnt from t h a t  i n t ake  ou t  t o  the f i f t i c t i i  year  a f t c r  

f a c i l i t y  s t a r t u p  were ca l cu la ted .  Resul ts o f  these ca l cu la t i ons  a r e  shown 

i n  Tables V I  and V I I .  

Only an impercep t ib le  increase i n  r a d i a t i o n  dose v i a  the i n g e s t i o n  

pathway was rece ived by t he  50-year r e s i d e n t  as compared t o  the  30-year . , 

r e s i den t .  I n  add i t i on ,  i t  i s  impor tan t  t o  n o t i c e  t h a t  e s s e n t i a l l y  t he  

t o t a l  r a d i a t i o n  dose a long t he  i n g e s t i o n  pathway t o  a l l  organs f o r  b o t h  . 

i n d i v i d u a l s  .was due t o ' i n g e s t i o n  o f  produce. These two r e s u l t s  demonstrate 

t h a t  f o r  the i n g e s t i o n  pathway most o f  t h e  dose f r om the  ac t i n i des  i s  due 

t o  contaminat ion on the  leaves o f  vege ta t ion  and i s  n o t  due t o  uptake through 

t h e  r o o t  system o r  t r a n s f e r  o f  t he  rad ionuc l i des  t o  animal products. 

As i n  the case of i n h a l a t i o n ,  bone i s  t h e  c r i t i c a l  organ f o r  t h e  inges-. 

t i o n  pathway. The r a d i a t i o n  dose t o  bone i s  a lmost one order  o f  magnitude 

g rea te r  than the dose t o  t h e  g a s t r o i n t e s t i  onal  t r a c t .  

The a i r  submersion r a d i a t i o n  dose was i n s i g n i f i c a n t  when compared t o  

t h e  r a d i a t i o n  doses rece ived  v i a  e i t h e r  i n g e s t i o n  o r  i nha la t i on .  



TAI;L[ VI ---- 

FIFTY yCr,u ACCUI;ULAT~D DOSES FROM ~ t i ( ; [ : ~  IC'I: 01 rh;lD.: 
PRO[)UCTS rJI?!)\.lI4 O l lC  K I  LOi.1ETE R FRU4 A !'LUTO:!! L':I F'ULL: 

FABRI  CATIOt i  PLANT .HAVING RADIONUCL I D E  . RELEASES 
LISTED . I N  TABLE I . -  CASE 1 

(mrem) 

30-Year Resident 

Food - Tota l  Body GI-LLI Bone - L i v e r  - 
Produce 6.9E-1 2.2E+O 1.3E+1 2.6E-1 
Eggs 1 .BE-6 5.9E-6 . 3.3E-5 6.9E-7 
M i l k  6.7E-5 1.7E-4 7.5E-4 3.1 E-5 
Meat 3.3E-3 l . lE-2 6.3E-2 1.3E-3 -- 

TOTAL . 6.9E-1 2.2E+O 1.3€+1 2.6E-1 

50-Year Resi dent 

Produce 6.9E-1 2.3E+O . 1.3E+1 . 2.7E-1 
Eggs 1.8E-6 5.9E-6 3.3E-5 7 ,OE-7 
M i l k  6.7E-5 1.7E-4 7'. 5E-4 3.1 E-5 ' 

Meat 3.3E-3 l . lE -2  6.3E-2 1.3E-3 

TOTAL 6.9E-1 2.3E+O 1.3E+1 2.7E-1 



TAI',Lt !': : .' - 
FIFTY Y E A R  ACCUI.;ULATCC D9SCS F?O:.: I l i G E S T  I O;4 O F  FAl<f! 
PRODUCTS GROIJII O l l E  L i LOi.!El'ER Ff?Of,I k PLUT.OJI  U:.I FUELS 

FABRICATION P L A X  H A V I N G  RADI ONUCL I DE RELEASES 
. . LISTED I N  TAELE I -. CASE' 2 

(mrern) 

30-Year Resident 

Food - Total Body GI-LLI Bone - 
Produce 6.1E-1 2.OE+O 1.1 E+1 
Eggs 1.5E-6 5.2E-6 2.9E-5 . 
M i l k  5.9E-5 1.5E-5 6.6E-4 ' 

Meat ' .  2.9E-3 9.8E-3 5.5E-2 

TOTAL , 6.1E-1 . Z.OE+O 1.1E+l 

50 Year Resident 

Produce 6.1E-1 Z.OE+O 1 .I E+1 
Eggs 1.6E-6 '5.2E-6 2.9E-5 
bli 1 k 5.3E-5 . 1.5E-5 6.6E-4 
M Q ~  t 2.9E-3 9.9E-3 5.5E-2 

TOTAL a . 6.1E-1 2 . OE+O 

Liver - 
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