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ABSTRACT 

A calculational methodology i s  presented which can be used to  estimate 
impacts from disposal of radioactive waste by less  r e s t r i c t ive  means 
("de minimis" waste disposal) .  The methodology consists of two compu- 
t e r  codes: one which determines annual radiological -impacts to  indivi- 
duals and populations from release of de minimis waste into l e s s  res t r ic -  
t ive  disposal pathways, and another which determines l i m i t i n g  concentra- 
t ions of radionuclides based upon comparison w i t h  a s e t  of individual 
dose l imitation c r i t e r i a .  Operational impacts a re  calculated for de 
minimis waste transportation, treatment by incineration, and disposal. 
Long-term impacts a f t e r  disposal (e.g. , groundwater migration) a re  also 
calculated as are possible impacts from recycle of metal or glass. Al- 
ternatives for  waste treatment/disposal include on-site,  o f f - s i t e  as a 
municipal waste, and o f f - s i t e  as a hazardous waste. 

i 
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1 .  
I Preface 

The calculational methodology described i n  this report provides a mecha- 
nism to estimate radiological impacts from disposal of low ac t iv i ty  radio- 
act ive waste by less r e s t r i c t ive  means. The calculational methodology may 
be potentially used by NRC and Agreement States as part  of evaluating ap- 
plications for  such waste disposal. I t  may also be potentially used by 
licensees and others as part  of preparing such applications. The  calcula- 
tional methodology is  primarily geared toward generic ra ther  than s i t e -  
specific uses, although the user of the methodology has a number-of options 
for  replacing most of the assumed generic parameter values with s i te-specif ic  
ones. 

Many of the physical processes modeled by the calculational methodology a re  
qui te  complicated, and simp1 ifying assumptions have by necessity been made. 
I t  is believed t h a t ,  considering the scope of the project tha t  produced the 
report ,  the calculational methodology will yield a reasonable representation 
of potential radiological impacts. I t  i s  also recognized, however, that  
improvements can always be made and that  such improvements will enhance 
the a b i l i t y  of NRC and others to  prepare and evaluate any applications 
for  waste disposal tha t  may be made. 

The authors therefore welcome any written suggestions tha t  readers may have 
regarding modifications t o  the calculational methodology tha t  will r e su l t  
i n  a more accurate analysis. Specific proposals would be of most use -- 
for  example, the use of a specif ic  a l ternat ive calculational technique. 
Suggestions may be sent to  the Low-Level Waste and Uranium Recovery Projects 
Branch, U.  S. Nuclear Regulatory Commission, Washington, DC 20555 (Mail 

0 

t 

Stop: SS-623). I 
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1 .O INTRODUCTION 

Over the l a s t  several years, there has been considerable interest i n  
developing criteria for  disposal of radioactive waste by less r e s t r i c t ive  
means, often termed "de minimis"  waste disposal .* As an example, when the 
regulation 10 CFR Par t  61 on "Licencinq Requirements for  Land Disposal-of 
Radioactive Waste" was Droposed i n  July,  1981 (Ref. 11, one of the more 
pervasive c0mment.s received by N R C  s t a f f  (Ref. 2) was t h a t  NRC should 
establish general de minimis c r i t e r i a  as part of the f i n a l  rulemakinq 
action. Many commenters suggested t h a t  N R C  establ ish overall numerical 
concentration l imits for de minimis waste disposal and  t o  include these 
limits i n  the tables listing radionuclide concentration limits f o r  other 
classes. Some commenters also proposed some specific waste streams t o  be 
considered de minimis (e.g., ion-exchange resins from secondary loops of  

NRC s taff  determined t h a t  t o  include specific de minimis waste concentra- 
t i o n  limits i n  the f i n a l  Part 61 rule would delay i t s  issue (Ref. 3 ) .  I n  
a d d i t i o n ,  i t  was believed t h a t ,  qiven current knowledge, such limits would 
probably need t o  be based on the most conservative of the great variety of 
possible waste forms a n d  disposal methods, a n d  thus the l imits could 
potentially be overconservative and unrealistic f o r  many waste streams. 

* pressuri zed/ water reactors (Ref. 2 1. 
/ 
/ 

T h u s ,  the approach  adopted by NRC s t a f f  was t o  finalize'the Part 61 rule 
, and t o  address setting standards for less restrictive waste disposal on a 

specific waste stream basis.  As envisioned, NRC would set certain m i n i m u m  
disposal requirements such as disposal t h r o u g h  ordinary refuse channels 
rather t h a n  a1 l o w i n g  unrestricted release or recycle. The Federal 

,Register Notice announcino the f i n a l  P a r t  61 rule (Ref. 3 )  contains 
instructions t o  licensees regardinq preparation of app l i ca t ions  t o  NRC for 
less restrictive disposal of particular waste streams. NRC staff believes 
t h a t  i t  will  be much  easier t o  s e t  f o r t h  generic limits far a l l  waste 
after processing a few applications for particular waste streams (Ref. 3) .  

1.1 Purpose of the Study 

The purpose of this report is  t o  provide a calculational tool wh ich  can be 
used t o  determine impacts from treatment and disposal of de minimis waste 
by various methods. T h i s  calculational tool has been designed mostly for 
generic applications and has most u t i l i t y  f o r  dry sol ids  (e.g. t rash)  
types of waste. I t  provides two types of results. First ,  given a par- 
ticular waste stream w i t h  given physical, chemical , and  r a d i o l o g i c a l  
character is t ics ,  the methodology determines impacts from treatment and 
disposal  of the waste. Second, given a particular set of dose l i m i t a t i o n  
c r i t e r i a ,  the methodology determines 1 i m i t i n g  concentrations for  waste 

* I n  th i s  report, the term ''de minimis waste disposal" is  frequently used 
as  a shorthand for  radioactive waste disposal by less restrictive means. 
T h i s  i s  done f o r  convenience despite the slight differences i n  the two 
concepts. 
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d i s p o s a l  by  compar ison w i t h  dose r a t e s  ca c u l a t e d  f o r  l i m i t i n g  impact  
scenarios. The c a l c u l a t i o n a l  methodology may be p o t e n t i a l l y  used by NRC 
s t a f f  as p a r t  o f  rev iew ing  a p p l i c a t i o n s  f o r  disposal  by l e s s  r e s t r i c t i v e  
means as  w e l l  as by l i c e n s e e s  i n  p r e p a r i n g  such a p p l i c a t i o n s .  The 
c a l c u l a t i o n a l  methodoloqy may a l s o  be p o t e n t i a l l y  used as p a r t  o f  a 
c o s t / b e n e f i t  ana lys i s  fo r  rulemaking purooses. 

1.2 General Approach * 

The genera l  approach taken i n  t h e  development o f  t h e  a n a l y s i s  methodology 
i s  somewhat s i m i l a r  t o  t h a t  t a k e n  f o r  t h e  da ta  base r e p o r t  (Re f .  4 )  

, p repared  t o  s u p p o r t  t h e  p r e p a r a t i o n  o f  t h e  d r a f t  Environmental Impact 
Statement (EIS) on 10 CFR P a r t  61  (Ref. 5). The c a l c u l a t i o n a l  methodology 
i s  s t r u c t u r e d  as a p a i r  o f  computer codes, and the  s e l e c t i o n  of a p a r t i -  
c u l a r  code depends upon the type o f  i n f o r m a t i o n  desired. To use one code, 
IMPACTS,  t h e  u s e r  i n p u t s  i n f o r m a t i o n  r e g a r d i n g  t h e  waste phys i ca l  and 
r a d i o l o g i c a l  c h a r a c t e r i s t i c s ,  as w e l l  as i n f o r m a t i o n  r e g a r d i n g  t h e  
p a r t i c u l a r  waste t reatment  and/or disposal  methods t o  be considered. The 
code then c a l c u l a t e s  r a d i o l o g i c a l  impacts t o  i n d i v i d u a l s  and p o p u l a t i o n s  
based on c a l c u l a t i o n  o f  movement o f  r a d i o a c t i v e  m a t e r i a l  through -var ious 
pathways. .To use t h e  second code, INVIMPS, t h e  u s e r  i n p u t s . i n f o r m a t i o n  
r e g a r d i n g  t h e  waste  p h y s i c a l  c h a r a c t e r i s t i c s ,  t h e  t r e a t m e n t / d i s p o s a l  
methods t o  be considered, and a s e t  o f  o r g a n - s p e c i f i c  'Idose l i m i t a t i o n  
c r i t e r i a , "  i .e . ,  a s e t  o f  maximum a l lowab le  dose r a t e s  t o  an i n d i v i d u a l .  
The code then determines maximum concen t ra t i on  l i m i t s  f o r  waste which w i l l  
l i m i t  impacts t o  an i n d i v i d u a l  t o  t h e  dose l i m i t a t i o n  c r i t e r i a .  

I n  developing t h e  c a l c u l a t i o n a l  methodology, one of t h e  p r i n c i p a l  c o n s i -  
d e r a t i o n  was t h e  g r e a t  v a r i e t y  of poss ib le  waste t rea tment  and d isposa l  
methods f o r  de min imis  waste d i s p o s a l ,  as  w e l l  as t h e  g r e a t  v a r i e t y  o f  
p o s s i b l e  s i t e  env i ronmen ts  i n  w h i c h  t rea tmen t  and/or disposal  can t a k e  
place. Another c o n s i d e r a t i o n  was t h e  need t o  address  a l l  s i g n i f i c a n t  
pathways f o r  human exposure, r a t h e r  than j u s t  concent ra t ing  on impacts due 
t o  d i sposa l  o p e r a t i o n s  themselves.  I n  a d d i t i o n ,  t h e r e  was a need t o  
c o n s i d e r  t h e  d e p t h  t o  which s i t e - s p e c i f i c  cons idera t ions  would e n t e r  t h e  
ca l cu la t i ons .  A generic type o f  ana lys i s  imp l i es  a l e s s  d e t a i l e d  s e t  o f  
i n p u t  r e q u i r e m e n t s  t h a n  a s i t e - s p e c i f i c  t y p e  o f  a n a l y s i s , ,  where t h e  
area ter  a v a i l a h i l i t y  of r e a l  s i t e - s p e c i f i c  da ta  wou ld  j u s t i f y  a more 
comp le te  ana lys i s .  F i n a l l y ,  t h e r e  was a recogn i t i on  t h a t  t o  maximize t h e  
usefu lness of t h e  c a l c u l a t i o n a l  methodology, there  was a need t o  m a i n t a i n  
a h i g h  degree o f  f l e x i b i l i t y  i n  t h e  methodology. As a r e s u l t ,  t h e  user  
can o p t i o n a l l y  s e l e c t  one o f  t h r e e  d i f f e r e n t  a l t e r n a t i v e s  f o r  was te  
t reatment  and/or disposal : 

(1) o n - s i t e  t reatment/disposal  ( 5  .e., a t  t he  waste genera tor ' s '  f a c i l i t y ) ;  
( 2 )  o f f - s i t e  t reatment/disposal  as a municipal  s o l i d  waste; o r  
( 3 )  o f f - s i t e  t rea tment jd isposa l  as a hazardous waste. 

The choice of a s p e c i f i c  a l - t e rna t i ve  would depend i n  a l a r g e  degree upon 
t h e  p h y s i c a l  C h a r a c t e r i s t i c s  o f  t h e  waste. For example, f o r  very  l a r g e  
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y contaminated d i r t ,  the f i r s t  a1te.rnative may he 
'small ouant.ities of s l i a h t l y  contaminated t r a sh ,  
rnay be nore apDropriate unless the chemical content 
i r e  disoosal a s  a hazardous ma te r i a l .  The se l ec -  

tion of a particular alternative can have'a s ianif icant  influence lipon the 
r e s u l t s ,  s ince  t h e r e  a r e  a number of d i f f e rences  in  the' design .and 
operation of var ious f a c i l i t i e s .  

Pr ief ly ,  fBr on-site disposal, the code user may.optionallv consider waste 
incineration, waste d isposa l ,  or waste inc ine ra t ion  followed by waste 
d isposa l .  For- of f - s i te  disposal, the code user may e i ther  send t h e  waste 
directly t o  a disposal f a c i l i t v  or f i r s t  send the waste t o  an incinerator.  
The residue from incineration i s  sent t o  a disposal, fac . i l i ty .  . .  

Imgacts arc! calculated t o  the m a x i m u m  i riiividual and  t o  popu,lations , d u r i n g  
a l l  operational ac t iv i t i e s  such as transnortation t o  a n  o f f - s i t e ,  treatment 
and /o r  disnosal f a c i l i t y ,  treatment. by incineration, a n d  waste. di sposal . 
Lonp-term innacts such as  oround water migration af.ter the waste Ifas been 
disposed are also calculated. I f  t he  4e minihis waste i s  treater!  as a 
municipal solid waste, then radioloaical imnacts from recycle of any metal 
or alass contained in the de pinipis waste may be considered. Recycle .of 
pe ta l  containers as scrap metal may a l s o  be considered . . .  f o r  bo th  municipal 
a n d  haza rdpus  waste treatment/di snosal . 

. .  

F o r  o < - s i t e  treatment, a n d / o r  d i s p o s a l ,  post  narameters specific t o  the 
t reatment/disnosal  methoe must he spec i f i ed  hy the  code user .  Siich 
Darameters may include, fo r  &amole, the s ize  of the disposal area. This 
i s  done t o  maintain f l e x i b i l i t y  a n d  t o  enable  screenins  of imoacts 
assoc ia ted  w i t h  a o a r t i c u l 2 r  s i t e .  A n  app l i ca t ion  of the methodoloay 
coirld include calculation of potential imac t s  from a s i t e  formerly used 
for  disposal of  waste under Section 20.304 of 10 CFR P a r t  20. 1 1  

For  o f f - s i t e  d i snosa l ,  re fe rence  t reatment/disposal  f a c i l i t i e s  a r e  
a s s m e d ,  althouqb the  code user has the ootion of overridinc the assumed 
parapeters associated with the reference f a c i l i t i e s  a n d  i n p u t t i  no user -  
s p e c i f i e d  parameters. .For municipal waste d i sposa l ,  a reference 500 
t o n / d a y  municipal i nc ine ra to r  i s  assumed as  i s  a re fe rence  25-acre 
runicipal waste disposal f ac i l i t y .  The reference muni-cipal incinerator i s  
typ ica l  of existinn desions a n 4  operatino Dractices, althoiiah a number o f  
waste pretreatment ( " s o r t i n n " )  options (includina s ize  reduction, separa- 
tion of Qon-combustible material, a n d  resource recovery of scrap metal a n d  
n l a s s )  may  he considered. Municipal waste disposal i s  assumed to  be a 
landfi l l  operation, a n d  two different  levels 06 operation may be assumed: 
e i t h e r  a s a n i t a r y  l a n d f i l l  o r  a n  open dump.  Impacts ca l cu la t ed  f o r  
operational ac t iv i t i e s  a n d  over tbe lonq-term aenerally d i f fe r  for the two 
tvpes of  f a c i l i t i e s .  The open d u m  opt ion i s  conservatively included 
despite the current rhasinq o u t  of. t h i s  disposal method. 

F o r  hazardous waste d i spnsa l ,  a re fe rence  100 t o n l d a y  inc inera tor  i s  
assitmPd as i s  a reference 159-acre disposal f a c i l i t y ,  which i s  assumed t o  
c o n s i s t  of a landfi l l inn operation. No waste sor t ins  o p t i o n s  ( i . e . ,  s ize  
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r e d u c t i o n  o r  s e p a r a t i o n  of non-combustible material 1 a r e  considered f o r  
the hazardous waste incinerator ,  and a l so  no resource recovery options a r e  
cons ide red  excep t  f o r  possible recycle of scrap metal packages. T h i s  i s  
consis tent  w i t h  c u r r e n t  hazardous waste  i n c i n e r a t i o n  technology.  Two 

. op t iona l  hazardous waste  d i sposa l  f a c i l i t i e s  may a l s o  be s e l e c t e d ,  
a1 thouah 1 i t t l  e d i  fference between the f a c i l i t i e s  i s  assumed fo r  purposes 
of de te rmininq  ope ra t iona l  impacts .  Some d i f f e r e n c e s  a r e  considered, 
however, i n  terms of long-term groundwater migration and  o ther  impacts. 

Many parameters used i n  the computer codes are  influenced by the environ- 
mental conditions a t  the location t h a t  waste treatment o r  d i sposa l  t a k e s  
p l ace .  Since i t  i s  imposs ib le  t o  c o n s i d e r  a l l  poss ib le  environmental 
var ia t ions i n  this report ,  the approach' taken i s  to  assume a reference s e t  
of t h r e e  d i f f e r e n t  s i t e  environmental cha rac t e r i s t i c s ,  and  any one of the 
s e t  may be specif ied by the code user. The s i t e s  include a h u m i d  s i t e  i n  
a moderately poDulated area,  a humid s i t e  i n  a h i g h l y  populated area,  i n  a 
semi-arid s i t e  i n  a low populated a r e a .  In a d d i t i o n ,  pa rame te r s  based 
upon s i t e - s p e c i f i c  environmental  c h a r a c t e r i s t i c s  a r e  maintained i n  a 
separate i n p u t  f i l e  i n  the computer codes ,  a n d  the  u s e r  may o p t i o n a l l y  
expand t h e  f i l e  t o  inc lude  a d d i t i o n a l  r e f e r e n c e  s i t e s .  F i n a l l y ,  the  
reference parameters may be optionally over r idden  a n d  rep1 aced by para-  
meters i n p u t  by the code user. 

' 1 . 3  Report Contents 
I 

Main Body 

There a r e  seven c h a p t e r s  i n  a d d i t i o n  t o  this introductory Chapter 1.0. 
Chapter 2.0 i s  i n  many ways another introductory chapter,  b u t  i s  important 
t o  understanding the calculational methodoloay. T h i s  chapter ou t l ines  the 
scope of the calculat ional  methodoloqy, including the types of information 
on waste  c h a r a c t e r i s t i c s  which must he i n p u t ,  the var ious  treatment and 
ctisposal operations,  and the radioloqical impacts which a r e  c a l c u l a t e d .  
T h i s  c h a p t e r  a l s o  discusses the methodology used by the codes t o  s i g n i f v  
\d i f fe ren t  treatment and  disposal operations ( i  .e:, t h e  d e c i s i o n  i n d i c e s )  
a s  well a s  t h e  general  approach t o  the pathway analysis  of radiocontami- 

Chapter  3 .O presents the methodoloay fo r  calcul a t i n q  radioloqical impacts 
resu l t ing  from trarisoort of de minimis waste from the waste qenerator t o  a 
municipal i n c i n e r a t o r ,  t o  a municipal  waste l a n d f i l l  f a c i l i t y ,  or t o  a 
hazardous waste incineration o r  disposal f a c i l i t y .  All waste t ranspor t  i s  
assumed t o  be b y  t r u c k .  Rad io log ica l  impacts a re  determined as annual 
dose r a t e s  i n  un i t s  of rnrem/year t o  t ransportat ion workers and  i n  units of 
person-mrem/year t o  the popul a t i  on surrounding the t ravel  rou te .  

Chapters 4 .0  and 5.0 address impacts occurring d u r i n g  operation of a waste 
t r e a t m e n t  a n d  waste  disposal f a c i l i t y ,  respectively.  Considered i n  each 
chapter a re  on-si te  treatment/di sposal , .off-si  t e  t r e a t m e n t l d i  s p o s a l  a s  a 
municipal was t e ,  a n d  o f f - s i  t e  t reatment/disposal  as a hazardous waste. 

n a n t  re lease a n d  t r ans fe r ,  and human exposures. ,- 
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Impacts t o  i n d i v i d u a l  s and t o  populations are  considered. For off-si  t e  
treatment/disposal , f a c i l i t y  .workers a re  considered t o  be non-radiological 
workers, i.e., they are assumed to  be par t  of the affected population. 

Chapter 6.0 cons iders  impacts which could occur a f t e r  waste has been 
disposed i n t o  t h e  d i  sposal f ac i  1 i t y  ( "post-di  sposal impacts"). These 
impacts include, for  example, those from ground water mig ra t ion ,  d isposal  
c e l l  overflow and leachate treatment, potential inadvertent human intru- 
sion, and erosion. 

Chapter 7 .0  addresses  imnacts t o  i n d i v i d u a l s  and p o p u l a t i o n s  which could 
occur due t o  recyc le  of metal o r  qlass  a s  scrap.  Recycle scena r ios  
include recovery o f  metal or glass a t  a municipal waste incinerator,  and  
recovery of metal packaqes a s  scraD. Impacts are ca l cu la t ed  i n  u n i t s  of 
mrem/yr t o  i nd iv idua l s  involved i n  t h e  recycle scenario (e.g. ,  smelter 
workers). I n  addition, population%impacts are calculated t o  populat ions 
assuming 30-year use of a product containing recycled metal or glass. The 
p o p u l a t i o n  impacts calculated for  recycle ac t iv i t i e s  are t h u s  i n  d i f fe ren t  
units (person-mrem over 30 years) t h a n  those population impacts calculated 
fo r  waste transport ,  treatment, a n d  disposal (person-mredyear). 

A discussion of the computer codes written to  perform the impacts calcula- 
t ions i s  presented i n  Chapter 8.0. Included i n  the  discussion a r e  the 
basic assumptions, the general approach to  the development of codes, and  a 
discussion of the analysis performed by each code. F i n a l l y ,  Chapter 8.0 
presents an application of the methodology to  some example problems. 

ADpendices 

The report contains seven appendices. Appendices A t h r o u g h  C are included 
as backup sources of reference to  the information presented i n '  t h e  m a i n  
body of t he  r epor t .  Appendix A addresses projected generation ra tes  and  

. character is t ics  of municipal s o l i d  a n d  hazardous wastes.  Current a n d  
expected f u t u r e  t reatment  op t ions  a r e  a1 so addressed. Appendix B d i s -  
cusses current and expected fu tu re  techno1 ogies  f o r  resource recovery,  
including recycle of useful materials. Appendix C provides a more detailed 
background and discussion of the reference waste incineration and  disposal 
f a c i l i t i e s  considered i n  the report ,  as well as the reference treatment/ 
d i  sposgl si t e  envi ronments. 

Appendix D p re sen t s  t he  ca lcu la t ions  used to  determine the pathway dose 
co-nversion factors  f o r  the radionuclides Considered i n  t h i s  report. These 
pa thway  dose conversion factors'vare qenerated usi nq ICRP-30 methodol oqy. 
Aopendix E contains backqround information on one of  the  po ten t i a l  de 
minimis waste streams considered i n  t h i s  report -- i . e . ,  PWR secondary 
coolant system ion-exchanqe r e s i n s  a n d  f i  1 t e r  media. Pro.jected waste 
volumes from 1980 t o  the  year  2000 are  presented a s  well a s  a radioiso- 
topic distribution. Finally, Appendices F a n d  G p r e sen t ,  r e s p e c t i v e l y ,  
the  l i s t i n q s  of t h e  computer codes,  and the  l i s t i n g s  conta in ing  the  
compl e t e  resu l t s  of the exampl e p roh l  ems. 

1 
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64.0 0 
2.0 OVERVIEW OF ANALYSIS METHODOLOGY 

T h e  in ten t  of t h i s  s tudy i s  to  develop an analysis methodology which can 
be used to  estimate the radioloqical impacts resul t ing from the  disposal  
of p a r t i c u l a r  1 ow ac t iv i ty  radioactive waste streams by l e s s  r e s t r i c t ive  
means.. Such waste streams could possibly include c e r t a i n  types of t r a s h  
qenerated by medical o r  i n d u s t r i a l  f a c i l i t i e s ,  o r  spent  i o n  exchange 
resins used t o  f i l t e r  secondary coolant loops a t  pressurized water reactor 
(PWR) nuclear power p l a n t s .  

For convenience, t h e  a n a l y s i s  methodology i s  s t r u c t u r e d  a s  a p a i r  of 
computer codes, and t o  use the codes, c e r t a i n  information r e g a r d i n g  t h e  
c h a r a c t e r i s t i c s  of the waste i s  i n p u t  (e.o. ,  information such a s  volumes 
and radionucl ide concen t r a t ions ) .  Also i n p u t  i s  information on t h e  
assumed f a t e  of t he  waste stream a f t e r  i t  leaves the waste generator's 
hands -- e.q., the waste stream may be s e n t  t o  a municipal i n c i n e r a t o r  
where i t  i s  inc inera ted  and the residue disposed i n  a sanitary l andf i l l :  
(There are a number of such treatment and disposal scenarios which may be 
considered.)  The computer codes then can be used to  e i ther  calculate 
potential r ad io log ica l  dose r a t e s  t o  i n d i v i d u a l s  and populat ions,  o r  
c a l c u l a t e  maximum waste concent ra t ions  so  t h a t  potential dose rates  t o  
i n d i v i d u a l s  will be limited to  specific values. 

Most of the  following chapters i n  t h i s  report present the assumptions and 
calculational procedures used to estimate radiological dose r a t e s  associ  - 
ated w i t h  var ious  waste management ac t iv i t i e s  (e.g., dose rates  to  workers 
transporting the waste t o  a d i s p o s a l  f a c i l i t y ,  dose r a t e s  t o  workers 
disposina the  waste a t  the  disposal  f a c i l i t y ,  po ten t i a l  qroundwater 
miqra t ion  impacts f o l l  owinq waste disposal  1 .  These assumptions a n d  
cal cul ational procedures are  rli scussed i n  terms of several i nteaer indices 
which are i n p u t  by the user of the computer codes t o  spec i fy  p a r t i c u l a r  
waste treatment and disposal options. For example, one particular inteoer 
index i s  used which rates  the relat ive tendency for  various waste forms t o  
disDerse in to  the air .  Inputinq a particular value of t h i s  inteqer index 
as Dart  of using the codes will resul t  i n  use bay the code of a p a r t i c u l a r  
calculational procedure. 

The r e s u l t  i s  a p a i r  of computer codes which are very f lexible  and which 
can consider several dozen possible options for  treatment and  disposal of 
waste by l e s s  r e s t r i c t i v e  means. A secondary resu l t  i s  t h a t  i t  becomes 
impossible t o  d i scuss  t h e  c a l c u l a t i o n a l  methodology without repeated 
re ference  to  the operational de ta i l s  of the computer codes, including the 
use of the integer indices. An overview chapter  i s  t h e r e f o r e  necessary 
which o u t l i n e s  the  types of  information which must be i n p u t  t o  use the 
codes, the available s e t  of waste t reatment  a n d  disposal  opt ions b u i l t  
into the computer codes, and the types of radiological impacts calculated. 

T h i s  overview chapter  i s  separated i n t o  t h r e e  s e c t i o n s .  Sect ion 2 . 1  
out1 ines  t h e  scope of the calculational methodology, including the types 
of information- on waste character is t ics  which must be i n p u t ,  t h e  var ious 
t reatment  a n d  disposal  op t ions ,  a n d  t he  radiological impacts which are  
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ca lcu la t ed .  T h i s  f i r s t  section also addresses some of the l imitat ions of 
the codes, including the use of reference treatment a n d  disposal f a c i  1 i t y  
designs a n d  environmental c h a r a c t e r i s t i c s .  Sect ion 2 . 2  describes i n  
d e t a i l  the methodology used by the codes t o  s ion i fy  t h e  d i f f e r e n t  waste 
t reatment  a n d  disposal  op t ions  ( i . e . ,  t he  i n t e q e r  dec i s ion  indices) .  
Section 2.3 descrihes the overall approach t o  c a l c u l a t e  t he  r e l e a s e  of 
radionucl i des  i nto the envi ronment, t he i r  t ransfer  throuqh the environ- 
ment, and the subsequent human exgosures. 

2 .1  Scope 

Information on waste streams, t he i r  physical, chemical, and radiological 
properties, as well as the methodologies th rough  which they are processed 
and/or disposed are necessary inputs t o  the codes. T h i s  section discusses 
these information requirements and presents a section (Sec t ion  2.1.3) on 
ttie l imitations of the resul ts  and t he i r  interpretation. 

2.1.1 Waste Characterist ics 

. I  

To use the codes, one must i n p u t  certain m i n i m u m  information regarding the 
,character is t ics  of the particular de minimis waste streallr considered. T h i s  

1' information i ncl udes : 
/ 

o The annual volume and mass of de minimis waste aenerated. 
o The radionuclides to  be consi dereri; t he i  r i d e n t i t y  , sol ubi1 i t y  

o The overall density of the waste. 
o The comnosition of the waste. 
o The physical character is t ics  of the waste. 

c lass  and concentration i n  the waste. 

Most of  the  ahove d a t a  requirements are f a i r l y  straiahtforward. T h u s  f a r  
i n  t h i s  work, u p  t o  85 d i f f e r e n t  rad ionucl ides  (each w i t h  d i f f e r e n t  
sol ubi  1 i t y  cl asses) per waste stream ma.y be considered. The radionucl ides 
are  summarized i n  Table 2-1. 

I n  the calculational methodoloqy, the waste i s  separated into four compo- 
nents, and the user must specify the  weiqht percent  of each component. 
These four  components consi s t  of the f o l l  owi nq: (1) combustible material s ,  
( 2 )  metal, (3)  qlass,  and ( 4 )  other materials. 

The physical character is t ics  of the waste include information such a s  the 
tendency for the waste to  disperse  i n t o  the a i r .  T h i s  i s  discussed i n  
more detail  i n  Section 2.2. 

2.1.2 T.vpes of Impacts Cal cul ated 

Once the  information on the waste character is t ics  i s  i n p u t ,  the user must 
i n p u t  information on how the  de minimis waste i s  t o  be processed and 
disposed. There are t h r e e  pr inc ipa l  waste treatment/disposal options 
considered i n  the methodoloqy, w i t h  variations on each basic option. These 
include: 

. i- '2 -2 
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(1) On-si te treatment/disposal by the waste aenerator. 
( 2 )  Off-site treatment/disposal as a munic ipa l  s o l i d  waste. 
(3)  Off-si t e  treatment/disposal as a hazardous waste. 

On-Si te Treatment/Di sposal 

The f i r s t  op t ion  --_ on-site treatment/disposal -- i s  illustrated i n  Figure 
2.1. Waste aenerated a t  the f a c i l i t y  may be ei ther  disposed on-site in 
i t s  as-generated form or incinerated. The incinerator used for  this 
purpose i s  assumed t o  be a relatively small u n i t  t y p i c a l  of p a t h o l o g i c a l  
incinerators i n  use a t  many hospitals, research laboratories, and other 
facil i t ies.  Once the waste is  incinerated, the residue may be disposed 
ei ther  on-site or possibly transferred t o  an off-site f a c i l i t y .  On-site 
disposal i nvol ves the 1 icensee buryi ng the waste comi ngl ed w i  t h  d i r t .  

I f  the incinerator residue i s  disposed on-site, possible impacts resulting 
from such disposal are C a l c u l a t e d .  However, i f  the residue i s  t o  be 
disposed o f f - s i t e ,  the user must resubmit the charac te r i s t ics  of the 
residue as a separate waste stream. 

The types of  impacts calculated are l i s t ed  i n  Table 2 - 2 ,  a n d  include 
impacts resulting from airborne releases from the incinerator a s  well as 
those from disposal. Impacts calculated from incineration include the 
dose rate ( i n  mrem/yr) t o  a n  i n d i v i d u a l  assumed t o  be located a t  the 
houndary of the f a c i l i t y  a t  the center line of the incinerator plume, as  
we1 1 as the dose rate t o  the surrounding p o p u l a t i o n  (person-mrem/yr) . 
Impacts related t o  waste disposal are calculated as operational impacts 
and "post-disposal" impacts. Operational impacts a t  the on-site d i sposa l  
f a c i l i t y  are calculated i n  a very conservative fashion assuming t h a t  a 
f ract ion of the waste is  dispersed i n t o  the, a i r  d u r i n g  disposal opera- 
tions. Impacts are calculated t o  the nearest off-site i n d i v i d u a l  a s  well 
as the surrounding p o p u l a t i o n  ( i n  mrem/year a n d  i n  person-mrem/year, 
respectively). Possible personnel exposures during the disposal operation 
i tself  are not  considered. This i s  because the f a c i l i t y  wi l l  be licensed 
t o  possess and  use radioactive materials, and  such possible personnel 
exposures d u r i n g  disposal operations would be regulated a s  p a r t  of the 
f a c i l i t y  license. T h a t  i s ,  the workers a t  the on-site disposal facil i ty 
are assumed t o  be badged r a d i o l o g i c a l  workers who  have a proper under- 
standing of radioactive material handling and safety precautions. I t  i s  
a1 so assumed t h a t  the f a c i l i t y  operators comply wi t h  a p p r o p r i a t e  safety 
a n d  other requirements stemmina from possible hazardous chemical con- 
s t i  tuents within the waste. 

Post-di sposal  impacts consist of impacts resul t i  nq  after the waste i s  
disposed and are similar t o  impacts calculated i n  R*nces 1 and 2. 
These include impacts t o  some one potentially intruding i n t o  the waste 
after the facility i s  no longer controlled by the licensee. The delay time 
between waste disposal and loss of license control over-the disposal area 
i s  specified by the user of the computer code. These intrusion i m  acts ( i n  
mrem/year) a re  calculated for a few individuals and include ( a  ! someone 

- 
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. TABLE' 2-2. .. Types o f  Impacts Calcu lated f o r  Each Disposal  F a c i l i t y  

On-si t e  Genera-or 

I n c i  nera t  i on 

Disposal by Landf i 11 

Post-di sposal 

-- Municipal  Waste D i  sposal 

Transpor tat  i o n  

S o r t i  ng/Recovery 

Recycle ( o p t i o n a l ) d  

I n c i n e r a t i o n  

D i  sposal by Landf i 11 

Post-di  sposal 

Hazardous Waste D i  sposal 

Transpor ta t ion  

Recycle ( o p t i o n a l ) f  

I n c i n e r a t i o n  

Disposal by Landf i 1 1 

Post-di  sposal 

-- 

O f f - s i t e  Exposures On-si te Exposures 

- Ind iv idua l  

X 

X 

Xb 

X 

X 

Xb 

X 

X 

Xb 

Maximum A l l  ' I n t r u d e r  
Populat ion Worker Workersa Exposures - .  I 

. .  

, x  

X 

Xb 

i 
X 

Xe 

X 

X 

Xb 

X 

Xe 

X' 

X 

Xb 

XC 

\ 

r X X 

X X 

X 

X X 

X X 

. x  X 

X 

X X 

X ' .  X 
. .  

XC 

(a )  A l l  worker exposures are added t o  o f f - s i t e  popu la t ion  exposures. 
(b )  I n c l  udes re1 eases due t o  i n t r u s i  on, groundwater m ig ra t i on ,  

erosion, and leachate accumulation. 
( c )  Includes d i r e c t  contact  p lus  we1 1 water consumption. 
(d )  Both metal packages and meta l /g lass f r a c t i o n  o f  waste may be recyc led.  
( e )  Populat ion exposures are over 30 years. 
( f )  Only metal  packages can be recycled. 
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p o t e n t i a l l y  cons t ruc t ing  a house on the 
house thus constructed, ( c )  someone consum 

s i t e ;  ( b )  someone l i v i n g  i n  the 
n o  water from an on-site well. 

O f f - s i t e  imoacts a r e  also calculated from exposure of the disposed waste 
by the intruder t o  the actions of wind  and water. These a r e  r e f e r r e d  t o  
a s  i n t r u d e r - i n i  t i a t e d  exposed waste scenarios. They include impacts t o  
the '  surrounding popu! a t i  on due t o  a i  rborne di  sp'ersion of contaminated soi 1 
as well as  impacts t o  an i n d i v i d u a l  consumino water from a nearby surface 
water body ( a  stream) contaminated by waterborne runoff .  

Other p o s t - d i  sposal impacts i ncl tide those from groundwater migration, 
e ros ion  of t he  disposed waste,  a n d  l eacha te  accumulation w i t h i n  t h e  
d i  sposal cell  s. Groundwater impacts are  cal cul ated to  i nd i  v i d u a l  s assumed 
to  consume water drawn from an of f -s i te  well used by a small p o p u l a t i o n  
(population-well  s c e n a r i o ) ,  o r  t o  i n d i v i d u a l s  consuming water from a 
groundwater discharoe point assumed to  consist of a stream (sur face  water 
s cena r io ) .  Erosion impacts a r e  Ci3lClJlated i n  a similar manner to  the 
above intruder-init iated exposed waste scenarios, except t h a t  the  e n t i  r e  
disposal  a rea  i s  assumed t o  be exposed and a delay time i s  assumed to  
account for erosion of the soil  covering the disposed waste. 

. 

Leachate accumulation impacts may be calculated a s  an option by the code 
cser. T h i s  considers  the  po ten t i a l  s i t u a t i o n  i n  which p r e c i p i t a t i o n  
percola t inq  i n t o  the disoosal  c e l l s  i s  allowed t o  accumulate i n  t h e  
disposal c e l l s  rather t h a n  flowins throuqh the waste and into the  a q u i f e r  
underlyinq the disposal s i t e .  T h i s  could occur i n  a humid  s i t e  environ- 
ment a t  a disposal f a c i l i t y  a t  which a n  e f f e c t i v e  impermeable l i n e r  i s  
i n s t a l l e d  o r  a t  a disposal  f a c i l i t y  located a t  a s i t e  having so i l s  w i t h  
very low permabilities. Three release scenarios are considered f o r  which 
impacts a r e  calculated t o  an o f f - s i t e  i n d i v i d u a l  tmremlyr) for  the f i r s t  
two scenarios and  t o  the surroundinq population (person-wem/yr)  f o r  t h e  
l a s t  scenar io .  The f i r s t  s cena r io  considers  impacts d u r i n q  disposal 
f a c i l i t y  opera t ion ,  and l eacha te  i s  assumed t o  be withdrawn from t h e  
disposal  c e l l s  by the s i t e  operators, treated,  and discharged to  a nearby 
off-s i te  stream, 'where the contaminated stream water i s  consumed a n d  used 
by an ind iv idua l .  The l a s t  two scena r ios  occur a t  some time a f t e r  the 
disposal  f a c i l i t y  i s  c losed ,  a n d  t h e  disposal c e l l s  a r e  assumed t o  
completely f i l l  u p  w i t h  l eacha te .  The former assumes t h a t  l eacha te  
overflows the d i s p o s a l  c e l l s  and i s  carried to  a nearby o f f - s i t e  stream, 
and the  contaminated stream water i s  consumed and used by an i n d i v i d u a l .  
The l a t t e r  assumes t h a t  the leachate i s  processed throuqh a n  evaporator ,  
dispersing some of the radionuclides into the air. 

Off-si t e  Municipal Waste Treatment/Di sposal 

The second option (F igure  2.1) involves of f - s i te  treatment/disposal' of th.e 
de minimis waste a s  a municipal s o l i d  waste. The waste mater ia l  i s  
assumed t o  be re leased  i n t o  refuse channels which a r e  used t o  manage 
municipal sol i d  waste. The principal variations i nvol ve ( a  ) sendi ng t h e  
waste t o  a municipal waste treatment f a c i l i t y ,  and ( b )  sending the waste 
direct ly  t o  a municipal waste disposal f a c i l i t y  ( landf i l l  1. 

. .  
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A munic ipa l  waste treatment f a c i l i t y  a t  a m i n i m u m  consists of a large 
municipal incinerator t o  w h i c h  c o l l  ec ted  waste i s  brought, dumped, a n d  

* eventually burned. T h e  res d u e  from combustion i s  sent t o  a nearby 
l a n d f i l l .  (The municipal  incinerator i s  assumed t o  be colocated w i t h ,  o r  
located very near t o ,  a municipal waste disposal f a c i l i t y . )  Also consi- 
dered are several variations t o  municipal  waste incineration, a n d  these 
variations include processes which  m i g h t  take place a t  the incinerator t o  
treat the waste prior t o  combustion. 

I n  these variations, which are referred t o  as "sorting" options, the waste 
i n p u t  t o  t he  municipal  incinerator. i s  assumed m i r s t  reduced i n  size 
using equipment such a s  hammermills. Further treatment of  the waste may 
opt iona l  l y  consi s t  of the' fol 1 owing: 

o The size-reduced waste i s  incinerated a n d  the residue disposed a t  a 
1 a n d f i  11. 

o The size-rekuced waste i s  separated i n t o  a combustible and non-combust- 
ib le  f ract ion,  and  the combustible fraction i s  incinerated. The 
residue from incineration i s  disposed a t  a l a n d f i l l  as i s  the separated 
non-combustible f r a c t i o n .  This non-combustible fraction includes the 
metal, g l a s s ,  a n d  other material comprising the de minimis waste stream 
composi t i  on. 

o The  size-reduced waste i s  separated in to  a combustible and non-combust- 
ible fraction, and the combustible fract ion i s  incinerated. Recyclable 
materi a1 s (metal a n d  g l  ass 1 are recovered from the non-combusti bl e 
fraction and recycled i n t o  products. Residue from incineration and the 
discarded material from the recovery process are disposed a t  a 
l a n d f i l l .  

The. f i r s t  o p t i o n  (size-reduction) c o u l d  be performed as a means of  
increasing combustion efficiency a n d  reduc'i ng airborne eff luents .  Most 
existing m u n i c i p a l  incinerators are h a v i n g  difficulties meeting current 
a i r  qua l i ty  standards. The second opt ion  (size-reduction, separations) 
c o u l d  be performed as a means of further increasing combustion a n d  
reducing airborne ef f l  uents. The smal 1 er vol ume of waste i nci nerated a1 so 
reduces the cost  of airborne effluent treatment systems. The t h i r d  o p t i o n  
(size-reduction, separations, recovery) represents a possible resource 
recovery f a c i l i t y  i n  which  i t  i s  assumed t h a t  recyclable material (metal 
and glass) of sufficient qual i ty  may be economically recovered from the 
waste, and t h a t  a local market exists f o r  the recovered material. 

Waste disposed a t  the l a n d f i l l  may originate directly from the waste 
generator, as a residue from the incineration process, or as a discard 
*from the sorting process. Landf i l l s  used t o  dispose of  municipal waste 
are c lassi f ied by EPA as ei ther  "sanitary l a n d f i l l s "  o r  "open dumps" 
depending u p o n  the q u a l i t y  of l a n d f i l l  operation (Ref. 3 ) .  EPA h a s  
pub1 i shed d r a f t  auidance t o  municipalities and States for proper operation 
of sanitary landfills, b u t  this guidance has not been finalized (Ref. 4 ) .  
Despite t h i s  l a c k  of  final Federal quidance, however, many states have 
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aqpress ive  programs t o  e l imina te  open dumps ,  a n d  i t  - is  believed tha t  
extensive future use of open dumps  may be problematical .  Nonetheless, 
t h e r e  i s  a very l a r q e  number of open dump opera t ions  and i t  will take 
several years t o  completely phase o u t  t h i s  less  adequate disposal method. 
A d i s t i n c t i o n  between well a n d  poorly operated l a n d f i l l s  i s  t h u s  con- 
servativelv made i n  this report. 

The user  of  the code may specify the assumption of disposal into e i ther  a 
sanitary l a n d f i l l  or an open dump, and the resulting impact c a l c u l a t i o n s  
wi l l  d i f f e r  dependinq upon the specified f ac i l i t y .  For example, a d a i l y  
cover i s  placed over deposited waste a t  a sanitary l a n d f i l l  while t h i s  i s  
not always the  case f o r  an open dump. Open b u r n i n g  of waste, while 
prohibited a t  a sanitary l a n d f i l l ,  frequently takes place a t  an open dump. 
T h u s ,  radiological impacts calculated for  the two types of f a c i l i t i e s  will 
d i f fe r  durina s i t e  operations as well a s  over the lona-term. 

Recycle exposures involve the reuse of sc rap  metal or glass which are 
possibly recovered from a resource recovery f a c i l i t y .  A ?  so op t iona l ly  
assumed t o  he recycled as scrap  metal are,any metal packages which are 
used t o  deliver waste t o  the i n c i n e r a t o r  or l a n d f i l l .  Recovery of t h e  . 
metal packaaes from the 1 a n d f i  11 represents possible scavaqi na (open dump) 
or salvaqe (sanitary l a n d f i l l )  a c t i v i t i e s  a t  the l a n d f i l l .  In the a n a l y s i s  
methodoloay, recovered scrap metal i s  assumed t o  be i n p u t  t o  six potential 
recycling scenarios while recovered g l a s s  i s  assumed t o  be used a s  an 
aqgreqate for construction of a s p h a l t  roads and p a r k i n g  areas. 

The types of impacts calculated are  also l i s t e d  i n  Table 2-2 ,  a n d  cover 
the  movement a n d  h a n d l i n g  of waste through the  various optional waste 
treatment and disposal operational steps. These include impacts due t o  
waste t r a n s p o r t a t i o n ,  i n c i n e r a t i o n  ( inc luding  t h e  sor t ing o p t i o n ) ,  
d isposa l  operations, a n d  recyc le .  A t  each s t e p ,  t he  dose ra te  t o  t h e  
max imum i n d i v i d u a l  i s  determined, u s i n g  reasonable y e t  pes s imis t i c  
assumptions. I n d i v i d u a l  exposures are  calculated t o  the workers ca r ry ing  
out  waste t r a n s p o r t ,  t rea tment ,  and disposal who a r e  a t  t he  h ighes t  
rad io logica l  r isk.  Exposures t o  o f f - s i t e  i n d i v i d u a l s  due t o  waste 
treatment and disposal are  a1 so calcul ated. 

A population dose r a t e  i s  a l s o  est imated f o r  each s t e p .  I t  s h o u l d  be 
noted t h a t  waste t r a n s p o r t  workers, a l o n g  w i t h  workers a t  the incinerator 
and  l and f i l l ,  are considered to  be par t  of the population. None of these  
workers a r e  assumed t o  be radiological workers. F i n a l l y ,  post-disposal 
imDacts are  calculated i n  a similar manner as those for the above on - s i t e  
d isposa l  option. 

Off-Site Hazardous Waste Treatment/Disposal 

The t h i r d  p r inc ipa l  waste t reatment/disposal  opt ion i s  i l l u s t r a t ed  i n  
Fiqure 2.1, and covers the option of of f - s i te  treatment and/or disposal of 
de minimis- waste as  a hazardous waste. I t  i s  important t o  distinguish 
between municipal s o l i d  waste and hazardous waste, s i n c e  the  waste 
aeneration rates  and ava i l  able treatment/disposal o p t i o n s  d i f f e r  for  these 
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two types of waste. Hence, potential radiological impacts from de minimis 
waste disposal will a l s o  d i f fe r  depending uDon whether chemical o r  o t h e r  
p rope r t i e s  r e a u i r e  tha t  the waste be treated a s  e i ther  a municipal sol id  
or  hazardous waste. 

A s  shown, waste may be assumed t o  be e i t h e r  shipped d i r e c t l y  t o  the 
hazardous waste disposal f a c i l i t y  (assumed to  be a l andf i l l ing  ope ra t ion )  
o r  shipped to  an incinerator where the waste i s  incinerated. The  residue 
i s  then disposed i n  t he  hazardous waste f a c i l i t y .  However, given the  
tox ic  o r  hazardous c h a r a c t e r i s t i c s  of the incinerated waste, no sor t ing 
options are assumed for  the hazardous waste incinerator. 

Somewhat s i m i l a r  t o  the municipal waste l a n d f i l l ,  the user of the codes 
may select  the assumed level of lono-term environmental impacts from t h e  
hazardous waste f a c i l i t y .  EPA has published final reaulations regarding 
s i t i n a ,  design,  and operat ion of hazardous waste disposal  f a c i l i t i e s  
( e . g . ,  Ref. 51, a n d  t.here i s  c u r r e n t l y  in t ense  publ ic  and regulatory 
aqency s n u t i n y  o f  b o t h  sho r t -  a n d  long-term s a f e t y  a spec t s  of t h e  
e x i s t i n q  44 commercial h a z a r d o u s  waste disposal f a c i l i t i e s .  Given the 
existing f i n a l  EPA regulations, the limited number of such f a c i l i t i e s ,  a n d  
t h e i r  h i g h  v i s i b i l i t y ,  i t  does not seem reasonable to  d t s t i n g u i s h  between 
operat ional  impacts assoc ia ted  w i t h  a "poorly-operated" a'nd 
"we1 1 -operated" hazardous waste f a c i  1 i t y .  The user, however, can d i s -  
t i n g u i s h  between two l e v e l s  of groundwater impacts a s soc ia t ed  w i t h  a 
hazardous waste disposal f ac i l i t y .  T h i s  accounts f o r  the probability t h a t  
as experience i n  hazardous waste management i s  pained over time, improved 
d i  sposal techno1 ogies w i  11 be imp1 emented. 

Except optionally for metal packaqes, no resource recovery i s  assumed t o  
occur a t  t h e  hazardous waste incinerator and  disposal f a c i l i t y .  Almost 
a l l  of t he  c u r r e n t  resource recovery of hazardous waste streams i s  
centered on l i a u i d  streams such as  degraded so lven t s  which a r e  very 
d i f f e r e n t  i n  fo rv  from the  type of waste p o t e n t i a l l y  disposed a s  de 
minimis ( s e e  Appendix A ) .  EPA has pub1 ished s t a n d a r d s  and guidelines, 
however, on reuse of hazardous waste containers, and so the possibi l i ty  of 
recycle of metal packaqes as scrap i s  considered (Ref. 8 ) .  

4s shown, the types of impacts calculated for treatment and/or disposal of 
de minimis waste as  a chemically hazardous waste a re  similar t o  those 
impacts c a l c u l a t e d  f o r  t rea tment /d isposa l  of de minimis waste as a 
municipal waste. I n d i v i d u a l  and population dose ra tes  are  calculated fo r  
t r a n s p o r t a t i o n ,  incineration, a n d  disposal f a c i l i t y  operations, as well a s  
f o r  lona-term impacts a f t e r  waste d i sposa l .  Recycle exposures a r e  
calculated f o r  recovered scrap metal waste packages i n  a similar ma'nner a s  
those for  scrap metal recovered from municipal waste. 

2.1.3 Limitations 

I n  devel oDi n q  a methodol oqy fo r  d isposa l  of 1 ow-acti v i  t y  radioactive waste 
by less  r e s t r i c t ive  means, a number of  cons idera t ions  become apparent  
which t e n d  t o  complicate the process. These include: 
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(1) The environmental character is t ics  of the location a t  which the waste 

( 2 )  The l a r g e  number of methods by which waste may be treated and/or 
. disposed, and which may vary as functions of f a c i l i t y  s i z e ,  design,  

i s  treated and/or disposed, 

and operating character is t ics ;  and ,  

( 3 )  The recognition tha t  while de m i n i m i s  waste disnosed by less res- 
t r i i t i  ve means w i  11 be " d i  1 uted" by 1 a rae  q u a n t i  t i e s  of o t h e r  
non-radioactive waste, the extent of this dilution may vary depending 
upon a number of circumstances. 

/ 
Si te  Environmental Characteristics 

I t  i s  aDparent t h a t  the environmental character is t ics  of the location a t  
which waste treatment or disposal takes place will influence the exposures 
ca l cu la t ed .  For example, i f  radionuclides are  released into the a i r  due 
to  operation of a municipal waste incinerator,  then the  r e s u l t i n g  ca lcu-  
lated impacts will be influenced by factors  such as the average wind  speed 
a t  the incinerator s i t e ,  the atmospheric s t a b i l i t y  c l a s s ,  and the  d i s -  
t r i b u t i o n  and dens i ty  of the surrounding population. As another example, 
ground water migration of radionuclides from a disposal f a c i l i t y  s i t e  will 
be influenced by a number of cons ide ra t ions  including the  amount of 
ra infa l l ,  the ion-exchange properties of the s i t e  s o i l ,  a n d  t he  d i s t ance  
from the s i t e  to  a point of discharge such as a well. 

I t  i s  clearly impossible i n  this report t o  consider  a l l  poss ib le  v a r i a -  
t i o n s  i n  t reatment  or disposal si  t e  environmental character is t ics .  As a 
compromise, then, two approaches are adopted: 

(1) A s e t  of t h ree  d i f f e ren t  reference treatment/disposal s i t e  environ- 
mental c h a r a c t e r i s t i c s  a re  assumed, a n d  any of the th ree  may be 
spec i f i ed  by t he  code user .  However, t he  user  of the  codes may 
opt iona l ly  replace the assumed parameters as,sociated w i t h  t hese  
reference environmental character is t ics  w i t h  a1 ternat i  ve values. 

( 2 )  All environmental parameters are  maintained i n  a separate i n p u t  f i l e  
i n  the computer codes, and the user may optionally expand the f i l e  t o  
i ncl ude parameters for addi t i  onal reference s i t e s  ., 

The environmental c h a r a c t e r i s t i c s  f o r  the  reference treatment/disposal 
s i t e s  are  derived from three of the four regional disposal s i t e  character- 
i s t i c s  assumed i n  References 1, 2 and 6. The three regional s i t e s  adopted 
f o r  t h i s  r epor t  c o n s i s t  of w h a t  h a s  been termed the  nor theas t  s i t e ,  
southeast s i t e ,  and southwest s i t e .  A descriptive summary of the environ- 
mental character is t ics  of each of the three  re ference  s i t e s  i s  given i n  
Table 2-3. 

A more de t a i l ed  desc r ip t ion  of t he  re ference  s i t e s ,  including assumed 
values for 'var ious  numerical parameters important to  the ca lcu la t ions ,  i s  
given i n  Chapter C.5 of Appendix C. 
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TABLE 2-3 . Descriptive Summary of Reference Site Characteristics 
\ 

soi 1 Popul a t i  on 
Site Preci pi  t a t i  on Permeabi 1 i t y  Density 

Northeast 
Southeast . 

Southwest 

, .  
Hupi d 
Humid 
Semi-ari d 

Low 
Moderate 

High 

High 
Moderate 

Low 

The environmental characteri s t i  cs of the reference treatment/disposal 
si tes are stored i n  an i n p u t  f i l e ,  termed the TAPE2 f i l e ,  t o  the computer 
codes. I f  add i t iona l  flexibility i n  using the computer codes i s  desired, 
the reader may op t iona l ly  create add i t iona l  reference sites and modify the 
TAPE2 f i l e  t o  include the addi t iona l  site-specific parameter values. 

Reference Treatment and Disposal Facilities 

I t  i s  apparent t h a t  -there are a number of possible ways i n  w h i c h  de 
minimis, municipal s o l i d ,  or hazardous waste may be treated and disposed, 
and Appendices A through C discuss several of these methods. I t  would be 
very difficult t o  t ry  q'nd characterize a l l  such treatment a n d  disposal 
methods. I t  woulld 'also be counter productive since several of the 
possible treatment and disposal methods are not  applicable t o  the expected 
form of the de m i n i m i s  waste. For  example, the de minimis waste i s  
expected t o  be generally i n  a solid form and so disposal methods such as 
deep well injection o r  evaporation ponds, which are today being used t o  
dispose of  b u l k  quantities of liquid hazardous waste, would  n o t  be 
general 1 y appl i cab1 e t o  t h i  s report. 

The sol u t i  on adopted i n  this report' i s  t o  calculate radio1 ogical impacts 
i n  terms of several reference facil i t ies.  These reference f a c i l i t i e s  are  
described i n  Appendix C ,  and are chosen t o  be representative of existing 
waste treatment and disposal facil i t ies i n  terms of facil i ty site, '  design,. 
and  operation. I n  general, the reference facil i t ies are chosen so t h a t  
possible radiological impacts from de minimis waste treatment and  disposal 
will be calculated i n  a conservative manner. 

A brief summary of the reference 6ac i l i t i e s  i s  presented i n  Table 2-4 .  
Note t h a t  the capacities and yearly throughputs of the on-site incinerator 
and  d isposa l  f a c i l i t i e s  are "variable." This i s  because most of the 
parameters f o r  these f a c i l i t j e s  are not assumed b u t  are provided by the 
code user. A reference waste t ransportat ion mode is  also assumed i n  the 
form of trucks having.5- ton waste capacities. 

Waste Volume Considerations 

One of the more quixotic considerations In  determining impacts from de 
minimis waste disposal i s  t h a t  the de minimis waste will tend t o  be 
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TABLE 2-4 . Reference Treatment and Disposal Faci 1 i t i e s  

Reference Design Capacity Yearly Throughput 
Faci 1 i t y  Description (tons/day) (Tons) 

On-si t e  
Incinerator 

On-si t e  
Disposal Area 

Municipal Waste 
Incinerator 

Sanitary 
L a n d f i l l  

Open Dump 

Mu1 t i  pl e-chambera Varies 
pathol ogi cal (100-500 1 b / h r )  

Vari esb Varies 

Refractory walled, 500 
rectangul a r  furnacec 

We1 1 -operated 69 
sol i'd waste 1 andf i 1 l d  

Poor 1 y-ope rat ed. 69 
solid waste l a n d f i i l d  . 

Varies 

Varies 

140,000 . 

: ., 
16,'800 

16,800 

Hazardous Waste Rotary k i  1 ne 
Incinerator 

100 28,000 

Hazardous Hazardous waste 38 5 
Waste Faci l i ty  disposal operationfsg 

100,000 . 

( a )  Based on the incinerator,discussed i n  Reference 7 .  
( b )  D i  sposal area dimensions an,d other characteri s t  i cs 

supplied by the code user. 
( c )  Several sorting options are assumed t o  be feasible for  the reference 

incinerator. These options may be specified by the code user. 
( d )  The s ize  of the reference s i t e  i s  25 acres, and i t  operates 

for  20 years, resulting i n  a to ta l  capacity of 336,000 tons. I 

( e )  No waste sorting options are considered fo r  the reference incinerator. '  
( f )  The s ize  of the reference s i t e  i s  150 acres, and i t  operates 

for  20 years, resulting in a to ta l  s i t e  capacity of 2 million tons. 
( 9 )  There are  two types of hazardous waste f a c i l i t i e s .  Both are l andf i l l s ;  

hav ing  similar designs and operations. The f i rs t  f a c i l i t y ,  however, : 

is  assumed t o  experience a lower level of percolation into the disposed 
waste, result ing in lower long-term impacts. 

1 
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d i f f u s e l y  d i s t r i b u t e d  among volumes of other non-radioactive waste. For 
example, t he  throughput of de minimis waste through a pa thologica l  
i n c i n e r a t o r  operated by a hosp i t a l  o r  o t h e r  i n s t i t u t i o n  may only be a 
f ract ion of the to ta l  volume or  mass of waste incinerated. Similarly, the 
mass of de minimis waste de l ivered  t o  a p a r t i c u l a r  hazardous waste 
f a c i l i t y  will  t e n d  t o  be only a f ract ion of $he t o t a l  mass of hazardous 
waste delivered t o  tha t  disposal f a c i l i t y .  The f i r s t  impulse, then, when 
calculating radioloqical impacts from de'minimis waste d i s p o s a l ,  i s  t o  
assume t h a t  the de minimis waste i s  " d i l u t e d "  by the t o t a l  amount of 
non-radioactive waste which i s  disposed by a similar method. For example, 
assume tha t  a -par t icu lar  type of de minimis waste i s  generated i n  the U.S. 
a t  a r a t e  of 10,000 tons per year and the total  amount of municipal so l  i d  
waste transported t o  and disposed i n t o  l a n d f i l l s  i n  the U.S. i s  estimated 
t o  be 200 mi l l i on  t o n s  Der year .  T h e  de minimis waste w i l l ,  on t h e  
averaae ,  occupy only about 0.005% of  the  space w i t h i n  the l a n d f i l l s .  
Similarly, the de minimis waste w i l l  on the averaae occupy only about  
0.005% of the space w i t h i n  municipal waste transport  vehicles. 

T h i s  approach i s  probably adequate for  estimating "average" impacts t o  an 
ind iv idua l  o r  t o t a l  impacts t o  a very large population. The problem i s  
t h a t  i t  does n o t  cons ider  the  types  of l o c a l i z e d  impacts t h a t  could  
p o t e n t i a l l y  occur t o  a few i n d i v i d u a l s .  For example, a p a r t i c u l a r  
sani tary landf i l l  may be located i n  close proximity t o  a l a rse  number of 
l icensees who each aenerate s ign i f icant  quant i t ies  of de minimis waste. A 
municipal waste t r a n s p o r t  -veh ic l e  p ick ing  u p  de minimis waste from a 
l i c e n s e e  could po ten t i a l ly  receive a truck load consisting t o t a l l y  of de 
m i n i m i s  waste.  T h u s ,  a few i n d i v i d u a l s  could p o t e n t i a l l y  receive an 
exposure which i s  l a r a e r  than the "averape" individual exposure, and the 
Dopulation i n  t h e  v i c i n i t y  of t h e  p a r t i c u l a r  s a n i t a r y  l a n d f i l l  could 
po ten t i  a1 l y  recei ve a 1 arger than "average" popul a t i  on exposure. 

A re lated problem i s  t h a t  while there  may be only a l imi t ed  number of 
types  of waste t rea tment  o r  d i sposa l  f a c i l i t i e s ,  there may also be an 
excess of others. T h i s  can lead t o  possible concentrat ion of de minimis 
waste i n  only a few f a c i l i t i e s  a s  well a s  d i f f i c u l t i e s  i n  matching the 
output  of a p a r t i c u l a r  waste t r ea tmen t  f a c i l i t y  w i t h  t he  i n p u t  of a 
par t icular  waste disposal f a c i l i t y .  As an example, consider t h a t  current-  
l y  there a re  approximately 25 cordlnercial hazardous waste inc ine ra to r s  and 
4 4  commerci a1 hazardous waste d i  sposal f a c i l  i ti 'es i n  operation i n  the 
United States. Many of these t r ea tmen t  a n d  disposal  f a c i l i t i e s  may n o t  
accept  de minimis waste due t o  process l imitations (many hazardous waste 
i n c i n e r a t o r <  only handle l i q u i d s )  or t o  p r o h i b i t i o n s  ( e . g . ,  l i c e n s e  
condi ' t ions,  company pol i c y ,  e t c . ) .  T h u s ,  o f f - s i t e  commercial treatment 
and/or disposal of de minimis waste as  a hazardous substance could p o t e n -  
t i a l l y  involve only a few (e.g., 10-20) f a c i l i t i e s .  

A *somewhat opposite d i f f icu l ty  exists for treatment and/or disposal of de 
minimis waste as  a municipal waste. There are  currently operating i n  the 
United States  more than 300 large municipal waste i n c i n e r a t o r s ,  s eve ra l  
thousand small- i n c i n e r a t o r s ,  and more than 18,000 municipal waste land- 
f i l l s  (see A p p e n d i x  A ) .  A g i v e n  l a r q e  municipal i n c i n e r a t o r  may 
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typ ica l  l y  del i v e r  the  residue produced from waste combirstion to  several 
different l andf i l l s .  F o r  example, t he  re ference  500 tonlday municipal 
i n c i n e r a t o r  w i l l  qenerate  almost 250 tons (wet) of residue per day, and 
the reference 25-acre municipal waste l a n d f i l l  can o n l y  accept  about 69 
t o n s  of waste per day f o r  d i sposa l .  T h u s ,  d isposal  of the  r e s idue  
generated by operating the incinerator will require a t  l ea s t  4 f a c i l i t i e s  
the  s i z e  o f  t he  re ference  l a n d f i l l .  T h i s  means t h a t  unlike hazardous 
waste, de minimis waste treated and  disposed a s  a municipal. waste could 
possibly be distributed t h r o u g h  hundreds ( i f  not thousands) of f a c i l i t i e s .  
Not h a v i n g  the ab i l i t y  to  consider the potential for t h i s  wide d i s t r i b u -  
t i o n  coul d resul  t i n  an  overly conservat i  ve cal  cul ation of individual 
impacts. 

To accommodate these potenti a1 d i  f f i cbl t i  e s ,  the computer codes are struc- 
tured so t h a t  for the two principal off-s i  t e  t reatment/di  sposal op t ions  
(municipal a n d  h a z a r d o u s  waste o p t i o n s ) ,  the  code user must i n p u t  the 
following integers for  each waste stream: 

o the  number of reference vehicles assumed to  be used t o  transport the 
de minimis waste (see Chapter 3 .0) ;  

o the  percent  of t he  reference vehic le  occupied by the  de minimis 
waste; 

o the number of reference waste treatment f a c i l i t i e s ;  and 
o the number of reference waste disposal f a c i l i t i e s .  

The codes then assume t h a t  t he  de minimis waste i s  evenly distributed 
amonQ the transport vehicles and waste t reatment/disposal  f a c i l i t i e s  i n  
accordance . w i t h  t h e  f r a c t i o n s  formed by t h e  r e c i p r o c a l s  o f  the i n p u t  
integers. Use of this techniaue requires tha t  the user of the codes have 
an understandinq of:  

(1) the  d i s t r i b u t i o n  of de minimis waste w i t h i n  a qiven region, e.g., 
several widely scattered waste generators will i nvol  ve more transport 
vehic les  a n d  t reatment/disposal  f a c i l  i t i e s  t h a n  a few qenerators 
possibly grouped together; and  

( 2 )  the  d i s t r i b u t i o n s  and c a p a c i t i e s  'of  waste t rea tment  and disposal 
f a c i l i t i e s  w i t h i n  a given region, e.g., the de minimis waste would be 
d i  s t r i  buted through many more municipal waste t r anspor t  vehicles and 
f a c i l i t i e s  t h a n  hazardous waste transport vehicles and f a c i l i t i e s .  

The information contained i n  Appendices A and B may be useful t o  the code 
user i n  making these determinations. Further information on i n p u t i n g  t h e  
above waste dis t r ibut ion indices i s  provided i n  Section 2.2. 

2.2 Decision Indices 

Several a l t e r n a t i v e  opt ions  a r e  a v a i l a b l e  i n  t he  codes to  process the 
waste and to  determine i t s  f i n a l  disposition. A l l  t he se  opt ions involve 
manipulation of s p e c i f i c  waste form, packaging, or  disposal technoloqy 
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p r o p e r t i e s .  I n  this report, these properties have been expressed through 
integer indices t h a t  refer to  a specific procedure used i n  the calculation 
of imlpacts or determine a specific ._value of the environmental parameters. 
These ind ices ,  which will  be referred to  a s  the decision indices,  basic- 
a l l y  denote the selection ontions available for a specif ic  property. The 
selection options may he i n  the form of a specific calculational procedure 
or  a specific value for  an environmental property. 

The use of user-input inteqer indices i n  t h i s  report t o  desc r ibe  c e r t a i n  
environmental o r  waste s p e c i f i c  p rope r t i e s  o r  t o  soecify a par t icular  
calculation procedure i s  ver-y similar t o  the approach used i n  t h e  Impact 
Analyses Methodology Report (Ref. 5 )  prepared to  support the d r a f t  EIS on 
Part  61 (Ref. 1) .  

In t h i s  r epor t ,  two aroups of indices are used to  describe the available 
options. The f i r s t  qroup i s  applicable to  a l l  the waste streams considered 
simultaneously and refers  t o  the region i n  which the disposal f a c i l i t y  i s  
located and the  disposal f a c i l i t y .  The second group i s  waste stream 
s p e c i f i c  and r e f e r s  t o  -the waste c h a r a c t e r i s t i c s  and t h e  parameters 
necessary to  resolve the questions raised i n  Sect ion 2 . 1  on t h e  m a x i m u m  
exposed i n d i v i d u a l  . These indices are d i  scussed bel ow. 

2.2.1 Re@ on and. D i  sposal Faci 1 i t y  Indices 

T h i s  f i r s t  group of decision indices contains the following seven indices: 
the region index ( I R )  descriptive of the s i t e  envi.ronmenta1 c h a r a c t e r i  s -  
t i c s ;  the  disposal  f a c i l i t y  index (IQ) specifyinq the type of f a c i l i t y ;  
the lenath of , f a c i l i t y  operat ional  l i f e  i n  years  ( I L F E ) ;  t he  overflow 
index (IOFL) s i g n i f y i n g  whether impacts due t o  p'ossible disposal ce l l  
1 eachate accumulation and overfl ow are  t o  be cal culated; the envi ronmental 
d a t a  index (IDAT) s i a n i f y i n g  whether qeneric or si t .e-specific environ- 
mental parameters are  t o  be used i n  the impact calculations;  the lenqth of 
disposal f a c i l i t y  i n s t i t u t i o n a l  control period i n  years ( I I N S ) ;  and the 
population index ( I P O P )  s i g n i f y i n q  whether the s i t e  is  located i n  an u rban  
o r  a rural  environment. These ind ices  are summarized i n  Table 2-5 and  
discussed bel ow. 

. Region Index - 1R 

T h i s  index i s  a modified version of the IR index i n  Reference 6.  The main 
rationale for  t h i s  index i s  s t i l l  applicable: t o  ass iqn  specif ic  parameter 
values t o  the  environmental character is t ics  affecting the calculation of 

' short- and lona-terw impacts. Many environmental parameters ,  such a s  
aroundwater t r ave l  times or population densit ies,  depend on the location 
where the disposed waste i s  si tuated.  The parameters used i n  t h i s  report ,  
which are functions of s i t e  environmental properties and a f fec t  the impact 
calculations, are l i s t ed  i n  Table 2-6. 

I n  t h i s  work, three reference s i t e  environments are  characterized for  the 
t reatment  a n d  disposal  of wastes. -These re ference  environments a r e  
derived from 3 of the 4 regional disposal s i t e s  characterized i n  the Part  
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TABLE 2-5 . Regional and Disposal Decision Indices 

Index 

IR -'Region Index 

IQ - Disposal Fac i l i t y  
Index 

ILFE - Disposal Facil i J 

IOFL - Overflow index 

IDAT - Disposal/treatment 
Environment Index 

IINS - Ins t i tu t iona l  
Control Period 

I IPOP - Fac i l i t y  
Environment Index 

f e  

Val ues and/or Function 

1 - Humid, nonpermeable so i l  
2 - Humid, moderately permeable so i l  
3 - Semi-arid 

1 - On-site generator 
2 - Sanitary l a n d f i l l  
3 - Open dump 
4 - Hazardous waste f a c i l i t y  I 
5 - Hazardous waste f a c i l i t y  I 1  

Time i n  years t h a t  the disposal 
faci  1 i ty  is operational 

Index denoting whether disposal ce l l  . 
overflow impacts are  t o  be calculated 

0 - Generic parameter values t o  be. used 
1 - Si te -spec i f ic  atmospheric and popu- 

2 - Other si te-specif  i c  environmental 

3 - Both 1 and 2 t o  be used 

l a t i o n  parameter values to  be used 

parameter values t o  be used 

Time i n  years between the closure 
of t h e ' f a c i l i t y  and the loss  of 

ac t ive  in s t i t u t iona l  control 

1 - Rural environment 
2 - Urban environment 

. .  
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TABLE 2-6 . Region Index Dependent Properties 

Symbol 

TPOP 

TDOZ 

POP 
WVEL 
AXOQ 

E FAC 

FSC 
FSA 

QFC 
TTM 
DTTM . 
TPC 
DTPC 

PRC 
TSC 

RET 

POPE 
POPW 

E E R O  
E R E C  

Scenario 

Trans p o r t  a t  i on 
I I  

Operational 
Operational 
Operat i onal 

Operational 

construction 
Agriculture 

Groundwater 
II 

II 

II 

11 - II 

I I  

I I  

Erosion-ai r 
Erosion- and 

E n v i  ronmental Property 

Population density along the 

Dose fac tor  dependent on distance from 
trans port a t  i on rout e 

the transport  vehicle 

Population-weighted f ac to r  
Average wind speed a t  the f a c i l i t y  
Accident ( X / Q )  factor  for  hazardous 

Dust mobi 1 i zati  on fac tor  f o r  hazardous 
waste disposal faci  1 i t y  

waste disposal faci  1 i t y  

Soil-to-air  t ransfer  f ac to r  
Soil-to-air  t ransfer  fac tor  

D i  1 u t i  on fac tor  
Water travel time 
Incremental water travel time 
Pecl e t  number 
Incremental Peclet number 
Retardation coeff ic ients  
I n f i l t r a t i n g  percolation 
Contact time fract ion 

S i te  selection fac tor  

i ntruder-water I' 
I1 II 

Erosi on-ai r Dust mobilization r a t e  
I n t  ruder-ai r Dust mobilization r a t e  
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61 d r a f t  EIS (Ref. 11, namely the northeast s i t e  ( h u m i d  environment, h i g h  
population density, impermeable s i t e  s o i l s )  , the  southeas t  s i t e  ( h u m i d  
environment, moderate popul.ation dens i ty ,  moderately permeable s i t e  
s o i l s ) ,  and the southwest s i t e  ( semi-ar id  environment, low population 
dens i ty ,  permeable s i t e  s o i l s ) .  These are assigned IR indices of 1, 2 ,  
and 3, respectively. Each of these  s i t e s  have been assigned parameter 
values f o r  ca l cu la t ion  of groundwater impacts, values for  calculation of 
population impacts, a n d  values f o r  resuspension c a l c u l a t i o n s .  These 
parameter values are summarized i n  Appendix C .  

Disposal Faci l i ty  Index - IQ 

T h i s  index denotes the eventual disDosal location. There are  five typ'es 
. of disposal f a c i l i t i e s  considered i n  t h i s  r epor t :  o n - s i t e  aenerator  

disposal f a c i l i t y ,  two types of municipal disposal f a c i l i t i e s  d i s t i n q u i s h -  
ed h.v whether they a r e  "well operated" or "poorly operated" ( c a l l e d  
s a n i t a r y  landfi l l  disposal and  men dump, respectively) , and two types of 
hazardous waste disposal f a c i l i t i e s  distinguished by d i f f e r e n t  l e v e l s  of  
groundwater impacts ( s e e  Sect ion 2 . 1 ) .  The values of the IO irldex cor- 
respondina t o  these f a c i l i t i e s  are  presented i n  Table 2-5. 

OisDosal Faci l i tv  Life - ILFE 

T h i s  i n t eqe r  a ives  the  d i s p o s a l  f a c i l i t y  operational l i f e  i n  years. A 
duration of 20 years i s  assumed a s  the reference value for  t h i s  index f o r  
municipal and hazardous waste d i s p o s a l  f a c i l i t i e s ;  however, the code user 
may provide a s i t e - s p e c i f i c  value. This valrre i s  s i a n i f i c a n t  i n  t he  
aroundwater m i  aration' and  exposed waste scenarios where the total  act ivi ty  
disposed a t  the s i t e  i s  considered. 

Overflow Index - IOFL 

T h i s  index provides the code user an option on calculating impacts from a 
Dotential s i t u a t i o n  i n  which d i  s p o s a l  c e l l  s a r e  a1 1 owed t o  accumulate 
leachate. As discussed i n  Section 6.3.3, t h i s  could occur i n  a humid s i t e  
environment a t  a disposal f a c i l i t y  equipped w i t h  an effect ive impermeable 
l i n e r  o r  located a t  a s i t e  havinq so i l s  w i t h  very low permeahilities. I f  
the option i s  imDlemented, impacts are  calculated for  three scenarios, the 
f i r s t  of which occurs d u r i n g  disposal f ac i l i t y  operation while the las t  
two occur a f t e r  c losure of t he  disposal  f a c i l i t y .  The f i r s t  involves  
l eacha te  removal and t reatment  durina disposal f a c i l i t y  oaeration. The 
treated leachate is  discharaed t o  a nearby stream where the  contaminated 
water is  used and consumed by a n  i n d i v i d u a l .  The second involves overflow 
of the disposal ce l l s  t o  a nearby stream where the Contaminated stream 
water i s  again used and consumed by a n  i n d i v i d u a l .  The t h i r d  involves 
treatment. of leachate withdrawn from disposal ce l l s  by means of evapora- 
t ion,  i n  which case impacts from airborne releases from the evaporator are 
cal cul ated for  the surroundi ng popul a t  i on. 

Some judgement i s  rewired  i n  the use of  t h i s  option by the code user. I t  
would ohviously not be appropriate i n  a n  a r i d  climate (e.g. ,  the southwest 
s i te)  . 

f 
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Disposal Faci 1 i ty  E n v i  ronment Index - IDAT 

T h i s  index indicates whether generic environmental parameter values are  t o  
he used d u r i n g  the calculation of impacts or s i t e - spec i f i c  values  a r e  t o  
be used. Generic values are believed to  be generally more conservative. 
The following outlines how th i s  index i s  ut i l ized i n  the code: 

IDAT = 0 - Generic values are t o  be used. 
IDAT = 1 - S i t e - s p e c i f i c  meteorological a n d  populat ion parameter 

values are t o  be used (see Section 4.1.5 and Chapter 8.0). 
IDAT = 2 - Site-specific operational and post-disposal impact parame- 

t e r  values  a r e  t o  be used ( s e e  Chapters 5.0, 6.0,  a n d  
8.0). 

IDAT = 3 - Poth of t he  above s i te-specif ic  values ( i . e . ,  IDAT = 1 and 
IDAT = 2 cases) are  t o  be i n p u t .  

However, for  the analysis of impacts associated w i t h  a n  on-site treatment/ 
disposal f a c i l i t y ,  t h i s  index must be e i t h e r  2 o r  3 ,  s ince  a e n e r i c  
parameter v a l  ues f o r  0Derat.i onal impact calculations cannot be assigned 
due to  extreme v a r i a b i l i t y  of conditions. 

Insti tutional Control Period - IINS 

T h i s  inteaer i s  a propertv of the disposal technolooy u t i l i zed ,  and  gives, 
i n  years, the lenqth of time hetween the closure of the disposal f a c i l i t y  
a n d  the  l o s s  of ins t i tu t iona l  control. T h a t  i s ,  the time period between 
the c losu re  of t h e  disposal f a c i l i t y  a n d  the  assumed l o s s  of a c t i v e  
inst i tut ional  controls i s  denoted by IINS. I t  corresponds to  the institu- 
tional control period.of Reference 6,, and i s  used i n  a similar manner. A 
typ ica l  ins t i tu t iona l  control period for  a sani tary landf i l l  or open dump 
wou ld  be expected t o  l a s t  o n l y  a few years., while t he  i n s t i t u t i o n a l  
control period f o r  hazardous waste disposal  f a c i l i t y  would, by E P A  
regulation (Ref. 5 1 ,  be expected t o  be on the order of 30 years. 

Population Density Index - IPOP 

T h i  s index i n d i  c a t e s  whether the population density around the f a c i l i t y  
can be assumed to  be rural ( i n d e x  value of 1) or urban (index value of 2 ) .  
T h i s  decision index i s  used as p a r t  of calculating population impacts from 
atmospheric transport of contaminants from incineration and disposal. 

2.2.2 Waste Specific Indices . 

The second group of t h i r t e e n  ind ices  i s  genera l ly  referred t o  i n  this 
report as ISPC indices. These indices include the waste d i  s p e r s i  h i  1 i t y  
index ( I D ) ;  the waste accessihi l i ty  index (IA); the waste packaging i n d e x  
( I K ) ,  which i s  comprised of two indices specif.yinq the packaging used, and 
the  f r a c t i o n  of metal packages recycled ( i f  any), respectively; and  the 
processing index ( I P )  which gives  the  t reatment  and disposal  op t ions  
assumed f o r  t h e  waste stream considered. The next four indices comprise 
the composition index ( I C )  and spec i fy  the  f r a c t i o n s  of ,  t he  fou r  major 
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components of the waste physical form, i.e., combustible, metal, glass, 
and  other. The f i n a l  four indices comprise the distribution index (1x1,  
a n d  respectively specify the number of shipment, vehicles, the fraction of 
the load  each vehicle carr ies  t h a t  i s  de  minimis waste, the number of 
waste treatment f a c i l i t i e s  ( i f  a n y ) ,  a n d  t h e  number of waste disposal 
facil i t ies.  These indices are summarized i n  Table 2-7,  a n d  are discussed 
bel ow. 

Dispersihil'ity Index - ID I 

T h i s  index i s  a measure of the potential .for suspension of radioactivity 
should the waste form be exposed t o  wind or mechanical abrasion. When the 
de minimis waste i s  delivered t o  waste treatment and disposal faci l i t ies ,  
i t  will often be subjected t o  mechanical processes w h i c h  will pulverize 
a n d  abrade the waste material. Fine particulates may be generated which  
could be entrained by localized a i r  currents and t h u s  become available for  
inha la t ion  by an individual. For example, i f  waste i s  sent t o  a municipal 
incinerator, i t  could be p o t e n t i a l l y  sent through a size reduction process 
such as a hammermill which  mechanically pounds and tears the i n p u t  waste 
i n t o  small pieces. I f  the waste i s  incinerated, then a P o r t i o n  of the 
incinerator residue, w h i c h  consists of  ash and other non-combusti%les, 
could be dispersed i n t o  the air during h a n d l i n g .  Finally, the waste could 
be sent t o  a sanitary l a n d f i l l  where i t  i s  disposed. Typical operations 
consist of dumping the waste o n t o  the ground, spreading i t  i n t o  layers 
using heavy construction eauipment (e.o., bulldozers), and compacting i t  
by r u n n i n g  the construction equipment over the waste 4 or  5 times. 

M o s t  of  t h e  calculations addressina airborne dispersion of radionuclides 
hy wind or mechanical means s tar t  o u t  by assuming t h a t  the wastl? resembles 
a very dispersible material such as ordinary f ine soil ,  powder, o r  incine- 
rator ash.. This i s  believed t o  be overly conservative for many waste 
forms, however, a n d  a correction factor i s  incorporated t o  estimate the 
relative a b i l i t y  of the waste t o  disperse i n t o  the  a i r  i n  relation t o  a 
f ine material. This i s  done t.hrough the dispersihility index (ID) which 
i s  used d u r i n g  calculations i n v o l v i n g  operational impacts. 

Naste forms w h i c h  are assumed t o  have a low probability of becoming 
suspended i n t o  respirable particl'es are assigned an  index of (0). Those 
waste forms w h i c h  are assume'cl t o  have a h i g h  potential of  becoming 
suspended (such as incinerator ash) are assigned an index of  ( 3 ) .  Wa'ste 
forms w h i c h  tend t o  crumhle or fracture extensively and those forms t h a t  
are subject t o  relatively rapid decomposition are assicrned a n  i n d e x  of  
( 2 ) .  Waste forms consisting of a mixture of materials w i t h  dispersibility 
indices of (0) and ( 2 )  are assigned an index of (1). 

Assumed values for t h e  d i  spersihi1it.y index  and associated multipliers, 
for various typica l  types of waste are qiven below. These values a n d  
multipliers are similar t o  those used i n  the f i n a l  EIS on the Part 61 
regulation t o  estimate accident impacts a t  a low-level waste disposal 

(Ref. 21,  i . e . ,  the multiplier i s  given by the relationship 
;;f:D1-i3!f 
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TABLE 2-7 . Waste Specif ic  Decisi,on Indices  

Values and/or Function . . < .  Index 

0 -  
1 -  
2 -  
3 -  

1 -  
2 -  

0 -  
1 .- 
,2 - 

ID - 

IA - 

D i  spers i  bi  1 i t y  
Index 

near zero 
s. l ight t o  moderate 
moderate 
severe 

Accessi bi 1 i t y  
Index 

ordinary waste , 

ac t iva ted  metal s - 
Packaging Indices 
First Index - IK1 

IK - 
Not Packaged 
Metal Containers 
Other Conta-iners ' .  

Percent of ,metal packages. . .  recycled. . 

Processdng options . . .  
'1 -'Disposal . ~ ' 

2 - I n c i  nerati on/Di sposal 
3 .- .Sorting Op.tion 1 

. 

4 - Sort ing Opt ion  2 
5 - Sorti\ng O p t i o n  3 

Number of shipping vehi,cles , . . 
Fraction of vehicle load t h a t  i s  

Number of process1 ng f a c i l i t i e s ' .  

. .  

. 

de. m i  n i  m i  s 'waste . .  
' 

Number .of di  s'posal f ac i  1 i t i  es . -  

Second Index - IK2 

Processing Index .. IP - 
. .  

,'. 

u 

IX' - Distr ibut ion Indices 
First Index - 1x1 
Second Index - 1x2 

Third Index - 1x3 
Fourth Index - 1x4 

Composition Indices 
First Index - IC1 
Second Index - IC2 
Third Index - IC3 
F o u r t h  Index - IC4 

IC - 
Weight percent of combustible waste . . 
Weight percent of metal waste 
Weight percent of -glass waste 
Weight percent of other waste . .  
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3 1 .o dewatered sludge, ash ,  dirt., 

2 0.1 trash, dewatered resins;  
1 0.01 waste so l id i f ied  i n  cement; 
0 0.001 waste so l id i f ied  i n  vinyl e s t e r  styrene, 

and other m i  scell  aneous powders; 

sealed sources, activated metals. 

'Accessibility Index - IA 

T h i s  i n d e x  i s  s imi la r . to  the accessibi l i ty  index (19) used i n  Reference 6. 
I t  i s  used to  t r iqoer  a correction factor  f o r  waste streams which have a 
hiah metal content and the dis t r ibut ion of radionuclides w i t h i n  the waste 
i s  such t h a t  the radionuclides are  n o t  a s  easily accessible a s  other waste 
streams to  t ransfer  acjents such a s  w i n d  or water. 

Most.candidate de minimis waste streams are  expected to  consist  of surface 
'contaminated ma te r i a l s  or m a t e r i a l s  i n  a r ead i ly  so lub le  form. I t  i s  
possible t h a t  some de minimis waste streams wi l l  c o n s i s t  of a c t i v a t e d  
petals.  The accessibi l i ty  index i s  used t o  assign a correction multiplier 
i n  certain exposure calculations. These include c e r t a i n  d i r e c t  exposure 
cal cul a t i  ons as we1 1 a s  disposed waste 1 eachi n q  and. aroundwater m i  oration 
c a l c u l a t i o n s .  A m u l t i p l i e r  of 1 i s  assianed t o  a n  index value of 1 
denoting ordinary waste forms, and a multiplier of '3.1 i s  assigned to  an 
index value of 2 denoting activated metals. 

The accessibi l i ty  factor i n  t h i s  work has the Dractical e f f ec t  of account- 
i n g  for the.self-shielding tha t  wou ld  be assoc ia ted  w i t h  c e r t a i n  waste 
forms as well as the fac t  tha t  leaching and qroundwater miqration would be 
limited t o  the corrosion rate  of the metal. 

Packaging Indices - IK1 and IK2 

These. i nd ices  i n d i c a t e  the  type of packages used, and the fraction of 
metal packages tha t  are  recycled ( i f  any). They af fec t  the transportation 
exposures and t h e  recycl ing scenarios. The f i r s t  packaqing index, IK1, 
specifies the packaging s ta tus  of the waste and the container material ( i f  
a n y ) ,  a n d  t he  second packaging i n d e x ,  IK2, indicates the percentage of 
metal packages tha t  are recycled. 

I n  th i s  report ,  i t  i s  assumed tha t  a given waste stream i s  s h i p p e d  e i ther  
packaqed or unpackaaed. I f  the waste i s  unpackaqed, then no co r rec t ion  
f a c t o r s  a r e  reauired; however, i f  the waste i s  packaaed, then the packing 
i n  the transportation vehicle i s  not as e f f ic ien t .  I t  i s  assumed t o  be 75% 
as  e f f i c i en t  as  transport without any containers and as a consequence, the 
transoortation exposures are h iaher .  T h i s  results from the f a c t  t h a t  a 
given t r a n s p o r t  vehic le  can c a r r y  only so much waste. For example, a 
5-ton vehicle/dumDster can transport  only a certain amount of waste and i f  
the waste is  packaged, transportation i s  less e f f ic ien t .  
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S i m i l a r l y ,  t h e  amount and t y p e  o f  packages a v a i l a b l e  f o r  r e c y c l i n g  w i l l  
a l s o  be denoted by t h e  Dackaqing index. If t h e  waste i s  unpackaged o r  i f  
t h e  packages a r e  o t h e r  t h a n  m e t a l ,  t h e  Dackaqe r e c y c l i n g  o p t i o n  i s  n o t  
v iab le ;  however, i f  meta l  packages a r e  used, r e c y c l i n g  exposures  a r e  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  f r a c t i o n  of t h e  waste conta ined i n  t h e  metal 
packaqes. The methodology used t o  determine t h e  r e c y c l i n g  exposures  i s  
considered i n  Chapter 7.0. 

Processing Index - I P  

The v a r i a t i o n s  i n  t h e  p r o c e s s i n g  t e c h n o l o g i e s  a p p l i e d  t o  a g iven waste 
stream a f f e c t  t h e  c a l c u l a t i o n  o f  r a d i a t i o n  exposures.  The p r o c e s s i n g  
i n d e x  i s  somewhat s i m i l a r  t o  t h e  waste processinq index of Reference 6. 
The pr imary v a r i a t i o n s  u t i l i z e d  i n  t h i s  r e p o r t  a r e  g i v e n  i n  T a b l e  2-7. 
S o r t i n g  op t ions  1 throuqh 3 are expla ined i n  Sect ion 2.1 and Chapter 4. 

t 

D i s t r i b u t i o n  I n d i c e s  - 1x1, 1x2, 1x3, 1x4 

These i n d i c e s  a r e  used t o  reso lve  t h e  u n c e r t a i n t i e s  discussed i n  Sec t ion  
2.1 about t h e  maximum exposures t h a t  can be expected from t h e  t r a n s p o r t a -  
t i o n ,  t r e a t m e n t ,  and disposal  o f  t h e  waste stream. They g i v e  t h e  number 
o f  veh ic les  t r a n s p o r t i n g  the waste,  t h e  f r a c t i o n  of  t h e  v e h i c l e  volume 
t h a t  c o n s i s t s  o f  de .minimis waste ( i .e. ,  whether t h e  v e h i c l e  i s  s o l e  use 
o r  no t ) ,  t h e  number o f  i n c i n e r a t i o n  f a c i l i t i e s  ( i f  any), and t h e  number o f  
d i s p o s a l  f a c i l i t i e s ,  r e s p e c t i v e l y .  They a f f e c t  t h e  maximum exposures 
received by var ious personnel invo lved i n  t h e  waste management cyc le .  For  
example, t h e  i n d i c e s  1x1, and 1x2 w i l l  a f f e c t  the  maximum exposed d r i v e r ;  
each v e h i c l e  i s  assumed t o  have t h e  same two d r i v e r s  a s s i g n e d  t o  i t , and 
t h e  number o f  t r i p s  a v e h i c l e  can make i n  a year  i s  l i m i t e d  t o  750 t r i p s  
t o  a municipal  t reatment/disposal  f a c i l i t y ,  and 250 t r i p s  p e r  y e a r  t o  a 
hazardous waste disposal  f a c i  1 i ty ( see Chapter 3 . O )  . 
Composition I n d i c e s  - I C 1 ,  IC2, IC3, I C 4  

A g i v e n  waste  s t ream may be composed o f  up t o  four  major subcomponents: 
combustible component, metal component, glass. component, and o t h e r  wastes  
component ( i n c l  u d i  ng c o n t a m i n a t e d  d i  r t  1 .  These i n d i c e s  d e n o t e  t h e  
f r a c t i o n s  o f  t h e  waste stream t h a t  i s  one o f  these s p e c i f i c  waste forms. 

The c o m p o s i t i o n  i n d i c e s  a r e  used d u r i n g  t h e  waste process inq scenar ios 
( i n c l u d i n q  i n c i n e r a t i o n  and s o r t i n g ) ,  and t h e  r e c y c l e  scenarios. 

2.3 Overview o f  Pathway Analys is  Methodology 

There are  many d iverse  mechani sms throuqh which r a d i  onucl i d e s  conta ined i n 
de min imis  waste streams may be p o t e n t i a l l y  re leased ( i .e.,  m o b i l i z e d  from 
t h e  waste  and become a c c e s s i b l e  t o  a t r a n s p o r t  a g e n t  such as wind o r  
water) ,  t r a n s  o r t e d  through t h e  envtronment ( i .e.,  moved f rom one l o c a t i o n  
t o  a n o t  6-k-h e r  t r o u g  t h e  atmosphere o r  s o i l  b y  a t r a n s p o r t  agent ) ,  and 
t h e r e b y  become a c c e s s i b l e  t o  humans t h r o u g h  v a r i o u s  pathways. Human 

1 

, 
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access to  the radioactivity may r e su l t  e i ther  through d i rec t  human contact 
w i t h  contaminated material (e.q., inhalation of a i r ,  i nges t ion  of water ,  
o r  d i r e c t  exposure to  radiation) or indirect ly  through contaminated biota 
(through a m u l t i t u d e  of pathways involving ingestion and exposure) which 
h a v e  come i n t o  contac t  w i t h  contaminated material. Each of these radio- 
nucl ide release/transport/pathway combinations represent a complex s e r i e s  
of i n t e r a c t i o n s  which are affected by a wide range of parameters such as  
waste properties, treatment or disposal f a c i l i t y  environmental conditions, 
and ,operational procedures. 

The;basic  procedure used i n  t h i s  report t o  describe these various radio- 
nuclide release/transport pathway combinations i s  the procedure devel oped 
i n  References 1, 2 ,  and 6.  The reader may consult these references f o r  
additional detai 1 s. A sirmmary , however, i s provi ded bel ow. 

2.3.1 Generalized Approach . 

The qeneralized approach t o  calculktina potential radiological impacts t o  
a n  i n d i  v i  dual from a given re1 ease/ t ransport /pathway scenar io  i s a s  
follows: 

i n 

where impacts a r e  summed over a l l  waste streams ( i )  and over a l l  i n d i v i -  
dual radionuclides ( n )  i n  the waste, and where: 

H 
C i n  

I i n  

= the dose ra te  t o  the i n d i v i d u a l  i n  units of mrem/yr; 
= the effect ive concentration of the radionuclide n 

= an interaction factor re la t ing the concentration of 
( C i / m 3 )  i n  the i t h  waste stream considered; 

the radionuclide i n  the de minimis waste stream 
to  the concentration of the radionuclide a t  the 
biota access location; and 

PDCFn = the pathway dose conversion factor (PDCF) for  tha t  
radionuclide i n  units of mrem/yr per C i / m 3 .  

The " e f f e c t i v e "  waste concentration (Gin) i s  eoual t o  the concentration 
i n  the de minimis waste times the r a t i o  of the de minimis waste mass (or  
volume) t o  the  t o t a l  mass (or  volume) of waste received a t  the l a n d f i l l .  
I t  may also expressed as follows: 

C i n  = Q i n l V a n n  (2 -2 )  

where Q i n  denotes the annual . ac t iv i ty  ( C i )  of radionuclide n i n  the i t h  de 
minimis waste stream received a t  the'disposal s i t e ,  and  Van, denotes the 
a n n u a l  volume ( m 3 )  of de minimis D l u s  non-radioactive waste received a t  
the disposal s i t e .  
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The f a c t o r  ( I i n )  r ep resen t s  t he  moyement of the  radionuclide from the 
waste t o  a b i o t a  access  l o c a t i o n .  The f a c t o r  PDCFn r ep resen t s  t h e  
resul t ina human  exposures r e s u l t i n g  from a ' u n i t  concent ra t ion  of the  
rad ionucl ide  a t  the  b io ta  access  l o c a t i o n ,  and  assumina t h a t  t hese  
exposures a re  received continuouslv over a year. (Exposures l a s t i n g  l e s s  
t h a n  a yea r  are  handled by incorporating an appropriate factor  into I i n . 1  
A biota access  loca t ion  i s  defined a s  a n y  l oca t ion  where a human may 
rece ive  an exposure to  radioactive isotopes due to inhalation, ingestion, 
immersion i n  a contaminated cloud,  o r  proximity t o  a gamma-emitting 
source. 

A generalized equation similar to  the above eauation 2-1 i s  applicable fo r  
exposures to  popul a t i  ons. 

Fur ther  discussion on the general approach to  calculating the release and 
transport  of radionuclides through environmental pathways i s  provided i n 
Sect ion 2 . 3 . 2 .  A discussion of theq p a t h w a y  dose conversion factors  i s  
presented i n  Section 2 .3 .3 .  

2 . 3 . 2  Radionucl i de Re1 ease and Transport 

The interaction factor I ( d r o p p i n g  the subscripts for  simp1 i c i t y )  d i  SCLISS- 
ed i n  t he  previous sect.ion i s  composed of four  subfactors (Ref. 6) as 
f 01 1 ows : 

I = f, f(j f, f,  (2 -3 )  

where: 

f o  = time delay factor. 
f d  = s i t e  design factor.  
f w  = waste form and package factor.  
f s  = s i t e  selection factor.  

The f a c t o r  ( f o )  accounts for  the radionuclide decay tha t  would take place 
between the time the waste stream leaves the waste g e n e r a t o r ' s  h a n d s  a n d  
t he  time t h a t  contac t  i s  made by the  t r a n s p o r t  aqent;  the factor ( f d )  
accounts for the inherent desicrn cha rac t e r i s t i c s  of the  waste t r a n s p o r t  
veh ic l e ,  waste t reatment  f a c i l i t y ,  o r  waste disposal  f a c i l i t y  which ' 

i n f luences  the release and/or transDort of radionuclides; the factor (f,,,) 
accounts fo r  the physical and chemical c h a r a c t e r i s t i c s  of t h e  waste,  a t  
t he  time of the i n i t i a t i o n  of t he  release/ t ransport  scenario, t h a t  may 
i n h i b i t  radionuclide t ransfer  by the transport agent; and the factor ( f s )  
includes the e f fec ts  of the environment on radionuclide release/transport .  

As a hypothet ical  example, assume t h a t  over a year a known volume of de 
minimis waste i s  de l ivered  t o  a s a n i t a r y  l a n d f i l l .  D u r i n g  disposal  
operations, the waste i s  criished and  mixed w i t h  s o i l ,  and a portion of the 
waste i s  dispersed into the a i r  as particulates,  combining w i t h  t he  d u s t  
r a i sed  d u r i n g  disposal operations. To be able to  calculate  the possible 
radiological exposures received by a s i t e  worker resulting from inhalation 

2-26 



6400 

of the particulates,  one must f i r s t  re la te  the radionuclide concentrations 
originally, i n  the de minimis waste t o  the radionuclide concent ra t ions  i n  
the a i r  breathed by the s i t e  worker. 

The time delay f a c t o r  ( fo) .  i s  given by exp(-xT), where x i s  the radionu- 
clide-specific decay constant and T i s  the  period between the  time t h a t  
t h e  waste leaves the waste generator's hands and the time that  the waste 
i s  disposed a t  the l a n d f i l l .  This wou ld  probably be o n l y  a few days,  
however, a n d  t h i s  f a c t o r  could be assumed t o  be equal t o  uni ty  for  this 
exampl e. 

The s i t e  design factor ( f d )  would account fo r  the potential for  uncontami- 
nated soil  t o  mix w i t h  the waste d u r i n g  the disposal , so  only a f r a c t i o n  
of t he  p a r t i c u l a t e s  re leased  i n t o  t h e  a i r .  would be from t h e  disposed 
waste. The remaining particulates would be from the uncontaminated s o i l .  
I f ,  i n  t h i s  hypothet ical  example, i t  i s  assumed that  the waste is  mixed 
w i t h  soil  a t  a r a t io  of 4 t o  1, then f d  would be equal t o  0.8. 

The calculations i n  t h i s  example a r e  based on t h e  assumption t h a t  t h e  
waste w i l l  d i spe r se  i n t o  t h e  a i r  i n  a similar manner a s  the s i t e  so i l .  
However, the waste will probably be much l e s s  d i s p e r s i b l e  t h a n  ord inary  
s o i l .  T h i s  i s  accoynted f o r  by t h e  waste form and package factor (f,) 
which corrects for  the relat ive ab i l i t y  of the waste t o  disperse into the 
a i r  as respirable particulates.  I n  this hypothetical example, assume t h a t  
the d ispers ib i l i ty  of the waste i s  ten  t imes l e s s  t h a n  t h a t  of n a t u r a l  
so i l .  

The s i t e  s e l e c t i o n  f a c t o r  ( f , )  would account for  the tendency for  cons- 
truction operations t o  ra ise  d u s t  a t  the  s i t e  as well as, the f r a c t i o n  of 
a year that  the worker works a t  the s i t e .  The "tendency fo r  construction 
operations t o  ra ise  d u s t "  could depend upon a number of variables such as 
t h e  type of cons t ruc t ion  a c t i v i t y  performed or the s i l t  content of the 
so i l .  Equations have been developed t o  approximate this ,  however, a n d  f o r  
t h i s  example assume t h a t  t h i s  parameter i s  determined t o  be equal t o  
1x10'6. The f r a c t i o n  of a year  t h a t  the worker works a t  t h e  s i t e  is  
assumed t o  be equal t o  0.237 (2080 hrs/8760 hrs) .  The s i t e  s e l e c t i o n  
factor for  t h i s  hypothetical case is  therefore equal t o  2.37~10-7. 

P u t t i n g  the four factors  together, one arrives a t  a value for  ( I )  equal t o  
1 .9~10-8 .  I n  o t h e r  words, the worker i n  this example would be breathing 
over the course of a working year an average radionuclide concentration i n  
a i r  equal t o  t h e  radionucl ide concentration i n  the de minimis waste ( C )  
times I. Assuming that  a l l  waste received a t  the s i t e  contains an average 
concentrat ion of a given radionuclide equal t o  1 Ci/m3, the radionuclide 
concentrat ion i n  a i r  would average 1.9~10'8 Ci/m3 d u r i n g  the time that  
the worker i s  a t  the s i t e .  

However, t h e  actual  average radionuclide concentration i n  the air  would 
not be this large, since only a small fraction of the waste del ivered t o  
t h e  l a n d f i l l  would a c t u a l l y  c o n s i s t  of de minimis waste. To determine 
actual average radionuclide airborne concentrat ions d u r i n g  the time t h e  

Thus, ( f w )  would fo r  this example be equal t o  0.1. 
# 
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worker is a t  the s i te ,  the de minimis concentration would be replaced by a 
new "effective" waste concentration ( C i q )  This concentration ( C i n )  i s  
equal t o  the concentration i n  the-de minimis waste times the r a t i o  of the  
de.minimis waste mass (or  volume) t o  the total mass ( o r  volume) of waste 
received a t  the landfill (see equation 2-2). Using the current example, 
i f  the de minimis..waste mass a n n u a l l y  received a t  t h e - s i t e  i s  only a 
thousandth of the t o t a l  a n n u a l  mass received, t h a n  the actual average 
airborne concentration ove the time the worker spends a t  the s i t e  would 
be equal ' t o  1.9x10-8x1.0x10-5 = 1 . 9 ~ 1 0 ' ~ ~  Ci/m3.  

There are of course a number of scenarios w h i c h  may be used calculate 
, release and  transport of radionuclides a t  d i f ferent  points i n  time as 

waste i s  transported, treated, a n d  disposed. However, practically a1 1 
release/transport scenarios may be structured in a similar manner. 
Throughout this report, the above four factors.  are repeatedly referenced, 
a l t h o u g h  the calculational details of each factor will vary considerably 
depending upon the particular scenario considered. 

2.3.3 Pathway Dose Conversion Factors 

Once the concentration of a given radionuclide i s  determined a t  a given 
biota access location, the interaction of the radionuclide ( a n d  the 
radiation i t  emits) w i t h  human tissue must be quantified and the resultant 
dose rate determined. This is done using a series of radionuclide specific 
parameters 'known  a s  pathway dose conversion factors ( P D C F )  w h i c h  a re  
i ndependent of the ori gi na l  means of  contami n a t i o n .  To i 11 ust r a t e ,  
consider the previous example of the worker a t  the l a n d f i l l  who i s  
immersed i n  a c loud of a i r  s o n t a i n i n g  a known-concentration of a p a r t i -  
c u l a r  radionuclide ( C i  per m of air).-Potential exposures t o  the worker 
could result from the following five pathways: 

o inha la t ion  of the contaminated a i r ;  
o direct  ionizing radiation exposure from being immersed i n  the  

contaminated a i  r;  
o direct  ionizing r a d i a t i o n  exposure from contaminated d u s t  which has 

o inhalation of contaminated dust w h i c h  has been resuspended from the 
ground surface; and 

o immersion i n  the contaminated dust which  has been resuspended from 
the ground surface. 

The resulting impacts would be determined by a -  ser ies  of  equations 
describing the movement and uptake of the radioact ivi ty .  Factors such a s  
the breathing ra te  of the individual would be considered, in addition t o  
the resuspension rate of the deposited radionuclides, a n d  so forth.  A 
ser ies  of dose conversion factors (termed i n  th is  report fundamental dose 
conversion factors ( D C F )  t o  distinguish them from PDCF's)  would be used t o  
determine resulting exposures. (For example, once a k n o w n  q u a n t i t y  of a 
given radionuclide i s  inhaled, a dose rate can be determined by multiply- 
ing by a n  appropriate i n h a l a t i o n  D C F ) .  The t o t a l  dose rate  would be 
determined by adding the dose rate obtained from a l l  five pathways. 

,settled t o  the ground surface; 

_I 

- 
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Consider, however, t h a t  one may be i n t e r e s t e d  i n  c a l c u l a t i n g  dose r a t e s  t o  
s e v e r a l  i n d i v i d u a l s  a t  d i f f e r e n t  t imes .  I n  a d d i t i o n ,  t h e  same f i v e  
pathways would be a p p r o p r i a t e  f o r  o t h e r  d i s p o s a l  f a c i l i t i e s  besides a 
s a n i t a r y  l a n d f i l l  (e.g., an open dump o r  p o s s i b l y  a hazardous  waste 
f a c i l i t y ) .  I t  would be h i g h l y  i n c o n v e n i e n t  t o  r e p e a t e d l y  c a l c u l a t e  
rad ionuc l i de  movement and uptake t h r o u g h  t h e  f i v e  example pathways and 
r e p e a t e d l y  sum t h e  r e s u l t .  .What i s  done, then,  i s  t o  c r e a t e  a s i n g l e  
pathway dose c o n v e r s i o n  f a c t o r  f o r  a g f v e n  r a d i o n u c l i d e  and o rgan  o f  
i n t e r e s t  wh ich  i s  a c o m b i n a t i o n  f t h e  f i v e  example pathways. That i s ,  

from a l l  f i v e  pathways are summed t o  form a s i n g l e  e f f e c t i v e  "pathway dose 
c o n v e r s i o n  f a c t o r . ' '  D i f f e r e n t  pathway dose c o n v e r s i o n  f a c t o r s  may be 
created f o r  d i f f e r e n t  combinations o f  environmental pathways. 

The pathway dose convers ion  f a c t o r s  used i n  t h i s  r e p o r t  a re  described i n  
Tables 2-8 and 2-9. A l l  PDCF's a re  g iven i n  u n i t s  o f  mrem/yr per  Ci/m3 i n  
t h e  media a t  t h e  b i o t a  access l o c a t i o n .  Depending upon t h e  s i t u a t i o n ,  t h e  
media may c o n s i s t  o f  a s o l i d  ( C i  per  m3'0f  s o i l ) ,  a l i q u i d  ( C i  per  m3 o f  
w a t e r ) ,  o r  gas ( C i  p e r  m3 o f  a i r ) .  PDCF's a r e  c a l c u l a t e d  f o r  a l l  85 
r a d i o n u c l i d e s  c o n s i d e r e d  i n  t h i s  r e p o r t ,  f o r  each s o l u b i l i t y  C l a s s  
a p p r o p r i a t e  t o  a given rad ionuc l ide ,  and f o r  9 d i f f e r e n t  i n d i v i d u a l  human 
body organs. The n ine  organs c o n s i d e r e d  i n c l u d e  t h e  who le  body, l u n g ,  
k i d n e y ,  l i v e r ,  r e d  bone marrow, bone surface, stomach w a l l ,  lower  l a r g e  
i n t e s t i n e ,  and thy ro id .  An e f f e c t i v e  whole body dose e q u i v a l e n t  based 
upon ICRP-26 methodology i s  a1 so c a l c u l  a t e d  f o r  each rad ionuc l i de  and 
appropr ia te  so l  ub i  1 i t y  class. 

D i f f e r e n t  PDCF's a r e  used a p p r o p r i a t e  t o  t h e  g i v e n  s i t u a t i o n .  F o r  
example, PDCF-6 would be used t o  c a l c u l a t e  impacts t o  persons u s i n g  w a t e r  
w i thd rawn  from a we l l ,  w h i l e  PDCF-7 would be used t o  c a l c u l a t e  impacts t o  
persons withdrawing water fran a sur face  stream. Some PDCF's a re  composed 
o f  primary and secondary pathways. 

The PDCF's used i n  t h i s  r e p o r t  a re  generic. That i s ,  t hey  a re  const ructed 
assuming a se t  o f  parameters t y p i c a l  o f  most environmental c o n d i t i o n s  and 
human a c t i o n s .  D i f f e r e n t  assumpt ions ,  however, c o u l d  be incorpora ted  
depending upon s i t e  s p e c i f i c  environmental cond i t ions .  

g i v e n  a u n i t  concent ra t ion  (1 C i / m  9 ) o f  a . rad ionuc l i de  i n  a i r ,  dose r a t e s  

The d e t a i l s  o f  t h e  pathway dose convers ion fac to rs ,  i n c l u d i n g  t h e  ca l cu la -  
t i o n a l  formulas, env i ronmen ta l  t r a n s f e r  f a c t o r s ,  and fundamenta l  dose 
conversion f a c t o r s  assumed (which are  obtained using ICRP-30 methodology) , 
are  g iven i n  Appendix D o f  t h i s  repo r t .  
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TABLE 2-8 . Pathway Dose Conversion Factor Components 

Biota 
- PDCF Access Media Uptake Pathway.s 

, I* A i  r Inhalation ( a i r )  (PI** 
Direct Radiation ( a i r )  ( p )  

Inhalation ( s o i l )  (SI** 
Direct Radiation (a rea)  ( s )  
Direct Radiation ( a i r )  ( s )  

2* . .  

3 

A i  r 

A i  r 

Inhalation ( a i r )  . ( P )  

Inhalation ( so i l  (SI 

Direct Radiation ( a i r )  ( p )  

Direct Radiation ‘(areal ( s )  
Direct Radiation ( a i r )  ( 5 ) .  

Inhalation ( a i r )  ( P I  
Direct Radiation ( a i r )  ( p )  
Food ( a i r )  ( P I  

(SI Inhalation ( s o i l )  
Direct Radiati-on (a rea)  ( s )  
Direct Radiation ( a i r )  ( S I  

4 Soi 1 Food (so i l  ) 

5 Soi 1 

6 We1 1 Water 

1 

7 Open Water’ 

Direct Radiation .(volume) 

( P I  
Inhal a t i  on ( soi 1 ) ( 5 )  

Food (water) 

Direct Radiation (a rea)  ( 5 )  
Direct Radiation ( a i r )  ( s )  

( P )  
F i s h  (water) ( P I  
Food (water) 

Inhaiation ( s o i l )  (SI 
Direct Radiation (a rea)  ( 5 )  
Direct Radiation ( a i r )  ( 5 )  

. ( * )  PDCF-1 i s  used for  exposures tha t  l a s t  approximately fo r  an ent i re  
year fo r  several years (chronic exposures), while PDCF-2 i s  used 
f o r  exposures tha t  occur only once f o r  considerably less than a 
year (acute exposures). 

(**I ( p )  = primary pathway, ( s )  = secondary pathway. 

. .  
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.TABLE 2-9 . Access Location-to-Human Pathway Descr ip t ions  

Pathway Designat ion 

Food ( s o i l )  

Food ( a i r )  

Food ,(water) 

I nges t i on  ( f i s h )  

' I n h a l a t i o n  ( a i r )  

I n h a l a t i o n  ( s o i l ) .  

D i  r e c t  Rad ia t ion  
( vo l  ume) 

D i  r e c t  Rad ia t ion  
(area) 

D i  r e c t  Radi a t  i on 
( a i r )  

Desc r i D t i on 

T h i s  u p t a k e  pathway i n c l u d e s  a t o t a l  o f  t h r e e  
subpathways and denotes u p t a k e  o f  r a d i o n u c l i d e s  
o r i g i n a t i n g  i n  p l a n t s  v i a  s o i l - t o - r o o t  t r a n s f e r  from 
contaminated s o i  1 : 

p l  ant-to-human 
p l  an t  -t o-an i ma 1 -to-huma n 
plant-to-animal-to-product-to-human 

This uptake pathway inc ludes  a t o t a l  o f  s i x  subpath- 
ways and i n c l u d e s .  t h e  above t h r e e  f o o d  ( s o i l )  
subpathways r e s u l t i n g  from uptake o f  r a d i o n u c l i d e s  
o r i g i n a t i n g  on p l a n t  s u r f a c e  v i a  d e p o s i t i o n  from 
con tamina ted  a i r  - and t h e  same t h r e e  f o o d  ( s o i l )  
subpathways r e s u l t i n g  from f a l l o u t  contaminat ion o f  
t he  ground. 

T h i s  u p t a k e  pathway i n c l u d e s  a t o t a l  o f  n i n e  
subpathways and i n c l u d e s  a l l  t h e  food  ( s o i l )  
pathways r e s u l t i n g  from rad ionuc l ides  o r i g i n a t i n g  on 
p l a n t  s u r f a c e s  v i a  i r r i g a t i o n  d e p o s i t i o n  f r o m  
contaminated water - and from i r r i g a t i o n  contaminat ion 
o f  t h e  ground. The f o l l o w i n g  t h r e e  subpathways i n  
a d d i t i o n  t o  t h e  p l a n t  pathways are added: 

water- t 0- human 
wa t e r -t o-a n i ma 1 -t 0- human 
water-to-animal-to-product-to-human 

Uptake of  rad ionuc l ides  from e a t i n g  f i s h  caugh t  i n  
contaminated open water. 

Upt-ake o f  rad ionuc l i des  from b rea th ing  a i r  con tami  - 
n a t e d  due t o  suspens ion  o f  c o n t a m i n a t e d  s o i l  
p a r t i c u l a t e s  by human a c t i v i t i e s .  

Uptake of  rad ionuc l ides  from b rea th ing  a i r  contami- 
nated due t o  n a t u r a l  suspension and v o l a t i  1 i z a t i o n  
o f  surface s o i l .  

D i r e c t  exposure t o  i o n i z i n g  r a d i a t i o n  from standing 
on ground homogenously contaminated. 

D i r e c t  exposure t o  i o n i z i n g  r a d i a t i o n  from standing 
on ground whose sur face  i s  contaminated. 

D i r e c t  exposure t o  i o n i z i n g  r a d i a t i o n  from 
i n  a i r  homogenously contaminated. 

s tanding 
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3.0 WASTE TRANSPORTATION IMPACTS 

This chapter presents the methodology f o r  calculating rad ia t ion  exposures 
resulting from transportation of de minimis waste from the generator t o  a 
m u n i c i p a l  incinerator,  t o  a municipal waste landfill facil i ty,  o r  t o  a 
hazardous waste incineration o r  disposal f a c i l i t y .  These r a d i a t i o n  
exposures are dose rates i n  units of mrem/year t o  t h e  transportation 
workers and person-mrem/yr t o  the populat ion surrounding the travel route. 
Consequently, the radiation exposures are presented i n  sections addressing 
occupat iona l  and  p o p u l a t i o n  exposures. However, f i r s t  a background 
section discussing the assumptions used i n  the dose calculational metho- 

. dology i s  presented. 

3.1 Background 

In order t o  calculate transportation exposures, one needs t o  relate the 
radionuclide concentration i n  the waste, Cw ( i n  units of Ci/m3 or  C i  per 
metric t o n  ( M T ) ) ,  t o  a dose rate, Dw(x) ( i n  units of mrem/year) a t  Some 
distance ( x )  outside the vehicle; o r  a l ternat ively,  the t o t a l  a c t i v i t y  
transported, Qw ( i n  units of Ci/year) t o  the dose rate Dw(x) .  This outside 
location can be adjacent t o  the vehicle for a t ransportat ion worker, i.e., 
a t  1 meter, o r  a t  a considerable distance for populations. Consequently, 
the relationship used t o  calculate the r a d i a t i o n  exposures must be 
expressed i n  terms of the distance ( x )  from the surface of the vehicle. 

T h i s  section presents two potential methodologies t h a t  c o u l d  be used t o  
calculate the radiation exposures. The f i r s t  method is referred t o  as the 
"PDCF-5  Method," and  uti 1 izes previously derived external radiation 
pathway dose conversion factors coupled w i t h  several correction factors t o  
obtain the dose rates. The second method i s  referred t o  as the " 6 C E n  
Method," w h i c h  utilizes the empirical formula fo r  the dose rate 1 f t  from 
a point source. All the formulae derived are radionuclide specific., a n d  
i n  order t o  determine the f u l l  exposures the formulae must be summed over 
a l l  the applicable radionuclides. 

- 
PDCF-5 Method 

One potential way t o  calculate exposures from transportation of waste 
appears t o  be the use of PDCF-5 (see Appendix D ) .  

PDCF-5  i s  t h e  radionuclide specific exposure rate  1 meter above soil 
h a v i n g  an infinite thickness and infinite lateral extent, and contaminated 
uniformly w i t h  a given radionuclide of u n i t  concentration (i.e., 1 Ci/m3). 
In  order t o  derive PDCF-5 for a given radionuclide, the energies and  
abundances of each gamma-ray emitted were used t o  derive an i n d i v i d u a l  
dose rate, and then the'dose rates were sumed over all the gamnas emitted 
by the radionuclide. In this report, this factor i s  used i n  conjunction 
w i t h  several derived correction f a c t o r s  which permit the dose rate a t  
distance ( x )  from the surface of the waste t o  be expressed i n  terms of the 
appl-icable dose ra te  1 meter away from the surface of the waste. The 
following presents a derivation of these correction factors. 

3- 1 



The geometry o f , t h e  v e h i c l e  t r a n s p o r t i n g  t h e  waste, which i s  assumed t o  
have th ickness ( t ) ,  and the  exposure a t  p o i n t  P a d i s tance  ( x )  away f r o m  
the  sur face o f  t h e  v e h i c l e  i s  i l l u s t r a t e d  below: 

The dose r a t e  a t  p o i n t  P i s  dependent on d is tance ( x )  and i s  p ropor t i ona l  
t o  t h e  f l u x  of photons a t  P. The f l u x  !(x) i n  u n i t s  o f  photons per  m2-sec 
from an i n f i n i t e  s lab  source i s  g iven by t h e  f o l l o w i n g  formula (Ref. 1 ) :  

j ( x )  = ~x CEz(vax) - ~ ~ ( p a x + p w t ) l  s w / ( z ~ w )  ' (3-1)  

where the  symbols correspond t o  the  f o l l o w i n g :  

Bx = Bui ld-up f a c t o r  a t  d is tance x (dimensionless) 
pa = l i n e a r - a t t e n u a t i o n  c o e f f i c i e n t  i n  a i r  (a)  i n  m-1  
x = d is tance from t h e  source plane, i n  meters, 
pw = l i n e a r - a t t e n u a t i o n  c o e f f i c i e n t  i n  waste (w) i n  m-1  

E2 = Exponent ia l  i n t e g r a l  o f  o rder  2 (Ref. 2), g iven by 

' t = th ickness of the  source sl.ab, i n  meter , 
Sw = Volume d i s t r i b u t e d  source i n  photons/m 3 -sec, and where 

W 

. -  ' .  1 

For  a t h i c k  s l a b ,  t h i c k n e s s  ( t )  i s  l a r g e ,  and E2(pax+pwt )  goes t o  
zero. Consequently, one has the  f o l l o w i n g :  

The close r a t e ,  D w ( x ) ,  a t  d i s t a n c e  ( x )  i s  p r o p o r t i o n a l  t o  t h e  f l u x ;  
des ignat ing the  p r o p o r t i o n a l i t y  v a r i a b l e  by K, one has : 

3-,2 
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For radionuclides uniformly dis t r ibuted w i t h i n  a layer of d i r t  ( d )  h a v i n g  
i n f in i t e  thickness and la teral  e x t e n t ,  t h e  dose r a t e  ca l cu la t ed  a t  one 
meter ( l m )  would be: 

Dd(1m) = K B 1  E Z ( V a l m )  Sd/(zVd) (3-4 1 

Div id ing  these l a s t  two equations, and assuming t h a t  t h e  buildup w i t h i n  
waste and d i r t  will be approximately the same, one obtains: 

Given t h e  r e l a t i o n s h i p  M = ( ~ / p ) ,  where (M) i s  t h e  mass-at tenuat ion 
c o e f f i c i e n t  in u n i t s  of mz/g a n d  ( p )  i s  the density of the material i n  
u n i t s  of g/cm3, and assuming t h a t  M = M, for  most gamma energies and most 
materials l igh ter  than  lead (Ref. 3 f : 

However, the dose rate  a t  l m  from the dir t  l aye r  
conversion factor  PDCF-5. The following equation 

Dd( 1 m )  = PDCF-5 c d ,  

i s  r e l a t e d  t o  t h e  dose 
i s  appjicable: 

(3-7 1 

where cd i s  t h e  rad ionucl ide  concent ra t ion  within the d i r t  in units of 
Ci/m3. I n  add i t ion ,  since the photon source term i s  proportional t o  the 
radionuclide concentration, the following relationship i s  t rue:  

Therefore, one obtains : 

or  \ 

(3-9 1 

\ .  
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where DF stands for  the "distance factor" defined by. the following.: 

(3-11) 

E q u a t i o n  (3-10) i s  t he  general form for  t h e  dose r a t e  from a given 
radionuclide a t  d i s t ance  ( x )  from an i n f i n i t e  th ickness  and  i n f i n i t e  
l a t e r a l  ex ten t  s l a b  source,  f o r  an exposure d u r a t i o n  of  one year. For 
more t h a n  one radionuclide t h i s  equation is  summed over a l l  the radionuc-  
l ides present i n  the waste. 

Three addi t iona l  dimensionless correction factors appear t o  be necessary 
t o  complete equation (3-10). The f irst  one is  the c o r r e c t i o n  f a c t o r  due 

' t o  t he  e f f e c t  of t h e  stacking efficiency of the packages ( i f  any) during 
' transportation, PK. The second one i s  the  co r rec t ion  f a c t o r  due t o  t h e  
f i n i t e  l a t e r a l  ex ten t  of t he  source, CF. The t h i r d  one i s  the exposure 
dura t ion  fac tor ,  EDF,  t o  account for  an exposure per iod  of l e s s  t h a n  one 
year. Putting these factors i n  resu l t s  i n  the final equation: 

(3-12) 

where, f o r  calculational convenience, fou r  co r rec t ion  f d c t o r s  have been 
redefined i n t o  fc ,  i.e.: 

fc  = PK CF DF EDF (3-13) 

The factors CF and DF are discussed below. The f a c t o r s  EDF a n d  PK a r e  
discussed l a t e r  i n  the chapter. 

The t r a n s p o r t a t i o n  vehicle  i s  f i n i t e  i n  a l l  dimensions. One cannot d o .  
anything about the thickness of the slab ( a n  i n f i n i t e l y  th i ck  s l a b  i s  a 
conservht i ve assumption) ; however, one can introduce a correction fac tor ,  
C F ,  for the f i n i t e  la teral  extent of the vehicle. This f a c t o r  i s  based 
on Figure 3.1 i l l u s t r a t ing  the vehicle and the transportation worker. As 
shown, the vehicle may be modeled as a disc source of i n f i n i t e  t h i ckness  
and f i n i t e  radius. 

As shown i n  Figure 3.1, the transportation worker sees a vehicle of radius 
r l  whereas t h e  formulae given above a r e  f o r  sources i n f i n i t e  in  a l l  
dimensions. Based on t h i s  f i g u r e ,  t h e  following co r rec t ion  f a c t o r  i s  
applicable (Ref. 4) :  

- 3-4 
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The f u n c t i o n  E 1  can be approximated f o r  O<x<l i n  t h e  f o l l o w i n g  manner with 
an e r r o r  o f  l e s s  than 2x10'7 (Ref. 2): 

E l ( x )  = - l n ( x )  + a. + a l x  + a2x* + a3x3 + a4x4 + a5x5 (3-15) 
e- 

where t h e  constants a. through a5 a r e  s p e c i f i e d  t o  be t h e  f o l l o w i n g :  

a. = -.57721566 a1  = .99999193 
a2 = -.24991055 a3 = .05519968 
a4 = -.00976004 a5 = .00107857 

Assuming a t y p i c a l  pa v a l u e  o f  0.0097 m-1, t h i s  i m p l i e s  t h a t  t h e  above 
p o l y n o m i a l  a p p r o x i m a t i o n  o f  E 1  i s  adequate f o r  up t o  100 meters. Values 
f o r  CF f o r  v a r i o u s  d i s t a n c e s  r 2  f r o m  ' t he  center  o f  t h e  source a r e  pre-  
s e n t e d . i n  Table 3-1 f o r  several  source r a d i i ,  r1. 

TABLE 3-1 . Correc t ion  Factor  - CF 

r l  

2m 4m 1Om 2Om r3 
1 m 1.949E-1 3.409E-1 5.462E-1 6.936E-1 
5 m 2.826E-2 9.376E-2 2.992E-1 5.103E-1. 

10 m 9.608E-3 3.626E-2 1.668E-1 3.749E-1 
20 m 3.283E-3 1.292E-2 7.283E-2 2.204E-1 
30 m 1.785E-3 7.086E-3 4.209E-2 1.439E-1 
40 m 1.171E-3 4.664E-3 2.828E-2 1.024E-1 
50 m 8.507E-4 3.393E-3 2.078E-2 7.756E-2 

The d i  s t a n c e  f a c t o r ,  DF, 'can be e v a l  u a t e d  t h r o u g h  v a r i o u s  polynomial  
a p p r o x i m a t i o n s  a v a i l a b l e  f o r  t h e  b u i l d u p  f a c t o r  Bx, and E2. For t h e  
b u i l d u p  f a c t o r ,  a Berger  a p p r o x i m a t i o n  w i l l  be u t i l i z e d .  F o r  a g i v e n  
argument (Y'pax), B(y) can be approximated by t h e  f o l l  owing f o r  gama energies 
o f  0.7 MeV (Ref. 5) :  

B(y) = 1 + 0.95 y ' +  0.35 y2 .'' (3-16) 

- 

F o r  t h e  e x p o n e n t i a l  - i n t e g r a l  o f  o r d e r  2 o f  argument ( x ) ,  Ez( x ) ,  t h e  
f o l l o w i n g  r e l a t i o n  i s  used: 
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w i t h  E l ( x )  g iven by the  above approximation. 
i n  Table 3-2 f o r  var ious distances i n  meters. 

Values f o r  DF'are presented 

TABLE 3-2 . Dist.anccl Factor  - DF 

Rat,io o f  
X E Functions 

. l m  1.000E+O 
2 m  9.624E-1 
5 m  8.745E-1 

10 m 7.657E-1 

30 m 5.020E-1 
40 m 4.185E- 1 
50 m 3.525E-1 

20 m "  .6.117E-1 

Qat io  of 

1'. 000E+O 1.000E+O 

Bui ldup Factors OF 

1.009E+O 9.713E-1 
1.031E+O 9.071E- 1 
1.085E+O 8.311E-1 . 
1.187E+O 7.257E-1 
1.294E+O 6 49 7 E- 1 
1.408E+O 5.893E- 1 
1.529E+0 5.389E- 1 

c 
. .  

. .. 

, .  

One must be caut ious about speci fy ing pw and Cw. The d e n s i t y  parameter pw 
i s  t h e  dens i t y  of . the waste form as averaged o v e r  t h e  e n t i r e  volume o f  
waste i n  t h e  t r u c k .  I f  i t  i s  assumed t h a t  t h e  e n t i r e  waste shipment i n  
t h e  t r a n s p o r t  v e h i c l e  i s  dedicated t o  de minimis waste, t h e n  t h e  d e n s i t y  
used i n  t h e  c a l c u l a t i o n s  would correspond t o  t h e  d e n s i t y  o f  t h e  de min imis  
waste. If i t  i s  assumed t h a t  o n l y  a s m a l l  p o r t i o n  o f  t h e  waste i n  t h e  
t r a n s p o r t  v e h i c l e  i s  de m i n i m i s  waste,  t h e n  t h e  d e n s i t y  used i n  t h e  
c a l c u l a t i o n s  would correspond t o  t h e  dens i t y  o f  t h e  non-radioact ive waste. 
T y p i c a l  d e n s i t i e s  of municipal  waste t ranspor ted  i n  a compactor t r u c k  a re  
i n  t h e  range o f  0.30 t o  0.43 g/cm3 (500-700 lb /yd3) .  Ty i c a l  d e n s i t i e s  o f  

' 

hazar'dous wastes are on t h e  order  of 1 g/cm3 (1685 l b / y d  s ). 
S i m i l a r l y ,  C w  i s  t h e  c o n c e n t r a t i o n  o v e r  a l l  t h e  waste volume. Assuming 
t h a t  t he  de minimis waste i s  homogeneously d i s t r i b u t e d  w i t h i n  a t r u c k  
sh ipment ,  C w  i s  t h e  t o t a l  a c t i v i t y  i n  t h e  waste i n  t h e  t r u c k  d i v i d e d  by 
t h e  t o t a l  volume i n  the  t ruck .  

6CEn Method . 

The second method t h a t  could4 be used t o  c a l c u l a t e  t h e  t r a n s p o r t a t i o n  dose 
r a t e s  i s  the<method re fe r red  t o  as t h e  "6CEn Method." I n  t h i s  method, i t  
i s  assumed t h a t  t h e  dose r a t e ,  D,  i n  u n i t s  o f  R/hr, 1 ft from a gamma- 
e m i t t i n g  p o i n t  source i s  g iven by t h e  f o l l o w i n g  emp i r i ca l  formula: 

D = 6CEn 

where 
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' C = Source s t reng th  i n  Cur ies 
E = Average gamma energy per d i s i n t e g r a t i o n  (.MeV) 
n = Number o f  gammas emi t ted  per  d is i ,n tegra t ion  

This empi r i ca l  formula, i n  con.jun.ction ' w i t h  c o r r e c t i o n  f a c t o r s ,  can be 
used t o  c a l c u l a t e  t h e  t r a n s p o r t a t i o n  exposures. These c o r r e c t i o n  f a c t o r s  
i nvol ve the  f o l  1 owi ng.: 

. 

(1) S e l f - s h i e l d i n g  o f  t he  package 
(2 )  Bui ldup r e s u l t i n g  from the  package 
( 3 )  Geometry f a c t o r  o f '  the  package 
( 4 )  Distance from the  assumed p o i n t  source, and 
( 5 )  M u l t i p l e  packages i n  a t r a n s p o r t a t i o n  geometry. 

These c o r r e c t i o n  f a c t o r s  a r e  s t r a i g h t f o r w a r d  and can be found  i n  t h e  
l i t e r a t u r e  (Ref. 1). The major reason t h i s  method i s  no t  u t i l i z e d  i n  t h i s  
r e p o r t  i s  t he  f a c t  t h a t  f o r  occupat ional  exposures t o  a pe rson  s t a n d i n g  
n e x t  t o  t h e  v e h i c l e ,  t h e  v e h i c l e  does no t  look l i k e  a p o i n t  source; t h e  
veh ic le  i s  a l o t  l a r g e r  t h a n  t h e  pe rson  and i t  l o o k s  more l i k e  a s l a b '  
source. 

3.2 Occupational Exposu,res t o  Transpor ta t ion  I,forkers 

Each veh ic le  i s  assumed t o  have two d r i v e r s  t h a t  a l t e r n a t e  t h e  d r i v i n g  
r e s p o n s i  b i  1 i t  i e s .  The v e h i c l e  w i  11 a1 s o  have some o t h e r  a t tendants t o  
ensure t h a t  t h e  v e h i c l e  i s  l oaded  p r o p e r l y ,  and t o  e n s u r e  t h a t  i t  i s  
un loaded.  p roper ly .  These o ther  workers a re  assumed t o  be employed by t h e  
generat ing and d isposal  f a c i l i t i e s  and are  no t  considered i n  t h i s  sec t ion .  

The v e h i c l e  i s  assumed t o  go t o  t h e  waste qenerator,  w a i t  t he re  about 1 
hour u n t i l  i t  i s  loaded, and d r i v e  t o  t h e  munic ipa l  l a n d f i l l  ( o r  munic ipa l  
i n c i n e r a t o r  assumed t o  be c o l o c a t e d  w i t h  t h e  d i s p o s a l  f a c i l i t y )  o r  
hazardous waste f a c i l i t y  ( o r  hazardous waste i n c i n e r a t i o n  f a c i l i t y  assumed 
t o  .be c o l o c a t e d  w i t h  t h e  d isposal  f a c i l i t y ) .  Distances a r e  assumed t o  be 
on the  order o f  10 m i les  f o r  a munic ipa l  l a n d f i l l  and about 100 m i l e s  f o r  
t h e  hazardous waste f a c i l i t y ,  and are  assumed t o  r e s u l t  i n  t r a v e l  t imes o f  
0.5 hours and 3.5 hours, respec t ive ly .  The v e h i c l e  i s  t h e n  assumed t o  
w a i t  a t  t h e  q a t e  o f  t h e  d i s p o s a l  f a c i l i t y  f o r  abou t  an h o u r  t o  g e t  
processed and weighed, and t o  unload t h e  waste i n  another 0.5 hours. A f t e r  
t h i s ,  t h e  v e h i c l e  w i l l  d r i v e  back t o  t h e  generator  and p i c k  up another  
load. This imp l i es  t h a t  t he  d r i v e r s  w i l l  be a t  o r  n e a r  t h e  v e h i c l e  f o r  
about th ree  hours f o r  municipal  l a n d f i l l  shipments and about s i x  hours f o r  
hazardous waste f a c i l i t y  shipments. 

F o r  t h e  m u n i c i p a l  l a n d f i l l  shipments, i t  i s  assumed t h a t  t h e  d r i v e r s  a r e  
i n  the  cab o f  t h e  v e h i c l e  f o r  about 2 hours, and a d j a c e n t  t o  t h e  v e h i c l e  
f o r  about  0.5 hours. The remaining 0.5 hours, they a r e  assumed t o  be t o o  
f a r  from the  v e h i c l e  t o  get apprec iab le r a d i a t i o n  exposures. Consequent-  
l y ,  t h e  f o l l o w i n g  i s  a p p l i c a b l e - f o r  t h e  c o r r e c t i o n  f a c t o r  f o r  t h e  f i n i t e  
extent  o f  t he  source veh ic le  (CF, g iven by equat ion 3-14): ( 1 )  d u r i n g  t h e  
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p e r i o d  they a re , in  the c a b ,  they are exposed t o  a gamma source from the 
front of the vehicle (shielding provided by truck walls i s  conservat ively 
neglected) tha t  i s  approximately 2 meters in radius ( i  .e., rl = 2 m), and 
( 2 )  dur ing  the period they are i n  the v i c i n i t y  of the  veh ic l e ,  they a r e  
exposed t o  a gamma source t h a t  i s  approximately 4 meters in radius. These 
two radial values imply correction factors  f o r  t h e  f i n i t e  ex ten t  of t h e  
source of Oil95 f o r  the time they are in the cab of the vehicle ( 2  hours),  
and 0.341 fo r  the time they are adjacent t o  the vehicle (0.5 hours), or an 
overall correction factor  of 0.187. 

These values can b e  u t i l i z e d  toge the r  w i t h  equation 3-12 t o  obtain the 
dose ra,te as calculated a t  1 meter: 

where f c  s tands  for  the product of the four correction fac tors ,  PK, CF,  DF 
and EDF. 

The f a c t o r  C F  i s  calculated t o  be 0.187 for  the municipal landfi l l  ship- 
ments, and 0.191 for  the hazardous waste f a c i l i t y  shipments ( 5  hours i n  
t he  cab, and 0.5 hours in the vicini ty  of the vehic1.e). DF i s  assumed t o  
be unity. 

The f a c t o r  EDF i s  d i f f e r e n t  f o r  municipal landfi l l  and hazardous waste 
f a c i l i t y  shipments. I t  can be ca l cu la t ed  i n  t he ,  fol lowing manner f o r  
transportation t o  the municipal landf i l l  : 

EDF = (Mtot/5 tons/ t r ip)  ( 3  hours/trip/8760 hours/year) (3-19) 

where M t o t  i s  t h e  to t a l  weight of the waste transported in tons/year. In 
t h i s  estimate, 5 tons has been assumed t o  be.the capaci ty  of t he  vehic le  
(Ref. 6 ) ,  and  3 hours i s  t h e  est imated t r ave l  time t o  the  municipal 
landf i l l .  The EDF fo r  a hazardous waste f a c i l i t y  shipment would be twice 
t h a t  of the municipal f a c i l i t y  shipment, i.e.,  

EDF = (Mtot/5 tons/ t r i  p) (6 hours/trip/8760 hourslyear) (3-20) 

However, each driver i s  theoret ical ly  limited to  approximately 750 t r i p s  
( i  .e., t h r e e  t r i p s '  per day) f o r  municipal landfil l  shipments, and about 

. 250 t r i p s  (one t r i p  per day) f o r  hazardous waste f a c i l i t y  shipments. 
Consequently, during t h e  eva lua t ion  of equation 3-19 f o r  the maximum 
individual exposure calculation, the value of (Mtot/5) i s  compared t o  750, 
a n d  t he  smaller  of the  two values i s  used. S imi l a r ly ,  during t h e  
eva lua t ion  of equation 3-20, (Mtot/5) i s  compared t o  250, and the smaller 
of the two values i s  used. 
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The factor  PK i s  dependent upon the packaging index,  IK. . If i t  i s  assumed 
t h a t  a fixed volume i s  available w i t h i n  a vehic le  t o  con ta in  t h e  t r a n s -  
ported waste,  then t h e  packaging e f f i c i e n c y  w i t h i n  the vehicle volume 
would be reduced f o r  packaged waste t o  about 75% of t h a t  which can be 
achieved by unpackaged waste. Consequently, the amount of waste which can' 
be carried by the re ference  5-ton t ruck would be reduced f o r  packaged 
waste by a factor  of 0.75. I n  addition, the overall density of the waste 
as averaged over the vehicle volume would also be reduced by a f a c t o r  of 
0.75, as would t h e  overall radionuclide concentration w i t h i n  the vehicle 
volume. The- dens i ty  a n d  concent ra t ion  e f f e c t s  cancel , a1  though t h e  
e f f e c t s  caused by t h e  increased number of shipments would s t i l l  remain. 
Consequently, the dose rate will i nc rease  by t h e  inve r se  of 0.75 s i n c e  
more shipments are  requi red. 

Some f i n a l  po in ts  involve t h e  opt ions  a v a i l a b l e  t o  t h e  code user  t o  
specify the fract ion of a waste shipment t h a t  contains de minimis waste,  
as well as the number of transport vehicles involved. I f  the vehicle used 
i n  the tran-sportation of de minimis waste is  not a sole  use vehicle, i .e. ,  
i f  i t  picks u p  waste from mult iple  sources some h a v i n g  de minimis waste 
and some having non-radioactive waste, an effective dens i ty  of t h e  waste 
i n  t h e  vehic le  i s  ca lcu la ted  using t h e  de minimis waste density and a 
generic value for the non-radioactive waste i n  proport ions s p e c i f i e d  by 
t h e  second dis t r ibut ion index 1x2 (see Chapter 2.2.2). Assuming t h a t  the  
de minimis waste is  homogeneously distributed w i t h i n  t h e  vehic le  volume, 
the effective density,  Peff, i s  given as. 

where pw i s  the de minimis waste density i n p u t  by the code user, and Pref 
i s  a n  average non-radioactive waste density. Prgf i s  assumed t o  be 0.27 
g/cm3 f o r  shipment of municipal waste and 1 g/cm fo r  shipment of hazar- 
dous waste. The average radionuclide concentrat ion w i t h i n  t h e  shipment 
volume would be reduced proportional t o  the fraction of the' transported 
volume t h a t  i s  de minimis waste, although the number of required shipments 
woul d a1 so be proportionately increased. 

The f i r s t  d i s t r i b u t i o n  index, 1x1 ,  s p e c i f i e s  t he  number of t r a n s p o r t  
vetticles used t o  transport  t h e  de minimis waste. Assuming t h a t  the de 
minimis waste i s  evenly distributed t h r o u g h  the t ranspor t  veh ic l e s ,  then  
the dose ra te  t o  the maximum exposed i n d i v i d u a l  ( the dr iver )  i s  reduced by 
a factor equal t o  1x1. 

The use of t h e  above d i s t r i b u t i o n  ind ices  can t h e o r e t i c a l l y  lead t o  a 
si tuation i n  which the number of required shipments exceeds the shipments 
t h a t  can be made by t he  vehic les  spec i f i ed  by 1x1.  For example, th is  
could possibly resu l t  i f  1x1 and 1x2 were both very low numbers a n d  t h e  
amount of de minimis waste t o  be t ranspor ted  was l a r g e .  T h i s  h a s  no 
effect  on the ca lcu la t ion  of maximum i n d i v i d u a l  exposures ,  s ince  each 
t r a n s p o r t  veh ic l e  i s  l imited t o  a maximum number of waste shipments per 
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y-ear, and t h e  codes au tomat i ca l l y  p lace  an upper l i m i t  on maximum exposed 
i n d i v i d u a l s  as discussed above. For popu la t i on  impacts, however, t h e r e  i s  
a t h e o r e t i c a l  p o s s i b i l i t y  of u n d e r e s t i m a t i n g  t o t a l  i m p a c t s .  This i s  
prevented by determining popu la t ion  impacts based upon t h e  t o t a l  number o f  
sh ipmen ts  r e q u i r e d  r a t h e r  than t h e  t o t a l  number o f  t r a n s p o r t  veh ic les  
spec i f ied .  (That i s ,  i f  t h e  user underspec i f i es  t h e  number o f  r e q u i r e d  
t r a n s p o r t  v e h i c l e s ,  t h e  code e f f e c t i v e l y  adds s u f f i c i e n t  v e h i c l e s  t o  
t r a n s p o r t  a l l  t h e  waste.) Thus t h e r e  would be no e f f e c t  on t h e  cumulat ive 
p o p u l a t i o n  exposures o t h e r  t h a n  t h a t  p r o v i d e d  b y  t h e  change i n  t h e  
e f f e c t i v e  waste densi ty.  

3.3 Populat ion Exposures 

There a r e  s e v e r a l  s i m i l a r  c a l c u l a t i o n a l  ‘ teihniques i n  t h e  l i t e r a t u r e  f o r  
o b t a i n i n g  popu la t i on  exposures r e s u l t i n g  from t r a n s p o r t a t i o n  o f  r a d i o a c -  
t i v e  waste (Re fs .  5, 7,  8 ) .  I n  t h i s  r e p o r t  t h e  me thodo logy  g iven i n  
Reference 7 w i l l  be u t i l i z e d ;  t h e  dose r a t e  per  shipment i s  g iven  by 

m m 

D = 4[PLK/V(5280)2]/ dx f d r  exp(-par)B(par)/[r(r2-x2)1/2] (3-21) 
Xm -m 

where 

D = Dose r a t e  (person-mrem/tr ip) 
P = Popu9 a t  i on dens i t y  (peopl e/mi 1 e2) 
L = Length of segment (m i les  t r i p )  

-V = Speed o f  t h e  veh ic le  (mi les /hour )  
Xm = Lower boundary o f  exposure d i s tance  ( f t )  
pa = L inear  a t tenua t ion  c o e f f i c i e n t  i n  a i r  ( f t  
r = I n t e g r a t i o n  v a r i a b l e  ( f t )  
B = Berger bu i ld -up  f a c t o r  (dimensionless) 

K = Source s t reng th  (mrem-ft 4 /hour)  

t This equat ion can be transformed i n t o  an equ iva len t  
i l l u s t r a t i o n  presented i n  F igure  3.2, where Xm i s  a 

S u b s t i t u t i n g  f o r  r, and d r y  y i e l d s  t h e  f o l l o w i n g :  

L m m 

equat ion u t i l i z i n g  t h e  
so ind ica ted .  

I 

1 
T h i s  e q u a t i o n  i s  more manageable than t h e  previous equation, e.g., i t  i s  
e a s i e r  t o  i n t e g r a t e .  To solve f o r  D, t h i s  e q u a t i o n  i s  f i r s t  i n t e g r a t e d  
u s i n g  a 16 p o i n t  double-Gaussian numerical i n t e g r a t i o n  r o u t i n e  w i t h  t h e  
v a r i a b l e s  P, L, K, and V assumed t o  be u n i t y ,  and w i t h  B ( x )  g i v e n  b y  
e q u a t i o n  3-16. The r e s u l t s  o f  t h i s  i n t e g r a t i o n  a re  presented i n  Table 
3-3 f o r  several  values o f  xm where TDOZ i s  i n  u n i t s  o f  (mi / f t ) * .  

The popu la t ion  dose r a t e  i n  person-mrem/trip ’ i s  then given as: 

- 
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TABLE 3-3 . Values o f  TDOZ w i t h  Distance Xm 

Xm TDOZ 

10 ft 1.0264E-4 
20 ft 8 1945E-5 
30 ft 7 0625E-5 * 
40 ft 6.2816E-5 

100 f t  3.9225E-5 

D = ( P L K / V )  TDOZ (3-23) 

Except f o r  K ,  a l l  o f  t h e  var iab les  i n  equat ion 3-23 a r e  f u n c t i o n s  o f  t h e  
d i s p o s a l  method o r  t h e  d i s p o s a l  s i t e  env i ronment .  F o r  example,  t h e  
minimum exposure 'distance, Xm, i s  assumed t o  be 30 ft f o r  shipments t o  t h e  
nor theast  and southeast s i t es ,  and 100 ft f o r  shipments t o  t h e  sou thwes t  
s i t e .  T h i s  r e s u l t s  i n  TDOZ values equal t o  7.06E-5 and 3.92E-5 ( m i / f t ) 2 ,  
respec t i ve l y .  As d iscussed  e x t e n s i v e l y  i n  Appendix C,  t h e  p o p u l a t i o n  
dens i ty ,  P, i s  assumed t o  be 2280 people/mi le2 fo r  t h e  nor theast  s i t e ,  610 
people/mi le2 f o r  t h e  southeast s i t e ,  and 60 people/mi le2 f o r  t h e  southwest 
s i t e .  The leng th  o f  segment, L,  i s  assumed t o  be 10 m i l e s  f o r  m u n i c i p a l  
l a n d f i l l  shipments, and 100 m i l e s  f o r  hazardous waste f a c i l i t y  shipments. 
The speed o f  t r a v e l ,  V,  i s  assumed t o  be 20 m i les  per  h o u r  f o r  m u n i c i p a l  
waste f a c i l i t y  sh ipments ,  and 35 m i l e s  p e r  hou r  f o r  hazardous  waste  
f a c i  1 i ty  s h i  pments. 

The r e m a i n i n g  f a c t o r ,  K, i s  t he  equ iva len t  r a d i a t i o n  exposure r a t e  i n  t h e  
center  o f  t h e  veh ic le  i f  a l i  t he  waste rad ionuc l ides  were c o n c e n t r a t e d  on 
t h a t  one p o i n t .  The -way t h i s  f a c t o r  i s  handled i s  through t h e  prev ious 
equat ion f o r  t h e  dose r a t e  t o  i n d i v i d u a l s  a t  1 m, i.e., equat ion 3-12: 

fc = PK CF DF EDF (3-13) 

The f a c t o r  CF, t h e  exposure c o r r e c t i o n  f a c t o r  f o r  t h e  s ide  o f  t h e  v e h i c l e  
i s  equa l  t o  0.341, DF and EDF a re  u n i t y ,  and as usual, t h e  f a c t o r  PK i s  
u n i t y  i f  t h e  waste i s  not  packaged, and (1/0.75) if the  waste i s  packaged. 
The dose r a t e  g iven by t h i s  equat ion i s  i n  u n i t s  o f  mremlyear and can be 
converted t o  mrem/hour. Furthermore, t h i s  value must be e x t r a p o l a t e d  t o  
t h e  o r i g i n  by  assuming t h a t  i t  occurs 10 f t  ( t h e  standard e x t r a p o l a t i n g  
d is tance f o r  t r a n s p o r t a t i o n  c a l c u l a t i o n s  g i v e n  i n  Re fe rence  9 )  f rom t h e  
c e n t e r  o f  t h e  v e h i c l e .  This y i e l d s  an equ iva len t  p o i n t  source which can 

I 
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be used w i t h  t h e  equat ions developed above f o r  t h e  p o p u l a t i o n  exposures. 
Thus, t h e  equat ion g i v i n g  t h e  value o f  K i s  as fo l lows:  

K = 100 Dw(lm)/8760 - (3-24) 
* 

where 100 i s  t h e  value (square o f  10 f t )  used t o  convert  t h e  dose r a t e  t o  
t h e  assumed p o i n t  source  a t  t h e  c e n t e r  o f  t h e  veh ic le ,  and 8760 i s  t h e  
value used t o  convert  dose r a t e  per  year  t o  dose r a t e  per hour. 

Tota l  popu la t ion  exposures are g iven by t h e  f o l l o w i n g :  

. i  

P = D (Mtot /5  t o n s / t r i p )  (3-25)  

where M t o t  i s  t h e  t o t a l  weight o f  t h e  de minimis waste shipped i n  tons p e r  
year. This equat ion i s  a lso mod i f ied  by t h e  packaging index; i f  t h e  waste 
i s  packaged, t h e n  5 t o n s / t r i p  i s  m u l t i p l i e d  by 0.75. The e f f e c t s  o f  t h e  
d i s t r i b u t i o n  i n d i c e s  1Xl;and 1x2 a r e  a l s o  accounted f o r  as d i s c u s s e d  i n  
Sect ion 3.2. 

. -  

. -  

. . .  
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4.0 WASTE PROCESSING OPERATIONAL IMPACTS 

This chapter presents background, assumptions, a n d  c a l c u l a t i o n a l  proce- ~ 

dures for estimating r a d i o l o g i c a l  impacts from processing operations 
i n v o l v i n g  de minimis waste. Three basic processing operations are  
characterized: incineration of de min imis  waste i n  a small pathological 
incinerator operated by a waste generator, incineration of de minimis 
wastel'n a large municipal solid waste incinerator, and incineration of de 
minimis waste i n . a  larae h a z a r d o u s  waste incinerator. A variation i s  
considered for the municipal incinerator i n  which the i n w t  waste i s  p u t  
t h r o u g h  a pretreatment process t o  size-reduce the waste, sort combustible 
from non-combustible fractions, and possibly recycle metal and glass from 
the non-combustible fraction. This i s  referred t o  as the " s o r t i n g "  
variation. 

Section 4 . 1  presents an overview of the calculational procedures i n c l u d i n g  
exposure equations, the i r  s i m p l i f i c a t i o n ,  and  various meteorological 
assumptions. Following this section, a generator incinerator, a municipal 
waste incinerator w i t h  a sorting variation, and a hazardous waste incine- 
rator  are considered i n  Sections 4.2, 4.3, and 4.4, respectively. 

4.1 Overview 

I n  t h i s  report, b o t h  on-site a n d  o f f - s i te  i n d i v i d u a l  a n d  p o p u l a t i o n  
exposures resulting from waste processing are calculated. For a1 1 three 
incinerators, o f f - s i t e  i n d i v i d u a l  exposures c o n s i s t  of exposures t o  a 
person located i n  the centerline of the contaminated plume emitted by the 
incinerator s t a c k .  Off-si t e  p o p u l a t i o n  exposures are calculated as 
exposures t o  the surrounding populat ion out t o  a 50 mile radius from the 
incinerator. 

I n  a d d i t i o n ,  for  the municipal and hazardous waste incinerators, on-site 
personnel i n d i v i d u a l  impacts include exposures t o  the incinerator worker 
a t  hi'ghest radiological risk resulting from airborne particulates as  well 
as direct gamma r a d i a t i o n .  Furthermore, exposures t o  a l l  munic ipa l  a n d  
hazardous waste personnel are calculated because personnel a t  these 
facil i t ies would not  he considered radiation workers while personnel a t  
the generator incinerator woul d be so considered. 

The fol lowing sections present an overview of the exposure calculations 
applicable t o  off-site individuals, off-site populations, on-site i n d i v i -  
duals from airborne particulates,  a n d  on-site individuals from d i rec t  
gamma r a d i a t i o n .  A f i f t h  section i s  included w h i c h  discusses the disper- 
sion factor calculations use.d i n  the methodology. 

4.1.1 Off-site I n d i v i d u a l  Exposures 

The radiological dose rate ( i n  mrem/yr) t o  an i n d i v i d u a  
centerline of the incinerator plume i s  given by (Ref. 1 ) :  

located i n  the 
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H = individual dose ra te  i n  mrem/year 
Qn = total  quantity of a given radionuclide n i n  the waste 

f o  = time delay factor 
f d  = s i t e  design factor 
f w  = waste form and package factor  

i n p u t  t o  the incinerator over a given year (Cilyear) 

\ f s  = s i t e  selection factor 

where PDCF-3 i s  the pathway dose conversion factor no. 3 f o r  the radionuc- 
l i d e  a n d  so lubi l i ty  class of concern. Qn i s  also equal t o  the de minimis 
waste concentrat ion (Ci/m3) times the de minimis waste incineration ra te  
(m3/year).  The total  dose rate  i s  obtained by summinq over a l l  rad ionu-  
clides of concern, where ( n )  stands for the radionuclide. 

The time delay f a c t o r  ( f , )  i s  equal t o  exp ( - A T ) ,  where A i s  the decay 
constant of the radionuclide of concern a n d  T i s  t h e  period between t h e  
time t h a t  t he  waste i s  generated and the time t h a t  the waste i s  incine- 
ra ted .  Since t h e r e  i s  no real  reason t o  consider  t h e  e f f e c t  of any  
s toraqe  t ime, T i s  assumed for this  case to  be equal t o  zero and so (f,) 
fo r  t h i s  case i s  equal t o  un i ty .  

The s i t e  design factor ( f d )  accounts f o r  the a t t r ibu tes  of the s i t e  design 
t h a t  impede release of radionuclides,  while the  waste form a n d  package 
f a c t o r  (f,) accounts f o r  t he  a t t r i b u t e s  of  the waste form and package 
factor t o  impede release of radionucl ides .  For t h i s  s c e n a r i o ,  t he  two 
f a c t o r s  a r e  combined a n d  a r e  qiven by the radionuclide release fraction 
( f r  - dimensionless). 

The s i t e  selection f a c t o r  ( f , )  a f fec ts  the transport of airborne radionuc- 
l ides from t h e i r  release' p o i n t  a t  the f a c i l i t y  s tack t o  t h e  loca t ion  of 
the receptor. Also incorporated i n t o  t h i s  factor are  the assumed actions,  
i f  any, of the i n d i v i d u a l  receiving the  exposures which would tend t o  
reduce the exposures. For this  scenario, f s  i s  given as: 

f s  = (XiQ) EDF (4-2)  

where: 

( X / Q )  = atmospheric dispersion factor ;  and 
EDF = exposure duration factor (dimensionless), which i s  the 

fraction of the year t h a t  the i n d i v i d u a l  i s  assumed 
t o  be located i n  the plume of released ac t iv i ty .  

The f a c t o r  ( X / Q )  i s  treated in detail  in Section 4.1.5. The factor  EDF,  
given the generic nature of this study, i s  determined i n  a very con.serva- 
t i v e  manner. T h a t  i s ,  t h e  w i n d  i s  assumed t o  t r ave l  i n  one direction 

- 

4-2 



o n e - t h i r d  o f  t he  t ime (Refs. 2, 31,  and the  maximum i n d i v i d u a l . i s  assumed 
t o  be a lways l o c a t e d  i n  t h e  c e n t e r l i n e  o f  t h e  plume. E q u a t i o n  ( 4 - 1 )  
t he re fo re  reduces f o r  t h i s  scenar io t o  t h e  fo l low ing :  

H = 1 .Qn fr fs'PDCF-3 
n 

(4-3) 

4.1.2 O f f - s i t e  Populat ion Exposures 

O f f - s i t e  p o p u l a t i o n  exposures, P, a re  ca l cu la ted  i n  u n i t s  o f  person-mrem 
per  year  as fo l l ows :  

P = '  1 Qn fr POP PDCF-3 
n 

(4-4) 

where Qn, fr, and PDCF-3 have t h e  same meanings as t h e  above c a l c u l a t i o n s  
f o r  t h e  i n d i v i d u a l  exposures,  and where f s  i n  equa t ion  (4-3) has been 
replaced by POP, def ined t o  be the  popu la t ion  weighted sum o f  (X /Q)  as a 
f u n c t i o n  o f  r a d i a l  d is tance from t h e  source ( i n  u n i t s  o f  person-year/m3). 
The c a l c u l a t i o n  o f  POP i s  descr ibed i n  Sect ion 4.1.5. 

4.1.3 On-si te I n d i v i d u a l  Impacts from Ai rborne P a r t i c u l a t e s  

On-si te worker exposures from a i rborne  p a r t i c u l a t e s  apply t o  the  munici,pal 
and hazardous waste i n c i n e r a t o r s  and are  ca l cu la ted  as fo l l ows :  

H = 1 Cn r f o  f d  f w  f s J a i r  PDCF-1 ( 4 - 5 )  
n 

where: 

H = i n d i v i d u a l  dose r a t e  i n  mremlyr, 
Cn = c o n c e n t r a t i o n  o f  a g i v e n  rad ionu ' c ide '  ( n )  i n  t h e  waste i n p u t  

t o  t h e  i n c i n e r a t o r  over a g iven year  (Ci/m3) 
fo = t ime delay f a c t o r  
f d  = s i t e  des ign f a c t o r  
fw = waste form and package f a c t o r  
fs  = s i t e  s e l e c t i o n  f a c t o r  

and where PDCF-1 i s  t h e  pathway dose c o n v e r s i o n  f a c t o r  no. 1 f o r  t h e  
rad ionuc l i de  and s o l u b i l i t y  c lass,  o f  concern.  The r a d i o n u c l i d e  concen-  
t r a t i o n  i n  t h e  waste, Cn, i s  g iven as t h e  concent ra t ion  as measured over 
t h e  t o t a l  volume of waste inc i : lerated per  year. It may be c a l c u l a t e d  as 
the  average rad ionuc l i de -concen t ra t i on  i n  t h e  i n p u t  de min imis  waste t imes 
t h e  r a t i o  of t h e  de m i n i m i s  waste volume t o  t h e  t o t a l  volume o f  was te  
annual ly  d e l i v e r e d  t o  t h e  i nc ine ra to r .  A l t e r n a t i v e l y ,  i t  may be expressed 
as fo l l ows :  
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where Qn i s  t h e  t o t a l  a c t i v i t y  o f  rad ionuc l i de  n i n  t h e  de min imis  waste 
s t ream i n  C i / y e a r ,  and Vine i s  t h e  t o t a l  annual volume o f  waste i -nc i -  
nerated i n  m3/year. 

The t ime delay f a c t o r ,  fo, i s  g iven  by exp(-aT), as i n  t h e  case o f  Sec t ion  
4.1.1. Again, T i s  'assumed t o  be equal t o  zero, so fo f o r  t h i s  scenar io  
i s  equal t o  u n i t y .  The s i t e  design f a c t o r  accounts f o r  t h e  a t t r i b u t e s  o f  
t h e  i n c i n e r a t o r  des ign  and opera t i on  t h a t  i n f l uence  re lease  o f  radionuc- 
l i d e s  i n t o  t h e  a i r .  It i s  a l s o  assumed t o  be u n i t y ,  and t h e  e f f e c t s  o f  
rad ionuc l i de  d i spe rs ion  are incorpora ted  i n t o  t h e  s i t e  s e l e c t i o n  f a c t o r .  

The waste form and packaging f a c t o r ,  fw, i s  taken t o  be lO(ID-3) f o r  most 
o f  t h e  opera t ing  personnel, and i s  taken t o  be u n i t y  f o r  t h o s e  p e r s o n n e l  
i n  c l o s e  p r o x i m i t y  w i t h  i n c i n e r a t o r  residue and ash. The s i t e  s e l e c t i o n  
f a c t o r  i s  given as fo l l ows :  

f s  = Twa EDF (4-7) 

where Twa i s  t h e  w a s t e - t o - a i r  t r a n s f e r  f ac to r ,  and EDF i s  t h e  exposure 
d u r a t i o n  f a c t o r .  Twa i s  c a l c u l a t e d  by assuming t h a t  each person working 
a t  t h e  i n c i n e r a t o r  works i n  an env i ronmen t  i n  wh ich  t h e  a i r  i s  a t  a 
p a r t i c u l a r  d u s t  l o a d i n g .  F o r  example,  a h igh  average f o r  t h e  a i r b  rne  

a i r  w h i l e  a h igh  average f o r  na tu ra l  ambient cond i t i ons  i s  about 0.1 mg/m3 
(Ref. 4). The assumed dust l oad ing  i n  which a person wo'rks ' i s  a f u n c t i o n  
of t h e i r  occupa t ion .  F o r  example, persons  who spend much o f  t h e i r  t ime 
w i t h i n  an o f f i c e  ( s u p e r i n t e n d e n t ,  a s s i s t a n t  s u p e r i n t e n d e n t ,  o f f i c e  
manager, sec re ta ry )  would be subjected t o  a smal ler  a i r b o r n e  dus t  l o a d i n g  
than persons working i n  p rox im i t y  t o  t h e  waste. The l a r g e s t  dust load ings  
would be ass igned  t o  persons wh ich  may be i n  contac t  with f i ne -g ra ined  
mater i  a1 s ( re fuse  hand1 ers, mai ntenance/l  abor) . Most o f  t h e  dus t  woul d be  
n o n - r a d i o a c t i v e ,  and t h e  amount of r a d i o a c t i v e  m a t e r i a l  t h a t  i s  conta ined 
w i t h i n  t h e  dust would be p ropor t i ona l  t o  t h e  f r a c t i o n  o f  was te  i n p u t  t o  
t h e  f a c i l i t y  t h a t  i s  rad ioac t i ve .  A f i r s t  est imate of t h e  dus t  load ings  
f o r  each assumed environment i s  as fo l l ows :  

dus t  l oad ing  f o r  t h e  i n t e r i o r  o f  a house i s  about 0.05 mg o f  dus t  per  m s o f  

Dust environment 3 Dust l oad ing  (mq/m ) 

1 ow 0.1 
mod 0.2 
h igh  0.4 

More on t h i s  sub jec t  i s  discussed i n  i n d i v i d u a l  sec t ions  cover ing  s p e c i f i c  
exposure scenarios. 
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" u t t i n g  a l l  t h e  f a c t o r s  together,  eauat ion 4-5 reduces t o  t h e  f o l l o w i n g :  

H = Cn f w  Twa EDF PDCF-1 
n 

4.1.4 On-si te I n d i v i d u a l  Exposures from D i r e c t  Gamma Radiat ion'  

€xternal  exposures from gamma r a d i a t i o n  a l s o  apply o n l y  t o  t h e  hazardous  
and m u n i c i p a l  was te  i n c i n e r a t o r s .  These exposures a r e  a f u n c t i o n  o f  
several var iab les ,  i n c l u d i n g  t h e  s o u r c e  s t r e n g t h ,  t h e  geometry o f  t h e  
source,  and t h e  geometrical r e l a t i o n s h i p  o f  t h e  exposed i n d i v i d u a l  t o  t h e  
source. It i s  apparent t h a t  as waste i s  i n o u t  t o  t h e  f a c i l i t y ,  processed, 
and t rucked away as a residue, a l l  o f  t h e  above v a r i a b l e s  w i l l  change i n  a 
number o f  very complex ways. Given t h e  l a c k  o f  s i t e - s p e c i f i c  in format ion,  
s e v e r a l  simp1 i f y i n g  assumptions must be made. Th is  invo lves  modelino t h e  
r a d i a t i o n  source as a p lanar  source of i n f i n i t e  th ickness, and e s t i m a t i n g  
a workers 's p r o x i m i t y  t o  the  source. Personnel exposures are g iven i n  t h e  
usual way by t h e  fo l low ing :  

' H = 1 Cn [ f o  f d  fw fs]DG PDFC-5 (4-9 1 
n 

where a l l  t h e  symbols have been expla ined before.  As before,  fQ and f d  
a r e  assumed t o  be u n i t y .  The product  fw fs i s  g iven by t h e  fo l low ing :  

, '  

.'( 4 - 10.) 

where I 

.. _. 

3 = dens i ty  o f  d i r t  (1.6 g/cm3 
pw = dens i ty  o f  the  waste (g/cm 
f a  = a c c e s s i b i l i t y  m u l t i p l i e r  (d imensionless) . ; 

CF = c o r r e c t i o n  f a c t o r  (d imension less j  
EDF exposure dura t ion  f a c t o r  (dimensionless) 

Pd 

. .; . DF. = d is tance f a c t o r  (dimensionless) 
. .  

Consequently, eauat ion (4-9) reduces t o  t h e  fo l lowing:  

H = 1 Cn (Pd/Pw) f a  DF CF EDF PDCF-5 (4-11) 
n 

where a l l  v a r i a b l e s  have been expla ined before.  The value assumed f o r  t h e  
waste  d e n s i t y  (p,) may depend on t h e  type o f  i n c i n e r a t o r  and t h e  l o c a t i o n  
o f  the  waste w i t h i n  t h e  i n c i n e r a t o r .  

I n  a manner s i m i l a r  t o  t h e  a i rborne  p a r t i c u l a t e  exposures, the  " p r o x i m i t y  
fac to r ' '  i s  used t o  est imate t h e  exposures  t o  each person due t o  d i r e c t  
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gamma radiation. Each person i s  assumed t o  spend a s ignif icant  amount of 
time a t  a particular distance from the waste, which i s  t h e  source of the  
d i rec t  gamma radiation. Again, persons who spend moSt of the i r - t ime w i t h i n  
the f a c i l i t y  offices are assumed t o  work a t  a g r e a t e r  d i s t a n c e  from t h e  
waste t h a n -  persons working direct ly  
the distances assumed for  each proxim 

Prolrimi t y  Factor 

close 
mod 
f a r  

w i t h  the waste. . A f i r s t  estimate of 
t y  factor i s  given below:, 

. .  

Distance, ( m )  

1 .  
10 . I 

30 x .  

More on this subject is  di'scussed i n  individual sections', covering specif ic  
exposures. 

4.1.5 Meteorological Diffusion 

This s ec t ion  considers  two of  t h e  atmospheric dispersion factors cbnsi- 
dered above: ( X / Q )  i n  the individual exposure calculations,  and POP i n  the 
popul a t  ion exposure cal cul ations. 

( X / Q )  Factor 

Airborne t r a n s p o r t  and  d i l u t i o n  of aerosols ,  vapors, o r  gases released 
into the atmosphere are-functions of (1) the atmospheric conditions along 
t h e  plume p a t h ,  ( 2 )  t h e  topography  of the surrounding area,  and ( 3 )  the 
particular character is t ics  of the effluents.  For a poi nt-source r e l e a s e  ' 

such as through a stack, the radionuclide concentration i n  the surrounding 
area depends u p o n  t he  amount of e f f l u e n t  r e l eased ;  t h e  height  of t h e  
r e l e a s e ;  t h e  momentum and buoyancy of the emitted plume; the wind speed, 
atmospheric s t a b i l i t y ,  and a i r  flow pa t t e rns  of t h e  s i t e ;  and  var ious  
ef f 1 uent removal mechani sms. Geographic features such as h i  11 s ,  Val 1 eys, 
and large bodies of water w i l l  in f luence  t h e  d i spe r s ion  and  a i r  flow 
patterns, while surface roughness, including vegetative cover, affects  the 
degree of turbulent m i x i n g .  Locations w i t h  s i m i l a r  topographical  and 
cl imatological  features can have similar dispersion and a i r  flow patterns 
b u t  detailed dispersion patterns are  usually unique for  each s i t e .  

Models t o  estimate airborne t r a n s p o r t  can be made a s  sophisticated as the 
available se t  of s i t e - s p e c i f i c  d a t a  allows. Given t h e  mostly gener ic  
na ture  of t h i s  a n a l y s i s ,  a somewhat simplified model i s  used which was 
used i n  Reference 5 a n d ,  as discussed i n  Reference 5,  was o r i g i n a l l y  
derived from a number of sources. The atmospheric dispersion factor  used 
i n  t h i s  report t o  determine ground level concentrations of radionuclide i n  , 

a i r  a t  a distance ( r )  downwind from a release point i s  given by: 

, -  

These two factors a re  out1 i ned bel oh. 
' ,  

. 

, 

I 
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where: 

h = e f f e c t i v e  h e i g h t  (m) o f  re lease above qround sur face 
Qz= standard d e v i a t i o n  o f  t h e  plume concentrat ion 

d i s t r i b u t i o n  i n  the  v e r t i c a l  d i r e c t i o n  (m) 
n = number o f  sectors  (16) 
u = mean wind speed i n  the  s e c t o r  

a t  t h e  p o i n t  o f  re lease (m/sec) 
r = d is tance from source p o i n t  ( m )  

The above eouat ion i s  used t o  c a l c u l a t e  re leases as a Gaussian plume a long 
a 22.5-deqree sec tor  r a d i a t i n q  from t h e  re lease p o i n t .  I n  p r a c t i c e ,  t h e  
procedure i s  t o  so lve t h e  equat ion f o r  each o f  t h e  16 sectors,  t a k i n g  i n t o  
account t h e  p a r t i c u l a r  atmospheric c o n d i t i o n s  associated w i t h  each s e c t o r  
t h a t  i n f l u e n c e  uZ, and m u l t i p l y i n g  t h e  r e s u l t  by the  f r a c t i o n  o f  a y e a r  
t h a t  t h e  wind blows i n  each sector  d i r e c t i o n .  Caution i s  recommended when 
u s i n q  t h e  above e q u a t i o n  f o r  d i s t a n c e s  r<100 meters. Equation (4-12) 
thus reduces t o  t h e  fo l low ing :  

The v e r t i c a l  s 
o f  distance and 
f a c t o r  i s  (Ref. 

t a n d a r d . d e v i a t i o n  o f  t h e  plume ( a Z )  i s  g iven as a f u n c t i o n  
s t a b i l i t y  c l a s s  i n  many r e f e r e n c e s .  One f o r m  f o r  t h i s  
6 ) :  

aZ = ( a r )  ( 1  + b r I c  (4-14) 

where ( r )  i s  t h e  d i s t a n c e  f r o m  t h e  r e l e a s e  p o i n t ,  and a,  b, and c a r e  
c o n s t a n t s  t h a t  depend upon t h e  s t a b i l i t y  c lass.  S i x  s t a b i l i t y  c lasses i n  
o rder  o f  i n c r e a s i n g  s t a b i l i t y  are charac ter ized  based on c r i t e r i o n  s t a t e d  
by P a s q u i l l .  Va lues  f o r  . t h e  above constants  f o r  each of t h e  6 s t a b i l i t y  
c lasses a r e  q iven i n  Table 4-1 (Ref. 6). 

TABLE 4-1 . V e r t i c a l  Standard D e v i a t i o n  Constants - 1 

Pasqui 11 Constants 
C - h - a - Stabi  1 i ty  C 1  ass 

A 
. B  

C 
D 
E 
F 

0.2 0 0 
0.12 0 0 
0.08 0.0002 -0.5 
0.06 Oi0015 -0.5 
0.03 0.0003 -1 
0.016 0.0003 -1 
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- .  
. Another form f o r  t h i s  f a c t o r  i s  (Ref. 7 ) :  

az = a rb  + c (4-15) 

Values f o r  t h e  above c o n s t a n t s  as a f u n c t i o n  of s t a b i l i t y  c l a s s  and 
d is tance are  given i n  Table 4-2 (Ref. 7 ) .  ' 

TABLE 4-2 . V e r t i c a l  Standard Dev ia t ion  Constants - 2 

Pasqui 11 Stabi  1 i ty C 1  ass 

F - E - D - C - B - A - 
Constant a 

0.192 0.156 0.116 0.079 0.063 0.053' 
0.00066 0.0382 0.113 0.222 0.211 0.986 
0.00024 0.055 0.113 1.26 6.73 18.05 

Constant b 

0.936 0.922 0.905 0.881 0.871 . 0.814 
1.941 1.149 0.911 0.725 0.678 0.74 
2.094 1.098 0.911 0.516 0.305 0.18 

f o r  - 

r 4 0 0  meters 
100<r<1000 
100U<r - 

r<100 
100<r<1000 
1 0 0 3  - 

Constant c 

0 0 0 
9.27 3.3 0 

-9.6 2 0 

0 0 0 r<100 

-13 -34 -48 lOOU<r - 
-1.7 . -1.3 -0.35 100<r<1000 

I t i s  expec ted  t h a t  most  a p p l i c a t i o n s  of  the  c a l c u l a t i o n a l  methodology 
w i l l  be f o r  gener ic r a t h e r  t h a n  s i t e  s p e c i f i c  s t u d i e s ,  and so s e v e r a l  
assumpt ions  must be made r e g a r d i n g  e n v i r o n m e n t a l  c o n d i t i o n s ,  re lease 
height ,  and d is tance (r). 

I n  t h i s  r e p o r t ,  a i r b o r n e  r e l e a s e s  are  ca l cu la ted  f o r  two general s i t u a -  
t i o n s :  r e l e a s e s  r e s u l t i n g  f r o m  o p e r a t i o n  o f  a d i s p o s a l  f a c i l i t y ,  and 
r e l e a s e s  r e s u l t i n g  f rom waste i n c i n e r a t i o n .  The former s i t u a t i o n  always 
i n v o l v e s  ground l e v e l  r e l e a s e s ,  w h i l e  t h e  ' l a t t e r  s i t u a t i o n  r e q u i r e s  
assumpt ions  t o  be made r e g a r d i n g  t h e  h e i g h t  of  t h e  i n c i n e r a t o r  stack. 
Given the  u n c e r t a i n t i e s  regard ing  the  design o f  the  o n - s i  t e  i n c i n e r a t o r ,  
g round l e v e l  ' r e l e a s e  i s  c o n s e r v a t i v e l y  assumed f o r  t h i s  case. F o r  

,municipal and hazardous waste i n c i n e r a t i o n ,  a s t a c k  h e i g h t  o f  6 1  m (200  
f t )  i s  assumed, w h i c h  i s  t y p i c a l  o f  e x i s t i n g  l a r g e  i n c i n e r a t o r s  (see 
Appendix C).  
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I n  equation 4-13, aZ and u are functions of s i t e  environmental characte- 
r ist ics,  and the user of the code may optionally use site-specific values 
for these a n d  other parameters (e.g., s tack  height) i f  he so desires. 
( T h i s  may be particularly useful f o r  on-site incineration and waste 
disposal .) Reference values are otherwise assumed i n  this report which 
result i n  a conservative estimate of ind iv idua l  impacts. These reference 
values are calculated from assumptions obtained from Regulatory Guide 1.3 
and 1.4, which  provihe suqgested s t a b i l i t y  classes and w i n d  speeds f o r  a n  
acci dent i nvol v i  ng ai rborne re1 eases which  continue for  a period exceedi ng 
24 hours. These assumed s t a b i 1 i t . y  classes and windspeeds are 1 /3  S t a b i -  
l i t y  Class C w i t h  w i n d  sDeed 3 m/sec, 1/3 S tab i l i ty  Class D w i t h  wind 
speed 3 m/sec, and 1/3 S t a b i l i t y  Class F w i t h  w i n d  speed 2 m/sec. I n  
a d d i t i o n ,  the w i n d  i s  assumed t o  blow one-third of the time i n  the 
direction of the maximum exposed individual 

The ( X / Q )  values are additionally calculated f o r  a distance ( r )  t o  the 
maximum'exposed i n d i v i d u a l  equal t o  100 m f o r  ground level releases a n d  
300 m f o r  elevated (61 m) releases. The 100 m distance for  ground level 
re1 ease i s  assumed pr inc ipa l  l y  due t o  uncertainties regardi ng the efficacy 
of  equation 4-13 a t  distances less  t h a n  100 m. The 300 m for  elevated 
releases i s  assumed based upon Fiqure 2c of Reference 2 ,  and  resul ts  i n  
maximum exposures for an  off-s i te  individual. Using equation 4-14, the 
reference ( X / Q )  and  f s  values used i n  this report are given i n  Table 4-3 
for ground level and  elevated releases. An exposure d u r a t i o n  factor of 
(1/3) has been assumed. 

(Refs. 2 ,  3 ) .  

TABLE 4-3 . Reference Atmospheric D i  spersi on Val ues (yr/m3) 

Type of Release ( X / Q )  f q  

Ground level 9.1xlO-11 3.03~10-11 
Elevated 1.6xlO-l3 5.29~10'14 

POP Factor 

The POP factor i s  used-to calculate impacts t o  the popula t ion  surrounding 
( o u t  t o  a 50-mile radius) a s i te  releasing radionuclides i n t o  the a i r ,  and  
i s  aiven i n  units of  person-year/m3. I t  i s  calculated using equations 
4-13 and 4-14 assuming a ground level release. A ground level release i s 
always assumed since the effects of the release height are generally n o t  
siantficant further t h a n  about a kilometer from the release p o i n t .  The 
topography of the local area i s  generally more significant. 

To calculate POP, a populat ion distribution i s  f i r s t  established which 
provides the t o t a l  p o p u l a t i o n  contained w i t h i n  a series of concentric . 
rinas around the release p o i n t .  Then, a ( X / Q )  value i s  calculated for the 
m i d p o i n t  of each ring. This ( X . / Q )  v a l u e  i s  then multiplied by the 
p o p u l a t i o n  w i t h i n  each ri nq,  and the resulting products summed. 
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T h e  user of t he  code has the  option of providing the f rac t ion  of a year 
t h a t  the s i te  i s  i n  a given s t a b i l i t y  c lass ,  the average wind speed w i t h i n  
the  s t a b i l i t y  c l a s s ,  and .the populat ion d i s t r i b u t i o n  f o r  the specif ic  
s i t e .  A l t e r n a t i v e l y ,  t he  populat ion d i s t r i b u t i o n  may be one of the 
generic ru ra l  environment d i s t r i b u t i o n s  presented i n  Table 4-4 fo r  each 
reference si te.  For urban environments, the population d i s t r i b u t i o n s  a r e  
m u l t i p l i e d  by 10. 

TABLE 4-4 . Population Dis t r ibu t ion  fo r  Reference Site Environments 

Distance North South - South 
From Source East East West 

0-5 miles 3,440 2,024 59 
5-10 miles 20,513 8,115 180 

10-20 miles 73,636 36,000 3,529 
20-30 miles 121,559 124,995 9,062 
30-40 miles 556,639 203,435 4,888 
40-50 miles 1,012,788 104,933 27,158 

As a s p e c i f i c  example, generic s t a b i l i t y  c l a s s e s  are' assumed for  s i t e  
conditions consisting of 1/3 S tab i l i t y  Class C with w i n d  speed 3 m/sec, 
1 /3  S t a b i l i t y  Class D w i t h  wind  speed 3 m/sec, and 1/3 S tab i l i t y  Class F 
w i t h  wind speed 2 m/sec. . Under these condi t ions ,  assuming ground l e v e l  
release, equations 4-13 and 4-14 reduce t o  the followinq: 

: ( X / Q )  = 4.168~10'8 q(r) / r2  (4-16) 

where ( X / Q )  i s  i n  units of year/m3, r i s  distance from the source point i n  
meters, and q(r)  i s  given by the following: 

q (  r )  =.133(1+.0002r)1/2 + .178(1+.0015r)1/2 + 1 +.0003r (4-17) 

Using the r e fe rence  p o p u l a t i o n  d i s t r i b u t i o n s  Given i n  Table 4-4, a n d  
assuming rural environments;  the  POP values  given i n  T a b l e  4-5 , a re  

. obtained for each of t he .3  reference s i tes .  I f  the  ,user chooses not  t o  
 exercise the  o p t i o n  t o  provide s i t e  s p e c i f i c  information (see section 
2.21, the POP values i n  Table 4-5 are used. 
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. TABLE- 4-5 . Reference Population Factors' 
. .  . .  . 

Site Envtronment. POP(person-year/m3) 

Northeast 5 . 0 5 ~ 1 0 ' ~ ~  
Southeast 1 . 7 5 ~ 1 0 ' ~ ~  
Southwest 1. 33x10-1 

4.2 Generator Impacts (Pathological Incinerator) 

The reference on-site incinerator i s  assumed t o  be a small u n i t  of the 
type commonly used by institutions, universities, research facil i t ies,  and  
hospitals t o  dispose of waste materials such as biological wastes, 
scintillation fluids and other organic liquids and trash.  Small licensees 
such as institutions, universities, research faci l i t ies ,  or hospitals are  
probably the types of licensees who are most-(likely t o  incinerate de 
minimis waste on-site. The reference on-site incinerator i s  assumed t o  be 
very similar t o  the pathological incinerator outlined i n  Reference 8. 

Pathological incinerators are often multiple chamber designs with a fixed 
refractory hearth. Typical designs operate a t  temperatures i n  the range 
of 900 t o  1000°C, a n d  are equipped w i t h  a t  l e a s t  a partial  off-gas 
treatment system, often including h i g h  efficiency particulate a i r  ( H E P A )  
f i l t e rs ,  vapor condensors,' or  wet scrubbers. Typical process rates range 
from 100 t o  500 l b s / h r .  The incinerator can be used t o  volume reduce a 
wide range of waste types and forms, including biological wastes, organic 
l i q u i d s ,  aqueous l i q u i d s ,  or trash. Typical volume reduction factors (the 
r a t i o  of the waste volume prior t o  incineration t o  the volume of the 
i nci nerated residue) are given bel ow: 

. .  

I n  t h i s  

Volume 
Waste Type Reduction Factor 

Uncompacted Trash 20 
F u l l  L iqu id  Scintillation Vials 

Glass Vials 4 
Polyethylene or  Nyl on V i  a1 s >loo 

Scintillation Fluids and 
Organic L i q u i d s  >loo - 

Aqueous Liquids >loo 
Biological Waste 15 

work, the assumed mass reduction f a c t o r  for  the pathological 
incinerator i s  i n p u t  by the user of the code ( ra ther  t h a n  the volume 
reduction f a c t o r ) .  The equation governing off-site individual exposures 
i s  equation 4-3: 
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where the symbols a r e  a s  explained before .  The rad ionucl ide  release 
f r a c t i o n ,  f r ,  which i s  defined as the fraction of the to ta l  quantity of a 
given radionuclide w i t h i n  the incinerated waste tha t  i s  discharged by the  
i nci ne ra to r ,  i s  the inverse of the overa l l  incinerator decontamination 
factor f o r  t h a t  rad ionucl ide .  T h e  r e l e a s e  f r a c t i o n s  assumed f o r  the 
reference pathological  i n c i n e r a t o r  a r e  discussed i n  Appendix C and a re  
summarized as follows: 

Nucl ide 

H-3 
C-14 
C1-36 
Tc-99 
A1 1 Rutheni um 
All Iodine 
A l l  o thers .  

Release Fraction ( f r )  - .  

0.90 
0.75 . 
0.01 
0.01 
0.01 . 

0.01 
0.0025 

The s i t e  selection factor ,  f,, was discussed i n  Section 4.1.5. The value 
applicable t o  o n - s i t e  i n c i n e r a t i o n  i s  assumed t o  be the ground level 
r e l ease  value of 3.03~10'11 year/m3. Alternatively, the user of the code 
could subs t i t u t e  other values for  f r  and f s  based upon consideration of a 
speci f i c  incineration f ac i l i t y .  

As the  contaminated plume arrives a t  the exposed individuals l o ~ a t i o n , ~ i t  
'*results i n  the i n d i v i d u a l ' s  immersion i n  a contaminated cloud ( C i / m  1. 
Resulting dose r a t e s  a r e  ca l cu la t ed  by m u l t i p l y i n g  by PDCF-3. T h i s  
pathway dose conversion f a c t o r  cal  cul a t e s  resul  t i  n g  dose ra tes  due t o  
inhalation as well as immersion i n  a contaminated cloud. 

Off-si t e  population exposures are  calculated i n  units of person-mrem/year 

. 

as .follows: , I  

P = 1 Qn f r  POP PDCF-3 
n 

(4-4) 

where Qn ,  f r ,  and PDCF-3 have the same meanings as the above calculations 
for individual exposures, and POP i s  discussed i n  Section 4.1.5. 

4.3 Municipal Sol i d  Waste Processing 

T h e  reference munic.ipa1 solid waste incinerator i s  described i n  Appendix 
C. The reference incinerator is assumed t o  be a 500 ton/day r e f r a c t o r y  
walled rec tangular  furnace which operates a t  that  level f o r  280 days per 
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year. The reference incinerator i s  typical of the size and design of 
municipal waste incinerators b u i l t  i n  the l a s t  20-30 years. S i m i l a r  t o  
most exis'ting incinerators,  l i t t l e  or no size reductjon i s  performed on 
the i n p u t  waste feed. In add i t ion ,  there i s  assumed t o  be no separation 
of the non-combustible items from the waste feed (no "sorting") and no 
recovery of recyclable materials such as metal or  glass. A sorting opt ion 
consisting of size reduction, separation o f  non-combustible items, and/or 
recycle is  considered as  a module t o  the basic reference u n i t .  

A refractory walled incinerator is a n  older design for  which heat recovery 
i s  generally not performed except possibly ineff ic ient ly  by placing a 
boiler w i t h i n  the furnace. Newer designs are typically "waterwall" i n -  
cinerators w h i c h  feature a series of parallel spaced metal tubes running 
a l o n g  the inside furnace walls. Water i s  circulated through the tubes t o  
recover the heat of combustion. The older refractory wall design i s  
assumed f o r  t h i s  s t u d y  since ( 1 )  most existing municipal waste incine- 
rators i n  the  United States are refractory wall designs and therefore will 
probably s t i l l  account for most waste incineration t o  the year 2000, and 
(2) larger airborne effluents would be expected from refractory walled 
designs t h a n  from waterwall desi gns . 
Operating the u n i t ,  assuming no waste sorting or materials recovery, is 
assumed to. result i n  a waste volume reduction by a factor of 6 ,  which i s  
t y p i c a l  of  municipal incinerators. The residue from combustion i s  
quenched after removal from the furnace and the wet residue i s  trucked t o  
a l a n d f i l l ,  w h i c h  , is assumed t o  he. located w i t h i n  a few miles of the 
incinerator. 

4.3.1 Off-site Exposures 

The equations used t o  calculate airborne impacts t o  an off-site individual 
are very similar t o  those for the p a t h o l o g i c a l  incinerator. There are ,  
however, a few variattons corresponding t o  differences i n  incinerator 
design and  operation - -  specifically differences i n  the radionuclide 
release fract ions ( f r )  and i n  the s i te  selection factor ( f s ) .  

The release fractions assumed for the municipal incinerator are based upon 
d a t a  presented i n  Appendix C.  ?he release fractions ( f r )  assumed for  the 
municipal incinerator are as follows: 

Nucl i de Re1 ease Frac t i  on ( f r )  - 
H-3 
C-14 
C1-36 
Tc-99 
A1 1 R u t h e n i  um 
All Iodine 
A l l  others 

0.90 
0.75 
0.p1 
0.01 
0.01 
0.01 
0.005 
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Airborne impacts t o  an of f - s i te  individual are given by: 

H = 1 Qn f r  fs  PDCF-3 
n 

(4-3) 

where the  symbols a r e  s explained before, and where the s i t e  selection 
factor ,  f s ,  ,:is 5 . 2 9 ~ 1 0 ' ~ ~  yr/m3 (see Table 4-3 - elevated release) .  

S imi la r  t o  the  patholoqical  i n c i n e r a t o r ,  the  populat ion impacts a r e  
cal cul ated from equation (4-4 : 

'P  = 1 Qn f r  POP PDCF-3 ( 4-4 1 

where P i s  i n  units of person-mrem/year, and the symbols are  as explained 
before. 

n 

4.3.2 Impacts t o  Incinerator Personnel * 

Radiological impacts t o  municipal incinerator personnel are  ca lcu la ted  i n 
two forms: (1) individual impacts i n  (mrem/yr) to  the incinerator worker 
a t  the  h ighes t  r ad io log ica l  r i sk ,  and ( 2 )  t o t a l  impacts ( i n  person- 
mrem/yr) t o  a l  1 i nci nerator personnel . 
I t  i s  obvious tha t  municipal incinerators are very complex operations and 
t o  es t imate  exposures,  a number of simplifying assumptions must be made. 
In this report, the approach i s  to  (1) determine personnel requirements 
and occupations for  several existing municipal incinerator operations, (2) 
project personnel requirements and occupations for t h e  r e fe rence  i nci ne- 
ra tor ,  and (3)  project the l ikely radiological environment associated w i t h  
each occupation. Based upon the  a n a l y s i s  i n  Appendix C ,  Table 4-'6 
summarizes the  pro jec ted  personnel requirements and  occupations for  the 
re ference  500 ton/day i n c i n e r a t o r ,  along w i t h  t he  es t imated  worker 
r a d i  ol  oqi cal envi ronments . 
Other considerations include the f ac t s  t h a t  the incineration process will 
vary the volume of the waste handled as well as the tendency for  the waste 
t o  d isperse .  That i s ,  the incinerator residue volume will  be reduced by 
about a factor of six as compared t o  the i n p u t  waste volume. I n  addition, 
t he  residue h a s  a h i g h  a sh  content and so will be i n  a more dispersible 
form t h a n  the i n p u t  waste. T h i s  could have an e f f e c t  on the  impacts 
ca l cu la t ed  dependin9 upon whether a given s i t e  worker spends most of h i s  
time a t  e i ther  the "head end'' of the  f a c i l i t y ,  where waste i s  rece ived  
(e.g-., charging f loor  operators),  or the " t a i l  end" of the f a c i l i t y ,  where 
residue i s  removed (e.q., residue handlers). In  this report, a l l  person- 
nel except for  residue handlers and rnaintenance/labor are  assumed to  work 
a t  the head end of the f ac i l i t y .  Residue handlers are  assumed t o  work a t  
the  t a i l  end while maintenance/labor personnel are assumed t o  spend half 
t he i r  time a t  the head end and half t he i r  time a t  the t a i l  end. 
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, TABLE 4-6 . Assumed Worker Requirements for Municipal Incineratw F a c i l i t y  

Occupations 
No. of . D u s t  Proximity 
Persons Environment Factor 

Superintendent 1 

Office Manager 1 .  
Secretary 1 
Scal emaster 2 
Crane Operator 2 
Charging Floor Operators 6 
Process Control 1 ers 4 
Residue Hand1 ers 4 
Mai ntenance/Labor 8 

Assistant Superintendent 1 
1 ow 
1 ow 
1 ow 
low ' 

mod 
mod 
mod 
mod 
h i g h  
h i g h  

mod 
mod 
far 
f a r  
mod 
mod 

close 
mod 

close 
close 

The above are considered t o  be reasonable assumptions considering the 
scope of this report. An alternative way t o  approach the problem could be 
t o  perform a detailed evaluation of a n  existing incinerator, measuring 
dust loadings a t  various locations and performing an extensive personnel 
time a n d  motion s tudy.  B u t  this would be very difficult ,  very expensive, 
and very time consuming, even i f  such a n  operation were w i t h i n  the scope 
of this study. In  any case, i t  could be argued t h a t  i t  would probably n o t  
result i n  a .significant difference i n  the calculations, except t o  reveal 
obvious areas of over conservatism. 

The approach i s  t o  f i r s t  calculate impacts t o  each i n d i v i d u a l  worker, 
where the impacts t o  each worker i s  calculated as the sum of radiological 
exposures due t o  airborne contamination as well as direct gamma rad ia t ion .  
Then, the worker hav ing  the largest radiological dose ra te  i s  determined 
a n d  t h i s  dose rate i s  stored. F i n a l l y ,  the t o t a l  dose rate i s  determined 
by suplming i n d i v i d u a l  dose rates over a l l  workers. 

Exposures t o  incinerator personnel resulting from airborne particulates 
'are calculated us ing  equation (4-8):  

H = C n  f w  Twa EDF PDCF-1 ' 

n 

The expression ( f w  Twa)  i s  used t o  relate the radionuclide concentration 
w i t h i n  the i n p u t  waste to  the radionuclide concentration i n  dir a t  various 
locations i n  the incinerator f a c i l i t y .  The waste-to-air transfer f a c t o r  
(Twa) i s  determined assuming t h a t  the waste is i n  a very dispersible form 
such as  a f ine  s i l t ,  a powder, or an ash. The factor ( f w )  accounts for the 
attributes of the waste form t h a t  w o u l d  r e s i s t  such dispersion. T h i s  
relationship i s  complicated by the fact t h a t  the waste form, and corres- 
ponding tendency t o  disperse i n t o  the a i r ,  changes from the time the waste 
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arrives t o  the time t h a t  i t  i s  transported away as a residue.. The d u s t  
environment a t  an incinerator will also vary depending upon the design of 
the f a c i l i t y  and the various operational measures taken a t  the f a c i l i t y  t o  
suppress dispersion. For example, while incinerated residue w o u l d  be 
expected t o  be generated i n  a very dispersible form, operational proce- 
dures almost always include quenching w i t h  water. T h i s  i s  done t o  facil i-  
t a t e  h a n d l i n g  b u t  i t  also suppresses dispersion. I t  i s  also d i f f i c u l t  t o  
assess the definite o r i g i n  of a given dust par t ic le  i n  a given l o c a t i o n ,  
given variations i n  a i r  ventilation systems. 

I n  t h i s  scenario, Twa i s  assumed t o  be given by the r a t i o  of the airborne 
dust l o a d i n g  t o  the density of the waste i n p u t  t o  the incinerator. The 

' assumed dust loadings for various personnel have'been given above. The 
waste density i s  assumed t o  be 0.27 g/cm3 (500 lb/yd3), which is  typical 
of .municipal waste when stored i n  incinerator storage p i t s  prior t o  
combustion. 

Using th i s  relationship for Twa (dust loading/waste density) implies t h a t  
Twa should vary depending upon the locat ion of the waste i n  the incinera- 
tor .  Based upon  experience, the density of the incinerator residue i s  
estimated a t  a b o u t  0.89 g/cm3 (1500 tons/yd3) i n  this report, which is  
about  three times larger than the i n p u t  waste density. T h i s  could imply 
t h a t  Twa for residue s h o u l d  be correspondingly reduced by a factor of 
three over Twa calculated for  the i n p u t  waste. T h i s  would no t  mean t h a t  
the impacts from airborne dispersion of radionuclides would be reduced by 
a factor of  three,  however, since the volume reduction factor of the 
incinerator i s  assumed t o  be six. T h i s  means t h a t  the radionuclide concen- 
t ra t ion i n  t h e  residue would be correspondingly increased. The overall 
effect of the two conflicting tendencies on the calculations i s  a b o u t  a 
factor of  two, wh ich  is not  believed t o  be significant. Given this, and 

I t o  reduce ca lcu la t iona l  complexity, airborne impacts are calculated given 
a fixed waste concentration and a fixed waste density. T h i s  results i n  Twa 
factors f o r  each of the f a c i l i t y  personnel as listed below. 

d 

TABLE 4-7 . Wasterto-air Transfer Factors 

Dust Environment Transfer Factor 

1 ow 
mod 
h i g h  

I 

T h e  assumed value of the waste form and package factor ( f w )  for residue 
handlers i s  always unity. T h i s  i s  t o  account for  the greater dispersabi- 
l i t y  of the residue a s  compared w i t h  the i n p u t  waste. Other personnel, 
except main enan e/labor personnel, are assumed t o  have an ( f  1 factor 
equal t o  10 fID-37. Since mai ntenance/l abor personnel are equal 'c' y 1 i kely 

. .  . .. . .,; i ,..: ' , I : ' .  '. 
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t o  spend  time a t  a l l  p a r t s  of t he  f a c i l i t y ,  an average f w  f a c t o r  i s  
assumed. 

The exposure dura t ion  f a c t o r  ( E D F )  accounts for  the fract ion of a year 
' t h a t  the worker works a t  the f a c i l i t y .  T h i s  factor  i s  assumed to  be equal 
t o  2080/8760 = 0.237. 

Personnel exposures due t o  external radiation are  given by the following: 
I 

H = 1 C n  (Pd/Pw) f a  CF DF EDF PDCF-5 (4-11) . n 

Note tha t  the waste iens i ty  as  used i n  this scenario refers t o  the density 
a s  averaged over a l l  the waste processed through the incinerator ,  not just 
t h e  de minimis waste. The  density of the de  minimis waste i s  a variable, 
and the e f fec t ive  waste density a t  the i n c i n e r a t o r  could be p o t e n t i a l l y  
calculated as follows: 

where: 

Pn = density of non-radioactive waste delivered t o  the incinerator 
M, = mass of non-radioactive waste delivered t o  the incinerator 

- density of de minimis waste i:i mass of de minimis waste 
Mtot= t o t a l  annual waste mass 

T h i s  i s  not  l ike ly  to  be a productive enterprise, however. Consider t ha t  
a 500 tonlday i n c i n e r a t o r  ope ra t ing  f o r  280 days/yr  w i l l  i n c i n e r a t e  
140,000 tons  of waste per y e a r ,  o r  2 .8  mi l l i on  tons  over  20 years of 
operations. The density of the waste will vary, b u t  assuming a typ ica l  
waste dens i ty  of 0.27 gm/cm3 as i n p u t  t o  the incinerator and stored pr ior  
t o  combustion, this corresponds to  a to ta l  waste volume processed of 9.4 
m i l l i o n  m3 over 20 years. Based upon data obtained from references 5 and 
9, this waste volume i s  on the order of 3 t o  4 times the  t o t a l  volume of 
a l l  low-level rad ioac t ive  waste projected t o  be generated over a 20 year 
f i e  per iod  from 1980 t o  2000 (Ref. 9 ) .  T h i s  means t h a t  the presence of 
even large quant i t ies  of de minimis waste i n p u t  t o  the i n c i n e r a t o r  wi l l  
have an i n s i g n i f i c a n t  e f f ec t  on parameter values such as waste densities 
w i  t h i n  the i nci neratoc. 

I t  may be a l s o  noted t h a t  the  density of the waste will change as  i t  i s  
processed. As noted above, the residue dens i ty  wil l  be  on the  o rde r  o f  
three times t h a t  of the i n p u t  waste. The waste concen t r a t ion  i n  the 
residue will also be six tives as  great,  however, so the  e f f e c t s  do n o t  
impact t he  c a l c u l a t i o n s  by more than a f a c t o r  of two. T h u s ,  a typical 
waste densit as i n p u t .  t o  the incinerator and stored p r i o r  t o  combustion 
of 0 2 7  g/cm Y is  assumed. 
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The factors CF a n d  DF have been discussed i n  Chapter 3 .0 .  They are the 
correction factor  f o r  the f i n i t e  la te ra l  extent of the source, a n d  
distance f a c t o r ,  respectively. Due t o  a lack  of  s i t e  specific infor-  
mation, CF i s  assumed t o  be equal t o  un i ty  for  this scenario. The factors  
DF, calculated us ing  equation 3-11, for the proximity factors assumed are 
given i n  Table 4-8. 

TABLE 4-8 . Distance Factors for Incinerators 

Proximity Factor D i  stance DF 

f a r  30 m .6497 , 
mod 10 m .8311 

close l m  1 .o 

The accessibilit-v multiplier, f a ,  is  used t o  account fo r  the self shield- 
i n g  properties of  activated metals. I n  this report, f a  i s  equal t o  0 . 1  
fo r  IA = 2. The exposure duration fac to r ,  EDF, i s  the same as t h a t  given 
previously , or 0.237. 

4 .3 .3  Waste Sortincl Exposures 

To the above reference municipal incinerator may be added three op t ions  
i n v o l v i n g  pretreatment of t he  waste prior t o  combustion. A l l  options 
involve f i r s t  sending the i n p u t  waste t h r o u q h  a size reduction process 
i n v o l v i n g  a hammermill shredder. Fol lowing this, the user of the code may 
specify the f o l l  owing options for further waste processing: 

1 .  

2. 

3. 

The size-reduced waste i s  incinerated a n d  the combustion residue i s  
sent t o  l a n d f i l l  disposal. 

The size-reduced waste i s  sent through an a i r  classifier t o  separate 
*the l i g h t  combustible fraction from the heavy non-combustible frac- 
t i o n .  The combustible fraction < i s  then incinerated, while the 
remaining non-combustible f r a c t i o n  -- consisting of metal, glass,  a n d  
other material -- i s  sent t o  l a n d f i l l  d i sposa l .  

, 

The size-reduced waste i s  sent through an a i r  c l a s s i f i e r  and  the 
separated combustible fraction is  incinerated. The non-combustible 
metal/gl a s s  f r a c t i o n  i s  separated from the other non-combustible 
material and  i s  sold as scrap for recycle. The remaining non-comhust- 
ible material (the "other" fraction) i s  sent t o  l a n d f i l l  disposal . 

3 

Size reduction of  munic ipa l  waste prior t o  incineration helps t o  improve 
combustion efficiency, a n d  thus reduce airborne eff luents .  Since many 
existing m u n f c i p a l  incinerators are h a v i n g  difficulties meeting current 
a i r  standards, such size-reduction operations may eventually become f a i r l y  
common a t  operati nq i nci nerators. 
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The second and t h i r d  opt ions assume a s epa ra t ions  process t o  remove 
non-combustible items from the  waste feed.  The sepa ra t ions  opera t ion  
would be expected t o  f u r t h e r  improve combustion efficiency. The  second 
option corresponds to  a si tuation i n  which the re  i s  no loca l  market f o r  
recovered recyclable material (metal and g lass ) ,  or the separation process 
may not ob ta in  recyc lab le  ma te r i a l s  of s u f f i c i e n t  q u a l i t y .  T h i s  i s  
a c t u a l l y  probably a more l i k e l y  s i t u a t i o n  than the t h i r d  option, which 
assumes a more complete resource recovery operation. 

A d e t a i l e d  summary of t he  d a i l y  mater ia l  flow f o r  t he  re ference  500 
ton/day incinerator and the three optional sorting modules i s  presented as 
Table 4-9. The compositions' of t h e  i n p u t  waste, residue, any recycled 
ma te r i a l ,  and any discarded mater ia l  a r e  given i n  t ons ,  along w i t h  
appropr ia te  d e n s i t i e s  and volumes. For Options 2 and 3, the i n p u t  waste 
i s  assumed t o  be separated into combustible and non-combustible f ract ions,  
and for  this report, the combustible fraction i s  assumed t o  contain 95% of 
the combustible waste, 5% of the metal, 5% of the  g l a s s ,  and 10% of the 
o the r  ma te r i a l .  For Option 3,  the ove ra l l  e f f i c i e n c y  of recovery i s  
assumed t o  be 85% of the glass from the en t i re  i n p u t  waste feed and 90% of 
the  metal .  Rased on th i s ,  t he  assumed dis t r ibut ion of individual i n p u t  
waste components a re  given i n  Table 4-10. 

0 

Off-site Exposures 

i, 

Impacts t o  o f f - s i t e  ind iv idua ls  and Populations are given i n  a similar 
manner a s  presented i n  Section 4.3.1 for: the reference municipal incinera- 

'tor, i.e., equations (4-3) and (4-4) :  

( 4.-3 

P = 1 Qn' f r  POP PDCF-3 (4-4)  
n 

T h e  only difference i s  t h a t  for  Options 2 and 3, Qn i s  replaced by Q n '  t o  
r e f l e c t  the mater ia l  excluded from inc ine ra t ion  by the  sepa ra t ions  
process.  T h i s  assumption i s  conservative i n  t h a t  i t  ignores the improved 
combustion efficiency, and corresponding reduced airborne e f f luen t s ,  t h a t  
would result from the size-reduction process. Q n l  i s  given as follows: 

Qnl  = Qn MUL 

where . . 

MUL = 0.95 IC, + 0.05 IC, + 

The IC factors are  obtained from 
Sect ion 2 .2 .1 ;  IC,, IC,, ICg, 

. (4-19) 

. .  
0.05. ICs + 0.10 ICo (4-20) 

the waste composition index discussed i n  
and ICo s tand f o r  t he  f r a c t i o n s ' o f  de 

. .  

. .  
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TABLE 4-9 . Daily Material Flow fo r  the Reference 500 tons/day 
Municipal Incinerator Faci 1 i t y  and Sort i  ng Op t i  ons 

Waste 
Component 

I n p u t (  tons/day) 
Combustibles 

G1 a s s  
Metal 
Other 

Total 
Densi ty  (#/cy) 
Vol ume ( cy 1 

Residue( tons/day) 
-FmF 

G1 ass  
Metal 
As h&Mi sc . 

Total 
Densi ty(#/cy) 
Vol ume ( cy ) 

Recovered Material 
73 ass  

Densi ty(#/cy) 
vol ume ( cy 

Metal 
Densi ty  (#/cy) 
Vol ume ( cy 1 

Base 

315 (63%) 
40( 8%) 
45( 9%) 

100(20%) 
500 
500 

2000 

125 (50%) 
39(16%) 
44(18%) 
42 (17%) 

250 
1500 

333 

Sorti  ng 
Option 1 

(size-red) 

315 (63%) 
40( 8%) 
45( 9%) 

100 ( 20%) 
500 
500 

2000 , 

125 ( 50% 
39(16%) 
44(18%) 
42( 17%) . 

250 
1500 

333 

Sorti ng Sorting 
Option 2 Option 3 

(separations) (Recycle) 

315(63%) 315(63%) 
40( 8%) 40( 8%) 
45( 9%) 45( 9%) 

100 ( 20%) 100 (20% ) 
500 500 
500 500 

2000 2090 

26.6( 50%) 26.6 (50%) 
2.0( 4%) 2.0( 4%) 
2.2( 4%) 2.2( 4%) 

30.8 ( 42% ) 30.8 (42% 1 
53.2 53.2 
1500 1500 

7 1  7 1  

(tons/day ) 
34 

980 
69 

40.5 
7 50 
110 

D i  scarded Mater1 a1 ( tons/day 
Combustibles 
G1 ass 
Metal 
Other 

To t a l  
Densi ty(#/cy) 
V ol  ume ( cy 1 

15.8( 8%) 15.8(14%) 
42.7(20%) 4.0( 4%) 

90 .O (48% 1 90.0 (80%) 
186.5 112 
1040 1410 

360 160 

38 .O (23%) 2.2( 2%) 
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TABLE 4-10 . D i s t r i b u t i o n  of Waste ComDonents 
As a Function o f  Options 

Percent 
D i s t r i b u t i o n  Base 

~~ ~ 

To Inc inerat ion 

Combustibles 
G1 ass 
Me t a l  
Other 

To Recovery 

.-Combustibles 
G1 ass 
Metal 
Other 

D i  scarded Mater1 a1 

Combustibles 
G1 ass 
Metal 
Other 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

Sort ing Sorting Sort ing 
Option 1 Option 2 Option 3 ,  

(s ize-red)  (separation) ( recyc le )  

100 95 
100 5 
100 5 
100 10 

0 
0 
0 
0 '  

0 
0 
0 
0 

0 
0 
0 
0 

5 
95 
95 
90 

95 
5. 
5 

10 

0 
85 
90 
0 

5 
10 
5 

90 

4-21 



minimis waste stream t h a t  are combustible, metal, glass, and other mate- 
r ia l ,  respectively. The. multipliers are obtained from Table.4-10. 

On-si te Exposures 

Personnel exposures t o  on-site workers are calc.ulated i n  a similar manner 
a s  i n  Section 4.3.2 for the reference munic ipa l  incinerator.  The s ize  
reduction, separations, a n d  recovery processes, however, are conserva- 
tively assuied t o  require add i t iona l  personnel. The additional workers 
assumed t o  be required for these options are presented i n  Table 4-11. The  
values for the dust environment and  proximity factor are the same as those 
assumed previously. 

TABLE 4-11 . Assumed Worker Requirements for Waste Sorting Options 

No. of oust Proximity 
Occupation Persons Environment Factor 

First Opt ion  

Hammermill Operator 
Storaqe B i n  Attendant 
General Labor 

1 
1 
1 

Second O p t i o n  
. .  

Hammermil 1 Operator 1 
Air Class. Operator 1 
Materi a1 s Handl ers 1 
Storage B i n  Attendant 1 
General Labor 1 

T h i r d  Op t ion  

mod 
mod 
mod 

mod 
mod 
h i g h  
mod 
mod 

mod 
mod 

close . 

mod 
mod 

cl ose 
mod 

close 

Hammermil 1 Operator 1 

Storage B i n  Attendant 1 

Heavy Media Sqp. Op. 1 
Glass Sep. Op. 1 .  
Materi a1 s Handl ers 2 
General Labor * 2  

A i  r C1 assi f ier  Operator 1 

Ferrous Metal Recovery 1 

mod 
mod 
mod 
mod 
1 ow 
1 'ow 
h i g h  
mod 

mod 
mod 
mod 
mod 
mod 
mod 

close 
close 
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4.4 Hazardous Waste Processing 

The reference hazardous waste incinerator i s  described i n  Section C.4 of 
Appendix C.  Briefly, the reference incinerator  i s  assumed t o  be a rotary 
k i l n  h a v i n g  a maximum waste capacity of 100 tons per day and  operating a t  
this capacity a t  an average u t i l i z a t i o n  rate of 75%. The reference rotary 
k i l n  incinerator i s  designed t o  accept a w i d e  variety of waste forms, 
including l i q u i d s ,  s o l i d s  i n  b u l k  Quant i t ies ,  and  solids delivered i n  
drums and other packages. 

Waste del i vered t o  the reference faci 1 i t y  i s  general l y  temoorari l y  stored 
' prior t o  combustion, w i t h  d i f ferent  waste types segregated from one 

another. This i s  done for safety and also t o  control the composition of 
material fed t o  the incinerator. An  assessment i s  made regarding incoming 
wastes a s  t o  the type o f  contained material, the f lammabi l i ty ,  hazard 
potential, and  other characteristics pertinent t o  incinerator performance 
and operational safety. Waste i s  accepted i n  a so l id ,  l i q u i d ,  or 
semi-solid (sludge) form. I n  a d d i t i o n ,  waste may b e  accepted i n  a 
packaged form (e..g., as 55-gallon metal or fiber drums) or i n  a b u l k  form 
(e.g., as a l i q u i d  delivered i n  a tanker vehicle). 

The mechanism of charging waste t o  the incinerator, a s  well as the rate a t  
which the waste i s  charged, varies depending upon the nature of the waste. 
B u l k  l i q u i d  waste i s  fed t o  the incinerator by means of  a variety of 
possible nozzles and atomizers. Watery wastes are generally atomized i n t o  
t h e  combustion chamber, while flammable wastes a r e  often fed through 
burner nozzles t o  a i d  i n  combustion a n d  reduce the need f o r  auxiliary 
fuel. B u l k '  solid waste such as contaminated trash i s  fed t o  a conveyor 
which  conveys the waste t o  a charging hopper located above the furnace. 
Drummed waste may be either emptied onto the.conveyor, fed i n t o  the burner 
w i t h o u t  being emptied, or sent through a shredder prior t o  feeding the 
burner. I n  the las t  o p t i o n ,  a mix of waste and waste package i s  fed i n t o  
the burner, and this option i s  frequently used for waste delivered i n  
f i he r -o r  other easily shredded packages. The f i r s t  o p t i o n  can be used as 
a means of reusing waste packages. The second o p t i o n - - t h a t  of sending 
drummed waste directly i n t o  the burner--is used infrequently a n d  i s  
generally limited t o  waste considered the most hazardous. This of course 
reduces the need f o r  waste handlirlg.  

The k i l n  h a s  dimensions on the order of 10 feet in'diameter and 30 feet 
long and spins a t  a rate of a b o u t  a quarter of a revolution per minute. A 
typical operating temperature i s  about  815-870°C (1500-16OO0F), and sol i d  
waste material i s  typical ly  retained w i t h i n  the k i l n  on the order of a few 
hours. The retenti on time, however, can vary significantly dependi ng upon 
the type of waste and mode of incineration operati'on. A residue discharge 
p o r t  i s  located a t  the lower end o f  the slanted k i l n .  This residue 
consists of ash, glass, metal and other materials, such as waste drums; 
the collected residue i s  quenched w i t h  water and loaded i n t o  trucks for  
transport t o  an .outside landfill for disposal. 

4-23 



Combustion gases are retained i n  the k i l n  combustion area an average of 2 
seconds, and  after passing out  of the k i l n  flow through a m i x i n g  chamber 
t o  a secondary combustion chamber. The secondary combustion chamber burns 
uncombusted gases and  particulates from the k i l n ,  and  can be fired e i the r  
by auxiliary fuel or combustible l i q u i d  waste. The secondary combustion 
chamber operates a t  a temperature ran,ge of a b o u t  980 t o  1090OC (1800- 
2000°F).  Gases from the  secondary combustion chamber are quenched and 
sent through scrubbers and a demister prior to  discharge through the plant 
stack which  is  assumed t o  have a 61 m (200 f t )  height. Waste liquids from 
the scrubber, demister, and ash h a n d l i n g  system are generally a c i d i c ,  a n d  
are neutralized prior t o  discharge t o  settling ponds where the l i a u i d s  may 
be treated further i f  necessary. Any f l y  a sh  or other s o l i d  material 
collected from the effluent treatment system i s  combined w i t h  incinerator 
residue and disposed. 

4.4.1 Off-site Incinerator Releases 

Similar t o  the municipal waste incinerator, the general 
cal cul ate a i  rborne impacts t o  an of f-si te i n d i  vidual and 
follows: 

P = 1 Qn f r  POP PDCF-3 
n 

equations used t o  
popula t ion  are a s  

(4-3 1 

(4-4 1 

where H i s  i n  units of mrem/yr, P is  i n  units of person-mrem/yr, and other 
factors im the eauations have been defined previously. Some explanation, 
however, regarding the values assigned t o  specific factors  such as f r  is  
requi red. 

Airborne particulate effluents f o r  the reference hazardous waste incinera- 
tor-are assumed t o  be somewhat reduced i n  comparison t o  the reference 
m u n i c i p a l  waste incinerator. T h i s  i s  due t o  the greater regulatory 
control placed over hazardous waste incinerator operations in general a s  
well as  the greater degree of public concern. The assumed release factors 
for, the reference hazardous waste incinerator are as follows: 

Release Fract ion ( f  r- Nucl i de 

H-3 0.90 
. 0.75 

0.01 
C-14 
C1-36 
Tc-99 0.01 
A1 1 Rutheni um 0.01 
All Iodine 0.01 
All others 0.0025 

An elevated release i s  assumed for  the haz rdous wa te incinerator. T h u s ,  
the s i t e  selection factor, f s ,  i s  year/m 3 (see Table 4-3).  
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4.4.2 Impacts t o  Incinerator Personnel 

Radiological impacts t o  hazardous waste incinerator personnel are calcula- 
ted i n  two forms: (1) i n d i v i d u a l  impacts ( i n  mrem/yr) t o  the incinerator 
worker a t  the highest radiological risk, and (2 )  impacts t o  a l l  incinera- 
t o r  personnel ( i n  person-mrem/yr). Similar t o  the municipal incinerator, 
the approach is  t o  f i r s t  project personnel requirements a n d  occupations 
f o r  the reference hazardous waste incinerator and  then t o  project the 
likely radioloqical environment associated w i t h  each occupation. 

A l t h o u g h  operation of a hazardous waste incinerator i s  somewhat similar t o  
a mun ic ipa l  solid waste incinerator, there are a number of important 
differences. Unlike a t  a munic ipa l  solid waste incinerator, the waste 
handled i s  by definition hazardous and so more a t t e n t i o n  must be p a i d  t o  
safety during waste receipt a n d  h a n d l i n g .  Since a more heterogeneous 
waste mixture i s  received a t  the hazardous waste incinerator,  more 
personnel time would be needed (per ton of waste processed) t o  regulate 
flow t h r o u q h  the incinerator f a c i l i t y .  Since operations w o u l d  be con- 
ducted on a contract basis, administrative requirements would also be 
augmented. Compliance w i t h  EPA requirements would a1 so reauire a d m i n i  s- 
trative personnel time. 

Assuming t h a t  i t  requires twice the personnel effort t o  incinerate a ton 
of hazardous waste t h a n  t h a t  required for municipal waste, direct  non-  
administrative labor requirements are assumed t o  be about 1 man-hour per 
ton of waste. Assuming t h a t  each worker works 8 hours per day, the labor 
requirements w o u l d  be on t h e  order o f  13 persons. A somewhat augmented 
administrative staff i s  also assumed. These personnel requirements are  
given i n Tab1 e 4-12 a1 ong w i  t h  assumed radi ol ogical envi ronments . 

TABLE 4-12 . Assumed Worker Requirements for 
Hazardous Waste Incinerator F a c i l i t y  

No. 
Occupa t i ons Persons 

Manager 1 
Assistant Manager (Foreman) 1 
Sec re tary 1 
Office Manager 1 
Engineer 1 
Waste Shipment Schedulers 2 
R i  11 i ng/Accounti ng Personnel 1 
Occupational Health 2 
Opera tors 2 
Process Control lers 2 
Residue Hand1 ers 2 
Ma i n t e  na nc e/L a bo r 2 

Dust 
Environment 

1 ow 
1 ow 
1 ow 
1 ow 
1 ow 
1 ow 
1 ow 
mod 
mod 
mod 
h i g h  
h i g h  

Proximity 
Factor 

mod 
mod 
far 
far 
f a r  
f a r  
.far 
mod 

close 
mod 

close 
close 
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Airborne Impacts 

Airborne impacts t o  workers a r e  calculated i n  a s imilar  manner a s  those 
for  the municipal incinerator,  i .e., equation (4-8): 

T h e  was te - to-a i r  t r a n s f e r  f a c t o r ,  Tw , 
hazardous waste density equal t o  1 g/cm3 (Ref. 10). 

is calculated u s i n g  a reference 
Thus :  

TABLE 4-13 . Waste-to-air Transfer Factors 
fo r  Hazardous Waste Incinerator 

Dust Environment Transfer Factor 

1 ow 
mod 
h i  a h  

1 .Ox10-10 
2.ox10-10 
4.0~10-10 

T h e  waste form an 
Handlers, [10(ID-3f+11/2 fo r  Maintenance/Lahor, and l O (  
*personnel. The factor  EDF i s  again assumed to  be equal t o  0.237. 

package fac tor ,  fw,  i s  assumed t o  be un ' ty  fo r  Residue 
f o r  a l l  other 

Direct Gamma Exposures 

As fo r  the municipal incinerator,  
a r e  calculated as follows (equation 4-11]: 

exposures due t o  d i r e c t  gamma radiation 

where a l l  t h e  symbols are as defined previously. For this scenario, the 
e f f e c t i v e  waste d e n s i t y  ( p w )  may be calculated as i n  Section 4.3.2 (see 
Equation 4-18) w i t h  Ph and Mh (non-radioactive hazardous waste density and 
mass, r e s p e c t i v e l y )  replacing Pn and Mn. However, i n  this case as well, 
the maximum amount of de minimis waste t h a t  could poss ib ly  be sent t o  a 
hazardous waste incinerator would be so much-less than the non-radioactive 
hazardous waste processed, tha t  the effect ive density w o u l d  be given f o r  
a1 1 p r a c t i c a l  purposes by the  non-radioactive hazardous waste density.  
T h i s  i s  assumed t o  be 1 g/cm3 (Ref. 10).  

The factors  CF and DF are  calculated i n  a similar manner as  the municipal 
i n c i n e r a t o r .  The f ac to r  CF i s  assumed t o  be unity, and the fac tor  DF i s  
given i n  Table 4-8. The factor  EDF is  .again assumed t o  be 0.237. 
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5.0, WASTE DISPOSAL OPERATIONAL IMPACTS 

This chap te r  describes a se t  of assumptions and scenarios by which 
occupa t iona l  exposures and operational off-site airborne releases may be 
determined for land  disposal of de minimis radioactive waste. 

These assumptions a n d  scenarios a r e  distinctive for different type of 
disposal faci l i t ies .  As a consequence, dis t inct ions a r e  made. i n  t h i s  
chapter between releases and the resulting radiation exposures associated 
w i t h  a generator disposal f ac i l i t y ,  a well operated municipal l a n d f i l l  
(called a "sanitary l a n d f i l l " )  f a c i l i t y ,  a p o o r l y  operated municipal 
l a n d f i l l  (called an "open dump") facil i ty,  and a hazardous waste d i s p o s a l  
f ac i l i t y .  Some of  the major distinctions between these facil i t ies which 
would lead t o  differences i n  released radioactivity a n d  resulting expo- 
sures are presented i n  this chapter. Other f a c i l i t y  differences, such as 
the larger groundwater impacts t h a t  would be associated w i t h  an open dump 
t h a n  w i t h  a sanitary l a n d f i l l ,  are dealt w i t h  in Chapter 6.0. 

The generalized equation used i n  t h i s  chapter. t o .  determine operational 
impacts t o  individuals is: .. 

H = 1 Cn-fo fd f w  f s  PDCF (5 -1  1 
n 

where H refers t o  the indivigual dose rate i n  terms of mrem/year, and 
where Cn i s  the concentration of a given radionuclide ( n )  g iven by: 

where Qn i s  the t o t a l  annual activity in the de minimis waste stream (in 
Ci/yr), and Vann i s  the t o t a l  radioactive and non-radioactive waste volume 
disposed per year (in m3/yr). Impacts are summed over each radionuclide. 
PDCF stands for the pathway dose conversion factor in units of mrem-m3/Ci- 
year. A similar generalized equation i s  used t o  calculate impacts ( P )  t o  
populations i n  units of person-mtem/year. 

' 

The generalized equations are simplified for the calculations i n  t h i s  
chapter, since many of the parameters are very similar (or identical) from 
one a p p l i c a t i o n  t o  the next. For example, the time delay factor (f,) is  
ulways equal t o  unity f o r  the calculations i n  this chapter. This discounts 
t h e  time delay t h a t  would occur between the release of waste by a genera- 
tor and and i t s  disposal, and is only slightly conservative since the time 
period would for most cases expected t o  be no more t h a n  a few days. 

The s i te  design f a c t o r  ( f d )  i n  this chapter i s  given by the waste emplace- 
ment efficiency, w h i c h  accounts for t h e  mixing of waste w i t h  soil t h a t  
would occur during disposal operations. Based upon experience, this factor 
i s  assumed t o  be 0.8 for municipal waste disposal, and 0.75 for hazardous 
waste disposal. 
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The waste form a n d  package f a c t o r  ( f w )  accounts for  the tendency of the 
waste form i t s e l f  t o  r e s i s t  interaction w i t h  the environment. Fo,r 
pathways . i nvol v i  ng a i  rborne d i  spersi on , fw s proportional t o  the d i  sper- 
s i b i l i t y  multiplier ( f d s ) ,  where fds i s  given i n  terms of the dispersibi- 
l i t y  index I D  (see Section 2 .2 .3 ) :  

For pathways i n v o l v i n g  exposure t o  direct r a d i a t i o n ,  fw i s  proportional t o  
the accessibi l i ty  multiplier ( f a ) ,  where f a  i s  given i n  terms of the 
accessibility index (see Section 2 . 2 . 4 ) :  

. I  

The remaininq t ransfer  factor ,  the s i te  selection factor ( f s ) ,  accounts 
for the effects of the s i te  environment on calculated impacts, and i n  the 
case of airborne releases, i s  proportional t o  either ( X / Q )  or POP, which 
are the airborne dispersion f a c t o r s  for i n d i v i d u a l  o r  p o p u l a t i o n  expo- 
sures, respectively, as  discussed i n  Section 4 .1 .5 .  In the remainder of 
t h i s  chapter calculations are expressed i n  terms of the appropriate 
simplified derivatives rather t h a n  continuously repeating the above 
generalized equation (5 -1 ) .  

5 .1  Generator Disposal F a c i l i t y  

T h i  s section considers a i  rborne re1 eases or1 g i  n a t i  ng  from . d i s p o s a l  
operations a t  a disposal f a c i l i t y  located on the property of a waste 
aenerator. T h i s  disposal f a c i l i t y  i s  assumed to  accept waste either i n  
i t s  as-generated form or as 3 residue from an incineration operation. This 
i nci neration operati on , and a i  rborne re1 eases resulting from i nci neration , 
have been considered i n  Chapter 4 .0 .  

One major difference between a generator disposal facil i ty and other types 
of facil i t ies i s  t h a t  occupational exposures t o  generator workers are n o t  
considered i n  t h i s  report; the workers are considered t o  be radiation 
workers, whereas the occupational exposures are of prime concern i n  other 
types of facil i t ies.  Consequently, only off-site airborne releases from a 
generator disposal f a c i l i t y  are considered below. 

The size of a generator disposal f a c i l i t y  may range from less t h a n  an acre 
t o  hundreds of acres dependina on  the waste volume. I n  any case, the 
o f f - s i t e  airborne radioactive releases do n o t  d i rect ly  depend on the 
f a c i l i t y  size; they depend indirectly on the f a c i l i t y  s ize  through t h e  
volume ( o r  weight) of the processed waste. 

The amount" of airborne particulates released during disposal operations 
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strongly depends on the form of  the waste, i t s  dispersibility, (e.g., 
whether the waste has been incinerated), i t s  packaging and the par t icular  
disposal operations performed. T h e  effect of an incinerated waste form is 
considered i n  the calculations using the dispersibility multiplier, fds 
(equation 5-31. 

Disposal operations are l ikely t o  be carried ou t  i n  a manner t h a t  would 
result o n l y  i n  negliaible quantities of radionuclides heing released i n t o  
the ai r ,  particularly i f  the waste is  i n  a packaged form. This is  because 
s i te  workers would be knowledgable regarding radiation safety and  off-site 
releases would be minimized i n  compliance w i t h  existino regulations. 'For 
completeness i n  this report, however, releases are determined i n  a very 
conservative manner by assuming t h a t  disposal operations are similar t o  
those a t  a sanitary l a n d f i l l  (see Section 5.2 a n d  A p p e n d i x  C ) .  This 
provides an extreme upper-bound estimate o f  impacts from the on-site 
disposal f a c i l i t y .  

Two. types of exposures are considered: maximum off-s i  te i n d i v i d u a l ,  and  
popula t ion .  These radiation exposures are calculated through the f o l l  ow- 
i n g  equations: 

P = 1 ( Q n / V a n n )  fds fw POP PDCF-3 
n 

where 

Qn = Total quant i ty  of radionuclide ( n )  

Vann 
fds 
f W 
f S 
PDCF-3 = Pathway dose conversion factor-3 (mrem-m3/Ci-year) 

disposed per year (Ci/year) 
= Total annual waste volume disposed (rn3/year) 
= D i  spersi b i  1 i t y  mu1 t i  pl  fer (dimension1 ess) 
= Waste form and packaqe fac tor  (m3/year) 
= Site selection factor (year/m3) 

PDCF-3, the pathway dose conversion factor  for i n h a l a t i o n  a n d  immersion, 
i s  discussed i n  Appendix D. The rest of the factors are discussed below. 

The t o t a l  activity'disposed, Qn, of a given radionuclide n ,  i s  the product 
of the t o t a l  waste mass o r  volume disposed w i t h  the average radionuclide 
concentration ( C i  per u n i t  mass or volume) i n  the disposed waste. Care 
needs t o  be taken, however, t o  consider the effects  of o p t i o n a l  waste 
processing on Q n .  I f  the waste is'incinerated prior t o  disposal, Qn i s  
reduced by the radionuclides w h i c h  are released during the incineration 
process. Qn i s  then replaced i n  the calculations w i t h  the following: 
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where fr i s  t h e  f r a c t i o n  o f  t h e . r a d i o n u c l i d e s  r e l e a s e d  d u r i n g  i n c i n -  
e r a t i o n .  Values f o r  fr f o r  t he  reference generator i n c i n e r a t o r  a re  g i ven  
i n  Chapter 4.0. The assumed waste mass reduc t i on  f a c t o r  f o r  t h e  generator  
i n c i n e r a t o r  i s  suppl ied by t h e  user  o f  t h e  code, as i s  t h e  d e n s i t y  o f  t h e  

’ residue. 

The t o t a l  was te  d i sposed ,  Vann, i s  merely t h e  volume’ o f  r a d i o a c t i v e  and 
n o n - r a d i o a c t i v e  waste  d i s p o s e d  i n  one y e a r  ( i n  m 3 ) .  I f  t h e  waste  i s  
i n c i n e r a t e d  p r i o r  t o  d i s p o s a l ,  then Vann i s  mod i f ied  t o  account f o r  t h e  
waste volume reduc t i on  prov ided by i n c i n e r a t i o n .  

Waste Form and Package Fac tor  

The f a c t o r  fw i s  i n  u n i t s  o f  m3/yr and denotes t h e  t o t a l  annual volume o f  
s o i l / w a s t e  m i x t u r e  d i s p e r s e d  i n t o  t h e  a i r .  It can be e s t i m a t e d  by  
assuming t h a t  d isposal  operat ions are  c a r r i e d  ou t  i n  a s i m i l a r  manner as a 
s a n i t a r y  l a n d f i l l .  That i s ,  waste i s  dumped o n t o  t h e  ground ( o r  i n t o  an 
e x c a v a t i o n ) ,  spread o v e r  a g i v e n  w o r k i n g  a rea  ( A ) ,  compacted u s i n g  
cons t ruc t i on  equipment, and then covered w i t h  s o i l .  Some m ix ing  w i t h  s o i l  
o c c u r s  d u r i n g  spreading and compaction a c t i v i t i e s .  The mechanical a c t i o n  
of t he  heavy c o n s t r u c t i o n  equipment r e s u l t s  i n  a i rbo rne  d i spe rs ion  o f  dus t  
and con tamina ted  waste  p a r t i c u l a t e s .  The dus t  l oad ing  i n  t h e  a i r  above 
t h e  working area can furthermore be r e l a t e d  t o  t h e  m o b i l i z a t i o n  r a t e  o f  
d u s t  f r o m  t h e  w o r k i n g  area. For t h i s  scenar io,  f, can thus  be est imated 
as fo l l ows :  - 

f w  = EMP E (A/Pw)i (5-8) 

where EMP i n d i c a t e s  t h e  waste emplacement e f f i c i e n c y  ( t h e  f r a c t i o n  o f  t h e  
volume w i t h i n  d isposal  c e l l s  t h a t  cons i s t s  o f  waste), and where 

E = so i l /was te  m ix tu re  m o b i l i z a t i o n  r a t e  ( i n  g/m2-year) which 

A = area o f  t h e  so i l /was te  m ix tu re  ( i n  m?) exposed 

pw= dens i t y  of t h e  so i l /was te  m ix tu re  ( i n  .g/m3) 

i s  taken t o  be independent o f  t h e  de min imis  waste stream. 

d u r i  ng da i  l y  operat ions.  

t h a t  can be i d e n t i f i e d  w i t h  t h e  de minimis waste stream. 

. The f a c t o r  E can be ca l cu la ted  based on use o f  t h e  waste- to -a i r  t r a n s f e r  
f a c t o r ,  Twa, which i s  de f ined as t h e  r a t i o  o f  t he  average dus t  l oad ing  o f  
t h e  a i r  above t h e  working face t o  t h e  dens i t y  o f  t h e  waste being disposed. 
T h i s  d u s t  l o a d i n g  i s  supp l ied  by t h e  user  o f  t he  code f o r  o n - s i t e  d ispo-  
sa l ,  a s . i s  t h e  waste densi ty .  (As an example, t h e  maximum d u s t  l o a d i n g  
f o r  t h e  s a n i t a r y  l a n d f i l l  i s  assumed i n  Sect ion 5.2.3 t o  be 0.4 mg/m3.) 
Based upon Appendix A o f  Reference 1, E may be r e l a t e d  t o  Twa as fol.lows: 

(5-9) 
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where E i s  the  mobi l iza t ion  r a t e  defined above, f i s  the fraction of 
suspended  t r a n s p o r t a b l e  p a r t i c u l a t e s  t h a t  a r e  r e t p i r a b l e  (which i s  
assumed t o  be uni ty  i n  t h i s  r e p o r t ) ,  u i s  the wind speed i n  m/year, p 
i s  the waste/soil mixture density used above, a n d  where G ,  the  geometry 
factor ,  is given by 

G = A / (Wid th  of working area x Mixing height) (5-10) 

where A i s  t h e  a rea  of t h e  so i l /was t e  mixture exposed d u r i n g  disposal 
operations. The w i d t h  of the working area can be assumed t o  be equal t o  
the diameter of a c i r c l e  having area A ,  i .e.,  

Width of the working area (WA) = 2 (5-11) . 

Denoting-the mixing  height by h ,  (assumed t o  be 3 meters i n  t h i s  report) ,  
and substi tuting fo r  E ,  the following expression fo r  f w  i s  obtained: 

(5-12) 

where O D F  s t a n d s  f o r  t h e  f r ac t ion  of the year tha t  disposal area opera- 
t i o n s  take  place and the assumed dust loading i s  valid,  and WA stands fo r  
the width of the working area. (The value of A must be i n p u t  by the  user 
of t he  code).  ODF i s  calculated by assuming tha t  operations are carried 
out on a regular daily basis and t h a t  waste i s  covered a t  t h e  end of a 
working day. T h i s  resul ts  i n  ODF equal t o  2080/8760 = 0.237. 

For purposes of i l l u s t r a t ion ,  an assumed waste density of 1 g/cm3 combined 
w i t h  an example d u s t  loading of 0.4 mg/m3 yields a value of 4 x 10-10 fo r  
Twa. The density of the waste pw, which i s  i n p u t  by the user of the code, 
i s  used t o  Correct the above Twa value, i f  necessary. The wind speeds ( u )  
are  assumed t o  be 4.61 m/sec, 3.61 m/sec, a n d  6.67 m/sec f o r  the  north-  
e a s t ,  sou theas t ,  a n d  southwest s i t e s ,  respectively. . For the  generator 
disposal  f a c i l i t y ,  A ,  V a n n ,  a n d  t h e  waste emplacement efficiency (EMP) 
must be i n p u t  by the user of the code. 

Dispersibi 1 i t y  Mu1 t i p 1  i e r  

T h e  d i s p e r s i b i l i t y  mul t ip l ie r ,  f d s ,  i s  given by equat ion (5 -3 ) ,  and 
corrects for the relat ive d ispers ib i l i ty  of the waste i n  comparison w i t h  
s o i l .  I t s  value depends upon t h e  value assumed f o r  the d ispers ib i l i ty  
index,  I D ,  which may change depending upon the opt iona l  i nc ine ra t ion  
operat ion.  If no waste incineration is  performed, the ID value originally 
supplied by the user of t he  code i s  assumed. I f  i n c i n e r a t i o n  i s  per- 
formed, the ID value f o r  the resultant residue i s  assumed t o  be equal t o  3 .  
unless the waste i s  a n  activated metal (IA=2),  i n  which case  a n  ID value 
of 1 i s  assu-med. T h i s  r e s u l t s  i n  a m u l t i p l i e r  f o r  t h e  waste a f t e r  
incineration equal t o  uni ty  f o r  a l l  waste except f o r  a c t i v a t e d  meta ls ,  
which a re  assumed t o  have an fds value equal t o  0.001. . 

0 
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Site Selection Factor 

For  i n d i v i d u a l  exposures, the factor f s  i s the atmospheric dispersion 
factor ( X / Q )  multiplied by the exposure d u r a t i o n  factor.  The reference 
value for f s  i s  calculated t o  be 3.03E-11 year/m3 for a ground level 
release (see Section 4.1.5) .  For p o p u l a t i o n  exposure scenarios, i t  i s  
equal t o  POP (see Section 4.1.5). 

5.2 Sani tary Landf i 1 1 D i  sposal 

As mentioned previously, a d i s t i n c t i o n  i s  made i n  this report between a 
well operated municipal l a n d f i l l  f a c i l i t y  (sanitary l a n d f i l l )  and a poorly. 
operated munic ipa l  l a n d f i l l  (open d u m p ) .  This section presents the 
assumptions and exposure calculations for a sanitary l a n d f i l l .  The open 
dump i s  addressed i n  Section 5.3. 

5.2.1 Overview 

Existing l andf i l l s  are Q u i t e  variable i n  size, and can range from less 
t h a n  an acre t o  several hundreds of acres. One reference states, however, 
t h a t  most f a c i  1 i t i  es cover 10 acres or less (Ref. 2) .  Another reference 
estimates t h a t  a s  of 1976, there were a b o u t  18,500 sites covering a t o t a l  
of  500,000 acres, w h i c h  results i n  a mean surface area of about  27 acres 
per-site (Ref. 3) .  I n  this work, the reference sanitary l a n d f i l l  s ize i s  
assumed t o  be 25 acres, w h i c h  is  relatively s6all and  i s  consistent w i t h  
the size of the reference l a n d f i l l  i n  Reference 4. 

There are three principal variations i n  sanitary l a n d f i l l  operations: the 
trench method, the area method, a n d  the ramp method. Each of these 
similar methods are discussed i n  Appendix C ,  a l t h o u g h  a given s i t e  may use 
more t h a n  one method depending u p o n  s i t e  a n d  waste charac te r i s t ics  
(Ref. 5) .  

Whichever method i s  u t i l i z e d ,  the deposited waste is  compacted and covered 
w i t h  a layer of soil - -  a t  least  a t  t h e  end of the day b u t  often mo,re 
frequently. T h e  resul t  i s  a ser ies  of c e l l s  i n  w h i c h  the refuse/soil 
mixture i s  completely surrounded by a layer of soil. After the l a n d f i l l  i s  
f i l l e d ,  a f i n a l  cover i s  emplaced and compacted. EPA guidelines suggest 
t h a t  the d a i l y  cover soil s h o u l d  be a m i n i m u m  .of 6 inches ( 1 5  cm) thick,  
and  t h a t  c e l l s  which w i l l  n o t  have additional waste placed on them for 
three months or more should be covered w i t h  12  inches ( 3 0  cm) of cover 0 

material. For the f i n a l  cover, the guidelines suggest t h a t  the completed 
landfill b e  covered by a t  least 6 inches (15  cm) of clay (or  other low 
permeable materials) followed by a t  least 18 inchese(45 cm) of a d d i t i o n a l  
soil t o  support a vegetation cover. Deeply rooted vegetation may require 
an even greater depth of cover (Ref. 6 ) .  

The reference l a n d f i l l  i n  this report i s  assumed t o  consist  of 24  f e e t  
( a b o u t  7 m )  0-f wastp/soil mixture'topped by a 2.5 f t - f i n a l  cover (abou t  e 

0.75 m). This. depth i s  consistent w i t h  the assumptions i n  Reference 4, a n d  
s 
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can  b e  ach ieved  b y  e x c a v a t i n g  i n t o  t h e  qround o r  b u i l d i n g  up t h e  ground 
surface. The so i l /was te  m ix tu re  i s  assumed t o  c o n s i s t  o f  t h r e e  7 f t  h i g h  
waste c e l l s  s e p a r a t e d  v e r t i c a l l y  b y  1 f t  s o i l  th icknesses.  This i s  i n  
accordance w i t h  t h e  EPA gu ide l i nes  g iven above, where i t  i s  assumed t h a t  a 
s i n g l e  l a y e r  o f  c e l l s  i s  comp le ted  b e f o r e  moving on t o  t h e  next l aye r .  
C e l l s  a re  separated h o r i z o n t a l l y  by a s lop ing  6 i n c h  s o i l  l a y e r  as shown 
i n  F igure  5.1. The t o t a l  th ickness  o f  s o i l  p laced over  t h e  disposed waste 
i s  about 1 m (3.5 f t ) .  F igure  5.1 a l s o  i l l u s t r a t e s  a leachate  c o l l e c t i o n  
system and l i n e r .  These f e a t u r e s  a r e  inc luded ma in l y  f o r  completeness, 
s ince  depending upon t h e  design, operat ion,  o r  e n v i r o n m e n t a l  s e t t i n g  o f  
t h e  l a n d f i l l ,  a l e a c h a t e  c o l l e c t i o n  system and l i n e r  may o r  may no t  be 
incorporated. 

I n  g e n e r a l ,  waste t h u s  disposed i n  disposal  c e l l s  i s  mixed w i t h  d i r t  and 
d a i l y  cover ma te r ia l  a t  about a r a t i o  o f  4 p a r t s  waste t o  one p a r t  s o i l ,  
i .e. ,  a waste emplacement e f f i c i e n c y  o f  0.8. This r e s u l t s  i n  t h e  f o l l o w -  
i n g  t o t a l  volume of waste deposi ted i n  the  s i t e  as di'sposed and compacted 
(which i s  d i f f e r e n t  from t h e  volume a r r i v i n g  a t  t he  s i t e ) :  

V t o t  = (25 acres) (4.356E+4 f t Z / a c r e )  (24 f t )  (0.8) 

o r  20,908,800 f t 3  (592,150 m3). Assuming t h a t  t h e  l a n d f i l l  operates f o r  
20 years and f o r  280 days out of t h e  year  (equ iva len t  t o  5 days p e r  week 
p l u s  p a r t  o f  a weekend, and a l l o w i n g  f o r  c losures  due t o  weather condi- 
t i o n s  and h o l i d a  s ) ,  t h i s  r e s u l t s  i n  a d a i l y  volume o f  compacted waste 
equal t o  3734 ft 3 /day (106 m3/day). 

F o r  economical  o p e r a t i o n s ,  l a n d f i l l s  must compact t h e  waste t o  minimum 
d e n s i t i e s  on t h e  o r d e r  o f  800-1000 l b s / y d 3 ,  (0.47-0.59 g/ctn3) (Ref. 5'). 
Assuming a dens i t y  equal t o  1000 lb/yd3, t h e  d a i l y  mass of waste disposed 
would be approximately 69 tons/day ( o r  about 63 m e t r i c  tons(MT)/day). 

. 

The d a i l y  volume o f  waste a c t u a l l y  r e c e i v e d  would b e  somewhat l a r g e r  
(Ref.4). Waste a r r i v i n g  i n  compactor veh ic les  has a d e n s i t y  o f  abou t  600 
l b s / y d 3  (0.36 g/cm3), w h i l e  uncompacted waste i n  garbage cans has a 
d e n s i t y  o f  about  250 lbs /yd3 (0.15 g/cm3). This would r e s u l t  i n  a d a i l y  
a s - r e c e i v e d  volume a t  t h e  s i t e  r a n g i n g  f r o m  6224 f t 3 / d a y  t o  14,935 
f t3/day. 

5.2.2 Personnel Requirements 

Personnel  r e q u i r e m e n t s  f o r  t h e  reference s a n i t a r y  l a n d f i l l  a re  somewhat 
d i f f i c u l t  t o  p ro jec t .  The a v a i l a b l e  data i s  sca t te red ;  t h e  v a l u e s  be low 
a r e  est imated based upon cons ide ra t i on  o f  a number o f  sources (Refs. 5-9). 

Reference 5 obse rves  t h a t  o c c u p a t i o n s  a s s o c i a t e d  w i t h  o p e r a t i o n  o f  a 
s a n i t a r y  l a n d f i l l  can be  s e p a r a t e d  i n t o  two groups: a d m i n i s t r a t i o n  and 
o p e r a t i o n .  The t y p e s  o f  a c t i v i t i e s  a s s o c i a t e d  w i t h  each group a r e  
presented i n  Table 5-1. 
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TABLE 5-1 . Types o f  A c t i v i t i e s  a t  San i ta ry  L a n d f i l l  

Admi n i  s t r a t i  on. ODeration 

Management Weighing Opera t i  ng Equipment 
Accounting Mai n ta i .n i  ng equipment o spreadi  ng 
B i l l  i og T r a f f i c  c o n t r o l  o compacting 
Engi nee r i  ng Vector c o n t r o l  o excavat ing 
TYPi ng L i t t e r  c o n t r o l  o h a u l i n g  
F i l i n g  S i t e  Secur i t y  o road maintenance 

o dus t  c o n t r o l  

A t  most m u n i c i p a l i t i e s ,  a d m i n i s t r a t i v e  func t i ons  w i l l  p robably  be p a r t  o f  
' a governmental o r  con t rac tua l  o r g a n i z a t i o n  and w i l l  be removed f rom t h e  

sani t a r y  1 andf i 1 1 s i  te .  

As f a r  as o p e r a t i o n s  a r e  concerned, Reference 4 prov ides  a general r u l e  
f o r  l a b o r  requirements. Th is  r l e  i s  t h a t  "4 t o  6 l a b o r e r s  a r e  i n v o l v e d  

T h i s  i n c l u d e s  t h e  
foreman, equipment operators, gatemen, and so f o r t h ,  b u t  does n o t  i n c l u d e  
a d m i n i s t r a t i v e  personnel. An u n c e r t a i n t y  i s  whether t h i s  r e f e r s  t o  waste 
as disposed and compacted o r  waste as rece ived a t  t h e  s i t e .  

i n  t h e  d e p o s i t i o n  o f  1000 y d  Y o f  r e f u s e  p e r  day." 

Reference 7 provides a t a b l e  o f  est imated l a n d f i l l  s i t e  personnel requ i re -  
ments as a. f u n c t i o n  o f  d a i l y  waste tonnage, based upon Los Angeles County 
S a n i t a t i o n  D i s t r i c t s .  Th i s  t a b l e  i s  reproduced below: 

. 

TABLE 5-2 -. Personnel Requirements f o r  L a n d f i l l s  i n  
a Los Angeles County S a n i t a t i o n  D i s t r i c t s  

Tons per  day 

C1 assi  f i c a t i o n  200 500 1,000 4,000 

Equipment Operator 1 2 4 12 
Laborer 0 0 1 2 
Weighmaster 1 1 1 3 
Foremen 0 0 1 1 

Reference 7 a l s o  p r o v i d e s  a summary o f  t h e  p r o j e c t e d  l a b o r  (and c o s t )  
requirements f o r  2 proposed s i t e s  i n  t h e  Des Moines, Iowa, M e t r o p o l i t a n  
area .  These two s i t e s  cover 522 acres, and the t o t a l  number o f  personnel 
requ i red  are  given i n  Table 5-3. 

. .  . .  
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TABLE 5-3 . Personnel Requirement's for Proposed Sites 
i n  Des Moines Metropolitan Area 

Occupati on Personnel 

Equipment Operators . . 7 -8 
Laborers 8 
Foremen 2 

4 Gate keeper/fee col 1 ectsrs - 
Total : 21-22 

From the above d a t a ,  i t  can be seen t h a t  the personnel requirements a t  the 
reference 25-acre sanitary l a n d f i l l  are on the order of a single worker. 
This produces some slight difficulties. One can either greatly increase 
the size of the reference l a n d f i l l  or determine the personnel requirements 
for a large l a n d f i l l  and ratio these requirements t o  the reference 25-acre 
l a n d f i l l .  This i s  the same as saying t h a t  the single worker has a number 
of j o b s  a t  the l a n d f i l l ,  and w h a t  one i s  essentially doing i s  determining 
w h a t  fraction of the time the worker i s  spending a t  each job .  The l a t t e r  
approach i s  adopted i n  t h i s  report. The personnel requirements for  an 
ersatz 250-acre s i te  are estimated i n  Table 5-4. 

TABLE 5-4 . Sani tary kandf i 1 1 Faci 1 i t y  Personnel 

Occupation Personnel . 

Foremen 1 
Equipment Operator 3 
Laborer 4 
Gate keeper/fee coll ector 
weigher/traffic control 

- 2 

10 

Based on this ersatz s i te ,  the impacts t o  each worker are calculated, the 
t o t a l  impacts summed, and then divided by the total number of workers, 10. 

5.2 .3  Assumptions for Personnel Exposures 

This section considers exposures t o  sanitary landfill personnel. As i n  
the case of the municipal incinerator (see Section 4.21, i t  i s  convenient 
t o  determine exposures by estimating the amount  of time t h a t  the worker 
spends i n  proximity t o  radiation sources (or the average distance from the 
sources) a s  well as the dust environment t h a t  he works i n .  The former 
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r e l a t i o n s h i p  would be  used t o  es t imate  exposures due t o  d i r e c t  gamma 
radiation. The l a t t e r  relationship would be used to  e s t i m a t e  i n h a l a t i o n  . 
and immersion exposures. The radiological content of the d u s t  environment 

.would be a funct ion of the d i l u t i o n  of t he  de m i n i m i s  waste w i t h  the. 
non-radioactive waste and the  tendency f o r  t he  de minimis waste t o  
disperse into resp i rab le  p a r t i c l e s  as  ind ica ted  by t h e  d i s p e r s i b i l i t y  
index, ID. 

A t  any r a t e ,  when waste arr ives  a t  the landfi l l  i n  trucks, the trucks are  
f i rs t  weighed and a fee determined. T h e  trucks are  then d i r ec t ed  t o  t h e  
opera t ing  face  of the l a n d f i l l ,  where the waste i s  dumped. The trucks 
then leave the  s i t e .  The dumped waste i s  spread and compacted w i t h  
cons t ruc t ion  equipment, a n d  i n  the  process the waste i s  mixed w i t h  and 
par t ia l ly  covered hy non-contaminated so i l .  The waste i s  t o t a l l y  covered 
by a layer of d i r t  a t  the end of each workinq day a t  l e a s t  6 inches thick. 
Older-sections of the landfi l l  are  covered by a thickness of d i r t  a t  l ea s t  
1 f t .  t h i ck .  Temporary snow fences a r e  placed around the open face to  
catch wind  scattered paper and other l ightweight m a t e r i a l s .  This means 
that  there are 2 major sources of radiation exposure t o  s i te  personnel: 

(1) the open working face would be a source,of d i rec t  gamma 
radi ation p l  us contaminated a i  rborne d u s t ,  

( 2 )  covered disposed waste would be a source of d i rec t  
gama  radiation attenuated through 6 to  1 2  inches of d i r t .  . 

Much more minor sources of personnel exposures would be from the  f o l l  ow- 
i n g :  (1) d i rec t  gamma radiation from radionuclides deposited on the ground 
surface a f t e r  being blown from the open face, ( 2 )  d i r e c t  gamma rad ia t ion  
from waste de l ivery  t rucks ,  a n d  ( 3 )  inhalation and immersion doses from 
resuspended d u s t  par t ic les  away from the open working face .  These t h r e e  
subpathways would be very minor compared to  the two major pathways, since 
the contamination would f i r s t  have t o  s e t t j e  on t h e  ground and/or be 
mobilized by wind  or  o the r  f a c t o r s  t o  a f f e c t  the personnel, and d i rec t  
gamma radiation from trucks are  believed to  be in t r in s i ca l ly  considered as  
p a r t  of exposures received from proximity to  the open working face. The 
f i r s t  and t h i r d  subpathways are  considered i n  any c a s e ,  however; i n  t h e  
PDCF used f o r  c a l c u l a t i n g  a i rbo rne  impacts. A t  any ra te ,  the assumed 
proximity relationships and d u s t  environments are given i n  ,Table 5-5. 

Airborne Releases From the ODen Face 

A l l  s i t e  personnel a r e  a f f e c t e d  from t h i s  source.  However, equipment 
operators are  very close t o  the open.working face and their d u s t  environ- 
ment i s  q u i t e  h i g h ,  whereas the d u s t  environment and proximity of the 
other s i t e  personnel t o  t h e  working face  a r e  moderate t o  low. Conse- 
quently, the exposures are given by the following: 

(5-13) 
n 
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TABLE 5-5 . Assumptions f o r  Sanitary Landfill Personnel 

Proximity t o  Average Dust 
Occupation - Number Work i ng Face Environment 

Foreman* 1 mod (3Om) mod (0.2 rng/m3 
Equip. Op. 3 close ( l m )  high (0.4 mg/m ) 
Laborer 4 mod (30m) mod (0.2 mg/rn3) 
Gate/Traffic 2 mod (30m) low (0.1 mg/m3) . 

3 

where Qn ,  Vann,  EMP, fds, and PDCF-1 a re  as explained before, and where 

f s  = Twa EDF (5-14) 

T h e  f a c t o r  EMP i s  assumed t o  be 0.80, EDF i s  equal t o  0.237, and Twa is  
the waste-to-air t r a n s f e r  f a c t o r  which i s  def ined as t h e  r a t i o  of t h e  
a i rbo rne  mass loading t o  the waste density. The mass loading values are 
discussed i n  Appendix C ,  a n d  are taken as being 0.400 mg/m3, represent- 
a t ive  of the close working conditions of equipment operators, 0.200 mg/m3, 
representative of moderate distance working conditions of the foreman and 
l a b o r e r s ,  a n d  0.100 mg/m3, representative of the working. environment of 
t he  g a t e  keepers. Assuming .a waste density of 0.59 g/cm3 f o r  municipal 
waste resu l t s  in the t ransfer  fac tors  l i s t ed  in  Table 5-6. 

TABLE 5-6 . Waste-to-Air Transfer Factors for Sanitary Landfill 

Personnel T W a '  

Equipment  Operators 6 . 7 8 ~ 1 0 ' ~ ~  ~ 

Foreman 3.39~10-1" 
Laborers 3.39~10-10 
Gate Keepers 1.70~10-10 

Direct Gamma Radiation From the Open Face 

All t h e  personnel are a f f ec t ed  from t h i s  source t o  varying degrees. The 
equation governing this exposure fo r  each person i s  as follows: . 

H = 1 (Pd/Pw) (Qn/Va"n) EMP f a  CF DF EDF PDCF-5 (5-15) 
n 

where Qn,  Vann, EMP, f a ,  and EDF are as explained before, and where 

. -5-12 



6400 

= Densi ty  o f  d i r t  (1.6.9 cm3) Pd 

pw DF = Distance f a c t o r  (dimensionless) 
CF = Cor rec t ion  f a c t o r  (dimensionless) 

PDCF-5 = Pathway dose conversion f a c t o r - 5  (mrem-m3/Ci -year)  

a c t o r s  Pd and- pw a re  dens i t i es .  

= Densi ty  o f  waste (g/cm 5 ) 
f o r  t h e  f i n i t e  ex ten t  o f  t he  source 

The The va lue o f  Pd i s  taken t o  be 1.6 
g/cm5, and t h e  v a l u e  o f  pw i s  v a r i a b l e  depending on t h e  waste disposed, 
e.g., f o r  m u n i c i p a l  was te  d i s p o s a l  i t  i s  t a k e n  t o  be q.59 g/cm3. The 
t o t a l  annual volume o f  waste, Vgnn, i s  t he  volume o f  waste as d i sp  sed and 
compacted. 

The d is tance f a c t o r  DF, and t h e  c o r r e c t i o n  f a c t o r  CF have been d i s c u s s e d  5 

i n  Chapter 3.0. For t h e  c a l c u l a t i o n  of DF, t h e  p r o x i m i t i e s  of t he  workers 
t o  t h e  r a d i a t i o n  source a re  assumed t o  be 1 m fo r  t h e  equipment operators,  
30 m f o r  t h e  l a b o r e r s  and foreman, and 50 m f o r  t h e  ga te  keepers. The 
f a c t o r  CF i s  t he  c o r r e c t i o n  f a c t o r  f o r  t h e  f i n i t e  e x t e n t  o f  t h e  source .  
The r a d i u s  o f  t h e  d i r e c t  gamma r a d i a t i o n  sou rce  can be c a l c u l a t e d  by 
determin ing the  e f f e c t i v e  a rea  o f  t h e  open w o r k i n g  face  f o r  e a c h ’ s i t e  
worke r  ( see  Appen i x  C ) .  ‘These a reas  a r e  70.8 m2 f o r  t h e  equipment 

source r a d i i  o f  4.75 m, and 2.2 m, respec t i ve l y .  

T h i s  v a l u e  was d i s c u s s e d  a b e i n g  a b o u t  592,150 m s f o r  20 
years, which corresponds t o  about 29,610 m s o f  waste annual ly .  

operators ,  and 15 m 4 f o r  t h e  o the r  personnel which correspond t o  r a d i a t i o n  

F i n a l  l y ,  PDCF-5 rep resen ts  t h e  pathway dose convers ion f a c t o r  f o r  d i r e c t  
gamma r a d i a t i o n  f o r  1 meter above s o i l  h a v i n g  an i n f i n i t e  t h i c k n e s s  and 
i n f  i n i  t e  1 a t e r a l  ex ten t  (see Appendix D) . 
Covered Waste 

Exposures t o  each worker  a re  assumed t o  r e s u l t  from d i r e c t  gamma rad ia -  
t i o n  a t t e n u a t e d  t h r o u g h  an average o f  0.75 ft of s o i l  c o v e r i n g  t h e  
d i sposed  waste. These exposures a re  assumed t o  be e q u a l l y  app l i cab le  t o  
each worker and a re  given by t h e  f o l l o w i n g  formula: 

where t h e  above symbols a r e  as expla ined before.  pd i s  t h e  a t tenua t ion  
c o e f f i c i e n t  f o r  s o i l ,  and t stands f o r  t h e * t h i c k n e s s  of t h e  cove r .  The 
a t t e n u a t i o n  c o e f  i c i e n t ,  pd, i s  t a k e n  t o  be t h a t  f o r  Si02 a t  0.7 MeV, 

$:7. 
pd i s  assumed t o  be 1.6 g/cm3 f a c t o r  EDF i s  a g a i n  g i v e n  as 0. 

w h i l e  pw i s  assumed t o  be 0.59 g/crn 

It s h o u l d  be  n o t e d  t h a t  t h e r e  a r e  no CF o r  DF f a c t o r s  i n  t h e  above 
equation. They- a re  bo th  assumed t o  be u n i t y  -- i.e., i t  i s  assumed t h a t  
t h e  exposure d is tance t o  disposed and covered waste i s  always 1 meter, and 
t h e  source extends i n  i n f i n i t e  l a t e r a l  d i rec t i ons .  

i .e . ,  0.1212 cm’ f , and t h e  cover th ickness,  t, i s  0.23 m (0.75 f t ) .  The 
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5.2.4 Offs i te  Releases 

The equat ions  f o r  calculat ing i n d i v i d u a l  and popula t ion  exposures due t o  
airborne releases during operations have been given i n  Section 5.1: 

H = 1 (Qn/Vann) fds f w  f s  PDCF-3 (5-5) 

( 5-6 1 

n 

P = 1 (Qn/Vann)  fds fw POP PDCF-3 
n 

where the  annual volume of waste d i s p o s e d ,  Vann ,  i s  29,610 m3, fds i s  
g i v e n  by equation 5-3, and f s  and POP a re  discussed i n  Sections 4.1.5 and  
4.3.1. 

The  waste form a n d  package 
as fw in Section 5.1, i.e., 

, 
f, = EMP ODF Twa u WA h 

factor,  fw,  is  calculated i n  a similar manner 

(6-12) 

where EMP i s  0.8, ODF i s  0.237, and  h i s  3 m. The assumed wind speed ( u )  
has been given i n  Section 5.1 for  each of the three reference sites. (The  
user of the code can optionally i n p u t  s i t e -spec i f ic  va lues .  T h e  f a c t o r  
W A  i s  the e f f e c t i v e  w i d t h  of the  working f ace  a n d  i s  calculated u s i n g  
e uation (5-11) based upon an assumed area of the working face equal t o  86 
m 9 . ( T h i s  area i s  calculated for  the sanitary l andf i l l  i n  Appendix C . )  

Twa i s  the r a t i o  of the  maxtmum a i r b o r n e  d u s t  l o a d i n g  t o  t he  waste 
dens i ty .  For municipal waste d i s p o s a l ,  the max imum d u s t  loading  i s  
assumed t o  be 0.4 mg/m3. The waste density i s  somewhat more complicated 
t o  determine, b u t  i s  assumed t o  be equal t o  the average dens i ty  of t h e  
waste i n  the s i t e  a f t e r  disposal and compaction. T h i s  density i s  taken t o  
be 0.59 9/cm3 (see Section 5.2.1). 

5.3 Open Dump 

As the  name implies,  o p e r a t i o n  of an open dump is  a much less organized 
process than operation of a sanitary l andf i l l .  Consequently, characteriz- 
ing t h e  open dump i n  terms of s ize  and operat ion is  more d i f f i c u l t  t h a n  
for  a sanitary l andf i l l .  In any case, the ‘reference open dump i s  assumed 
t o  cover 25 acres ,  w h i c h  i s  the  same size as the sani tary l a n d f i l l ,  and 
like the sanitary landf i l l  is  conse rva t ive ly  assumed t o  operate  f o r  20 
y e a r s  prior t o  closure. (Continuous operation of open dumps f a r  i n t o  the 
future  may be very problematical 1.  
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5.3.1 Overview 

The d a i l y  and annual  volume and mass o f  waste d isposed a t  t h e  dump i s  
d i f f i c u l t  t o  p ro jec t .  Un l ike  t h e  s a n i t a r y  l a n d f i l l ,  t h e  d e p o s i t e d  waste  
i s  a l l o w e d  t o  s i t  around f o r  s e v e r a l  days p r i o r  t o  be ing covered w i t h  
d i r t .  I n  add i t ion ,  open burn ing i s  pract iced.  This m e a n s . t h a t  a c r o s s -  
sec t iona l  view o f  the  completed dump would reveal  a h e l t e r - s k e l t e r  m ix tu re  
o f  waste and s o i l  r a t h e r  than t h e  more regu la r  se r ies  o f  c e l l s  t h a t  would 
c h a r a c t e r i z e  t h e  s a n i t a r y  l a n d f i l l .  The p r a c t i c e  o f  open burn ing would 
reduce t h e  volume of t he  deposi ted waste. The degree of volume reduct ion,  
however, would probably not  be t e r r i b l y  high. A t  a munic ipa l  i n c i n e r a t o r  
t h e  volume reduc t ion  f a c t o r  i s  t y p i c a l l y  l ess  than 10, and t h e  e f f i c i e n c y  
o f  waste combust ion  a t  t h e  dump would be expec ted  t o  .be cons iderab ly .  
lower. I n  add i t i on ,  t h e  l e s s  o r g a n i z e d  n a t u r e  o f  t h e  o p e r a t i o n  would 
i m p l y  t h a t  t h e  degree of waste compaction achieved du r ing  waste emplace- 
ment would no t  be as h igh  as a t  a p r o p e r l y  ope ra ted  s a n i t a r y  l a n d f i l l .  
Given t h i s  -- the  somewhat increased volume reduc t ion  due t o  waste burn ing 
being balanced by the  expected decrease i n  w a s t e / s o i l  compac t ion  --  t h e  
average volume and mass o f  was te  d i s p o s e d  a t  t he  dump i s  assumed t o  be 
roughly  t h e  same as a t  t h e  s a n i t a r y  l a n d f i l l .  

A f t e r  t h e  dump i s  f i l l e d ,  t h e  dump i s  assumed t o  be covered w i th  a l a y e r  
o f  r a t h e r  i n d i f f e r e n t l y  compacted s o i l .  The p l a n t i n g  of a l a y e r  o f  c o v e r  
vegeta t ion  i s  a l so  assumed t o  be performed i n  a r a t h e r  i n d i f f e r e n t  manner. 
The th ickness o f  s o i l  cover ing t h e  t o p  p o r t i o n  o f  t h e  waste i s  assumed t o  
s i q n i f i c a n t l y  l e s s  than t h a t  f o r  t h e  s a n i t a r y  l a n d f i l l ,  i.e., about 0.3 m 
( 1  f t ) .  Moreover, u n l i k e  t h e  s a n i t a r y  l a n d f i l l ,  t he re  , i s  assumed t o  be no 
l o w  p e r m e a b i l i t y  l a y e r  w i t h i n  t h e  f i n a l  cover. A lso d i f f e r e n t  from t h e  
s a n i t a r y  l a n d f i l l ,  much less  care i s  taken t o  compact and grade t h e  waste 
and f i n a l  cover. 

5.3.2 Personnel Requirements 

Personne l  requ i remen ts  fo r  t h e  open dump would be expected t o  be reduced 
as compared w i t h  t h e  s a n i t a r y  l a n d f i l l .  This i s  because t h e  o p e r a t o r s  o f  
t h e  dump would be expected t o  c u t  corners where poss ib le ,  and g e t t i n g  by 
w i t h  a l e s s  than an opt imal number of workers i s  one obvious way o f  d o i n g  
so. There i s ,  however, no obvious rule-of-thumb by which t o  determine t h e  
degree t o  which corners w i l l  be cu t .  The sani taky l a n d f i l l  was assumed t o  
r e q u i r e  10 men f o r  a 250-acre s i t e .  I f  a 250-acre open dump i s  assumed t o  
be 20% l e s s  e f f i c i e n t  i n  ope ra t i on ,  t h i s  would mean t h a t  t h e  open dump 
would r e q u i r e  on ly  8 men. 

The open dump i s  there fore  assumed : to r e q u i r e  two fewer personnel (8) than 
t h e  ~ s a n i t a r y  l a n d f i  11 . The p e r s o n n e l  o c c u p a t i  ons a r e  assumed t o  be 
r o u g h l y  t h e  same as shown i n  Table 5-7. During the  week, t h e  waste would 
be gathered i n  p i l e s  and burned du r ing  t h e  l a t e  a f te rnoon  and even ing  o f  
each work ing  day. The waste i s  a l s o  assumed t o  rece ive  a s o i l  cover once 
a week r a t h e r  t h a n  eve ry  day. A d d i t i o n a l  d i s c u s s i o n  o f  t h e  assumed 
opera t ion  o f  t he  reference open dump i s  provided i n  Appendix C. 

I 
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TABLE 5-7 : Open Dump Personnel 

Occupat i on Personnel 

Foreman 1 .  
Equipment Operator 2 
Laborer ' 3  . 

Gate keeper/fee collector/  . 2 
wei gher/traf f'i c control 

5.3.3 Assumptions for  Personnel Exposures 

Occupation&l exposures a t  the open dump would be expected t o  be related t o  
two major sources plus some minor sources. The two major sources include: 
(1) direct  gamma exposures from being i n  proximity t o  dumped b u t  uncovered 
waste m a t e r i a l ,  as  well as inhalation and immersion exposures from d u s t  
resuspended from such material; and ( 2 )  d i r e c t  gamma exposures from t h e  
disposed and covered waste as a t t enua ted  through a layer of so i l .  The 
f i r s t  s e t  of exposures would include waste material t h a t  h a s  been dumped 
i n  a d d i t i o n  t o  ashes and other residues result ing from waste b u r n i n g .  For 
the second s e t  of exposures, the degree of sh i e ld ing  provided by t h e  
covering soil  could possibly be less  t h a n  t h a t  a t  the sanitary l andf i l l .  

The minor sources of r a d i a t i o n  exposures would be general l y  s imilar  t o  
those for the sanitary landfi l l .  These include (1) d i rec t  gamma exposures 
from waste delivery trucks, ( 2 )  d i rect  gamma exposures from covered waste 
s o i l  surfaces  contaminated from deposited d u s t  par t ic les  a r i s i n g  from the 
open a reas  of t h e  dump,  and  ( 3 )  resuspension of the deposi ted d u s t  
p a r t i c l e s .  Contamination of covered su r faces  would probably be more 
significant than a t  a s a n i t a r y  1 andf i 1 1  . These subpathways, however, 
a1 t h o u g h  probably much less  significant i n  terms of operational exposures 
t h a n  the two major sources discussed above, are believed t o  be i n t r i n s i -  
c a l l y  considered as  p a r t  of the c a l c u l a t i o n s .  T h e  assumed proximity 
factors and average d u s t  environments for  the reference of open dump a r e  
given i n  Table 5-8. 

TABLE 5-8 . Assumptions fo r  Open Dump-Personnel 

Proximity t o  Average Dust 0 Occupation Number Working Face , Environment 

Foreman 1 mod (30m) mod ( 2 5  mg/m3) 
Equip .  Op. 2 close (Im) h i g h  ( .5 mg/m3) 
Laborers 3 mod (30m) mod ( .25 mg/m3) 
Gate/Traffic 2 fa r  (50m) 1 ow ( .15 mg/m3) 
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Exposures t o  covered waste are the same as those a t  the sani tary landfi l l  
for  a l l  personnel, except that  the thickness of covering s o i l  i s  assumed 
t o  be less  t h a n  that  of the sanitary landf i l l .  

Based on the above assumptions, the following are the personnel exposures 
assumed ‘ to  occur a t  an open dump. 

Airborne Releases From the Waste- 

This component of personnel exposure i s  assumed t o  be dependent on the 
average d u s t  environment discussed above ,  i . e ,  i t  i s  assumed t h a t  t he  
equation i s  given by the following: 

H = 1 (Qn/Vtot) EMP fds f s  PDCF-1 (5-13) 
n 

where a l l  t he  symbols have been explained before.  Except for  f s ,  a l l  
parameters have  t he  same values as those f o r  t h e  s a n i t a r y  l a n d f i l l  
(Section 5.2.3). . As before f s  i s  expressed as follows: 

(5-14) 

Values f o r  Tw, a r e  d i f f e r e n t  from those given in Section 5.2.3 due t o  
different d u s t  loadings (Table. 5-8) , The 
higher d u s t  loadings account f o r  the expected higher ash content i n  the 
disposed waste created by t he  open burning operat ions.  The d e n s i t i e s  
assumed a r e  a n  average of t he  p i l ed  waste (0.27 g/cm3) and the working 
f a c e  (0.59 g/cm3), o r  0.43 g/cm3. Table 5-9 presents the  f ac to r s  Twa 
calculated for  each of the s i t e  personnel. 

and due t o  different densit ies.  

. 
TABLE 5-9 . Waste-to-Air Transfer Factors for  Open Dump 

Personnel W L  T 

Equi pment Operators 1.16~10-09 
Foreman 5 . 8 1 ~  
Laborers ‘5 .81~  10-10 
Gate/t raf f i c 3 . 4 9 ~  10‘ lo 

The  exposure dura t ion  f a c t o r ,  EDF, i s  equal t o  0.237 for  a l l  personnel. 
The f a c t o r  f d s  i s  determined through the assumption t h a t  about half the 
waste delivered t o  the open dump i s  burned. (The remainder i s  covered by 
d i r t  o r  o the r  m a t e r i a l ,  a n d  i n e f f i c i e n t  om ust ion i s  expected i n  any 

the code user. 
case , )  fds  i s  therefore  given as [l + 10( F $  D- )]/2,  where ID i s  input by 
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Direct Gamma From Uncovered and P i l e d  Waste 

For these- exposures, the usual equation for  direct  gamma exposures given 
i n  Section 5.2 i s  u t i l i z e d :  

H = 1 (Pd/Pw) (Qn/Vann) EMP fa  CF DF EDF PDCF-5 (5-15) 
n 

where a l l  the  ymbols have been explained before .  The  fac tor  Van, i s  

waste i s  0.43 g/cm3, and the correction factor  CF and distance fac tor  DF 
are calculated based on Table 5-8 and the effect ive exposure areas. T h e y  
areas have been calculated i n  Appendix C ,  Section C.3.2.3, as be ing  21'2 m 
f o r  t he  equipment ope ra to r s  and  45.1 m2 for  the other personnel; these 
areas correspond t o  source radii  of 8.2 m and 3.79 m, respectively.  T h e  
EDF value fo r  a l l  personnel i s  0.237. 

Covered Waste 

Exposures t o  workers resulting from direct  gamma rad ia t ion  as  attenuated 
through a soi l  cover are calculated u s i n g  equation 5-16 i n  a very s i m i l a r  
manner as those for  the sanitary l a n d f i l l .  The only difference i s  t h a t  a 
somewhat thinner soil  cover i s  assumed -- i .e.,  half t h a t  of the s a n i t a r y  
l andf i l l .  

5.3.4 Offs i te  Releases 

Offs i te  impacts t o  individuals and population resul t ing from the open dump 
operation include those from waste spreading and compaction a c t i v i t i e s  as  
well a s  those from open burn inq .  The  former are calculated i n  a similar 
manner a s  i n  Section 5.2.4: 

a g a i n  29,610 m 3 (annual volume f o r  a 25-acre s i t e ) ,  the density of the 

\ 

H = 1 (Qn /Vann)  f d s  f, f s  PDCF-3 (5-5 1 

(5-6 1 

n 

P =  1 ( Q n / V a n n )  f d s  f, POP PDCF-3 
n 

where a l l  t h e  symbols have been explained before. For  the open dump, . 
however, d i f fe ren t  values are assumed for  the a r e a  of t h e  w o r k i n g  face,< 
the  maximum d u s t  loading, and the density of the soil/waste mixture. For 
a 25-acre open dump, the areal extent of the working face i s  assumed t o  be 
257 m2 based on the da ta  presented i n  Appendix C ;  the maximum d u s t  loading 
i s  0.5 mg/m3; a n d  the so i l /was t e  density i s  aga in  assumed t o  equal 0.43 
g/cm3 (see Section 5.2.4). 

Impacts due t o  open burning a r e  calculated i n  a similar-manner a s  those 
for  waste incineration: 



P = 1 Qn f r  POP PDCF-3 
n 
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(4-4)  

I n  the  above eaua t ions ,  f s  i s  given a s  the product of ( X / Q )  and EDF as 
discussed i n  Section 4.1.5, and where ground-level release i s  assumed. In 
this case, however, consideration i s  given to  the practice of open burn i -ng  
d u r i n g  l a t e  afternoons, in which case the maximum i n d i v i d u a l  i s  assumed to  
be exposed f o r  a t  most only 4 hours per working day. T h i s  resu l t s  i n  an 
EDF value of 1040/8760 = 0.119. The calculation of POP i s  a l s o  discussed 
i n  Section 4.1.5. 

The radionuclide release fract ions,  f r ,  are estimated based upon EPA data 
on par t iculate  release from open waste incineration a c t i v i t i e s ,  *and upon 
information presented i n  Appendix C regarding releases from var ious  types 
of incinerators. For p a r t i c u l a t e  r e l e a s e ,  E P A  e s t ima tes  a r e l e a s e  of 
about 37 l b s  of particulates per ton of municipal waste for  combustion of 
such waste i n  an open trench (Ref. 10) .  (Also see Table C-3 of Appendix 
C . )  T h i s  corresponds t o  a r e l e a s e  f r a c t i o n  of 0.019 for  non-volatile 
radionuclides. Twice this value (0.038) i s  assumed f o r  a1.l v o l a t i l e  and 
semi-volatile radionuclides except H-3 and C-14. For these radionuclides, 

. release fractions equal t o  0.90 a n d  0.75, r e spec t ive ly ,  a r e  assumed i n  
accordance w i t h  release fractions assumed for  incineration operations. 

5.4 Incineration and Sorting Vari.ations for  Municipal Waste 

I n  the  preceedina two sections, a se r ies  of equations and assumed values 
for parameters makinq  up  these equations were developed for  the re ference  
s a n i t a r y  l a n d f i l l  and open dump municipal waste disposal  f a c i l i t i e s .  
These eauations and parameter values  were devel oped assumi ng no' waste 
processing prior t.o waste d i s p o s a l .  T h i s  section discusses the changes to  
these equations and  parameter values tha t  would resu l t  from the d i f f e r e n t  
municipal waste processing options considered i n  t h i s  report. 

Briefly, the four basic municipal waste processing options include a base 
incineration option p l u s  three " so r t ing"  options: 

o Incineration; 
o Size-reduction of the waste followed by incineration; 
o Size-reduction, separation of non-combustible f ract ion,  

and incineration of the combustible fraction; and 
o Size-reduction, separation of the non-combustible f ract ion,  

recovery of the metal/glass component, and incineration 
of the combustible fraction. 

I n  each of the above four processing options, the waste is  incinerated and 
transformed in to  a residue having reduced volume and mass t h a n  t he  i n p u t  
waste. T h i s  res idue i s  then disposed i n  the  l a n d f i l l  i n  place of the 
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o r i g i n a l  de minimis waste stream. For the last  two opt ions  an a d d i t i o n a l  
waste stream i s  created which consists of the discarded non-combustible 
component separated from the si ze-reduced waste. 

I n  the preceding two sections, five basic sets of equa t ions  were used t o  
calculate operational impacts d u r i n o  waste disposal operations (Equations 
5 - 5 ,  5 -6 ,  5 - 1 3 ,  5 -15 ,  and  5 - 1 6 ) .  These f ive se t s  of equations a re  
generally applicable t o  b o t h  the s a n i t a r y  l a n d f i l l  and the open dump, 
a l t h o u g h  some differences i n  the calculational de t a i l s  and parameter 
values are incorporated for the two facil i t ies.  One example i s  the higher 
s i te  airborne dust loadings assumed for the open dump. 

Table 5-10 summarizes the equation parameters which  are modified depending 
upon the processing opt ion considered. These modified parameters include 
the t o t a l  activity disposed, Qn,  the waste dispersability multiplier, f d s ,  
a n d  the waste density, pw. Also included are the volumes and masses of 
residue and discard material generated. These are listed as fractions of 
the volume and mass of the municipal waste i n p u t  t o  the incinerator. 

As shown, the radionuclide q u a n t i t y ,  Q n ,  i s  replaced by Q n ' ,  which 
accounts for radionuclides lost du r ing  incineration a n d  separations. F o r  
residue, the dispers ibi l i ty  multiplier, is  taken t o  be unity for  a l l  de 
minimis waste streams except for activated metal. For d i  scard materi a1 , 
the d ispers ib i l i ty  multiplier i s  calculated using the dispersibil i ty 
factor ,  ID, o r i g i n a l l y  read i n  by the user of the code. In  the table, ICc 
refers  t o  the f r a c t i o n  (by  weight) of the de m i n i m u s  waste t h a t  i s  
combustible material, ICm the metal fract ion,  ICg the glass fraction, and 
ICo the other fraction. 

5.5 Hazardous Waste D i  sposal Faci 15 ty  

T h i  s section considers the scenarios and  radiat ion exposures resulting 
from releases of radioactive material from hazardous waste disposal 
facil i t ies (HWF). 

5.5.1 - Overview 

Over the l a s t  decade considerable in te res t  h a s  grown regarding safe 
disposal of hazardous waste. As of a b o u t  t h e  1977 time frame, E P A  
estimated t h a t  over 90% of the hazardous waste being generated was being 
handled by disposal practices which d i d  no t  seem adequate t o  protect 
public health and the environment (Ref. 9 ) .  As a result o f  this concern, 
the Resource Conservation a n d  Recovery Act was enacted i n  1976 which 
called for  a nat ional  program t o  control hazardous waste. 

' 

I t  i s  apparent t h a t  hazardous waste disposal is  i n  a period of t rans i t ion ,  
and i t  will take time t o  modify past and current disposal practices. The 
authors believe t h a t  disposal practices will probably be much more quickly 
updated f o r  disposal f a c i l i t i e s  operated commercially, since these are 
much more visible and so generate more public interest. 
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TABLE 5-10 . Var ia t i ons  i n  Waste Proper t ies  

Residue: 

Qn I 
f d s  IA=1 

I A=2 

fa 
pw ( g/c& 

Vres 

Mres 

. Base 
I n c i n e r a t o r  

D iscard  Mater i  a1 : 

Qn 

f ds 

fa  
pw ( g1cm3 1 - 
v d i  s 

- 
- 
- 

- 
Mdi s -. 

Qn ( 1- fr 

.001 

’ 1  
0.89 

112 MC 

1 .  

116 vb 

Resul ti ng From Sor t i ng  Options 

Sor t i ng  
Option 1 

(Size-red. 

Qn( l-fr) 
1 ’  

.001 
1. 

0.89 

116 V 

112 M 

Sor t i ng  
Option 2 

( S e ~ a r a t i o n s )  

Qn ( 1-f r)MULa 
1 

.001 
1 

0.89 

.036 V 

.ll M 

Qn ( 1-MUL 1 
l o (  ID-3 1 

1 
0.62 

.093 V 

.37 M 

(a )  MUL = .95 I C c  + .05 I C m  + .05 I C g  + .10 I C o  

(b )  V 

( c )  M 
= Volume o f  a l l  waste o r i g i n a l l y  i n p u t  t o  i n c i n e r a t o r  

= Mass of a l l  waste o r i g i n a l l y  i n p u t  t o  i n c i n e r a t o r  
(d )  D I S  = e05 IC, + a 0 5  IC, + -10 ICg + -90 I C 0  

S o r t i n g  
Opt ion 3 

(Recovery 1 

Qn(1-fr)MUL 
1 

.001 

1 
0.89 

.036 V 

.ll M 

.056 V 

.22. M 
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Given t h e  t igh ter  disposal requirements as discussed above, coupled with 
publ ic  i n t e r e s t  i n  s a f e  waste d i s p o s a l ,  t h e r e  i s  cons iderably  l e s s  
j u s t i f i c a t i o n  f o r  separating HWF's i n t o  well operated and poorly operated 
f a c i l i t i e s  t h a n  there was for  separating municipal l and f i l l s  into sanitary 
l a n d f i l l s  a n d  open #dumps. Continuing use of b l a t a n t l y  poor disposal 
practices i s  not l i k e l y  t o  occur a t  l e a s t  a t  t he  commercial d i sposa l  
f a c i l i t i e s .  Given t h e  above, t h e  reference disposal  f a c i l i t y  i s  not 

' separated into a "well operated'' a n d  "poorly operated' '  s i t e  a s  was t h e  
case  f o r  t h e  re ference  municipal waste disposal f a c i l i t y .  A consistent 
level of operations i s  assumed. 

T h e  character is t ics  of the reference hazardous waste disposal f a c i l i t y  are 
developed using a number of sources. The reference f a c i l i t y  is  not meant 
t o  be i n d i c a t i v e  of any one of  t h e  44  commercial d i sposa l  f a c i l i t i e s  
currently i n  operatipn, b u t  i s  meant t o  be typical of  c u r r e n t l y  l i censed  
operations . 
The re ference  HWF i s  assumed t o  have 150 ac res  a l located f o r  disposal 
ope ra t ions ,  a n d  have a m a x i m u m  waste disposal capacity of 6 4 . 5 ~ 1 0 ~  ft3. 
Disposal i s  assumed t o  be carried out i n  a ser ies  of excavated c e l l s ,  a n d  
64  such c e l l s  are assumed i n  this report (see Appendix C ) .  Assuming a 20 
year operating l i f e ,  64  disposal  c e l l s  corresponds t o  co'nstruction of 
about 3 cells/yedr,  and an average disposal capacity per ce l l  of 1,008,000 
f t 3 .  Assuming a n  average disposal efficiency of 75% w i t h i n  t h e  disposal 
c e l l s ,  this resul ts  i n  a total  excavated volume per ce l l  of 1,340,000 ft3. 
This can be achieved by a disposal cel l  hav ing  overall surface dimensions 
of 260 f t  by 360 f t ,  overall in te r ior  bottom dimensions of about 110 f t  by 
210 f t  (given a 1:3 slope on the sides of the c e l l ) ,  and an average depth 
o f  about 25 f t .  Disposa l  c e l l s  a r e  assumed t o  be separated by a space 
equal t o  15 f t .  

There a r  
guidance 
Appendi x 
contents 
capped wi  

e s p e c i f i c  l i n e r  requirements i n  the EPA regulations, and d r a f t  
on the design and construction of l iners  has been p u b l i s h e d  ( s e e  

C ) .  I n  a d d i t i o n ,  t h e r e  are  restrictions,  on the containers and 
of the wastes. Furthermore, completed disposal  c e l l s  must b e  
t h  a f i n a l  cover designed t o  achieve the following: 

o minimize migra t ion  of l i q u i d s ;  
o function w i t h  m i n i m u m  maintenance; 
o promote drainage and minimize erosion of cover; 
o accommodate se t t l ing  and subsidence; and 
o have a permeability equal t o  or less  t h a n  t h a t  of the bottom l iner .  

I n  p r a c t i c e ,  disposal  c e l l  covers constructed i n  compliance w i t h  EPA , 
regulations are  generally constructed of low permeabi 1 i t y  1 ayers  such as 
clay and synthetic membranes. The cover i s  assumed t o  be composed of 2 f t  
of compacted clay followed by a synthetic membrane, 1 ft of sand, and 2 f t  
of cover s o i l .  T h i s  r e s u l t s  i n  a cap thickness of about 5 f t  (1.5 m ) .  
Further de ta i l s  on the operation of the HWF i s  given i n  Appendix C. 

, 
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5.5.2 Personnel Reauirements 

Personnel requirements for t h e  reference faci l  i t y  have been estimated 
based upon information contained i n  References 10 through 12, a n d  upon a 
comparison of t h e  types of  operations expected t o  be carried o u t  a t  the 
HWF with typical operations a t  a low-level radioactive waste disposal 
f a c i l i t y .  Many of  the same operations are carried ou t  a t  bo th  types .of 
faci l i t ies ;  however, there are a number of differences, particularly 
regardi ng waste p l  acement operati ons. A t  a 1 ow-1 eve1 waste facil i ty ,  
waste i s  almost always delivered i n  a packaged form. T h e  presence of 
i o n i z i n g  r a d i a t i o n  emitted by the packages complicates waste placement, 
and many of the waste packaqes are disposed randomly. A t  an  HWF, much  of 
the waste i s  delivered i n  a b u l k  (unDackaged) form. However, the lack of 
ion iz ino  radiation emitted by the waste facil i tates h a n d l i n g  and emplace- 
ment of waste delivered i n  b o t h  packaged and b u l k  forms. Packaged waste 
containers are' thus general l y  stacked i n  place. 

Personnel activities can be divided i n t o  management and staff ,  where most 
of the s t a f f  would be involved i n  waste h a n d l i n g  and  disposal ac t iv i t i e s .  
These include workers such as equipment operators, semi-skilled laborers, 
and  unskilled laborers. To estimate the number of such waste handlers 
required, assumptions m u s t  be made on the received waste distribution. As 
outlined i n  Appendix C y  about  20% of the waste i s  assumed t o  arrive a t  the 
s i t e  i n  drums or other packages, a b o u t  20% i s  assumed t o  arrive as  a 
sludge, and a b o u t  60% is.assumed t o  arrive as an unpackaged material which  
i s  more o r  less a s o l i d .  Given this distribution, the personnel require- 
ments for HWF's are given i n  Table 5-11 (see Appendix C ) .  

TABLE 5-11 . Hazardous Waste Fac i l i t y  Personnel 
, 

Management S ta f f  

1 Site manager 
1 Assistant s i te  manager 
1 Foreman 1 Laboratory technician 
1 Environmental services manager 3 Industri a1 safety personnel 
1 Safety supervi'sor 
1 Customer service coordinator 14 Semi-skilled laborers 
1 Records manager (includes mechanics) 
1 Securi ty/traffic control 

2 Secretari a1 personnel ( i ncl udes 2 gatekeepers) 

2 Waste shipment schedulers 
2 B i  11 i ng/accounti ng personnel 

8 Equipment operators 

15 Unski 11 ed 1 aborers 
coordinator 3 Securi ty/traffic control personnel 

5.5.3 Assumptions fo r  Personnel Exposures 

In estimatincr radiological impacts t o  s i te  personnel, i t  i s  i m p o r t a n t  t o  
consider the operational similarities and differences between a municipal 
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landfi l l  and an HWF. The s imi la r i t i es  indicate t h a t  the general manner i n  
which radiological impacts are ca l cu la t ed  wou ld  be s imilar  f o r  t h e  two 
f a c i l i t i e s .  Waste i s  de l ivered  i n  t rucks  w h i c h  are d i r e c t e d  t o  t h e  
par t icular  working area of t h e  HWF, and a f t e r  d u m p i n g  t h e  waste, t h e  
trucks leave the s i t e  and the waste i s  covered. This means t h a t  i t  will be 
again be generally convenient t o  es t imate  exposures by es t imat ing  t h e  
average d i s t ance  of a particular worker from a radiation source, and the 
average dust environment that  the worker works i n .  

Two main  sources of r ad ia t ion  exposure may be thus postulated fo r  s i t e  
personnel: (1) disposed waste wil l  be a source of d i r e c t  r ad ia t ion  as  
a t tenuated  through a l aye r  of so i l ,  and ( 2 )  the working area of the HWF 
will be a source of direct  radiation p l u s  airborne contamination. Minor 
sources of personnel exposures include those from di rec t  radiation emitted 
by waste i n  delivery trucks, those d u r i n g  waste receipt  a n d  a n a l y s i s  ( i f  
performed),  by radionuclides deposited on the ground surface a f t e r  being 
blown from the open face, and from resuspension of t h e  dus t  p a r t i c l e s .  
These addi t iona l  minor sources of r a d i a t i o n  exposure,  however, a r e  
believed t o  be in t r ins ica l ly  considered i n  the calculations. 

Exposures due t o  direct  r a d i a t i o n  emitted by disposed waste as attenuated 
through a layer of soil  would be calculated i n  a similar manner as those  

' f o r  the  sani tary landf i l l .  All personnel would be assumed t o  be equally 
exposed t o  gamma radiation emitted by disposed waste. 

Operati-onal d i f f e rences  between a municipal landfi l l  and an HWF princi- 
pally affect  calculation of exposures due t o  a i rborne  r e l e a s e s  from t h e  
HGJF working area .  A t  a municipal l a n d f i l l ,  whether or not waste arr ives  
i n  a packaged form does not appreciably influence disposal operations. A t  
a municipal l a n d f i l l ,  almost a l l  of t he  waste arr ives  i n  an unpackaged 
form, and packaged or not, s t anda rd  practice is to  spread the waste on the  
ground i n  t h i n  layers and then crush and compact i t  u s i n g  heavy machinery. 
T h i s  crushing and spreading 'operation provides a d r i v i n g  mechanism f o r  
airborne dispersion of waste particulates.  

A t  a HWF, operational s a f e t y  cons idera t ions  r equ i r e  t h a t  much g r e a t e r  
a t t e n t i o n  be given t o  m i n i m i z i n g  d i spers ion  of a i rborne particulates.  
Packaged waste would be stacked i n  place t o  conserve dis-posal space,  a n d  
a i rborne  releases would be negligible except fo r  the possible event of an 
accident i n  which a container f a l l s ,  breaks open, and releases p a r t  of i t s  
conten ts  i n t o  t h e  a i r ;  Even given this s i tuat ion,  such exposures would 
principally impact only those direct ly  h a n d l i n g  the waste; adminis t ra t ive  
personnel would not be impacted. 

1,f waste a r r i v e s  i n  a n  unpackaged form, i t  i s  assumed t o  be dumped into 
prepared areas t o  form a ser ies  of individual waste ce l l s .  Waste would be 
dumped from above o r  from t h e  sides of the c e l l s ,  and personnel contact 
would be minimized. Unlike t h e  municipal l a n d f i l l ,  t h e r e  would be no 
crushing or spreading operations t o  provide a mechanical d r i v i n g  force f o r  
airborne dispersion. Rather, waste would be. covered w i t h  a layer  of s o i l  
p r i o r  t o  compaction t o  minimize a i rborne  d ispers ion .  This means tha t  
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a b o u t  the on ly  mechanisms f o r  dispersion would be (1) waste emplacement 
activities (dumping)  and ( 2 )  wind suspension prior t o  covering w i t h  s o i l .  
I n  a d d i t i o n ,  much of the waste will  be received in a damp or semi-liquid 
form, which  would resist dispersion. A sumnary of the proximity relation- 
ships and average distances corresponding t o  the proximity relationships 
i s  given as Table 5-12. 

TABLE 5-12 . Assumptions on Hazardous Waste Facility Personnel 

Proximity t o  
Occupation Number Working Face 

Site manager 1 
Assistant s i t e  manager 1 
Foreman 1 
Environmental services manager 1 
Safety supervisor 1 
Customer service coordinator 1 
Records manager 1 
Security/traffic control coordinator 1 
Secretarial personnel 2 
Waste shipment schedulers 2 
B i  11 i ng/accounti ng personnel 
Laboratory 'technician 1 
Industrial safety personnel 3 
Equipment operators a -  
Semi-skil led laborers 14 
Unskilled laborers 15 
Security/traffic control 3 

2 

( 2  gatekeepers) 

f a r  (50 m )  
f a r  (50 m )  
mod (30 m )  
far  (50 m )  
far  (50 m )  
far  (50 m )  
far  (50 m )  
far  (50 m )  
f a r  (50 m )  
f a r  (50 m )  
far  (50 m )  
f a r  (50 m )  
mod (30 m )  
mod (30 m )  
close(1 m )  
close( 1. in) 
mod (30 m )  

5.5.3.1 Airborne Releases From the Working Face 

Impacts due t o  airborne releases f o r  the working  face are c a l c u l a t e d  
differently depending u p o n  whether the waste arrives i n  a packaged or 
unpackaged form. 

Packaged Waste 

I f  the waste arr ives  a t  the HWF in a packaged form, impacts t o  s i t e  
personnel are calculated by assuming t h a t  an accident occasionally occurs 
i n  w h i c h  a waste package drops from a significant height (e.g., from a 
sling or ho i s t ) ,  breaks open, and releases a portion of i ts  contents i n t o  
the air .  Workmen near the accident may be t h u s  very briefly immersed in a 
p u f f  of radioactive particulates. To model impacts, a reference level of 
particulate release i s  f i r s t  considered assuming a very dispersible waste 
form as  applied t o  a release scenario obtained from waste transportation 
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a c c i d e n t  c a l c u l a t i o n s .  Then, a c o r r e c t i o n  f a c t o r  i s  a p p l i e d  t o  take i n t o  
cons idera t ion  the  r e l a t i v e  d i s p e r s i b i l i t y  o f  the waste form. 

As p a r t  o f  work pe r fo rmed  by t h e  Department o f  T ranspor ta t i on  (DOT) t o  
determine requirements f o r  t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l ,  an a c c i d e n t  
o f  moderate s e v e r i t y  i s  assumed i n  which 0.1% of t h e  conten ts  o f  a waste 
package i s  released i n t o  the  a i r .  O f  t h i s  ma te r ia l ,  0.1% i s  assumed t o  be 
i n h a l e d  by an i n d i v i d u a l  (Ref. 11). Th is  i s  be l i eved  t o  be conserva t ive  
as i n d i c a t e d  by Tab le  3 1  i n  Re fe rence  12,  wh ich  l i s t s  r e s p i r a b l e  mass 
f r a c t i o n s  ( g e n e r a l l y  < 0.1%) f o r  v a r i o u s  f i n e  g r a i n e d  and d i s p e r s i b l e  
mater ia ls .  The f o l l o w i n g  equat ion i s  used t o  c a l c u l a t e  i m p a c t s  t o  a few 
i n d i v i d u a l s :  

H =  1 
n 

Cp fr fds Vq f q  f, PDCF-E (5-17) 

where PDCF-2 i s  pathway dose c o n v e r s i o n  f a c t o r  no. 2 as  d iscussed i n  
Appendix D, and where 

Cp = concent ra t ion  o f  nuc l i de  n i n  the de min imis  waste (Ci/m3); 
fr = f r a c t i o n  o f  t he  package contents i nha led  

(assumed t o  be - Ref. 11); 
f d s  = d i s p e r s i b i l i t y  f ac to r  (see equat ion 5-21; 
V q  = volume o f  t he  conta iner  (a  sumed t o  be 0.208 m3). 

fc = c o r r e c t i o n  f a c t o r  t o  account f o r  acc ident  c o n d i t  
fq = frequency o f  acc idept  (yr '  f 1; and 

( taken t o  be 1/8000 yr/m3 - see below). 
ons . , 

The accident occurs p r i o r  t o  mix ing  o f  de min imis  waste w i t h  o t h e r  waste;  
consequen t l y ,  Cp  i s  t he  concent ra t ion  i n  the  de min imis  waste conta iner .  
The f a c t o r  fr i s  assumed based on t h e  assumptions i n  Reference 11. 

The f a c t o r  f d s  i s  t h e  c o r r e c t i o n  f a c t o r  g i v e n  by  equat ion  (5-2) which 
accounts f o r  t h e  r e l a t i v e  d i s p e r s i b i l i t i e s  o f  var ious waste forms; i t  i s  a 
f u n c t i o n  o f  t he  d i s p e r s i b i l i t y  m u l t i p l i e r  I D  as discussed i'n Sec t ion  5.1. 

The volume Vg i s  assumed t o  b e ' t h a t  o f  a s i n g l e  55-ga l lon  drum, which i s  
t h e  usua l  s h i p p i n g  con ta ine r  f o r  packaged waste. The f a c t o r  fq accounts 
f o r  t he  annual frequency o f  an acc ident  o f  s u f f i c i e n t  e x t e n t  t o  r e s u l t  i n  
t h e  above r a d i o n u c l i d e  r e l e a s e .  The au tho rs  are n o t  aware o f  any pub- 
l i s h e d  data on the  frequency o f  acc idents  a t  hazardous waste  f a c i l i t i e s .  
The f a c t o r  fq i s  t h e r e f o r e  a s s i g n e d  t o  be u n i t y .  I n  add i t i on ,  u n l i k e  
o the r  scenarios, t h e  acc ident  i s  assumed t o  be n o t  " d i s t r i b u t e d "  t h r o u g h  
the  number o f  hazardous waste f a c i l i t i e s  s p e c i f i e d  by t h e  parameter 1x4 i n  
Table 2-7. The acc ident  i s  assumed t o  happen only once i n  a y e a r  i n  one 
o f  t he  hazardous waste f a c i l i t i e s .  I f  the  user o f  t h e  code has a d d i t i o n a l  
in fo rmat ion  regard ing  acc ident  p r o b a b i l i t f e s ,  however, t h e n  t h i s  assump- 
t i o n  may be modif ied.  

The f a c t o r  fc accoun ts  f o r  the acc ident  cond i t ions .  I n  t h i s  repo r t ,  t he  

- 

, 
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usual manner i n  which impacts from a i r  concentrat ions o f  r a d i o a c t i v i t y  a re  
c a l c u l a t e d  i s  t o  f i r s t  ob ta in  an a i rbo rne  concent ra t ion  ( i n  C i / r n 3 )  v a l i d  
du r ing  a y e a r ,  and t h e n  m u l t i p l y  i t  w i t h  t h e  pathway dose c o n v e r s i o n  
f a c t o r  i n . u n i t s  o f  mrem/vr per  Ci/m3. A l l  pathway dose conversion ' f a c t o r s  
used i n  t h i s  r e p o r t  i m p l i c i t l y  i nc lude  the  assumption t h a t  the  i n r k i v i d u a l  
inha les  a volume o f  8000 m3 of a i r  dur ina  the year .  However, f o r  acc ident  
c o n d i t i o n s - ,  t h e  assumption t h a t  10-6 o f  the r a d i o a c t i v i t y  i n  the  package 

'. i s  inhaler!  preempts t h e  use o f  an averaae concen t ra t i on  d u r i n g  t h e . y e a r .  
'Conseauently,. t h e  pathway dose c o n v e r s i o n  f a c t o r  must be m u l t i p l i e d  by 
1/8000 m3/yr. 

These impac ts  a r e  assumed t o  be app l i cab le  t o  on ly  a few s i t e  workers -- 
i.e., on ly  those f o r  t he  immediate v i c i n i t y  o f  t h e  w o r k i n p  area .  These 
inc lude  s i t e  l abo re rs  and equipment operators.  

U n Da c k a ae d Wa s t e 

S i n c e  t h e r e  i s  e s s e n t i a l l y  no mechanical d r i v i n g  force, a i rborne  d isper -  
s i o n  o f  unpackaoed waste i s  assumed t o  take p lace  by n a t u r a l  w ind  suspen- 
s ion.  The aDproach taken t o  approximate impacts t o  i n d i v i d u a l  i s  t o  f i r s t  
cons ider  a base c o n d i t i o n  i n  wh ich  t h e  waste i s  assumed t o  app rox ima te  
f i n e  g r a i n e d  s o i l .  D u s t  suspended from the  waste /so i l  i s  assumed t o  be 
srispended i n  a c loud  above and i n  the immediate v i c i n i t y  o f  t h e  w o r k i n g  
a rea  o f  t h e  HWF. A c o r r e c t i o n  f a c t o r  i s  then app l i ed  which considers t h e  
re1  a t i  ve d i  spe rs ib i  1 i ty o f  the  de min imis  waste form. 

The e q u a t i o n  used t o  c a l c u l a t e  i n d i v i d u a l  impacts  can thus be q iven as 
fo l lows:  

(5-13) 

where a l l  t h e  symhols have been def ined Drev ious ly ,  EDF i s  equal t o  0.237, 
and Twa fo r  t h i s  scenar io  i s  discussed below. Twa i s  g iven  by: 

where E i s  s o i l / w a s t e  m i x t u r e  m o b i l i z a t i o n  r a t e  i n  g/m2-sec (d iscussed 
b e l o w ) ,  fr i s  t h e  f r a c t i o n  o f  suspended t ranspor tab le  p a r t i c u l a t e s  t h a t  
a r e  r e s p i r a b l e  (assumed t o  be u n i t y ) ,  u i s  the  wind speed i n  m/sec, pw i s  
t h e  d e n s i t y  of the  waste /so i l  m ix tu re  (assumed t o  be 1 x l o 6  g/m3), and G 
i s  the geometry f a c t o r  qiven by equat ion (5-10): 

G = A/ (width o f  working face x, m ix ing  he igh t )  . (5-10) 
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where A ,  t he  s u r f a c e  a rea  of the  working face, i s  assumed t o  be 384 m2 
(see Appendix  C ) ,  the w i d t h  of the working f ace  i s  assumed t o  be t h e  
diameter of a c i rc le  w i t h  area A ( 2 2  m )  , and the mixing height i s  assumed 
t o  be 3 m. 

The mobilization rate E ,  may be calculated by a number of methods, and may 
be determined f o r  a s p e c i f i c  s i t e  assuming t h a t  a p p r o p r i a t e  d a t a  i s  
a v a i l a b l e .  Given  the mostly generic nature of t h i s  study, and a l so  given. 
the uncertainties i n  the waste composition and the disposal ope ra t ion ,  an  
approximation f o r  the m o b i l i z a t i o n  ra te  i s  used based on Appendix A of 
reference 1. In this  reference, the mobilization rate for  p a r t i c l e s  l ess  
t h a n  20 um i n  diameter i s  approximated based upon an equation derived from 
uranium mill t a i l i n g  considerations (Ref. 13): 

" 

(5-18) 

where: 

U = sheer velocity 
Uo = threshold velocity for  sa l ta t ion ,  assumed t o  be 

p = mass percent of par t ic les  less than 20 um i n  
0.29 m/sec (Ref. 13);  and 

aerodynamic diameter, assumed t o  be 3% (Ref. 13) .  

The sheer velocity,  u ,  i s  given by 

U = windspeed a t  h e i g h t  (z)/[2.5xln(z/zo)l  (5-19) 

where zo i s  the surface roughness heiaht,  0.01 m, a t  w h i c h  the wind  speed 
i s  equal t o  zero. Using these equations, si te-specific mobilization rates 
are determined based upon a 'height z = l m  and upon the average wind speeds 
for  .each of the reference si tes ( i . e . ,  u = 4.61 m/sec, 3.61 m/sec, a n d  
6.67 m/sec, r e s p e c t i v e l y ,  f o r  t h e  northeast ,  southeast ,  and southwest 
s i tes) .  These mobil izat ion ra tes  are given i n  Table 5-13, a s  are values 
for  Twa. 

TABLE 5-13 . Waste-to-air Transfer Factors 
fo r  Hazardous Waste Facil  i t y  

S i t e  Mobil izat ion Transfer 
Environment Rates (mg/m2-sec) Factors 

Northeast 5.53~10-4 6.98~10-13 
Southeast 1.54~10'5 2.48~10'14 
Southwest 7.95~10'3 6.93~10'12 
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5.5.3.2 D i r e c t  Gama Rad ia t ion  from the  Working Face 

The genera l  e q u a t i o n  g o v e r n i n g  t h i s  source  o f  r a d i a t i o n  exposure i s  
s i m i l a r  t o  t h a t  g iven f o r  municipal  l a n d f i l l  d isposal :  

where a l l  the symbols a re  as expla ined before. 

The f a c t o r  EMP i s  t he  assumed waste emplacement e f f i c i e n c y  o f  the disposal  
f a c i l i t y  (0.751, and accoun ts  f o r  t h e  d i l u t i o n  o f  t h e  waste w i t h  s o i i  
d u r i n g  d i s p o s a l  o p e r a t i o n s .  I t  i s  assumed t o  be t h e  same f o r  b o t h  
packaged and unpackaged waste. For  packaged waste, t h e  waste emplacement 
e f f i c i e n c y  i s  taken t o  be 75%, assuming s t a c k e d  waste d i s p o s a l  ( random 
emplacement o f  packaged waste  does n o t  appear t o  be reasonable). The 
waste emplacement e f f i c i e n c y  f o r  unpackaged waste i s  a l s o  assumed t o  be 
75% s i n c e  an 80% waste emplacement e f f i c i e n c y  i s  assumed f o r  t he  s a n i t a r y  
l a n d f i l l ,  and the need t o  segregate i n c o m p a t i b l e  waste a t  t h e  HWF wou ld  
i m p l y  a somewhat reduced o v e r a l l  waste empl acement ‘ e f f i c i e n c y  compared t o  
t h a t  a t  a municipal l a n d f i l l .  

The dens i t y  o f  d i r t ,  pd, i s  assumed t o  be a constant  (1.6 g/cm3), wh i l e  pw 
i s  the  dens i ty  o f  t he  waste as disposed (which may be d i f f e r e n t  f rom t h e  
d e n s i t y  o f  t h e  waste i n  t h e  d e l i v e r y  v e h i c l e s ) .  As a r u l e  o f  thumb, a 
t y p i c a l  waste dens i ty  f o r  most hazardous waste i s  on t h e  order  o f  1 g/cm3. 

* 

The v a r i a b l e  Van, i s  t he  t o t a l  annual volume o f  waste ( b o t h  de minimis and 
non-radioact ive waste) disposed i n  t h e  HWF. This i s  assumed t o  be 91,350 
m3/yr f o r  t he  reference HWF. 

The d i s t a n c e  f a c t o r ,  DF, and c o r r e c t i o n  fac to r ,  CF, a re  c a l c u l a t e d  us ing  
t h e  approach o u t l i n e d  i n  Chapter 3.0. DF i s  c a l c u l a t e d  f o r  each worke r  
a c c o r d i n g  t o  t h e  d i s t a n c e s  l i s t e d  i n  Tab1.e 5-12. CF i s  ca l cu la ted  by 
es t ima t ing  the  area o f  t h e  exposed waste a t  t h e  w o r k i n g  face, assuming 
t h a t  t h e  exposed a rea  can be modeled as an equ iva len t  d i sc  source, and 
s o l v i n g  f o r  CF u s i n g  e q u a t i o n  3-14 and t h e  d i s t a n c e s  assumed f o r  t h e  
p r o x i m i t y  fac to rs .  The exposed waste areas are est imated i n  Appendix C t o  
be  171  m2 (1838 f t 3 )  f o r  packaged waste and 384 m2 (4134 f t 2 )  f o r  unpac- 
kaged waste, which r e s u l t  i n  e q u i v a l e n t  d i s c  r a d i i  o f  7.4 m and 11 m, 
respec t  i vel  y . 
The exposure  d u r a t i o n  f a c t o r ,  EDF, accounts f o r  t h e  f r a c t i o n  o f  t he  year  
t h a t  t h e  worker spends a t  t h e  s i t e .  Th is  i s  ca l cu la ted  f o r  a l l  pe rsonne l  
exposures as 0.237. 

5.5.3.3 Covered Waste 

A d d i t i o n a l  -exposures t o  each worke r  a r e  assumed t o  r e s u l t  from d i r e c t  
gama r a d i a t i o n  at tenuated through an average o f  0.30 m (1.0 f t )  o f  s o i l  
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covering t h e  disposed waste. 
applicable t o  each worker and are g i v e n  by the following formula: 

These exposures are assumed t o  be equally 

. H  = 1 n 
( 5- 16) 

where pw i s  equal t o  1 g/cm3, lJd i s  equal t o  0.1212 cm-l, and t i s  equal 
t o  0.30 m .  T h e  o the r  f a c t o r s  are t h e  same as those  g i v e n  i n  Sec t ion  
5.5.3.2. 

5.5.4 Off-site Releases 

Calculation of o f f - s i t e  individual and population impacts from operational 
airborne releases i s  dependent upon whether the de minimis waste arrives 
in  a packaged or unpackaged form. The approach i s  basically t o  use the 
operational airborne releases addressed i n  Section 5.5.3 f o r  s i t e  person- 
nel impacts as p o i n t  source terms, and then t o  apply appropriate airborne 
t ransfer  factors t o  determine off-si t e  impacts. 

Packaged waste 

If  t h e  waste i s  packajed, then operational airborne release i s  calculated 
a s  a puff a r i s i n g  from a very occasional accident  involving a waste 
container .  The approach t o  modelling individual impacts i s  similar t o  
t h a t  in Reference 1 -- i .e.,  

H =  
n 

.Cp f r  fds Vq' fq ( X / Q ) ' E D F  POCF-1 (:5-20) 

The factors C p ,  fds ,  V q ,  and f q  are the same as those presented i n  Section 
5.5.3.1 f o r  a i rbo rne  releases from the working face. f r  i s  the fract ion 

. of the contents of a waste package t h a t  i s  released into the a i r  from the  
acc ident ,  and i s  assumed t o  be 0.19: in accordance with the transportation 
accident assumptions i n  Section 5.5.3.1. E D F ,  t h e  exposure du ra t ion  
f a c t o r  i s  given by the r a t io  of the a i r  inhaled in one intake by a person 
performing l igh t  ac t iv i ty  (1.25 l i t e r s )  t o  t h e  annual i nha la t ion  volume 
(8000 m 3 ) ,  i .e., 1.25x10-3/800O = 1.56~10-7 (Ref. 1). 

For puff releases,  the atmospheric dispersion f a c t o r ,  X / Q ,  f o r  a ground 
level r e l e a s e  i s  given in  Reference 14  as e q u a t i o n  ( 2 )  for  a person 
standing in the centerline of the puff. This equation reduces to :  

(5-21) 

where ax,  u , a n d  aZ a r e  the  s t a n d a r d  devia t ion  f a c t o r s  f o r  the  puff 
r e l ease  in  {hree dimensions and  where-uy = ax. These factors  in uni ts  of 
distance indicate the spread and dilution of t he  plume as a func t ion  of 
distance from the source. 
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G iven  t h e  m o s t l y  g e n e r i c  n a t u r e  of t h i s  ,study, t h e  standard d e v i a t i o n  
' f a c t o r s  a r e  given i n  a conservat ive manner. ax and u a r e  determined f o r  

each o f  t h e  t h r e e  s i t e s  assuming a one second p u f r a n d  u t i l i z i n g  t h e  
average w i n d  speed f o r  each of t h e  s i t e s .  The standard d e v i a t i o n  i n  t h e  
v e r t i c a l  d i r e c t i o n ,  oz ,  i s  o b t a i n e d  f r o m  F i g u r e  1 o f  Re fe rence  14. 
Assuming a conservat ive s t a b i l i t y  Class F f o r  t h e  d u r a t i o n  o f  the' acc i :  
d e n t ,  a Z  i s  determined t o  be about 2 .2  m f o r  an i n d i v i d u a l  1ocat.ed a t  100 
meters from t h e  release. The r e s u l t a n t  X / Q  values a r e  presented i n  Tab le  
5-14. 

TABLE 5-14 . Accident Atmospheric D ispers ion  Fac tors  

Region X / Q  (yr/m3) 

Northeast 9 . 6 8 ~ 1 0 ' ~ ~  
Southeast 1 . 4 0 ~ 1 0 ' ~ ~  . 
Southwest 4.1 l x  10' 

Given t h a t  an.accident o f  such s e v e r i t y  as t h e  above i s  p r o j e c t e d  t o  occur 
o n l y  about once a y e a r ,  and t h e  f a c t  t h a t  t h e  p u f f  r e l e a s e  l a s t s  f o r  
s i g n i f i c a n t l y  l e s s  than a year,  popu la t i on  impacts a re  no t  ca lcu la ted .  For 
i n d i v i d u a l s  loca ted  more t h a n  a few hundred me te rs  f o r  t h e  s i t e ,  d i s -  
pers ion  and d i l u t i o n  e f f e c t s  would r e s u l t  i n  on l y  n e g l i g i b l e  impacts. 

\ 
\I Unpackaged Waste 

A i r b o r n e  r e l e a s e s  from disposal  of unpackaged waste a r e  assumed t o  occur 
con t inuous ly  d u r i n g  s i t e  o p t i o n ,  and so b o t h  o f f - s i t e  i n d i v i d u a l  and 
p o p u l a t i o n  impac ts  a r e  c a l c u l a t e d .  Equations used t o  c a l c u l a t e  impacts 
are:  

(5-5) 

The pa ramete rs  on, Vacn, and fds  a r e  t h e  same as t h o s e  i n  S e c t i o n  
5.5.3. The f a c t o r  fw i s  i n  u n i t s  o f  m3/yr and i s  g iven  by  t h e  f o l l o w i n g :  

c 

. f w  = EMP ODF Twa u WA h (5-12) 

where s i t e  s p e c i f i c  values f o r  most of t h e s e  pa ramete rs  have been p r e -  
s e n t e d  i n  Sect ion 5.5.3.1 f o r  unpackaged waste d isposa l .  EMP i s  equal t o  

5-31 



. .  

0.75, ODF i s  equal t o  0.237, WA i s  equal t o  22 m (corresponding t o  an area 
equal t o  384 m z ) ,  a n d  h i s  equal t o  3 m.  The w i n d  speeds, u ,  f o r  the  
r e fe rence  s i t e s  a r e  g i v e n  i n  Section 5.5.3.1, and Twa, calculated using 
equation 5-9, i s  given for  each of the 3 reference s i t e s  i n  Table 5-13. 

T h e  f a c t o r  f s  i s  d i f f e r e n t  f o r  individual and population exposures. For 
ind iv idua l  exposures, f s  = EDF (X/Q) where EDF = 1/3,  and X / Q  i s  given in 
Sect ion 4.1.5 f o r  ground level releases. For population exposures, f s  = 
POP as also discussed i n  Section 4.1.5. 

5.5.5 Waste Processing Corrections 

S imi l a r  t o  municipal waste disposal (see Section 5.4), processing the de 
minimis waste th rough  a n  incinerator will a l t e r  the physical and  r a d i o l o -  
g i ca l  c h a r a c t e r i s t i c s  of t h e  waste. T h u s ,  severa l  of t he  parameters 
w i t h i n  t he  equat ions  used t o  c a l c u l a t e  the  r ad io log ica l  impacts from 
hazardous waste disposal will be modified as l i s t ed  in Table 5-15. 

TABLE 5-15 . Waste Processing Corrections 

Parameter Value 

Qn ( 1-fr 1 
1 

Qn ' 
fds IA=1 

IA=2 o.ooi 
1 

1.09 
0.046 Va 
0.050 Mb 

( a )  Volume of waste i n p u t  t o  the incinerator. 
( b )  Mass of waste input t o  the incinerator. 

!n the above t a b l e ,  f r  i s  the r ad ionuc l ide  s p e c i f i c  ac t iv i ty  f ract ion 
re1 eased dur i  ng i nc i ae ra t ion .  Val ues of t h e  f r f o r  the radionucl ides 
considered i n  t h i s  report are given i n  Section 4.4.1. Af t e r  process ing ,  
the waste delivered t o  the hazardous waste disposal f a c i l i t y  .will consis t  
of an unpackaged residue; the packaged waste impact scenarios discussed i n  
Sections 5.5.3.1 and 5.5.4 would not be applicable. 
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6.0 POST. DISPOSAL IMPACTS 

The p r e v i o u s  c h a p t e r s  considered r a d i o l o g i c a l  impacts which would r e s u l t  
from t r a n s p o r t i n g  de minimis waste t o  a t reatment o r  d isposal  f a c i l i t y  as 
w e l l  as t h e  impac ts  t h a t  c o u l d  r e s u l t  as p a r t  o f  o p e r a t i n g  t h e  waste 
t reatment o r  d isposa l  f a c i  1 i ty.  T h i s  c h a p t e r  addresses  t h e  p o t e n t i  a1 
. r a d i o l o g i c a l  impac ts  t h a t  c o u l d  o c c u r  l o n g  a f t e r  t h e  waste has been 
disposed i n t o  the  ground. I n  t h i s  c h a p t e r ,  t h r e e  s e t s  o f  g e n e r i c  sce-  
nar ios  f o r  human exposure are  considered, i nc lud ing :  

1. " I n t r u s i o n  scenarios' ' i n v o l v i n g  human i n t r u s i o n  i n t o  t h e  waste; 
2. "Groundwater scenarios' ' i n v o l v i n g  groundwater m i g r a t i o n  and 

3. "Exposed waste scenar ios" i n  which .disposed waste i s  assumed 
leachate accumulation; and 

t o  be brought t o  the  surface and i s  dispersed by wind o r  water. 

Impacts  c a l c u l a t e d  f o r  t h e  f i r s t  se t  o f  scenarios ( t h e  i n t r u s i o n  scena- 
r i o s )  depend upon the  concentrat ions of t h e  r a d i o n u c l i d e s  w i t h i n  t h e  de 
m i n i m i s  waste s t reams c o n s i d e r e d .  Impacts  ca l cu la ted  f o r  t h e  l a s t  two 
se ts  o f  scenar ios depend upon the  t o t a l  rad ionuc l ide  i n v e n t o r y  and waste 
volume disposed a t  t he  d isposal  s i t e .  

A b r i e f  overview o f  t h e  pos t -d i sposa l  exposure  s c e n a r i o s  c o n s i d e r e d  i n  
t h i s  r e p o r t  i s  presented i n  Sect ion 6.1, fo l lowed by Sect ions 6.2 through 
6.4,  which discuss the  c a l c u l a t i o n a l  p rocedures  f o r  t h e s e  s c e n a r i o s  i n  
more d e t a i l  , and address  i n t r u s i o n  scenar ios ,  groundwater and leachate 
accumulation scenarios, and exposed waste scenarios, respec t i ve l y .  

6.1 Overview 

As addressed i n  t h e  f o l l o w i n g  sect ions,  t h e  c a l c u l a t i o n a l  procedures and 
assumed parameter  va lues  v a r y  f o r  t h e  d i f f e r e n t '  exposure  s c e n a r i o s  
depending upon the  f o l l o w i n g  cons idera t ions :  

o t h e  design and operat ion o f  t h e  p a r t i c u l a r  d isposal  f a c i l i t y ;  
o t h e  environment i n  which the  d isposal  f a c i l i t y  i s  located;  and 
o t h e  waste form and packaging ch .arac ter is t i cs  o f  t h e  

de min imis  waste stream. 

-F i ve  d i f f e r e n t  d isposal  f a c i l i t i e s  a re  considered i n  t h i s  ' r epo r t ,  and any 
one may be considered by t h e  user  o f  t h e  computer codes. These inc lude  an 
o n - s i t e  d i s p o s a l  f a c i l i t y ,  two  d isposal  f a c i l i t i e s  f o r  munic ipa l  waste, 
and two d isposal  f a c i l i t i e s  f o r  hazardous waste. Parameter va lues f o r  t h e  
o n - s i t e  d isposa l  f a c i l i t y  must be supp l ied  by the  user of t h e  code, s ince 
t h e  o n - s i t e  f a c i l i t y  may be o f  any s i z e  o r  c o n f i g u r a t i o n .  F o r  t h e  o t h e r  
f o u r  f a c i l i t i e s  r e f e r e n c e  s i t e  parameter  va lues  a r e  assumed i n  t h e  
computer codes as discussed i n  t h e  appropr ia te  sec t ions  o f  t h e  r e p o r t .  I n  
a d d i t i o n ,  t h r e e  r e f e r e n c e  d i s p o s a l  s i t e  environments a r e  considered i n  
t h i s  repo r t ,  and t h e  user of t h e  code may spec i f y  t h e  p a r t i c u l a r  e n v i r o n -  
ment t o  be cons ide red .  The s c e n a r i o s  and c a l c u l a t i o n a l  procedures are  
discussed i n  terms o f  t he  above considerat ions.  

. ,  
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I 6.1.1 Intrusion Scenarios 

An intruder may unintentionally come across a closed waste disposal s i t e  
due t o  a temporary breakdown i n  institutional controls, a n d  subsequently 
modify i t  for a specific purpose, such as housing construction or agricul- 
ture.  As a r e su l t ,  short- a n d  long-term r a d i a t i o n  exposures t o  the 
i n d i v i d u a l  can ensue. Two scenarios are considered i n  which these 
exposures are calculated. 

One of the scenarios (inadvertant intruder-construction) i s  an acute 
exposure event. T h a t  i s ,  the exposure occurs f o r  a limited period of  
time (less t h a n  a year). The  other scenario (inadvertant intruder-agricul- 
t u r e ) ,  however, i s  assumed t o  be  chronic, since i t  i s  possible ( b u t  
unlikely) t h a t  the intruder wou ld  l i v e  for several years a t  the s i t e  
before i t  i s  discovered t h a t  there is  a hazard. 

Very few individuals are i n v o l v e d  . i n  the intrusion scenarios, and the 
equation generally applicable t o  these scenarios is: 

where ( C a )  denotes the radi onucl i de concentration a t  the b i o t a  access 
l o c a t i o n  and  (C,) denotes the  radionuclide concentration of the waste, 
b o t h  i n  units of (Ci/m3),  and ( I )  is  the dimensionless interaction factor, 
w h i c h  depends on the specific scenario considered. An important p o i n t  i s  
t h a t  Cw i s  conceptually different b u t  numerically identical w i t h  the 
concentrations used i n  Chapters 4 a n d  5.  I n  t h i s  chapter, Cw i s  the 
averaqe concentration over the enti re volume disposed, i .e. : 

c w  = Qtot/Vtot  

where Qtot i s  the t o t a l  a c t i v i t y  i n  C i  of radionucl ide n i n  the de minimis 
waste stream disposed i n  t h e  disposal f a c i l i t y ,  and V t o t  i s  the entire 
volume of a l l  waste disposed at . the applicable f a c i l i t y .  I f  i t  is  assumed 
t h a t  t h e  de minimis waste is  delivered to  the disposal f a c i l i t y  i n  equal 
vo-lumes over the l ifetime of  the disposal f a c i l i t y ,  then Cw i s  equal t o  
Qn/Vann* 

The interaction factor ( I )  can generally b e  expressed t h r o u g h  the follow- 
i ng equation: 

where a l l  the parameters are dimensionless, and  where 
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fo  = time-delay factor ;  
f d  = s i t e  design and operation factor ;  
f w , =  waste form and package fac tor ;  and 
f S  = s i t e  selection factor.  

The time-del ay f a c t o r  ( f O )  i s  expressed as an exponential radionuclide 
decay factor  and incorporates the e f fec ts  of t h e  time delay between the 
time t h a t  the waste is  disposed and the time t h a t  intrusion occurs. This 
factor is  a property of the scenar io  and the disposal  technology being 
considered. For the two intrusion scenarios, i t  i s  given by the formula: 

f o  = expC - a IINS] (6-4) 

where a i s  the radionuclide decay constant i n  units of year-l ,  and IINS i s  
the period ( i n  years) between the cessation of disposal operations and the 
end of a c t i v e  in s t i t u t iona l  control period. (The IINS value used i n  the 
calculations i s  specified by the user of t he  computer code) .  Note t h a t  
t h i s  equation ignores t h e  r ad ioac t ive  decay t h a t  would occur d u r i n g  
operation of the disposal f ac i l i t y .  T h i s  p rac t i ce  i s  conserva t ive ,  b u t  
accounts f o r  the poss ib i l i ty  t h a t  the inadvertent intruder i n i t i a t e s  the 
scenario a t  a location containing waste from the  l a s t  yea r  of dis.posa1 
f a c i l i t y  operation. 

The  s i t e  design and operation factor  ( f d )  expresses the fract ion of the 
waste that  i s  available t o  the t ransfer  agent. I t  usual ly  depends on the  
efficiency of the disposal design. 

The waste form and package f a c t o r  ( f w )  expresses the resistance of the 
waste t o  mobil izat ion by the s p e c i f i c  t r a n s f e r  agent i n i t i ' a t i n g  $he 
scenar io .  For example, this factor  would be considerably less  than unity 
f o r  waste streams sol idif ied i n  a m a t r i x  and/or packaged i n  con ta ine r s  
t h a t  a r e  l i k e l y  t o  r e t a i n  t h e i r  i n t e g r i t y  a t  t h e  time of inadvertant 
intrusion. This factor  is  a property of t h e  waste stream as i t  i s  being 
d i  sposed. 

The s i t e  s e l e c t i o n  factor  (f,) depends on many parameters, and generally 
expresses the influence of the disposal s i t e  environment on waste r e l e a s e  
and transfer.  For example, fo r  the inadvertant intruder-construction sce- 
nario, i t  i s  proportional t o  the t ransfer  factor between contaminated soil  
and contaminated a i r .  In some cases, however, i t  i s  also proportional t o  
the fraction of a year t h a t  the human exposure scenario takes place. Since 
t h e  pathway dose conversion f a c t o r s  presented i n  Appendix D have been 
calculated for  a fu l l  year exposure period, the s i t e  selection factor must 
compensate fo r  this calculational convenience. 

A brief description of the two i n t r u s i o n  scenar ios  i s  presented below. 
Spec i f i c  values of t h e  t r a n s f e r  f a c t o r s  used t o  ca lcu la te  impacts are 
discussed l a t e r  i n  t h i s  chapter. 
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I n t r u d e r  - Const ruc t ion  Scenario 

An i n a d v e r t a n t  i n t r u d e r  may choose t o  excavate o r  cons t ruc t  a b u i l d i n g  on 
a disposal  s i t e .  Under these circumstances, d u s t  w i l l  'be genera ted  f r o m  
the  a p p l i c a t i o n  o f  mechanical forces t o  t h e  surface m a t e r i a l s  ( s o i l ,  rock)  
through t o o l s  and implements (wheels, b l a d e s )  t h a t  p u l v e r i z e  and ab rade  
t h e s e  m a t e r i a l s .  The dust p a r t i c l e s  generated are  en t ra ined  by l o c a l i z e d  
t u r b u l e n t  a i r  currents .  These suspended p a r t i c l e s  can t h u s  become a v a i  1 - 
a b l e  f o r  i n h a l a t i o n  by the  i n t rude r .  The i n t r u d e r  may a l s o  be exposed t o  
d i r e c t  gamma r a d i a t i o n  r e s u l t i n g  f rom a i rbo rne  p a r t i c u l a t e s  and by work ing 
d i r e c t l y  i n  t h e  w a s t e / s o i l  m i x t u r e .  F o r  convenience, t h i s  scenar io  i s  
c a l l e d  t h e  i n t r u d e r - c o n s t r u c t i o n  s c e n a r i o ,  and a p p r o p r i a t e  v a l u e s  app- 
l i c a b l e  t o  t y p i c a l  cons t ruc t i on  a c t i v i t i e s  a re  used. 

I n t r u d e r  - A g r i c u l t u r e  Scenario 

I n  t h i s  scenar io ,  an inadver tan t  i n t r u d e r  i s  assumed t o  occupy a d w e l l i n g  
loca ted  on t h e  d isposal  f a c i l i t y  and i n g e s t  f ood  grown i n  c o n t a m i n a t e d  
s o i l .  Garden c r o p s  may be s u b j e c t  t o  r a d i o n u c l i d e  c o n t a m i n a t i o n , a s  a 
r e s u l t  of d i r e c t  f o l i a r  depos i t ion  o f  f a l l o u t  p a r t i c u l a t e s .  Garden .crops 
may a l s o  uptake rad ionuc l ides  v i a  s o i l - t o - r o o t  t r a n s f e r  f rom contaminated 
s o i l .  The s o i l  may be i n i t i a l l y  contaminated, o r  i t  may become c o n t a m i -  
na ted  as a r e s u l t  o f  d e p o s i t i o n .  The i n a d v e r t a n t  i n t r u d e r  may a l so  be 
exposed t o  d i r e c t  i o n i z i n g  r a d i a t i o n  such as beta and gamma r a d i a t i o n  f rom 
t h e  n a t u r a l l y  suspended r a d i o a c t i v i t y  and from the  waste /so i l  mix ture.  He 
may a l so  i n h a l e  contaminated a i r  p a r t i c u l a t e s .  (See Appendix  D f o r  t h e  
uptake pathways considered.) This  scenar io  i s  c a l l e d  t h e  i n t r u d e r - a g r i c u l -  
t ure  scena r i  0. 

6.1.2 Tot\al A c t i v i t y  Scenarios 

T h i s  s e c t i o n  c o n s i d e r s  t h e  scenar ios  t h a t  a re  dependent upon t h e  e n t i r e  
a c t i v i t y  
c h r o n i c  
equat ion 
i s :  

Ca = 

disposed a t  t h e  s i t e .  A l l  o f  t h e  t o t a l  a c t i v i t y  s c e n a r i o s  a r e  
exposure  s c e n a r i o s  ( i . e . ,  cont inuous re lease and exposure). The 
app l i cab le  t o  the  t o t a l  a c t i v i t y  scenarios f o r  each r a d i o n u c l i d e  

1 I i n  Cin (6-5) 
i 

where (Ca) and (C in)  denote t h e  concent ra t ions  of r a d i o n u c l i d e  (n )  a t  t h e  
b i o t a  access l o c a t i o n  and i n  t h e  ( i ) t h  de m i n i m i s  was te  stream, res-  
p e c t i v e l y ,  i n  u n i t s  o f  - (C i /m3) ,  and ( I i n )  i s  t h e  r a d i o n u c l i d e - s p e c i f i c  
i n t e r a c t i o n  f a c t o r  between t h e  ( i ) t h  waste stream and t h e  b i o t a  access 
l o c a t i o n .  The c a p i t a l  sigma i n d i c a t e s  t h a t  t h e  t o t a l  r a d i o n u c l i d e  
c o n c e n t r a t i o n  a t  the  b i o t a  access l o c a t i o n  i s  a summation o f  t h e  rad ioac-  
t i v i t y  con t r i bu ted  by each waste stream. This  sumnation may a l s o  i n c l u d e  
any p o t e n t i a l  i n t e g r a t i o n  t h a t  must be performed due t o  t h e  a rea l  e x t e n t  
o f  t he  d isposal  s i t e  and the  areal  d i s t r i b u t i o n  o f  t h e  waste streams. The 
i n t e r a c t i o n  f a c t o r  Ii (dropping t h e  rad ionuc l i de  subsc r ip t  f o r  s i m p l i c i t y )  
can genera l l y  be expressed through t h e  f o l l o w i n g  equat ion:  

6-4 = 
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where the subscript i denotes the waste stream, and where: 

fo  = time-del ay factor (dimension1 ess) ; 
f d i  = s i te  design and operation factor (dimensionless); 
fwi = waste form and package factor (m3/yr); and 
fsi = s i te  selection factor (yr/m3); 

a n d  where the values of f d i ,  f w i ,  and fsi may be funct jons  of the proper- 
t ies  of individual waste streams. 

Groundwater Scenarios 

There are several groundwater scenarios depending on' the  assumed bio ta  
access location. One of the access locations i s  an on-site well w h i c h  may 
be dr i l led  i n t o  a n  unconfined aquifer beneath the  s i t e  a n d  used by a 
potential inadvertant intruder (intruder-well scenario). A second 
location i s  a well dr i l led i n t o  the unconfined aquifer and pumped for 
common use by a small p o p u l a t i o n  some distance away from the disposal 
f a c i l i t y  (population-well scenario). The third loca t ion  i s  a stream t h a t  
receives the discharge from the unconfined aquifer and  w h i c h  may be used 
by a larger popula t idn  (population-surface water scenario). 

I n  this report, i t  i s  assumed t h a t  the water table gradient underneath the 
disposal s i te  is unidirectional, and t h a t  the intruder-well located a t  the . 
boundary of the disposal area ( ra ther  t h a n  the boundary of the s i t e )  
contributes t o  the intruder scenario. This loca t ion  i s  more conservative 
t h a n  a well located i n  the middle of the s i te  since only about  ha l f  of the 
p o t e n t i a l  effluent from the s i te  would contribute t o .  the contamination a t  
a well i n  the middle of the s i t e  whereas a l l  of the potential eff luent  
would contribute t o  the location assumed for the intruder-well. 

The factors f d i  and fwi are assumed t o  be independent of the areal extent 
of the disposal f a c i l i t y ;  however, the factor fsi represents these areal 
relationships. The factors f d i  a n d  fwi and  the i r  computa t ions  are 
straightforward and representative values for these f a c t o r s  are given i n  
Section 6.3. However, a brief discussion of fsi i s  presented below. 

The following general equation is  applicable t o  determine fsi  (Ref. 3) .  

fsi = rg :ti'/ Q (6-7 1 

where: 

rg = dimensionless time independent reduction factor due t o  the 
transverse (perpendicular t o  the g roundwate r  velocity d i  rec- ' . 
t i o n )  spatial relationship of the disposal facil i ty w i t h  the 
discharge location; 

I 

I 
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, 
r t i =  d i m e n s i o n l e s s  r e d u c t i o n  f a c t o r  due t o  m i g r a t i o n  and r a d i o -  

a c t i v e  decay; t h i s  f a c t o r . i s  dependent on b o t h  space and t i m e  
i n c l  ud i  ng t h e  l o n g i  t u d i  nal  ( i  n the  d i  r e c t  i o n  o f  t h e  groundwater 
v e l o c i t y )  s p a t i a l  r e l a t i o n s h i p  of t h e  d i s p o s a l  f a c i l i t y  w i t h  
t h e  discharge loca t i on ;  and 

Q = d i l u t i o n  f a c t o r . i n  u n i t s  o f  volume/time. 

The f a c t o r  Q i s  independient o f  t h e  c h a r a c t e r i s t i c s  of t h e  disposed wastes 
and i s  a l s o  independent o f  t he  geometr ica l  r e l a t i o n s h i p  of  t h e  d i s p o s a l  
f a c i l i t y  w i t h  t h e  discharge loca t i on .  The fac to r  0 may be t h e  pqmping r a t e  
o f  a w e l l  o r  t h e  f l o w  r a t e  o f  a r i v e r .  The f a c t o r s  rg and r t i  a r e  
discussed i n  Sect ion 6.3. 

O the r  s c e n a r i o s  concep tua l  l y  a s s o c i a t e d  w i t h  the  groundwater scenar ios 
i nvol ve d isposal  c e l l  1 eachate accumulation and o v e r f l  ow. These scenar i  9s 
are  discussed i n  Sect ion 6.3.3. 

Exposed Waste Scenarios 

I n  t h e s e  scenar ios,  p a r t  o r  a l l  o f  t h e  sur face area o f  t h e  disposed waste I 

i s  assumed t o  be exposed through some means, and t h i s  exposed waste  i s  
assumed t o  be accessed by  t r a n s f e r  agen ts  such as w i n d  o r  water.  The 
mechanism t h a t  i n i t i a t e s  u n c o v e r i n g  o f  t h e  waste m a y  be a n t h r o p o g e n i c  
a c t i v i t i e s  such as c o n s t r u c t i o n  o r  farming, o r  i t  may be eros ion  o f  t h e  
waste c o v e r  by s u r f a c e  w a t e r  o r  w ind  a c t i o n .  I n i t i a t i n g  mechanisms 
r e l a t e d  t o  human a c t i v i t i e s  a r e  examined i n  Sect ion 6.2 addressing t h e  
i n t r u d e r - a g r i c u l t u r e  and in t rude r -cons t ruc t i on  scenar ios  , and i n i  t i  a t i  ng  
mechanisms r e l a t e d  t o  e r o s i o n  of t h e  waste cover a re  examined i n  o t h e r  
re ferences (Refs. 3 , 4 ) .  

There a r e  two bas ic  types o f  exposed waste scenar ios depending on whether 
t h e  t r a n s f e r  agent  i s  w ind  o r  s u r f a c e  water .  F o r  t h e  w ind  t r a n s p o r t  
s c e n a r i o ,  o n l y  p o p u l a t i o n  exposures a re  considered; i n d i v i d u a l  exposures 
a re  bounded by t h e  above i n t r u d e r - c o n s t r u c t i o n  and i n t r u d e r - a g r i c u l t u r e  
s c e n a r i o s .  The e n t i r e  exposed waste area i s  assumed t o  be a p o i n t  source 
f o r  t h e  impact c a l c u l a t i o n s  s ince  t h e  popu la t ion  i s  assumed t o  be compara- 
t i v e l y  d i s t a n t .  F o r  t h e  surface water t ranspor t  scenar ios,  exposures t o  
i n d i v i d u a l s  consuming wa te r  f rom an open wa te r  access  l o c a t i o n  a r e  
cons ide red .  Again the  d isposal  f a c i l i t y  i s  considered a p o i n t  source f o r  
t h i s  scenario. The equations used i n  t h e  c a l c u l a t i o n s  a r e  examined i n  
Sect ion 6.4.-  

6.2 I n t r u d e r  Scenarios 

As d i s c u s s e d  i n  Sec t i on  6.1, p o t e n t i a l  long-term exposure scenar ios f rom 
de m i n i m i s  waste d i s p o s a l  can be s e p a r a t e d  i n t o  two t y p e s :  i n t r u d e r  
s c e n a r i o s  and t o t a l  a c t i v i t y  s c e n a r i o s .  The i n t r u d e r  scenar ios i n c l u d e  
those i n v o l v i n g  d i r e c t  human c o n t a c t  w i t h  t h e  d i s p o s e d  waste,  such as  
t h o s e  i n v o l v i n g  exposures t o  a p o t e n t i a l  i nadve r ten t  i n t r u d e r .  I n  these 

\ 
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s c e n a r i o s ,  p o t e n t i a l  exposures  a r e  c a l c u l a t e d  c o n s i d e r i n g  o n l y  t h e  
rad ionuc l i de  concentrat ions i n  t h e  waste s t reams assumed t o  be a c t u a l  l y  
contac ted-by  t h e  i n t rude r .  The rad ionuc l i de  concentrat ions i n  p a r t s  o f  t h e  
d isposal  f a c i l i t y  no t  contacted by t h e  p o t e n t i a l  i n a d v e r t e n t  i n t r u d e r  do 
n o t  e n t e r  i n t o  t h e  c a l c u l a t i o n s .  On t h e  o ther  hand, exposures from t h e  
t o t a l  a c t i v i t y  scenar ios a re  determined by consider ing t h e  t o t a l  radionuc- 
l i d e  a c t i v i t y  d i s p o s e d  a t  t h e  f a c i l i t y .  Examples o f  t o t a l  a c t i v i t y  
scenar ios i nc lude  t h e  groundwater  m i g r a t i o n  s c e n a r i o s  and t h e  exposed 
waste scena'rios. . 

These concep ts  a r e  f u r t h e r  expanded i n  t h e  f o l l o w i n g  two sec t ions  which 
present t h e  c a l c u l a t i o n a l  procedures f o r  determining exposures  f rom t h e  
two b a s i c  i n t r u d e r  scenar ios considered i n  t h i s  repo r t .  These inc lude  t h e  
i n t rude r -cons t ruc t i on  scenar io presented i n  Sect ion 6.2.1 and t h e  i n t r u -  
d e r - a g r i c u l t u r e  scenar io  presented i n  Sect ion 6.2.2. 

6.2.1 In t ruder -Const ruc t ion  Scenar io 

This  scenar io  assumes t h a t  a t  some t ime  a f t e r  t h e  end o f  opera t ions  a t  t h e  
d isposal  f a c i l i t y ,  i n s t i t u t i o n a l  c o n t r o l s  breakdown t e m p o r a r i l y  and an 
i n t r u d e r  i n a d v e r t a n t l y  cons t ruc ts  a house on t h e  d isposal  f a c i l i t y .  I n  so 
d o i n g ,  t h e  i n t r u d e r  i s  assumed t o  c o n t a c t  t h e  d i s p o s e d  wastes w h i l e  
p e r f o r m i n g  t y p i c a l  excavat ion work such as i n s t a l l i n g  u t i l i t i e s ,  p u t t i n g  
i n  basements,  and so  f o r t h .  These t y p i c a l  a c t i v i t i e s  s h o u l d  n o t  be 
expec ted  t o  i n v o l v e  s i g n i f i c a n t  depths - e.g., i n  most cases no .more than 
approximately 3 m (about 10 f t ) .  There  i s ,  however, a much l e s s  l i k e l y  
chance t h a t  some excavat ions .  cou ld  proceed a t  a lower depth. This  cou ld  
occur, f o r  example, through c o n s t r u c t i o n  o f  a sub-basement f o r  a h igh  r i s e  
Jui 1 d i  ng . 

- 

To implement t h i s  scenario, t h e  i nadver ten t  i n t r u d e r  i s  assumed t o  d i g  a 3 
meter deep foundat ion ho le  f o r  t h e  house. The surface area of t h e  house i s  

. assumed t o  be 20 m by 10 m (200 m2) ,  which i s  a t y p i c a l  sur face area f o r  a 
ressonably l a r g e  ranch-sty le  house. The foundat ion h o l e  i s  assumed t o  be 
20 m by  10 m (200 m2) a t  t h e  bottom and 26 m.by 16 m a t  t h e  t o p  ( g i v i n g  a 
1:l slope f o r  t h e  s ides of t he  ho le ) .  Th is  r e s u l t s  i n  a t o t a l  volume (see 
F igure  6.1) o f  excavated ma te r ia l  equal t o  906 m3, o f  which a p o r t i o n  w i l l  
be composed o f  t h e  cover t h a t  was. emplaced over t h e  waste d u r i n g  d i s p o s a l  
o p e r a t i v s ,  a p o r t i o n  w i l l  be composed of  waste, and t h e  remainder w i l l  be 
composed g f  s o i l  mixed w i t h  t h e  waste du r ing  disposal  operat ions.  

For munic ipa l  and hazardous waste d isposa l ,  t h e  s i z e  o f  t h e  d isposal  c e l l s  
i s  assumed t o  g r e a t l y  exceed t h e  s i z e  o f  t h e  i n t r u d e r  e x c a v a t i o n .  The 
f r a c t i o n  o f  t h e  excavated  w a s t e / s o i l  m i x t u r e  t h a t  a c t u a l l y  cons i s t s  o f  
waste i s  there fore  g iven by the  product  o f  t he  waste emplacement e f f i c i e n -  
c y  (EMP) w i t h  t h e  c o v e r  m i x i n g  e f f i c i e n c y .  The waste emplacement e f -  
f i c i e n c y  i s  t h e  f r a c t i o n  of t h e  volume w i t h i n  a g i v e n  d i s p o s a l  c e l l  
( e x c l u d i n g  t h e  c o v e r )  wh ich  c o n s i s t s  o f  waste.  The c o v e r  m i x i n g  e f -  
f i c i e n c y  (RMIX) can be c a l c u l a t e d  f o r  v a r i o u s  c o v e r  t h i c k n e s s e s  u s i n g  
F i g u r e  6.1,  and i s  the  f r a c t i o n  o f  t h e  t o t a l  volume of excavated m a t e r i a l  
(906 m3) t h a t  c o n s i s t s  of  t h e  d i s p o s e d  so i l /wa .s te  mix tu re .  For  a 2 m 
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cover ,  about 75% of the  excavated mixture would consis t  of the cover, 
which resul ts  i n  a cover mixing  efficiency equal t o  1.0 - 0.75 = 0.25. A 
1 .m th ick  cover i s  assumed f o r  municipal waste disposal into a sanitary 
l a n d f i l l  ( R M I X  = 0.59), a 0.3 m thick cover i s  assumed f o r  t h e  open dump 
( R M I X  = 0 . 8 7 ) ,  while a 1.5 m t h i ck  cover i s  assumed for  the hazardous 
waste d isposa l  f a c i l i t y  ( R M I X  = 0.41). 

For o n - s i t e  d i sposa l ,  t h e r e  w i l l  be more iwformation about the specif ic  
configuration of the disposal f a c i l i t y .  I n  addition, i t  i s  possible  t h a t  
disposal could be carried out as a se r ies  of widely separated auger holes, 
such a s<cou ld  have been the  case f o r  disposal of waste under former 
Section 20.304 of  .10 C F R  P a r t  20. For on-site disposal, therefore-, the 
surface u t i l i za t ion  efficiency ( S E F F )  i s  included when determining t h e  
f r a c t i o n  of t h e  excavated soi 1 /waste mixture t h a t  actually consists of 
waste. SEFF i s  provided by the  user of t h e  code a n d  i s  defined as the 
sur face  area of  the  disposal  c e l l s  divided by t h e  surface area of the 
d i s p o s a l  c e l l s  plus any space between t h e  disposal c e l l s .  SEFF i s  
therefore a ' f rac t ion  less  t h a n  or equal t o  unity. 

The equation descr ib ing  h u m a n  exposure f o r  the  in t rude r -cons t ruc t ion  
scenario is  as follows (Ref. 3 ) :  

H = 1 [(fofdf,fs)air Cw PDCF-2 + (f0fdfwfs)DG Cw PDCF-51 (6-8) 
- n  

where H i s  the 50-year dose committment i n  mrem, PDCF-2 and  PDCF-5 are  the 
radionucl ide-specific pathway dose conversion factors which are d i  scussed 
a n d  p re sen ted , in  Appendix D, Cw i s  the radionuclide concentration i n  the 
waste (equation 6 - Z ) ,  and n denotes summation over a l l  the radionuclides. 

The f i r s t  term of  t he  equation c a l c u l a t e s  impacts from a i r  pathways 
r e s u l t i n g  from suspension of contaminated dust i n t o  t h e  a i r .  These 
impacts include inhalation of the contaminated dust and d i rec t  radiation 
exposure from immersion i n  the contaminated dus t  cloud. The second term 
of ' the equation calculates the impacts from direct  gamma radiation emitted 
by the excavated wastes. The t ransfer  factors are examined below. 

The time delay f a c t o r  ( f , )  i s  radionuclide-specific and i s  given by the 
following equation: 

f o . =  exp  [ - x I.INSJ - .  ( 6 - 9 )  

where x is  the decay constant of the radionucli.de, a n d  IINS i s  t h e  t ime 
period between the end of active disposal operations and the in i t i a t ion  of 
the scenario. This factor is  the same f o r  both the  a i r  uptake pathways 
and the d i rec t  gamma pathway. The assumed time period i s  equivalent t o  the 
assumption t h a t  the intrusion scenario involves the waste l a s t  disposed a t  
t h e  s i t e  a n d  conserva t ive ly  neglects the possibi l i ty  t h a t  the intrusion 
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. scena r io  may i n v  
operation.. 

lve  waste disposed e a r l i e r  d u r i n g  t h  disposal f a c i l i t j  

T h e  s i t e  d e s i g n  and opera t ion  f a c t o r ,  f d ,  denotes the di lut ion of the 
waste due t o  par t icular  disposal pract ices  regarding waste emplacement. 
For municipal and hazardous waste d i s p o s a l ,  f d  i s  g i v e n  by the waste 
emplacement efficiency ( E M P ) ,  which i s  assumed t o  b e  0.8 f o r  municipal 
waste d isposa l  and 0.75 f o r  hazardous waste d i s p o s a l .  For o n - s i t e  
d i s p o s a l ,  f d  i s  g iven  a s  the product of EMP and the surface u t i l i za t ion  
efficiency SEFF, and both parameters must be provided by the  code user. 
T h e  cover  mixing efficiency i s  not considered for this scenario since the 
intruder may possibly spend most of his time w i t h i n  the excavation. 

For t he  a i r  uptake pathways, the  waste form and package fac tor  ( f w )  i s  
given by the following formula: 

(6-10) 

where IA i s  the accessibi l i ty  i n d e x  ( see  Sect ion 2 . 2 . 4 ) .  Based on t h i s  
formula, fw ranges from a h i g h  of 1 t o  a low of 0.1. 

For the d i r ec t  radiation exposure pathway, only the se l f - sh ie ld ing  of the  
par t icular  waste form af fec ts  the factor  fw. In this case,  f w  i s  set equal 
t o  the access ib i l i ty  multiplier. The  modification due  t o  a c c e s s i b i l i t y  
resu l t s  from the  s u b s t a n t i a l  metal component of some waste streams (see 
Section 2.2 .4) .  The access ib i l i ty  multiplier i s  taken equal t o  1 i f  the  
index  IA i s  equal t o  1, and i t  is  0.1 i f  the index IA is  equal t o  2. 

T h e  s i t e  s e l e c t i o n  fac tor ,  f s  i s  different fo r  the a i r  uptake andbd i rec t  
gamma pathways. For the a i r  uptake pathways, i t  i s  the product  of the  
s o i l - t o - a i r  t r a n s f e r  f a c t o r  Tsa ( w h i c h  d e p e n d s  on t h e  environmental 

. charac te r i s t ics  of the region i n  which the disposal f a c i l i t y  i s  l o c a t e d )  
w i t h  the exposure duration fac tor  ( the fraction of a year  t h a t  construc- 
t ion  takes place).  For the d i rec t  gamma exposure pathway i t  i s  eaual t o  
just the exposure duration factor .  These factors  a re  de ta i led  below. 

In this work, the exposure duration i s  assumed t o  b e  500 working hours.  
T h i s  i s  equivalent t o  a construction period of 3 months, which is  believed 
t o  be reasonably conservative for  typical construction. I t  i s  believed t o  
be  very conse rva t ive  f o r  a c t i v i t i e s  involving use of heavy construction 
equipment. T h i s  g ives  a value of 0.057 f o r  f s  f o r  the d i r e c t  gamma 
scenario, and i s  applicable for  municipal waste disposal, hazardous waste  
disposal , and on-si t e  disposal . 
F o r  the a i r  pathways, the v a l u e  0.057 i s  m u l t i p l i e d  w i t h  a so i l - to-a i r  
t ransfer  fac tor  given by the formula: 

- -  

Tsa = [TsaIo x ( ~ O / V )  x ( ~ / 3 0 )  x (50/PE)2 (6-11) 
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where [TsaIo i s  equal to  2.53 x 10-10, 
s i te  i n  m/sec, s is  the s i l t  content of 
i s  the precipi tation-evaporation i n d e x  

. the antecedent mol s ture  conditions ('see 

v is  the average wind speed a t  the 
the s i t e  so i l s  i n  percent, and PE 
of the s i t e  vicini ty  indicative of 
Reference 1). Parameter values for,  . 

v ,  s ,  and PE are  given for  each reference s i t e  i n  Section C.5 of Appendix 
C. For the southeast s i t e ,  for example, values of v = 13.61 m/sec, s = 50, 
an4  PE = 91 result i n  a T value equal to  3.53 x Mult iplying Tsa 
by the  dens i ty  of the sosf, which is  assumed to  be 1.6 gm/cm3, gives the 
average a i rbo rne  d u s t  loading f o r  the cons t ruc t ion  a c t i v i t y ,  while 
mul t ip ly ing  Tsa by 0.057 gives the s i te  selection factor.  The resulting 
airborne d u s t  loading a n d  s i t e  s e l e c t i o n  f a c t o r  f o r  each of the  three 
re ference  s i t e s  a r e  given i n  Table 6-1. These values are applicable for  
municipal waste disposal, hazardous waste disposal and on-site disposal. 

TABLE 6-1 . Reference Dust Loadings and S i t e  Selection Factors 
~ ~~ 

f -5- 

Northeast 0.258 9.18~10'12 

Southwest 7.410 2.64~10-10 

Site E n v i  ronment Dust Loading (mg/m3) 

Southeast 0.565 2.01x10-11 

6.2.2 Intruder-Agricul ture  Scenario 

I t  i s  assumed i n  t h i s  scenar io  t h a t  a n  intruder l ives  i n  the b u i l d i n g  
constructed as p a r t  of the intruder-construction scenari  0 ,  and consumes 
food grown, i n  s o i l  contaminated by the decomposed waste excavated and 
distributed around the b u i l d i n g  d u r i n g  cons t ruc t ion  a c t i v i t i e s .  I t  i s  
bel ieved t h a t  t h i s  follow-on scenario to  the above intruder-construction 
scenario i s  more reasonable t h a n  a poss ib l e  scenar io  involving a l a r g e  
scale farming operation. Farming i s  a surface ac t iv i ty  and generally does 
not involve d i s t u r b i n g  the soil  for  more t h a n  a few feet .  As long as a cap 
of one o r  two meters i s  maintained over the  waste, then i t  i s  very 
unlikely tha t  agricultural ac t iv i t i e s  would ever contact the waste. 

To implement the  scenar io  a t  t he  end of a c t i v e  i n s t i t u t i o n a l  control 
period, however, a portion of the soi l  and waste ( inc lud ing  the ea r then  
cover)  excavated d u r i n g  the intruder-construction ac t iv i ty  i s  assumed to  
be distributed around the completed house. After b u i l d i n g  the foundations 
of the house, about 306 m3 of this material would be p u t  back i n  outside 
and around the  c e l l a r  walls leaving a volume of about 600 m3 of material 
which is  distributed around the s i t e  property. The p rec i se  a rea l  e x t e n t  
t o  which t h i s  mater ia l  i s  d i s t r i b u t e d  i s  somewhat specula t ive .  I t  is  
l ikely,  however, tha t  the material will remain l o c a l i z e d ;  mov ing  even a 
few cubic  yards  of so i l  more than 10 meters usually requires s ignif icant  
e f for t .  I t - i s  assumed i n  t h i  report tha t  this areal e x t e n t  i s  l i k e l y  t o  

i s  assumed t o  l i e  w i t h i n  a r a d i u s  of 25 meters from'the house. 
be somewhere between 1000 m 3 and 2000 m2. That i s ,  the waste/soil mixture 
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The i n t r u d e r  i s  t h e n  assumed t o  l i v e  i n  the b u i l d i n g  cons t ruc ted  i n  t h i s  
d i s t r i b u t e d  waste /so i l  mixture, .work. a t  a regu la r  j o b  d u r i n g  t h e  day, and 
spend some o f  h i s  ex t ra  t ime working i n  a garden growing food f o r  h i s  own 
consumption. H i s  t ime dur ing  a year  i s  assumed t o  be a l l o c a t e d  between 
var ious a c t i v i t i e s  as fo l lows:  

A c t i v i t y  

A t  Home . .  

A t  Work 
T rave l i ng  To/From Work 
Vaca t i on 
Gardening 
Outdoors 

Hours/Year 

. 4380 
2000 

250 
330 
100 

1700 

I n  t h e  i n t r u d e r - a g r i c u l  t u r e  scenar io ,  t he  i nadver ten t  i n t r u d e r  cou ld  be 
exposed p r i n c i p a l l y  by f i v e  pathways: (ill i n h a l a t i o n  o f  contaminated d u s t  
suspended due t o  t i l l i n g  a c t i v i t i e s  as w e l l  as n a t u r a l  suspension, ( 2 )  
d i r e c t  r a d i a t i o n  exposure from s t a n d i n g  i n  t h e  c o n t a m i n a t e d  c l o u d ,  ( 3 )  
consumpt ion  o f  f o o d  (e.g., l e a f y  vegetables) dusted by f a l l o u t  from the  
contaminated cloud, ( 4 )  consumpt ion  o f  f o o d  grown i n  t h e  c o n t a m i n a t e d  
s o i l ,  as w e l l  as p r o d u c t s  f rom animals f e d  contaminated forage, and ( 5 )  
d i r e c t  r a d i a t i o n  exposure from t h e  d i s p o s e d  waste volume. F o r  c a l  c u l  a- 
t i o n a l  convenience;  t h e  f i r s t  t h r e e  up take  pathways have been grouped 
together  and denoted as the a i r  uptake pathway. The p o t e n t i a l  exposures  
f r o m  t h e s e  pathways are the re fo re  c a l c u l a t e d  i n  th ree  groups: a i r  uptake, 
food ( s o i l )  uptake, and d i r e c t  r a d i a t i o n  (vo lume)  exposures:  These a r e  
then added t o  a r r i v e  a t  t he  t o t a l  p o t e n t i a l  exposures from t h i s  scenario. 

The p o t e n t i  a1 exposures f rom t h e  i n t r u d e r - a g r i c u l  t u r e  s c e n a r i o  a r e  
c a l c u l a t e d  u s i  ng the f o l l  owing equation: 

H = 1 . [ ( fo fd fwfs )a i r  Cw PDCF-3 + ( f0 fd fwfs ) food Cw PDCF-41 + 
n 

where H i s t h e  annual dose r a t e  i n  mrem per year d u r i n g  the  50th year  o f  
exposure, PDCF-3, PDCF-4, and PDCF-5 a re  the  rad ionuc l i de  s p e c i f i c  pathway 
dose c o n v e r s i o n  f a c t o r s  presented i n  Appendix D, Cw i s  t h e  r a d i o n u c l i d e  
concent ra t ion  i n  t h e  waste (see E q u a t i o n  6-21, and n deno tes  summation 
ove r ’  a l l  t h e  r a d i o n u c l i d e s .  The v a l u e s  o f  t h e  t r a n s f e r  f a c t o r s  a r e  
presented be l  ow. 

The t i m e  d e l a y  f a c t o r  ( f o ) . f o r  t h i s  scenar io i s  i d e n t i c a l  with t h a t  f o r  
t h e  i n t r u d e r - c o n s t r u c t i o n  scenario, and i s  given by e q u a t i o n  ( 6 - 8 ) ;  The 
s i t e  design and opera t ion  f a c t o r  ( f d )  i s  determined i n  a s i m i l a r  manner as 
t h a t  f o r  t h e  i n t r u d e r - c o n s t r u c t i o n  scenar io  and i s  t he  same f o r  a l l  t h r e e  
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of the  above pathways. In add i t ion ,  however, f d  includes the di lut ion 
result ing from mixing the excavated soi l /waste  w i t h  the  excavated cover  
s o i l .  For s a n i t a r y  l a n d f i l l  d i sposa l ,  a 1 m cover over the waste i s  
assumed, which r e s u l t s  i n  cover m i x i n g  e f f i c i e n c y  equal t o  0.59. T h i s  
r e s u l t s  i n  a s i t e  design and opera t ion  f a c t o r  f o r  s a n i t a r y  l a n d f i l l  
disposal equal t o  0.8 x 0.59 = 0 . 4 7 ,  0 . 7 5  x 0 . 4 1  = 0.31 f o r  hazardous 
waste d i sposa l ,  and 0.8 x 0.87 = 0.70 f o r  open dump d isposa l .  For 
on-site disposal, the cover. mix ing  efficiency ( R M I X )  i s  multiplied by both 
the  waste emplacement efficiency a.nd the surface u t i l i za t ion  efficiency. 
All three parameters are  specified by the code user. 

Waste Form and Package Factor 

The waste form and package factors for  the a i r  uptake and direct  radiation 
exposure pathways composing this scenario are  identical w i t h  those for the 
a i r  uptake and d i rec t  radiation exposure pathways composing the intruder- 
construction scenario. However, for  the food ( s o i l )  uptake pathway, o t h e r  
cons idera t ions  a r e  appl-icable.  The fol lowing formula i s  u t i l i z e d  t o  
calculate ( f w )  for  the food ( s o i l )  uptake pathway: 

(6-13) 

where, I A  i s  the  access ib i l i ty  index (see Section 2.2.41, and Mo is  the 
radionuclide-specific leach f r a c t i o n s  of u n s o l i d i f i e d  waste forms ( s e e  
Section 6.3.1). 

The contac t  time fraction tc i s  the fraction of time i n  one year t h a t  the 
waste is  i n  contact w i t h  water. I t  appears t o  be reasonable t o  assume 
t h a t  only the fraction of radionuclides transferred from the waste to  the 
i n t e r s t i t i a l  water will  be access ib l e  t o  the  r o o t s ,  and inc lus ion  of 
con tac t  time i n  the above equation i s  consistent w i t h  this assumption. 
The contact time fraction i s  conservatively assumed t o  equal unity i n  this 
work, however, given uncertainties regarding the extent of time t h a t  the 
garden i s  watered. 

S i te  -Selection Factor 

The s i t e  s e l e c t i o n  factor  ( f s )  fo r  the various pathways are  the same for  
municipal waste disposal, hazardous waste disposal, and on-site disposal. 

The s i t e  s e l e c t i o n  f a c t o r  f o r  the a i r  uptake pathway i s  similar to  the 
in t ruder -cons t ruc t ion  a i r  uptake pathway. However, t he  s o i l - t o - a i  r 
t r a n s f e r  f a c t o r  must be averaged to  account for  natural resuspension of 
the so i l s  for  p a r t  of a year. T h i s  e s t ima te  i s  c a l c u l a t e d  by assuming 
t h a t  ( 1  1 the  airborne d u s t  loading for  the intruder-construction scenario 
(see Section 6.2.1) i s  applicable d u r i n g  gardening (100 hours); ( 2 )  dur ing  
the time spent outdoors (1700 hours), a t pica1 natural outdoor ambient 

d u r i n g  t he  time spent  indoors (4380 hours) ,  a t yp ica l  ambient indoor 
a i r  p a r t i c u l a t e  concentrat ion of 0.1 mg/m Y i s  assumed (Ref. 4 ) ;  and ( 3 )  
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I .-  

concent  r a t i o n  
values r e s u l t s  

o f  0.05 mg/m3 i s  assumed (Ref. 4). 
i n  s i t e  s e l e c t i o n  f a c t o r  values given i n  Table 6-2. 

Time-averaging these 

TABLE 6-2 . Reference S i t e  Se lec t ion  Factors f o r  
t h e  I n t r u d e r - A g r i c u l t u r e  Scenario 

S i t e  Envi ronment 

Northeast 
Southeast 
Southwest 

S i  t e  Sel e c t  i on Factor  

2. 96x10-1 
3 . 1 8 ~ 1 0 ' ~ ~  
8 . 0 6 ~  10-1 

F o r  t h e  f o o d  ( s o i l )  u p t a k e  pathway, fs  i s  assumed t o  be t h e  f r a c t i o n  of 
food consumed by t h e  i n d i v i d u a l  t h a t  i s  grown on s i t e ,  0.5. 

F o r  t h e  d i r e c t ' r a d i a t i o n  exposure  pathway, fs  i s  equal t o  t h e  exposure 
d u r a t i o n  f r a c t i o n  m u l t i p l i e d  by a c o r r e c t i o n  f a c t o r <  t o  account  f o r  t h e  
l i m i t e d  a r e a l  e x t e n t  o f  t h e  d i r e c t  r a d i a t i o n  source t h a t  t h e  i n t r u d e r  i s  
exposed t o .  Moreover, t h e  f r a c t i o n  o f  t h e  t i m e  t h e  i n t r u d e r  spends i n  
r e l a t i o n  t o  t h e  source must be considered. 

D u r i n g  a y e a r ,  t h e  i n t r u d e r  i s  assumed t o  spend 1800 h o u r s  o u t d o o r s  
exposed t o  unattenuated r a d i a t i o n  (100 hours t i l l i n g  and 1700 hours around 
t h e  house). Dur ing t h e  4380 hours  he spends i n d o o r s ,  he i s  exposed t o  
a t t e n u a t e d  r a d i a t i o n .  The c o r r e c t i o n  f a c t o r  due t o  t h e  l i m i t e d  area l  
ex ten t  o f  t h e  r a d i a t i o n  source may be est imated u t i l i z i n g  F igure  6.2. 

T h i s  f i g u r e  shows t h a t  i n t r u d e r  may be assumed t o  be exposed t o  a f u l l  
d i s k  source wh i le  ou ts ide  t h e  house, and an annular s o u r c e  w h i l e  i n s i d e  
t h e  house. While he i s  i n s i d e  t h e  house, t h e  center  o f  t h e  d i s k  represents 
t h e  s h i e l d i n g  provided by t h e  f o u n d a t i o n  s l a b .  The c o n t r i b u t i o n  t o  t h e  
d i r e c t  r a d i a t i o n  exposure  f r o m  t h i s  c e n t e r  p o r t i o n  may be neglected i n  
compar ison w i t h  t h e  exposure f r o m  t h e  o u t s i d e  o f  t h e  house. If t h e  
foundat ion s lab  i s  a one-foot t h i c k  concrete l a y e r ,  t h e  r a d i a t i o n  would be 
at tenuated t o  about 0.03 o f  i t s  u n s h i e l d e d  v a l u e  f o r  Cs-137 gamma r a y s  
(Ref .  5 ) .  The c o r r e c t i o n  f a c t o r  f o r  t h e  a r e a l  e x t e n t  of  t h e  annular 
source may be represented by t h e  f o l l o w i n g  equation: 

(6-14) 

where CF i s  t h e  dimensionless c o r r e c t i o n  fac to r ,  E l ( x )  i s  t h e  f i r s t  o rder  
exponent ia l  i n t e g r a l ,  p i s  t h e  l i n e a r  a t t e n u a t i o n  c o e f f i c i e n t  o f  a i r  i n  
u n i t s  o f  m - 1  ( i t  i s  taken t o  be 0.0097 m - 1  i n  t h i s  r e p o r t )  (Ref. 5 ) ,  .and 
t h e  r ' s  are t h e  d is tances from t h e  exposure p o i n t  i n d i c a t e d  i n  F i g u r e  6.2 
i n  meters. 

I 
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In order t o  evaluate the cdrrection factor ,  these radial distances must be 
assumed. The value of the exponential i n t eg ra l  f o r  some r e p r e s e n t a t i v e  
distances are given i n  Table 6-3. 

TABLE 6-3 . Exponential Integral Values 

Distance 

l m  0.0097 
8 m  0.0776 
20 m 0.1940 
25 m 0.2425 

4.068 
2.055 
1.248 
1.068 

For an annular source (the time spent indoors), i t  is  reasonable t o  assume 
1 m and 8 m ,  r e s p e c t i v e l y ,  for  ro .and ‘1; 1 m represents the effective 
h e i g h t  of the exposed person, and 8 m represents the approximate radius of 
a 200 m 2  house f l o o r .  T h e  value assigned t o  r-2, however, depends on the 
a r e a l  extent t o  which waste/soi l  mixture (600 m3) has been spread. T h i s  
mixture wi l l  l ike ly  b e  spread unevenly w i t h i n  about a half acre around the 
house. excavation, and the areal extent i s  l ike ly  t o  be between 1000 m2 and 
2000 m2. A radius of the above 20 m represents an area of about 1050 m2 
over which the waste i s  spread,.while a radius of 25 m represents an a r e a  

For a f u l l  d i s c  source (the time spent outdoors), r2 i s  again assumed t o  
be 25 m .  However, t he  r a d i u s  r l  i n  equat ion 6-14) i s  replaced by ro 
--i.e., r l  = ro = 1 m. 

These assumptions yield a correction factor  fo r  the time spent outdoors of 
about 0.74, and a correction fac tor  fo r  t he  time spent indoors  of about 
0.24. U t i l i z i n g  values  of 1800 hours outdoors and 4380 hours indoors 
yields an s i t e  selection fac tor  of about 0.27, which i s  the value u t i l i zed  
i n  this report fo r  d i rec t  radiation exposure. 

Radon Ingrowth 

of about 1750 m2. A radius of 25 m i s  ut i l ized i n  this work. r 

6 

Some de minimis waste streams may contain small t o  moderate quant i t ies  of 
precursors  of radon-222, i n  which case  ingrowth of radon gas w i t h i n  
buildings must be considered as part of the intruder-agriculture scenario. 

Assuming s teady  s t a t e  conditions, the approach is t o  f i r s t  calculate  the 
‘radon f l u x  from soil  from a given concentration of radium-226 within the 
so i l .  Next, assuming tha t  the s t ructure  bui l t  by the inadvertent intruder 
has concrete f loors ,  the diffusion of radon gas through the concrete f loo r  . 
and i n t o  the s t ructure  i s  calculated. Then, assuming t h a t  a t  equilibrium 
the r a t e  of radon gas . d i f f u s i n g  in to  the building i s  equaled by the  r a t e  
of radon gas l o s t  by decay and other means, the average concentration of 

I Equations t o  calculate  impacts may be obtained from References 6 and 7.  

~ 
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radon-222 w i t h i n  t h e  bui ldihg i s  ca l cu la t ed .  F i n a l l y ,  t h i s  average 
.concentration i s  multiplied by' a factor which represents a n  i n d i v i d u a l ' s  
average year ly  occupancy of the s t ructure ,  and by an appropriate pathway 
dose conversion factor  t o  determine individual impacts i n  mremlyr. 

The radon emanation ra te  from soil  i s  given as follows (Ref. 6 ) :  
I 

Jo = 1 Cwi Emf-; (6-15) 
i .  

I 

radon surface f l u x  from soil  (Ci/mz-sec); 
radi  um-226 concentration i n soi 1 ( C i  /m3) 
from i t h  de minimis waste stream; 
emanation coefficient (assumed t o  be 0.2 - Ref. 6 ) ;  
radon-222 decay constant (2.1~10-6 sec-1) ; and 
effect ive diffusion coefficient through soi l  
(assumed t o  be.2.2x10'6 rnZ/sec - Ref. 6 ) .  

C w i  i s  ca l cu la t ed  u s i n g  equation ( 6 - 2 ) .  I n  add i t ion ,  the radium-226 
generated t h r o u g h  t h e  decay of thorium-230 i s  added  t o  the decayed 
radium-226 i n i t i a l l y  present  i n  the de minimis waste. Higher order  
precursors are  not considered because t h e r e  i s  not s u f f i c i e n t  time f o r  
t h e i r  decay. The radon flux through a concrete f loor  w i t h  thickness t ,  J 
( i n  u n i t s  of Ci/mz-sec), and the radon-222 gas concentration w i t h i n  the 
b u i l d i n g ,  C ( i n  units of Ci/m3), are  given by (Ref. 7 ) :  

(6-16) 

and 

C = J A / ( V  A,) (6-17) 

where 

Jo = radon f l u x  calculated i n  equation 6-15; 
x = radon-222 decay constant; 
De = effect ive radon diffusion coefficient for  concrete 

(assumed t o  be 6x10'9 mz/sec - Ref. 7 ) ;  and 
t = thickness of concrete (assumed t o  be 0.305 m - 1 f t )  
A = surface area of the concrete f loor  ( m 2 ) ;  
V = volume into which the radon f l u x  enters (m3) ; and 
xe = effect ive loss constant (decay plus removal) 

(assumed t o  be 1 h r  -1 - Ref. 7 ) .  

Assuming as before a reasonably large ranch-style house, A i s  assumed t o  
be 200 m2. Assuming 8 foot h i g h  walls i n  the b u i l d i n g ,  V i s  calculated t o  
be .about 500 m3. 
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After  c a l c u l a t i n g  the  average radon qas concent.ration (C) w i t h i n  the 
b u i l h i n o ,  annual imDacts a re '  determined as:' 

H = 1 C EDF PDCF-3 (6-18) 
n 

8 

where H i s  i n  mremlyr and  C i s  as  discussed above. The  exposure duration ' 
factor ,  EDF, i s  obtained from the assumed act ivi ty  dis t r ibut ion presented 
a t  the besinning of this section for  the i n d i v i d u a l  intruder ( i  .e.,  EDF = 
4380/8760 = 0 . 5 ) .  PDCF-3  i s  the  appropr ia te  pathway dose conversion 
f a c t o r  f o r  radon-222. Impacts a r e  summed over a l l  waste streams con- 
tainina radium-226 a t  the time t h a t  the i n t r u d e r  s cena r io  i s  i n i t i a t e d ,  
a n d  added t o  t h e  o t h e r  impacts cal  cul a ted  for  the intruder-agricul ture 
scenario. 

6.3 Groundwater Scenarios 

These scenarios calculate the potential impacts resul t ing from qroundwater 
migration of radionuclides from the disposed wastes t o  three biota  access  
loca t ions  downstream i n  the direction of the.groundwater flow: (1) a well 
locatec' a t  the hoirndar-y o f  the lisoosal area, ( 2 )  a well l oca t ed  between 
the  disposal  faci1i t .y  a n d  the  cur face  hvdroloaic boundary, and ( 3 )  a 
stream located a t  the surface hydrologic boundarv. Different pathway dose 
conversion factors  are used depending on whether the access location i s  a 
well or a stream (see Appehrfix D). An idealized map showing the qeometric 
relationships hetween the disposal f a c i l i t y  and the biota access locations 
i s  shown as Fiqure 6.3. 

A S  shown i n  t h i s  f i q u r e ,  t he  m a i n  s t reaml ine  p a s s i n g  underneath t h e  ' 

disposal f a c i l i t y  has  been straightened out ( the longitudinal coord ina te s  
a r e  measured along t h i s  s t r eaml ine ) .  The overall area of the disposal 
f a c i l i t y ,  which influences the pigration c a l c u l a t i o n s ,  v a r i e s  depending 
u p o n  the  p a r t i c u l a r  f a c i l i t y  considered.  For municipal waste disposal 
(e i ther  a sanitary l a n d f i l l  or a n  open dunp), the  d isposa l  a r e a ' c o v e r s  
approximately 300 m by 340 m ,  while f o r  hazardous waste disposal, the 
disposal area covers aDproximately 665 m by 910 m. For o n - s i t e  d i sposa l ,  
the disposal area dimensions (e.g., length and w i d t h  corresponding t o  the 
abnve 300 m and 340 m) are specified by the user of the code. I t  may a l so  
be observed t h a t  the disposal area i n  Figure 6.3 has been d i v i d e d  into 10 
sectors. In  the calculation, the total  radioniiclide auanti ty disposed i n  
t he  disposal s i t e  i s  divided by 10, and  the resultant tenth is  assumed t o  
he released as a point source into each s e c t o r .  The t o t a l  impacts from 
m i o r a t i o n  from each poin t  source are summed. The following equation i s  
used to  calculate human exposures which may result  from t h e  well access  
aroundwater scenarios: 

(6-19) 
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where H i s  t h e  annua l  dose r a t e  i n  mrem per  yea r  du r ing  t h e  50th yea r  o f  
exposure, PDCF-6 i s  t h e  y a d i o n u c l  i d e - s p e c i f i c  pathway dose c o n v e r s i o n  , 
f a c t o r  d iscussed and presented i n  Appendix D, Cin i s  t h e  concen t ra t i on  of 
t h e  rad ionuc l i de  i n  t h e  de m i n i m i s  waste s t ream c o n s i d e r e d ,  i deno tes  
summation o v e r  a l l  t h e  de min imis  waste streams, and n denotes summation 
over a l l  ,the rad ionuc l ides .  (Note t h e  d i f f e r e n c e  between t h e  c o n c e n t r a -  
t i o n  C i n  and t h e  concent ra t ion  Cw considered i n  the  i n t r u s i o n  -scenarios.) 
For a sur face water access l o c a t i o n  t h e  dose convers ion  f a c t o r  PDCF-7 i s  
s u b s t i t u t e d  i n s t e a d  o f  PDCF-6. The va lues  o f  the  t r a n s f e r  f a c t o r s  a re  
presented below. 

The t i m e  de lay  f a c t o r  fo and the  s i t e  design and opera t ion  f a c t o r  f d i  a r e  
assumed t o  be u n i t y .  T h i s  m e r e l y  means t h a t  t h e  g roundwate r  m i g r a t i o n  
s c e n a r i o  i s  assumed t o  b e  i n i t a t e d  a t  t h e  c lose  o f  t h e  opera t iona l  p e r i o d  
and t h a t  t he  i n f l uence  on the  c a l c u l a t i o n s  r e s u l t i n g  f r o m  d e s i g n  o f  t h e  
d i s p o s a l  f a c i l i t y  i s  c o n s i d e r e d  as p a r t  o f  t h e  waste form and package 
f a c t o r  and t h e  s i t e  s e l e c t i o n  f a c t o r .  

I t  i s  a l s o  i m p o r t a n t  t o  r e c o g n i z e  t h a t  due t o  c e r t a i n  a s p e c t s  of t h e  
disposal  f a c i l i t i e s  and s i t e  environments considered i n  t h i s  r e p o r t ,  some 
judgement i s  r e q u i r e d  by the  code user i n  i n t e r p r e t i n g  r e s u l t s  of g’round 
water m i g r a t i o n  ca l cu la t i ons .  The ground wa te r  m i g r a t i o n  c a l c u l a t i o n s  
depend upon an assumption t h a t  t he  r a t e  o f  water p e r c o l a t i n g  through t h e  
disposal  c e l l  covers i s  l e s s  than the  r a t e  o f  water i n f i l t r a t i n g  o u t  t h e  
bo t tom o f  t h e  d i s p o s a l  c e l l s .  I f  n o t ,  t h e n  t h e  p e r c o l a t i n g  water can 
accumulate w i t h i n  t h e  disposal  c e l l s  as l e a c h a t e .  T h i s  can happen, f o r  
example, a t  a d i s p o s a l  f a c i l i t y  l o c a t e d  a t  a humid s i t e  h a v i n g  v e r y  
impermeable s o i l s  ( o r  an impermeable l i n e r ) ,  and the  p e r m e a b i l i t y  o f  t h e  
d i s p o s a l  c e l l  c o v e r s  exceeds t h a t  o f  t he  s o i l  ( o r  l i n e r ) .  I n  t h i s  case 
impacts associated w i t h  t h i s  leachate accumulation would be more appropr i -  
a t e  t o  c o n s i d e r  t h a n  those associated w i t h  ground water migra t ion .  These 
leachate accumulat ion impacts are addressed i n  Sect ion 6.3.3. 

6.3.1 Source Term 
4 

The sou rce  t e r m  i s  r e  resented by the  waste form and package f a c t o r  fw., 

contaminated l i q u i d  t h a t  passes i n t o  . t h e  a q u i f e r  benea th  t h e  d i s p o s a l  
f a c i l i t y .  

wh ich  has u n i t s  o f  m s / y e a r ,  and wh ich  denotes  t h e  annua l  volume d f  

This  f a c t o r  i s  g iven by t h e  formula: , 

(6-20) 

where f i  i s  t h e  f r a c t i o n  o f  t h e  t o t a l  disposed waste volume (de min imis  
p l u s  n o n - r a d i o a c t i v e  waste)  t h a t  compr ises  t h e  ( i ) t h  de min imis  waste 
s t ream; V w  i s  t h e  annual  volume o f  w a t e r  t h a t  p e r c o l a t e s  th rough  t h e  
disposal  f a c i l i t y  cover  and contacts  t h e  disposed waste /so i l  m i x t u r e ;  and 
fc i s  t h e  f r a c t i o n  of the  waste rad ionuc l i de  concent ra t ion  t rans fe r red  t o  
the  leachate. 
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The f i r s t  f a c t o r  f i  i s  se l f -ev ident ;  i t  i s  t h e  r a t i o  o f  t h e  volume o f  t h e  
de min imis  waste stream being c o n s i d e r e d  t o  t h e  e n t i r e  volume o f  was te  
d isposed.  C l e a r l y ,  t h e  v a r i a b l e  (Vw) i s  s i m p l y  t h e  p e r c o l a t i n g  i n f i l -  
t r a t i o n  ( p )  m u l t i p l i e d  by t h e  e f f e c t i v e  disposal  s i t e  sur face  area ( S f ) ,  
which i s  t h e  surface area of t he  d isposal  c e l l s .  (The space between t h e  
d i s p o s a l  c e l l s ,  .if any, i s  n o t  i n c l u d e d ) .  The e f f e c t i v e  d isposal  s i t e  
sur face area i s  g iven as fo l l ows :  

(6-21) 

where 

V t o t  = t o t a l  volume o f  waste (de minimis and o the r  waste) disposed a t  
t h e  s i t e ,  i n  m3; 

EMP = waste  emplacement e f f i c i e n c y  (dimensionless) which i s  de f ined 
t o  be volume of waste emplaced i n  the  ' d i s p o s a l  c e l l s  d i v i d e d  
by t h e  t o t a l  volume o f  a v a i l a b l e  disposal  space; and 

EFF = v o l u m e t r i c  d i s p o s a l  e f f i c i e n c y  ( i n  m) which i s  de f ined t o  be 
t h e  volume of a v a i l a b l e  d i s p o s a l  space i n  a d i s p o s a l  c e l l  
d i v ided  by the  sur face area o f  t he  d isposal  c e l l .  

I n  t h e  above equation, a l l  t h ree  parameters are supp l ied  by t h e  u s e r  f o r  ' 

o n - s i t e  d i s p o s a l .  F o r  m u n i c i p a l  ( s a n i t a r y  l a n d f i l l  and open dump) and 
hazardous waste d isposal  V t o t  i s  t h e  average annual waste volume t imes t h e  
opera t ing  ' l i f e ,  which i s  assumed t o  be 20 years. Reference parameters f o r  
municipal  and hazardous waste d isposal  f a c i l i t i e s  a re  shown i n  Table 6-4. 

I 

TABLE 6-4 . Reference Disposal  Parameters 
L 

Municipal  Hazardous 

V to t  (m3) 592,000 1,827,000 
EMP 0.8 0.75 

Parameter Waste Faci 1 i t y  Waste F a c i l  i t y  

EFF (m) 7.31 4.37 

There may be s e v e r a l  d i f f e r e n t  techniques f o r  c a l c u l a t i n g  t h e  parameter 
(p)  (a l so  c a l l e d  PERC i n  s e v e r a l  r e f e r e n c e s ) .  One o f  t h e s e  methods i s  
u s u a l l y  c a l l e d  t h e  wa te r -ba lance  t e c h n i q u e  (Refs. 8 and 9 - a l s o  see 
Appendix C). The water-balance technique y i e l d s  p e r c o l a t i o n  components o f  
about  74 mm o f  water per  year  f o r  t h e  nor theast  s i t e ,  180 mm o f  water per  
year  f o r  t h e  southeast s i t e ,  and 1 m o f  water per year  f o r  t h e  southwest  
s i t e .  These values are  app l i cab le  t o  sur face cond i t i ons  a t  t h e  s i t e  p r i o r  
t o  cons t ruc t i on  and operat ion o f  a d isposal  f a c i l i t y . .  The volume o f  water 
p e r c o l a t i n g  i n  t h i s  case w i l l  be denoted by V1.  
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For cases  where the re  ex is t s  special disposal f a c i l i t y  covers containing 
low permeability l a y e r s ,  and where t h e  i n t e g r i t y  of t h e  covers can be 
assumed, the percolation component may be determined by the Darcy velocity 
of the l ea s t  permeable stratum between the waste and the atmosphere (Ref.  
10).  The Darcy velocity of a material, w i t h  hydraulic conductivity (K) i n  
units of m/yr and u n i t  hydraulic gradient ( the most conserva t ive  assump- 
t i on ) ,  is  equal t o  K m3/d-yr. This number, however, should be modified by 
the fraction of each year durina which the re  i s  a t  l e a s t  0 .01 inch of 
precipitation. Therefore, i n  this l a t t e r  case, ( p )  will be calcirlated from 
the fo l l  owi no eouation: 

p = K (w/365) (6-22) 
r 

where (K) i s  the  hydraulic conduct iv i ty  of the l e a s t  permeable l a y e r  
covering t h e  waste,  a n d  ( w )  i s  the mean annual number of days w i t h  0.01 
inch or more of ra infal l  (see Reference 10).  Assuming t h a t  a permeability 
of 3x10'7 cm/sec (about 0.3 f t / y r )  i s  applicable for  the least permeable 
stratum of the disposal f ac i l i t y  cover, and assuming appropr i a t e  values  
f o r  w f o r  each of t he  reference s i t e s ,  t h i s  yields estimated Percolation 
components of 36 mm, 30 mm and 1 m m ,  r e spec t ive ly ,  f o r  t he  n o r t h e a s t ,  
southeast and western s i t e s .  The volume of water percolating i n  this case 
will be denoted by V2. 

The s p e c i f i c  percolation value used i n  the calculations depends upon the 
particular disposal f a c i l i t i e s  considered.  For o n - s i t e  d i sposa l ,  p i s  
suppl ied by the user of the code. For municiDa1 waste disposal, p varies 
depending upon whether one i s  considering a sanitary l a n d f i l l  o r  an open 
dump. For a s a n i t a r y  l a n d f i l l ,  p i s  assumed t o  be equal t o  V 1  while fo r  
an open dump, p i s  assumed t o  be equal t o  2V1. T h i s  b a s i c a l l y  assumes 
t h a t  i n  a well-operated sanitary l a n d f i l l ,  percolation i n t o  the s i te  will 
be no l a m e r  t h a n  t h a t  which existed prior to construction of the disposal 
f a c i l  i t y .  A n  open dump i s  assumed to  be operated i n  a much less s a t i s -  
fact0r.v manner t h a n  a sanitar-v l a n d f i l l ,  includina poor compaction of t h e  
waste, an inadequate, poorly compacted final cover, and  f a i lu re  t o  perform ~ 

maintenance a c t i v i t i e s  such as r e p a i r  of subsidence depress ions .  T h i s  
r e s u l t s  i n  increased percola t ion  i n t o  the  waste. (The open dump i s  
assumed t o  be charac te r ized  by potholes a n d  subsidence depress ions ,  
result ing i n  concentrated sources of r a i n  water i n f i l t r a t i o n ) .  

Two opt ional  values for  the  percola t ion  a r e  a l s o  a v a i l a b l e  f o r  the 
hazardous waste faci l i ty-- i .e . ,  the user of the code may se lec t  a percola- 
t i o n  value equal t o  e i t h e r  V2 o r  V 1 .  The former could r ep resen t  a 
poss ib le  case i n  which the synthetic membrane i n  the disposal cel l  covers 
f a i l  t o  func t ion  as expected (perhaps due t o  damage), and ra inwater  
pe rco la t e s  t h r o u g h  the  compacted c l  ay 1 ayer beneath the synthetic mem- 
brane. (See Sections 5.5.1 and C.4.2 for  a description of t he  hazardous 
waste f a c i l i t y  d e s i g n ) .  The l a t t e r  could possibly r ep resen t  a s i t e  
operating under interim status standards (See Section C.4.2).  U n l  i ke the 
open dump,  however, a l l  hazardous waste f a c i l i t i e s  a r e  assumed t o  be 
operated i n  a reasonable manner. 
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The f a c t o r  f c  represents the fraction of the ac t iv i ty  tha t  i s  transferred 
from the waste t o  the leachate. I t  may be calculated usina the fol lowing 
formula: . 

(6-23)  

where Mo is ,  t he  f r a c t i o n  o f  a s p e c i f i c  radionucl ide t r a n s f e r r e d  from 
disposed waste t o  trench leachate due to  con tac t  of water a t  continuous 
fill1 saturation; tc i s  the fraction of a year tha t  the i n f i l t r a t i n a  volume 
of water i s  i n  contac t  w i t h  t he  waste;  a n d  the  f a c t o r  10(l-IA) i s  the 
accessibi l i ty  multiplier (see Section 2 . 2 . 4 ) .  These are discussed below. 

T h e  f a c t o r  M, can be e s t i v a t e d  by many meth0d.s. I n  t h i s  repor t ,  the 
average upper bounds of the leach fraction are estimated assuming tha t  the 
leachate/waste  condi t ions a t  t he  Maxey F l a t s  disposal f a c i l i t y  may be 
used to  approximate th i s  bounding  fraction. As discussed ex tens ive ly  i n  
Reference 1 , radionucl ide concentrations i n  leachate were obtained from 
leachate samples obtained from several disposal t renches.  These rad io-  
nucl ide  concent ra t ions  were then ratioed t o  the radionuclide concentra- 
t ions i n  the waste disposed i n  the disposal trenches. The rat ios  obtained 
from each trench were then averaged over a l l  trenches sampled. The ra t ios  
t h u s  obtained are l i s t ed  i n  Table 6-5. 

The p r i m a r y  r a t i o n a l e  for t h i s  approach i s  t h a t  under specified chemical 
conditions there i s  an  upper l i v i t  t o  the solubi l i tv  of a l l  elements. The 
above d i s p o s a l  s i t e ,  because of t h e  presence of organic chemicals and 
che la t ina  aaents  a n d  because waste t renches  can be assumed t o  be a t  
continuous f u l l  s a tu ra t ion  , may be assumed t o  represent extreme leach- 
a b i l i t y  cond i t ions .  This e s t ima te  a l s o  takes  i n t o  cons idera t ion  the  
f r a c t i o n  of the  leached radioactivity tha t  may be reversibly adsorbed by 
the i n t e r s t i t i a l  trench soils.  Some researchers believe that  use of Maxey 
F l a t s  estimates represent the best t h a t  can be achieved w i t h  the available 
experiments1 d a t a  (Ref. 4 ) .  

The use o f  the  f a c t o r  M,, however, necessi ta tes  a correction factor  t o  
take into account the expected t ransient  a n d  p a r t i a l l y  s a t u r a t e d  condi- 
t ions.  T h i s  correction factor i s  'approximated through tc. This fraction 
depends on the contact time between the  waste a n d  i n f i l t r a t i n g  water.  
Assumin? t h a t  leaching a t  D a r t i a l  s a t u r a t i o n  i s  proport ional  t o  t h e  
moisture content, the fraction (t,) may he expressed as the fraction of a 
year t h a t  the percolation component calculated'above takes t o  pass through 
a aiven h o r i z o n t a l  plane, i . e . ,  

t c  = p / ( n v )  (6-24)  

where p i s  the precipitation ( i n  m/yr )  t h a t  i n f i l t r a t e s  a n d  comes i n t o  
contac t  w i t h  t he  waste, n i s  the waste cell  effective porosity, and v i s  
the speed of the percolating water ( i n  m/y r ) .  The waste c e l l  e f f e c t i v e  
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TABLE 6-5 Radionucl ide P a r t i t i o n  Ra t ios  
Between Waste and Leachate 

Element 

H* 
C* 
Na ' 

P 
s 
c1 
Ca 
sc 
C r  
Mn 

Fe 
co* 
N i  
Zn 
Se 

!?h 
S r *  
Z r  
Nh 
r.10 

Tc 
Ru 

R a t i o  Element 

1.15E+O** Ag . 
5.76E-3 Cd 
1 AZE-4 Sn . 

1.26E-3 Sb 
1.20E-2 I 

1.15E-1 c s* 
9.86E-3 Ba 
1.llE-4 La 
1.26E-3 Ce 
1.26E-3 Eu 

1.48E-2 Yb 
1.48E-2 Pb 
1.48E-2 Po 
1.48E-2 Ra 
1.20E-2 Ac 

1.62E-4 Th 
.9.86E-3 Pa 
9.86E-3 U* 
1.llE-2 NP 
1.15E-1 Pu* 

R a t i o  

1.62E-4 
1.48E-2 
1.62E-4 
1.62E-4 
1.15E-1 

1.62E-4 . 
1.llE-4 
l.llE-4 
4.67E-4 
1.llE-4 

1.llE-4 
4.11E-3 
4.11E-3 
4.11E-3 
4.11E-3 

4.11E-3 
4.11E-3 
1.25E-4 
4.67E-4 
4.67E-4 

. .  

1.15E-1 Am* , 4.llE-3 
1.15E-1 Cm 4.57E-4 

C f  4.11E-3 

, 
* These r a t i o s  are obta ined frorr, Reference 3, and 

were c a l c u l a t e d  based on experimental data. The 
remaining r a t i o s  a re  est imated based on chemical 
s i m i l a r i t i e s  between nuc l ides.  

** Exponential no ta t i on ,  i .e., 1.15E+0=1.15~10+~. 
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p o r o s i t y  can c o n s e r v a t i v e l y  be assumed t o  be about 25% ( p a r t i a l l y  com- 
pacted s o i l s  a r e  l i k e l y  t o  have h i g h e r  p o r o s i t i e s  r e s u l t i n g  i n  l o w e r  
c o n t a c t  t i m e s ) .  The value o f  v depends on t h e  i n t e r s t i t i a l  s o i l s ;  a very  
conservat ive1 low value o f  1 f t / d a y  (corresponding t o  a p e r m e a b i l i t y  o f  

g r a d i e n t  o f  u n i t y  w i l l  be assumed i n  t h i s  repo r t .  The values f o r  tc f o r  
each o f  t h e  reference s i t e s  a re  presented i n  Table 6-6. (The contac t  t ime  
f r a c t i o n  f o r  t h e  on -s i t e  f a c i l i t y  i s  spec i f i ed  by t h e  user  of t h e  codes.) 

about  1x10- 2 cm/sec) ,  an e f f e c t i v e  p o r o s i t y  o f  0.25, and a h y d r a u l i c  

TABLE 6-6 . Values o f  Contact Time F rac t i on  ' 

Volume of Water 

v1 2 v1  v2 

Northeast 2 . 6 6 ~  5.39~10-3 1.29~10-3 
Southeast 6.47~10'3 1.29~10-3 1 . 0 8 ~  
Southwest 3.60~10'5 7.19~10-3 3.60~10-5 

It should be noted t h a t  an increase o r  decrease i n  t h e  volume o f  pe rco la t -  
i n g  water a f f e c t s  t h e  contact  t ime l i n e a r l y ,  which i s  f u r t h e r  incorpora ted  
i n t o  t h e  fo rmu la t i on  o f  t he  source term f w i .  Therefore, t h e  source term i s  
a quadra t ic  f u n c t i o n  o f  p e r c o l a t i o n .  It s h o u l d  a l s o  be n o t e d  t h a t  t h e  
c o n t a c t  t i m e  f r a c t i o n  approximat ion should on l y  be considered reasonable 
over a r e l a t i v e l y  small range o f  p e r c o l a t i n g  y a t e r  speeds. Use o f  t h e  
c o n t a c t  t i m e  f r a c t i o n  a l s o  i m p l i e s  t h a t  t h e  d i sposed  waste  i s  no t  i n  
continuous f u l l  sa tu ra t i on .  

The l a s t  f a c t o r  i n  e q u a t i o n  (6-23),  1O( l - IA ) ,  i s  t h e  m u l t i p l i e r  due t o  
t h e  r e l a t i v e  i n a c c e s s i b i l i t y  o f  r a d i o a c t i v i t y  i n  a c t i v a t e d  m e t a l s  waste  
streams. The m u l t i p l i e r  f o r  a c t i v a t e d  metal  waste forms has been discussed 
i n  Sect ion 2.2.4. Use of t he  a c c e s s i b i l i t y  f a c t o r  i n  the  est imates o f  t h e  
groundwater m i g r a t i o n  source term i s  discussed i n  Reference 1. 

6.3.2 M ig ra t i on  Reduction Factor  

The waste f o r m  and package f a c t o r ,  as expressed above, y i e l d s  t h e  t o t a l  
sou rce  t e r m  ( i n  m3/yr) t h a t  can be expected from a g iven de minimis waste 
stream, and the  product o f  t he  r a d i o a c t i v e  c o n c e n t r a t i o n  w i t h  t h e  s o u r c e  
t e r m  g i v e s  t h e  annual  r e l e a s e  ( i n  C i l y r ) .  T h i s  sou rce  t e r m  must be 
r e l a t e d  t o  t h e  rad ionuc l i de  concent ra t ions  a t  t h e  groundwater b i o t a  access 
l o c a t i o n s .  T h i s  r e l a t i o n  i s  expressed through t h e  s i t e  s e l e c t i o n  f a c t o r  
(f,) i n  u n i t s  o f  yr/m3. This f a c t o r ,  which has a l s o  been referenced as t h e  
"confinement f a c t o r "  o r  " reduc t ion  factor ' '  (Ref. l), i s  t h e  ground w a t e r  
m i g r a t i o n  a n a l o g  o f  t h e  ( X / Q )  d ispe rs ion  f a c t o r  i n  meteoro log ica l  d i f f u -  
s ion  ca l cu la t i ons .  
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I n  t h i s  r e p o r t ,  a variation of the m i g r a t i o n  model u t i l i zed  i n  the EIS's 
i n  s u p p o r t  of the P a r t  61 rule i s  used (Refs. 11, 12).  This model assumes 
t h a t  t h e  porous medium c o n s i s t s  of an unsaturated and a saturated zone, 
each of which i s  s t a t i o n a r y ,  homogeneous and  i s o t r o p i c ,  a n d  the f l u i d  
'moving through these zones is incompressible and of constant viscosity. 

Also very importantly, use of this model assumes t h a t  any l iners  placed 
beneath the  disposal  f a c i l i t i e s  a r e  non-funct ional ,  o r  a t  l e a s t  only 
p a r t l y  func t iona l .  Hazardous waste f a c i l i t i e s  a r e  required by E P A  
regula t ion  t o  i n s t a l l  l iners ,  b u t  t o  date there i s  l i t t l e  data regarding 
the i r  overall kffectiveness. Similarly, sanitary l andf i l l s  may or may not 
incorpora te  1 i n e r s ,  and l ike l i ne r s  for hazardous waste f a c i l i t i e s ,  only 
time and accumulated experience will demonstrate t he i r  effectiveness. The 
on - s i t e  disposal f a c i l i t y  a n d  open dump w i l l  probably not have l i ne r s  
instal led i n  any case. 

' The source term i s  assumed t o  be given by J o  (which i s  equal t o  f y i  
multiplied by the waste radionuclide concentrations), whose uni ts  a r e  i n  
Ci /yr .  T h e  source term i s  assumed t o  e x i s t  d u r i n g  the source duration 
time ( T ) .  

The measurable hydrogeological parameters t h a t  must be included in a 
simulation of mass transport are:  the geometry of the  problem (e.g. ,  t he  
t r a v e l  dis tance,  x ,  t o  a biota access location),  the hydraulic veloci t ies  
of the f l u i d  (e.g., v ) ,  the dispersion characterist ics of the medium, a n d  
t h e  re ta rda t ion  coefficients of the so i l s  through which radionuclides a re  
m i g r a t i n g .  The space- a n d  time-averaging of t h e  above parameters,  i f  
necessary, may be accomplished i n  a straightforward manner (see Ref. 1 ) .  . 

A geometry of the migration problem i s  shown i n  Figure 6 .4 .  

As discussed i n  Section 6 .1 ,  i t  can be shown. t h a t  the time dependent S i t e  
selection factor i s  given by (Ref. 1 ) :  

(6-25) 

where (Q) i s  the dilution factor  in units of volume/time; the fac tor  rg is  
the time-independent reduction fac tor  due t o  the geometry of  t h e  problem 
( i . e . ,  t h e  s p a t i a l  r e l a t i o n s h i p  of t h e  disposal f a c i l i t y  and the biota 
access l o c a t i o n ) ;  j denotes t h e  longi tudina l  s e c t o r s  of t h e  d isposa l  
f a c i l i t y  shown i n  Figure 6 . 3 ;  a n d  r t i '  i s  the  reduction factor  due t o  
migration and radioact ive decay which depends o n  both space and t ime,  
including t h e  s e c t o r s  of t h e  disposal  f a c i l i t y  and the source duration 
time ( T ) .  

Geometric Reduction Factor - rg 

This reduction factor i s  assumed t o  be independent of the charac te r i s t ics  
of the waste streams. I t  i s  also independentsof the longitudinal relation- 
s h i p  of t he  disposal  f a c i l i t y  w i t h  t h e  b io t a  access  location. I n  this 
report ,  i t  i s  conservatively assumed tha t  the geometric reduct ion  f a c t o r  
rg i s  i t s  maximum value, unity. 

6-26 



W - J  
I J  
I -W 

IL 
V '  

0-l . a 
t-n 
t - m  x - 
m a  

x m  
00 , 

0- 

k 
I- 
V 
0 
J 
W > 
V - 

cN 

h > 
v 

\ 
\ 

.\ 
\ 
\ 
\ 

N .. 

W z 
0 
N 

W 
I- 

3 
I- 
In 

n 

s 
a 

I 
c4 d 
I I 



Dilution Factor - 0 

The d i l u t i o n  f a c t o r  i s  independent of t he  character is t ics  of the waste 
stream and the geometrical r e l a t i o n s h i p  of t he  disposal  f a c i l i t y  w i t h  
respect t o  access location. The factor  Q may be the pumping ra te  of a well 
or  the flow ra te  of a stream. 

In t h i s  work, t h e  d i l u t i o n  r a t e s  assumed are  200,000 m3/year (about 100 
gym - gal lons  per minute) for the population well scenario and 4 .5  x lo6 
m /year  (about  5 c f s  - cubic f e e t  per second) f o r  the su r face  stream 
scenario. Small farming communities t h a t  u t i l i z e  groundwater f o r  t h e i r  
needs u s u a l l y  have wells tha t  range from 100 gpm to  1000 gpm depending on 
the population. A stream flow r a t e  of about 5 c f s  i s  s e l e c t e d  s ince  a 
stream w i t h  flow r a t e  below t h i s  value i s  very unlikely t o  be used fo r  
human consumption. For example, Rock Lick Creek nearby the  Maxey F l a t s  
disposal f a c i l i t y  has  an annual averaae flow ra te  of about 7 c f s ,  b u t  i t  
i s  not used f o r  human consumption; i t  i s  used o n l y  for  livestock. 

F o r  the  intruder well scenario, Q i s  given b.y the assumed total  volume of 
p r e c i p i t a t i o n  i n f i  1 t r a t i  n o  through t h e  disposal f a c i  1 i t y  a rea  under 
natural  s i t e  conditions. I n  other words, the source term, J o y  calculated 
i n  the previous section i s  diluted by a m i n i m u m  volume of water ( i n f i l -  
t r a t i n g  through the disposal area and recharoina the qroundwater) equal t o  
the product of the s i t e  percolation ( V 1 )  w i t h  the t o t a l  su r f ace  area of 
t he  d i s p o s a l  f a c i l i t y .  The t o t a l  sur face  area consists of the surface 
area of the disposal ce l l s  p l u s  any space between the disposal c e l l  s .  I t  
i s  ca lcu la ted  b y  d i v i d i n g  the effect ive surface area (defined i n  Section 
6 . 3 . 1 )  by the surface u t i l i za t ion  efficiency (SEFF),  where SEFF i s  de f ined  
a s  the ra t io  of the surface area of the disposal c e l l s  t o  the surface area 
of the diSDOSa1 c e l l s  plus any space between the disposal c e l l s .  SEFF i s  
provided by the code user for  on-site disposal, and i s  assumed to  be u n i t y  
for municipal waste disposal and  0.9 for  hazardous waste disposal. 

There i s  a lower bound, however, for  the value of the dilution volume fo r  
the intruder  we1 1 .  Otherwise the  above technique would give i n v a l i d  
r e s u l t s  f o r  disposal f a c i l i t i e s  located i n  regional environments i n  w h i c h  
the n a t u r a l  percolation i s  low, e.g.,  a semi-arid environment. The lower 
bound dilution ra te  i n  th i s  report i s  taken to  be 7700 rn3/year (3.84 gpm), 
which rewesents the m i n i m u m  practical needs of a si ngle person 1 i v i  ng i n 
a rural area (Ref. 3 ) .  

Migration Reduction Factor - r t i j  

T h i s  f a c t o r  depends on the  time, after in i t i a t ion  of the scenario, t ha t  
the exposure i s  assumed t o  occur ,  the  durat ion of groundwater t r a v e l  
between the  j t h  longi tudina l  sector making u p  the disposal f a c i l i t y  and 
the  b io ta  access  l o c a t i o n ,  the  r e t a rda t ion  c a p a b i l i t y  of the,  s o i l s  
(radionuclide dependent), the duration of the assumed source term, and the 
waste stream c h a r a c t e r i s t i c s .  The longi tudina l  extent of the disposal  
f a c i l i t y  i s  considered by d i v i d i n g  t h e  f a c i l i t y  i n t o  10 s e c t o r s  and 
summing the contributions from each sector (assumed t o  be equal i n  s i z e )  
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t o  ob ta in .  t he  concentrations a t  the biota access .location. I n  t h i s  work, 
the following formula is  used fo r  the migra t ion  reduction factor  r t i j :  

where x i s  the decay constant of the radionuclide; t i s  the time a t  which 
the  migration reduction f a c t o r  i s  appl icable;  J i s  the total  number of 
longitudinal sectors the disposal s i t e  has been divided into,  which i s  10  
i n  t h i s  work (see Figure 6.3); T i  i s  the source duration time for  the i t h  
de'minimis waste stream; and j denotes the s e c t o r  of t h e  disposal  s i t e .  
The function F j ( t )  i s  given by the following formula (see Refs. 1 , 2 ) :  

F j ( t )  = 0.5 x U ( t )  x [erfc(X,) + exp(Pj) erfc(X+)l (6-27) 

(6-28) 6 1 f t / ( R t w j l  
' x+ = 

2 m q  
- 

where U ( t )  i s  t he  u n i t  impulse func t ion  t h a t  i s  zero f o r  a negative 
argument a n d  i s  equal t o  u n i t y  otherwise;  tw. is  theewater travel time 
between the disposal sector being considered a n d  t he  b i o t a  access loca-  
t ion;  P j  i s  the Peclet number fo r  the distance between the disposal sector 
and the b i o t a  access location; R i s  t h e  r e t a rda t ion  c o e f f i c i e n t  of t he  
rad ionucl ide ;  a n d  e r f c (x )  i s  the complement of the e r ror  function and i s  
given by the formula (Ref. 1 2 ) :  

e r fc (x)  = 1 - ( 2 / ~ )  exp(-t2) . d t  B (6-29) 

The retardat ion coefficients ( R )  t h a t  are uti i ized i n  the above equations 
depend on the radionuclide as well as the geochemistry of  t h e  s o i l s  a n d  

. t h e  t r anspor t ing  groundwater. They are indicative of the reversible ion 
exchange capability of the so i l s  and represent the r a t io  of the r a d i o n u c -  
l i d e  v e l o c i t i e s  i n  t he  s o i l  t o  t h e  groundwater ve loc i t ies .  The cation 
exchange capac i ty  of t he  s o i l s  i s  a parameter which can be used t o  
es t imate  t h e  r e t a rda t ion  c o e f f i c i e n t s  of the  s o i l s ,  since retardation 
c o e f f i c i e n t s  a r e  usual ly  l i n e a r l y  dependent on t h e  ca t ion  exchange 
capac i ty .  Five optional s e t s  of retardation coeff ic ients ,  presented i n  
Table 6-7,  may be selected by the user of the code. 

The c lay  and  mineral content of the so i l s ,  i n  a d d i t i o n  t o  the groundwater 
chemistry, significantly affects  the retardation capabili ty of t he  so i  1 s .  
The re ta rda t ion  coefficients given i n  Table 6-7 span the general range of 
values t h a t  are encountered i n  groundwater .migration c a l c u l a t i o n s .  The 
f i r s t  s e t  i s  r ep resen ta t ive  of  coefficients for  sandy so i l s  w i t h  low to  
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TABLE 6-7 . Assumed Retardat ion C o e f f i c i e n t s a  

BNWL Element Valence Set 1 Set 2 Set 3 Set 4 Set 5 
1 

10 
50 

1 1 
10 

1 
10 10 

1 1 
7 20 1460 

7 30 
350 

10 
360 

70 
177 

173 
42 

87 
15 25 

3,5 

4 5 6 
4,5,7 9 18 73 146 3 

146 .' 36 
73 

7 30 
36 

360 
18 

360 730 
177 
177 

43 87 
3 

43 87 

-- -- 

H 1 

ig C :,4 
p" 

9 
2 
9 

2,4,6 S 
c1 
Ca 
sc 
C r  2,336 
Mn 293,49697 

1 
100 -- -- -- 

3,333 
333 
333 

33 
500 
100 

10,000 
25 
1 

1,290 2,640 5,400 11,050 
860 1,750 3,600 7,350 

1 6  
25 42 70 

428 
Se 2,4,6 9 15 Zn 

720 1460 
73 146 

173 
18 

85 
9 

1,000 2,150 4,640 10,000 21,500 
Rb 

1,000 2,150 4,640 10,000 21,500 
S r  
Z r  

2 3 4 5 6 Nb 335 
WO 3,4,6 
Tc 697 5 6 

6 
4 

5 
-. 3 

4 
720 1,460 

3 
2 

146 73 
350 

2 
36 

85 173 
Ru 3,4,6,8 

720 1,460 
18 

350 
9 

1 
173 

2 
2,4 85 Sn 

73 146 
5 6 

36 
4 

720 . 1,460 
73 146 

350 
146 

36 

9 
173 

2 Sb 395 

73 
18 

1,3,5,7 85 
I 

36 
9 
9 18 

2 
cs 

3 
Ba 
La 

250 
840 1,720 3,520 7,200 14,730 

73 146 
16,666 

146 
36 

73 
18 

36 
9 Ce 3,4 
9 18 Eu 293 

840 1,720 3,520 7,200 14,730 Yb 2,3 
9 18 36 73 . 146 111 2,4 Pb 

Po 
1 1 1 1 1 

500 
1 

500 
5,000 

250 60 120 
600 1,200 2,500 5,090 

1,720 3,520 7,200 14,7 0 50,000 
840 1,720 3,520 7,200 14,730 16,666 

14,286 
100 

1,720 3,528 7,200 14,730 
600 1,20 2,500 5,000 

1,720 3,528 7,200 14,730 10,000 
2,500 5,000 10,000 

3,333 
600 1,20 
600 1,200 2,500 5,000 

1,75! 3,6p5 7,320 -- 8P% . 

36 10,000 

l0,OijO 

B38 Fe 2,3 
co 2,3 
N i  5.3 

350 1 
2 
4 

-- 

1,111 
100 

1 
1,000 

6l 

-- -- 
IS 

-- 

-- 

496 381 
588 

U 
4,596 

3 600 1,200 2,500 5,000 -- 300 
300 

!I S:d:5:t 
-- 

Rn 0 
2 Ra . 

4- 
Ac 
Th 
Pa 

-- 
-- 

. .  

. .  

( a )  Sets 1 and 4 values f o r  H ,  C r ,  Mn, Fe, Co, N i ,  S r ,  Tc, I, Cs, Np, Pu, Am, 
and Cm are  obta ined from Reference 15; values f o r  t h e  o ther  elements a r e  
based on chemical s i m i l a r i t e s  and comparative r e t a r d a t i o n s  u s i n g ' t h e  BNWL 
column (Ref. '16). 
sets  1 and 4, and s e t  5 i s  s i m i l a r l y  ca lcu lated.  

(b) C o e f f i c i e n t s  f o r  o ther  isotopes o f  same element a re  assumed t o  be t h e  same. 
(c )  These values a r e  g iven i n  Reference 16 f o r  deser t  s o i l s  w i t h  a moderate 

cation.exchange capaci ty  o f  about 5 meq/100g. They have been used as a 
guide t o  h e l p  f i l l  i n  missing values. 

Sets 2 and 3 are  obtained as geometric midpoints  o f  
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moderate cation exchange capacities, and i s  assumed t o  represent the lower 
bound of retardation coefficients used i n  this analysis. The fourth set is  
representative of coefficients for clayey soils w i t h  moderate t o  h i g h  
cat ion exchange capacities, a n d  i s  assumed t o  represent the best con- 
d i t i o n s  t h a t  can be routinely achieved. In between these two sets, two 
other sets have been postulated a n d  have been calculated u t i l i z i n g  the 
qeometric mid-points of se t s  1 a n d  4 .  A f i f t h  set of coefficients has 
been also calculated for use i n  special cases. 

Any one of  t h e  f ive se t s  of retardation coefficients may be selected by 
the user of the code for  a given site.  As a reference, however, the t h i r d  
s e t  i s  assumed i n  th is  report f o r  the northeast s i te ,  the second set for 
the southeast s i te ,  and the f i r s t  set for the southwest si te.  The choice 
of these three se t s  r e f l ec t s  c o n s i d e r a t i o n  of the probable presence of 
chelating aqents or oraanic chemicals i n  the disposed waste. 

The source duration time T i  for the i t h  de minimis waste stream i s  
determined by d i v i d i n q  the t o t a l  ac t iv i ty  i n  the stream w i t h  the a n n u a l  
release fract ion which i s  given by the factor fwi multiplied' by the radio- 
nuclide concentration. This calculation conservatively neglects the 
depletion of  the radionuclide inventory a t  the d i s p o s a l  f a c i l i t y  by 
previous releases, and  results from the manner i n  w h i c h  the radionuclide 
source term i s  modeled. T h a t  i s ,  each year a fixed "slug" of ac t iv i ty  i s  
released u n t i l  the radionuclide inventory i s  depleted after T i  years. No 
"exponential" source term, i n  which the fraction of the i n i t i a l  s i t e  
inventory released each year i s  exponentially reduced, i s  considered. 

The groundwater travel times t w j  depend on t h e  distance between the 
disDosa1 f a c i l i t y  sector being considered and the b i o t a  access l o c a t i o n .  
The travel time between waste disposed i n  the f i r s t  sector and a b io t a  
access l o c a t i o n  i s  denoted by twl,  and i s  given as the sum of the time 
required t o  traverse the unsaturated zone w i t h  the time required t o  move 
horizontally through the qroundwater t o  the b i o t a  access location. I t  i s  
assumed for both the northeast and the southedst si tes,  for example, t h a t  
qroundwater takes 10 years vertically t o  traverse the unsaturated zone. 
The assumed values of t,,,~ for the hazardous and municipal waste disposal 
f a c i l i t i e s  are presented i n  Tab?e 6-8 for each reference s i t e .  The 
groundwater travel time between the center lines of two adjacent sectors 
i s  also shown i n  Table 6-8. To determine the qroundwater travel times t o  
b i o t a  access locations from the other sectors, an appropriate multiple of 
the travel time between sectors is  added t o  &I. 

The groundwater times f o r  the sanitary l a n d f i l l  a n d  hazardous waste 
f a c i l i t y  are believed t o  be reflective of good s i te  selection procedures, 
a n d  correspond t o  groundwater speeds of 0.2 m/yr for  the northeast s i t e ,  
1.25 m/yr for the southeast s i te ,  and 10 m/yr f o r  the southwest si te.  The 
open dump, however, i s  assumed t o  be sited i n  a less careful manner. The 
vertical .travel time between the waste and  the groundwater table i s  
assumed t o  be zero for bo th  the northeast and the southeast si tes,  and the 
horizontal groundwater speeds for these two sites are assumed t o  be 1 m/yr 
and  5 m/yr, .respectively. For the southwest s i te  open dump, however, .$he 

# 
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TABLE 6-8 . Reference Travel  Times and Pec le t  Numbers 
. .  . .  . .  

. -  

. .  . .  . . ,~ 

R io ta  Access Locat ion  Nor.theast . Southeast Southwest 

Travel  Time (years )  
I 

. .  
. .  

Between Sectors  - SLF* . 170 . 27.2 3.4 
-. OD 34 . - 6 . 8  . 3 . 4  

' .455  ' i .  ' .' 72.8 9 .1  1 HWF 
. . _ . . .  , i  . . .  . ?  

95 23.6 , .  280. , . . . t o  I n t r u d e r  Well - SLF - 
. 3..4 . I 2 8 0  . . .  

I - O D  ' - 17 
- HWF ' 237.5  : , 4 6 . 4 .  ' .  280 : : .  . .  

t o  Popu la t ion  Well - SLFRHGF 2500 400 . 580 
- oc 500. 100 580 

t o  Surface. Stream - SLF&HWF 5000 
. .  . .  

' '800 . NA**. 
- OD 1000 200 NA 

. .  I -. 

I .  I 

Pecl e t  Number 
. .  

Between Sectors  - SLF,&OD I 340 - HWF 910 

t o  I n t r u d e r  Well - SLF&OD 170 
. - HWF;- . 455 .  

. .  . I. 

t o  Popul a - t i  on We.11. -: 'a1 1 

. to  Surface Stream - '  a l l  20000 

* SLF : San i ta ry  l a n d f i l l  . 
. ~ OD :' Open dump ' . . 

** NA : Not App l icab le  . b  

.loooo' 

. -  , 

. .  . . .  

HWF : Hazardous Waste F a c i l i t y  

680 . 340 
1820 ' % 910 

340 170 
910 , '  455 

. .  
10000 1 30000. : 

20000 . NA .. 

* .. 

c 

. .  . .  

. .  . .  
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oroundwater speeds a n d  t r ave l  times are assumed t o  he the same as those 
for  the sanitary l a n d f i l l .  This i s  due t o  the th ickness  of the unsatu- 
ra ted zone, u n i f o r m i t y  of ' t o p o a r a p h y  a n d  aroundwater regimes, and  the 

' semi-ar id  nature  of the southwest.  s i t e  w i t h  the  ensuing low stream 
densit ies a n d  h i p h  evaDoration d u r i n a  periods of 'hiah precipitation. 

For the  o n - s i t e  disposal f a c i l i t y ,  the  qroiind water travel times, twl, 
from the f i r s t  sector t o  the intruder well, p o p u l a t i o n  we l l ,  a n d  sur face  
stream, a n d  the  t r ave l  times between two adjacent disposal s i t e  sectors 
must he supplied by the user of the code. 

The Pec le t  number, P j  , i s  the  d i  s tance from the disposal sector t o  the 
b i o t a  access location divided by the  l o n a i t u d i n a l  d i s p e r s i v i t y  of the  , 

medium. Lonq i  t u d i n a l  d i s p e r s i v i  t i e s  f o r  the  nor theas t ,  southeast, and 
southwest s i t e s  are assirmed t o  he 10 cm, 5 cm, a n d  10 cm, r e spec t ive ly .  
Pec le t  numbers f o r  the  d is tances  between the f i r s t  sector and  the b i o t a  
access locations, and  between two adjacent s e c t o r s ,  a r e  determined i n  a 
manner s imilar  t o  the travel times. The Peclet nlimbers f o r  each reference 
s i t e  and disposal f a c i l i t y  are given i n  Table 6-8, a l o n ?  w i t h  the  Pec le t  
numbers corresponding t o  the distances separating the centerline of each 
sector. The user of  the code must supply the f o u r  appropr i a t e  Pec le t  
numbers for  the on-site disposal f a c i l i t y .  

The discussion presented above f o r  the va r i a t ion  of  t r a v e l  times i s  
appl icable  t o  the  se l ec t ed  Pec le t  numbers as well. I n  t h i s  manner, the 
unsaturated a n d  s a tu ra t ed  zones a r e  considered as  a s i n g l e  u n i t .  The 
pr imary  j u s t i f i c a t i o n  f o r  t h i s  a p p r o a c h  i s  the s e n e r i c  nature  of the 
analysis. Moreover-, as long as the groundwater travel time i n  the  unsatu- 
ra ted  zone i s  added t o  the s a t u r a t e d  zone t rave l  time, and the Peclet 
numbers fo r  the two zones are added, the above i s  a seasonable a p p r o x i m a -  
t i o n  t o  the al ternat ive of considering saturated and  unsaturated zones as 
two units w i t h  the ensuinu complications. Such a treatvent can be f o u n d  i n  
a previous work by the authors (Ref. 1 ) .  

I t  may also be pointed ou t  t h a t  using aroundwater t r a v e l  t imes ( a n d  t he  
Pec le t  numbers discussed above) a s  the pr imary var iables  on which the 
miaration analysis i s  based impl i c i t l y  allows for  a sens i t iv i ty  ana lys i s .  
S i t e s  w i t h  d i  f f e r i  n q  environmental parameters may lead t o  similar radio- 
nuclide concent ra t ions  a t  t he  access  loca t ions .  For  example, s i m i l a r  
resu l t s  would be obtained i f  the groundwater velocity is  twice as h i g h  and 
the distance t o  the access location i s  twice as large. S imi la r ly ,  a larger 
unsaturated zone trav'el time (water speeds of.,the order of lo-* f t /year  
are common) would compensate for a shorter saturated zone travel time. 

6.3.3 D i  sposal Cell Leachate Treatment and Overk.1 ow 

One of the d i f f i cu l t i e s  faced when modeling groundwater impacts associated 
w i t h  de minimis waste disposal  i n t o  municipal l a n d f i l l s  o r  hazardous . 
waste f a c i l i t i e s  i s  t h a t  the designs of these disposal f a c i l i t i e s  f r e -  
quently include i n s t a l l a t i o n  of disposal  cell  l iners .  These l iners  are 
frequently described as being "impermeable" a n d  a r e  intended t o  prevent 
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migration of toxic materiaJs out of the waste and into the aquifer beneath 
the disposal f a c i l i t y .  The existance of the l iners ,  or a l t e r n a t i v e l y  t h e  
possibi l i ty  of disposal of waste i n t o  highly impermeable s o i l s ,  complicate 
groundwater migration calculat ions,  s i n c e  percola t ing  water can poten- 
t i a l l y  accumulate i n  rather t h a n  flow t h r o u g h  the disposal ce l l s .  

This " b a t h t u b "  e f fec t  has been observed a t  low-level r a d i o a c t i v e  waste 
disposal  f a c i l i t i e s  i n  the p a s t ,  and  i f  the water is  allowed t o  continue 
t o  accumulate so  t h a t  t he  disposal  c e l l  f i l l s  u p  w i t h  l e a c h a t e ,  t he  
disposal cel l  could overflow, i n  which case potential public impacts could 
occur. Alternatively, the disposal s i t e  operators could pump the accumu- 
l a t i n g  l eacha te  from t h e  disposal  c e l l s ,  send t h e  l eacha te  through a 
treatment process, and then release the treated leachate  t o  the environ-  
ment. The 1 eachate treatment process woul d a1 so i nvol ve potent i a1 pub1 i c 
impacts, since no treatment process wi l l  be f u l l y  e f f e c t i v e  i n  removing 
the toxic constituents from the leachate. 

An 'order of magnitude estimate of potential impacts from l eacha te  , t rea t -  
ment a n d  overflow i s  thus provided. T h i s  es t imate  i s  adopted from a 
ca l cu la t iona l  procedure out l ined  i n  Reference 1 2 .  B r i e f l y ,  t h r e e  
scenarios are considered : 

1. 

2.  

3 .  

D u r i n g  opera t ion  of t he  disposal  f a c i l i t y ,  accumulating leachate is  
continuously removed by s i t e  operators, processed i n  some manner, a n d  
re leased i n t o  a nearby stream. The contaminated stream water i s  
consumed\ and used by an individual, and impacts t o  the i n d i v i d u a l  a r e  
calculated i n  units of mrem/yr. 
Accumulating leacha te  i s  allowed t o  completely f i l l  up  the disposal 
ce l l s  t o  the point t h a t  the  l eacha te  overflows t h e  dis'posal c e l l  s .  
The overflowing leacha te  i s  carr ied t o  a nearby stream, and impacts 
from consumption and use of the contaminated stream water a r e  a g a i n  
calculated i n  units of mrem/yr. 
Rather t h a n  overflow, the accumulated leachate i n  the second scenario 
above is  assumed t o  be processed through an evaporator. Radionuclides 
re leased through the  evaporator stack impact the surrounding popula- 
t i  on ( i n  person-mrem/yr) . 

The f i r s t  scena r io  would correspond t o  a s i tuat ion i n  which a disposal 
f a c i l i t y  i s  designed for  leachate collectioii a n d  removal. T h i s  would be 
the  case a t  a hazardous waste disposal  f a c i l i t y  ( s e e  Section C.4.2' of 
Appendix C ) ,  where i n  accordance w i t h  EPA regulations l iners  are required, 
and no more than 1 f t  head of leachate i s  allowed t o  buildup on the l iner .  
Example treatment processes could inc lude  f i l t r a t i o n  a n d  ion exchange 
systems. The second scenar io  corresponds t o ' a  s i t ua t ion  i n  which i n -  
s u f f i c i e n t  a t t e n t i o n  i s  given t o  accumulating l e a c h a t e ,  which could 
potentially occur a t  some time a f t e r  the disposal f a c i l i t y  i s  closed. The 
third scenario corresponds t o  a s i tuat ion i n  which remedial a c t i o n s  a r e  
taken a t  a closed disposal f ac i l i t y .  

Impacts from t h e  f i r s t  two scenarios (Hi and H2) and the th i rd  scenario 
( P )  are  t h u s  given as: 
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with: 

where: 

Q =  

f l n  = 

f2n = 
frn = 

POP = 

VL = 
Mo = 
t, = 

IA = 

(6-30a) 

(6-30b) 

(6-3Oc) 

(6-31) 

decay correction factor  f o r  the f i rs t  scena'rio (see below); 
decay correction factor  f o r  the other scenarios (see below); 
ac t iv i ty  (Ci) contained w i t h i n  leachate volume 
( V L )  annual ly  generated or processed ; 
flow r t e  of surface stream (assumed t o  be 

radionuclide release fract ion from operational 
leachate treatment process; 
radionuclide retention i n  soil d u r i n g  overland flow; 
radionuclide fraction released i n t o  the a i r  
due t o  evaporator operation; 
population-weighted atmospheric dispersion factor  
(See Section 4.1.5) 
concentration ( C i / m  ) of n t h  radionuclide 
i n  i t h  de minimis waste stream; 
fract ion of the to ta l  s i t e  waste volume t h a t  i s  
composed f the i t h  de minimis waste stream; 

radionuclide-specific leach fraction (see Table 6-4) ; 
fraction of a year t h a t  the  leachate is  i n  contact 
w i t h  the waste; and 
accessibi l i ty  index (see Section 2.2.2). 

4 .5~10 8 m3/year - see Section 6.3.2); 

volume ( m  s ) of leachate annually released or  processed; 

Parameters requiring additional explanation include fo ,  f l n ,  f 2 n ,  frn,  V L ,  
a n d  tc., The decay co r rec t ion  o r , t h e  time delay f a c t o r s ,  fo and f O ' ,  
account fo r  radionuclide decay. The f i r s t  scenar io  i s  conserva t ive ly  
assumed t o  occur d u r i n g  t h e  l a s t  year of waste disposal. Consequently, 
this factor  is  given by the following: 

f o  = [l+exp(-X,)+exp(-ZX,)+***+exp(-( I L F E - l ) X n ) ] / I L F E  (6-32a) 

where An i s . t h e  radionucl ide decay constant  ( y r - l )  a n d  I L F E  i s  t h e  
f a c i l i t y  l i f e  i n  years. Each term above accounts for  the decay of t h e  de 
minimis waste disposed i n  a s p e c i f i c  yea r ,  e.g., exp(-Xn) i s  the decay 
factor  for  the de minimis waste disposed d u r i n g  t he  penultimate year  of 
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o p e r a t i o n s .  The second and t h  
occur a f t e r  an app l i cab le  decay 
1 i t y .  Consequently., t he  f a c t o r  

f o '  = fo exp(-XnT) . 

r d  scenar ios a re  conserva t i ve l y  assumed t o  
t ime, T, a f t e r  t h e  c l o s u r e  o f  t h e  f a c i -  
fo '  i s  g iven by the  f o l l o w i n g :  

(6-32b) 

For the  second and th i , rd  scenar ios,  T i s  assumed t o  be t h e  t i m e  between 
s i t e  c l o s u r e  and i n i t i a t i o n  o f  t h e  s c e n a r i o ,  i .e . ,  t h e  i n s t i t u t i o n a l  

* c o n t r o l  per iod  ( I INS) , which i s  always i n p u t  by the  code user  as discussed 
i n  Sect ion 2.2.1. 

The r a d i o n u c l i d e  r e l e a s e  f r a c t i o n s  f o r  opera t iona l  leachate  t reatment ,  
fin, a p p l y  o n l y  t o  t h e  f i r s t  s c e n a r i o .  These r e l e a s e  f r a c t i o n s  a r e  
r a d i o n u c l i d e - s p e c i f i c ,  a r e  d e f i n e d  f o r  a g i v e n  r a d i o n u c l i d e  as ' t h e  
a c t i v i t y  r e l e a s e d  by  t h e  t reatment  process d i v ided  by t h e  t o t a l  a c t i v i t y  
i n p u t  t o  t h e  t reatment  process (i.e., t h e  inverse  o f  t h e  dec .on taminat ion  
f a c t o r  f o r  t h e  rad ionuc l i de  t reatment  process). Given t h e  very wide ' range 
i n  t r e a t m e n t  p rocess  t h a t  c o u l d  be implemented,  f l n  i s  conse rva t i ve l y  
assumed t o  be u n i t y  f o r  a l l  rad ionuc l ides  i n  t h i s  repo r t .  The u s e r ' o f  t h e  
code may o p t i o n a l l y  use d i f f e r e n t  v a l u e s  o f  f l n  based upon f u r t h e r  
research and s p e c i f i c  i n fo rma t ion  on p a r t i c u l a r  t reatment  processes. 

The f a c t o r  f 2 n  i s  a l s o  r a d i o n u c l i d e - s p e c i f i c ,  and a p p l i e s  o n l y  t o  t h e  
second scenar io.  It gives,  f o r  a g iven rad ionuc l ide ,  t h e  f r a c t i o n  t h a t  i s  
r e t a i n e d  i n  s o i l  d u r i n g  t r a n s p o r t  f rom t h e  d isposal  c e l l  t o  t h e  stream. 
Due t o  a l a c k  o f  s i t e - s p e c i f i c  d a t a ,  t h e s e  r e t e n t i o n  f r a c t i o n s  a r e  ' 
conserva t ive ly  assumed t o  be u n i t y  f o r  a l l  rad ionuc l ides .  Tne user  o f  t h e  
code may o p t i o n a l l y  s u b s t i t u t e  a l t e r n a t i v e  values f o r  f 2 n  based on f u r t h e r  
research anU s i t e - s p e c i f i c  i nformat ion.  

The r a d i  
based up 
chemical 

o n u c l i d e  r e l e a s e  f r a c t i o n s  f o r  t h e  evaporator,  f r n ,  a re  assumed 
Ion i n f o r m a t i o n  o b t a i n e d  f r o m  Reference 12, and upon assumed 
s i m i l a r i t i e s  o f  p a r t i c u l a r  elements. They a re  g iven i n  Table 6-9. 

TABLE 6-9 . Release Frac t ions  f o r  Leachate Treatment 

Radi onucl i de Release F r a c t i o n  - fr, 

H- 3 0.90 
C-14 0.25 

C1-36 0.01 
Tc-99 0.01 

A1 1 Rutheni um 0.01 
A l l  Iod ine  0.01 
A l l  o thers 2 . 5 ~ 1 0 ' ~  
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VL i s  d i f f i c u l t  t o  es t imate ,  b u t  f o r  t h i s  report w i l l  be assumed t o  be 
equal t o  the total  volume of water percolating into the disposal c e l l s  per 
year .  This  volume i s  given as the  percolation ( p )  times the effect ive 
disposal s i t e  surface area ( S f ) ,  where Sf i s  given as equation 6-21. T h i s  
also gives conservative resul ts ,  since i t  Corresponds to  the l a s t  year  of 
f a c i l i t y  opera t ion  when the d isposa l  f a c i l i t y  will be f i l l e d  t o  capacity P 

w i t h  waste. The percolation ( p )  i s  a function of the design and operation 
of t h e  disposal  f a c i l i t y .  Default values f o r  p for municipal and hazar-  
dous waste disposal are discussed i n  Section 6.3.1. For on-site disposal, 
p is supplied by the code user. 

The contac t  time f rac t ion ,  tc, a l s o  d i f fe rs  depending upon the scenario. 
For the f i r s t  scenario, leachate i s  assumed t o  be removed cont inuously 
d u r i n g  operation, and so percolating water i s  assumed t o  flow t h r o u g h  the 
waste r a t h e r  than saturate the waste continuously. Thus tc for  the f i r s t  
scenario i s  given as a function of percola t ion  as  discussed i n  Sect ion 
6.3.1 a n d  l i s t e d  i n  Table 6-6. For the second and t h i r d  scenarios, the 
waste is  assumed t o  be i n  continuous saturated contact w i t h  the l eacha te ,  
and so tc for  these l a s t  two scenarios is  assumed t o  be unity. 

6.4 Exposed Waste. Scenarios . 

I n  t hese  scena r ios ,  the earthen cover over the disposed waste i s  assumed 
t o  be to t a l ly  or par t ia l ly  removed, result ing i n  exposure of the waste and  
d i spersa l  by w i n d  o r  water. Two possible mechanisms are considered fo r  
removal of the cover: (1) the actions of a potential inadvertant i n t r u d e r  
( s e e  Section 6.2),  and ( 2 )  erosion of the cover by wind or surface water. 
For each removal mechani sm, two r a d i  ol ogical  exposure scenar ios  a r e  
considered. One i nvol ves suspension and airborne dispersal of contami- 
nated particulates t o  the area surrounding the disposal s i t e ,  leading t o  
exposures t o  t h e  surrounding population r e s u l t i n g  from i n h a l a t i o n ,  
immersion and other pathways. The second scenario i nvo l  ves t r a n s p o r t  of 
radionucl ides  via surface water runoff t o  an of f - s i te  surface water body, 
leading to  exposures t o  individuals u s i n g  t he  contaminated water body. 
This resul ts  i n  four exposed waste scenarios depending upon  the par t icular  
cover removal mechanism a n d  rad ionucl ide  t r a n s p o r t  agent considered:  
intruder-air ,  intruder-water, erosion-air, and erosion-water. 

The following equations are uti l ized t o  calculate human exposures r e s u l t -  
ing from these scenarios. For the water transport and access scenarios: 

I 

i n  

and ,  f o r  the a i r  transport and access scenarios: 

(6-33) 

(6-34) 
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where PDCF-7 and FDCF-8 a r e .  t h e  r a d i o n u c l i d e  s p e c i f i c  pathway dose 
c o n v e r s i o n  f a c t o r s  d i s c u s s e d  and p r e s e n t e d  i n  Appendix D,, Cin i s  t h e  
r a d i o n u c l i d e  c o n c e n t r a t i o n  i n  t h e  ith de m i n i m i s - w a s t e  s t r e a m  ( s e e  
equat ion 6-5) ,  n denotes  summation o v e r  a l l  t h e  r a d i o n u c l i d e s ,  and i 
denotes  summation o v e r  a l l  t h e  de minimis waste streams. Exposures are  
c a l c u l a t e d  f o r  t h e  w a t e r  t r a n s f e r  s c e n a r i o s  t o  an i n d i v i d u a l  who i s  
assumed t o  consume and use contaminated water from t h e  o f f - s i t e  s u r f a c e  
water body, and H represents t h e  5 0 t h  y e a r  annual  dose r a t e  i n  mrem/yr 
a f t e r  50 years o f  exposure. For t h e  a i r  t r a n s p o r t  scenr ios,  exposures are  
c a l c u l a t e d  t o  t h e  s u r r o u n d i n g  p o p u l a t i o n ,  and P r e p r e s e n t s  t h e  t o t a l  
p o p u l a t i o n  dose , r a t e  i n  person-mrem/yr a f t e r  50 years o f  egposure. The 
values . f o r  t h e  

The t i m e  delay 

fo = exp[ 

t r a n s f e r  f a c t o r s  a re  presented bel  ow. 

f a c t o r  (f,) i s  de f ined by: . 

- x T l  .( 6-35) 

I 

where T i s  t h e  delay time, and For t h e  i n t r u d e r -  
i n i t i a t e d  exposed waste scenarios, t h e  delay t ime (T) i s  taken t o  be t h e  
per iod  between t h e  cessat ion o f  a c t i v e  disposal  operat ions and t h e  end o f  
t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d ,  o r  I I N S .  I I N S  i s  always spe- 
c i f i e d  by t h e  user o f  t h e  code. For t h e  e r o s i o n - i n i t i a t e d  exposed waste  
s c e n a r i o s ,  t h e  d e l a y  t i m e  i s  assumed t o  be 1000 years f o r  bo th  s a n i t a r y  
l a n d f i l l  and hazardous waste d i s p o s a l ,  and 300 y e a r s  f o r  open dump 
disposal .  These values are extremely conservative. Previous est imates on 
t h e  eros ion  p o t e n t i a l  o f  adequately emplaced cover m a t e r i  a1 s have ranged 
f r o m  1000 y e a r s  t o  10,000 years t o  erode 1 meter o f  s o i l  cover (Ref. 4). 
For on-s i te  d isposal ,  t h e  eros ion delay t ime i s  s p e c i f i e d  by t h e  u s e r  o f  
t h e  code. 

The s i t e  design f a c t o r  ( f d )  i s  de f ined as t h e  f r a c t i o n  o f  t h e  exposed area 
t h a t  i s  waste, and w i l l  be assumed t o  be independent o f  t h e  waste s t r e a m  
cons idered.  It w i  11 be taken as t h e  product o f  t h e  waste emplacement and 
t h e  cover mix ing  e f f i c i e n c i e s  f o r  t h e  i n t r u d e r - i n i t i a t e d  s c e n a r i o s  ( s e e  
Sect ion 6-2), and as t h e  product o f  t h e  waste emplacement and t h e  sur face  
u t i l i z a t i o n  e f f i c i e n c i e s  f o r  t h e  e r o s i o n - i n i t i a t e d  s c e n a r i o s .  ( F o r  
o n - s i t e  d i s p o s a l ,  f d  i s  f u r t h e r  m u l t i p l i e d  by t h e  sur face  u t i l i z a t i o n  
e f f i c i e n c y  as discussed i n  Section- 6-2.) The waste emplacement e f f i c i e n c y  
i s  0.8 f o r  t h e  reference municipal  waste disposal  f a c i l i t i e s  and 0.75 f o r  
t h e  reference hazardous waste d isposal  f a c i  1 i t  i es. The c o v e r  m i  x i  ng e f  - 
f i c i e n c y  (RMIX) was ca lcu la ted  t o  be 0.59 f o r  s a n i t a r y  l a n d f i l l  d isposal ,  
0.87 f o r  open dump disposal ,  and 0.41 f o r  hazardous waste  d i s p o s a l  The 
s u r f a c e  u t i l i z a t i o n  e f f i c i e n c y  (SEFF) i s  t h e  f r a c t i o n  o f  t h e  t o t a l  
d isposal  area t h a t  i s  occupied by waste d i s p o s a l  c e l l s ,  and i s  equa l  t o  
u n i t y  f o r  m u n i c i p a l  waste ( s a n i t a r y  l a n d f i l l  and open dump) d isposal  and 
0.9 f o r  hazardous waste d i s p o s a l .  F o r  o n - s i t e  d i s p o s a l ,  t h e  waste  
emplacement, t h e  c o v e r  m i x i n g ,  and t h e  surface u t i l i z a t i o n  e f f i c i e n c i e s  
a r e  suppl ied by t h e  user o f - t h e  code. 

i s  t h e  decay constant. 
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. .. f w i  = 
. . I  

where : . .  . 

E =  .. . 

Ai = 

d =  

form and package f a c t o r  ( f w i )  denotes the to ta l  volume of the 
mixture mobilized by t h e  t r a n s f e r  agent per year .  I n  th i s  
may be empirically broken down into the following components. 

so i l -was te  mixture mobi l iza t ion  r a t e  ( i n  g/m2-yr) which 
will be taken t o  be independent of the waste stream. 

area of t h e  so i l -was te  mixture ( i n  m2) t h a t  can be identified 
w i t h  the ( i ) t h  de minimis waste stream. 

density of the soil-waste mixture ( i n  g/m3) 

This equation i s  applicable for  both the wind t ransport  s cena r io  and the 
surface water scenarios. Specific values f o r  the above par'ameters and the 
s i te  selection factor ,  f s i ,  are discussed below. 

6.4.1 Wind Transport Scenario 

For the- erosion-initiated scenarios, the airborne mobilization ra te  ( E )  is  
obtained from c a l c u l a t i o n s  presented i n  Section 5.5.3.1. Based u p o n  
average y i n d  s eeds a t  each of the reference s i t e s ,  E i s  approximated as 
5 .53~10-  mg/m5-sec a t  t h e  nbr theas t  s i t e ,  1.54~10'5 mg/m2-sec a t  the 
southeas t  s i t e ,  a n d  7.95~10'3 mg/m*-sec a t  t h e  southwest s i t e .  The 
density of the soil/waste mixture i s  assumed t o  be 1.6 g/cm3. 

Since for  the erosion in i t ia ted  scenario the en t i re  disposal  f a c i l i t y  i s  
assumed t o  be exposed t o  wind t ransfer ,  Ai i s  given as the following: 

' A i  = V i / ( E M P  x EFF x SEFF) 

where 

(6-34) 

V i  = to ta l  disposed volume of the , i th ,de  minimis waste stream; 
SEFF = surface ut i l izat ion efficiency; 
EMP = waste emplacement efficiency; and 
EFF = volumetric disposal efficiency, i n  mi. 

The f i r s t  parameter is  effectively supplied by the user of the code. The 
l a s t  three parameters are defined i n  Sections 6.3.1 and 6.3.2, and values 
f o r  EMP a n d  E F F  a r e  provided in  Table 6-4 f o r  municipal and hazardous 
waste disposal. For on-site disposal values for these l a s t  t h r e e  p a r a -  
meters are supplied by the user of the code'.- 

For the intruder-init iated scenarios, ca l cu la t ions  a r e  more complicated 
s ince  t h e r e  are two d i f f e r e n t  intruder scenar ios  considered i n  t h i s  
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report, and ch scenario' i volves d i f f  rent exposed wa t e  areas. For the  

500 hours.out of the year while fo r  intruder-agriculture scenario, a n  1800 
m2 area is  -assumed t o  be exposed fo r  a n  en t i re  year. In 'addi t ion,  the two 
intrusion scenarios involve dust mobilization i n i t i a t e d  .by both man-made 
and n a t u r a l  mechanisms, a n d  the fractions of a year t h a t  the two mecha- 
nisms are applicable d i f f e r  for  each scenari-o. This means t h a t  a t ime- 
weighted average mobilization r a t e  must be calculated f o r  each scenario. 
F ina l ly ,  t h ?  cover m i x i n g  e f f i c i e n c y  (def ined i n  Sec t ion  6.2.1) i s  
considered for  the intruder-agriculture scenario b u t  not f o r  the intruder- 
construction scenario. 3 .  

intruder-construction scenario, a 200 m 5 area is  assumed t o  be exposed f o r  

Considering the above factors ,  i t  may be demonstrated t h a t  to ta l  o f f - s i t e  
releases are  very similar for e i ther  intruder scenario,  and t h a t  as long 
as  t h e  cover over t h e  disposed waste i s  not much thicker  t h a n  1 m ,  the  
releases from the intruder-agricul tu re  scenario are s l  ight ly  larger. Thus,' 
t h e  in t rude r -ag r i cu l tu re  scenario i s  assumed for  calculation of o f f - s i t e  
impacts. I n  t h i s  case, A i  i s  given as 1800 m 2  multiplied by the r a t i o  of 
the disposed de minimis waste volume t o  t h e  t o t a l  volume,of waste (de  
minimis plus non-radioactive) disposed. 

To calculate the time-weighted dust m o b i l i z a t i o n  r a t e  f o r  t h e  i n t r u d e r -  
a g r i c u l t u r e  scena r io ,  a n  e levated d u s t  loading i s  assumed fo r  100 hours 
out of the year which accounts for ac t iv i t i e s  such as t i l l i n g  which could 
r a i s e  s i g n i f i c a n t  quant i t ies  of d u s t  through the mechanical. distiurbance 
of the so i l .  (See Section 6.3.2 f o r  a discussion of t h e  assumed human 
a c t i v i t i e s  incorporating t h i s  scenario.) The remainder of the year (8660 
hours)  na tura l  wind suspension i s  assumed t o  prevail. 

As discussed i n  reference 1, d u s t  mobilization caused by heavy equipment 
operation may be calculated us ing  the following empirical equation: 

'. 

- .  

where E o  i s  0.432 mg/mz-sec, s i s  t h e  s i l t  content  of t h e  s o i l  ( . i n  
percent),  and PE i s  Thornthwaite's Precipitation-Evaporation index. The 

. values f o r  E '  a r e  calculated using appropriate values from Table C-9 of 
Appendix C ,  and  are presented i n  Table 6-10,- 

TABLE 6-10 . Mobi'lization Rates for  Erosion Scenarios 
~~~~ 

T i  me-a ve ra ged Natural I 

Si te  Environment E(mg/m2-sec) E '  (mg/m2-sec) E(W3/m2-sec) 

Northeast 5 . 5 3 ~  10-4 0.127 2.03~10-3 
1 . 5 4 ~ 1 0 ' ~  0.218 2 . 5 0 ~  10-3 
7 . 9 5 ~  5 :306 

Southeast 
Southwest 

- 6 . 8 4 ~  10-2 ._ 

6-40 



6 4 8 0  
The t ime-weighted average values f o r  E, a l s o  presented i n  Table 6-10, a re  
ca l cu la ted  assuming t h a t  t he  s i t e - s p e c i f i c  na tu ra l  dust  m o b i l i z a t i o n  r a t e s  
ca l cu la ted  above f o r  t he  e r o s i o n - i n i t i a t e d  scenar io  a re  app l i cab le  f o r  t h e  
remainder o f  t h e  year.  A lso.g iven i n  Table 6-10 a re  the  na tu ra l  m o b i l i z a -  
t i o n  ra tes  quoted a t  t he  beginping o f  t h i s  sect ion.  

The s i t e  s e l e c t i o n  f a c t o r ,  fS,- i s . s i m i l a r  f o r  b o t h  t h e  i n t r u d e r -  and 
e r o s i o n - i n i t i a t e d  s c e n a r i o s .  F o r - t h e  fo rmer ,  it. i s  equa l  t o  POP as 
discussed i n  Sect ion 4.1.5 f o r  a ground l e v e l  re lease. For t h e  a t t e r ,  POP 
i s  m u l t i p l i e d  by t h r e e  t o  account f o r  popu la t ion  growth d u r i n g  t h e  y e a r s  
between s i t e  c losu re  and i n i t i a t i o n  of t h e  scenar io.  

6.4.2 Surface Water Scenario 

Based on s u r f a c e  w a t e r ' e r o s i o n  c a l c u l a t i o n s  (see Appendix A o f  r e f .  3) ,  
t h e   mobilization r a t e  f o r  both surface water scenar ios $!.e., t he  f a c t o r  E 
i n  e q u a t i o n  6-27)  i s  c a l c u l a t e d  t o  be 1 . 8 4 ~ 1 0 2  g/m year. Th is  f a c t o r  
corresponds t o  an annual  e r o s i o n  r a t e  o f  abou t  0.82 t o n s / a c r e .  Annual  
e r o s i o n  r a t e s  v a r y  w i t h  t h e  s o i l  p roper t i es ,  vegetat ion,  p r i o r  eros ion,  
topography, e tc .  The annual eros ion r a t e  f o r  t h e  Appalacian reg ion  f o r  t h e  
p a s t  125 m i l l i o n  y e a r s  has been c a l c u l a t e d  t o  be 0.75 tons/acre.  The 
o ther  f a c t o r s  i n - e q u a t i o n  6-33 remain as de f ined i n  Sect ion 6.4.1 f o r  t h e  
respec t ive  e r o s i o n - i n i t i a t e d  and i n t r u d e r - i n i t i a t e d  scenar ios.  

The sur face water s i t e  s e l e c t i o n  f a c t o r  can be e s t i m a t e d  by  c o n s i d e r i n g  
t h e  f low r a t e  o f  a nearby stream assumed t o  be u t i l i z e d  by a member o f  t h e  
populat ion.  I n  t h i s  repor t ,  t he  inverse  of tw ice  the  value of t he  d i l u t i o n  
f a c t o r  Q p r e v i o u s l y  u t i l i z e d  t o  d e t e r m i n e  groundwater  impac ts  a t  t h e  
sur face water b i o t a  access l o c a t i o n  w i l l  be u t i l i z e d  f o r  t h e  s i t e  s e l e c -  
t i o n  f a c t o r ,  i .e . ,  1 .11~10'7 yr/m3. Twice t h e  v a l u e  i s  u t i 1 i z e d . t - o  
account f o r  t h e  increased f l o w  cond i t i ons  du r ing  heavy p r e c i p i t a t i o n  and 
subsequent heavy s t ream f l o w  rates.  The assumption o f  t h i s  value cor res-  
ponds t o  d i l u t i o n  o f  t he  released r a d i o a c t i v i t y  i n  a s t r e a m  w i t h  a f l o w  
r a t e  of abou t  10 c u b i c  f e e t  p e r  second, and i t  i s  conservat ive s ince  a 
stream w i t h  a f l o w  r a t e  t h i s  low i s  u n l i k e l y  t o  be u t i l i z e d  f o r  human con- 
sumpt i on. 

. .  
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7.0 RECYCLE OF METAL OR GLASS 

T h i s  c h a p t e r  c o n s i d e r s  t h e  methodo logy  f o r  c a l c u l a t i n g  exposures  t o  
i n d i v i d u a l s  and populat ions r e s u l t i n g  f rom recyc le  of t h e  m e t a l  o r  g l a s s  
component o f  de m i n i m i s  waste. As men t ioned  p r e v i o u s l y  ( see  Sect ion 
4 . 3 . 3 ) ,  t h e  s o r t i n g  o p t i o n ' f o r  a mun ic ipa l  i n c i n e r a t o r  has t h r e e  v a r i a -  
t i o n s ,  one o f  wh ich  i n v o l v e s  r e c y c l e  o f  t he  meta l /g lass component. The 
waste i s  f i r s t  size-reduced by p u t t i n g  it through a hammermi l l ,  and t h e n  
one o f  t h e  f o l l o w i n g  i s  performed: 

1. The s i z e - r e d u c e d  waste i s  i n c i n e r a t e d  and t h e  combust ion  r e s i d u e  
i s  sent t o  l a n d f i l l  d isposal .  

2. The s i z e - r e d u c e d  waste i s  s e n t  t h r o u g h  an a i r  c l a s s i f i e r  t o  
s e p a r a t e  t h e  l i g h t  c o m b u s t i b l e  f r a c t i o n  f r o m  t h e  heavy non-com- 
b u s t i b l e  f r a c t i o n .  The c o m b u s t i b l e  f r a c t i o n  i s  t h e n  inc ine ra ted ,  
w h i l e  t h e  r e m a i n i n g  non-combus t ib le  f r a c t i o n  - -  c o n s i s t i n g  o f  
metal ,  glass; and o the r  ma te r ia l  -- i s  sent t o  l a n d f i l l  d isposal .  

3. The s i z e - r e d u c e d  waste i s  s e n t  t h r o u g h  an a i r  c l a s s i f i e r  and t h e  
s e p a r a t e d  c o m b u s t i b l e  f r a c t i o n  i s  i n c i n e r a t e d .  The non-combust- 
i b l e  meta l /g lass f r a c t i o n  i s  s e p a r a t e d  f r o m  t h e  o t h e r  non-combust-  
i b l e  m a t e r i a l  and i s  s o l d  as s c r a p  f o r  r e c y c l e .  The r e m a i n i n g  
non-combust i b l  e mater i  a1 i s sent t o  1 andf i 11 d isposal  

V a r i a t i o n  3 invo lves  recyc le  o f  metal and g lass which a re  so ld  f o r  scrap. 
I n  a d d i t i o n  t o  these s o r t i n g  opt ions,  i f  t h e  de min imis  waste i s  r e c e i v e d  
a t  t he  d isposal  s i t e  i n  metal packages (e.g., 55-gal lon drums), then it i s  ' 
ppss ib le  t h a t  t h e  me ta l  packages may a l s o  be r e c y c l e d  as scrap .  The 
m e t a l / g l a s s  s o l d  f o r  scrap i s  assumed t o  be processed i n t o  consumer pro-  
ducts,  and i n d i v i d u a l s  and p o p u l a t i o n s  a s s o c i a t e d  i n  t h e  r e t r i e v a l ,  
manufacture, and use o f  these products rece ive  r a d i a t i o n  exposures. 

To date, t he re  has been r e l a t i v e l y  l i t t l e  work performed t o  c h a r a c t e r i z e  
impac ts  f r o m  r e c y c l e  o f  contaminated metal scrap a r i s i n g  from de min imis  
waste d isposal .  One work wh ich  appears t o  be p a r t l y  a p p l i c a b l e  t o  de 
minimis waste d isposal  i s  Reference 1, and w i t h  some reserva t ions ,  i s  used 
i n  t h i s  repor t .  The authors a re  aware o f  no work which addresses i m p a c t s  
from recyc le  o f  contaminated glass, and so a number of assumptions must be 
made t o  enable such impacts t o  be ca lcu la ted .  

I n  s e c t i o n s  below, a metal recyc le  scenar io  and a g lass recyc le  scenar io  
a r e  cons i dered . However, f i r s t  a background sect  i on i s presented. 

7.1 Background 

Mate r ia l s  recovery i s  one o f  t h e  two p r i n c i p a l  forms o f  resource recovery.  , 

(The o t h e r  form of r e s o u r c e  r e c o v e r y  i s  energy  r e c o v e r y . )  S p e c i f i c  
ma te r ia l s  may be recovered f o r  reuse e i t h e r  i n  t h e i r  e x i s t i n g  form o r  some 
modif ied o r  der ived form. For example, newspapers as a f i b r o u s  m a t e r i a l  
may be recovered f o r  reuse as newsprint ,  wal lboard b u i l d i n g  mater ia ls ,  o r  
r o o f i n g  mater ia ls .  

7- 1 



I t  i s  apparent t h a t  much of the waste inaterials currently being discarded 
are  potentially recoverable, and there has been considerable  i n t e r e s t  i n  
the development of,practical  and  economical recovery systems. The success 
of the various ma te r i a l s  recovery e f f o r t s  has been q u i t e  v a r i a b l e ;  
recovery e f f o r t s  have been extremely successful for some materials and  
quite unsuccessful f o r  others. A number of materials may be poten t i  b l  l y  
recyc led ,  b u t  o n l y  . recycle  of metal a n d  g lass  i s  bel ieved t o  be of 

's ignificance i n  terms of de minimis waste disposal (see Appendix 6 ) .  

A b r i e f  d i scuss ion  of recycle ac t iv i t i e s  carried out fo r  metal and glass 
i s  presented below. A more extensive discussion of resource recovery can 
be found i n  Appendix B. 

Metals 

Considerable recycl ing of m e t a l l i c  waste i s  a l ready  being performed. 
Recycling rates for  in-house wastes i n  the metals processing i n d u s t r i e s  
a r e  f a i r l y  h i g h ,  a n d  vary dependinq upon the degree t o  which the metals 
are  used i n  composite materials. Out-of-house recycle r a t e s  f o r  f e r r o u s  
metals are also s ignif icant ,  although i n  the pas t  several years the market 
fo r  scrap metal has been depressed. As of a b o u t  1970, about 40 mil l ion  
tons  of  sc rap  metal was used i n  steel  production. Much of this material 
recovery was performed p r i o r  t o  m i x i n g  of scrap metal w i t h  municipal 
re fuse  (e .g . ,  recovery of junked automobiles). I n  1973, about 4 million 
tons of steel  cans were discarded i n  the Ugited States,  and only about 2% 
were recovered. Most non-ferrous metals are recycled t o  a greater degree 
t h a n  ferrous metals, which i s  primarily due t o  smaller e x i s t i n g  supp l i e s  
of ore. 

Impacts from metals recycl ing a r e  calculated i n  t h i s  work based on s ix  
scenarios for  scrap metal recyc le  considered a n d  t r e a t e d  i n  d e t a i l  i n  
Reference 1. These s ix  scenar ios  consider  the  fo l lowing:  (1)  copper 
t u b i n g  i n t o  copper t u b i n g  for domestic p l u m b i n g ,  ( 2 )  copper wire i n t o  
copper wire f o r  domestic wir ing,  (3)  ferrous sheet i n t o  metal siding fo r  
commerci a1 bu i ld ings ,  ( 4 )  f e r rous  shee t  i n t o  s t a i n l e s s - s t e e l  ki tchen 
s i n k s ,  ( 5 )  f e r rous  pipe * in to  i ron  construction rods, and ( 6 )  bulk iron 
into cast-iron frying pans. These scenar ios  a r e  f u r t h e r  discussed i n  
Section 7.2. 

G1 ass 

The manufacture of g l a s s  a n d  g l a s s  products i s  qui te  extensive i n  this 
country,  a n d  i s  expanding. As of about 1970,  about 5% of a l l  g l a s s  
produced i n  t h e  United S t a t e s  o r ig ina t ed  from recycled material. Prac- 
t i c a l l y  a l l  of t h i s  recycled material originated ,as c lean  in-house sc rap  
glass ("cu l le t" )  from two major sources: bot t le  recycling, and manufactur- 
i n g  of sheet and plate glass. Currently, about 13 mi l l i on  t o n s  of g l a s s  
i s  discarded annually of which only abou t  3% is  recovered (Appendix E!), 
generally by source separation techniques. 

For maximum marke tab i l i t y ,  c u l l e t  must be c l ean ,  no  g r e a t e r  t h a n  a 

' 
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spec i f i ed  small s i z e ,  and  *colorless (termed " f l i n t "  cu l l e t ) .  The market 
value of the recycled c u l l e t  drops dramat ica l ly  when any of t he  above 
t h r e e  c r i t e r i a  a r e  n o t  met, par t icular ly  the t h i r d  c r i t e r i a .  A n  entire 
batch of new c lear  glass manufactured from recycled glass can be ruined by 
inclusion of only a small percentage of colored glass. 

Given the d i f f i cu l ty  of achieving h i g h  q u a l i t y  c u l l e t  by out-of-house 
recovery techniques, research has been devoted t o  finding alternati-ve uses 
for  low qhality cu l le t .  One possible use i s  to  mix the cu l l e t  w i t h  o t h e r  
inorganics  f o r  use as  a road f i l l ,  o r  t o  include t h e  mater ia l  i n  a n  
asphalt mix  t o  produce "glassphalt." T h i s  second scenario is  the scenario 
selected for  glass  recycling i n  this work. A more extensive discussion of 
this scenario can be found i n  Section 7.3. 

7.2 Recovery of Metal 

There a r e  many potent ia l  recycling scenarios which describe the pathways 
from metal reclamation t o  product use. One f a i r l y  tecent  r e fe rence  
d iscusses  commercial recycle  of radioactively contaminated scrap metals 
that  may be recovered from decommissioned nuclear  f a c i l i t i e s  v i a  s ix  
pathways (Ref. 1). Each recycle pathway begins w i t h  pickup of a reference 
quantity of scrap metal (100 t o n s )  a t  a decommissioning s i t e  and ends 
a f t e r  a product made from the scrap  has been used fo r  30 years. 

The following strategy was used i n  Reference 1 t o  achieve the main object- 
ives  of the study, which were Yo describe and explain a generic methodo- 
logy for  es t imat ing  r a d i a t i o n  doses t o  i n d i v i d u a l s  and  t o  population 
g r o u p s  from recycl i ng radioactively contaminated scrap metals t h a t  may be 
reclaimed from decommissioned nuclear power plants, o r  any o the r  nuclear  
f ac i 1 i ty  . I' 
1. Se lec t  re ference  mater ia l s  t o  be assessed.  The materials selected 

were 9x1079 (100 tons )  of  each of copper wire plus t u b i n g ,  ferrous 
sheet, ferrous pipe, and  large ( b u l k )  p ieces  of f e r rous  scrap. Each 
gram of metal was assumed t o  be contaminated homogeneous1 with 10 pCi 

of t h e  27 radionuclides considered, except for  9gSr ( 2  pCi/g) 
Of  a n d  O 3 5 9 P u  a n d  241Am ( 0 . 2  . p C i  / g ) .  Each radionuclide was considered 
separate1 y . 

2. Selec t  common, contemporary pathways fo r  recycling the chosen metals. 
Six recycle pathways were se l ec t ed :  ( i )  copper tubing i n t o  copper 
t u b i n g  f o r  domestic p l u m b i n g ,  ( i i )  copper wire into copper wire for 
domestic w i r i n g ,  ( i  i i ) f e r rous  shee t  i nto s t a i  nl e s s - s t ee l  k i tchen  
s i n k s ,  ( v )  f e r r o u s  pipe i n t o  i r o n  construction rods, and ( v i )  bulk 
iron into cast-iron f ry ing  pans. 

3. Character ize  each recycle  pathway. Persons who migh t  be exposed t o  
the metals were identified and conditions under which they m i g h t  be 
exposed were specified. 



4. Calcula te  r ad ia t ion  doses t o  each expose'd person from recycle of the 
appropriate  reference mater ia l  under t h e  s p e c i f i e d  cond i t ions . .  A 
complete se t  of calculations was made for each of the 27 radionuclides 
considered. 

5. Divide the persons involved, i n  each recycle pathway in to  functionally, 
or occupat iona l ly ,  r e l a t ed  groups. The fol lowing 11 groups were 

. chosen: sc rap  yard workers, smel te r  workers, persons l iving near 
smelteys, and members of the general publ ic  who m i g h t  be exposed t o  
unsmelted scrap metal ; slag handlers and members of the general pub1 i c  
who migh t  be exposed t o  slag from the smelters; and ,smelters workers,  
product manufacturers,  product d i s t r ibu to r s ,  product u s e r s ,  a n d  
members of the general publ ic  who m i g h t  be exposed t o  smelted,  o r  
product, metal. 

6. Prepare t a b l e s  of radionucl i de - spec i f i c  radiation-dose factors.  ( A  
radiation-dose factor i s  defined as  the  t ime- in t eg ra t ed ,  o r  t o t a l ,  
dose t o  a n  individual  or t o  a population group from exposures occur- 
r i n g  d u r i n g  the f i r s t  30 years recovery and recycle o'f t h e  re ference  
metal . )  M i n i m u m  a n d  maximum dose factors were obtained fo r  i n d i v i -  
duals and  for functionally related population groups. (Apparent ly ,  
t h i s  means those persons w i t h i n  a given population group receiving the 
lowest and highest exposures, respectively.) Individual dose f a c t o r s  
a r e  t h e  m i n i m u m  and maximum doses calculated separately from external 
and internal exposures of i nd iv idua l s  i n  each of t h e  11 population 
g r o u p s  ( a 1  1 s ix recycle pathways combined). Population dose factors  
are  the m i n i m u m  and maximum population doses calculated fo r  func t ion-  
a l l y  related population groups fo r  the six recycle pathways considered 
sepa rat el y . 

One of the dose-factor tables (mentioned i n  above item 6 )  from Reference 1 
i s  duplicated as Table 7-1. Procedures on how t o  use these radionucl ide-  
s p e c i f i c  dose- fac tor  t a b l e s  a r e  a l s o  spec i f i ed  i n  Reference 1. The 
guidance given i n  Reference 1 specifies t h a t  t h e  exposures a r e  l i n e a r l y  
proportional t o  the radionuclide concentration w i t h i n  the  scrap metal. 

Unfortunately, applying t h e  information i n  Reference 1 t o  t h i s  r e p o r t  
p resents  some d i f f i c u l t i e s .  Some of . these  d i f f i c u l t i e s  include t h e  
fo l l  owing:  

1. Dose f a c t o r s  i n  Reference 1 are  only calculated f o r  27 radionuclides 
while a t o t a l  of 85 radionuclides are considered i n  t h i s  report  on de 
minimis waste d i sposa l .  I n  a d d i t i o n ,  Reference 1 does no t  consider 
differing solubi l i ty  classes for  radionuclides, a n d  impacts a r e  only 
given i n  terms oftwhole body doses.  Reference 1 does provide an 
algorithm t o  estimate the exposures t o  , the c r i t i c a l  organ;  however, 
t h i s  algorithm i s  determi-ned using ICRP-2  methodology while t h e  
impacts i n  this report are calculated using JCRP-30 metthodology. These 
considerat ions may not be of-special  concern, however, since for  most . 
radionuclides considered i n  Reference 1 the dose-factors appear t o  be 
dominated by direct  external radiation exposures. 

,' 
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2. Dose f a c t o r s  i n  Reference '1 a r e  ca l cu la t ed  i n  a very conservative 
manner. Reference 1 assumes a smel te r  which processes  100 tons  of 
metal per sh i f t  on a 3-shift  per day and 7-day per week basis (109,500 
tons/year). All of the metal processed per s h i f t  i s  assumed t o  be 
contaminated w i t h  r a d i o a c t i v i t y  a n d  e s s e n t i a l l y  no d i l u t i o n  w i t h  
non-radioactive metal i s  assumed f o r  each succeeding s t e p  i n  t h e  
recyc le  process.  U s i n g  manufacture a n d  use of f r y i n g  pans as an 
example, Reference 1 assumes t h a t  a l l  the metal i n  one smelted batch 
a r e  c a s t  in to  ingots, and a l l  ingots are transferred as a group ( w i t h  
no mixture w i t h  non-radioactive ingots) t o  a manufacturing f a c i l i t y .  
A t  the manufacturing f a c i l i t y ,  a l l  radioactive ingots a re  manufactured 
into frying pans, w i t h  no mixing of other non-radioactive metal .  A l l  
of t h e  r ad ioac t ive  f ry ing  p a n s  a r e  s to red  toge the r  a s  an unmixed 
group, shipped t o  dis t r ibutors  i n  unmixed qroups,  and  d i s t r i b u t e d  t o  
var ious r e t a i l  f a c i l i t i e s  i n  smaller unmixed groups. The process is  
essent ia l ly  repeated a t  successive s t e p s  u n t i l  a consumer buys two 
f ry ing  pans a n d  uses them cont inuously f o r  30 y e a r s ,  a l l  the time 
scouring the pans vigorously t o  promote transfer of radioactivity in to  
food. Moreover, the maximum impacts t o  an individual a re  given a s  the 
maximum exposure amongst the six pathways considered i n  the report. 

3. The dose- fac tors  a r e  given on a per batch basis while the recycle of 
metal from de minimis waste disposal i s  considered i n  th is  report on a ' 

p e r  year  bas i s .  This increases the conservatism of u s i n g  Reference 1 
a n d  a l s o  means t h a t  impacts t o  a n  individual a re  not necessarily a 
l inear  multiple of the to t a l  a c t i v i t y  recycled. Consider t h a t  the  
re ference  incinerator w i t h  sorting option recovers 40.5 tons of scrap 
metal per day f o r  280 days o u t  of t h e  yea r ,  while t h e  Reference 1 
smelter i s  assumed t o  process 100 tons of metal per sh i f t  on a 3-shift  
per day basis (one batch per s h i f t ) .  T h u s ,  while i t  i s  t h e o r e t i c a l l y  
poss ib le  t h a t  a l l  of t h e  sc rap  metal produced by the incinerator i s  
smelted by the same smelter s h i f t ,  i t  i s  much more l i k e l y  t h a t  the  
scrap  metal i s  distributed throughout a l l  three smelter shifts. T h i s  
means t h a t  one must d i s t i n g u i s h  between maximum impacts per batch a n d  
maximum impacts per year .  T h a t  i s ,  t h e  m a x i m u m  impacts per batch 
would be proportional t o  t h e  t o t a l  annual a c t i v i t y  i n  t h e  recycled 
scrap  metal ( A )  divided by 280. Over a y e a r ' s  time, however, the 
contaminated scrap metal w o u l d  tend t o  d i s t r i b u t e d  over a l l  t h r e e  
d a i l y  s h i f t s ,  a n d  the annual impacts t o  a given smelter worker would 
be proportional t o  A/3. 

The l i n e a r i t y  assumption becomes weaker throughout successive subse- 
quent steps involving manufacturing, handling, and consumer use. For 
example, i f  i t  can be indeed assumed that  the radioact ivi ty  concentra- 
t ion i n  a given batch remains undiluted throughout successive process- 
i n g  and handling steps,  then the radioactivity concentration i n  a iron 
frying pan may be conservatively assumed t o  be proportional t o  A/280. 
T h i s  means t h a t  t h e  impacts t o  a consumer would a l so  be proportional 
t o  A/280, since the consumer would not  buy (2x280 =) 560 f r y i n g  p a n s  
per year .  These impacts may be compared w i t h  those f o r  the smelter 
worker, which as discussed above would be proportional t o  A/3. 
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4. The dose- fac tor  t a b l e s  i n  Reference 1 f o r  i n d i v i d u a l  and population 

impacts are g i v e n  i n  terms of t o t a l  ,;exposures over 30 years .  This 
presents par t icular  d i f f i cu l t i e s  i n  terms of i n d i v i d u a l  impacts, since 
some individuals (e.g., smelter workers) would be exposed ( for  a given 
ba tch)  f o r  considerably less  than a year while other persons (e.g., 
consumers) would be exposed over 30 years. T h i s  i s  less  of a problem 
f o r  population impacts, although t h e  exposure units (person-rem/30 
y e a r s )  a r e  d i f f e r e n t  t h a n  those  f o r  any of t h e  o the r  population 
impacts calculated i n  this report (person-mrem/yr). 

5. Total population impacts would probably not be r e a l i s t i c a l l y  r ep re -  
sented by e i t h e r  t h e  maximum or  min imum population dose-factors, b u t  
some average of the two. 

6. Impacts are  calculated as i f  the to ta l  charge i n p u t  t o  a given smelter 
were composed of scrap metal. T h i s  w i l l  probably not be t rue  for most 
smel te rs .  As noted by Reference 1, the U.S. i ron  and s teel  industry 
uses-  t h r e e  bas ic  types of fu rnaces ,  each u s i n g  scrap and o t h e r  
ma te r i a l s  i n  d i f f e r e n t  proport ions.  The e l ec t r i c  furnace produces 
about 15% of the nation's raw s teel  and can accommodate v i r t u a l  l y  a 
100% sc rap  charge. The open hearth furnace produces about 35% and can 
accommodate a 45% scrap charge,  while t he  bas ic  oxygen furnace  
accounts f o r  .over h a l f  o f  t he  t o t a l  s t e e l  production and typical ly  
uses a 30% scrap charge. T h i s  means t h a t  t h e  assumption of a 100% 
scrap  charge i s  conserva t ive ,  y e t  n o t  unreal i s t i c ,  for  i n d i v i d u a l  
impacts, b u t  probably over conserva t ive  f o r  p o p u l a t i o i  impacts. A 
more r e a l i s t i c  sc rap  charge fo r  population impacts wou d probably be 
i n  the neighborhood of .15(100) + .35(45) + .5(30) = 46% 

Calculation of Impacts from Recovered Metal 

I t  i s  apparent t h a t  use of t h e  Reference 1 information i n  
calculational format requires some careful judgement. The 
used i n  t h i s  r epor t  f o r  i n d i v i d u a l  and population impacts 
Table 7-2 based upon the following considerations. 

L 

. 

t h i  s report ' s 
dose- fac tors  
are listed i n  

(1) The reference  municipal i n c i n e r a t o r  i s  assumed t o  t ransport  a l l  
recovered contaminated scrap metal t o  a single smelter. 

( 2 )  Scrap yard workers a re  no t  considered i n  the calculations;  they a re  
assumed t o  be equivalent  t o  workers a t  t h e  reference municipal 
incinerator and have thus been already considered. 

(3)  Maximum i n d i v i d u a l  impacts a r e  given i n  terms of a n n u a l  impacts 
( u n i t s  of mrem/yr). Dose f a c t o r s  obtained from t h e  Reference 1 
tables  are the maximum of those l i s t ed  for  smelter worker. This i s  
done s ince  smel te r  workers a r e  those i n d i v i d u a l s  most l ikely t o  be 
exposed t o  a l l  metal recycled from a given i n c i n e r a t o r ;  c a l c u l a t i o n  
of maximum exposures t o  o the r  i n d i v i d u a l s  i n  t h e  process chain 
becomes much more problematica.1. This a l s o  avoids the  problems 
presented by the Reference 1 batch and 30-year exposure formats. 
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Maximum individual dose factors t o  smelter workers are determined by 
add ing  the maximum dose factors  'for external and internal exposures. 

Population dose f a c t o r s  a r e  determined by the geometric average of 
the maximum and m i n i m u m  dose f a c t o r s  presented i n  t h e  Reference 1 
tables for  "al l  persons i n  a recycle pathway", minus the dose factors 
t o  scrap yard workers. Use of the population dose factors resul ts  i n  
units of t o t a l  person-mrem as  ca l cu la t ed  over 30 year 's  exposure 
following one year 's  generation of contaminated metal scrap. 

Reference i n p u t  ac t iv i ty  for a l l  the radionuclides i s  taken t o  be 0.9 
m C i  ; dose-factors' fo r  Sr-90, Pu-239, and  Am-241, for which re ference  
i n p u t  a c t i v i t i e s  a r e  0.18, 0.018, and 0.018 m C i ,  respectively, a re  
converted t o  this reference a c t i v i t y  by m u l t i p l y i n g  them w i t h  t h e  
ra t io  of 0.9 m C i  and  t h e i r  i n p u t  ac t iv i t ies .  

Dose factors for  radionuclides not  l i s t ed  i n  Reference 1 a r e  d e t e r -  
mined by using f o u r  reference nucl ides  a n d  t h e  following scaling 
procedure: radionuclides w i t h  a mass number less  t h a n  210 a r e  sca led  
t o  e i t h e r  Co-60 ( those  w i t h  t o t a l  emitted gamma energies > 0.1 MeV 
and those which do not  emit beta par t ic les)  u s i n g  t h e  r a t i o s  of t h e  
respec t ive  gamma ene rg ie s ,  o r  Sr-90 ( a l l  the other nuclides) using 
the rat ios  of the respective beta p a r t i c l e  ene rg ie s .  Radionuclides 
w i t h  a mass number greater t h a n  or equal t o  210 are  scaled t o  e i the r  
Am-241 (those w i t h  to ta l  emitted gamma energies > 0.001 MeV and those 
which do not  emit a l p h a  par t ic les)  u s i n g  the ra t ios  of the respective 
gamma energies, or Pu-239 ( a l l  the other nuclides) u s i n g  t he  r a t i o s  

' of the respective average alpha par t ic le  energies. 

(8) The population dose f a c t o r s  f o r  t h e  above sca led  nucl ides  a r e  
furthermore m u 1  t i p 1  ied by a radionucl ide-specific decay correction 
factor.  This correction factor  i s  necessary due t o  the fact  t h a t  the  
decay charac te r i s t ics  of scaling nuclides (Co-60, Sr-90, Pu-239, and 
Am-241) and  scaled nuclides are different.  Population dose f a c t o r s  
for the scaling nuclides contain a correction f o r  decay (Ref. l ) ,  and 
a correction for  the scaled nuchlides must be appl ied.  Assuming t h a t  
t h e  t o t a l  e f f e c t  of decay on the population dose factor  for  a g iven  
nuclide can be expressed as a f i n i t e  sum of exponentials, i.e., 

Decay fact  or = [ l+exp ( -A )+exp ( - 2 ~  ) + *  *+ex,p ( -28~)+exp ( -29a 1/30 

) . = '  (1 - e-301)/[ 30, (1 - e-x)] . 
t h i s  correction factor becomes the following: 

t 

_. 
( l-e-30Aa) (l-e-Ab) 

( I -~-30%) ( l-e-xa) 
Correction , factor  = 

(7-1) 

(7-2)  
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where Xa a n d  Ab a r e  t h e  decay cons tan ts  of the scaled and scaling 
radionuclides, recpectively, i n  units of year'l. 

I n d i v i d u a l  and population impacts.are thus calculated a s  follows: 

H = 1 (1/3) (An/Ao) (1/IX3) F i  
n 

and 

p30 = 1 0.46 (An/Ao) Fp 
n 

where: 

An = annual ac t iv i ty  ( C i )  of radionuclide n released i n t o  
recycl ed metal from reference munici pal  incinerator.  

A, = reference ac t iv i ty  (0.0009 C i )  
1x3 = number of reference f a c i l i t i e s  (see Table 2-7).  
1/3 = correction factor fo r  impacts t o  smelter workers. 
0.46 = correction factor f o r  population impacts (see page 7-7) .  

(7-3) 

(7-4)  

a n d  where F i  and F p  are  the i n d i v i d u a l  and population dose factors l i s t e d  
i n  Table 7-2.  Impacts t o  i n d i v i d u a l s  a r e  divided by the  number of 
processing f a c i l i t i e s ,  1x3. However, this correction is  not  applicable 
t o  impacts t o  populptions. 

Impacts t o  i n d i v i d u a l s  ( H )  a r e  ca l cu la t ed  i n  un i t s  of mremlyr, while 
impacts t o  populat ions (P30)  a r e  ca lcu la ted  i n  uni ts  of person-mrem as 
calculated over 30 y e a r ' s  exposure following one y e a r ' s  generat ion of 
contaminated metal scrap. 

Calculation of ImDacts from Recycle of Metal Packaaes 

I n  addition t o  the recycle of metal recovered from municipal incinerators,  
the code allows the option of recovery of metal packages as scrap .  Such 
recovery could occur a t  a municipal waste incinerator,  a hazardous waste 
incinerator, a municipal waste landfi l l  ( s a n i t a r y  landf i l l  or open d u m p ) ,  
o r  a h a z a r d o u s  waste disposal f a c i  1 i t y ,  dependi n g  upon the par t icular  
treatment or disposal f a c i l i t y  t o  which the waste is  i n i t i a l l y  sent. 

Individual and population impacts are estimated as fol-lows: 

-( 7-5) 

(7-6) 

where a l l  parameters,  except IK2, f p ,  Qn,.and IX, have been presented i n  
equations 7-3 and  7-4. 

7-10 

J 



6400 
IK2  i s  one o f  t h e  packag ing  i n d i c e s  ( see  S e c t i o n  2.2) and denotes t h e  
f r a c t i o n  o f  waste packages r e c o v e r e d  f r o m  t h e  t r e a t m e n t  o r  d i s p o s a l  
f a c i l i t y .  It i s  a v a l u e  i n p u t  by  t h e  u s e r  of t h e  code. fp ' i s  t h e  
f r a c t i o n  o f  t he  a c t i v i t y  w i t h i n  a m e t a l  c o n t a i n e r  t h a t  remains  on t h e  
conta iner  sur face a f t e r  t h e  conta iner  has been emptied. This f r a c t i o n  can 
be est imated by assuming a res idua l  f i l m  on t h e  i n s i d e  o f  a c o n t a i n e r  and 
then d i v i d i n g  t h e  t o t a l  volume o f  t h e  res idua l  f i l m  by t h e  t o t a l  volume o f  
t h e  conta iner .  Assuming a f i l m  th 'ckness o f  about 0.5 mm, t h i s  r e s u l t s  i n  
a c a l c u l a t e d  fp equal t o  about 10-3 f o r  most- p o t e n t i a l  waste package s i zes  
(e.g., f r o m  5 5 - g a l l o n  drums t o  200 ft3 l i n e r s ) .  Qn i s  t h e  t o t a l  annual 
a c t i v i t y  ( c u r i e s )  de l i ve red  t o  t h e  t r e a t m e n t  o r  d i s p o s a l  f a c i l i t y .  I X  
s tands  f o r  t h e  number o f  re ference f a c i l i t i e s  invo lved.  If t h e  packages 
a r e  recyc led from t h e  reference d isposal  f a c i l i t y ,  i.e., t h e  case when I P  
i s  equa l  t o  1 (see Table 2-7), then I X  i s  equal t o  1x4. Otherwise (i.p., 
when I P  i s  no t  equal ,to l), I X  i s  equal t o  1x3. 

F i n a l l y ,  i t  should be po in ted  out  t h a t  t h i s  equat ion does no t  cons ider  t h e  
d i l u t i o n  r e s u l t i n g  f rom t h e  p o t e n t i a l  r e c y c l e  of noncontaminated  m e t a l  
packages from t h e  reference f a c i l i t y .  The authers are awa'rk of r?o r e a d i l y  
a v a i l a b l e  da ta  on t h i s  d i l u t i o n ,  and t h i s  e f f e c t  i s  c o n s e r v a t i v e l y  
neglected. 

7.3 Recovery o f  Glass 

There has been considerable research devoted t o  f i n d i n g  uses f o r  recyc led  
g lass having mixed co lo rs .  The'most common use appears t o  be t o  use t h e  
r e c y c l e d  g l a s s  as an aggregate f o r  aspha l t  mixes used f o r  road const ruc-  
t i o n  and cond i t i on ing .  This i s  t he  approach t a k e n  f o r  use of g l a s s  and 
o t h e r  g r i t  ( s m a l l  s tones ,  p ieces  o f  b r i c k ' o r  bone, etc.) recovered from 
t h e  Ames, Iowa p ro to typ 'e  s o l i d  waste r e c o v e r y  p l a n t  and t h e  A l t o o n a ,  
Pennsy lvan ia  waste  c o m p o s i t i n g  f a c i l i t y  (Re fs .  2, 4). Other uses i n -  
ves t iga ted  have ' inc luded reuse o f  g lass b i t s  i n  p roduc t ion  o f  minera l  wool 
and foam i n s u l a t i o n s ,  we l l  panels, t i l e s ,  and b u i l d i n g  b locks and b r i c k s  
(Refs. 2, 5). (A lso  see Appendix B f o r  a d d i t i o n a l  in format ion. )  

T o t a l  a s p h a l t  p r o d u c t i o n  i n  t h e  U n i t e d  Sta tes  has va r ied  over t h e  l a s t  
10-15 years (e.g., from 140 m i l l i o n  b a r r e l s  i n  1976 t o  173 m i l l i o n  b a r r e l s  
i n  1978), bu t  t o t a l e d  141 m i l l i o n  b a r r e l s  i n  1980 (592.2 m i l l i o n  ga l l ons ) .  
A t  a d e n s i t y  o f  one s h o r t  t o n  p e r  5.5 b a r r e l s ,  t h i s  co r responds  t o  
p r o d u c t i o n  o f  a t o t a l  a s p h a l t  mass equa l  t o  25.6 m i l l i o n  tons  i n  1980 
(Ref. 6). The paving market consumes about 75% of t h i s  product.  ( A s p h a l t  
i s  used i n  s u r f a c i n g  more t h a n  90% o f  t h e  paved roads  i n  t h 2  U n i t e d  
States.) (Ref. 7) 

Road design, cons t ruc t ion ,  and maintenance a re  obv ious ly  complex subjects ,  
and t h e r e  a r e  a number' o f  v a r y i n g  a p p l i c a t i o n s  f o r  a s p h a l t  use. The 
c o m p o s i t i o n  o f  t h e  asphal t  va r ies  depending upon t h e  app l i ca t i on ,  as does 
the  requirements f o r  t h e  aggregate (e.g., aggregate s i z e ,  d e n s i t y  w i t h i n  
t h e  a s p h a l t ,  e t c . ) .  One obv ious  v a r i a t i o n  i s  t h a t  t h e  th ickness o f  t h e  
r o a d  s u r f a c e  depends upon t h e  expec ted  w e i g h t  o f  t r a f f i c .  F l e * x i b l e  

I 
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a s p h a l t  pavement thicknesses can vary from 5 i n  for a road handling l i g h t  
t r a f f i c  t o  10 in for a road handling heavy t r a f f i c  (Ref. 7 ) .  Assuming a n  
average  road thickness of 7.5 in ,  a n  annual asphalt highway paving volume 

. equal t o  444 m i l l i o n  ga l lons  (0.75x592.2 mi l l i on  g a l l o n s ) ,  and a 50% 
aggregate density, t h i s  resu l t s  i n  t o t a l  road mileage equal t o  17.64x106/W 
meters, where W i s  the width of the road. A t  an average lane width equal 
t o  11 f e e t  (Ref. 8 ) ,  t h i s  resu l t s  i n  the equivalent p a v i n g  of 2.6 mill ion 
meters (1690 miles) of two-lane roads,- o r  1.3 million meters (800 m i l e s )  
of four-lane roads. T h i s  would include new construction and  maintenance of 
exi s t i  ng roads. 

Given t h i s  background ,  ind iv idua l  a n d  populat ion exposures  must be 
estimated for  each rad ionucl ide .  T h i s  i s  done by assuming t h a t  the  
g l a s s p h a l t  i s  used i n  a p a r k i n g  l o t  f o r  a busy shopping center .  In 
performing t h i s  calculation, the  following assumptions are made: 

(1) Recycled g l a s s  i s  assumed t o  have a density of 0.58 g/cm3 (see Table 
4-9). I t  i s  assumed t o  be mixed i n  a weight r a t io  of 30:70 with s a n d  
and  o ther  m a t e r i a l s .  The density of the f inal  product  i s  assumed t o  
be a b o u t  1.3 g/cm3 ( a n  average of 1.6 g/cm3 f o r  s a n d  a n d  other 
materials and 0.58 g/cm3 for glass) .  The  mixture is  poured-in a layer  
of 7.5 inches onto  a park ing  l o t .  These assumptions r e su l t  i n  an area 
of approximately 1250 m2 per 90 metric t o n s  of recyc led  g l a s s ,  
assuming a l l  of the 90 tons is  used t o  construct one p a r k i n g  l o t .  

( 2 )  Maximum indiv idua l  impacts are c a l c u l a t e d  by assuming a s h o p p i n g  
center worker (such as a customer helper or a shopping car t  retriever) 
who spends 2000 hour s  a y e a r  a t  the  shopping center  of w h i c h  a 
conservative 10 ercent i s  spent on t o p  of the  contaminated g l a s s -  

typical shopp ing  genter h a v i n g  p a r k i n g  space f o r  500 cars.) 
phal t .  (1250 m B assumed above i s  le'ss t h a n  one-tenth the area of a 

(3)  Population impacts are  calculated using the following assumptions: 

o Average area per vehicle i n  the parking l o t  i s  26 m2 (about  10 f t  
by 28 f t  including spaces between rows of parking spaces); 

o Average shopping t r i p  duration per vehicle i s  1 hour; 
o Average shopping t r ip .  involves 1.5 people per vehicle;  
o The shopping center is .  open 2500 hours/yr; 
o Average person spends 5 minutes per shopping tr ip on t o p  of the 

recycled gl assphal t ; and 
o Lifetime of the parking l o t  i s  30 years. 

The equat ions  used t o  c a l c u l a t e  ind iv idua l  exposures (mrem/yr) a n d  
population exposures (person-mrem/30 y r s )  are as fol 1 ows : 

H = 1 0.3 (An/90) Pd CF DF (1/IX3) EDFi PDCF-5 

P30 = 1 0.3 (An/90) Pd CF DF EDFp PDCF-5 

(7-7)  
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where PDCF-5 i s  t h e  pathway dose conversion f a c t o r  used i n  d - i rec t  r a d i a -  
t i o n  exposure c a l c u l a t i o n s  (see Chapter 3.0), .and where 

0.-3 = D i l u t i o n  f a c t o r  t o  account f o r  m ix ing  o f  recyc led  g lass 
w i t h  o t h e r  mater i  a1 s 

, An = annual a c t i v i t y  ( C i )  of r a d i o n u c l i d e  n released i n t o  
recyc led  g lass from reference municipal  i n c i n e r a t o r .  

90 = base-case annual mass o f  g lass recyc led  (MT) 
Pd = d e n s i t y  o f  d i r t  (assumed t o  be 1.6 MT/m3) 
CF = f i n i t e  area f a c t o r  (see below). 
DF = d i s tance  f a c t o r  cons ider ing t h e  th ickness o f  t h e  

1x3 = number o f  reference f a c i l i t i e s  (see Table 2-7). 
EDFi = i n d i v i d u a l  exposure d u r a t i o n  f a c t o r  (see below). 
EDFp = popu la t i on  exposure d u r a t i o n  f a c t o r  (see below). 

poured g l  assphal t park ing 1 o t .  

The concepts used i n  developing t h e  above equations a r e  s i m i l a r  t o  t h o s e  
used i n  Chapter 3.0, e.g.: 

(3-12) 

where fi stands f o r  t h e  c o r r e c t i o n  f a c t o r s  g iven by: 

fc = PK CF DF EDF (3-13) 

The e x p r e s s i o n  (Cw/pw) i n  equat ion (3-12) has been replaced i n  equat ions 
( 7 - 5 )  and ( 7 - 6 )  b y  t h e  n u m e r i c a l l y  i d e n t i c a l  e x p r e s s i o n  (An/90)* The 
reason 90 MT i s  used ins tead  o f  t h e  annual mass o f  recyc led  g l a s s  i s  t h a t  
t h e  base case above uses 90 MT. fc  i s  r e p l a c e d  b y  t h e  CF, DF and EDF 
fa-ctors. (PK i s  assumed t o  be un i t y . )  

The f a c t o r  CF can be obtained from Table 3-1 f o r  a rad ius  o f  20 m (area o f  
1250 m2) t o  be 0.6936. The f a c t o r  DF i s  o b t a i n e d  from an express ion 
de r i vab le  from equat ion (3-1), and t h e  r e a s o n i n g  used i n  c a l c u l a t i n g  DF 
given by equat ion (3-11). It i s  equal t o  t h e  fol lowing:, 

where exposure i s  assumed t o  occur  1 m above t h e  pa rk ing  l o t ,  i s  t h e  
l i n e a r  a t t e n u a t i o n  c o e f f i c i e n t  i n  a i r  (assumed t o  be 0.0097 r Y 7 ,  pd i s  
t h e  l i n e a r  a t t e n u a t i o n  c o e f f i c i e n t  o f  t h e  g l a s s p h a l t  i n  t h e  p a r k i n g  l o t  
(assumed t o  be 0.1212 cm- l  - see Sect ion 5.2.3, covered waste scenar io)  
and t i s  t h e  th ickness of t h e  g lasspha l t  l a y e r  (assumed t o  be 7.5 inches).  
The r e s u l t a n t  DF i s  c a l c u l a t e d  t o  be 0.9738. 
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The f a c t o r s  E D F i  a n d  E D F p  embody the  a s s u m p t i o n s  on specif ic  exposure 
condi t ions  detailed above. E D F i  i s  simply the r a t i o  of the time spent on 
the recycled glassphalt t o  the time i n  one year, i .e. ,  0.10 x (2000/8760) 
= 0.0228. The 
above assumptions on population exposures imply the following f o r  each 90 
MT of recycled glass: 

There are about  180,000 pers n-trips per year: (2500 hrs/yr x 1250 m2 

EDFp i s  more complicated since i t  i s  i n  units of persons. 

o x 1.5 persons/vehicle)/(26 m B /vehicle x 1 hr/tr ip).  

o There a r e  27,000,000 person-minutes f o r  30 y e a r s ,  o r  about 52 
person-years f o r  30 years  (180,000 person-trips/yr x 30 years x 5 
minutes/tr ip),  spent on top of the recycled glassphalt. 

. 

Consequently, EDFp i s  given by the following: 
. . .  

EDFp = 52 x Occupancy factor x Decay factor  . (7-10) 

The occupancy f a c t o r  , r e l a t e s  t o  t h e  f a c t  t h a t  t h e  above c a l c u l a t i o n s  
assume f u l l  occupancy of the p a r k i n g  spaces du'ring the en t i r e  period the 
shopp ing  center i s  open, i .e.,  2500 hourslyear. T h i s  is  overly conserva- 
t i v e ;  however, t h e r e  i s  no r e a d i l y  availcable d a t a , .  Therefore,  i t  is 
assumed to  be u n i t y .  

The decay factor accounts for the decay of the radionuclides d u r i n g  the 30 
years of exposure. T h i s  factor is  given by equati*on 7-1: 

Decay factor = (1 - exp[- 30 A ] ) / [  30 (1 - exp[- x I)] (7 -1 )  

Another conservatism i n  the above scenario involves the l i f e t i m e  of the 
parki-ng l o t .  I t  i s  very unusual for  a p a r k i n g  l o t  t o  be i n  'service d u r i n g  
the en t i re  period of exposure of 30 years. Frequently, p a r k i n g  l o t s  have 
t o  be resurfaced every f i v e  yea r s .  Consequently , t h e  contaminated 
glassphalt r a d i a t i o n  would be attenuated t h r o u g h  o t h e r  m a t e r i a l s .  T h i s  
would mean t h a t  t h e  p o p u l a t i o n  impacts (P30) f o r  t h e  glass r ecyc le  
scenario could be as much as s i x  t imes too conserva t ive .  However, t h e  
authors  possess no d a t a  on the longetivity of p a r k i n g  l o t s ,  and i t  is  not 
considered. 

One additional item will  have t o  be considered, and t ha t  i s  the contribu- 
t ion t o  population exposures of the other groups involved i n  t h e  r ecyc le  
pathway. I n  t h e  sc rap  metal recycle scenarios, the product users group 
constituted the major population group contributing t o  the exposures. 
t h i s  r epor t ,  re ly ing  on the conservativeness of the above individual and 
population exposure assumptions, i t  wil l  be assumed t h a t  population 

I n  ' 

8 exposures from other groups are negl igib1e.- 
i 
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8 .0  COMPUTER CODES AND EXAMPLE PROBLEMS 

. T h i s  chapter describes the basic structure a n d  t he  data  requirements of 
the computer codes t h a t  comprise the de minimis waste radiological impacts 
analysis methodology. I t  should be stressed a t  the outset that  t he  codes 
a r e  intended t o  be "dynamic" codes. That i s ,  more accurately descriptive 
modifications to  the cal  cul a t i  onal methodology, such a s  s i t e - s p e c i f  i c  
desc r ip t ions  of incineration and/or disposal practices, can and should be 
u t i l i z e d  t o  improve t h e  r e l i a b i l i t y  of i t s  r e s u l t s .  In add i t ion ,  a 
cons iderable  amount  of user-obtained data can be supplied t o  the codes, 
and this data can also be used for  increased r e l i a b i l i t y  of t h e  r e s u l t s .  
Consequently, this chapter s t resses  the basic outline and structure of the 
codes, and the de f in i t i ons  of t h e  parameters required rather1 t h a n  t h e  
values assumed f o r  t hese  parameters. Representat ive values fo r  these 
parameters (i.e., input d a t a )  t h a t  can be used have been discussed i n  t h e  
previous chapters and i n  the Appendices. 

Section 8.1  outlines t h e  bas ic  s t r u c t u r e  of t h e  codes and  t h e  general 
approach used t o  develop the codes. Section 8 .2  discusses the d a t a  bases 
required, defines the individual parameters u t i 1  i zed ,  and  presents  t h e  
i n p u t  formats fo r  t h e  values fo r  these parameters. Finally, Section 8 . 3  
presents .several example problems'. 

8 .1  Structure of the Codes 

The purpose of the codes is  t o  provide a t oo l  for  a systematic examination 
of the radiological impacts resulting from disposal of mater ia l  contami- 
nated w i t h  rad ioac t ive  i so topes  t h r o u g h  means l e s s  r e s t r i c t i v e  t h a n  
dis'posal a t  a licensed near-surface disposal f ac i l i t y .  The ca lcu la t iona l  
methodology i s  s t ructured as a pair  of computer codes, and the selection 
of a particular code depends upon the type of information desired. 

To use one code, IMPACTS, the user i n p u t s  information regarding the waste 
physical  and radiological character is t ics ,  as well as information regard- 
i n g  t h e  p a r t i c u l a r  waste treatment and/or disposal methods t o  be consi- 
dered. The code then calculates radiological impacts t o  i n d i v i d u a l s  a n d  
populat ions based on c a l c u l a t i o n  of movement of r ad ioac t ive  material 
through various environmental pathways. 6 

To use the second code, INVIMPS, the user inputs information regarding the 
, waste physical character is t ics ,  the treatment and/or  disposal  techno1 ogy , 

t o  be considered, and  a s e t  of organ-specific ."dose l i m i t a t i o n  c r i t e r i a "  
(i.e.,  a s e t  of maximum allowable dose rates t o  a n  individual). The code 
then determines maximum concentration l imits  for waste which will l imit  
impacts t o  an individual t o  the dose limitation c r i t e r i a .  

The basic structure of these two codes is  further discussed below. 
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8.1.1 IMPACTS Code 

This  code i s  designed t o  c a l c u l a t e  a l l  t h e  impacts presented i n  Table 2-2. 
B r i e f l y ,  these c o n s i s t  o f  t he  f o l l o w i n g  f o r  t h e  t h r e e  d i s p o s a l  o p t i o n s  
considered: 

. 

, 

o O n s i t e  t r e a t m e n t / d i s p o s a l  - o f f s i  t e  exposures  t o  i n d i v i d u a l s  and 
popu la t ion  r e s u l t i n g  f rom inc ine ra t i on ,  d isposal  operat ions,  and p o s t -  
d i s p o s a l  s c e n a r i o s  i n c l  u d i  ng r e 1  eases due t o  i n t r u s i o n ,  groundwater 
m i g r a t i o n ,  e r o s i o n ,  and l e a c h a t e  a c c u m u l a t i o n ;  and exposures  t o  

’ i nadvertant in t ruders .  

o O f f s i t e  t r e a t m e n t / d i s p o s a l  as munic ipa l  waste - same impacts as above 
p lus  ons i te  exposures t o  maximum worker and a l l  workers from i n c i n e r a -  
t i o n  ( i n c l u d i n g  waste  s o r t i n g  o p t i o n s )  and d i s p o s a l  o p e r a t i o n s ;  
exposures t o  maximum worker and a l l  workers r e s u l t i n g  from t r a n s p o r t a -  
t i o n ;  p o p u l a t i o n  exposures f r o m  t ranspor ta t i on ;  and popu la t ion  expo- 
sures and maximum worker exposures r e s u l  t i  ng f r o m  r e c y c l e  o f  p a r t  o f  
t h e  contaminated waste. 

o O f f s i t e  t r e a t m e n t / d i s p o s a l  as hazardous  waste - same impacts as t h e  
above o f f s i t e  t rea tment /d isposa l  as muni c i  p a l  waste,  excep t  t h a t  n o  
i m p a c t s  a s s o c i a t e d  w i t h  waste s o r t i n g  op t ions  a t  t h e  hazardous waste 
i n c i n e r a t o r  a re  ca lcu lated.  

I n  order  t o  c a l c u l a t e  these impacts, t he  code requ i res  four  d i s t i n c t  types 
o f  i n p u t  data. 

(1)  Radi  o l  o g i c a l  fundamenta l  dose conversion f a c t o r s  and o the r  gener ic  
pathway in fo rma t ion  such as uptake fac to rs ;  

(2)  Treatment and/or disposal  s i t e  environmental c h a r a c t e r i s t i c s ;  
(3)  Treatment and/or d i  sposal technol  ogy charac ter i  s t  i cs ; and 
( 4 )  Waste phys ica l  and r a d i o l o g i c a l  cha rac te r i s t i cs . .  

These f o u r  types o f  data are provided by data f i l e s :  t h e , f i r s t  i s  prov ided 
by  a f i l e  c a l l e d  TAPE1, t h e  second and t h i r d  prov ided by a f i l e  c a l l e d  
TAPE2, and t h e  f o u r t h s  provided by a f i l e  c a l l e d  TAPES. The l a s t  f i l e ,  
fAPE5, a l s o  p r o v i d e s  e x e c u t i o n  d i r e c t i v e s  t o  t h e e  i n  t h e  form’of  
dec i s ion  ind ices.  These are f u r t h e r  discussed i n  Sect ion 8.2. 

Based on t h e s e  da ta ,  t h e  code ca l cu la tes  r a d i o l o g i c a l  impacts us ing  t h e  
f o l l o w i n g  subrout ines:  

(1 )  READ2 - T h i s  s u b r o u t i n e  reads  t h e  t reatment /d isposal  s i t e  env i ron-  
mental cha rac te r i  s t i  cs and t rea tment /d i  sposal technol  ogy cha rac te r i  s- 
t i c s  f rom TAPE2. 

(2) READ5 - T h i s  s u b r o u t i n e  reads t h e  waste stream c h a r a c t e r i s t i c s  from 
TAPES, ca l cu la tes  t h e  pathway dose c o n v e r s i o n  f a c t o r s  f r o m  g e n e r i c  

, pathway i n f ’ o r m a t i o n  (inc-luding fundamental, dose conversion f a c t o r s )  
read from TAPEl,  and ca l cu la tes  the  t r a n s p o r t a t i o n  exposures. 
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( 3 )  

(5) 

SPLICE - Th is  subrout ine ca lcu la tes  operat ional  impacts from inc ine-  
r a t i o n ,  sor t ing ,  and resource recovery.  It a l s o  d i v i d e s  t h e  waste 
s t r e a m  i n t o  two p o s s i b l e  substreams i f  so i n d i c a t e d ' .  It a l s o  
c a l c u l a t e s  poss ib le  impacts from r e c y c l i n g  recovered scrap meta l  and 
g l  ass. 

I N T I M P  - Th is  subrout ine ca lcu la tes  t h e  inadver tan t  i n t r u d e r  impacts 
f rom t h e  c o n s t r u c t i o n  and a g r i c u l t u r e  s c e n a r i o s  I n t r u d e r  ground- 
water scenar io impacts a re  ca lcu la ted  l a t e r .  

EXPWAS - This subrout ine ca lcu la tes  impacts from t h e  i n t r u d e r - i n i t i -  
a ted and eros ion- i  n i  ti ated exposed waste scenarios. 

OPSIMP - This subrout ine ca lcu la tes  t h e  o n s i t e  and o f f s i t e  
associated with d isposal  operations. 

OVRFLO - This subrout i  ne ca lcu la tes  impacts r e s u l  t i  ng f r o m  
accumulation i n  t h e  d isposal  c e l l s .  

GWATER - This subrout ine ca lcu la tes  impacts  r e s u l t i n g  f r o m  

impacts  

eachate  

ground- 
w a t e r  m i g r a t i o n  o f  r a d i o a c t i v i t y  a t -  t h r e e  b i o t a  access l o c a t i o n s  
( i n t r u d e r - w e l l ,  populat ion-wel l ,  and surface w a t e r )  a t  16 d i f f e r e n t  
t imes a f t e r  c losure  of t h e  disposal  f a c i l i t y .  

8.1.2 I N V I M P S  Code 

T h i s  code i s  designed t o  c a l c u i a t e  t h e  l i m i t i n g  concentrat ions t h a t  would 
l e a d  t o  a g i v e n  s e t  o f  o r g a n - s p e c i f i c  dose l i m i t a t i o n  c r i t e r i a .  I n  
c o n t r a s t  w i t h  IMPACTS, t h i s  code considers on ly  maximum i n d i v i d u a l s ,  i.e., 
maximum t r a n s p o r t a t i o n  worker ,  maximum i n c i n e r a t o r  worker ,  maximum 

. s o r t i n g / r e s o u r c e  r e c o v e r y  worker ,  maximum d i s p o s a l  f a c i  1 i t y  worker ,  
inadver tan t  i n t r u d e r  ( t w o  s c e n a r i o s ) ,  maximum exposed i n d i v i d u a l  f r o m  
exposed waste scenarios ( two scenar ios),  and maximum exposed i n d i v i d u a l  a t  
t h r e e  groundwater  access l o c a t i o n s .  These a r e  c a l c u l a t e d  f o r  a g i v e n  
t r e a t m e n t  and/or disposal  technology, i.e., one of t h e  t h r e e  discussed i n  
Sect ion 8.1.1. This code requ i res  t h e  f o l l o w i n g  i n p u t  data:  

(1 )  R a d i o l o g i c a l  fundamental  dose conversion fac to rs  and o ther  generic 
pathway i nformat i  on such as uptake f a c t o r s ;  

( 2 )  Treatment and/or d isposal  s i t e  environmental c h a r a c t e r i s t i c s ;  
(3)  Treatment and/or d isposal  techno1 ogy c h a r a c t e r i s t i c s  ; 

( 5 )  Dose l i m i t a t i o n  c r i t e r i a .  

As can be seen, these are t h e  same as t h e  IMPACTS code requirements except 
t h a t  dose l i m i t a t i o n  c r i t e r i a  a re  requ i red  r a t h e r  than waste r a d i o l o g i c a l  
c h a r a c t e r i s t i c s .  The same TAPE1 and TAPE2 data f i l e s  used by IMPACTS are 
a l s o  used by INVIMPS,  and c o n t a i n  t h e  f i r s t  th ree  of t h e  above f i v e  t y p e s  
o f  d a t a .  Based on t h i s  data, 
t h e  code ca lcu la tes  l i m i t i n g  rad ionuc l ide  concentrat ions us ing  t h e  f o l l o w -  
i n g  subrout ines:  

. .  
' ( 4 )  Waste phys ica l  c h a r a c t e r i s t i c s ;  and 

The l a s t  two types are contained i n  TAPE5. 
I 
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( 3 )  

(4) 

(5) 

READ2 - Same subroutine used by IMPACTS. 

READ5 - T h i s  subroutine reads the waste physical c h a r a c t e r i s t i c s  and 
dose 1 imi ta t ion  c r i t e r i a  from TAPE5, and fundamental dose conversion 
f a c t o r s  and o t h e r  gener ic  pathway information from T A P E 1 ,  and 
c a l c u l a t e s  t h e  1 imi t i n g  rad ionucl ide  concentrations f o r  transpor- 
ta t ion.  

SPLICE - This subrouti'ne , c a l c u l a t e s  the 1 imi t i  ng rad i  onucl-i d e  
concent ra t ions  f o r  i n c i n e r a t i o n ,  s o r t i n g ,  and. resource  . recovery 
operations, as well as recycle of scrap metal and glass. 

INTIMP - T h i s  subrout ine  c a l c u l a t e s  the l i m i t i n g  r ad ionuc l ide  
concentrations f o r  the. two inadvertant intruder scenarios considered: 
construction. and agriculture.  

EXPWAS - This subrout ink c a l c u l a t e s  t h e  l i m i t i n g  r ad ionuc l ide  
concent ra t ions  for  the  i n t r u d e r - i n i t i a t e d  and e r o s i o n - i n i t i a t e d  
exposed waste scenarios (water transport  only). 

OPSIMP - T h i s  subrout ine  c a l c u l a t e s  t h e  l i m i t i n g  r ad ionuc l ide  
concentrations associated w i t h  disposal f a c i l i t y  operations. 

O V R F L O  - T h i s  subrout ine  c a l c u l a t e s  t h e  1 imi t i  ng radionucl  i d e  
concentrations f o r  the leachate accumulation and overflow scenarios. 

GWATER - T h i  s subrout ine  ca l  cul a t e s  t h e  1 imi t i  n g  radionucl  i de 
concen t r a t ions  a t  each time s t e p  a t  each of the three groundwater 
biota access locations. The m i n i m u m  l imiting concen t r a t ions  a c r o s s  
t h e  time steps are  determined and become the limiting concentrations 
fo r  the access location. 3 

I n  a1 1 t he  above subroutines, 1 i m i t i n g  radionuclide concentrations f o r  
each organ are  calculated. The overall l i m i t i n g  concen t r a t ion  f o r  each 
nuc l ide  ac ross  a l l  organs i s  then determined and p r in t ed  i n  a summarized 
form. 

. .  

. .  

5 .  

8.2 , Data.Fi les .  

As discus.sed above, the codes require f ive  d i f fe ren t  ty.pes of data: 

, (1). Radiological, fundamental dose conversion' f a c t o r s  and. 'o ther  generi ,c 
. .  pathway information; 

( 2 )  Treatment and/or disposal s i t e  envi ronmental charac te r i s t ics  ; 
(3) Treatment and/or disposal techno1 ogy character is t ics  ; 
( 4 )  Waste physical and .radiological charac te r i s t ics ;  arid. 
(5) Dose l imitat ion c r i t e r i a .  

The f i r s t  f o u r  of th,ese typ-es of d a t a -  a r e  discussed below. The f i f t h ,  
dose l imitation c r i t e r i a ,  is a set .of annual dose limits'  (mrem/year) used 

' , '  

. . .  \ 
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o n l y  b y  t h e  I N V I M P S  code. As s t a t e d  prev ious ly ,  TAPEl  conta ins t h e  f i r s t  
i t e m  above, TAPE2 conta ins t h e  second and t h i r d  i t e m s  above, and TAPE5 
c o n t a i n s  t h e  l a s t  two i t e m s  above. These tapes  a r e  d i s c u s s e d  below. 
However, f i r s t  a summary o f  t h e  parameters organized i n  f u n c t i o n a l  groups 
are presented i n  Tables 8-1 through 8-5. 

. T a b l e  8 - 1  p r e s e n t s  d e f i n i t i o n s  of  t h e  d e c i s i o n  i n d i c e s  d i s c u s s e d  i n  
S e c t i o n  2.2. Table 8-2 presents d e f i n i t i o n s  of t h e  waste stream s p e c i f i c  
arrays,  and Tab1 e 8-3 p r e s e n t s  d e f  i n i  t i  ons o f  r a d i o n u c l  i de dependent 
a r r a y s .  F i n a l l y ,  Tables 8-4 and 8 - 5  p r e s e n t  d e f i n i t i o n s  o f  f a c i l i t y  
dependent parameters  and t h e  s i t e  env i ronment  dependent parameters ,  
respect  i ve l  y . 
The d a t a  f i l e  s t r u c t u r e s  a r e  t h e n  presented  i n  Tables 8-6 through 8-9. 
Table 8-6 presents t h e  s t r u c t u r e  o f  TAPEl  con ta in ing  t h e  fundamental dose 
c o n v e r s i o n  f a c t o r s  and o t h e r  g e n e r i c  pathway i n f o r m a t i o n ,  T a b l e  8-7 
p r e s e n t s  t h e  s t r u c t u r e  o f  TAPE2 c o n t a i n i n g  t r e a t m e n t / d i  sposa l  s i t e  
e n v i r o n m e n t a l  and t e c h n o l o g y  c h a r a c t e r i s t i c s  and Tab les  8-8 and 8-9 
present t h e  s t r u c t u r e  o f  TAPE5 f o r  t h e  I M P A C T S  and t h e  I N V I M P S  codes, 
r e s p e c t i v e l y ,  c o n t a i n i n g  t h e  waste  c h a r a c t e r i s t i c s  and dose l i m i t a t i o n  
c r i t e r i a .  

F i n a l l y ,  Table 8-10 l i s t s  t h e  85 rad ionuc l ides  t h a t  a re  considered i n  t h e  
computer codes, along w i t h  t h e  d e f a u l t  s o l u b i l i t y  c lasses (SOLB) f o r  each 
r a d i o n u c l i d e  (see Table 8-3). The rad ionuc l ides  are g iven i n  t h e  order  i n  
which they are considered i n  t h e  codes. 

8.3 Exampl e Probl ems 

T h i s  s e c t i o n  prese-nts  example problems f o r  t h e  I M P A C T S  and I N V I M P S  
computer codes. I n  a manner cons is ten t  w i t h  the  general approach adopted  
i n  t h i s  chapter, t h e  examples f o r  IMPACTS have been se lected t:, i l l u s t r a t e  

* 

t h e  mechanics and s t r u c t u r e  of t h e  code, and n o t  t o  assess whether  t h e  
waste s t reams cons idered are  v i a b l e  candidates f o r  d isposal  through less  
r e s t r i c t i v e  means. (One of t h e  examples s e l e c t e d  i s  n a t u r a l  d i r t  w i t h  
e n v i  r o n m e n t a l l y  normal l e v e l s  of contamination.) S i m i l a r l y ,  t h e  examples 
se lected f o r  INVIMPS are a lso  d e s i g n e d  t o  i l l u s t r a t e  t h e  mechanics and 
s t r u c t u r e  of  t h e  code, and t h e  r e s u l t s  cannot necessar i ly  be i n t e r p r e t e d  
as v i a b l e  maximum rad ionuc l ide  concent ra t ion  l i m i t a t i o n s .  

The d a t a  contained i n  t h e  cur ren t  TAPEl  and TAPE2 data f i l e s  are u t i l i z e d  
f o r  a l l  example problems. These data f i l e s  are l i s t e d  i n  Appendix F and 
a r e  n o t  d i s c u s s e d  i n  t h i s  sec t ion  any fu r ther .  TAPE5 data f i l e s  f o r  t h e  
example problems are discussed below. 

8.3.1 IMPACTS Exampl es 

Two example problems are considered. The f i r s t  o f  these i s  d i v i d e d  i n t o  3 
cases and. invo lves  d i s p o s a l  of a s i n g l e  waste s t ream i n t o  a hazardous 
waste  d i s p o s a l  f a c i l i t y  p o t e n t i a l l y  loca ted  i n  th ree  a l t e r n a t i v e  d isposal  
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TABLE 8-1 . Decision Ind ices  D e f i n i t i o n s  I 

A l l  t h e s e  ind i ces  are  loca ted  i n  Common Block DTNX, and are  read from the  
TAPE5 f i l e .  

I R  : Region index - 1, 2, o r  3. 

I D A T  : Add i t iona l  da ta ' index ;  gener ic  d e f a u l t  data i n  t h e  code w i l l  be 
. rep laced w i t h  f a c i l i t y -  o r  s i t e - s p e c i f i c  i n fo rma t ion  as f o l l o w s :  

0 = No add i t i ona l  data 
1 = Only POP, POPE, X O Q I ,  XOQO, EDFI ,  and EDFO data (see Table 8-4). 
2 = Only PRC, TSC, DTTM, TTM, DTPC, TPC, FSC, FSA, QFC,.and NRET 

3 = Both #1, and #2 w i l l  be provided. 
w i l l  be given (see Table 8-5 f o r  d e f i n i t i o n s ) .  

I f  IQ=1, I D A T  must be 2 o r  3 s ince  the  user must i n p u t  values f o r  
a l l  parameters l i s t e d  i n  t h e  IDAT=2 option. I n  a d d i t i o n  f o r  IQ=1 
t h e  f o l l o w i n g  f a c i l i t y  s p e c i f i c  va lues  a r e  needed: V INC,  VANN, 
ADAY, EMP, EFF, SEFF, DEN1, DEN2, R M I X ,  GERO, OSWR, and OSDL (see  
Table 8-4 f o r  d e f i n i t i o n s ) .  

1 = Generator On-si te F a c i l i t y ,  
2 = Sani tary  Landf i  11, 
3 = Open Dump, 
4 = Hazardous Waste F a c i l i t y  I, 
5 = Hazardous Waste F a c i l i t y  11. 

I f - w a s t e  i s  p rocessed by i n c i n e r a t i o n  p r i o r  t o  d isposal  (see I S P C  . 
index i n  Table 8-2), then IQ also  ind i ca tes  the  type of i n c i n e r a t o r  
cons ide red .  That  i s ,  I() = 1 i n d i c a t e s  use o f  t h e  o n - s i t e  i n c i n e -  
r a t o r ,  I O  = 2 or  3 i n d i c a t e s  t h e  use o f  t h e  m u n i c i p a l  was te  
i n c i n e r a t o r ,  and I Q  = 4 o r  5 i n d i c a t e s  t h e  use o f  t h e  hazardous 
waste i nc ine ra to r .  

.IQ : Disposal f a c i l i t y  index (See Sect ion 2.2.1); 

I P O P  : Populat ion i n  the' v i c i n i t y  o f  t reatment /d isposal  f a c i l i t y ;  

ILFE : F a c i l i t y  operat ional  l i f e  i n  years 

1 = r u r a l ,  2 = urban. 

I I N S  : ' I n s t i t u t i o n a l  con t ro l  per iod  i n  years 

IOFL : Index denot ing whether impacts from leachate accumulation and 
over f low are  t o  be ca l cu la ted  (IOFL = l), o r  n o t  (IOFL = 0). 

NSTR : Number o f  de minimis waste streams t o  be analyzed. 

I S P C  : These dec i s ion '  indic-es are  'presented i n  Table 8-2. 
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TABLE 8-2. Waste Stream Spec i f i c  Arrays 

. BASN(2) : Waste stream name a r ray  
Locat ion : Common Block CHRC 
Read From : TAPE5 

T h i s  a r r a y .  c o n t a i n s  t h e  a lphanumer i c  d e s c r i p t i v e  names o f  t h e  waste 
streams. Each name can be up t o  10 characters  long. 

BAS(2!921 : Basic data ma t r i x  
Locat ion : Common Block BAST 
kead From : TAPE5 

T h i s  m a t r i x  contains most o f  the  bas ic  in fo rmat ion  f o r  each waste stream. 
Two rows (denoted by the  f i r s t  index)  a re  p r o v i d e d  i n  t h i s  a r r a y  Tn t h e  
e v e n t  t h a t  the  waste stream i s  d i v ided  i n t o  substreams i n  accordance w i t h  
t h e  l a s t  two o f  t he  th ree  s o r t i n g  opt ions a v a i l a b l e  f o r  m u n i c i p a l  waste 
i n c i n e r a t i o n  ( I O  = 2 o r  3, and I P  = 4 o r  5 - see Table 2-7).. I n  t h i s  case 
t h e  i n fo rma t ion  f o r  i n c i n e r a t o r  res idue i s  s to red  i n  the  f i r s t  row ( i .e. ,  
t h e  new i n f o r m a t i o n  on i n c i n e r a t o r  r e s i d u e  such as new r a d i o n u c l i d e  
c o n c e n t r a t i o n s  r e p l a c e s  t h a t  f o r  t h e  o r i g i n a l  waste s t r e a m ) ,  w h i l e  
i n f o r m a t i o n  f o r  t h e  d i sca rd  p o r t i o n  i s  s to red  i n  the  second row. Ir: a l l  
o the r  cases, waste stream in fo rma t ion  i s  s t o r e d  i n  t h e  f i r s t  row, w h i l e  
t h e  second row i s  vacant .  The columns o f  the  BAS a r ray  (denoted by the  
second index)  r e f e r  t o  the  fo l l ow ing :  

Index 

1 

2 
. 3  

, 4  
5 

6 

7 

8-92 

Descr i p t  i on 

T o t a l  mass o f  t h e  waste  s t r e a m  i n  m e t r i c  t o n s  - MT (2.2 tons)  
gene ra ted  a n nua 1 1 y . 
Densi ty o f  the  waste stream i n  MT/m3 (g/cm3). 
Volume o f  the  waste stream i n  m3. 
Reserved 
Maximum i n d i v i d u a l  o c c u p a t i o n a l  impacts ( i n  u n i t s  o f  mremlyear) 
r e s u l t i n g  from t r a n s p o r t a t i o n  of the  waste stream. 
T o t a l  o c c u p a t i o n a l  exposures  ( i n  u n i t s  o f  person-mrem/year)  
r e s u l t i n g  from t r a n s p o r t a t i o n  o f  t he  waste stream. 
P o p u l a t i o n  impac ts  ( i n  u n i t s  o f  person-mrem/year) r e s u l t i n g  from 
t ranspor ta t i on  o f  t he  waste stream. 
Radionucl ide concentrat ions o f  t he  waste stream ( i n  u n i t s  o f  C i / M T  
o r  uCi/g) f o r  t h e  85 rad ionuc l ides  considered. 

/ 
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TABLE 8-2 (cont inued) 

, 

ISPC(2,15) : Waste stream dec is ion  i n d i c e s  
Locat ion  : Common Block BAST 
Read From : TAPE5 

T h i s  m a t r i x  complements t h e  i n f o r m a t i o n  provided i n  t h e  BAS m a t r i x ,  and 
conta ins  waste stream s p e c i f i c  dec i s ion  ind ices .  I n  a manner s i m i l a r  t o  
t h e  BAS ma t r i x ,  two rows are  provided f o r  two poss ib le  substreams (see t h e  
BAS m a t r i x  d iscuss ion  above). The columns o f  t h i s  m a t r i x  (denoted by t h e  
second index)  r e f e r  t o  t h e  dec i s ion  i n d i c e s  descr ibed i n  Table 2-7 and a re  
summari zed be l  ow: 

Index Desc r ip t i on  

1 
2 
3 

. 4  
5 

6-7 
8-11 

12-15 

I D  - D i s p e r s i b i l i t y  index 
I A  - A c c e s s i b i l i t y  index 
I K 1  - F i r s t  Packaging index 
IK2 - Second Packaging index 
I P  - Processing index 
Reserved 
I X ' s  - D i s t r i b u t i o n  ..indices 
I C ' s  - Composition i n d i c e s  

A l te rna t i ' ve  values f o r  these ind i ces  a re  presented i n  Table 2-7. One i t e m  
o f  no te  i s  t h a t  t h e  I P  index must be c o m p a t i b l e  w i t h  t h e  IQ i n d e x  (see  
T a b l e  8 -1 ) .  F o r  example, i f  IQ i s  n o t  equal  t o  2 o r  3 (municipal  waste 
t r e a t m e n t / d i s p o s a l  o p t i o n ) ,  t h e n  I P  c a n n o t  be  equa l  t o  3 t h r o u g h  5 
(denot ing  t h e  " s o r t i n g "  op t ions  1, 2, and 3, respec t i ve l y ) .  

BIMP(10,651 : Basic impacts m a t r i x  
Locat i on : Common Block BAST 
Read From : I n t e r n a l l y  ca lcu la ted .  

T h i s  m a t r i x  i s  t h e  b a s i c  impac ts  m a t r i x  f o r  t h e  problem execut ion.  The 
f i r s t  index r e f e r s  t o  the  10 d i f f e r e n t  o rgans  b e i n g  c o n s i d e r e d  i n  t h i s  
r e p o r t ,  .i.e., lung, stomach w a l l ,  l a r g e  lower  i n t e s t i n e  ( L L I )  w a l l ,  t o t a l  

, body, kidneys, l i v e r ,  red marrow, bone s u r f a c e ,  t h y r o i d ,  and I C R P  t o t a l  
body dose equivalent.  The second index r e f e r s  t o  t h e  f o l l o w i n g :  

I 
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Index 

1 
2 
3 
4 
5 

. 6  

7 
8 
9 

10 

11 
' - 1 2  

-13 
14 

15-30 

47-62 
31-46 

. 6 3  
64 
65 

TABLE 8-2 (cont inued) 

Descr i p t  i on 

Post-Disposal Impacts 

I n t r ude r -con s t r u c t i on scena r i o (mr em/y r ) 
I n t r u d e r - a g r i  c u l  t u r e  scenar io (mremlyr) 
I n t r u d e r - i n i  t i a t e d  ( a i r )  exposed waste scenar io (person-mrem/yr) 
E r o s i o n - i n i t i a t e d  ( a i  r )  exposed waste scenar io (person-mrem/yr) 
I n t r u d e r - i n i  t i a t e d  (water)  exposed waste scenar io (mremlyr) 
E r o s i o n - i n i t i a t e d  (water)  exposed waste scenar io (mremlyr) 

I n c i n e r a t i o n  Impacts 

Populat ion exposures from i n c i n e r a t i o n  (person-mremlyr) 
Maximum o f  f - s i  t e  i n d i v i d u a l  exposures from i n c i n e r a t i o n  (mrem/yr) 
Total  worker exposures a t  i n c i n e r a t o r  f a c i l i t y  (person-mremlyr) 
Maximum worker exposures a t  i n c i  n e r a t o r  f a c i  1 i t y  (mremlyr) 

D i  sposal Operational Impacts 

Populat ion exposures from d isposa l  opera t ions  (person-mrem/yr) 
Maximum o f f - s i t e  i n d i v i d u a l  exposures from 

Total  worker exposures a t  d isposal  f a c i  1 i t y  (person-mrem/yr) 
Maximum worker exposures a t  d isposal  f a c i l i t y  (mrem/yr) 

d isposal  opera t ions  (mremlyr) 

G r o u n dw a t e r I m p a.c t s 

"The n e x t  set .  ' o f  p o t e n t i a l  impacts r e s u l t  from groundwater migra- 
t i o n  o f  rad ionuc l ides .  Fo r  each o f  t h e  t h r e e  access l o c a t i o n s  
( i  .e.: i n t rude r -we l l  , popu la t ion-we l l  , and surface water) ,  impacts 
a r e  given a t  t h e  f o l l o w i n g  16 t imes ( i n  years )  a f t e r  t h e  c l o s u r e -  
o f  t h e  f a c i l i t y :  20, 40, 60, 8'0, 100, 120, 160, 200, 400, 600, 
800, 1000, 2000, 5000, 10000, and 20000. 

I n d i v i d u a l  exposures a t  t he  i n t r u d e r - w e l l  (mrem/yr) 
. I n d i v i d u a l  exposures a t  t he  popu la t ion-we l l  (mremlyr) 
I n d i v i d u a l  exposures a t  t h e  sur face  water access l o c a t  

Leachate Accumulation Impacts 
' .  

Leachate t rea tment /d i  scharge exposures t o  an i n d i  vidua 
Leachate overf low exposures t o  an i n d i v i d u a l  (mremlyear) 
Airborne exposures t o  popu la t ion  f rom 

, evaporator opera t ion  (person-mrem/yr) 

on (mremlyr). 

( m r em'/y r 



. TABLE 8-3 . Radionucl ide Dependent Arrays 

NUC (85) 
Locat 1 on 
Read From 

: Radionucl ide names 
: Common Block CHRC 
: I n t e r n a l l y  s e t  through data statement. 

T h i s  a r r a y  c o n t a i n s  t h e  6 charac ter  alpha-numeric names o f  t h e  nuc l ides.  
These rad ionuc l ide  names are  l i s t e d  i n  Tab le  8-10 i n  t h e  o r d e r  i n  wh ich  
they are  s tored i n  NUC array.  

SOL(85) : Radionucl ide s o l u b i l i t i e s  
Locat ion  : Common Block CHRC 
Read From : TAPE5 

T h i s  a r r a y  c o n t a i n s  t h e  1 c h a r a c t e r  alpha-numeric ( W ,  D, Y, o r  *)  so lu -  
b i l i t i e s  o f  t he  nucl ides.  

SOLB (85) : Defau l t  rad ionuc l i de  s o l u b i l i t i e s  
: Common Block CHRC 
: T A P E l  

T h i s  a r r a y  contains the  1 character  alpha-numeric ( W ,  D, Y, o r  *) d e f a u l t  
s o l u b i l i t y  c lasses o f  t he  nuc l ides.  The use o f  these d e f a u l t  s o l u b i l i t y  
c l a s s e s  v a r y  somewhat depending upon whether one i s  us ing  t h e  IMPACTS o r  
t h e  I N V I M P S  code. I n  t h e  IMPACTS code, t h e  s o l u b i l i t i e s  of t h e  r a d i o n u c - '  
l i d e s  considered i n  a - p a r t i c u l a r  problem a re  always s p e c i f i e d  i n  TAPE5 by 
the  user. However, i f  a r a d i o n u c l i d e  happens t o  be a p r o g e n i t o r  o f  a 
decay c h a i n  and t h e  s o l u b i l i t i e s  o f  t h e  daugh te rs  a re  n o t  prov ided i n  
TAPE5 by the  code u s e r  ( t h i s  may be done by i n p u t t i n g  t h e  d a u g h t e r  as  
h a v i n g  a zero concentrat ion) ,  then t h e  s o l u b i l i t y  c lasses o f  t h e  daughter 
rad ionuc l ides  are spec i f i ed  by SOLB. I n  t h e  I N V I M P S  code, SOLB i s  used as 
a d e f a u l t  i n  order t o  c a l c u l a t e  l i m i t i n g  rad ionuc l i de  concentrat ions.  The 
code user  may o v e r r i d e  SOLB va lues ,  however, and r e p l a c e  t h e  d e f a u l t  
s o l u b i l i t y  classes f o r  p a r t i c u l a r  rad ionucl ides.  A l i m i t a t i o n  i n  the  use 
o f  bo th  codes i s  t h a t  on ly  one s o l u b i l i t y  c l a s s  may be c o n s i d e r e d  f o r  a 
g i v e n  r a d i o n u c l i d e  i n  a g i v e n  waste stream. I f  a waste stream conta ins  
concentrat ions o f  a p a r t i c u l a r  rad ionuc l ide  having two ( o r  t h r e e )  s o l u b i -  
l i t y  c l a s s e s  (e.g., 1 C i / m 3  o f  U-235 w i t h  s o l u b i l i t y  c lass  Y, and 0.003 
Ci/m3 o f  U-235 w i t h  s o l u b i l i t y  c l a s s  W ) ,  t h e n  t h e  waste stream may be 
handled by d i v i d i n g  i t  i n t o  two ( o r  t h ree )  hypothe t ica l  was'te s t reams and 
summing t h e  resu l t s .  The assumed defau l t  s o l u b i l i t y  c lasses a re  g iven i n  
Table 8-10. 

: Decay constants 
%%on : Common Block NUCS 
Read krom : T A P E l  

This a r ray  conta ins the  decay constants ( i n  yr-1) o f  t h e  nuc l ides .  
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TABLE 8-3 (cont inued) 

: Leachate p a r t i t i o n  r a t i o s  
%%n : Common Block NUCS 
'Read From : T A P E l  

T h i s  a r r a y '  c o n t a i n s  t h e  rad ionucl ide-dependent  p a r t i t i o n  r a t i o s  between 
the  rad ionuc l i de  concentrat ions i n  the  t rench  leachate and i n  t h e  u n s o l  i- 
d i f i e d  waste obta ined from Maxey F l a t s  exper imental  data (see Sect ion 6.3 - Table 6-5). 

RET(85,5) : Retardat ion c o e f f i c i e n t s  
Locat ion : Common Block NUCS 
'Read krom : T A P E l  

T h i s  a r r a y  conta ins the  r e t a r d a t i o n  c o e f f i c i e n t s  o f  t he  rad ionuc l ides  f o r  
f i v e  d i f f e r e n t  s o i l  c o n d i t i o n s  (see S e c t i o n  6.3 - Tab4e 6-7) .  Only  
RET(1, l )  and RET(I,4) a re  read i n  from TAPE1; us ing  these values t h e  r e s t  
o f  the  c o e f f i c i e n t s  a re  ca lcu la ted  i n t e r n a l l y  i n  subrout ine READIN. 

FRACT!85,3) : Re1 ease f r a c t i o n s  f o r  i n c i n e r a t i o n  
Locat ion  : Common Block NUCS * .  
Read krom : I n t e r n a l l y  s e t  through data statement. 

T h i s  a r r a y  g i v e s  r a d i o n u c l i d e  r e l e a s e  f r a c t i o n s  f o r  t h r e e  d i f f e r e n t  
i n c i n e r a t i o n  cases: munic ipa l  i n c i n e r a t o r ,  hazardous waste i n c i n e r a t o r ,  
and open b u r n i n g  ( s e e  pages 4-13, 4-12, and 5-19, respec t i ve l y ) .  The 
re lease f r a c t i o n s  f o r  the  on -s i t e  i n c i n e r a t o r  a re  assumed t o  be t h e  same 
as those f o r  t he  hazardous waste i n c i n e r a t o r .  

NUX(85) : Index denot ing rad ionuc l ide  presence 
Locat ion : Common Block NUCS 
Read From : I n t e r n a l l y  se t  dur ing  reading o f  TAPE5 

This  a r ray  i nd i ca tes  whether a rad ionuc l i de  i s  present (va lue o f  1) o r  no t  
present (va lue of 0 )  i n  the  waste stream being analyzed. 

PDCF(85,10,7) : Pathway dose cov'ersion f a c t o r s  ' 

Locat i on : Common B1 ock . BAST 
'Read From : I n t e r n a l  l v  ca l cu la ted  " 

T h i s  m a t r i x  conta ins t h e  pathway dose conversion f a c t o r s  (see Appendix 0 )  
t h a t  a re  ca l cu la ted  i n  subrout ines UPTAKE and DOSE fc,om fundamenta l  dose 
c o n v e r s i o n  f a c t o r s  and o t h e r  gener ic  pathway data t h a t  are read i n  from 
TAPE1. The f i r s t  index i s  the  rad ionuc l i de  index. The second index i s  t h e  
o rgan  i n d e x  c o r r e s p o n d i n g  t o  t h e  f o l l o w i n g :  l u n g ,  stomach w a l l ,  l a r g e  
lower  i n t e s t i n e  (LL I )  wa l l ,  t o t a l  body, kidneys, l i v e r ,  r e d  marrow, bone 
s u r f a c e ,  t h y r o i d ,  and I C R P  t o t a l  body dose equiva lent .  The t h i r d  index 
r e f e r s  t o  t h e  pathways expla ined i n  Appendix 0. 
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TABLE 8-4 . Faci 1 i ty  Dependent Parameters 
. . .  

A l l  t h e s e  f a c i l  i t y  dependent parameters, unless s p e c i f i e d  otherwise, a r e  
l o c a t e d  i n  Common B l o c k  FACP. I n  a d d i t i o n ,  d e f a u l t  v a l u e s  f o r  t h e s e  
pa ramete rs  a r e  read  f r o m  TAPE2 f o r  each . t y p e  o f  f a c i l i t y .  F o r  t h e .  
generator on8-site f a c i l i t y  ( I O  = l), s i t e - s p e c i f i c  v a l u e s  ( e x c e p t  . f o r  
t r a n s p o r t a t i o n  r e l a t e d . v a l u e s )  have t o  be i n p u t  by t h e  code user  from 
TAPE2. Most a r r a y s  c o n t a i n  5 rows, wh ich  c o r r e s p o n d  t o  t h e  5 o p t i o n  
values f o r  t he  dec i s ion  index IQ. 

I t  may a l s o  be noted t h a t  al though the  codes a re  c u r r e n t l y  s e t  up so t h a t  
f a ' c i l i t y  dependent parameters must always be separa te ly  i n p u t  b y  t h e  code 
user  f o r  on -s i t e  d isposa l ,  t he  TAPE2 i n p u t  f i l e  i s  s t r u c t u r e d  so t h a t  w i t h  
a few code mod i f i ca t i ons  t h i s  i n fo rma t ion  c o u l d  be i n p u t  a l o n g  w i t h  t h e  
d e f a u l t  va lues  f o r  t h e  o the r  reference f a c i l i t i e s .  Th is  may be a useful 
( t ime  sav ing)  approach if one wished t o  perform m u l t i p l e  run's f o r  a g i v e n  
s i  te-speci  f i c  f a c i  1 i ty.  

: Transpor ta t ion  d is tance (m i les )  t o  the  f a c i l i t y  
: Transpor ta t ion  v e l o c i t y  (m i les /h r )  t o  the . fac i1 i t . y  
: Page 3-12 

These two a r r a y s  ar'e i n  u n i t s  o f  m i les  f o r  convenlence. They a r e  always 
used as a r a t i o ;  thus t h e  use of .  n o n - m e t r i c  u n i t s  has 'no , e f f e c t  on th.e 
c a l c u l a t i o n s .  

. .  
: Annual vol-ume i n c i n e r a t e d  (m3/yr) . 

: Annual. volume disposed (m3/yr).. 
I" 

: 1 ' .  

' V A N N  'w -5 
Reference . : Table 2-4 

. .  . .  

:' De fau l t  X / O  values f o r  waste i n c i n e r a t i o n  (yr/m3) 
. :  .De fau l t  X / Q  va.lues f o r  disposal  f a c i l  i ' ty ope.rations (yr/m3) 

. :- Table 4-3 and Chapter 5 

These a re  the  X / Q  values f o r  o f f - s i t e  a i rbo rne  t ranspor t . .  X O Q I  i s  u s u a l l y  
f o r  an e leva ted  re lease w h i l e  XOQO i s  for ,  a ground leve l .  re lease. .. 

: Exposure d u r a t i o n  f a c t o r  f o r  i n c i n e r a t i o n  (dimensionless) 
: Exposure du ra t i on  f a c t o r  f o r  d isposal  f a c i  1 i t y  pw 

Reference : Appendix C.5.2.3 

These a r e  t h e  exposure  d u r a t i o n  f a c t o r s  f o r  i n c i n e r a t i o n  and d isposa l  
f a c i l i t y  operat ion,  respec t i ve l y .  They a re  m u l t i p l i e d  by a p p r o p r i a t e  X / Q  
v a l u e s  t o  o b t a i n  s i t e  s e l e c t i o n  f a c t o r s  (f,) f o r  a i r b o r n e  r e l e a s e s  
r e s u l t i n g  i n  o f f - s i t e  i n d i v i d u a l  impacts .  Exposure d u r a t i o n  f a c t o r s  

-deno te  t h e  f r a c t i - o n  o f  the- t ime,  w h i l e  an a i rbo rne  re lease i s  assumed t o  
occur, t h a t  t h e  i n d i v i d u a l  i s  l oca ted  i n  t h e  c e n t e r l i n e  o f  t h e  c o n t a m i -  
nated plume. 

operat ions (dimensionless) 



TABLE 8-4 (cont inued) 

: Densi ty o f  t he  waste du r ing  shipment and i n c i n e r a t i o n  (g/cm3) 
: Average dens i t y  o f  t he  waste d u r i n g  disposal  (g/cm3) 

. Dw 
D E N 1  i s  o n l y  meaningful f o r  t r a n s p o r t a t i o n  c a l c u l a t i o n s  and f o r  i n c i n e r a -  
t i o n  o f  waste a t  a municipal  o r  hazardous waste i n c i n e r a t o r .  For example, 
DENl(2)  denotes t h e  average n o n - r a d i o a c t i v e  waste dens i ty  shipped t o  a 
municif ial  waste i n c i n e r a t o r ,  o r  t o  a s a n i t a r y  l a n d f i l l .  DEN2 deno tes  t h e  
average d e n s i t y  o f  t h e  was te  ( r a d i o a c t i v e  p l u s  non-radioact ive) d u r i n g  
disposal  operations. 

TWI (5,3) 
Reference : Tables 4-7 and 4-13 

TW0(5,3) : Waste-to-ai r t r a n s f e r  f a c t o r  f o r  d isposal  f a c i l i t y  operat ions 
Reference : Tables 5-6 and 5-9 

The f i r s t  i n d e x  o f  t h e  TWI and TWO a r rays  re fe rs .  t o  t h e  f a c i l i t y  and t h e  
second index  r e f e r s  t o  low, medium, and h i g h  d u s t  l o a d i n g  l e v e l s ,  r e s -  
p e c t i v e l y .  TWI i s  n o t  meaningful f o r  hazardous waste disposal .  

ADAY(5,31 
Reference : Sections 5.2.3, 5.2.4, 5.3.3, 5.3.4, 5.5.3.2, and 5.5.4 

: Waste-to-ai r t r a n s f e r  f a c t o r  f o r  i n c i n e r a t o r  operat ions 

I 

: D a i l y  exposed area (m2) 

The f i r s t  i n d e x  o f  ADAY i s  t h e  f a c i l i t y  index, and t h e  second index i s  
v a r i a b l e  as fo l lows. For t h e  s a n i t a r y  l a n d f i l l  and open dump, ADAY(I , l ) ,  
ADAY(I,2), and ADAY(I,3) c o r r e s p o n d  t o  t h e  exposed areas fo r  o f f - s i t e  
re lease c a l c u l a t i o n s ,  f o r  equipment ope ra to rs ,  and f o r  o t h e r  o p e r a t i o n s  
p e r s o n n e l ,  r e s p e c t i v e l y .  F o r  t h e  hazardous was te  f a c i l i t y ,  ADAY(I,l), 
ADAY(I,2), and ADAY(I,3) c o r r e s p o n d  t o  t h e  exposed a r e a s  f o r  o f f - s i t e  
r e l e a s e  c a l c u l a t i o n s ,  f o r  unpackaged waste,  and f o r  packaged waste,  
respec t i ve l y .  For the  on -s i t e  disposal  f a c i l i t y  on l y  ADAY(1,l) i s  meaning- 
f u l  and denotes t h e  exposed area f o r  o f f - s i t e  re lease ca l cu la t i ons .  

W c e  i 
EMP 5 1 'm(q : 
Reference : 

W c e  i 
GERO( 5) : 
Reference , : 

Cover mix ing  e f f i c i e n c y  (dimensionless) 
Sect ion 6.2.1 

Waste emplacement e f f i c i e n c y  (dimensionless) 
Volumetr ic disposal  e f f i c i e n c y  (m3/m2) 
Table 6-4 . 

Surface u t i  1 i z a t i o n  e f f i c i e n c y  (dimensionless) 
Page 6-28 

Delay t ime f o r  e ros ion  ( i n - y e a r s )  
Sect ion 6.4 
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TABLE 8-4 (cont inued) 

OSWR : On-si te i n c i n e r a t o r  weight reduc t i on  f a c t o r  
Reference : Sect ion 5.1 

The f o l l o w i n g  parameters a re  temporary va r iab les  used i n  subrout ine READ2. 
They a re  read i n  from TAPE2 and u t i l i z e d  t o  compute some o f  t h e  v a r i a b l e s  
de f i ned  above and i n  Table 8-5. 

- OSDL 
Reference : Section 5.1 

: On-si te dus t  l oad ing  (g/m3) 

m 
DlsTI 

D I S T O  

E D F I D  

EDFOD 

Reference 

: Distance t o  cen te r  o f  popu la t ion  r i n g  (m) 
: Populat ion w i t h i n  each popu la t i on  r i n g  (people) 
: Average wind speed f o r  a given s t a b i l i t y  c l a s s  (m/sec) 
: Frac t i on  o f  a year  t h a t  t h e  g iven s t a b i l i t y  c l a s s  occurs. 
: Airborne re lease he igh t  f o r  i n c i n e r a t i o n  (m) 
: Airborne re lease he igh t  f o r  d isposal  f a c i l i t y  ope ra t i on  (m) 
: Distance t o  maximum exposed o f f - s i t e  i n d i v i d u a l ,  

: Distance t o  maximum exposed o f f - s i t e  i n d i v i d u a l ,  

: Exposure d u r a t i o n  f a c t o r  f o r  maximum exposed o f f - s i t e  

: Exposure d u r a t i o n  f a c t o r  f o r  maximum exposed o f f - s i t e  

: Sect ion C.5.2.3 

i n c i n e r a t i o n  (m) 

disposal  f a c i l i t y  operat ions (m) 

i n d i v i d u a l ,  i n c i n e r a t i o n  

i n d i v i d u a l ,  d isposal  f a c i l i t y  opera t ions  

T h i s  s e t  of  parameters a r e  i n p u t  on l y  i f  t h e  code user chooses t o  p rov ide  
s i t e - s p e c i f i c  data t o  c a l c u l a t e  impacts from a i rbo rne  r e l e a s e s  o f  r a d i o -  
nuc l i des  (IDAT = 1 and IDAT = 3 cases - see Table 8-1). That i s ,  t h e  user 
has t h e  o p t i o n  o f  i n p u t t i n g  i n fo rma t ion  w h i c h  i s  used t o  d e t e r m i n e  s i t e  
s p e c i f i c  X O Q I ,  XOQO, EDFI ,  EDFO (see above), POP, and POPE (see Table 8-5) 
parameter values. 
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TABLE 8-5 . S i t e  Dependent Parameters 

A l l  t h e  s i t e  dependent parameters a re  i n p u t  f rom TAPE2. 

The codes i n  t h e i r  p r e s e n t  forms p e r m i t  c o n s i d e r a t i o n  of one o f  t h r e e  
g e n e r i c  s i t e  e n v i  ronments. These i n c l  ude a humid s i t e  w i t h  .low-perme- 
a b i l i t y  s o i l s ,  a humid s i t e  w i t h  moderate p e r m e a b i l i t y  s o i l s ,  and a 
semi - a r i d  s i t e  w i t h  h i g h  p e r m e a b i l i t y  s o i l s .  These s i t e s  correspond t o  
designat ions northeast,  southeast, and southwest, respec t i ve l y  ( IR  = 1, 2, 
or 3). The user a l s o  has the  op t i on  o f  p r o v i d i n g  s i t e - s p e c i f i c  values f o r  
c e r t a i n  s i t e  env i ronmen t  dependent p a r a m e t e r s  (see i n d e x  IDAT) . The 
parameters t h a t  depend on the  s i t e  environmental c h a r a c t e r i s t i c s  have been 
o u t l i n e d  i n  Table 2-6, and are  discussed below. 

FSC(3) : Const ruc t ion  s i t e  s e l e c t i o n  f a c t o r  (dimensionless) 
Locat 1 on : Common Block D R P l  

T h i s  a r r a y  ( d e n o t i n g  f s -cons t ruc t i on )  con ta ins  t h e  s i t e  s e l e c t i o n  f a c t o r  
f o r  t h e  a i r  uptake pathway o f  t he  i n t rude r -cons t ruc t i on  scenario. It i s  a 
measure o f  dust m o b i l i z a t i o n  and depends on environmental parameters such 

mas antecedent moisture cond i t ions ,  s o i l  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  and 
annual average wind speed, I 

: A g r i c u l t u r e  s i t e .  s e l e c t i o n  f a c t o r  (dimensionless) 
w o n  : Common Block D R P l  

T h i s  a r ray  ( d e n o t i n g  f s - a g r i c u l t u r e )  con ta ins  t h e  s i t e  s e l e c t i o n  f a c t o r  
f o r  t h e  a i r  uptake pathway o f  t h e  i n t r u d e r - a g r i c u l t u r e  scenario. I t  i s  a 
measure o f  dust m o b i l i z a t i o n  and depends on environmental parameters such 
as antecedent moisture cond i t ions ,  s o i l  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  and 
annual average wind speed, 

PRC( 3,5) 
Locat i on : Common Block D R P l  

: I n f  i 1 t r a t i n g  pe rco la t i on  (m/yr) 

T h i s  m a t r i x  c o n t a i n s  t h e  annual p o t e n t i a l  i n f i l t r a t i o n  i n t o  t h e  disposal  
c e l l s  i n  meters (see Sect ion 6.3). The f i r s t  i n d e x  co r responds  t o  t h e  
s i t e ,  and the  second index corresponds t o  t h e  disposal  f a c i l i t y  index, IQ. 

: Contact t ime f r a c t i o n  (dimensionless) 
: Common Block D R P l  

Th is  m a t r i x  con ta ins  t h e  p o t e n t i a l  con tac t  t ime  f r a c t i o n  (denoted by t sub 
c i n  the  r e p o r t )  between t h e  waste and t h e  i n f i l t r a t i n g  p e r c o l a t i o n  ( s e e  
Table 6-6). The f i r s t  index corresponds t o  t h e  s i t e ,  and t h e  second index 
corresponds t o  t h e  disposal  f a c i l i t y  index, IQ. 
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TABLE 8-5 (cont inued) 

QFC(3,3) : D i l u t i o n  fac to rs  
Loca t i on : Common Block D R P l  

Th i s  a r ray  contains t h e  d i l u t i o n  fac to rs  ( Q )  i n  u n i t s  o f  (m3/yr) f o r  t h r e e  
groundwater access l o c a t i o n s :  i n t r u d e r  we l l ,  popu la t ion  we l l ,  and s u r f a c e  
water  (see Sect ion 6.3.2). 

DTTM(3,S) 
Locat 1 on : Common Block D R P l  

: Incremental groundwater t r a v e l  t imes ( y r )  

TTM(3,3,5) : Groundwater t r a v e l  times. ( y r )  
Locat ion  : Common Block D R P l  

DTTM c o n t a i n s  t h e  i n c r e m e n t a l  t r a v e l  t i m e s  between t h e  sec tors  o f  t h e  
disposal  f a c i l i t y .  TTM contains the  t r a v e l  t i m e s  between t h e  s e c t o r  o f  
t h e  d i s p o s a l  s i t e  c l o s e s t  t o  t h e  access l o c a t i o n s  and t h e  t h r e e  ground- 
water access l o c a t i o n s  mentioned above f o r  QFC( 3,3). The i  r v a l u e s  a r e  
g i ven  i n  Table 6-8. The f i r s t  index corresponds t o  t h e  s i t e ,  and t h e  l a s t  
index  corresponds t o  the  disposal  f a c i l i t y  index, IQ. The second index o f  
TTM corresponds t o  t h e  access loca t ion .  

DTPC( 3,52 
Locat 1 on : Common Block D R P l  

TPC( 3,3,5) 
Locat ion  : Common Block D R P l  

DTPC c o n t a i n s  t h e  i n c r e m e n t a l  P e c l e t  number between ,the sec tors  o f  t he  
'd isposal  f a c i l i t y .  TPC conta ins  t h e  Pec le t  number between t h e  s e c t o r  o f  

t h e  d i s p o s a l  s i t e  c l o s e s t  t o  t h e  access l o c a t i o n s  and t h e  t h r e e  ground- 
water access l o c a t i o n s  mentioned above f o r  QFC(3,3). T h e i r  v a l u e s  a r e  
g iven i n  Table 6-8. The f i r s t  index corresponds t o  t h e  s i t e ,  and t h e  l a s t  
index corresponds t o  t h e  disposal  f a c i l i t y  index, IQ. The second index o f  
TPC corresponds t o  t h e  access l oca t i on .  

NRET( 3) : Retarda t ion  s t a t u s  ar ray  ., 
Locat i on : Common Block D R P l  

The v a l u e s  i n  t h i s  a r r a y  i n d i c a t e s  t h e  c o n d i t i o n  o f  t h e  s o i l s  i n  t h e  
v i c i n i t y  of,,the disposal  s i t e  w i t h  regards t o  t h e  r e t a r d a t i o n  o f  radionuc- 
l i d e s .  It d e t e r m i n e s  w h i c h  RET(85,5) w i l l  be used i n  t h e  groundwater 
m i g r a t i o n  analysis,  i .e., RET(85,NRET(IR)) i s  used.> 

: Incremental Pec le t  numbers (dimension1 ess)  

: Pec le t  numbers (dimensi on1 ess) 
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TABLE 8-5 (cont inued) . .  . 

TPOP(3) 

Locat ion  : Common Rlock DRP2 . 

: Populat ion dens i t y  (people/mile2) around t h e  
t r a n s p o r t a t i o n  rou te  

.. 'Reference : Section 3.3 . .  

. .  TDOZ(3) ' ' : Dose f a c t o r  ( m i l e z / f t z )  . f o r  t r a n s p o r t a t i o n  

Locat ion  .: Common Block DRP2 , '  . .  
Reference ' :  Section 3.3 

I n  a manner s i m i l a r  t o  t h e  TDIS and TVEL a r r a y s .  (see Table 8-4) ,. these two 
ar rays  a r e . i n  un.its. o f  m i l e s  f o r  convenience. They a r e  .a lways  used as a .  
p r o d u c t  so  t h a t  t h e  . m i  l e 2  u n i t s  .cancel  . The u n i t  o f  f t 2 ,  however, i s  
e s s e n t i a l ;  i t  i s  cance l led  by. t he  . fac to r  100 f t2 i n  t h e  equations used t o  
i n t e r p o l a t e  dose r a t e  a t  10 f t  t o  the  o r i g i n .  Thus, t h e  u s e ' o f  non-metric 
u n i t s  has no"e f fec t  on t h e . c a l c u l a t i o n s .  

WVEL(3) ' : Average wind speed .a t  t he  - .  s i t e  (m/sec). I 

Locat ion  
Reference : Section 4.1.5 

EFAC(3) 

Locat ion  : Common Block DRP2 

popu la t i on  exposure c a l c u l a t i o n s  

' 

. .  

. .  . I  

: Common Block DR,P2, .' 

: Dust mob i l i ' za t ion  r a t e  (g/mZ-sec) f o r  hazardous 

. .  
, .  

waste f a c i l i t y  operations. . .  

Reference : Tab1 e 5-13 

POP (3)  

Locat ion  :' Common Block DRP2 
Reference : Sections 4.1.5 and 6.4.1 r 

T h i s  a r r a y  contains t h e  popu la t ion  s i t e  s e l e c t i o n  fac to r .  POP discussed i n  
Se'ction 4.1.5; i t  i s  used f o r  opera t iona l  re lease s c e n a r i o s ,  and f o r  t h e  
i n t r u d e r - i n i t i a t e d  exposed waste a i r  t r a n s p o r t  scenarios. 

: Airborne popu la t i on  f a c t o r  (person-yr/m3) f o r  
t reatment/disposal  operations. 

I .  

POPE(3) 

Locat ion  : Common Block DRP2 . 
Reference : Section 6.4.1 

: Populat ion f a c t o r  (person-yr/m3) f o r  
' a i  rborne exposed waste scenar ios 

T h i s  a r ray  contai'ns t h e  s i t e  s e l e c t i o n  f a c t o r  f o r  t h e  e r o s i o n - i n i t i a t e d  
exposed waste a i r  t r a n s p o r t  s c e n a r i  0. S i  t e -spec1  f i c  Val ues o f  POP and 
POPE can be i npu t  by t h e  user u t i l i z i n g  t h e  parameters de f i ned  on t h e , l a s t  
page o f  Table 8-4. 
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TABLE 8-5 (continued) 

P O P W ( ~ )  

Locat ion  : Common Block DRP2 
Reference : Sect ion 6.4.1 

: S i t e  s e l e c t i o n  fac to r  (yrlrn3) f o r  
waterborne exposed waste scenarios. 

T h i s  a r r a y  c o n t a i n s  t h e  s i t e  s e l e c t i o n  f a c t o r  f o r  t h e  i n t r u d e r -  and 
e r o s i o n - i n i t i a t e d  exposed waste surface water t r a n s p o r t  scenarios. 

m n  : Common Block DRP2 
Reference : Table 5-14 

EERO(3) 

Locat ion  : Common Block DRPP 
Reference : Tab1 e 6-10 

: Accident atmospheric d i spe rs ion  f a c t o r  (yr lm3) 

: Dust m o b i l i z a t i o n  r a t e s  f o r  e ros ion  i n i t i a t e d  exposed 
waste scenar io (glrnz-sec) 

EREC(3) : Dust m o b i l i z a t i o n  ra tes  f o r  i n t r u d e r  i n i t i a t e d  exposed 
waste 'scenar io (g/mZ-sec) 

Locat ion  : Common Block DRP2 
Reference : Table 6-10 

. .  
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Card 

1 

- 

2 

3 
t o  
161 

162 

163 
t o  
321 

322 

323 
t o  
407 

4 08 

409 
t o  
493 

494 

495 
t o  
579 

TABLE 8-6 

Columns Format 

1-85 

1 
3-8 

10-99 

1 
3-8 

10-99 

1-6 
10-99 

1-6 
10-99 

1-6 
10-18 

19-63 
64-72 
73-81 
81-99 

85A1 

A 1  

A 1  
A6 

10E9.2 

A 1  

A 1  
A6 

10E9.2 

A 1  

A6 
10E9.2 

A 1  

A6 
10E9.2 

A1 

A6 
E9.2 

5E9.2 
E9.2 
E9.2 

2E9.2 

. .  
S t ruc tu re  o f   TAPE^ 

Parameter 

SOLB 

TSOL 
TNUC 
D C F l  

TSOL 
TNUC 
DCF2 

TNUC 
'[IC F4 

TNUC 
DCF5 

TNUC 
DCF3 

FF 
AL 
FblF 
RET 

D e f i n i t i o n  

D e f a u l t  so l  u b i  1 i t y  classes 

Ladel 

Sol u b i  1 i t y  c l a s s  
Nucl ide name 
Inges t i on  fundamental dose 
conversion f a c t o r s  (mrem/pCi ) 

Label 

Sol ub i  1 i t y  c lass  
Nucl i de name 
I n h a l a t i o n  fundamentdl dose 
conversion f a c t o r s  (inrem/pCi ) 

Label 

'Hucl i de name 
Ground sur face  contaminat ion 
fundamental dose conversion 
f a c t o r s  (mrem/yr per p c i  /m2) 

'Label 

Nuc l ide  name 
A i  r iinmersi on fundamental . 
dose conversion f a c t o r s  
(mren/yr per p c i  /m3) 

La be 1 

Nucl i de name 
Ground volume contaminat ion 
fundamental dose conversion 
f a c t o r s  (mrern/yr per  p ~ i / m 3 )  
Uptake f a c t o r s  
Decay constant 
Leachate p a r t i t i o n  r a t i o s  
Retarda t ion  c o e f f i c i e n t s  

. .  
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TABLE-8-7 . -St ruc ture  o f  TAPE2 

- Card Columns Format Parameter ' Def i n.i t i  on. 

F o r  each , d i s t i n c t  s i t e  environment,  t h e  fo l l ow ing  e i g h t  i n p u t  cards a r e  
required. More de t -a i l ed  d e f i n i t i o n s  o f  these parameters can be f o u n d  i n  
T a b l e  8-5. Each of t h e  f i r s t  f i v e  cards below g i ve  v a l u e s , f o r  one of t he  
t r e a t m e n t / d i s p o s a l  f a c i l i t i e s ,  i.e., C a r d . 1  r e f e r s  ' t o  I O  = 1, Card 2 
r e f e r s  t o - I Q  = 2, etc.  

1 - 10 
11 - 20 
21 - 30 
31 - 60 
61 - 70 
7 1  -100 

1 -100 
1 -100 
1 -100 
1 -100 

1 - 10 

11 - 20 

21 - 50 
51 - 60 
61 - 70 
7 1  - 80 
81 - 90 
91 -100 

' 7 .  . 1 - 1 0  
11 - '  20 
21 - 30 
31  - 40 

, 41 - 50 

' 8  1 - 5  

E10.3 
E10.3 
E10.3 

3E10.3 
E10.3 

3E10.3 

E10.3 

E10.3 

3E10;3 
E10.3 
E10.3 
E10.3 
E10.3 
E10;3 

E10.3 
E10.3 
E10.3 
E10.3 
E10.3 

I 5  

PRC 
TSC 
DTTM 
TTM 
DTPC 
TPC 

F sc 

FSA 

QFC 
POP 
POPE 
POPW 
TPOP 
TDOZ 

WVEL 
AXOQ 
EFAC 
EERO 
EREC 

NRET 

I n f i 1 t r a t  i ng pe r c o l  a t  i on 
Contact t ime f r a c t i o n  
Incremental water t r a v e l  t ime 
Water t r a v e l  t imes 
Incremental Pecl e t  number 
Pecl e t  numbers 

Same as above f o r  IQ = 2. 
Same as above f o r  10 = 3. 
Same as above f o r  IQ = 4. 
Same as above f o r  IQ = 5. 

S o i l - t o - a i r  t r a n s f e r  f a c t o r  
( i  n t ruder-const  r u c t i o n )  

S o i l  - t o -a i  r t r a n s f e r  f a c t o r  
( i  n t rude r -ag r i cu l  t u r e )  

D i l u t i o n  f a c t o r  
Populat ion-weighted f a c t o r  
Populat ion-weighted f a c t o r  ( a i r )  
S i t e  s e l e c t i o n  f a c t o r  (water )  
Populat ion dens1 t y  a long t r a n s p o r t  r o u t e  
Distance dependent dose f a c t o r  

Average wind speed 
Accident X / Q  
Dust m o b i l i z a t i o n  f a c t o r  
M o b i l i z a t i o n  r a t e  f o r  e ros ion  scenar io 
M o b i l i z a t i o n  r a t e  f o r  i n t r u d e r  scenar io  

Retarda t ion  index 

TAPE2 c u r r e n t l y  conta ins  data f o r  t h ree  s i t e  environments. Consequent ly  , 
t h e  above e i g h t  c a r d s  a r e  r e p e a t e d  two  more t i m e s ,  and occupy cards 9 
through 24. 

The n e x t  b l o c k  o f  d a t a  c o n t a i n s  f a c i l i t y - s p e c i f i c  parameters. For each 
d i s t i n c t  f a c i l i t y ,  t h e  f o l l o w i n g  t h r e e  i n p u t  cards a r e  requ i red .  D e t a i l e d  . 
d e f i n i t i o n s  o f  these parameters can be found i n  Table 8-4. 

- .  

- 
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TABLE 8-7 (cont inued) 

Card Columns - 
.25 1 - 10 

11 - 20 
21  - 30 
31 - 40. 
41 - 50 

51  - 60 

61 - 7.0 
71  - 80 
81 - 90 

91  -100 

26 1 - 30 

31 - 60 

61 - 90 
91 -1.00 

27 1 - 10 
11 - 20 
21 - 30 
31 - 40 

6 4 0 0  

Format Paranieter Def i n i  t i  on 

E10.3 T D I S  Transpor ta t ion  d i  stance 
E10.3 TVEL Transpor ta t ion  v e l o c i t y  
E10.3 V I N C  Annual volume i n c i  nera ted  
E10.3 X O Q I  I n c i n e r a t i o n  X / Q  V a l  ue 
E10.3 EDF I I n c i n e r a t i o n  exposure du ra t i on  

f a c t o r  
E10.3 DEN1 

E10.3 VAWN 
E10.3 XOQO 
E10.3 EDFO 

E10.3 DEN2 

Densi ty o f  waste f o r  t r a n s p o r t a t m a n  
and a t  i n c i n e r a t o r  
Annual volume disposed 
Disposal opera t ions  X/Q value 
Disposal opera t ions  exposure 
du ra t i on  f a c t o r  
Densi ty o f  waste d u r i n g  disposal  

3E10.3 TW I 

3E10.3 -, TWO 

3E10.3 ADAY 
E10.3 R M I X  . 

E10.3 EMP 
E10.3 EFF . 
E10.3 SEFF 
E10.3 GERO 

I n c i n e r a t i o n  waste-to-ai r t r a n s f e r  
f a c t o r  
Operations waste- to-a i r  t r a n s f e r .  
f a c t o r  
D a i l y  exposed area 
Cover mixing e f f i c i e n c y  

Emplacement e f f i c i e n c y  
Disposal e f f i c ' iency  
Surface disposal  e f f i c i e n c y  
Erosion delay t ime 

TAPE2 c u r r e n t l y  c o n t a i n s  d a t a  f o r  f i v e  f a c i l i t i e s .  Consequen t l y ,  t h e  
above t h r e e  c a r d s  a r e  r e p e a t e d  f o u r  more t i m e s ,  and occupy c a r d s  28 
through 39. . 

The n e x t  b lock  contains data f o r  t h e  s i t e - s p e c i f i c  POP, POPE, X O Q I ,  XOQO, 
EDFI ,  and EDFO options. TAPE2 
does n o t  n o r m a l l y  c o n t a i n  these data. The block l e n g t h  i s  7 cards. The 
f i r s t  s i x  cards con ta in  (1) t h e  distances t o  t h e  c e n t e r  o f  6 p o p u l a t i o n  
r i n g s ,  ( 2 )  t h e  popu la t ion  w i t h i n  each r i n g ,  ( 3 )  t h e  wind speed f o r  one o f  
s i x  s t a b i l i t y  classes, and (4 )  t h e  frequency w i t h i n  t h a t  s t a b i l i t y  c l a s s .  
S i x  c a r d s  a r e  s u f f i c i e n t  because by d e f i n i t i o n  t h e r e  a re  s i x  popu la t ion  
r i ngs ,  and s i x  s t a b i l i t y  classes. 

(They are  necessary i n  IDAT=1 o r  3 cases.) 

(A lso  see Table 8-4 and Appendix C.) 
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TABLE 8-7 (continued) . .  

Card Columns - 
1. 1 _ -  10 

11 - 20 

21 - 30 

31 - 40 

2 through 
6 

.7 1 - 10 
11 - 20 
21 - 30 

31 - 40 

41 - 50 

, 51 - 60 

Format 

E10.3 

E10.3 

E10.3 

E10.3 

E10.3 
E10.3 
E10.3 

E10.3 

E10.3 

E10.3 

Parameter 

DSP 

P DS 

GISP 

STB 

HYTI  
HYTO 
D I S T I  

D I S T O  

EDFI I )  

E DF OD 

Def i n i  t i  on 
2 

Distance i n  meters t o  cen te r  o f  t he  
popu la t ion  r i n g  
Popu la t ion  (persons) w i t h i n  t h e  
popu la t i on  r i n g  
Average wind speed (m/sec) f o r  
S t a b i l i t y  Class A 
F r a c t i o n  o f  a year t h a t  t he  wind 
i s  i n  S t a b i l i t y  Class A 

Repeat fo r  t he  nex t  popu la t i on  r i n g  
and S t a b i l i t y  Classes B through F. 

I n c i n e r a t i o n  re lease h e i g h t  
Disposal .operations re lease h e i g h t  
Distance t o  o f f - s i t e  i n d i v i d u a l ,  
i n c i  n e r a t i  on 
Distance t o  o f f - s i t e  i n d i v i d u a l ,  
d isposa l  operat ions 
Exposure du ra t i on  f a c t o r  f o r  
o f f - s i t e  i n d i v i d u a l ,  i n c i n e r a t i o n  
Exposure du ra t i on  f a c t o r  f o r  o f f - s i t e  
i n d i v i d u a l ,  d isposa l  operat ions 

The nex t  b lock  o f  d a t a  contains s i t e - s p e c i f i c  e n v i r o n m e n t a l  pa ramete rs .  
They a r e  necessa ry  when IDAT=2 o r  3, and when IO=l. The c u r r e n t  TAPE2 
contains these cards as 40 through 42. 

40 1 - 10 E10-3 PRC I n f i l t r a t i n g  p e r c o l a t i o n  
11 - 21) EIO-3 TSC Contact t i m e  f r a c t i o n  

, 21 - 30 E10-3 DTTM Incremental water t r a v e l  t i m e  
31 - 60 3 ~ 1 0 - 3  TTM Water t r a v e l  t i m e  
61 - 70 E10-3 DTPC Incremental Pec le t  number 
7 1  -100 3E10-3 1 PC Pecl e t  number 

41 1 - 10 E10-3 FSC Soi 1 - t o - a i  r t r a n s f e r  r a t e  
( i  n t rude r -cons t ruc t i on )  

11 - 20 E10-3 F SA S o i l  - to -a i  r t r a n s f e r  r a t e  
( in t rude. r -agr icu l  t u r e )  

21 - 50 3E10-3 QFC D i l u t i o n  f a c t o r  
51 - 60 E10-3 GIVE L Average w i  nd v e l o c i t y  
61 - 70 E10-3 AX00 Accident X / Q  
71 - 80 E10-3 EFAC Dust m o b i l i z a t i o n  f a c t o r  

42 1 - 5 15 NHET Retarda t ion  index 
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TABLE 8-7 (cont inued)  

Card Columns Format Parameter O e f i n i t i o n  

The n e x t  b lock  o f  data .contains f a c i  1 i t y - s p e c i f i c  opera t iona l  parameters. 
They are  necessary when I@AT=2 o r  3 and when ICl=l. The c u r r e n t  TAPE2 
conta ins these cards as 43 and 44. 

- 

43 1 - 10 
1 1 ’  - 20 
21 - 50 
51 - 60 
61 - 70 
71 - 80 
81 - 90. 
91 -100 

E10.3 
E10.3 
3E10.3 
E.10.3 
E10.3 
€10.3 
E10.3 
€10.3 

V I  F!C 
VANN 
ADAY 
EMP 

SEFF 
IlEN1 
DEN2 

E F F  . 

Annual volume inc ine ra ted  
Annual valurne disposed 
@ d i l y  exposed area 
Emplacement e f f i c i e n c y  
Disposal e f f i c i e n c y  
Surface disposal  e f f i c i e n c y  
nensi t y  o f  waste before d isposal  
Densi ty  o f  waste du r ing  d isposal  

44 1 - 10 E10.3 RM I X  Cover .m i  x i  ng e f f  i ciericy 
1.1 - 20 E10.3 GERO Erosion delay t ime (years )  
21 - 30 E10.3 0 SUR On-si t e  i nc i  nera tor  w r i  ght  

31 - 40 E10.3 OSDL On-si te operat ional  dust  l oad iny  
reduc t ion  f a c t o r  
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TABLE 8-8 

Card Columns Format - 
1 1 - 3  I 3  

4 - 6  I 3  

10 - 12 I 3  
13 - 15 I 3  

i ;  ‘16 - 18 I 3  
19 - 21 I 3  
22 - 24 I 3  

7 - 9  I 3  

. St ruc ture  of TAPE5 f o r  IMPACTS 

Pa ramet e r 

I R  
I DAT 
IQ 
NSTR 
I POP 
I LFE 
I I N S  
I OFL 

D e f i n i t i o n  

Region index 
Treatment/di sposal env i  ronment index 
Faci  1 i t y  index 
Number o f  waste streams 
Faci  1 i t y  envi ronment index 
L i f e  span o f  f a c i l i t y  
I n s t i t u t i o n a l  c o n t r o l  pe r iod  
Ove r f  1 ow index 

Repeat nex t  b lock o f  data NSTR times. 

1 - 1  -- 10 A10 PASN Waste stream name 
11 - 20 , E10.3 B A S ( 1 )  Tota l  mass of waste stream 
21 - 30 E10.3 BAS(2) Densi ty o f  waste stream 
31 - 40 E10.3 BAS(3) Volume of waste stream 

2 1 - 75 1515 I SPC Waste s t  ream deci s i  on i n d i  ces 

F o r  each waste stream, repeat nex t  Cdrd o f  data as many t imes as needed 
t o  s p e c i f y  a l l  rad ionuc l ide  concent ra t ions .  Each c a r d  c o n t a i n s  up t o  
f i v e  r a d i o n u c l i d e s ,  t h e i r  s o l u b i l i t i e s ,  and t h e i r  concentrat ions.  The 
l a s t  rad ionuc l i de  t o  be read must be blank. That i s ,  if t h e r e  were f i v e  
r a d i o n u c l i d e s  one c a r d  would s u f f i c e ;  however, another blank card  must 
be i n s e r t e d  s ince  the  l a s t  nuc l ide  read must conta in  a blank name. The 
- rad ionuchde names must a l s o  match those l i s t e d  i n  Table 8-10. 

1 1 - 6  A6 NUCD Nucl ide name - 

7 R1 ank 
8 A 1  SOL Sol ub i  1 i t y  c lass  
9 - 18 E10-3 BAS Nucl ide concentrat ion 

19 - 20 B1 ank 

21 - 40 
41 - 60 
61 - 80 
81 -100 

. Same f o r  the  second nuc l ide .  
Same f o r  the  t h i r d  nuc l ide .  
Same f o r  the f o u r t h  nuc l ide .  
Same f o r  the f i f t h  nuc l ide .  

I t  may be a l s o  n o t e d  t h a t  t h e  s o l u b i l i t y  c lasses i n p u t  above by t h e  code 
user always ove r r i de  t h e  d e f a u l t  s o l u b i l i t y  c lasses s p e c i f i e d  i n  t h e  a r r a y  
SOLB. I f  t h e  concentrat ion o f  a p a r t i c u l a r  rad ionuc l ide  i s  assumed t o  be 
zero, y e t  i t  i s  a l s o  known t h a t  i t  w i l l  u l t i m a t e l y  ingrow as a daughter o f  
a n o t h e r  r a d i o n u c l i d e  whose concen t ra t i on  i s  s p e c i f i e d  by t h e  user,  then 
t h e  s o l u b i l i t y  c l a s s  o f  the daughter may be o p t i o n a l l y  s p e c i f i e d  by t h e  
code use r .  T h i s  can be done by i n p u t t i n g  t h e  daughter  as hav ing zero 
concentrat ion.  Otherwise, impacts f rom t h e  daughter wou ld  be c a l c u l a t e d  
us ing  €he d e f a u l t  s o l u b i l i t y  c lass  i n  SOLB. 
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6400 
. . .  

. .  
TABLE 8-9 . St ruc tu re  of TAPE5 f o r  I N V I M P S  

Card Columns - 
1 1 - 3  

4 - 6  
7 - . 9  

10 - 12 
13 - 15 
16 - .18 
19 - 21 
22 - 24 

2 1 - 1 0  
11 - 20 
21 - 30 
31 , - 40 

Format 

13 . 

I 3  
I 3  
I 3  
13 .  
I 3  - .  

I 3  
I 3  

A10 ' 

E10.3 

E10.3 
E10.3 ,. 

Parameter 

I R  
I DAT 
I Q  
I POP 
ILFE . 
I I N S  
IOFL 
NSOL 

RASN 
BAS(1) 
BAS (2)  
BAS (3 )  

Region index 
Disposal / t reatment index  
Faci 1 i t y  index 
Faci 1 i t y  envi ronment index 
L I f e  span of f a c i l i t y  
I n s t i t u t i o n a l  c o n t r o l  p e r i o d  
Overf 1 ow i ndex 
S o l u b i l i t y  c l a i s  ove r r i de  index  

Waste stream name 
Tota l  mass of waste stream 
Dens i ty  of waste stream 
Volume o f  waste stream 

3 1 - 75 1515. I S P C  Dec is ion  i nd i ces  

. 4  1 ,-lo0 10E10.3 DLC . -Dose l i m i t a t i o n  c r i t e r i a  

The n e x t  b l o c k  c o n t a i n s  NSOL ca rds .  I t  i s  necessary i f  the  code user 
would l i k e  t o  modify some of the  rad ionuc l i de  d e f a u l t  s o l u b i l i t y  c l a s s e s  
( see  T a b l e  8-10) f o r  a s p e c i f i c  case. One r a d i o n u c l i d e  p e r  c a r d  i s  
required. 

1 - 6  A6 NUCO Alpha-numeric rad ionuc l i de  name 
8 A 1  SOLD Radi onucl i de sol u b i  1 i ty  

The new s o l u b i l i t y  classes a re  s to red  i n  a r ray  SOL (see Table 8-3). 
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TABLE 8-10 . Padioni c l i d e  F.!ames and Sol 

Nuc l ide  Sol. 
H-3 * 
C-14 * 
Na-22 0 

P-32 I-r 

P-33 w 
s-3s W 
c1-36 W 

Ca-45 W 

SC-46 Y 

Cr-51 Y 

Mn-54 \J 

Fe-55 Y 

Fe-59 Y 

CO-57 Y 
93-58 Y 

Co-60 Y 

Fli -59 Id 

Ni-63 \ I  

l n -65  Y 

Se-75 w 
Rh-86 D 

Flucl i d e  S o l .  
Sr-85 Y 

Sr-89 Y 

Sr-90 Y 

Zr-95 Y 

Nh-94 Y 

--- 

Nb-95 Y 

MO-99 Y 

TC-99 bI 
Tc-99V V 

RU-103 Y 

Ru-105 Y 

Aa-ln8a Y 

Aa-1193 Y 

Cd-109 Y 

Sn-113 W 

Sn-l2S V 

Sh-124 \J 

Sb-125 W 

1-12.5 D 
-1-129 n 
1-131 0 

- 

i h i l i t y  Classes . 

D 

D 
D 
D 

D 

u 
Y 

Y 

W 

w 
' Y  

w 

-, 

Sol. Nuc l ide  Sol. Nucl i de 

CS-134 

CS-135 

cs-136 

CS-137 

Pa-140 

La-140 

Ce-141 
Ce-144 

F: U- 15 2 

EU-154 

Yb-169 

Ph-210 
Po-210 w 
Rn-222' * 
Ra-226 \J 

Pa228 w 
AC-227 . Y 

Th-228 Y 

Th-229 

Th-230 

Th-232 

( a )  These nuc l ides  a re  a c t u a l l v  ,+108m and 

Pa-231 

U-232 

U-233 

U-234 

u-235 

U-236 
1)-238 

Np-237 

Pu-236 

PlJ -2 38 

PU-239 

PU-240 
Pu-241 

PU-242 
PU-244 

Am-241 
Am-243 

Cm-242 

Cm-243 

Cm-244 

Cm-248 

Cf-252 

a- 1 l w n  . 

Y 

Y 

Y 

Y 

Y 

Y 

Y .  

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y '  

Y 

Y 

.Y 
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6400 
s i t e  env i ronments .  T h i s  example prob lem i l l u s t r a t e s  t h e  e f f e c t s  o f .  
d i f f e r e n t .  t r e a t m e n t / d i s p o s a l  s i t e  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  on 
l o n g - t e r m  impac ts  o f  de m i n i m i s  waste d i s p o s a l .  The waste  stream i s  
assumed t o  have physi  ca l  and r a d i  o l  og i  ca l  c h a r a c t e r i s t i c s  correspondi  ng t o  
spen t  i o n  exchange r e s i n s  (and f i l t e r  media) generated du r ing  cleanup o f  
f l u i d s  i n  secondary c o o l a n t  l o o p s  of  p r e s s u r i z e d  w a t e r  r e a c t o r s .  The 
second example p rob lem i l l u s t r a t e s  i m p a c t s  f rom waste  i n c i n e r a t i o n ,  
recyc le,  and disposal  by a l ess  adequate d isposal  method (an  open dump), 
and a l s o  il l u s t r a t e s  how t h e  code can be used t o  consider  two o r  more 
waste streams s i m u l t a n e o u s l y .  The waste s t reams c o n s i d e r e d  i n c l u d e  a 
compressible t r a s h  waste stream and bu lk  q u a n t i t i e s  o f  o rd inary  d i r t .  

The TAPE5 i n p u t  f i l e  f o r  these two examples i s  p r e s e n t e d  i n  Tab le  8-11. 
Background in fo rma t ion  f o r  each example problem i s  prov ided below. 

8.3.1.1 Probl em S t  a t  ement 

Example 1: Hazardous Waste F a c i l i t y  - I 1  

I n  t h i s  example, a s i n g l e  waste s t ream (NSTK = 1 )  i s  assumed t o  be 
disposed i n t o  a hazardous waste f a c i l i t y .  A somewhat h i g h e r  l e v e l  o f  
r a i n w a t e r  p e r c o l a t i o n  i n t o  t h e  d i s p o s e d  was te  i s  assumed, wh ich*cou ld  
poss ib l y  be t h e  case f o r  a d i s p o s a l  f a c i l i t y  o p e r a t i n g  under  i n t e r i m  
s ta tus  requirements under RCRA ( I Q  = 5). The d isposal  f a c i l i t y  i s  assumed 
t o  be loca ted  i n  a r u r a l  s e t t i n g  (IPOP = 1 )  i n  each o f  the  t h r e e  d i s p o s a l  
s i t e  env i ronmen ts  ( I R  = 1 : s o u t h e a s t ,  I R  = 2 : midwest, and I h  = 3 ,- 
southwest), and leachate  accumulation impacts  a r e  c a l c u l a t e d  ( IOFL = I )  
f o r  t h e  f i r s t  two s i t e s ,  bu t  no t  f o r  t he  t h i r d  s i t e .  The d isposal  f a c i l i t y  
i s  assumed t o  operate f o r  20 years (ILFE = 20) and have a 30 year  i n s t i t u -  
t i o n a l  c o n t r o l  pe r iod  ( I INS = 30). De fau l t  parameter values f o r  f a c i l f t Y  
and d isposal  s i t e  environmental c h a r a c t e r i s t i c s  are used (IDAT = 0 ) .  

The w a s t e  s t ream c o n s i s t s  o f  i o n  exchange res ins  (and f i l t e r  media) from 
secondary coolant  loops from p r e s s u r i z e d  w a t e r  r e a c t o r s .  E igh ty -  MT of  
r e s i n s  h a v i n g  an average dens i ty  of 1 gm/cm3 ace assumed t o  be generated 
a n n u a l l y ,  wh ich  i s  abou t  t h e  annual  mass of  t h i s  waste p r o j e c t e d  t o  
genera ted  w i t h i n  a s i n g l e  NRC reg ion  (see Appendix E). The Waste Stream 
i s  assumed t o  be on ly  moderately 'd ispersable ( I D  = Z ) ,  and i t  i s  assumed 
t o  be composed o f  non-combustible ma te r ia l  con ta in ing  no ac t i va ted  metal 
(IA = 1)  nor  any contaminated metal o r  g l a s s  f r a c t i o n s  ( I C ' s  = 0 ,  0 ,  0, 
100). Radionucl ide concentrat ions are g iven i n  u n i t s  o f  C i / M T  (pCi /g)  and 
a r e  assumed t o  correspond t o  those provided i n  Appendix E. 

The res ins  a re  f u r t h e r  assumed t o  be d i s t r i b u t e d  through 5 hazardous Waste 
d isposal  f a c i l i t i e s  (1x4 = 5). Ten waste shipment veh ic les  a re  used ( 1 x 1  
= l o ) ,  and each shipment conta in ing  t h e  r e s i n  waste i s  assumed t o  cons is t  
t o t a l l y  o f  r e s i n  waste (1x2 = 100). No waste i n c i n e r a t i o n  i s  assumed t o  
m a c e  p r i o r  t o  d isposal  ( I P  = 1 and 1x3 = 1). The waste i s  assumed 
t o  be t ranspor ted  t o  t h e  d isposal  f a c i l i t y  i n  me ta l  packages ( I K 1  = 1)-  
H a l f  o f  these metal packages are assumed t o  be recovered a t  t h e  hazardous 
waste f a c i l i t y  and recyc led  as scrap metal ( IK2 = 50)-  
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TABLE 8-11 . TAPE5 f o r  IMPACTS Example Problems 

1 0  5 1 1 2 0 3 0  1 
SEC-RESINS 80.00 1.0 80.00 

2 1 ' - 1  50 1 - 1  -1 1 0 1 0 0  0 5 0 0 0 1 0 0  
H-3 1.15E-04 C-14 4.25E-06 CR-51 Y 1.33E-03 MN-54 W 2.36E-05 FE-55 Y 2-08E-05 
FE-59 Y 6.62E-05 CO-58 Y 3.92E-05 CO-60 Y 4.03E-05 ZN-65 Y 9.12E-06 NI-59 W 2.49E-08 

RU-103 Y 9.37E-05 AG-110 Y 5.88E-05 1-129 0 1.06E-07 CS-134 0 3.19E-04 CS-135 D 3.58E-08 
CS-137 D 9.54E-04 CE-141 Y 1.33E-04 CE-144 Y 1.47E-04 PU-238 Y 7.29E-06 PU-239 Y 3.69E-06 
PU-241 Y 1.61E-04 PU-242 Y 8.08E-09 AM-241 Y 8.54E-06 AM-243 Y 5.76E-07 CM-242 Y 1.61E-05 

NI-63 W 7.66E-06 SR-90 Y 8.42E-06 HB-94 Y 7.86E-10 ZR-95 Y 2.69E-05 TC-99 W 3.58E-08 

CM-243 Y 3.94E-09 CM-244 Y 4.42E-06 J 
2 0 5 1 1 2 0 3 0  1 

SEC-RESINS 80.00 1.0 80.00 
'2  1 1 50 1 -1 -1 10 100 0 5 0 0 0 100 

H-3 * 1.15E-04 C-14 .* 4.25E-06 CR-51 Y 1.33E-03 MN-54 W 2.36E-05 FE-55 Y 2.08E-05 
FE-59 Y 6.52E-05 CO-58 Y 3.92E-05 CO-60 Y 4.03E-05 ZN-65 Y 9.12E-06 NI-59 W 2.49E-08 

RU-103 Y 9.37E-05 AG-110 Y 5.88E-05 1-129 D 1.06E-07 CS-134 D 3.19E-04 CS-135 D 3.58E-08 
CS-137 0 9.54E-04 CE-141 Y 1.33E-04 CE-144 Y 1.47E-04 PU-238 Y 7.29E-06 PU-239 Y 3.69E-06 
PU-241 Y 1.61E-04 PU-242 Y 8.08E-09 AM-241 Y 8.54E-06 AM-243 Y 5.76E-07 CM-242 Y 1.61E-05 

NI-63 W 7.66E-06 SR-90 Y 8.42E-06 NB-94 Y 7.86E-10 ZR-95 Y 2.69e-05 TC-99 W 3.58E-08 

CM-243 Y 3.94E-09 CM-244 Y 4.42E-06 5 
3 0 5 1 1 2 0 3 0  0 

SEC-RESINS 80.00 1.0 80.00 
2 1 1 50 1 -1 -1 10 100 . 0 5 0 0 0 100 

H-3 1.15E-04 C-14 4.25E-06 CR-51 Y 1.33E-03 MN-54 W 2.36E-05 FE-55 Y 2.08i-05 
FE-59 Y 6.52E-05 CO-58 Y 3.92E-05 CO-60 Y 4.03E-05 ZN-65 Y 9.12E-06 NI-59 W 2.495-08 
NI-63 W 7.66E-06 SR-90 Y 8.42E-06. NB-94 Y 7.86E-10 ZR-95 Y 2.69E-05 TC-99 W 3.58E-08 
RU-103 Y 9.37E-05 AG-110 Y 5.88E-05 1-129 D 1.06E-07 CS-134 0 3.19E-04 CS-135 D 3.58E-08 
CS-137 0 9.54E-04 CE-141 Y 1.33E-04 CE-144 Y 1.47E-04 PU-238 Y 7.29E-06 PU-239 Y 3.69E-06 
PU-241 Y 1.61E-04 PU-242 Y 8.08E-09 AM-241 Y 8.54E-06 AM-243 Y 5.76E-07 CM-242 Y 1.61E-05 
CM-243 Y 3.94E-09 CM-244 Y 4.42E-06 $ 

2 0 3 2 2 2 0  0 1 
TRASH 100. 0.5 200. 

H-3 1.15E-04 C-14 * 4.25E-06 CR-51 Y 1.33E-03 MN-54 W 2.36E-05 FE-55 Y 2.08E-05 
FE-59 Y 6.62E-05 CO-58 Y 3.92E-05 CO-60 Y 4.03E-05 ZN-65 Y 9.12E-06 NI-59 W 2.49E-08 
NI-63 W 7.66E-06 SR-90 Y 8.42E-06 NB-94 Y '7.86E-10 ZR-95 Y 2.69E-05 TC-99 W 3.58E-08 
RU-103 Y 9.37E-05 AG-110 Y 5.88E-05 1-129 D 1.06E-07 CS-134 D 3.19E-04 CS-135 D 3.58E-08 
CS-137 D 9.54E-04 CE-141 Y 1.33E-04 CE-144 Y 1.47E-04 PU-238 Y 7.29E.306 PU-239 Y .  3.69E-06 
PU-241 Y 1.61E-04 PU-242 Y 8.08E-09 AM-241 Y 8.54E-06 AM-243 Y 5.76E-07 CM-242 Y 1.61E-05 

2 1 0 0 5 -1 -1 32 10 4 16 50 20 20 10 

CM-243 Y 3.94E-09 CM-244 Y 4.42E-06 f 
CON-DIRT 500. 1.6 312.5 

3 1 0 - 0  1 -1 -1 3 100 0 1 0 0 0 100 
U-238 Y 5.95E-07 U-234 Y 5.95E-07 TH-230 Y 5.95E-07 RA-226 W 5.95E-07 RN-222 * 5.95E-07 
PO-210 W 5.95E-07 PB-210 W 5.95E-07 U-235 Y 2.75E-08 PA-231 Y 2.75E-08 AC-227 Y 2.75E-08 
TH-232 Y 9.8lE-07 TH-228 Y 9.81E-07 RA-228 W 9.81E-07 5 

- 
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Example 2: Inc inerat ion/Open Dump 

I n  t h i s  example, two de min imis  waste streams, combust ib le t r a s h  and bu lk  
q u a n t i t i e s  o f  d i r t  (NSTR = 2),  a r e  assumed t o  be d i s p o s e d  i n t o  an open 
dump ( I Q  = 3 ) ,  w i t h  t h e  t r a s h  waste stream being f i r s t  i nc ine ra ted  i n  a 
muni c i  pal i nc ine ra to r .  

These t r e a t m e n t  and d i s p o s a l  f a c i l i t i e s  a re  assumed t o  be loca ted  i n  an 
urban s e t t i n g  (IPOP = 2 )  having the  southeast s i t e  e n v i r o n m e n t a l  c h a r a c -  
t e r i s t i c s  ( I R  = 2 ) .  The open dump i s  conserva t ive ly  assumed t o  operate 
f o r  20 y e a r s  ( ILFE = 20) and have a n e g l i g i b l e  i n s t i t u t i o n a l  c o n t r o l  
pe r iod  ( I INS = 0) fo l l ow ing  closure.  Defaul t  parameter values f o r  f a c i l i t y  
and d i s p o s a l  s i t e  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  a r e  used (IDAT = 0 ) .  
Leachate accumulation impacts are ca l cu la ted  (IOFL = 1). 

The combustible t r a s h  waste stream i s  assumed t o  have an average d e n s i t y  
o f  0.5 g/cm3 (0.5 MT/m3), and t o  be generated a t  an annual r a t e  o f  100 
MT/yr. This waste stream i s  assumed t o  be on ly  moderately d i s p e r s i b l e  ( I D  
= 2 ) ,  and have a composi t ion as fo l l ows :  50% combustible, 20% metal ,  20% 
glass,  and 10% o t h e r  m a t e r i a l  ( I C ' s  = 50, 20, 20, 10 ) .  R a d i o n u c l i d e  
c o n c e n t r a t i o n s  f o r  t h i s  waste  stream are  assumed t o  correspond t o  those 
used i n  Example 1 f o r  p ressur ized  water r e a c t o r  secondary c o o l a n t  system 
i o n  exchange r e s i n s .  The r a d i o n u c l i d e  content  i s  assumed t o  be der ived 
f rom sur face contaminat ion o f  ma te r ia l s  ra the r  than by a c t i v a t i o n  ( IA= l ) .  

reas  
cons 
w i t h  

The d i r t  waste stream i s  assumed t o  have an average dens i t y  o f  1.6 g/cm3, 
and t o  be generated a t  an annual r a t e  o f  500 MT/yr. This waste s t ream i s  
assumed t o  be h i g h l y  d i s p e r s i b l e  ( ID  = 3), and have no combust ib le metal 
o r  g lass component ( I C ' s  = 0, 0, 0, 100). By d e f i n i t i o n ,  t h e  waste stream 
does no t  inc lude any a c t i v a t e d  meta ls  ( I A  = 1). Radionucl ides w i t h i n  t h i s  
waste stream correspond t o  those t y p i c a l l y  f ound  i n  n a t u r a l  s o i l  ( i .e . ,  
U-235, U-238, and Th-232 decay chain s e r i e s )  i n  concentrat ions t y p i c a l  o f  
na tu ra l  s o i l  (Refs. 1,2,3). T h i s  i s  done as an a i d  i n  assess ing  t h e  

)nab1 eness o f  t h e  c a l  c u l  a t i  ona l  methodology.  The r a d i  onuc l  i d e s  
dered and t h e i r  concent ra t ions  (pCi/g) are given i n  Table 8-12, along 
t h e  so l  ub i  1 i t y  c lasses assumed f o r  t h i s  exampl e. 

TABLE 8-12 . Natura l  D i r t  Radionuclides and Concentrat ions 

Nucl ide and 
Sol ub i  1 i ty  

Pb-210 . W  
Po-210 w 
Rn-222 * 
Rad226 W 
Ra-228 W 
Ac-227 Y 
Th-228 Y 

Concent r a t  i on 
(pCi/g ) 

5.95~10-7 
5 . 9 5 ~  10-7 
5.95~10-7 
5.9 5x1 0-! 
9.81~10-7 
2.7 5x10'8 
9.81 x10-7 

Nucl ide and Concentrat ion 
Sol ub i  1 i ty  

Th-230 Y 5.95~10-7 
Th-232 Y 9.81~10-7 
Pa-231 Y 2.7 5x1 0-8 
U-234 Y 5.95~10-7 
U-235 Y 2 7 5~ 10-8 
U-238 Y 5.95~10'7 

(pCi /g  ) 
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Differences are assumed i n  the manner i n  w h i c h  the two waste streams are 
transported t o  the treatment/disposal f a c i l i t i e s ;  and  i n  t h e  extent of 
waste treatment prior t o  disposal. Both waste streams are assumed t o  be 
transported i n  an u n p a c k a g e d  form (IK1 = 0 ) ;  however, t h e  trash waste 
stream is  f i r s t  delivered t o  municipal incinerators, w i t h  the residue from 
combustion being djsposed i n  nearby open dumps. The municipal incine- 
rators recycle scrap metal and glass recovered from i n p u t  waste (sorting 
option no. 3 - I P  = 5 ) .  The dirt waste stream is  delivered direct ly  t o  
the open dumps ( I P  = 1) 

Delivery of  the trash kaste stream is  assumed t o  be distributed equally 
through 32 transport vehicles, a n d  o n l y  10% of a vehicle l o a d ,  when 
carrying the d e  minimis waste, i s  a c t u a l l y  assumed to ,  consist of de 
minimis waste. ( T h a t  i s ,  an  average load involving transport of the de 
minimis waste stream consists of 10% de minimis waste a n d  90% other 
non-radioactive waste). The waste is  furthermore distributed through 4 
m u n i c i p a l  incinerators and the incinerator residue i s  distributed t h r o u g h  
16  disposal f a c i l i t i e s  (IX's = 32,  10, 4 ,  16). The b u l k  d i r t  waste 
stream, on the other h a n d ,  is.always'assumed t o  be delivered as  a f u l l  
load  ( a  transport vehicle conta in ing  t h i s  waste contains, no other type of 
waste). This waste stream i s  delivered i n  three transpcrt vehicles t o  a 
sing1,e open dump f a c i l i t y  (IX's = 3, 100, 0, 1). 

8.3.1.2 Problem Results 

. A shortened summary of the results for IMPACTS Example 1 i s  presented as 
T a b l e  8-13, while a summary of the resul ts  for  IMPACTS Example 2 i s  
presented as Table 8-14. All impacts i n  the  two tables are presented for 
the whole body. The complete problem results, including results fo r  most 
impact scenarios for 9 a d d i t i o n a l  human organs, are given i n  Appendix G. 

IMPACTS Exampl e 1 i nvol ved disposal of pressuri zed water reactor secondary 
cool  a n t  system ion  exchange resins i n t o  hazardous waste disposal f a c i l  i -  
t ies  located i n  three different disposal s i te  environments. The resu l t s  
of .most impact scenarios, i n c l u d i n g  those for disposal facil i ty operation, 
inadvertent intrusion, exposed waste (initiated by intrusion or erosion) ,  
a n d  groundwater, a p p e a r  t o  be fairly low. The only significant impacts 
appear t o  be those associated w i t h  waste transportation. 

Waste transportation impacts are calculated assuming t h a t  o n l y  two 
vehicles are used t o  transport the waste t o  each hazardous waste facil i ty.  
Each vehicle transports 8 MT of de minimis waste per year, and each de 
minimis waste shipment  consists of a f u l l  load of de minimis waste. The 
average transport distance per t r ip  is  assumed t o  be 100 miles for  each 
s i te  environment. As a result of these conservative assumptions, the 
impacts t o  the maximum exposed transport worker i s  determined t o  be 
approximately 5 mrem/yr (whole body). These impacts are ent i re ly  due t o  
direct (external) gamma radiation. 

A question may also be raised regarding a possible transportation accident 
situation in which  the waste may be dispersed into the a i r ,  result ing in 

- _  
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. TABLE 8-13 . Summary of Impacts f o r  IMPACTS Example 1 

S i t e  Environment 

Northeast Southeast  . Southwest Impact Scenarios . Units* 

TransDortation: 
Maxi m u m  worker a 
A1 1 workers h 
Population along rou te .  h 

4.7 E+O 4.7 E+O 4.7 E+O 
.9 .4  E + l  9.4 E + l  9.4 E + l  

6.4 E+2 1.7 E+2 9.4 E+O . 

Disposal Fac i l i t y  Operation: 
Off-si t e  individual a 
Maximurn vJorker a 
A1 1 workers b 
Leachate treatment a 

4.5 E-12 6.5 E-12 1.9 .E-12 
2.8 E - 1  2.8 E - 1  2.8 E - 1  
4.8 E + l  . 

6.2 E-7 3.7, E-5 -- 
4.8 E + l  4.8 E + l  

I n t rude r : 
1 . 2  E-2 1.2 E-2 1.3 E-2 

Aaricul ture scenario a 2.4 E-2 2.4 E-2 2.4 E-2 
Construction scenario a 

ExDosed Waste: 
7.1 E-7 
1.6 E-4 
3;2 E-5 
3.3 E-2 

7.1 E-7  
6.7 E-5 
3.2 E-5 
3.2 E-4 

-- 
1.4 E-4 

1.3 E-2 
-- 

Intruder  water 
Intruder  airborne 
Erosion wqter 
Erosion a i  rhorne 

Ground Water: . 

Intruder  we1 1- 
Population we1 1 
Surface water 

9.0 E-9 
1.3 E-9 
3.5 E-11 

7.8 E-8 
3..0 E-8 
9.2 E-10 

a 
a 
a 

4.2 E-11 
9..9 E 4 3  -- 

Leachate Accumulation: 
Overf 1 ow 
Evapora ti  on 

1 .2  E-4 
1.8 E-2 

a 
b 

2.9 E-4 
1.5 E-2. 

Metal Package. Recycle: 
Maximum i ndi v i  dual 
Popu 1 a t  i on 

a 
C 

5.7 E-4 
4.8 E + l  

5.7 E-4 
4.8. E + l  

5.7 E-4 
4.8 E + l  

* a: mrem/yr; b-: person-mrem/yr; c: person-mrem/30 y r s .  
All impacts are for the t o t a l  body. 
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TARLE 8-14 . Summarv o f  Impacts f o r  IMPACTS Example 2 

Waste Stream 
Impact Scenarios Un i ts*  

Transpor ta t ion :  

Maximum worker a 
A1 1 workers h 
Popul a t i  on a1 onq r o u t e  b 

I n c i  ne ra to r  Opera t i  on: 

O f f - s i t e  i n d i v i d u a l  a 
O f f - s i t e  popu la t i on  h 
Maximum worker a 
A1 1 worker.; b 

Disposal F a c i l i t y  Operation: 

O f f  - s i  t e  i n d i  v i  dual a 
O f f - s i t e  popu la t i on  b 
Maximum worker a 
A1 1 workers b 
Leachate t reatment  a 

I n t r u d e r  : 

Construct ion scenar io a 
Aa r i cu l  t u r e  scenar io a 

Exposed Waste: 

I n t r u d e r  water a 
I n t r u d e r  a i rbo rne  b 
Erosion water a 
Erosion a i  rborne  h 

Ground Water: 

I n t r u d e r  we1 1 ,. a 
Popul a t i  on we1 1 a 
Sur f  ace water a 

Leachate Accumul a t i  on: 

Overf 1 ow a 
Evapora ti on b 

Metal - max. ind .  a 
Metal - popu la t i on  C 
Glass - max. i nd .  a 
Glass - popu la t i on  C 

Recy c 1 e : 

Trash 

1.2 E+O 
7.3 E+l  
4.8 E+1 

8.7 E-5 

3.9 E-1  
1.2 E + l  

5.8 E + l  

2.0 E-2 

1.8 E-1  

3.5 E-7 

5.1 E + l  

2.9 E+O 

4.7 E-2 
2.0 E-1  

2.7 E-6 
4.4 E-3 
1.2 E-5 
2.8 E-3 

3.6 E-7 
1.0 E-8 

-5.2 E-10 

2.7 E-4 
7.8 E-2 

3..2 E - 1  
2.2 E+4 
3.3 E+O 
9.5 E+3 

Cont. D i r t  

7.0 E-2 
4.2 E - 1  
2.7 E - 1  

-- 
-- 
-- 
-- 

1.3 E-1  

5.6 E-2 
5.6 E-2 
1.5 E-4 

2.1 E + l  

1.5 E-2 
1.8 E-1  

8 . 6  E-6 
2.4 E-3 
6.9 E-4 
3.5 E-3 

1.6 E-4 
8.0 E-6 

. 4.7 E-8 

1.1 E-2 
2.0 E-2  

-- 
-- 
-- 
-- 

* a: mrem/yr; b:-person-mrem/yr; c: person-mrem/30 y r s .  
A l l  impacts a r e  f o r  the  t o t a l  hody. 
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T o t a l  

-- 
7.3 E + l  
4.8 E + l  

8.7 E-5 

3.9 E - 1  
1.2 E + l  

5.8 E + l  

1.5 E - 1  

2.4 E - 1  
7.3 E + l  

3.0 E+O 
1.5 E-4 

7.2 E-2 
3.8 E - 1  

1.1 E-5 
6.8 E-3 
7.1 E-4 
6.3 E-3 

1.6 E-4 
8.0 E-6 
4.7 E-8 

1.1 E-2 
9.8 E-2 

3.2 E - 1  
Z.2 E+4. 
3.3 E+@ 
9.5 E+3 



p o t e n t i a l  impacts due t o  i n h a l a t i o n  and immersion. Such p o t e n t i a l  impacts 
wou ld  p r o b a b l y  n o t  be any l a r g e r  t h a n  t h o s e  c a l c u l a t e d  f o r  d i s p o s a l  
f a c i l i t y  o p e r a t i o n .  S i n c e  t h e  waste i s  packaged, impacts f o r  hazardous 
waste f a c i l i t y  opera t ion  i n c l u d e  a scenar io f o r  which a was te  package ( a  
55  g a l  1 on drum) i s  dropped from a he igh t ,  breaks open and d isperses some 
o f  i t s  contents i n t o  t h e  a i r  (one such a c c i d e n t  p e r  y e a r  p e r  d i s p o s a l  
f a c i l i t y ) .  T h i s  impac t  s c e n a r i o  wou ld  be very s i m i l a r  t o  a pos tu la ted  
t r a n s p o r t a t i o n  a c c i d e n t  s c e n a r i o ,  and would a l s o  i n c l u d e  i m p a c t s  t o  
worke rs  f r o m  b e i n g  i n  p r o x i m i t y  t o  t h e  was te  d u r i n g  was te  d i s p o s a l  
operations. 

One must be c a r e f u l  i n  comparing impacts due t o  groundwater m i g r a t i o n  t o  
those f o r  leachate accumulation, s i n c e  one o r  t h e  o t h e r  wou ld  p r o b a b l y  
o c c u r ,  b u t  no t  both. Assuming t h a t  t h e  disposal  f a c i l i t y  i s  l o c a t e d  i n  a 
humid s i t e  having very impermeable s o i l s  (e.g., t he  nor theas t  s i t e ) ,  o r  i s  
equ ipped  w i t h  a f u n c t i o n a l  l i n e r ,  then leachate  accumulation impacts may 
be more l i k e l y .  Assuming t h a t  t h e  d isposa l  f a c i l i t y  i s  l oca ted  i n  a humid 
s i t e  h a v i n g  m o d e r a t e l y  permeable s o i l s  (e.g., t h e  southeast s i t e )  and i s  
n o t  equipped w i t h  a func t iona l  l i n e r ,  t hen  groundwater m i g r a t i o n  i m p a c t s  
may be more l i k e l y .  I n  any case, bo th  groundwater m i g r a t i o n  impacts and 
leachate accumulation impacts a re  extremely low. 

I t may be  n o t i c e d  t h a t  l e a c h a t e  accumulation impacts a re  no t  determined 
f o r  t h e  southwest s i t e ,  n o r  a r e  any impac ts  i n v o l v i n g  s u r f a c e  f l o w  o r  
g roundwate r  m ig ra t i on  t o  a nearby sur face  stream. This i s  because o f  t h e  
semi-ar id na ture  of t h e  southwest s i t e ,  and because t h e  n e a r e s t  " s t r e a m  
bed" t o  t h e  southwest s i t e  i s  normal ly dry.  

The impacts i n  t h i s  case were on ly  about 0.3 mrem/yr. 

I 

IMPACTS Example 2 i n  Table 8-14 i nvo lves  d i s p o s a l  of two waste s t reams,  
t r a s h  and contaminated d i r t ,  i n  an open dump loca ted  i n  t h e  southeast s i t e  
environment. The t r a s h  i s  i n c i n e r a t e d  p r i o r  t o  disposal ,  however, and t h e  
m e t a l  and g l a s s  c o n t e n t  i n  t h e  waste i s  assumed t o  be recovered as scrap 
f o r  recyc le .  The l a r g e s t  impacts f o r  t h e  t r a s h  waste stream appear t o  be 
those associated w i t h  waste t r a n s p o r t a t i o n  and recyc le  o f  t h e  g lass  scrap. 

Transpor ta t ion  impacts a re  on t h e  order  of 1 mrem/year, and f o r  t h e  t r a s h  
stream are  based on t h e  use o f  32 t r a n s p o r t  veh ic les  t r a n s p o r t i n g  waste an 
average o f  10 mi les  per  t r i p .  Only 10% of t h e  veh ic le  l oad  cons is t s  o f  de 
m i n i m i s  waste. Impacts from poss ib le  t r a n s p o r t a t i o n  acc idents  a re  again 
be l i eved  t o  be on the  order  o f  those f o r  operat ions a t  t h e  hazardous waste 
f a c i  1 i t y  discussed above f o r  IMPACTS Example 1. 

Impacts from r e c y c l i n g  the  g l a s s  p o r t i o n  of t h e  t r a s h  waste s t r e a m  a r e  
determined i n  a very conservat ive manner t o  be on t he  order  o f  3.3 mrem/yr 
t o  t h e  maximum exposed i n d i v i d u a l  

Impac ts  f o r  t h e  d i r t  waste s t r e a m  a r e  a l s o  presented i n  Table 8-14, as 
w e l l  as t h e  t o t a l  impacts. The d i r t  waste stream c o n t a i n s  r a d i o n u c l i d e s  
i n  c o n c e n t r a t i o n s  wh ich  t y p i c a l l y  occur n a t u r a l l y  i n  s o i l ,  and so are  a 
measure of t h e  conservativeness of t h e  c a l c u l a t i o n a l  methodology. T o t a l  
i n d i v i d u a l  impac ts  a s s o c i a t e d  w i t h  t h e  d i s p o s a l  f a c i l i t y  (opera t ions ,  

3 

I .  
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inadver ten t  i n t r u d e r ,  exposed waste, e tc . )  are determined assuming t h a t  
the d i r t  is disposed i n t o  one of the four disposal f a c i l i t i e s  rece iv ing  
t h e  res idue  from inc ine ra t ion  of the t rash waste stream. For waste 
transportation, however, different individuals are assumed to  be i nvol ved 
i n  transporting d i r t  t h a n  those involved i n  transporting trash. 

8.3.2 INVIMPS Examples 

Two example problems are a g a i n  selected t o  i l l u s t r a t e  the INVIHPS code. I n  
these example problems, a single hypothetical waste stream i s  considered 
which i s  assumed t o  be extremely d i s p e r s i b l e  ye t  have s i g n i f i c a n t  
metal/glass component. (This i s  not  particularly r e a l i s t i c  b u t  i s  assumed 
t o  i l l u s t r a t e  a n  extreme case for  purposes of determining maximum radio- 
nucl ide concen t r a t ions ) .  I n  the  f i r s t  example, t h e  waste stream i s  
assumed t o  be packaged a n d  t ranspor ted  t o  a hazardaus waste disposal 
f a c i l i t y  (HWF-I). In the second example, the waste stream i s  assumed t o  
be t ranspor ted  t o  a municipal incinerator where recovery of scrap metal 
and glass i s  carried out .  The incinerator residue i s  disposed i n  a number 
of nearby s a n i t a r y  l a n d f i l l s .  These two examples i l l u s t r a t e  the diffe-  
rences i n  maximum radionuclide concentrations that resul t  from considering 
a1 t e r n a t i v e  waste treatment,and disposal options w i t h i n  a given environ- 
mental set t ing.  

I n  both example problems, the dose limitation c r i t e r i a  i s  assumed t o  be 25 
millirem/yr t o  each of t he  o rgans  considered. T h a t  i s ,  each organ i s  
assumed t o  be l imi ted  t o  25 millirem/yr for  each of the impact scenarios 
used t o  calculate 1 imiting radionuclide concentrations. 

I n  a d d i t i o n ,  d e f a u l t  s o l u b i l i t y  c l a s s e s  a r e  used f o r  a l l  of t h e  85 
radionuclides considered. However, fo r  i l l u s t r a t ion  purposes,  NSOL ( s e e  
Table 8-9) i s  s e t  equal t o  2 ,  and two radionuclides which have a single 
so lubi l i ty  class are i n p u t  as i f  the solubi l i ty  c lass  was being changed. 
These two radionuclides are Sc-46, and Cs-137. 

The TAPE5 input f i l e  for  these two examples.is presented i n  Table 8-15. 

8.3.2.1 Problem Statement 

Example 1: , Hazardous Waste Facil i ty - I 

I n  t h i s  example, waste disposal  i s  assunied t o  be i n  a hazardous waste 
landfi l l  f ac i l i t y .  Compared w i t h  the hazardous waste f a c i l i t y  considered 
i n  the above Section 8.3.1.1, a somewhat lower level of rainwater percola- 
t i o n  into the disposed waste is assumed (IQ = 4 ) .  The l a n d f i l l  f a c i l i t y  
i s  assumed t o  be located in  a rural set t ing ( I P O P  = 1) in the southeast 
s i t e  environment (IR = 2) .  The disposal f a c i l i t y  i s  assumed t o  opera te  
f o r  20 yea r s  ( I L F E  = 20) and have a 30 year insti tutional 'control' period 
(IINS.= 30) .  Default values for f a c i l i t y  and disposal s i t e  environmental 
c h a r a c t e r i s t i c s ' a r e .  used ( I D A T  = 0 ) .  Impacts  from poss ib l e  leachate 
accumulation and overflow are considered ( I O F L  = 1). 

I 
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The p a r t i c u l a r  t ype  o f  f a c i l i t y  generat ing t h e  de min imis  waste stream i s  
n o t  spec i f ied. .  However,. f o r  t h i s  example t h i s  h y p o t h e t i c a l  was te  s t r e a m  
(NSTR = 1-) i s  assumed t o  be ext remely d i s p e r s i b l e  ( I D  = 3) and have t h e  
f o l l o w i n g  composi t ion:  50% c o m b u s t i b l e ,  20% m e t a l ,  20% g l a s s ,  and 10% 
o t h e r  m a t e r i a l  ( I C ' s  = 50, 20, 20, 10) .  Radionucl ide contaminat ion i s  
assumed t o  be by sur face contaminat ion r a t h e r  than 'by a c t i v a t i o n  ( I A = l ) .  
The waste  s t ream i s  assumed t o  have an average dens i t y  o f  1 g/cm3 and t o  
be generated a t  an annual r a t e  o f  100 MT/yr. 

Only f o u r  t r a n s p o r t  veh ic les  are assumed t o  be used t o  t r a n s p o r t  t h e  waste 
t o  t h e  d isposal  f a c i l i t y ,  and each shipment c o n t a i  n i  ng t h e  ' con tamina ted  
m a t e r i a l  i s  assumed t o  cons is t  t o t a l l y  o f  de minimis waste. The waste i s  
a l l  assumed t o  be de l i ve red  t o  a s i n g l e  d i s p o s a l  f a c i l i t y ,  and no waste  
p r o c e s s i n g  by  i n c i n e r a t i o n  i s  assumed ( I X ' s  = 4, 100, 0, 1; and I P  = 1). 
The waste i s  fur thermore assumed t o  be a l l  d e l i v e r e d  i n  m e t a l  packages 
( I K 1  = 1 ) .  H a l f  o f  t h e s e  me ta l  packages are assumed t o  be recovered as 
scrap f o r  r e c y c l e  ( IK2 = 50). 

Example 2: 

I n  t h i s  example, t h e  h y p o t h e t i c a l  was te  stream i s  assumed t o  be t rans -  
por ted t o  a munic ipa l  i n c i n e r a t o r  where metal and g lass a re  recove red  f o r  
s a l e  as s c r a p  ( I P  = 5 ) .  The r e s i d u e  f r o m  combust ion  i s  disposed i n t o  
nearby s a n i t a r y  l a n d f i l l s  (IQ = 2). 
t i e s  a r e  again assumed t o  be loca ted  i n  a r u r a l  s e t t i n g  (IPOP = 1) i n  t h e  
southeast s i t e  environment ( IR = 2). The l a n d f i l l  i s  assumed t o  o p e r a t e  
f o r  20 years (ILFE = 20) and t d  have a 5 yea r  i n s t i t u t i o n a l  c o n t r o l  pe r iod  
a f t e r  f a c i l i t y  c l o s u r e  ( I I N S  = 5) .  D e f a u l t  va lues  f o r  f a c i l i t y  and 
d isposal  s i t e  env i  ronmental c h a r a c t e r i s t i c s  a re  again used ( I D A T  *= 0) , and 
impacts f rom poss ib le  leachate accumulat ion and o v e r f l o w  a r e  c o n s i d e r e d  
(IOFL = 1). 

The waste  s t ream c h a r a c t e r i s t i c s  f o r  t h i s  example are  t h e  s'amd'-as those 
given above f o r  t h e  f i r s t  example. The o n l y  d i f f e r e n c e  i s  t h a t  i n  t h i s  
example t h e  waste i s  assumed t o  be i n  an unpackaged form ( I K ' s  =' 0, 0). 

I n c i  nerat ion/Sani  t a r y  Landf i  11 

These treatment and d i sposa l  f a c i  1 i- , 

Again, 'on ly  f o u r  t ranspor t  veh ic les  a re  assumed t o  be .used t o  t r a n s p o r t  
t h e  waste  t o  t h e  i n c i n e r a t o r ,  and each shipment con ta in ing  t h e  contami- 
nated ma te r ia l  i s  assumed t o  c o n s i s t  t o t a l l y  o f ' d e  m i n i m i s  waste.  The 
waste  i s  a l l  assumed t o  be d e l i v e r e d  t o  a s i n g l e  i n c i n e r a t o r ,  b u t  t h e  
res idue f rom combustion i s  assumed t o  be d i s t r i b u t e d  through f o u r  s a n i t a r y  
l a n d f i l l s  ( I X ' s  = 4, 100, 1, 4). 

8.3.2.2 Problem Resul ts 

Tab les  8-16 and 8-17 p r e s e n t  maximum r a d i o n u c l i d e  c o n c e n t r a t i o n s  ( i n  
Ci /m3)  f o r  I N V I M P S  Examples 1 and 2, r e s p e c t i v e l y ,  f o r  t h r e e  example 
rad ionuc l ides :  1-125, Cs-137, and Pu-239. These example problems i n v o l v e  
a s i n g l e  h y p o t h e t i c a l  waste s t ream and two d i f f e r e n t  was te  d i s p o s a l  
methods. The waste s t ream i s  r a t h e r  u n r e a l i s t i c ,  b u t  i s  assumed f o r  
purposes  o f  i l l u s t r a t i o n .  It i s  genera ted  a t  a r a t e  o f  100 MT/yr, i s  

I 
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TABLE 8-16 . Summary of Maximum Radionuclide Concentrations 
f o r  INVIVPS Example One (HWF-I) 

Radionuclide Concentrations ( C i / m 3 )  
Impact Scenarios 1-125 CS-137 Pu-239 
Transport worker 5.2 E-2 4.8 E-3 * 
D i  sposal fac i  1 i ty  operations 

Off-site i n d i v i d u a l  * * 1.7 E+5 
Faci 1 i ty worker 1.2 E - 1  4.6 E-2 2.9 E-5 
Leachate treatment 1.3 E+2 2.1 E+4 1.1 E+3 

Intruder  
3.2 E - 1  4.6 E-2 Construction scenario * 

Agri cul ture scenari o . *  1.6 E - 1  7.0 E-2 
Exposed waste 

Erosion i n i t i a t e d .  * * 2.9 E - 1  
3.2 E+3 2.9 E+2 Intruder i n i t i a t e d  * 

Groundwater 
Intruder  we1 1 
Population we1 1 

. .  
Surf ace wa ter 

* * 
* * 
* * 

* 
* .  
* '  

Leachate overflow * 4.6 E + l  1.2 E+O 
1.2 E+l Metal package recycle 9.7 E+2 7.2 E + l  

* Effectively no limit (exceeds 1.0 E+6 C i / m 3 ) .  ' 
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TABLE 8-17 . Summary o f  Waxivum Radionucl ide Concentrat ions 
f o r  Ib!VIMPS Example 2 (Inc./SLF) 

Impact Scenarios 

Transport  worker 
. I n c i n e r a t o r  

O f f - s i t e  i n d i v i d u a l  
I n c i n e r a t o r  worker 

Metal 
G1 ass 

Recycle o f  m a t e r i a l  I 

Residue D i  sposal 

Disposal . f a c i l  i ty operat ions 
O f  f - s i  t e  i n d i v i d u a l  
Fac i  1 i t y  worker 
Leachate t reatment 

Construct ion scenar io 
Apr i cu l  t u r e  scenar io 

Eros ion i n i t i a t e d  
I n t r u d e r  i n i t i a t e d  

I n t r u d e r  we1 1 
Popul a t i o n  we1 1 
Surface water 

Leachate ove r f l ow  

Discard M a t e r i a l  Disposal 

Disposal fac i1 i t .v  operat ions 

I n t r u d e r  

Exposed waste 

Groundwater 

O f f - s i t e  i n d i v i d u a l  
Faci  1 i ty worker 
Leachate t reatment 

Construct ion scenario 
Aar i cu l  t u r e  scenar io 

Eros ion i n i t i a t e d  
I n t r u d e r  i n i t i a t e d  

I n t r u d e r  we1 1 
Popu 1 a t  i on we 1 1 
Surface water 

Leachate over f low 

. I n t r u d e r  

Exposed waste 

Groundwater 

Radi onucl i d e '  Concentrat ions ( C i  /m3) 
1-125 CS-137 PU-239 

1.4 E - 1  .1.3 E-2 * 

2.8 E+O 8.0 E+2 2.6 E - 1  
2.3.E+O 2.1 E - 1  8.6 E-2 

2.7 E+O 2.0 E - 1  3.4 E-2 
. 5.7 E-2 5.3 E-3 * 

1.3 E+l  1.8 E+3 6.0 E-1  
3.9 E+O. 3.6 E - 1  6.5 E-2 
9.7 E+2 1.6 E+5 8.0 E+3 

* I 2.0 E+O 5.2 E - 1  . 
* 7.2 E-1  5.5 E - 1  

* '  * 2.0 E + l  
1.4 E+4 2.3 E+3 * 

* * 5.5 E+3 * * * 
* * * 
* 1.2 E+3 5.2 E + l  

9.2 E+2 
2.9 E+l  
7.1 E+3 

* 
* 
* 
* 
* 
* 
* 
* 

1.3 E+5 
2.7 E+O * 

1.5 E+l  
5.3 E+O 

* .  
1.0 E+5 

* 
* 
* 

. 8.5 E+3 

4.4 E + l  
4.8 E+O 
5.9 E+4 

3.8 E+O 
4.1 E+O 

1.4 E+ l  
1.7 E+4 

4.0 E+4 * 
* 

3.8. E+2 

3 
. .  

* E f f e c t i v e l y  no l i m i t  (exceeds 1.0 E+6 C i / m  ) .  
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extremely d i s p e r s i b l e ,  a n d  contains a significant'  metal/glass fraction. 
Table 8-16 presents resul ts  for disposal i n t o  a haza rdous  waste f a c i l i t y  
( H W F - I ) ,  while Table 8-17 presents  r e s u l t s  f o r  i n c i n e r a t i o n  w i t h i n  a 
muni  ci pal incinerator, fol 1 owed by disposal of the residue within sanitary 
landf i l l s .  Recycle of scrap metal and glass is  assumed. 

Maximum radionuclide concentrations i n  the tables are  determined based on 
concent ra t ions  calculated for  9 organs of the body plus the ( ICKP)  whole 

mined f o r  t r anspor t a t ion  and recycle (metal and glass) scenarios, which 
are  based on whole body impacts. Maximum concentrations a re  based upon an 
individual dose limitation c r i t e r i a  equal t o  25 mrem/yr for  each organ and 
whole body dose equivalent.  (Maximum concentrat ions a r e  a l l  based on 
impacts t o  individuals rather t h a n  populations.) I n  the tables ,  radionuc- 
l i d e  concentrat ions exceeding 106 Ci/m3 fo r  a given scenario are  assumed 
t o  have effectively no l imit  for that  scenario. 

I body dose equivalent. Exceptions include maximum concent ra t ions  de t e r -  

In  Table 8-16, maximum concentrations for  impact.scenarios involving waste 
disposal (as opposed t o  t r anspor t ,  incinerat ion and r e c y c l e )  a r e  l i s t e d  
twice:  once f o r  residue disposal and once f o r  discard material d i sposa l .  
T h i s  i s  because operations a t  the incinerator involves sepa ra t ion  of t h e  
waste i n p u t  t o  t h e  i n c i n e r a t o r  i n t o  t h r e e  substreams: a combustible 
substream which is  incinerated, a metal/glass substream which is  recycled, 
and a non-combustible discard substream. The residue from incinerating the 
combustible substream is disposed into the s a n i t a r y  l a n d f i l l ,  as i s  t h e  
d i sca rd  mater ia l .  Hence, maximum concentrations for  the original waste 
stream are determined i n  terms of concentrations determined separately for  
each of the two disposed substreams. 

1-125 and.Cs-137 are limited by the waste transport scenario. As shown i n  
Table 8-16 the maximum concentration for  1-125 is determined t o  be about 

about 0.005 Ci/m3. These l imits  are  nearly identical t o  those calculated 
f o r  t h e  g l a s s  recycle  scenar io  as shown on Table 8-17. T h e  maximum 
concentration for  Pu-239 is  determined t o  be abou t  3x10'5 C i / m 3  based upon, 
impacts t o  a worker for  hazardous waste disposal f a c i l i t y  operation (Table 
8-16). These operational impacts include an accident scenario as discussed 
i n  Section 8.3.1.2. 

0.05 C i / m  3 while the maximum concentration for  Cs-137 i s  determined t o  be 

These two examples a lso i l l u s t r a t e  the d i f f icu l ty  of determining generic 
de minimis radionuclide concentrations rather than approaching the problem 
on a s p e c i f i c  waste stream bas i s .  Maximum radionuclide concentrations 
will change based upon  d i f f e r e n t  assumptions on waste d i s p e r s i b i l i t y ,  
radionuclide solubi l i ty  classes,  the amount of waste generated, the number 
of waste treatment a n d  disposal  f a c i l i t i e s ,  a n d  so f o r t h .  Most waste 
streams would probably be much less  dispersible t h a n  t h a t  assumed for  the 
example, and a r ea l i s t i c  maximum concentration f o r  Pu-239, f o r  example, 
would probably be a t  least  an order of magnitude higher. B u t  i f  a generic 
rather t h a n  a specific waste stream approach i s  used, one would 1 i kely 
have t o  take the more conservative approach and assume a very dispersible 
waste form. 
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APPENDIX A. Generation Rates and C h a r a c t e r i s t i c s  o f  S o l i d  and Hazardous 
Wastes 

I 

. To enable c a l c u l a t i o n  o f  t h e  r a d i o l o g i c a l  impacts o f  d isposa l  o f  p a r t i c u l a r  
l o w - a c t i v i t y  low- leve l  waste streams by l e s s  r e s t r i c t i v e  means ( a l s o  termed 
"de min imis  waste disposal") ,  an est imate i s  needed o f  t h e  present  and 
f u t u r e  compositions and r a t e s  o f  generat ion o f  non- rad ioac t ive  s o l i d  and 
hazardous wastes. 
i n fo rma t ion  sources t h a t  have been prepared over a number o f  years.  The 
p r o j e c t i o n s  thus obtained are  prone t o  u n c e r t a i n t i e s ,  which i s  p a r t l y  
because u n c e r t a i n t i e s  e x i s t  i n  t h e  data upon which t h e  p r o j e c t i o n s  are  based-- 
p a r t i c u l a r l y  f o r  e a r l i e r  data sources. I n  add i t i on ,  t h e  l i e f i n i t i o n s  o f  
what c o n s t i t u t e s  a "municipal s o l i d "  o r  a "hazardous" waste are  n o t  p rec i se  
and fur thermore may change due t o  r e g u l a t o r y  ac t ions .  Also, t h e  volumes of 
wastes generated depend upon a number o f  f a c t o r s  which are  d i f f i c u l t  t o  
p r o j e c t ,  such as changes i n  t h e  designs and opera t ing  p r a c t i c e s  o f  p a r t i c u l a r  
i n d u s t r i a l  processes, p a r t i c u l a r  r e g u l a t o r y  requirements, o r  t h e  s t a t e  o f  
t h e  economy. 
p o l l u t i o n  w i l l  r e s u l t  i n  l a r g e r  volumes o f  s o l i d  wastes t o  be disposed. 

Th is  est imate i s  performed based upon a rev iew o f  several  

For example, s t r i c t e r  r e g u l a t o r y  c o n t r o l s  on a i r  and water 

A . l  BACKGROUND . 

The Un i ted  States i s an i n d u s t r i  a1 , consumer-ori ented s o c i e t y  , and enormous 
q u a n t i t i e s  o f  a l l  types and forms o f  wastes are  generated annual ly.  
waste may be l oose ly  c l a s s i f i e d  as (1) municipal  s o l i d  waste from r e s i a e n t i a l ,  
commercial and i n s t i t u t i o n a l  sources; (2) i n d u s t r i a l  waste; (3 )  mineral  and 
a g r i c u l t u r a l  waste; and (4) a i r  and water t reatment  sludge. 
t h e  waste f r o m  each o f  t h e  above f o u r  loose waste classes may be def ined as 
b e i  ng p o t e n t i  a1 l y  hazardous. 

I n  t h e  ensuing discussion, annual generat ion r a t e s  o f  each o f  t h e  above . 
f o u r  "classes" o f  waste a re  b r i e f l y  addressed i n  t u r n ,  f o l l owed  by a b r i e f  
d iscuss ion  o f  p ro jec ted  hazardous waste generat ion rates.  
used t o  formulate t h i s  d iscuss ion  have genera l l y  focused on data assembled 
around two t i m e  frames: da ta  c o l l e c t e d  as o f  about 1969, and da ta  c o l l e c t e d  
as o f  about 1976. Some l a t e r  da ta  i s  a l s o  ava i l ab le .  Much o f  t h i s  data 
has -been c o l  1 ected by t h e  Envi ronmental P r o t e c t i o n  Agency (EPA) , which has 
c a r r i e d  o u t  extens ive s tud ies  o f  t h e  generat ion and c h a r a c t e r i s t i c s  o f  
d i f f e r e n t  types and forms o f  waste, as w e l l  as technologies a v a i l a b l e  f o r  
adequate t reatment  and disposal .  These s tud ies  have been c a r r i e d  o u t  as 
p a r t  o f  EPA's mandate under several  Acts o f  Congress, i n c l u d i n g  t h e  Resource 
Recovery and Conservation Ac t  (RCRA). I n  general,  i n f o r m a t i o n  from more 
than one t ime frame i s  presented below, as t h i s  helps t o  g i v e  t h e  reader an 
apprec ia t i on  o f  t h e  u n c e r t a i n t i e s  i nvo l ved  i n  making waste p r o j e c t i o n s .  

Fo l low ing  t h i s  background sec t ion ,  a more d e t a i l e d  d iscuss ion  i s  presented 
on t h e  generat ion and c h a r a c t e r i s t i c s  o f  municipal  s o l i d  waste, and on the  
genera t ion  and c h a r a c t e r i s t i c s  o f  i n d u s t r i a l  hazardous waste. More d e t a i l e d  
i n f o r m a t i o n  on t y p i c a l  waste management techniques, i n c l u d i n g  t r a n s p o r t a t i o n  
and d isposa l ,  i s  a l so  presented f o r  these two waste types. These two waste 
types were se lec ted  since they a re  o f  most i n t e r e s t  i n  terms 0.f op t ions  f o r  
d isposal  o f  l o w - a c t i v i t y  r a d i o a c t i v e  waste by l e s s  r e s t r i c t i v e  means. 

Such 

A p o r t i o n  o f  

The references 
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Municipal sol id  raste. Municipal sol id  waste includes waste from res ident ia l ,  
commercial, and insti tutional sources, and can be characterized as  mostly 
consisting of common househol'd or off ice  trash.  One reference, which 
quotes data assembled i n  1969, estimated an annual generation r a t e  of 
municipal waste of 250 million tons/yr, of which only about 190 million 
tons was actually collected (Ref. 1). 
of the remainder was disposed in scattered heaps around the countryside; 
accumulated i n  back yards or vacant l o t s ,  o r  strewn alongside roadways. 
Another reference (Ref. 2) provides an estimated generation ra te  fo r  munic- 
ipal waste of 190 million metric tons (MT)/yr, and fur ther  estimates the 
ra te  of generation to  be increasing a t  a ra te  of 4 t o  6 percent per year. 
A l a t e r  reference, which was published i n  1978 and reprinted i n  1979, 
presents sol id  waste generation as of 1976 (Ref. 3). In this reference, 
municipal sol id  waste generation is estimated a t  130 million MT/yr i,n 1976 
and i s  estimated t o  climb to  180 million MT/yr by 1985. A s l i gh t ly  higher 
estimate i s  made i n  Reference 4,  which estimates a t o t a l  res ident ia l  and 
commercial generation ra te  of about 145 million tons i n  1977. 

This reference postulated t h a t  much 

Industrial waste. Industrial waste is generated as byproducts of a number 
of manufacturing operations, and i s  the principal source of waste iden- 
t i f i e d  by EPA as being potentially hazardous. 
1969) of industrial  waste generation were p u t  a t  about 110 million tons/yr 
i n  Reference 1, and a t  about the same generation ra te  i n  Reference 5. 
Reference 5 a1 so  estimates an approximate hazardous waste generation +ate 
of about 10 million tonsLyr, or about 10% of a l l  industrial  waste gener- 
ated. T h i s  source term was estimated t o  be increasing a t  a r a t e  of 5 t o  
10% annually, and about 90% of such waste was believed t o  be i n  a l i q u i d  or  
semi-liquid form (Ref. 5) .  More recent data estimates industrial  waste 
generation a t  344. million MT/year i n  1976 w i t h  a growth r a t e  of about 3%, 
of which 10~15% is  expected t o  be c lass i f ied  as hazardous (Ref. 3). 

Earlier estimates (around 

Mineral and agricultural  waste. The annual generation r a t e  of mineral and 
agricultural  waste has been estimated a t  b i l l ions  of tons per year. 
reference (Ref. 6) estimates agricultural  waste, which includes crop residues, 
animal manures, and food processing residues, as being generated a t  a r a t e  
of over 2 b i l l ion  tons per year. Mineral sol id  waste generation has been 
estimated a t  1.1 t o  1 .5  b i l l ion  tons/yr. The generation ra te  of both types 
of waste is expected t o  grow w i t h  time. An appreciation of the principal 
sources of such agricultural  and mining waste can be obtained by reference 
t o  Tables A - 1 ,  A-2, and A-3 (Ref. 6).  

One 

Air and water treatment sludge. Five m i l l i o n  MT (dry weight) of waste 
water treatment sludge was estimated t o  be generated from about 18,000 
water treatment plants ,  and this mass was projected t o  double over the next 
8 t o  10 years. O f  th is  waste, about 25% was landfi l led,  25% spread on land 
surfaces, 15% disposed into the ocean, and 35% incinerated. 
from f lue  gas treatment systems a t  foss i l  fuel power s ta t ions  was estimated 
a t  120 million MT/yr (wet weight) by the year 1985. T h i s  was based upon an, 
assumed ins ta l la t ion  of a i r  treatment systems on plants generating a to t a l  
of 100,000 MW of power (Ref. 3). These estimates of sludge generation a re  
probably high, since ,a i r  and water cleaning requirements have not proven t o  
be as extensive as expected i n  1977. 

Wet sludge 
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Table A-1. Ma,dr Agricultural Crops (USD 

Acres F i  e l  d Waste 
Harvested .(tons/ (106 

Crop ( IO6 1 cap/yr) tons/yr) ' Nature 

Corn, grain 
Wheat 
Oats 
Barley 
Rye 
Mixed grains 
Rice 
F1 ax 
Alfalfa ,  clover seed 
Sorghum fo r  grain 
Cotton 
Beans, dry 
Peas, dry 
Soybeans fo r  beans 
Peanuts fo r  nuts 
Potatoes 
Sweet potatoes 

Sugar cane 
Sugar beets 
Vegetables 
Fruits and n u t s  

Tobacco / 

57.0 
50.0 
18.0 
11.0 
1:. 5 
1.0 
,2.0 
2.7 
1.4 
13.0 
10.0 
2.0 
0.4 
37.0 
1.6 
1.7 
0.2 
1.0 
0.7 
1.2 
4.0 
5.0 

4.5 
1.3 
1.8 
1.8 
1.3 
1.3 
3.0 
0.8 
0.8 
3.0 
2.0 
2.0 
2.0 
2.0 
3.0 
3.0 
3.0 
0.5 
0.5 
3.0 
3.0 
2.0 

256.0 
65.0 
33.0 
19.0 
1.8 
1.8 
5.9 
1.1 
1.1 
39.0 
20.0 
3.0 
0.7 
74.0 
4.4 
4.4 
0.6 
0.4 
0.4 
3.5 
11.0 
10.0 

Leaves, s t a lks  
Stubble, straw 
Stubble, straw 
Stubble, straw 
Stubble, straw 
Stubble, straw 
Stubble,. straw 
Leaves, s t a l k s ,  straw 
Leaves, s t a l k s ,  straw 
Leaves, s t a l k s ,  straw 
Leaves, s t a l k s ,  straw 
Leaves, s t a l k s ,  straw 
Leaves, s t a l k s ,  straw 
Leaves, s t a l k s ,  straw 
Leave-s, s t a l  ks, straw 
Leaves, vines,  c u l l s  
Leaves, vines,  c u l l s  
Leaves, vines,  c u l l s  
Leaves, vines,  c u l l s  
Leaves, vines,  cul l  s 
Leaves, s t a l k s ,  c u l l s  

W i t h  addition of omitted spec ia l ty  crops--tung n u t ,  cas tor  o i l  bean, 
+ gu-ar, e tc . - - th i s  waste i s  of the order of 3 tons/cap/yr o r  16.5 lb/  

cap/day . 
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Table A-2. Waste o f  Major Farm Animals 

Animal 
Populat ion Manure 

( 1 0 9  ( tons/uni  t/yr) (W tons) 

C a t t l e  
Hogs 
Sheep 
Horses, mules 
P o u l t r y  

B r o i  1 e rs  
Turkeys 
Layers 
Ducks, pigeons, 

Cats 
Dogs 

rock  hens, e tc .  
Pets 

110 
48 
22 
1 

2600 
116 
350 

10 

21 
25 

10 
8 
3 

10 

0.005 
0.025 
0.05 

0.05 

0.06 
0.10 

1100 
400 

66 
10 

13 
3 

16 

0.05 

1 i25  
2.5 

Approximately 8 tons/cap/yr o r  45 lb/cap/day 

Table A-3. Wastes f rom Mineral  E x t r a c t i o n  (lo6 tons) . 

M i  ne M i l l  Washing Processing 
Mater i  a1 Wastes Tai 1 i ngs P l a n t  Slag P1 a n t  T o t a l  

Copper 300 
I r o n  and s t e e l  120 
Coal, bituminous 13 
Coal, a n t h r a c i t e  1 
Phosphates 1 
Lead-zi nc 3 
A1 umi num 
Coal ash 
Others 10 - 

200 
110 

90 
3 

60 
20 2 

30 - 10. 
. -  

6 506 
15 2 247 

10 3 
4 

4 10 75 
25 

6 6 
26 26 

300 - 235 - 15 - 
Total  : 448 340 185 40 279 1292 
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Hazardous waste generation. 
o f  t h e  waste thus generated i s  hazardous. Most of t h e  waste thus i d e n t i f i e d  
as be ing  hazardous i s  de f ined as such due t o  the  t o x i c  na ture  o f  t h e  m a t e r i a l ,  
although some o f  t h e  waste i s  considered.hazardous due t o  a number o f  o the r  
poss ib le  f a c t o r s  such as e t j o l o g i c  a c t i v i t y . ,  genet ic  a c t i v i t y ,  f l ammab i l i t y ,  
corrosiveness, o r  r e a c t i v i t y .  One re fe rence estimates a t o t a l  hazardous 
waste generat ion r a t e  as o f  1977 o f  1066.9 m i l l i o n  MT (Ref. 7). . Th i s  waste 
mass i s  d i s t r i b u t e d  as fo l l ows  (Ref. 7): 

EPA has est imated t h a t  -a considerable p o r t i o n  

M i  11 ion '  MT 

Hosp i ta l s  0.5 
P r i v a t e  households 10.5 
Metal s m i  n i  ng 
E l  e c t r i  c power. genera t i  on 31.3 
I ndus tri a1 waste 35.5 

1066.9 

989.1 . 

. %  

1 

Of t h i s  waste, h o s p i t a l s  and p r i v a t e  households are exempt from RCRA, so 
hazardous waste generated by such sources would be expected t o  be disposed 
genera l l y  as municipal waste. 
c l a s s i f i e d  under RCRA as a "spec ia l "  waste. Metal min ing waste would be 
expected t o  be almost exc l  u s i v e l y  disposed i n  place--general l y  1 n 1 arge 
heaps. Th is  leaves about 35.5 m i l l i o n  MT o f  hazardous wastes from indus- 
t r i a l  sources, most o f  which i s  disposed i n t o  l a n d f i l l s  (Ref. 7). It i s  
estimated t h a t  up t o  90% o f  i n d u s t r i a l  hazardous wastes i s  disposed i n  an 
inadequate manner (Ref. 3). 

A.2 MUNICIPAL SOLID WASTE VOLUME PROJECTIONS AND CHARACTERISTICS 

As discussed above, t he  municipal s o l i d  waste generat ion r a t e  has been 
estimated a t  130 m i l l i o n  MT i n  1976 and i s  p r o j e c t e d  t o  r i s e  t o  180 m i l l i o n  . : 
MT by 1985 (Ref.s3). Th is  waste mass w i l l  most l i k e l y  inc lude waste o f  a ' I ' 
hazardous o r  t o x i c  nature which has been d iscarded by h o s p i t a l s  and house- 
holds (e.g., pes t i c ides ,  p a i n t ,  miscel laneous chemicals). 
t i o n  imp l i es  t h a t  an average o f  about 5.6 m i l l i o n  MT w i l l  be added t o  t h e  
waste generat ion r a t e  each year  between 1976 and 1985, o r  a growth r a t e  o f  
about 3.7% per  year. Th is  growth r a t e  i s  s l i g h t l y  l e s s  than the  lower  end 
o f  t h e  range i n  growth ra tes  (4-6%) est imated i n  Reference 2. 

It would be use fu l  t o  est imate the  munic ipa l  waste generat ion r a t e  between 
1980 and t h e  year  2000, s ince t h i s  i s  t h e  t ime  pe r iod  considered f o r  low- 
l e v e l  waste p r o j e c t i o n s  f o r  t h e  d r a f t  and f i n a l  Pa r t  61 environmental impact 
statements (E IS)  (Refs. 8, 9). 
waste generat ipn r a t e  would be est imated a t  about 150 m i l l i o n  MT/yr du r ing  
-1980 and 309 m i l l i o n  MT/yr by t h e  year  2000. Th is  corresponds t o  an average 
generat ion r a t e  of about 221 m i l l i o n  MT/yr over t h e  20-year per iod .  
waste generat ion r a t e  i s  assumed t o  be d i s t r i b u t e d  across t h e  Un i ted  Sta tes  
accord ing t o  popu la t ion  densi ty .  

Waste from e l e c t r i c  power ,generat ion i s  

, 

I 

The above pro jec-  

A t  a growth r a t e  o f  3.7% s ince 1976, t h e  

Th is  

This  i s  re,asonable s ince most munic ipa l  
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s o l i d  waste i s  composed o f  common household 
States pbpu la t i on  as a guide (Ref. lo), t he  
t h e  f i v e  U. S. .Nuclear Regulatory Commission 

t rash.  Using t h e  1979 Un i ted  
popu la t ion  d i s t r i b u t i o n  across 
(NRC) regions i s  g i ven  as fo l lows:  

NRC Region Percent Pop. D i s t r i b u t i o n  

I 25 
I 1  20 
I11 24 
I V  16 
V 15 

The corresponding waste volumes are  p ropor t i ona l  t o  the  waste d e n s i t i e s ,  
which are  v a r i a b l e  depending upon the  composi t ion o f  the  waste. 
volumes u l t i m a t e l y  disposed are  func t ions  o f  t h e  degree o f  compaction 
a f fo rded  du r ing  waste t r a n s p o r t a t i o n  and d isposal ,  and upon poss ib le  t r e a t -  
ment op t ions  such as i nc ine ra t i on .  One reference (Ref. 2) est imates a 
t y p i c a l  average municipal  waste dens i t y  o f  about 0 .1  gm/cm3 (0.1 MT/m3). 
A second reference (Ref. 6) prov ides a dens i t y  range o f  200 t o  500 lbs/yd3 
(0.12-0.30 gm/cm3) f o r  mixed municipal  re fuse,  wh i le  a t h i r d  re ference 
(Ref. 11) est imates a dens i ty  range between 200 and 300 lbs/yd3 (0.12-0.18 
gm/cm3) f o r  s o l i d  wastes i n  garbage cans o r  o ther  receptac les a t  t he  house- 
ho ld  o r  on the  s t r e e t  curb. 
(0.15 gm/cm3), t h i s  r e s u l t s  i n  a p ro jec ted  waste volume generat ion r a t e  o f  
1,000 m i  11 i o n  m3/yr dur ing  1980 and 2,060 m i  11 i o n  m3/yr. by t h e  year  2,000, 
o r  an average o f  1,473 m i l l i o n  m3/yr over the  20-year per iod .  

Much i f  n o t  most o f  the  waste thus generated w i l l  be somewhat reduced i n  
volume as p a r t  o f  c o l l e c t i o n  procedures. 
veh ic les  can be expected t o  reduce the  volume o f  waste c o l l e c t e d  by such 
veh ic les  by about 60 t o  70 percent  (Ref. 2). .The d e n s i t y  o f  t h e  waste 
a f t e r  compaction i n  a standardized c o l l e c t o r  t r u c k  i s  about 500 t o  700 
lb/yd3 (0.30-0.42 gm/cm3) (Ref. 11). 
i s  disposed i n t o  a san i ta ry  l a n d f i l l ,  t he  waste thus disposed i s  genera l l y  
f u r t h e r  compacted by l a n d f i l l  equipment t o  a dens i ty  on the  order  o f  800 t o  
1000 lb/yd3 (0.47-0.59 gm/cm3) (Ref. 11). 
d e n s i t i e s  f o r  var ious ma te r ia l s  commonly disposed i n  l a n d f i l l s ,  as w e l l  as 
t h e  approximate degree t o  which the  i n d i v i d u a l  ma te r ia l s  can .be compacted 
(Ref. 12). Municipal  waste, however, i s  composed o f  a m ix tu re  o f  m a t e r i a l s  
as discussed below. 

Mun ic ipa l  s o l i d  waste may p o t e n t i a l l y  cons i s t  o f  almost anyth ing,  b u t  has 
been est imated t o  conta in  approximately 75 percent organics,  which are  
most ly  c e l l u l o s i c .  The composit ion o f  t he  waste w i l l  vary  over d i f f e r e n t  
c i t i e s  and reg ions o f  t he  country,  depending upon the  economic, business, 
and l i f e - s t y l e  c h a r a c t e r i s t i c s  o f  t he  c i t y  o r  reg ion  (Ref. 13). The en- 
vironment o f  the  reg ion  i n  which the  waste i s  generated w i l l  a l s o  have a 
l a r g e  i n f l uence  on the  waste composit ion, i n c l u d i n g  i t s  mois ture content.  
Seasonal v a r i a t i o n s .  have a1 so been observed. 

The waste 

Assuming an average dens i t y  o f  250 lbs/yd3 

Large compacting c o l l e c t i o n  

Assuming t h a t  t h e  waste thus c o l l e c t e d  

Table A-4 l i s t s  t y p i c a l  ' u n i t  

. .  
. .  

. . .  . .~ . .  
. .  

. .  .. . 
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Thus, est imates o f  waste composi t ion as obta ined f r o m  t h e  l i t e r a t u r e  can 
To i l l u s t r a t e ,  est imates o f  waste composi t ion as ob- 

t a i n e d  from two sources are  prov ided below. The f i r s t  est imate i s  based 
upon a rev iew o f  munic ipa l  s o l i d  waste c o l l e c t e d  f r o m  f o u r  d i f f e r e n t  c i t i e s  
(Ref. 14); w h i l e  the  second est imate presents  an "average" waste composi t ion 
(Ref. 13). 

. be q u i t e  va r iab le .  

Percent Composition o f  Mun ic ipa l  Waste 
Ma te r i  a1 Range Average 

. 

Paper ' 40 - 54 
Wood 1.5 - 3.5 
P l a s t i c  2 - 3  
Rags 1.5 - 8 
G1 ass 3.5 - 10 
Metal 7 - 1 3  
Stone, sand 7 - 8.5 
Organics ( food and y a r d  wastes) 20 - 27 

45.0 ' 

3.0 
2.5 
4.5 
6.0 
9.0 ~ 

7.5 
22.5 

Munic ipa l  S o l i d  Waste Composition* 
Compo ne n t % by Weight - 
Paper 
Glass , 

Metals 
Ferrous (8.6) 
A luminui  (0.6) 
ONF (0.3)** 

P1 a s t i c s  
Rubber and l e a t h e r  
T e x t i l e s  
Wood 
Food waste 
Yard waste 
M i  sc. inorgan ic  

39.6 
10 .0  

9 . 5  

4 . 1  
2.7 
1.6 
3.6 

13.3 
14 .1  

1.4 

i .  . 

"Approximately 25% moisture conten t  
**Other non-ferrous 

I n  t h i s  r e p o r t ,  an average munic ipa l  waste composi t ion as ob ta ined from 
Reference 15 i s  assumed, and t h i s  assumed composi t ion i s  l i s t e d  i n  Table 
A-5. 
i n  a wet composi t ion o f  about 63% combustibles, 9% meta l ,  8% g lass ,  and 20% - 
"o ther "  
each o f  t he  i n d i v i d u a l  waste components, r e s u l t i n g  i n  a weighted average 
uncompacted dens i t y  o f  about 250 lb /yd3 (Ref. 15). 

An average mois ture conten t  o f  about 22% i s  a l so  assumed, r e s u l t i n g  

Also l i s t e d  i n  Table A-5 a re  the  assumed uncompacted d e n s i t i e s  o f  

. .  

A-8 . 
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Table A-5. Assumed Composition o f  Mun ic ipa l  Waste 

Weight Mo is tu re  Uncompacted Dens i ty  
Component Percent Content (%) ( lb /yd3 

63 
40 

Cardboard 4 
P l a s t i c s  3. 
T e x t i  1 es 2 
Garden tr immings 12 
Wood 2 

- 

Metal : - 9  
T i n  cans ri 
Non-ferrous metals 1. 
Ferrous metals , 2  

Glass: ' 

B o t t l e s  
40 
40 
- 

20 Other: . - 
D i r t ,  b r i c k s ,  ash, e t c .  4 
Leather 0.5 
Rubber 0.5 

15 Food products  - 
100 

-- 
- 6  

5 
2 

10 
60 
20 

-- 
3 
2 
2 

-- 
2 

-- 
8 

10 
2 

70 

21.9 
* 

-- 
137.7. 

108 

175.5 
405 

83.7 . 

i o 8  

--- 
148.5 
270 
270 

--- 
326.7 

--- 
810 - 
270 
216 
486 

* 
250 

x 
Weighted av.erages. 
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O f  t h i s  waste, most w i l l  be c o l l e c t e d  and t ranspor ted  away from t h e  p l a c e  
o f  generat ion f o r  t reatment  and d isposal .  Some o f  it, however, w i l l  be 
disposed by o ther  means such as i n c i n e r a t i o n  i n  apartment house, i n s t i t u -  
t i o n a l  o r  backyard i n c i n e r a t o r s ,  disposed i n t o  sewer systems, o r  random 
dumping (e. g. , 1 i t t e r i  ng). 

O f  t h e  waste t ranspor ted  o f f - s i t e  f o r  t reatment  and/or d isposa l ,  most i s  
c o l l e c t e d  by p u b l i c  o r  p r i v a t e  companies. I n  a survey i n v o l v i n g  46% o f  t h e  
U.S. populat ion,  i t  was determined t h a t  about 12% o f  t h e  waste c o l l e c t e d  
and t ranspor ted  away from t h e  source o f  generat ion was performed by i n d i -  
v idua ls .  A very  s i m i l a r  s t a t i s t i c  (13%) was observed f o r  commercial wastes. 
The c o l l e c t i o n  frequency was determined t o  be about 48% on a weekly bas is ,  
32% tw ice  a week, and 20% more o f t e n  than tw ice  a week (Ref. 6). C o l l e c t i n g  
such waste invo lved approximately 175,000 people and 138,000 veh ic les  as of 
1975. 
w h i l e  the  remaining 60,000 were o ther  types o f  veh ic les  (Ref. 14). 
numbers o f  people and veh ic les  i nvo l ved  i n  waste c o l l e c t i n g  would be expected 
t o  grow i n  a reasonably p ropor t i ona l  r e l a t i o n s h i p  t o  t h e  growth o f  t h e  
waste volume, o r  about 4% per  year.  

A 1966-67 survey of about 600 c i t i e s  prov ides some i n f o r m a t i o n  on t h e  
hau l i ng  d is tances f o r  waste c o l l e c t i o n .  
t h a t  t ime many c i t i e s  were n o t  faced w i t h  l o n g ' h a u l i n g  d is tances  t o  d isposa l  
s i t e s .  
than 5 mi les .  
genera l l y  increased si'nce the  survey. 
survey, about 50% o f  t h e  l a r g e r  c i t i e s  (over 25,000 popu la t i on )  us ing  
s a n i t a r y  l a n d f i l l s  had l e s s  than 6 years o f  remaining c a p a c i t y  (Ref. 6). 

Approximately 78,000 of these veh ic les  were l a r g e  compactor u n i t s  
The 

This  survey determined t h a t  a t  

Approximately h a l f  o f  t he  c i t i e s  repo r ted  a haul  d i s tance  o f  l e s s  
It i s  be l ieved,  however, t h a t  haul d is tances  have probab ly  

Th is  i s  because a t  t h e  t ime  o f  t h e  

The c u r r e n t  u l t i m a t e  f a t e  o f  t h e  waste i s  approximately as f o l l o w s  (Ref. 14): 

Treatment/Disposal Mode Percent 
9 
<1 

I n c i n e r a t i o n  
Compost p roduc t i on  
Recovery 7 
San i ta ry  1 andf i 11 6 
Open dumps 78 

As shown, about 9% o f  t h e  waste i s  i n c i n e r a t e d  by some manner o f  c o n t r o l l e d  
method (as opposed t o  an uncon t ro l l ed  method such as open burn ing) .  
technique i s  used by about 20% o f  communities having p o p u l a t i o n s  exceeding 
25,000 (Ref. 6). As o f  about the  1967' t ime frame, t h e r e  were 74,600 tons/  
day of i n s t a l l e d  i n c i n e r a t o r  capac i ty  opera t ing  i n  the  Un i ted  States;  t h i s  
capac i ty  was spread through about 300 munic ipa l  i n c i n e r a t o r s  (and severa l  
thousand i n d u s t r i a l  i n c i n e r a t o r s ,  o f ten  models i n  the  200-500 l b / h r  range 
us ing  two-stage combustion). 
were w i thou t  adequate a i r  p o l l u t i o n  c o n t r o l  devices (most ly  due t o  system 
over loading) ,  and there fore  d i d  no t  meet e x i s t i n g  a i r  codes. 
produced res idues and quench waters t h a t  were re leased i n t o  t h e  environment 
w i t h o u t  adequate t reatment  and c o n t r o l .  More recent  r e s t r i c t i o n s  and regu- 
l a t i o n s  on environmental re leases t o  a i r  and water pathways w i l l  p robab ly  

Th is  

However, something 1 i ke 70% o f  these u n i t s  

Many a l s o  
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r e s t r i c t  increased use of incineration in the near future  (Ref. 6). 
l i t t l e  of the energy created through the incineration process i s  currently 
recovered for  use. 

Composting i s  primarily a method of supplying humus t o  so i l  by converting- 
organic material i n t o  a dessicated, non-odoriferous form through bacterial  
action. I t  has proven t o  be considerably more popular in Europe than in 
the United States ,  and as of June 1967, there were only approximately 
730 tons/day of instal led composting capacity in the United States  (Ref. 6) .  
A s ignif icant  future increase in capacity i s  not anticipated.  
processes have been developed and demonstrated in t h i s  country, and typi-  
ca l ly  a product i s  produced w h i c h  can be s o l d  as a so i l  conditioner. Most 
composting processes require the addition of moisture t o  the input refuse,  
and sewage sludge i s  frequently used for  t h i s  purpose (Ref. 6).  

The above item "recovery," or "resource recovery," re fers  t o  (1) recycling 
of once-used materials,  o r  ( 2 )  "energy recovery," which is  use of s o l i d  
waste as a fuel in place of coal ,  o i l ,  or gas (Ref. 15). Recycle ac t iv i -  
t i e s  can basically take two forms. One would be a case in which a l l  waste 
i s  taken t o  a f a c i l i t y  which sorts the waste into recyclable and other 
fractions.  
sorted by private c i t izens  pr ior  t o  having the waste picked up, leaving few 
s o r t i n g  requirements a t  the recycle f ac i l i t y .  This l a t t e r  case i s  known as 
"source separation" (Ref. 6 ) ,  and may take a number of forms. For example, 
some c i t i e s  have recycle boxes fo r  deposit of newspapers, bo t t les  (e .g . ,  
soda, beer),  and cans. 

Very 

Various 

Another case would be one i n  which recyclable material i s  

As of 1977, of the above 7% waste recovery, 6% was recycled t h r o u g h  source 
separation, or se t t ing  aside recyclable material a t  the point of generation. 
There were about 3,000 recycling centers in the country, and curbside 
collection was practiced in 215 c i t i e s  (multimaterial: 40 c i t i e s ;  paper . 
only: 175 c i t i e s ) .  Ninety percent of the waste material recycled th rough  
source separation consisted of paper. Very l i t t l e  ( l e s s  than 1%) was recy- 
cled through sorting of mixed waste a t  a recycle f a c i l i t y ;  source separation 
accounted for  90% of a l l  the  materials recovered from so l id  waste. The 
remaining (1% of waste recovered was converted into energy ( e .g . ,  steam for  
e l ec t r i c i ty ,  space heating, process heating) a t  "resource recovery" fac i l -  
i t i e s  (Ref. 6). 

The above table  i s  interest ing in tha t  while i t  indicates t ha t  84% of the 
waste i s  disposed by land disposal,  93% of the land disposal f a c i l i t i e s  
ut i l ized do not qualify as  sanitary landf i l l s  according to  the c r i t e r i a  set 
forth by EPA (Ref. 17). T h u s ,  such f a c i l i t i e s  a re  c lass i f ied  by EPA as 
"open dumps." The to ta l  number of b o t h  classes of land disposal f a c i l i t i e s  
was about 18,500 s i t e s  in 1976 (Ref. 3) ,  of which only 20 s i t e s  were lined 
and about 60 had provisions for  leachate control. 
covered by these 18,500 f a c i l i t i e s  i s  about 500,000 acres ,  resul t ing in a 
rough average land area of about 27 acres per s i t e  (Ref. 3). 

T h e  t o t a l  land area 
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An EPA survey of 11,781 unacceptable land disposal sites resulted in the 
following types of problems being identified (Ref. 14): 

Problem Number of Sites Percent 

No daily cover 1,046 8.9 
Burning 304 2.6 
Water pollution 320 2.7 
Burning and no daily cover 5,393 45.8 . . 
Water pollution and no daily cover 764 6.5 
Burning and water pollution 199 1.6 
Burning, water pollution, and no 

daily cover 3,755 31.8 
Total : 11,781 

Thus, of -all the.open dumps surveyed, ‘93% had either no or an insufficient 
daily cover, 84% burned all or a part of the waste at least some of the time 
and 45% had an existing or potential water pollution problem (Ref. 14). 
Many of these sites probably also practiced unauthorized or informal sca- 
venging for useful items, as opposed to a controlled recycle operation. 
(Uncontrolled scavenging is prohibited at a facility classified as a 
sanitary landfill, although controlled salvage operations are allowed.) 

The above 1976 data indicates that of the municipal waste collected for 
transport from the generator’s site, about 9% is incinerated in a controlled 
manner while a maximum of 66% has the potential for combustion in an uncon- 
trolled manner at open dumps. It is not believed to be reasonable to 
assume that all incinerable material sent to open dumps that practice 
burning wjl l x t u a l  ly be burned, since most faci 1 i ties probably perform 
such burning only some of the time, and open burning would be expected to 
be an inefficient combustion process in any case. 

Future. waste treatment and disposal practices are difficult to project. 
is apparent that a number of factors will influence such practices. 
factors can include public and political support for and against regulations 
controlling waste treatment, recycle, and disposal; public and political 
support for and against the existence of waste treatment, recycle, and dis- 
posal facilities; the cost and energy savings that are projected to result 
from a particular treatment or recycle process as compared with corresponding 
perceived environmental impacts; and the availability of funds to finance 
construction of treatment, recycle, and disposal facilities. 

For example, a community may wish to install a waste incineration/recycle 
facility in which the heat produced is used to generate electricity. But 
whether political and public support for the siting of such a facility 
exists is another story. There may be opposition to such a facility due to 
perceived local environmental inputs (e.g., airborne effluents) as well as 
perceived short-term increases in costs for waste disposal, despite evidence 
that the facility will reduce long-term impact and costs. Federal or state 

It 
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regulations which would-require improved methods may be rolled back, leaving 
local o f f i c i a l s  with less  jus t i f ica t ion  t o  implement a par t icular  project. 
Capital funds may be d i f f i c u l t  t o  acquire, particularly i n  the absence of 
federal assistance. 
existing waste treatment and disposal practices,  no matter how unsatis- 
factory such practices may be in terms of long-term costs and environmental 
impacts, and even i f  a l ternat ives  are  identified ‘which . w i l l  c lear ly  decrease 
long-term costs and. impacts. 

T h u s ,  a community may find i t  d i f f i c u l t  t o  modify 

Other factors are more purely. economic and technical. 
techniques, for  example, are naturally more expensive than open dumping, 
and the prevailing human a t t i tude  toward waste disposal in general has 
almost invariably been t o  do whatever i s  leas t  expensive i n  the short run, 
provided tha t  public health hazards are  n o t  too noticeable. 
incineration, future use may be reduced rather than increased, despite the 

Tighter res t r ic t ions on airborne and waterborne effluents may ac t  t o  close 
existing uni ts ,  and high capital  costs may r e s t r i c t  more environmentally 
‘sound units from being constructed. Even without consideration of a i r  and 
water eff luent  treatment systems, large incineration units would be expected 
t o  be expensive. 
t ha t  changes i n  requirements may require r e t ro f i t t i ng  l a t e r ,  i t  can, be seen 
tha t  the delays i n  f a c i l i t y  construction tha t  could occur combined w i t h  the 
current high in te res t  rates can easi ly  resu l t  in very large cost  overruns 
f o r  a given f ac i l i t y .  

Future use of large resource recovery f a c i l i t i e s  may be even more proble- 
matical. 
and disposing of waste i n  a manner which i s  sanitary,  economical, re l iab le ,  
or ecologically sound (Ref. 18). In incinerators designed t o  recover heat, 
for  example, corrosion of steam tubes can be a problem. Corrosion caused 
by the high chloride content of the i n p u t  refuse feed can be reduced by 
1 imiting the temperature of combustion, although this reduces the quality 
of  the steam produced. Another problem i s  tha t  the refuse feed cannot be 
stockpiled for  long periods, as i t  i s  l ikely t o  putrefy. Minor fluctuations 
i n  the feed input volume delivery ra te  can therefore hamper operations. 
Assuming tha t  the steam produced would be used f o r  space or process heating, 
a lack of system re l i ab i l i t y  would mean tha t  alternative backup energy 
sources would need t o  be provided, a t  added expense. 
would be even more important i f  the steam produced was t o  be used for  
e lectr ical  power generation, since expensive turbines, generators, control 
systems, etc.  , must be purchased and instal led.  
pally glass and metals, frequently contain suff ic ient  impurities t ha t  they 
cannot be readily marketed. 
teethi  ng’ variety,  can often make resource recovery operations uneconomical 
and/or have health, safety,  or environmental impact problems (Ref. 18). 

Although the above problems are  n o t  insurmountable, they a re  cost ly ,  and the 
resu l t  i s  tha t  waste incineration and recycle ac t iv i t i e s  other than source 
separation will probably n o t  increase by a te r r ib ly  s ignif icant  amount over 
the next several years. L i  kewi se  , use of unsatisfactory di sposal practices 
,uch as open dumps will probably eventually be a l l  b u t  eliminated, although 
i t  i s  d i f f i c u l t  t o  project how quickly €his will be accomplished. 
believed to  be a reasonable, although somewhat pessimistic, estimate of 

Improved land disposal 

In the case of 

0 growing scarci ty  of waste disposal space near sources of generation. 

When one adds on such treatment systems, and then considers 

Present technologies have often had d i f f i cu l t i e s  in processing 

’ 

System r e l i a b i l i t y  

Recycled products, princi- 

Such problems, among several others of a 

What i s  
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near-term treatment and disposal practices i s  given below. 
i s  also believed t o  resu l t  in a conservative analysis of the impacts of dis-  
posal of waste by less  res t r ic t ive  means. 
practices are d i f f i c u l t  t o  project ,  although the use of sanitary l andf i l l s  
rather than open dumps will probably increase significantly.  

T h i s  estimate 

As stated above, long-term 

. 

Treatment/DisDosal Mode Percent 

. I  Controlled incineration, no recycle 10 
Incineration and recycle 1 
Recycle as source separation 10 
Compost production <<l 
Sanitary 1 andf i 11 1 2  
Open dumps 67 

As shown, about 10% of the waste i s  assumed t o  be incinerated through some , 

controlled method, w i t h  no attempt t o  recycle the metal and glass portion 
of the input waste feed. Of t h i s ,  almost a l l  i s  assumed t o  take place a t  
moderate combustion temperatures, and about 10% of  the time a sor t ing step 
i s  incorporated in which non-combustible items are removed before incinera- 
tion. A higher temperature slagging operation i s  assumed f o r  a small 
fraction of the waste, i n  which there are no sorting operations e i the r  
prior t o  or a f t e r  the slagging ac t iv i t i e s .  To summarize, of the waste 
incineration carried o u t  w i t h  no attempt a t  recycle, the fo l lowing  frac- 
tions are assumed t o  apply: 

Incineration/Waste Handling Mode Percent 

Mod. temp., sorting 
'Mod.. temp. , no sorting 
slagging, no sorting 

10 
85 
5 

In any case, the residues from waste incineration, including ashes, s lag,  
and sorted materials, are assumed t o  be, disposed by land disposal according 
to  the following fractions: 
distribution i s  in accordance w i t h  the distribution between sani tary landf i l l  
and open dump disposal as given i n  the above table. 

15% sanitary landf i l l s ,  85% open dumps. T h i s  

One percent of the generated waste i s  assumed t o  be incinerated, w i t h  the 
metal and glass fraction sorted o u t  of the input feed fo r  recycle purposes. 
The incineration process is  assumed t o  be a re la t ively low temperature 
operation similar t o  the operation discussed above. The residue from 
incineration i s  disposed by land disposal according t o  the above fractions.  

Ten percent of the waste i s  assumed t o  be recycled by means of source 
separation ac t iv i t i e s .  That i s ,  waste sorting i s  carried out by private 
c i t izens prior t o  pickup by refuse collection organizations and agencies. 
Ninety percent of t h i s  recycled material is.assumed t o  consist  of paper 
while the remainder i s  assumed t o  consist  of metal and glass. 
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The remaining 79% o f  t he  waste generated i s  assumed t o  be disposed by means 
o f  land  d isposal .  
assumed t o  be disposed i n t o  s a n i t a r y  l a n d f i l l s  (12% o f . a l l  as-generated waste) 
w h i l e  the- remain ing  85% i s  assumed t o  be disposed i n t o  open' dumps (67% o f  a l l  
as-generated waste). 

F i f t e e n  percent  o f  the  waste disposed i n  t h i s  manner i s  

A.3 INDUSTRIAL HAZARDOUS WASTE PROJECTIONS AND CHARACTERISTICS 

As discussed i n  the  above Sect ion A . l ,  what may be descr ibed as "hazardous 
waste'' may be generated by a number o f  sources, i n c l u d i n g  households , 
hosp i ta l s ,  i n d u s t r i a l  f i rms,  mines, and power companies. O f  these sources, 
t h i s  appendix i s  p r i n c i p a l l y  concerned w i t h  hazardous waste generated by 
i n d u s t r i a l  f i rms,  s ince such waste f requen t l y  cons is t s  o f  s o l i d s  having 
somewhat s i m i l a r  phys ica l  (bu t  n o t  chemical) c h a r a c t e r i s t i c s  t o  low- leve l  
r a d i o a c t i v e  waste (e.g., t rash ) ,  and such waste i s  f r e q u e n t l y  t r e a t e d  and/ 
o r  disposed by p r i v a t e  f i r m s  which rece ive  waste from a number o f  waste 
generators.  (Other than r a d i o a c t i v i t y ,  most low- level  r a d i o a c t i v e  waste 
would n o t  be considered hazardous, a t  l e a s t  no t  as de f i ned  by t h e  f o u r  
c h a r a c t e r i s t i c s  summarized below.) 

Treatment and disposal  o f  such waste i s  regu la ted  by EPA p r i n c i p a l l y  through 
RCRA. 
l i s t i n g  a waste as being hazardous, and t e s t i n g  a waste t o  determine whether 

A p a r t i c u l a r  substance 
may be p laced on the EPA hazardous waste l i s t  i f  i t  conta ins  chemicals t h a t  
have a repor ted  t o x i c ,  carc inogenic ,  mutagenic, o r  t e ra togen ic  e f f e c t  on 
humans o r  o ther  l i f e  forms. 
l i s t  and the  l i s t  keeps expanding. 

EPA has i d e n t i f i e d  two methods f o r  determin ing a hazardous waste: 

, i t  e x h i b i t s  one o f  f o u r  measurable c h a r a c t e r i s t i c s .  

There are  several  substances c u r r e n t l y  on the  . 

The f o u r  measurable c h a r a c t e r i s t i c s  used as c r i t e r i a  i n  s tandard ized t e s t s  
f o r  hazardous waste i d e n t i f i c a t i o n  i nc lude  i g n i t a b i l i t y ,  c o r r o s i v i t y ,  
r e a c t i v i t y ,  and t o x i c i t y .  
e f f e c t s  capable o f  causing immediate damage w h i l e  the  f o u r t h  creates chron ic  
e f f e c t s  more l i k e l y  t o  appear over a longer  t ime per iod.  These f o u r  charac- 
t e r i s t i c s  are def ined as fo l l ows  (Ref. 4): 

The f i r s t  t h ree  c h a r a c t e r i s t i c s  produce acute 

I g n i t a b i l i t y - - w a s t e s  t h a t  pose a f i r e  hazard du r ing  r o u t i n e  
management. 

Corros iv i ty- -wastes r e q u i r i n g  spec ia l  con ta iners  because o f  the  
a b i  1 i t y  t o  corrode standard materia1.s o r  r e q u i r i n g  segregat ion 
from o ther  wastes because o f  t h e i r  a b i l i t y  t o  d i sso l ve  and thus 
mob i l i ze  o ther  t o x i c  contaminants. 

r 

- React iv i ty - -wastes t h a t ,  du r ing  r o u t i n e  management, tend t o  r e a c t  
spontaneously, t o  r e a c t  v igo rous l y  w i t h  a i r  o r  water,  t o  be 
unstable t o  shock o r  heat,  t o  generate t o x i c  gases, o r  t o  explode. 

Tox i c i  ty--wastes t h a t ,  when improper ly  managed, may re lease 
tox i can ts  i n  s u f f i c i e n t  q u a n t i t i e s  t o  pose a s u b s t a n t i a l  hazard 
t o  human h e a l t h  o r  environment. 

Given the  above, i t  i s  apparent t h a t  &he d e f i n i t i o n  o f  a hazardous waste i s  
a r a t h e r  general one, and may inc lude  a mu l t i t ude  o f  . d i f f e r e n t  types and 
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forms o f  waste ma te r ia l .  
f u t u r e  volumes and c h a r a c t e r i s t i c s  o f  hazardous waste, as w e l l  as p ro jec -  
t i o n s  o f  t reatment  and d isposal  opt ions,  a re  much more judgemental than 
those f o r  munic ipa l  waste. Th is ,sec t ion ,  there fore ,  has been d i v i d e d  i n t o  
two subsections. The f i r s t  subsect ion summarizes a v a i l a b l e  da ta  on hazardous 
waste generat ion,  t reatment ,  and d isposal .  The second subsect ion presents  
the  waste p r o j e c t i o n s  based upon the  data. 

For t h i s  reason, p r o j e c t i o n s  o f  p resent  and 

,A.3.1 Waste Generation, Treatment, and D isposa l '  

From a ' s e r i d s  ' o f  ongoing s tud ies  on i n d u s t r i a l  waste generat ion,  t reatment ,  
and d isposa l ,  EPA has produced est imates o t h e  p r i n c i p a l  sources 'o f  indus- 
t r i a l  waste. One-ea r l i e r  est imate categor  zes waste generat ion by 14 major 
i ndus t r i es .  
generated by i n d u s t r y  and i s  g iven f o r  t he  year  1974 (Ref .  19). 
est imate i s  summarized i n  Table A-6. 

Th is  est imate i s  be l ieved t o  nclude the  m a j o r i t y  o f  waste 
Th is  

The generat ion r a t e  o f  i n d u s t r i a l  waste has been est imated t o  r i s e  t o  
336-344 m i l l i o n  MT/yr by the  t ime frame 1976-1977 (Refs. 3, 19). 

EPA has a l s o  made a se r ies  o f  est imates o f  t he  f r a c t i o n  o f  t h e  generated 
i n d u s t r i a l  waste t h a t  may be considered hazardous (Refs. 19, 20). One EPA 
re ference prov ides est imates f o r  the  year  1974, as w e l l  as p r o j e c t i o n s  f o r  
the  years 1977 and 1983 (Ref. 19). These est imates a re  g iven i n  Table A-7, 
a long w i t h  the  percent  (by w e t  mass) con t r i bu ted  by each major i ndus t r y .  
The percent  growth (based on d ry  mass) f r o m  the  years 1974 t o  1983 i s  a l s o  
given. 

Later  est imates a re  a l so  avai lab' le wh ich-prov ide  est imated genera t ion  r a t e s  
f o r  t he  years 1980 and 1981 (Refs. 4, 20). Table A-8 l i s t s  hazardous waste 
generat ion f o r  1980 according t o  Standard I n d u s t r i a l  C l a s s i f i c a t i o n  ( S I C )  
codes. 07 t he  41,240,000 MT ( w e t )  generated, about 62% i s  generated by t h e  
chemicals and a l l i e d  products i n d u s t r i e s  and 10% by t h e  pr imary  metal  
i n d u s t r i e s  (Ref. 20). 
MT (wet) i n  1981 (Ref. 4). 

Waste generat ion i s  est imated t o  r i s e  t o  43 m i l l i o - n  

As expected, i n d u s t r i a l  hazardous waste generat ion i s  n o t  un i fo rm across 
the  count ry  b u t  i s  concentrated i n  the  eastern p a r t s  o f  t h e  count ry  as w e l l  
as the Great Lakes region. The chemicals i n d u s t r y  i s  concentrated i n  EPA 
Regions I V  and V I ,  f o r  example, w h i l e  the  pr imary  metals i n d u s t r y  i s  con- 
cent ra ted  i n  EPA Region V. An est imate o f  t h e  1974 generat ion r a t e  by EPA 
reg ion  i s  g iven  i n  Table A-9 (Ref. 19). 
hazardous waste generat ion ra tes  by EPA Region are g iven i n  Table A-10 
(Ref. 20). 

O f  t h i s  waste, most i s  generated i n  a l i q u i d  o r  semi - l i qu id  form. There 
are  c u r r e n t l y  g rea te r  than 100,000 sur face impoundments f o r  l i q u i f i e d  
i n d u s t r i a l  waste (Ref. 3), o f  which probably  10-15% may be c l a s s i f i e d  as 
con ta in ing  hazardous ma te r ia l .  
i n d u s t r i a l -  waste -being generated i s  disposed on the  p roper t y  . o f  t he  waste 
generator (Ref .  3). 

Estimates o f  the  1980 and 1981 

Somewhere between 70 and 80% o f  t h e  hazardous 

A- 16 



6 4 0 0  

Table A-6.  U.S'. Industrial Waste Generation as of 1974 
(Mi 11 ion Metric Tons Annual ly)  

Total Total % of 
Industry Category D rY Wet Wet Mass 

1. Batteries 0.000 0.010 0.005 
2. Inorganic chemicals 40.000 68.000 34.0 
3. Organic chemicals,-pesticides, 

4. Electroplating 0.909 5.276 2.6 
5. Paints 0.370 0.396 0.20 
6. Petroleum re'f i ni ng 0.625 1.757 0.88 

. 7. Pharmaceuticals 0.244 1.218 0.61 
8.  Primary metals 100.342 109.902 55.0 

10. Rubber and plast ics  2.007 3.254 1.6 

12. Special machinery 0.305 0.366 0.18 
13. Electronic components 0.037 0.060 0.03 

explosives 2.200 7.000 3.5 

9. Textile dyeing and f i n i s h i n g  0.310 2.099 1.1 

11. Leather tanning and finishing 0.064 0.203 0.10 

14. Waste o i l  re-refining 0.057 ' 0.057 0.03 
Totals: 147.470 199.59a 

Reference 7 provides a breakdown of the estimated quantit ies of waste 
disposed by different disposal methods (as of 1977), and t h i s  estimate i s  
printed as Table A - 1 1  (Ref. 7). 
mated t o  be-disposed o f f  of the waste generator's s i t e .  

As shown, about 23% of the waste is  e s t i -  

The use of treatment and disposal services removed from the waste generator's 
s i t e  i s  of particular in te res t  i n  this appendix, since de minimis radioactive 
waste which contains hazardous chemicals or other materials would be expected 
t o  be treated and/or disposed by commercial hazardous waste operations rather 
than .by hazardous waste generators. 
mates of the fraction of ttie to ta l  hazardous waste generated which i s  
treated/disposed by of f -s i te  waste management services. 
calculates t o  be 17-18% for  1980 and about 23% fo r  1981. An estimate for  
1981 as determined by E P A  Region i s  provided i n  Table A-12 (Ref. 20). 

Reference 20 provides more recent e s t i -  

This estimate 
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Table A-8. Estimated 1980 Imdustrial Hazardous . 

Waste Generation by Industry 

* 
SIC Industry 

Wet Mass Percent 
(x 103 MT) Contributed 

22 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

' 36 
37 
38 
39 

35 

** 

Textile mill products 
Lumber and wood products 
Furniture and fixtures 
Paper and a l l ied  products 
Printing and pub1 i shi ng 
Chemicals and a l l ied  products 
Petroleum and coal products 
Rubber and misc. p las t ic  products 
Leather and leather tanning 
Stone, clay, and glass products 
Primary metal industries 
Fabricated metal products 
Machi nery , except e lectr ical  
Electric and electronic equipment 
Transportation equipment 
Instruments and related products 
Misc. manufacturing industries 
Non-manufacturing industries 

Total : 

'20 3 
87 
36 

1,295 
154 

25,509 
2,119 

249 
474 

17 
4,061 
1,997 

332 
1,093 
1,240 

90 
318 

1,971 

41,235 

0.49 
0.21 
0.09 
3.14 
0.37 

61.85 
5.14 
0.60 
1.15 
0.04 
9.85 
4.84 
0.81 
2.65 
3.01 
0.22 
0.77 
4.78 

*Standard Industrial Classification 
**Non-manufacturi ng categories: 

SIC 5085 Drum reconditioners 
SIC 07 Agricultural services 
SIC 5161 Chemical warehouses 
SIC 40 Railroad transportation 
SIC 55 
SIC 72 Personal services 
SIC 73 Business services 
SIC 76 Misc. repair services 
SIC 80 Health services 
SIC 82 Educational services 

Automotive dealers and gasoline service s ta t ions 
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Table A-9. P o t e n t i a l l y  Hazardous Waste Q u a n t i t i e s  f o r  1974 
by EPA Region (Metr ic  Tons) 

EPA Region Dry Basis Wet Basis % o f  Wet Mass 

I 
I1 
I11 
IV 
V 
VI 
VI I 
VI11 
IX 
X 

205,171 
586,460 

1,720,138 
1,434,088 
2,647,572 
2,797,065 
161,932 
220,071 
550,693 
439,818 

Tota l  s: 10,763,008 

1,208,486 
1,920,524 
3,888,173 
4,451,865 
6,541,708 
7,120,978 
558,595 
517,736 

1,487,911 
1,059,038 
28,755;014 

4.2 
6.7 
14. 
15. 1 

23. 
25: 
1.9 
1.8 
5.2 . 

3.7 

Table A-10. Estimated Hazardous Waste Generation Rates for 
1980 and 1981 by EPA Region 

EPA Region 

I 
I1 

I11 
' IV 

V 
VI 

VI I 
VI11 

IX 
X 

Tota ls:  

1980 Estimates 

Mass (x  10" wet M i )  Percent 

1,104 2.7 
3,113 7.5 
4,354 10.6 
10,353 25.1 
6,428 . ' 15.6 
10,536 25.6 
1,201 2.9 
3 18 0.8 

2,838 6.9 
995 2.4 

41,235 

1981 Estimates 

Mass (x lo3 wet MT) Percent 
1,131 
3,216 
4,507 
10,697 
6,611 
ii. 025 
1;231 
,325 

2,925 
1,023 
42,694 

' 2.6 
7.5 
10.6 
25.1 
15.5 
25.8 
2.9 
0.8 
6.9 
2.4 

I 
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Table A-11. Estimated Waste Management Prac t ices  as o f  1977 
( M i l l i o n s  o f  M e t r i c  Tons) 

Type o f  Disposal On- s i t e (  a) O f f - s i  te(b) T o t a l  

12 7 19 
1 2 

2 
1 

Landf i 11 
I n c i n e r a t i o n  

12 
Land treatment 2 
Lagoon 12 
Well i n j e c t i o n  NA NA NA 
Other - Trace Trace 

- 
. .  

- 

Tota l  : 27 8 35 
(a) Means d isposal  o f  waste on waste generator 's  proper ty .  ' 

(b) Means t r a n s f e r r i n g  t h e  waste t o  a hazardous waste handl ing 
company. - 

Tab1 e A-12. Percent o f  Hazardous Waste Treated/Disposed 
Of f -S i te  by EPA Region 

% Disposal/ % Disposal 
EPA Region - O f f - s i t e  EPA Region O f f - s i t e  

I 5 1  V I  12 
I1  32 V I  I 36 

I11 20 ' V I 1 1  47 * I V  13 I X  3 1  
v 39 X 49 

Mass Weighted Average: 23% 

A breakdown o f  t h e  f r a c t i o n s  o f  t h e  waste generated by var ious i n d u s t r i e s  
which are t r e a t e d  o r  disposed o f f - s i t e  i s  g iven i n  Table A-13. This  t a b l e  
i s  g iven f o r  the  year  1981 and i s  i n t e r e s t i n g  i n  t h a t  i t  i n d i c a t e s  t h a t  t h e  
use o f  o f f - s i t e  t reatment  and disposal  serv ices by a g iven i n d u s t r y  i s  n o t  
p r o p o r t i o n a l  t o  i t s  waste generat ion ra te .  For example, t h e  chemical indus- 
t r i e s  c o n t r i b u t e  62% o f  t h e  waste mass b u t  account f o r  o n l y  12% o f  t h e  
o f f - s i t e  t reatment/disposal .  
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Table A-13. Estimated O f f - s i t e  Hazardous Waste Management 
Serv ices U t i l i z e d  by I n d u s t r i a l  Category 

S I C *  I ndus t r y  . . . . ' 

P ro jec ted  % o f  
Mass Treated/Di sposed O f f - S i t e  

O f f - S i t e  (x  lo3 wet MT) Use 

. .  

22 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 

' 33 
34 
35 
36 
37 
38 
39 -- 

T e x t i l e  m i  11 products 
Lumber and wood products  
F u r n i t u r e  and f i x t u r e s  
Paper and a1 1 i e d  products  
P r i n t i n g  and pub1 i s h i  ng 
Chemical s and a1 1 i ed products 
Petroleum and coal  products  
Rubber and misc. p l a s t i c  products 
Leather and 1 eather  t a n n i  ng 
Stone, c lay ,  and g lass products 
Primary metal i n d u s t r i e s  
Fagr icated metal products  
Machi nery , except e l e c t r i c a l  
E l e c t r i c  and e l e c t r o n i c  equipment 
Transpor ta t ion  equipment 
Instruments and r e l a t e d  products 
Misc. manufacturing i n d u s t r i e s  
Non-manufacturing i ndus t r i es * *  

Tota ls :  

122 
18 
29 
40 
80 

1,165, 
786 
244 
259 

5 
1,39& 
1,637 

279 
858 

1,049 
77 

262 

1.3 
0.2 
0.3 
0.4 
0.8 

12.0 
8.1 
2.5 
2.7 
0 . 1  

14.4 
16.8 

2.9 
8.8 

10.8 
0.8 
2.7 

14.7 
100 

X 

** Standard I n d u s t r i a l  C1 ass i  f i c a t i o n  
See Table A-6 f o r  d e t a i l e d  breakdown by manufacturing category e 

Table A-14 prov ides a breakdown f o r  1980 o f  t he  masses o f  waste estimated t o  be 
t r e a t e d  and disposed o f f - s i t e  as a f u n c t i o n  o f  waste management o p t i o n  and EPA 
Region. 
t h e  most common opt ions  i nc lude  d i r e c t  l a n d f i l l i n g  (38%) and chemical t rea tment  
(33%). 
o f  1980 .were o f f e r i n g  t reatment  o r  d i  sposal services. 
serv ices  are loca ted  i n  EPA Region V (Ref. 20). 

O f  t he  s i x  p r i n c i p a l  waste management op t iqns  u t i l i z e d  by i ndus t r y ,  

Table A-15 summarizes by EPA Region t h e  number o f  f a c i l i t i e s  which 'as 
Most t rea tmenf /d i  sposal 

. _. . .  . . - . . . . . .  - .  
. I  

. .  
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1' C hemi ca 1 
biologica 
hazardous 

treatment" in Table A-14 includes several chemical, physical, o r  
processes designed t o  e ther transform the waste i n t o  a less  

material or t o  reduce i t  volume pr ior  t o  disposal. Following 
, 

treatment, a residual i s  often l e f t  which must be then disposed as a 
hazardous waste, generally by landfi l l ing b u t  occasionally by incineration. 
The volume of this residual runs a t  about 10% of the volume of the t reated 
waste. Of the wastes so t reated,  about 50% are  composed of waste water and 
acids,  20% are a lkal ines ,  and 30% oi ly  waste and sludges. Industries 
typically u t i l i z ing  chemical treatment processes include the metal f inishing 
and s teel  industries,  t e x t i l e  manufacturers, re f iner ies ,  the petrochemical 
and pharmaceutical industries,  and the automotive industry. 

The most common types of chemical, physical, and biological treatment 
processes are  l isted.  in Table A-16 (Ref. Zl), along with examples of the types 
of wastes so treated. Some treatment processes--e.g., neutralization-- 
are commonly used and are  broadly applicable. The most frequently used 
processes include neutralization (pH adjustment), precipitation, oxidation, 
reduction, ion exchange, and chemical f ixation. Other treatment processes 
are n o t  as highly developed and/or are specif ic  t o  par t icular  wastes. 

Off-site incineration of hazardous bas te  i s  currently taking place a t  seven 
large high-temperature units and a t  18 smaller u n i t s .  
erated waste consists of materials such as solvents and oi ly  wastes. 
sludges and solids are  a lso incinerated, however. 

Most of the incin- 
Some 

Resource recovery techniques transform a portion of the waste into a 
marketable material, and frequently the hazardous nature of the residual i s  
greatly reduced. The majority of resource recovery operations involve the 
recovery of solvents through d i s t i l l a t i on  techniques. The mass of waste 
sent t o  recovery operations in Table A-14 includes only waste which i s  sent 
to  f a c i l i t i e s  offering b o t h  resource recovery and disposal services. There, 
are additional f a c i l i t i e s ,  principally involved in solvent reclamation, - 
which offer recovery services only. 

. ' Deep well injection operations are concentrated i n  EPA Regions V and VI, 
and involve pumping l iquid wastes (generally excepting chlorinated hydro- 
carbons) into porous formations removed from potable water and mineral- 
bearing structures.  
include ref iner ies  and the petrochemical industry. 

Land treatment and solar evaporation are considered similar processes, and 
have been frequently used t o  t r e a t  and dispose of oi.1 production-related 
waste streams such as brines and rotary muds. Solar evaporation i s  gener- 
a l ly  carried out u t i l i z ing  large ponds,  while land treatment processes 
typically involve application of organic waste o n t o  or beneath the so i l  
which i s  subsequently mixed t o  a s s i s t  in aerobic decomposition of the 
waste. 

- 

Industries especially favoring t h i s  disposal technique 
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Table A-16. Types of Chemical, Physical, and Biological Treatment Processes 

Type of Treatment Description of Process Examples of Wastes Treated 

Chemical Treatment: 

Neutralization 

Oxi dati-on 

Coagulation 

Precipi ta t ion 

Reduction . 

Physical Treatment: 

Se'd i menta t i o n  

Di s t i  11 a t ion 

, Evaporation 

F1  o ta t ion  

Neutral i z i  ng agents a re  
reacted w i t h  wastes t o  
ad jus t  the pH level indus t r ies  

Acids and a1 kalines from chemical, 
petroleum, and metal p la t ing  

Mixing of an oxidizing agent Reduced ferrous iron from s t e e l  
with waste t o  combine w i t h  industry 
another compound 

Destabil ization and aggrega- Heavy metals . 
t ion  of smaller pa r t i c l e s  
t o  make s e t t l i n g  eas ie r  

/- 

Addition of chemicals t o '  
cause separation from a 
solut ion or  suspensiorj 

Electroplat ing wastes 

Reduction of the.oxidation 
s t a t e  of a material 

Hexavalent chromium s a l t s  

Removal of s e t t l e d  suspended' Dissolved sol ids  
sol ids  

Boiling a mixture of l iquids  
t o  ex t r ac t  a vapor of the 
lower boi l ing components 

Concentration of so l ids  by 
boi l ing off the solvent 

Floating materials t o  the Organics 
surface by attaching them 
t o  a i r  bubbles and then 
skimming the surface 

Halogenated and non-halogenated 
sol vents 

Rinse waters from metal p l a t i n g  

Biological Treatment: 

Aerobic Microorganisms which require Sludges 
oxygen f o r  t h e i r  existence 
a re  used t o  t r e a t  wastes 

Anaerobic Microorganisms which do n o t  High s t rength organic waste 
require oxygen f o r  t h e i r  - 
existence a re  used t o  t r e a t  
wastes 
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O f  i n t e r e s t  i s  t he  r e l a t i v e  cos t  o f  the  above waste t reatment/disposal  
opt ions.  
these est imates i s  l i s t e d  below (Ref. 21). 
are.associated w i t h  waste i nc ine ra t i on .  

EPA has made est imates of such costs ,  and a representa t ive  s e t  o f  
As shown, the  l a r g e s t  costs  

Method. Cost ($/MT) 

Land spreading 2-25 
Chemical f i x a t i o n  5- 500 
Surface impoundment 14- 180 
Secure chemical l a n d f i l l  50-400 
I n c i n e r a t i o n  ( l and  based) 75-2,000 
Physica l ,  chemical, or b i o l o g i c a l  t reatment  Var ies 

Also o f  i n t e r e s t  i s  t he  environmental adequacy o f  t h e  var ious  waste t reatment  
and d isposal  p rac t i ces .  
t he  f r a c t i o n  o f  the  t o t a l  waste mass t h a t  was est imated t o  be t r e a t e d  o r  
disposed i n  an environmental l y  acceptable manner i n  about the  1977 t ime 
frame (Ref. 19). 
cons i s ten t  w i t h  the  da ta  from Reference 7, and i s  presented as Table A-17 
(Ref. 19). As shown, about 90% o f  t he  waste generated i n  1977 was 
est imated i o  be disposed i n  an inadequate manner. 
d isposal ,  which i s  t he  d isposal  method o f  p r i n c i p a l  i n t e r e s t  i n  t h i s  
repo r t ,  on l y  about 7% o f  t he  waste disposed i n t o  l a n d f i l l s  i n  1977 was 
est imated t o  be disposed i n  an env i ronmenta l ly  adequate manner. There i s  
no breakdown, however, o f  t h e  d i f f e r e n t  l e v e l s  o f  adequacy f o r  on -s i t e  vs. 
o f f - s i t e  t reatment and d isposal .  

One e a r l i e r  EPA re ference prov ides an est imate o f  

The data i n  t h i s  re ference appears t o  be reasonably 

I n  terms o f  l a n d f i l l  

The f u t u r e  environmental adequacy o f  hazardous waste management i s  l i k e l y  
t o  show cbnsiderable improvement, a l though i t  i s  d i f f i c u l t  t o  p r o j e c t  when 
unsu i tab le  waste management methods w i l l  be t o t a l l y  e l iminated.  
Conservation and Recovery Act  (RCRA) was enacted i n  1976 and c a l l e d  f o r  a 
na t i ona l  program t o  c o n t r o l  hazardous waste. A l l  waste i d e n t i f i e d  as 
hazardous i n  regu la t i ons  issued under S u b t i t l e  C o f  RCRA a re  t o  be t racked 
i n  mani fests  from where they o r i g i n a t e  t o  t h e i r  f i n a l  d i spos i t i on .  The d i s -  
p o s i t i o n  o f  the  waste--whether t reatment,  storage, o r  d i sposa l - - i s  regu la ted  
us ing permi ts  issued by e i t h e r  the  EPA o r  an au thor ized  State.  
f o r  c a r r y i n g  ou t  S u b t i t l e  C o f  RCRA a re  s e t  f o r t h  i n  40 CFR Par ts  260 t o  266, 
270, and 271. 

The Resource 

Regulat ions 

The composi t ion o f  t he  waste t h a t  would be sent  t o  hazardous waste d isposal  
f a c i l i t i e s  i s  d i f f i c u l t  t o  p r e d i c t .  One source prov ides some i n d i c a t i o n  i n  
t h a t  i t  l i s t s  the  types o f  contaminants invo lved i n  damage inc iden ts  by 
d isposal  method. This  data was obta ined from an EPA compi la t ion  of 421 
i n d u s t r i a l  and p e s t i c i d e  waste-re la ted damage case s tud ies  (Ref. 19). A 
summary o f  t h i s .  data, which was obta ined p r i o r  t o  promulgat ion o f  the  com- 
prehensive RCRA regu la t i ons  discussed above, i s  presented i n  Table A-18. 
As shown, the  contaminants r e c e i v i n g  the  h ighes t  number o f  c i t a t i o n s  i n  t h e  
case study .i rrcl ude ( f o r  1 and d isposal  methods) C r ,  Fe, m i  sce l  1 aneous 
inorganics,  phenols, miscel laneous organics,  and pes t i c ides .  This  data may 
n o t  be n a t i o n a l l y  representa t ive ,  however, "s ince 65 o f  t he  421 cases 

i 
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Table A-17. Est imated Environmental Adequacy o f  Disposal  P rac t i ces  
For Po ten t i a l  l y  Hazardous Wastes* 

5 Percent o f  To ta l  Wet 
Weight o f  P o t e n t i a l l y  

Disposal P rac t i ce  Hazardous Wastes 

Environmental ly Inadequate: 

Unl ined Surface Impoundments 48.3 
Non-Secure L a n d f i l l s  30.3 
Uncont ro l led  I n c i n e r a t i o n  9.7 
Deep-Well I n j e c t i o n  1.7 
Landspreadi ng .3  
Use on Roads * C . 1  

<. 1 S ewe red  - 
Total  : 90.4 

Environmental ly Adequate: 

Contro l  l e d  I n c i n e r a t i o n  5.6 
Secure Landf i 11 s 2.3 
Recovery 1.7 
Lined Surface Impoundments <. 1 
Wastewater Treatment <. 1 

<. 1 Autoc lav ing 

To ta l  : 9.6 
"Based on annual generat ion i n  14 key i n d u s t r i e s  

- 

during t h e  p e r i o d  1973-1975. 

s tud ied  were obta ined from an incomplete survey o f  one s t a t e  t h a t  a l ready  
has a permi t  system f o r  l a n d f i l l s  and sur face impediments. 
f l a g r a n t  environmental of fenses genera l l y  occur i n  those s ta tes  t h a t  do 
no t  have r e g u l a t o r y  programs f o r  i n d u s t r i a l  waste d isposa l .  Fur ther ,  such 
s ta tes  genera l l y  do n o t  hav$ adequate documentation o f  damages" (Ref. 18). 
The mechanisms invo lved i n  the  damage i n c i d e n t s  have a l s o  been l i s t e d  by 
disposal  methods, and t h i s  l i s t  i s  prov ided as Table A-19 (Ref. 18). O f  
302 i nc iden ts  a t  a l a n d f i l l ,  dump, o r  o ther  l and  d isposal  methods, f i r e s  
and explosions accounted f o r  14 such inc iden ts  (4.6%). 

The most 
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Table A-18. Contaminants Invo lved I n  Damage Inc iden ts  
' By Disposal Method 

T '  Disposal Method* 
0 
T Other Smelt ing 
A Surface Landf i 11 s Land S1 ag , Mine Storage 

Containment L Impoundments Dumps D i  sposal** Tai  1 i ngs 

\ 

As 
Cd 
C r  
cs 
cu 
Fe 

. Hg 
Mn 
N i  . 
Pb 

NH3 

19 5 
5 3 

33 11 
1 

20 6 
40 10 
11 1 
26 3 
13 5 
22 5 
22 9 
27 11 
19 . 6 
8 5 

14 6 

4 10 
1 1 
9 12 
1 
4 7 

20 6 
1 9 

2 5 
6 8 
5 5 
6 .  9 
4 9 .  

3 
2 . 6  

15 ' 4 

1 

3 
4 

I 
.\ 

4 
1 
3 
3 
1 

NO, 16 6 2 ' 7  1 

so1= 18 

Inorganic  Acids 27 
Miscel laneous 

Inorganics 83 
PCBs 3 
Petrochemicals 27 
Phenols 3 1  
Misc. Organics 88 
Bac te r ia  11 
Pes ti c i  des 7 1  
Radioact ive ~ 9 
Unspeci f i ed 

Leachate 25 
Tota l  . 689 

9 2 5 

9 4 10 

2 1  25 29 

1 .  

.. - 
. '  10' 

9 

1 2 
5 10 

10 12 
19 25 39 
1 2 8 
1 6 57 
2 3 1 

5 i s  $ 1 .  
178 183 275 

2 

4 

.6 2 

2 

5 

. 7  
1 2 

1 
34 19 

\ 

* Cases studied: 421 
**Disposing on vacant proper t ie 's ,  on farmland, spray i r r i g a t i o n ,  e tc .  

I' . 

A-29 

Q 



Table A-19. Mechanisms Invo lved  i n  I n c i d e n t s  o f  Damage By Disposal Method(a) 

Smel t i n g s  
Surface L a n d f i l l s ,  Other Land Storage Slag, Mine 
Impoundments Dumps Disposal(b) o f  Wastes T a i l i n g s  

89 - 99 203 15 15 Number o f  Cases - - 
. .  

.. Damage o f  Mechanism . 

(number-of cases) . . . 

Groundwater 
. ,  

(159 1 57 64 10- 11 . ,  

Surface Water 
(170) 42 49 7 1  

A i r  

8 - 

- - (17) 3 5 9 

- .  - 
, .  . 

3 .  
F i res ,  Explosions . . . 
(14) 

D i r e c t  Contact 
Poi soni ng 
'(52) . .  

Wells Af fected(c)  . .- 

(140) 32 $: , 28 74 4 . 2  

11 - 
. .  . ._ . . .  

. .  . .. . 
. -  

. . 40 5 , .  ' : . .  1 ' . . 6  
, .  

. .  

. .  

(a) , The t a b u l a t i o n  'is on.421 cases s tud ied  thus f a r .  The numbers i n  t h e  
m a t r i x  add up t o '  more than 421', because several  damage i n c i d e n t s  
invo lved more. than '  one damage, mechanism. . ., 

(b) 'Haphazard di'sposal 'on'vacant p r o p e r t i e s ,  on farmland,. spray . ', 

(c) 

Note: 
, 

. 
. .  i r r i g a t i o n , ,  etc'::'. . , 

? .  . . , .  
Not inc luded as a damage'mechanism. 

The data presented. i n  t h i s  t a b l e  have-been de r i ved  s o l e l y '  from. 
case s tud ies  associated. w i t h  l and  disposal  o f .  i n d u s t r i a l  wastes. 

. .  , .  , . 
. .  , '  

. .  . .  

. .  . .  . 
1. 1 I_  

, .  . . .  
- _  

'Y . . 
. .  . . . .  

. . .  
.~ . . , . . .  

. .  
. .  

. .  . .  . .  

. .  

s .  
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Another reference (Ref. 22) repo r t s  a survey o f  t he  types o f  wastes 
accepted by 64 hazardous waste management f a c i l i t i e s .  
each type o f  waste i s  accepted among the  64 f a c i l i t i e s  i s  g iven below. 

The percent  t h a t  

. -  
Waste. Type 
Caustics 
Acids 
beavy Metals i n  So lu t i on  
Cyani de 
Solvent/Cleaners 
Halogenated Organics 
S t i l l  and Tank Bottoms 
Pa in t  Sludges 
Sludges w i t h  Heavy Metals 
Arsenic 
Oily Water 
O i  1 Wastes 
Radioact ive . . 
Pes t ic ides  
Explosives 

% o f  Time Waste Type 
i s  Accepted 

8 . 1  
9.7 
7.5 
5.3 

12.8 
5.3 
8.8 
7.5 
9 . 1  
3 . 1  
3.4 

10.6 
0.9 . 
6.9 
0.9 

Obviously much o f  t he  waste i s  i n  a l i q u i d  o r  s e m i - l i q u i d  form. 

One o f  the  problems i n  making p r o j e c t i o n s  i s  t h a t  hazardous waste 
management f a c i l i t i e s  f requen t l y  accept on ly  p a r t i c u l a r  types o f  wastes 
from p a r t i c u l a r  sources o r  companies. 
s e t  up t o  handle no th ing  b u t  o i l  wastes from the  l o c a l  o i l  r e f i n e r y  
businesses. This can be compared t o  the  types o f -wastes  genera l l y  sent t o  

cons is t  o f  paper, metal,  g lass,  and o ther  ma te r ia l s  i n  reasonably constant 
volume f rac t i ons .  
hazardous waste f a c i  1 i t y  might  accept t h a t  would, be somewhat s i m i l a r  t o  
"de minimis" rad ioac t i ve  waste, good candidates would probably  be waste 
from the  chemical and drug i ndus t r i es .  
20% o f  t he  waste from the  chemical and drug i n d u s t r i e s  i s  process waste, 
and the  remainder i s  t r a s h  (Ref. 6). 

For example, a small  f a c i l i t y  may be 

. municipal  s o l i d  waste f a c i l i t i e s ,  which as discussed above genera l l y  

However, i f  one were t o  p i c k  t h e  types o f  waste t h a t  a 

One reference est imates t h a t  about 

A.'3.2 Hazardous Waste P ro jec t i ons  
i i  , , 

A s ' f o r  municipal  waste, i t  i s  convenient t o  p r o j e c t  hazardous waste 
generat ion ra tes  by NRC Region f o r  the  t ime pe r iod  from 1980 t o  the  year  
2000. 
what exac t l y  i s  hazardous and what exac t l y  i s  sub jec t  t o  RCRA requirements 
a re  c u r r e n t l y  i n  a s t a t e  o f  f l u x ,  no t  t o  say confusion. 
appear t o  be some incons is tenc ies  i n  p ro jec ted  growth ra tes  from d i f f e r e n t  
sources. To i 11 us t ra te ,  y e a r l y  est imated generat ion r a t e s  ( i n  m i  11 ions o f  
MT (wet)) from var ious sources are  l i s t e d  below: 

This  i s  open t o  unce r ta in t i es ,  however, s ince t h e  d e f i n i t i o n s  o f  

I n  add i t ion ,  there  
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Generation Rate 
Year (Million MT (Wet)) Reference 
1974 28.755 19 

34.174 19 1977 
1977 35.5 
1980 41.235 20 

20 
19 . 

1981 42.694 
1983 38.089 

7 ,  . .' 

. -  
Of course, References 7 and 19 precede Reference 20 'by several years ,  and 
the question t h a t  one i s  l e f t  w i t h  i s  whether the general increase i n  waste 
mass over the years represents an actual increase o r  merely more accurate 
estimates fo r  the l a t e r  reference than for  the e a r l i e r  references. 
a projection on the data from a l l  the references, one can a r r ive  a t  an 
average increase i n  waste generation of about 5-6% per year. 
jection merely on Reference 20, one can a r r ive  a t  an average increase i n  
waste generation of only about 3.5% per year. . 

The l a t t e r  approach i s  the more conservative case,  i n  terms of waste disposal 
by less  r e s t r i c t ive  means, and will be used i n  this appendix. 
growth r a t e  of 3.5% per year,  this resu l t s  i n  a hazardous waste generation 
ra te  (wet) of 41 million MT i n  1980 and 82 million MT i n  the year 2000, o r  
an average over the 20-year period of 59.4 million MT. 

Of this  waste mass, some would be treated and disposed by the waste genera- 
t o r  and some would be t reated and disposed by an o f f - s i t e  hazardous waste 
management service. The l a t t e r  i s  of principal i n t e re s t  in this appendix. 
Projections of o f f - s i t e  hazardous waste management practices by NRC Region 
are  given i n  Table A-20. 
continuation of existing waste management pract ices ,  and are  given i n  terms 
of projected masses f o r  the year 1980, the year 2000, and a s  an average 
over the 20-year period. 

Basing 

Basing a pro- 

Assuming a 

These projections a re  made assuming a proportionate 

Some of the l i s t e d  waste treatment options will  involve generation of a 
secondary waste stream which will probably require disposal a t  a hazardous 
waste disposal f a c i l i t y .  A byproduct of incineration, fo r  example, will  
consis t  of ashes and other residues. Based upon data given previously, 
secondary waste streams are  assumed t o  be generated which concist of 5% of 
the waste mass incinerated, 5% of the waste mass sent  t o  resource recovery, 
and 10% of the waste mass sent to  chemical treatment.. The to t a l  projected 
waste mass eventually disposed by o f f - s i t e  services i s  given-in Table A-21. 
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Table A-20. Projections of Off-Si te Hazardous Waste Treatment/Disposal 
by' NRC Region and Waste Management Option 

Mass per Waste Management Option (Million MT (wet)) 
NRC Land Treatment/ Chemical Resource Deep Well Total NRC 
Region Landfill Solar Evaporation Incineration Treatment Recovery Injection Region 

I 
i980* 
2000 
ave. 

I1 
n 8 0  
2000 
ave. 

I11 
1980 
2000 
ave. 

IV 
1980 
2000 
ave. 

- 

- 

.. 

(28)** 
0.58 
1.16 
0.84 

(36) 
0.60 
1.19 
0.86 

(28) 
0.74 
1.47 
1.07 

(41) 
0.73 
1.45 
1.05 

(0) 
0 
0 
0 

(7) 
0.12 
0.24 
0.17 

(0) 
0 
0 
0 

(5) 
0.08 
0.16 
0.12 

(4.5) 
0.09 
0.19 
0.14 

(10) 
0.17 
0.33 
0.24 

(8)  
0.20 
0.39 
0.29 

(6) 
0.10 
0.21 
0.15 

(56) 
1.16 
2.32 
1.68 

(42) 
0.70 
1.39 
1.01 

(39) 
1.03 
2.05 
1.49 

(11) 
0.20 
0.39 
0.28 

(12) (0) 
0.25 0 2.08 
0.50 0 4.14 
0.36 0 3.00 

(0) 
1.67 0.09 0 

0.17 0 3.31 
0.12 0 2.40 

(5) 

(13) (12) 
0.34 0.32 
0.68 0.63 
0.50 0.46 

(38) 
0.004 0.'68 
0.007 1.35 
0.005 0.98 

2.64 
5.26 
3.81 

1.78 
3.54 
2.57 

. ( .4 )  (0) 
1.23 i980 0.64 0.30 0.03 

2000 1.27 0.59 0.06 0.51 0 .01  0 2.45 
ave. 0.92 0.42 0.04 0.37 0.007 0 1.77 

(21) 
0.005 0 

(2) 
0.26 

V (52) (24) 

*Projected waste masses for the year 1980, the year 2000, and the average over 

**Numbers in parentheses are the assumed percentage of the total waste mass per 

the 20-year period. 

NRC Region treated/disposed by a particular waste management option. 

***Average percent across a1 1 regions. 
I 
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Table A-21. Projected Waste Mass Ultimately Disposed a t  Off-site 
Hazardous Waste Disposal Fac i l i t i e s  

Disposed Mass per NRC Region (million MT (wet)) 
Year I I1 I11 IV V Total 

1980 0 . 7 1 -  0.68 ’ 0.86  0 .76  0.67 3 .68  
2000 1 .43  1.35 1 .73  1.50 1.32 7.33 
ave. 1.03  0 .98  1.26 . 1.09  0 .96  5 .32  

O f  particular in te res t  i s  the applicabili ty of each of the l i s t ed  hazardous 
waste treatment and disposal options t o  radioactive waste disposal by l e s s  
res t r ic t ive  means. Landfill disposal i s  obviously applicable, while the 
options of deep well injection and land treatment/solar evaporation would 
both be generally inapplicable. Both these l a t t e r  waste treatment/disposal 
options involve l iquid wastes i n  bulk quant i t ies ,  and use of these options 
i s  dominated by the o i l  acquisition and refining industries in addition t o  
some petrochemical industries. Radioactive material sui table  for  disposal 
by less  r e s t r i c t ive  means would typically be a solid material such as 
ordinary trash. 

Similarly, resource recovery i s  not considered t o  be a generally applicable 
treatment/disposal method f o r  radioactive material disposed by less  r e s t r i c -  
t ive  means: Most resource recovery operations involve the recovery of 
solvents t h r o u g h  / d i s t i l l a t i on  techniques. 
include reprocessing of mercury and other metals, petroleum re-refining, 
and.automobile battery recovery (Ref. 23). Such recovery operations are  
typically specif ic  t o  particular materials,  and the feed t o  the operations 
i s  typically obtained by contracting with specif ic  industrial  waste generators. 
I t  would appear t ha t  i n  most cases the feed for  recovery operations i s  so  
different  from the forms of possible candidates for de minimis waste disposal 
tha t  hazardous waste recovery does not appear t o  be a l ike ly  candidate fo r  
re-entry of de minimis waste i n t o  environmental pathways. 
known t ransfer  of de minimis radioactive waste t o  hazardous waste recovery 
operations may be precluded by regulation. 

Incineration can be considered par t ia l ly  applicable t o  de minimis waste 
disposal. Most of the hazardous waste being incinerated consists of solvents 
and oi ly  wastes, although some sludges and sol ids  are a lso incinerated. 
Most radioactive materials which are candidates f o r  disposal by l e s s  r e s t r i c -  
t ive  means consist  of sol ids ,  and a t  f i r s t  glance i t  would appear t ha t  
l i t t l e  incineration of de minimis material as a hazardous waste would 
actually take place. However, there i s  continual development of incineration 
processes for  sol id  hazardous wastes, and the fraction of the hazardous 
waste incinerated which consists of a solid may increase i n  the future. 
Reference 4,  fo r  example, s ta tes  t ha t  “ h i g h  temperature incineration systems 
can be used t o  dispose of organic compounds such as halogenated hydrocarbons, 

Other resource recovery operations 

I n  any case, 
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v i n y l  c h l o r i d e  monomers, pes t i c ides ,  herb ic ides,  and o f f - s p e c i f i c a t i o n  
pharmaceuticals. 
the  except ion o f  ma te r ia l s  w i t h  h igh  metal concentrat ions. .  . . . I '  
reca l l ed ,  however, t h a t  w i t h  any complex process such as i n c i n e r a t i o n ,  i t  
i s  a long way from an exper imenta l l y  developed process t o  a r o u t i n e l y  
opera t ing  f a c i l i t y .  I n c i n e r a t i o n  i s  c u r r e n t l y  genera l l y  more expensive 
than any o f  t he  o ther  waste t reatment/disposal  opt ions.  Another problem i s  
t h a t  t he  i n c i n e r a t i o n  process generates l i q u i d  and a i rbo rne  e f f l u e n t s  which 
con ta in  po r t i ons  o f  t he  hazardous waste contents.  Pub l i c  oppos i t i on  t o  
hazardous waste i n c i n e r a t o r  opera t ion  has the re fo re  r e s u l t e d  (Ref. 24). 
The res idue from i n c i n e r a t i o n  must a l so  be disposed i n  most cases as a 
hazardous waste. These types o f  problems have i n  the  p a s t  r e s u l t e d  i n  
l i m i t e d  use o f  i n c i n e r a t i o n  as a hazardous waste t reatment  o p t i o n  and w i l l  
p robably  cont inue t o  do so i n  a t  l e a s t  the  near fu tu re .  

Near ly  any type o f  organic  waste can be i n c i n e r a t e d  w i th  
It should be 

It i s  somewhat d i f f i c u l t  t o  judge the  a p p l i c a b i l i t y  o f  "chemical t reatment" 
t o  de minimis waste d isposal ,  s ince a v a r i e t y  o f  d i f f e r e n t  chemical, phys ica l ,  
o r  b i o l o g i c a l  processes may be involved.  Most o f  t he  waste so t r e a t e d  
appears t o  c o n s i s t  o f  l i q u i d s ,  w h i l e  most o f  t he  "non- l iqu id"  waste so 
t r e a t e d  appears t o  c o n s i s t  o f  sludges. 
w i l l  c o n s i s t  o f  so l i ds .  I n  a d d i t i o n ,  from a rev iew o f  Table A-15, i t  would 
appear t h a t  most t reatment processes are geared t o  s p e c i f i c  types o f  wastes 
produced by s p e c i f i c  i n d u s t r i e s .  That i s ,  an operator  o f  a t reatment  f a c i l i t y  
would con t rac t  w i t h  a l i m i t e d  number o f  waste generators whose waste streams 
so t r e a t e d  w i l l  be: 
economical ly wor thwhi le  t o  t h e  t reatment  f a c i l i t y  operator ,  and (2) o f  a 
known and r e l a t i v e l y  un i fo rm composition. This l a t t e r  requirement would be 
a mat te r  o f  f a c i l i t y  sa fe ty .  The r e l a t i v e l y  small volumes o f  r a d i o a c t i v e  
de min imis  ma te r ia l  sent  t o  a hazardous waste t reatment /d isposal  f a c i l i t y  
would probably  be i n  i n s u f f i c i e n t  q u a n t i t y  t o  j u s t i f y  t reatment ,  and would 
probably  n o t  be considered compat ib le w i th  the  t reatment  process. Such de 
min imis  ma te r ia l s  would probably  be l a n d f i l l e d .  

Given the  above, i t  can be seen t h a t  almost a l l  s o l i d  de min imis  waste 
ma te r ia l  t rea ted  as a hazardous waste would probably be l a n d f i l l e d ,  w h i l e  
i t  i s  poss ib le  t h a t  a small f r a c t i o n  cou ld  be inc inera ted .  An assumption 
o f  90% l a n d f i l l  and 10% i n c i n e r a t i o n  would probably be conservat ive.  The 
conserva t ive ly  h igh  i n c i n e r a t i o n  f r a c t i o n  would tend t o  account f o r  poss ib le  
t reatment  o f  very small q u a n t i t i e s  o f  de minimis waste by chemical t reatment  
methods. 

Most de minimis m a t e r i a l ,  conversely,  

(1) i n  l a r g e  enough q u a n t i t i e s  t o  make such t reatment  

A remaining issue i s  t he  est imated gross composi t ion o f  " s o l i d "  hazardous 
wastes sent  t o  l a n d f i l l s .  Th is  est imate i s  as fo l lows:  

Waste Percent 

Combustibles 35 
Glass 5 
M e t a l l i c  waste 10 
Wet sludges '20 
Other ( inc ludes process wastes, ash, e tc . ) '  30 
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APPENDIX 6.. Resource Recovery 

The concepts of resource recovery are  manifested i n  various related f ie lds  of 
act ivi ty .  These concepts principally comprise: (a)  recovering materials from 
refuse i n  a re la t ively pure form suitable f o r  use as raw materials for  products 
similar t o  those discarded; ( b )  recovering materials tha t  because of t he i r  
previous application o r  contamination cannot be to t a l ly  reclaimed b u t  may be 
ut i l ized in lower grade applications; (c) changing, i n  form and substance, 
large portions of the waste into new products; and (d)  burning waste d i rec t ly  
t o  produce energy or  converting waste i n t o  a storable fuel such as o i l  or gas 
(Ref. 1). The main thrust of current resource recovery e f for t s  i s  directed a t  
the vast quantity of municipal and other sol id  waste material generated each 
year. 

Current resource recovery ac t iv i t i e s  can be separated into two general 
categories: 

(1) Materials Recovery: recovery of specif ic  materials for  reuse e i ther  
' i n  t he i r  existing form or some modified or derived form; and 

(2 )  Energy Recovery: conversion of the materials into a fuel or direct ly  
into energy. 

An example of the f i r s t  category of  ac t iv i ty  would include recovery and reuse 
of newspaper as a fibrous material --as newsprint, wall board bui  1 ding materi a1 s , 
or roofing materials. 
include converting the recovered newspaper i n t o  an energy source (e .g . ,  incin- 
erating the paper and recovering the heat energy). 

The remaining portion of  t h i s  appendix discusses the above two categories of 
resource rqcovery. 
addresses energy recovery. Section 6 .3  summarizes the principal resource 
recovery systems currently in operation, under construction, or planned. 

6 . 1  MATERIALS RECOVERY 

6.1.1 Introduction 

An example of the second category o f  ac t iv i ty  would 

Section B. 1 addresses materials recovery while Section B.,2 

I t  i s  apparent t ha t  much 0-f the waste materials currently being discarded are  
potentially recoverable, and there has been considerable in te res t  in the 
development of practical and economical materials recovery systems. The 
success of the various materials recovery e f fo r t s  has been quite variable; 
recovery e f for t s  have been extremely successful for  some materials and quite 
unsuccessful f o r  others. The potential market f o r  -recovery of useful materials 
is enormous, and an idea of the extent of the "existing" market (as of 1969-70) 
can be obtained by consulting Table 6-1 (Ref. 2) .  

Table 6-1 includes recycle by "in-house" and "out-of-house" methods. 
example of t h i s  dis t inct ion,  consider the recycle of ferrous metal. 
house source of recovered materials would be scrap from metal trimming or 

As an 
An in- 
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other process operations. However, i f  ferrous metal i s  recovered from 
municipal waste a t  a recyling center or from junked automobiles, then this 
would be an out-of-house waste source. 
a number of materials are  summarized i n  Table B-2 (Ref. 1). 

The trends in out-of-house recovery of 

Another concept i s  one of recycle by means of "source separation," i n  which 
portions of a waste stream are separated by ci t izens prior t o  disposal of the 
waste. Source separation accounts f o r  much i f  not most of the curren't o u t -  
of-house recycling of paper and glass waste. 
ac t iv i t i e s  do not provide much opportunity of recycle of de minimis waste 
materials, since regulations allowing disposal of waste by less  r e s t r i c t ive  
means may be written as t o  preclude source separation recycle of de minimis 
waste. The potential f o r  disposed waste entering the recycle stream would 
a r i s e  from recovery operations carried o u t  a t  a recycle center (e.g. , a t  a 
resource recovery faci 1 i ty).  

Source separation recycle 

. 

B.1.2 Recycle o f -  Specific Materials 

A number of materials may be potentially recycled, and tnese can be separated 
into s ix  major groups: metals, glass,  paper, p las t ics ,  wood, and t ex t i l e s .  

Table 8-2. , Trends in Material Recovery from Post-Cogsumer Municipal Waste, 
1971-1975, by Type of Material 

A 

Material recycled . 1971 1972 1973 1974 1975 
b Paper and paperboard 

% of gross paper and board discards 
A 1  uml num 
% of gross alutinum discards 
Ferrous metals 
% of gross ferrous discards 
G I  ass 
% of gross glass discards 
Rubber (including t i r e s  and other) 
% of gross rubber discards 

% of gross nonfood product waste 
% of total  post-consumer waste 

b 

Total materials 

7495 
15.9 
20 
2.4 
140 
1.3 
221 
1.8 
257 
8.9 

8075 
16.0 
30 
3.2. 
200 
1.4' 
273 
2.1 
245 
7.9 

8730 
16.5 
35 
3.4 
300 
2.4 
306 
2.3 
219 
6.8 

8430 
16.3 
52 
5.0 
400 
3.4 
327 
2.5 
194 
6.1 

6830 
15.5 
87 
8.7 
500 
4.4 
368 
2.7 
189 
6.9 

8133 8825 9590 9400 7975 
9.5 9.6 10.1 10.0 9.3 
6.1 6.2 6.7 6.5 5.9 

aIn thousands of tons. 
bMost metal and glass recovery i s  performed by source separation methods. 
'These estimates for  ferrous metal recycling are  highly inferential  and 
preliminary. There are no regularly collected s t a t i s t i c s  on t h i s  category. 
EPA estimates are based i n  par t  on work by the Resource Technology Corpora- 
t i o n  for  the American Iron and Steel In s t i t u t e  regarding magnetfc separation 
faci 1 i t i e s .  
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seventh group, which does not involve recycle so much as  u t i l i za t ion  of an 
otherwise waste material, consists. of "flyash" from coal power. plants  and 
incinerators.  In terms of de minimis waste disposal,  recycle of metals and 
glass  i s  of primary importance. 
recycling o r  source separation methods, and therefore afford l i t t l e  opportunity 
f o r  recycle of de minimis radioactive materials. 
and t e x t i l e s  is  almost t o t a l l y  performed by in-house methods. 
s i o n  of recycle a c t i v i t i e s  f o r  each of the above major groups follows. Informa- 
t i on  is  generally dated from the 1969-70 time frame (Ref. 2 ) ,  although Some 
updated data is  a lso available.  

Most paper recycling i s  performed by in-house 

A brief discus- 
Recycle of wood, p l a s t i c s ,  

Metals. Considerable recycling of metallic waste i s  already being performed. 
Recycling rates  for  in-house wastes in the metal processing industr ies  a re  
f a i r l y  high, and vary depending upon the degree t o  which the metals a re  used 
i n  composite materials. For example, clean s tee l  from metal trimming operations 
may be readily reused. However, galvanized s t e e l ,  which i s  a composite of s tee l  
and zinc, i s  not as  readily reused since i t  m u s t  be separated in to  components 
using a chemical process. Of the 131 million t o n s  of ferrous s tee l  produced in  
1970, about 25 million tons was generated by in-house recycle sources. 
25 million t o n s  represented about 100 percent of the in-house s tee l  waste 
produced by s teel  processing operations. The in-house recovery ra tes  fo r  o ther ,  
non-ferrous, metals i s  given in  Table 6-3  (Ref. 2) .  

T h i s  

Out-of-house recycle ra tes  fo r  ferrous metals i s  a lso s igni f icant ,  although 
i n  the past several years the market fo r  scrap metal has been depressed. As 
of about 1970, over 40 million tons of ferrous scrap metal was used i n  s tee l  
production. T h i s  recycle r a t e  was practically constant from the years 1955 t o  
1970, r i s ing  by about 8% over t h i s  period from 37 million tons t o  j u s t  over 40 
million t o n s ;  by contrast ,  t o t a l  s teel  production rose by about 15% during 
t h i s  time period. Much of this material recovery was performed pr ior  t o  
mixing w i t h  municipal refuse ( e .g . ,  recovery of junked automobiles). A t  
present,  about one-fourth of the scrap s teel  recycled originates from discarded 
automobiles (Ref. 1). In addition, something over 400,000 tons of shredded 

, 

Table 6-3. Non-Ferrous Metals In-House Recycl i n g  Rates 

1000 Tons of 
In-House Waste 

Recyc 1 ed 
Material (1969) 

Percent of 
In-House Waste 

(1969) 

A 1  umi num 855 100 
Copper 832 100 
Lead aa 100 
Zinc 141 . 68 

82 
100 

Nickel 
'Stainless steel 
Precious metal s (Troy ounces) 

32,000,000 93 
.540,000 90 

S i  lver 
P1 a t i  num 

17.7 
219.5 - 

Go1 d 1,350,000 90 . 
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t i n  cans were used i n  1970'in copper leaching operations in the.western s t a t e s  
(Ref. 2).  
United States and only about 2% were recovered (Ref. 1). 

In 1973, about 4 million tons  of s teel  cans were generated i n  the 

There are a number of reasons for t h i s  general depression i n  the scrap ferrous 
metal market, one of which i s  the current general depression i n  the overall 
s teel  industry i t s e l f .  Other factors include high transportation costs ,  
changes in methods of s teel  production, and r e s t r i c t ive  impurity reguirements. 
Contributing t o  the f i r s t  factor are f re ight  ra tes  s e t  by the In te rs ta te  
Commerce Commission which favor transport of virgin materials (ores) as opposed 
to  recycled items. 

The l a s t  two factors are technical in nature. Over the years, s teel  production . 
has shifted from open-hearth furnaces t o  basic oxygen furnaces. 
oxygen furnace produces s teel  in a much shorter processing time than does the 
open-hearth furnace. Since scrap metal contains contaminants and takes longer 
t o  melt in the furnace, 'the scrap metal p o r t i o n  of the furnace charge must be 
reduced. 

The basic 

A l s o  of significance i s  the f rag i le  metallurgy of s teel  production, which 
leads t o  res t r ic t ions  in the amounts of contaminants allowed in the smelted 
s tee l .  The use of different  types of metal as composites has increased over 
the years, w h i c h  reduces the marketability 6f recycled scrag. 0nly.a very 
small amount of extraneous material such as copper, t i n ,  or other non-ferrous 
metal i s  required to  significantly affect  the quali ty of s teel  produced accord- 
ing t o  existing manufacturing methods. For example, the t i n  coating on s teel  
cans reduces the duc t i l i t y  of the s teel  while the lead i n  the soldered seam of 
the cans tends t o  s i n k  t o  the bottom of the furnace and i n f i l t r a t e  the refract-  
ory material. This means tha t  recycled t i n  cans are  generally n o t  used for  
s teel  pfoduction b u t  a re  used almost exclusively i n  the copper industry for 
leaching operations. Use i n  leaching operations can account for  only a frac- 
t ion of the total  amount o f  t i n  cans produced each year, and consequently the 
market potential f o r  recycled s teel  cans i s  low. 

I t  i s  possible tha t  the market f o r  scrap metals could, l ike  the economy, r i s e  
in the future. More favorable f re ight  rates may be arranged. 
design, the e l ec t r i c  furnace, can accommodate a charge consisting to t a l ly  of 
ferrous scrap, although a t  pre'sent i t  accounts for  less  than 20% of the s tee l  
being produced. (The general s t a t e  of the economy, however, r e s t r i c t s  large 
capital  investments, and e lec t r ica l  costs'have also risen significantly over 
the l a s t  several years.) Newer metal cans are s ta r t ing  t o  be used which 
eliminate t i n  coatings. Alternatively, recovered cans may be p u t  through a 
detinning procedure although t h i s  adds an expense t o  the recyle process. 
Finally, the development of large metal shredders (e.g. ,  for  automobiles) 
enhances the a b i l i t y  t o  separate components of scrap materials containing 
different  types of metals, t h u s  increasing the value of the scrap. 

Most non-ferrous metals are recycled to  a greater degree than ferrous metals, 
which i s  mostly due t o  smaller existing supplies of ore. Table B-4 l i s t s  the 
out-of-house recycle amounts for  several non-ferrous metals for  the year 1969 
(Ref. 2 ) .  

A newer furnace 
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Table 8-4. Out-of-House Recovery o f  Non-Ferrous Metals 

Percent o f  
1000 Tons Non-In-House Scrap 

Mater i a1 Recycl ed Recycl ed 
A1 umi num 201 15 
Copper 657 40 
Lead 497 38 
Zinc 4 1  4 
Nickel  24.5 29 
Sta in less  s t e e l  158.5 76 
Precious metals (Troy ounces) - 
Go1 d 450,000 64 
S i  1 ver  43,000,000 65 
Plat inum 1,660,000 98 

Of i n t e r e s t  i s  t he  apparent low recyc le  ra tes  f o r  z inc,  n i c k e l ,  and aluminum. 
The low apparent r a t e  o f  z i n c  recovery i s  due t o  non-recoverable co r ros ion  o f  
galvanized s tee l  products,  and due the  f a c t  t h a t  much o f  t he  z i n c  t h a t  i s  
recovered i s  incorporated i n t o  brass products. 
n i cke l .  The low recovery r a t g f o r  aluminum i s  d i f f i c u l t  t o  exp la in ,  s ince  
there  i s  l i t t l e  o r  no problem w i t h  contaminat ion of aluminum by o the r  meta ls  
and the  energy requirements t o  produce an aluminum i n g o t  a re  much smal le r  f o r  
scrap metal than f o r  baux i te  ore. C e r t a i n l y  one of t h e  reasons i s  t he  exten- 
s i v e  use o f  aluminum i n  throw away packaging. Such a use makes aluminum 
recovery much more d i f f i c u l t ,  s ince the  d i sca rd  ma te r ia l  i s  very  d i f f u s e l y  
mixed w i t h  l a rge  volumes o f  municipal  waste. Some progress has been made, 
however, through the  use o f  canJand o ther  forms o f  c lean aluminum scrap) 
rec lamat ion centers.  Recovery o f  aluminum cans t o t a l e d  2,000 tons i n  1970, 
19,000 tons i n  1971, and 28,000 tons i n  1972 (18% o f  t h e  t o t a l  number o f  
aluminum cans produced i n  1972) (Ref. 2). 
t he  approximately 1 m i l l i o n  tons o f  aluminum cans, aluminum f o i l ,  and 
aluminum scrap i n  discarded automobiles i s  be ing recovered, a l though some 
a1 umi num can recyc l  i ng operat ions have claimed 15-20% recovery i n some urban 
areas (Ref. 1). Much a d d i t i o n a l  in fo rmat ion  on aluminum r e c y c l e  i s  a v a i l a b l e  
i n  Reference 3. 

A s i m i l a r  $ i t u a t i o n  e x i s t s  f o r  

Cur ren t ly ,  o n l y  about 4% o f  

- Glass. 
country  and i s  expanding. 
(except beverage conta iners)  t o t a l e d  5.1 m i l l i o n  tons i n  1958, 4.9 m i l l i o n  
tons i n  1971, and 6.6 m i l l i o n  tons i n  1980. Consumption o f  g lass  i n  beverage 
conta iners t o t a l e d  6.2 m i l l i o n  tons i n  1972 (Ref. 6). I n  1981, p roduc t ion  o f  
a l l  types o f  g lass conta iners  t o t a l e d  13.3 m i l l i o n  tons, o f  which about 8.5 
m i l l i o n  tons was beverage conta iners (Ref. 7). 
a l so  used f o r  many o the r  app l i ca t i ons  such as windows o r  g lass  foam (Ref. 6). 

The manufacture o f  g lass and g lass products i s  q u i t e  extens ive in-  t h i s  
For example, the  consumption o f  g lass  f o r  packaging 

M i l l i o n s  o f  tons o f  g lass.were 

As o f  about 1970, about 5% o f  a l l  the  g lass annual ly  produced i n  the  Un i ted  
States o r i g i n a t e d  from recyc led  mater ia l .  0 P r a c t i c a l l y  a l l  o f  t h i s  recyc led  
scrap o r i g i n a t e d  as c lean in-house scrap g lass ( " c u l l e t " )  from two major 
sources: 
o f  t he  c u l l e t  o r i g i n a t i n g  from b o t t l e  r e c y c l i n g  i s  due t o  in-house breakage 

b o t t l e  r e c y c l i n g  and manufacturing o f  sheet and p l a t e  g lass.  Most 
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and other waste from breweries, da i r ies ,  s o f t  drink plants ,  and other bottl ing 
f a c i l i t i e s .  Most of the sheet and plate  glass waste comes from various indus- 
t r i a l  operations such as manufacture of windows, doors, and automobile window 
glass. Recycled cu l le t  melts a t  a much lower temperature than do the virgin 
materials used in glass manufacture, and so glass manufacturers are  eager t o  
obtain sources of high quali ty cu l l e t .  The problem for  glass recycle activ- 
i t i e s  a r i ses  in the phrase "high quality." Purity standards for  recycled 
cu l l e t  are f a i r ly  high and while these standards may be easi ly  met by in-house 
sources such as a wiidow manufacturer, they are s ignif icant ly  harder t o  meet 
by out-of-house sources such as a recycle center f o r  municipal waste. 

For maximum marketability, cu l l e t  should be clean, no greater than a specified 
small s i ze ,  and colorless (termed " f l i n t "  cu l le t ) .  The market value of the 
recycled cu l l e t  drops dramatically when any of the three c r i t e r i a  are n o t  met. 
The presence of contaminants weakens the strength of the glass ,  and a small 
par t ic le  s ize  i s  needed t o  allow rapid dissolution. For maximum value, cu l l e t  
should not exceed one par t ic le  above 20 mesh i n  18 kg of glass. There i s  also 
a minimum size specification (Ref. 4) .  Colorless glass accounts f o r  60-70% of 
the to ta l  glass produced (Ref. 4 ) ,  and only a small percentage of brown or 
green glass can ruin the color of an en t i re  batch of new clear  glass.  .There- 
fore ,  c lear  glass must be separated from colored glass by a s ignif icant  amount, 
o r  e.lse the market value of the clear  glass i s  s ignif icant ly  reduced t o  tha t  
of colored glass. 

. Another problem i s  that  available glass separation processes seem t o  be rela- 
t ive ly  ineff ic ient  and also seem t o  work a t  cross purposes to  the three c r i t e r i a  
discussed above. 
cost ly) ,  prone t o  e r ror ,  and require large cu l l e t  sizes.  Optical sorting 
systems appear t o  be more or less successful a t  separating glass of different  
colors,  b u t  require a mixed glass feed which contains few impurities other 

i than glass. In addition, coarse cu l l e t  sizes are required for  e f f ic ien t  use, 
which mitigates against achieving the s ize  c r i t e r i a .  In addition, b o t h  hand 
and optical sorting systems would s t i l l  require washing. Froth f lotat ion 
systems operate best using small cu l l e t  sizes and wash the cu l l e t  as par t  of 
operation, b u t  cannot separate by color. O f  course, a combination of methods 
could be used t o  achieve the highest quality cu l l e t ,  b u t  t h i s  adds expense. 
(The various glass separation processes are discussed i n  more detail  in 
Section B. 1.3. ) 

Given the d i f f icu l ty  of achieving h i g h  quality cu l l e t  by out-of-house recovery 
techniques, research has been devoted t o  finding al ternat ive uses f o r  low 
quality cu l le t .  
(rocks, ceramics, brick, bone, e t c . )  and use as a road f i l l ,  or include the 
material in an asphalt mix t o  produce ' 'glassphalt." 
include formed glass structural  products, rock wool, t i l e s ,  wall panels, foam 
insulations,  or slurry seals  for  roads (Refs. 2 ,  4) .  

Hand sorting methods are  slow, labor intensive (and therefore 

One possible use i s  t o  mix the cu l l e t  w i t h  other inorganics 

Other possible uses 

Currently, about 13 million tons (12 million metric tons) of glass i s  discarded 
annually of which only about 3% i s  recovered (Ref. 1). 
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Paper. 
were recycled, and of t h i s  total  approximately 1.7 million tons were in-house 
wastes. These in-house wastes include wastes from cut t ing,  trimming, and 
processing operations in printing houses, envelope plants ,  and card plants ,  
and from overruns i n  the newspaper industry. About 90% of a l l  in-house paper 
wastes are recovered and recycled (Ref. 2) .  

In 1969, approximately 11.4 million tons of paper and board-wastes 

Paper recycled from out-of-house sources i s  generally done through source 
separation methods since,  l ike in-house recycle sources, source separation 
provides the greatest  likelihood of achieving a re la t ively uncontaminated 
recycle product. Once a paper waste stream i s  mixed with other municipal 
solid wastes, the d i f f icu l ty  of separation from the other materials combined 
w i t h  the inherent high levels of contamination discourage recycle a c t i v i t i e s .  
A more l ikely recovery scenario for  paper mixed with other wastes would be 
incineration combined with heat recovery. 

Even given a clean recycle stream, recycled paper requires a considerable 
amount of processing for  i t  t o  be reused. For example, recycled newsprint 
must be separated from the other refuse, shredded, physically and chemically 
manjpulated to  separate individual f ibers ,  deinked, and then returned t o  a 
paper mill.  Since the recycle processing operations tend t o  weaken the paper 
f ibers ,  recycled paper i s  of infer ior  grade and i s  generally used in applica- 
tions where strength,  uniform thickness, and color are  n o t  as important con- 
siderations ( e .g . ,  paperboard, roofing materials, some greeting cards). 

Most of the out-of-house paper recycle a c t i v i t i e s  involve industrial  sources, 
although i n  recent years there has been some in te res t  in separating and recy- 
cling paper’ from municipal sources--particularly regarding recycling of news- 
print .  Such a c t i v i t i e s ,  however, are  generally focused in large metropolitan 
areas, where there may suff ic ient  supplies of used newsprint and other paper 
products t o  support deinking and reprocessing mills. 
favor transport of virgin pulp materials rather than transport of recycled 

- 
Current f re ight  ra tes  

Pulp. 

Plastics.  
in-house act ivi ty .  

‘ i t  i s  pract ical ly  impossible t o  recycle i t .  To i l l u s t r a t e ,  consider t ha t  i n  
1979, about 18 b i l l ion  pounds of various types of p las t ic  items were produced 
in the United States.  About 3.5 bi l l ion pounds of t h i s  p las t ic  were l o s t  as 
scrap during manufacturing and processing, of which about 2.5 b i l l i on  pounds 
were recovered and recycled. 
p las t ic  scrap was disposed as solid waste. 
pounds of p las t ic  was also probably disposed as solid waste (Ref. 2).  

Almost a l l  of the p las t ic  waste tha t  i s  recycled does so  as an 
Once the p las t ic  material i s  released for  use by consumers, 

The remaining 1 bi l l ion  pounds of in-house 
Most of the remaining 14.5 b i l l i on  

Significant additional out-of-house recycle of p las t ic  material i s  not l ike ly  
t o  happen soon. 
t h i n  films or bubble packages. The material i s  f r ag i l e ,  f lex ib le ,  has a 
very low density, and i s  generally mixed or contaminated w i t h  other organic 
materials such as food or paper. 
from other waste materials. Even i f  i t  could be separated economically, the 
low density of the p las t ic  material can resu l t  in prohibitive transportation 
costs for  the separated scrap. In addition, p las t ics  are constructed of a 
variety of d i f fe ren t  formulations and combinations of hydrocarbons, and 

Much of the p las t ic  consists of packaging materials such as 

’ Plast ics  are  t h u s  very d i f f i c u l t  t o  separate 

_- _._ 
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reb lend ing  a l l  t he  d i f f e r e n t  p l a s t i c  types has proven t o  be d i f f i c u l t .  It i s  
poss ib le  t h a t  recyc le  and reuse cou ld  be made o f  food conta iners  such as m i l k  
containers,  a l though the re  i s  a much g rea te r  contamination problem w i t h  recyc led  
p l a s t i c . t h a n  w i t h  ma te r ia l s  such as glass. 

- Wood. In-house recovery o f  wood products i s  already very extensive.  I n  the  
past,  much o f  t h e  lumber m i l l  wastes (sawdust, wood chips,  bark  s labs, e tc . )  . 
were i nc ine ra ted ,  although c u r r e n t l y  such m i  11 wastes are  q u i t e  o f t e n  converted 
i n t o  paper pulp. About a q u a r t e r - o f  t h e  paper pu lp  generated each year  i n  the  
Un i ted  States org ina tes  from waste f r o m  wood processing operat ions (Ref. 2). 

Out-of-house r e c y l e  o f  wood i s  r e l a t i v e l y  i n s i g n i f i c a n t .  
and reused from demo l i t i on  operat ions,  and a very small f r a c t i o n  i s  recovered 
from municipal  waste and used i n  p u l p i n g  operations. Out-of-house recovery o f  
wood i s  l i k e l y  t o  remain a t  i n s i g n i f i c a n t  l e v e l s ,  w i t h  the  poss ib le  except ion 
as a component o f  a re fuse  der ived  f u e l .  

Some wood i s  recovered 

T e x t i l e s .  
generated i n  the  United States, o f  which about a t h i r d  was in-house waste 
produced .dur ing c l o t h  manufacture. 
and used as w ip ing  rags, f i b e r  i n  high-grade paper, padding and b a t t i n g ,  and 
f i b e r  i n  r o o f i n g  ma te r ia l s  (Ref. 2). 

As o f  about 1970, over 3 m i l l i o n  tons o f  t e x t i l e  wastes were annua l ly  

About 30% o f  t he  in-house waste. was recyc led  
. 

Out-of-house r e c y c l i n g  o f  t e x t i l e  wastes amounted t o  about one m i l l i o n  tons 
pe r  year,, p r i n c i p a l l y  f r o m  source separa t ion  a c t i v i t i e s  a t  i n d u s t r i a l  f i r m s .  
Most such recyc led  waste i s  used as i n d u s t r i a l  w ip ing  ma te r ia l s .  

Flyash. 
c o a l - f i r e d  power s ta t i ons ,  t i n y  p a r t i c u l a t e s  are generated which are  c a r r i e d  
along w i t h  t h e  escaping combustion gasses. 
p a r t i c l e s  o f  soot, c inders,  dust ,  ashes, and miscellaneous p a r t i a l l y  burned 
ma te r ia l s ,  and are  c o l l e c t i v e l y  r e f e r r e d  t o  as " f l yash . "  
f l yash  p a r t i c l e s  w i l l  vary, b u t  can t y p i c a l l y  range from about 9 t o  120 microns 
i n  diameter (Ref. 2). Flyash p a r t i c l e s  w i l l  be removed from t h e  combustion 
gasses p r i o r  t o  discharge through t h e  p l a n t  chimney according t o  t h e  removal 
e f f i c i e n c y  o f  t he  p a r t i c u l a r  a i rbo rne  e f f l u e n t  treatment system i n s t a l l e d  a t  
t h e  power p l a n t  o r  i n c i n e r a t o r .  Such e f f l u e n t  removal systems o f t e n  c o n s i s t  
o f  e l e c t r o s t a t i c  c o l l e c t o r s  o r  f i l t e r s .  

As p a r t  o f  t he  combustion process a t  municipal waste i n c i n e r a t o r s  and 

These p a r t i c u l a t e s  c o n s i s t  o f  t i n y  

The s izes  o f  t he  

Most f l y a s h  i s  generated as a r e s u l t  o f  combustion o f  coa l ,  and i n  1980 about 
36 m i l l i o n  tons o f  f l y a s h  were generated as a r e s u l t  o f  consumption o f  about 
480 m i l l i o n  tons o f  coal .  
t he  ash t o  an on -s i t e  s e t t l i n g  pond o r  by cond i t i on ing  the  ash w i t h  up t o  
20% water and t r a n s p o r t i n g  i t  t o  an o f f - s i t e  land disposal  area. A small 
f rac t ion- -about  10%-,-was placed t o  some use. An idea o f  t he  types o f  uses 
t o  which f l y a s h  may be p u t  t o  i s  presented i n  Table 8-5, which l i s t s  the  
r e s u l t s  o f  a survey of .coa1 f l y a s h  generat ion and u t i l i z a t i o n  f o r  t h e  year  
1969 (Ref. 3). The s i g n i f i c a n t  aspect i n  te rms  o f  t h i s  paper i s  t h a t  almost 
a l l  uses i nvo l ved  b ind ing  t h e  f l y a s h  w i t h  a s o l i d  ma t r i x  such as cement o r  
asphal t .  Th is  would i n d i c a t e  t h a t  use o f  f l yash . f rom municipal  i n c i n e r a t o r s  
burn ing  de minimis q u a n t i t i e s  ,o f  r a d i o a c t i v e  waste would notr be expected t o  
be a s i g n i f i c a n t  environmental pathway f o r  human exposures. 

Most o f  t h i s  f l y a s h  was disposed by e i t h e r  s l u r r y i n g  
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Table 6-5. Flyash Generation and Use for 1969 

Tons 
Generati on: 21,091,406 
Use*: 
o Mixed with cement clinker or cement (pozzolan cement), 40,701 
o Mixed with raw material before forming cement clinker 132,226 
o Partial replacement of cement in: 

a. Concrete products 170,450 
b. Structural concrete 176,788 
c. Dams and other mass concrete 161,874 

o Stabilizer for road bases, parking areas, etc. 148,193 
o Lightweight aggregate 263,564 
o Fill material for roads, construction sites, etc. 203,100 
o Filler in asphalt mix 110,829 
o Miscellaneous (oil well cementing, grouting, mine fire 

and subsidence control, etc. 235,732 
Total used: 1,643,457 

*In addition, 284,036 tons were otherwise removed from plant sites at no 
cost to the utility. 

6.1.3 Methods and Equipment for Separation 

The following is a brief discussion of equipment and methodology used for 
separating waste into recyclable components. The emphasis is on separation at 
a centralized facility rather than source separation activities, since regula- 
tions can easily preclude disposal of de minimis waste through source separa- 
tion recycle channels. The potential for de minimis waste disposed into mixed 
municipal waste being recycled through a centralized resource recovery facility 
needs, however,.to be considered. I 

Concepts. 
tions is the large number of variations on the extent of activities, effici- 
encies of operations, process flow sheets, and possible equipment and method- 
ologies. 
very limited, and utilized only as an adjunct to other activities. 
Conversely, recycle activities could be potentially very extensive. 

An example of the former could be a municipal ‘incinerator in which large metal 
items are occasionally removed from input waste prior to feeding’the waste 
into the incinerator. The metal items are removed to avoid damage to the 
incinerator, and are subsequently recycled merely as a means of slightly 
reducing the costs of separating and disposing of the material. 
the latter is a complex recovery facility which separates and sells scrap 
metal and glass as’an ongoing process. 
exist today only on paper.) 
the efficiency to which the materials are recovered are highly variable depending 
upon individual facility designs, operating practices, and the principal focus 
of the process operation. 

One of the striking aspects of resource recovery and recycle opera- 

Resource recovery operations at a given facility may be possibly 

An example of 

(Most such complex recycle facilities 
Obviously, the types of materials recovered and 



Recycle a c t i v i t i e s  may be d i f f e r e n t i a t e d  i n  t h e  use t o  which the  remaining 
waste ma te r ia l  i s  p u t  t o  a f t e r  the  recyc lab le  ma te r ia l  i s  removed. . For example, 
a f a c i l i t y  may remove metal and g lass streams from municipal  waste and then , 

dispose of t he  remainder. 
s ince the  s i z e  reduc t ion  a c t i v i t y  increases the  d isposal  e f f i c i e n c y  o f  t he  
waste and thus reduces l a n d f i l l  requirements. Por t ions  o f  t he  waste may o r  
may no t  be bemoved f o r  recyc le.  
ntay a l so  be c a r r i e d  ou t  a t  the l a n d f i l l .  

Most o f  the  l a t e r  designs f o r  recyc le  f a c i l i t i e s  a re  centered around a pro-  
cessing opera t ion  f o r  t he  organic f r a c t i o n  o f  t he  waste. Such a processing' 
opera t ion  may be composting, pu lp ing,  o r  p y r o l y s i s  ( t o  produce an organic  
f u e l ) ,  b u t  i s  genera l l y  i n c i n e r a t i o n  a t  a moderate temperature. ,Such i n c i n -  
e r a t i o n  may o r  may no t  be accompanied by recovery o f  the  heat energy f o r  uses 
such as process heat o r  e l e c t r i c i t y .  Systems designed t o  recover recyc le  
ma te r ia l s  f o l l o w i n g  the  processing opera t ion  are  termed "back-end" systems, 
and an example i s  the  Chicago Northwest I n c i n e r a t o r  which recovers t i n  cans 
from ash and o ther  res idue f o l l o w i n g  combustion (Ref. 2). The market value 
f o r  the  ma te r ia l s  recovered us ing back-end systems i s  f requen t l y  low, s ince 
thermal processing can increase the  d i f f i c u l t y  o f  removing contaminants from 
recyc led  mater ia ls .  Systems designed t o  recover ma te r ia l  p r i o r  t o  the  pro-  
cessing opera t ion  are  termed "head-end" systems, and most o f  t he  design and 
development work on recyc le  operat ions has been concentrated on head-end 
systems. Ma te r ia l  recovery w i t h  head-end systems i s  r e l a t i v e l y  i n e f f i c i e n t ,  
and there  has been some i n t e r e s t  i n  combined systems, al though i t  may be 
u n l f k e l y  t h a t  the  increased recovery e f f i c i e n c y  w i l l  o f f s e t  t he  a d d i t i o n a l  

O r ,  a community may send i t s  waste through a shredder, 

Some manner o f  l i m i t e d  rec lamat ion a c t i v i t y  

I c a p i t a l  and opera t ing  costs. 

Separation techniques and equipment. 
ma te r ia l s  from re fuse  i s  by hand so r t i nq .  Hand s o r t i n g  has been t r a d i t i o n a l l y  

The most bas ic  means o f  separat ing 

used i n  the pas t  and w i l l  probably cont inue t o  be used-at l e a s t  t o  some ex ten t  
i n  the  fu tu re ,  i f  on ly  as a means o f  separat ing large,  bu lky  i tems (e.g., 
mattresses, appl iances) from s o l i d  waste p r i o r  t o  f u r t h e r  processing. 
s o r t i n g  s u f f e r s  from a number o f  drawbacks, however, and i s  very  u n l i k e l y  t o  
be used f o r  the  b u l k  o f  f u t u r e  recyc le  a c t i v i t i e s .  
b i l i t y  o f  human e r r o r  which works aga ins t  achiev ing a pure recyc le  product  
stream. 
moderate t o  l a rge  s ize.  
uneconomical. 
per  t o n  o f  sor ted  refuse,  and wage scales i n  ,the Uni ted States are  genera l l y  
too  h igh  t o  economical ly produce a recyc led  product  which genera l l y  can be 
so ld  a t  on ly  the lowest q u a l i t y  u n i t  , ra tes (Refs. 2,,  5). 

Given a most ly  mechanical recyc le  operat ion,  then, the- f i r s t  s tep i s  t o  t rans-  
form the  heterogeneous mixture o f  odds and ends t h a t  charac ter ize  munic ipa l  
waste i n t o  a more homogeneous mass. 
machinery which has been designed t o  separate ma te r ia l s  i s  der ived ' f rom 
machinery used t o  process minerals,  and such machinery i s  designed t o  operate 
w i t h  most ly  homogenous mixtures.  

Hand 

One drawback i s  t h e  poss i -  

Another drawback i s  t h a t  hand s o r t i n g  i s  l i m i t e d  t o  pieces o f  a 
The l a r g e s t  drawback i s  probably t h a t  i t  i s  j u s t  p l a i n  

Hand s o r t i n g  o f  re fuse  requ i res  approximately 1% t o  2% man-hours 

This  i s  p r i n c i p a l l y  because most o f  the  
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In practice, this end is accomplished by sending the refuse through a size 
reduction step prior to the separations operations. 
has additional benefits if the organic fraction is to be composted or thermally 
decomposed (e.g., in the case of incineration, excess air requirements are 
reduced, grate sizes are reduced, and combustion is improved). There are a 
number of techniques by which size reduction can be accomplished, and Table 8-6 
lists sevepal such equipment types along with their potential application to 
municipal solid waste (Ref. 2). 

By far, the most common type of equipment proposed or used for solid waste 
size reduction is the hammermill, although use of shredders, rasp mills, and 
wet pulpers have also been attempted. 
illustrated in Figure 6.1. 
which is turned, moving the hammers in an arc. 

The size reduction step 

Operation of a typical hammermill is 
Basically, hammers are fixed to a roter shaft 

Blocks or other obstacles 

Table 8-6. .Current Size Reduction Equipment and Potential Applications 
to Municipal Solid Waste 

Potential Application to 
Basic Types .Vari at i ons Municipal Solid Waste 

Crushers .Impact 

Jaw, roll, and 
gyrating 

Case disintegrators 

Shears 

Shredders, cutters, 
and c.1 i ppers 

Multi-cage or 
single-cage 

-.Multi-blade or 
' single-blade 

P i.e.rce- and- tear type 

Cutting type 

Rasp mi 1.1 s and, drum 
pulverizers 

3 

Disk mi1,ls Sing 
disk 

e or multiple 

Wet pulpers 

Hammermi 9 1  s 

Single or multiple 
disk 

Direct application as a form 
hammermill. 

As a primary or 'parallel 
operation on brittle or 
friable material. 

As a parallel operation on 
brittle or friable mater- 
ial. 

As a primary operation on 
wood or ductile materials. 

Direct as hammermill with 
meshing shredding members, 
or parallel operation on 
paper and boxboard. 

Parallel on yard waste, paper 
boxboard, wood, or plastics. 

Direct on moistened municipal 
solid waste; also as bulky 
item sorter for parallel 
line operations. 

Parallel operation on certain 
municipal solid waste frac- 
tions for special recovery 
treatment: 

Second operati on on pul pabl e 
material. 

Direct application or in 
tandem with other types. 

I 
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BETWEEN HAMMERS 

BREAKER PLATE . 

PIVOTED HAMMERS 
CAN SWING BACK ' 

GRINDING OCCURS 
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AND GRATES 

Figure B . l  Operation of a Typical Hammermill * 

Solid-Waste Flow 

Rotary Aclion . 

Figure 8.2 Operation of a Typical Wet Pulper 

8-13 . 



(anvils)  are  positioned on the inner surfaces of a surrounding cylinder, so 
tha t  the waste material i s  caught between the hammers and the anvils.  Hammer- 
mills can be very e f f ic ien t  mechanisms for  s ize  reduction of municipal waste, 
b u t  generally require considerable maintenace. 
mills  and other dry s i ze  reduction systems i s  tha t  the sparks generated by 
s t r ik ing  hammers have occasionally been a source of i gn i t i on ' fo r  detonation of 
potentially explosive waste materials (such as a discarded can of gasoline). 

Another disadvantage of hammer- 

An example of a wet s ize  reduction system i s  a hydropulper (or  wet pulper), 
which i s  used as par t  of resource recovery systems designed around recovery of 
the organicrfraction of the waste as a paper f iber .  A typical wet pulper, 
which i s  i l lus t ra ted  i n  Figure B.2 (Ref. l), operates much l ike  an oversized 

.kitchen disposal unit. A large tank i s . f i l l e d  w i t h  water which i s  swirled 
into a vortex using a spinning impeller located a t  the bottom of the tank. 
Waste poured i n t o  the tank i s  swept down the vortex and the.organic f ract ion 
disintegrated into a fibrous s l  urry. 
holes i n  the bottom of the pulper, while inorganic materials such as cans or  
bot t les  are broken up by the sharp edges of the impeller and expelled tangen- 
t i a l l y .  A pretreatment step i s  required t o  remove large objects ( furni ture ,  
white goods, t i r e s ,  e tc . )  pr ior  t o  feeding the waste t o  the pulper. 

The pulped materi a1 i s  discharged through 

Once a f a i r l y  uniformly sized feed i s  produced, there a re  a number of poten- 
t i a l  techniques for  component separation. These include the following: 

o par t ic le  s ize  
o specific gravity (density) 
o magnetism 
o electr ical  conductivity 
o color (optical techniques) 
o chemical separation. 

Separation by par t ic le  s ize  i s  one of the simpler methods of materials separa- 
t i o n .  I t  has proven t o  be moderately effect ive for separation of municipal 
waste basically because the materials t o  be separated d i f f e r  i n  terms of 
physical properties such as duc t i l i t y ,  and s ize  reduction equipment such as 
hammermills tend t o  leave d i f fe ren t  materials i n  d i f fe ren t  pa r t i c l e  s ize  
ranges. 
the equipment used i s  simple t o  construct and operate. 
of equipment i s  the vibrating screen, which can be used i n  e i t he r  a wet or  dry 
mode of operation. 
success. 

Materials separation by density is  very commonly used i n  the mineral industry, 
and various techniques based upon density differences have been devised fo r  
various types of recyclable materials. These techniques include f lo t a t ion ,  
dense media separators, vibrating tables;  j igs,  dry a i r  stream c l a s s i f i e r s ,  
and ine r t i a l  separators. In f lo ta t ion  techniques, waste pa r t i c l e s  a re  
suspended in a l iquid through which a i r  i s  bubbled. Lighter waste par t ic les  
are carried upward w i t h  the a i r  bubbles and are collected using a weir over- 
flow or  by racking and screening techniques. 
for  separating small glass par t ic les  from other material. 

Although suitable generally for  only a course degree of separation, q 

The most common piece 

Spiral k lass i f ica t ion  units have also been used w i t h  l ess  

Flotation techniques a re  useful 
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Dense media techniques operate by suspending the waste material pieces in a . 
liquid; heavier pieces tend to sink to the bottom while lighter materials tend 
to rise. 
by mixing water with solid particles such as magnetite or ferrosilicon. Den- 
sity separation techniques are useful for separation of metals. 

Vibrating tables can also be used. One type, known as a "stoner," is an 
inclined horizontal table which is shaken sideways, with a high speed in one 
direction and a slower speed in the reverse. Separation is accomplished via 
differences in the relat.ive inertias of heavy and light particles. 
type, known as a "Wifley" table, is also an inclined horizontal table but has 
a series of small ridges running longitudinally along the table surface. Water 
flowing across the table carries lighter materials up and over the longitudinal 
ridges, while the heavier materials tend to collect against the ridges. A jig 
acts by producing a pulse of water up through aecollection of waste particles. 
Particles tend to separate as the lighter particles are carried to higher . 
levels in the water than the heavier particles. 

Separation is controlled by varying the density of the liquids--e.g., 

Another 

Air classifiers are most commonly used for separating shredded paper from 
other materials. Waste is dropped into a chute and into a stream of air. 
lighter paper products tend to fly out of the top of the chute while the 
heavier materials drop to the bottom of the chute. 

Magnetic separators are very extensively used for recovery of ferrous metals. 
Large electromagnets are a common sight in scrap yards and are suitable for 
separating very large metallic pieces from raw refuse. 
can also be easily adapted to separating small metallic pieces and fines once 
the refuse is reduced in size. 
differences in electrical conductivity of differentsmaterials by creating eddy 
currents within the particles. Electrical conductivity separation techniques 
are sti 1 1  largely experimental , however. . 

The 

Electromagnetic systems 

A somewhat related technique is to use the 

Sorting by optical techniques (color) has long been practiced in the mineral 
industry to color sort diamonds, and have also been used in the food and 
agriculture industries (e.g.-, to sort kernels of corn). Color sorting tech- 
niques appear to be particurlarly useful to sort colored glass from flint glass 
particles. However, the glass particles must be completely dry t o  achieve 
efficient operation. 
expensive. 

Chemical separation techniques are also possible. 
combustion, in which a waste stream is incinerated and then the non-combustible 
items (e.g., metals) can be separated from the ash. 
nique for removing gross impurities from complex metallic shapes such as 
plastics from junked automobile bodies. 
tin cans from incinerator ash as discussed above for the Chicago Northwest 
Incinerator. 

B. 1.4 Materials Recovery Systems 

In addition the equipment required is sophisticated and 

Such techFiques can include 

It is useful as a tech- 

Another example is the separation of 

As-mentioned earlier, most materials recovery systems have been designed as an 
adjunct to a processing operation for the organic fraction of the input waste 
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stream. 
genera l l y  a very s i zab le  f r a c t i o n  o f  the  i n p u t  waste stream (g rea te r  than 50% 
by weight) ,  and economics d i c t a t e  t h a t  some form o f  recovery must be performed 
on t h i s  organic  f r a c t i o n .  It i s  very u n l i k e l y  t h a t  any resource recovery 
opera t ion  t h a t  recovers o n l y  the  inorgan ic  f r a c t i o n ,  d ispos ing  o f  t he  organ ic  
f r a c t i o n  by convent ional  means such'as l a n d f i l l  d isposal  o r  i n c i n e r a t i o n ,  
cou ld  recover s u f f i c i e n t  income t o  pay f o r  i t s e l f .  

Th is  i s  because the  organic  f r a c t i o n  o f  the i n p u t  waste stream i s  

I 

Most such organic  ma te r ia l s  processing operat ions i n v o l v e  energy recovery,  and 
severa l  t y p i c a l  energy recovery system designs are discussed i n  Sec t ion  8.2. 
Th is  sec t ion ,  however, w i l l  concentrate on some t y p i c a l  systems designed 
around mate r ia l s  recovery o f  t h e  inorgan ic  f r a c t i o n .  These systems inc lude  
composting o r  recovery o f  paper f i b e r s .  

Composting. Composting i s  p r i m a r i l y  a method o f  supp ly ing  humus t o  s o i l  by 
conver t ing  organic ma te r ia l  i n t o  a dessicated, non-odor i ferous form through 
b a c t e r i a l  ac t ion .  A product  i s  produced which can be s o l d  as a s o i l  condi-  
t i o n e r .  It has proven t o  be considerably  more popu lar  i n  Europe than i n  t h e  
Un i ted  States,  and w h i l e  a number o f  processes have been developed and demon- 
s t ra ted ,  most o f  t he  composting p l a n t s  es tab l i shed i n  t h e  Un i ted  States over 
t h e  pas t  20 years have closed. This  i s  because the  composting process i s  
q u i t e  expensive when compared w i t h  o the r  s o l i d  waste d isposa l  methods, and 
the re  are  a number o f  economical a l t e r n a t i v e s  t o  use o f  compost as a s o i l  
cond i t i one r .  Thus, there  i s  a l a c k  of an adequate market f o r  t h e  process 
product.  

One o f  the  f e w  successful  composting f a c i l i t i e s  i n  t h e  Un i ted  States i s  t h e  
p l a n t  i n  Altoona,'Pennsylvania, which has handled refuse d isposal  f o r  t he  c i t y  
cont inuous ly  s ince 1960 a t  an average r a t e  o f  about 25 tons per  day. As o f  
1980, the  Al toona p l a n t  was the  on ly  composting f a c i l i t y  ope ra t i ng  on a r e g u l a r  
bas i s  (Refs. 1, 2). 

The Al toona p l a n t  uses a Fa i r f i e ld -Hardy  composting system s i m i l a r  t o  the  
system i l l u s t r a t e d  as F igure  8 . 3 .  
most o f  the  inorgan ic  f r a c t i o n  has been removed. 
t h e  waste, and then the  shredded mate r ia l  i s  conveyed t o  a fe r rous  metal 
separator.  The remaining ma te r ia l  then undergoes a secondary s i z e  reduc t i on  
process us ing  a wet pu lper ,  and i s  t r a n s f e r r e d  i n  a mo is t  form t o  a d i g e s t e r  
which i s  37 f t .  i n  diameter and 10 f t  deep. 
i t s  per imeter  and i s  mixed as i t  s lowly  moves t o  t h e  d ischarge p o i n t  a t  t h e  
center  (an average r e t e n t i o n  t ime i s  4 t o  5 days). The d iges ted  compost i s  
sent  through a v i b r a t i n g  screen t o  remove p l a s t i c s  and i s  then d r i e d  and 
s tored.  Add i t iona l  separat ion processes are  then genera l l y  c a r r i e d  ou t  
(dens i ty  separators,  screens) t o  remove g lass and o the r  f i n e  m a t e r i a l s  p r i o r  
t o  packaging the  compost f o r  shipment. 
week and i s  operated by 5 men and a superv isor  (Ref. 2). 

The feed i s  munic ipa l  re fuse  from which 
A hammermill f i r s t  shreds 

The waste en ters  t h e  d i g e s t e r  on 

The Al toona p l a n t  operates 5 days pe r  

Only about 32-34% o f  t h e  25 tons o f  s o l i d  waste processed pe r  day i s  conver ted 
t o  compost. However, f e r rous  metals recovered as p a r t  o f  t he  process are  s o l d  
as scrap; Recovery o f  g lass as a g lass product  i s  p roh ib - i t i ve l y -  uneconomical, 
and so glass recovered from the  opera t ion  i s  used as a road conditioner-. 
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Rags, p las t ics ,  non-ferrous metals, and other unrecovered materials are  disposed 
a t  a dump located across the s t r e e t  from the plant (Ref. 2) .  

Fiber Recovery. Recovery and reuse of paper f iber  i s  another option, although 
t o  date no large-scale system has been developed wnich has been profitable.  A 
facil i tyalocated i n  Franklin, Ohio (discussed below) has demonstrated the 
concept by recovering and sel l ing recovered f iber  for  a short  time. This 
operation has been terminated, however, and the system i s  now advertised as a 
method f o r  generating a refuse derived fuel.  
pu lp  i s  quite low, and so the market value of the product is  also low. 
energy value of the product i s  much higher. 
paper f iber  recovery i s  l ikely t o  continue t o  be source separation, and most 
resource recovery systems will probably continue t o  be designed around energy 
recovery processes. 

The f ibe r  value of the recovered 

T h u s ,  the most feasible  method of 
The 

The Franklin, O h i o  f a c i l i t y  was constructed through an EPA demonstration grant 
and u t i l i ze s  a system developed by the Black-Clawson Company. The f o u r  major 
subsystems comprising the plant (Figure 8.4) consist of pulping/separation, 
dewatering/incineration, f iber  recovery, and glass recovery. The incineration 
process i s  used t o  dispose of sewage sluge from an adjacent wastewater t rea t -  
ment plant. 

Municipal refuse delivered t o  the plant i s  f i r s t  screened t o  remove large 
items and then sent t o  a wet pulper. 
pulper and fed to  a continuous belted magnetic separator, where ferrous 
materials are recovered. 
pulper o r  landfil led.  The slurry leaving, the bottom of the pulper i s  pumped 
t h r o u g h  a cyc-lone t o  remove g r i t  and then directed t o  the f ibe r  recovery 
system, or alternatively the dewatering/incinerating subsystem. The g r i t  i s  
dewatered and sent t o  the glass recovery system. 
the dewatering/incineration subsystem i s  f i r s t  thickened and then mixed w i t h  
sewage sluge. 
t o  a fluidized-bed incinerator. Combustion products a re  processed through a 
venturi scrubber and then released t o  the atmosphere. 
ents are  processed in the waste water treatment plant. 

Inorganic objects a re  ejected from the 

Nonmagnetic materials are  e i the r  returned t o  the 

Liquefied material pumped t o  

The sluge i s  then further dewatered using a.cone press and fed 

Scrubber l iquid e f f lu-  

The slurry sent t o  the f iber  recovery subsystem is  diluted w i t h  additional 
water and then screened t o  remove f ine  par t ic les .  
thickened, using a barrel thickener, dewatered us ing  a cone press,  and the? 
stored fo r  sale  t o  an asphalt t i l e  manufacturer. 
can be recovered f o r  every 100 t o n s  of solid waste processed. 

The l i g h t  f ract ion i s  then 

About 20 tons of paper f ibe r  

The glass recovery system accepts the heavy fraction ( g r i t )  removed by the 
cyclone (following pulping). 
par t ic les  smaller than a quarter inch, and the oversize f ract ion passed t o  a 
drum magnet t o  separate ferrous materials. 
l i gh t  organics from the oversize fraction and the heavier materials are  jigged 
t o  removed pieces of aluminum. 
watered, dried, and sent through an e lec t ros ta t ic  separator t o  remove any 
remaining e lec t r ica l ly  conducting scrap. 
glass par t ic les  which are  separated into f l i n t  and colored c u l l e t  us ing  a 
color sorter.  

A washing and screening step f i r s t  removes 

A heavy media separator removes 

The resulting glass-rich stream i s  then de- 

An opacity sor te r  then removes the 
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One o f  t h e  i n t e r e s t i n g  fea tures  o f  t h e  F r a n k l i n  p l a n t  i s  i t s  complementary 
arrangement wi th  the  adjacent  waste water t reatment  p l a n t .  
p l a n t  i n c i  nerates sewage s l  udge from t h e  sewage t reatment  p l a n t ,  whi 1 e t h e  
sewage t reatment  p l a n t  accepts and t r e a t s  process waste water from the  s o l i d  
waste p l a n t .  -Despi te t h i s  advantageous arrangement, t h e  f a c i l i t y  has n o t  
demonstrated a p r o f i t  and has i ns tead  incu r red  an opera t i ng  c o s t  o f  about 
$4.40 p e r  t o n  o f  waste (Ref. 1). 
capac i t y  i s  150 tons o f  waste per day, t he  p l a n t  was under u t i l i z e d  and o n l y  
averaged a throughput o f  about 35 tons/day (Ref. 1). 
i s  t h a t  desp i te  s t a t e - o f - t h e - a r t  separat ion techniques f o r  g lass  recovery, 
t h e  r e s u l t i n g  g lass  product  was s t i l l  o f  l e s s  than t o p  q u a l i t y  (Ref. 4). It 
i s  theor ized ,  however, t h a t  a w e t  p u l p i n g  system on a 500-1000 ton/day sca le  
cou ld  be economical, and poss ib l y  even p r o f i t a b l e ,  i f  t h e  sepqrated organic  
stream i s  dewatered and s o l d  as a f u e l  r a t h e r  than a f i b e r  p roduc t  (Ref. 1). 

The s o l i d  waste 

One problem i s  t h a t  a l though t h e  p l a n t  

Another minor problem 

8.2 ENERGY RECOVERY 

Th is  sec t i on  discusses' a number o f  resource recovery systems based around 
recovery o f  t he  organic f r a c t i o n  o f  t he  waste as energy. 
systems designed from t h e  s t a r t  f o r  resource recovery, r a t h e r  than poss ib le  
mod i f i ca t i ons  t o  e x i s t i n g  waste t reatment  and disposal  f a c i l i t i e s  n o t  o r i g i n -  
a l l y  designed f o r  resource recovery. An example o f  t h e  l a t t e r  case i s  a 
r e f r a c t o r y  wa l led  municipal  i n c i n e r a t o r  which adds a b o i l e r  t o  recover  a 
p o r t i o n  o f  t he  otherwise wasted heat energy. 

The emphasis i s  on 

Four example energy recovery systems are discussed below: 

Mass burn ing  o f  unprocessed s o l i d  waste heat recovery furnaces 
(waterwall  i n c i n e r a t o r s ) ;  
Mass burn ing  o f  unprocessed s o l i d  waste i n  smal l ,  modular, s ta rved -a i r ,  
two-chamber i n c i n e r a t o r s  (modular combustion u n i t s ,  o r  MCU's); 
Semi-suspension o f  processed s o l i d  waste i n  ded ica ted  burners o r  as 
a re fuse-der ived  f u e l  (RDF) as a supplement t o  a f o s s i l  f u e l  such as 
coa l ;  and 
Conversion o f  soq id  waste t o  o the r  f u e l  forms through p y r o l y s i s .  

Th is  d iscuss ion  i s  f o l l owed  by an overview sect ion.  

Waterwall i n c i n e r a t i o n .  
ope ra t i on  i n  t h e  Un i ted  States are r e f r a c t o r y  w a l l  u n i t s  f o r  which no heat 
recovery i s  attempted. 
some i n t e r e s t  invo lves  l i n i n g  the furnace w a l l s  w i t h  a s e r i e s  o f  c l o s e l y  
spaced metal tubes through which water i s  c i r c u l a t e d .  These designs are  
termed waterwal l  furnaces and heat energy t r a n s f e r r e d  t o  t h e  c i r c u l a t i n g  water  
may be recovered f o r  e l e c t r i c a l  energy, process heat or o the r  purposes. 
Waterwall i n c i n e r a t o r s  were in t roduced i n  Europe and developed by two p r i n c i p a l  
f i rms--Josef  M a r t i n  Feuerungsbau GmbH and Von R o l l  L td . - -but  o n l y  r e c e n t l y  
in t roduced t o  t h i s  country. As o f  1981, t he re  were t e n  mass bu rn ing  waterwa l l  
i n c i n e r a t o r s  i n  opera t ion  i n  t h e  Un i ted  States p l u s  two more i n  Canada. These 
u n i t s  a re  l i s t e d  i n  Table 8-7 and represent a t o t a l  U.S. p l a n t  design capac i t y  
of 6128 tons/day (2200 tons/day i n  Canada) (Ref. 8). 

The g rea t  m a j o r i t y  o f  municipal  waste i n c i n e r a t o r s  i n  

A v a r i a t i o n  i n  i n c i n e r a t o r  des ign which has a t t r a c t e d  

! 
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One example waterwal l  i n c i n e r a t o r  i s  the  u n i t  loca ted  i n  Saugus, Massachusetts 
and operated by the  Refuse Energy Systems Company (RESCO). 
i s  the  on ly  opera t ing  f a c i l i t y  i n  the  Uni ted States based upon Von R o l l  
technology and i s  i l l u s t r a t e d  schemat ica l ly  i n  F igure 8.5. 
has an average re fuse  capac i ty  o f  1500 tons/day w i t h  a 1725 tons/day peak 
capaci ty ,  b u t  has been opera t ing  a t  an average o f  o n l y  about 1050.tons o f  
re fuse  per  day. Superheated steam i s  produced du r ing  operat ion,  and t h i s  
steam i s  de l i ve red  t o  the  General E l e c t r i c  Company a t  625 p s i g  and 825OF a t  an 
average r a t e  o f  285,000 l b / h r  and a peak d e l i v e r y  c a p a b i l i t y  o f  350,000 l b / h r  
(Ref. 1). 

The Saugus f a c i l i t y  

The Saugus p l a n t  

Refuse de l i ye red  t o  the  p l a n t  i s  f i r s t  dumped i n t o  a l a r g e  storage p i t  hav ing a 
ho ld ing  capac i ty  of 6700 tons. 
hoppers us ing a crane. Refuse enters  the  furnance through a chute, dropping 
onto a rec ip roca t ing  g ra te  system cons is t i ng  o f  t h ree  grates.  A f t e r  d r y i n g  on 
the  f i r s t  grate,  the  re fuse  tumbles down t o  t h e  middle g ra te  where ac tua l  
combustion takes place. Depending upon the  mois ture conten t  o f  t h e  refuse, '  
combustion can be extended over the  t h i r d  g ra te  i f  necessary. The rec ip ro -  
c a t i n g  a c t i o n  o f  t he  grates can be var ied,  which i n  t u r n  va r ies  t h e  speed t h a t  
t he  re fuse  i s  t r a n s f e r r e d  through the  furnace and t h u j  enhancing combustion 

A u x i l i a r y  f u e l  i s  genera l l y  no t  needed (Ref. 1). 

Steam i s  generated i n  the  water w a l l s  by furnace r a d i a t i o n  as w e l l  as t h e  h o t  
combustion gases, which are  i n  the  range o f  650OF. 
the  furnance are f i r s t  passed through a p a i r  o f  e l e c t r o s t a t i c  p r e c i p i t a t o r s  
and are  then discharged t o  the  atmosphere through concrete stacks. The oper- 
a t i n g  emission l i m i t  a t  t he  p l a n t  i s  0.05 grams per  standard ft3 (Ref. 1) 

The refuse i s  then t r a n s f e r r e d  t o  furnace 

' e f f i c i e n c y .  

Combustion gases e x i t i n g  

The res idue dropping o f f  o f  t he  l a s t  g ra te  i s  combined w i t h  f l y a s h  c o l l e c t e d  
by the  e l e c t r o s t a t i c  p r e c i p i t a t g r s ,  water-quenched, and conveyed t o  a 8 - f t  
diameter r o t a t i n g  trommel screen. Smaller ma te r ia l s  pass ing through t h e  2 - i n  
holes i n  the  trommel screen are  c o l l e c t e d  o n - a  v i b r a t i n g  conveyer and conveyed 
pas t  a drum magnet t o  remove fe r rous  metal pieces. The fe r rous  metal recovered 
by the  magnet i s  s o l d  as low grade scrap as are bu lky  metal  i tems ove r f l ow ing  
the  trommel. 
which i s  l a n d f i l l e d  (Ref. 1). 

The p l a n t  operates 24 hours/day and. 7 days/week, al though re fuse  i s  d e l i v e r e d  
t o  the  p l a n t  f o r  on l y  5 days/week (Ref. 1). About every 8 weeks one o f  t h e  
two furnaces i s  shutdown f o r  approximately 3 t o  4 days, and a 2-week outage i s  
scheduled f o r  each furnace once a year  (Ref. 9). 
work a t  the  f a c i l i t y  (Ref. 8). 

Modular Combustion U n i t s  (MCU's). MCU's are t y p i c a l l y  smal l  two-chamber 
designs, and have beqn used f o r  many years i n  the  p a s t  f o r  volume reduct ion--  
genera l l y  i n  l a rge  r e t a i l  o r  commerical complexes, apartment houses, i n s t i t u -  
t i o n s ,  and i n d u s t r i a l  s i t e s  (Ref .  10). Something l i k e  20 d i - f f e r e n t  companies 
manufacture t h e . u n i t s ,  and the  u n i t s  range i n  s i ze  f rom 1 t o  20 tons per  day. 

t o  100 tons/day. Since they  are shop fabr ica ted ,  cons t ruc t i on  i s  qu ick  and 
simple. 
i n  some instances f o r  communities as small  as 10,000 t o  15,000 people (Ref. 1). 

The.residue no t  removed by the  magnet i s  a g lassy aggregate, 

I 

Approximately 55 employees 

- MUC's can be combined, however-,-in modular fash ion  t o  achieve.capaci t ies of 20 

The i r  r e l a t i v e l y  low c a p i t a l  and opera t ing  cos ts  make them f e a s i b l e  
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. Figure B.6 Schematic of. Ames, I'owa Plant 
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Another advant ge i s  reduced i r  p o l l u t i o n  and moke. The u i t s  e designed 
t o  l i m i t  the  combustion a i r  supply, r e s u l t i n g  i n  high' f l u e  gas temperatures. 
High temperature opera t ion  a l s o  minimizes the  need f o r  a u x i l i a r y  f u e l  powering 
a f t e r  burner devices. 1, 

A d d i t i o n  o f  heat-recovery systems, i n  t h e  u n i t s  has o n l y  been incorpora ted  
d u r i n g  the pas t  few  years, and systems are a v a i l a b l e  t o  recover  steam, h o t  
water, o r  heated a i r .  There are  c u r r e n t l y  about 20 such heat-recovery u n i t s  
i n  operat ion,  ranging i n  s i z e  from 15 t o  100 m e t r i c  tons/day and most o f  these 
a re  i n  i n d u s t r i a l  s i t e s .  A t  l e a s t  one i n d u s t r i a l  s i t e  burns municipal  waste 
1 day/week and i n d u s t r i a l  waste the  remaining t ime. 

Wang, et a. i n  Reference 1 describes the  ope.ration o f  a t y p i c a l  MCU: 

Refuse i s  charged repeatedly  i n  batches, and a f t e r  10-12 hours o f  charging, 
t he  u n i t  i s  al lowed t o , b u r n  down. Residue i s  raked o u t  a f t e r  t h e  burn- 
down (8-12 hours) and the  process i s  repeated. The s ta rved a i r  u n i t s  
c o n s i s t  o f  a c y l i n d r i c a l  o r  e l l i p t i c a l  c ross-sec t ion  pr imary chamber 
i nco rpo ra t i ng  under f i re  a i r  s l o t s  i n  the hear th- type f l o o r .  O v e r f i r e  a i r  
i s  a l so  supplied. All combustiont a i r  i s  p rov ided by fo rced d r a f t  fans. 
I n  many such i n c i n e r a t o r s ,  t he  p r o p o r t i o n  o f  u n d e r f i r e  t o  o v e r f i r e  a i r  i s  
regu la ted  f r o m  a temperature sensor (thermocouple) i n  t h e  exhaust f l u e  
(h igher  e x i t  temperatures Increase o v e r f i r e  a i r  and decrease u n d e r f i r e  
a i r )  . 
Most u n i t s  incorpora te  a gas- o r  o i l - f i r e d  a f t e r b u r n e r  t h a t  i s  energized 
whenever the  e x i t  gas temperature f a l l s  below t h e  s e t  p o i n t  temperature 
(usua l l y  650-750OC). 
secondary comb,ustion chamber o r  i n  a r e f r a c t o r y - l i n e d  stack. 

The a f te rbu rne r  i s  e i t h e r  mounted i n  a separate, 

Starved a i r  i n c i n e r a t o r s  a re  a v a i l a b l e  i n  c a p a c i t i e s  from 100 t o  1000 kg/ 
hour and, i f  p r o p e r l y  operated and maintained, can meet most f ede ra l ,  
s ta te ,  and l o c a l  a i r  p o l l u t i o n  codes when f e d  w i t h  t y p i c a l  o f f i c e  and 
p l a n t  t r a s h  ( p r i n c i p a l l y  paper, cardboard, and wood). 

The modular combustion u n i t s  can be equipped w i t h  a b o i l e r  ( u s u a l l y  o f  
t he  f i r e t u b e  type) f o r  t h e  recovery o f  heat. The l a r g e r  u n i t s  can a l s o  
be equipped w i t h  automatic feed and res idue removal systems thus i nc reas ing  
fhe  d a i l y  throughput and somewhat s t a b i l i z i n g  t h e  steam generat ion r a t e .  

The major drawback o f  t h i s  system i n  r e l a t i o n s h i p  t o  resource recovery i s  t h e  
r e l a t i v e l y  small design c a p a b i l i t i e s  as compared t o  t h e  mass burn ing  i n c i n e r a t o r  
sys tem. 

Refuse-derived f u e l  (RDF). Th is  o p t i o n  i nvo l ves  conver t i ng  t h e  organic f r a c t i o n  
o f  t h e  waste i n t o  a f u e l  t h a t  can be burned i n  e x i s t i n g  f o s s i l  f u e l  combustors. 
App l i ca t i ons  can inc lude  e i t h e r  burn ing  t h e  RDF i n  a dedicated semi-suspension 
furnace o r  burn ing  t h e  RDF as a supplement t o  coal  i n  a suspension- f i red 
burner. 

Preparat ion o f  a re fuse  de r i ved  f u e l  requ i res  process ing t h e  i n p u t  waste feed 
t o  remove t h e  i no rgan ic  f r a c t i o n  and t o  s ize-reducing t h e  organic f r a c t i o n  f o r  
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ease of combustion. 
cation, although as discussed ea r l i e r  the concept of wet pulping i s  an addi- 
tional processing option. The combustible material produced by the processing 
operations can be specified f a i r l y  narrowly i n  terms of physical properties, 
heat of combustion, and percentages of water and ash (Ref. 1). A typical RDF 
composition i s  l i s t ed  below (Ref. 1): 

T h i s  is  often accomplished by shredding and c l a s s i f i -  

Typical RDF Composition by Waste Component 
W t  % 
55.0 
- Compo ne n t 

Paper 
Food waste 16.0 
Yard waste 13.7 
Glass, ceramics 2.7 
Wood .. 2.6 
Textiles 2.5 
Leather and rubber  1.8 
Miscellaneous 3.9 

The flrst-commercial refuse-derived fuel f a c i l i t y  i n  the United States was 
constructed i n  Ames, Iowa. T h i s  p 
city-owned power plant. The plant 
and two 20 MW spreader-stoker (equ 
the plant i s  i l lus t ra ted  in Figure 

Wang, -- e t  a l .  provides in Reference 
Ames RDF system: 

The plant has a maximum refus 

ant produces RDF which is  burned in a 
includes a 33 MW suspension f i red  boiler 
pped w i t h  grates) boilers. .  A schematic of 
8.6 (Ref. 1). 

1 a description of the operation of the 
I 

-handling capacity of 50 tons/hous and 
typically operates a t  about 30 tons  for  8-12 hours per day depending 
on the refuse supply. I t  accepts a l l  general household and commercial 
refuse delivered by both commercial and private haulers. 

The wastes are moved from the tipping floor i n t o  the processing equip- 
ment by a front-end loader which pushes the material onto a variable 
.speed conveyor. The conveyor t ransfers  the waste t o  the f i r s t - s tage  
shredder where i t  i s  reduced t o  an average 7-in size.  T h i s  shredder 
has 9 x 9 i n  grate openings and 48 hammers tha t  weigh approximately 
150 pounds each. The shredder rotates a t  690 rpm and is driven by 
a 1000 hp motor. 

, 

Upon leaving the shredder, the fragmented waste stream i s  subjected to  
a magnetic separator whereby approximately 90% or more of the ferrous 
metal i s  extracted. The ferrous extracts are deposited on a conveyor 
be l t  and transported t o  storage for  subsequent transport  and sale'. 

The remainder of the material, less  the larger ferrous matgrials, moves 
t o  a second-stage shredder which reduces the material t o  an average 2 i n  
s ize .  T h i s  shredder has a drive unit identical t o  the f i r s t - s tage  shredder, 
b u t  has grate openings tha t  are  3 i n  x 5 i n  and hammers tha t  weigh only 
45 pounds. 
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The f i n e l y  shredded m a t e r i a l  next  passes t o  an a i r  c l a s s i f i e r  where 
i t  i s  subjected t o  an a i r  stream o f  approximately 250,000 f t 3 / m i n  
i n  a b a f f l e d  chamber. Here t h e  l i g h t e r  p a r t i c l e s  a re  c a r r i e d  upward 
i n t o  t h e  h i g h  v e l o c i t y  stream whereas t h e  heavier  p a r t i c l e s  f a l l  down- 
ward.and o u t  o f  t h e  chamber, thus p r o v i d i n g  t h e  separat ion o f  "heavies" 
from I' 1 i ghts.  'I 

The l i g h t  m a t e r i a l  stream leav ing  t h e  t o p  o f  t h e  c l a s s i f i e r  en ters  
a cylone, i s  separated from t h e  a i r  stream, and drops t o  a screw 
feeder RDF t o  be f e d  t o  a pneumatic p i p e l i n e .  The RDF i s  pneumat- 
i c a l l y  d e l i v e r e d  t o  a conica l - type storage b i n  l o c a t e d  about 600 f t  
away a t  t h e  power p l a n t  f a c i l i t y .  The b i n  i s  84 f t  i n  diameter and 
prov ides storage o f  approximately 550 tons o f  RDF. 
through grates i n  t h e  b i n  f l o o r  t o  f o u r  separate drag conveyor l i n e s .  
These conveyors meter t h e  RDF i n t o  f o u r  separate a i r l o c k  feeders which 
i n j e c t  i t  i n t o  f o u r  separate pneumatic conveying l i n e s  t h a t  feed 
d i r e c t l y  i n t o  t h e  combustion zones o f  t h e  power p l a n t  b o i l e r s  about 
300 f t  away. 

The heavy m a t e r i a l s  which drop o u t  o f  t h e  a i r  c l a s s i f i e r  a re  con- 
veyed t o  a magnetic separator where more f e r r o u s  m a t e r i a l s  a re  
separated and t r a n s f e r r e d  t o  storage. The remainder o f  t h e  
m a t e r i a l s  are t ranspor ted  t o  t h e  a1 uminum recovery - p o r t i o n  o f  t h e  
p l a n t .  F i r s t ,  a 48- in  diameter trommel screen separates a minus 
5/8- in f r a c t i o n ,  which i s  most ly g lass and g r i t .  The l a r g e r  m a t e r i a l s  
l e a v i n g  t h e  trommel a re  subjected t o  an eddy c u r r e n t  separator where 
most ly aluminum i s  recovered, and t h e  r e s i d u a l  m a t e r i a l  i s  t ranspor ted  
t o  t h e  r e j e c t s  storage f o r  subsequent d e l i v e r y  t o  t h e  l a n d f i l l .  

The RDF drops 
, :,' . 

The aluminum recovery system has produced minimal amounts o f  pro-  
duc t  due t o  opera t ing  problems and t h e  f a c t  t h a t  t h e  re fuse  f e d  t o  
t h e  system conta ins very l i t t l e  aluminum. 

Ferrous metals a re  recovered a t  t h e  r a t e  o f  10-12 tons/day, 
which amounts t o  5-6% o f  the  incoming refuse. 
a t  47-1/2% o f  t h e  Chicago bundle p r i c e  t o  Vulcan M a t e r i a l s  Company 
i n  Gary, Indiana. 

. -  . -  

These are  s o l d  

The refusemderived f u e l  i s  by f a r  t h e  l a r g e s t  recyc led  f r a c t i o n ,  
'averaging about 85% o f  the  incoming refuse.  
most ly  paper, p l a s t i c s ,  and wood, and has an average heat  conten t  
o f  5200 Btu/ lb .  
b o i l e r ,  where i t  i s  burned w i t h  p u l v e r i z e d  coal and prov ides  between 
10 and 20% o f  t h e  t o t a l  f u e l  requirements o f  t h e  b o i l e r .  The 
spreader-stoker b o i l e r s  can accept t h e  RDF .as supplementary f u e l  
whenever t h e  suspension- f i red b o i l e r  i s  o u t  o f  s e r v i c e  f o r  mainten- 
ance and i n s p e c t i o n . .  The t o t a l  r e j e c t  m a t e r i a l s  sent  t o  t h e  l a n d f i l l  
have averaged about 8.5% o f  t h e  incoming refuse. 

This f r a c t i o n  i s  

The RDF i s  used p r i m a r i l y  i n  the  suspension- f i red 

- e  

Pyro lys is .  P y r o l y s i s  o f  municipal  s o l i d  waste has l a r g e l y  been an American 
concept, and was developed as a means t o  conver t  s o l i d  waste i n t o  a marketable 
f u e l .  . P y r o l y s i s  invo lves  t h e  d e s t r u c t i v e  d i s t i l l a t i o n  o f  t h e  organic  f r a c t i o n  
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o f  s o l i d  waste, occur r ing  when organic  ma te r ia l  i s  heated i n  t h e  e f f e c t i v e  
absence o f  oxygen. 
r a t h e r  than exothermic. 

The process i s  an endothermic (heat absorbing) r e a c t i o n  

The var ious  p y r o l y t i c  processes t h a t  have been developed operate.by e i t h e r  
recover ing  l i b e r a t e d  heat and/or by recover ing  a gaseous o r  l i q u i d  form. 
processes reduce the  i n p u t  waste feed t o  th ree  forms--gases, l i q u i d s ,  and 
s o l i d s .  Gases p r i m a r i l y  i nc lude  hydrogen, methane, carbon monoxide, and 
carbon d iox ide ;  l i q u i d s  p r i m a r i l y  i nc lude  water and organic  chemicals such 
as a c e t i c  ac id ,  methanol, and benzene; and s o l i d s  c o n s i s t  p r i n c i p a l l y  o f  a 
carbonaceous char. The form and c h a r a c t e r i s t i c s  o f  t he  de r i ved  f u e l  va r ies  
f o r  each o f  the  var ious p y r o l y t i c  processes and are  func t i ons  o f  t h e  p a r t i c l e  
s i z e  o f  t he  waste feed, t he  presence o f  c a l a l y s t s ,  and the  r e a c t i o n  t ime, 
temperature, and pressure i n  t h e  p y r o l y s i s  reac tor .  
r e a c t o r  temperatures are  h e l d  i n  the  range o f  800 t o  1,60OoC (1,400-3,0OO0F), 
w h i l e  t o  maximize o i l  product ion,  temperatures are  on the  order  o f  5OOOC 
(900OF). Pressures range from 1 t o  70 atmospheres (Ref. 10). 

A l l  

To maximize gas product ion,  

The carbon char res idue i s  b i o l o g i c a l l y  i n a c t i v e  and may be s a f e l y  disposed i n  
s a n i t a r y  l a n d f i l l s  f o l l o w i n g  removal from the  reac tor .  Conversely, t h e  res idue 
may be p o t e n t i a l l y  used as an aggregate f o r  cons t ruc t i on  and paving. This  i s  
e s p e c i a l l y  f e a s i b l e  i f  the  p y r o l y s i s  temperature i s  mainta ined h igh  enough t o  
m e l t  the  res idue ( i n c l u d i n g  ash and o the r  non-combustibles such as cans and 
g lass)  i n t 0 . a  s lag  which can be removed i n  a molten s t a t e  and quenched t o  form 
a g lassy aggregate (Ref. 10). 

There a re  c u r r e n t l y  f o u r  p y r o l y s i s  systems being tes ted  and developed on a 
la rge-sca le  bas is ,  a l though no commercial ly operated systems a re  i n  operat ion. /  
These f o u r  la rge-sca le  systems a re  l oca ted  i n  Bal t imore,  Maryland, San Diego, 
C a l i f o r n i a ,  South Charleston, West V i r g i n i a ,  and E r i e  County, New York (Ref. 10). 
One o f  these systems--the Bal t imore,  Maryland opera t ion  i s  discussed below. 
Th is  1,000 tons/day u n i t  i s  based on t h e  Landgard process, and was o r i g i n a l l y  
developed by Monsanto EnviroyChem Systems, Inc . ,  a l though the  City o f  Bal t imore 
c u r r e n t l y  operates the  p l a n t .  

Wang, -- e t  a l .  descr ibes the  concept o f  t h e  Bal t imore p y r o l y t i c  system i n  
Reference 1: 

Processing s t a r t s  on a ' r ece i v ing  f l o o r  where bu l ldozers  push t h e  
re fuse  onto two conveyors t h a t  lead  t o  two separate shredders, each 
73 - in  i n  diameter and 99 i n  long, d r i v e n  by 900 hp motors. 

The shredded refuse i s  s to red  i n  a con ica l  b i n  w i t h  a 2000 t o n  
capaci ty .  A d rag - l i ne  bucket i s  used t o  undercut t he  re fuse  p i l e  
and move i t  out  o f  t h e  bottom o f  t h e  b i n  t o  a k i l n  feed conveyor. 
The conveyor discharges t o  two ram feeders, which ext rude t h e  re fuse  
through s t a i n l e s s  tee1 tubes i n t o  t h e  p y r o l y s i s  k i l n .  AS t h e  re fuse  
tumbles down the  i n c l i n e d  k i l n ,  i t  i s  d r i ed ,  v o l a t i l i z e d ,  and 
p a r t i a l l y  combusted be fore  be ing  discharged a t  t he  lower end i n t o  a 
water  quench bath. 
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r *  The res idue from the  quench ba th  i s  removed by a drag conveyor and 
t r a n s f e r r e d  t o  a ' f l o t a t i o n  u n i t  where the  l i g h t  char and ash f l o a t  
and are conveyed t o  dewatering opera t ing  p r i o r  t o  storage o f  t he  
char. The heavier  ma te r ia l s  (metals and g lass)  s ink ,  and a re  con- 
veyed t o  a b e l t  magnet where t h e  fe r rous  metals ape separated f o r  
s a l e  as scrap, and the  glassy aggregate i s  t r a n s f e r r e d  t o  a s torage 
p i l e  f o r  use i n  aspha l t  road cons t ruc t ion .  

The of fgases r e s u l t i n g  from p y r o l y s i s  a re  p a r t i a l l y  combusted i n  
the' k i l n ,  and prov ide  the  heat necessary t o  sus ta in  t h e  p y r o l y s i s  
reac t i ons  a t  t he  temperature o f  120OOF f o r  the of fgases,  and 200OOF 
f o r  t he  so l i ds .  

The gaseous p y r o l y s i s  products e x i t  t h e  k i l n  a t  t he  feed end and 
proceed through a crossover duc t  where a i r  i s  added t o  complete 
t h e  combustion of t he  gases and any carbon and soot  en t ra ined  i n  
t h e  gas stream. The gases en te r  an a f te rbu rne r  t a n g e n t i a l l y ,  and 
the  r e s u l t i n g  cyc lon i c  f l ow  p a t t e r n  causes molten f l y a s h  p a r t i c l e s  
t o  be thrown t o  the  vessel s idewa l l s  from where they f l o w  t o  a s l a g  
tap  ho le  i n  the  bottom o f  the  a f te rbu rne r .  

Quench a i r  i s  added t o  the  a f te rbu rne r  e x i t  t o  cool  them below the  
ash f u s i o n  temperature. 
waste pe r  h r ,  heat boi ler/economizer assemblies t h a t  generate about 
200,000 l b  o f  steam per  hour a t  100-260 ps ig ,  f o r  sa le  t o  a nearby 
u t i  1 i ty. 

The gases then f l o w  through two p a r a l l e l  

F i n a l l y ,  t h e  f l u e  gases are drawn through a wet gas scrubber by an 
induced d r a f t  f an  ( the  fan produces s u f f i c i e n t  suc t i on  t o  draw t h e  
gases through t h e  e n t i r e  system), and are  discharged through a humid- 
i f i e r  t o  t h e  atmosphere. 

The Ba l t imore  p l a n t  has hindered t h e  cons t ruc t i on  of p y r o l y t i c  systems due t o  
numerous equipment mal funct ions and shutdowns. 

Overview. 
and processes developed f o r  recovery o f  energy f r o m  munic ipa l  waste. One o f  
t he  most popular  energy recovery systems--and i n  f a c t  considered by many t h e  
system o f  cho ice- - i s  t he  mass burn ing  waterwal l  i n c i n e r a t o r .  A product--steam-- 
i s  generated which can be sold, a i r  p o l l u t i o n  standards are more e a s i l y  met, 
and l i t t l e  o r  no pret reatment  ( s i z e  reduc t ion)  o f  t he  waste i s  necessary p r i o r  
t o  combustion. Operation of the  waterwal l  i n c i n e r a t o r  i s  s i m i l a r  t o  ope ra t i on  
o f  t h e  standard r e f r a c t o r y  wa l led  furnace which has been i n  use f o r  years. 
Given the  waterwal l  furnace 's  long development t ime i n  Europe and r e l a t i v e l y  
few waste process ing steps, there  i s  a smal le r  p r o b a b i l i t y ' o f  a breakdown than 
w i t h  some o f  t he  o ther  resource recovery systems. 

One o f  t he  disadvantages o f  the  waterwal l  furnaces t h a t  have operated i n  t h e  
Un i ted  States i s - t h a t  maintenance o f  t he  ash handl ing and g r a t e  systems has 
proven t o  be somewhat l abo r  i n t e n s i v e  (Refs. 8, 12). These disadvantages a re  
being remedied, however. 
by u t i l i z a t i o n  o f  wet sump drag conveyors and improved ash p i t  designs. Th is  

Over the  pas t  10 t o  20 years the re  have been considerable work done 

Maintenance o f  t he  ash handl ing system can be reduced 
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will also reduce the d u s t  associated w i t h  the ash. 
t o  be one of under design; while U.S. grates have a l i f e  of typically less  than 
a year, European grates have demonstrated l ives of 7 to  8 years. All grate 
systems, however, will require periodic maintenance (Ref. 8 ) .  

RDF systems are not as popular as they once were. 
the RDF fuel increases the ash content of the residue, which resu l t s  i n  a need 
for  increased attention to  dust control during residue removal. More impor- 
t an t ly ,  much of the generated ash passes out of the furnace as  par t iculates ,  
which increases the potential for  a i r  pollution. 
limited t o  f a c i l i t i e s  having adequate pollution control equipment, and care 
m u s t  be taken t o  n o t  overload the plant ai-r treatment system. I n  practice,  
RDF i s  limited t o  coal-fired plants rather than plants designed for  gas or o i l  
combusti on. 

Most R D F  systems currently in development use mechanical shredders such as 
hammermills, and maintenance of these shredders has been proven t o  be rather 
labor intensive. 
for  explosions. 
ignited by the sparks generated by the f l a i l i ng  hammers. Another problem is  
tha t  RDF i s  often dusty and i f  stored in s i l o s  as i t  frequently i s ,  the d u s t  
level could lead to  explosions. 

MCU's  have proven t o  be popular and useful. 
t he i r  s ize  i s  n o t  condusive t o  economics of scale. That i s ,  the throughput of 
waste i s  generally n o t  great enough t o  j u s t i fy  recovery of the inorganic 
fraction. 
hospitals,  and are dedicated for  combustion of waste generated by these organ- 
i zations. 

A number of problems have been observed w i t h  the pyrolytic systems under 
development. Several design changes have been required a t  both the Baltimore, 
Maryland and San Diego, "California f a c i l i t i e s .  Many of these problems have 
been e i ther  eliminated o r  reduced. However, i t  i s  apparent t ha t  pyrolysis i s  
a system s t i l l  under development, and additional time will probably be required 
before the system i s  accepted f o r  regular commercial use. 

8 .3  MUNICIPAL RESOURCE RECOVERY FACILITIES 

In 1979, there were 29 resource recovery f a c i l i t i e s  in operation: Seven were 
mass burning waterwall incinerators,  eight produced or burned refuse-derived 
fue l ,  s ix  were modular combustion'units, and there were eight others. In the 
construction stage there were 14 f a c i l i t i e s  consisting of two waterwall incin- 
erators ,  f ive refuse-derived fuel f a c i l i t i e s ,  two modular combustion u n i t s ,  
and f ive others. 
consisting of eight waterwall incinerators,  eight refuse-driven fuel f a c i l i t i e s ,  
three modular combustion uni ts ,  and th re t  others (Ref. 11). 

Table 8-8 gives an overall summary of resource recovery systems i n  the United 
States for  1979. This table also l i s t s  the products produced by the resource 
recovery f a c i l i t i e s  and gives t o t a l s  for  the number of f a c i l i t i e s  sel l ing 
ferrous metals, aluminum, and glass. 

The grate problem appears 

One of the reasons is  tha t  

T h i s  means tha t  RDF i s  

In addition, with dry 'shredding systems ex i s t  the potential 
T h i s  could be caused by a discarded can of gasoline being 

Their main disadvantage-is t ha t  

MCU's are primarily used in industry and in ins t i tu t ions  such as 

In the advanced planning stage there were 22 f a c i l i t i e s  
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APPENDIX C. .Reference Treatment and Disposal Facilities 

C.l INTRODUCTION . 

This appendix presents background information and assumptions regarding the 
reference facilities assumed for treatment and/or disposal of de minimis 
waste. Also presented are the reference environmental characteristics assumed 
for the treatment and disposal facilities. 

Section C.2 presents a background and assumptions for on-site treatment and 
disposal of waste by a licensee. The treatment facility is assumed to be a 
small incinerator of the type commonly used by universities, hospitals, and 
research institutions to burn pathological, biological and other waste mate- 
rials. Disposal is assumed to consist of burial in soil. 

Section C.3 covers treatment and disposal of waste as a municipal solid waste. 
That is, the de minimis waste in this case is assumed to not contain toxic, 
reactive, or other materials which would make it a hazardous waste as defined 
by the Environmental Protection Agency (EPA) under the Resource Recovery and 
Conservation Act (RCRA). The reference treatment facility is assumed to consist 
of a 500 tons/day refractory-walled municipal incinerator. The basic incinerator 
is  assumed to combust the waste without any significant waste pretreatment steps 
and with no recovery of recyclable materials. 
sisting of waste pretreatment (size reduction and removal of non-combustible 
materials) and resour'ce recovery (recycle of scrap metal and glass) are also 
addressed. These optional modules are characterized in a conservative manner 
as discussed in the section. 

Optional "sorting" modules con- 

Disposal of waste is assumed to be by landfilling, and two leyels of landfill 
adequacy are characterized. 
dump. Open burning of waste is practiced at the open dump. Both operational 
and long-term (e.g., ground water migration) impacts differ for the two refer- 
ence landfills. 

These include a sanitary landfill and an open 

Section C.4 addresses treatment and disposal of de minimis waste as a hazard0u.s 
waste as defined under RCRA. Treatment is assumed to consist of incineration 
while disposal is assumed to consist of a secure landfill. 
this case is on treatment and disposal facilities which perform such functions 
as a commercial enterprise, and are licensed to do so by EPA or a state with 
licensing authority. The commercial hazardous waste incinerator is assumed to 
consist of a 100 tohs/day rotary kiln, which is typical of the type o f  large- 
scale hazardous waste incinerators currently in commerciabservice. 
tion is assumed for a "we1 l-operated" or "poorly operated" hazardous waste 
landfill in terms of operational impacts, although the user of the code may 
assume alternate levels of long-term environmental i'mpacts. 

Section C. 5 addresses the different environmental characteristics which may be 
assumed for any of the reference treatment and disposal facilities discussed 

The emphasis in 

No distinc- 

I 
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i n  the  prev ious sect ions.  Three d i f f e r e n t  se ts  of  environmental c h a r a c t e r i s t i c s  
are assumed: 
t i o n  dens i t y  p l u s  s o i l s  o f  moderate pe rmeab i l i t y ,  (2) a s i t e  l oca ted  i n  a 
humid area and hav ing a h igh  popu la t ion  dens i t y  p l u s  s o i l s  o f  low pe rmeab i l i t y ,  
and (3 )  a s i t e  l oca ted  i n  an a r i d  environment and having a low popu la t i on  
dens i ty  p l u s  s o i l s  o f  h igh  permeab i l i t y .  I f  des i red,  environmental c h a r a c t e r i s -  
t i c s  s p e c i f i c  t o  a p a r t i c u l a r  s i t e  may a l s o  be assumed. 

(1) a s i t e  loca ted  i n  a humid area and ,having a moderate popula- 

c. 2 ON-SITE TREATMENT AND DISPOSAL 

This  chapter addresses the  assumptions used f o r  es t ima t ing  p o t e n t i a l  rad io -  
l o g i c a l  impacts t o  i n d i v i d u a l s  and popu la t ions  due t o  o n - s i t e  t rea tment  
and/or d isposal  o f  de minimis waste by a l icensee.  
method cons is t s  o f  i n c i n e r a t i o n  i n  a smal l  i n c i n e r a t o r  commonly used a t  
u n i v e r s i t i e s ,  h o s p i t a l s ,  and research i n s t i t u t e s  t o  combust pa tho log i c  . 
mater ia ls .  On-s i te  d isposal  invo lves  b u r i a l  i n  so i l ' .  

The assumed t rea tment  

c .2 .1 Reference Patho log ica l  I n c i n e r a t o r  

Over the  l a s t  several  years there  has been considerable i n t e r e s t  i n  develop ing 
and market ing systems by which l icensees may volume reduce low- leve l  waste 
streams through thermal processes such as i n c i n e r a t i o n  o r  c a l c i n a t i o n .  Many 
o f  these systems are  descr ibed i n  Reference 1. These systems a re  f r e q u e n t l y  
l a rge  scale u n i t s ,  a re  express ly  designed f o r  r a d i o l o g i c a l  a p p l i c a t i o n s ,  
i nc lud ing  personnel s h i e l d i n g  considerat ions,  and are equipped w i t h  ex tens i ve  
(and compl icated) a i rbo rne  e f f l u e n t  t reatment  systems. 

The focus o f  t h i s  r e p o r t ,  however, i s  on t reatment  and d isposal  o f  waste which 
has so l i t t l e  r a d i o a c t i v i t y  t h a t  i t  can be handled under cons iderab ly  l ess  
r e s t r i c t i v e  c r i t e r i a  than most low- level  waste streams. 
e r a t o r  design t h a t  i s  o f  i n t e r e s t  i n  t h i s  appendix i s  t h e r e f o r e  n o t  a la rge-  
sca le system designed express ly  f o r  r a d i o a c t i v e  waste t reatment .  Rather, t h e  
i n t e r e s t  i n  t h i s  appendix i s ' o n  smal ler  i n c i n e r a t o r  designs t h a t  were o r i g i n a l l y  
intended f o r  purposes o the r  than low- leve l  waste i n c i n e r a t i o n ,  and which 
t y p i c a l l y  f ea tu re  l e s s  complex a i rborne  e f f l u e n t  t reatment  systems. 
o f  rad ionuc l i de  re leases would be p r i n c i p a l l y  achieved by l i m i t i n g '  t h e  rad io -  
nuc l ide  concent ra t ion  i n  the  waste as w e l l  as the  r a t e  of waste feed t o  the  
i nc ine ra to r .  

The type o f  i n c i n -  

Cont ro l  

The reference on -s i t e  i n c i n e r a t o r  i s  thus assumed t o  be a smal l  u n i t  o f  t h e  
type commonJy used by i n s t i t u t i o n s ,  u n i v e r s i t i e s ,  research f a c i l i t i e s ,  and 
hosp i ta l s  t o  dispose o f  ma te r ia l s  such as b i o l o g i c a l  wastes, s c i n t i l l a t i o n  
f l u i d s  and o the r  o rgan ic  l i q u i d s ,  and t rash .  Small l icensees such as i n s t i t u -  
t i ons ,  u n i v e r s i t i e s ,  research f a c i l i t i e s ,  and h o s p i t a l s  a r e  probably  t h e  types 
o f  l icensees who a r e  most l i k e l y  t o  i n c i n e r a t e  de min imis  waste on-s i te .  
re ference o n - s i t e  i n c i n e r a t o r ,  discussed below, i s  assumed t o  be q u i t e  s i m i l a r  
t o  the  pa tho log i ca l  i n c i n e r a t o r  o u t l i n e d  i n  Reference 2.  

The 

Patholog ica l  i n c i n e r a t o r s  a re  o f t e n  m u l t i p l e  chamber designs w i t h  h o t  r e f r a c t o r y  
hearths ( f r e q u e n t l y  f i x e d  hearths) and which operate a t  temperatures rang ing  
from 900°C to.lOOO°C. 
e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t e r s ,  vapor condensers, and wet scrubbers 
are common. Typ ica l  process ra tes  range from 100 t o  500 lbs /h r .  
o f  a rep resen ta t i ve  mu1 t i p l e  chamber i n c i n e r a t o r  w i t h  a pa tho log i ca l  waste 
r e t o r t  i s  p rov ided as F igure  C . l  (Ref. 2) .  - 

Off-gas t reatment  systems vary,  a l though use of  h i g h  

A diagram 
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Pathological incinerators may be used to volume reduce biological wastes, 
scintillation fluids and other organic liquids, and trash. 
can also be evaporated-on the refractory hearth. Typical volume reduction 
factors (the ratio of the waste volume prior to incineration to the volume of 
the incinerated residue) are given in Table C-1. 
currently frequently used to dispose of biological waste (e.g., animal 
carcasses) and scintillation fluids and vials containing small quantities of 
beta-emitting radionuclides such as tritium or carbon-14. 
wastes containing isotopes such as 1-125, 1-131, CO-60, or Cs-137 is performed 
less often. 
controlled by controlling the rate of waste feed (Ref. 2). 

Aqueous liquids 

Such incinerators are 

Incineration of 

Release.of radioactivity to the atmosphere is generally 

Decontamination factors for the reference pathological incinerator are 
estimated below, where the decontamination factor is defined as the ratio of 
the total amount of (mass or radioactivity) of a given species input in a 
given time interval to the total amount of that species in the treated off-gas 
in the same time interval. Decontamination factors are therefore the inverses 
of the release fractions. 

The decontamination factors are estimated using various data. 
data considers incineration of human tissue and animal carcasses in eight 
pathological incinerators. In these eight incinerators, the average feed rate 
was 41.2 kg/hr, the average particulate release rate was 6.54E-5 kg per m3 of 
off-gas, and the average off-gas flow rate was 1580 m3/hr (Ref. 2). These 
values indicate that about 2.51E-3 kg of particulates were released per 
kilogram of waste burned. A particulate decontamination factor (DF) of about 
400 is obtained from the inverse of this ratio. Another source characterizes 
particulate releases for pathological incinerators in the size range of 50 to 
100 lbs/hr and equipped with combustion controls and afterburners to ensure 
good combustion and minimal emissions. In this reference, a particulate 
release rate of 8 lb per ton of waste is estimated, which corresponds to a 
release fraction equal to 4.OE-3, or a DF equal to 250 (Ref. 6). 

It is assumed that the particulate DF is applicable to all radioactive species 
except iodine (I-129), chlorine (Cl-36), ruthenium (Ru-103, Ru-106), tech- 
netium (Tc-99), tritium (H-3), and carbon (C-14). On the basis of the DF’s  
reported for a fluidized bed calciner/incinerator (see Section C.5.1 of 
Reference 2), a DF of 100 is assumed for iodine, technetium and other semi- 
volatiles. Decontamination factors of 1.1 and 1.3 are assumed for tritium and 
carbon-14, respectively. These factors correspond to release of 90% of the 
tritium and 75% of the carbon-14 initially present in the waste. A summary of 

I 

One source of 
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TabTe C-1. Typical Volume Reduction Factors (VRF) for 
Pathological Incinerators 

VRF - Waste Type 

Trash, uncompacted 

Full liquid scintillation vials 
Glass .vials 
Polyethylene or nylon vi a1 s 

Scintillation fluids and organic liquids 

Aqueous 1 i qui ds 

20 

4 
> 100 

> 100 

> 100 

Biological waste 15 
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the decontamination factors and release fractions assumed for the reference 
pathological i nci nerator is given bel ow. 

Reference Pathological .Incinerator 
Nuclide DF Release Fraction 

H- 3 1.1 0.90 
C- 14 1.3 
C1-.36 100 
'Tc-99 - . .  100 

. . Ru-103' 100 : 
'Ru- 106 100 

100 
100 

: AT1 others. 400 
. .  ' 1-125 

1-129. 

0.75 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

2.5E-3 

Other facility-specific parameters, such as the annual throughput of waste 
through the incinerator, the waste mass reduction factor, and the density of 
incinerator residue must be supplied by the user of the codes. This is 
discussed in more detail in the next section. 

C.2.2 Reference On-Site Disposal Area 

Background 

The option of disposal by a licensee on his own property (on-site disposal). 
may take a variety of forms, depending upon the level of regulatory control 
placed upon such disposal and the characteristics of the disposed materials. 
One form of disposal which was occasionally practiced in the past was the 
option formerly set forth in NRC regulations as Section 20.304 of 10 CFR 
Part 20. 
small quantities of radionuclides by burial in soil without prior approval. 
Limiting quantities of various radionuclides were set forth in Appendix C of 
Part 20. Burials were required to be at least 4 feet deep, each burial was 
required to be separated from other burials by at least 6 feet, and no more 
than 12 such burials were allowed per year. 

This section of the NRC regulations was deleted in October 1980 (Ref. 3) in  
response to suggestions made by representatives of several states. The main 
concern was that there were no records kept of the total amount of material 
disposed, nor of the location of such disposal. Althqugh the deletion of ' 

Section 20.304 was essentially a policy decision, an attempt at a technical 
justification was provided- by the observation that Section 20.304 imposed no 
radionuclide concentration limits. As stated in Reference 3, "such quantities 
pose a small risk if they are properly buried and left undisturbed, particularly 
if they are dispersed through a large volume of waste material. 
Section 20.304 imposes no concentration 1 imits, and the quantities as concen- 
trated "point sources" are potentially large enough to cause excessive radiation 
exposures if the radioactive material is mishandled, improperly buried, or 
disturbed after' burial. 
one millicurie of cobalt-60. 
rate of over 100 millirems per hour at a distance of 10 centimeters. If a 
burial site were disturbed, and a person came into contact with one millicurie 
of cobalt-60 for an extended period, an over-exposure could occur." 

. 

In Section 20.304, licensees were authorized to dispose of specified 

However, 

For example, Section 20.304 allows burial of up to 
As a point source this quantity delivers a dose 

C-6 
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In deleting Section 20.304, the Commission did not prohibit on-site disposal 
of small quantities of radionuclides, but required that licensees obtain prior 
approval before conducting such disposal. 
deleting Section 20.304 was to minimize waste burials by inddvidual licensees. 
Licensees are currently required to file an application for such disposal and 
this application is being assessed pursuant to Section 20.302 of 10 CFR Part 20. 
Section 20.302 requires licensees to submit information describing the waste 
material, the levels of radioactivity involved, the proposed conditions of 
disposal, the environment of the disposal site, and procedures to be observed 
to minimize the risk of unexpected or hazardous exposures. 
additional gui(ance regarding the information to be included in such applica- 
tions, and this information is summarized as Figure C.2 (Ref..4). 
authors do not expect that many such applications will be received. 

The above disposal option i.s principally geared toward wastes generated by 
small licensees such as hospitals, research facilities, or universities, and 
for such waste types as miscellaneous trash. 
situation in which a licensee may have very large quantities of diffusely 
contaminated material such as dirt contaminated with tiny concentrations of 
thorium or uranium. 
licensees to dispose of such material by application and preapproval, other 
than Section 20.302. However, NRC has published guidance ir, the form of a 
technical position on disposition of existing thorium and uranium processing 
facilities, the grounds of which are known to be contaminated with residual 
radioactive materials (Ref. 5). Although this guidance is restricted to 
remedial actions at existing facilities (and not applicable to any newly 
licensed facilities), it is useful to discuss the guidance as background 
to assumptions developed for the reference on-site disposal area. . 

However, one of the purposes of 

NRC later provided 

The 

Another consideration is a 

The authors know of no requirements or gui,dance for 

As noted in Reference 5, some of the sites formerly used for processing thorium 
and uranium are known today to be contaminated with residual radioactive 
materials. 
licensed, but the licenses to possess and use material have expired. In many . 
cases, the total amount of contaminated soil is very large, but the concentra- 
tions of radioactive materials are believed to be sufficiently low to justify 
their disposal or storage on-site rather than their transport off-site to a 
commercial disposal site. In many instances packaging and transporting the 
wastes off-site would be too costly and not justified from the standpoints of 
risk to the public health or cost-benefit. Furthermore, because of the high 
volume of waste, limited commerical waste disposal capacity, and restrictions 
placed on receipt of waste at commercial sites, it is not presently feasible 
to dispose of these materials at commercial sites (Ref. 5). 

The technical position establishes five acceptable options for licensees to 
apply for disposal or on-site storage of thorium and uranium contaminated 
wastes. The applications would be reviewed pursuant to Section 20.302 of 
10 CFR Part 20, and the matters of principal importance would include: 

Some are currently covered by NRC licenses. Others were once 

- 
- Volume of contaminated soil - 
- Availability of off-site burial space 
- Disposal site characteristics 
- Depth of burial and accessibility of buried wastes 
- State and local government views 

Concentrations of thorium and uranium present 

Costs for off-site and on-site disposal 
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.Figure C . 2  

Summary o f  In fo rmat ion  Needed i n  an A p p l i c a t i o n  f o r  B u r i a l  
of Radioact ive Waste i n  S o i l  by 1ndiv idual .L icensees 

1. 

2 .  

3 .  

4 .  

5. 

6. 

J u s t i f i c a t i o n .  
l o c a l  land  b u r i a l  i s  p re fe rab le  t o  o the r  d isposal  a l t e r n a t i v e s .  Conve- 

I t i s  incumbent on the  a p p l i c a n t  t o  demonstrate t h a t  

nience and l e s s e r  cos t  than o ther  d isposal  methods w i l l  no t ,  by themselves, ' 
be cons i dared acceptabl  e j u s t  i f i ca t ion .  

A d e s c r i p t i o n  o f  t he  type and q u a n t i t y  o f  ma te r ia l  t o  be bur ied .  

a. Isotopes and est imated q u a n t i t y  o f  each iso tope f o r  any one b u r i a l .  

b. The number o f  b u r i a l s  a n t i c i p a t e d  annual ly;  

c. The est imated volume o f  waste.'per b u r i a l  -and annual ly .  
. . .  

d. The phys i ca l  form(;) o f  the  waste. 

Packaging f o r  t he  waste. As a minimum, waste should be packaged i n  
s t rong,  t i g h t  con ta iners  which would prec lude loss  o f  the  contents .  
Acceptable conta iners  would inc lude,  f o r  example, 55-ga l lon  s t e e l  drums 
o r  s t e e l  boxes which would no t  be r e a d i l y  suscept ib le  t o  cor ros ion .  
Cardboard o r  wooden boxes would n o t  be considered s u i t a b l e  conta iners .  
I f  packaging i s  no t  contemplated, an exp lanat ion  and j u s t i f i c t i o n  f o r  n o t  
packaging should be submitted, 

B u r i a l  l o c a t i o n .  I n  general ,  o n l y  b u r i a l  s i t e s  which a r e  l oca ted  on t h e  
p roper t y  o f  the  app l i can t  w i l l  be considered acceptable. 
the waste proposed t o  be b u r i e d  should be such t h a t  long- term s i t e  c o n t r o l  
i s  no t  necessary f o r  p r o t e c t i o n  o f  p u b l i c  h e a l t h  and sa fe ty .  
sketch o f  t he  a p p l i c a n t ' s  p roper t y  which shows s p e c i f i c a l l y  where on t h e  
p roper t y  b u r i a l s  w i l l  be made should be submitted. 

Nature o f  t h e  b u r i a l  s i t e .  An ana lys i s  o f  the adequacy o f  t he  s i t e  which 
demonstrates t h a t  t ranspor t  o f  r a d i o a c t i v e  ma te r ia l  away from t h e  s i t e  i s  
h i g h l y  u n l i k e l y  t o  occur must be submitted. 
inc luded i n  the  ana lys is  i s  t he 'na tu re  o f  t he  environment, i n c l u d i n g  
topographica l ,  geo log ica l ,  hyd ro log i ca l ,  and meteoro log ica l  c h a r a c t e r i s t i c s  
o f  the  s i t e ;  usage o f  ground and sur face waters i n  t h e  general  area; and 
the na ture  and l o c a t i o n  o f  o the r  p o t e n t i a l l y  a f f e c t e d  f a c i l i t i e s .  
water t a b l e  should be a minimum o f  10 f e e t  below the  depth a t  which t h e  
waste w i l l  be bur ied .  
water tab1 e. 

The na ture  o f  

A map o r  

In fo rma t ion  which should be 

The 

The 10 - foo t  depth should be the  h igh  p o i n t  f o r  t h e  

Depth o f  b u r i a l .  
spec i f i ed .  
below the  surface. 

The depth a t  which waste w i l l  be b u r i e d  should be 
As a minimum, the  b u r i a l  depth should be a t  l e a s t  4 f e e t  

C-8 
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7 .  

8. 

9. 

10. 

11. 
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Figure  C.2 (Continued) 

R e s t r i c t i o n ' a n d  pos t i ng  o f  b u r i a l .  s i t e s .  The means f o r  assur ing t h a t  
access t o  the  b u r i a l  s i t e  w i l l  be l i m i t e d  t o  au thor ized  Dersonnel should 
be described. 
8 - foo t  cha in  l i n k  fence around the  s i t e  posted w i t h  "CAUTION-RADIOACTIVE 
MATERIAL" signs . 

An acceptable method f o r  access r e s t r i c t i o n  would be an 

Rad ia t ion  sa fe ty  procedures. 
t o  be bur ied,  i n c l u d i n g  r a d i a t i o n  sa fe ty  precaut ions t o  be fo l lowed,  
should be submitted. 

The s p e c i f i c  program f o r  hand l ing  the  waste 

Recordkeeping. The program f o r  ma in ta in ing  records o f  b u r i a l  should be 
described. 

L.ocal requirements. The contacts  made w i t h  l o c a l  o f f i c i a l s  t o  determine 
the  ex ten t  t o  which l o c a l  laws and requirements cou ld  a f f e c t  b u r i a l  o f  
r a d i o a c t i v e  waste should be described. I t  i s  t h e ' r e s p o n s i b i l i t y  o f  the 
app l i can t  t o  assure t h a t  a l l  l o c a l  requirements a re  met. 

N o t i f i c a t i o n .  N o t i f i c a t i o n  i n  w r i t i n g  i s  requ i red  when the  l icensee 
decides t o  permanently d iscont inue a l l  a c t i v i t i e s  i n v o l v i n g  l i censed 
mater ia ls .  
s e l l ,  t r a n s f e r ,  o r  otherwise g i ve  up c o n t r o l  o f  the  b u r i a l  s i t e ,  NRC must 
be n o t i f i e d .  - 

Therefore, i f  f o r  some reason a l i censee in tends  t o  abandon, 

L .  
I 

. ,  
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The five options 

1. 

2. 

Disposal of 
restriction. 

include: 

acceptably low concentrations of thori um and uran.i um with no 
on. burial method. 

Under this option, the concentrations of thorium and uranium are set 
sufficiently low that no member of the public is expected to receive a 
radiation dose commitment from the disposed materials in excess of 1 
millirad per year to the lung or 3 millirads per year to the bone from 
inhalation and ingestion, under any foreseeable use of the material or 
property. Limiting concentrations for this disposal option are as ' 

follows: 

Kind of Material Concentration (pCi/gm) 

Thorium (Th-232, Th-228) if 
all daughters are present 

Depleted uranium 
Enriched uranium 
Natural urani um (U-238 plus U-234) 

if all daughters present 

10 

35 
3 0 .  
10 

. 

These concentrations are of the same order o f  magnitude (or less) as 
naturally occurring thorium and uranium concentrations (e. g. , 120 pCi/gm 
of uranium in FJorida phosphate rock and 50,-80 pCi/gm of uranium in 
Tennessee bituminous shale). 
operations will be conducted in such a manner as to minimize the possibil- 
ity o f  sojl contamination and when such occurs to reduce the contamination 
to levels as low as reasonably achievable. 

It is also expected that currently licensed 

Disposil of certain low concentrations of thorium and uranium when buried 
under prescribed conditions with no subsequent land use restrictions and 
no continuing NRC licensing of the material. 

Under this option the concentrations o f  thorium and uranium are set so  
that no member o f  the public will receive a radiation dose exceeding 
those discussed under option 1 when the wastes are buried in an approved 
manner absent intrusion into the burial.grounds. This option will require 
establishing prescribed conditions for disposal in the license, such as 
depth and distribution o f  material, to minimize the likelihood of intrusion. 
Burial will be permitted only if it can be demonstrated that the buried 
materials will be stabilized in place and not be transported away from the 
site. Acceptability o f  the site for disposal will depend on topographical, 
geological, hydrological and meteorological characteristics of the site. 
a minimum, burial depth will be at'least 4 feet below the surface. 
the event that there is an intrusion into the burial ground, no member of 
the public will likely receive a dose in excess of 170 millirems to the 
whole body or any individual body organ. 

At 
In 

- .  
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The average concent ra t ion  of rad ioac t i ve  ma te r ia l  t h a t  may be bu r ied  
under t h i s  op t i on  i n  the case o f  na tu ra l  thor ium (Th-232 p l u s  Th-228) i s  
50 pCi/gm, i f  a l l  daughters a re  present  and i n  e q u i l i b r i u m ;  f o r  enr iched 
uranium i t  i s  100 pCi/gm i f  the  uranium i s  so lub le  and 250 pCi/gm i f  
i nso lub le ;  f o r  depleted uranium i t  i s  100 pCi/gm i f  the  uranium i s  so lub le  
and 300 pCi/gm i f  i nso lub le .  Natura l  uranium con ta in ing  radium-226 and 
i t s  daughters are no t  inc luded under t h i s  opt ion.  

3. Disposal  o f  1 ow concentrat ions o f  na tu ra l  u ran i  um ores,  w i t h  a1 1. daughters 
i n  equ i l i b r i um,  when b u r i e d  under p rescr ibed cond i t i ons  i n  areas zoned 
f o r  i n d u s t r i a l  use and the  recorded t i t l e  documents a re  amended t o  s t a t e  
i n  the permanent land records t h a t  the land conta ins bu r ied . rad ioac t i ve  
ma te r ia l s  and are cond i t ioned i n  a manner acceptable under s t a t e  law t o  
impose a covenant running w i t h  the  land t h a t  the  s p e c i f i e d  land may no t  
be used f o r  r e s i d e n t i a l  b u i l d i n g .  
o f  the  ma te r ia l .  ) 

(There i s  no con t inu ing  NRC l i c e n s i n g  

Disposal w i l l  be approved if the  b u r i a l  c r i t e r i a  o u t l i n e d  i n  op t i on  2 are 
met ,  i n c l u d i n g  b u r i a l  a t  a minimum o f  4 fee t .  (Depending upon l o c a l  
s o i l  c h a r a c t e r i s t i c s ,  b u r i a l  a t  depths grea ter  than 4 f e e t  may be 
requ i red . )  I n  order  t o  assure p r o t e c t i o n  aga ins t  radon-222 releases, i t  
i s  necessary t h a t  the recorded t i t l e  documents be amended t o  s t a t e  i n  the  
permanent land records t h a t  no r e s i d e n t i a l  b u i l d i n g  should be permi t ted  
over s p e c i f i e d  areas o f  land  where na tu ra l  uranium o re  residues (U-238 
p l u s  U-234) i n  concentrat ions exceeding 10 pCi/gm have been bur ied.  
I n d u s t r i a l  b u i l d i n g  i s  acceptable as long as the  concent ra t ion  o f  bu r ied  
ma te r ia l  does no t  exceed 40 pCi/gm o f  uranium ( i . e . ,  Ra-226 s h a l l  no t  
exceed 20 pCi/gm). 

4. Disposal o f  land-use- l im i ted  concentrat ions o f  na tu ra l  thor ium o r  na tu ra l  
uranium w i t h  daughters i n  secular  e q u i l i b r i u m  and depleted o r  enr iched 
uranium w i thou t  daughters present  when bu r ied  under p rescr ibed cond i t ions  
i n  areas zoned f o r  i n d u s t r i a l  use and the recorded t i t l e  documents a re  
amended t o  s t a t e  t h a t  the land conta ins bu r ied  r a d i o a c t i v e  ma te r ia l  and 
are condi t ioned i n  a manner acceptable under s t a t e  law t o  impose a covenant 
running w i t h  the land t h a t  the  land: (1) may n o t  be excavated below 
s ta ted  depths i n  s p e c i f i e d  areas o f  land  unless c leared  by appropr ia te  
hea l th  a u t h o r i t i e s ,  (2) may n o t  be used f o r  r e s i d e n t i a l  o r  i n d u s t r i a l  
s t ruc tu res  over s p e c i f i e d  areas where rad ioac t i ve  ma te r ia l s  i n  concentra- 
t i o n s  h igher  than those s p e c i f i e d  i n  opt ions 2 and 3 are  bu r ied ,  and (3) 
may n o t  be used f o r  a g r i c u l t u r a l  purposes i n  the s p e c i f i e d  areas. (There 
i s  no cont inu ing  NRC l i c e n s i n g  o f  the disposal  s i t e . )  

Under t h i s  op t ion ,  cond i t i ons  o f  b u r i a l  w i l l  be such t h a t  no member o f  
the  p u b l i c  w i l l  rece ive  r a d i a t i o n  doses i n  excess o f  those discussed 
under op t i on  1 absent i n t r u s i o n  i n t o  the b u r i a l  ground. 
d isposal  under these cond i t i ons  i s  p red ica ted  upon the  assumption t h a t  
i n t e n t i o n a l  i n t r u s i o n  i s  l ess  l i k e l y  t o  occur i f  a warning i s  g iven i n  
land documents o f  record n o t  t o  excavate below b u r i a l  depths i n  s p e c i f i e d  
areas of  land  w i thout  c learance by hea l th  a u t h o r i t i e s ;  n o t  t o  cons t ruc t  
r e s i d e n t i a l  o r  i n d u s t r i a l  b u i l d i n g s  on - the  s i t e ;  and no t  t o  use s p e c i f i e d  
areas of land  f o r  a g r i c u l t u r a l  purposes. A maximum i n d i v i d u a l  exposure 
l i m i t  of 500-mi l l i rems per  year  t o  thor ium and uranium b u r i e d  under t h i s  

C r i t e r i a  f o r  
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r e s t r i c t i o n  i s  t he re fo re  app l ied  ins tead o f  170 m i l l i r e m s  as used i n  
opt ions 2 and 3. 
t o  be more t r a n s i e n t  than assumed ( e s s e n t i a l l y  con t inua l  exposure) under 
those opt ions.  
l i m i t s  c a l c u l a t e d  under op t i on  2 by about 10. Thus, t h e  average concen- 
t r a t i o n  t h a t  may be bu r ied  under t h i s  o p t i o n  f o r  thor ium (Th-232 p l u s  
Th-228) i s  500 pCi/gm i f  a l l  daughters a re  present  and i n  e q u i l i b r i u m ;  
f o r  enr iched uranium i t  i s  1000 pCi/gm i f  the uranium i s  so lub le  and 2500 
pCi/gm i f  i nso lub le ;  and f o r  depleted uranium i t  i s  1000 pCi/gm i f  t h e  
uranium i s  so lub le  and 3000 pCi/gm i f  i nso lub le .  Wi th  respec t  t o  n a t u r a l  
uranium w i t h  daughters present and i n  equ i l i b r i um,  the  concent ra t ion  
t h a t  may be b u r i e d  under t h i s  op t i on  i s  200 pCi/gm o f  U-238 p l u s  U-234 
( i . e . ,  100 pCi/gm o f  Ra-226). Depending upon l o c a l  s o i l  c h a r a c t e r i s t i c s ,  
b u r i a l  a t  depths grea ter  than 4 f e e t  may be requi red.  

Storage o f  l i censed concentrat ions o f  thor ium and uranium o n - s i t e  pending 
the a v a i l a b i l i t y  o f  an appropr ia te d isposal  s i t e .  

I n  add i t i on ,  any exposure t o  such m a t e r i a l s  i s  l i k e l y  

These two f a c t o r s  combining t o  increase the  concent ra t ion  

5. 

When concentrat ions exceed those s p e c i f i e d  i n  o p t i o n  4, long-term d isposa l  
w i l l  no t  normal ly  be a v i a b l e  op t ion .  I n  such cases, t he  thor ium and 
uranium'may be pe rm i t ted  t o  be s to red  on -s i t e  under an NRC l i c e n s e  u n t i l  
a s u i t a b l e  method o f  d isposal  i s  found. 

Reference Treatment/Disposal Faci 1 i t y  

I t  i s  apparent t h a t  u n l i k e  municipal  o r  hazardous. waste d isposa l ,  r e l a t i v e l y  
few assumptions may be made f o r  t he  design and opera t ion  o f  the  reference 
on -s i t e  t reatment  o r  disposal  f a c i l i t y .  Parameters q u a n t i f y i n g  such s p e c i f i -  
ca t ions  must be f requen t l y  suppl ied by the  user o f  the computer codes. A 
minimum l i s t  o f  parameters t o  be supp l ied  by the  code user i s  p rov ided as 
Table C-2, a long w i t h  sect ions i n  t h i s  r e p o r t  where such parameters a re  
discussed. 
t reatment  o r  d isposal  f a c i l i t y ,  and are independent o f  the  environmental 
c h a r a c t e r i s t i c s  o f  the  t reatment/disposal  f a c i l i t y  s i t e .  These parameters, 
which are i n p u t  by the  code user i n  a d d i t i o n  t o  the dec i s ion  i nd i ces  discussed 
i n  Chapter 2, a re  b r i e f l y  discussed below. 
t reatment /d isposal  s i t e  environmental c h a r a c t e r i s t i c s  a re  discussed i n  
Sect ion C. 5. 

A l l  o f  these parameters address the  c h a r a c t e r i s t i c s  o f  t h e  waste 

Parameters dependent upon the  

Parameters s p e c i f i c  t o  the  on -s i t e  i n c i n e r a t o r  inc lude V I N C  and OSWR. 
i n  cubic  meters, i s  the  annual volume o f  a l l  waste ( r a d i o a c t i v e  p l u s  non- 
rad ioac t i ve )  processed through the  o n - s i t e  i n c i n e r a t o r .  
and denotes the  o v e r a l l  mass (as opposed t o  volume) reduc t i on  f a c t o r  f o r  t he  
i n c i n e r a t o r .  I t  i s  de f ined as the mass o f  t he  waste i n p u t  t o  the  i n c i n e r a t o r  
d i v ided  by the  mass o f  the  i nc ine ra ted  waste residue. 
f r a c t i o n s  f o r  t he  reference i n c i n e r a t o r  a re  no t  i n p u t  by the  code user  b u t  a re  
prov ided i n t e r n a l l y  w i t h i n  the codes us ing  data statements. The code user  may 
o p t i o n a l l y  use d i f f e r e n t  a i rborne re lease f r a c t i o n s  by making some simple code 
modi f i c a t i o n s .  

Parameters s p e c i f i c  t o  the on -s i t e  d isposal  area i nc lude  VANN, ADAY, EMP, 
SEFF, EFF, R M I X ,  and OSDL. 
annual volume o f  a11 waste ( rad ioac t i ve  p l u s  non-radioact ive)  disposed a t  t he  

V I N C ,  

OSWR i s  dimensionless,  

The a i rbo rne  re lease 

VANN i s  i n p u t  in u n i t s  o f  m3 and denotes the  
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Table C-2. On-Site Treatment and Disposal 
Fac i  1 i ty  Parameters 

Parameter 

V I N C  

OSWR 

VANN 

ADAY 

EMP 

SEFF 

EFF 

R M I X  

OSDL . 

DEN2 

GERO( 1) 

U n i t s  

m3 

* 

m3 \ 

m2 

* 
* 

m 

* 

g/m3** 

g/cm3 

Yrs 

Desc r ip t i on  

Tota l  waste volume inc ine ra ted  
annual ly  

I n c i n e r a t o r  mass reduc t i on  f a c t o r  

.Total waste volume disposed annual ly  

Dai l y  exposed area a t  d i sposa l  
. f a c i l i t y  

Waste empl acement e f f i c i e n c y  

Surface u t i 1  i z a t i o n  e f f i c i e n c y  

Volumetr ic d isposal  e f f i e n c y  

Cover mix ing  e f f i c i e n c y  

Disposal f a c i l i t y  a i rbo rne  dust  

Densi ty  o f  waste be ing  disposed 

1 oadi  ng 

Delay t ime u n t i l  s t a r t  o f  'erosion 
scenar io  

Ref e r e  nce 

Sect ion  4.2 

Sec t ion  4.2 

Sec t ion  5 . 1  

Sec t ion  5 . 1  

Sect ion 6.3.1 

Sec t ion  6.3.2 

Sect ion 6.3.1 

Sect ion 6.2.1 

Sec t ion  5 . 1  

Sect ion 5 .1  

Sec t ion  6.4 

*Dimensi on1 ess. 
**Grams per  cub ic  meter o f  a i r .  
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o n - s i t e  f a c i l i t y .  ADAY, i n  m2, denotes t h e  d a i l y  exposed area o f  t h e  f a c i l i t y  
working face. 
ADAY represents t h e  sur face area o f  t h e  waste exposed t o  d i s p e r s i o n  by wind o r  
mechanical ac t ion .  EMP i s  t h e  waste emplacement e f f i c i e n c y ,  and i s  t h e  r a t i o  
o f  t h e  volume o f  t h e  waste disposed t o  t h e  t o t a l  volume o f  a v a i l a b l e  d isposa l  
space. (That i s ,  assuming t h a t  a d isposal  c e l l  i s  excavated and waste 
emplaced w i t h i n  i t , the  emplacement e f f i c i e n c y  accounts f o r  t h e  f r a c t i o n  o f  t h e  
space w i t h i n  t h e  o r i g i n a l l y  excavated d isposal  c e l l  t h a t  c o n s i s t s  o f  b a c k f i l l .  
The d isposal  c e l l  cover i s  considered separate ly  as discussed below.) SEFF i s  
a l s o  dimensionless, and denotes t h e  sur face u t 1  i z a t i o n  e f f i c i e n c y .  Th is  i s  
inc luded t o  account f o r  t h e  p o s s i b i l i t y  t h a t  waste i s  disposed i n  a s e r i e s  o f  
separated holes t o  disposal  c e l l s .  SEFF i s  def ined as t h e  t o t a l  sur face  area 
o f  t h e  d isposal  c e l l s  ( the  e f f e c t i v  s i t e  sur face area - S ) d i v i d e d  by t h e  
t o t a l  sur face area o f  the  disposal  c e l l s  p l u s  any space bl tween t h e  d isposal  
c e l l s .  
u n i t s  o f  meters. 
d isposal  space w i t h i n  t h e  disposal  c e l l s  t o  t h e  t o t a l  sur face area ( S f - i n  m2) 
,of t h e  d isposal  c e l l  s. 

That i s ,  assuming a g iven volume o f  waste disposed p e r  day, 

EFF stands f o r  t h e  vo lumetr ic  d isposal  e f f i c i e n c y  and i s  g iven  i n  
It i s  t h e  r a t i o  o f  the  t o t a l  volume (m3) o f  a v a i l a b l e  

RMIX  i s  dimensionless, stands f o r  t h e  cover mix ing e f f i c i e n c y ,  and i s  
discussed i n  Sect ion 6.2.1 o f  Chapter 6. 
F igure 6.1, and i s  t h e  f r a c t i o n  o f  t h e  t o t a l  volume o f  m a t e r i a l  d u r i n g  t h e  
i n t r u d e r - c o n s t r u c t i o n  scenar io t h a t  c o n s i s t s  o f  t h e  disposed so i l /was te  
mixture.  
load ing  as discussed i n  Sect ion 5.1. 
p r o v i d i n g  a conservat ive upper-bound est imate o f  o f f - s i t e  impacts from 
d isposal  operat ions.  

DEN2 i s  i n  u n i t s  o f  g/cm3, and r e f e r s  t o  t h e  average d e n s i t y  across a l l  t h e  
waste disposed i n  t h e  o n - s i t e  f a c i l i t y .  DEN2 i s  the d e n s i t y  o f  t h e  waste as 
i t  i s  be ing disposed and compacted, which may d i f f e r  from t h e  d e n s i t y  o f  t h e  
waste p r i o r  t o  d isposal .  Th is  i s  a common occurrence a t  a s a n i t a r y  l a n d f i  11. 

GERO i s  t h e  delay t i m e  ( i n  years) p r i o r  t o  i n i t i a t i o n  o f  t h e  e r o s i o n  scenar io  
a t  t h e  d isposal  f a c i l i t y ,  and i s  discussed i n  Sect ion 6.4. The delay t ime i s  
s p e c i f i c  t o  t h e  p a r t i c u l a r  disposal  f a c i l i t y  considered. As discussed i n  
Sect ion 6.4, t h e  delay t ime i s  assumed f o r  each o f  t h e  f o u r  re fe rence f a c i l i t i e s  
( s a n i t a r y  l a n d f i  11 , open dump, and t h e  two hazardous waste f a c i  1 i t i e s )  and pro- 
v ided by t h e  user o f  t h e  code f o r  t h e  o n - s i t e  f a c i l i t y .  
i n d i c a t e s  t h a t  t h e  o n - s i t e  delay t ime corresponds t o  t h e  f i r s t  member o f  a 
f i v e  member ar ray.  

C.3 MUNICIPAL SOLID WASTE TREATMENT AND DISPOSAL 

This  chapter presents a background and discusses the  assumptions f o r  t h e  
reference f a c i l i t i e s  assumed f o r  t reatment  and disposal  o f  de min imis  waste as 
a municipal  s o l i d  waste. The chapter i s  separated i n t o  two p r i n c i p a l  sect ions:  
Sect ion C.3.1, S o l i d  Waste I n c i n e r a t i o n ,  and Sect ion C.3.2, S o l i d  Waste Disposal .  

R M I X  may be c a l c u l a t e d  us ing  

OSDL i s  i n p u t  i n  u n i t s  o f  g/m3, and stands f o r  t h e  o n - s i t e  dus t  
It i s  used as p a r t  o f  c a l c u l a t i o n s  

The n o t a t i o n  GERO(1) 
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Section C. 3.1 first presents a subsection providing a background on municipal 
waste incineration and includes data on typical incinerator design and operation, 
airborne effluent treatment, personnel requirements, and design variations. 
Additional information on waste processing options is provided in Appendix B. 
The next subsection, subsection C.3.1.2, presents the assumptions regarding 
the operation of the reference municipal incinerator, which is a 500 tons/day 
refractory walled unit featuring no waste pretreatment or resource recovery. 
This is followed by a subsection addressing optional ("sorting") modules for 
waste pretreatment and recovery of metal and glass. 

Section C.3.2 addresses solid waste disposal, and two reference facilities are 
assumed which have different operating characteristics and long-term environ- 
mental impacts. These are a reference sanitary landfill and a reference open 
dump. 

C. 3.1 Sol id Waste Incineration 

C.3.1.1 Background on Municipal Waste Incineration 

Incineration is a widely used method for volume reduction of municipal waste. 
Following combustion, a more or less non-combustible residue is produced which 
may then be disposed in a theoretically more environmentally qcceptable manner 
than the original waste stream. As of about 1967, the installed incinerator 
capacity in the United States totalled about 74,600 tons/day. This capacity 
was spread through about 300 municipal incinerators plus several thousand 
small industrial incinerators, often models in the 200-500 lb/hr range and 
also frequently utilizing two-stage combustion. 
that about 70% of the existing incinerators were without adequate air pollu- 
tion control devices, were often overloaded, and did not meet existing air 
quality standards. One of the principal reasons for this is that most of the 
existing incinerators are of older designs, are relatively inefficient, and 
were built several years prior to passage of the Clean Air Act in the 1970's. 
In addition, many produced residues and quench waters that were released into 
the environment without adequate treatment and control (Ref. 7). 

It has also been estimated 

It is apparent from the above paragraph that considerable improvement could be 
made in the design and operation of incinerators used for treatment of munici- 
pal waste. 
progress has been made in improving the efficiency of combustion and reducing 
environmental releases. New incinerator designs are being developed, tested, 
and placed into operation. 
to the end of the century, most municipal waste processing through inciner- 
ation will probably continue to be performed at the older, less efficient 
units. (Additional information is provided in Appendices A and 6 . )  

The need for improvement has been noted by EPA and others, and 

Over the,next several years, however, and at least 

lypical Municipal Incinerator Operation 

Practically all incinerators now in operation are built to operate at moderate 
temperatures--i.e., in the range of 1300 to 18OOOF. 
constructed of refractory-lined brick with no provision for recovery o f  the 
heat produced by combustion. Typically, incineration in municipal facilities 
1eaves.a residue (ash, glass, metals, etc.) that is reduced to about 10 to 25% 
of the original volume of the waste feed. Municipal incinerators may be 

Practically all are 
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operated i n  a batch o r  continuous mode, b u t  most o f  t h e  l a t e r  ones a r e  
designed f o r  continuous operat ion,  as t h i s  leads t o  lower maintenance requ i re -  
ments and more e f f i c i e n t  combustion (Ref. 8). 

A cross s e c t i o n  o f  a t y p i c a l  munic ipa l  re fuse  i n c i n e r a t o r  i s  shown i n  
F igure  C.3 (Ref. 8). 
veh ic les  ( t r a i l e r s ,  compactor t rucks ,  e tc .  >: 
veh ic les ,  t he  waste i s  dumped i n t o  a l a r g e  storage p i t .  
s torage p i t  i s  genera l l y  equ iva len t  t o  5 t o  7 days i n p u t  o f  waste. 
cons t ruc ted  o f  concrete, t he  s i z e  o f  t he  storage p i t  may range from 20 t o  40 
f e e t  wide, from 40 t o  80 f e e t  deep, and up t o  several  hundred f e e t  l ong  f o r  
very  l a r g e  f a c i l i t i e s .  The s torage p i t  i s  o f t e n  enclosed t o  p r o t e c t  aga ins t  
wind and weather, and a l so  t o  reduce t h e  odors, dust ,  and no ise  assoc ia ted  
w i t h  i n c i n e r a t o r  operat ion.  Water p ipes are  o f t e n  i nco rpo ra ted  i n t o  t h e  p i t  
design t o  ex t i ngu ish  f i r e s  occas iona l l y  r e s u l t i n g  from spontaneous combustion 
o f  the  waste. 

I n  general ,  waste a r r l v e s  a t  t he  i n c i n e r a t o r  i n  motor 
A f t e r  weighing the  loaded 

The volume o f  t h e  
T y p i c a l l y  

Waste en ters  the  combustion chamber through a charg ing chute which i s  gener- 
a l l y  l oca ted  a t  a much h igh  e l e v a t i o n  than the  storage p i t .  
c rane--genera l ly  a b r i dge  crane i n  l a r g e r  inc inera tors - -equ ipped w i t h  a 
c lamshel l  bucket o r  grapple i s  t h e r e f o r e  used t o  t r a n s f e r  t h e  re fuse  from t h e  
s torage p i t  t o  the  charg ing chute. The f a c i l i t y  w i l l  a l s o  i nco rpo ra te  some 
method t o  remove bu lky  o r  o therwise unwanted i tems from t h e  feed which cou ld  
otherwise poss ib l y  c l o g  the charg ing chute.  
appl iances, f o r  example, o r  mattresses, drums, o r  t r e e  stumps. The c r i t e r i a  
f o r  removing bu lky  i t e m s  f r o m  the  i n p u t  waste feed w i l l  va ry  depending upon 
the  i n c i n e r a t o r .  One obvious f a c t o r  w i l l  be the  c ross-sec t iona l  s i z e  o f  t h e  
charg ing chute.  F o r  smal ler  chutes, smal le r  items must be re jec ted .  A f t e r  
removal, i n c i n e r a t o r  operators  may exerc ise  one o f  t h ree  op t ions :  (1) send 
the  bu lky  i tems t o  a waste d isposal  f a c i l i t y  ( l a n d f i l l ' ) ,  (2) send the  bu lky  
i tems through a s ize- reduc t ion  process p r i o r  t o  i n c i n e r a t i o n ,  o r  (3) send t h e  
bu lky  i tems t o  a small i n c i n e r a t o r  s p e c i f i c a l l y  designed f o r  such m a t e r i a l .  

An overhead 

These i tems cou ld  i nc lude  

Operat ion o f  the  t r a n s f e r  crane w i l l  be somewhat i n f l uenced  by t h e  dens i t y  o f  
the  waste, which w i l l  be a v a r i a b l e  depending on the  waste composi t ion,  t h e  
mois ture content ,  and the  ex ten t  t o  which the waste i s  compacted d u r i n g  c o l -  
l e c t i o n .  I n  general ,  waste a r r i v i n g  w i thou t  compaction w i l l  be i n  a d e n s i t y  
range o f  about 200-300 lb/yd3 (0.12-0: 18 gm/cm3), w h i l e  waste a r r i v i n g  i n  
s tandard ized c o l l e c t o r  t runks  w i l l  t y p i c a l l y  be i n  a dens i t y  range o f  about 
500-700 lb/yd3 (0.30-0.42 gm/cm3). A f t e r  the compacted waste i s  dumped i n t o  
the  s torage p i t ,  however, t he  dens i t y  o f  t he  waste i s  l i k e l y  t o  decrease t o  
approximately 400 t o  500 lb /yd3 (0.24-0.30 gm/cm3) (Ref. 8). Since v a r i a t i o n s  
i n  composi t ion,  dens i ty ,  and mois ture conten t  tend t o  reduce combustion e f f i -  
c iency,  t he  t r a n s f e r  crane w i l l  o f t e n  be used t o  mix the  re fuse  i n  the  s torage 
p i t .  I n  additi 'on t o  producing a more un i fo rm f e e d ' a t  t he  charg ing  chute, t he  
mix ing  a c t i o n  reduces the  p o t e n t i a l  f o r  spontaneous combustion o f  t he  waste. 

Waste i s  then fed  i n t o  the  furnace through a charg ing chute.  
furnaces, the  chute i s  equipped w i t h  a gate which i s  c losed except f o r  waste 
charg ing purposes. I n  cont inuous-feed furnaces, the  charg ing  chute i s  main- 
t a ined  f u l l  o f  waste, which prov ides an a i r  seal  f o r  t h e  furnace. The c h u t e '  
i s  genera l l y  rec tangu lar  and care i s  taken t o  ensure a smooth sur face  so t h a t  
waste r e a d i l y  passes downlthe chute. 

I n  batch- fed 

Sometimes the  cross s e c t i o n  o f  t h e  chute 
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increases f rom- top  t o  bottom. A charg ing hopper i s  g e n e r a l l y  b u i l t  i n t o  t h e  
top  o f  t he  charg ing chute. 
t runcated  pyramid and prov ides an opening I n t o  the  chute about 4 f e e t  wide by 
4 t o  10 f e e t  long, and i s  l a r g e  enough t o  con ta in  a f u l l  l o a d  from t h e  crane. 

As might  be expected, t he re  i s  a l a r g e  v a r i e t y  o f  furnace designs hav ing 
d i f f e r e n t  con f igu ra t i ons ,  shapes, and opera t ing  c h a r a c t e r i s t i c s .  The most 
common type o f  re fuse  furnace used a t  t h i s  t i m e  i n  the  Un i ted  Sta tes  i s  t he  
rec tangu lar  furnace, and a sketch i l l u s t r a t i n g  a t y p i c a l  des ign i s  shown i n  
F igure  C.4. A v a r i a t i o n  f requen t l y  used i n  l a r g e  i n c i n e r a t o r s  i s  t he  m u l t i -  
c e l l  rec tangu lar  furnace, i n  which a se r ies  o f  smal ler  p r imary  combustion 
chambers a re  arranged s ide  by s ide. Th is  v a r i a t i o n  i s  a l s o  i l l u s t r a t e d  i n  
F igure  C.4. Other commonly used furnaces inc lude the  v e r t i c a l  c i r c u l a r  furnace, 
which i s  an o l d e r  design f requen t l y  used i n  batch-feed operat ions,  and the  
r o t a r y  k i  I n  furnace., 

The hopper i s  b u i l t  i n  t he  shape o f  an i n v e r t e d  

I n  any case, a t y p i c a l  furnace i s  equipped w i t h  a g ra te  system which t rans fe rs  
the waste through a se r ies  of combustion zones i n  the furnace. 
g ra te  designs have been developed, and some o f  these inc lude  t r a v e l i n g  gra tes  
(dep ic ted  i n  F igure  C.3), rock ing  gra tes ,  r e c i p r o c a t i n g  gra tes ,  o r  Dusseldor f  
r o l l e r  g ra tes .  From the charg ing chute,  t he  grates t r a n s f e r  t he  waste from a 
d ry ing  area, through a zone o f  i g n i t i o n ,  and i n t o  the  p r imary  combustion 
chamber. The mechanical mot ion o f  the  t r a n s f e r  g ra tes  a g i t a t e s  t h e  waste f o r  
more complete combustion. A i r  fo rced up through the g ra tes  and through e n t r y  
p o r t s  i n  the  s ides o f  the  combustion chamber a l so  a g i t a t e s  t h e  waste and 
improves combustion. 

Combustion i n  the  furnace i s  c o n t r o l l e d  by vary ing  the  res idence t ime  o f  t he  
waste w i t h i n  the  furnace, the  temperature a t  which the  combustion takes p lace,  
and the  degree o f  turbulence prov ided t o  t h e  waste and combustion gases. This  
can be accomplished by vary ing  the  speed o f  t he  grates,  by v a r y i n g  t h e  amount 
o f  excess a i r  prov ided,  and by supply ing excess f u e l  (e.g., o i l ,  gas) a t  
vary ing  ra tes .  

A number o f  

Combustion gases passing ou t  o f  the  pr imary  combustion chamber a r e  f i r s t  
d i r e c t e d  i n t o  a secondary combustion chamber where a d d i t i o n a l  o x i d a t i o n  takes 
place. 
system i s  u t i l i z e d  a t  t he  f a c i l i t y ,  and a re  then discharged through a-chimney. 
Masonry chimneys are genera l l y  p r e f e r r e d  over metal 1 i c  chimneys. 
he igh t  o f  t he  chimney i s  i n s u f f i c i e n t  t o  p rov ide  a s u f f i c i e n t  n a t u r a l  d r a f t  
through t h e  furnace, induced- o r  f o r c e d - d r a f t  fans are  i nco rpo ra ted  i n t o  the  
design o f  t h e  system. A t y p i c a l  i n c i n e r a t o r  chimney h e i g h t  i s  about 200 f t  
( 6 1  m) (Ref. 9) .  

Gases are  then d i r e c t e d  through whatever a i rbo rne  e f f l u e n t  t reatment  

I f  the  

The s o l i d  res idues o f  combustion drop o f f  t he  end o f  t h e  t r a n s f e r  g ra tes .  
Th is  res idue amounts t o  about 10 t o  25% o f  the  volume o f  t he  o r i g i n a l  feed and 
cons is t s  o f  ma te r ia l s  such as ash, cans, g lass,  rocks,  and so f o r t h .  The 
composi t ion o f  t he  res idue can be q u i t e  va r iab le .  Example res idue composi t ions 
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from residue samples obtained from four municipal incinerators a re  l i s t e d  
below i n  weight percent (Ref. 9): 

Incinerator 
Compo ne n t C E F G Average - 

Fines - 38.9 74.5 79.4 52.6 61.4 
Unburned combustibles 1 . 3  0 . 1  0.7 1.1 0 . 8  
Metal 13.0 21.4 16.8 20.0 17.8 
Glass, rock 46.8 4.0 3 .1  26.3 20.0 

- Density ( 1  b/yd3),, 1490 1620 1600 1570 

Much. of the residue i s  very f ine  and powdered, and of course i s  a t  a highly 
elevated temperature when discharged from the furnace. To preclude wind 
scattering of the residue and f o r  general ease of handling, residue discharged 
from the furnace i s  typically quenched i n  a quench tank. The damp residue i s  
then transferred t o  a residue hopper where i t  may be trucked t o  landf i l l  
disposal . 

Water requirements for  a large municipal incinerator can be rather  high, 
depending upon the design of the furnace, the residue quenching procedures, 
and the eff luent  treatment system. 
t o  2,000 gallons per t o n  of incinerated waste. Since water used a t  the 
f a c i l i t y  will  be elevated i n  chemical and sol ids  content as well as  
temperature, discharge of the water can have environmental consequences. 
Increased at tent ion over the l a s t  several years has been given t o  t r e a t  the 
water pr ior  t o  discharge, and also t o  greater  recycle of the water w i t h i n  the 

T h r o u g h p u t  of waste through the incinerator w i  11 vary depending upon several 
factors  such as weather conditions, the season of the year ,  and maintenance 
requirements. 
months .  Given a particular monthly average t h r o u g h p u t ,  the weekly t h r o u g h p u t  
will typically vary by p l u s  o r  minus 10%. Maintenance requirements--at l ea s t  
in terms of the time required fo r  repairs--are generally reduced fo r  newer 
incinerators as compared t o  older u n i t s . .  Newer continuous-feed furnaces 
generally require repairs on about a 90-day cycle. The average downtime then 
typically runs a t  about 15% of the to t a l  operating time during the 90-day 
period. 

Typical water requirements range from 300 

. f a c i l i t y  (Ref. 8). I 

Maximum quantit ies of so l id  wastes are generated in summer 

Airborne Effluent Treatment 

Effluents released through thesplant chimney include gaseous combustion 
products as  well as par t iculates .  Gases include aldehydes, nitrogen oxides, 
organic acids ,  hydrocarbons, su l fur  oxides, carbon monoxide, carbon dioxide, 
and water vapor. 
dus t ,  ashes, and miscellaneous pa r t i a l ly  burned materials such as charred 
paper, and are  collectively referred t o  as "flyash." The s izes  of the flyash 
par t ic les  will vary depending upon the incinerator design, i t s  operation, and 
t h e  composition of the i n p u t  waste, and range from about 9 t o  120 microns in  

Par t iculates  consis t  of t iny par t ic les  of soot ,  c inders ,  

diameter (Ref. 8). . .~ 
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The amounts o f -gas  and p a r t i c u l a t e  emissions a re  func t ions  o f  t he  bas ic  
i n c i n e r a t o r  design, i t s  ope ra t i ng  cond i t ions ,  and t h e  composi t ion o f  the  
i nc ine ra ted  refuse. Among a l l  parameters, t he  g rea tes t  in f luences  on the  
q u a n t i t y  o f  p a r t i c u l a t e s  emi t ted  a re  (1) t h e  volumes o f  a i r  fo rced through the  
furnace t o  support  combustion ( the  "excess a i r  requirements"), and (2) t he  
manner i n  which t h i s  a i r  i s  suppl ied.  A i r  may be in t roduced from beneath t h e  
combustion zone (under f i r e  a i r ) ,  from the  s ide,  o r  from the  top. 
amount of under f i r e  a i r  increa,se~,  the  amount o f  f l y a s h  emi t ted  a l so  
increases. E r r a t i c  re fuse  charg ing causes d i s r u p t i o n s  o f  t he  combustion bed. 
and consequent releases o f  l a r g e r  q u a n t i t i e s  o f  p a r t i c u l a t e s .  
e s p e c i a l l y  a problem i n  batch- fed furnaces, where l a r g e  q u a n t i t i e s  o f  uncom- 
busted p a r t i c u l a t e  mat te r  (as w e l l  as carbon monoxide) may be emi t ted  f o r  an 
extended p e r i o d  o f  t ime f o l l o w i n g  charg ing o f  t he  furnace. 
fed furnaces, p a r t i c u l a t e  emissions are  i n f l uenced  s t r o n g l y  by the  type o f  
g r a t e  used. Higher p a r t i c u l a t e  emissions are  observed i n  r o t a r y  k i l n s  and 
rec tangu lar  furnaces us ing  r e c i p r o c a t i n g  gra tes  than i n  rec tangu lar  furnaces 
us ing  rock ing  o r  t r a v e l i n g  gra tes  (Refs. 8, 10). * 

S u l f u r  oxides emissions a re  a func t i on  o f  the  s u l f u r  con ten t  o f  the  refuse, 
whi l e  carbon monoxide and uncombusted hydrocarbon emissions are  in f luenced by 
poor combustion caused by l i m i t a t i o n s  i n  the  i n c i n e r a t o r  design o r  i n  opera t ing  
cond i t ions .  

' o f  the  combustion zone, the  residence t i m e  i n  the combustion zone p r i o r  t o  
quenching, and the  excess a i r  requirements (Ref. 10). 

Most o f  the  e f f l u e n t  t reatment  systems i n s t a l l e d  i n  c u r r e n t  i n c i n e r a t o r s  are 
main ly  geared t o  p a r t i c u l a t e  removal, and can inc lude  devices such as s e t t l i n g  
chambers, cyclones, wet b a f f l e  screens, wet scrubbers, bag f i l t e r s ,  and e lec-  
t r o s t a t i c  p r e c i p i t a t o r s .  S e t t l i n g  chambers and cyclones a re  r e l a t i v e l y  i n e f -  
f i c i e n t  b u t  a re  use fu l  ( p a r t i c u l a r l y  cyclones) as an uncomplicated means o f  
removing very l a r g e  p a r t i c u l a t e s  p r i o r  t o  f u r t h e r  t reatment  o f  an a i r  stream, 
and he lp  prevent  c logg ing  o f  f o l l ow ing ,  more e f f i c i e n t  t reatment  devices. 
Wet scrubbers can be made t o  be e f f i c i e n t  p a r t i c u l a t e  removers, and a l so  w i l l  
he lp  remove some o f  t he  combustion gases. 
however, are probably n o t  very  e f f i c i e n t .  
and scrubbers share a disadvantage of generat ing a secondary l i q u i d  waste 
stream. Bag f i l t e r s  operate l i k e  oversized vacuum cleaners.  E l e c t r o s t a t i c  
p r e c i p i t a t o r s  a re  e f f i c i e n t  p a r t i c u l a t e  removers, and operate by e l e c t r i c a l l y  
charg ing the  suspended p a r t i c u l a t e s  and f o r c i n g  the  a i r  stream pas t  a se r ies  
of  oppos i te ly  charged b a f f l e s .  A disadvantage i s  a h igh  i n i t i a l  i n s t a l l a t i o n  
cos t ,  a l though opera t ing  cos ts  a re  f a i r l y  low. 

As the  

This  i s  

I n  cont inuously  

Ni t rogen ox ide emissions increase as funct ions o f  the  temperature 

, 

Most o f  t he  e x i s t i n g  designs, 
I n  a d d i t i o n ,  wet b a f f l e  screens 

Typica l  p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c i e s  o f  some common i n c i n e r a t o r  e f f l u e n t  
c o n t r o l  devices are l i s t e d  below (Ref. 10). 

Type o f  Syste'm 

S e t t l i n g  chamber , 0 t o  30 
S e t t l i n g  chamber and water spray 30 t o  60 
Wetted ba f  f 1 es 60 
Mechanical c o l l e c t o r  30 t o  80 
Scrubber 80 t o  95 
E l e c t r o s t a t i c  p r e c i p i t a t o r  90 t o  96 
Fabr ic  f i l t e r  97 t o  99 
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Even with air treatment systems of only moderate effectiveness, significant 
quantities of flyash will be collected which must be removed from the facility 
site for disposal or possible other use (see Appendix B). 
added to the combustion residue, although the two waste streams are also 
frequently handled separately. 
times accomplished as a wet slurry and sometimes "dry." 
the case when on-site disposal is practiced, since this generally entails use 
of settling ponds. 
off-site for disposal; this is accomplished using covered trucks and up to 20% 
water conditioning to prevent dusting (Ref. 7). 

Typical particulate emission factors for a number of general incine,rator 
categories are presented in Table C-3, often for incinerators having a minimum 
of off-gas controls. This information is obtained from a 1977 EPA compilation 
of air pollutant emission factors for use in estimating airborne impacts from 
various sources (Ref. lo). 
gories is also provided in Table C-3 (Ref. 10). Additional data are listed in 
Table C-4, which summarizes particulate emission factors observed in a 1970 
study of seven existing operating municipal incinerators (Ref. 9). Generally, 
the emission factors for the seven municipal incinerators are less than the 
typical values summarized from Reference 10. It was noted, however, that all 
incinerators would still either exceed or have difficulty meeting even the most 
minimal air pollutant standards (Ref. 9). It i s  also interesting to note in 
Table C-3 that typical release fractions for most incinerator types seem to 
be within about a factor of 5. 

This flyash may be 

The former is generally 
Transfer of the flyash for disposal is some- 

The latter is the case when the flyash is transported 

A description of the different incinerator cate- 

Personnel Requirements 

The personnel requirements at a municipal incinerator wi 1 1  vary depending upon 
the incinerator facility design and throughput. Newer facilities can probably 
be expected to be much more automated than older facilities, and therefore less 
labor intensive. Personnel will typically include an overall supervisor, a 
scal emaster , crane operators, chargi ng-f 1 oor operators , general process control - 
lers, residue removal operators, and maintenance men (Ref. 8). 
A rough estimate of the average personnel requirements per ton of incinerated 
waste can be made using data from Reference 9, which is a survey and evaluation 
of seven large incinerators. 
labor costs and is summarized below. 
incinerator.) All the plants were constructed in the 1960's. 
labor requirements in man-hours per ton of incinerated waste for each facility 
in addition to the average labor requirements over all six incinerators. 
percentage o f  labor costs attributable to maintenance activities is also shown. 

The estimate is made using data for yearly projected 
(Cost data was not available for one 

Shown is the 

The 
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Table Cr3. Particulate Emission. Factors by Incinerator Category . 

. . Incinerator Type 
b Municipal 

Emission Factor (lb/ton)a . 

Mu1 tiple chamber, uncontrolled 30 
With settl i ng chamber,and 

water spray system 14 
d Industrialfcommercial 

Multiple chamber 
Single chamber 

Control led ai re 
f Trench 

F 1 ue- f edg 

’ Modified 
Single chamber 

7 
15 
1.4 

1.L 

37 

30 
‘ 6  

h Domestic single chamber 
Without primary burner 35 
With primary burner 7 

aPounds of particulates (flyash) released per ton of refuse burned. 

bMunicipal mu1 tiple-chamber units of,ten have capacities greater than 
50 tons/day and are usually equipped with automatic charging mechanisms, 
temperature controls, and movable grate systems. Municipal incinerators 
are also usually equipped with some kind of particulate control device 
such as a spray chamber or electrostatic precipitator. 

‘Most municipal incinerators are equipped with at least this much effluent 
control. 

dThe capacities o f  these units generally range from 50 to 4000 lb/hr, and 
are often manually charged arid intermittently operated. 
or multiple-chamber design, some industrial incinerators are similar to 
municipal incinerators in size and design. Better equipped emission 
control systems include gas-fired afterburners, scrubbers, or both. 

eThese units operate on a controlled combustion principle in which the 
waste is burned in the main chamber in the absence of sufficient oxygen 
for complete combustion. 
burned with excess air in a secondary chamber, resulting in efficient 
combustion. These units are usually equipped with automatic charging 
mechanisms and are characterized by high eff 1 uent temperatures. 

Of either single- 

. 
The resulting highly combustible gas mixture is 

8 
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Tabl’e C-3 (Continued) .. ’ 

f A  t rench . i nc ine ra to r  i s  s imple t o  cons t ruc t  and inexpensive t o  operate. 
I n  operat ion,  a t rench  i s  f i r s t  dug and f i l l e d  w i t h  waste. A U-shaped 
combustion chamber i s  formed by the  s ides and bottom o f  t h e  t rench  and 
a i r  i s  suppl ied from nozzles along the  top  o f  t he  t rench. The angles a re  
d i r e c t e d  a t  an angle below the  ho r i zon ta l  t o  p rov ide  a c u r t a i n  o f  a i r  
across the  top  o f  t h e  t rench  and t o  p rov ide  a i r  f o r  combustion. The 
t rench i n c i n e r a t o r  i s  r e l a t i v e l y  i n e f f i c i e n t ,  b u t  i s  o f t e n  used t o  dispose 
o f  a v a r i e t y  o f  mater ia ls .  
refuse. Typ ica l  re lease f r a c t i o n s  f o r  o ther  m a t e r i a l s  i nc lude  wood: 
13 lb / ton ,  and rubber t i r e s :  138 lb / ton .  

The re lease f r a c t i o n  l i s t e d  i s  f o r  munic ipa l  

gThese u n i t s  a re  commonly found i n  l a r g e  apartment houses and a re  
charac ter ized  by t h e  charg ing method o f  dropping re fuse  down the  i n c i n -  
e r a t o r  f l u e  and i n t o  the  combustion chamber. Mod i f i ed  f l u e - f e d  i n c i n -  
e ra to rs  use a f te rbu rne rs  and d r a f t  c o n t r o l s  t o  improve combustion 
e f f i c i e n c y  and reduce emissions. 

hThis category inc ludes i n c i n e r a t o r s  marketed f o r  r e s i d e n t i a l  use. 

, 

F a i r l y  
s imple i n  design, they  may have s i n g l e  o r  m u l t i p l e  chambers anh a re  
usua l l y  equipped w i t h  an auxi1, iary burner t o  a i d  combustion. 

. 
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Table C-4, Measured Particulate Emission Factors fo r  Seven Municipal . 

Incinerators 

Year 
Incinerator Bui 1 t 

A 1966 

B 1966 

, Description . 

300 ton/day' refractory-wal led, mu1 t i p l e -  
chambered furnaces with inclined, 
reciprocating-grate sections followed by 
stationary grate  sections. Equipped w i t h  
a wet scrubber. 

300 ton/day refractory-wal led mu1 t ip l e -  
chambered furnaces w i t h  three sections 
of i ncl i ned rocking grates.  
with wet scrubber, flooded baf f le  walls. 

Equipped 

Emission Factor 
( 1 b/ton)- ( a )  

10.4' 

14.5 

C 1967 

D 1-965 

E 1963 

F. 1963 

G . 1967 

5-6 ton/day conical burner w i t h  double 
metal walls and fixed grates.  Equipped 
w i t h  centrifugal-type water scrubber, 
afterburner and water scrubber, and 
e l ec t ros t a t i c  precipi ta tor .  

500 ton/day refractory-wal led mu1 t i p l e -  
chambered furnaces with two sections of 
traveling grates  (one inclined and one 
hori.zonta1). Equipped w i t h  wet scrubber 
(flooded baff le  walls). 

500 ton/day furnaces w i t h  three recipro- 
cating gra te  sections followed by a 
rotary kiln.  
using a water spray and a baf f le  wall. 
Recovery of t i n  cans and other ferrous 
metals from residue. 

600 ton/day furnaces with three recipro- 
cating grate  sections followed by a 
rotary kiln.  Equipped w i t h  a wet 
scrubber usina water sprays and a 

Equipped with wet scrubbers 

1 

baff le  wall. 

400 ton/day furnaces w 
inclined reciprocating 
w i t h  multitube dry cyc 
wet-baffle wall. 

t h  four 
grates.  
ones fo 

sections of 
Equipped 

lowing a 

3 . 1  (b) 

8.8 

8 .6  

12.5 

20.4 

Average 1 1 . 2  

(a )  

( b )  Average of three measurements. 

Pounds of particulates ( f lyash)  emitted per ton of refuse incinerated. 
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I n c i n e r a t o r  
Parameter A B 0 E F G 
Design 300 300 900 500 600 400 
capac i ty  
( t o n d d a y ) '  
Year . .. 1966 1966 1965 1963 1963 1967 
const ructed 
Man- hrs / ton*  0.44 0.74 0.44 0.49 0.36. a. 4.3 
Maintenance** 14 15 . 28 30 19 29 
requirements 
(% o f  l abo r  cos t )  

* Geometric average = 0.47 man-hrs/ton, a r i t h m e t i c  average =' 0.48 man-hrs/ton. 
* *Ar i thmet ic  average = 22.5%, geometric average = 21.4%. 

Var ia t i ons  

I t . i s  apparent t h a t  most e x i s t i n g  munic ipa l  i n c i n e r a t o r s  s u f f e r  f rom a number 
o f  opera t iona l  drawbacks, i n c l u d i n g  a i r  and water p o l l u t i o n ,  incomplete com- 
bus t i on  i n  many cases', wastage o f  t he  thermal energy created,  no recyc le  o f  
use fu l  ma te r ia l s .  and r e l a t i v e l y  poor volume reduc t ion .  A number 
ments which cou ld  be implementeb,'and i n  some cases a re  be ing  imp 
discussed below. 
w i l l  be implemented i n  American i n c i n e r a t o r  designs i n  any th ing  1 
fu tu re ,  s ince c o n s t r u c t i o n  o f  new f a c i l i t i e s  and m o d i f i c a t i o n s  t o  
f a c i l i t i e s  w i l l  both i n v o l v e  l a r g e  c a p i t a l  expendi tures and waste 
genera l l y  near the  bottom o f  most communities' l i s t  o f  p r i o r i t i e s  

It i s  d i f f i c u l t  t o  p r o j e c t  t o  what e x t e n t  such 

o f -  improve- 
emented, a re  
mprovements 
ke t h e  near 
e x i s t i n g  
d isposal  i s  

One way i n  which o v e r a l l  opera t iona l  e f f i c i e n c y  can be improved i s  t o  improve 
the  combustion e f f i c i e n c y .  
volume reduc t ion  achieved and i t  a lso  reduces a i rbo rne  e f f l u e n t s ,  s ince  the  
excess a i r  requirements would be lower. 
reduced p a r t i c u l a t e  loadings i n  t h e  a i rborne  e f f l u e n t  stream as w e l l  as a 
reduced volume of a i r  t o  be t rea ted .  

One way t o  increase combustion e f f i c i e n c y  i s  t o  reduce t h e  s izes  o f  t h e  
i n d i v i d u a l  p ieces o f  re fuse.  That i s ,  i n p u t  re fuse  would be f i r s t  d i r e c t e d  t o  
a pret reatment  process such as a hammermill i n  which waste i s  chopped i n t o  
smal ler  i n d i v i d u a l  s izes.  This  creates a more homogeneous waste m ix tu re  which 
i s  eas ie r  t o  a g i t a t e  and which improves combustion. 
reduced i n  s ize ,  i t  i s  poss ib le  t o  send t h e  waste through f u r t h e r  t rea tment  
processes t o  remove non-combustible i tems p r i o r  t o  i n c i n e r a t i o n .  
c l a s s i f i e r ,  f o r  example, w i l l  remove heavy i tems such as metal  o r  g lass  f rom 
l i g h t e r ,  combust ib le m a t e r i a l s  such as paper o r  p l a s t i c .  Separated heav ie r  
ma te r ia l s  may a l s o  be f u r t h e r  t r e a t e d  t o  recover i tems such as meta ls  which 
may be recycled. 
which are  termed "head-end" systems s ince they remove r e c y c l a b l e  m a t e r i a l s  ~ 

p r i o r  t o  i n c i n e r a t i o n .  There has a l so  been some progress i n  develop ing sys- 
tems f o r  recovery o f  recyc lab le  ma te r ia l s  a f t e r  combustion, a l though recovery 
from such "back-end" systems i s  apparent ly  more d i f f i c u l t  than from head-end 
systems. 
and mater i  a1 s recovery processes. ) 

Enhancing combustion increases the  amount o f  .waste 

Reduced excess a i r  requirements means 

Once t h e  waste has been 

An a i r  

Much work has been done t o  develop such recyc le  systems, 

(Consul t  Appendix.B f o r  f u r t h e r  i n fo rma t ion  on waste pre t rea tment  
I 
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Another obvious improvement i s  t o  recover and u t i l i z e  the  heat generated 
through combustion. 
occas iona l l y  used i n  the  Un i ted  States i s  t o  l i n e  the  w a l l s  o f  the furnace 
w i t h  a se r ies  o f  c l o s e l y  spaced metal tubes. 
tubes and the  steam thus produced can be used f o r  space o r  process heat, o r  
poss ib l y  f o r  generat ing e l e c t r i c i t y .  The excess a i r  requirements f o r  such 
"waterwal l "  furnaces are  g r e a t l y  reduced (e.g., by about a f a c t o r  o f  4) 
compared t o  o rd inary  furnaces, which reduces p a r t i c u l a t e  entrainment and a l so  
r e s u l t s  i n  smal ler  volumes o f  e f f l u e n t  gases needing t reatment .  Operat ional  
problems i n  the  Uni ted States connected w i t h  waterwal l  furnaces have main ly  
cons is ted  o f  p i t t i n g  o f  t h e  water tubes i n  a d d i t i o n  t o  sca le deposi ts  w i t h i n  
the  tube. 
w i t h i n  the  tubes wh i l e  the l a t t e r  can be c o n t r o l l e d  by a t t e n t i o n  t o  water 
chemistry.  

A general problem w i t h  any heat  recovery system i s  t h a t  many t imes the  heat 
recovered cannot be sold.  
qual i ty. 

Almost a l l  waste processed t o  the  end o f  the century  w i l l  p robably  cont inue t o  
be i n c i n e r a t e d  i n  low-to-moderate temperature furnaces. Most w i l l  be r e f r a c -  
t o r y  w a l l  b u t  increased use w i l l  cont inue t o  be made o f  waterwal l  designs. 
Newer i n c i n e r a t o r  designs which have been inves t i ga ted  and w i l l  rece ive  some 
use inc lude  f l u i d i z e d  beds and h igh  temperature designs such as s lagging 
furnaces. 
may a l so  be incorporated.  Along these l i n e s ,  cons iderable work has been 
performed on p y r o l y s i s  u n i t s .  

C . 3 . 1 . 2  Reference Munic ipa l  I n c i n e r a t o r  

One method f requen t l y  used i n  Europe and o n l y  

Water i s  c i r c u l a t e d  through the  

The former can be c o n t r o l l e d  by main ta in ing  h igh  water temperatures 

The steam produced i s  o f t e n  u n r e l i a b l e  and o f  poor 

Designs which produce a l i q u i d  o r  gaseous f u e l  f o r  l a t e r  combustion 
, 

The c h a r a c t e r i s t i c s  o f  the  reference municipal  i n c i n e r a t o r  are based upon the  
prev ious subsection. The reference municipal  i n c i n e r a t o r  i s  conserva t ive ly  
assumed t o  use a r e f r a c t o r y  w a l l  furnace f o r  which l i t t l e  o r  no s i z e  reduc t ion  
i s  performed on the i n p u t  waste feed. I n  a d d i t i o n ,  there  i s  assumed t o  be no 
separat ion o f  non-combustible i tems f r o m  the  waste feed and no recovery o f  
recyc lab le  ma te r ia l s  such as metal o r  g lass.  ( "Sor t ing"  op t ions- -s ize  
reduct ion,  separat ions and recovery o f  recyc lab le  mater ia ls--may be added on 
as modules t o  the bas ic  u n i t ,  and these opt ions are addressed i n  Subsection 
C . 3 . 1 . 3 . )  The reference f a c i l i t y  i s  assumed t o  be a 500 tons/day u n i t  which 
operates a t  t h a t  l e v e l  f o r  280 days per  year.  Th is  s i z e  i s  moderately l a rge  
and i s  t y p i c a l  o f  t he  s i z e  o f  t he  i n c i n e r a t o r s  b u i l t  i n  t he  l a s t  20-30 years. 
The number o f  opera t ing  days pe r  year  (280) i s  a l so  t y p i c a l  o f  e x i s t i n g  
p rac t i ces .  

Whether o r  n o t  the  heat o f  combustion i s  recovered-- i .e . ,  by p l a c i n g  a b o i l e r  
w i t h i n  the  r e f r a c t o r y  w a l l  fu rnace- - is  expected t o  have a n e g l i g i b l e  e f f e c t  on 
the  r a d i o l o g i c a l  impacts from burn ing  de minimis waste i n  the  i n c i n e r a t o r .  
The assumption o f  a waterwal l  furnace, i n  which heat may be more e f f i c i e n t l y  
recovered, i s  be l ieved t o  be l ess  conservat ive than a r e f r a c t o r y  w a l l  furnace. 
Th is  i s  because (1) most e x i s t i n g  i n c i n e r a t o r s  i n  the  Un i ted  States are  
r e f r a c t o r y  w a l l  designs and w i l l  t he re fo re  probably s t i l l  account f o r  most 
waste i n c i n e r a t i o n  t o  t h e  year  2000, and (2) l a r g e r  a i rbo rne  e f f l u e n t s  would 
be expected from r e f r a c t o r y  w a l l  designs than from waterwal l  designs. 
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I n  operat ion,  waste i s  assumed t o  be d e l i v e r e d  t o  the  i n c i n e r a t o r  i n  t r u c k s  o r  
o ther  types of wheeled t r a n s p o r t  veh ic les .  
i n t o  the  storage p i t  and mixed us ing a waste t r a n s f e r  crane. Bulky i tems-- 
i n c l u d i n g  mattresses, t r e e  stumps, o r  waste d e l i v e r e d  i n  packages--are assumed 
t o  be sent  through a s i z e  reduc t ion  opera t ion  c o n s i s t i n g  o f  a smal l  hammermill. 
Th is  s i z e  reduc t i on  opera t i on  i s  n o t  nea r l y  as extreme as would be requ i red  
f o r  extens ive m a t e r i a l s  recovery operat ions;  i t  i s  c a r r i e d  out. on l y  t o  the  
p o i n t  t h a t  the bu lky  waste can be accommodated by the  waste t r a n s f e r  chute. 
As an op t ion ,  l a r g e  metal  ob jec ts  such as appl iances o r  emptied 55-ga l lon  
drums may be e i t h e r  s ize-reduced and i n c i n e r a t e d  o r  s o l d  f o r  scrap metal .  

The waste i s  assumed t o  be dumped 

I n c i n e r a t o r  opera t ion  i s  assumed t o  r e s u l t  i n  an overal.1 reduc t i on  i n  waste 
volume by about a f a c t o r  o f  6, assuming no waste s o r t i n g  o r  m a t e r i a l s  
recovery. The res idue from combustion i s  quenched a f t e r  removal from t h e  
furnace and the  wet res idue i s  assumed t o  be t rucked t o  a s a n i t a r y  l a n d f i l l ,  
which i s  assumed t o  be loca ted  w i t h i n  a f e w  m i les  o f  t he  i n c i n e r a t o r .  

A i rborne E f f l u e n t s .  A i rborne releases f r o m  the  reference munic ipa l  i n c i n e r a t o r  
a re  est imated us ing  the  i n fo rma t ion  summarized i n  Sect ions C.2.1 and C.3.1.1. 
I n  Table C - 2 ,  EPA est imates a re lease r a t e  o f  14 l b  o f  f l y a s h  per  t o n  o f  waste 
f o r  a munic ipa l  i n c i n e r a t o r  w i t h  a minimal e f f l u e n t  t reatment  system--e.g., a 
s e t t l i n g  chamber and a water spray system (Ref .  10). Th is  i s  somewhat g r e a t e r  
than the average re lease r a t e  f o r  the  seven i n c i n e r a t o r s  l i s t e d  i n  Table C-3 
(Ref .  9) .  It may a l so  be noted t h a t  the  measured re lease r a t e s  were g e n e r a l l y  
f o r  systems w i t h  f e w  o f f -gas  con t ro l s ,  and over the  p a s t  severa l  years ( c e r t a i n l y  
s ince a c q u i s i t i o n  o f  t he  data used i n  References 9 and 10)  there  has been 
considerable more i n t e r e s t  i n  improving a i r  q u a l i t y .  As noted i n  Reference 9, 
the i n c i n e r a t o r s  examined a l l  had d i f f i c u l t i e s  meeting even the  most minimum 
a i r  q u a l i t y  standards. Since a i r  q u a l i t y  standards have been t i g h t e n i n g ,  t h i s  
means t h a t  the  f l y a s h  re lease ra tes  o f  most i n c i n e r a t o r s  would need t o  be 
reduced t o  meet t h e  t i g h t e r  standards. 

A re lease r a t e  o f  10 l b  o f  f l y a s h  per  t o n  o f  waste i s  thus conserva t i ve l y  
assumed f o r  the reference municipal  i n c i n e r a t o r .  
u l a t e  re lease f r a c t i o n  equal t o  5.OE-3, o r  an o v e r a l l  decontaminat ion f a c t o r  
(DF) equal t o  200. As t i m e  goes'on and improved a i rbo rne  t,reatment systems 
are  i n s t a l l e d  i n  the  o l d e r  i n c i n e r a t o r s ,  t h i s  re lease r a t e  w i l l  be even more 
conservat ive.  
w i l l  probably be waterwal l  designs. 

This  corresponds t o  a p a r t i c -  

I n  a d d i t i o n ,  many o f  the newer i n c i n e r a t o r s  b u i l t  over t ime 

For v o l a t  
t he  patho 
.found f o r  

les.  and semi -vo la t i l es ,  re lease f r a c t i o n s  equ iva len t  t o  
og ica l  i n c i n e r a t o r  (Sect ion C.2. '1) are  assumed. No bas 
use o f  d i f f e r e n t  values. 

those f o r  
s cou d be 
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The release fractions :(f ) and corresponding decontamination factors (DF)- 
assumed for the referend 500 tons/day municipal incinerator are given below: 

Nucl i de fr DF 

H-3 
C- 14 
C1-36 
Tc-99 
Ru-103 
Ru- 106 
I - 125 
1-129 
All others* 

0.90 
. 0.75 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.005 

1.1 
1.3 

100 
100 
100 
100 
100 
100 
200 

*Assumed to be released as particu,lates 

Material Flow. Material flow through the reference municipal incinerator is 
estimated based upon a number of sources, including References 8, 40, and 41. 
The assumed composition of the waste input to the reference municipal waste 
incinerator is listed in Table C-5 (Ref. 40). Also listed for each component 
is the total daily mass of each component assuming 500 tons/day throughput, 
the assumed moisture content (wt %), the fraction of inert residue resulting 
from incineration ((wt %), and the density. 

The density listed in Table C-5 (250 lb/yd3) is for uncompacted waste in 
standardized collector trucks. 
is typically increased to 500 to 700 lb/yd3. 
incinerator, however, the waste will be deposited in a storage bin and mixed 
using the waste transfer crane. 
to levels on the order of 500 lb/yd3 within the waste storage bin. 

* Daily waste input to the incinerator is thus assumed to be as follows: 

After collection and compaction, waste density 
Following delivery to the 

This will tend to reduce the waste density 

I 

315 tons combustibles (63%) 
45 tons metal (9%) 
40 tons glass (8%) 
100 tons other (20%) 
500 tons 

At an assumed cznsity of 500 lb/yd3 in the incinerator storage bin, this results 
in an approximate daily volume of waste equal to 2,000 yd3/day. 

During incineration, a portion of the incinerated waste will be carried out 
of the combustian zone and enter the effluent treatment system, of which a 
certain fraction will be captured as flyash and the remainder released into 
the air as an airborne effluent. 
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Table C-5. Composition o f  Waste Inpu t  t o  Reference I n c i n e r a t o r  

~ ~~ ~~~~ 

Massa Weight Moi s t u r e  I n e r t  Uncompacted Dens i ty  
Waste Component (tons/day) % - Content(%) Residue(%) ( 1 b/yd3 ) 

Combustibles: 
PaDer 
Cakdboard 
P1 as t i cs 
T e x t i l e s  
Garden trimmings 
Wood 

Metal : 
T i n  cans 
Non- fe r rous  

metals 
Ferrous metals 

Glass: 
B o t t l e s  

Other: 
Dir t ,  b r i c k s ,  

ash, e tc .  
Leather . 

Rubber 
Food products 

315 
200 
20 
15 
10 
60 
10 

45 
30 

5 
10 

- 

- 

40 
40 

100 

20 
2.5 

‘ 2.5 
75 
500 

- 

- 

63 
40 

4 
3 
2 

1 2  
2 

9 
6 .  

1 
‘2 

8 
8 

20 

4 
0.5 
0.5 

- 

- 

15 
100 
- 

-- -- 
6 .  6 
5 5 
2 10 

10 2.5 
60 4.5 
20 1.5 

2 96 
2 96 

-- -- 
2 . 98 

8 70 
10 10 . 

2 10 
70 
21. gb 

-- 
137.7 

108 
108 
1,75. 5 
405 

83.7 . 

-- 
1481 5 

270 
270 

-- 
326.7 

-- 

810 
270 
216 
- 486, 
250 

aBased on a 500 tons/day i nc ine ra to r .  
bWei ghted average. 
‘Weighted average. 
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A t y p i c a l  f i g u r e  o f  35 l b  of p a r t i c u l a t e s  per  t o n  o f  i n c i n e r a t e d  waste i s  
assumed f o r  ma te r ia l  c a r r i e d  ou t  o f  t he  furnace (Refs. 7,  15). Given the  
prev ious assumption of 10 l b  o f  p a r t i c u l a t e s  per  t o n  o f  i n c i n e r a t e d  waste 
re leased o u t  of the f a c i l i t y  s tack,  t h i s  r e s u l t s  i n  about 25 lb (d ry )  o f  
f l y a s h  captured by the  e f f l u e n t  t reatment  system per  t o n  o f  waste. 
t i o n ,  approximately 119 tons (dry)  o f  res idue w i l l  be generated per  day. 
f i g u r e  i s  based upon m u l t i p l y i n g  t h e  mass o f  gach component by the  percentage 
t h a t  i s  t ransformed i n t o  i n e r t  res idue (see Table C-5 ). 
f l yash  i s  added t o  the  res idue p r i o r  t o  disposal., t h i s  r e s u l t s  i n  a t o t a l  
d a i l y  s o l i d  waste stream equal t o :  

I n  addi-  
Th is  

Assuming t h a t  the  

Flyash 6.25 tons 
Res i due 119 tons 

. To ta l  125 tons (dry)  

The res idue,  however, i s  assumed t o  be quenched w i t h  water du r ing  removal from 
the  i n c i n e r a t o r .  
res idue mass equal t o  about 250 tons/day. The volume o f  t h i s  res idue,  as uming 
an o v e r a l l  volume reduc t ion  f a c t o r  o f  6 f o r  the  i n c i n e r a t o r ,  i s  about 333 yd3. 
This  r e s u l t s  i n  a wet res idue dens i t y  o f  about 1500 lb/yd3. The composit on o f  
the res idue i s  approximately as fo l l ows :  

Assuming a 50% moisture content ,  t h i s  r e s u l t s  i n  a t o t a l  

Water 125 tons (50%) 
Glass 39 tons (16%) 
Metal 44 tons (18%) 
Ash and o the r  

m a t e r i a l .  42 tons (17%) 
250 tons (wet) 

Personnel. Personnel requirements a re  est imated us ing i n fo rma t ion  from the  
prev ious sec t ion .  
t on  o f  waste, i n c i n e r a t i n g  500 tons per  day would r e q u i r e  240 man-hours. 
Assuming t h a t  each person works 8 hours per  day, t h i s  conforms t o  a p a y r o l l  
o f  about 30 persons. Assumed jobs and personnel requirements f o r  each j o b  
are  l i s t e d  as fo l lows:  

Assuming t h a t  i t  requ i res  an average o f  0.48 man-hours per  
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No. o f  
Occupations persons Dust environment P rox im i t y  

Super intendent 1 
Ass is t .  Super. 1 
O f f i c e  Mgr. 1 
Sec r e t  a ry 1 
Scalemaster 2 
Crane Operator 2 
Charging F l o o r  Op. 6 
Process C o n t r o l l e r s  4 
Residue Handlers 4 
Mai ntenance/l abor 8 

1 ow 
1 ow 
1 ow 
1 ow 
mod 
mod 
mod 
mod 
h igh  
h igh  

mod 
mod 
f a r  . 
f a r  
mod 
mod 
c lose  
mod 
c lose  
c lose  

To ta l  : 30 

The desc r ip to rs  "dust  environment" and " p r o x i m i t y  f a c t o r "  a re  used t o  es t ima te  
personnel r a d i a t i o n  exposures. To determine i n h a l a t i o n  and o the r  exposures 
due t o  a i rbo rne  contaminants, each person working a t  t he  i n c i n e r a t o r  i s  assumed 
t o  work i n  an environment i n  which the  a i r  i s  assumed t o  be a t  a p a r t i c u l a r  
dus t  loading.  
the i n t e r i o r  o f  a house i s  about 50 pgm o f  dus t  per  m3 o f  a i r  w h i l e  a h i g h  
average f o r  n a t u r a l  ambient cond i t ions  i s  about 100 pgm/m3 (Ref. 11). The 
assumed dus t  l oad ing  i n  which a person works i s  a f u n c t i o n  o f  t h e i r  occupat ion.  
F o r  example, persons who spend mucb o f  t h e i r  t ime w i t h i n  an o f f i c e  (super in ten-  
dent, a s s i s t a n t  super intendent,  o f f i c e  manager, secretary)  would be sub jec ted  
t o  a smal ler  a i rbo rne  dust  load ing  than persons working i n  p r o x i m i t y  t o  the  
waste. 
contact  w i t h  f i ne -g ra ined  ma te r ia l s  ( re fuse  handlers,  maintenance/labor). 
o f  the  dus t  would be non-radioact ive.  The amount o f  r a d i o a c t i v e  m a t e r i a l  t h a t  
i s  conta ined w i t h i n  the  dus t  would be p r o p o r t i o n a l  t o  the  f r a c t i o n  o f  waste 
i n p u t  t o  the  f a c i l i t y  t h a t  i s  rad ioac t i ve .  A f i r s t  est imate o f  t he  dus t  
loadings f o r  each assumed environment i s  as fo l l ows :  

For example, a h igh  average fo r ' t he  a i rborne  dus t  l oad ing  f o r  

The l a r g e s t  dus t  loadings would be assigned t o  persons who may be i n  
Most' 

Dust environment Dust 1 oadi ng (pgm/m3) 
1 ow 100 

h igh  400 
mod , 200 

. .  

I .  

S i m i l a r l y ,  t he  p r o x i m i t y  f a c t o r  i s  used t o  est imate the  exposures t o  each 
person due t o  d i r e c t  gamma r a d i a t i o n .  Each person i s  assumed t o  spend a 
s i g n i f i c a n t  amount o f  t i m e  a t  a p a r t i c u l a r  proximate d is tance from t h e  waste, 
which i s  t he  source o f  the  d i r e c t  gamma r a d i a t i o n .  Again, persons who spend 
most the  t h e i r  t ime w i t h i n  the  f a c i l i t y  o f f i c e s  are  assumed t o  work a t  a 
g rea ter  d is tance from the  waste than persons:working - d i r e c t l y  w i t h  t h e  Gaste. 
I n  add i t i on ,  var ious  s o l i d  ob jec ts  such as wa l l s ,  equipment, and veh ic les  wou 

~ 

~ 

~ 

. .  
. .  

~ 
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prov ide  sh ie ld jng .  
f a c t o r  i s  g iven  below: 

A f i r s t  est imate o f  t he  distances assumed f o r  each p r o x i m i t y  . 

L .  Prox im i t y .Fac to r  Distance (m) 
~ 

c lose  1 
mod 10 
f a r  30 

~ ~ 

Other considerat ions inc lude the  f a c t s  t h a t  the  i n c i n e r a t i o n  process w i l l  vary 
the  volume o f  the  waste handled as w e l l  as the  tendency f o r  t he  waste t o  d isperse 
That i s ,  the  i n c i n e r a t o r  res idue volume w i l l  be reduced by about a f a c t o r  o f  6 
as compared t o  the i n p u t  waste volume. I n  add i t i on ,  t he  res idue has a h igh  ash 
conten t  and so w i l l  be i n  a more d i s p e r s i b l e  f o r m  than the i n p u t  waste. This  
cou ld  have an e f f e c t  on the  impacts ca l cu la ted  depending upon whether a g iven 
s i t e  worker spends most o f  h i s  t ime a t  e i t h e r  the  "head end" o f  t he  f a c i l i t y ,  
where waste i s  received (e.g. ,  charg ing f l o o r  operators) ,  o r  t he  " t a i l  end" o f  
the  f a c i l i t y ,  where res idue i s  removed (e.g. ,  res idue handlers).  I n  t h i s  
r e p o r t ,  a l l  personnel except f o r  res idue handlers and maintenance/labor are 
assumed t o  work a t  the head end o f  the  f a c i l i t y . .  Residue handlers a re  assumed 
t o  work a t  t he  t a i l  end w h i l e  maintenance/labor personnel a re  assumed t o  
spend h a l f  t h e i r  t ime a t  the  head end and h a l f  t h e i r  t i m e  a t  t he  t a i l  end. 

C . 3 . 1 . 3  Waste Size Reduction, Separat ions,  and Ma te r ia l s  Recovery 

Three op t i ona l  modules, which are  c o l l e c t i v e l y  r e f e r r e d  t o  as " s o r t i n g "  modules, 
a re  added as adjuncts  t o  the  above reference municipal  i n c i n e r a t o r .  The f i r s t  
op t i ona l  module cons is ts  o f  a pret reatment  step i n  which the  waste i s  reduced i n  
s i z e  by mechanical means. This  o p t i o n  may be added t o  any munic ipa l  i n c i n e r a t o r  
as a means o f  improving combustion e f f i c i e n c y  and reducing a i rborne  e f f l u e n t s .  

The second op t iona l  module cons is t s  o f  a s i z e  reduc t ion  s tep fo l l owed  by a 
waste separat ions step i n  which t h e  combust ib le f r a c t i o n  i,n the  size-reduced 
waste i s  separated from the  non-combustible f r a c t i o n .  The combust ib le f r a c t i o n  
may be then used as a re fuse-der ived  f u e l  (RDF), o r  poss ib l y  i n c i n e r a t e d  w i t h  
no energy recovery,  wh i l e  the  non-combustible f r a c t i o n  i s  assumed-to be sent 
t o  l a n d f i l l  d isposal .  The separat ions s tep i s  usefu l  i n  t h a t  i t  increases the  
heat conten t  o f  the i nc ine ra ted  waste and reduces the volume o f  i nc ine ra ted  
refuse. Removal o f  the  non-combustible f r a c t i o n  a l so  improves the mechanical 
r e l i a b i l i t y  o f  furnace operat ions.  
waste leads t o  increased wear o f  r e f r a c t o r y  and o ther  m a t e r i a l ,  and can lead 
t o  jamming o f  g ra tes  and o the r  mechanical equipment.) 

The t h i r d  module cons is ts  o f  waste s i z e  reduc t ion  and separat ions,  fo l lowed by 
recovery of  scrap metal and g lass  f o r  reuse. 
accomplished by a number o f  methods b u t  i s  assumed f o r  t h i s  paper t o  be accom- 
p l i s h e d  as a fo l low-on t o  the  s i z e  reduc t i on  and separat ions operat ions.  This 
i s  t he  most common method proposed t o  recover  such ma te r ia l s  (see Appendix 6 ) .  

As  discussed above, waste s i z e  reduc t i on  i s  a necessary p r e r e q u i s i t e  t o  the  
ma te r ia l s  recovery op t ion ,  b u t  may be performed f o r  i t s  own purposes as a 

(The metal and g lass conta ined i n  municipal  

Such ma te r ia l s  recovery can be 

- .  
means of improving combustion e f f j c i e n c y  and reducing 
Separat ion o f  t he  size-reduced waste i n t o  combust ib le 
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f r ac t i ons  i s  another opt ion.  The m a t e r i a l s  thus separated from t h e  combust ib le 
func t ion  w i l l  be a mix tu re  o f  ma te r ia l s  (metal ,  g lass ,  ceramics, stones, e t c . )  
and economics may d i c t a t e  against  f u r t h e r  ma te r ia l s  separa t ion  and recovery.  
There may n o t  be a l o c a l  market, f o r  example, f o r  t he  fe r rous  meta ls  recovered, 
o r  the separat ions process may no t  ob ta in  scrap ma te r ia l s  o f  s u f f i c i e n t  q u a l i t y .  
I n  any case, the  reference s ize- reduc t ion  module i s  assumed t o  c o n s i s t  of a 
hammermill shredder. The reference separat ions module i s  assumed t o  c o n s i s t  
o f  a hammermill shredder coupled w i th  an a i r  c l a s s i f i e r  t o  separate the  l i g h t  
combust ib le f r a c t i o n  f r o m  the heavy non-combustible f r a c t i o n .  (See Appendix B 
f o r  a d iscuss ion  o f  the var ious waste pret reatment  and separat ions processes. ) 

The mate r ia l s  recovery module i s  assumed t o  recover bo th  fe r rous  and non-ferrous 
( p r i n c i p a l l y  aluminum) metals as w e l l  as glass.  
va t ive ;  y h i l e  magnetic separators have been i n  use f o r  severa l  years t o  separate 
fer rous metals from mixed ma te r ia l s ,  t he re  has been l e s s  exper ience w i t h  
methods t o  economical ly separate non-ferrous metals. There i s  even l e s s  
experience w i t h  separat ion o f  h igh  q u a l i t y  g lass.  
assumption i s  i l l u s t r a t e d  by data from Reference 12, which i s  an EPA nat ionwide 
survey o f  resource recovery and waste reduc t i on  a c t i v i t i e s .  O f  65 munic ipa l  
re fuse resource recovery f a c i l i t i e s  e i t h e r  opera t iona l ,  under cons t ruc t i on ,  o r  
i n advanced p l  anni ng, 30 f ac i  1 i ti es" recovered o r  planned t o  recover  fe r rous  
metals. 
wh i l e  g lass recovery was p rac t i ced  o r  planned a t ' o n l y  seven f a c i l i t i e s .  

I n  the model ma te r ia l s  recovery module, fe r rous  metals a re  assumed t o  be 
recovered by magnetic separat ion w h i l e  non-ferrous metals a re  assumed t o  be 
recovered by heavy-media separat ions.  
by f r o t h  separa t ion  and by screening. 
t o  be too  h igh  i n  contaminants (e.g:, rocks,  pebbles, ceramic p ieces,  bone, 
metal b i t s )  f o r  sa le  as h igh  q u a l i t y  c u l l e t .  I n  add i t i on ,  i t  i s  n o t  c o l o r  
sorted. Therefore,  the recovered g lass  i s  assumed t o  be used as an i n p u t  feed 
t o  "glassphal  t". product ion.  

As discussed above, reduced a i rborne  e f f l u e n t s  would be l o g i c a l l y  expected 
. from each o f  the  above th ree  op t i ona l  modules. The authors a re  unable t o  f i n d  

any data,  however, w i t h  which t o  q u a n t i f y  t h i s  expected reduc t ion .  
t h i s ,  the  same re lease f r a c t i o n s  f o r  t he  op t i ona l  modules are  conserva t i ve l y  
assumed as were assumed f o r  the reference munic ipa l  i n c i n e r a t o r .  
the  codes, however, may s u b s t i t u t e  d i f f e r e n t  re lease f r a c t i o n s  as a d d i t i o n a l  
data becomes ava i l ab le .  

This  i s  be l i eved  t o  be conser- 

The conservat iveness of t h e  

Aluminum recovery was p r a c t i c e d  o r  planned a t  o n l y  n ine  f a c i l i t i e s  

Glass recovery i s  assumed t o  be achieved 
The g lass thus recovered i s  p r o j e c t e d  

Given 

The user o f  

Ma te r ia l  Flow. The mater ia  
, i n  a s i m i l a r  manner as t h a t  

f low f o r  ' the  f i r s t  op t i ona l  

f l o w s  f o r  the  th ree  op t i ona l  modules a re  est imated 
f o r  the  reference i n c i n e r a t o r .  I n  f a c t ,  t h e  m a t e r i a l  
module i s  assumed t o  be the  same as g i ven  p rev ious l y .  

The second op t iona l  module invo lves  waste s i z e  reduc t i on  and separat ions,  b u t  
no recovery o f  recyc lab le  ma te r ia l .  
be size-reduced and separated i n t o  combust ib le and non-combustible f r a c t i o n s  
t o  the degree a v a i l a b l e  w i t h  cu r ren t  separat ions technologies.  

* A t  two o f  the  29 c u r r e n t l y  opera t ing  f a c i l i t i e s ,  f e r rous  metals a re  

I n  t h i s  case, the  i n p u t  waste i s  assumed t o  

For t h i s  
6 -  

recovered b u t  n o t  sold.  
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repo r t ,  t h e  combustible f r a c t i o n  i s  assumed t o  con ta in  95% o f  t h e  combustible 
waste, 5% o f  t h e  metal ,  5% of the  g lass ,  and 10% o f  t h e  o t h e r  m a t e r i a l  o r i g i -  
n a l l y  contained i n  t h e  waste. 
assuming a 500 tons/day i n c i n e r a t o r :  

Th is  r e s u l t s  i n  the  f o l l o w i n g  d i s t r i b u t i o n s ,  

Non-combustible 
comb. 19.75 tons (8%) 
metal 38 tons (20%) 
g lass  42.75 tons (23%) 
o t h e r  90 tons (48%) 

186.5 tons 
p ' =  1038 lb/yd3 
v = 359 yd3 

Combustible 
comb. 299.25 tons (95%) 
metal 2.25 tons (I%)-. 
g lass  2 tons (EX) 
o the r  10 tons (3%) 

. 313.5 tons 
p = 485 lb/yd3 
v = 1292 yd3 

The above d e n s i t i e s  a re  d i f f i c u l t  t o  est imate.  
w i l l  t end  t o  decrease the  dens i t y  o f  most ma te r ia l s  and increase the  d e n s i t i e s  
o f  others.  ( I n  p a r t i c u l a r ,  t he  s i z e  reduc t i on  process w i l l  tend  t o  increase 
t h e  dens i t y  o f  t h e  combustible f r a c t i o n . )  
mun ic ipa l  waste has been g iven as 600 t o  900 lb/yd3 (Ref. 8). 
r e p o r t ,  t he  d e n s i t i e s  o f  t he  i n d i v i d u a l  components o f  t he  waste as g i ven  i n  
Table C-5 are  a l s l  assumed t o  be increased by a f a c t o r  of 3. 
i n  a weighted dens i t y  o f  1038 lb/yd3 f o r  t h e  t o t a l  non-combustible f r a c t i o n  and 
485 lb/yd3 f o r  t he  combustible f r a c t i o n .  The d a i l y  volume can be obta ined 
from these dens i t i es .  

The s i z e  reduc t i on  process 

A t y p i c a l  dens i t y  range f o r  shredded 
For t h i s  

Th is  r e s u l t s  
I 

I n c i n e r a t i o n  o f  t he  combustible f r a c t i o n ,  which i s  est imated t o  be about 63% 
o f  the  t o t a l  i n p u t  waste, r e s u l t s  i n  e f f l u e n t  and s o l i d  waste streams s i m i l a r  
t o  those discussed above f o r  t h e  re fe rence i n c i n e r a t o r .  For t h i s  r e p o r t ,  the  
t o t a l  e f f l u e n t  p a r t i c u l a t e  release i s  assumed t o  be 0.63 x 10 = 6.3 l b  o f  p a r t i c u -  
l a t e s  pe r  t o n  o f  waste de l i ve red  t o  the  f a c i l i t y .  
i s  assumed t o  t o t a l  0.63 x 25 = 15.75 l b  o f  f l y a s h  per  ton  o f  waste d e l i v e r e d  
t o  the  i n c i n e r a t o r .  Residue generat ion i s  again est imated based upon informa- 
t i o n  l i s t e d  i n  Table C-5. Th is  i s  c a l c u l a t e d  t o  be about 22.7 tons/day (dry). 
Again assuming t h a t  t he  f l y a s h  i s  added t o  the  residue, th ' is  r e s u l t s  i n  a 
t o t a l  res idue mass (dry) o f  

S i m i l a r l y ,  f l y a s h  produc t ion  

Flyash 3.9 tons 
Res i due 22.7 tons 

26.6 tons (dry) , 

As before ,  t he  residue i s  assumed t o  be quenched t o  a 50% water conten t  upon 
removal from t h e  i n c i n e r a t o r ,  r e s u l t i n g  i n  53.2 tons o f  res idue be ing  t rucked 
t o  d isposa l  p e r  day. Given an assumed volume reduc t ion  f a c t o r  o f  20 f o r  t he  
combust ib le m a t e r i a l ,  t h i s  r e s u l t s  i n  a t o t a l  wet dens i t y  and volume of about 
1500 lb/yd3 and 70.8 yd3, respec t i ve l y .  
g iven  as fo l lows:  

The composit ion o f  t h e  res idue i s  
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Water 26.6 tons (50%) 
Glass 2.2 tons (4%) 
Metal 2.2 tons (4%) 
Ash and o ther  

mater i  a1 22.2 tons (42%) 
- -  53.2 tons (wet) 

This' t h i r d  module invo lves  recovery o f  the  recyc lab le  ma te r ia l  f rom the  
.non-combustible f r a c t i o n ,  which f o r  t h i s  r e p o r t  i s  assumed t o  be metal  and 
glass.  
assumed t o  be 85% o f  the  g lass from the  e n t i r e  i n p u t  waste and 90% o f  t h e  meta l .  
Th is  r e s u l t s  i n  th ree  bas ic  streams--a metal stream, a g lass stream, and a 
d i sca rd  stream--as summarized below: 

Based on References 40 and 41, the o v e r a l l  e f f i c i e n c y  o f  recovery i s  

Recovered 
Metal 

T i n  cans 27 tons (67%) 
Non-ferrous 4.5 tons (1%) 
Ferrous - 7 tons (22%) 

p =-747 lb /yd3 
v = 108 yd3 

40.5 tons 

Recovered Discarded 
Glass Mater i a1 

34 tons Comb. 15.75 . tons (14%)' 
p = 980 lb/yd3 Metal 2.25 tons (2%) 
v = 69 yd3 Glass 4 tons (4%) 

Other 90 tons (80%) 

p = 14u) lb /yd3 
v = 159 yd3 

112 tons 

Personnel. Add i t i ona l  personnel requirements f o r  a 500 tons/day i n c i n e r a t o r  w i t h  
op t i ona l  s i z e  reduc t ion ,  separat ions,  and m a t e r i a l s  recovery modules are  somewhat 
d i f f i c u l t  t o  p r o j e c t .  These personnel requirements w i  11 vary depending upon the  
design and throughput o f  the i n c i n e r a t o r  as w e l l  as the  s o r t i n g  modules. From a 
survey (Ref. 9) o f  seven e x i s t i n g  r e f a c t o r y  w a l l  furnaces, which were a l l  
const ructed i n  the  1960's (and so were designed i n  the 1950's)  and which 
incorporated no waste s o r t i n g  o r  ma te r ia l s  recovery p rov is ions , *  t h e  personnel 
requirements were determjned t o  range from 0.36 t o  0.74 man-hrLton (0.47 man- 

More modern f a c i l i t i e s  would be expected t o  be designed t o  be l e s s  l a b o r  
in tens ive .  Table C-6 l i s t s  f i v e  modern f a c i l i t i e s  a t  which energy and m a t e r i a l s  
recovery are e i t h e r  c a r r i e d  ou t  o r  a re  p ro jec ted .  
i n c i n e r a t o r s  w h i l e  the  l a s t  t w o  u n i t s  produce a refuse-der ived f u e l .  
Appendix B f o r  more d e t a i l s  o f  t y p i c a l  ma te r ia l s  and energy recovery processes.)  
The Chicago and Saugus f a c i l i t i e s  a re  opera t ing  wh i l e  the o the r  th ree  f a c i l i t i e s  
have been designed b u t  have no t  been const ructed.  
personnel requirements are p ro jec ted  desp i te  the  f a c t  t h a t  the  f a c i  1 i t i e s  
p r a c t i c e  some mate r ia l s  recovery as w e l l  as energy recovery. 

I n  determin ing personnel requirements f o r  the s i z e  reduc t i on  and m a t e r i i l  s 
recovery op t ions ,  t w o  a1 te rna t i ves  are  thus presented. 
be t o  cha rac te r i ze  a modern f a c i l i t y  designed f rom scra tch  f o r  m a t e r i a l s  and 
energy recovery,  w h i l e  the  second o p t i o n  would be t o  assume t h a t  s ize-  
reduct ion,  separat ions,  and ma te r ia l s  recovery operat ions are-added on t o  an 

' h r / t on  average). 

The f i r s t  t h ree  u n i t s  a re  
(See 

As can be seen, reduced 

One a1 t e r n a t i v e  would 

*An except ion was - I n c i n e r a t o r  E, which recovered some fe r rous  metals.  
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- Table C-6. Personnel Requirments fo r  Some Modern Energy and Materials 
Recovery Systems 

U n i t  

Chicago 
Northwest Inc. 
(Ref. 8) 

. CPU-400 
(Ref. 8) 

Saugus, 
Mass Inc. 
(Re'fs. 13,  14) 

Ki nney/B 
C1 awson 
r ecov e ry 
(Ref. 15 

ac k- 
ue 1 
process 

Garrett pyrolysis 
system 
(Ref. 15) 

Capacity Personnel 
(tons/day) (man- hrs/ton) Description 

1'600 ~ 0 . 3 1  

400 0.32 

1500 0.29 

1000 0.14 

500 0.42 
1000 0.32 
2000 0.21 

Operating waterwall 
bo i le r ,  no waste 
s ize  reduction. 
Steam produced for  
use within plant 
and as outside 
process heat. T i n  
can recovery from 
res i due. 
Prototype u n i t .  
Shredders, a i r -  
c l a s s i f i e r s ,  recov- 
ery o f  metals and 
low grade glass  
mixture. Electr i -  
c i t y  generated by 
gas turbine. 
Operating waterwall 
bo i le r ,  no waste 
s ize  reduction. 
Heat recovery for  
steam production 
and sa l e  t o  u t i l -  
i ty .  Recovery of 
ferrous metals. 
Prototype hydro- . 
pulping uni t  fo r  
refuse-derived I 

fuels recovery. 
Hydropul pi ng , ' 

recovery of ferrous 
metals. Recovery 
of low-grade g lass ,  
non-ferrous metals?, 
stones, e tc .  fo r  
asphaltic concrete 
aggregate. 
Prototype pyrolysis 
systems f o r  refuse- 
derived fuel recov- 
ery. Shredders, 
a i r - c l a s s i f i e r s ,  
recovery of ferrous 
metals and glass .  
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e x i s t i n g  f a c i l i t y .  i h e  ‘former a l t e r n a t i v e  w i l l  be the  general  s i t u a t i o n  over 
t ime, w h i l e  the re  i s  something o f  a c u r r e n t  i n c e n t i v e  f o r  t h e  l a t t e r  a l t e r n a t i v e .  
That i s ,  t he re  are over 300 e x i s t i n g  munic ipa l  i n c i n e r a t o r s  and most o f  these 
i n c i n q r a t o r s  have d i f f i c u l t y  meeting e f f l u e n t  standards. 
reduc t i on  and separat ions operat ions imprqve combustion e f f i c i e n c y ,  and s ince 
ma te r ia l s  recovery w i l l  he lp  t o  recover costs  associated w i t h  the  a d d i t i o n a l  
pret reatment  steps, there  w i l l  be an i n c e n t i v e  f o r  ex i ’ s t ing  f a c i l i t i e s  t o  
i n s t a l l  SuchFpretreatment and recovery equipment. I n  any case, i t  w i l l  take 
t ime f o r  t he  more modern u n i t s  t o  rep lace the  o l d e r  u n i t s .  

Since ma te r ia l s  s ize-  

Thus, t he  more conservat ive approach i s  taken,and i t  i s  assumed t h a t  s i z e  reduc- 
t i o n ,  separat ions,  and ma te r ia l s  recovery operat ions are added on t o  an e x i s t i n g  
f a c i l i t y .  Some est imate o f  t h e  poss ib le  man-power requi rements ’can be obta ined 
from Reference 15, which prov ides a d e s c r i p t i o n  o f  the S t .  Louis  Fuel Recovery 
System. 
t i b l e  f r a c t i o n  separated from the  non-combustible f r a c t i o n  us ing  an a i r  c l a s s i -  
f i e r .  The combustible f r a c t i o n  i s  t rucked t o  an e x i s t i n g  coa l -burn ing  e l e c t r i -  
ca l  power p l a n t  loca ted  18 m i les  away, where the  combust ib le f r a c t i o n  o f  the  
munic ipa l  waste i s  used as a supplementary re fuse-der ived f u e l  (RDF). The RDF 
i s  s to red  i n  a l a rge  storage b i n  a t  t he  power p l a n t  and p iped pneumat ica l ly  t o  
one o f  t h e  b o i l e r s  f o r  combustion. Ferrous metals are recovered from t h e  
non-combustible f r a c t i o n  w h i l e  t h e  d iscards from the  recovery process are  
l a n d f i l l e d  (Ref. 15). 

Personnel requirements f o r  t h i s  650 tons/day h i  ghly-automated demonstrat i  on 
f a c i l i t y  have consis ted o f  seven f u l l - t i m e  personnel (two f ron t -end  loader  
operators ,  one c o n t r o l  room operator ,  one ya rd  man, t w o  t r u c k  d r i v e r s ,  and one 
superv isor) .  I n  add i t i on ,  one welder and two welder he lpers a re  employed on 
an as-needed bas is  f o r  hammer re t ipp ing ‘  F i n a l l y ,  one opera tor  i s  requ i red  
f o r  each power p l a n t  s h i f t  t o  ma in ta in  a storage b i n  f o r  t h e  recovered re fuse  
der ived  f u e l .  

Based upon the  above, and an assessment o f  the designs o f  e x i s t i n g  ma te r ia l s  
recovery systems i n  comparison w i t h  standard i n c i n e r a t i o n  operat ions,  t he  
f o l l o w i n g  p r o j e c t i o n s  o f  personnel requirements are made f o r  t he  s i z e  reduc t i on  
module: 

I-n. t h i s  case, munic ipa l  waste i s  shredded i n  a hammermill and the  combus- 

Cur ren t ly  operat ions are  l i m i t e d  t o  one s h i f t  pe r  day. 

S ize Reduction Module 

No. o f  Dust 
Occupations persons Environment P rox im i t y  

. Hammermi 11 Op. 1 Mod. Mod. 

Storage B i n  1 
Attendant I 

General Labor 1 

Mod. Mod. 

Mod. C1 ose 

The f o l l o w i n g  p r o j e c t i o n s  - o f  personnel requirements are made f o r  t h e  separa- 
t i o n s  module: 
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Separations Module 

No. of Dust 
I 

Occupations persons Environment Proximity 

Hammermi 11 Op. 1 
Air Class Op. 1 

Storage Bin 1 

General Labor 1 
Total : .5 

Materials Handler 1 

. Attendant*- 

Mod. 
Mod. 
High . 

Mod. 

Mod. 

Mod. 
Mod. .. 
Close ' 
Mod. 

C1  ose 

The following personnel projections a re  made fo r  the materials recovery module, 
i n  addition t o  the personnel projections made for  the separations module: 

Materials Recovery Module 

No. of ,' Dust 
Occupations persons Environment Proximity 

Ferrous Metal 1 Mod. Mod. 

Heavy Media 1 Low Mod. 

Glass Sep. 1 Low Mod. 
Materials 1 High Close 

General Labor 1 ' Mod. Close 

Recovery 

Sep. Op. 

Hand1 e r s  

Total : 5 

C.3.2 Solid Waste Disposal ' 

The purpose of t h i s  section i s  t o  a r r ive  a t  a s e t  of reasonable assumptions 
and scenarios by which occupational exposures and operational o f f s i t e  airborne 
releases may be determined for  landf i l l  disposal of de minimis radioactive 
waste. 
associated w i t h  a "sanitary l a n d f i l l , "  and those associated with an "open 
dump." 
would lead t o  source variations include the following: 

In t h i s  section, dis t inct ions are  made between exposures and releases 

Some of the d is t inc t ions  between these two types of f a c i l i t i e s  which 

Sanitary Landf i 1 1 
Daily cover No dai ly  cover 
No open burning 

Open Dump 

Open burning par t  
of time 

Other s i t e  var ia t ions,  such as the larger groundwater impacts tha t  would be 
associated with an open dump a re  dea l t  w i t h  elsewhere ( e .g . ,  see Section C.5). 
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Waste character is t ics  (e .g . ,  whether the waste ex is t s  as a combustible, metal/ 
g lass ,  or other material, or whether the waste consists of d i r t  o r  ash) also 
will impact the source term as  discussed below. 

C.  3 . 2 . 1  Overview of Operations 

This section provides a background of f a c i l i t y  operations and presents some 
basic assumptions based upon past experience. 

Sanitary Landfill. 
range from lPss than an acre t o  several hundred acres. 
however, tha t  most f a c i l i t i e s  cover 10 acres o r  less (Ref. 16 ) .  Another 
reference estimates tha t  as of about 1976,  there were about 18,500 s i t e s  
covering a total  of 500,000 acres,  which resul ts  in a mean surface area of 
about 27 acres per s i t e  (Ref. 1 7 ) .  In t h i s  work, the reference sanitary 
landfi l l  s ize  i s  assumed t o  be 25 acres,  which i s  re la t ively small and consis- 
ten t  with the s ize  o f  the reference landfi l l  in Reference 18. 

There are three principal variations in sanitary landfi l l  operations as shown 
in Figures C.5 th rough  C.7. 
and the ramp method. Each of these similar methods i s  discussed below, although 
a given s i t e  may use more then one method depending upon s i t e  and waste charac- 
t e r i s t i c s  (Ref. 8 ) .  

In the trench method, a long  narrow excavation i s  made and the excavated so i l  
i s  stockpiled. Waste i s  then deposited i n  generally a sloping manner a t  one 
end of the excavation and i s  then compacted while being covered with a layer 
of so i l .  If the waste i s  n o t  covered with so i l  during the i n i t i a l  emplacement/ 
compaction process, a compacted soi l  layer i s  emplaced a t  the end of the day. 
The trench method i s  most suitable for s i t e s  where the groundwater table  i s  a t  
a s ignif icant  depth, where there i s  a suff ic ient  layer o f  cover s o i l ,  and 
where the s i t e  topography i s  regular. 

Existing landf i l l s  are quite variable in s ize ,  and can 
One reference s t a t e s ,  

These include the trench method, the area method, 

The area method involves dumping refuse on the undisturbed exis t ing ground 
surface. (The t o p  soi l  i s  occasionally removed and stockpiled f o r  the f inal  
soil  cover.) After the refuse has been dumped, i t  i s  spread over the ground 
surface in a reasonably uniform layer and then compacted. The compacted layer 
of refuse and d i r t  i s  covered with soi l  e i ther  a t  the end of the day or when 
the deposition area i s  f i l l e d .  This method i-s commonly used when the ground- 
water table l i e s  near the surface, Nhere the s i t e  topography i s  i r regular ,  and 
where the cover soi l  must be obtained from of f -s i te  sources. 

The ramp method, or progressive slope method, i s  a combination o f  the trench 
and area methods. A small excavation i s  f i r s t  made in f r o n t  of the exposed 
face of an existing slope, and the excavated soil  stockpiled. Refuse i s  
dumped on the exposed slope, compacted, and covered with compacted s o i l .  This- 
process i s  repeated a t  the faces of the newly created slopes so tha t  a succes- 
sion of slopes are produced across the landfi l l  s i t e .  

By whatever method, the deposited waste i s  compacted and covered with a layer 
of soi l - -a t  least  a t  the end o f  the day b u t  often more frequently. The resu l t  
i s  a ser ies  o f  ce l l s  in which the refuse/soil mixture i s  completely surrounded 
by a layer of so i l .  After the landfi l l  i s  f iqled a f inal  cover i s  emplaced 
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Figure C.5 Trench Method of Sani tary Landfill 

Figure C. 6 Area Method o f .  Sani tary Landf i 11 

Figure C.7 Ramp Method of Sani tary Landf 11 
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and compacted. 
be a minimum 6 inches (15 cm) thick, and that cells which will not have 
additional waste placed on them for 3 months or more should be covered with 
soil a minimum 6 inches (15 cm) thick. Cellsewhich will not have additional 
waste placed on them for 3 months or more should be covered with a minimum of 
12 inches (30 cm) of cover.materia1. For the final cover, the guidelines 
suggest that the completed landfill be covered by at least 6 inches (15 cm) 
of clay (or other low permeable materials) followed by at least 18 inches 
(45 cm) of additional.soi1 to support a vegetation cover. 
vegetation may require a greater depth of cover (Ref. 19). - 

EPA draft guidelines suggest that the daily cover soil should 

Deeply rooted 

The reference landfill in this report is assumed to consist of 24 ft (about 
7 m) of waste/soil mixture topped by about a 2.5 ft cap (about 0.75 m). 
depth is consistent with the assumptions in Reference 18 and can be achieved 
by excavating into the ground or building up the ground surface. 
mixture is assumed to consist of three 7 ft high waste cells separated verti- 
cally by 1 ft soil thicknesses. This is in accordance with the draft EPA 
guidelines given above, where it is assumed that a single layer of cells is 
completed before moving on to the next layer. 
by a sloping 6 inch soil layer as shown in Figure C.8. The 7 ft cell height 
is 1 ft less than 8 ft; and 8 ft is about the maximum cell height that can 
generally be conveniently accommodated (Ref. 8). 

Figure C.8 also illustrates a leachate collection system and liner. These 
features are included mainly for completeness, since depending upon the design, 
operation, or environmental setting o f  the facility a leachate collection 
system and liner may or may not be incorporated. 

This 

The waste/soil 

Cells are separated horizontally 

As a rule of thumb, waste thus disposed in disposal cells is mixed with dirt 
and daily cover material at about a ratio of four parts waste to one part soil. 
This results in the following total volume of waste deposited in the site as 
disposed ,and compacted (which is different from the volume.arriving at the 
site): 

Total comp. waste vol. = (25 acres) (4.356E+4 ft2/acre) (24 ft) (0.8) 

= 20,908,800 ft3 (774,400 yd3) I ,  

Assuming that the landfill operates for 20 years and for 280 days out of the 
year (equivalent to 5 days a week plus part of a weekend, and allowing for 
closures due to weather conditions and holidays), this results in a daily 
volume of compacted waste equal to:. 

Dai ly Volume .= 3734 ft3/day 
= 138 yd3/day 

For economical operations, landfills must compact waste to minimum densities 
on the order of 800-1000 lb/yd3 (0.47-0.59 gm/cm3) (Ref. 8). 
density range, the daily mass o f  waste disposed would range from 55 to 

Given this 

69 tons/day. ._ 

\ 
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cover vegetation 

leachate collection 

Figure -C.8 Cross-Section of Reference Sanitary Landfill 
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. . . . ..- . 
L. ' . .  . 

t I. I 

The daily volume of waste actually received would be somewhat larger  (Ref. 8 ) .  
Waste arriving i n  compactor vehicles has a density of about 600 lb/yd3 
(0.36 gm/cm2), while uncompacted waste i n  garbage cans has a density of 'about 
250 lb/yd3 (0.15 gm/cm3). This would r e su l t  i n  a da i ly  as-received volume a t  
the s i t e  ranging from 5030 ft3/day (186 yd3/day) t o  14,930 ft3/day (553 yd3/day). 

Open Dump. 
organized process than operation of a sanitary l andf i l l .  
t e r iz ing  the open dump i n  terms of s ize  and operation i s  more d i f f i c u l t  than 
for  a sanitary l andf i l l .  In any case, the reference open dump i s  assumed t o  
cover 25 acres,  which i s  the same s i ze  as  the sanitary l a n d f i l l ,  and l i ke  the 
sanitary landf i l l  i s  assumed t o  be operated fo r  20 years pr ior  t o  closure. 
This i s  a very conservative assumption, since current regulatory a c t i v i t i e s  
are  upgrading landf i l l  i n g  practices and extensive future  use of open dumps 
may be problematical. 

As the name implies, operation of an open dump i s  a much l e s s  
Consequently, charac- 

The daily and annual volume and mass of waste disposed a t  the dump i s  d i f f i c u l t  
t o  project. 
s i t  around for  several days pr ior  t o  being covered w i t h  d i r t .  In addition, 
open burning i s  practiced. This means tha t  a cross-sectional view of the 
completed dump-would reveal a more helter-skelter mixture of waste and so i l  
rather than the more regular se r ies  of c e l l s  t ha t  would characterize the 
sanitary l andf i l l .  The practice of open burning would reduce the volume of 
the deposited waste. The degree of volume reduction, however, would .probably 
n o t  be t e r r ib ly  h i g h .  A t  a typical municipal incinerator the volume reduction 
fackor i s  typical ly  less  than 1 0 ,  and the efficiency of waste combustion a t  
the dump would be expected t o  be considerably lower. In addition, the l e s s  
organized nature of the operation would imply t h a t  the degree of, waste compac- 
t ion achieved during waste emplacement would n o t  be as high as  a t  a properly 
operated sanitary l andf i l l .  
t ion due t o  waste burning being balanced by the expected decrease in.waste/soil 
compaction--the average volume and mass of waste disposed a t  the dump i s  
assumed t o  be roughly the same as a t  the sanitary l a n d f i l l .  

Unlike the sanitary l a n d f i l l ,  the deposited waste is  allowed t o  

, 
Given this-- the somewhat increased volume reduc- 

After . the dump i s  f i l l e d ,  the dump i s  assumed t o  be covered w i t h  a layer of 
rather indifferent ly  compacted s o i l .  
t ion i s  also assumed t o  be performed in a ra ther  ind i f fe ren t  manner. 
thickness of so i l  covering the t o p  portion of the waste i s  assumed t o  be the 
same as  the sani tary l andf i l l - - i . e . ,  about 0 .3  meter (1 f t ) .  However, unlike 
the sanitary l a n d f i l l ,  there  i s  assumed t o  be no low permeability layer wi%hin 
the cover. Also d i f fe ren t  from the sanitary l a n d f i l l ,  l e s s  care i s  taken t o  
compact and grade the waste and f inal  cover. 

C. 3.2.2 Personnel Requirements 

The planting of a layer of cover vegeta- 
The 

Sanitary Landf i 1 1 .  Personnel requirements fo r  the reference sanitary landf i 11 
are  somewhat d i f f i c u l t  t o  project ,  and are  estimated based upon consideration 
of a number of sources (Refs. 8,  19, 20, 21, 22). 

Reference 8 observes t h a t  occupations associated w i t h  operation of a san i ta ry  
landfi l l  can be separated i n t o  two groups: 
types of a c t i v i t i e s  associated w i t h  each group are  as  follows: 

administration and operation. The 
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6400 
Types o f  A c t i v i t i e s  a t  San i ta ry  L a n d f i l l  

Admin is t ra t i 'on 
Management 
Accounting 
B i  1 1 i ng 

. Engineer ing 
TYPi  ng 
F i l i n g  

Operat ion 
Weigh1 ng 
Operat ing equipment 

o spreading 
o compacting 
o excavat ing 
o haul i ng 
o road maintenance 
o dus t  c o n t r o l  

Ma in ta in ing  equipment 
T r a f f i c  c o n t r o l  
Vector c o n t r o l  
L i t t e r  c o n t r o l  
S i t e  s e c u r i t y  

A t  most m u n i c i p a l i t i e s ,  a d m i n i s t r a t i v e  func t ions  w i l l  p robably  be p a r t  o f  a 
governmental o r  con t rac tua l  o rgan iza t i on  and w i l l  ber removed from the  san i ta ry  
l a n d f i l l  s i t e .  

As f a r  as operat ions are concerned, Reference 8 prov ides a r u l e  o f  thumb f o r  
labor  requirements. 
depos i t ion  o f  1000 yd3 o f  re fuse  per  day." 
ment operators ,  gatemen, and so f o r t h ,  b u t  does no t  inc lude a d m i n i s t r a t i v e  
personnel. An unce r ta in t y  i s  whether t h i s  r e f e r s  t o  waste as-disposed and 
compacted o r  waste as-received a t  t he  s i t e .  

Th is  r u l e  i s  t h a t  "4 t o  6 laborers  a re  i nvo l ved  i n  the  
This  inc ludes $he foreman, equip- 

Reference 20 prov ides a t a b l e  o f  est imated l a n d f i l l  s i t e  personnel requirements 
as a f u n c t i o n  o f  d a i l y  waste tonnage, based upon Los Angeles County San i ta t i on  
D i s t r i c t s .  Th is  t a b l e  i s  reproduced below: 

' Tons/day 

C 1  ass i  f i c a t i  on - 200 - 500 1,000 I 4,000 

Lab0 r e  r 0 0 1 2 
Equipment operator  . 1  2 4 12 

Weighmaster 1 1 1 3 
Foreman 0 0 % 1  1 

. 
Reference 20 a l so  prov ides a summary o f  t he  p ro jec ted  l abo r  (and cos t )  
requirements f o r  two proposed s i t e s  i n  the  Des Moines, Iowa Met ropo l i t an  area. 
These two s i t e s  cover 522 acres,  and the  personnel requ i red  are: 

\ 

. .  

Occupation Personnel 

Equipment operators  7-8 
Laborers 8 
Foremen 2 
Gate keepers/fee c o l l e c t o r s  4 

21-22 
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From the above data,  i t  can be seen tha t  the personnel requirements a t  the 
reference 25-acre sanitary landfil l  are  on  the order of a single worker. 
produces some s l igh t  d i f f icu l t ies .  
of the reference landfi l l  or determine the personnel requirements for  a large 
landfi l l  and r a t io  these requirements t o  the reference 25-acre l andf i l l .  This 
i s  the same as saying that  the single worker has a number of jobs a t  the land- 
f i l l ,  and what one i s  essentially doing i s  determining what fraction of the 
time the worker i s  spending a t  each job. The l a t t e r  approach i s  adopted in 
th i s  report. 

This 
One can e i ther  greatly increase the s i ze  

A t  any ra te ,  assuming an ersatz 250-acre s i t e ,  the personnel requirements are  
estimated as follows: 

Occupation 

Foreman 

No. of 
Personnel . 

1 
Equipment operator 3 
Laborer 4 

weigher/traffic control 
'Gate keeper/fee coil ector/ 2 

10 

Open Dump'. 
reduced as compared with the sanitary l andf i l l .  
of the dump would be expected t o  cut corners where possible, and gett ing by 
w i t h  a less than optimal number of workers i s  one way of doing so. 
however, no obvious rule-of-thumb by which t o  determine the degree to  which 
corners will be cut.  
for a 250-acre s i t e .  
e f f ic ien t  in operation, t h i s  would medn that  the open dump would require only 

Personnel requirements for  the open dump would be expected t o  be 
This i s  because the operators 

There i s ,  

The sanitary landfi l l  was ass'umed t o  require 10 men 
If a 250-acre open dump i s  assumed t o  be 20% less  

1 8 men. 

The open dump i s  therefore assumed'to require two fewer personnel than the 
sanitary landf i l l .  The personnel occupations are similar. Differences 
consist of one equipment operator and one laborer being deleted. The open 
dump occupations are  . l i s ted  below: 

Occupation No. of Personnel 

Foreman 1 
Equipment Operator 2 
Laboter 3 
Gate .Keeper/fee col lector/  2 
weigher/traff i c  control 

8 
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6400  
C. 3.2.3 Assumptions fo r  Personnel Exposures 

Sanitary Landfill.  
determine exposures by estimating the average proximity of the worker t o  
radiation sources as well as  the d u s t  environment tha t  he works i n .  The 
former relationship would be used t o  estimate exposures due t o  d,irect gamma 
radiation. The l a t t e r  relationship would be used t o  estimate inhalation and 
immersion exposures. The radiological content of the d u s t  environment would 
be a function of the di lut ion of the de minimis waste w i t h  the  non-radioactive 
waste and the tendency fo r  the de minimis waste t o  disperse in to  respirable 
par t ic les .  ( T h i s  tendency could be estimated as follows: activated metal 
<< contaminated'-metal/glass < combustibles < ash; where ash would be about 
the same as d i r t .  ) 

A t  any r a t e ,  when waste a r r ives  a t  the landf i l l  i n  t rucks,  the trucks a re  
f i r s t  weighed and a fee determined. 
working face of the l a n d f i l l ,  where the waste is  dumped.. The trucks then 
leave the s i t e .  
equipment, and in the process the waste is  mixed w i t h  and pa r t i a l ly  covered by 
non-contaminated so i l .  The waste i s  t o t a l l y  covered by a layer of d i r t  a t  the 
end of each working day a t  l ea s t  6 inches thick. 
f i l l  a re  covered by a thickness of d i r t  a t  l ea s t  1 f t  thick. 
fences a re  placed around the open face t o  catch wind scattered paper and other 
lightweight materials. 

As i n  the case of the incinerator, i t  i s  convenient t o  

The trucks a re  then directed t o  the open 

The dumped waste i s  spreag and compacted w i t h  construction 

Older sections of the land- 
Temporary snow 

This means tha t  there are  two major sources of radiation exposure t o  s i t e  person- 
nel: 
contaminated airborne dust ,  and ( 2 )  disposed waste would be a source of d i rec t  
gamma radiation as attenuated through 6 t o  1 2  inches of so i l .  Much more minor 
sources of personnel exposure would be from di rec t  gamma radiation from radio- 
nuclides deposited on the ground surface a f t e r  being blown from the open face,  
as well as  immersion and inhalation exposures from resuspension of the deposited 
radionuclides. 
ation. These l a t t e r  subpathways would be very minor compared t o  the above three 
major pathways, b u t  are  believed t o  be effectively considered i n  any case as 
par t  of the exposure calculations. 

The open working face will be a source of d i r ec t  gamma radiation as well as  a 
source of airborne dust. To calculate impacts due t o  d i r ec t  gamma radiat ion,  
the geometry of the open working face must be considered as  well as  the worker's 
relationship t o  the working face. Waste i s  deposited and compacted in to  a 
s e r i e s  of rhomboid- or  lozenge-shaped disposal c e l l s  resembling a s lant ing 
parallelogram i n  a side view. 
modeled t o  various personnel as  a s lab source of i n f in i t e  depth b u t  f i n i t e  
dimensions, and considering each workers proximate location t o  the source. 
Equipment operators would have the largest  exposures, since they would be 
involved in crushing and spreading the waste, and would t h u s  be located d i rec t ly  
above the deposited waste-- i .e . ,  an e f fec t ive  distance on the order of 1 meter. 
Other s i t e  workers would be located a t  greater distances. 

(1) the open working face would be a source of d i r ec t  gdmma radiation p lus  

In addition, the trucks would be a source of d i r e c t  gamma radi- 

Exposures from d i r ec t  gamma radiation can be 

c-47 



The geometry of t he  deposi ted waste may be i l l u s t r a t e d  by t h e  f o l l o w i n g  sketch: 

X 

Assuming a c e l l  he igh t  o f  about 7 f t ,  and a t o t a l  compacted waste volume equal 
t o  3734 ft3 f o r  a 25-acre s i t e ,  t h i s  leaves (xy)  dimensions’equal t o  933.4 ft2. 
If x i s  assumed t o  be equal t o  y, x = y = 23.1 ft: 

I f  equipment operators  spend a l l  t h e i r  t ime above the waste sur‘face, t h e  t o t a l  
e f f e c t i v e  sur face area o f  the open working face would be approx imate ly  equal 
t o  (23.1)2 + 9.9 x 23 .1  = 762 f t2.  F o r  o ther  s i t e  workers, t h e  r a d i o a c t i v e  
source can be env is ioned by a w a l l  7 f t  h igh  and 23 .1  f t  long, and hav ing a 
surface area equal - t o  162 f t2.  

Impacts due t o  a i rborne  dust  are approximated by assuming t h a t  each worker 
spends h i s  t ime i n  a p a r t i c u l a r  average dus t  environment i n  a s i m i l a r  manner 
as workers ‘a t  t he  municipal  waste i ’nc inera tor .  Equipment operators  would 
spend the  work ing day i n  the h ighes t  dus t  environment w h i l e  ga te  keepers/ 
t r a f f i c  c o n t r o l l e r s  would be subjected t o  the  lowest dus t  environment. 

D i r e c t  r a d i a t i o n  exposures from disposed waste as a t tenuated  through a s o i l  
cover would be app l i ed  equa l ly  t o  a l l  personnel .  

The p r o x i m i t y  r e l a t i o n s h i p s  and dust, environments aLe assumed t o  be as fo l lows:  

Prox imi ty  t o  Ave. dus t  
Occupation. Number working face environment 

Foreman* 1 , mod. mod. 
Equip. Op. 3 c lose  h i g h  
Laborer 4 mod. mod. 
G a t e / t r a f f  i c  2 f a r  1 ow 
R 

Foremen a t  cons t ruc t i on  and o the r  jobs tend t o  be j a c k - o f - a l l -  
t rades ;  t h a t  i s ,  the foreman would be expected t o  spend ’h is  
working day per forming each o f  t he  o ther  jobs  f o r  a g i ven  
f r a c t i o n  o f  the day. 

. 
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The reference d is tances and dus t  environments assumed f o r  each d e s c r i p t o r  a re  
as fo l lows:  

P rox im i t y  t o  Ave. dus t  
Occupation Number work ing face (m) environment (pg/m3) 

Foreman 1 30 200 
Equip. Op. 3 1 400 
Laborer 4 30 200 

Ga te / t ra f  f i c 2 50 100 

Open Dump. Occupational exposures a t  t h e  open dump would be expected t o  be 
r e l a t e d  t o  two major sources p l u s  some minor sources. 
inc lude:  
from the  working face o f  the  dump; and (2) d i r e c t  gamma exposures from t h e  d i s -  
posed and-covered waste as a t tenuated  through a l a y e r  o f  s o i l .  The f i r s t  s e t  
o f  exposures would inc lude waste ma te r ia l  t h a t  has been dumped i n  a d d i t i o n  t o  
ashes and o the r  residues r e s u l t i n g  f rom waste burning. 
o f  exposures, t h e  degree o f  s h i e l d i n g  prov ided by the  cover ing  s o i l  could, 
poss ib l y  be l e s s  than t h a t  a t  t he  s a n i t a r y  l a n d f i l l .  

The two major sources 
(1) d i r e c t  gamma r a d i a t i o n  and i n h a l a t i o n  o f  suspended dus t  o r i g i n a t i n g  

For the  second s e t  

The minor sources o f  r a d i a t i o n  exposures would be genera l l y  s i m i l a r  t o  those 
f o r  the  s a n i t a r y  l a n d f i l l .  These inc lude  d i r e c t  gamma r a d i a t i o n  from waste 
d e l i v e r y  t rucks ,  d i r e c t  gamma exposures-from covered waste s o i l  sur faces ' 

contaminated from deposi ted dus t  p a r t i c l e s  a r i s i n g  from the  open areas o f  the  
dump, and resuspension o f  the  deposi ted dus t  p a r t i c l e s .  
covered sur faces would probably be more s i g n i f i c a n t  than a t  a s a n i t a r y  land- 
f i l l .  These subpathways, however, would s t i l l  be much less  s i g n i f i c a n t  i n  
terms o f  opera t iona l  exposures than the  th ree  major sources discussed above. 

Ca lcu la t i on  o f  r a d i o l o g i c a l  impacts t o  the  open dump s i t e  workers requ i res  a 
number o f  assumptions regard ing waste hand1 i n g  p rac t i ces ,  p a r t i c u l a r l y  regard ing  
the  procedures used f o r  waste burn ing.  
waste t rucks  a r r i v e  a t  t he  s i t e ,  they  are  checked i n t o  the  s i t e  and fees are 
assessed i n  a s i m i l a r  manner as the  s a n i t a r y  l a n d f i l l .  However, as waste i s  
dumped a t  t he  working s i t e ,  the  waste i s  pushed by ea r th  moving equipment i n t o  

. p i l e s .  As p a r t  o f  t h i s  process, some mix ing  w i th  s i t e  s o i l  occurs. However, 
the  waste i s  n o t  completely covered w i t h  a l a y e r  o f  s o i l  a t  the  end o f  t he  day 
as c a l l e d  f o r  i n  the  d r a f t  EPA gu ide l i nes  on l a n d f i l l  d isposa l .  Rather, the  
waste i s  l e f t  uncovered. I t  i s  s e t  on f i r e  du r ing  the  l a t e  a f te rnoon p r i o r  t o  
the  s i t e  workers l eav ing  f o r  the  day, and i s  l e f t  t o  smolder and burn  a l l  n igh t .  
The nex t  day, . the ashes are pushed around w i t h  cons t ruc t i on  equipment and the  
process i s  repeated throughout t h e  work ing week. 
burned waste i s  assumed t o  be more o r  l e s s  covered w i t h  s o i l  by s i t e  personnel 
and the  process o f  waste r e c e i p t ,  p i l i n g ,  and burn ing  i s  repeated. 

Contamination o f  

For t h i s  r e p o r t  i t  * i s  assumed t h a t  as 

The f o l l o w i n g  Monday, the  
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This i s  obv ious ly  on l y  one way i n  which t h e  open dump cou ld  be operated, b u t  
i t  i s  be l i eved  t o  be reasonable g iven the  l i k e l y  nature o f  t he  open bu rn ing  
operat ion.  It w i l l  undoubtedly be a f a i r l y  obnoxious process, and probab ly  
the  fewer people invo lved,  the  b e t t e r .  I n .any  case, i t  i s  by d e f i n i t i o n  n o t  a 
t o t a l l y  c o n t r o l l a b l e  process, and i t  i s  u n l i k e l y  t h a t  d isposa l  s i t e  opera tors  
w i l l  want t o  c a r r y  ou t  waste burn ing  w i t h  waste d e l i v e r y  veh ic les  i n  the  
immediate area. This  i s  f o r  obvious sa fe ty  as w e l l  as l i a b i l i t y  reasons. 

This  means t h a t  personnel exposures w i l l  be ca l cu la ted  i n  a s i m i l a r  manner as 
the  s a n i t a r y  l a n d f i l l ,  b u t  w i t h  a few minor d i f f e rences .  D i r e c t  gamma rad ia -  
t i o n  t o  s i t e  workers would be c a l c u l a t e d  i n  a s i m i l a r  manner as p rev ious l y ,  
except t h a t  the  areas o f  the  working face t h a t  would c o n t r i b u t e  t o  worker 
exposure would be l a rge r .  I f  a s i m i l a r  waste geometry as t h a t  f o r  t he  san i -  
t a r y  l a n d f i l l  can be assumed, then the  average sur face area t o  which t h e  
equipment operators  would be exposed would be an average o f  t h e  area asso- 
c i a t e d  w i t h  5 days’ waste de l i ve ry .  For a 25-acre s i t e ,  t h i s  would be equal’ 
t o  15/5 x (762) = 2286 ft2. 
exposure would be approximately 15/5 (161.7) = 485 ft2. 

For o the r  s i t e  workers, t he  sur face area f o r  

Impacts due t o  a 
l a n d f i l l ,  except 
s i t e  worker. Th 
s i t e  opera t iona l  

rborne dust  would be c a l c u l a t e d  s i m i l a r l y  t o  t h e  s a n i t a r y  
t h a t  a somewhat h igher  dus t  l e v e l  may be assumed f o r  each 
s i s  because i n  an e f f o r t  t o  c u t  corners regard ing  disposa 
costs ,  t he  operators  o f  t h e  open dump could-be expected t o  

spend l e s s  t ime w i t h  dust  c o n t r o l  measures (e.g., s p r i n k l i n g ) .  
cons idera t ion  i s  t h a t  t he  waste burn ing  opera t i on  w i l l  a l t e r  t h e  d i s p e r s a b i l -  
i t y  c h a r a c t e r i s t i c s  o f  t he  burned waste. 
the waste burn ing  operat ion,  and g i v i n g  some f l u c t u a t i o n s  i n  t h e  waste burn- 
i n g  operat ion,  about,half ( o r  less)  o f  t he  week’s p i l e  o f  waste can be assumed 
t o  be burned. Th is  w i l l  increase the  ash conten t  o f  t h e  s i t e  s o i l  and a l s o  
r e s u l t  i n  a h igher  dus t  environment f o r  t he  workers. D i r e c t  r a d i a t i o n  expo- 
sures from disposed waste as a t tenuated  through a l a y e r  o f  s o i l  would be 
ca l cu la ted  s i m i - l a r l y  t o  before,  except t h a t  a th inne r  s o i l  cover may be 
assumed. 

Another 

Given t h e  i n e f f i c i e n t  na ture  o f  
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The assumed p r o x i m i t y  f a c t o r s  and average dus t  environments f o r  t he  reference 
open dump are  as fo l lows:  - .  

P rox im i t y  t o  
Working Ave. Dust 

Occupation Number Face Environment 

Foreman 1 mod mod* 

Equip. Op. 2 c lose  high* 

Laborer 3 mod mod* 

Gate / t ra f .  2 f a r  1 ow* 

To ta l  : 8 
X 

These values are  a l l  assumed t o  be somewhat h igher  than 
corresponding r e l a t i v e  dust  l e v e l s  i n  a s a n i t a r y  l a n d f i l l .  

. The corresponding reference d is tances and dus t  environments a re  assumed t o  be: 

P rox im i t y  t o  

Occupation Number Face (m) Environment (pg/m3) 
Foreman 1 30 250 
Equip. Op. 2 1 500 
Laborer 3 30 250 
Gate / t ra f .  2 50 150 

Working, Ave. Dust 

C.4 OFF-SITE TREATMENT AND DISPOSAL OF HAZARDOUS WASTE ' 

Th is  chapter addresses reference f a c i l i t i e s  used f o r  t reatment and d isposal  o f  
hazardous waste, w i t h  emphasis on those aspects o f  the t reatment /d isposal  
f a c i l i t i e s  which are most s i g n i f i c a n t  f o r  determin ing r a d i o l o g i c a l  impacts o f  
d isposal  o f  se lec ted  low a c t i v i t y  low- leve l  waste-streams by l ess  r e s t r i c t i v e  
means. Sect ion C.4.1 addresses a 
reference hazardous waste i n c i n e r a t i o n  f a c i l i t y ,  wh i l e  Sect ion C.4.2 addresses 
a reference hazardous waste d isposal  f a c i l i t y  (o r .  HWF), which i s  assumed t o  
be a l a n d f i l l i n g  operat ion.  
background subsect ion.  

This chapter  i s  d i v ided  i n t o  two sect ions:  

Each sec t i on  begins w i t h  an i n t r o d u c t o r y  
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C.4.1. Hazardous Waste I n c i n e r a t i o n  

Background 

There may be a number o f  methods by which hazardous waste may be t r e a t e d  t o  
reduce i t s  hazardous p o t e n t i a l .  As discussed i n  Appendix A, however, 
i n c i n e r a t i o n  i s  be l i eved  t o  be t h e  t reatment  method which i s  g e n e r a l l y  t h e  
most a p p l i c a b l e  t o  de minimis waste which i s  hazardous due t o  i t s  chemical o r  
phys ica l  c h a r a c t e r i s t i c s .  I n  a d d i t i o n ,  i t  i s  be l i eved  t h a t  i n  almost a l l  
cases such t reatment  o f  de minimis waste w i l l  be c a r r i e d  o u t  by a commercial 
se rv i ce  a t  a s i t e  removed from t h a t  o f  t h e  waste generator. 
concentrates on t y p i c a l  types o f  i n c i n e r a t i o n  processes o f f e r e d  by commercial 
hazardous waste t reatment /d i  sposal f i rms .  

Thus,- t h i s  s e c t i o n  

The commercial hazardous waste i n c i n e r a t i o n  i n d u s t r y  as o f  about 1980 i s  
summarized i n  Table C-7 by EPA reg ion  (Ref. 23). As o f  1980, the re  were 
7 l a r g e  high-temperature and 18 smal ler  u n i t s  i n  operat ion i n  t h e  Un i ted  
States. 
tons (MT), which represented an average u t i l i z a t i o n  o f  t h e  maximum i n c i n e r a t i o n  
capac i t y  o f - a b o u t  59%: 
ope ra t i on  on a 24 hours per day, 7 days a week, 365 days per  year  bas i s  (Ref. 23). 
This est imate corresponds t o  an average maximum d a i l y  capac i t y  across a l l  25 
i n c i n e r a t o r s  o f  about 98 wet MT/day'(l08 tons/day). 

The est imated mass o f  i n c i n e r a t e d  waste t o t a l e d  398,000 wet m e t r i c  

The maximum capac i t y  was est imated by EPA assuming 75% 

Table C-7. Commercial Hazardous Waste I n c i n e r a t i o n  I n d u s t r y  as o f  1980 

Pro jec ted  Max. 
No. o f  Mass I n c i n e r a t e d  Capaci ty 

EPA Region F a c i l i t i e s  (thousand wet MT) (thousand wet MT) 

I 3 23 ', 23 
I 1  1 26 33 

I11 1 48 131  
I V  7 65 74 

V 6 . 97 134 
230 V I  6 98 - 

- V I  I 0 
VI11 0 

X 0 

- 
I X  1 40 45 

25 398 670 
- - 

There are a number o f  d i f f e r e n t  types o f  hazardous waste i n c i n e r a t i o n  systems 
c u r r e n t l y  i n  operat ion o r  under development. 
-mope popular  than others--e'. g. , r o t a r y  k i  1 ns, mu1 t i p l e  hea r th  i n c i n e r a t o r s ,  
f l u i d i z e d  bed i n c i n e r a t o r s ,  m u l t i p l e  chamber i n c i n e r a t o r s ,  o r  l i q u i d  i n j e c t i o n  
i n c i n e r a t o r s - ( R e f .  24). 

Some systems have proven t o  be I 
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Rotary k i l n s  a r e  adopted from l ime  process ing equ pment and invo lve  use o f  a 
s lowly  r o t a t i n g  c y l i n d e r  mounted a t  a s l i g h t  i n c l  ne t o  the  ho r i zon ta l .  The 
waste i s  t imb led  w i t h i n  the  c y l i n d e r  as i t  burns,  and t h i s  tumbl ing a c t i o n  
improves combustion e f f i c i e n c y .  Rotary k i l n s  a re  very v e r s a t i l e  and a re  
s u i t a b l e  f p r  a broad range o f  wastes, i n c l u d i n g  m s t  organic  wastes. Rotary 
k i l n s  a re  w e l l  s u i t e d  f o r  i n c i n e r a t i o n  o f  s o l i d s  and sludges, and can i n c i n -  
e r a t e  gases and l i q u i d s  by i n j e c t i n g  these ma te r ia l s  i n t o  the  burners us ing  
a u x i l i a r y  nozzles. 
(1500-30OO0F). 

Combustion temperatures a re  i n  the  range o f  81O-165O0C 

Mu1 t i p l e  hear th  i n c i n e r a t o r s  operate us ing  a se r ies  o f  v e r t i c a l l y  stacked 
hearths. 
the furnace, w h i l e  gases and l i q u i d s  a re  f e d  i n t o  the  furnace through s ide  
p o r t s  and nozzles. M u l t i p l e  hear th  i n c i n e r a t o r s  a re  w e l l  s u i t e d - f o r  s o l i d s  
and sludges, and can a l so  handle l i q u i d s  and gases. Whi le m u l t i p l e  hear th  I 

i n c i n e r a t o r s  can accept most organic wastes, t h e i r  c u r r e n t  app l i ca t i ons  have 
l a r g e l y  consis ted o f  sewage sludge i n c i n e r a t i o n .  Assuming i n c i n e r a t i o n  o f  
sewage sludge, furnace temperatures are  t y p i c a l l y  i n  the  range o f  320-540°C 
(600-1000°F) i n  the  d r y i n g  zone and 760-980°C (1400-18OO0F) i n  the combus- 
t i o n  zone. 

S o l i d  waste moves s lowly  through the  d r y i n g  and combustion zones i n  

F l u i d i z e d  bed i n c i n e r a t o r s  can handle organic  wastes, and operate by i n j e c t i n g  
waste i n t o  a h o t  a g i t a t e d  bed o f  i n e r t  g ranu la r  p a r t i c l e s  such as sand. Heat 
i s  t r a n s f e r r e d  between the  bed ma te r ia l  and t h e  waste du r ing  combustion. The 
a g i t a t i o n  o f  the-bed ma te r ia l  promotes waste mix ing  and thus con t r i bu tes  t o  
combustion. F l u i d i z e d  beds are  i dea l  f o r  l i q u i d s ,  and can a l so  handle s o l i d s  
and gases. However, s o l i d s  a re  q u i t e  l i m i t e d  i n  terms o f  s ize ,  and so consider-  
ab le pret reatment  would be necessary t o  i n c i n e r a t e  many s o l i d  waste forms 
(e.g. ,  t r a s h  waste streams). ~ 

M u l t i p l e  chamber i n c i n e r a t o r s  o f t e n  have a p p l i c a t i o n  f o r  general i n d u s t r i a l  
waste refuse,  p a r t i c u l a r l y  f o r  r e l a t i v e l y  small sca le use. Modular systems 
us ing  m u l t i p l e  chamber designs are  a v a i l a b l e  i n  a range o f  s izes.  
t i o n ,  waste i s  combusted on a g ra te  o r .hea r th  i n  an i g n i t i o n  chamber. Gases, 
ash and pieces o f  unburned mate r ia l  passing ou t  o f  t he  i g n i t i o n  chamber a re  
f u r t h e r  mixed and combusted i n  one o r  more secondary mix ing  and combustion 
chambers. M u l t i p l e  chamber i n c i n e r a t o r s  a re  genera l l y  1 im i ted  t o  s o l  id 'mate- 
r i  a1 s ; sludges, powders, t a r s ,  and o ther  wastes are  general l y  no t  acceptable.  
Combustion temperatures are  on the  order  00 54OOC ( l O O O ° F ) :  

I n  opera- 

L i q u i d  i n j e c t i o n  i n c i n e r a t o r s  have proven t o  be q u i t e  popular,  and operate by 
. i n j e c t i n g  1 i q u i d s  o r  s l u r r i e s  i n t o  v e r t i c a l  o r  ho r i zon ta l  combustion chambers. 

I n j e c t e d  l i q u i d s  a re  f requen t l y  atomized through nozzles t o  increase the  r a t e  
o f  vapor iza t ion .  
and operate a t  combustion temperatures i n  t h e  approximate range o f  65O-165O0C 
( 1200-30OO0F). 

Such i n c i n e r a t o r s  a re  l i m i t e d  t o  pumpable l i q u i d s  and s l u r r i e s ,  

Reference Hazardous Waste I n c i n e r a t o r  

The types o f  wastes which would be expected t o  be s u i t a b l e  f o r  d isposal  by 
l ess  r e s t r i c t i v e  means would genera l l y  be composed o f  s o l i d  ma te r ia l s  such as 
miscel  laneous t rash .  Therefore, the  reference hazardous waste i n c i n e r a t o r  
assumed f o r  t h i s  r e p o r t  must be capable o f  hand l ing  s o l i d s .  One o f  the  
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most versat i le- incinerator  types i s  the rotary kiln,  and i s  the reference 
incinerator design assumed. Five of the 25 operating hazardous waste incin- 
erators are  rotary kilns (Ref. 25). These incinerators can accept a wide 
variety of waste forms, including l iquids ,  sludges, sol ids  in bulk quant i t ies ,  
and solids delivered in drums and other packages. In addition, rotary kilns 
lend themselves t o  re la t ively large-scale operations. Finally,  rotary kilns 
have been demonstrated (see Section C.3.1.1) t o  generate f a i r l y  high levels 
of airborne particulates du r ing  operation, which makes the selection of a 
rotary kiln as a reference incinerator conservative f o r  purposes of determining 
impacts from airborne releases. 

The reference rotary kiln hazardous waste incinerator i s  assumeddto have a 
maximum waste capacity of 100 tons/day, and t o  operate a t  an average 
u t i l i z a t i o n p f  about 75%;. This capacity i s  assumed based upon Table C-7 and 
Reference 23, and i s  conservative in terms of potential radiological impacts 
(e .g . ,  the average u t i l i za t ion  of hazardous waste incinerators in 1980 was 
about 59%.) 
Figure C.9 (Refs. 24, 26-28). 

Waste del ivered t o  the reference faci 1 i t y  i s  general ly temporarily stored 
prior t o  combustion, with different  waste types segregated from one another. 
This i s  done for  safety and also t o  control the composition of material fed t o  
the incinerator. An assessment i s  made regarding incoming wastes as t o  the 
type of contained material, the flammability, hazard potent ia l ,  and other 
character is t ics  pertinent t o  incinerator performance and operational safety.  
Waste i s  accepted in a sol id ,  l iquid,  or semi-solid (sludge) form. 
waste may be accepted in a packaged form (e .g . ,  as 55-gallon metal o r  f iber  
drums) or i n  a bulk form (e .g . ,  as a liquid delivered in a tanker vehicle). 
separate area i s  available for  t ransfer  of liquid waste from tanker vehicles 
into temporary storage ,tanks. 

The mechanism of charging waste t o  the incinerator, as well as the ra te  a t  
which the waste i s  charged, varies depending upon the nature of the waste. 
Bulk liquid waste i s  fed t o  the incinerator by means of a variety of possible 
nozzles and atomizers. Watery wastes are generally atomized into the combus- 
t ion chamber, while flammable wastes are often fed through burner nozzles t o  
aid in combustion and reduce the need for auxiliary fuel .  
such as contaminated trash i s  fed to  a conveyor which conveys the waste t o  a 

. charging hopper located above the Turnace. Drummed waste may be emptied 
onto the conveyor, fed i n t o  the burner without being emptied, o r  sent through 
a shredder prior t o  feeding t o  the burner. In the l a s t  option, a mix of waste 
and waste package i s  fed i n t o  the burner, and th i s  option i s  frequently used 
for  waste delivered in f iber  or other easi ly  shredded packages. 
option can possibly be used as a means of reusing waste packages. 
option--that of sending drummed waste direct ly  into the burner--is implemented 
for  waste considered t o  be the most hazardous. This of course reduces the 
need for waste hand1 ing. 

A schematic of a typical rotary kiln operation i s  shown in 

In addition, 

A 

I 

B u l k  sol id  waste 

The f i r s t  
The second 

The kiln has dimensions on the order of 10 fee t  i n  diameter and 30 fee t  long, 
and spins a t  a ra te  of about a quarter of a revolution per minute. A typical 
operating temperature i s  about 815-87OoC (1500-16OO0F), and sol id waste mate- 
r i a l  i s  typically retained within the kiln on the order of a few hours. 
retention time, however, can vary s ignif icant ly  depending upon the type of 

- 
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waste and mode. o f  i n c i n e r a t o r  operat ion.  A res idue d ischarge p o r t  i s  l oca ted  
a t  t h e  lower end of t he  s lan ted  k i l n .  
metal ,  and o ther  ma te r ia l s  such as waste drums; the c o l l e c t e d  ash i s  quenched 
w i th  water and loaded onto t rucks  f o r  t ranspor t  t o  an o n - s i t e  l a n d f i l l  f o r  
d isposal  . 

This  res idue cons is t s  o f  ash, g lass,  

Combustion gases are re ta ined  i n  the  k i l n  combustion area an average o f  2 seconds, 
and a f t e r  passing ou t  o f  the  k i l n  f l o w  through a mix ing  chamber t o  a secondary 
combustion chamber. 
and p a r t i c u l a t e s  f r o m  the  k i l n ,  and can be f i r e d  e i t h e r  by a u x i l i a r y  f u e l  o r  
combust ib le l i q u j d  waste. The secondary combustion chamber operates a t  a 
temperature range o f  about 980-1O9O0F ( 1800-20OO0F). 
combustion chamber are quenched and sent through scrubbers and a demister p r i o r  
t o  discharge through the  p l a n t  stack. Waste l i q u i d s  f rom the  scrubber, demister ,  
and ash handl ing system are  genera l l y  a c i d i c ,  and are  n e u t r a l i z e d  p r i o r  t o  
discharge t o  s e t t l i n g  ponds where f u r t h e r  t reatment may be prov ided i f  necessary. 
Any f l y a s h  o r  o ther  s o l i d  ma te r ia l  c o l l e c t e d  i n  the  e f f l u e n t  t reatment  system i s  
combined w i t h  the  res idue and disposed. 

The secondary combustion chamber burns uncombusted gases 
' 

Gases from the  secondary 

Radio 1 og i  ca l  E f  f 1 uent s 

An est imate o f  t he  f r a c t i o n  o f  the i nc ine ra ted  waste rad ionuc l i des  which a re  
re leased i n t o  the  ai'r can be made us ing  data f r o m  the  prev ious two chapters as 
w e l l  as t e s t  data from e x i s t i n g  r o t a r y  k i l n  hazardous waste i n c i n e r a t o r s .  
These t e s t s  were performed as p a r t  o f  an EPA program in tended t o  evaluate the  
environmental, t echn ica l ,  and economic f e a s i b i l i t y  o f  d i spos ing .o f  i n d u s t r i a l  
wastes. Test burns were conducted a t  e x i s t i n g  commercial i n c i n e r a t o r s  and 
w i t h  rea l -wor ld  i n d u s t r i a l  wastes. P a r t i c u l a t e  re leases obta ined f r o m  mani- 
p u l a t i n g  t e s t  data obta ined a t  two e x i s t i n g  r o t a r y  k i l n  hazardous waste i n c i n -  
e ra to rs  a re  summarized i n  Table C-8'(Refs. 27, 28). As i nd i ca ted ,  p a r t i c u l a t e  
releases vary depending upon the  type o f  waste and the  des ign o f  t he  i nc ine ra -  
t o r  and e f f l u e n t  t reatment  system. 
capac i to rs ,  reduced e f f l u e n t s  were  observed when the waste was p u t  through a 
shredding process. 
PVC s o l i d  waste, p a r t i c u l a t e  re lease from the  furnace was about f i v e  t imes as 
l a r g e  as the p a r t i c u l a t e  re lease from the  stacks. 

F o r  the  t e s t  burns i n v o l v i n g  PCB-containing 

The data a l so  i nd i ca ted  t h a t  f o r  t he  t e s t s  i n v o l v i n g  

These data were publ ished i n  1977, and considerable a d d i t i o n a l  i n t e r e s t  has 
been observed i n  the p u b l i c  and others f o r  reducing emissions from hazardous 
waste and o ther  i nc ine ra to rs .  Given t h i s ,  and a lso  g iven the  v a r i a b i l i t y  i n  
the  waste l i k e l y  t o  be sent  t o  hazardous waste i n c i n e r a t o r s  as w e l l  as i n  the  
design o f  the  i n c i n e r a t o r s  themselves, there  appears t o  be no good reason t o  
assume any b e t t e r  o r  worse r a d i o l o g i c a l  re leases than those f o r  the  reference 
pa tho loq i ca l  i nc ine ra to r .  For t h i s  r e p o r t ,  then, the  rad ionuc l i de  re lease 
f r a c t  i o i s  f o r  
same as those 
i n c i n e r a t o r .  

Ma te r ia l  Flow 

Mate r ia l  f low 

the  reference hazardous waste i n c i n e r a t o r  a re  assumed t o  be the  
discussed i n  Sect ion C.2.1 f o r  the  reference pa tho log i ca l  

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

throuah the  reference hazardous waste' i n c i n e r a t o r  i s  more 
d i f f i c u l t  t o  est imate than t h a t  f o r  t he  reference munic ipa l  waste i n c i n e r a t o r .  
Th is  i s  due t o  the  heterogeneous nature o f  the  waste i n c i n e r a t e d  as w e l l  as 
the  reduced l e v e l  o f  in fo rmat ion  i n  the  1 i t e r a t u r e  ava i  1 ab1 e t o  the-authors 

red  wi th municipal  waste i n c i n e r a t i o n .  
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Table C-8. P a r t i c u l a t e  Emissions f rom 'Tes t  Burns a t  Two Rotary K i l n s  

I n c i n e r a t o r  E f f l u e n t  Waste P a r t i c u l a t e  Release 
Capacity (tons/day) Treatment System Burned mg/m3 a i  r 1 b/ ton 

125 (1 i q u i d s  , Secondary combustion Hammermilled 35 17. 4a 
s o l i d s ,  and chambers, v e n t u r i  PCB-containing 
s 1 u r r i  es) scrubber, absorpt ion capac i to rs  i n  

t r a y s ,  m-ist e l i m i -  f i b e r  drums 
nator ,  30 m (100 f t)  (330 kg/hr) 
s tack 

Whole PCB- 53 24. Za 
c o n t a i n i n g  capac- 
t o r s  (360 kg/hr) 

N i  t r o c h l o r o -  14 4 . l a S b  
benezene l i q u i d  
waste (404 l / h r )  

benezene l i q u i d  
waste (350 l / h r )  

N i  t r o c h l o r o -  16 5.4a,b 

48 ( s o l i d s )  Secondary combustion PVC s o l i d  waste 70.gf 8.7' 
94,500 l /day chamber, quench elbow, p a r t i c l e s  i n  f u g l  

(1  i q u i d s )  quench chamber, h igh  o i l  (845 kg/hr) 
energy v e n t u r i  scrubber, 
demister,  6 1  m (200 f t )  
stack. PVC s o l i d  waste 71.4f 9.7d 

p a r t i c l e s  i n  f u g l  
o i l  (845 kg/hr) 

aEstimated based upon a s tack a i r  f l ow  r a t e  o f  1370 m3/min. 
bBased on a s p e c i f i c  g r a v i t y  o f  1.395 gm/ml. 

Estimated based upon a s tack a i r  f l o w  r a t e  o f  30,600 f t3 /min.  
dEstimated based upon a s tack a i r  f l o w  r a t e  o f  33,800 f t 3 /m in .  
eFuel o i l  i s  added t o  support  combustion. 
fThe p a r t i c u l a t e  re lease from the  furnace h o t  zone f o r  these two t e s t s  were 
357 mg/m3 and 378 mg/m3, respec t i ve l y .  

C 
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The volume reduc t ion  achieved by i n c i n e r a t i o n  w i l l  va ry  depending upon the  
s p e c i f i c  c h a r a c t e r i s t i c s  of  the waste--e.g., whether t h e  waste i s  a s o l i d  o r  a 
l i q u i d .  Much o f  t he  waste i n c i n e r a t e d  a t  t he  hazardous waste i n c i n e r a t o r  w i l l  
be i n  a l i q u i d  form, and the  f r a c t i o n  o f  the waste i n c i n e r a t e d - a t  any g iven 
i n c i n e r a t o r  t h a t  i s  l i q u i d  w i l l  vary  depending upon severa l  f a c t o r s  such as 
the  i n c i n e r a t o r  design and the  manufactur ing processes c a r r i e d  o u t  by the  
i n c i n e r a t o r  customers. 'From Reference 43, however, i t  can be i m p l i e d  t h a t  
about 60% o f  a l l  the hazardous waste c u r r e n t l y  be ing i n c i n e r a t e d  i s  i n  a 
l i q u i d  form. 

From Table C - 1 ,  an o v e r a l l  volume reduc t i on  f a c t o r , o f  100 can be pos tu la ted  f o r  
l i q u i d s .  The achievable volume reduc t ion  f a c t o r  f o r  s o l i d s  w i l l  va ry  depending 
upon the  c h a r a c t e r i s t i c s  of the  waste. 
however, would probably be i n  the range o f  4 t o  20, based upon exper ience w i t h  
pa tho log ica  i and munic ipa l  waste i n c i n e r a t i o n .  
waste volume reduc t ion  f a c t o r  of about 10, t h i s ' l e a d s  t o  an o v e r a l l  volume 
reduc t i on  f a c t o r  f o r  the  reference hazardous waste i n c i n e r a t o r  equal t o  
1/(.6/100 + .4/10) = 21.7. A t  an average i n p u t  waste dens i t y  o f  1 gm/cm3, 
t h i s  imp l i es  t h a t  the d a i l y  volume o f  waste de l i ve red  t o  the  re fe rence 
100 tons/day i n c i n e r a t o r  i s  9 1  m3 (119 yd3),  and the  average d a i l y  volume o f  
res idue discharged f o r  d isposal  i s  4 m3 (5 .5  yd3) .  

A reasonable volume reduc t i on  f a c t o r ,  

Assuming an average so l  i d  

The mass and dens i t y  o f  t h e  res idue i s  d i f f i c u l t  t o  est imate.  I n  Appendix A,  
i t  was estimated, based i n  p a r t  on Reference 23, t h a t  hazardous waste i nc ine ra -  
t i o n  r e s u l t e d  i n  waste mass reduc t i on  by about a f a c t o r  o f  20. Assuming t h i s  
value here, t h i s  r e s u l t s  i n  a d a i l y  generated mass o f  res idue equal t o  5 tons  
(4 .5  MT). 
(1.09 gm/cm3). 

Personnel Requirements 

Operat ion o f  a hazardous waste i n c i n e r a t o r  i s  somewhat s i m i l a r  t o  a munic ipa l  
s o l i d  waste i n c i n e r a t o r ,  and so one would expect t h a t  t h e  personnel  requ i re -  
ments would be s i m i l a r .  There are  some impor tant  d i f f e rences ,  however. 
Unl i ke a munic ipa l  so l  i d  waste i n c i n e r a t o r ,  the  waste handled. w i  11 be by 
d e f i n i t i o n  hazardous. More a t t e n t i o n  must be p a i d  t o  s a f e t y  d u r i n g  waste 
r e c e i p t  and handl ing.  I n  a d d i t i o n ,  a much grea ter  heterogeneous m ix tu re  i s  
rece ived a t  the  hazardous waste i n c i n e r a t o r ,  which means t h a t  more personnel 
hours a re  requ i red  t o  regu la te  waste f l o w  i n t o  the  f a c i l i t y  and through the  
i n c i n e r a t o r .  
i s t r a t i v e  requirements cou ld  a1 so be augmented. 
ments would a l so  r e q u i r e  a d m i n i s t r a t i v e  personnel t ime. 

The dens i t y  o f  t he  res idue i s  thus c a l c u l a t e d  t o  be 1830 lb /yd3 

Since operat ions would be conducted on a c o n t r a c t  bas i s ,  admin- 
Compl i ance w i t h  EPA requ i re -  

It is apparent t h a t  personnel requirements depend upon f a c t o r s  such as t h e  
des ign o f  the  i n c i n e r a t o r ,  t he  throughput o f  waste through t h e  i n c i n e r a t o r ,  
and the  types of waste handled. 
a much f a s t e r  r a t e  than non-combustible wastes. L iqu ids  a l s o  seem t o  be 
processed a t  f a s t e r  ra tes  than s o l i d  wastes. 

One EPA est imate o f  i n c i n e r a t i o n  cos ts  (Ref. 37), est imates personnel requ i re -  
ments f o r  a 300 tons/day r o t a r y  k i l n  i n c i n e r a t o r  which operates a t  t h a t  through- 
p u t  f o r  300 days ou t  o f  t he  year .  

E a s i l y  combust ib le wastes may be processed a t  

These personnel requirements c o n s i s t  o f :  
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Opera tors. 3 
Supervisors 2 
Secre tar ies  and crew 7 
Admin is t ra to rs  1 

To ta l :  13 

Assuming each person works 2080 h rs / y r ,  t h i s  corresponds t o  a t o t a l  work 
requirement o f  0.30 man-hr pe r  t o n  o f  waste (Ref. 37). 

Th is  es t imate  appears t o  be a b i t  low, however, when compared w i t h  the  ac tua l  
personnel requirements f o r  t he  two e x i s t i n g  opera t i ng  f a c i l i t i e s  used t o  t e s t  
burn hazardous waste as summarized i n  Table C-8. 'One 125 ton/day f a c i l i t y  
accepts waste from a number o f  ou ts ide  sources, and employs a t o t a l  o f  42 persons. 
(Apparently, a t  l e a s t  some o f  these are  engaged i n  waste d e l i v e r y  o r  o the r  
a c t i v i t i e s  which are  n o t  d i r e c t l y -  r e l a t e d  t o  t h e  opera t i on  o f  t he  i n c i n e r a t o r .  ) 
Assuming each person works 2080 h rs / y r  and the  fac i ' l  i t y  burns 125 tons/day o f  
waste f o r  365 days/yr, t h i s  corresponds t o  personnel requirements o f  about 
1 . 9 1  man-hrs/ton (Ref. 28). 

Another f a c i l i t y  i s  dedicated t o  i n c i n e r a t i n g  waste generated by a p a r t i c u l a r  
i n d u s t r y  and does n o t  normal ly  accept waste from ou ts ide  sources. Th is  f a c i l i t y  

' requ i res  56 man-hrs/day.to operate, and would t h e r e f o r e  r e q u i r e  1.17 man-hrs/ton 
assuming i n c i n e r a t i o n  o f  s o l i d  waste a t  t he  maximum capac i t y  f o r  s o l i d  waste 
combustion (48 tons/day). A t  t he  maximum capac i t y  o f  l i q u i d  waste combustion 
o f  54,500 l /day and assuming a l i q u i d  waste dens i t y  o f  1 gm/cm3, t h i s  corresponds 
t o  approximate man-hour requirements o f  0.93 man-hr/ton. 

I n  a previous sec t ion ,  i t  was est imated t h a t  i t  requ i red  approximately 0.36 t o  
0.74 man-hour t o  i n c i n e r a t e  a t o n  o f  municipal  waste, w i t h  an average of 
0.47-0.48 man-hr/ton. Assuming t h a t  i t  requ i res  t w i c e  the  e f f o r t  t o  i n c i n -  
e r a t e  a t o n  o f  hazardous waste, t h i s  would r e s u l t  i n  l abo r  requirements o f  
approximately 1 man-hr/ton. Assuming t h a t  each worker works 8 hours, t he  
l abo r  requirements f o r  a 100 tons/day hazardous waste i n c i n e r a t o r  would b e  
approximately 13 persons. A t o t a l  o f  f i v e  a d m i n i s t r a t i v e  personnel a re  assumed 
t o  be employed t o  handle waste shipment schedul ing and b i l l i n g ,  s i t e  engineer ing,  
and r e g u l a t o r y  matters.  Th is  corresponds t o  a t o t a l  man-hour requirement o f  about 
1.4 man-hours pe r  t o n  o f  waste, which i s  w i t h i n  tfhe man-hour range c a l c u l a t e d  
above f o r  t h e  two e x i s t i n g  f a c i l i t i e s .  Based upon experience w i t h  municipal  
waste i n c i n e r a t i o n ,  these personnel a re  assumed t o  be d i s t r i b u t e d  as fo l lows:  

c-59 



Occupations 
Manager 
Ass i s t. Manager (Foreman) 
Secretary 
Office Manager 
Engineer 
Billing/Accounting Personnel 
Waste Shipment Schedulers 
Occupational Health 
Operators 
Process Controllers 
Residue Handlers 
Mai ntenance/Labor 

No: of .persons 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
.2 

- 

' Z  
Total : 18 

Radiological Imp1 ications t o  Personnel 

As before, Eo approximate radiological impacts t o  incinerator operating personnel, 
i t  i s  necessary t o  estimate (1) the potential  fo r  workers t o  be exposed t o  
d i rec t  radiation emitted from received waste, and ( 2 )  the potential f o r  radio- 
act ive material t o  be dispersed into the a i r  and inhaled or  otherwise contacted 
by faci 1 i ty  personnel. 

This estimate i s  made in  a similar manner as t ha t  for the municipal waste 
incinerator.  
factor  and dust environment as follows. 

Each person i s  assumed t o  be characterized by a given proximity 

No. of  Dust Proximity 
Occupation persons Environment Factor 

Manager 1 1 ow mod 
Assist .  Manager 1 1 ow mod 
Sec r e t  a ry 1 1 ow f a r  
Office Manager 1 1 ow f a r  
Engineer 1 1 ow f a r  
Bi 1 1  i ng/Accounti ng Personnel 1 .  1 ow f a r  
Waste Shipment Schedulers 2 1 ow f a r  
Occupational Health 2 mod mod 
Operators 2 mod close 
Process Control l e r s  2 mod mod 
Residue Hand1 e r s  2 h i g h  close 
Mai ntenance/Labor 2 high close 

Total : 18 

Specific values for  the d i f fe ren t  d u s t  environments and proximity fac tors  a re  
assumed t o  be as follows: 
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Dust Environment (pg/m3) 
1 ow 100 
mod 200 
h igh  400 

6400 

Prox im i t y  Factor  (m) 
f a r  30 

. .  
mod 10 

. 'c lose 1 

The dus t  environments assumed a re  be l ieved t o  be very conservat ive,  s ince the 
hazardous nature of the  waste being handled requ i res  much g rea te r  cons idera t ion  
( than a t  a municipal  waste f a c i l i t y )  g iven t o  worker sa fe ty  and min imiz ing 
a i rborne  releases. Dust c o n t r o l  procedures would the re fo re  be expected t o  
be much more extensive.  

C. 4.2 Hazardous Waste Disposal 

Over the  l a s t  decade considerable i n t e r e s t  has grown regard ing  the  safe d isposal  
o f  hazardous waste. As o f  about the  1977 t i m e  frame, EPA es t imated ' tha t  over 
90% o f  the  hazardous waste being generated was being handled by disposal  
p rac t i ces  which d i d  no t  seem adequate t o  p r o t e c t  p u b l i c  h e a l t h  and the  environ- 
ment (Ref. 29). As a r e s u l t  of t h i s  concern, the  Resource Conservation and 
Recovery Act (RCRA)  was enacted i n  1976 which c a l l e d  f o r  a na t fona l  program t o  
c o n t r o l  hazardous waste. A l l  waste i d e n t i f i e d  as hazardous i n  regu la t i ons  
issued under S u b t i t l e  C o f  RCRA are t o  be t racked by mani fests  f r o m  where they 
o r i g i n a t e  t o  t h e i r  f i n a l  d i s p o s i t i o n .  The d i s p o s i t i o n  o f  the  waste--whether 
t reatment,  storage, o r  d i sposa l - - i s  regulated us ing  permi ts  issued by e i t h e r  
the  EPA o r  an author ized State.  Regulations f o r  c a r r y i n g  ou t  S u b t i t l e  C o f  
RCRA a re  se t  f o r t h  i n  40 CFR Par ts  260 t o  266, 270, and 271. 

Two types o f  hazardous waste d isposal  f a c i l i t i e s  are i d e n t i f i e d  under the  
regu la t ions :  

F a c i l i t i e s  w i t h  i n t e r i m  s ta tus .  These f a c i l i t i e s  were i n  ex is tence 
a t  the t ime the  i n t e r i m  s ta tus  standards became e f f e c t i v e  
(November 19, 1980). Although f a c i l i t y  operators  have n o t i f i e d  EPA 
o f  t h e i r  hazardous waste a c t i v i t i e s  and have app l i ed  f o r  permi ts ,  
processing o f  t h e i r  app l i ca t i ons  has n o t  been completed. Dur ing 
t h i s  processing per iod ,  such operators must comply w i t h  I n t e r i m  
Status Standards as s e t  f o r t h  i n  40 CFR P a r t  265. These ' in ter im 
standards are  ' intended t o  move operat ions o f  e x i s t i n g  f a c i l i t i e s  
toward RCRA's goal of p r o t e c t i n g  'human h e a l t h  and the  environment. 

F a c i l i t i e s  hav ing a pe rm i t  issued by EPA o r  an au thor ized  s ta te .  
These f a c i l i t i e s  must comply w i t h  the General and Spec i f i c  (Permit)  
Standards s e t  f o r t h  i n  40 CFR P a r t  264, which are  intended t o  ensure 
accomplishment o f  RCRA's goals. A l l  new f a c i l i t i e s  a re  covered by 
the  Standards. 

It i s  apparent t h a t  hazardous waste d isposal  i s  i n  a p e r i o d  o f  t r a n s i t i o n ,  and 
it w i l l  take t i m e  t o  modify pas t  and cu r ren t  d isposal  p rac t i ces .  This i s  
be l ieved t o  be t r u e  desp i te  t h e  ex is tence o f  comprehensive regu la t i ons ,  and 
e s p e c i a l l y  f o r  d isposal  f a c i  1 i t i e s  .operated by a waste generator exc lus i ve l y  
f o r  t h a t  generator 's  waste. The authors be l i eve  t h a t  d isposal  p rac t i ces  w i l l  
be much more q u i c k l y  updated f o r  d isposal  f a c i l i t i e s ,  operated commercially, 
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since these a re  much more v i s i b l e  and so generate more p u b l i c  i n t e r e s t .  
add i t i on ,  s o l i d  hazardous waste disposal  i s  genera l l y  c a r r i e d  o u t  i n  a s e r i e s  
o f  excavated c e l l s  such as a se r ies  o f  d isposal  trenches. Waste disposed a t  a 
disposal  f a c i l i t y  a f t e r  the  e f f e c t i v e  date o f  t h e  regu la t i ons  (November 19, 
1980) would probably be genera l l y  disposed i n  waste c e l l s  designed and con- 
s t r u c t e d  according t o  the  new requirements; and as l ong  as new waste c e l l s  a re  
s i t e d  so t h a t  no i n t e r a c t i o n  takes place w i t h  o l d  waste disposal  c e l l s  
( requ i red  under the  regu la t i ons ) ,  o lde r ,  more u n s a t i s f a c t o r y  d isposa l  p r a c t i c e s  
would n o t  a f f e c t  t he  newer waste disposed. 

Given the  t i g h t e r  disposal  requirements as discussed above, coupled w i t h  
p u b l i c  i n t e r e s t  i n  safe waste d isposa l ,  t he re  i s  cons iderably  les,s j u s t i f i c a -  
t i o n  fo r  separa t ing  hazardous waste f a c i  1 i t i e s  i n t o  "good" and ''poor'' f a c i  1 i- 
t i e s  than the re  was f o r  separat ing municipal  waste d isposa l  f a c i l i t i e s  i n t o ,  
" s a n i t a r y  l a n d f i l l s "  and "open dumps." Th is  does no t  mean t h a t  t h e r e  w i l l  n o t  
prove t o  be some disposal  p rac t i ces  which are more env i ronmenta l ly  adequate 
than others.  Th is  i s  expected since one's knowledge o f  hazardous waste charac- 
t e r i s t i c s  and disposal  dynamics w i l l  no t  s tay  s t a t i o n a r y  over t ime. 

I n  

It does mean, however, t h a t  con t inu ing  use o f  b l a t a n t l y  poor d isposa l  p r a c t i c e s  
i s  n o t  l i k e l y  t o  occur a t  l e a s t  a t  t he  commercial d isposal  f a c i l i t i e s .  Th i s  
i s  due t o  (1) the  presence o f  a un i fo rm s e t  o f  na t i ona l  hazardous waste shipment, 
treatment, and disposal  standards, (2 )  the  i n t e r e s t  manifested i n  such p u b l i c l y  ' 
v i s i b l e  operat ions,  and (3 )  t he  r e l a t i v e l y  small number o f  such f a c i l i t i e s .  

Given the  above, t he  reference hazardous waste disposal  f a c i l i t y  i s  n o t  sepa- 
ra ted  i n t o  a "we l l  operated" s i t e  and a "poo r l y  operated" s i t e  as was t h e  case 
f o r  the  reference municipal  waste disposal  f a c i l i t y .  A c o n s i s t e n t  l e v e l  o f  
operat ions i s  assumed. However, some d i  f ferences i n  groundwater and 1 eachate 
accumulation impacts a re  assumed. 
hazardous waste disposal  being generated over t ime, and a l s o  r e f l e c t s  t h e  
v a r i a t i o n s  i n  opera t ions  c a r r i e d  ou t  by s i t e s  opera t ing  under t h e  i n t e r i m  
s ta tus  standards. 

This a n t i c i p a t e s  an improved da ta  base on 

Reference Hazardous Waste F a c i l i t y  (HWF) 

The c h a r a c t e r i s t i c s  o f  t h e  reference hazardous waste f a c i l i t y  (HWF) a r e  
developed us ing  a number o f  sources (Refs. 23, 25, 26, 29-35, 44) .  The r e f e r -  
ence HWF i s  meant t o  be a t y p i c a l  o f  l a n d f i l l  operat ions,  b u t  i s  n o t  meant t o  
be i n d i c a t i v e  o f  any one o f  the  44 f a c i l i t i e s  c u r r e n t l y  (June 1980) i n  opera t ion .  

Design. 
a t o t a l  acreage committed t o  hazardous waste disposal  o f  150 acres, and have a 
maximum waste disposal  capac i ty  o f  64.5 m i l l i o n  f t3. 
150 acres- - i s  i n  the  range o f  some o f  t he  l a r g e r  commercial hazardous waste 
disposal  f a c i l i t i e s ,  which tends t o  r e s u l t  i n  a conservat ive c a l c u l a t i o n  o f  
poss ib le  r a d i o l o g i c a l  impacts from de minimis waste d isposa l .  The t o t a l  d i s -  
posal capac i ty  corresponds t o  a dens i t y  o f  430,000 ft3 o f  waste pe r  acre,  
which i s  the value assumed i n  Reference 23. 

The re fe rence HWF i s  assumed t o  .be a l a n d f i l  l i n g  opera t i on  and ' to  have 

The o v e r a l l  s ize- -  
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Disposal is assumed to be carried out in a series of excavated pits ("disposal 
cells"), and for the purposes of this appendix, 64 such disposal cells are 
assumed to be excavated and filled with waste over the operating life of the 
HWF. 
given conflicting priorities. Obviously, too many such disposal cells would 
redute disposal efficiency at the site, while too few could lead to water 
management problems. Assuming a 20-year operating life, 64 disposal cells 
correspond to construction of somewhat greater than 3 disposal cells per year, 
a number which can be conveniently handled by site workers. This also results 
in an average waste capacity of about 1,008,000 ft3 per disposal cell. 

The overall sizs of the disposal cell must be somewhat larger than the volume 
of waste disposed, since the waste emplacement efficiency (the percentage of 
the disposal cell used for waste disposal) will be less than unity. The waste 
emplacement efficiency at a given site will depend upon the form of the waste, 
whether or not the waste is packaged, and the disposal practices of the facility 
operator. Most packaged waste delivered to the disposal facility will be 
delivered in 55-gallon drums, and a waste ,emplacement efficiency of about 75% 
can be achieved assuming that the waste is neatly stacked. Bulk waste can 
probably achieve a somewhat higher waste emplacement efficiency. 
need to separate different types of waste, however, especially incompatible 
waste streams, and placing earthen barriers between layers o f  waste and 
between different types of waste will reduce the overall waste emplacement 
efficiency of the disposal cell. 

Assuming an average waste emplacement efficiency of 75% within the disposal 
cells, this results in a total excavated volume o f  about 1,340,000 ft3 per 
disposal cell. This can be achieved by a disposal cell having an average 
depth of about 25 ft, and having overall surface dimensions of about 260 ft 
by 360 ft. This results in interior dimensions of about 110 ft by 210 ft 
along the bottom of the cell, given a 1:3 slope along the sides of the cell. 
This slope is necessary in order to install a disposal cell liner. Each 
disposal cell is assumed to be filled with wasted and other matzrial to 
about 6 inches of the top of the cell. Disposal cells are assumed to be 
separated by a space equal to about 15 ft. 

The figure 64 is somewhat arbitrary but it is believed to be reasonable 

There is a 

The layout of the disposal cells is illustrated 
assumptions result in a total disposal area hav 
by 2985 ft. A buffer zone would surround the d 
buffer zone would vary depending upon site-spec 

in Figure .C. 10. 
ng dimensions 0.f about 2185 ft 
sposal area. The siz,e of the 
f i c condi.ti ons. 

The above 

A more detailed look at the cross section of a typical waste disposal cell is 
depicted in Figure C . 1 1 .  According to the regulations, the disposal cell must 
be designed to prevent the migration into the environment of hazardous consti- 
tuents during the operating life of the facility plus a post-closure care 
period. The regulations further require that the disposal system consist, at 
a minimum, of a leachate collection and removal system and at least one liner.* 
The function of the leachate collection and removal system is to minimize the 

*An owner/operator may be exempted from liner and leachate collection system 
requirements if he can demonstrate that alternative design and operating prac- 
tices, together with the environmental characteristics of the disposal site, 
will prevent the migration of any hazardous constituents into the ground or 
surface water at any future time. 
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Figure C.10 Layout o f  Reference Hazardous Waste Faci l i ty  
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head (depth) of leachate on the  l i n e r .  It must be capable o f  ach iev ing  a 
leachate head of one f o o t  o r  less.  The l i n e r  i t s e l f  must be designed and 
const ructed t o  p revent  m ig ra t i on  o f  l i q u i d s  and must a l l o w  no more than 
n e g l i g i b l y  small i n f i l t r a t i o n  o f  l i q u i d s  i n t o  the  l i n e r  i t s e l f .  

An EPA guidance document on meeting the  requirements (Ref. 44) s ta tes  t h a t  
1 i ner systems should be contructed .who1 l y  above the  seasonal h igh  water tab1 e 
( i . e . ,  i n  the unsaturated s o i l ) .  L a n d f i l l  c e l l s  ( i . e . ,  u n i t s  o r  d i s c r e t e  
p a r t s )  should be designed w i t h  an under l i ne r  system c o n s i s t i n g  o f  (as a m i n i -  
mum) a leachate de tec t ion ,  c o l l e c t i o n ,  and removal system and a s y n t h e t i c  
l i n e r  having a th ickness o f  a t  l e a s t  30 m i l .  A secondary l i n e r  c o n s i s t i n g  o f  
a t  l e a s t  a compacted c l a y  l a y e r  i s  recommended beneath the s y n t h e t i c  membrane. 
Where the f i n a l  cover w i l l  no t  be app l i ed  t o  l a n d f i l l  c e l l s  f o r  30 o r  more 
years a f t e r  f i r s t  placement o f  wastes, t he  under l i ne r  system should c o n s i s t  
(as a minmimum) o f  bo th  pr imary and secondary Teachate de tec t i on ,  c o l l e c t i o n ,  
and removal systems; a pr imary syn the t i c  l i n e r ;  and a secondary s o i l  l i n e r  
(e .g. ,  c lay )  Fur ther  in format ion on EPA recommendations on l a n d f i l l  design, 
l i n e r  systems, and f i n a l  cover i s  conta ined i n  Reference 44. 

The p a r t i c u l a r  l i n e r  design u t i l i z e d  i s  no t  s i g n i f i c a n t  f o r  purposes o f  t h i s  
appendix. 
the opera t ing  l i f e  o f  the  s i t e  p lus  a 30-year pos t -c losure  per iod .  
a te  c o l l e c t i o n  and removal system prov ides a mechanism t o  remove l i q u i d s  t h a t  
may accumulate w i t h i n  the disposal  c e l l .  Th is  s imply cons is t s  o f  s l o p i n g  t h e  
f l o o r  o f  the  d isposal  c e l l  t o  one o r  more sumps, and l i q u i d s  accumulated i n  
the sump may be removed by a standpipe i n s e r t e d  i n  t h e  sump (no t  shown i n  
F igure C . 1 1 ) .  A h i g h l y  permeable l a y e r  (e .g . ,  sand a t  l e a s t  12 i n  t h i c k )  
covers the  f l o o r  i n  t h e  d isposal  c e l l  t o  a i d  i n  movement o f  l i q u i d s  toward the  
sumps. A graded granu lar  o r  syn the t i c  f a b r i c  f i l t e r  i s  l oca ted  above the  
drainage 1 ayer. 

Completed d isposal  c e l l s  must be capped w i t h  a f i n a l  cover designed t o  achieve 
the f o l l o w i n g  (Re f .  33): 

The main f u n c t i o n  i s  t o  con ta in  the  ha-zardous waste a t  l e a s t  through 
The leach- 

minimize m ig ra t i on  o f  l i q u i d s ;  
f u n c t i o n  w i t h  minimum maintenance; 

I .  promote drainage and minimize eros ion  o f  cover;  
accommodate s e t t l i n g  and subsidence; and 
have a pe rmeab i l i t y  equal t o  o r  l ess  than t h a t  o f  the  bottom l i n e r .  

EPA gu ide l ines  on designs f o r  f i n a l  covers (caps) s t a t e  t h a t  t h e  f i n a l  covers 
should c o n s i s t  o f  ( a t  a minimum) a vegetated top  cover, a middle drainage 
layer ,  and a low pe rmeab i l i t y  bottom l a y e r  (Ref. 44). For  t h i s  appendix, and 
based on these minimum recommendations, the  cover design i s  assumed t o  c o n s i s t  
o f  2 - f t  o f  compacted c l a y  fo l lowed by a syn the t i c  membrane a t  l e a s t  20 m i l  
t h i c k .  Th is  i s  fo l lowed by a 1 f t  drainage l a y e r  composed o f  h i g h l y  permeable 
mater ia l  (sand), a syn the t i c  f a b r i c  f i l e r ,  and 2 f t  o f  s o i l  which i s  vegetated. 
This  r e s u l t s  i n  a th ickness o f  about 5 f t  o f  s o i l  and o t h e r  ma te r ia l  cove r ing  
the  top  o f  t he  waste. The cap i s  sloped s l i g h t l y  t o  promote r u n o f f  w i t h o u t  
erosion. D ive rs ion  d i t ches  would a1 so be cons t ruc ted  t o  f a c i  1 i t a t e  removal o f  
p r e c i p i t a t i o n  and t o  he lp  preclude run-on o f  p r e c i p i t a t i o n  i n t o  d isposa l  
c e l l s .  
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Figure  C . l l  i l l u s t r a t e s  a b a s i c a l l y  below-grade l a n d f i l l .  
which i s  a l s o  used i s  t o  cons t ruc t  t he  l a n d f i l l  so t h a t  i t  inc ludes  a s i g n i f i -  
can t  above-grade component. Th is  cou ld  r e s u l t  a f t e r  f i l l i n g  and. f ina1  grading 
i n  a l a r g e  mound f i l l e d  w i t h  waste. 

Another design o p t i o n  

Operation. 
l e v e l  r a d i o a c t i v e  waste d isposal  f a c i l i t y  than t o  a s a n i t a r y  l a n d f i l l .  Th is  
i s  because the  t o x i c  nature o f  t he  rece ived waste necess i ta tes  much grea ter  
concern regard ing  proper waste i d e n t i f i c a t i o n  and handl ing.  References 31, 
34, and 35 prov ide  in fo rmat ion  on opera t ion  o f  t y p i c a l  e x i s t i n g  hazardous 
waste d isposal  f a c i l i t i e s .  

Waste a r r i v i n g  a t  the  HWF i s  checked i n  a t  t he  entrance t o  t h e  f a c i l i t y .  The 
b i l l  o f  l a d i n g  i s  checked and the  contents  o f  the  waste d e l i v e r y  veh ic les  are 
checked f o r  obvious d iscrepancies w i t h  the  b i l l  o f  l ad ing ,  f o r  poss ib l y  hazardous 
cond i t i ons ,  and compliance w i t h  Department o f  T ranspor ta t ion  (DOT),  EPA, and 
s t a t e  'requirements. 
i n t e n t  o f  p rov id ing  t r a c k i n g  o f  hazardous waste f r o m  where i t  i s  generated, 
through poss ib le  t reatment,  and f i n a l l y  t o  u l t i m a t e  d isposa l .  

The waste Contents are checked aga ins t  data c o l l e c t e d  on prev ious waste ship- 
ments o r  s i m i l a r  waste types t o  he lp  determine proper d i s p o s i t i o n  and handl ing 
requirements. 
i n  an o n - s i t e  labora tory .  A waste d i s p o s i t i o n  sheet i s  f i l l e d  ou t  f o r t h e  
shipment which descr ibes the  l o c a t i o n  f o r  d isposal  w i th in  t h e  l a n d f i l l  (e .g . ,  
any segregat ion requirements),  t h e  type o f  hazard the  ma te r ia l  represents,  
and any spec ia l  precaut ions.  A f t e r  waste d isposa l ,  the  l o c a t i o n  o f  the  
waste w i t h i n  the  disposal  c e l l  i s  recorded f o r  f u t u r e  reference. Frequent ly  
the  app l i cab le  i n fo rma t ion  regard ing  the  waste shipment (e.g. ,  waste type, 
chemical content ,  volume, mass, waste generator,  d isposal  l o c a t i o n ,  e t c . )  
i s  recorded on a computer data management and recordkeeping system. 

Waste accepted a t  the HWF may be packaged o r  may be disposed i n  a b u l k  form, 
b u t  i n  any case i t  i s  impor tant  t o  ensure t h a t  incompat ib le  waste ma te r ia l s  do 
no t  come i n t o  contact  w i t h  one another. Separat ion o f  waste ma te r ia l s  may be 
accomplished as shown i n  F igure  C . l l  by cons t ruc t i on  o f  i n d i v i d u a l  c l a y - l i n e d  
c e l l s .  
used i n  cons t ruc t i ng  these c e l l s .  Other procedures f o r  ensur ing a compat ib le 
d isposal  environment inc lude procedures such as surrounding drums o f  a c i d i c  
wastes w i th  a bas ic  ma te r ia l  such as l ime.  

The EPA regu la t i ons  p lace r e s t r i c t i o n s  on the  l i q u i d  content  o f  the  waste 
(Ref. 33). Bu lk  o r  non-container ized l i q u i d  waste o r  waste con ta in ing  f r e e  
l i q u i d  may n o t  be placed i n  the  l a n d f i l l  unless one o f  two cond i t i ons  i s  met :  
(1) the  d isposal  u n i t  has a l i n e r  and a leachate c o l l e c t i o n  and removal system 
meeting the  standards, o r  (2)  be fore  d isposa l ,  l i q u i d s  are t r e a t e d  o r  s t a b i l i z e d  
so t h a t  f ree  l i q u i d s  are n o t  present .  Containers ho ld ing  f r e e  l i q u i d s  may no t  
be p laced i n t o  the  d isposal  c e l l s  unless a t  l e a s t  one o f  the  f o l l o w i n g  four . 
cond i t i ons  i s  met :  
are mixed w i t h  an absorbent o r  s o l i d i f i e d ,  o r  otherwise e l im ina ted ,  (2) the  
conta iner  i s  very  small (e .g. ,  an ampule), (3) the conta iner  i s  designed t o  
ho ld  f ree l i q u i d s  f o r  use o ther  than storage (e.g. ,  a b a t t e r y ) ,  o r  (4) the  
conta iner  i s  a l a b  pack. 
must b e - a t  l e a s t  90% f u l l  when p laced i n  the l a n d f i l l .  
be reduced i n  volume by c rush ing  o r  shredding. 

Operat ion o f  t he  HWF i s  be l i eved  t o  be much more s i m i l a r  t o  a low- 

A man i fes t ing  system i s  now requ i red  by EPA w i t h  the  

Samples may a l s o  be taken o f  the  incoming waste and analyzed 

V e r t i c a l  wa l l s  1 8 - i n  t h i c k  and 12 - in  t h i c k  f l o o r s  and caps are  t y p i c a l l y  

(1) f ree-s tand ing  l i q u i d s  are removed by decant ing o r  

I n  a d d i t i o n ,  €PA regu la t i ons  r e q u i r e  t h a t  con ta iners  
Empty conta iners  must 
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Considerable emphasis i n  w e l l  managed s i t e s  i s  g i ven  t o  worker sa fe ty .  
a re  equipped w i t h  c o v e r a l l s ,  gloves, and o t h e r  equipment, and emergency o r  
spec ia l  equipment (e. g. , r e s p i r a t o r s ,  c o n t r o l  1 ed a i r  s u i t s )  a r e  ava i  1 ab le  i f 
needed. 
proper waste hand l ing  a re  developed and p rac t i ced ,  and emergency procedures 
a re  d r i l l e d  p e r i o d i c a l l y .  
w i t h  inspec t ions  o f  s i t e  areas--e.g., d isposa l  c e l l s ,  fences, d i sposa l  prac- 
t i c e s - - c a r r i e d  o u t  on a weekly basis.  
p a r t i c u l a t e  m a t e r i a l ,  and p e r i o d i c  sampling and mon i to r i ng  f o r  contaminant 
m i g r a t i o n  i s  a l s o  c a r r i e d  out .  L iqu ids  recovered from d isposa l  c e l l s ,  e i t h e r  
w h i l e  the  d isposa l  c e l l  i s  open o r  a f t e r  i t  i s  closed, a re  t r e a t e d  and e i t h e r  
released o r  combined w i t h  absorbents t o  form a sludge and disposed i n t o  a 
disposal  c e l l .  

The f i n a l  c losu re  o f  t h e  s i t e  proceeds accord ing t o  a s p e c i f i e d  p lan .  

Personnel Requirements 

Personnel requirements f o r  t he  reference HWF are  est imated based upon 
in fo rma t ion  conta ined i n  References 3 1  and 34, and upon a comparison o f  t h e  
types o f  operat ions expected t o  be c a r r i e d  o u t  a t  t h e  HWF w i t h  t y p i c a l  
operat ions a t  a low- leve l  r a d i o a c t i v e  waste disposal  f a c i l i t y  (Ref. 22). 
Many o f  t he  same opera t ions  are c a r r i e d  o u t  a t  bo th  types o f  f a c i l i t i e s ;  
however, t h e r e  a r e  a number o f  d i f f e rences .  For example, t h e r e  i s  no'need a t  
the  HWF f o r  an extens ive r a d i a t i o n  h e a l t h  phys ics  program, al though t h e r e  i s  
an obvious need f o r  an extensive i n d u s t r i a l  h e a l t h  program. I n  a d d i t i o n ,  
mon i to r ing  a c t i v i t i e s  a t  most hazardous waste s i t e s  appears t o  be l e s s  exten- 
s i v e  than those a t  e x i s t i n g  low- leve l  waste d isposa l  s i t e s .  

Workers 

Showers and eye wash s t a t i o n s  a r e  a l s o  provided. Procedures f o r  

Routine "prevent ive maintenance" i s  a l s o  p r a c t i c e d ,  

Care i s  taken t o  minimize d i s p e r s i o n  o f  

Waste placement opera t ions  are a l so  somewhat d i f f e r e n t .  A t  a l ow- leve l  waste 
f a c i l i t y ,  waste i s  almost always d e l i v e r e d . i n  packages. The presence o f  
i o n i z i n g  r a d i a t i o n  emi t ted  by the  waste packages compl icates waste placement, 
however, and many o f  t he  waste packages a re  disposed randomly. A t  a hazardous 
waste disposal  f a c i l i t y ,  much o f  t h e  waste i s  d e l i v e r e d  i n  a b u l k  (unpackaged) 
form. 
f a c i l i t a t e s  hand l ing  and emplacement o f  waste d e l i v e r e d  i n  bo th  packaged and 
b u l k  forms. 

However, t h e  l a c k  o f  i o n i z i n g  r a d i a t i o n  emi t ted  by the  waste g r e a t l y  

As before,  personnel a c t i v i t i e s  can be d i v i d e d  i n t o  s t a f f  and management, 
where most o f  t h e  s t a f f  would be i nvo l ved  i n  waste hand l ing  and d isposa l  
a c t i v i t i e s .  These inc lude  workers such as equipment operators,  s e m i - s k i l l e d  
laborers ,  and u n s k i l l e d  laborers .  
handlers requ i red ,  use can be made o f . ( l )  t he  est imated composi t ion o f  t h e  
waste, and (2) i n fo rma t ion  on waste hand l ing  requirements as s e t  f o r t h  i n  
Reference 36. Based on Appendix A and on experience w i t h  hazardous waste 
handl ing p r a c t i c e s ,  about 20% o f  t he  waste i s  assumed t o  a r r i v e  a t  t h e  s i t e  i n  
drums o r  o t h e r  packages, about 20% i s  assumed t o  a r r i v e  as a sludge, and about 

s o l i d .  
personnel requirements.) Reference 36 prov ides  an es t imate  o f  t h e  personnel 
man-hour requirements f o r  d isposal  o f  packaged waste i n t o  a low- leve l  
r a d i o a c t i v e  waste disposal  f a c i l i t y .  Th is  re fe rence est imates a man-hour 
requ i  rement o f  24 man-mi nutes per  con ta i  ner  f o r  stacked disposal  o f  55-gal 1 on 
(7 .5  f t3 )  drums, and 6 man-minutes p e r  con ta ine r  f o r  random d isposa l .  

To es t imate  the  number o f  such waste 

,60% i s  assumed t o  a r r i v e  as an unpackaged m a t e r i a l  which i s  more o r  l ess  a 
(This i s  a conservat ive assumption f o r  purposes o f  es t ima t ing  s i t e  

Assuming 
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..,lab Cllr Illdirnour requirements for random disposal of 55-gall on drums appl ies- 
to disposal of sludges and unpackaged solids, and that all packaged waste is 
stacked, one obtains the following time estimates: 
i 

s 1 udges : ' (3.225E+6) (. 2) (6) (u7.5) = 516,000 man-min 
. packaged solids: (3.225E+6) (.2) (24) (1/7.5) = 2,064,000 man-min 

unpackaged solids: (3.225E+6) (.6) (6) (U7.5) = 1,548,000 man-min 
4,128,000 man-mi n 

The above calculations are believed to be conservative, since one would expect 
that it would take less time to randomly dispose of unpackaged waste (which 
could be delivered in dump trucks) than packaged waste, and considerably less 
time to dispose of sludges and other semi-liquids. 
worker would work approximately 2080 x 60 = 124,800 minutes per year. 
4,128,000 by 124,800 results in a requirement for about 31 workers. 

Based on the above, the following personnel requirements are assumed for the 
reference HWF: 

In any case, a single 
Dividing 

- Personnel Requirements 
Management Staff 

1 Site manager 2 Secretarial personnel 
1 Assistant site manager 2 Waste shipment schedulers 
1 Foreman 2 Bi 1 1  ing/accounting personnel 
1 Environmental services manager 1 Laboratory technician 
1 Safety supervisor , 3 Industrial safety personnel 
1 Customer service coordinator 8 Equipment operators 
1 Records manager 14 Semi-skilled laborers 
1 Securi ty/traffic control (includes mechanics) 

coordinator 15 Uns ki 1 1 ed 1 aborers 
3 Security/traffic control 

personnel 

Total: 58 on-site personnel. 

Radiological Implications to Personnel 

In estimating radiological impacts to site personnel, it is important to 
consider the operational similarities and differences between a sanitary 
landfill (or open dump) and an HWF. The similarities indicate that the 
general manner that radiological. impacts are calculated would be similar for 
the two facilities. Waste is delivered in trucks which are directed to the 
particular working area of the HWF, and after dumping the waste, the trucks 
leave the site and the waste is covered. This means that it will again be 
generally convenient to estimate exposures by estimating the average distance 
that a worker spends in proximity to radiation sources as well as the dust 
environment that he works in. 
estimate exposures due to direct gamma radiation. The latter relationship 
would be used to estimate inhalation and immersion exposures. 

The former relationship would be used to 
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As before there  are two main sources o f  r a d i a t i o n  exposure t o  s i t e  personnel: 
(1) disposed waste would be a source .o f  d i r e c t  r a d i a t i o n  as q t tenuated  through 
a l a y e r  o f  s o i l ,  and (2) the  working area o f  the  HWF would be a source o f  
d i r e c t  r a d i a t i o n  p lus  a i rborne  contaminat ion.  Again, much more minor sources 
o f  personnel exposure would inc lude d i r e c t  r a d i a t i o n  from rad ionuc l i des  
deposi ted on the  ground surface a f t e r  be ing blown from the  open face,  resus- 
pension o f  these dust  p a r t i c l e s ,  and waste d e l i v e r y  t rucks .  
minor sources o f  r a d i a t i o n  exposure, however, are be l ieved t o  be considered 
i n t r i n s i c a l l y  i n  the ca l cu la t i ons .  

These a d d i t i o n a l  

A l l  s i t e  personnel may be assumed t o  be equa l l y  exposed t o  gamma r a d i a t i o n  
emi t ted  by disposed waste. 

The working area w i l l  be a source o f  d i r e c t  gamma r a d i a t i o n  as w e l l  as a 
source o f  a i rborne  dust. To est imate these exposures, however, one must 
consider  the  operat ional  d i f f e rences  between a san i ta ry  l a n d f i l l  ( o r  open 
dump) and a hazardous waste f a c i l i t y .  A t  a san i ta ry  l a n d f i l l ,  a lmost a l l . o f  
t he  waste a r r i v e s  i n  an unpackaged fo rm,  and packaged o r  not ,  standard prac- 
t i c e  i s  t o  spread the waste on the  ground i n  t h i n  layers  and then crush and 
compact i t  using heavy machinery. 
prov ides a d r i v i n g  mechanism f o r  a i rborne  d ispers ion  o f  waste p a r t i c u l a t e s .  
A t  an HWF, opera t iona l  sa fe ty  considerat ions requ i re  t h a t  much g rea te r  a t t e n -  
t i o n  be g iven t o  min imiz ing d i spe rs ion  o f  dus t  p a r t i c u l a t e s .  Packaged waste 
would be stacked t o  conserve d isposal  space, and a i rborne  re leases would be 
genera l l y  n e g l i g i b l e  except f o r  the  poss ib le  event o f  an acc ident  i n  which a 
conta iner  f a l l s ,  breaks open, and re leases p a r t  o f  i t s  contents  i n t o  the  a i r .  
Even g iven t h i s  s i t u a t i o n ,  such exposures would on ly  be rece ived by those 
d i r e c t l y  hand l ing  the waste; admin i s t ra t i ve  personnel would n o t  be invo lved.  

This  crushing and spreading opera t ion  

Unpackaged waste would be dumped a t  an HWF i n t o  a prepared p o r t i o n  o f  the  
d isposal  c e l l ,  covered w i t h  e a r t h  t o  preclude sca t te r  by wind, and then com- 
pacted. Waste would be dumped f r o m  above o r  f r o m  the sides o f  t he  c e l l s ,  and 
personnel con tac t  would be minimized. Un l ike  the  munic ipa l  l a n d f i l l ,  t he re  
would be no crushing o r  spreading operat ions t o  prov ide a mechanical d r i v i n g  
fo rce  f o r  a i rborne  d ispers ion.  Rather, waste would probably  be covered w i t h  a 
l a y e r  o f  s o i l  p r i o r  t o  compaction t o  minimize a i rborne d ispers ion .  This  rseans 
t h a t  about the  on ly  mechanisms f o r  d ispers ion  would be (1) waste emplacement 
a c t i v i t i e s  (dumping) and (2) wind suspension p r i o r  t o  cover ing  w i t h  s o i l .  
a d d i t i o n ,  much o f  the waste w i l l  be received i n  a damp o r  s e m i - l i q u i d  form, 
which would r e s i s t  d ispers ion.  
should be s t a b i l i z e d  dur ing  d isposal  operat ions so  t h a t  t he  wastes have the  
consis tency o f  damp s o i l  o r  o ther  ma te r ia l  w i t h  s u f f i c i e n t  mechanical s t reng th  
t o  support  cons t ruc t i on  equipment.) 

Th is  means t h a t  u n l i k e  the  o ther  t reatment  and disposal  f a c i l i t i e s  considered 
i n  t h i s  repo r t ,  r a d i o l o g i c a l  impacts would d i f f e r  depending upon whether the  
waste a r r i v e d  i n  e i t h e r  a packaged o r  unpackaged form. I f  t he  waste a r r i v e d  
i n  a packaged form, a worker cou ld  rece ive  more d i r e c t  (ex te rna l )  r a d i a t i o n  
exposure and less  exposure from a i rborne  re leases.  
unpackaged form, a worker cou ld  rece ive  l e s s  d i r e c t  r a d i a t i o n  exposure and 
more exposure from a i rborne  releases. 

I n  

(L iqu ids  and o ther  excess ive ly  damp wastes 

I f  the  waste a r r i v e d  i n  an 
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For determin ing d i r e c t  gamma r a d i a t i o n  from packaged waste, i t  can be assumed 
t h a t  about 20% of  the  waste a r r i v i n g  d a i l y  a t  the  s i t e  i s  i n  55-ga l lon  drums. 
Assuming t h a t  waste i s  received 260 days ou t  o f  the year ,  then 12,404 f t3  of  
waste would be received per  day, o f  which 2481 f t3  would be i n  55-ga l lon  drums 
(331 conta iners) .  
waste i s  rece ived and stacked p r i o r  t o  cover ing  w i t h  ear th ,  then 12,404 f t3  o f  
waste w i l l  be stacked a t  any g iven t i m e .  
i s  assumed along w i t h  a 9 f t  l i f t  ( th ree  drums stacked on top  o f  one another) ,  
t h i s  r e s u l t s  i n  a c ross-sec t iona l  area equal t o  1838 ft2. 
i s  as long as another,  t h i s  r e s u l t s  i n  a t o t a l  sur face area o f  1838 f t2  on the  
top  and bottom and 386 f t2  on each o f  the  f o u r  s ides.  

Dur ing waste placement, waste drums w i l l  be unloaded f r o m  t rucks  and stacked 
by workers w i t h  the help o f  s l i n g s  and h o i s t s .  
t o  one s ide  o f  t he  d isposal  c e l l  and would be used t o  h o i s t  t he  drums i n t o  
place. 
semi -sk i l l ed  laborers  would a t tach  the  s l i n g s  t o  the drums, he lp  maneuver the  
drums i n t o  p lace ,  and detach the s l i n g s .  ( P a l l a t i z i n g  the drums would hasten 
operat ions.  ) U n s k i l l e d  laborers ,  and perhaps semi-sk i l  l e d  laborers ,  would be 
s i t e  workers spending the most t ime i n  p r o x i m i t y  t o  the  waste, w h i l e  equipment 
operators  would spend less t i m e  i n  p r o x i m i t y  t o  the  waste. Admin i s t ra t i ve  
personnel would spend e s s e n t i a l l y  no t i m e  i n  p r o x i m i t y  t o  the wai te .  

A i rborne impacts f o r  packaged waste d isposal  a re  approximated assuming an 
acc ident  i n  which a conta iner  o f  waste i s  dropped from a s i g n i f i c a n t  he igh t ,  
breaks open, and disperses p a r t  o f  i t s  contents  i n t o  the  a i r .  These est imates 
are made i n  Chapter 5.0 based upon assumptions der ived  f r o m  t r a n s p o r t a t i o n  
acc ident  cons iderat ions.  

If i t  i s  assumed t h a t  an average o f  5 days wor.th o f  packaged 

If a 75% volume u t i l i z a t i o n  e f f i c i e n c y  

Assuming one s ide  

A crane o r  two would be l oca ted  

Heavy equipment operators  would run  the  cranes w h i l e  laborers  and 

I f  the  waste i s  assumed t o  a r r i v e  i n  an unpackaged form, then exposures due t o  
d i r e c t  gamma r a d i a t i o n  are ca l cu la ted  i n  a somewhat s i m i l a r  manner as those . 
f o r  packaged waste. I n  t h i s  case, a r r i v i n g  waste i s  assumed t o  be dumped i n t o  
prepared areas t o  f o r m  i n d i v i d u a l  waste c e l l s  s i m i l a r  t o  those dep ic ted  i n  
F igure C . l l .  Waste would be dumped from above o r  f r o m  the s ide ,  and personnel 
con tac t  w i t h  the  waste would be l ess  ex tens ive  than would be t h e  case w i t h  
packaged waste. 
waste i s  accumulated p r i o r  t o  cover ing w i t h  s o i l ,  then approximately 37,200 f t3 
o f  waste would be so co l l ec ted .  
bottom sur face areas equal t o  4134 f t2 ,  o r  64 f t  on a s ide. 
s ide  sur face areas equal t o  579 f t2. 

Ai rborne impacts from unpackaged waste d isposal  are est imated assuming t h a t  
p a r t i c u l a t e s  are  suspended by wind r a t h e r  than by mechanical ac t i on .  

C. 5 REFERENCE S I T E S  AND ENVIRONMENTAL CHARACTERISTICS 

Ca lcu la t i on  o f  r a d i o l o g i c a l  impacts from process ing and d isposal  of de min imis  
waste i s  i n f l uenced  by the environmental c h a r a c t e r i s t i c s  a t  the  waste t reatment  

It i s  fur thermore expected t h a t  the  user o f  t h e  impact 
ana lys is  codes w i l l  be most ly  i n t e r e s t e d  i n  gener ic  app l i ca t i ons  r a t h e r  than 
s i t e - s p e c i f i c  app l i ca t i ons .  Given the  above, two approaches have been adopted 
t o  inc lude environmental cons iderat ions i n t o  the  c a l c u l a t i o n a l  methodology. 
F i r s t ,  a s e t  ' o f  t h ree  d i f f e r e n t  re ference t rea tment /d i  sposal s i t e  env i  ronmental 

I f  i t  i s  again assumed t h a t  5 days worth o f  s o l i d  unpackaged 

Assuming a 9 f t  l i f t ,  t h i s  r e s u l t s  i n  top  and 
This  r e s u l t s  i n  

a and d isposal  l oca t i on .  
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c h a r a c t e r i s t i c s  a re  assumed, and any o f  t he  th ree  may be s p e c i f i e d  by the  user 
o f  t he  codes. 
ments may furthermore be over r iden by the  code user and d i f f e r e n t  parameters 
subs t i t u ted .  Second, a l l  s i t e  environmental c h a r a c t e r i s t i c s  ( o r  c a l c u l a t i o n a l  
f a c t o r s  which are  der ived  from s p e c i f i c  s i t e  environmental c h a r a c t e r i s t i c s )  
a re  s to red  in -  a separate i n p u t  f i l e  i n  the  computer codes, and the  user may 
o p t i o n a l l y  expand the  f i l e  t o  inc lude a d d i t i o n a l  re ference s i t e s .  

The environmental c h a r a c t e r i s t i c s  f o r  t he  reference t rea tment /d i  sposal s i t e s  
are der ived  from th ree  o f  the  f o u r  reg iona l  d isposal  s i t e s  assumed f o r  t he  
environmental impact statements f o r  t he  r e g u l a t i o n  10 CFR P a r t  6 1  on low- leve l  
r a d i o a c t i v e  w a h e  d isposal  (Refs. 22, 38). Some d i f f e r e n c e s  from the  P a r t  6 1  
reg iona l  s i t e s  a re  assumed, however, p a r t i c u l a r l y  regard ing  parameters r e l a t i n g  
t.0 groundwater impacts. The th ree  reference s i t e s  adopted f o r  t h i s  r e p o r t  
inc lude what has been termed the  nor theas t  s i t e ,  the southeast s i t e ,  and the  
southwest s i t e .  S i t e  c h a r a c t e r i s t i c s  f o r  any one o f  t he  re fe rence s i t e s ' a r e  
c a l l e d  by the  user by i n p u t i n g  the  appropr ia te  i n t e g e r  va lue f o r  t he  reg ion  
index, I R  (see Chapter 2.0). 

Many o f  the  assumed parameters s p e c i f i c  t o  these s i t e  env i ron-  

A b r i e f  d e s c r i p t i v e  summary o f  t he  environmental 
. c h a r a c t e r i s t i c s  o f  each o f  t h e  th ree  reference s i t e s  fo l l ows :  

S o i l  ' Popu la t ion  
I R  S i t e  P r e c i p i t a t i o n  Charac te r i s t i cs  Dens i ty  

.1 nor theas t  humid low pe rmeab i l i t y  h igh  
2 southeast humid moderate p e r m e a b i l i t y  moderate 
3 southwest semi-ar id  ' h igh  pe rmeab i l i t y  1 ow 

The remainder o f  t h i s  chapter i s  separated i n t o  t w o  sec t ions .  
summarizes the  bas ic  environmental p r o p e r t i e s  assumed f o r  each re fe rence s i t e .  
Sect ion C.5.2 presents the parameters which are  used i n  the  computer codes and 
are  der ived  from the  s i t e - s p e c i f i c  environmental parameters. Many o f  these 
parameters a re  s p e c i f i c  t o  the  p a r t i c u l a r  waste t reatment  and d isposa l  opera- 
t i o n  assumed:-e.g., on -s i t e  waste i n c i n e r a t i o n ,  o f f - s i t e  munic ipa l  s o l i d  waste 
inc inera t ion ' ,  o f f - s i t e  hazardous waste d isposa l .  Such parameters may be more 
r e a d i l y  s p e c i f i e d  f o r  o f f - s i t e  munic ipa l  s o l i d  waste t reatment  and d isposa l  
and o f f - s i t e  hazardous waste t reatment  and d isposa l ,  s ince re fe rence f a c i l i t i e s  
and f a c i l i t y  operat ions are assumed. For on -s i t e  waste t rea tment  and d isposa l ,  
however, s p e c i f i c  i n fo rma t ion  on the  d isposa l  opera t ion  must be i n p u t  by the  
user. Th is  a d d i t i o n a l  i n fo rma t ion  t o  be i n p u t  i s  a l s o  discussed i n  Sect ion C.5.2, 
as a re  those parameters whose values may be over r iden by the  code user. 

C.  5 . 1  Environmental Proper t ies  

The bas ic  environmental p roper t i es  assumed f o r  the th ree  re fe rence s i t e s  a re  
l i s t e d  i n  Tables C-9 through C-12. 
developed from-a number o f  sources and are  meant t o  be t y p i c a l  o f  environmental .  
cond i t i ons  w i t h i n  a p a r t i c u l a r  area o f  the  country .  
parameters, however, should n o t  be i n t e r p r e t e d  as represent ing  any e x i s t i n g  
d isposal  s i t e  o r  s p e c i f i c  l o c a t i o n .  

Sec t ion  C.5.1 

The environmental p r o p e r t i e s  have been 

The assumed environmental  
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M o s t - o f  the base environmenta 
are summarized i n  Table C-9. 
humid environments w h i l e  the  

p roper t  
As shown 
a s t  s i t e  

es associated w i t h  each reference s i t e  

i s  loca ted  i n  a semi-ar id  environment. 
t he  f i r s t  two s i t e s  are l oca ted  i n  

The average annual na tu ra l  p e r c o l a t i o n  (PERC) i n t o  the groundwater system 
r e f e r s  t o  the  amount o f  r a i n f a l l  f a l l i n g  onto a s i t e  t h a t  a c t u a l l y  i n f i l t r a t e s  
i n t o  the  groundwater system beneath the s i t e .  I t  has been ca l cu la ted  f o r  each 
reference s i t e  as summarized i n  Tables C-10 and C - 1 1 ,  and us ing  ac tua l  repre-  
sen ta t i ve  data (Ref. 36).' The c a l c u l a t i o n  invo lves  a mass balance o f  p r e c i p i -  
t a t i n g  water t a k i n g  i n t o  account f a c t o r s  such as i n f i l t r a t i o n ,  r u n o f f ,  evapor- 
a t i on ,  and t r a n s p i r a t i o n .  Note t h a t  f o r  t he  southwest s i t e ,  a water balance 
c a l c u l a t i o n  i nd i ca tes  t h a t  on ly  a n e g l i g i b l e  q u a n t i t y  o f  p r e c i p i t a t i n g ' w a t e r  
a c t u a l l y  en ters  the  groundwater system. For conservativeness, however, and t o  
p rov ide  a d r i v i n g  fo rce  f o r  the  c a l c u l a t i o n s ,  the  p e r c o l a t i o n  f o r  t h i s  s i t e  i s  
assumed t o  be 1 mm per  year.  

. The PE index i s  the  Thornthwaite p rec ip i t a t i on -evapora t i on  index t h a t  i s  i n d i c -  
a t i v e  o f  the  antecedent mois ture cond i t i ons  o f  t he  s o i l  and i s  commonly used t o  
d i f f e r e n t i a t e  between the  dus t ing  p o t e n t i a l  o f  s o i l s  i n  d i f f e r e n t  c l i m a t i c  
d i v i s i o n s .  
s ta tes  o f  the  union (Ref. 36). 
the s i t e  s o i l  i s  used t o  c a l c u l a t e  impacts due t o  p o t e n t i a l  inadver ten t  i n t r u -  
s ion  i n t o  l oca t i ons  o f  disposed waste. 

The PE index i s  presented i n  F igure  C.12 f o r  the  conterminous 48 
The PE index and t h e  average s i l t  content  o f  

The average c a t i o n  exchange capac i ty  o f  t he  s i t e  s o i l s  i s  used as a guide f o r  
s e l e c t i n g  r e t a r d a t i o n  c o e f f i c i e n t s  f o r  purposes o f  c a l c u l a t i n g  impacts from 
groundwater m ig ra t i on  o f  rad ionuc l ides  from d isposal  loca t ions .  The ground- 
water t r a v e l  t ime and groundwater speed a re  a l so  used i n  the groundwater 
m ig ra t i on  ca l cu la t i ons .  

The base popu la t i on  d i s t r i b u t i o n s  f o r  each o f  t he  reference s i t e s  are sum- 
marized i n  Table C-12. 
from a i rborne  releases o f  rad ionuc l ides  from f a c i l i t i e s  loca ted  i n  " r u r a l "  
environments. For f a c i l i t i e s  located i n  "urban" environments, popu la t ion  
d i s t r i b u t i o n s  are  assumed which are a f a c t o r  o f  10 h igher .  Other popu la t i on  
d i s t r i b u t i o n s  a re  assumed f o r  impacts c a l c u l a t e d  several  years f o l l o w i n g  
d isposal  f a c i l i t y  c losure--e.g. ,  f r o m  eros ion  o f  a d isposal  f a c i l i t y  several  
hundred t o  .a fewethousand years * f o l l o w i n g  d isposa l . .  These assumptions a re  
addressed below. 

C. 5..2 Derived Parameters 

Based on the  above, a number o f  der ived  parameters may be obta ined which are  
used i n  the  ca l cu la t i ons .  
independent o f  the  p a r t i c u l a r  t reatment /d i  sposal method assumed, and are  
se lected by the  code user by i n p u t t i n g  the des i red  value o f  the reg ion  index 
( I R ) .  
Ta t te r  parameters a re  a f u n c t i o n  o f  t he  assumed t reatment  o r  d isposal  method i n  
a d d i t i o n  t o  the  s i t e  environment. 
d isposal ,  re ference f a c i l i t i e s  a re  assumed, and so these dependent parameters 

' 

These popu la t ion  se ts  a re  used t o  determine impacts 

. 

Some o f  these de r i ved  environmental parameters are 

Other der ived  parameters are l ess  s t ra igh t fo rward ,  however, s ince these 

F o r  munic ipa l  o r  hazardous waste t reatment /  
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Table C-9. Summary o f  Reference Treatment and Disposal  F a c i l i t y  
S i t e  Environmental Proper t ies  

Reference S i t e s  
- 

Environmental p roper ty  
~~ 

NE( 1)* SE(2)*  SW(3)" 

Mean average temperature . 

O C  ( O F )  

Average wind speed 
m/sec (mph) 

No. o f  days per  year having a t  
l e a s t  0.01 i n  o f  p r e c i p i t a t i o n  

Average annual p r e c i p i t a t i o n  

Average annual na tu ra l  p e r c o l a t i o n  
' (PERC) i n t o  groundwater system ' 

mm ( i n )  

mm ( i n )  

8 O C  
(46OF) 

4.61 
(10.3) 

146 

1,034 
(41) 

75 
(2.9) 

17OC 
(63OF) 

3.61 
(8.11 

115 

1,168 
(46) 

180 
(7.1) 

14OC 
(57OF) 

6.67 
(15.5) 

** 

485 
(19) 

1 
(.04) 

Precipitation-evaporation (PE) index 
o f  s i t e  v i c i n i t y  ' 136 9 1  2 1  

Average s i l t  content  o f  s i t e  
s o i l s  (%) 65 50 65 

Average c a t i o n  exchange 
capac i ty  (meq/lOOg) 15 10 5 

Groundwater t r a v e l  t i m e ,  ( y rs )  , 
waste t o  water t a b l e  10 10 277 

Groundwater speed (m/yr) *** 0 .2  1.25 10 

*The numbers i n  parentheses denote values f o r  the reg ion  index, I R ,  
which are used i n  the  codes t o  spec i f y  environmental parameters f o r  
each o f  the  reference s i t e s  (e .g. ,  i f  IR= l ,  then environmental  
parameters assumed f o r  t he  nor theas t  s i t e  are used i n  the  
ca l cu la t i ons ) .  

**Not app l i cab le .  

***For t h e  open dump, the  ground water speeds f o r  each o f  t he  th ree  
reference s i t e s  are assumed t o  be 1 m/yr, 5 rn/yr, and 10 m/yr, 
respec t i ve l y .  
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Table C-10. Water Balance Analys is  Data and Assumptions 

Legend: A l l  un i ' t s .  i n  mm o f  water except f o r  C which i s  
dimensionless. 

= Maximum S o i l  Mois ture Storage sM 
P =' P r e c i p i t a t i o n  
C = Surface Runoff C o e f f i c i e n t  
R = Surface Runoff 
I = I n f i l t r a t i o n  
PET = P o t e n t i a l  Evapotranspi rat ion 
I - P E T  = D i f f e rence  Between (I) and (PET) 
CNS 
S = S o i l  Mois ture Storage 
dS = Change i n  S o i l  Mois ture Storage 
AET = Actual  Evapotranspi rat ion 
PERC = Perco la t i on  i n t o  Ground Water System 

= Cumulative Sum o f  Negative ( I - P E T )  

Assumptions: 

P 
PET 
C = Est imated f o r  Each Region Based on Typica l  S o i l  

= Data from Representat ive L o c a t i o n -  
= Data f r o m  Representat ive Locat ion 

= For Humid S i tes  Assumed 100 mm and f o r  
Descr ip t ions  o f  Region 

A r i d  S i t e  Assumed 50 mm sM 

Calcu la t ions :  F o l l o w  i n  Table C-11 

' .  c-75 



, I  

r s  . . 

I 

Table C-11. Detailed Water Balance Calculations 

Month: J F M A M J J A S 0 N D 

Northeast Site: SN: 100 mm 

P 71 65 
C .20 .20 
R 14 13 
I 57 52 
PET 0 0 
I - P E T  57 52 
CNS 
S 214 266 
dS 57 52 
AET 0 0 
PERC 0 0 

73 72 
.20 .20 
15 14 
58 58 

0 28 
58 30 

324 100 
58 0 

0 28 
0 30 

92 110 114 110 
.15 .15 .15 .15 
14 16 1 7  16 
78 94 97 94 
77 111 129 110 
1 -17 -32 -16 

-17 -49 -65 
100 84 60 51 

0 -14 -24 -9 
78 108 1 2 1  103 

2 0 0 0 

Southeast Site: SM: 1 0 0 . m m  .- .; ~ 

. ?  

P 
C 
R 
I 
PET 
I - P E T  
CNS 
S 
dS 
AET 
PERC 

80 100 96 84 82 102 149 147 
.14 .14 .14 .14 .14 . 1 2  . 1 2  .12 
11 14 13 1 2  11 1 2  18 18 
69 86 83 72 71 90 131 129 
13 15 37 65 115 158 172 157 
56 7 1  46 7 -44 -68 -41 -28 

-44 -112 -153 -181 
100 100 100 100 64 32 2 1  16 

0 0 0 0 -36 -32 -11 -5 
13 15 37 65 113 147 162 151 
56 7 1  46 7 0 0 0 0 

Southwest Site: SM: 50 mm 

P 6 10 20 48 71 79 64 72 
C .10 .10 .10 .10  .10 .10 .10  .10  
R 1 1 2 5 7 8 6 7 
I 5 9 18 43 64 71 59 65 
PET 1 .  4 2 1  47 86 ' 129 154 136 
I - P E T  4 5 -3 -4 -4 -58 -95 -71 
CNS -3 -7 -29 29 -182 -253 
S 20 25 23 20 14 . 8 3 1 

9 -2  -3  -6 -6 -5 -2 
4 20 46 70 76 67 67 

dS 23 I 

AET 1 
PERC 0 0 0 0 0 0 0 .  . 0 

92 86 78 71 
15 .18 .20 .20 
14 15 16 14 
78 71  62 57 
75 38 6 0 

3 33 56 57 

54 87 100 157 
3 33 13 57 

75 38 6 0 
* o  0 43 0 

103 
.12 
12 
91  

114 
- 23 

- 204 
12 
-4 
10 

0 

64 77 81 
. 1 2  .14 .14 

8 11 11 
56 66 70 
64 29 13 
-8 37 57 

11 48 100 
-1 37 52 
63 29 13 

0 0 0 

212 . 

37 45 19 14 
.10 .10 .10  .10  

4 4 2 1 
33 41 17 13 * 
95 49 15 0 

-62 -8 2 13 

1 1 3 16 
0 0 1 . 18 

95 41 15 13 
0 0 0 .  0 

-315 -323 
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Table C-12. Base Popu la t ion  D i s t r i b u t i o n s  f o r  Reference S i t e s  

Distance From ' 

Faci  1 i t y  Nor th e as t Southeast Southwest 

3,440 2,024 59 
20,513 8,115 180 

0-5 m i les  
5-10 mi les  
10-20 mi les  73,636 36,000 3,529 
20-30 mi les  121,559 124,995 9,062 

40-50 m i les  1,012,788 104,933 27,158 
30-40 mi les  

1 .  

556,639 203,435 4,888 

are  der ived  i n  t h i s  r e p o r t  and presented i n  t h i s  appendix. 
t he  dependent environmental parameters must be supp l ied  by t h e  user o f  t h e  code. 

I n  the  remainder o f  t h i s  sect ion,  t he  independent de r i ved  environmental  para- 
meters ,are f i r s t  summarized, fo l lowed by the  dependent de r i ved  environmental 
parameters. 
Parameters used i n  t h e  c a l c u l a t i o n s  which are  t o t a l l y  independent o f  t h e  s i t e  
environment are discussed i n  the main body o f  t h i s  r e p o r t ,  and i n  Sect ion C.2.2. 

C. 5.2.1 Independent Der ived Environmental Parameters 

The der ived  environmental parameters which are  used i n  t h i s  r e p o r t  and a re  
independent o f  t he  p a r t i c u l a r  method used t o  t r e a t  o r  dispose o f - t h e  deminimis 
waste are  summarized'below. The terminology "symbol" r e f e r s  t o  t h e  v a r i a b l e  
name used f o r  the  p a r t i c u l a r  parameter i n  the  computer codes. 

For o n - s i t e  d i sposa l ,  

F i n a l l y ,  user supp l ied  and ove r r i de  parameters a re  summarized. 

Symbol 

FSC. , 

FSA 

, QFC 
NRET 
POP 

POPE 

POPW 

EERO 

Scenario Environmental Proper ty  

I nt ruder -cons t ruc t i  on S i t e  s e l e c t i o n  f a c t o r  f o r  a i rbo rne  

I n t r u d e r - a g r i  c u l  t u r e  S i t e  s e l e c t i o n  f a c t o r  f o r  a i rbo rne  

Groundwater m ig ra t i on  D i l u t i o n  f a c t o r  

Several scenar ios Transfer  f a c t o r  f o r  a i rbo rne  impacts 

Exposed waste s-cenario Transfer  f a c t o r  f o r  a i rbo rne  . 

Exposed waste scenar io  

Exposed waste scenar io  

re1 ease 

re1 ease 

Groundwater m ig ra t i on  Retardat ion c o e f f i c i e n t  s e t  I '  

t o  o f f - s i t e  popu la t ions  

impacts from e ros ion  

impacts 

t o  e ros ion  

t o  i n t r u d e r  

r o u t e  

Transfer  f a c t o r  f o r  waterborne 

Ai rborne m o b i l i z a t i o n  r a t e  due 

EREC Exposed waste scenar io  Ai rborne m o b i l i z a t i o n  r a t e  due 

TPOP 

TDOZ Transpor ta t ion  In te rmed ia te  c a l c u l a t i o n a l  f a c t o r  
WVEL Several scenar ios S i t e  wind speed 

AXOQ Accident-dropped conta iner  X/$Q f a c t q r  f o r  acc ident  

Transpor ta t ion  Populat ion d e n s i t y  a long t r a n s p o r t  

SEFAC Several scenar ios Natura l  dus t  mobi 1 i z a t i o n  r a t e  I .  

. - .  
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Corresponding env i  ronment-speci f i c  values f o r  each o f  these parameters are 
g iven i n  Table C-13. 
determin ing a i rborne  impacts stemming from the  i nt ruder -cons t ruc t fon  scenar io 
a t  a c losed disposal  s i t e .  
t h e  wind speed a t  the  s i t e ,  t he  s i l t  content  o f  t he  s i t e  s o i l ,  and the  p r e c i p i -  
ta t ion-evapora t ion  index o f  t he  s i t e  v i c i n i t y .  
i n  Sect ion 6.2.1. 
min ing a i rborne  impacts f r o m  the  i n t r u d e r - a g r i c u l t u r e  scenar io  a t  a c losed 
d isposal  s i t e .  I t s  d e r i v a t i o n  i s  discussed i n  Sect ion 6.2.2. 

The parameters QFC and NRET a re  used as p a r t  o f  determin ing impacts from 
groundwater migyat ion. .  QFC i s  t he  d i l u t i o n  f a c t o r  (Q) and i s  discussed i n  
Sect ion 6.3.2. I t  i s  the  volume o f  water ( i n  m3) i n t o  which rad ionuc l ides  
re leased i n t o  ground o r  sur face water are d i l u t e d .  
i n t e g e r  index used t o  s e l e c t  a p a r t i c u l a r  s e t  (RET) o f  r e t a r d a t i o n  c o e f f i c i e n t s  
f o r  use i n  the  ca l cu la t i ons .  

Any one o f  f i v e  poss ib le  se ts  o f  r e t a r d a t i o n  c o e f f i c i e n t s  may be se lected by 
the  user o f  the  code.(see Table 6-2 i n  Sect ion 6.3.2); f o r  t h i s  repo r t ,  however, 
each s i t e  environment i s  assigned a p a r t i c u l a r  NRET se t .  

The parameter POP has used f o r  several  scenarios i n  t h i s  repor; i n v o l v i n g  
impacts t o  populat ions 'due t o  a i rborne  releases. These scenar ios inc lude 
a i rbo rne  releases from: (1) waste i n c i n e r a t i o n  (Chapter 4) ,  (2) opera t ion  o f  
waste d isposal  f a c i l i t i e s  (Chapter 5 ) ,  (3) i n t r u d e r - i n i t i a t e d  exposed waste 
scenar ios (Chapter 6), and (4) opera t ion  o f  a leachate evaporator (Chapter 6). 
B a s i c a l l y ,  POP i s  the  populat ion-weighted sum o f  t he  atmospheric d i spe rs ipn  
f a c t o r  ( X / Q )  as a f u n c t i o n  o f  t he  r a d i a l  d is tance from a re lease source ( u n i t s  
o f  person-year/m3). POPE i s  very  s i m i l a r  t o  POP and i s  used t o  est imate impacts 
t o  popu la t ions  due t o  a i rbo rne  releases associated w i t h  the  e r o s i o n - i n i t i a t e d  
exposed waste scenar io.  It i s  determined by m u l t i p l y i n g  POP by a f a c t o r  o f  3 
t o  account f o r  popu la t ion  growth i n  the s i t e  area du r ing  the  pe r iod  p r i o r  t o  
i n i t i a t i o n  o f  the  scenar io.  

FSC stands f o r  the  s i t e - s e l e c t i o n  f a c t o r  ( f  ) used f o r  

It i s  a f u n c t i o n  o f  t he  personnel exposure time, 

I t s  d e r i v a t i o n . i s  discussed 
S i m i l a r l y ,  FSA i s  t he  s i t e  s e l e c t i o n  f a c t o r  used f o r  de ter -  

NRET i s  a dimensionless 

I n  t h i s  repo r t ,  re ference values f o r  POP and POPE a re  assumed f o r  each reference 
s i t e .  
user may ove r r i de  the  assumed values f o r  these parameters, however, as discussed 
i n  Subsection C. 5.2.3. 

As discussed i n  Sect ion 4.1.5, X / Q  f o r  a s i t e  atmospheric c o n d i t i o n  c o n s i s t i n g  
o f  1/3 s t a b i l i t y  Class C ,  1/3 s t a b i l i t y  c lass  D, a n d ' l / 3  s t a b i l i t y  Class 'F may 
be expressed a ground l e v e l  re lease as fo l lows:  

An'example d e r i v a t i o n  o f  POP f o r  a p a r t i c u l a r  s i t e  i s  g iven below. The 

X/Q = 4.168 x q ( r ) / r 2  

where X/Q i s  i n  u n i t s  o f  year/m3, r i s  the d 
meters, and q( r )  i s  g iven as: 

q ( r )  = 0.133 (1 + .0002r)' + 0.178 (1 + 

F o r  each s i t e  environment, POP i s  ca l cu la ted  

(4-16) 

stance from the  source p o i n t  i n  

. OO15r)4' + 1 + .0003r (4-17) 

as fo l l ows :  Obta in X/Q from the  
above equat ions f o r  the 'midpo in t  o f  the  d is tance f rom. the  source p o i n t ,  
m u l t i p l y  X / Q  by the popu la t i on  i n  the  sector  s l i c e ,  and sum o v e r , a l l  d istances. 
As an example f o r  t he  southeast s i t e  (see Table C-12): 
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Table C-13. Independent Der ived Environmental Parameters 

Symbo 1 

FSC 
FSA 

POP* 

POPE* 

POPW 

TPOP 

TDOZ 
WVE L 
AXOQ 

EFAC 

.EERO 

EREC 

NRET 

Scenario/Env. Prop. 

I n t r u d e r - c o n s t r u c t i o n  
I n t r u d e r - a g r i c u l t u r e  

D i l u t i o n  f a c t o r s  f o r  
groundwater m i g r a t i o n  

. I n t r u d e r  w e l l  ' 

' *Popu la t i on  w e l l  
*Surface water 

Airborne t r a n s f e r  
f a c t o r s  f o r  popu la t i on  
impacts 

*Operat ional  & i n t r u d e r  
exposed waste 

.Erosion exposed 
waste 

Waterborne t r a n s f e r  
f a c t o r  f o r  exposed 
waste 
T ranspor ta t i on  
popu la t i on  d e n s i t y  
T ranspor ta t i on  f a c t o r  
S i t e  average wind speed 
Hazardous waste accident 
X/Q f a c t o r  
Natura l  dus t  m o b i l i z a t i o n  
r a t e  
Ai rborne m o b i l i z a t i o n  
r a t e ,  e ros ion  
Ai rborne m o b i l i z a t i o n  
r a t e ,  i n t r u d e r  
Retardat ion c o e f f i c i e n t  
s e t  used f o r  groundwater 
m i g r a t i o n  

Reference S i t e  Environments 
NE SE sw 

9.18E-12 .2.01E- 11 
2.96E- 11 3.18E- 11 

5.05E-10 1.75E-10 

1.51E-9 .5.25E-10 

1 . l l E - 7  1 . l l E - 7  

2280 610 
7.06E-5 7.06E-5 
4.61 3.61 
9.68E-11 1.40E-10 

5.53E-7 1.54E-8 

5.53E-7 li 54E-8 

2.03E-6 2.50E-6 

3 2 

2.64E- 10 
8.06E-11 

7.7E+3 

NA 
2.OE+5 

1.33E-11 

3.99E-11 

NA 

60 
3.92E-5 
6.67 
4.11E- 11 

7.95E-6 ' 

7.95E-6 

6.84E- 5 

1' 

* Values g iven f o r  r u r a l  environment (IPOP=2). For an urban. environment 
( I P O P = l ) ,  m u l t i p l y  by 10. 
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r ( m i  1 es) r (meters) X/Q Popu la t ion  
2.5 4.023 7.36E- 15 2,024 

POP 
1.49E- 11 

7.5 12 ; 070 1.62E-15 8,115 1.31E-11 
15 24,140 6.90E-16 36,000 2.48E-11 
25 40,233 3.83E- 16 124,995 4.78E-11 
35 96,326 2.63E-16 203,435 5.35E-11 
45 72,419 2.00E-16 104,933 2.09E- 11 

.' To ta l  : 1.75E-10 

These reference values o f  POP and POPE are  assumed t o  be app l i cab le  t o  a r u r a l  
environment. 
l a t e d  reference values are  m u l t i p l i e d  by 10. (For POP and POPE c a l c u l a t i o n s  
i n v o l v i n g  user-suppl ied ove r r i de  parameters, no such m u l t i p l i c a t i o n  by 10 i s  
performed. ) 

POPW i s  discussed i n  Sect ion 6.4.2 and i s  used as t h e  s i t e  s e l e c t i o n  f a c t o r  
( f  ) f o r  t he  waterborne re leases associated w i t h  the i n t r u d e r -  and eros ion-  
i n q t i a t e d  exposed waste scenar ios.  

For operat ions t a k i n g  p lace  i n  an urban environment, the  ca lcu-  

EERO, and EREC denote the  a i rbo rne  m o b i l i z a t i o n  r a t e s ,  r e s p e c t i v e l y ,  f o r  the  
e r o s i o n - i n i t i a t e d  and i n t r u d e r - i n i t i a t e d  exposed waste scenar ios.  
m o b i l i z a t i o n  ra tes  are  i n  u n i t s  o f  g/m2-sec and are  discussed i n  Sect ion 6.4.1. 

These 

Two env i ronment-speci f ic  parameters associated w i t h  waste t r a n s p o r t a t i o n  
i nc lude  TPOP and TDOZ. 
t he  t r a n s p o r t  route.  

It i s  apparent t h a t  the  popu la t i on  dens i t y  can be h i g h l y  v a r i a b l e ,  depending 
upon t h e  reg ion  o f  t he  count ry  considered and the  r e l a t i o n s h i p  o f  waste gener- 
a to rs ,  t r a n s p o r t  routes,  and waste t reatment /d isposal  f a c i l i t i e s  t o  popu la t i on  
centers.  Waste de l i ve red  t o  a t reatment  o r  d isposal  f a c i l i t y ,  f o r  example, may 
o r i g i n a t e  i n  an area o f  h igh  popu la t i on  dens i t y  and be t reated/d isposed i n  an 
area o f  low popu la t ion  dens i ty .  

TPOP i s  t he  popu la t i on  dens i t y  (persons/mile2) along 

Given the  gener ic  nature o f  t h i s  study, i t  would be counterproduct ive,  n o t  t o  
ment ion impossible,  t o  a t tempt  t o  p rov ide  a d e t a i l e d  popu la t i on  dens i t y  d i s t r i -  
b u t i o n  f o r  a l l  poss ib le  t r a n s p o r t a t i o n  rou tes  between a l l  p o s s i b l e  waste gener- 
a t o r s  and a l l  poss ib le  waste t reatment /d isposal  f a c i l i t i e s .  What i s  done, 
r a t h e r ,  i s  t o  est imate average popu la t i on  d e n s i t i e s  i n  t h e  v i c i n i t y  o f  each o f  
the reference s i t e  environments considered i n  t h i s  repo r t .  
Sec t ion  2.1, these reference s i t e  environments are der ived  from the  reg iona l  
d isposal  f a c i l i t y  s i t e s  considered f o r  t he  P a r t  6 1  E I S  (Refs. 22, 38). These 
reg iona l  s i t e s  were a l l  assumed t o  be loca ted  i n  r u r a l  environments. 

As discussed i n  

The f o u r  reg iona l  s i t e s  were termed the  nor theast ,  'southeast, western, 
and midwest reg iona l  s i t e s  i n  t h e  P a r t  6 1  E I S ,  and t h i s  r e p o r t  uses the  
environmental c h a r a c t e r i s t i c s  from t h e  f i r s t  t h ree  s i t e s .  The popu la t i on  
d e n s i t i e s  f o r  these s i t e s  averaged over  a 50-mi le rad ius  around t h e  s i t e s  a re  
as ' f o l  lows: northeast:  228 persons/mile2, southeast: 6 1  persons/mile2, 
western: 6 persons/mi l e 2 ,  and midwest: 79 persons/mi l e 2 .  Assuming t h a t  
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these popu la t i on  d e n s i t i e s  represent  r u r a l  environments and t h a t  waste t ranspor -  
t a t i o n  w i l l  be through r u r a l  as w e l l  as urban areas, t h e  f o l l o w i n g  p o p u l a t i o n  
d e n s i t i e s  are assumed i n  t h i s  repo r t :  

0 TPOP 
Reference S i t e  Environments 

NE SE sw 
2280 ' 610 60 

These values may be compared t o  the  average popu la t i on  d e n s i t i e s  as averaged 
over each o f  t h e  f i v e  NRC reg ions w i t h i n  t h e  contiguous Un i ted  States. 
a re  ca l cu  a ted  as f o l l o w s  (Ref. 39, 41): 

These 

NRC Region Ave. Pop. Dens i ty  (persons/mi l e 2 )  

1 (NE) 300 
2 ( S E I  130 
3 . (NW) 117 
4&5 ( W )  37 

As shown, 
d e n s i t i e s  

these average popu la t i on  d e n s i t i e s  a re  a l l  l e s s  than t h e  p o p u l a t i o n  
assumed i n  t h i s  r e p o r t  f o r  t h e  t h r e e  re fe rence s i t e s .  

Another comparison may be made w i t h  the  assumptions f o r  popu la t i on  d e n s i t i e s  
made i n  the  F i n a l  Environmental Statement on t h e  T ranspor ta t i on  o f  Rad ioac t ive  

model i s  used.which considers popu la t i on  d e n s i t i e s  f o r  "urbanized areas" (a 
c e n t r a l  c i t y  w i t h  50,000 o r  more i n h a b i t a n t s  and surrounding c l o s e l y  s e t t l e d  
t e r r i t o r y )  , "o the r  urban areas" (urban popu la t ions  ou ts ide  t h e  urbanized areas 
around the  l a r g e r  c i t ies ) , .and r u r a l  areas. 
model i s  formulated which assumes t h a t  i n d i v i d u a l s  a re  l oca ted  i n  e i t h e r  urban, 
suburban, o r  r u r a l  environments. An extreme dens i t y  urban environment (ca lcu-  
l a t i o n s  dominated by New York City) was a l s o  considered. 
d e n s i t i e s  f o r  t h i s  data base and demographic model a re  g i ven  i n  Table C-14. 
Reasonabqe c o r r e l a t i o n  appears t o  be made between t h e  assumptions i n  t h i s  
statement o f  t h e  assumptions i n  t h i s  r e p o r t ,  e s p e c i a l l y  cons ide r ing  t h a t  i t  i s  
very u n l i k e l y  than a waste t reatment  o r  d isposa l  f a c i l i t y  w i l l  be l o c a t e d  
w i t h i n  the  h e a r t  o f  a b u i l t  up ( c e n t r a l  c i t y )  urban area. 

TDOZ i s  the  s o l u t i o n  t o  equation 3-22 w i t h  t h e  va r iab les  P, L, K and V assumed 
t o  be u n i t y  (see Sect ion  3.3). 
f o r  t he  exposure d is tance (x . ) equal t o  30 f t  f o r  t h e  no r theas t  and southeast  
s i t e s ,  and 100 f t  f o r  t h e  sofltfiwest s i t e .  

Ma te r ia l  by A i r  and Other Modes (Ref. 42). I n  t h i s  statement, a demographic -- 

Using t h i s  data base, a demographic 

The p o p u l a t i o n  

TDOZ was c a l c u l a t e d  by assuming a lower  boundary 

The f i n a l  t h ree  parameters i nc lude  WVEL, EFAC, and AXOQ. WVEL i s  mere ly  t h e  
s i t e  wind speed, i n  m/sec, l i s t e d  i n  Table C-9. EFAC i s  t h e  dus t  m o b i l i z a t i o n  
r a t e  a t - t h e  s i t e  due t o  ambient w ind -cond i t i ons .  It has u n i t s  o f  g/m2-sec ' 

and i s  de r i ved  f o r  each reference s i t e  us ing  equations 5-18 and 5-19 as d i s -  
cussed i n  Sec t ion  5.5.3.1 o f  t h i s  r e p o r t .  
denotes the  atmospheric d i spe rs ion  f a c t o r  used f o r  c a l c u l a t i o n  o f  o f f - s i t e  
impacts t o  an i n d i v i d u a l  r e s u l t i n g  from a dropped con ta ine r  acc ident .  It i s  
de r i ved  us ing  equat ion 5-21 as discussed i n  Sect ion 5.5.4. 

AXOQ i s  i n ' u n i t s  o f  yr/m3 and 
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Table C-14. Summary of Population Density, Data Base, and Demographic Model 

Population Land area Population Distribution Population Density . 

Zone (%> (%I (persons/mi l e2 )  

u A. 

B. 
C.  

- D. 

Urbanized Area 
-- Central City 0.18 
-- Urban fringe 0.8 -- Total 0.98 
Other Urban Areas 0.53 
Rural Areas 98.5 
Demographic Model 
Used i n  Statement 
-- Urban 0.18 
-- Suburban 1 . 3  
-- Rural 98.5 
-- Extreme density -- 

urban* 

31.5 
26.8 
58.3 
15.2 
26.5 

10,000 
1,862 
3,375 
1,862 

15.5 

31.5 , 

42.0 
26.5 -- 

10,000 
1,862 

40,000 
15: 5 

*Calculations dominated by only one case, New York City. 

C.5.2.2 Dependent Derived Environmental Parameters 

The derived environmental parameters which are  used in t h i s  report and are  
dependent upon the particular treatment/disposal method are  summarized below. 
All parameters re la te  t o  groundwater migration calculations. The terminology 
"symbol" refers  t o  the variable name used f o r  the par t icu lar  parameter in the 
computer codes. 
reference municipal and hazardous waste disposal f a c i l i t i e s  b u t  must.be 
provided by the user for  on-site disposal. 

These parameters a re  given i n  the computer codes fo r  the 

Symbol Scenario Unit Environmental Property 
DTTM Groundwater migration yrs  Travel time between sectors 
TTM Groundwater migration yrs  Travel time from f i r s t  sector t o  

DTPC Groundwater migration * Peclet number between sectors 
TPC Groundwater migration * Peclet number from f i r s t  sector 

t o  appropriate biota access . 
location 

appropriate biota access location 

P R C  Groundwater migration m/yr Percolation coefficient 
TSC Groundwater migration * - Contact time fraction 
3Dimensionless. 
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Spec i f i c  assumed values f o r  a l l  b u t  t he  l a s t , t w o  o f  t h e  above parameters f o r  
the  reference waste d isposal  f a c i l i t i e s  a re  g iven i n  Table C-15. 
d isposal  f a c i l i t i e s  i nc lude  a munic ipa l  waste s a n i t a r y  l a n d f i l l ,  a munic ipa l  
waste open dump, and a hazardous waste l a n d f i l l  f a c i l i t y .  
hazardous waste f a c i l i t y  a re  g iven which d i f f e r  depending upon the  amount o f  
p e r c o l a t i o n  assumed t o  contac t  the  waste. 

Formulat ion o f  t he  t r a v e l  t imes and Pec le t  numbers i s  discussed i n  Sect ion 6.3.2 
B r i e f l y ,  groundwater m ig ra t i on  i s  modeled f o r  the  reference d isposal  f a c i l i t i e s  
by assuming t h a t  t he  d isposal  f a c i l i t i e s  a re  l a i d  ou t  as rec tang les  w i t h  t h e  
longer  dimension conserva t i ve l y  a l i g n i n g  w i t h  the  d i r e c t i o n  o f  groundwater 

open dump) are 300 m by 340 m (102,000 m2)  w h i l e  the  dimensions o f  t h e  hazard- 
ous waste f a c i l i t y  a re  665 m by 910 m (606,000 m2).  These d isposal  areas are  
then d i v ided  i n t o  10 sectors ,  and 1/10 o f  the  d isposal  s i t e  rad ionuc l i de  
inventory  i s  assumed t o  be released as a p o i n t  source from the  center  o f  each 
sector .  The dose r a t e  obta ined a t  each down g rad ien t  b i o t a  access l o c a t i o n  i s  
obtained by summing the  dose r a t e  ca l cu la ted  from releases from each sec tor .  

TTM i s  the  t i m e  (years) f o r  rad ionuc l ides  t o  t r a v e l  from the  d isposal  waste i n  
the  f i r s t  sec tor  ( t he  sec tor  nearest  the  b i o t a  access l o c a t i o n s )  t o  the  
p a r t i c u l a r  b i o t a  access l o c a t i o n  considered. Th is  t i m e  i s  t he  sum o f  t he  
v e r t i c a l  t r a v e l  t ime from the waste t o  the  a q u i f i e r  and the  h o r i z o n t a l  t r a v e l  
t ime along the a q u i f i e r  t o  the b i o t a  access l oca t i on .  For the  hazardous waste 
f a c i l i t y  i n  the southeast s i t e ,  f o r  example, TTM i s  46.4 years t o  the  i n t r u d e r  
w e l l .  This corresponds t o  a t r a v e l  t i m e  o f  10 years f r o m  the  waste t o  the  
a q u i f i e r  added t o  a t r a v e l  t ime o f  36.4 years across h a l f  t he  f i r s t  sec tor  
d is tance (45.5 m d i v i d e d  by a ground water speed o f  1.25 m/yr). 
t i m e  f o r  each o f  the  next  n ine sectors i s  determined by adding successive 
m u l t i p l e s  o f  the  t r a v e l  t i m e  between the  midpoints  o f  ad jacent  sectors .  
i s  ca l cu la ted  f o r  the  o the r  d isposal  methods i n  a s i m i l a r  manner, except t h a t  
the  v e r t i c a l  t r a v e l  t i m e  i s  assumed t o  be zero f o r  t he  open dump when loca ted  

The t r a v e l  t ime between adjacent sectors ,  designated by DTTM, i s  determined by 
d i v i d i n g  the  sec tor  widths by the groundwater speeds. 
72.8 years f o r  the  hazardous waste f a c i l i t y  a t  the  southeast s i t e .  

The re fe rence 

Two v a r i a t i o n s  on t h e  

-_ . 

- 

- f low. The dimensions o f  the  munic ipa l  waste l a n d f i l l s  ( s a n i t a r y  l a n d f i l l  and 

I e. 

' 

The t r a v e l  

TTM 

; i n  the nor theast  and souteast s i t e  environments. 

DTTM i s  shown t o  be 

The Pec le t  numbers are  determined and used i n  an analogous manner t o  t h e  
groundwater t r a v e l  t imes, where a Pec le t  number i s  c a l c u l a t e d  as the  d is tance 
t o  the b i o t a  access l o c a t i o n  divded by the  l o n g i t u d i n a l  d i s p e r s i v i t y  o f  t he  
medium. TPC i s  t h e  Pec le t  number ca l cu la ted  f o r  the d is tance between the  f i r s t  
sec tor  ( t he  sec tor  c l o s e s t  t o  the b i o t a  access l oca t i ons )  and the  p a r t i c u l a r  
b i o t a  access l oca t i on .  The Pec le t  number f o r  each o f  the  nex t  n ine  sec tors  
i s  determined by adding successive m u l t i p l e s  o f  the Pec le t  number c a l c u l a t e d  
f o r  the d is tances between the midpoints o f  adjacent sectors .  
number between sectors  i s  denoted DTPC. 

The Pec le t  
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Table C-15. Dependent Der ived Environmental Parameters 

Reference S i t e  Environments 

NE SE . sw 
Symbol Parameter/Env. Prop. SL* OD* HWF* SL OD HWF SL OD HWF 

- - - - - - -  - -  
DTTM Travel  t ime between 170 34 455 27.2 6.8 72.8 3.4 3.4 9.1 

sectors  (years) 

Travel  t ime (years) 

TTM(1) * t o  i n t r u d e r  w e l l  95 17 237.5 23.6 3.4 46.4 280 280 280 
TTM(2) * t o  popu la t i on  w e l l  2500 500 2500 400 100 400 580 580 580 
TTM(3) - t o  sur face stream 5000 1000 5000 800 200 800 NA NA NA 

DTPC Pec le t  number 

bqtween sectors  340 340 910 680 680 1820 340 340 910 

Pecl e t  number 

TPC(1) * t o  i n t r u d e r  w e l l  170 170 455 340 340 . 910 170 170 455 
TPC(2) * t o  popu la t i on  w e l l  10000 10000 10000 10000 10000 10000 30000 30000 30000 
TPC(3) - t o  surface stream 20000 20000 20000 ,20000 20000 20000 NA NA NA 

* SL: Municipal  waste s a n i t a r y  l a n d f i l l  
OD: Municipal  waste open dump 

HWF: Hazardous waste f a c i l i t y  

C-05 
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The d is tances assumed between sectors  and from t h e  midpo in t  o f  t he  f i r s t  
sec tor  t o  each o f  t h e ' b i o t a  access l o c a t i o n s  a re  g iven below f o r  each o f  the. 
re ference s i t e s  and f a c i l i t i e s .  -. 

t 

S i t e  Environments 
NE SE sw 

Distances (m) LF* HWF" LF HWF LF HWF 
Between sec tors  34 9 1  34 9 1  34 9 1  

- - - -  
From f i r s t  sec tor  midpoint :  

t o  i n t r u d e r  w e l l  17 45.5 17 45.5 17 45.5 
. t o  popu la t i on  w e l l  500 500 500 500 3,000 3,000 
t o  sur face water 1,000 1,000 1,000 1,000 NA** NA** 

* LF: munic ipa l  w a s t e ' l a n d f i l l  (both s a n i t a r y  l a n d f i l l  and open .dump) . 

HWF: .hazardous w a s t e a f a c i l i t y  
. -  **Not app l i cab le .  . .  

The-assumed d i s p e r s i v i t i e s  are 0.1 m f o r  t he  n o r t h e a s t . s i t e ,  0.05 m f o r  . .  t h e  
southeast s i te - ,  and' 0 . 1  m .  f o r  the  'southwest s i t e .  

The parameter' PRC i s  t h e  annual p e r c o l a t i o n  i n t o  t h e  d isposal  c e l l  s, i n.-mlyr. 
The parameter TSC-.is dimensionless and i s  g iven  as t h e  fo l l ow ing :  

. .  
b .  

, .  . .  . .  

: 7 'TSC = ti =-:p/nv .: 1 : 

. .  .. I , '  : < ,  

. _ .  
. -  ... .: -. . ., ' 

. . .' . 2 .  

. .  . .  . .  . 
. : . . .. . . . . *  ' , . ..r . .. 

I . .  

where 
i I .: , * . I  . .  

t = p/nv, t h e . c o n t a c t  t i m e  f r a c t i o n  
pc= p e r c o l a t i o n  i n t o  waste '(m/yr) . .  

v = .spe'ed' o f  pesco la t i ng  .wate.r (m/yr) 
' n =. e f f e c t i v e , p o . r o s i t y  o f  t he  disposed waste 

For t h i s  work, n i s  assumed t o  be 0.25 and v i s  assumed t o  be 111 m/yr (1 ft/day). 
The pe rco la t i on ,  p, i s  a func t i on  o f  t h e  amount o f  r a i n f a l l  a t  t h e  s i t e  (p lus  
o the r  s i t e  environmental cond i t ions)  as w e l l  as the  assumed e f fec t i veness  of 
t he  d isposal  f a c i l i t y  covers. 
and TSC:. . 1 .  r 

This  r e s u l t s  i n  the  f o l l o w i n g  values f o r  PRC 

Disposal  F a c i l - i t y  ' 

Sani tar; 1 a n d f i  11 
Open Dump 
Hazardous Waste 

F a c i l i t y  - 1 
Hazardous Waste 

F a c i l i t y  - 2 

,' 

S i t e  Environments 
- -  * NE SE ' sw 
PRC TSC P RC TSC PRC . TSC _ _  
0.074 2.66E-3 0.180 6.47E-3 o.001 3.60E-5 
0.150 5.39E-3 0.360 1.29E-2 0.002 7.19E-5 
0.036 1.29E-3 0.030 1.08E-3 0.001 3.60E-5 

0.074 2.66E-3 0.180 .6.47E-3 0.001 .3.60E-5 
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C.5.2.3 User Supplied and Overr ide Environmental Parameters 

To complete t h e  discussion, two a d d i t i o n a l  features o f  t h e  codes must be 
considered. F i r s t ,  f o r  o n - s i t e  disposal  most o f  t h e  environmental para- 
meters discussed i n  t h e  prev ious two subsections must bet supp l ied  by t h e  user 
o f  t h e  codes. 
each o f  t h e  th ree  reference s i t e s  may be overr idden by t h e  code user and 
rep laced w i t h  o ther  valves. 
d isposal  f a c i l i t i e s  b u t  a l s o  app l ies  t o  some parameters used t o  determine 
impacts from a i rborne releases from t h e  on-si.te f a c i l i t y .  

For o n - s i t e  d isposal ,  t h e  f o l l o w i n g  environmental parameters must i n  a l l  cases 
be suppl ied by t h e  code user: 
WVEL, EFAC, and NRET. 
i n  t h e  preceeding two subsections. 
hazardous waste, the  code user may o p t i o n a l l y  rep lace t h e  assumed values f o r  
these parameters w i t h  o ther  i n p u t  Val ues. 

Values f o r  parameters associated w i t h  r o u t i n e  (non acc ident)  a i rborne  releases 
from a f a c i l i t y  may a lso  be over r iden by t h e  code user. 
spher ic  d ispers ion  ( X / Q )  f a c t o r s  f o r  i n c i n e r a t o r  and d isposal  f a c i l i t y  operat ion,  
and t h e  populat ion-weighted atmospheric t r a n s f e r  f a c t o r ,  P3P. The X/Q f a c t o r s  
a re  m u l t i p l i e d  by i n d i v i d u a l  exposure dura t ion  fac to rs ,  t o  form what has been 
termed s i t e  s e l e c t i o n  f a c t o r s  ( f  ) f o r  determining impacts t o  an i n d i v i d u a l  
loca ted  o f f  t h e  waste t reatment  8r disposal  f a c i l i t y  s i t e .  The exposure d u r a t i o n  
f a c t o r s  denote t h e  f r a c t i o n  o f  t h e  t ime, t h a t  t h e  a i rborne  re lease occurs, t h a t  
t h e  exposed i n d i v i d u a l  i s  loca ted  i n  t h e  c e n t e r l i n e  o f  t h e  re leased plGme of 
a c t i v i t y .  Use o f  the  X/Q and POP f a c t o r s  has been discussed i n  Sect ion 4.1.5. 
(Also see t h e  previous Sect ion C.5.2.) 

I f  t h e  code user chooses t o  exerc ise t h e  over r ide  opt ion,  t h e  f o l l o w i n g  i n f o r -  
mat ion must be provided (each parameter i s  an ar ray  having 6 values): 

Second, many o f  t h e  environmental parameters c a l c u l a t e d  f o r  

Th is  most ly app l ies  t o  o f f - s i t e  t reatment/  

PRC, TSC, DTTM, TTM, DTPC, TPC, FSC, FSA, QFC, 
The d e r i v a t i o n  o f  these paramters has been discussed 

For o f f - s i t e  d isposal  as a municipal  o r  

These inc lude atmo- 

. 

Parameter U n i t s  . .  Descr ip t ion  . 

DSP . . . . meters Distance t o  . .  :populat ion 

PDS persons .Populat ion a t .  d is tance,  s p e c i f i e d  . .  by: DSP . ,  

WSP . m/sec . ' Wi'nd speed 4f.n each s t a b i  1 i ty:class 
STB 

. .  . .  
1 .  

Frequency ofi each s t a b i  1 i t y  .c lass .. . .,, Y r - l  . . *  

- 

S i x  a d d i t i o n a l  parameter values t h a t  must be i n p u t  t o  determine i n c i n e r a t o r  
and d isposal  f a c i l i t y  opera t iona l  X/Q values a,re l i s t e d ' b e l o w :  

I 

. .  . .  . I .  

. .  

. .  

C-87 

. I  . . .  . 
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Parameter U n i t s  Desc r ip t i on  

H Y T I  m A i rborne re lease he igh t  f o r  i n c i n e r a t o r  

HYTO m Airborne re lease he igh t  f o r  d isposal  f a c i l i t y  
opera t ion  

D I S T I  m Distance t o  o f f - s i t e  i n d i v i d u a l ,  i n c i n e r a t o r  

D I STO m Distance t o  o f f - s i t e  i n d i v i d u a l ,  d isposal  
f a c i  1 i ty  opera t ion  

Exposure d u r a t i o n  f a c t o r  f o r  o f f - s i t e  i n d i v i -  

Exposure du ra t i on  f a c t o r  f o r  o f f - s i t e  i n d i v i -  
dual ,  d isposal  f a c i l i t y  opera t ion  

EDFID * 
. dual ,  i n c i n e r a t o r  

. *  EDFOD 

*Dimensionless 

X/Q fac to rs  and POP a re  then determined by the  codes us ing  the  procedure 
o u t l i n e d  i n  Sect ion 4.1.5. To summarize, X O Q I ,  XOQO, and POP a’re c a l c u l a t e d  
as shown i n  equat ions C - 1 ,  C-2, and C-3, where X O Q I  and XOQO denote, respec- 
t i v e l y ,  X/Q f a c t o r s  f o r  i n c i n e r a t o r  and d isposal  f a c i l i t y  operat ions.  (The 
re lease he igh t  i s  always assumed t o  be zero when determin ing POP -- see 
Sect ion 4.1.5. ) 

X O Q I  = 2.032 E D F I D  1 STB(1) ~X~[-%(HYTI/SIGZ)~]/(WSP(I) D I S T I  S I G Z )  

I 

6 

1=1 

6 

( C y 1 )  , 

. 
XOQO = 2.032 EDFOD 1 STB( I) ~X~[-%(HYTO/SIGZ)~]/(WSP( I) D I S T O  S I G Z )  (C-2) 

1=1 

6 6  

J=1 1=1 
POP = 2.032 1 1 CPDS(J) S T B ( I ) ) / ( W S P ( I )  DSP(J) S I G Z )  

I n  these equations, S I G Z  stands f o r  6z, which i s  the v e r t i c a l  standard d e v i a t i o n  

o f  the plume g iven by equat ion 4-14- - i .e . :  

6z = (a r )  (1, + b r ) c  (4- 14) 

where (r) i s  the  d is tance ( i n  m e t e r s )  from the  re lease p o i n t ,  and a, b, and c 
are constants t h a t  depend upon the s t a b i l i t y  c lass .  
fo l lows:  

These constants  a re  as 
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Pasqui 1 1  Constants 

A 1 0.2 0 .  0 
C - b . -  a - Stability Class I 

B 
c 
D 
E 

' F  

0.12 0. 0 
0.08 0.0002 -0.5 
0.06 0.0015 -0.5 
0.03 0.0003 -1 
0.016 0.0003 -1 

To calculate XOQ, r in equation 4-14 is replaced by DISTI or DISTO. 
late POP, r in equation 4-14 is replaced by DSP(J). 

To calcu- 
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.APPENDIX D. 

This appendix presents the data and calculational procedures used to determine 
the pathway dose conversion factors (PDCF's) used in the computer codes to 
determine radiological impacts resulting from the presence of a given concen- 
tration of a partic-ular radionuclide at a particular biota access location. 

Pathway Dose Conversion Factors 

D. 1 CONCEPT OF PDCF 

There are many diverse mechanisms through which radionuclides 'contained in 
de minimis waste streams may be potentially released (e.g., mobilized from the 
waste and become accessible to a transport agent such as wind or water), 
transported through the environment (e.g., moved from one location to another 
through the atmosphere or soil by a transport agent), and thereby become 
accessible to humans through various pathways. 
active material may result either through direct human contact with contaminated 
material (e.g., inhalation of air, ingestion of water, or direct exposure to 
radiation) or indirectly through contaminated biota (through a multitude of 
pathways involving ingestion of plants or animals which have taken up radio- 
nuclides) which have come into contact with contaminated material. Each of 
these radionuclide release/transport/pathway combinations (scenarios) represents 
a complex series of interactions which are affected by a wide range of param- 
eters such as waste properties, treatment or disposal facility environmental 
conditions, and operational procedures. 

, 

Human access to the radio- 

. In this report, the generalized approach to calculating human exposures to an 
individual from a given release/transfer/pathway scenario and a given 
de minimis waste stream is given as follows: 

N 
H = t Ci x I i  x PDCFi 

i=l 

where: 

. H = the dose rate to an individual.in units of mrem/yr; . 
Ci = the concentration of the ith radionuclide 

(in Ci/m3), in the particular de minimis waste stream considered; 

Ii = a transfer factor relating the concentration o f  the radionuclide 
in the waste to the concentration of the 'waste at a biota .access 
location (a location, such as a well drilled into an aquifer, 
where humans may be exposed to or uptake radioactivity); and . 

PDCFi = the. pathway dose conversion factor for the.ith radionuclide 
in units of m'redyr per Ci/m3. 

In the above equation, the generalized transfer factor, I, represents the 
movement of a radionuclide from the waste to a biota access location. This 
frequently involves a complex series of calculations which are discussed in 
appropriate chapters of the main report. Once the concentration of a given 
radionuclide is determined at a given biota access location, the interaction 

D- 1 



o f  the  rad ionuc l ide- (and the  r a d i a t i o n  i t  emits)  w i t h  human t i s s u e  must be 
q u a n t i f i e d  and the  r e s u l t a n t  dose r a t e s  determined. Th is  i s  done through a 
se r ies  o f  rad ionuc l i de -spec i f i c  parameters known as pathway dose convers ion 
f a c t o r s  which are  independent o f  t he  o r i g i n a l  means o f  contaminat ion.  

As an example, cons ider  a cons t ruc t i on  worker who operates heavy machinery 
w i t h i n  an excavat ion i n t o  a s a n i t a r y  l a n d f i l l  i n t o  which a q u a n t i t y  o f  rad io -  
nuc l ides  had been disposed several  years e a r l i e r .  
t h e  waste has decomposed and the excavat ion process s t i r s  up a c loud  o f  dus t  
which 'conta ins a p o r t i o n  o f  t h e  disposed r a d i o a c t i v i t y .  Thus, t h e  worker can 
be modeled as being immersed i n  a c loud  of dus t  con ta in ing  known concent ra t ions  
( C i  per  m3 o f  a i r )  o f  a p a r t i c u l a r  group o f  rad ionuc l ides .  P o t e n t i a l  exposures 
t o  the  worker cou ld  r e s u l t  from the  f o l l o w i n g  f i v e  pathways: 

. 

Over t h e  i n t e r v e n i n g  years,  

- 
i n h a l a t i o n  o f  the  contaminated a i r ;  
d i r e c t  i o n i z i n g  r a d i a t i o n  exposure from be ing  immersed i n  
the  contaminated a i r ;  
d i r e c t  i o n i z i n g  r a d i a t i o n  exposure from contaminated dus t  which 
has s e t t l e d  t o  the  ground surface; 
i n h a l a t i o n  o f  contaminated dus t  which has been resuspended 
from the  ground surface; and 
immersion i n  the  contaminated dus t  which has been resuspended 
from the  ground surface. 

The r e s u l t i n g  r a d i o l o g i c a l  impacts would be determined by a se r ies  o f  equat ions 
desc r ib ing  the  movement and uptake o f  t he  rad ioac t i v i - t y .  
b rea th ing  r a t e  o f  t he  i n d i v i d u a l  would be considered, i n  a d d i t i o n  t o  the  
depos i t i on  and resuspension ra tes  o f  t h e  i n d i v i d u a l  rad ionuc l i des ,  and so 
fo r th .  A se r ies  o f  dose conversion f a c t o r s  (termed fundamental dose conver- 
s i o n  f a c t o r s  (DCF) i n  t h i s  r e p o r t  t o  d i s t i n g u i s h  them from PDCF's) would be 
used t o  determine r e s u l t i n g  exposures. (Fo r  example, once a known q u a n t i t y  o f  
a g iven rad ionuc l i de  i s  inhaled,  a dose r a t e  can be determined by m u l t i p l y i n g '  
by an appropr ia te  i n h a l a t i o n  DCF),. 
contaminated c loud would be determined by adding t h e  dose r a t e  from a l l  f i v e  
pathways. 

Consider, however, t h a t  one may be i n t e r e s t e d  i n  c a l c u l a t i n g  dose r a t e s  t o  
severa l  i n d i v i d u a l s  a t  d i f f e r e n t  t imes. I n  add i t i on ,  t h e  above f i v e  pathways 
would be appropr ia te  f o r  a number o f  s i t u a t i o n s  i n  which an i n d i v i d u a l  cou ld  
be immersed i n  a contaminated cloud--e.g., due t o  d isposal  operat ions a t  ( o r  
i n t r u s i o n  i n t o )  a hazardous waste f a c i l i t y  o r  open dump, process ing opera t ions  
a t  a munic ipa l  o r  hazardous waste i n c i n e r a t o r ,  e tc .  It would be h i g h l y  incon- 
.venient t o  repeatedly  c a l c u l a t e  rad ionuc l i de  movement and uptake through the  
f i v e  example pathways, and repeatedly  sum the  r e s u l t .  Furthermore, t he  main 
use o f  the  c a l c u l a t i o n a l  methodology i s  expected t o  be i n  gener ic  r a t h e r  than 
s i t e - s p e c i f i c  ca l cu la t i ons .  

Based on the  above, t he  approach taken i s  t o  decouple the  dose r a t e  ca l cu la -  
t i o n a l  procedure from the  o r i g i n a l  means o f  contaminat ion.  
example, a s i n g l e  PDCF i s  created f o r  each rad ionuc l i de  which i s  a combinat ion 
o f  the  impacts received through the  f i v e  separate-pathways. That i s ,  g iven  a . 
u n i t  concent ra t ion  (1 C i / m 3 )  o f  a rad ionuc l i de  i n  a i r ,  t h e  dose r a t e s  f rom a l l  
f i v e  pathways are  summed t o  e f f e c t i v e l y  form a s i n g l e  pathway dose convers ion 

Factors  such as the  

The t o t a l  dose r a t e  from immersion i n  t h e  

Using the  above 

D- 2 

- 1  . . >  
L . 



6400 
factor .  Different PDCF's  a re  created for  d i f fe ren t  combinations of environ- I 

mental pathways. 

T h e  pathway dose conversion factors  used in t h i s  report  a re  summarized in 
Table D - 1  and 0-2. 
media a t  the biota access location. 
may consist  of a solid (e .g . ,  Ci per m3 of s o i l ) ,  a l iquid ( e .g . ,  Ci per m3 o f .  
water), or a gas (e .g . ,  Ci. per m3 of a i r ) .  

All PDCF ' s  are  given i n  units of mrem/yr per Ci/m3 in the 
Depending upon the s i tua t ion ,  the media 

Different PDCFs are used appropriate t o  a given s i tuat ion.  As shown, some . 

PDCF ' s  are  composed of primary and secondary pathways. 
scenarios, more than one PDCF i s  used. 

For some exposure 

The f i r s t  three pathway dose conversion factors are  very similar and are  a l l  
used t o  estimate exposures when the biota access location i s  contaminated a i r .  
PDCF-1  i s  used t o  determine impacts from airborne releases of radionuclides 
which occur on a chronic basis and in a working environment. Applications of 
PDCF-1 include airborne releases during operation of a waste treatment o r  
processing f a c i l i t y  (e .g . ,  a municipal waste incinerator,  l and f i l l ,  hazardous 
waste incinerator o r  disposal f ac i l i t y ) .  Impacts a re  calculated t o  f a c i l i t y  
personnel. PDCF-2 i s  used t o  determine impacts from airborne release of 
radionuclides due t o  construction a c t i v i t i e s  a t  a closed disposal s i t e  ( intruder- 
construction scenario), or for  other impact scenarios when the per iod of exposure 
l a s t s  for  considerably less  than a year (acute exposures). 
of the impacts are considered when formulating the equations used t o  describe 
the pathways. 

PDCF-3 i s  also used t o  determine impacts of airborne releases due t o  the 
actions of an intruder,  b u t  fo r  a scenario i n  which the intruder i s  assumed t o  
l ive  a t  the closed disposal s i t e  ( intruder-agriculture scenario). The period 
of exposure i s  assumed t o  l a s t  continuously f o r  several years. The main 
difference between PDCF-1  and PDCF-3 i s  tha t  the l a t t e r  includes a pathway 
involving consumption of leafy vegetables dusted by fa l lou t .  

The acute nature 

PDCF-4 i s  used t o  determine chronic exposures from consumption of food (vegetables, 
e t c . )  grown in contaminated s o i l ,  as well as consumption of animals (or animal 
products) which have been fed forage grown in contaminated s o i l .  
t o  calculate  a portion of the impacts ar is ing from the intruder-agriculture 
scenario. 

PDCF-5 determines d i rec t  gamma radiation exposures due t o  a person's proximity 
t o  so i l  contaminated with radionuclides. Exposures are  modeled as an in f in i t e  
slab source. 
d i rec t  gamma radiation exposures from a number of applications,  including 
waste transportation, waste processing and disposal operations, and post-disposal 
scenarios involving human intrusion. In the equations describing exposure t o  
humans result ing from these applications,  correction factors  are  inserted 
which correct for  specif ic  materials (which may be d i f fe ren t  from d i r t )  and 
possible f i n i t e  extents o f  the sources. 

I t  i s  used 

PDCF-5 i s  used extensively in the computer codes t o  determine 

D-3 



Table D-1. Uptake Pathways Considered for Pathway Dose Conversion Factors  

- P0C.F ' B i o t a  'Access media : . .. Uptake Pathways 
. .  

I n h a l a t i o n  ( a i r )  (PI** 

I n h a l a t i o n  ( s o i l )  . ( S ) * * '  . 

- .  . - 

. .  
a i r '  - 

. . - D i r e c t .  Radiat ion ( a i r )  (p) 

3 . D i r e c t  Radiat ion (area) ( s )  

1* 
. .  

' 4, 

. .  D i r e c t  Radiat ion ( a i r )  (s) ,  
. . .  . .  

I n h a l a t i o n  ( a i r )  
D i r e c t  Radiat ion ( a i r )  

I n h a l a t i o n  ( s o i l )  
D i r e c t  Radiat ion (a'rea) 
D i. r ec t Rad i a t  i on ( a i r ) 

'I nhal a t  i on ( a i  r ) 
,' D i r e c t  Radiat ion ( a i r )  

-Food ( a i r )  

. ' I n h a l a t i o n  ( s o i l )  . ' 

D i r e c t  Radiat ion (area) 
' . D i r e c t  Radiat ion ( a i r )  

. .  

. . .  a i r ' .  . .  2" 

2 .  

1 .  

. I .  

. .  . .  

. .  - .  
. . . .  

. . . . . . .  . .  . .  
. _  . . .:.'air : ' ,  . . . . . . .  

. .  . .  
. .  

3 
. .  

, .  . 
. . .  

. .  
. .  . .  

4 .  - . s o i l  ; . .  Food ( s o i l )  
. .  

. . D i r e c t  Radiat ion (Volume). 
. .  

5 s o i l  ..: 

we1 1 water 6 .., . Food (water) ( P I *  

I n h a l a t i o n  ( s o i l )  (SI* 

. .  

. .  

. ,  . , ,. . _  
. .  . . . .  D i r e c t '  Radiat ion (area) ( s )  

D i r e c t  Radiat ion. ( a i s )  ( s )  . . .  
. . .  

Food (water) ,;m:,;:, ' 
. . . .  F i s h  (water) ' I  ( P I  ' 

I n h a l a t i o n  ( s o i l )  ' (SI 
D i r e c t  Radiat ion (area) ( s )  

. .  . . .  D i r e c t  Radiat ion ( a i r )  (5)  

"PDCF-1 i s  used : f o r .  eiposures t h a t  l a s t ,  approximately f o r  an ;enti i re:yea.r f o r  ., , 

'open water'  
. .  

' .  7 
. . ,  

. .  . _  

. . . .  

several -years (chronic. exposures)., w h i l e  PDCF-2 i s  used :. for: exposures I .  ' t ha t .  . 
occur once . f o r  cons iderably  .less than a year  (acute exposures). , .  ,: . .  

**(p) = pr imary pathway, . . .  (,s). =. secondary: pathway . _ ~  . . . .  

* .  
. .  

.? ' . .  

. . .  . .  . . . . .  . . . .  . .  . .  

. . .  . -  0-4 .  . . I . . -  . .L .._' . . : ~. : 2- , 

. .  . . .  . .  . . .  . .  
! I  

. .  
. . . .  . .  

. I  
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Table 0-2. Biota Access Loca'tion-to-Human Pathway Descriptions 

Pathway Designation Description 

Food (soil) 

Food, (ai r) 

Food (water) 

Ingestion (fish) 

Inhalation- (air) 

Inhalation (soil) 

Direct Radiation 
(vol ume) 

Direct Radiation 
(area) 

Direct Radiation 
(air) 

This uptake pathway includes a total of three subpathways 
and denotes uptake of radionuclides originating in plants 
via soil-to-root transfer from contaminated soil: 

plant-to-human 
plant-to-animal-to-human 
plant-to-animal-to-product-to-human 

This uptake pathway includes a total of six subpathways and 
includes the above three food (soil) subpathways resulting 
from uptake of radionuclides originating on plant surfaces 
via deposition from contaminated air - and the same three food 
(soil) subpathways resulting from fallout contamination o f  
the ground. 

This uptake pathway includes a total of nine subpathways a,nd 
includes all the food (soil) pathways resulting from radio- 
nuclides originating on plant surfaces via irrigation deposi- 
tion from contaminated water and from irrigation contamination 
of the ground. The followingthree subpathways in addition 
to the plant pathways are .added: 

water- to- human 
water-to-animal-to-human 
water-to-animal-to-product-to-human 

-.. 
Uptake of radionuclides from eating fish caught in contam- 
inated open water. 

Uptake of radionuclides from breathing air contaminated 
due to suspension of contaminated soil particulates by 
human acti vi ties. 

Uptake of radionuclides from breathing air contaminated 
due to natural suspension and volatilization of surface 
soil. 

Direct exposure to ionizing radiation from stand 
ground homogeneously contami nated. 

Direct exposure to ionizing radiation from stand 
ground whose surface is contaminated. ' 

Direct exposure to ionizing radiation from stand 
air homogeneously contaminated. 

ng on 

ng on 

ng in 
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" I  

PDCF-6 and PDCF-7 a re  used t o  determine impacts due t o  use o f  cmtaminated  
water. Pathways i nc lude  d i r e c t  consumption o f  water as w e l l  as use o f  t h e  
water as i r r i g a t i o n .  
resuspension o f  contaminated dust  p a r t i c u l e s  from i r r i g a t e d  ground surfaces. 
PDCF-7 d i f f e r s  f rom PFCF-6 i n  t h a t  PDCF-7 i s  used f o r  exposures i n v o l v i n g  open 
water bodies such as a stream wh i le  PDCF-6 i s  used f o r  w e l l  water  a p p l i c a t i o n s .  
PDCF-7 has an added pathway i n v o l v i n g  consumption o f  f i s h .  

The PDCF's used i n  t h i s  r e p o r t  are gener ic .  
assuming a s e t  o f  parameters t y p i c a l  o f  many environmental cond i t i ons  and 
human actions', 
s i t e - s p e c i f i c  environmental cond i t ions .  
assuming t h a t  t he  exposure pe r iod  l a s t s  f o r  a t o t a l  year .  
however, are acute and l a s t  f o r  cons iderably  l ess  than a year .  For such acute 
exposures a c o r r e c t i o n  f a c t o r  used t o  normal ize acute exposures t o  t h e  one-year 
re ference value i s  incorpora ted  i n t o  t h e  ca l cu la t i ons .  This  c o r r e c t i o n  f a c t o r  
i s  genera l l y  termed the  exposure du ra t i on  f a c t o r  (EDF) i n  t h e  main body of 
t h i s  repo r t .  

Consumption o f  watered crops i s  cons idered as w e l l  as 

That i s ,  they  a r e  cons t ruc ted  

D i  f f e r e n t  assumptions cou ld  be incorpora ted  depending upon 
I n  add i t i on ,  a l l  PDCF's a r e  c a l c u l a t e d  

Many exposures, 

D.2 CALCULATIONAL PROCEDURES 

PDCF's a re  c a l c u l a t e d  based upon a number o f  sources. 
c a l c u l a t e  the  PDCF's a re  main ly  based upon References l c a n d  2,, and g e n e r a l l y  
adopt the  f o l l o w i n g  gener ic  form: 

Equations used t o  

N 

i =1 
- - 'ips f i p s  DCF i rp  (?-a pDcFi rps 

where: 

PDCF rps= 

. N =  

t h e  pathway dose conversion f a c t o r  (SO-year dose commitment i n  
mrem/year) s p e c i f i c  t o  organ (r); .nuc l i de  (i), pathway (p) and 
scenar io  (s)  ; 

the  

t h e  
v i a  

the  

t o t a l  number o f  pathways i n  the  scenar io;  

concent ra t ion  o f  nuc l i de  (i) i n  t h e  medium o f  pathway (p) 
scenar io  ( s )  ( i n  C i / m 3 ) ;  

* -  

pathway usage f a c t o r  o f  nuc l i de  (i) o f  pathway (p) v i a  
scenar io  (s )  which i s  considered i n  t h e  c a l c u l a t i o n  o f  t h e  
accumulated r a d i a t i o n  dose t o  man; and 

'the' fundamental dose conversion f a c t o r ,  a va lue s p e c i f i c  t o  a 
g iven nuc l i de  (i), pathway (p),  and organ (r) which i s  used t o  
c a l c u l a t e  r a d i a t i o n  dose commitments. 

. -  ~ 1 

The s p e c i f i c  equat ions used t o  c a l c u l a t e  t h e  PDCF's a re  summarized i n  Table D-3. 
I n  the  tab le ,  t he  components o f  each equat ion are  f i r s t  separated i n t o  each 
ind i v idua l -  pathway compr is ing- the  PDCF, and then the  equat ion f o r  t h e  PDCF i s  
summarized. 

- -  . 
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Table 0-3. Equations Used t o  Calcu late Pathway Dose Conversion Factors 

PDCF Uptake Pathways Pathway Equations 
1 I n h a l a t i o n  ( a i r )  Ca*f15*DCF2 ' 

D i r e c t  Radiat ion ( a i r )  C a * f  15*DCF5 
I n h a l a t i o n  ( s o i l )  

D i r e c t  Radiat ion (area) 
D i r e c t  Radiat ion ( a i r )  

*D *f *f  *f  *DCF2 'a 1 18 14 15 
*D *f *DCF4 'a 1 18 . 

'aRDlXf18 14 *f *DCF5 

' PDCF-1 = Ca*(f15*DCF2 + DCF5) 

+ 'a *D 1 *f 18*(f14 * ( f15*DCF2 + DCF5) + DCF4) 

2 I n h a l a t i o n  ( a i r )  C a * f  15*DCF2 
D i r e c t  I n h a l a t i o n  C a * f  15*DCF5 

I n h a l a t i o n  ( s o i l )  

D i r e c t  Radiat ion (area) Ca*D1*f18*DCF4*0. 242 

D i r e c t  Radiat ion ( a i r )  Ca*D1*f18*f14*DCF5*0. 242 

Ca*D1*f18*f14 *f 15 *DCFZ*O. 242 

PDCF-2 = Ca*(f15*DCF2 +DCF5) (D-4) 
+ (Ca*D1*f18*(f14 * ( f15*DCF2 + DCF5) + DCF4)*0.242 

3 I n h a l a t i o n  ( a i r )  C a * f  15*DCF2 

D i r e c t  Radiat ion ( a i r )  C a * f  15*DCF5 

Food ( a i r )  Ca*(D1*PT + (D2/CY)*F*PTP)*DCF1 

I n h a l a t i o n  ( s o i l )  . Ca*D1*f18*f14*f15 *DCF2 

D i r e c t  Radiat ion (area) C,*D1*f18*DCF4 

D i r e c t  Radiat ion ( a i r )  Ca*Dl*f 18*f 14*DCF5 

PDCF-3 = Ca*(f15*DCF2 + DCF5) (D-5) 
+ 'a *( D1*PT + D2/CY)*F*PTP)*DCF1 

+ Ca *D *f 18*(f14*(f15*DCF2 + DCF5) + DCF4) 

D- 7 



Table 0-3 (Continued) 

- PDCF Uptake Pathways Pathway Equations 

4 Food ( s o i l )  CS*(PT/D)*DCF1 

PDCF-4 =-CS*(PT/D)*DCF1 

5 D i r e c t  Radiat ion (Volume) CS*DCF3 

PDCF-5 = CS*DCF3 (0-7) 

6 Food (water)  Cw*(W1*PT + (W2/CY)*PTP + FT/lOOO)*DCFl 

I n h a l a t i o n  ( s o i l )  Cw*W1*f18*f14*f15*DCF2 

D i r e c t  Radiat ion (area) 

D i r e c t  Radiat ion ( a i r )  

*W *f *DCF4 

*W *f *f *DCF5 
'w 1 18 

'w 1 18 14 

PDCF-6 = Cw(W1*PT + (W2/CY)*PTP + FT/lOOO)*DCFl (D-8) 

I 

7 .  Food (water)  * WIPT + (W2/CY)*PTP + FT/lOOO)*DCFI cw ( 
F i s h  (water) Cw*( F12/1000)*DCF1 ' 

I n h a l a t i o n  ( s o i l )  

D i r e c t  Radiat ion (area) 

D i r e c t  Radiat ion,  ( a i r )  

*W * f  *f *f *DCF2 'w 1 18 14 15 
*W *f *DCF4 'w 1 18 
*W *f *f *DCF5 'w 1 18 14 

PDCF-7 = Cw(W1 *PT + (W2/CY)*PTP + FT/lOOO)*DCFl 

+ Cw(Fl2/1O00)*DCF1 

+ 'w 1 18 *W *f * ( f14*,( f15 *DCFE + DCF5) + DCF4 
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In the equations, the parameters can be aggregated into three groups: 
parameters involving the initial concentration of a radionuclide at a biota 
access location, those parameters involving fundamental dose conversion factors, 
and those parameters involving translocation parameters. The initial 
concentration of a nuclide is given as unity for each biota access 
location -- ?i.e.: 

those 

Symbol Definition Units 

Initial air concentration 1 Ci/m3 
Initial soil concentration . 1 Ci/m3 
Initial water concehtration 1 Ci/m3 

'a 
cS 

cW 

The other parameters 'are discussed below following a summary of the radionuclides 
considered in this study. 

D. 2 . 1  Radionuclides Considered 

A total of 85 radionuclides are considered in this report, and these radio- 
nuclides are listed in Table D-4, along with the radionuclides half lives and 
default solubility classes. 
codes i n  two situations as discussed in Chapter 8 of this report. First, the 
default solubility classes are used in the INVIMPS code to determine limiting 
radionuclide concentrations for the different radiological impact scenarios. 
The user of the INVIMPS code, however, may easily specify use of alternative 
solubility classes for particular radionuclides. Second, in both the IMPACTS 
and the INVIMPS codes the effects of radionuclide decay chains are considered 
in a manner very similar to that in Reference 23. 
classes are used to determine the impacts of radionuclide daughter ingrowth, 
unless alternative solubility classes for the daughters are specified by the 
user of the codes. 

Default solubility classes are used in the computer 

The default solubility 

Table 0-5 lists all the elemental solubility classes considered in this report, 
as well as typical chemical forms appropriate to each solubility class. The 
information on chemical forms was obtained from Reference 3. 

D.2.2 Fundamental Dose Conversion Factors 

' All the PDCF's are based upon five sets of fundamental dose conversion factors 
(DCF). These include DCF's for 50-year committed inhalation dose in units of 
mrem per pCi inhaled, 50-year committed ingestion dose in units of mrem per 
pCi ingested, and three sets of DCF's for direct radiation exposure applications. 
The use of these last three DCF's depends upon the particular biota access 
location considered, and include factors for volume contamination of soil 
(mrem/yr per pCi/m3), surface contamination of soil or other material (mrem/yr 
per pCi/n?), and air contamination (mrem/yr per pCi/m3). 
fundamental DCF's are a function of the radionuclide of concern, the solubility 

The values of these 
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Table D-4. Radionucl ides Considered in Report 

Ha l f -1  i f e  H a l f - l i f e  Hal f- 1 i f e  
Isotope Sol. (years) Isotope Sol. (years) Iso tope Sol. (years) 

H- 3 
C-14 
Na- 22 
P- 32 

. P-33 
s-35 
C1-36 
Ca-45 
SC-46 
Cr-51 
Mn- 54 
Fe-55 
Fe-59 
CO-57 
CO-58 ' 
CO-60 
Ni-59 
Ni-63 
Zn-65 
Se-75 
Rb-86 
Sr-85 
Sr-89 
Sr-90 
Zr-95. 
Nb-94 
Nb-95 
Mo-99 
Tc-99 

* 
* 
D 
W 
W 
W 
W 
W 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
W 
W 
Y 
W 
D 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
W 

12.3 
5.730 
2.62 
3.91E-2 
6.68E-2 
2.41E-1 
3.08E+5 
4.52E-1 
2.30E-1 
7.62E-2 
8.30E-1 
2.60 
1.25E-1 
7.40E-1 
1.95E-1 
5.26 

92 
6.71E-1 
3.30E-1 
5 . l lE -2  
1.75E-1 
1.44E-1 
28.1 
1.79E-1 
2.OE+4 
9.59E-2 
7.61E-3 
2.12E+5 

8.OE+4 

Tc-99m 
Ru-103 
Ru-106 
Ag- 108m 
Ag- l l O m  
Cd- 109 
Sn-113 
Sn-126 
Sb-124 
Sb-125 
1-125 
I - 129 
1-131 
Cs-134 
Cs-135 
CS-136 
CS-137 
Ba-140 
La- 140 
C e - .14 1 
Ce-144 
Eu-152 
E u- 154 
Yb-169 
Pb-210 
Po-210 
Rn-222 
Ra-228 
Ra-226 

W 
' Y  

Y 
Y 
Y 
Y 
W 
W 
W 
W 
D 
D 
D 
D .  
D '  
D 
D 
W 
Y 
Y 
Y 
W 
W 

. Y  
W 
W 

W 
W 

* 

6.91E-4 
1.08E-1 
1.01 
5 
6.99E-1 
1.24 
3.15E-1 
l.OE+5 
1.65E-1 
2.71 
1.65E-1 . 

1.17E+7 
2.21E-2 

I 2.046 
3.OE+6 
3.75E-2 
30.0 
3.51E-2 
4.59E-3 
8.90E-2 
7.78E- 1 
12.7 
16 
8.71E-2 
20.4 
3.79E-1 
1.05E-2 
6.7 
1,602 

Ai-227 
Th-228 
Th-229 
Th-230 
Th-232 
PU-231 
U-232 
U-233 
U-234 
U-235 
U-236 
U- 238 
Np-237 
Pu-236 
Pu-238 
Pu-239 
PU- 240 
Pu-241 
Pu- 242 
Pu- 244 
Am- 241 
Am-243 
Cm- 242 
Cm- 244 
Cm- 243 
Cm- 248 
Cf-252 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

21.6 
1.19 
7,340 
8.OE+4 
1.41E+10 
3.25E+4 
72 
1.62E+5 
2.47E+5 
7.1E+8 
2.39E+7 
4.51E+9 
2.14E+6 
2.85 
86.4 
2.44E+4 
6,580 
13.2 

7.6E+7 
458 
7,950 
4.45E-1 
17.6 
32 
4.75E+5 
2.646 

3.79E+5 
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. .Table 0-5.- Element Solubility Classes 

Sol ubi 1 i ty 
Element C1 ass Compounds 

H 
C 
Na 
P 

S 

c1 
. Ca 

sc 
Cr. . 

Mn 

Fe . .  

.c 0 

Ni . 

, ' zn 

Se * 

Rb 
Sr 

Zr 
. .  

Nb 

Mo 
, 

. .  

Tc 

Ru 

Cd 

* 
* 
D 
W 
D 
W 
D 
W 
D 
W 
Y 
Y 
D 
W 
D 
W 
D 
Y 
W 
W 

0 
Y 

W 
D 
W 

D 
Y 
W 
Y 
W 
D 
Y 
W 
Y 

D 
W 
D 
Y 
W 
D 
Y 
W.. 
D 

D 

A1 1 compounds 
All compounds 
A1 1 compounds 
Some phosphates ' 

Most phosphorus compounds 
Elemental sulphur 
Information not provided 
Information not provided 
Information not provided 
A1 1 compounds 
Information not provided 
Oxides and hydroxides 
All other compounds 
Oxides, hydroxides, halides and nitrates 
All other compounds 
Oxides, hydroxides and halides 
All other compounds 
Oxides, hydroxides, halides and nitrates 
All other compounds 
Oxides, hydroxides, halides, nitrates 

All other compounds 

Halides and sulphides 
Sulphates 
Elemental selenium, oxides, and hydroxides 
All other compounds 
A1 1 compounds 
Stronti um ti tanate 
All other compounds 
Zirconium carbide 
Oxides, hydroxides, halides and nitrates 
A1 1 other, compounds 
Oxides and hydroxides . 
All other compounds 
Molybdenum, sulphide, oxides and 

All other compounds 
Oxides, hydroxides, halides and nitrates 
All other compounds 
Oxides and hydroxides 
Hal ides 
All other compounds 
Oxides and hydroxides 
Sulphides, halides and nitrates 
All other compounds 

and carbides 

. Oxides, hydroxides, phosphates and 
nitrates 

hydroxides 
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Table 0-5 (Continued) 

Sol ub i  1 i ty  . 
Element Class Compounds 

Ag 

Sn" 

. Sb 

I 
Cs 
Ba 
La 

Ce 

EU 

Yb 

Pb 
'Po 

Rn 
Ra 
Ac. 
Th 

Pa 
U 

NP 
Pu 

Am 
Cm 
'C f 

Y 
W 
D 
w . .  

D 
W 

D 
D 
D 
D 
Y 
W 
Y 
W 
Y 

s 

. w  
. ' Y  

. w . : 

w . .  

D . . .  

w . .  

. , .. 

D . . :  

* 

- w  
y .  '_ 

w . .  

. . D  . .  . .  

, w ", . :  

._ w 
, y  . . 

W " I  
. Y  
w 
w : 
w :  ' . 

. .  

Y . .  '. I . ,, 
. .  

W 

Oxides and hydroxides 
N i t r a t e s  and su lph ides 
S i l v e r  metal and a l l  other,compounds 
Sulphides, oxides, hydroxides, ha l i des ,  . ' 

A1 1. o the r  compounds 
Oxides, hydroxides, su lph idks ,  sulphates,  

:carbonates,  n i t r a t e s ,  and h a l i d e s .  . . 

A l l  o ther  compounds . 

A1 1 compounds 
A1 1 compounds 
A I  1 compounds 
Oxides , hydrox i  des , and f 1 u o r i  des 

' A l l  o the r  compounds 
Oxides, hydroxides and f l u o r i d e s  
Al.1 o the r  compounds 
Oxides, hydroxides; carb ides and . ' 

.- f l u o r i d e s  

Oxides, hydroxides, carb ides,  and : ' 

A l l  o the r  compounds 
. A l l  compounds 

Oxides, hydroxides and n i t r a t e s  
A1 1. o ther  compounds ! 

A1 1 compounds 
' , A l l  ,compounds 

A1 1 compounds 
Oxides and hydroxides 
A l l  o the r  compounds 
A l l  compounds 
Most ,hexavalent u ran i  um compounds 

n i t r a t e s  and s tann ic  compounds 

. .  

., ~ . . _.. A l l  o the r  compounds. .. . 

. .. f l u o r i d e s  
D 

. .  

, Most t e t r a v a l e n t  uranium compounds 
UOz and U308 . .  
A l l  compounds !, 

Plutonium d iox ide  
A l l  o the r  compounds 

A1 1 compounds 
Oxides and -hydroxides ~ 

A l l  o the r  compounds 

A1 1 compounds . .  

* -  . . . .  

,. 
i .  . 

. .  

-. _ .  ~ . - . .  ~ . .  . . . 
: . ;  1 . _ '  

.. . . .  

. .  
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6400 
c lass,  and the  organ rece iv ing  the  dose. 
organs (whole body, red  bone marrow, bone surface, l i v e r ,  t h y r o i d ,  k idney, 
lung, stomach w a l l ,  lower l a rge  i n t e s t i n e )  p lus  the  e f f e c t i v e  whole body dose 
equiva lent ,  and are l i s t e d  i n  Table 0-6 through D-10 according t o  the  f o l l o w i n g  
schedule: 

The DCF's are g iven i n  terms o f  n ine  

, 

Symbol D e f i n i t i o n  Un i t s  Tab1 e 
D C F l  Fundamental DCF f o r  I nges t i on  mrem/yr per  pCi D- 6 

DCF2 Fundamental DCF f o r  I n h a l a t i o n  mrem/yr per pC i D- 7 

DCF3 Fundamental DCF f o r  External  mrem/yr per  p c i  /m3 0-8 

DCF4 Fundamental DCF f o r  External  mrem/yr per  pCi/m2 D-9 

DCF5 Fundamental DCF f o r  External  mrem/yr per  p c i  /m3 D- 10 

Exposure (Volume Source) 

Exposure (Area Source) 

Exposure ( A i r  Immersion) 

A b r i e f  d e s c r i p t i o n  o f  each fundamental DCF fo l lows.  

I nges t i on  DCF (DCF1). I nges t i on  dose conversion fac to rs  (50-year committed 
dose) f o r  t h i s  r e p o r t  were p r i n c i p a l l y  obta ined from Reference 4. DCF's f o r  
some rad ionuc l ides  o f  i n t e r e s t ,  however, were n o t  l i s t e d  i n  Reference 4, and 
so DCF's f o r  these nuc l ides were f i l l e d  i n  based upon in fo rmat ion  obta ined 
from References 5 and 6. A l l  i nges t i on  DCF 's  a re  based upon more recen t  
models f o r  rad ionuc l i de  t r a n s f e r  w i t h i n  the  human body as presented by the  
I n t e r n a t i o n a l  Commission on Radio log ica l  P ro tec t i on  ( I C R P )  i n  ICRP-30 
(Ref. 7). 
rad ionucl ides.  

I n h a l a t i o n  DCF (DCF2). The i n h a l a t i o n  fundamental dose conversion f a c t o r s  
(50-year committed dose) are based on a model o r i g i n a l l y  publ ished by the  
I C R P  Task Group on Lung Dynamics i n  1966 (Ref. 8). More recent  vers ions o f  
the bas ic  model, however, a re  incorporated based upon ICRP-30. S i m i l a r l y  
t o  the  i nges t i on  o f  DCF's, Reference 4 was used as a source fo; most o f  the  
85 rad ionuc l ides  considered. DCFls f o r  rad ionuc l ides  no t  l i s t e d  i n  Reference 4 
were obta ined by consu l t i ng  references 5 and 6. 
of one micron i s  assumed f o r  p a r t i c u l a t e s ,  and a q u a l i t y  f a c t o r  o f  20 i s  
assumed f o r  a lpha-emi t t ing  rad ionucl ides.  

D f r e c t  r a d i a t i o n  (volume) DCF (DCF3). DCF3 i s  used t o  est imate r$xposures due 
t o  gamma r a d i a t i o n  emi t ted  by rad ionuc l ides  homogeneously d i q t r i b u t e d  through 
s o i l ,  and i n  which the  contaminated s o i l  extends h o r i z o n t a l l y  and downward 
t o  i n f i n i t y  ( i . e . ,  an i n f i n i t e  s lab  source). Th is  dose conversion f a c t o r  has 
been developed from exposure r a t e  data presented i n  HASL-195 f o r  K-40, na tu ra l  
uranium, and thor ium p lus  daughters un i fo rm ly  d i s t r i b u t e d  i n  s o i l  (Ref. 9). 
Table 2 o f  Reference 9 presents the exposure r a t e  data as a f u n c t i o n  of gamma 
energy and he igh t  above s o i l ,  and t h i s  t a b l e  has been used t o  cons t ruc t  a 
graph o f  exposure r a t e  as a func t i on  o f  gamma energy. 
as F igure D.l f o r ' a  d is tance o f  one meter above the  s o i l  surface. 
graph a l lows the  e f f e c t s  o f  s e l f - s h i e l d i n g  and bu i ldup t o  be i n t r i n s i c a l l y  
considered i n  the  ca l cu la t i ons .  

A q u a l i t y  f a c t o r  o f  20 i s  assumed f o r  a lpha-emi t t ing  

A medium aerodynamic diameter 

This graph i s  presented 
Use of the  
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TABLE 0-6 . oCF1: Fundamental Dose Conversion Factor for  Ingest ion (mrem/DCi) 
I 

Nuc 1: de 
and Stomach Total  Red 

S o l u b i l i t y  Lung Ya l l  LLI  Val1 Body Kidneys L i v e r  Marrow Bone Thyroid ICRP 

H-3 8.36E-08 1.08E-07 1.43E-07 8.30E-08 8.56E-08 8.28E-08 8.26E-08 6.56E-08 8.28E-08 8.98E-08 
Ci14 8.49E-07 1.21E-06 1.46E-06 1.92E-06 1.06E-06 1.23E-06 3.38E-06 7.05E-06 8.89E-07 1.54E-06 

D Na-22 2.57E-05 1.04E-05 1.35E-05 1.36E-05 1.49E-05 1.40E-05 1.9%-05 2.50E-05 l .2 lE-05 1.86E-05 
D P-32 4.06E-C6 3.00E-06 2.45E-05 4.70E-06 4.01E-06 4.02E-06 1.48E-05 2.70E-05 4.02E-06 7.51E-06 
U P-32 4.06E-06 3.00E-06 2.45E-05 4.70E-06 4.01E-06 4.02E-06 1.48E-05 2.70E-05 4.02E-06 7.51E-06 
D P-33 . 3.47E-07 6.73E-07 3.13E-06 1 . l lE -06  3.47E-07 3.47E-07 1.85E-06 4.88E-06-3.47E-07 9.18E-07 
U P-33 3.47E-07 6.73E-07 3.13E-06 l . l l E - 0 6  3.47E-07 3.47E-07 1.85E-06 4.88E-06 3.47E-07 9.18E-07 
D 5-35 . 2.82E-07 4.92E-07 2.11E-06 4.47E-07 2.82F-07 2.82E-07 7.63E-11 2.82E-07 2.82E-07 4.48E-07 

2.82E-07 4.92E-07 2.11E-06 4.47E-07 2.92E-07 2.82E-07 7.63E-11 2.82E-07 2.82E-07 4.48E-07 
2.96E-06 4.11E-06 2.96E-06 3.06E-06 2.96E-06 2.96E-06 2.96E-06 2.96E-06 2.96E-06 3.03E-06 

u 5-35 
0 C1-36 
U Cl-36 
Y Ca-45 
Y SC-46 
0 C r - S t  
U Cr-51 
Y Cr-51 
0 Cn-54 
Y Nn-54 
U Fe-55 
Y Fe-55 
U Fe-59 
Y Fe-59 
U CO-57 
Y CO-57 
U CO-58 
Y CO-58 
U CO-60 
Y CO-60 

, 0 Ni-59 
W Nf-59 
D Ni-63 
U Ni-63 
D Zn-65 
Y 211-65 
Y 211-65 
D Se-75 
U Se-75 

0 Sr-85 
Y Sr-85 
@ Sr-89 
Y Sr-89 
0 Sr-90 
Y Sr-90 
u Z r X  
Y Zr-95 

0 Pb-86 

-. 

U Nb-94 
Y Yb-94 
Y Nb-95 
0 NO-99 
Y Mo-99 
0 Tc-99 
u Tc-99 
0 Tc-9% 
Id Tc-9% 
Y Ru-103 
Y Ru-106 

V Ao-lOR 
Y Ag-108 

n 49- OR 

o ~ 9 - 1 1 0  
w Pg-110 
Y Aa-110 
D Cd-109 
Y Cd-109 
Y Cd-109 
n Sn-113 
Id Sn-113 
0 91-126 
U 91-126 
0 Sb-124 
U 'Sb- 124 
0 Sb-125 
U Sb-125 
0 1-125 
0 1-129 
0 1-131 
0 CS-134 
D CS-135 
0 CS-136 

2.96E-06 4.11i-06 2.96E-06 3.06E-06 2.96E-06 2.96E-06 2.96E-06 2.96E-06 2.96E-06 3.03E-06 
1.98E-07 5.29E-07 1.04E-05 4.28E-06 1.98E-07 1.98E-07 1.28E-05 1.94E-05 1.98E-07 3.16E-06 
1.ROE-07 2.53E-06 3.85E-05 5.73E-06 1.05E-06 7.47E-07 1.49E-06 5.14E-07 2.85E-08 6.4OE-06 
1.62E-08 6.7OE-08 9.1RE-07 1.39E-07 3.34E-08 2.59E-08 4.63E-08 2.91E-08 1.37E-08 1.32E-07 
1.62E-08 6.70E-08 9.18E-07 1.39E-07 3.14E-08 2.59E-08 4.63E-08 2.91E-08 1.37E-08 1.32E-07 
1.62E-08 6.70E-08 9.18E-07 1.39E-07 3.14E-08 2.59E-08 4.63E-08 2.91E-08 1.37E-08 1.32E-07 
8.32E-06 1.44E-06 7.99E-06 1.23E-06 1.46E-06 3.68E-06 1.76E-06 1.36E-06 4.64E-07 3.01E-06 
2.32E-06 1.44E-06 7.99E-06 1.23E-06 1.46E-06 3.68E-06 1.76E-06 1.36E-06 4.64E-07 3.01E-06 
7.10E-07 1.84E-08 7.08E-07 3.50E-07 6.44E-07 1.22E-06 6.41E-07 4.37E-07 6.32E-07 7.79E-07 

6.08E-06 3.33E-06 3.02E-05 2.94E-06 4.04E-06 5.65E-06 3.69E-06 3.09E-06 2.47E-06 7.56E-06 
6.08E-06 3.33E-06 3 . 0 2 2 4 5  2.94E-06 4.04E-06 5.65E-06 3.69E-06 3.09E-06 2.47E-06 7.56E-06 
2.98E-07 2.8%-07 4.56E-06 1.84E-07 2.12E-07 2.53E-07 3.57E-07 1.78E-07 l.lDE-07 7.78E-07 
2.98E-07 2.85E-07 4.56E-06 1.84E-07 2.12E-07 2.53E-07 3.57E-07 1.78E-07 l.lOE-07 7.78E-07 
1.05E-06 1.35E-06 1.4%-05 7.65E-07 7.'74E-07 7.73E-07 9.67E-07 4.58E-07 2.20E-07 3.10E-06 
1 .O5E-06 1.35E-06 1.45E-05 7.65E-07 7.74E-07 7.73E-07 9.67E-07 4.58E-07 2.20E-07 3.10E-06 
8.62E-06 5.30E-06 4.02E-05 4.37E-06 5.67E-06 6.83E-06 5.42E-06 3.99E-06 3.10E-07 1.13E-05 
4.62E-06 5.30E-06 4.02E-05 4.37E-06 5.67E-06 6.83E-06 5.42E-06 3.99E-06 3.10E-07 1.13E-05 
1.30E-07 1.52E-07 9.99E-07 2.10E-07 1.32E-07 1.32E-07 1.35E-07 1.34E-07 1.44E-07 2.10E-07 
1.30E-07 1.52E-07 9.99E-07 2.10E-07 1.32E-07 1.32E-07 1.35E-07 1.34E-07 1.44E-07 2.10E-07 
3.15E-07 3.89E-07 3.40E-06 5.77E-07 3.15E-07 3.15E-07 3.15E-07 3.15E-07 3.15E-07 5.77E-07 
3.15E-07 3.49E-07 3.40E-06 5.77E-07 3.15E-07 3.1%-07 3.15E-07 3.15E-07 3 15E-07 5.77E-07 

2.84E-05 1.05E-05 1.51E-05 1.26E-05 1.69E-05 1.67E-05 1.73E-05 1.58E-05 1.12E-05 1.93E-05 

6.14E-06 8.07E-06 7.29E-06 1.02E-05 2.65E-05 2.12E-05 7.66E-06 6.29E-06 4.18E-06 9.62E-06 
6.14E-06 8.07E-06 7.20E-06 1.02E-05 2.65E-05 2.12E-05 7 . W - 0 6  6.292-06 4.1%-06 9.62E-06 
1.74E-05 3.29E-06 6.46E-06 1.00E-05 1.69E-05 1.69E-05 1.68E-05 1.67E-05 1.67E-05 1.71E-05 
7.62E-07 1.14E-06 5.55E-06 1.86E-06 9.40E-07 8.03E-07 2.21E-06 2.24E-06 7.59E-07 1.98E-06 
6.18E-08 6.44E-07 6.73E-06 1.23E-06 2.R6E-07 2.05E-07 4.81E-07 2.11E-07 3.01E-08 1.49E-06 
8.55E-07 2.49E-06 8.67E-05 1.80E-06 8.55E-07 8.55E-07 5.23E-06 1.08E-05 8.55E-07 8.87E-06 
4.28E-08 2.49E-06 l.lOE-04 4.87E-07 4.28E-08 4.28E-08 2.61E-07 5.38E-07 4.27E-08 9.17E-06 
5.99E-06 8.76E-07 7.78E-05 9.45E-05 5.99E-06 5.71E-06 4.3OE-04 8.60E-04 5.99E-06 8.75E-05 
3.00E-07 9.76E-07 9.60E-05 5.02E-06 3.00E-07 2 86E-07 2 . 1 2 - 0 5  4 . x - B  3.00F-07 1 , U - Q S  

4.73E-07 l .3 lE-06 2.86E-05 5.45E-07 4.1RE-07 2.95E-07 6.62E-07 3.30E-07 3.22E-08 3.75E-06 
6.36E-07 2.85E-06 4.63E-05 7.14E-06 2.57E-06 1.04E-06 2.73E-06 2.83E-06 4.55E-07 7.14E-06 
6.36E-07 2.85E-06 4.63E-05 7.14E-06 2.57E-06 1.04E-06 2.73E-06 2.83E-06 4.55E-07 7.14E-06 
5.23E-07 1.03E-06 1.46E-05 5.04E-07 4.99E-07 3.17E-07 6.74E-07 3.22E-07 4.71E-C8 2.58E-06 
1.24E-06 2.00E-06 2.84E-06 1.18E-06 1.35E-05 2.27E-05 1.14E-06 1.84E-06 5.25E-07 3.20E-06 
1.76E-07 1.90E-06 5.r)OE-05 3.76E-07 7.88E-07 1.23E-06 2.51E-07 1.60E-07 1.36E-07 4.99E-06 
3.17E-07 9.30E-07 3.20E-06 2 . 1 4 - 0 7  4.58E-07 6.28E-07 3.22E-07 4.10E-07 1.41E-05 1.OZE-06 
3.17E-07 9.30E-07 3.20E-06 P.14E-07 4.58E-07 6.28E-07 3.22E-07 4.10E-07 1.41E-05 1.02E-06 

4.38E-08 1.30E-07 8.84E-08 l.54E-08 2.4%-08 2.76E-08 2.61E-08 1.63E-08 2.19E-07 5.78E-08 

8.51E-06 6.41E-06 2.60E-04 5.94E-06 8.25E-06 9.27E-06 A.31E-06 9.57E-06 8.06E-06 2.88E-05 
?.23E-06 3.95E-06 2.94E-05 7.62E-06 3.92E-06 2.55E-05 2.45E-06 l .3 lE-06 4.81E-07 7.62E-06 

2.23E-06 3.RSE-06 2.A4E-05 7.52E-06 3.922-06 2.5%-05 2.45E-06 1.31E-06 4.81E-07 7.62E-06 

3.07E-06 5.55E-06 4.00E-05 1.03E-05 5.55E-06 3.19E-05 3.49E-06 1.82E-06 6.70E-07 1.08E-05 
3.07E-06 5.55E-06 4.OOE-05 1 . W - 0 5  5.55E-06 3.19E-05 3.49E-06 1.82E-06 6.70E-07 1.08E-05 

1.17E-06 1.51E-06 1.71E-OS 1.A2E-05 1.51E-04 2.73E-05 1.37E-06 1.21E-06 1.02E-06 1.31E-05 
1 - 17E-06 1 -51E-06 1.7 1E -05 1.82E-05 1.5 IE-04 2.73E-05 1.37E-06 1.21E-06 1 .OZE-06 1.31E-05 
9.40E-08 5.29E-07 2.93E-05 3.08E-06 2.04E-07 1.61E-07 6.59E-07 8.66E-07 7.99E-08 3 . 0 8 5 4 6 -  
9.40E-08 5.29E-07 2.93E-05 3.08E-06 2 . W - 0 7  1.61E-07 6.59E-07 8.66E-07 7.99E-08 3.08E-06 
2.22E-06 5.92E-06 1.60E-04 1.95E-05 3.03E-06 2.53E-06 1.01E-05 1.87E-05 2.04E-06 1.95E-05 

6.11E-07 3.92E-06 7.88E-05 9.81E-06 1.35E-06 2.42E-06 2.28E-06 2.96E-06 4.37E-07 9.81E-06 
2.00E-07 3.50E-06 8.62E-05 1 .OlE-05 9.44E-07 8.07E-07 1.41E-06 6.99E-07 6.51E-08 1.OlE-05 

5.03E-08 9.51E-07 2.33E-05 2.80E-06 2.43E-07 2.32E-07 4.48E-07 3.3%-07 2.06E-08 2.80E-06 
1.51E-07 2.52E-07 1.lOE-07 5.59E-05 1.00E-07 1.092-07 2.52E-07 2.45E-07 1.27E-03 3.8%-05 
8.21E-07 7.84E-08 6.70E-08 3.18E-06 7.02E-07 7.24E-07 9.42E-07 8.79E-07 7.80E-03 2.34E-04 
3.69E-07 1.14E-07 5.32E-08 9.08E-07 2.15E-07 2.45E-07 2.94E-07 3.32E-07 1.80E-03 5.45E-05 
1.60E-04 4.99E-05 5.75E-05 6.84E-05 1.00E-04 1.00E-04 9.26E-05 8.86E-05 7.81E-05 1.12E-04 
1.12E-05 2.40E-07 5.35E-07 6.61E-06 1.12E-05 1.12E-05 1.12E-05 1.30E-05 1.13E-05 1.13E-05 
2.14E-05 8.44E-06 1.OlE-05 9.05E-06 1.32E-05 1.36E-05 1.20E-05 1.08E-05 9.55E-06 1.41E-05 

7.10E-07 1.84E-08.7.08E-07 3.50E-07 6.44E-07 1.22E-06 6.41E-07 4.37E-07 6.32E-07 7.79E-07 

2.84E-05 1.05E-05 1.51E-05 1.26E-05 1.69E-05 1.67E-05 1.73E-05 1.58E-05 1!12E-05 1.93E-05 

2.44E-05 1.0%-05 1.51E-05 1.26E-05 1.69E-05 1.67E-05 1.73E-05 1.58E-04 1.12E-05 1.93E-05 

'-6.m-m '1-.3~-06 2-.m-1% 3.m-m a.rn-1~7 2.sZ-67 8 . 6 2 ~ - 6 7  3 .30~-07  3.izE-b 3 .75~-06  

4.38E-09 1.30E-07 4.84E-OR 1 . 5 4 - 0 9  2.45E-08 2.76E-08 2.61E-08 1.63E-08 2.19E-07 5.78E-08 

6.79E-07 1.01E-06 2.41E-05 5.29E-07 5.28E-07 4.67E-07 6.52E-07 3.96E-07 2.53E-07 3.11E-06 

2.23E-06 3.8%-06 2.84E-05 7.62E-06 3.92E-06 2.55E-05 2.45E-06 l . 3 lE -06  4.81E-07 7.62E-06 

3 .07~-06  5 .25~-06  4 .no~-n5  1.08~-05. 5 . 5 5 ~ - 0 6  3 . 1 9 ~ - 0 5  3 .49~-06  i . 8 2 ~ - 0 6  6 .7n~-o7  i . 0 8 ~ - 0 5  

l.17E-06 1.51E-06 1.71E-05 1.82E-05 1.51E-04 2.73E-05 1.37E-06 1.21E-06 1.OZE-06 1.31E-05 

2.22E-06 5.92E-06 1.60E-04 1.95E-05 3.03E-06 2.53E-06 1.OlE-05 1.87E-05 2.04E-06 1.95E-05 

2.23E-07 l.lOE-06 2.14E-05 2.81E-06 4.18E-07 9.21E-07 8.36E-07 2.17E-06 1.71E-07 2.81E-06 
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TABLE 0-6 . OCFl (Continued) 6 4  0.0 
Nucl I d e  

Sol u b l l  i ti 
and 

D CS-137 
0 Ea-140 
U La-140 
Y Ce-141 
U Ce-141 
0 Ce-141 
Y Ce-144 
U Ce-144 
0 Ce-144 
U Eu-152 
U Eu-154 
U Yb-169 

, Y Yb-169 
U Pb-210 
u Po-210 
0 Po-210 

Rn-222 
U Ra-226 
U Ra-228 
Y Ac-227 
U Ac-227 
Y Th-228 
Y Th-228 
Y Th-229 
U Th-229 
Y Th-230 
W Th-230 
Y Th-232 
U Th-232 
Y Pa-231 
'4 Pa-231 
Y U-232 
Y U-232 
0 U-232 
Y U-233 
'A U-233 
0 U-233 
Y U-234 
U U-234 
0 U-234 
Y U-235 
U U-235 
0 U-235 
Y U-236 
U U-236 
0 U-236 
Y U-238 
U U-238 
0 U-238 
Y N ~ - 2 3 7  
U Up-237 
Y Pu-236 
U Pu-236 
Y Pu-238 
U tu-238 
Y Pu-239 
U Pu-239 
Y Pu-240 
U Pu-240 
Y Pu-241 
Y Pu-241 
Y Pu-242 
U Pu-242 
Y Pu-244 
U Pu-244 
Y Am-241 
U An-241 
Y Am-243 

Y Cm-242 
U Am-243 

w Cm-242 
Y Cm-243 
U Cm-243 
Y Cm-244 
w Cm-244 
Y Cm-248 
U Cm-248 
Y Cf-252 
Y Cf-252 

Stomach Total  Red 
Lung Mal l  LLI  Wall Body Kidneys L i v e r  Marrow Bone Thyroid ICRP 

1.00E-04 2.18E-05 2.59E-05 4.91E-05 7.73E-05 7.87E-05 7.38E-05 7.99E-05 6.72E-05 8.19E-05 
9.1AE-07 2.10E-06 9.95E-05 l . l l E - 0 6  6.05E-07 4.68E-07 1.34E-06 1.26E-06 3.97E-07 9.64E-06 
9.39E-07 4.04E-06 6.58E-05 1.04E-06 8.10E-07 5.90E-07 1.02E-06 3.52E-07 2.27E-08 8.62E-06 
4.92E-08 8.22E-07 3.18E-05 1.72E-07 4.68E-08 4.11E-08 1.22E-07 3.98E-08 3.74E-10 2.89E-06 
4.92E-08 8.22E-07 3.18E-05 1.72E-07 4.68E-08 4.11E-08 1.22E-07 3.98E-08 3.74E-10 2.89E-06 
4.92E-04 8.22E-07 3.18E-05 1.72E-07 4.68E-08 4.11E-04 1.22E-07 3.98E-08 3.74E-10 2.89E-06 
3.49E-08 2.05E-06 4.28E-05 3.03E-07 1.04E-07 7.59E-08 1.37E-07 1.47E-07 4.41E-09 2.09E-05 
3.49E-08 2.05E-06 4.28E-05 3.03E-07 1.04E-07 7.59E-08 1.37E-07 1.47E-07 4.41E-09 2.09E-05 
3.49E-08 2.05E-06 4.28E-05 3.03E-07 1 . 0 4 - 0 7  7.59E-08 1.37E-07 1.47E-07 4.41E-09 2.09E-05 
8.88E-07 2.38E-06 3.70E-05 6.44E-06 1.72E-06 1.11E-05 3.40E-06 7.73E-06 2.46E-07 6.48E-06 
7.99E-07 3.03E-06 6.66E-05 9.5%-06 1.66E-06 1.37E-05 4.26E-06 1.65E-05 2.11E-07 9.55E-06 
1.80E-08 9.66E-07 2.63E-05 3.12E-06 1.81E-07 1.24E-07 6.14E-07 2.71E-07 1.36E-09 3.00E-06 
1.80E-08 9.66E-07 2.63E-05 3.12E-06 1.81E-07 1.24E-07 6.14E-07 2.71E-07 1.36E-09 3.00E-06 
3.00E-04 1.9%-07 2.03E-05 1.70E-03 9.40E-04 1.40E-03 1.00E-03 9.60E-03 3.00E-04 7.77E-04 
5.20E-04 4.54E-06 1.80E-04 4.10E-04 9.30E-03 1.60E-03 5.40E-04 2.40E-04 5.20E-04 2.04E-03 
5.20E-04 4 . 5 4 - 0 6  1.80E-04 4.10E-04 9.30E-03 1.60E-03 5.40E-04 2.40E-04 5.20E-04 2.04E-03 
0.00E+00 0.00E+00 0.00E+30 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
5.90E-04 5.37E-06 3.30E-04 3.40E-03 5.90E-04 5.90E-04 2.20E-03 2.00E-02 5.90E-04 1.38E-03 
4.10E-04 2.34E-06 7.14E-05 1.70E-03 4.00E-04 4.00E-04 1.30E-03 9.80E-03 4.00E-04 7.89E-04 
l.lOE-04 3.73E-07 2.48E-05 1.30E-03 2.00E-03 1.60E-02 1.00E-02 1.00E-01 1.lOE-04 5.52E-03 
1.lOE-04 3.73E-07 2.49E-05 1.30E-03 2.06E-03 1.60E-02 1.00E-02 1.00E-01 1.lOE-04 5.52E-03 
7.50E-06 4.91E-06 4.7OE-04 3.80E-05 7.88E-06 2.34E-05 3.80E-04 4.10E-03 7.42E-06 2.10E-04 
7.50E-06 4.91E-06 4.7nE-04 3.80E-05 7.R8E-06 2.34E-05 3.80E-04 4.10E-03 7.42E-06 2.10E-04 
1.OlE-05 4.98E-06 2.10E-04 2.30E-04 9.44E-06 3.64E-05 2.60E-03 3.20E-02 9.39E-06 1.29E-03 
1.OlE-05 4.88E-06 2.10E-04 2.30E-04 9.44E-06 3.64E-05 2.60E-03 3.206-02 9.39E-06 1.29E-03 

. 

4.56E-06 4.03E-06 1.80E-04 9.24E-05 4.31E-06 2.18E-05 1.00E-03 1.60E-02 4.56E-06 6.29E-04 
4.56E-06 4.03E-06 1.80E-04 9.24E-05 4.31E-06 2.18E-05 1.00E-03 1.60E-02 4.56E-06 6.29E-04 
3.97E-06 3.47E-06 1.5r)E-04 9.63E-05 3.75E-06 1.88E-05 1.lOE-03 1.80E-02 3.94E-06 6.92E-04 

2.20E-04 4.70E-06 1.90E-04 2.10E-03 3.60E-03 2.ROE-62 1.5OE-02 1.78E-01 2.20E-04 9.55E-03 
2.20E-04 4.70E-06 1.90E-04 2.10E-03 3.60E-03 2.80E-02 1.50E-02 1.78E-01 2.20E-04 9.55E-03 

3.24E-05 6.42E-06 2.00E-04 2.10E-03 3.30E-03 2.86E-05 1.80E-02 1.95E-01 3.02E-05 8.19E-03 
3.24E-05 6.42E-06 2.0OE-04 2.10E-03 3.30E-03 2.86E-05 1.80E-02 1.9%-01 3.02E-05 4.19E-03 
6.9%-07 4.18E-06 1.80E-04 2.4OE-05 6.79E-05 6.06E-07 9.60E-06 1.40E-04 6.39E-07 2.53E-05 
1.74E-05 5.51E-06 1.70E-04 5.80E-04 1.70E-03 1.51E-05 2.40E-04 3.50E-03 1.60E-05 2.61E-04 
1.74E-05 5.51E-06 1.70E-04 5.80E-04 1.70E-03 1.51E-05 2.40E-04 3.50E-03 1.60E-05 2.61E-04 
6.87E-07 4.17E-06 1.80E-04 2.38E-05 6.69E-05 6.32E-07 9.34E-06 1.40E-04 6.32E-07 2.51E-05 
1.72E-05 5.48E-06 1.70E-04 5.AOE-04 1.70E-03 1.58E-05 2.30E-04 3.50E-03 1 . W - 0 5  2.57E-04 
1.72E-05 5.4%-06 1.70E-04 5.80E-04 1.70E-03 1.58E-05 2.30E-04 3.50E-03 1.5%-05 2.57E-04 
7.44E-07 4.05E-06 1.90E-04 2.16E-05 6.05E-05 6.08E-07 7.3RE-06 1.20E-04 5.ROE-07 2.44E-05 

1.62E-05 5.37E-06 1.80E-04 5.20E-04 1.50E-03 1.38E-05 1.80E-04 2.90E-03 1.45E-05 2.24E-04 

3.97E-06 3.47E-06 1.50E-04 9.63E-05 3.75f-06 1.88E-05 l. lOE-03 1.80E-02 3.94E-06 6.92E-04 

i . 3 0 ~ - 0 6  4 . 6 6 ~ ~ ~  Z.CI~E-I-I~ R A O E - O ~  1 . 3 0 ~ ~ ~  i . i 5 ~ - 0 6  7 .10~-04  7 .80~-03  1 . 2 1 ~ - 0 6  3 . 4 5 ~ - 0 4  

1.62E-05 5.37E-06 1.80E-04 5.20E-04 1.50E-03 1.38E-05 1.80E-04 2.90E-03 1.45E-05 2.24E-04 

6.47E-07 3.92E-06 1.70E-04 2.24E-05 6.32E-05 5.95E-07 8.03E-06 1.30E-04 5.91E-07 2.3%-05 
i . 6 2 ~ - 0 5  5 .16~-06  i . 6 0 ~ - 0 4  5 .40~-04  i . 6 0 ~ - 0 3  i . 4 9 ~ - 0 5  2.oo~-r)4 3 . i o ~ - n 3  i . 4 9 ~ - 0 5  2 . 3 7 ~ - 0 4  
1 . 6 k - 0 5  5.16E-06 1.60E-04 5.40E-04 1.60E-03 1.49E-05 2.00E-04 3.10E-03 1.49E-05 2.37E-04 
6.14E-07 3.67E-06 1.70E-04 2.12E-05 5.96E-05 5.3%-07 7.65E-06 1.lOE-04 5.63E-07 2.24E-05 
1.53E-05 4.85E-06 1.60E-04 5.10E-04 1.50E-03 1.34E-05 1.90E-04 2.90E-03 1.41E-05 2.20E-04 
1.53E-05 4.85E-06 1.60E-04 5.10E-04 1.50E-03 1.34E-05 1.90E-04 2.80E-03 1.41E-05 2.20E-04 
1.20E-04 5.24E-06 2.00E-04 1.00E-03 2.1OE-03 1.60E-02 6.10E-03 R.70E-02 1.20E-04 4.69E-03 

3.84E-07 4.96E-06 2.20E-04 4 . W - 0 6  8.13E-06 6.2RE-05 2.08E-05 2.40E-04 3.84E-07 3.31E-05 
3.84E-07 4.96E-'36 2.20E-04 4.48E-06 8.13E-06 6.2%-05 2 . M - 0 5  2.40E-04 3.84E-07 3.31E-05 

3.23E-06 4.71E-06 2.lr)E-04 2.R3E-05 5.72E-05 4.40E-04 1.70E-04 2.10E-03 3.23E-06 1.37E-04 
3.63E-06 4.42E-06 2.OFE-04 3.13E-OS 6.33E-05 4.90E-04 1.90E-04 2.60E-03 3.63E-06 1.57E-04 

1.20E-04 5.24E-06 2.00E-04 1.OOE-03 2.10E-03 1.60E-02 6.lOE-03 8.70E-02 1.20E-04 4.69E-03 

3.23E-06 4.71E-06 2.10E-04 2.83E-05 5.72E-05 4.40E-04 1.70E-04 2.10E-03 3.23E-06 1.37E-04 

3.63E-06 4.42E-06 2.00E-04 3.13E-05 6.33E-05 4.90E-04 1.90E-04 2.60E-03 3.63E-06 1.57E-04 
3.62E-06 4.42E-06 2.r)OE-04 3.13E-05 6.32E-05 4.90E-04 1.90E-04 2.60E-03 3.62E-06 1.57E-04 
3 .6x -06  Q . ~ ~ E - M  2 .no~-o4  3 . m - 0 5  6 . 3 2 ~ - 0 5  4 . 9 0 ~ - 0 4  i . 9 0 ~ - 0 4  2 .60~-03  3.62~-06 1 . 5 7 ~ - 0 4  
7.51E-08 2.23E-08 9.92E-07 6.19E-07 1.23E-06 9.50E-06 3.86E-06 4.83E-05 7.49E-08 2.79E-06 
7.51E-08 2.23E-08 9.92E-07 6.19E-07 1.23E-06 9.50E-06 3.86E-06 4.R3E-05 7.49E-08 2.79E-06 
3.45E-06 4.21E-06 1.90E-04 2.982-05 6.01E-05 4.70E-04 1.80E-04 2.60E-03 3.45E-06 1.53E-04 
3.45E-06 4.21E-06 1.90E-04 2.98E-05 6.01E-05 4.70E-04 1.80E-04 2.60E-03 3.4%-06 1.53E-04 
3.71E-06 4.68E-06 3.00E-04 3.01E-05 6.00E-05 4.60E-04 1.70E-04 2.60E-03 3.44E-06 1.62E-04 
3.71E-06 4.68E-06 3.00E-04 3.01E-05 6.OOE-05 4.60E-04 1.70E-04 2.60E-03 3.44E-06 1.62E-04 
1.20E-04 4.85E-06 2.10E-04 1.00E-03 2.20E-03 1.70E-02 6.4OE-03 8.00E-02 1.20E-04 4.59E-03 
1.20E-04 4.85E-06 2.10E-04 1.00E-03 2.2r)E-03 1.70E-02 6.40E-03 8.00E-02 1.20E-04 4.59E-03 
1.30E-04 5.3%-06 2.20E-04 1.00E-03 2.20E-03 1.7OE-02 6.40E-03 8.50E-02 1.3OE-04 4.73E-03 
1.3OE-04 5.35E-06 2.20E-04 1.00E-03 2.20E-03 1.70E-02 6.40E-03 8.50E-02 1.3OE-04-4.73E-03 
2.72E-06 5.2%-06 2.3OE-04 2.58E-05 5.72E-05 4.40E-04 1.4OE-04 1.50E-03 2.72E-06 l.18E-04 
2.72E-06 5.2%-06 2.30E-04 2.58E-05 5.72E-05 4.4OE-04 1.40E-04 1.50E-03 2.72E-06 l.18E-04 
8.30E-05 5.92E-06 2.50E-04 7.10E-04 1.50E-03 1.20E-02 4.20E-03 4.80E-02 8.22E-05 2.92E-03 
8.30E-05 5.92E-06 2.5nE-04 7.10E-04 1.50E-03 1.2SE-02 4.20E-03 4.80E-02 8.22E-05 2.92E-03 
6.40E-05 4.96E-06 2.20E-04 5.60E-04 1.20E-03 9.30E-03 3.30E-03 3.80E-02 6.40E-05 2.31E-03 
6.4Of-05 4.96E-06 2.20E-04 5.60E-04 1.20E-03 9.30E-03 3.30E-03 3.8r)E-02 6.4OE-05 2.31E-03 

5.80E-04 7.40E-05 l. lOE-03 4.00E-03 8.10E-03 6.30E-02 6.10E-03 8.80E-02 4.80E-04 8.70E-03 

3.28E-05 2.10E-05 5.70E-04 2.3OE-04 5.20E-04 4.00E-03 6.50E-04 6.90E-03 2.51E-05 6.66E-04 

5 .80~-04  7 .80~-05  i . i 0 ~ - 0 3  ~ . O O E - O ~  8 . 1 0 ~ - 0 3  6 . 3 0 ~ - 0 2  6 . m - 0 3  9 .80~-02  4 .80~-04  8 .70~-03  

3 . 2 8 ~ - 0 5  2 . m - n ~  5 .70~-04  2 .3o~-n4  5 .20~-04  ~ . O O E - O ~  6.50~-04 6 .90~-03  2 .51~-05  6 . 6 6 ~ - n 4  
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'. . . . .  . i TABLE 0-7 . OCFZ: Fundamental Dose Conversion Factor for Inhalation (mrem/pCi) . .  
Nucl 1 de 
and Stomach Total Red 

Solubi 1 1  ty Lung Wall LLI Wall Body Ktdneys Liver Marrow Rone Thyroid ICRP 
H-3 
C-14 

0 P-32 
W P-32 
0 P-33 
u P-33 
0 5-35 
w 5-35 
0 C1-36 
U C1-36 

Y SC-46 

0 .Na-22 

U Ca-45 

0 Cr-51 
W Cr-51 
V Cr-51 
0 Mn-54 
W Vn-54 
W Fe-55 
Y Fe-55 
W Fe-59 
Y Fe-59 
W CO-57 
Y CO-57 
W CO-58 
Y CO-58 
U CO-60 
Y CO-60 
0 Ni-59 
W N1-59 
0 Mi-63 
W Ni-63 
0 Zn-65 
V Zn-65 
Y Zn-65 
0 Se-75 
W Se-75 

0 Sr-85 
Y Sr-85 
0 9-89 
Y Sr-89 
0 Sr-90 
Y Sr-90 
U Zr-95 
V Zr-95 

0 Rb-86 

W Nb-94 
Y Nb-94 
Y Yb-95 
0 No-99 
Y MO-99 
0 Tc-99 
w rc-99 
0 Tc-99m 
W Tc-99n 
Y '  Ru-103 
Y Ru-106 
0 Aq-108 
W Aq-108 
Y Ag-108 
0 Ag-110 
W Ag-119 
Y Ag-110 
0 Cd-109 
U Cd-109 
V Cd-109 
0 91-113 
w Sn-lr3 
r) Sn-126 
W Sn-126 
0 Sb-124 
U Sb-124 
0 Sh-125 
Y Sb-125 
0 1-125 
0 1-129 
0 1-131 
0 CS-134 
0 CS-135 
0 Ct-136 

1.25E-07 1.25E-07 1.33E-07 1.25E-07 1.29E-07 1.24E-07 1.24E-07 9.85E-08 1.24E-07 1.26E-07 
6.18E-09 7.35E-09 7.22E-09 1.41E-08 7.92E-09 8.88E-09 2.42E-08 5.08E-08 6.48E-09 1.09E-08 
9.43E-06 6.22E-06 7.53E-06 9.16E-06 9.91E-06 9.4%-06 1.30E-05 1.67E-05 8.14E-06 1.14E-05 
7.63E-06 5.01E-07 3.91E-06 3.56E-06 3.00E-06 3.01E-06 1.11E-05 2.02E-05 3.01E-06 5.21E-06 
9.87E-05 1.28E-06 1.04E-05 3.87E-06 2.11E-06 2.11E-06 7.76E-06 1.42E-05 2.11E-06 1.56E-05 
l.lOE-06 3.08E-07 6.85E-07 7.95E-07 2.58E-07 2.58E-07 1.37E-06 3.64E-06 2.58E-07 6.33E-07 
1.56E-05 3.29E-07 1.39E-06 3.27E-06 1.87E-07 1.87E-07 9.95E-07 2.65E-06 1.87E-07 2.32E-06 
7.55E-07 2.43E-07 4.92E-07 3.37E-07 2.11E-07 2.11E-07 2.llE-07 2.11E-07 2.11E-07 3.02E-07 
1.8%-05 2.66E-07 1.03E-06 3.52E-06 1.6%-07 1.68E-07 1.68E-07 1.68E-07 1.68E-07 2.48E-06 
4.92E-06 2.04E-06 1.86E-06 2.41E-06 1.86E-06 1.86E-06 1.86E-06 1.86E-06 1.86E-06 2.24E-06 

3.5%-05 3.26E-07 5.11E-06 9.56E-06 1.66E-07 1.66E-06 1.08E-05 1.62E-05 1.66E-07 6.62E-06 
1.71E-04 1.23E-05 1.95E-05 3.90E-05 6.66E-06 1.56E-05 8.18E-06 6.22E-06 7.47E-06 2.96E-05 
1.41E-07 9.10E-08 2.19E-07 1.12E-07 8.18E-08 8.03E-08 9.92E-08 1.01E-07 6.73E-08 1.09E-07 
1.39E-06 8.70E-08 4.18E-07 3.37E-07 4.96E-08 8.18E-08 6.92E-08 5.5%-08 4.07E-08 2.13E-07 
1.98E-06 9.47E-08 4.37E-07 4.43E-07 4.74E-08 9.51E-08 6.92E-08 5.14-08 4.00E-08 2.64E-07 
4.18E-06 3.15E-06 3.98E-06 4.10E-06 5.3%-06 1.70E-05 5.96E-06 5.86E-06 2.30E-06 5.69E-06 
2.47E-05 4.20E-06 4.79E-06 3.66E-06 3.40E-06 9.17E-06 4.03E-06 3.44E-06 2.73E-06 7.16E-06 

2.51E-05 1.28E-08 3.91E-07 6.09E-07 5.05E-07 9.58E-07 5.03E-07 3.43E-07 4.95E-07 3.96E-06 
5.15E-05 5.28E-06 1.56E-05 5.51E-06 6.22E-06 1.00E-05 5.72E-06 5.07E-06 4.74E-06 1.34E-05 
8.29E-05 5.29E-06 1.5OE-05 4.96E-06 4.07E-06 7.32E-06 4.18E-06 3.41E-06 3.58E-06 1.56E-05 
1.49E-05 7.08E-07 2.4%-06 8.04E-07 6.26E-07 1.17E-06 1.03E-06 7.24E-07 5.26E-07 2.80E-06 
6.17E-05 2.01E-06 2.4%-06 2.25E-06 9.86E-07 2.62E-06 2.20E-06 1.67E-06 1.03E-06 9.60E-06 
2.96E-05 3.22E-06 7.38E-06 2.6%-06 2.12E-06 3.99E-06 2.39E-06 1.78E-06 2.04E-06 6.77E-06 
5.92E-05 5.16E-06 7.40E-06 4.17E-06 2.81E-06 6.04-06 3.44E-06 2.58E-06 3.24E-06 1.15E-05 
1.30E-04 1.82E-05 2.78E-05 1.71E-05 1.87E-05 2.90E-05 1.75E-05 1.47E-05 1.44E-05 3.59E-05 
1.30E-03 1.00E-04 2.85E-05 8.20E-05 5.8%-05 1.20E-04 6.45E-05 5.08E-05 6.01E-05 2.41E-G4 
1.33E-06 1.27E-06 1.42E-06 1.32E-06 1.28E-06 1.28E-06 l.3lE-06 1.30E-06 1.39E-06 1.32E-06 
4.44E-06 3.92E-07 8.29E-07 9.19E-07 3.85E-07 3.85E-07 3.92E-07 3.89E-07 4.22E-07 9.19E-07 
3.23E-06 3.05E-06 3.52E-06 3.10E-06 3.05E-06 3.04E-06 3.04E-06 3.04E-06 3.04E-06 3.10E-06 
1.14E-05 9.51E-07 2.49E-06 2.30E-06 9.18E-07 9.14E-07 9.14E-07 9.14E-07 9.14E-07 2.30E-06 
l.18E-05 1.14E-05 1.39E-05 1.40E-05 1.87E-05 1.86E-05 1.92E-05 1.77E-05 1.25E-05 1.88E-05 
2.53E-05 9.32E-06 1.03E-05 1.05E-05 1.31E-05 1.42E-05 k.36E-05 1.23E-05 9.32E-06 1.56E-05 
7.6%-05 1.3OE-05 8.41E-06 1.24E-05 1.29E-05 1.79E-05 1.39E-05 1.21E-05 1.09E-05 2.27E-05 
5.03E-06 5.A8E-06 4.66E-06 7.62E-06 1.98E-05 1.59E-05 5.70E-06 4.70E-06 3.15E-06 7.22E-06 
2.01E-05 5.96E-06 4.29E-06 9.68E-06 1.67E-05 1.43E-05 5.55E-06 4.55E-06 3.10E-06 8.47E-06 
7.6%-06 7.33E-07 1.26E-06 6.69E-06 l.llE-05 1.11E-05 1.lOE-05 1.1OE-05 1.1OE-05 1.09E-05 
1.72E-06 1.21E-06 2.15E-06 2.01E-06 1.36E-06 1.23E-06 3.40E-06 3.77E-06 1.34E-06 1.92E-06 
2.65E-05 2.44E-06 3.37E-06 6.38E-06 1.36E-06 2.85E-06 1.72E-06 1.30E-06 1.42E-06 5.03E-06 
6.55E-06 3.95E-07 1.38E-05 3.8PE-06 2.18E-06 2.18E-06 1.33E-05 2.74E-05 2.18E-06 5.73E-06 
3.10E-04 1.22E-06 5.26E-05 4.76E-06 4.35E-08 4.3%-08 2.64E-07 5.44-07 4.35E-08 4.30E-05 
9.89E-06 1.97E-07 1.41E-05 2.40E-04 1.46E-05 1.46E-05 1.lOE-03 2.20E-03 1.46E-05 2.lr)E-04 
8.5OE-OJ 2.86E-05 6.90E-@ 1.50E-nA 3 65E-06 t.90E-05 1.20E-04 2.30E-04 3.63-Qfj J,4%-QS 
618%-05 3.KE-06 1.-5%-05 4.74r-06 2.qS-a 4.63E-06 5.m-06 7.m-06 2.94E-06 1.34E-05 
1.3nE-04 5.77E-06 1.59E-05 5.55E-06 3.02E-06 6.51E-06 3.88E-06 3.17E-06 3.55E-06 2.12E-05 
1.5%-04 1.31E-05 3.07E-05 3.61E-05 2.56E-05 1.39E-05 2.36E-05 3.37E-05 9.73E-06 3.61E-05 
2.77E-03 l.18E-04 3.49E-05 4.14E-04 7.10E-05 1.4%-04 8.36E-05 7.29E-05 R.21E-05 4.14-04 
3.10E-05 2.39E-06 7.17E-06 1.94E-06 1.30E-06 2.53E-06 1.61E-06 1.19E-06 1.35E-06 6.06E-06 
4.04E-06 4.50E-07 5.01E-07 7.88E-07 9.4OE-06 1.41E-05 7.1%-07 1.15E-06 3.69E-07 2.30E-06 
1.89E-05 8.83E-07 2.05E-05 4.85E-07 4.26E-07 7.07E-07 1.79E-07 1.28E-07 1.78E-07 4.39E-06 
9.63E-07 4.90E-07 5.09E-07 1.69E-07 3.48E-07 4.77E-07 2.44E-07 3.11E-07 1.07E-05 7.08E-07 
5.22E-05 5.70E-07 1.66E-06 8.87E-07 3.07E-07 4.21E-07 2.15E-07 2.75E-07 9.46E-06 7.25E-06 
8.54E-08 3.09E-08 1.67E-08 9.81E-09 1.2%-08 1.83E-08 1.45E-08 1.08E-08 1.33E-07 2.85E-08 
1.82E-07 2.72E-08 1.3%-08 1.05E-08 8.36E-09 1.55E-08 1.25E-08 9.21E-09 5.72E-08 3.58E-08 
5.86-05 1.85E-06 1.18E-05 1.98E-06 1.02E-06 1.92E-06 1.23E-06 9.25E-07 9.89E-07 9.4OE-06 
3.80E-03 6.96E-06 1.4OE-04 6.18E-05 8.9%-06 1.1%-05 9.37E-06 1.00E-05 9.19E-06 5.22E-04 
2.22E-05 1.77E-05 1.05E-05 3.01E-05 3.04E-05 2.41E-04 1.14E-05 8.62E-06 4.59E-06 3.01E-05 
1.01E-04 1.25E-05 1.63E-05 2.53E-05 1.29E-05 8.07E-05 8.33E-06 6.18E-06 5.51E-06 2.53E-05 
1.69E-03 1.15E-04 2.20E-05 2.83E-04 6.62E-05 1.82E-04 7.92E-05 6.22E-05 7.44E-05 2.83E-04 
3.00E-05 2.41E-05 1.4%-05 3.96E-05 4.11E-05 3.00E-04 1.49E-05 1.13E-05 6.29E-06 3.96E-05 
1.17E-04 1.68E-05 2.19E-05 3.09E-05 1.67E-05 9.47E-05 1.07E-05 7.88E-06 7.44E-06 3.09E-05 
4.44-04 3.89E-05 2.20E-05 8.03E-05 2.29E-05 6.62E-05 2.49E-05 1.92E-05 2.36f-05 8.03E-05 
1.24E-05 1.07E-05 1.24-05 1.61E-04 1.46E-03 2.64-04 1.2%-05 1.16E-05 9.84E-06 1.14E-04 
5.40E-05 3.34E-06 1.09E-05 5.20E-05 4.22E-04 7.59E-06 3.77E-06 3.43E-06 2.83E-06 3.96E-05 
2.89E-04 1.54E-06 9.25E-06 6.39E-05 1.24-04 2.32E-06 1.65E-06 1.46E-06 8.88E-07 4.51E-05 
3.52E-06 1.82E-06 6.51E-06 4.00E-06 1.93E-06 1.79E-06 9.2lE-06 1.87E-05 1.88E-06 4.OOE-06 
6.81E-05 1.57E-06 1.45E-05 1.07E-05 8.84-07 1.46E-06 2.85E-06 4.88E-06 8.40E-07 1;07E-05 
5.96E-05 4.51E-05 7.92E-05 8.66E-05 5.33E-05 4.74E-05 2.08E-04 4.37E-04 4.85E-05 8.66f-05 
5.59E-04 2.22E-05 9.66E-05 9.95E-05 1.89E-05 2.27E-05 6.25E-05 1.23E-04 1.RlE-05 9.95E-05 
7.51E-06 2.W-06 1.46E-05 5.55E-06 2.84E-06 9.32E-06 5.66E-06 1.26E-05 2.10E-06 5.55E-06 
1.53E-04 5.77E-06 4.03E-05 2.52E-05 2.87E-06 6.51E-06 4.03E-06 4.59E-06 2.49E-06 2.52E-05 
2.36E-06 1.14E-06 4.26E-06 2.13E-06 1.12E-06 3.92E-06 2.40E-06 1.OlE-05 8.44E-07 2.13E-06 
8.03E-05 2.33E-06 1.24E-05 1.22E-05 1.24E-06 3.17E-06 1.98E-06 3.62E-06 1.20E-06 1.22E-05 
4.40E-07 9.18E-08 6.88E-08 3.52E-05 6.33E-08 7.40E-08 1.63E-07 1.58E-07 7.99E-04 2.42E-05 
7.88E-07 4.61E-08 4.28E-08 2.05E-06 4.49E-07 4.66E-07 6.05E-07 5.64E-07 5.00E-03 1.50E-04 
2.40E-06 7-47E-08 3.41E-08 6.13E-07 1.47E-07 1.86E-07 2.02E-07 2.21E-07 l.lOE-03 3.43E-05 
3.38E-05 3.26E-05 3.71E-05 4.5%-05 6.77E-05 6.99E-05 6.16E-05 5.89E-05 5.19E-05 6.55E-05 
6.40E-07 3.82E-08 8.51E-08 4.40E-06 7.47E-06 7.47E-06 7.47f-06 8.62E-06 7.48E-06 6.69E-06 
6.98E-06 4.97E-06 5.55E-06 6.00E-06 8.68E-06 9.03E-06 7.91E-06 7.1%-06 6.35E-06 8.39E-06 

1.69E-04 2.46E-06 1.86E-06 3.12E-05 1.86E-06 1.86E-06 1.86E-06 1.86E-06 1.86E-06 2.19E-05 

3.20E-06 1.04E-08 3.64E-07 6.29E-07 1.09E-06 2.07E-06 1.08E-06 7.40E-07 1.07E-06 1.57E-06 
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TABLE 0-7 . K C 2  (Continued) 6 4 0 0  
Wucl 1 de 

Solubt 11 t 
and 

D CS-137 
0 Ba-140 
Y La-140 
Y Ce-141 
Y Ce-141 
0 Ce-141 
Y Ce-144 
U Ce-144 
0 Ce-144 
Y Eu-152 
Y Eu-154 
Y Yb-169 
Y Yb-169 
Y Pb-210 
Y Po-210 
0 Po-210 
Rn-222 

Y Ra-226 
Y la-228 
Y AC-227 
U' Ac-227 
Y Th-228 
Y Th-228 
Y Th-229 
1A Th-229 
Y Th-230 
U Th-230 
Y Th-232 
W Th-232 
Y Pa-231 
V Pa-231 
Y U-232 
Y U-232 
0 U-232 
Y U-233 
H U-233 
0 U-233 
Y U-234 
Y U-234 
0 !J-234 
Y U-235 
U U-235 
0 U-235 
Y U-236 
Y U-236 
0 U-236 
Y U-238 
U U-238 
0 U-238 
Y Np-237 
W Np-237 
Y Pu-236 
'4 Pu-236 
Y Pu-238 
W Pu-238 
Y Pu-239 
U Pu-239 
Y PI,-240 
Y Pu-240 
Y Pu-241 
Y Pu-241 
Y Pu-242 
'*I Pu-242 
Y Pu-244 
Y Pu-244 

W Am-241 
Y Am-241 

Y Am-243 
w ~n-243 
Y Cm-242 
U Cm-242 
Y Cm-243 

Y Cm-244 
Y Cm-244 
Y Cm-248 

U Cm-243 

Y Cm-248 
Y Cf-252 
U Cf-252 

Stomach Total Red 
y Lung Mall LLI Wall Body KIdneys Ltver Marrow Bone Thyrold ICRP 

1.62E-05 1.39E-05 1.6OE-05 3.26E-06 5.13E-05 5.23E-05 4.91E-05 5.31E-05 4.47E-05 4.83E-05 
9.74E-06 1.15E-06 1.78E-05 2.08E-06 1.46E-06 1.42E-06 3.61546 5.23E-06 1.97E-06 4.91E-06 
2.OlE-05 1.81E-06 2.11E-05 1.0%-06 1.63E-06 2.44-06 8.52E-07 7.27E-07 2.87E-07 5.54E-06 
6.31E-05 5.96E-07 1.54E-05 1.15E-06 2.76E-07 8.59E-07 3.03E-07 2.99E-07 9.40E-08 9.26E-06 
4.25E-05 5.79E-07 1.44E-05 1.36E-06 3.20E-06 1.09E-05 9.36E-07 2.32E-06 1.4OE-07 7.64E-06 
2.53E-06 5.56E-07 5.26E-06 3.27E-06 1.70E-05 5.81E-05 4.07E-06 1.19E-05 4.36E-07 6.54E-06 
2.90E-03 4.65E-06 1.30E-04 4.69E-05 2.37E-05 8.13E-05 8.95E-06 1.47E-05 8.22E-07 3.96E-04 
6.80E-04 3.65E-06 1.20E-04 5.11E-05 2.30E-04 8.10E-04 8.29E-05 1.40E-04 4.46E-06 1.75E-04 
l.73E-05 3.QOE-06 4.r)lE-05 1.70E-04 1.00E-03 3.40E-03 1.50E-04 6.10E-04 1.88E-05 3.45E-04 
2.13E-04 7.36E-05 5.5%-05 2.21E-04 1.37E-04 1.28E-03 2.93E-04 8.88E-04 3.0%-05 2.21E-04 
2.93E-04 6.66E-05 6.62E-11 2.86E-04 1.25E-04 1.58E-03 3.92E-04 1.94E-03 2.64E-05 2.86E-04 
3.45E-05 1.07E-06 1.18E-05 9.55E-06 9.32E-07 1.52E-06 3.74E-06 2.72E-05 3.05E-07 6.99E-06 
5.14E-05 1.29E-06 1.2%-05 l.llE-05 4.51E-07 1.21E-06 1.41E-06 2.33E-06 3.17E-07 8.07E-06 
6.20E-03 1.20E-06 4.70E-05 3.50E-03 3.3OE-03 3.10E-03 2.20E-03 2.00E-02 6.70E-04 2.60E-03 
0.60E-02 2.22E-06 8.79E-05 1.30E-03 1.40E-02 2.50E-03 8.30E-04 3.70E-04 8.00E-04 8.76E-03 
1.00E-03 7.22E-07 2.85E-05 2.10E-03 4.60E-02 8.00E-03 2.70E-03 1.20E-03 2.60E-03 9.9%-03 
2.34E-06 1.5%-10 6.86E-12 3.39E-08 1.37E-08 1.3%-09 1.68E-09 1.03E-08 3.02E-10 2.83E-07 
5.60E-02 3.81E-06 1.80E-04 4.70E-03 6.60E-04 6.60E-04 2.50E-03 2.30E-02 6.60E-04 8.51E-03 
4.80E-03 9.59E-06 6.99E-05 2.50E-03 5.40E-04 7.50E-04 1.70E-03 1.40E-02 5.40E-04 1-80E-03 
1.03€+00 7.31E-05 1.80E-03 1.01E-01 9.10E-02 6.94E-01 4.50E-01 4.47E90 6.50E-03 5.20E-01 
8.4OE-02 3.55E-05 2.20E-04 1.62E-01 2.46E-01 1.91€+00 1.22€+00 1.22E41 1.40E-02 6.81E-01 
7.16E-01 9.23E-05 2.90E-03 1.90E-02 1.30E-03 2.50E-03 3.70E-02 4.01E-01 8.60E-04 1.34E-01 
1.17E-01 2.2OE-05 7.10E-04 2.29E-02 2.40E-03 1.20E-02 2.12E-01 2.31E40 2.50E-03 1.13E-01 
1.23€+00 1.50E-34 1.40E-03 1.07E-01 4.70E-03 1.50E-02 6.59E-01 7.82E90 4.20E-03 6.35E-01 
1.16E-01 8.34E-05 3.90E-94 1.42E-01 4.40E-03 2.20E-02 f.59E40 1.90€+01 4.30E-03 7.81E-01 
5.26E-01 2.67E-06 1.00E-04 3.80E-02 1.lOE-03 5.50E-03 2.54E-01 3.98E40 l.lOE-03 2.59E-01 
5.40E-02 2.74E-06 9.3%-05 5.60E-02 2.60E-03 1.30E-02 6.23E-01 9.78€+00 2.80E-03 3.79E-01 
4.54E-01 7.64E-06 1.lOE-04 3.90E-02 l.lOE-03 4.90E-03 2.7lE-01 4.53E40 l.lOE-03 2.66E-01 
4.70E-02 8.75E-06 9.23E-05 5.90E-02 2.30E-03 1.lOE-02 6.53E-01 l.lOE+Ol 2.4OE-03 4.16E-01 
5.94E-01 2.m-05 l.7OE-04 1.38E-01 1.92E-01 1.49E40 R.08E-01 9.36E90 1.20E-02 6.59E-01 
5.80E-02 3.91E-05 1.30E-04 2.61E-01 4.41E-01 3.43€+00 1.84€+00 2.16€+01 2.60E-02 1.16€+00 

6.70E-02 8.54E-06 1.3GE-04 7.60E-03 9.70E-03 3.70E-04 5.70E-02 6.29E-01 1.90E-04 3.50E-02 
1.lOE-03 1.96E-05 5.12E-05 2.00E-02 3.20E-02 2.90E-04 1.72E-01 1.91€+00 3.OOE-04 8.02E-02 
5.425-01 3.86E-06 l.lOE-04 1.70E-02 1.70E-03 1.55E-05 2.40E-04 3.60E-03 1.64E-05 1.12E-01 
5.60E-02 6.20E-06 9.42E-05 2.60E-03 5.00E-03 4.44E-05 7.00E-04 1.00E-02 4.69E-05 7.80E-03 
9.50E-04 1.42E-05 4.12E-05 5.70E-03 1.70E-02 1.5OE-04 2.30E-03 3.50E-02 1.60E-04 2.54E-03 

5.5%-02 6.15E-06 9.41E-05 2.50E-03 4.90E-03 4.64E-05 6.AOE-04 1.00E-02 4.63E-05 7.71E-03 
9.40E-04 1.40E-05 4.10E-05 5.60E-03 1.60E-02 1.50E-04 2.30E-03 3.4OE-02 1.50E-04 2.50E-03 
4.84E-01 2.48E-05 2.50E-94 1.50E-02 1.50E-03 3.16E-05 1.90E-04 2.90E-03 2.07E-05 9.97E-02 

8.50E-04 1.42E-05 4..36E-05 5.1OE-03 1.50E-02 1.30E-04 1.80E-03 2.90E-02 1.40E-04 2.15E-03 

5.20E-02 6.47E-06 8.92E-05 2.40E-03 4.6%-03 4.43E-05 5.90E-04 9.20E-03 4.37E-05 7.26E-03 
8.90E-04 l.z5E-05 4.09E-05 5.30E-03 1.50E-02 1.50E-04 2.00E-03 3.10E-02 1.40E-04 2.30E-03 
4.80E-01'8.96E-06 2.80E-04 1.50E-02 1.50E-03 1.76E-05 2.00E-04 2.90E-03 1.59E-05 9.86E-02 
4.90E-02 6.15E-06 l.lOE-04 2.3OE-03 4.40E-03 4.02E-05 5.60E-04 8.30E-03 4.16E-05 6.81E-03 
8.30E-04 1.26E-05 3.91E-05 5.00E-03 1.50E-02 1.30E104 1.90E-03 2.80E-02 1.40E-04 2.13E-03 
5.69E-01 4.74E-05 1.80E-04 6.60E-02 1.02E-01 7.89E-01 3.00E-01 4.?4€+00 5.80E-03 3.46E-01 
5.90E-02 7.03E-05 1.60E-04 1.22E-01 2.51E-01 1.94€+00 7.43E-01 l.O5E+Ol 1.40E-02 5.73E-01 

6.40E-02 2.90E-06 l.lOE-04 1.50E-02 3.20E-'32 2.47E-01 8.10f-02 9.42E-01 1.50E-03 6.59E-02 
6.0%-01 ?.90E-06 1.20E-C4 6.00E-02 9.00E-02 7.OOE-01 2.61E-01 3.27€+00 5.10E-03 3.07E-01 

5.80E-01 2.72E-06 l.lOE-04 6.70E-02 1.03E-01 7.97E-01 3.03E-01 4.16€+00 5.80E-03 3.47E-01 

8.87E-01 5.59E-05 l.lOE-03 5.30E-02 5.8OE-03 4.50E-03 R.8OE-02 9.54-01 1.80E-03 3.24E-01 

5.36~-01 3.83~-06 i.i0~-04 i.60~-02 i.70~-03 i.62~-05 2.4o~-n4 3.50~-03 i.61~-05 1.iiE-ni 

5.00E-02 7.94E-05 l.lOE-04 2.30E-03 4.40E-03 4.12E-05 5.30E-04 8.505-03 4.28E-05 6.93E-03 

5.06E-01 3.R3E-06 i.00E-04 1.60E-02 1.60E-03 1.5%-05 2.00E-04 3.20E-03 1.52E-05 1.04E-01 

4.4%-r)l 3.45E-06 1.30E-04 1.20E-02 6.60E-03 5.00E-02 1.80E-02 2.09E-01 3.40E-04 7.9%-02 

6.41)E-02 2.77E-'26 l.lOE-04 1.llE-01 2.30E-01 1.79€+00 6.71E-01 9.40€+00 1.30E-02 4.89E-01 

6.00E-02 2.59E-06 1.00E-04 1.24E-01 2.55E-01 1.98€+00 7.56E-01 1.04€+01 1.50E-02 5.7%-01 
5.79E-01 2.74E-06 1.10E-04 6.70E-02 1.03E-01 7.9%-01 3.02E-01 4.15€+00 5.80E-03 3.46E-01 
~ . O O E - O ~  Z.QE-M i.n0~-04 6.70~-02 2.55~-01 i.97~+00 7.55~-01 i.o4~+oi i.50~-02 5.74~-01 
l.lOE-03 1.03E-07 6.89E-07 1.20E-03 2.20E-03 1.7%-02 6.80E-03 8.50E-02 1.60E-04 5.36E-03 
1.54E-05 1.81E-07 6.236-07 2.50E-03 4.90E-03 3.80E-02 1.60E-02 1.94E-01 3.00E-04 1.09E-02 
5.SOE-01 2.75E-06 l.lOE-04 6.30E-02 9.80E-02 7.57E-01 2.87E-01 4.19€+00 5.60E-03 3.36E-01 

5.M-01 1.40E-04 6.50E-04 6.30E-02 9.70E-02 7.49E-01 2.71E-01 4.24€+00 5.50E-03 3.34E-01 
5.70E-02 2.71E-06 9.74E-05 1.19E-01 2.42E-01 1.88€+00 7.18E-01 l.OSE+Ol 1.40E-02 5.64-01 

5.60E-02 1.6OE-04 ).OX-04 1.17E-01 2.40E-01 1.86€+00 6.76E-01 1.06€+01 1.40E-02 5.61E-01 
6.15~-ni 8.79~-06 1.30~-04 6.90~-02 i.~)6~-oi 0.24~-01 3.12~-01 ~ . ~ O E + O O  ~ . O O E - O ~  3.48~-01 
6.4OE-02 1.18E-05 1.lOE-04 1.28E-01 2.63E-01 2.04€+00 7.77E-01 9.73€+00 1.50E-02 5.63E-01 
5.95E-01 5.q5E-05 3.70E-04 6.90E-02 1.07E-01 9.23E-01 3.13E-01 4.17€+00 6.10E-03 3.53E-01 
6.1%-02 9.49E-05 1.90E-04 1.29E-01 2.63E-01 2.03€+00 7.77E-01 1.03€+01 1.50E-02 5.79E-01 
1.72E-01 2.705-06 1.2OE-04 3.00E-03 7.50E-04 5.80E-03 2.00E-03 2.30E-02 4.95E-05 2.32E-02 
5.5OE-02 2.97t-06 1.10 04 3.50E-03 6.2r)E-03 4.90E-02 1.50E-02 1.68E-01 3.00E-04 1.76E-02 
6.27E-01 2.19E-05 1.50!:04 4.90E-02 6.80E-02 5.26E-01 1.90E-01 2 . I S E 4 0  3.70E-03 2.46E-01 
6.80E-02 3.1%-95 1.40E-04 8.70E-02 1.92E-01 1.41€+00 5.13E-01 5.78€+00 1.00E-02 3.60E-01 
6.07E-01 3.02E-06 1.305-04 3.90E-02 5.20E-02 3.98E-01 1.41E-01 1.62E40 2.70E-03 2.05E-01 
6.70E-02 2.936-06 l.lOE-04 6.8OE-02 1.45E-01 1.12€*00 3.99E-01 4.56€+00 7.70E-03 2.85E-01 
2.22E40 3.40E-03 1.90E-03 2.60E-01 4.01E-01 3.09E40 2.97E-01 4.28€+00 2.40E-02 8.78E-01 
2.32E-01 5.00E-03 3.20E-03 4.82E-01 9.86E-01 7.60€+00 7.36E-01 1.06€+01 5.80E-02 1.07€+00 
8.71E-01 3.20E-04 3.4OE-04 2.10E-02 1.20E-02 9.4OE-02 1.50E-02 1.63E-01 6.80E-04 1.38E-01 
1.3OE-01 2.60E-04 4.OOE-04 2.90E-02 6.lr)E-02 4.73E-01 7.70E-02 8.22E-01 3.00E-03 8.P4E-02 
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Table D-8. 

Nucl i de DCF" 

H-3 O.OOE+OO 
C- 14 O.OOE+OO 
Na-22 1.34E-05 
P-32 O.OOE+OO 
P-33 O.OOE+OO 
s- 35 O.OOE+OO 
C1-36 O.OOE+OO 

Cr-51 1. a 5 ~ - 0 7  

Fe- 55 O.OOE+OO 

CO- 58 5. O ~ E -  06 

Ca-45 6.42E- 15 
Sc-46 1.24E-05 

Mn- 54 5.10E-06 

Fe-59 7.34E-06 
CO-57 5.61E-07 

CO-60 1.55E-05 
Ni-59 O.OOE+OO 
Ni-63 0 .'00E+00 
Zn-65 3.50E-06 
Se-75 1.99E-06 
Rb-86 5. 8 4 ~ - 0 7  
Sr-85 . 3.10E-06 
Sr-89 5.32E-11 
Sr-90 1.92E-13 
Zr-95 9.23E-06 
Nb-94 9.50E-06 
Nb-95 4.70E-06 

Tc-99 1.39E-14 
Mo-99 a.  ~ ~ - 0 7  

DCF3: Fundamental Dose Conversion Factor  f o r  
External  Exposure (Volume Source) 
( m r e d y r  p e r .  pCi/m3) 

Nucl i de 

Tc-99m 
Ru-103 
Ru- 106 
Ag- 108111 
Ag-llOm 
Cd- 109 

~ Sn-113 
S'n-126 
Sb-124 
Sb-125 
I - 125 
1-129 
1-131 
Cs-134 
CS-135 
Cs-136 . 
Cs-137 
Ba- 140 

. La- 140 
Ce-141 
Ce-144 
Eu-152 
Eu-154 
Yb-169 
Pb-210 
Po-210 
'Rn-222 

. Ra-226 
Ra-228 

DCF . 

5.89E-07 
2.77E-06 
1. l lE-06 

1.66E-05 
2.27E-07 

1.18E-05 
1 . l lE -05  
2.49E-06 
3.14E-07 

2.16E-06 
9.41E-06 

1.30E-05 
3.39E-06 
1.05E-06 
1.39E-05 
3.70E-07 
2.70E-07 
6.20E-06 
6.91E-06 
1.41E-06 

1.09E-10 
9.51E-06 
3.16E-08 
4.31E-06 

a. a i ~ - o 6  

i . 4 8 ~ - 0 6  

i . 6 i ~ - o a  

O.OOE+OO 

1. O ~ E - O ~  

Nuc l ide  

Ac-227 
Th-228 
Th-229 
Th-230 
Th-232 
Pa-231 
U-232 
U-233 

' U- 234 
U-235 
U-236 
U-238 
Np-237 
PU-236 

Pu-239 
PU-240 
PU-241 
PU- 242 
PU-244 
Am-241 
Am-243 
Cm- 242 
Cm-243 
Cm-244 
~ r n -  248 
Cf-252 

~ ~ - 2 3 8  

DCF 

1.78E-06 

1.20E-06 
1.07E-09 
O.OOE+OO. 
2.05E-07 
8.32E-10 
3: 16E-10 
4.89E-10 
7.46E-07 
2.62E-10 

1.10E-06 
1.46E-10 
1.09E-10 
O.OOE+OO 
1.32E-10 
1.37E-12 
1.29E-10 
1.62E-06 

9.41E-07 
4.81E- 10 
5.55E-07 
5.94E- 11 

1.36E-08 

a. 6 2 ~ - 0 6  

6 . 5 5 ~ - 0 8  

7 . 6 5 ~ - 0 8  

O.OOE+OO 

*DCF: fundamental dose conversion f a c t o r  
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TABLE 0-9 . F F 4 :  Fundamental Oose Conversion Factor  f o r  External  
Exposu-re ( A n a  Source) (mrcm/year per  p C i / d )  

6 4 0 0  9 

Stomach Total . . Red 
Nucl ide Lung Y a l l  . L L i  Wall' Body Ktdneys L t v e r  Marrw Bone l h y r o l d  ICRP 

H-3 
C-14 
Wa-22 
P-32 
P-33 
5-35 
Cl-36 
Ca-45 
SC-46 
Cr-51 
Hn-54 
Fe-55 
Fe-59 
CO-57 
CO-58 
CO-60 
Ni-59 
Ni-63 
211-65 
Sc-75 

Sr-A5 
Sr-89 
Sr-90 
21-95 

Rh-86 

Nb-94 
Nb-95 
MO-99 
Tc-99 
TC-99m 
RU-103 
RU-106 

Ag-110 
Cd-109 

Pg-108 

91-113 
Sn-126 
Sb-124 
Sb-125 

+ 1-125 
1-129 
1-131 
CS-134 
SS-135 
CS-136 
' CS-137 

Ra-140 
La-140 
Ce-141 
Ce-144 
EU-152 
EU-154 
Yb-169 
Pb-210 
PO-2117 
Rn-222 
Ra-226 
Rs-228 
AC-227 
Th-228 
Th-229 
Th-230 
Th-232 

U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Np-237 
PU-236 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
PU-244 
Am-241 
AKI-243 

Pa-231 

Cm-242 
Cm-243 
Cn-244 
Cn-248 
Cf-252 

0.00EtOO O.WE+OO 0.00Et00 O.doE+OO 0.00€*00 0.00E*00 O.WE+OO O.WE+OO O.ME*W O.OOE+OO 
0.00E90 0.00E90 0.00EMO 0.00EW 0.00E90 0.00E*00 0.00E*00 0.00E40 O.OOE+OO O.OOE+OO 
1.85E-04 1.70E-04 1.68E-04 1.97E-04 1.82E-04 1.73E-04 1 . W - 0 4  2.06E-04 2.30E-04 1.90E-04 
0.00E90 0.00Ed0 0.00E- 0.00E*00 0.00f~ 0.00Em 0.00Em 0.00E*00 0.00E*00 0.00EMO 
O.OOE+OO O.WE+OO O.OOE+OO O.OOE+OO 0.00EMO 0.00E+00 O.OOE+OO 0.00E40 0.00E+O0 0.00E+00 
0.00E+00 0.00E90 0.00E90 0.00E90 O.WE+OO 0.00E*00 0.00E90 0.00E*00 O.OOE+OO O.OOE+OO 
2.65E-13 6.85E-14 1.38E-13 3.36E-12 4.03E-16 3.26E-15 8.70E-14 4.29E-13 1.68E-13 1.62E-12 
2.08E-15 7.10E-16 1.14E-15 1.81E-14 2.86E-17 7.88E'-17 6.96E-16 3.39E-15 2.02E-15 8.9%-15 
1.72E-04 1.59E-04 1.57E-04 1.83E-04 1.70E-04 1.61E-04 1.74E-04 1.86E-04 2.16E-04 1.76E-04 
2.90E-06 2.65E-06 2.60E-06 3.11E-06 2.78E-06 2.68E-06 2.99E-06 3.70E-06 3.68E-06 3.11E-06 
7.44E-05 6.89E-05 6.74E-05 7.93E-05 7.33E-05 6.96E-05 7.56E-05 8.19E-05 9.37E-05 7.93E-05 
1.26E-09 3.25E-10 6.56E-10 1.59E-08 1.91E-12 1 . 5 5 E ~ l l  4.15E-10 2.04E-09 7.96E-10 1.59E-08 
9.74E-05 9.00E-05 8.96E-05 1.04E-04 9.70E-05 9.19E-05 9.8%-05 1.05E-04 1.22E-04 1.04E-04 
1.15E-05 1.03E-05 9.93E-06 1.27E-05 1.05E-05 1.04E-05 1.00E-05 1.85E-05 1.60E-05 1.27E-05 
8.70E-05 8.04E-05 7.89E-05 9.26E-05 8.56E-05' 8 . m - 0 5  8.85E-05 9.70E-05 1.09E-04 9.26E-05 
2.02E-04 1.87E-04 1.86E-04 2.14E-04 2.01E-04 1.91E-04 2.04E-04 2.16E-04 2.52E-04 2.14E-04 
2.37E-09 6.11E-10 1.23E-09 3.00E-08 3.59E-12 2.91E-11 7.78E-10 3.85E-09 1.50E-09 3.00E-08 

4.85E-05 4.48E-05 4.44E-05 5.1%-05 4.81E-05 4.56E-05 4.89E-05 5.26E-05 6.11E-05 5.1%-05 
3 ~ 9 E - 0 5  3.26E-05 3.20E -05 3 A9E-05 3.40E-05 3.30E-05 3.55E-05 5 .OOE-05 4.70E-05 3.74E-05 
7.96E-06 7.36E-06 7.29E-06 8.47E-06 7.92E-06 7.51E-06 8.07E-06 8.62E-06 1.00E-05 8.18E-06 
4.59E-05 4.22E-05 4.11E-05 4.96E-05 4.48E-05 4.29E-05 4.70E-05 5.37E-05 5.70E-05 4.74E-05 
1.20E-08 l . l lE-08 l.lOE-08 1.28E-08 1.1%-08 1.13E-08 1.22E-08 1.31E-08 1.51E-08 1.28E-08 

O.OOE*OO 0.00E90 0.00EMO 0.00E90 0.00E90 O.OOE+OO O.OOE+OO 0.00E90 O.OOE+OO O.OOE+OO 

fi.OOE+OO 0.00€+00 O.OOE*OIJ 0.00€+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00EMIO O.OOE+OO 
7.15E-05 6.61E-05 6.46E-05 7.66E-05 7.01E-05 6.66E-05 7.26E-05 8.09E-05 9.02E-05 7.66E-05 
1.40E-04 1.30E-04 1.27E-04 1.50E-04 1.38E-04 1.31E-04 1.43E-04 1.56E-04 1.77E-04 1.50E-04 
6.85E-05 6.33E-05 6.22E-05 7.3OE-05 6.74E-05 6.41E-05 6.96E-05 7.59E-05 8.63E-05 7.30E-05 
1.39E-05 1.29E-05 1.26E-05 1.49E-05 1.36E-05 1.3OE-05 1.40E-05 1.62E-05 1.77E-05 l.49E-05 
4.93E-11 4.30E-11 4.04E -11 5.52E-11 4.56E-11 4.44E-11 3.62E-11 8.63E-11 7.26E-11 5.52E-11 

.1.20E-05 1.07E-05 1.05E-05 1.31E-05 1.1OE-05 1.09E-05 1.09E-05 1.87E-05 1.65E-05 1.31E-05 
4.37E-05 4.00E-05 3.93E-05 4.68E-05 4.23E-05 4.08E-05 4.4%-05 5.12E-05 5.41E-05 4.68E-05 
1.84E-05 1.70E-05 1.66E-05 1.97E-05 1.80E-05 1.72E-05 1.88E-05 2.11E-05 2.30E-05 1.97E-05 
1.46E-04 1.35E-04 1.32E-04 1.57E-04 1.43E-04 1.37E-04 1.49E-04 1.68E-04 1.84E-04 '1.57E-04 
2.40E-04 2.22E-04 2.18E-04 2.55E-04 2.37E-04 2.2%-04 2.43E-04 2.64E-04 3.00E-04 2.5%-04 
3.02E-07 1.88E-07 1.83E-07 9.25E-07 4.03E-07 1.36E-07 1.04E-07 5.07E-07 6.11E-07 5.62E-07 
2.41E-05 2.20E-05 2.16E-05 2.66E-05 2.36E-05 2.22E-05 2.46E-05 2.98E-05 3.07E-05 2.66E-05 
3.93E-04 3.63E-04 3.55E-04 4.20E-04 3.8%-04 3.67E-04 3.99E-04 4.50E-04 4.94E-04 4.20E-04 
1.56E-04 1.44E-04 1.43E-04 1.66E-04 1.55E-04 1.47E-04 1.59E-04 1.71E-04 1.93E-04 1.66E-04 
3.91E-05 3.58E-05 3.49E-05 4.34E-05 3.90E-05 3.62E-05 3.92E-05 4.68E-05 5.OlE-05 4.34E-05 
1.09E-06 7.73E-07 6.77E-07 2.30E-06 1.87E-06 7.92E-07 4.OOE-07 1.89E-06 2.26E-06 1.61E-06 
1.07E-06 7.81E-07 6.70E-07 2.03E-06 1.77E-06 8.44E-07 4.04E-07 1.A7E-06 2.17E-06 2.03E-06 
3.57E-05 3.26E-05 3.19E-05 3.91E-05 3.5OE-05 3.31E-05 3.62E-05 4.46E-05 4.5%-05 3.91E-05 
1.39E-04 1.28E-04 1.26E-04 1.48E-04 1.36E-04 1.30E-04 1.41E-04 1.56E-04 1.74E-04 1.48E-04 

1.89E-04 1.74E-04 1.71E-04 2.01E-04 1.86E-04 1.7ZE-04 1.90E-04 2.12E-04 2.39E-04 2.01E-04 
5.37E-05 4.96E-05 4.8%-05 5.74E-05 5.26E-05 5.00E-05 5.44E-05 6.07E-05 6.74E-05 5.74E-05 
1.70E-05 1.56E-05 1.52E-05 1.84E-05 1.66E-05 1.58E-05 1.72E-05 2.05E-05 2.15E-05 1.84E-05 
1.89E-04 1.75E-04 1.74E-04 2.01E-04 1.89E-04 1.79E-04 1.92E-04 2.05E-04 2.33E-04 2.01E-04 
7.04E-06 6.3r)E-06 6.11E-06 7.81E-06 6.70E-06 6.37E-06 6.33E-06 !.lo€-05 9.81E-06 7.81E-06 
4.89E-06 4.37E-06 4.22E-06 5.63E-06 5.19E-06 4.52E-06 4.31E-06 6.58E-06 6.74E-06 5.63E-06 

1.06E-04 9.81E-05 9.67E-05 1.14E-04 1.0%-04 9.96E-05 1.07E-04 1.19E-04 1.34E-04 1.14E-04 
2.78E-05 2.42E-05 2.28E-05 3.19E-05 2.73E-05 2.53E-05 2.2OE-05 4.48E-05 4.03E-05 2.92E-05 
1.44E-07 l . l lE-07 9.67E-08 2.56E-07 1.63E-07 1.23E-07 6.44E-08 2.64E-07 2.42E-07 2.56E-07 
?.59E-10 7.04E-10 6.89E-10 9.11E-10 7.48E-10 7.11E-10 7.70E-10 8.4lE-10 9.56E-10 8.11E-IO 
3.81E-04 3.52E-04 3.48E-04 4.05E-04 3.78E-04 3.59E-04 3.86E-04 4.21E-04 4.71E-04 4.05E-04 
3.81E-04 3.52E-04 3.49E-04 4.05E-04 3.78E-04 3.59E-04 3.86E-04 4.22E-04 4.72E-04 4.05E-04 

4.09E-05 3.69E-05 3.59E-05 4.51E-05 3.03E-05 3.76E-05 3.89E-05 5.68E-05 5.43E-05 4.51E-05 
3.00E-04 2.81E-04 2.78E-04 3.18E-04 3.04E-04 2.85E-04 3.05E-04 3.26E-04 3.61E-04 3.18E-04 
1.99E-04 1.92E-04 1.80E-04 2.13E-04 1.96E-04 1.86E-04 1.97E-04 2.30E-04 2.49E-04 2.13E-04 
3.85E-09 3.09E-08 2.97E-08 7.8%-08 3.26E-08 3.12E-08 2.59E-08 6.59E-08 5.48E-08 7.8%-08 
1.96E-08 1.43E-08 1.41E-08 5.74E-08 1.48E-08 1.3%-08 1.13E-08 3.4lE-08 2.74E-08 5.74E-08 
2.77E-06 2.49E-06 2.44E-06 3.25E-06 2.66E-06 2.51E-06 2.73E-06 3.74E-06 3.62E-06 3.25E-06 
2.86E-08 2.04E-08 2.08E-08 9.07E-08 1.97E-08 1.87E-08 1.73E-08' 4.81E-08 3.89E-08 9.07E-08 
2.27E-08 1.87E-08 1.86E-08 4.41E-08 1.83E-08 1.81E-08 1.77E-08 3.74E-08 3.11E-08 4.41E-08 
1.74E-08 l . l lE -08  1.19E-08 7.07E-08 1.00E-08 9.33E-09 9.1%-09 2.9%-08 2.31E-08 7.07E-08 
1.5OE-05 1.35E-05 1.32E-05 1.70E-05 1.41E-05 1.37E-05 1.41E-05 2.26E-05 2.04E-05 i.70E-05 
1.40E-08 8.41E-09 9.19E-09 6.41E-08 6.9%-09 6.67E-09 6.52E-09 2.41E-08 1.81E-08 6.41E-08 
1.73E-04 1.60E-04 1.57E-04 1.85E-04 1.70E-04 1.62E-04 1.73E-04 1.98E-04 2.19E-04 1.85E-04 
2.18E-05 1.96E-05 1.91E-05 2.43E-05 2.07E-05 1.99E-05 2.09E-05 3.04E-05 2.88E-05 2.43E-05 
1.59E-08 R.15E-09 9.70E-09 9.85E-08 4.96E-09 4.8%-09 6.33f-09 2.69E-08 2.01E-08 8.85E-08 
1.23E-08 5.67E-09 7.22E-09 7.67E-08 2.67E-09 2.64E-09 4.52E-09 2.05E-08 1.51E-08 7.67E-08 
8.96E-09 6.04E-09 6.56E-09 3.3PE-08 4.85E-09 4.85E-09 5.59E-09 1.47E-08 1.17E-08 3.38E-08 
1.20E-08 5.63E-09 7.07E-09 7.33E-08 2.87E-09 2.77E-09 4.44E-09 2.01E-08 1.49E-08 7.33E-08 

1.01E-08 4.8lE-09 6.00E-09 6.07E-08 2.50E-09 2.44E-09 3.78E-09 1.69E-08 1.26E-08 6.07E-OR 

2.01E-06 1.64E-06 1.46E-06 2.66E-06 1.98E-06 1.78E-06 1.08E-06 3.70E-06 3.18E-06 2.66E-06 
2.03E-05 1.79E-05 1.72E-05 2.30E-05 1.90E-05 1.84E-05 1.72E-05 3.20E-05 2.84E-05 2.30E-05 
1.44-08 6.70E-09 8.48E-09 8.52E-08 2.78E-09 2.82E-09 5.26E-09 2.39E-08 1.86E-98 8.52E-08 
1.17E-05 1.05E-05 1.02E-05 1.31E-05 1.09E-05 1.06ELO5 1.09E-05 1.74E-05 1.58E-05 1.31E-05 

9.04E-09 4.19E-09 5.30E-09 5.37E-08 1.76E-09 l.75E-09 3.27E-09 1.50E-08 1.17E-08 5.37E-08 

. 

0.00E+00 0.00E*00 O.OOE+Oc) 0.00E+00 0.00€+00 0.00E*00 O.OOE+OO O.OOE+OO 0.00E+00 0.00E+00 

9.74~-05 e.gx-05 8.81~-05 i . o 4 ~ - n 4  9.67~-05 9.11~-05 9.7o~-n5 i . i i ~ - o 4  i . 24~-04  i . 0 4 ~ - 0 4  

8.OOE-05 7.41E-05 7.30E-05 8.56E-05 7.89E-05 7.48E-05 8.07E-05 8.96E-05 1.01E-04 A.56E-05 

0.00E*00 0.00E+00 0.00E90 O.OOE+OO 0.00E+00 0.00E90 O.00EMO 0.00€+00 O.OOE+OO 0.00E+00 

2.91E-04 2.68E-05 2.63E-05 3.16E-05 2.85E-05 2.72E-05 2.96E-05 3.32E-05 3.64E-05 3.16E-05 

l.24E-08 5.63E-09 7.26E-09 7.56E-08 2.07E-09 2.12E-09 4.44E-09 2.06E-08 1.59E-08 7.56E-08 

1.09E-08 5.416-09 6.56E-09 5.89E-08 2.46E-09 2.42E-09 4.11E-09, 1.81E-08 1.50E-08 5.89E-08 
/ 



* 
c - 9 ,,% 2, TABLE. 0-10 . MF5: Fundamental Oose Conversion-Factor f o r  External  

Exposure ( A i r  Immersion) (mredyear  per p C i / d )  . . '  

I Nuclide 
H-3 
C-14 
NU-22 
P-32 
P-33 
5-35 
C1-36 
Ca-45 
SC-46 
Cr-51 
Yn-54 
Fe-55 
Fe-59 
CO-57 
co-58 
CO-60 
N1-59 
N1-63 
211-65 
Se-75 

Sr-85 
Sr-89 
9-90 
Zr-95 

Rb-86 

Nb-94 
Nb-95 
no-99 
Tc-99 
Tc-9% 
Ru-103 
Qu-106 
Ag-108 
Ao-110 
Cd-109 
Sn-113 
91-126 
Sb-124 
Sb-125 
1-125 
1-120 
1-131 
CS-134 
CS-135 
CS-136 
CS-137 
Ea-140 
La-140 
Ce-141 
Ce-144 
Eu-152 
Eu-154 
Yb-169 
Pb-210 
Po-210 
Rn-222 
Ra-226 
Ra-228 
Ac-227 
Th-228 
Th-229 
Th-230 
Th-232 

U-232 
U-233 
U-234 

, U-235 
U-236 
U-238 

' No-237 
Pu-236 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 . 
Pu-244 
Am-241 

. Am-243 

Pa-231 

Cm-242 
CUI-243 

Cm-248 
CU-244 

Cf-252 

Stomach Total Red 
Lung U a l l  L L I  U a l l  8 0 9  Kldneys Liver  Marrow Bone Thyro id ICRP 

O.WE+oO O.OOE+oO 0.00E+o0 0.00E*00 O.WE+oO O.OOE+oO O.OOE+oO O.OOE+oO 0.00E+00 0.00E+o0 
O . O O E + ~  0.00E90 0.00E90 0.00Em O.OOE*OO 0 . 0 0 E ~ 0  O.OOE+oO 0.00E90 O.OOE+oO 0 . 0 0 E ~ 0  
9.84E-03 9.10E-03 8.99E-03 1.0%-02 9.73E-03 9.2%-03 9.99E-03 l.lOE-02 1.23E-02 1.01E-02 
0.00E+00 0.00E*00 0.00E+00 0.00E90 0.00E*00 0.00E*OO O.OOE+oO 0.00E+00 O.OOE+oO O.OOE+oO 

0.00E90 0.00E90 0.00E+00 0.00E+o0 0.00E+00 O.OOE+oO 0.00E+o0 O.OOE+oO O.OOE+oO 0.00E90 
2.41E-12 6.22E-13 1.2%-12 3.0%-11 3.66E-15 2.96E-14 7.92E-13 3.92E-12 1.52E-12 1.47E-11 
7.92E-15 2.71E-15 4.37E-15 6.88E-14 1.09E-16 3.00E-16 2.65E-15 1.29E-14 7.70E-15 3.40E-14 
9.29~-03 ~ . 6 2 ~ - 0 3  8 . 5 i ~ - n 3  9.88~-03 9.21~-03 8.73~-03 9.40~-03 1.01~-02 1.17~-02 9.55~-03 
1.35E-04 1.23E-04 1.21E-04 1.4%-04 1.29E-04 1.2%-04 1.39E-04 1.72E-04 1.71E-04 1.45E-04 
3.8%-03 3.57E-03 3.SlE-03 4.11E-03 3.81E-03 3.6lE-03 3.93E-03 4.26E-03 4.8%-03 4.1lE-03 

5.48E-03 5.07E-03 5 . W - 0 3  5.81E-03 5.44E-03 5.19E-03 5.52E-03 5.89E-03 6.8%-03 5.81E-03 
5.11E-04 4.59E-04 4.44E-04 5.63E-04 4.70E-04 4.63E-04 4.4%-04 8.30E-04 7.19E-04 5.63E-04 
4.44E-03 4.11E-03 4.04E-03 4.74E-03 4.37E-03 4.19E-03 4.52E-03 4.96E-03 5.59E-03 4.74E-03 

l.lOE-08 2.83E-09 5.70E-09 1.39E-07 1.66E-11 1.35E-10 3.60E-09 1.78E-08 6.93E-09 1.39E-07 

2.68E-03 2.48E-03 2.46E-03 2.85E-03 2.66E-03 2.53E-03 2.71E-03 2.90E-03 3.37E-03 2.85E-03 
1.65E-03 1.50E-03 1.47E -03 1.78E-03 1.57E-03 1.52E-03 1.63E -03 2.29E-03 2.16E-03 1.71E -03 
4.37E -04 4.07E -04 4.00E -04 4.66E -04 4.37E -04 4.11E -04 4.44E -04 4.74E -04 5.51E -04 4.51E -04 
2.23E-03 2 .O5E -03 2.00E -03 2.39E -03 2.17E -03 2.08E -03 2.28E -03 2.60E -03 2.77E -03 2.30E -03 
6.33E-07 5.89E -07 5.78E-07 6.74E-07 6.26E-07 5.96E-07 6.44E -07 6.96E-07 8. WE -07 6.74E -07 

3.61E-03 3.34f-03 3.27E-03 3.86E-03 3.54E-03 3.37E-03 3.67E-03 4.09E-03 4.55E-03 3.86E-03 
7.22E-03 6.70E-03 6.56E-03 7.70E-03 7.11E-03 6.78E-03 7.33E-03 8.04-03 9.11E-03 7.7OE-03 
3.50E-03 3.24E-03 3.18E-03 3.74E-03 3.4%-03 3.28E-03 3.56E-03 3.89E-03 4.41E-03 3.74E-03 
7.00E-04 6.44E-04 6.33E-04 7 . W - 0 4  6.85E-04 6.52E-04 7.07E-04 8.07E-04 8.85E-04 7.48E-04 
2.09E -09 1.82E-09 1.71E -09 2.34E -09 1.93E -09 1.89E -09 1.53E -09 3.6%-09 3.07E -09 2.34 -09 
5.37E-04 4.85E-04 4.70E-04 5.8%-04 4.96E-04 4.89E-04 4.03E-04 8.44E-04 7.41E-04 5.85E-04 

o.oo~+oo o.wE+oo o.ooE+oo o.ooE+oo n.ooE+oo o.ooE+oo o.mE+oo o.wE+oo o.ooE+oo o.ooE+oo 

6.52E-09 1.69E-09 3.39E-09 8.26E-08 9.89E-12 9.04-11 2.14E-09 1.06E-08 4.1%-09 8.26E-08 

1.15E-02 1.07E-02 1.06E -02 1.23E -02 1.1% -02 1.W-02 1,16E-02 1.23E-02 1.44E-q2 1.23E -02 

o.ooE+oo o.ooE+m o.ooE+oo o.ooE+oo o.ooE+oo o.noE+oo o.ooE+oo O.OOE+OO o.ooE+0o O.OOE+~O 

o.ooE+oo n.ooE+w o.ooE+oo o.oo~+oo o.ooE+oo o.ooE+oo o.ooE+oo O.OOE+~O o.ooE+oo o.ooE+oo 

2.11E-03 1.94E-03 1.90E-03 2.26E-03 2.0%-03 1.97E-03 2.16E-03 2.47E-03 2.62E-03 2.26E-03 
9 . 2 x - m  5.52~-04 8.33~-04 9.85~-04 9.04~-04 8.63~-04 9.41~-04 1.06~-03 i . i 5 ~ - 0 3  9.85~-04 
7.26E-03 6.70E-03 6.55E-03 7.7%-03 7.08E-03 6.78E-03 7.41E-03 8.24E-03 9.10E-03 7.75E-03 
1.27E-02 l.18E-02 1.16E-02 1.35E-02 1.25E-02 1.19E-02 1.20E-02 1.40E-02 1.59E-02 1.3%-02 
3.57E-06 2.24E-06 2.16E-06 1.07E-05 4.88E-06 1.6%-06 1.23E-06 5.99E-06 7.2%-06 6.55E-06 
1.12E-03 1.03E-03 1.01E-03 1.22E-03 1.09E-03 1.04-03 1.1%-03 1.38E-03 1.42E-03 1.22E-03 

4.81E-03 4.1%-03 8.07E-03 9.37E-03 8.78E-03 8.33E-03 8.96E-03 Q.59E-03 1.09E-02 9.37E-03 
1.47E-03 1.72E-03 1.69E-03 2.03E-03 1.84E-03 1.74E-03 1.89E-03 2.22E-03 2.37E-03 2.03E-03 

2.06E-05 1.51E -05 1.30E -05 3.816-05 3.39f-05 1.65E -05 7.81E -06 3.63E-05 4.15E -05 3.81E -05 
1.67E-03 1.53E-03 1.50E -03 '1.80E-03 1.62E-03 1.55E-03 1.71E-03 2.06E-03 2.12E -03 1.80E -03 
7.04E-03 6.526-03 6.37E-03 7.52E-03 6.93E-03 6.59E-03 7.19E-03 7.93E-03 8.8%-03 7.52E-03 

9.93E-03 9.19E-03 9.04E-03 1.06E-02 9.78E-03 9.30E-03 1.00E-02 l.1lE-02 1.25E-02 1.06E-02 
2.69f-03 2 .W-03  2.43E-03 2.87f-03 2.63E-03 2.51E-03 2.74f-03 3.04E-03 3.37E-03 2.87E-03 
8.1%-04 7.48E-04 7.30E-04 8.74E-04 7.93E-04 7.56E-04 8.2bE-04 9.74E-04 1.02E-03 8.74E-04 

1.96E-02 1.82E -02 1.77E-02 2.10E-02 1.93E -02 1.84E-02 2.00E -02 2.2% -02 2.47E -02 2.10E -02 

2.4%-05 1.73E-05 1.51E-05 5.18E-05 4.18E-05 1.7fiE-05 8.92E-06 4.26E-05 5.07E-05 3.61E-05 

o.ooE+oo o.onE+oo o.onE+oo o.ooE+on o.ooE+oo o.ooE+oo o.ooE+oo o.ooE+oo o.ooE+oo o.ooE+oo 

i .o9~-n2 1.01~-02 i . 0 0 ~ - 0 2  1. ME-02 i . 09~-02  1 . O ~ E - O ~  1.11~-02 1. m - 0 2  1.34~-02 1 .16~  -02 
3.11E-04 2.79E-04 2.72E-04 3.43E-04 2.93E-04 2.83E-04 2.83E-04 4.85E-04 4.30E-04 3.43E-04 
2.46E-04 2.23E-04 2.18E-04 2.73E-04 2.52E-04 2.29E-04 2.29E-04 3.13E-04 3.24E-04 2.73E-04 
5.19E-03 4.78E-03 4.70E-03 5.52E-03 5.15E-03 4.8%-03 5.19E-03 5.81E-03 6.56E-03 5.52E-03 
5.74E-03 5.30E-03 5.22E-03 6.11E-03 5.67E-03 5.37E-03 5.74E-03 6.37f-03 7.22f-03 6.11E-03 
1.13E-03 9.92E-04 9.44E-04 1.28E-03 1.19E -03 1.03E -03 9.36E -04 1.79E -03 1.61E -03 1.1RE-03 
4.22E-06 3.35E-06 2.87E-06 5.93E-06 5.042-06 3.78E-06 1.93E-06 7.81E-06 7.3OE-06 5.93E-06 
3.93E-08 3.63E-08 3.56E-08 4.19E-08 3.8%-09 3.67E-08 3.96E-08 4.33E-08 4.93E-08 4.19E-08 

2.15E-02 1.Q9E-02 1.97E-02 2.28E-02 2.14-02 2.03E-02 2.18E-02 2.36E-02 2.65E-02 2.28E-02 
4.26E-03 3.93E-03 3.R9E-03 4.52E-03 4.19E-03 4.00E-03 4.30E-03 4.74E-03 5.37E-03 4.52E-03 
1.46E-03 1.68E-03 1-64E-03 2.02E-03 1.79E-03 1.71E-03 1.79E-03 2.54E-03 2.45f-03 2.02E-03 
1.91E -02 1.796-02 1 + 78E -02 2.02E-02 1.94E-02 132E -02 1.956-02 2 .O5E -02 2.29E -02 2.02E -02 
1.09E-02 1.00E-02 9.97E-03 1.17E-02 1.0%-02 1 .OH-02 1.09E-02 1.2% -02 1.36E-02 1.17E-02 
1.41E-06 1.21E-06 1.13E-06 1.73E-06 1.33E-06 1.27E -06 1.02E-06 2.41E-06 2.07E-06 1 . 7 ~ - 0 6  
5.96E-07 5.00E-07 4.63E-07 8.22E-07 5.63E-07 5.26E-07 3.93E-07 1.04E-06 8.93E-07 8.22E-07 
1.25E-04 1.13E-04 l - l l f - 0 4  1.37E-04 1.20E-04 l.15E-04 1.25E-04 1.68E-04 1.63E-04 1.37E-04 
8.37E-07 7 -07E -07 6.70E -07 1.19E-06 7.74f-07 7.3OE -07 6.07E-07 1 . 4 ~  -06 1.22E -06 1.19E -06 
8.89E-07 7.85E-07 7.59E-07 1.06E-06 8.07E-07 7.93E-07 7.44E-07 1.47E-06 1.26E-06 1.06E-06 
4.11E-07 3.37E-07 3.19E-07 6.78E-07 3.74E-07 3.46C-07 2.76E-07 7.11E-07 6.07E-07 6.78E-07 
6.76E-04 6.07E-04 5.94E-04 7.37E-04 6.33E-04 6.16E-04 6.3%-04 1.01E-03 9.162-04 7.37E-04 
2.99E-07 2.39E-07 2.21E-07 5.33E-07 2.6lE-07 2.48E-07 1.72E-07 5.41E-07 4.48E-07 5.33E-07 
9.05E-03 9.33E-03 9.18E-03 9.6%-03 8.90E-03 8.45E-03 9.07E-03 1.03E-02 1.14E-02 9.65f-03 
9.84E-04 R.9lE-04 4.69E-04 1.07E-03 9.39E-04 9.05E-04 9.52E-04 1.36E-03 1.30E-03 1.07E-03 
2.10E-07 1 .53E-07 1.466-07 5.33E-07 1.64E-07 1.51E-07 1.06E -07 3.78f -07 3.10E -07 5.33E -07 
1 e 1RE-07 7.85E-OR 7:78f -09 3.96E-07 8.04 -08 7.15E-08 5.30E -08 2.09E -07 1 . m  -07 3.96E -07 
2.42~-07 2.07~-07 2.03~-07 3 . m - 0 7  2.09~-07 2 .05~-07  i . 95~-07  ~ . O O E - O ~  3 m - 0 7  3.65~-07 
1.21E-07 8.1%-08 8.00E-08 3.R9E-07 8.63E-08 7.59E-08 5.44E-08 2.1%-07 1.78E-07 3.89E-07 
0.00E+00 O.OOE+OO 0.00E+00 0.00f+o0 0.00E+00 O.OOE+oO O.OOE+oO O.OOE+oO O.OOE+oO 0.00E+o0 
1 .OX-07 7.41E-08 7.22E-08 3.3r)E-07 7.78E -08 7.OOE-08 5.00E-08 1.926-07 1.58E -07 3.30E-07- 
1 M E - 0 3  1.37E-03 1 -34E-03 1.58E-03 1 &E-03 1.39E-03 1.51E-03 1.68E-03 1.85E -03 1 . m - 0 3  
6.93E-05 5.70E-05 5.04E-05 8.4lE-05 6.93E-05 6.22E-05 3.74E-05 1.27E-04 l.lOE-04 8.41E-95 
8.86E-04 7.86E-04, 7.53E-04 9.77E-04 8.31E-04 8.04E-04 7.63E-04 1.38E-03 1.23E-03 9.77E-04 
1.26E -07 8.19E -08 8.33E -08' 4.48E -07 7.59E -08 7.00E -08 5 . 7 4  -08 2.22E -07 1.82E -07 4.48E -07 
5.222-04 4.70E-04 4.59E-04 5.70E-04 4.93E-04 4.78E;OO 4.89f-04 7.74E-04 7.07E-04 5.70E-04 
9.70E-08 5.96E-08 6.26E-08 3.81E-07 5.26E-08 4.W-08 4.19E-08 1.69E-07 1.39E-07 3.81E-07 
7.8lE-08 5.00E-08 5.07E-08 2.81E-07 4.70E-08 4.26E-08 3.43E-08 1.37E-07 1.13E-07 2.81E-07 
1.10E -07 7.41E-08 7.48E -08 3.47E -07 6.70E -08 6.37E-08 5.41E -08 1.91C -07 1.60E -07 3.47E -07 

2.1%-02 1.99E-02 1.97E-02 2.28E-02 2.1417-02 2.02E-02 2.17E-02 2.36E-02 2.65EL02 2.28E-02 
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NOTES : 

1 0 SOURCE: HASL-195,  TABLE 2 
o I HeV.g-1sec-1  = 65.9pR-h" 
0 ASSUME ALL ENERGIES 0.1 
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Exposure ra tes ,  E, f o r  t he  rad ionuc l ides  o f  i n t e r e s t  i n  t h i s  r e p o r t  were then  
ca l cu la ted  from the expression: 

E = K I f i  ET (D- 10) 

where f .  i s  t he  f r a c t i o n  of  gamma photons o f  energy T pe r  d i s i n t e g r a t i o n ,  ET i s  
t he  exphsure ' ra te f a c t o r  obta ined from F igure  D . l  f o r  energy T, and K i s  a 
p r o p o r t i o n a l i t y  constant  which converts the  exposure r a t e  f a c t o r s  i n  HASL-195 
t o  u n i t s  o f .dose equ iva len t  (mrem/year per  C i / m 3 ) .  I n  t h i s  case, K = 65.9 pR/hr 
pe r  MeV/g-sec, and i t  i s  assumed t h a t  one Roentgen equals one rem. 
energies and f r a c t i o n a l  data f o r  t he  var ious  rad ionuc l i des  were obta ined from 
Reference 10. 

Gamma 

The r e s u l t a n t  annual ex te rna l  gamma dose conversion f a c t o r s  r e s u l t i n g  f rom 
volume contaminated s o i l  (DCF3) are presented i n  Table 0-8. These DCF's a r e  
app l i ed  equa l l y  t o  a l l  organs o f  the  body. 

Other d i r e c t  exposure DCF's. The two remaining fundamental DCFls used i n  t h i s  
r e p o r t  are the  ex te rna l  exposure dose conversion f a c t o r s  r e s u l t i n g  from d i r e c t  
photon and e l e c t r o n  r a d i a t i o n  emanating from sur face contaminated m a t e r i a l ,  
and from immersion i n  un i fo rm ly  contaminated a i r .  
DCF4 and DCFS, respec t i ve l y .  

I n - t h e  past ,  the  e l e c t r o n  component (beta r a d i a t i o n )  o f  the  exposure was 
f requen t l y  neglected i n  compqrison t o  the  photon component (gamma r a d i a t i o n )  
o f  t h e  exposure due t o  the comparative pene t ra t i on  c a p a b i l i t i e s  o f  these 
rad ia t i ons .  This  i s  the  case f o r  DCF3, s ince a f e w  m i l l i m e t e r s  o f  s o i l  i s  
s u f f i c i e n t  t o  s top most of t he  e l e c t r o n  r a d i a t i o n  from t h e  rad ionuc l i des  
considered i n  t h i s  work. I t  i s  more accurate t o  i nc lude  the  e l e c t r o n  compo- 
nent when the  exposure i s  due t o  a,surface contaminat ion o r  t o  immersion i n  
contami nated a i  r. 

These DCF's a r e  denoted by  

- 

These DCF's a re  presented i n  Tables D-9 and D-10 i n  u n i t s  o f  mrem per  yea r  f o r  
a u n i t  concent ra t ion  o f  a rad ionuc l ide  a t  t he  b i o t a  access l o c a t i o n - - i . e . ,  
pCi/m2 f o r  DCF4 and pCi/m3 f o r  DCFS. 
Reference 11. 
ca lcu la ted  f o r  t i ssue -equ iva len t  ma te r ia l  a t  the  body surface o f  an exposed 
i n d i v i d u a l .  For i n t e r n a l  body organs, on l y  photons have been considered 
(Ref. 11). 

A l l  DCF's have been obta ined from 
For each case, DCF's f o r  photons and e lec t rons  have been 

D. 2.3 Trans locat ion.  Factors  

The remaining parameters i n  the  equations l i s t e d  i n  Table 0-3 may be termed 
t r a n s l o c a t i o n  parameters (a l so  r e f e r r e d  t o  as uptake f a c t o r s  o r  pathway para- 
m e t e r s ) .  Some of these are  rad ionuc l i de -spec i f i c  and are  used t o  t r a c k  t h e  
t r a n s f e r  o f  rad ionuc l i des  through food products.  F i ve  se ts  o f  these t r a n s f e r  

A number o f  l i t e r a t u r e  sources have been considered, and a comparative 
compi la t ion  o f  t he  fac to rs  obtajned from the  l i t e r a t u r e  i s  presented in t h e  
tab les ,  a long w i t h  t h e  ac tua l  fac to rs  used i n  t h i s  repo r t .  These f i v e  se ts  
o f  t r a n s f e r  f a c t o r s  a re  summarized below: 

. f a c t o r s  are l i s t e d  i n  Tables D - 1 1  through D-14 as obta ined from the  l i t e r a t u r e .  

0-22 
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Symbol Definition 

Soil-to-Plant-Transfer Factor (pCi/kg 
in fresh vegetation per pCi/kg in 
soi 1 ) 

fl  

Feed o r  Water-to-Meat Transfer Factor 
(pCi/kg in meat p e r  pCi/day ingested by 
beef c a t t l e )  

f4  

Feed o r  Water-to-Animal Product (Milk) 
Transfer Factor (pCi/Q in milk per 
pCi/day ingested by cow) 

Water-to-Fish Transfer Factor (pCi/kg 
of fresh f i sh  per pCi/Q of water 
concentration) 

f6  

12  

Water-to-Freshwater Seafood Transfer 
Factor (pCi/kg of fresh seafood per 
pCi/Q of water concentration) 

f12P 

.Units Table 

Dimentionless D- 11 

day/ kg D- 12 

day/2 

Q/ kg 

D- 13 

D- 14 

Q/ kg D- 1 4  

In select ing a par t icular  t ransfer  factor  for  use in t h i s  report ,  more recent 
references from the l i t e r a tu re  have generally been u t i l i zed .  In doing so ,  the 
i n t e n t  was t o  t r y  t o  provide a reasonable ye t  conservative estimate of  radio- 
nuclide t ransfer .  Examination of the tables reveals fo r  a number of elements 
a considerable spread in t ransfer  factor  values depending upon the reference 
ci ted.  
generally represent averages of a number of measurements involving different  
types of plant and animal food products. For example, Table D - 1 1  l i s t s  factors 
for  radionuclide uptake by means of root uptake from so i l  t o  plants used f o r  food 
products. 
by the c i t a t ion  authors by considering uptake factors measures fo r  several d i f f -  
erent types of plants,  and these uptake factors can vary s ignif icant ly  depending 
upon the plant ,  environmental conditions, and so  for th .  The c i ta t ions  are  further- 
more believed t o  give generally conservative t ransfer  factors .  
meant as conservative "default" values t o  be used in the absence of s i te-specif ic  
information on crop production, environmental charac te r i s t ics ,  arld so forth.  

T h i s  i s  n o t  suprising when one considers tha t  the c i ted  t ransfer  factors 

The t ransfer  factors  represented in the various c i t a t ions  were selected 

They are  often 

For most of t h e  t ransfer  factors  t h e  inherent uncertainty makes l i t t l e  difference 
in the impacts calculated. This i s  because impacts are  dominated for  most radio- 
nuclides by exposures from other pathways than food pathways. This i s  the case 
fo r  impacts associated with Co-60 and Cs-137, for  example, which are  domin- 
ated by d i rec t  external radiation pathways, o r  impacts associated with Pu-239, 
which are  dominated by inhalation pathways. For some radionuclides, however, 
food ingestion pathways are  more s igni f icant ,  and so  fo r  these radionuclides 
selection of the soil-to-plant t ransfer  factor  in Table D - 1 1  becomes more c r i t -  
i ca l .  Radionuclides which f a l l  i n t o  t h i s  category include carbon-14 and 
radium-226. For carbon-14. fo r  example. Reference 16 indicates t h a t  the . .  
currently used soi 1-to-plant t ransfer  factor  may 

Additional work i s  recommended in 
. uptake factors  for  these and other radionuclides 

'10 t oo  large. 
be as much as a factor  of 
determi n i  ng appropriate roo t  
of concern. 
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Other parameters used in  t h e  calculations are l i s t e d  in  Tables D-15 and D-16. 

D.2.4 Lists of Pathway Dose'Conversion Factors 

T h e  pathway dose conversion factors  used i n  t h i s  report  a r e  l i s t e d  in  
Tables 0-17 through D-23. These PDCF's  are given in  terms of individual 
radionuclides and so lubi l i ty  c lasses ,  and a l so  f o r  9 organs of the  body plus 
an e f fec t ive  whole body equivalent as  calculated using ICRP-26 methodology. 
A l l  PDCF's'are given i n  u n i t s  of mrem/yr per C i / m 3 .  

D- 24 
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Table D-11. f,: So i l - t o -P lan t  Trans fer  Factors (di.mensionless) 

Element Ref 1 Ref 2 Ref 12 Ref 13 Ref 14 Ref 15 

Hydrogen 
Carbon 
Sodi urn 
Phosperous 
Sulphur 
Chl o r i  ne 
Cal c i urn 
Scandi urn 
Chroni urn 
Manganese 
I r o n  
Cobal t  
N icke l  
Z inc 
Sel en i  urn 
Rubi d i  urn 
S t r o n t i  urn 
Z i  r c o n i  urn 
Niobium 
Molybdenum 
Technetium 
Rutheni urn 
S i  1 ver  
Cadmi urn 
T in  
Antimony 
Iod ine  
Ces i urn 
Bar i urn 
Lanthanum 
Cerium ' 

Europi urn 
Y t t e r b i  urn 
Lead 
Pol on i  urn 
Radon f Radium 
A c t i  n i  urn 
Thor i  urn 
Pro tac t in ium 
Urani  urn 
Neptuni urn 
P l u t o n i  urn 
Americi urn 
Cur i  urn 
Cal i f o r n i  urn 

4.8E+O 
5.5E+O 
5.2E-2 
1. 1E+O 

4.-8E+O( a) 
5.5E+O(b) 

' 5.2E-2 4.6E-3 
I 1; 1E+O 

5.9E-1 
' 5.OE+O 

3.6E-2 

2.5E-4 
.2.9E-2 
6.6E-4 
9.4E-3 
1.9E-2 
4.OE-1 

.1.1E-3 
2.5E-4 
2.9E-2 
6.6E-4 
9.4E-3 
1.9E-2 
4.OE-1 

1.3E-2 
1.2E-1 
4.2E-4 
1; 5E-2 
2.1E-2 
1 . 1 E - 1  

1; 3Et0 
1.3E-1 
1.7E-2 

1.3E-1 
1.7E-2 
1.7E-4 
9.4E-3 
1.2E-1 
2.5E-1 
5.OE-2 
1.5E-1 

2.9E-1 .. 7.5E-2 
7.7E-4 1.7E-4 

9.4E-3 
1.2E-1. 
2.. 5E-1 l . l E + O  

1.4E-3 5.OE-1 
1.5E-1 
3.OE-1 
2.5E-3 
1.1E-2 
2.OE-2 
1.OE-2 
5.OE-3' 

2.OE-2 
1.OE-2 
5.OE-3 
2.5E-3 
2.5E-3 

5.5E-2 4.5E-3 
9.3E-3 5.OE-3 

1.3E-3 
2.5E-3 
2.5E-3 
2.5E-3 
2.5E-3 
6.8E-2 
1.5E-1 

7.3E-4 

3.9E-3 
2.6E-4 

4.OE-3 

3.,5E+O 
3.1E-4 6.2E-2 1.4E-3 
2.5E-3 
4.2E-3 
2.5E-3 
2.5E-3 
2.5E-3 2 
2.5E-4 
2.5E-4 I 

2.5E-3 
3.5E-4 4: 2E-3 . 

2 . .5 E -' 3 
2.9E-4 2.5E-3 

5E-3 6.OE-2 
2.OE-4 5.6E-4 

5.6E-3 
2.5E-3 
2.5E-3 

(a) Values se lec ted  f o r  use i n  t h i s  r e p o r t  have been under l ined. 
(b) For carbon-14, Reference 16 suggests t h a t  a t r a n s f e r  f a c t o r  equal t o  5.5E-1 

may be more appropr ia te.  
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Table 0-12. f,: Feed- and Water-to-Meat Transfer Factors (day/kg) 

Element Ref 1 Ref 2 Ref 12 Ref 13 Ref 17 Ref 15 

Hy d r o g e n 
Carbon 
Sodi urn 
Phosphorus 
Sulphur 
Chlorine 
Cal ci  urn 
Scandi urn 
Chrorni urn 
Manganese 
Iron 
Cobalt 
Nickel 
Zinc 
Sel eni urn 
Rubidi urn 
S t r o n t i u m  
Zi rconi urn 
Niobi urn 
Molybdenum 
Techneti urn 
Ruthenium 
Si 1 ver 
Cadrni urn 
Tin 
Antimony 
Iodine 
Ces i urn 
Bari urn 
Lanthanum 
Ceri urn 
Europi urn 
Ytterbium 
Lead 
Pol oni urn 
Radon 
Radi urn 
Acti ni urn 
Thori urn 
Protacti n i  urn 
Urani urn 
Neptunium 
P1 utoni urn 
Arneri c i  urn 
Curi urn 
Cal i forni urn 

I. 2E-2(a) 
3.1E-2 
3.OE-2 
4.6E-2 
1 . O E - 1  

. 8.OE-2 
4.OE-3 
1.6E-2 

. 2.4E-3 
8.OE-4 
4.OE-2 
1.3E-2 
5.3E-3 
3.OE-2 
1.5E-2 

. 3.1E-2 
6.OE-4 
3.4E-2 
2.8E-1 
8.OE-3 
4.OE-1 
4.OE-1 
1.7E-2 

4.OE-3 
3.2E-3 
2.OE-4 
1.2E-3 
4.8E-3 
4.OE-3 
2.9E-4 
1.2E-2 
2.OE-2 
3.4E-2 
6.OE-2 
2.OE-4 
8.OE-2 
2.4E-4 
2.OE-4 
1.4E-5 
2.OE-4 
2.OE-4 
2.OE-4 

1.2E-2 
3.1E-2 
3.OE-2 
4.6E-2 

2.4E-3 
8.OE-4 
4.OE-2 
1.3E-2 
5.3E-3 
3.OE-2 

3.1E-2 
6.OE-4 
3.4E-2 
2.8E-1 
8.OE-3 
4.OE-1 
4.OE-1 
1.7E-2 

2.9E-3 
4.OE-3 
3.2E-3 
2.OE-4 
1.2E-3 

7.1E-4 

5.1E-4 

2.OE-4 

3.4E-4 
2.OE-4 

. .  

3.OE-4 

8.7E-3 

7.OE-3 
1.4E-2 

9.1E-4 
4.OE-3 

5.OE-4 
1.6E-6 
1.6E-6 
1.6E-6 
1.6E-6 

4.1E-7 

8.3E-2 
5.7E-2 

. .  

7.2E-4 

2.OE-3 
1.2E-1 

1.1E-2 
5.9E-4 
2.1E-2 
2.5E-1 
6.8E-3 

1.9E-3 

9.7E-5 

3.9E-4 
’ 3.9E-3 

(a)  Values selected for  use in t h i s  report  have been underlined. 
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Table 0-13. f,: Feed- and Water- to-Mi lk Transfer  Factors  (day/2) 

E 1 emen t Ref 1 Ref 2 Ref 12 Ref 13 Ref 18 Ref 19 

Hydrogen 
Carbon I 

Sodi urn 
Phosphorus 
Sulphur 

b Chlor ine 
Calcium 
Scandi urn 
Chromi urn 
Manganese 
I r o n  
Cobalt  
Nickel  
Zinc 
Sel en i  urn 
Rubidium 
S t r o n t i  urn 
Z i  rconium 
Niobium 
Molybdenum 
Technetium 
Rutheni urn 
S i l v e r  
Cadmi urn 
T i n  
Antimony 
Iod ine  
Cesium 
Barium 
Lanthanum 
Cer i  urn 
Europi urn 
Yt terb ium 

Pol on i  urn 
Radon 
Radi urn 
A c t i  n i  urn 
Thor i  urn 
Pro tac t in ium 
Urani  urn 
Neptuni urn 
P1 u ton i  urn 
Ameri c i urn 
Cur i  urn 
Ca I i f o r n i  urn 

. Lead 

l;.OE-2(a)' 1.OE-2 
1.2E-2 1.2E-2 
4.OE-2 . 4.OE-2 
2;5E-2 . . 2.5E-2 . .  
.1.8E-2 
5.OE-2 ' ' 

8.OE-3 . ' 

5.OE-6 
2.2E-3 2.2E-3 
2.5E-4 2.5E-4 
1.2E-3 1.3E-3 
1.OE-3 1.OE-3 
6.7E-3 6.7E-3 
3.9E-2 3.9E-2 
4.5E-2 
3.OE-2 3.OE-2 
8.OE-4 8.OE-4 
5.OE-6 5.OE-6 
,2..5E-3 2.5E-3' 
7; 5E-3 7.5E-3 
2.5E-2 2.5E-2 
1.OE-6 1.OE-6 
5.OE-2 '5.OE-2 
1.2E-4 

.2.5E-3 
1.5E-3 
6.OE-3 6.OE-3 ' 

4.OE-4 4.OE-4 
5.OE-6 5.OE-6. 
6.OE-4 
5.OE-6 
5.OE-6 
6.2E-4 

,3.OE-4 
2.OE-2 
8.OE-3 
,5.OE-6 
5..OE-6 
5.OE-6 

.5.OE-4 . 
5.OE-6 .. 5,OE-6 

5.OE-6 .. 

5.OE-6 
5.OE-6 

. .  

1.2E-2 .l. 2E-2 

i. OE-4 
i .  

2.OE-6 . .  . .  

2.4E-3 

9.9E-3 

1.OE-2 
5.6E-3 

1.2E-4 

5.9E-4 

5.OE-6 

6.1E-4 

9.9E-5 
1.2E-4 

5.9E-4 
2.OE-5' - 

5.OE-6 ' 

5.OE-6 
1.2E-4 

4.5E-8 

1.4E-2 
1.5E-2 
3.5E-2 
1.6E-2 
1.6E-2 
1.7E-2 
1.1E-2 

1.4E-3 

6.1E-7 
1.9E-2 
1.OE-3 . 

1.2E-3 
1.1E-4 
9.9E-3 
7.1E-3 
3.5E-4 

2.OE-5 

2.6E-4 
3.4E-4 

4.5E-4 

6.1E-4 

1.OE-7 
4.1E-7 

(a) Values s e l e c t e d - f o r  use i n  t h i s  r e p o r t  have been under l ined. 

1.4E-2 
1.5E-2 
3.5E-2 
1.6E-2 
1.6E-2 
.1.7E-2 
1.1E-2 
5.OE-6 
1.OE-3 
8.4E-5 
5.9E-5 
2.OE-3 
1.OE-3 
1.OE-2 
4.OE-3 
1.2E-2 
1.4E-3 
2.OE-2 
2.OE-2 . 
1.4E-3 
9.9E-3 
6.1E-7 
1.OE-2 
2.OE-3 
1.2E-3 
2.OE-5 . 

9.9E-3 
7.1E-3 
3.5E-4 
2.OE-5' 
2.OE-5 

1.4E-4 
2.OE-2 
4.5E-4 
2.OE-5 
5.OE-6 
5.OE-6 
6.1E-4 
5.OE-6 
1.OE-7 
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Table 0-14. Water-to-.Seafood Transfer Factors (l/kg) 

Freshwater F i sh  (fI2) Freshwater Seafood (fI2P) 

Element Ref 1 Ref 2 Ref 15  Ref 1 Ref 2 

Hydrogen 9. OE- l (a )  9.OE-1 

Sod i urn l.OE+2 
Carbon 4.6E+3 

Phosphorus 
Sulphur 
Chlor ine 
Cal c i  urn 
Scandi urn 
Chrorni urn 
Manganese 
I r o n  
Cobalt  
N icke l  
Zinc 
Sel en i  urn 
Rubidium 
S t r o n t i  urn 
Zirconium 
Niobium 
Molybdenum 
Technetium 
Rutheni urn 
S i  1 ver  
Cadrni urn 
T i n  
A n t i  rnony 
I o d i n e .  
Cesi urn 
B a r i  urn 
Lanthanum 
Cer i  urn 
Europi urn 
Y t t e r b i  urn 
Lead 

. Polonium 
Radon 
Rad i urn 
A c t i  niurn 
Thorium 
Pro tac t in ium 
Urani  urn 
Neptun i urn 
P1 u ton i  urn 
Arner i c i  urn 
Cur i  urn' 
Cal i f o r n i  urn 

4.OE+2 

~ 

(a) Values se lected f o r  use i n  t h i s  r e p o r t  have been under l ined. 
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Table 0-15. Radionuclide Independent Parameters Used in Calculations 

Symbo 1 

CY 

D 

Defi-ni tion Value -. Reference 

Crop Yield per 

Soil Density 

Consumption of 

Consumption of 

Consumption o f  

Consumption of 

Consumption of 

Consumption of 

Consumption of 

Consumption of 

Consumption of 

unit area 1 Kg/m2 

1600 Kg/m3 

190 Kg/year 

50 Kg/day 

20 

20 

2 

2 

2 

2 

2 

2 

f2 

f3 

plants by man 

plants by animal s 

animals by man 

milk by man 

water by beef cattle 

water by milk cows 

water by man 

f5 95 Kg/year 

0.3 U d a y  

50 U d a y  
f7 

f8 

f8P 

11 

60 U d a y  

370 JUyear 

6.9 Kg/year 

2 

13 fish by man 2 

2 

21 
13p 

14 
- 

seafood by man 1.0 Kg/year 

8.5E-9 m-1 . Resuspension factor 

Inhalation rate of man 8.OE+3 m3/year 15 22 

20 18 Areal mass available for resuspen- 
sion (top 1 cm of soil) 

16 Kg/m2 

The fraction o f  initial activity 
deposited as fallout or contami- 
nated water that is retained by 
foliage. 

R 

RI 

s1 

s2 

v1 
v2 

Z 

0.25 

'Irrigation rate 3.7E-3 m3/m2-day 

4.83E-2 day-' 

,20 

20 

20 

Fraction of activity deposited on 
foliage removed per unit time by 
weathering mechanisms. 

Fraction of activity deposited in 
the root zone removed per unit 
time. 

other than iodine 
for iodines 

Settling velocity for elements 

7.6E-04 day-' 

8.OE-4 m/sec 
1.OE-2 m/sec 

20 
20 

240 :Kg/m2 Mass of soil in root zone 2 

000428,. 
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Table D-16. In termediate Parameters Used i n  Ca lcu la t i ons  

Symbol Transfer  Factor  D e s c r i p t i o n  

p1 

p2 

p3 - 
PT . 

plp 

p2p 

p3p 
PTP 

f l * f z  
f 1 3 4 5  

P1+Pz+P3 

*f *f *f 

*f *f *f *365 fl 3 6,- 7 

f2  
f3 4 5 *f *f 

Soi 1-P1 ant-Man 
Soil-Plant-Animal-Man 

Soil-Plant-Animal-Product-Man 
Tota l  Soi l - to-Plant - to-Man 

P1 ant-Man 

P1 ant-Animal -Man 
*f *f *365 Plant-Animal -Product-Man f3 6 7 

P1P+P2P+P3P To ta l  Plant-to-Man 

\ 

Water-Ani mal -Man 
Water-Animal-Product-Man 

F1 , .  8.* 4* 5 
F2 f8P*f6*f7*365 , 

F3 
FT 

11 
F1+Fz+F 

Water- Man 
. To ta l  Water-to-Man . 

Water-Fi sh-Man F121 ' f l Z * f 1 3  e 

F f P*f13P Water-Seafood-Man 

F +F Tota l  Seafood- to-Man 
12 122 

F12 121 12* 

86400*V/( S2*Z) 

86400*RV/S1 
RI / (Sz*Z )  * S o i l  Depos i t ion  by I r r i g a t i o n  

86400 
365 d a y d y e a r  

S o i l  Depos i t ion  by F a l l o u t  

F o l i a r  Depos i t ion  by F a l l o u t  

F o l i a r  Depos i t ion  by I r r i g a t i o n  

seconddday 

Dl 

D2 

w1 

w2 
J 

-R*RI /S1 

. .  

D- 30 



TABLE 0-17 . POCF-1: POCF for Chronic Airborne Pathways 

Nucl i de 
and Stomach. Total Red 

Solubility Lung Uall LLI Uall Body Kidneys Liver Marrow Bone Thyroid ICRP 
H-3 
C-14 

P-32 0 
P-32 U 
P-33 0 
P-33 Y 
5-35 0 
5-35 u 
C1-36 I) 
C1-36 U 

SC-46 Y 

Na-22 0 

Ca-45 Y 

Cr-51 0 
Cr-51 W 
Cr-51 Y 
Mn-54 0 
Mn-54 U 
Fe-55 U 
Fe-55 Y 
Fe-59 W 
Fe-59 Y 
CO-57 U 
CO-57 Y 
CO-58 'A 
CO-58 Y 
CO-60 U 
CO-60 Y 
Ni-59 0 
.Ni;59 W 
Pi-63 0 
Ni-63 U 
Zn-65 0 
Zn-65 H 
211-65 Y 
Se-75 0 
Se-75 'A 

9 - 8 5  0 
Sr-85 Y 
Sr-89 0 
Sr-89 Y 
Sr-90 0 
Sr-90 Y 
Zr-95 U 
Zr-95 Y 

Rb-86 0 

Nh-94 U 
Nb-94 Y 
lrb-95 Y 
Mo-99 0 
MO-99 Y 
Tc-99 0 
Tc-99 U 
Tc-99m 0 
Tc-99m U 
Ru-103 Y 
Ru-106 Y 
Ag-108 0 
Ag-108 M 
Aq-104 Y 
Ag-110 0 
Ag-110 U 
Ag-110 Y 
Cd-109 0 
Cd-109 U 
Cd-109 Y 
91-113 0 
Sn;113 U 
Sn-126 D 
Sn-126 Y 
Sb-124 0 
Sb-124 U 
Sb-125 0 
Sb-125 U 
1-125 D 
1-129 0 
1-131 0 
CS-134 0 
CS-135 D 
CS-136 0 

1.00~*09 1.00€+09 1.06€+09 1.00€+09 1.03€+09 9.92€+08 9.92€+08 7.88€+08 9.92€*08 
4.94€*07 5.88€*07 5.78€+07 1.13€+08 6.34€+07 7.10€+07 1.94€+08 4.06€+08 5.18E97 
1.20€*12 1.08€+12 1.08€*12 1.27€+12 1.19€*12 1.13€+12 '1.25€+12 1.39€+12 1.46€*12 
6.10€*10 4.01€+09 3.13€+10 2.85€+10 2.40E+10 2.41€+10 8.88€*10 1.62E+ll 2.41€+10 
7.90E+ll 1.02€+10 8.32€*10 3.10€+10 1.69€+10 1.69€+10 6.21€+10 1.14E+ll 1.69€+10 
8.80€*09 2.46€*09 5.48€+09 6.36€+09 2.06€+09 2.06€*09 l.lOE+10 2.91€+10 2.06€+09 
1.25E*ll 2.63€+09 l.llE+lO 2.62€+10 1.50€+09 1.50€*09 7.96€+09 2.12€+10 1.50€+09 
6.04€+09 1.94€+09 3.94€+09 2.70€+09 1.69€+09 1.69€+09 1.69€+09 1.69E99 1.69€+09 
1.5OE+11 2.13€+99 8.24€+09 2.82€+10 1.34€*09 1.34€+09 1.34€+09 1.34€+09 1.34€+09 
3.94€+10 1.63€+10 1.49€+10 1.93€+10 1.49€+10 1.49€+10 1.49€+10 1.49€+10 1.49€+10 
1.35€+12 1.97€+10 1.49€+10 2.50E+ll 1.49€+10 1.49€+10 1.49€+10 1.49€+10 1.49€+10 
2.86€+11 2.61€+09 4.09€+10 7.65€+10 1.33€*09 1.33€+10 8.64€+10 1.3OE+ll 1.33€+09 

1.87€+10 1.68€+10 1.75€+10 1.98€+10 1.75€+10 1.69€+10 1.89€+10 2.33€+10 2.29€*10 
2.87€*10 1.68€+10 1.91€*10 2.16€+10 1.73€*10 1.69€+10 1.87€+10 2.29€*10 2.27€+10 
3.34€+10 1.68€+10 1.93€+10 2.24€+10 1.73€+10 1.70€+10 1.87€+10 2.29€+10 2.27€+10 
4.85€+11 4.34€+11 4.41€+11 5.15E+ll 4.88E+ll 5.59€*11 5.07€+11 5.44E+ll 5.88€+11 
6.50E+ll 4.52€*11 4.48€+11 5.11€+11 4.73€+11 4.96€+11 4.92€+11 5.25€+11 5.91E*ll 
2.56€+10 8.52€+07 2.92€*09 5.13€+09 8.72€+09 1.66€+10 8.64€+09 5.93€+09 8.57€+09 
2.01E+ll 1.04€+08 3.13€+09 4.97€+09 4.04€+09 7.66€+09 4.03€*09 2.76E99 3.97€+09 
1.00€+12 5.89€+11 6.70E+ll 6.76€*11 6.39€+11 6.39€*11 6.45€+11 6.79E+ll 7.80E+ll 
1.26€+12 5.90E+ll 6.65€+11 6.72€+11 6.22€+11 6.17€+11 6.32€+11 6.66€+11 7.70€+11 
1.89E+ll 6.82€+10 7.99€+10 8.35€+10 6.87€+10 7.25€+10 6.89€+10 1.18E+ll l.OlE+ll 
5.63€+11 7.86€+10 7.99€+10 9.51€+10 7.16€*10 8.41€+10 7.83€+10 1.26€+11 1.05€+11 
7.65€+11 5.14€+11 5.38€*11 5.84€*11 5.37€*11 5.27€+11 5.57E+ll 6.03€+11 6.78€+11 
1.00€+12 5:30E+ll 5.38€+11 5.96€+11 5.42E+11 C.43E+ll 5.65€+11 6.10€+11 6.88€+11 
2.27€*12 1.24€+12 1.35€+12 1.44€+12 1.37€+12 1.39€+12 1.38€+12 1.43€+12 1.65€+12 
1.16€+13 1.94€+12 1.36€+12 1.96€+12 1.69€+12 2.12€+12 1.76€+12 1.72€+12 2.01€+12 
1.07€+10 1.02€+10 1.14€+10 1.07€+10 1.02€*10 1'.02€*10 1.05€+10 1.04€+10 l.llE+lO 
3.55€+10 3.14€+09 6.64€+09 7.53€+09 3.08€+09 3.08€+0Q 3.14€+09 3.14E99 3.39€+09 
2.58€+10 2.44€+10 2.A2E+lO 2.48E+10 2.44€*10 2.43€+10 2.43€+10 2.43€*10 2.43€+10 
9.12€*10 7.61€+09 1.99€+10 1.84€+10 7.34€+09 7.31€+09 7.31€+09 7.31€+09 7.31€+09 
3.R9E+ll 3.64€+11 3.81E+ll 4.25€+11 4.42E*ll 4.26€+11 4.51E+ll 4.61E+ll 4.71€+11 
4.97€*11 3.47€+11 3.52€+11 3.97€+11 3.97€+11 3.91€+11 4.06€+11 4.18€+11 4.46€+11 
9.07€+11 3.76€+11 3.37€+11 4.12€+11 3.96€+11 4.20€+11 4.08E+ll 4.17€+11 4.59€*11 
2.58€+11 2.45E+ll 2.32€+11 2.97€+11 3.65€+11 3.28€+11 2.61€+11 3.41E+ll 3.10E+ll 
3.79€+11 2.46€+11 2.29€+11 3.14E+ll 3.40€*11 3.15E+ll 2.60€+11 3.40€+11 3.lr)E+ll 
l.lOE+ll 5.06€+10 5.44€+10 1.05€+11 1.37E+ll 1.34E+ll 1.37€+11 1.40€+11 1.49€+11 
2.92€+11 2.66E+ll 2.67€+11 3.17€+11 2.83€+11 2.70€+11 3.13E+ll 3.56€+11 3.57€+11 
4.91€+11 ?.76E+ll 2.77€+11 3.52€+11 2.83€+11 2.83€+11 2.9oE+ll 3.36€+11 3.57€+11 
5.25€+10 3.23€+09 l.lOE+ll 3.12€+10 1.75€+10 1.75€+10 1.06E+ll 2.19E+ll 1.75€+10 
2.48E+12 9.83€+09 4.21E+ll 3.82€+10 4.20€+08 4.19€+08 2.19€+09 4.43€+09 4.40E99 
7.91€+10 1.58€+09 1.13E+ll 1.92€+12 1.17E+ll 1.17E*ll 8.80E+12 1.76€+13 1.17E+ll 

z.41~+12 i.n6~+12 l.ii~+iz i.42~+12 i.09~*12 i.io~+iz 1.12~*12 i.i~~+iz i.37~+12 

~ ~ ~ ~. ... ~~ _ _  -. ._ .. ... - _ _  ~ ~ ~~ 

6180E+13 2.29€+11 7.12€+12 1.20€+12 2.92€+10 1.52E+ll 9.60€+11 1.84E+12 2.92€+10 
9.82€+11 4.33€+11 5:16€+11 S.03€+11 4.49€*11 4.42€+11 4.85€+11 5.54€+11 5.71E+ll 
1.47E+12 .4.48€+11 5.20E+ll S.lOE+ll 4.50€+11 4.57€+11 4.72E+11 5.17E+ll 5.76€+11 
2.09€+12 8.95€+11 1.02€+12 1.20€+12 .1.04€+12 9:07E+ll 1.06€+12 1.22€+12 l.l5€+12 
2.30€+13 1.73€+12 1.05€+12 4.22€+12 1.41€*12 1.96€+12 1.54E+12 1.53€+12 1.73€+12 
6.64€+11 4.04€+11 4.35E+11 4.59€+11 4.20€+11 4.10€+11 4.36€+11 4.71€+11 5.35€+11 
1.17E+ll 8.19€+10 8.05€+10 9.68€+10 1.5OE+ll 1.92E+ll 9.OAE+10 1.08E+ll l.lOE+ll 
2.36€+11 9.54E+10 2.41€+11 9.44€+10 8.60€+10 8.46€+10 8.65€+10 9.94€+10 1.09E+ll 
7.70€+09 3.92€+09 4.07€+09 1.35E+09 2.78€+09 3.82€+09 1.95€+09 2.49E49 8.56€+10 
4.18E+ll 4.56€+09 1.33€*10 7.lnE+09 2.46€*09 3.37€+09 1.72€+09 2.20€+09 7.57€+10 
7.35E+10 6.52€+10 6.39€*10 7.96E+10 6.69€+10 6.63€+10 6.63€+10 1.14E+ll l.OlE*ll 
7.43€+10 6.52€+10 6.38€+10 7.96€+10 6.68€*10 6.63€+10 6.62€+10 1.14E+ll 1.01E+ll 
7.33€+11 2.58E+11 3.33€*11 3.00€+11 2.65€*11 2.63€+11 2.80E+ll 3.18€+11 3.36E+ll 
3.OSE+13 1.59E+ll 1.22€+12 6.14€+11 1.81E*ll 1.96E*ll 1.89E+ll 2.08E+ll 2.13E*ll 
1.06€+12 9.61€+11 8.86€+11 1.19€+12 l.llE*12 2.76€+12 9.96€+11 1.09€+12 l.l5€+12 
l.bQE+12 9.20€*11 9.32€*11 1.16€+12 9.72€*11 1.48€+12 9.72€+11 1.07€+12 1.16€+12 
1.44€+13 1.74€+12 9.78€+11 3.22€+12 1.40€+12 2.29€+12 1.54€+12 1.52€*12 1.71€+12 
l.71)€+12 1.54€+12 1.44€+12 1.87€*12 1.77€*12 3.77€+12 1.60€+12 1.69€+12 l.A7€*12 
2.39E*12 1.48€+17 1.50E+12 1.80€+12 1.57€+12 2.12E*12 1.56€+12 1.67€+12 1.88€*12 
5.01€+12 1.66€+12 1.50€*12 2.19€+12 1.62€*12 1.90€+12 1.68€+12 1.76€+12 2.01€+12 
l.OlE+ll 9.67€+10 l.OOE+ll 1.29€*12 1.17€*13 2.11€*12 1.03E+ll 9.59€+10 8.24€+10 
4.34€+11 2.79€+10 8.83€+10 4.22€*11 3.38€*12 6.15€+10 3.08€+10 3.05€*10 2.63€*10 
2.31€+12 1.35€+10 7.51€+10 5.17€*11 9.94€*11 1.94€*10 1.38€+10 1.47€+10 1.08€+10 
1.74E+11 1.48E+ll 1.83E*ll 1.93€+11 1.59E*ll 1.49E*ll 2.23€*11 3.30€+11 2.01€*11 
6.91€+11 1.46E+ll 2.47€+11 2.47€*11 1.5OE*ll 1.46€*11 1.72E+ll 2.20€+11 1.93€+11 
2.86€*12 2.57€+12 2.79€+12 3.24€+12 2.76€+12 2.61€*12 4.09€+12 6.23€+12 3.39€+12 
6.R6€+1? E.385+12 2.93€+12 3.35€+12 2.49€*12 2.41€+12 2.92€+12 3.72€+12 3.15€+12 
1.01€+12 9.99€+11 9.86€+11 1.05€+12 9.65€+11 9.68€+11 1.01Ei12 1.14€+12 1.19€+12 
Z.l7E+U 9.22E+11 1.19E*12 1.21E+12 9.6SE*ll 9.462+11 9.99€+11 1.08€+12 1.19€+12 
2.56€+11 2.26€*11 2.46€+11 2.80E+ll 2.46€*11 2.51€+11 2.57€+11 3.65€+11 3.11€*11 
8.80E+ll 2.36€+11 3.11€*11 3.61€+11 2.47E+ll 2.45€+11 2.54€+11 3.13E*ll 3.14E*ll 
8.56€+10 5.90€+10 5.15E+lO 4.55€+11 1.41€+11 6.02€+10 3.14€+10 1.44€*11 6.57€*12 
8.69€+10 5.92€+10 5.08€+10 1.69E+ll 1.37€*11 6.73€+10 3.53€+10 1.45E*ll 4.02€+13 
2.71€*12 2.46€+12 2.40€*12 2.95€+12 2.64€*12 2.50€+12 2.73€+12 3.36€+12 1.22€*13 
l.llE+lZ 1.04€+12 1.06€+12 1.26€+12 1.37€*12 1.35€*12 1.35€+12 1.42€*12 1.47€+12 
5.12€*09 3.06€+08 6.81€+08 3.52€+10 5.98€*10 5.98€+10 5.98€*10 6.90€*10 5.98€*10 
1.20€*12 1.10€+12 1.08€*12 1.27€+12 1.20€*12 l.l5€+12 1.22€+12 1.35€*12 1.50€*12 

. D-31 

1.01€+09 
8.72€+07 
1.25€+12 
4.17€+10 
1.25E+ll 
5.06€*09 
1.86€+10 
2.42E99 
1.98€*10 
1.79€+10 
1.75€+11 
5.30€+10 
1.31€+12 
1.98€+10 
2.06€+10 
2.10€+10 
5.27€*11 
5.39€+11 
1.27€*10 
3.18E+lO 
7.39€+11 
7.57€+11 
9.95€+10 
1.54€+11 
6.17€+11 
6.55€+11 
1.59€*12 
3.23€*12 
1.07€+10 
7.5 3€+09 
2.48€+10 
1.84€+10 
4.63€+11 
4.38€+11 
4.95€+11 
2.85€+11 
2.95€+11 
1.37E+ll 

3.2AE+11 
4.59€+10 
3.44€+11 
1.68€+12 
1.16€+13 
5.72E+ll 
6.35€+11 
1.20€+12 
4.22€+12 
4.92€+11 
1.09€+11 
1.26€*11 
5.66E49 
5.80€+10 
7.97€+10 
7.98€*10 
3.59€+11 
4.30€+12 
1.19E+12 
1.16€+12 
3.22€+12 
1.47€*12 
1.80€*12 
2.19€+12 
9.15€*11 
3.20€+11 
3.64€*11 
1.93€+11 
2.47€+11 
3.24€+12 
3.35€+12 
l.O5E+ 12 
1.21€*12 
2.80E*ll 
3.61E+ll 
3.15E+ll 
1.35E+12 
3.22E 12 
1.42€+12 
5.35€+10 
1.29E+12 

3.n3~+ii 

0 '  



Nucl 1 de 
and 

Solublll t 

Ea-140 0 
La-140 U 
Ce-141 Y 
Ce-141 Y 
Ce-141 0 
Ce-144 Y 
Ce-144 Y 
Ce-144 0 

CS-137 0 

€11-152 Y 
Eu-154 Y 
Yb-169 Y 
Yb-169 Y 
Pb-210 Y 
Po-210 Y 
Po-210 0 
Rn-222 
Ra-226 Y 
Ra-228 Y 
Ac-227 Y 
Ac-227 Y 
Th-228 Y 
Th-228 Y 
Th-229 Y 
Th-229 Y 
Th-230 Y 
Th-230 Y 
Th-232 Y 

. Th-232 Y 
Pa-231 Y 
Pa-231 Y 
U-232 Y 
U-232 Y 
U-232 0 
U-233 Y 
U-233 Y 
U-233 0 
U-234 Y 
U-234 W 
U-234 0 
U-235 Y 
U-235 Y 
U-235 0 
U-236 Y 
U-236 Y 
U-236 0 
U-238 Y 
U-238 W 
U-238 0 
Np-237 Y 
Np-237 Y . Pu-236 Y 
Pu-236 Y 
PIJ-238 Y 
Pu-238 Y 
Pu-239 Y 
Pu-239 Y 
Pu-240 Y 
Pu-240 Y 
Pu-241 Y 
Pu-241 Y 
Pu-242 Y 
Pu-242 Y 
Pu-244 Y 
Pu-244 Y 
Am-241 Y 
Am-241 U 

Am-243 U 
Am-243 Y 

Cm-242 Y 
Cm-242 U 
Cm-243 Y 
Cm-243 Y 
Cn-244 Y 
Cm-244 Y 
Cm-248 Y 
cm-248 u 

Cf-252 U 
cf-252 r 

TABLE 0-17 . POCF-1 (Continued) 
Stomdch Total Red 

y Luna Yall LLl Yall Body Kfdneys Liver Warrw Bone Thyrofd ICRP 
4.56Et11 4.12Etll 4.23Et11 3.75Et11 7.30Etll 7.22Et11 7.23Et11 7.93Et11 7.67Et11 7.35Et11 
1.81Etll 1.04Etll 2.35Etll 1.28Etll 1.12Etll 1.07Etll 1.33Etll 1.66Etll 1.46Etll 1.51Et11 
1.31Et12 1.08Et12 1.23Et12 1.23Et12 l.l6E+12 l.llEt12 1.17E412 1.25Et12 1.42Et12 1.27Et12 
5.48Et11 4.30Et10 1.60Etll 5.66Et10 4.29Et10 4.55Et10 4.08Et10 6.91Et10 6.03Et10 1.21Etll 
3.83Et11 4.29Et10 1.52Etll 5.83Et10 6.63Et10 1.26Etll 4.59Et10 8.53Et10 6.06Et10 1.09Etll 
6.30Et10 4.27Et10 7.92Et10 7.35Et10 1.77Etll 5.03Etll 7.10EtlO 1.62Et11 6.30Et10 9.97Et10 
2.32Et13 6.37Et10 1.07Et12 4.09Etll 2.21Etll 6.78Et11 9.78Et10 1.58Et11 4.75Et10 3.20Et12 
5.47Et12 5.57€+10 9.86Et11 4.43Et11 1.87€+12 6.51Et12 6.89Et11 1.16Et12 7.66Et10 1.43Et12 
1.68Etll 5.OSEtlO 3.46Et11 1.39Et12 8.03Et12 2.72Et13 1.23Et12 4.92Et12 1.91Etll 2.79Et12 
2.30Et12 l.l3E*12 9.79Et11 2.40Et12 1.68Et12 1.08Et13 2.93Et12 7.78Et12 9.97Etll 2.40Et12 
2.99Et12 1.13Et12 5.88Et11 2.98Et12 1.64Et12 1.32Et13 3.79Et12 1.62Et13 1.03Et12 2.98Et12 
4.45€*11 1.55Etll 2.33Etll 2.70Etll 1.73Etll 1.66Etll 1.63Etll 4.89Et11 2.47Et11 2.33Etll 
5.80Etll 1.57Etll 2.38Etll 2.82Et11 1.69€*11 1.63Etll 1.45E*ll 2.90Etll 2.47Et11 2.42Et11 
4.96Et13 1.03Et10 3.77Et11 2.80Et13 2.64Et13 2.48Et13 1.76E*13 1.60Et14 5.36Et12 2.08Et13 
3.68Et14 1.78Et10 7.03Etll 1.04Et13 1.12Et14 2.00Et13 6.64Et12 2.96Et12 6.40Et12 7.01Et13 
8.00Et12 5.78Et09 2.28Et11 1.68Et13 3.68Et14 6.40Et13 .2.16€+13 9.60Et12 2.08Et13 7.96Et13 
2.34Et12 2.14Et12 2.12Et12 2.46Et12 2.30Et12 2.18Et12 2.35Et12 2.56Et12 2.86Et12 2.46Et12 
4.50Et14 2.17Et12 3.56Et12 4.01Etl3 7.58Et12 7.46Et12 2.23Et13 1.87Et14 8.15Et12 7.05Et13 
3.89Et13 5.27Etll l.OOE+12 2.05Et13 4.806+12 6.45Et12 1.41Et13 1.13Et14 4.93Et12 1.49Et13 
8.24Et15 8.09Etll 1.46Et13 8.08Et14 7.28Et14 5.55Et15 3.60Et15 3.58Et16 5.23Et13 4.16Et15 
6.72Ft14 5.OBEtll 1.98Et12 1.30Et15 1.97Et15 1.53Et16 9.76Et15 9.76Et16 1.12Et14 5.45Et15 _ _  __.._ _ _  ~- _. - . ~  - _. ~~ .. .- ~ ~- .~ ~ . ~ _  - ~. ~- ~ 

5.73E*15 2.45Et12 2.49Et13 1.54Et14 1.23Et13 2.17Et13 2.9REt14 3.21Et15 9.08Et12 1.07Et15 
9.38Et14 1.89Et12 7.37Et12 1.79Et14 2.11Et13 9.77Et13 1.70Et15 1.85Et16 2.22Et13 9.06Et14 
9.84Et15 2.31Et12 1.23Et13 8.57Et14 3.88Et13 1.21Et14 5.27Et15 6.26Et16 3.51Et13 5.08Et15 
'9.29Et14 1.77Et12 4.21Et12 1.14Et15 3.64Et13 1.77Et14 1.27Et16 1.52Et17 3.59Et13 6.25Et15 
4.21Et15 2.15Et10 8.00Etll 3.04Et14 8.80Et12 4.40Et13 2.03EtlS 3.18Et16 8.80Et12 2.07Et15 
4.32Et14 2.21Et10 7.48Et11 4.48Et14 2.08Et13 1.04Et14 4.98Et15 7.82Et16 2.24Et13 3.02Et15 
3.63Et15 6.12Et10 8.80Etll 3.04Et14 8.80Et12 3.112Et13 2.17Et15 3.62Et16 8.80Et12 2.13Et15 
3.75Et14 7.01Et10 7.39Etll 4.72Et14 1.84Et13 8.80Et13 5.22Et15 8.80Et16 1.92Et13 3.33Et15 
4.75Et15 2.15Etll 1.37Et12 1.1OEt15 1.54Et15 1.19Et16 6.46Et15 7.49Et16 9.60Et13 5.27Et15 
4.64Et14 3.28Et11 1.05Et12 2.09Et15 3.53Et15 2.74Et16 1.47Et16 1.73Et17 2.08Et14 9.28€+15 . 
7.10Et15 4.47Etll 8.80Et12 4.24Et14 4.64€+13 3.60Et13 7.04Et14 7.63Et15 1.44Et13 2.59Et15 
5.36Et14 6.84Et10 1.04Et12 6.08Et13 7.76Et13 2.96Et12 4.56Et14 5.03Et15 1.52Et12 2.80Et14 
8.80€*12 1.49Etll 4.10Etll 1.60Et14 2.56Et14 2.32Et12 1.38Et15 1.53Et16 2.40Et12 6.42Et14 
4.34Et15 3.10Et10 8.90Etll 1.36Et14 1.36Et13 1.24Etll 1.92Et12 2.88Et13 1.31Etll 8.96Et14 
4.48Et14 4.97Et10 7.54Et11 2.08Et13 4.00Et13 3.55€+11 5.60Et12 8.00Et13 3.75Et11 6.24Et13 
7.60Et12 1.14Etll 3.30Etll 4.566t13 1.36Et14 1.20Et12 1.84Et13 2.80Et14 1.24Et12 2.03Et13 
4.29Et15 3.07Et10 9.80Etll 1.28Et14 1.36Et13 1.3OEtll 1.92Et12 2.80Et13 1.29Etll 8.88Et14 
4.40Et14 4.93Et10 7.53Et11 2.00Et13 3.92Et13 3.71Etll 5.44Et12 8.00Et13 3.71Etll 6.17Et13 
7.52Et12 1.12Etll 3.28Et11 4.48Et13 1.28Et14 1.20Et12 1.84€+13 2.72Et14 1.20Et12 2.00Et13 
3.87Et15 2.80Etll 2.08Et12 1.20Et14 1.21Et13 3.36Et11 1.61Et12 2.33€+13 2.89Etll 7.98Et14 
4.00Et14 1.45Etll 9.60Etll 1.85Et13 3.53Et13 4.13Etll 4.33Et12 6.81Et13 4.66Et11 5.55€+13 
6.89Et12 1.96Etll 4.29Et11 4.09Et13 1.20Et14 1.12Et12 1.45Et13 2.24Et14 1.2JEtl2 1.73Et13 
4.05Et15 3.07Et10 8.00Etll 1.28Et14 1.28Et13 1.24E*ll 1.60E*12 2.56Et13 1.22E*ll 8.32Et14 
4.16E+14 5.18€+10 7.14Etll 1.92Et13 3.68Et13 3.54Et11 4.72Et12 7.36Et13 3.50Etll 5.81Et13 
7.12Et12 1.24Etll 3.26Et11 4.24Et13 1.20Et14 1.20Et12 1.60Et13 2.48Et14 1.12Et12 1.84Et13 
3.84Et15 1.04Et12 3.19Et12 1.21Et14 1.30Et13 1.13Et12 2.65Et12 2.44Et13 1.46Et12 7.90Et14 
3.93€+14 1.02Et12 1.83€*12 1.95Et13 3.62Et13 1.31E+12 5.53Et12 6.76Et13 1.66Et12 5.56€+13 
7.69Et12 1.07Et12 1.26Et12 4.11Et13 1.21Et14 2.02Et12 1.63Et13 2.25Et14 2.45Et12 1.82Et13 
4.55E*15 4.98€*11 1.56Et12 5.28€*14 8.16Et14 6.31Et15 2.40Et15 3.39Et16 4.66Et13 2.77Et15 
4.72Et14 7.53Et11 1.40Et12 9.76Et14 2.01Et15 1.55Et16 5.94Et15 8.40Et16 1.12Et14 4.58Et1-5 

5.12Et14 2.33Et10 8.80Etll 1.20Et14 2.56Et14 1.98Et15 6.48Et14 7.54Et15 1.20Et13 5.27Et14 
4.86Et15 2.32Et10 9.60Etll 4.80Et14 7.20Et14 5.60Et15 2.09Et15 2.62Et16 4.08Et13 2.46Et15 
5.12Et14 2.22Et10 8.AOE+11 8.88€+14 1.84€+15 1.43Et16 5.37Et15 6.72Et16 1.04Et14 3.91Et15 

4.ROEt14 2.08Et10 8.00Etll 9.92Et14 2.04Et15 1.58Et16 6.05Et15 8.32Et16 1.20Et14 4.60€*15 
4.63Et15 2.20Et10 8.80Etll 5.36€+14' 8.24Et14 6.36Et15 2.42Et15 3.32Et16 4.64Et13 2.77€*15 
4.80Et14 2.10Et10 8.00Etll 5.36Et14 2.04Et15 1.58€+16 6.04Et15 8.32Et16 1.20Et14 4.59Et15 
8.80Et12 8.24Et08 5.50Et09 9.60Et12 1.?6E*13 1.36Et14 5.44Et13 6.80Et14 1.28Et12 4.3(1€+13 
1.23Etll 1.45Et09 4.98Et09 2.00Et13 3.92Et13 3.04Et14 1.28Et14 1.55€*15 2.40Et12 8.72Et13 
4.40Et15 2.20Et10 8.80E*ll 5.04Et14 7.84Et14 6.06Et15 2.30Et15 3.35Et16 4.48Et13 2.69Et15 
4.56Et14 2.17Et10 7.79Et11 9.44€*14 1.94Et15 1.50Et16 5.74Et15 8.40Et16 1.12Et14 4.51€+15 
4.38€+15 1.28Et12 5.36Et12 5.04Et14 7.76Et14 5.99Et15 2.17Et15 3.39Et16 4.42Et13 2.67Et15 
4.48€+14 1.44Et12 2.56Et12 9.36Et14 1.92€+15 1.49Et16 5.41Et15 8.48E*16 1.12Et14 4.49Et15 
4.92Et15 8.03Et10 1.05Et12 5.52Et14 8.48€+14 6.59Et15 2.50Et15 3.12Et16 4.80Et13 2.78Et15 
5.12Et14 1.04Etll 8.89Et11 1.02Et15 2.10E415 1.63E416 6.22Et15 7.78Et16 1.20€+14 4.50Et15 
4.76Et15 5.85Et11 3.06Et12 5.52Et14 8.56Et14 6.58Et15 2.50Et15 3.34Et16 4.90Et13 2.82Et15 
4.88€+14 7.87Et11 1.62Et12 1.02Et15 2.10Et15 1.62Et16 6.22Et15 8.24Et16 1.20Et14 4.63Et15 
1.38Et15 2.16€*10 9.60Etll 2.40Et13 6.00Et12 4.64Et13 1.60013 1.84Et14 3.96Et11 1.86Et14 
4.40Et14 2.30Et10 8.80Etll 2.80Et13 4.96Et13 3.84Et14 1.20Et14 1.34Et15 2.40E*12 1.41€*14 
5.02Et15 2.39Et11 1.26Et12 3.84Et14 5.44Et14 4.21Et15 1.52Et15 1.72Et16 2.97Et13 1.97Et15 
5.44Et14 3.16Etll l.l8E*12 6.96Et14 1.46Et15 1.13Et16 4.10Et15 4.62Et16 8.01Et13 2.88Et15 
4.86€+15 2.42Et10 1.04Et12 3.12Et14 4.16Et14 3.18Et15 1.13Et15 1.3OEt16 2.16Et13 1.64€*15 
5.36Et14 2.35Et10 8.80Etll 5.44Et14 1.16Et15 8.96Et15 3.19Et15 3.65€*16 6.16Et13 2.28€*15 
1.78Et16 2.72Et13 1.44E*13 2.08Et15 3.21Et15 2.47Et16 2.38Et15 3.42Et16 1.92Et14 7.02Et15 
1.86Et15 4.00Et13 2.56€*13 3.86Et15 7.89Et15 6.08Et16 5.89Et15 8.48€*16 4.64E*14 8.56€*15 
6.97Et15 2.56Et12 2.72Et12 1.68Et14 9.60Et13 7.52Et14 1.20Et14 1.3OEt15 5.44Et12 1.1OEtlS 
1.04Et15 2.08Et12 3.20Et12 2.32Et14 4.88Et14 3.78Et15 6.16Et14 6.58E+15 2.40€*13 7.07€*14 

3.56Et15 2.77Etl0 1.04Et12 0.60Et13 5.28Et13 4:00E*14 1.44Et14 1.67Et15 2.72Et12 6.36Et14 

4.64€+15 2.18Et10 8.80Etll 5.36Et14 8.24Et14 6.38Et15 2.42€+15 3.33€+16 4.64E+13.2.78E+15 

I 

D-32 

L 



Nucl 1 de 
and 

Solubll 1 ti 
H-3 
C-14 
Na-22 0 
P-32 0 
P-32 U 
P-33 0 
P-33 W 
s-35 0 
5-35 W 
C1-36 0 
C1-36 W 
Ca-45 u 
SC-46 Y 
Cr-51 0 
Cr-51 U 
Cr-51 Y 
nn-54 0 
nn-54 u 
Fe-55 U 
Fe-55 Y 
Fe-59 Y 
Fe-59 Y 
CO-57 U 
to-57 Y 
CO-58 W 
co-58 Y 
CO-60 U 
CO-60 Y 
N1-59 D 
N1-59 U 
NI-63 0 
N1-63 U 
211-65 0 
Zn-65 W 
211-65 Y 
Se-75 0 
Se-75 u 

Sr-85 0 
Sr-85 Y 
Sr-89 0 
Sr-89 Y 
Sr-90 0 
Sr-90 Y 
Zr-95 U 
Zr-95 Y 

Rb-86 0 

Nb-94 W 
Nb-94 Y 
Nb-95 Y 
no-99 0 
no-99 Y 
Tc-99 0 
Tc-99 u 
Tc-99~1 0 
Tc-99n w 
Ru-103 Y 
Ru-106 Y 
Ag-108 0 
Ag-108 W 
Ag-108 Y 
Ag-110 0 
Ag-110 U 
Ag-110 Y 
Cd-109 0 
Cd-109 W 
Cd-109 Y 
Sn-113 0 
91-113 W 
91-126 0 
Sn-126 Y 
Sb-124 0 
Sb-124 U 
Sb-125 0 
Sb-125 U 
1-125 0 
1-129 0 
1-131 0 
CS-134 0 
Es-135 0 
CS-136 0 

6400  TABLE 0-18 . PDCF-2: POCF for Acute Alrborne Pathways 

Stomach Total Red v 

Lung uall LLI Wall Bo& Kidneys Liver Marrow Bone Thyrold ICRP 
1.00EM9 1.00€+09 1.06EM9 1.00EM9 1.03EM9 9.92E98 9.92€+08 7.88€+08 9.92Et08 1.01Et09 
4 . 9 4 ~ ~ 7  5.88Et07 5.78Et07 1.13Et08 6.34E97 7.10EM7 1.94€+08 4.06Et08 5.18€+07 8.72E97 
3.55Et11 3.07Etll 3.14Etll 3.71E*ll 3.54Et11 3.37Et11 3.88Et11 4.45€*11 4.13Etll 3.78Et11 
6.10Et10 4.01Et09 3.13Et10 2.85Et10 2.40Et10 2.41Et10 8.88€*10 1.62Etll 2.41Et10 4.17€+10 
7.90Etll 1.02€+10 8.32Et10 3.10E*10 1.69Et10 1.69Et10 6.21€*10 1.14Etll 1.69Et10 1.25Etll 
8.80EM9 2.46Etm 5.48Et09 6.36€+09 2.06€+09 2.06E+09 1.lOEt10 2.91Et10 2.06E+09 5.06€+09 
1.25Etll 2.63Et09 l.llEt10 2.62€+10 1.50€+09 1.50€+09 7.96Et09 2.12Et10 1.50€+09 1.86Et10 
6.04Et09 1.94Et09 3.94Et09 2.70Et09 1.69€+09 1.69Et09 1.69€+09 1.69€+09 1.69€+09 2.42€+09 
1.50Etll 2.13Et09 8.24€+09 2.82Et10 1.34EM9 1.34Et09 1.34EM9 1.34E49 1.34Et09 1.98Et10 
3.94Et10 1.63Et10 1.49Et10 1.93Et10 1.49Et10 1.49Et10 1.49Et10 1.49Et10 1.49Et10 1.79Et10 
1.35E+12 1.97Et10 1.49Et10 2.50Etll 1.49€*10 1.49Et10 1.49Et10 1.49Et10 1.49Et10 1.75E*ll 
2.86Et11 2.61Et09 4.09Et10 7.65€*10 1.33€+09 1.33Et10 8.64Et10 .1.30E+ll 1.33Et09 5.30Et10 
1.63Et12 3.39Et11 3.93Et11 5.89Et11 3.10Etll 3.68Et11 3.28Et11 3.31Etll 3.86Etll 5.03Etll 
5.49~+09 4.71Et09 5.66Et09 5.57Et09 '4.84€+09 4.67€+09 5.29€+09 6.37€+09 6.07Et09 5.55EM9 
1.55Et10 4.68EM9 7.26€+09 7.37Et09 4.58€+09 4.69Et09 5.05E99 6.01€+09 5.86Et09 6.38Et09 
2.02Et10 4.74Et09 7.41Et09 8.22Et09 4.56€*09 4.79€+09 5.05€+09 5.98€+09 5.86E99 6.79€+09 
1.46Etll 1.29Etll 1.34Etll 1.53Etll 1.53Etll 2.41Etll 1.62Etll 1.71Etll 1.60Etll 1.65E*ll 
3.10Etll 1.38Etll 1.4OEtll 1.49Etll 1.38Et11 1.78Etll 1.46Etll 1.51Etll 1.63Etll 1.77Etll 
2.56Et10 8.37Et07 2.91Et09 5..06€+09< 8.72€+09 1.66€+10 8.64Et09 5.92€+09 8.56Et09 1.26€+10 
2.01Etll 1.03€+08 3.13Et09 4.90Et09 4.04Et09 7.66Et09 4.02EM9 2.75E99 3.96Et09 3.17Et10 
5.59Et11 1.79Etll 2.60Etll 2.01Etll 1.97Etll 2.19Etll 1.95Etll 2.00E+ll 2.23Eill 2.65€+11 
8.11Etll 1.79Etll 2.56Et11 1.97Etll 1.79Etll 1.98Etll 1.83Etll 1.86Etll 2.13Etll 2.82Et11 
1.36Etll 2.11Et10 3.45Et10 2.55Et10 2.08€+10 2.50Et10 2.33Et10 3.36Et10 2.836+10 4.15€+10 
5.11Etll 3.16Et10 3.45Et10 3.71Et10 2.37Et10 3.66Et10 3.26Et10 4.12Et10 3.23Et10 9.59Et10 
3.68Et11 1.47Etll 1.78Etll 1.61Etll 1.46Etll 1.55Etll 1.53Etll 1.61Etll 1.81Etll 1.94Etll 
6.05Etll 1.63Etll 1.78Etll 1.73Etll 1.52Etll 1.71Etll 1.61Etll 1.67Etll 1.90Etll 2.32€*11 
1.35Et12 4.29Et11 5.04Etll 4.61Etll 4.54Et11 5.21E*ll 4.49Et11 4.45Et11 4.97Et11 6.11Etll 
1.07Et13 1.08Et12 5.10Etll 9.80Etll 7.73Et11 1.25€+12 8.25€*11 7.34Et11 8.63Et11 2.25Et12 
1.06Et10 1.02Et10 1.14Et10 1.06Et10 1.02Et10 1.02Et10 1.05EtlO 1.04Et10 l.llEt10 1.06€+10 
3.55Et10 3.14Et09 6.63Et09 7.40Et09 3.08Et09 3.08Et09 3.14Et09 3.12Et09 3.38Et09 7.40Et09 
2.58Et10 2.44Et10 2.82Et10 2.48Et10 2.44Et10 2.43Et10 2.43€+10 2.43EtlO 2.43Et10 2.48€+10 
9.12Et10 7.61Et09 1.99Et10 1.84Et10 7.34Et09 7.31Et09 7.31Et09 7.31Et09 7.3lEt09 1.84E410 
1.68Etll 1.59Etll 1.78Etll 1.90Etll 2.22Et11 2.18E*ll 2.28Et11 2.21Etll 1.92Etll 2.28€*11 
2.76Et11 1.42Etll 1.50Etll 1.62Etll 1.78Etll 1.83Etll 1.83Etll 1.78Etll 1.67Etll 2.03Etll 
6.85Et11 1.72Etll 1.34011 1.77Etll 1.76Etll 2.11Etll 1.85Et11 1.76Etll 1.80Etll 2.60Et11 
9.42Et10 9.61Et10 8.54Et10 1.19Et11 2.10Etll 1.77Etll 9.90Et10 1.13Etll 9.59Et10 1.14E+ll 
2.15Etll 9.67Et10 8.24Et10 1.36Etll 1.85Etll 1.64Etll 9.78Et10 1.12Etll 9.55Et10 1.24Etll 
7.35Et10 1.70Et10 2.11EtlO 6.63Et10 1.01Etll 1.00Etll 1.00Etll 1.01Etll 1.03Etll 9.96€+10 
8.29Et10 7.32Et10 7.91Et10 9.08Et10 7.84Et10 7.45Et10 9.80Et10 1.11Etll 9.66Et10 8.68€+10 
2.81E+ll 8.31Et10 8.89Et10 1.26Etll 7.84Et10 8.74Et10 A.46Et10 9.13Et10 9.72Et10 l.lZE+ll 
5.24Et10 3.18Et09 l.lOE+ll 3.11Et10 1.75Et10 1.75Et10 1.06Et14 2.19E+ll 1.75Et10 4.59€+10 
2.48€*12 9.78Et09 4.21Etll 3.81Et10 3.66Et08 3.67€+08 2.13Et09 4.37Et09 3.71€+08 3.44€+11 
7.91Et10 1.58€+09 1.13Etll 1.92Et12 1.17Etll 1.17Etll 8.80Et12 1.76Et13 1.17Etll 1.68€+12 
6.80€+13 2.29Et11 7.12Et12 1.20Et12 2.92Et10 1.52Etll 9.60Etll 1.84€+12 2.92Et10 1.16Et13 
6.56Et11 1.32Etll 2.21E*ll 1.53Etll 1.29Etll 1.38Etll 1.53Etll 1.84Et11 1.60Etll 2.23€+11 
l.lSEt12 1.46Etll 2.25Et11 1.60E+ll 1.30Etll 1.53Etll 1.41E*ll 1.47Etll 1.64Etll 2.85Et11 
1.45Et12 3.01Etll 4.37Et11 5.15Etll 4.13Etll 3.09Etll 4.05E+ll S.OSEt11 3.45Et11 5.15E+ll 
2.24€+13 1.14Et12 4.71Etll 3.54Et12 7.76€*11 1.36Et12 8.85Et11 8.19Etll 9.24Et11 3.54€+12 
3.51Etll 1.15Etll 1.51E+11 1.26Etll 1.12E*ll 1.17E*ll 1.18Etll 1.24Etll 1.41Etll 1.59E+ll 
5.33Et10 2.30Et10 2.30Et10 2.88€*10 8.77€+10 1.32E*ll 2.68€+10 3.36€+10 2.96Et10 4.09E+10 
1.72Etll 2.656+10 1.83E*ll 2.63Et10 2.39€+10 2.53€+10 2.25Et10 2.54Et10 2.81Et10 5.76Et10 
7.70Et09 3.92Et09 4.07Et09 1.35E99 2.78E+09 3.82Et09 1.95Et09 2.49€+09 8.56Et10 5.66E+09 
4.18Etll 4.56Et09 1.33Et10 7.10Et09 2.46Et09 3.37€*09 1.72€+09 2.20Et09 7.57Et10 5.80€+10 
1.87Et10 1.63€*10 1.59€+10 1.98Et10 1.66Et10 1.65€+10 1.65€+10 2.82€*10 2.59€+10 1.99€+10 
1.95Et10 1.63Et10 1.59Et10 1.98E+10 1.66Et10 1.65€+10 1.65Et10 2.82Et10 2.53€*10 2.00E+10 
5.33Et11 7.50Et10 l.S4E*ll 8.63Et10 7.19Et10 7.68€+10 7.69Et10 8.45Et10 8.94Et10 1.46E+ll 
3.04Et13 8.13E*10 1.15€+12 5.24€*11 9.87€*10 1.18Et11 1.03Etll 1.12E*ll l.O8E+11 4.21E412 
3.98€+11 3.45Et11 2.83E*11 4.77Etll 4.59Etll 2.13Et12 3.16Etll 3.22Et11 3.14Etll 4.77E+11 
1.03€*12 3.03E+ll 3.29Et11 4.39Et11 3.19Etll 8.52Et11 2.91Etll 3.03Etll 3.21Etll 4.39E+ll 
1.37Et13 1.12E*12 3.75Et11 2.50Et12 7.45Et11 1.66€+12 8.58Etll 7.51E+ll 8.73Et11 2.50E+12 
6.03Etll 5.28E+11 4.45Etll 7.02E*ll 6.87Et11 2.74€+12 4.86Et11 4.89Et11 5.04Etll 7.02Etll 
1.30Et12 4.70E*ll 5.05E*ll 6.32Et11 4.92Et11 l.lOEt12 4.53Et11 4.62Et11 5.13Etll 6.32E+11 
3.91Et12 6.47Et11 S.OSEt11 1.03Et12 5.41Etll 8.69Et11 5.66Et11 5.52Et11 6.42Et11 1.03€+12 
9.96Et10 8.59Et10 9.95€+10 1.29Et12 1.17€*13 2.11€*12 1.03Etll 9.35Et10 7.96€*10 9.13E*ll 
4.32€+11 2.70Et10 8.75Et10 4.17Etll 3.38€*12 6.09Et10 3.03€+10 2.82Et10 2.35Et10 3.18E+ll 
2.31E*12 1.26Et10 7.43Et10 5.13Etll 9.93Et11 1.88€*10 1.34Et10 1.24Et10 8.00Et09 3.62Et11 
6.44Et10 4.77E*10 8.46Et10 7.20Et10 5.09E*lO 4.77Et10 l.llE+ll 1.94Etll 6.12Et10 7.2OE*10 
5.81E+ll 4.57Et10 1.48E*ll 1.26E+ll 4.26Et10 4.51€*10 5.98Et10 8.39Et10 5.29EtlO 1.26E+ll 
1.07Et12 9.08Etll 1.17Et12 1.33Et12 1.01Et12 9.33Etll 2.27€*12 4.17Et12 1.13€+12 1.33€+12 
5.06E+12 7.25Et11 1.31€+12 1.43Et12 7.32€*11 7.35Et11 l.lOE*12 1.66E+12 8.90E*ll 1.43Et12 
2.96Etll 2.42E*ll 3.33Et11 2.96Et11 2.57Etll 2.97E+11 2.96Et11 3.60Etll 3.09Et11 2.96€*11 
-1.46Et12 2.64Etll 5.39Et11 4.53€+11 2.58€*11 2.75Et11 2.73Et11 2.96Et11 3.1ZEtll 4.53Et11 
7.77Et10 6.30€+10 8.66Et10 8.23Et10 6.77Et10 8.59Et10 7.82Et10 1. SlE*ll 8.2ZEt10 8.23E-10 
7.01Etll 7.25€+10 1.52E+ll 1.63E+ll 6.86Et10 7.99Et10 7.49€+10 9.94€+10 8.50€+10 1.63E+ll 
2.34Et10 1.4BEt10 1.29Et10 3.24€*11 3.46Et10 1.SOEtlO 8.60€+09 3.57Et10 6.43Et12 2.23€*11 
2.58Et10 1.46€+10 1.26Et10 5.34Et10 3.59Et10 1.91Et10 1.22Et10 3.86Et10 4.OOEt13 1.24€+12 
6.71€+11 5.96€*11 5.83Et11 7.19E*ll 6.41Etll 6.06Etll 6.63Et11 8.16E*ll 9.63Et12 9.89E'll 
4.80E*ll 4.5CS*ll 4.87Et11 5.87€*11 7.47Et11 7.55Et11 7.06Etll 7.07Etll 6.78E*ll 7.47E41t 
5.12EtO9 3.06€*08 6.81€+08 3.52E+10 5.98Et10 5.98€*10 5.98Et10 6.90Et10 5.98Et10 5.35E+10 
3.41Etll 3.03E*ll 3.03Etll 3.52Etl1 3.50Etll 3.40Etll 3.50Etll 3.77Et11 4.12Etll 3.71E+l1 



Nucl i de 
and 

Solubilii 
CS-137 D 
Ba-140 D 
La-140 W 
Ce-141 Y 
Ce-141 W 
Ce-141 0 
Cei144 Y 
Ce-144 W 
Ce-144 D 
Eu-152 W 
Eu-154 W 
Yb-169 W 
Y4-169 Y 
Pb-210 W 
Po-210 Y 
PO-210 D 
Rn-222 
Ra-226 W 
Ra-228 U 
Ac-227 Y 
Ac-227 U 
Th-228 Y 
Th-228 W 
Th-229 Y 
Th-229 W 
Th-230 Y 
Th-230 W 
Th-232 Y 
Th-232 Y 
Pa-231 Y 
Pa-231 U 
U-232 Y 
U-232 W 
U-232 0 
U-233 Y 
U-233 U 
U-233 0 
U-234 Y 
U-234 U 
U-234 D 
U-235 Y 
U-235 U 
U-235 0 
U-236 Y 
U-236 W 
U-236 0 
U-238 Y 
U-238 U 
U-238 0 
Np-237 Y 
Hp-237 U 
Pu-236 Y 
Pu-236 U 
Pu-238 Y 
Pu-238 U 
Pu-239 Y 
Pu-239 U 
Pu-240 Y 
Pu-240 U 
Pu-241 Y 
Pu-241 U 
Pu-242 Y 
Pu-242 W 
Pu-244 Y 
Pu-244 W 

Am-241 U 

Am-243 U 

Am-241 Y 

Am-243 Y 

Cm-242 Y 
. Cm-242 Y 
Cm-243 Y 
Cm-243 U 
.Cm-244 Y 

Cm-248 Y 
Cm-248 U 

Cm-244 U 

Cf-252 Y 
Cf-252 U 

TABLE 0-18 . PDCF-2 (Continued) 
Stomach Total Red 

ty Lung Wall LLI Wall Body Kidneys LIver Marrow Bone Thyrold ICRP 
2.11Etll 1.86Et11 2.01E +11 1.13Etll 4.90Etll 4.94Et11 4.75Et11 5.16Etll 4.59Etll 4.7301 1 
1.04Etll 3.27Et10 1.65Etll 4.43Et10 3.67Et10 3.51Et10 5.48Et10 7.27Et10 4.81Et10 6.70Et10 
4.47Etll 2.80Etll 4.32Et11 3.13Etll 2.99Et11 2.91Et11 2.98Et11 3.16Etll 3.55Et11 3.49Et11 
5.15Etll 1.42E+10 1.32Etll 2.09Et10 1.23Et10 1.64Et10 1.19Et10 1.89Et10 1.55Et10 8.58Et10 
3.51Etll 1.41Et10 1.24Etll 2.26Et10 3.57Et10 9.68Et10 1.70Et10 3.51Et10 1.58Et10 7.28Et10 
3.08Et10 1.39EtIO 5.13Et10 3.79Et10 1.46Et11 4.74Etll 4.21Et10 1.12Etll 1.82Et10 6.40Et10 
2.32Et13 4.38Et10 1.05Et12 3.83Et11 1.97Etll 6.57€+11 7.81Et10 1.28Etll 1.67Et10 3.18Et12 
5.45€+12 3.58E+10 9.66€+11 4.17Etll 1.85Et12 6.49Et12 6.70Etll 1.13Et12 4.58Et10 1.41Et12 
1.46Etll 3.06Et10 3.27Et11 1.37Et12 8.01Et12 2.72Et13 1.21Et12 4.89Et12 1.61Etll 2.77E412 
1.85Et12 7.24Et11 5.77Et11 1.93E+12 1.24Et12 1.04Et13 2.49Et12 7.27Et12 4.31Etll 1.93Et12 
2.50Et12 6.81Etll 1.46E+11 2.46Et12 1.16Et12 1.28€+13 3.3OEt12 1.57Et13 4.14Etll 2.46Et12 
3.18Etll 4.48Et10 1.29Etll 1.24Etll 4.84Et10 5.01Et10 6.29Et10 2.85Et11 6.28Et10 9.97Et10 
4.53Et11 4.66Et10 1.34Etll 1.37Etll 4.45Et10 4.76Et10 4.43Et10 8.57Et10 6.29Et10 1.08Etll 
4.96Et13 9.77Et09 3.76Et11 2.80Et13 2.64Et13 2.48Et13 1.76Et13 1.60Et14 5.36Et12 2.08Et13 
3.68Et14 1.78Et10 7.03Etll 1.04Et13 1.12Et14 2.00Et13 6.64Et12 2.96Etl2 6.40Et12 7.01Et13 
8.00Et12 5.78Et09 2.28Et11 1.68E+13 3.68Et14 6.40Et13 2.16Et13 9.60Et12 2.08Et13 7.96Et13 
5.96Et11 5.33Et11 5.27Et11 6.13Etll 5.73Et11 5.44Et11 5.84Et11 6.37Et11 7.13Etll 6.15Etll 
4.49Et14 5.63Et11 1.97Et12 3.82Et13 5.85Et12 5.82Et12 2.06Et13 1.85Et14 5.99Et12 6.87Et13 
3.95Et13 1.89Etll 6.70Etll 2.01Et13 4.44Et12 6.11Et12 1.37Et13 1.12Et14 4.47Et12 1.45Et13 
8.24Et15 6.40Etll 1.45Et13 8.08Et14 7.28Et14 5.55Et15 3.60Et15 3.58Et16 5.21Et13 4.16€+15 
6.72Et14 3.39Et11 1.81Et12 1.30Et15 1.97Et15 1.53Et16 9.76Et15 9.76Et16 1.12Et14 5.45€+15 
5.73Et15 1.17Et12 2.36Et13 1.52Et14 1.09Et13 2.04Et13 2.96Et14 3.21Et15 7.43Et12 1.07Et15 
9.36Et14 6.04Etll 6.10Et12 1.76Et14 1.97Et13 9.64Et13 1.70Et15 1.85Et16 2.05Et13 9.04Et14 
9.84Et15 1.48Et12 l.lSEt13 8.56Et14 '3.79Et13 1.20E+14 5.27Et15 6.26Et16 3.40Et13 5.08Et15 
9.28Et14 9.43Et11 3.39Et12 1.14Et15 3.55Et13 1.76Et14 1.27Et16 1.52Et17 3.48Et13 6.25Et15 
4.21Et15 2.14Et10 8.00Etll 3.04Et14 8.80€+12 4.40Et13 2.03Et15 3.18Et16 8.80Et12 2.07Et15 
4.32Et14 2.20Et10 7.48Et11 4.48Et14 2.08Et13 1.04€+14 4.98€+15 7.82Et16 2.24€+13 3.02Et15 
3.63Et15 6.11Et10 A.80Etll 3.04Et14 8.80Et12 3.92Et13 2.17Et15 3.62Et16 8.80Et12 2.13€+15 
3.76Et14 7.00Et10 7.38Et11 4.72Et14 1.84Et13 8.80Et13 5.22Et15 8.80Et16 1.92Et13 3.33Et15 
4.75€+15 2.04E+ll 1.36Et12 l.lOEt15 1.54€+15 1.19E+16 6;46€+15 7.49Et16 9.60Et13 5.27E+15 

-4.64€+14 3.17Etll 1.04Et12 2.09Et15 3.53Et15 2.74€+16 1.47€+16 1.73Et17 2.08Et14 9.28€+15 
7.10Et15 4.46Et11 8.80Et12 4.24Et14 4.64Et13 3.60Et13 7.04Et14 7.63Et15 1.44013 2.59Et15 
5.36Et14 6.84Et10 1.04Et12 6.08Et13 7.76Et13 2.96Et12 4.56Et14 5.03Et15 1.52Et12 2.80Et14 
8.80Et12 1.49Etll 4.10Etll 1.60Et14 2.56Et14 2.32Et12 1.38Et15 1.53Et16 2.4OEt12 6.42Et14 
4.34Et15 3.09Et10 8.80Etll 1.36Et14 1.36Et13 1.24E+ll 1.92Et12 2.88Et13 1.31Etll 8.96Et14 
4.48Et14 4.96Et10 7.54Et11 2.08Et13 4.00Et13 3.55€+11 5.60E+12 8.00Et13 3.75€+11 6.24Et13 
7.606+12 1.14Etll 3.30Etll 4.56Et13 1.36Et14 1.20Et12 1.84Et13 2.80Et14 1.28€+12 2.03Et13 
4.29Et15 3.07E+10 8.80Etll 1.28Et14 1.36Et13 1.30Etll 1.92€+12 2.80Et13 1.29Etll 8.88Et14 
4.40Et14 4.92Et10 7.53Et11 2.00Et13 3.92Et13 3.71E+ll 5.44E+12 8.00€+13 3.70Etll 6.17€+13 
7.52€+12 1.12E+ll 3.28Et11 4.48E+13 1.28Et14 1.20€+12 1.84Et13 2.72Et14 1.20Et12 2.00Et13 
3.87€+15 2.19Etll 2.02Et12 1.20€+14 1.20Et13 2.73Et11 1.54Et12 2.32€+13 1.96Etll 7.98Et14 
4.00Et14 8.30€+10 9.00Etll 1.84Et13 3.52Et13 3.50Etll 4.26Et12 6.80Et13 3.73Et11 5.55Et13 
6.82€+12 1.34Etll 3.69E+11 4.08Et13 1.20€+14 1.06Et12 1.44Et13 2.24Et14 l.l5E+12 1.72€+13 
4.05Et15 3.07Et10 8.00Etll 1.28Et14 1.28€+13 1.24Etll 1.60€+12 2.56Et13 1.22Etll 8.32€+14 
4.16Et14 5.18E+lO 7.14Etll 1.92€+13 3.69Et13 3.54Et11 4.72Et12 7.36Et13 3.50Etll 5.81Et13 
7.12Et12 1.24Etll 3.26E+11 4.24€+13 1.20€+14 1.20Et12 1.60Et13 2.48Et14 1.12Et12 1.84Et13 
3.84Et15 3.13E+ll 2.48Et12 1.20Et14 1.23Et13 3.85Et11 1.86Et12 2.35Et13 4.58Etll 7.89Et14 
3.92€+14 2.91Etll 1.12E+12 1.87€+13 3.55Et13 5.66Et11 4.74Et12 6.67Et13 6.63Et11 5.48€+13 
6.90€+12 3.42Et11 5.42Et11 4.03€+13 1.20Et14 1.28Et12 1.55Et13 2.24Et14 1.45Et12 1.73Et13 
4.55€+15 4.09Etll 1.47€+12 5.28€+14 8.16Et14 6.31E+15 2.40€+15 3.39Et16 4.64Et13 2.77€+15 
4.72E+14 6.64E+l1 1.31€+12 9.76Et14 2.01Et15 1.55€+16 5.94Et15 8.4OEt16 1.12Et14 4.58Et15 
3.56€+15 2.76Et10 1.04€+12 9.60Et13 5.28Et13 4.OOE+14 1.44Et14 1.67Et15 2.72Et12 6.36Et14 
5.12€+14 2.32€+10 9.80Etll 1.20€+14 2.56E+14 1.98€+15 6.48Et14 7.54Et15 1.20Et13 5.27€+14 
4.86€+15 2.32E+10 9.60F.+ll 4.80E+14 7.2GEt14 5.60€+15 2.09Et15 2.62Et16 4.08€+13 2.46Et15 
5.12Et14 2.22€+10 9.80Etll 8.98Et14 1.94Et15 1.43Et16 5.37Et15 6.72Et16 1.04Et14 3.91Et15 
4.64E+15 2.18Et10 8.80Etll 5.36Et14 8.24Et14 6.38Et15 2.42€+15 3.33Et16 4.64€+13 2.78€+15 
4.80€+14 2.07€+10 B.OOE+ll 9.92€+14 2.04Et15 1.58€+16 6.05Et15 8.32Et16 1.20Et14 4.60€+15 
4.63E+15 2.19Et10 8.ROEtll 5.36€+14 4.24E+14 6.36Et15 2.42Et15 3.32Et16 4.64Et13 2.77E+15 
4.9OEt14 2.10€+10 B.OOE*ll 5.36Et14 2.04Et15 1.58€+16 6.04Et15 8.32Et16 1.20Et14 4.59Et15 
8.80€+12 R.24€+08 5.50Et09 9.60Et12 1.76Et13 1.36Et14 5.44Et13 6.80Et14 1.28Et12 4.30Et13 
1.23Etll 1.45Et09 4.98Et09 2.00Et13 3.92Et13 3.04Et14 1.28Et14 1.55Et15 2.40Et12 8.72€+13 
4.40Et15 2.20E+10 8.80E+ll 5.04E414 7.84€+14 6.06Et15 2.30Et15 3.35€+16 4.48Et13 2.69Et15 
4.566+14 2.17Et10 7.79Et11 9.44Et14 1.94Et15 1.50Et16 5.74€+15 8.40Et16 1.12Et14 4.51Et15 
4.38€+15 1.16Et12 5.24Et12 5.04Et14 7.76Et14 5.99Et15 2.17Et15 3.39Et16 4.41Et13 2.67Et15 
4.48Et14 1.32Et12 2.44€+12 9.36E+14 1.92Et15 1.49Et16 5.41Et15 8.48Et16 1.12Et14 4.49EtlS 
4.92Et15 7.28€+10 1.04Et12 5.52€+14 8.48€+14 6.59Et15 2.50Et15 3.12Et16 4.80Et13 2.78Et15 
5.12Et14 9.69€+10 8.82Et11 1.02€+15 2.10E+15 1.63€+16 6.22Et15 7.78Et16 1.20Et14 4.50E+15 
4.76Et15 5.34€+11 2.99Et12 5.52Et14 R.56€+14 6.58€+15 2.50Et15 3.34Et16 4.88Et13 2.82E+15 
4.88Et14 7.05E+ll 1.55E+12 1.02€+15 2.10E+15 1.62€+16 6.22Et15 8.24Et16 1.20Et14 4.63Et15 
1.38Et15 2.16€*10 9.60Etll 2.40€+13 6.00Et12 4.64E+13 1.60Et13 1.84Et14 3.96Et11 1.86Et14 
4.40Et14 2.30E+10 8.90Etll 2.80E+13 4.96Et13 3.84Et14 1.20Et14 1.34Et15 2.40Et12 1.41Etl4 
5.02€+15 1.90E+ll 1.22E+12 3.84Et14 5.44Et14 4.21Et15 1.52Et15 1.72Et16 2.96€+13 1.97Et15 
5.44Et14 2.68E+11 1.14E+12 6.96€+14 1.46Et15 1.13Et16 4.10Et15 4.62Et16 8.00Et13 2.88Et15 
4.86Et15 2.42E+10 1.04E+1? 3.12Et14 4.16€+14 3.18Et15 1.13Et15 1.30Et16 2.16€+13 1.64Et15 
5.36Et14 2.34€+10 8.ROE+ll 5.44Et14 1.16Et15 8.96Et15 3.19E+15 3.65€+16 6.16Et13 2.28Et15 
1.78E+l6 2.72Et13 1.44Et13 2.08€+15 3.21Et15 2.47Et16 2.38Et15 3.42Et16 1.92Et14 7.02Et15 
1.86Et15 4.00€+13 2.56Et13 3.86Et15 7.89Et15 6.08Et16 5.89€+15 8.48Et16 4.64Et14 8.56€+15 
6.97€+15 2.56Et12 2.72€+12 1.68Et14 9.60Et13 7.52Et14 1.20€+14 1.30€+15 5.44Et12 l.lOE+l5 
1 .C4E+15 ~ 2.08Et 12 3.20Et12 2.32Et 14 4.88Et14 3.78Et15 6.16Et14 6.58EtlS 2.4OEtl3 7.07E+ 14 
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lucllde 
__. -. _ _  

Solibiltty Lung Yall LLI Wall Body Kidneys LIver Marrow Bone Thyroid ICRP 
H-3 
C-14 

P-32 0 
P-32 Y 
P-33 0 
P133 Y 
5-35 0 
5-35 u 
Cl-36 0 
C1-36 Y 
Ca-45 Y 
sc-46 Y 
Cr-51 0 
Cr-51 U 
Cr-51 Y 
nn-54 D 
Mn-54 Y 
Fe-55 Y 
Fe-55 Y 
Fe-59 U 
Fe-59 Y 

Na-22 0 

CO-57 W 
CO-57 Y 
CO-58 U 
CO-58 Y 
CO-60 W 
CO-60 Y 
N1-59 0 
Ni-59 W 
HI-63 0 
Ni-63 Y 
211-65 0 
Zn-65 U 
211-65 Y 
Se-75 0 
Se-75 Y 

Sr-85 0 
Sr-85 Y 
Sr-89 0 
Sr-89 Y 
Sr-90 0 
Sr-90 Y 
Zr-95 W 
Zr-95 Y 

Rb-86 0 

. Nb-94 Y 
Nb-94 Y 
Nb-95 Y 
no-99 0 
MO-99 Y 
Tc-99 0 
Tc-99 W 
Tc-Wm 0 
Tc-99m U 
Ru-103 Y 
Ru-106 Y 
Ag-108 0 
Ag-108 Y 
Ao-108 Y 
Ag-110 0 

, Ag-110 Y 
Ag-110 Y 
Cd-109 0 
Cd-109 Y 
Cd-109 Y 
91-113 0. 
91-113 Y 
Sn-126 0 
Sn-126 U 
Sb-124 0 
Sb-124 U 
Sb-125 0 
Sb-125 U 
1-125 0 
1-129 0 
1-131 0 
CS-134 0 
CS-135 0 
CS-136 0 

5.96Et10 7.67Et10 1.01Etll 5.92Et10 6.10Et10 5.90Et10 5.89Et10 4.68Et10 5.90Et10 6.39Et10 
8.65Et11 1.23Et12 1.49Et12 1.96Et12 1.08Et12 1.25Et12 3.44Et12 7.18Et12 9.05Etll 1.57Et12 
8.37Et12 3.9Nt12 4.85Et12 5306Et12 5.34Et12 5.03Et12 6.69Et12 8.36Et12 4.84Et12 6.43Et12 
1.78Et12 1.27Et12 1.04Et13 2.02E*12 1.72Et12 1.73Et12 6.35Et12 1.16Et13 1.73Et12 3.22E+12 
2.51Et12 1.28Et12 1.05Et13 2.02Et12 1.71Et12 1.72Et12 6.33Et12 l.lSEt13 1.72Et12 3.3OEt12 
1.56Et11 2.87Et11 1.33Et12 4.76Et11 1.49Etll 1.49E+ll 7.94Et11 2.09Et12 1.49Etll 3.94Et11 
2.72Et11 2.87Et11 1.34Et12 4.96Et11 1.48Etll 1.48Etll 7.91Etll 2.09Et12 1.48Etll 4.07Etll 
1.29Etll 2.17Etll 9.25Etl1 1.98E*ll 1.25Etll 1.25Etll 1.72E49 1.25Etll 1.25Etll 1.98Etll 
2.73Et11 2.17Etll 9.29Et11 2.23E+ll 1.24Etll 1.24Etll 1.38E49 1.24Etll 1.24Etll 2.15Etll 
4.44€+12 6.12Et12 4.41Et12 4.56Et12 4.41Et12 4.41Et12 4.41Et12 4.41Et12 4.41Et12 4.52Et12 
5.75Et12 6.12Et12 4.41Et12 4.79Et12 4.41Et12 4.41Et12 4.41Et12 4.41Et12 4.41Et12 4.68Et12 
3.05Etll 5.24Et10 1.02Et12 4.80Etll 2.00Et10 3.19Et10 1.29Et12 1.96Et12 2.00Et10 3.51Etll 
2.43Et12 1.31Et12 4.78Et12 1.97Et12 1.19Et12 1.17Et12 1.26Et12 1.23Et12 1.38Et12 1.92Et12 
2.02Et10 2.27Et10 9.83Et10 3.20Et10 2.03Et10 1.92Et10 2.30Et10 2.58Et10 2.41Et10 3.14Et10 
3.01Et10 2.27Et10 9.98Et10 3.38Et10 2.00Et10 1.92Et10 2.28Et10 2.55Et10 2.39Et10 3.22Et10 
3.49Et10 2.27Etll) 1.00Etll 3.46Et10 2.00Et10 1.93EtlO 2.28Et10 2.54Et10 2.39Et10 3.26Et10 
6.66Et11 5.56Et11 1.06Et12 6.11Etll 6.02Et11 8.46Etll 6.44Et11 6.51Etll 6.24Et11 7.62Etl1 
8.31Etll 5.65Et11 1.07Et12 6.07Etll 5.86Et11 7.83Etll 6.29Et11 6.*31E*ll 6.27E;ll 7.74Et11 
9.72Et10 1.94Et09 7.43Et10 4.04Et10 7.37Et10 1.4OE*ll 7.33Et10 5.00Et10 7.23Et10 9.12Etl0 
2.72Et11 1.96Et09 7.45Et10 4.03EtlO 6.90Et10 1.31Etll 6.87Et10 4.68Et10 6.77Et10 l.lOEt11 
1.62Et12 9.25Et11 3.71Et12 9.73Et11 1.05Et12 1.21Et12 1.02Et12 9.91Etll 1.03Et12 1.50Et12 
1.87Et12 9.25Et11 3.71Et12 9.68Et11 1.03Et12 1.19Et12 1.00Et12 9.77Et11 1.02Et12 1.52Et12 
2.16Etll 9.36Et10 4.87Et11 9.99Et10 8.77Et10 9.51Et10 1.01E*ll 1.34Etll 1.11Et11 1.69Etll 
5.90Etll 1.04Etll 4.87€+11 1.12Etll 9.06Et10 1.07Etll l.lOE+ll 1.42Etll 1.15Et11 2.23Et11 
8.59Etll 6.35Etll 1.83Et12 6.52Et11 6.06Etll 5.96Et11 6.43Et11 6.44Et11 6.98Et11 8.94Etll 
l.lOEt12 6.50Etll 1.83Et12 6.64Et11 6.12Etll 6.13Etll 6.52Et11 6.51Etll 7.08Etll 9.32Et11 
3.04Et12 1.76E+12 4.95Et12 1.83Et12 1.88€+12 2.00Et12 1.86Et12 1.79Et12 1.68Et12 2.60Et12 
1.24Et13 2.41Et12 4.95Et12 2.35Et12 2.20Et12 2.73Et12 2.24Et12 2.08Et12 2.04Et12 4.24Et12 
2.04Et10 2.16Et10 8.62Et10 2.65Et10 2.01Et10 2.01€+10 2.06Et10 2.OSEt10 2.19€+10 2.65Et10 
4.53E+10 1.45Et10 8.15Et10 2.33Et10 1.30Et10 1.30Et10 1.33Et10 1.32Et10 1.42€+10 2.33Et10 
4.95Et10 5.36Et10 2.83Et11 6.80Et10 4.80Et10 4.79Et10 4.79Et10 4.79Et10 4.79Et10 6.80E+lO 
1.15Et11 3.68Et10 2.75Et11 6.16Et10 3.10Et10 3.09Et10 3.09Et10 3.09€*10 3.09Et10 6.16Et10 
9.63Et12 3.78Et12 5.296*12 4.52Et12 5.94Et12 5.86Etl2 6.08Et12 5.606+12 4.11Et12 6.74Et12 
9.73Et12 3.76Et12 5.26Et12 4.49Et12 5.89Et12 5.82Et12 6.03Et12 5.56Et12 4.09Et12 6.71Et12 
1.01Et13 3.79Et12 5.25€+12 4.51Et12 5.89Et12 5.85Et12 6.03Et12 5.18Et13 4.10Et12 6.77Et12 
1.73E+12 2.18Et12 1.98Et12 2.74Et12 6.72Et12 5.41Et12 2.10Et12 1.85Et12 1.31€+12 2.59E+12 
1.85Et12 2.18Et12 1.98Et12 2.76Et12 6.70Et12 5.40Et12 2.10Et12 1.85Et12 1.31Et12 2.60E+12 
2.29Et12 4.63E+ll 8.63Etll 1.36Et12 2.25Et12 2.25Et12 2.24Et12 2.23Et12 2.24Et12 2.28Et12 
3.51E+ll 3.54Etll 6.96Etll 4.61Etll 3.56Etll 3.32Etll 4.84Etll 5.30Etll 4.16Etll 4.56Et11 
4.96Et11 3.26E+11 7.97Et11 4.47Et11 3.05Etll 2.99Et11 3.36Et11 3.53Et11 3.60Etll 4.43Et11 
1.19Etll 1.96E+ll 6.82Et12 1.70Etll 8.37Et10 8.37€+10 5.11Et11 1.05Et12 8.37Et10 7.32€+11 
2.48€+12 2.03Etll 8.93Et12 7.58Et10 3.73Et09 3.73E49 2.24Et10 4.61Et10 3.74Et09 1.05€+12 
5.43E+ll 6.94Et10 6.13Et12 9.23€+12 5.80E+ll 5.59Et11 4.21Et13 8.41Et13 5.80Etll 8.45€+12 
6.80Et13 2.97Et11 1.45Et13 1.59Et12 5.24Et10 1.74Etll 2.62Et12 5.17Et12 5.24Et10 1.25Et13 
1.03Et12 5.69Et11 3.49Et12 5.60Etll 4.93Et11 4.73€+11 5.53Et11 5.88Et11 5.756+11 9.62Etll 
1.52Et12 5.84€+11 3.49Et12 5.66Etll 4.93Etll 4.87Et11 5.41E+ll 5.51Etll 5.80Etll 1.02Et12 
2.43Et12 2.43Et12 2.59Et13 5.04Et12 2.42Et12 1.47Et12 2.52Et12 2.74Et12 1.40Et12 5.04Et12 
2.34Et13 3.26Et12 2.59Et13 8.06Et12 2.796+12 2.51€+12 3.00Et12 3.05€+12 1.98Et12 8.06Et12 
9.45Etll 9.57Et11 8.28Et12 7.30Etll 6.88Etll 5.80Etll 7.98Etll 6.44Et11 5.60Etll 1.88E+12 
2.32Et11 2.67Et11 3.44Et11 2.06Etll 1.40Et12 2.30Et12 1.96Etll 2.78Etll 1.59Etll 4.05Etll 
2.52Et11 2.61Etll 4.87Et12 1.29Etll 1.59Etll 1.99Etll l.lOE+ll 1.14Et11 1.22Etll 5.88Et11 
7.76E+10 2.09Etll 7.09Etll 4.85Et10 1.04Etll 1.42Etll 7.29Et10 9.28Et10 3.19Et12 2.30Etll 
4.87Et11 2.10E+ll 7.19Etll 5.43Et10 1.03Etll 1.42Etll 7.27Et10 9.26Et10 3.18Et12 2.83Et11 
8.32Et10 9.38Et10 4.33€+10 8.30Et10 7.23Et10 7.24Et10 7-.20E+10 1.17Etll 1.49Etll 9.25Et10 
8.39€+10 9.38€+10 8.33Et10 8.30Et10 7.22Et10 7.24Et10 7.20Et10 1.17EtlI 1.49Etll 9.25Et10 
1.24Et12 1.01Et12 1.84Et13 6.96€+11 6.60Etll 6.13E+ll 7.68Et11 6.15Etll 5.26Et11 2.69€+12 
3.69Et13 4.96Et12 1.96Et14 5.06Et12 6.36Et12 6.39Et12 6.41Et12 7.37Et12 6.25Etl2 2.59Et13 
1.34E+12 1.44Et12 4.456+12 2.15€+12 1.60Et12 5.96Et12 1.30Et12 1.25Et12 1.21Et12 2.15Et12 
1.97Et12 1.40Et12 4.50Et12 2.11Et12 1.46Et12 4.68Et12 1.28Et12 1.23Et12 1.22Et12 2.11Et12 
1.47Et13 2.22Et12 4.54Et12 4.17Et12 1.89Et12 5.49Et12 1.85Et12 1.68Et12 1.77Et12 4.17Et12 
2.08E+12 2.24Et12 6.46Et12 3.22Et12 2.47€*12 7.77Et12 2.03Et12 1.92Et12 1.96Et12 3.22Et12 
2.78Et12 2.18Et12 6.52Et12 3.15Et12 2.27Et12 6.13Et12 2.00Et12 1.90Et12 1.97Et12 3.15Et12 
5.40E+12 2.36Et12 6.52Et12 3.55Et12 2.32€+12 5.90Et12 2.11Et12 1.99Et12 2.10Et12 3.55Et12 
2.10E+ll 2.27Et11 1.69Et12 2.99Et12 2.58Et13 4.66Et12 2.31E+ll 2.09Etll 1.77Etll 2.14Et12 
5.43Et11 1.69Etll 1.68Et12 2.12Et12 1.75Et13 2.61Et12 1.58Etll 1.43Etll 1.21Etll 1.54€+12 
2.42E+lZ 1.54Etll 1.67Et12 2.21Et12 1.51Et13 2.56Et12 1.42Etll 1.28Etll 1.06Etll 1.59E+12 
1.94Etll 2.58Et11 6.24Etl2 8.30Etll 2.01Etll 1.82Etll 3.59Et11 5.10Etll 2.18Etll 8.30Etll 
7.llE+ll 2.56Et11 6.31Et12 8.84Et11 1.93Etll 1.8OE*ll 3.08Etll 3.99Et11 2.10Etll 8.84Et11 
3.32E+12 3.79E+12 3.59€+13 7.2REt12 3.39Et12 3.13E+12 6.18Et12 1.01€+13 3.81Et12 7.28€+12 
7.32Et12 3.61€+12 3.60Et13 7.38Et12 3.12Et12 2.93€+12 5.01€+12 7.58Et12 3.57€+12 7.38Et12 
1.0%+12 1.20Et12 6.96Et12 1.80Et12 1.07Et12 1.15Et12 l.18Et12 1.36Et12 1.22Et12 1.80Et12 
2.19Et12 1.19Et12 7.73Et12 1.98€+12 1.04Et12 1.01Et12 l.llEt12 1.13Et12 1.20Et12 1.98Et12 
2.73Et11 3.10E+ll 1.87Et12 4.94Et11 2.77Et11 3.21E+ll 3.21Etll 5.30Etll 3.24Et11 4.94€+11 
8.84Etll 3.08Etll 2.08Et12 5.73Et11 2.65Et11 2.63Et11 2.88Et11 3.38Et11 3.15Etll 5.73€+11 
2.74Et11 3.73Et11 1.99Etll 7.01Et13 2.66Et11 1.96Etll 3.46Et11 4.49Etll 1.59Et15 4.83€+13 
l.llE+12 1.57Etll 1.34Etll 4.13Et12 1.01Et12 9.70Etll 1.21Et12 1.24Et12 9.76Et15 2.93Et14 
3.17Et12 2.60Etl2 2.47Et12 4.08Et12 2.91Et12 2.80Et12 3.10Et12 3.78Et12 2.26Et15 7.12E+13 
1.81Et13 6.34Et12 7.17Et12 8.53Et12 1.20Et13 1.20Et13 1.12Et13 1:08E*13 9.77Et12 1.33€+13 
1.19Et12 2.58Et10 5.75Et10 7.37Et11 1.25Et12 1.25Et12 1.25Et12 1.45Et12 1.26Et12 1.25Et12 
3.48Et12 1.99Et12 2.16Et12 2.23Et12 2.60Et12 2.59Et12 2.49Et12 2.49Et12 2.52Et12 2.79Et12 

0-35. 



* 1 :  

. 'd 

TABLE 0-19 . POCF-3 (Contlnued) - *  
. 1  

' ~ lucllde 
and Storrach Total Red 

Solubll l ty Lung Yall LLI Wall Body Kldneyr Liver Harrow Bone Thyrofd ICRP 

Ba-140 0 2.44Etll 2.49Et11 7.09Et12 2.OSEtll 1.54Etll 1.40Etll 2.26Et11 2.53Et11 1.74Etll 8.15Etll 
La-140 V 1.37Et12 1.36Et12 5.74242 1.30Et12 1.22Et12 l.lSEt12 1.24Et12 1.28Et12 1.42Et12 1.86Et12 
Ce-141 Y 5.51Etll 1.01Etll 2.39Et12 6.86Et10 4.61Et10 4.84Et10 4.94Et10 7.19Et10 6.03Et10 3.24Et11 
Ce-141 W 3.86Et11 1.00Etll 2.38Et12 7.03Et10 6.95Et10 1.29ft11 5.45Et10 8.81Et10 6.07Et10 3.11Etll 
Ce-141 D 6.64Et10 1.00Etll 2.31Et12 8.56Et10 1.80Etll 5.06Etll 7.95Et10 1.65Etll 6.30Et10 3.02E+ll 
Ce-144 Y 2.32Et13 2.07Etll 4.07Et12 4.30Etll 2.28Et11 6.83Et11 1.07Etll 1.68Etll 4.78Et10 4.67Et12 
Ce-144 W 5.47Et12 1.99Etll 3.99Et12 4.64Etll 1.88Et12 6.51Et12 6.99Et11 1.17Et12 7.69Et10 2.90Et12 
Ce-144 D 1.71Etll 1.94Etll 3.35Et12 1.42Et12 8.04Et12 2.72Et13 1.24Et12 4.93Et12 1.92Etll 4.26Et12 

CS-137 D l.llEt13 2.73Et12 3.17Et12 5.59Et12 8.94Et12 9.08Et12 8.56ft12 9.28Et12 7.91Et12 9.44Et12 

Eu-152 Y 2.36Et12 1.31Et12 3.81Et12 2.89Et12 1.82Et12 1.16Et13 3.19Et12 8.37Et12 1.02Et12 2.89Et12 
Eu-154 W 3.05Et12 1.36Et12 5.67Et12 3.71Et12 1.76Et12 1.43Et13 4.11Et12 1.75Et13 1.04Et12 3.71Et12 
Yb-169 W 4.46Etll 2.28Etll 2.20Et12 5.04Etll 1.87Etll 1.75Etll 2.09Etll 5.10Etll 2.47Et11 4.58Et11 
Yb-169 Y 5.81Etll 2.30Etll 2.21Et12 5.16Etll 1.83E+ll 1.72Etll 1.91Etll 3.11Etll 2.47Et11 4.67Et11 
Pb-210 W 7.OSEt13 2.39Et10 1.79ft12 1.47Et14 9.19Et13 1.22Et14 8.73Et13 8.29Et14 2.63Et13 7.50Et13 
PO-210 W 4.07E+14,3.60Etll 1.43Et13 4.13Et13 8.14Et14 1.41Et14 4.74Et13 2.11E*13 4.56Et13 2.24Et14 
PO-210 D 4.72Et13 3.48Etll 1.38Et13 4.77Et13 1.07Et15 1.85Et14 6.23Et13 2.77Et13 6.006t13 2.34Et14 
Rn-222 2.34Et12 2.14Et12 2.12Et12 2.46Et12 2.30Et12 2.18Et12 2.35Et12 2.56Et12 2.86Et12 2.46Et12 
Ra-226 U 4.92Et14 2.55Et12 2.70Et13 2.82Et14 4.95Et13 4.94Et13 1.79Et14 1.61Et15 5.01Et13 1.69Et14 
Ra-228 W 6.80Et13 6.93Etll 6.07Et12 1.41Et14 3.32ft13 3.49Et13 1.06Et14 8.09Et14 3.33Et13 7.10Et13 
Ac-227 Y 8.26E+15 8.72Et11 1.88Et13 1.03Et15 1.07Et15 8.28Et15 5.30E+15 5.28Et16 7.11Et13 S.lOE+lS 
Ac-227 U 6.91Et14 5.72Et11 6.20Et12 1.52Et15 2.31Et15 1.80Et16 l.lSEt16 1.15Et17 1.31Et14 6.39Et15 
Th-228 Y 5.73Et15 2.79Et12 5.71Et13 1.57Et14 1.28Et13 2.33Et13 3.24Et14 3.49Et15 9.59E+12 1.09Et15 
Th-228 Y 9.38Et14 2.22Et12 3.96Et13 1.81Et14 2.16Et13 9.93E*13 1.72Et15 1.88Et16 2.27Et13 9.20Et14 
Th-229 Y 9.84E+15 2.64Et12 2.67tt13 8.73Et14 3.94Et13 1.24Et14 5.45Et15 6.48Et16 3.58Et13 5.17Et15 
Th-229 W 9.30Et14 2.11Et12 1.86Et13 1.15E*lS 3.70Et13 1.80Et14 1.29Et16 1.54Et17 3.66Et13 6.34Et15 
Th-230 Y 4.21Et15 2.98Et11 1.32Et13 3.10Et14 9.10Et12 4.55Etl3 2.10Et15 3.29Et16 9.11E*12 2.12Et15 
Th-230 W 4.32Et14 2.99Et11 1.31Et13 4.54Et14 2.11Et13 1.06E*14 5.05Etl5 7.93Et16 2.27Et13 3.07E+15 
Th-232 Y 3.63Et15 2.99Etll 1.12Et13 3.11Et14 9.06Et12 4.05Et13 2.24Et15 3.75Et16 9.07Et12 2.18€*15 
Th-232 U 3.76Et14 3.08Etll l.lOEt13 4.79Et14 1.87Et13 8.93€*13 5.30E*15 8.92Et16 1.95Et13 3.38Et15 
Pa-231 Y 4.80Et15 1.18Et12 4.02Et13 1.53Et15 2.27Et15 1.76€+16 9.53Et15 l.llE+17 1.41Et14' 7.22Et15 
Pa-231 Y 5.09Et14 1.29Et12 3.99Et13 2.52Et15 4.26Et15 3.32Et16 l.W*16 2.09Et17 2.53Et14 1.12Et16 

U-232 W 5.38Et14 5.17Etll 1.50Et13 2.08Et14 3.08Et14 4.96Et12 1.71Et15 1.87Et16 3.63Et12 8.53Et14 
U-232 Y 7.10EtlS 7.72Etll 2.28Et13 4.30Et14 5.55€+13 3.61Et13 7.54Et14 9.18Et15 1.45Et13 2.62E*15 

U-232 0 l.llEt13 5.98Etl1 1.44Et13 3.07Et14 4.87Et14 4.32E+12 2.63E+15 2.89Et16 4.51Et12 1.21Et15 
U-233 Y 4.34Et15 3.23Et11 1.35Et13 1.38Et14 1.83Et13 1.66E+ll 2.59Et12 3.86Et13 1.76Etll 8.98E+14 

' U-233 U 4.49Et14 4.35Et11 1.26Et13 6.14Et13 1.59Et14 1.41Et12 2.24E+13 3.25Et14 1.49Et12 8.07Et13 

U-234 Y 4.29Et15 3.22Etl1 1.35Et13 1.30Et14 1.83Et13 1.74E*ll 2.57Et12 3.78Et13 1.73Etll 8.90E+14 
U-234 W 4.41Et14 4.32Et11 1.26Et13 6.06Et13 1.58Et14 1.48Et12 2.15E*13 3.25Et14 1.48Et12 7.97Et113 
U-234 0 8.72Et12 4.95Et11 1.22Et13 8.54Et13 2.47Et14 2.31€+12 3.45Et13 5.17Et14 2.31E+12 3.80E+13 
U-235 Y 3.87Et15 5.64Et11 1.54Et13 1.22Et14 1.63Et13 3.78Et11 2.12€*12 3.17Et13 3.30E*ll 7.99E*14 
U-235 Y 4.01Et14 5.20Etll 1.35Et13 5.49Et13 1.40Et14 1.38E+12 1.69Et13 2.71Et14 1.48E*12 7.12€+13 

U-236 Y 4.05Et15 3.OSEtll 1.27Et13 1.30Et14 1.72Et13 1.66Etll 2.16E*12 3.47€+13 1.63Etll 8.34Et14 
U-236 U 4.17Et14 4.13Etll 1.19Et13 5.70Et13 1.49Et14 1.40Et12 l.A7E*13 2.90Et14 1.39Et12 7.47€+13 
U-236 0 8.25Et12 4.85Et11 l.lSEt13 8.02Et13 2.32E+14 2.24E*12 3.00Et13 4.65€*14 2.16Et12 3.50E+13 
U-238 Y 3.84Et15 1.3OEtlZ 1.51Et13 1.23Et14 1.72Et13 1.16E+12 3.19Et12 3.21Et13 1.50Et12 7.92€+14 

U-238 0 8.76Et12 1.41EtlZ 1.24Et13 7.68Et13 2.26Et14 2.96E*12 2.95E+13 4.21Et14 3.44Et12 3.35Et13 
ND-237 Y 4.56Et15 8.79Et11 1.61Et13 6.01Et14 9.69E+14 7.47E+15 2.84Et15 4.02Et16 5.53Et13 3.11E*15 
Np-237 W 4.81Et14 1.13E*12. 1.59Et13 l.OSEt15 2.16Et15 1.67€*16 6.39€+15 9.03Et16 1.21Et14 4.93Et15 
Pu-236 Y 3.56Et15 3.68Etll 1.61Et13 9.63Et13 5.34Et13 4.04E+14 1.45€*14 1.69€+15 2.75Et12 6.38€+14 I 
Pu-236 U 5.12Et14 3.64Et11 1.60Et13 1.20Et14 2.57E*14 1.98€*15 6.49E+14 7.55E+15 1.20Et13 5.30E*14 ' 
Pu-238 Y 4.86Et15 3.47Etll 1.54Et13 4.82Et14 7.24E*14 5.63€*15 2.10E*15 2.63Et16 4.10Et13 2.47E*15 
Pu-238 W 5.12Ei14 3.46Et11 1.53Et13 8.90Et14 1.84€*15 1.44E+16 5.38E*15 6.73€+16 1.04Et14 3.92E*15 ' 
Pu-239 Y 4.64Et15 3.25Et11 1.46Et13 5.38Et14 8.28Et14 6.41Et15 2.44€+15 3.35Et16 4.67E*13 2.79E*15 
Pu-239 W I 4.ROEt14 3.24Et11 1.45Et13 9.94Et14 2.04Et15 1.59€+16 6.06Et15 8.34Et16 1.20Et14 4.61€+15 - -  
Pu-240 Y 4.63Et15 3.26Et11 1.46Et13 5.38Et14 8.28Et14 6.39Et15 2.43€+15 3.34Et16 4.67Et13 2.78E+15 e 

Pu-240 U 4.80ET14 3.25Et11 1.45Et13 5.38Et14 2.04Et15 1.58Et16 6.05Et15 8.34Et16 1.20Et14 9.60Et15 ' a 

Pu-241, Y 8.81EtJ2 2.36Et09 7.36Et10 9.64Et12 1.77€+13 1.37E+14 5.47€+13 6.83Et14 1.29Et12 4.32Et13 
Pu-241 Y 1.28Etll 2.98E*09 7.31Et10 2.00E+13 3.93Et13 3.05Et14 1.28Et14 1.56Et15 2.41E+12 8.74€+13 
Pu-242 Y 4.40Et15 3.11Etll 1.39Et13 5.06Et14 7.88Et14 6.09Et15 2.31Et15 3.37Et16 4.50€*13 2.70E*15 
Pu-242 W 4.56Et14 3.11Etll 1.38Et13 9.46Et14 1.94Et15 1.51E*16 5.76ft15 8.42Et16 1.12E*14 4.52Et15 
Pu-244 Y 4.38Et15 1.60Et12 2.60Et13 5.06Et14 7.80Et14 6.02Et15 2.18Et15 3.41€*16 4.45Et13 2.68E*15 
Pu-244 Y 4.48Et14 1.76Et12 2.32Et13 9.38Et14 1.92Et15 1.49Et16 5.42Et15 8.50€*16 1.12Et14 4.50E*15 

An-241 U 5.21Et14 4.68Etll 1.66Et13 1.10Et15 2.27Et15 1.76Et16 6.70€+15 8.38E*16 1.29Et14 4.85€+15 
h-243 Y 4.77Et15 9.87Et11 1.96Et13 6.27Et14 1.02Et15 7.86Et15 2.98E*15 3.97Et16 5.87Et13 3.18€*15 
An443 U 4.98Et14 1.19Et12 1.RlEt13 1.10Et15 2.27Et15 1.75Et16 6.70Et15 A.88Et16 1.30Et14 4.99E+15 

V-233 II 8.82Et12 4.99Et11 1.22Et13 8.62Et13 2.55Et14 2.26Et12 3.52Et13 5.25Et14 2.40Et12 3.86Et13 

U-235 0 8.02Et12 5.71Etll 1.30Et13 7.73Et13 2.25Et14 2.09Et12 2.71E+13 4.27Et14 2.26Et12 3.30E*13 

U-238 U 3.94Et14 1.36Et12 1.30Et13 5.52Et13 1.41Et14 2.24€+12 1.88€+13 2.63Et14 2.65Et12 7.10E+13 

Am241 Y 4.93Et15 4.44Etll 1.68Et13 6.27Et14 l.OlE*15 7.87€+15 2.98Et15 3.72E+16 5.70Et13 3.13€+15 

Cm-242 Y 1.38Et15 3.81Etll 1.67E*13 2.58E+13 9.92Et12 7.66E+13 2.56Et13 2.87Et14 5.83Et11 1.94E+14 
Cm-242 W 4.40Et14 3.83Et11 1.66Et13 2.98Et13 5.35Et13 4.14E+14 1.30€+14 1.45€+15 2.59Et12 1.49Et15 
Cm-243 Y 5.02Et15 6.44Et11 1.84E*13 4.33Et14 6.47E+14 5.03€+15 1.81€+15 2.05Et16 3.53Et13 2.17€*15 
Cm-243 U 5.50Et14 7.2lEtll 1.83Et13 7.45Et14 1.56Et15 1.21F*16 4.39€*15 4.95E*16 8.57€+13 3.ORE+15 
CUI-244 Y 4.86E+15-3.64E+ll_ 1.61Et13 3.50E*14-4.98€+14 3.82€+15 1.35€*15 1.56€+16 2.60Et13 1.8OE*lS 

Cm-248 Y 1.78Et16 3.25Et13 8.98Et13 2.35Et15 3.76Et15 2.90Et16 2.79Et15 4.03E+16 2.25Et14 7.62E*15 
Cn-248 Y 1.90Et15 4.53Et13 1.01Et14 4.13Et15 8.44Et15 6.51Et16 6.31E*15 9.08Et16 4.97Et14 9.16E+15 

Cn-244 Y 5.40Et14 3.63Etll 1.60Et13 5.82Et14 1.24Et15 9.60E+15 3.42€*15 3.91Et16 6.60Et13 2.44E+15 

Cf-252 Y 6.97Et15 4.00Et12 4.18Et13 1.84Et14 1.32Et14 1.03€+15 1.65Et14 1.78Et15 7.16Et12 l.lSE+15 
Cf-252 U 1.04Et15 3.52Et12 4.22Et13 2.48Et14 5.24Et14 4.06Et15 6.61Et14 7.05Et15 2.57Et13 7.53€+14 



, 

Nucl I d c  
- and 
Solubl l  I 1  

H-3 
C-14 
la -22  D 
P-32 D 
P-32 W 
P-33 0 
P-33 u 
5-35 D 
5-35 Y 
C1-36 0 
C1-36 W 
Ca-45 W 
SC-46 Y 
Cr-51 0 
Cr-51 W 
Cr-51 Y 
Mn-54 D 
Mn-54 Y 
Fe-55 W 
Fe-55 Y 
Fe-59 W 
Fe-59 Y 
to-57 W 
CO-57 Y 
CO-58 W 
to-58 Y 
CO-60 W 
CO-60 Y 
Mi-59 D 
MI-59 W 
Mi-63 0 
MI-63 W 
211-65 D 
2n-65 Y 
Zn-65 Y 
Se-75 0 
Se-75 U 

Sr-85 0 
Sr-85 Y 
Sr-89 0 
Sr-89 Y 
Sr-90 D 
Sr-90 Y 
2r-95 W 
Zr-95 Y 

Rb-86 D 

Nb-94 W 
Nb-94 Y 
Nb-95 Y 
NO-99 D 
no-99 Y 
Tc-99 0 
Tc-99 U 
Tc-99m 0 
Tc-99m U 
Ru-103 Y 
Ru-106 Y 

' Ag-108 r) 
Ag-108 U 
Ag-108 Y 
Ag-110 0 
Ag-110 W 
Ag-110 Y 
Cd-109 D 
Cd-109 W 
Cd-109 Y 
91-113 D 
91-113 Y 
Sn-126 D 
91-126 W 
Sb-124 D 
Sb-124 Y 
Sb-125 D 
Sb-125 Y 
1-125 D 
1-129 D 
1-131 0 
CS-134 D 
CS-135 D 
CS-136 D 

TABLE 0-20 . PDCP-4: POCF for Food/Soll Pathways 6400 
Stomach Total  Red 

3 Lung Wall L L I  Wall Body Kldneyr L I v e r  Marrow Bone Thyroid ICRP 
8.12E94 1.05E95 1 . 3 9 E 9 5  8.D6EM4 8.31EM4 8.04EM4 8 . 0 2 E 9 4  6 .37E94  8 . 0 4 E 9 4  8 .72E94  
1.22E+O6 1.74E95 2.1DEt06 2 . 7 7 E a  1.53Et06 1 . 7 7 E a  4 .87E95  1.02EM7 1.28E+O6 2.22EM6 
5.73E94 2 .32E94  3 .01E94  3.03EM4 3 .32E94  3.12E94 4 .35E64  5 .58E94  2.7DE94 4.15E94 
1.53Et06 1.13E95 9 . 2 4 E 9 6  1.77Et06 1.51Et06 1 . 5 2 E 6  5.58E+O6 1 .02E97  1 .52E96  2.83E96 
1.53E96 1.13E96 9 .24E96  1.77E96 1.51E96 1.52E46 5 . 5 8 E 4 6  1 .02E97  1 .52E96  2.83E96 
1.31E95 2.54Et05 1.18E96 4 .18E95  1.31E95 1.31EM5 6 . 9 7 E 9 5  1.84E96 1..31E+05 3.46E95 
1.31E95 2.54E95 1 .18E96  4 .18E95  1.31E95 1.3lEM5 6.97Et05 1 .84E96  1 .31E95  3.46E95 
7.83Et04 1.37E95 5.86Et05 1.24E95 7.83Et04 7.83E94 2 . 1 2 E 9 1  7 .83E94  7 .83E94  1.24EM5 
7.83E94 1.37E95 5.86Et05 1.24Et05 7.83Et04 7.83Et04 2 . 1 2 E 9 1  7 . 8 3 E 9 4  7 .83E94  1.24E95 
6.13Et06 8 .52E96  6.13Et06 6.34Et06 6.13Et06 6.13E96 6.13E+06 6 .13E96  6.13Et06 6.28E96 
6.13E46 8.52E96 6.13Et06 6 .34E96  6 .13E96  6.13Et06 6 .13E96  6 .13E96  6 .13E96  6.28E96 
1.13Et03 3.02E93 5.94Et04 2.44€+04 1.13Et03 1.13E93 7.3DE94 l . l l E 9 5  1 .13E93  1.8DE94 
3 .29E91  4.63E92 7 .04E93  1 .05E43  1 .92E92  1 .37E92  2 .73E92  9 .4DE91  5.21Et00 1 .17E93  
3 .19E91  1.32Et02 1.81Et03 2.74E92 6.19Et01 5.1OE91 9 . 1 2 E 9 1  5 .73E91  2 . 7 0 E 9 1  2 .60E92  
3 $ 9 E 9 1  1 .32E92  1 .81E93  2 .74E92  6 . 1 9 E 9 1  5 .10E91  9 . 1 2 E 9 1  5 . 7 3 E 9 1  2 . 7 0 E 9 1  2 .60E92  
3.19Et01 1.32E92 1.81Et03 2.74E92 6.19Et01 5 .10E91  9 . 1 2 E 9 1  5 .73E91  2 . 7 0 E 9 1  2 .60E92  
3.37Et04 2 .09E94  1.16Et05 1.79Et04 2.12Et04 5.34Et04 2 .56E44  1 .98E94  6 . 7 4 E 9 3  4.37Et04 
3.37Et04 2 .09E94  1.16Et05 1.79E94 2.12Et04 5.34E94 2.56E94 1.98E94 6 . 7 4 E 9 3  4 .37E94  
5 .25E91  1 .36E90  5 . 2 4 E 9 1  2 .59E91  4 . 7 6 E 9 1  9 .02E91  4.74Et01 3 . 2 3 E 9 1  4 . 6 7 E 9 1  5 .76E91  
5.25Et01 1.36Et00 5.24Et01 2.59Et01 4.76Et01 9 . 0 2 E 9 1  4 .74E91  3 .23E91  4 . 6 7 E 9 1  S .76E91  
4.50E92 2 .46E92  2 .23E93  2 .17E92  2.99Et02 4 .18E92  2 .73E92  2 .29E92  1.83Et02 5 . 5 9 E 9 2  
4.50Et02 2.46Et02 2.23Et03 2.17Et02 2.99E92 4 .18E92  2.73Et02 2.29E92 1.83Et02 5 .59E92  
6.87Et02 6 .57E92  1 .05E94  4 .24E92  4.89Et02 5.83Et02 8.23Et02 4 .10E92  2.54Et02 1.79Et03 
6.87Et02 6.57Et02 1.OSEt04 4 .24E92  4.89Et02 5 .83E92  8 . 2 3 E 9 2  4 .10E92  2 .54E92  1 .79E93  
2 .42E93  3.11Et03 3.34Et04 1 .76E93  1.78Et03 1 .78E93  2.23Et03 1 .06E93  5.07Et02 7.15E93 
2.42Et03 3.11Et03 3.34E+04 1.76EtD3 1.78Et03 1.78E93 2.23E93 1 .06E93  5 . 0 7 E 9 2  7 .15E93  
1.99Et04 1.22Et04 9 .27E94  1.01E94 1.31Et04 1.57Et04 1.25Et04 9 . 2 0 E 9 3  7 . 1 5 E 9 2  2.61E94 
1.99Et04 1.22Et04 9.27Et04 1.01E94 1.31Et04 1.57E94 1.25Et04 9 .20E93  7.15Et02 2.61E94 
3 .50E92  4 .09E92  2.69Et03 5 . 6 5 E 9 2  3.55Et02 3 .55E92  3.63Et02 3 .60E92  3.87Et02 5.65Et02 
3.SOEtO2 4.09Et02 2.69Et03 5.65Et02 3.55Et02 3.55Et02 3 .63E92  3 .60E92  3 . 8 7 E 9 2  5 .65E92  
8.47Et02 1.OSE93 9.15Et03 1 .55E93  8.47Et02 8.47Et02 8.47Et02 8 . 4 7 E 9 2  8.47Et02 1 .55E93  
8.47Et02 1.05Et03 9.15Et03 1.55Et03 8.47Et02 8.47Et02 8.47Et02 8.47Et02 8.47Et02 1 .55E93  
1.59Et06 5.88Et05 8 .46E95  7.06Et05 9 .47E95  9.35Et05 9.69Et05 8.85Et05 6 . 2 7 E 9 5  1.08Et06 
1.59Et06 5.88Et05 8.46Et05 7.06Et05 9.47Et05 9.35E95 9.69Et05 8.85Et05 6.27Et05 1 .08Ed6  
1.59Et06 5.88E95 8.46Et05 7.06Et05 9.47Et05 9.35Et05 9.69Et05 8.85Et06 6.27Et05 1.08Et06 
1.41Et06 1.86Et06 1.68Et06 2.35Et06 6.10Et06 4.88Et06 1.76Et06 1.45Et06 9.62Et05 2 .21E96  
1.41Et06 1 .86E96  1 .68E96  2 . 3 5 0 0 6  6.10Et06 4.88E96 1.76Et06 1.45Et06 9.62Et05 2.21Et06 
4.35Et05 9.23Et04 1.62Et05 2.5DEt05 4.23Et05 4.23Et05 4.20Et05 4 .18E95  4.18Et05 4 .28E95  
7 .16E93  1.07Et04 5.22Et04 1.75E94 8.83Et03 7.55Et03 2.08Et04 2.10E+04 7.13Et03 1 .86E44  
5.81Et02 6.05Et03 6.32Et04 1.16Et04 2.69Et03 1.93Et03 4.52Et03 1.98Et03 2.83Et02 1 .40E94  
8.03Et03 2.34Et04 8.15Et05 1.69Et04 8.03Et03 8.03Et03 4.91Et04 1 . 9 l E 9 5  8.03Et03 8.34Et04 
4.02Et02 2.34Et04 1.03Et06 4.58EtO3 4.02Et02 4.02Et02 2.45Et03 5 .06E93  4.01Et02 8 . 6 2 E 9 4  
5.63Et04 8.23Et03 7 .31E95  8 . 8 8 E 4 5  5.63EtO4 5.37Et04 4.04Et06 8.08Et06 5.63Et04 8.22Et05 
2.82Et03 9.23Et03 9.02Et05 4.72Et04 2.82Et03 2.69Et03 2.02Et05 4.04Et05 2.82Et03 1.06Et05 
6.60Et01 1.83Et02 3.99Et03 7.60Et01 5.83Et01 4.12Et01 9.24Et01 4.60Et01 4.49Et00 5.23Et02 
6.60Et01 1.83E+02 3.99Et03 7.60Et01 5.83Et01 4 . 1 2 E 9 1  9.24Et01 4.60Et01 4.49Et00 5.23E92 
5.56Et03 2.49E94 4.04Et05 6.24Et04 2.25Et04 9.09Et03 2.38Et04 2 . 4 7 E 9 4  3.97Et03 6.24Et04 
5.56Et03 2.49Et04 4.04Et05 6.24Et04 2.25Et04 9.09Et03 2.38E94 2.47E94 3.97Et03 6 .24E94  
4.57Et03 9:00E*03 1.28Et05 4.40Et03 4.36Et03 2.77Et03 5.89Et03 2.81Et03 4.11Et02 2.25EtO4 
2.14Et04 3.45Et04 4.90Et04 2.04Et04 2.33Et05 3.92Et05 1.97Et04 3.17Et04 9.05Et03 5.52Et04 
3.04Et03 3.29Et04 8.62Et05 6.49Et03 1.36Et04 2 .12E94  4.33Et03 2 . 7 6 E 9 3  2.35Et03 8.61Et04 

6.22Et04 1.83Et05 6.28Et05 4.20E94 8.99Et04 1.23Et05 6.32Et04 8 . 0 5 E 9 4  2.77Et06 2.00Et05 
8.60Et03 2.55Et04 1.74Et04 3.02Et03 4.81Et03 5.42Et03 5.12EtO3 3 .20E93  4.30Et04 1 .13E44  
8 .60E93  2.55Et04 1.74Et04 3.02Et03 4.91Et03 5.42Et03 5.12E-3 3 .20E93  4.30Et04 1.13Et04 
1.24Et03 1.85Et03 4.41Et04 9.67Et02 9.66Et02 8.54Et02 1.19Et03 7 .24E92  4.63Et02 5 .69E93  
1.56EtOQ 1.17Et04 4 .75E95  1.09Et04 1.51Et04 1.51Et04 1.52Et04 1.75Et04 1.47Et04 5.27E94 
4.34Et04 1.09Et05 8.07Et05 2.16Et05 1.11EtOS 7.24Et05 6.96Et04 3 .72E94  1.37Et04 2.16Et05 
6 .34E94  1.09Et05 9.07Et05 2.16Et05 l . l l E t 0 5  7.24Et05 6.96Et04 3.72Et04 1.37Et04 2.16Et05 
6.34E94 1.09Et05 8.07Et05 2.16E+05.1.11E+05 7.24E95 6.96Et04 3 .72E94  1 .37E94  2 .16E95  
8 .72E94  1.58Et05 1.14Et06 3 .07E95  1.58Et05 9.06Et05 9.92Et04 5 .17E94  1.90Et04 3.07E95 
8.72Et04 1.58EtOS 1.14Et06 3.07Et05 1.58Et05 9.06Et05 9.92Et04 5.17Et04 1 .90E94  3.07E95 
8.72Et04 1.58E45 1.14Et06 3.07Et05 1.58Et05 9.06Et05 9.92Et04 5 .17E94  1.90Et04 3.07Et05 
4.34Et04 5.61Et04 6.35Et05 6.76Et05 5.61Et06 1.01Et06 5.09Et04 4.49Et04 3.79Et04 4 .86E95  
4.34E94 5 .61E94  6.35Et05 6 .76E95  5.61Et06 1.01Et06 5.09Et04 4 .49E94  3.79Et04 4.86Et05 
4.34EtO4 5.6lEt04 6.35Et05 6.76Et05 5.61Et06 1.01Et06 5.09Et04 4.4YE94 3.79Et04 4 .86E95  
8.47Et01 4.77Et02 2.64Et04 2.77Et03 1.84Et02 1.45Et02 5.94Et02 7 .80E92  7.20Et01 2 .77E93  
8.47Et01 4.77Et02 2.64Et04 2.77Et03 1.84Et02 1.4SEt02 5.94Et02 7 .80E92  7 . 2 0 E 9 1  2 .77E93  
2.00Et03 5.33EtO3 1.44Et05 1.76Et04 2.73Et03 2.28EtO3 9.10Et03 1.68Et04 1.84Et03 1.76Et04 
2.00Et03 5.33Et03 1.44Et05 1.76Et04 2.73Et03 2.28E93 9.10Et03 1.68E+04 1 .84E93  1 .76E94  
8.80Et02 5.65Et03 1.14Et05 1 .41E94  1.95Et03 3 .49E93  3 .29E93  4 .27E93  6.30Et02 1.41Et04 
2.88Et02 5.04Et03 1.24Et05 1.46Et04 1.36Et03 1.16E93 2.03Et03 1 .01E93  9 . 3 8 E 9 1  1.46E94 
3 .21E92  1.59Et03 3.08Et04 4.05Et03 6.02Et02 1.33Et03 1.20EtO3 3.13Et03 2.46Et02 4 .05E93  
7.25Et01 1.37Et03 3.36Et04 4.03Ei03 3.SOEt02 3.34f+O2,6.46E92 4 .83E92  2 . 9 7 E 9 1  4 .03E93  
1.18E92 1.97Et02 8.59Et01 4.36E94 7.80Et01 8.51Et01 1.97Et02 1 .91E92  9.91Et05 3.00E94 
6 .41E92  6.12Et01 5.23Et01 2.48Et03 5.48Et02 5.65E92 7 . 3 5 E 9 2  6 .86E92  6.09Et06 1.83E95 
2.88Et02 8.90Et01 4.15EtOl 7 . 0 9 E 9 2  1 . 6 8 E 9 2  1.91Et02 2 . 2 9 E 9 2  2.59Et02 1.40Et06 4 .25E94  
1.48Et05 4.61Et04 5.31Et04 6.31Et04 9.23Et04 9.23E94 8 .55E94  8 .18E44  7 .21E94  1.03E95 
1 .03E94  2.22Et02 4 .94E92  6 . 1 0 E 9 3  1 . 0 3 E 9 4  1.03E94 1.03E+04 1.20E94 1.04Et04 1.04Et04 
1.98Et04 7.79E93 9.32Et03 8.35Et03 1.22EtW 1.26E44 1.11Et04 9.97E93 8 . 8 2 E 9 3  1.30E94 

6.22Et04 1.83Et05 6.28Et05 4.20Et04 9.99Et04 1123Et05 6.32EtO4 8 . 0 5 E 9 4  2.77Et06 2.00Et05 
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TABLE 0-20 . PDCF-4 (Continued) 

Mucl 1 de 
and Stomach Total Red 

S o l u b l l t t y  Lung Wall LLI  Wall Body Ktdneyr L I v e r  Marrow Bone Thyrold ICRP 

Ea-140 D 1.43E92 3.28Et02 1.56Et04 1.74E92 9.46E91 7.32E91 2.09EM2 1.97E92 6.21E91 1.51E93 

Ce-141 Y 4.40Et00 7.34Et01 2.84E*03 1.54E91 4.18€+00 3.67€*00 1.09E91 3.56E40 '3.34E-02 2.58E92 
Ce-141 Y 4.40E90 7.34Et01 2.84Et03 1.54E91 4.18E90 3.67E90 1.09E91 3.56EM0 3.34E-02 2.58E92 
Ce-141 0 4.40Et00 7.34Et01 2.84Et03 1.54Et01 4.18Et00 3.67E90 1.09E91 3.56E90 3.34E-02 2.58692 
Ce-144 Y 3.12Et00 1.83E92 3.82Et03 2.71E91 9.29€*00 6.78Et00 1.22E*01 1.31Et01 3.94E-01 1.87Et03 
Ce-144 U 3.12Et00 1.83Et02 3.82Et03 2.71Et01 9.29Et00 6.78E90 1.22E91 1.31E91 3.94E-01 1.87E93 
Ce-144 0 3.12Et00 1.93Et02 3.92Ft03 2.71€*01 9.29E90 6.78E90 1.22E91 1 .3 lE91 3.94E-01 1.87Et03 

CS-137 D 

18-140 W 

9.23E94 2.01E94 2.39E94 4.53EM4 7.14E94 7.26EM4 6.81EM4 7.38E94 6.20Et04 7.56E94 

2.80E92 1.21Et03 1.96E94 3.10E92 2.42Et02 1.76E92 3.05Et02 1.05E92 6.78E90 2.57Et03 

Eu-152 Y 2.95Et02 7.92Et02 1.23Et04 2.16E93 5.72E92 3.69E93 1.13EM3 2.57E93 8.18Et01 2.16E93 
EIJ-154 W 2.66Et02 1.01Et03 2.22Et04 3.18E93 5.52Et02 4.56Et03 1.42E93 5.49E93 7.02Et01 3.18Et03 
Yb-!69 W 5.88Et00 3.16€+02 8.59Et03 1.02E93 5.91E*01 4.05E91 2.01E+02 8.85E91 4.44E-01 9.80E92 
Yb-169 Y 5.88EtOO 3.16E+02 8.59E*03 1.02E43 5.91Et01 4.05E91 2.01E92 8.85E91 4.44E-01 9.80E42 
Pb-210 1.46Et05 9.46Et01 9.85Et03 8.25Et05 4.56€*05 6.79E95 4.85E*05 4 . 6 6 E a  1.46Et05 3.77E95 
PO-210 U 1.79Et04 1.56Et02 6.17E93 1.40Et04 3.19Et05 5.48E+04 1.85E94 8.22Et03 1.78Et04 6.99Et04 
PO-210 0 1.79E+04 1.56Et02 6.17Et03 1.40Et04 3.19E*05 5.48Et04 1.85Et04 8.22E93 1.78Et04 6.99E94 
Rn-222 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00E90 0.00E90 0.00E*00 0.00Et00 0.00Et00 
Ra-226 W 1.01Et06 9.19E43 5.65Et05 5.82Et06 1.01Et06 1.01Et06 3.77Et06 3.42E97 1.01Et06 2.36E96 
Ra-228 W 7.02Et05 4.01E*03 1.22Et05 2.91Et06 6.85Et05 6.85Et05 2.23E96 1.68E97 6.85€*05 1.35Et06 
Ac-227 Y 8.17€+04 2.77Et02 1.84€+04 9.65Et05 1.48€*06 1.19Et07 7.42E+66 7.42Et07 8.17Et04 4.10Et06 
Ac-227 Y 8.17€*04 2.77Et02 1.84Et04 9.65Et05 1.48Et06 1.19E97 7.42E96 7.62Et07 8.17Et04 4.10Et06 
Th-228 Y 3.76€+03 2.46Et03 2.36Et05 1.90E+04 3.95Et03 1.17Et04 1.90€+05 2.06E96 3.72Et03 1 .05E95  
Th-228 W 3.76Et03 2.46Et03 2.36Et05 1.90Et04 3.95E93 1.17Et04 1.90E*05 2.06E96 3.72Et03 1.05EtOS 
Th-229 Y 5.06Et03 2.45Et03 1.05Et05 l.lSE+OS 4.73Et03 1.82Et04 1.30Et06 1'.60E+07 4.71E43 6.47E95 
Th-229 U 5.06Et03 2.45Et03 1.05EtO5 l.l5E+05 4.73E*03 1.82Et04 1.30E*06 1.60Et07 4.71Et03 6.47Et05 
Th-230 Y 2.29Et03 2.02Et03 9.02Et04 4.63Et04 2.16€*03 1.09Et04 S.OlEtO5 8.02E96 2.29Et03 3.15Et05 
Th-230 Y 2.29Et03 2.02Et03 9.02Et04 4.63Et04 2.16E*03'1.09E+04 5.01EtO5 8.02E46 2.29Et03 3.15Et05 
Th-232 Y 1.99Et03 1.74Et03 7.52Et04 4.03Et04 1.88Et03 9.42Et03 5.51E*05 9.02Et06 1.98Et03 3.47Et05 
Th-232 U 1.99Et03 1.74Et03 7.52Et04 4.83Et04 1.88Et03 9.42Et03 5.51Et05 9.02Et06 1.98E*03 3.47Et05 
Pa-231 Y 1.96Et05 4.19Et03 1.69Et05 1.87Et06 3.21Et06 2.49Et07 1.34Et07 1.59Et09 1.96Et05 8.51E96 
Pa-231 U 1.96Et05 4.19Et03 1.69Et05 1.87Et06 3.21Et06 2.49€*07 1.34Et07 1.59E98 1.96Et05 8.5lEt06 
U-232 Y 3.96Et02 1.42Et03 6.09Et04 2.56Et04 3.96Et04 3.50Et02 2.16Et05 2.38E96 3.69Et02 1.05Et05 
U-232 U 9.97Et03 1.96Et03 6.09Et04 6.40Et05 1.01Et05 8.71Et03 5.48Et06 5.94Et07 9.20Et03 2.49Et06 
U-232 0 9.87Et03 1.96Et03 6.09Et04 6.40Et05 1.01Et06 8.71Et03 5.48Et06 5.94E97 9.20Et03 2.49E46 
U-233 Y 2.12Et02 1.27Et03 5.48Et04 7.31€+03 2.07€*04 1.85Et02 2.92Et03 4.26E+04 1.95Et02 7.71Et03 
U-233 V 5.30Et03 1.68Et03 5.18€*04 1.77Et05 5.18Et05 4.60Et03 7.31Et04 1.07Et06 4.87Et03 7.95E44 
U-233 0 5.30€*03 1.68Et03 5.18Et04 1.77895 5.18Et05 4.60EtO3 7.31Et04 1.07E96 4.87Et03 7.95€+04 
U-234 Y 2.09Et02 1.27Et03 5.48Et04 7.25Et03 2.04E+04 1.93Et02 2.85Et03 4.26E94 1.93Et02 7.65E93 
U-234 W 5.24Et03 1.67Et03 5.18E44 1.77Et05 5.18Et05 4.81Et03 7.01Et04 1.07Et06 4.81Et03 7.83€+04 
U-234 0 5.24E43 1.67€+03 5.18E+04 1.7 Et05 5.18Et05 4.81Et03 7.01Et04 1.07E96 4.81Et03 7.83E44 

U-235 W 4.93Et03 1.64€+03 5.48Et04 1.58Et05 4.57Et05 4.20Et03 5.48Et04 8.83Et05 4.42Et03 6.82Et04 
U-235 0 4.93E43 1.64€+03 5.48Et04 1.58Et05 4.57Et05 4.2OEt03 5.48Et04 8.83Et05 4.42Et03 6.82E94 
U-236 Y 1.97€+02 1.19Et03 5.18€+04 6.82Et03 1.93Et04 1.81Et02 2.45Et03 3.96Et04 1.81Et02 7.16E43 

U-235 Y 2.27Et02 1.23€+03 5.79Et04 6.5iEt03 1.84E*O4 1.95Et02 2.25Et03 3.66Et04 1.77Et02 7.43Et03 

U-236 U 4.93€+03 1.57Et03 4.87€+04 1.64Et05 4.87Et05 4.54Et03 6.09Et04 9.44Et05 4.54E93 7.22Et04 
u-236 0 4.93Et03 1.57Et03 4.WE+04 1.64Et05 4.87Et05 4.54Et03 6.09€+04 9.44E45 4.54Et03 7.22E94 
U-238 Y 1.87Et02 1.12Et03 5.18Et04 6.46Et03 1.82Et04 1.63Et02 2.33€*03 3.35Et04 1.71Et02 6.82Et03 
U-238 W 4.66€*03 1.48E+03 4.87Et04 1.55Et05 4.57Et05 4.08€*03 5.79Et04 8.53E95 4.30Et03 6.70E94 
U-238 0 4.66E43 1.48Et03 4.87Et04 1.55Et05 4.57Et05 4.08Et03 5.79Et04 8.53Et05 4.30E+03 6.70€+04 

Np-237 U 8.59€+05 3.75€+04 1.436+06 7.16Et06 1.50€+07 l . lSEt08 4.37Et07 6.23Et08 8.59Et05 3.36€+07 
Pu-236 Y 2.58Et01 3.33€+02 1.48Et04 3.01Et02 5.46Et02 4:22E+03 1.40Et03 1.61E94 2.58Et01 2.22E93 
Pu-236 W 2.58Et01 3.33€+02 1.48Et04 3.01Et02 5.46Et02 4.22Et03 1.40Et03 1.61E94 2.58Et01 2.22€+03 

Np-237 Y 8.59Et05 3.75Et04 1.43Et06 7.16€+06 1.50Et07 1.15E+08'4.37E+07 6.2jEt08 9.59Et05 3.36E97 

Pu-238 Y 2.17E42 3.16E+02 1.41Et04 1.90Et03 3.94Et03 2.95Et04 1.14Et04 1.41E45 2.17E92 9.20E93 
Pu-238 W 2.17E42 3.16€+02 1.41Et04 1.90Et03 3.84EtO3 2.95Et04 1.14Et04 1.41Et05 2.17Et02 9.20€+03 
Pu-239 Y 2.44E*02 2.97Et02 1.34Et04 2.10Et03 4.25€+03 3.29Et04 1.28€*04 1.75E+05 2.44Et02 1.05E94 
Pu-239 U 2.44€+02 2.97Et02 1.34Et04 2.19Et03 4.25€+03 3.29Et04 1.28E+04 1.75Et05 2.44Et02 1.05Et04 
Pu-240 Y 2 . 4 3 E 4 2  2.97E42 1.34Et04 2.10€*03 4.24E*03 3.29Et04 1.28Et04 1.75Et05 2.43Et02 1.05€+04 
Pu-240 W 2.43E*02 2.97Et02 1.34Et04 2.10EtO3 4.24+03 3.29Et04 1.28Et04 1.75Et05 2.43Et02 1.05€+04 
Pu-241 Y 5.04E+OO 1.50E+00 6.66Et01 4.16Et01 9.26Et01 6.38Et02 2.59E+02 3.24Et03 5.03Et00 1.87E92 
Pu-241 U 5.04Et00 1.50Et00 6.66Et01 4.16Et01 8.26Et01 6.38Et02 2.59Et02 3.24Et03 5.03Et00 1.87€*02 
Pu-242 Y 2.32Et02 2.83E*02 1.28Et04 2.00€*03 4.04Et03 3.16E*04 1.21Et04 1.75Et05 2.32Et02 1.03E94 
Pu-242 W 2.32Et02 2.93Et02 1.28Et04 2.00€*03 4.04Et03 3.16Et04 1.21Et04 1.75E95 2.32Et02 1.03Et04 

Pu-244 U 2.49Et02 3.14E*02 2.01Et04 2.02Et03 4.03Et03 3.09Et04 1.14Et04 1.75Et05 2.31Et02 1.09Et04 

Am-241 '1 8.76€+04 3.54Et03 1.53Et05 7.30Et05 1.61E*06 1.24E97 4.67€*06 5.84Et07 8.76Et04 3.35Et06 

I 

PIJ-244 Y 2.49€*02 3.1'4Et02 2.01€*04 2.02E*03 4.03Et03 3.09E94 1.14Et04 1.75E95 2.31E92 1.09E94 

Am-241 Y 8.76E44 3.54€+03 1.53Et05 7.30Et05 1.61E*06 1.24Et07 4.67Et06 5.84E+07 8.76Et04 3 . 3 5 ~ 4 6  

Am-243 Y 9 .4W44 3.90€*03 1.61Et05 7.30Et95 1.61Et06 1.24Et07 4.67Et06 6.20E97 9.49EtO4 3.45€*06 
~m-243 Y 9.49i*04 3.90E43 1.61E*05 7.30Et05 1.61Et06 1.24Et07 4.67Et06 6.20E47 9.49E*O4 3.45Et06 
Cm-242 Y R.l2E*02 1.57€*03 6.87Et04 7.70Et03 1.71EtO4 1.3lE95 4.18Et04 4.48Et05 9.12E42 3 . 5 2 E 4 4  
Cm-242 Y 8.12E4J2 1.57Et03 6.87Et04 7.70€*03 1.71Et04 1.31E+05 4.18E*04 4.48Et05 8.12Et02 3.52€+04 
Cm-243 Y 2.48~+0a i . 7 7 ~ + 0 3  7.46Et04 2.12E4-5 4.48~*05 3.58~to6 1 . 2 5 ~ ~ ~ 6  1 . 4 3 ~ 9 7  2 .45~to4  8.72~95 
Cm-243 w 2.48E*04 1.77Et03 7.46Et04 2.12Et05 4.48Et05 3.54Et06 1.25Et06 1 . 4 3 ~ 4 7  2.45~t04 8 . 7 2 ~ t 0 5  
Cm-244 Y l . ? l E * W  1.18E*03 6.57Et04 1.67Et05 3.58Et05 ,2.78E*06 9.85Et05 1 . 1 3 E 9 7  1.91Et04 6.90E95 
cm-244 Y 1.91Et04 i .a8~+03 6.57Et04 1.67€*05 3.58E*05 2.78€*06 9.85Et05 1 .13~to7  1 .91~to4  6 .9o~tos  
Cm-248 Y 1.73Et05 2.33Et04 3.28Et05 1.19€*06 2.42Et06 1.88E97 1.82EtO6 2.63E97 1.43Et05 2.60E96 
Cm-248 U 1.73E*05 2.33Et04 3.28Et05 1.19E+06 2.42Et06 1.88Et07 1.82Et06 2.63E*07 1.43Et05 2.60€+06 

I 

Cf-252 Y 9.79€*03 6.27Et03 1.70Et05 6.E6E*04 1.55Et05 1.19Et06 1.94E*05 2.06€+06 7.49E93 1.99E95 
Cf-252 U 9.79Et03 6.27€*03 1.70Et05 6.86Et04 1.55Et05 1.19E*06 1.94Et05 2.06E*06 7.49E93 1.99Et05 
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Nucl 1 de 
and 

Solubll I t  

H-3 
C-14 

P-32 0 
P-32 W 
P-33 0 

~ P-33 w 
s-35 0 
5-35 w 
C1-36 0' 
C1-36 W 

SC-46 Y 

Na-22 0 

Ca-45 W 

Cr-51 0 
Cr-51 W 
Cr-51 Y 
Mn-54 0 
311-54 W 
Fe-55 W 
Fe-55 Y 
Fe-59 W 
Fe-59 Y 
CO-57 W 
CO-57 Y 
CO-58 W 
CO-58 Y 
CO-60 W 
CO-60 Y 
Li-59 0 
N1-59 W 
N1-63 0 
NI-63 U 
211-65 0 
211-65 '4 
Zn-65 Y 
Se-75 0 
se-75 w 
Sr-85 0 
Sr-85 Y 
Sr-89 0 
Sr-89 Y 
Sr-90 0 
Sr-90 Y 
Zr-95 W 
Zr-95 Y 

Rb-86 0 

Nh-94 W 
Nb-94 Y 
Nb-95 Y 
MO-99 0 
MO-99 Y 
Tc-99 0 
TC-99 w 
Tc-99m 0 
Tc-99m W 
Pu-103 Y 
Ru-106 Y 
Aq-108 0 
A!-108 W 
Ag-108 Y 
Ag-110 0 
Ag-110 U 
Ag-110 Y 
Cd-109 0 
Cd-109 W 
Cd-109 Y 
Sn-113 0 
Sn-113 W 
Sn-126 0 
Sn-126 W 
Sb-124 0 
Sb-124 W 
Sb-125 0 
Sb-125 Y 
1-125 0 
1-129 0 
1-131 0 
CS-134 0 
CS-135 0 
CS-136 0 

TABLE 0-21 . PDCF-5: POCF for DIrect G a m  Radlatlon (Volume Source) 6400 
Stomach Total Red 

Lunq Wall LLI Wall Body Kldneys LIver Marrow Bone Thyrold ICRP 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
n.ooE+oo O.OOE+OO O . O O E + ~  o.onEm O.OOE+(Y~ o.00~+00 O.OOE+~O O . O O E + ~ O  O . O O E + ~ O  O . O O E + ~ O  
1.34~47 1.34€+07 1.34€+07 1.34E47 1.34€+07 1.34€+07 1.34E47 1.34€+07 1.34€+07 1.34€+07 
0.00E+00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
0.00E+00 0.0@E+O0 0.00€+00 0.00€+00 0.00E40 0.00€+00 0.00E+00 0.00E+00 0.0@E+00 0.00E+00 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 0.00E+00 0.00E+0@ 0.00E+00 0.00E+00 
0.00E+00 0.00E+00 0.00E+00 0.00€+00 0.00€+00 0.00Em 0.00€+00 0.00€+00 0.00E+00 0.00E40 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.r)OE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
0.00E+00 0.00€+00 0.00E+00 0.00€+00 0.00€+00 0.00€+00 0.00E+00 0.00€+00 0.00E+00 0.00E+00 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
6.42E-03 6.42E-03 4.42E-03 6.42E-03 6.42E-03 6.42E-03 6.42E-03 6.42E-03 6.42E-03 6.42E-03 
1.24€+07 1.24€+07 1.24€+07 1.24€+07 1.24€+07 1.24E47 1.24€+07 1.24€+07 1.24€+07 1.24€+07 
1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 
1.85E+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 
1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85€+05 1.85E45 1.85E95 1.85€+05 1.85€+05 1.85E95 
5.10€+06 5.10E+06 5.10€+06 5.10€+06 5.10€+06 5.10€+06 5.10€+06 5.10€+06 5.10€+06 5.10€+06 
5.10€+06 5.10€+06 5.10€+06 5.10€+06 5.10€+06 5.10€+06 5.1OE+O6 5.10€+06 5.10€+06 5.10€+06 
0.00F+00 O.Or)E+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
0.00E+00 0.00E+00 0.00E+OI) 0.00€+00 0.00E+00 0.00E+00 0.00€+00 0.00€+00 0.00E+00 0.03E+00 
7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34€+06 
7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34€+06 7.34Et06 7.34€+06 7.34Et06 7.34€+06 7.34€+06 
5.61€+05 5.61€+05 5.61€+05 5.61€+05 5.61E+05 5.61€+05 5.61€+05 5.61€+05 5.61€+05 5.61€+05 
5.61E+05 5.61€+05 5.61€+05 5.61€+05 5.61€+05 5.61€+05 5.61€+05 5.61€+05 5.61E45 5.61€+05 
5.01E+06 5.01€+06 S.r)lE+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 
5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 5.01€+06 $.01E+06 
1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 
1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 1.55€+07 
o.noE+oo O.OOE+OO O.O~)E+OO n.ooE+oo o.ooE+oo o.ooE+oo O.OOE+OO O . O O E + O ~  O.OOE+OO O.OOE+OO 
r).oo~+oo O.OOE+OIY O.OOE+OO O . O O E + ~  o.onE+oo O.OOE+OO O.OOE+OO O.OOE+~O O . O O E + ~ O  O . O O E + ~ O  
O.OOE+OO O . O ~ E + O O  O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO o.ooE+on o.ooE+oo O.OOE+OO O.OOE+OO 
0.00E+00 0.00E+00 0.00E+00 0.00€+00 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50Et06 3.50€+06 
3.50€+06 3.50E+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 
3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+06 3.50€+04 3.50€+06 3.50€+06 3.50€+06 3.59€+06 
1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99E+06 
1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 1.99€+06 
5.84€+05 5.84€+05 5.84€+05 5.84€+05 5.84€+05 5.84€+05 5.84€+05 5.84€+05 5.84€+05 5.84€+05 
3.1OE+06 3.10€+06 3.10€+06 3.10€+06 3.10E+O6 3.10€+06 3.10E+06 3.10€+06 3.10€+06 3.10€+06 
3.10€+06 3.10€+06 3.10€+06 3.10€+06 3.10€+06 3.10€+06 3.10€+06 3.10€+06 3.10€+06 3.1OE+06 
5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 
5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32€+01 5.32E+01 

9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 
9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23€+06 9.23E+06 9.23Et06 9.23€+06 
9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 
9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 9.50€+06 
4.70€+06 4.70€+06 4.70€+06 4.70€+06 4.70€+06 4.70€+06 4.70€+06 4.70€+06 4.70€+06 4.70€+06 
4.62€+05 9.62€+05 R.62€+05 4.62€+05 9.62€+05 4.62€+05 9.62€+05 8.62E+05 4.62€+05 9.62E+05 
8.62€+05 8.62€+05 8.62€+05 8.62€+05 8.62€+05 8.62€+05 8.62€+05 8.62€+05 8.62€+05 8.62€*05 

5.AqE+05 5.89€+05 5.A9E+05 5.89€+05 5.89€+05 5.89€+05 5,89E+05 5.89€+05 5.89€+05 5.89€+05 
5.89€+05 5.89€+05 5.89€+05 5.89€+05 S.A9E+05 5.89€+05 5.89€+05 5.89€+05 5.89€+05 5.89€+05 
7.77E+06 2.77E+06 2.77E+06 2.77€+06 2.77E+06 2.77€+06 2.77:+06 2.77€+06 2.77€+06 2.77€+06 

1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 
1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 1.92E-01 

1.39E-92 1.39E-02 1.39E-02 1.39E-92 1.39E-02 1.39E-02 1.39E-02 1.396-02 1.39E-02 1.39E-02 
1.39E-02 1.39E-02 1.39E-02 1.39E-02 1.39E-02 1.39E-02 1.39E-02 1.39E-02 1.39E-02 1.39E-02 

9.81€+06 R.81€+06 1).81E+06 8.81€+06 8.RlE+06 8.81€+06 8.81€+06 8.8lES6 9.81€+06 8.81E+06 
1.66E+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66E+O7 1.66€+07 
1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66E97 1.66€+07 1.66€+07 
1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 1.66€+07 
2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 
2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27E+05 2.27€+05 2.27€+05 2.27€+05 2.27E+05 2.27€+05 
2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 2.27€+05 
1.49€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.19E+06.1.48E+06 1.48€+06 
1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 1.48€+06 

1.18€+07 1.18E+O7 1.18€+07 1.18€+07 1.18€+07 1.18€+07 l.l8E+07 1.18€+07 1.18€+07 1.18E+07 
l.llE+07 l.llE+07 l.llE+07 l.llE+07 l.llE+07 l.llE+07 l.llE+07 l.llE+07 l.llE+07 l . l l F 4 7  

i.i8~+07 i.ia~+o7 i.i9~+07 i.i8~+07 i.i8~+07 i.i8~+07 i.i8~+07 i.i8~+07 i.i8~+07 i.i8~+07 

~ ~ ~~- ~ ~ . ~ ~ ~ -  ~ ~..._ ~ . .____ . _ _ _ _ _  . . 

i.iiE+o7 i.ii~+o7 i.ii~+o7 i.ii~+o7 i.ii~+o7 i.ii~+07 i.ii~+o7 i.ii~+o7 i.ii~+o7 i.i1~+07 
2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49Ec05 
2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49€+06 2.49!*06 
3.14€+05 3.14€+05 3.14€+05 3.14€+05 3.14€+05 3.14€+05: 3.14€+05 3.14€+05 3.14€+05 3.14EcO5 
1.61€+04 1.61€+04 1.61€+04 1.61€+04 1.61€+04 1.61€+04; 1.61€+04 1.61E94 1.61E94 1.61E+O4 
2.16€+06 2.16€+06 2.16€+06 2.16€+06 2.16€+06 2.16E+06,2:16E+06 2.16€+06 2.16€+06 2.lhE+06 
9.416+06 9.41€+06 9.41€+06 9.41€+06 9.41€+06 9.41€+06 9.41€+06 9.41€+06 9.41€+06 9.41€+06 

1.3OE+07 1.30€+07 1.30E+07 1.30E47 1.30E+07 1.30E47 1.30€+07 1.30E47 1.30€+07 1.30€*07 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO o.noE+oo 

, 
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Stomach Total Red 
Lung Wall LL I  Wall Body Kidneys L i v e r  Marrow Bone Thyroid I C R P  

3.39E96 3.39Et06 3.39E96 3.39E96 3.39E96 3.39EM6 3.39€+06 3.39E96 3.39€+06 3.39€+06 
1.05Et06 1.05Et06 1.05€+06 1.05E+06 l.O5E+06 1.05€+06 1.05€+06 1.05E+06 1.05€+06 1.OSE96 
1.39E97 1.39Et07 1.39E97 1.39E97 1.39E97 1.39E97 1.39E+07 1.39€+07 1.39E4-07 1.39E97 
3.70EtO5 3.70Et05 3.70€+05 3.70€+05 3.70€+05 3.70E95 3.70€+05 3.70E95 3.70E+05 3.70E95 
3.70E95 3 . 7 9 ~ 9 5  3.70E95 3.70€+05 3.70E95 3.70E95 3.70E95 3.70E+05 3.70€+05 3.70€+05 
3.70E95 3.70€+05 3.70Et05 3.70€+05 3.70Et05 3.70E95 3.70€+05 3.70E95 3.70€+05 3.70E95 
2.70E95 2.70€+05 2.70E95 2.7OE95 2.70E95 2.70E95 2.70€+05 2.70€+05 2.7rJE+05 2.70€+05 
2.70€+05 2.70€+05 2.70€+05 2.70Et05 2.70E+05 2.70E95 2.70E95 2.70E95 2.70€+05 2.70E95 
2.70E95 2.706t05 2.70€+05 2.70E95 2.70E95 2.70E95 2.70€+05 2.70E95 2.70E+05 2.70€+05 
6.20Et06 6.20Et06 6.20E+06 6.20€+06 6.20€+06 6.20€+06 6 .20E96  6.20E96 6.20€+06 6.20€+06 
6.91€+06 6.91Et06 6.91E96 6.91Et06 6.91Et06 6.91€+06 6.91Et06 6.91€+06 6.91Et06 6.91€+06 
1.41€+06 1.41E+06 1.41Et05 1.41€+05 1.41EtOS 1.41Et06 1.41€+06 1.41E96 1.41E+06 1.41E96 
1.41Et06 1.41€+06 1.41€+06 1.41E96 1.41E96 1.41€+06 1.41Et06 1.41€+06 1.41€+06 1.41€+06 
1.03E94 1.03Et04 1.03E+O4 1.03€+04 1.03€+04 1.03EW 1.03Et04 1.03E94 1.03E94 1.03E94 
1.09E92 1.09€+02 1.09€+02 1.09E92 1.09€+02 1.09€+02 1.09Et02 1.09E92 1.99€+02 1.09€+02 
1.09Et02 1.09€+02 1.09E92 1.09€+02 1.09E92 1.09E92 1.09E92 1.09E92 1.09€+02 1.09E92 
9.51E96 9.51€+06 9.51E96 9.51E96 9.51Ft06 9.51E96 9.51E96 9.51E96 9.51E96 9.51€+06 
3.16E94 3.16E94 3.16€+04 3.16EtW 3.16;+04 3.16E+04 3.16Et04 3.16€+04 3.16€+04 3.16E94 
4.31Et06 4.31Et06 4.31E96 4.31€+06 4.31€+06 4.31€+06 4.31€+06 4.31E96 4.31Et06 4.31€+06 
1.78Et06 1.78€+06 1.78€+06 1.78€+06 1.78Et05 1.78E+06 1.78E96 1.78E96 1.78Et06 1.?8€+06 
1.78E+06 1.78EtO6 1.78€+06 1.78E+06 1.78E+06 1.78€+06 1.78€+06 1.78E+06 1.74€+06 1.78€+06 
8.62E46 9.62€+06 8.62€+06 8.62E+Ob 8.62€+06 8.62E+06 8.62€+06 8.62E+06 8.62€+06 8.62€+06 
8 .62E96  8.62E+06 8.62€+06 8.62E+06 8.62€+06 8.62€+06 8 . 6 2 E 9 6  8.62€+06 8.62€+06 8.62Et06 
1.20€+06 1.20Et06 1.20€+06 1.20€+06 1.20E+06 1.20€+06 1.20E96 1.20E+06 1.20E+06 1.20€+06 
1.20Et06 1.20Et06 1.20€+06 1.20€+06 1.20€+06 1.20€+06 1.20€+06 1.20€+06 1.20€+06 1.20€+06 
1.07E93 1.07E+03 1.07€+03 1.07E93 1.07€+03 1.07€+03 1.07E43 1.07E93 1.07€+03 1.07€+03 
1.07Et03 1.07E+03 1.07€+03 1.07E93 1.07E93 1.07€+03 1.07€+03 1.07€+03 1.07€+03 l.r)7€+03 
0.00€+00 0.00E+00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 0.00E90 0.00€+00 0.00€+00 
0.00Et00 0.00€+00 O.~OE+OO 0.00E+00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 O.r)OE+OO 
2.05€+05 2.05€+05 2 . 0 5 E 9 5  2.05€+05 2.05€+05 2.05€+05 2.05E95 2.05€+05 2.05Et05 2.05€+05 
2.05Et05 2.05€+05 2.05€+05 2.05€+05 2.05€+05 2.05€+05 2.05€+05 2.05€+05 2.05€+05 2.05€+05 
8.32E42 8.32E92 8.32€+02 8.32E92 8.32€+02 8.32E92 8.32E92 4.32€+02 8.32€+02 4.32€+02 
8.32€+02 8.32€+02 8.32E92 8.32E92 8.32€+02 8.32€+02 8.32€+02 8.32€+02 8.32€+02 8.32€+02 
4.32E92 8.32Et02 8.32€+02 8.32E92 8.32€+02 8.32E92 8.32€+02 8.32E92 8.32€+02 8.32E92 
3.16€+02 3.16€+02 3.16E92 3.16€+02 3.16€+02 3.16€+02 3.16€+02 3.16€+02 3.16€+02 3.16E+02 
3.16E92 3.16€+02 3.16€+02 3.16E92 3.16€+02 3.16E92 3.16€+02 3.16E92 3.16€+02 3.16€+02 
3.16€+02 3.16€+02 3.16€*02 3.16E92 3.16E+02 3.16€+02 3.16€+02 3.16€+02 3.16€+02 3.16€*02 
4.89E92 4.89€+02 4.89€+02 4.89E92 4.89€+02 4.89E92 4.89Et02 4.89E92 4.89€+02 4.89E92 
4.89E92 4.89E42 4.89€+02 4.89E92 4.89€+02 4.89E+02 4.89€+02 4.89€+02 4.89€+02 d.R9€+02 
4.89€+02 4.89€+02 4.89E+02 4.89€+02 4.89€+02 4.89E92 4.89€+02 4.89E92 4.89€+02 4.89€+02 
7.46€+05 7.46€+05 7.46€+05 7.46E95 7.46€+05 7.46€+05 7.46€+05 7.46€+05 7.46E+05 7.46€+05 
7.46€+05 7.46€+05 7.46E+05 7.46Et05 7.46Et05 7.46E95 7.46€+05 7.46€+05 7.46€+05 7.46€+05 
7.46€+05 7.46€+05 7.46€+05 7.46€+05 7.46E95 7.46E95 7.46€+05 7.46€*05 7.46€+05 7.46€+05 
2.62Et02 2.62€+02 ?.62E+02 2.62Et02 2.62€+02 2 . 6 2 E 9 2  2 . 6 2 E 9 2  2.62E92 2.62€+02 2.62€+02 
2.62E92 2.62€+02 2.62€+02 2.62€+02 2.62€+02 2.62€+02 2.62E92 2.62€+02 2.62€+02 2.62€+02 
2.62€+02 2.62€+02 2 . 6 2 E 9 2  ?.62€+02 2.62€+02 2 . 6 2 E 9 2  2.62E92 2.62E92 2.62€+02 2.62€+02 
6.55€+04 6 .55E94  6.55€+04 6.55€+04 6.55€+04 6.55€+04 6.55€+04 6.55€+04 6.55E+O4 6.55€+04 
6 .55E94  6.55E+O4 6.55€+04 6.55€+04 6.55€+04 6.55E94 6.55Et04 6.55€+04 6.55€+04 6.55€+04 
6.55€+04 6.55€+04 6. 5SE+O4 6. SSEtO4 6.55€+04 6.55€+04 6.55€+04 6.55€*04 6.55Et04 6.55€+04 
l . l O E 6  l.lOE+06 l.lOEt06 l.lOE+M l.lOE+06 l . l O E + M  l.lOE+06 l.lOEt06 l.lOEt06 l.lOE+06 
1.10E96 1.10Et06 1.10€+06 1.10E96 1.10€+06 1.10€+06 1.10€+06 1.10Et06 1.10€+06 1.10€+06 
1.46E92 1.46E92 1.46E92 1.46€+02 1.46€+02 1.46€+02 1.46E92 1.46E92 1.46€+02 1.46€+02 
1.46€+02 1.46€+02 1.46€+02 1.46€+02 1.46€+02 1.46Et02 1.46E92 1.46€+02 1.46E+02 1.46€+02 
1.09€+02 1.09E92 1.09€+02 1.09€+02 1.09€+02 1.09E92 1.09E92 1.09E92 1.09E92 1.09E92 
1.09€+02 1.09€+02 1.09€+02 1.09E+02 l.r)9€+02 1.09€+02 1.09€+02 1.09€+02 1.09€+02 1.09€+02 
0.00E90 0.00€+00 0.00E*00 0.00€+00 0.00€+00 0.00€*00 0.00€+00 0.00E90 0.00€+00 Q.OOE+Oo 
0.00€+00 0.00€+00 0.00E90 0.00Et00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 0.00€+00 
1.32€+02 1.32€+02 1.32€+02 1.32€+02 1.32€+02 1.32E92 1.32E92 1.3'E92 1.32E92 1.32E92 
1.32€+02 1.32Et02 1.32E92 1.32€+02 1.32Et02 1.32€+02 1.32€+02 1.3Xt02 1.32Et02 1.32€+02 
1.37€+00 1.37€+00 1.37E90 1.37€+00 1.37€+00 1.37€+00 1.37€+00 1 . 3 7 E 9 0  1.37€+00 1.37E90 
1.37€+00 1.37Et00 1.37€+00 1.37Et00 1.37€+00 1.37€+00 1.37€+00 1.37€+00 1.37€+00 1.37Et00 
1.29E92 1.29€+02 1.29Et02 1.29E92 1.29E+02 1.29E92 1.29E92 1.29E92 1.29E92 1.29E92 
1.29E92 1.29€+02 1.29E92 1.29Et02 1.29€+02 1.29E92 1.29€+02 1.29E92 1.29€+02 1.29€+02 
1.62€+06 1.62€+06 1.62€+05 1.62€+05 1.62€+05 1.62€*06 1.62€+06 1.62€+05 1.62Et06 1.62E+06 
1.62E96 1.62€+06 1.62€+06 1.62€+06 1.62E+06 1.62€+06 1.62€+06 1.62E+06 1.62€+06 1.62Et06 
7.65€+04 7.65€+04 7.65EoOB 7.65E98 7.65€+04 7.65€+04 7.65E94 7.65E94 7.65€+04 7.65€+04 
7.65€+04 7.65EtOQ 7.65E98 7.65E94 7.65€+04 7.65E94 7.65€+04 7.65E+O4 7.65E94 7.65€+04 
9.41€+05 9.41€+05 9.41€+05 9.41€+05 9.4lEt05 9.41E95 9.41€+05 9.41€+05 9.41€+05 9.41E95 
9.41€+05 9.41E95 9.41€+05 9.41E95 9.41Et05 9.41€+05 9.41€+05 9.41Et05 9.41€+05 9.41€+05 
4.81€+02 4.81€+02 4.81E92 4.RlE92 4.81€+02 4.81E92'4.81€+02 4.81E92 4.81E92 4.81E92 
4.81€+02 4.81€+02 4.81€+02 4.81E+02 4.81€+02 4.91€+02 4.81€+02 4.81€+02 4.81Et02 4.81€+02 
5.5SEt05 5.55€+05 5.55€+05 5.55Et05 5. 55€+05 5. SSE+OS 5.55€+05 5 . 5 5 E 9 5  5. 5SE+O5 5.55Et05 
5.55€+05 5.55€+05 5.55Et05 5.55€+05 5.55€+05 5.55€+05 5.55E+OS 5.55€+05 5.55€+05 5.55E+05 
5.94€+01 5.94€+01 5.94€+01 5.94Et01 5.94E91 5.94E91 5.94€+01 5.94E91 5.94€+01 5.94E91 
5.94E91 5.94€+01 5.94€+01 5.94E91 5.94E+01 5.94€+01 5.94€+01 5.94€+01 5.94€+01 5.94€*01 
O.rJOE+OO 0.00€+00 0.00€+00 O.OOE+00 0.00€+00 0.00E90 0.00€+00 0.00E90 0.00€+00 0.00E+00 
0.00E90 0.00E90 0.00E90 0.00€+00 0.00€+00 0.00Et00 0.00Et00 0.00€+00 0.00€+00 0.90E+00 
1.36€+04 1.36E+04 1.36€+04 1.36E94 1.36€+04 1.36E94 1.36€+04 1.36E+O4 1.36€+04 1.36€+04 
1.36€+04 1.36€+04 1.36€+04 1.36Et04 1.36€+04 1.36€+04 1.36E+04 1.36EtO4 1.36Et04 1.36Et04 

Nucl i d e  
and 

S o l u b l l i t  

CS-137 D 
Be-140 0 
La-140 W 
Ce-141 Y 
Ce-141 W 
Ce-141 0 
Ce-144 Y 
Ce-144 W 
Ce-144 0 
Eu-152 W 
Eu-154 W 
Yb-169 W 

. Yb-169 Y 
Pb-210 W 
Po-210 w 
Po-210 D 
Rn-222 * 
Re-226 W 
Ra-228 W 
Ac-227 Y 
Ac-227 W 
Th-228 Y 
Th-228 W 
Th-229 Y 
Th-229 W 
Th-230 Y 
Th-230 W 
Th-232 Y 
Th-232 W 
Pa-231 Y 
Pa-231 W 
U-232 Y 
U-232 W 
U-232 0 
U-233 Y 
U-233 W 
U-233' 0 
U-234 Y 
U-234 W 
U-234 D 
U-235 Y 
U-235 W 
U-235 D 
U-236 Y 
U-236 W 
U-236 0 
U-238 Y 
U-238 W 
U-238 0 
Np-237 Y 
ND-237 W 
Pu-236 Y 
Pu-236 W 
Pu-238 Y 
Pu-238 W 
Pu-239 Y 
Pu-239 W 
Pu-240 Y 
Pu-240 W 
Pu-241 Y 
Pu-241 W 
Pu-242 Y 
Pu-242 W 
Pu-244 Y 
Pu-244 W 
Bra-241 Y 
Am241 W 
h - 2 4 3  Y 
b 2 4 3  W 
cm-242 Y 
C1~i-242 I4 
Cla-243 Y 
131-243 W 
cIR-;a4 Y 
CA-244 W 
CR-248 Y 
CA-248 w 
Cf-252 Y 
CP-252 W 

0 
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TABLE 0-22 . PDCF-6: POCF for  Yel l  Yater Pathways 

Nuclide 
and 

Solubll 1 t 
H-3 
C-14 

P-32 0 
P-32 Y 
P-33 0 
P-33 w 
5-35 0 
5-35 Y 
C1-36 0 
C1-36 U 
Ca-45 U 
sc-46 Y 
Cr-51 0 
Cr-51 Y 
Cr-51 Y 
Mn-54 0 
Mn-54 Y 
Fe-55 Y 
Fe-55 ' Y 
Fe-59 Y 
Fe-59 Y 

Na-22 0 

CO-57 U 
to-57 Y 
CO-58 W 
co-58 Y 
CO-60 W 
CO-60 Y 
NI-59. p 
NI-59 U 
MI-63 0 
Rf-A3 u 
211-65 0 
Zn-65 Y 
211-65 Y 
Se-75 0 
Se-75 Y 

Sr-85 0 
Sr-85 Y 
Sr-89 0 
Sr-89 Y 
Sr-90 0 
Sr-90 Y 
73-95 Y 
Zr-95 Y 

Rb-86 0 

Nb-94 U 
Nb-94 Y 
Nb-95 Y 
90-99 0 
Mo-99 Y 
Tc-99 0 
Tc-99 u 
Tc-99n D 
Tc-99m Y 
Ru-103 Y 
Ru-106 Y 
Ag-108 0 
Ag-108 W 
Ag-108 Y 
Ag-110 0 
Ag-110 Y 
Ag-110 Y 
Cd-109 0 
Cd-109 Y 
Cd-109 Y 
Sn-113 0 
Sn-113 Y 
Sn-126 0 
Sn-126 U 
Sb-124 0 
Sb-124 Y 
Sb-125 D 
Sb-125 Y 
1-125 0 
1-129 0 
1-131 0 
CS-134 0 
Cs-135 0 
XS-136 0 

Stomach 
,y Lung Wall LLI 

3.18E96 4.11€+06 5.44 
4.68€+07 6.67Et07 8.0: 
4.69€+08 2.20Et08 2.69 
9.50€+07 7.02€+07 5.73 
9.50€+07 7.02€+07 5.71 
8.12Et06 1.58€+07 7.32 
8.12E96 1.58Et07 7.3: 
6.86Et06 1.20€+07 5.13 
6.86E96 1.201797 5.13 
2.38Et08 3.30E*08 2.38 
2.38E*08 3.30E98 2.38 
1.09€*06 2.90€*06 5.71 
5.65Et07 6.53E97 2.64 
1.02Et06 1.20Et06 5.55 

I.O2E*06 1.20€+06 5.55 
3.45Et07 2.88E97 5.81 
3.45E97 2.8AEt07 5.81 
4.16€*06 1.08E95 4.15 
4.16€*06 1.08EtO5 4.15 
6.70E47 4.8SE97 2.06 
6.70Et07 4.8%*07 2.06 
5.26E96 4.81Et06 2.7C 
5.26E+06 4.81€+06 2.7C 
3.35E97 3.30E97 1.01 
3 .35~to7 3 . 3 n ~ 0 7  1.01 
l.lOEt08 8.79€+07 2.7C 
l.lOEt08 8.79Et07 2.7C 
5.73E95 6.69€*05 4.35 
5.73€+05 6.696+05 4.35 
1.39Et06 1.71E96 1.5C 
1.39EtM 1.71€*06 1.5C 
5.39€+08 2.09€+08 2.92 
5.39EtOR 2.08Et08 2.9; 
5.39Et08 2.08€+08 2.92 
9.33€+07 1.1REtOR 1.07 
9.33Et07 1.18Et08 1.07 
1.28EtOR 2.61E*07 4.85 
l.R2E*07 1.88Et07 3.84 
1.51Et07 1.65€*07 4.37 
3.87Et06 1.13Et07 3.92 
2.04€*05 1.13€*07 4.98 
2.71E97 3.96€*06 3.52 
1.54€*06 3.96€+06 4.34 
2.59E97 2.92E*07 1.92 
2.59Et07 2.92€*07 1.9: 
6.45E47 1.29€+08 1.45 
6.46Et07 1.29€*08 1.45 
3.90EtO7 5.18€*07 4.6f 
l . l l E * @ 7  1.49€+07 1.92 
5.43€*06 1.44E*07 2.7: 
3.89€+06 1.14€+07 3.92 
3.89Et06 l.l4E*07 3.93 
4.dlE*06 5.05Et06 4.47 
4.41Et06 5.05Et06 4.47 
4.29~+07 5 .57~t07 1.0: 
3.66Et09 2.77E*08 1.1C 
6.32€+07 7.13E97 2.4& 
5.32E97 7.13697 2.48 
6.32€*07 7.13Et07 2.48 
9.96€*07 1.12€*08 3.55 
9.96€+07 1.12E*09 3.55 
9.96€+07 1.12E*08 3.54 
6.38Et06 R.17Et06 9.19 
6.38€*06 8.17E96 9.14 
6.38€*06 9.17€+06 9.15 
8.88E+06 1.34Et07 3.54 
R.88E*06 1.34Et07 3.54 
1.53€*08 1.87E98 2.01 
1.53E*OR 1.87€+08 2.01 
5.3Xt07 6.39Et07 3.91 
5.12Et07 6.20E*07 4.31 
1.36€*07 1.64€*07 1.Of 
1.28€*07 1.58EtOI 1.1: 
1.23€*06 1.71€*06 8.51 
5.11Et06 7.07Et05 6.01 
1.37E97 1.12E97 1.Of 
1.0Y*O9 3.49Et08 3.9! 
6.91€*07 1.48€*06 3.3( 
1.93E98 1 . 0 8 E a  1.17 

i . 0 2 ~ t o 6  I . Z O E + ~ ~  5.55 

b 

If 
if 
If 
IE 
If 
If 
If 

- 

.I 
If 
if 
if 
if 
.E 
.I 
if 
if 
if 
if 
If 

If 
If 
If 
If 
!f 
!f 
!I 
'I 
'E 
If 
If 
'f 
!E 
If 
!I 
If 
If 
If 
if 
if 
if 
If 
If 
If 
If 
'E 
'f 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
.E 
. E  

if 
if 
if 
If 
'I 

8400 
Total Red 

la11 Body Kldneys LIver  Marrow Bone Thyrold ICRP 
:+06 3.16E96 3.25€+06 3.15E96 3.14€+06 2.49€+06 3.15€+06 3.41E96 
:+07 1.06€+08 5.84€+07 6.78€+07 1.86E*08 3.89E98 4.90€*07 R.49E97 
.+08 2.80€+08 2.96€+08 2.79E98 3.71€+08 4.65E98 2.67€*08 3.57€+08 
148 l . l O E 9 8  9.38Et07 9.41E97 3.46E98 6.32E98 9.41€+07 1.76E98 
198 1.10€+08 9.38E97 9.41E97 3.46€+08 6.32€+08 9.41€+07 1.76E98 
:to7 2.60Et07 R.12E4435 8.12€+06 4.33€+07 1.14E98 8.12€+06 2.15E97 
:to7 2.60E97 8.12E96 8.12E+06 4.33€+07 1.14E98 8.12€+06 2.15E97 
:*07 1.09€+07 6.86Et06 6.86E406 1.86E93 6.86€+06 6.86€+06 1.09E47 
:+07 1.09€+07 6.86E96 6.86E96 1.86E43 6.86E96 6.86€+06 1.09E97 
:to8 2.46E98 2.38€*08 2.38E98 2.38€+08 2.38E98 2.38€+08 2.44E98 
.+08 2.46E98 2.38Et08 2.38E98 2.38€+08 2.38E98 2.38€*08 2.44E98 
:to7 2.35€*07 1.09€+06 1.09E+O6 7.02€+07 1.06E*08 1.09€*06 1.73E97 
:+08 9.08E97 6.06€+07 5.6lEt07 6.44E97 6.28E97 6.98E-07 9.22E97 
:to6 1.72Et06 1.06€+06 9.97€+05 1.20Et06 1.34E96 1.26€+06 1.68€+06 
.96 1.72€+06 1.06€*06 9.97€+05 1.20E96 1.34Et06 1.26€+06 1.68E96 . 
:to6 1.72€*06 1.06€+06 9.97E95 1.20€+06 1 . 3 4 E a  1.26EM6 1.68E46 
:to7 3.12E97 3.03€*07 3.92E97 3.24€+07 3.26E97 3.23E*07 3.93€+07 
:to7 3.12E97 3.03€*07 3.92€*07 3.24EtO7 3.26E47 3.23E-7 3.93E47 

:to6 2.06E46 3.77€+06 7.15€*06 3.76Et06 2 . 5 6 E a  3.70E+06 4.57E96 
: 9 8  5.08E97 5.50€*07 6.27E97 5.34Et07 5.20€+07 5.38€*07 7.78€+07 
:*OB 5.08€*07 5.50Et07 6.27E97 5.34E47 5.20E97 5.38€*07 7.78E97 
: 4 7  5.05€*06 4.49€+06 4.67E96 5.09€+06 6.89€+06 5.73€*06 8.15E96 

:to8 3.38~to7 3.16~+07 3 . 0 3 ~ 9 7  3.36~+07 3.37007 3 . 6 3 ~ ~ 1 7  4 . 6 0 ~ 9 7  

'to6 2.06E96 3.77€+06 7.156+06 3.76€+06 2.56E96 3.70€+06 4.57€+06 

:*07 5.05€+06 4.49€*06 4.67E96 5 . 0 9 E 6  6.89€*06 5.73€+06 8.15E96 
198 3.38Et07 3.16€+07 3.03E97 3.36€+07 3.37E97 3.63Et07 4.6OEt07 

:to8 9.18E97 9.44Et07 9.72Et07 9.40€+07 9 . 0 4 9 7  8.29€+07 1.28Et08 
:*08 9.18€*07 9.44Et07 9.72E97 9.40Et07 9.04€+07 8.29€+07 1.2RE98 
:to6 9.33€+05 S.RlEtO5 5.81E95 5.94€+05 5.91€*05 6.34€*05 9.33Et05 
:*06 9.33Et05 5.81Et05 5.81€+05 5.94€*05 5.91E95 6.34€+05 9.33E45 
:to7 2.54€*06 1.39€+06 1.39Et06 1.39€+06 1.39€+06 1.39Et06 2.54EM6 
:to7 2.54€+06 1.39€*06 1.39E96 1.39Et06 1.39Et06 1.39€+06 2.54E96 
:to8 2,49€+08 3.27Et08 3.22EtOR 3.34Et08 3.08E98 2.26€*08 3.72Et08 
:+08 2.49€+08 3.27Et08 3.22E98 3.34€*08 3.08€+08 2.26€+08 3.72E98 
:to8 2.49Et08 3.27Et08 3.22Et08 3.34Et08 2.93E99 2.26€+08 3.72Et08 
:to8 1.48€*08 3.64EtOR 2.03E98 l. l3E*08 9.98€+07 7.08€+07 1.4OE98 
:to8 1.48E98 3.64Et08 2.93Et08 1.13E98 9.98€+07 7.08Et07 1.40698 
:to7 7.48E97 1.24€+08 1.24E98 1.24€+08 1.23E98 1.24€*08 1.26E98 
:+07 2.44€*07 1.87€*07 1.75Et07 2.52E97 2.74E97 2.18Et07 2.42€*07 
:+07 2.16E97 1.576*07 1.48€+07 1.73€*07 1.83E97 1.85Et07 2.20€+07 
'to8 8.15Et06 3.87Et06 3.87E46 2.37Et07 4.89E+07 3.87€+06 4.01€+07 
:+08 2.21Et06 1.97E+05 1.97€+05 1.18E46 2 . 4 4 9 6  1.98Et05 4.15E97 
'*OB 4.28E68 2.71€+07 2.58€+07 1.95€*09 3.89Et09 2.71Et07 3.96Et08 
:to8 2..27€97 1.36€+06 1.29E96 9.73E*07 1.95€*08 1.36E+06 5.12E97 
:to8 2.8OEt07 2.51Et07 2.33Et07 2.74Et07 2.81Et07 2.93Et07 4.73Et07 
:*08 2.80€*07 2.51€*07 2.33E97 2.74€*07 2.81E97 2.93E97 4.73E97 
9 9  2.66€*08 1.23Et08 7.39€+07 1.29€*08 1.36€*08 7.09€*07 2.66€+08 
:*09 2.66Et08 1.23Et08 7.39E97 1.29E98 1.36E- 7.09€*07 2.66E98 
: 9 8  3.89€+07 3.69€*07 3.03€*07 4.30€+07 3.43EtO7 2.93Et07 1.02€*08 
:to7 l . l l E t 0 7  7.69€*07 1.26Et08 1.06€*07 1.51E97 8.53Et06 2.20E97 
:98 6.82€*06 8.62€*06 1 .08€+07 5.86€+06 6.08E96 6.44Et06 3.16Et07 
:to7 2.63Et06 5.62Et06 7.71€+06 3.95ft06 5 . 0 3 E 6  1.73Et08 1.25f+07 
: 9 7  2.63E*06 5.62Et06 7.71Et06 3.95€*06 5.03Et06 1.73Et08 1.25E97 
:+06 4.41€+06 3.85€*06 3.85Et06 3.83Et06 6.23€+06 8.01Et06 4.93E96 
:+06 4.41E96 3.45E96 3.85€+06 3.83€*06 6.23€+06 8.01Et06 4.93€*06 
:*09 3.75Et07 3.60€*07 3.29E*n7 4.20Et07 3.33E97 2.82Et07 1.47Et08 
' * lo  2.58EtOB 3.55E98 3.56E98 3.58€+08 4.12€*08 3.49€*08 1.23€*09 
:*On 1.06Et08 7.44€*07 2.28Et08 6.57€*07 6.36€+07 6.28€+07 1.06E98 
:*08 1.06€*08 7.44€+07 2.29E98 6.576*07 6.36E97 6.28Et07 1.06EM8 
:*OR 1.06€*08 7.44€*07 2.28€*08 6.57€*07 6.36E47 6.28€+07 1.06E98 
:*08 1.60E98 1.17E*08 3.03EtOR 1.04E98 9.83€+07 1.02E98 1.60€*08 
:*W 1.60Et08 l. l7€+08 3.03E98 1.04Et08 9.83EN17 1.02E98 1.60E98 
*08 1.60Et08 1.17Eto8 3.03Et08 1.04Et08 9.836+07 1.02€+08 1.60Et08 
:*07 9.80€+07 8.11€*08 1.47E98 7.39€+06 6.66E96 5.67€*06 7.05E97 
: 9 7  9.80EM7 8.11€*08 1.47E98 7.39Et06 6.66€*06 5.67E96 7.05€*07 
:to7 9.80Et07 9.11E*08 1.47€*08 7.39€*06 6.66696 5.67€+06 7.05E97 
:to8 4.50€+07 1.00€+07 9.06€+06 1.57Et07 1.99E97 1.08E97 4.50Et07 
'to8 4.50E97 1.00€+07 9.06€+06 1.57€*07 1.99E97 1.08Et07 4.50E97 
*09 3.66Et08 1.60E*08 1.48€*08 2.48€+08 3.66E98 1.83€+08 3.66€*08 
.to9 3.66€*@ 1.60€+08 1.49E99 2.48E49 3.66E98 1.83E98 3.66€*08 
.to8 9.72E97 5.60E97 5.82€*07 6.14€*07 6.R3€+07 6.42Et07 9.72€*07 
:*08 Q.85Et07 5.42Et07 5.10E97 5.75E47 5.82€+07 6.25€+07 9.85E97 
:*08 2.65€*07 1.44Et07 1.58E97 1.64Et07 2.47€+07 1.69Et07 2.65Et07 
:*08 2.65Et07 1.37EtO7 1.27E97 1.46Et07 1.66Et07 1.62E47 2.65E97 
:to5 3.25€*08 l . l8€+06 8.88€*05 1.59E96 2.03E96 7.38€*09 2.24E*08 
:to5 1.91€+07 4.65€*06 4.48€*06 5.60Et06 5.71E96 4.53Et10 1.36€*09 
:+07 1.79€+07 1.25Et07 1.21€*07 1.34E97 1.63E97 l . O S E * l O  3.29€*08 
:*08 4.70€*08 6.61Et08 6.59698 6.17Et08 5.97€+08 5.38E98 7.39€+08 
:to6 4.08Et07 6.91€*07 6.91€*07 6.91E+07 8.02E97 6.97€*07 6.97E*07 
:*08 1.21Et08 1.41€*08 1.41E98 1.35€*08 1.35€*08 1.36E98 1.52€*08 
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:, - - . .  
Wucllde 

and 
Solubl111 

ea-140 0 
La-140 Y 
Ce-141 Y 
Ce-141 U 
Ce-141 0 
Ce-144 Y 
Ce-144 Y 
Ce-144 0 
Eu-152 w 
Eu-154 Y 
Yb-169 U 
Yb-169 Y 
Pb-210 U 
Po-210 u 
Po-210 0 
Rn-222 
Ra-226 U 
9a-228 u 

CS-137 0 

Ac-227 Y 
Ac-227 U 
Th-228 Y 
Th-228 U 
Th-229 Y 
Th-229 U 
Th-230 Y 
Th-230 W 
Th-232 Y 
Th-232 W 
Pa-231 Y 
Pa-231 W 
U-232 V 
U-232 U 
U-232 0 
U-233 Y 
U-233 U 
U-233 0 
U-234 Y 
U-234 U 
U-234 0 
U-235 Y 
U-235 W 
U-235 0 
U-236 Y 
U-236 V 
U-236 r) 
U-238 Y 
U-238 U 
U-238 0 
Np-237 Y 
Np-237 U 
Pu-236 Y 
Pu-236 W 
Pu-238 Y 
Pu-238 U 
Pu-239 Y 
.Pu-239 U 
Pu-240 Y 
Pu-240 W 
Pu-241 Y 
Pu-241 Y 
Pu-242 Y 
Pu-242 U 
Pu-244 Y 
Pu-244 Y 
Am-241 Y 

Am-243 Y 
Am-243 U 

Cn-242 Y 

Am-241 U 

Cm-242 Y 

Cm-243 Y 
Cm-243 W 
Cm-244 Y 
Cm-244 U 
Cm-248 Y 
Cm-248 U 
Cf-252 Y 
t f -252  Y 

TABLE 0-22 . . PDCF-6 (Contlnuedl 
Stomach Total Red 

9 Lung Wall LLI Yall Body Kldneys LIver Harrow Bone Thyrold ICRP 
6.34€+08 1.50€+08 1.75€+08 3.21€+08 4.94€+08 5.02€+08 4.73€+08 5.13E98 4.36E98 5.24E48 
9.21€+06 1.36€+07 4.09€+08 1.04€+07 7.81€+06 7.00€+06 l.lOE+07 1.17€+07 8.55€+06 4.51E97 
6.47€+07 7.27E47 3.22€+08 6.90E47 6.42E97 6.01€+07 6.60€+07 6.75€+07 7.52E47 9.96Et07 
2.47€+06 5.43€+06 1.33€*08 3.23€+06 2.35€+06 2.22€+06 2.54€*06 3.71€+06 3.16€+06 1.45€*07 
2.47Et06 5.43€+06 1.33€+08 3.23€+06 2.35€+06 2 . 2 2 E 9 6  2.54€*06 3.71€+06 3.16€+06 1.45EM7 
2.47Et06 5.43Et06 1.33€+08 3.23€+06 2.35E96 2.22€+06 2.54€+06 3.71€+06 3.16€*06 1.45E47 
1.78€+06 9.87€+06 1.78€+08 3.07€+06 2.10€+06 1.77E96 1.96E+06 2.73€+06 2.19€+06 8.81€+07 
1.74€+06 9.87€*06 1.78€+08 3.07€+06 2.10€*06 1.79€+06 1.96€+06 2.73€+06 2.19€+06 8.81Et07 
1.72€+06 9.87E96 1.78€+08 3.07€+06 2.12€+06 1.85€+06 1.96€+06 2.74€+06 2.19€+06 8.81E97 
3.54€+07 3.95Et07 1.94€+08 6.26€+07 3.89€+07 7.91€+07 4.65€+07 7.04E+07 4.11€+07 6.26€+07 
3.78Et07 4.52€+07 3.30E98 7.96E47 4.13€+07 9.35€+07 5.36€+07 1.12€+08 4.42€*07 7.96€+07 
9.04€*06 1.21€+07 1.23€+08 2.40€+07 9.60€+06 8.70€+06 9.80€+06 1.56E+07 1.30€+07 2.26€+07 
9.04EN6 1.21Et07 1.23€+08 2.40E47 9.60€+06 8.70€+06 9.80€+06 1.56E97 1.30€+07 2.26€+07 
1.23€+09 A.36€+05 8.34€*07 6.98€+09 3.86€+09 5.75€+09 4.11€+09 3.94€+10 1.23€+09 3.19€+09 
2.30€+09 2.01€+07 7.98€+08 1.82€+09 4.12€+10 7.09€+09 2.39€+09 1.06E49 2.30Et09 9.04€+09 
2.30€+09 2.01€*07 7.98€+08 1.82€+09 4.12€+10 7.09€+09 2.39E99 1.06E99 2.30€+09 9.04E99 
1.23Et08 1.13€+08 1.12€+08 1.31€+08 1.22€+08 1.16€+08 1.24€+08 1.36€+08 1.52Et08 1.31E98 
2.59Et09 1.36€+08 I.49€+09 1.43€+10 2.59€+09 2.58€+09 9.32€+09 8.37€+10 2.62€+09 5.90E99 
1.74Et09 3.37Et07 3.22€+08 7.13€+09 1.70€+09 1.70€+09 5.46€+09 4.10€+10 1.70€+09 3.32€*09 
l.llE+09 1.55Et07 2.54€+08 1.27€+10 1.96€+10 1.56E+ll 9.78€+10 9.78€+11 1.09€+09 5.40€+10 
l.09EtOO 1.55€+07 2.54Et08 1.27Et10 1.96€+10 1.57Etll 9.78€+10 9.78€+11 1.09€+09 5.40€+10 
1.43E+08 1.10€+08 1.99€+09 2.57€+08 1.30€+08 1.87€+08 1.64€+09 1.67€+10 1.46€+08 9.55E98 
1.30Et08 l.lOE+08 1.99Et09 2.57€+08 1.30€+08 1.87E98 1.64€+09 1.67€*10 1.46Et08 9.54€+08 
1.32€+08 7.84€+07 9.07€+08 1.00€+09 1.01€+08 2.08€+08 1.06€+10 1.30Etll 1.18E+OA 5.30€+09 
1.08Et08 7.84Et07 9.07€+08 1.00€+09 1.01€+08 2.08€+08 1.06€*10 1.30Etll 1.18€+08 5.30€+09 
3.00€+07 1.63€+07 7.28€+08 3.75Et08 1.75€+07 8.83E+07 4.05€+09 6.48€+10 1.85Et07 2.55€+09 
1.96€+07 1.63€+07 7.28€+08 3.75€+08 1.75€+07 8.85€+07'4.06€+09 6.49€+10 1.85€+07 2.55€+09 
2.60€+07 1.40€+07 6.07€+08 3.90€+08 1.52€+07 7.62E97 4.45€+09 7:29€+10 1.60€+07 2.80E99 
1.71Et07 1.40€+07 6.07Et0.9 3.91Et08 1.52Et07 7.63€+07 4.46€*09 7.30Et10 1.60€+07 2.81Et09 
2.59€+09 5.58Et07 2.22€+09 2.46Et10 4.21€+10 3.28€+11 1.75E+ll 2.08f*12 2.57Et09 1.12E+ll 
2.58€+09 5.58€+07 2.22€+09 2.46€+10 4.21€+10 3.28€*11 1.75Etll 2.08€+12 2.57€+09 1.12E+ll 
2.48€+07 1.92€+07 8.24€+08 3.47€+08 5.36€*08 4.84€+06 2.93€+09 3.21E+10 5.04€+06 1.43€+09 
1.35€+08 2.65€+07 8.24€+08 8.65€+09 1.36€+10 l.l8€+08 7.41€+10 8.03Etll 1.24€+08 3.37€+10 
1.33€+08 2.65Et07 8.24€+08 8.65€+09 1.36€+10 1.18€+08 7.41Et10 8.03E+ll 1.24Et08 3.37E+10 
1.48Et07 1.72Et07 7.41€+08 9.92€+07 2.79€+08 2.50€+06 3.96€+07 5.77€+08 2.64€+06 1.07€+08 
7.29Et07 2.27Et07 7.00€+08 2.39€+09 7.00€+09 6.22E97 9.89€+08 1.44Et10 6.59€+07 1.08€+09 
7.17Et07 2.27Et07 7.00€+08 2.39Et09 7.00€+09 6.22€*07 9.89€+08 1.44Et10 6.59€+07 1.08€+09 
1.46€+07 1.72Et07 7.41€+08 9.846+07 2.76€+08 2.61Et06 3.85€+07 5.77€*08 2.61€+06 1.06€+08 
7.21Et07 2.26€+07 7.00€+08 2.39€+09 7.00€*09 6.51€+07 9.47€+08 1.44€+10 6.51€+07 1.06€+09 
7.09€+07 2.26Et07 7.00€+08 2.39€+09 7.00€+09 6.51€+07 9.47€+08 1.44€+10 6.51€+07 1.06€+09 
1.95€+07 2.10Et07 7.87€+08 9.48€+07 2.54€+08 6.92€+06 3.49€+07 5.02E98 8.97€+06 1.08€+08 
7.27€+07.2.65€+07 7.46€+08 2.15€+09 6.18€+09 6.13€+07 7.46€+08 1.20€+10 6.63E97 9.28€+08 
7.16E97 2.65€+07 7.46€+08 2.15€+09 6.18€+09 6.13€+07 7.46€+08 1.20€+10 6.63€+07 9.28€+08 
1.38€+07 1.61€+07 7.00€+08 9.26€+07 2.60€*08 2.45€+06 3.31€+07 5.36€+08 2.46€+06 9.91E97 
6.79€+07 2.13€+07 6.59€+08 2.22€+09 6.59€+09 '6.14€+07 8.24€+08 1.28€+10 6.14€+07 9.76€*08 
6.68€+07 2.13€+07 6.59€*08 2.22€+09 6.59€+09 6.14€+07 8.24€+08 1.28€+10 6.14€+07 9.76€+08 
6.88€*07 6.67€+07 7.51€*08 1.47€+08 3.00€+08 5.44€+07 8.73€+07 5.17E+08 7.29€*01 1.54€+08 
1.20€+09 7.16€+07 7.10€+08 2.16€+09 6.23€+09 1.07€+08 8.38EM8 1.16€*10 1.29€+08 9.66€+08 
1.19€+08 7.16€+07 7.10€+08 2.16€+09 6.23€+09 1.07€+08 8.38€+08 1.16€+10 1.29€+08 9.66€+08 
5.31€+09 2.86€+07 8.58€+08 4.27€+09 8.95€+09 6.82€+10 2.60€+10 3.71E+ll 5.21€+08 2.00€+10 
5.19€+08 2.86€+07 8.58€*08 4.27€+09 8.96€+09 6.82€+10 2.60€+10 3.71Etll 5.21€+08 Z.r)nE+lO 
1.13€+07 2.01€+07 A.91€+08 1.84€+07 3.31€+07 2.55€+08 8.46€*07 9.76€+08 1.57€+06 1.36€+08 
2.96€+06 2.01€+07 8.91€+08 1.85€+07 3.36€+07 2.60€+08 8.60€+07 9.92EM8 1.59€+06 1.35€+08 
2.64€+07 1.91€+07 8.50€*08 1.16€+08 2.34€+04 1.80€+09 6.94€+08 8.57EM9 1.32E97 5.61€+08 
1.45€+07 1.91€+07 8.50€+08 1.17E+08 2.37€+08 1.82€+09 7.03€+08 8.69€+09 1.34€+07 5.65€+08 
2.74€+07 1.79€+07 9.10€+08 1.28€+08 2.59€*08 2.00€+09 7.76€+08 1.06E+10 1.48€+07 6.43€+08 
1.60€+07 1.79€+07 8.10€+08 1.29€+08 2.62€+08 2.03€+09 7.86€*08 1.08Et10 1.50€+07 6.48€*08 
2.74€+07 1.79€+07 A.lOE*OR 1.28€+08 2.58€+09 2.00€+09 7.76€*08 1.06€+10 1.48Et07 6.43E98 
1.60€+07 1.79€+07 8.10€+08 1.28€+08 2.61€+08 2.03€*09 7.86€*08 1.08€*10 1.50€+07 6.48€+08 
3.28€+05 9.03€+04 4.02€+06 2.53€+06 5.03€+06 3.88€+07 1.58€+07 1.97€+08 3.07€+05 1.14E97 
3.04€*05 9.03€+04 4.02€+06 2.56€+06 5.09€+06 3.93Et07 1.60€*07 2.00E48 3.10€*05 l.l5€+07 
2.60€+07 1.70€+07 7.69Et08 1.22€+08 2.45€+08 1.92€+09 7.35Et08 1.06€+10 1.41€+07 6.27€*08 
1.52€*07 1.70€+07 7.69€+08 1.23€+08 2.49€+08 1.94€+09 7.446*08 1.08€+10 1.43€+07 6.32€+08 
3.64€+07 2.76€+07 1.22€+09 1.33€+08 2.54€+@3 1.89E99 7.04€*08 1.06€*10 2.58Et07 6.73€+08 
2.56€*07 2.76€+07 1.22€*09 1.35€*08 2.57€*08 1.91€+09 7.13€*08 1.08€+10 2.60€+07 6.79€+08 
5.43€+08 2.19€+07 9.26€+08 4.41€+09 9.70€+09 7.49€*10 2.82€+10 3.53€+11 5.30€+08 2.02€+10 
5.31€+08 2.19€+07 9.26€+08 4.41€+09 9.70€*09 7.49€*10 2.82€+10 3.53€*11 5.30Et08 2.02€+10 
5.9tEb8 2,93E*07 9.75€+08 4.41€+09 9.70€+09 7.49€+10 2.82€*10 3.75€+11 5.82E98 2.09€+10 
5.81€+08 2.93€*07 9.75€*08 4.42€+09 9.70€+09 7.49€+10 2.82€+10 3.75€+11 5.82€+08 2;09€+10 
1.48€+07 2.12€*07 9.29€+08 1.04€+08 2.31€*08 1.78€*09 5.66€*08 6.06€+09 l.lOE*07 4.77€*0(1 
1.22€+07 2.12€*07 9.29€+08 1.04€+08 2.31€*08 1.78E49 5.66€+08 6.06€+09 l.lOEt07 4.77€+08 
3.53€*09 2.73€+07 1.01€+09 2.87€+09 6.06€+09 4.85€*10 1.70€*10 1.94Etll 3.37EMR 1.18E+lO 
3.41€*08 2.73€*07 1.01Et09 2.87€+09 6.07€+09 4.85€*10 1.70€+10 1.94Etll 3.37Et08 1.18€+10 
2.72€+08 2.00€+07 8.89€+08 2.26€+09 4.85€+09 3.76€+10 1.33€+10 1.54E+ll 2.59€+08 9.34E+09 
2.60€+08 2.00€+07 8.89€+08 2.26€*09 4.85€+09 3.76Et10 1.33Et10 1.54Etll 2.59€+08 9.34€+09 
2.39€+09 3.15€+08 4.44€+09 1.62€*10 3.27€+10 2.55E*11 2.46Et10 3.56Et11 1.94E99 3.52€+10 
2.35€+09 3.15€*08 4.44€+09 1.62€+10 3.27€+10 2.55€*11 2.47Et10 3.56E+11 1.94€*09 3.52€+10 
1.52€+08 8.48€*07 2.30€+09 9.29€*08 2.10E*OQ 1.62€+10 2.63E99 2.79Et10 1.01E+08 2.69€*09 
1.35€+08 8.48E+07 2.30€+09 9.29€*08 2.10€*09 1.62€+10 2.63€+09 2.79€*10 1.01€+08 2.69€+09 
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TABLE 0-23 . POCF-7: POCF for Surface Yater Pathways 6400 4 '  ' I  

Nucl i de 
and 

Solubll iq 
H-3 
C-14 
ma-22 0 
P-32 0 
P-32 Y 
P-33 0 
P-33 Y 
5-35 0 
5-35 Y 
C1-36 0 
C1-36 Y 
Ca-45 Y 
SC-46 Y 
Cr-51 0 
Cr-51 U 
Cr-51 Y 
Yn-54 0 
Mn-54 Y 
Fe-55 U 
Fe-55 Y 
Fe-59 Y 
Fe-59 Y 
CO-57 Y 
CO-57 Y 
CO-58. Y 
co-58 Y 
CO-60 U 
CO-60 Y 
Ni-59 0 
VI-59 U 
Mi-63 D 
,N1-63 U 
'Zn-65 0 
Zn-65 U 
211-65 Y 
Se-75 0 
Se-75 Y 

9-85 0 
Sr-85 Y 
Sr-89 0 
Sr-89 Y 
Sr-90 0 
Sr-90 Y 
Zr-95 U 
Zr-95 Y 

Rb-86 D 

Nb-94 U 
,Mb-94 Y 
Nb-95 Y 
MO-99 0 
Mo-99 Y .  
Tc-99 0 
Tc-99 Y 
Tc-99m 0 
Tc-99m Y 
Ru-103 Y 
Ru-106 Y 
Ag-108 0 
Ag-108 U 
Ag-108 Y 
Ag-110 0 
49-110 Y 
Ag-110 Y 
Cd-109 0 
Cd-109 Y 
Cd-109 Y 
Sn-113 0 
91-113 Y 
91-126 0 
Sn-126 U 
Sb-124 0 
Sb-124 U 
Sb-125 0 
Sb-125 Y 
1-125 0 
1:129 0 
1-131 0 
CS-134 0 
CS-135 0 
CS-136 0 

Stomach . Total Red a 
Lung Yall LLI Wall Body Kidneys LIver Marrow Bone Thyrold ICRP 

3.18EM6 4.11€+06 5.44E96 3.16E96 3.26€+06 3.15Ek6 3.14Et06 2.49Et06 3.15Et06 3.42Et06 
8.15Et07 1.16€+08 1.40Et08 1.84€+08 1.02€+08 1.18E98 3.24Et08 6.77E98 8.53€+07 1.48698 
4.92E- 2.30E98 2.81E+08 2.92Et08 3.09E98 2.91E48 3.89Et08 4.87Et08 2.78E98 3.74Et08 
2.98E99 2.20Et09 1.80Et10 3.45Et09 2.94E99 2.95€+09 1.09Et10 1.98Et10 2.95Et09 5.51Et09 

2.54E+w 4.94Et08 2.30E99 8.14E98 2.54Et08 2.54E48 1.36€+09 3.58E49 2.54E+08 6.73E48 
2.54E98 4.94E48 2.30E99 8.14€+08 2.54E98 2.54E98 1.36Et09 3.58E99 2.54Et08 6.73E48 
8.34€+06 1.46€+07 6.24Et07 1.32E47 8.34Et06 8.34Et06 2.26€+03 8.34E96 8.34Et06 1.33E97 
8.34Et06 1.46Et07 6.24E47 1.32€+07 8.34Et06 8.34E96 2.26Et03 8.34Et06 8.34Et06 1.336t07 
2.39E+08 3.32E- 2.39E99 2.47E98 2.39Et08 2.39Et08 2.39€+08 2.39E48 2.39E98 2.45E98 
2.39E98 3.32Et08 2.39E98 2.47€+08 2.39€+08 2.39€+08 2.39Et08 2.39€+08 2.39Et08 2.45Et08 
1.21Et06 3.22Et06 6.34Et07 2.61E97 1.21Et06 1.21€+06 7.80E97 1.18E98 1.21Et06 1.93E97 
5.66Et07 6.79E47 3.03Et08 9.66E+07 6.17€+07 5.68€+07 6.59Et07 6.33E97 6.98Et07 9.87Et07 
1.07EtO6 1.42€+06 8.65E+06 2.19Et06 1.16Et06 1.08Et06 1.36€+06 1.44€+06 1.30E96 2.136+06 
1.07Et06 1.42E96 8.65EM6 2.19[+06 1.16Et06 1.08Et06 1.36Et06 1.44Et06 1.30E96 2.13Et06 
1.07Et06 1.42Et06 8.65Et06 2.19E+06 1.16Et06 1.08E96 1.36Et06 1.44E46 1.30Et06 2.13E46 
2.50E98 1.62Et08 7.99E98 1.45Et08 1.66Et08 3.81E98 1.96Et08 1.59Et08 7.54Et07 3.18Et08 
2.50€+08 1.62Et08 7.99Et08 1.4%- 1.66€*08 3.81E98 1.96E98 1.59E- 1.54€+07 3.18648 
6.92Et06 1.80E95 6.90E+06 3.42E+06 6.28Et06 1.19E97 6.25Et06 4.26€+06 6.16Et06 7.60Et06 
6.92Et06 1.80Et05 6.90Et06 3.42Et06 6.28Et06 1.19E97 6.25Et06 4.26€+06 6.16Et06 7.606906 
9.07Et07 6.15Et07 3.23€+08 6.22Et07 7.07€*07 8.47Et07 6.77Et07 6.40E47 6.34Et07 1.07Et08 
9.07Et07 6.15Et07 3.23€+08 6.22Et07 7.07Et07 8.47Et07 6.776t07 6.40E47 6.34Et07 1.07Et08 
5.42€+06 4.96E46 2.95E97 5.15Et06 4.61Et06 4.81Et06 5.28Et06 6.99Et06 5.79Et06 8.576+06 
5.43Et06 4.96Et06 2.95Et07 5.15Et06 4.61Et06 4.81E46 5.28Et06 6.99Et06 5.79Et06 8.57E96 
3.41Et07 3.37€*07 1.09Et08 3.43Et07 3.21Et07 3.07Et07 3.41Et07 3.39Et07 3.64Et07 4.77Et07 
3.41€+07 3.37Et07 1.09Et08 3.43E+07.3.21E*07 3.07€+07 3.41E97 3.39E407 3.64Et07 4.7 7E 9 7  
1.15EtO8 9.08E97 2.91Et08 9.42Et07 9.75Et07 1.01Et08 9.70€+07 9.26Et07 8.3OEt07 1.34Et08 
l.lSEt08 9.08Et07 2.91Et08 9.42Et07 9.75Et07 1.01Et08 9.70Et07 9.26Et07 8.30Et07 1.34Et08 
6.75Et05 7.89€+05 5.18Et06 l.lOEt06 6.85Et05 6.85€+05 7.01Et05 6.97E95 7.48Et05 l.lOEt06 
6.7SEt05 7.89Et05 5.18Et06 l.lOEt06 6.85Et05 6.85Et05 7.01E95 6396Et05 7.48Et05 l.l06+06 
1.63Et06 2.02Et06 1.76€+07 2.99Et06 1.63Et06 1.63Et06 1.63Et06 1.63Et06 1.63Et06 2.99Et06 
1.63Et06 2.02Et06 1.76Et07 2.99Et06 1.63Et06 1.63€+06 1.63Et06 1.63Et06 1.63Et06 2.99E+06 
1.21EM9 4.58€+08 6.52Et08 5.49E98 7.29Et08 7.20Et08 7.46Et08 6.846+08 4.93Et08 8.316+08 
1.21Et09 4.58Et08 6.52Et08 5.49€+08 7.29EtOB 7.20Et08 7.46Et08 6.84E98 4.93Et08 9.31E48 
1.21Et09 4.58Et08 6.52€+08 5.49Et08 7.29Et08 7.20Et08 7.46Et08 6.69Et09 4.93Et08 8.31€+08 
1.02Et08 1.29Et08 1.17€+08 1.62Et08 3.99Et08 3.21E48 1.24€+08 1.08E98 7.64Et07 1.53Et08 
1.02Et08 1.29Et08 1.17Et08 1.62Et08 3.99Et0.9 3.21€+08 1.24Et08 1.08Et08 7.64Et07 1.53Et08 
3.85€+08 7.48E97 1.4SEt08 2.23E98 3.74€+08 3.74Eto9 3.72Et08 3.70€+08 3.716*08 3.79EtOfl 
1.85€+07 1.91Et07 4.01Et07 2.50Et07 1.90Et07 1.77E97 2.58Et07 2.81Et07 2.20Et07 2.4fl6+07 
1.51Et07 1.67Et07 4.58Et07 2.19€+07 1.58Et07 1.48Et07 1.75Et07 1.83E97 1.85Et07 2.25697 
4.13Et06 1.20E97 4.19Et08 8.70Et06 4.13Et06 4.13Et06 2.53Et07 5.226+07 4.14Et06 4.29Et07 
2.17Et05 1.20E97 5.31Et08 2.36Et06 2.11Et05 2.10E95 1.26Et06 2.60E46 2.11€+05 4.43647 
2.89E97 4.23Et06 3.75Et08 4.57EtOB 2.99Et07 2.76Et07 2.08Et09 4.15649 2.89Et07 4.236tOA 
1.64Et06 4.23€+06 4.64Et08 2.43Et07 1.45Et06 1.3BEt06 1.04Et08 2.08E99 1.45Et06 5.46E97 
2.59Et07 2.92€+07 1.94€+08 2.80Et07 2.51€+07 2.33Et07 2.74Et07 2.81Et07 2.93Et07 4.74€+07 
2.59Et07 2.92Et07 1.94Et08 2.80Et07 2.51Et07 2.33€+07 2.74Et07 2.81E97 2.93Et07 4.74E97 
1.96Et08 7.19€+08 l.lOEt10 1.74Et09 6.55Et08 2.89Et08 6.95Et08 7.236*08 1.656+08 1.74Et09 
1.96Et08 7.19Et08 l.lOE*lO 1.74Et09 6.55€+08 2.89Et09 6.95Et08 7.23698 1.656+08 1.74€+09 
1.46EM8 2.65€+08 3.49€*09 1.43Et08 1.40€+08 9.60Et07 1.83Et08 1.01E98 3.90Et07 6.366+08 
1.12€+07 1.51Et07 1.95€+07 1.12Et07 7.80Et07 1.28€+38 1.07Et07 1.53E97 8.57Et06 2.22E47 
5.44Et06 1.45E97 2.77Et08 6.85Et06 8.68Et06 1.09Et07 5.88Et06 6.10Et06 6.45Et06 3.2OEt07 
3.93Et06 1.15E47 3.96Et07 2.65E+06 5.67Et06 7.78EtM 3.99Et06 5.08Et06 1.75E48 1.26E47 
3.93€+06 l.l5E*07 3.96Et07 2.65Et06 5.67Et06 7.79Et06 3.99Et06 5.08€+06 1.75€+08 1.26E+07 
4.41Et06 5.06Et06 4.48Et06 4.41Et06 3.85Et06 3.36Et06 3.84Et06 6.23Et06 8.03Et06 4.94E96 
4.41Et06 5.06€+06 4.48Et06 4.41Et06 3.85Et06 3.86Et06 3.84Et06 6.23E +06 8.03Et06 4.94Et06 
4.31Et07 5.60€*07 1.04Et09 3.77Et07 3.62Et07 3.31E97 4.22Et07 3.34€+07 2.83€+07 1448E+08 
3.70EtOA 2.79€+08 l.llEt10 2.60Et08 3.58Et08 3.59€+08 3.61Et08 4.16Et08 3.52Et08 l.246+09 
6.49Et07 7.44E97 2.70E48 1.12€+08 7.75Et07 2.48E48 6.77Et07 6.47647 6.32Et07 1.12Et08 

6.50€+07 7.44€+07 2.70EtOB 1.12E*08f 7.75Et07 2.48E98 6.77Et07 6.47Et07 6.32€+07 1.12Et08 
1.OZE+08 1.16€+08 3.91€*08 1.69Et08 1.21€+08 3.28Et08 1.06E98 9.97Et07 1.02Et08 1.69Et08 
1.02Et08 1.16€+08 3.91€*08 1.69Et08 1.21Et08 3.28E98 1.06Et08 9.97E97 1.02E98 1.69Et08 
1.02E48 1.16€*08 3.91Et08 1.69Et08 1.21Et08 3.28Et08 1.06Et08 9.97E97 1.02Et08 1.69Et08 
1.03E97 1.33€+07 1.5OE+OB 1.60E98 1.32Et09 2.39€*08 1.20Et07 1.07Et07 9.12Et06 1.15E48 
1.03E97 1.33E47 1.50E98 1.60€+08 1.32E99 2.39Et08 1.20Et07 1.07EM7 9.12Et06 l.lSEt08 
1.03Et07 1.33EtO7 1.50€*08 1.60Et08 1.32Et09 2.39€+08 1.20Et07 1.07€+07 9.12E96 1.156*08 
1.09E97 2.48E97 9.89€+08 1.12Et08 1.44Et07 1.26EtO7 3.00Et07 3.86EM7 1.26Et07 1.12Et08 
1.09E97 2.48€+07 9.89Et08 1.12Et08 1.44E*07 1.26E+07 3.00Et07 3.86E97 1.26€*07 1.12Et08 
2.01E98 3.16€+08 5.48€+09 7.89Et08 2.266t08 2.03Et08 4.67Et08 7.72E48 2.28€+08 7.89Et08 
2.01Et08 3.16EtO8 5.48Et09 7.89Et08 2.26€+08 2.03Et08 4.67Et08 7.72Et08 2.28Et08 7.89648 
5.30€+07 6.39E97 3.98Et08 9.73Et07 5.60Et07 5.82Et07 6.15Et07 6.84Et07 6.42Et07 9.73Et07 
5.12€+07 6.21Et07 4.31Et08 9.86E97 5.42Et07 5.10€*07 5.76Et07 5.83€+07 6.256*07 9.86E97 
1.3BEt07 1.65Et07 1.07€*08 2.65E97 1.44Et07 1.58Et07 1.64Et07 2.48Et07 1.69Et07 2.65€+07 
1.28€+07 1.58Et07 l.lSEt08 2.65€+07 1.37Et07 1.27€+07 1.46Et07 1.66E47 1.62€+07 2.65E47 
1.24E96 1.74Et06 8.69€+05 3.31€+08 1.19Et06 9.00E95 1.62Et06 2.06€+06 7.51Et09 2.28Et09 
5.20€+06 7.16Et05 6.12Et05 1.95Et07 4.72Et06 4.55E406 r5.70Et06 5.80E96 4.61Et10 1.38Et09 
1.37E97 1.12Et07 1.06Et07 1.80€+07 1.26Et07 1.21€+07 1.34Et07 1.63Et07 1!07E*10 3.35648 
3.26€+09 1.04Et09 1.19Et09 1.42Et09 2.05Et09 2.05E49 1.90Et09 1.83€*09 1.62Et09 2.30Et09 
2.25E98 4.82€+06 1.07EtO7 1.33Et08 2 . 2 5 E 9 8  2.25€+08 2.25€+08 2.61€+08 2.27E98 2.27EtO8 
4.90€+08 2.25Et08 2.58€+08 2.46E98 3.25€*08 3.30E98 3.02E98 2.85€+08 2.69E98 3.48698 

2.98Et09 2.2nE+09 1..80E*10 3.45€+09 2.94E99 2.95Et09 1.09Et10 1.98Et10 2.95€+09 5.516t09 

6.49Et07 7.44E97 2.70Et08 1.12E+08,7.75E*07 2.48E48 6.77Et07 6.47Et07 6.32Et07 1.12Et08 
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TABLE 0-23 . POtF-7 (Continued) 
-; . . 
Nucl I d e  

and Ctamaeh Tetal Red ---.--.. I 

5ol;bl l l ty Lung Wall LLI  Wall Body Kldneys . L i v e r  M&on Bone Thyrold . ICRP 
CS-137 0 2.02E99 4.54E98 5.35E98 1.00E99 1.57E99 1.60E99 1.50E99 1.62Et09 1.37Et09 1.66E99 
Ea-140 0 
La-140 U 
CeL141 Y 
Ce-141 U 
Ce-141 0 
Ce-144 Y 
Ce-144 W 
Ce-144 0 
Eu-152 U 
Eu-154 W 
Yb-169 U 
Yb-169 Y 
Pb-210 U 
Po-210 u 
Po-210 0 
Rn-222 
Ra-226 U 
Ra-228 U 
Ac-22? Y 
Ac-227 U 
Th-228 Y 
Th-228 U 
Th-229 Y 
Th-229 Y 
Th-230 Y 
Th-230 U 
Th-232 Y 
Th-232 W 
Pa-231 Y 
Pa-231 W 
U-232 Y 
U-232 U 
U-232 0 
U-233 Y 
U-233 U 
U-233 0 
U-234 Y 
U-234 U 
U-234 0 
U-235 ' Y  
U-235 U 
U-235 0 
U-236 Y 
U-236 Y 
U-236 0 
U-238 Y 
U-238 U 
U-238 0 
Np-237 Y 
Np-237 U 
Pu-236 Y 
Pu-236 U 
Pu-238 Y 
Pu-238 W 
Pu-239 Y 
Pu-239 U 
Pu-240 Y 
Pu-240 U 
Pu-241 Y 
Pu-241 U 
Pu-242 Y 
Pu-242 Y 
Pu-244 Y 
Pu-244 U 
h - 2 4 1  Y 
Ab241 U 
-243 Y 

Cm-242 V 
Cm-242 U 

Cm-243 W 
Cm-244 Y 
Cm-244 U 
Cm-248 Y 
Cn-248 U 

An-243 U 

011-243 V 

Cf-252 Y 
Cf-252 U 

000443 , 1 . . ,  , ' . :. :. . a _. . : . . .  . 

9.42Et06 1.40EtO7 4.32Et08 1.07Et07 7.95Et06 7.10E96 1 . 1 3 E 9 7  1.20E97 8.64Et06 4.73i97 
6.58E97 7.75E97 3.99E408 7.02E97 6.52E97 6.08Et07 6.72E97 6.79E97 7.52EtO7 1.10E98 
2.52006 6.25E*06 1.65Et08 3.40Et06 2.40Et06 2.27E96 2.67Et06 3.75E96 3.17E96 1.74E97 
2.52Et06 6.25Et06 1.65E98 3.40Et06 2.40Et06 2.27Et06 2.67E96 3.75E96 3.17E96 1.74E*07 . ' 
2.52Et06 6.25E96 1.65Et08 3.40Et06 2.40Et06 2.27Et06 2.67E+06 3.75E96 3.17E96 1.74E97 
1.82E96 1.19Et07 2.21E98 3.37E96 2.20Et06 1.85Et06 2.09E96 2.88E96 2.20Et06 1.09Et08 
1.77Et06 1.19Et07 2.21E+08 3.37E46 2.21Et06 1.86Et06 2.10Et06 2.88E96 2.20E96 1.09E98 
1.76E96 1.19Et07 2.21E98 3.38E96 2.23Et06 1.92Et06 2.10Et06 2.89E*06 2.206+06 1.09Et08 
3.64Et07 4.23E97 2.38Et08 7.02E97 4.09Et07 9.22E97 5.OSEt07 7.95E97 4.14E+07 7.02E97 
3.87Et07 4.88Et07 4.08E98 9.08Et07 4.32Et07 l.lOEt08 5.86Et07 1.32E98 4.44Et07 9.08Et07 
9.06Et06 1.32Et07 1.54Et08 2.77E*07 9.81Et06 8.85Et06 1.OSEt07 1.60E47 1.30E97 2.61E97 
9.07Et06 1.32E97 1.54Et08 2.77E97 9.81Et06 8.85Et06 1.OSEt07 1.60Et07 1.30E97 2.61E97 * 

1.47EtW 9.90Et05 9.94Et07 8.32Et09 4.60Et09 6.85E+09 4.90E99 4.70Et10 1.47E99 3.80E99 
' 

1.45Et10 1.27Et08 5.02Et09 1.14Et10 2.59Et11 4.46Et10 1.51EtlO 6.69E99 1.45EtlO 5.69Et10 
1.45Et10 1.27E*08 5.02E99 1.14Et10 2.59Et11 4.46Et10 1.51EtlO 6.69E99 1.45Et10 5.69Et10 
1.23Et08 1.13Et08 1.12E98 1.31Et08 1.22Et08 1.16Et08 1.24Et08 1.36E98 1.5kEt08 1.31Et08 
2.94Et09 1.39Et08 1.69Et09 1.64Et10 2.94E*09 2.93E99 1.06Et10 9.56Et10 2.97Et09 6.72Et09 
1.98Et09 3.51E97 3.64Et08 8.14Et09 1.93Et09 1.93Et09 6.23Et09 4.68Et10 1.94Et09 3.79E99 
1.24Et09 1.60Et07 2.83Et08 1.43Et10 2.19Et10 1 . 7 5 E t l l  l . lOE+l l  l.lOEt12 1.22Et09 6.OSEt10 
1.22Et09 1.60Et07 2.83Et08 1.43Et10 2.19Et10 1.75Etl l  l . l O E * l l  l.lOEt12 1.22Et09 6.05Et10 
1.48E*09 1.14E*08 2.32Et09 2.84E*08 1.35Et08 2 . 0 3 E a  1.90Et09 1.96Et10 1.52E98 l.lOEt09 
1.35Et09 l.l4E*08 2.32E99 2.94Et08 1.36Et08 2.03Et08 1.91Et09 1.96Et10 1.52Et08 l.lOEt09 
1.39EtOR 8.19E*07 1.06EtW 1.16Et09 1.08Et08 2.33Et08 1.24Et10 1.52Etl l  1.25E98 6.21Et09 
1.1SE*08 8.19Et07 1.06Et09 1.16E99 1.08Et08 2.33Et08 1.25Et10 1.53Et l l  1.25Et08 6.22Et09 
3.32Et07 1.92Et07 8.55Et08 4.40Et08 2.05Et07 1.04Et08 4.76Et09 7.61Et10 2.17E47 2.99Et09 
2.29Et07 1.92Et07 8.SSE*OA 4.40E98 2.USEt07 1.04Et08 4.77Et09 7.62Et10 2.17Et07 3.00Et09 
2.88E97 1.65Et07 7.13Et08 4.58EtM 1.78Et07 8.94E47 5.23E99 8.56Et10 1.88E+O7 3.29E*09 
1.99Et07 1.65Et07 7.13Et08 4.59EtOB 1.79Et07 8.96Et07 5.24Et09 8.58Et10 1.88Et07 3.30E*09 
2.63Et09 5.66Et07 2.26Et09 2.50Et10 4.'28E*10 3.33Et11 1.78Et l l  2.12Et12 2.62Et09 1.13E*ll 
2.63E*09 5.66E*07 2.26Et09 2.50Et10 4.28Et10 3.33E+11 1.78Et l l  2.12Et12 2.62Et09 1.13E*ll 
2.49E*07 1.95€*07 8.39Et08 3.53E+08 5.45Et08 4.93Et06 2.98Et09 3.27Et10 5.13E96 1.45E*09 
1.37Et08 2.69Et07 8.39Et08 8.81Et09 1.38Et10 1.20Et08 7.55Et10 8.18Etl l  1.27Et08 3.43E*10 
1.36E+08 2.69Et07 8.39Et08 8.81Et09 1.38Et10 1.20Et08 7.55Et10 8.18Etl l  1.27E98 3.43Et10 
1.48Et07 1.75E*07 7.55Et08 1.01Et08 2.84E+08 2.55€+06 4.03Et07 5.87Et08 2.69Et06 1.09Et08 
7.42Et07 2.31Et07 7.13Et08 2.43Et09 7.13Et09 6.33Et07 1.01Et09 1.47Et10 6.71Et07 1.09Et09 
7.30Et07 2.31€*07 7.13Et08 2.43E+09 7.13E*09 6.33E97 1.01E*09 1.47Et10 6.71E97 1.09E99 
1.16Et07 1.75Et07 7.55Et08 1.00Et08 2.81Et08 2.65Et06 3.92E+07 5.87€+08 2.66Et06 1.08Et08 
7.33Et07 2.30Et07 7.13Et08 2.43Et09 7.13Et09 6.63Et07 9.64Et08 1.47Et10 6.63Et07 1.08Et09 
7.21Et07 2.30Et07 7.13Et08 2.43Et09 7.13Et09 6.63Et07 9.64E99 1.47€+10 6.63Et07 l.OBEt09 
1.86Et07 2.13E*07 8.01Et08 9.64Et07 2.59Et08 6.97Et06 3.55E*07 5.10E98 9.01Et06 l.lOEt08 
7.39E97 2.69Et07 7.59Et08 2.19Et09 6.29EtW 6.23Et07 7.59E98 1.22EtlO 6.74Et07 9.45E+08 
7.28E97 2.69Et07 7.59Et08 2.19Et09 6.29Et09 6.23Et07 7.59Et08 1.22Et10 6.74Et07 9.4SEt08 
1.38E*07 1.64Et07 7.13E*08 9.43Et07 2.65E*OQ 2.50Et06 3.37E*07 5.45E48 2.50Et06 1.01Et08 
6.91E*07 2.16Et07 6.71Et08 2.26E99 6.71Et09 6.25Et07 8.39E*08 1.30Et10 6.25Et07 9.94Et08 
6.79Et07 2.16Et07 6.71Et09 2.26Et09 6.71Et09 6.25E97 8.39E*08 1.3OEt10 6.25EtO7 9.94E98 
6.89E+07 6.70Et07 7.63E98 1.49Et08 3.05Et08 5.45E+07 8.79Et07 5.25Et08 7.30Et07 1.56Et08 
1.21Et08 7.19Et07 7.21E+08 2.20Et09 6.34Et09 1.08Et08 8.52Et08 1.1BEt10 1.30E98 9.82E*08 
1.20Et08 7.19Et07 7.21Et08 2.20Et09 6.34Et09 1.08Et08 8.52Et08 1.18Et10 1.30Et08 9.92€*08 
5.87EW 3.11E*07 9.52Et08 4.74Et09 9.94Et09 7.57€+10 2.89E+lrJ 4.11Etl l  5.77E98 2.22E*10 
5.76E98 3.l lEt07 9.52E98 4.74Et09 9.94Et09 7.57E+1@ 2.89Et10 4.12E*ll 5.77Et08 2.22E+10 
1.14E*07 2.14Et07 9.51Et08 1.96Et07 3.53Et07 2.72E49 9.03Et07 1.04Et09 1.67Et06 1.45Et08 
3.07Et06 2.14Et07 9.51Et08 1.97Et07 3.59E47 2.77E*08 9.16E+O7 1.06Et09 1.70Et06 1.44Et08 
2.73Et07 2.04Et07 9.07Et08 1,24649 2.49E*09 1.92Et09 7.4OE98 9.15Et09 1.41E+07 5.99E*08 
1.54EW 2.04Et07 9.07Et08 1.2SE98 2.52E*08 1.94E*09 7.49Et08 9.26Et09 1.42Et07 6.03€*08 
2.84E*07 1.31Et07 8.64Et08 1.37Et09 2.76E*09 2.13E*09 8.28E*09 1.13E*10 1.58E97 6.86E*08 
1.70Et07 1.91Et07 8.64Et08 1.38Et08 2.79Et08 2.16Et09 8.39E48 1 . 1 5 E t l O  1.60Et07 6.91Et08 
2.83Et07 1.91E*07 8.64Et08 1.37Et08 2.75Et08 2.13Et09 9.28E*09 1.13E*10 1.58E97 6.86Et08 
1.70Et07 1.31Et07 8.64Et08 1.37Et08 2.79Et08 2.16Et09 8.37Et08 1.1SEt10 1.60E97 6.91Et08 
3.19Et05 9.64E*04 4.29Et06 2.70EtW 5.36E*06 4.14E97 1.68Et07 2.11E98 3.27Et05 1.22E97 
3.25E95 9.64E94 4.29Et06 2.73Et06 5.42Et06 4.19E*07 1.70Et07 2.13E98 3.30Et05 1,23E+07 
2.70E*07 1.82E*07 8.21Et08 1.30Et08 2.62E*08 2.05EtW 7.84E+08 1.13Et10 1.50Et07 6.68E*09 
1.62Et07 1.82Et07 8.21E98 1.31Et08 2.65Et08 2.07E*09 7.93E98 1.1SEt10 1.52Et07 6.73Et08 
3.74Et07 2.89E*07 1.30Et09 1.42E*08 2.71Et08 2.01E99 7.50Et08 l.13Et10 2.67E97 7.17E98 
2.66Et07 2.89E*07 1.30Et09 1.43Et08 2.74Et08 2.04Et09 7.59E*08 1.15Et10 2.69Et07 7.22€*08 
9.70Et08 3.51Et07 1.50Et09 7.13Et09 1.57Et10 1.21E*ll 4.56Et10 5.71Etl l  8.57E98 3.27E*10 
8.58Et08 3.51Et07 1.5OE99 7.13Et09 1.57Et10 1.21Etl l  4.57E+10 5.71E*11 8.57Et08 3.27Et10 
9.47Et08 4.39E*07 1.57€*09 7.14Et09 1.57Et10 1.21Etl l  4.56€+10 6.06Etl l  9.36€+08 3.37Et10 
9.35Et08 4.39Et07 1.57Et09 7.14E99 1.57Et10 1.21Etl l  4.57Et10 6.06Et l l  9.36E98 3.37Et10 
1.80Et07 2.74E*07 1.20Et09 1.35Et08 2.98Et08 2.29Et09 7.3QE*08 7.82Et09 1.42Et07 6.16E98 
1.54Et07 2.74Et07 1.20Et09 1.35Et08 2.98Et08 2.29E*09 7.30Et08 7.82Et09 1.42Et07 6.15Et08 
4.50Et08 3.42Et07 1.31Et09 3.71Et09 7.82E*09 6.26Et10 2.19Et10 2.50Etl l  4.34E98 1.52Et10 
4.38Et08 3.42€*07 1.31Et09 3.71Et09 7.83Et09_6.26E*10 2.19Et10 2.50E*ll 4.34E98 1.52Et10 
3.47E*08 2.59E*07 l . lSEt09 2.92Et09 6.26Et09 '4.85Et10 1.72Et10 1.98Etl l  3.34E+08 1.20Et10 
3.35Et08 2.59Et07 l . lSEh9 2.92Et09 6.26Et09 4.85E+10 1.72E*10 1.98Etl l  3.34Et08 1.20Et10 
3.07E*09 4.07E*08 5.73Et09 2.09Et10 4.22Et10 3.28E*11 3.18Et10 4.59Et11 2.50E99 4.54Et10 
3.03€*09 4.07Et08 5.73Et09 2.09Et10 4.22Et10 3.29Etll 3.18Et10 4.59E+ll 2.50E99 4.54Et10 
1.90Et08 1.09E*08 2.97Et09 1.20E+09 2.71Et09 2.09Et10 3.39E99 3.60Et10 1.31Et08 3.47Et09 
1.74Et08 1.09E98 2.97E99 1.20E99 2.71E99 2.09Et10 3.39E99 3.60Et10 1.31E408 3.47Et09 

- 
' 
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VOLUME 

. Many of the nuclear 
reactor (PWR) steam 

AND RADIONUCLIDE PROJECTIONS OF PWR SECONDARY 
COOLANT SYSTEM RESINS AND FILTER MEDIA 

power s t a t ions  current ly  in  operation use pressurized water 
supply systems, as  do a number of s t a t ions  e i t h e r  under 

construction o r  planned. 
condensate polishing systems on t h e i r  secondary coolant systems. 
condensating polishing systems will  generate r e l a t ive ly  small volumes of waste 
ion-exchange resins and f i l t e r  media. . These secondary coolant system waste 
steams are  good candidates fo r  disposal by l e s s  r e s t r i c t i v e  means, s ince the  
radionuclide content of the waste will be low, and the physical and chemical 
charac te r i s t ics  of the waste a re  r e l a t ive ly  easy t o  characterize (e .g . ,  the 
waste will  be typ ica l ly  homogeneously contaminated rather  than containing 
localized hot spo t s ) .  

The purpose-of this paper i s  t o  provide an estimate of the volumes and radio- 
logical contents of spent secondary coolant system ion-exchange resins  and 
f i l t e r  media. 
projections fo r  the d r a f t  and f ina l  environmental impact statements (EIS) for '  
regulation of low-level waste disposal (10 CFR Par t  61) (Refs. 1, Z), and cover 
the time period from 1980 t o  the year 2000. 

About half of these PWR s t a t ions  a re  equipped with 
Operating the  

The volume projections a re  made i n  a s imilar  manner as  waste 

Volume Projections 

As pa r t  of developing the Part  61  regulation for  low-level radioactive waste 
disposal,  NRC s t a f f  developed volume projections of the  d i f f e ren t  types and 
forms of low-level waste expected t o  be routinely generated from 1980 through 
the year 2000. These projections have been published as  Appendix A t o  Refer- 
ence 3, and form the basis  for  the volume projections made in t h i s  paper. In 
Appendix A ,  the  volumes of the d i f fe ren t  types of waste generated by nuclear 
power s ta t ions  were taken as  multiples of e l ec t r i ca l  capacity. For example, 
the PWR ion-exchange resin waste generation r a t e  was estimated t o  be about 0.94 
ft3/MW(e)-yr for  plants with no condensate polishing systems (CPS) and about 
0.32 ft3/MW(e)-yr for  plants  with CPS (Ref. 3). 

Projections of power generation ra tes  f o r  nuclear power were made in  Appendix A 
on the  basis of a review of nuclear power s t a t ions  current ly  b u i l t  and operable, 
under construction, or  planned o r  on order. 
nuclear power s t a t ion  construction: 

(1) 

Two scenarios were assumed fo r  

A "low scenario," which  assumed tha t  construction continued.on power 
s ta t ions  which were already under construction b u t  t ha t  any additional 
construction essent ia l ly  ceased unt i l  a t  l e a s t  the  l a t e  1980's; and 

(2) A "high scenario," which assumed t h a t  construction commences on a number 
- of additional p lan ts ,  including those u n i t s  planned as  of December 31, 1979 

as  well as plants  f o r  which construction had been deferred indef in i te ly .  

1 
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These assumptions resulted i n  a to ta l  projected capacity by the year 2000 of 
146,333 MW(e) fo r . t he  low scenario and 169,141 MW(e) for the high scenario 
(Ref. 3). The high scenario was assumed for  purposes of calculating impacts 
for  waste disposal in the Part 61 EIS (Refs. 1, 2) .  

Since the projections were made i n  Appendix A ,  however, a number of plants have 
been cahceled, including several which were already under construction. I n  
other instances , construction has been deferred. T h u s ,  an. updated projection 
of e lec t r ica l  capacity i s  needed. 

Table 1 l i s t s  by NRC region the nuclear power s ta t ions assumed t o  be operable 
in 1980, and i s  an update of Table 4 in Appendix A of Reference 3. The capaci- 
t i e s  and s tar tup dates were obtained principally from Reference 4. Table 2 is 
a l i s t ing tby  NRC region of nuclear power s ta t ions currently under construction 
and for  which an expected s tar tup date has been l i s t ed  in Reference 5. 
i s  essent ia l ly  an update of Table 5 i n  Appendix A of Reference 3. 
jected s tar tup dates shown in Table 2 are  those provided by Reference 5 while 
the 'capaci t ies  remain those given in Reference 4.)  

Reference 5 a1 so 1 i s t s  11 other nuclear power s ta t ions as having I'i ndef i n i  te"  
s tar tup times, and these 11 stat ions are  l i s t ed  in Table 3. 
for  these units,  which i s  believed t o  be problematical for  some of them, are  
d i f f i c u l t  t o  project. 
slowed by the u t i l i t y ,  Duke Power Company, in February 1981. Two other u n i t s - -  
Cherokee 2 and Cherokee 3--were l a t e r  canceled (Ref. 6) .  The Portland General 
Electric Company has deferred p u r s u i t  of construction permits f o r  the 'two units 
a t  Pebble Springs (Ref. 7).  
has been suspended, although completion of t h i s  unit i s  s t i l l  viable (Ref. 7).  

Table 2 
(The pro- 

The s tar tup dates 

For example, the construction pace on Cherokee 1 was 

Construction a t  WNP 1, which i s  about 63% complete, 

Perhaps the most problematical units in Table 3 are the four being constructed 
by the Tennessee Valley Authority (TVA)--i.e., the two Hartsvil le and the two 
Yellow Creek units. 
recently canceled, and there i s  considerable speculation tha t  the Hartsvil le 
and Yellow Creek units will also be canceled. 
units has been halted (Refs. 7 ,  8, 9) .  

Four other units under construction by TVA have been 

I n  any case, work on these four ' 

For the purposes of developing waste projections, the units l i s t e d  as operable 
in Table 1 are assumed to  operate (and generate waste) throughout the year 2000 
a t  the l i s t ed  electr ical  capacity. Additional units are assumed t o  come on l ine  
as projected i n  Table 2 and also operate th rough  the year 2000. 
in Table 3 are also assumed t o  come on l ine as shown. 
times in Table 3 are l i t t l e  more than educated guesses, and have been included 
solely t o  ensure a conservative source term. Two of the 11 u n i t s  l i s t e d  in 
Table 3 a re  assumed t o  be canceled pr ior  t o  completion, and are  assumed t o  
consist  of one boiling water reactor and one pressurized water reactor. For 
convenience, b o t h  units are assumed t o  be TVA plants,  although any of the 11 
units in Table 3 could have been chosen for th i s  purpose. 
cancellation i s  done solely f o r  purposes of generating a source term, and does 
- n o t  const i tute  an of f ic ia l  NRC s ta f f  acceptance of cancellation. Although fo r  
purposes of waste projections one i s  only interested in the to ta l  annual capacity, 
i t  is  convenient t o  make the capacity projections i n  terms of specif ic  un i t s . )  

Units l i s t ed  
These assumed s tar tup 

(The assumption of 

t 
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4 ,  

Table 1 Nuclear. Power Reactors Assumed t o  be 
. i n  Operat ion by 1980 

Sta te  . Capaci ty 
Reactor Located Type MW(e) S tar tup  

Region 1 

Beaver V a l l e y  1 
Ca lve r t  C l i f f s  1 
C a l v e r t  C l i f f s  2 . 

, I n d i a n  Po in t  1 
I n d i a n  P o i n t  2 
Haddam Neck 

F i t z p a t r i c k  
I n d i a n  Po in t  3 

. Maine Yankee 
M i l l s t o n e  1 
M i l l s t o n e  2 
Nine M i l e  P o i n t  1 
Oyster Creek 1 
Peach Bottom 2 
Peach Bottom 3 
P i l g r i m  1 
R. E. Ginna 1 
Salem 1 
Shippingpor t  
Three M i l e  I s l a n d  1 
Three M i l e  I s l a n d  2 
Vermont Yankee 
Yankee-Rowe . 

(Conn. Yankee) 

, Region 2 

Browns Fe r ry  1 
Browns Fer ry  2 
Browns Fer ry  3 
Brunswick 1 
Brunswick 2 
Crys ta l  R iver  3 
E. I. Hatch 1 
E. I. Hatch 2 
H. B. Robinson 
J. M. Far ley  1 
Nor th  Anna 1 
Nor th  Anna 2 . ' 

PA PWR 
MD PWR 
MD PWR 
NY PWR 
NY PWR 

CT 
NY 
NY 
ME 
CT 
CT 

' N Y  ' 

. NJ 
PA ' 

I PA 
MA 
NY 
NJ 
PA 
, PA 

PA 
VT 
M A  . 

AL ' 

AL 
AL ' 

NC 
NC 
FL 
GA 
GA 
SC 
AL 
VA 

' VA 

PWR 
BWR 
PWR 
PWR 
BWR 

BWR 
BWR 
BWR I 

BWR 
BWR 
PWR 
PWR 
LWBR 
PWR 
PWR 
BWR 
PWR 

PWR c 

BWR 
BWR 
BWR 
BWR 
BWR 
PWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 

852 
845, 
845 

' 265 
87 3 

575 
821 
965 
825 
660 
830 
620 
650 
1065 
1065 
655 
470 
1090 
60 
819 
906 
514 
17 5 

1065 
1065 
1065 
821 
82 1 
82 5 
786 
784 
700 
829 
907 
907 

1976 
'1974 

1962* 
1973 ' 

1967 
1974 
1976 
1972 
1970 

~ 1975 
1969 
1969 
1973 
1974 
1974 
1969 
1976 
1957** 
1974 
1979k 
1972 
1960 

- .  1974 

1973 
1974 
1976 
1976 
1975 . 
1977 
1974 1 

1978 
1970 
1977 
1978 
1980 

. .. 
. .  
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Table 1 (Continued) 

Reactor 
S ta te  Capac i t y  
Located Type W(e)  S ta r tup  

Region 2 (cont inued) 

Oconee 1 
r Oconee 2 

Oconee 3 
S t .  Luc ie 1 
Surry  1 
Surry  2 
Turkey P o i n t  3 
Turkey Po in t  4 

Region 3 

B i g  Rock P o i n t  
Davis-Besse 1 
D. C. Cook 1 
D. C. Cook 2 
Dresden 1 
Dresden 2 
Dresden 3 
Duane Arnold 1 
Kewannee 
La Crosse (Genoa) 
Mon t i ce l l o  
Pal i sades 
Po in t  Beach 1 
Po in t  Beach 2 
P r a i r i e  I s l a n d  1 
P r a i r i e  I s l a n d  2 
Quad-Cit ies 1 

- Quad-Ci t ies 2 
Z ion 1 
Zion  2 

. Region 4 

Arkansas 1 
Cooper 
F t .  Calhoun 
F t .  S t .  V ra in  

sc 
sc 
sc 
FL 
VA 
VA 
FL 
FL 

M I  
OH 
M I  
M I  
I L  
I L  
I L  
I A  
W I  
W I  
MN 
M I  
W I  
W I  
MN 
MN 
I L  ' 
I L  
I L  
I L  

AR ' 

NE 
NE 
co 

PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 

BWR 
PWR 
PWR 
PWR 
BWR 
BWR 
BWR 
BWR 
PWR 
BWR 

. BWR 
PWR 
PWR 
PWR 
PW R 
PWR 
BWR 
BWR 
PWR 
PWR 

PWR 

PWR 
HTGR 

BWR. 

887 
887 
887 
802 
822 
822 
693 
693 

72 
906 
1054 
1100 ' 

200 
794 
794 
538 
535 
50 
545 
805 
497 
497 
530 
530 
789 
789 
1040 
1040 

850 
778 
457 
330 

1973 
1973 
1974 
1976 
1972 
1973 
1972 
1973 

1962 
1977 
1975 
1978 
1959 
1970 
1971 
1974 
1974 
1967 
1970 
1971 
1970 
1972 
1973 
1974 
1972 
1972 
1973 
1973 

1974 . 

1974 
1973 
1974*& 

4 



Table 1 (Continued) 

Reactor 
State Capacity 
Located Type ~ ( e )  . Startup 

Region 5 

Humboldt Bay 3 CA BWR 65 1963# 
Rancho Seco 1 CA PWR 918 1974 
San dnofre 1 CA PWR 436 1967 
Trojan 1 OR PWR . 1130 1975 

42 PWR 
26 BWR 
1 LWBR 
1 HTGR 

50,927## 

*The reactor  was shut down i n  October 1974 due t o  the i n a b i l -  
i t y  o f  the p l a n t  (an ea r l y  design) t o  meet new requirements 
on emergency core cool ing systems (ECCS). The p l a n t  operator 
(Consolidated Edison) has decided t o  decommission the p l a n t  
ra ther  than upgrade the ECCS and r e s t a r t  the p lant .  

**The Shippingport l i g h t  water breeder reactor i s  operated by 
the Department o f  the Navy and does no t  t ransport  low-level 
waste generated during' operations t o  commercial disposal s i t es .  
The p l a n t  was shut down i n  October 1982 and i s  scheduled f o r  
decommissioning s t a r t i n g  i n  1984. 

March 1979. 
&This reactor  i s  cu r ren t l y  shut down due t o  an accident i n  

Decontamination o f  the p l a n t  i s  proceeding. 

&&The F o r t  S t .  Vrain high temperature graphi te reactor generates, 
compared t o  a l i g h t  water reactor,  a n e g l i g i b l e  quant i ty  o f  
low-level waste. What small quan t i t i es  o f  l ow-ac t i v i t y  waste 
t h a t  have been generated are being stored onsite. 

f o r  re fue l i ng ,  maintenance, modi f icat ion o f  the p l a n t  t o  meet 
seismic c r i t e r i a ,  and geologic studies o f  the area. 
geologic studies are cu r ren t l y  continuing. 
on page 9.) 

#This p l a n t  was shut down by the p l a n t  operator i n  Ju l y  1976 

These 
(Also see footnote 

##The t o t a l  includes Three M i l e  I s land  2 and Humboldt Bay 3 bu t  
deletes Shippingport, For t  S t .  Vrain, and Indian Point  1. 
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Table 2 Nuclear Power Generating Un i t s  
Under Construction i n  1980 

Reactor 
State Capacity Assumed 
Located Type W('e 1 Startup 

Region 1 

Beaver Val ley 2 
Hope Creek 1 
Limerick 1 
Lijnerick 2 
Mi l l s tone  3 
Nine M i l e  Point  2 
Salem 2 
Seabrook 1 
Seabrook 2 
Shoreham 
Susquehanna 1 
Susquehanna 2 

Region 2 

A. W. Vogtle 1 
A. W. Vogtle 2 
BelleFonte 1 
BelleFonte 2 
Catawba 1 
Catawba 2 
Grand Gulf  1 
3. M. 'Farley 2 
North Anna 3 
River Bend 1 
Sequoyah 1 
Sequoyah 2 
Shearon Har r i s  1 
Shearon Har r i s  2 
V. C. Summer 1 
W. B. McGuire 1 
S t .  Lucie 2 
Waterford 3 
Watts Bar 1 
Watts Bar 2 
W. B. McGuire 2 

PA 
NJ 

' PA 
PA 
CT 
NY 
NJ 
NH 
NH 
NY 
PA 
PA 

GA 
GA 
AL 
AL 
sc 
sc 
MS 

. AL 
VA 
LA 
TN 
TN 
NC 
NC 
sc 
NC 
FL 
LA 
TN 
TN 
NC 

PWR 
BWR 
BWR 
BWR 
PWR 
BWR 
PWR 
PWR 
PWR 
BWR 
BWR 
BWR 

PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
PWR 
PWR 
BWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 

833 
1067 
1065 
1065 
1156 
1100 
1115 
1200 
1200 
819 
1050 
1050 

1986 
1986 
1985 
1987 
1986 
1986 
1981 

* 1984 
1986 
1983 
1983 

- 1984 

1110 
1100 
1213 
1213 
1145 
1145 . 
1250 
829 
907 
934 . 

1148 
1148 
900 
900 
900 
1180 
810 
1113 
1177 
1177 
1180 

1987 
1988 
1986 
1989 
1985 

1983 
1981 
1989 
1985 
1981 
1982 
1985 
1989 
1982 
1981 
1983 
1983 
1984 
1985 
1983 

1987 

.. . 

f. - . .- . .  . 1 .. . . .  . 



Table 2 (Continued) 6400 + '  

Reactor 
State Capacity Assumed 
Located Type M e )  Startup 

Region 3 

Braidwood 1 
Braidwood 2 
Byron 1 . 
Byron 2 
Callaway 1 
C a r r o l l  County 1 
C a r r o l l  County 2 
C l i n t o n  1 
E. Fermi 2 
La Sa l l e  1 
La Sa l l e  2 
Marble H i l l  1 
Marble H i l l  2 
Midland 1 
Midland 2 
Perry 1 
Perry 2 
W. H. Zimmer 1 

Region 4 

Al lens Creek 1 
Arkansas 2 
Comanche Peak 1 
Comanche Peak 2 
South Texas 1 
South Texas 2 
Wolf Creek 

Region 5 

Diablo Canyon 1 
Diablo Canyon 2 
Palo Verde 1 
Palo Verde 2 
Palo Verde 3 
San Onofre 2 
San Onofre 3 
Skagit  1 
Skagit  2 
WNP 2 
WNP 3 

I L  
I L  
I L  
I L  
MO 
I L  
I L  
I L  

. M I  
I L  
I L  
I N  
I N  
M I  
M I  
OH 
OH 
OH 

PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
BWR 
BWR 
BWR 

t 

TX BWR 
AR PWR 

. TX . PWR 
TX PW R 
TX PWR 
KS PWR 

TX PWR 

CA PWR 
CA PWR 
AZ PWR 
AZ PWR 
AZ PW R 
CA PWR 
CA PWR 
WA BWR 
WA BWR 
WA BWR 
WA PWR 

1120 
1120 
1120 
1120 
1120 
1120 
1120 
933 
1093 
1078 
1078 
1130 
1130 
460 
811 
1205 
1205 
810 

1985 
1986 
1984 , 
1985 
1984 
1999 
2000 
1984 
1983 
1982 
1983 
1986 
1987 
1984 
1983 
1984 
1988. 
1983 

1150 1991 
912 1981 
11-11 1984 
1111 * 1985 
1250 1986 
1250 1988 
1150 1.9 84 

1084 
1106 
1270 
1270 
1270 
1100 
1100 
1277 
1277 
1100 
1242 

1982 
1983 
1983 
1984 
1986 
1982 
1983 
'1991 
1993 
1984 
1986 
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Table 3 Nuclear Power Reactors Having I n d e f i n i t e  
Star tup Dates as o,f 8/82 

Plant  
State Capacity Projected Startup as o f  % Const. .Assumed 
Located Type MW(e) , 1980 (Ref. 3)  8/81 (Ref. 11) (8/82) Star tup 

Region 2 

Cherokee 1 sc 
Grand Gu l f  2 MS 
H a r t s v i l l e  A 1  TN 
H a r t s v i l l e  A2 TN 
Yellow Creek 1 MS 
Yellow Creek 2 MS 
River Bend 2 LA 

PWR 
BWR 
BWR 
BWR 
PWR 
PWR 
BWR 

1280 
1250 
1233 
1233 
1285 
1285 
934 

1990 
1985 
1985 
1986 
1985 
1988 
1987 

I i d e f .  
1986 
1988 
1989 
1988 
I ndef . 
I ndef . 

18 - 1991 
22 1989 
44 1992 
34 ' Can. 
35 1993 

3 Can. 
0 1995 

Region 3 

Cl in ton  2 I L  

Region 5 

WNP 1 WA 
Pebble Springs 1 OR 
Pebble Springs 2 OR 

BWR 

PWR 
PWR 
PWR 

933 

1218 
1260 
1260 

1987 

1984 
1988 
1989 

I ndef . 

i986 
1988 
1990 

O-cp* 1993 

62.5 1989 
0 1995 
0 1996 

*A const ruct ion permi t  has been issued fo r  t h i s  u n i t .  



6400 
The r e s u l t i n g  annual e l e c t r i c a l  capaci ty from 1980 t o  the year 2000 i s  l i s t e d  
i n  Table 4. The p ro jec t i ons  are l i s t e d  i n  terms o f  NRC reg ion and reactor  
type. The combined t o t a l  by the year 2000 comes t o  134,028 MW(e), which i s  
35,113 MW(e) less than the year 2000 e l e c t r i c a l  capaci ty assumed f o r  the Par t  
EIS (Refs. 1 ,  2 ) .  This rev ised f i g u r e  i s  s t i l l  be l ieved t o  be conservative, 
s ince i t  i s  bel ieved l i k e l y  t h a t  several o f  the l i s t e d  p lan ts  i n  Tables 2 and 
w i l l  be canceled o r  deferred (see, f o r  example, References 6 ,  7, 9 ,  and l o ) . *  

. 

I 

61 

3 

Annual generation ra tqs  o f  PWR secondary system ion-exchange res ins and f i l t e r  
media are estimated using Table 4, by assuming a r e s i n  generation r a t e  o f  
0 . 3 2  ft3/MW(e)-yr f o r  PWRs w i t h  CPS (Ref. 3); combined w i t h  a precoat f i l t e r  
sludge generation r a t e  o f  0.015 'ft3/MW(e)-yr (Ref. 3) .  It i s  a lso assumed t h a t  
51% o f  the PWRs w i l l  be equipped w i t h  CPS (Ref. 3 ) .  These generation rates are 
l i s t e d  i n  Table 5 as a func t i on  o f  NRC region. 
be l ieved t o  be conservative s ince only a f r a c t i o n  o f  the r e s i n  and f i l t e r  media 
waste generated by PWRs w i t h  CPS w i l l  be from the secondary coolant system. 

The generation rates are 

Radionuclide Concentrations 

The radionucl ide' content and concentrat ions were estimated t o  the extent 
poss ib le  us'ing-experimental data. 
program f o r  several l i g h t  water reactor  (LWR) waste streams, i nc lud ing  21 samples 
( a l l  from a three-uni t  s ta t i on )  o f  PWR secondary coolant system ion-exchange 
resins.  A geometric average was ca lcu lated f o r  each o f  the radionucl ides 
measured i n  the 21 samples, assuming an average sample densi ty  of 1 gm/cm3. 
These average concentrat ions are l i s t e d  i n  Table 6.  
were i d e n t i f i e d  i n  the 23 samples, o f  which 17 radionucl ides were i d e n t i f i e d  i n  
more than one sample. 
Table 6 which were not  s p e c i f i c a l l y  analyzed f o r  i n  the 21 samples, b u t  are of 
i n t e r e s t  i n  terms o f  long-term rad io log i ca l  impacts. These addi t ional  radio- 
nucl ides were considered as p a r t  o f  the Par t  61 E I S  (Refs. 1, 2 )  and the 
concentrat ions o f  these add i t i ona l  nucl ides are estimated from measured radio- 
nucl ides using generic sca l i ng  fac to rs  developed as p a r t  of the Par t  61 data 
base ( s p e c i f i c a l l y ,  Table 6-23 o f  Reference 3) .  

Reference 12 gives the r e s u l t s  of a sampling 

A t o t a l  o f  21 radionucl ides 

A number o f  other radionucl ides are a lso l i s t e d  i n  

*Note: Since these updated p ro jec t i ons  were made, const ruct ion of an add i t i ona l  
seven u n i t s  t o t a l i n g  8,411 MW(e) has been permanently hal ted.  
u n i t s  inc lude fou r  PWRs (North Anna 3 ,  Cherokee 1, Pebble Springs 1 and 2)  and 
three BWRs (Al lens Creek 1, Skagit  1 and 2). (Sources: Nuclear - News, Vol. 26,  
No. 2 ,  February 1983; Nuclear -' News Vol. 26, No. 2 ,  June 1983; and Nuclear News, 
Vol. 26,  No. 13 ,  October 1983. )  Completion o f  other u n i t s  has been delayed o r  
deferred. F i n a l l y ,  P a c i f i c  Gas and E l e c t r i c  has announced t h a t  i t  w i l l  decom- 
mission the Humboldt Bay-3 nuclear u n i t  (63 MW(e) BWR) ra the r  than upgrade the 
u n i t  t o  meet NRC seismic reauirements. Exact lv how and when decommissionina 

The canceled 

w i l l  take place has n o t  been decided (Source: -Nuclear - News, Vol. 26, No. 16, 
August 1983). 
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Table 4-; Annual Assumed E l e c t r i c a l  Generating Capacity t o  t h e  Year 2000 (MW(e)) 
L '  

Region 1 Region 2 Region 3 . Region 4. Region 5 Total  

1980 P* 10,070 (13) 10,661 (13) 8,534 (11) 1,307 (2) 2,484 (3) 33,056 (42) 
B* 6,050 (8)** 6,407 (7) 4,571 (9) 778 (1) 65 (1) 17,871 (26) 

1981 P 11,185 (14) 13,818 (16) 8,534 (11) 2,219 (3) 2,484 (3) 38,240 (47) 
B 6,050 (8) 6,407 (7) 4,571 (9) 778 (1) 65 (1) 17,871 (26) 

1982 P 11,185 (14) 15,866 (18) 8,534 (11) 2,219 (3) 4,668 (5) 42,472 (51) 
B 6,050 (8) 6,407 (7) 5,649 (10) 778 (1) 65 (1) 18,949 (27) 

1983 P 11,185 (14) 18,969 (21) 9,345 (12) 2,219 (3) 8,144 (8) 49,862 (58) 
B 7,919 (10) 7,657 (8) 8,630 (13) 778 (1) 65 (1) 25,049 (33) 

1984 P 12,385 (15) 20,146 (22) 12,045 (15) 4,480 (5) 9,414 (9) 58,470 (66) 
B 8,969 (11) 7,657 (8) 10,768 (15) 778 (1) 1,165 (2) 29,337 .(37) 

1985 P 12,385 (15) 23,368 (25) 14,285 (17) 5,591 (6) 9,414 (9) 65,043 (72) 
B 10,034 (12) 8,591 (9) 10,768 (15) 778 (1) 1,165 (2) 31,336 (39) 

1986 P 15,574 (18) 24,581 (26) 16,535 (19) 6,841 (7) 11,926 (11) 75,457 (81) 
B 12,201 (14) 8,591 (9) 10,768 (15) 778 (1) 1,165 (2) 33,503 (41) 

1987 P 15,574 (18) 26,836 (28) 17,665 (20) 6,841 (7) 11,926 (11) 78,842 (84) 
B 13,266 (15) 8,591 (9) 10,768 (15) 778 (1) 1,165 (2) 34,568 (421 

1988 P 15,574 (18) 27,936 (29) 17,665 (20) 8,091 (8) 11,926 (11) 81,192 (86) 
B 13,266 (15) 8,591 (9) 11,973 (16) 778 (1) 1,165 (2) 35,773 (33) 

1989 P 15,574 (18) 32,174 (33) 17,665 (20) 8,091 (8) 11,926 (11) 85,430 (90) 
B 13,266 (15) 9,841 (10) 11,973 (16) 778 (1) 1,165 (2) 37,023 (44) 

1990 P 15,574 (18) 32,174 (33) 17,665 (20) 8,091 (8) 11,926 (11) 85,430 (90) 
B 13,266 (15) 9,841 (10) 11,973 (16) 778 (1) 1,165 (2) 37,023 (44) 

1991 P 15,574 (18) 33,454 (34) 17,665 (20)', 8,091 (8) 11,926 (11) 86,710 (91) 
B 13,266 (15) 9,841 (10) 11,973 (16) 1,928 (2) 1,165 (2) 38,173 (45) 

1992 P 15,574 (18) 33,454 (34) 17,665 (20) 8,091 (8) 11,926 (11) 86,7,10 (9u 
B 13,266 (15) 11,074 (11) 11,973 (16) 1,928 (2) 1,165 (2) 39,406 (46) 

1993 P 15,574 (18) 34,739 (35) 17,665 (20) 8,091 (8) 11,926.(11) 87,995 (92) 
B 13,266 (15) 11,074 (11) 12,906 (17) 1,928 (2) 1,165 (2) 40,339 (47) 

1994 P 15,574 (18) 34,739 (35) 17,665 (20) 8,091 (8) 11,926 (11) 87,995 (92) 
B 13,266 (15) 11,074 (11) 12,906 (17) 1,928 (2) 1,165 (2) 40,339 (47) 

1995 P 15,574 (18) 34,739 (35) 17,665 (20) 8,091 (8) 13,186 (12) 89,255 (93) 
B 13,266 (15) 12,008 (12) 12,906 (17) 1,928 (2) 1,165 (2) 41,273 (48) 

1996 P 15,574 (18) 34,739 (35) 17,665 (20) 8,091 (8) 14,446 (13) 90,515 (93) 
B 13,266 (15) 12,008 (12) 12,906 (17) 1,928 (2) 1,165 (2) 41,273 (48) 

1997 P 15,574 (18) 34,739 (35) 17,665 (20) 8,091 (8) 14,446 (13) 90,515 (93) 
B 13,266 (15) 12,008 (12) 12,906 (17) 1,928 (2) 1,165 (2) 41,273 (48) 

1998 P 15,574 (18) 34,739 (35) 17,665 (20) 8,091 (8) 14,446 (13) 90,515 (93) 
B 13,266 (15) 12,008 (12) 12,906 (17) 1,928 (2) 1,165 (2) 41,273 (48) 

. 1999 P 15,574 (18) 34,739 (35) -18,785 (21) 8,091 (8) 14,446 (13) 91,635 (94) 
B 13,266 (15) 12,008 (12) 12,906 (17) 1,928 (2) 1,165 (2) 41,273 (48) 

2000 P 15,574 (18) 34,739 (35) 19,905 (22j 8,091 (8) 14,446 (13) 92,755 (95) 
B 13,266 (15) 12,008 (12) 12,906 (17) 1,928 (2) 1,165 (2) . 41,273 (481 

134,028 *P: PWR, B: BWR 
* * I n  MW(e), numbers i n  parentheses i n d i c a t e  number o f  u n i t s .  

000456 
, .  
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Table 5 Annual Volumes of Secondary Coolant System Ion-Exchange 
Resin and F i l t e r  Media Waste t o  t h e  Year 2000 ( f t3 /yr)  

Region 1 Region 2 Region 3 Region 4 Region 5 T o t a l  

1980 1,720 1,821 1,458 223 424 5,648 

1981 1,911 2,361 1,458 379 424 6,533 

1982 1,911 2,711 1,458 379 798 7,256 

1983 1,911 3,241 1,597 379 1,391 8,519 

1984 2,116 3,442 2,058 765 1,608 9,990 

1985 2,116 3,992 2,441 955 1,608 11,113 

1986 2,661 4,200 2,825 1,169 3 2,038 12,892 

1987 2,661 4,585 3,018 1,169 2,038 13,470 

1988 2,661 4,773 . 3,018 1,382 2,038 13,872 

1989 2,661 5,497 3,018 1,382 2,038 14,596 

1990 a 2,661 5,497 3,018 1,382 2,038 14,596 

1991 2,661 5,716 3,018 1,382 2,038 * 14,814 

1992 2,661 5,716 3,018 1,382 2,038 14,814 

1993 2,661 5,935 3,018 1,382 2,038 15,034 

1994 2,661 5,935 3,018 1,382 2,038 15,034 

1995 2,661 5,935 3,018 1,382 a 2,253 15,249 

1996 2,661 5,935 3,018 1,382 2,468 15,464 

1997 2,661 5,935 3,018 1,382. 2,468 15,464 

1998 2,661 5,935 3,018 1,382 2,468 15,464 

1999 2,661 5,935 3,209 1,382 2,468 15,656 

2000 2,661 . ' 5,935 3,401 1,382 ~ 2,468 15,847 

Tota ls :  - 

( f t3)  51,600 101,032 56,121 23,384 39,188 271,325 
. (m3) (1,461) (2,861) (1,589) (662) (1,110) (7,684) 



Table 6' Assumed Radionuclide O i s t r i b u t i o n  i n  Secqndary System 
Ion-Exchange Resins and F i l t e r  Media 

Concentrat ion No. o f  Concentrat ion No. o f  
Isotope (pc i  /cm3) Samples Isotope (pCi/cm3) . Samples 

H- 3 
C- 14 
Cr-51 
Mn- 54 
Fe-55 
Fe-59 
CO- 58 
CO-60 
Zn-65 
Ni-59 
N i  -63 
S r -  90 
Nb-94 
Zr-95 
Tc-99 
RU-103 

1.15E-4 
4.25E-6 
1.33E-3 
2.36E-5 
2.08E- 5 
6.62E-5 
3.92E-5 
4.03E-5 
9.12E-6 
2.49E-8 
7.66E-6 
8.42E-6 

2.69E-5 
3.58E-8 
9.37E-5 

7.86E-10 

S* 
S 
9 

S 
10 
20 
20 
2 1  
S 
S 
S 
S 

2 1  
S 

12 

i s  

Ag- l l O m  
1-129 
CS-134 
Cs-135 
Cs- 137 
Ce-141 
Ce-144 
Pu-238 
Pu-239 
Pu-241 
Pu-242 
Arn- 241 
Am-243 
Cm- 242 
Cm- 243 
Cm- 244 

5.88E-5 
1.06E-7 
3.19E-4 
3.58E-8 
9.54E-4 
1.33E-4 
1.47E-4 
7.29E-6 
3.69E-6 
1.61E-4 
8.08E-9 

. 8.54E-6 
5.76E-7 
1.61E-5 
3.94E-9 
4.42E-6 

4 
S 

2 1  
S 

2 1  
20 

3 
2 1  
2 1  
s .  
S 

19 
S 

19 
S 

19 

Tota l  : 3.60E-3 2 1  

* S :  These rad ionucl  ides  were scaled from measured r a d i  onucl ides  us(i ng t h e  
generic sca l ing.  f a c t o r s  .presented i n  Reference 3. 

As shown, the  summed rad ionuc l i de  concentrat ion f o r  the  32 rad ionuc l ides  l i s t e d  
i n  Table 6 i s  3.6E-3 pCi/cm3. The range o f  rad ionuc l ide  concentrat ions across 
the  2 1  samples, a f t e r  a d j u s t i n g  t o  account f o r  t he  a d d i t i o n a l  sca led nuc l ides ,  
va r ies  from 1.03E-4 pCi/cm3 t o  1.35E-1 pCi/cm3. 
from the  lowest t o  t h e  h ighes t  sample value, although about 75% o f  t he  samples 
are  w i t h i n ' a  f a c t o r  o f  10. This  i s  shown below, where the  number o f  samples i s  
l i s t e d  as a func t i on  o f  increment i n  range.: 

Th is  i s  a v a r i a t i o n  o f  1310 

No. o f  samples A r i  t h .  average across 
Range (pCi/cm3) i n  range range (pCi/cm3) 

1E-4 - 5E-4 
5E-4 - 1E-3 
1E-3 - 5E-3 
5E-3 - 1E-2 
1E-2 - 5E-2 
5E-2 - 1 E - 1  
1 E - 1  - 5E-1 

" 2  
0 
1 

1.67E-4 

2.03E-3 
6.44E-3 
2.51E-2 

1.35E-1 

- 

- 
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APPENDIX F. Computer -L i s t ings  

T h i s  appendix presents t h e  l is t ings of the two computer codes developed a s  
p a r t  of the de minimis waste impacts a n a l y s i s  c a l c u l a t i o n a l  methodology.' In 
the following pages, the IMPACTS code i s  f i r s t  p resented ,  followed by INVIMPS. 
The IMPACTS code determines annual rad io logica l  impacts t o  ind iv idua l s  and 
popula t ions  from re l ease  of de minimis waste i n t o  l e s s  r e s t r i c t i v e  disposal  
pathways. 
based upon comparison of r ad io log ica l  impacts t o  an ind iv idua l  with a s e t  of 
organ-spec i f ic  dose l i m i t a t i o n  c r i t e r i a .  

The INVIMPS code determines l imi t ing  concen t r a t ions  of rad ionucl ides  

The two codes a r e  followed by l i s t i n g s  of two of t h e  t h r e e  d a t a  f i l e s  required 
f o r  program opera t ion .  The f i r s t  d a t a  f i l e ,  T A P E 1 ,  provides  values  f o r  radio- 
l og ica l  fundamental dose conversion f a c t o r s  and o the r  gene r i c  pathways informa- 
t i o n  such a s  uptake f a c t o r s .  The second da ta  f i l e ,  TAPEE, provides values  f o r  
t reatment/disposal  s i t e  environmental parameters a s  well a s  t reatment/disposal  
technology parameters.  The t h i r d  da t a  f i l e ,  TAPES, provides  waste physical  and 
rad io logica?  c h a r a c t e , r i s t i c s  a s  well a s  execution d i r e c t i v e s  t o  the codes. The 
TAPE5 f i l e  always v a r i e s  depending upon the p a r t i c u l a r  problem considered,  and 
example TAPE5 f i l e s  a r e  presented i n  Appendix G f o r  each example problem 

. considered i n  th i s  r e p o r t .  

S i g n i f i c a n t  addi t iona l  information regarding t h e  opera t ion  of t h e  two codes,  a s  
well a s  d e f i n i t i o n s  of the p r inc ipa l  va r i ab le  names i n  t h e  codes,  i s  presented 
i n  Chapter 8.0 of th i s  r e p o r t .  

. .  

. .  

. .  
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IMPACTS 

CHARACTER BASN*1O,NUCf6,SOL+1,SOLB*l 
COMMON/BAST/BAS( 2,92) ,BIMP( 10,65), ISPC(  2,15) ,PDCF (85,10,7) 

+ ICHRCIBASN(2)  ,NUC(85) ,SOL(85) ,SOLB(85) 
+ /DTNX/IR,IDAT,IQ,IPOP,ILFE,IINS,IOFL,NSTR 
+ /NUCS/AL (85) ,FMF (85) ,RET( 85,5) ,FRACT( 85,3) ,NUX (85) 
+ /DRPl/FSC (3)  ,FSA( 3)  ,PRC( 3,5) ,TSC( 3,5) ,QFC( 3,3), 
+ DTTM (3 ,5)  ,TTM ( 3,3,5) ,DTPC ( 3,5) ,TPC ( 3  , 3,5), NRET ( 3 )  
+ /DRPE/TPOP (3)  ,TDOZ( 3), WVEL( 3 )  ,EFAC( 3 )  ,POP( 3) ,  
+ POPE(3) ,POPW(3) ,AXOQ(3) ,EERO(5) ,EREC(5) 
+ /FACP/TDIS(5)  ,TVEL(S),VINC(S) ,XOQI (5 ) ,EDFI  ( 5 ) ,  
+ DEN1(5),VANN(5),XOQO(5) ,EDFO(5) ,DEN2(5) , 
+ TWI (5,3) ,TWO( 5,3),ADAY(5,3),RMIX(5), 
+ EMP(5),EFF(5) ,SEFF(5) ,GER0(5) ,OSWR 

- 
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IMPACTS (Continued) 
4. 6400 -+ 4 ;  

PROGRAM IMPACTS 
C 
C....................t....4~*.***.*.......4..*.~...*......4........... 

C THIS CODE REPRESENTS AN ANALYSIS METHODOLOCY FOR DETERMlNIliG ' : 
C THE RADIOLOGICAL IMPACTS ASSOCIATED UITH THE DISPOSAL OF 
C DE MINlNIS HASTE. I T  CALCULATES THE IMPACTS UNOEl A 1RlNBER . 
C OF SCENARIOS. INCLUDING THOSE INVOLVED UITH: TRAHSPORTATION 
C OF THE UASTE; SORTING/INCINERATION/RECYCLE OF THE UASTE; AH0 
C FINAL TREATNENT/DISPOSAL CONSIDERATIONS. . 
r. 

. 
t . C THE INPUT/OUTPUT FILES ARE IDENTIFIEO AS FCLLOUS: 

C 
C TAPE1 = INPUT FILE CONTAINING THE BASIC DOSE CONVERSION 
C FACTOR 1NFORNATIC.Y. 
C 
C TAPE2 = INPUT FILE CONTAI'IING THE DEFAULT ENVIRONMENTAL. 
C TREATRENT-. AN0 DISPOSAL PARAMETERS USE0 IN THIS 
C ANALY 5 I S. . 
C 
C TAPE5 = INPUT FILE CONTAINING THE UASTE STREM CHARACTER- 
C ISTICS PERTAINING TO A SPECIFIC APPLICATION. 
C THIS FILE UILL MOST LIKELY CHANGE UITH EACH CASE 
C UNDER CONSIOERATION. 
C 
C 
C ANALYSI 5 .  t 
C.......tt......t.tt..*......4..t.t*....~.*......*......*............. 

TAPE6 = OUTPUT FILE CONTAINING THE MIH RESULTS OF THE 

C 
CHARACTER ORG(10)*9,SCN(36)'6,FAS(5)*20 
IHCLUOE '1WCOMN.FOR' 
COMNOH/CHYN/NXUC (85) 9 ICH (8 e 10) .LCH( 10) nACT(8 I sBCT(E e 2  I 

+ /UPTK/FK(Zl).FF0(4675) 
OINENSION TYMO( 16) .BINPT( 10.65) 
DATA TYW/20.,40. .60..80.,100..120..160..200.,400..600.. 

800. ,1000. ,2000. ,5000. ,10000. ,20000./ 
DATA FAS/'GENERATOR FACILITY ','SAHITARY LANOFILL ', 

'OPEN OUNP FACILITY ','HAZARDOUS UASTE I ', 
'HAZARDOUS UASTE I 1  ' /  

OATA ORG/'  LUNGS I , '  5. UALL ',' LLI MALL'.' 7. EOOY ', 
' KIDNEYS '.I LIVER ' . I  REO RAR '.I BONE ', 
' THYROID I , '  ICRP ' /  

DATA SCN/'IHT-CO'~'INT-AG','IN-AIR'.'ER-AIR','IN-UAT'.'ER-UAT'I 
IC-MHR' .'OP-POP', 'OP-INO' , 'IC-POP' , ' IC-INO' ,'IC-UOR' 

'OP-UOR' , 'OP-WR ' ,' 20YR' I ' 40YR ' , ' 60YR' 80YR' 
' lOOYR'.' 120YR',' 160YR'.' POOYR'.' 400VR'.' 600YR'. 
' 800YR'.' 1K V R ' . '  2K Y R ' , '  5): YR'.'lOI( VR'.'20K Y R ' .  

'DATA WC/'H-3 '.'C-14 '.'NA-22 '.'P-32 '.'P-33 '.'S-35 ', 
'TR-~X' , 'TR-OCC'. 'TR-POP' . 'LA-OPS' , 'LA-OVF' , 'LA-AIR' /  

'CL-36 :,:CA-45 '.'SC-46 ','CR-51 ','MN-54 ','FE-55 ' s  
'FE-59 , CO-57 ','CO-58 ','C0-60 ','HI-59 '.'HI-63 'I 

'21-65 :,:SE-75 ','RB-86 '.'SR-ES ','SR-89 '.'SR-90 'I 

'ZR-95 , NE-94 ','NE-95 '.'MO-99 ','TC-99 '.'TC-99H', 
'RU-103'. 'RU-106'. 'AG- 108: !: AG-110: , 'CO-109' . 'SN- I  13' e 

'SN-126','S8-124','S8-125 , 1-125 .'1-129 '*'I-131 ' e  
'CS-134'. 'CS-135' , 'CS-136'. 'CS-137' , 'EA-140' 'LA-140' 
'CE-141'. :CE -144'. 'EU-152'. 'EU-154'. 'YE-169' .'P8-210' 
'PO-210' , RN-222' , 'RA-226' I 'RA-228' ,'AC-227' .'TH-228'. 
'TH-229','TH-230','TH-232' .'PA-231','U-232 ' o'U-233 ' s 
'11-234 ','U-235 ','U-236 ','U-238 ','NP-237'.'PU-236'. 
'PU-238' , 'PU-239'. 'PU-240' I 'PU-241' , 'PU-262' 'PU-244' , 

'CF-252'/ 
~ ~ n - ~ 4 1 ~ , ~ ~ n - ~ 4 3 ~ . ' ~ ~ - ~ ~ ~ ~ . ~ ~ ~ - ~ 4 3 ~ . ~ ~ ~ - ~ 4 4 ~ . ~ ~ ~ - ~ 4 8 ~ ,  

DATA NTYU/l6/ 
OATA NXUC/27+0,1 .O , 1 ,16*0.1.6~0,1 .O ,  3*1.3'0,24+1/ 
DATA ICH/85.84.78.75,69.63,5~,60,~3,75,69.63,5~,~0, 0. 0. 

82.74.6a.64.59. 0. 0. 0.8i.73.67,62.~7,~i,~4.~5. . 80.74.68.64.59, 0. 0. 0,76.79.71,66.61. 0, 0. 0. 
77,70,67.62.57.56.54,55.72,65.60. 0. 0. 0, 0, 0. 

+ 28.30.29. 0. 0. 0. 0 ,  Os47.48. 0. 0. 0s 0 .  0. O/ 
OATA LCH/8.6.5 .8.5.5.8.3.3.2/ 
DATA FK/R.E-4. -01, .0483.7.65E -3.240.. -0037. -25. 1. ,1600.. 

190. .50.  .95., .3.50. .60. ,370. .6.9,1. .R.SE -9 ;8000., 16./ 
DATA FPACT/.9, .75,26'2.5E -3.4+.01 .7.2.5E-3.3'.01 .'!*2.5E-3. 

+ 

+ .9,. 7 5.26.5- O f  -3,4*.0 1 6 7.5 .Of -3.3. .01, c3.5 .Of -3 
+ .9. .75,26~.019,4~.038,7~.019,3~.03R,43..019/ 
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IMPACTS (Continued) 

. .  101 FORllAT(813) 
102 F o w l (  1H1/2X ,A20//2X' L I F E -  ' I3 .2X  ' OVFL- ' I3.2X'  W A S '  131 

2X'REGN-'I3,2X'OATA-' 1 3 / 2 X '  IPOP-' 13,2X' INST='  I31 
103 FORMAT( l H 1 )  
104 FORHAT( /2X'TRANSPORTATIOH IMPACTS'!OX,A6' - ' lPE9 .2 '  HREM/YR' 

106 F o w l (  l H l / 2 X ' C I M I L A T I V E  IMPACTS' /) 
+/34X.A6' a'E9.2' HREM/VEAR'/34X,A6 m'E9.2' PERSON-MREH/YR' 1 

00 10 1-1.3 
10 FRACT(7, I I-FRACT( 29, I 

C 
C 
C 
C 

START OF A GIVEN CASE - ONE F A C I L I T Y  ANO'ANY NUMBER OF 
UASTE STREAMS UITH GIVEN CHARACTERISTICS 

URITE(6.102)  FAS( 10) . ILFE .IOFL ,NSTRD,IR,IOAT.IPOP , I I N S  
20 REAO(S.101 ,EN0.50) IR,IDAT, IO,NSTRO.IPOP.ILFE . I INS .  IOFL  

C 
C 
C 

C 
C 
C 

C 

C 
C 
C 

CALL REA02 
CALL ZERO(BIMPT.650) 
00 40 ISTRO-1.NSTRO 
CALL ZERO(BIMP.650) 
I F (  ISTR0.NE. 1 )URITE(6,103) 

CALCULATE IMPACTS 

CALL R E M 5  . 
CALL SPLICE 
CALL I N T I H P  
CALL EXPUAS 
CALL OPSIMP 

CALL G U A T E R ( N T ~  .nnD) 
IF (  I O F L  .NE .O)CALL OVRFLO 

NORHALIZE INOIVIOUAL I M P A C T S ~ U I T H  NUneER OF F A C I L I T I E S  

CALL DIVVY ( 1.1.2) 

IF (  ISPC(I.lO).GT.O)CALL OIVVV(2.8.8) 
IF (  ISPC(1.10) .GT.OlCALL DIVVV(2,10.10) 

CALL DIVVY(l.15.64) 

YRITE(6,104)  (SCN( I+26) ,BAS( l  .I) ,1-5,7) 
CALL PRNTE(ORG.SCN ,81nP) 
W 30 I=1,10 
DO 30 5-1.65 

IF(NSTRD.EQ.1)GO TO 20 
URITE( 6,106) 
CALL PRNTE(ORG.SCN ,BIMPT) 
60 TO 20 

END OF A GIVEN CASE, 60 TO 20 FOR NEU CASE 

CALL orvvv(l,5.6l 

CALL DIVVV( 1.12.12) 
CALL OIVVY(1.14.141 

30 8IMPT(I.J)=8IMPT(I.J)+8IMP(I .J) 
40 CONTINUE 

. 
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IMPACTS (Continued) 

URITE (6.114) 
URITE(6.105) 
YRITE (6.103) 
URITE(6.110) 
URITE( 6.11 1) 
URITE (6.104) 
YRITE(6.103) 
URI TE (6,112) 
URITE(6.104) 
WRITE (6.103) 
URITE (6,113) 
URITE (6,104) 
WRITE (6.103) 

ORC 
;SCN(J-Z9).(BI ( I  .J).I*l .lO).J=63.65) 

CRG 
(SCN (J ) , (B I ( I, J ), I =1, lo), J.15.30) 

CRG 
(SCN(J-32) ,(BI( 1 .J) ,I='l,lO) .J=47.62) 

L 

103 FORHAT( 2X.A6. IP.1OE 9.2) 
104 FORMAT(4X.'TIYE' .10A9) 
105 FORMAT(4X.'SCX '.lOA9) 
107 FORMAT(/ZX'INTRUOER IMPACTS: ' / )  
108 FORHAT(/2X'EXPOSEO WASTE IMPACTS:'/) 
109 FORMAT(/2X'INCINERATION AN0 OPERATIONAL IMPACTS:'/) 
110 FORMAT(lH1/2X'GROUND WATER IMPACTS:') 
111 FORMAT(/2X' INTWOER-UELL')  
112 FORMAT (/2X 'PCPULATION-WELL' ) 
113 FORMAT(/2X'PCPULATION-SURFACE UATER' ) 
114 FORHAT(/PX'LEXCHATE ACCUMULATION IMPACTS: ' / )  

RETURN 
E NO 

C 
C.ttttttt.ttttttttttttttt.t.tttttttttt.t.ttt+t.tttttt....ttttt+ttt..I 

C 

C 
Ct+t.tt.tt..t..ttt...t.t..++*.tttt*t+t.tt..ttt.*t..t*ttt+*t*.tttt*tt.. 

C THIS ROUTINE DIVIDES SELECTED IMPACTS BY EITHER THE NUMBER 
C OF OISPOSAL FACILITIES OR BY ME NUMBER OF PROCESSING t 
C FACILITIES (DEPENDING ON THE VALUE OF MOOE). t 
~t~tt..~tttt.*.t~.t.*tttt~t+~*tttt...tt.t.t~t..tt.t.tt~tt.~tttttt~t... 

C 

SUBROUTINE OIVVY(MO0E ,Nl,N2) 

I NCLUOE ' I M P C C W  . FOR ' 
IF(MO0E .EQ.Z)W TO 20 
IF( ISPC(l.ll).EO.O)WRITE (6,100) 
AoIV=ISPC f 1.11 1 
IF (A0 IV . E Q .O. ) * AOIVa1. 
00 10 I=1.10 
00 10 J=Nl.NZ 

RETURN 
10 BIMP(I,J)~BIMP(I,J)/ADIV 

20 IF(ISPC(l.lO).EQ.O~URITE(6.101) 
miv-IsPc (1, io) . 
IF ( AOIV .E Q .O; ) A0 I Val. 
W 30 1-1.10 
00 30 J=Nl.W ' 

30 BIMP( I, J)=BIMP( I .J)/AOIV 
100 FORMAT(/2X'*~~' NUMBER .OF 
101 FORMT(/ZX'+**' NUMBER OF 

RE TURN 
EN0 

C 

OISPOSAL FACILITIES - 1 ****I) 

PROCESSING FACILITIES = 1 

L 
SUBROUTINE RES02 

C 
C.t~..t...t.t.........*.....t.....t.t.*...*....~~+t.~...~*...*.*...... 

C THIS SUBROUTISE REAOS IN THE TREATMNT/OISPOSAL SITE . 
C ENVIRONMENTAL CHARACTER ISTICS AN0 TREATME NT/OISPOSAL t 

C TECHNOLOGY CE;7ACTERISTICS FROM TAPEZ. 
C...........t.............t..~.~.~~t....t.tt.t..~.t....*.............. 

C 
INCLUDE '1MPC'YM.FOR' ' 

OIMENSlON POS!6),WSP(6),STB(6),OSP(6) 
102 FORMAT( lOElO.?) 
104 FORlrAT(1515) 
202 FORMAT( /ZX'OP':ONAL XOQ PAZAHS'/( 2X. 1P .aE 10.3)) 
202 FORMAT(2X,IP.5E10.3) 
204 FORMAT( /ZX'OPTIONAL ENVIRONMENTAL PARAHE TERS' IZX'PRC = '  1PE9.2. 

2X ' TSC = ' E  9.2.2X 'QFC = '3E9.2/2X ' FSC ='  E9.2 .ZX'OTm= ' E  9.2, 
2X';T:' ='3E9.2/2X'FSA ='E9.2.2X'C;PC. 'E9.2,2~'TPC -'3E9.2/ 
2X'UVE?='E9.2.2X'AXOO~'E9.2,2X'EFAC. 'E9.2)  
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. IMPACTS (Continued) 

205 FORMAT(/2X'OPTIOSlL FACILITY P A R ~ n E T E R S ' / 2 X ' V I N C = ' l P E 9 . 2 .  
. 2X 'VANN='E9 .2 .2X '~nAYS~ '3E9 .2 /2X 'Ef lP  ='E9.2.2X'EFF ='E9.2.. 
.2X'SEFF='E9.2.2X'3ENl='E9.2,ZX'OE?l2='E9.2/ 
.2X'RMIX='E9.2.2X'6SUR='E9.2.2X'OSOL='E9.2)  

C 
C 
C 

REAO DEFAULT, SITE ENVlRnNMENTAL PARAMETER VALUES 

REWIND 2 
00 10 I=1,3 
REAn(2.102) (PRC(1 .J) .TSC(I .J).OTTM(I .J) .(TTM(I J.J) .Knl,3). 

t OTPC( I, J ) , (TPC( I .K ,J ) .X=l ,3) .J=1.5) 
POPW( I )  ,TPOP( I) ,TDOZ(  I ) .UVEL( I )  .AXOO( I )  .EFAC( I ) , 

READ( 2.102) FSC( I) ,FSA( I ) 3 (WC( I .J ) sJa1,3) *POP( I .POPE ( 1 s 
t 

EERO(I).EREC(I) 
READ (2,104) NRET( I ) 

10 CONTINUE 
C 
C 
C 

REAO DEFAULT FACILITY PARAMETER VALUES 

DO 12 1.1,s 
REAO(2.102) T O I S (  I )  .TVEL(I) .VINCiI) ,XOOI ( I )  .EDFI (1) ,DEN1(1) B 

t 

t 

t 

VANN(1) .XOQO( I).EDFO( I).OENZ(I) . ( T W I (  1.J) .J=lJ), 

EMP( I) .EFF( I) JEFF( I) .GERO( I )  
\ (TUO( I  ,J) .J=1,3).(AOAY(I .J) .J*l.3) ,RMIX(I), 

12 CONTINUE 
C 
C START REAOING OPTIONAL PARAMETER VALUES 

IF ( I O.EQ . 1 .AN0 . IOAT .EQ .O ) IOAT.2 
IF ( IQ.EO . 1 .AND. IDAT. €0.1 ) I DAT.3 
IF(IOAT.EQ.0)GO TO 22 
IF( IOAT.EQ.2)GO TO 20 

C 
C SITE-SPECIFIC POP AND XOQ OPTION 
C . L .  

DO 14 IA1.6 
14 REAO(2.102)' OSP( 1)  ,POS( 1 )  ,USP( I )  .ST8( I )  

URITE(6.202) (DSP(1) .PDS(I).USP(I ),ST8(1).1=1.6) 
REAO(2.102) H V T I  .HYTO.OISTI .OISTO,EOF1O.EOF00 
WRITE (6.203) HYTI .HYlO.DISTI ,O ISTO, EOFI0,EDFOD 
A1.0. 
A2.0. 
00 16 11.1.6 
Al=Al*STB( I l)*XOOFC(HYTI . D I S T I  ,USP ( 11) 11) 
A2=A2+ST8( I 1)4XOQFC(HYT0.DI STO.USP (1 1). 11) 

XOQI( IQ)=A1 
XOQO( 10) =A2 
EDFI( IO)=EDFID 
EDFO( IQ)=EDFOO 
A1.0. 
DO 18 11.1.6 

16 CONTINUE 

00 18 12=1,6 
A1=A1+P0S(11)'S18(12)*X0QFC(HV11 ,DSP( 11) ,rrSP( 12) ,I2) 

POP( IR)=Al 
POPE( IR)=3.'A1 

18 CONTINUE 

20 IF(IDAT.EQ.1)GO TO 22 
C 
C .SITE-SPECIFIC ENVIRONMENTAL PARAMETERS 
C 

REAO(2.102) PRC( IR .10 )  .TSC( IR,Ic)) .OTTM(IR. 10) * 
+ (TTN( IR, J, Io), Ja1.3) .OTPC ( IR , IO), (TPC ( IR, J , IO), J=1,3), 
+ FSC(IR).FSA(I~).(QFC(IR.J),J.1.3),WVEL(IR),AXOQ(IR),EFAC(IR) 

+(TPC( IR,J,IQ) .J=1.3) ,INEL( IR) .AX( 
22 IF(IO.NE.l)GO TO 24 

C 
C SITE-SPECIFIC TREATflENT/DISPOSAL PARAMETERS 
C 

REAO(2,102) VINC(1) .VANN(l) .(AOAY( 1 ,J) .J=1,3) .EFIP(l) .EFF( 1 ) .  
S E F i !  :) .OEN1( 1) ,OER2(1) ,RMIX( 1) ,CERO( 1) .OSUR.OSOL 

UR I 1E (6.205) VINC ( 1 ) ,VANN( 1 ) , (AOAY (1, J ) , J=1,3) ,EMP( 1 ) ,EFF ( 1 ) , 

* -  
TUO( 1.3)~0SOL~l.E-6/OEN2(1) 

* +  SEF~'l).DENI(l).OEt~2( l),~MIX(I),GERO(l) ,OSUR,OSDL 

F-6 



IMPACTS (Continued) 

, 2 4  IF(IPOP.E~.1.OR.IOAT.E~.l.OR.IOAT.EO.3)RETURN 
C 
C MODIFY POP FOR URBAN,ENVIRONflENT 
C 

00 2 6  1.1.3 
POPE ( I )=POPE ( I ) * lo .  
RETURN 
E NO 

26 P O P ( I ) = P O P ( I ) * l O .  

C 
C*t**t*********.*t*******************************************t ' 

C 

C 
C*****t*************************************************************** 

C T H I S  SUBROUTINE READS I N  ME WASTE STREAM CHARACTERISTICS t 
C FROM TAPES. I T  ALSO C A L L S  SUBROUTINE 'UPTAKE" TO COMPUTE t 

C THE PATHWAY DOSE CONVERSION FACTORS AN0 THEN CALCULATES THE 
C TRANSPORTATION EXPOSURES. 
C************t******************************************************** 
C 

SUBROUTINE READS 

CHARACTER NUC0*6.SOLO*l.BLANK*6 
I NCLUOE ' 1MPCOMM.FOR ' 
DIMENSION NUCO(5).SOLO(5) .CONO(5) 
DATA BLANK/ '  ' I  

101 FORMAT(A10.3E10.3) 
102 F O R M A T ( I 5 1 5 )  
103 FORMAT( 5 (A6.1 X .A1 . € l o .  3.2X) ) 
104 FORMAT(/ZX'WASTE: 'A10.2X 'WEIGHT: ' lPE9.2 '  MT DENSITY:  ' 

€9.2' MT/M3'//2X'IO~'I2.2X'IA='12.2X'IK1='12,2X'IK2=' 
13.2X'PROCESS='12/2X'IXS='414/2X'ICS='414) 

NSTR.1 
C A L L  ZERO(BAS.184) 
00 10 1.1.85 

10 N U X ( I ) = O  
C 
C START REAOING WASTE STREAM CHARACTERISTICS 
C 

READ( 5,101 ) BASN( 1 ) ,BAS( 1.1 ) .BAS( 1.2) ,BAS( 1.3) 
READ( 5 ,102)  ( I SPC ( 1 .J) .J=l, 15) 
WRITE (6.104) BASN( 1) ,BAS( 1.1) .BAS( 1.2). ( I s P C (  1 .J) .J=1.5), 

IF(NUCO(l) .EQ.BLANK)GO TO 2 0  
00 18 J a 1 . 5  
00 14 1.1.85 
IF( NUCO( J) .EQ.NUC( I) )GO TO 16 

I F (  NUCO( J) .EQ.BLANK)GO TO 20 
STOP 'CANT F I N O  NUCLIDE NAME READS' 

( I S P C ( 1 . J )  .J=8.15) 
12 READ( 5.103.EN0=20) (NUCO( I) ,SOLO( I) .CONO( I), I ~ 1 . 5 )  

14 CONTINUE 

16 N U X ( I ) = l  
SOL( I ) = S O L D ( J )  
BAS(  1 . 1 4  =CONO( J ) 

18 CONTINUE 
GO TO 12 

20 C A L L  UPTAKE 
C 

IF( 1Q.EQ. 1)RETURN 
C 
C TRANSPORTATION SECTION 
C 
C B A S ( 5 )  - MAXIMUM DRIVER IMPACTS 

C B A S ( 7 )  - POPULATION IMPACTS 
C 

' C B A S ( 6 )  - TOTAL O X I V E R S  IMPACTS 

Al.1 SPC( 1,9)/ 100. 
DCAzO. _ _  _ _  
00 22 I = 1 . 8 5  
I F  (NUX ( I ) .Eo. 1 )OCA=OGA+POCF ( I .4,5)*BAS( 

OGA=OGA*BAS( 1.2) / (Al 'BAS( 1 .Z)+OENl (  (I))' 
A3=BAS(  1.1 ) / 4 . 5 3 4  

. 2 2  CONTINUE 
. 1 + 7 )  

1. - A 1  ) ) 

I F (  I s P C (  1 .3 )  .NE.O)A3=A3/0.75 

IF( IQ.GT.3)GO TO 2 4  
' A 4 = A 3 / ( 1 S P C ( 1 , 8 ) ' A l )  

' AL=(COFF(  1.,2.)*2.+COFF(1..4.)*0.5)/9760. 
. IF(A4.CT.I5O.)BAS( 1 .5 )=OGA'Al 'A2*1 .6 '75r ) .  

I F  (A4.LE. 750. )BAS ( 1,5)=0GA.*Al *AZo1.6*A4 
GO TO 2 6  

6400 q ' '  

c 
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IMPACTS (Continued) 

24 AZ=(COFF( 1. .2. )*5.+COFF ( 1. .4. )*0.5)/S60. 
IF(A4.GT.Z50.)BAS( 1,5)=OGA*Al*AZ*l .d*?SO. 
IF(A4.LE.250. )BAS( 1.5)=0GA*Al*A2*1.6*M 

Al=lPOP( IR)*TOIS( Ill)*TDOZ( I R )  /TVEL( IC) 
BAS ( 1.7 ) =A1*100. *OCX*A3*1.6*COFF ( 1. .J . )/8760. 
RETURN 
END 

26 BAS(1.6)=2.*OtA*Z11*1.6*A3 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* c  

C 
~.*.*~~t~..**.....~.**~***.****~***********~*~******************~****~ 

C THIS SUBROUTINE REXOS IN (TAPE1) THE FUNDAMENTAL DOSE 
C CONVERSION FACTORS AN0 RELATE0 NUCLICE-SPECIFIC PARAMETERS 
C AN0 UPTAKE FACTORS. ME CALL TO SUBIUUTINE 'OOSE' INITIATES 
C CALCULATION OF THE PATHUAY DOSE CONVE9SION FACTORS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

SUBROUTINE UPTAKE 

CHARACTER TNUC( 159)*6.TSOL( 159)'l 
INCLUDE ' 1MPCOMM.FOR' 
COtWON/UPTK/FK( 21) .FF(85.5) .OCF(85.10.5) 
OIMENSI ON BAS2 ( 159.20) ,BAS4 (85.20) .BAS3(85,10) 
CALL ZERO(FF ,4675) 
REYINO 1 

INHALATION/I NGE STION DCF ' S 

READ( 1.103) (SOLE( 1).1=1.85) 
READ( 1,101) A1 
REAO(1.101) (TSOL(I).TNUC( I) .(BASZ(I .J).J=1.10) .1=1.159) 
REAO(l.lO1) A1 
REAO( 1.101) (TSOL( I) .TNUC( I) .(BASZ( I.J).J=11,20).1=1.159) 
00 50 INUC=1.85 
IF(NUX( INUC) .EQ.O)SOL( INUC)=SOLB( INUC) 
00 10 1-1.159 
IF(NUC(INUC).EQ.TNUC(I))GO TO 20 

10 CONTINUE 
STOP 'CANT FINO NUCLIDE NAME INWING' 

20 IF(SOL(INUC).EQ.TSOL(I))M TO 30 
I=I+1 
IF(TNUC( I).EQ.TNUC(I-1))GO TO 20 
STOP 'CANT FINO NUCLIDE SOLUBILITY' 

C 
C 
C 

30 DO 40 5-1.10 
DCF( INUC , J , 1 ) =BAS2( I, J ) 

40 DCF(INUC.J.Z)=BASZ(I.J+lO) 
so CONTINUE . . . 

C 
' C 
C 

DIRECT GAMMA EXPOSURE OCF'S 

(BAS4( I .J) ,J-l..lO). 1.1.85) 

(BAS4 ( I, J ) , J =11.20), Ill ,851 

(BAS3( I.J).J=l.lO).I-l.B5) 

REAO(1,lOl) A1 
READ( 1.102) (TNUC( I), 
REAO(l.101) A1 
READ( 1.102) (TNUC ( I ) , 
REAO(l.101) A1 
READ( 1.102) (TNUC( I), 
00 90 INUC=1.85 
00 60 1.1.85 
IF (NUC ( I NUC) .EQ.TNUC ( I ) )GO TO 70 

60 CONTINUE 

?O DO 80 J-1,lO 
STOP 'CANT FINO NUCLIDE NAME DCF-4/5' 

OCF( lNUC.J .3)=BAS3( I .l) 
DCF ( I N N  .J . 4 )  =BAS4( I .J) 

80 OCF ( 1 NUC , J ,5 ) =BAS4 ( I .J+10 ) 
I 
L 
C 
C 

STORE AL. FMF. FF. AN0 CALCULATE REKAI.YINC RET'S 

AL(INUC)-BAS3(1,7) 
FMF(INUC)4AS3( I . 8 )  
RE T ( I NUC ,1) =BAS3 ( I ,9) 
R E T (  INUC,d)=BPS3( 1.10) 

AI.( AZ/RET( 1NUC.l) ) * * O m  
RET(  INUC .5)-A2*A1 
RFT! I NUC,3)wV/Al 
R E T (  INUC.Z)=RET( IhUC.l)*Al ' 

- AL=RET( INUC.4) - - - . . .  

I 
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IMPACTS (Continued) 
6400 4 '  

. .  

FF(  INUC,l)=BAS3( I .2) 
FF(INUC,Z)=PAS3( I .3) 
F F (  INUC,3)=BAS3( I .4) 
FF(  INUt.Q)=6AS3( I .5) 
FF(INUC.S)=@AS3(1.6) 

CALL W S E  
90 CONTINUE 

101 FORMAT( A l ,  lX.A6.1X.lOE9.2) 
1 0 2  FORMAT(A6.3X.lOE9.2) 
103 FORMAT(90Al) 

RETURN 
E NO 

C 
C*..**....*....t.....**...***...*.***...7.+.****+*.*.**....*.* 

C 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C T H I S  SUBROUTINE CALCULATES THE PATHUAY DOSE CONVERSlON 
C FACTORS USE0 I N  OETERMINING THE IMPACTS I N  THE REMAINDER OF 
C THIS CODE. INCORPORATED ARE 85 RAOIONUCLIDES, 10 BODY ORGANS 
C AND 7 MAJOR EXPOSURE PATHUAYS. SEE APPENDIX 0. 
Cl.....t+...t.tt*t..*+**..*..*.+.***+*+.***~....**+..*.**.**..**+.*** 

SUBROUTINE DOSE 

C 
CHARACTER IPA9'6, IPA1*6.IPA5*6 
INCLUDE ' IMPCOMkFOR' 
COMMON/UPTK/Vl .VZ.S1.52,2 .R I .R ,CY .D ,F2 .F3, F 5  .F7 .F8 ,F8P. 

DO 40 11.1.85 
PTP=FZ+F3*( FF ( IN ,  2)'F 5+FF ( I N, 3)*F7*365. ) 
PT=PTP*FF( IN.1) 
FT=FB*FF ( I N .2)*F5+FBP*FF( I N, 3)*F7*365.+Fl l  
F 1  LN=FF ( I N  .4)*F13+FF ( I N ,5) *F13P 
V=V l  
I F (  NUC( I N )  .EO. IPA9)V=V2  
I F  (NUC (I N ) .EO. I P A l  ) V=V2 
IF(NUC(1N) .EQ.IPAS)V=V2 
01 =86400.*V/ (52.2) 
D2=86400.*R*V/Sl 
Y 1  -RI/ (52.2) 
Y2=R*RI /S1 
DO 40 I0=1.10 
A I  =F18*( F 1 4 q  FlS*OCF( 1N , IO,Z)+OCF ( IN ,  IO .5) )+DCF ( IN. 10.4) ) 
PDCF(IN,10,1)~F15*DcF(1N,1~.2)+DCF( IN.lO.S)+Al*Ol 

PDCF( IN.I0,2)=F15*0CF( IN.  IO.Z)+OCF( IN. I0.5)+0.242*A1*01 
PDCF( IN.IO.3)=PtCF( l N , I O , l ) * ( D l ~ P T + ( ~ 2 / C Y ) * P T ~ ~ * ~ ~ ( I ) ( 1 I O . l )  
PDCF ( IN, 10,4)= (PT/D)*DCF ( IN. 10.1 ) 
PDCF( IN,10,5)-DCF(IN,I0.3) 
PDCF ( I N, IO .6)=(Yl+PT+( Y2/CY)*PTP+FT/lODO)*DCF ( I N, IO, 1) + Y l * A l  
PDCF( IN .  IO. 7)8PDcF( IN.  10.6)+(F12N/1000)*OCF( IN.  IO. 1 ) 
00 20 J91.7 

+ F11.F13,F13P.F14.F15.F18.FF(85.5).DCF(85.10.5) 
DATA IPA9.  IPA l . IPAS/ ' I -129  ' .'I-131 ' '1-125 ' /  

$ 

20 PDCF(IN.IO.J)*PDCF( IN.IO.J)*l.E+12 
40 CONTINUE 

RETURN _ _  
EM) 

C 
C**.*..tt...t..t*..*...*+++..**...******.**..+**..~....+.*.*...*.. 

C 

C 
ct.t*.tt.......ttt..**.*+..*..*.*.******...**e....*o*.*.*..*eo.*~r...* 

C THIS  SUBROUTINE ACCOUNTS FOR THE POSSIBLE D I V I S I O N  OF A WASTE 
STREAM INTO SUB-STREAMS (MAXIMUM OF 3 )  RASED ON SELECTED YASTE 

SUBROUTINE SPLICE 

.C 
c SORTING o p r i o r i s  AT A MUNICIPAL WASTE INCINERATOR. I T  ALSO * 
C CALLS SUBROUTINES TO CALCULATE INCINERATION AND SORTIt!G/ . 
C RECOVERY IMPACTS. AND ANY IMPACTS ASSOCIATED WITH RECYCLED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

1 

INCLUDE '1MPCOMM.FOR' 
IS lx .1  

C 
C DO METAL PACKAGE RECYCLING 

IF( ISPC( ISTP,3).NE.l.OR.rSPC( ISTR,4).EQ.O)GO TO 20 
CALL RECYCL(~STR.O..O..O..l) 

c .  
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IMPACTS (Continued) 

I 2 = I S P C (  I S W . 5 )  

16. I SPC( ISTR.  12) 
' , IF(IZ.EO.1)RETURN 

1 7 = 1 S P C ( I S T R . l 3 j  
I B = I S P C (  ISTR.  14) 
I 9 = I S P C  ( ISTR, IS) 
IF(IZ.GT.3)GO TO 30 

C 
C SECTION BELOW FOR INCINERATE/OIS?OSE AN0 SORTING O P T I O N  1 
C 

2 4  

c 
C 
C 

30 

32 

34 

C 
C 
C 

,36 

C 
C 
C 

C 
C 
C 

40 

C 
C 
C 

CALL I N C I M P ( I l . I 2 . I S  
YRFa2.0 
IF ( IO.EO. l )URF=OSltR 
BAS(  I STR, 1 )=BAS(  I S T R  
BAS( I S T R  .2) -0.89. 
BAS(  I STR .3)=BAS(  1 STR 
DO 2 4  J58.92 
BAS ( I S T R  .J )=BAS( I STR 
I S P C (  ISTR,  1) = 3  
ISPC ( I STR . 2 ) = 1  
I SPC ( I STR ,3) =O 
I S P C  ( I STR , 5 ) = 1  
RETURN 

8TR) 

I S T R  . 2 )  

SECTION BELOW FOR SORTING OPTION 2 

A1=(0.9S'16+0.05*17+O.0Sa 
A2= ( 0.0Se16+0 .05'I7+0.10* 
A3=BAS( ISTR,  1) 
NSTR=NSTR+l 
DO 32 5-1.92 
BAS (NSTR, J ) = B A S (  1STR.J) 
00 34 J.1.15 

BASN( NSTR ) =BASN ( I STR ) 
I SPC(NSTR .J )=ISPC ( ISTR ,J 

'I8tO. 
18+0. 

RESIDUE SECTION 

BAS( ISTR,  l ) = B A S (  I S T R  ,1)/9.40 
BASf ISTR.21=.89  ' 

10'19) 
90*19) 

BAS( I S T R  ; 3 j = B A S (  I S T R . l  ) /BAS(  I S T R  .2) 
DO 36 5.8.92 

I S P C (  I S T R  .3)=0 
I SPC( ISTR.  5 ) = 1  
IF(I2.EO.S) GO TO 40 

DISCARD MATERIAL SECTION 

BAS(  NSTR . l ) a B A S (  NSTR, 1)'( 1 .-A1 ), 
BAS(NSTR.2)=0.62 
B A S ( ~ S T R . 3 ) = B A S ( N S T R . l ~ / E A S f N S T R ~ 2 ~  
BAS (NSTR .6) EO. 
BAS[ NSTR -71-0. 
isPf(isii,i )ii 
I SPC( NSTR . 2 ) = 2  
I SPC(NSTR, 3 ) = 0  
I S P C (  NSTR . 5 ) = 1  
RETURN . .  

SECTION BELOW FOR SORTING OPTlOI l  3 

BAS( NSTR, I )=BAS(NSTR,  1 ) * A 2  
BAS( NSTR.2) =0.84 
BAS(  NSTR,3)=BAS( NSTR, 1 ) /BAS(  NSTR.2) 
BAS( NSTR ,6) =O. 
BAS(  NSTR .7 )=0.  
I S P C  (NSTR , 1 ) =  1 
I SPC( NSTR, 2 ) = 2  
I S P C (  NSTR , 3 ) = 0  
I SPC( NSTR .S) 8 1 

RECYCLE OF SCRAP F E l A L  AND GLAS5 
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Ir9PACTS (Continued) 6400 a'' -. 

IF( 17.E0.0.AXO.IB.EQ.O)RETURN 

A5=.9*17*.85'13 
UT 1 = .9*A4* I 7.'.\5 
YT2=A4-UTl 
CALL RECVCL( 1 STR .UT1 .UT2 ,A3.2) 
RETURN 
EN0 

A4.A3*(1.-Al-A2) 

C 

C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUT I NE I XC IMP ( I 1.12. I STR) 
c 

C THIS  SUBROUTINE CALCULATES THE IMPACTS ASSOCIATED YITH THE 
C INCINERATIOK OF YASTE STREAMS. IMPACTS ARE CALCULATED FOR 
C 
C POPULATION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BOTH FACILITY YORKERS AN0 HEMBERS OF THE SURROUNDING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
'C 

C 
C 
C 

C 
C 
C 

INCLUDE '1MPCCMM.FOR' 
OIMENSION 0Tl(lO),QT3(10)'.QTS(lO) 

BIMP(7) -.OFFSITE POPULATION - INCINERATION IMPACTS 
BIMP(8) - MXIMUM INDIVIDUAL - INCINERATION IMPACTS 
BIt4P(9) - ALL YORKERS - INCINERATION IMPACTS 
BIMP(10) - MAXIMUM YORKER - INCINERATION IMPACTS ' 

IF ( I2 .EO. 1)RENRN 
14.1 SPC( ISTR.l) 
FOS.1.0 
IF( 14.LT.3)FOS*lO.**( 14-3) 
14.1 SPC ( I STR.2) 
FAC=~.O' 
IF( 14.GT.l)FXC~lO.**(1-14) . 

SUM THE GENERIC IMPACT CONSTANTS 
CALL ZERO(OTl.10) 
CALL ZERO(QT3.10) 
CALL ZERO(QTS.10) 
00 14 5.1.85 
IF(NUX(J).EQ.O)W TO 14 
Al=FRACT( J .2) 
1 F ( I 1 .EQ. 1. OR. I1 .GT. 3)Al=FRACT (J , ,1) 

10 00-12 I=1,10 
QT1 (I )=QTl( I)tBAS(ISTR ,J*7)*POCF( J, I .l) 
QT3( I)=QT3( [)+BAS( ISTR ,J*7)'PDcF(J, I ,3)*A1 

12 QT5(I)=QT5(I)*BAS(ISTR,J*7)*POCF(J.I.S) 

SUBSTRACT AIRBORNE RELEASE FRACTION 

BAS( I STR , Jt7)=BAS ( ISTR .J*7)*( 1. -A1 ) 
14 CONTINUE f 

START OFF-SITE IMPACT CALCULATIONS 

DO 20 1.1.10 
A1.013 ( I )*BAS (I SfR, 1) 
BIMP( I ,7)=81!4P I .7)tAl*POP( IR) 

IF(I1.EQ.l)RENRN 
20 B w (  I .a) =BIwI I .a)+Ai*Xoo1( 11 )*Eon (11) : 

START UORKEZ IMPACT CALCULATIONS 

A1=0.237*BAS ( I STR, 1 )/VI NC ( 11) 
AOSL=Al*TYI (I l.l)*FOS 
AOSM=Al*TUI !I1,2)*FOS 
AOSHRH=Al*TilI( 11.3) 
AOSHML*Al*TCI( 11.3)*0.5*(1.*FO 
Al=Al*FAC*l.S/OENl( 11) 
AOGL=Al*OOFF( 30.) 
AOOI=Al*OOFi( 10. ) 
AOGH=AlgOOFF: 1. ) 

A1=0.237*BAS ( I STR, 1 )/VI NC ( 11) 
AOSL=Al*TYI (I l.l)*FOS 
AOSM=Al*TUI !I1,2)*FOS 
AOSHRH=Al*TilI( 11.3) 
AOSHML*Al*TCI (I 1.3)*0.5'(1.*FOS) 
Al=Al*FAC*l.S/OENl( 11) 
AOGL=Al*OOFF( 30.) 
AOOI=Al*OOFi( 10. ) 
AOGH=AlgOOFF: 1. ) 
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IMPACTS (Continued) 

C 
C 
C 

22 

24 

.SELECT THE MAXIMUM YORKER 

A7=AHAXl(Al .AZ.A3,A4.AS.A6) 
IF(A7.GT.BIMP(I .lO))BIMP( I ,10)*A7 
GO TO (30.22.22.24.24),11 
OUM=Z.*A1*2.*A2*8.*A3+6.*A4+4.*ASt8.*A6 
IF ( I2.EQ. 3)OUM=OUH+2 .*A3*A4 
IF( 12;EQ.4 )OUM=OUM*3 .*A3*A4+A6 
IF ( 12.EQ.5)0UM=OUM+2 .*A2*4 .*A3+2. *A4+2 .*A6 
to TO 26 
MlM=6.*Alt2.*A2*4.*A3*2.*A4+2.*AS*2.+A6 

C..**..t*t..t*.t*...***+***~**********************~****~***~*tt**TtT 

C THIS SUBROUTINE CALCULATES IMPACTS RESULTING FROM RECYCLE 
C OF CONTAnINATED MATERIALS. THERE ARE AT PRESENT 3 RECYCLE 
C SCENARIOS CONSIOERED: RECYCLE OF METAL CONTAINERS; RECYCLE 
C OF THE METAL FRACTION OF THE YASTE STREAM COMPOSITION; AN0 
C RECYCLE OF THE GLASS FRACTION. T 

C 
Ct*t. . . . t t t t t . . t t t* .*******************T*+-t******~*****~*t*T*~*~T 

IMLUOE ' IMPCO1M.FOR' 
DIMENSION RI (85) ,RP(85) 
DATA RI/Z. 13E-05,3~41E-07.7.15E-02.1~96E-03.2~85E-04~ 1 -92E-04. 

+ 8.17E-04,2.95E-04,6.57E-02,1 eO7E-01 J.20E-02.7.30E-07 * 
' +  2.60E-02.3.95E-03,1.80E-02.8.20E-02 1.53E-06 s3.80E-06 s 

1 .40E-02, 1 .22E-02,2.03E-03, 1 7lE-02.1 15E-04.6.25E-04 * 
+ 5.60E-02.5.10E-02,l .83E-04.1.26E-03,4.63E-07 n4.08E-03. 
+ 8~50E-03,6.10E-03,4.8OE-O2,8~B9E-O2,8~98E-O4~8~36E-O3~ 
+ 6~50E-02.5~9lE-02,3~SlE-O4~l~40E-O3~9~BOE~O5~6~S6E~O4~ 

+ 5~47E-04,1~54E-03.1~91E-03~3~72E-02.1~01E~02~8~24E~03~ 
1~13E-Ols6.56E+00, 2.59E-02 I 2.99E+00 I 1.34E+00.5.89E*00. 
8.92E-01.9.97E-02,8.54E-02.1 A7E-01 m1.13E-01.1 A3E-01 , 
8.80E-04.2.7 lE-03,9.57E-02,1.62E -03.9.17E-01.1 23E-01 , 

+ 1.17E-01,1~10E-01,1~10E-01.1~19E-06.1~04E-01~1~09E*00~ 
+ 9.00E-02.9~21E-01.1~30E-Ol,4~92E-Ol.1~24E-01~1~08E-O1~ 
+ 4 %E-03/ 
DATA RP/2.95E+00~7~80E-01,1~23Et03~1~83E*01~2~66E+OO~l~89E+00~ 

2.26E+02.3.52E+00 ,2. 77E+02.4.27E+00,1.31E+02 .S -69E-01, 
... 6.93E+00.2.61E+Ol.l .00E+01, 2.61E+03.4.66E*00.1.04E-01~ 

6.52E+01,5.59E+01, 1.89E*01.6.98E*01.6.39E-02.1.25E*02, 

+ 

+ * 4~60E-02.2~40E-04.7~02E-O2,1~90E-O2,8~8lE-O4~7~38~-02~ 

+ 
+ 
+ 

- .  
2.48E+01.6.13E+03.1.71E*00.1.18E*01.1.87E+00,1.64E*0l, 
2.22E+00,4.38E+Ol.l.46E+03.5.67E+02,8.42~90,3.77~91, 
7.81E~03.2.41E+02.1.45E+O1,~.71E*00.1.18E+01.6.11E~O, 
6 .OlE+O2 .6.50E+01,2.82E+02.2.10E+O3 .8.21E+001 2.96E*02, 
S.OBE*OO, 1.11E*01.2.70E92.2.57E+03,4.05~*01,8.15E+00. 

1.38E+03.9.35E+00.8.00E+00.2.42E*02.9.25E*00,9.59E+00, 
6.24E*00.9.44E*02.8.95E~00,2.32~~02,1.54E*03,1.77E*00. 

1.02E+00/ 

4.21E-01.3.38E+02,3.97E*Ol .1.50E+03.1.35E*03,9.96E+O2, 

9.81E*00,1~03E+O1,1.03E+01.9.51E-04.9.68E*00,1~68E*03. 
l.36E*0ZB 1 .42E+03,3.67E-01,5.65E+02,6.94E+OO. 9.96Et00. 

DATA PAKF .FIND .FPOP ,OI SF/1. E-3 .OB 33-0.46 .O. 9738/ e 

YnET,YGLS/857..90./ 
101 FORMAT(/ZX'METAL PACKAGE RECYCLE IMPACTS'3X'HAXI)(D ='  

-1PE9.2' MREM/YR'/34X'POPULN g'E9.2' PERSON-MREl4/3OYRS') 
102 FORMAT(/2X'HETAL MATERIAL RECYCLE IMPACTS'ZX'MAXIM) = ' .  
103 FORMAT(/2X'GLASS MATERIAL RECYCLE IMPACTS'ZX'MXIND 0' 

'1PE9.2' mEM/YR'/34X'POPULN a'E9.2' PERSON-MREM/3OYRS') 

*1PE9.2' HREM/YR'/34X'POPULN m'E9.2' PERSON-HREM/30VRS') 
If(NX.NE.1)GO TO 20 
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IMPACTS (Continued) 

C 

C 
' C  METAL PACKAGE RECYCLE 

1P= ISPC( I STR, 5 )  
IF( IP.NE.l)FCORR=l. /ISPC( I S T R ,  10) 
IF ( IP.EQ. 1 )FCORR= 1. /IsPC( ISTR.  11 ) 
A1.0. 
A2.0. 
DO 10 191.85 
IF(NUX(I).EQ.O)W TO 10 
Al=Al+BAS( I S T R ,  I +7)*RI ( I ) 
A2=A2+@AS( ISTR.I+7)'RP( I) 

A3=O.Ol'ISPC(ISTR.4)'PAKF~BAS(ISTR,l)/O.C~09 
Al=FINO*FCORR*A3'Al 
A2=FPOP*A3*A2 
HRITE(6,lOl) A1.A2 
RETURN 

10 CONTINUE 

C 
C METAL FRACTION RECYCLE 
C 

20 A1-0. 
A 2 4 -  - -  
DO 3 0  1.1.85 

Al=Al+BAS(NSTR. 1+7)'RI (1 )  
, IF(NUX(I).EQ.O)GO TO 3 0  

A2=AZ+BAS(NSTR. I+7)*RP( I) 

A1.F INDCdT1*A1/( 0.0009*ISPC( 1.10) ) 
A2=FPOP*YTl*A2/0.0009 
YRITE(6.102) A1.A2 

3 0  CONTINUE 

C 
C GLASS FRACTION RECYCLE 
C 

FCORR=UT2/(ISPC(l .lO)'WGLS) 
A14. 
A3.O. 
DO 40 1.1.85 
IF(NUX(I).EQ.O)GO TO 40 
Al=Al+BAS(NSTR.I+7)*POCF( I .4.5) 
I =E XH( AL ( I ) ) 
X=EXM(AL(I )*30.) 
2-1.0 
IF( Y .NE -1. ) Za( 1. -X)/( 30.q 1 . -Y) ) 
A3*A3+Z'BAS(NSTR. It7)'PDCF( I ,4.5) 

A2=0.3*DISF'1.6*.6936 
Al=FCORR*A2*A1*.0228 
A3=FCORR*A2*A3*ISPC( 1,10)+52. 
URITE(6.103) A1.A3 
RETURN 
END 

40 CONTINUE 

C 
~*...C....~........tt......u.t~.......tt..~..t.t....tt~..~tt.. 

C 

, c  
~..................t.tt.t..........tt............*....*....*. 

C THIS SUBROUTINE CALCULATES THE INADVERTA'fT INTRUDER IMPACTS 
C FOR THE CONSTRUCTION AND AGRICULTURE SCEMRIOS. 
~..~...+....u.t..tttt.t.t..ttt.t..............~**...*.....*.*.*..~... 

SUBROUTINE INTIMP 

C' 

C 
C 
C BIMP(2) - INTRUDER-AGRICULTURE IMPACTS 
c 

INCLUDE '1MPCOMM.FOR' . .  
DATA CONST/2.51E-5/ 

BIMP( 1) - INTRUDER-CONSTRUCTION .IMPACTS 

00 60 ISTR-1,NSTR 
FDS=EHP! IO)*BAS( I STR, l)/VANN( IO) 
A9.1 .o 
GDE L= I I NS 
DO 50 I:iUC=1,85 
IF(NUX(:NUC).EO.O)GO TO 50 . , 

Al*FOS*A9'SAS( ISTR,INUC+7) ' 

, IF( IQ.EO.l)FDS=FOS~SEFF( IO) 
IF ( I SPC( I STR ,z) .cr : 1 ~9.0.1 

CALL CHNS( INUC .GDE L., IEN. IBG.:lCH) 
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I MPACTS I ( Con t i nued ) 

12 

1 4  

00 40 1=1.10 
CALL CALI ( I N N ,  I .Cl .C2.C3 ,C4. IEN. 1BG.NCH) 
A 2 4 1  
BS=RMIX( IQ)*Al*A2*0.27 
B2=Al*A2*0.057 
Bl=AI*FSC(IR)'CZ 
B3=RMIX( IQ)*Al*FSA( IR)*C3 
B~ERMIX(IQ)*O.~*A~*C~ 
BIMP(I.l)=BIMP( I,l)+Bl+B2 

40 B I H P ( 1 . 2 ) ~ B I C P ( 1 . 2 ) + 9 3 * 8 4 * 8 5  
50 CONTIfIUE 

Al=AL(SI)'IINS 
AZ=AL(62)*I INS 
RAO=@AS ( I STR .64)*EXK( A1 ) 
I F ( A l ~ ~ E ~ A 2 ) R A O ~ R A O + B A S ( I S T R , 6 9 ) * A l * ( E X M ( ~ l ) - f X M ( A 2 ) ) / ( A 2 - A 1 )  
RAO=RAO*FOS*CONST 
00 55 1-1.10 

5 5  BIHP(1,2)=BIRP(I .2)+?AO*POCF(56.1.2) 
60 CONTINUE 

RETURN 
EN0 

C 

C 
Cttt .* . .* . t t t*ttt*******************************************+***.**  
C 

C 
C~.t.t*~tt~~~~**.~t~******~****~*********~******~********************~ 

C THIS  SUBROUTINE CALCULATES THE IMPACTS F R W  THE INTRUDER- * 
C INITIATE0 AN0 EROSION INITIATEO EXPOSE0 YASTE SCENARIOS. 
C*t*t..ttt.**..t**.**********************************************+~*+* 

C 

SUBROUTINE EXPUAS 

25  
3 0  
40 

INCLUDE '1MPCOMH.FOR' 
COMMON/CHVN/NXUC(B5) .ICH(8.10) ,LCH(10) ,ACT(B) .BCT(8.2) 

BIMP(3) - INTRUDER-AIR IMI?ACTS 
BIMP(4) - EROSION-AIR IMPACTS 
BIHP(5) - INTRUDER-WATER IMPACTS 
BIMP(6) - EROSION-YATER IMPACTS 

GREC=lINS 
GEROO=GERO( IQ) 
AREC=l.BEt3*RMI X (  IQ)*EMP( 11)) 
IF( IQ.EO.l)AREC*AREC*SEFF( IO) 
AERO=ILFE*VANN( IQ)/(EMP( IQ)*EFF( IQ)) 
FRA=19.75*EREC( IR)*PbP( lR)*AREC 
FEA=19.75*EERO( IR)*POPE (IR)*AERO 

00 40 ISTR=l.NSTR 
19. ISPC( ISTR .2) 

FRWal.15E-4*POPW( IR)*AREC 
FEY*l.15E-4*POPN( IR)*AERO 

A9.1.0 
IF( 19.GT.l) A9=10.**(1-19) 
AZ=BAS(ISTR.I )/VANN( 101 

C A ~ L  CHNS(INUC;GREC. 
DO 12 1.1.8 
BCT( I.l)!ACT( I )  
CALL CHNS( INUC.GER00 
00 14 1.1.8 
BCT( I,Z)=ACT( I )  
A8=BAS( ISTR ,I NUCt7) 

. .  
DO 30 tNUC=l.ES 
IF(NUX(INUC).EO.O)GO TO 3 0  
CALL CHNS( INUC .GREC. IEN. IBG,NCH) 
00 12 1.1.8 

1 ,  I EN, IBG, NCH) 
Bcrii .i)Jicr(i 
CALL CHNS( INUC.GER00 
00 14 1.1.8 
BCT( I,Z)=ACT( I )  
A8=BAS( ISTR ,I NUCt7) 
BI=FRA*AZ*AB*A9 
B2=FEA*A2*AB 
83=FRU*AZ*AB*A9 
B4=FEU*AZ*A8 

CALL CALE( INUC. IORG.Cl .C2.C3,C4. IEN, IBG,NCH) 
B IMP ( IORG, 3) =B IHP( I OPG. 3)*B1 *C1 
BIMP( IORC,4)=81MP( ICRG,4)+82*C2 
B IMP ( I ORC ,5) =B IMP ( I ODC, 5 )  +83*C 3 
BIMP( IORG.6)=8IfIP( IWG,6)*84*C4 
CONTI'IUE 
COfiTIYUE 
CONTI RUE 
RE TI 1 1 1  tI 
EN0 

DO 25 1 0 ~ ~ ~ 1 . 1 0  
' 

t 
. . '  
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IMPACTS (Continued) 6400 . : ,  

C THIS SUBROUTISE CALCULATES THE ON-SITE Ah0 OFF-SITE IMPACTS 
C ASSOCIATED l i l T H  DISPOSAL OPERATIONS. 
~*****.....*****.*..9***********************.************************* 

C 

C 
C 
C BIHP(1Z) - M A l l f l U M  OFFSITE INOIVIOUAL - OPERATIONAL IKPACTS 
C BIMP(13) - ALL 'AORKERS - OPERATIONAL IMPACTS 
C BIMP(14) - PAXIHUM YORKER - OPERATIONAL IMPACTS 
C 

C 
C START CALCULATION OF OFF-SITE lELEASES FROM ON-SITE FACILITY 
C 

INCLUDE '1MPCC.W.FOR' 

BIMP(11) - OFFSITE POPULATION - OPERATIONAL IMPACTS 

GO TO (10.20.20.30.30),1Q 

10 OIAM=SQRT(AOAY (10, 1)/3.1415927) 
DO 16 ISTR=l,NSTR 
I5=ISPC( ISTR, 1) 
FOS=l. 

IF( IQ.EO.3)FOS=( l.*FOS)/2. 
Al=FOS*EMP( 1)*0.237*TY0( 1,3)*UVEL( 1R)*Z.'OIAM'3. 
A2=Al*BAS (1 STR, 1)*3.15€*7/VANN( 1) 
DO 14 I=1.10 
A3.0. 
00 12 J.1.85 
IF ( NUX (J ) .EQ .1 )A3=A3+BAS( I STR .J*7 )+PDCF( J , I, 3 )  

BIMP ( I, 11)4IMP( I, 11 )+A2*A3*POP( IR) 

I F ( I 5. LT -3 ) FOS. 10. ** ( I 5- 3) . 

12 CONTINUE 

14 BIMP(I.12)=BIMP(I.12)+A2*A3*XOQO(1Q)*EOFO(IQ) 
16 CONTINUE 

RETURN 
C 
C START MUNICIPAL YASTE FACILITY IMPACTS 
C 

20 OPOP=SQRT(AOAY( IQ,1)/3.1415927) 
OEQP=SQRT(ADAY( IQ.2)/3.1415927) 
OOTH=SQRT(AOAY( IQ.3)/3.1415927) 
00 26 ISTR~1,NSTR 
I S-ISPC( ISTR.l) 
FDS.1. 

19. I SPC( I STR ,2) 
FAC.1. 

AS1-FDS'EMP (IQ)*0.237*BAS( ISTR, l)/VANN( 10) 
AS2=ASl*TYO( IQ,3)'YVEL( IR)*2.'OPOP+9.45E*I 
AGl=ASl*( FAC/FDS)*1.6/OEN2( IO) 
00 24 1.1.10 
A1.0. 
A2-0. 
A3-0. 
A5.O. 
DO 22 J-1.85 
IF(NUX(J).EQ.O)M TO 22 
Al=Al*BAS( ISTR.J*7)*POCF(J .I .l) 
A2=A2*BAS ( I STR , J *7 ) 'POCF (J , I, 3) *F RACT (J ,3) 
A3=A3*BAS( ISX.J*7)*POCF( J, I , 3 )  
AS=AS*BAS( ISTR.J*7 )*POCF (J ,I .5) 

IF(IS.LT.3)FOS~lO.**(I5-3) ' 

IF( 19.GT.l)FAC~10.'*(1-19) 

22 CONTINUE 
C 
C OFF-SITE RELEASES 
C 

BlMP(I.11)~Bl~P(I.l1)*AS2*A3*POP(IR) . 
IF ( 10. EO. 3 )B: '4P ( I, 11 ) =B IMP ( I, 11 )*BAS( 1577.1 )*AZ*POP( 12) 
BIMP( I .l2)=8iYP(I,l2)*AS2*A3*XOQO( IQ)*EOFO( IO) 
IF( IQ.EQ.3)B:"P( I .12)=BIMP( I ,12)*RAS( ISTR.l)*AZ*XOl)O( 10)*.119 

C 
C YORKER EXPOS'JRES 
C 
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26 

C 
C 
C 

3 0  

C 
, '  c 

C 

.. IMPACTS (Continued) 

ADSL=ASl*TUO( W.1) 
AOR=ASl*TUO( 1C.2) 
AOSH=ASl*TUO( IQ.3) 
AOGL=ACl*OOFF ( 50. ) 'COFF ( SO. .OOTH ) 
AOGM=AGl*OOFF( 30.)*COFF( 30. .OOTH) ' 

AOGH=AG1*OOFF ( 1. )'COFF ( 1. .OEQP) 

IF( I~.EQ.3)ACOV-0.25*AGl*OEN2( IQ)/OEN2(2) 
BZ=Al*AOSL+AS*( AOGM+ACOV) 
B4=Al*AOSM*A5' (ADGM*ACOV ) 
B6=Al*ADSH*AS*(ADGH*ACOV) 
B7=2.*92+4.*B4+2.*B6 
IF ( IQ.E~.2)B7=2.*B2*5.'B4+3.*B6 
BIMP( I .13)=BIM?( I .13)+87/10. 
BIMP( I ,14)=BIMP(I ,14)+B7/10. 
CON1 I NU€ 

ACOV=6.26E-Z*AGl 

c0NTiN;E 
RETURN 

START HAZAROOUS UASTE FACILITY IMPACTS 

OPOP=SQRT(AOAY (IQ, 1) /3.1415927) 
OEQP=SQRT ( AOAY ( 10.2) /3.1415927) 
OOTH=SQRT ( AOAY ( IQ, 3) /3.1415927) 
00 38 ISTR=l,NSlR 
IS= ISPC( ISTR .1) 
FOS=l. 
IF( IS.LT.3)FOS~lO.**( 15-3) 
19.1 SPC( ISTR..Z) 
FAC.1- 
IF 7 I 9; GT .I F AC = io .*e( 1 -I 9) 
AS1 =FDS*EMP ( IQ) '0.237'8AS ( I STR, 1) /VANN ( IO) 
ASZ=ASl*EFAC( IR)*AOAY ( IQ ,2)*3.1SE+1 
AS3=ASl*EFAC( IR)*AOAY ( IQ.2)/(2.*0POP*3.E+6.YVEL( IR)'OENZ( IO) ) 
AGl=ASl*(FAC/FOS)*l.6/OENZ( IO) 

AX2=AX1*1.24BeAXOQ( IR) 
W 36 I=1.10 
Al.0. 
A2.0. 
A3.0. 
AS-0. 
DO 32 J=1.85 
IF(NUX(J) .EQ.O)GO TO 32 
AI=Al*BAS( I STR .J+7) *POCF (J 
A2=A2*BAS( ISTR.J*7)*POCF(J 
A3=A3+BAS( ISTR.J*7 )*POCF(J 

AXl=BAS( ISTR,2)*2.6E-ll*FOS*ISPC ( ISTR ,111 

. AS=AS*BAS( ISTRiJ+7 j*PDCF (J; I IS) 

D I AM-OEQP 
IF ( I SPC( I S T R  ,3) .NE .O)OIAM=OOTH 
AffiL=AGl*OOFF (50.)*COFF( 50. .DIM) ' 

AOGM=AGl*OOFF ( 30. ) *COFF ( 30. .DI AM) 
AOGH=AGl*OOFF ( l.)*COFF ( 1. ,DIM) 

IF(ISPC(ISTR,3).NE.O)W TO 3 4  

. 

3 2  CONTINUE 

ACOV.2.49E -2'AGl 

SECTION BELGU FOR UNPACKAGEO UASTE 

C 
C 
C 

34 

BIMP(I.ll)=BIMP( I,ll)*AS2*A3*POP(IR) 
B IMP ( I ,12) =BIMP ( I .12) *AS2'A3*XOQO( IQ) *EOFO( IQ) 
AOSLxAS3 i 
Bl=Al*AOSL*AS*(ADGL+ACOV) 
82=Al*AOSL+AS*( AOGM*ACOV) 
B3=Al*AOSL+AS* ( AOGH+ACOV) 
B4=AMAX1 (el .B2.B3) 
BlMP( 1,13)=BIMP( I .13)+14.*B1*15.*B2*29.*B3 
8IMP( I ,14)=BIMP( 1.14)+84 
GO TO 36 

SECTION BELOY FOR PACKAGE0 UASTE 

91MP( I, 12)  4 I N P  ( I, 12)*AX2*A2 

81 =AZ*AOSL*AS*( AOGL*ACOV ) 
92=A2*AOSL+AS*( AOOI+ACOV) 
B3*AZ'AOSL + A S * !  AOGH+ACOV ) 
34=AMAXl(B1.92.B3) 

XoSL*XX1 
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IMPACTS (Continued) 6400 . ..'- 
BIHP( I .13)=8IMP( I, 13)*1~..81*15..82*29..83 
BIRP(I.14)~BI~(I.l4)*B1 . 

36 CONTINUE 
38 CONTINUE 

RETURN 
END 

C 
C......................4........~..*.....4.*............*.*.*. 

C 

C 

C 
C CROUNDUATE? MIG7ATION OF iAOIOACTIVITY TO THREE BIOTA ACCESS 

SUBROUTINE GUATER (NTYM .TYYD) 

C............t..........+............*..+...*.*......*....~*~+.*.*...~ 

THIS SUBROUTINE CALCULATES THE IMPACTS RESULTING FROM 

C LOCATIONS (INTRUDER-UELL, POPULATION-UELL AN0 SURFACE UATER). 

C 
C..........................~.......+...+...............~...~~..*+....+ 

INCLUDE ' 1flPCOMM.FOR' 
DIflENSIOY TY!!D( 16).RES(16.3) 
GDEL=IINS 

TVOL= ILFE*VANN( IQ)*PR 
IF(TVOL.LT.7700.)TVOL=7700. 
NPTH-3 
IF(IR.EQ.3)NPTH=2 
DO 90 ISTR=l.NSTR 
A9.1.0 
IF( IsPC( I S T R  .2) .GT. 1 )A9=0.1 
I 1 =NRE T ( I R ) -1 
lDUM=EMP( IQ)*EFF( IQ)*SEFF (10) /(PERC*A9) 
IF( I l.LE.O) 11.1 
DO 80 INUC=1,85 
IF(NUX(INUC).EQ.O)GO TO BO 

TDUR=TOUM/FMF( INUC) 

CALL ZERO(RES .3'16) 
DO 30 IPTH=1.3 
Al=RET( INUC.1 l)*TTM( IR. IPTH, IQ)+GOEL 
00 20 ITYM=l.NTYM 
TYM=TYMO( ITYM) 
A2=TYIIOIITYMl-ltlUR 

IF(BAS(ISTR.IMIC*7).LT.l.E-l4)GO TO 80 

C 

[ISEC-l)*OTfM( IR 
TO 20 

. _  
DO 10 IZEC=1:10 
B3=1.O/(Al*RET( INUC.Il)*I 
IF(TYM'l.l*B3.LT.l.O) GO . - 

A3=O.S*ERFS(B3*TYM.B4) 
B4~TPC(IR.IPTH,I~)+(ISEC-l)~OTPC(IR~ IQ) 

IF(A2.GT.O.O)A3~A3-0.5.ERFS(83'A2.84) . .  
IF(A3.LT.O.O)A3=O.O 

1 0  RES(ITYR.IPTH)=RES( ITYM,IPTH)*A3 
20 CONTINUE 
3 0  CONTINUE 

t 
Bl=BAS( I STR, l)*BAS( I S T R ,  IWC+7)/TOUR 

. DO 70 IPTH=l,NPTH 

IF(TVOL .GT .a 
1286 
IF( IPTH.E0.3)12=7 
00 60 ITYH*l.NTYM 
A3=EXM(AL( INUC)*TYHD( ITY!4)) 
00 50 1.1.10 
A 4 ~ A 3 ~ R E S ( I T Y M . l P T H ) * B 2 ~ ? ~ C F ( I N U C .  

50 BIMP(I.K*ITY~)~BIHP(I,K+I~Y~)*A4 
60 CONTINUE 
70 CO3TINUE 
80 CON1 NUE 
90 C O N T L  

RETURN . 
E NO 

C 
~.........................................O.O.......~*.~O*....* 

C 

C 
SUBROUTINE OVRFLO 

. .  
' ,  

f 
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IMPACTS (Continued) 

~******t**t*.*********.**t***~**t***~~*t*****tt*t****t**t**t***~**~* 

C T H I S  ROUTINE CALClJLATES AND P R I W S  RADIOLOGICAL IMPACTS ' 

C FOR THREE SCENARIOS WHICH MAY !7ESULT FROM LEACHATE ACCUMU- 
C L A T I O N  AT A DISPOSAL F A C I L I T Y :  
C 1) DURING OPERATION OF THE F A C I L I T Y .  ACCUMULATING LEACHATE 
C IS REMOVED, TREATED. AN0 RELEASED TO A NEARBY STREAM.. 
C 2) AFTER CLOSURE. ACCUMULATING LEACHATE IS ALLOYED TO FILL 
C UP THE DISPOSAL CELLS. OVERFLOW. AND REACH A NEARBY STREAM' 
C 3) AFTER CLOSURE, ACCUMULATING LEACHATE IS REMOVED AND 
C PROCESSED THROUGH AN EVAPORATOR, THUS IMPACTING THE LOCAL 
C POPULATIQN. . *  
~***t**t**tttt*t**t*t*~.t*t*t***~*t***t~******~tt*t*t***ttt.*~~*~**** , 
C 

10 
20 
30 

C 

INCLUDE '1PPCOMM.FOR' 
DIMENSION F l N ( 8 5 ) , F Z N ( 8 5 )  
DATA F lN/85* l . / .F2N/85*1 . /  
GDEL.1 I N S  
VTOT=ILFE*VANN( IQ)  
VL=PRC( IR.IQ)*VTOT/(EMP(IQ)*EFF(IQ)) 
AB=ISPC ( 1,11)*4.5E6 
DO 3 0  ISTR=l .NSTR 
I 9 = I S P C (  I S T R .  2)  
A9.1.0 . 
IF( I9 .GT.1)  A9.0.1 
A4=A9*BAS( I S T R ,  1 )*VL/VANN( IO) 
DO 20 INLiC=1.85 
IF(NUX(INUC).EQ.O)GO TO 20 
A7.1. 
A l = I L F E * ( l . - E X M ( A L (  I N U C ) ) )  
IF(A1.GT.OS)A7=( l.-EXM(AL(INUC)*ILFE))/Al 
AS=A4*A7'BAS( ISTR,INUC+7)*FMF( I N N )  . 
A6=AS*EXM( A L  ( I NUC) 'GDEL) 
A l = A S * F l N  ( I NUC ) * T X  ( I R  , I Q ) / A 8  
A2=A6*F2N(  I NUC)/A8 
A3=A6*FRACT( I NUC.Z)*POP( I R )  
DO 10 I = 1 , 1 0  
BIMP(I,63)=BIMP(I,63)+Al*POCF(INUC.I .7)  
BIMP(I.64)=8IMP(I.64)+A2*POCF(INUC,I .7)  
B I M P (  I ,65)=BIMP(I.65)+A3*POCF(INUC,1.3) 
CONTINUE 
CONTINUE 
RETURN 
E I D  

Ctttt*+tt**t*t*tttt*tt********t****tttttt*ttt***t*t**tt*~ttt*t*t 

C 

C 
~*t**tt*t**tt*t~*ttt**~*ttt*~tt**t*t****tt**t**t~**t*t*t*t~***t*~*ttt* 

C T H I S  ROUTINE IS I D E N T I C A L  I N  LOGIC W I T H  THE ACTOR SUBROUTINE 
C OF THE MILDOS COOE. F I R S T .  THE C H A I N  MEMBERS ARE DETERMINED. 
C THEN THE ACTOR CALCULATIONS ARE APPLIED.  HOYEVER. HERE, DUE 
C TO SUBSTRACTIONS BETWEEN A LARGE AND A SMALL NUMBER. DOUBLE 
C P R E C I S I O N  IS USED TO INCREASE THE ACCURACY OF .THE RESULTS. 

C 

SUBROUTINE CHNS ( 1 NUC .GOEL, I EN, IBG, NCH) 

C t t t * * t t t t + t * t t t t * t t * t t * * * * t t * t t * + t * ~ * * + T t * * t t t ~ * * t * t * t * * t * * * * t * t t * * *  

COMMON/CHYN/NXUC(85) . ICH(8 .10)  .LCH( 10) ,ACT(B) 

REAL'8 Y,Z,DACT(8).HLM(8).EHLM(8) 
/NUCS/AL(85)  .FMF(85) 

C A L L  ZERO(ACT.8) 
IF(NXUC(INUC).NE.O)GO TO 1 2  

10 ACT( l )=EXM(AL( INUC)*GOEL)  
RE TURN . 

12 00 16 NCH=1.10 
If N=LCH( NCH) 
00 14 I B G = l . I E N  
I F (  INUC.EO.ICH( 1BG.NCH))GO TO 1 3  

14 CONTINUE 
16 CONTINUE 

18 IF(IBG.EQ.IEN)GO TO 10 , STOP 'CANT F I N O  XUCLIOE I N  C H A I Y S '  

I E N O = I E N - I B G + l  
- 00 20 I=l.IENO 

J = I C H (  I B G + I - 1  .NCH) 
HLM( I ) =AL (J ) 
Y=HLM( [ ) *GOEL 
2.0. 
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IMPACTS (Continued) 

IF(V.LT.B5.)Z=OE XP(-V) 
20 EHLM(I)=L 

DACT( 1 ) = E  HLM( 1 ) 
DO 60 I=Z.IENO 
v.1.0 
00 30 J.2.1 

30 V=V*ttL#(J) 
OACT( I)=O. 
00 50 K.1.I 
Z=EHLM(K) 
00 40 J.1.1 
I F (  K.NE .J) Z=Z/( HLM( J ) -HLM( K) ) 

40 CONTINUE 

50 CONTINUE 
DACT( I )=DACT( I ) +Z 

DACT( I)=OACT( I ) * Y  
IF (OACT( 1 ) .LT.O. )OACT( I )EO. 

60 CONTINUE 
00 70 I=I.IEND 

70 ACT(I)=OACT(I) 
RE TURN 
END 

C 

C 

C 
C..t.........tt.t...t*t.*tttttt.t*tttt.t+tttt.t*t~*t+..ttt..tt..ttttt.. 

C THIS ROUTINE OBTAINS ME CllC2,C3.C4 COEFFICIENTS USED IN 
C THE INTRUDER IMPACT CALCULATIONS. IF INUC IS NOT A MEMBER 
C OF A CHAIN, THEN ME SECTION BEFORE STATEMENT 15 IS USEO. 
C OTHERYISE ME SECTION AFTER STATEMENT 15 IS USEO. t 
C.t.tt.t..tt.tt.tttt.t...t.+..+++t...t+..t+++t.+.+.+.t+.++mt+.+t....+. 

C 

C..tttt+tttttttt....ttt........ttttt.tT....t.ttttttt.tHt.tttt.lttt.t 

SUBROUTINE CALI (INUC. IP.Cl ,C2,C3.C4.1EN.IBG,NCH) 

INCLUDE ' 1MPCOMM.FOR' 
COMMON/CHYN/NXUC (85). ICH(8.10) .LCH( 10) .ACT(B) 
IF(NXUC (I NUC) .NE .O)GO TO 15 

Cl=Al*POCF( INUC, IP.5) 
CZ=Al*POCF( INUC. IP.2) 
C3=AltPDCF( INUC, IP.3) 
C4=Al.PKF( INUC, IP ,4)*FMF( INUC) 
RETURN 

c1.0. 
c2-0. 
C3=0. 
C4.0. 
00 20 I=l.IENO 

Cl=Cl*ACT( I )*POCF( NN, IP.5) 
C2=C2+ACT( I)*POCF(NN. 1P.Z) 
C3=C3*ACT I )*POCF (NN, IP ,3) 
C4=C4*ACTII)*PKF (NN, IP.Q)*FMF (NN) 

20 CONTINUE 
RETURN 
END 

1 0  Al=ACT( 1) 

15 IENO=IE N-IBG*l 

NN=ICH( IBG*I-l .NCH) 

C 
Ctt.....t..........t~tt..*ttt.t..t.**tt..t*tttt.t+tt.*..t.. 

C 
SUBROUTINE CALE( I NUC, IP .C1 .C2.C3,C4. IEN, 1BG.NCH) 

C 
C...t.tt.tttt....t....t.t+t*.**.t*.ttt..t*tt...tttt.t**t*t+.ttt.ttt.tt 

C 
C ONLV NOW FOR SUBROUTINE 'EXPWAS" RATHER THAN "INTIMP". CHAIN 
C EFFECTS FOR INTRUDER- AND EROSION-INITIATE0 EXPOSED WASTE 
C SCENARIOS ARE CALCULATE0 IN THIS  ROUTINE. . 
C..*tt..t..*..t....t.tt.t.tt.*..**.t.*+tt..+...*t*tt*t..*.*..t.t~.t.t. 

C 

THIS ROUTINE PERFORMS THE S A M  FUNCTION AS SUBROUTINE 'CALI". 

INCLUDE '1MPCOHM.FOR' 
COMHON/CHY~/NXUC(B5), ICH(8.10) 
IF,(NXUC( INUC) .NE . O ) M  TO 15 
Cl=BCT(l.l)~POCFfII 
C Z . B C T I 1 . 2 1 * P M  

,._ _. 

. ,.,luc.:P.3) 
.:F ( I NUC. IP, 3 )  

C4=RCTf 1 - 2 )  'POCF (I NlJC, I? . 7 )  
C i = i C T i  i ;i j*POCF( INUC, IP.7) 
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C 
C 
C 

IMPACTS (Continued) 

IENO*IEN-IRG+l  
Cl.0. 
c2.0. 
C 3 4 .  
C4-0. 
00 20 I = l . I E N D  

Cl=CI+BCT( I , 1 )*POCF (NN .1P, 3 )  
CZ=CZ+BCT ( I, Z)*POCF (NN, I P, 3 )  
C3=C3+BCT( I . l )*POCF(NN.IP.I) 
C4=C4+BCT( 1 ,Z)*POCF(NN. IP.7)  
RETURN 
EN0 

NNaICH( IBG+I-1 .NCH) 

U T I L I T Y  SUBROUTINES 

C 
C 
C 
C 
C 
C 
C 
C 

.C C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE ZERO : 

FUNCTION ERFS : 

FUNCTIO~ POLY : 

FUNCTION EXM : 

FUNCTION COFF : 

FUNCTION DOFF : 

FUNCTION XOQFC : 

FUNCTION El : 

I N I T I A L I Z E S  MATRICES AN0 ARRAYS THROUGHOUT 
THE CODE. 9 

CALCULATES ERROR FUNCTION USEO I N  SUBROUTINE 9 

WATER' .  REFER TO MAIM REPORT. CHAPTER 6, 

t 

SECTION 6 -3  (EO- 6-29). t 
t 

USEO I N  CALCULATING ERROR FUNCTION (ABOVE). 9 

CALCULATES NEGATIVE EXPONENTIALS. 

CORRECTION FACTOR USED IN TRANSPORTATION 
SECTION. REFER TO MAIN REPORT, CHAPTER 3 
(EQ. 3-14). 

DISTANCE FACTOR USED I N  TRANSPORTATION 
SECTION. REFER TO RAIN REPORT, CHAPTER 3 
(EQ. 3-11). 

CALCULATES ATMOSPHERIC X/Q FACTOR. 
USED I N  SUBROUTlNE 'READZ'. 

USEO I N  CALCULATION OF 'COFF'. REFER TO 

t 
t 
t 
e 
t 
t 
e 
e 
t 
t 
t 

t 
9 

C R A I N  REPORT, CHAPTER 3 (EQ.3-15). t 
Ct~tttf.tt~t9tt9ttef.~*tf.e.tt.tttC.+t~ttttttttttttt9t9t~tttt9ettt 

C 
SUBROUTINE ZERO( A.N) 
DIMENSION A(N) 
DO 10 I = l . N  

RETURN 
10 A(I)=O. 

, END 
C 

FUNCTION ERFS(A1,AZ) 
A3=0.StSQRT(A2/A1) 

A5=A3*( 1 .+Al) 
IF(A4.GT.O)GO TO 10 

RETURN 

A4=A3*(1.-Al) 

ERFSaZ.+EM(AQ'A4)'(POLY (AS)-POLY ( -A4)  ) 

10 E RFS=EXM(AQ*AQ)*(POLY (AQ)*POLY (AS) ) 
RE TURN 
END 

C 
FUNCTION POLY(X1) 
DATA A 1  .AZ.k3,A4,A5 ,P/.250829592 ,- .284496736,1.421413741, 

e -1.~53152027.1.061405429,.3275911/ 
~ 1 = 1 . / ( 1  . * P * X ~ )  
POLY=Tl~(Al+Tl*(A2+Tl~(A3*Tl*(A4~Tl*AS) ) ) ) 
RETURN 
END 

FUNCTlOM EXM(A1) 
A2.0.0 

E X I=AZ 
RETURN 
E NO 

C 

IF(Al.LT.BS.)A2=EXP( - A l )  

C 
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IMPACTS (Continued) 

C 

FUNC I O N  COFF(X.R) 
DATA J/ .0097/ 
A l = E  (U'X) 
R 1 *SQRT( R'R+X'X ) 

RETURN 
E NO 

FUNCTION OOFF(X) 
DATA U/.OC97/ 
E 2 (  Y)=EXP( - Y ) * (  1 .-Y'EXP( Y ) ' E l ( Y ) )  
B( R ) = 1. + .95*R+. 35'R.R 
A 1 * 8 ( U )  
A 2 = E 2 ( U )  
OOFF= ( B (  U'X)*EZ (U'X) ) /  (.I1 'A2) 
RETURN 
EN0 

C O F F = ( A l - E l ( U ' R l ) ) / A l  

l. 
FUNCTION XOQFC(H.R.V, IS) 
O I f l E N S I O N  A ( 6 ) . B ( 6 )  .C(6) 
DATA A/.2..12..08,.06,.03..016/.8/2.0...0002..0015.2*.0003/, 

S I G Z = A (  I S)*R/(  (1 .+E( I S)'9)**C( IS) ) 

RETURN 

C/2'0..2*.5,2'1./ 

XOQFC=2.032*EXP( -0.5*( H / S I G Z ) * ( H / S I  GZ) ) / (V'R*SIGZ) 

EN0 . 
C 

FUNCTION E l f X l  - - _ _  
0 IMENSI  O N - i (  5 j .AT ( 4  ) , BT ( 4 )  
DATA AO.A/- .57721566. e 9 9 9 9 9 1 9 3 ,  -.24991055. .05519968. 

+ - .00976004 , .00107857/ 
DATA AT/B.S733287401.18.0590169730.8.634760892~,0.2677137343/ 
DATA BT/9.5733223454.25.6329561486,21.0996530827,3.958496922B~ 
IF(X.GT.O..ANO.X.LE.l.) GO TO 10 
IF(X.GT.1.) GO TO 30 
STOP ' E l  ARGUMENT NEGATIVE'  

XP.1. 
00 20 1.1.5 
XP=XP*X 

20 E=E+A( I ) *XP 
E 1. (E+AO) -ALOG ( X )  

10 E.0. 

RETURN 
30 €1.0. 

€6.0. 
XP.1. 
00 40 1.1.4 
XP = XP'X 
IF(I .EQ.4) GO TO 5 0  
5.4-1 
E T = E T + A T f J I * X P  

40 EB=EB+BT(J j*xp 
50 E=(XP+ET+AT(4) ) / (XP+EB+BT(4) )  

E 1 =E / ( x 'E XP ( x ) ) 

. F-21 
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I N V  I MPS 

CHARACTER BASN*lO,NUC*6 ,SOL*l 
COMMON/BAST/BAS( 2,3) ,DMY (85,28), IsPC( 2,15) ,PDCF(85,10,7) 
t /CHRC/BASN(Z) ,FIUC(85) ,SOL(85) 
t /DTNX/IR, IDAT, IQ, I POP, ILFE , I INS, IOFL ,NSTR, X( 10) 
t /NUCS/AL(85) ,FMF(85) ,RET(85,5) ,FRACT(85,3) ,DLC( 10) 
t /DRPl/FSC(3) ,FSA(3),PRC(3,5),TSC(3,5),QFC(3,3), 
t DTTM( 3,s) ,TTM( 3,3,5) ,DTPC (3,s) ,TPC( 3,3,5) ,NRET( 3) 
t /DRP2/TPOP(3) ,TDOZ(3),WVEL(3) ,EFAC(3) ,POP(3), 
t POPE (3) ,POPW (3) ,AXOQ( 3) ,EERO( 5) ,EREC( 5) 
t /FACP/TDIS(5),TVEL(5),VINC(S),XOQI(5),EDFI(5), 
t DENl(5),VAflN(5),XOQO(5),EDF0(5) ,DEN2(5), I 

t TWI ( 5,3), TWO ( 5,3), ADAY ( 5,3) ,RMI X ( 5) , 
t EMP(5),EFF(S),SEFF(5) ,GERO(S),OSWR 
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I NV IMPS (Cont i nued ) 

PROGRAM INVIMPS 

c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 

' C  
C 
C 
C 
C 

' C  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS COOE IS THE INVERSE TD THE 'IMPACTS' COO€ USE0 I N  THE 
CALCULATION OF IMPACTS RESULTIYG FROM OISPOSIL OF OE M I N I M I S  

L I M I T A T I O N  CRITERIA ARE REAO IN. AN0 MAXIMUM RADIONUCLIDE 
CONCENTRATIONS ARE CALCULATED SO THAT THE OOSE L I M I T A T I O N  
CRITERIA YOULO NOT BE EXCEEOEO. 

THE INPUT/OUTPUT F I L E S  ARE IOENTIFIEO AS FOLLOUS: 

YASTE STREAMS. I N  THIS COOE A SET OF ORUN-SPECIFIC OOSE 

TAPE1 = INPUT F I L E  CONTAINING THE B A S I C  OOSE CONVERSION 
FACTOR INFORMATION. 

TAPE2 = INPUT F I L E  CONTAINING THE DEFAULT ENVIRONMENTAL. 
TREATMENT. AN0 DISPOSAL PARAMETERS USED I N  THIS 
ANALYSIS. 

TAPE4 = OUTPUT F I L E  CONTAINING DETAILED OATA ON THE 
MAXIMUM CONCENTRATIONS CALCULATED FOR EACH 
PATHYAY AN0 EAU( ORGAN. 
ORGANS IS OETERMINEO TO PRINT OUT I N  THE 

THE MINIMUM OVER THE 

CONDENSED OUTPUT F I L L  - TAPE6. 

TAPES * INPUT F I L E  CONTAINING THE HASTE STREAM CHARACTER- 
I S T I C S  PERTAINING TO A SPECIFIC APPLICATION AN0 
M E  SELECTEO OOSE L IMITATION CRITERIA. 

t . . 
t 

+ 
4 

t 

+ 
t 

t 

t . 
t 

t 

t 

+ 
t 
+ 
t 

t 
+ 
+ 
t 
t 

+ 
+ 

TAPE6 - OUTPUT F I L E  CONTAINING THE MAXIMUM RAOIONUCLIOE + 

CONCENTRATIONS SO M A T  M E  OOSE L I M I T A T I O N  
CRITERIA YOULO NOT BE EXCEEOED. + 

~+~+.+tt.++++t++.tt+t~tt+~++~~++t~+ttt+ttt+++ttt~~++~+~+t~t++~~+ 

C 
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. .,. . , ' .  , .  . ,  
INVIMPS (Continued) 

, 

DATA FRACT/ .9, .75.26*2.5E-3.4* .01,7*2.5E-3, 3*.01.43*2. 5E-3. 
.9.. 75.26'5 .OE -3.4'.01.7*5.0E-3 3' .01.43'5.0E-3. 
.9. .75.26*.01?.4~.038,7~.D19,3*.0~~.43r.019/ 

~ O ~ ' F O R ~ I A T ( ~ I  3) 
102~FORMAT( lH1/2X.A20/ / tX 'L IFE='  13,2X'DVFL=' 13) 

104 FORMAT( 2X.A6.1P. 1OE9.2) 
105 FORMAT(ZX,A6.1P.8E9.2) 

2X'REGN=' I  3 .ZX'DATA=' I 3 / 2 X '  IPOP- '  13.2 X ' I NST=' 13) 

106 FORMAT( / / 2 X ' S U M Y  OF MINI~S'/38X'SUESTRE~-1'35X 

. . .  
O(0MY ,2380) 

' CALL READP 
CALL REAOS(NS0L) 
ODENS=BAS( 1.2) 
CALL SPLICE 
CALL INT IMP 
CALL EXPUAS 
CALL OPSIMP I 
I F (  1OFL.NE.O)CALL OVRFLO 
CALL GYATER (NTYM .TYMO) 
CALL DIVVY(1.1.8) 
CALL DIVVY ( 1.11.18) 
CALL DIVVY (2.19.20) 
CALL DIVVY (1.21.26) 

DO 30 1.1.85 
DO 30 5.1.28 

30 DMYlI.J1*DMYf1.JI*ODENS . . . . , . . . . . , . - - - 
HRITE(6.106)  (SCN( I), 1.1.10) 
UR ITE (6,104) (NUC ( I ) , (DMY ( I, J ) , J=l.lO). 1-1.85) 
IF(NSTR.EQ.1)GO TO 40 
WIT€( 6.107) SCN( I ) ,1=11.20) 
YRITE(6.104) ~NUC(I).(DMY(I.J),J=l1.20).1=1.85) 

40 URITE(  6.108) (SCN( I ) ,1=21.28) 
YRITE(6.105) (NUC( I) ,(DMY( I .J) .J=21.28) .I=1.85) 
GO TO 20 

50 STOP 'NORMAL TERMINATION' 
END 

C 
C.ttt...t...tttttt...*.+.....t.t..t.tt.ttt....t.l..t..t...tt..... 

C 

C 
Ct..t....t.t.t.t........*........tt.......+**tt.......*..+....*t.*.... 

C THIS SUBROUTINE READS I N  THE TREATMENT/DISPOSAL S ITE . 
C ENVIRONMENTAL CHARACTERISTICS AND TI(EATMENT/DISPOSAL 
C TECHNOLOGY CHARACTERISTICS FRCA TAPEZ. . 
C.......,.........tt.*.....t..*..t~.....t....*..*.*.........t..**t...... 

C 

SUBROUTINE READP 

INCLUDE '1NVCOHM.FOR' 
D INENSION POS( 6 )  ,USP ( 6 )  .STB( 6 )  ,DSP( 6 )  

102 FORMT( lOE10.3)  
1 0 4  FORMAT(1SIS) 
202 FORMAT(/ZX'OPTIONAL XOO PARAHS ' /(  2X. 1P .4E10.3) ) 
203 FORMAT( 2 X .  1P.6E10.3) 
204 FORMAT ( /2X ' OPT I ONAL ENV I BONMENTAL PARAMETERS' /ZX ' PRC = ' 1PE9.2, 

ZX'TSC ='E9.2.2X'9FC ='3€9.2/2X'FSC ='E9.2.2X'OTTM='E9.2. 
ZX'TTM ='3€9.2/2X'FSA ='E9.2.2X'DTPC='E9.2.2X'T?C ='3E9.2/ 
2 X ' UVEL= ' €9.2. ZX ' XXOO* ' E9.2.2X ' EF A t =  ' E9.2) 

.2X'VANN~'E9.2.2X'AOAYS.'!E9.2/2X'EHP ='E9.2.2X'EFF g'E9.2. 

.2X'SEFF='E9.2.2X'OEH1. 'E9.2.ZX'OENZ='E9.2/  

205 FORMAT( /2X 'OPTIONAL FACIL ITY  PARAMETERS ' /2X ' V I  XC-' 1PE9.2, 

.- 
READ DEFAULT S I T E  ENVIPO:~HENTAL PARAMETER V A L ~ E S  

-. - C 
REYIND 2 

\ F- 24 
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C 
C 
C 

I NV I MPS (Cont i  nued ) 

DO 10 1.1.3 

. .  
READ( 2,104) NRET( I i 

READ .DEFAULT FACILTY PARAMETER VALUES 

10 CONTINUE 

00 12 1.1.5 
REAO(2.102) T O I S (  I).TVEL( I).VINC( I )  . X O Q I (  I).EDFI( I).OENl( I). 

t 

t 

t 

VANN(I).XOQO(I),EOFO( I )  ,DENZ( I )  .(TUI(I.J).J=1.3), 
(TWO( I ,J).J=1.3) .(ADAY(I .J) ,J-1.3) .RMIX( I). 
ENP( I).EFF( I).SEFF( I).GERO( I) 

12 CONTINUE 
C 
C 
C 

C 
C 
C 

1 4  

START READING OPTIONAL PARAMETER VALUES , 

IF( 1Q.EQ.l.AND. IDAT.EQ.0) IOAT.2 
IF ( IQ .EO. 1 .AND. IDAT.EQ. 1) IOAT.3 
IF( 1DAT.EQ.O)GO TO 22 
IF( IDAT.EQ.2)M TO 20 

. 

SITE-SPECIFIC POP AND XOQ OPTION 

DO 14 1.1.6 
READ( 2; 10;) OSP( I) ,POS( I ) .USP ( I ) ,STB( I ) 
URITE(6.202) (DSP(I),PDS(I);USP( I).STB( 1)',1=1,6) 
READ(2.102) HYTI .HYTO.DISTI .OISTO.EDFID.EDFOD 
URITE (6.203) HYT I , HY TO .O I STI .O I STO .€OF IO .€OF00 
A1.0. 

C 
C 
C 

C 
C 
C 

A2.0. 
DO 16 11-1.6 
AI-Al+STB( Il)*XOQFC(HYTI .OISTI ,USP( 11). 11) 
A2=A2*ST8( I l)*XOQFC( HYT0,D ISTO ,USP ( 11). 11) 

XOQI( IP)=Al 
XOQO ( I Q ) =A2 
EDFI ( IO) =€OFID 
EDFO( IQ)=EOFOD 
A1.0. 
00.18 11.1.6 
DO 18 12.1.6 

POP ( IR ) =A1 
POPE(IR)=3.*Al 

16 CONTINUE 

Al=AltPOS(Il)'STB( 12)*XOQFC(HYTI ,OSP( 11) ,USP( 12) ,I2) 
18 CONTINUE 

20 IF(IDAT.EQ.1)GO TO 22 

S I T E  -SPEC IF IC ENV IRONHENTAL PARAMETERS 

READ(2.102) PRC(IR.10) .TSC(IR.IO) .OTTM( IR.10). 
t (TTM( 1R.J. IO).J=1.3) ,OTPC( IR, IQ),( TPC( IR.J.1Q) .Jn1.3), 
t FSC(IR),FSA(IR).(QFC(IR,J),J=l,3),UVEL(IR),AXOQ(IR),EFAC(IR) 

*FSC( IR) .OTTM( 1R.10) .(TTM(IR.J. IO) .J-1.3) .FSA( IR) ,OTPC( IR. 10). 
* (TPC(IR,J. IQ) .J=1.3) .YVEL( IR).AXOO(IR),EFAC(IR) 

READ(2,104) NRET(1R) 
URITE (6,204) PRC( 1R. IO) .TSC( IR, IO), (QFC ( IR , J) , J.l.3). 

22 IF(IQ.NE.1)GO TO 24 

SITE-SPECIFIC TREATMENT/OISPOSAL PARAMETERS 

READ( 2,102) VINC( 1 ) .VANN( 1 ) , (AOAY (1 ,J) .J=l, 3) .EHP( 1 ) ,EFF( 1). 

URITE(6.20S) .VINC(l) .VANN( 1 )  ,(AOAY(l,J),J=l,3) .EMP( 1) .EFF( I), 

' SEFF(1) .OEN1(1) ,OE.Y2( l).RMIX( 1) .SERO(l) ,OSUR.OSOL 

.-SEFF( 1) .DENl( 1) . D i l l Z (  l).RMIX( 1) ,GERO( l).OSUR.OSDL 

DO( 1.3)~OSOL'1.E-6/OEN2( 1) 

24 IF ( I POP. €0.1 .OR. IDAT .EO. 1. OR. I OAT. EQ.3)RETUR:I 

C MODIFY POP FOR URBAN ENVIRONVENT 
C 

DO 26 1.1.3 
POPE( I )=POPE( I )*lo. 
RE,TlJRN 
E NO 

26 POP(I)=POP!I)*lO. 
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I NVIMPS (Cont i nued ) 

C 
~.........t..tt...t...*****tt...**..tt*t.t.tttttt4tt.**t.+*.~t 

C 

C 
~.t.t.t.t......tt.t.**tt..t*~*t~*t.tt+*..~*ttttt~t.ttt~t.*.*.~tt*.t.t* 

C T H I S  ROUTINE REAOS I N  THE WASTE STREAMS PHYSICAL CHARACTER- 
. C I S T I C S  AN0 DOSE, L I M I T A T I O N  C R I T E R I A  (TAPES).  IT ALSO C A L L S  

C SUBROUTINE 'UPTAKE' TO I N I T I A T E  CALCULATION OF THE PATHWAY 
C DOSE CONVERSION FACTORS. T H I S  SECTION THEN GOES ON TO t 

C CALCULATE THE L I M I T I N G  CONCENTRATIONS FOR TRANSPORTATION. t 
~.~tt~.ttt.~t..ttttt*+*..t*tt*ttt**.****tt.ttt~**t*........*.t+..t+~t. 

SUBROUTINE REA@S(NSUL) 

' C  
INCLUOE '1NVCCHM.FOR' 

101 FORMAT(A10.3E10.3) 
102 FORMAT(1515)  
103 FORMAT(5(A6. 1X.Al  .E 10.3.2X)) 
104 FORMAT(/2X'UE.TE: ' A 1 0 . 2 X ' U E I G H T : ' l P E 9 . 2 '  MT OENSITY:  ' 

105 FORHAT( 1 0 E  10.3) 

t E9.2' M T / M 3 ' / / 2 X ' I O = ' I 2 , 2 X '  IA~'I2.2X'IKl='I2.2X'IK2=' 
t 13,2X'PROCfSS~'12/2X'IXS~'414/2X' I C S = ' 4 1 4 )  

NFTR.1 ._ ... - 
C A L L  ZERO(BAS.6) 
REAO(5.101) BASN( 1) . B A S ( l  .l) ,BAS( 1.2) ,BAS(1,3) 
REAO(5.102) ( I S P C ( l . J ) . J = 1 . 1 5 )  

' 

REAO(5.105)  DLC . . -  . 
WRITE (6.104) BASN( 1) .BAS( 1.1) ,BAS( 1.2). ( I s P C (  1 .J) .J=l ,S),  
t ( I S P C  (1, J) , J.8.15) 

C 
20 C A L L  UPTAKE (NSOL) 

I F (  IQ.EQ.1)RETURN 
C 
C TRANSPORTATION SECTION 
C 
C O n Y ( 9 )  - MAXIMUM DRIVER 
C 

Al.1 SPC ( 1,9)/100. 

A3=BAS( 1,1)/4.534 
I F  ( I SPC ( 1.3). NE. O)A3=A3/0.75 
A4=A3/ (  I s P C (  1 , 8 ) * A l )  
IF(IQ.GT.3)GO TO 24 
A2=( COFF( 1. .2. )*2.+COFF( 1. ,4. )+0.5)/8760. 
IF(A4.GT.750.)A4=750. 
A4=A4*1.6*Al+A2+0GA 
00 2 2  1.1.85 
IF(POCF(I.4.5).EQ.O.)GO TO 22 
OMY ( I .9)=OLC (4) / (A4*POCF ( I .4.5)) 

22 CONTINUE 
RE TURN 

24 A2= (COFF( 1. .2. ) *S . +COFF ( 1. .4. )*O. 5 ) /8760. 
IF(A4.GT.250.)A4=250. 
A4=A4*1.64A1*A2*DGA 
DO 26 1.1.85 
IF(POCF(I.4.5).EQ.O.)GO TO 2 6  
DMY ( I ,9)=OLC (4) / (A4*PDCF(  I .4.5) ) 

26 CONTINUE 
RETURN 
E NO 

OGA=BAS( 1.2) / ( A l * B A S (  1.2)+OE N l (  IO)+( 1. - A l )  ) 

C 
C.tt.....tttltttt..t~t*tt+..tt*ttt*t*t***t~tttt.tt..ttttt.t.t 

C 

C 
~..ttt.t.ttt..ttt*.*.tttt.tt.t.tt.t....t*~tttt.**ttt+.t+.t.~t**+*+t~.t 

C T H I S  SUBROUTI IE  HEADS IN ( T A P E I )  THE FUNOAMENTAL DOSE 
C CONVERSION FACTORS AN0 RELATE0 N U C L I D E - S P E C I F I C  PARAMETERS 
C AND UPTAKE FACTORS. THE CALL TO SUBROUTI IE  "WSE' I N I T I A T E S  
C CALCULATION OF THE PATHUAY OOSE CONVERSION FACTORS. t 
~.*.ttt...tt*.t.t*...t*tttt*t.**t**ttt.~***t*****..*.**...*..*~**.*..~ 

C 

SUBROUTINE UPTAKE (NSOL) 

CHARACTER TNUC( 159)'6 .TSOL( l S 9 ) * l  .NUCO*6 .SOLO*l 
INCLUOE '1NVCOMM.FOR' 
COHHON/UPTK/FK( 2 1  ) .FF( 65.5) .OCF( 85.10.5) 
DIMENSION BASZ( 159.20) .BAS4(85,20)  .BAS3( 85.10) 
C A L L  ZERO(FF , 4 6 7 5 )  
REWIf lD 1 
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INVIMPS (Continued) 

C 
c 
C 

INHALATION/I NGESTI ON OCF ' 5 

REAO(1.103) (SOL(I ) . I=1.85)  

00 8 ISOL=l.NSOL 
READ( 5.104) NUC0,SOLO 
DO 6 I=1.85 

IF(NSOL.LE.O)GO TO 9 

IFINUCII).EO;NUCO)G~ To 8 
6 CONTINUE. 

8 SOL I I )-SOLO 
STOP 'CANT FOR NUCLIOE NAME FOR SOLUBILITY CHANGE' 

DO 10 1-1.159 
IF ( NUC ( INUC ) .EO. TNUC ( I ) )GO TO 20 

i o  CONTINUE 
STOP 'CANT FINO NUCLIDE N h E  INH/ ING'  

20 IF(SOL(INUC).EQ.TSOL(I))~ TO 30 . .  . .. 
I = i + i  
IF ( TNUC ( I ) .EQ.TNUC ( 1-1) )GO TO 20 
STOP 'CANT FIND NUCLIDE SOLUBILITY'  

30 00 40 5.1.10 
DCF( INUC ,J, 1)-BAS2( I .J) 

40 DCF ( I NUC, J ,2) =BAS2 ( I ,J+lD) 
50 CONTINUE 

REAO(l . lO1)  A 1  
C 

'C DIRECT GAMMA EXPOSURE OCF'S 
C 

.. 

60 

70 

80 

OD 60 1 ~ 1 . 8 5 ~  
IF(NUC( INUC) .EQ.TNUC (I)) GO TO 70 
CONTINUE 
STOP-'CANT F IND NUCLIDE NAME DCF-4/5' 
DO 80 5.1.10 
DCF (1NUC.J .3)=BAS3( I .l) 
DCF (I NUC ,J .4)=BAS4( I .d ) 
#F(  1NUC.J ,5)=BAS4( 1 .J+lO) 

c 
C 
C 

STORE AL. FMF. AND FF. AND CALCULATE REMAINING RET'S 

AL( I NUC)=BAS3( I .7 ) 
FMF ( I NUC)=BAS3( I ,8) 
RET ( INUC , l)=BAS3( I .9) 
RET(INUC,4)=BAS3(1.10) 
A2=RET( INUC.4) 
A l =  AZ/RET( INUC, 1) ) k 3 3 4  
RET1 INUC,5)=A2*Al 
RET( I NUC .3) =A2/A1 
RET( INUC,Z)=RET( INUC. l ) *A l  
FF(INUC,l)=BAS3( I .2) 
FF(  INUC.Z)=BAS3(1.3) 
FF(  INUC.3)=8AS3( 1.4) 
FF(  INUC,4)=BAS3( 1.5) 
FF(INUC,S)=BAS3( 1.6) 

CALL OOSE 
90 CONTINUE 

101 FORMAT(Al.lX.A6.1X,lOE9.2) 
102 FORMAT( A6.3X. 10E9 . i )  
1 0 3  FORHAT(9OAl) 
1 0 4  FORMAT (A6.1 X .A1 ) 

RETURN 
i HD 

C 
C..........t.........*.~~+....*..*...t..*..t.+....t+t..t...... 

C 

C 
SUBROUTINE DOSE 

J 

. .. . . .  . 



. -9' . . . . .  INVIMPS (Continued) 

~......*......*..~.**............................*...~.*...*...*...*.. 
C THIS SUBROUTINE CALCULATES THE PATHYAY DOSL CONVERSION . 
C FACTORS USED IN OETERMININC THE IMPACTS IN THE REMAINDER OF 
C MIS CODE. INCORPORATED ARE 8 5  RADIONUCLIDES. 10 BODY ORGANS 
C AND 7 MAJOR EXPOSURE PATHYAYS. SEE APPENDIX 0. ~*.*..........*........*........~..*..*.....**.**..*~.*.*..*.+**...... 
C 

CHARACTER IPA9*6.IPA1*6.IPA5*6 
INCLUDE '1NVCOM.FOR' 
COMMON/UPTK/Vl .V2,S1 .S2,2.RI .R.CY .O.F2.F3.FS.F7.F8.F8P, 

+ F11 .F13.F13P .F14.F15.F18.FF (85.5) ,OCF(85.lO.S) 
DATA IPA9. IPAl , IPA5/' 1-129 ' , ' 1-131 ' e ' 1-125 ' / 
DO 40 IN.1.85 
PTP=F2*F3* (FF ( IN, 2)'FS+FF ( IN ,3)*F7*365.) 
PT-PTP*FF( IN, 1) 
FT=FB'FF( IN,2)'FS+F8P'FF( IN,3)*F7'365.*Fll 
FlPN=FF( IN. 4)*F13+FF( IN. 5)*F13P 
v.v1 
IF (NUC( IN) .EO. IPA9)V=V2 
IF (NUC (IN ) .EO. I PA1 )V=V2 
IF(NUC( IN) .EQ.IPAS)V=VZ 
D1=86400.*V/( 52.2) 
D2=86400.*R*V/S€ 
Wl=RI/ (52.2) 
W = R * R I / S l  
00 40 I0=1.10 
Al=F18*( F 14*( FlS*DCF ( IN, IO. 2 )+DCF ( IN , IO, 5 )  )+OCF ( IN ,I0.4) ) 
PDCF( IN.IO.l)=FlS*OCF(IN.I0,2)+DCF( IN.10.5 +A1*01 
POCF ( IN, IO, 2 )  =F 15%F ( I N, IO, Z)+DCF ( IN. IO. 5 {+O. 242*A1*01 
PDCF(IN.I0.3)=PDCF( IN.IO.l)+(Ol*PT+(D2/CY)*PTP)*DCF(IN,IO,l) 
PDCF( I N, 10.4)=( PT/D)*DCF( IN, IO. 1) 
PDCF( I N. IO.S)=DCF( 1 N. 10.3) 
PDCF ( IN, IO .6)= (Ul*PT+(Y2/CY )*PTP+FT/lOOD)*DCF ( IN, IO. l)+Ul*Al 
POCF( IN.IO.7)=POCF(IN.IO,6)+(Fl2N/lOO@)*OCF(IN,IO,l) 
DO 20 5.1.7 

20 PDCF(IN.IO,J)=PDCF(IN.IO.J)*l.E+12 
40 CONTINUE 

RETURN 
END 

C 
~.*...t..lt.tttt.t+.t.ttt......t...tttt.........t..t.t..t..tttt.H.t 

C 

C 
~...tt.t..ttt.tt.....~..........*.......*..~............~t........t. 

C THIS SUBROUTINE ACCOUNTS FOR THE POSSIBLE DIVISION OF A WASTE 
C t 

C WASTE SORTING OPTIONS AT A MUNICIPAL YASTE INCINERATOR. 
C I T  ALSO CALLS SUBROUTINES TO CALCULATE INCINERATION AND t 
C SORTING/RECOVERY LIMITING CONCENTRATIONS. AM) ANY LIMITING 
C CONCENTRATIONS NECESSARY FOR RECYCLED MATERIALS. 
~+.t.tt.t.tt.t...tt..~.+......................*+**.+..........~......~ 

SUBROUTINE SPLICE 

STREAM INTO SUB-STREAMS (MAXIMUM OF 3) BASED ON SELECTED 

c 

c 
C 
C 

20 

C 

C 
C 
C 

INCLUDE ' 1NVCOMM.FOR' 
ISTR=l 

DO HETAL PACKAGE RECYCLING 

IF( ISPC ( I STR.3) .NE. 1 .OR. ISPC( ISTR.4) .EQ.O)GO TO 20 
CALL RECYCL(ISTR.O..O..O.,l) 
Il=IQ 
I2=1SPC( I S T R ,  5 )  
IF( I2.EQ. 1)RETURN 

I6=IS?C( I S T R ,  12) 
I7=ISPC ( ISTR .13) 
I8=ISPC( ISTR.14) 
19.1 SPC( ISTR,  1 5 )  
IF(IZ.GT.3)GO TO 3 0  

SECTION BELOY FOR INCINERATE/DISPOSE AND SORTIXG OPTION 1 

CALL INC IMP( 11,IZ. I S T R  ) 
YRF.2 -0  ..... - .. 
IF ( IO.EO. 1 )WRF*OSUR 
BAS ( I STR ,1 )=BAS( ISTR ,1 )/MF 
BAS( I STR .2)=0.89 
BAS( I S T R  .3)=BAS( I S T R ,  1 )/BAS( I STR .2) 
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C 
C 
C 

C 
C 
C 

, c  
C 
C 

C 
C 
C 

C 
C 
C 

I NVIMPS (Cont i  nued ) 
; *  6400 9 

ISPC( ISTR. 1)=3 
I SPC ( ISTR .2) = 1 
I SPC ( ISTR, 3) 4 
I SPC( ISTR ,5)=1 
RETURN 

SECTION BELOU FOR SORTING OPTION 2 

30 A1=10.95~16+0.05~17+0.05~18+0.10~19)/10U. 

32 

34 

40 

AZ= ( o .05*16+0. 05. L 7 +o . 1001 B+O .90*19 jiioo . 
A3=BAS( ISTR.l) 
NS TR =HSTR + 1 
DO 32 5.1.3 
BAS (NSTR, J )=JAS ( I STR, J) 
00 34 5.1.15 
I SPC(NSTR, J )=I SPC ( I STR .J ) 
B A W (  NSTR)=BASN( ISTR) 

RESIDUE SECTION 

BAS( I S T R  ,1)=8AS( 1 STR ,1)/9.40 
BAS ( I STR ,2) = .89 
BAS( I STR, 3)=3AS( ISTR , 1 ))BAS( 1STR.2) 
CALL INCIMP(I1.12.ISTR) 
ISPC( I STR, 1 )=3 
I SPC ( I STR ,2) = 1 
I SPC( I STR ,3)=0 
ISPC( ISTR. 5)=1 
IF(12.EQ.S) GO TO 40 

DISCARD MATEZIAL SECTION 

BAS( NSTR, l)=BAS( NSTR ,I )'( 1 .-A1 ) 
BAS (NSTR .2) a0.62 
BAS(NSTR,3)-8AS( NSTR. l)/BAS(NSTR.Z) 
ISPC( NSTR, 1 )=1 
ISPC( NSTR, 2)=2 
ISPC(NSTR.3)=0 
ISPC(NSTR.S)=l 
RETURN 

SECTION BELOU FOR SORTING OPTION 3 

BAS( NSTR, l)-BAS( NSTR :1)*A2 
BAS(NSTR.2)=0.84 
BAS(NSTR, 3)=BAS( NSTR .l) /BAS(NSTR .2)  
ISPC( NSTR ,l )E1 
ISPC( NSTR .2)4 
I SPC( NSTR .3)=0 
ISPC( NSTR .5)=1 

RECYCLE OF SCRAP HETAL AND GLASS 

IF( 17.EQ.O.ANO.IB.EQ.O)RETURN 

AS=.9*17+.8So18 
UT1=.9°A4017/A5 
UT2=A4-WTl 

A4xA3*( 1. -Al-A2) 

CALL RECYCL( ISTR .UT1 .UT2 ,A3,2) 
RETURN 
E NO 

e '  

SUBROUTIZIE :XIMP( 11.12. ISTR) 
C 
~ . ~ * ~ ~ ~ . ~ . * ~ ~ ~ . . * ~ ~ * o o o o o * o o * o o ~ o o * o * ~ * * o o o * o * o * . * * o o * o o * o o o ~ o o o o * o o * o  

C THIS SUBROUTINE CALCULATES THE LMITING CONCENT?ATIONS 
C ASSOCIATED UITH THE INCINERATIOII OF UASTE ST2E;MS. LIMITS 
C ARE CALCULATED FOR MAXIMUM INDIVIDUAL AND MAXIK!UM.UORKER. 0 
~~..~*. . . . . . . t t t . . . . t t t t . .oooo*oo***oo~.~ooo*o**oo*o~oo.~ooo**~oooooo*.*  

C 

C 
INCLUDE '1NVCOMM.FOR' 

' C DMY(l9) - MAXIMUM OFFSITE INDIVIOUAL-1NCINERAT:ON 
C DNY(2O) - HAXIMUM UORKER-INCINERATION 
C 
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INVIMPS (Continued) 

FOS.1.0- 

14-1 SPC ( I S i R  ,2 
I F (  14.LT.3)FOS=lO.**( 14 -3 )  

FAC. 1 .o. 
I F  ( I4.GT.1 )FAC=10. **( 1- 14)  

C OFF-SITE I N O I V I O U A L ~  
C -  

URITE(4.101) 
00 20 5.1.35 
A1 = F R A U  (J ,2) 
IF(Il.EQ.:.OR.Il.GT.3)Al=FRACT(J.1) 
CALL ZERO(X.10) 
00 10 1=1.10 
AZ=Al*BAS( 1 STR , l ) *XOQI  (I l ) *EOFI  (I 1 )*POCF( J ,I ,3) 
IF(AZ.NE .O.)X( I )=OLC( I)/A2 

_ .  10 CONTINUE 
URITE (4.103) NUC( J )  .X 
OMY (J ,19)=AHX( X )  , 

2 0  CONTINUE 
C 
C START UORKER IMPACT CALCdLATIONS 
C 

A1=0.237*BAS( ISTR, l ) / V I N C  ( I1 ) 
AOSHRH=Al*NI  (11.3) 
ADGH=Al*FAC*1.6*0OFF( 1 .)/DEN1 (1 1) 
YRITE (4.102) 
00 40 Ja1.85 
CALL ZERO(X.lO) 
00 3 0  I=1,10 

IF(AZ.NE .O.)X(I )-OLC( I ) / A 2  
A~=AosHRH*POCF( J, I .l)*AOGH*POCF(J. 1.5) 

3 0  CONTINUE 
UR ITE  (4,103) NUC(J) ,X 
DMY(J .ZO)=bJ4X(X) 

40 CONTINUE 
101 FORHAT( 1H1/2X' OFF-SI TE I N 0  IVIOUAL LIMITS ' ) 
102 FORMAT(lH1/2X'MAXIMwl UORKER L I M I T S ' )  
1 0 3  FORHAT( 2X.A6,1P .lOE 9.2) 

RETURN \ 

END 
C 
C*.tt*.*....tttttt.ttt**tt*t.l.*.t***.*~t...*.**ttm*.**t*t++ 

' C  

C 
C.*****.*...t*..C.*******++**********************~~************+**** 

C THIS ROUTINE CALCULATES L I M I T I N G  CONCENTRATIONS FOR RECYCLE 
C OF CONTAMINATE0 MATERIALS. THERE ARE AT PRESENT 3 RECYCLE 
C SCENARIOS CONSIOEREO: RECYCLE OF METAL CONTAIXERS; RECYCLE 
C OF ME METAL FRACTION OF THE WASTE S T R E M  CWPOSITION; AN0 
C RECYCLE OF THE GLASS FRACTION. 
C..*Ct****.*t*..C..****************+************+*C.******+*********** 

C 

SUBROUTINE RECYCL ( ISTR .UT1 .UTZ.YTOT, NX) 

INCLUDE ' I NVCOMH .FOR ' 
DIMENSION R I ( 8 5 )  
DATA R1/2.13E -05.3.41E -07.7.1SE -02.1.96E -03.2.85E -04.1 -92E-04. 

8.17E-04.2~95E-04,6.57f-92,1~07E-01.2~20E -02.7.30E-07 
2.60E -02.3.95E -03.1.80E-02.8.20E -02,1.53E -06.3.80E -06. 
1.40E -02.1.22E -02.2.03E-03,1.71E-02.1 .15E-04.6.25E-04, 
5.60E -02.5.10E -02.1.83E -04.1.26E - 0 3 . L 6 3 E  -07.4.08E -03, 
8.50E -03.6.10E -03.4.80E -02,8.89E -02.1.98E -04.8.36E-03. 
6.50E -02.5.91E -02.3.51E -04.1- 4OE -03,9.aUE -05.6-56E-04, 
4.50~-02.2.~0~-04,7.0~~-~2,i .goE-oz .3 .a1~-04.7.38~-02,  
5.47E -04,1.54E -03,1.91E -03.3~72E-02.l~OlE-02.8~24E~03~ 
1.13E -01.6.56E 90,2.59E -02.2.99E+OO,!.34E *00.5.89E*09. 
8.92E -01.9.97E-02.8.54E -02.1.57E -01 ,!. 13E -01.1 s03E-01 s 
8.20E -04,2.71E-03,9.57E -02.1.62E-03.9.17E-01.1.23E-01 s 
1.17E -01~1.10E-01,1.10E -01,1.19E-O6,:.04E -01.1.09E*00, 
9.00E -02,9.21E-01.1.30E-01,J.92E-01 .i.24E-01.1.08E-01, 

+ 4.53E -03 /  
OATA PAKF .F I N 0  ,FPOP .O ISF / l  .E:3.0.33.0.46,0.97?a/9 

UME 1, nGLS/857., 90. / 
IF(NX.NE.1)CO TO 20 
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INVIMPS (Continued) 

, 4 6400 9 

C 
C OHY(l0) - METAL PACKAGE LIMITS 
C OMY(27) - KETAL FRACTION LIMITS 
C OHY(28) - GLASS FRACTION LIMITS 
C 
C METAL PACKAGE RECYCLE 
C 

I P= I SPC ( I STR ,5) 
IF ( IP.NE. 1 ) FCORR.1. /IsPC( ISTR ,lo) 
IF(IP.EQ.l) FCORR=l./ISPC(ISTR.ll) 
00 10 1-1.85 
A3=0.OltISPC ( ISTR .4)+PAKF'BAS( ISTR ,l )/0.0009 
O W (  I, lO)=OLC( l)/(FI NO'FCORR'A3'RI (I)) 

1 0 CONTINUE 
RETURN 

C 
C RECYCLE METAL AND GLASS FRACTION OF UASTE STREAM 
C 

20 FCOM=l./ISPC(l.lO) 
FCOG=UT2/ ( ISPC( 1,lO)'UGLS) 
DO 30 1.1.85 
A1.F INO*UTl*FCOH*RI ( I )/0.0009 
A2=.0228*.6936*0.3'1.69 ISF*FCOG*POCF( I, 4.5) 
OMY ( I ,27) =DLC ( 1) /A1 
IF(A2.NE.O.)OHY(1.28)=OLC(l)/A2 

30 CONTINUE 
RETURN 
E NO 

C 
~**.".t"ttttt"t**~~~~*~*'.ttt*'tttt*ttttt~'tt't~t..tt~~. 

C 
SUBROUTINE INTIHP 

C 

C MIS SUBROUTINE CALCULATES THE INAOVERTANT INTRUDER LIMITING 
C CONCENTRATIONS FOR THE CONSTRUCTION AN0 AGRICULTURE SCENARIOS. 
Ctttttttttttttt*tttt.f...ttttt+.ttttttt.t~tttt..t.ttttttttt.m.r+~. 

C 

Ctttttttttt*tttttttttt*tttttttt*tttttttttttttttt.tttttttt.ttt..tt...~ 

INCLUDE '1NVCOM.FOR' 
DATA CONST/2.51€-5/ 

DMY(l)&(ll) - INTRUDER CONSTRUCTION LIMITS 
DwY(2)6(12) - INTRUDER AGRICULTURE LIMITS 

C 
C 
C 
c 
I. 

101 FORMAT(lH1/2X'INTRUOER SCENARIO LIMITS FOR ISTR='I2) 
102 FORMAT(2X'CONS 'A6,lP. 10E9.2) 
103 FORMT(2X'AGRI 'A6. lP, 10E9.2) 

DO 60 ISTR=l,NSTR 
MITE(4.101) ISTR 

FOS=EMP( IQ)*BAS( I STR, l)/VANR( 10) 
IF (I~.E~.l)FOS=FOS*SEFF( 10) 
A9.1.0 
IF ( I SPC ( I STR .2) .GT. 1 ) A9.0.1 
GOEL= I INS 
DO 50 INUC=1.85 
A1=F0StA9 
CALL CHNS( INUC, GDEL. IEN. 1BG.NCH) 
CALL ZERO(X.lO) 
DO 30 1=1.10 
CALL CALI (INUC, I .C1 .C2.C3.C4. IEN. 1BG.NCH) 

IF(Bl.NE.O.)X(I)=OLC(I)/Bl , 

YRITE(4.102) NUC(INUC).X 
DMY ( INUC .IOHY)=AHX ( X )  
CALL ZERO(X.lO) 
DO 40 I=1.10 
CALL CALI ( I NUC , I .C 1 .C2 .C3 ,C4, I EN, IBG,NCH ) 
Bl=RMIX( IO)*Al*(FSA( IR)*C3+0.5*C4+0.27*Cl) 
IF (91 .NE.O. )X( I )=OLC( I ) / E l  

UR ITE (4,103) NUC( I NUC) .X 

I OMY- ( I STR- 1 ) '1 0+1 

' Bl=Al~FSC(IR)*C2+Al*Cl*0.057 

3 0  CONTINUE 

40 CONTINUE 

O N V ( ~ N U C . ~ O M Y ~ ~  )=AHX(X) 
50 CONTINUE 
60 CONTINUE 

RE TI'R N 
EN0 
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INVIMPS (Continued) 

C 
~*.*..*******t****t**.t..~~****.**+****t~.*.*..*.*****t**tt.*~t*** 

C 

c 
~***.~*******~,**~**~***t****t...*.t***t**t*t*.~*~t**t**t*t*~*tt*tt**~* 

C THIS SUBROUTINE CALCULATES THE LIMITING CONCENTRATIONS FOR 
C THE INTRUOER-INITIATE0 AND EROSION-INITIATED EXPOSED UASTE 
C SCENARIOS. t 
~***~*~.**.*~~*.~***~t*t***~t***.**t~*t*t*t****ttt.***~***~*ttttttt'tt 

SUBROUTINE EXPUAS 

C 
INCLUDE ' INVC0MM.FOR' ' 

COMMON/CHY N/NXUC (85). ICH (8, lo), LCH( 10) .ACT (8) ,BCT (E, 2) 
C 
C 
C DMY(4)&(14) - EROSION-UATE4 
C 

OMY (3)6( 13) - INTRUDER-UTE2 
101 FORMAT(lH1/2X'EXPOSEO UASTE L I M I T S  FOR ISTRn'I2) 
102 FORMAT( 2X' IN1 'A6,1P,lOE9.2) 
103 FORMAT(2X'ERO 'A6.1PI 1DE9.2) 

GREC=IINS 
GEROO=GERO( IQ) 
AREC=l.8€+3*RMIX( IQ)*EMP( IQ) 
I F (  IQ.EQ. 1)ARECnAREC'SEFF ( 11)) 
AERO=ILFE*VANN( IQ)/(EHP( IQ)*EFF( IQ) ) 
FRU=1.15E-4'POPU( IR)*AREC 
FEU=1.15E-4*POPU( 1R)'AERO 
DO 40 ISTR=l,NSTR 
YR I TE (4,101) ISTR 

I9=ISPC( ISTR .2) 
A911.0 

A2=BAS( ISTR, 1) /VANN( IQ) 
DO 30 INUCn1.85 
CALL CHNS( I N N  .GREC, IEN, 1BG.NCH) 
DO 12 1.1.8 

12 BCT(I.l)-ACT(I) 
CALL CHNS( 1NUC.GEROD. IEN. 1BG.NCH) 
DO 14 1.1.8 

14 BCT(I.Z)=ACT(I) 
83=FRWfA2*A9 
B4nFEWA2 
CALL ZERO(X.lO) 
DO 16 1.1.10 
CALL CALE( 1NUC.I .CI.C2.C3.C4.IEN.IBG.NCH) 
IF(C3.NE.O.)X( I)=OLC(I)/(BJ*t3) 

YRITE(4.102) NUC(INUC),X 
DnY (INUC. IOMY )=AMX( X) 
CALL ZERO(X.lO) 
DO 18 1.1.10 
CALL CALE( INUC, I .Cl;C2.C3.C4, IEN. 1BG.NCH) 
IF(C4.NE .D. ) X (  I )=DLC( I )/(  B4*C4) 

YRITE(4.103) NUC( INUC),X 
DMY(INUC.IDMY+l)=AMX(X) 

IOMY =3+ ( 1 STR- 1 )*lo 

IF( 19.GT.l) A9=10.*'(1-19) 

16 CONTINUE 

18 CONTINUE 

30 CONTINUE 
40 CONTINUE 

R E N R N  
E NO 

C 
~*t*.********t**t**.t~****tt*t*..**tttt~t**********t****tt*t 

C 

C 
~***t****tt*t**.*********~***t****tt***t****~******t***t*t*~*.tt*tt~*. 

C T H I S  SUBROUTINE CALCULATES THE LIMITING CONCENTRATIONS t 
C FOR ON-SITE AN0 OFF-SITE INOIVIOUALS 0UR:NG ROUTINE t 
C DISPOSAL OPERATIONS. 
~***..~*.******t**.*.****.*tt**.....~***t~*t***.*t******ttt**t**t..~*' 

SUBROUTINE OPSINP 

C 

I: 
5 OMY(S)6(15) - MAXI14UM OFFSITE INOIVIOUAL 
C OMY(6)&(16) - MAXIMUM UORKER 
C 

INCLUDE ' 1NVCOMM.FOR' 
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101 
102 
103 

. c  
C 
C 

10 

INVIMPS (Continued) 

, c  
6400 ' Q  

FORMAT(lH1/2X'OPERATIONAL IMPACTS- FOR ISTRu'I2) , 

FORMAT( 2X ' IN0 'A6,lP. 10E 9.2) 
FORMAT(2X'URK 'A6.1P. 10E9.2) 
GO TO (10,20.20.30.30),IQ 

START CALCULATION OF OFF-SITE RELEASES FROM ON-SITE FACILITY 

OIAM=SQRT(AOAY( 10,1)/3.1415927) 
W 16 ISTR=l.NSTR , 

URITE(4.101) ISTR 
IDMY=5*(ISTR-1)*10 
15=ISPC( ISTR, 1) 
F0S.l. 
I F (  15.LT.3)FOS=.lO.**( 15-3) 
IF( IO.EO.3) FOS=0.5*(l.iFDS) ' 

Al=FOS*E MP ( 1) *0.237*TdO( 1,3)*UVE L( IR ) *2. .DIAn*3. 
AL=Al*XOQO( IQ)*EOFO( IO)*BAS( 1STR. 1)*3.15€*7/VANN( 1) 
DO 14 5.1.85 

, 

CALL ZERO(X.IO) 
00 12 1.1.10 
IF( POCF(J, I ,3) .NE.O. )X( I )=OLC( I ) /(A2*POCF( J , I ,3) ) 

YAITE(4.102) NUC(J).X 
OMY(J.IOMY)=AMX(X) 

12 CONTINUE 

14 CONTINUE 
16 CONTINUE 

RE TURN 
C 
C START WNICIPAL UASTE FACILITY IMPACTS ,. c 

C 
C 
C 

20 OPOP=SQRT ( AOAY ( 10.1 )/3.1415927 ) 
OEQP=SQRT( AOAY ( IO. 2)/3.1415927) 
OOTH=SQRT(AOAY ( 10.3)/3.1415927) 
DO 28 ISTR=l,NSTR 
URITE(4.101) ISTR 

15= ISPC( ISTR .I) 
FOS.1. 

19.1 SPC (ISTR .2) 
FAC.1. 

ASl=FDS*EHP( IQ)*0.237*BAS( ISTR .l)/VANN( 10) 
ASZ=ASl*XOOO( IQ)*EOFO( IO)*TUO( 10,3)*UVEL( IR)*2. 
AGl=ASl*(FAC/FDS)*1.6/0EN2( Io) 
IF( 1Q.E 0.3)AGl=AGl*OEN2( IO)/OE N2 ( 2) 
W 26 J.1.85 
CALL ZERO(X.lO) 
00 22 1.1.10 
Al=AS2*POCF( J, I ,3) 
IF ( IQ .EO. 3)Al=AltBAS ( ISTR , 1 )*XOOO( 10) .119*POCF 
IF(Al.NE.O.)X(I)=OLC( I)/Al 
CONTINUE 
YR I TE (4.102) NUC (J ) , X 
DMY (J , I OMY ) =AMX ( X ) 
CALL ZERO(X.lO) 
Al=ASl*TUO ( IQ ,3) 
A2=AGl*OOFF(l.)*COFF(l. .OEOP) 
IF( IO.NE .3)AZ=A2*AG1*0.0626 
IF( IQ.E0.3)AZ=A2*AG1*0.25 
00 24 I=1.10 
A3=Al*POCF( J I I, l)+A2*POCF( J , I .5) 
IF( A3.NE .O. ) X (  I )=OLC( I )/A3 

UR IT€( 4.103) NUC( J) .X 
MY(J.IOMY+l)=AMX(X) 

IDMY=5*( I STR-1) *10 

IF( 15.LT.3)FDS=IO.**( 15-3) 

IF ( 19. GT -1 ) FAC=lO.**( 1- 19) 

24 CONTINUE 

26 CONTINUE 
28 CONTINUE 

RETURN 

START HAZARDOUS UASTE FACILITY IMPACTS 

'(J, I .3)*FRACT(J, 
22 

30 OPOP-S~~T(AOAY(IO,l)/3.l4l5927) 
DEOP=SORT( AOAY ( IO ,2)/3.1415927 ) 
DOTH=SQRT(AOAY( 10,3)/3.1415927) 

I '  ' 

F-33 



1 .  

INVIMPS (Continued) 

00 38 ISTR=l.NSTR 
YRITE(4.101) I S T R  . 

I(= ISPC( ISTR.3) 

FDS.1. 
IF(I5.LT.3)FOS~lO."( 15-3) 
I9=ISPC( 15TR.2) 
FAC.1. 
IF ( I9 .GT. 1 ) F At. 10. **( 1 - I9 ) 
ASl=FOS*EMP( IQ)*0.237*8AS( ISTR.  1 ) /VANN ( IO) 
AS2=ASl*XOOO( IQ)*EOFO( IQ)*EFAC( 1R)'AOAY (IQ.2)+3.15€*1 
AS3=ASl*EFhC( IR)*AOAY ( 1Q.2)/( 6.E+6*OPOP'YVEL( IR)*OEN2( 10) ) 
AGl=ASl*(FAC/FDS)*1.6/OEN2( IO) 

AX2=AX1*1.248*AXOO( IR) 
00 36 5.1.85 

IC#Y=S+('I STR- 1 ) *10 

15=1SPC( Ism. 1) 

AXl=BAS( I S T R .  2)*2.6E-l1'FDS'ISPC ( ISTR, 11) 

. .  
OIAr4=DEOP 
IF( IsPC( ISTR,.3).NE.O)OIAH=OOTH . 
MGH=AGl*OOFF( l.)*COFF( l..OIAN)+2.49E-2*AGl 
CALL ZERO(X.10) 
00 32 I=t.lO 
IF(K.EQ.O)Al=AS2*POCF(J, I ,3) 
IF (K.NE.O)Al=AX2*POCF(J. I .2) 
IF(Al.NE.O.)X( I)=OLC( I)/Al 

URITE(4.102) NUC(J).X 
DMY (J , IOMY )=AH (X) 

Do 34 I=1.10 
IF( K.EQ.O)Al=ASj*POCF( J ,I, l)+AOGH*POCF( J, I .5) 
IF (K.NE.O)Al=AXr*PDCF(J. I .Z)+MGH*POCF (J, I, 5)  
IF( A1 .NE .O. ) X (  1 ) =OLC( I ) /A1 

URITE(4.103) NUC(J).X 

32 CONTINUE 

CALL ZERO(X.101 

34 CONTINUE 

OMY (J, 10~v+i)=Ar4x( X) 
36 CONTINUE 
38 CONTINUE 

RETURN _ .  

EN0 
C 
~+t t+ . t . t t . . t t t t t t+~*** *+**4*+**~ . * * *~*** t+t t t *+ .~tn . . * t+ t++ 

C 

C 
Ct+,t.++.t..t..t*t+*****++*****************+**e*****n.+*.**++.+++++~* 

C THIS SUBROUTINE CALCULATES LIMITING RADIONUCLIDE CONCENTRA- 
C TIONS CONSIOERING GROUNOYATER MIGRATION OF RADIOACTIVITY TO 
C THREE BIOTA ACCESS LOCATIONS: INTRUDER-MLL, POPULATION-UELL. 
C AN0 SURFACE YATER. 

C 

SUBROUTINE GUATER(NTYM,TYm) 

~+*+++.*..***H**+.*.+****H****H*******~~*~~*~~*C.~~**~~++.**+++~. 

INCLUDE ' 1NVCOMM.FOR' 
DIPENSION TYMO(16).RES(16.3) ,_ 

C 
' C 
C 
C 
C 

DMY(21)6(24) - INTRUOER-YELL LIMITS 
DMY(22)6(25) - POPULATION YELL L I M T S  
OMY(23)&(26) - POPULAT!ON SURFACE YATER LIMITS 

101 FORHAT(1H1/2X'GROUNOUATER LIMITS FOR ISTR*'I2) 
102 FORMAT (2X' I -UL 'A6,lP. 10E9.2) 
103 FORI4ATf ZX'P-YL 'A6.1P. 10E9.2) 
104 FORMAT(2X' P-SU 

GDEL=IINS 
NSEC=10 
PERC=PRC( IR.IO)*TSC( IR, IO) 
TVOL=ILFE*VANN( IO)*PRC( IR, IO)! (EMP 
IF(TVOL.LT.7700. )TVOL=7700. 
NPTH.3 

00 90 ISTR=l.!iSTR ' 
WRITE(4.101) I S T R  
IOMY'20+( ISTR-1)*3 
A9-1.0 

' A6.1P ,10E9.'2) 

IF(IR.EQ.3) NPTH.2 . <  

IF ( I SPC( I STR .2 )  .GT. l)A9=0.1 
Il=NRET(IR)-l 
TOUM=ENP( IQ)'EFF( IO)*SEFF( IO)/( PERC'A9) 
IF( Il.LE.O)Il=l 
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C 

INVIMPS (Cont i nued ) 

00 80 IWC=l.R5 
TOUR=TOUM/FMF ( I NUC ) 

CALL ZERO(RES .3*16) 
00 30 IPTH=1.3 
Al=RET( INUC. Il)*TiY( IR.IPTH.IQ)*GOEL 
00 20 ITYM=l.NTYM 
TYM=TYMO(ITYM) 
A2=TYHO( ITYM) -TOUR 
00 10 ISEC=1.10 
B3= 1 .I)/ (Al*RET( I NUC , I 1) *(I SEC-1) *OTlH( IR , 10) ) 
84*TPC( I R .  IPTH. tal*( ISEC-1 I*OTPC( IR.10) 
IF(TYM*l.l*B3.LT.l.O) GO TO 20 

. . .. 
A3=0.5~RFS(B3*Tm.e4) . 
IFfA2.GT.O.01A3~A3-0.5*ERFS(E3*A2.B4~ - .  
IF{A3.LT.O.OjA3=0.0 

10 RES( ITYM,IPTH)=RES( ITYM.IPTH)+A3 
20 CONTINUE 
30 CONTINUE 

C 
Bl-BAS( ISTR. l)/TOUR 
00 70 IPTH=l,NPTH 
K=14*( IPTH-1)*16 
BZ=Bl/(QFC( I R .  IPTH)*NSEC)- 
IF( lVOL.GT.QFC( I R .  IPTH) )B2=BZqFC( IR. IPTH)/TVOL 
126 
IF( IPTH.EQ.3) 12.7 
CALL ZERO(X.10) 
00 60 I=1.10 
A6=1.E+20 
00 50 ITYM=l.NTYM 
A3=EXn(AL (I NUC) *TYRO( I TYM) ) 
A4=A3*RES( ITYM. IPTH)*B2VOCF( INUC, I, 12) 

A5=Ol,C( [)/A4 
IF(A6.GT.A5)A6=A5 

X ( I ) =A6 
IF(IPTH.EQ.l)URITE(4,102) NUC( IWC).X 
I F  IPTH.EQ.2 YRITE 4,103) NUC(INUC).X 

OMY ( INUC ,IOMY*IPTH)=AMX (X) 

IF(A4.LT.l.E-16)GO TO 50 

50 CONTINUE 

60 CONTINUE 

I IF[ 1PTH.EQ. 31UR ITE[4.104) NUC( I NUC ) .X 

70 CONTINUE 
80 CONTINUE 
90 CONTINUE 

RETURN 
EN0 

C 
Clt.ttt...t**t....***+*~*+***********.*****+***.*~*.**~~* 

C 

C 

C THIS SUBROUTINE CALCULATES LIMITING RAOIONUCLIOE CONCENTRA- . 

SUBROUTINE OVRFLO 

C**t****.*t.t..*.t***+.~C...*ttttt*.*t***********~*.********.*****~~ 

C TIONS BASE0 ON INDIVIDUAL IMPACTS DETERMINED FOR TU0 SCENARIOS 
C WHICH MY RESULT FROn LEACHATE ACCUMULATION AT A OISPOSAL 
C FACILITY: 
C 1) DURING OPERATION OF THE FACILITY, ACCUMULATING LEACHATE 
C IS REMOVED. TREATED, AN0 RELEASE0 TO A NEARBY STREAM. 
C 2) AFTER CLOSURE, ACCUMULATING LEACHATE IS ALLOYED TO FILL 
C 
C*t*.*t.***t~...*.****~***********.****.*+******.*********~.******** 

C 

UP THE OISPOSAL CELLS, OVERFLOY. AND REACH A NEARBY STREAM 

INCLUDE '1NVCOHH.FOR' 
OIMENSION FlN(BS).i2N(85) 
DATA FlN/85*1./ .FZ!i/85*1./ 

C 
C OMY(7)&(17) - OPERATIONAL LIMITS 
C OMY(B)&(lE) - POST-OPERATIONAL LIMITS 
C 

101 
102 
103 

FORMAT(.~H~/ZX'OVE~FLOY SURFACE YATER 
FORMAT f 2 X '  OV-OP 

LIMITS FOR ISTR='.12) 

6400  ; '  

AB=ISPC( 1,11)*4.5;6 
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INVIMPS (Continued) 

00 50 ISTR=l.NSTR 
URITE(4.101)  I S T R  

19=ISPC( I STR .2) 
A9.1.0 
IF(19.GT.1) A9.0.1 
A4=A9'BAS( I STR, l )*VL/VANN( 10) 
00 4 0  INUC=1,85 
A7.1. 

IDMY+( I S T R - l ) * l O  

A19 I LFEC( 1. -E XH(AL ( INUC ) ) ) 
I F (  A 1  .GT . 0. ) A7*( 1. -EXM( AL ( I NUC)*I LF  E)  ) / A 1  
A5'=A4+A7+FMF(INUC) 
A6=AS4EXH(AL( INUC)*MEL)  
Al=A5*FlN(INUC)'TSC(IR.IO~/AB 
CALL ZERO(X.lO) 
00 20 1-1.10 
A2 =Al*PDCF ( I NUC ,I ,7) 
IF(AL.NE.O.)X( I ) = D L C ( I ) / A Z  

URITE(4.102)  NUC( INUC).X 
OHY (INUC. IDMY)=AMX( X )  
A loA6*F2N(  INUC)/AB 
CALL ZERO(X.10) 
00 30 1=1.10 
AP=Al*POCF ( I NUC, I .7) 
I F (  A2.NE .O. )X(  I )=OLC( I ) /A2 

WRITE( 4,103) NUC( INUC) ,X 
DMY (INUC .IOMY*l)=AnX( X) 

20 CONTINUE 

30 CONTINUE 

4 0  CONTINUE 
50 CONTINUE 

RETURN 
E NO 

C 
~lt.t..t.ttt~tt.ttt.tttttttt**tttttttt*t*tttttttt*ttttttt+tttttt 
c 
I. 

SUBROUTINE CHNS( INUC,GOEL, IEN. IBG.NCH) 
C 
~ttttt~t~+ttt.t.~tt.t4tt4+t*4tt4t4t44t*********00*t***ttt~+4t+tt4ttttt 

c THIS ROUTINE IS IOENTICAL IN LOGIC win THE ACTOR SUBROUTINE 
C OF THE MILOOS CODE. F IRST THE CHAIN MEMBERS ARE 
C OETERHINEO. THEN ME ACTOR CALCULATIONS ARE APPLIED. 
C 
C TO INCREASE THE ACCURACY OF THE RESULTS. 
~.t...t.ttt4*t~t....tttt*tC.+t.tttttt.t..ttt..ttttttt~~*tttttttt+tttt 

t 

t 

SHALL OIFFERENCES ARE DUE TO U T I L I Z A T I O N  OF OOUBLE PRECISION 
t 

* c  
COMMON/CHYN/NXUC(BS) .ICH(B.lO) .LCH( 10) .ACT(8) 

REAL.8 Y .Z .OACT( 8) .HLM( 8) ,EHLM( 8) 
CALL ZERO(ACT.8) 
IF(NXUC(IRUC).NE.O)GO TO 12 

* 10 ACT(l)=EXM(AL(INUC)*GOEL) 
RETURN 

12 00 16 NCH=1,10 
IEN=LCH(NCH) 
DO 14 IBG= l . IEN 
I F (  INUC.EQ.ICH(18G.NCH))W TO 18 

STOP 'CANT FINO NIJCLtOE I N  CHAINS' 

IENO. IEN- IBG* l  

/NUCS/AL(BS).FMF(85) 

14 CONTINUE 
16 CONTINIJ~ 

18 IF(IBG.EQ.1EN)GO TO 10 

J I I C d (  I B C t I - 1  ,NCH) 
HLH( I )=AL(  J) 
V=HLM( I )*GOEL 
2.0. 
I F ( Y  .LT.BS.)24EXP(-Y) 

' q0 20 1*l, IENO 

2 0  EHLN( I)=Z 
OACT( 1 ) =EHLH( 1 ) 
00 60 I = t . I E N O  
Y.1.0 
00 30 J.2.1 

3 0  Y=Y*HLM(J) 
OACl(  I)=O. 
00 50 K a l . 1  
ZaEHLMlKI 
00-40  i = i , I  
I F  (K .NE .J )L=Z/( HLH( J) -HLH( K)) 

4 0  CONTINUE 
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I N V I M P S ( Con t i nu ed ) 
. A  6400 , . 

OACT( I )-OACT( I )+Z 

OACT(I)=OACT( I ) * Y  
IF (OACT( I ) .LT. 0. )OACT( I ) S O .  

60 CONTINUE 
00 70 I=l.IENO 

70 ACT(I)=OACT(I) 
RETURN 
SNO 

50 CONTINllE 

C 
. .................................................................... 
C 

' C  
SUBROUTINE CALI ( INUC , IP .C1 .C2.C3 ,C4, IEN, 1BG.NCH) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C THIS  ROUTINE OBTAINS THE Cl.C2.C3.C4 COEFFICIENTS USEO IN 
C THE INTRUDER IMPACT CALCULATIONS. IF INUC IS NOT A MEMBER 
C OF A CHAIN THEN THE SECTION BEFORE STATEMENT 15 IS USEO. 
C OTHERYISE THE SECTION AFTER STATEMENT 15 IS USEO. 
~*t****************~**********************************.*~******~***** 
c 
I. 

INCLUOE ' 1NVCOMH.FOR' 
COHnON/CHYN/NXUC(85).ICH(8,lO).LCH(10) .ACT(8) 
IF(NXUC(INUC).NE.O)GO TO 15 

Cl=Al*POCF(INUC,IP,5) 
C 2 4 1 W K F  (I NUC. 1P.2) 
C3=Al*POCF( I NUC , IP .3) 
CQ=Al*POCF (INUC,IP,4)*FMF( INUC) 
RETURN 

c1.0. 
c2.0. 
C3.0. 
C4.0. 
00 20 I=l.IENO 

Cl=Cl+ACT( I )*POCF(NN. IP.5) 
CZ=CZ+ACT( I) *PDCF(NN, IP, 2) 
C3=C3+ACT( I )*POCF( NN. IP.3) 
C4=C4+ACT( I )*POCF(NN, IP ,4)*FMF( NN) 

RETURN. 
E NO 

1 0  Al=ACT(l) 

15 IENO=IEN-IBG+l 

NN=ICH( IBG+I-1 .NCH) 

20 CONTINUE 

C 
~****t**t.****t*t*tt.~.*.****t****t.****++.**t.****~***. 

C 
SUBROUTINE CALE(INUC,IP.Cl .C2.C3.C4.IEN.IBG;NCH) 

C 
~******.~*.****.*t**tC.t..~***********t*********************t****.*t** 

C 
C ONLY NOY FOR SUBROUTINE 'EXPYAS' RATHER THAN gINTIMP". CHAIN 

C SCENARIOS ARE CALCULATED IN THIS ROUTINE. 
Ct*r+eem.re*r++er++t.t.++.+.+e.o++o*~*eere+rr+++e+esrr++++e+++++e+re 

THIS ROUTINE PERFORMS THE S A M  FUNCTION AS SUBROUTINE "CALI'. 

C EFFECTS FOR INTRUDER- AN0 EROSION-INITIATE0 EXPOSE0 YASTE 

C 

15 

20 

C 

INCLUOE '1NVCOMM.FOR' 
COMON/CHYN/NXUC(B5), ICH(8.10) .LCH( 10) ,ACT(8) .BCT(8.2) 
IF(NXUC(INUC).NE.O)GO TO 15 
C 1 =BCT ( 1.1 ) *POCF ( I NUC , I P ,3) 
C2=BCT( 1 .Z)*POCF ( INUC. IP ,3) 
C3=BCT( l.l)*POCF( INUC , IP, 7) 
C4=BCT( 1 ,2)*POCF( INUC. IP, 7) 

COMON/CHYN/NXUC(B5), ICH(8.10) .LCH( 10) ,ACT(8) .BCT(8.2) 
IFfNXUCIINUCl.NE.O\M TO 15 
c 1 h c r  ( i , 1 4 O c F  ( I Nuc , I P , j j 
C2=BCT( 1 .Z)*POCF ( INUC. IP ,3) 
C3=BCT( l.l)*POCF( INUC , IP, 7) 
C4=BCT( 1 ,2)*POCF( INUC. IP, 7) . .  
RETURN 
IEfiO=IEN-IBG*l 
c1.0. 
c2.0. 
C3.0. 
C4.0. 
00 20 I=l.IENO 
NN=ICH(IBG+I-l.NCH) 
Cl=Cl+BCT(I .l)*PCCF(NN,IP.3) 
CZ*CZ*BCT( I ,Z)*POCF(NN,IP,3) 
C?=C3+BCT ( I , 1 ) * P X F  (NN , I P , 7 )  
C 4 4 4 4 C T  ( I .2)*PCCF (NN. IP, 7) 
RETURN 
E NO 
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SUBROUTINE OIVVY (MODE ,NI , ~ i)  ' 
C C.tt...t.t...tttt...ooo*ooooo.*t.o~~o~t~.t..*~~.ot*.ot.tt.t..t.*~tttot~ . .  - - 2 .  

C THIS  ROUTINE MULTIPLIES SELECTED L I M I T S  BY EITHER THE'NUMBER 
C OF DISPOSAL F A C I L I T I E S  OR BY THE NUMBER OF PROCESSING ' t 
C F A C I L I T I E S  (DEPENDING ON THE VALUE OF MODE). , .  I t  
~.+r++.r++..+.~""'*to*to~*.ott*t*t,.**ot*...tttoott~.~~..*t**ooooottt . -  c , 1 . . . * * ; I  . I  ,,., : - r t  ..:. . _ - ,  

DO 10 J=Nl.NZ 1 

I F (  OMY ( I .J ) .LT. 1 .E+30)OMY ( I, J) =OMY ( 1, J)'ISPC( 1.11) 

RETURN . ,  

00 3 0  J-Nl .N2 
IF(OMY( I .J) .LT.l.E+30)0MY( I .J)=OHY( I .J )* ISPC( 1.10) . 

30 CONTINUE 
RETURN 
END . .  

10 CONTINUE 

20 W 3 0  I=1.85 
' 

, . . .  : I  

C 
C 

~*ttttt.to*ttttt..o.ttottto.tottottt*t~ttt,t***~~ttt~t~tttttttoootttttt 
C U T I L I T Y  SUBROUTINES f .  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE ZERO : I N I T I A L I Z E S  MATRICES AN0 ARRAYS MROUGHWT 

FUNCTION AMX : DETERMINES THE MINIMUM CONCENTRATION t 
AMOUNG THE 10 ORGANS FOR EACH SCENARIO 
PATHUAY. THIS  VALUE IS THE MAXIMUM t 
CONCENTRATION ALLOUABLE TO MEET THE 
DOSE L IMITATION CRITERIA. 

THE CODE. t 

t 

t 

t 
t 

FUNCTION ERFS : CALCULATES ERROR FUNCTION USEO IN SUBROUTINE 
'GUATER'. REFER TO MAIN REPORT.'CHAPTER 6 
SECTION 6-3 (EQ. 6-29) .  t 

t 

FUNCTION POLY : USEO I N  CALCULATING ERROR FUNCTION (ABOVE). 
t 

FUNCTION EXM : CALCULATES r E w T I v E  EXPONENTIALS. . 
t 

FUNCTION COFF : 

FUNCTION DOFF : 

FUNCTION XOQFC : 

FUNCTION E l  : 

CORRECTION FACTOR USEO I N  TRANSPORTATION 
SECTION. REFER TO MAIN REPORT. CHAPTER 3 
(EQ. 3-14). 

DISTANCE FACTOR USEO I N  TRANSPORTATION 
SECTION. REFER TO MAIN REPORT, CHAPTER 3 
(EQ. 3-11). 

CALCULATES ATMOSPHERIC X/Q FACTOR. 
USEO I N  SUBROUTINE 'READZ". 

t 

t 

t 

t 

t 
t 

* .  
t 

t . 
t 

USEO I N  CALCULATION OF 'COFF'. REFER TO 
MAIN REPORT, CHAPTER 3 (€0.3-15). 

~ ~ + t t t t t t t t n t o t t t t t . t . . l t t t t . t t t . . . . t t t t t ~ t t t t t t  

t 

C 
SUBROUTINE ZERO(A, N)  
OIMENSION A(N) 
00 10 1-1.N 

10 A(I )=O.  
RETURN 
E NO 

FUNCTION A M X ( I )  
OIMENSION X( IO) .Y ( lO)  

C 

DO 10 1.1.10 
Y ( I  ) = X ( I )  
IF(X(I).LT.l.E-30)Y(I)=l.E+38 

10 CONTINUE 
AMX=AMIN l (Y ( l ) ,Y (2 )  .Y(3)  ,Y(4) ,Y(5) .Y(6)  .Y (7 ) .Y (8 ) .Y (9 ) .Y ( lo ) )  
RETURN 

-~ .~ - . ~- . ~ ~ ~ .  - . . ..._ - ~ - - - -... - ~ - E N O  ~~ __ ~~~ - 

C 
FUNCTION ERFS!.il.AZ) 
A3=0.S*SORT(fiZ/Al) 

A s i A 3 * (  l . + A l )  
A4sA3'(1.-A1) 
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6400 . '  

: c  

C 

C 

. .  

C 

C 

C 

INVIMPS, ~ I . .  .II ,(Continued),, 

IF(A4.GT.O)GO TO 10 
ERFS=2.+EXH(A4'A4)*(POLY(A5);2OLY(-AJ)) , ,  . . ;  . . , 
RE TURN . 1 .  

10 ERFS=EXn(d4'A4)'(POLY ( 4 4 ) t P O L Y  ( A 5 ) )  ,. . . I  

' . I .  1 : :  : i ; : .  I 
. , : !;: . .  

RETURN 
. , . I . . :  

. END 
. i *  . 1 

I %  . :, FUNCTION f O L Y ( X 1 f '  . :  ' '  . ' . , * I ,  

DATA A 1  . A 2 . A 3 . A 4 . A 5 . P / : 2 5 4 e 2 ~ 5 9 2 ~ ~ ~ 2 ~ 4 4 9 6 7 3 6 . 1 . 4 2 1 4 1 3 7 4 1 ~  t 

POLY=T1~(~l+Tl~(A2+Tl~(A3+T1~(~4+TliA5)')))~ " '  ' ' 1  ' 
' -1.45315?027,1~061?05J29, .32759,ll/, 
11 = 1. /( 1. *P'X 1 ) ._ 

. .  . .  , 
:! , I .  

RETURN 
. .  END , , ; , , . .  . .  l l ~ , . ! ' * l l  ' 

FUNCTION EXH(A1)  
A2-0 .0  
IF(Al.LT.85.)A2=EXP(-Al) 
EXN=A2 , . .  
RETURN 
END 

FUNCTION COFF(X,R) 
DATA U/.OO97/ 
A l = E l ( U ' X )  
R 1  =SQRT(R'R+X'X) 

RETURN 
EN0 

COFF=( A 1 - E 1  (U'R1) ) / A 1  . 

FUNCTION OOFF(X) , 

E 2 (  Y )=EXP(  -Y )'( 1 .-Y'EXP( Y ) 'El(  Y) ) 
DATA U/.0097/ 

B(R )=1.+.95*R+. 35'R.R 
A l = B ( U )  
A Z = E ~ (  U )  
DOFF=( E( U'X) *E2(U*X)  ) / (  Al 'A2) 
RETURN 
E NO 

' FUNCTION XOQFC(H.R.V,IS) 
DIMENSION A ( 6 ) . 8 ( 6 ) . C ( 6 )  
DATA A/.2.. 12. .OE, .06. .03. .016/ ,8/2'0., .0002. .0015.2*.0003/. 

S IGZ=A(  I S ) * R /  ( ( 1 .+E( IS)'R)**C( IS) ) 

RETURN 
E NO 

FUNCTION E l ( X )  
D IHENS I O N  A(  5 ) .AT ( 4) .BT (4) 

C/2'0..2'.5.2'1./ 

XOQFC=2.032*EXP( -0.5'(H/SIGZ)'(H/SIGZ) )/(V'R*SIGZ) 

DATA AO,A/-.57721566..99999193.-.24991055. .05519968. 
+ - . 0 0 9 7 6 0 0 4 .  . 0 0 1 0 7 8 5 7 /  

DATA AT/8.5733287401.18.0590169730,B.~341608925,0.2677~31343/ 
DATA BT/9.5733223454.25.6329561486.21.0996530827,3.9584969228/ 
IF(X.GT.O..AND.X.LE.l.) GO TO 10 
IF(X.GT.l.) GO TO 3 0  
STOP ' E l  ARGUMENT NEGATIVE'  

XP.1. 
DO 2 0  191.5 
XP=XP'X 

20 E=E+A( I ) 'XP 
E 1. ( € + A 0  ) -ALOG ( X ) 

10 E.0. 

RETURN 
30 €1.0. 

€6.0. 
XP.1. 
00 40 1.1.4 
XP=XP*X 
I F ( I . E Q . 4 )  GO TO 50 
5 4 - 1  
ET=ET+dT!J)*XP 

40 fB=EB+BT(JI 'XP 
50 E = (  XP*ET;A i (4 ) ) / (  XP+EB+BT( 4)) 

E l = E / ( X * E X P ( X ) )  
RETURN 
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APPENDIX CY. Example Problem L i s t i n g s  . .  

Th is  appendix prov ides copies o f  t he  computer l i s t i n g s  f o r  t he  example problems 
considered i n  Chapter 8.0 o f  . t h i s  repo r t .  
f o r  bo th  t h e  IMPACTS and INVIMPS computer codes. 

Two example problems a re  considered 

IMPACTS Code Example Problems . 

The example problems are discussed i n  d e t a i l  i n  Chapter 8.0. 
IMPACTS example 1 cons is ts  o f  d isposal  o f  80 met r i c  tons o f  p ressur ized  water 
reac to r  secondary coolant  loop ion-exchange.,resins i n t o  f i v e  hazardous waste 
d isposal  f a c i l i t i e s .  Three sub-examples are  a c t u a l l y  considered i n  t h a t  impacts 
are compared f o r  waste disposal i n t o  th ree  d i f f e r e n t  d isposal  s i t e  environments. 
IMPACTS example 2 cons is ts  o f  d isposal  o f  two waste streams i n t o  open dump 
d isposal  f a c i l i t i e s  loca ted  i n  the  southeast s i t e  environment. One o f  t h e  
waste streams cons is ts  o f  contaminated t r a s h  and i s  i nc ine ra ted  p r i o r  t o  
d isposal .  
4 municipal i nc ine ra to rs  and 16 open dumps. 
o f  o rd ina ry  d i r t  and i s  disposed d i r e c t l y  i n t o  a s i n g l e  open dump. 

The TAPE5 f i l e  f o r  t he  two example problems fo l lows,  a f t e r  which t h e  problem 
l i s t i n g s  are presented. 
technologies t o  be considered, as w e l l  as the  waste s t ream'charac ter is t i cs ,  
are i n p u t  us ing the  TAPE5 f i l e .  

As shown, the  IMPACTS output  f i r s t  reproduces much o f  t he  data i n p u t  through 
the  TAPE5 f i l e .  
the  remaining treatment/disposal technology and s i t e  environment dec i s ion  
ind ices .  

B r i e f l y ,  however, 

Th is  waste stream i s  furthermore evenly d i s t r i b u t e d  through 
The o ther  waste stream cons is t s  . 

User-supplied op t ions  regard ing the  treatment/disposal 

The type o f  d isposal  f a c i l i t y  i s  f i r s t  presented, fo l lowed by 

The f o l l o w i n g  abbrev iat ions apply  (see Table 8-1): 

Next the  waste 
are presented. 
word "PROCESS" 

. . i nd ices  .'are as 

Abbrev iat ion Index Meaning 

LIFE I LFE f a c i l i t y  opera t iona l  l i f e  
REGN I R  reg ion  index 
I P O P  I POP v i c i n i t y  popu la t ion  dens i t y  
OVF L IOFL leachale accumulation index 
DATA I DAT a d d i t i o n a l  data index 
I NST I I N S  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  
NSTR NSTR number o f  waste streams 

stream t i t l e ,  annual disposed mass, and as-generated dens i t y  

r e f e r s  t o  the  waste process ing index, I P .  The remaining 
fo l lows:  

This  i s  fo l lowed by the  I S P C  i nd i ces  (see Table 8-2). The 

G - 1  



Index Meaning 

ID dispersibility 'index 
IA accessibility index 
I K1 first packaging index 
I K2 second packaging index 
IXS distribution indices 
ICs waste composition indices 

Calculated rhdiological impacts are then presented. 
(abbreviated SCN) involving recycle of metal or glass scrap, recycle of metal- 
packages as scrap, and waste transportation are calculated for only the total 
body. 
the ICRP effective whole body dose equivalent. 
include lungs, stomach wall, lower large intestine, total body, kidneys, liver, 
red bone marrow, bone surface, and thyroid. In addition, the abbreviations for 
the impact scenarios have the following meanings: 

Impacts from scenarios 

The remaining impacts are calculated for nine organs of the body plus 
In order, the nine organs 

e 

. . . -. . . , . . .  

., ,: ~ , : ? ' . ' ' . ' '  . 
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Impact Scenario 

Metal package recyc le:  

Metal ma te r ia l  recyc le :  

MAXIND 
POPULN 

MAXIND 
POPULN 

Glass ma te r ia l  recyc le :  
MAX I ND 
POPULN . .. 

Transpor tat ion:  . (  
TR-MAX 
TR-OCC . -  1 

TR-POP 

I n t r u d e r  : 
INT-CO 
INT-AG 

I N - A I R  
Exposed waste: 

E R - A I R  

IN-WAT 

ER-WAT 

U n i t s  

a 
C 

a 
C 

a .  
I c .- 

a 
b 
tj 

a 
a 

b '  

b 

a 

a 

I n c i n e r a t i o n  and opera t iona l :  
IC-POP b 
I C - I N D  a 

IC-WOR 
IC-MWR 
OP-POP 

OP-IND . 
OP-WOR 

OP-MWR 

Leachate accumulation: 
LA-OPS 

LA-OVF 
LA-AIR 

b 
a 
b 

a 

b 

a 

a 

a 
b 

Meaning 

impacts 
popul a t  

impacts 
popu.1 a t  

impacts 

t o  maximum i n d i v i d u a l  
on. impacts 

t o  maximum . i n d i v i d u a l  
on impacts 

t o  maximum i n d i v i d u a l  
popu la t i on  impacts 

impacts t o  maximum t r a n s p o r t  worker 
t o t a l  impacts t o  t r a n s p o r t  workers 
impacts t o  popu la t i on  a long t r a n s p o r t  

r o u t e  

- i n t rude r -cons t ruc t i on  scenar io  impacts 
i n t r u d e r - a g r i c u l t u r e  scenar io  impacts 

i n t r u d e r - i n i t i a t e d  a i rbo rne  scenar io  

e r o s i o n - i n i t i a t e d  a i rbo rne  scenar io  

i n t r u d e r - i n i t i a t e d  waterborne scenar io  

e r o s i o n - i n i t i a t e d  waterborne scenar io  

impacts 

impacts 

impacts 

i mpac t s 

popu la t i on  impacts from i n c i n e r a t i o n  
o f f - s i t e  i n d i v i d u a l  impacts from 

t o t a l  worker impacts a t  i n c i n e r a t o r  
maximum worker impaFts a t  i n c i n e r a t o r  
popu la t i on  impacts from d isposal  

o f f - s i t e  i n d i v i d u a l  impacts from 

t o t a l  worker impacts a t  d isposa l  

maximum worker impacts a t  d isposa l  

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

operat ions 

d isposal  operat ions 

f a c i l i t y  

f a c i  1 i t y  

opera t iona l  leachate d ischarge impacts 

l'eachate ove r f  1 ow impacts t o  i nd i  v i  dual 
popu la t i on  a i rborne  impacts due t o  

t o  i n d i v i d u a l  

evaporator  operat ions 

a: mrem/yr ; b: person-mrem/yr ; c: person-mrem/30 y rs .  

.. . '  . 



Groundwater impacts are determined a t  three locati'ons down-gradient o f  the 

16 t ime steps fo l l ow ing  closure o f  the disposal f a c i l i t y .  A l l  groundwater 
impacts are t o  an i nd i v idua l  i n  u n i t s  o f  mrem/yr. 

. disposal f a c i l i t y  ( i n t rude r  w e l l ,  populat ion wel1,'and surface water) f o r  

F i n a l l y ,  i t  may be noted t h a t  the output format i s  somewhat a l t e r e d  f o r  IMPACTS 
example 2 where two waste streams are considered. I n  t h i s  case, impacts f o r  
each waste stream are f i r s t  presented separately. Then, cumulative impacts are 
presented f o r  a l l  impact scenarios except those invo lv ing  waste t ranspor ta t i on  
and- glass o r  metal recycl-e. 

INVIMPS Example Problems 

The two example problems are-discussed i n  Chapter 8.0. , B r i e f l y ,  however, a 
s ing le  hypothet ical  waste stream i s  considered f o r  both examples which i s  
assumed t o  be extremely d i spe rs ib le  y e t  have a s i g n i f i c a n t  metal/glass 
component. I n  INVIMPS example 1, 100 metr ic  tons o f  t h i s  waste stream i s  
assumed t o  be packaged and transported t o  a s ing le  hazardous waste dispo'sal 
f a c i l i t y .  
t o  a s ing le  muncipal i nc ine ra to r  where' recovery o f  scrap metal and glass i s  
c a r r i e d  out. The inc ine ra to r  residue i s  d i s t r i b u t e d  through fou r  san i ta ry  
l a n d f i l l s ,  as i s  the discard mater ia l  from the metal/glass recovery process. 
I n  both examples, the dose l i m i t a t i o n  c r i t e r i a  i s  assumed t o  be 25 mrem/yr t o  
each o f  the organs considered ( i nc lud ing  the I C R P  e f f e c t i v e  whole body dose 
equivalent).  
considered (see Table 8-10). 

I n  INVIMPS example 2, the waste stream i s  assumed t o  be transported 

Defaul t  s o l u b i l i t y  classes are used f o r  a l l  o f  the 85 radionucl ides 

:. . . .  I : . " 

T h e ' l i s t i n g s  f o r  the. two .examples ' fo l low a copy o f  the examples! TAPE5 inpu t .  
f i l e . .  The INVIMPS outputs l i s t  maximum radionucl ide concentrat,ions i n  u n i t s  
o f  C i /m3 f o r  each scenario i nvo l v ing  impacts t o  an i nd i v idua l .  I n  p rac t i ce ,  
the computer- code determines 1, imit ing- radionucl ide concen'trations f o r  each .o f  
nine8 organs p lus the 1CRP.effective whole body equivalent.  (excepting recyc le and 

: t ransportat ion scenarios f o r  ..which only total . -body impacts are. considered). 
, These . ca l cu la t i ons  are f a i r l y  ,extensive, however, and the p r i n t e d  .output can 

become fai-r1.y volumi.nous-.-particul-arly. i f .  several cases are. considered., This 
.output, termed th? u t i . l i t y  output, i s  therefore r o u t i n e l y  s tored on a f i l e  and 
the minimum radionucl ide ..concentrations across the 10 organs are determined 
f o r  each impact scenario. :,;These minimum concentrations are t h e m p r i n t e d  as a . 
summary output. The, u t i 1  i , ty,  ou tpu t ,  has more o f  a "bo i l e rp la te "  appearance, . . 

but  may a lso be. printedi,by making some simple. modi f icat ions:  t o  the code. 

fo l lowed by t h e . u t i l i t y  output. f o r . t h i s  example problem, fo l lowed . f i n a l l y  by 
the.summary.output;for INVIMPS example 2. (The u t i l i t y  output f o r  I N V I M P S  
example. 1 . i s  38 pagqs long and :so has not  been reproduced here. ) 
most o f  the informat ion i npu t  by the code user through the TAPE5 f l e  i s  . 
reproduced a t ' t h e  :beginning o f  the summary output. 
t i o n s  are-presented f o r  each o f  the 15,.impact scenarios' considered and each o f  

: the 85 iadionucl i ,des. . The- fo l lowing abbreviat ions.are- appl icable 

. 

' 

. '  I n  t h i s  appendix, ' t h e  summary.output i s  f i r s t  presented f o r  I N V I M P S  example 1, 

As shown, 

Then, 1 i m i t i n g  concentra- 

o r  the. 
. . .  

. . .  6 '  

. . .  . -  
. .  .. I 

; . . . 

, ... I, . 
- . .  summary. output: . . , . . .,' , . ,  

. . .  , .  . . .  . . ' . ! ' ,  . .  . .  . .  
- :  . .  . ... . 

' < ; ,  . . .  
. .  . .  

. . .  . , . _  . .  . .  
- .  . -  
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Abbrevi a t i o n  Meaning 

I NT- CO 
INT-AG 
IN-WAT 
ER-WAT 
OP- IND 
OP-MWR 
LA-OPS 

LA-OVF 
TR- MAX 
I C -  I N D  
IC-MWR 
INT-WL 
POP-WL 
POP-sw 
RC-MPK 
RC-MET 
RC-GLS 

in t ruder-const ruct ion scenario 
i n t rude r -ag r i cu l tu re  scenario 
i n t r u d e r - i n i t i a t e d  waterborne exposed waste scenario 
e ros ion - in i t i a ted  waterborne exposed waste scenario 
disposal f a c i l i t y  operations, o f f - s i t e  i nd i v idua l  
disposal f a c i l i t y  operations, maximum worker 
disposal f a c i l i t y  operations, leachate accumulation and 

leachate overf low fo l l ow ing  f a c i l i t y  closure 
'waste t ransportat ion,  maximum worker 
i nc ine ra to r  operations, o f f - s i t e  i nd i v idua l  
i nc ine ra to r  operations, maximum worker 
i n t rude r  we1 1 
populat ion wel l  
surface water 
metal package recycle scenario 
scrap metal component recyc le scenario 
glass component recycle scenario 

treatment 

For the three groundwater scenarios, l i m i t i n g  concentrat ions are determined f o r  
each organ and each o f  the 16 t ime steps fo l l ow ing  disposal f a c i l i t y  closure. 
The minimum radionucl ide concentrations across the t i m e  steps are then determined 
f o r  each organ, fo l lowed by determination o f  the minimum concentrations across 
a l l  organs i n  the manner discussed above. 

I n  addi t ion,  a word about notat ion.  I n  some instances concentrat ion l i m i t s  
f o r  a given scenario may not  be calculated. This i s  the case, f o r  example, 
f o r  scrap metal and glass recycle f o r  INVIMPS example-1.' 
i s  l i s t e d  on the summary output as the concentrat ion l i m i t  f o r  each radionucl ide.  
I n  other instances, the ca lcu lated radionucl ide concentrat ion may be so l a rge  
t h a t  there i s  e f f e c t i v e l y  no l i m i t  f o r  a given scenario. 
calculated concentrat ion i s  meaningless i n  such cases, the fo l l ow ing  simple 
procedure has been adopted. 
value o f  l o 6  C i / m 3  has been placed a t  i n f i n i t y  on the summary output. This 
turns out  t o  be l o 3 *  on the system upon which'the code was written: '* 

~. 

I n  such cases, a zero 

Since p r i n t i n g  the 

Any ca lcu lated concentrat ion exceeding an a r b i t r a r y  

It may also be noted i n  the summary output t h a t  the radionucl ide concentrat ions 
are l i s t e d  i n  t e r m s  o f  "substream-1," "substream-2," and " a l l  waste." This i s  
because o f  the sor t ing options ava i l ab le  f o r  municipal waste inc inerat ion.  
That i s ,  f o r  s o r t i n g  opt ions 2 and 3 (1P = 4 o r  5), waste i npu t  t o  the 
i nc ine ra to r  i s  separated i n t o  a combustible and non-combustible f rac t i on .  
combustible f r a c t i o n  i s  burned and the non-combustible f r a c t i o n  i s  e i t h e r  
discarded ( I P  = 4) o r  f u r t h e r  separated i n t o  a recycle f r a c t i o n  and a d iscard 
f r a c t i o n  ( I P  = 5). I n  e i t h e r  case, the o r i g i n a l  waste stream i s  d iv ided i n t o  
two completely new waste streams--i.e., the residue from combustion and the 
discard mater ia l .  
concentrations based upon impact scenarios i n v o l v i n g  the disposal f a c i l i t y  are 
determined separately f o r  each waste stream. 

The 

These t w o  new waste streams are disposed, and l i m i t i n g  



Thus, substream-1 refers to either the original waste stream or, if incinera- 
tion is performed, the residue from combustion. Substream-2 refers only to 
the discard material. Concentrations listed under "all waste" refer to impact 
scenarios that are assumed to occur independently of whatever waste sorting 
operation is carried out, if any. 

Considering INVIMPS example 1, only waste disposal occurs. Therefore, limiting 
groundwater concentrations for substream-2 are not determined. 
limiting concentrations determined for scrap metal or glass recycle. In INVIMPS 
example 2, however, recycle of metal and glass sorted from incinerated municipal 
waste does occur. In this case, substream-1 refers to impact scenarios involving 
disposal of incinerator residue, while substream-2 refers to impact scenarios 
involving disposal of the discard material from the sorting operations. 

Neither are 

In the example utility output, calculated radionuclide concentrations for 'each 
organ are listed in the order that the organs are presented in the summary out- 
put. The lungs are listed first, followed by the stomach wall, large lower 
intestine, total body, kidneys, liver, red bone marrow, bone surface, thyroid, 
and ICRP effective whole body equivalent. Separate radionuclide concentrations 
are presented for each of the two possible substreams (ISTR = 1 or ISTR = 2) i.n 
the manner discussed above for the summary output. 
that radionuclide concentrations for the transportation and recycle scenarios 
are not included on the utility output. 
only determined-for these scenarios for the total body, and such concentrations 
are already listed completely in the summary output. 

It may also be noticed 

This is because concentrations are 

In the example utility output, the following abbreviations apply: 

Abbreviation 
Intruder Scenario: 

CONS 
AGRI 

Exposed Waste: 
I NT 
E RO 

Operational: 
I ND 

WRK 

Overflow surface water: 
ov-OP 

ov- PO 

Groundwater: 
I-WL 
P-WL 
P-.sw 

Meaning 

intruder-construction scenario 
intruder-agricul ture scenario 

intruder-initiated waterborne scenario 
erosion-initiated waterborne scenario 

disposal facility operations, off-site 

disposal facility operations, maximum 
individual 

worker 

leachate accumulation of treatment 

leachate overflow after facility 
during disposal facility operation 

closure 
- 

intruder well 
population well 
surface water 



1 .  
6400 

I f  inc inerat ion had been performed, two addit ional  scenarios would have been 
considered. 
indiv idual"  would have been determined, as wel l  as the "maximum worker." 

I n  such cases, radionuclide concentrations f o r  the " o f f - s i t e  

. .  
: . 

. .  
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TAPE5 for 'IMPACTS Examples 

1 . 0  5 1 1 2 0 3 0  ? 
SEC-RESINS .. 80.00 1 . 0  eo. 00 

H-3 . *  1. i s - 0 4  . c-14 . 4 . 2 5 ~ - 0 ~  ~ ~ - 3 1  Y 1 . 3 3 ~ - 0 3  HN-54 u 2 . 3 6 ~ - 0 s  
FE-59 V 6.62E-05 C.0-30 . V  3.92E-05 CO-60 Y 4.03E-05 ZN-65 V 9. 12E-06 

. NI-63 U 7,66E-O6 6R-90 Y 0.42E-06 NO-94 Y 7.06E-10 ZR-93 V .  2.69E-05 
RU-IO3 Y 9, 37E-05' AO-110 Y 3. 888-05 I-.l23 D . 1.06E-07 CS-134 D 3. 19E-04 
CS-137 D 9. 54E-04 CE-141 Y 1. 338-04. CE-144 Y 1. 47E-04 PU-230 Y . 7. 298-06 
PU-241 Y 1.6lE-04 PU-242 Y 0 . 0 s - 0 9  All-241 Y 0.54E-06 All-243 Y 5.76E-07 
CM-243 Y .  3. 948-09 CM-344 Y 4. 42E-06' : 

SEC-RESINS 80. 00: 1 . 0  80.00 ' 

2 . 1 1 .M 1 ..-1 -1 1 0 s  100 0 5 0 0 0 100 . 

. 2  0 5 1 . 1 2 0 3 0  1 

. 2 1 -  1 . 5 0  1 ' -1 -1 10 100 0 5 0 0 0 100 
H-3 1 . 1 s - 0 4  c-14 4 . 2 5 ~ - 0 6  CR-W Y 1 . 3 3 ~ - 0 3  MN-54 u 2 . 3 6 ~ - 0 5  
FE-59 - Y  & W E - 0 5  CO-58 Y 3.92E-05 CO-60 V 4.03E-05 ZN-65 Y 9. l2E-06 
NI-63 U 7.66E-06 8R-90 Y ,  0.42E-06 NO-94 Y 7.06E-10 ZR-95 Y 2.699-05 
RU-103 Y 9.37E-09 AO-110 V 5.00E-05 1-129. D 1.06E-07 CS-134 D 3.19E-04 
CS-137 D 9.54E-04 CE-141 Y 1.33E-04 CE-144 Y 1.478-04 PU-238 Y 7.29E-06 
PU-241 Y 1: 61E-04 PU-242 Y 0. OBE-09 AH-241 Y '0. 34E-06 AH-243 Y 5 .  76E-07 
CM-243 Y 3.94E:W CM-244 Y 4.418-06 

. 3  0 5 1 1 2 0  30 0 
SIX-RESINS 80.00 , 1 . 0  eo. 00 

2 1. . 1 30 i -1 -1 . i o  io0 .o 5 o o o 100 
14-3 1. i x - 0 4  c-14 4 . 2 5 ~ - 0 6  ~ ~ - 5 1  Y I .  3 3 ~ - 0 3  MN-54 u 2 . 3 6 ~ - 0 5  
FE-59 Y 6 . e - 0 5  CO-50 Y 3.92E-05 CO-60 Y 4.03E-05 ZN-65 Y 9. 12E-06 
N1-63 U 7.wE-06 8R-90 Y 8. 42E-06 NO-94 ' Y  7.06E-10 ZR-95 Y 2.69E-05 
RU-103 Y 9.37€-05 AO-110 Y 5.086-05 1-129 D !.Ob€-07 CS-134 D 3.19E-04 
CS-137 D 9.54E-04 CE-141 Y 1.33E-04 CE-144 Y 1.476-04 PU-238 Y 7.29E-06 
PU-241 Y 1.618-04 PU-242 Y 0:08E-09 AM-241 Y 0. 54E-06 M-243  Y 3. 76E-07 
CM-243 Y 3. 94E-09 CH-244 Y 4. 42E-06 

2 0 3 2 2 2 0  0 1 .  
T R A W  100. 0. 5 . 200. ',. 

2 ' 1 0 0 5 .  -1 . -1 32 10 4 1 6 .  50 20 20 . 10 
H-3 . 1. 16-04 C-14 4.2%-06 CR-51 Y 1. 33E-03 UN-54 U 2. 36E-05 
FE-59 V 6.62E-05 CO-50 Y 3.92E-05 CO-60 Y 4.03E-05 ZN-65 Y 9. 12E-06 
NI-63 U 7.66E-06 8R-90 Y 0.42E-06 NO-94 7.06E-10 ZR-95 Y 2 .69E-05 .  
RU-103 V 9.378-05 AO-110 Y 5. B8E-05 1-129 D 1.06E-07 CS-134 D 3. 19E-04 
CS-137 D 9.54E-04 CE-141 Y 1.3%-04 CE-144 V .1.47E-04 PU-230 Y 7.29E-06 
PU-241 Y '1. 6lE-04 PU-242 Y 0.08E-09 M-241 Y 0. 54E-06 AM-243 Y 5. 768-07 
CM-243 Y 3.94E-09 CM-244 V 4.42E-06 
CON-DIRT 500. 1 . 6  . -312. 5 

3 1 0  0 1 - 1  -1 3 1 0 0  0 i o  Q 0 1 0 0  
u-230 Y 3 . 9 s - 0 7  ~ 2 3 4  Y 5.956-07' TH-230 Y 5 . 9 5 ~ - 0 7  ~ ~ - 2 2 6  u 5 . 9 3 ~ - 0 7  
PO-210 U 5.9%-07 PB-010 U 5.93E-07 U-235 - Y  2.75E-00 PA-231 Y 2.75E-00 
TH-232 Y 9 .0lE-07 T!4-220 Y 9.81E-07 RAa220 W 9 .0lE-07 

. .  
. .  

FE-35 Y 2 O S - 0 5  
NI-59 U 2. 49E-08 
TC-99 U 3 50E-00 
CS-135 D 3. 506-08 
PU-239 Y 3.69E-06 
CM-242 Y 1 61E-03 

8 

FE-55 Y 2.ME-05 
NI-59 U 2.498-08 
TC-99 U 3. 5 s - 0 8  
CS-135 D 3. 50E-08 
PU-239 Y 3.69E-06 
CM-242 Y t . 6 lE -05  

8 

FE-55 Y 2.OBE-05 
NI-59 U 2.496-08 
TC-99 U 3. 5 s - 0 0  
CS-135 D 3.50tE-08 
PU-239 Y 3.69E-06 
CM-242 Y 1.61E-03 

FE-55 Y 2.OBE-05 
NI-59 U 2.498-08 
TC-99 U 3. 58E-08 
CS-135 D 3. 5BE-08 . 
PU-239 Y 3.69E-06 
CM-242 Y 1.61E-05 

8 .  

RN-222 * 5.9%-07 
AC-227 Y 2 . 7 s - 0 0  

8 

. .  
I 



IMPACTS Example 1 
( I R = l )  

HAZARDOUS UA&E XI 

LIFE- 20 O W L =  1 . NSTR- 1 
REGN- 1 DATA= 0 
IPOP= 1 I W T =  30 . .  

WASTE: BEC-RESINS UEIQHT: 8.00E401 MT DENSITY: 1 .  o M + O O  MT/M3 

I D -  2 IA- 1 I K l -  1 IKP-.3C) PROCESS- 1 
I X S =  10 100 0 3 
ICs- 0 0 0 100 

METAL PACKAGE RECYCLE IMPACTS .MAXINO 3.71E-04 tlREM/YR 
POPVLN - 4.81E+01 P E R S O N 4 E M / 3 0 Y R S  

TRANSPOATATION IMPACTS T R - M X  4.68E+OO MREM/YR 
TR-OCC - '9. 36E+01. UREM/YEAR 
TR-POP 7 6. 41E+02 PERBON-HREM/YR 

INTRUDER IMPACTS: 

.SCN LUNGS 8 .  U A U  LL I  UALL 1. BODY KIDNEYS - L I V E R  RED MAR BONE THYROID ICRP 
INT-CO 1 . 2 ~ - 0 2  1.22E-02 1 . 2 s - 0 2  1 . m - 0 2  1.22E-02 1.24E-02 1.23E-02 1.31E-02 1.22E-02 1 .2s-02 
1NT-A0 2. 4M-02 2.38E-02 2. 38E-02 2. 38E-02 2. 38E-02 2. 4lE-02 2.39E-02 2. 51E-00 2 . w - 0 2  2.39E-02 

EXPOSED U&TE IMPACTS: 

SCN LUNGS 6. WALL LLI W A L L '  1.' ODY KIDNEYS LI- RED M R  BONE THYROID ICRP 
IN-A IR  1 .  16E-03 1 .  3OE-05 1 .  9 s - 0 3  1. 5YE-04 2. 48E-04 1.64E-03 6. 44E-04 7. TOE-03 3. 89E-05 7.03E-04 
ER-AIR 2.72E-01 6 .  1BE-03 9. 33E-04 3. 33E-02 3. 23E-02 4.07E-01 1 .  34E-01 2.03€+00 1 .  1 s - 0 2  1.69E-01 
IN-UAT 1.2lE-06 1.69E-07 3. 33E-07 7.09E-07 1. 1BE-06 2.9OE-06 1.62E-06 1.01E-03 8: 3oE-07 1 .  3lE-06 
ER-UAT 4.33E-06 7.90E-07 1 .  11E-03 3.23E-03 6 .  96E-03 3.34E-04 2.03E-04 2. 34E-03'.1.03€-05 1: 46E-04 

INCINERATION AND OPERATIONAL I W A C T S :  

SCN LUNOS s. UALL LLI WALL T. BODY KIDNEYS LIVER RED w BONE THYROID ICRP 
IC-POP 0.00E+00 0. OOEIOO 0.30€+00 0.  ooE+oo 0 .00E+OO 0.00E+00 O . O o E + W  0. ooE+oo 0. ooE+oo 0. ooE+oo 
I C - I N D  O.OOE+W) O . O M + O O .  0. O0€+OO 0 .  OOE+OO 0. 00E+00 0.00E+00 0.00E+00 0. O-oE+OO 0.00E+00 O.OOE+OO 
IC-UOR 0. ooE+oo 0.00E+00 0. ooE+oo 0 .  OM+OO 0.00€+00 0 .  O M + O O  0.00E+00 0.00E+00 0. ooE*00 0. ooE+00 
IC-HUR 0.00E+00 0.00E+00 0. OOE+OO 0. OOE+OO O.OOE+OO 0 .  OOE+OO O.OOE+00 0.00€+.00 O.ooE+OO 0. OoE+OO 
w-POP 0.00E+00 0 . 0 0 E + 0 0  0.00€+00 0.ooE100 0.00E+00 0. OOEIOO O.OOE+Oo 0. 'OoE+OO 0. ooE+00 0. ooE+00 
OP-IND 4.64E-11 1.43E-13 2. 29E-13 4. 50E-12 6. BOE-12 3.09E-11 1.94E'll 'P.  42E-10 6.28E-13 2.27E-11 
OP-MR 1.48€+02 3. 74EIOl 3. 76E+01 4. 79EIOl 5. 34E+01 1 .  59E3+02 8.36Et01 6:I8E+O2 3.86E+Ol 9. 15E+01 
OP-rwR 6.23E-01 i2.40E-01 2: 40E-01 2. 76E-01 2. 95E-01 6.6M-01 3. WE-01 2.24E+00 -2.44E-01,'4'. 26E-01- 

LEACHATE ACCUMULATION IMPACTS: . _. . 

SCN LUNQS 6. UALL LLI UALL 1. BODY KIDNEYS L IVER RED MAR BONE THYROID ICRP 
LA-OPS 5. 32E-07 3.99E-07 1.09€-06 6. ISE-07 9. 64E-07 4.36E-06 1:92E-06 1.89E-03 9.27E-07. 1.62E-06 
LA-OVF 6.  7OE-03 3.05E-03 6.22E-03 1 .  19E-04 2. 28E-.04 1.44E-03 3.72E-04 6. 61E-03 2.34E-04 4.3%-04 
LA-AIR 3 . s - 0 2  1.93E-02 2. 36E-02 1 .  7%-02 1 .  91E-02 4. JOE-02 2.63E-02 1..47€-01 3.6RE-02 2.836-07 

G-9 
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IMPACTS Example 1 (Continued) 
(IR=l) ' 

, .  . .  OUOIJND UiTER IHPACT8: 

INTRUDER-UELL 
. .  . TIME LUNOG 6. UALL LLI UALL.~.  BODY KIDNEYS LIVER RED MAR eahp THYROID ICRP 

2OVR 0. OOEiOO 0. 00E+00 0 . 0 0 E + 0 0  0 .  OOE+00 0 . 0 0 E 4 0  0 .  OOE+OQ 0. 00E+00 0. OOE+OO 0. OOE+OO O . O O E 4 0  
40YR O . o c # * o o  0.00E+00 O.OOE+OO O.OOE+oo o.OoE+OO O.OOE+OO 0.00E+00 O.OOE+OO 0.00E+00 O.OOE+OO 
60vR 0.00E+00 O.OOE*OO O..OOE+OO 0 .  OOE+oo 0 .  00E+00 0. ooE+00 0. OOE+00 O.ooE+OO 0. ooE+00 O.OOEt00  
BOYR O.OOE+OO O.OOE*OO 0 . 0 0 E + 0 0  O.OOE+oo o.OoE+OO O.OOE*OO 0. e E + 0 0  O.OOE+OO O.OOE*OO O.OOE+OO . 

1OOYR 0.00E+00 0. OOE+OO 0 .  oOE+OO 0..00Ei00 0 . 0 0 E + 0 0  0. OOE+OO 0.00E+00 0. OOE+OO O.OOE+OO . O .  OOE+OO 
120YR O.OOE+OO 0. OOE*OO 0. OOE+OO 0. OOE+OO 0.00E+00 O.OOE*OO 0. oM+00 0. OOE+OO 0.00E+00 O.OOE+OO 
1M)YR 0.00E+00 O.OOE*OO 0. ooE+00 0.  0M-W 0.00E+00 O.ooE100 O.OOE*OO 0. ooE+OO 0. OOE+00 O.OOE+OO 
2 0 0 Y R  0.00E+00 0. OOE*OO 0.'00E+00 0 .  OOEiOO 0.0OE100 0. ooE+OO O.OOE+OO O.OOE+OO O.OOE+00 0 . 0 0 E + 0 0  
400YR 1. 73E-16 2. 24E-16.2.97E-16 1. 72E-16 1. 78E-16 1. 728-16 1.71E-16 1.'36E-16 1. 7ZE-16 1. BLE-16 
600yR 2. 19E-21 2. =E-21 3.74E-21 2. 17E-21'2.24E-21 2. 17E-21 2.  l6E-21 1.72E-21 2. 17E-21 2:35€-21. 
800YR.  2. OPE-IO I. 43€-10 4. 35E-10 6. 28E-10 2.05E-IO 2.22E-IO 2. 18E-10 2. 32E-10 1.42E-06 4.28E-08 
IK YR 2.03E-IO 1..44E-10 4.36E-10 6. 31E-10 2.OLE-10 2. 23E-10 2. 1QE-IO 2. 34E-10 1. 43E-06 4.30E-08 
2 K  .YR 3.82E-10 2.7OE-10 8.21E-10 1. 19E-09 3. EVE-10 4.21E-10 4. 13E-10 4 . e - I O  2.70€-06,8.~12€-08 . 

5U YR 1. 439-09.2.  WE-09 4. 51E-09 6. 19E-00 2,846-09 3 . a - 0 9  7.32E-09 I. 44E-08 5. 72E-06 1. 7%-07 
1On YR 3 . 3 s - 0 9  3. ME-,O.Q 6.448-09 9.04E-09 3. 84a-09 4.33E-09 8.788-09 1. b!E-O8 1. l a - 0 5  3.47E-07 
20K YR 3. ME-09 2 . w - 0 9  5. 978-09 8. 7 s - 0 9  3. 378-09 3. 748-09 6.4%-09 1. 1pE-08 1 .. 4 s - 0 5  4. 32E-07 . 

TIHE LUNOS 6. U&L LLI UALL 1.' BODY K I D k Y S  L I V E R  RED HAR .BONE THYROID ICRP 
20YR 0.00E+00 0.00Ei00 O.OOE+OO 0. OOE+OO 0.00E+00 o.OOE+oO 0. WE+00 0. OOE+OO O.OOE?00 0.00E+00 
40YR 0.00E+00 0. OOEtOO O.OOE+OO 0.00€+00 .o. OOE+OO o.OO€*OO 0.00E+00 0. OOE+OO O.OOE+OO 0.00E+00' 
W Y R  .O. 00E+00 O . O O E i 0 0  O.OOE+OO 0 .  OOEIOO 0 . 0 0 E + 0 0  0. oo1(oa 0.00E+00 0. OOE+OO 0.00E+00 0.00E+00 

lOOYR 0 . 0 0 E + 0 0  O.OOE*00 0.00E+00 0.00Et00.O:OOE+OO 0. o#+OO 0.00E+00 0. OOE+OO'O. 00E+00 0.00E+00 
12OYR 0.00E+00 O.OOE+OO O.OOE+OO 0. 0 0 E i O O  0.00E+OO O . O O E 4 0  0.00E+00 0. OOE+OO O.OOE+OO .O. 00E+00 
16OYR 0. OOE+OO 0.00E*00 0 .  OOE+OO O.OoE+OO 0.00E+00 O.OOE+OO O.OOE+OO 0. OOE+OO 0.00E+OO 0.  OOE+OO 

- 2 0 0 Y R  0.00E+00 O.OOE+OO O . O M + O O  0.00E*00 O.OOE+OO 0.0OE100 0. 00E+OO O.OoE+OO 0.00E+00 0.00E+00 
400YR 0.00E+00 0. OOE*OO ,O. OOE+OO 0, OOEvOO O.OOE+?O 0. OOE+OO 0.00E+00 0. OOE+OO 0. 00E+00 0. OOE+OO 
6 0 0 Y R  0.00E+00 0. OOE*OO 0. OOE+OO O.OOE+OO' 0 . 0 0 E + 0 0  O . O M + O O  0.00E+00 O.OOE+OO' 0.00E+00 0. OOE+OO 
BOOYR. 0. 00E+OO 0. 00E+00 0. bOE*OO 0.00Ev00 0. 00E+00 O.OOE+OO 0.00E+00 0. OoE+OO. 0.00E+00 0. OOE+00 . 

1KYR O.OOE+OO .O. 0 0 E + 0 0 . 0 .  *+00 0. O E i O O  0.00E+00 0. QOE+OO 0.00E+00 O.OM+OO O.OoE+OO'O. OOE+00, 
2K YR . O .  0 0 E + 0 0  O.OOE+OO. 0.00E+W 0.0OE100 O.OOE+oO 0. OOEIOO 0. 00E+OO 0. OoE+OO 0.00E+00 0. OOE+00,. 
5K YR 0 . 0 0 E + 0 0  0. OOE*OO 0.00E+00 0.00Et00 O.OOE+OO .o. OOEIOO '0.00E+00 0. OOE+OO 0 . 0 0 E + 0 0  0 . 0 0 E + 0 0  

POPULATION-UELL 

8 0 Y R  0.00E+OO.O.OOE*OO O.OOE+OO. O.OOE+OO 0. 00E+00 0. ooC+OO 0 .00E*00 ,0 .OOE*OO 0.00E+00 0.. OOE+00. 

IOK YR 1.2%-10 8. L6E-11 2.62E-10 3.90E-10 1.27E-10. 1.37E-10 1. WE-10.1.43E-10 8.85E-07 2.66E-08.  
20K YR 4. l2E-10 2. BlE-10 8.48E-10 1 . 3 M - 0 9  4. 18E-IO 4. 5OE-10 4.45E-10 4.75E-10 2.93E-06 8.86E-08 

I .  

POP.A&AT'IOIJ-SVRFACE WATER . .  
' T I H E  LUNOS 8. UALL . LLI UALL T.:BObY KIDNEYS L I V E R  RED MR BONE . THYROID ICRP 
2OYR 0.00E+00 O.OOE*OO Q. O M + O O  0. 00E+00 0 . 0 0 E + 0 0  O.OOE+OO O.OOE+OO 0.00E+00 O.OM+OO 0.00E+00 
40YR 0.00E+00 0. 0 0 E * 0 0  0. OM+OO 0 . 0 0 E v 0 0  0. 0oE+OO O.OOE*OO 0.00E+00 0. OOE+OO 0. 00E+00 0.00E+00 
6 0 Y R  O.OOE+OO 0. OOE*00 O.OOE+OO' O.OOE*OO~O. 00E+00 O.OOE+OO 0.00E+00 O.OOE+OO 0.00E+00 O.OOE+OO 
BOYR 0.00E+00 0 .  00E*00.0..00E+00 0. OOEvOO 0.00E+00 O.OM+OO 0.00E+00 O.OOE+OO 0. 00E+00 0.00E+00 

lOOYR 0.00E+00 0. OOE*OO 0. OOE+OO 0 . 0 0 E v 0 0  0..00E+00 O.OOE+OO 0.00E+00 0..00E+00 O.OOE*OO 0. OOE+OO 
120VR, 0. *E+00 O.OOE+o~,  0 .  OOE+oo-o. oOE*OO: O.OOE+OO 0:  00E400 0.00E460 0. oOE+oo 0. OOE+Oo o.OOE+oo 
I ~ O Y R  0. ~ E + O O  0. OOEIOO 0. OOE+OO 0 .  o=+oa. 0. OOE+OO 0. OOE+OO 0.  WE+^ 0. OOE+OO 0. ~ E + W  0. OOE+OO 
aOOYR 0.00E+00 0.00E*00 0 .  OM+OO 0 . 0 0 E * 0 0  0.00E+00 0. OOEIOO 0. 00E+OO 0. oOE+oo 0. OOE+oo 0. oOE+00 
400YR 0 . 0 0 E + 0 0  0. OOE*OO 0 .  00E+00 0. oOE+OO 0. 00E*00 0.00E+00 0.00E+00 O . O M + O O  O.OOE+OO 0. OOE+OO. 
6OOYR 0 . 0 0 E + 0 0  0.00E+00 0.00E+00 O.OOE+OO 0. 0 0 E + 0 0  0.00E+00 O.OOE+QO O.OOE+OO 0.00E+00 0. OOE+OO 
8 0 0 Y R  0. 00E+00 0. 00E*00 0. 00E+00 0.00Ev00 O.OOE+OO 0. 0 0 E + 0 0  0 . 0 0 E + 0 0  0. oOE+OO 0.00E+00 O.OOE+OO 
1.K YR 0. 00E+00 0. OOE+OO. 0 .  00E+00 O.OoE+OO 0.03E*00 0 . 0 0 E + 0 0  0.00E+00 O . O M + O O  0.00E+00 0. OOE+OO 
7K YR 0 .  00E.+00 0 .  00E*00.0. 00E+00 0 .  00E*00  0.00E+00 O.OOE*OO 0 .00E+OO 0. OM+OO 0.00E+00 0. OOE+00 
5K YR O.OOE+OO 0 .  OOE*OO O.OOE+OO O.OOE+OO 0 OOE*OO 0. OOE+OO 0.00E+00 0. OOE+OO 0.00E+00 0. OM+OO 

10% YR O.OOE+OO 0. 0 0 E + 0 0  0. 00E+00 0. 00Ev00 0. 00E+00 0. OOE*OO 0 . 0 0 E + 0 0  'O.OOE+OO 0 . 0 0 E + 0 0  OGOOE+OO' 
ZOK YR 1. 09E-11 7.  41E-12 2. 24E-11 3 .  4%-11 1. 11E-11 1. 19E-11 I. 18E-11 1.26E-11 7.  85E-08 2.  36E-09 
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IMPACTS Example 1 (Continued) 
( IR=2)  

HAZARDOUS UASTE I 1  

LIFE- 20 O W L -  1 NSTR- 1 
REGN- 2 DATA- 0 
IPOP- 1 1-11 30 

UASTE: M C - R E S I N S  WEIGHT: 8.00E*01 MT DENSITY:  1.00E+00 MT/H3. 

ID= 2 I A -  1 I K l -  1 I K 2 =  50 PROCESS- 1 
IXS= 10 100 0 5 
ICs- 0 0 0 100 

METAL PACKAGE RECYCLE IMPACTS MAXIND,'P 5 .  71E-04 HREM/VR 
. POPVLN f 4:,81E+01 PERSON-HREM/30YRS 

TRANSPORTATION lNPACTS ' T R - M X  = 4.6BE+OO MREtl/qR 
TR-OCC 9.36E+Ol MREM/VEAR 
TR-POP 5 1. 71E+02 PERSON-HREH/YR 

INTRUDER IHPACTS:  

SCN LUNGS 8. UkLL. LLI UALL 1. BODY K IDNEVS L I V E R  RED M R  BONE THVROID ICRP 
INT-CO 1.25E-02 1.22E-02 1.22E-02 1.22E-02 1. 23E-02 1.2M-02 1. 24E-02 1.41E-02 1.22E-02 1. 24E-02 
INT-AG 2. 40E-07 2.38E-02 2.38E-02 2. 30E-02 2. 38E-02 2. 41E-02 2. 39E-02 2. 52E-02 2. 38E-02 2. 39E-02 

EXPOSED wi\STE IHPACTS:  

SCN LUHCS s. WALL LLI WALL T. BODY KIDNEYS LIWER RED MAR BoNE THYROID ICRP 
I N - A I R  4. 96E-04 5. 53E-06 8. 22E-06 6. 7M-05 1.06E-04 7.01E-04 2. 75E-04 3.28E-03 2. 52E-05 3. OM-04 
ER-AIR 2. 64Es03 5.98E-07 9. 23E-06 3.22E-04 5. 09E-04 3. 94E-03 1. 49E-03 1. 9s-02 1. 10E-04 1.64E-03 
IN-UAT 1.2lE-06 2. 69E-07 3. 55E-07 7.09E-07 1. 18E-04 2. 9OE-06 1. &!E-06 1.OlE-05 8. 30E-07 1. 51E-06 
ER-UAT 4.33E-06 7. 90E-07 1. llE-05 3.23E-05 6.96E-03 5 .  34E-04 2. 03E-04 2. 54E-03 1.03E-05 1. 46E-04 

INCINERATION AND OPERATIONAL I I lPACTS:  

SCN LUNGS S. WALL LLI WALL 1. B O W  KIDNEYS L I V E R  RED HAR BONE THYROID ICRP 
IC-POP 0.00E+00 0. 00E+00 0.00E+00 0. OOE+OO O . o o E 1 0 0  0. 0OE100 O.OOE*OO O.OOE+OO O.WE+OO 0. OOE+OO 
I C - I N D  0. 00E+00 0.00EI00 0 .  3OE+00 0 .  OOEIOO 0 .  00E100 0. 3OEIOO 0.00€+00 0.00E+00 0.00E+00 0. OOE+OO 
IC-WOR 0. 00E+00 O.OOE+OO 0. 00E+00 0.00E100 O..OOE+OO 0. OEK*OO O.OOE+OO O.OOE+OO 0.00E+OO 0. OOE+OO 
IC-MWR 0.00€+00 0. OOEIOO 0.00E+00 0 .  OOEIOO 0 .  OOEIOO 0. OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO 0.00€+00 

OP-IND 6. 71E-11 2. O7E-13 3.31E-13 6 .  31E-12 9. 83E-12 7. 37E-11 2. 81E-11 3. 5OE-IO 9.08E-13 3. 28E-11 
of'-wM( 1. 48E+02 3. 74EiOl 3. 76E+01 4. 79EIOl 5. 34E+01 1. 59EI02 8. 36E+Ol 6. 1BE*02 3.86E+Ol 9. 15E+01 
OP-MWR 4. 73E-01 2. 40E-01 2. 4OE-01 2. 76E-01 2. 0%-01 6. 6OE-01 3. WE-01 2.24E+OO 2. 44E-01 4.2s-01 

LEACHATE ACCUMULATION IRPACTS:  

op-POP 0.00€+00 0.00E+00 0.00E+00 0.00E+00 0 .  OOEIOO p. OOEIOO O.OOE+OO 0. oOE+oo 0. ooE+oo 0.00E+00 

SCN LUNGS 8. UALL LLI UALL  1. BOGY K IDNEYS L I V E R  RED MAR BONE T H G O i D  ICRP 
LA-Of'S 3.27E-06 2.36E-06 6.48E-06 3.668-06 5. 70E-06 2. 58E-05 1. 14E-05 1. lX-04 5.491-06 9. 57E-06 
LA-OVF 1.63E-OJ 7.,42E-05 1. 51E-04 2. 90E-04'5. 55E-04 3. 50E-03 1.39E-03 1. 6lE-02 5. 70E-04 1. 05E-03 
LA-A IR  2. BO€-02 1. 63E-02 2. 16E-02 1.4BE-02 I. 6lE-02 3. 63E-02 2.22E-02 1. 24E-01 3. IO€-02 2.38E-02 
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IMPACTS Example 1 (Continued) 
(IR=2) . 

WOUND M E R  IMPACTS: 

INTRUDER-UELL 
TIRE LWS a.  WALL LLI  UAU T. BODY KIDNEYS LIVER RED MAR B O N ~  THYROID ICRP 
2OYR 0.00E+00 O.OOE+OO O.OOE+Oo O . o o E 1 0 0  0. ooE+00 O . o o E 1 0 0  O.OOE+OO 0. ooE+OO O.OOE*oo 0. ooE+00 
~ O Y R  0. OOE+OO 0. OOEIOO 0. OOEMKI 0. OOE+OO 0. wEtoo 0. OOEIOO 0. WE+W 0. OOE+OO 0. OOE+OO 0.  OOE+OO 
6OYR 0 . 0 0 E + 0 0  0.  00E+00 0.00E+00 0. OOE+OO 0. 00E100 0.00E100 0.00€+00 0 .  ooEt00 O.OOE+OO 0.00E+00 
8OYR 2.4%-08 3. 17E-08 4. 19E-08 2.43E-08 2.  51E-08 2.43E-08 2.471-00 1.91E-08 2.4%-08 2.63E-08 

100YR 9. WE-09 1.21E-08 1.61E-08 9.34E-09 9.63E-09 9.31E-09 9.29E-09 7.38E-09 9.3lE-09 1.01E-08 
120YR 3.2OE-09 4.04E-09 5.55E-09 3.51E-09 3.28E-09 3. 19E-09 3. 18E-09 2. 571-09 1. 12E-06 3.69E-08 
16OYR 1. 13E-09 1. 17E-09 2.  15E-09 2. 17E-09 1 .  15E-09 1. 17E-09.1. 16E-09 1.07E-09 3. 488-06 1 . 0 s - 0 7  
2 0 0 Y R  5.6OE-10 4. 36E-10 1. 18E-09 1.6OE-09 5. 71E-10 6.09E-10 5. 98E-10 6.21E-10 3. 48E-06 1.05E-07 
400YR 1.OlE-09 7. 18E-10 2. 18E-09 3. 15E-09 1. 03E-09 1. l lE-09 1.09E-09 1. 17E-09 7. 14E-06 2. 1%-07 
6OOYR 8. ME-09 1. 10E-08 1 .  58E-08 2.  13E-OB 1. O4E-08 1. 19E-08 2.  WE-08 5.80E-08 1.39E-05 4.31E-07 
8 0 0 V R  9.01E-09 1. l lE-08 1. 6bE-08 2 2%-08 1.07E-OQ 1.22E-08 2.87E-08 5.  72E-08 1.74E-05 5.35E-07 
1K YR 9.6%-09 1. 14E-08 1.83E-08 2 . 4 s - 0 8  1. 13E-08 1.288-08. 2. 90E-08 5.68E-08 2. ME-05.7.04E-07 
2K YR 2. 13E-OB 2.  68E-08 3. 876-00 5 .  23E-08 2. 54E-08 2.  91E-08 7. OIE-00 1. 429-07 3. 48E-05 1.08E-06 
5K VR 3.24E-08 4.27E-08 5. 78E-08 7.76E-08 3.946-08 4.53E-08 1. 15E-07 2.398-07 3.48E-05 1. 1OE-06 

lOK YR 2.14E-08 3.41E-08 4. 73E-08 6.4OE-08 3. 18E-08 3. 6%-08 9. WE-08 1.84E-07 3. 48E-05 1.08E-06 
2OK YR 1.28E-08 1.25E-08 2.  3SE-00 4. 13E-08 3. 02E-08 2.  1%-07 1. WE-07 1.03E-06 3. 488-05 1. 1,lE-06 

POPULAT I ON-UELL 
T I N  LUNQS 8. WALL LLI  WALL 1. BODY KIDNEYS L I V E R  RED tlAR B O W  THYROID. ICRP 
2OYR 0. 0 0 E + 0 0  O.OOE*OO 0. 03E*00 0 .  OOEIOO 0. 00E+00 0. 00E+00 0 .  00E+00 0. OOE+OO 0. 00E+00 0. 00E+00 
4 0 ~ ~  0. WE+OO 0 .  OOE+OO 0 .  ~ E + O O  0. OOEIOO 0. OOE+OO 0. OOEIOO 0. OOE+OO 0. OOE+OO 0. OOE+OO 0: OOE+OO 

8 0 Y R  O.OOE+W) 0.0OE100 0.00E+00 0. OOEiOO 0.  OOE+00 O . ~ * o o  O.OOE+OO 0 . 0 0 E + 0 0  O.OOE+OO O.OOE+OO 
1OOYR 0. 00E+00 0.00E+00 0.30E+00 0.00E+00 0.00E+00 0. oo(i+OO 0. 00E+00 0 . 0 0 E ? 0 0  0. OOE+OO. O.OOE+OO 
12OYR O.OOE+OO 0. OOE+OO 0.03E+00 0 .  OOE*OO O.OoE+oO 0. ooE100 0.03E+00 O.OOE+OO 0. 00E+OO 0.00E+00 
16OYR 0.00E+00 0. OOE*OO O.OOE+OO 0 . 0 0 E + 0 0  0.00E+00 0. OOE+OO 0.00E+00 0.00E100 0. o M + O O  0. OOE+OO 
200YR 0.00E+00 O.OOE+OO O.OOE+OO 0. OOE+OO O.OOE+OO 0 . 0 0 E + 0 0  0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4OOYR 3.49E-23 4. 50E-23 5.96E-23 3. 46E-23 3. 57E-23 3. 458-23 3. 45E-23 2. 74E-23 3. 45E-23 3. 7SE-23 
6 0 0 Y R  8.01E-21 1. 03E-20 1. 37E-20 7.9%-21 8. 2OE-21 7. WE-21 7. 92E-21 6:29E-21 7. 93E-21 8.61E-21 

1U YR 4. BEE-10 3.45E-10 1.05E-09 1. 52E-09 4.96E-10 5. 37E-10 5. 26E-10 5. 62E-10 3. 44E-06 1.04E-07 
2K YR 2. 13E-09 1 .  51E-09 4. 57E-09 6. 636-09 2. l7E-09 2. 34E-09 2. 30E-09 2. 45E-09 1. 50E-05 4. ME-07 
3K YR 6. 42E-09 7.37E-09 1.21E-08 1.66E-08 7. 44E-09 8.  44E-09 1.84E-08 3. 57E-08 1. 75E-05 5. 328-07 

1OK YR 1. 21E-08 1. 5%-08 2. 18E-08 2.95E-08 1 .  46E-08 1. 67E-08 4. l lE -08  8. 3-X-08 1. 75E-05 5. 42E-07 
20% VR 5.666-09 6.2%-09 1.06E-08 1. 5OE-OB 6.49E-09 7.32E-09 1. 54E-08 2.95E-08 1. 748-03 5.30E-07 

POPULATION-SURFACE WATER 

6OYR O.OOE+OO 0.00E*00 0. 00E+00 O.OOE*OO 0.00E+00 O.OOE+OO 0. 00E+00 O.OOE+OO 0. 00E+00  O.OOE+OO 

BOOYR I. i 7 ~ - i a  e. 3 i ~ - i 3  2.  X ~ E - ~ Z  3. t s - 1 2  1 .  1 9 ~ - 1 2  i . 2 9 ~ - 1 2  .I. 2 7 ~ - i z  1. ~ S E - I ~  e. ~ B E - O ~  2.  ~ ~ E - I O  

T I H E  LUNQS 6 .  WALL LLI UALL T. BODY KIDMYS LIVER RED MAR BONE THYROID ICRP 
2OVR 0.00E+00 0.00E*00 0. @0E+00 .O. 00E+00 0.00E+00 O.OOE+OO O.OOE+OO 0. OOE+OO O.OOE+OO O.OOE+OO 
SOY! 0.00E+00 O.OOE+OO O.OOE*OO 0. OOE+OO 0.03E*00 O.oOE+OO 0.00E+00 o.OC)E+OO 0.00E+00 O.OOE+OO 
6OYR 0.00E+00 O.OOE+OO O.OOE+OO 0 .  OE#+OO 0; 00E*00 0.00E+00 0.00E+00 O.ODE+oO 0.00E+00 0.00E+00 
8 0 Y R  0. 00E+00 O.OOE+OO O.OiE+OO 0 .  OOE+OO 0.00E+00 O.OOE*OO 0.00E+00 0.03E+00 0. 00E+00 0. OM+OO 

1 W Y R  0.00E+00 O.OOE+OO 0. OOE+OO O.OOE*OO 0.0oE100 O.OOE+OO 0.00E+00 0. OOE+OO 0.00E+00 0. OOE+OO 
12OYR 0.00E+00 0. OOEIOO 0.00E+00 0 .  OOE+OO 0.03E+00 0 .  03E10O 0.00E+00 0. =E100 0. OOE+OO 0 . 0 0 E + 0 0  
1 6 0 Y R  0 .  0 0 E + 0 0  0 .  OOEIOO 0: 00E+00 0 .  00E*00 0 .  00E+00 0 OOE*OO 0. 0 0 E + 0 0  0. OOE+OO 0.00E+00 O.OOE+OO 
ZOOYR 0. 00E+00 O.OOE*OO 0 . 0 0 E + 0 0  0. OOEIOO 0 .  00E+00 0. OOEIOO 0.00E+00 0. 00E+00 0. OOE+W O.OOE+OO 
400YR 0.00E+00 0. OOEIOO 0.  OOE+OO 0 .  00E+00 0 00E+00 0 00E*00 0. 00E+00 0. 00Et00 0.00E+00 O.OOE+OO 
aoovp 0. OOE+oo O.OOE*OO 0.30E+00 0 oOE+oo 0.00E*00 0 00E+00 0. OOEIOO 0 . 0 0 E + 0 0  0.00E+00 0. ooE+oo 
EOOYR 1 .  78E-31 2.  30E-31 3.0%-31 1. 77E-31 1.82E-31 1. 77E-31 1 .  76E-31 1. 4OE-31 1. 778-33 1. 91E-31 
IK YR 3.67E-32 7. 328-31 9. 70E-32 5.63E-32 3. 8OE-32 5.61E-32 5.60E-32 4. 458-32 5. 6lE-32 6. 09E-32 
2K YR 3. 35E-11 2 3SE-11 7. 14E-11 1.04E-10 3 4OE-11 3.6BE-11 3. 6lE-11 3. WE-11 2.37E-07 7. 1%-09 
3K YR I. l lE -10  7. 77E-11 2. 36E-10 3.48E-10 1. 13E-10 1.22E-10 1.2OE-10 1.28E-10 7.90E-07 2.38E-08 

1oK YR 3.62E-10 4. 35E-10 6.64E-10 9. 16E-10 4.26E-10 4 8%-10 1 .  l2E-09 2.21E-09 7.90E-07 2. 42E-08 
2OX YR 3. 59E-10 4 .  29E-10 6. 53E-10 9. IO€-10 4.22E-10 4. 81E-10 1. l lE -09  2. 19E-09 7. 9oE-07 2.  42E-08 
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IMPACTS 'Example 1 (Continued) 
(IR=3) 

. .  
. . .  . 

HAZARWu6 W T E  I 1  

LIFE- 20 O W L -  0 NSTR- 1 
REW- .3 DATA- 0 
IPOP- 1 INST- 30 

1 UASTE: SEC-RESINS uEicnT: e. o o ~ + o i  MT DENSITY: 1. ooEioo nr/ro : 

ID- 2 IA- 1 IKlo 1 IK2- SO PROCESS- 1 
IXS- 10 100 0 s 
ICs- 0 0 0 100 . 

-TAL PACKAOE 'RECYCLE IMPACTS 'MAXIND - 5. ~ I E - O ~  MREMIYR 
- '  ' POPULN - 4 . 0 1 E + O l  PERSON-UREM/30YRS 

TRANSPORTATION IMPACTS. TR-MAX - 4.68E+00 WIEH/YR 
' .' TR-OCC - 9. 36E+01. UREWYEAR 

TR-POP 9. 37E+00 PERSON-MREWVR 
. .  

, I  

6400 : 

I 

INTRUDER IMPACTS: 

SCN LUNOS 6.  WALL LLI WALL 1. BODY KIDNEYS ' LIVER RED ruR BONE THYROID ICRP 
INT-CO 1 .  6 1 E - 0 2  1 . 2 2 E - 0 2  1 .  22E-02 1 . 2 6 E - 0 2  1 . 2 9 E - 0 2  1 .  7 3 E - 0 2  1 .  4 1 E - 0 2  3.6%-02 1.-23€-02 1 . 4 4 E - 0 2  
INT-AO 2 . 4 3 E - 0 2  2. 38E-02 2. 38E-02 2 . 3 8 E - 0 2  2. 39E-02 2. 45E-02 2 . 4 1 E - 0 2  2.'72€-02 2 , s - 0 2  2. 41E-02 

EXPOSED WSTE IMPACTS: 
- ,  

SCN LUNCS 6 .  WALL LLI WALL 1. BODY KIDNEYS LIUER RED MAR BONE THYROID ICRP 
IN-AIR 1 . 0 3 E - 0 3  1 .  15E-OS 1 .  7 1 E - 0 3  1 .  39E-04 2.2OE-04 ' 1 . 4 s - 0 3  5. 71E-04 6.83E-03 5 . 2 3 E - 0 5  6 . 2 4 E - 0 4  ' 

ER-AIR 1 . 0 4 E - 0 1  2 . 3 5 E - 0 3  3 . 6 2 E - 0 4  1 . 2 6 E - 0 2  2 . W - 0 2  1 .  53E-01 3. W E - 0 2  7.  TOE-01 4. WE-03 6.43E-02 
IN-WAT 0.00€+00 O.OOE+OO 0. OOE+OO 0. OOEiOO 0.  ooE+oO 0. OOEIOO 0.00E+00 0. OOE+OO O.OOE+OO O.OOE+O? 
EM-MAT 0.00E+00 0.00E+00 O.OOE+OO 0. OOE*OO 0. ooE+OO 0. v E + 0 0  0.00E+00 0. QOE+00 0. OOEbOO 0.00E+00 

. .  INCINERATION AND OPERATIONAL IWACTS: 
. .  

SCN ' LUNOS 8. -WALL LLI WALL 1. BODY KIDNEYS LIVER RED MAR BONE THYROID ICRP 
IC-POP 0.00E+00 O.OOE+OO O.OOE+OO 0.  OOEIOO 0. ~ ~ + 0 0  0.30E+00 0.00€+00 0.  OOE+OO 0.00E+00 0 . 0 0 E + 0 0  
IC-IND 0.00E+00 0.00E*00 0.30E+00 O.OOE*OO 0.00E+00 0.00E+00 0.00E+00 0.03E+00 0.00E+00 0. OOE+OO 
IC-- O.OOE+OO 0.00E+00 O.O?E+OO O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO 0. oOE+00 0.00€*00 
IC-HUR 0.00E+00 0 . 0 0 E * 0 0  0. OOE+OO 0.00Ei00 0. OOE+OO O.OOE*OO 0.00E+00 0. OOE+OO O.OOE+OO 0.00E+00 
OP-POP O.OOE*OO O.OOE*OO 0. WE+OO 0.03E+00 0 .  OOE+OO 0 .  ?E*00 0.00E+00 0. O(K+OO O.ooE+OO O.OOE+00 

OP-WOR 1 .  48E+02 3. 7 4 E * 0 1  3. 76E+01 4 .  7 9 E 1 0 1  3. 34E101 1 :  59E*O2 8. 36E+Ol 6.  18E+O2 3 . 8 6 E + 0 1  9. 15E+61 
OP-IN0 1 .  9 7 E - 1 1  6 . 0 9 E - 1 4  9. 7 3 E - 1 4  1 . 9 1 E - 1 2  2 . 8 9 E - 1 2  2 . ' 1 6 E - 1 1  8. 2 4 E - 1 2  1 . 0 3 E - 1 0  2 . 6 7 E - 1 3  9 . 6 3 E - 1 2  

OP-nWR 6. 23E-01 2 . 4 0 E - 0 1  2. 4OE-01. 2. 76E-01.  2 . 9 5 E - 0 1  6 .6OE-01  3.. 99E-01 2. 2 4 E i 0 0  2. 44E-01 4. PIE-01  

LEACHATE.ACCUHULATION IMPACTS: 

SCN LUNCS S. WALL LLI WALL 1. BODY KIDNEYS LIVER ' RED MAR BUN€ . THYROID . ICRP 
LA-OPS 0. 00E+00 0. OOE*OO .O. 00E*00 0 .  00E+00 0. 00E*00 O.OOE*OO 0. 00E+00 0 .  OOE+OO 0.00Ei.00 0. 00E+00 
LA-OVF 0. 00E+00 0. OOE*OO 0.00€+00 0 .  C3E+00 0 .  00E*00 0 .  00E+00 O.OOE+OO 0.00E+00 Q.00E+00 O.OOE+OO 
LA-AIR O.OOE+OO 0. OOE*OO 0.00E+00 0.00€+00 0.00€*00 O.OceE*OO 0.00E+00 0.00E+00 0.00E+00 O.OOE+OO 

6-13 



IMPACTS Example' 1 (Continued) 
(IR=3) 

I NTRUMR-UELL 
T I M  LWOS 8 . .  UALL L L I  UALL 1. BODY KIDNEYS LIVER RED MAR . BONE THYROID 1CRP 
2OVR 0.00E+00 0.00E+00 0.30E+OO O.OOE+OO 0. IKK+OO. 0. OOEIOO O.OOE+OO O.OOE+OO 0. OOE+00 0. oOE+oo 
40VR 0. 00E+OO 0.00E+00 0.00E+00 0. OOEIOO 0.00E+00 0: OOEIOO 0.00E+00 0. OOE+OO 0.00E+00 0. oOE+OO 
6OYR 0.00E+00 O.OOE+OO 0. OOE+OO 0.0OE100 O.OOE+OO O.OOE*OO 0.00E+00 0. OOE+OO O.OOE+00 0. ooE?00 
BOVR 0.00E+00 0. OOE+OO 0. 00E+00 O.OOE+OO 0.00E+00 0. OOE+OO 0,. 00E+00 0. OOE+OO O.OOE+OO 0. 00E+oo 

lOOYR 0.00E+00 O.OOE+OO 0. OC)E+OO 0 .  OOE+OO O.OOE*OO 0. O O E ~ O O  0.00E+00 0. OOE+OO 0. OOE+00 0. OOE+oO 
l2OYR 0. 00E+00 0. 00E+00 0 .  OOE+OO O.OOE+OO 0 .  OOE+OO 0. OoE+OO 0.00E+00 0. M + O O  0.00E+00 0. OOE+00 

-16OYR 0.00E+00 O.OOE+OO 0.00E+00 0. OOE+OO 0 .  00E+OO 0. OOE+OO 0.00E+00 0. OOE+OO 0. 00E+00 0. oOE+oo. 
2OOYR 0. 00E+OO 0. OOEIOO 0 .  00E+00 0.00E+00 0 .  oOE+00 O . O O E 4 0 0  O.OOE*oo 0.00E+00 0. oM+00 O.OOE+00 
~ O O V R  1 .  b a ~ - i a  2. i x - i a  2. ea€-ia 1 .  ~ ~ - 1 8  i . 7 2 ~ - i e  i . 6 7 ~ - i a  1 . M E - m  1 . 3 n - i ~  i : 6 7 ~ - i a  I .  aiE-ia 
6OOYR 2. llE-13 1. 50E-13 4.  55E-13 6 .  57E-13 2. 15E-13 2.32E-13 2. =E-13 2. 43E-13 1.491-09 4. 4BE-11 
BOOYR 
1 K  YR 1. 99E-12 1 .  4 1 E - 1 2  4.  27E-12 6.  1BE-12 2. 02E-12 2. 19E-12 2. 14E-12 2.19E-12 1 .  40E-08 4.22E-10 

1.99E-12 1 .  4 1 E - 1 2  4.  28E-12 6.  18E-12 2. 02E-12.2. 19E-12 2. 14E-12 2.29E-12 1.4OE-08 4 . 2 z - 1 0 '  

2~ YR I. 9 a ~ - i 2  1 .  ~ O E - I ~  4 . 2 6 ~ - 1 2  6 .  i a ~ - i 2  2 0 2 ~ - 1 2  2. 1 a ~ - 1 2  2. i 4 ~ - i 2  2. 29E-12 1.4OE-08 4.22E-10 
SK VR i . 7 a ~ - i i  2. ~ O E - I  I 3. ISE-I I 4 . 2 1 ~ - 1 1  2. 1eE-i.i 2 . 3 2 ~ - 1  I 6. 5 3 ~ - i i  I .  ~ ~ E - I O  1 . 4 0 ~ - o a  4. 50E-10: 

2 0 ~  YR 4 .  5 4 ~ - 1 2  4 . 0 2 ~ - 1 2  a. 47E-12 i . 2 0 ~ - 1 1  s . 2 1 ~ - 1 2  5. ea€-12 I .  2 4 ~ - i i  2 . 3 7 ~ - i i  1 .  ~ O E - O ~  4. 2 s - I O  
1 0 K  YR 1..06E211 1 .  37E-11 1 91E-11 2. 58E-11 1 .  58E-11, 1 .  4,7E-11 3. LIE-11 7.  42E-11 1 .  4OE-08 4. 37E-10 

POPULATION-UELL 
TlHE LUNGS S. WALL L L I  UALL 1. BODY KIDNEYS . LIVER RED HAR BONE THYROID ICRP ' 

2OYR O.OOE+OO 0. OOE+OO 0. 00E+00 0 .  OOEIOO O.OOE+OO 0.00E+00 0.00E+00 0. OOE+OO 0.00E+OO 0 .  00E+00 
40YR 0. 00E+00 0. 03E+00 0 33E+00 0 .  OC)E+OO O.OOE+OO 0 .  00E+00 0.00E+00 0. OOE+OO 0.00E+00 O.OOE*OO 
60YR O.OOE+OO O.OOE+OO O.OOE+OO 0 .  OOEtOO O.O0E+00  O.OOE+OO 0.00E+00 0. 00E+00 0. 0 0 E + 0 0  0. 00E+00 
8 0 Y R  O.OOE+OO 0.00€+00 0.00E+00 0 .  OC)E+OO 0. OOE+OO O.OO€+OO O.OOE*OO 0. 0 0 E + 0 0  0.00E+00 0. 0 0 E + 0 0  

1 2 0 Y R  0. 00E+00 0 .  00E+00 0 .  00E+00 0 .  00E+00 0 .  OOE+OO O.OOE+OO 0. 00E+00 0.00E+00 0.00E+00 0. 00E+00 
l6OYR O.OOE+OO 0. OOE+OO O.OOE+OO 0 . 0 0 E + 0 0  0. OOEIOO O . O O E ~ O 0  0.00E+00 0. OOE+OO 0.00E+00 O.OOE+OO 
2OOYR '0. 00E+00 0.00E100 0. OOE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0. 00€+00 0.00E+00 0. 00E+00 

.400YR O.OOE+OO 0.00E+00 0. 00E+00 0 .  00E+00 0 .  00E+00 0.00E+00 0.00E+OO 0. OOE+OO 0.00E+00 O.OOE+OO 
LOOYR 1 .  e o ~ - 2 7  2 . 3 2 ~ - 2 7  3. O B E - ~ ~  1.796-27 I .  ~ ~ - 2 7  i. 7 8 ~ ~ 2 7  1 . 7 a ~ - 2 7  1 .  4 i ~ - 2 7  1 . 7 0 ~ - 2 7  1 . 9 3 ~ - 2 7  
~ W V R  i .  o x - 2 9  i . 3 x - 2 9  I .  7a1z-29 I .  0 3 ~ - 2 9  1. 0 7 ~ - 2 9  1: o x - 2 9  i . o 3 ~ - 2 9  e. I ~ E - ~ O  1 .  O ~ E - P ~  1 .  , 1 2 ~ - 2 9  
1 H  YR 0. 00E+00 0. O M * O O  0.00E+00 0 .  OOE+00 0 .  00E+00 0 .  OOEIOO 0.00E+00 0 .  0 0 E + 0 0  0. 00E+00 0.00€+00 
2~ YR 7.  t . a ~ - i d  5 . 4 0 ~ - 1 4  I .  648-13.2: 3 a ~ . - i 3  7 . 7 e ~ - i t ,  e 4 i ~ - i 4  e. 2 a - 1 4  a. e x - 1 4  5 . 4 0 ~ - 1 0  1 . 6 2 ~ - i i  
SK YR 7. t a - 1 9  9.3ts-14 I .  6 x - 1 3  2 . 3 e ~ - i 3  7 .  75)~-14 e. 3 7 ~ - 1 4  a. P ~ E - I ~  a.  7 a ~ - i 4  5. ~ O E - I O  1 .  t+z~-ii 

lOOVR 0:00E+00 O.OOE+OO 0.00€+00 0. OM+OO 0.00E+00 O.OOfZ*OO 0.00E+00 O.OOE+OO 0. OOE+OO O.OOE+OO 

1OK YR 4. 10E-13 5. 2BE-13 7.  34E-13 9. 92E-13 4.948-13 5. 67E-13 1 .  41E-12 2. BM-12 5. 40E-10 1.68E-11 
2OK YR 1 .  7%-13 1.93E-13 3. 26E-13 4.62E-13 2. OlE-13 2. 26E-13 4.776-13 9. 13E-13 5.39E-10 1.64E-11 

POPULATION-SURFACE UkTER 
T I H E  LUNOS 8. UALL LLI WALL 1'. BODY KIDNEYS LIVER RED PUIR BONE THYROID ICRP 
2 0 Y R  0.00E+00 0. * E 1 0 0  0.30E+00 0.00E+00 0 .  OOEIOO o . O M + O O  o.OoE+OO 0.00E+00 0.00E+00 0. OOE+OO 
40YR O.OOE+OO 0.-00E100 0. 00E+00 O.OOE+OO 0.00€+00 0 .  OOEIOO 0 .  00E+00 0 . 0 3 E + O O  0.  OOE+OO 0. OOE+OO 
6OYR O.OOE+OO 0. OOEiOO 0 .  00E+00 0 .  00E+00 0 : 0 0 E 1 0 0  O.OOE+OO 0 . 0 0 E + 0 0  0 .  OOE+OO 0.00E+00 O.OOE+OO 
8 0 V R  0.00E+00 0.00E+00 0 .  30E+00 0.00E105 0 .  00E+00  0 .  30E100 0 .  OOEIOO 0 .  OOE+OO 0.00E+00 0. OOE+OO 

lOOYR 0.'00E+00 O.OOE*OO 0 .  OOE+OO O.OOE+OO O.OOE+OO 0.00E+00 0 . 0 0 E + 0 0  O.OC)E+OO 0.00E+00 O.OoE+OO 
120VR 0. OOE+00 0.00E+00 O.OOE+OO O.OOE+OO 0.00E+00 0. OOE+OO 0. 00E+00 0. OOE+OO 0. oM+00 O.OOE+OO 
16OVR 0. 00E+00 0. OOEIOO 0 .  00E+00 0.00E+00 O.OOE+OO 0 .  00E+00 0 .  00E+00 O.OOE+OO O.OOE+OO 0 .  00E+00 
2OOYR 0. 00E+00 0. OOE+OO 0 .  OOE+OO 0 .  OOEtOO 0 .  00E+00 0 .  00E+00 0. 00E+OO O.OOE+OO 0. OOE+OO 0. OOE+OO 
4OOYR 0. 00E+00 0. OOEiOO 0 .  00E+00 0 .  00E*00  0.00€+00 0. 00E100 0.00E+00 0.03E+00 O.OOE*OO 0 .  OOEiOO 
6OOYR 0. 00E+00 0 .  00E+00 0 .  00E+00 0 .  00E+00 0 .  00E+00 0 .  OOE+OO 0 .  00E+OO 0. OOE+OO 0. OOE+OO 0.00E+00 
BOOYR O.OOE+OO 0. OOE+OO 0 .  00E+00 0 .  00E+00 0 .  00E+00 O.DOE+OO 0 .  00E+OO O.OOE+OO 0..00E+00 O.OOE+OO 
1 W  VR 0.00E+00 O.OOE+OO 0 .00E+00 0.00E+00 0.00E*00 0 .  OOEIOO O.OOE+OO O.OOE+OO 0.00E+00 0.00E+00 
2 K  VR 0. 00E+00 0. 00E+00 0 .  00E+00 0 .  OOE+OO 0 00E+00 0.03E100 0 .  00E+00 O.OO€+OO 0 .  00E+00 0.00E+00 
5K YR 0 .  00E+00 0 .  OOEIOO 0 .  00E+00 0 . 0 0 E t 0 0  0. 0 0 E + 0 0  0. OOE+OO 0 .  00E+00 0. 00E+00 0 .  00E+00 0.00E+00 

1 O K  YR 0. 00E+00 0 .  00E+00 0 .  00E+00. 0 .  OOE+OO 0 .  OOE*OO 0. OOEiOO 0 .  00E+00 0.00E+00 0. OOE+OO O.OOE+OO. 
I O K  YR 0. OOE+OO O.OOE+OO 0. 30E+00 O..OOE+OO 0 .  UOEiOO 0 .  OOE+OO O.OOE+OO 0 .  (50E+00 0. OOE+OO 0 .  OOE+OO 
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6400 
IMPACTS Example 2 

OPEN DUW FACILITY 

LIFE- 20 OWL= 1 M T R =  2 
RECW 2 DATA= 0 
IPOP= 2 INST- 0 . 
WASTE TRASH UEICHT i O O E + O ~  n i  DENSITY s ~ ~ - 0 1  1ir/n3 

ID- 2 I A -  1 I K l -  0 IK2- 0 PROCESS= 5 
IXS- 32 1 0  4 16 
ICs- SO 20 20 1 0  i 

METAL MATERIAL RECYCLE IHPACTS MAXIND 3 2 lE-01 
POPULN = 2 16E+OJ 

CLASS HATERIAL RECYCLE IWACTS MAXIND 3 32E+03 
POPULI4 = 9 31E+03 

TRANSPORTATlOld IMPACTS TR-MAX = 1 lSE+00 
TR-OCC 0 7 35E+01 
TR-POP 4 80E*01 

INTRUDER IHPACTS 

SCN LUNGS S: WALL' L L I  WALL T .  BODY KICNEYS. LIVER RED MAR BONE THYROID ICRP 
INT-CO 4. 76E-02 4. 74E-32 4. 74E-02 4: 74E-ir2 4. 748-02 4.  7s -02  4. 75E-02 4.  87E-02 4 .  74E'02 4. 75EZ02 
INT-AC 1.96E-01 1. 95E-.01 1.  9SE-01 1.  95E-01 1: 95E-01 1. 9 s - 0 1  1. 95E-01 1.97E-01 1 .95E-01 1 . 9 s - 0 1  

EXPOSED UASTE IMPACTS: 
. .  
I .  

SCN LUNGS S. UALL L L I  WALL T. BODY KIDHEYS. LIVER RED-MAR BONE THYROID ICRP 
I N - A I R  3.  11E-02 9. 63E-04 1.6aE-03 4 .  43E-33 6 7JE-33 3.  59E-02 1. 49E-02 I. 61E-01 2. 53E-03 1. 70E-02 
ER-AIR 2. 29E-02 3: 70E-06 7.85'E-05 2. 82E-03 4 .  49E-03 3. 4BE-02 1. 32E-02 1.69E-01 6.2OE-04 t .  42E-02'  . 

. IN-WAT 5 .28E-06 1. 40E-06 2. 09E-06 2. 67E-06 4 .  13E-06 6 .  31E-06 4..52E-O6 1. SOE-05 3 .26E-06 4 .8s-06 
ER-WAT 1. 78E-06 1 .82E-37 3. 20E-06 1. 17E-05 2. 5 5 E - O S  I. 95E-04 7 .37E-05 9 .22E-04 2. 50E-06 5.31E-05 

INCINERATION AND OPERATIONAL IMPACTS: ' ' 

SCN LUNGS 9. UALL L L I  UALL T .  30DY' KIDNEYS . LIVER 'RED MAR BONE 
IC-POP 7. 34E+01 3 .39€+00 6. 5M+00 1. 15ElOl  1 . 6 7 € + 0 1  8. 48E*01 3:64E*Ol 3. 79E+O2 
IC-IND 5. 59E-04 2. 50E-03 4. 95E-OS 8. 748-35 1 27E-04 6. 46E-04 2 .  77E-04 2. 896-03 
IC-UOR 5. 78E+Ol 5. 77E*01 3. 77E101 5 .  77E+01 5. 77E101 5 .  78E+Ol,  3. 77E*01 5. 80E+Ol 
IC-MWR 3. 96E-01 3.  94E-01 3 .94E-01 3 .  9JE-01 3.94E-01 3 .96E-01 3. 95E-01 4 .  02E-01 
OP-POP 3. 55E+02 1. 19E101,2 .  57E101 5 .  12E101 7.  73E101 4.  lOE102 1. 71E+O2 1. 84E+03 
OP-IND 1. 3EE-01 4 . 6 l E - 0 3  9. 98E-.03 1 . 9 9 E - 0 2 . 3 . O l E - 0 2  1. 39E-01 6 . 6 4 E - 0 2  7.  14E-01 
OP-WOR 2 . 9 4 € * 0 0  2 .92E+00 2 . 9 2 € * 0 0  2 . 9 2 € + 0 0  2 . 9 2 € * 0 0  2 . 9 4 € + 0 0  2.93E*QO 3 . 0 5 € + 0 0  
OP-HUR 1. 84E-01 1.02E-01 1 . 0 2 E - 0 1  1. 62E-01 1. 62E-01 1.84E-01 1. 83E-01 !. 91E-01 

THVROID ICRP 

5 50E-05 3 l l E - 0 4  
5 77E+01 5 77E+01 
3 94E-01 3 95E-01 
3 17E+01 1 95E+O2 
1 23E-02 7 57E-02 
2 92E+00 2 93E+00 
1 82E-01 1 83E-01 

7 23E+00 4 09E+01 

.LEACHATE ACCUPlULAT ION IMP ACTS: 

SCN LUNGS S. UALL L L I  L4ALL'T. BOD'I KIDNEYS LIVER RED MAR . BONE THYROID ICRP 
LA-OPS 2: 98E-07 1.12E-07 6 .  33E-07 3. 33E-07. 6. 38E-07 3 57E-06 1. 44E-06 1. %E-05 6. 10E-07 '1. 17E-06 
LA-OVF 2.31E-05 9. 47E-06 4 .  91E-05 2. 74E-05 4 94E-05 2 .69E-04 1. 12E-04 1.21E-03 4.  73E-05 9. 10E-05 
LA-AIR 1 .86E-01 8 . 0 7 E - 0 2  1. 18E-01 7 . 8 1 E - 0 2  8 . 8 5 E - 0 2  2 . 4 8 E - 0 1  1.96E-01 ,l. 4EE-01 1. 34E-01. 9. 33E-01 

G- 15 . . . . -  . . .  . . I  _.. ... . 
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IMPACTS Example 2 (Continued) 

GROUND UATER INPACTS: . .  

INTRUMR-UELL 
TIME LUHOS 8. WALL L L I  UALL 1. BODY KIDNEYS . LIVER RED MAR B O M  THYROID , ICRP . 
2OYR 3. 4 X - 0 7  4.  47E-07 4. 20E-07 3. 41E-07 3. 71E-07 3. 39E-07 3. 58E-07 2.84E-07 3. 341-06 3.44€-07 
40YR &'.=E-07 3.07E-07 5.02E-07 2.47E-07 2.44E-07 2.37E-07 2.63E-07 2. 4 s - 0 7  1. 19E-03 6. 14E-07 
6OYR 1. 18E-07 1. 32E-07 2 . 4 M - 0 7  1.2BE-07 1.2lE-07 1. le€-07 1.34E-07 1. %E-07 1.4%-03 4.24E-07 
BOYR 4.448-08 5.83E-08 1. 14E-07 5.74E-08 -4. 80E-08 4.7%-08 4: 0 3 E - e  6.97E-08 9.338-03 7.5.lE-07 

lOOVR 2.02E-08 2 .448-08  7.85E-08 3.41E-08 2. 13E-08 2. 18E-08 3.84E-08 3. BO€-OB 2. 78s-03 8. 59E-07 
l 2 O Y R  1. 34E-08 1. 34E-08 3. 14E-08 3.08E-08 1. 491-08 1.4oE-08 3.27E-08 3.47E-08 3.48E-05 1 . 0 s - 0 4  
14OYR 1.04E-08 1.09E-08 3. 44E-,08 2.62E-08 1. 1 6 E - 0 8  1.29E-08 2. 7OE-08'4. 9s-08 3. 87E-03. 1. 17E-04 
2 0 0 Y R  1.20E-08 1.32E-08 2.84E-08 3. 2OE-08 1.37E-08 1. 34E-08 3. 288-09 4.22E-00 3.076-05 1. leE-04 
400YR 1. BlE-08 2. 18E-08 3. 35E-08 4. 33E-08 2. 13E-08 2. 436-08 3. @E-08 1. l l E - 0 7  3.87E-05 1. 19E-04 .. 
6OOYR 2.3BE-08 3.00E-08 4.  34€-08 5 .  ME-08 2.83E-00 3.24E-08 7.896-08 1. 39E-07 3.88E-05 1.20E-04 
8OOYR 2. 34E-08 3.23E-08 4 .  4lE-08 6. 22E-08 3.03E-08 3. 49E-08 8.-33E-08 1. 72E-07 3.88E-05 1.2OE-06- 
1K YR 4. 10E-08 3.23E-08 7.24E-08 1.89E-07 3. l l E - 0 7  I .2OE-06 9..00E-07 1. O X - 0 3  3. -E-05 1. 79E-04 
2 K  YR 3: 74E-08 2. 91E-08 4.  42E-08 1. 71E-07 2. 80E-07 1. 9aE-04 8: 10E-07 9..43E-04 3.88E-05 1. 73E-04 
3K YR 3. PIE-08 2. 19E-08 6. 33E-08 1 .  5SE-0.7 2. 43E-07. 1. PZE-06 7.  44E-07 9. 54E-04 3. 88E-05 1. 71E-04 

1OK YR 3. 32E-08 1.  43E-OB 7 .  17E-08 1. ea€-07 3 34E-07 2. 66E-04 1.03E-06 1. 33E-03 3. 87E-03 1.91E-04 
2OK YR 2. 00E-08 4.2OE-09 3 .  18E-OB 1. 36E-07 2. 91E-07 2.23E-06 8. 44E-07 1. l lE -03  1. 11E-04 4. 57E-07 

. .  POPUL.AT ION-UELL . .  
T I M E  LUNCS 6. WALL L L I  WALL f .  BODY . KlCNEYS , LIVER RED NAR BONE THYROID ' ICRP 
2OYR O.WE+OO 0. OOEIOO 0 .  OOE+OO O.OOE+OO 0. 00E+00 O . O O E I 0 0  0.00€+00 0.00E+00 0.00E+00 0. OOE+OO 
40YR 0 .  00E+00 0. 00E100 0 .  00E*00 0 0OE*00 0 .  00E+00 0. OOEIOO 0.00E+00 O.OOE+OO 0.00E+00 0: 00E+00 . 
4OYR O.WE+OO 0 .  OOEIOO O.OOE+OO 0 00E+00 0 00E+00 O.OOE*OO 0 . 0 0 E + 0 0  0. 0OE+00 0. 00E+00. 0. OOE+OO 
8OYR O.OOE+OO 0.00E100 0.00€+00 0 .  OOEIOO 0 00E+00 0 .  -to0 0.00E+00 O.OOE+OO. O.WE+OO 0'. 00E+00 

' lOOYR 1.21E-10 1 .  37E-10 2.OBE-10 1. 20E-10 1. 24E-10 1. PW-10 1.2OE-10 9. 32E-11 1:20E-l0 1: 30E-10 : 

l 2 O Y R  2.65E-10 3. 43E-10 4.  54E-10 .2. 6%-10 2. 72E-IO 2 . 4 s - 1 0  2. 62E-10 2. 08E-10 2. 43E-10 2. 85E-10 
16OYR 7. 34E-11 9. 77E-11 1. 29E-10 7. 51E-11 7 .  74E-11 7.49E-11 7.47E-11 5. 93E-11 7. 49E-11, 8. 12E-11 
2 0 0 Y R  5.89E-11 4. 48E-11 I. 53E-10 1. 6 s - 1 0  6. OIE- I1 4. 4 M - 1 1  6.28E-11 6. 48E-11 3. 56E-07 1.07E-08 
400YR 1.00E-09 7.09E-10 2. 16E-09 3. l l E - 0 9  1. OPE-09 1. 10E-09 1.08E-09 1. 15E-09 7.  06E-06 2. 12E-07, 

. . 4OOYR 1. WE-09 7.09E-10 2. 15E-09 3. l l E - 0 9  1.02E-09 1. 10E-09 1.OBE-09 1. 13E-09 7,. 06E-06 2. 12E-072 
8 0 0 Y R  1.00E-09 7. 08E-10 I. 13E-09 3. l lE -09 ,  I. O2E-09 1. 10E-09 1. WE-09 1. 1SE-09 7.06E-06 2. 12E-07 
1K VR 1. 18E-09 9. 4%-10 2. 46E-09 3. 32E-09 1. 24E-09 1. 34E-09 1.796-09 2. 43E-09 7.06E-04 2: 13E-O7.! 
2K YR-4. 14E-09 5. 18E-09 7. WE-09. I. OIE-08 4. 94E-09 3.45E-09 1.34E-08 2. 72E-08 7.06E-04 2. 18E-07 ?: 
5K YR 3. l8E-09 3.81E-09 3. 88E-09 8. 03E-09 3. 74E-09 4.26E-09 9.70E-09 1. 93E-08 7.  O6E-04 2: t4E-07 1 

. 

10K YR 2. 19E-09 2.39E-09 4.  14E-09 3.81E-09 2. 30E-09 2. WE-09 3.82E-09 1. 11E-08 7.04E-06: 2.  14E-07' . . . 
2 0 K  YR 3.89E-10 3.26E-10 6. 69E-10 8 .  95E-IO 4. 78E-10 3. 51E-10 1.43E-09 2. 996-09 1.'99E-07 4. 42E-09 

. I  . .  
POPULATION-SURFACE WATER 

T I M  LUNOS 8. WALL L L I  UALL 1. BODY KICNEYS 'LIVER RED I& BONE THYROID ICRP 
2OYR 0.00E+00 0 . 0 0 E + 0 0  0.00E+00 0 . 0 0 E * 0 0  0. 00E+00 0. 00E+00 0.00E+00 0. OOE+OO 0. 00E+00 0. OOE+OO . 
4 0 ~ ~  0. OOEMM 0. OOEIOO 0. ox+oo 0 .  OOEIOO 0. OOE+OO 0. OOE+OO 0. OOEIOO 0. OOE+OO 0. WE+OO 0. OOE+OO 
6OYR 0.00€+00 0.00E*00 0. OOE+OO 0 .  OOE*OO 0 .  OOEIOO 0 . 0 0 E 4 0 0  O.OOE+OO O.OOE*OO 0 .  o M + O O  0.00E+00 . 
eOru 0. w + o o  0. OOE+OO 0. o i ~ + o o  0. OOE+OO 0. OOE+OO 0. O ~ E I O O  0. OOE+OO 0. OOE+OO 0. OOE+OO 0. OOE+OO 

1OOYR 0.00E+00 0. oOE*oo 0.30E+00. 0.0oE+00~0.  OOEIOO 0 .  OOEIOO 0.  WE+OO 0. oOE+oo 0 . 0 0 E + 0 0  0.00E+00 
12OYR O.OOE+OO 0. OOE*OO 0. 00E+00 .O. OoE+OO 0: 00E+00 0. OOEIOO 0.00E+00 0. OOE?OO 0. OOE?OO 0: 0 0 E + 0 0  
16OYR 0.00E+00 O . W E + O O  0.00E+00 0 .OOEIOO 0.00€+00 0.00E+00 0 . 0 0 E + 0 0  0. 00E+00 0.00E+00 0. 0 0 E * 0 0  
ZOOYR 1. 91E-14 2. 47E-1.4 3.27E-14 1.90E-14 1. 94E-14 1. 90E-14 I. (19E-14 1. 5OE-14 1.9OE-14 2. (ME-14 
400YR 2.'27E-12 1. 6 s - 1 2  4.84E-12 7.08E-12 2. 31E-12.2.  3OE-I2 2. 43E-12 2. C1E-12 1.41E-08 4.63E-10 

' 6OOYR 4. 31E-11 3. 18E-11 9.46E-11 1. 41E-10 4. 59E-11 4.  94E-11 4.87E-11 3. 2OE-11 3. 20E-07 9. 4lE-09 
8OOYR 4. 31E-11 3. 1BE-11 9. f4E-11 1. 41E-10 4. 39E-11 4.96E-11 4.87E-11 b . , IOE- l l  3.2OE-07 9.41E-09 
1K YR 4.  31E-11 3. 1BE-11 9. 4SE-11 t .  41E-.10 4.  39E-11 4.96E-11 4.87E-11 3. POE-11 3.2OE-07 9. 41E-09 

'2K YR 5. 73E-11 4.  91E-11 1. 17E-10 1. 48E-10 6. 11E-11 6. 73E-11 9. 74E-11 1. 53E-10 3. 2OE-07 9. 43E-09 
SK YR 2. 1%-10-2. 72E-10 3.86E-10 5 .23E- I3  2. 57E-10 2.94€-'10 7 .2 IE -10  1. 4 M - 0 9  3.2OE-07 9.91E-09 

lOK.;VR 1. 37E-10 1. 63E-10 2 53E-10 3.49E-10 1.61E-10 1.83E-10 4. 14E-10 E. 18E-10 3. 19E-07 9.  77E-09 
2OK YR 2. 92E-1 1 4.OlE-11 4 . 9 9 ~ - 1 1  4.65E-11 3.61E-11 4. 17E-11 I. 1 IE-10 I .  31E-10 0.0zE-09 3 .2 lE -10  

, 
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IMPACTS Example 2 (Continued) 

. .  
. .  

. .  .. 
. .  

. .  
WASTE: .CON-DIRT u E i w T :  5 . 0 3 ~ + 0 2  MT . D E t t s i T Y :  I .  LOE+OO n ~ / m  

, .  I D -  3 - I A -  1 I K l -  0 IK2= 0 'PROCESS-. 1 
IXSP 3 100 0 .  1 
ICs= 0 0 - 0 '100  . .  

. - TR.-MAX 6.95E-02 MREH/YR 
- TR-OCC 4 .  17E-01 WE#/VEAR 

TRAN~PORTAT I ON I HPACTS 

. ,  

TR-POP 2:73E-01. .PERSON-HREM/YR 
. ,  . . .  

. .. 
'. . . .. 

INTRUDER IMPACTS: 

SCN LUNGS 8. W L L  LLI WALL 1. BODY K IDNEYS L I V E R  RED HAR BONE I THYROID ICRP 
INT-CO 1. 90E-02 1. 42E-02 1. 42E-02 1 .  45E-02 1 .  43E-07 1 448-02 1. 53E-02 3. 08E-02 1. 42E-02 1. S8E-02 
INT-AO' 1. WE-01 1. 66E-01 1 65E-01 1.83E-01' I. 75E-01 1 69E-01 1.78E-01 2. 14E-01 2.03E-Oi 1.8%-01 

EXPOSED WASTE I W A C T S :  
' 2  . 

SCN L U N G S -  S. WkLL LLI UALL 1. BODY K IDNEYS ' L I V E R  RED HAR BONE THYROID ICRP 
I N - A I R  3.23E-02 1. 13E-02 
ER-AIR 4. 82E-02 2. 17E-05 3 46E-04 3. 51E..03 2. 03E-03 2. 80E-03 I. 22E-02 1. 82E-01 3. 7M-04  1.69E-02 
IN-WAT 3.: 68E-06 1. 22E-37 2. 42E-06 8 .  53E-06 4. 4OE-05 1. 32E-OS 1. 14E-0? 1.OlE-04 3. 67E-06 1.4eE-05 
ER-WAf 2. 97E-04 9. 08€--06 1 95E-04 6. 94E-04 3 56E-03 I .  OJE'03 9 .21E-04 .8 .  1%-03 2.97E-04 1. 20E-03 

1.45E-05 2: 32E-04 2 35E-03 1. 3bE-03 1.07E-03 8. 18E-03 1.22E-01 2.  52E-04 

. .  
1NClNERkTION AND WERATlONkL I W A C T S :  

SCN LUNGS S. U A L L  LLI WALL .T.  BODY K IDNEYS ' L I V E R  RED MAR BONE THYROID ICRP 
IC-POP 0 .00E*00  0.00E*00'.0.00E*00 O.O3E*00 0 .  OOE*OO 0 .  OOEIOO 0.00€+00 0.  ooE+oo 0.00E+00 0.00E+00 
I C - I N D  0. OOE+OO 0. OOE*OO 0 .  JOE+OO 0 .  OOE*OO 0 .  00E+00 0. ooE100 0. 00E*00 0.00E*00 0.00E+00 O.OOE+00 
IC-WOR 0. 00E+00 .O. 0OE*00 0. SOE*00 0 .  0OE+00 0 .  00E+00 0. OOE+OO .O: 00E+00 0. 00E+00 0.00E+00 O.OoE+OO 
lC-1IUR 0. OOE+OO O.OOE*OO 0:  00E*00 O.OOE+OO 0 .  OOEIOO 0.00E+00 .O. 00E+00 0 .  OOE+OO 0.00E+00 O.OoE+OO 
OP-POP 2. 94E+O2 1. 32E-01 2 llE*OO 2. 14E+01 1. 24E101 1. 71E*01 7.  45E+01 1. l l E + 0 3  2.29E+OO 1.03E+O2 
OP-IND 1. 83E+00 8.23E-OJ 1. 5lE-02 1 .  33E-01 7.  69E-02 1.OSE-01 4.63E-01 6.9OE*OO' 1. 42E-02 6..39E-01 

OP-NIM 8. 48E-02 5. 48E-02 ,5. 48E-02 5.63E-02 5 5lE-02 5. 38E-02 6. 15E-02 1.. 5QE-01 5.  49E-02 6. 47E-02 
OP-UOR e. 4 8 ~ - 0 2  s. ~ B E - o z . ~ .  48~-02 5 .  LIE-OZ 5 .  ~ ~ - 0 2  5. S S E - O Z . ~ .  ~ S E - O ~  1. S Q E - O ~  5. 4 9 ~ - 0 2  6.478-02 

LEACHATE ACCUNULATION IMPACTS: 
. . .  

. . .  .. . . .  
SCN "LUNGS S: UALL .LLX-UALL 1. BOGY WXDNEYS L I V E R  RED MAR BONE TnYROID . I C R P '  ' 

LA-OPS 3. 500E-05~7.06E206 .2. 8lE-05 1 .  4%-04 1 19E-04 1. 52E-04 2.03E-04 2. 27E-03 3. 64E-05 I. 44E-04 
Lk-OVF 2. 71E-03 5. 47E'OJ 2. 18E-03.1 l2E-02 9 .20~-03 1. 18E-02 1. S86r02 1. 76E-01 2.82E-03 1. 12E-02 
LA-A IR  1.7%-01 4 . O b E - 0 4  1 .  4SE-03 1 .  %E-02 5. 12E-03 1.. 87E-07 9.03E-02 1. 39E*OO 2.2oE-03 9.07E-02 

.. . .  
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IMPACTS Example '2 (Continued) 

MOUND UATER IMPACTS: 

6OVR 0 00E+00 
8 0 V R  0 00E+00 

lOOVR 2 74E-06 
lZOVR 6 45E-06 
16OVR 6 44E-06 
200VR 6 33E-06 
400VR 1 16E-05 
bOOVR 1 60E-05 
BOOVR 1 95E-05 
1K VR 2 24E-05 
ZK VR 2 89E-05 
5K VR 8 J O E - 0 6  

1OK VR 1 81E-06 
2OU VR 1 J O E - 0 6  

I NTRUDER- UELL 
TIHE LUNOS e, S. WkLL L L I  UALL 1. BODY RIDNEVS LIVER RED MAR BONE THYROID ICRP 
2OVR O.oOE+OO 0. OOEiOO 0 .  0OE+00 0. 0 O E i 0 0  0.  00E+00 0. 0 O E i G 0  0. 00E+00 0 .  OOE+00 0. OOE+OO 0. 00E+00 
40VR 0: 00E+00 0 .00Ei00  0 .  03E+00 0 .  OOEiOO 0.  00E+00 0. 0OE+00 0.  00E+00 0. .ooE+OO O.OOE+OO 0.00€+00 

1 0. OOEIOO 0 .  00E+00 0 .  0 0 E i 0 0  0.  00Ei00 0. 0 0 E i 0 0  0. 00E+00~O.OOE+OO 0.00€+00 0.  00E+00 
' 0. OOEiOO 0 .  03E+00 0 .  OOE+OO 0. OOEIOO 0 .  OOE+00 0. 00E+00 0. OcK+OO O.OOE+OO O.OOE+OO 

1. 44E-07 1. 58E-06 1. 52E-05 2. 74E-06 2. 73E-06 9.  86E-06 8.85E-D5 2. 77E-06 6. 24E-06 
3. 39E-07 3. 72E-06 3. 57E-05 6. 45E-06 6. 43E-06 2.32E-05 2.09E-04 6. 32E-06 1. 47E-05 
3.38E-07 3 .  71E-06 3. 56E-05 6. 43E-06 6. 42E-06 2. 32E-05 2.OBE-04 6. 51E-06 1. 47E-05 
3. 32E-07 3-64E-06 3. JOE-05 6. 32E-06 6. 31E-06 2. -E-05 2.05E-04 6. 40E-06 1. 44E-05 
'6. 09E-07 6 6BE-06 6 43E-05 1. 16E-05 1. 16E-05 4. 18E-05 3. 7 s - 0 4  1. 17E-05 2. 64E-05 
8. 38E-07 9. 19E-06 8 .  BQE-05 1. 59E-05 1. 59E-05 5. 74E-05 5. 16E-04 1.61E-05 3.64E-03 
1. 02E-06 1. 12E-05 1. 08E-04 1 95E-05 1 .  95E-05 7.02E-05 6.31E-04 1.97E-05 4.44E-05 
1. 17E-06 1. E9E-05 1 24E-34 2.  24E-05 2.  23E-05 8 .05E-05 7.23E-04 2.26E-05 5.09E-05 
1. 52E-06 1. 67E-05 1. 6OE-04 2.  89E-05 2.8BE-05. 1.04E-04 9.35E-04 2.92E-05 6.59E-05 
5.32E-07 9. J 5 E - 0 6  4.92E-05 1. 27E-05 4.  47E-05-7.  70E-05 9. 72E-04 8. 41E-06 4.92E-05 
2.7SE-07 1 01E-05 1 52E-05 9.  6OE-06 6. 72E-05 9.  71E-05 1. 40E-03 1.67E-06 6. 14E-05 
3. BSE-07 1. 62E-05 1. 6OE-05 1. 24E-05 9.  44E-05 1. 50E-04 2.12E-03 1. 15E-06 9. 3OE-05 

POPULATION-WELL 
71KE LUNGS 
2OVR 0 00E+00 
40vn o O O E ~ O O  

eovn o oot'+oo 
4OVR 0 @OE+OO 

IOOVR 0 OOE+OO 
l l O V R  0 00E+00 
I 6 O Y R  0 00E+00 
7 0 0 V R  0 00E+00 
400VR 0 00E+00 
t O O V R  0 00E+00 
800VR 0 00E+00 
I K  VR 0 00E+00 
2K VR 0 0 0 E + 0 0  
5U VR 1 44E-06 

l W  VR 1 66E-07 
2SK VR 2 18E-09 

5 .  'WLL L L I  UALL T 3OD.r' KIDNEYS . LIVER RED MAR BONE THVROID ICRP 
0 OOEiOO 0 0OE+00 0.0'3E+00 0 00E+00 O . O O E 4 0 0  0.00E+00 0.00E+00 0.00E+00 0.00€+00 
0 .  OOE*OO 0.00E+00 0 . 0 . 3 E i 0 0  0 .  OOEiOO 0 . 0 M i O O  0.03E+00 0.03E+00 0.00E+00 0.00E+00 
0.0.3E4CO 0.03€+00 0 . 0 . ? E i O 0  O.OOE+OO O.OOE+OO 0.00E+00 0 .0OE+00 0.00E+00 0.00E+00 
0 .  OOE+OO 0 .  OOE+OO 0 G3E400 0 03Ei00 0. 00E+00 0. 00E+00 0. 00E+.O0 0. 00E+00 0. 00E+00 
0. 03E400 0 .  03E+00 0. 03E+00 0 .  0OE+00 0. OOEiOO 0 .  00E+00 0. C3E+00 0. 00E+00 0 .  00E+00 

0 03E100 0 00E+00 0 COE+OO 0 00E+00 0. O 9 E i O O  0. 0OE+00 0 .  03Et00 0. 00E+00 O.OOE+OO 
0 .  OOEiOO 0 .  0 O E + 0 0  0 00E+03 0 03E+00 0 .  OOEiOO 0 .  00E+00 0. 03E+00 0. OOE+OO ,O. 00E+00 

0 .  00E+00 G .  00E+00 0. C . 3 E i 0 3  0. 00E+00 0. OOEIGO 0 .  00E+00 0 .  03E+00 0. 00E+00 0 .  00E+00 
0 30EI00 0 03E+00 0 0 3 E l G 0  0. 0OE+00 .O .  03Ei00  0 00E+00 0. 0.3€+00 0.  00E+00 O.OOE+OO 
0 .  03Ei00 0 .  00E+00 0 .  0'3E+00 0 .  00Ei00 0 .  0 3 E i 0 0  0 .  O9E+OO 0. 03E+00 0. 00E+00 O.OOE+OO 
0. OOEIOO 0 03€:+00 0 .  03Ei00 0 03E+00 0 W E + O O  0 .  00E+00 0 .  @3E+OO 0. 00E+00 0. 00E+00 
0 .  OOEIOO 0 .  J3E+OO 0 0 3 E i 0 3  0. 03Ei00 -0.  OOEiOO 0. 00E+00 0. 03E+00 0. 00E+00 0. 00E+00 
0 . 0 O E i 0 0  0. 33E+00 0 
7 .  57E-08 8 31E-07 7.  9 9 E - 0 6  1 4 4 E - O b  1. 34E-06 5. 19E-06 4. 66E-OS 1. 46E-06 3. 20E-06 
,8. 69E-09 9.  53E-08 9..17E-07 1 65E-07 1. 65E-07 5 . 9 6 i - 0 7  5.  35E-06 1.67E-07 3. 77E-07 
1. 14E-10 , 1 .  26E-09 1. 21E-08 2 18E-09 2. 17E-09 7. 84E-09 7 .  O5E-08 2. 20E-09 4.96E-OQ 

03E+00 0 00E+00 0 OOEIOO .o. 00E+00 O.OC)E+OO. 0.00E+00 0.00E+00 

POPULATIO14-SMFACE LJATER. . 
T I M E  LUNGS 5. LIALL L L I  WALL T 30DY KIDNEYS LIVER RED MAR BONE THYROID ICRP 
ZOYR G. 00E+00 0 .00Ei00  0 .  O0E+G0 0 03E+00 0 .  OGEiOO G 0 3 E i 0 0  G. OOE+OO 0 .  0OE+00 0. 00E+00 O.OOE+OO 
4OVR 0. 00E+00 0. OOEiOO 0 .  3OE+00 0 03E+00 0 .  OGEIOO 0 .  OOEIOO 0 .  00E+00 0 .  03E+00 0. 00E+00 O.OOE+OO 
6OYR 0 .  00E+00 0 .  OOEiOO 0 .  30E+OG 0 .  C3E+00 0. 00E+00 0 03Ei00 0 03E+00 0 .  00E+00 0. 00E+00 0.00€+00 
8 0 Y R  0.00€+00 O.OOE+OO O.OOE+GO 0 .  O?E+GO 0.00E+00 0-00E100 0 . 0 0 E + 0 0 ~ 0 . 0 0 E + 0 0  0.00€+00 0.00€+00 

1 0 0 Y R  0 .  @OE+OO 0. OOEiOO 0. 03E+00 0 03E+00 0 00E+00 0 .  33E+00 0. 00E+00 0. 03E+00 0 .  00E+00 0. OcK+OO 
l 2 O V R  0. 00E+00 0. OX100 0 .  00E+00 0 03E+00 0 .  0 0 E i G 0  0 .  30E+G0 0. 03E+00 0. 03E+00 0.00E+00 0. 00E+00 
16OVR 0 00E+00 0. OOE+OO 0 .  0 0 E i G 0  G 03E400.0 .  OOEIOO 0 0 0 E i O O  0 .  03E+00 0 .  00E+00 0 .  00E+00 0 .  00E+00 

4 0 0 V R  0 .  0OE+00  0 00E+30 0 OC)E+OO 0 .  COE+CO 0.00t:+03 0 0 O E I O O  0. 0OE+00 0. C3E+00 O.OOE+OO 0.00€+00 
t O O Y R  0 00E+00 0 OC)E+GO 0 JOE*OO 0 C3E+O0 0 00E+O0 0 0 O E + 0 0  0 00E+00 0.03€+00 0 00E+00 0.00€+00 
ROOVR 0 O 9 E i O O  0 .03E400  0.+3t+00 G.03€+00 0 00E+03 0 C 3 E i 0 0  0 .03E+00  O.COE+OO 0.00E+00 0.03E+00 
I& Y R  0 30Ei00 0 .  03E400 .0  03I-:+GO 0 03E+33 0 0 0 E i G O  0 .  QOEiOO 0 .  0OE+00 0 .  03E+00 0. 00E+00 O.OOE+OO 
2H YR 0 00E+00 0 . 0 3 E * 0 0  C 33t'+GO 0 .03E+00  0 0 3 E + 0 0  0 33E+00 0 .00Ei00  0.03€+00 0 .00E+00  0.00€+00 
% Y R  0 OGt+OO 0 .  03E+00 0 OOE.+OO 0 .  03E+00  0 03E+OO 0 03E+00 0 .  09E+00 0 .  03E+00 0.00€+00 0 .  00E+00 

I C *  YR 8 .  3 S E - 0 9  3. 95E-10 4 .  83E-09 4 b5E-38 8 35E-39 8 .  S3E-09 3 .  02E-08 2.  72E-07 8. 43E-09 1. 91E-OB 
- 2 O X  Y R  1 .  lot'--13 5. tlE-12 6. 31E-11 6. 1ZE-10 1 10E-10 1. 10E-10 3. 98E-10 3. 59E-09 1. l l E - 1 0  2. 51E-10 

ioovn 0 .  OOE+OO 0 .  03~100 0 .  OOE+OO G O J E ~ O O  C .  O'JE+OO 0 .  OOEIOO 0 .  OCIE+OO 0 .  O ~ E + O O  0 .  OOE+OO 0 .  OOE+OO 
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' IMPACTS Example '2 (Cont inued) .  
i 

' 6400 . -  

. .  
. .  

. .  . 
, . .  . .  - .  

' . .  
' ' .CUMULATIVE IMPACTS . .  . 

. _. . -  . 

_ .  . 
. ' INTRUDER IMPACTS: 
.. . 

' - .  SCN LUNGS 'S. WALL LCI WALL. 1. BODY UIDiJEYS L I V E R  REO MAR ' BONE THYROID ICRP 
INT-CO 6 6 6 E - 0 2  6. 16E-02 6 .  1 6 E L 0 2 - ' 6  19E-02 6. 1 7 E - 0 2  6: 20E-02 6 20E-02 7 .  95E-02'6. 16E-02 6. 33E-02 

3 7 0 E - 0 1  3 .  65E-01. 3. 7 4 E - 0 1  4 .  l l E - 0 1  3. WE-01 ,3 .  BlE-01 . ' IhiT-AC 3. 8 l E - 0 1  3. 6 1 E - 0 1  3. 6OE-01 3; 7 0 E - 0 1  

. .  EXPOSED WASTE IMPACTS: 

' 'SCN LUNGS S: WALL LL.1 WALL 1. BODY KIDNEYS L I V E R  RED MAR BONE 'THYROID ' ICRP 
I N - A l b ' 6 .  3 3 E - 0 2  9. 9 8 E - 0 4  2. 11E-03 6. 79E-03 0. 1 0 E - 0 3  3 .  78E-02 2 .  31E-02.2. 03E-01 2 00E-03 2 .  0 3 E - 0 2  
ER-AIR 7. 1 0 E - 0 2  2. 54E-05 4. 25E-04 6 33E-03 4 5 l E - 0 3  3. 76E-02 2. 54E-02 3 .  51E-01 9 .  96E-04 3 .  11E-02 
IN-MAT 0 . 9 5 E - 0 6 ' 1 .  5 2 E - 0 6  4. 51E-06  1 .  13E-05 4 .  6 Z E - 0 5  1 9 5 E - 0 5  1 .  59E-05 1. l a € - 0 4  6 .  93E-06 1. 97E-05 
ER-MAT 2 . 9 9 E - 0 4  1. O l E - 0 3  1 9%-04 7 . 0 5 E - 0 4  3 5 0 E - 0 3  1 26E-03 9 . 9 5 E - 0 4  9 .05E~03 2 . 9 V E - 0 4  1.2JE-03 

.. . ' INCINERATION AND. OPEHATI@NAL IMPACTS: 

. SCN LUNGS S. WALL LL I  UALL T .  BODY KIDNEYS L I V 5 R  -REO MAR BONE THYROID ICRP 
. .  

. IC-POP 7 .34E+01 '3 .  39E*00 6. SOE+OO 1? 15E+Ol 1 . 6 7 E 1 0 1  48E+01 3. 64E+01  3 .  7 9 E + 0 2  7. 23E*00 4 .  0 9 E + 0 1  
I C - I N D  5. 59E-04  2 .  58E-35 4. 9 5 E - 0 5  0. 74E-05 1'. 1 7 E - 0 4  6. 46E-04.2. 7 7 E - 0 4  2 . 0 7 E - 0 3  5. 50E-05 3 .  l l E - 0 4  
IC-WOR 5.70€+01 5 . 7 7 E + 0 1  5 . .77E+O1 5 .  77E+Ol  5. 77E101 5: 70E+01 5 .  77E+01 5 0 9 E + O I  5.  77E+01 5. 77E+01 

' IC-P,IIR 3 .  96E-01 3 .  9 4 E - 0 1  3 94E-01 3. 94E-31 3 '94E-01  3: 9 6 E - 0 1  3 .  95E-01 4.02E-01 -3. 94E-01 3.95E-01 
OP-POP 6. 49E+02 I .  20E101 2. 78E*OI  7. 27E+01 0 . 9 0 E * 0 1  4 .  2 7 E + 0 2 ' 2 . , 4 5 E * 0 2  '2. 9 5 E + 0 3  3 .  40E*01 2 .  98E+O2 ' OP- IN0  1 .  96E+00 5 .  4 3 E - 0 3  2. 3 1 E - 0 2  1. 53E-01 I: 0 7 E - 0 1 . 2 .  6s-01 5 .  30E-01 7. 61E*00 2 .  66E-02 7. 15E-01 
OP-MOR 3. 0 3 E * 0 0  2 .  9 7 E * 0 0  2 9 7 E * 0 0  2. 97E*00 2. 97E*00 3 .  ooE+OO 2 .  99E*00 3.21E*00 2. 97E*00 2 .  99E+00 
OP-MUR 2 . 6 9 E - 0 1  2. 37E-01 2 37E-01  2. 37E-01 2 .  38E;Ol .2.'40€-01 2 .  44E-01  3 . ' 5?E-01  2. 37E-01 2. 48E-01  

LEACHATE ACCUl'lULATION IHPACTS. 

. 

. -  
. .  

SCN LUNGS S. UkLL LLI IdALL T. 3 0 0 Y  UICNEYS LIVER RED HAR BONE THYROID ICRP 
4A-OPS 3 .  53E-05 7. 1 0 E - 3 6  2. 8 7 E - 0 5  1. 45E-04  I. 45E-04 
LA-OVF 2 74E-03 5. 57E-OJ 2 2 3 E - 0 3  1. 1 3 E - 0 2  V. 2 5 E - 0 3  1:21E-02 I 59E-02 I. 77E-01 2.87E-03 1. 12E-02 
LA-AIR 3 .  6OE-01 0. l l E - 0 2  1. 19E-01  9 .  79E-02 9 .  3 7 E - 0 2  2. &E-01 2. 24E-01 2. 52E+00 I. 98E-01 2 .  39E-01 

1 '  1 9 E - 0 4 . 1 .  SSE'04 2 . 0 5 E - O S  2 .  2 8 E - 0 3  3 .  70E-05 

, .  

G- 1.9 

.. 



I .  

. .  
. .  . , .  

IMPACTS Exampl e 2 (Continued 1 

GROUND UATER IHPACTS: 

INTRUDER-WELL 
. .  

TIME LUNQS S. WALL L L I  MALL T. BODY KIDNEYS LIVER RED MAR .BONE . THYROID ICRP 
20VR 3. 62E-07 4 .  67E-07 6.23E-07 3.61E-07 3..71E-07 3. 595-07 3. 58E-07 2. 84E-07 5. 54E-06 5. 446-07 
40VR 2. 38E-07 3.07E-07 5 .  ?2E-07 2.47E-07 2.4CE-07 2. 37E-07 2. b3Ey07 2.46E-07 I. 19E-05 6 .  16E-07 ' 

bOVR 1. 18E-07 1. 32E-07 2. 60E-07 1. 28E-07 1. 21E-07 1. 18E-07 1. 36E-07 1. 36E-07 1. 6SE-05 6 .  246-07 
8 0 V R  4. 64E-08 5.8SE-08 1. 16E-07 5 .  76E-08 4. 03E-08 4. 73E-08 6.03E-08 6.97E-08 2. 33E-05 7. 51E-07 

, lOOVR 2. 76E-06 1. 68E-07 1 65E-06 1. 52E-05 2. 76E-06 2. 75E-06 9.89E-06 8 .  86E-OS 3. 05E-05 7. 10E-06 
12OVR 6:  46E-06 3. 54E-07 3. 77E-06 3. 57E-05 6. 46E-06 6. 43E-06 2.32E-05 2.09E-04 4. 13E-05 1. SEE-05 
l6OVR 6. 45E-06 3. 49E-37 3 74E-06 3. 57E-05 6 44E-06 6. 43E-06 2.32E-05 2 .  08E-04 4. 52E-OS 1. %E-05 
200VR 6. 34E-06 3. 45E-07 3 67E-06 3.'51E-05 6. 34E-06 6. 32E-06 2.28E-05 2. 05E-04 4. 51E-05 1. %E-05 
400VR 1. l6E-05 6. 3 lE -07  6 .  72E-Ob 6. 43E-05 1. 16E-05 1.' 16E-05 4 18E-05 3. 75E-04 5. OJE-05 2.76E-05 
bOoVR 1. 6OE-05 8 .  LEE-07 9.24E-06- 8.84E-05 1. bOE-OS 1. 59E-05 5.75E-05 5 .  16E-04 5. 49E-05 3.75E-OS 
800VR 1. 95E-OS 1. OSE-06 1. 13E-05 1.OaE-04 1 .  9SE-05 1 .  936-05 7.03E-05 6. 31E-04 5.85E-05 4. %E-05 
1K VR 2. 24E-05 1 .  21E-06 1. 33E-05 I .  24E-34 2 .  27E-05 2. 45E--OS 8.  14E-05 7. 34E-04 6. 14E-05 5 .  27E-05 
2K VR 2 .  93E-05 1, 55E-0b i .  b7E-05 1. b O E - 0 4  .2 92E-OS 3. OaE-05 1. 05E-04 9. 44E-04 b.  BOE-05 6. 7bE-05 
5K VR 8 . 4 3 E - 0 6  S.55E-37 9 52E-Gb 4 94E-OS 1 30E-05 4 66E-05 7 86E-05 9.02E-04 4. 72E-05 5 .  10E-05 ' 

l O K  VR 1 83E-Ob 2. 90E-07 1. 02E-05 1. 54E;OS 9 96E-Ob 6 '99E-05  9. 82E-05- 1. 41E-03 4. 04E-05 6. 34E-05 
ZOK VR 1. 42E-06 3. 87E-07 1. 62E-G5 1 b2E-05 1 .  27E-05 9 6SE-05 1. 31E-04 2. 23E-03 2.26E-06 9. 57E-05 

POPULATION-WELL 

, 

TIME LUIJGS S. U A L L  L L I  WALL. T QODY KICNEVS LIVER REO MAR BONE THYROID ICRP 

40VR 0. 00E+00 0. 03E+00 0 03E+CO 0 03E+00 0. 00E+00 0 OOEiOO 0.00E+00 0 OJE+OO 0. 00E+00 0. 00E+00 
bOYR 0. 03fi+OO 0. OJE+OO 0. 03E+OO 0. 0C)E+00 0 00E+00 0. 00E+00 O.OOE+OO 0. 03E+00 O.OOE+OO 0. 00E+00 

20VR 0. 00E+00 0 .  03E+00 G 33t'*GO G. 03E+00  0 OC)E+OO 0 0GE+00 0.  03E+00 0. 03E+00 0. 00E+00 0. 00E+00 

BOVR 0. 00E+00 0 .  OJE*GO 0. 05E+00 0 00E+00 0. 03E+00 0. OOE+OO 0. OC)E+OO 0 .  03E+00 0. 00E+00 0. OC)E+OO 
l O O Y R  1 21E--10 I .  57E-10 2 03E-10 1 2OE-10 1 24E-10 1. 2OE-10 1. 20E-10 9. 52E-11 1. 20E-10 1. 30E-10 
l2GVR 2.b5E-10 3 J3E-10 4 5JE-10 2 63E-13 2 72E-IO 2.b3E-IO 2.62E-10 2.09E-10 2.63E-10 2.85E-10 
16OVR 7. 56E-11 9. 77E-11 1 23 -10 7 51E-11 7 74E-11 7.49E-1-1 7.47E-11 5.93E-11 7.49E-11 8 .  12E-11 
ZOOVR 5.89E-11 4 .6E IE- I1  1 23 - 1 0  1. 6%-10 6 01E-11 6. 40E-11 6.28E-11 6 .  48E-11 3. 56E-07 1.07E-,08 
4 0 0 V R  1. 00E-09 7. OYE-10 2 l6E-09 3. 11E 09 1 O2E-09 1 1OE-09 1 08E-09 1. 1SE-09 7. O6E-06 2. 12E-07 
bOOVR 1. G3E-09 7 OYE-IO 2 15E-09 ' 3 .  11E-09 1. 02E-09. 1 10E-09 1 GEE-09 1 .  15E-09 7.06E-06 2. 12E-07 
ElOOVR 1.00E-09 7.08E-10 2 1 5 E - C Y  3 11E 09 1.02E-09 1. 10E-09 1 .  08E-09 1. 15E-09 7.06E-06 2. 12E-07 
1H V R  1 18E-09 9. b3E-10 2 4 S E - 0 9  3 52E.09 1 ,  2JE-09 I %E-09 1. 79E-09 2 .  63E-09 7. O6E-Ob 2. 13E-07 , 

I K  VR 4. 14E-09 5. 18€ - -09 .7  55E-OV 1. 0&-08 4 94E-09 5 65E-09 1 36E-08 2. 72E-08 7 O5E-06 2 18E-07 
5K VN 1. 45E-06 7. 95E-08 8 37E-07 7 99E-3b 1 44E-Ob 1 4JE-06 5 .  20E-06 4 66E-05 8 526-06.3.  JOE-06 

1GK VR 1 69E-07 1 11E-08 9 9%-00 9 22E-07 1 .  6%-07 1'. 68E-07 6 .  01E-07 5. 35E-06 7.22E-06 5.91E-07 
2OK VH 2. 57E-OV 6. 41E-10 1 42E-09 1 33E-08 2. 6SE-09 2 .  72E-09 9. 29E-09 7 35E-08 2. 01E-07 1. 16E-08 

POPULAT I O:?-SURFACE MATER 
TIME' LUNGS S.  WALL Ll.1 UCLL T BOD'; KIC,:-lEVS LIVER RED MAR BONE THYROID I C R P  
2OVH 0.03E+00 0. 03E+00 0. OC)E+GO G .  03E+00 0 0CiE+00 0.  30E+00 0 OC)E+OO 0. @3E+00 0 00E+00 0 .  00E+00 
40VR 0 00E+00 O.OJE+OO O . O 3 t I + G O  0 05E*30 G 33E+00 G.O3E+00 0 00E+00 0.03E+00 0.00E+00 0.00E+00 
~ O V H  0 .  ~ O E + O O  0 .  OCJE+OO 0 .  OOE+OO 0 .  o ~ E , + o ~  G OC)E+OO G OOE+OO 0. O ~ E + O O  0 .  ODE+OO 0 .  OOE+OO 0 .  OOE+OO 
80VR O.OOE+OO 0.03E+00 0 GOE+OO .O 03E+00 0 OOE+OO 0 03E+00 C 03E+00 O.C3E+00 0.00€+00 0.00E+00 

1OOVR 0. OC)E+OO 0. 00E+00 G .  30E+00 0 C5E+00 0 .  OOE+OO 0 .  03E+00 0.  00E+00 0. OJE+OO 0. 00€+00 0. 00€+00 
120VR 0. 00E+00 0. ODE+OO O.-OC)E+OO 0 C3E+00 0 .  03E+00  0 03E+00 0 .  00E+00 0. C3E+00 0. 00E+00 0. 00E+00 
l b O Y R  0 00E+00 0. 03E+00 0 .33E+00 0 00E+00 0 00E+00 0 .  OOE+OO 0 .  03E+00 0. 03E+00 0. 00E+00 0 .  OOEtOO 
2OOVR 1.91E-14 2.47E-14 3 27E-14 I 90E-14 1 96E-14 1 Y3E-14 1.89E-14 l . 33E-14  1.90E-14 2.06E-14 
400VR 2. 27E-12 1. b0E-12 4 B6E-12 7 09E-12 2. 31E-12 2. 5%-12 2. 45E-12 2. b1E-12 1. 61E-08 4. 83E-10 
bOOVR 4.51E-11 3.18E-11 9 e5t -11 1 41E-10 4 59E-11 4 9bE-11 4.87E-11 S.23E-11 3.20E-07 9 .6 lE -09  
BOOVR 4 51E--11 3. 18E-11 9 651{--11 1 41E-10 4 S9E-11 4 9bE-11 4..87E-11 5 13E-11 3. 20E-07 9. 61E-09 
1H VR 4. 51E-11 3 18E-11 9. bSt ' - . l l  1 41E-10 4 59E-I1 4 9bE-11 4. 87E-11 5. 23E-11 3. 20E-07 9.11E-09 

' 2 K  VR 5. 73E-11 4 .  7lE-11 1 17E--10 1 bSE-10 6 11E-11 6 73E-. l l  9 7.4E-11 1. 53E-10 '3. 20E-07 9 63E-09 
SK V R  2, '14E-10 2 72E-10 3 @bE--lG 5 23E-13 2 57E-10 2 94E-10 7 .  22E-10 I .  46E-09 3. 20E-07 9 .  9lE-09 

10H YH 8 .  49E-09 5. 59E-10 5 .  @5E-09 i 6SE-08 8 51F-09 8 51E-09 3 OLE-08 2. 72E-07 3.28E-07 2. 89E-08 
2GX V R  1 37E-10 4. 53E-11 1 13E-10 6. 79E-10 1 4tE-10 1. 51E-10 5 :  09Ey10 3. 81E-09 9. 14E-09 5. 72E-10 
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TAPE5 for INVIMPS Examples 
e ' *  6400 

2 0 4 1 2 0 3 0  1 2  HUF- I 100. 1 0  100 

25. 25 25 25 
3 1 1 50 I -1  -1 4 100 0 1 50 20 30 10 25. 25. 25. 25 25 23. 

SC-46 Y 
CS-137 D ~~ 

2 0 2 1 2 0  s 1 2 I NC /SLF 100. 1 . 0  100. 

3 I 0 0 5 -1  -1 4 100 1 4 50 20 20 10 25. 25. 25. 25. 25. 25. 25. 25. 25. 25: -~ 
SC-46 Y 
CS- 137 D 
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.INVIMPS Example 1 Summary Output 

LIFE-20 OWL- 1 
REOM- 2 DATm 0 
I P a P - ' 1  INm-30 

W T E :  f f - I  UEIOHT: 1 00€+02 HT DENSITY: 1.m- Hl/)(3 

ID- 3 I& 1 I W i -  1 IW- 50 PROCESS- 1 
1x8- 4 loo 0 1 
ICs- u) 20 20 10 

SI-123 4 645*01 2.m*02 I 
1-12, 1.00€*38 1.00€*38 1 
1-110 1.77L*Ol 1. 12€E-Ol 7 
1-131 -1.-+311 l.oc#*Jo I. 
CS-134 1.-+03 7.4a€*02 I. 
CB-133 2.=*04 1 .  SBE103 1 .  
cs-1% l.Oaa+3e,l.00€+38 1 .  
C8-137 3. lW-01 1 . a - 0 1  3. 

1 0(#+38 6.12E-01 1 .  W+39 I. 0(#+39 4.93E-03 3 
1 004330 1 1 S - 0 1  1 .  J#- 1.004+19 3 . 1 a - 0 2  9.74€*02 
1.0#+38 2.m- 1.019*00 l . l M - 0 3  l.OlP*Oo 1.m- 
1.0(#+39 4.2S(L-02 9.2u+ol l.OQQ+30 7.33L-00 2 . o I + 0 3  
1.004+38 1 .  67E-W 4. 1. oQc+JO 1 . 1 3 - 0 3  2. 9bE+01 
1 .  M e 3 8  1. =+01 1.3M+OS 1 . 4 a e  0. b. 
1.004+30 1.2ill-00 1 . 0 0 9 + ~  l.OOE+m 1.2s-  1.94€-1 
1 .  -+3 4. m4a 2.14u+04 4. -a1 4.809- 7. I=-1 



INVIMPS Example 1 Summary Output (Continued) 6400 

a A - I 4 0  1.00E+30 1. OOE+30 1 .  00E*30 1.OOE+30 1.OOE+38 1. 48E-QI 1. WE+= 1.OOE+30 1. 3X-02 1 .  JSE43 
LA-140 1.OOE+30 I.OOE+30 1 .  00E+30 I.ooE+38 1.OOE+38 1 .  14E-02 I.OOE+38 1.00€+38 1 .  l7E-03 1.8X+O1 
CE-141 1.OOE+30 1 .  F . 3 0  l.OOE+38 l.OOE+38 1.OOE+30 3.W-01 1 .  WE+= 1.00€+38 4.4OE-02 2.49€*03 
CE-144 l.OoE+38 l.OM+30 l.OOE+38 1 .  ooE+38 .I. 00E+38 3.87E-02 6. 30E+O3 1 .  ooE+3B 6.02€-02 8.0SE+02 
EU-132 4.43E-01 2.28E-01 7 .  00€*04 1.0oE+38 1.00€+38 2 . O I E - 0 2  3.43E*03 1.92E-3 2 . e - 0 3  7. 14E+02 
EU-134 2.83E-01 1 . 4 s - 0 1  2. 91E*04 'l.OOE+30 1.OOE+30 1 .  6 s - 0 2 ,  1.84E*03 7. 28€+02 2.3s-03 3.67E+Ol 
Ye-169 1.OOE+30 1.0OE+30 1 .  00E+30 1. OOE*38 1.00€+30 1.07E-01 1.00E+= 1 .  ooE+38 1 .  1s-02 1 .  3X+02 

.PB-210 0.2S+OO 3.22€+00 3 .  33E+Ol 1 .  -+39 l.ooE+38'6.OlE-03 3. WE+Ol 1.2oE-01 1 .  ME+- 1.6X+07 

R H - a  '1.00€+04 1.01€*04 6 47E*04 1.OOE+38 1. &+38 1.6M-02 7.4oE+02 l.O=+m 1.71E-03 2 . 0 s - 0 1  
' . RA-226 3. 51E-02 2. 7M-02 1 9,2€+0I 1 .  WE-02 1 .  ooE+38 .2. 14E-03 1 .  43E+01 1 .  WE-02 3. 1%-01 3.77eiOI 

RA-220 6. 12E-01 3 . m - 0 1  9. 50E+O2 l.OOE+% 1.OOE+38 '6.9M-03 6. ME+Ol 1 .  3TE+00 3.77E-03 4. J S - 0 1  
AC-227 9. 72E-02 0. 41E-07 7 .  73E*00 I .  OOE+38 I. J4E*OJ 2.69E-09 1 .  69E*oq 4. 77E-03 9. 14E-03 1.02€*00 
TH-710 2.695*03 1. 39€*03- 1 00€+30 1 .  ooE+38 9.61€*03 1 .  66E-04 4. 3M+02 2. 49E+04 1 .  eoE-03 2. J7E-01 
T H - m  2.3oE-02 3.'08E-02 7 13E*OI 2. 32E-02 0. 0OE+04 1 .  J4E-03 9. IOE+00 9. 0 s - 0 3  1 .  '%E-02 1 .  33E+OO 
1H-m 4.7lE-02 6 . 7 s - 0 7  4 17E*Ol 2. J2E-02 1 .  73E+03 3.02€-03 1.0ZE+Ol  1.96E-02 1. 32€+01 I .  37E+Ol 
ll4-a 2.0SE-02 1. 595-07 7 17E*Ol 2. 11E-02 1. 32E+03 2.63E-03 I:62IE*01 1 .  7%-02 O.OOE*oo 1.6OE+Ol 
PA-231 1.31E-02 1.39E-07 1 .  lbE*00 I. 02E-03 7.33Et04 1 . 1 s - 0 3  6. WE-01 7.07E-04 7.93E-02 8.69€+00 
U-PS 3.31E-02 3. 34E-01 0 16E+01 9.24E+02 7.21E+OJ 1 . 2 s - 0 4  1 .  32E+03 2. 1VE*00 1 . 9 S + O I  I .  21E+OI 
U-233 3.M-01 3.31E-01 3 18E*03 2.2%-01 1.OOE+30 7 . m - 0 4  6.03E+04 6. 33E*01 3.13€+01 1.32€+01 
V-234 3. 33E-01 J.44E-01 4 20E+03 2. 17E+00 1.00€+38 2. 24E-04 6 . O I E + 0 4  6. 49E+Ol 3.33€*01 1 .  3W+03 
U-233 5 . 3 s - 0 1  2.29E-01 1 .  33E*03 4 . 7 s - 0 2  1. OOE+38 2.4BE-04 3.68€+04 6. 14€+01 2. 18E-02 3. 03E+02 
U-236 3.74E-01 3.77E-01 4 .  33E*03 4. 30€+00 1. M + 3 8  2.30E-04 6. 3VE+04 6. W + O l  6.21E+01 1. 42€+01 
U - m  3. 76E-01 5.31E-01 4.  23E*03 4. 195*00 1.00€+38 2. 5-04 3.96€+04 6.44€+01 2.48E-01 0.41E+02 
UP-137 4.0oE-01 4.3lE-02 7.  06E+00 7.8oE-03 1. 62E+03 2. 83E-03 2. 72€+0l 2.93E-02 1.48€-02 1.49€+00 
P U - 1 3 6  I. ;)OE+OO 8. 3%-01 I .  90€*03 2.24€+04 1.00€+38 2.7Ofi-04 3. OVE+04 a OS€+O4 1. llE+OZ 1 .  llE+Ol 

PU-239 4.56E-02 6.9VE-07 7 0 M * O 2  2.93E-01 I. 63E+03 2.89€-03 I. 1.  16EE*oo 0. 00€+00 1.24E+dl 
. PU-240 4. WE-02 7. e - 0 2  7 .  06E*O2 3. 1%-01 I. 66€+03 2. WE-03 1. 1. 17€+00 1.23€+02 1.24€+01 

' PU-241 I. 81EWO 2. 19E+OO 2. 3%+02 8. SVk-01 I .  mi38 1.41E-03 0. IlE+OI 4. 73€+02 1.  1VE+04 l.OOE+= 

PU-244 3.92E-01 4. B7E-02 7.04€*02 2. 37E-01 1.62E+03 2.03E-03 1.07E- 1 .  lW+OO 1.ooE-02 1.23€*00 
AH-241 1. 32€+01 
AH-743 4.21E-07 4.32€-07 3 3X*00 3. 77tE-03 1.63E*O3 2. a - 0 3  2.19E+OO ?. 40E-03 1.7%-02 1.4BE*OO 
CM-242 1.43€+01 2. lV€*Ol 0 70€*04 1.,7V€+OI l.OOE+38 6.99E-04 2.46€+.04 l.OOE+38 3.=+01 1.03€*01 
CM-.aU 1 .  54E-01 1.77E-01 7 4WI*OI 2.22€*02 3.20€+03 3. 395-03' 3.94E+OI 1.2W-01 2.%3€-02 2. 77E*OO 

PO-710 1 .  O O E + ~  1 .  O O E + ~  I .  O O E + ~  I .  OOE+= I. oo~+m 2. ~ I E - O ~  e. WE+OI 1 .  ow+= I.  49~+02 I. 21~*01 

PU-a 7. WE-OP i. I ~ E - O ~  4 .  50~*02 9. z 2 ~ t 0 2  2. I ~ E + O ~  3. ~ B E - O ~  i. 4 4 ~ * 0 3  i . 9 7 ~ + 0 0  I. ~VE+OP i. i 7 ~ + 0 i  

~ u - 2 4 2  4. ax-02 6 . 9 3 ~ - 0 7  7.03~+02 2. 8e-01 1 . 6 4 ~ + 0 s  7. ~ ~ - 0 3  1 .  m-3 I .  ITE+OO 1.2s+02 I .  ~ i ~ + o i  

3.03E-02 3.87E-02 3 9K*00 2. 3S-02 1. 76E+OJ 3. OS€-03 2: 46€+00 2. 7EE-03 2. 13E-01 

'cn-244 3. ~ ~ E - O I  4. ~ I E - O L  3 JX+OI I. IE+W 4. a s ~ : i o ~  7 .  ~ - 0 3  8. T?E+OI 3. ox-01 2 . 7 4 ~ + 0 ? '  I .  IOE*OL 
cu-24~~4.42€-02 3. 7 x - 0 2  7 os+oo 7 .  OIE-03 I .  ~ I E + O ~  2. eiE-03 2.695toi 2. ~ I E - O Z  0. OOE+OO 1 .  a ~ t o l  ' 

CF-232 3.40€+02 8.24€*02 1 .  9&€+03 1.7sEt03 7.  VO€+Ob 1.3EE-04 1.78€+0? 4.99E-7 I. 20€*00 ?. 9BE-Z 

6-23 



I l N I F i P S  Example 1 Summary Output (Continued.)  

SUMMARY OF HINI- 
BV0STAEAW-1 . . WBBTREA)(-2 _------------------------ -------------------------- 

. I N T - K  POP-UL POP-SU' 1NT-K POP-c# POP-BU AC-RET RC-OL8 ' 

H-3 6. 37E-4 l . O M + 3 8  l . O M + 3 8  O.OO€*oo 0. OOE+OO O.OoE+OO 0. OOE+OO 0. ooE+oo 
4 . 4 6 € + 0 2  7.  U € + 0 3  2. -+Os 0. OOE+OO O.OOE+OO 0. ooE+OO O.OOE+OO O.OOE+OO 

NA-2a 1 .  ooE+38 1 .  ooE+#) 1 . 0 0 € + 3 8  0. OOE+OO 0. OOE+OO 0. OOEiOO 0. oc#+oo 0. MK+oo 
P - 3 1  .1.0oE+m 1 .  ooE+= l .OOE+38 .o. ooE+oo 0. ooE+OO 0. ooE+OO 0. ooE+OO 0. ooE+oo 
P-XI i .  OOE+= 1 .  o(w+3e 1 .  0. OOE+OO 0. OOE+OO -0.  OOE+OO 0. OOE+OO 0. OOE+OO . 
5-33 1 .  OM+= 1.. oo~+3e  I OM+= 0 .  m + o o  0. OOE+OO 0.  OOE+OO o,oo~*oo 0. m + o o  

'sc - 4 6  I .  I .  0 0 ~ + 3 a '  I .  o o ~ a a  0 .  OOE+OO 0.  OOE+OO 0.  OOE*OO 0. OOE+OO 0, OOE+OO 
cR-31  I .  WE+- 1 .  I OOE+='O. m+oo O..OOE+OO 0. OOE+OO 0. OOE+OO 0. OOE+OO 
tw-n 1 .  ON+- 1 .  ow+=. I .  O O E I ~  0.  OOE*OO 0. OOE+W 0. oo~+oo 0. OOE+OO 0. OOE+OO 
FE-ss 1 .  1 .  OOE+- I .  O O E + ~ ~  0. OOE+OO 0.  OOE+OO 0. ow+oo 0. OOE+OO 0. OOE+OO 
FE-39 I .  OM+- I .  O O E + ~  1 .  OOE+S 0. OOE+OO 0.  OOE+OO 0. OMIOO~.Q.  OOE+OO 0. OOE+OO 
co-37 1 .  OOE+= I :00~+38 I .  O O E + ~  0. m + o o  0. a + o o  0. OOE+OO 0.  OOE+OO 0. OOE+OO 
co-se. I .  O O E + ~  1 .  OM+= I .  O O E + J ~  0 .  m + o o  0 .  OOE*OO 0. OOE+OO 0. OOE+OO 0. oo~+oo 
co-M) 1 .  O O E + ~  1 .  O O E + ~  1 OOE+JB 0. OOE+OO 0 .  OOE+OO O:OOE+OO 0. .m*oo 0. OOE+OO 
N I  -39 v. a3~+04 1 .  O O E + J ~  I .  O O E + J ~  0. OOE+OO 0. OOE+OO 0. OOE+OO 0.  OOE+OO 0. OOE+OO 
~1-a 1 .  1 .  OOE+W 1 .  O O E + ~ ~ '  o.006+00 0. OOE+OO 0. OOE*OO 0. OOE+OO 0. OOE+OO 

SE-73 1 .  OM+= 1 .  O O E + J ~ '  1 .  O O E + J ~  0 .  OOE+OO 0 .  OOE+OO 0. ~ * O O  0. OOE+OO 0. OOE+OO 
R B - ~ C ,  1. ow+= I .  O O E + ~ ~  I O O E + ~  0 .  OOE+OO 0. OOE+OO 0.  OOE*OO 0. OOE+OO 0. OOE+OO 
sR-83 ' I .  OOE+= 1 .  O O E + ~ ~  I .  O O E + ~ ~  0 .  OOE+OO 0.  OOE+OO 0. OOE+OO 0.  OOE+OO 0. OOE+OO 
s - e v  1 .  oa+m I .  O O E + ~ ~  i. OOE+= 0 .  OOE*OO 0. OOE+OO 0. OOE+OO 0.  OOE+OO 0. O,OE+OO 
at-90 1 .  o o ~ + 3 e  I: O O E + ~ ~  I O O E + ~  0. MX+OO 0 .  OOE+OO 0. OOE+OO 0. OOE+OO 0. OOE+OO 

. ZR-W 1. oo~+3a 1 .  o o ~ + 3 a  1.. ON+= 0. OOEIOO 0. OOE+OO 0.  oomoo. 0. OOE+OO 0. OOE+OO , 

NIB-94 1 .  OOE+= 1 .  O O E + ~  1. om+= 0. OOE+OO 0.  OOE+OO 0. OOE+OO 0. m*oo 0. OM+OO 

M-w I .  OOE+JB I .  O O E + ~ ~  1 .  O O E + ~ ~  0. m+oo 0. OOE+OO 0. OM+OO 0. ooEtoo 0. OOE+OO 

T C - W M  1 .  ox+m 1 .  O O E + ~  I .  OM+= 0. 0 0 ~ 1 0 0  0. OOE+W 0. OOE*OO 0. OOE- 0. OM+OO 
R U - I ~ ,  1. O O E + ~  1 .  OOE+= I .  O O E + ~ ~  0. OOE+OO 0. OOE+OO 0. OOE+OO 0. OOE- 0. OOE+OO. 
w-1- 1 .  'OOE+= 1 .  O O E + J ~  1 .  o o ~ a e  0. OOE+OO 0.  OOE+W 0. OOE+OO 0. OOE+OO 0. OOE+OO 
~ 4 - 1 ~  1. 1 .  O O E + ~ ~  1 .  OM+= 0. OOE+OO 0.  OOE+OO 0 .  o o ~ + o o  0. OOE+OO 0. OOE+OO 
AO-110 l .OOE+38 1 . 0 0 E + 3 8  1 .  OOE+38 O.OOE+OO 0. 00E+00 0. OoE+OO 0. WE400 O.OOE+Oo 
CD-109 1.OOE+38 l.OOE+= l.OOE+38 0. OOE+OO .0.00E*00 0. OoE+OO O.OOE+OO O.OOE+OO 
SN-113 l . O O E + 3 8  l .OOE+38 1.OOE+38 O.OOE+OO 0.00€+00 O.OOE+OO 0.00€+00 O.OOE+OO 

' C-14 

CL-36 1 .  O l E c O l .  1 . 1 l E + O ?  2 7 1 € * 0 3  O.OOE+OO 0.0OE100 O.OOE+OO O.OOE+OO 0. OOE+OO 
CA-45 1 .  1 . 0 0 € + 3 8  1 .  00E+= O.'ooE+OO 0. OOE+OO O.OOE+OO 0. OOE+OO. O.OOE+OO 

ZN-63 1 .  ooE+38 l , O O E + 3 8  1 .  00E+38 O.OOE+OO 0. OOEtOO 0. OoE+OO O.OOE+OO O.OOE+Oo 

I 
NO-93 l .OOE+38 1.OM+38 1. 00E+38 0. OOE+OO 0.00€+00 0.  OoE+OO O..OOE+OO 0. OO€?OO . 

T C - W  1 .  V3E+O1 .2.31€+02 3. 1V€+03 0. OO€+OO O.OOE+OO O.OOE*oo 0.00€+00 O.OOE+OO 

m - i a  4.4w+03 1 .  o s + =  1 .  O O E + ~ ~  0 .  OOE+OO 0.  OOE+OO 0. OOE*OO 0. OOE- 0. O(K+OO 
ED-124 1 .  O O E + ~  1. O O E + ~  1 .  OOE+~EI 0 .  OoEtoo 0. OOE+OO 0. OOE+OO 0. oo~*oo 0 .  OM+OO 
sa-123 1 .  ow+= 1 .  O O E + ~  I .  30~+3a 0. OOE+OO 0. OOE+OO 0.  OOE+OO 0. OOE+OO 0. OOE+OO 

I . 1-12s I : O O E + ~  ~ . o o E + =  i . 0 ~ + 3 a  O.OOE+OO O.OOE+OO o OM+OO .O.OOE+OO o .oo~+oo 
I-ia 7. ~ I E - O ~  a. 7 a - 0 1  1 . 9 3 ~ + 0 1  0. ooEtoo 0. OOE+OO 0.  m+oo 0. OOE+OO 0. OOE+OO 
1-131.  1 .  oo~+m 1 .  OM+= 1 .  O O E + ~  0. OOE+OO 0.  OOE+OO 0. OOEIOO 0.  OOE+OO 0. OOE+OO 
cs-1% 1 .  oo~+= 1 .  OOE+S I oo~+3e 0. OOE+OO 0. ~ E + W  0. OOE+OO 0. OOE+OO 0.  OOE+OO 
C8-135 9 . 9 1 E + M  l.OoE*#) 1 . 0 0 E + 3 8  0. OOE+OO 0. 00€*00 0 OOE+oo O.OOE*oo .o. ooE+oo 
cs-1% 1 .  O O E + ~  1 .  O O E + ~ ~  I .  OOE+= 0. OOEIOO 0 .  OM+OO 0. OOE+OO 0 .  OOE+OO 0 .  OOE+OO. 

aA-140 I .  o o ~ a a  I m + 3 a  I O O E + ~  0 .  OOEIOO o OOE+OO o OM+OO. 0 .  O ~ E + O O  0. OOE+OO 

CE-144 . l .  ow+= I 00€*3a i o o ~ + 3 8  0 0 0 ~ 1 0 0  o ODE+OO o OOEIOO 0 . 0 0 ~ + 0 0  0. O M + O O  ' ' 

E U - 1 5 2  I . O O E ~ ~  i . o 0 ~ + 3 e  I O O E . ~  o OOEIOO o OOE+OO o OOE+OO o OOE*OO O.OOE+OO 
E U - 1 5 4  I m+je i o o ~ * 3 a  I ooE+3e O.OOE+OO o OOE+OO o OOE+OO O.OOE+OO O.OOE+OO 
VB-169 1 .  -+a 1 .  O O E + ~ ~  I OOE+M o OOEIOO o ~ E + W  0 .  ~ E + O O  0.  OOE+OO 0.  OOE+OO 

. PB-210 1 .  OOE+= I .  OM*= I O O E + ~ ~  0 .  OOEIOO o OOE+OO 0 .  00~100 0 .  OOE*OO 0. OOE+OO 
PO-a10 1 .  OOE+JB I .  O O E + ~ ~  1 .  OM+= 0 .  0 0 ~ 1 0 0  0. OOE+OO 0 .  OOE+OO 0.  OOE+OO 0.  oo~+oo 

. .  

C S - 1 3 7  1 .  OOE+38 1 .  -+38 1 .  O o E 1 3 9  O.OO€+OO 0.00E100 0. OOE+OO 0 .  OoE+OO 0. 00E+OO 

LA-140 1.00€+38 1 00€+38 1 OM*- O.o(#+OO 0.00E+00 0.OM100 O.OOE*OO 0. 00E+00 
CE-141 1 .  1 WE*3e 1 00E138 0. OOE+OO 0 00E+00 0 00E+00 .  0. OOE+00 0. 00E+00 

AN-= 1.00€+38. I .  W*38 1.3&*38 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O . ~ * o o  
2.=+01- I . P l E + O S  1.0(#*38 O.ooE+OO 0 oOE+OO O.OOE+OO 0 . e -  O.OOE+OO 

R A - 3 1 0  1 .  ooC+38 1 .  o(wt38 I. M + 3 8 . 0 .  o(w+Oo 0. M+OO 0. W-0 0. ooh+OO 0. o(x*oo 
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- t  . ,t 
.. i INVIMPS Example 1 Utility Output 

INTRI 
CONS 
AORI 
CONS 
AORI 
CON8 
ACR I 
CONS 
ACR I 
CONS 
AaR I 
CONS 
AQR I 
CONS 
AQR I 
CONS 
ACR I 
CONS 
AQR I 
CONS 
AOR I 

. CON8 
AOR I 
CON8 
AOR I 
CONS 
A M I  
CONS 
AOR I 
CONS 
AGR 1 
CONS 
ACA I 
CONS 

o ACRI 
CONS 
AOR I 
CONS 
AOR 1 
CONS 
AOR I 
CON8 
AGR I 
CON8 
AOR I 
CONS 
ACR I 
CON6 
AGR I 
CON8 
AGR I 
C O N S  
AOR I 
CON8 
AQR I 
CONS 
ACR I 
CONS 
A M I  
CON8 
-1 
CONS 
AQR I 

UOQ) 8CMAIIIO LIMITS FOR ISTR- I 
H-3 .E. 23E+06 8.23€*06 7.73€+06 8.23€*06 7.97€+06' 8. -106 8.29€*06 1.04€*07.8.29€+66.8. l M + O 6  
H.3 8.64€+00 6.69€*00 S.05€+00  8. 7OE+00 8.44€+OO 8. T;LE*oQ 0.73E*OO 1.lOE*o1 8.7=*00 8. Q4E+OO 
C-14 3.08E+07 2. JQE*07 2.63E+07.1.33€*07 2. -*07 2. l e - 7  7.  BW+06 3.74€+06 2 . W - 7  1 .  74E-7 
C-14 2. loE*Ol 1 .  47E+Ol 1.22€+01 9.28€+00 1.68€*01 1.45€*01 5.27€*00 2.33E*oo 2. .-*or 1 .  l k + O l  
NA-22, 1 .  13E*02 1 .  13E*O2 1 .  13E+O2 1. 13E+02 1 .  13E*02 1.'13€+02 1.  13E+O2 1 .  13€+02 1. 1s- 1 .  1s- 
W-22 5. EZE*Ol 5.82€+01 5.82E+01 5..02€*01 5. e;K*0l 5.82€+01 5.81E*01 5 .82E+O1 5.82E+01 5.82€*01 
P-32 0. oOE*oo 0. ooE*oo 0.00E+OO 0. ooE+oo 0. ooE*oo 0. ooE*oo 0. oo€+oo 0. ooE*oo 0. ooE+oo o.OoE+oo 
P-32 0. O O E F  o.ooE+oo 0.00E+00 0.00E+00 0. ooE+oo 0.  ooE*00 0. oo€t00 0. ooE*oo 0. ooE+OO 0. ooE+OO 
P-33 0 . O M I O O  0. oM+oo O.OOE*OO 0. ooE+oo 0. ooE+OO 0.  ooE+OO 0. oo€+OO 0. ooE*oo 0. ooE+oo 0. ooE*oo 
P - M  0. ooE+OO 0. ooE+oo 0: 00E*oo 0.03E+00 0. ooE+oo 0: ooE*oo 0. ooE*OO 0. ooE+oo o..ooE+OO 0. oa€*oo 
8-35 0. ooE+oo 0. ooE+00 0.00€+00 O.OOE+oo O.OOE*oo 0. ooE+oo 0. ooE+oo 0. ooE*oo 0. ooE+oo 0. ooE+00 
9-35 0. ooE+OO 0. ooE+oo O.ooE+00 O.OOE+oo 0. ooE+oo 0. oqE+oo 0. ooE+00 0. oOE+oo 0. ooE+oo 0. ooE+oo 
CL-36 1 .  12€*03 7.7oE404 1.02€+05 6.07E103 1.02E*05 1.02€+03 1.02€+05 1.02€*05 1.02€*05 8.65E+03 
CL-36 2. 10E-01 1 .  52E-01 2. 1 IE-01 2.04E-01 2. 11E-01 2. 11E-01 2. 11E-01 2. 11E-01 2. llE-01 2.0s-01  
CA-43 4. 54E+23 4.96E+25 3. 18E+24 1 .  70E+24 9.67E+25 9.79E+24 1.51E+24 1 .  ooE+24 9.67€+25 2.46€+24 
CA-45 4. 1SE+23 3. 86E+23 1 .  96E+22 4. 7oE+22 1.03€+24 9.69E+23 1 .  59€+22 1.0!E+22 1.03€+24 6. 38E+U 
6c-46 O.OOE*OO 0.00E+00 0. 00E+00 0. OOE+OO 0. ooE*oo 0.00E+00 O.ooE+OO .O. OOE*oo 0. W*oo 0. ooE+OO 
SC-46 . O.OOE+OO 0.00f*OO 0.00E+00 0.00E+00 O.OM+OO O.OoE+OO O.OOE*oo o.ooE+oo 0. W + o o  0. oOE+OO 
CR-51 O.OoE+OO O.oOE+OO O.OOE*oo O.OOE+OO O.ooE+OO O.'ooE+OO O.oo€+OO O.OOE+OO 0. ooE*OO O.OOE+OO 
CR-51 O.OOE+OO 0.00€+00 O.ooE+OO O.OOE+00 O.O01E*oO 0. ooE*oo 0. ooE+OO O.OOE*oo 0. ooE+OO O.OOE+OO 
FIN-54 7. 93E+09 7.93€*09 7.93E*o9 7.93E+09 7.93E*09 7.93€*09 7.93€+09 7.93Ej09 7 .  -+09 7.93€*09 

E - 5 5  2.27€+07 4.438+10 1.466+09 9.32€+09 1. 13E+09 5.95€*08 1 .  1 3 E 4 0 9  1.44€*09 1. 1%*09 1.44E+O8 
FE-53 a. 47E+07 3.09E*09 8. llE+07 1.52E+OB 8: 78E+07 4.64E-7 8. =+07 1.29€+08 8.93€+07 5.66€+07 
FE-59 O.OOE+OO 0. oOE+OO 0.00€*00 O.OOE*oo 0. ocW+oo 0. ooE+OO 0. OOEiOO 0. &+OO O.ooE*OO.O. OOE+OO 
FE-59 O.ooE+OO 0.00E+00 O.ooE*oo  0 . 0 0 E + 0 0  0. ooE+OO O.OOE+OO O.ooE*oo  0. w*oo O.'ooE*oo o.OoE+OO 
CO-57 1 .  54€+12 1 .  54E+12 1. 54E+lZ 1 .  54E+12 1 .  54€+1? 1. 54€+12 1 .  54E+12. 1 .  54€+12 1; 54€+12 1 .  54€+12 
CO-57 7.91E+ll  7 .  92E+ll 7.91E+il 7.92E+ll 7.92E+ll 7.'9++11 7.  W+ll 7.9=+11 7.92€+11 7.91E+ll  
co-58 0. ooE+oo 0. ooE+oo O.OoE*oo 0.00E+00 0. ooE*oo 0. ooE+oo 0. OOE+oo 0. OOE*oo 0. ooE+00 0. ooE+oo 
co-58 0. ooE+oo 0. ooE*oo O.OoE+oo 0.00E*00 0. ooE*OO 0. ooE+oo 0. ooE+oo 0. ooE*OO 0. ooE*oo 0. ooE+oo 
CO-60 1. 81E*oo 1.81Ei00 1.81E*oo 1.8l,E+00 1.81E*00 1.81E+00 1.81€+00 1 .  8lE+00 1.81E+00 1. BlE+OO 
CO-60 '9.31E-01 9.31E-01 9.31E-01 9. 31E-01 9.31E-01 9.31E-01 9.31E-01 9.31E-01 9.31E-01 9.31E-01 
NI-59 4.27E*04 4.03€*05 2.28€+05 2.05€+05 4.92€*05 4.92€+05 4.83E+05 4.86E*05 4.496+05 2.05€+05 
NI-59 1.84E+04 2. 13E*04 3. 3OE*03 I. 51E+O4 2.44€+04 2. 44E+04 2. 39E+04 2. 41E+04 2.246+04 1. 51E*04 
NI-63 2.08E+04 2. 5OE*05 9.53E+04 1.03€*05 3.59€*05 2.60€*05 2. 6OE+O5 2.6OE+05 2.60€+05 1.03€+05 
NI-63 9.38E*03 1: 04E*O4 1.22E+03 6. 92€+03 1.28E+04 1 .  =+04 1.28E+04 1.28E+04 1.28E*04 6.92E*03 
ZN-65 4.01€+12 4,OlE+12 4.OlE+12 4.OlE+12 4.01E+12 4.OlE+12 a. OlE+12 4.01E+12 4.010+12 4. OIE+12 
ZN-65 2.04E+12 2.06E+12 2.0%+12 2. 05E+lP 2.05€+12 2.05E+12 2.0X+12 1.93€+12 2. oM+l2 2.0W+12 
SE-75 6. 16E+26 6. 16E+26 6. 16E+26 6. 16E+26 6. 16€+26 6. 16E+26 6. 16E+26 6. 16E+26 6. 16E+26 6. 16E+26 
E-75 3. 12E+26 3. 11f+26 3. llE+26 3.09€+26 2.97€+26 3.01€+26 3. 111+26 3. 12€+26 3. 14E+26.3. #E+26 

BPI-54 4.08E+09 4.08€+09 4.08€+09 4.08E+09 '4. oBE+09 4.08E+09 4. oBE*09 4.08E*09 4.00€*09 4.08E*09 

Re-w 0. OoE+oo 0. ooE+oo 0. ooE*oo 0. ooE+oo 0. ooE+oo 0. oM+oo 0. ooE+OO 0. oOE+oo 0. ooE+OO 0. OOE+oo 
RE-86 O.ooE+OO 0. ooE+00 0.00E+OO .O. 00E+00 0. OoE+OO O.ooE+OO 0. ooE+oo o.OOE+oo.o. m + O O  O.OOE+I)o 
=-e5 0 . 0 0 E ~ 0  0. ooE+OO 0. dOE+oo 0.00E+00 0.00€+00 0. ooE*oo 0. ooE+oo 0. ooE+OO 0. ooE*oo 0. ooE+oo 
5R-85 0.  OOE*oo O.OOE+OO 0.00€+00 O.OOE+OO O.OOE+OO O.OOE+OO '0. O w + O O  o.'ooE+oo 0. w + o o  0. OOE+OO 
SR-89 0. oOE*oo 0: ooE+oo O.ooE+OO 0. ooE+oo O.OOE+& 0 .  ooE*oo 0. ooE+OO 0. ooE+OO 0. ooE+oo 0. OOE+oo 
SR-09 O.OOE+OO O.ooE*OO 0.00E*00 0.00€+00 O.OOE+OO 0. o M + O O  O.OOE+OO 0. OOE+oo o . O O E + ~  O.ooE+OO 
9R-90 4.67Et01 .l. 39€+04 4. W + 0 2  2. 65E+03 i.O7E+05 2.08E+04 3.31€*03 1.73E+03 1.07€+05 2.74€+02 
sR-m 7. i e + o i  3. ii~+o3 3. i 7 ~ + o i  5. 5OE+02 9. -+03 8 . 2 f ~ * 0 3  1 . 4 4 ~ * 0 2  7.231301 9 . 9 8 ~ + 0 3  1 . 6 9 ~ 1 0 2  
ZR-95 0. ooE*oo O.ooE+OO 0.ooEao 0. ooE+oo o.OOE+oo 0. oo&+oo 0. ooE+OO 0. ooE+OO 0. ooE+oo 0. ooE+oo 
ZR-95 0. ooE+oo 0. ooE+00 O.ooE+00 0. ooE+oo 0. ooE+OO 0.00E+oo 0. ooE+oo 0. ooE+oo 0. ooE+oo 0. ooE+oo 
NE-94 5 . e - 0 2  5 , s - 0 2  5.63E-02 5.6%-02 5.63E-02 5. G - 0 2  5.63E-02 5 . e - 0 2  5.63E-02 3 . 6 s - 0 2  
Ne-94 2. 90€-02 2.9OE-02 2.9OE-02 2.9oE-02 2.9oE-02 2.9OE-02 2 . w - 0 2  2.9OE-02 2. w-02 2.9OE-02 
NE-95 0. o#+OO 0. ooE+OO 0.00E+00 0.00E+00 O.OoE+OO O.ooE+OO O.ooE+OO 0. m+oo 0. ooE+OO O.OOE*oo 
Ne-95 O.OOE*oo O.ooE+OO O.ooE+OO O.OoE+OO O.OOE+OO 0. 05€+00 O.ooE+OO 0. a + O O  0. m + O O  0. ooE+OO 
HO-99 l . O l E + l l  9. 10€+12 3. 17E+12 5. 92E+l2 1.69€+13 1.24E+13 2.4oE+13 1.88E+13 5. 57€+11 7.  27E+ll 
HO-99 5.7&€+09 1.97E*08 5.73E+07 8. 36E+08 4.00E*00 2.92E+00 5.69€+08 4.47€+08 1.3OE+07 1.8OE+O8 
TC-99 3. =+03 3. -105 1 .  14E+05 2. l2€+05 6.07E+O3 4.4=+05 0.61€+03 6.778+03 2. ooE+04 2.61E-4 
TC-99 2.07€+01 7,07E+OO 2.06E+OO 3. 07E+01 1. 44E*01 l.O3E+01 P.O4€+Ol 1.60€*01 4 . s - 0 1  .6.45E*00 
TC-99M 1 .  11E+12 l.OlE+l4 3. 48E+13 6. 49E+13 1.86E+14 1.34€+14 2.63E+14 2.07€+14 6; 12€+12 7.98E+12 
TC-99M 6.32€+09 2. 16€+09 6..20€+08 9.40€+09 4.39€+09 3.20€+09 6.23E*09 4.91E+09 1 .  1. WE*O? 
RU-103 O.OOE+OO O.ooE+OO 0.  oM+OO O . O W + O o  0. ooE+oO 0. ooE+OO 0. ooE+OO 0. oo€+OO O . O o € ~ O O  0. ooE+OO 
RU-103 O.OOE+OO O.ooE+OO O.OOE+OO O.OOE+Oo 0. ooE+oO 0. oO€+OO O.OOE+OO O.ooE*oo  O.Oo€*oo 0. ooE+OO 
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CON6 
AQRI 
CWSB 
A M 1  
CON8 
AQRI 
CONS 
AQR I 

'CONS 
AORI 
CONB 
AQR I 
Cox8 
ACR I 
CONS 
AQR I 
CONS 
AMI 
CON6 
AMI 
COU8 
AQR I 
CON8 
AOR I 
CON8 
AOR I 
CON8 
AOR I 
CUW 
AQR I 
CON8 
ACR I 
CON8 
ACR I 
C O N S  
AOR I 
CON8 
AQR I 
CONS. 
AQR I 
CON8 
AQRI 
CON8 
AOR I 
CONS 
AOR I 
CONS 
A M I  
CONS 
A M I  
CON8 
AOR I 
COW 
AQR I 
CON8 
AOR I 
CONS 
ACR I 
CONS 

CONS 
AOR I 
CONS 

ACR I 

6400 1 

1 

INVIMPS 'Example 1 U t i l i t y  Output (Continued) 

RtJ-I06 4. 13€+oB 4. 17E+W 4. I7E*OB 4. 17E*08 4. 17E*W 4. l7E- 4. 4. 17E*08 4. 1x*og 4. 1 6 E a  
RtJ-I06 2.13E+oB 2. 14€+W 1 . 9 s -  2. I4€E+oB 2.14€+08 2.14€*09 2.14€+06 2.14€*08 2.14€+oB 2.12€+08 
AQ-loa 3.92E*OO 3.92€*00 3.92E*Oo 3.92E+OO 3.92E*OO 3.92€*oo 3. 92€*Oo 3.92€+00 3.92€+OO 3.9a€+OO 
Ao-loa 2.02E+OO 2.02E*OO Z.OZE+OO 2.02E*OO 2.02€+00 2. 0 2 € e  2. on*oo 2.02€*oo 2.02€+00 2.02€+OO 
AO-110 2. 71E+ll 2 . 7 1 E + l l  2. 71E+ll 2. 71E+ll 2. 71E+ll 2. 71E+ll 2. 71E+ll 2 . 7 l E + l I  2.71E+ll  2..71E+lI 
AQ-110 I.39E+11 1.39€+11 I.39E+11 I.39€+11 1.3oE+II 1.39€+11 1.39E*ll 1.-+11 1 . m t 1 1  1.3?E+Il 
CD-109 4. ME+07 4.52E+07 4.52E+07 4.51E+07 4. 51E*07.4. =+07 4.52€*07 4.52€+07 4. -+07 4.51E+07 
CD-109 2.31E+07 2.31E107 2. l6E+07 2. 1 x 1 0 7  1.38€+07 2.07€+07 2.31E*07 2.31E-7 2.31€+07 2. I9€+07 
8N-113 1.66€+28 I.66€+28 l . M E + =  1.66€+2B 1:66€+28 1.66€+28 I.66E+2B I.-+= I.&€+= I.&€+= . 
6N-113 8. =+27 8. 56€+27 8. %E+27 8. 56E+27 8. %€+27 8: 56€+27 8. 56€+27 8. S + 2 7  8.56€+27 8. -+27 
-126 4.53E-02 4.53E-02 4.33E-02 4. 536-02 4. 53E-02 4. 53E-02 4. 53E-02 4.33E-01 4.33E-02 4.33E-02 
8N-126 2.33E-02 2.336-02 2.33E-02 2.33E-02 2.33E-02' 2.33E-02 2 . s - 0 2  2.33E-02 2. 33E-02 2.33E-02 
88-124 0. OOE+OO 0. OOE+OO O.OOE+OO O.OOE+OO 0. o(K*oo 0. ooE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0. ooE+OO 
68-124 O.OOE+OO 0.00E,+00 O.OOE+00 0.00€+00 O.OOE+OO O.ooE+OO O.OOE+OO O.OOE+OO 0 .  M * O o  '0. ooE+00 
88-125 4..64€*02 4.64E*O2 4.64€*02 4.64€*02 4. 6 4 E I O 2  4.64€+02 '4.64€+02 4.64E*O2 4.64€+02 4. 64€+02 
88-123 2.39E*02 2.39E+02 2.39E*02 2.39€+02 2.39E*O2 2.39€+02 2.39E+02 2.39€+02 2.39Et02 2..39€+02 
1-125 O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+OO 0. ooE+OO 0. ooE+OO 0. ooE+OO O.OOE+OO 0. ooE+OO O.ooE+OO 
1-125 O.OOE+OO 0.00€+00 0'. OOE+OO O.OOE+OO O.OOE+OO O.ooE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0. ooE* 
1-129 3.32€+01 3.32E*01 3.32E+Ol 3.31E+Ol 3.32€+01 3.32€+01 3. JIE+Ol 3. J;K+Ol 1.77E+OL 3.13E+01 
1-129 1 .  bBE+Ol 1.71€+01 1. 71E+01 1 . 6 1 E + O l  1 .  &*Ol 1 .  S + 0 1  1 .  60€*01 1. -+01 1. I=-01 3.07€*00 , 

1-131 0. OOE+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE*OO 0. ooE+OO 0. w + O O  0. oOE+OO 
1-131 O.OOE+OO O.OOE+OO O.OOE*OO O.OOE+OO O.OOE+OO 0. OOE+OO O.ooE*OO 0. ooE+OO O.OOE+OO 0. ooE+OO 
CS-134 1.44E+03 1.44E103, 1. 44E*03 1.44E+03 1 .  44E103 1. 44€+03 1.44E+03 1.44E+03 1.44€+03 1.44€+03 
CS-134 7.4OE*02 7:41E*02 7.4IE+02 7.41EIO2 7. 41E102 7 .  41E+02 7.4IE+O2 7.41E*O2 7.41E+02. 7.4=+02 
CS-135 2.96EtO5 4.96€*06 2.23E+06 4.3OE+04 .2.54E*04 2.54€+04 2. .54€+M 2. t#* 2.33€+04 2.83E+04 
CS-135 I. 91E*03 8. WE*04 3.979+04 3. 1OE103 1.83E103 1. -+03 1.83E+03 1. 58E+03 1.01E*03 1. -103 

CS-136 O.OOE+OO O.OOE+QO O.OOE+OO O.OOE+OO .O:OOE+00 O.OOE+OO O.ooE+OO O.ooE+OO O.ooE+OO 0.0#+00 
CS-137 3. I W 4 1  3. 13E-01 3. 1s-01 3.1%-01 3. 1%-01 3. 1%-01 3. 1s-01 3. 1s-01 3.1SE-01 3. ISE-01 
CS-137 1.62E-01 I. 61E-01 1. &2E-01 1.62E-01 1. 6E-01 1. 62E-01 1.62EE-01 I.--01 .I. e - 0 1  1.6E-01 
BA-140 O.OOE+OO O.OOE+OO 0. OOEW O.OOE+OO 0.  o(w*oo 0. o#+OO O.OOE+OO O.OOE+OO 0. OOE+OO 0.ooEtOO 

LA-140 O.OOE+OO 0. OOE+OO 0. oM+OO 0.00E+00 0. OOE+OO 0. ooE+OO 0. ooE+OO 0. ooE+OO 0. o#+OO 0. ooE+OO 
LA-140 O.OOE*oo O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0 .  ooE+OO O.OOE?Oo 0. ooE+OO 0. ooE+OO o.OOE+Oo 
CE-141 O.OOE+OO O.ooE+OO 0. OOEW O.OOE+OO 0.  OOE+OO O.OOE+OO 0. ooE+OO O.ooE+OO 0. ooE+OO 0. ooE+OO 
CE-141 O.OOE+OO 0. ooE+OO O.OOE*oo O.OOE+OO O.OOE+OO 0 .  ooE+OO 0. OOEW 0. ooE+OO O.OOE+OO o.ooE+OO 
CE-I44 7.8OE+II 8.01E+II 8.03E+Il B . O % + l l  B . O % + l l  0.03E+lI 8.04E+Il 8 . o T + I I  8.04€+11 8.ooE+ll 
CE-144 4.10€+11 4. 14E+ll 4. 13E+l1 4. 14E+ll 4. 14E+ll 4. 14E+ll 4.,14E+ll 4. 14E+Il 4. 14€+11 4. 1=+11 
EU-152 4.43E-01 4.4%-01 4 . 4 s - 0 1  4.43E-01 4.43E-01 4.43E-01 4.4%-01 4 . 4 s - 0 1  4.4%-01 4.41E-01 . 
EU-I52 2. w - 0 1  2.W-01 2. 2BE-01 2. m-01 2.W-01 2. a - 0 1  2. PEE-01 2 . M - 0 1  2 . w - 0 1  2 . M - 0 1  

EV-I34 l . M - 0 1  1 . M - 0 1  I. 46E-01 I. 46E-01 I. 46E-01 1 . 4 s - 0 1  1.46E-01 1.46E-01 1 . w - 0 1  1.46E-01 

CS-136 0. ooE*oo 0. OOE*oo 0. OOE* 0. ooE+OO 0. ooE+OO 0. OOE+oo 0. oo€+OO 0. ooE+OO 0. OOE+oo 0. ooE+oo 

EA-140 0. ooE+OO 0. OoE+OO'O. ooE+OO o.ooE+OO 0. ooE+OO 0 .  ooE+oo 0. ooE+oo 0. ooE+OO 0. ooE+OO 0. ooE+oo 

EU-154 2. e=-oi 2. WE-01 .2.  8 3 ~ - 0 i  2. ~ ~ E - O I  2. WE-OI 2. --01 2. w-01 2 . 8 s - 0 1  P. e - 0 1  2. m~-01 
YB-169 0. ooE*oo 0. ooEtOO O.OOE+OO O.OOE+OO 0.  ooE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.ooE+OO 0. m q  
ye-169 0. OOE+OO 0. OOE+OO 0. OOEW 0. OOE+OO 0. OOE+OO 0. OOE+OO 0.  OOE+OO 0. o o € + ~ ~  0. OOE+OO 0. mtoo 
PD-2lO'V.2%+00 1.42€+02 I. 37E-2 4.17E*Ol 2.47E1Ol 3. S + 0 1  7 .  B01E+01. 2. lBE+OI I. OIEtO2 3.4%+01 
PI-210 1. IIEtO1 7.2VfCiOl a'. 1ZE+Ol 1.9=+01 6. llE+OO 1.61EIOI  2.52€*01 5. =+00 '3. m*ol 1. %*01 
PO-PI0 P.86€+24 3.23€+27 1.04€+27 9. 85E+25 9.39E+24 5. 19E+25 I. 32€+26 3:23€+26 1. I, 50€+29 
eo-210 3.97E+24 1.23E+27 1.04€+26 3.77€+25 1.9=+24 1. 12€+25 3.28Et23, 7 .  zaE+25 3.41EtP3' 7.  ooE+24. 
RN-171 1 .  et04 2.76€*03 2.6bE+O5 1.2OE+Ob 4.79€*04 1.09E+05 I. 51E+03 4.23€+04 1.97€+03 6.70€+04 
R N - 2 2 2  2. 13E+04 1.4Zf+O5 1. 19E+05 3.7VE*M 1. 19€*04'3. l 3 + 0 4  4.90€+04 1.OIEb04 7.32€+04 2.99E+04 
RA-226 5.w-02 3.67E-02 5.67E-02 5.65E-02 5 . 6 s - 0 2  3. W-02 5.  M - 0 2  5. LIE-02 5.66E-01 b.64€-02 
RA-226 2.89E-01 2.92E-02 2. V2E-02 2.09E-02 2. e#*. 2.91E-02 2.W-02 2. 76E-02 2.91E-02 2 . M - 0 2  
RA-226 6. 12E-01 7 .  1BE-01 7.18E-01 7 .  1s-01 7. 1Bf-01 7. 1BE-01 7.  l2E-01 6. WE-01 7. 1BE-01 6.9M-01 . 
RA-226 3. 3oE-01 3.7oE-01 3.7OE-01 3.69E-01 3.7OE-01 3. 7OE-01 3. e - 0 1  3.51E-01. 3. 7oE-01 3. bbE-01 
AC-227 2.WE-01 7 .  M-01 7.84E-01 6.7BE-01 6.87E-01 3.74E-01 4.5oE-01 9. 72tE-02 7. =-Ol 4.3lE-01 
AC-227 2.62E-01. 4 . 0 S - 0 1  4. ME-01 3. TBf-01 3. 76E-01 2. 53E-01. 2.'93E-01 8.41E-02 4 . 0 3 - 0 1  2. WE-01 
T H - 2 8  2.698+03 3.32E103 3.32€+03 3. 3OE+03 3.32E*03 3.32E+03 3.28€+03 2.94€+03 3. 32€+03 3. 10€+03 
TH-228 I .  59E*O3. 1 .  71E*03 I .  71E+03 1 .  7lE103 1 .  71E*03 1 .  7lE+03 1.70€+03 1.63€+03 1. 7lE+03 I. 69E+Q3 

'TH-229 1. 1%-01 4.46E-01 4.45E-01 3. 57E-01 4.42E-01 4.31E-01 1.7%-01 2.3#-02 4 . e - 0 1  1.19E-01 
TH-229 1 .  17E-01 2. 3OE-01 2.29E-01 2.'12E-O1 2.29E-01 2.27E-01 1.4oE-01 3.w-02 2.ZVE-01 I. 32E-01 
Tn-230 3. 32€-01 4.3oE*OO 4.29E+00 2. 31E+OO 4. 19E+OO 3. -+OO 6.3s-01  4.7lE-02 4.2Ofi+OO 6.23E-01 
TH-230 4. 43E-01 2.21E+W 2. 17E+00 I. 7 O E W  2:1Wi+OO 2. 12E+OO 7.31E-01 6 . 7 U - 0 3  2. 1#+00 7.31E-01 
Tn-232 3 . e - 0 2  4 . w - 0 2  4 . a - 0 2  4.33E-02 4 , s - 0 2  4. s-02 4. o#-02 ' P . O S - 0 2  4 . s - 0 2  4 . m - 0 2  

, 
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Am1 
C Q #  
-1 
CONE 
-1 
CONE 
ma1 
Co11I) 
-1 
Conb 
A001 
CON6 
m a 1  
CONE 
Am1 
COW 
AOR I 
CONE 
AOA I 
CON8 
mal 
CON8 
AOR I 
CON8 
AOR I 
CON8 
AOR I 
CONE 
AOA I 
CON8 
M A  I 
C W  
AQA I 
CONS 
AOR I 
C W  
AORI  
CON8 
-1 
CON8 
AMI 
COME 
AOA I 
CanS 
AMI 

ntw 2. OX-  2.2s-02 2.2s-02 2.24E-02 2.2&€-02 2.2sE-02 2.2oE-02 1.5WE-02 2.W-02 2.19E-01 
?&-a1 1 .  31E-02 3.9&€-01 1.31E-01 
PA-731 1.11E-01 2. llE-01 2. 1Oe-01 1.744-01 1.64E-01 6. 3(#-02 9. a-07 1.39E-07 0: O X - 0 1  l . O S - 0 1  
U - a  3.31E-02 8.0%-02 8.04E-02 7 . 8 7 9 4 2  8.03E-02 8. 03lZ-02.7.74E-02 5.61E-02 0.0%- 7. a - 0 2  
U - a  3.34E-02 4. 1 s - 0 2  4. 1 4 E - e  4. 119-02 4. 146-02 4. 14E-02 4.m-02 3. 38E-02 4. 1s-02 3 . 9 s - 0 2  
U-733 3. W-01 1.44€*02 1 .  =*02 1 .  =+01 6.23E*O1 1.38E+W 3. 34E+O1 7.01Eb00 1.41E+W 1.6sE+00 . 
U-133 3.31E-01 7.34E*01 3. 17E*01 1.34€+01 4.67E*01 7.30€+01 4. 69E+01 9. 11E*00 7.3W+l 2.47€+00 
U-234 3.33E-01 l.O4E*O3 6. 33E+02 1 .  17E*01 l.OlE+OP 9. -+02 3 . w -  4.oaE-1 9.69€*02 1; 7=+00 
U-234 3.44E-01 3.049+02 1.31E+W 1.74E+01 l.O3E+O2 3.22€+02 3. lX+OZ 4. 39E+O1 3. xK+oZ 2.61E+00 
U-233 7.$3L-Ol 7.  1M-01 7. 13t-01 6.77t-01 7 .  1lE-01 7 .  13E-01 7. 1 s - 0 1  6. - 4 1  7 .  1%-01 3. lOe-01 
U-233 2. m - 0 1  3. a - 0 1  3 . 6 s - 0 1  3.61E-01 3.67E-01 3.4SE-01 3 . a - 0 1  3.6lE-01 3 . e - 0 1  3.27E-01 
U-23b 3.74E-01 1.96€*03 9. BZE+W 1 .  18E+01 1 .  12E*02 1.7X+03 6.47€+02 3.73E+01 1.7%+03 1.82€+00 
U-236 3.77E-01 9.22€*02 1 .  36Ei01 1.77E+Ol , l .  2OEi02 9. 77P-2 3. 32E*02 6.31€+01 9.78Ei02 2.7QS+00 
U-23E 3.768-01 8.14E*00 8.055*00 4.95€+00 7.63E*00 8.14€+00 8. 07Ei00 7.24E*Oo 8.14€+00 1.3sE+00 
IC238 5.31E-01 4..19€+00 4.09€*00 3.44E+00 4.07E+00 4. lVE*oo 4. 18E*00 3.97€*00 4. l%W 1 .  .73E+00 
NP-237 1.97E-01 4. B6E-01 4.8SE-91 4. 1%-01 3 . 8 s - 0 1  1.61E-01 2.74E-01 4.ooE-02 4.79E-01 2.37E-01 
NP-237 1 .  WE-01 2. SOE-01 2.49E-01 2.34E-01 2.24E701 1.  32E-01 1.87E-01 4.31E-02 2. -41 1.84E-01 
Ptj-236 1.29E+00 1.9M*00 1.93E+00 1.91E+OO 1.93€+00 1.93E+00 1.88E*00 1.36€+00 1.9X+00 1.7OE+00 
PU-236 8.38E-01 l.OlE*OO l.OlEi00 1.00€*00 1.OlE*00 l.OlE+OO 9 . W - 0 1  8.69E-01 1.01€+00 9 . a - 0 1  
PU-238 3. WE-01 5.8OE+03 1.32E+03 4.OlE+00 2. 4EEi00 3 . 4 - 4 1  9 . a - 0 1  7 .  37E-02 4.69€+01 7.84E-01 
PU-13B 6. IlE-Ol 2.33E*03 1 .  8lE+02 6. 1%+00 4. lOEi00 3. 2Be-01 1.41€+00 1 .  1 s - 0 1  7.  -+01 1.2OE*Oo . 
PU-239 3.27E-01 6.9%+04 1.72€+03 2.83EWO 1.84Ci00 2.38E-01 6.'2¶€-01 4. W-02 3.27E*Ol 3. 46E-01 
PU-239 '3.-04E-01 7.  13E*03 1 .  39E*02 4. 34€+00 2.81E*00 3.69E-01 9. 99E-01 6 . m - 0 2  3.01€+01 8.39E-01 
PU-240 3 . 2 s - 0 1  3. 84E*03 1; 21E*03 2.83€*00 1.84€*00 2.39E-01 6. - 4 1  4. 38E-02 3.2W+Ol 3.49E-01 . 

PU-240 3.04E-01 1.62€*03 1 . 4 q + 0 2  4. 3 4 E W  2.82€+00 3. &E-01 9.64E-01 7 .  OX-02 4.9oE*01 8. 4 s - 0 1 .  . , 

1. l a - 0 1  4: OIL-01 4.OBE-01 2. W-01 2.44E-'Ol 7 . 9 h - 0 2  1 .  w - 0 1  

PU-241 1.31E+01 3. 1%*02 3. 13€+02 7.94E101' 3 . 3 S i 0 1  0. W + 0 0  2. 12€+01 1.81E+00 2.47E+O2 2.OlE+Ql 
PU-241 1.84E+01 1.62€*02 1.36E-2 7.4sElOl 3.436+01 v.  94€+00 2.37€+01 2. 1*+00 1.43E+02 2. *+0l 
PU-242 3.44E-01 3.91E*03 1.22€+03 3. OoEi00 1.93E+OO 2. WE-01 6. H - 0 1  4.31f-02 3.3=*01 3. 64E-01 
PU-P~P 3. J I E - O ~  i. w*o3 i . 3 4 ~ + o a  4 . 6 1 ~ ~ 0  2. va+oo 3.846-01 1 .  O I E ~ O  6. 9 3 ~ - 0 2  3. O&E*O~ 8. 6 s - 0 1  
PU-244 l.--01 3 . W - 0 1  3 . m - 0 1  2.97E-01 2. (#E-01 1.43E-01 2. 24E-01 3.91E-02 3.270-01 2 . 0 S - 0 1  
PU-244 1.2%-01 1 .  TOE-01 1.4%-01 '1.64E-01 1.  LIE-01 1 .  18E-01 1.W-01 4. 87E-02 1 .  6%-01 1.42E-01 

3.0%-01 7.30€+00 7.27E- 2.04E*00 1.49E*00 2.m-01 3.84E-01 3.0sE-02 3.98E+00 3. - 4 1  
M-241 4 . 3 s - 0 1  3.76E*00 3.61E- i.8X+00 1 .  36€*00 2.62€-01 6.22E-01 3.87E-02 3.43EiOO 6. 12E-01 
M-243 2.04E-01 3.6%-01 3. 69E-01 4. 72E-01 4. 31E-01 1 .  64E-01 2.94E-01 4. 21E-02 3..39E-01 2. 7M-01 
M-243 1 . 8 s - 0 1  2.93E-01 2.92E-01 2.70E-01 2. 37E-01 1.414-01 2 . W - 0 1  4. 32E-02 2.91E-01 2: OM-01 
CN-242 7.67€*01 1 .  12E*06 2.94€+03 7.76€+02 3. 18E+02 6.66E+01 1.79E102 1.43E+01 9.07€+03 1.32€*02 
CM-242 1 .  lBE+W 4. 31E*O5 3. mi04 1 .  19E*03 7.93E*OZ 1.02E+02 2. 74E+OZ 2. 19€+01 1.37E+04 2. 33E+02 
CN-243 4. -41 1.8X*OO 1 .  84E+OO 1 .  -+00 1.37E+OO 3. OzE-01 9 3 s - 0 1  1 .  34E-01 1.81€+00 8. 19E-01 

, C k 2 4 3  4. WE-01 9. 3OE-01 9.47E-01 8.7OE-01 8.3%-01 4 . W - 0 1  6. -E-01 1.77E-01 9 . 4 s - 0 1  6. SO€-01 : 
CM-244 l.OlE+OO 2. 33€*04 4.06E+03 1 .  37E*01. 1 .  17E*Ol 1 .  3 3 E W  4.32E*00 3: 7sE-01 2.24E+02 .2. 98E*OO : 
CN-244 1.34E*00 8. =*03 4.43E+O2 2. 14E+01 1 .  SO€*O1 1.96€+00 3. 53E*00 4. SI€-01 2.836+02 4. 18E+00 .. 
CM-248 8. 5 s - 0 2  3.37E+01 1.03E+02 7.28E-01 4.72E-01 6. 13E-02 6 . 3 s - 0 1  4.4X-02 7.89E+00 2. 14E-01 
CM-2- 1.31E-01 7.  14E+01 2. 53€*01 9 . 8 s - 0 1  6. 1W-01 8 . w - 0 2  8 . s - 0 1  3.77E-02 l.O3E*Ol 3.04E-01 

'CF-231 3.4OE+02 9. 46E*ol 0. M * 0 4  1 .  6M+04 2. 17E*04 3.41E+03 2.03E*04 2.13E+03 8.39€+04 3. 1S€*03 
CF-231 8. PIE*= 3. 03E+04 3.37€+04 i.7oE+04 1.94E*04 3.686+03 1.82€*04 2. =+03 4.79E+04 4.36€+03 
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I NT 
EA0 
I NT 
ERO 
I N 1  
ERO 
I NT 
ERO 
I N 1  
ERO 
I N 1  
ERO 
I N 1  
ERO 
I N 1  
ERO 
I NT 
ERO 
I N 1  
EA0 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I N 1  
EA0 
I N 1  
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
1 NT 
ERO 
I NT 
ERO 
1 NT 
ERO 
INT 
EA0 
I NT 
ERO 
I NT 
ERO 
INT 
E A 0  
INT 
ERO 
I NT 
ERO 
I NT 

EXPOSED UASTE L I M I T S  FOR ISTA- 1 
H-3 5. 52€+06 4. 27E+06 3 . 2 3 E + 0 6  5. 56€+06 5.39E+06 5 .  57E+06 5. 59E+06 7.04€+06' 5. 57€+06 5.  I=+W 
H-3 3. 15€+27 2 . 4 4 E + 2 7  1 .  84E+27 3. 1 7 E + 2 7  3 . 0 8 E + 2 7  3. 18E+27 3 .  19E+27 4 . O l E + 2 7  3. leE+p7 2. o3~+27 
C-14 3 . 9 8 E + 0 4  2. 79E+04 2. 32E+04 1 . 7 6 € + 0 4  3. 19E+04 2. 7 s - 4  1.OOE+O4 4.79€+03 3.8#+04 2 . 1 % + ~  
C-14 4..45E+01 3. 1 2 E 1 O l  2. 59E+01 1 . 9 7 E 1 0 1  3. 56€*01 3 . 0 7 E + O l  1 .  12€+0l 5. 4.25€+01 2 . 4 5 ~ + o i  
NA-22 1 .86€+07 3. 99E+07 3 . 2 6 E + 0 7  3. 14E+07 2.96€+07 3. 1S-7 2.36€+07 1 .88E+O7 3.30€+07 2.45E+07 
NA-22 O.OOE+OO 0.00E+00 0.00E+OO 0. tiOE+OO O.OOE+OO 0. ooE+OO 0. OOE+OO O.o(w+OO 0. ooE+OO 0. -+00 
P-32 O.OOE+OO O.O?E+OO O.OOE+OO O.OOE+OO 0.00E+00 0. OOE+OO O.OOE+OO 0. OOE+OO 0. OOE+OO 0. ooE+OO 
P-32 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OoE+OO O.ooE+OO O.OOE+OO 0. -+00 
P-33 
P-33 O.OOE+oO O.OOE+00 0.00E+00 O.OOE+Od O.OOE+OO .O. ooE+OO O.'ooE+OO 0. ooE+Oo 0. m+OO 0. ooE+OO 
9-35 O.OOE+OO O.OOE+OO 0 . 0 0 E + 0 0  0.00E+00 O.OOE+OO O.ooE+OO O.OOE+OO O.ooE+OO O.ooE+00 O.OOE+OO 
S-35 O.OOE+OO 0.00E+00 0. 00E+00 0. OQE+OO 0. OOE+OO O.ooE+OO O.OOE*OO O.OoE+OO 0. OOE+00 O.OOE+OO 
CL-36 1 .  35€+04 9. 7 3 E 1 0 3  1 .  35E+04 1 . 3 1 E 1 0 4  1 .35€+04 1 .  33E-4 1 . 3 3 E + O 4  1 .  35€+04 1.35€+04 1.32€+04 
CL-36 1 . 3 4 E + O l  9.  68E+OO 1 .  34E+Ol I. 3OE+Ol 1 . 3 4 E + O l  1 . 3 4 E + O l  1 . 3 4 E + 0 1  1 . 3 4 E + O l  1.34E+01 1 .  31E+01 
CA-45 2 . 3 O E + 2 6  0. 62E+25 4 .  38E+24 I. O6E+25 2 . 3 0 E + 2 6  2.1oE+26 3. b6€+24 2. 3 S + 2 4  2. JQE+26 1 . 4 4 E + 2 5  
CA-45 0. 00E+00 0. 00E+00 0.00E+00 O.O'JE+OO 0. OOE+OO O.OOE+OO O.OOE+OO O.OoE+OO 0. F + O O  0. ooE+OO 
SC-46 0. 00E+00 0. OOE+00 O.OOE+OO O.OOE+OO O.OOE+OO 0. ooE+OO 0. OOE+OO O.OOE+OO 0. ooE+OO 0. ooE+OO 
SC-46 0. 00E+00 0. 00E+00 0.00E+00 O.OOE+OO 0. OOE+OO 0. OOE+OO 0. OOE+OO 0.00E+00 0. m + o o  0. OOE+Oo 
CR-51 ' 0. OOE+00 0. 00E+00 0 . 0 0 E + 0 0  0. 00E+00 .O. OOE+00 0.  oOE+OO O.OOE+OO 0. OOE+OO O.ooE+OO 0. ooE+OO 
CR-51 0. OOE+OO 0.00E+00 0.00€+00 0.  OOE+OO O.OOE+OO 0. ooE+OO O..OOE+OO 0. OOE+00 0. ooE+OO O.ooE+OO 
MN-54 9 . 8 0 E + 1 4  1 .  5 1 E + l 5  3 . 0 6 E + 1 4  1 .  6BE+13 1 . 4 0 E + l 5  Q.43€+14 1.25€+15 1.54€+15 3.2%+15 7.68€+14 
M - 5 4  0. 00E+00 0.00E+00 O.OOE+OO 0. 00E+00 O.OOE+OO 0. OOE+OO O.OOE+OO O.OOE+OO O.ooE+OO O.OOE+OO 
FE-55 1 . 4 1 E + 0 9  5.  42E+lO 1 .  41E+09 2. 85E+09 1 .  55E+09 8. 18E+08 1 .  36E+09 2.28E+09 l..SBE+W 1.28€+09 
FE-55 O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+00 0. OOE+OO O.ooE+OO O.OOE+OO 
FE-59 O.OOE+OO O.OOE+OO 0.00E+00 0.00E+00 0. OOE+OO 0. OOE+OO 0. .OOE+00 0. OOE+OO 0. OOE+OO 0. OOE+OO 
FE-59 O.OOE+OO 0.00E+00 0. OOE+OO 0. 00E+00 0. ooE+OO 0. OOE+OO O.OOE+OO O.ooE+OO 0.00€+00 0. OOE+00 
CO-57 . 9 . 6 2 E + 1 7  1 . 0 5 E + l B  1 .  7 7 E + 1 7  l . O 1 E + 1 0  1. 13E+18 1. oBE+lB 9. 8BE+17 7.  4 7 E + 1 7  9 . 0 1 E + 1 7  6 . 0 o E + 1 7  
CO-57 0 .  00E+00 0. 00E+00 0. 00E+00 0.00E+00 0. OOE+OO 0.00E+00 0. OOE+OO 0.  oM+OO O.OOE+OO O.OOE+OO 
CO-58 0.00E+00 0.00E+00 O.OOE400  O.OOE+OO O.OOE+OO 0. ooE+OO 0. OOEi00  O.OM+OO O.OOE+OO o.OOE+oo 
CO-50 O.OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO 0.00E+00 0. ooE+OO O.OoE+OO O.OOE+OO O . o o E + 0 0  0: OOE+OO 
CO-60 1 .  48E+O6 1 .  87E+06 5. 82E+05 1 .  BOE+O6 1 .  7 4 E 1 0 6  1.6BE+O6 1.75EI06 I. 83Et06 2.04€+06 1.26€+06 
CO-60 O.OOE+OO 0.00E+00 0. OOEIOO O.OOE+OO 0. OOE+OO O.OOE+OO 0. OOEI00 O.OOE+OO 0. o o E + q  0.  OOE+OO 
NI-59 4. 7 9 E I O 6  4 .  10Ei06 6. 24E+O5 2. 94E+06 4 .  72E+06 4 .  72€+06 4 . 6 1 E + 0 6  4. LIE106 4. 32E+06 2 . 9 4 8 + 0 6  
NI-59 4 . 7 9 E + 0 3  4 .  1OE+03 6 . 2 5 E + O 2  2 . 9 5 E + 0 3  4 . 7 3 E + 0 3  4.73€+03 4 . 6 2 E I 0 3  4: 65E+03 4.33€*03 2.95€+03 
NI-63 2 . 4 8 E + 0 6  2 . 0 1 E 1 0 6  2 . 3 0 E + 0 5  1 . 3 5 E 1 0 6  2 . 4 8 E i O 6  2.48E+O6 2 . 4 8 E + 0 6  2 . 4 8 E + 0 6  ? . 4 8 E + O 6 ' 1 .  3%+06 
NI-63 3.66E+O& 2 . 9 6 E + O 6  3 . 3 9 E + 0 5  P.OOE+O6 3.66E+06 3.66€+06 3.66E+O6 3.66€+06 3.66€+06 2.OOE+06 
ZN-65 7 . 0 0 E + 1 6  1 . 8 6 E + 1 7  1 .  30E+17 1 .  5 5 E + 1 7 . 1 .  1 7 E + 1 7  1 .  18E+17 1 .  1 4 E + 1 7  1 . 2 7 E + 1 6  1 .  m+17 1 . 0 2 € + 1 7  
ZN-65 0. OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO 0. OOE+OO 0 . 0 0 E 4 0 0  0.00E+00 O.OOE+OO O.OOE+OO 
SE-75 7 . 3 0 E + 3 1  5. 76E+31 6 .  33E+31 4. 58E+31 1 .  M + 3 1  ? . 3 1 E + 3 1  5 . 9 9 E + 3 1  6.85€+31 9. 7OE+31 4.8%+31 
6E-75 . O .  00E+00 O.OOE+OO O.OOE+OO O.OOE+OO 0. OOE+OO 0. OOE+OO 'O.OOE*OO O.OOE+OO O.OOE+OO 0.  ooE+oo 
RE-86 0.00E+00 0.00E+00 O.OOE+OO 0. 00E+00 0.00E+00 0. OOE+OO 0.00E+00 0 .  OOE+00 0. ooE+OO o.OOE+Oo 
Re-86 O.OOE+OO 0.00E+00 0.00E+00 O.OQE+OO O.OOE+OO 0 .  OOE+OO 0. OOE+OO 0.  OOE+OO 0. OOE+OO O.OOE+OO 
8R-85 0. 00E+00 0.00E+00 0. OOE+OO 0. 00E+00 0.00E+00 .O. OOE+OO 0. OOE+OO 0 .  OOE+OO O.ooE+OO 0.  .OOE+OO 
SR-85 0.00E+00 0.00E+00 0.00E+00 0. @0E+00 0.00E+00 0.00E+00 0.00E+00 0 .  ooE+oo 0. ooE+oo. 0. OOE+oo 
SR-89 O.OOE*OO O.OOE+OO 0.00E+00 .O. 00E+00 O.OOE+OO 0. OOE+OO O.OOE+OO 0 .  OOE+OO O.OOE+OO 0. OOE+OO 
SR-89 0.00E+00 O.OOE+OO O.OOE+oo 0.00E+00 0.00E+00 0.00E+00 O . O O E i 0 0  0 .  OOEtOO 0. ooE+OO 0. OOE+OO 
SR-90 4.  15E+O6 1 .  6OE+O6 , l .  46E+04 2. 89€+05 4 .  68E+06 4 . 9 1 E + 0 6  6. 53€+04 3.26€+04 4 . 6 B E + 0 6  1.24€+05 
SR-90 1 . 0 5 € + 1 4  4 . 0 4 E + 1 3  3. 6 9 E + l l  7 .  O6E+12 1 .  18E+14 1 . 2 4 € + 1 4  1.6%+12 0 . 2 4 E + l l  1 .  18E+14 3. 13E+lP 

ZR-95 O.OOE+OO O.OOE+OO O.OOE+00 O.OOE+OO 0. OOE+OO 0. OOE+OO 0. OOE+OO 0 .  ooE+,00 0.  ooE+OO 0. .ooE+OO 
Ne-94 1.65E*04 4 .  50E+03 2.93E+O2 I .  85E+03 4 .  94E+03 1 .  12E*04 4.66€+03 4. 48E+03 1 .  96E+04- 1 . 8 5 E + 0 3  

0. ooE+00 0.00E+00 0.00E+OO O.OOE+OO 0.00E+Oo 0. ooE+oo 0. ooE+00 0. o#+OO 0. ooE+OO 0. ~ i 0 0  

' 

ZR-95 O.OOE+OO 0 .00E+00 0. 00E+00 0. 00E+00 .O.  00E+00 O.OOE+OO O.OOE+OO 0. OOE+OO 0. OOE+OO O.OOE+OO ' 

Ne-94 1 . 6 9 E + 0 1  4 .  62E*00 3.01E-01 1 .  90E+00 5. 07E+00 1 .  1 5 E + 0 1 . 4 . 7 0 € + 0 0  4 . 6 0 E t O O  2 . 0 1 E + O l  1 .9oE+OO 

Ne-95 0. 00E*00 0. OOE+OO 0. 00E+00 0. 00E+00 O.OOE+OO O.OOE+OO 0. OOE+OO 0. OOE+OO O.OOE+OO O.OOE+OO 
M0-99 2. 2 9 E + 1 3  7.  82E+12 2. 27E+.12 3. 40E+13 1 .  59E+13 1 .  16€+13 2. 2 6 E + 1 3  1 . 7 7 E + 1 3  5. 1 6 E + l l  7 .  1 3 E + l P  
no-99 2 . 2 8 E + l O  7 .  79E*09 2. 26E+09 3. 39E+iO 1 .  58E+10 1 .  15€+10 2 . 2 5 E + l O  1 . 7 7 E + 1 0  5. 14E+08 7.  1OE+09 
TC-99. 8 . 2 3 E * 0 5  2. BlE+OS 8. 16E+04 1 .  22E+O6 5. 7OE+05 4 .  16E+O5 8. 1 1 E + O 5  6 . 3 7 E + 0 5  1 . 8 % + 0 4  2. 56E+05 
TC-99 8 . 2 O E + 0 2  2 . 8 0 E + 0 2  8. 13E+Ol  1. 22E+03 5 . 6 B E + 0 2  4. 14E+O2 8.00€+02 6.34€+02 1 . 8 4 E + 0 1  2 . 5 5 € + 0 2  
TC-99M 2. 5 2 0 1 4  8. 58E+13 2. 49E+13 3. 73€+14 1 .  74E+14 1 . 2 7 E + 1 4  2 . 4 8 E + 1 4  1 . 9 5 € + 1 4  5 . 6 6 € + 1 2  7 . 8 3 E + 1 3  
TC-V9M 2. 5 1 E + l l  8 . 5 5 E + l O  2 . 4 9 E + 1 0  3 . 7 2 E i l l .  1 . 7 4 E + l l  1 . 2 7 E + 1 1  2 . 4 7 E + l l  1 . 9 4 € + 1 1  5 . 6 4 E + 0 9  7 . 8 0 € + 1 0  
RU-103 O.OOE+OO O.OOE+OO 0. OOEIOO O.OOE+OO 0. OOE+OO 0. OOE+OO O.OOE+OO 0.  ?0€+00 O.OOE+OO O.OOE+Oo 

140-95 0.  OOE+OO 0 .  OOE+OO 0. OOE+W 0 .  OOE+OO 0. OOE+OO 0. OOE+OO 0. OOEIOO 0 .  OOE+OO 0. o o E t w  0 .  OOE+OO 
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INVIMPS Example 1 Utility Output (Continued) 

EA0 
I NT 
ERO 
IN1  
ERO 
IN1 
ERO 
IN1 
ERO 
I NT 
ERO 
IN1  
ERO 
IN1 
ERO 
IN1 
ERO 
IN1 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
EA0 
I NT 
ERO 
I NT 
ERO 
IN1  
ERO 
IN1  
ERO 
I N 1  
ERO 
IN1 
ERO 
IN1 
ERO 
I NT 
ERO 
I NT 
ERO 
IN1 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
EA0 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 

RU-103 O.OoE+OO O.OOE+00 0.00E+00 0. ooE+00 O.OOE+oo O.ooE+OO O.OQ€+OO O.OOE+OO 0.0#+00 O.ooE+OO 
RU- IO6 7.38E+12 1. OOE+13 2. =+11 l.OBE+13 7.0=+12 7 . w - 1 2  7.7&€+12 6.74€+12 7.96€+12 2. -+I2 
RU-106 0.00€+00 O.OOE+00 0.00E+00 O.OOE+OO O.OOE+OO 0.  ooE+OO 0. ooE*oo 0 .  m*Oo 0. o#*oo 0. 
AO-108 3. z + m  2. ~ E + U  7 . 7 5 ~ + 0 5  i . 8 7 ~ + m  2.70€+06 8.42E+03 3. OX+= 3. 3. JIE- 1. 87~- 
AO-loa 0. ooE+oo 0.00E+00 0.00E+00 0.00E+00 0 .  OOE+00 0. ooE+oo 0. -+00 0. o#+oo 0. o#+oo 0. o#*Oo 
Ao-110 2.66€+17 2. 34E+17 6. 96E+16 1.61E+l7 2.25€+17 0.20€+16 2.56€+17 2. -+17 2.66€+17 1. i lE+17  
AO-110 0. -+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0. ooE+OO O.ooE+OO 0. o#*oo 0. ooE+OO 0. ooEm 
CD-109 6.00€+12 4.67E+12 4.  13E+ll 3 .09E+ l l  4.7OE*lO .2. -+11 3. 16E+12 3. m+12 6. %oE+12 5.40€+11 
CD-109 0. OOE+00 0.00E+00 0.00E+00 0.00E+00 O.OOE*Oo 0. ooEW O.OOE+OO 0. o#+OO O.ooE+OO .O. 
8N-113 1.3&€+34 6,00E+33 1. 31E+32 1.33E+33 1.03E+34 1. 19E+34 4.96E+33 3.8%+33 1. 1BE+34 1.33€+33 
SN-113 0. OOE+OO 0.00E+00 0. 00E+00 0. OOE+OO O.OOE+OO 0. ooE+00 O.OOE+OO O.O#*Oo O.OOE+00 0. ooE+00 
SN-126 1.61E+04 1.02E+04 3 .  90E+02 4. 10E+03 1. 43Et04 1. 3#+04 6.92€+03 4. 19E+03 1.42€+04, 4. 10€+03 
SN-126 1.61€+01 l.O2E*Ol 5. 90E-01 4.09E+00 1.43EtOl 1. 59€+01 6.91E+00 4. 1BE+00 1.42€+01 4. ooE+OO 
88-124 0. OOE+OO 0.00E+00 0. 00E+00 O.OUE+OO' 0 .00E+00 0. OOE+OO 0.00€+00 0.  M)E+00 0. OOEm 0.=+00 
88-121 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0. OOE+oo 0. OOE+00 0. 00€+00 0. ooE+00 0. ooE+oo 
58-125 5.45E*08 4. 43E+08 6. 07E+07 2.64E+00 5.  12E+o8 5 .  51E+08 4. 70€+00 4 . 2 X + O B  4.31E+00 2. 64E+08 
SB-125 0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 O..OOE+00 0 .  ooE+OO O.OOE*oo 0.00€+00 0.00E+00 0. OOE+OO 
1-123 0.'00E+00 0.00E+00 0.00E+00 0.00E+00 0. oOE*00 0. ooE+oo o.ooE+00 0 .  ooE+oo 0. OOE+00 0. ooE+oo 
1-125 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO 0.00E+00 O.ooE*oo  0. ooE+00 O.OOE+OO O.OOE+oo 0.00E+00 
1-129 6.21E+O5 4. 32E+O6 5.28E+(M I. 66E+03 6.04€+03 7. lOE+o3 5.67E+O? 5.37E+05 7.. O1E+OI 2.33€+03 
1-129 A. 17E+02 4. 49E+O3 3.24€+03 1.65E+O2 6. 80€+02 7.05€+02 3.63€+02 3. 33E+O2 6 . 9 M - 0 2  2. =+OO 
1-131 0. 00E+OO. 0.00E+00 0 .  00E+00 O . O M + O O  O.OOE+OO 0. ooE+OO 0.00E+00 C.  ooE+00 O.OOE+Oo O.OOE+OO 
1-131 0. OOE+OO O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 0. OOE+OO O.OOE+00 O . O ~ + O O  0.00E+00 0. ooE+OO 
CS-134 2. 52E+07 7. 05E+O7 6. 86E107 5. 77E+07 3.998+07 4. ooE+07 4.30€+07 4.4E€+07 5.04E+07' 3. 37€+07 
CS-134 O.OOE+OO 0. 00E+OO 0. 00E+00 0 . 0 0 ~ + 0 0  0.  ooE+00 0.  OOE+OO O.OOE+OO 0 .  OoE+OO 0. OOE+OO 0. ooE+OO 
C0-133 1.448+04 6. 71E+O5 3. OlE+O> 2. 44E+04 1. 44E+04 1. 44E+04 1.44€*04 1.24E+04 1.43E+04 1. 43E+04. 
CS-133 1.43E+Ol 6. 66E*OP 2.99E+O2 2.42E+01 1. 43E+01 1.43E+01 1.43E+Ol 1. a + 0 1  1.42€+01 1.42€+01 
CS-136 0.00E+00 O.OOE+OO O.OOE+00 O.OOE+OO O.OOE+00 0. ooE+OO 0. OOE+OO 0 .  OO€+OO 0.00E+bO 0. ooE+OO 
CS-136 0. o M + O O  0.00E+00 D. 00E+00 O.OJE+OO O.OOE+OO 0. OOE+OO O.OOE+00 0 .  ooE+Oo 0.00E+00 0. ooE+00 ' 

C8-137 3. 19E+03 1. 43E*04 1.2lE+04 6. 44E+03 4. l2E+03 4.03E+03 4..31E+03 3.98E+03 4.72E+03 3.89€+03 
CS-137 1.71E+10 7.62E+10 6. 4LE+lO 3. 44E+10 2.20€+10 2. 17E+10 2. 31E+10 2. 13E+10 2. 52E+10 2.0-+10 
BA-140 0. OOE+OO 0. 00E+00 0. 00E+00 0. 00E+00 O.OoE+OO 0. OOE+OO O.OO€+OO 0 .  OoE+OO 0.00E+00 O.OOE+OO 
BA-140 0.00E+00 O.OOE+OO 0.00E+00 O.OOE+OO 0. oM+00 0. OOE+OO 0. OOE+OO O.OoE+OO 0 .  OOE+Oo 0. oOE+OO 
LA-140 0.00E+00 0. 00E+00 0.00E+00 O.OOE+OO O.OOE+OO 0. ooE+OO O.OOE+OO 0 .  OOE+OO 0.00E+00 O.OOE+OO 
LA-140 0. OOE+OO 0.00E*00 0.00€+00 0.00E+00 0.00€+00 0.00E+00 0.00E+00 O.OOE+OO 0 . 0 0 ~ + 0 0  0.00€+00 
CE-141 0.00E+00 0.00E+00 0.00E+00 0. OOEiOO 0.00E+00 0. OO€+OO 0.00E+00 0. OOE+OO 0.00€+00 0. ooE+OO 
CE-141 0.00E+00 0. 00E+00 0.0OE100 0.00E+00 0.00E+00 0. OOE+OO 0. OOE*OO 0. O0€+OO O.OOE+OO 0.00E+00 
CE-144 7.22E+17 1. lOE+17 5.94E+15 3.89E+17 5. 9bE+17 7. 10E+17 6. 27E+17 4. 36E+17.5.988+17 1.20Eii6 
CE-144 0. 00E+00 0. 00E+00 0. OOEIOO O.OOE+OO 0.00E+00 0. o(K+OO 0.00E+00 0.00€+00 0.00E+00 0. OOE+oo 
EU7132 4.36E+03 3.94E+05 7.00E+04 2.37E+05 4.07€*03 1.0OE+05 3.29€+05 2.09E+05 4.0aE+03 2.37€+03 
EU-152 4. 34E+25 3.92E+25 6.979+24 2. 36E+23 4.05€+25 1. BoE+23~3.20E+25 2.08E+23 4.0OE+25 2.36€+25 
EU-154 3.06E+05 2.'43€*03 2.91E+04 1. 31E+O3 2. 74E+03 1.OBE+O3 2.02E+O5 9.OOE+04 2.67€+05 1.31€+05 
EU-134 5.29E+20. 4.20E+20 5.02E+19 2.26E+20 4. 74E+20 1.878+20 3. ME+20 1. 56E+20 4.61€+20 2.26€+20 
ya-169 0. oo~+oo 0. O O E + ~ ~  0 .  ~ ~ E + O O  0. OOE+OO 0. ~ ~ E + O O  0. OOE+OO 0. oo~+oo 0. OE+OO 0. m + o o  0. -+oo 
ya-169 0. OOE+OO 0 .  ~ ~ E + O O  0 .  OOE+OO 0. .WE+OO 0. O O E + ~ ~  0 .  m + o o  0. oo~+oo 0. OOE+OO 0. OOE+O~ 0. OOE+OO 
PB-210 5.52E+02 6.90E+O.1 1.72E+03 4. 49E+O2 3. 33E+Ol 1.71E+O2 4.43€+02 1.67€+02 5.52€+02 1.45€+02 
PB-210 1. 15€+14 1. 44E+16 3. 39E+14 9. 38E+13 6.97E+12 3. -+13 9.25€+13 3. 486+13 1. 15€+14 3.03E+13 
PO-210 1. 35E+26 1. 78E+20 4. 48E+26 1.97E+26 8. 6BE+24 5.  ME+23 1.49€+26 3.36€+26 1. 35E+26 3. 9M+23  
PO-210 0.00E+00 0.'00E+00 0.00E+00 0. OOE+OO 0.00E*00 0. OoE+oo 0.00E+00 0 .  ooE+oo 0.00E+00 0. ooE+00 
RN-222 1.07E+O6 1. 34E*08 3.34E+06 8. 71E+O5 6.47E+04 3. 32€*03 0.398+03 3.23€+03 1.07E+O6 2. -+OS 
RN-222 2. 24E+17 2.80E+19 6.978+17 1.82E+17 1.33E+16 6. 95€+16 1. 0oE+17 6.75€+16 2.24E+17 5. WE+16 
RA-226 2.46€+02 9.81E+,03 6.40E+02 1. 12E+02 1.92E+01 9. 14E+Ol 1.4OE102 2. 31E+01 2.478+02 7.20€+01 
RA-226 2. 37E-01 1. 30E+Ol 7. 08E-01 1: 36E-01 1. 83E-02 0. 97E-02 1 .6OE-01  3. 3oE-02 2. 36E-01 7.24E-02 
R A - 2 2 0  3.24E*04 3: 66E*05 1. 97€+04 0.32E+03 3. 34E+04 3.2OE+04 7. 99E+03 9. 56€+02 3.3OE+04 1. 33€*04 

AC-227 6.83E+03 5.30E+OS 2.99E+04 5.94E+O2 3.06E+O2 4.03E+Ol 7.73€+01 7.73€+00 6.93€+03 1.40€+02 
AC-227 2.26E+14 I. 73E+16 9. 09E+l4 1.97E+13 1. 20E+13 1.6OE+12 2. 36E+12 2. 36E+ll 2.29E+14 4.63E+12 
TH-220 1. 17E+09 1. 52E+09 7. 46E+07 6. 12E+O8 1.28E+09 0. 53E+00 9. 1OE*07 0.0!E+06 1. 14E*09 1. 57E+08 

TH-229 2.33E+04 3.96€+04 3. 07E+03 2'. 79E+03 3.00€+04 1.39€+04 2.'61€+02 2. 1#+01 2. 598+04 3.22€+02 
'TH-229 2. 54E+01 4.31E101 3.34E+00 3.03E100 3.26E+Ol 1.51€+01 2.84E-01 2.32E-02 2. M + o l  3: bBE-01 
TH-230 2. 19€+04 1. 40E+03 3. 38E+03 4,33E+03 2.  5OE+03 0.41€+03 6.4BE*02 4.17€+01 2.368+04 9.60€+02 
TH-230 4 . w - 0 1  2. 13E+01 9. 93E-01 2. 48E-01 3. 32E-02 1.71E-01 2. IO€-01 2. 52E-02 4. WE-01 1 . 2 s - 0 1  

RA-228 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0. OoE+oo 0.00E+00 0 .  ooE+oo 0. OOE+oo 0. ooE+oo 

TH-228 0. OOE+OO 0 .  OOE+OO 0. OOE+OO 0 .  OOE+OO 0 .  OOE+W 0. OOE+OO 0. OOE+W 0. OOE*OO 0. WE+W 0. OOE+OO 
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. '  
6400 * 

I N T  
ERO 
I NT 
ERO 
I NT 
ERO 
I N 1  
ERO 
I N T  
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I NT 
ERO 
I N T  
ERO 
I NT 
ERO 
1 NT 
ERO 
I N T  
ERO 
I NT 
ERO 
I NT 
ERO 
I N T  
ERO 
I NT 

. ERO 
I NT 
ERO 
I N T  
EA0 
I N T  
ERO 

ERO 
I NT 
ERO 

' I N T  
' ERO 

- I N T  

~n-232  1. 57~+03  2. WE+W 9. w + 0 2  3. 00~+02 i.62€*03 I. 52E*03 2 .49~102  2. IIC*OI I. 4 . 0 7 ~ * 0 2  
in-231 1. ~ ~ E + O O  I. ~ ~ E + O I  9 . 4 4 ~ - 0 1  3. ~ I E - O I  1. 5 4 ~ + 0 0  i.44€+00 2. W - 0 1  2. IIE- 1. sx+oo 3.9x-01 
PA-231 9. 53E+02 4.06€*04 1.33€+03 9. 50€+01 5. 74E+Ol 7.3%+00 1 . 3 1 E * O l  1. 16€+00 9.59€*02 2. 14€+01 
PA-231 0. 47E-01 4. 51E+Ol 1.29€+00 0. 36E-02 5.07E-02 6.4%-03 1. 14E-02 1. (M-03 0. 54E-01 1 . B - 0 2  
u - a  2. 44EM4 3. 16E*O4 1. 34E*03 6. 69Et03 6. 3OE*03.2. 02E*04 0:74E+O2 0. 16€+01 2.60E*04 1. 67E+03 

U-233 2. 13E+03 1.02E+05 4. 27E+03 3. 10E+04 1. 14E*04 l.OlE+OI 4.29€+04 3. 18E+03 1.0*+06 2. s t 0 4  
U-233 1. 10€+02 1.29E*OP 3. 79E+00 1:56E+01 1. lOE+Ol 1.37€+02 2. 77E+00 2.25E-01 2.31€*02 4.02€+00 
U-234 2. 21EI05 I. 05EIO5 4.20E+03 3. 22E*04 1. IJE+04 1. 19E*06 0.OOE+04 5 .  33E*03 1.21E*O6 2. -104 
U-234 7.23E*Ol 1. 76E+O2 4. 16E+00 2. 00E+01 4.63€*00 3.67E*Ol 2. 5OE*Ol 2. l7€*00 9.09E+01 1.35€+01 
U-235 1. 37E*O5 1. 31E*05 4.03Et03 2. 0OE+04 I: l lE+04 1. 2%+04'1.85E+04 1. 53E+03 2 . 9 X + 0 3  1.'6%*04 
U-235 3.23E*01 1. 40E*02 3. 7CE+00 3. 51E+00 2. 00E*00 3.038-01 5. 32E-01 4. 7 s - 0 2  3.6OE+Ol 0. 59E-01 
U-236 2. 34E*05 1. 97E*03 4. 53E+03 3 .  43E+04 1.22€+04 1:29E+06 9.6oE+04 5.93E+03 1.29€+06 3.21E+04 
U-236 2. 32E+O2 1. 95Et02 4. 5 0 E I 0 0  3 .  40E+01 1: 2lE+Ol 1.29E+03 9. 53EiOl 5.09€+00 1.20EI03 3. 10E+O1 
U-230 4.69€+04 4.03€+04 4. 23E+03 2. 17E+04 1.06€+04 3.93€+04 3.60€+04 6. 15€*03.4.43E+04 2.08€+04 
U-230 4. 65E+Ol 4. 79EI01 4. 19E100 2. l%+Ol 1.05€*01 3.00€+.01 3.64E+01 6.08€+00 4. 4OE*01 2.06E+Ol 
NP-237 5. 51E+03 1.04E+O5 3. 40E*03 6. 82E*O2'3. 25E+O2 4.27€+01 I. 12EtO2 7. BLE+OO 3.6OE+O3 1.46E+02 
NP-237 3. 47E*00 1. 03E+02 3. 36E*OO 6. 70E-01 3. 23E-'Ol 4.24E-02 1. llE-01 7.0OE-03 5. 57E+00 1.45E-01 . 
PU-236 5.91Ef05 7. 6 3 E i O 5  3.23€+04 1. 62E*05 1. 33E+05 4. 77E+05 2. 12EtO4 1. 90E+03 6. 51E*03 4.04EtO4 
PU-236 6.69E*O6 0. 66E+O6 3. 67€*05 1. 0QE+O6 1. 73E+O6 5. 54E+O6 2. 4OE105 2. 24Et04 7.35EfO6. 4. 57E+O5 
PU-230 1. 51E+O5 2.02E103 4. 53Et03 3. 33E+04 1. 65Et04 2. 15E+03 3. 55Et03 4. 50EeO2 2.92€+05 6.07EI03 
PU-238 1. 44EIO5 2. 46E*05 3. 66Et03 - 3 .  47E+04 1. 10Et04 4.9OEt03 1. 13Et04 .9.22€+02 2.3#*,05 1. 10E+04 
PU-239 1. 14E+05 1.69€+05 3. 74E+03 2. 37E104 1. 17E+04 1. 5 2 E t O 3  3.91Et03 2. 06E+02 2.05€+05 4.72EtO3 
PU-239 1. 16E+O2 1.73EIO2.3. 02E+00 2.'42€+01 1. 2OE+O1 1. 5 X + O O .  3.99€+00 2.92E-01 2.09€+02 4.0lE+00 
PU-240 1. 14E*05 1. 7OE+05 3. 75Et03 2. 37EiO4 1.. 10E+O4 1. 52€+03 3.92Et03 2. 66€+02 2.06€*05 4. 73E*03 
PU-240 1.26E*O2 1.07€+02 4. 13E+00 2.61€+01 1.29€*01 1. 67Et00 4.31Et00 3. 15E-01 2.26E+02 5. IoE+OO 
PU-241 1.67E+O5 4 . 0 X * 0 6  9. 408*04 2. 04E+04 9.26E*03 1.2OE+03 3. 10€+03 2. 55E+O2 1. 7OE*05 4. 44€+03 
PU-241 5.64E+02 1.40€+04 3.27E+02 6.87EIOl 3. 13E*O1 4.04€+00 1.07E101 0. 59E-01 5.72E+02,1.5M+01 
PU-242 1.20€+05 1.70EI05 3.94€+03 2. 40E+04 1.23E*M 1. -*03 4. 12E+03 2. 0SE+02 2. 1 X + O 3  4.04€+03 
PU-242 1. 19€+02 1.77E+02 3.92Et00 2. 47€+01 1.23€+01 1. 37E+00 4. lOE+00 2.04E-01 2. 14E+O2 4.01E+00 
PU-244 0.62€+04 1. 12E+05 2.478+03 2.20€+04 1. 19E+M 1. MK+03 4.29€*03 2.04€+02 1.21EIO5 4. 49E+03 
PU-244 7.97€*01 1. ME*02 2.31€+00 2.07€+01 l.OBE+Ol 1.44€+00 3.06E+00 2. 57E-01 1. 13E+02 4.08€*00 
All-241 3. 09E+03 9.63E*04 2.26€+03 4. 74E*OP 2. 16EIO2 2.79E+OI 7.41E101- 5.93EtOO 3 . 9 X + 0 3  1.03E+O2 . 
An-241 1.67E+Ol 4. 13EIO2 9.69Et00 2.04E+OO 9.26E-01 1.2OE-01 3. leE-01 2. 5 s - 0 2  1.69€+01 4.44E-01 
AW-243 3.42€*03.7.30€*04 2.06Et03 4. 34E102 2. 06E*O2 2.67E+Ol 7. 1OEtOl 5.35E+OO 3.46€*03 9. MK+Ol 
All-243 3. 7(#+00 7.07E*01 2. 19E+00 4.90E-01 2. 23E-01 2. WE-02 7.67E-02 5. 77E-03 3. 74€+OO 1.04E-01 
CM-242 2.92€+07 3.91E+07 0. 77E+O5 6. 44E106 3. 19E+06 4. 13E+05 1.07Ee06 0. 7OE+04 5. bX+07 1. 33E+06 
CM-242 2.796*07 4.70€+07 1. 10E+06 6. 73E+O6 2..13E+06 9.49Et05 .2.2OE+06 1. 79€+05 4.53€+07 2.29€+06 
CM-243 1.-308*04 1.01€*05 4. 74E+03 .1.67E+03 7. 92E+02 9. 91E+01 2.03E+02 2. 48E+Ol 1.43E+04 4. 07E+02 
CM-243 8. 07E+04 1.32€*05 2.92E*03 I. 04E+04 9. 14E+03 1. 18E+03 3.04€*03 2.22€+02 1. 39E+05 3.67E103 
CM-244 3.04€+04 4.06€+05 9. 15E*03 3.61E+03 1.60E+03 2. 17E+02 6. 13E-02 5.32€+01 3. 16E*04 E. 75E+02 
CM-244 4.71€*04 6.90E+09 1. 54E+03 9.76E+03 4.03E*03 6.25€+02 1.61E+03 1. 18E+02 0.46E*04 1.94E103 
CM-240 1.05€+03 7.9%+03 5.64E+02 1. !WE102 7 . 6 X + 0 1  9.04€+00 1.02Ei02' 7. O X t 0 0  1.2VE*O3 7. 13E+O1 
CM-248 l.O5E*OO 7.90E+00 5.61E-01 1. 54€-01 7. 4lE-02 9. 7%-03 1.OlE-01 7.OlE-03 1.28€+00 7.09E-02 
CF-252 3. 578*07 7.26€+.07 2. 74E+06 5. 50E+O6 2. 52E*06 3.27€+03 2. 10EtO6 1: 96E 105 5.01E+07 2.03E-6 
CF-252 1.06€*05 1.41€+06 9.99E*04 2. 73E*OJ 1.36€+04 1. 74€*03 1.00€+04 1.25€+03 2.29€+05 1 .2Mi04.  

u-231 2. 76€+03 3. 57E+O5 1. 51Ei04 7. 57E*04 7. 13E*04 2. -+OS 9.09€+03 9.24€+*02 3.03EeO5 1.09€+04 
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I N V I M P S  Example 1 Util ity Output ( C o n t i n u e d )  

OPERATIONK IWACTB FOR 18TR- 1 * 
I ND 
WRK 
1 ND 
URK 
I ND 
URK 
I ND 
WRK 
I ND 
WRK 
I ND 
UR K 
I ND 

. WRK 
I ND 
WRK 
I ND 
WRK 
I ND 
WRK 
I ND 
URK 
I ND 
URK 
I ND 
URK 
I ND 
URK 
I ND 
URK 

' IND 
WRK 
I ND 
WRK 
I ND 
URK 
I ND 
URK 
I ND 
URK 
I ND 
URK 
I ND 
WRK 
I ND 
URK 
I ND 

.URK 
I ND 
URK 
I ND 
WRK 
IND 
WRK 
IND 
URK 
I ND 
WRK 

.* IND 
URK 
I ND 

14-3 5. ~ O E + I ~  5.  -+12 s:i7~+i2 5. SOE+IP 5.33~+12 5 .  ~ S E + I ~  5.53~4ii Z. -+12 5.55~+12 5 .  4 M + 1 2  
H-3 9. 62E*02 9.62E*02 9.04€*02 9.62E+OP 9.32€*02 9.69E*02 9.69E*O2 1'. zzE+03 Q. 69E+O2 9.34+302 
C-14 1. llE+14 9. 36E+13.9. 53E+13 4.88E+13 8 .  69E+13 7. 75€+13 2. 84E+13 1. 3%!+13 1.OM+14 6.31E+13 
C-14 1.94€+04 1. 64E*04 1.66E+04 8. 52E+03 1. 52E*04 1,35€+04 4.97E*O3 2. 37E+03 1. 83E+04 1. 1 ~ + 0 4  
N4-22 1. 55E+10 1. 79E+lO 1. 75E+lO 1. 48E*lO 1. 55E+lO 1.63E+lO 1. 42€+10 1. 24€+10 1.33€+10 1 . 4 ~ + 1 0  
W-22 1. 19E-02 1. 19E-02 1. 19E-02 1. 19E-02 1. 19E-02 1. 19E-02 1. 18E-02 1. leE-02 1. 18E-02 1. 19E-02 
P-32 6. V7E*09 5.37E+ll 6. 6lE+lO 1. 78E+'ll 3.26E+11 3. 26E+ll 8. 8M+lO .4.84€+10 3. 26€+11 4. 41E+10 
P-31 1.22€+00 9.39€+01 1. 16E+01 3. llE*01 3.70E+Ol 5.  70E+01 1. 55E*01 8.4=+00 5.70E+01 7.70E100 
p-33 4. 4lE+lO 2.09E+12 4. 95E+ll 2. lOE+ll 3.68E412 3. S + 1 2  6.91E+11 2.6#+11 3. aE+12 2.97E+ll 
P-33 7.7OE*OO 3.65E+02 8.63E*01 3.68E+01 6.43E+02 6. .43E+02 1.21E+O2 4. 54€+.01 6.43E402 5.  lBE+Ol 
9-33 3. 66E+lO 2. 39E+12 6.68E+ll 1.99E+ll 4.09E+12 4.09€+12 4.09E+12 4.09€+12 4. 09E+12 2. 77E+ll 
S-35 6. 39E+00 '4. 32E*02 1. 17E+02 3. 41E101 7. lSE102 7. 15E+02 7. 15E*02 7. 15E+O2 7 .  15E+O2 4.8X401 
CL-36 4..071*09 2.80E+ll 3. 70E+11' 2. 2OE+10.3. 7OE+rl 3. 7O€+l-1 3. 7oE+11 3. 7OE+11 3. 70E+ll 3. 14E+lO 
CL-36 7. llE-01 4.89E+Ol 6.46E*bl 3.8jE+OO 6.4MIOl 6.46E+Ol 6. 4M+01 6. 46E+01 6.46E*01 5 .  49EI00 
CA-45 1.92E+lO 2 .  llE+12 1. 35E+11 7.20€+10 4. 14E412 4. 14E4ll 6. 37E+10 4. 25E+10 4. 14E412 I. 04E+ll 
CA-4'5 3. 36E+OO 3. 6OE*OZ 2. 35E+Ol I. 76E+01 7.24E*02 7.24€+01 1. llE*Ol 7. 42€+00 7.24E+02 1. 82E+Ol 

SC-46 1.26E-02 1.28E-02 1.28E-02 1.28E-02 1.28E-02 1. 28E-02 1.28E-02 1.2BE-02 1.28E-02 1.28E-02 
CR-31 2. 72E+ll 1. 16E+12 7. 43E4ll 6. 69E4ll 1.21E+12 1. 13E+l2 1.09€+12 9.  21E+11 9. 40E+ll 8. lOE+ll 
CR-51 8.47E-01 8. 59E-01 8. 57E-01 8. %E-01 8. 59E-01 8. 59E-01 8. 58E-01 8. 5BE-01 8. 58E-01 8. 57E-01 
MN-54 , 1. 7BE+lO 4. 00E+lO 3. 93E+10 3. 69E+10 3. 99E410 3.08E+lO 3. 7M+lO 3.64€410 3.37E+lO 3. llE41O 
MN-54 3. IO€-02 3. 11E-02 3. 11E-02 3. 11E-02 3. 1 IE-02 3. 11E-02 3. 1 IE-02 3. 11E-02 3.11s-02 3. 11E-02 
FE-3? 2:74E+10 5. 33E+13 1. 76E+12 1. 12E+12 I. 3M+12 7 .  18E+ll 1. 37E+12 2.0OE+12 1. 39E+12 1. 74E+ll 
FE-55 4. 79E*00 9. 35E*03 3.07E+O2 1. 96E+O2 2. 38E*02 1.25E+02 2. 39E+02 3. W + 0 2  2. 43E+O2 3. 03E401 
FE-59 6. 79€+09 3.08E410 2. 15E+10 2. 79~+10 3.07E+lO 7 .  78E+lO 3.01E+lO 2.96€+10 2. 58E+10 1: 95E410 
FE-59 2. 13E-02.2. 16E-02 2. 16E-02 2. 16E-02 2. Ie-02 2. 16E-02 2. 1s-02 2. IM-02 2. 16E-02 2. 16E-02 
CO-57 l.OBE+lO 1. 74E+ll 1. 59E+ll 1. 48E+ll 2. 33E+11 1. 50E+11 1. 69E+ll 1.34E+ll' 1. 70E+ll 5 .  74E+lO 
CO-57 2. 47E-01 2. 02E-01 2.82E-01 2.81E-01 2.82E-01. 2. BlE-01 2. 82E-01 2. BlE-01 2.82E-01 2. 77E-01 
CO-58 9. lM*09 3.38E4lO 3.09E+10 3. 18E+10 3.63E+10 3.21€+10 3.42E+10 3.3M+lO 2.89E+10 2.37E+10 
CO-58 3. 12E-02 3. 17E-02 3. 17E-02 3. 17E-02 3. 17E-02 3. 17E-02 3. 17E-02 3. 17E-02 3. 16E-02 3. 16E-02 
CO-60 5.  14E+08 3.08€*09 1.08€+10 5.61E109 7. 12E*09 4.41E+09 6.67€+09 7:3OE+O9 6.38E+09 2.44E+09 
CO-60 9.23E-03 I. O2E-02 1.02E-02 I. O2E-02 I. O2E-02 I. 02E-02 1.02E-02 1. OX-02 1.02E-02 1. 01E-02 
NI-39 1. 55E+ll 1. 75E+12 8.30E+ll 7.44E+ll 1. 79E+12 1. 79E+12 1.'75€+12 1. 77E+12 1. 63E412 7 .  44€+11 
Nl-39 2. 71E+Ol 3.07E*O2 I. 43E+02 1. 30E+O2 3. 12E+O2 3. 12E+O2 3. OSE+02 3.08Ee02 2. 85E+O2 1. 30E+O2 
NI-63 6.03E+lO 7.23E+Il 2.76E+ll 2.99E+ll 7.49E+ll 7.53E+ll 7.33E+ll ,7.53E*ll 7.53E+11'2:VVE+11 
NI-63 1.05E+Ol 1.26E*02 4. 83E+Ol 5.23E+Ol 1. 31E*O2 1. 31E+O2 1. 31E*O2 1.31E402 1.31E*O2 5. 23E+01 
ZN-65 8. 03E+OV 3.2OE+IO 4. 09E+10 3. llE+10 3. 13E+10 2. 60E+lO 2.97E+10 3. 12E410 3. O6E+lO 2. 12E+lO 
ZN-65 4. 41E-02 4. 32E-02 4. J3E-02.4. 52E-02 4. 52E-02 4. 51E-02 4. 52E-02 4. 5ZE-02 4. 52E-02 4. 5OE-02 
BE-75 2. 56E+10 5.  69E+10 6. 68E+lO 4.05E+lO 2. 98E+lO 3.36€+10 5.63E+lO 4. 93€+10 5.  76E+10 4. 44E+lO 
SE-75 7.88E-02 7.95E-02 7.96E-02 7.93E-02 7.9OE-02 7.91E-02 7.95E-02 7.94E-02 .7.95€-02 7.93E-02 
R E - 8 6 ,  7. 49E+10 3. 24E+ll 2.61E+ll 8 .  3OE*lO 5. 46E+10 5 .  49E+10 5. 49E+10 5.43E+lO 5 .  dE+10 5.  53E+10 
RE-86 2.68E-01 2. 72E-01 2. 72E-01 2.68E-01 2.66E-01 2.66E-01 2.66E-01 2.66E-01 2.65E-01 2.66E-01 
SR-85 1.96E+10 6.62E+lO 6. 19E+10 4.38E+10 7.02E+10 6.30E410 6. 51E+10 6.03E+10 5.66E410 4.93E+lO 

SR-89 2.22E+09 5.63E+ll 1. 31E+lO 1. 44E+ll 1. 50E+13 1. 50E+13 2. 5BE+12 1. 26E+12 1.48€+13 1: 6OE+10 
SA-89 3. WE-01 9.  52E*Ol 2.28E+00 2. 5OE*Ol 1.40E+03 1.4OEIO3 3.92E+02 2.05E+02 1.39€+03 2.7%+00 
SR-90 8. 09E+07 .2. 41E+10 7 .  73E+08 4. 598+09 1. 88E+ll 3.62E+lO 5. 73E+09 2.99E+09 1.88E+ll 4. 74E+08 
SR-90 1. 41E-02 4. 2OE+OO 1. 35E-01 8.01E-01 3. 29E+Ol 6.33E+OO 1. OOE+OO 5.2s-01 3.29€+01 8.29E-02 
LR-95 4. 79E*09 3. 77E+lO 2.45E+10 3.44E+10 4.24E+lO 3.61E+lO 3. 92E+lO 3. 73€+10 3.35E410 1.93€+10 
2R-95 1.69E-02 1. 72E-02 1.72E-02 1. 72E-02 1. 72E-02 1. 72E-02 1. 72E-02 1.72E-02 1. 72E-02 1. 72E-02 
NE-94 2:46E+08.4. 83E*09 1. 17E+10 1. 56E+09 7.09E*09 4: O5E+09 6. 22E109 6. 72E+09. 5.  96E+09 1. 56E+09 
NE-94. I. 21E-02 1. 65E-02 1.67E-02 1. 58E-02 1. 66E-02 I. 64E-02 1. 65E-02 .1. 6s-02 1.65E-02 1. 5BE-02 
NE-95 1. S7E+lO 4...80E+10 3. 64E+lO 4. 38E410 4. 91E+lO 4. 71E+10 4.67E+lO 4. 44E+lO 3. 90E+10 3. 47E+10 
NE-95 3..35E-02 3. 38E-02 3.38E-02 3.38E-02 3.38E-02 3.38E-02 3. 38E-02 3.3BE-02 3.38E-02 3.38E-02 
m3-99 3.20E+lO 2. OBE+ll 3. 01E+l0 2.09E+ll 2. 30E+ll 2. 18E+ll 2. 44E+ll 2. 16E+ll 1. 96E+i! 9. 56E+lO 
Mo-99 1. 79E-01 1. 84E-01 1. 79E-01 1. 84E-01 1. 84E-01 1. 84E-01 1. 84E-01 1. 84E-01 1. 84E-01 1. 83E-01 
TC-99 1. 32E+lO I. 21E+12 4. 14E+ll 7 .  76E+ll 2.24E+12 1. 63E412 3. 20E+12 2. 5OE+12 7.27E410 9. 49E+10 
TC-99 2.3OE*OO 2. 1 lE*02 7.24E+01 1.35E+02 3.91E402 2.85E+02 3. 59E+02 4.37E+02 1.27E401 l.L6E+01 
TC-99M 2.82E+ll 3. 38E+ll 3. 46E*ll 2. 78E+ll 3. 32E+ll. 3. 33E+ll 3:34E+11 1.93E+ll 2. 18E+ll 2. 76E+ll 

RU-103 1.03€+10 7. 33E+10 3. 58E+10 6. 38E+10 7:66E+10 7. 17E+lO 7 .  16E,+lO 6. 51E410 6. lM4lO 3. 78E+lO 

SC-46 3.38~+09 I. 62~410 1. ~ O E + I O  9.  3kt09 I. 77~+io I. 49~+i0 I. IBE+IO i . 6 6 ~ + i 0  1. ~ ~ E + I O  1. O~E+IO 

8R-85 5.07E-02 5.  12E-02 5 .  12E-02 5. 11E-02 5.  l2E-02 5 .  12E-02 5. 12E-02 5.  12E-02 5..12E-02 5. 12E-02 

TC-WM 2. Q9E-01 2. 70E-01 2. 70E-01 2.69E-01 2.70E-01 2.70E-01 2. 7s-01 2.69E-01 2.69E-01'2. 69E-01 
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INVIMPS Example 1 U t i 1  i t y  Output (Continued) 

URK 
1 ND 
LlRK 
IND 
URK 
1 ND 
URK 
I ND 
UR K 
1 ND 
URK 
1 ND 
URK 
1 ND 
URK 
1 ND 
WRK 
I ND 
URK 
1 ND 
WRK 
1 ND 
WRK 
1 ND 
WRK 
1 ND 
URK 
1 ND 
URK 
I ND 
URK 
1 ND 
URK 
I ND 
URK 
I YJD 
URK 
1 ND 
WRK 
1ND. 
URK 
I ND 
WRK 
1 ND 
URK 
1 NO 
UR K 
1 ND 
URK 
1 ND 
URK 
1 ND 
WRK 
1 ND 
WRK 
1 ND 
WR K 
IND 
WR K 
I ND 
WRK 
1 ND 
UR K 

R V - 1 0 3  5 . 5 s - 0 2  5.  7 s - 0 2  5. 71E-02 5. 7 i - 0 2  5. 73E-02 3. 73E-02 5 . 7 s - 0 2  5.73E-02 5. 7 s - 0 2  5. 71~-02  
RU-IO6 1. 8lE- 6. 77E+lO 4.81E*00 1.0%*10 5.  57E+10 4.67E+lO 5.  33€+10 4. -+lo 5.09E+lO 1. 3lE+.09 . 
RU-106 2. 396-02 1.42f-01 l.ZJE-01 1.33E-01 1. 42E-01 1.41E-01 1.42fi-01 1.41E-01 1. 41E-01 8. a - 0 2  
AO-108 4.01E+OB 4.90E109 1.47E+lO 2.20€+09 7.39E*09 3.31E-9 6.41E*09 7.33E+09 6. 31E+09 2. =+09 

AO-110 1.41E*09 8. 51E+09 1.09E+lO 5. 36E*09 1.02E+IO 6. 33€+09 9. 7=+09 9.96E+O9 8. 37E+09 5 . 3 4 ~ 1 0 9  . 
AO-110 9 . 2 s - 0 3  9. 5%-03 9. 56E-03 9. 51E-03 9. %E-03 9. 53E-03 9. S M - 0 3  9. 36E-03 9. 55E-03 9. 31E-03 
.CD-109 2. 38E+09 '4. 37E+l l  7.41E+IO 1.07E+10 5 .  34E*09 2 . 9 3 E + l l  4. 12E+ll 4.43€+11 6 . 8 8 E + l l  1. 31E+10 
CD-'109 2.6lE-01- 6 .  96E-01 6.67E-01 5.  1lE-01 4.07E-01 6 . 9 s - 0 1  6 . 9 s - 0 1  6.96E-01 6.99E-01 5. 36E-01 
SN-113 9. 47E*09 1 .21E+ l l .  3. 71E+10 4. 38E+10 1. 29E+l l  1. 22€+ll 9.20€+10 6 .  S + 1 0  1. ME+11 4. 
SN-113 1.01E-01 1.07E-01 1. 06E-01 I. OLE-01 1.07E-01 1.07E-01 1.07E-01 1.07E-01 1.07E-01 l..O&€-OT 
EN-126 1.09E*09 7. 59E+09 4. 2lE+09 3. 85E*09 7:52E+09 7.49€-9 5.OOE+09 3.31€*09 6. 19E-9 3.8%+09 
6N- 126 1.26E-02 1.34E-02 1.33E-02 1.33E-02 .l. 34E-02 1.34E-02 I .  3s-02 1.31E-02 1.34E-02 1.3%-02 
68-124 3. 77E+09 2. OBE+lO I. 02E+lO 1.21E+lO 2. 14E+10 2.00E+lO 2.02E+10 1.86€+10. l .  7M+10  1.2lE+lO 
SB-124 1. 41E-02 1. 43E-02 1. 43E-02 1. 43E-02 1.43E-02 1 . 4 s - 0 2  I. 43E-02 1.43E-02 1.43E-02 1: 43E-02 
58-123 7. 85E+09 7. 39E*10 3. 63E+lO 3. 38E*10 8: O2E+10 6 .  89E+lO 7.35E+10 5 .  54E+lO 6..478+10 3. 38E+lO , 
SE-125 6.  12E-02 6 .  38E-02 6.34E-02 6. 34E-02.6. 39E-02 6.37E-02 6 .  =E-02 6. 36E-02 6 .  37E-02 6.34E-02 
1-125 2. 3I)E+ll 3. 71E+l l  4 .  27E+l l  1. 70E+lO ,l. 39E+l l  3 .66E+ l l  6. 40€+l l  1. 34E+11 8. 3%+08 2:47E+10 
1-125 5.02E-01 5.04E-01 3.05E-01 4.34E-01 4.99E-01 5. ME-01 5.  O6E-01 4 . m - 0 1  1. 13E-01 4. 55E-01 
1-129 2. 13E+11 3. 77E+l l  4. 3BE+ll 1 .03E+ l l  1 .  53E+l l  2. 88E+11 4. 51E+ll .1. 42E+l l  1.37E108 4. 45E+09 ' 

1-129 7.83E+OO 8.61E*00 8. 77E+00 6. 39E+00 7.23E+00 8.28E+OO 8. 8OE*OO 7.09E+00 2. 4OE-02 7. PIE-01 
1-131 8.20€+09 9. 23E+09 9. 44E*09 7. 65E+09 8. 59E*09 9.08EiO9 8 . 3 M 4 0 9  6.74E+09 5. 71E+08 .5 .  37E+09 
1-131 . 7.02E-02 7. OLE-02 7. 07E-02 7. 03E-02 7.04E-02 7.OM-02 7.03E-02 6.956-02 4. 2%-02 6. 86E-02 
CS-134 1. lJE+lO 1. 21E+10 1. 13E+10 9. 37Ei09 7.37€*09 7.29E+09 7.8OE+09 7.79E+09 8. 12E+09 7. 36E*09 

CS-133 1. 07E'*12 1. 80E+13 8. OBE+12 1 .  56E+l l  9. 21E+10'9.21E+10 9. 21E+10 7.98E+1OS 9.20E+10 1 .03E+ l l  
CS-135 1.88E+02 3. 15E*03 1. 41E+03 2. 73E*01 1.61E*01 1.61E+01 1. 61E+Ol 1.39E+01 1. 6lE+Ol 1. aOE+Ol 
CS-136 1.61E+10 1.82E+lO 1 .  82E+lO 1. 57E+lO 1.57E+lO 1.62E+lO 1. 57E+10 1.46E+lO 1.34E+10 1.48E+lO'  
CS-136 1.22E-02 1.22E-02 1. 22E-02 ' I. 22E-02 1.22E-02 1.22E-02 1.22E-02 1. 22E-02 I. 22E-02 1.22E-02 
CS-137 2. 6lE+lO 2. 96E+lO 2. 74E+lO 4.89E+10 1. 12€+10.1. l l E + l O ' l .  16E+10 1.07E+lO 1. 2OE+10 1. lbE+lO 
CS-137 4.66E-02 4.66E-02 4.66E-02 4.68E-02 4.6OE-02 4 . m - 0 2  4.6OE-02 4. 59E-02 4.6OE-02 4.6OE-02 
BA-140 5. 32E+lO 1.68E+l l  3. 33E+lO .I. 24E+l l  1. 5OE+ll 1. 57E+l l  I. OOE+ll 7. 57E+10 1. 14E+ll 8 .22 f310  
EA-140 1. 49E-01 1. 51E-01 1. 48E-01 1: 3lE-01 I. JlE-01 1. 51E-01 1. ?I€-01 1. 3oE-01 1. 51E-01 1. WE-01 
LA-140 1. 23E+lO 1. 97E+10 1. 27E+lO I. 76E+lO 1. 84E+10 1.89E+10 1.85€*10 1. 7 9 + 1 0  1. 53E+10 1. 38E+10 
LA-140 1. 14E-02 I. 14E-02 1. 14E-02 1. 14E-02 1. 14E-02 1..14E-O2 1. 14E-02 1. 14E-02 1. 14E-02 1. 14E-02 
CE-141 1. 07E+lO 3. B7E+ll. 4. 16E+lO 2. 63E+fl 4. 49E+l l  3. 3X+11  4. 61E+ll , 2 .91E+ l l .  3. 55E+l l  6. 41E+10 
CE-141 3. 5OE-01 4. 28E-01 4.07E-01 4. 27E-01 4.29E-01 4. 2BE-01 4. 29E-01 4. 28E-01 4.28E-01 4. 1%-01 . 
CE-144 2. 37E+08 I. 26E+l l  5.26E+09 1.'44E+10 2. 79E+10 a. 37E+09 7.03E+10 4.32E+10 3. 29E+l l  1. 73E*09 
CE-144 3.87E-02 5. 75E-01 3, 6OE-01 4. 7BE-O1.3.-27E-01 4. PIE-01 5.64E-01 5.4BE-01 5.8%-01 ?.OOE-Ol 
EU-152 2. 9 7 0 0 9  7. 6OE*09 9. 54E+09 2.86E+09 4. 43E*09 3.3OE+O8 7.21E+09 7. 57E+08 1.28E+lO 2.8LE+09 
EU-152 .2. 45E-02. 2. 52E-02 2. 53E-02 2. 45E-02 2. 49E-02 2. OlE-02 2. 41E-02 2. 1 s - 0 2  2:54E-O2 2. 45E-02 
EU-154 2. 20E+09 8.OBE*O9 3. 76E+10 2. 24E109 4. 75E*09 4. 30E+08 1.67E+09 3. 5,lE+08 1.3%+10 2.24E+09 
EU-154 2. 18E-02 2.17E-02 2. 30E-02 2. 18E-02 2. 25E-02 I. 77E-02 2. 14E-02 1. L E - 0 2  2.29E-02 2. 1BE-02 
YB-169 I. 22E+10 1. 18E+11 4. 10E+10 4.03E+lO 1 . 2 4 E + l l  1. 16E+l l  1 .24E+ l l  6. 42€+10 8.73E+10 5.OBE+lO 
Y B - 1 6 9  1.07E-01 1; 13E-01 I. I lE-01 1. l lE -01  1 .  13E-01 1. 13E-01 1. 13E-01 1. 12E-01 1. 12E-01 1. 12E-01 

PE-210 1. 94E-02 1.34E*Ol 2. 19Ei00 3.'43E-02 3.63E-02 3.87E-02 5.44E-02 6.01E-03 1.77E-01 4.61E-02 
PO-210 1. JOE+07 3. IOE+l I 7.838*09 3.29E+08 4. 91E*07 2. 75E+08 8. 29E108 1 . 8 M + 0 9  8.6OE+O8 7.85€+07 
PO-210 2.61E-03 I). 22E+Ol 1.37E+00 9.24E-02 8. 59E-03 4. 81E-02 1.45E-01 3.2%-01 .l. WE-01 1.37E-02 
RN-222 9.24E*09 1.038+10 I. 04E+10 8.97E+09 9.61E+09 I. OlE+lO 9.42€+09 8.63E+09 7.728+09 8.94E+09 
RN-222 1. LIE-02 1.66E-02 .I. 66E-02 1.66E-02 I. 66E-02 1.66E-02 1 . 6 s - 0 2  I. 66E-02 1.66E-02 1. 66E-02 
RA-226 1.23E+07 9.778*09 2.80E+09 1.44€+08 9. 40E+08 9. 45E+08 2.67E108 2.98Et07 9. 18E+O8 8.01E*07 

1. 6M-01 4.63E-02 5.  PO€-03 1. 55E-01 1.'40E-02 
RA-228 I. 43E+08. 2.92E+10 8. 22E+09 2. 73E+08 1.24E*09 9.00E+08 4.01E+O8 4.91E+07 .1.23E*09 3. 79E+08 
RA-228 1. 49E-07 3.67E-02 3. 61E-02 2.09E-02 3. 16E-02 3 . W - 0 2  2.41E-02 6 . 9 s - 0 3  3. 16E-02 2.37E-02 
AC-227 6 .  6BE+05 8 .  6OE*09 3. 81E+OB 6. 81E106 7. 56E+O6 9. 91E+05 1. 53E*O6. 1. 54E+05 1.06E+08 1. 32E+O6 
AC-227 1 17E-04 8 .  46E-02 3.82E-02 1. 17E-03 1.30E-03 1. 73E-04 2. LIE-04 2.69E-03 1.53E-02 2.  31E-04 
TH-228 9. 61E+03 4. 728+09 2. 33E+08 3. 61E+07 5 .  07E*08 2. 69E+00 I. 86E+07 I. 72E+O6 7.41E*08 3. 13E+O6 
Tu-228 1 .  66E-04 1. ,818-02 1.77E-02 4.  70E-03 1. 53E-02 1. 33E-02 2. 76E-03 2 . 9 X - 0 4  1.62E-02 8. 5%-04 
Tu-229 3. 59E+05 3. 73E+09 4 .  8OE+08 6 .  43E+O6 1. 45E+O8 4. 58E+07 l.O4E+OL, 8.80€+04 1.62E+08 l.O@E+06 
TH-229 9. 76E-03 1. 10E-01 3. 14E-02 I. 1lE-03 2.  13E-02 7. 34E-03 1.82E-04 I. 54E-03 2.33E-02 1.89E-04 . 
TH-230 1. 31E+O6 2. 57E+ll 6 .  88E*09 1 .  81E+07 6 .  25E*OB 1.2%+08 2. 71E*06 1 .  73E+03 6.25E+08 2.66E+O6 
TH-230 2.28E-04 3. 45E+01 I. 19E*00 3. 16E-03 1. 09E-01 2. 18E-02 4 . 7 s - 0 4  3.02E-05 1.09E-01 4.64E-04. 

AO-108 1.44E-02 1. 77E-02 1. BOE-02 1. 73E-02 1.79E-02 1 . . 76€42  1.7BE-02 1.7oE-02 I. 76E-02 1 . 7 3 ~ - 0 2  

~ ~ - 1 3 4  1. ~ B E - O ~  I .  L ~ E - O ~  I. ~ B E - O ~  1. ~ B E - O Z  1. L ~ E - O ~  I. ~ ~ - 0 2  i . 6 7 ~ - 0 2  i . 6 7 ~ - b 2  I. ~ ~ E - O P  I. 6 7 ~ 0 2  

PB-210 I .  1 1 ~ 4 0 ~  3. 6 4 ~ + i i  1. ~ ~ E + I O  I .  9 7 ~ + 0 8  2. O ~ E * O ~  2 . 2 2 ~ + 0 a  3 . - 1 3 ~ * 0 8  3 . 4 4 ~ + 0 7  1. O ~ E + O ~  2 . 6 3 ~ + 0 8  

'RA-22'6 2: 14E-03 1. 28E*O0 4. 45E-01 2. 50E-02 1. 59E-01 
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INVIMPS Example 1 Uti1 ity Output .(Continued.) 

. .  
* .  

TI+-232 1. 32E*O6 9.00E*lO 6.25E*09 I. 8lE+O7 6 . 2 5 E i 0 8  1.40€+08 2. 34E+O6 1. 32€+05 6. 2W+08 2. 3%+06 

PA-231 1. 16E*O6 2. 70E*10 4 .04Ei09  4.  98E*O6 3- 38E+O6 4.62€+03 8. 31EiOS 7 . 3 X + 0 4  5 .  73E+07 1. 04E+O6 . 

PA-231 2.07E-04 6.68E-01 3. 70E-01 8 .  70E-04 6. 258-04 8.07E-03 1.498-04 1. 2 s - 0 3  9.89E-03 1. ezE-04 
U-232 7. 76Ei05 1. 23E+10 6 .  25E+O8 1. 3OE+07 1. 19E*08 1. 3 Y + O 8  7. 8 2 E i O 6  7.21€+05 3 . 8 2 E i 0 8  2.  12E+O6 
U-232 I. 36E-04 2.  13E*00 I . 09E-01 2.  27E-03 2. 07E-02 2. 67E-07 1. 37E-03 1.. 26E-04 6:67E-02 3. 7 1 ~ - 0 4  
U-233 1 .27Ei06  1 .  7BE*ll  6. 25E+09 4.  O5E*07 4.OJE*08 4. 44E+10 2.878109 1. 91E+08 4. 19E+10 6. 1'4E+O6 
U-233 2.22E-04 2. 93E*Ol 1 09E*00 7.  07E-03 7.  07E-02 7.64€+00 3.00E-01 3.  34E-02 7. 22EiOO 1. 07E-03 
U-234 1. 78EiO6 1. BOE*ll 6. 23Ei09 .4 .  30E*07 4.  03E*08 4.  25E+10 2. 87E*09 1. 97E*08 4. 27E+10 6. 2oE+06 
U-234 2. 24E-04 2. 86E*Ol I. O9E+OO 7 .  3 lE-03 7.  07E-02 7. 2W+OO 3. O N - 0 1  3.  43E-02 7. 3OE+OO 1. 08E-03 . 
U-233 1. 42E*O6 2.  52E*lO 2 72E+09 4. 59E+07 4..38E*08 2.01E+10 3. 37E+09 2. 37E+O8 2. BOE+lO 6 .90Ei06  
U-235 2. 48E-04 2. 04E-01 1.  48E-01 7 .  72E-03 5. 82E-02 2. WE-01 1. S9E-01 3. 47E-02 2.  0%-01 1. 20E-03 . 
U-236 1. 36E iOI  1. BOE*ll 6 88E*09 4.33€+07 4. 3OE+O8 4 .  44E+10 3. 44E*09 2. 15E+O8 4. 32E+10 6. 6lE+O6 
U-236 2.  38E-04 2. 98E+Ol 1 .  2OE+OO 7 .  51E-03 7.  31E-02 7.66E*00 6. 00E-01 3. 76E-02 7. BOE+OO 1. l6E-03 ' 

U-238 2. 30E-04 1. 36E*00 3 .  3JE-01 7.  97E-03 7.  6OE-02 1.23€+00 4. 26E-01 3: OPE-02 1. 13Ei00 1. 22E-03 
NP-237 1.21EiO6 1.35E*10 3 . 7 5 E i 0 9  1 04E+07 6. 74EiO6 8. 72E+03 2 . 2 9 E i 0 6  1.62E105 1. 18Ei08 1.99EiO6 
NP-237 2. l lE -04  1. 37E-01 1. 19E-01 1. 80E-03 1. 17E-03 I. 32E-04.4. OM-04 2. 83E-05 1,81E-O2 3. 47E-04 
PU-236 1. 33E+06 1.99E*11 9.29E+09 5 .  73Ei07 1. 04E*08 1. 38E+07 3.82E+07 3 . 2 9 E i 0 6  2.02€+09 8.63EiO6 
PU-236 2. 70E-04 3. 37E+Ol 9. 24E-01 1. OOE-02 1. 82E-02 2.  40E-03 6. 68E-03 3. 7SE-04 .3 .  33E-01 1. 31E-03 
PU-236 1. 13E*O6 2.  37E+11 5 .  73E+09 1'. 15E*07 7.  64EiOL 9.83E+OJ 2.64E+O6 2. lOE403 1. 35E+08 2.24EIO6 
PU-238 1.98E-04 4 .03ElOl  1:00E*00 2.09)E-03 1. 34E-03 1. 72E-04 4.61E-04 3.68E-05 2. 36E-02 3.92E-04 
PU-239 1. 19E+O6 2 .  53E*11 6. 2SE+09 1. O3E*07 6. 68EiO6' 8.63€+03 2 .27E+OI  1.65E+O? 1. 19E+08 1. 9BEIO6 
PU-239 2. 07E-04 4.  42E101 1. 09E+00 1. 79E-03 1. 17E-03 1. 31E-04 3. 97E-04 2. B9E-03 2.07E-02 3. 46E-04 
PU-240 1. 19E*O6 2.  31E+ l l  6. 23Ei09 1. 03Ei07 6. 68EiO6 8 .  65E+O3 2.28E+O6 1 .6M+O3 1. 19E108 1. 99EIO6 
PU-240 2.  08E-04 4. 23E*01 1 .09Ei00  1. 79E-03 1. 17E-03 I. 51E-04 3. 989-04 2. 90E-05 2.07E-02 3. 47E-04 
PU-241 6 .25€*08  6. 68Ei12 1. 00E+12 3.'73E*08 3. 13E+OE 4 .03Ei07  1.01E+08 8 .  09E+06 4.  30E+09 1. 28E+08 
PU-241 1.09E-01 1. 16Ei03 1. 74EiO2 1. 00E-01 3. 46E-02 7. 07E-03 1. 77E-02 1.  41E-03 7. 51E-01 2.23E-02 
PU-242 1. 25EiO6 2. 50E*11 6 .  25Ei09 1. 09Ei07 7. O2E+06 9.  09E+O3 2. 40E+O6 1 .  64E+03 1. 23E*08 2..05€+06 
PU-242 2. !9E-04 4 .22Ei01  .1.0.9EiOO 1. 91E-03 1. 23E-03.1. 398-04 4. 19E-04 7.87E-OS 2. 1%-02 3. 58E-04 
PU-244 1.26E*06 4. 74E*09 1.05E+09 1.09E+07 7.09EIO6 9.  18E+03 2. 54E+06 1,62E+05 1.256+08 2.06E+O6 
PU-244 2.  19E-04 8 .  80E-02 6. 41E-02 1. 87E-03 1. 22E-03 1. 6OE-04 4. 42E-04 2. 83E-OS 1. 79E-02 3. 39E-04 
All-241 1. 12EiO6 7.  S6E*10 5. 28Ei09 9.  97Ei06 6. 49E+O6 8 .  35E+05 2.  2OE+06 1. 76E+03 1. 13E*08 1. 9QE+O6 
All-241 1.95E-04 1 .80€*00  6.  40E-01 1. 74E-03 1. 13E-03 1.46E-04 3.85E-04 3.08E-05 1.98E-02 3.436-04 
All-243- 1. 16E+O6 1. 09E*lO 1. 84Ei09 9 .  97E+O6 6. 43EiO6 8. 36EiOS 2.  2OEIO6 1. 65E+OS !. 13E+08 1. 93E+O6 ' 

AM-243 2.02E-04 1. 36E-01 1. 11E-01 1. 72E-03 1. 12E-03 1. 46E-04. 3 .83E-04 2.88E-05 1. 76E-02 3.40E-04 
Cll-242 4.  OOEiO6 2.  55E* l l  5. 73E*09 2. 29E+08 9.  17E108 1. 19E+O8 3. 44Ei08 2 .99€+07  1. 39E+10 2.97€+07 
CH-242 6.99E-04 3 . 9 2 E i 0 1  9.99E-01 4.01E-02 1. 6OE-01 2.07E-02 6.OlE-02 5 . 2 s - 0 3  2. 41E+00 5 .  1BE-03 
Cll-243 1. lOE*O6 2.  89E,*10 4.  33E+09 1. 43Ei07 1. 01Ei07 1.31E+O6 3.62E+OI 3.2OE+03 1.86E+08 2. BOE+06 
CH-243 1. 928-04 2.  72E-01 2. l lE -01  2.  488-03 1. 76E-03 2.  28E-04 6. 31E-04 5 .  39E-03 2.92E-02 4. =E-04 
Cll-244 1. 13Ei06 .2. 2BE*l l  , 5 .  29E+09 1. 76E*07 1. 32Ei07 1. 73E+O6 4. 88E+O6 4 .  2SE*03 2. 33E*08 3.  S E + 0 6  
Ctl-244 1. 988-04 3 .92€*01  9.24E-01 3.08E-03 2 . 3 1 t - 0 3  3.02E-04 8. 32E-04 7.42E-03 4 . 4 s - 0 2  3.86E-04 
Ctl-248 3. 10E+03 2.  OZE*08 3. BZE+O8 2.'65E*O6 1. 72Ei06 2. 23E+03 2.  32E+06 1.61E+O3 2. 87E+07 7.83E+03 
Cll-248 3. 41E-03 3. 34E-02 6. 68E-02 '4. 62E-04 3 00E-04 3. 89E-03 4.  03E-04 2. 81E-03 3. OlE-03 1. 37E-04 
CF-252 7 .  90Ei03 2.  15E*09 2 O2Ei09 3. 28E+07 5 .  738*07 7 .  32E+06 4. 39Ei07 4 .  22E+06 1 .01€*09  4 .  98E+06 
CF-232 1. 38E-04 3. 64E-01 3 43E-01 3. 72E-03 1. ODE-02 1. 28E-03 8.01E-03 7.37E-04 1.. 74E-01 8. 7lE-04 , 

~ n - 2 3 2  2. ~ S E - O ~  1. J ~ E * O !  1 . 0 9 ~ * 0 0  3. 16E-03 i. O ~ E - O ~  2. ~SE-OP 4. ~ ~ - 0 4  Z . L W - O ~  I. OVE-OI 4. 52E-04 

U-238 1. 43E*06 1. 76E+10 2 .22€*09  4. 59E+07 4:49E*08 1. 43E+10 2. 96Ei09 34E+08 1. 20E+lO 6. 9,7E*06 

'. 

. .  

6-34 
:, .. . . 



'I 6400 ; 
INVIMPS Example 1 U t i l i t y  Output (Conti.nued1 

OVERFLOU WRFACE UATER LIMITS FOR ISTR- 1 
OV-Op M-3 2. 52E*03 1.9SE*03 1. 48E+03 2. 54E+03 2. 46E*03 2. 53E+03-2. 55E+03 3.22€*03 2. 551+03 2. 3W*03 
OV-PO H-3 1. 48E+01 1. 15E+01 8. 65E100 1. 49E*01 1.43€*01 1. 49E+01 1. 5OE*Ol 1. 89E-1 1.4oE*01 1. 38E+Ol 
OV-OP C-14 1. 21E+04 8. 52E*03 7.  O6E*03 5.  376+03 9. 72E+03 8. 38E+03 3. O!E*O3 1.4bE+03 1. 16E*04 6. 6VE*03 
OV-PO-C-14 1. 32E+Ol 9 .23€+00  7.  65E+00 5: 02E+00 1.03E+Ol 9.08E*00 3. 3OE+OO 1. s * O o  1 . 2 M * O l  7:23E+OO 
OV-OP NA-22 3. 3$E+O5 7. 16E+05 3. 85E+05 5. 62E*O5 5.31E105 2.64€+05 4. 23E*33 3. =+Ob 5.92€*03 4.3-+05 
O V - P 0 . W - 2 2  1. OZE*O6 2. 19E*O6 1. 79E+O6 1. 72E106 1.63E*O6 1. 738+06 1. 3OE*06 I..-* 1.81EM6 1. 3SE+O6 
OV-OP P - 3 2  3.03€+04 4. 11E104 5. 03E+03 2. 62E104 3.07E+04 3. O6E+04 8. 32E*03 4. w-3 3. O6E*04 1. 64€+04 
OV-PO P - 3 2  0. 00E+00 0. 00E*00 0. 00E*00 0. 03E+00 0.008+00 0. OOEIOO 0. OOEIOO 0. ooE+OO 0. dOE+OO O.OOE*OO 
OV-OP P-33 3. 55E+05 1. 83EIO5 3. 93E+04 1. l lE*O5 3. 35E*O5 3. 55E*O5 6. 66E+04 2. 51E+04 3..55E+O5 1. 34€*05 
OV-PO P-33 O.OOE*OO 0. 00E+00 0. 00E+00 O.'OOE+OO 0. 0OE+00 0 .  OOE+OO 0 .  OOE+OO 0. OOE+Oo 0; 00E*00 O.OOE+OO 
OV-OP 5-33 1. 67E+O6 6 .  13E*05 1. 43EIO5 6 .  77E+O5 1.07E*O6 1. 07E+O6 3:96E*09 1.07E+06 1.07€+06 6. 73E+05 
OV-PO S-35 0. 00E+00 0 .00E*00  0. OOEIOO 0. 03E+00 O.OOE+OO 0. OOE*00 0. 00E+00 0 .  OM*OO 0 .  00E*00 0.00E*00 

OV-PO CL-36 2. 25E-01 1. 62E-01 2 2%-01 2. 10E-01 2.25E-01 2.25E-01 2.25E-01 2. 25E-01 2. 23E-01 2. 20E-01 
OV-OP CA-45 7.  49E+06 2. 81E*O6 1.43€+03 3. 47E105 7.  3OE+O6. 7. 49E+O6 1. lbE*05 7.65E+04 7.  50E*O6 4.  70E+05 
OV-PO CA-43 6. 95E*23 2. 6OE+23 1. 32E*22 3. 22E*22 6 .  96E+23 6: 96E+23 1.088+22 7. lOE+21 6.96€+23 4.  36E+22 
OV-OP SC-46 1. 72E+07 1. 44E+07 3. 21 E+O6 1. 01€+07 I. 58E+07 1. 72E+07 1. 40€+07 1. 54E*07 1. 40E+07 9. 87E*O6 
OV-PO SC-46 0. 00E+00 0.00E+00 0. 00E+00 0 .  00E+00 O.OOE+OO 0: o M + O O  0 .  00E*00 0 .  OOE+OO 0.00E+00 0. OOEIOO 
OV-OP CR-51 8. 42E*07 6 .  34E+07 1. 04E107 4. 13E+07' 7.  76E+07 8. 33E*07 6. 658*07 6. 27E*07 6.93E*07 4. 23E*07 
OV-PO CR-51' 0. 00E+00 0. 00E+00 0. 00E+00 0. OE)E+OO 0 .  00E+00 0 .  OOE+OO 0. OOEtOO 0 .  00E+00 O.OOE+OO 0 .  OOE+00 

. OV-OP M - 5 4  2. O5E+O5 3. 15E+O5 6. 40E+04 3. 52E*05 3.09E*05 1.34E+05.2:  61E*05 3.2=+05 6.78E+O5 1.61E*O5 
OV-PO MN-24 1. 67E+13 2. 57E+13 5.13E+12 2 88E+1'3 2. 528+13 1. 10E+13 2. 14€+13 2.638*13 5. 33E+13 1. 31E+13 
OV-OP FE-55 2.62€+05 1 .01€*07  2. 62E+03 5. 30E+O5 2 .888*05  1. 52E+O5 2.90E+05 4.2=+05 2.94E+O5 2. JeE+O5 

' ' OV-OP FE-59 8. 438*04 I. 23E+O5 2. 37E+04 I. 23E+05 1. -E+05 9. 04E+04 1. 138105 1.2OE+03 1.21E+O5 7. 14E+04 
OV-PO FE-59 0.008+00 O.OOE+OO 0. 00E+00 0 .  00E+00 0.00E+00 0 .  008+00 0. 00E+00 0. 00E+00 O.OOE+OO 0. OOE+00 
OV-OP CO-57 8. 62E*05 9. 43E*05 1. 59E+O5 9 .  07E+O5 1.028+06 9.  728*03 8. 86E*O5 6 .  69E+05 8..07E+05 5.  439+05 
OV-PO CO-57 1. 30E+15 1. 64E+15 2.  77E+14 1. S8E+l5 1.77E+l5 1. 7OE+13 1. 548+15 1. 17E+15 1. 41E+15 9. 31E+14 

.Ov-Op CO-58 2. 19E*05 2 .22€*05  6 86E*04 2. 18E+05 2.338103 2. 43E+05 2. 19E*05 2.20E*05 2.05€*.05 1. 37E+05 
OV-PO CO-58 O.OOE+OO O.OOE*OO 0 00E*00 0.00E+00 0.60E+00 0 .  00E+00 0.00E+00 0.00E*00 O.OOE+OO 0.00E+00 
OV-OP CO-60 8.92€+03 1. 13E*04 3. 31E*03 1.09E104 l.O5E+04 I. OlE+04 l .O6E*04 1. l lE404  1.23E*04 7.64E*03 
ov-po CO-60 3 .05E*O2 6. 39E*02 1. 99E+O2 6 .  16E*01 5.95E102 5.  75E*02 5.90EiO2 6.26E*O2 6.99E*O2 4.  33E+O2 
OV-Op N1-39 3.68E*05 4. 86E+05 7 .40€*04  3.49E*O5 5. 60E*05 3.  6OE+05 5. 48E+05 5. %E+05.3.  13E*O5 3 .49€*05  
0 V - W  NI-59 6. 14E*O2 5. 25E*O2 0: OOE*Ol 3. 77E*O2 6 . 0 5 E I O 2  6 .  03E*02 5. 92E*O2 5. 95E*O2 3. 54E+02- 3. 77E+02 
OV-OP NI-63 2. 32E+05 2.04E+05 2. 34E+04 1. 38E*03 2. 52E+O5 2. 32E+05 2. 52E+O5 2. 52E*05 2. 52E+03 1. 3BE+03 
OV-PO NI-63 3. 42E+62 2: 77E*02 3. 17E+01 1. 87E402 3.42E+32 3. 42E+02.3.  42E+O2 3. 42E*OP 3. 42E+OP 1.87€+02 

OV-PO ZN-63. 1. 16E+lJ 3.07E+14 2. 13E*14 2. 56E+14 I. 93E+14 1. 956+14 1. 88E*14 2. lOE+13 2.85L*14 1. 69€+14 
OV-06' SE-73 8. 20E+04 6 .  46E+O4 7. 1 lE*04 5 .  14E+04 2.08E*04 2. 59E+04 6 .  73E*04 7.699*04 1.09E+05 .5 .  44E*04 
. o v - P o  SE-75 2. 03E+29 1,6OE+29 1. 76E+29 1. 27E+29 5. 16E+28 6. 42E+28 1.  67E+29 1.9OE+29 2. 70E+29 1. 35E+29 
OV-OP R B - 8 6  1.02E*06 9. 40E+O6 4. 86E*06 3. 15E*06 1.88E*06 .l. 80E*O6 1:89E*O6 1. 9 M + 0 6  1. 89E*06 1.858+06 
OV-PO R B - 0 6  O.OOE+OO 0. 00E+00 0 .  00E+00 O.OOE+OO O.OOE+OO 0. 00E*00 0. 00E+00 0 .  OOE+OO 0.00E+00 0.00E+00 

OV-PO SR-85 0.00E*00 O.OOE+OO 0.00E+00 O.OI)E+OO 0.00E+00 0.00€+00 0.00E+00 0 .  OOE+OO 0.00E+00 O.OOE*OO 
OV-OP SR-89 5. 26E*07 9. 51E*O5 2. 13E+04 4. 86E+O6 5. 44E+07 3. 44E107 9. 05E+O6 4. 4M+06  5. 42E+07 2: 50€+05 
OV-PO SR-89 0.00E*00 0. 00E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0. 00E+00 0 .  ooE+OO O.OOE+OO 0.00E+00 
OV-OP SR-90 4:42E*05 1. 71E*05 1. 56E+03 2.98€+04 4.98€*05 5.23E+05 6.95E*03 3'. 48E+03 4.98E+0? 1.32E+04 
OV-PO SR-90 1.00E+03 3.87E*O2 3. 33E+00 6 .  75E+01 1. 13E+03 1. 10E103 1. 58E+01 7.888+00 1. 13E+03 3.0OE101 
0 V - W  ZR-93 4. 36ElO5 3.86E+OJ 3. 828+04 4.  O4E+05 4 .  5OE+O3 4. 86E+05 4.  128105 4.  0=+05 3. 868*05 2. 38E+05 
OV-PO ZR-95 0.. 0OE*00 O.OOE+OO 0.00€+00 0 .  @JE+00 0.00E*00 0.00E+00 0,00E+00 0 .  OOE+OO 0.00E*00 0.00€+00. . 
OV-OP NE-94 2. 61E*03 7 .  13€*02 4. 64E+Ol 2. 94E*OP 7. @38*02 1. 77E*03 7.38E*O2 7. lOE+O2 3. 108+03 2: 94E+02 ' 

ov-op NE-95 7. 00E*04 3. BIE*OJ 2. 94E103 7. 12E*O4 7.  3OE+04 1. 07E+05 3. 61E+04 1. 01Ee05 2. 63E+05 1. 61E+04 
OV-PO NE-95 0. 0OE+00 O.OOE+OO 0. 00E*00 0.00E+00 0.00E*00 C. 00E+00 0. 00E+00 O.OOE+OO 0. 00E+00 0. ooE+OO 

.OV-Op no-99 1. 82E+03 6 .  BZE*O4 3. 588+03 1. 44E+05 1. 14E+05 9.  08Ei04 1. 68E+05 1.62€*05 1. 538*05 3.09E+04 
OV-PO no-99 O.OOE+OO 0.. 00E+00 0. 00E+00 O.OOE+OO 0.00E*00 0 .  o M + O O  0.00E+00 O.OOE+OO 0. OOE+OO 0. WE+OO 
0 V - W  TC-99 1. 26E*04 4.  31E+03 1.25E103 1. 87E+O4 8 .  75E*03 6. 38E+03 1.24E+04 9.  77E+03 2. B4€+02 3. 9%+03 
OV-PO TC-99 1. .36E*Ol 4.  65E*00 1. 35E*00 2.02E+01 9.  45E100 6.09E+00 1. 34E101 l.ObE+Ol. 3.07E-01 4.24E+OO 

I OV-OP CL-36 2. OBE*O2 1. 50E+02 2. O8E*02 2. OlE+02 2. OBE+02- 2.00E+02 2. 08E+02 P.OBE+O? 2. 08E*O2 2. 03E*02 

' OV-PO FE-35 8. 50E*O5 3.28E*07 0. 33€+05 1. 72EIO6 9.388+05 4.  95E+05 9. 42E*O5 1.38E+O6 9.338+05 7. 75E+O5 I 

. 

ov-op LN-65 4.07E*03 -1.00E*O4 7. 59E*03 9.OlE+03 6.78€*03 6.87E+03 6.63E+03 7.39E+O2 1.00€+04 5.951*03 

' 'OV-OP SR-85 7.  30E*05 6 .  77E+05 2. 47E*05 5. 16E*05. 7. 15E*03 7. 64E+O5 6. 488*05 '6 .  1BE+O5 6. l l E * 0 3  5.04€*05 , 

OV-PO NE-94 2. 02E*00 7 .  71E-01 5. OZE-02 3. 1BE-01 8. 46E-01 1. 92E+00 7. 988-01 7.  67E-01 3. 36E+00 3. 18E-01 

OV-OP TC-99M 2.24E+05 1.96€*05 2 . 2 l E + 0 3  2.24E+03 2.37E*05 2. 37E+O5 2. 58E*05 1. 59E*05 1.23E105 2 . O M + 0 5  
OV-PO TC-99H 0.00E+00 O.OOE+OO O.OOE+OO 0.00E+00 0.00E+00 0 .  OOE+OO '0.00E*00 0.00E+00 O.OOE+OO O.OOE+OO 

' 0 V - W  RU-103 2. 29E+O4 1. 76E+O4 9.  48E*O2 2. 62E+O4 2.73E+04 2. 98E+*04 2. 34E+04 2. 96E*04 3. 50E+04 6.  6BE+03 

6-35 



INVIMPS Example 1 Util i ty  Output  (Conttnued) 

W - P O  RU-103 0, OOEWO 0. 00E+00 0. 00E+00 O.OOE+OO 0.00€+00 O.OOE+OO O.OOE+00 0 .  ooE+00 0. ooE+OO O.OOE+OO 
W-U? RU-106 1 . 3 5 * 0 3  1. 769*03 4:42E*01 1.89E+03 1. 37E*03 1. 37E+03 1. 36E-3 I. 10E+03 1.40€+03 3.97E+02 
W-PO R U - I O 6  1.74€+09 1.65€*09 4. 14E+07 1. 77E+09 1.28E+09 1 . a - 9  1.27€+09 1. l l E * 0 9  1.31E+W 3.71E+08 
W-OP AO-108 1. 30E+06 1. 31E+O6 3.6OE+O? 8. 70E+03 1.23E+06 3.91€*03 1.44E+O6 1. 30E+O6 1.34E*06 0.7OE+03 
W-PO AO-108 1.03E+03 q. 13€+04 2. 52E+04 6.08€+04 8. 76E+04 2. 73E+04 1. OOE+Ob 1.OSE+O3 1.08E-3 6. o(IE+04' 
W-OP AO-110 4.33E*06 3. 81E+06 1. 13E+06 2.62€+06 3. 6 M * O 6  1.3SE+06 4. lM+O6 4. 4.33E+06 2. e - 6  
W-PO AO-110 3. 93E+16 3. 46E+16 1. 03E+16 2.  308+16 3.32€+16 1. 22€+16 3. 77E+16 4.0=+16 3.93€+16 2.38E+16 
OV-OP CD-109 3. lBE+OS 2.  48E+O5 2.2OE+04 2.06€+04 2. 49E+03 1. 38E+04 2. 74E+03 3. obE+O5 3.61€+03. 2.878+04 
W - P O  CD-109 6.6OE+09 3. 14E+09 4. 36E+08 4. 28E+08 3. 17E+07 2.86E+O813. 6 8 E + O 9  6.33E+09 1. 48E+09 3 . 9 X + 0 8  
W-OP 8N-113 5.72€+07 2.  52E+07 6.31E+05 3. 38E+O6 4.32E+07 4.97€+07 2.08E+07 1. e + O 7  4.97E107 3.38E-6 
OV-PO EN-1 13 0 . 0 0 E + 0 0  0.00€+00 0. 00E+00 0. 00E+00 0. ' 0 0 E + 0 0  0. ooE+OO 0. 0 0 E + 0 0  0 .  OOE+OO 0.00E+00 0 .  00E+00  
OV-OP 8N-I26 1.73Et03 1. 12Et03 6. 438103 4. 46E+04 1.36E+O3 1.73E*03 7. 34E*04 4. 36€+04 .1. 33E+03 4 
OV-PO 8N-126 1.89E*O2 1. 21E+02 6. 94E+00 4.82E+Ol 1.69E+OP 1.87E+02 8. 14E+01 4. 93€+01 1.67E+O2 4 
OV-OP SB-124 1. 33E+07 1. l l E * 0 7  1.6OE+O6 7.OlE+O6 1. PBE+O7 1.36E+O7 1.20E+07 1. 19€+07 1. l lE*07  7.OlE*O6 
OV-PO 68-124 0.00E+00 0. 00E+00 0. 00E+00 0. 03E+00 0.00E+00 0. OOE+OO 0. OOE+OO 0. 00E+00 0 .  00E+00 0.  ooE+OO 
OV-OP 68-125 1.24E+07 1. 01E+07 1. 38E+O6 6 .  02E+06 1. 17E+07 1.26E+07 1.09E+07 9..62E+06 9.82E+06 6.02E+OI 
OV-PO SB-123 2.91E+07 2.  36E+07 3. 24E+O6 I. 41E107 2. 73E107 2.948+07 2. 33E+07 2. 23E+07 2.  30E+07 1. 41E+07 
OV-OP 1-123 7.83E+05 3 . 6 O E + 0 3  1. l2E+06 2.'94E+03 8. 16E+O3 l.O8E+OI 6.02€+03 4. 73E+03 1.30E+02 4.27E103 
OV-PO 1-123 0.00E+00 .O.  00E+00 0. 00E+00 0. 00E+00 0.00€+00 0. OOE+OO 0. OOE+OO 0.' 00E+00 0. 0 0 E + 0 0  O.OOE+OO 
OV-OP 1-179 9. 31E+03 6. 91E+04 8. 08E+04 2. 34E+03 1. O3E*04 1.09E+04 8..68E+O3 8. 338+03 1.07E+00 3. 37E+01 
OV-PO 1-129 1. 03Et01. 7. 47E+01 8. 73E+01 2. 75E+00 1. 13E+Ol 1. 17E+Ol 9.37E+OO 9 .2 lE+00  1. l6E-03 3. EM-02  
OV-OP 1-131 7.23E+04 8.85€+04 9.34E+04 3. 30E+04 7 .  BBE+04 8. 16E+04 7.39€*04 6.03E+04 9.2BE+Ol 2.93E+03 
OV-PO 1-131 0. 00E+00 0. 0 0 E + 0 0  0 .  00E+00 O.OOE+OO 0 .  OOE+OO 0 .  OOE+OO 0. OOE+OO 0.00E+00 0.00E+00 0. 00E+00 
OV-OP CS-134 6.2OE+04 ' 1.93E*03 1.. 69E+03 I. 42E+05 9.  8QE+04 9.84E+04 1.06E+03 1. 1OE+O3 1.24E+OS 8. 796+04 
OV-PO CS-134 1. 70EtO6 5 .  29E*06 4. 62E+06 3. 09E+06 2.69E+06 2.  69E+O6 2.90€+06 3.02E+06 3.40E+06 a. 4OE+06 . 
OV-OP CS-133 1.6OE+05 7. 4BE+06 3. 36E+06 2. 72E+Ob 1. 6OE+OI 1. 6OE+03 . 1 .6OE*O3 1. 38E+03 1. 3%+03 1. 59E+03 
OV-PO CS-133 1.73E+02 8.08E+03 3.62E+03 2. 93E+O2 1.73E+09 1.73€+02 1.73E+O2 1.49€+02 1.72€+02 1. 72E+02 
OV-OP CS-136 1. 43E+O6 3. 12Et06 2. 72E+O6 2. 85E+06 2. 16E+06 2. 13€+06 2. 33E+06 2. 46E+06 ?.6lE+06 2.02E+06 
OV-PO CS-136' 0: 00E+00  0.00E+00 O.OOE+OO O.OOE*OO 0 . 0 0 E + 0 0  0.  OOE+OO 0. OM+OO O.OoE+OO 0 . 0 0 E + 0 0  0.00E+00 

. OV-OP CS-137 2. 14E+04 9. 36E+04 8. 10E+04 4. 32E+04 2. 76E+04 2.72€+04 2.898+04 2.67E+04 3.,16E+04 2. 61E+O4 
, OV-PO CS-137 4.63E+01 2. O 6 E + 0 2  1. 73E+02 9. 33E+01 3. 97E+01 3.87E+01 6.23€+01 3.77E+01 6.83E+01 3. 63E+01 

OV-O? BA-140 1.09E+08 7. 30E+07 2. 37E+O6 9. 59E+07 1.29E+08 1.44€+08 9 .08€+07  8. 33E+07 1. 19E+08 2. 17E+07 

OV-OP LA-140 1. 56E+07 1. 32E+07 2. 37E+O6 1. 46E+07 1. 37E+07 1. 69E+07 1. 53E+07 1. 51E+07 1. 36E+07 9. 34E+06 
OV-PO LA-140 0. 00E+00 0.00€+00 0.  00E+00 0 .  00E+00 0. OOE+OO O.OOE+OO 0. OOE+00 0 .  OOE+OO 0.00E+00 0. OOE+OO 
OV-OP CE-141 -9.63€+07 3.90E+07 1. 47E+O6 7. .16E+07 1.01E+08 1. oBE*O8 9. 13E+07 6. 49E+07 7. 70E*07 .1.40E+07 
OV-PO CE-141 O.OOE+OO 0. 00E+00 0.00E+00 0 . 0 0 E + 0 0  O.OOE+OO 0 . 0 0 E + 0 0  O.OOE+OO O.OOE+OO 0 . 0 0 E + 0 0  O.OOE+OO 
OV-OP CE'144 7. 9OE+07 1. 20E+07 6 .  50E+O3 4. 26E+07 6. 32E+07 7. 77E+07 6. 86E+07 3. ,00E+07 6. 34E*07 1.32€+06 
OV-PO CE-144 3. 46E+16 3. 28E+13 2. 83E+14 1. 87E+16 2.86€+16 3. 41E+16 3.01E*16 2. 19E+16 2.87E+16 5. 78E+14 
OV-OP EU-132. 2. 23E+06 1. 948+06. 3. 43E+03 1. 17E+06 i .00E+06 8. 90E+03 1. 62E+O6 1. 03E+06 1.986+06 1. 17E+06 
OV-PO EU-132 1.23Et04 I. 08E+O4 1.92€*03 6. 496+03 1. 11E+04 4.94€+03 9.02E+03 3.73E+03 1. 10E+04 6. 49E+03 
OV-OP EU-134- 1.94E+06 1. 54E+O6 1.84€+03.8.26E+05 1.73E+O6 6.84E103 1.28E+06 3.69E+03 1.69EIOI  8.26E+O3 

ov-PO m-140 0. OOE+OO 0. ~ E , O O  0 .  ~ E + O O  0 .  OOE+OO 0. OOE+OO 0. OOE+OO 0. ~ E + O O  0 .  OOE+OO 0 .  ~ E + W  0. OOE+OO 

OV-PO EU-134 .7.'67E+03 6 .  09E+03 7. 28E+O2 3. 27E+03 6. 86E+03 2. 71E+03 3.07Et03 2.23E+03 6.69€*03 3.27E103 
OV-OP YB-169 1. 13E+08 7. 77E+07 6 .  &6€+06 3 ,  70E+07 I. 04E+08 1. 16E108 9. 738407 6. 42E+07 7.88E+07 3.92E107 

OV-OP PB-210 1. 28Et03 1. 89E+O6 1. 89E+04 2.23E+O2 4.08E+02 2. 74E+02 3. 83E+02 3. 99E+01 1.28E+03 4. 93E+02 
OV-PO PB-210 3. 83E+00 5.  67Et03 3. 63E+01 6 .  75E-01 1. 22E*OO 8. 2OE-01 1. 13E*00 1.20E-01 3.83E+00 1. 48E?OO 
OV-OP PO-710 1.60€+03 1.84E+05 4.63E+03 2.03E+03 8.97E+01 5.21E+02 1. 54E+03 3. 47E+03 1.60€*03 4.09€+02 
OV-PO PO-210 1. 21E+24 1. 38E+26 3. 48E+24 1. 33E+24 6. 74E+22 3. 92E+23 1. 14€+24.2. 61E+24 1. 21E+24 3.07€+23 
OV-OP RN-222 9.'26€+02 1. 00E+03 .1.01E+03 8. 71E+O2. 9. 34E+O2 9. 83E+02 9. 14EIO2 .8. 38E+02 7. 49E*O2 8. 71E*02 

.OV-PO RN-222 0. 00E+00 0. 00E+00 0. 00E+00 0. OJE+OO O.OOE+OO 0. 00E+00 0. OOEIOO 0 .  OOE+OO 0 .  00E+00 0. QOE+00 
OV-OP RA-226-4. 73E+02 9. 99€+03 8. 24E+02 8. 33E+Ol 4. 73E*O2 4. 74E+O2 1. 31E+02 l..4SE+Ol 4:60E?O2. 2. 07E+02 

OV-OP RA-228 1. 57E103 8. 86E+OJ 8. 32E+03 3. BlE+O2 1. 61E+03 1.61E+03 4. 98E+02 6.64E+Ol 1.60E*03 .8. 19E+02 
OV-EO R A - 2 2 0  3. 72E+01 2. 10E+03 2. O2E+02 9. OI)E+OO 3. 8lE+Ol 3. BlE+Ol 'I. 1BE+Ol 1. 37E+00 3. BOE+Ol 1. 94E+O1 
OV-oP AC-227 1. 49E+03 I. 16E+OS 6. 52E+03 1. 30E+02 8. 42EIOl 1. O5E+01 1.6VE+01 1.69E+00 1. 31E+03 3.05E+01 
OV-PO AC-227 4. 21E+00 3,27E+02 I .  84E+O1 3. &&E-01 2.  38E-01 2.98E-02 4. 77E-02 4.77E-03 4.27E*00 8. 64E-02 
0 V - w  TH-228 3. 70E+04 7..40E+04 3. 63E+03 2. ?8E+O4 6.23€+04 4. 13E+04 4. 43E+03 4.30E+O2 5. 36E+04 7. 63E+03 
ov-po TH-228 3. 30E+O6 4 .  29E+06 2.  1OE+05 1 ,  72E+06 3. 61E+06 2. 41E+06 2.  37E+03 2. 49E*04 3.22E+O6 4. 43E+O3 
OV-OP TH-229 9.96€+03 1.69EtoJ I. 31E+03 I .  19E+03 1. 28E+04 3.94E103 1. l l E + 0 2  9. 1OE+OO 1. l l E * 0 4  2.23E*02 
ov-po fH-229 t.O8E*01 I. 03E+01 1. 42E+00 1. 29E+00 1. 39E+01 6. 44E+00 1.21E-01 9.86E-03 1.2OE+01 2.  42E-01 
OV-Op TH-230 4. 16E*04 7. 2lE104 1. 62E+03 3. 14E+03 6 ,  73E+04 1.33€+04 2.  90E+O2 1. 8=+01 6 .  36E*04 4. 61€+02 
'v-" Tn-230 4.-49E*01 7. 79E+O1 1. 75E+00 3. 39E+00 7.28E+Ol 1:44E401 3. 14E-01 1.96E-02 6.88E+01 4.98E-01 

ov-PO ~ 8 - 1 6 9  0. OOE+OO 0 .  OOE+OO 0. OOE+OO .o. OOE+OO ,o. OOE+OO 0 .  OOE+OO 0. OOE+OO 0 .  OOE+OO 0.  OOE+OO 0. oo~+oo 

OV-PO R A - 2 2 6  5:17E-01 1. 09E+O1 9.01E-01 9.  30E-02 5.  18E-01 3. 19E-01 1. 43E-01 1. 39E-02 5. 12E-01 2. 2 s - 0 1  

6-36. 



INVIMPS Example 1 U t i 1  i t y  Output (Continued) 

W-Op Tn-232 4 .0M404  0. 398109 1. 94E+03 3.02E403 7 . 7 M * 0 4  I.' 5 x 4 0 4  Z . ' L X * O 2  1. m-1 7.38E*M 4. =+02 
OV-PO TH-nP 5. 19E+Ol 9.07E401 2. lOE+OO 3 .26E4OO 8.38E401 1.67€+01 2. w - 0 1  1. 7 s -  7.'97€+01 4. H-01 
0v-w ~ ~ - 2 3 1  5 . 2 ~ + 0 2  2. 44E404 6. 13E*02 5.54E+01 3.23€+01 4. l(rE*OO 7.76€*00 6.54€-01 3.29€*02 1. m+Ol 
W-Po ~ ~ - 2 3 1  5.  69E-01 2.64E*01 6. 62E-01 5 .  99E-02 3. 49E-M 4.. 496-03 8.39E-03 7.  o x * .  5.  m-01 1.31E-02 
0v-w ~ 2 3 2  2. 0=+06 2.  55E+06 5.94E104 1. 41E+05 9. 14E+04 1.OlE*07 1.67E+04 1.52€+03 9. 72€+06 3.43E+04 
w-po u - m  2 . 8 8 ~ 1 0 3  3. 67E+03 0. 56E101 2.03E402 1.326*02 1.46E404 2.41E*OI 2. 196400 1.40€*04 4.94€*01 
0v-w ~ 2 3 3  3. o ~ f r w  2. 60E*O6 6. 05E+04 4. 52E+03 1.61E+05 1.. 79E*07 1. 13E*O6 7.786+04 I. 7=+07 4. 21E+05 

' ov-po u-233 3. 33E403 2.01E+03 6. 53E401 4.00E402 1.73E*02 1;. 94E-4 1.22€*03 0.40€*01 1.836404 4. HE402 
0v-w u-734 3. loE106 2. 59E+O6 6.OlE*04 4.  33E*05 1.62E405 .a. 71E+07 !. I(rE*W 7.736404 1.71€*07 4.21E+Ob 
ov-po U-234 3. 3K+03 2. 0OE+03 6. 49E401 4. 09E*O2 1. 75E+O2 1.85E*M 1.2X*03 0.35€+01. 1. B IE*M 4. 55€+02 
0v-w ~ - 2 3 5  2. 4 x 4 0 6  2. 13E*06 5.60E+04 4.72E*05 1.76E403 6.33E406 1. 8.92€+04 5.0%*06 4.14E103 
ov-po U-235 2, 65E+03 2. 30E403 6. 14E+01 5.  10E402 1. 90E*M 7.. 06E+03 1. JOE103 9.43€'01 3.46€*03.4.47E+02 
OV-Op U-236 ' 3.3oE*06 2.77E*O6 6..398+04 4.83E+05 1.72E*O5 1.. 02E-7 I. 35E+O6 8.33€+04 1. -*Of 4. 5IE405 

. OV-PO U-236 .3. 56E+O3 2. 99E103 6. 90EIOI 5.21E+02 1. 86E+O2 1.97€*04 1.46€+03 9.02€401 1.97€*04 4.08€+02 
W-OP U-230 6.61€+03 6. 00E+05 5.  96E+04 3. O6E+O5 1. 49E+O5 0. 36€+05 5 .  IBE+O5 8.67E404 6. P4E409 2. -+OS 
OV-PO U-238 7. 14E*07 7.34E+02 6. 44E101 3: 30E402 I. 61E*O2 9.02E402 9.60€+02 9.36€+01 b. 74E*O2 3. 16€+02 
OV-OP W-237 I. 9OE*04 3. 39E*05 1. 17E+04 2. 36E403 1. l2E*03 I. 4BE402 3.87E*O2 2.72E401 1.94E404 S. O4E+02 
OV-PO NP-237 2. O b E l O l  3. 808+02 I. 27E*OI 7. 35E+OO 1. 2lEiOO 1: W€-01 4. 18E-01 2 . 9 s - 0 2  2.0%+01 9.4%-01 
OV-OP PU-236 4.64E*06 2. 47E+06 5 .  57E+04 2. 70E406 1. 30E+06 1: 94E+05 5.  87E+Ob 3.09€*04 3. l7E*07 3. 6%40b 
OV-PO PU-236 7. 34E*O6 3. 91E*06 0.02E404 4.27E406 2.  38€+06 3.08E40S 9. -+Os 0.'031+04 b. 01E407 3.79E+OS 
OV-OP PU-238 4. 01E*O5 6. 45E+05 1. 43E+04 1. O6E+05 5.27E+04 6 . 0 X * O 3  1.77€*04 1 . 4 K 4 0 3  9. 2. 
OV-PO PU-238 6. 6lE+O2 0.07E*O2 I. 99E+01 I. 46E+02 7. 24E4OI 9. 42E400 2. 4+E*Ol 1. WE400 1.20E*03 3.OlE+Ol 
OV-OP PU-239 4. 29E*05 a. 37E+O5 1. 41E404 0.'91E404 4. 42E*04 ~ . 7 0 € 4 0 3  1.47€*04 1.08E403 7.70€+05 1.77€+04 
OV-PO PU-239 4. 63E*02 6:89E+O2 1. 52E401 9. 63E401 4. 77E+01 4. 17E+OO 1. 39€+0I 1. 16E'OO 8. J7E+OZ 1.92€+01 
OV-OP PU-240 4. 3OE403 6. 39E+05 1. 41E*04 0.928*04 4.43€+04 3. 7x403 1.47E+04 1. 7. 73E+O5 1. 7=*04 
OV-PO PU-240 4.66€+02 6. 92E+02 1. 53E401 9. 67E4OI 4.0OE4OI 6. 19E400 1.60€+01 1. 17€+00 8. 38E+O2 1.93€+01 
'OV-OP PU-241 5. 5oE+07 1.99E408 4. 47E406 7. lOE406 3. -406 4.638+05 1. 14€*06 9.  l lE404  3.06E+O7 1. -+Ob 
OV-PO PU-241 2. 87E+05 1.04E+06 2. 33E*04 3. 70E+04 1.07E*04 2. 42E403 3.94€*03 4.75€*02 3.06E40S e. 2?€*03 
OV-OP PU-242 4. 36E+Ob 6. 76E405 1. 50E104 9. 45E404 4. 70E404 6.01€*03 1. 57E*04 1.'09€+03 8. 18E*Os I. W*04 
OV-PO PU-242 4.  93E+02 7. 30E*02 1. 62E*01 I. 02E402 5.00E+Ol 6. 49E400 !. 69E+oI 1. 17E+OO 8.84E402 1.99E+O1 
OV-OP PU-244 3 . 2 S 4 0 3  4.22E405 9. 34E*03 0.6OE+04 4. %E404 6.05€+03 1.6=*04 1.07E403 4. =+OS 1.70€*04 
OV-PO PU-244 3.32E*O2 4. 56E402 1. OIE401 9. 29E401 4.06E*01 6. 54E400 1.73E101 1. 16E+OO 4.92€*02 I. 83E+O1 
OV-OP AM-241' 1. b1E+03 4. WE404 9.30E102 I. 97E+O2 0.95E*OI 1. 1M*OI 3.08E40l 2.46E400 1.64€*03 4. =E*Ol 
OV-PO AM-241 1. 8X+W 4. 52E*01 1. 06E*00 2. 22E-01 I. OIE-01 1.31E-02 3. SEE-02 2.78E-03 1.03E*00 4.0%-02 
OV-OP AM-243 1:46E+03 3. 15E+O4 8. 00E*02 1. 94E+02 0.03E401 1. 14E+OI 3.04E+Ol 2. 29€+Oo 1. 40€+03 4. l lE+01 
OV-PO AM-243 1. 39E*00 3. 42E*01 9. 53E-01 2. 1OE-01 9. 368-02 1.24E-02 3.29E-02 2..48E-03 1. W + O O  4 . 4 s - 0 2  
OV-OP CM-242 I. 07E+07 7. 03E*06 I. 6IE+03 1. 439406 6.'46E+OS 0.3QE*04 2. 64E*05 2.44€+04 I. %E407 3. 13E+Ob 
W-PO CH-242 2. 45E424 , I .  6lE424 3. 66E422 3. 26E+23 1,478423 1. 92E+22 6.02E+22 3.62€+21 3. 10€+24 7. I&!+= 
W-OP CH-243 3.30E*04 4.34E105 1. 14E+04 4.  01E403 1.90E403 2.37E402 6.70€*02 5.94E+01 3.43€+04 9 .7M402  
OV-PO CM-243 6.04E101 8.99E+02 2. 36E+Ol 0. 33E400 3.93E400 4.92E-01 1. 4OE+OO I. 23E-01 7.  10€+01 2.02€+00 
OV-OP EM-244 4. VBE*04 6 .6aE+05 1. 51E104 3, V I E 4 0 3  2.76E403 3. 361+02 1. -103 8.72E+Ol 5.  10€+04 1.4=+03 
OV-PO Cfl-244 9. 72E*W 1.25E+OO 3. b3E400 3.07E-01 '1.8%*02 5.0%400 
OV-OP CM-240 4.02E*03 3.04€*04 2. 16E103 5. 93E402 2.93€*02 3. 7M4OI 3.09€*02 2.69E+Ol 4.94E*03 2 . 7 ~ 4 0 2 :  
OV-PO CM-248 4 .  34E*OO 3. 2BE*Ol 2. 33E*00 4. 40E-01 3. 16E-01 4.06E-02 4. POE-01 2.91E-02 3.33E+00 2.94E-01 

1. 71E*O2 2. 35E403 5. 30E4OI 2. OBE401 

ov-OP CF-252 3 . 3 8 ~ + 0 4  5 .  8 6 ~ + 0 4  2. 16E103 3.35~103 2 . 3 7 ~ + 0 3  3 . 0 ~ ~ 4 0 2  I. 09€+03 I. 7eE402 4.90E*04 1.05E*03 
OV-PO CF-252 9. 45E+04 I. 64E405 6: 04E403 1. 30E+04 6. 62E*O3 8. LIE102 5 .  a 1 0 3  4.99E402 1.37E*03 5.  17€+03 
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wou 
I -a 
P-WL 
P-8U 
I -a 
P-Ul 

4 P-8U 
' I-UL 

P-Ul 
P-SW 
I -I& 
P-UL 
P-SU 
I-UL 
P-UL 
P-su 
I -WL 
P-WL 
P-su 
I -UL 
P-UL 
P-SU 
I -Ul 

P-SU 
I -UL 
P-UL 
P-su 
I-WL 
P-UL 
P-8U 
I -WL 
P-UL 

. P-8u 
I -w 
P-UL 
P-su 
I -WL 
P-UL 
P-8U 
I-WL 
P-WL 
P-su 
I -UL 
P-UL 
P - W  

P-UL 
P-su 
I -UL 
P-UL 
P-SW 
I -UL 

. P-UL 
P -sw 
I -UL 
P-UL 
P-su 

P-UL, 

I'-UL 

HDyAT€R 
H-3 
H-3 

C-14 
C-14 
C-14 
Nn-22 
Nn-22 
NA-22 
P-32 
P-32 
P-32 
P-33 
P-33 
P-33 . 
8-33 
8-33 
8-35 
CL-34 
CL-36 
CL-36 
CA-43 
CA-45 
CA-45 
8C-46 
8C-46 
SC-46 
CR-31 
CR-31 
CR-31 
m-34 
MN-54 
M-34 
FE-35 
FE-33 
FE-55 
FE-39 
FE-39 
FE-59 
CO-37 
CO-57 
C0-37- 
co-30 
co-38 
co-38 
CO-60 
co-60 
CO-60 
NI-39 
NI-59 
NI-59 
NI-63 
NI-63 
N1-63 
ZN-63 
2N-65 
LN-65 

n-3 

INVIMPS Example 1 Uti l ' i ty  Output'  (Continued) , 

- .  
L I r ( I f 8  FOR X6TR- 1 
1. 12€+05 e. 7OE+04 6. 57E+04 1. 17E*05 1. 1OE*05 1. 14€+05 1. 145+03 1.415*03 1 . 1 ~ + 0 3  1. 0 ~ + 0 3  
1. O#+w l.OOE+70 1. ooE+20 1.00€+20 1. OOE+20 1. ooE+20 1. -+a0 1. ooE+m 1. -+a 1. -+w 1. ooE+20 1.00E+20 1.00E+20 1. ooE+20 1. ooE+20 l.,ooE+20 1. o(x+a0 1, 1. -+a 1. o#+= 3.70€+03 2. 60E+03 2. 13E*03 1.64E+03 2.96€+03 2. 5S€+03 9. W + O Z  4, - b o ?  3. =e 0. -+03 
6.33E+04 4.449*04, 3.68E+04 2. B!x+04 3.07E+04 4.37€+04 1. WE*M 7.,-*01 6.04E- 3 . 4 ~ * 0 4  
2.43€+06 1. 71E*06 1.41E+06 1.08E+06 I. 9S€*06 1. bBE-6 6. 11E+O3 2.93€*03 2. =+O& 1. 
!. OOE+20 1.00E+20 l.OOE+20 l.O0E+20 1.00€+20 l.ooE+PO 1. ooE+20 1 * -+a 1. ooE+a 1. =+= 
l.OOE+PO l.OOE+20 1.00E+20 1.OOE+20 1. OOE+20 1. 00€+20 1.00€+20 I + o#+W 1. W+20 I. 0oE+70 
1.OOE+20 1.00E+20 l.OOE*20 1.00€+20 1. oOE+20 1. ow+20 I. ooE+20 1 I 0=+20 1. ooE+20 1. 0oE+20 
I .OOE+2O 1. OOE+2O l.OOE+20 l.OOE+PO l.OOE+20 l.OM+OO l.OOE+PO 1.00€+20 l.OOE+;K) 1.OoE+20 
1.OOE+20 1.00E+20 1.00E+20 1.00E+PO 1.0OE+20 1.00€+20 l . W + 2 0  1.00€+20 1.00E+20 1.0oE+00 
1.0OE+20 l.OOE+20 I. OOE*PO'.I. 00E+20 1.OOE+20 I. OOE+20 l.W+20 l.OOE+20 l . W + 2 0  l.OOE+PO 
f.OOE+20 1. 00E+20 I. 00E+20 1.00E+20 l.OOE+PO 1. -+PO 1.OOE+20 l.OOE+20 l.OOE+PO 1. -+PO 
l.OOE+20 1. 00E*20 1. 00E+20 1.00E+20 l.OOE+ZO 1. 00€+20 1.00€+20 I. OOE+20 l.OOE+20 I. ooE+20 
1. 00E+20 1. 00E+2O 1. OOE+2O 1. 00E+20 l.OOE+20 1. ooE+20 1.00€+20 1.00€+20 1. OOE+20 I. ooE+20 

1.OOE+2O l.OOE+ZO 1.00E+20 1.OOE+20 1.OOE+20 1.ooE+20 i.OOE+20 I. ooE+20 1.oOE+20 1.OOE+20 
1.00E+20 .l. O(K*20 l.OOE+ZO 1.OOE+2O 1.OOE+20 1.00€+20 1. ooE+20 1.00€+20 1.00E+20 l.OOE+PO 
1. 40E+01 1. OlE*Ol 1. 40E+01 1. 33E*01 1. 40E+Ol 1.. 4oE+01 1. 40E+Ol 1.40€+01 1. 4OE+01 1. 37E+Ol 

. 1.6OE*02 1.21E*02 1.68EIO2 1.63€*02 1.6BE+O2 1. -+02 1.68E+02 1.68€+02 1.40€+02 1.64EIOP 
3.77E+03 2.71E*03 3.77E*03 3.64E+03 3.778+03 3.77E+03 3.77E103 3.778+03 3.77E*03 3.6BE+03 
1.00E+20 1.00€+20 l.OOE+PO l.OOE+20 l.OM+PO l.OoE+PO l.OOE+PO 1.00€+20 1. OOE+w 1. ooE+20 
1.00E+20 l.OOE+PO l.OOE+PO 1.00E+20 l.OOE+PO l.OOE+PO I. OOE+20 l.OOE+IO 1. OOE+2O l.OoE+PO 
1. ooE+20 1.00E+20 1. OOE+2O 1. OOE+2O 1. OOE+20 1. ooE+20 l.OoE+PO l.OOE+20 l.OoE+PO lfOOE+20 
l.OOE+20 l.OOE+ZO 1.00E+20 l.OOE+20 1. OOE+20 I. OOE+20 1. oOE+20 l.oOE+20 l.OOE+20 l.OOE+20 
l.OOE+PO 1.00E+20~1. OOE+PO 1.00E+20 1. oOE+ao 1.00E+20 1. ooE+20 I. ooE+20 1. OOE+20 1. OOE+20 
1. OOE+PO l.OOE+20 1.00E+20 I. 00E+20 1 :OOE+ZO 1. ooE+20 l.OOE+20 l.OOE+PO l.OOE+20 l.OOE+PO 
1.OOE+20 l.OOE*20 1 . OOE+PO 1 .-OOE+20 l.OOE+20 1.0(#+20 1.. OOE+20 1.00€+20 1. #€+PO 1.00E+20 
i.OOE+PO l.OOE+PO l.OOE+PO I. OOE+20 I. w+20 I. OOE+20 l.OOE+20 1.00€+20 I. OOE+2O I. OOE+20 
1.00E+20 1. 00E+20 '1. OOE+2O l,OoE+20 l.OOE+20 l.OOE+PO 1.00€+20 l.OOE+20 I. OOE+20 l.OOE+20 
1.OOE+20 1. OOE+2O l.OOE+PO 1. OOE+PO l.OOE+20 1. =+PO l.OOE+PO 1.00€+20 I. OOE+PO I. OOE+20 
I .  OOE+20 l.OOE+20 1. OOE+PO 1 . OOE+PO l.OOE+PO 1.00€+20 1. ooE+20 1.00€+20 1.00€+20 l.OOE+)O 
1. OOE+PO l.OOE*20 l.OOE+PO 1. 30E+2O 1. OOE+PO l.ooE+20 I. OOE+20 I. OOE+20 1. 00E+20 1. ooE+20 
1. OOE+PO l.OOE+PO l.OOE+20 1 . OOE+2O l.OOE+20 l.OOE*20 l.OOE+PO 1.00€+20 l.OOE+ZO l.OOE*PO 
1.00€+20 l.OOE*PO l.OOE+20 l.OOE*PO 1 . OOE+PO l.OOE+PO 1.00€+20 1.00E+20 l.OM+PO 1. =+SO 
1. OOE+PO 1.00E+20 1 . OOE+PO l,OOE+20 1.00E+20 I. OOE+20 l.OOE+?O l.OOE*OO l.OoE+20 l.OOE+PO 
1 . OOE+PO l.OOE+20 l.OOE+?O 1.00E+20 i.OOE+PO l.OOE+20 I. OOE+20 1 00€+20 1.00€+20 i.OOE+PO 
1. .OOE+PO l.OOE*20 l.OOE+20 l.OOE+PO 1.00E+20 l.OOE+20 l.OOE+20 1.00€+20 1. OOE+2O 1. =+PO 
l.OOE+PO l.OOE+20 l.OOE*20 1 . OOE+20 1 . OOE+2O l.OOE+PO i.OOE+PO l.ooE+20 I. OOE+2O 1. OoE+20 
1. 09E+20 l.OOE+?O 1. 00E+20.1. OOE+PO 1 . OOE+PO 1. OoE+20 .l. OOE+20 l.OOE+20, l.OOE+?O l.OOE+OO 
&. OOE+20 1.00E+20 1. OOE+PO l.OOE+PO l.OOE+PO l.OOE+20 1. m + 2 0  1. =+PO l.OOE+20 1.00€+20 
1 . OOE+2O 1.OOE+2O 1.00E+20 1.OOE+20 I. OOE+2O I. OOE+20 I. OOE+20 1.00€+20 1. OoE+20 1. 

. 1. OOE+PO 1.00€*20 1. 00E+20 1 . OOE+2O 1. 00E+20 1 . OOE+2O 1.00€+20 1. ooE+20 1. OOE+2O l.OOE+20 
1. OOE+PO l.OOE+PO 1.00E+20 .I. 00E+20 1. OOE+2O 1.00E+20 1. OOE+2O I. 00€+20 1. OOE+2O 1. OOE+2O 
1.00€+20 l.OOE+20 1.00E+20 1. 00E+20 1. 00E+20 1.00€+20 1. OOE+2O I. OoE+20 l.OOE+20 l.OOE+PO 
1. OOE+20 1.00E+20 1. 00E+20 1.00E+20 l.OOE+20 i.OoE+20 l.OOE+20 1. ooE+20 l.OOE+20 I. OOE+pO 
I. OOE+20 1. OOE+?O l.OOE+20 1.00E+20 1.00E120 l.OoE+PO l.OOE+20 1.00€+20 l.ooE+20 1,OOE+20 
1 . OOE+2O l.OOE+PO 1. OOE+2O 1.00€+20 1.00€+20 1. ooE+20 1 . OOE+2O 1. ooE+20 1. .OOE+2O 1. ooE+20 
7. 54E*O3 6.46E*O3 9.836+04 4.63E*05 7..44€+05 7.44EI05 7.27E4.03 7.31E+O5 6. BlE+03 4.63Ei05 
l.OOE+PO 1 . OOE+2O 1.00E+20 1.00E+20 l.OOE+ZO l.OOE+20 1 . OOE+2O l.OOE+20 l.OOE+20 1. OOE+20 
1. OOE+20 1.00E+20 1. 00E+20 1.00E+20 1.00E+20 l.OOE+IO. 1. OOE+20 -1.OOE+20 1. 00E+20 l.OOE+;K) 
1 . OOE+2O l.OOE+ZO 1.00E+20 1.03E+20 1.00€+20 l.OOE*20 1.00E+20 l.OOE+20 1.00€+20 l.ooE+20 
l.OOE+PO 1.00E+20 1. OOE+2O l.OOE+?O 1 . OOE+ZO l.OOE+20 1. OOE+20 1.00€+20 1. OOE+PO I. OOE+20 
1. OOE+2O 1.00E*20 1. 00E+20 1. 00E+20 1. 30E+20 1. OOE+20 1. OOE+20 1.00€+20 1. OOE+20 l.OOE+20 
1 ..09E+20 1.00E+20 1 :00E+20 1.00E+20 1. OOE+2O 1. OOE+PO 1. OOE+20 l.OOE+20 1. OOE+2O l.OOE+20 
1. 00E+20 1. OOE+2O 1. 00E+20~1.00E+20 I. 00E+20 l.OOE+20 1.00E+20 l.OOE+20 l.OOE+20 l.OOE+PO 
1. OOE+2O l.OOE*PO 1 . OOE+2O 1.00E+20 f,OOE+20 1 . OOE+PO l.OOE+20 .l. OOE+20 1. OOE+PO l.OOE+pO 

OOE+2O l.OOE+?O '1.OOE+2O 1.00€+20 l.OOE+20 
ooE+20 l.OOE+20 l.OoE+PO l.OoE+PO 1. ooE+20 
ooE+20 l.OOE+PO 1.0OE+20 l.O0E+20 1. OOE+20 
OOE+20 1. OOE+2O 1. ooE+20 1.00€+20 1. 00€+20, ' 

1.00E+20 1.00E*20 1.00E+20 1,00E+20 1. ooE+20 I. OOE+20 l.OOE+PO l.OOE+20 1. ooE+20 1. ooE+20 

I -UL 8E-75 1. 00E+20 1. OOE*2O 1. 00E+20 1.00€+20 
P-UL ' SE-73 l.OOE+20 I. 00E+20 1. OOE*2O 1. 00E+20 
P-SU BE-73 I. OM+2O'  l.OOE*20 1.00E+20 1. OOE+20 
I-UL R e - 0 6  1. OOE+2O 1. 00E+20 1.00E+20 1. OOE+PO 

. 00E+20 

.oOE+20 

. M + 2 0  

.00E+20 
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I N V I M P S  Example 1 .Utility Output (Continued) 

P-UL 
P-644 
1 -UL 
P-UL 
P-SM 
I -a 
P-UL 
P-su  
I-WL 
P-UL 
P-SW 
1 -UL 
P-WL 
P-su  
I -WL 
P-L1L 
P-sw 
I -WL 
P-UL 
P-SW 
I -WL 
P-WL 
P-SW 
I - W L  
P-UL 
P - s u  
1 -WL 
P-UL 
P-SW 
1 -UL 
P-WL 
P-SW. 
I - W L  
P-WL 
P-su  
1 - W L  
P-WL 
P-su  
I - W L  
P-WL 
P-sw 
I -uL 
P-WL 
P-SW 
1 -WL 
P-WL 
P-SW * 
1 -UL 
P-UL 
P-SU 
I - W L  
P-UL 
P-sw 
1-WL 
P-WL 
P-su  
I - W L  
P-WL 
P-SW 
I -WL 
P-WL 
P - 5 u  
I -WL 

RB-& 1 .  OOE+2O l .OOE+20 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  1 .  oM+20 1 .  00E+20 l .OOE+20 1 . 0 0 E + 2 0  l .OOE+20 
RB-86 1 .  O.X+20 1 .  OOE+2O 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  1 .  00E+20 l .OOE+20 1 .  OOE+20 1.00€+20 l .OOE+20 l ,OOE+20 
SR-85 I .  00E+20 1 .  OOE+2O 1 , 0 0 E + 2 0  1 .  00E+20 1 .  OOE+20 l.OOE+?O 1 . 0 0 € + 2 0  l . O O E * 2 0  l . O O E + 2 0  1 . OoE+ZO 
~ ~ - 0 5  I .  OOE+ZO I .  O O E + ~ O  1 :OOE+~O i . 0 0 ~ + 2 0  1 .  O O E + ~ O  I .  O M + ~ O  I .  00~+20 I .  O O E + ~ O  1 .  i . 0 0 ~ + 2 0  
--e j 1 .  00~+20 I .  00E+20 I .  O O E + ~ O  . I .  00€+20 1.OOE+2O I .  OOEt2O 1 .  ooE+20 1.00E+20 l.OOE+ZO 1 , 0 0 ~ + 2 0  
M-89 I .  OoE+20 1 . 0 0 E + 2 0  1 , 0 0 E + 2 0  l .OOE+2O l . O O E + 2 0  1 .  oOE+20 1,00E+20 1 .  ooE+20 1 .  *E+2O l.OOE+ZO 
SR-89 1 . 0 3 E + 2 0  1 .  00E+20 l .OOE+K) 1 .  00E+20. 1 .  00E+20 1.. 00E+20 1 . 0 0 € + 2 0  1 .  I .  00E+2O l,OOE+ZO 
SR-89 l.OOE+ZO 1 .  OOE+20 1 ,  OOE+ZO l . O O E + 2 0  1 .  OOE+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  l .OOE+20 l . O O E + 2 0  1 . 0 0 E + 2 0  
SR-90 6 . 8 3 E + l l  2. 66E+11  2 . 4 3 € + 0 9  4 . 6 4 € + 1 0  7 .  7 7 E + 1 1  8. 14E+ll  1 . 0 8 E + 1 0  5.  42€+00 7 . 7 7 E + l l  2 . O M + l O  
SR-90 . 1 . 0 0 € + 2 0  l . O O E + 2 0  . 1 . 0 0 € + 2 0  l .OOE+20 1 . 0 0 E + 2 0  1 . 0 0 € + 2 0  l.OOE+?O l .OoE+ZO .l.OOE+ZO l.OOE+ZO 
5R-90 l . O 9 E + 2 0  l , O O E + 2 0  I .  00E+20 1 . 0 0 E + 2 0  1.OOE+20 l . O O E + 2 0  . I .  OOE+2O 1.00€+20 l.OOE+ZO 1 .,OOE+20 
ZR-95 1 .  OOE+20 1 .  OOE+2O 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 .  OOE+20 1 .  -+20 1 .  OOE+20 1 .  -00€+20 l.OOE+PO 1 .  00E+20 
ZR-95 1 .  OOE+20 1 .  00E+20 1 .  00E+20 1 .  00E+20 I .  00E+20 l.OOE+?O 1 .  OOE+2O 1 .  OoE+20 1 . 0 0 E + 2 0  l . O O E + 2 0  
ZR-95 ! . 0 0 E + I O  1 .  OOE+2O 1 . 0 0 € + 2 0  . I .  OOE+2O I .  OOE+2O 1 . 0 O E + 2 0  1 .  00E+20 1.0.0€+20 1 . 0 0 € + 2 0  1.0&+20 
NE-94 1 .  00E+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  1 . 0 0 € + 2 0  1 .  OOE+2O 1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  l . O O E + 7 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  
NB-94 1 .  03E+20 1 .  OOE+2O 1 .  00€+20 1.00€.+20 1 .  00E+20 1. 00E+20 1 . 0 0 E + 2 0  l . O O E + 2 0  1 . 0 0 € + 2 0  1 .  OOE+2O 
NR-94 1 .  03E+20 1 .  00E+20 1 .  OOE+ZO 1 . 0 0 E + 2 0  1 .  00E+20 1 . 0 0 € + 2 0  1 . OOE+ZO 1 .  OOE+20 1 . 0 0 E + 2 0  1 . 0 0 € + 2 0  
1.10-95 1 .  00E+20 1 .  00E+20 1 . 0 0 E + 2 0  1 .  ,OOE+20 1 .  OOE+2O l.OOE+ZO l.OOE+20 1 .  00E+20 1 .  00E+20 1 .  OOE+2O 
NE-95 1 .  03E+20 1 .  00E+20 1 00E+20 1 .  00E+20 I. 00E+20 1 . 0 0 E + 2 0  1 . 0 0 € + 2 0  1 .  OOE+ZO 1 .  00E+20 l.OOE+PO 
NE-95 l .OOE+20 1'. OOE+20 1 .  00E+20 1 . 0 0 € + 2 0  1 .  00E+20 1 . 0 0 E + 2 0  l .OOE+20 1 .  O M + 2 O  1.00E+2.0 1 . 0 0 E + 2 0  
IlO-99 1 .  O 0 E i 2 0  1 . 0 0 E i 2 0  1 .  00E+20 1 .  OOE+20 1 .  00E+20 1 . 0 0 E t 2 0  l .OOE+20 l.OOE+ZO 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  
M-99 1 .  03E+2O l .OOE+20 1 .  OOE+2O 1 .  00E+20 1 .  00E+20 1 . 0 0 € + 2 0  I. 00E+20 1 .  O M + 2 0  1 .  00E+20 l.OOE+?O 

TC-99 8. 5 b E ? 0 2  2 . 9 2 E + 0 2  8. 4BE+01 1 .  2 7 E + 0 3  5. 93E+02 4 . 3 2 E + 0 2  8. 43E+02 6.62€+02 1 . 9 3 E + 0 1  2. 66E+O2 
TC-99 1 .  03E+04 3. 5 2 E i 0 3  1 . 0 2 E + 0 3  1 .  5 3 E i 0 4  7.  1 6 E i 0 3  5 . 2 2 E + 0 3  1 . 0 2 E + 0 4  8.00E+03 2 . 3 2 € + 0 2  3. 2 l E + 0 3  
TC-99 2. 3 1 E i O 5  7 86EiO4 2 . 2 8 E * 0 4  3. 42E+05 1 .  6OE+OS 1 .  16E+O5 2 . 2 7 E + 0 5  1 .  78E+O5 5.  19E+03 7. 1 7 E + 0 4  
TC-99H 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 , 0 0 E + 2 0  1 . 0 0 € + 2 0  I .  00E+= I .  00E+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  
TC-99Il 1 . 0 0 € + 2 0  1 .  OOE+2O 1 . 0 0 € + 2 0  1 . 6 0 E + 2 0  . I .  OOE+20 1 .  00E+20 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 .  00E+20 1 .  OOE+2O 

RU-103 1 . 0 0 € + 2 0  1.OOE+20 1.OOE+2O 1 00E+20 1.OOE+ZO f.OOE+ZO 1 . 0 0 E + 2 0  1.OOE+20 1.. 00E+20 1 . 0 0 E + 2 0  
RU-103 1 .  00E+20 1 .  00E+20 I .  OOE+2Q 1 .  OOE+2O 1 .  00E+20 I. 00E+20 I .  00E+20 1 .  OOE+2O 1 .  00E+20 1 .  00E+20 
R U - 1 0 3  1 .  OQE+20 1 .  OOE+20 1 .  00E+20 1 ,  O O E + ~ O  1,OOE+20 1 . 0 0 E + 2 O  1 .  OOE+2O I .  00E+20 1.00E+20 1,OOE+2O 
RU-IO6 1 . 0 0 € + 2 0  1 .  00E+20 1. 00E+20 1 ,  00E+20 I .  OOE+2O 1 .  OOE+PO 1,OOE+20 1 .'OOE+2O 1 . 0 0 E + 2 0  1.00€+20 
R U - 1 0 6  1 .03E+ZO 1 .  G0E+20 1 .  OOE+20 1 . 0 0 E + 2 0  1 .  00E+20 l .OOE+20 1 . 0 0 € + 2 0  1 . OOE+ZO 1 . 0 0 E + 2 0  I. 00E+20 
RU-IO6 l .OOE+20 1 . 0 0 € + 2 0  I .  00E+20 1 . 0 0 E + 2 0  l.OOE+ZO I .  OOE+20 I .  OOE+20 l . O O E * 2 0  1 . 0 0 E + 2 0  1 .  00E+20' 

AG-108 1 .  00E+20 1 .  00E+20 1 .  00E+20 1 . 0 0 E + 2 0  I .  00E+20 1 .' 00E+20 1 . 0 0 E + 2 0  . 1 . 0 0 E + 2 0  1,00E+Z0 1 , 0 0 E + 2 0  
AC-108 1 .  OOE+2O 1 .  00E+20 1 .  00E+20 1 .  OOE+2O. I .  OOE+2O 1 . 0 0 E + 2 0  1 .  OOE+2O 1 , 0 0 E + 2 0  1 .  00E+20 l.OOE+PO 

AC-110 1 .  00E+20 1 .  OOE+2O 1 . 0 0 € + 2 0  1.OOE+2O 1 .  30E+20 l.OOE+ZO 1 .  00E+20 1 .  OOE+20 l.OOE+ZO 1 . 0 0 E + 2 0  
AG- 1 1  0 1 .  03E+20 1 .  OOE+2O I .  00E+20 1 .  OOE+20 1 . 0 0 E + 2 0  1 .  OOE+ZO 1 .  00E+20 I .  OOE+pO 1,OOE+20 l .OOE+20 
CD-109 1 .  OOE+2O 1 .  00E+20 1 . 0 0 E + 2 0  1 .  00E+20 1 .  OOE+PO 1. 00E+20 1 .  G0E+20 1 : OOE+2O 1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  
CD-109 1 .  OOE+ZO 1 .  OOE+2O 1 . 0 0 E + 2 0 . 1 .  03E+20 I .  00E+20 1. OOE+2O I .  00E+20 l . O M + 2 0  1 . 0 0 E + 2 0  l . O O E + 2 0  
CD-109 l .OOE+20 l .OOE+20 1 . 0 0 E + 2 0  1 .  COE+20 I .  00E+20 1 .  OOE+2O I .  00E+20 1 .  00E+20 l .OOE*20 1.. OoE+20 
SN-113 1 . 0 0 E + 2 0  ' 1 . 0 0 E + 2 0  1.OOE+2O 1 .  00E+20 1 .  00E+20 1 .  00E+20 1 .  OOE+PO 1 .  OOE+20 1 . 0 0 E + 2 0  1 .  00E+20 . 
S N - 1 1 3  1 .  03E+20 1 .  GOEi2O 1 .  00E+20 1 .  00E+20 1 .  GOE+20 1 .  00E+20 1: 00E+20 1 .  00E+20 l . O O E + 2 0  1. 00E+20 
S N - 1 1 3  1 . 0 0 € + 2 0  . 1 .  GOE+2O 1: 00E+20 1 .  @OE+20 1 OOE+2O 1 .  00E+20 I .  00E+20 1.00E+20 1 . 0 0 E + 2 0  l .OOE+20 . 
SN-126 5. 8 4 1 + 0 4  4 .  78E+O4 4 .  45E+03 2. 44E+04 5. 59E104 6. 036+04 3 . 6 9 E + O 4  2.44€+04 4 . 8 7 E + 0 4  2 . ' 4 4 8 + 0 4  
8N-126 1 . 0 3 E G ? O  1 .  00E+20 1 . 0 0 € + 2 0  1 .  CC)E+20 1 .  00E+20 1 .  OOE+20 1,00E+20 1 . 0 0 E + 2 0  1 . 0 0 € + 2 0  1.OOE+zO 
SN-126 1 . 0 0 € + 2 0  l .OOE+20 1.OOE+20 1 ,  GOE+20 1 .  OOE+2O 1 .'00E+20 . 1 , 0 0 E + 2 0  1 .  oOE+20 1 . 0 0 E + 2 0  1 .  m + z O  
88-124 1 .  OOE+2O l .OOE+20 l.OOE+ZO 1 .  00E+20 1 .  00E+20 1. 00~+20 1 . 0 0 ~ + 2 0  1 .  oOE+20 1 . 0 0 € + 2 0  1 .  OOE+po 
5 0 - 1 2 4  l .OOE+20 l.OOE+ZO' 1.OOE+2O 1 . 0 0 € + 2 0  l .OOE+20 1 . 0 0 E + 2 0  1.00E+20 I .  OOE+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  

38- 125 1 .  00E+20 1 .  00E+20 1.OOE+20 . 1 .  00E+20 1 .  00E+20 1 .  OOE+ZO I .  O O E + ~ O  1 .  OOE+20 1 .  00E+20 l .OOE+PO 

140-99 i . 0 0 ~ + 2 0  i . 0 0 ~ + 2 0  I .  0 0 ~ + 2 0  I .  0 0 ~ + 2 0  I .  00~+20 i . 0 0 ~ + 2 0  i . 0 0 ~ + 2 0  I .  O O E + ~ O  i . O O E + ~ O  I .  OOE+PO 

TC-9914 i . 0 0 ~ + 2 0  I .  00~+20 1 . 0 0 ~ + 2 0  i . 0 0 ~ + 2 0  1 .  o o ~ + z o  I .  00~+20 I .  0 0 ~ + 2 0  I .  00~+20 I .  00~+20 i . 0 0 ~ + 2 0 .  

AC-108 1 . 0 0 E + 2 0  1 .  0 0 € + 2 0 . 1 .  00E+20 l .OOE+20 1 .  OOE+2O l .OOE+20 1 . 0 0 E + 2 0  l .OOE+20 1 . 0 0 € + 2 0  1 .  oM+20 

A C - 1 1 0  1 .  0 0 E + 2 0 . l . O O E + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0 .  1 : 00E+20 1 . 0 0 E + 2 0  1, 00E+20 l ,OOE+20 1 .  OOE+2O 1 . 0 0 E + 2 0  

s a - 1 2 4  i .  00~+20 i . 0 0 ~ + 2 0  1 .  O O E + ~ O  1.. 00~+20 1 . 0 3 ~ + 2 0  1 .  O O E + ~ O  I .  O O E + ~ O  I .  00~+20 1 . 0 0 ~ + 2 0  1 . 0 0 ~ + 2 0  

sa- 125 1 .  00E+20 1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1 .  @QE+20 1 .  OOE+2O I. OOE+2O 1 . 0 0 E + 2 0  l . O O E + l O  1 .  oOE+20 
SB-125 1 - O M + 2 0  .I .  OOE+2O 1 . 0 0 € + 2 0  1 ..OOE+20 1 .  OOE+?O 1 .  00E+20 1 .  00E+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  I. 00E+2O 
1 - 1 2 5  1 .  OOE+20 1 . 0 0 € + 2 0  I .  00E+20 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 .  00E+20 1.OOE+20 1 . 0 0 € + 2 0 *  1 . 0 0 E + 2 0  
1 - 1 2 5  . l.OOE+ZO l .OOE+20 I .  00E+20 1. COE+20. l .OOE+20 1 - O M + 2 0  i . 0 0 E + 2 0  I .  oOE+20 l.OOE+ZO i . 0 0 ~ + 2 0  
1 - 1 2 5  1 .  30E+ZO 1 .  00E+20 I .  OOE+2O. 1 . 0 0 E + 2 0  l.OOE+ZO 1 .  00E+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  1.00E+20 I .  0 0 ~ + 2 0  
1 - 1 2 9  6. 47E+02 4 .  6 8 E i 0 3  5.  47E+03 1 .  7 3 E i 0 2  7 .  l l E i O 2  7 .  39E+O2 5. 9 1 E * 0 2  5. BC)E+02 7. 3 l E - 0 2  2. 43E+00 
1 - 1 2 9  7 .  74E+O3 5. 6OE+OJ 6. 54E*04 2. 07E+03 8 .  5 2 E i 0 3  8. 85E+03 7 .  07E+03 6 .  94E+03 8 .  74E-01 2. 9 1 E + 3 1  
1-12'? 1 .  7 1 E * 0 5  1'. 24E+O6 1 .  45E+O6 4 .  SSE+O4 1 .  89E+05 1 . '96€+05 1 .  5 6 E i 0 5  1 .  54E+O5 1 .  9 3 E i 0 1  6 .  4 3 E i O 2  
1-131 1 .  00E+20 1 .  OOE+?O I .  00E+20 1 .  00E+20 1 .  00E+20 1 .  OOE+ZO 1.OOE+20 1 .'00E+20 1 . 0 0 € + 2 0  1.00E+20 
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P-UL 
P-Bu 
I -UL 
P-UL 
P-8U 
I-UL 
P-uL 
P-SU 
1 -UL 
P-UL 
P-5U 
1 -uL 
P-UL 
P-SU 
I -UL 
P-UL 
P-su 
I -UL 
P-UL 
P-su 
I -UL 
P-UL 
P-su 
1 -UL 
P-UL 
P - s u  
I -UL 
P-UL 
P-su 
I -UL 
P-UL 
P - s u  
1 -UL 
P-UL 
P-su 
I -UL 
P-UL 
P-su 
1 -UL 
P-UL 
P-SU 
I -UL 
P-UL 
P-su 
I -UL 
P-UL 

I -UL 
P-UL 
P-su 
I -UL 
P-UL 
P-su 
1 -UL 
P-UL 
P-S# 
I -UL 
P-UL 
P-su 
1 -UL 
P -UL 
P-su 
1 -UL 

p-sw 

1-131 1. -+20 1. OOE+20 1. OOE+2O I. M + 2 0  1. OOE+20 .l. ooE+20 l .OoE+PO l.OOE+ZO l .OOE+20 l .OOE+20 
1-131 .l. 1.00E*20 l.OM+20 L .OM+20 .  l.OOE+?O 1.00€+20 1. M+20 l.OOE+ZO 1.  -+20 l . .OoE+20 
CS-134 1 .  -+70 1. OOE+70 1.00E+2O 1 .  00E+20 1. OOE+20 1.00€+20 1. -+20 1.00€+20 1. -+20 1. ooE+20 
CS-134 l .OOE+20 1 . 0 0 E + 2 0  1. OOE+ZO 1. 00€+20 l . O o E + 2 0  l.OOE+ZO 1 .ooE+20  1. OOE+ZO l.OOE+?O I .  0=+20 

CB-135 1.  14E*03  3 . 3 1 E * 0 6  2 .38E+O6 1 .93E+O5 1. 14E+05 1.. 1 4 E M 5 '  1. 14€+05 9:81E+04 1. lJE*O5 1.  13E+03 

CS-135 l t O 0 E + 2 0  l .OOE+20  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  I. ooE+20 I. OOE+20 I. M+20 1,=+20 I. OOE+20 1. m+20 

cs-134 1. O O E + ~ O  1 .  O O E + ~ O  I .  ooE+eo I. 0 0 ~ + 2 0 '  I .  OOE+XI I. OOE+~O 1. o o ~ + a  I. O O E + ~  I. O O E + ~  I. o ~ E + ~ o '  

cs -133  1. O O E + ~  1. O O E + ~ O  I. 00~+20 .I. OOE+ZO I .  0 9 ~ + 2 0  1 .  OOE+IO i. oOE+ao I. -+PO 1.  OOE+PO I. 0 0 ~ + 2 0  

C6-136 1. 00E+20 1 .  .OOE+2O 1. 00E+2O 1 .  OOE+20 I. OOE+2O 1 .0OE+10  
CS-136 1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1. OOE+20 1. 00E+20 t .OOE+20 I. OOE+20 
CS-136 l .OOE+20 1 . 0 0 E + 2 0  1 . 0 0 E + 2 0 ,  1 . 0 0 E + 2 0  I. 00E+20 l .OOE+20  
CS-137 l . O M + 2 0  1 . 0 0 E + 2 0  l .OOE+20 I. 00E+20 1 . 0 0 E + 2 0  l .OoE+ZO 
CS- 137  1 .09€+20  1 . 0 0 E + 2 0  1 .  OOE+2O 1 . 0 0 € + 2 0  I. OOE+20 l .OOE+20  
CS-137 l .OOE+20 1 00E+20 1. 00E+20 1. GOE+20 1 .  03E+20 l.OO€+ZO 
BA-140 1. 00E+20  l .OOE+IO 1. OOE+20 1. 03E+20 I. OOE+20 1 .  OOE+20 
BA-140 1. OOE+20 1 .  OOE+20 1 . 0 0 E + 2 0  1 . 0 5 E + 2 0  .l. 00E+20 1 .  OOE+20 
SA-140 1 OJE*20 1.00E+20 1 00E+20  1 . 0 3 € + 2 0  1 . 0 0 E + 2 0  1 .00€+20  
LA-140 1. 03E+20  1 00E+20 1 .  00E+20 1 .  03E+2O 1. OOE*20 1. OOE+2O 
LA-140 1 .  OOE+2O 1 .  00E+20 1 .  OOE+20 1. 03E+20 1. 00E+20 1 .  OOE+20 

CE-141 1 .00E+20 .  l .OOE*20  1. 00E+20 1. GOE+ZO 1. 00E+20 1. OOE+20 
CE-141 1 .  OOE+2O 1 .  00E*20 1. OOE+20 1 .  03E+20 I. 00E+20  1 .  OOE+20 
CE-141 1. 00E+20 1 . 0 0 E * 2 0  1 .  OOE+2O 1.  COE+20 I. 00E+20 1 .  00E+70 
CE-144 1 . 0 0 E + 2 0  1 .  00E+20 1. OOE+20 1. 00E+20  1.OOE+20 I. OOE+2O 
CE-144 1 . 0 0 E + 2 0  1. 00E,+20 1.  OOE+2O 1 .  00E+20  1 .  00E+20  ' l .OOE+20  
CE-144 1. 00E+20  1. OOE*20 1 00E+20 1 .  00E+20 1. 00E+20 . l .O0E+20  
EU-152 1 .  OOE+20 l .OOE+20  1. 00E*20 1 .  OOE+2O I. OOE+20 1 .  00E+20  
EU-152 1 . 0 0 E + 2 0  l .OOE+20 1. GOE+2O 1 . 0 0 E + 2 0 '  I. 00E+20 1: 00E+20  
EU- 1 5 2  1 .  00E+20  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1. OOE+2O 1 .  OOE+20 l .OOE+20  
EU-134 1. 74E+17 1 . 4 6 E + 1 7  2 . 0 0 E + 1 6  0. 27E+16 1. 5VE+17 7 . 0 3 E + 1 6  
EU-154 l .OOE*20  .l . 0 0 E + 2 0  1. OOE+2O 1 .  OOE+2O l.OOE+ZO l .OOE+20 
EU-154 1.  00E+2O 1 . 0 0 E * 2 0  1. 00E+20 1. OOE+2O 1 .  OOE+20 1. 0OE+20 
YB-169 1 .  00E+20 1 .  OOE+2O 1. 00E+2O' l.OOE+PO 1 .  OOE+ZO l .OOE+20  
YB-169 1. OOE+20 1 .  00E+20 1. dOE+20 1 .  @0E+20 1. 00E+20 l .OOE+20 
Y8-169 1. OOE+20 1 . 0 0 € * 2 0  1. 00E+20 1 . 0 0 E + 2 0  1. OOE+2O 1. OOE+20 
PB-210 1. 03E+20  1 . 0 0 E + 2 0  1. 00E+20 1 .  00E+20 1 .  00E+20 l .OOE+20  
PB-210 1 .09€+20  l .OOE+20  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  l.OOE+ZO 

PO-210 1 . 0 0 E + 2 0  1 . 0 0 € + 2 0  l.OOE+SO 1 . 0 0 E * 2 0  l .OOE*20  l.OOE+ZO 

LA- 140 I .  0 0 ~ + 2 0  i . 0 0 ~ + 2 0  I .  0 0 ~ + 2 0  I .  0 0 ~ + 2 0  1 . 0 0 ~ + 2 0  I. -+20 

pa-210  i . 0 0 ~ + 2 0  i . 0 0 ~ + 2 0  i . 0 0 ~ + 2 0  1. O O E + ~ O  I.  0 0 ~ + 2 0  1. 0 0 ~ + 2 0  

PO-210 1 . 0 0 E + 2 0  1.. 00E+20 1 .00E+2O 1 .  00E+20 1. 00E+20 1 .  OOE+ZO 
PO-210 1 . 0 0 E + 2 0  l .OOE+20 1 . 0 0 E + 2 0  1 .  00E+20 1 .  00E+20 1. OOE+20 
RN-222 1 ~ W E + 2 O  1.  (50E+20 1. 00E+20  . I .  OOE+2O 1 . 0 0 E + 7 0  l .OOE+20 
RN-222 1 . 0 0 E + 2 0  1.00E+20 1 .  00E+20 I .  00E+20 1. 00E+20 1 . 0 0 E + 2 0  
RN-222 1 . 0 3 E + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1 , 0 0 E + 2 0  1. 00E+20 1.OOE+20 
RA-226 0. 50E*O2 1 .62E*O4 1 40E+03 1 .  54E+02 0. 31E*02  0. 53E+02 
RA-226 6. 17E+06.  1 .  17E*08 1. 07E*07  1 .  l l E + O I  6. 17E*O6 6. 19E+O6 
RA-226 1 . 0 3 € + 7 0  1 . 0 0 E + 2 0  1.OOE+2O 1 . 0 0 E t 2 0  1: 00E+20 1 . 0 0 E + 2 0  
RA-228 l tOOE+20  1. OOE+2O 1 .00E+20  1. 00E+20  1 .  OOE+20 1 .  OOE+20 
RA-228 l.OOE+PO 1 . 0 0 € + 2 0  1 , 0 0 E + 2 0  l . O 0 E + 2 0  1 . 0 0 E + 2 0  I. 00€+20 -~~ 
RA-220 1.OOE+20 
AC-227 1 . 0 0 € + 2 0  
AC-227 1. OOE+2O 
AC-227 1 00E+20 
in-228 I 0 0 ~ + 2 0  
TH-220 1 0 0 ~ + 2 0  
TH-220 1 0 0 ~ + 2 0  
TH-229 1 0 3 ~ + 2 0  

TH-230 1 O O E + ~ O  
TH-230 1 0 0 ~ + 2 0  

in-232 I O O E + ~ O  

TH-229 1 03E+20  
TH-229 1 O0E+2O 

TH-230 1 O'JE+20 

l .OOE+20 
1 .* GOE+2O 
1 .  00E+20 
1 .  OOE+2O 
1 .,00E+20 
1 . 0 0 E + 2 0  
1 00E*20  
1 .  00E+20 
1 .  00E+20 
1 .  OOE+20 
1 OOE+2O 
1 .  00E+20 
1. 00E+20 
1 . 0 0 E * 2 0  

1 OOE+20 

1 00E+20 
1 00E*2O 
1 00E+20  
1 00E+20 
1 OOE+2O 
1 00E+20  
1 00E+20 
1 OOE+20 
1 00E+20 
1 OOE+2O 
1 00E+2O 
1 00E+20 

1 OOE+2O 

- - _ _  _ -  
1,00E+20 l.OOE+2O 1. ooE+20 
1 . 0 3 E + 2 0  1 .  00E+20 l .OOE+20 1. 
1 . 0 0 E + 2 0  1. OOE+2O 1 .  00E+20  1. 
1 .  00E+2O 1 . 0 3 E + 2 0  1 .  GOE+20 1. 
1. 00E+20 1 . 0 0 E * 2 0  1.  OOE?zo 1. 
1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  1. 
1 .  COE+2O 1. OOE+20 1 . 0 0 E + 2 0  I :  
1 .  00E+20 '1 .  00E*20  1. 00E+20 1, 
1 .  00E+20 1 . 0 0 E + 2 0  1.  oOE+20 1. 
1 .  COE+2O 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  1. 
1. 03E+20  1,. 00E+20 1 .  oOE+20 1. 
1 .  @9€+20 1.00€+20 1.0OE+70 1. 
I .  00E+20 1 .  00E+2O 1.  GOE+ZO 1. 
1. .@OE+20 1 .  OOE+2O l .OOE+20  1. 

_ _  
. OOE+2O 1 .'00€*20 1 .  00E+20 l . O o E + 2 0  
oM+20 1.00€+20 l .OOE+20  l .OoE+20  

. 0 0 E + 2 0  1 .  ooE+20 1 .  00E+,20 l .OOE+20 

. OOE+20 1.00€+20 1 : 00E+20 l .OOE+20  

. OOE+20 l .OOE+20  1 .09€+20  l .OOE+20  

. ooE+20 l .OOE+20 l .OOE+20  l .OOE+20 .' 

. 0 0 E + 2 0  l .OOE+20  l .OOE+20  1 . O M + 2 0  
: 09€+20 1 . 0 0 E + 2 0  l.OOE+ZO 1.00€+20 

OOE+20 1. 00E+20 1 .  00E+20 1 .  00E+20  
00E+20 l .OOE+20  l .OOE+20  l .OOE+20  
00E+20 1 .  00E+20 1 .  00E+20  1. 00E+20 
M + 2 0  l t O O E + 2 0  1 . 0 0 E + 2 0  l .OOE+20  
oM+20 1 .. OOE*20 1 . 0 0 E + 2 0  1. ooE+20 
OOE+20. 1 .  OoE+20 1. 00E+20  1 . 0 0 E + 2 0  
00E+20  1.  OOE+20 1 . 0 0 E + 2 0  I l . O 0 E + 2 0  
O M + 2 0  l . O O E + 2 0  1.00€+20 l .OOE+20  
0 0 E + 2 0  1 .00€+20  l .OOE+20  l .OOE+20  
OoE+20 l . O M + l O  1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  
0 0 E + 2 0  1 .  00€+20 1 .  OOE+2O 1 .  OOE+20 
OOE+2O l . O o E + 2 0  1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  
00E+2O 1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  l .OOE+20  
23E+17  3. 86E+16 1 .4VE+17  0 . 2 7 € + 1 6  
OOE+2O l . O O E + 2 0  1 . 0 0 € + 2 0  l .OOE+20  
00E+20 1.  oOE+20 1 . 0 0 E + 2 0  l .OOE*ZO 
OOE+20 1 .09€+20  l.OOE+ZO 1 . 0 0 E + 2 0  
OOE+20 1 . 0 0 E + 2 0  1 . OOE+PO 1 . 0 0 E + 2 0  
OOE+20 1.00€+20 l.OOE+ZO l . O M + 2 0  

. 0 0 E + 2 0  l . O O E + 2 0  l .OOE+20 1 . 0 0 E + 2 0  

. ooE+20 l .OOE+20  1 . 0 0 E + 2 0  l .OOE+20 

. OOE+ZO 1.  00E+20  1 . 0 0 E + 2 0  1 .  OOE+2O 

. OoE+20 1. OoE+20 1. OOE+2O 1. OOE+20 
00E+20  l .OOE+20  l.OOE+ZO 1. ooE+20 
00E+20  l . O M + 2 0  1.  ooE+20 1.0OE*20 
00E+20 1.00€+20 1 .0&+20  l .OoE+ZO 
0 0 E + 2 0  l .OOE+20  1 .  oOE+20 l . O M + 2 0  
OOE+2O 1 .00E*2O 1.00€+20 l .OOE+20 ' 

36E+02  2 .63€+01  8 . 4 1 E * O 2  3.73€+02 
71E+O6 1.91E+O5 6. 10E+O6 2 .  71E+O6 
00E+20 l.OOE+ZO l .OOE+20  1 . 0 0 E + 2 0  
OOE+20 
OOE+20 
OM+20 
00E+20 
00E+20  
00E+20 
00E+20  
OOE+2O 
00E+20  
0 0 E + 2 0  
00€+20 
OM+PO 
OOE+2O 
00E+20 
00E+20  
OOE+2O 

l .OOE+20  1. 
l .OOE+20 1. 
1. oOE+20 1. 
1.00€+20 1 .  
1 . 0 0 E + 2 0  1. 
l .OOE+20  1.  
l . O Q € + 2 0  1.  
1 . 0 o E + 2 0  1 .  
1 .0OE+20  1. 
l . O O E + 2 0  1. 
l . O O E + 2 0  1. 
1 . 0 0 E + 2 0  1 .  
1 .0OE+20  1 .  
1 .00€+20  1. 
l:OOE+20 1 .  
l .OOE+20  1. 

OOE+20 
ooE+20 
00€+20 
OOE+20 
00E+2O 
00E+20  
OOE+2O 
00E+20 
OOE+2O 
OOE+2O 
00E+20 
00E+20  
OOE+2O 
OOE+2O 
OOE+2O 
OOE+2O 

1.  ooE+20 
l.OOE+ZO 
l .OOE+20  
1 .  0OE+2O 
1 .  OOE+2O 
1 . 0 0 E + 2 0  
1 .  0 0 E + 2 0  
1. ooE+20 
1 .  OOE+2O 
1 .00E+20  
1 . 0 0 E + 2 0  
1 . 0 0 E + 2 0  
l . O 0 E + 2 0  
l .OOE+20  
1 . 0 0 E + 2 0  
1. OOE+2O. 
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INVIMPS Example 1 U t i l i t y  Output ( C o n t i n u e d )  

P-UL 
P-SU 
I -# 
P-UL 
P-8U 
1 -nL 
P-UL 
P-SU 
I - U L .  
P-UL 
P-SU 
I -UL 
P-UL 
P-SU 
1 -UL 

P - U l  
P-SW 
I -UL 
P-UL 
P - s u  
1 -UL 
P-UL 

in-232 
~n-232 
PA-231 
PA-231 
PA-231 
u-232 
U-232 
U-232 
U-233 
U-233 
U-233 
U-234 
U-234 
U-234 
U-235 
U-235 
U-235 
U-236 
U-236 
U-236 
u-238 
U-238 

1 .00€+20 I .  OoE+20 
l .OOE+20 1 .  ooE+20 
1 .  00€+20 1 .  OOE+IO 
l .OOE*20 1 . 0 0 € + 2 0  
I .  OoE+20 1 .  OoE+20 
1 .  ooE+20 1 . 0 0 € + 2 0  
1 . 0 0 E + 2 0  1 . 0 0 E + 2 0  
1 . 0 0 E + 3 0  1 .  00E+20 
l . O o E + l O  1 .  OOE+20 
1 .  00€+20 1 . 0 0 E + 2 0  
1 .  OoE+ZO 1 . 0 0 E + 2 0  
1 . 0 0 E + 2 0  I .  OOE+PO 
1 .  OoE+20 1 .  OOE*2O 
1 .  OoE+20 1 .  OOE+ZO 
1 .  00E+20 l .OOE+20 
1 .  OOE+20 1 .  00E+20 
l.OOE+20 1 . 0 0 E + 2 0  
1 .  OOE+2O 1 .  OOE+ZO 
1 .  OOE+ZO 1 .  00E+20 
1 . 0 0 E + 2 0  1 .  00E+20 
1 . 0 0 € + 2 0  1 .  OOE*20 
1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  

1. OOE420 
1 .  oM+20 
I. 00E+20 
1 . 0 0 € + 2 0  
I ., 00E+20 
1 .  OOE+20- 
l . O O E + 2 3  
1 . 0 0 E + 2 0  
I .  00E+20 
1 . 0 0 E + 2 0  
l . O O E + 2 0  
1 . 0 0 E + 2 0  
1 .  OOE+2O 

00E+20 

. OOE+2O 
OOE+2O 

.00E+20 
00E+20 

.00E+20 

. OOE+2O 
00E+20 

: 00E?20 
1 . 0 0 E + 2 0  
1 . 0 0 E + 2 0  
1 .  OC)E+20 
l.OOE+20 
1 .  OOE+ZO 
1 . 0 0 E + 2 0  
I .  OOE+ZO 
l .OOE+20 
1 .  OOE+20 

P-SU PU-238 1 00E+20 1 00E+20 1 00E+20 
I-UL PU-239 1 O X + 2 0  1 OOE+20 1 00E+20 
P-UL PU-239 1 OC)E+20 1 OOE+2O 1 00E+20 
P-SW PU-239 l .OOE+20 1 OOE+20 1 00E+20 
I-UL PU-240 1 00E+20 1 00E+20 1 00E+20 
P-WL PU-240 1 OC)E+20 I OOE*2O 1 00E+20 

c 

6400 

P-SU U-238 1 .  OOE+ZO 1.00€+20 1 . 0 0 € + 2 0  l.OOE+ZO 1 . 0 0 € + 2 0  l . O o E + 2 0  l.OOE+ZO 
I-UL W-237 1 .  33E+04 2.86€*05 9. 36E+O3 1 .  92E+03 9. 16E+O2 1 .  20€+02 3. 16E+02 

P-SU 
I -UL 
P-UL 
P - s u  
I -UL 
P-UL 
P - s u  
I -UL 
P-UL 
P - s u  
I -UL 
P-UL 
P-SU 
I -UL 

.P-UL 
P-SU 
I -UL 
P-UL 
P - s u  
I -UL 
P-UL 
P - s u  
I -UL 
P-UL 
P - s u  
I -UL 

P-UL NP-237 1 . OOE+2O 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 .  OOE+2O 1 .  OOE+ZO 
P-SU NP-237 1 . 0 0 € + 2 0  l..OOE+20 1. 00E+20 I .  00E+20 1 .  00E+20 
I-UL PU-236 l .OOE+20 1 . 0 0 € + 2 0  l . O O E + 2 0  l.OOE+ZO 1 . OOE+W 
P-UL PU-236 1 . 0 0 € + 2 0  1 .  OOE+20 1. 00E+20 1 . 0 0 E + 2 0  I .  Oot+ZO 
P-SW PU-236 1 . 0 0 € + 2 0  1 .  OOE+2O 1 . 0 0 E + 2 0  I .  00E+20 1 . 0 0 € + 2 0  
I -UL PU-238 l .OOE+20 l .OOE+20 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  I .  OOE+2O 
P-WL PU-238 l . O I K * Z O  1 .  00E+20 I .  00E+20 l.OOE+ZO 1 .  ooE+20 

00E+20 
00E+20 

OOE+2O 
OOE+ZO 
OC)E+20 
00E+20 
006+20 
OOE+20 

1 .  00E+20 l . O o E + 2 0  
l .OOE+20 l.OOE+ZO 
l . O o E + 2 0  l .OOE+20 
1 .  ooE+20 1 . 0 0 E + 2 0  
1 . 0 0 E + 2 0  1 , 0 0 E + 2 0  
I .  ooE+20 I .  ooE+20 
1 .  00€+20 l . o o E + 2 0  
1 .  M + 2 0  l . O o E * 2 0  
1 .  OoE+20 1 .  ooE+20 

ooE+20 
ooE+20 
OoE+20 
ooE+20 
OoE+20 
00€+20 
ooE+20 
OoE+20 
OoE+20 
ooE+20 
O M + 2 0  
21E+01 

1 . 0 ~ + 2 0  
1 .  OOE+Z,O 
1.00€+20 
1 . 0 o E + 2 0  
1.00€+20 
l . O o E * 2 0  
I. 00€+20 
1.00€+20 
1 - OoE+20 

1 .  
1 .  
1 .  

ooE+20 1 ooE+20 
00€+20 1 00€+20 
ooE+20 1 OoE+20 

1 00E+20 1 OOE*2O 
1 OoE+20 1 ooE+20 
1 OOE+20 1 OoE+20 
1 00E+2O 1 00€+2O 
1 ooE+20 1 OoE+10 
1 m+20 1 ooE+20 
1 00€+20 1 ooE+20 
1 00E+20 1 oM+20 
1 38E+04 4 1oE+O2 
1 OOE+2O 1 OoE+20 
1 OOE+2O 1 OOE+20 
1' OOE+2O 1 OOE+20 
1 00E+20 1 OOE+2O 
1 m+20 1 OOE+20 
1 OOE+2O 1 ooE+20 
1 ooE+20 1 ooE+20 . 
1 OoE+20 1 oOE+ZO 
1 00E+20 1 m+20 

00E+20 1 OoE+20 1 00E+20 1 O M + 2 0  1 OOE+2O 1 m+20 
OOE+ZO 1 00€+20 1 ooE+20 1 OoE+20 1 ooE+20 1 ooE+ZO 
OOE+20 1 OoE+20 1 OOE+2O 1 OOE+20 1 OoE+20 1 ooE+20 
@0E+20 1 OOE+2O 1 00E+20 1 OOE+20 1 00E+20 1 00€+20 
ooE+20 1 OoE+20 1 OOE+20 1 OoE+20 1 OoE+20 1 ooE+20 
00E+20 1 OoE+20 1 00E+20 1 00€+20 1 ooE+20 1 ooE+20 

~~~ ~ . .~ ~~ ~ ~~~ -~ 
PU-240 1.09€+20 1.00€+20 1 , 0 0 E + 2 0  OOE+20 
PU-241 1.O.OE+2O l .OOE*PO 1 .  OOE+20 OOE+2O - ~ ~ -~ ~ 

PU-241 1.00€+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  0oE+20 

PU-842 l . O o E + 2 0  I .  OOE+2O I.OOE+20 I .  OOE+ZO 1 . 0 0 € + 2 0  1.0M+20 1.OOE+20 1.0OE+20 l.ooE+20 l.ooE+70 
PU-242 l . O M * 2 0  1 .  00€+20 1 .  00E+20 1 .  00E+20 1 .  OOE+ZO 1 .  OoE+IO 1 .  OOE+20 1 .  OOE+20 1 .  ooE+20 l .OoE+PO 
PU-242 1 . 0 0 E + 2 0  l . O O E + 2 0  1 . 0 0 E + 2 0  1.. 00E*Z0 1 . OOE+2O 1 .  OOEi2O 1 . 0 0 E + 2 0  1 .  ooE+20 1 .  ooE+20 1 . 0 0 € + 2 0  
PU-244 1.OOE+2O 1 . 0 0 € + 2 0  1 . 0 0 € + 2 0  1 . OOE+ZO l . O O E + 2 0  1.0OE+pO 1 . 0 0 € + 2 0  1 .  ooE+20 l . O o E + 2 0  l.ooE+20 
PU-244 1 . 0 0 € + 2 0  1 . OOE+2O 1 . 0 0 € + 2 0  l.OOE+ZO 1.OOE*20 1.008+20 1 , 0 0 E + 2 0  1.00€+20 1.00€+20 I. OOE+20 
PU-244 1 .  OOE+PO 1 .  OOE+20 I .  00€+20 1 ., O M + 2 0  I .  00E+20 1 .  ooE+20 1 .  ME+20 1.00€+20 1 .  =+20 1 .  00€+20 
An-241 2 .23316 l .OOE+20 1 . 3 1 € + 1 6  2. 74E+15 1 . 2 3 € + 1 5  1 .  6 1 E + 1 4  4 , 2 9 E + 1 4  3.4=+13 2 . 2 8 € + 1 6  5 . 9 8 € + 1 4  
AN-241 l . O O E * 7 0  l.OoE*.20 1 . 0 0 € + 2 0  1 .  OOE+ZO l . O O E + 2 0  1 .  ooE+20 1.ooE+20 1.00€+20 1.ooE+20 l . o O E + 2 0  
AH-241 l . O o E + 2 0  1 . 0 0 € + 2 0  I .  00E+20 l .OoE+ZO I .  OOE+20 I .  -+20 1 .  ooE+po 1.0=+20 1 .  =+20 1 ,  =+20 
An-243 8 . 9 4 € + 0 3  1 . 0 1 € * 0 5  5 . 4 3 € ? 0 3  1 . 2 0 € + 0 3  5 . 4 6 E + O 2  7 .  07E+01 I .  8=+02 1 . 4 1 € + 0 1  9. 1OE+03 2.3&+02 
An-243 l . O M + 2 0  1 . 0 0 € + 2 0  1 .  OOE +20 1 . OOE+ZO 1 . 0 0 € + 2 0  1 .  OOE+20 1 . 0 0 E + 2 0  I .  OOE+PO 1 .  oM+20 1 .  -+PO 
AU-243 1 .00€+20 1.00€+20 1.00E+20 1 . 0 0 € + 2 0  1 . 0 0 E + 2 0  1 .  =+20 1.OoE+20 l .OOE+20 1 .  -+20 1. ooE+20 ' 

CH-242 l.OC)E+IO l.OOE+?O 1.OOE+2O 1 . OOE+ZO I .  OOE+20 1 .  oOE+20 I .  W ~ + 2 0  I .  00€+20 i .OOE+20 1.00E+20 
CH-242 1 . 0 0 € + 2 0  l . O O E * 2 O  1 . 0 0 E + 2 0  l . O O E + 2 0  l . W € + ? O  l . O O E + 2 0  1 . 0 0 € + 2 0  I .  ooE+20 lIOOE+20 1 .  ooE+20 
CM-243 I .  OOE+2O 1 .  00E+20 1 . 0 0 € + 2 0  I.OOE+ZO 1 .  OM+2C 1 .  OOE+20 1 .  OoE+20 1 .'00€+20 1 .  00E+20 1.00E+20 

OOE+2O 1.OOE+% 1.OOE+?O i,OOE+20 l.OOE+?O 1 .  . ooE+20 
PU-241 I .  OM+W I .  OOE+IO 1 .  OOE+PO 1 . . O O E + ~ O  I. o o ~ + 2 0  1 .  O O E + ~ O  1 .  o o ~ + 2 0  I .  oo~+20 1 .  -+PO I .  00€+20 

CM-242 1 . 0 0 E + 2 0  1 . 0 0 € + 2 0  I .  00E+20 1 .  00E+26 I .  00E+20 I .  OOE+20 1,  00~+20 1 ,  0=+20 1 .  O O E + ~ O  1 ,  -+20 . 

c n - 2 4 3  I .  ooE+20 1 .  OOE+W I .  00~+20 . I .  00~+20 I .  0 0 ~ + 2 0  I .. oo~+20 I .  =+IO 1 .  OOE+ZO 1.00~+20 I ,  =+20 
CU-243 1 .  OOE+ZO I. 00~+20 i. OOE+ZO 1 .  OOE+ZO 1 .  OOE+ZO I .  O O E + ~ O  I .  oo~+20 I .  OOE+ZO I .  O O E + ~ O  . I .  00~+70 
CH-244 1.00€+20 1 .  QOE+20 - l . O O E * I O  l.OOE+ZO 1 .  ?JOE+20 l . O O E * 2 0  l.OOE+?O l . O o E + 2 0  I. OOE+20 l.OOE+PO 

.CH-244 1 .  00E+20 1 .  OOE+20 1 .  00E+20 l.OOE+ZO 1 . OOE*ZO I .  0OE+20 l .OOE+20 I .  ooE+20 l . O o E + 2 0  1 . O o E + 2 0  
CH-244 1.03E+?O I .OOE+20 I .  OOE.+ZO l .OOE+ZO 1 . OOE+ZO l . O O E + 2 0  i . OOE+2O I .  W + 2 0  I .  OOE+20 1 . 0 0 E 4 2 6  
CH-240 3. 5 1 E 1 0 3  2. 66E+OJ 1 .  8 9 E 1 0 3  5. 19E+O2 2. 5bE+02 3. 3OE+01 3. 41E+02 2. 3&+01 4 .  33€+03.2.39€+02 
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I N V I M P S  Example 1 Utility Output (Continued). 
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SANITARY LANDFILL 
LIFE- 20 OWL- 1 
REON- 2 DATA- . 0 
lPOP- 1 INST- 3 

INV'IMPS Example 2 Summary Output 

UASTE: INCIBLF UEIQHT. 1 00E+02 H l  DENSITY: ~l.OoE+Oo HT/M3 

ID- 3 IA- 1 I K l -  0 IM2- 0 PROCESS- 3 
1xs- 4 100 1 4 
lCS- 50 20 20 10 

, 

ALL UASTE 
S U M Y  OF HINItlUNS 

SUUSTREM-1 _______________--__---------------------------------------------------- ----------------- 
IllT-CO INT-AO IN-UAT ER-UAT OP-IN0 OP-RUR LA-OPS L4-OVF ' m-MX RC-PPBW 

14-3 I .  O O E + ~ ~  9. 7 9 ~ 1 0 0  I om+3e 1. O O E + ~ B  i . ,98~+0? 1 .  aoE+s I. IM+M 9. 43E+01 0. OOE+OO 0. OOE+OO 
C-14 1 GOE+38 2.00€*01 3 79€+04 3.39€+02 2.7QE+03 1.OOE+30 1.09E*04 7.07€+01 O.OOE+OO O.OOE+OO 
NA-22 I. 71E+00 6. 13E-01 1.96€*0¶ I. OOE+30 2.396*03 9.,13€-02 l.OOE+30 6.07E+04 3.31E-03 O.OOE+OO 
P-32 1 .  00E+30 1.00€+38 1 .  00E+38 1 .  oM+30 1 .  73E+O3 1. 74E+03 3. 41€+04 l.OOE+JB 0.00E+00 O.OOE+OO 

5-33 1.00€+30 1.00E+38 1 30E*30 1 .  ooE+30 2. 13E+04 I. 44E-4 1.00€+30 l.OOE+JB 0. OOE+OO O.OOE+OO 
CL-% 1 .  708+04 1 .  20E+OO 7 72E+04 6. MEtO2 3. 17E+03 1.6OE+03 1 .  7.2*E+OO O.OOE*OO 0. W+00 
CA-45 1.00€+30 I. OOE+38 1 00E+38 I. WE+= 1 .  02E+04 7.  36E+03 3.7lE+03 1.00€+30 1.00€+30 O.OOE+OO 
SC-46 1. 00E+30 6.03E?O3 I. OOE+38 I. OOE+30 4. 19E+03 9.07E-02 1. ooE+30 1.00€+30 3. 37E-03 0. OM+OO 
CR-31 1 .  00E+30 1.00E+38 1 OOE+30 1.ooE+30 2:0OE+03 6.62€E*oo 1 .  -+a. 1 .  -+38 2. (ww-01 0. OO€+oo 
M-34 7. 78E+01 2. 7BE*Ol 1 00E+38 1.OOE+30 1.07E+04 2.4oE-01 4.78EU33 2: OlE+Ob 0.69E-03 O.OO€+OO 
FE-33 3. 77E+03 2, 47E+O3 1 .  0 0 E + 3 0 .  1. M)E+JB 7 .  35€+04 1.08E+04 1.00€+38 2.79E-4 0. ooE*OO 0. 00€+00 
FE-39 1 .  OOE+JB I. 00E+30 1 .  00E+30 1. 3. =+03 1.67E-01 1 .  77E+03 1.00€+38 6.W-03 O . O m + W  
CO-37 1 .  10E+03 4.  21E*OP 1 OM+38 1. ooE+30 3,39€+04 7.  18f+OO 1 .  0.31E+Ob 7.3oE-02 0. o#+OO 

CO-60 7 .  6lE-01 2. 72E-01 1 70E+05 1.00€+30 1 .  61E+03 7.09E-02 2.62€+04 3.28E+O2 2. WE-03 o.OW+OO 
NI-39 4.07E+03 2.62E104 1 00E+30 4. 19E+04 2. 45E105 6,  OQ€+O4 3. 3JEU33 3. 38€+03 0.00E+00 O.OOE+OO 
NI-63 1. 97€+05 0. 01E+03 1.OOE+38 I. OOE+30 7.18E104 2. 37EU34 1.73€+03 1. 37€+03 O.OOE+OO O.OOE+OO 
ZN-63 3.01€+02 1 . O O E * O 2  6. 62E+03 1.00€+30 3.06C+02 3. 5OE-01 3. 32E-3 6. 1M+03 1.21E-02 O.OOE+oO 
8E-73 1 .  llE+03 3. 73€*04. I. OOE+30 1 .  o(w+30 2. 99€+03 6. 13E-01 1 .  36EU35 1 .  ooE+30 2. W - 0 2  O.OO€+OO 
RB-06 1.0OE+38'1.00E+38 1.00€+30 1.00€+30 0. 74E+O3 2. 10€+00 1.00€+30 1.00€+30 7.39€-02 O.OO€*oo 

P-33 1. oo~+3e 1 .  OOE+W 1 .  OOE+JB I. O O E + ~  9. 39E+03 i . 7 3 ~ + 0 4  1. BBE+OS 1. OOE+JB 0. OOE*OO 0.  OOE+OO 

co-30 I .  OOE+30 1. O O E + ~ ~  I OOE.*JB 1. a+= 1.00€+04 2. 44E-01 3: 1 2 ~ ~ 3 3  I .  OOE+W e. m e 0 3  0. oo~+oo 

m-e3 1. ow+= 1. O O E + ~ ~  I .  O O E + J ~  1. a+= 2. S I E + O ~  3. 95E-01 1 .  a+= 1. O O E + ~ ~  i . 4 3 ~ - 0 2  0. oo~+oo 
SR-w .I. o o ~ + 3 8  1. O O E ~ B  1. ~ E + S  I. O O E + ~  2 . 3 4 ~ 1 0 3  0. 4 1 ~ 1 0 1  1. 6 1 ~ ~ 3 s  i .  OOE+= e. 3 3 ~ ~ 3 2  0. a + o o  

.LR-VS 1. WE+= I .  O O E + ~ ~  1. OOE+S 1. a+= 3 . 7 4 ~ + 0 3  I .  3 s - 0 1  4. 3 3 ~ + 0 3  I. o o ~ + ~ e  4. WE-03 0 .  o(w*oo 

NB-9s 1. O O E + ~ ~  1 .  o 0 ~ + 3 e  1. O O E + ~ ~  1. O O E + ~  2 . 4 2 ~ + 0 3  2. ~ O E - O I  2. i 9 ~ + 0 4  I .  O O E + ~ ~  9 . 4 s - 0 3  0. OOE*OO 
10-99 1. OM+= 1. o o ~ + 3 e  -1. OOE+W 1. ocw+ja 4. I 1 ~ 1 0 3  i . 4 2 ~ + 0 0  2. 6 7 ~ + 0 4  1. o o ~ + 3 0  3. i 4 ~ - 0 2  0 .  OOE*OO 

w-90 2. =+02 1. 36E*02 6. 26E+04 1.OOE+30 2. 94€+02 3. lBE+Ol I. 1+€+04 0. 31E+01 2.31E+03 0. o#+OO 

NB-94 6. 42E-01 2. 3M-01 2. 32E*03 2.0zE401 7 .  72E+02 1.29E-01 3. 47E+02 2.24€*00 4.66E-03 0. -*OO 

TC-99 4. 14E+04 3. 7OE+OO I. 47E+05 1 .  24€+03 6. 79E+03 5. 10€+03 2. l2E+,03 1 .  37E+Ol 1 .  o#+30 0. OOE*OO 
1C-m 1 .  00E+30 1 ,  OOE+38 1 '  GOE+30.  I. ooE+30 1. 34E+03 2. OBE+OO 9. 20E+03 1.00€+30 7. 32E-02 0 OO€+OO 
R U - 1 0 3 '  l.OOE+30 1 .  O O E i 3 0  1 .  OOE*30 1.OOE+30 1.OPE+03 4.  42E-01 7.00E+03 1.00€+30 1 .  WE-02 O.OO€+OO 
R U - 1 0 6  1..60E+O2 3.46€+01 7 13€+04 1.00€+30 1.02€*02 l.O9E*OO 3.30E+02 6. 3Q€+O1 3.99€-02~0.0OE*OO 
AQ-108 1.39€+00 4.96E-01 1 QM+O3 1 -+30 1. W + 0 3  1 .  3Wi-01 I. OOE+30 3. 4BE+04 3.03E-03 O.OOE*OO 
A Q - 1 1 0  3. 24€+01 1.08E+Ol 1 .  3M+30 1 .  o(w+38 3.07E+03 7 .  37E-02 1.-+30 I. 00€+30 2. 67E-03 0. OO€*OO 
CD-100 4. 30€+02 9. 34E+Ol 3. lBE*O5 1.o(w+38 1 .  3#+03 5. 36E+OO 1 .  WE+M 1 .  979+03 1. VSE-01 0. OOE*OO 
w - 1 1 3  2. 47E+05 0.03€*04 1 OM130 1.00€+30.3. 17E*03 8 .77E-O1 1. WE+= I .  00E+38 3. WE-02 0.00€*00 
8N-126' 3. 17E-01 I. 0 s - 0 1  4 C8E*03 3. 96€*01 5'. 55€+02 1 .  OIE'-Ol 4 00E+04 3. llE+02 3. 76E-03 0 0 0 E * 0 0  
98-114 I. 00€+30 1 .  OOE+38 1 00€+30 I. 00€+30 7.  WE*03 1 I O E - 0 1  1. 00E*30 I. 00€+30 3. 996-03 0 OOE*OO 
88-123 0.01E+oO 3 l X * O O  0 OOE*O5 1 W e 3 0  9 63E+03 4 Q 2 E - 0 1  1.00€*30 2.4OE*O3 1.786-02 0 ObE*OO 
1-123 1 -+38 I W + 3 8  I 00€*30 1.00€+30 I ?LE*Ol 3 83E*OO 9.69€*02 I 0 0 E + 3 0  1 . Q l E - 0 1  0 OOE.00 

,1-131 I. OOE+38 1 .  00€*38 I O X 1 3 0  1 00€+30 0 07f.00 5 b3E-01 b. 93E*02 I. OOE+30 2.0%-02 0 03E*00 
CS-134 3.3IE+OO 1 26€+00 4 77E+O4 l.o(w+30 1 10€*03 1 3OE-01 4 43E+O5 1 62E+04 4.71E-03 0 OOE*OO 
CS-133 2. 31E+Ob 1.2SE*04 9 036.04.8 25€*02 ' 1 .  3 8 E + O 4  3. 14E+04 l.OOE+30 6 67E*03 O.OoE+OO 0.00€*30 
C 8 - 1 3 6  1.00€+30 I. WE+= l.OiE+30 1 .  o(w+30 3. 75E*03 9. 42E-02 I. WE+- 1. 00E+30 3.4lE-03 0 COE*3C 

1-129 2 . 0 2 ~ ~ 3 2  0. ~ ~ - 0 1  I) 5tz*oa 4 . 6 7 ~ 1 0 0  .2 O ~ E * O O  3 LI)E+OI e. OIE+OO 5 .  1 e ~ - 0 2  2 . 7 5 ~ + 0 0  0 .  OOE*OO 

. .  
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I 

I 

CS-137 2.02EkO 7.23E-01 1. 42€*04 1. ooE+30 1. 01E+03 3.61E-01 1. 6OE*03 1. 1M+03 1.31E-02 0. OOE+00 

LA-140 l . O O € + S  1.00E+30 1.00€+30 1. ooE+38~3.4VE+03 0.01E-02 1. WE+= 1.00€+38 3. 1VE-03 O.OO€+OO 
CE-141 1.00E+30 1. 00E+30 1. O 0 € + 3 0  1. ooE+38 0. 37E*03 3. 31E+00 1. WE+= 1. OOE+38 1. IOE-01 O.OOE+OO 

e ~ - i  40 1. OOE+JB 1. O O E + ~ ~  i . O O E + ~ ~  1. OOE+= 2. i . 1 7 ~ + 0 0  1. OM+= i .  OOE+~B 4. 22~-02 0. OOE+OO 

~ ~ - 1 4 4  1. e 9 ~ * 0 3  6 .  WE+OZ 1. OOE+JB 1. ooc-+= e. ~ ~ E + O P  4 . 3 7 ~ ~ 0 0  1. OM+= 1. oo~+3e I. ME-OI 0. OOE+OO 
EU-132 1. Z V E + ~  4. 6 x - 0 1  I . ~ Z E + O ~  1. oo~+m i . 7 2 ~ + 0 3  1 . 9 7 ~ - 0 1  I. 2. i 9 ~ + 0 4  7 . 1 3 ~ - ~ 0  0. OOE+OO 

ve-169 1. O O E + ~ O  I. oo~+3a I .  ow+= 1. O O E + ~  9. O S E + O ~  0. 6a-01 1. ME+= I.  oo~+3a 3 . 1 4 ~ - 0 2  0. OOE+OO 
EU-134 1. lOE+OO 3.92E-01 7 01E*04 1. ooE+38 1. 14€+03 1. 77E-01 1. 1. 10€+04 6. 41E-03 0. ooE+OO 

PB-210 4. 32E*01 1. 77E+Ol 1. 13E*02 1. OOE+30 2.41E+01 l . Z l E * O l  1. 98E+OP 2.29E+OO 4. w+OO 0. ooE+OO 
PO-210 4. 42E+03 2.09E*05 9 32E+O3 l.OOE+30 2.46E*01 3.00€*00 6. 6VE+O2 4.0BE*04 4.07h+02 O.OOE+OO 
R N - 2 2 2  0. 76€+04 3.44E*04 2. 2OE*O3 1.00€+38 6. 99E+03 1.79€-01 3. 3pE+03 1. -+SO 4. M-03 0. ooL+OO 
R A - 2 2 6  6. -E-01 7 .  18E-01 2 47E*01 1.23€+00 1.74E+01 4.28E*00 1. WE*O2 7.04E-01 1.40€*00 O.OOE+OO 
R A - 2 2 0  6.75E-01 1 6%-01 6 44E*O2 1.00€+30 2.  47E*01 2.0OE-01 4.93€+02 3.36€+00 1 . 0 s - 0 2  O.OOE+OO 
AC-227 4. 90f-01 2. 99E-01 -2  73€*01 1 .  OOE*30 3. 79E-01 3. 36€-07 1. 76E+O1 9. 36E-02 2. 49E-07 0. OOE+OO 
TH-210 3. 32E+OO I 44E100 8 04E*03 .l. OOE+30 3 49E100 .I: 0 s - 0 1  3. 21E+03 1.20€+02 3. 14€-03 0. 00E+00 

114-230 3. 42E-01 . 3 .  3lE-01 3 36E*02 1 69E*00 6. 07E-01 6.0OE-02 1. 36E+02 8. 77E-01 4. 14E+01 0. 00€+00 
TH-237 3. 64E-01 2. 6OE-01 2 3SE*02 1. 42€*00 5. 34E-01 3. 978-02 1. ZlE+OZ 7.0lE-01 O . ~ * o o  0. OO€+OO 
PA-231 2. 12E-01 1. 3 s - 0 1  I 13E*OI 6 0%-02 1. WE-01 2 . 0 s - 0 2  4. WE+00 3. 1 s - 0 2  2. 1M-01  O.OOE*OO 
U-232 3. 34E-01 2. 62E-01' I). 43E*02 6. 70E+04 7 .  43E*00 2.04E-01 1. 14E*04 7.  71E+OI 3.33E+01 O.OOE*oO 
U-733 3.90E+00 4. 26E*00 3 40E+OP I 51Ei01 4. 61E*00 4. 99E-01 4. 32EIOS 2.91E*03 1. 40E+O2 0. OO€+OO 
U-234 4. 03E+00 4. 32E*00 3 JOE*04 1. 4 M * 0 2  4. 67E*00 3.0%-01 4. 49E*03 2. 90E-3 9. ObE+Ol 0. 00E+OO 
U-133 2.09€+00 1.82E*00 3 20E*04 3. 19E+OO 3 17E*00 4. 17E-01 4. 24E+03 2.7%+03 3.94E-02 O.OOE+OO 
U-236 4.27E+00 4. JBE*OO 3 6OE*04, 3. O2E*O2 4.94E+00 3. 3%-01 4. 77E+03 3.00€+03 1. 69E+02 O.OOE+OO 
U-230 4. 30E+00 4. 22E*00 3. 36E*OJ 2. 81E*02 3. 2 lE*00 3. 47E-01 4. 43E+05 2. 00€+03 6. 77E-01 0. ooE+OO 
NP-237 4. 67E-01 3. 42E-01 6.  24E*01 3. Z3E-01 4. 97E-01 6.03E-02 7 .  03E*02 1. 31E+00 4 . 0 s - 0 2  0. ooE+OO 
PU-236 9. 06E*OQ 7.2OE*00 .1 '60E*'04 l.OO€+30 3. 67E+OO 6.08E-01 3. BM+03 0. -+03 3.04E+02 O.OOE+OO 
PU227e 6. 00E-01 7 33E-01 2. 92E*03 6. 19E+04 7.61E-01 0.27E-02 1.07E+04 7. 22E+01 4.07E+O2 O.OOE+OO 
PU-239 3. 2M-01  3. 34E-01 2 27E*03.1. 9=+01 5.98E-01 6. SO€-02 0. 03E+03 3. 19E+01 O.OOE+OO O.OOE+OO 
PU-240 3. 2lE-01 I) 5 s - 0 1  2 27E*03 2. l l E * 0 1  3. WE-01 6 ,  5ZE-02 0. 04€*03 3. 2lE+Ol 3.36€+02 0.00E+00 
PU-241 2. 37E*Ol 2:31E*Ol 6 32€*03 3.77E+01 2.93E+01 3. 18E*oo 6. 0OE+O3 3. 72E+03 3.23E+04 0. OOE+OO 
PU-242 3. 16E-01 3 30E-01 2. 27E*03 .I. W + 0 1  3.94E-01 6. 4 s - 0 2  0. l lE+03  3. 23E*O1 3. 436+02 0 .  O M + O O  
PU-244 4 49E-01 3. 87E-01 2 26E*03 1. 73E+O1 3. 07E-01 3. 8 s - 0 7  0.02E+03 3. 19E+01 2. 74E-02 0. 00E*00 
An-241 3. 31K'Ol 4. 49E-01 4 33E+Ol I. 71E*00 3 3 s - 0 1  6. 91E-02 I 04E*Ol 1. 20E-01 3. 79E-01 0. OOE*OO 
AH-243 BO€-01 3 %E-01 - 4  23E*OI 3. 07E-01 3. 03E-01 6. l0E-07 1 71E+Ol 1 1OE-01 '4. 71E-07 0. OOE*OO 
CM-242 1.33E*02 I 42E*02 5 2BElOI) I.ooE+30 1 4I)E+01. 1. 57E*00 1.04E+03 1 03E+30 9.21E+Ol 0.00E+00 
CM-243 1.03E+00 0 16E-01 1 14E*02 1. 4-104 9 76E-01 1. 19E-01 4. 43E*07 3. 20E+00 7. 98E-02 0. OOE*00 
CH-244 1. 62E*00 1. 44E*00 1 38E*O2 7 9O€+03 1. 29€+00 1.67E-01 6. !llE+OZ I). 13E*OO 7. 46E+02 0,00E*00 
CH-240 3. 03E-01 4 30E-01 3 39€*OI 4. TO€-01 4. 97E-01 6. 3 s - 0 2  2. OlE+02 1. 30€+OO 0. OOE+OO 0. ooE+OO 
CF-232 9. 13E+00 9 69E*00 2. 64L*03 0. 39€*04 2.07E+00 3. 1OE-01 1. 33EtO3 3. 1pE+O1 3 . 2 6 E M  0. OOE+00 

Tn-229 z ~ ~ E - O I  z . 4 4 ~ - o r  I ~ V E * O ~  i. SX*OO 3. O ~ E - O ~  3. 3%-07 6 .  7 9 ~ + 0 i  4.40€-01 3. ~PE-OZ 0. OOE+OO 
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I 

AC-227 3.65E+00 2 . 2 0 E + O O  2.02E*02 1 .  O(K+38 2. 78E+Ol 2.'36E*00 9.23E+01 7 . O l E - 0 1  1 .  67E-01 6 .  WE-02 
TI+- 2. 38E+Ol 1 .  O6E*01 5. V0E+04 1 .  OOE+38 2. 56€+02 l.OOE+OO 2 . 3 6 6 + 0 4  9. 37E+02 1 .  34E+00 7.  1 3 E - 0 1  

' TH-730 3. *+00 4 .  O I E I O O  2. 47E*03 1 .  24E*00 4 .  46E*01 4.  98E100 9 . 9 4 E + 0 2  6.43E+00 2. &E-01 9 Om-02 
TH-- 2.'67E+00 .1 .91€+00 1. 73E*03 1 . 0 4 € + 0 0  3 . 9 2 € + 0 1  4.38E+OO 0.06E*02 ;5 .  73€+00. 2 . 3 5 E - 0 1  7 VIE-01 
PA-231 1 .  36€+00 1 .  01E+00 8 . 2 7 E * 0 1  5. 0%-02 1 .  32E+Ol 2 OPE*OO 3. 50E+Ol 2. 3 s - 0 1  7 .  93E-02 3. 796-07 
U-232 4.06E+00 1 .  V2E100 4. @0E*03 4 .  3 X + 0 4  1 .  80E+02 2. OBE*Ol, e. 346+04 . 5 . 6 6 € + 0 2  1.08€+00 3 76E-01 
U-233 2.92E+01 3. 13€*01 2.  4VE*O5 1 .  l l E * O l  3. 3VE+O2 3. 6SE*O1 l.OOE+30 2. 14E+04 2. 03E+00 6 . 6 1 E - 0 1  
U-234 2.96E+Ol 3. 17E+01 7 .  4VE*O5 1 .  07E+02 3. 42E+02 3. 70E*Q1 l .OOE*38 .2. 13€*04 P . O 6 E * 0 0  6 LBE-01 
U-233 2. 12€+01 1 .  33E*Ol 2 33E*05 2. 34E*00 3. 7VE+02 9. 31E100 1.00E+30 2: OlE+04 2. 28E+00 4 .  18E-01 
U-23b 3. 14E-l 3. 36E*01 2 646*05 2 . 2 2 E + 0 2  3. 63€+02 3. ViE+Ol 1.00E+38 2. 26E+04 2. 1BE*00 7 OB€-01 ' 

U - 2 3 0  3. 19€+01 3. 09E*01 2 47E*O5 2. O6E+O2 3. eaE102 3. 1BE*Ol 1 .00E+38 2. l l E + 0 4  2. 3OE+OO 6 .  9 s - 0 1  
NP-237 3.43€+00 2 5 1 E * 0 0  4 I)7E*02 3 . 8 4 E - 0 1  3 . 6 5 E * 0 1  2 V8E*00 1 . 4 9 9 + 0 3  V.63E*00  2 . 1 V E - 0 1  7 48E-02 
PU-236 7 . 2 3 E + O l  5 28E*Ol 1 73E*05 1.00€+38 4 12E+O2 4 46f101  l.OOE+38 6..086+04 2 48E*00 8 O5E-01 

. ' P V - 2 a  '3. ObE*00 5 38E+00 1 14E104 4 .  34E104 5 .  3eE*Ol 6 07E*00 7 0 7 E i 0 4  ¶ .  30E802 3. 35E-01 1 lo€-01  
PU-a39 3. 87€*00 4. '07E*00 I tSE*O4 1 .  44E*01 4 3VE*Ol 4 77€+00 5 89E*04 3. 81E+02 2, 64E-01 8. 6 X . 0 2  

PU-241 1 .  74€+0? 1 70E+O2 4 78E*O4 4 .  2 3 ~ + 0 1  2. 15E*03 1. 34E102 I .  00E*38 4 .  20E*04 1 .  29E*Ol 4 77E*GO 
P U 4 4 2  3. 79E+OO 4 04E100 1 bbE*OJ. 1 .  40E101 4 .  36f*O1 4 74E+00 5 , 9 5 8 * 0 4  3. 85E+02 2. 62E-01 8 5¶E-07 

6 2 4 1  4.07€+00 3 , 2 9 E * 0 0  3 32E*02 1.23E+OO 3. V3E+Ol 4 .  88E+OO I .  35€*02 8 .  7VE-01 2. 37E-01 9 1%-01 
-243 3. uE+OO 2.63€*00 3 l l E * O 2  2. e&-01 3 . 6 V E I O l  3. 1BE+00 l .Z5E+O2 0:loE-01 7 . 2 2 E - 0 1  7 77E-07 
CM-aW 1 . 7 7 € + 0 2  l . O 4 E * 0 3  1 00E*38 l .OoE+JE 1 . 0 7 € + 0 3  1 .  15E+02 1 .00E+78 1 .00E+38 6 . 4 1 E * 0 0  2 08€*00 
CR-am 7. 34E*00 5.99E*00 8 388*07 1 .  lOE+O4 7 .  16E+Ol 5. 88€*00 3,23E+03 2. 33E+01 4 .  31E-01 1 4 s - 0 1  
CM-2 t4 1. 1*+01 l .ObE*Ol  1 16€*03 3.  80003 9 .  43E+Ol 1 .23E+O1 4.  77E*03 3. 76E,+Ol 3. &7€-01 2 2 1 E - 0 1  
CM-240 3.711+00 3.3bE*OO 4 lOE*02 3. 4%-01 3. 65E+Ol 4 .  64€*00 1 .  48E*03 9.  53€+00 2. IO€-01 8 3 7 E - 0 1  

. CF-231 6. 71C+01 7 .  l l E * O l  1 V4€*04 6:13E*04 2. IIE*O2 2.2OE+Ol 9 77E*03 2. 34E+02 1 .  27E+00 4 OB€-01  

Tn-2- I:  9 3 ~ + 0 0  1 .  ~ V E + O O  1 .  24E*03 1 .  14E+00 2 . 2 7 E + O l  I .  VOE+OO 4 .  VBE+OP 3.  P ~ E + O O  1. ~ L E - O I  4 .  Z ~ E - O Z  

, 

. .  

. . , 

P U - ~ W  3. e x a o  4 .  O ~ E I O O  I 6 6 ~ 1 0 4  1 .  55E101 4 .  40E101 4 70E+00. 5 VOE*04 3 . 0 2 ~ 1 0 2  2. ~ ~ E - O I  e ~ A E - O ~  

pu-244 j .avE+oo ~ . B ~ E * O O  I M * O J  1 . 2 7 ~ * 0 1  4 . 3 0 ~ + 0 1  2 54E100 5.099+04 3 . ~ 1 ~ + 0 2  ~ . ~ V E - O I  7 IOE-oa 

f '  
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H-3 
C-14 
NA-22 
P-32 
P-33 
3-33 

. CL-36 
CA-45 
SC-46 
CR-31 
tw-54 
FF-55 
FE-39 
CO-57 
CO-58 
CO-60 
M I - 3 9  
NI-63 
ZN-65 
8E-73 
RE-06 
8R-85 
8R-W 
8A-90 
ZR-95 
NE-94 
NE-95 

I N V I M P S  Example 2 Sunynary O u t p u t  ( C o n t i n u e d )  

l . O M + 3 8  l.OOE+38 
l.OOE+38 I. OM+38 
1. ooE+3a I. 00€+38 
1. ooE+3a 1.00€+38 
l.oOE+38 1.oM+38 
I. OOE+38 1.00E+38 
1. ooE+38 1. OoE+38 
1.46€+05 1 . O M + 3 a  
l .ooE+3a l.OoE+38 
1. 00E+3a 1.00E+38 
l.OOE+3a 1.00€+38 
1. OOE+3e 1. oM+3e 
l.OOE+38 1.00€+38 
l .ooE+3E 1.00€+38 
1.OOE+38 1.OOE+38 
1.00€+38 1.00€+38 
l.OoE+38 1.. OOE+38 
1.00€+38 1 00E+38 

RC-nET RC-OLS 
1 78E+O2 0 00E+00 
1 l lE+04  0 00E+00 
5 30E-02 I 3QE-03 
I 93E+00 0 00E*00 
I 33E*01 0 '00E+00  
1 97E+OI 0 03E*00 
4 64E+00 0 00E+00 

!I 77E-02 1 44E-03 
1 28E+Ol I OOE+38 

OOE+38 I. OOE+38 1. 00E+38 1.00€+38 3. 54E-02 9. 63E-02 
. OM+38 l.OOE+38 1. 00€+38 1.00€+38 I. 72E-01 3. 3lE-03 
. 00E+38 1.00€+38 1.OOE+38 OM+38 5. loE+O3 0.00E+00 
. OOE+38 1. OOE+38 1. OOE+38 00E+38 1. 46E-01 2. 44E-03 
.00E+38 1. OOE+38 1. 00E+38 -00E+38 9.  59E-01- 3. 19E-02 
. OOE+38 1.00€+38 I. 00E+38 00E+38 2. 10E-01 3. 57E-03 
. OM+38 I. OOE+38 1. 00E+38 00E+38 4. 62E-02 1. l6E-03 

. 00E+38 1. OOE+38 1. 00E+38 OOE+38 9. 97E+02 O.OOE+00 

. 00E+38 l.OOE+JB 1. 00E+38 00E+38 2.  71E-01 5. 1 X - 0 3  

. OOE+38 1.00€+39 1. OM*38 . OOE+38.3: 10E-01 9 . w - 0 3  

. 00E+38 1. OOE+J8 I 00E+38 I. 00E+38 2. 22E-01 5. 78E'03 
OOE+3B I. OOE+38 1. 00E+38 I. OOE+38 3. 29E+01 3. 37E+OZ 

. OOE+38 l . O M + 3 8  1. @0€+38 OOE+38 2. 48€+03 O.OoE+OO 

. OOE+~B I. O O E + ~ ~  .I. O O E + ~  I. 00~+3e i. ~ ~ E + O O  3. O ~ E - O ~  

_ _ _  -~ . ~~~ ~~ ~ .~~ ~ 

. 00E+38 I. ooE+38 I. 00E+38 1. OOE+38 6. OIE+OO 9. 33E*04 

. OM+- 1. O F + 3 8  1. 00E+38 1. 00€+38 6.76E-02 1.94E-03 

.00E+38 1.OOE+38 1 00E+38 I. OOE+38 7. 43E-02 1.88E-03 

.00E+38 I.00€+38 1 00E+38 1 @0E+38 2 07E+01 3.81E-03 
HO-W l.OOE+JB 1 .OM+38  1. OOE+38 I OOE+38 1 00E+38 1. OOE+38 3. OlE+00 2. @8€-02 
TC-99 4. 33E+OI 4 77E+02 1. 08E*04 3. 18E+O2 3. 5OE+03 7 .  89E+04 8. 18E+03 l.OM+38 
TC-9VH 1.00€+38 I. 00E+38 1. 00E+38 I .  OOE+38 1 00E+38 1. OOE+38 9 28E-01 3.04E-02 
RU-103 1.00€+38 l.OOE*JB 1. 00E+38 1. 00E+38 I .  00E+38 1. OM+38 4.  46E-01 6. 46E-03 
RU-106 1.OOE+38 I. OOE+38 1. 00E+38 1.00€+38 1. 00E*38 1 00E+38 6 . 2 l E - 0 1  1.6lE-02 
AO-108 1.  WE+- 1.00€+38 I. 00E+38 I 00E+38 1. 00E+38 1. 00€+38 7 89E-02 1. 03E-03 
AO-110 1. 00E+38 I. W + 3 8  I.OOE+38 I 00E+38 I 00E+38 1. 00E+38 4. 26E-02 1. O S - 0 3  
CD-109 1.00€+38 I. 00E+30 l.OOE*38 l.OOE+38 1 : 00E+38 l.OOE+JB 4.22€*00 7.89E-02 
S N - - l l 3  1.00E+38 1. 00E+38 1.00€+38 I. OOE*38 1. OOE+38 1. OOE+38 4 53E-01 1. PIE-02 . 

SN-126 3. 73E+O3 1. oM+30 I. 00E+38 2 74E+04 1. 00E+38 1. OOE+38 5.83E-02 1. 52E-03 
SB-124 1.00€+38 1 OOE+38 1.00€+38 1 OOE+38 1 OOE+38 1.OOE+30 6 . 4 l E - 0 2  1..61€-03 
SB-125 I 00E+38 1 00E+38 1 OM*38 I 00E+38 1.00€+38 1.00E+38 1.08E+01 7.19E-03 
1-123 I 00E+3? 1 00E+38 I 30E*38 I 00E+38 1.00€+38 1 @OE+38 2 71E+00 5.70E-02 

1-131 1 O O E * 3 8  I 00E*38 I 30€+38 1 00E+38 1 00E+38 I O O E * 3 8  5 77E+00 8 29E-03 

CS-133 8 27E*04 1 OOE*38 1 03E*38 6 0 3 E t O 5  I r)9E+38-1 00E*38 1 38E*01 0 00E*00 
CS-136 I 00E*38 1 00E*38 1 9OE*38 I OOE+38 I 00E*38 I 00E*38 5.40E-02 1 3BE-03 
CS-137 1.@0€+38 1 00E+38 1 GOE+38 I O0E*38 1 00E*38 I 00E+38 1 99E-01 5 18E-03 

LA-140 1.00€+38 1.00€+38 1.OOE+38 1.00€+38 1 00E+38'1 @0E+38 5 13E-07 1 29E-03 
CE-141 1.00€+38 1 OOE+38 l.OOE+38 I . O M + 3 8  1 OOE+38 1 OOE+38 6 92E+00 4.84E-02 
CE-144 l.OOE+38 I. 00E+38 1 @0€+38 I. 00E*38 1 GOE+38 I. OOE+38 2. 46E*00 6. 63E-02 
EU-152 1.00E+38 1. 00€+38 I. OOE+38 l .O@E+38 1 00E+38 I. 00E+38 1: 98E+OO 2. B9E-03 
N - I  54 1.OOE+38 I .  00E+38 l . O M + 3 8  I. 00E+38 ' 1.00€+38 1.. OM+38 I. 02E-01 2. 596-03 
YE-169 1.00€+,38 1. 00E+38 1 OM+38 1 .  ooE+38 1. O O E * 3 8  1. 00E+38 3. 75E-01 I. 27E-02 
PB-710 1.. O M + 3 8  1. 00E+38 1. 00E+38 I. ooE+30 I. 00E+38 I .  00€+38 4. 6 s - 0 1  1. 74€+00 
PO-210 1.00€+38 I. 00E+38 I:OO€+30 1. ooE+JB 1.00€*38 1 00€+38 3.3%-02 1. 69+02  
RN-;1?? 1. O o E + S  1.00€+38 1. (iOE+38 1. OOE+30 t.OOE+3E 1 00€+38 5. 77E-04 1.88E-03 
A*-226 2.97E+Ol 1. 50€*03 1. oOE+30 2. 18E+02 I. WE+38 1. 00E+38 1. -E-01 5.  67E-01 
RA-228 t.OOE*38 I OM+38 l : O F + 3 0  1 .  OM+38 1. 00€*38 1 ,  00E+38 1. 27E-03 4. 1 s - 0 3  

I - I ~  I . ~ ~ E - O I  i BIE+OO 4 OC)E+OI I 2 1 ~ 1 0 0  I 3 3 ~ 1 0 1  2 9 4 ~ + 0 2  3 a 7 ~ * 0 i  I i i ~ * o o  

cs-134 I O O E + ~ ~ . I  O O E + ~ ~  I O C ) E + ~ ~  I O O E + ~ ~  I O O E + ~ ~  I co~+3a B 2 3 ~ - 0 2  1 . 9 0 ~ - 0 3  

~ ~ - 1 4 0  i . 0 0 ~ + 3 8  I . O O E + ~ ~  1 O O E + ~ S  1 O O E + ~  I 0 0 ~ + 3 a  I C O E + ~ ~  4 ~ O E + O O  i ~ I E - O ~  

. .  
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INVIMPS Example 2 Summary O u t p u t  (Continued) 

AC-227 1 .00€+38  l . O M + 3 8  1 . 0 0 E + 3 8  1.  ooE+38 1.00€+38 1 . 0 0 € + 3 8 . 2 . 8 3 6 - 0 3  1.01E-02 
TH-229 1.00€+38 I. 00E+38 1 . 0 0 € * 3 8  l . o o E + 3 8 . '  1 . 0 0 € + 3 8  1.00€+38 6. 436-04 2 . O 8 E - 0 3  
TH-229 1.90€+02 1 . 0 0 € + 3 8  1. 00E+38 1. m i 0 3  1.OOE+38 1.00&+38 4. 25E-03 I. 49E-02 
TH-230 6. 84E+01 1.00€+38 1 . 0 0 € + 3 8  5. 02Ei02 1. 00E+38 l .OOE+38  3. 8M-02 1 . 6 7 € + 0 1  
TH-232 5. 11E+Ol 1. 00€+38 1 00E+38 3. 7 S + 0 2  
PA-231 2. 74E+00 1. OOE+38 1.  00E*38 2 . O l E + O l  
U-232  1.  OOE+38 1 :00E+38 1.  00E+s8 1.00€+38 
U-233  1 BOE+OJ 1 OOE+30 1 
U - 2 3 4  1 75E+O5 1 OOE+38 1 
U-235 1 56E+05 1 00€+38 I 
U-236 1 758+03 1 00E*38 I 
U - 2 3 8  1 63E+05 1 00E*38 1 
NP-237  7 5OE+Ol 1 00E+38 1 
PU-236 1 OOE+38 1 00E*38 I 
PU-238 I 00E+38 I 00E*38 1 
PU-239  5 JSE+03 I .OOE*30 I 
PU-240 a 52E*04  1 '00E*38 I 
PU-241 1 00E*38 1 00E+38 I 
PU-247 3 2OE*03 1 00E*38 1 
PU-244 
AH-24 1 
An-243 
CM-242 
CM-243 
Ctl-244 
Ctl-248 
C F - n 2  

3.09€+03 1 
I. oo~+3a I 
1 . 3 4 € + 0 1  1 
1 00€+38 1 
1 00E+38 I 
1 OOE+38 I 
2 67E+Ol  I 
1 OOE+38 1 

00E*38 1 
00E*38 1 

00E*38 1 
00E+38 1 
00E*38 I 

00E+38 1 

036*38 I 
00E+38 I 

OOE*38 1 
00E*38 1 
00E+38 1 
00E*38 1 
00E+38 1 
OOE*38 1 
C3E*38 I 
00E*38 1 
COE*38 4 
00E+38 I 
00E*38 I 
00E+38 2 
00E+38 2 
00E*38 1 
00E+38 9 
00E*38 1 

00E+38 I 
306*38 1 
00E*38 1 

00E*38 1 

00€+38 
00E+3B 
OOE+38 
OOE+38 
00€+38 
a x *  02 
00E+38 
00E+38 
OOE*O4 
85E+05 
00E+38 
3 5 E 1 0 4  
26E+O4 
00E+38 
eo€* 0 1 
OM+JB 
00€+38 
OOE+38 
96E+ 02 
OOE*38 

OOE+38 
00E+38 
30E+38 
00E+38 
OOE+38 
00€+38 
GOE+38 
00E+38 

. OOE*38 

. 00E*38 
00E*38 
00E*38 
COE*38 
00E+38 . . ~  -~ 

. GOE*38 
- 1 .  00E+38 
1 00E+38 
I 00E+38 
1 OOE+38 
1. 00E+38 
1 00E*38 
I. 00E*38 
I 00E*38 

l . O O E + W  4. 44E-02 0. OOE+OO 
l .OOE+JB 2. 41E-02, 8. 73E-02 
1 . 3 O E + 3 8  3.35E-02 2 .  1 K*01  
l . O O E + 3 8  3. 68E-02 3 .  6 7 E + 0 1  
l . O M + 3 8  4. 3OE+OO 3 .  66E+O1 
l . O O E + 3 8  1. 40E+00 2 .  40E-01 
l . O O E + 3 8  3. 96E-02 6. 8 3 E + O l  
1.00€+38 2. 3 4 E + 0 0  2. 7JE-01 
.l. 00E+38 4 .  13E-03 1.63E-02 
1. 00E+38 3. OB€-02 1. 23E*02 
1 . 0 0 E + 3 8  3 2 4 E - 0 2  1 : 6 4 E + 0 2  
1.00E*38 3. 44E-02  0. 00E+00 
1.00E+38 3. 44E-02  1 36E+O2 
1.00€+38 3. 18E+O3 1. 3 1 E * 0 4  
1 00E+38 3 6 4 E - 0 2  I 39E*02 
1 OOE+38 3 48E-03 1 l l E - 0 1  
1 OOE+38 4 2lE-02 2 34E-01  
1 OOE+38 4 l l E - 0 3  1 90E-02 
1 00E+38 2 91E-02  3 7 2 E * O l  
1 GOE+38 7 70E-03 3 23E-02 
1 00E+38 3 O5E-02 3 OlE+O2 
1 OOE+3B 3 51E-02  0 00E+00 
1 00E*38 8 27E-01  1 32E*00 
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