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ABSTRACT 

Because o f  u n c e r t a i n t i e s  associated w i t h  assessing t h e  p o t e n t i a l  r i s k s  from 
o n s i t e  b u r i a l s  o f  rad ioac t i ve  waste, t h e  U. S. Nuclear Regulatory Commis- 
s ion  (NRC) has amended i t s  regu la t i ons  t o  prov ide grea ter  assurance t h a t  
bu r ied  rad ioac t i ve  mater ia l  w i l l  n o t  present a hazard t o  p u b l i c  hea l th  and 
safety .  The amended regu la t i ons  now r e q u i r e  l icensees t o  apply f o r  
approval o f  proposed procedures f o r  o n s i t e  disposal pursuant t o  10 CFR 
20.302. The NRC t e c h n i c a l l y  reviews these requests on a case-by-case 
basis. These techn ica l  reviews r e q u i r e  model i ng  p o t e n t i a l  pathways t o  man 
and p r o j e c t i n g  r a d i a t i o n  dose commitments. 
mary o f  our e f f o r t s  t o  develop human-intrusion scenarios and t o  modify a 
vers ion  o f  t h e  M A X I  computer program f o r  p o t e n t i a l  use by t h e  NRC i n  
rev iewing app l i ca t i ons  f o r  o n s i t e  rad ioac t i ve  waste disposal. 
t a t i o n  o f  t h e  ONSITE/MAXI computer program i s  w r i t t e n  f o r  two audiences. 
The f i r s t  (Audience A )  inc ludes persons concerned w i t h  t h e  mathematical 
models and computer algori thms. The second (Audience B) inc ludes persons 
concerned w i t h  exe rc i s ing  t h e  computer program and scenarios f o r  s p e c i f i c  
o n s i t e  disposal app l i ca t ions .  F ive  sample problems are  presented and 
discussed t o  a s s i s t  t h e  user i n  opera t ing  t h e  computer program. 
o f  t h e  i n p u t  and ou tpu t  f o r  t h e  sample problems are  inc luded along w i t h  a 
d iscuss ion o f  t h e  hand c a l c u l a t i o n s  performed t o  v e r i f y  t h e  c o r r e c t  oper- 
a t i o n  o f  t he  computer program. 

Th is  document conta ins a sum- 

The documen- 

Summaries 

Computer l i s t i n g s  o f  t h e  ONSITE/MAXIl computer program w i t h  an abbreviated 
data base l i s t i n g  a re  included as Appendix 1 t o  t h i s  document. F ina l l y ,  
complete l i s t i n g s  o f  t h e  d a t a  base w i t h  l i s t i n g s  o f  t h e  specia l  codes used 
t o  c rea te  t h e  data base are  inc luded i n  Appendix 2 as a m ic ro f i che  
attachment t o  t h i s  document. 
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INTRUDER DOSE PATHWAY ANALYSIS FOR M E  ONSITE DISPOSAL OF 
RADIOACTIVE WASTES: THE ONSITE/MAXIl COMPUTER PROGRAM 

I n  January 1981, t h e  U.S. Nuclear Regulatory Commission (NRC) amended i t s  
regu la t i on  i n  order  t o  minimize t h e  r i s k s  associated w i t h  o n s i t e  land 
disposal o f  r a d i o a c t i v e  ma te r ia l s  by l icensees. Current  regu la t i ons  
r e q u i r e  t h a t  d isposal  o f  r a d i o a c t i v e  m a t e r i a l s  by l icensees, unless o ther -  
wise authorized, be s p e c i f i c a l l y  approved by t h e  NRC pursuant t o  Sect ion 
20.302(a) o f  10 CFR P a r t  20 (1984). This  r e g u l a t i o n  s ta tes :  

!!Any l i censee o r  a p p l i c a n t  f o r  a l i c e n s e  may apply t o  t h e  Com- 
m iss ion  f o r  approval o f  proposed procedures t o  dispose o f  
l i censed mate r ia l  i n  a manner n o t  otherwise author ized i n  t h e  
regu la t i ons  i n  t h i s  chapter. Each a p p l i c a t i o n  should i nc lude  a 
d e s c r i p t i o n  o f  t h e  l i censed mate r ia l  and any o the r  rad ioac t i ve  
m a t e r i a l  involved, i n c l u d i n g  t h e  q u a n t i t i e s  and k inds  o f  such 
ma te r ia l  and t h e  l e v e l s  o f  r a d i o a c t i v i t y  involved, and t h e  
proposed manner and cond i t i ons  o f  d isposal .  The a p p l i c a t i o n  
should a l s o  inc lude an ana lys is  and eva lua t i on  o f  p e r t i n e n t  
i n fo rma t ion  as t o  t h e  nature o f  t h e  environment, i n c l u d i n g  
topographical,  geolog ica l ,  meteoro log ica l  and hydro log ica l  
c h a r a c t e r i s t i c s ;  usage o f  ground and sur face  waters i n  t h e  
general area; t h e  na ture  and l o c a t i o n s  o f  o ther  p o t e n t i a l l y  
a f fec ted  f a c i l i t i e s ;  and procedures t o  be observed t o  minimize 
t h e  r i s k  o f  unexpected o r  hazardous exposures.11 

The c u r r e n t  p o l i c y  o f  t h e  NRC i s  t o  review a l l  proposed o n s i t e  b u r i a l s  on a 
case-by-case basis. Technical assessments o f  proposed o n s i t e  d isposals  may 
a t  t imes r e q u i r e  model i n g  o f  t h e  p o t e n t i a l  pathways t o  man and p r o j e c t i n g  
t h e  magnitude o f  p o t e n t i a l  r a d i a t i o n  dose commitments. The o b j e c t i v e  o f  
t h i s  p r o j e c t  i s  t o  modify an e x i s t i n g  pathway-to-man computer program, M A X I  
(Napier  e t  a l .  19791, f o r  use by t h e  NRC Waste Management s t a f f  f o r  con- 
d u c t i n g  human-intrusion, dose-pathway analyses f o r  o n s i t e  b u r i a l  o f  l o w -  
a c t i v i t y  r a d i o a c t i v e  wastes. As p a r t  o f  t h i s  e f f o r t ,  s p e c i f i c  human 
i n t r u s i o n  scenarios have been developed t h a t  consider var ious  p o t e n t i  a1 
combinations o f  d i r e c t  exposure t o  penet ra t ing  rad ia t ion ,  i n h a l a t i o n  o f  
a i rbo rne  rad ionucl ides,  i nges t i on  o f  a g r i c u l t u r a l  products ra i sed  i n  con- 
taminated s o i l ,  and i n g e s t i o n  o f  rad ionuc l ides  i n  d r i n k i n g  water. These 
scenar ios a re  a c t i v a t e d  by running t h e  ONSITE/MAXIl computer so f tware  
package. 

The ONSITE/MAXIl sof tware package conta ins  fou r  computer codes. ONSITE i s  
t h e  i n t e r a c t i v e  user i n t e r f a c e  t h a t  a l lows t h e  end-user t o  simply and 
e f f i c i e n t l y  c rea te  and use t h e  r a d i a t i o n  exposure scenarios. M A X I 1  i s  then 
used w i t h  t h e  scenar io  i n fo rma t ion  t o  c a l c u l a t e  t h e  maximum annual dose t o  
t h e  exposed i n d i v i d u a l  from se lec ted  pathways. MAXI2 generates i n t e r -  
mediate dose conversion f a c t o r s  f o r  food pathways. These f a c t o r s  a re  
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s tored  i n  data f i l e s .  MAX13 ca l cu la tes  t h e  data f i l e s  conta in ing  i n t e r -  
mediate dose conversion f a c t o r s  f o r  aquat ic  pathways. 

I n  addi t ion,  data f i l e s  a re  provided t h a t  con ta in  i n h a l a t i o n  and ex terna l  
dose conversion fac to rs .  These f a c t o r s  a re  ca l cu la ted  us ing codes ex terna l  
t o  t h e  ONSITE/MAXIl sof tware package. The i n h a l a t i o n  dose conversion 
f a c t o r s  a re  ca l cu la ted  us ing t h e  DACRIN (Houston, Strenge and Watson 1974) 
computer program. The ex terna l  dose conversion f a c t o r s  f o r  var ious waste 
disposal geometries a re  ca l cu la ted  us ing t h e  ISOSHLD (Engel, Greenborg and 
Hendrickson 1966) s h i e l d i n g  program. 

Th is  r e p o r t  documents t h e  r e s u l t i n g  computer sof tware package. 
t a t i o n  o f  t he  ONSITE/MAXIl computer sof tware package has been w r i t t e n  f o r  
two major audiences. The f i r s t  audience (Audience A) inc ludes persons 
concerned w i t h  t h e  mathematical models and computer a lgor i thms considered 
f o r  o n s i t e  disposal o f  r a d i o a c t i v e  wastes, and t h e  second audience 
(Audience 6) inc ludes persons concerned w i t h  exe rc i s ing  t h e  computer pro- 
gram and exposure scenarios t o  ob ta in  r e s u l t s  f o r  s p e c i f i c  app l i ca t ions .  
This document i s  designed t o  func t i on  both as an i n s t r u c t i o n a l  and a 
reference document. 

The documen- 

Sect ion 2 conta ins  i n fo rma t ion  usefu l  t o  Audience A concerning t h e  mathe- 
m a t i c a l  models and computer a lgor i thms used i n  t h e  ONSITE/MAXIl computer 
programs. Sect ion 3 conta ins  in fo rmat ion  usefu l  t o  Audience B concerning 
t h e  procedures f o r  execut ing ONSITE/MAXIl computer programs, i n c l u d i n g  a 
d fscuss ion o f  sample problems and hand c a l c u l a t i o n s  performed t o  v e r l f y  
c o r r e c t  opera t ion  o f  t h e  computer program. Sect ion 4 conta ins  a d d i t i o n a l  
d e t a i l s  on t h e  s t r u c t u r e  and organ iza t ion  o f  t h e  computer programs and i s  
provided f o r  i n d i v i d u a l s  who may be i n t e r e s t e d  i n  such d e t a i l s  and those 
who wish t o  modify t h e  computer programs. I n  addi t ion,  appendices a re  
provided t h a t  present  l i s t i n g s  o f  t h e  computer programs, data l i b r a r i e s ,  
and dose conversion fac to rs .  Page-edge tabs have been provided as refer -  
ence p o i n t s  f o r  Audiences A and B. To use these tabs, simply fan  t h e  pages 
o f  t h e  document u n t i l  t h e  appropr ia te  page-edge tab  i s  located. 
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. MATHEMATICAL MODELS AND COMPUTER SOFTWARE FOR ASSESSING ONSITE 
DISPOSAL IMPACTS 

Th is  sec t i on  conta ins  desc r ip t i ons  o f  t h e  radiat ion-exposure scenarios, 
mathematical models, computer programs, and data bases f o r  assessing t h e  
p o t e n t i a l  doses t o  i n t r u d e r s  a t  o n s i t e  waste disposal s i t e s  using t h e  
ONSITE/MAXIl computer programs. The in fo rmat ion  i n  t h i s  sec t i on  i s  
designed t o  be use fu l  t o  Audience A, as i d e n t i f i e d  i n  Sect ion 1, concerning 
t h e  ONSITE/MAXIl computer sof tware package. F i r s t ,  t h e  method used f o r  
assessing p o t e n t i a l  doses t o  i n t r u d e r s  i s  presented, fo l lowed by a discus- 
s i o n  of t h e  computer implementation o f  t h a t  method, and a d e s c r i p t i o n  o f  
t h e  associated data base. 

2.1 D e f i n i t i o n  and So lu t i on  o f  t h e  Problem 

I n  t h e  D r a f t  and F i n a l  Environmental Impact Statements i n  support o f  10  CFR 
P a r t  6 1  (U.S. NRC 1981; U.S. NRC 19821, t h e  NRC modeled t h e  p o t e n t i a l  
exposure pathways t o  man from bur ied  rad ioac t i ve  wastes. I n  t h e i r  analy- 
s is ,  t h e  NRC i d e n t i f i e d  four  human-intrusion scenarios t o  account f o r  t h e  
ac t i ons  of man a f t e r  t h e  l o s s  of i n s t i t u t i o n a l  c o n t r o l s  (U.S. NRC 1981, 
App. H, p. H-15): 

* t r u d e r  - Const ruc t ion  ScenariQ. An i n d i v i d u a l  excavates a t  an 
abandoned disposal s i t e  t o  b u i l d  a house. 

n t ruder  - Discoverv ScenariQ. Th is  scenar io  i s  a subset of t h e  
i n t rude r -cons t ruc t i on  scenar io  and a l so  invo lves  excavation i n t o  a 
c losed s i t e .  The t ime over which t h e  excavation proceeds i s  reduced 
compared t o  t h e  in t ruder -cons t ruc t ion  scenario. 

* n t ruder  - A a r i c u l t u r e  Scenario. An i n d i v i d u a l  l i v e s  i n  a house b u i l t  
on a c losed d isposal  s i t e  surrounded by contaminated s o i l  r e s u l t i n g  
from t h e  in t rude r -cons t ruc t i on  scenario. The i n d i v i d u a l  consumes 
vegetables grown i n  t h e  contaminated s o i l .  

t r u d e r  - Well Scenaria. An i n d i v i d u a l  uses contaminated water from an 
ons i  t e  we1 1. 

The disposal l i m i t s  t h a t  r e s u l t  a re  based on an annual 500-mrem tota l -body 
dose t o  t h e  maximally exposed i n d i v i d u a l  who . in t rudes a f t e r  100 years of 
s i t e  con t ro l .  O f  t h e  fou r  human-intrusion scenarios defined, on l y  t h e  
i n t rude r -cons t ruc t i on  and i n t r u d e r - a g r i c u l t u r e  scenar ios c o n t r o l  t h e  deter- 
mina t ion  o f  disposal 1 i m i t s .  

For t h e  assessment o f  r i s k s  associated w i t h  o n s i t e  disposal, an approach 
s i m i l a r  t o  t h a t  app l ied  i n  t h e  D E I S  i n  suppor t  o f  10 CFR P a r t  61  i s  used. 
That i s ,  radiat ion-exposure scenarios a re  es tab l  ished f o r  t h e  maximally 
exposed i n d i v i d u a l  (an i n t r u d e r )  and a means o f  determin ing t h e  r e s u l t i n g  
r a d i a t i o n  dose i s  provided. 
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F i v e  scenarios are i d e n t i f i e d  as being o f  p o t e n t i a l  i n t e r e s t  i n  assessing 
doses t o  i n t rude rs  a t  o n s i t e  d isposal  s i tes .  

(1) Fx te rna l  E x p w m .  An i n d i v i d u a l  i s  assumed t o  work i n  an 
area p r e v i o u s l y  used f o r  o n s i t e  disposal. Surface s o i l  contamination, 
wastes b u r i e d  a t  dep ths  o f  0.5 m o r  1.0 m, o r  e n t r y  i n t o  a room ( o r  
v a u l t )  t h a t  i s  used f o r  waste s torage o r  d isposal  a re  considered. 

(2 )  o t e r n a 1  Exposure P l u s  I n h a l a t i o n  ScenariQ . An i n d i v i d u a l  i s  assumed 
t o  work i n  an area w i t h  l i m i t e d  su r face -so i l  contamination. 

( 3 )  B g r i c u l  t u r a l  Scenar iQ. An i n d i v i d u a l  i s  assumed t o  r a i s e  h i s  annual 
d i e t  ( o r  a f r a c t i o n  o f  it) i n  s o i l  contaminated by t h e  o n s i t e  d isposal  
of r a d i o a c t i v e  wastes. External  exposure and i n h a l  a t i o n  o f  resus- 
pended rad ionuc l i des  i n  s o i l  a re  considered. 

( 4 )  J r r i a a t i o n / D r i  n k i  'na - Water ScenariQ . An i n d i v i d u a l  i s  assumed t o  use a 
water supply  contaminated by rad ionuc l i des  from an o n s i t e  d isposal  
s i t e  f o r  i r r i g a t i o n  and/or dr ink ing.  I n  addi t ion,  ex te rna l  exposure 
and i n h a l a t i o n  o f  resuspended rad ionuc l i des  t h a t  a re  deposited on t h e  
sur face o f  t h e  s o i l  by t h e  i r r i g a t i o n  water a re  considered. 

(5) User - Defined ScenariQ ' . The user may cons t ruc t  h i s  own scenar io  by 
s e l e c t i n g  exposure pathways and d e f i n i n g  cond i t i ons  described i n  t h e  
ONSITE/MAXIl computer software package. 

Th is  sec t i on  conta ins  desc r ip t i ons  o f  t h e  pathway a n a l y s i s  models used f o r  
these scenar ios w i t h  a d e f i n i t i o n  o f  t h e  requ i red  environmental c r i t e r i a ,  
desc r ip t i ons  o f  t h e  scenarios as they are  implemented, and desc r ip t i ons  o f  
t h e  mathematical models. 

2.1.1 Applying t h e  Pathway Analys is  Models 

The above scenar ios can be s imu la ted  w i t h  t h e  pathway a n a l y s i s  mathematical 
models. 
a r e  complex. 
t h e  d iscuss ion w i l l  f a c i l i t a t e  understanding of t h e  model app l i ca t i on .  

When viewed as a c o l  l ec t i on ,  t h e  i n t e r r e l a t i o n s h i p s  o f  these models 
An overv iew o f  t h e  pathway a n a l y s i s  methods a t  t h i s  p o i n t  i n  

Programs i n  t h e  ONSITE/MAXIl computer sof tware package can be used t o  
c a l c u l a t e  dose convers ion fac to rs  f o r  a g i v e n  s e t t i n g  o r  llenvironment.ll 
The M A X I 1  computer program uses these f a c t o r s  du r ing  subsequent scenar io  
s imu la t i ons  t o  c a l c u l a t e  dose t o  man f o r  se lec ted  exposure pathways. An 
llenvironmentll def ines rad ionuc l  ides  t h a t  a re  1 i k e l y  t o  be present  a t  a 
waste s i t e ,  general a g r i c u l t u r a l  and aquat ic  p rac t i ces  o f  t h e  geographical 
area, and the  general 1 i f e s t y l e  o f  t h e  in t ruder .  For example, t h e  "envi- 
ronment" migh t  e s t a b l i s h  t h a t  t h e  i n t r u d e r  grows a garden on t h e  d isposal  
s i t e .  The amount o f  produce, i n c l u d i n g  animal products grown on t h e  s i t e  
and consumed by t h e  maximum i n d i v i d u a l ,  would be defined. Scenarios can 
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then be de f ined w i t h i n  t h e  con tex t  o f  t h e  llenvironment.ll A scenar io  i n d i -  
cates pathways o f  i n te res t ,  f u r t h e r  de f ines  t h e  l i f e  s t y l e  o f  t h e  maximum 
i n d i v i d u a l ,  i d e n t i f i e s  t h e  source and l o c a t i o n  o f  t h e  contamination, and 
q u a n t i f i e s  t h e  inventory .  A scenar io  mod i f ies  t h e  maximum i n d i v i d u a l ' s  
l i f e  s t y l e  assumptions by i n d i c a t i n g  amounts o f  exposure and by app ly ing  
percentage f a c t o r s  t o  es tab l i shed  dose rates. 

The d e f i n i t i o n  o f  t h e  llenvironmentll i s  an in termediate step t h a t  simp1 i f i e s  
scenar io  c r e a t i o n  and s t reaml ines  scenar io  executions. Scenario c rea t i ons  
a re  s i m p l i f i e d  because t h e  number o f  parameters t h a t  must be def ined i s  
s u b s t a n t i a l l y  reduced. Scenarios execute more e f f i c i e n t l y  because many 
r e p e t i t i v e  c a l c u l a t i o n s  have been e l  iminated. Dose convers ion f a c t o r s  t h a t  
app ly  t o  t h e  def ined llenvironmentll a r e  created by a u x i l  i a r y  programs i n  t h e  
sof tware package (MAXI2 and MAXI31 and a r e  s to red  i n  t h e  data base where 
they can be accessed du r ing  t h e  scenar io  s imu la t i ons  c o n t r o l  l e d  by t h e  main 
computer program, M A X I 1 .  

The f o l l o w i n g  sec t ions  conta in  d iscuss ions o f  t h e  def ined llenvironmentll and 
t h e  mathematical models t o  be used f o r  t h e  f i v e  i n t r u d e r  scenarios, and t h e  
mathematical models t o  be used f o r  o n s i t e  d isposal  s i tes .  

2.1.2 Onsi te  Disposal llEnvironmentll Desc r ip t i on  

The llenvironmentll de f ined f o r  o n s i t e  d isposal  assumes i n t r u d e r  a c t i v i t y  a t  
an o n s i t e  l o w - l e v e l  waste d isposal  s i te .  The reference llenvironmentll i s  
based on a s i t e  w i t h  an area o f  1 ha; however, area c o r r e c t i o n  f a c t o r s  may 
be inc luded t o  consider  s m a l l e r  s i tes.  The i n t r u d e r  may be exposed t o  
r a d i o a c t i v e  contamination v i a  any o f  t h e  f o l  low ing  pathways: ex te rna l  
exposure, i n h a l a t i o n  o f  resuspended contaminants, i nges t i on  o f  farm pro- 
ducts  grown on a contaminated s i t e ,  consumption o f  d r i n k i n g  water from a 
contaminated w e l l ,  o r  i nges t i on  o f  aquat ic  food products from a contami- 
nated water source. For ex te rna l  exposure, wastes may be l oca ted  on t h e  
surface, bu r ied  a t  0.5 o r  1.0 meter depths, o r  s to red  i n  a room-type 
s t ruc tu re .  The in t ruder 's  e n t i  r e  d i e t  f o r  t he  reference l'env i ronmentl1 
consis ts  o f  vegetables, f r u i t s ,  and  a n i m a l  products grown on t h e  s i t e .  
Table 2.1-1 conta ins  a l i s t i n g  o f  t h e  in t ruder 's  t e r r e s t r i a l  food product  
d i e t  and Tab le  2.1-2 conta ins a 1 i s t i n g  o f  t h e  in t ruder 's  aquat ic  food 
product  d i e t  f o r  t h e  reference llenvironment.ll The i n t r u d e r  i s  assumed t o  
d r i n k  1.2 l i t e r s  o f  water per  day f r o m  a contaminated w e l l .  Contaminated 
f a r m  products  may r e s u l t  from r a d i o a c t i v e  wastes 1 ocated on t h e  so i  1 sur- 
face o r  from i r r i g a t i o n  w i t h  contaminated water. The rad ionuc l i des  
expected t o  be of i n t e r e s t  i n  t h e  reference llenvironmentll a r e  l i s t e d  i n  
Tab le  2.1-3. Th is  l i s t  i nc ludes  100 rad ionuc l i des  t h a t  might  come from t h e  
use o f  radiopharmaceutical s o r  i n d u s t r i a l  sources, o r  from wastes generated 
as p a r t  o f  t h e  commercial nuc lea r  f u e l  cyc le .  
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Table 2.1-1. Parameters Used f o r  Ca lcu la t i on  o f  Rad ia t ion  
Dose Factors  from Consumption o f  Foods 

Consumption 
(ka/year) ( b )  

Growing Per iod  Y i e l d  Holdup 
( a )  A 0 0 h Y S )  

Leafy vegetables 90 1.5 1 9.5 

Other a boveground 60 0.70 1 
vegetables 

Root vegetables 

F r u i t  

90 

90 

9.0 1 

1.7 10 

9.5 

76 

42 

Wheat and g r a i n  90 0.72 10 51 

Eggs 90 0.84") 2 19 

M i l k  30 1.3 ( C )  2 110(d) 

Beef 90 0.84"' 15 39 

Pork 90 0.84"' 15 29 

P o u l t r y  90 0.84") 2 8.5 

(a )  Time between ha rves t  and consumption. 
( b )  These r a t e s  are  obtained from Regulatory  Guide 1.109 (U.S. NRC 1977) 

and prora ted  by food category us ing t h e  f r a c t i o n  o f  t o t a l  consumed by 
an average i n d i v i d u a l  as c a l c u l a t e d  from Napier (Table 8 1981). 

(c) Y i e l d  o f  animal feeds (i.e., g r a i n  o r  pasture grass). 
( d )  U n i t s  o f  l i t e r d y e a r .  

Table 2.1-2. Parameters Used f o r  Ca lcu la t i on  o f  Rad ia t ion  
Doses from Dr ink ing  Water and Aquatic Foods 

Consumption 
(days) ConsumDtion U n i t s  

Mix ing  Hol dup 
( a )  ,.Paw- BxmL 

F ish  1 .o 1 .o 6.9(b) kg/Y r 

D r  i n k i  ng Water 1 .o 1 .o 438") L/y r 

( a )  Time between harvest  and consumption. 
( b )  Rate obtained from Regulatory Guide 1.109 (U.S. NRC 1977). 
( c )  Rate based on scenar io  assumption o f  1.2 L/d. 

n 
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Table 2.1-3. Radionucl ides  Considered i n  t h e  ONSITE Disposal  llEnvironmenttl 

3H 

"Na 
14c 

32P 
33P 
35s 

3 6 ~ 1  
40K 
4 5 ~ a  

fisc 
5 k r  
54Mn 

55Fe 
59Fe 
57c0 

6Oco 
59Ni  
63N i  

6 5 ~ n  
75se 
8 5 ~ r  

gO!j r+D (a) 

94Nb 
9 3 ~ ~  

~ O ~ R , + D  
lo9Cd 
I1OmAg+D 

111 I n  
l Z 4 S b  
lZ5Sb+D 

1251+~ 
%+D 
13'Cs+D 

- 
144Ce+D 
152Eu 
154Eu 

160Tb 
1850, 
1910, 

1921 r 
203Hg 
Z1OPb+D 

226Ra+D 
228Th+D 
230Th+D 

23 2Th+D 
233 U+D 
23 4u 

z3 U+D 
238~+D 
237 Np+D 

241Pu+D 
8 9 ~ r  
89my 

9 0 ~ r  
90Y 
9 9 ~ ~  

99mTc 
"Tc 

lo3Ru 

103 mRh 
103pd, 
1291 

134cs 
13 5cs 
137cs 

227 Ac 
227Th 
223Ft- 

23311 
229Th 
225Ra 

225Ac 
23 8" 
23 4Th 

234mpa 
23 4 ~ a  
242Pu 

23 8Np 
23 8Pu 
244cm 

244Pu 

24OPu 
240" 

239Np 
239Pu 
241pu . 

241 A,.,, 

( a )  Where +D means p l u s  s h o r t - l i v e d  daughters i n  e q u i l i b r i u m .  
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2.1.3 Onsi te  Disposal Scenario Descr ip t ions  

F i v e  scenarios a r e  i d e n t i f i e d  f o r  o n s i t e  d isposal  i n  Sect ion 2.1.1. They 
a re  designed f o r  use i n  assessing doses t o  i n t r u d e r s  a t  o n s l t e  d isposal  
s i t e s  w i t h  d e f a u l t  s i t e  s i z e  of 1 ha. These scenar ios a re  defined w i t h i n  
t h e  ttenvironment'l described i n  Sect ion 2.1.2. 
scenarios as they a re  parameterized f o r  s i m u l a t i o n  a re  g i v e n  below. 

D e t a i l e d  desc r ip t i ons  of t h e  

(1) 1. An i n d i v i d u a l  i s  assumed t o  work f o r  
2000 h /y r  i n  a 1 ha area p r e v i o u s l y  used f o r  o n s i t e  disposal. 
na l  exposure f a c t o r  f i l e s  a re  supp l i ed  t o  consider  sur face-so i l  con- 
tamination, bu r ied  wastes a t  depths of 0.5 m o r  1.0 m8 o r  e n t r y  i n t o  a 
room ( o r  v a u l t )  t h a t  i s  used f o r  waste s torage o r  d isposal .  For s o i l  
contamination, t h e  i nven to ry  i s  mod i f ied  by a f a c t o r  o f  0.2 t o  account 
f o r  d i l u t i o n .  Only  to ta l -body  dose i s  ca lcu la ted .  The user s e l e c t s  
t h e  l o c a t i o n  o f  t h e  waste (e.g., surface, buried, o r  s tored)  and 
suppl i e s  t h e  waste inventory .  The user may modify t h e  amount o f  
r a d i o a c t i v e  decay be fore  exposure, t h e  d i l u t i o n  o f  t h e  waste (dur ing  
exhumation a c t i v i t i e s ) ,  t h e  reference s i t e  size, and t h e  du ra t i on  of 
expos ure  . 

Exter- 

(2 )  F x t e r n a l  Exposure P1 us I n h a l a t i o n  Scenariq . An i n d i v i d u a l  is assumed 
to work for  2000 h/yr  i n  a 1 ha area w i t h  su r face -so i l  contamination 
r e s u l t i n g  from a waste exhumation e v e n t  A i r  concent ra t ions  o f  rad io-  
nuc l  i des  a r e  c a l c u l a t e d  us ing  a resuspension equat ion by Anspaugh e t  
a l .  (1975). For t h e  resuspension equation, t h e  age o f  t h e  contami- 
n a t i o n  a t  t h e  beginning of t h e  scenar io  i s  assumed t o  be 0.0 and t h e  
t o p  1.0 cent imeter  o f  t h e  contaminated sur face s o i l  i s  assumed t o  be 
a v a i l a b l e  f o r  resuspension. Doses t o  t o t a l  body, bone, lungs, thy -  
ro id ,  and t h e  lower  l a r g e  i n t e s t i n e  (LLI) o f  t h e  G I  t r a c t  a re  ca l cu -  
la ted .  
a p p l i e d  t o  t h e  i nven to ry  i s  0.2. The user p rov ides  t h e  waste inven- 
to ry .  
exposure, t h e  du ra t i on  o f  t h e  exposure, t h e  reference s i t e  size, and 
t h e  i n v e n t o r y  d i l u t i o n  factor .  He may a l s o  o p t i o n a l  l y  s e l e c t  a mass- 
l oad ing  equation, and spec i f y  fewer organs. Th is  scenar io  i s  s i m i l a r  
t o  t h e  i n t rude r -cons t ruc t i on  scenar io  described i n  t h e  D E I S  f o r  10 CFR 
P a r t  6 1  (U.S. NRC 1981). 

The d i 1  u t i o n  fac to r  (accounting f o r  exhumation a c t i v i t i e s )  

The user may modify t h e  amount o f  r a d i o a c t i v e  decay be fore  

( 3 )  m i c u l  t u r a l  Scenar b. An i n d i v i d u a l  i s  assumed t o  r a i s e  h i s  e n t i r e  
d i e t  i n  a 1 ha area o f  s o i l  contaminated by t h e  o n s i t e  d isposal  o f  
r a d i o a c t i v e  wastes. The i n d i v i d u a l  i s  assumed t o  be exposed 2000 h /y r  
by ex te rna l  exposure and by i n h a l a t i o n  of resuspended rad ionuc l i des  i n  
s o i l .  Again, t h e  a i r  concent ra t ion  r e s u l t i n g  from resuspension i s  
c a l c u l a t e d  us ing t h e  equation by Anspaugh e t  a l .  (1975) w i t h  param- 
e t e r s  presented f o r  Scenario 2. Doses t o  t o t a l  body, bone, lungs, 
thyro id ,  and L L I  a r e  ca lcu la ted .  The user fu rn ishes  t h e  waste inven- 
t o r y  t o  which a d i l u t i o n  f a c t o r  o f  0.2 i s  appl ied. M o d i f i c a t i o n s  can 
be made t o  t h e  amount of r a d i o a c t i v e  decay be fore  exposurer t h e  dura- 
t i o n  o f  t h e  exposure? t h e  f r a c t i o n  o f  t h e  t o t a l  d i e t  grown on t h e  
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1 P \ 

, w  
si te ,  t h e  reference s i t e  size, and t h e  d i l u t i o n  o f  t h e  waste. As i n  
t h e  p rev ious  scenarios, t h e  user may s u b s t i t u t e  t h e  mass-1 oading model 
and spec i f y  fewer organs. This  scenar io  i s  s i m i l a r  t o  t h e  i n t rude r -  
a g r i c u l t u r e  scenar io  described i n  t h e  DEIS  f o r  10 CFR P a r t  6 1  (U.S. 
NRC 1981). 

( 4)  J rr i g W D r  i n k i  rioter - Scenari Q . An i n d i v i d u a l  i s  assumed t o  use a 
water supp ly  contaminated by rad ionuc l i des  from an o n s i t e  d isposal  
s i t e  f o r  i r r i g a t i o n  and/or d r ink ing .  
t h e  concent ra t ion  o f  each rad ionuc l  i d e  i n  t h e  water supply. 
exp sed i n d i v i d u a l  i s  assumed t o  i r r i g a t e  h i s  f i e l d  a t  a r a t e  o f  150 
L/m /mo du r ing  a six-month growing season. The s i t e  i s  assumed t o  be 
i r r i g a t e d  w i t h  contaminated water f o r  10 years p r i o r  t o  t h e  beginning 
o f  t h e  scenario. The i n d i v i d u a l  ob ta ins  h i s  e n t i r e  d i e t  (o r  a f r a c -  
t i o n  o f  it) from a 1 ha i r r i g a t e d  f i e l d ,  and d r inks  1.2 L o f  water per 
day from a contaminated water source. I n  addi t ion,  he i s  assumed t o  
be exposed 2000 h / y r  by ex te rna l  exposure and i n h a l a t i o n  o f  resus- 
pended rad ionuc l i des  t h a t  a re  deposited on t h e  sur face  o f  t h e  s o i l  by 
t h e  i r r i g a t i o n  water. Doses t o  t o t a l  body, bone, lungs, t h y r o i d  and 
L L I  a re  considered. I r r i g a t i o n  and d r i n k i n g  water may be from t h e  
same or  separate water supplies. 
user i s  asked f o r  r a d i o n u c l i d e  concentrat ion i n  d r i n k i n g  and i r r i g a -  
t i o n  water separate ly .  I r r i g a t i o n  o r  d r i n k i n g  water can be i n d i v i d -  
u a l l y  s imulated by e n t e r i n g  zero concentrat ions f o r  t h e  o ther  pathway. 
The user may modify t h e  i r r i g a t i o n  rate, t h e  l eng th  of t h e  i r r i g a t i o n  
season, t h e  t ime  o f  i r r i g a t i o n  p r i o r  t o  t h e  scenario, t h e  f r a c t i o n  o f  
d i e t  grown w i t h  contaminated i r r i g a t i o n  water, t h e  consumption o f  
d r i n k i n g  water, t h e  t imes o f  exposure, t h e  resuspension equat ion 
se lec t ion ,  t h e  reference s i t e  size, and t h e  organ se lec t i on .  

The user i s  requ i red  t o  i npu t  
The 
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When p r o v i d i n g  t h e  inventory ,  t h e  

(5) User -Defined Scenar iQ. 
s e l e c t i n g  exposure pathways and d e f i n i n g  cond i t i ons  associated w i t h  
each pathway. 

The user may cons t ruc t  h i s  own scenar io  by 

2.1.4 Mathematical Models 

Equations a r e  arranged t o  a i d  understanding o f  t h e  model as a whole. 
sequent ly  equations conta in  both environment-defined and scenario-defined 
parameters as d i s t i ngu ished  i n  Sect ion 2.1.1. 
w i l l  be discussed when a p p l i c a b l e  f o r  each equation. 

Con- 

The o r i g i n  o f  t h e  parameters 

The fundamental re1  a t i onsh ip  f o r  c a l c u l a t i n g  r a d i a t i o n  doses t o  people from 
any rad ionuc l  i d e  exposure pathway i s  g i ven  i n  Equation 2.1 (Sol dat, 
Robinson, and Baker 1974) 

- 
R i  p r  - C i p  Up D i p r  (2.1) 
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where 

R = t h e  r a d i a t i o n  dose e q u i v a l e n t  o r  committed r a d i a t i o n  dose 
ipr e q u i v a l e n t  from rad ionuc l  i d e  i v i a  exposure pathway p t o  

o rgan  r (rem) 

C = concent ra t ion  o f  rad ionuc l i de  i i n  t h e  media o f  exposure 
ip pathway p; f o r  c a l c u l a t i o n s  i n v o l v i n g  a i rbo rne  rad ionucl ides,  

C. 

o r  pCi/kg) 

i s  rep laced w i t h  t h e  term Xi, which represe t s  t h e  average 
alpborne concent ra t ion  of rad ionuc l  i d e  i (pCi/m 3 , pCi/L, 

U = usage parameter (exposure r a t e  o r  i n take  r a t e )  associated w i t h  
exposure pathway p ( h / y r ?  L/yr l  o r  kg /y r )  

e q u i v a l e n t  f a c t o r  f o r  r a d i o n u c l i d e  i exposure pathway p and 
organ r t o  conver t  t h e  concent ra t ion  and usage parameters t o  
t h e  r a d i a t i o n  dose e q u i v a l e n t  o r  t o  t h e  committed r a d i a t i o n  
dose equi v a l e n t  (mrem/pCi) 

D = r a d i a t i o n  dose e q u i v a l e n t  f a c t o r  o r  t h e  committed dose 
ipr 

An a n a l y s i s  of r a d i a t i o n  doses from separate exposure pathways requ i res  a 
determinat ion of t he  r a d i o n u c l i d e  concentrat ions and exposure r a t e  o r  
in take  r a t e  associated w i t h  each exposure pathway. For ex te rna l  exposure, 
t h e  concent ra t ion  o f  rad ionuc l i des  and t h e  du ra t i on  o f  exposure must be 
quant i f ied .  
t h e  r a d i o n u c l i d e  concent ra t ion  i n  separate food products must be determined 
by accounting f o r  r o o t  t r a n s f e r  from s o i l ,  dry  depos i t ion  from a i r  on 
leaves, o r  animal consumption o f  ‘contaminated forage o r  feed. The annual 
d i e t  f o r  t h e  maximal ly  exposed i n d i v i d u a l ,  and t h e  holdup t ime  between 
h a r v e s t  and consumption must a1 so be determined. 

For i n g e s t i o n  of farm products grown on a contaminated s i te ,  

For i nha la t i on ,  t h e  a i rbo rne  concent ra t ion  o f  resuspended rad ionuc l i des  can 
be determined d i r e c t l y  from t h e  ground concent ra t ion  us ing  a mass-loading 
fac to r ,  resuspension fac to r ,  o r  resuspension r a t e  a n a l y s i s  (Anspaugh e t  a l .  
1975). 
pathways and t h e  rad ionuc l i de  mixture, pathway concentrat ions, and exposure 
o r  i n t a k e  ra tes .  

S i t e - s p e c i f i c  parameters can be used t o  determine t h e  exposure 

Par t s  of t h i s  r e l a t i o n s h i p  a re  ca l cu la ted  i n  t h r e e  M A X I  codes as fo l lows:  

Concentrat ions a re  c a l c u l a t e d  i n  MAXI.  Some terms i n  t h e  equations 
were c a l c u l a t e d  i n  MAXI2 ( f o r  food pathways) and MAXI3 (aquat ic  
pathways) and t h e  r e s u l t s  a re  l oca ted  i n  t h e  data base. These terms 
w i l l  be i d e n t i f i e d  as each equation i s  discussed. 

U D e f a u l t  (assumed maximum) usage terms a re  a p p l i e d  i n  MAXI2 (food 
pathways) and MAXI3 (aquat ic  pathways) and t h e  r e s u l t i n g  fac to rs  
are s to red  i n  t h e  data f i l e s .  
t o  t h i s  term i n  M A X I 1  t o  reduce t h e  exposure condit ions. 

A m o d i f i c a t i o n  f a c t o r  can be a p p l i e d  
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D e This  term i s  a p p l i e d  i n  MAX12 f o r  food pathways and MAX13 f o r  
aquat ic  pathways i n  t h e  generat ion o f  t h e  d a t a  f i l e s  accessed by 
M A X I l  . 

ipr 

C a l c u l a t i o n  o f  t h e  annual dose t o  an organ o f  re ference by t h e  MAXIl 
computer program requ i res  t h e  dose e q u i v a l e n t  from exposure dur ing  t h e  year 
o f  i n t e r e s t  p l u s  t h e  annual dose r e s u l t i n g  from prev ious  years o f  intake. 
The general expression f o r  annual dose c a l c u l a t i o n s  i s  deduced by 
i nspec t i ng  t h e  annual dose equations f o r  t h e  f i r s t  t h ree  years o f  con- 
t inuous  exposure. 
re ference i s  s imp ly  t h e  summation o f  t h e  r a d i a t i o n  dose e q u i v a l e n t s  from 
a l l  i n t e r n a l  and ex te rna l  exposure pathways. For t h e  second yearr t h e  
annual dose’ i s  c a l c u l a t e d  by t h e  f o l  low ing  expression (Kennedy e t  a l .  
1979) : 

The annual dose f o r  t h e  f i r s t  year t o  an organ o f  

* 
A2 = R2 + (Rlr2 - R1,l) (2.2) 

where 
A2 = t h e  annual dose dur ing  t h e  second year f r a n  a l l  exposure 

R2 = t h e  r a d i a t i o n  dose e q u i v a l e n t  i n  t h e  second year t o  t h e  organ 
o f  re ference from a l l  i n t e r n a l  and ex te rna l  exposure pathways 
from i n t a k e  and exposure i n  t h e  second year, mrem 

pathways t o  t h e  organ o f  reference, mrem 
* 

= t h e  committed dose e q u i v a l e n t  t o  t h e  organ o f  re ference f o r  
t h e  f i r s t  two years from rad ionuc l  ides  i n t e r n a l  l y  deposited 
du r ing  i n take  from exposure pathways i n  t h e  f i r s t  yearr mrem 

R1’2 

= t h e  r a d i a t i o n  dose e q u i v a l e n t  t o  t h e  organ o f  re ference f o r  
t h e  f i r s t  year from rad ionuc l  ides i n t e r n a l  l y  deposited dur ing  
i n t a k e  from exposure pathways i n  t h e  f i r s t  year (no ex te rna l  
component t o  t h e  dose equ iva len t ) ,  mrem. 

The second-year annual dose t o  an organ o f  re ference (A2 i n  Equation 2.2) 
i s  t h e  summation o f  t h e  r a d i a t i o n  dose e q u i v a l e n t s  from a l l  exposure 
pathways dur ing  t h e  second year and t h e  dose e q u i v a l e n t  de l  i v e r e d  du r ing  
t h e  second year  from t h e  rad ionuc l  ides  i n t e r n a l  l y  deposited i n  t h a t  organ 
du r ing  t h e  f i r s t  year. The term i n  parentheses i n  Equation 2.2 i s  t h e  
expression f o r  t h e  dose e q u i v a l e n t  t o  t h e  organ o f  re ference fran radio-  
n u c l i d e s  deposited i n  t h a t  organ du r ing  t h e  f i r s t  year. 
sub t rac t i ng  t h e  f i r s t - y e a r  dose equ iva len t ,  r e s u l t i n g  from i n t e r n a l  l y  
deposited rad ionuc l  ides, from t h e  second-year committed dose equ iva len t .  
The mathematical expression f o r  t h e  annual dose t o  an organ o f  re ference i n  
t h e  t h i r d  year o f  continuous exposure i s  (Kennedy e t  a l .  1979): 

It i s  found by 
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where 

% =  t h e  annual dose dur ing  t h e  t h i r d  year  from a l l  exposure 
pathways t o  t h e  organ o f  reference, mrem 

(2.3) 

t h e  r a d i a t i o n  dose equ iva len t  i n  t h e  t h i r d  year  t o  t h e  organ 
o f  re ference from a l l  i n t e r n a l  and ex terna l  exposure pathways 
from i n t a k e  and exposure i n  t h e  t h i r d  year, mrem. 

I n  Equation 2.3, t h e  terms R and R are  s i m i l a r  i n  formr each 
con ta in ing  two subscr ip ts .  h%'fk!i$ subsc$!bt de f ines  t h e  year o f  in take  
o r  exposure a f t e r  t h e  s t a r t  o f  continuous exposure, and t h e  second de f ines  
t h e  number o f  years used i n  c a l c u l a t i n g  t h e  committed dose equ iva len t .  The 
q u a n t i t y  i n  t h e  f i r s t  parentheses i s  t h e  dose equ iva len t  t o  t h e  organ o f  
re ference i n  t h e  t h i r d  year  from rad ionuc l ides  deposited dur ing  t h e  f i r s t  
year  o f  continuous exposure ( i .e.r t h e  d i f f e r e n c e  between t h e  th i rd -yea r  
committed dose equ iva len t  and t h e  second-year committed dose equ iva len t ) .  
The q u a n t i t y  i n  t h e  second parentheses i s  t h e  dose equ iva len t  i n  t h e  t h i r d  
year t o  t h e  organ o f  re ference from rad ionuc l ides  deposited dur ing  t h e  
second year o f  continuous exposure (i.e.y t h e  d i f f e r e n c e  between t h e  second- 
year committed dose equ iva len t  and t h e  f i r s t - y e a r  committed dose equ iva len t ) .  

The general expression f o r  c a l c u l a t i n g  t h e  annual dose t o  an organ of 
reference dur ing  any year a f t e r  t h e  s t a r t  o f  continuous exposure i s  
expressed as (Kennedy e t  a l .  1979): 

(2 .4 )  

where 

- 
*t - 

R i  - - 

t h e  annual dose dur ing  t h e  year t from a l l  exposure pathways t o  
t h e  organ o f  reference, mrem 

t h e  r a d i a t i o n  dose equ iva len t  i n  year  t t o  t h e  organ of 
re ference from a l l  i n t e r n a l  and ex terna l  exposure pathways from 
i n t a k e  and exposure i n  t h e  year tr mrem. 

The summation term i n  Equation 2.4 represents t h e  dose equ iva len t  de l i ve red  
t o  t h e  organ o f  re ference i n  year t from rad ionuc l ides  deposited i n  t h e  
organ from in take  i n  a l l  prev ious years s ince  t h e  s t a r t  o f  continuous 
exposure. 
equal t o  I, t h e  summation term i s  zero. 

Th is  term i s  v a l i d  o n l y  f o r  p o s i t i v e  i n tege r  values o f  t. For t 
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The annual dose, At, t o  t h e  organ o f  reference i s  ca l cu la ted  f o r  each va lue 
of t from 1 t o  50, and t h e  maximum annual dose i s  determined by inspect ion.  
Experience w i t h  t h i s  method t o  date i n d i c a t e s  50 years t o  be a s u i t a b l e  
maximum value of t; however, h igher  maximum values a re  n o t  precluded. The 
r a d i a t i o n  dose equ iva len t  terms requ i red  by Equation 2.4 are  determlned 
from Equation 2 . 1  using e x i s t i n g  r a d i a t i o n  dose computer programs f o r  
p e r t i n e n t  rad iat ion-exposure pathways. 
l a t i n g  t h e  rad ionuc l i de  concent ra t ions  i n  var ious  media, C 
Equation 2.1, are  g iven i n  Sections 2.1.4.1 through 2.1.4.!!! 

D e t a i l s  about t h e  methods o f  calcu- 
from 

No spec ia l  a lgor i thms o r  numerical techniques a re  employed by t h e  ONSITE/ 
M A X I l  computer programs apar t  from those requ i red  t o  so l ve  Equation 2.4.  
However, spec ia l  fo rmula t ions  f o r  some o f  t h e  parameters i n  Equation 2 . 1  
a r e  a v a i l a b l e  i n  t h e  exposure scenar io  ana lys is .  Other fo rmula t ions  a r e  
d i r e c t l y  inc luded i n  t h e  c a l c u l a t i o n  of t h e  dose conversion f a c t o r s  used by 
M A X I 1 .  The fo l l ow ing  sec t ions  conta in  d iscuss ions o f  op t i ona l  and d e f a u l t  
equations t h a t  a re  incorporated i n t o  t h e  ONSITE/MAXI l  sof tware package. 

2.1.4.1 Dose From Inges t i on  o f  Food Products 

The dose convers ion f a c t o r s  f o r  t h e  i nges t i on  o f  food products  accessed by 
t h e  M A X I l  computer program a r e  obta ined from data f i l e s  t h a t  were generated 
by t h e  MAXI2 computer program f o r  t h e  o n s i t e  disposal environment. 
dose from any food pathway i s  g iven by Equation 2.1. Radionucl ides can be 
deposited on t h e  leaves o f  p l a n t s  d i r e c t l y  from t h e  a i r  o r  from i r r i g a t i o n  
water, and can be taken up by t h e  p l a n t  roo ts .  

The 

For d i r e c t  depos i t i on  from t h e  a i r ,  Equation 2.5 i s  used t o  descr ibe t h e  
depos i t ion  o f  a i rbo rne  p a r t i c u l a t e  rad ionuc l ides  d i r e c t l y  on to  food 
products  and onto t h e  ground. 

d; = 86,400 xi Vdi (2.5) 

where 

d t  = depos i t ion  r a t e  o r  f l u x  o f  rad ionuc l i de  i, pCi/(m2-day) 

86,400 = dimensional conversion fac to r ,  seconddday 
- 
Xi = average a i r  concent ra t ion  o f  rad ionuc l ide  i i s  est imated 

us ing  e i  he r  t h e  mass-loading o r  resuspension f a c t o r  
as pCi/m 3 

= depos i t i on  v e l o c i t y  o f  rad ionuc l ide  i, rdsecond, i s  assumed 
d s e c  f o r  a l l  p a r t i c l e s .  vdi i n  M A X I l  t o  be 1 x 
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The MAXIl computer program permits s e l e c t i o n  of two methods f o r  c a l c u l a t i n g  
the average a i r  concentrat ion.  
pension ana lys i s .  
s o i l  radionucl ide concentrat ion and the average mass-loading of d u s t  o r  
p a r t i c u l a t e  mater ia l  in the atmosph re. I n  the absence of da ta  f o r  a 
p a r t i c u l a r  si te,  a value of 1 x lo-‘ g/m3 has been suggested f o r  predictive 
purposes (EPA 1977; Anspaugh e t  a l .  1975).  T h i s  value is used  i n  t h i s  
r epor t  f o r  t h e  annual average mass-loading f a c t o r .  Annual arithm t i c  
averages around the U n i t e d  S t a t e s  vary from 9 x 
(Anspaugh e t  a l .  1977).  

These methods a r e  mass-loading and resus- 
The mass-loading method uses the product of the su r face  

t o  7.9 x lo-! g/$ 

For resuspension, the average a i rborne  concentrat ion is the product of a 
resuspension f a c t o r  and the s u r f a c e  contamination level a s  shown i n  
Equation 2.6. 

- x = s  s f A  (2.6) 

where 
- 
X = average a i rborne  concentrat ion,  pCi/m3 

-1 Sf = resuspension f a c t o r ,  m 

SA = su r face  r ad ioac t iv i ty ,  pCi/mZ. 

The M A X I l  computer program permits the use of a t i m e - d e p e n d e n t  resuspension 
f a c t o r  ( S f )  a s  given by Anspaugh e t  a l .  (1975): 

(2.7) 

where 

sf = resuspension f ac to r ,  m-1 

-1 = resuspension f a c t o r  a t  time t = 0, m 

A = e f f e c t i v e  decay cons t an t  control l ingl)9e a v a i l a b i l i t y  of 

t = time a f t e r  deposi t ion,  days 
materi  a1 f o r  resuspension, 0.15 day 

lo” = resuspension f a c t o r  a f t e r  17 years,  m -1 . 
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The second term i n  Equation 2.7 (lo'') i s  added based on t h e  assumption 
t h a t  t he re  i s  no f u r t h e r  measurable decrease i n  t h e  resuspension fac to r  
process a f t e r  about 17 years, t h e  longes t  pe r iod  f o r  which data a re  a v a i l -  
able. 

/ 

For depo i t i o n  fn  p l a n t  leaves o r  s o i l  from i r r i g a t i o n r  t h e  depos i t ion  r a t e  
i n  pCi/m -day d f o r  rad ionuc l ide  i from i r r i g a t i o n  water onto t h e  ground, 
is def ined by Eduation 2.8. 

s 

1 -  I 
di - ' i w  (2.8) 

where 

d1 = depos i t i on  r a t e  o r  f l u x  f rad ionuc l ides  app l ied  w i t h  
i r r i g a t i o n  watery ( p C i / m  s -day) 

= concent ra t ion  of rad ionuc l i de  i i n  t h e  water used f o r  
i r r i g a t i o n ,  pc i /L  

I = i r r i g a t i o n  rate;  t h e  amount of water sp r ink led  on a u n i t  area 
o f  f i e l d  i n  one day, L / ( m  -day). 2 

The concent ra t ion  o f  rad ioac t i ve  ma te r ia l  i n  vegeta t ion  r e s u l t i n g  from 
d i r e c t  depos i t ion  onto p l a n t  f o l i a g e  and uptake o f  rad ionuc l ides  prev ious ly  
deposited i n  t h e  s o i l  i s  determined by Equation 2.9. 

( d l  + d:)r Tv (1 - exp [-'Eftel ) (.( + d:) ftBvi (1 - exp[-Aitd) + 
c i v  = [ yv 'E i  P '1 

where 

= concent ra t ion  of rad ionuc l ide  i i n  t h e  e d i b l e  p o r t i o n  o f  t h e  
vegetat ionr  pCi/kg 

2 d; = p rev ious l y  de f ined (see Equation 2.51, p C i / ( m  -day) 

r = f a c t o r  o f  depos i t i on  re ta ined  on t h e  vegeta t ion  
(dimensionless) taken t o  be 0.25 
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= fac to r  f o r  t r a n s l o c a t i o n  o f  e x t e r n a l l y  deposited rad io-  
nuc l ides  t o  t h e  e d i b l e  p a r t s  o f  t h e  vegeta t ion  (dimension- 
l ess ) .  For s i m p l i c i t y ,  t h i s  parameter i s  assumed t o  be 
independent o f  t h e  rad ionuc l ide  and i s  assigned values o f  1 
f o r  l e a f y  vegetables and f resh  forage and 0.1 f o r  a l l  o the r  
produce, i n c l u d i n g  g r a i n  

Tv 

= r a d i o l o g i c a l  decay constant  f o r  rad ionucl  i d e  I, days-’ ’i 

= t h e  e f f e c t i v e  removal constant  f o r  rad ionuc l i de  i, days’’; 
= x i  + A  ‘ E i  W 

’Ei 

= weathering removal fons tan t  f o r  vegetation, days-’; taken t o  

= vegeta t ion  y ie ld ,  kg (wet weight)/m’ 

” be (0.693/14) days- 

Y 
V 

B = concent ra t ion  f a c t o r  f o r  uptake o f  rad ionuc l ide  i from t h e  
s o i l  i n  vegeta t ion  v, pCi/kg (wet weight) per  pCi/kg 
s o i l  ( d r y )  

v i  

tb = t ime  f o r  bu i ldup o f  rad ionuc l ides  i n  t h e  s o i l ,  days; assumed 
t o  be 50 years f o r  i r r i g a t i o n  

t = t ime o f  exposure of aboveground vegeta t ion  t o  contamination 
dur ing  growing season, days e 

= f r a c t i o n  o f  t h e  r o o t s  i n  t h e  plow l a y e r  o f  s o i l  
(dimensionless) ft 

th = holdup t ime between harvest  and food consumption; days 

p = s o i l  llsu face densi tyr t l  kg (d ry  so i l ) /m2;  a value of 
224 kg/m’ i s  used assuming t h e  contaminated ground i s  plowed 
t o  a depth o f  15 cm (Napier e t  a l .  1980) 

= concent ra t ion  o f  rad ionuc l i de  i a v a i l a b l e  f o r  p l a n t  uptake 
from t h e  was e contained i n  t h e  plow l a y e r  ( t o p  15  cm o f  
s o i l ) ,  p C i / m  5 

0.15 = plow layer ,  m 

f = f r a c t i o n  o f  t h e  r o o t s  t h a t  penetrate t h e  waste trenches 
(dimensionless) W 

= concent ra t ion  o f  rad ionuc l ide  i a v a i l  b l e  f o r  p l a n t  uptake 
from t h e  subsurface waste zone, pCi/ 9 

3 P = bu lk  s o i l  dens i ty  o f  subsurface mater ia l ,  kg/m 

n 
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The f i r s t  term i n s i d e  t h e  brackets  o f  Equation 2.9 r e l a t e s  t o  t h e  concen- 
t r a t i o n  r e s u l t i n g  from d i r e c t  depos i t ion  o f  resuspended mate r ia l  and 
i r r i g a t i o n  on f o l i a g e  dur ing  t h e  growing season. The second term r e l a t e s  
t o  t h e  p l a n t  uptake from t h e  s o i l  and r e f l e c t s  t h e  depos i t ion  from i r r i g a -  
t i o n .  
contained i n  t h e  t o p  0.15 m o f  s o i l  and below t h i s  layer ,  respec t ive ly .  
S p e c i f i c  values used f o r  t h e  parameters i n  Equation 2.9 loca ted  i n  data 
l i b r a r i e s  a re  found i n  Napier e t  a l .  (1980). 

The t h i r d  and f o u r t h  terms account f o r  uptake o f  waste ma te r ia l  

The f o l l o w i n g  terms o f  Equation 2.9 a re  loca ted  i n  t h e  M A X I 1  computer code: 

0.15ft f w C t i  
df + di i 

The l e a f  mechanism dose r a t e  f a c t o r s  generated by t h e  MAXI2 computer code 
are inc luded i n  t h e  data l i b r a r y  and a re  accessed by M A X I 1 .  
terms o f  Equation 2.9 a re  inc luded i n  those fac to rs :  

The f o l l o w i n g  

r Tv (1 - exp C- Bvi (1 - exp C - A i t b l )  

The s o i l  mechanism dose r a t e  f a c t o r s  generated by t h e  MAXI2 computer code 
a re  inc luded i n  t h e  data l i b r a r y  and a re  accessed by MAXI1 .  
terms o f  Equation 2.9 a re  inc luded i n  those fac to rs :  

The f o l l o w i n g  

‘siBvi 
P 

(+) exp (-hith) 

The rad ionuc l i de  concent ra t ion  i n  animal products such as meat, mi lk ,  and 
eggs i s  dependent on t h e  amount o f  contaminated forage o r  feed eaten by t h e  
animal. Th is  concent ra t ion  i s  described by Equation 2.10. 

where 

= concent ra t ion  of rad ionuc l ide  i i n  t h e  animal product, pCi/kg 
o r  pc i /L  
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- - 
si a 

- 
Ci f  - 

Qf = 

- - 
'i aw 

- - 
Qaw 

t r a n s f e r  c o e f f i c i e n t  o f  rad ionuc l i de  i from d a i l y  i n take  o f  
t h e  animal t o  t h e  e d i b l e  p o r t i o n  o f  t h e  animal productr 
pCi/L ( m i l  k) per  pCi/day o r  pCi/kg (animal product) per 
pCi / day 

concent ra t ion  o f  rad ionuc l i de  i i n  feed o r  forage, pCi/kg; 
ca l cu la ted  from Equatio,n 2.9 

animal consumption r a t e  o f  contaminated feed o r  forager 
kg/day 

concent ra t ion  o f  rad ionuc l i de  i i n  t h e  water consumed by 
animals, pCi/L; assumed t o  be t h e  same as t h e  i r r i g a t i o n  
water, Ciw (see Equation 2.8) 

consumption r a t e  o f  t h e  contaminated 
L/ day. 

S p e c i f i c  va lues  of t h e  parameters used i n  Equation 
e t  a l .  (1980). 

water by t h e  animal, 

2.10 a re  g i v e n  i n  Napier 

The dose t o  an organ o f  t h e  exposed i n d i v i d u a l  r e s u l t i n g  from t h e  inges t i on  
o f  food products r a i s e d  i n  t h e  s o i l  a t  an o n s i t e  d isposal  s i t e  (R i n  
mrem) i s  found us ing  a modi f ied  ve rs ion  o f  Equation 2.1. This  getf&al 
r e l a t i o n s h i p  i s  shown i n  Equation 2.11. 

n T 

RIr = u  p f D C C i p  *: D i p r  
i =1 

where 

fD = t h e  f r a c t i o n  o f  t h e  t o t a l  d i e t  grown on t h e  s i t e  

A' = t h e  area c o r r e c t i o n  f a c t o r  f o r  i n t e r n a l  exposure 
and where U , C , and D a re  f o r  i nges t i on  and 

d e f i n e d  i n  Equation 2.1. 

C 

P i P  f P r  

The data l i b r a r i e s  f o r  t h e  ONSITE/MAXIl computer program are 

(2.11) 

pathways 
a re  general l y  

based on a 
minimum s i t e  area o f  1 ha. To account f o r  t h e  l i m i t e d  exposure p o t e n t i a l  
from smal l e r  d isposal  areasr s i t e  area c o r r e c t i o n  f a c t o r s  a re  required. 
For example, t h e  amount o f  a g r i c u l t u r a l  products ra i sed  on a s i t e  depends 
upon t h e  i n t e n s i t y  o f  t h e  farming and t h e  types o f  crops raised. A sma l l  
s i t e  may produce a l a r g e  f r a c t i o n  of t h e  seasonal f r u i t  and vegetab le  d i e t  
w i t h  i n t e n s i v e  farming, b u t  be unable t o  p rov ide  enough forage and g r a i n  t o  
suppor t  a m i l k  cow o r  o the r  animals. Thus, w h i l e  a l a r g e  f r a c t i o n  o f  t h e  
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-_ 
seasonal f r u i t  and vegetable d i e t  may be ra i sed  on a smal 1 s i t e I  t h e  t o t a l  
q u a n t i t y  ra i sed  may on ly  equal a small f r a c t i o n  o f  t h e  t o t a l  annual d i e t .  

I n  determin ing area c o r r e c t i o n  f a c t o r s  f o r  t h e  M A X I l  computer programI 
cons idera t ion  i s  f i r s t  g iven t o  t h e  d e f a u l t  pathway cond i t i ons  and then t o  
v a r i a b l e  exposure cond i t i ons  as a f u n c t i o n  o f  s i t e  area. 
condi t ions,  t h e  i n d i v i d u a l ' s  e n t i r e  d ie t ,  as de f ined i n  Regulatory Guide 
1.109 (U.S. NRC 19771, i s  assumed t o  be . ra i sed  on t h e  1 ha s i t e .  Th is  d i e t  
cons i s t s  o f  f r u i t s  and vegetables and meat and animal products. The a i r  
concentrat ions used f o r  t h e  i n h a l a t i o n  c a l c u l a t i o n s  a re  f o r  resuspension 
r e s u l t i n g  from l a r g e  areas o f  d i s t r i b u t e d  sur face  contamination. 

For t h e  d e f a u l t  

Because o f  t h e  l a r g e  v a r i a b i l i t y  t h a t  may e x i s t  i n  t h e  exposure cond i t i ons  
a t  any g iven s i t e I  we have def ined d e f a u l t  s i t e  area c o r r e c t i o n  f a c t o r s  
t h a t  modify t h e  d e f a u l t  exposure pathway assumptions provided i n  t h e  
scenar io  ana lys is .  

For t h e  i n g e s t i o n  and i n h a l a t i o n  pathway? t h e  c o r r e c t i o n  f a c t o r s  a re  i n  t h e  
form o f  a s tep  f u n c t i o n  as shown i n  F igure  2.1-1. 
f i v e  s teps o f  p o t e n t i a l  exposure versus s i t e  area ranging from small t o  
l a r g e  s i t es .  The s t  ps o f  t o t a l  exposure are: 1) 10% f o r  s i t e s  w i t h  
areas l e s s  than 50 m , 2) 25% f o r  s i t e s  w i t h  areas 
3 )  50% f o r  s i t e s  w i t h  areas betw en 200 and 1,000 m I 4) 75% fo r  s i t e s  w i t h  
a eas between 1,000 and 101000 m , and 5) 100% f o r  s i t e s  l a r g e r  than 10,000 
m' ( o r  1 ha) .  

Th is  func t i on  assumes 

B 9 etween 50 and 200 m2, 

9 

A step f u n c t i o n  i s  used r a t h e r  than a continuous curve because o f  t h e  
inherent  unce r ta in t y  i n  p r e d i c t i n g  t h e  f u t u r e  ac t i ons  o f  i n d i v i d u a l s .  
step f u n c t i o n  a1 1 ows consi de ra t i on  o f  small  areas w i thou t  f o r c i n g  extreme 
conservatism on l a r g e r  areas. That is I  i t imp l ies  t h a t  t h e  small  areas may 
be i n tense ly  farmed f o r  vegetables, whereas t h e  l a r g e r  areas may be l e s s  
e f f i c i e n t l y  used ( i .e.? i n  r a i s i n g  c a t t l e ) .  

The 

2.1.4.2 Dose From Inges t i on  o f  D r i n k i n g  Water 

Dose conversion fac to rs  f o r  i nges t i on  o f  d r i n k i n g  water used i n  M A X I l  a re  
ca l cu la ted  us ing t h e  MAX13 computer program and t h e  r e s u l t s  a re  s to red  i n  

i n  mremr from i n g e s t i o n  o f  water con ta in ing  t h e  data f i l e s .  
rad ionucl  idesI i s  c a l c u l a t e  from Equation 2.12. The dose jr 

n 

exp ( - A  t 1 Dir fdw . w r  i h  

i = l  

2.17 
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where 

= annual consumption o f  contaminated d r i n k i n g  water, L 

= t h e  concent ra t ion  o f  rad ionuc l ide  i i n  t h e  d r i n k i n g  water 

= r a d i o l o g i c a l  decay cons tan t  f o r  rad ionuc l ide  i 0  days-' 

"W 

( i n p u t  by user), pCi/L 

1 
i 

t,, = t r a n s i t  t ime requ i red  f o r  rad ionuc l ide  t o  reach t h e  p o i n t  of 

= r a d i a t i o n  dose equ iva len t  f a c t o r  f o r  ingestion, mrem/pCi 

= 

exposure, days 

Di r 

fdw d r i n k i n g  water cleanup f a c t o r  ( f o r  municipal water supp l ies ) .  
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Figure 2.1-1. Area Correction Factors for  the  
Ingestion and Inhalat ion Pathways 
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The dr ink ing-water  dose r a t e  f a c t o r s  c a l c u l a t e d  by t h e  MAX13 computer code 
a r e  inc luded i n  a data 1 i b r a r y  and a re  addressed by MAXI1 .  
terms i n  Equation 2.11 are  inc luded i n  those fac to rs :  

The f o l  l ow ing  

W 
U exp (-Xi th)  Dir fdw 

2.1.4.3 Dose From I n h a l a t i o n  

Dose convers ion f a c t o r s  f o r  i n h a l a t i o n  used i n  M A X I l  a re  c a l c u l a t e d  us ing 
t h e  DACRIN (Houston, Strenge, and Watson 1974) computer program and s to red  
i n  t h e  data f i l e s .  The i n h a l a t i o n  dose, Rhr i n  mrem, i s  c a l c u l a t e d  us ing 
Equat ion 2.13. 

n 

(2.13) 

where 

V = v e n t i l a t i o n  r a t e  o f  exposed i n d i v i d u a l ,  d / s e c  

T = d u r a t i o n  o f  exposure t o  t h e  a i rbo rne  r a d i o n u c l i d e  concentra- 
t ion,  seconds. 

= m o d i f i c a t i o n  f a c t o r  a p p l i e d  t o  T t o  a d j u s t  t ime i f  exposure 
o r  b rea th ing  r a t e  o f  230 cc/sec (ICRP 1975) tm 

Dir = r a d i a t i o n  dose e q u i v a l e n t  f a c t o r  f o r  i n h a l a t i o n  from t h e  
DACRIN (Houston, Strenge, and Watson 1974) computer code, 
m r  em/ p C i  

- 
Xi = t h e  a nual average a i rbo rne  concent ra t ion  o f  rad ionuc l i de  i, 

I 

p c i /  9 
A = t h e  area c o r r e c t i o n  f a c t o r  f o r  i n t e r n a l  exposure pathways as 

discussed i n  Sec t ion  2.1.4.1 and shown i n  F igu re  2.1-1. 

The f o l l o w i n g  terms o f  Equation 2.13 a re  found i n  t h e  M A X I l  computer code: 

I 
AC 

The i nhal a t i o n  dose r a t e  f a c t o r s  c a l c u l  a ted by t h e  DACRIN (Houston, 
Strenge, and Watson 1974) computer code a re  inc luded i n  a data l i b r a r y  and 
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a r e  addressed by M A X I 1 .  The f o l  low ing  terms i n  Equat ion 2.12 a r e  inc luded 
i n  those factors .  

Di r VT 

2.1.4.4 Dose From External  Rad ia t ion  

Annual doses r e s u l t i n g  from exposure t o  surface- and subsurface-soi l  con- 
taminat ion  o r  exposure i n  a re ference room ( o r  v a u l t )  a re  c a l c u l a t e d  us ing 
a modi f ied v e r s i o n  o f  Sect ion 2.2.1.2. 
ex te rna l  exposure i s  shown i n  Equation 2.14. 

The mod i f ied  dose equat ion f o r  

n 

(2.14) 

i =1 

where 

P I  
AE = t h e  area c o r r e c t i o n  f a c t o r  f o r  ex te rna l  exposure, and where U 

D and C a r e  f o r  ex te rna l  exposure and a r e  general  l y  
d&ined init!quation 2.1. 

For e x t e r n a l  exposure, a s e n s i t i v i t y  study was conducted f o r  v a r i o u s  beta- 
gamma e m i t t e r s  t o  determine t h e  exposure r a t e  versus source area. 
r e s u l t s  o f  t h e  c a l c u l a t i o n s  a r e  shown i n  F i g u r e  2.1-2. 
F igure  2.1-2 a r e  p a r a l l e l ,  t h e r e  appears t o  be a un i form c o r r e c t i o n  f o r  
reduced s i t e  area o v e r  a l a r g e  range o f  source energies. Thus, we have 
determined t h e  r a t i o  o f  t h e  exposure r a t e s  ( f o r  smal 1 t o  l a r g e  area 
sources) and p l o t t e d  t h e  r e s u l t s  versus t h e  f r a c t i o n a l  hectare of source 
area as shown i n  F igure  2.1-3. Th is  f i g u r e  de f ines  t h e  area c o r r e c t i o n  
f a c t o r s  f o r  t h e  e x t e r n a l  exposure pathway. We have approximated t h i s  c u r v e  
i n  t h e  ONSITE computer program as t h e  sum o f  f o u r  l i n e  segments as shown i n  
F i g u r e  2.1-4. 

The 
Since t h e  curves i n  

The dose convers ion f a c t o r s  f o r  ex te rna l  exposure model severa l  types of 
exposure condi t ions.  These i n c l  ude surface-soi  1 contaminat ion (us ing  
e i t h e r  plane- o r  s l  ab-source model s), subsurface-soi 1 contaminat ion (us ing 
s l a b  sources a t  depths of 0.5 and 1.0 m from t h e  s o i l  surface), and a 
f i n i t e  d i s k  source o f  contaminat ion deposited on t h e  f l o o r  o r  a w a l l  i n  a 
waste-storage room o r  v a u l t .  These dose convers ion f a c t o r s  a r e  i n  t i s s u e  
a t  a p o i n t  1 m above t h e  ground surface. 
t e r e d  by t h e  i n t r u d e r  f o r  v a r i o u s  contaminat ion l e v e l s  i n  a waste-storage 
room o r  vau l  t a r e  c a l c u l a t e d  us ing t h e  model devel  oped f o r  decommissioning 
a re ference room a t  a BWR (Oak e t  a l .  1980). A l l  o f  t h e  e x t e r n a l  dose 
e q u i v a l  e n t  f a c t o r s  a r e  c a l  c u l  a ted f o r  t h e  rad ionucl  ides o f  concern using 
t h e  ISOSHLD (Enge.1 e t  a l .  1966; Simmons e t  a l .  1967) computer program. 

The d i r e c t  exposure r a t e s  encoun- 
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Figure  2.1-2. Exposure Rate Versus Source Area 

2.1.4.5 Dose From Inges t i on  o f  Aquatic Foods 

As an o p t i o n  t o  t h e  M A X I 1  computer programr doses r e s u l t i n g  from t h e  inges- 
t i o n  o f  aquat ic  food products  taken from a r i v e r  contaminated by rad io-  
n u c l i d e s  may be considered. 
MAX13 computer program and s to red  i n  t h e  data f i l e s .  
c a l c u l a t i o n  i s  i nc luded  a1 though none o f  t h e  d e f a u l t  human-intrusion sce- 
na r ios  def ined f o r  o n s i t e  d isposal  cons ider  t h i s  pathway. 

These dose f a c t o r s  a re  c a l c u l a t e d  us ing  t h e  
A d e s c r i p t i o n  o f  t h e  
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Concentrations of radionucl ides i n  aqua t ic  foods a r e  d i r e c t l y  re1 ated t o  
the concentrat ions of the rad ionucl ides  i n  water. E q u i l i b r i u m  r a t i o s  
between t h e  two concentrat ions,  ca l  l e d  bioaccumul a t i o n  fac tors ,  a r e  taken 
from Soldat ,  Robinson, and Baker (1974). 
consumption o f  aqua t i c  food containing radionucl ides ?s c a l c u l a t e d  from 
Equation 2.15. 

The dose ( R  f r )  i n  mrem from 
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where 

= annual consumption o f  contaminated aquat ic  foods? kg 

= t h e  concent ra t ion  o f  rad ionuc l ide  i i n  t h e  water? pCi/L 

" a f  

c i w  

B B = t h e  bioaccumulation f a c t o r  f o r  rad ionuc l i de  ir for :  
yir zi x = f i s h ?  y = i nve r teb ra tes?  and z = a lgae? pCi/kg per  

pCi/L 

= r a d i a t i o n  dose equ iva len t  f a c t o r  f o r  inges t ion? rnrem/pCi 

= r a d i o l o g i c a l  decay constant  f o r  rad ionuc l ide  ir days-' 

Di r 

xi 
th = holdup t ime between harvest  and food consumption? days. 

0 0.05 0.1 
Fraction of 1 ha.  

Figure 2.1-4. Area Cor rec t ion  Factors f o r  
External  ExDOSUre 
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Q The f o l l o w i n g  term i n  Equation 2.15 i s  loca ted  i n  t h e  M A X I l  computer code: 

c i w  

Aquatic foods' dose r a t e  f a c t o r s  c a l c u l a t e d  by t h e  MAXI3 computer code a re  
inc luded i n  a data l i b r a r y  f o r  access by M A X I 1 .  Inc luded i n  those f a c t o r s  
are t h e  f o l  l ow ing  terms o f  Equation 2.15: 

"a f 

2.2 Computer Implementation 

Estimates o f  t h e  maximum annual r a d i a t i o n  doses r e s u l t i n g  from t h e  exposure 
scenarios described i n  Sect ion 2.1.1 can be made us ing env i ronment-speci f ic  
i n fo rma t ion  and computer codes contained i n  t h e  ONSITE/MAXIl so f tware  . 
package. 

The package conta ins  two primary computer programsI ONSITE and M A X I l ?  as 
we1 1 as an ex tens i ve  d a t a  base. Two a d d i t i o n a l  programsI MAXI2 and MAXI3 
a re  i nc luded  t o  a1 low m o d i f i c a t i o n  o f  t h e  data base. 
t h e  general process f l o w  o f  t h e  ONSITE/MAXIl software. 

F igu re  2.2-1 dep ic t s  

The data base conta ins  dose convers ion f a c t o r s  a p p l i c a b l e  t o  t h e  o n s i t e  
d isposal  environment described i n  Sect ion 2.1.2. Th is  data base i s  d i s -  
cussed i n  d e t a i l  i n  Sec t ion  2.3. The f o l l o w i n g  sec t ions  conta in  descrip- 
t i o n s  o f  t h e  ONSITE/MAXIl computer programs9 an overv iew o f  sof tware opera- 
t i o n  and a d iscuss ion  o f  c a p a b i l i t i e s ?  r e s t r i c t i o n s ,  and execut ion pe r fo r -  
mance o f  t h e  software. 

2.2.1 Computer Programs Desc r ip t i ons  

The ONSITE/MAXIl so f tware  package conta ins  fou r  computer codes as shown i n  
F igu re  2.2-1. 
user t o  s imp ly  and e f f i c i e n t l y  c rea te  and use t h e  radiat ion-exposure 
scenarios. M A X I l  i s  then used w i t h  t h e  scenar io  in fo rmat ion  t o  c a l c u l a t e  
t h e  maximum annual dose t o  an exposed i n d i v i d u a l  from s e l e c t e d  pathways. 
MAXI2 generates in te rmed ia te  dose convers ion f a c t o r s  f o r  food pathways t h a t  
a re  s to red  i n  t h e  data f i l e s .  
in te rmed ia te  dose convers ion f a c t o r s  f o r  aquat ic  pathways. 
sec t ions  conta in  desc r ip t i ons  o f  each o f  t h e  computer codes: 

ONSITE i s  an i n t e r a c t i v e  user i n t e r f a c e  t h a t  a l l o w s  t h e  end- 

MAX13 c a l c u l a t e s  t h e  data f i l e s  conta in ing  
The f o l  1 owing 
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( ) 2.2.1.1 ONSITE Computer Program Desc r ip t i on  

ONSITE i s  an i n t e r a c t i v e  computer program t h a t  a1 lows t h e  user t o  access o r  'prrrr 
c rea te  r a d i  ation-exposure scenarios used t o  est imate t h e  dose-to-man 
r e s u l  t i n g  from o n s i t e  d isposal  o f  r a d i o a c t i v e  wastes. The software 
s o l  i c i t s  scenar io  i n fo rma t ion  f rom t h e  userr c o n t r o l  s parameter modi f ica-  
t ion,  s e l e c t s  t h e  appropr ia te  data l i b r a r i e s  f o r  running M A X I l ,  and con- 
s t r u c t s  t h e  i n p u t  f i l e  f o r  MAXI1. ONSITE was designed t o  make t h e  c r e a t i o n  

* repor t  '- ONSITE MAXI1 

cs 

LEGEND 

f i le  a 
L 

Figure 2 .2-1 .  ONSITE/MAXIl Software Process Flow Chart 
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and execution o f  a s p e c i f i c  scenar io  as easy f o r  t h e  user as possible. 
t h e  d e f a u l t  ttenvironmentlt i s  used, ONSITE i s  t h e  o n l y  computer program t h a t  
t h e  user needs t o  i n t e r a c t  w i t h  because t h i s  i n t e r a c t i o n  a u t o m a t i c a l l y  
produces r e s u l t s  from MAXI1 .  The ONSITE program g i v e s  t h e  user t h e  o p t i o n  
of changing any parameters o f  se lec ted  pathways used i n  t h e  rad ia t i on -  
exposure scenarios. Each parameter i s  described i n  terms t h a t  should be 
meaningful t o  t h e  end-user. The dimensional u n i t s  and t h e  upper and lower  
bounds o f  each parameter a r e  d isp layed f o r  each parameter. Each v a l u e  
entered by t h e  user i s  t es ted  aga ins t  upper and lower  l i m i t s  when app l ica-  
b le .  I f  t h e  v a l u e  i s  n o t  accepted, t h e  user i s  asked t o  re-enter t h e  
value. D e f a u l t  ( o r  assumed maximum) va lues  and cond i t i ons  are  a c t i v a t e d  by 
a n u l  1 e n t r y  (e.g., s imp ly  press ing t h e  <re turn> key on t h e  te rmina l ) .  

I f  

2.2.1.2 M A X I l  Computer Program Desc r ip t i on  

The computer program M A X I l  i s  used t o  c a l c u l a t e  t h e  maximum annual dose t o  
an exposed i n d i v i d u a l  from a l a r g e  number of exposure pathways. Th is  
program uses dose convers ion f a c t o r s  from t h e  DACRIN (Houston, Strenge, and 
Watson 1974) computer program f o r  es t imat ing  doses from i n h a l a t i o n  o f  
a i rbo rne  rad ionuc l ides .  The dose convers ion f a c t o r s  from DACRIN a re  based 
on t h e  I n t e r n a t i o n a l  Commission on Rad io log i ca l  P ro tec t i on l s  (ICRP) Task 
Group Lung Model (TGLM) (Hea l th  P-. 1966). For i n g e s t i o n  pathways, for 
e i t h e r  food products o r  d r i n k i n g  water, dose convers ion f a c t o r s  from t h e  
MAXI2 and MAXI3 computer programs a r e  used by MAXI1 .  These dose convers ion 
f a c t o r s  a l l  r e l y  on t h e  dosimetry model o f  ICRP Committee I1 as repor ted i n  
ICRP Pub1 i c a t i o n  2 (1959). For ex te rna l  exposure, dose convers ion f a c t o r s  
from t h e  ISOSHLD (Engel e t  a l .  1966; Simmons e t  a l .  1967) a r e  used by 
MAXI1 .  These f a c t o r s  r e l a t e  t h e  rad ionuc l  i d e  source s t reng th  t o  t h e  dose 
r a t e  i n  t i s s u e  1 m above an i n f i n i t e  p lane  o r  s l a b  o f  contamination. 
Ex terna l  dose convers ion f a c t o r s  a re  suppl fed  f o r  surface-soi 1 contamina- 
t i on ,  and f o r  s labs  o f  bu r ied  contamination a t  depths o f  e i t h e r  0.5 o r  
1.0 m. External  dose convers ion f a c t o r s  from an o p t i o n a l  room exposure 
c o n d i t i o n  are  a l s o  a v a i l a b l e .  These f a c t o r s  a re  intended t o  model doses t o  
an i n t r u d e r  who may en te r  a room ( o r  v a u l t )  used f o r  s torage o f  r a d i o a c t i v e  
wastes. 
decommissioning o f  a re fe rence B o i l i n g  Water Reactor (BWR) (0 k e t  a l .  
1980). A s e n s i t i v i t y  a n a l y s i s  f o r  t h e  dose r a t e  response o f  'OCo sur face 
contamination i n  a room o f  var ious  s izes  i nd i ca ted  a dose r a t e  increase o f  
a f ac to r  o f  two o r  l e s s  from smal 1 t o  l a r g e  r o  
p. F-16). Thus, dose f a c t o r s  f o r  a room o f  100 m volume a re  assumed t o  be 
represented by a p l a n e  source t h a t  appears t o  p rov ide  a reasonable es t imate  
of t h e  dose r e s u l t i n g  i n  most s izes  o f  rooms t h a t  may be encountered. 

The room model was o r i g i n a l  l y  developed f o r  a study concerning 

s (Oak e t  a l .  1980, ?? 

Exposure pathways t h a t  can be modeled i n c l u d e  1) d i r e c t  ex te rna l  exposure 
t o  contaminated s o i l  o r  b u i l d i n g  surfaces, 2) i n h a l a t i o n  o f  resuspended 
mater ia l ,  and 3) i nges t i on  o f  contaminated foods and aquat ic  products. The 
t ime o f  t h e  maximum dose r a t e  t o  i n d i v i d u a l  organs o f  re ference i s  ca lcu-  
l a t e d  and t h e  annual dose f o r  t h a t  organ i s  reported. 
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2.2.1.3 

The ons i  

MAX12 Computer Program Desc r ip t i on  

e disposal ttenvironmentlt (Sect ion 2.1.2) i s  app l i cab le  t o  a l l  t h e  
scenarios presented i n  Sect ion 2.1.3. 
d i f f e r e n t  Itenvironmenttt i s  defined. MAXI2 generates dose conversion 
fac to rs  t o  account f o r  depos i t ion  on farm o r  garden s o i l  and crops. 
mechanism dose r a t e  f a c t o r s  a re  w r i t t e n  t o  a computer f i l e  assigned t o  
l o g i c a l  u n i t  20. The computer f i l e  assigned t o  l o g i c a l  u n i t  21, c a l l e d  
FILE21, conta ins  dose conversion f a c t o r s  t o  account f o r  depos i t ion  on to  
s o i l  i n  which food crops a re  grown. MAX12 a l s o  generates ex terna l  dose 
r a t e  f a c t o r s  f o r  exposure t o  s o i l  sur face  contamination. These f a c t o r s  a re  
w r i t t e n  t o  t h e  computer f i l e  assigned t o  l o g i c a l  u n i t  22, c a l l e d  FILE22. 
The computer code ISOSHLD (Engel e t  a l .  1966; Simmons e t  a l .  1967) i s  used 
t o  c a l c u l a t e  sur face ex terna l  dose r a t e  fac to rs .  A l i s t i n g  o f  t h e  MAXI2 
code i s  found i n  Appendix 2.8. 
dose conversion f a c t o r s  f o r  t h e  o n s i t e  disposal ttenvironmenttt a r e  inc luded 
i n  Appendix 2.8 as an example o f  code usage. 
vers ion  o f  t h e  FOOD (Napier, e t  a l .  1980) computer program. The user i s  
r e f e r r e d  t o  t h a t  document f o r  t h e o r e t i c a l  and opera t iona l  in format ion.  
Di f ferences between t h e  MAX12 and FOOD computer codes are discussed i n  
Sect ion 3.1.2. 

MAX12 need be used on ly  when a 

Leaf 

The i n p u t  f i l e s  t o  MAXI2 t h a t  generated t h e  

MAXI2 i s  a spec ia l i zed  

2.2.1.4 MAX13 Computer Program Desc r ip t i on  

MAXI3 was used t o  de f i ne  dr ink ing-water  and aquat ic  food-pathway f a c t o r s  
f o r  t h e  o n s i t e  disposal "environmenttt described i n  Sect ion 2.1.2. Th is  
"environment" i s  app l i cab le  t o  a l l  t h e  scenar ios presented i n  Sect ion 
2.1.3. MAX13 need be executed on ly  when a d i f f e r e n t  ttenvironmenttt i s  
considered. MAXI3 generates dose conversion f a c t o r s  f o r  contaminated 
d r i n k i n g  water and aquat ic  food harvested from contaminated water. 
Drinking-water dose conversion f a c t o r s  a re  w r i t t e n  t o  a computer f i l e  
assigned t o  l o g i c a l  u n i t  24, c a l l e d  FILE24. The computer f i l e  assigned t o  
l o g i c a l  u n i t  25, c a l l e d  FILE25, conta ins dose conversion f a c t o r s  t o  account 
f o r  i nges t i on  o f  comtaminated aquat ic  food products. 
MAXI3 code i s  found i n  Appendix 2.C. The i n p u t  f i l e s  t o  MAXI3 t h a t  gen- 
e ra ted  t h e  dose conversion f a c t o r s  f o r  t h e  o n s i t e  disposal ltenvironmentll 
a r e  shown i n  Appendtx 2.C as an example o f  code usage. MAXI3 i s  a spe- 
c i a l i z e d  ve rs ion  o f  t h e  ARRFG (Napier, e t  a l .  1980) computer program. The 
user may reference t h a t  document f o r  t h e o r e t i c a l  and opera t iona l  i n f o r -  
mation on MAXI3. 
a re  discussed i n  Sect ion 3.1.2. 

A l i s t i n g  o f  t h e  

D i f fe rences  between t h e  MAX13 and ARRRG computer programs 

2.2.2 Operation o f  t h e  O N S I T E / M A X I l  Software Package 

Sect ion 3 conta ins a d e t a i l e d  d iscuss ion o f  t h e  opera t ion  o f  t h e  ONSITE/ 
M A X I 1  sof tware package. A t h e o r e t i c a l  overview o f  sof tware opera t ion  i s  
presented here. 
process f low w i l l  be presented. 

Three l e v e l s  o f  opera t ion  w i l l  be def ined and t h e  sof tware 
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n 2.2.2.1 Levels  o f  Operation 

Th is  sof tware package implements t h e  scenarios discussed i n  Sect ion 2.1.3. 
The user i s  qsked t o  supply in fo rmat ion  s p e c i f i c  t o  t h e  se lected scenar io  
and system in fo rma t ion  as def ined i n  Sect ion 3.1. No f u r t h e r  i n t e r a c t i o n  
between t h e  user and t h e  sof tware i s  necessary. 
executed and a r e p o r t  prepared au tomat ica l l y .  
intended scope o f  t h e  ONSITE/MAXIl sof tware package. However, t h e  user i s  
al lowed t o  use t h e  sof tware f o r  a wider range o f  app l i ca t ions .  
o f  opera t ion  have been de f ined t o  c l a r i f y  t h i s  extended use o f  t h e  
software. 

The scenar io  w i l l  be 
Th is  i s  t h e  p r i n c i p a l  

Three l e v e l s  

J e v e l  1. 
assessing impacts from t h e  o n s i t e  disposal o f  low- level  wastes. Th is  i s  
t h e  intended p r i n c i p a l  use o f  t h e  sof tware package. The data base conta ins 
in fo rmat ion  on t h e  ttenvironmenttt described i n  Sect ion 2.1.2. F i ve  sce- 
na r ios  have been de f ined t h a t  may be executed w i t h i n  t h e  con tex t  o f  t h a t  
Itenvironment." The ONSITE program i s  used t o  s e l e c t  and e s t a b l i s h  param- 
e t e r s  f o r  a scenario. The user i s  ass is ted  dur ing  scenar io  c r e a t i o n  by a 
r e s t r i c t e d  s e t  o f  parameters and r e s t r i c t e d  ranges o f  values f o r  each 
parameter. 

The ONSITE/MAXIl sof tware package i s  designed t o  be used f o r  

J eve1 2 .  The user may de f ine  a d i f f e r e n t  "environment" by using t h e  M A X I 2  
and MAXI3 computer codes. The ONSITE program can then be used t o  evaluate 
t h e  f i v e  de f ined scenar ios w i t h i n  t h e  contex t  o f  t h e  newly created Ilenvi- 
ronment.It 
tlenvironmenttt and t h e  appropriateness o f  t h e  def ined scenar ios t o  t h i s  new 
"env i ronmen t . It 

It i s  t h e  user 's  r e s p o n s i b i l i t y  t o  determine t h e  v a l i d i t y  o f  t h e  

Leve l  3. The user c rea tes  a new ltenvironmenttt w i t h  t h e  MAXI2 and MAX13 
computer codes and es tab l i shes  scenarios by manipulat ing M A X I l  i n p u t  
parameters d i r e c t l y .  Th is  l e v e l  o f  opera t ion  should n o t  be attempted 
w i t h o u t  a thorough understanding o f  M A X I l  theory and opera t ion  because t h e  
i n t e r r e l a t i o n s h i p s  between M A X I l  i n p u t  parameters a re  complex. The user 
must determine t h e  v a l i d i t y  o f  t h e  "environment1I and t h e  Scenarios, and t h e  
appropriateness o f  scenar io  appl i c a t i o n  t o  t h e  

2.2.2.2 Software Process Flow 

F igu re  2.2-1 dep ic t s  t h e  general process f low o f  t h e  ONSITE/MAXIl software. 
The process f l o w  d e t a i l s  f o r  each o f  t h e  t h r e e  l e v e l s  o f  opera t ion  a re  
discussed b l  ow. 

J e v e l  1. The user executes t h e  O N S I T E  program, i n p u t t i n g  scenar io  selec- 
t i o n  and inventory .  ONSITE a l lows parameter m o d i f i c a t i o n  f o r  se lec ted  
pathways. 
ONSITE. That f i l e ,  t h e  master rad ionuc l i de  l i b r a r y ,  and t h e  f i l e s  t h a t  
de f ine  t h e  o n s i t e  disposal tlenvironmentll w i l l  be accessed by MAXI1 .  M A X I l  
produces a p r i n t e d  r e p o r t  o f  dose estimates. 

A computer f i l e  t h a t  parameterizes t h e  scenar io  i s  created by 

n 
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b-.. 
MAXI3. 
The ONSITE code i s  then executed as i n  Level 1. 

The user f i r s t  de f ines  an llenvironmentll by execut ing MAXI2 and 
I The computer data f i l e s  descr ibe t h e  newly created environment. 

L e e . .  The user de f ines  an "environment" as i n  Level 2. The user by- 
passes t h e  ONSITE program and c rea tes  t h e  i n p u t  stream f o r  M A X I 1  us ing a 
system e d i t o r .  

2.2.3 Capabil i t i e s ,  R e s t r i c t i o n s  and Performance 

The c a p a b i l i t i e s  and inhe ren t  r e s t r i c t i o n s  o f  t h e  ONSITE/MAXI computer 
implementat'ion a r e  discussed f o r  t h e  f o l  lowing areas: 
d e f i n i t i o n ,  pathway selection/parameter mod i f i ca t ion ,  i nven to ry  se lec t ion ,  
and organ se lec t ion .  
l e v e l  o f  operat ion.  Operation l e v e l  a re  noted w i t h  each comment below. 

"envi ronmentIl/scenario 

C a p a b i l i t i e s  and r e s t r i c t i o n s  vary depending on t h e  

2.2.3.1 lvEnvironmentll/Scenario D e f i n i t i o n .  

Leve ls  1-3. Sect ion 2.2.2.1 de f ines  t h r e e  l e v e l s  of ONSITE/MAXIl so f tware  
usage. User r e s p o n s i b i l i t i e s  concerning d e f i n i t i o n  o f  t h e  "environmentJ1l 
t h e  scenarios, and t h e i r  i n t e r r e l a t i o n s h i p s  are  noted a t  each o f  t h e  l eve l s .  

2.2.3.2 Exposure Pathway Selection/Parameter M o d i f i c a t i o n  

I eve ls  1-7. 
t i o n .  
pathway considered. 
1-4. 
pathways and exposure condi t ions.  

F i ve  d e f a u l t  scenar ios have been implemented i n  t h i s  a p p l  ica-  
The user i s  al lowed t o  change parameter va lues f o r  each exposure 

D e f a u l t  pathways have been es tab l i shed f o r  Scenarios 
Scenarfo 5 a l lows t h e  user t o  s e l e c t  any combination o f  exposure 

Level. Any o f  t h e  def ined exposure pathways may be selected. 
pathways a re  ex te rna l  exposure fran sur face  and/or bu r ied  wastes, i n g e s t i o n  
o f  farm products grown on contaminated S O i l J  i n g e s t i o n  o f  d r i n k i n g  w a t e r  
from a contaminated sourcer and i n g e s t i o n  o f  contaminated aquat ic  food pro- 
ducts. 

A l lowable 

Any associated parameter values may be modif ied. 

2.2.3.3 Inventory  Se lec t ion  

J eve ls  1-3 . Up t o  a t o t a l  o f  
50 rad ionuc l ides  may be considered. 
con ta in  i n fo rma t ion  on 100 rad ionucl  ides. Several o f  these rad ionucl  ides  
(shown i n  Table 2.1-3) a re  l i s t e d  w i t h  a +D ( p l u s  daughters) designation. 
For these rad ionucl ides,  t h e  energies o f  t h e  s h o r t - l i v e d  daughters i n  
e q u i l i b r i u m  w i t h  t h e  parent  rad ionuc l ides  are  inc luded i n  t h e  organ dose 

No d e f a u l t  inventory  has been es tab l  ished. 
The d e f a u l t  l i b r a r i e s  f o r  use i n  Level 1 
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and ex terna l  dose ca l cu la t i ons .  For o ther  rad ionucl  ides, cha in  decay 
c a l c u l a t i o n s  a re  performed and daughters a re  permi t ted  t o  reach t h e i r  
e q u i l i b r l u m  values. 

Leve l  1. The inventory  i s  r e s t r i c t e d  t o  rad ionuc l ides  appearing i n  
Table 2.1-3. 

J e v e l s  7-3 .  Dose conversion f a c t o r s  a r e  created f o r  up t o  100 rad io-  
nuc l ides  de f ined i n  t h e  ttenvironment.tt D i f f e r e n t  rad ionuc l ides  than those 
inc luded i n  t h e  reference ttenvironmenttt may be inc luded a t  t h i s  l e v e l  o f  
operation. 
c l  ides. 

Subsequent scenar ios a re  r e s t r i c t e d  t o  t h i s  s e t  o f  radionu- 

2.2.3.4 Organ Se lec t i on  

I eve1 1. Doses t o  t h e  f o l l o w i n g  organs may be considered: t o t a l  body, 
bone, lung, thy ro id ,  and t h e  lower l a r g e  i n t e s t i n e  ( L L I )  o f  t h e  G I  t r a c t .  

Leve ls  2-3. 
def ined i n  t h e  ttenvironmenttt. These organs can be se lec ted  from t h e  al low- 
ab le  organs discussed i n  Sect ion 4.5. Dose conversion fac to rs  a re  based on 
data f o r  each rad ionuc l i de  i n  t h e  rad ionuc l i de  master l i b r a r y  (RMDLIB), t h e  
organ d a t a  l i b r a r y  (ORGLIB) and t r a n s f e r  f a c t o r  l i b r a r i e s  (FTRANSLIB, 
GRDFLIB, BIOAC). The user must determine i f  ORGLIB has s u f f i c i e n t  data f o r  
each se l  ected organ. 

Dose conversion f a c t o r s  a re  generated f o r  up t o  f i v e  organs 

2.3 Data Rase 

The user i s  ass i s ted  i n  t h e  appropr ia te  use o f  t h e  data base by t h e  com- 
pu te r  program ONSITE. 
t o  t h e  scenar io  under cons t ruc t ion .  
ONSITE s e l e c t s  t h e  appropr ia te  f i l e s  from t h e  data base. 
of t h e  d e t a i l e d  i n fo rma t ion  which f o l l o w s  i s  n o t  necessary f o r  t h e  suc- 
cessful execut ion o f  ONSITE/MAXIl. The intended audience i s  those i n t e r -  
ested i n  t h e  o rgan iza t i on  and conten t  o f  t h e  data base and Level 2 and 
Level 3 users (de f ined i n  Sect ion 2.2.2.1) who are  d e f i n i n g  a d i f f e r e n t  
"env i ronment. It 

ONSITE asks t h e  user quest ions t h a t  a re  app l i cab le  
From t h e  responses t o  those questions, 

An understanding 

The ONSITE/MAXIl data base i s  composed o f  eleven d a t a  f i l e s .  
sh ip  o f  t h e  d a t a  base t o  t h e  computer codes i s  depicted i n  F igure  2.2-1. 
RMDLIB i s  t h e  master rad ionuc l ide  l i b r a r y  conta in ing  chain decay and 
t r a n s l o c a t i o n  c l a s s  in format ion.  The balance o f  t h e  f i l e s  conta in  dose 
conversion f a c t o r s  f o r  var ious  pathways. 

The r e l a t i o n -  
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2.3.1 

The rad ionuc l i de  master data l i b r a r y  (RMDLIB) conta ins  a l l  r a d i o l o g i c a l  
decay data used by MAXI .  The l i b r a r y  i s  organized i n t o  two sections. The 
f i r s t  sec t i on  conta ins  rad ionuc l ides  t h a t  a re  n o t  members o f  decay chains, 
and a l s o  rad ionuc l ides  s ing led  o u t  fran chains w i t h  t h e  n+D1l ( p l u s  
daughters) designation. Radionucl ides i n  t h e  f i r s t  sec t i on  a r e  arranged by 
inc reas ing  atomic number. 
rad ionuc l ides  organized i n t o  decay chains ordered under t h e  rad ionuc l ides  

Radionucl ide Master L i b r a r y  f o r  M A X I 1  - RMDLIB 3 

The second sec t i on  o f  t h e  l i b r a r y  conta ins  

I h i ghes t  i n  t h e  chain. RMDLIB conta ins  about 280 en t r ies .  

The f i r s t  record  o f  t h e  l i b r a r y  conta ins  80 characters  o f  d e s c r i p t i v e  
i n fo rma t ion  used as i d e n t i f i c a t i o n  i n  t h e  i n p u t  data r e p o r t  p r i n t e d  by 
MAXI1 .  The balance o f  t h e  data records have t h e  f o l l o w i n g  in fo rmat ion :  

Column 1 
Column 2 - Atomic weight, a l s o  metastable (m)  and/or p l u s  daughters 

(+D) des ignat ion  
Column 3 - Rad io log ica l  h a l f - l i f e ,  days 
Column 4 - Index o f  r e l a t i v e  p o s i t i o n  i n  decay chain 

Column 5 - Index o f  precursor  i n  decay chain (as i d e n t i f i e d  i n  column 

Column 6 - Branching r a t i o  f o r  primary precursor  
Column 7 - Index o f  a l t e r n a t e  precursor  i n  decay chain 
Column 8 
Column 9 

Column 10 - Trans loca t ion  c lass  assignment f o r  i n s o l u b l e  s t a t e  o f  

- Alphabet ic  element symbol 

( 0  I s  h ighes t  p o s i t i o n )  

4 o f  t h e  precursor)  

- Branching r a t i o  f o r  a l t e r n a t e  precursor  - Trans loca t ion  c lass  assignment f o r  so lub le  s t a t e  o f  
element 

e l  emen t 

Trans loca t ion  r e f e r s  t o  t h e  r a t e  a t  which rad ionuc l ides  a re  t ranspor ted  by 
body f l u i d s  from t h e  lungs t o  the  blood and G I  t r a c t  a f t e r  i nha la t i on .  
i n h a l a t i o n  ca l cu la t i ons ,  t r a n s l o c a t i o n  c l a s s i f i c a t i o n s  a re  made f o r  each 
organ based on t h e  usage o f  t h e  Task Group Lung Model (ICRP 1966). 
t r a n s l o c a t i o n  i nd i ces  used i n  RMDLIB r e f e r  t o  t h e  f o l l o w i n g  c lasses as 
de f ined i n  ICRP (1966): 

For 

The 

Index 1 Class D Materi-. A maximum clearance ha l f - t ime  o f  l e s s  
than a day. 

Index 2 0 Class  W M a t e r i a l s  . A maximum clearance ha l f - t ime  ranging 
from a few days t o  a few months. 

Index 3 Class Y M a t e r i a l s  . A maximum clearance ha l f - t ime  o f  f 
s i x  months t o  a few years. 

ONSITE/MAXIl assumes t h a t  f o r  i n h a l a t i o n  a1 1 elements a re  i n s o l  ub 
lungs and so lub le  f o r  t h e  o the r  organs. This  assumption tends t o  
t h e  organ dose. The t r a n s l o c a t i o n  c l a s s i f i c a t i o n  f o r  so lub le  and 

'om 

e f o r  t h e  
maximize 
i nsol ubl e 

2.31 



w i l l  be read by t h e  ONSITE computer code and app l ied  t o  each organ 
according t o  t h e  above assumption. 
may be modi f ied by t h e  user dur ing  scenar io  c rea t ion .  

The d e f a u l t  t r a n s l o c a t i o n  assignments 

The RMDLIB FORTRAN format i s  (A2, A6, E10.2, 212, F7.4, 12, F7.4, 22X,211). 
The parameter i n  column f o u r  i s  used t o  s igna l  t h e  end o f  t h e  data l i b r a r y  
(<=O). 
reads a shortened ve rs ion  o f  RMDLIB conta in ing  on ly  those rad ionuc l ides  
de f ined f o r  t h e  o n s i t e  disposal environment e n t i t l e d  RMDONS ( l i s t e d  i n  
Appendices l . C  and 2.A). 

A l i s t i n g  o f  t h e  l i b r a r y  i s  loca ted  in 'Appendix  l.C. ONSITE 

2.3.2 Leaf Mechanism Dose Rate Factors  - FILE20 

The f i l e  assigned t o  l o g i c a l  u n i t  20, c a l l e d  FILE20, conta ins  "environment"- 
s p e c i f i c  leaf-mechanism dose r a t e  f a c t o r s  f o r  1 pCi per  cub ic  meter i n  
a i r .  Each record  o f  t h e  f i l e  conta ins dose r a t e  f a c t o r s  o f  one radionu- 
c l i d e  f o r  se lec ted  organs. 
each year. 
t i on ,  corresponding M A X I 1  v a r i a b l e  names, and FORTRAN formats o f  FILE20. a r e  
as fo l l ows :  

The f i l e  i s  arranged i n t o  se ts  o f  records f o r  
The f i l e  organiza- The se ts  a re  de l im i ted  by a blank record. 

L i n e  1 * D e s c r i p t i v e  t i t l e ,  TIT20; (20A4). 

L ine  2 

L i n e  3 

0 Type descr ip tor ,  I D ;  
number o f  years o f  data, NYRL; 
number o f  isotopes, NISOL; 
number of organs, NORGL; (5X, A4, 315). 

0 Index of organs, KORGLS( i) , 
f o r  i ranging from one t o  NORGL; (515). 

The fo l l ow ing  s e t  of records f o l l o w s  f o r  each year o f  data (k ) ;  a t o t a l  o f  
NYRL sets :  r L i n e  A e Blank l i n e  

Next NISOL l i n e s  0 One l i n e  f o r  each isotope ( i )  conta in ing:  
element symbol as i n  t h e  master rad io-  
n u c l i d e  l i b r a r y ,  ELTLS(i1; 
atomic number as i n  t h e  master rad io-  
nuc l  i d e  1 i brary, AWLS( i) ; 
dose r a t e  f a c t o r  f o r  KORGLS(j1 where 
j ranges from one t o  NORGL, 
DINCL( k, i, j 1 ; 
(A2, A6, 5E12.2). - 

FILE20 conta ins  dose r a t e  fac to rs  f o r  f i v e  organs f o r  100 rad ionuc l ides  f o r  
f i f t y  years. The organs a re  t o t a l  body, bone, lungs, thy ro id ,  and t h e  
lower l a r g e  i n t e s t i n e  o f  t h e  G I  t r a c t .  Consumption parameters inc luded i n  
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t h e  dose conversion f a c t o r s  a re  l i s t e d  i n  Table 2.1-1. The rad ionuc l ides  
considered a r e  l i s t e d  i n  Table 2.1-3. 
i s  p r i n t e d  i n  Appendix l .C .  A complete l i s t i n g  o f  t h e  d e f a u l t  f i l e  i s  
g iven i n  Appendix 2.A. 

The f i r s t  page o f  t h i s  d e f a u l t  f i l e  

When c r e a t i n g  a new vvenvironmentrvv t h e  computer code MAX12 i s  used t o  
generate t h i s  f i l e .  MAXI2 i s  a spec ia l  vers ion  o f  t h e  FOOD computer code 
(Napier e t  a l .  1980). The user i s  r e f e r r e d  t o  t h a t  document f o r  d e t a i l e d  
in format ion.  I n s t r u c t i o n s  f o r  execut ing MAXI2 are  g iven i n  Section 3.1.2. 
MAXI2 outputs  leaf-mechanism dose r a t e  f a c t o r s  t o  t h e  f i l e  assigned t o  
l o g i c a l  u n i t  20. The MAXI2 i n p u t  f i l e  t h a t  generated FILE20 f o r  t h e  o n s i t e  
disposal vvenvironmentvv i s  1 i s t e d  i n  Appendix 2.8. 

2.3.3 S o i l  Mechanism Dose Rate Factors - FILE21 

The f i l e  assigned t o  l o g i c a l  u n i t  218 c a l l e d  FILE21, conta ins  "environmentvt 
- s p e c i f i c  soil-mechanism dose r a t e  f a c t o r s  f o r  1 p C i  per square meter i n  
s o i l .  Each record o f  t h e  f i l e  conta ins  dose r a t e  f a c t o r s  o f  one radionu- 
c l i d e  f o r  se lec ted  organs. The f i l e  i s  arranged i n t o  se ts  o f  records f o r  
each year. 

The se ts  a r e  de l im i ted  by a blank r.ecord. 
sponding M A X I 1  v a r i a b l e  names8 and FORTRAN formats o f  FILE21 i s  as fo l l ows :  

The f i l e  organizat ion,  corre-  

L i n e  1 0 D e s c r i p t i v e  t i t l e ,  TIT21; (20A4). 

L ine  2 

L i n e  3 

0 Type descr ip to r ,  I D ;  
number o f  years o f  datar NYRS; 
number o f  isotopes, NISOS; 
number o f  organs, NORGS; (5X, A4, 315). 

Index o f  organs, KORGLS( i) 
f o r  i ranging from one t o  NORGS; (515). 

The f o l l o w i n g  set o f  records  f o l l o w s  for  each year  o f  data  ( k ) ;  a t o t a l  o f  
NYRS sets: r L i n e  A B1 ank 1 i n e  

I ') 
Next N I S O S  l i n e s  One l i n e  f o r  each iso tope (i) conta in ing :  

element symbol as i n  t h e  master rad io -  
nuc l i de  1 i b r a r y 8  ELTLS( i); 
atomic  number as i n  the  master rad io -  
nucl i d e  1 i bra ry?  AWLS( i) ; 
dose r a t e  f a c t o r  f o r  KORGLS(j1 where 
j, ranges from one t o  NORGS, 
D INCS(kr i8 j ) ;  
(A29 A6r 5E12.2). - I 
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FILE21 conta ins dose r a t e  f a c t o r s  f o r  f i v e  organs f o r  100 rad ionuc l ides  f o r  
f i f t y  years, The organs a re  t o t a l  body, bone, lungs, thy ro id ,  and t h e  
lower l a rge  i n t e s t i n e  of t h e  G I  t r a c t .  
t he  dose conversion f a c t o r s  a r e  l i s t e d  i n  Table 2.1-1. 
considered are  l i s t e d  i n  Table 2.1-3. The f i r s t  page of t h i s  f i l e  i s  
p r i n t e d  i n  Appendix l .C. 

Consumption parameters inc luded i n  
The rad ionuc l ides  

A complete l i s t i n g  o f  t h e  f i l e  i s  i n  Appendix 2.A. 

MAXI2, a spec ia l  vers ion  o f  t h e  FOOD computer (Napier e t  a l .  19801, gen- 
erates t h i s  f i l e .  
f o r  d e t a i l e d  in format ion.  
Section 3.1.2. 
g iven i n  Appendix 2.8. MAXI2 p r i n t s  a r e p o r t  o f  i n p u t  parameters and 
outputs  soil-mechanism dose r a t e  f a c t o r s  t o  t h e  f i l e  assigned t o  l o g i c a l  
u n i t  21  i n  t h e  format  described above. 

The user i s  r e f e r r e d  t o  t h e  FOOD program documentation 
I n s t r u c t i o n s  f o r  execut ing MAXI2 a r e  loca ted  i n  

The i n p u t  submitted t o  MAXI2 t o  generate t h e  FILE21 i s  

2.3.4 Surface Ex terna l  Exposure Mechanism Dose Rate Factors  

The f i l e  assigned t o  l o g i c a l  u n i t  22 conta ins  ex terna l  dose r a t e  
fac to rs .  Two f i l e s  a re  a v a i l a b l e  f o r  cons ider ing sur face  contamination i n  
t h e  o n s i t e  disposal llenvironment.ll 
o f  t h e  waste. The f i l e s  are: 

These f i l e s  a re  based on t h e  l o c a t i o n  

tlPLANSOURC1l - An i n f i n i t e  plane o f  s o i l  contamination, 

llROOM1l - sur face  contamination on t h e  walk, f l o o r ,  and c e i l i n g  
o f  a room. 

The organizat ion,  corresponding M A X I l  v a r i a b l e  names, and FORTRAN formats 
o f  these f i l e s  a re  as fo l l ows :  

L i n e  1 Desc r ip t i ve  t i t l e ,  TIT22; (20A4). 

L i n e  2 Type descr ip tor ,  I D ;  
number o f  isotopes, NISOX; (SX, A4, IS). 

Next NISOX l i n e s  For each iso tope (i): 
element symbol as i n  master rad ionuc l i de  
1 i brary, ELTX( i 1 ; 
atomic number as i s  master rad ionucl  i d e  
1 i brary, AWX( i 1 ; 
externa l  exposure dose r a t e  fac to r ,  DFXT( i 1 ; 
CA2r A6, E7.1). 

The data f i l e s  llPLANSOURC1l and llROOM1l a r e  p r i n t e d  i n  Appendices l . C  and 
2.A. When e s t a b l i s h i n g  a new ttenvironment,lt t h e  user may use t h e  ISOSHLD 
(Engel e t  a l .  1966; Simmons e t  a l .  19671, MAXI2, o r  o ther  compatible com- 
pu ter  programs t o  generate ex te rna l  dose r a t e  fac to rs .  
format w i l l  probably have t o  be hand-generated from t h e  r e s u l t s  o f  t h e  
s h i e l d i n g  ca l cu la t i ons .  M A X I l  a n t i c i p a t e s  ex terna l  dose r a t e  f a c t o r s  i n  

A f i l e  i n  t h e  above 
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u n i t s  o f  mrem/yr per  pCi/m2. 
us ing the  ISOSHLD computer program. 

Both llPLANSOURC1l and llROOM1l 

2.3.5 I n h a l a t i o n  Dose Rate Factors  - FILE23 

- 
L i n e  A Element symbol as i n  t h e  master rad io-  

nuc l  i d e  1 i brary, ELTD; 
atomic number as i n  t h e  master rad ionuc l ide  
1 i brary, AWD; 
number o f  years o f  data s o l u b i l i t y  
c lass  1, N1; 
number o f  years o f  data s o l u b i l i t y  
c lass  2, N2; 
number o f  years o f  data s o l u b i l i t y  
c l a s s  3, N3; 
(A2, A6r 2x1 315). 

Next N1  l i n e s  For t r a n s l o c a t i o n  c lass  I, one record  con- 
t a i n s  i n h a l a t i o n  dose r a t e  f a c t o r s  f o r  f i v e  
organs Cj), D I N ( l , i , j ) ;  ( l o x r  5E10.2). 

Next N2 1 ines  For t r a n s l o c a t i o n  c l a s s  2, one record con- 
t a i n s  i n h a l a t i o n  dose r a t e  f a c t o r s  f o r  f i v e  
organs C j ) ,  D I N ( Z , i , j ) ;  ( lox ,  5E10.2). 

Next N3 1 ines  For t r a n s l o c a t i o n  c lass  3, one record  con- 
t a i n s  i n h a l a t i o n  dose r a t e  f a c t o r s  f o r  f i v e  
organs (j), DIN(3,i, j); ( lox ,  5E10.2). - 

were generated 

The f i l e  assigned t o  l o g i c a l  u n i t  23 c a l l e d  FILE23, conta ns i n h a l a t i o n  
dose r a t e  f a c t o r s  f o r  1 pCi per  cubic  meter o f  a i r .  The f i l e  i s  arranged 
i n t o  se ts  o f  records f o r  each isotope. Each iso tope s e t  con ta ins  t h r e e  
s o l u b i l i t y  c l a s s  subsets. Each s o l u b i l i t y  c l a s s  subset i s  comprised o f  a 
v a r i a b l e  number o f  records, one record per  year. 
on up t o  f i v e  organs. The f i l e  organization, corresponding M A X I 1  v a r i a b l e  
names, and FORTRAN formats o f  FILE23 are  as fo l l ows :  

Each record  conta ins  data 

L i n e  1 

L i n e  2 

Number o f  rad ionuc l ides  i n  l i b r a r y ,  NDI; 
d e s c r i p t i v e  t i t l e ,  TIT23; (15, 15X115A4). 

Index o f  organs, IDORG( i1 ,  
f o r  i ranging from 1 t o  5, i=O ind i ca tes  data 
f o r  l e s s  than f i v e  organs; (515). 
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l a rge  i n t e s t i n e  o f  t h e  G I  t r a c t .  
breath ing r a t e  o f  230 cc/sec. 
Appendix 1.D.5. A complete l i s t i n g  i s  loca ted  i n  Appendix 2.A. FILE23 i s  
created by a spec ia l  ve rs ion  o f  t h e  computer code DACRIN (Houston, Strenge, 
Watson. 1974). Th is  1 i b r a r y  i s  n o t  "environmenttt-specif ic and consequently 
should n o t  need t o  be recreated by the  user. 
created FILE23 i s  shown i n  Appendix 2.D. 

Dose r a t e  f a c t o r s  a re  based on a 
The f i r s t  page o f  t h i s  f i l e  i s  p r i n t e d  i n  

The i n p u t  t o  DACRIN t h a t  

2.3.6 Aquatic Foods Dose Rate Factors  - FILE24 

The f i l e  assigned t o  l o g i c a l  u n i t  24, c a l l e d  FILE24, conta ins  ttenvironmenttt 
- s p e c i f i c  aquat ic  foods dose r a t e  f a c t o r  f o r  1 pCi per  l i t e r  o f  r i v e r  
water. Each record o f  t h e  f i l e  conta ins  dose r a t e  f a c t o r s  o f  one radionu- 
c l i d e  f o r  se lec ted  organs. 
each year. 
t i on ,  corresponding M A X I 1  v a r i a b l e  names, and FORTRAN formats o f  FILE24 a re  
as fo l lows:  

The f i l e  i s  arranged i n t o  se ts  o f  records f o r  
The f i l e  organiza- The se ts  a re  de l im i ted  by a blank record. 

L i n e  1 Desc r ip t i ve  t i t l e ,  TIT24; (20A4). 

L i n e  2 

L i n e  3 

0 Type descr ip tor ,  ID ;  
number o f  years o f  data, NYRA; 
number o f  isotopes, NISOA; 
number of organs, NORGA; (5X, A4, 315). 

e Index o f  organs, KORGA( 51, 
f o r  i ranging from one t o  NORGA; (515). 

The fo l l ow ing  s e t  o f  records f o l l o w s  f o r  each year o f  data ( k ) ;  a t o t a l  o f  
NYRA sets :  r L i n e  A Blank l i n e  

Next N I S O A  l i n e s  One l i n e  f o r  each iso tope (i) conta in ing :  
element symbol as i n  t h e  master rad io-  
n u c l i d e  l i b r a r y ,  ELTA(i1; 
atomic number as i n  t h e  master rad io-  
n u c l i d e  1 i b ra ry ,  AWAW( i); 
dose r a t e  f a c t o r  f o r  KORGA( j1  where 
j ranges from one t o  NORGA, 
DINCA(k,i,j); 
(A2, A69 5E12.2). - 

FILE24 conta ins  dose r a t e  f a c t o r s  f o r  f i v e  organs f o r  100 rad ionuc l ides  f o r  
f i f t y  years. The organs a re  t o t a l  body, bone, lungs, thy ro id ,  and t h e  
lower l a r g e  i n t e s t i n e  o f  t h e  G I  t r a c t .  Consumption ra tes  a re  g iven i n  

2.36 



7 'T Table 2.1-2. Radionucl ides inc luded a r e  1 i s t e d  
page o f  t h i s  f i l e  i s  p r i n t e d  i n  Appendix l . C .  A 
f i l e  i s  loca ted  i n  Appendix 2.A. 

FILE24 i s  generated by t h e  MAXI3 computer code. 
o f  t h e  ARRRG computer code (Napier e t  a l .  1980). 

n Table 2.1-3. The f i r s t  
complete 1 i s t i n g  o f  t h e  

MAXI3 i s  a spec ia l  vers ion  
The user i s  r e f e r r e d  t o  

I n s t r u c t i o n s  f o r  execut ing MAX13 t h a t  document f o r  de ta i  1 ed in format ion.  
a re  g iven i n  Sect ion 3.1.2. The i n p u t  t o  MAXI3 t h a t  generated t h e  aquat ic  
foods dose r a t e  fac to rs  i n  FILE24 is g iven i n  Appendix 2.C. 

2.3.7 Drinking-Water Dose Rate Factors - FILE25 

The f i l e  assigned t o  l o g i c a l  u n i t  25, c a l l e d  FILE25, conta ins  Itenvironmentff 
- spec i f i c  dr ink ing-water  dose r a t e  f a c t o r s  f o r  1 pCi per l i t e r  o f  d r i n k i n g  
water. Each record o f  t h e  f i l e  conta ins  dose r a t e  f a c t o r s  o f  one radionu- 
c l i d e  f o r  se lec ted  organs. 
each year. The se ts  a re  de l im i ted  by blank records. 
t i on ,  corresponding M A X I 1  v a r i a b l e  names, and FORTRAN format o f  FILE25 are  
as fo l lows:  

The f i l e  i s  arranged i n t o  se ts  o f  records f o r  
The f i l e  organiza- 

L i n e  1 Desc r ip t i ve  t i t l e ,  TIT25; (2OA4). 

L i n e  2 

L i n e  3 

0 Type descr ip to r ,  I D ;  
number o f  years o f  d a t a r  NYRW; 
number o f  isotopes, NISOW; 
number o f  organsI NORGW; (5X, A4, 315). 

0 Index of organs, KORGW(i1, 
f o r  i ranging from 1 t o  NORGW; (515). 

The f o l l o w i n g  s e t  o f  records f o l l o w s  f o r  each year o f  data ( k ) ;  a t o t a l  o f  
NYRW sets :  

L i n e  A Blank l i n e  

Next NISOW l i n e s  0 One l i n e  f o r  each iso tope (i) conta in ing :  
r 

element symbol as i n  t h e  master rad io-  
nuc l  i d e  1 i brary, ELTW( i) ; 
atomic number as i n  t h e  master rad io-  
n u c l i d e  1 i brary r  AWW( i) ; 
dose r a t e  fac to r  f o r  KORGW( j) where 
j ranges from one t o  NORGW, 
DINCW(krir j) ;  
(A2r A69 5E12.2). - 

FILE25 conta ins  dose r a t e  f a c t o r s  f o r  f i v e  organs f o r  100 rad ionuc l ides  f o r  
f i f t y  years. The organs are  t o t a l  body, bone, lungs, thy ro id ,  and t h e  
lower l a r g e  i n t e s t i n e  o f  t h e  G I  t r a c t .  Consumption r a t e s  a r e  g iven i n  

2.37 



Table 2.1-2. 
f i r s t  page o f  t h i s  f i l e  i s  p r i n t e d  i n  Appendix l .C .  
t h e  f i l e  i s  i n  Appendix 2.A. 

The rad ionuc l ides  considered a re  l i s t e d  i n  Table 2.1-3. The 
A complete l i s t i n g  of 

The computer code MAX13 generates FILE25. MAXI3 i s  a specia l  vers ion  of 
t he  ARRRG computer code (Napier e t  a l .  1980). The user i s  r e f e r r e d  t o  t h a t  
document f o r  d e t a i l e d  in format ion.  I n s t r u c t i o n s  f o r  executing MAXI3 a re  
g iven i n  Section 3.1.2. The MAXI3 i n p u t  f i l e  t h a t  generated t h e  dose r a t e  
fac to rs  i n  FILE25 i s  g iven i n  Appendix 2.C. 

2.3.8 Bur ied  Waste External  Dose Rate Factors  

Three f i l e s  a r e  a v a i l a b l e  f o r  cons ider ing bu r ied  waste i n  t h e  o n s i t e  d is-  
posal llenvironment.ll The f i l e s  a re  based on t h e  l o c a t i o n  ( r e l a t i v e  depth 
from t h e  sur face)  o f  t h e  waste. The th ree  op t i ona l  f i l e s  are: 

VOLSOURCI1 - i n f i n i t e  sur face  s lab  source (waste th ickness o f  1 m) 
tlBURIEDHF1l - i n f i n i t e  s lab  source bu r ied  i n  s o i l  w i t h  an overburden 

tfBURIED1ll - i n f i n i t e  s lab  source bu r ied  i n  s o i l  w i t h  an overburden 
depth o f  0.5 meters (waste th ickness o f  1 m) 

depth o f  1.0 meters (waste th ickness  o f  1 m) 

ONSITE assigns t h e  appropr ia te  f i l e  t o  l o g i c a l  u n i t  27 based on t h e  waste 
l o c a t i o n  se lec ted  by t h e  user. 
rad ionuc l i de  source s t reng th  t o  t h e  dose r a t e  i n  t i s s u e  1 m away. These 
fac to rs  a r e  f o r  1 pCi per  cub ic  meter f o r  t h e  waste. 
f i l e  con ta ins  dose r a t e  f a c t o r s  f o r  one rad ionuc l ide .  
t i on ,  corresponding M A X I 1  v a r i a b l e  names, and FORTRAN formats o f  t h e  
op t i ona l  f i l e s  a re  as fo l lows:  

The f a c t o r s  i n  these f i l e s  r e l a t e  t h e  

Each record  o f  t h e  
The f i l e  organiza- 

L i n e  1 D e s c r i p t i v e  t i t l e ,  TIT27; (20A4). 

L i n e  2 * Type descr ip tor ,  ID ;  
number o f  isotopes, NISODX; (5X, A4, 15). 

Next NISODX 1 ines  e For each iso tope ( i 1 
element symbol as i n  master rad ionuc l i de  
1 i brary, ELTDX( i 1 ; 
atomic number as i s  master rad ionucl  i de  
1 i brary, AWDX( i 1 ; 
dose r a t e  f a c t o r  i n  a i r ,  DFDXT(i1; 
(A2r A6r E7.l) 

The t h r e e  o n s i t e  disposal llenvironmentll f i l e s  a re  l i s t e d  i n  Appendices l . C  
and 2.A. These f i l e s  a re  created by t h e  ISOSHLD (Engel e t  a l .  1966; 
Simmons e t  a l .  1%7) computer program. 
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3. PROCEDURES w User i n s t r u c t i o n s  and techn ica l  d e t a i l s  on use o f  t h e  ONSITE/MAXIl sof tware 
package a re  presented i n  t h i s  sect ion.  
i n t e r a c t i o n  w i t h  each o f  t h e  computer codes. De ta i l ed  i n fo rma t ion  on i n p u t  
parameters i s  inc luded f o r  reference. 
a re  described. 
hand c a l c u l a t i o n s  performed t o  v e r i f y  t h e  c o r r e c t  opera t ion  o f  t h e  computer 
code. Program-generated e r r o r  messages and corresponding c o r r e c t i v e  
ac t ions  f o r  t h e  ONSITE and M A X I 1  computer codes a re  a l so  l i s t e d .  

I n s t r u c t i o n s  are  g iven f o r  user 

Outputs from t h e  computer programs 
F ive  sample problems a r e  inc luded w i t h  a d iscuss ion o f  t h e  

Th is  sec t i on  i s  w r i t t e n  p r i m a r i l y  f o r  t h e  user who i n t e r a c t s  w i t h  t h e  
ONSITE program t o  execute one o f  t h e  scenar ios presented i n  Sect ion 2.1.3. 
Before i n t e r a c t i n g  d i r e c t l y  w i t h  t h e  o ther  codes i n  t h e  so f tware  package, 
t h e  user should be f a m i l i a r  w i t h  Sect ion 2.2, Computer Implementat ion. 

The f o l l o w i n g  conventions w i l l  be used i n  t h i s  manual t o  d i s t i n g u i s h  exact  
user i n p u t  from i n s t r u c t i o n s  and from computer program disp lays.  

<cr> 0 

bo1 d f  ace 0 

CAPITAL LETTERS 0 

1 ower-case 1 etters 0 

These symbols i n d i c a t e  t h a t  t h e  keyboard key 
labe led  RETURN should be pressed when encoun- 
te red  i n  t h e  manual. Th is  i s  analogous t o  t h e  
c a r r i a g e  r e t u r n  f o r  those o f  you more f a m i l i a r  
w i t h  t ypewr i te rs  than computers. 

Boldface p r i n t  designates i n fo rma t ion  entered 
a t  t h e  te rmina l  by t h e  user. NOTE: I n  t h e  
appendices, in fo rmat ion  entered by t h e  user i s  
under1 ined. 

When c a p i t a l  l e t t e r s  i n  bo ldface type a re  en- 
countered, t h e  user should type i n  t h e  boldface 
l e t t e r s  exac t l y  as shown. 

When lower-case l e t t e r s  a re  encountered i n  
bo1 dface type, t h e  user should s u b s t i t u t e  
scenar io -spec i f i c  i n fo rma t ion  o r  a unique name. 

3.1 User I n s t r u c t i o n s  

The O N S I T E / M A X I l  so f tware  package i s  - i n s t a l l e d  on t h e  Brookhaven CDC 6600 
MFA and 7600 MFZ computers. It i s  necessary t o  o b t a i n  an account name, 
password, and problem number t o  use t h i s  computer. 
f o r  ob ta in ing  t h e  above p r i v i l e g e s  t o  access t h e  ONSITE/MAXIl software. 

The user i s  responsib le  

Three l e v e l s  o f  sof tware opera t ion  a re  presented i n  Sec t ion  2.2.2. 
Level 1, t h e  ONSITE program i s  used t o  e s t a b l i s h  and exerc ise  a scenar io  

A t  
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w i t h i n  t h e  con tex t  o f  t h e  ltenvironmentll described i n  Sec t ion  2.1.2. A t  
Leve l  2, a d i f f e r e n t  tlenvironmentlt can be es tab l i shed  w i t h  t h e  MAXI2 and 
MAXI3 programs. A t  Leve l  3, t h e  user i n t e r a c t s  d i r e c t l y  w i t h  t h e  M A X I l  
program t o  s e t  up scenar ios f o r  an ltenvironmenttt c reated w i t h  MAXI2 and 
MAXI3 programs. 

The f o l l o w i n g  t h r e e  subsections correspond t o  these leve ls ,  respec t ive ly .  

3.1.1 Creat ing  and Executing a Scenario - ONSITE (Level  1 User) 

To e s t a b l i s h  and execute a Scenario, t h e  user need o n l y  type  

ArrACHrPROCFILrID=ONSITESMR=l <cr> 
BEGINSON <cr> 

t o  access t h e  i n t e r a c t i  ve  program. 

ONSITE f i r s t  in t roduces i t s e l  f and d i s p l  ays general i n s t r u c t i o n s  on use of 
t h e  program. A menu descr ib ing  t h e  a v a i l a b l e  scenar ios i s  displayed. The 
f i v e  scenar ios are: 

(1) External-Exposure Scenario 
(2 )  External-Exposure Plus I n h a l a t i o n  Scenario 
(3)  A g r i c u l t u r a l  Scenarios 
( 4 )  I r r i g a t i o d D r i n k i n g - W a t e r  Scenario 
(5) User-Def ined Scenario 

A b r i e f  d e s c r i p t i o n  o f  t h e  se lec ted  scenar io  i s  displayed. 
change t h e  scenar io  s e l e c t i o n  a t  t h i s  po int .  
i n t e r a c t i v e l y  rev iew a l l  scenar io  desc r ip t i ons  be fore  making a f i n a l  dec i -  
s i o n  f o r  a s p e c i f i c  s imu la t ion .  

The user may 
Th is  a1 lows t h e  user t o  

The user i s  quer ied f o r  a d e s c r i p t i v e  t i t l e ,  t h e  s t a r t  t ime of t h e  simula- 
t i on ,  and t h e  l e v e l  o f  d e t a i l  presented i n  t h e  ou tpu t  reports. The user  
may execute t h e  scenar io  as it was described i n  Sect ion 2.1.3 o r  modify 
parameters associated w i t h  exposure pathways i nc luded  i n  t h e  s e l e c t e d  
scenario. I f  changes are  t o  be made, ONSITE w i l  1 s e t  parameter va lues  
based on t h e  user's response t o  questions. D e f a u l t  va lues  a re  d isp layed 
f o r  each parameter, and t h e  user's i n p u t  i s  t es ted  t o  determine i f  it i s  
w i t h i n  bounds. Before t h e  user i s  asked t o  supply  t h e  inventory ,  an 
oppor tun i ty  i s  p rov ided t o  rev iew a1 1 o f  t h e  entered parameters. Th is  
enables t h e  user t o  c o r r e c t  any mistakes o r  make changes. 

When t h e  user i s  s a t i s f i e d  w i t h  t h e  parameter se lec t ion ,  t h e  source term i s  
entered by rad ionuc l  ide. 
M A X I l  accepts rad ionuc l  i d e  names o n l y  as they appear i n  RMDONS, 1 i s t e d  i n  

Radionucl ides  should be se lec ted  from Tablec 2.1-3. 
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Appendix 1.C.9. 
c l a s s  assignment f o r  each organ f o r  each rad ionucl ide.  D e f a u l t  assignments 
have been made. The user may review and/or modify these assignments. The 
concent ra t ion  o f  t h e  rad ionuc l i des  i n  t h e  source term may be entered i n  
va r ious  u n i t s  se lec ted  by t h e  user. A screen r e p o r t  o f  t h e  i nven to ry  i s  
d isp layed when t h e  user has completed i n v e n t o r y  input. The user i s  then 
a1 lowed t o  1) modify t h e  d isp layed inventory ,  and then 2) add rad ionuc l i des  
t o  t h e  inventory .  

I n h a l  a t i o n  exposure c a l c u l  a t i o n s  r e q u i r e  a t rans1  oca t ion  

ONSITE p rov ides  ass is tance t o  t h e  user dur ing  scenar io  creat ion.  
manual shoul d n o t  be necessary dur ing  normal executions. The f o l  1 owing 
fea tures  a r e  incorporated i n t o  t h e  ONSITE software: 

Th is  

Parameter desc r ip t i ons  and d e f a u l t  va lues  f o r  each o f  t h e  f i v e  
scenar ios a re  s to red  i n  t h e  code. 

Only appl i c a b l e  parameters a re  reviewed f o r  each scenario. 

Questions a re  "English-phrased". 
r e f r a i n  from computer jargon. 
meaningful t o  t h e  end user and l o g i c a l  l y  es tab l  ishes requ i red  
parameter Val  ues. 

A s t rong  e f f o r t  has been made t o  
The code attempts t o  ask quest ions 

Values entered a t  t h e  te rmina l  by t h e  user a re  tes ted  aga ins t  minimum 
and maximum a l l o w a b l e  l i m i t s .  I f  a v a l u e  i s  determined t o  be ou ts ide  
t h e  a1 l owab le  1 imits, t h e  user i s  asked t o  supply  another value. 

D e f a u l t  va lues  a re  i n s t a l  l e d  w i t h  a n u l  1 e n t r y  (i.e., press ing t h e  
< re tu rn>  key). 

When a "YES/NO" ques t ion  i s  asked o f  t h e  userr t h e  d e f a u l t  c o n d i t i o n  
i s  always d isp layed f i r s t  (e.g., (N/Y) i n d i c a t e s  t h a t  a n u l l  e n t r y  i s  
e q u i v a l e n t  t o  a %orl response). 

Review o f  c o l  l e c t i o n s  o f  parameters (e.g., a g r i c u l t u r a l  and/or i n h a l  a- 
t i o n  pathway parameters may be bypassed dur ing  scenar io  mod i f i ca t ion) .  

Rad io log i ca l  i nven to ry  i n p u t  i s  t e s t e d  aga ins t  a shortened v e r s i o n  o f  
t h e  master rad ionuc l  i d e  1 ibrary ,  RMDONS. 
mat ion i s  a v a i l a b l e  i n  t h e  data base f o r  t h e  source term i n  ques t ion  
and t h a t  t h e  user entered t h e  r a d i o n u c l i d e  name i n  a recogn izab le  
form. 

This  es tab l  i shes  t h a t  i n f o r -  

Rad io log i ca l  i nven to ry  i n p u t  i s  t e s t e d  aga ins t  t h e  p r e v i o u s l y  entered 
i n p u t  t o  ensure t h a t  an e n t r y  i s  n o t  dupl icated.  

Upon t h e  complet ion o f  input, t h e  r a d i o l o g i c a l  i nven to ry  i s  displayed. 
The user i s  g i v e n  t h e  oppor tun i t y  t o  f i r s t  modi fy  and then add t o  t h e  
i nventory . 
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0 Defaul t organ t rans1  oca t ion  c lasses  a re  assigned. 

0 I n p u t  i s  free-formatted as s p e c i f i e d  i n  ANSI-FORTRAN-77. 

e The user may rev iew and/or modify scenar io  parameters u n t i l  s a t i s f i e d  
w i t h  t h e  se lec t ion .  

Upon complet ion o f  t h e  ONSITE program, t h e  user i s  asked t o  supply  a CDC 
account name and problem number. 
c o n t r o l  statements f o r  t h e  M A X I l  execution. The M A X I  execut ion f i l e  
created by ONSITE w i l l  be i n  t h e  user's work area under t h e  name TAPE7. 

Th is  i n fo rma t ion  i s  used t o  prepare 

The user should then en te r  t h e  f o l l o w i n g  command: 

BEGIN, DONE <cr> 

This  command w i l  1 c a t a l o g  t h e  execut ion f i l e ,  submit t h e  f i l e  t o  t h e  MFZ 
computer f o r  processing, and prepare t h e  work area f o r  another run. 

The user w i l l  be prompted t o  en te r  a unique f i lename i n  t h e  f o l  low ing  
manner: 

F FILENAME FOR SCENARIO: f i l ename <cr> 

The user  i s  then asked t o  supply a unique read key f o r  t h e  f i l e  as fo l lows:  

R READ KEY FOR FILE: readkey <cr> 

This  key w i l l  p r o t e c t  t h e  user's account name and problem number. The 
M A X I l  execut ion f i l e  w i l l  be s to red  as a permanent f i l e  under t h e  name 
s p e c i f i e d  by t h e  user. The permanent f i l e  w i 1  1 have an I D  o f  ONSITE and a 
r e t e n t i o n  per iod  o f  t e n  days. 
access t h e  i n p u t  f i l e  p r i o r  t o  execution. 

Th is  two-step procedure a l l o w s  t h e  user t o  

Because o f  extended core  memory requirements, t h e r e  may be a de lay  i n  t h e  
M A X I l  executions. When t h e  f i l e s  have been executed, ( t h e  j o b  names w i l l  
appear under OUTPUT FILES i n  t h e  FILES command response), t h e  user may use 
t h e  SEND command procedure t o  d i r e c t  ou tpu t  t o  t h e  WE t e rm ina l  i n  SS-056. 
To s t a r t  t h e  procedure, enter :  

6EGIN.SEND <cr> 

The procedure w i l l  respond w i t h  t h e  f o l l o w i n g  request: 

F NAME OF OUTPUT FILE TO BE PRINTED: jobname <cr> 

The user should en te r  t h e  jobname as i t  appears i n  t h e  FILES c m a n d  
response. The SEND procedure then requests a name t h a t  w i l l  be p r i n t e d  on 
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t h e  banner page o f  t h e  output. 
sequence t o  i d e n t i f y  t h e  run. 

The user may use any f i ve-charac ter  
The format o f  t h e  request i s  as fo l lows:  

N FIVE CHARACTER NAME TO IDENTIFY RUN: name <cr> 

3.1.2 Creat ing an llEnvironmentl’ - MAXI2 and MAX13 (Level  2 User) 

MAXI2 i s  a spec ia l i zed  ve rs ion  o f  t h e  FOOD (Napier e t  a l .  1980) computer 
program. 
computer code. The user i s  r e f e r r e d  t o  t h e  ARRRG and FOOD document f o r  
user i ns t ruc t i ons ,  w i t h  t h e  f o l l o w i n g  exceptions: 

MAXI3 i s  a spec ia l i zed  ve rs ion  o f  t h e  ARRRG (Napier e t  a l .  1980) 

- Only t h e  f o l l o w i n g  NAMELIST parameters a r e  used by MAXI2: 

NEXT HL DUP KO RG 
KFDTY P CON T2 
GRWP TRN S POP 
YELD EXTIM IPOP 

Only t h e  f o l l o w i n g  NAMELIST parameters a re  used by MAXI3: 

NEXT KORG USAG 
KPMWY PL I FE ISALT 
T2 HLDUP 

* Release parameter records need on ly  l i s t  t h e  rad ionuc l ide  name, 
ELT I ( i 1  and A W I ( i )  i n  FORTRAN A2, A6 format. 

* Special vers ions  o f  t h e  data l i b r a r i e s  used by MAXI2 and MAX13 a r e  
inc luded i n  t h e  ONSITE/MAXI sof tware package. These l i b r a r i e s  con ta in  
i n fo rma t ion  i n  t h e  rad ionuc l ides  l i s t e d  i n  Table 2.1-3. The l i b r a r y  
FTRANSLIB conta ins  elemental depos i t ion  v e l o c i t i e s  t o  account f o r  
depos i t ion  o f  resuspend d r a d i  c t i v e  mater ia ls .  Transfer c o e f f i -  

Guide 1.109 (U.S. NRC 1977). The l i b r a r i e s  inc luded i n  t h i s  package 
are: 

c i e n t s  i n  FTRANLIB f o r  9 H and “C are  taken from Regulatory 

RMDL I B  BIOAC 
ORGL I B  FTRAN SL I B  
GRDFL I B  

RMDLIB i s  a l s o  used by M A X I 1 .  

F i l e s  must be assigned t o  t h e  f o l l o w i n g  l o g i c a l  u n i t  devices t o  ob ta in  
dose r a t e  f a c t o r  output :  

3.5 



Logica l  Corresponding 
LhiLNL Fi-on - 

20 MAXI2 1 eaf  mechani sms FILE20 
21 MAXI2 s o i l  mechanisms FILE21 
22 MAXI2 sur face ex terna l  mechanisms PLAN SOU RC 
24 MAXI3 aquat ic  food-product mechanisms FILE24 
25 MAXI3 dr ink ing-water  mechanisms FILE25 

MAXI2 and MAXI3 w i l  1 p r i n t  r e p o r t s  o f  i n p u t  parameters. 
o rgan iza t i on  i s  presented i n  Sec t ion  2.3. 
FOOD and ARRRG) a re  n o t  pr in ted.  

Output f i l e  
Output r e p o r t s  (as prov ided by 

Sample i n p u t  f i l e s  t o  MAXI2 and MAX13 and 1 i s t e d  i n  Appendices 2.B and 2.G 
respec t i ve l y .  

The ONSITE/MAXIl data base conta ins  t h e  llenvironmentll described i n  Sec t ion  
2.1.2. F i  1 e names generated by MAXI2 and MAXI3 must n o t  con f l  i c t  w i t h  
those c u r r e n t l y  i n  t h e  data base. It i s  suggested t h a t  a l l  f i l e s  be 
renamed so t h a t  t h e  d i f f e r e n t  llenv i ronmentV1 can be es tab l  i shed w i thou t  
s a c r i f i c i n g  t h e  i n t e g r i t y  o f  t h e  ONSITE/MAXI  data base. 

3.1.3 I n t e r a c t i n g  D i r e c t l y  w i t h  M A X I l  (Level 3 User) 

A user may e s t a b l i s h  a scenar io  by i n t e r a c t i n g  d i r e c t l y  w i t h  t h e  MAXIl 
'computer program. 
t h e  user must have a thorough understanding o f  M A X I l  theory and coding 
before a t tempt ing  t h i s  i n te rac t i on .  A1 1 necessary i n fo rma t ion  f o r  M A X I l  
execut ion i s  i nc luded  i n  t h i s  manual. The user i s  r e f e r r e d  t o  Sections 2.2, 
2 3 ,  3.2, 4.4 and 4.5 f o r  f u r t h e r  i n fo rma t ion  on execut ing MAXI1. 

Because o f  t h e  complex i ty  o f  t h e  M A X I l  i n p u t  parameters, 

3.2 -Input Parameters 

In fo rma t ion  i n  t h i s  sec t i on  i s  n o t  necessary f o r  successful execut ion o f  
t h e  ONSITE program. 
va lues  assigned t o  each scenar io  a r e  g i v e n  i n  Tab le  3.2-1. 
v a r i a b l e s  f o r  ONSITE/MAXIl are described i n  Tab le  3.2-2. The name o f  each 
parameter i s  f o l l owed  by t h e  number o f  elements (and s p e c i f i c a t i o n  i f  it i s  
an array), t h e  data type  c l a s s i f i c a t i o n ,  and a descr ip t ion.  The parameter 
d e s c r i p t i o n  i nc ludes  t h e  f u n c t i o n  o f  t h e  parameter, t h e  dimensional un i ts ,  
and t h e  minimum and maximum a1 lowab le  va lues  i f  appl icable.  
a re  l i s t e d  i n  a l p h a b e t i c a l  order. 

It i s  i nc luded  f o r  reference. The d e f a u l t  parameter 
The i n p u t  

The parameters 
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Table 3.2-1. Scenario Default Parameter Values 

E x t e r n a l  I rr f g a t i d  
E x t e r n a l  Exposure a n d  D r l  n k  t n g  
--AmaLkwl-- 

P a t h w a y s :  

E x t e r n a l  E x p o s u r e  
t o  B u r l e d  Waste 
( I E X T )  1 

E x t e r n a l  E x p o s u r e  
t o  S u r f a c e  Waste 
( ISUR) 0 

Food Consurnpt lon  
( I F 0 0 1  0 

D r l n k l n g  Water  
C o n s u m p t l o n  (IWAT) 0 

A q u a t t c  Food P r o d u c t  
C o n s u m p t l o n  (IARG) 0 

A l r  S u b m l s s l o n  
( I A I R )  0 

H o u r s  o f  E x p o s u r e :  
To E x t e r n a l  2000. 
To I n h a l a t l o n  0 

Waste D l l u t l o n  
F a c t o r  .2 

R e s u s p e n s l o n  M o d e l :  NA 
Age o f  c o n t a m l -  
n a t l o n  ( y r s )  NA 

T h l c k n e s s  o f  s u r -  
f a c e  s o l 1  l a y e r  
a v a l l a b l e  (cm) NA 

0 0 0 1 

1 1 

1 1 

0 0 1 1 

0 0 0 

0 0 0 

2000. 
2000. 

2000. 
2000. 

2000. 
2000. 

8766. 
8766. 

.2 

An s pa ug h  

0 

.2 

Ans paug h  

0 

1 .o 

Anspaugh 

0 

.2 

Mass l o a d l n g  

-1 

1 .o 1 .o 1 .o NA 

F r a c t l o n  o f  D I e t  
Grown on S l t e  0 .o 

Y e a r s  o f  P r l o r  
I r r t g a t l o n  o f  
S l t e  0 
S e l e c t e d  Organs  T o t a l  

body 

0.0 0.0 1 .o 1 .o 

0 
T o t a l  body, 
bone, l u n g s ,  
t h y  r o t  d  , 
GI t r a c t  

0 
T o t a l  body, 
bone, l u n g s ,  
t h y r o l  d, 
G I  t r a c t  

10 
T o t a l  body. 
bone, l u n g s ,  
t h y r o l d ,  
GI t r a c t  

0 
T o t a l  body, 
bone, l u n g s ,  
t h y r o l d ,  
G I  t r a c t  

No. o f  Y e a r s  
A f t e r  Waste Is 
D t s p o s e d  T h a t :  

S c e n a r l o  B e g l n s  0 

S c e n a r l o  Ends 50 

0 

50 

1 LO 

0 

50 

1 .o 

0 

50 

0.05 

0 

50 

1 .o S l t e  S l z e  ( h a )  1 .o 
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Table  3.2-2. ONSITVMAXIl Parameter Descr ip t ions  n 
NAMEL I ST w 

Parameter SeWNo. Array 
- d a m L - - -  Descr i D t  i on 

AGE INPUT Real Anspaugh model. Average age o f  sur -  
face contaminat ion a t  t h e  beginning 
o f  t h e  c a l c u l a t i o n  i n  years. 

AREAEX 

AREAIN 

AW I 

DEN 

ELTI 

FRS I Z  

I 2 2  

INPUT 

INPUT 

(100) 

INPUT 

(100) 

INPUT 

INPUT 

Real 

Real 

Area c o r r e c t i o n  f a c t o r  f o r  e x t e r n a l  
pathways t o  account f o r  t h e  l i m i t e d  
exposure p o t e n t i  a1 from smal l e r  
d isposal  s i t e s .  Th is  parameter i s  
c a l c u l a t e d  by ONSITE based on t h e  
s i z e  o f  t h e  s i t e ,  FRSlZ. ( D e f a u l t  
va lue i s  1.0) 

Area c o r r e c t i o n  f a c t o r  f o r  i n t e r n a l  
pathways t o  account f o r  t h e  l i m i t e d  
exposure p o t e n t i  a1 f ran smal 1 e r  
disposal  s i t e s .  Th is  parameter i s  
c a l c u l a t e d  by ONSITE based on t h e  
s i z e  of t h e  s i t e ,  FRSlZ. ( D e f a u l t  
va lue i s  1.0) 

A1 pha Two-character element symbol o f  
each rad ionuc l ide  i n  t h e  source 
term. 

Real Mass-loading model. S o i l  dens i ty  
i n  grams per cubic  meter. 
va lue i s  1.OE+6) 

( D e f a u l t  

A1 pha Atomic number o f  t h i s  rad ionuc l ide .  
I n p u t  may be up t o  s i x  characters  
i n  l e n g t h  and i n c l u d e  metastable 
(m) and daughter (+D) des ignat ion  
(e.g. , TE127m+D). 

Real Disposal  s i t e  s i z e  i n  terms o f  
f r a c t i o n a l  hectares. ( D e f a u l t  
va lue i s  1.01 

I n t e g e r  Index of source computer program o f  
t h e  ex terna l  dose r a t e  f a c t o r s  i n  
t h e  f i l e  assigned t o  l o g i c a l  u n i t  
22 : 

0 - ISOSHLD 
1 - MAXI2 
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i 
Table  3.2-2. O N S I W M A X I I  Parameter Descrip-t ions - Continued 

NAMELIST 
Parameter Set/No. Array 
Name- 

I ARG 

IEXT 

I FOD 

I MO 

INHAL 

I O N  

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

IOUT INPUT 

- Descr i  D t i  on 

I n tege r  

In tege r  

In tege r  

In tege r  

I n t e g e r  

In tege r  

In tege r  

I f  122=01 M A X I l  w i l l  s e t  XFACT = 
5.844E-11. I f  I22=1, M A X I l  w i l l  
s e t  XFACT = 1.0. ( D e f a u l t  va lue 
i s  0 )  

Consumption o f  aquat ic  food pro- 
ducts from a contaminated r i v e r  
pathway: 

0 - pathway n o t  se lec ted  
1 - pathway se lec ted  

External  exposure and crop r o o t  
penet ra t ion  f o r  deeply bu r ied  waste: 

0 - pathway n o t  se lec ted  
1 - pathway se lec ted  

Farm products i nges t i on  pathway: 
0 - pathway n o t  se lec ted  
1 - pathway se lec ted  

The number o f  months per year t h a t  
crops a re  i r r i g a t e d .  ( D e f a u l t  
va lue i s  6) 

I n h a l a t i o n  from resuspension 
pathway : 

0 - pathway n o t  se lec ted  
1 - pathway se lected 

Control parameter s e t  t o  i n d i c a t e  
t h a t  i n p u t  was created by t h e  ONSITE 
program. Used t o  c o n t r o l  parameter 
p r i n t i n g  i n  QAPAGE. I O N  i s  s e t  t o  
1 by ONSITE. (Defau l t  va lue i s  0) 

Output c l a s s  index: 
0 - p r i n t  t ab les  o f  maximum annual 

doses per organ w i t h  rad io -  
nucl i d e  and pathway cont r ibu-  
t i o n  
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Table 3.2-2. ONSITE/MAXIl Parameter Descriptions - Continued 

NAMELIST 
Parameter Set/No. Array --- Descr i D t i on 

1 - pr in ts  above t a b l e  and a run- 
n i n g  summary of the annual 
doses l i s t e d  by organ and 
t o t a l  only 

2 - prints  above summaries and 
g i v e s  a l l  annual t a b l e s  by 
organ# pathway, and radio- 
nucl i d e  

I R R  

IRS 

ISUR 

I T1 

I T2 

Integer Number of years  i r r i g a t i o n  accumu- 
l a t e s  radionucl ides on the s i te  
p r i o r  t o  b e g i n n i n g  the dose calcu- 
l a t i o n .  

Integer Index of t h e  selected d e f a u l t  
sce na ri o : 

1 - externa l  exposure 
2 - externa l  exposure p l u s  inha- 

l a t i o n  from resuspension 
3 - externa l  exposure from 

a g r i c u l t u r a l  a c t i  v i t i e s  
4 - use of contaminated water f o r  

i r r i g a t i o n  and/or d r i n k i n g  
5 - user-created 

INPUT Integer External exposure t o  su r face  con- 
tam i na t i  on : 

0 - not selected 
1 - se l ec t ed  

If  t h i s  parameter is se t  t o  0, 
XFACT wil l  b e  set t o  1.0 i n  MAXI1.  
(Defaul t  value i s  1) 

INPUT Integer The year  a f t e r  waste disposal  when  
i n t rus ion  occurs and the annual 
dose ca l cu la t ion  beg ins .  T h i s  
parameter a1 lows f o r  c o r r e c t  chain 
decay o f  source term. (Defaul t  
value is 1) 

INPUT In t ege r  Number of years  of annual dose 
ca l cu la t ions .  The maximum a1 lowed 
is  49 + In. (Defaul t  value is 50) 
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Table 3.2-2. ONSIWUAXIl Parameter Descriptions - Continued 

NAMEL I ST 
Parameter SeVNo. Array 
-Elements 

IWAT INPUT 

KORG 

M3M2 

N I N  

NORG 

Q 

QI 

QJ 

RF1 

INPUT 
( 5 )  

INPUT 

INPUT 

(100) 

(100) 

(100) 

INPUT 

lmamm 
I n tege r  

I n  tege r 

In tege r  

In tege r  

In tege r  

Real 

Real 

Real 

Real 

D e s c r m i  on 

Dr ink ing  water i nges t i on  from we1 1 
water pathway: 

0 - pathway n o t  se lected 
1 - pathway se lec ted  

Ind i ces  o f  se lec ted  organs. 
I nd i ces  must be arranged i n  
ascending order  as discussed i n  
Sect ion 4 .  Tota l  body must be 
i n c l  uded. 

Surface source term inpu t :  
0 - permi ts  i n p u t  o f  pCi/square 

meter 
1 - permi ts  i n p u t  o f  pCi /cubic  

meter 
2 - permi ts  i n p u t  o f  pCi /k i logram 

o f  s o i l  
( D e f a u l t  va lue i s  1) 

Number o f  rad ionuc l ides  i n  t h e  
source term. ONSITE ca lcu la tes  
t h i s  number. 

Number o f  organs t o  be considered. 
To ta l  body must always be con- 
s idered as one o f  t h e  f i v e  se lected 
organs. NOTE: 1( NORG 55. 

Contaminat ion deposited on t h e  
s i t e  a t  s t a r t  o f  c a l c u l a t i o n .  
U n i t s  as s p e c i f i e d  by M3M2. 

I r r i g a t i o n /  r i ver  re1 ease source 
term i n  u n i t s  o f  pCi/L. May be 
used i n  Scenarios 4 and 5. 

D r i n k i n g  water source term i n  u n i t s  
o f  pCi/L. May be used i n  Scenarios 
4 and 5. 

The f r a c t i o n  o f  t o t a l  r o o t s  i n  t o p  
15 cm o f  t h e  s o i l .  ( D e f a u l t  
va lue  i s  1.0) 
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Table  3.2-2. ONSITE/MAXIl Parameter Descr ip t ions  - Continued 

NAMELIST 
Parameter Set/No. Array 
J!bllL--- Descri  D t i  on 

RF2 INPUT Real The f r a c t i o n  o f  t o t a l  r o o t s  enter-  
i n g  t h e  bur ied  waste below t h e  top  
15 cm plow l a y e r  o f  s o i l .  
value i s  0.0) Note: RFl+RF2 51.0. 

( D e f a u l t  

R INH INPUT Real RINH mod i f ies  t h e  hours o f  inhala-  
t i o n  per year from 8660 hours per 
year t o  case-specif i c  values and 
mod i f ies  breath ing ra te .  ONSITE 
asks f o r  t h e  number o f  hours o f  
i n h a l a t i o n  per  year and computes 
t h i s  number. 

R I R R  

RPF 

RPFl  

RPF2 

SRDIL 

XDPT 

INPUT Real I r r i g a t i o n  r a t e  i n  l i t e r s  per  
square meter per month. (Defaul’t 
va lue i s  0.0 - no i r r i g a t i o n )  

INPUT Real This  parameter va lue i s  ca lcu la ted  
by ONSITE (RPF = RPFl * RPF2) 
unless RPF i s  zero  o r  unspeci f ied;  
i n  t h a t  case RPF = RPF1. 

INPUT Real This  i s  a r a t i o  o f  waste concentra- 
t i o n  i n  surface t o  subsurface 
s o i l s .  ( D e f a u l t  value i s  1.0) 

INPUT Real F r a c t i o n  o f  t h e  t o t a l  d i e t  grown on 
t h e  s i t e .  ( D e f a u l t  value i s  1.0) 

INPUT Real Inventory  d i l u t i o n  f a c t o r .  ( D e f a u l t  
value i s  1.0) 

INPUT Real Anspaugh resuspension model. Frac- 
t i o n  o f  t h e  s o i l  plow-layer t h i c k -  
ness a v a i l a b l e  f o r  resuspension. 
(Defaul t  value i s  0.067) 

XF2 I n p u t  Real Number o f  hours o f  ex te rna l  exp,o- 
sure t o  surface contamination. 
Th is  parameter w i l l  modify XFACT by 
XF2/8766 i n  M A X I 1 .  ( D e f a u l t  value 
i s  2000) 
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Table 3.2-2. ONSITE/#AXIl Parameter Descriptions - Continued 
NAMELIST 

Parameter SeWNo. Array --- DescriDtion 

XML F INPUT Real Mass-loading resuspension model. 
Mass-loading f a c t o r  i n  grams per  
cub ic  meter. ( D e f a u l t  va lue 
i s  1E-4) 

The reference "environmentvf used t o  c a l c u l a t e  t h e  dose f a c t o r  f i l e s  i n  t h e  
data l i b r a r i e s  i s  based on a un i fo rmly  contaminated s i t e  o f  1 ha. To 
modify t h e  d e f a u l t  s i t e  area f o r  cons idera t ion  o f  smal ler  s i t es ,  t h e  user 
i s  asked t o  en te r  t h e  s i t e  s i z e  i n  terms o f  r a c t i o n a l  hectares. As an 
example, i f  we wish t o  mo e l  a s i t e  o f  150 , we would e n t e r  a f r a c t i o n a l  
s i t e  s i z e  o f  0.015 (150 m /10,000 m'). The s i t e  area c o r r e c t i o n  f a c t o r  
au tomat ica l l y  app l ied  by t h e  ONSITE computer program t o  t h e  i nges t i on  and 
i n h a l a t i o n  pathways i s  0.25 as shown i n  F igu re  2.1-1. Th is  f a c t o r  mp l ies  
t h a t  o n l y  25% o f  t h e  t o t a l  annual d i e t  i s  ra i sed  on a s i t e  o f  150 m and 
t h a t  t h e  l o c a l  a i r  concent ra t ion  r e s u l t i n g  from resuspension i s  25% o f  t h a t  
r e s u l t i n g  from a l a r g e r  (1 ha) s i t e .  For d i r e c t  exposure, t h e  s i t e  area 
c o r r e c t i o n  f a c t o r  app l ied  by t h e  ONSITE computer program f o r  t h i s  case i s  
about 0.5 as shown i n  F igure  2.1-3. Th is  fac o r  imp l i es  t h a t  t h e  d i r e c t  
exposure source s t reng th  from a s i t e  o f  150 m' i s  50% o f  t h e  source 
s t reng th  r e s u l t i n g  from an i n f i n i t e  s lab  o r  plane. 
t h e  s i t e  area c o r r e c t i o n  fac to rs ,  t h e  user may s t i l l  modify t h e  hours o f  
exposure and t h e  o the r  scenar io -spec i f i c  pathway assumptions. 

i! 

1 

I n  a d d i t i o n  t o  app ly ing  

3.3 Output Descr i D t i o n s  , 

ONSITE produces a system execut ion f i l e  conta in ing  l o g i c a l  u n i t / f i l e  
assignments, t he  system command t o  execute M A X I 1 ,  and i n p u t  f o r  M A X I l  
d e f i n i n g  t h e  scenar io  s p e c i f i e d  by t h e  user wh i l e  i n t e r a c t i n g  w i t h  ONSITE. 

M A X I l  generates a p r i n t e r  r e p o r t  t h a t  con ta ins  a complete d e s c r i p t i o n  o f  
parameters and t h e i r  values and t a b l e s  o f  maximum annual doses per organ. 
The user may s e l e c t  from t h r e e  l e v e l s  of d e t a i l  i n  t h e  r e s u l t s  repo r t i ng :  

* t a b l e s  o f  maximum annual doses per organ w i t h  rad ionuc l ide  and 
pathway c o n t r i b u t i o n  

0 t h e  t a b l e s  l i s t e d  above and a running summary o f  t h e  annual doses 
l i s t e d  by organ and t o t a l  on l y  

t h e  above summaries and a11 annual t a b l e s  by organ, pathway, and 
rad ionuc l ide .  
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The parameter IOUT c o n t r o l s  p r i n t e r  r e p o r t  se lec t ion .  
p rov ide  t h e  user w i t h  adequate r e s u l t s .  
inc luded f o r  each o f  t h e  sample problems i n  Sec t ion  3.4. 

Usual l y  IOUT=O w i l  1 
Examples o f  ou tpu t  from M A X I 1  a r e  

3.4 w e  Problems 

F i v e  sample problems a r e  presented and discussed t o  a s s i s t  t h e  user i n  
va r ious  types o f  executions. 
range o f  scenar ios f o r  which t h e  code package was intended. 
s e t  o f  i n p u t  and ou tpu t  f o r  each o f  t h e  sample problems i s  1 is ted.  

An at tempt  has been made t o  cover  a t y p i c a l  
The complete 

3.4.1 Sample Problem One 

The f i r s t  sample problem i s  designed t o  exerc ise  t h e  external-exposure 
For t h i s  sample problem, a l i censee  i s  assumed t o  dispose o f  zi:n?iz; r a d i o a c t i v e  waste i n  a u r i  1 area ons i te . .  The waste i s  assumed 

t o  con ta in  an average o f  0.1 Ci/m'of "Co bu r ied  t o  a depth o f  0.5 m ove r  
a 1 ha s i t e .  
10 years a f t e r  t h e  wastes a re  buried. The s o l u t i o n  i s  found by running t h e  
ONSITE d e f a u l t  ex te rna l  expo ure  scenar io  f o r  subsurface waste w i t h  d e f a u l t  
exposure cond i t i ons  and t h e  d0,o waste inventory .  A summary o f  t h e  ONSITE 
i n t e r a c t i v e  session used t o  develop t h e  runstream f o r  Sample Problem One i s  
shown i n  F igure  3.4-1. 
shown i n  F igu re  3.4-2. The maximum annual to ta l -body  dose t o  t h e  i n t r u d e r  
r e s u l t i n g  f o r  t h i s  sample problem i s  about 0.04 r e d y r .  Hand c a l c u l a t i o n s  
were performed f o r  t h i s  sample problem. 
ope ra t i on  i n  c a l c u l a t i n g  r a d i o a c t i v e  decay, s o i  1 concentrat ions, and t o t a l -  
body dose f o r  t h e  external-exposure pathway. 

The sample problem i s  t o  determine t h e  doses t o  an i n t r u d e r  

The ou tpu t  r e s u l t i n g  from t h i s  sample problem i s  

The r e s u l t s  v e r i f i e d  t h e  code 

3.4.2 Sample Problem Two 

The second sample problem i s  designed t o  exerc ise  t h e  ex te rna l  exposure 
p l u s  i n h a l a t i o n  sce ar io .  For t h i s  sample problem, a li ense i s  assumed 
t o  d ispo e o f  500 3 o f  waste o n s i t e  con ta in ing  0.1 C i / $  of "CO and 
0.01 C i / m  o f  "Sr+D. The wastes a r e  assumed t o  contaminate a 1 ha s i t e .  
D e f a u l t  cond i t i ons  f o r  resuspension a re  assumed except t h a t  t h e  i n t r u d e r  i s  
assumed t o  be exposed f o r  3000 h /y r  ins tead o f  2000 h/yr. Sample Problem 
Two i s  t o  determine t h e  doses t o  t h e  i n t r u d e r  10  years a f t e r  t h e  wastes a re  
buried. The s o l u t i o n  i s  found by running t h e  ONSITE ex te rna l  exposure p l u s  
i n h a l a t i o n  d e f a u l t  scenar io  w i t h  t h e  s p e c i f i e d  cond i t i ons  and waste inven- 
tory .  
runstream f o r  Sample Problem Two i s  shown i n  F igu re  3.4-3. 
r e s u l t i n g  f o r  t h i s  sample i s  shown i n  F igure  3.4-4. 
doses r e s u l t i n g  f o r  t h i s  sample problem a re  about 16 rem/yr t o  t o t a l  body, 
22 r e d y r  t o  bone, 37 rem/yr t o  lung, 16 rem/yr t o  thyro id ,  and -16 r e d y r  
t o  G I  ( LL I ) .  

'3 

A summary o f  t h e  ONSITE i n t e r a c t i v e  session used t o  develop t h e  
The ou tpu t  

The maximum annual 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 

ONSITE/MAXI  # 
# 

# # 
Th is  i n t e r a c t i v e  program w i l l  a s s i s t  you i n  t h e  c r e a t i o n  # 

# o f  scenarios f o r  assessment o f  o n s i t e  disposal o f  low- # 
# l e v e l  waste. Doses t o  man through t h e  s p e c i f i e d  pathways # 
# w i l l  be s imulated by t h e  computer program M A X I .  # 
# # 
# The f o l l o w i n g  notes may be o f  i n t e r e s t :  # 
# When you have f i n i s h e d  reading, press <re turn> <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_------------------ _------------------ # 
# 
# 
# 

# 

_-___--__---------- _--__--__-_-------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# 1) I f  t h e  d e f a u l t  cond i t i on  i s  selected, you need on ly  # 
# press <return>.  YES-or-NO quest ions a re  designated by # 
# (Y /N)  and should be answered w i t h  a Y o r  N. The d e f a u l t  # 
# c o n d i t i o n  i s  always l i s t e d  f i r s t .  # 
# # 
# 2) The values you en te r  w i l l  be tes ted  aga ins t  reasonable # 
# l i m i t s  and i f  they are  n o t  accepted you w i l l  be asked t o  # 
# supply another value. # 
# # 
# When you have f i n i s h e d  reading, press < re tu rn>  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The f o l l o w i n g  scenarios have been defined: # 
# # 
# 1 - External  exposure # 
# 2 - External  exposure p lus  i n h a l a t i o n  from resuspension # 
# 3 - A g r i c u l t u r a l  a c t i v i t i e s  # 
# # 
# 5 - User-created scenar io  # 
# # 
# # 
# To s e l e c t  a scenar io  o r  f o r  a d d i t i o n a l  i n fo rma t ion  # 
# on a scenar io  en te r  1, 2, 3 ,  4,  o r  5: 1 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 - Use o f  we l l  water f o r  i r r i g a t i o n  and d r i n k i n g  water 

F igure  3.4-1. Sample Problem One I n t e r a c t i v e  Session 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# SCENARIO 1: External  Exposure # 
# # 

#* and 3. Occupational cond i t i ons  o f  2000 h /y r  o f  ex te rna l  # 
# exposure a r e  assumed. Waste may be loca ted  on t h e  sur face # 
# bur ied  a t  0.5 mr bur ied  a t  1.0 mr o r  stored. # 
# # 
# # 
# Scenario 1 i s  now selected. Do you wish t o  change # 
# t h i s  s e l e c t i o n  ( N / Y ) :  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Th is  scenar io  can be used alone o r  as p a r t  o f  Scenarios 2 # 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# # 
# Enter  a d e s c r i p t i v e  t i t l e  t o  i d e n t i f y  t h i s  case: # 
# # 
# SAMPLE PROBLEM ONE # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# This  scenar io  begins 1 years a f t e r  t h e  waste i s  # 
# disposed. # 
# ...................................................................... # 
# 
# 

Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# 

# Enter  new value: 10 <cr> # 
# # 
# # 
# Th is  scenar io  w i l l  end 59 years a f t e r  t h e  waste i s  # 
# disposed. OK? (Y/N)  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure 3.4-1. Sample Probl  em One I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 

# Three types o f  p r i n t e r  repo r t s  a re  ava i l ab le :  # 
# # 

# 0- Tables of maximum annual dose per organ w i t h  rad ionuc l ide  and # 
# pathway c o n t r i b u t i o n  # 
# 1- Table above p l u s  annual doses by organ and t o t a l  # 
# 2- Table above p lus  annual doses by organ, pathway 8 rad ionuc l i de  # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  0 # 
# # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U #  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# I n  t h l s  scenario, wastes may be: # 
# # 
# 1 -On sur face  # 
# 2 -Buried a t  0.5 m # 
# 3 -Buried a t  1.0 m # 
# 4 -Stored waste # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  2 # 
# # 

# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Do you wish t o  modify any parameter values f o r  
Scenario 1 (N/Y)  ? <cr> 

Figure  3.4-1. Sample Prob l  em One I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6'\ 
# 
# The s i z e  o f  t h e  s i t e  i n  terms o f  f r a c t i o n a l  hectares 
# ( ie.,  10000 sq m), i s  1.00 

# W  # 
# 

# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# # 
# The inventory  w i l l  au tomat ica l l y  be adjusted by t h e  # 
# appropr ia te  area c o r r e c t i o n  f a c t o r  f o r  each exposure # 
# pathway based on a s i t e  s i z e  o f  1.00 hectares. # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Do you wish t o  rev iew o r  change t h e  above parameters (N/Y) <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The sur face /bur ied  inventory  may be entered as: # 
# # 
# 1 - pCi # 
# 2 - uCi # 
# 3 - m C i  # 
# 4 - C i  # 
# # 
# The c u r r e c t  s e l e c t i o n  i s :  1 # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# Enter  new value: 4 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The contaminat ion deposited on t h e  s i t e  a t  s t a r t  o f  # 
# c a l c u l a t i o n  may be entered i n  t h e  f o l l o w i n g  u n i t s :  # 
# # 
# 0 - C i  /square meter # 
# 1 - C i  / cub ic  meter # 
# 2 - C i  /Kg o f  s o i l  # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  1 # 
# # 

# # ...................................................................... 
# Do you wish t o  change t h i s  value ( N / Y ) ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-1. Sample Problem One I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 

# The su r face lbu r ied  inventory  d i l u t i o n  f a c t o r  i s :  0.20 # 
# # 
# # ...................................................................... 

# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# # 

# # ...................................................................... 

# # 
# Do you wish t o  review o r  change any o f  t h e  above parameters (N/Y) <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

u :  
(range = 0.0 t o  1.OE+20) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The f o l l o w i n g  quest ions p e r t a i n  t o  t h e  rad ionuc l ide  # 
# inventory .  A f t e r  i n p u t t i n g  t h e  inventory ,  en te r  # 
# 119911 f o r  element name t o  s igna l  t o  t h e  program t h a t  # 
# you a re  f i n i shed .  # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Press < re tu rn>  when you have f i n i s h e d  reading: <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Enter  new 2-character element (99=f in ished) :  CO <cr> # 
# # 
# Atomic number i n p u t  can be up t o  6 characters  long. # 
# Inc lude metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# # 
# Enter  atomic number: 60 <cr> # 
# # 
# Enter  t h e  q u a n t i t y  o f  C060 bu r ied  a t  t h e  s i t e  a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  C i  / cub ic  meter 1 : .1 <cr> # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Enter  new 2-character element (99=f in ished) :  99 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-1. Sample Prob l  em One I n t e r a c t 1  ve Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n 
# # 
# Surface/Bur ied Dr ink ing  # 
# C i  I r r i g a t i o n  Water # 

Radionucl ide /cub ic  meter C i  / 1  C i  / 1  # 
# 

# 
# 
# C06 0 0.10 O.OOE+OO O.OOE+OO # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Do you wish t o  review o r  change t h e  above parameters ( N / Y ) ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

---------- ---------- ------------ ---------- 

Do you wish t o  add rad ionuc l i des  t o  t h e  above inven to ry?  <cr> 

(The above I n t e r a c t i v e  session generates t h e  f o l l o w i n g  f i l e . )  

account-name,STMFZ,CMl6OOOO,EC4OO~Tl77. 
ACCOUNT, account-name, p rob l  em-number, p rob l  em-number. 
ATTACH, TAPE20r FILE20 , ID=ZZRNRC. 
AlTACHpTAPE21,FILE21,ID=ZZRNRC. 
ATTACHpTAPE24, FILE24, ID=ZZRNRC. 
ATTACH,TAPE25rFILE25sID=ZZRNRC. 
ATTACH, TAPE22 PLANS OURC, ID=ZZRNRC. 
AlTACH,TAPE27rBURIEDHF,JD=ZZRNRC. 
AlTACH,TAPElO,RMDLIB,ID=ZZRNRC. 
ATTACH,TAPE23rFILE23rID=ZZRNRC. 
ATTACH , ABS 9 MAX I1 ABS , I D  =ZZ RNRC 
COPY, ABS, LGO. 
RETURN, ABS. 
MAP, OFF 
LDSET, PRESET=ZERO. 

LGO. 
{eor  I 

SAMPLE PROBLEM ONE 
$INPUT NEXT=l, 

IFOD=O~IARG=O~IWAT=O~IEXT=l~ 
ISUR=O , IAIR=O , 
RPFl= 0. p RPF2= 1.00 ? 

RINH= 0.000000, DILF= 1.00 9 XF2= .200E+04, 
M3M2= 1, INTRUD=O, I22=01 
IT1= 10, IT2= 59, NORG= 1, KORG(l)= 1 s  
SRDIL= .200 s FRSIZ= 1.00 , AREAIN= 1.00 
AREAEX= 1.00 # 

IOUT= 0, ION= l ,  $END 
1 0  

CO60 11311 1 .00Et l l  0. 0. 0. 
I e o r  I 
{eo f  I 

F i g u r e  3.4-1. Sampl e Problem One I n t e r a c t i v e  Session (Continued) 
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c 
MAXI  - Maximum A n n u a l  Dose C a l c u l a t i o n  Version VAXZ.2 25-APR-84 

C a s e  t i t l e :  SAMPLE PROBLEM ONE 
E x e c u t e d  on 3-MAY-84 a t  07:38:10 . 

RADIONUCLIDE M A I N  LIBRARY USED: RADIONUCLIDE MASTER DATA LIBRARY / W  TRWSLOCATION CLASSES, 6-APR-84 RAP 
DOSE FACTOR F I L E S  USED FOR T H I S  CASE: 

*27 ISOSHLD EXTERNAL: ONSITE/BIOPORT EXTERNAL DRFS (BURIED AT 0.5 M I  9-APR 

DOSES CALCULATED FROM 10 TO 5 9  YEARS FOLLOWING T I M E  ZERO 

PATHWAYS I N I T I A L I Z E D  FOR DOSE CALCULATIONS: SPECIAL PARAMETERS I N I T I A L I Z E D :  
FARM PRODUCT INGESTION: OFF 
INHALATION OF RESUSPENDED MATERIAL :OFF 
AQUATIC FOODS INGESTION : OFF INVENTORY D I L U T I O N  FACTOR: 2.00E-01 
DRINKING WATER INGESTION: OFF DECAY OF R I V E R  RELEASE SOURCE TERM NOT PERFORMED 
CONTINUING ATMOSPHERIC DEPOSITION OFF DECAY OF A I R  RELEASE SOURCE TERM NOT PERFORMED 
EXTERNAL FROM BURIED WASTES ON S I T E  X/Q: O.OOE+OO 
EXTERNAL FROM SURFACE DEPOSITS: OFF SPECIAL INHALATION MODEL NOT USED 

S I Z E  OF THE S I T E :  1.00000 FRACTIONAL HECTARES 
INTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 
EXTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00Ei-00 

FARM PRODUCT PARAMETERS USED: w 
N 
v 

FRACTION OF ROOTS I N  UPPER S O I L :  D. lOE+Ol  IRRIGATION RATE : 0.00E+OOL/M**2/MO 
FRACTION OF ROOTS I N  BURIED WASTE 0.00Ei-00 
FRACTION OF TOTAL D I E T  GROWN ON S I T E :  1.00E+00 R IVER D I L U T I O N  FACTOR: l.OOE+OOYR/L 

MONTHS PER YEAR IRRIGATED: 6 

YEARS OF I R R I G A T I O N  WITH CONTAMINATED WATER PRIOR TO 
THE W S E  CALCULATIONS: 0 

EXTERNAL EXPOSURE PARAMETERS USED: 
RATIO OF EXTERNAL CONTAMINATION I N  SURFACE S O I L  TO SUBSURFACE SOIL  O.OOE+OO 
NUMBER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 2.00E+03 
SURFACE DEPOSITS DRFS FROM ISOSHLD; MODIF ICATION FACTOR: 5 .844E-11  

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS S O L U B I L I T I E S  GIVEN BELOW): 

TOTAL BODY 

Figure 3.4-2. Sample Problem One O u t p u t  

I 



RELEASE TERMS 
NUCLIDE 

CO 60 

SOIL SOURCE IRRIGATATIDN/AQUATIC DRINKING WATER A M .  RELEASE 
ORGAN S O L L a I L I T Y  CLASSES (PCI/M**3) ( P C I / L  1 ( P C I / L )  (CI /YR)  

O.OOE+OO O.OOE+OO 1 0 0 0 0  2.00E+10 O.OOE+OO 

********************PLEASE NOTE ANY SPECIAL CONSIDERATIONS I N  THIS SPACE******************** 
* * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SOILSAIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR 10 

RADIONUCLIDE 

CO 60 

RADIONUCLIDE 

CO 60 

SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER 
PCI /M2  PCI/M3 PCI/M3 P C I /  L P C I / L  

O.OOE+OO 5.35E+09 O.OOE+OO O.OOE+OO O.OOE+OO 

SOILsAIR,  AND WATER CONCENTRATION SUMMARY FOR THE YEAR 59 

SURFACE SOIL DEEP SOIL A I R  IRRIGATION DRINKING WATER 
PCI/MZ PCI/M3 PCI/M3 P C I / L  P C I / L  

O.OOE+OO 8.38E+06 O.OOE+OO O.OOE+OO O.OOE+OO 

SAMPLE PROBLEM ONE 

MAXI, Vers ion VAX2.2 25-Af'R-84 e x e c u t e d  on 3-MAY-84 a t  07:38:10 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FORTOTAL BODY 

EXPOSURE PATHWAY 
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER 

RADIONUCLIDE REM % REM % REM % REM % REM % 

F i g u r e  3.4-2. Sample Problem One O u t p u t  (Continued) 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 

# 
# 

ONS ITE/M AX1 # 
# 

# 
# 
# # 
# Th is  i n t e r a c t i v e  program w i l l  a s s i s t  you i n  t h e  c r e a t i o n  # 
# o f  scenar ios f o r  assessment o f  o n s i t e  disposal o f  low- # 
# l e v e l  waste. Doses t o  man through t h e  s p e c i f i e d  pathways # 
# w i l l  be simulated by t h e  computer program M A X I .  # 
# # 
# The f o l l o w i n g  notes may be o f  i n t e r e s t :  # 
# When you have f i n i s h e d  readingJ press < re tu rn>  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

____________-__-_-_ ____-_______-_----- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____-__-____-_____- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# 1) I f  t h e  d e f a u l t  cond i t i on  i s  selected, you need on ly  # 
# press <return>.  YES-or-NO quest ions are  designated by # 
# ( Y / N )  and should be answered w i t h  a Y o r  N. The d e f a u l t  # 
# c o n d i t i o n  i s  always l i s t e d  f i r s t .  # 
# # 
# 2) The values you en ter  w i l l  be tes ted  aga ins t  reasonable # 
# l i m i t s  and i f  they a re  n o t  accepted you w i l l  be asked t o  # 
# supply another value. # 
# # 
# When you have f i n i s h e d  readingJ press < re tu rn>  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The f o l l o w i n g  scenarios have been defined: # 
# # 
# 1 - External  exposure # 
# 2 - Externa l  exposure p lus  i n h a l a t i o n  from resuspension # 
# 3 - A g r i c u l t u r a l  a c t i v i t i e s  # 
# # 
# 5 - User-created scenar io  # 
# # 
# # 
# To s e l e c t  a scenar io  o r  f o r  a d d i t i o n a l  in fo rmat ion  # 
# on a scenar io  en ter  l J  Z J  3, 4 J  o r  5: 2 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 - Use o f  w e l l  water f o r  i r r i g a t i o n  and d r i n k i n g  water 

F igure  3.4-3. Sample Problem Two I n t e r a c t i v e  Session 

3.23 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# SCENARIO 2: External  Exposure p lus  I n h a l a t i o n  from Resuspension # 
# # 
# Th is  scenar io  assumes sur face contamination r e s u l t s  over a # 
# l i m i t e d  area. The scenar io  d e f a u l t s  t o  2000 h /y r  exposure # 
# t o  surface contamination and inha la t i on .  The Anspaugh # 
# resuspension model i s  used. User may de f i ne  t h e  f r a c t i o n  # 
# of s o i l  i n  t h e  t o p  15 cm conta in ing  bu r ied  waste ( d e f a u l t s  # 
# t o  0.2). # 
# # 
# Scenario 2 i s  now selected. Do you wish t o  change # 
# t h i s  s e l e c t i o n  ( N / Y ) :  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# # 
# # 
# Enter  a d e s c r i p t i v e  t i t l e  t o  i d e n t i f y  t h i s  case: # 
# # 
# SAMPLE PROBLEM TWO <cr> # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Th is  scenar io  begins 1 years a f t e r  t h e  waste i s  # 
# disposed. # 
lr ~ ~~~ ir 

# # 
# Enter  new value: 10 <cr> # 
# # 
# # 
# Th is  scenar io  w i l l  end 59 years a f t e r  t h e  waste i s  # 
# disposed. OK? ( Y / N )  <cr> # 
# # 
# # 
# # 

Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-3. Sample Probl  em Two I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# # 

# pathway c o n t r i b u t i o n  # 
# 1- Table above p l u s  annual doses by organ and t o t a l  # 

# # 
# The c u r r e n t  s e l e c t i o n  i s :  0 # 
# # 
# ...................................................................... 
# 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IU# # # 
# 

# 0- Tables o f  maximum annual dose per organ w i t h  rad ionuc l ide  and # 

# 

Three types o f  p r i n t e r  repo r t s  a re  ava i l ab le :  

2- Table above p lus  annual doses by organr pathway and rad ionuc l i de#  

# 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 

# 
# 

# 
# 
# # 
# Scenario 2 (N /Y)  ? Y <cr> # 
# # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Do you wish t o  review o r  change ext. exposure parameters (N/Y)  Y <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# 
# dose r a t e  f a c t o r  f i l e  f o r  t h i s  scenar io? (default=O) # 
# # 
# 0 - no # 

1 - yes # 
# 

# 
# 

# 
# 

# 
# ----------------------------------------------------------.------------ 

# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

____-___------------------------------------ ____-____----------------------------------- 
Do you wish t o  modffy any parameter values f o r  

D i d  you use M A X I 2  t o  generate a spec ia l  ex te rna l  exposure # 

Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> 

Figure 3.4-3. Sample Problem Two I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # n 
# 
# The number o f  hours o f  exposure t o  ex terna l  contamination 
# per year i s  2.000Et03 (range = 0.0 t o  8766.) 
# 
# 
ir ir 

# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# # 
# Enter  new value: 3000 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Do you wish t o  review o r  change i n h a l a t i o n  parameters (N /Y)  Y <cr> # 
# if 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# The number of hours o f  i n h a l a t i o n  o f  contamination # 
# per year i s  2.016Et03 (range = 0.0 t o  8766.) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# # 
# Enter  new value: 3000 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Two resuspension models a r e  ava i l ab le :  # 
# # 
# 1 - Anspaugh # 
# 2 - Mass Loading # 
# # 
# The se lec ted  model i s  1 # 
# # 
# # # ...................................................................... 
# # 
# 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 

# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# The number o f  years t h a t  contamination ex i s ted  # 
# on t h e  sur face  a t  t h e  s t a r t  o f  t h e  scenar io  i s  # 
# 0.000E+00 years. (range = 0.0 t o  25.0) # 
# # 
# # # ...................................................................... 
# # 
# 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 

# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# The top  1.0 cm. o f  t h e  contaminated sur face s o i l  # 
# l a y e r  i s  a v a i l a b l e  f o r  resuspension (range = 0.0 t o  15.0) # 
# # 
# # 

# # ...................................................................... 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> 

Figure  3.4-3. Sample Problem Two I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 
# 

# # Q  # 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The s i z e  o f  t h e  s i t e  i n  terms o f  f r a c t i o n a l  hectares # 
# ( ie . ,  10000 sq m), i s  1.00 # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# The inventory  w i l l  au tomat ica l l y  be adjusted by t h e  # 
# appropr ia te  area c o r r e c t i o n  f a c t o r  f o r  each exposure # 
# pathway based on a s i t e  s i z e  of 1.00 hectares. # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Do you wish t o  review or change t h e  above parameters (N/Y)  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The sur face/bur ied inventory  may be entered as: # 
# 1 - pCi # 
# 2 - uCi # 
# 3 - mCi # 
# 4 - C i  # 
# # 
# The c u r r e c t  s e l e c t i o n  i s :  1 # 

,r R - - - ~ - ~  ~ 

# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# # 
# Enter  new value: 4 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-3. Sample Problem Two I n t e r a c t i v e  Session (Continued) 
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( \ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W #  # The contamination deDosited on t h e  s i t e  a t  s t a r t  o f  

# c a l c u l a t i o n  may be e k e r e d  i n  t h e  f o l l o w i n g  u n i t s :  

# 
# 
# 

# # 
# 0 - C i  /square meter # 
# 1 - C i  / cub ic  meter # 
# 2 - C i  /Kg o f  s o i l  # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  1 # 
# # 

# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 
# 

# ...................................................................... 
# Do you wish t o  change t h i s  value ( N / Y ) ?  <cr> 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The sur face /bur ied  inventory  d i l u t i o n  f a c t o r  i s :  0.20 # 
# (range = 0.0 t o  1 .OE+20) # 
# # 

# # 
# # 
# # # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# # 
# 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 
# 

# ...................................................................... 
# Do you wish t o  change t h i s  value ( N / Y ) ?  <cr> 

# 

Do you wish t o  review o r  change any of t h e  above parameters (N/Y)  <cr> # 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 

# f o r  each organ f o r  each rad ionucl ide.  The d e f a u l t  assump- # 

# o the r  organs. (N/Y)  <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 

# 

Do you wish t o  review and/or change s o l u b i l i t y  c l a s s i f i c a t i o n  

t i o n  i s  elements a r e  i n s o l u b l e  f o r  l ung  and so lub le  f o r  a l l  

# 

# 
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# 
# # W  # 

# The f o l l o w i n g  questions p e r t a i n  t o  t h e  rad ionuc l ide  # 
# inventory. A f t e r  i n p u t t i n g  t h e  inventory, en ter  # 
# # 
# you are  f in ished.  # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# # 
# Press <re turn> when you have f i n i s h e d  reading: <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

rr9911 f o r  element name t o  s igna l  t o  t h e  program t h a t  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Enter new 2-character element (99=f in ished) :  CO <cr> # 
# # 
# # 
# Inc lude metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# # 
# Enter  atomic number: 60 <cr> # 
# # 
# Enter  t h e  q u a n t i t y  o f  C060 deposited on t h e  s i t e  a t  s t a r t  of # 
# c a l c u l a t i o n  (un i t s :  C i  /cubic  meter 1 : .1 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can be up t o  6 characters  long. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Enter  new 2-character element (99=f in ished) :  SR <cr> # 
# # 
# # 
# Inc lude metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# Enter  atomic number: 9O+D <cW # 
# # 
# Enter  t h e  q u a n t i t y  o f  SR90+D deposited on t h e  s i t e  a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  C i  /cubic  meter 1 : .01 <cr> # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Enter  new 2-character element (99=f in ished) :  99 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i npu t  can be up t o  6 characters  long. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 

Surface/Bur ied D r  i n k i  ng # 
C i  I r  r i g a t i  on Water # 

# Radionucl ide /cub ic  meter C i  / 1  C i  / 1  # 
# # 

C06 0 0.10 O.OOE+OO O.OOE+OO # 
S R90+D 1.00E-02 0.00 E+OO O.OOE+OO # 

# 
# 
# # 

# # ...................................................................... 
# Do you wish t o  review o r  change t h e  above parameters ( N / Y )  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i j :  # 

------------ ---------- ---------- ---------- 

...................................................................... 

Do you wish t o  add rad ionuc l i des  t o  t h e  above inven to ry?  <cr> 

(The above i n t e r a c t i v e  session generates t h e  f o l l o w i n g  f i l e . )  

account -namerSTMFZ,~M160000J~~OO~~77.  
ACCOUNT,account-name,problem-number,problem-number. 

ATTAWrTAPEZO,FILEZO,ID=ZZRNRC. 
ATTACH,TAPE2l,FILE21jID=ZZRNRC. 
ATTAWrTAPE24rFILE24rID=ZZRNRC. 
ATTACH,TAPE25, FILE25 ID=ZZRNRC. 
ATTAWJTAPE~~~PLANSOURC,ID=ZZRNRC. 
ATTACH , TAPE27 V OL S OURC IDzZZRNRC . 
ATTACHtTAPElOpRMDLIB,ID=ZZRNRC. 
ATTACHJTAPE~~ j FILE23 , ID=ZZRNRC. 
ATTACH, A B S j M A X I l A B S j  ID=ZZRNRC. 
COPY 9 ABS , LGO. 
RETURN, ABS. 
MAPIOFF. 
LDSET, PRESET=ZERO. 
LGO. 

SAMPLE PROBLEM TWO 
$INPUT NEXT=l, 

{eo r  1 

IFOD=O~IARG=O~IWAT=O~IEXT=l~ISUR=O~ IAIR=O, RPF1= 0.9 RPF2=1.00, 
AGE= O . J  X D P T = . ~ ~ O E - O ~ J R I N H = . ~ ~ ~ ~ ~ ~ ~  DILF=1.00, XF2=.3OOE+04, 
M3M2= 1, INTRUD=O, 1 2 2 ~ 0 ,  
I n =  101 IT2= 59, NORG= 5 ,  KORG(I)= 1, 6, 8,16,23# 
SRDIL= .200 9 FRSIZ= 1 -00  , AREAIN= 1.00 J 

AREAEX= 1.00 > IOUT= 0, ION=l, $END 
2 0  

CO60 11311 l . O O E + l l  0. 0. 0. 
SR90+D 11311 1.00E+10 0. 0. 0. 
Ceor 1 
I e o f  1 
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N 

MAXI - Maximum A n n u a l  D o s e  C a l c u l a t i o n  V e r s i o n  VAX2.2 25-APR-84 

C a s e  t i t 1 e : S A M P L E  PROBLEM TWO 
E x e c u t e d  on 3-MAY-84 a t  07:40:56 . 

................................................................................ 
RADIONUCLIDE CHAIN LIBRARY USED: RADIONUCLIDE MASTER DATA LIBRARY / W  TRANSLOCATION CLASSES, 6-APR-84 RAP 
DOSE FACTOR F I L E S  USED FOR M I S  CASE: 

'23 DACRIN- INHALATION : DOS! DOSE INCREMENT F I L E  ONSITE/BIOPORT ENV. 16-APR-84 RAP 
' 2 7  ISOSHLD EXTERNAL: ONSITE/BIOPORT VOLUME SOURCE SURFACE EXTERNAL DRFS 

DOSES CALCULATED FROM 10 TO 59 YEARS FOLLOWING TIME ZERO 

PATHWAYS I N I T I A L I Z E D  FOR DOSE CALCULATIONS: 
FARM PRODUCT INGESTION : OFF 
INHALATION OF RESUSPENDED MATER1AL:ON 
AQUATIC FOODS INGESTION : OFF 
DRINKING WATER INGESTION: OFF 
CONTINUING ATMOSPHERIC DEPOSITION OFF 
EXTERNAL FROM BURIED WASTES ON 
EXTERNAL FROM SURFACE DEPOSITS: OFF 

FARM PRODUCT PARAMETERS USED : 
FRACTION OF ROOTS I N  UPPER SOIL :  0 .10E+01 
FRACTION OF ROOTS I N  BURIED WASTE 0.00E+00 
FRACTION OF TOTAL D I E T  GROWN ON S I T E :  l.OOE+OO 

SPECIAL PARAMETERS I N I T I A L I Z E D :  

INVENTORY D I L U T I O N  FACTOR: 2.00E-01 
DECAY OF R IVER RELEASE SOURCE TERM NOT PERFORMED 
DECAY OF A I R  RELEASE SOURCE TERM NOT PERFORMED 
S I T E  X/Q: O.OOE+OO 
SPECIAL INHALATION MODEL NOT USED 
S I Z E  OF THE S I T E :  1.00000 FRACTIONAL HECTARES 
INTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 
EXTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 

IRRIGATION RATE: O.OOE+OOL/M**2/MO 
MONTHS PER YEAR IRRIGATED: 6 
RIVER D I L U T I O N  FACTOR: l.OOE+OOYR/L 
YEARS OF I R R I G A T I O N  W I T H  CONTAMINATED WATER PRIOR TO 
THE DOSE CALCULATIONS: 0 

EXTERNAL EXPOSURE PARAMETERS USED: 
R A T I D  OF EXTERNAL CONTAMINATION I N  SURFACE SOIL  TO SUBSURFACE S O I L  l.OOE+OO 
NUMBER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 3.00E+03 
SURFACE DEPOSITS DRFS FROM ISOSHLD; MODIF ICATION FACTOR: 5.844E-11 

INHALATION PARAMETERS USED: 
MODIFICATION FACTOR RINH: 3.42E-01 

(EOUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR 3000 .  HR/YR) 
RESUSPENSION MODEL USED FOR CALCULATING A I R  CONCENTRATION: ANSPAUGH 
AVERAGE AGE OF MATERIAL ON GROUND AT T I M E  ZERO: O.OOE+OO YEARS 
TOP 1.0 CM OF THE CONTAMINATED SURFACE LAYER I S  AVAILABLE FOR RESUSPENSION. 

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS S O L U B I L I T I E S  

TOTAL BODY BONE LUNGS 

F i g u r e  3.4-4. Sample P r o b  

I V E N  BELOW): 

G I - L L I  . THYROID 

em Two Ou tpu t  



CJ 

CJ 
w 

RELEASE TEWS 
NUCLIDE 

CO 60 
SR 90+D 

RADIONUCLIDE 

CO 60 
SR 90+D 

RADIONUCLIDE 

CO 60 
SR 90+D 

SOIL SOURCE IRRIGATATION/AQUATIC DRINKING WATER ATM. RELEASE 
ORGAN SOL UB I L  I TY CLASSES (PCI/M**3) ( P C I / L  1 ( P C I / L )  (CI /YR)  

1 1 3 1 1  2.00E+10 O.OOE+OO O.OOE+OO O.OOE+OO 
1 1 3 1 1  2.00E+09 0.00E+00 0.00E+00 0.00E+00 

SOIL IAIRs AND WATER CONCENTRATION SUMMARY FOR THE YEAR 10 

SURFACE SOIL DEEP SOIL A I R  IRRIGATION DRINKING WATER 
PCI/M2 PCI/M3 P C I  /M3 P C I / L  P C I / L  

8.03E+08 5.35E+09 5.38E+03 O.OOE+OO 0.00E+00 
2.35E+08 1.57E+09 1.58E+03 O.OOE+OO O.OOE+OO 

SOILPAIR, /WD WATER CONCENTRATION SUMMARY FOR THE YEAR 5 9  

SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER 
PCI/MZ PCI/M3 PCI/M3 P C I / L  P C I / L  

1.26E+06 8.3 8E+06 8.42E-05 O.OOE+OO O.OOE+OO 
7.14E+07 4 . 7 6 E N 8  4.78E-03 0.00E+00 0.00E+00 

SAMPLE PROBLEM TWO 
MAXI, Version VAX2.2 25-APR-84 executed on 3-MAY-84 a t  07:40:56 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FORTOTAL BODY 

EXPOSURE PATHWAY 
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER 

RADIONUCLIDE REM % REM % REM x REM % REM % 

c060 0.00E+00 0 9.57E-02 2 5  1.61E+01 99 O.OOE+OO 0 0.00ENO 0 
SR90+D O.OOE+OO 0 2.87E-01 7 4  9.88E-03 0 O.OOE+OO 0 O.OOE+DO 0 ................................................................................................................ 

TOTALS INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD % DRINKING WATER % TOTAL 
O.OOE+OO 0 3.83 E-01 2 1.61E+01 97 OV.00E+00 0 0.00E+00 0 1.64E+01 

F i g u r e  3.4-4.  Sample  Problem Two O u t p u t  ( C o n t i n u e d )  



? 
W 
P 

O.O0E+00 0 8.33E+00 3 7  1.41E+01 6 2  O.OOE+OO 0 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 11 FOR LUNGS 

EXTERNAL AQUATIC FOOD 
REM % REM % 

1.41E+01 99 0.00E+00 0 
9.64E-03 0 O.OOE+OO 0 

---------------- ---------------- 

.____-_-----__------------------------- 
EXTERNAL % AQUATIC FOOD % 

1.41E+01 3 8  O.O0E+00 0 

0.00E+00 0 2.24E+01 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FOR THYROID 

EXPOSURE PATHWAY 
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER 

RADIONUCLIDE REM % REM % REM % REM % REM % 

co60 O.OOE+00 0 O.OOE+OO 0 1.61E+01 99 0.00E+00 0 0.00E+00 0 
SR90+D O.OOE+OO 0 O.OOE+OO 0 9.88E-03 0 O.OOE+OO 0 O.OOE+OO 0 

________-_-_ ---------------- ---____________- _--------------- ---------------- --_------__--_-- 

................................................................................................................ 
TOTAL S INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD % DRINKING WATER % TOTAL 

O.OOE+OO 0 O.OOE+OO 0 1.61E+01 100 0.00E+00 0 0.00E+00 0 1.61E+01 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FOR L L I  

EXPOSURE PATHWAY 
INGESTION I N  HAL AT ION EXTERNAL AQUATIC FOOD DRINKING WATER 

RADIONUCLIDE REM % REM % REM % REM % REM % 

Cc60 O.O0E+00 0 8.65E-02 6 5  1.61E+01 99 O.OOE+OO 0 O.OOE+00 0 
4.48E-02 3 4  9.88E-03 0 O.OOE+OO 0 O.OOE+OO 0 SR90+D O.OOE+OO 0 

------------ ----------_-__-_ ---______------- ------_----_---- ---------------- ---------------- 

................................................................................................................ 
TOTALS INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD % DRINKING WATER % TOTAL 

0 1.61E+01 99 0.00E+00 0 0.00E+00 0 1.62E+01 O.OOE+OO 0 1.3 1 E-01 

Figure 3.4-4. Sample Problem Two Output (Continued) 



3.4.3 Sample Problem Three 

The t h i r d  sample i s  designed t o  exerc ise  t h e  a g r i c u l t u r a l  exposure 
scenario. For t h i s  p rob l  m, a l i c e  ee i s  a me$ t o  dispose o f  59 m3 o f  
68s te  con ta in ing  0.1 C i / $  o f  both '%o and f3yCs D, and 0.01 C i / m  o f  

D e f a u l t  cond i t i ons  a re  assumed except t h a t  o n l y  0.05 ha i s  assumed 
t o  be contaminated by t h e  disposal o f  wastes. Sample Problem Three i s  t o  
determine t h e  doses t o  t h e  i n t r u d e r  10 years a f t e r  t h e  wastes are  bur ied.  
The s o l u t i o n  i s  found by running t h e  ONSITE a g r i c u l t u r a l  scenar io  w i t h  t h e  
s p e c i f i e d  cond i t i ons  and waste inventory .  A summary o f  t h e  ONSITE i n t e r -  
a c t i v e  session used t o  develop t h e  runstream f o r  Sample Problem Three i s  
shown i n  F igure  3.4-5. 
shown i n  F igu re  3.4-6. The maximum annual doses r e s u l t i n g  f o r  t h i s  sample 
problem a r e  about 22 rern/yr t o  t o t a l  body, 56 rem/yr t o  bone, 20 rem/yr t o  
lungs, 13 rem/yr t o  thy ro id ,  and 17 rem/yr t o  GI(LL1). Doses t o  t o t a l  
body, and bone a r e  c o n t r o l l e d  by i nges t i on  of farm crops, wh i l e  t h e  doses 
t o  lungs, t hy ro id ,  and GI(LL1) a re  c o n t r o l l e d  by ex terna l  exposure. Hand 
c a l c u l a t i o n s  v e r i f i e d  t h e  code opera t ion  i n  c a l c u l a t i n g  r a d i o a c t i v e  decay, 
s o i  1 concentrat ions, a i  r concentrat ions, ex te rna l  dose, i n h a l a t i o n  dose, 
and i n g e s t i o n  dose from consumption o f  garden crops. 

Sr+D. 

The ou tpu t  r e s u l t i n g  f o r  t h i s  sample problem i s  

3.4.4 Sample Problem Four 

The f o u r t h  sample problem i s  designed t o  exerc ise  t h e  i r r i g a t i o n / d r i n k i n g -  
water scenario. For t.86; pp$j;emb0a l i censee  ' assumed t o  dispose o f  
wastes t h a t  r e s u l t  i n  8 Sr+D, and '''U+D i n  an o f f s i t e  we l l .  
The water concentrat ions a re  10 pCi/L o f  each rad ionuc l ide .  
an o f f s i t e  r i ver -water  concent ra t ion  o f  0.1 pCi/L o f  each o f  these radionu- 
c l i d e s  i s  assumed. The i n d i v i d u a l  i s  assumed t o  use t h e  w e l l  water f o r  
d r i n k i n g  and t h e  r i v e r  water f o r  i r r i g a t i o n .  
determine t h e  doses t h a t  r e s u l t  t o  t h i s  i n d i v i d u a l  from using these con- 
taminated water sources. The s o l u t i o n  i s  found by running t h e  ONSITE 
irrigation/drinking-water scenar io  w i t h  t h e  s p e c i f i e d  cond i t i ons  and source 
terms. A summary o f  t h e  ONSITE i n t e r a c t i v e  session used t o  develop t h e  
runst ream f o r  Sample Problem Four i s  shown i n  F i g u r e  3.4-7. The o u t p u t  
r e s u l t i n g  f o r  t h i s  sample problem i s  shown i n  F igu re  3.4-8. 
annual doses r e s u l t i n g  f o r  Sample Problem F u r  a r e  about 0.0016 rem/yr t o  
t o t a l  body, 0.0077 rem/yr t o  bone 8.0 x 
t o  thy ro id ,  and 3.5 x r e d y r  t o  GI(LI1). Hand c a l c u l a t i o n s  v e r i f i e d  
t h e  code opera t ion  f o r  a l l  of t h e  decay, rad ionuc l ide  concent ra t ions  and 
dose est imates f o r  a l l  o f  t h e  exposure pathways considered. 

I n  add i t ion ,  

The sample problem i s  t o  

The maximum 

rem/yr t o  lungs, 0.028 rem/yr 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 

# 
# 

ONSITE/MAXI # 
# 

# 
# 
# # 
# Th is  i n t e r a c t i v e  program w i l l  a s s i s t  you i n  t h e  c r e a t i o n  # 
# o f  scenar ios f o r  assessment o f  o n s i t e  d isposal  o f  low- # 
# l e v e l  waste. Doses t o  man through t h e  s p e c i f i e d  pathways # 
# w i l l  be s imulated by t h e  computer program MAXI .  # 
# # 
# The f o l l o w i n g  notes may be o f  i n t e r e s t :  # 
# When you have f i n i s h e d  reading, press < re tu rn>  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

------------------_ ------------------- 
-----------__----_- ------------------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# 1) I f  t h e  d e f a u l t  c o n d i t i o n  i s  selected, you need on ly  # 
# press <return>.  YES-or-NO quest ions a re  designated by # 
# (Y/N)  and should be answered w i t h  a Y o r  N. The d e f a u l t  # 
# c o n d i t i o n  i s  always l i s t e d  f i r s t .  # 
# # 
# 2) The values you en te r  w i l l  be tes ted  aga ins t  reasonable # 
# l i m i t s  and i f  they a re  n o t  accepted you w i l l  be asked t o  # 
# supply another value. # 
# # 
# When you have f i n i s h e d  reading, press < re tu rn>  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The f o l l o w i n g  scenarios have been defined: # 
# # 
# 1 - External  exposure # 
# 2 - External  exposure p l  us i n h a l a t i o n  from resuspension # 
# 3 - A g r i c u l t u r a l  a c t i v i t i e s  # 
# 4 - Use o f  w e l l  water f o r  i r r i g a t i o n  and d r i n k i n g  water # 
# 5 - User-created scenar io  # 
# # 
# # 
# To s e l e c t  a scenar io  o r  f o r  a d d i t i o n a l  i n fo rma t ion  # 
# on a scenar io  en te r  1, 2, 3, 4, o r  5: 3 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-5. Sample Problem Three I n t e r a c t i v e  Session 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# SCENARIO 3: A g r i c u l t u r a l  A c t i v i t i e s  # 

# contamination and inha la t i on .  Anspaugh resuspension model # 
# i s  used. Scenario d e f a u l t s  t o  t o t a l  d i e t  o f  f r u i t s ,  veg- # 
# stables, and animal products grown on t h e  s i t e .  The user # 
# 
# t op  15  cm. # 
# # 
# # 
# t h i s  s e l e c t i o n  (N/Y) :  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Th is  scenar io  assumes sur face contamination (as i n  Scenario # 
# 2) w i t h  farming; d e f a u l t s  t o  2000 h /y r  exposure t o  sur face # 

may spec i f y  t h e  percentage o f  s o i l  con ta in ing  waste i n  t h e  

Scenario 3 

# 

i s  now selected. Do you wish t o  change 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# # 
# # 
# # 
# Enter  a d e s c r i p t i v e  t i t l e  f o r  t h i s  case: # 
# SAMPLE PROBLEM THREE <cr> # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# Th is  scenar io  begins 1 years a f t e r  t h e  waste i s  # 
# disposed. # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# Enter  new value: 10 <cr> # 
# # 
# # 
# Th is  scenar io  w i l l  end 59 years a f t e r  t h e  waste i s  # 
# disposed. OK? (Y/N) <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-5. Sample Problem Three I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Three types o f  p r i n t e r  repo r t s  a r e  ava l l ab le :  # 

# pathway c o n t r i b u t i o n  # 
# 1- Table above p l u s  annual doses by organ and t o t a l  # 

# # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  0 # 

# # ................................................................ 
# Do you w'ish t o  change t h i s  Val ue (N/Y I ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 
# ' 0- Tables o f  maximum annual dose per organ w i t h  rad ionuc l ide  and 

# 
# 

# 2- Table above p lus  annual doses by organr pathway and rad ionuc l ide# 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 

# # 

# Scenario 3 (N/Y) ? <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 
# 

# 

............................................ ............................................ 
# 
# 

# Do you wish t o  modify any parameter values f o r  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The s i z e  o f  t h e  s i t e  i n  terms o f  f r a c t i o n a l  hectares # 
# (ie., 10000 sq m), i s  1.00 # 

# # 
# Do you wish t o  change t h i s  value? # 
# Enter  new value: .05 <cr> # 
# # 
# The inventory  w i l l  au tomat ica l l y  be adjusted by t h e  # 
# appropr ia te  area c o r r e c t i o n  f a c t o r  f o r  each exposure # 
# pathway based on a s i t e  s i z e  o f  5.000E-02 hectares. # 

# Do you wish t o  review o r  change t h e  above parameters (N/Y)  <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# # ...................................................................... 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-5. Sample Problem Three I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The sur face/bur ied inventory  may be entered as: # 
# # 
# 1 - p c i  # 
# 2 - uCi # 
# 3 - mCi  # 
# 4 - c i  # 
# # 
# The c u r r e c t  s e l e c t i o n  i s :  1 # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# Enter  new value: 4 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# c a l c u l a t i o n  may be entered i n  t h e  f o l l o w i n g  u n i t s :  # 
# # 
# 0 - C i  /square meter # 
# 1 - C i  /cubic  meter # 
# 2 - C i  /Kg o f  s o i l  # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  1 # 
# # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The contaminat ion deposited on t h e  s i t e  a t  s t a r t  o f  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The sur face /bur ied  inventory  d i l u t i o n  f a c t o r  i s :  0.20 # 
# (range = 0.0 t o  1.OE+20) # 
# # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-5. Sample Prob l  em Three I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r\ 
# 
# 

# 
# 

# Do you w i s h  t o  review o r  change any of the above parameters (N/Y)  <cr> # 
# # 
# # 
# # 
# # 
# f o r  each organ f o r  each radionucl ide.  The d e f a u l t  assump- # 
# t i o n  i s  elements a r e  inso luble  f o r  lung a n d  so lub le  f o r  a l l  # 
# o the r  organs. (N/Y)  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The following ques t ions  pe r t a in  t o  the radionucl ide # 
# inventory.  After  i n p u t t i n g  the inventory, enter # 
# rr99rr f o r  element name t o  s ignal  t o  the program t h a t  # 
# you a r e  f in i shed .  # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Press <return> when  you have f in i shed  reading: <cr> # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Do you w i s h  t o  review and/or change s o l u b i l i t y  c l a s s i f i c a t i o n  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# # 
# Enter new 2-character element (99=f in ished) :  CO <cr> # 
# # 
# # 
# Include metastable  (MI and daughter (+D) designat ion,  (i.e. , TE127M+D) # 
# # 
# Enter atomic number :  60 <cr> # 
# # 
# # 
# Enter the quant i ty  of C060 deposited on the s i te  a t  s t a r t  of # 
# ca lcu la t ion  ( u n i t s :  C i  / cubic  meter 1 : .1 <cr> # 
# '  # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can b e  u p  t o  6 cha rac t e r s  long. 

Figure 3.4-5~. Sample Probl em Three I n t e r a c t i v e  Session (Continued) 
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V #  # Enter  new 2-character element (99=f in ished) :  'SR <cr> 
# 
# 

# # 
# Atomic number i n p u t  can be up t o  6 characters  long. # 
# Inc lude  metastable ( M I  and daughter (+D) designation, ( i .e .#  TE127M+D) # 
# # 
# Enter  atomic number: 9O+D <cr> # 
# # 
# Enter  t h e  q u a n t i t y  o f  SR90+D deposited on t h e  s i t e  a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  C i  / cub ic  meter 1 : -01 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Enter  new 2-character element (99=f in ished) :  CS <cr> # 
# # 
# Atomic number i n p u t  can be up t o  6 characters  long. # 
# I nc lude  metastable ( M I  and daughter (+D) designation, (i .e. , TE127M+D) # 
# Enter  atomic number: 137m <cr> # 
# # 
# # 
# c a l c u l a t i o n  ( u n i t s :  C i  / cub ic  meter I : -1 <cr> # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Enter  new 2-character element (99=f in ishedI :  99 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Enter  t h e  q u a n t i t y  o f  CS137+D deposited on t h e  s i t e  a t  s t a r t  o f  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Surface/Buried Dr ink ing  # 
# c i  I r r i g a t i o n  Water # 
# Radionucl ide /cubic  meter C i  /1  c i  /1 # 

# # 
# C06 0 0.10 O.OOE+OO O.OOE+OO # 
# SR90+D 1.00E-02 0.00Ei-00 0.00EW0 # 
# CS137+D 0.10 O.OOE+OO O.OOE+OO # 
# # 

# # ...................................................................... 
# Do you wish t o  review o r  change t h e  above parameters (N /Y)  <cr> # 
# Do you wish t o  add rad ionuc l ides  t o  t h e  above inventory?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

------------ ---------- c --------- ---------- 

...................................................................... 
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( T h i s  i n t e r a c t i v e  session generates t h e  f o l l o w i n g  f i l e . )  

account-name~STMFZ~CMl6OOOO,EC4OO~Tl77. 
ACCOUNT, account-name, p rob l  em-number, probl  em-number. 
ATTACH,TAPE20rFILE20rID=ZZRNRC. 
ATTACH,TAPE2lrFILE21rID=ZZRNRC. 
ATTACH,TAPE24rFILE24rID=ZZRNRC. 
ATTACHpTAPE25rFILE25rID=ZZRNRC. 
ATTACH,TAPEZZrPLANSOURC,ID=ZZRNRC. 
ATTACHITAPE27 r VOLSOURC, ID=ZZRNRC. 
ATTACH, TAPE10 , RMDL IB, ID=ZZRNRC. 
ATTACHpTAPE23rFILE23rID=ZZRNRC. 
AlTACH , ABS M A X I 1  ABS p IDzZZRNRC 
COPY,ABS, LGO. 
RETURN, ABS. 
MAP, OFF. 
LDSET, PRESETzZERO. 
LGO . 
SAMPLE PROBLEM THREE 

{eor  1 

SINPUT NEXT=1 , 
IFOD=lrIARG=O~IWAT=O~IEXT=O~ 
ISUR= l r  IA IR=O,  
RIRR= 150. 9 IMO=6r RF1= 1.00 9 RFZ= 0. 
RPFl= 1.00 p RPFP 1.00 # 

AGE= 0. 8 XDPT= .670E-01, 
RINH= .230000r DILF= 1.00 t XF2= .200E+04, 
M3M2= 1, INTRUD=O, I22=01 

SRDIL= .ZOO FRSIZ= .500E-O1r AREAIN= e500 

IOUT= 0, ION=l, $END 

In= 10, IT2= 59, NORG= 5, KORG( l )=  1, 6, 8916,239 

AREAEX= .805 9 

3 0 
0 6 0  11311 l . O O E + l l  0. 0. 0. 
SR90+D 11311 1.00E+10 0. 0. 0. 
CS137+D 11111 1.00E+ll 0. 0. 0. 
{eor  1 
I e o f  1 

F i g u r e  3.4-5. Sample Problem Three I n t e r a c t i v e  Session (Continued) 
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MAXI - Maximum A n n u a l  D o s e  C a l c u l a t i o n  Version VAX2.2 25-APR-84 

C a s e  t i t 1 e : S A M P L E  PROBLEM THREE 
E x e c u t e d  on 3-MAY-84 a t  08:07:59 . 

................................................................................ 
RADIONUCLIDE CHAIN LIBRARY USED : RADIONUCLIDE MASTER DATA LIBRARY / W  TRANSLOCATION CLASSES, 6-APR-84 RAP 
DOSE FACTOR F I L E S  USED FOR T H I S  CASE: 

*20 FOOD-LEAF: Leaf  I n c r e m e n t a l  D o s e  F a c t o r s  f o r  the ONSITE/BIOPORT 
‘21 FOOD-SOIL: S o i l  I n c r e m e n t a l  D o s e  F a c t o r s  f o r  t h e  ONSITE/BIOPORT 
*22 SHALLOW EXTERNAL : ONSITE/BIOPORT EXTERNAL DRFS FOR SURFACE (PLANE SOUR 
*23 DACRIN-INHALATION: WS) DOSE INCREMENT F I L E  ONSITE/BIOF’ORT ENV. 16-APR-84 RAP 

DOSES CALCULATED FROM 10 TO 59 YEARS FOLLOWING T IME ZERO 

PATHWAYS I N I T I A L I Z E D  FOR DOSE CALCULATIONS: SPECIAL PARAMETERS I N I T I A L I Z E D :  
FARM PRODUCT INGESTION: ON 
INHALATION OF RESUSPENDED MATER1AL:ON 
AQUATIC FOODS INGESTION: OFF INVENTORY D I L U T I O N  FACTOR: 2.00E-01 
DRINKING WATER INGESTION: OFF DECAY OF R IVER RELEASE SOURCE TERM NOT PERFORMED 
CONTINUING ATMOSPHERIC DEPOSITION OFF DECAY OF A I R  RELEASE SOURCE TERM NOT PERFORMED 
EXTERNAL FROM BURIED WASTES OFF S I T E  X/Q: O.OOE+OO 
EXTERNAL FROM SURFACE DEPOSITS: ON SPECIAL INHALATION MODEL NOT USED 

S I Z E  OF THE S I T E :  0.05000 FRACTIONAL HECTARES 
INTERNAL PATHWAY AREA CORRECTION FACTOR: 5.00E-01 
EXTERNAL PATHWAY AREA CORRECTION FACTOR: 8.05E-01 

FARM PRODUCT PARAMETERS USED: 
FRACTION OF ROOTS I N  UPPER SOIL :  0 .10E+01 IRRIGATION RATE : 1.50E+OZL/M**2/MO 
FRACTION OF ROOTS I N  BURIED WASTE O.OOE+OO MONTHS PER YEAR IRRIGATED: 6 
FRACTION OF TOTAL D I E T  GROWN ON S I T E :  1.00E+00 R IVER D I L U T I O N  FACTOR: l.OOE+OOYR/L 

YEARS OF I R R I G A T I O N  WITH CONTAMINATED WATER PRIOR TO 
THE DOSE CALCULATIONS: 0 

EXTERNAL EXPOSURE PARAMETERS USED: 
RATIO OF EXTERNAL CONTAMINATION I N  SURFACE S O I L  TO SUBSURFACE S O I L  l.OOE+OO 
NUMBER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 2.00E+03 
SURFACE DEPOSITS DRFS FROM ISOSHLD; MODIF ICATION FACTOR: 5.844E-11 

INHALATION PARAMETERS USED: 
MODIF ICATION FACTOR , RINH: 2.30E-01 

RESUSPENSION MODEL USED FOR CALCULATING A I R  CONCENTRATION: ANSPAUGH 
AVERAGE AGE OF MATERIAL ON GROUND A T  T I M E  ZERO: O.OOE+OO YEARS 
TOP 1.0 CM OF THE CONTAMINATED SURFACE LAYER I S  AVAILABLE FOR RESUSPENSION. 

(EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR 2016. HR/YR) 

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS S O L U B I L I T I E S  GIVEN BELOW): 

TOTAL BODY BONE LUNGS THYROID 

Figure 3.4-6. Sample Problem Three O u t p u t  
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RELEASE TERMS SOIL  SOURCE IRRIGATATION/AQUATIC DRINKING WATER ATM. RELEASE 
NUCLIDE ORGAN SOL UB I L  I TY CLASSES (PCI /M**3)  ( P C I / L  ) ( P C I /  L )  ( C I / Y R )  

CO 60 1 1 3 1 1  2 . 0 0 E t 1 0  O.OOE+OO O.OOE+OO O.OOE+OO 
SR 9 0 t D  1 1 3 1 1  2.00E+09 0.00E+00 0.00E+00 0.00E+00 

O.OOE+OO CS 137+D 1 1 1 1 1  2.00E+10 O.OOE+OO O.OOE+OO 

********************PLEASE NOTE ANY SPECIAL CONSIDERATIONS I N  THIS  SPACE******************** * * 
* * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 

P 
P 

RADIONUCLIDE 

CO 60 
SR 90+D 
CS 137+D 

RADIONUCLIDE 

CO 60 
SR 90+D 
CS 137+D 

SOIL,AIR,  AND WATER CONCENTRATION SUMMARY FOR THE YEAR 10 

SURFACE S O I L  DEEP S O I L  A I R  IRRIGATION DRINKING WATER 
P C I / M 2  PCI/M3 PCI /M3  P C I / L  P C I  / L 

8.03E+08 0.00E+00 5.38E+03 0.00E+00 0.00E+00 
2.3 5E+08  O.OOE+OO 1 .5 8E+03 O.OOE+OO O.OOE+OO 

1.60E+04 0.00E+00 0.00E+00 2.38E+09 O.OOE+OO 

SOIL,AIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR 59 

SURFACE S O I L  DEEP S O I L  A I R  IRRIGATION DRINKING WATER 
P C I / M 2  PCI/M3 PCI/M3 P C I / L  P C I / L  

0.00E+00 0.00E+00 1.26E+06 0.00E+00 8.42E-05 
7 .14E+07 O.OOE+OO 4.7 8E-03 O.OOE+OO O.OOE+OO 
7.72E+08 0.00E+00 5.17 E-02 0.00E+00 0.00E+00 

Figure 3.4-6. Sample Problem Three O u t p u t  (Continued) 



c 
SAMPLE PROBLEM THREE 

MAXI, Verslon VAX2.2 25-APR-84 executed on 3-MAY-84 a t  08:07:59 . 
MAXIMUM ANNUAL DOSE SUMMARY FOR M E  YEAR 10 FORTOTAL BODY 

EXPOSURE PATHWAY 
INGESTION I N  HAL AT ION 

RADIONUCLIDE REM % REM % 

co6 0 1.14E-01 1 3.22E-02 6 
SR90+D 1.26E+00 1 4  9.64E-02 20 
CS137+D 7.34E+O0 8 4  3.42E-01 7 2  

------------ --_----___-----_ __----__-----__- 

.................................................... 
TOTALS INGESTION % INHALATION % 

8.72E+00 3 9  4.70E-01 2 

MAXIMUM ANNUAL DOSE SUMMARY FOR M E  YEAR 27 FOR BONE 

EXPOSURE PAMWAY 
INGESTION INHALATION 

RADIONUCLIDE REM % REM % 

Y co60 0 . 0 0 E M 0  0 O.OOE+OO 0 
------------ ---------------- ---------------- 

P SR90+D 5.04E+01 9 9  7.36E-01 99 
CS137+D 1.95E-01 0 8.37E-06 0 cn 

...................................................... 
TOTALS INGESTION % INHALATION % 

5.06E+01 90 7.36E-01 1 

EXTERNAL 
REM % 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 11 FOR LUNGS 

7.88E-01 17 
3.17E-03 0 
3.63EMO 82 ------------------ 

EXTERNAL % 
4.42E+00 7 

AQUATIC FOOD 
REM % 

O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 

---------------- 

------------------ 
AQUATIC FOOD X 

O.OOE+OO 0 

DRINKING WATER 
REM % 

O.OOE+OO 0 
0 . 0 0 E t 0 0  0 
O.OOE+OO 0 

DRINKING WATER % TOTAL 
0.00E+00 0 2.20E+01 

---------------- 

.------------------- 

EXPOSURE PATHWAY 
INGESTION INHALATION 

RADIONUCLIDE REM % REM % 

Co60 0.00EM0 0 4.81E+00 6 2  
SR90+D O.OOE+OO 0 2.82E+00 3 6  

-_____-----_ ____--____--____ --_----_-------- 

CS137+D 9.19E-01 100 4.46E-02 0 ...................................................... 
TOTALS INGESTION % INHALATION % 

9.19E-01 4 7.68E+00 3 7  

EXTERNAL 
REM % 

6.49E+O0 55 

5 .25EM0 4 4  

---------------- 
4.68E-03 0 

.-------------------- 
EXTERNAL % 

1.17E+01 57 

AQUATIC FOOD 
REM % 

O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 

---------------- 

.-------------------- 
AQUATIC FOOD % 

0.00E+00 0 

DRINKING WATER 
REM % 

0.00E+00 0 
O.OOE+OO 0 
O.O0E+00 0 

DRINKING WATER % TOTAL 
O.OOE+OO 0 2.03E+01 

-----_----___--- 

.------------------ 
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MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FOR THYROID 

c060 0 . 0 0 E M 0  0 O.OOE+OO 0 7.41E+00 57 0.00E+00 0 0.00E+00 0 
SR90+D O.OOE+OO 0 O.OOE+OO 0 4.80E-03 0 O.OOE+OO 0 O.OOE+OO 0 
CS137+D 0.00E+00 0 O.OOE+00 0 S.37E+00 42 O.OOE+OO 0 O.O0E+00 0 ................................................................................................................ 

TOTALS INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD % DRINKING WATER % TOTAL 

O.OOE+OO 0 O.OOE+OO 0 1.28E+01 100 O.OOE+OO 0 0.00E+00 0 1.28E+01 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 1 0  FOR L L I  
P m 

EXPOSURE PATHWAY 
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER 

RADIONUCLIDE REM % REM % REM % REM % REM % 

c o 6 0  1 .12EMO 3 0  2.91E-02 5 9  7.41E+00 57 O.OOE+OO 0 0.00EWO 0 
SR90+D 2.21E+00 5 9  1.50E-02 3 0  4.80E-03 0 O.OOE+OO 0 0 .00Et00 0 
CS137+D 4.02E-01 10 4.61E-03 9 5.37E+00 42 0.00E+00 0 0.00E+00 0 ................................................................................................................ 

TOTALS INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD % DRINKING WATER % TOTAL 

3.74E+00 22 4.87E-02 0 1.28E+01 77 O.OOE+OO 0 0.00E+00 0 1.66E+01 

Figure 3.4-6. Sample Problem Three O u t p u t  (Continued) 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 

# 
# 

ONSITE/MAXI  # 
# 

# 
# 
# # 
# # 
# o f  scenarios f o r  assessment o f  o n s i t e  disposal o f  low- # 
# l e v e l  waste. Doses t o  man through t h e  s p e c i f i e d  pathways # 
# w i l l  be simulated by t h e  computer program M A X I .  # 
# # 
# The f o l l o w i n g  notes may be o f  i n t e r e s t :  # 
# When you have f i n i s h e d  reading, press <return>.  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

------------------- ------------------- 
------------------- ------------------- 

Th is  i n t e r a c t i v e  program w i l l  a s s i s t  you i n  t h e  c r e a t i o n  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# 1) I f  t h e  d e f a u l t  cond i t i on  i s  selected, you need on ly  # 
# press <return>.  YES-or-NO quest ions a re  designated by # 
# (Y /N)  and should be answered w i t h  a Y o r  N. The d e f a u l t  # 
# c o n d i t i o n  i s  always l i s t e d  f i r s t .  # 
# # 
# 2) The values you en ter  w i l l  be tes ted  against  reasonable # 
# l i m i t s  and i f  they a re  n o t  accepted you w i l l  be asked t o  # 
# supply another value. # 
# # 
# When you have f i n i s h e d  reading8 press < re tu rn>  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The f o l l o w i n g  scenarios have been defined: # 
# # 
# 1 - External  exposure # 
# 2 - External  exposure p lus  i n h a l a t i o n  from resuspension # 
# 3 - A g r i c u l t u r a l  a c t i v i t i e s  # 
# 4 - Use o f  we l l  water f o r  i r r i g a t i o n  and d r i n k i n g  water # 
# 5 - User-created scenar io  # 
# # 
# # 
# To s e l e c t  a scenar io  o r  f o r  a d d i t i o n a l  in fo rmat ion  # 
# on a scenar io  en ter  I 8  2,, 3 ,  4, o r  5: 4 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# SCENARIO 4: I r r i g a t i o n  and Dr ink ing  Water # 
# # 
# Th is  scenar io  accounts f o r  t h e  use o f  we l l  o r  r i v e r  water # 
# f o r  i r r i g a t i o n  and dr ink ing .  Assumes an i r r i g a t i o n  r a t e  # 
# o f  150 l / s q  m/mo f o r  6 months. Defau l ts  t o  Anspaugh model # 
# f o r  i nha la t i on .  Assumes t o t a l  d i e t  and 1.2 l i t e r s / d a y  o f  # 
# d r i n k i  ng water. # 
# # 
# # 
# Scenario 4 i s  now selected. Do you wish t o  change # 
# t h i s  s e l e c t i o n  (N /Y) :  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# Enter  a d e s c r i p t i v e  t i t l e  t o  i d e n t i f y  t h i s  case: # 
# SAMPLE PROBLEM FOUR <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Th is  scenar io  begins 1 years a f t e r  t h e  waste i s  # 
# disposed. # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  value (N /Y)?  Y <cr> # 
# Enter  new value: 10 <cr> # 
# # 
# # 
# Th is  scenar io  w i l l  end 59 years a f t e r  t h e  waste i s  # 
# disposed. OK? (Y/N) <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure 3.4-7. Sample Problem Four I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Three types o f  p r i n t e r  repo r t s  a re  ava i l ab le :  # 
# # 
# 0- Tables o f  maximum annual dose per organ w i t h  rad ionuc l ide  and # 
# pathway c o n t r i b u t i o n  # 
# 1- Table above p lus  annual doses by organ and t o t a l  # 

# # 

# # 

# 

# The c u r r e n t  s e l e c t i o n  i s :  0 

# ...................................................................... 

2- Table above p lus  annual doses by organr pathway and rad ionuc l ide# 

# 

# 
# 
# 

Do you wish t o  change t h i s  value ( N / Y ) ?  <cr> # 
# 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Do you wish t o  review o r  change any o f  t h e  above parameters (N/Y)  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 

# f o r  each organ f o r  each rad ionucl ide.  The d e f a u l t  assump- # 

# o the r  organs. (N/Y) <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 

# 

Do you wish t o  review and/or change s o l u b i l i t y  c l a s s i f i c a t i o n  

t i o n  i s  elements a re  i n s o l u b l e  f o r  lung  and so lub le  f o r  a l l  

# 

# 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# The f o l l o w i n g  quest ions p e r t a i n  t o  t h e  rad ionuc l i de  # 
# inventory. A f t e r  i n p u t t i n g  t h e  inventory, en te r  # 
# 119911 f o r  element name t o  s igna l  t o  t h e  program t h a t  # 
# you are  f in ished.  # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Press < re tu rn>  when you have f i n i s h e d  reading: <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Enter  new 2-character element (99=f in ished) :  CO <cr> # 
# # 
# # 
# I nc lude  metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# Enter  a tomic  number: 60 <cr> # 
# # 
# To consider  on ly  i r r i g a t i o n  o r  on ly  d r i n k i n g  water contamination, # 
# en te r  zero  q u a n t i t y  f o r  t h e  o ther  pathway. # 
# # 
# Enter  t h e  concent ra t ion  o f  C060 i n  t he  i r r i g a t i o n  water a t  s t a r t  o f #  
# c a l c u l a t i o n  ( u n i t s :  p C i / l  i t e r )  : -1 <cr> # 
# Enter  t h e  concent ra t ion  o f  C060 i n  t h e  d r i n k i n g  water a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  10 <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can be up t o  6 characters  long. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Enter  new 2-character element (99=f in ished) :  SR <cr> # 
# # 
# # 
# I nc lude  metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# Enter  atomic number: 9o+D <cr> # 
# # 
# To consider on l y  i r r i g a t i o n  o r  on l y  d r i n k i n g  water contamination, # 
# en te r  zero  q u a n t i t y  f o r  t h e  o ther  pathway. # 
# # 
# Enter  t h e  concent ra t ion  o f  SR90+D i n  t h e  i r r i g a t i o n  water a t  s t a r t  of# 
# c a l c u l a t i o n  ( u n i t s :  pC i / l  i t e r ) :  -1 <cr> # 
# Enter  t h e  concent ra t ion  o f  SR90+D i n  t h e  d r i n k i n g  water a t  s t a r t  of # 
# c a l c u l a t i o n  ( u n i t s :  pC i / l  i t e r )  : 10 <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can be up t o  6 characters  long. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Enter  new 2-character element (99=f in ished) :  I <cr> # 
# # 
# # 
# Inc lude metastable ( M I  and daughter (+D) designation, (i.e.8 TE127M+D) # 
# Enter  atomic number: 129 <cr> # 
# # 
# To consider on l y  i r r i g a t i o n  o r  on l y  d r i n k i n g  water contamination, # 
# en ter  zero  q u a n t i t y  f o r  t he  o ther  pathway. # 
# # 
# Enter  t h e  concent ra t ion  o f  I 129 i n  t h e  i r r i g a t i o n  water a t  s t a r t  o f #  
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  .1 <cr> . # 
# Enter  t h e  concent ra t ion  o f  I 129 i n  t h e  d r i n k i n g  water a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  10 <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can be up t o  6 characters  long. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Enter  new 2-character element (99=f in ished) :  U <cr> # 
# # 
# # 
# Inc lude metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# Enter  atomic number: 238i-D <cr> # 
# # 
# To consider  on l y  i r r i g a t i o n  o r  on ly  d r i n k i n g  water contamination, # 
# en te r  zero  q u a n t i t y  f o r  t h e  o ther  pathway. # 
# # 
# I n  t h e  i r r i g a t i o n  water a t  s t a r t  o f #  
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  .1 <cr> # 
# Enter  t h e  concent ra t ion  o f  U 238+D i n  t h e  d r i n k i n g  water a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  10 <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can be up t o  6 characters  long. 

Enter  t he  concent ra t ion  o f  U 238+D 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Enter  new 2-character element (99=f i nished) : 99 <cr> # 
# # 
# Sur f  ace/ Bu r i ed Dr ink ing  # 
# P C i  I r  r i g a t i  on Water # 
# Radionucl ide /cubic  meter p c i  / 1  p c i  /1 # 

# # 
# cod0 0.00E+00 0.10 10. # 
# SR90+D 0.0 OE+OO 0.10 10. # 
# I 129 0.00Et00 0.10 10. # 
# U 238+D O.OOE+OO 0.10 10. # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Do you wish t o  review o r  change t h e  above parameters (N/Y)  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

------------ ---------- ---------- ---------- 

Do you wish t o  add rad ionuc l ides  t o  t h e  above inventory?  <cr> 
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(Th is  i n t e r a c t i v e  session generates t h e  f o l l o w l n g  f i l e . )  

account-name~STMFZtCMl6OOOO~EC4OO~Tl77. 
ACCOUNT, account-name, p rob 1 em- n umbe rr p rob1 em-number . 

ATTACH,TAPE20rFILE20rID=ZZRNRC. 
ATTACH,TAPE21,FILE21,ID=ZZRNRC. 
ATTACHpTAPE24rFILE24rID=ZZRNRC. 
ATTACH,TAPE25rFILE25rID=ZZRNRC. 
ATTACH,TAPE22rPLANSOURCIID=ZZRNRC. 
ATTACHITAPE27 ,VOLSOURC, ID=ZZRNRC. 
ATTACH,TAPElO,RMDLIBpID=ZZRNRC! 
ATTACH,TAPE23,FILE23,ID=ZZRNRC. 
ATTACH,ABS,MAXIlABS,ID=ZZRNRCe 
COPY, ABSPLGO. 
RETURN, ABS. 
MAP, OFF 
LDSET, PRESET=ZERO. 
LGO. 

SAMPLE PROBLEM FOUR 
{eo r  1 

$INPUT NEXT=l, 
IFOD=1~IARG=O~IWAT=1~IEXT=O, 
ISUR= l ,  IAIR=O, 
RIRR= 150. 3 IMO=6, RF1= 1.00 8 RF2= 0. 
RPF1= 1.00 I RPF2= 1.00 # 

IDKWAT=O 
AGE= 0. 9 XDPT= .670E-01, 
RINH= .230000~ DILF= 1.00 P XF2= .200E+04r 
M3M2= 1, INTRUD=O, I22=0, 
IT1= 10, IT2= 59, NORG= 59 KORG(l)= 1, 69 8,16,23, 
SRDIL= .ZOO y FRSIZ= 1.00 8 AREAIN= 1.00 8 

AREAEX= 1.00 P 

IOUT= 0, ION=lr $END 
4 10 

C060 11311 0. .10 10. 0. 
SR90+D 11311 0. .10 10. 0. 
I 129 11211 0. .10 10. 0. 
U 238+D 22322 0. .10 10. 0. 
{eor  1 
Ieof 1 

? 
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RADIONUCI IDE CHAIN L IBRARY USED: RADIONUCLIDE MASTER DATA L IBRARY / W  TRANSLOCATION CLASSES, 6-APR-84 RAP 
DOSE FACTOR F I L E S  USED FOR T H I S  CASE: 

*20 FOOD-LEAF: L e a f  I n c r e m e n t a l  D o s e  Factors f o r  t h e  ONSITE/BIOPORT 
*Zl FOOD-SOIL : Sol1 I n c r e m e n t a l  D o s e  F a c t o r s  f o r  the ONSITE/BIOPORT 
*22 SHALLOW EXTERNAL: ONSITE/BIOPORT EXTERNAL DRFS FOR SURFACE (PLANE SOUR 

'25 ARRRG-DRINK H 2 0 :  I n c r e m e n t a l  D r i n k i n g  W a t e r  D o s e  F a c t o r s  - O N S I T E / B I O  
'23 DACR I N- INHALATION : DOS) DOSE INCREMENT F I L E  ONSITE/BIOPORT ENV. 16-APR-84 RAP 

DOSES CALCULATED FROM 10 TO 59 YEARS FOLLOWING T I M E  ZERO 

PATHWAYS I N I T I A L I Z E D  FOR DOSE CALCULATIONS: SPECIAL PARAMETERS I N I T I A L I Z E D :  
FARM PRODUCT INGESTION: ON 
INHALATION OF RESUSPENDED MATER1AL:ON 
AQUATIC FOODS INGESTION: OFF INVENTORY D I L U T I O N  FACTOR: 2 .00E-01 
DRINKING WATER INGESTION: ON DECAY OF R I V E R  RELEASE SOURCE TERM NOT PERFORMED 
CONTINUING ATMOSPHERIC DEPOSITION OFF DECAY OF A I R  RELEASE SOURCE TERM NOT PERFORMED 
EXTERNAL FROM BURIED WASTES OFF S I T E  X/Q: O.OOE+OO 
EXTERNAL FROM SURFACE DEPOSITS: ON SPECIAL INHALATION MODEL NOT USED 

S I Z E  OF THE S I T E :  1.00000 FRACTIONAL HECTARES 
0 INTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 

EXTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 cn 
w FARM PRODUCT PARAMETERS USED: 

FRACTION OF ROOTS I N  UPPER S O I L :  0 .10E+01 I R R I G A T I O N  RATE: 1.50E+02L/M**2/MO 
FRACTION OF ROOTS I N  BURIED WASTE 0.00E+00 MONTHS PER YEAR IRRIGATED: 6 
FRACTION OF TOTAL D,IET GROWN ON S I T E :  l.OOE+OO RIVER D I L U T I O N  FACTOR: l.OOE+OOYR/L 

YEARS OF I R R I G A T I O N  WITH CONTAMINATED WATER PRIOR TO 
M E  DOSE CALCULATIONS: 10 

EXTERNAL EXPOSURE PARAMETERS USED: 
RATIO OF EXTERNAL CONTAMINATION I N  SURFACE S O I L  TO SUBSURFACE S O I L  1 . 0 0 E + 0 0  
NUMBER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 2.00E+03 
SURFACE DEPOSITS DRFS FROM ISOSHLD; MODIFICATION FACTOR: 5 . 8 4 4 E - 1 1  

INHALATION PARAMETERS USED: 
MODIFICATION FACTOR t RINH: 2 .30E-01 

(EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR 2016. HR/YR) 
RESUSPENSION MODEL USED FOR CALCULATING A I R  CONCENTRATION: ANSPAUGH 
AVERAGE AGE OF MATERIAL ON GROUND AT T I M E  ZERO: O.OOE+OO YEARS 
TOP 1.0 CM OF THE CONTAMINATED SURFACE LAYER I S  AVAILABLE FOR RESUSPENSION. 

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS S O L U B I L I T I E S  G I V E N  BELOW): 

TOTAL BODY BONE LUNGS THYROID 

Figure 3.4-8. Sample Problem Four O u t p u t  
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RELEASE T E W S  S O I L  SOURCE 
NUCLIDE ORGAN S O L U B I L I T Y  CLASSES (PCI /M**3)  

IRRIGATATION/AQUATIC DRINKING WATER ATM. RELEASE 
( P C I / L )  ( C I / Y R )  ( P C I / L  1 

1 .00E-01  
1.00E-01 
1 . 0 0 E - 0 1  
1 .00E-01  

ONS I N  TH 

CO 60 
SR 90+D 
U 238+D 
I 129 

1 1  
1 1  
2 2  
1 1  

*ti*** 

3 1  
3 1  
3 2  
2 1  

****PL E A 

1 O.OOE+OO 
1 O.OOE+OO 
2 O.OOE+OO 
1 O.OOE+OO 

S SPACE******************** 
* 
* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

****** 
* 
* 

* E NOTE ANY SPECIAL CONS DER T 

SOIL,AIR, AND WATER CONCENTRATION SUMMARY FOR M E  YEAR 10 

SURFACE S O I L  DEEP S O I L  A I R  I R R I G A T I O N  DRINKING WATER 
P C I / M 2  PCI /M3  PCI/M3 P C I / L  P C I / L  

RADIONUCLIDE 

CO 60 
SR 90+D 
U 238+D 
I 129 

4.89E+02 0.00E+00 4.08E-07 1 .00E-01  1.00E+01 
8 .58E+02  O.OOE+OO 7 .15E-07 1 .00E-01  l .OOE+Ol 

1.00E+01 9.90E+02 0.00E+00 8.25E-07 1.00E-01 
1.00E+01 9.90 E+O 2 O.OOE+OO 8.25E-07 1 .00E-01  

SOILPAIR ,  AND WATER CONCENTRATION SUMMARY FOR M E  YEAR 59 

RADIONUCLIDE SURFACE S O I L  DEEP S O I L  A I R  I R R I G A T I O N  DRINKING WATER 
P C I / M 2  PCI /M3  PCI /M3  P C I / L  P C I / L  

6.3 8E+02 O.OOE+OO 4.28E-08 1 .00E-01  1 . 0 0 E t 0 1  
2.80E+03 O.OOE+OO 1.88E-07 1.00E-01 1.00E+01 

l .OOE+Ol 5.40E+03 O.OOE+OO 3.62E-07 1 .00E-01  
5 .40 E+03 0.00E+00 3.62E-07 1 .00E-01  l.OOE+Ol 

CO 60 
SR 90+D 
U 238+D 
I 129 
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c 
SAMPLE PROBLEM FOUR 

MAXI, Version VAX2.2 25-Am-84 executed on 11-MAY-84 a t  11:32:41 . 

MAXIMUM ANNUAL DOSE SUMMARY FOR ME YEAR 5 9  FORTOTAL BODY 

RADIONUCLIDE ------______ 
co6 0 
SR90+D 
u 238+D 
I 1 2 9  ------------- 

TOTALS 

EXPOSURE PATHWAY 
INGESTION INHALATION 
REM % REM % 

2.42E-07 0 5.3 2E-13 0 
5.17E-04 98 4.90E-10 5 9  
2.85E-06 0 3.27E-10 3 9  
2.78E-06 0 4.66E-12 0 

INGESTION % INHALATION % 
5.22E-04 3 2  8.21E-10 0 

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

.--------------------------------------- 

MAXIMUM ANNUAL DOSE SUMMARY FOR M E  YEAR 5 9  FOR BONE 

RADIONUCLIDE ------------ 
co60 
SR90+D 
U 238+D 
I 1 2 9  -------------- 

TOTALS 

EXPOSURE PATHWAY 
INGESTION INHALATION 
REM % REM % 

0.00E+00 0 0.00E+00 0 
1.93E-03 97 7.30E-09 57 
4.81E-05 2 5.45E-09 4 2  
9.89E-07 0 1.13E-13 0 

INGESTION % INHALATION % 
1.97E-03 25  1.27E-08 0 

---------------- ---------------- 

....................................... 

AQUATIC FOOD 
REM % 

0.00E+00 0 
O.OOE+DO 0 
O.O0E+00 0 
O.OOE+OO 0 

---------------- 

.----------------------- 
AQUATIC FOOD % 

O.OOE+OO 0 

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 5 9  FOR LUNGS 

EXPOSURE PATHWAY 
INGESTION INHALATION 

RADIONUCLIDE REM % REM % 

Co60 0 . 0 0 E M 0  0 2.11E-10 0 
SR90+D O.OOE+OO 0 2.00E-09 0 
U 238+D O.OOE+DO 0 2.29E-07 99 
I 1 2 9  O.OOE+OO 0 2.59E-11 0 

------------ ---____-__---___ ---------------- 

.................................................... 
TOTALS INGESTION % INHALATION % 

0.00E+00 0 2.31E-07 2 

EXTERNAL 
REM % 

7.32E-06 9 4  
7.11E-08 0 
3.60E-07 4 
3.10E-08 0 

---------------- 

.-------------------- 
EXTERNAL % 

7.78E-06 97 

AQUATIC FOOD 
REM % 

0.00E+00 0 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 

---------------- 

.-------------------- 
AQUATIC FOOD % 

O.OOE+OO 0 

DRINKING WATER 
REM % 

4.12E-06 0 
8.99E-04 83 
1.39E-04 12 
3.22E-05 3 

DRINKING WATER % TOTAL 
1.07E-03 6 6  1.60E-03 

-_--------___--- 

.----------------- 

DRINKING WATER 
REM % 

0 .00EW0 0 
3.35E-03 5 8  
2.35E-03 4 1  
1.14E-05 0 

DRINKING WATER % TOTAL 

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

.-------------------- 

5.71E-03 7 4  7.69E-03 

.-- 

DRINKING WATER 
REM % 

0 . 0 0 E M 0  0 
0.00E+00 0 
0 . 0 0 E M 0  0 
O.OOE+OO 0 

DRINKING WATER X TOTAL 
0.00EMO 0 8.01E-06 

--..------------- 

.------------------ 
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MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 5 9  FOR MYROID 

EXPOSURE PATHWAY 
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER 

RADIONUCLIDE REM % REM % REM % REM % REM % 

c o 6 0  0.00E+00 0 0.00E+00 0 7.32E-06 94 O.OOE+OO 0 0.00E+00 0 
SR90+D O.OOE+OO 0 O.OOE+OO 0 7.11E-08 0 O.OOE+OO 0 0.00E+00 0 
U 238+D O.OOE+OO 0 0.00E+00 0 3.60E-07 4 O.OOE+OO 0 O.OOE+OO 0 
I 1 2 9  2.18E-03 100 3.75E-09 100 3.10E-08 0 O.OOE+OO 0 2.53E-02 100 ................................................................................................................ 

TOTALS INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD % DRINKING WATER % TOTAL 

2.18E-03 7 3.75E-09 0 7.78E-06 0 O.OOE+00 0 2.53E-02 92 2.75E-02 

MAXIMUM ANNUAL DOSE SUMMARY FOR M E  YEAR 5 9  FOR L L I  

EXPOSURE PATHWAY 
INGESTION INHALATION 

RADIONUCLIDE REM % REM % 

c o 6 0  2.30E-06 4 4.62E-13 2 
SR90+D 4.30E-05 87 3.59E-12 16  
U 238+D 3.81E-06 7 1.77E-11 8 1  
I 1 2 9  1.49E-07 0 4.64E-14 0 ...................................................... 

TOTALS INGESTION % INHALATION % 

4.92E-05 1 4  2.18E-11 0 

7.32E-06 94 
7.11E-08 0 
3.60E-07 4 
3.10E-08 0 .................... 

EXTERNAL % 

7.78E-06 2 

O.OOE+OO 0 
O.OOE+OO 0 
O.00EMO 0 
O.OOE+OO 0 ------------------- 

AQUATIC FOOD % 

O.00EMO 0 

DRINKING WATER 
REM % ---------------- 
3.91E-05 13  
6.78E-05 23 
1.86E-04 63  
1.73E-06 0 

DRINKING WATER % 

2.95E-04 83 3 .  

.------------------- 

F i g u r e  3.4-8. Sample  P r o b l e m  Four  O u t p u t  ( C o n t i n u e d )  
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3.4.5 Sample Problem F ive  

The f i f t h  and f i n a l  sample problem i s  designed t o  exerc ise  t h e  user-defined 
scenar io  option. Th is  problem i s  intended t o  exerc ise  t h e  maximum number 
o f  exposure cond i t i ons  t h a t  can be considered by t h e  M A X I 1  program i n  a 
s i n g l e  run. For t h i s  problem, the  general exposure cond i t i ons  described i n  
Sample Problem Four a re  considered w i t h  t h e  a d d i t i o n  o f  i nges t i on  o f  
aquat ic  foods ( f i s h  obta ined from a r i v e r )  and r o o t  penet ra t ion  i n t o  deeply 
bu r ied  wastes. The rad ionuc l  i d e  concent ra t ions  i n  we1 1 and r i v e r  water 
de f ined i n  Sample Problem Four a re  used f o r  t h e  i u i d  p a t  A deep 
waste concentr i o n  o f  0.1 C i / $  o f  each o f  6oCo, "'1, and "%% p l u s  
0.001 Ci /m3 of"Sr+D i s  a l s o  assumed. The s i t e  i s  assumed t o  cover  1 ha. 
The wastes a re  assumed t o  be bu r ied  f o r  10 years p r i o r  t o  t h e  s t a r t  of 
farming and they a re  assumed t o  be l oca ted  1.0 m from t h e  surface. It i s  
f u r t h e r  assumed t h a t  about 40% o f  t h e  r o o t s  from t h e  garden crops penetrate 
t o  t h i s  depth (based on i n fo rma t ion  i n  Napier 1982). For t h e  user-defined 
scenario, t h e  a i r  concent ra t ion  used t o  est imate i n h a l a t i o n  dose i s  ca l cu -  
l a t e d  us ing  a mass-loading equation ins tead of t h e  time-dependent resuspen- 
s i o n  equation. Also, t h e  i n d i v i d u a l ' s  t o t a l  d i e t  i s  assumed t o  be grown 
us ing  t h e  contaminated water supply. The sample problem i s  t o  determine 
t h e  doses t o  an i n d i v i d u a l  r e s i d i n g  on a s i t e  conta in ing  deeply bu r ied  
wastes who a1 so uses contaminated water suppl ies. 
problem i s  found by running t h e  ONSITE user-defined scenar io  w i t h  t h e  
s p e c i f i e d  source terms and condi t ions.  
s i o n  used t o  deve lop  t h e  runstrearn f o r  Sample Problem F i v e  i s  shown i n  
F igure  3.4-9. 
F igu re  3.4-10. The maximum annual doses r e s u l t i n g  f o r  Sample Problem F i v e  
a r e  about 1.5 rem/yr t o  t o t a l  body, 6.2 rem/yr t o  bone, 2.0 x rem/yr 
t o  lungs, 245 rem/yr t o  thyro id ,  and 0.43 rem/yr t o  GI(LL1). I nges t i on  o f  
farm products whose r o o t s  penetrate t h e  deeply bu r ied  wastes c o n t r o l  t h e  
doses t o  t o t a l  body, bone, thy ro id ,  and GI(LL1). The dose t o  lungs i s  
c o n t r o l  1 ed by t h e  ex te rna l  exposure pathway. Hand c a l c u l a t i o n s  v e r i f i e d  
t h e  code opera t ion  f o r  t h e  r a d i o a c t i v e  decay, rad ionuc l i de  concentrat ions, 
and dose est imates f o r  a l l  o f  t h e  exposure pathways considered. 

The s o l u t i o n  t o  t h i s  

A summary o f  t h e  i n t e r a c t i v e  ses- 

The ou tpu t  r e s u l t i n g  f o r  t h i s  sample problem i s  shown i n  
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ONSITE/MAXI # 
# 

# 
# 
# # 
# This  i n t e r a c t i v e  program w i l l  a s s i s t  you i n  t h e  c r e a t i o n  # 
# o f  scenarios f o r  assessment o f  o n s i t e  disposal o f  low- # 
# l e v e l  waste. Doses t o  man through t h e  s p e c i f i e d  pathways # 
# w i l l  be s imulated by t h e  computer program M A X I .  # 
# # 
# The fo l l ow ing  notes may be o f  i n t e r e s t :  # 
# When you have f i n i s h e d  reading? press < re tu rn>  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

------------------- _--___--_---__----- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# 1) If t h e  d e f a u l t  c o n d i t i o n  i s  se lected? you need on ly  # 
# press <return>. YES-or-NO questions are designated by # 
# (Y/N)  and should be answered w i t h  a Y o r  N. The d e f a u l t  # 
# c o n d i t i o n  i s  always l i s t e d  f i r s t .  # 
# # 
# 2) The values you en te r  w i l l  be t e s t e d  aga ins t  reasonable # 
# l i m i t s  and i f  they a re  n o t  accepted you w i l l  be asked t o  # 
# supply another value. # 
# # 
# When you have f i n i s h e d  reading? press <re turn> <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# The 
# 
# 1 -  
# 2 -  
# 3 -  
# 4 -  
# 5 -  
# 
# 

# 
fo l l ow ing  scenar ios have been defined: # 

# 
External  exposure # 
External  exposure p l u s  i n h a l a t i o n  from resuspension # 
A g r i c u l t u r a l  a c t i v i t i e s  # 
Use o f  w e l l  water f o r  i r r i g a t i o n  and d r i n k i n g  water # 
User-created scenar io  # 

# 
# 

# To sele’ct a scenar io  o r  f o r  a d d i t i o n a l  i n fo rma t ion  # 
# on a scenar io  en ter  1, Z r  3, 4 ?  o r  5: 5 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session 

n 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 

# SCENARIO 5: User Defined Scenario # 
# # 

# Th is  scenar io  d e f a u l t s  t o  a f u l l  year o f  exposure t o  # 
# ex te rna l  contaminat ion and a f u l l  year o f  i nha la t i on .  # 

lr3: 
# 
# 

The user may spec i f y  any parameters t o  de f i ne  a scenario. # 
# 

# Scenario 5 i s  now selected. Do you wish t o  change # 
# t h i s  s e l e c t i o n  ( N / Y ) :  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# # 
# Enter  a d e s c r i p t i v e  t i t l e  t o  i d e n t i f y  t h i s  case: # 
# SAMPLE PROBLEM FIVE <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# This  scenar io  begins 1 years a f t e r  t h e  waste i s  # 
# disposed. # 

cs 

lr ~~~~ 

# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# Enter  new value: 10 <cr> # 
# # 
# # 
# Th is  scenar io  w i l l  end 59 years a f t e r  t h e  waste i s  # 
# disposed. OK? (Y/N) <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 

# 
# 
# 

0- Tables o f  maximum annual dose per organ w i t h  rad ionuc l fde  and # 
pathway c o n t r i b u t i o n  # 

# 
2- Table above p lus  annual doses by organr pathway and rad ionuc l ide# 

# 
The c u r r e n t  s e l e c t i o n  i s :  0 # 

# 

Three types o f  p r i n t e r  repo r t s  a re  ava i l ab le :  

1- Table above p lus  annual doses by organ and t o t a l  

# Do you wish t o  change t h i s  value ( N / Y ) ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# I n  t h i s  scenario, wastes may be: # 
# # 
# 1 -On sur face # 
# 2 -Buried a t  0.5 m # 
# 3 - B u r i e d  at 1.0 rn # 
# 4 -Stored waste # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  1 # 
# # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# Enter  new value: 3 <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Do you wish t o  consider ex te rna l  exposure t o  sur face # 
# contamination? (Y/N)  <cr> # 
# # 
# # 
# Do you wish t o  consider  ex te rna l  exposure and crop # 
# penet ra t ion  t o  deeply bu r ied  waste? ( Y / N )  <cr> # 

# 
# 

# 
# 
# Do you wish t o  consider  f a r m  product  i nges t i on  ? # 
# (Y/N) <cr> # 
t # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# 
# 

L j :  # 

# Do you wish t o  consider  d r i n k i n g  water i nges t i on  # 
# from a contaminated w e l l ?  (Y/N)  <cr> # 
# # 
# # 
# Do you wish t o  consider consumption o f  aquat ic  # 
# food from a contaminated r i v e r ?  (Y/N)  <cr> # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# The f r a c t i o n  o f  t o t a l  r o o t s  i n  top  15 cm o f  t h e  s o i l  i s  1.00 # 
# (range = 0.0 t o  1.0) # 
# # 

# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# # 
# Enter  new value: .6 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# # ................................................................. 

F igure  3.4-9. Sample Problem F i v e  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# dl ir 

# The f r a c t i o n  o f  t o t a l  roo ts  entering the b u r i e d  waste # 
# below the top  15 cm plow layer o f  s o i l  is 0.000E+00 # 
# ( range = 0.0 t o  1.0). # 
# # 

# # ...................................................................... 
# # 
# Do you w i s h  t o  change t h i s  value (N /Y)?  Y <cr> # 
# # 
# Enter new value: .4 <cr> # 
# I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# The f r a c t i o n  o f  the t o t a l  diet grown on the s i t e  is 1.00 # 
# ( range = 0.0 t o  1.0) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you w i s h  t o  change t h i s  value ( N / Y ) ?  <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# # 
# The i r r i g a t i o n  r a t e  i n  l i t e r s  per square meter per month is 150. # 
# ( range = 0.0 t o  1000.) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you w i s h  t o  change t h i s  value ( N / Y ) ?  <cr> # 
# # 
# I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F i g u r e  3.4-9. Sample Problem F i v e  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# The number o f  months pe r  year t h a t  crops a re  i r r i g a t e d  i s  6 # 
# (range = 0 t o  12) # 
# # 
# # 

IT ~~ ~~~~~~ ~ _ _  

# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# c a l c u l a t i o n s  t h a t  i r r i g a t i o n  accumulates rad ionuc l ides  # 
# i s  0 (range = 0 t o  1000) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# # 
# Enter  new value: 10 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The number o f  years p r i o r  t o  t h e  beginning o f  dose 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# # 
# Do you wish t o  review/modify ex te rna l  exposure parameters? (N/Y) <cr> # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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# 
# D i d  you use M A X I 2  t o  generate  a spec ia l  external  exposure 

# 
# 

# dose r a t e  f a c t o r  f i l e  f o r  t h i s  scenar io?  ( d e f a u l t l o )  # 
# # 
# 0 - no # 
# 1 - yes # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you w i s h  t o  change t h i s  value ( N / Y ) ?  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The number  of hours of exposure t o  ex terna l  contamination # 
# per year is 8.766E+03 ( range = 0.0 t o  8766.) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you w i s h  t o  change t h i s  value ( N / Y ) ?  Y <cr> # 
# # 
# Enter new value: 2000 <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Do you w i s h  t o  review o r  change inha la t ion  parameters ( N / Y )  Y <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Figure 3.4-9.  Sample Problem F i v e  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# i j :  # 

# The number o f  hours o f  i n h a l a t i o n  o f  contamination # 
# per  year i s  8.766E+03 (range = 0.0 t o  8766.) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# # 
# Enter  new value: 2000 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# Two resuspension models a re  ava i l ab le :  # 
# 1 - Anspaugh # 
# 2 - Mass Loading # 
# # 
# The se lected model i s  2 # 
# # 
# # 

# # ...................................................................... 
# # 
# 
# 

Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The dens i ty  of t h e  s o i l  i s  1.OE+06 grams per cubic  meter. # 
# (range = 1.E5 t o  5.OE7) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n 
# 
# 

# 
# 

# # 
# The Mass Loading Factor  i s  1.OE-04 grams per cubic  meter. # 
# (range = 1.E-7 t o  0.1) # 
# # 
# # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Do you wish t o  review o r  change organ parameters (N/Y)  <cr> # 
# # 
# # 
# # 
# # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The s i z e  o f  t h e  s i t e  i n  terms o f  f r a c t i o n a l  hectares # 
# ( i e . r  10000 sq m I y  i s  1.00 # 
# # 

lr _ _ ~ _ _ ~  lr 

# Do you wish t o  change t h i s  value ( N / Y ) ?  <cr> # 
# # 
# The inventory  w i l l  automatical l y  be adjusted by t h e  # 
# appropr ia te  area c o r r e c t i o n  f a c t o r  f o r  each exposure # 
# pathway based on a s i t e  s i z e  o f  1.00 hectares. # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Do you wish t o  review o r  change t h e  above parameters (N/Y) <cr> # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# Th is  scenar io  assumes both sur face  contamination and # 
# contaminat ion from bu r ied  o r  s to red  waste. What i s  # 
# t h e  r a t i o  o f  waste concent ra t ion  i n  t h e  sur face  t o  # 
# subsurface s o i l s ?  (Range = 0.0 t o  1.0) # 
# The c u r r e n t  s e l e c t i o n  i s :  1.00 a 
# # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# # 
# Enter  new value: 0 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# The sur face /bur ied  inventory  may be entered as: # 
# 1 - pCi # 
# 2 - u c i  # 
# 3 - m C i  # 
# 4 - C i  # 
# The c u r r e c t  s e l e c t i o n  i s :  1 # 
# # 

# # ...................................................................... 
# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  Y <cr> # 
# Enter  new value: 4 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# c a l c u l a t i o n  may be entered i n  t he  f o l l o w i n g  u n i t s :  # 
# # 
# 0 - C i  /square meter # 
# 1 - C i  / cub ic  meter # 
# 2 - C i  /Kg o f  s o i l  # 
# # 
# The c u r r e n t  s e l e c t i o n  i s :  1 # 
# # 

# # ...................................................................... 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The contaminat ion deposited on t h e  s i t e  a t  s t a r t  o f  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# 
# The sur face/bur ied inventory  d i l u t i o n  f a c t o r  i s :  0.20 
# 
# 
# 

(range = 0.0 t o  l.OE+ZO) 

lr ,r 

# # 
# Do you wish t o  change t h i s  va lue ( N / Y ) ?  <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# Do you wish t o  review o r  change any o f  t h e  above parameters ( N / Y )  <cr> # 
# # 
# # 
# # 
# # 
# # 
# f o r  each organ f o r  each rad ionucl ide.  The d e f a u l t  assump- # 
# t i o n  i s  elements a re  i n s o l u b l e  f o r  l ung  and so lub le  f o r  a l l  # 
# o the r  organs. (N/Y)  <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Do you wish t o  review and/or change s o l u b i l i t y  c l a s s i f i c a t i o n  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# # 
# The fo l l ow ing  quest ions p e r t a i n  t o  t h e  rad ionuc l i de  # 
# inventory .  A f t e r  i n p u t t i n g  t h e  inventory, en te r  # 
# 11991t f o r  element name t o  s igna l  t o  t h e  program t h a t  # 
# you are f i n i shed .  # 
# # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Press < re tu rn>  when you have f i n i s h e d  reading: <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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f -  \ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Enter  new 2-character element (99=f in ished) :  CO <cr> # 
# # 

# # 
# Enter  atomic number: 60 <cr> # 
# # 
# Enter  t h e  q u a n t i t y  o f  CO60 deposited on t h e  s i t e  a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  C i  / cub ic  meter 1 : .1 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# 
# 

# 
# 

Atomic number i n p u t  can be up t o  6 characters  long. # 
I nc lude  metastable ( M I  and daughter (+D) designation, ( i . e .#  TE127M+D) # 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# To consider  on ly  i r r i g a t i o n  o r  on ly  d r i n k i n g  water contamination, # 
# en te r  zero  q u a n t i t y  f o r  t h e  o ther  pathway. # 
# # 

# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  .1 <cr> # 
# # 

# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  10 <cr> # 
# # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Enter  t h e  concent ra t ion  o f  C060 i n  t h e  i r r i g a t i o n  water a t  s t a r t  o f #  

# Enter  t h e  concent ra t ion  o f  CO60 i n  t h e  d r i n k i n g  water a t  s t a r t  o f  # 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Enter  new 2-character element (99=f in ished) :  I <cr> # 
# # 
# # 
# I nc lude  metastable ( M I  and daughter ( + D l  designation, (i.e.8 TE127M+D) # 
# # 
# Enter  atomic number: 129 <cr> # 
# # 
# # 
# Enter  t h e  q u a n t i t y  o f  I 129 deposited on t h e  s i t e  a t  s t a r t  of # 
# c a l c u l a t i o n  ( u n i t s :  C i  /cubic  meter 1 : .1 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can be up t o  6 characters  long. 

F igure 3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# To consider on l y  i r r i g a t i o n  o r  on ly  d r i n k i n g  water contamination, # 
# en te r  zero  q u a n t i t y  f o r  t h e  o ther  pathway. # 
# # 
# # 
# Enter  t h e  concent ra t ion  o f  I 129 i n  t h e  i r r i g a t i o n  water a t  s t a r t  of# 

# # 
# # 
# Enter  t h e  concent ra t ion  o f  I 129 i n  t h e  d r i n k i n g  water a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r )  : 10 <cr> # 
# # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r )  : .1 <cr> # 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# Enter  new 2-character element (99=f in ished) :  SR <cr> # 
# # 
# Atomic number i n p u t  can be up t o  6 characters  long. # 
# Inc lude metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# # 
# Enter  atomic number: 9O+D <cr> # 
# # 
# # 
# Enter  t h e  q u a n t i t y  o f  SR90+D deposited on t h e  s i t e  a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  C i  / cub ic  meter 1 : -001 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# # 
# To consider on l y  i r r i g a t i o n  o r  on l y  d r i n k i n g  water contamination, # 
# en te r  zero  q u a n t i t y  f o r  t h e  o ther  pathway. # 
# # 
# # 
# Enter  t h e  concent ra t ion  o f  SR90+D i n  t h e  i r r i g a t i o n  water a t  s t a r t  of# 
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  -1 <cr> # 
# # 
# # 
# Enter t h e  concent ra t ion  o f  SR90+D i n  t h e  d r i n k i n g  water a t  s t a r t  of # 
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) :  10 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F igure  3.4-9. Sample Problem F ive  I n t e r a c t i v e  Session (Continued) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# Enter  new 2-character element (99=f in ished) :  U <cr> # 
# # 
# # 
# Inc lude  metastable ( M I  and daughter (+D) designation, (i.e., TE127M+D) # 
# # 
# Enter  atomic number: 238M <cr> # 
# # 
# # 
# # 
# c a l c u l a t i o n  ( u n i t s :  C i  / cub ic  meter 1 : .1 <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Atomic number i n p u t  can be up t o  6 characters  long. 

Enter  t h e  q u a n t i t y  o f  U 238+D deposited on t h e  s i t e  a t  s t a r t  o f  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# To consider  on l y  i r r i g a t i o n  o r  on l y  d r i n k i n g  water contamination, # 
# e n t e r  ze ro  q u a n t i t y  f o r  t h e  o ther  pathway. # 
# # 
# i n  t h e  i r r i g a t i o n  water a t  s t a r t  o f #  
# c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r )  : .1 # 
# # 
# Enter  t h e  concent ra t ion  o f  U 238+D i n  t h e  d r i n k i n g  water a t  s t a r t  o f  # 
# c a l c u l a t i o n  ( u n i t s :  p C i / l  i t e r )  : 10 # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

# Enter  new 2-character element (99=f in ished) :  99 # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Enter  t h e  concent ra t ion  o f  U 238+D 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# S u r f ace/ Bu r i ed Dr ink ing  # 
# C i  Irr i g a t i  on Water # 
# Radionucl ide /cubic  meter c i  /1  C i  /1 # 

# # 
# C E O  0.10 0.10 10. # 
# I 129 0.10 0.10 10. # 
# SR90+D 1.00E-03 0.10 10. # 
# U 238+D 0.10 0.10 10. # 
# # 

# # . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# Do you wish t o  review o r  change t h e  above parameters ( N / Y )  <cr> # 
# Do you wish t o  add rad ionuc l ides  t o  t h e  above inventory?  <cr> # 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

------------ ---------- ---------- ---------- 
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(Th is  i n t e r a c t i v e  session generates t h e  f o l l o w i n g  f i l e . )  n 

account-name,STMFZ,CMl6OOOO,EC4OO,Tl77. 
ACCOUNT, account- name, p r o b l  em-n um be r, p rob l  em- n umbe r . 
ATTACH,TAPE20rFILE20rID=ZZRNRC. 
ATTACH,TAPE2lrFILE21rID=ZZRNRC. 
ATTACHrTAPE24rFILE24rID=ZZRNRC. 
AlTACH,TAPE25rFILE25rID=ZZRNRC. 
AlTACH,TAPE2ZrPLANSOURC,ID=ZZRNRC. 
ATTACH,TAPE27rBURIEDl,ID=ZZRNRC. 
ATTACH,TAPElO,RMDLIB,ID=ZZRNRC. 
ATTACHpTAPE23rFILE23rID=ZZRNRC. 
AlTACH , ABS 9 MAX I1 ABS 9 ID=ZZRNRC 
COPY, ABS, LGO. 
RETURN, ABS. 
MAP, OFF. 
LDSET, PRESET=ZERO. 
LGO . 
SAMPLE PROBLEM FIVE 

Ceor 1 

$INPUT NEXT=l, 
IFOD=1,1ARG=l~IWAT=1rIEXT=lr  
ISUR=l ,  I A I R = O ,  
RIRR= 150. IMO=6r RF1= e600 RF2= e400 8 

RPFl= 0. 9 RPFP 1.00 Y 

IDKWAT=O, 
AGEz-1, DEN= .100E+07, XMLF= elOOE-03r 
RINH= .228154r DILF= 1.00 XF2= .200E+04r 
M3M2= 1, INTRUD=O, I22=01 
In= 10, IT2= 59, NORG= 5, KORG(l)= 1, 6, 8~16,239 

AREAEX= 1.00 9 

SRDIL= .ZOO 9 FRSIZ= 1 - 0 0  J AREAIN= 1-00 # 

IOUT= 0, ION=l, $END 
4 10 

C060 11311 l . O O E + l l  .10 10. 0. 
I 129 11211 l . O O E + l l  .10 10. 0. 
SR90+D 11311 1.00E+09 .10 10. 0. 
U 238+D 22322 l . O O E + l l  .10 10. 0. 
Ceor I 
I e o f  I 

F igu re  3.4-9. Sample Problem F i v e  I n t e r a c t i v e  Session (Continued) 
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W 

c3 

MAXI - Maximum Annua l  D o s e  C a l c u l a t i o n  Vers ion VAX2.2 25-APR-84 

Case t i t1e:SAMPLE PROBLEM F I V E  
E x e c u t e d  on 11-HAY-84 a t  13:48:25 . 

RADIONUaIDE M A I N  LIBRARY USED: RADIONUCLIDE MASTER DATA LIBRARY / W  TRANSLOCATION CLASSES, 6-APR-84 RAP 
DOSE FACTOR F I L E S  USED FOR M I S  CASE: 

'20 FOOD-LEAF: L e a f  I n c r e m e n t a l  Dose F a c t o r s  f o r  the  ONSITE/BIOPORT 
*21 FOOD-SOIL : S o i l  I n c r e m e n t a l  D o s e  F a c t o r s  f o r  t h e  ONSITE/BIOPORT 

' *22 SHALLW EXTERNAL: ONSITE/BIOPORT EXTERNAL DRFS FOR SURFACE (PLANE SOUR 

* 2 4  ARRRG-FISH: I n c r e m e n t a l  A q u a t i c  F o o d s  Dose F a c t o r s  - ONSITE/BIOP 
*25 ARRRG-DRINK H20: I n c r e m e n t a l  D r i n k i n g  W a t e r  Dose Factors  - ONSITE/BIO 

*23 DACRIN-INHALATION: DCS)  DOSE INCREMENT F I L E  ONSITE/BIOPORT ENV. 16-APR-84 RAP 

*27 ISOSHLD EXTERNAL: ONSITE/BIOPORT EXTERNAL DRF (BURIED AT 1 .O M) 9-APR 

DOSES CALCULATED FROM 10 TO 5 9  YEARS FOLLOWING TIME ZERO 

PATHWAYS I N I T I A L I Z E D  FOR DOSE CALCULATIONS: 
FARM PRODUCT INGESTION: ON 
INHALATION OF RESUSPENDED MATERIAL :ON 
AQUATIC FOODS INGESTION: ON 
DRINKING WATER, INGESTION: ON 
CONTINUING ATMOSPHERIC DEPOSITION OFF 
EXTERNAL FROM BURIED WASTES ON 
EXTERNAL FROM SURFACE DEPOSITS: ON 

FARM PRODUCT PARAMETERS USED: 
FRACTION OF ROOTS I N  UPPER SOIL: 0.60E+00 
FRACTION OF ROOTS I N  BURIED WASTE 0.40E+00 
FRACTION OF TOTAL D I E T  GROWN ON SITE:  l.OOE+OO 

SPECIAL PARAMETERS I N I T I A L I Z E D :  

INVENTORY DILUTION FACTOR: 2.00E-01 
DECAY OF RIVER RELEASE SOURCE TERM NOT PERFORMED 
DECAY OF A I R  RELEASE SOURCE TERM NOT PERFORMED 
SITE X/Q: 0.00E+00 
SPECIAL INHALATION MODEL NOT USED 
S I Z E  OF THE SITE:  1.00000 FRACTIONAL HECTARES 
INTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 
EXTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00 

IRRIGATION RATE: 1.50E+02L/M**2/MO 
MONTHS PER YEAR IRRIGATED: 6 
RIVER DILUTION FACTOR: l.OOE+OOYR/L 
YEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO 

THE DOSE CALCULATIONS: 10 
EXTERNAL EXPOSURE PARAMETERS USED: 

RATIO OF EXTERNAL CONTAMINATION I N  SURFACE SOIL  TO SUBSURFACE SOIL 0 . 0 0 E t 0 0  
NUMBER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 2.00E+03 
SURFACE DEPOSITS ORFS FROM ISOSHLD; MODIFICATION FACTOR: 5.844E-11 

INHALATION PARAMETERS USED: 
MODIFICATION FACTOR , RINH: 2.28E-01 

(EQUIVALENT TO BREATHING RATE OF 230 C U S E C  FOR 2000. HR/YR) 
RESUSPENSION MODEL USED FOR CALCULATING A I R  CONCENTRATION: MASS LOADING 
SOIL  DENSITY, G/M**3: 1 . 0 0 E t 0 6  
MASS LOPDING FACTOR, G/M**3: 1.00E-04 

ORGANS FOR W H I M  DOSES ARE CALCULATED (SAME ORDER AS SOLUBIL IT IES GIVEN BELOW): 

TOTAL BODY BONE LUNGS THYROID G I - L L I  

Figure 3.4-10. Sample Problem F i v e  Output  



RELEASE TERMS SOIL SOURCE IRRIGATATION/AQUATIC DRINKING WATER ATM. RELEASE 
NUCLIDE ORGAN SOLUBILITY CLASSES (PCI/M**3 1 (PCI/L ) (PCI/ L)  ( C I / Y R )  

O.OOE+OO CU 60 1 1 3 1 1  2.00E+10 1.00E-01 1.00Et01 
SR 90+D 1 1 3 1 1  2.00E+08 1.00E-01 1.00E+01 0.00EM0 
U 238+D 2 2 3 2 2  2.00E+10 1.00E-01 1.00Et01 O.OOE+OO 
I 129 1 1 2 1 1  2.00E+10 1.00E-01 1.00E+01 0.00EM0 

********************PLEASE NOTE ANY SPECIAL CONSIDERATIONS I N  M I S  SPACE******************** * * 
* * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SOILPAIR, AND WATER CONCENTRATION SUMMARY FOR M E  YEAR 10 

RADIONUCLIDE SURFACE SOIL DEEP SOIL A I R  IRRIGATION DRINKING WATER 
PCI/M2 PCI/M3 PCI/M3 PCI/L PCI/L 

CU 60 4.89E+02 5.35Et09 3.26E-07 1.00E-01 1.00E+01 
SR 90+D 8.58E+02 1.57E+08 5.72E-07 1.00E-01 1.00E+01 
U 238+D 9.90E+02 2.00E+10 6.60E-07 1.00E-01 l .OOE+Ol  
I 129 9.90E+02 2.00Et10 6.60E-07 1.00E-01 1.00E+01 

SOIL,AIR, AND WATER CONCENTRATION SUMMARY FOR M E  YEAR 59 

RADIONUCLIDE SURFACE SOIL DEEP SOIL A I R  IRRIGATION DRINKING WATER 
PCI/MZ PCI/M3 PCI/M3 PCI/L PCI/ L 

CO 60  6.38E+02 8.38E+06 4.26E-07 1.00E-01 1.00E+01 
SR 90+D 2.80E+03 4.76 E+07 1 .87 E-06 1.00E-01 l.OOE+Ol 

1.00E+01 U 238tD 5.40E+03 2.00E+10 3.60E-06 1.00E-01 
I 129 5.40E+03 2.00E+10 3.60E-06 1.00E-01 l . O O E + O l  

F igure  3.4-10. Sample Problem Five Output (Continued) 
b 



SAMPLE PROBLEM FIVE 
M A X I ,  Version VAX2.2 25-APR-84 executed on 11-MAY-84 a t  13:48:25 . 

MAXIMUM ANNUAL DOSE SUMMARY FOR ME YEAR 30 FORTOTAL BODY 

EXPOSURE PATHWAY 
INGESTION INHALATION 
REM % REM , % ---------------- ---------------- 
8.86E-04 0 5.16E-12 0 
1.08E+00 71  2.51E-09 59 
1.25E-01 8 1.65E-09 39  
3.11E-01 20 2.36E-11 0 

INGESTION % INHALATION % 
1.52E+00 99 4.20E-09 0 

.-----_--________-__------------------- 

EXTERNAL 
REM % 

2.10E-05 90 
5.05E-08 0 
2.27 E-06 9 
1.60E-08 0 

---------__-____ 

.- - - -________________ 
EXTERNAL % 

2.33E-05 0 

MAXIMUM ANNUAL DOSE SUMMARY FOR ME YEAR 30 FOR BONE 

RADIONUCLIDE ------------ 
cmo 

U 238+D 
I 129 

0 

v SR9O+D cn 

--------------- 
TOTALS 

EXTERNAL 
REM % 

2.10E-05 90 
5.05E-08 0 
2.27E-06 9 
1.60E-08 0 

---------------- 

.-------------------- 
EXTERNAL % 

DRINKING WATER 
REM % 

4.12E-06 0 
7.60E-04 81 
1.39E-04 14 
3.22E-05 3 

DRINKING WATER % TOTAL 
9.35E-04 0 1.52E+00 

---------------- 

.----------------- 

DRINKING WATER 
REM % 

0.00E+00 0 
---------------- 

2.83E-03 54 
2.35E-03 45 
1.14E-05 0 .................... 
DRINKING WATER % TOTAL 

6.24E+00 99 6.47E-08 0 2.33E-05 0 1.20E-04 0 5.19E-03 0 6.25E+00 

MAXIMUM ANNUAL DOSE SUMMARY FOR ME YEAR 10 FOR LUNGS 

RADIONUCLIDE -_-------__- 
c060 
SR90+D 
U 238+D 
I 129 -------------- 

TOTALS 

AQUATIC FOOD 
REM % 

O.O0E+00 0 
O.OOE+OO 0 
0.00E+00 0 
O.OOE+OO 0 

--_____-________ 

-------------_____ 
AQUATIC FOOD % 

0.00E+00 0 

DRINKING WATER 
REM % 

O.O0E+00 0 
0.00E+00 0 
O.OOE+OO 0 
O.OOE+OO 0 

DRINKING WATER X; TOTAL 
0.00E+00 0 2.01E-04 

---------------- 

.-------------------- 

F igure 3.4-10. Sample Problem F ive  Output (Continued) 



MAXIMUM ANNUAL DOSE SUMMARY FOR THE YE-AR 17  FOR THYROID 

Cc60 
SR90+D 
U 238+D 
I 1 2 9  ------------- 

TOTALS 

EXPOSURE PATHWAY 
INGESTION INHALATION 
REM % REM % 

EXTERNAL 
REM . %  

8.32E-05 97 
3.49E-08 0 
2.19E-06 2 
9.29E-09 0 

O.00EMO 0 
O.OOE+OO 0 
0.00E+00 0 
3.29E-04 100 

EXTERNAL % AQUATIC FOOD % 

DRINKING WATER 
REM % ----------_----- 
O.OOE+OO 0 
O.OOE+OO 0 
O.OOE+OO 0 
2.53E-02 100 --------___________ 
DRINKING WATER % TOTAL 

2 . 4 5 E M 2  9 9  1.09E-08 0 8.54E-05 0 3.29E-04 0 2.53E-02 0 2.45E4-02 

MAXIMUM ANNUAL DOSE SUMMARY FOR M E  YEAR 10 FOR L L I  

EXPOSURE PATHWAY 
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER 

RADIONUCLIDE RCk % REM % REM " % REM % REM % ------_----- ____-----_______ __-______c-----_ ---------------- ------c--------- ---------------- 
c 0 6 0  1.17E-01 27 3.49E-12 7 1.98E-04 98 1.93E-06 3 1  3.91E-05 13 

6.78E-05 23 SR90+D 1.30E-01 3 0  1.08E-11 23 2.42E-08 0 2.28E-06 3 6  
U 238+D 1.67E-01 38  3.09E-11 6 8  2.15E-06 1 1.94E-06 3 1  1.86E-04 63 
I 1 2 9  1.67E-02 3 8.39E-14 0 5.68E-09 0 2.24E-08 0 1.73E-06 0 ................................................................................................................ 

TOTALS INGESTION % INHALATION % EXTERNAL I% AQUATIC FOOD % DRINKING WATER % TOTAL 

4.30E-01 99  4.53E-11 0 2.00E-04 0 6.17E-06 0 2.95E-04 0 4.3 1 E-01 

F i g u r e  3.4-10. Sample Problem F i v e  O u t p u t  ( C o n t i n u e d )  



3.5 E c c o r . _ a n d y  

To f u r t h e r  ease t h e  user i n t e r a c t i o n  w i t h  t h e  ONSITE/MAXIl computer program, 
e r r o r c h e c k i n g  and recovery capabi 1 i t i e s  have been added. 
paragraphs descr ibe t h e  e r r o r  and recovery procedures t h a t  have been b u i l t  
i n t o  t h e  ONSITE/MAXIl computer program. 

The f o l  1 owing 

3.5.1 E r r o r  and Recovery - ONSITE 

ONSITE has ex tens i ve  error -check i  ng and i n t e r a c t i  ve recovery capabi 1 i t i e s .  
Most i n p u t  va lues  a re  tes ted  aga ins t  minimum and maximum a1 1 owabl e 1 im i ts .  
If a v a l u e  does n o t  f a1  1 w i t h i n  t h e  a1 lowab le  1 im i ts ,  t h e  user i s  asked 
immediately t o  reen te r  t h a t  v a l  ue. 

ONSITE w i l  1 d i s p l a y  e r r o r  messages i f  an i n v a l  i d  f i l e  name i s  se lec ted  by 
t h e  user o r  i f  t h e  program i s  enable t o  l o c a t e  and access a data base f i l e .  
The f o l  l ow ing  messages a re  d isp layed by ONSITE. 
c o n d i t i o n  a r e  discussed and appropr ia te  c o r r e c t i v e  ac t i ons  a re  suggested. 

D e t a i l s  o f  t h e  e r r o r  

"Error  opening rad ionuc l  i d e  1 ibrary." The program c o u l d  n o t  access t h e  
r a d i o n u c l i d e  l i b r a r y ,  RMDONS. Refer t h i s  problem t o  t h e  person main ta in ing  
t h e  ONSITE/MAXIl computer package. 

"Premature end-of-f i 1 e d iscovered i n  1 i brary.I' The program expected add i -  
t i o n a l  data i n  t h e  master r a d i o n u c l i d e  l i b r a r y ,  RMDONS. Refer t h i s  problem 
t o  t h e  person main ta in ing  t h e  ONSITE/MAXIl computer package. 

3.5.2 E r r o r  and Recovery - M A X I l  

M A X I l  generates t h e  f o l  low ing  e r r o r  messages 1 i s t e d  w i t h  t h e  source-code 
module i n  parentheses. Extended exp lanat ions  and c o r r e c t i v e  ac t i ons  are  
i n c l  uded, i f  appl i c a b l  e. 

DIAGNOSTIC 1: END OF FILE ON INPUT, STOP (MAIN).  The program expected 
a d d i t i o n a l  input. Suggestion: check use o f  v a r l a b l e  NEXT. 

DIAGNOSTIC 2: 
e r r o r  w h i l e  reading t h e  NAMELIST. 
names, check f o r  proper punctuation, v e r i f y  t h a t  column one i s  b lank  i n  
each record, and check f o r  flbENDff t e rm ina t i ng  statement. 

ERROR ON NAMELIST INPUT (MAIN). 
Suggestions: 

The program encountered an 
check s p e l l  i n g  o f  v a r i a b l e  

DIAGNOSTIC 3: ERROR I N  NUMBER OF NUCLIDES. INPUT, NONUC= nl, MAXIMUM 
ALLOWED I S  n2 (MAIN).  The program attempts t o  read NONUC r a d i o n u c l i d e  data 
records. Suggestions: v e r i f y  t h a t  NONUC equal s t h e  number o f  rad ionuc l  i de  
i nven to ry  records, check t h a t  NONUC i s  n o t  g rea ter  than t h e  maximum 
a1 lowed, and v e r i f y  format o f  NONUC record ( I S ? ) .  
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DIAGNOSTIC 4 :  END OF INPUT FOR T H I S  RUN, NORMAL TERMINATION ( M A I N ) .  Th is  
message i s  n o t  an e r r o r  cond i t ion ;  t h i s  message i s  p r i n t e d  t o  i n d i c a t e  a 
successful completion o f  t h e  execution. 

DIAGNOSTIC 5: DECAY CHAIN n l  HAS IMPROPER ORDER. CURRENT MEMBER INDEX I S  
n2. (RLIBIN). Th is  message i n d i c a t e s  a problem w i t h  a decay chain organi- 
z a t i o n  wh i l e  reading t h e  master rad ionuc l i de  1 i b ra ry .  
i nd i ca tes  t h a t  (1) an unsuccessful update was made t o  t h e  l i b r a r y ,  o r  (2)  
t h a t  t h e  f i l e  has been corrupted. 
person main ta in ing  t h e  data base. 

I t s  occurrence 

I n  e i t h e r  case, r e f e r  t h e  problem t o  t h e  

DIAGNOSTIC 6: IMPROPER NUMBER OF NUCLIDES I N  MASTER LIBRARY, NUC = n 
(RLIBIN). The program expected t o  f i n d  n records i n  t h e  rad ionuc l ide  
master l i b r a r y .  Th is  message i n d i c a t e s  t h a t  (1) an unsuccessful update was 
made t o  t h e  l i b r a r y ,  o r  (2 )  t h a t  t h e  f i l e  has been corrupted. I n  e i t h e r  
case, r e f e r  t h e  problem t o  t h e  person main ta in ing  t h e  data base. 

DIAGNOSTIC 7: END OF FILE ON MASTER LIBRARY UNIT 10. STOP (RLIBIN). The 
program expected a d d i t i o n a l  records i n  t h e  master rad ionuc l ide  l i b r a r y .  
Th is  message i n d i c a t e s  t h a t  (1) an unsuccessful update was made t o  t h e  
l i b r a r y ,  or (2) t h a t  t h e  f i l e  has been corrupted. I n  e i t h e r  case, r e f e r  
t h e  problem t o  t h e  person main ta in ing  t h e  data base. 

DIAGNOSTIC 8: NUMBER OF ISOTOPES FOR DFREAD OUT OF BOUNDS fo l lowed by f i v e  
values which are:  

F i r s t  va lue - (NISOL) number read i n  F i l e  20 f o r  l e a f  DRFs. 
Second va lue - (NISOS)  number read i n  F i l e  21 f o r  s o i l  DRFs. 
T h i r d  va lue - (NISOX)  number read i n  F i l e  22 f o r  external-exposure DRFs. 
Four th va lue  - (NISOA)  number read i n  F i l e  24 f o r  aquatic-food DRFs. 
F i f t h  va lue - (NISOW) number read i n  F i l e  25 f o r  dr ink ing-water  DRFs. 

(DFREAD). There i s  an e r r o r  i n  one o f  t h e  dose r a t e  f a c t o r  f i l e s .  The 
number of isotopes l i s t e d  i n  t h e  f i l e  does n o t  agree w i t h  t h e  s p e c i f i e d  
number a l so  read from t h e  f i l e .  

DIAGNOSTIC 9: NUMBER OF YEARS FOR DFREAD OUT OF BOUNDS fo l lowed by f o u r  
values which are: 

F i r s t  va lue - (NYRL) number read i n  F i l e  20 f o r  l e a f  DRFs. 
Second va lue - (NYRS) number read i n  F i l e  21 f o r  s o i l  DRFs. 
T h i r d  va lue - (NYRA) number read i n  F i l e  24 f o r  aquatic-food DRFs. 
Four th va lue - (NYRW) number read i n  F i l e  25 f o r  dr ink ing-water  DRFs. 

(DFREAD). One o f  t h e  dose r a t e  f a c t o r  f i l e s  i s  i n  e r ro r .  The number of 
years l i s t e d  does n o t  correspond t o  t h e  number o f  years s p e c i f i e d  i n  t h e  
beginning o f  t h e  f i l e .  
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DIAGNOSTIC 10: 
values which are: 

NUMBER OF ORGANS OUT OF BOUNDS FOR DFREAD fol lowed by four 

F i r s t  value - (NORGL) number read i n  F i l e  20 f o r  l e a f  DRFs. 
Second va lue - (NORGS) number read i n  F i l e  21 f o r  s o i l  DRFs. 
Th i rd  va lue - (NORGA) number read i n  F i l e  24 f o r  aquatic-food DRFs. 
Four th va lue  - (NORGW) number read i n  F i l e  25 f o r  dr ink ing-water  DRFs. 

(DFREAD). One o f  t h e  dose r a t e  f a c t o r  f i l e s  i s  i n  e r r o r .  The number o f  
organs l i s t e d  does n o t  correspond t o  t h e  number o f  organs s p e c i f i e d  a t  t h e  
beginning o f  t h e  f i l e .  

DIAGNOSTIC 11: UNIDENTIFIED NUCLIDE name ( IDNUC) .  The program d i d  n o t  
f i n d  a rad ionuc l i de  w i t h  t h i s  name when it checked t h e  master rad ionuc l i de  
l i b r a r y .  Suggestions: check s p e l l i n g  o f  name and v e r i f y  t h a t  "name" i s  
inc luded i n  t h e  master rad ionuc l i de  l i b r a r y  (checking both sec t ions  o f  t h e  
1 i bra ry )  . 
DIAGNOSTIC 12: THERE ARE UNIDENTIFIED NUCLIDES, ISTOP = n (IDNUC). Th is  
message w i l l  appear a f t e r  D iagnost ic  11, g i v i n g  the  t o t a l  number (n )  o f  
rad ionuc l i de  names t h a t  were n o t  i d e n t i f i e d  i n  t h e  master rad ionuc l i de  
l i b r a r y .  The program w i l l  n o t  execute u n t i l  a l l  name d iscrepancies have 
been resolved. Be sure t o  change t h e  number o f  rad ionuc l ides  (NONUC) if 
any rad ionuc l i des  a r e  e l im ina ted  a t  t h i s  time. 

DIAGNOSTIC 13: TOO MANY NUCLIDES ATTEMPTED I N  SUBROUTINE SETDAT. INUC = n 
(SETDAT). More than t h e  maximum al lowable number o f  rad ionuc l ides  were 
encountered. Th is  may have been caused by t h e  automatic b u i l d i n g  i n  o f  
daughters i n t o  t h e  decay chain by t h e  program. 

DIAGNOSTIC 14: TEST INUC.NE.NONUC=END - PNTO (PNTO). Th is  e r r o r  c o n d i t i o n  
occurs when number o f  rad ionuc l ides  encountered does n o t  equal t h e  maximum 
index set. 
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4. PROGRAMMING DETAIL 

The in fo rma t ion  i n  t h i s  sec t i on  i s  n o t  necessary f o r  a t h e o r e t i c a l  o r  
opera t iona l  understanding o f  t h e  ONSITE/MAXIl computer software package. 
It i s  inc luded f o r  those who wish t o  ga in  a b e t t e r  understanding o f  t h e  
s t r u c t u r e  and organ iza t ion  o f  t h e  computer codes and f o r  t h e  programmer who 
must ma in ta in  o r  modify t h e  sof tware package. 

The organ iza t ion  o f  t h e  code modules and desc r ip t i ons  o f  a l l  modules a r e  
presented i n  t h i s  sect ion.  Flow cha r t s  o f  t h e  program con t ro l  and simula- 
t i o n  c o n t r o l  a re  in,cluded. The use o f  t h e  data arrays, common blocks, and 
data constants  i s  tabu la ted  f o r  each o f  t h e  programs. The o rgan iza t i on  o f  
t h e  i n p u t  f i l e s  i s  presented and t h e  parameters o f  M A X I l  t h a t  a re  n o t  
reviewed by ONSITE a re  i d e n t i f i e d  and described. 

4.1 -am Hi- S t r u c t u r e  

ONSITE/MAXIl i s  a package o f  two separate 
A l l  t h e  computer codes have been designed 
t o  meet ANSI-FORTRAN-77 standards. The h 
modules i s  presented g r a p h i c a l l y  fo l lowed 

M A X I l  i s  c o n t r o l l e d  by t h e  module named M 

computer codes and a data base. 
i n  modular fash ion  and a re  w r i t t e n  
e ra rch i ca l  o rgan iza t i on  o f  code 
by t a b l e s  descr ib ing  each module. 

I N  and c a l l s  twenty-one sub- 
r o u t i n e s  and one func t ion .  The code module h ie rarchy  o f  M A X I l  i s  presented 
i n  F igu re  4.1-1. Descr ip t ions  o f  t h e  modules are  g iven i n  Table 4.1-1. 

!!bhkhm 

ACHAIN 

. AFACT 

A I R D I S  

ANDOS 

AS UM 

Table 4.1-1. M A X I l  Module Summary 

U-tion and D e s c r w i o n  of Module 

Calcu lates r a d i o l o g i c a l  decay f o r  one rad ionuc l i de  
chain. (Subrout ine c a l l e d  by SOLCON and WATER.) 

Calcu lates a resuspension f a c t o r  us ing  t h e  
Anspaugh model. (Subrout ine c a l l e d  by PADOS.) 

Decays t h e  atmospheric re lease source term, i f  
necessary. (Subrout ine c a l l e d  by PADOS.) 

Calcu lates annual doses. (Subrout ine c a l l e d  by 
MAIN.  1 

Sums t h e  terms o f  an array.  
ACHAIN. 1 

(Func t ion  c a l l e d  by 
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n Table 4.1-1. M A X I 1  Module Summary (Continued) 

l!w&dme Maior F u n c t l o n n d l o n  of kdule  

DFREAD 

DUMMY 

IDNUC 

INSET 

MAIN 

MAXDOS 

MLOAD 

OUTPUT 

PADOS 

PNTO 

QAPAGE 

RDSUB 

Reads dose r a t e  f a c t o r  l i b r a r i e s ,  except 
i nha la t i on .  (Subrout ine c a l l e d  by MAIN)  

Reads pas t  unused e n t r i e s  i n  i n h a l a t i o n  dose r a t e  
f a c t o r  1 i b ra ry .  (Subrout ine c a l l e d  by INSET.) 

I d e n t i  f i e s  i n p u t  r a d i  onucl ides i n t h e  i nventory . 
(Subrout ine c a l l e d  by MAIN.) 

Reads t h e  i nhal a t i  on dose r a t e  f a c t o r  1 i brary  . 
(Subrout ine c a l l e d  by MAIN. )  

Cont ro ls  1 i b r a r y  and parameter i npu t r  data organ- 
i z a t i o n r  dose ca lcu la t ions ,  r e p o r t  p r i n t i n g  and 
successive case handling. ( C o n t r o l l i n g  module.) 

Calcu lates maximum annual dose. (Subrout ine 
c a l l  ed by MAIN. 1 

Calcu lates a mass-loading f a c t o r .  (Subrout ine 
c a l l  ed by PADOS. 1 

P r i n t s  r e p o r t  o f  r e s u l t s .  
MAIN.  1 

(Subrout ine c a l l e d  by 

Calcu lates pathway doses. 
by MAIN.)  

(Subrout ine c a l  l e d  

P r i n t s  t h e  r e s u l t i n g  t ime  dependent s o i l r  a i r ,  
i r r i g a t i o n - w a t e r  and dr ink ing-water  
concentrat ions.  (Subrout ine c a l l e d  by PADOS.) 

P r i n t s  a r e p o r t  o f  i n p u t  var iab les .  (Subrout ine 
c a l l  ed by MAIN. 1 

I n i  ti a1 i zes  i nventory a r rays  and se ts  i n p u t  
i nven to ry  data i n t o  arrays. Th is  subrout ine  i s  
used o n l y  when spec ia l  op t i on  i s  set. (Sub- 
r o u t i n e  c a l  l e d  by MAIN.) 
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Tab1 e 4.1-1. M A X I 1  Module Summary (Continued) 

r ! h h k b w  Maior Functlon and D e s c r w o n  of Module 

RL I B  I N  

SETDAT 

SOLCON 

WATER 

ZERO1 

ZEROR 

CHANGE 

Reads master rad ionuc l ide  l i b r a r y  w i t h  chain 
decay. (Subrout ine c a l l e d  by MAIN.)  

Stores data f o r  t h i s  rad ionuc l i de  i n  a r rays  
(Subrout ine c a l l e d  by MAIN. )  

C a l c u l a t e s  t h e  s o i l  concent ra t ion  accounting f o r  
both r a d i o a c t i v e  decay and depos i t ion  o f  radionu- 
c l  ides  i n  i r r i g a t i o n  water. (Subrout ine c a l  l e d  
by PADOS.) 

Decays t h e  water re lease  source term, i f  
necessary. (Subrout ine c a l l e d  by PADOS.) 

I n i t i a l i z e s  an i n tege r  a r ray  t o  zero. (Sub- 
r o u t i n e  c a l l e d  by IDNUC and SETDAT.) 

I n i t i a l  i zes  a rea l  a r ray  t o  zero. (Subrout ine 
c a l  l e d  by SETDAT, INSET, PADOS, ANDOS, and 
MAXDOS. 1 

Query i f  user requests parameter v a l u e  change; and 
i f  so, i n p u t  new value, t e s t  i f  w i t h i n  a1 lowab le  
1 im i ts ,  and repeat  i f  n o t  accepted. (Subroutine 
c a l  l e d  by ONSITE, RADIN, QUANTI, and MODIF.) 
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DUMMY ZEROR ZERO1 

I I 
PADOS v 

ANDOS 0 MhXDOS 0 0 OUTPUT 

El ZEROR 

Figure 4.1-1. M A X I 1  Design Hierarchy 

The interactive program ONSITE is organized i n t o  twelve modules; ONSITE, 
the control programr and 11 subroutines. Figure 4.1-2 depicts the module 
hierarchy of ONSITE. Table 4.1-2 presents a summary o f  the modules. 
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ONS I TE LJ 

D I S I N V  1 
I 1 11 

Figure 4.1-2. ONSITE Design Hierarchy 

T a b l e  4.1-2. ONSITE Module Summary 

v Maior F &on m d  Description of Module 

DISINV Display report of  radionucl ide inventory and 
control modification and additions to the 
inventory. (Subroutine called by ONSITE.) 

GROUP 

INlRO 

Query if user wishes to review/modify any of a 
given col 1 ection of parameters. 
called by MODIF, ONSITE, and DISINV.) 

(Subroutine 

Display introductory message, instructions, and 
scenario descriptions on screen. (Subroutine 
call ed by ONSITE. 1 
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Table 4.1-2. ONSITE Module Summary (Continued) 

I ! m u L h w  Maior F u i o n  and Description of Moclule 

MODI F 

ONSITE 

OPTION 

QUANTI 

RADIN 

RITFIL 

SCENR 

SELECT 

Disp lay  f o r  review and/or m o d i f i c a t i o n  app l i cab le  
parameters f o r  each scenario; e s t a b l i s h  mod i f ied  
parameter values. (Subrout ine ca l  l e d  by ONSITE. 1 

Contro l  program funct ions and rev iew general 
parameters. (Contro l  1 i n g  module.) 

Allow user t o  modify se lec ted  pathway op t ions  i n  
a user-created scenario. (Subrout ine c a l l e d  by 
ONSITE.) 

I n p u t  source terms f o r  each rad ionucl  ide. 
(Subrout ine c a l l  ed by RADIN. 1 

I n p u t  and t e s t  r a d i o l o g i c a l  source term; a l low 
mod i f i ca t i on  o f  t r a n s l o c a t i o n  ind ices,  if selected. 
(Subrout ine c a l l e d  by ONSITE and DISINV.) 

Wr i te  M A X I l  i n p u t  f i l e .  (Subrout ine c a l l e d  by 
ONSITE. 1 

Establ  i s h  d e f a u l t  parameters f o r  t h e  se lec ted  
scenario. (Subrout ine c a l l e d  by ONSITE.) 

D i s p l a y  menu o f  scenar io  s e l e c t i o n  and i n p u t  user'!: 
choice. (Subrout ine c a l l e d  by INTRO.) 

The l o g i c  o f  t h e  computer programs i n  t h e  ONSITEIMAXI so f tware  package i s  
depic ted us ing f l  ow-charting techniques described by Chapin (1974). 
reader i s  presented concise overv iews o f  t h e  program c o n t r o l  l o g i c  and t h e  
c a l c u l a t i o n  c o n t r o l  l og i c .  D e t a i l e d  f l o w  cha r t s  a re  no t  p rov ided f o r  t h e  
f o l l o w i n g  reasons: 
each module i s  r e a d i l y  apparent, and 3 )  each module is enhanced w i t h  com- 
ments. F igure  4.2-1 dep ic t s  M A X I l  program c o n t r o l  l o g i c  and F igu re  4.2-2 
summarizes M A X I l  dose c a l c u l a t i o n  l og i c .  
char ted i n  F igu re  4.2-3. 

The 

1) t h e  codes a r e  modu la r l y  designed, 2) t h e  l o g i c  w i t h i n  

The program l o g i c  of ONSITE i s  
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L 

Read master rad ionuc l i de  l i b r a r y  and e s t a b l i s h  de fau l ts .  
Read t i t l e  f o r  t h i s  case; read NAMELIST input .  

f rom 
i npu t .  

Read IRR, IBLOW f ran input .  nul 1 

Read inventory  yearr t i t l e  and 
inventory  from spec ia l  f i l e .  nu l  1 

1 I d e n t i f y  and check inventory .  Store 
new 
i nventory . Get t ime and date from system. 

Store r a d i o l o g i c a l  decay data .  
S tore  dose r a t e  data i n  appropr ia te  chains. 

P r i n t  i n p u t  values repor t .  
Ca lcu la te  a i r  concentrat ions from o f f s i t e  source. 
Ca lcu la te  pathway doses. 
C a l c u l a t e  annual doses; determine maximum annual doses. i (See F igu re  4.2-2). 

no Yearly repo r t s?  

1 I P r i n t  repo r t .  nu l  1 nu l  1 

F igure  4.2-1. M A X I 1  Program Contro l  Flow Char t  
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t 

Ini t i  a1 i z e  a r r ays .  
S e t  time indices. 

For each time step: 

return 
1 

t- Jf i r r  i gated 
I 

Calcula te  i r r i g a t i o n  l ea f  
deposi t ion.  

Calcu la te  t o t a l  doses f o r  each radio- 
n u c l i d e  and organ. 

Figure 4.2-2. MAXI1 Dose Calcula t ion  Flow Chart  
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Disp l  ay i n t r o d u c t o r y  messages and i den t i  f y  program. 
I 

5 

Disp lay  menu o f  scenarios and q u e r y ' f o r  user 's  choice. 

Meni se lec i i on :  I 
P r i n t  P r i n t  P r i n t  P r i n t  

Scenario 1 Scenario 2 Scenario 3 Scenario 4 
desc r ip t i on .  descr ip t ion .  descr ip t ion .  descr ip t ion .  

P r i n t  
Scenario 5 

desc r ip t i on ,  

Do u n t i l  user i s  s a t i s f i e d  w i t h  scenar io  se lec t ion :  

Establ  i s h  d e f a u l t  parameters f o r  se lected scenario. 
Query user f o r  t i t l e .  

~~ 

Query f o r  beginning year o f  ca l cu la t i on .  
D isp lay  ending year o f  ca l cu la t i on .  

~ 

Do u n t i l  user i s  s a t i s f i e d  w i t h  t ime  per iod  se lec t i on :  

1 Scenario 5 ? 

D isp lay  pathway op t ions  w i t h  de fau l ts .  
Query f o r  user 's  changes. 

D isp lay  d e t a i l  of r e p o r t  opt ion;  query f o r  user 's  changes. 
Query f o r  l o c a t i o n  o f  bur ied /s to red  waste. 
Query i f  user wishes t o  use a l l  d e f a u l t  values f o r  scenario. 

I For each group o f  parameters: 

I Query f o r  change i n  t h i s  group. I 
Modify? no 

7 

I I  Disp lay each parameter d e s c r i p t i o n  8, value. 
Query f o r  change. I - 

Yes Change? no 
1 

I n p u t  new value. 
Test  i f  w i t h i n  a l lowab le  l im i t s , .  1 

F igure  4.2-3. ONSITE Program C o n t r o l  Flow Char t  
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Query f o r  r a t i o  o f  concentrat ion i n  sur face  t o  subsurface s o i l ,  

Query f o r  i n p u t  un i t s ,  r a d i o a c t i v i t y  and area. 
Query f o r  sur face/bur ied waste d i l u t i o n  f a c t o r .  
I n p u t  s i t e  s i z e  and c a l c u l a t e  area c o r r e c t i o n  f a c t o r .  

i f  appl i c a b l  e. 

For each se lec ted  organ: 

D isp lay  t r a n s l o c a t i o n  c lass  f o r  so lub le  and 
i n s o l u b l e  s t a t e  f o r  t h i s  element. 

D isp lay  d e f a u l t ,  c l ass  f o r  t h i s  organ. 
Query i f  change desired, and i f  soI 

i n p u t  new value. 

~~ 

Do u n t i l  user i s  s a t i s f i e d  w i t h  scenario. 

nu l  1 

~~ ~ 

I n i t i a l i z e  rad ionuc l i de  q u a n t i t y  arrays. 
Read i n  a l lowab le  rad ionuc l ides  l i s t  w i t h  s o l u b i l i t i e s .  
Set f 1 ag i f  review/modi f y  o f  t rans1  ocat ion  c l  a s s i f  i c a t i o n  selected. 

Do w h i l e  element name <> lr99": 

I I n p u t  element name and atomic number. 

Do u n t i l  v a l i d  name input :  I Set rad ionuc l i de  i n t o  ar ray.  
I 

Disp lay  inventory  r e p o r t  and a1 low mod i f i ca t i on .  
~ ~~ 

Do u n t i l  user i s  s a t i s f i e d  w i t h  t h e  inventory .  

Wr i te  M A X I l  i n p u t  f i l e .  

F igure  4.2-3. ONSITE Program Flow Char t  (Continued) 

4.3 -ram Data and Data Strudwes 

This  sec t i on  conta ins t a b l e s  o f  t h e  data arrays, common b l o c k  d e f i n i t i o n  
and usage, and data constants f o r  M A X I l  and ONSITE. 
f i e d  and t h e i r  l o c a t i o n s  g i ven  i n  Tables 4.3-1 and 43-2. Common b lock  
usage i s  described i n  Tables 4 3 - 3  and 43-4. D a t a  constants a r e  i d e n t i f i e d  
and t h e  assigned va lues  are  l i s t e d  and described i n  Tables 4.3-5 and 4.3-6. 

The ar rays  a re  i d e n t i -  
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, , An a t t e m p t  has been made  t o  use v a r i a b l e  and m o d u l e  names c o n s i s t e n t l y  
throughout  t h e  package. 

T a b l e  43-1. M A X I 1  D a t a  A r r a y s  

A 
A 
AARDOS 
ADADOS 
ADWDOS 
AEXDOS 
AFDOS 
AIDOS 
AIRCON 
A IRFA 
AL 
AL 
AM 
AM 
AM I 
AMJ 
AMK 
AML 
AMM 
AMT 
A 0  
ARDOS 
ARDW 
ARGF 
AW 
AW AW 
AWDX 
AW I 
AWLS 
AW 0 
AWW 
AW X 
B 
DADOS 
DEDXT 
DEXT 
DFDOS 
D FDXT 
DFXT 
D I N  
DK 

Comnon 
Block 

DOS E l  
DOSEl 
DOS E l  
DOSEl 
DOS E l  
DATA2 

D A T A l  

D A T A l  

D A T A l  
D A T A l  

THIRDS 

DOSEl  
DATA2 
D ATA2 
RL I B  
FREAD 
FREAD 

FRE AD 
D A T A l  
FRE AD 
FREAD 
SUMPRD 
DOSEl  
DATA2 
DATA2 
DATA2 
FREAD 
ERE AD 

D A T A l  

ASUM, SUMPRD, ZEROR 
ACHAIN 

PADOS, PNTO 
AFACT, MLOAD, PADOS 

ACHAIN 

ACHAIN 
PN TO 
PN TO 
PADOS, WATER, SOLCON 

PADOS, SOLCON, A I R D I S  
PADOS, PNTO, SOLCON 
ACHAIN, PADOS, SOLCON 

IDNUC 

MAIN, IDNUC, SETDAT 

PN TO 

I N S E T  
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- 
DK 
DKF 
DWDOS 
E L T  
ELTA 
ELTDX 
E L T I  
ELTLS 
EL TO 
ELTX 
EXDOS 
EXMO 
FADOS 
FDOS 
FR 
IDORG 
I FR 
I FRM 
I FRM 
IMEM 
INDOS 
IOFNUC 
I T  
K 
KO RG 
KORGA 
KORGL S 
KORGW 
MAXD 
MAXTIM 
NCHN 
NFLAG 
NFLAGC 
NOFNUC 
NSOLD 
NTR 
ONA 
ON AME 
Q 
QAPR 
Q I  
QJ 
QK 
SOILCN 
TIT20 

Table 4.3-1. M A X I 1  D a t a  A r r a y s  ( C o n t i n u e d )  r\ 

Common 
Block. 

RL I B  
DOS E l  
RL I B  
FREAD 
FREAD 

FREAD 
D A T A l  
FREAD 
DOSEl 

DOSEl 

RL I B  
D A T A l  

RL I B  
DATA2 
D A T A l  

MXTIM 
MXTIM 
RL I B  

RL I B  

M IRDS 
D A T A l  
T I T L R  

Module Loca%ion 

ACHAIN 

IDNUC 

MAIN, IDNUC, SETDAT 

PNTO 

ACHAIN 
M A I N  

R L I B I N  
I N S E T  

ACHAIN 

RL I B I N  
ZERO1 
MAIN, INSET, OUTPUT, OAPAGE, SETDAT 
MAIN, DFREAD, SETDAT 
MAIN, DFREAD, SETDAT 
MAIN, DFREAD, SETDAT 
MA I N  

IDNUC 
MAIN, IDNUC, SETDAT 
MAIN, IDNUC, SETDAT 

MAIN, SETDAT 
MAIN, INSET, OAPAGE, SETDAT 
OUTPUT 
OUTPUT, OAPAGE 
MAIN, SETDAT 
MAIN, OAPAGE, SETDAT 
MAIN, SETDAT 
MAIN, SETDAT 

PN TO 
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TIT21 
TIT22 
TIT24 
TIT25 
T I  T27 
TITLDI 
T I  TL E l  
TITLR 
TR 
X 

lhmLhw 

A 
AN S 
AW I 
CL 
E 
ELTI 
EXTFAC 
GNAME 
IDORG 
IS 
KORG 
NS 
NSOLD 
NV U 
NVUN I T  
ORG 
Q 
01 
QJ 
QK 
T I  TL 
UNITS 
WHERE 

'Tab le  4.3-1. MAXI1 Data Arrays (Continued) 

Number o f  Camon 
Elements l3lQG.L Module Locdion 

TITLR 
TITLR 
TITLR 
TITLR 
TITLR 

JUNK 

RL I B  

MAIN,  OAPAGE 

MAIN, OAPAGE, RLIBIN 

M A I N  

Table 43-2. ONSITE Data Arrays 

h o n  
Block 

INV 

I N V  

VARYBL 

I NV 
DESC 
VARVBL 

I NV 
INV 
I NV 
I NV 
DESC 
DESC 

Module Locmon 

RADIN 
OPTION 

RADIN 
RADIN 

ONSITE 

RAD I N  
RADIN 

RADIN 

ONSITE, MODIF, GROUP 

RADIN 

QUANTI 
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Table 4.3-3. M A X I 1  Common Block D e f i n i t i o n  and Usage 

Comnon 
B1 ock 
Name Variables - 
DATA1 ELTO ( 50) 

AWO(50) 
IOFNUC(50) 
NONUC 

AL(50) 
AM(50) 
SOILCN ( 50) 
IC" 
A M I  (50) 
AMJ (50) 

I FRM ( 2 8 50) 

I FQD 
I ARG 
IWAT 

RIRR 
RPF 
XML F 
DILF 
I MO 
DEN 
IEXT 

DK(2850) 

M A I N  
A I R D I S  
ANDOS 
DFREAD 
INSET 
OUTPUT 
PADOS 
QAPAG E 
SETDAT 
SOLCON 
WATER 

.......................................................... 
DATA2 DFDOS ( 50 950 9 5) 

AIDOS(50r50r5) 
I N D O S ( 5 0  850 9 5 )  

DEXT ( 50 1 
ARGF( 50 850 9 5) 
ARDW(5Or5Or5) 
DEDXT( 50) 

M A I N  
INSET 
PADOS 
SETDAT 

.......................................................... 
M A I N  
ANDOS 
MAXDOS 
OUTPUT 
PADOS 

.......................................................... 
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Tab1 e 43-3. 

Coamon 
B1 ock  
Name V a r i a e s  - M A X I 1  Common 81 ock D e f i n i t i o n  and Usage (Continued) 

FRE AD ELTLS( 100) NYRL M A I N  
AWLS( 100) NYRS DFREAD 
ELTX( 100) NORGL SETDAT 
AWX( 100) NORGS 
DFXT( 100) N ISOL 
ELTA( 100) NISOS 
AWAW(100) NYRW 
ELW( 100) NYRA 
AWW( 100) NORGW 
ELTDX(100) NORGA 
AWDX( 100) N ISOW 
DFDXT(100) N I S O A  
N ISODX .......................................................... 

JUNK DD M A I N  PADOS 
In ANDOS QAPAG E 
I T2 MAXDOS 
TITLE1 (20) OUTPUT .......................................................... 

MXTIM MAXTI M ( 5) M A I N  
MAXD( 5) MAXDOS 

OUTPUT .......................................................... 
RL I B  ELT(300 1 NCH ST( 200 1 M A I N  

AW(300) I FR( 2,300) RL I B  I N  
TR ( 3 00 1 DKF ( 293 00) SETDAT 
NUC 
NC"(300) NCH 
NOFNUC(200) 

IMEM ( 3 0 0) 

.......................................................... 
THIRDS QK(50) I A I R  M A I N  QAPAGE 

AML ( 50 1 I D K A I R  A I R D I S  SETDAT 
XQS I TE IBL OW PADOS .......................................................... 

TITLS T I  T20 ( 13 1 TIT24( 13 1 D FRE AD 
TIT21 ( 13 1 TIT25( 13 1 QAPAGE 
TIT22(13) TIT27(13) .......................................................... 
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T a b l e  4.3-4. ONSITE Common Block D e f i n i t i o n  and U s a g e  

Common 
61 ock 
l h m L - -  
ARE A FRS I Z  AREAEX ONSITE 

AREAIN R I T F I L  .................................................................... 
DESC TITL ( 20) ONSITE QUANTI CHANGE 

U N I T S (  2 93 1 S CEN R R I T F I L  SELECT 
NVU(4) MODIF OPTION GROUP 

RADIN INTRO ..................................................................... 
FLAG I S U R  ONSITE QUANTI CHANGE 

I R S  S CEN R R I T F I L  SELECT 
I L O C  MODIF OPTION GROUP 
I N U T  RADIN INTRO 

I NV N I N  E L T I  (100) ONSITE INTRO 
..................................................................... 

A W I ( 1 0 0 )  QK(100) SCENR CHANGE 
NSOLD(59100)  MODIF SELECT 
Q( 100) RADIN GROUP 
Q I ( 1 0 0 )  QUANTI OPTION 
QJ ( 1001 R I T F I L  ..................................................................... 

I O V  AR SCRN ONSITE QUANTI SELECT 
OUT SCENR R I T F I L  GROUP 
OUTFIL MODIF OPTION 
KEY INTRO CHANGE ..................................................................... 

VARYBL I FOD RIRR ONSITE 
RP F I MO SCENR 
R F 1  RF2 MODIF 
I ARG IWAT RAD I N  
IDKWAT I E X T  QUANTI 
I A I R  XQS I T E  R I T F I L  
I D K A I R  XFACT OPTION 
AG E XDPT INTRO 
DEN XML F CHANGE 
R I N H  D I L F  S EL ECT 
M3 M2 INTRUD GROUP 
In I T2 
NORG KORG( 5) 
I O U T  NEXT 
R P F l  RPF2 
XF INHAL 
I R R  SRDIL  
NVUNIT(4)  .................................................................... 
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Constant 
Name 

Table 4.3-5. M A X I 1  D a t a  Constants 

ONAME (n )  

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

- 
'organ name' 

1.0 lo9 

0.15 

3.15 lo4 

3.175 lo4 

1.0 

-2.87 

5.844 x 

1.0 

2.635 x lo6 

365.25 

0.693 

5 

6 

Module 
JA2awm 

OUTPUT 
QAPAG E 

AFACT 

MLOAD 

SOLCON 

MA I N  

AFACT 

AFACT 

PADOS 

PADOS 

PADOS 

SETDAT 

SETDAT 

M A I N  

QAPAGE 
OUTPUT 
PNTO 

Descrwion 

Organ t i t l e s  f o r  repor t :  'organ 
name' as i t  appears i n  Table 4.5-3. 

Resuspension f a c t o r  a t e r  17 
years, i n  u n i t s  o f  m-I ,  used w i t h  
Anspaugh model. (See Equation 2.7) 

Correc t ion  f a c t o r  f o r  u n i t s  
i n  PADOS w i t h  SOILCN i n  pCi/m2. 

A i r  concent ra t ion  t i m e  and deposi- 
t i o n  v e l y i t y  convers ion f a c t  r: 

m/ sec. 
3.15 x 10 s e c / y r  x 1.0 x 10 -f 

A i r  concentrat ion convers i  n 
f a c t o r  from C i / y r  t o  p C i /  3 . 
Resuspension f a c t o r  - Anspaugh 
model. (See Equat ion 2.7) 

E f f e c t i v e  decay constant  used i n  
t h e  Anspaugh equation. (See 
Equation 2.7) 

U n i t  convers ion 
( h r / y r )  (Ci /pCi)  

A i r  depos i t ion  v e l  o c i  t y  f o r  
a1 1 resuspended p a r t i c l e s ,  m/sec. 

Number o f  seconds i n  a month. 

Number o f  days i n  a year. 

Natura l  l o g  o f  2.0. 

L o g i c a l  u n i t  number o f  t h e  i n p u t  
f i l e .  

L o g i c a l  u n i t  number o f  t h e  i n p u t  
f i l e .  
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Constant 
.Name 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Unnamed 

Table 4.3-5. M A X I 1  Data Constants (Continued) n 
Module -- Descr i D t i on 

10 

20 

21 

22 

23 

24 

25 

Unnamed 27 

Unnamed 30 

Unnamed 40 

RL IBIN Log ica l  u n i t  number o f  t h e  master 
rad ionucl  i d e  1 i b ra ry .  

D FRE AD Log ica l  u n i t  number o f  t h e  l e a f -  
mechanism dose r a t e  fac to rs  f i l e .  

DFREAD Log ica l  u n i t  number o f  t he  s o i l -  
mechanism dose r a t e  f a c t o r s  f i l e .  

D FRE AD Log ica l  u n i t  number o f  t he  sur face  
ex terna l  exposure dose r a t e  f a c t o r s  
f i l e .  

INSET Log ica l  u n i t  number o f  t h e  i nha la -  
t i o n  dose r a t e  f a c t o r s  f i l e .  

D FRE AD Log ica l  u n i t  number o f  t h e  aquat ic  
foods dose r a t e  f a c t o r s  f i l e .  

D FRE AD Log ica l  u n i t  number o f  t h e  
dr ink ing-water  dose r a t e  f a c t o r s  
f i l e .  

DFREAD Log ica l  u n i t  number o f  t h e  bur ied-  
waste external-exposure dose r a t e  
f a c t o r s  f i 1 e. 

M A I N  Log ica l  u n i t  number o f  t h e  inven-  
t o r y  f i l e .  Th is  i s  used o n l y  when 
IBIO=l .  

OUTPUT Log ica l  u n i t  number o f  ou tpu t  
plot/summary f i l e .  Th is  i s  used 
o n l y  when IBIO=l. 
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Tabl e 4.3-6. ONSITE D a t a  Constants 

Constant 
N a m e 2  

SCRN 1 

OUT 7 

XFACT 5.844E-11 

DILF 1 .o 

I N l R U D  1 

UN ITS ( 2,3 1 11/ sq u a r e  meter It 
l l/cubic meterf1 
"/Kg o f  s o i l l l  

ORG ( 23 1 "organ name" 

EXTFAC "On Surfacet1 
"Buried a t  0.5 
"Buried a t  1.0 mll  

l lS  t o r ed Was t el1 

NV UNIT 1 .o 
1.0 103 
1.0 x lo6 
1.0 l o 9  

Module 
hGatiQn 

ONSITE 
CHANGE 

ONS ITE 

SCENR 

SCENR 

SCENR 

ONSITE 

RADIN 

OPTION 

ONSITE 

ONSITE 

ONSITE 

Logica l  u n i t  number o f  t h e  
computer te rmina l .  

Logica l  u n i t  number o f  t h e  out -  
pu t  f i l e  from ONSITE. 

U n i t  conversion f a c t o r :  
(hr/yr/mrem> ( c i / p C i )  0.15. 

R iver  d i l u t i o n  f a c t o r .  

Speci a1 i n h a l a t i o n  model o p t i o n  
n o t  manipulated by ONSITE. 

Source-term i n p u t  u n i t s  
corresponding t o  t h e  index 
M3M2. 

Organ t i t l e s  f o r  t rans1 oca- 
t i o n  c lass  review: llorgan 
name" arranged as indexed i n  
Tabl e 4.5-3. 

D e f a u l t  response l o g i c a l  l y  
se l  ected f o r  pathway se l  ec- 
t i o n  based on t h e  va lue o f  
t h e  op t i on  f l a g .  

Desc r ip t i on  o f  waste l o c a t i o n  
f o r  ex te rna l  exposure ca l  cu- 
1 a ti ons . 

D e s c r i p t i o n  o f  i n p u t  u n i t  
s e l e c t i o n  f o r  source term. 

Source-term i n p u t  u n i t s  modi- 
f i c a t i o n  fac to r ,  corresponds 
t o  constant  NVU. 
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4.4 n 
The ONSITE computer program r e l i e v e s  t h e  t y p i c a l  user o f  t h e  need t o  be 
concerned w i t h  the  d e t a i l s  o f  i n p u t  f i l e  organization. 
User (see Sections 2.2.2 and 3.11, t h a t  i s  t h e  user who wishes t o  i n t e r a c t  
d i r e c t l y  w i t h  t h e  M A X I l  program t o  s e t  up unique scenarios, needs f u r t h e r  
in format ion about t h e  M A X I l  program. 
a s s i s t  t h e  Leve l  3 User i n  s e t t i n g  up proper i n p u t  f o r  t h e  M A X I l  code. 
in fo rmat ion  i n  Sec t ion  2.4, Sect ion 4.5, and t h i s  s e c t i o n  w i l l  a s s i s t  t h e  
Leve l  3 User i n  appropr ia te  parameter s e l  e c t i o n  and organization. 

Only  t h e  Leve l  3 

The f o l  low ing  desc r ip t i ons  w i l l  
The 

The M A X I l  execut ion f i l e  conta ins  system commands t o  assign appropr ia te  
f i l e s  from t h e  data base and t o  run  t h e  M A X I l  code. The f i l e  a l s o  conta ins 
M A X I l  input; an i d e n t i f y i n g  t i t l e ,  NAMELIST input, and t h e  source term. 
The organ iza t ion  o f  t h e  M A X I l  execut ion f i l e  i s  d e t a i l e d  i n  Tab le  4.4-1. 

M A X I l  uses t h e  FORTRAN NAMELIST s e t  INPUT f o r  en te r ing  parameter values. 
For t h i s  set, t h e  f i r s t  NAMELIST record  must be b lank  i n  column one; 
ll$INPUF1 must be l o c a t e d  i n  columns 2-8 and may op t i ona l  l y  be f o l  lowed by 
data items. 
be f o l  lowed by ll$ENDtl. 
forms : 

The data i tems a re  separated by commas and t h e  l a s t  i t em must 
The data items must have one o f  t h e  th ree  f o l  low ing  

. (1) 1 - 
subscr ip ted  o r  not. 

The parameter name may be e i t h e r  - 

%SI-. The number - (2)  Arrav.._Name - Se2 o f  CotxxLao& ( s e w d  b L  
o f  constants  may be l e s s  than, b u t  n o t  g rea te r  than, t h e  number o f  
elements i n  t h e  array, and must be i n  t h e  same order  as t h e  ar ray  
i s  stored, i.e., t h e  f i r s t  s u b s c r i p t  changes most r a p i d l y .  

- (3)  Subscri-d Parameier - o f  (s- bv e. 
The s e t  o f  constants  w i l l  be p laced i n  consecut ive ar ray  e l h e n t s ,  
s t a r t i n g  w i t h  t h e  element designated by t h e  subscr ip ted parameter. 

Data i tems t h a t  a re  s e t  v i a  t h e  NAMELIST statement a re  i d e n t i f i e d  i n  
Tab l  e 3.2.3-1 and T a b l  e 4.5-1 by t h e  name o f  t h e  s e t  (e.g., INPUT) i n  t h e  
second c o l  umn. 

M A X I l  can handle consecut ive  cases i n  an execution. Each case i s  preceded 
by an 80-character one-1 i n e  t i t l e ,  and NAMELIST statements and parameters. 
The o r i g i n a l  i nven to ry  i s  used i n  a l l  subsequent cases. The parameter NEXT 
handles success ive cases. The end o f  t h e  run  i s  s igna led  by a dummy t i t l e  
record and t h e  NAMELIST INPUT parameter s e t  t o  4. The ou tpu t  from t h e  
ONSITE sample problem i n t e r a c t i o n  sessions are  examples o f  M A X I l  i n p u t  
f i l e  o rgan iza t i on  (see F igures i n  Sec t ion  3). 
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Tab1 e 4.4-1. M A X I l  Execution F i  1 e Organizat ion 

EmLhswm Vari ab1 dDescri DtldEQumt 

F i r s t  n l  l i n e s  0 Logica l  u n i t / f i l e  assignment statements t o  
ass ign t h e  master rad ionuc l i de  f i l e  and se lec ted  
dose r a t e  f a c t o r  f i l e s  f o r  l o g i c a l  u n i t s  20-25 
and l o g i c a l  u n i t  27. 

Fol lowing  1 i n e  e System command t o  execute M A X I l  

Next l i n e  e I d e n t i f y i n g  t i t l e r  up t o  80 characters  

Fol  lowing n 1 ines  e NAMELIST s e t  INPUT as described above 

Next 1 i n e  e N I N  (number o f  rad ionuc l idesr  i n c l u d i n g  
daughters) (15) 

e I R R  (number o f  years o f  i r r i g a t i o n  p r i o r  t o  
c a l c u l a t i o n )  (15) 

0 IBLOW (number o f  years contaminant blew onto  
s i t e  p r i o r  t o  c a l c u l a t i o n )  (15) 

Next N I N  l i n e s  e For each rad ionuc l ide  nr one l i n e  conta ins  t h e  
f o l  1 ow i ng i n f  ormat i o n  : 

AWI(n) - atomic element symbol (A21 
ELTI(n1 - atomic number (A61 
NSOLD(lrn) - f i r s t  organ (11) 
NSOLD(2rn) - second organ (11) 
NSOLD(3,n) - t h i r d  organ (11) 
NSOLD(4rn) - f o u r t h  organ (11) 
NSOLD(5rn) - f i f t h  organ (11) 
Q(n) 

QI(n) - r i v e r  re lease source term (E10.2) 
QJ(n)  - drinking-water re lease source term 

QK(n) - atmospheric re lease source term 

- contamination deposited on t h e  s i t e  
(E10.2) 

(E10.2) 

(E10.2) 

Note: NSOLD i s  t h e  t r a n s l o c a t i o n  c l a s s i f i c a -  
t i o n  index f o r  se lected organs where: 

1 = C lass  D 
2 = C lass  W 
3 = C lass  Y. 
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The Leve l  3 User may u t i l i z e  t h e  M A X I l  computer code f o r  a wide range of 
appl i ca t ions .  
t h e  ONSITE computer code i s  t h a t  t he  code package should be easy t o  use. 
Consequently, some o f  t h e  op t ions  t h a t  have l i t t l e  a p p l i c a t i o n  t o  low- 
l e v e l  waste s torage are  n o t  manipulated by t h e  ONSITE code. The Leve l  3 
User may use these op t ions  and parameters when manual ly  e s t a b l i s h i n g  M A X I l  
i n p u t  f i l e s .  
described i n  Tab le  4.5-1. Tab le  4.5-2 1 i s t s  t h e  organs used by t h e  M A X I l  
code and the  organ re fe rence index associated w i t h  each organ. 

A primary c r i t e r i a  i n  t h e  development o f  t h e  scenarios and 

M A X I l  parameters n o t  manipulated by ONSITE a r e  1 i s t e d  and 

Table 4.5-1. 

NAMELIST 
Set/ Number 

Parameter Array 
Name-  

DILF INPUT 

I A I R  INPUT 

I B  IO 

IBLOW 

IBY R 

I D K A I R  

INPUT 

INPUT 

Add i t iona l  Parameter Descr ip t ions :  M A X I l  

ImaJYm 
Real 

I n t e g e r  

In tege r  

In tege r  

In tege r  

In tege r  

D e s m n  . .  

River  d i l u t i o n  f a c t o r  i n  u n i t s  o f  
( l / y r ) - ’  t o  conver t  i n p u t  r i v e r  source 
term o f  p C i / y r  t o  pCi/L. 
( D e f a u l t  value: 1.0 - no m o d i f i c a t i o n )  

W i l l  t here  by cont inu ing  atmospheric 
depos i t ion?  

0 - no 
1 - yes 

( D e f a u l t  value: 0) 

Not used i n  t h i s  app l i ca t i on .  
( D e f a u l t  V a l  ue: 0) 

Number o f  years contaminants b l  ew onto  
t h e  s i t e  p r i o r  t o  t h e  beginning o f  t h e  
dose c a l c u l a t i o n .  
( D e f a u l t  value: 0) 

Special i npu t /ou tpu t  parameter no t  used 
i n  t h i s  appl i ca t i on .  
( D e f a u l t  value: 0) 

Decay t h e  a i r - re lease  source term f o r  
IT2-IT1 yearst s t a r t i n g  a t  t h e  begin- 
n ing  o f  t h e  scenar io? 

0 - no 
1 - yes 

( D e f a u l t  value: 0) 
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Table 4.5-1. Add i t i ona l  Parameter Descr ip t ions:  M A X I l  (Cont 

NAMELIST 
Set/ Numbe r 

Parameter Array 
.Name - E h u m k L -  

IDKWAT INPUT I n t e g e r  

INTRUD INPUT 

NEXT INPUT 

QK (100) 

XQS I TE INPUT 

XFACT INPUT 

In tege r  

In tege r  

Real 

Real 

Real 

nued) 

D m  on 

Decay t h e  i r r i g a t i o n  and aquat ic  food- 
re lease  term f o r  IT2-IT1 years, 
s t a r t i n g  a t  t h e  beginning o f  t h e  
scenario? 

0 - no 
1 - yes 

( D e f a u l t  value: 0) 

Special i n h a l a t i o n  model se lec t i on :  
0 - model n o t  se lected 
1 - model se lected (a l l ows  a one-year 

( D e f a u l t  value: 0 
exposure w i t h  annual doses) 

Case c o n t r o l  index: 
1 - t h i s  i s  t h e  f i r s t  case: read 

1 i b ra r ies ,  NAMELIST INPUT, and 
inventory ;  perform c a l c u l a t i o n s  
and prepare f o r  f o l l o w i n g  cases 

2 - n o t  used by M A X I l  
3 - t h i s  i s  a subsequent case; read 

t i t l e  and NAMELIST INPUT, perform 
ca lcu la t i ons ,  and prepare f o r  
f o l l o w i n g  case 

t i t l e  record was a dummy record 

t h i s  app l i ca t i on .  

4 - end execution; prev ious 

5 - spec ia l  case hand l ing  no t  used i n  

Atmospheric re lease source term i n  
pCi/yr. Not used i n  t h i s  app l i ca t i on .  

Chi/q va lue a t  t h e  s i t e .  
( D e f a u l t  value: 0.0) 

Th is  parameter has t h r e e  func t i ons :  it 
can be used t o  t u r n  o f f  t h e  sur face 
ex te rna l  pathway (XFACT=O. 1 ; it can 
modify t h e  u n i t s  o f  t h e  sur face 
ex te rna l  DRF f i l e  assigned t o  l o g i c a l  
u n i t  22 a1 lowing use o f  ISOSHLD 
generated f i 1 es (XFACT=l .O . f o r  MAXI2 
generated f i l e  22, XFACT=5.844E-ll 

4.23 



Table 4.5-1. Add i t i ona l  Parameter Descr ip t ions:  M A X I l  (Continued) 

NAMELIST 
Set/Number 

Parameter Array 
NaRle -- Desc r i p t  i on 

(cont )  

1 - Tota l  body 
2 - Body water  
3 - Kidneys 
4 - L i v e r  
5 - Spleen 
6 - Bone 
7 - F a t  
8 - Lungs 

f o r  ISOSHLD generated f i 1 e 22); and 1 t 
can modify t h e  number o f  hours o f  
exposure per year (based on a f u l l  
year o f  exposure o r  8766 h /y r  = 1.0). 
ONSITE uses t h e  parameters ISUR, 122, 
and XF2 t o  s i m p l i f y  i n p u t  o f  t h i s  
parameter. M A X I l  w i 1 1 c a l  c u l  a t e  XFACT 
o n l y  i f  va lues  have been entered i n  
NAMELIST INPUT f o r  ISUR, 122, and XF2. 
Th is  l o g i c  a 1  lows t h e  user t o  en ter  a 
v a l u e  f o r  XFACT through t h e  NAMELIST 
s t a terne n t . 

Table 4.5-2. Organ Se lec t i on  

9 - Adrenals 
10 - Testes 
11 - Ovaries 
12 - Sk in  
13 - Bra in  
14 - Muscle 
15 - P r o s t r a t e  
16 - Thyro id 

17 - Pancreas 
18 - Hear t  
19 - G I  t r a c t  
20 - Stomach 
21 - Small i n t e s t i n e  
22 - Upper 1 arge i n t e s t i n e  
23 - Lower l a r g e  i n t e s t i n e  

4.6 CDC C a n p u t e r  - Code In- 

The i n s t a l  l a t i o n  o f  t h e  ONSITE/MAXIl sof tware package on t h e  Cont ro l  Data 
Corporat ion (CDC) computers a t  Brookhaven Na t iona l  Labora tor ies  i s  d i s -  
cussed i n  t h i s  section. Computer operation-system i n t e r f a c i n g  on t h e  CDC 
computers i s  l a r g e l y  t ransparent  t o  t h e  user due t o  procedures i nc luded  
w i t h  t h i s  sof tware package. These command l e v e l  procedures a re  discussed 
i n  Sect ion 4.6.1. 
discussed i n  Sec t ion  4.6.2. Conversion o f  t h e  computer codes f o r  execut ion 
on t h e  CDC i s  d i s c u s s e d  i n  S e c t i o n  4.6.3. 

Software s e c u r i t y  procedures es tab l i shed  on t h e  CDC a r e  

The O N S I T E / M A X I l  sof tware package i s  i n s t a l  l e d  on t h e  Brookhaven Nat iona l  
Laboratory CDC 6600 (MFA) and CDC 7600 (MFZ) computers. The package has 
been modi f ied t o  execute under INTERCOM Vers ion 4 software con t ro l .  The 
MFA computer uses t h e  NOS/BE 1 opera t ing  system and t h e  MFZ computer uses 
t h e  SCOPE Vers ion  2.1 opera t ing  system. The source code i s  compiled w i t h  
t h e  FTN5 FORTRAN compiler. The contents  o f  t h e  ONSITE/MAXI software 
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packages a r e  1 i s t e d  i n  Tab le  4.6-1. 
up i n  d u p l i c a t e  on l i b r a r y  tapes K355 and K1916. 
have been backed up i n  d u p l i c a t e  on l i b r a r y  tapes K1917 and K1918. 
tapes were created w i t h  t h e  DUMPF system command. 
were developed on a UNIVAC 1100/70 computer. 
developed on a Zenith-89 microcomputer. 
bled, debugged, and t e s t e d  on a VAX-11/780 computer. 

F i l e s  r e s i d i n g  on MFA have been backed 
F i l e s  r e s i d i n g  on MFZ 

Backup 
M A X I l ,  MAXI2, and MAXI3 

The ONSITE computer code was 
The sof tware package was assem- 

4.6.1 Command Level Procedures 

Three i n t e r a c t i v e  Cyber Cont ro l  Language (CCL) procedures have been w r i t t e n  
t o  hand le  most o f  t h e  operating-system i n t e r f a c e  f o r  t h e  ONSITE/MAXIl 

Table  4.6-1. Contents o f  t h e  ONSITE/MAXIl Software Package 

PROCFIL MFA ONSITE 
ONSITE MFA ONSITEDB 
M A X I l  MFA ONS I TEDB 

MAXI2 
MAXI3 
ONS ITE ABS 
M A X I l  ABS 
MAXI2ABS 
MAXI3ABS 
RMDONS 
RMDL I B  
FILE20 
FILE21 
PLANSOURC 
ROOM 
FILE23 
FILE24 
FILE25 
V OL SOU RC 
BUR1 E DH F 
BURIED1 
ORGL I B  
FTRANSL I B  
GRDFL I B  
BIOAC 
ONFOR 
M2FOR 
M3 FOR 

MFA 
MFA 
MFA 
M FZ 
MFA 
MFA 
MFA 
M FZ 
M FZ 
M FZ 
M FZ 
M FZ 
MFZ 
M FZ 
M FZ 
MFZ 
MFZ 
M FZ 
MFA 
MFA 
MFA 
MFA 
MFA 
MFA 
MFA 

ONS ITEDB 
ONSITEDB 
ONSITEDB 
ZZRNRC 
ONS I TEDB 
ONSITEDB 
ONSITEDB 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ZZRNRC 
ONSITEDB 
ON S I TEDB 
ONSITEDB 
ONS ITEDB 
ONSITEDB 
ONS ITEDB 
ONSITEDB 
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Command l e v e l  procedure 
FORTRAN source code 
Batch process f i l e  f o r  

MFZ c o n t a i n i n g  compil a- 
t i o n  d i r e c t i v e s  and 
FORTRAN source code 

FORTRAN source code 
FORTRAN source code 
Machine executable code 
Machine executable code 
Machine executable code 
Machine executable code 
Sequenti a1 data 
Sequenti a1 data 
Sequenti a1 data 
Sequential data 
Sequenti a1 da ta  
Sequenti a1 data 
Sequential.  data 
Sequenti a1 data 
Sequent ia l  data 
Sequenti a1 data 
Sequenti a1 data 
Sequenti a1 data 
Sequenti a1 data 
Sequenti a1 data 
Sequenti a1 data 
Sequent ia l  data 
Batch compi la t ion  
Batch compi 1 a t i o n  
Batch compi la t ion  



executions. I n s t r u c t i o n s  f o r  us ing these procedures a r e  g i v e n  i n  
Sect ion 3.1.1. The f i r s t  CCL procedure, named ON, performs t h e  necessary 
system-1 eve1 commands t o  a t t a c h  f 11 es, connect t h e  f i 1 es INPUT and OUTPUT 
t o  t h e  t e r m i n a l  screen, and execute t h e  ONSITE computer program. The 
second CCL procedure, named DONE, s o l i c i t s  a unique f i lename and a read- 
p r o t e c t i o n  key from t h e  user. DONE then c a t a l o g s  t h e  ONSITE-generated f i l e  
w i t h  t h e  user-suppl ied name, removes i n t e r i m  f i l e s  from t h e  user's work 
area, and disconnects t h e  f i l e s  INPUT and OUTPUT from t h e  te rmina l  screen. 
A t h i r d  procedure, named SEND, rou tes  an ou tpu t  f i l e  from t h e  batch process 
ou tpu t  queue t o  t h e  Remote Job Ent ry  (RME) p r i n t e r  a t  t h e  SS-056 Computer 
Operations F a c i l i t y ,  W i l  l s t e  Bu i ld ing ,  S i l v e r  Spring, Maryland. A 1 i s t i n g  
of t h e  f i l e  c o n t a i n i n g  these procedures i s  l o c a t e d  i n  Appendix 1.D.1. 

4.6.2 Software S e c u r i t y  

A1 1 f i l e s  i n  t h e  ONSITE/MAXIl sof tware package have been pro tec ted  aga ins t  
mod i f i ca t ion ,  extension, de l  e t ion,  and performance o f  c o n t r o l  funct ions by 
passwords. These passwords a r e  n o t  necessary f o r  execut ion o f  any of t h e  
codes i n  t h e  O N S I E / M A X I l  sof tware package. 
passwords shou ld  be d i r e c t e d  t o  t h e  NRC P r o j e c t  Manager. Execut ion f i l e s  
created by ONSITE conta in  user i d e n t i f i c a t i o n  and account information. 
These f i l e s  a r e  pro tec ted  aga lns t  read-access by a user-suppl ied password 
as discussed i n  Sect ion 3.1.1. 

Requests f o r  access t o  t h e  

4.6.3 Computer-Code Conversion 

Most changes t o  t h e  codes i n  t h e  DNSITE/MAXIl sof tware package were t h e  
r e s u l t  o f  minor syntax v a r i a t i o n s  i n  t h e  hardware and FORTRAN compilers. 
The o n l y  major change i n  t h e  CDC v e r s i o n  o f  t h e  sof tware package i s  t h e  
coding o f  t h e  module RITFIL o f  t h e  ONSITE computer code. 
CDC v e r s i o n  o f  RITFIL i s  loca ted  i n  Appendix 1.D.2. 

A l i s t i n g  of t h e  

Chapin, N. 1974. "New Format f o r  Flowcharts," S_afturare - 
m e r i e u ,  Vol. 4, pp. 341-357, John Wi ley and Sons Ltd., London, 
Engl and. 
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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 
C 
C 
C 

Program T i t l e :  

Developed f o r :  

Date: 

NRC Contacts: 

M A X I l  

U.S. Nucear Regulatory Commission 

O f f i c e  o f  Nuclear Regulatory M a t e r i a l  Safety 8 

D i v i s i o n  o f  Waste Management 

O f f  i c e  o f  Nuclear Regul a t o r y  Research 
D i v i s i o n  o f  Health, S i t i n g ,  and Waste Management 

Safeguards 

and 

May 31, 1984 

D r .  Stan Neuder (NMSS) 

D r .  John Randal l  (NRR) 
Phone: 301-427-4607 

Phone: 301-427-4633 

Code Developer: B.A. Napier, R.A. Peloquin, W.E. Kennedy, J r .  
P a c i f i c  Northwest Laboratory 
Richland, WA 509-375-3849 (WEK) 

Th i s  program was prepared f o r  an agency o f  t h e  Un i ted  S ta tes  
Government. Ne i the r  t h e  Un i ted  Sta tes  government no r  any agency 
thereo f ,  o r  any o f  t h e i r  employees, make any warranty, expressed 
o r  impl ied,  o r  assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  
any t h i r d  p a r t y ' s  use, o r  t h e  r e s u l t s  o f  such use, o f  any p o r t i o n  
o f  t h i s  program o r  represents t h a t  i t s  use by such t h i r d  p a r t y  
would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  

C 

C 
C THIS PROGRAM I S  DESIGNED TO CALCULATE ANNUAL RADIATION DOSES FROM 
C INGESTION, INHALATION, EXTERNAL SURFACE CONTAMINATION, 
C AND AQUEOUS FOOD AND WATER INGESTION RESULTING 
C FROM RESIDUAL RADIOACTIVITY AT DECOMMISSIONED NUCLEAR FACILITIES 
C AND WASTE STORAGE SITES. 
C 
C Version o f  25-APR-84 RAP 
C 
c----------------------------------------------------------------------- 
C 

PROGRAM M A X I l  
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C 

C 

C 

C 

C 

C 

C 

C 
C 

C 

C 

APPENDIX 1.A COMPUTER CODE LISTING - MAXI1 
COMMON/THIRDS/QK~50~~AML~5O~~XQSITE~IAIR~IDKAIR~IBLOW 

COMMON/RL I B / E L T ( 3 0 0 )  , AW (300) , TR (300) , NUC, NCH 8 N C " (  300) NOFNUC (200) . sNCHST(200) r I F R ( 2 9 3 0 0 )  r D K F ( Z r 3 0 0 )  r I M E M ( 3 0 0 )  

C O M M O N / D A T A 1 / E L T 0 ~ 5 0 ~ r A W O ~ 5 O ~ ~ I O F N U C ~ 5 0 ~ ~ N O N U C ~ D K ~ 2 ~ 5 0 ~ ~  
. I F R M ~ 2 r 5 0 ~ r A L ~ 5 0 ~ ~ A M ~ 5 O ~ r S O I L C N ~ 5 O ~ ~ I ~ N ~ A M I ~ 5 O ~ ~ A M J ~ 5 0 ~ ~  . IFOD, IARG, IWAT, RIRR,RPF,XMLF, D I L F ,  IMO,DEN, I E X T  

COMMON/DATA2/DFDOS(5Or50r5)rAIDOS(50~50~5~ rINDOS(50,50,5) , 
.DEXT(50)rARGF(50r50r5)rARDW(50,50,5),DEDXT(50) 

C O M M O N / D O S E 1 / E X D O S ~ 5 0 ~ 5 O ~ ~ A E X D O S ~ 5 O ~ ~ F D O S ~ 5 0 ~ 5 0 ~ 5 ~ ~  
.FADOS(50,5Or5)rDADOS(50,50,5)p 
.ARDOS(50r50r5)rDWDOS(50,50,5)r 
. A F D O S ( 5 0 ~ 5 ) , A D A D O S ( 5 0 ~ 5 ) ~ A D O S ( 5 0 ~ 5 ) ~  
.AARDOS(5Or5)rADWDOS(50,5) 

COMMON/MXTIM/MAXTIM(5)rMAXD(5) 

COMMON/JUNK/DDTT, Ill , I T 2 r T I T L E 1 ( 2 0 )  rTODAY,CLOCK 

DIMENSION 
DIMENS I O N  
DIMENSION 
DIMENSION 
D I  MEN S I  ON 

CHARACTER 
CHARACTER 
CHARACTER 

KORG ( 5 1 

Q ( 5 0 )  P E L T I ( 5 0 )  ,AWI(50)  
Q I ( 5 0 ) r Q J ( 5 0 ) r Q A P R ( 5 0 )  
NFLAG(300)rNFLAGC(ZOO) 

NTR ( 5 950 1 3 T I T L R  ( 20) , T I T L D I  ( 15) , NSOLD ( 5 50) 
TITL I N ( 4 0 )  

AW*6 AWO*6r AW 1*6 
AWLS*6rAWX*6rAWAW*6rAWW*6r AWDX*6 
DDTT"9 8 TODAY *10 , CLOCK* 10 

REAL*4 INDOS 

DATA AST / I** I /  

C NAMELIST INPUT PARAMETERS 
C 

NAMEL IST/ INPUT/ IEXT,  XFACT, IOUT, I T 1  8 IT2 , KORG, NORG, XDPT, NEXT 
.#AGE, IFOD, IARG, IWAT,RIRR,RPF,XMLF,M3M2rDILFIIMOIDEN, 
.RFl~RF2~RINH~INTRUD~IDKWAT,IAIR~XQSITE~IDKAIR~ . R P F l p  RPF2r ISUR, 122, XF2r  SRDIL, IBIOI . FRSIZ, AREAIN, AREAEX, I O N  

C 
C LAST TWO L I N E S  OF NAMELIST INPUT S P E C I F I C  TO VAX ONSITE/BIOPORT 
C VERSION 
C 
C MAXIMUM NUMBER OF RADIONUCLIDES THAT CAN BE CONSIDERED 

NMAX=50 
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APPENDIX 1 .A  COMPUTER COOE LISTING - MAXI1 
GET DATE AND T I M E  
CALL DATE(TODAY1 
CALL TIME(CLOCK1 

w c  
C 
C READ MASTER DATA LIBRARY FOR RADIONUCLIDE AND CHAIN DECAY DATA 
C 

C 
C 
C READ CASE S P E C I F I C  INPUT 
C 

CALL RL I B  I N  ( T I T L R )  

DEN=100. 
I MO=6 
I FOD =1 
IARG=1 
IWAT=1 
I A I R = 1  
XQSITE=O.O 
IDKA I R=O 
RPF=1. 
RPF1=1 .O 
RPF2=O. 0 
RIRR=O .O 
xIJILF=O .01 
M3 M2=0 
D I L F = 1  .O 

IDKW AT=O 
R I M = l  .O 
XDPT=0.067 
XFACT=l  .O 
ISUR=1 
I22=1 
XF2=0 .O 
I T1=1 
RF1=1 .O 
RF2=0.0 
R I N H = l  .O 
I EXT=O 
INTRUD=O 
IT2=50 
S R D I L = l  .O 

KORG ( 1) =1 
KORG( 2) =6 
KORG (3  1 =8 
KORG( 4 )  =16 
KORG ( 5 1 =23 
NORG=5 

AGE=-1 .O 

C 
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APPENDIX l . A  COMPUTER CODE LISTING - MAXIl n 

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 

1 

I B I O  = 0 
I O N  = 0 

FRSIZ  = 1.0 
AREAIN = 1.0 
AREAEX = 1.0 

R P F l =  OLD RPF 
RPF2= FRACTION OF TOTAL D I E T  GROWN ON S I T E  
RPF=RPFl : I F  RPF2>0. THEN RPF = RPFl*RPF2 
ONLY RPF I S  USED I N  M E  CALCULATION; RPF1, RPF2 USED FOR QA PAGE -RAP 

ISUR, 122, AND XF2  ARE THE ONSITE PARAMETERS EQUIVELENT TO XFACT 
ISUR = SURFACE CONTAMINATION (0-NOT CONSIDERED, 1-CONSIDERED) 
I 2 2  = INDEX OF SURFACE CONTAMINATION SOURCE (0-ISOSHLD, 2-MAXI2) 
XF2  = NO.OF HOURS/YEAR PERSON I S  EXPOSED TO EXTERNAL CONTAMINATION 

CODE LOGIC HAS BEEN ARRANGED SO THAT THE USER MAY S T I L L  INPUT "XFACT" 
MROUGH NAMELIST. XFACT WILL ONLY BE SET BY M A X I l  I F  VALUES HAVE BEEN 
INPUT FOR ISUR, I221 AND X F 1  

READ(5,50,END=99) T I T L E 1  
READ(UNIT=5rNML=INPUT,ERR=97) 
IF(NEXT.EQ.4)GO TO 95 

SET R I M  VALUES BY M3M2 

I F  (M3M2. EQ. 1) RIM=O .15 
IF(M3MZ.EQ.2) RIM=224. 

I F  ONSITE INPUT, SET XFACT BASED ON VALUES OF ISUR, I229 AND XF2 
I F  ( I S U R  .EO. 0)  THEN 

ELSE 
XFACT = 0.0 

I F  ( I 2 2  .EO. 0)  XFACT = 5 .844E-11 
I F  (XF2  .GT. 0.) XFACT = XFACT * (XF2 /8766 . )  

ENDIF 

I F  ONSITE, SET RPF ELSE SET RPFl=RPF 
I F  (RPF2 .GT. 0.1 THEN 

RPF = R P F l  * RPF2 
ELSE 

R P F l  = RPF 
RPF2 = 1.0 

ENDIF 

C READ NEW ISOTOPE SELECTION 
C NOTE: SUCCESSIVE CASES USE THE I N I T I A L  INVENTORY 

1. A-4 



APPENDIX l . A  COMPUTER CODE LISTING - MAXI1 
C I F  NOT BIOPORT INPUT 3 DO STANDARD INVENTORY INPUT 

I F  ( I B I O  .NE. 1) THEN 
C 

C 

C 

C 
C 

C 

C 

C 
C 

C 
C 
C 
C 

C 

IF(NEXT.EQ.3) GO TO 100 

IF(NIN.GT.NMAX.OR.NIN.LT.1) GO TO 98 
READ(5,200,END=99) NIN, IRR, IBLOW 

ELSE 
USE SPECIAL INVENTORY INPUT ROUTINE FROM BIOPORT 

I F  (NEXT .EQ. 1) THEN 
F I R S T  T IME THROUGH 
R E A D ( 5 r 2 0 1 )  IRR, IBLOW 
READ(30,202) ( T I T L I N (  IRAP)  9 IRAP=1,10) 

P R I N T  202, ( T I T L  I N  ( I R A P )  , I R A P = l r 4 0 )  
ENDIF  

READ BIOPORT YEAR FOR REPORTS 
READ (30,205) IBYR 

P R I N T  205, IBYR 

USE ALTERNATE INVENTORY INPUT ( *  SIGNALS END T H I S  YEAR) 

NIN=O 
1=1 

153 CONTINUE 
READ (30 ,30 l tEND=99)  ELTI(I),AWI(I),(NSOLD(J~I),J=l,5), 

Q ( I ) ,  Q I ( I ) ,  QJ(1) 
C 
C P R I N T  8801, E L T I ( I ) r A W I ( I ) , Q ( I ) , A S T  
C 8801 
C 

FORMAT ( ' AS READ : ' , A 4  s ' : ' s A 6  , E10 -3 , ' : ' s A4 p ' : ' 1 

I F  ( E L T I ( 1 )  .EQ. AST) GO TO 152 
I = I + 1  
N I N  = N I N  + 1 

GO TO 153 
C 

C 
152 CONTINUE 

END1 F 

DO 150 I = l , N I N  
Q ( 1 )  = Q ( 1 )  * SRDIL  

150 QI(I)=QI(I)*DILF 
C 
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APPENDIX 1.A COMWTEf? CODE L I S T I S  - M I 1  

IMPORTANT NOTE: THE ORDER OF NSOLD ON M E  INVENTORY CARDS c 
c 
c I N  THE INPUT NAMELISTI !  
C 
C 

C 

C 
C CALL DATE OF RUN 
C 

CALL DATE(TODAY1 
CALL T IME (CLOCK) 

ABSOLUTELY MUST MATCH THAT OF THE INPUT ORDER OF KORG 

DO THE FOLLOWING FOR STANDARD EXECUTION: 
I F  (NEXT .NE. 5) THEN 

CALL IDNUC( NUC, ELT, AW ELTI ,  AW I N I N  NCHN J NFLAG NFLAGC) 

C 
C CALL SETDAT TO SET DATA I N  CHAINS 

CALL SETDAT( E L T I  , AW I I NFL AGI NFL AGCI QI 

KORG,NORGINSOLD~NTR~QI,QJIRIM~ 
QAPR, ISUR) 

C 
C SET INHALATION DATA ARRAY 

C 

C 

C 
C T H I S  I S  SUBSEQUENT BIOPORT RUN, USE SPECIAL I N I T I A L I Z A T I O N  

C 

C 
C CALL QAPAGE TO P R I N T  BACK PARAMETERS USED 
C 

CALL INSET(N0RGs KORGINTRSTITLDI 1 

100 CONTINUE 

ELSE 

CALL RDSUB (0.1 QI,  Q J p  NFLAG, OAPR, RIM) 

ENDIF 

CALL QAPAGE (RF1, R F ~ J  INTRUD J IDKWAT, XFACT, IRR, RINH, XDPTj  AGE# 
.M3M2 J KORGINORG, NTRJ T I T L R ~ T I T L D I I Q A P R J  R P F l  J RPF2r ISUR, 122s 
.XF~~SRDILIIBIO,IBYR~TITLIN~NEXTIFRSIZ~AREAIN~AREAEX~ION) 

C 
C SET A I R  CONCENTRATIONS FROM OFF-SITE SOURCES 
C 

IF( IA IR.NE.1)GO TO 160 
DO 151 I = l r N O N U C  

151 AML(I)=AML(I)*XQSITE*3.175E4 
160 CONTINUE 

C 
C CALCULATE PATHWAY DOSES 
C 

CALL PADOS (XFACT, NORGI XDPT, AGE, IRR, R F 1  J RF2, RINH, INTRUD, IDKWAT, 
XF2, R P F l p  RPF2, AREAINJ AREAEX) 

C 
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APPENDIX l . A  COWWTER CODE LISTING - MAXI1 0 C CALCULATE ANNUAL DOSES 
C 

C 
C.DETERMINE MAXIMUM ANNUAL DOSE 
C 

C 
C P R I N T  OUTPUT RESULTS PAGE 
C 

C 
C RECOVER AML FOR FUTURE CASES 
C 

CALL ANDOS(NORG1 

CALL MAXDOS ( NORG 1 

CALL OUTPUT (NORG, IOUT, KORG, IBIOI IBYR, NEXT) 

I F ( I A I R . N E . 1 ) G O  TO 180 

170 AML ( I) =AML ( I) / (XQSITE*3.175E4 1 
180 CONTINUE 

50 FORMAT( 20A4 1 
200 FORMAT(315) 
201 FORMAT( 215 1 
202 FORMAT(20A4) 

DO 170 I = l r N O N U C  

C 

205 FORMAT( 1 X I  I 5  1 
300 FORMAT( A2r A6 , 511 P4E10 2) 
301 FORMAT(1X~A2rA6r511~4ElO.Z) 

C 
C IF(NEXT.GT.1) GO TO 1 

C 
C 

GO TO 1 

95 P R I N T  400 

99 P R I N T  600 
STOP 

600 FORMAT(1Hlp '  DIAGNOSTIC 1: END OF FILE ON INPUT, STOP') 
STOP 

97 P R I N T  700 
700 FORMAT(' DIAGNOSTIC 2: ERROR ON NAMELIST INPUT' )  

STOP 
98 P R I N T  8OO,NIN,NMAX 

800 FORMAT(1Hlp '  DIAGNOSTIC 3: ERROR I N  NUMBER OF NUCLIDES ', . ' INPUT, NONUC=' , I 3  s 'MAXIMUM ALLOWED I S ,  ' 14) 
400 FORMAT(1Hlr 'DIAGNOSTIC 4: END OF INPUT FOR T H I S  RUN, NORMAL ', . 'TERMINATION')  

C c------------------------------------------------------------------------ 
C 

END 
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C 

C 

100 
C 
C DO 

C 

N2N=NUC*(NUC-l)/2+NUC 
CALL ZEROR(N2NIA) 

DO 100 I J K  = 1, N2N 
A ( I J K 1  = O.ODO 

CONT I N U E 

LOOP ON CHAIN MEMBERS, MAX = NUC 
DO 5 J = l r N U C  

C CALCULATE EXPONENTIAL FOR CURRENT NUCLIDE 

1 
2 

3 
C 
c 4  
C 
C 
C 
C 

EXPO(J)=EXP(-AL(J) *T)  
J J=J* (J-1) /2 
J l = J - l  
IF (J1 .LE .O)  GO TO 4 
I M A X = M I N O ( J l r 2 )  
DO 3 M = l r J 1  
DO 2 L=M,Jl 
DO 1 I = l , I M A X  
IF( IFRM(1,J I .EQ.L)  M E N  

A(M+J J)=A(M+J J )+DK( I ,  J ) *AL(  L) *A(M+L*(L- l )  /2) 
ENDIF 
CON T I N  U E 
CONTINUE 
A(M+JJ)=A(M+JJ)/(AL(J)-AL(M)) 
CONTINUE 

CONTINUE 
ASUM = 0.0. 
I F  ( J1  .EO. 0 )  GO TO 11 

J K  = JJ + IRAP 
DO 12 IRAP = 1, J1 
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APPENDIX l . A  COMPLIER CODE LISTING - MAXI1 
C ASUM = ASUM + A ( J K 1  
C 12 CONTINUE 
C 11 CONTINUE 
C 

C 

C 
C 
C ME VAX HAS A PROBLEM WITH MIS CODE- USR THE FOLLOWING: 
C 

4 A( J+J J 1 =AM( J 1 -ASUM( J1, A( J J+11 1 

A ( J + J J )  = AM(J)  - ASUM 

AO( J 1 =SUMPRD( J, EXPO, A(  J J+11 1 

SUMPR = 0.0 
DO 8 8 8 4  I N  = 1,J 

J K  = JJ + I N  
SUMPR = SUMPR + EXPO(IN1 * A ( J K 1  

8 8 8 4  CONTINUE 
AO(J1 = SUMPR 

C 

C 

C c------------------------------------------------------------------------- 
C 

5 CONTINUE 

RETURN 

END 
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C 
C 

C 

C 
1 

10 
30 

C 

C 

DIMENSION AIRFA(50) 

CONTINUE 

IF(AITIM.GT.25) GO TO 10 
AIRFA ( ITIME 1 =1 .OE-4* ( EXP ( -2.87* ( SQRT( AITIM) 1 1 1 +1 .OE-9 
AIRFA(ITIME)=AIRFA(ITIME)*XDPT 
GO TO 30  
AIRFA (ITIME) =1 .OE-g*XDPT 
CONTINUE 

RETURN 
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c------------------------------------------------------------------------- 
C 

C 
C* M I S  SUBROUTINE I S  USED TO DECAY THE ATMOSPHERIC RELEASE SOURCE TERM 
C I F  NECESSARY. USED FOR CASES W I T H  OFF-SITE AIRBORNE SOURCES 
C 
C M o d u l e  of M A X I 1  
C Version o f  25-APR-84 RAP 
C 

SUBROUTINE A I R D I S (  IDKAI INUCI JTIME, AMMI J 

v 

C 
COMMON/DATA1/ELTO(5O),AWO(50)8IOFNUC(50)8N~NUC8DK(Z850)8 

. I F R M ( 2 r 5 O )  r A L ( 5 O )  r A M ( 5 O ) r S O I L C N ( 5 0 )  ~ I C H N I A M I ( ~ O )  ,AMJ(SO) 8 

.IFODIIARGIIWATIRIRRIRPFIXMLFIDILFIIMOIDENPIEXT 
C 

C 
COMMON/MIRDS/QK(~O)~AML(~O)~XQSITE~IAIRIIDKAIRPIBLOW 

CHARACTER*6 AWO 
DIMENSION AMM(50) 

C 
C I F  NOT DECAYING SOURCE8 SET AMM=AML 
C 

I S  T= I N  UC+ 1 
K= I S  T+ J - 1 
IF(IDKA.NE.O)GO TO 10 
DO 100 I = I S T # K  

100 A M M ( I ) = A M L ( I )  
GO TO 90 

C 
C DECAY ONE-MEMBER CHAINS 
C 

10 IF(J.GT.1)GO TO 20 
AMM(IST)=AML( IST)*EXP(-AL(  I S T ) * J T I M E )  
GO TO 90 

C 
C CALL CHAIN DECAY ROUTINE 
C 

20 DO ZOO I = I S T # K  
200 AMM( I) =AML (I) /AL (I) 

CTIME=JTIME 
CALL ACHAIN( J , C T I M E I D K ( ~ ~  I S T )  8 IFRM(1, IST)  PAL ( I S T )  #AMM(IST)  8 . AMM ( I S T )  1 
DO 300 I = I S T # K  

300 A M M ( I ) = A M M ( I ) * A L ( I )  
C 

c--------------------------------------------------------------------------- 
90 RETURN 

END 
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C 
C 

C 

C 

C 

C 

C 
C 

C 

C 

C 
C 
C 

COMMON/ J UNK/DDTT, In t IT2  T I T L E 1  ( 20) ,TODAY , CLOCK 

CHARACTER*9 DDTT 
CHARACTER*6 AWO 
CHARACTER"10 TODAY, CLOCK 

IT IME=O 
CALL ZEROR(250,AFDOS) 
CALL ZEROR(250rADADOS) 
CALL ZEROR(250rAARDOS) 
CALL ZEROR(250,ADWDOS) 

DO 100 J T I M E z I T 1  , I T 2  

I T I M E = I T I M E + l  

DO 200 INUC=l,NONUC 
DO 300 IORG=l,NORG 

CALCULATE TOTAL FOOD PRODUCT DOSES 

FDOS( I T I M E ,  INUC, IORG)=FDOS( IT IME,  INUC, IORG)+FADOS( IT IME,  INUC, IORG 
1 

C 
C CALCULATE TOTAL FOOD PRODUCT DOSES SUMMED OVER ALL NUCLIDES 
C 

A F D O S ~ I T I M E ~ I O R G ~ ~ A F D O S ~ I T I M E ~ I O R G ~ + F D O S ~ I T I M E ~ I N U C ~ I O R G ~  
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C CALCULATE TOTAL INHALATION'DOSE SUMMED OVER ALL NUCLIDES 
C 

C 
C 

CALCULATE TOTAL AQUEOUS FOOD DOSES 

AARDOS(ITIME~IORG)=AARDOS(ITIME~IORG) 
+ARDOS(ITIME,INUC,IORG) 

C 
C 
C 

CALCULATE TOTAL DRINKING WATER DOSE 

ADWDOS(ITIME~IORG)=ADWDOS(ITIMEIIORG) 
+DWDOS(ITIME,INUC,IORG) 

C 
300 CONTINUE 
200 CONTINUE 

C 
C 
C CALCULATE ANNUAL DOSES 
C 

C 
DO 400 IORG=l,NORG 

ADOS~ITIME~IORG~~AFDOS~ITIME~IORG~+ADADOS~ITIME~IORG~+AEXDOS~ITIME 
)+AARDOS(ITIME~IORG)+ADWDOS(ITIME~IORG) 

C 
400 CONTINUE 
100 CONTINUE 

C 
C DEBUG PRINT STATEMENT-- 
C ITIME=O 

C ITIME=ITIME+l 
C DO 101 JTIME=ITlpIT2 

C PRINT 888l~JTIME~(ADOS(ITIME,IORG)rIORG=l~NORG~ 
C 8881 FORMAT(' JTIME, ADOS: ',14,5E10.3) 
C 101 CONTINUE 
C 
C 

C 
RETURN 

l .A -13  



APPENDIX 1.A W U T E R  CODE LISTING - MA n :I1 

C 
C 

C 
DIMENSION A( 1) 

ASUM=O. 
I F ( J . L E . 0 )  GO TO 2 

ASUM=ASUM+A( I) 
DO 1 I = l t J  

1 CONTINUE 

2 RETURN 
C 

C 

C 
END 
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C 
C 
C 

This subroutine reads dose conve.rsion factors from assigned 
libraries for the surrent radionuclide. 

C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 
C 

COMMON/FREAD/ELTLS(lOO) ,AWLS( 100) ,ELTX(100) ,AWX(lOO) t 

.DFXT(100) 8 

.NYRL~NYRS~NORGL~NORGS,NISOL~NISOS~NISOXI 

.NYRW ,NYRA, NORGW, NORGAP N ISOW, NISOA, ELTA( 100) t AW AW ( 100) 9 

.ELTW(lOO)rAWW(lOO) ,ELTDX(lOO),AWDX(lOO) tDFDXT(100)rNISODX 

COMMON /DATA2/ DFDOS(50~50r5)~AIDOS(50~50~5)rINDOS(50~50~5~~ 
DEXT(5O) ARGF(50,5015) , ARDW(50 r50 951, DEDXT(50) 

REAL INDOS 

DIMENSION KORG( 5) 
DIMENS ION KORG LS ( 5 1 t KORG A ( 5 1 , KORGW ( 5 ) 

DIMENSION DINCL(5)r DINCS(5)r DINCA(5)r 
DINCW ( 5) 

CHARACTER”6 AWLS, AWX, AWO, AWAW, AWWI AWDXIA 

READ LEAF AND SOIL MECHANISM DATA 
C 

C 
500 CONTINUE 

IF (IRAP .EO. 4) GO TO 63 
IF (IRAP .EO. 5) GO TO 64 

IF (IRAP .EQ. 1) THEN 
C 

REWIND 20 
REWIND 21 
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READ ( 20 9600) TIT20 

READ(20,1)ID,NYRL,NISOLI”RGL 
READ(2097)  (KORGLS(I )pI= l ,NORGL) 
READ ( 21 ,600) TIT21 
READ(2191)  ID9NYRS9NISOS,NORGS 
READ(21~7)(KORGLS(I),I=l~NORGS) 
FORMAT( 5x9 A4 93 I5 1 

600 FORMAT(13A4) 

1 
7 FORMAT( 5 I 5  1 

ENDIF  

I F  ( I R A P  .EQ. 2 )  THEN 
C 

REWIND 24 
READ(249600)  TIT24 
READ(24 , l )  IDINYRA~NISOA~NORGA 
READ(2497)  (KORGA(I),I=l,NORGA) 

ENDIF  

I F  ( I R A P  .EQ. 3 )  THEN 
C 

REWIND 25 
READ ( 25 9600) TIT25 
READ (25 9 1 1 ID,NYRW,NISOW,NORGW 
READ(2597)  (KORGW(I),I=l,NORGW) 

ENDIF  
C 

C 
5 1  CONTINUE 

C 
C 

LEAFpSOILtAQUEOUS FOOD AND DRINKING WATER DATA I N  BLOCKS 

I F  ( I R A P  .EO. 1) NYR = NYRL 
I F  ( I R A P  .EQ. 2) NYR = NYRA 
I F  ( I R A P  .EQ. 3 )  NYR = NYRW 

C 
DO 15 I Y R = l r N Y R  

READ(ZOt25)  
R E A D ( 2 1 9 2 5 )  

READ(24925)  

IF( IRAP.NE.1)  GO TO 56 

56 IF ( IRAP.NE.2 )  GO TO 57 

57 I F ( I R A P . N E . 3 )  GO TO 58  

58 CONTINUE 
25 FORMAT(1X) 

READ(25925)  

C 
I F  ( I R A P  .NE. 1) GO TO 60 
DO 10 I S 0  = 1, NISOL 

READ ( 20 9 2  1 ELTLS, AWLS, (D INCL ( I O R  1 , IOR=1, NORGL) 
READ( 21 9 2) ELTLS, AWLS, (DINCS ( IOR 1 9 IOR= l ,  NORGL 1 
I F  (ELTLS.NE.E .OR. AWLS.NE.A) GO TO 501 
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DO 502 IORG = 1, NORG 
DO 503 I O R  = 1, NORGL 

I F  (KORG(IORG).NE.KORGLS(IOR)) GO TO 504 
DFDOS(IYR~INUC~IORG)=DINCS(IOR) 
AIDOS(IYRI INUC, IORG)=DINCL( IOR)  

504 CONTINUE 
5 03 CONTINUE 
502 CONTINUE 

GO TO 15 
501 CONTINUE 

10 CONTINUE 
60 CONTINUE 

C 
C 

I F  ( I R A P  .NE. 2) GO TO 6 1  
DO 11 I S 0  = 1, NISOA 

READ(2492)  ELTA, AWAW, (DINCA(1OR) , IOR=l,NORGA) 
C 
C 8871 FORMAT(/ '  READ YR: ',14,2XIA2,A6r2X,5ElO.2) 

WRITE (6,887 1) IYR, ELTA, AWAW , (DINCA(  IOR)  , IOR=1 ,NORGA) 

I F  (ELTA.NE.E .OR. AWAW.NE.A) GO TO 511 
DO 512 IORG = 1, NORG 

DO 513 I O R  = 1, NORGA 
I F  (KORG(1ORG) .NE.KORGA(IOR)) GO TO 514 

ARGF ( IYR,  INUC, IORG) =DINCA( IOR)  
C WRITE(6,8870) IYRI INUCI IORG,ARGF(IYR, INUC, IORG) 
C 8870 FORMAT(' IYR, INUC, IORG: ',31512X,1PE10.2) 

514 CONTINUE 
513 CONTINUE 
512 CON T I N  U E 

GO TO 15 
511  CONTINUE 
11 CONTINUE 
6 1  CONTINUE 

C 
C 

I F  ( I R A P  .NE. 3 )  GO TO 62 
DO 12 ISO= l rN ISOW 

READ ( 25, 2 1 ELTW, AWW, (DINCW ( I O R )  , IOR= l ,  NORGW) 
2 FORMAT (A29 A6 &E12 2) 

I F  (ELTW.NE.E .OR. AWW.NE.A) GO TO 521 
DO 522 IORG = 1, NORG 

DO 523 I O R  = 1, NORGW 
I F  (KORG(1ORG) .NE.KORGW(IOR)) GO TO 524 

ARDW(IYR, INUC,IORG)=DINCW(IOR) 
524 CONTINUE 
5 23 CONTINUE 
522 CONTINUE 

GO TO 15 
521 CONTINUE 
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12 CONTINUE 
62 CONTINUE 

15 CONTINUE 
GO TO 65 

C 

C 
C READ EXTERNAL EXPOSURE MECHANISM DATA 
C 

63 CONTINUE 
REWIND 22 
READ( 22,600) TIT22 
READ (2213 IDINISOX 
FORMAT(5Xp A4 , 1 I 5  
DO 20 I S O = l r N I S O X  

3 

READ ( 22 4 1 EL T X p  AWXI DFXT 
I F  (ELTX.NE.E .OR. AWX.NE.A) GO TO 531 

DEXT(1NUC) = DFXT 
GO TO 6 5  

531 CONTINUE 
20 CONTINUE 

GO TO 65 

64 CONTINUE 

C 

C 

REWIND 27 
RE AD ( 27 I 6 00 1 T I  T27 
READ(2793)  ID,NISODX 
DO 30  I S O = l r N I S O D X  

READ( 27 r 5 1  ELTDX,AWDX,DFDXT 
W R I E ( 6 r 5  1 ELTDX, AWDX, DFDXT 
I F  (ELTDX.NE.E .OR. AWDX.NE.A) GO TO 541 

DEDXT(INUC1 = DFDXT 
GO TO 6 5  

541 CONTINUE 
30 CONTINUE 
3 1  CONTINUE 

4 FORMAT(A2, A69 E7 e 1  

5 FORMAT(AZrA6rE7.1) 
C 

C 
C P R I N T  DIAGNOSTIC MESSAGES, I F  ANY, AND STOP 
C 

65 CONTINUE 

IF(NISOL.GT.100.OR.NISOS.GT.lOO.OR.NISOX.GT.100~ 

I F  ( NISOA. GT. 100. OR. N I S  OW. GT. 100 1 GO TO 1 00 
IF~NYRL.GT.50.0R.NYRS.GT.5O.OR.NYRA.GT.5O.OR.NYRW.GT.50~ 

.GO TO 100 

.GO TO 200 
C 
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IF(NORGL.GT.5.0R.NORGS.GT.5 .OR.NORGA.GT.5.0R.NORGW.GT.5) 

.GO TO 300 
C 

C 
RETURN 

100 P R I N T  1 0 1 ~ N I S O L ~ N I S O S ~ N I S O X I " S O A , N I S O W  
GO TO 400 

GO TO 400 
200 P R I N T  201 , NYRL, NYRS, NYRA, NYRW 

300 P R I N T  301,NORGL,NORGS,NORGAI"RGW 
400 STOP 
101 F O R M A T ( 1 H l r '  DIAGNOSTIC 8: NUMBER 

.UNDS' ,/ ,5 (5Xp  15) 1 
201 F O R M A T ( 1 H l r '  DIAGNOSTIC 9: NUMBER 

.S ' , / r4 (5X, I5 )  1 
301 F O R M A T ( 1 H l r '  DIAGNOSTIC 10:NUMBER 

.AD1, / r4(5X,15))  
C 

OF ISOTOPES FOR DFREAD OUT OF BO 

OF YEARS FOR DFREAD OUT OF BOUND 

OF ORGANS OUT OF BOUNDS FOR DFRE 
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c---------------------------------------------------------------------- 

SUBROUTINE IDNUC(NUC,ELT,AW,ELTI, AWI,NIN,NC",NFLAG,NFLAGC) 
U C  

C 
C T H I S  MODULE I D E N T I F I E S  NUCLIDES I N  INPUT INVENTORY 
C 
C M o d u l e  of M A X I 1  
C Version o f  25-APR-84 RAP 
C c---------------------------------------------------------------------- 
C 

DIMENSION NFLAGC(200)  r N C " ( 3 0 0 )  
DIMENSION E L T ( 3 0 0 )  ,AW(300) , E L T I  (50) 9 A W I ( 5 0 )  r N F L A G ( 3 0 0 )  
CHARACTER AW*6rAWI*6 

C 
C I N I T I A L I Z E  COUNT INDEX ON UNIDENTIFIED NUCLIDES 

4 CONTINUE 
ISTOP=O 

C 
C LOOP ON NUCLIDES INPUT. TEST AGAINST MASTER L I S T .  
C 

CALL ZEROI(200,NFLAGC) 
CALL ZEROI(300,NFLAG) 
DO 3 I N = l , N I N  
DO 1 IL= l ,NUC 
I L N = I L  
I F ( E L T ( I L 1  . N E . E L T I ( I N )  1 GO TO 1 
I F ( A W ( I L ) . E Q . A W I ( I N ) )  GO TO 2 
I F ( A W ( I L ) . E Q . A W I ( I N ) )  GO TO 2 

1 CONTINUE 
C 
C NO MATCH I N  LIBRARY FOR INPUT NUCLIDE. P R I N T  NAME OF UNKNOWN NUCLIDE 

ISTOP= I S T O P t 1  

GO TO 3 

NFLAGC(NC"(  I L )  1 =1 

I F  ( ISTOP. LT. 1) RETURN 

P R I N T  100, E L T I ( 1 N )  , A W I ( I N )  

2 N F L A G ( I L ) = I N  

3 CONTINUE 

C 
C P R I N T  TOTAL NUMBER OF UNKNOWN NUCLIDES AND STOP. 
c; 

P R I N T  200, ISTOP 
100 FORMAT(lH0,' DIAGNOSTIC 11: UNIDENTIFIED NUCLIDE ' 1 A 2 r A 6 )  
200 FORMAT(lH0,' DIAGNOSTIC 12: THERE WERE U N I D E N T I F I E D  NUCLIDES, ' 9  

. ' ISTOP = ' , I 3 1  
STOP 

END 
c---------------------------------------------------------------------------- 
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C 

C 

C 
I 

10 

11 
C 

CHARACTER AW0*6,AWD*6 
REAL*4 INDOS 

CONTINUE 
CALL ZEROR(12500r INDOS) 
READ(23 , l O ) N D I , T I T L D I  
FORMAT(I5,15X,15A4) 
READ ( 23 11 1 ( IDORG( I) I=l, 5) 
FORMAT(515) 

C LOOP ON NUCLIDES I N  DACRIN-GENERATED F I L E  23 
C 

C 
DO 100 I D I = l , N D I  

READ ( 23 , 1 2) EL TD , AWD , N1, N2 , N3 
FORMAT( A2 , A6 , 2x9 3 15) 12  
ICHK=O 

C 
C MATCH WITH DESIRED NUCLIDES, INCLUDING DAUGHTERS 
C 

C 
DO 200 INUC=l,NONUC 

IF(ELTD.NE.ELTO(INUC) .OR.AWD.NE.AWO(INUC) 1 GO TO 200 
I CHK=l 

C READ ALL DATA FOR FOUND NUCLIDE I N T O  TEMPORARY ARRAY LOCATION 
C 

IF(N1.LE.O) GO TO 50 
R E A D ~ 2 3 ~ 1 3 ~ ~ ~ D I N ~ l ~ I Y R ~ I O R ~ ~ I O R ~ l ~ 5 ~ ~ I Y R ~ l ~ N l ~  

1. A-22 



APPENDIX 1.A COMPUTER CODE LISTING - MAXI1 
50 IF(N2.LE.O) GO TO 55 

55 IF(N3.LE.O) GO TO 60 

60 CONTINUE 

R E A D ( U r 1 3 )  ((DIN(2rIYRrIOR)rIOR=lr5) r I Y R = l r N 2 )  

R E A D ( 2 3 r 1 3 )  ((DIN(3rIYRrIOR)rIOR=lr5~~IYR=l~N3) 

13 FORMAT( lOXr 5 E 1 0  2 1 
C 

I F  ( N 1  .GT. 50) N1=50 
I F  ( N 2  .GT. 5 0 )  N2=50 
I F  (N3 .GT. 50) N3=50 

C I D E N T I F Y  ORGAN AND SOLUBIL ITY CLASS AND SET 
C 

DO 300 IORG=l  r NORG 
DO 400 J ORG=l r 5  
IF(IDORG(JORG).NE.KORG(IORG)) GO TO 400 

C 
I F ( N T R ( I 0 R G r  INUC) .EQ.2) GO TO 420 
IF(NTR(1ORGrINUC)  .EQ.3) GO TO 4 3 0  

DO 411 I Y R z l r N 1  
410 IF(N1.EQ.O) GO TO 300 

411 INDOS(IYRrINUC~IORG)=DIN(l~IYRrJORG) 
GO TO 300 

420 IF(N2.EQ.O) GO TO 300 
DO 421 I Y R = 1  , N2 

421 INDOS(IYRrINUCrIORG)=DIN(2rIYR~JORG) 
GO TO 300 

430 IF(N3.EQ.O) GO TO 300 
DO 431 I Y R z l r N 3  

431 INDOS(IYR~INUCrIORG)=DIN(3rIYR~JORG) 
GO TO 300 

400 CONTINUE 
300 CONTINUE 
200 CONTINUE 

C 
C I F  NO NUCLIDE MATCH I N  200 LOOP, READ PAST LIBRARY DATA 
C 

N4=Nl+N2+N3 
IF( ICHK.EQ.0)  CALL DUMMY(N4) 

C 
100 CONTINUE 

RETURN 
C 
C------------------------------------------------------'--------------------- 

END 
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C 

C 

C 

C 

2 

50 

60 
200 
100 

C 

CHARACTER"9 DDTT 

REAL*4 MAXID (5 1 
CHARACTER*10 TODAY , CLOCK 

CALL ZEROR(5rMAXID) 

ITIME=O 

MAXTIM( I) =1 
CONTINUE 

ITIME=ITIME+l 

DO 2 I=lr5 

DO 100 JTIME=ITlrIT2 

DO 200 IORG=l,NORG 
IF(ADOS(ITIME8 IORG) .GT.MAXID(IORG) 1 GO TO 50 
GO TO 60 

MAXTIM ( IORG) =ITIME 
MAXD(IORG)=JTIME 
CONTINUE 
CON TIN UE 
CONTINUE 
RETURN 

MAXID(IORG)=ADOS(ITIME,IORG) 
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COMMON/ DATA l /  E L  TO ( 50 1 , AWO ( 50 1 , IOFN UC ( 50 1 9 NONUC, DK ( 2 5 0 1 , . I FRM ( 2 J 50) p AL ( 50) . I F O D j  IARG, IWAT, RIRR, RPFSXMLFJ D ILF ,  IMO, DEN, I E X T  
AM ( 50) , SOILCN ( 50) , I C"J AMI ( 50) J AMJ ( 50 J 

COMMON /JUNK/ DDTT, In J IT28 T I T L E l  (20) J TODAY# CLOCK 

DIMENSION ONAME(23) rONA(5),KORG(5) 

CHARACTER*10 ONAME, ONA 
CHARACTER*6 AWO 
CHARACTER"9 DDTT 
CHARACTER*10 TODAY , CLOCK 

DATA(ONAME(I),I=lp23)/'TOTAL BODY'r'BODY WATER',' KIDNEYS ' 9 '  L1 
.VER ',' SPLEEN ' t '  BONE '> '  F A T  ' 9 '  LUNGS ' J '  ADRE 
.NALS 1,' TESTES ' 9 '  OVARIES ',' S K I N  ' 9 '  BRAIN ' J '  MUSC 
.LE ','PROSTATE ' 9 '  THYROID ' J '  PANCREAS ' J '  HEART ' 1 '  GI-TRA 
.CT ',' STOMACH ' J '  S I  ' J '  U L I  ' J '  L L I  ' / 

C 
C P R I N T  T I T L E S  FOR SUMMARY BY ORGAN AND RADIONUCLIDE (IOUT=O) 
C 

DO 100 IORG=ltNORG 
I F  (NONUC .GT. 20 .OR. IORG .EO.. 1) WRITE(6, 10) 
I F  (NONUC .GT. 20 .OR. IORG .EO.. 1) WRITE(6, 11) T I T L E l  
I F  (NONUC .GT. 20 .OR. IORG .EO.. 1) WRITE(6r  12) TODAYj CLOCK 
I F  ( I B I O  .GT. 0) WRITE(6 r  27) I B Y R  

C 
ONA(IORG)=ONAME(KORG(IORG)) 
WRITE(6 r  13) MAXD(IORG)rONA(IORG) 
W R I T E ( ~ J  14)  
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DO 200 INUC=l,NONUC 
K=MAXTIM(IORG) 

C 
ATEMP = AFDOS(K, IORG) 
I P F D  = 0 
I F  (ATEMP .GT. 0.) IPFD=FDOS(K~INUC~IORG~/ATEMP*lOO 

C 
ATEMP = ADADOS(K,IORG) 
IPDAD = 0 
I F  (ATEMP .GT. 0.1 IPDAD=DADOS(K~INUC~IORG~/ATEMP*lOO 

C 
I P E X  = 0 
I F  (AEXDOS(K1 .GT. 0.) IPEX=EXDOS(K,INUC)/AEXDOS(K)*lOO 

C 
ATEMP = AARDOS(K, IORG) 
I A R G  = 0 
I F  (ATEMP .GT. 0.1 IARG=ARDOS(K~INUC~IORG~/ATEMP*lOO 

C 
ATEMP = ADWDOS(K,IORG) 
IDWD = 0 
I F  (ATEMP .GT.O.) IDWD=DWDOS(K~INUC~IORG~/ATEMP*lOO 

C 
WRITE(6, 15)  ELTO(INUC)~AWO(INUC)~FDOS(K~INUC~IORG~~ 
IPFD, DADOS (K, INUC, IORG) p IPDAD, 

.EXDOS(K,INUC),IPEX, 

.ARDOS(K~INUC~IORG)~IARG~DWDOS(K~INUC~IORG~~IDWD 
C 

C 
200 CONTINUE 

I P A F  = 0 
I P A D  = 0 
I P A X  = 0 
IAGD = 0 
IDWA = 0 
ATEMP = ADOS(K, IORG) 

C 

C 
I F  (ATEMP .LE. 0.) GO TO 201 

IPAF=AFDOS(K,IORG)/ATEMP*lOO 
IPAD=ADADOS(K~IORG)/ATEMP*lOO 
IPAX=AEXDOS(K)/ATEMP*lOO 
IAGDzAARDOS (K, IORG) /ATEMP*100 
IDWA=ADWDOS(K,IORG)/ATEMP*lOO 

C 

C 
201 CONTINUE 

WRITE(6, 16) AFDOS(K,IORG)rIPAF,ADADOS(K~IORG)r 
.IPAD,AEXDOS(K)rIPAX, 
~ A A R D O S ~ K ~ I O R G ~ ~ I A G D ~ A D W D O S ~ K ~ I O R G ~ , I D W A ~ ~ O S ~ K ~ I O R G ~  
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100 

10 
11 

12 

C 

C 

APPENDIX 1 . A  COMPUTER CODE LISTING - MAXI1 

CONTINU E 

FORMAT( 1 H 1 )  
FORMAT(4X120A4) 

FORMAT(/,25XI1MAXI, Version VAX2.2 25-APR-8411 
. I  executed on ',AIOI1 a t  I,AIO,l.l) 

C 
13 FORMAT(/,lX, 'MAXIMUM ANNUAL DOSE SUMMARY FOR M E  YEAR', . I 5  ' FOR ' t A 1  0) 
1 4  FORMAT,(//,28Xj'EXPOSURE PATHWAY'r/rl7X~'INGESTION',llX, 

. ' INHALATION'r lOX, 'EXTERNAL'r  

.12X,'AQUATIC FOOD'r8X,'DRINKING WATER', 

. / j l X ,  'RADIONUCLIDEtr3X,  

. 5 ( '  REM 'rgX,'X'r5X)r/,lX,12('-'),3X,5(16('-'),4X),/) 
C 

C 
15 FORMAT(3XpA2,A6r5X,5(1PE9.2E2,2X,I4r5X)) 

16 F O R M A T ( l X , l l 2 ( ' - ' )  ,/,5X, 'TOTALS1r6X, ' INGESTION' r4X,  I%',  

. ~ X , ' I N H A L A T I O N ' ~ ~ X I ' % ' ~ ~ X ~ ' E X T E R N A L ' ~ ~ X , ' % ' ,  

.6X,'AQUATIC FOOD',lX~'X',5X,'DRINKING WATER'slX, . '51, ' 

.//y16X,5(1PE9.2E2,2X114s5X)rlPE9.2E2) 
6x1 'TOTAL ' 

C 
27 FORMAT(lX,'DOSE RESULTING FROM CONCENTRATIONS AT YEAR 1 ,  15, 

. I  OF BIOPORT SIMULATION. 9 )  

C 
C 
C P R I N T  DOSE BY ORGAN TO F I L E S  FOR PLOTTING I F  BIOPORT I N P U T  
C 

C 

C 

I F  ( I B I O  .EO. 1) THEN 

I U  = 40 

I F  (NEXT .EQ. 1) THEN 

E N D I F  
WRITE ( I U 3 1 1 TITL E l  , ( ON A ( I ORG 1 IORG=1 , NORG 1 

C 

C 

C 

WRITE ( I U 9 3 2 )  IBYR, (ADOS(MAXTIM(IORG)~IORG)~IORG=l~NORG) 

E N D I F  

3 1  FORMAT ( 1  t r 2 0 A 4 , / / , l X , t Y e a r  ' ,5 (2X, A101  / 
I ---------- ---------- ---------- ---------- I 

C 
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APPENDIX l . A  COWUTER CODE LISTING - MAXI1 

C TEST ON OUTPUT CLASS AND CONTINUE 
C 

IF(IOUT.EQ.0) GO TO 999 
C 
C PRINT A TABULATION OF ANNUAL DOSES BY ORGAN (IOUT=l) 
C 

WRITE(6, 10) 
WRITE(6r 11).TITLE1 
WRITE(6, 12) TODAY, CLOCK 
WRITE(6r 20) I T 2  
WRITE(6, 21) (ONA(IORG),IORG=l,NORG) 

C 
C LOOP ON YEARS AND ORGANS 
C 

ITIME=O 

ITIME=ITIME+l 
DO 3 00 JTIME=ITl , IT2 

WRITE(6r 22) JTIME~(ADOS(ITIME~IORG~~IORG=l~NORG) 
300 CONTINUE 

20 FORMAT(/,2X,'A"UAL DOSE SUMMARY FOR 't15,' YEARS') 
21  
22 FORMAT(lX,I5~5X,S(lPE9.2E2~3X)) 

FORMAT ( 2X , ' YE AR ' 5X , 5 ( A 1  0 , 2x1 1 

C 
C PRINT LONG OUTPUT BY PATHWAY, ORGAN, AND YEAR (IOUT.GT.1) 
C 

IF(IOUT.LT.2)GO TO 999 
ITIME=O 

ITIME=ITIME+l 
DO 500 JTIME=ITl,ITZ 

DO 600 IORG=l rNORG 
C 
C PRINT TITLES 
C 

WRITE(6, 10) 
WRITE(6, 11) TITLE1 
WRITE(6, 12) TODAY, CLOCK 
WRITE(6, 25) JTIME,ONA(IORG) 
WRITE(6r 14) 

C 
C LOOP ON RADIONUCLIDES 

C 
DO 700 INUC=l,NONUC 

ATEMP= AFDOS ( I TIME , IORG 1 

I F  (ATEMP .GT. 0.1 IPFD=FDOS(ITIME~INUC~IORG~/ATEMP*lOO 
IPFD = 0 

C 
ATEMP=ADADOS( ITIME, IORG) 
IPDAD=O ' 

I F  (ATEMP .GT. 0.) IPDAD=DADOS(ITIME~INUC~IORG)/ATEMP*lOO 
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APPENDIX l . A  COMPUTER CODE LISTING - MAXI1 
ATEMP=AEXDOS(ITIME) 
IPEX = 0 
IF (ATEMP .GT. 0.1 IPEX=EXDOS(ITIME~INUC)/ATEMP*lOO 

ATEMP = AARDOS( ITIMEI IORG) 
IARG = 0 
IF (ATEMP .GT. 0.) IARG=ARDOS(ITIME~INUC~IORG)/ATEMP*lOO 

ATEMP = ADWDOS(IT1MErIORG) 

IF (ATEMP .GT. 0.1 IDWD=DWDOS(ITIME~INUC~IORG~/ATEMP*lOO 
IDWD = 0 

WRITE(6r 15) ELTO(1NUC) rAWO(1NUC) rFDOS( ITIMEI INUCI IORG) I 

.IPFD,DADOS(ITIMEIINUCIIORG)I 

.IPDADIEXDOS(ITIMEIINUC)IIPEXI 

.ARDOS( ITIME, INUCI IORG) I IARGIDWDOS( ITIMEI INUCI IORG) I IDWD 

700 CONTINUE 

IPAF = 0 
IPAD = 0 
IPAX = 0 
IAGD = 0 
IDWA = 0 
ATEMP = ADOS( ITIMEI IORG) 

IF (ATEMP .LE. 0.) GO TO 701 
IPAF=AFDOS(ITIME~IORG)/ATEMP*lOO 
IPAD=ADADOS(ITIME~IORG)/ATEMP*lOO 
IPAX=AEXDOS(ITIME)/ATEMP*lOO 
IAGD=AARDOS(ITIME~IORG)/ATEMP*lOO 
IDWA=ADWDOS(ITIME~IORG)/ATEMP*lOO 

701 CONTINUE 

WRITE(6, 16) A F D O S ( I T I M E ~ I O R G ) r I P A F I A D A D O S ( I T I M E ~ I O R G ~ ~  
.IPADIAEXDOS(ITIME)~IPAXI 
.AARDOS(ITIME~IORG~rIAGD~ADWDOS(ITIME~IORG~~IDWA~ 
.ADOS(ITIME,IORG) 

600 CONTINUE 
500 CONTINUE 
25 FORMAT(/rl3XI'A"UAL DOSE SUMMARY FOR YEAR'rI5rlXI 

.'AND ORGAN'rA10) 
999 CONTINUE 

RETURN 
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APPENDIX l . A  CO#PUTER CODE LISTING - MAXIl 
c--------------------------------------------------------------------- 

SUBROUTINE PADOS(XFACT, NORG, XDPT, AGE, IRR, RF1 ,RF2, RINH, INTRUD, 
. IDKWATIXFZr R P F l r  RPF2, AREAIN, AREAEX) 

ij, 
C 
C 
C 
C M o d u l e  o f  M A X I l  
C Version o f  26-APR-84 RAP 
C 

PADOS c a l c u l a t e s  d o s e s  f o r  each p a t h w a y .  

C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C O M M O N / M I R D S / Q K ~ 5 0 ~ ~ A M L ~ 5 0 ~ ~ X Q S I T E ~ I A I R ~ I D K A I R ~ I B L O W  

COMMON/JUNK/DDTT, I'll, I T Z , T I T L E 1 ( 2 0 )  r TODAY, CLOCK 

C O M M O N / D A T A 2 / D F D O S ~ 5 O ~ 5 O ~ 5 ~ ~ A I D O S ~ 5 O ~ 5 O ~ 5 ~ ~ I N D O S ~ 5 O ~ 5 O ~ 5 ~ ~  
.DEXT(50)rARGF(50r50~5)~ARDW(50~50~5),DEDXT(50) 

C O M M O N / D A T A 1 / E L T 0 ~ 5 0 ~ , A W O ~ 5 O ~ ~ I O F N U C ~ 5 0 ~ ~ N O N U C ~ D K ~ 2 ~ 5 0 ~ ~  
. IFRM(2,50) r A L ( 5 0 )  r A M ( 5 0 )  SSOILCN(50)  , I C " , A M I ( 5 0 )  ,AMJ(50)  9 

.IFOD~IARG,IWAT~RIRR~RPF~XMLF~DILF~IMO~DEN~IEXT 

C O M M O N / D O S E 1 / E X D O S ~ 5 0 ~ 5 O ~ ~ A E X D O S ~ 5 O ~ ~ F D O S ~ 5 0 ~ 5 0 ~ 5 ~ ~ F A D O S ~ 5 0 ~ 5 0  
~ ~ 5 ~ ~ D A D O S ~ 5 0 ~ 5 0 ~ 5 ~ ~ A R D O S ~ 5 0 ~ 5 0 ~ 5 ~ ~ D W D O S ~ 5 0 ~ 5 0 ~ 5 ~ ~  

AFDOS ( 50 5 1 9 ADADOS( 50,5 1 , ADOS( 5 0  ,5 1 , AARDOS ( 50 , 5 1 , 
.ADWDOS(50,5) 

DIMENSION AMM(50) 
DIMENSION AIRFA(50),AIRCON(50)~AO(50~,AMT(5O~~AMK(50~ 

REAL*4 INDOS 

CHARACTER"9 DDTT 

CHARACTER*6 AWO 
CHARACTER*lO TODAY, CLOCK 

C I N I T I A L I Z E  DAT ARRAYS 
C 

CALL ZEROR(12500,ARDOS) 
CALL ZEROR(12500rDWDOS) 
CALL ZEROR(50,AO) 
CALL ZEROR(50,SOILCN) 
CALL ZEROR(50rAIRFA) 
CALL ZEROR(50rAIRCON) 
CALL ZEROR(50,AEXDOS) 
CALL ZEROR(12500,FDOS) 
CALL ZEROR(12500rFADOS) 
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ABPENDIX l . A  COMPUTER CODE LISTING - MAXI1 
CALL ZEROR(12500rDADOS) 

C 

C 
C MASTER LOOP ON TIME 
C 

I D K A = I D K A I R  

I T I  M2=0 
I T A = I l l - I B L O W  
I TW= I Tl - I R R  
ITIME=-MAX(IRR,IBLOW) 
ITM= I T 1 + I T I M E  

I F  ( INTRUD . NE. 0. AND. J T I M E  . GT. In 1 GO TO 50 
I T I M Z = I T I M 2 + 1  
I T I M E = I T I M E + l  

I F ( I T I M 2 . E Q . l )  A I T I M E = J T I M E  
IF(ITIM2.GT.1)AITIME=l.O 

DO 50 JTIME=ITM, IT2  

N Z I T I M E - 1  

B I T I M E = J  TIME+AGE-ITM > 

C 
C CALL RESUSPENSION OR MASS LOADING FACTOR 
C 

I F ( I T I M E . L E . 0 )  GO TO 10 
I F ( AG E. GE . 0 1 

.CALL AFACT(BITIME,AIRFA,ITIME,XDPT) 
IF(AGE.LT.0)  CALL MLOAD(ITIME,DEN,XMLF,AIRFA) 

10 CONTINUE 
INUC=O 

C LOOP ON CHAINS 

C 
C 
C ONCE, I F  CONSTANT SOURCE 
C EVERY TIME, I F  DECAYING SOURCE 
C 

DO 200 I C H = l r I C H N  

SET I R R I G A T I O N  AND AQUATIC FOOD WATER CONC TO AMK 

J=IOFNUC( I C H )  
I F ( J T I M E . E Q . I T A ) C A L L  A I R D I S ( I D K A 9  INUCIJT IME,  AMMIJ) 
IF(JTIME.EQ.ITW)CALL WATER(IDKWAT9 I N U C j J T I M E ,  AMK, J) 

C 
C SET S O I L  CONC, DEPENDENT ON IRRIGATION, SUBSURFACE, ETC. 
C 

CALL SOLCON( I T I M 2 r  ICH, INUC, AITIME, J A09 JTIME, AMT, In AMK, AMM, 
R P F l )  

C 

C 

C 
C 

I F ( 1 D K A .  NE.0 .AND. JT IME.  GE. I T A I C A L L  A I R D I S (  1, INUC, JTIME, AMM, J) 

IF(IDKWAT.NE.O.AND.JTIME.GE.ITW)CALL WATER(l,INUC,JTIME,AMK,J) 
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APPENDIX l.A COMPUTER CODE LISTING - MAXI1 
DO 290 J NUC=l, J 

C 
INUC=INUC+l 
I F ( J T I M E . L T . I T l )  GO TO 290 

C 
C CALCULATE A I R  CONCENTRATIONS 
C 

C 
C CALCULATE EXTERNAL TOTAL BODY DOSES 
C 

AIRCON(INUC)=SOILCN(INUC~*AIRFA(ITIME~+AMM~INUC~ 

EXDOS~ITIME~INUC~~DEXT~INUC~*SOILCN~INUC~*XFACT*AREAEX 
+DEDXT(INUC)*AMT(INUC)*5.844E-ll*XF2/8766.*AREAEX 

C 
C WHERE 5.844E-ll=(HR/YR*REM/MREM*CI/PCI)/O.l5 
C 
C 
C CALCULATE EXTERNAL DOSE SUMMED OVER ALL NUCLIDES AND DAUGHTERS 
C 

C 
C CALCULATE INTERNAL PATHWAY DOSES 
C 

AEXDOS(ITIME)=AEXDOS(ITIME)+EXDOS(ITIME~INUC~ 

DO 300 IORG=lrNORG 
M=50-N 
DO 400 I T T I M = l r M  

C 

C 
I R  = I T T I M + N  

FDOS( ITTIM+N, INUC, IORG) =FDOS( ITTIM+N, INUC, IORG) +DFDOS( I T T I M I  INUC 
.rIORG)*SOILCN(INUC)*RFl*RPF2*AREAIN 
~+DFDOS~ITTIM~INUC~IORG~*AMT~INUC~*RFZ*RPFZ*AREAIN 

C 
F A D O S ~ I T T I M + N , I N U C ~ I O R G ~ ~ F A D O S ~ I T T I M + N I I I M ~ I N U C  
.~IORG)*AIRCON(INUC)*RPF2*AREAIN 

C 
C IRRIGATION LEAF DEPOSITION, A I R  DEPOSITION VELOCITY I S  ASSUMED 
C TO BE 1E-3 FOR ALL RESUSPENDED PARTICLES 
C T H I S  REQUIRES A SPECIAL LIBRARY OF DEP VELOCITIES FOR FOOD FILGEN!!  
C 

C 
IF(RIRR.LE.O.O)GO TO 500 

FADOS( ITTIM+N, INUC, IORG)=FADOS( ITTIM+N, INUC, IORG) + 
.AIDOS~ITTIM~INUC~IORG~*AMK~INUC~*RIRR/2~635E6/l~OE~3*RPF2 

C 

C 
500 CONTINUE 

DADOS( ITTIM+N, INUC, IORG) =DADOS( ITTIM+N, INUC, IORG) +INDOS( I T T I M ,  INUC 
rIORG)*AIRCON(INUC)*RINH*AREAIN 
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ARDOS(I~IM+N~INUC,IORG~~ARDOS(ITTIM+N~INUC~IORG~ 

+ARGF(IlTIM,INUC,IORG)*AMK(INUC) 
C 

DWDOS( ITTIM+N, INUC, IORG) =DWDOS( ITTIM+N, INUC, IORG) 
+ARDW(ITTIM,INUC,IORG)*AMJ(INUC) 

C 
400 CONTINUE 
300 CONTINUE 
290 CONTINUE 
200 CONTINUE 

C 
C CALL SOILCN, AIRCON PRINTOUT-- 
C I F  ( J T I M E  .NE. IT21 GOT0 8878 
C DO 8879 I R A P  = 1, 50 
C P R I N T  8877,(DADOS(IRAP,INU~3),INU=l~NONUC) 
C 8877 FORMAT(' DADOS: ' r 3 E 1 0 . 3 )  
C 8879 CONTINUE 
C 8878 CONTINUE 
C 

I F ( J T I M E . E Q . I T 1  .OR. JTIME.EQ. IT21 
.CALL PNTO(SOILCN, AIRCON, INUC,NONUC, JTIME, ELTO, AWO, AMK, AMJ , AMT) 

C 

C 

C 
c---------------------------------------------------------------------- 
C 

50 CONTINUE 

RETURN 

END 
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c----------------------------------------------------------------------- 
C 

SUBROUTINE PNTO (SOILCNIAIRCON, INUCINONUC, JTIME,ELTO,AWO, AMI, AMI p 

AMT) 
C 
C 
C T H I S  SUBROUTINE I S  USED TO P R I N T  THE RESULTING TIME DEPENDENT 
C SOIL,  A I R #  IRRIGATION WATER, AND DRINKING WATER CONCENTRATIONS 
C 
C M o d u l e  o f  M A X I 1  
C Version o f  25-APR-84 RAP 
C 
c----------------------------------------------------------------------- 
C 

DIMENSION AIRCON(50)~SOILCN(50~~ELTO~50~~AWO~50~ 
DIMENSION AMI(501,AMJ(501rAMT(501 
CHARACTER"6 AWO 

I F  (NONUC.GT.20 .OR. J T I M E  .EQ. 1) THEN 

ELSE 

ENDIF 

C 

WRITE (6,511 

WRITE (6,521 

C 
WRITE (6,501 J T I M E  
I F (  INUC.NE.NONUC1 GO TO 200 

C 
DO 100 JNUC=lrNONUC 
AMT( J NUC) =AMT( J NUC) / .15 
WRITE (6,601 ELTO(JNUC) ,AWO(JNUC) ,SOILCN( JNUC) ,AMT(JNUC) 9 

.AIRCON( JNUC) ,AMI (JNUC) ,AMJ (JNUC) 
AMT ( J NUC 1 =AMT ( J NUC) * .15 

100 CONTINUE 
C 

RETURN 
200 WRITE (6,701 

C 
50 FORMAT(1H ~ ~ O X I ' S O I L J A I R I  AND WATER CONCENTRATION SUMMARY', .' FOR THE YEAR'~I~~//~~OXI'RADIONUCLIDE'~~X~'SURFACE S O I L ' #  

.5X,'DEEP SOIL'r8X~'AIR'r9X~'IRRIGATION'r4X~ 

. 'DRINKING W A T E R ' ~ / J ~ ~ X J ' P C I / M ~ ' J ~ X I ' P C I / M ~ ' ~ ~ O X I  

. ' P C I / M 3 ' r 9 X , ' P C I / L ' r l l X I ' P C I / L ' , / )  
5 1  FORMAT ( 1 H 1 )  
52 FORMAT ( / / / / I  
60 FORMAT( 1 3 X  , A2 , 1 X J  A6 r3X, 5 ( 5x1 l P E l 0  2 E 2  1 1 
70  FORMAT(///r3X,'DIAGNOSTIC 14: TEST, INUC.NE.NONUC=END - ' 9  

.'FROM PNTO') 
C 

c------------------------------------------------------------------------ 
STOP 

END 
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C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C 

C 

COMMON/THIRDS/OK(50) sAML(50) ,XQSITEp I A I R ,  IDKAIR,  IBLOW 

COMMON/TITLS/TIT20(13) rTIT21(13) ,TIT22(13) rTIT24(13) 
.TIT25( 13) ,TIT27 (13) 

COMMON/JUNK/DDTTp ITlpIT2,TITLE1(20) ,TODAY,CLOCK 

DIMENSION K O R G ( 5 ) ~ N T R ( 5 ~ 5 0 ) ~ T I T L R ( 2 0 ) , T I T L D I ( 1 5 ) r T I N ~ 4 0 ~  

CHARACTER DDTT*9,FDK*13rFINTRD*8~TINHL*l2~ONAME*lO~FM3M2*5 
CHARACTER FDJ "13 
CHARACTER AW0*6 
CHARACTER"10 TODAY , CLOCK 

DIMENSION ONAME(23)rQAPR(50) 

DATA (ONAME(I),I=lr23)/'TOTAL BODY'r'BODY WATER'r'KIDNEYS'r 
.'LIVER'r'SPLEEN'r'BONE'r'FAT','LUNGS','S','TESTES', 
~ ' O V A R I E S ' ~ ' S K I N ' , ' B R A I N ' r ' M U S C L E " P R O S T A ~ ' ~ ' ~ Y R O I D ' ~ ' P A N C R E A S ' ~  
. 'HEART'r'GI'r 'STOMACH'r'SMALL INT'r 'GI-ULI ' r 'GI-LLI ' /  

I F  THIS I S  A SUBSEQUENT BIOPORT RUN, SKIP DOWN TO INVENTORY 
I F  (NEXT .EQ. 5) GOT0 200 

WRITE (6,191 
19 FORMAT(lH1) 

WRITE(6rl) TODAY, CLOCK, TITLE1 
1 FORMAT(T27,'MAXI - Maximum Annual Dose C a l c u l a t i o n  Version 1 ,  

a'VAX2.2 25-APR-84',/, 
.T45,'Executed on ',AlO,' a t  l,AIO,l.l/, . T27,I Case ti tl e : 1 ,20A4, / 1 
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C CALL IDLINE 

WRITE ( 6  18) 
18 FORMAT(25Xp80( ' -1)  , / I  

C 
C LIBRARIES USED 
C 

WRITE ( 6 , 1 000 1 T I  TL R 
1000 FORMAT(5X,'RADIONUCLIDE CHAIN LIBRARY USED: ',4Xr20A4,/,5X, . 'DOSE FACTOR FILES USED FOR THIS CASE: 1)  

C 
I F  (IFOD .GT. 0) WRITE (6,1001) TIT20r TIT21 

1001 FORMAT(15X,'*20 FOOD-LEAF:', 
.13X,13A4r/,15X,'*21 FOOD-SOIL:'r13X,15A4) 

C 
I F  (XFACT .NE. 0.1 WRITE (6,1002) TIT22 

1002 FORMAT (15X,'*22 SHALLOW EXTERNAL:',6X,15A4) 
C 

I F  (RINH .GT. 0.0) WRITE (6,1003) TITLDI 
1003 FORMAT (15X,'*23 DACRIN-INHALATION:',5X,15A4) 

C 
I F  ( I A R G  .GT. 0 )  WRITE (6,1004) TIT24 

1004 FORMAT (15X,'*24 ARRRG-FISH:'r12X,15A4) 
C 

I F  (IWAT .GT. 0)  WRITE (6,10051 TIT25 
1005 FORMAT (15X,'*25 ARRRG-DRINK H20: 'r5Xr15A4) 

C 
I F  ( I EXT. GT. 0 1 WRITE ( 6,3 1 TIT27 

3 FORMAT(15XI '*27 ISOSHLD EXTERNAL: ' r15A4) 
C 

I F  ( IBIO .GT. 0)  WRITE (6r1006) TITLIN 
1006 FORMAT (/r15X, 'BIOPORT INVENTORY FROM: ',/ 

3 OX r 20 A4 / r 3 OX , 2 0 A4 1 
C 

WRITE(6,21)ITl,IT2 
21 FORMAT(/r5X,'DOSES CALCULATED FROM'rI5r' TO'pI5r .' YEARS FOLLOWING TIME ZERO',/) 

C 
C PATHWAYS AND PARAMETERS USED 
C 

FLAG20= ' OFF' 
FL AG22 = ' OFF 
FL AG23 = 8 OFF 1 

FL AG24= 'OFF 1 

FLAG25='OFF' 
FL AG27 = ' OFF 1 

FLAG28= 1 OFF' 
FDK='NOT PERFORMED' 
FDJ = 1 NOT PERFORMED' 
FINTRD=lNOT USED' 
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IF( IFOD.NE.0)FLAG20=10N ' 
IF(RINH.NE.0.0)FLAG23=10N 
IF(IARG.NE.O)FLAG24='0N 
IF(IWAT.NE.O)FLAG25='ON 
I F  ( IEXT.  NE. 0) FLAG27='ON 
IF(XFACT.NE.O.O)FLAG22='ON 
IF( IA IR.EQ. l )FLAG28= 'ON 
I F  (INTRUD. NE.0) FINTRD='USED 
IF(IDKWAT.NE.O)FDK='PERFORMED 
I F  ( I D K A I R  . EQ. 1 1 FDJ = ' PERFORMED 

W R I T E ( 6 r 4 )  FLAG2Or FLAG23 r FLAG24rSRDILr  FLAG25r FDKrFLAG28r FDJ r 

1 

C 

. FLAG27rXQSITEr FLAG22r FINTRD 
4 FORMAT(5Xr 'PATHWAYS I N I T I A L I Z E D  FOR DOSE CALCULATIONS: ' rT65r 

. 'SPECIAL PARAMETERS INITIALIZED:'r/rl5Xr'FARM PRODUCT 1NGESTION:'r . T51 r A3 r /  r 15x9 ' INHALATION OF RESUSPENDED MATERIAL ' r A3 r /  

. r l 5 X r ' A Q U A T I C  FOODS INGESTION: ' rT51rA3,  

.T70r ' INVENTORY D I L U T I O N  FACTOR: ' r lPE9.2EZr/ r  

.15Xr 'DRINKING WATER INGESTION:'rT5lrA3rT7Or'DECAY OF RIVER ' r  . 'RELEASE SOURCE TERM ' r A13 r /  r 

.15Xr 'CONTINUING ATMOSPHERIC DEPOSITION 'A3rT70r 'DECAY OF ' r  

. ' A I R  RELEASE SOURCE TERM ' r A 1 3 r / r  

.15Xr 'EXTERNAL FROM BURIED WASTES ' r T S l r A 3 r  

. T 7 0 r ' S I T E  X/Q: ' r l P E 9 . 2 E Z r /  

.15Xr 'EXTERNAL FROM SURFACE D E P O S I T S : ' r T S l r A 3 r T 7 O r  . 'SPECIAL INHALATION MODEL ' r A81 
C 

I F  ( I O N  .GT. 0)  WRITE (6,10551 F R S I Z r  AREAINr AREAEX 
1055 FORMAT(T70r 'S IZE OF THE S I T E : ' r F 9 . 5 r '  FRACTIONAL HECTARES'/, 

.T70r ' INTERNAL PATHWAY AREA CORRECTION FACTOR:'r lPE9.2E2/ 

.T70r 'EXTERNAL PATHWAY AREA CORRECTION FACTOR:'r lPE9.2E2) 
C 
C FARM PRODUCT PARAMETERS 
C 

WRITE(6r5)RF1rRIRRrRF2rIMOrRPF2rDILFrIRR 
5 FORMAT('O'r4Xr 'FARM PRODUCT PARAMETERS USED:',/# 

.15Xr 'FRACTION OF ROOTS I N  UPPER SOIL: ' rOPElO.ZEZr 

. T 6 5 r ' I R R I G A T I O N  RATE:'rlPEl0.2E2r'L/M**Z/MO'r/ 

.15Xr 'FRACTION OF ROOTS I N  BURIED WASTE' rOPE9.2E2r 

.T65r 'MONTHS PER YEAR IRRIGATED: ' r  I 5 r /  

.15Xr 'FRACTION OF TOTAL D I E T  GROWN ON S I T E : ' r l P E l O . Z E Z r  

. T 6 5 r ' R I V E R  D I L U T I O N  FACTOR: ' r lPElO.ZEZr 'YR/L ' r /  

.T65r 'YEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO',/ 

.T70r 'THE DOSE CALCULATIONS: ' r I5)  
C 
C EXTERNAL PATH PARAMTERS 

I F  (FLAG22.EQ.'OFFV .AND. FLAG27 .EQ. 'OFF') GO TO 100 
WRITE (6r1060) 

1060 FORMAT ( 'O ' r4Xr 'EXTERNAL EXPOSURE PARAMETERS USED:') 
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WRITE (6,1065) RPFl ~ 

1065 FORMAT (15XI'RATIO OF EXTERNAL CONTAMINATION I N  SURFACE SOIL 1, 

.'TO SUBSURFACE SOIL', 1PE10.2E2) 
r\ 
b 

I F  (XF2 .GT. 0.0) WRITE (6,1070) XF2 
1070 FORMAT (15Xj'NUMBER OF HOURS OF EXPOSURE TO EXTERNAL 1, 

e '  CONTAMINATION', 1PE10.2E2) 
I F  (XF2 .EO.. 0.0) WRITE (6,1075) XFACT 

I F  ( I 2 2  .EQ. 0) WRITE (6,1080) 
1075 FORMAT (15X,'XFACT MODIFICATION: 'rlPE10.2E2) 

1080 FORMAT(15X, 'SURFACE DEPOSITS DRFS FROM ISOSHLD; ' 
.r'MODIFICATION FACTOR: 5.844E-11') 

C 

C 
C A I R  PATH PARAMETERS 
C 

C 

100 CONTINUE 

I F  (FLAG23 .EQ. 'OFF') GO TO 101 

WRITE (6,10901 
1090 FORMAT ('0',4X,'INHALATION PARAMETERS USED:') 

C 
R I N  = RINH * 8766. 
WRITE (6,1095) RINHtRIN 

1095 FORMAT (lSX,'MODIFICATION FACTOR , RINH:',  lPE10.2E2, 
./20X,' (EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR ' ,OPF6 -0, 
.I HR/YR)') 

C 
TINHL=!ANSPAUGH ' 
IF(AGE.LT.0 .O)TINHL='MASS LOADING' 
WRITE ( 6 6 1 TINHL 

' CONCENTRATION : 
6 FORMAT(15X,'RESUSPENSION MODEL USED FOR CALCULATING A I R  1, 

' 8 A 1  2) 
C 

C 
AVCM = XDPT * 15.0 
IF (AGE.GE.O.O)WRITE(6 ,7)AGE~AVCM 

7 FORMAT(15XI 'AVERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO: ', 
.lPE10.2E2,' YEARS'r/rl5X,'TOP 'rOPF4.1,' CM OF THE '3 

.'CONTAMINATED SURFACE LAYER I S  AVAILABLE FOR RESUSPENSION.', . lPElO.2E2/ / 1 
C 

IF(AGE.LT.O.O)WRITE(6,8)DENIXMLF 
8 FORMAT(15X,'SOIL DENSITY, G/M**3:'rlPE10.2E2~/r15X, 

.'MASS LOADING FACTOR, G/M**3:',1PE10.2E2,//) 
101 CONTINUE 

C 
C ORGANS 
C 
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W R I T E ( 6 r 9 )  (ONAME(KORG(1) 1 , I = l r N O R G )  
9 FORMAT(' ',/ 

.5X,'ORGANS FOR WHICH DOSES ARE CALCULATED .' 
(SAME ORDER AS', 

S O L U B I L I T I E S  GIVEN BELOW) : ' r / / r lOX,5(1OX,A lO)  1 
C 
C SIGN-OFF 

WRITE (6,101 
10 FORMAT( / / r20Xp ' INPUT PREPARED BY',25X,'DATE'r/r37X,25('='),4X, 

.10('='), / / ,2OX,'INPUT CHECKED BY'r26X,'DATE'r/r37X,25(")r4X, 

. l o (  '='I 1 
C RELEASES 
C 

I D  = 'YR' 
I D L  = I N T ( D I L F 1  
I F  ( I D L  .EQ. 1) I D  = 'L 

FM3M2='M**2) 
IF(M3M2.EQ.l)FM3M2='M**3) 
I F  (M3M2. EQ.2) FM3M2='KG 1 

C 

C 

C 
200 CONTINUE 

I F  ( I B I O  .GT. 01 M E N  
WRITE (6,1011) I B Y R  

1011 FORMAT ( '1 INVENTORY FOR YEAR '915,' OF BIOPORT SIMULATION.') 
ELSE 

WRITE (6,1012) 
1012 FORMAT ('1') 

ENDIF 
C 

WRITE(6,11)FM3M2, I D  
11 FORMAT(1H r5XI 'RELEASE TERMS ' r T 5 6 r ' S O I L  SOURCE' rT70r ' IRRIGAT' r  . ' ATION/ AQUATI C ' , T92 , ' DR I N K 1  NG WATER ' , n10 , ' ATM . 

.1 OX, ' NUCL I D E  ' 9 1 OX, ' ORGAN SOL UB I L  I T Y  CLASSES ' 9 5 x 9  ' ( P C I /  ' , A5 . ' ( P C I /  ' 9  A2r  ' 1  ' r 9 X I  ' ( P C I / L )  ' r l O X ,  ' ( C I / Y R )  ' , / I  

RELE AS E ' , / , 
1 OX, 

C 
DO 13 I = l r N O N U C  
WRITE(6~12)ELTO(I)rAWO(I)r(NTR(J~I)~J=lr5) r O A P R ( I ) r A M I ( I ) , A M J ( I )  . , A M L ( I )  

12 FORMAT(1OX,A2,1X,A6r8X,514~4(8X~lPE10.2E2)) 
13 CONTINUE 

C 
C NOTE BOX 

I F  (NEXT .EQ. 5)  GOT0 201 
IBOX=50-NONUC 
IF( IBOX.LT.6)GO TO 20 
W R I T E ( 6 r l 4 )  

1 4  FORMAT(/,20X,20('*')r'PLEASE NOTE ANY SPECIAL CONSIDERATIONS I N ' ,  
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IBX= IBOX-2 

DO 16 I = l ,  IBX 
WRITE (6,151 

IF(IBX.GT.20)IBX=20 

15 FORMAT(ZOX,'*',90X,'*'I 
1 6  CONTINUE 

WRITE (6, 17 1 
17 FORMAT(20X,92('*')) 

C 
201 CONTINUE 
20 RETURN 

C 
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c-------------------""""""""""------------------------------------- 
C 

C 
C 
C BIOPORT COMPUTER. THE RADIONUCLIDES AND THEIR ORDER MUST BE 
C 
C 
C 
C 
C 
C 
C TO REDUCE EXECUTION TIME. 
C 
C M o d u l e  o f  M A X I 1  
C Version o f  25-APR-84 RAP 
C 

C 

SUBROUTINE RDSUB (Q, QI ,  QJ, NFLAG, OAPRr RIM)  

T H I S  ROUTINE I N I T I A L I Z E S  SUBSEQUENT INVENTORIES GENERATED BY THE 

THE SAME AS INPUT FOR THE F I R S T  EXECUTION. 
RADIONUCLIDES BE ARRANGED I N  CHAINS AS THEY APPEAR I N  RMDLIB. 

CONSIDERED I F  M I S  ROUTINE I S  ADAPTED TO OTHER USES. 

T H I S  ROUTINE ELIMINATES REREADING OF THE DOSE FACTOR LIBRARIES 

I T  I S  ALSO NECESSARY THAT 

T H I S  I S  TRANSPARENT TO THE BIOPORT USER, BUT MUST BE CAREFULLY 
USER BEWARE1 

c-------------------""""""""""-------------------------------------- 

COMMON / D A T A l /  ELT0(50)~AW0(50)~IOFNUC(50~~NONUC~DK(2~50~~ 

IFOD, IARG, IWAT, RIRR, RPFt XMLF, DILF,  IMO, DEN, I E X T  

DIMENSION Q ( 5 0 ) r  OAPR(50)r  OI(501, OJ(50)r NFLAG(300)  

. I F R M ~ 2 ~ 5 0 ~ ~ A L ~ 5 0 ~ ~ A M ~ 5 O ~ ~ S O I L C N ~ 5 O ~ ~ I ~ N ~ ~ I ~ 5 O ~ ~ A M J ~ 5 0 ~ ~  . 
C 

CHARACTER"6 AWO 
C 

CALL ZEROR (50, AM) 
CALL ZEROR (50rOAPR) 
CALL ZEROR (50,AMI) 
CALL ZEROR ( 5 0 r A M J )  

C 
C 
C 

C 
C I F  (NFLAG(1L)  .GT. 0)  THEN 

SET INPUT INVENTORY I N T O  CORRESPONDING CHAIN POSITION: 

DO 100 I L  = 1, NONUC 

I N  = I L  
A M ( I L )  = Q ( I N )  * R I M  
QAPR(1L) = Q ( I N )  
A M I ( 1 L )  = Q I ( I N )  
A M J ( I L 1  = Q J ( I N )  

C ENDIF 
C 

100 CONTINUE 
C 

C 
RETURN 

c-------------------"""""""""'---------------------------------- 
END 
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c----------------------------------------------------------------------- 
C 

C 
C 
C DECAY DATA. 
C 
C M o d u l e  o f  M A X I 1  
C Version o f  25-APR-84 
C 
c------------------------------------------------------------------------- 
C 

SUBROUTINE RL I B I N  ( T I T L R )  

M I S  SUBROUTINE READS A MASTER NUCLIDE DATA LIBRARY WITH CHAIN 

COMMONIRL I B / E L T ( 3 0 0 )  JAW ( 300) J TR (300) t NUCJ NCH J NCHN(3 00 9 NOFNUC (ZOO 

DIMENSION T I T L R ( 2 0 )  J IT(2)  JFR(2)  

CHARACTER AW*6rA*6 

. J NCHST( ZOO) J I F R (  2 ~ 3 0 0 )  J DKF( 2 ~ 3 0 0 )  J IMEM (300) 

C 

C 
C I N I T I A L I Z E  INDICES 
C 

IMO=O 
NCH=O 
NUC=1 

C 
C READ T I T L E  CARD 
C 

C 
C READ AND COUNT NUCLIDE I D  AND DECAY DATA. 
C 

C 
C TEST FOR END OF LIBRARY 
C 

RE AD ( 1 0 J 2 00 J EN D=9 9 1 T I  TL R 

1 R E A D ( ~ O J ~ O O J E N D = ~ ~ )  E J A J T J I M J I T ( ~ )  J F R ( 1 )  J I T ( 2 )  J F R ( ~ )  

IF(IM.GT.0) GO TO 2 
NUC=NUC-1 
IF(NUC.GT.300) GO TO 98 
IF(NUC.LT.1)  GO TO 98 

RETURN 
C 

C 
C TEST FOR NEW CHAIN8 I M  = 1 
C 

C 
C F I R S T  MEMBERS NEW CHAIN 
C 

2 IF ( IM.GT.1)  GO TO 3 

NCH=NCH+l 
NOFNUC(NCH)=l 
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I M O = l  
NCHST(NCH)=NUC 
GO TO 4 

C 
C DAUGHTER NUCLIDES 
C TEST ORDER 
C 
C 

3 IF(1M-IMO.NE.l)  GO TO 97 
IMO=IM 
NOFNUCX NCH 1 =NOFNUC ( NCH 1 +1 
I F R (  1 , NUC) = I T (  1) 
I F R ( 2 , N U C ) = I T ( 2 )  
D K F ( l r N U C ) = F R ( l )  
DKF(2,NUC)=FR(2) 

C 
C SET DATA FOR CURRENT NUCLIDE. 
C 

4 ELT(NUC)=E 
AW ( NUC) =A 
TR ( NUC) =T 
IMEM(NUC)=IM 
NC"(NUC)=NCH 
N UC= N U C+1 
GO TO 1 

C 
C P R I N T  ERROR MESSAGES AND STOP 
C 

97 P R I N T  500, N C H t I M  
500 FORMAT(1Hl r '  DIAGNOSTIC 5: DECAY C H A I N ' r I 4 , '  HAS IMPROPER ORDER. C 

.URRENT MEMBER INDEX I S ' r I 4 )  
STOP 

98 P R I N T  300, NUC 
300 FORMAT(1Hl r '  DIAGNOSTIC 6: IMPROPER NUMBER OF NUCLIDES I N  MASTER L . IBRARY NUC=' , 18) 

STOP 
99 P R I N T  400 

400 FORMAT(lH1,' DIAGNOSTIC 7: END OF F I L E  ON MASTER LIBRARY U N I T  10') 
STOP 

C 
C INPUT DATA FORMATS 
C 

100 FORMAT(A2,A6rE10.2r12p2(12rF7.4)) 
200 FORMAT(20A4) 

C 

C 
END 
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" 
C 

SUBROUTINE SETDAT ( E L T I ,  AWIINFLAG, NFLAGC, Q, 
KORG, NORG, NSOLD , NTR, 0.1 QJ , R I M  
OAPRr ISUR)  

C 
C Th is  subrout ine  s to res  decay and dose f a c t o r  d a t a  f o r  each 
C rad ionuc l i de  i n  t h e  inventory .  
C 
C Module o f  M A X I 1  
C Version o f  11-MAY-84 RAP 
C c------------------------------------------------------------------------- 
C 

C 
C O M M O N / T H I R D S / Q K ~ 5 0 ~ ~ A M L ~ 5 O ~ ~ X Q S I T E ~ I A I R ~ I D ~ I R ~ I B L O W  

COMMON/RL I B / E L T ( 3 0 0 )  t AW (300) , TR (300 1 NUC, NCH, N C " ( 3  00) 9 NOFNUC( 200) 
r N W S T ( 2 0 0 )  8 I F R ( 2 t 3 0 0 )  ,DKF(2,300) , IMEM(300)  

C 
C O M M O N / D A T A 1 / E L T 0 ~ 5 0 ~ ~ A W O ~ 5 O ~ ~ I O F N U C ~ 5 0 ~ ~ N O N U C ~ D K ~ 2 ~ 5 0 ~ ~  

. IFRM(2,50) , A L ( 5 0 )  t A M ( 5 0 )  pSOILCN(50)  , I C " , A M I ( 5 0 )  pAMJ(50)  9 

.IFOD~IARG~IWAT,RIRR,RPF~XMLF~DILF~IMO~DEN~IEXT 
C 

C O M M O N / D A T A 2 / D F D O S ~ 5 O ~ 5 O ~ 5 ~ ~ A I D O S ~ 5 O ~ 5 O ~ 5 ~ ~ I N D O S ~ 5 O ~ 5 O ~ 5 ~ ~  
.DEXT(5O)~ARGF(50r50,5),ARDW(50,50~5),DEDXT(50) 

C 
DIMENSION 
DIMENSION Q I ( 5 0 )  ,QJ(50),QAPR(50) 
DIMENSION KORG(51, NSOLD(5r501, NTR(5p50)  

E L T I  (50) 9 AW I (50) , NFLAG(300)  p NFLAGC( 200) 9 Q( 50) 

C 
CHARACTER"6 AW, AWLS, AWX, AW I, AWO, AWAW , AWW, AWDX, A 
REAL INDOS 

INUC=O 
I C " = O  

C 

C 

C CALL ZEROR(5OpAWO) 
C 

CALL ZEROR(50rELTO) 

DO 8881 I R A P  = 1,50 
AWO(IRAP1 = I 

8881 CONTINUE 
C 

CALL ZEROI(50,IOFNUC) 
CALL ZEROR(50,AL) 
CAL L ZEROR ( 50 , AM 1 
CALL ZEROI(250,NTR) 

C 
C 
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LOOP ON ALL CHAINS FROM MASTER LIBRARY 

DO 20 I C = l r N C H  

I F  T H I S  CHAIN I S  NOT USED, THEN S K I P  TO 20 

I F ( N F L A G C ( I C ) . N E . l ) G O  TO 20 

I CH N= I CH N+ 1 
NCN=NOFNUC(IC) 
Nl=NCHST( I C )  
NZ=Nl+NCN-l 
IONE=O 
I = O  

LOOP ON ALL NUCLIDES I N  ACTIVE CHAIN 
C 

C 
C CAPTURE ALL DAUGHTERS 
C 

IF(IONE.EQ.1)GO TO 
C 

DO 15 I L = N l , N Z  

10 

C I F  T H I S  NUCLIDE AT THE FRONT OF THE CHAIN I S  NOT SPECIFIED, SKIP.  
C 

I F ( N F L A G ( I L 1  .EQ.O)GO TO 1 4  
IONE=1 

C 
C SET ALL DATA FOR T H I S  NUCLIDE FROM INPUT AND EXTERNAL F I L E S  
C 

10 INUC=INUC+l  
IF( INUC.GT.50)GO TO 97 

C 
C RADIOLOGICAL DATA 
C 

16 

IFRM(l~INUC)=MAX(O,IFR(lrIL)-I) 
IFRM(Z~INUC)=MAX(O,IFR(2~IL)-I) 
DK( 1, I N U C ) = D K F ( l ,  I L )  
DK(2, I N U C ) = D K F ( Z r I L )  
AL ( I N  UC) =O .6 93 / TR ( I L 1 *3 65.25 
I F ( N F L A G ( I L 1  .EQ.O)GO TO 16 
NFIL=NFLAG( I L )  
AM( INUC)=Q(NFIL>*RIM 
QAPR ( INUC) =Q( N F I L  1 
AMI ( INUC)  = Q I  ( N F I L )  
A M I  ( INUC) =QJ ( N F I L  1 
AML( INUC)=QK(NFIL )  
CON T I N  UE 
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DEBUG P R I N T  STATEMENT-- 
P R I N T  8888, INUC, E L T ( 1 L ) r  AW( IL )  
FORMAT ( 1  INUC: ' , 15 r lX ,AZrA6)  

E L T O ( I N U C ) = E L T ( I L )  
AWO(INUC)=AW(IL) 

ORGAN SOLUBIL ITY  DATA-- 
DO 250 J ORG=1 ,NORG 

250 NTR( JORG, INUC)=NSOLD( JORG, N F I L  1 
C 

IRAP=O 
E=ELTO( INUC)  
A=AWO ( INUC) 

C 
C LEAF AND SOIL  MECHANISM DATA 

I F  ( I F O D  .EQ. 0) GO TO 30 
I R A P  = 1 
CALL DFREAD( IRAP, E, A, NORG, KORG, INUC) 

3 0  CONTINUE 
C 
C AQUATIC FOOD DATA 

IRAP= 2 
I F  ( I A R G  .EQ. 0) GO TO 40 

CALL DFREAD(IRAP,E,A,NORGIKORGp INUC)  
40 CONTINUE 

C 
C DRINKING WATER DATA 

I F  ( I W A T  .EQ. 0) GO l u  -Iu 
IRAP= 3 
CALL DFREAD(IRAP,E,A,NORG,KORG, INUC) 

50 CONTINUE 
C 
C SURFACE EXTERNAL DATA 

IF ( I S U R  .EQ. 0) GO TO 60 
I R A P  = 4 
CALL DFREAD( IRAPI E, A, NORG, KORG, INUC)  

60 CONTINUE 
C 
C BURIED/STORED DATA 

I R A P  = 5 
I F  ( I E X T  .EQ. 0) GO TO 70 

CALL DFREAD( IRAP, E, A, NORG, KORG, INUC) 
70 CONTINUE 

GO TO 15 
C 

C 
C INCREMENT INDEX TO S K I P  UNUSED CHAIN MEMBERS 

14 I= IMEM ( I L )  
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15 CONTINUE 

C 
C SET NUMBER OF NUCLIDES I N  REDUCED CHAIN 
C 

C 
C 
C8872  FORMAT(" AT 15 I N  SETDAT ( IOFNUC, ICHNpNCN, I) : ",414) 
C 
C 

C 

C 

C 
C 

IOFNUC( IC") =NCN-I 

P R I N T  8872, IOFNUC( IC") p IC", NCN, I 

20 CONTINUE 

NON UC= I N  UC 

RETURN 

97 WRITE(6898)  INUC 
98 FORMAT(lH1,t DIAGNOSTIC 13 :TOO MANY NUCLIDES ATTEMPTED I N  SUBROUTI 

.NE SETDAT. I N U C = ' r I 5 )  
STOP 

C c------------------------------------------------------------------------- 
C 

END 
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- ~ - - -  

C 
SUBROUTINE SOLCON ( I T I M 2 ~ I C H ~ I N U C ~ A I T I M E ~ J ~ A O ~ J T I M E ~ A M T ~ I T l ~  

AMKIAMMI RPF1) 
C 
C M I S  SUBROUTINE I S  USED TO CALCULATE THE SOIL  CONCENTRATION OF 
C BOTH M E  DECAYING SURFACE CONTAMINATION AND DEPOSITED 
C CONTAMINATION FROM IRRIGATION 
C 
C M o d u l e  o f  M A X I 1  
C Version o f  25-APR-84 RAP 
C 
c---------------------------------------------------------------------- 
C 

C O M M O N / D A T A 1 / E L T 0 ~ 5 0 ~ ~ A W O ~ 5 O ~ ~ I O F N U C ~ 5 0 ~ ~ N O N U C ~ D K ~ 2 ~ 5 0 ~ ~  
~ I F R M ~ 2 , 5 0 ~ , A L ~ 5 0 ~ ~ A M ~ 5 O ~ ~ S O I L C N ~ 5 0 ~ ~ I C " ~ A M I ~ 5 O ~ ~ A M J ~ 5 0 ~ ~  
. I F O D ~ I A R G ~ I W A T ~ R I R R ~ R P F ~ X M L F ~ D I L F ~ I M O ~ D E N ~ I E X T  
CHARACTER"6 AWO 

DIMENSION AMM(50) 
C 

DIMENSION AO(50)  ,AMK(50),AMT(SO) 
C 

I S  T= I N  U C t  1 
IF(J .EQ.1)  GO TO 150 
GO TO 160 

C 
C DECAY ONE MEMBER CHAINS AND CORRECT FOR IRRIGATION BUILDUP AND 
C 'PLOW FACTOR', THE MULTIPLICATIVE R A T I O  BETWEEN 
C BURIED AND SURFACE WASTE 
C 

150 AO( I S T )  =AO( IST)+AMK( I S T )  *RIRR*IMO+AMM( I S T )  *3.15E4 
AO(IST)=AO(IST)*EXP(-AL(IST)) 
SOILCN( IST)=AM( I S T )  *RPFl*EXP(-AL ( I S T I  *JTIME)+AO( I S T )  
IF ( IEXT.NE.1)  GO TO 170 

C 
C SETS AMT I F  ON 

I F  ( J TIME. GE . In 1 AMT( I S T )  =AM ( I S T )  *EXP ( -AL ( I S T )  *J TIME 1 
GO TO 170 

K=IST+IOFNUC( ICH)- l  
160 CONTINUE 

C 
C CALL CHAIN DECAY 
C 

DO 100 I= IST,K 
I F  ( I T I M 2 .  EO. 1) 

I F ( I T I M 2 . G T . l )  
.SOILCN(I)=(AM(I)*RPFl)/AL(I) 

. S O I L C N ~ I ~ = ~ S O I L C N ~ I ~ t A M K ~ I ~ * R I R R * I M ~ 3 . 1 5 E 4 * A M M ~ I ~ ~ / A L ~ I ~  
100 CONTINUE 
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C, ACHAIN( J t  AITIMEtDK . SOILCN( IST) 1 
DO 200 I=ISTpK 

COMPUTER CODE LISTING - MAXI1 
IST) IFRM(1 p IST) t AL ( IST) JSOILCN( IST) t 

SOILCN(I)=SOILCN(I)*AL(I) 

IF(JTIME.LT.1Tl) GO TO 170 

IF(IEXT.NE.1) GO TO 170 

200 CONTINUE 

C 

C 
C THIS SEGMENT SETS AMTt AMOUNT OF DEEPLY BURIED WASTE 
C 

DO 300 I=ISTJK 
AM (I 1 =AM (I 1 /AL ( I) 

300 CONTINUE 
ATIM=JTIME 
CALL ACHAIN( J t  ATIMtDK(1t IST) t IFRM(l8 IST) PAL( IST) JAM(IST) ,AMT(IST) 

. I  
DO 310 I=ISTtK 
AM(I)=AM(I)*AL(I) 
AMT( I) =AMT( I) *AL ( I) 

310 CONTINUE 
170 CONTINUE 

C 

C 
c------------------------------------------------------------------------ 
C 

RETURN 

END 

1. A-50 



APPENDIX l . A  COHPUTER CODE LISTING - MAXIl 
c------------------------------------------------------------------------- 
C 

C 
C M I S  SUBROUTINE I S  USED TO DECAY THE WATER RELEASE SOURCE 
C TERM I F  NECCESSARY. USED FOR OVERFLOW RELEASE CASES. 
C 
C M o d u l e  o f  M A X I l  
C Version o f  25-APR-84 
C 
c------------------------------------------------------------------------- 
C 

SUBROUTINE WATER( IDKWAT, INUC, JTIME, AMK, J 1 

COMMON/DATAl/ELTO(50) ,AW0(50), IOFNUC(50) rNONUC,DK(2,50) , 
A I F R M ( Z r 5 0 )  r A L ( 5 0 )  r A M ( 5 0 )  r S O I L C N ( 5 0 )  , I C H N t A M I ( 5 0 )  r A M J ( 5 0 )  , 
AIFOD, IARG, IWAT, RIRR,RPF,XMLF,DILF, IMOIDEN, I E X T  

C 
CHARACTER*6 AWO 
DIMENSION AMK( 50) 

C 
1 CONTINUE 
C I F  NOT DECAYING WATER SOURCE, SET AMK=AMI 
C 

I S  T= I N  UC+ 1 
K= I S  T+ J -1 
IF(IDKWAT.NE.O)GO TO 10 
DO 100 I=IST,K 

100 A M K ( I ) = A M I ( I )  
GO TO 90 

C 
C DECAY ONE MEMBER CHAINS 
C 
10 IF(J.GT.1)GO TO 20 

AMK(IST)=AMI(IST)*EXP(-AL( I S T ) * J T I M E )  
GO TO 90 

C 
C CALL CHAIN DECAY ROUTINE 
C 
20 DO 200 I = I S T p K  
200 A M I ( I ) = A M I ( I ) / A L ( I )  

CTIME=JTIME 
CALL ACHAIN ( J  , CTIME, DK( 1 , I S T )  9 IFRM(  1, I S T )  r AL ( I S T I  ,AMI ( I S T )  , 

AAMK ( I S T )  1 
DO 300 I = I S T , K  
A M I ( I ) = A M I ( I ) * A L ( I )  

300 A M K ( I ) = A M K ( I ) * A L ( I )  
C 
90 RETURN 
v 

END 
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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 

Program T i t l e :  ONSITE 

Developed f o r :  U.S. Nucear Regulatory Commission 
O f f i c e  o f  Nuclear Ma te r ia l  Safety 8 Safeguards 
D i v i s i o n  o f  Waste Management 

Date: May 31, 1984 

NRC Contact: D r .  Stan Neuder 
Phon e : 3 0 1 -4 27 -46 07 

Code Developer: B.A. Napier, R.A. Peloquin, W.E. Kennedy, J r .  
P a c i f i c  Northwest Laboratory 
Richland, WA 509-375-3849 (WEK) 

Th is  program was prepared f o r  an agency o f  t h e  Uni ted Sta tes  
Government. Ne i ther  t h e  Un i ted  States government nor  any agency 
thereof ,  o r  any o f  t h e i r  employees, make any warranty, expressed 
o r  implied, o r  assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  
any t h i r d  p a r t y ' s  use, o r  t h e  r e s u l t s  o f  such user o f  any p o r t i o n  
o f  t h i s  program o r  represents t h a t  i t s  use by such t h i r d  pa r t y  
would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ONSITE is t h e  i n t e r a c t i v e  user/system i n t e r f a c e  f o r  t h e  ONSITE 
Disposal Version o f  t h e  M A X I l  computer code. ONSITE crea tes  
a f i l e  con ta in ing  t h e  JCL and i n p u t  stream f o r  M A X I 1 .  

Version o f  1-MAY-84 RAP 

The program ONSITE inc ludes t h e  f o l l o w i n g  modules: 

CHANGE - t o  query i f  parameter i s  t o  be changed, and i f  so, 
t o  i n p u t  t h e  new value 

D I S I N V  - t o  d i sp lay  and c o n t r o l  mod i f i ca t i ons  t o  t h e  
user-entered inventory  

GROUP - t o  determine i f  changes a re  requ i red  f o r  a group 

INTRO - t o  d i sp lay  i n t roduc to ry  message 
MODIF - t o  modify se lec ted  scenar io  parameters 
QUANTI - t o  read i n  source term t h i s  rad ionuc l ide  
RADIN - t o  read Sn and t e s t  r a d l o l o g i c a l  inventory  
RITFIL - t o  w r i t e  M A X I l  JCL and i n p u t  stream 
SELECT - t o  s e l e c t  and t e s t  scenar io  o p t i o n  
SCENR - t o  e s t a b l i s h  scenar io  d e f a u l t  parameters 

o f  parameters 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Program v a r i a b l e  desc r ip t i ons  -- 
I R S  - Index o f  scenar io  used f o r  d e f a u l t  values 
ICFLAG - CHANGE subrout ine passing f l a g :  ( re turned)  

0 - no change requested 
1 - change requested 

( re turned)  
0 - no change requested i n  t h i s  group 
1 - change requested i n  t h i s  group 

1 - in tege r  va lue 
2 - r e a l  va lue 
3 - double p r e c i s i o n  va lue 

IGFLAG - GROUP subrout ine f l a g :  

ITFLAG - CHANGE subrout ine passing f l a g :  (sen t )  

I X  - CHANGE subrouotine passing parameter - in tege r  va lue 
I H  - CHANGE passing parameter - maximum a l lowab le  i n t e g e r  i n p u t  
I L  - CHANGE passing parameter - minimum a l lowab le  i n tege r  i n p u t  
GNAME(2) - Real*8 name o f  subgroup passed t o  GROUP 
RX - CHANGE subrout ine  passing parameter - r e a l  va lue 
RH - CHANGE passing parameter - maximum a l lowab le  rea l  i n p u t  
RL - CHANGE passing parameter - minimum a l lowab le  r e a l  i n p u t  
R8X - CHANGE subrout ine passing parameter - rea l *8  va lue 

in t roduce program, descr ibe scenarios t o  user, 8, e s t a b l i s h  d e f a u l t s  ---- 
CALL INTRO 
CALL SCENR 

i n p u t  t ime and requ i red  parameters ..................................... 
WRITE (SCRNp1100) 
FORMAT ( I  ',20(/),' ' 8  

. 'Enter a d e s c r i p t i v e  t i t l e  t o  i d e n t i f y  t h i s  case: 1 )  

READ (KEYI1101) (TITL(1)r  I = l r 2 0 )  
1101 FORMAT (20A4) 
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200 CONTINUE 
C 

WRITE (SCRN,1110) In 
1110 FORMAT ( '  ' ,20(/), '  ' t  

. ' T h i s  scenar io  begins 1,14,1 years  a f t e r  the waste is' 

. / I  disposed. ' )  
CALL CHANGE ( ( 1 1 ,  ICFLAG, 1x9 (01, (99991 ,  RX, RL, RH, R8X) 
I F  (ICFLAG.EQ.1) In = I X  

IT2  = In + 49 
C 

WRITE (SCRNp1111) I T 2  
1111 FORMAT ( '  ', 

.'This scenar io  wi l l  e n d  1,14,1 years  a f t e r  the waste i s 1 /  

. I  disposed. OK? ( Y / N ) f )  
READ (KEY, 8001) IDUM 
I F  ( IDUM .EQ. I N 1  .OR. IDUM .EQ. r n r )  GO TO 200 

C 
WRITE (SCRN,1120) 
WRITE (SCRN,1121) I O U T  

C 
1120 FORMAT ( '  ' r 1 4 ( / ) r '  ' p  

.'Three t y p e s  of printer r epor t s  a r e  ava i l ab le :  I / /  

. 'nucl i d e  and1/ 
I 

I 

I 2- Table above p lus  annual doses by organ, pathway and', 

0- Tables of maximum annual dose per organ w i t h  r ad io ' ,  

1- Table above p lus  annual doses by organ and t o t a l ' /  
pathway con t r ibu t ion ' /  

. I  radionuclide!) 
C 

1121 FORMAT ( / / I  ', 
. 'The current s e l e c t i o n  is:f,12) 

CALL CHANGE ( ( 1 1 ,  ICFLAG, I X ,  (11 ,  ( 3 ) s  RX, RL, RH, R8X) 
I F  (ICFLAG.EQ.1) I O U T  = I X  

I F  ( I R S  .GT. 1 .AND. IRS .LT. 5) GO TO 304 
C 

C 
C---- i f  scenar io  1 o r  5, f ind  out  where t h e  wastes a r e  located and se t  f l a g s  
C 

I F  ( I E X T  .EQ. 0) GO TO 304 
- WRITE (SCRNI1210)  

DO 302 I = 1, 4 
WRITE (SCRN, 1211) 1, (EXTFAC(J,I) ,J=1,2) 

302 CONTINUE 
WRITE (SCRN, 1212) I L O C  

C 
1210 FORMAT ( '  ' ,14(/), '  1 ,  

1 I n  t h i s  scenar io ,  wastes may b e : ' / / )  
1211 F O R M A T ( 2 0 X t I Z r '  -',2A8) 
1212 FORMAT ( / / , I  The current s e l e c t i o n  is: ' , I 1 1  

CALL CHANGE ( ( l ) , I C F L A G , I X , ( l )  ,(4),RX,RL,RH,R8X) 
I F  ( ICFLAG .EQ. 1) ILOC = I X  
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304 CONTINUE 
C 
C---- query i f  changes a re  des i red t o  scenarios 8 modify ..................... 
C 

I F  ( I R S  .LT. 5 )  GO TO 111 
IMOD=1 
CALL OPTION 
GO TO 100 

111 CONTINUE 
C 

WRITE (SCRN, 1001) I R S  
1001 FORMAT ( 1  ' 9  

.14X,44( ' # I )  //14X, 'Do you wish t o  modify any parameter values f o r '  

./14X,IScenario ',Il,' (N/Y)  ? ' I  
READ (KEY180011 IDUM 

8001 FORMAT ( A l l  
WRITE (SCRN11002) 

1002 FORMAT ( 1  ',14(/)) 
C 

I F  ( IDUM .EQ. VYt .OR. IDUM .EO. f y f )  IMOD =1 

I F  (IMOD .EQ. 1) CALL MODIF 
100 CONTINUE 

C 
C 

C 
C---- s e t  area c o r r e c t i o n  fac to r  ........................................ 

400 CONTINUE 
I F  ( I R S  .EQ. 4)  GO TO 401 

C 
C 

WRITE (SCRN,1300) FRSIZ  
1300 FORMAT ( '  ',14(/),' ', . . 9 (ie., 10000 sq m), i s  ',lPGlO.3,1.') 

'The s i z e  o f  t h e  s i t e  i n  terms o f  f r a c t i o n a l  hectares'/  

CALL CHANGE ( (2)  , ICFLAG, 1x9 I L  3 IH ,  RX, ( 1. E-35) 9 ( 1. E35 1 , R8X) 
I F  (ICFLAG.EQ.1) F R S I Z  = RX 

C 
C 

WRITE (SCRNp1301) FRSIZ  
1301 FORMAT ( / / / / I  ' 9  

.'The inventory  w i l l  au tomat ica l l y  be adjusted by the ' /  

. I  appropr ia te  area c o r r e c t i o n  f a c t o r  f o r  each exposure1/ 

. I  pathway based on a s i t e  s i z e  o f  1, 1PG10.3, 1 hectares. ' /)  
C 
C 

GNAME(1) = ' t h e  ab'  
GNAME(2) = 'ove 

I F  (IGFLAG.EQ.1) GO TO 400 

I 

CALL GROUP (IGFLAG, GNAME) 

C 
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I F  (FRSIZ .GE. 1.0) M E N  

ELSE 
AREAIN = 1.0 

I F  (FRSIZ .GE. 0.1) THEN 

ELSE 
AREAIN = 0.75 

I F  (FRSIZ .GE. 0.02) THEN 

ELSE 
AREAIN = 0.50 

I F  (FRSIZ .GE. 0.005) THEN 

ELSE 

ENDIF 

AREAIN = 0.25 

AREAIN = 0.10 

ENDIF 
ENDIF 

ENDIF 

I F  (FRSIZ .GE. 0.125) M E N  

ELSE 
AREAEX = 1 .O 

I F  (FRSIZ .GE. 0.05) THEN 

ELSE 
AREAEX = 2.7 * FRSIZ t 0.67 

I F  (FRSIZ .GE. 0.01) THEN 

ELSE 
AREAEX = 6.5 * FRSIZ + 0.48 

I F  (FRSIZ .GE. 0.0025) THEN 

ELSE 

ENDIF 

AREAEX = 20.0 * FRSIZ + 0.35 

AREAEX = 160.0 * FRSIZ 

ENDIF 
ENDIF 

END1 F 

401 CONTINUt 
C 

C 
C----- i n p u t  r a t i o  and inventory  u n i t s  -____---__L-___-___-L________________ 

I F  ( I S U R  .EO. 1 .AND. IEXT .EQ. 1) THEN 
WRITE (SCRN,1220) RPFl 

1220 FORMAT ( 1  ' 914( / )s '  ' t  . 'Th is  scenar io  assumes both sur face  contaminat ion and'/ . 1 contaminat ion from bur ied  or s to red  waste. What i s ' /  . t h e  r a t i o  o f  waste concent ra t ion  i n  t h e  sur face t o 1 /  . 1 subsurface s o i l s ?  (Range = 0.0 t o  l . O ) f /  . 1 The c u r r e n t  s e l e c t i o n  i s :  1PG10.3) 
CALL CHANGE ( ( ~ ) ~ I C F L A G I I X ~ I L ~ I H I R X , ( O ~ O ) ~ ( ~ . O ) ~ R ~ X )  
I F  (ICFLAG .EQ. 1) RPFl = RX 
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C 

C 

13 1 
C 

1230 

APPENDIX 1 .B COF(PUTER CODE LISTING - ONSITE 
ELSE 

I F  ( I S U R  .EQ. 1) RPFl = 1.0 
I F  (IEXT .EQ. 1) RPFl = 1.0 

END1 F 

I F  ( I R S  .EQ. 4) GO TO 300 

WRITE (SCRNr1230) 

DO 131 I = 1 9  4 
WRITE (SCRNr1231) I r  NVU(1) 

CONT I N  UE 

WRITE (SCRNr 1232) INUT 
FORMAT(' ' r 2 4 ( / ) r '  ' r  

.'The sur face/bur ied inventory  may be entered as: I / / )  

.'The c u r r e c t  s e l e c t i o n  i s :  frI1) 

1231 FORMAT(15Xr I l r '  - 'rA4) 
1232 FORMAT(//' ' r  

C 
CALL CHANGE ((1) rICFLAG, 1x9 (1) s (4 )  s RXrRLrRHrR8X) 
I F  (ICFLAG .EQ. 1) INUT = I X  

C 

142 

C 
1200 

1201 
1202 

C 

C 

WRITE ( SCRNr 1200) 
DO 142 I = l r  3 

I M 3 = 1 - 1  
WRITE (SCRNr1201) IM3r NVU(1NUT)r (UNITS(J r I ) r J= l r2 )  

CONTINUE 
WRITE ( SCRNr 1202) M3M2 

FORMAT ( '  ' r 1 4 ( / ) r '  ' r  

'The contamination deposited on t h e  s i t e  a t  s t a r t  o f f /  
1 c a l c u l a t i o n  may be entered i n  t h e  f o l l o w i n g  un i t s : ' / / )  

FORMAT ( / I r  The c u r r e n t  s e l e c t i o n  i s :  1,111 
FORMAT (15x1 I l r '  - 'rA4r2A8) 

CALL CHANGE ((l)rICFLAGrIXr(O)r(2)rRXrRLrRHrR8X) 
I F  (ICFLAG .EQ. 1) M3M2 = I X  

300 CONTINUE 
C 

C 
I F  ( I R S  .EQ. 4) GO TO 301 

WRITE ( SCRNr 1250) SRDIL 
1250 FORMAT(' ' r 1 4 ( / ) r '  ' r  . 'The su r face lbu r ied  inventory  d i l u t i o n  f a c t o r  i s :  ',lPG10.2/ . 1 (range = 0.0 t o  1 .OE+20) 1 )  

CALL CHANGE ( ( 2) r ICFL AG 9 1x3 I L  r I H  r RXr ( 0 e 0  1 r ( 1. E20 1 r R8X) 
I F  (ICFLAG .EO. 1) SRDIL = RX 

301 CONTINUE 
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,---. 

C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 

C 

REAL NVUNIT 

COMMON /VARYBL/ IFOD, RIRRIRPF, IMO, R F l r  RF2r  IARG, IWAT, 
IDKWAT, IEXT, I A I R ,  XQSITE, IDKAIR,  
ISUR, 122, XF2r  
AGE, XDPT, DEN, XMLF, RINH, DILF,  M3M2r INTRUD, 
In, I T Z ,  NORG, KORG(51, IOUT, NEXT, 
RPF1, RPF2r INHAL, IRR, SRDIL, NVUNIT(4)  

COMMON / I N V /  NIN, 
Q( 10 

REAL*8 AWI 
INTEGER E L T I  

COMMON /FLAG/ IRS, ILOC, INUT, IARL, IWRL 

I R S  - INDEX OF SELECTED SCENARIO 
I L O C  - INDEX OF LOCATION OF THE WASTE: 

1) SURFACE 
2) BURIED AT 0.5 M 
3 )  BURIED A T  1.0 M 
4) STORED 

I N U T  - INDEX OF RADIOLOGICAL UNITS INPUT FOR ARRAYS 

I A R L  - SET I F  SURFACE/BURIED CONTAMINATION 
IWRL - SET I F  L I Q U I D  CONTAMINATION 

NVU (DESCRIPTION) AND NVUNIT(M0D. FACTOR) 

COMMON /AREA/ FRSIZ, AREAIN, AREAEX 

F R S I Z  - S I Z E  OF THE S I T E  I N  FRACTIONAL HECTARES 
AREAIN - AREA CORRECTION FACTOR FOR INTERNAL PATHWAYS 
AREAEX - AREA CORRECTION FACTOR FOR EXTERNAL PATHWAYS 

COMMON /DESC/ TITL(20) , U N I T S ( 2 3 3 )  , NVU(4) 
REAL*8 UNITS 
REAL"4 TITL, NVU 

COMMON /IOVAR/ SCRN, OUT, OUTFIL, KEY 
CHARACTER*15 OUTFIL 
INTEGER SCRN, OUT 



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 CHANGE ( ITFLAG, I C F L A G j  1x8 IL,  IH,  R X I  RLp RH, R8X) 

CHANGE i s  c a l l e d  t o  query i f  parameter i s  t o  be changed, 
and i f  S O ,  t o  i n p u t  t h e  new value 

This  subrout ine w i l l  handle in teger ,  rea l  and alphanumeric 
i n p u t  and w i l l  t e s t  t h e  l i m i t s  on i n tege r  and rea l  inpu t .  
Alphanumeric i n p u t  1s read i n t o  t h e  rea l *8  var iab le .  

and t e s t  i f  w i t h i n  t h e  l i m i t s .  

ICFLAG - CHANGE subrout ine passing f l a g :  ( re tu rned)  
0 - no change requested 
1 - change requested 

I T F L A G  - CHANGE subrout ine passing f l a g :  ( received)  
1 - in tege r  value 
2 - rea l  value 
3 - alphanumeric i n p u t  - rea l *8  

I X  - new in tege r  va lue ( re tu rned)  
I H  - maximum a1 lowable i n t e g e r  i n p u t  ( received)  
I L  - minimum a l lowab le  i n tege r  i n p u t  ( received)  
RX - new rea l  value ( re tu rned)  
RH - maximum al lowable r e a l  i n p u t  ( received)  
RL - minimum al lowable rea l  i npu t  ( received)  
R8X - rea l *8  alphanumeric s t r i n g  i n p u t  ( re tu rned)  

Module of ONSITE 
Version of 17-APR-84 RAP 

c----------------------------------------------------------------------------- 
C 
C 

INCLUDE '0NSITE.CMN' 
REAL*8 R8X 

ICFLAG = 0 
C 

WRITE (SCRNJ1000)  
1000 FORMAT ( / I '  '870( ' - ' )9 / /  

. I  Do you wish t o  change t h i s  va lue ( N / Y ) ? ' )  
READ ( K E Y ~ 8 0 0 1 )  I Y  

8001 FORMAT ( A l l  
C 

C 
I F  ( I Y  .NE. I Y '  .AND. I Y  .NE. ' y f )  GO TO 700 

ICFLAG = 1 
100 CONTINUE 

C 
WRITE (SCRN, 1010) 

1010 FORMAT ( 1  '/I Enter  new value: ' 1  
C 
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zoo 
C 
C 

300 
C 
C 

40 0 
C 

APPENDIX 1.B COMPUTER CODE LISTING - ONSITE 
integer input 

I F  (ITFLAG .NE. 1) GO TO 200 
READ (KEY#*)  I X  
I F  ( I X  .LT. I L  .OR. I X  .GT. IH) GO TO 100 
GO TO 700 

CONTINUE 

I F  (ITFLAG .NE. 2) GO TO 300 
READ (KEY#*)  RX 
I F  (RX .LT. RL .OR. RX .GT. RH) GO TO 100 
GO TO 700 

CONTINUE 

I F  (ITFLAG .NE. 3) GO TO 400 

CONTINUE 
READ (KEY,8003) R8X 

real input 

real*8 alpha input 

700 CONTINUE 
C 

WRITE (SCRNp1001) 
1001 FORMAT ( '  '#24(/)) 

C 

C 
c ---- format statements ---- 
C 

C 

RETURN 

8003 FORMAT (A81 
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" 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE D I S I N V  

Th is  subrout ine d isp lays  t h e  rad ionuc l ide  inventory,  a l lows t h e  user 
t o  f i r s t  modify q u a n t i t i e s  i n  t h e  inventory,  and then t o  add rad io -  
nuc l ides  t o  t h e  l i s t .  I f  changes o r  a d d i t i o n s  a r e  requested, t h e  
inventory  w i l l  be redisplayed; t h e  user does n o t  r e t u r n  from t h i s  
subrout ine u n t i l  s a t i s f i e d  w i t h  t h e  inventory .  

Module o f  ONSITE 
Version o f  24-APR-84 

" 
C 

INCLUDE '0NSITE.C"' 
REAL*8 GNAME ( 2) 

C 

C 
300 CONTINUE 

WRITE (SCRN,1000) NVU(INUT), (UNITS(J,M3M2+1),J=1,2), NVU(1NUT)r 
NVU ( INUT) 

1000 FORMAT(///T24,'Surface/Buried'r T57,!Drinking'/ . T29, A4, T41, ' I r r i g a t i o n  Water'/ . ~l,~Radionuclide~,T25,A8,&, T43,A4,'/11, TEi8,A4, ' / l ' , /  . nl,t------------ ',3X,3('---------- ',5X) 1 
C 

DO 100 I = 1, N I N  
WRITE (SCRN,1001) ELTI( I1,  A W I ( I ) r  Q ( I ) ,  Q I ( I ) r  QJ(1) 

100 CONTINUE 
1001 FORMAT( 1 1 X  , A2 A6,3 ( 5X, 1 PG10.2 1 1 

C 
GNAME(1) = ' t h e  abovt 
GNAME(2) = ' e  1 

CALL GROUP (IGFLAGPGNAME) 
I F  (IGFLAG .NE. 0 )  M E N  

C 
IMOD = 1 

FORMAT ( / / '  You may now modify t h e  q u a n t i t y  o f  se lected ' /  
rad ionucl ides.  To de le te  a radionucl ide, ' /  

1 en ter  zero quant i t y .  ' / I / /  1 

WRITE (SCRN,1011) 
1011 

C 
DO 200 I = 1, N I N  

WRITE ( SCRN, 1010) ELTI (I 1 , AWI ( I) 3 Q( I) NVU( INUT) 3 

(UNITS( J,M3M2+1) J=1 r2 )  9 Q I  (I) , NVU( INUT) , QJ (I) , NVU( INUT) 
1010 FORMAT ( / / '  Radionucl ide ',AZ,A6,': I / /  ' 

1 D r i n k i n g  Water: ',lPGl0.2,1X,A4, ' /11) 

S u r f ace/Bu r i ed : ' , lPGlO .2,1X, A4, A8, A5/ 
t I r  r i g a t i  on: ',lPG10.2rlX,A4r'/l'/ 
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200 
C 
C 

C 

C 

C 
C 

1020 

800 1 
C 

C 
C 

CALL GROUP(1GFLAGIGNAME) 
I F  ( IGFLAG .NE. 0 )  CALL QUANTI (I) 

CONTINUE 

ELSE 

IMOD = 0 

ENDIF  

WRITE (SCRNp1020) 
FORMAT ( / / / '  Do you wish to a d d  radionuclides t o  the above! 

1 i nventory? ! 1 
READ (KEY,8001) I Y  
FORMAT ( A l l  

I F  ( I Y  .EQ. !Yc  .OR. I Y  .EQ. t y f )  M E N  
IMOD = 1 
CALL RADIN 

ENDIF 
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C 

C 
C 
C 
C 
C Parameters: 
C 
C 
C preferance concerning t h i s  group: 
C 
C 
C 
C 
C program (Real *8) 
C 
C Module o f  ONSITE 
C Version o f  17-APR-84 RAP 
C 
c----------------------------------------------------------------------------- 
C 

SUBROUTINE GROUP ( IGFLAGI GNAME) 

Th is  subrout ine in t roduces a new category o f  parameters and a l lows 
t h e  user o f  sk ipp ing  e d i t s  t o  t h a t  e n t i r e  group o f  parameters. 

IGFLAG - f l a g  returned t o  c a l l i n g  program t o  i n d i c a t e  u ~ t r  

0 - do no t  change any parameters 
1 - disp lay/query t h i s  parameter group 

GNAME - d e s c r i p t i o n  o f  parameter group passed from c a l l i n g  

INCLUDE ' 0 N S I T E . C " '  
REAL*8 GNAME( 2) 
IGFLAG = 0 

C 
WRITE (SCRNI~OOO) ( G N A M E ( I ) I I = ~ I ~ )  

1000 FORMAT ( '  ' I ~ ( / ) I '  ' 170( '# ' ) / /  . D o  you wish t o  review o r  change 2 A 8 8  . parameters ( N / Y ) ' )  
C 

READ (KEY18003)  IDUM 
8003 FORMAT ( A l l  

I F  ( IDUM .EQ. f Y t  .OR. IDUM .EQ. f y f )  IGFLAG = 1 

RETURN 
C 

C 
c---------------------------------------------------------------------------- 
C 

END 
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I\ 

" 
C 

C 
C Th is  subrout ine  d i sp lays  i n t roduc to ry  messages, describes 
C a v a i l a b l e  scenarios, and quer ies  f o r  user 's  se lec t ion .  
C 
C Module o f  ONSITE 
C Version o f  17-APR-84 RAP 
C c-------------------------------------------------------~--------------------- 
C 

C 
C 

SUBROUTINE INTRO 

INCLUDE !ONSITE.CMN' 

WRITE ( SCRN, 2000) 
2000 FORMAT ( '  ' r24(/)r30X, 19('=')/34X,'ONSITE/MAXI'/3OX, . 19( ' = ' I  , / / / / / / I  

C 
WRITE (SCRN,2011) 

2011 FORMAT (14X,'This i n t e r a c t i v e  program w i l l  a s s i s t  you 
. f i n  t h e  c rea t i on ' /  
.14X,'of scenarios f o r  assessment o f  o n s i t e  disposal of  low-'/ 
.14X,'level waste. Doses t o  man through t h e  s p e c i f i e d  pathways I/ 

.14X, fwi l l  be sfmulated by t h e  computer program MAXI . ' / / /  

.14X,fThe f o l l o w i n g  notes may be o f  i n t e r e s t : ' )  
C 

WRITE (SCRN,2010) 
READ (KEYs8003) IDUM 

C 
WRITE ( SCRN, 2001 1 

2001 FORMAT ( '  ', 24( / ) ,  
.14X,fl) If t h e  d e f a u l t  c o n d i t i o n  i s  selected, you need on ly ' /  
.14X, 'press <return>. YES-or-NO quest ions a re  designated by'/ 
.14X,'(Y/N) and should be answered w i t h  a Y o r  N. The de fau l t ! /  
.14X,'condition i s  always l i s t e d  f i r s t . ' )  

C 
WRITE (SCRN,2002) 

2002 FORMAT ( '0'8 
.13X,f2) The values you en ter  w i l l  be tes ted  aga ins t  reasonable'/ 
.14X, f l imi ts  and i f  they a re  n o t  accepted you w i l l  be asked t o ' /  
.14X, 'supply another value. ' 1  

C 
WRITE (SCRNp2010) 

2010 FORMAT (/14X,(When you have f i n i s h e d  reading, press <re turn> ' )  

8003 FORMAT (A81 
READ (KEY , 8003 1 IDUM 

C 
C 
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C---- loop u n t i l  user i s  s a t i s f i e d  w i t h  scenar io  s e l e c t i o n  ------------------- 
C 

100 CONTINUE 
C 

C 
CALL SELECT 

I F  ( I R S  .EQ. 1) WRITE (SCRN12100) 
2100 FORMAT ( '  ',24(/), 

.14X,'SCENARIO 1: External  Exposure'// 

.14X,tThis scenar io  can be used alone o r  as p a r t  of Scenarios 2 ' 1  

.14X,fand 3. Occupational cond i t i ons  o f  2000 h /y r  o f  ex te rna l ' /  

.14X,'exposure a r e  assumed. 

.14X,fburied a t  0.5 m, bu r ied  a t  1.0 m, o r  s tored. ' )  
Waste may be loca ted  on the  surface,'/ 

C 
I F  ( I R S  .EQ. 2) WRITE (SCRN12200) 

2200 FORMAT ( '  ',24(/), 
.14X,'SCENARIO 2: 

.14X,'This scenar io  assumes sur face contamination r e s u l t s  over a'/ 

.14X, l l imi ted area. The scenar io  d e f a u l t s  t o  2000 h /y r  exposure'/ 

.14X,fto surface contamination and inha la t i on .  The Anspaugh') 

External. Exposure p lus  I n h a l a t i o n  from Resusf, 
'pension'// 

I F  ( I R S  .EQ. 2) WRITE (SCRNp2201) 
2201 FORMAT (14Xs . 'resuspension model i s  used. User may de f i ne  t h e  f r a c t i o n ! /  

.14X,cof s o i l  i n  t h e  top  15 an con ta in ing  bu r ied  waste ( d e f a u l t s ' /  

.14X1 ' t o  O -2)  ' 
C 

I F  ( I R S  .EQ. 3 )  WRITE (SCRN, 2300) 
2300 FORMAT ( ' ' r24 ( / )  , 

.14X, 'SCENARIO 3 : A g r i c u l t u r a l  A c t i v i t i e s ' / /  

.14X,fThis scenar io  assumes sur face  contamination (as i n  Scenario' /  

.14X, '2) w i t h  farming; de fau l t s  t o  2000 h /y r  exposure t o  sur face ' )  
I F  ( I R S  .EQ. 3)  WRITE (SCRN, 2301) 

2301 FORMAT (14x1 
'contamination and inha la t i on .  Anspaugh resuspension model'/ 

.14XlCis used. Scenario d e f a u l t s  t o  t o t a l  d i e t  o f  f r u i t s ,  veg-'/ 

.14X,latables, and animal products grown on t h e  s i t e .  The user ' /  

.14X,tmay spec i f y  the  percentage o f  s o i l  con ta in ing  waste i n  the ' /  

.14X,ftop 15 cm.') 
C 

I F  ( I R S  .EQ. 4) WRITE (SCRN, 2400) 
2400 FORMAT ( '  ',24(/), 

.14X, 'SCENARIO 4: 

.14X,rThis scenar io  accounts f o r  t h e  use o f  we l l  o r  r i v e r  water ' /  

.14X, ' f o r  i r r i g a t i o n  and dr ink ing .  

I r r i g a t i o n  and Dr ink ing  Water'// 

Assumes an i r r i g a t i o n  r a t e ' )  
I F  ( I R S  .EO.. 4) WRITE (SCRN, 2401) 

2401 FORMAT (14x8 
' o f  150 l / s q  m/mo f o r  6 months. De fau l t s  t o  Anspaugh modelt/  

.14X, ' f o r  i nha la t i on .  Assumes t o t a l  d i e t  and 1.2 1 i t e rs /day  o f ' /  

.14X, f d r  i n k i  ng water . 1 
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C 
C 

I F  ( I R S  .EQ. 5)  WRITE (SCRN,2500) 
2500 FORMAT ( 1  ' ,24(/), 

.14X,!SCENARIO 5: User Def ined Scenario!/ /  

.14X,tThis scenar io  d e f a u l t s  t o  a f u l l  year o f  exposure t o ' /  

.14X, 'ex te rna l  contaminat ion and a f u l l  year o f  i n h a l a t i o n .  I /  

.14X,?The user may s p e c i f y  any parameters t o  d e f i n e  a scenario.!) 
C 

WRITE (SCRN12600) I R S  
2600 FORMAT ( '  ',Z(/), 

.14X,!Scenario t,Il,t i s  now selected. Do you wish t o  change'/ 

.14X,!this s e l e c t i o n  ( N / Y ) : t )  
READ (KEY , 8004) IDUM 

8004 FORMAT ( A l l  
I F  ( IDUM .NE. ' Y '  .AND. IDUM .NE. ty ! )  RETURN 

GO TO 100 
C 

C 
C 
c---------------------------------------------------------------------------- 
C 

END 
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" 
C 

C 
C 
C 
C 
C Module o f  ONSITE 
C Version o f  24-APR-84 RAp 
C 

SUBROUTINE MODIF 

Th is  subrout ine  a l lows t h e  user t o  change se lected parameters o f  
Scenarios 1 through 4 o r  t o  c rea te  a scenar io  (Scenario 5). 

W-- 

C 
I N C L  UDE ' ONS I T E  . CMN 
REAL"8 R8Xp GNAME(2) 

C 
C------ review/query/modi f y  a g r i c u l t u r a l  parameters ......................... 
C 

1000 
C 

C 
C 

C 

C 

C 
120 

1120 

C 

1130 

I F  ( I F O D  .EQ. 0) GO TO 100 
CONTINUE 

GNAME(1) = ' a g r i c u l  t' 
GNAME(2) = Iu ra1  ' 
CALL GROUP (IGFLAG, GNAME) 
I F  ( IGFLAG .EQ. 0) GO TO 100 

--_- s k i p  r o o t s  i s  Scenario 3, assumes sur face contaminat ion ---- 
I F  ( I R S  .EQ. 3 )  GO TO 122 

I F  ( I R S  .EQ. 1 .AND. I L O C  .EQ. 4) THEN 
----- s e t  parameters f o r  room model ----- 
R F 1  = 0. 
RF2 = 1. 

ELSE 

CONTINUE 
WRITE (SCRN,1120) R F 1  
FORMAT ( '  ',20(/),' ' 9  

'The f r a c t i o n  o f  t o t a l  roo ts  i n  top  15 cm o f  t h e  s o i l  i s  ' 9  

1 

I F  (ICFLAG.EQ.1) R F 1  = RX 

lPGlO.3 ,/ 
(range = 0.0 t o  1.01') 

CALL CHANGE ((21, ICFLAG, I X ,  I L ,  IH ,  RX, (0.01, ( 1 . 0 ) r  R8X) 

WRITE (SCRN,1130) R F 2  
FORMAT ( '  ', 
'The f r a c t i o n  o f  t o t a l  r o o t s  en te r ing  t h e  bu r ied  waste I/ 
1 below t h e  t o p  15 cm plow l a y e r  o f  s o i l  i s  1PG10.3, ' 
I F  (ICFLAG.EQ.1) RF2 = RX 

(range = 0.0 t o  1.01') 
CALL CHANGE ((218 ICFLAG, I X ,  IL ,  IH, RXI (0.01, (1.0)~ R8X) 
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C 
C 

1160 

APPENDIX 1 . B  (XMPUTER CODE LISTING - ONSITE 

RF = R F 1  + RF2 

FORMAT ( / / / '  ! I !  The previous two fraction cannot be greater f ,  

' t h a n  1.0: REENTER !!!'I 
I F  (RF .GT. 1.0) GO TO 120 
ENDIF 
CONTINUE 

I F  (RF .GT. 1.0) WRITE (SCRNI1140)  

WRITE (SCRN,1160) RPF2 
FORMAT ( '  ',20(/),' ', 
'The fraction of the t o t a l  d ie t  grown on the s i t e  

i s  1 ,  1PG10.3,/' (range = 0.0 t o  1.0)') 
(O.O)r (1.01, R8X) CALL CHANGE ((21, ICFLAG; IX, IL, IH, RX, 

I F  (ICFLAG.EQ.1) RPF2 = RX 

I F  ( I W A T  .EQ. 0)  GOT0 100 
C 

WRITE (SCRNt1100)  RIRR 
1100 FORMAT ( '  ', . 'The irrigation rate i n  l i t e r s  per square 

. . 1PG10.3,/ 
(range = 0.0 t o  1000.)') 

CALL CHANGE( (2 )  9 ICFLAG, I X ,  IL,  I H I R X ,  (0  e o )  , 
I F  (ICFLAG.EQ.1) RIRR = RX 

I F  ( R I R R  .EQ. 0.0) GO TO 110 
C 

WRITE ( S C R N I 1 1 1 0 )  IMO 
1110 FORMAT ( '  ', 

meter per month is  ', 

1000 .O) , R8X) 

'The number of months per year t h a t  crops are irrigated is  t ,  

1291 
f (range = 0 t o  12) ' 1  
CALL CHANGE ((11, ICFLAG, 1x9 (01, (121, RX, RL, RH, R8X) 
I F  (ICFLAG.EQ.1) IMO=IX 

110 CONTINUE 
C 

WRITE (SCRNI1111)  I R R  
1111 FORMAT ( 1  ' 9  . . f calculations t h a t  irrigation accumulates radionuclides'/ . is f , I4,? (range = 0 t o  1000)') 

'The number of years prior t o  the beginning o f  dose ' /  

CALL CHANGE ( (1) 9 ICFLAG, 1x9 (0) , (1000) , RX, RL, RH, R8X) 
I F  (ICFLAG.EQ.1) I R R = I X  

C 

C 
C 
C------ review/query/modify external exposure parameters ------------------- 
C 

C 

100 CONTINUE 

I F  ( I E X T  .EQ. 0 .AND. ISUR .EQ. 0) GO TO 200 
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C 

1210 

. 

21 0 
C 

1200 

C 
200 

C 
C------ 
C 

C 

1301 

C 

1300 

GNAME(1) = 'ext .  exp' 
GNAME(2) = 'osure 

I F  (IGFLAG .EQ. 0) GO TO 200 
CALL GROUP (IGFLAG, GNAME) 

I F  ( I S U R  .EQ. 0)  GO TO 210 
WRITE (SCRNS1210) I 2 2  
FORMAT ( '  '82O(/),' ' 8  

'D id  you use MAX12 t o  generate a specia l  ex te rna l  exposure'/ 
dose r a t e  f a c t o r  f i l e  f o r  t h i s  scenar io? (de fau l t= ' ,  

Il,!) ',// 
153(,10 - n 0 ' / 1 5 X ~ ~ 1  - yes!) 
CALL CHANGE ((11, ICFLAG, I X ,  (01, (11, RX~RLIRHIR~X) 
I F  (ICFLAG.EQ.1) I 2 2  = I X  

CONTINUE 

WRITE (SCRN11200) XF2 
FORMAT ( q  ~ , 2 0 ( / ~ ~  t ,  

'The number o f  hours o f  exposure t o  ex terna l  contaminat ion f ,  

/ f  per year i s  ',1PG10.38' (range = 0.0 t o  8766.)') 

I F  (ICFLAG.EQ.1) XF2 = RX 
CALL CHANGE ( ( 2 ) s  ICFLAG, 1x1 ILp I H p  RX, (0 .0) r (8766.) r  R8X) 

CONTINUE 

rev iew/query/modi f y  i nhal a t i  on exposure parameters ------------------- 
I F  (INHAL .EQ. 0 )  GO TO 300 
GNAME(1) = ' i n h a l a t i !  
GNAME(2) = ton ? 

CALL GROUP (IGFLAG, GNAME) 
I F  (IGFLAG .EQ. 0 )  GO TO 300 

R I N  = RINH * 8766. 
WRITE (SCRN81301) R I N  
FORMAT ( '  ' 8 2 O ( / ) ~ '  ' 8  

'The number o f  hours o f  i n h a l a t i o n  o f  contaminat ion I ,  

/ '  per year. i s  ' r lPG10.3r' (range = 0.0 t o  8766.)') 

I F  (ICFLAG .EQ.1) R I N  = RX 
RINH = R I N  / 8766. 

CALL CHANGE ( (2) 8 ICFLAG, 1x1 IL, IHI RXI (0.0) 8 ( 8766. R8X) 

WRITE (SCRN11300) INHAL 
FORMAT '82O(/)8' ', 
'Two resuspension models a r e  ava i l ab le :  '/ 
? 1 - Anspaugh'/ 
? 2 - Mass Loading'/ 
/ I  The se lec ted  model i s  IrI1) 
CALL CHANGE ((11, ICFLAG, I X ,  ( l I 8  (21, RX, RL, RH, R8X) 
I F  (ICFLAG.EQ.1) INHAL = I X  
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I F  (INHAL .EQ. 2) GO TO 310 
C 

WRITE (SCRN, 1310) AGE 
1310 FORMAT ( 1  ' 9  . 'The number o f  years t h a t  contamination ex is ted ' /  

(range = 0.0 t o  25.0)') 
on t h e  sur face  a t  t h e  s t a r t  o f  t h e  scenar io  q ,  

i s  ',lPG10.3,' years. 

I F  (ICFLAG.EQ.1) AGE = RX 

AVCM = XDPT * 15.0 

CALL CHANGE ((21, ICFLAG, 1x9 IL, IH,  RX, (0.0),(25.0), R8X) 

C 

C 
WRITE (SCRN11320) AVCM 

13 20 FORMAT ( 1  ', 
'The top  v,F4.lp1 cm. o f  t h e  contaminated surface s o i l 1 /  . l a y e r  i s  a v a i l a b l e  f o r  resuspension (range = 0.0 t o  15.0)1) 
CALL CHANGE ((2)) ICFLAG, 1x9 IL ,  IH, RX, (0.0),(15.0), R8X) 
I F  (ICFLAG.EQ.1) XDPT = RX/15. 

C 

C 
C 

C 

310 CONTINUE 

I F  (INHAL .EQ. 1) GO TO 320 

WRITE (SCRN,1330) DEN 
133 0 FORMAT ( 1  ', . 'The dens i ty  o f  t h e  s o i l  i s  f,lPGlO.l,t grams per  cub ic  

'meter.'/ '  

I F  (ICFLAG.EQ.1) DEN = RX 

(range = 1.E5 t o  5.OE7)') 
CALL CHANGE ((21, ICFLAG, I X ,  IL, IH, RX, (1.E5),(5.E7), R8X) 

C 
WRITE (SCRNs1340) XMLF 

13 40 FORMAT ( '  ' 3  . 'The Mass Loading Factor  i s  f,lPGlO.l,t grams per cub ic  1 

'meter.'/ '  

I F  (ICFLAG.EQ.1) XMLF = RX 

(range = l.E-7 t o  O . l l )  
CALL CHANGE ( ( 2 )  , ICFLAG, IX,IL,IHI RX, ( L E - 7 )  s ( O . 1 )  R8X) 

C 
320 CONTINUE 
300 CONTINUE 

C 
C 
C------ review/query/modify organ parameters ................................ 
C 
C 

GNAME(1) = 'organ 
GNAME(2) = 

I F  (IGFLAG .EQ. 0) GO TO 800 

I 

CALL GROUP (IGFLAG, GNAME) 

C 
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1800 

C 
C 

1810 

1812 

1811 

81 0 

80 0 
C 

WRITE (SCRNs1800) NORG 
FORMAT ( 1  ',20(/),' ', 
'The number o f  organs considered i s  f,12,1 (range = 1 t o  5)'/ 

Tota l  body must always be one of t h e  se lec ted  0rgans.f) 
CALL CHANGE ((1)s ICFLAG, I X ,  (11, (51, RX, RL, RH, R8X) 
I F  (ICFLAG.EQ.1) NORG = I X  

DO 810 I = 1, NORG 
WRITE (SCRN,1810) 
WRITE (SCRN,1812) 
WRITE (SCRN,1811) I, KORG(1) 
FORMAT ( '  ', 
'The avai  1 ab1 e organs are: I / /  

1-Total body 9-Adrenal s 17-Pancreas'/ 
2-Body water 10-Testes 18-Heart'/ 

1 4-L iver  12-Ski n 20-Stmach1/ 
1 5-Spleen 13-Brai n 21-Small i n t e s t i  ne' ) 

1 3-Kidneys 11-Ovaries 19-GI I /  

FORMAT ( '  ', 
1 6-Bone 14-Mu sc l  e 22-Upper l a rge  i n t e s t i n e ' /  

1 7-Fat 15-Prost rate 23-Lower l a r g e  i n t e s t i n e ' /  
1 8-Lungs 16-Thyroid'// 
1 The ONSITE dose r a t e  f a c t o r  f i l e s  have data on t o t a l  body'/ 

bone, lungs, thy ro id ,  and LLI .  I f  you wish t o  use o t h e r 0  

'organs, a new environment must be created. See Sect ion  2.2'/ 

1 The c u r r e n t  s e l e c t i o n  f o r  organ ',12,1 i s  1,121 

I F  (ICFLAG.EQ.1) KORG(1) = I X  

FORMAT ( '  ', 
o f  t h e  Users Manual.'// 

CALL CHANGE ((11, ICFLAG, 1x1 (11, (231, RX, RL, RH, R8X) 

CONTINUE 

CON TIN U E 
RETURN 
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c-------------------------------""""-------------------------------------- 
C 

C 
C 
C 
C 
C Module of ONSITE 
C Version o f  17-APR-84 RAP 
C c------------------------------""""'-------------------------------------- 
C 

C 

SUBROUTINE OPTION 

This  subrout ine a l lows t h e  user t o  s e l e c t  var ious exposure 
pathways f o r  t h e  c o n s t r u c t i o n  o f  a scenario. 

INCLUDE '0NSITE.CMN' 

REAL*8 ANS(2) 
DATA ANS / ' ( N / Y )  ' , ' (Y/N) '/ 

C 
I A  = 1 
I F  ( I S U R  .EQ. 1) I A  = 2 
WRITE (SCRNt2002) ANS(1A)  

2002 FORMAT ( '  '#24(/)1 14x1 . 
.14XI'contamination? ',A81 

'Do you wish t o  consider external  exposure t o  surface' /  

READ (KEY 9 8004) IDUM 
C 

I F  ( I A  .EQ. 1 .AND. ( IDUM .EQ. ' Y '  .OR. IDUM .EQ. ' y ' ) )  ISUR=1 
I F  ( I A  .EQ. 2 .AND. ( IDUM .EQ. 'N' .OR. IDUM .EQ. ' n l ) )  ISUR=O 

I A  = 1 
I F  (IEXT .EQ. 1) IA=2 

C 

WRITE (SCRNp2004) A N S ( I A )  
2004 FORMAT ( '  ' I  2 4 ( / ) r  14x1 . 

.14XI'penetration t o  deeply bur ied  waste? ',A81 
'Do you wish t o  consider external  exposure and crop I/ 

READ (KEYp8004) IDUM 
8004 FORMAT ( A l l  

C 
I F  ( I A  .EQ. 1 .AND. ( IDUM .EQ. ' Y '  .OR. IDUM .EQ. ' y ' ) )  IEXT=1 
I F  ( I A  .EQ. 2 .AND. ( IDUM .EQ. I N '  .OR. IDUM .EQ. ' n ' ) )  IEXT=O 

C 
I A  = 1 
I F  (IFOD .EQ. 1) IA=2 
WRITE (SCRNI2005) A N S ( I A )  

2005 FORMAT ( '  ' 9  2 4 ( / ) r  14x1 
'Do you wish t o  consider farm product i n g e s t i o n  ? ' /  . 14Xp A81 

READ (KEYs8004) IDUM 
C 

I F  ( I A  .EQ. 1 .AND. ( I D U M  .EQ. ' Y '  .OR. IDUM .EQ. f y f ) )  IFOD=1 
I F  ( I A  .EQ. 2 .AND. ( IDUM .EQ. I N '  .OR. IDUM .EQ. ' n ' ) )  IFOD=O 
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2006 

C 

C 

2007 

C 

C 

I A  = 1 
I F  ( IWAT .EQ. 1) I A = 2  
WRITE (SCRN,2006) ANS(1A) 
FORMAT ( '  ' t  24(/)r 13X, 

'Do  you wish to consider drinking water ingestion I/ 

14X,lfrom a contaminated well? A81 
READ (KEY , 8004) IDUM 

I F  ( I A  .EQ. 1 .AND. ( IDUM .EQ. ' Y t  .OR. IDUM .EQ. 'yf)) IWAT=1 
I F  ( I A  .EQ. 2 .AND. ( IDUM .EQ. ' N '  .OR. IDUM .EQ. 'n')) IWAT=O 

I A  = 1 
I F  ( IARG .EQ. 1) I A = 2  
WRITE (SCRNs2007) ANS( IA )  
FORMAT ( '  ' 8  24(/)r 13XI 

'Do  you wish to consider consumption o f  aquatic'/ 
14X,ffood from a contaminated river? 1 ,  A81 
READ (KEYS80041 IDUM 

I F  ( I A  .EQ. 1 .AND. ( IDUM .EQ. ' Y t  .OR. IDUM .EQ. 'y')) IARG=1 
I F  ( I A  .EQ. 2 .AND. ( IDUM .EQ. I N '  .OR. IDUM .EQ. 'n')) IARG=O 

I .  

.~ 

I ... . .  .' ,. 
- . .. . 

. /  
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c---------------------------------------------------------------------------- 
C 

C 
C 
C f o r  each o f  t h e  se lec ted  pathways. 
C 
C Module o f  ONSITE 
C Version o f  1-MAY-84 RAP 
C c--------------------------------------------------------------------------- 
C 

C 

SUBROUTINE QUANTI ( I) 

This  subrout ine requests t h e  q u a n t i t y  o f  t h e  c u r r e n t  rad ionuc l ide  

INCLUDE 1 ONSITE. CMN 

REAL*8 R8X 
DIMENSION WHERE(3r2) 

C 
DATA WHERE / 'depof, 'si tel, 'd on1, 

fbur i ' , ' ed  a t r l t  I /  

C 
C 

C 

C 

C 

202 CONTINUE 

I F  ( I R S  .EQ. 4) GO TO 206 

I F  (M3M2 .LT. 0 .OR. M3M2 .GT. 2) M3M2 = 0 

I F  ( I S U R  .EQ. 1 .OR. I L O C  .EQ. 4 )  THEN 

ELSE 

ENDIF 

I A  = 1 

I A  = 2 

C 
WRITE (SCRNp1050) E L T I ( 1 ) r  A W I ( I ) ,  ( W H E R E ( J , I A ) r J = l r 3 )  , 

NV U ( INUT)  , ( U N I T S  ( J M3M2+1) , J=1 , 2) 
1050 FORMAT ( / / l  'P . 'Enter t h e  q u a n t i t y  o f  1,AZrA6,3A4,1 t h e  s i t e  a t ' ,  

s t a r t  o f ' / '  c a l c u l a t i o n  ( u n i t s :  1 ,  A4, 2A8, ' )  : I )  

READ (KEY,") RX 
I F  (RX .LT. 0.) GO TO 202 
Q ( 1 )  = RX 

206 COYTINUE 
C 

C 
I F  ( I R S  .LT. 4 )  GO TO 301 

WRITE (SCRN11052) 
1 0 5 2  FORMAT ( '  ',14(/),' ', . 1 To consider on ly  i r r i g a t i o n  o r  on ly  d r i n k i n g  water 1 . 'contamination, I /  . 1 en te r  zero  q u a n t i t y  f o r  t h e  o ther  pathway.l) 
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304 
C 

1060 

CONTINUE 

WRITE (SCRN,1060) ELTI ( I ) ,  A W I ( 1 )  
FORMAT ( / / '  1 ,  

'Enter t h e  concentrat ion o f  ',AZrA6,' i n  t h e  i r r i g a t i o n  I ,  
'water a t  s t a r t  o f ' / '  c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) : ' )  
READ (KEY,*) RX 

C 
I F  (RX .LT. 0.) GO TO 304 

C 
Q I ( 1 )  = RX 
I F  (QI(1) .GT. 0.) IWRL=1 

C 

C 
3 02 

1070 

C 
C 

C 
C 

C 

3 01 

CON TIN U E 

WRITE (SCRNt1070) ELTI(1) , A W I ( 1 )  
FORMAT ( / / '  's 
'Enter t h e  concentrat ion o f  frAZrA6,f i n  t h e  d r i n k i n g  water', 
1 a t  s t a r t  o f ' / '  c a l c u l a t i o n  ( u n i t s :  p C i / l i t e r ) : ' )  
READ (KEY,*) RX 

I F  (RX .LT. 0.1 GO TO 302 
QJ(1) = Rx 
I F  (QJ(1) .GT. 0.1 IWRL=l 

CON TIN UE 

RETURN 

I I- - 
END 
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INCLUDE '0NSITE.CMN' 

REAL"8 R8X9 ORG(231, C L ( 3 )  
DIMENSION E ( 3 0 0 )  9 A ( 3 0 0 )  9 N S ( 2 9 3 0 0 )  , I S ( 2 )  P IDORG(5) 
REAL*8 A 
INTEGER E 

DATA ORG /'tot body','body H201,fkidneys !,!liver ','spleen 1 ,  

1 bone 1 ,  'fat ','lungs f8'adrena1s1,'testes 1 ,  

lovaries !,'skin ','brain ','muscle 1 ,  'prostrat', 
'thyroid 'pancreas', 'heart ',!GI l,lstmach 1 ,  

Ism. int. 1 ,  ' U L I  ' , 'LLI  l/ 

DATA IDORG / 1,6,8,16,23/ 
DATA NIN, I /O,O/ 
DATA I S  / I  ','inc/ 
DATA CL /'Class D ','Class W l,tClass Y I /  

DATA F I R T I M  /0/ 

C---- read in radionuclide library ........................................... 
C 

C 
I F  ( F I R T I M  .EQ. 0)  THEN 

NUC = 1 

8003 FORMAT ( A 8 1  
READ ( 10 , 8003 1 IDUM 

C 
100 CONTINUE 

READ(10,10018END=992) E(NUC), A(NUC), IMP (NS(J,NUC),J=l ,Z) 
1001 FORMAT(A2,A8,8X~I2r41X,ZIl) 

I F  ( I M  .EQ. 0) GO TO 200 
NUC = NUC + 1 

GO TO 100 
C 

200 CONTINUE 
ENDIF 

C 
C---- set f 1 ag i f trans1 ocation review/check desi red ......................... 

I F  ( F I R T I M  .EQ. 0) M E N  
I T C  = 0 
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I F  ( I N H A L  .EQ. 0 1 GO TO 410 
WRITE (SCRN,4101) 

4101 FORMAT ( '  ',20(/),' ', . 'Do you wish t o  review and/or change s o l u b i l i t y  c l a s s i f i c a t i o n '  . / ?  f o r  each organ f o r  each rad ionuc l ide .  The d e f a u l t  assump-' . / ?  t i o n  i s  elements a re  i n s o l u b l e  f o r  lung  and so lub le  f o r  a l l '  . / ?  o ther  organs. ( N / Y ) ' )  
READ (KEYs8001)  IDUM 
I F  ( IDUM .EQ. ' Y f  .OR. IDUM .EQ. Cy') I T C  = 1 

410 CONTINUE 
ENDI F 

C 
C--- t e s t  i f  t h i s  i s  o r i g i n a l  o r  add i t i ona l  inventory  and s e t  f l a g s  --------- 
C 

I F  ( F I R T I M  .EQ. 0)  THEN 
N I N  = 0 
I = O  

I = N I N  
ELSE 

ENDIF 
C 

C 
C---- i n i t i a l i z e  q u a n t i t y  a r rays  ............................................. 

I F  ( F I R T I M  .EQ. 0) THEN 
DO 610 I Q  = 1, 100 

Q ( I Q )  = 0. 
Q I ( I Q )  = 0. 
QJ(IQ) = 0. 
QK(I0) = 0. 

610 CONTINUE 
ENDI  F 

C 

C 
C---- s i gna l  beginning of inventory  i n p u t  .................................... 
208 CONTINUE 

WRITE (SCRNn1100) 
1100 FORMAT ( '  'sZO(/),' ', . 'The f o l l o w i n g  quest ions p e r t a i n  t o  t h e  rad ionuc l ide  I/ . I inventory .  A f t e r  i n p u t t i n g  t h e  inventory ,  en te r ' /  . Il99" f o r  element name t o  s igna l  t o  t h e  program t h a t  . you a re  f in ished. ' / / / ,  1 , 7 0 ( 1 # 1 ) / /  . 1 Press <re turn> when you have f i n i s h e d  reading:') 

READ (KEY,8001) IDUM 
8001 FORMAT ( A l l  

C 
C 
C---- i n p u t  name and source terms f o r  each rad ionuc l ide  ..................... 
C 

C 
149 CONTINUE 
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2400 

3 00 
C 

C 
CONTINUE 

ICFLAG = 1 
C 

1010 

80 05 

C 

1011 

C 

140 

2401 

C 

C 
142 

2402 

144 
C 

143 

WRITE (SCRN, 1010) 
FORMAT ( / / I  Enter new 2-character element 
1 (99=f in ished) :  '1 

FORMAT (A21 
I F  ( I Z  .EQ. '991) GO TO 148 

READ (KEY880051 I Z  

WRITE (SCRN, 1011) 
FORMAT ( ' O A t o m i c  number i n p u t  can be up t o  
'6 characters  1 ong. I /  

1 Inc lude metastable ( M I  and daughter (+D) designation, 
1 ( i .e., TE127M+D) I / /  

1 Enter  atomic number: ' 1  
READ (KEY,8003) R8X 

DO 140 I X  = 1, NUC 
I F  ( I Z  .EQ. E ( I X )  .AND. R8X .EQ. A ( I X ) )  GO TO 142 

CONTINUE 

FORMAT ( / / / I  ? ? ? ?  Radionucl ide n o t  found i n  l i b r a r y ,  I ,  

' t r y  again ? ? ? ? I / / )  

WRITE (SCRN,2401) 

GOT0 300 

CONTINUE 

DO 144 I N  = 1, N I N  
I F  (ELTI(1N) .EQ. I Z  .AND. AWI(1N) .EQ. R8X) M E N  

WRITE (SCRNS2402) 
FORMAT ( / / / I ? ? ? ?  Radionucl ide aready included, t r y  I ,  

'again ? ? ? ? I / / )  

GO TO 300 
ENDIF 

CONTINUE 

I X S  = I X  
N I N  = N I N  + 1 
I=I+l 
ELTI (I 1 =IZ  
AWI(I)=R8X 
DO 143 J = 1, 5 

NSOLD(Js1) = N S ( 1 r I X S )  
I F  (KORG(J) .EO.. 8) NSOLD(Jt1) = NS(2rIXS) 

CONTINUE 
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I F  ( I T C  .EQ. 0) GO TO 210 

DO 212 J = l r 5  
WRITE (SCRNr2020)  E L T I  (1) 

2020 FORMAT ( '  ' r 4 ( / ) r '  f r  
1 E l  ement ', A2, ' Trans1 ocati  on C1 ass i  f icat ion:  I /  1 
DO 213 K = l r 2  

WRITE (SCRNr2021)  K r  C L ( N S ( K r 1 X S )  1 r I S ( K )  
213 CONTINUE 

2021 FORMAT ( 5 X r  12,' - f ,A8r'  for 'rA2r1soluble ' )  
WRITE (SCRNr2022)  E L T I ( 1 ) r  A W I ( 1 ) r  C L ( N S O L D ( J r 1 ) ) r  

ORG(KORG(J)) 
LO22 FORMAT (//I The translocation index for ',A2,A6,' i s  1, 

A8,' for f r A 8 /  
1 To change enter index.')  
CALL CHANGE ((1)s ICFLAGr 1x1 (11, ( 3 1 3  RXrRLrRHrR8X)  
I F  ( I C F L A G  .EQ. 1) N S O L D ( J r 1 )  = N S ( I X r I X S 1  

21 2 CONTINUE 
210 CONTINUE 

C 
CALL QUANTI (I) 

GO TO 149 
C 

148 CONTINUE 
F I R T I M  = 1 

C 
C 

C 

C 

RETURN 

c--------- error messages .................................................... 
990 WRITE (SCRNr9000)  

9000 FORMAT ( 1  Error opening radionuclide l ibrary . ' )  
STOP 

C 
992 WRITE (SCRN,9002) 

9002 FORMAT ( '  Premature end-of-fi le discovered in l ibrary')  
C 
C 
c----------------------------------------------------------------------------- 

END 
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c---------------------------------------------------------------------------- 
C 

C 
C This  subrout ine  w r i t e s  a f i l e  w i t h  i n p u t  parameters and 
C 
C ONSITE. 
C 
C Module of ONSITE 
C Version o f  1-MAY-84 RAP 
C 
c----------------------------------------------------------------------------- 
C 

C 

C 
C---- ass ign l i b r a r y  f i l e s  t o  l o g i c a l  
C 
C I F  (IFOD .GT. 0)  WRITE (OUT, 3010) 

SUBROUTIN E RITFIL 

system commands f o r  MAXI1 .  RITFIL i s  c a l l e d  by t h e  program 

INCLUDE ' ONSITE. CMN ' 
200 CONTINUE 

u n i t  devices ........................... 

WRITE (OUT13010) 
3010 FORMAT ( 'ASSIGN [BIO.NEWIFILEZO.DAT FOROZO'/ 

'ASSIGN CBIO.NEWlFILE21.DAT FOR021') 
C 
C I F  ( I A R G  .GT. 0) WRITE (OUT, 3020) 

WRITE (OUT,3020) 
3020 FORMAT ( 'ASSIGN CBIO.NEWlFILE24.DAT FOR02411 

C 
C I F  (IWAT .GT. 0) WRITE (OUT, 3030) 

WRITE (OUT,3030) 
3030 FORMAT ( ' A S S I G N  CBIO.NEWlFILE25.DAT FOR025') 

C 
WRITE (OUT, 3040) 

3040 FORMAT ( 'ASSIGN CBIO.NEWlPLANSOURC. SUR FOR022') 
C 

I F  (ILOC .EQ. 1) WRITE (OUT, 3044) 
3044 FORMAT ( 'ASSIGN CBIO.NEWlVOLSOURC.SUR FOR027') 

C 
I F  (ILOC .EQ. 2) WRITE (OUT, 3041) 

3041 FORMAT ( 'ASSIGN CBIO.NEWIBUR1EDHF.DAT FOR02711 
C 

I F  (1LOC.EQ. 3 )  WRITE (OUT, 3042) 
3042 FORMAT ( 'ASSIGN CBIO.NEWlBURIED1.DAT FOR027') 

C 
I F  (ILOC .EQ. 4)  WRITE (OUT, 3043) 

3043 FORMAT ( 'ASSIGN CBIO.NEWlROOM.DAT FOR02711 
C 

WRITE (OUT, 3050) 
3050 FORMAT ( 'ASSIGN CBIO.NEWlRMDLIB.DAT FOROlO'/ 

'ASSIGN CBIO.NEWlFILE23 .DAT FOR023') 
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WRITE (OUT, 3200) IOUT 

3 200 FORMAT ( ' IOUT= ' r I2 , ' r ION=lr $END ' 1 
C 
C--- a d j u s t  inventory t o  proper u n i t s  and write t o  f i l e  ...................... 
C 

WRITE (OUT, 3300) N I N r  I R R  
3300 FORMAT (215) 
C 

DO 100 I = 1, N I N  
Q(1)  = Q(1)  * NVUNIT(1NUT) 
WRITE (OUT, 3400) ELTI(1) A W I ( 1 )  r (NSOLD(Jr I) r J z l r 5 )  , 

Q ( I ) r  Q I ( I ) r  QJ(I)r QK(1) 
3400 FORMAT (A2 9 A6r5 I1 r 4  ( lPGl0 -2)  

100 CONTINUE 
C 
C 

C 

C 

RETURN 

C--- e r r o r  rou t ines  .......................................................... 
992 WRITE (SCRNr9920) 

9920 FORMAT ('OError i n  opening ou tpu t  f i l e ' )  
GO TO 200 

C 
994 WRITE (SCRN,9940) 

9940 FORMAT ('OError l 'n  c los ing  output  f i l e ' )  
STOP 

C 
C 
v-------- 

END 
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" 
C 

C 
C 

INCLUDE '0NSITE.CMN' 

DATA NEXT, I O U T  /l,O/ 
DATA IFOD, IWAT, IARGI IEXT, I A I R I  INHALI ISUR / l , l r O i l r O , l r l  / 
DATA NORG, KORG / 5, l r6,8r16r23 / 

DATA RIRR, RPFl, RPF2r RPF, IMO / 150.r 1.01 1.0, 0.2, 6 / 
DATA R F l r  R F 2  / 1.0, 0.0 / 
DATA IDKWAT, IDKAIR,  XQSITE / 01 0 1  0.0 / 
DATA X F 2 r  122, R I N H  / 2000.01 O r  -23 / 
DATA AGE, XDPT, DEN, XMLF / 0.01 0.067, 1.OE+6r 1.OE-04 / 
DATA DILF,  M3M2 / 1.01 1 / 
DATA INTRUDt I B S I  ILOC, I R R  / 0, 1, l r  0 / 
DATA SRDIL, I N U T  /0.2r 1/ 
DATA FRSIZ,  AREAIN, AREAEX / l e01  1.0, 1.0/ 

DATA In, IT2 / 1 ~ 5 0  / 

C 
I F  ( I R S  .EQ. 1) ILOC=2 
I F  ( I R S  .LT. 3 )  IFOD=O 
I F  ( I R S  .LT. 4 )  IWAT=O 
I F  ( I R S  .EQ. 1) ISUR=O 
I F  ( I R S  .EQ. 2) ISUR=O 
IF (IRS .EQ. 3 )  IEXT=O 
I F  ( I R S  .EQ. 4)  IEXT=O 
I F  ( I R S  .EQ. 5) IARG=1 
I F  ( I R S  .EQ. 5 )  XF2=8766. 
I F  ( I R S  .EQ. 4)  I R R  = 10 
I F  ( I R S  .EQ. 5) R I N H  = 1.0 
I F  ( I R S  .EQ. 5 )  INHAL=2 
I F  ( I R S  .EQ. 1) INHAL=O 
I F  ( I R S  .EQ. 1) RINH=O.O 
I F  ( I R S  .EO. 1) NORG=1 

RETURN 
C 

C 
c--------------------------------------------------------------------------- 
C 

END 

1.8-33 



APPENDIX 1.B COMPUTER CODE LISTING - ONSITE 

c----------------------------------------------------------------------------- 
C 

C 
C 
C user and then t e s t  v a l i d i t y  o f  t he  user input .  
C 
C Module o f  ONSITE 
C Version o f  17-APR-84 RAP 
C 

SUBROUTINE SELECT 

Th is  subrout ine p r i n t s  a menu o f  scenar io  s e l e c t i o n  f o r  t h e  

" 
C 

C 
INCLUDE f ONSITE. CMN f 

WRITE ( SCRN J 2004) 
2004 FORMAT ( '  ' t  2 4 ( / ) r  13x1 

'The f o l l o w i n g  scenar ios have been defined: '// 
.14XJ'1 - External  exposure'/ 
.14X, '2 - External  exposure p l u s  i n h a l a t i o n  from resuspension!/ 
.14X1'3 - A g r i c u l t u r a l  a c t i v i t i e s  f /  

.14X8(4 - Use o f  w e l l  water f o r  i r r i g a t i o n  and d r i n k i n g  water ' /  

.14X8 95 - User-created scenar io ' / / )  
C 

100 CONTINUE 
WRITE ( S C R N J Z O O ~ )  

2006 FORMAT(14XJfTo s e l e c t  a scenar io  o r  f o r  add i t i ona l  in fo rmat ion ' /  
.14XJton a scenar io  e n t e r  1, 2 ,  3 J  4J o r  5: 1 )  

C 
READ (KEY,*) I R S  
I F  ( I R S  .LT. 1 .OR. I R S  .GT. 5) GO TO 100 

RETURN 
C 

C 

1. B-34 





APPENDIX l . C  

EBBRFVIATE D DATA BASF LISTING 

CON TENTS 

Radionucl ide Master L i b r a r y  f o r  M A X I  - RMDLIB................... 

Onsi te  Disposal Environment Surface S o i l  PLANSOURC (External ) . . .  1. c-9 
Onsi te  Disposal Environment Stored Waste ROOM (External)........ 1 .c-11 
Onsi t e  Disposal Env i ronment FILE23 ( A i  r )  . page 1. ............... 1. C-13 

1 .c-1 
Onsi te  Disposal Environment FILE20 (Leaf) ,  page l... ............ 1 .C-7 

1 .C-8 Onsi te  Dosposal Environment FILE21 ( S o i l ) ,  page l............... 

Onsite Disposal Environment FILE24 (Aquat ic) ,  page l............ 1 .C-14 
Onsi te  Disposal Environment FILE25 (Dr ink) ,  page l.............. 1 .C-15 
Onsi te  Disposal, Environment VOLSOURC (External)................. 1. C-16 
Onsi t e  Disposal Environment BURIEDHF (External  1 ................. 1 .C-18 
Onsi te  Disposal Environment BURIED1 (External).................. 1. c-20 
Onsi te  Disposal Environment Selected Radionucl ides - RMDONS.. ... 1. c-22 



Radionucl ide Master L i b r a r y  f o r  M A X I  - RMDLIB 

RADIONUCLIDE MASTER DATA LIBRARY / W  TRANSLOCATION CLASSES, 6-APR-84 RAP 
H 3  
BE1 0 
C 14 
N 13 
F 18 
NA22 
NA24 
P 3 2  
P 33 
s 35 
CL3 6 
K 40 
AR3 9 
AR41 
CA4 1 
CA45 
SC46 
CR5 1 
MN5 4 
MN56 
FE55 
FE5 9 
C057 
C05 8 
C06 0 
N159 
N163 
N165 
CU6 4 
ZN65 
SE75 
AS7 6 
SE79 
BR82 
BR83 +D 
BR84 
SR85 
KR90 
KR91 
RB86 
RB8 9+D 
SR89+D 
SR90+D 
SR91+D 
SR92+D 
Y 91M+D 
ZR93 +D 
ZR95+D 
ZR97+D 

4.51E+3 1 0 
5.84E+8 1 0 

2.091E+6 1 0 
6.92E-3 1 0 
7.62E-2 1 0 
9.50E+2 1 0 
6.25E-1 1 0 
1.43E+1 1 0 
2.44E+1 1 0 
8.72E+1 1 0 

l . lE+8 1 0 
4.67E11 1 0 
9.83E+4 1 0 
7.61E-2 1 0 
5.11E+7 1 0 
2.77E+1 1 0 
8.38E+1 1 0 
2.77E+1 1 0 
3.12E+2 1 0 
1.07E-1 1 0 
9.86E+2 1 0 
4.46E+1 1 0 
2.71E+2 1 0 
7.08E+1 1 0 
1.92E+3 1 0 
2.74E+7 1 0 
3.51E+4 1 0 
1.05E-1 1 0 
5.29E-1 1 0 
2.44E+2 1 0 

1.2E+2 1 0 
l . l O E + O  1 0 
2.37E+7 1 0 
1.47E+O 1 0 
9.96E-2 1 0 
2.21E-2 1 0 

6.5E+1 1 0 
3.74E-4 1 0 
1.13E-4 1 0 
1.87E+1 1 0 
1.06E-2 1 0 
5.06E+1 1 0 
1.04E+4 1 0 
3.%E-1 1 0 
1.13E-1 1 0 
3.45E-2 1 0 
5.59E+8 1 0 
6.40E+1 1 0 
7.04E-1 1 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 
12  
12  
1 2  
11 
11 
11 
12  
12  
12  
11 
11 
11 
11 
12  
12  
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12  
12  
12  
11 
11 
11 
13 
11 
11 
11 
11 
13 
13 
13 
13 
13 
13 
13 
13 
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Radionucl ide Master L i b r a r y  f o r  M A X I  - RMDLIB, cont inued 

M093 
NB94 
M099+D 
TClOl 
RU103+D 
RU105+D 
RU106+D 
PD107 
CD109 
A G 1 1  OM+D 
A G 1 1 1  
I N 1 1 1  
CD113M 
SN117M 
SN119M 
SN121M 
SN123 
SN125+D 
SN126+D 
SB124 
SB125+D 
TE123M 
TE127M+D 
TE129M+D 
TE13 1M+D 
TE131+D 
TE13 2+D 
TE133M+D 
I 125+D 
I 130 
I 131+D 
I 135+D 
CS136 
CS137+D 
CS13 9+D 
BAl40+D 
CE143+D 
CE144+D 
PM148M+D 
PM149 
SM153 
EU152 
EU153 
EU154 
EU155 
EU156 
GD153 
TB160 
H0166M 
W 181 

3.65E+4 1 0 
7.30E+6 1 0 
2.75E+0 1 0 
9.86E-3 1 0 
3.94E+1 1 0 
1.85E-1 1 0 
3.68E+2 1 0 
2.37E+9 1 0 
4.4E+2 1 0 

2.52E+2 1 0 
7.45E+0 1 0 

2.8E+O 1 0 
4.97E+3 1 0 
1.40E+1 1 0 
2.50E+2 1 0 
2.78E+4 1 0 
1.29E+2 1 0 
9.64E+0 1 0 
3.65E+7 1 0 
6.02E+1 1 0 
1.01E+3 1 0 
1.17E+2 1 0 
1.09E+2 1 0 
3.36E+1 1 0 
1.25E+O 1 0 
1.74E-2 1 0 
3.26E+O 1 0 
3.85E-2 1 0 
5.97E+1 1 0 
5.15E-1 1 0 
8.04E+O 1 0 
2.75E-1 1 0 
1.31E+1 1 0 
l.lOE+4 1 0 
6.53E-3 1 0 
1.28E+1 1 0 
1.38E+O 1 0 
2.84E+2 1 0 
4.13E+1 1 0 
2.21E+O 1 0 
1.95E+O 1 0 
4.97E+3 1 0 
1.94E+O 1 0 
3.14E+3 1 0 
1.81E+3 1 0 
1.52E+1 1 0 
2.42E+2 1 0 
7.23E+1 1 0 
4.38E+5 1 0 
1.40E+2 1 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
12 
12 
12  
11 
11 
11 
13 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
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Radionucl ide Master L i b r a r y  f o r  M A X I  - RMDLIB, cont inued 

f 1 W 185 w OS185 
os1 91 
IR192 
HG203 
PB21 O+D 
BIZ1 O+D 
RN222+D 
RA223+D 
RA224+D 
RA225+D 
RA226+D 
RA228+D 
AC227+D 
TH2 27 +D 
M228+D 
TH23 O+D 
M 2 3  2+D 
PA23 l + D  
U 232+D 
U 233+D 
U 234 
U 235+D 
U 236 
U 238+D 
NP237+D 
PU23 6 
PU237 
PU2 41 +D 
CM2 46 
CM2 47 +D 
CM2 48 
CF25 2 
ZN69M 
ZN69 
BR83 
KR83M 
BR85 
KR85M 
KR85 
KR87 
RB87 
KR88 
RB8 8 
KR89 
RB8 9 
SR89 
Y 89M 
S R90 
Y 90 

7.51E+1 1 0 
9.40E+1 1 0 
1.5E+1 1 0 
7.3E+1 1 0 

4.66E+1 1 0 
8.14E+3 1 0 
5.01E+O 1 0 
3.82E+0 1 0 
1.14E+1 1 0 
3.66E+0 1 0 
1.48E+1 1 0 
5.84E+5 1 0 
2.10E+3 1 0 
7.95E+3 1 0 
1.87E+1 1 0 
6.99E+2 1 0 
2.81E+7 1 0 
5.13E12 1 0 
1.19E+7 1 0 
2.62E+4 1 0 
5.79E+7 1 0 
8.91E+7 1 0 
2.59E11 1 0 
8.55E+9 1 0 
1.65E12 1 0 
7.82E+8 1 0 
1.04E+3 1 0 
4.56E+1 1 0 
5.26E+3 1 0 
1.73E+6 1 0 
5.70E+9 1 0 
1.24E+8 1 0 
9.64E+2 1 0 
5.73E-1 1 0 
3.96E-2 2 1 1.0 
9.96E-2 1 0 
7.62E-2 2 1 1.0 
1.99E-3 1 0 
1.87E-1 2 1 1.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.92E+3 3 2 0.211 0 
5.30E-2 1 0 0 
1.72E13 2 1 1.0 0 
1.18E-1 1 0 0 
1.24E-2 2 1 1.0 0 
2.20E-3 1 0 0 
1.06E-2 2 1 1.0 0 
5.06E+1 3 2 1.0 0 
1.86E-4 4 3 0.0002 0 
1.04E+4 1 0 0 
2.67E+0 2 1 1.0 0 

23 
23 
23 
23 
23 
23 
23 
11 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
13 
13 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
13 
13 
13 
13 
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SR91 
Y 91M 
Y 91 
SR92 
Y 92 
Y 93 
ZR93 
NB93 M 
ZR95 
NB95M 
NB95 
ZR97 
NB97M 
NB97 
M09 9 
TC9 9M 
TC99 
RU103 
PD103 
RH103M 
RU105 
RH1 05M 
RH105 
RU106 
RH106 
PD109M 
PD109 
AG109M 
AG110M 
A G l l O  
IN114M 
I N 1  14 
CD115M 
CD115 
IN115M 
IN115 
SN125 
SB125 
TE125M 
SN126 
SB126M 
SB126 
SB127 
TE127M 
TE127 
TE129M 
TE12 9 
I 129 
TE13 1 M  
TE13 1 

Radionucl ide Master L i b r a r y  f o r  M A X I  - RMDLIB, cont inued 

3.96E-1 1 0 
3.45E-2 2 1 0.58 
5.85E+1 3 2 1.0 
1.13E-1 1 0 
1.48E-1 2 1 1.0 
4.21E-1 1 0 
5.59E+8 2 1 1.0 
4.97E+3 3 2 0.25 
6.40E+1 1 0 
3.61E+O 2 1 0.007 
3.52E+1 3 2 1.0 
7.04E-1 1 0 
6.94E-4 2 1 0.946 
5.01E-2 3 2 1.0 
2.75E+0 1 0 
2.51E-1 2 1 0.868 
7.78E+7 3 2 1.0 
3.94E+1 1 0 
1.70E+1 2 0 
3.90E-2 3 1 .9974 
1.85E-1 1 0 
5.21E-4 2 1 0.28 
1.47E+O 3 2 1.0 
3.68E+2 1 0 
3.46E-4 2 1 1.0 
5.43E-5 1 0 
5.61E-1 2 1 1.0 
4.58E-4 3 2 1.0 
2.52E+2 1 0 
2.85E-4 2 1 0.0113 
5.00E+1 1 0 
8.33E-4 2 1 1.0 
4.46E+0 1 0 
2.23E+0 2 0 
1.88E-1 3 2 1.0 
2.19E17 4 3 0.963 
9.64E+0 1 0 
1.01E+3 2 1 1.0 
5.80E+1 3 2 0.23 
3.65E+7 1 0 
1.32E-2 2 1 1.0 
3.75E-1 3 2 0.14 
3.85E+0 1 0 
1.09E+2 2 1 0.139 
3.90E-1 3 2 0.976 
3.36E+1 1 0 
4.83E-2 2 1 1.0 
5.73E+9 3 2 1.0 
1.25E+O 1 0 
1.74E-2 2 1 0.222 

0 
0 
1 0.42 
0 
0 
0 
0 
0 
0 
0 
1 0.993 
0 

1 0.054 
0 
0 
1 0.132 
0 
0 
1 .9997 
0 
0 
1 0.72 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 1.0 
0 
0 
0 
0 
0 
0 
0 
0 
10.861 
0 
0 
0 
0 
0 
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13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
13 
13 



I 131 
XE131M 
TE13 2 
I 132 
TE133M 
TE13 3 
I 133 
XE133M 
XE133 
TE134 
I 134 
CS134M 
CS13 4 
I 135 
XE135M 
XE135 
CS135 
XE137 
CS137 
BA137M 
XE13 8 
CS138 
XE13 9 
CS139 
BA13 9 
XE140 
CS140 
BAl40 
L A 1  40 
BA141 
LA141 
CE141 
BA142 
LA142 
CE143 
PR143 
CE14 4 
PR144 
ND144 
ND 147 
PM147 
SM147 
PM148M 
PM148 
PM151 
SM151 
W 187 
RE1 87 
TH23 0 
RA226 

Radionucl ide Master L i b r a r y  f o r  M A X I  - RMDLIB, cont inued 

9.84E-3 1 0 
2.24E-2 2 1 1.0 
4.98E-4 1 0 
6.53E-3 2 1 1.0 
5.74E-2 3 2 1.0 
1.85E-4 1 0 
7.64E-4 2 1 1.0 
1.28E+1 3 2 1.0 
1.68E+O 4 3 1.0 
1.27E-2 1 0 
1.64E-1 2 1 1.0 
3.25E+1 3 2 1.0 
7.43E-3 1 0 
6.44E-2 2 1 1.0 
1.38E+O 1 0 
1.36E+1 2 1 1.0 
2.84E+2 1 0 
1.20E-2 2 1 1.0 
8.77E17 3 2 1.0 
1.11E+1 1 0 
9.58E+2 2 1 1.0 
3.91E13 3 2 1.0 
4.13E+1 1 0 
5.37E+0 2 1 1.0 
1.18E+O 1 0 
3.29E+4 2 1 1.0 
9.95E-1 1 0 
1.83E13 2 1 1.0 
2.81E+7 1 0 
5.84E+5 2 1 1.0 

8.04E+O 3 2 1.0 1 0.778 
1.19E+1 4 3 0.0109 0 
3.26Et0 1 0 0 
9.58E-2 2 1 1.0 0 
3.85E-2 1 0 0 
8.64E-3 2 1 0.13 0 
8.67E-1 3 2 1.0 1 0.87 
2.19E+O 4 3 0.029 0 
5.24E+0 5 4 1.0 3 0.971 
2.90E-2 1 0 0 
3.65E-2 2 1 1.0 0 
1.21E-1 1 0 0 
7.53E+2 2 1 1.0 0 
2.75E-1 1 0 0 
1.09E-2 2 1 0.166 0 
3.78E-1 3 2 1.0 1 0.834 
8.40E+8 4 3 1.0 0 
2.66E-3 1 0 0 
l.lOE+4 2 1 1.0 0 
1.77E-3 3 2 0.946 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 
11 
13 
12 
13 
13 
1 2  
11 
11 
13 
1 2  
11 
11 
12 
11 
11 
11 
11 
11 
13 
11 
11 
11 
11 
13 
11 
11 
13 
23 
13 
23 
23 
13 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
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n 
RN222 
PB210 
BI210 
PO210 
u 232 
M 2 3  2 
RA228 
AC228 
TH228 
RA224 
PB212 
BI212 
U 235 
M 2 3  1 
PA23 1 
AC227 
TH2 27 
FR223 
RA223 
U 237 
NP237 
PA233 
U 233 
M 2 2 9  
RA225 
AC225 
U 238 
M234 
PA234M 
PA23 4 
AM242M 
AM242 
CM242 
PU242 
NP23 8 
PU23 8 
CM24 4 
PU244 
U 240 
PU 2 40 
CM2 47 
CM2 43 
PU2 43 
AM2 43 
NP23 9 
PU23 9 
CM245 
PU241 
AM241 

3.82E+0 3 2 1.0 
8.14E+3 4 3 1.0 0 
5.01E+O 5 4 1.0 0 
1.38E+2 6 5 1.0 0 
2.62E+4 1 0 0 
4.16E13 2 0 0 
2.10E+3 3 2 1.0 0 
2.555-1 4 3 1.0 O 
6.99E+2 5 4 1.0 1 1.0 
3.66E+0 6 5 1.0 0 
4.43E-1 7 6 1.0 0 
4.20E-2 8 7 1.0 0 
?.59Ell  1 0 0 
1.06E+O 2 1 1.0 0 
1.19E+7 3 2 1.0 0 
7.95E+3 4 3 1.0 0 
1.87E+1 5 4 0.9862 0 
1.51E-2 6 4 0.0138 0 
1.14E+1 7 5 1.0 6 1.0 
6.75E+0 1 0 0 
7.82E+8 2 1 1.0 0 
2.70E+1 3 2 1.0 0 
5.79E+7 4 3 1.0 0 
2.68E+6 5 4 1.0 0 
1.48E+1 6 5 1.0 0 
1.00E+1 7 6 1.0 0 
1.65E12 1 0 0.0 0 
2.41E+1 2 1 1.0 0 
8.13E-4 3 2 1.0 0 
2.81E-1 4 3 0.0013 0 
5.55E+4 1 0 0 
6.68E-1 2 1 1.0 0 
1.63E+2 3 2 0.827 0 
1.41E+8 4 2 0.173 0 
2.18E+O 5 0 0 
3.21E+4 6 5 1.0 3 1.0 
6.61E+3 1 0 0 
3.02E10 2 0 0 
5.88E-1 3 2 0.999 0 
2.39E+6 4 3 1.0 1 1.0 
5.70E+9 1 0 0 
1.04E+4 2 0 0 
2.06E-1 3 1 1.0 0 
2.70E+6 4 3 1.0 2 0.0024 
2.36E+0 5 4 1.0 0 
8.91E+6 6 5 1.0 2 0.9976 
3.10E+6 1 0 0 
5.26E+3 2 1 1.0 0 
1.58E+5 3 2 1.0 0 

0 

11 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
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1 

Onsi t e  D i  sposal Envi ronrnent FILE20 (Leaf 1, page 1 

Leaf Incremental  Dose Factors  f o r  ONSITE/BIOPORT Environment - 16-APR-84 RAP 
LEAF 50 99 5 

1 6 8 16 23 

H 3  
C 14 
NA22 
P 3 2  
P 33 
s 35 
CL3 6 
K 40 
CA4 5 
SC46 
CR5 1 
MN5 4 
FE55 
FE5 9 
C057 
co60 
N159 
N163 
ZN65 
SE75 
SR85 
SR90+D 
M093 
NB94 
RU106+D 
CD109 
AG110M+D 
I N 1 1 1  
SB124 
SB125tD 
I 125+D 
I 131+D 
CS 137+D 
CE144+D 
EU152 
EU154 
TB160 
OS185 
os191 
IR192 
HG203 
PB210+D 
RA226+D 
M228+D 
M 2 3  O+D 
TH23 2+D 

1.44E-06 
1.67E-05 
1.27 E-03 
1.23E-04 
3 .14E-05 
1.94E-04 
1.55E+00 
5.23 E+OO 
1.90E-05 
1.91E-08 
1.40E-08 
6.36E-06 
1.14E-06 
2.41 E-05 
2.17E-06 
3.68E-05 
3.47 E-06 
9.45 E-06 
7.04E-05 
2.85E-04 
4.03E-05 
4.29E-04 
2.98E-06 
1 .12E-07 
2.3 9E-06 
2.00E-07 
3.86E-06 
1.20E-09 
7.11E-06 
3.18E-06 
7.36E-05 
3.05E-05 
9.00E-04 
8.24E-08 
6.03E-08 
8.72E-08 
2.82E-08 
9.01E-05 
7.33E-06 
8.51 E-06 
2.3 5E-04 
3.82E-04 
3.3 4E-02 
2.12E-05 
5.11E-06 
6.62E-06 

O.OOE+OO 
7.31E-05 
O.OOE+OO 
3.18E-03 
8.46 E-04 
4.3 1 E-04 
O.OOE+OO 
O.OOE+OO 
8.57E-04 
3.36E-08 
O.OOE+OO 
O.OOE+OO 
5.28E-06 
2.79E-05 
O.OOE+OO 
O.OOE+OO 
1.77E-05 
2.41E-04 
4.71E-05 
0.00E+00 
3.34E-05 
1.60E-03 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
1.83 E-05 

6.41E-06 
2.18E-09 
1.68E-05 
1.04E-05 
3.43E-04 
3.75E-05 
9.08E-04 
1.3 1 E-06 
1.59E-07 
5.58E-07 
2.24E-07 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
5.51 E-03 
3.36E-02 
6.26E-04 
1.80E-04 
2.00E-04 

O.OOE+OO 
0 '. 00 E+O 0 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 

O.OOE+OO 
2.88E-08 

1.71E-06 
1.75E-05 
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.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
1.3 8E-05 
9.09E-06 
O.OOE+OO 
O.OOE+OO 
1.43E-04 
O.OOE+OO 
O.OOE+OO 
0.00EM0 
O.OOE+OO 
0.00EM0 
O.OOE+OO 
0.00EW0 
O.OOE+OO 
0.00EMO 
O.OOE+OO 
0.00EM0 
O.OOE+OO 
0.00E+00 

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.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
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 

8.33 E-0 9 

4.88E-10 
4.7 1E-08 
1.56E-08 
6.03E-02 
1.74E-02 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO - 

0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00EMO 
O.OOE+OO 
0.00E+00 

O.OOE+OO 
1.17E-05 
8.24E-04 
4.20E-04 
6.83 E-05 
O.OOE+OO 
4.07E-01 
5.69E-01 
6.85E-05 
3 .91 E-04 
4.3 4E-06 
1.22E-04 
1.31E-05 
2.94E-04 
3.82E-05 
3.63E-04 
9.76E-06 
2.66E-05 
2.46 E-04 
0.00E+00 
O.OOE+OO 
7.50E-04 
2.04E-05 
3.64E-04 
1.40E-03 
0.00E+00 
3.01E-03 
9.84E-06 
6.22E-04 
1.91E-04 
8.66E-06 
1.61E-05 
4.93E-05 
1.29E-03 
2.25E-0 4 
4.80E-04 
3.10E-04 
3.18E-03 
8.5 1E-04 
6.98E-04 
3.72E-04 
4.43 E-04 
2.83 E-03 
4.87 E-03 
5.3 2E-04 
4.53E-04 
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Onsi t e  Disposal Envi  ronment FILE21 (Soi 1 ), page 1 

S o i l  Incremental Dose Factors f o r  ONSITE/BIOPORT Environment - 16-APR-84 RAP 
SOIL 50 99 

1 6  8 1 6  

H 3  
C 14 
NA22 
P 3 2  
P 33 
s '35 
CL3 6 
K 40 
CA4 5 
S C46 
CR5 1 
MN5 4 
FE5 5 
FE5 9 
co57 
c060 
N159 
N163 
ZN65 
SE75 
SR85 
SR90+D 
MO 93 
NB94 
RU106+D 
CD109 
AG110M+D 
I N 1  11 
SB124 
SB125+D 
I 125+D 
I 131+D 
CS137+D 
CE144+D 
EU152 
EU154 
TB160 
OS185 
os1 91 
I R192 
HG203 
PB210+D 
RA226+D 
TH228+D 
M 2 3  O+D 
M23 2+D 

3.54E-10 
4.66E-09 
2.12E-09 
5.14E-07 
1.16E-07 
4.61E-09 
I .33E-04 
3.24E-05 
5.17E-11 
2.69E-15 
4.47 E-16 
2.20E-11 
4.61E-14 
1.20E-12 
2.25E-12 
3.69E-11 
4.91 E-12 
1.33 E-11 
2.00E-09 
2.99E-08 
8.44E-10 
7.88E-09 
2.7 9E-11 
1.00E-13 
2.85E-12 
6.66E-12 
1.95E-11 
1.16E-13 
9.24E-12 
3.58E-12 
8.80E-11 
5.63E-11 
1.28E-10 
4.93E-15 
1.7 2E-14 
2.49E-14 
9.58E-15 
3.21E-10 
3.57E-11 
9.65E-12 
6.25E-09 
3.01E-09 
5.23 E-09 
1.03E-11 
2.43 E-12 
3.16E-12 

5 
23 

O.OOE+OO 
2.04E-08 
O.OOE+OO 
1.33 E-05 
3.13 E-06 
1.02E-08 
O.OOE+OO 
O.OOE+OO 
2.33E-09 
4.73E-15 
O.OOE+OO 
O.OOE+OO 
2.14E-13 
1.39E-12 
O.OOE+OO 
O.OOE+OO 
2.50E-11 
3.40E-10 
1.3 4E-09 
O.OOE+OO 
6.99E-10 
2.94E-08 
O.OOE+OO 
O.OOE+OO 
2.18E-11 
O.OOE+OO 
3.23E-11 
2.09E-13 
2.18E-11 
1.17E-11 
4.10E-10 
6.93E-11 
1.29E-10 
7.84E-14 
4.53 E-14 
1.59E-13 
7.60E-14 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.33 E-08 
5.26E-09 
3.03E-10 
8.59E-11 
9.56E-11 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
9.23 E-16 
O.OOE+OO 
6.94E-14 
8.71E-13 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.79E-11 
1.03E-11 
0.00Et00 
O.OOE+OO 
2.03E-11 
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.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1. C-8 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00Et00 
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.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

2.67E-16 

4.68E-14 
6.12E-14 
1.76E-14 
7.21E-08 
3.21E-08 
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.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 

O.OOE+OO 
3.27E-09 
1.37E-09 
1.76E-06 
2.53 E-07 
O.OOE+OO 
3.50E-05 
3.52E-06 
1.86E-10 
5.49E-11 
1.39E-13 
4.21E-10 
5.30E-13 
1.46E-11 
3.96E-11 
3.64E-10 
1.38E-11 
3.76E-11 
6.98E-09 
0.00E+00 
O.OOE+OO 
1.38E-08 
1.91E-10 
3.28E-10 
1.67E-09 

1.52E-08 
9.45E-10 
8.0 8E-10 
2 J6E-10 
1.04E-11 
2.97 E-11 
7.00E-12 
7.71E-11 
6.40E-11 
1.37E-10 
1.05E-10 
1.13 E-08 
4.15E-09 
7 91E-10 
9.90E-09 
3.48E-09 
4.42E-10 
2.36E-09 
2.54E-10 
2.16E-10 

0.00EWO 

n 



Onsi te  Disposal  Environment Surface S o i l  PLANSOURC (Ex terna l  1 

0 ONSITE/BIOPORT EXTERNAL DRFS FOR SURFACE (PLANE SOURCE) 10-APR-84 RAP 
PLAN 100 

H 3  
C 14 
NA22 
P 32 
P 33 
s 35 
CL3 6 
K 40 
CA45 
S C46 
CR5 1 
MN5 4 
FE55 
FE5 9 
C057 
CQ6 0 
N159 
N I63  
ZN65 
SE75 
SR85 
SR90+D 
M093 
NB94 

0.0 
6.2E-04 
4.3 E+02 
9.2E-01 
9.4E-01 
0 .o 
2.8E-01 
5.7E+01 
2.8E-03 
7.2E+02 
1.1E+01 
2.9E+02 
0 .o 
4 .OE+02 
2.1E+01 
8.6 E+02 
0 .o 
2.5E-14 
2.2E+02 
9.2E+01 
1.8E+02 
1.9 
1.4 
5.3 E+02 

RU106+D 8.9E+02 
CD109 7.6 
AGllOM+Dl.OE+03 
I N 1 1 1  7.6E+01 
SB124 7.2E+02 
SB125+D 1.7 E+02 
I 125+D 8.8E-01 
I 131+D 1.2E+02 
CS137+D 2.1Ei-02 
CE144+D 1.7E+01 
EU152 4.OE+02 
EU154 4.3E+02 
TB160 3.8E+02 
OS185 2.5E+02 
os191 7.9 
IR192 2.5E+02 
HG203 4.7E+01 
PB210+D 3.4E-01 
RA226+D 1.3 
M228+D 3.3 E+01 
TH23O+D 1.3 
TH232+D 3.2E+02 
U 233+D 4.2 
U 234 6.9E-02 
U 235+D 8.9E+01 

1. c-9 



Onsi t e  Disposal Environment Surface Soi 1 PLANSOURC (External  1,  cont inued 

U 238+D 5.0 
NP237+D 6.6E+01 
PU241+D 1.1 
SR89 5.7E-01 
Y 89M 0.0 
SR90 3.OE-02 
Y 90 1.9 
M099 4.8E+01 
TC99M 1.9E+01 
TC99 4.OE-03 
RU103 1.8EW2 
RH103M 5.1E-02 
PD103 2.8E-01 
I 129 4.3E-01 
CS134 6 .OE+02 
CS135 1.3 E-03 
CS137 4.1 E-02 
BA137M 2.2E+02 
CE141 1 .OE+01 
SM151 2.4E-04 
U 235 Z.OE+Ol 
M 2 3 1  1.3 
PA231 8.6 
AC227 1.3 E-02 
M227 2.5E+01 
FR223 7.6 
RA223 2.6EW1 
NP237 1.9 
PA233 6 .OE+01 
U 233 4.2E-03 
M229  1.8 
RA225 6.8E-01 
AC225 1.7 
U 238 9.8E-03 
M234  7.5E-01 
PA234M 2.9 
PA234 6.3E+02 
PU242 8.1E-04 
NP238 2.OEW2 
PU238 2.9E-03 
CM244 1.8E-03 
PU244 6.8E-07 
U 240 3.4E-02 
PU240 2.7E-03 
CM243 2.5EW1 
PU243 2.7 
AM243 3.6 
NP239 2.9E+01 
PU239 2.9E-03 
PU241 2.9E-12 
AM241 1.1 

1. c-10 



Onsi te  Disposal Environment Stored Waste ROOM (Ex terna l )  

ONSITE/BIOPORT ROOM MODEL EXTERNAL DRFS IO-APR-84 RAP 

H 3  0.0 
C 14 6.2E-04 
NA22 5.1E+02 
P 32 9.8E-01 
P 33 1 .o 
s 35 0.0 
CL36 2.8E-01 
K 40 7.OE+01 
CA45 2.8E-03 
SC46 8.4E+02 
CR51 1.2E+01 
MN54 3.3E+02 
FE55 0.0 
FE59 4.7E+02 
C057 2.1E+01 
CO60 1.OE+03 
NI59 0.0 
N163 2.5E-14 
ZN65 2.7E+02 
SE75 9.6E+01 
SR85 2.OE+02 
SR90+D 2.1 
M093 1.4 
NB94 6.OE+02 
RU106+D 1 .OE+03 
CD109 7.6 
AGllOM+Dl.ZE+03 
I N 1 1 1  7.8E+01 
SB124 8.6E+02 
SB125+D 1.9E+02 
I 125+D 8.8E-01 
I 131+D 1.3E+02 
CS137+D 2.3 E+02 
CE144+D 2.9E+01 
EU152 4.7E+02 
EU154 4.9E+02 
TB160 4.4E+02 
OS185 2.7E+02 
OS191  8.0 
IR192 2.7E+02 
HG203 4.9E+01 
PB210+D 3.5E-01 
RA226+D 1.3 
TH228+D 3.4E+01 
M23O+D 1.3 
TH232+D 3.8E+02 
U 233+D 4.3 
U 234 6.9E-02 
U 235+D 8.3E+01 

ROOM 100 

1.c-11 



Onsi t e  D isposa l  Environment Stored Waste ROOM (ex te rna l  ) , cont inued 

U 238+D 5.6 
NP237+D 7.1E+01 
PU241+D 1.1 
SR89 6.1E-01 
Y 89M 0.0 
SR90 3.OE-02 
Y 90 2.1 
M099 5.4E+01 
TC99M 1.9E+01 
TC99 4.OE-03 
RU103 2.OE+02 
RH103M 5.1E-02 
PD103 2.8E-01 
I 129 4.3E-01 
CS134 6.7E+02 
CS135 1.3 E-03 
CS137 4.2E-02 
BA137M 2.4E+02 
CE141 1 .OE+01 
SM151 2.4E-04 
U 235 2.OE+01 
TH231 1.3 
PA231 9.3 
AC227 1.3 E-02 
TH227 2.6E+01 
FR223 8.0 
RA223 2.7E+01 
NP237 2.0 
PA233 6.5E+01 
U 233 4.2E-03 
TH229 1.9 
RA225 6.8E-01 
AC225 1.7 
U 238 9.8E-03 
TH234 7.6E-01 
PA234M 3.4 
PA234 7.2E+02 
PU242 8.1 E-04 
NP238 2.4Ei-02 
PU238 2.9E-03 
CM244 1.8E-03 
PU244 6.8E-07 
U 240 3.4E-02 
PU240 2.7 E-03 
CM243 2.6E+01 
PU243 2.7 
AM243 3.6 
NP239 3 .OE+01 
PU23 9 2.9E-03 
PU241 2.9E-12 
AM241 1.1 

1.c-12 



Ons i te  Disposal Environment FILE23 ( A i r ) ,  page 1 

0 130 DACRIN (DIFD 
1 6  8 1 6  

H 3  
H 3 1 1  
H 3 1 2  
C 14 
C 1 4 1 1  
C 1 4 1 2  
C 1 4 1 3  
C 1 4 1 4  
NA22 
NA22 1 1  
NA22 1 2 
NA22 2 1 
NA22 2 2 
NA22 2 3 
NA22 2 4 
NA22 3 1 
NA22 3 2 
NA22 3 3 
NA22 3 4 
NA22 3 5 
NA22 3 6 
NA22 3 7 
NA22 3 8 
NA22 3 9 
NA22 310 
NA22 311 
NA22 312 
NA22 313 
NA22 314 
NA22 315 
NA22 316 
NA22 317 
NA22 318 
NA22 319 
NA22 320 
NA22 321 
NA22 322 
NA22 323 
NA22 324 
NA22 325 
NA22 326 
NA22 327 
P 32  
P 3 2  1 1  
P 3 2  1 2  
P 3 2  2 1  
P 3 2  2 2  
P 3 2  3 1  

0 0  
1.05E-06 
5.32E-08 

4 0  
2.3 9E-06 
1.01E-07 

.oo 

.oo 
2 4  

7.25E-05 
3.33E-06 
6.82E-05 
6.65 E-06 
2.88E-08 
1.82E-10 
5.80 E-05 
6.21 E-06 
1.84E-06 
9.47 E-07 
4.96 E-07 
2.65E-07 
1.43 E-07 
7 .85 E-08 
4.3 6E-08 
2.45 E-08 
1.39E-08 
7.97E-09 
4.61E-09 
2.67E-09 
1.57E-09 
9.09E-10 
5.38E-10 
3.20E-10 
1.82E-10 
1.16E-10 
6.55E-11 
3.64E-11 
2.18E-11 
1.46E-11 
7.28E-12 
7.28E-12 
7.28E-12 

2 2  
3.79E-05 
2.18E-06 
2.56 E-05 
1 .57E-06 
2.30E-05 

10s) DOSE INCREMENT FILE ONSITE 
23 

2 
.oo 1.05E-06 1.05E-06 
.oo 5.32E-08 5.32E-08 

1.05E-05 2.39E-06 2.39E-06 
1.97E-06 1.01E-07 1.01E-07 
3.51E-09 .OO .oo 
6.37E-12 .OO .oo 

O.OOE+OO 5.01E-05 O.OOE+OO 
0.00E+00 9.90E-08 O.OOE+OO 
O.OOE+OO 2.37E-03 O.OOE+OO 
0.00E+00 5.32E-04 O.OOE+OO 
0.00E+00 2.57 E-06 O.OOE+OO 
O.OOE+OO 1.23E-08 O.OOE+OO 
O.OOE+OO 6.03E-03 O.OOE+OO 
O.OOE+OO 7.40E-03 O.OOE+OO 
O.OOE+OO 3.42E-03 O.OOE+OO 
O.OOE+OO 1.58E-03 O.OOE+OO 
O.OOE+OO 7.28E-04 O.OOE+OO 
O.OOE+OO 3.37E-04 0.00E+00 
O.OOE+OO 1.55E-04 O.OOE+OO 
O.OOE+OO 7.18E-05 O.OOE+OO 
O.OOE+OO 3.3 1E-05 O.OOE+OO 
0.00E+00 1.52E-05 O.OOE+OO 
O.OOE+OO 7.05E-06 O.OOE+OO 
O.OOE+OO 3.25E-06 O.OOE+OO 
O.OOE+OO 1.51E-06 O.OOE+OO 
0.00E+00 6.91E-07 O.OOE+OO 
O.OOE+OO 3.20E-07 O.OOE+OO 
0.00E+00 1.49E-07 O.OOE+OO 
0.00E+00 6.7 1E-08 O.OOE+OO 
0.00E+00 3.17E-08 O.OOE+OO 
O.OOE+OO 1.49E-08 O.OOE+OO 
O.OOE+OO 5.59E-09 0.00E+00 
O.OOE+OO 3.73E-09 O.OOE+OO 
0.00E+00 1.86E-09 O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00E+00 
0.00E+00 1.86E-09 O.OOE+OO 
0.00E+00 0.00E+00 0.00E+00 
O.OOE+OO O.OOE+OO O.OOE+OO 

0 

27 

2 
9.79E-04 4.18E-05 O.OOE+OO 
5.89E-05 7.98E-08 0.00E+00 
6.62E-04 5.85E-04 O.OOE+OO 
4.24E-05 2.55E-05 O.OOE+OO 
5.95E-04 7.15E-04 O.OOE+OO 

/BIOPORT ENV. 16-APR-84 RAP 

.oo 

.oo 

2.06E-06 
1.23E-10 

.oo 

.oo 

1 J5E-05 
6.88E-10 
3.62E-05 
1.35E-06 
6.24E-09 
3.27E-11 
3.7 1E-05 
1.87E-06 
8.2 9E-07 
3 .83E-07 
1.77E-07 
8.17E-08 
3.76E-08 
1.74E-08 
8.03 E-09 
3.69E-09 
1.72E-09 
7.86E-10 
3.64E-10 
1.67E-10 
8 . O O E - l l  
3.64E-11 
1.46E-11 
1.09E-11 
O.OOE+OO 
3.64E-12 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 

2.58E-05 
1.53E-09 
6.96E-05 
2.90E-07 
7.77E-05 

1. C-13 



Onsi te  Disposal Environment FILE24 (Aquat ic) ,  page 1 

Incremental Aquat ic Foods Dose Factors - ONSITE/BIOPORT Env. - 16-APR-84 RAP 
FISH 50 92 5 

1 6 8 16 23 

H 3  2.61E-08 
C 14 1.76E-05 
NA22 1.80E-05 
P 32 4.64E-03 
P 33 9.20E-04 
CA45 4.76E-07 
SC46 4.08E-10 
CR5 1 1.23E-09 
MN5 4 2.42E-06 
FE55 8.21 E-08 
FE5 9 2.37E-06 
C057 1 .21 E-07 
0 6 0  1 .96 E-06 
N159 2.12E-07 
N163 5.77E-07 
ZN65 4.29E-05 
SE75 2.78E-06 
SR85 1.48E-06 

M093 9.20E-08 
NB94 2.52E-06 
RU106+D 9.7 1 E-08 
CD109 3.55E-08 
AG110M+D 2.77 E-08 
SB124 3.56E-07 
SB125+D 1.30E-07 
I 125+D 1.5 2E-06 
I 131+D 1.38E-06 
CS137+D 6.06E-04 
CE144+D 1 . l lE-09 
EU152 1.98E-09 
EU154 2.87E-09 
TB160 1.13E-09 
IR192 5.39E-07 
HG203 6.29E-04 
PB210+D 5.63E-05 
RA226+D 2.84E-03 
M228+D 1.40E-06 
M 2 3  O+D 3.29E-07 
TH23 2+D 4.27E-07 
U 233+D 1.08E-05 
U 234 1.05E-05 
U 235+D 9.89E-06 
U 238+D 9.25E-06 
NP237+D 2.45E-07 
PU2 41+D 2.94E-09 

SR90+D i . ~ o E - o ~  

O.OOE+OO 
7.72E-05 
O.OOE+OO 
1.20E-01 
2.48E-02 
2.14 E-05 
7.18E-10 
0.00E+00 
O.OOE+OO 
3.82E-07 
2.75E-06 
0.00E+00 
O.OOE+OO 
1.08E-06 
1.47 E-05 
2.87 E-05 
O.OOE+OO 
1.22E-06 
4.85E-05 
0.00E+00 
O.OOE+OO 
7.42E-07 
O.OOE+OO 
4.59E-08 
8.43 E-07 
4.25E-07 
7 .07 E-06 
1.70E-06 
6.12E-04 
1.76E-08 
5.23E-09 
1.84E-08 
8.95E-09 
0.00E+00 
O.OOE+OO 
8.12E-04 
2.85E-03 
4.13 E-05 
1.16E-05 
1.29E-05 
1.17E-04 
8.69E-05 
8.32E-05 
7.96E-05 
5.63 E-06 
8.19E-08 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.55E-09 
O.OOE+OO 
1.24E-07 
1.73E-06 
0.00E+00 
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 
0.00E+00 
O.OOE+OO 
0.00E+00 
6.91 E-07 
3.72E-07 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 

9.65E-05 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
7.37E-10 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
2.3 6 E-0 9 
6.38E-10 
1.24E-03 
7 e 86E-04 
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.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 

O.OOE+OO 
1.24E-05 
1.17E-05 
1.58E-02 
2.00E-03 
1.71E-06 
8.3 4E-06 
3.84E-07 
4.64E-05 
9.45E-07 
2.90E-05 
2.13 E-06 
1.93E-05 
5.96E-07 
1.63E-06 
1.50E-04 
O.OOE+OO 
0.00E+00 
2.28E-05 
6.28E-07 
8.23 E-03 
5.69E-05 
O.OOE+OO 
2 J6E-05 
3 .12E-05 
7 .83 E-06 
1.78E-07 
7.26E-07 
3.3 2E-05 
1.73 E-05 
7.40E-06 
1.58E-05 
1.24E-05 
4.42E-05 
9.95E-04 
6.52E-05 
2.40E-04 
3.21E-04 
3.43E-05 
2.92E-05 
2.21E-05 
2.17 E-05 
2.75E-05 
1.94E-05 
3.3 1E-05 
5.17 E-07 

1. C-14 13 



Ons i te  Disposal Environment FILE25 (Dr ink ) ,  page 1 

Incremental  D r i n k i n g  Water Dose Factors - ONSITE/BIOPORT Env. 16-APR-84 RAP 
H20 50 92- 

1 

H 3  

NA22 
P 3 2  
P 33 
CA4 5 
SC46 
CR51 
MN54 
FE5 5 
FE5 9 
C057 
C06 0 
N159 
N163 
ZN65 
SE75 
S R85 
SR90+D 
MO 93 
NB94 
RU106+D 
CD109 
AG11 OM+D 
SB124 
SB125+D 
I 125+D 
I 131+D 
CS 13 7+D 
CE144+D 
EU152 
EU154 
TB160 
IR192 
HG203 
PB210+D 
RA226+D 
TH228+D 
M 2 3  O+D 
M23 2+D 
U 233+D 
U 234 
U 235+D 
U 238+D 
NP237+D 
PU241+D 

c i 4  

6 8 16 

2.57 E-08 
2.40E-07 
6.5 4E-06 
1.18E-06 
2.3 4E-07 
1.15E-07 
3.70E-10 
9.15E-10 
1.7 8E-07 
9.25E-0 9 
2.68E-07 
2.45E-08 
3 .97 E-07 
2.39E-08 
6.50E-08 
5.38E-07 
6.40E-07 
4.39E-07 
3 .87 E-06 
7.83 E-08 
3.73E-09 
7.38E-08 
5.68E-09 
2.63 E-08 
3.49E-07 
1 .27 E-07 
1.17E-06 
1.06E-06 
1.68E-05 
1.03E-09 
6.68E-10 
9.67 E-10 
3.80E-10 
1.09E-07 
9.97 E-07 
2.05E-05 
1.3 4E-03 
8.35E-07 
1.97 E-07 
2.55E-07 
1.03 E-05 
1.01E-05 
9.47 E-06 
8.85 E-06 
2.00E-07 
2.73E-09 

5 
23 

O.OOE+OO 
1.05E-06 
O.OOE+OO 
3.05E-05 
6.2 9E-06 
5.16E-06 
6.50E-10 
O.OOE+OO 
O.OOE+OO 
4.30E-08 
3.10E-07 
O.OOE+OO 
O.OOE+OO 
1.22E-07 
1.66E-06 
3.60E-07 
O.OOE+OO 
3.63 E-07 
1.44E-05 
0.00E+00 
O.OOE+OO 
5.64E-07 
O.OOE+OO 
4.36E-08 
8.27 E-07 
4.16E-07 
5.46 E-06 
1.3 1E-06 
1.70E-05 
1.63 E-08 
1.76E-09 
6.19E-09 
3.01E-09 
0.00E+00 
O.OOE+OO 
2.95E-04 
1.3 4E-03 
2.46E-05 
6.93 E-06 
7.72E-06 
1.12E-04 
8.31E-05 
7 .96E-05 
7.62E-05 
4.5 9E-06 
7.59E-08 

O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
1.89E-09 
O.OOE+OO 
1.39E-08 
1.95E-07 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00EM0 
6.7 8E-07 
3.65E-07 
O.OOE+OO 
0.00E+00 
2.6 8E-06 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 

1.C-15 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00 E+OO 
O.OOE+OO 
5.46E-10 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
2.3 1E-09 
6.25E-10 
9.60E-04 
6.07E-04 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00EtOO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
1.68E-07 
4.24E-06 
4.02E-06 
5.0 9E-07 
4.12E-07 
7.55E-06 
2.84E-07 
3.41E-06 
1 .06 E-07 
3.26E-06 
4.3 1 E-07 
3.91 E-06 
6.72E-08 
1.83 E-07 
1.88E-06 
O.OOE+OO 
0.00E+00 
6.7 8E-06 
5.35E-07 
1.22E-05 
4.33 E-05 
O.OOE+OO 
2.05E-05 
3.06E-05 
7.68E-06 
1.3 8E-07 
5.61E-07 
9.22E-07 
1.60E-05 
2.49E-06 
5.33 E-06 
4.17E-06 
8.95E-06 
1.5 8E-06 
2.37E-05 
1.13E-04 
1.92E-04 
2.05E-0 5 
1.74E-05 
2.1 2E-05 
2.07E-05 
2.63E-05 
1.86E-05 
2.7 OE-05 
4.80E-07 



Onsl t e  Disposal  Envi  ronment VOLSOURC (Ex terna l  1 

ONSITE/BIOPORT 
VOLU 100 

H 3  0 .o 
C 14 6.2E-04 
NA22 5.1E+02 
P 32 9.8E-01 
P 33 1.0 
s 35 0.0 
CU6 2.8E-01 
K 40 7.OE+01 
CA45 2.86-03 
SC46 8.4E+02 
CR51 1.2E+01 
MN54 3.3E+02 
FE55 0.0 
FE59 4.7E+02 
C057 2.1E+01 
CO60 1.OE+03 
N159 0.0 
N163 2.5E-14 
ZN65 2.7E+02 
SE75 9.6E+01 
SR85 2.OE+02 
SR90+D 2.1 
M O B  1.4 
NB94 6.OE+02 
RU106+D 1 .OE+03 
CD109 7.6 
AGllOM+Dl.2E+03 
I N 1 1 1  7.8E+01 
SB124 8.6E+02 
SB125+D 1.9E+02 
I 125+D 8.8E-01 
I 131+D 1.3E+02 
CS137+D 2.3E+02 
CE144+D 2.9E+01 
EU152 4.7E+02 
EU154 4.9E+02 
E 1 6 0  4.4E+02 
OS185 2.7E+02 
OS191 8.0 
IR192 2.7E+02 
HG203 4.9E+01 
PB210+D 3.5E-01 
RA226+D 1.3 
M228+D 3.4E+01 
TH23O+D 1.3 
M 2 3  2+D 3.8E+02 
U 233+D 4.3 
U 234 6.9E-02 
U 235+D 8.3E+01 

VOLUME SOURCE SURFACE EXTERNAL DRFS 10-APR-84 RAP 

1.C-16 



Onsi te  Disposal Environment VOLSOURC (External  1, cont inued 

,’ \ U 238+D 5.6 
NP23 7+D 7.1 E+01 (d PU241+D 1.1 
SR89 
Y 89M 
S R90 
Y 90 
M099 
TC99M 
TC99 
RU103 
RH1 03M 
PD103 
I 129 
CS13 4 
CS135 
CS137 
BA137M 
CE141 
SM151 
U 235 
M 2 3  1 
PA23 1 
AC227 
M 2  27 
FR223 
RA223 
NP237 
PA233 
U 233 
M229  
RA225 
AC225 
U 238 
M 2 3  4 
PA23 4M 
PA23 4 
PU242 
NP238 
PU23 8 
CM244 
PU244 
U 240 
PU240 
CM2 43 
PU243 
AM2 43 
NP23 9 
PU23 9 
PU241 
AM241 

6.1E-01 
0 .o 
3.OE-02 
2.1 
5.4E+01 
1.9E+01 
4 .OE-03 
2 .OE+02 
5.1 E-02 
2.8E-01 
4.3E-01 
6.7E+02 
1.3E-03 
4.2E-02 
2.4E+02 
1 .OE+01 
2.4E-04 
2 .OE+01 
1.3 
9.3 
1.3 E-02 
2.6E+01 
8.0 
2.7 E+O 1 
2.0 
6.5E+01 
4.2E-03 
1.9 
6.8E-01 
1.7 
9.8E-03 
7.6E-01 
3.4 
7.2E+02 
8.1E-04 
2.4E+02 
2.9E-03 
1.8E-03 
6.8E-07 
3.4E-02 
2.7E-03 
2.6E+01 
2.7 
3.6 
3 .OE+01 
2.9E-03 
2.9E-12 
1.1 

1. C-17 



Onsite Disposal  Environment BURIEDHF (Ex te rna l )  

ONSITE/BIOPORT EXTERNAL DRFS (BURIED AT 0.5 M) 9-APR-84 RAP 

H 3  0 .o 
C 14 1.2E-12 
NA22 1.8 
P 32 4.3E-04 
P 33 1.5E-03 
s 35 0.0 
CL36 9.3E-06 
K 40 3.9E-01 
CA45 1.9E-10 
SC46 2.3 
CR51 2.8E-03 
MN54 4.4E-01 
FE55 0.0 
FE59 1.6 
C057 8.4E-06 
CO60 3.7 
N159 0.0 
N163 0.0 
ZN65 9.4E-01 
SE75 1.5E-02 
SR85 l . lE-01 
SR90+D 1.7E-03 
M093 3.5E-34 
NB94 6.1E-01 
RU106+D 2.6 
CD109 5.5E-08 
AG11 OM+D2.6 
I N 1 1 1  1.3E-03 
SB124 4.2 
SB125+D 1.1 E-01 
I 125+D 1.2E-34 
I 131+D 4.OE-02 
CS137+D 1.4E-01 
CE144+D 1.2E-01 
EU152 1.6 
EU154 1.4 
TB160 1.1 
OS185 2.OE-01 
OS1 91 2.2E-06 
IR192 9.OE-02 
HG203 1.1 E-03 
PB210+D 5 .OE-05 
RA226+D 1.3E-04 
M228+D 1.6E-03 
TH23O+D 1.3E-04 
M232+D 1.1 
U 233+D 1.4E-05 
U 234 1.9E-08 
U 235+D 8.3E-03 

0.5M 100 

1.C-18 



c3 
Onsi t e  Disposal Envi ronment BURIEDHF (External  1, cont inued 

U 238+D 1.2E-02 
NP237+D 1.6E-02 
PU241tD 2.6E-09 
SR89 1.8E-04 
Y 89M 0.0 
SR90 5.5E-07 
Y 90 1.7E-03 
M099 4.4E-02 
TC99M 7.6E-06 
TC99 7.8E-10 
RU103 1 .1 E-0 1 
RH1 03M 2.8E-26 
PD103 9.3E-06 
I 129 6.3E-13 
CS134 8 .OE-01 
CS135 3.4E-11 
CS137 4.4E-06 
BA137M 1.5 E-0 1 
CE141 4.3 E-06 
SM151 1.8E-19 
U 235 8.7E-05 
M 2 3 1  1.OE-07 
PA231 1.9E-03 
AC227 4.3 E-09 
M227 2.4E-03 
FR223 2.2E-03 
RA223 3.9E-03 
NP237 2.7E-08 
PA233 1.6E-02 
U 233 6.5E-19 
M229  7.1E-07 
RA225 4.3E-09 
AC225 1.4E-05 
U 238 5.2E-18 
TH234 4.6E-08 
PA23 4M 9.1 E-03 
PA234 1.6 
PU242 2.8E-27 
NP238 7.5E-01 
PU238 8.4E-10 
CM244 6.2E-27 
PU244 0. 
U 240 l . lE-13 
PU240 8.4E-10 
CM243 3.5E-04 
PU243 2.1 E-04 
AM243 8.5E-10 
NP239 7.9E-04 
PU239 8.4E-10 
PU241 0.0 
AM241 2.6E-09 

1.c-19 



Onsi t e  Disposal Env i ronment BURIED1 (External  1 

ONSITE/BIOPORT EXTERNAL DRF (BURIED AT 1.0 M1 9-APR-84 RAP 

H 3  0 .o 
C 14 l . lE-19 
NA22 9.2E-03 
P 32 9.1E-07 
P 33 6.7E-06 
s 35 0.0 
CL36 3.OE-09 
K 40 3.OE-03 
CA45 1.2E-16 
SC46 1.OE-02 
CR51 8.9E-07 
MN54 7.9E-04 
FE55 0. 
FE59 7.3E-03 
C057 5.4E-12 
CO60 1.8E-02 
N159 0.0 
N163 0.0 
ZN65 4.6E-03 
SE75 1.OE-05 
SR85 7.7E-05 
SR90+D 7.7E-06 
M093 0. 
NB94 9.4E-04 
RU106+D 2.1E-02 
CD109 7 2E-16 
A G l l O M + D l .  4 E-0 2 
I N 1 1 1  4.3E-08 
SI3124 4.8E-02 
SI31 25+D 8.7 E-05 
I 125+D 0.0 
I 131+D 2.1E-05 
CS137+D 1 ~ E - 0 4  
CE144+D 2.OE-03 
EU152 9.5E-03 
EU154 6.6E-03 
TB160 4.9E-03 
OS185 2.2E-04 
OS191 1.4E-12 
IR192 4.9E-05 
H a 0 3  3.5E-08 
PB210+D 4.1E-08 
RA226+D 9.1 E-08 
TH228+D 2.9E-06 
TH23 O+D 9.1 E-08 
M 2 3  2+D 5.7 E-03 
U 233+D 4.6E-10 
U 234 1.2E-14 
U 235+D 3.OE-06 

1.OM 100 

1. c-20 



Onsi te  Disposal Environment BURIED1 (Ex terna l ) ,  cont inued 

U 238+D 5.2E-05 
NP237+D 5.7 E-06 
PU241+D 1.6E-15 
SR89 2.8E-07 

SR90 1.5E-10 
Y 90 7.7E-06 
M099 6.6E-05 
TC99M 4.9E-12 
TC99 1.3E-14 
RU103 7.9E-05 
RH103M 0.0 
PD103 3 .OE-09 
I 129 4.2E-20 
CS134 2.1E-03 
CS135 1.9E-17 
CS137 4.1 E-09 
BA137M 1.3E-04 
CE141 9.3E-11 
SM151 7.8E-30 
U 235 2.6E-09 
TH231 6.OE-14 
PA23 1 6.OE-07 
AC227 2.7E-15 
M227 6.5E-07 
FR223 3.6E-06 
RA223 1.7E-06 
NP237 1.6E-16 
PA233 5.7E-06 
U 233 l . lE-33 
M229  4.6E-13 
RA225 1.2E-13 
AC225 4.6E-10 
U 238 8.5E-33 
M234  1.6E-14 
PA234M 3.6E-05 
PA234 8.2E-03 
PU242 0.0 
NP238 3.2E-03 
PU238 5.4E-16 
CM244 0.0 
PU244 0.0 
U 240 6.4E-21 
PU240 5.4E-16 
CM243 1.1 E-08 
PU243 6.7E-08 
AM243 4.3E-19 
NP23 9 1 .5 E-07 
PU239 5.4E-16 

AM241 1.6E-15 

Y 89M 0.0 

PU241 0. 

13 1.c-21 



L 

Onsi t e  Disposal Environment Selected Radionucl ides  - RMDONS 

ONSITE/BIOPORT RADIONUCLIDE MASTER DATA LIBRARY 23-MAY-84 RAP 
H 3  
C 14 
N U 2  
P 3 2  
P 33 
s 35 
CL3 6 
K 40 
CA4 5 
SC46 
CR5 1 
MN5 4 
FE5 5 
FE59 
C057 
c060 
N159 
N163 
ZN65 
SE75 
SR85 
SR90+D 
MO 93 
NB94 
RU106+D 
CD109 
AG110M+D 
I N 1 1 1  
SB124 
SB125+D 
I 125+D 
I 131+D 
CS137+D 
CE144+D 
EU152 
EU154 
TB160 
OS185 
os1 91 
IR192 
HG203 
PB210+D 
RA226+D 
M228+D 
TH23 O+D 
M23  2+D 
U 233+D 
U 234 
U 235+D 
U 238+D 

4.51E+3 1 0 
2.091E+6 1 0 

9.50E+2 1 0 
1.43E+1 1 0 
2.44E+1 1 0 
8.72E+1 1 0 

l . lE+8 1 0 
4.67E11 1 0. 
1.65E+2 1 0 
6.5E+1 1 0 

2.77E+1 1 0 
3.12E+2 1 0 
9.86E+2 1 0 
4.46E+1 1 0 
2.71E+2 1 0 
1.92E+3 1 0 
2.74E+7 1 0 
3.51E+4 1 0 
2.44E+2 1 0 
1.20E+2 1 0 
6.5E+1 1 0 

1.04E+4 1 0 
3.65E+4 1 0 
7.30E+6 1 0 
3.68E+2 1 0 
4.40E+2 1 0 
2.52E+2 1 0 
2.8E+O 1 0 

6.02E+1 1 0 
1.01E+3 1 0 
5.97Etl 1 0 
8.04E+O 1 0 
l.lOE+4 1 0 
2.84E+2 1 0 
4.97E+3 1 0 
3.14E+3 1 0 

7.2E+1 1 0 
9.40E+1 1 0 

1.5E+1 1 0 
7.30E+1 1 0 
4.66E+1 1 0 
8.14E+3 1 0 
5.84E+5 1 0 
6.97E+2 1 0 
2.81E+7 1 0 
5.13E12 1 0 
5.79E+7 1 0 
8.91E+7 1 0 
2.59E11 1 0 
1.65E12 1 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1. c-22 

4.8 
5.5 
5 .OE-2 
5 .OE+1 
5 .OE+l 
5.9E-1 
5 .O 
3.6E-1 
4.OE-2 
1 .lE-3 
2.5E-4 
3 .OE-2 
4.OE-4 
4 .OE-4 
9.4E-3 
9.4E-3 
1.9E-2 
1.9E-2 
4 .OE-1 
1.3 
2.OE-1 
2 .OE-1 
1.3 E-1 
9.4E-3 
1 .OE-2 
3 .OE-1 
1.5E-1 
2.5E-1 
1.1E-2 
1.1E-2 
2.OE-2 
2 .OE-2 
2 .OE-3 
5 .OE-4 
2.5E-3 
2.5E-3 
2.6E-3 
5 .OE-2 
5 .OE-2 
9.4E-3 
3.8E-1 
6.8E-2 
1.4E-3 
4.2E-3 
4.2E-3 
4.2E-3 
2.5E-3 
2.5E-3 
2.5E-3 
2.5E-3 

11 
12 
11 
12 
12 
12 
11 
11 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
12 
11 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 



Onsi t e  Disposal Environment Selected Radionucl ides - RMDONS, cont inued 

NP237+D 
PU241+D 
SR89 
Y 89M 
S R90 
Y 90 
M099 
TC9 9M 
TC9 9 
RU103 
RH103M 
PD103 
I 129 
CS134 
CS13 5 
CS137 
BA137M 
CE141 
SM151 
u 235 
M23  1 
PA23 1 
AC2 27 
TH227 
FR223 
RA223 
NP237 
PA233 
u 233 

RA225 
AC225 
U 238 

PA234M 
PA23 4 
PU242 
NP23 8 
PU23 8 
CM244 
PU244 
U 240 
PU240 
CM243 
PU243 
AM243 
NP23 9 
PU23 9 
PU241 
AM241 

m 2 2 9  

~ 2 3 4  

7.82E+8 1 0 0 
5.26E+3 1 0 0 
5.06E+1 1 0 0 
1.86E-4 2 1 0.0002 0 
1.04E+4 1 0 0 
2.67E+0 2 1 1.0 0 
2.75E+0 1 0 0 
2.51E-1 2 1 0.868 0 
7.78E+7 3 2 1.0 1 0.132 
3.94E+1 1 0 0 
3.90E-2 2 0 0 
1.70E+1 3 1 .9974 0 .9997 
5.71E+9 1 0 0 
7.53E+2 1 0 1.0 0 
8.40E+8 1 0 0 
l.lOE+4 1 0 0 
1.77E-3 2 1 0.946 0 
3.25E+1 1 0 0 
3.29E+4 1 0 0 
2.59E11 1 0 0 
1.06E+O 2 1 1.0 0 
1.19E+7 3 2 1.0 0 
7.95E+3 4 3 1.0 0 
1.87E+1 5 4 0.9862 0 
1.51E-2 6 4 0.0138 0 
1.14E+1 7 5 1.0 6 1.0 
7.82E+8 1 0 0 
2.70E+1 2 1 1.0 0 
5.79E+7 3 2 1.0 0 
2.68E+6 4 3 1.0 0 
1.48E+1 5 4 1.0 0 
1.00E+l 6 5 1.0 0 
1.65E12 1 0 0.0 0 
2.41E+1 2 1 1.0 0 
8.13E-4 3 2 1.0 0 
2.81E-1 4 3 0.0013 0 
1.41E+8 1 0 0 
2.18E+O 2 0 0 
3.21E+4 3 2 1.0 
6.61E+3 1 0 0 
3.02E10 2 0 0 
5.88E-1 3 2 0.999 0 
2.39E+6 4 3 1.0 1 1.0 
1.04€+4 1 0 0 
2.06E-1 2 0 1.0 0 
2.70E+6 3 2 1.0 1 0.0024 
2.36E+0 4 3 1.0 0 
8.91E+6 5 4 1.0 1 0.9976 
5.26E+3 1 0 0 
1.58E+5 2 1 1.0 0 

0 
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APPENDIX 1.D.1 CDC Conrnand Level Procedure - PROCFIL 
.PROC,ON. 
ATTACH,ABSIONSITEABSIID=ONSITEDB. 
COPYIABSILGO. 
RETURN, ABS. 
ATTACH,TAPElO,RMDONS~ID=ONSITEDB,MR=l. 
REW IND, TAPE10 . 
CONNECT, OUTPUT. 
CONNECT, INPUT. 
CONNECT, TAPE5. 
CONNECT, TAPE6. 
REWIND , LGO . 
LGO. 
REVERT. 
*EOR 
.PROC,DONE*I,F"FILENAME FOR SCENARIO"=(*F) 9 

RIIREAD PASSWORD FOR F I L E " = ( * A )  . 
CATALOG,TAPE7,FsID=ONSITEIRP=lO,RD=R. 
BATCH, TAPE7 0 INPUT, HERE. 
RETURN , TAPE7 . 
RETURN,TAPElO. 
DISCONT, OUTPUT. 
DISCONT, INPUT. 
DISCONT, TAPE5. 
DISCONT, TAPE6. 
RETURN LGO. 
F ILES.  
REVERT. 
*EOR 
.PROC,SEND*IIF"NAME OF OUTPUT F I L E  TO BE PRINTED:"=(*F) , 
BATCH , FI LOCAL. 
REQUEST, X, *Q. 
REWINDPF. 
COPY, F X . 
ROUTE,X,DC=PR,FID=*N,TID=KT. 

NI'FIVE CHARACTER NAME TO I D E N T I F Y  RUNtl=(*A). 

RETURN X. 
F I L E S .  
REVERT. 
*EOR 
*EOF 

1. D-1 



APPENDIX 1.D.2 CDC Version o f  the ONSITE Module RITFIL 

C 

C 

C 

C 

C 

C 

C 

C 

COMMON /VARYBL/ IFOD, RIRRPRPF, IMO, R F l r  RF2r  IARG, IWATI 
IDKWAT, IEXT, I A I R ,  XQSITE, IDKAIR,  
ISUR, 122, XF2r  
AGE, XDPT, DEN, XMLF, RINH, D ILF ,  M3M2r 

R P F l r  RPF2, INHAL, IRR, SRDIL, NVUNIT(4)  

INTRUD, 
In, ITZ, NORG, K O R G ( ~ )  , IOUT, NEXT, 

REAL NVUNIT 

COMMON / I N V /  NIN, E L T I ( 1 0 0 ) t  A W I ( 1 0 0 ) t  NSOLD(5,100), 
Q(100) t Q I ( 1 0 0 )  , QJ(100) 9 QK(100) 

REAL AWI 
INTEGER E L T I  

COMMUI~ /FLAG/ IRS, ILOC, INUT, IARL, IWRL 

COMMON /AREA/ FRSIZ,  AREAIN, AREAEX 

COMMON /DESC/ TITL(20) 9 

CHARACTER”4 TITL, NVU 

U N I T S ( 2 r 3 )  P NVU(4) 
CHARACTER*8 UNITS 

COMMON /IOVAR/ SCRN, OUT, OUTFIL, KEY 

INTEGER SCRNI OUT 
CHARACTER”15 OUTFIL  
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APPENDIX 1.D.2 CDC Version of the ONSITE Module RITFIL (Continued) 

4002 FORMAT ( ' O ' r l 4 X p ' E N T E R  YOUR CDC PROBLEM NO:') 
READ (KEYs4001)  PRBLM 

n 
L 

C---- INSERT JOB CONTROL RECORDS FOR BATCH PROCESSING ------------------ 
C 

WRITE (OUT,3000) ACNT, ACNT, PRBLM, PRBLM 
3000 FORMAT (A5,'rSTMFZ~CM160000~EC4OO~n77.'/ 

.'ACCOUNT,'rA7,',',A4,',',A4,'.') 
C 
C---- ASSIGN LIBRARY F I L E S  TO LOGICAL U N I T  DEVICES ..................... 
C I F  ( I F O D  .GT. 0) WRITE 

WRITE ( O U T t 3 0 1 0 )  
(OUT, 3010) 

n 
b 

C 3010 FORMAT ( 'ASSIGN CBIO.NEWlFILE20.DAT FOR02O1/ 
C 'ASSIGN CBIO.NEWlFILE21 .DAT FOR021' )  
C 
3010 FORMAT ( '  ATTACH,TAPE20,FILE20rID=ZZRNRC.'/ 

' ATTACH,TAPE21* F I L E 2 1  P IDzZZRNRC. '/ 
' REWIND,TAPE20.'/ 
' REWIND, TAPE21 '1 

C 
C 

C 
C 3 0 2 0  FORMAT ( 'ASSIGN CBIO.NEWlFILE24.DAT FORO2411 

C 
C 

C 
C 3 0 3 0  FORMAT ( 'ASSIGN CBIO.NEWlFILE25.DAT FORO25') 

C 

I F  ( I A R G  .GT. 0)  
WRITE (OUT,3020) 

WRITE (OUT, 3020) 

3020 FORMAT ( ' ATTACHjTAPE24, F I L E 2 4 3  ID=ZZRNRC. '/ ' REWIND,TAPE24.') 

I F  ( I W A T  .GT. 0) 
WRITE (OUTp3030)  

WRITE (OUT, 3030) 

303 0 FORMAT ( ' ATTACH, TAPE25 F I L E 2 5  9 ID=ZZRNRC. '/ ' REWIND, TAPE25 ' I 
I F  ( I L O C  .EQ. 4)  THEN 

ELSE 

ENDIF 

WRITE (OUT, 3240) 

WRITE (OUT, 3040) 

C 
C 3 2 4 0  FORMAT ( 'ASSIGN CBIO.NEW1ROOM.DAT FORO22') 

C 

3240 FORMAT ( '  ATTACH,TAPE22,ROOM,ID=ZZRNRC.'/ 
REW IND, TAPE22 ' 1 ' 

C 3 0 4 0  FORMAT ( 'ASSIGN CBIO.NEWlPLANS0URC.SUR FOR022' )  
3040 FORMAT ( '  ATTACH,TAPEZZ,PLANSOURCIID=ZZRNRC.(/ 
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APPENDIX 1.0.2 CDC Vers ion of t h e  ONSITE Module R ITF IL  (Continued) 

I F  ( I L O C  .EQ. 1) WRITE (OUT, 3044) 
C3044  FORMAT ( 'ASSIGN CBIO.NEWlVOLS0URCE.SUR FOR027 ' )  
3044 FORMAT ( '  ATTACH,TAPE27,VOLSOURC,ID=ZZRNRC.'/ ' REW IND, TAPE27 . ' 

C 

B O 4 1  FORMAT ( 'ASSIGN CBIO.NEWIBUR.IEDHF.DAT FOR027 ' 1  
3041 FORMAT ( 1 ATTACH, TAPE27 9 BURIEDHF, ID=ZZRNRC. '/ 

I F  ( I L O C  .EO. 2) WRITE (OUT, 3041) 

' REWINDsTAPE27. '1 
C 

BO42  FORMAT ( 'ASSIGN CBIO.NEWlBURIED1 .DAT FOR027 '1 
I F  (1LOC.EQ. 3 )  WRITE (OUT, 3042) 

3042 FORMAT ( '  AlTACH,TAPE27,BURIEDl,ID=ZZRNRC.'/ ' REWIND, TAPE27. ' 1 
C 

C 
C3050  FORMAT ( 'ASSIGN CBIO.NEWlRMDLIB.DAT FOROlO'/ 
c .  'ASSIGN CBIO.NEWlFILE23 .DAT FOR023 I )  

WRITE (OUT, 3050) 

3050 FORMAT ( ' ATTACH,TAPElO,RMDLIB, ID=ZZRNRC. I/ 

' ATTACHsTAPE23 F I L E 2 3  t IDzZZRNRC. '/ 
REW IND, TAPE10 . '/ 
REW IND, TAPE23 . ' 1 

' 
' 

C 
C 

C 
C---- CALCULATE OUTPUT VALUES .......................................... 

RPF = R P F l  
I F  (RPF2 .GT. 0.) RPF = R P F l  * RPF2 

I F  ( INHAL .EQ. 0 )  R I N H  = 0.0 
C 

I F  ( INHAL .EQ. 2) AGE = -1.0 
C 
C 
C---- EXECUTE COMMAND, T ITLE,  AND NAMELIST ............................. 
C 
C 
C 

C 
C3100  FORMAT ( 'RUN CBIO.NEWIMAXI1'/2OA4/ ' $INPUT NEXT=l , ' 1  

WRITE (OUT, 3100) 

3100 FORMAT ( ' ATTACH,ABS,MAXIlABS,ID=ZZRNRC.'/ ' COPYtABS,LGO.'/ 
' RETURN, ABS. '/ ' MAP, OFF. '/ ' AlTACH,LIBl,FTN5LIB,CY=590.'/ ' ATTACH L IB2 9 SYSL IB7 , CY=5 90 ' / 
9 L I B R A R Y p L I B l r L I B 2 .  '/ 
' LDSET,PRESET=ZERO. '/ 
1 LG0. f )  
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APPENDIX 1.D.2 CDC Vers ion of the ONSITE Module RITFIL (Continued) 

ENDFILE OUT 
BACKSPACE OUT 

C 
WRITE (OUT,3101) (TITL(1) , I = l r 2 0 )  

3101 FORMAT ( '  ' 9  20A4/r' $INPUT NEXT=l,') 
C 
C 

WRITE (OUT, 3110) IFOD, IARG, IWAT, IEXT, ISUR, I A I R  
3 11 0 FORMAT ( ' IFOD=' I1 , ' , I ARG= ' p I1 8 ' IWAT= ' , I1 ' , IEXT= ' , I1 9 1 , '/ ' ISUR=' 9 I1 9 ' 9  I A I R = '  9 I1 1 ,  ' 1  

C 
I F  (IFOD .GT. 0) WRITE (OUT, 3120) RIRR, IMO, RFlr RF2 

3120 FORMAT ( ' RIRR='  9G10.3 s ' p IMO='  p I1 9 

' 9  RF1=' pG10.3 , 1 ,  RF2=',G10.3 1 ,  ' 1  
C 

WRITE (OUT,3022) RPF1, RPF2 
3022 FORMAT ( '  RPF1= 'rGlO.3r'r RPF2= ',G10.3,',') 

C 
I F  (IWAT .GT. 0) WRITE (OUT,3130) IDKWAT 

3130 FORMAT ( '  IDKWAT='rI lr ' , ' )  
C 

I F  ( I A I R  .GT. 0)  WRITE (OUT,3140) XQSITE, I D K A I R  
3 140 FORMAT ( ' XQS ITE= ' p G10.3 , 1 , I D K A  IR= 1 , I1 9 ' , ' 1 

C 
I F  (INHAL .EQ. 1) WRITE (OUT, 3150) AGE, XDPT 

3150 FORMAT ( '  AGE='rG10.3,', XDPT='rG10.3r'r') 
C 

I F  (INHAL .EQ. 2) WRITE (OUT, 3160) DEN, XMLF 
3 160 FORMAT ( 1 AGE=-1 , DEN=' t G10.3 , ' , XMLF=' , G10 -3 , ' 9 1 1 

C 
WRITE (OUT, 3170) RINH, DILF, XF2 

3 17 0 FORMAT ( ' RINH= ' , F10 e6 9 , DILF= ' G10.3 9 ' 9 XF2= ' 9 G10.3 , ' p ' 1 
C 

WRITE (OUT,3180) M3M2r INlRUD, I 2 2  
3180 FORMAT ( '  M3MZ='rIZr'r INTRUD='rI lr ' r  IZZ=' , I l , 'p ' )  

C 
WRITE (OUT,3190) In, IT2, NORG, ( K O R G ( I 1  ,I=l,NORG) 

3190 FORMAT ( 1  1n=',14,1, IT~=',I~,', NORG=',IZ, 
1, KORG(l)= ' r5(12r ' r ' )  ) 

C 
WRITE (OUT,3192) SRDIL, FRSIZ, AREAIN, AREAEX 

3192 FORMAT(' SRDIL='rG10.3,', FRSIZ='rG10.3,', AREAIN='rG10.3r'r'/ 
' AREAEX= ',G10.3,',') 

C 
W R I l t  iOUT, 3200) IOUT 

3200 FORMAT ( ' IOUT='r 12, ', ION=l, $END') 
C 
C--- ADJUST INVENTORY TO PROPER UNITS AND WRITE TO FILE ---------------- 
C 

WRITE (OUT, 3300) NIN, I R R  
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APPENDIX 1.D.2 CDC Vers ion o f  the ONSITE Module RITFIL  (Continued) 
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