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AB ST RACT 

The AIRDOS-EPA computer code i s  a methodology, designed fo r  use on 

IBM-360 computers, t h a t  estimates radionuclide concentrations in a i r ;  

r a t e s  o f  deposition on ground surfaces;  ground surface concentrations; 

intake ra tes  via inhalation o f  a i r  and ingestion o f  meat, milk, and fresh 

vegetables; and radiat ion doses t o  man from airborne releases  o f  r a d j u -  

nuc1 ides.  This report  describes the atmospheric and t e r r e s t r i a l  t ransport  

models used in the code, t h e i r  computer implementation, and the applic- 

a b i l i t y  o f  the code t o  the assessment o f  radiological impacts. A listing 

of  the code and a demonstration run of the code are presented in the 

appendices. 

A modif 

and ver t ica l  

ed Gaussian plume equation i s  used t o  estimate b o t h  hor 

dispersion o f  as many as 36 radionuclides released from 

t o  s i x  stacks o r  area sources. Radionuclide concentrations in meat, 

zonta 1 

one 

milk, 

and  fresh produce consumed by man a re  estimated by coupling the o u t p u t  o f  

the atniospheric t ransport  models with the U.S. Nuclear Regulatory Commission, 

Regulatory Guide 1.109 t e r r e s t r i a l  food chain models. Dose conversion 

fac tors  are  input t o  the code, and doses t o  man a t  each distance and 

direct ion specified are estimated f o r  t o t a l  body, red marrow, lungs, 

endosteal c e l l s ,  stomach wall, lower large in t e s t ine  wal l ,  thyroid,  

l i v e r ,  kidneys, t e s t e s ,  and  ovaries t h r o u g h  the following exposure modes: 

( I )  immersion in a i r  containing radionuclides, ( 2 )  exposure t o  ground 

surfaces contaminated by deposited radionuclides, ( 3 )  immersion i n  con- 

taminated water, ( 4 )  inhalation of radionuclides in a i r ,  and (5 )  ingestion 

of food produced i n  the area,  

vi i 



v i i i  

The code may be run t o  e s t i m a t e  h i g h e s t  annual i n d i v i d u a l  close i n  

t h e  a r e a  o r  annual popula t ion  dose. For e i the r  o p t i o n ,  o u t p i i t  t a b l e s  

summarize doses  by n u c l i d e ,  exposure mode, and organ.  Also,  fo r  e i t h e r  

a s q u a r e  o r  ci  rcii4 a r  g r i d  o p t i o n ,  ground c o n c e n t r a t i  ons o f  r a d i  onucl i des 

and i n t a k e  r a t e s  by man a r e  t d b u l a t e d  .For each environmental  l o c a t i o n .  

a t e d  f o r  i n h a l a t i o n  

5 m i n  on .the IBM 

Working l e v e l  exposures  a r e  a l s o  c a l c u l a t e d  and t a b u  

o f  "*Rn short-lived progeny. Run time i s  l e s s  .than 

360/91, and the c o r e  requirement i s  650 K ( k i l o c o r e )  
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The AIRDOS-EPA computer code was developed a t  Oak Ridge National 

Laboratory ( O R N L )  t o  be used by the U.S. Environmental Protection Agency 

( E P A )  as p a r t  of a methodology t o  evaluate health r i sks  to  man from 

atiliaspheric radionuclide releases.  This report describes the f ina l  

version o f  an interim methodology outlined under Task I o f  Interagency 

Agreement No. EPA-78-D-XO394 between ORNL and the E P A .  The models and 

parameters described in AIRDOS-EPA will  &e reviewed and reevaluated 

under Task I 1  o f  t h i s  interagency agreement. 

The code i s  a modified version of AIRDOS-I1 (Moore, 19771, which has 

been used by the Environrnental Sciences Dl’v is ion JESD) and the Health and 

Safety Research Division ( H A S R D )  of OKNL fo r  several years t o  assess 

radiological impacts of routine operations o f  nuclear f a c i l i t i e s .  B o t h  

point sources and uniform area sources o f  atmospheric releases of radio- 

nuclides can be evaluated by AIRDOS-EPA, which estimates (1 ) concentrations 

in  a i r ,  ( 2 )  r a t e s  of deposition on ground surfaces ,  (3 )  ground surface 

concentrations,  ( 4 )  intake ra tes  by man via food ingestion and a i r  

inhalat ion,  and ( 5 )  radiation doses received by man. 

As many as 36 radionuclides released from one t o  s i x  stacks or area 

Annual-average meteor- sources can be handled in a s ingle  computer run. 

ological d a t a  f o r  the area s u r r o u n d i n g  a nuclear f a c i l i t y  may be supplied 

a s  input t o  the code, which then estimates a i r  and g round  concentrations 

and intake ra tes  by man fo r  each radionuclide a t  various distances and 

d i rec t ions  from the release point or the center of an area source. 

these values, doses t o  man a t  each distance and direct ion specif ied are  

From 
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estimated f o r  t o t a l  body, red marrow, 1 ungs, endosteal cel l  s ,  stomach 

wal l ,  lower large in tes t ine  wall ,  thyroid,  l i v e r ,  kidneys, t e s t e s ,  and 

ovaries t h r o u g h  each o f  f ive  exposure modes. These modes are ( 1 )  immersion 

in a i r  containing radionuclides, ( 2 )  exposure t o  g r o u n d  surfaces con- 

taminated by deposited radionucl ides ,  ( 3 )  immersion in contaminated 

water, ( 4 )  inhalation o f  radionuclides in a i r ,  and ( 5 )  ingestion of food  

produced in the area. 'The dose calculations are  tiiade with the use o f  

dose conversion factors  supplied as input d a t a  For each radiotxrcl ide,  

exposure mode, a n d  reference organ or t i s sue .  

A t  the option of the user, the area surrounding the source may be 

subdivided e i the r  wi-th a c i rcu lar  or a square gr id .  

option, a 5  many as 20 distdnces may be specified f o r  each o f  16 compass 

For the c i rcu lar  

direct ions.  Each distance represents the midpoint of a sec tor .  The 

square option employs a 20 by 20 grid with the source a t  the center .  

The grid s i ze  i s  specified by t h e  user. 

The code may be run t o  estimate e i the r  the highest annual individual 

dose in .the area or t h e  annual population dose, For e i the r  o f  these 

options,  tables  are  provided as o u t p u t  which summarize doses in several 

ways - by nuclide, exposure mode, and organ.  .41so, for  e i t h e r  option 

se lec ted ,  ground concentrations o f  radionuclides and intake ra tes  by man 

are  tabulated for  each specified environmental location. I n  addition, 

working level exposures are calculated and tabulated fo r  inhalation o f  

222Rn and i t s  short-1 ived progeny. 

Section 2 of th i  s report discusses the atinospheri c and t e r r e s t r i a l  

t ransport  of released radionuclides and  the methods used f o r  calculat ing 

the resu l tan t  dose t o  man from these radionuclides. Section 3 det.ails 
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the atmospheric and t e r r e s t r i a l  transport  models used in the code. 

Section 4 describes the input d a t a  requirements f o r  the varl’ous user 

options.  Section 5 l i s t s  t e r r e s t r i a l  transport. input parameters used in 

a demonstration run o f  the code. The methads used t o  determine the 

values presented are b r i e f ly  discussed, and special problems in the 

determination of parameter values are ident i f ied ,  

and a denionstration r u n  o f  t h e  code are presented in Appendix A and 8 ,  

respectively.  

A l i s t i n g  o f  the code 

2. APPLICABILITY OF THE COMPUTER CODE FOR ATMOSPHERIC DISPERSION 
CALCULATIONS AND RADIOLOGICAL ASSESSMENTS 

Release rdtes  ( i n  cur ies  per year) t o  the atmosphere from each 

point or area source are known co l lec t ive ly  as the source term. 

plume containing radionuclides i s  dispersed b o t h  horizontally and 

ve r t i ca l ly  as i t  i s  blown downwind, 

average concentration (picocuries per cubic centimeter) o f  each radio- 

nuclide i n  the source term -in a i r  a t  ground level as a function o f  

direct ion and distance from the source; annual-average frequencies o f  

w i n d  d i rec t ion ,  wind speed, and atmospheric s t a b i l i t y  category are 

employed as i n p u t  d a t a .  

The 

The code estimates the annual- 

Radionuclides i n  the form o f  par t icu la tes  or reactive gases deposit 

on ground o r  water surfaces through scavenging processes, which primarily 

consis t  o f  washout by r a i n f a l l ,  and t h r o u g h  d r y  deposition processes. 

The code estimates the deposition r a t e  for each radionuclide i n  uni ts  o f  

picocuries per square centimeter per second fo r  each location for  which 

estimated a i r  concentrations are calculated.  
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Both the a i r  concentrat ons  and  the ground deposition ra tes  are  

average values i n  the crossw nd direction over each of sixteen 22.5" 

sec tors  emanating from the source. For the square grid option, the 

22.5" sector-averaged values in a c i r cu la r  coordinate system are  con- 

verted t o  values in rectangular coordinates. 

r ea l i s . t i c  treatment fo r  assessments u s i n g  average meteorological da ta ,  

b u t  t h e  code does provide an option to  the user t o  compute plume center- 

l i n e  values i f  desired fo r  a special application. Plume center l ine 

val ues a re  several times higher than sector-averaged values . 

Sector-averaging is  a 

- [ h e  average concentration of a radionuclide i n  a i r  a t  ground level 

a t  an  environmental location is  used t o  estimate the external dose from 

yaiiitna radiation t o  an individual l iving a t  t ha t  location fo r  an e n t i r e  

year as a r e su l t  of his immersion in an assumed semi- inf ini te  cloud o f  

t h a t  concentration. 

skin surface i s  supplied a s  input data fo r  each radionuclide. These 

values are  multiplied by correction fac tors ,  a lso supplied as i n p u t ,  to 

estimate the external gamma dose contributions fo r  each radionuclide t o  

other  reference organs. 

A conversion fac tor  fo r  irnrnersion gamma dose a t  the 

The a i r  concentration at ea.ch location i s  also used t o  ests'maie 

internal  dose via inhalation. Input dose conversion factors  (rem per 

microcurie) f o r  each radionuclide and organ  include contributions Prom 

radioactive daughters growing i n  a f t e r  huniari intake,  and, when m u 1  t i p l i ed  

by the intake f o r  one y e a r  (microcuries),  r e su l t  in values f o r  a dose 

commitment resul t iny from t h a t  annual intake. 

Rates o f  deposition on ground surfaces are employed t o  estimate 

external doses resul t ing froni gamma radiation emanating from contamin- 

ated ground.  A period o f  time, supplied a s  i n p u t ,  i s  allowed f o r  



5 

_ .  
surface 

plane w 

b u i  7 dup. 
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Doses a re  estimated f o r  a point 1 m above an  i n f i n i t e  

culated concentration i n  units o f  picocuries per 

square centimeter. Dose conversion i s  handled i n  the same way as for  

a i r  immersion doses. 

The external dose from water immersion i s  calculated as resul t ing 

only from immersion i n  water subjected to deposition from the atmosphere. 

I t  is usually estimated very conservatively i n  assessments, b u t  even 

s o  i t  makes almost no contribution to  the to t a l  doses. The c r i t i c a l  

pathway o f  exposure from water immersion i s  by swimming i n  a home o u t -  

door swimming pool because the shallow depth o f  water i n  hume pools 

minimizes d i lu t ion  o f  deposited radionuclides. Dose calculat ion i s  

s imi l a r  t o  t h a t  f o r  a i r  immersion except t ha t  a use f ac to r ,  often chosen 
, /  a s  0.01 i n  assessments, i s  employed t o  account f o r  the fract ion of time 

spent by a typical person i n  his home pool. 

Ingestion doses resul t ing from deposition o f  radionuclides on crop 

land and pasture a re  estimated separately for  vegetable, meat, and milk 

consumption. A t e r r e s t r i a l  model described l a t e r  i n  t h i s  report  was 

adopted to  estimate s teady-state  concentrations i n  these three food 

types f o r  continuous deposition on agricul tural  land. 

calculated from i n p u t  values assumed fo r  da i ly  consumption of each o f  

the  three types o f  food. 

supplied as i n p u t  data f o r  each radionuclide and reference organ a re  

used t o  ca lcu la te  dose commitments result-ing from one yea r ' s  intake.  

Dose contributions from radioactive daughters growing i n  a f t e r  intake 

a r e  included i n  the dose conversion fac tors  f o r  each radionuclide 

Intake by man i s  

Dose conversion fac tors  (rem per microcurie) 

assumed t o  be ingested. 
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The number o f  meat producing animals, dairy c a t t l e ,  and square 

meters o f  a r e a  on w h i c h  vegetable crops are produced i s  specified for 

each environmental location in the assessment regiori. When population 

doses arc t o  be estimated f o r  a s i t e - spec i f i c  assessment, any additional 

q u a n t i t y  (supplemental t o  local ly  produced supply) of each o.f -the three 

food t y p e s  required t o  feed the p o p u l a t i o n  i s  assutned t o  come from 

outside the assessment area in an uncontaminatcd s t a t e .  Options in the 

code allow the user t o  specify the fract ion O F  each food type produced 

a t  each individual’s  spec i f ic  locat ion,  the fract ion produced w i t h i n  the 

e n t i r e  assessinent a rear  and the rraction which i s  consumed within the 

area b u t  produced outside t h e  area.  

No attempt i s  m d e  in AIRDOS-EPA to  assess e i the r  health r i sks  or 

genetic damage. 

and intake rates  by man, from which i t  may be possible t o  evaluate these 

e f f e c t s ,  are  calculated and tabulated for each environmental location 

However, concentrations in a i r  and on ground surfaces 

f a r  which doses are estimated. 

3. ATMOSPHERIC AND TERRESTRIAL I’KANSPORT I’4ODELS AND 
THEIR COMPIITEK IMPLEMENTATION 

The general organization o f  the models as implemented in the s u b -  

routines o f  the code are described i n  detai l  in t h i s  sect ion.  

3.1 Organization o f  t.he Code 

AIRDOS-&PA, written i n  Fortran-IV coi-iipui-er language, i s  designed t o  

be run on the ISM-360 computers. I t  i s  organized as follows: 

M A I N  Program 

1. SIJBROUTINE CONCEN 

1.1 SUBROUTINE Q Y  
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1 . 1 . 1  SUBROUTINE QYl 

1 . I .  2 SUBROUTINE QUZ 

. <.- 1.1.3 SUBROUTINE QY3 

1 . 2  SUBROUTINE Q X  

1.3 SUBROUTINE CHIQ 

2. SUBROUTINE DIRECT 

3. SUBROUTINE DOSEN 

3.1 FUNCTION C V  

3.2 SUBROUTINE RVALUE 

3 . 3  SUBROUTINE DOSMIC 

MAIN is a short  program in which options are selected by the user 

CONCEN calculates  t o  apply t o  subroutine CONCEN or  subroutine DIRECT. 

and p r in t s  o u t  concentrations i n  a i r  and, ra tes  of deposition o f  radio- 

nuclides on g round  surfaces from the source term supplied a s  input. 

Subroutine DIRECT may be called by MAIN t o  bypass CONCEN a n d  t o  supply 

the above values d i r ec t ly  as input. 

I f  CONCEN i s  cal led by MAIN, the program can then be terminated, o r  

I f  DIRECT i s  cal led by MAIN, DOSEN a l t e rna t ive ly ,  DOSEN wi l l  be called.  

i s  then cal led.  

Subroutine Q Y  {and subroutines Q’fl, QY2, and QY3 cal led by Q Y )  

estimates depletion of radionuclide plumes as a r e su l t  of dry deposition 

on ground surfaces.  

t h a t  i t  i s  used f o r  the special cases in which gravi ta t ional  f a l l  of 

radionuclide par t icu la tes  i s  s ign i f i can t ,  

Subroutine QX i s  used f o r  the same purpose except 

Subroutine CHI0 calculates  and pr in ts  a table  o f  x / Q  values ( the 

r a t i o  of actual concentration in a i r  t o  the release r a t e )  f o r  each 

radionuclide in the source term. 

~. . + -  
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Subroutine DOSEN, einpl oyi ng concentrations in ai r a n d  ra tes  o f  

deposition on ground surfaces calculated in CONCEN or input d i rec t ly  

using D I R E C T ,  calculates  environmental concentrations, intake ra tes  by 

man Lhrough ingestion a n d  jnhala.tinn, and radiation doses. Function CV 

a n d  subroutine R V A L U E  a r e  used in .the ingestion model o f  DOSEN. 

Subroutine DOSMIC, cal led by DOSEN, summarizes doses and p r i n t s  

o u t p u t  t ab1  es . 
3.2 Atmospheric Dispersion a n d  Deposition 

Subroutine CONCEN includes models used f o r  plume r i s e  above the t o p  

o f  a stack o r  roof vent t h r o u g h  which radionuclides are  released, the 

atmospheric dispersion model for  di lut ion o f  radionuclides i n  an a i r -  

borne plume while being blown downwind, and  models describing deposition 

processes. Parameter requirements for  characteri  z i n g  the nuclear faci  1 i ty  

o r  the s i t e  releasing radionuclides, meteorological d a t a  requirements, 

and  a detai led description of atmospheric dispersion and deposition 

models a re  given below. 

3.2.1 Input parameters ..... ____ characterizing _____ ___ the ...____ nuclear f a c i l i t y  or release ___ ___.. s i t e  

Input data For CONCEN must include the number o f  radionuclides (36 

rnaxiiirum) released from the f a c i l i t y ,  the name of each radionuclide as a 

representation w i t h  a maximutri o f  eight  a1 ptrameric characters (such as 

RN-222 for  "'Rn) and the annual-average release r a t e  fo r  each radionuclide 

i n  units of cur ies  per year. The physical height of the release and the 

e f fec t ive  diameter f o r  an aera source must  also be entered. For p 

r i s e  calculations based on the momentum o f  stack gases, t h e  inside 

diameter o f  the stack (meters) and  the velocity o f  the stack gases 

(meters per second) must be entered as input. Plume r i s e  ca lcu la t  

USfle 

- 

ons 
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. I  J 

based on buoyancy of hot stack. gases requires t h a t  the heat re lease o f  

the stack i n  ca lor ies  per second be entered a s  i n p u t .  

3 . 2  1) 2 Meteorological data 

The qua l i ty  of meteorological data .for assessment areas var ies  f r o m  

t h a t  of grea t  de ta i l  covering many years o f  observations taken a t  metesr- 

ological towers located near a s i t e  t o  the other extreme of very sparse 

information. In some cases, data from s i t e s  located some distance away 

must  be used with niodifications based on regional mapping o f  weather 

conditions. 

form described below. 

In any case, the data must be summarized i n  the spec i f i c  

First, the annual frequency of  wind direct ion must be determined 

f o r  each o f  16 compass direct ions s t a r t i ng  a t  direct ion 1 f o r  wind  
.~ 

blowing ~ouayd due n o r t h  and proceeding counter.cZnekzAs~ t h rough  direct ion 

16. 

which the wind i s  blowing. 

Meteorological dataL are  usual 1.y presented f o r  the direct ion J Y Y ~  

The sum o f  the wind direct ion frequencies 

must equal 1 .  

Next ,  the frequency o f  each Pasquill s t a b i l i t y  category f o r  each of 

the 16 wind d i rec t ions  must be determined. The extent  of ver t ica l  and 

horizontal dispersion o f  a windblown pluriie i s  a function of the s t a b i l i t y  

o f  the a i r .  Pasquill (1961) described six nttiiospheric s t a b i l i t y  cate- 

gories  ranging from A (very unstable) t a  F (very s t a b l e ) .  A seventh 

category, G (extremely s t a b l e ) ,  i s  included i n  AIRDOS-EPA. The sum o f  

the frequencies f o r  categories A t h r o u g h  G will  be equal t o  1 f o r  

each o f  the 16 wind direct ions.  

summarized by Pasquill category b u t  instead niay be grouped in to  categories 

Meteorological d a t a  are often not 
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denoted a s  s t ab le ,  u n s t a b l e ,  and  neutral ,  or may be reported in terms o f  

solar  input o r  ver t ical  temperature gradients.  In  such cases conversion 

t o  the Pasquill system can be accomplished by refcrrncc t o  t?StiJ.hl ished 

guidelines (Turner, 1969; S l a d e ,  1968).  

The average wind speed must be determined for each wind direct ion 

a n d  Pasqui 11 category. Meteorological suniiiiaries usual  ly  present frequen- 

c i e s  f o r  various ranges o f  wind speeds froin which t h e  average can be 

derived. The atmospheric dispersion c q u a t i o n  i n  .the code has wind speed 

i n  the denominator, however, so a wind  speed derived from the average o f  

the reciprocals o f  wind speeds for  the various ranges i s  used i n  AIKDOS- 

EPA a s  discussed i n  Sect. 3 . 2 , 4 .  A socotid s e t  o f  wind s p e ~ d s  (reciprocal-  

averaged) m u s t  be cal cul a t e d  for  each direction a n d  Pasqui 11 category. 

The average depth o f  the a imspher ic  mixing layer (or  l i d )  f o r  the 
- area must be included. ]he l i d  value, which i s  usually within t h e  range 

500 t o  2000 m (Holzwor th ,  19721, i s  the distance from the g r o u n d  t o  t h e  

bottom u f  a more s tab le  layer o f  a i r  lying above less  s tab le  a i r .  The 

l i d  r e s t r i c t s  t h e  vert ical  dispersion o f  an airborne plume a f t e r  i t  has 

t ravel led some distance downwind o f  the soiirc?. 

i s  not avai lable  from s i t e  d a t a ,  i t  may be e s t i m a t x d  from contour maps 

(SI  ade, 1968; H a l  zworth, 1972 .I The average temperature i n  the  area 

( O K )  i s  required i n p u t  i f  plume r i s e  resul t ing -from buoyancy o f  h o t  

plumes i s  calculated by the code. 

1.f a spec i f i c  l i d  value 

3 . 2 , 3  Pliime r ise  

Gases discharged f r o m  a s tack o r  r o o f  vent will r i s e  above the 

stack as a r e s u l t  o f  the momentum o f  the gas o r ,  i f  the gases a r e  
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subs tan t ja l ly  above ambient temperature, because o f  thermal buoyancy. 

T h i s  plume r i s e ,  A h ,  when added to  the actual physical height o f  the 

s t ack ,  h ,  resi-~l t s  i n  an important. parameter fo r  dispersion ca lcu la t ions ,  

H, which i s  referred t o  a s  the e f fec t ive  stack height,  As a plume i s  

blown downwind from a s tack,  i t s  center l ine ,  which s t .ar ts  ou t  a t  the 

actual physical height of t h e  stack,  soon reaches an elevatlion o f  H ,  

where i t  remains unless gravi ta t ional  s e t t l i n g  o f  par t icu la tes  produces 

a downward t i  1 t t o  the pl urne o r  unti 1 rne teo ro loy i  cal conditions change. 

P1 ume r i  se calcul a t i o n s  are subject t o  much uncertainty Many 

equations have been proposed for  predicting plume r i s e ,  b u t  none has 

been en t i r e ly  sa t i s f ac to ry  (Turner, 1969) .  The iiser can e l e c t ,  through 

an o p t i o n  in the main prograrii, to  use e i the r  t.he equation g i v e n  by Rupp 

e t  al  

t o  use Briygs' equations (1969) for  h o t  plvrnes t h a t  r i s e  because o f  

buoyancy, or' t o  supply h i s  own values f o r  plurnc r i s e .  

(1948) t o  estimate pl~irne r i s e  f o r  momentum dorri-inated plulrnes, o r  

The equation g iven by Rupp e t  a1 , f o r  motncntum dominated plumes i s  

Ah = 1 .5  vd/l,i , ( 1 )  

in which 

Ah = plume r i s e  (m) 'I 

v = e f f luen t  stack gas velocity (nr/sec), 

d = inside stack diameter (fii), 

p = wind veloci ty  (m/sec) . 
The code t r e a t s  buoyant  plume r i s e  according t o  Brjggs' recommendations 

in  the following way: 
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For s t a b i l i t y  categories A, B ,  C ,  and  0, the equation used i s  

where 

A h  = plume r i s e  ( m ) ,  

F = 3.7 x Q,,, 

x = distance downwind (m) ,  

u = wind speed (m/sec). 

The quantity Q, i s  the heat emission from the stack due t o  t h e  eff lux 

of stack gases in ca lor ies  per- second, 

Equation ( 2 )  i s  v a l i d  t o  a point where x i s  approximately equal t o  

10h, where the plume levels of f .  The equation used for  values greater  

than 10h i s  

1 . 6  ..- A h  c: .~ 

11 

Equation ( 2 )  i s  a lso used fo r  s tab le  categories E, F ,  a n d  G t o  

a distance x = 2.4  us-’”, beyond which the plume i s  assumed t o  level 

o f f .  For higher values o f  x ,  the equation used i s  

where S i s  the s t a b i l i t y  parameter defined as 

i n  which 

( 3 )  

2 g the gravi ta t ional  acceleration (rn/sec ) ,  

-ra = a i r  temperature (OK), 
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.- 

* T = vert ical  distance above stack (m) ,  

I' = adiabat ic  lapse ra te  of atmosphere (0.0098*K/m) . 
.. The value of the ver t ica l  temperature gradient,  a T a / a z ,  i s  posi t ive for 

s t ab le  categories.  

Equations for  both momentum and buoyancy plume r i s e  contain wind 

speed in the denominator, which obviously produces an un rea l i s t i c  i n f i n i t e  

plume r i s e  for  an absolute calm. Very low w i n d  speeds (- i .e . ,  a re la t ive  

calm) c o u l d  produce un rea l i s t i ca l ly  high values of plume r i s e .  Inclusion 

o f  r e l a t ive  calms i n  averaging plume r i s e  over a s e r i e s  o f  wind-speed 

categories can underestimate downwind pollutant concentrations. This i s  

especial ly  t rue  for  real meteorological conditions in which wind speed 

f luc tua tes  considerably during downwind plume t rave l .  

i s  t h a t  the average plume r i s e  i s  par t icu lar ly  sensi t ive t o  wind shear,  

, d p / d z ,  a t  the low wind speeds, which would subs tan t ia l ly  reduce i t  from 

An added fac tor  

a value calculated using the wind speed a t  the actual release height. 

The true average wind speed for each Pasquill s t a b i l i t y  category i s  used 

in the code to  estimate plume r i s e  because i t  i s  always greater  than  the 

reciprocal-averaged wind  speed, and therefore produces the most conservative 

(sinal l e s t )  plume r i s e  values. 

the s ign i f icant  contribution of r e l a t ive ly  calm periods t o  downwind 

This procedure does n o t  r i sk  underestimating 

pol lutant  concentrations which could ensue from d i r ec t  use o f  a plume 

r i s e  based on each wind-speed category to  he applied t o  dispersion calcula- 

t ions f o r  t ha t  category. 
I 

There i s ,  however, no completely sa t i s fac tory  answer t o  the plume 

r i s e  question which covers a l l  meteorological o r  assessment conditions. 

For t h i s  reason, the option is  avai lable  t o  compute plume r i s e  by any other 
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equation or under any other assumptions and to  include a value in the inpui. 

data t o  he used f o r  each Pasquill atmospheric s t a b i l i t y  category. The user 

may use t he  R u p p  equation w i t h  t rue  averags wind speeds f o r  population dose 

calculat ions,  f o r  instance,  b u t  might wish  t o  use even more conservativc 

values ?or estimating .the highest individual doses in the area t u  account 

f o r  local turbulence created by building wakes. In other instances,  roof 

vent releases may be subject.ed t o  the influence o f  other s t ructures  in the 

area so  t h a t  the user may i l o t  w i s h  t o  account f o r  plirme r i s e  a t  a l l .  

I n  such cases,  input values of zero would be used f o r  plume r i s e .  

values fo r  plume r i s e  car) even be used i n  some cases t o  account fo r  downwash, 

b u t  the e f f ec t ive  s t a c k  height, o f  course, should always be maintained above 

zero. 

periods o f  r e l a t i v e  stagnancy (wind speed <1 m/sec), one can use Rriggs ' 

(1969)  recommended equation -for calms (ah 

spec i f i c  input values f o r  plume r i s e ,  

Negative 

For estimating concentrations o f  pollutants from buoyant plumes during 

5 F ' ' ~  s - ~ ' ~ )  t o  est ' imate  

3 . 2 . 4  Plume . disqersion -. .- 

The basic equation used t o  estimate dispersion in an airborne plume as  

i i  i s  blown dovmvind from a stack i s  the Gaussian plume equation o f  Pasquill 

(1961) a s  modified by Gifford (1961). 

where 

x = concentration in a i r  a t  x meters downwind, y meters crosswind, 
3 and z meters above ground (Ci/m ) ,  

Q = u n i f o r m  emission r a t e  from the stack (Ci / sec) ,  
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L 

11 = mean wind speed (m/sec) 

Y u = horizontal dispersion coef f ic ien t  (m), 

cr = ver t ica l  dispersion coef f ic ien t  ( m ) ,  
2 

H = ef fec t ive  stack height (physical s tack  height,  h ,  plus the 

plume r i s e ,  (oh) ( m ) ,  

y = crosswind distance (m),  

z = ver t ica l  distance (m).  

The downwind distance x comes i n t o  E q .  ( 6 )  t h r o u g h  CI and (sz, which Y 
a r e  functions of  x as well as the Pasquill atmospheric s t a b i l i t y  category 

applicable during emission from the stack. The code converts i n  E q ,  ( 5 )  

and other plume dispersioii equations from units o f  curies per cubic meter 

t o  units o f  picocurieFp per cubic centimeter. 

Annual-average meteorological d a t a  sets usually include frequencies 

f o r  several wind-speed categories f a r  each wind direct ion and Pasquill 
I 

atmospheric stability category. AIRDOS-EPA uses reciprocal-averaged 

wind speeds in the atmospheric dispersion equations, which permit 

a single calculat ion t o  replace separate calculations f o r  each wind-speed 

category. This  procedure saves much computer running t ime .  The recipro- 

cal  averaged wind speed 1rr f o r  each direct ion and Pasquill category i s  

defined by the equation 

i n  which 

f n  = f rac t ion  o f  time f o r  wind-speed category n, 

= average wind speed w i t h i n  the wind-speed category n (m/sec). % 
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Equation ( 6 )  i s  applied t o  yround-level concentrations in a i r  a t  the 

center l ine  of a plume by se t t ing  y = 0 and z = 0 ,  which r e su l t s  in 

I  he average ground-level concentration i n  a i r  over a sector  o f  2 2 . 5 " ,  

can be approximated by the following expression Xave 

x,,, = fX 3 ( 9 )  

where f i s  the integral  of  the exponential expression exy [- ;.(:;r] in 

tq. ( 6 )  f rom a value of y = 0 t o  y zz ~0 divided by y s ,  the value o f  y a t  

the edge of the 22.5" sec tor ,  which i s  the value o f  the downwind dis tance,  

x ,  multiplied by the tangent of half o f  t h e  sector  a n g l e ,  The expression 

i s  

The d e f i n i t e  integral  i n  the numerator of E q .  (10)  is  evaluated a s  

Since y = x tan (11 .25" ) ,  
S 

6.300836 u 
f 1- -_ 3- 

X 

The equation f o r  sector-avera-ged ground level concentration i n  a i r  i s  

therefore 
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T h i s  method of' sector-averaging compresses the plume within the 

bounds o f  each of the sixteen 22.5" sectors  f o r  unstable Pasquill atmospheric 

s t a b i l i t y  categories in which horizontal dispersion i s  great  enough t o  ex- 

tend s igni f icant ly  beyond the sector  edges. 

howeverg because the  integrat ion over the y-axis 

t o  the downwind d i rec t ion ,  x ,  involves increasing values for  x as  y i s  

I t  i s  n o t  a precise method, 

which i s  perpendicular 

increased from 0 t o  03. 

An average l i d  f u r  the assessment area i s  provided as p a r t  o f  the 

input d a t a .  The l i d  i s  assumed n o t  t o  a f f ec t  the plurrie unt i l  x becomes 

eqiual t o  2x L '  I- 

height o f  the l i d  (Turner., 1969) .  

dispersion i s  r e s t r i c t ed  and radionuclide concentration i n  a i r  i s  assumed 

t o  be uniform frorri ground t o  l i d .  

where x i s  the value of x for  which oz = 0.47 times the 

For values o f  x greater  than  2 x L 9  ver t ica l  

The average concentration between ground and l i d ,  which i s  the ground-  

level concentration i n  a i r  for  values of x greater  than  2xL, may be expressed 

by 

where x i s  taken from Eq. ( 6 )  a n d  L i s  the l i d  height. 

in Eq. ( 6 )  may be s e t  a t  zero since xave i s  n o t  a function o f  the e f fec t ive  

stack height. The resul t ing simp1 i f i ed  expression 

The value o f  H 

1 .  

. . ...... _. . 
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may be evaluated for- constant x and y values (a  and 0 held constant)  

by using a de f in i t e  integral  s imilar  t o  tha t  in E q .  ( 1 1 ) .  The r e su l t  i s  
Y z 

One obtains the sector-averaged concentration a t  ground 1 eve1 by rep1 acing 

t h e  exponential expression containing y by f in E q .  ( 1 2 ) :  

I Q - ____ 
Xave 0.397825 xLy * 

I t  should be noted a t  this  point t ha t  for  values o f  the downwind 

dis tance grea te r  t h a n  2xL, dispersion, as expressed in E q .  ( 1 7 ) ,  no longer 

can be said t o  be represented by the Pasquill equat ion.  The model i s  

simply a uniform dis t r ibu t ion  w i t h i n  a rectangle o f  dimensions 

2x tan (11.25'). 

Equations (13) and (17) describe the usual case where rad 

1- and 

onucl 

a r e  dispersed downwind as gases or  as par t icu la tes  too small in s i ze  

des 

t o  be 

s ign i f i can t ly  affected by gravi ty  during plume travel out t o  80 t o  160 

kilometers. 

Gravitational s e t t l i n g  can be handled i n  the code, how 

t i l t i n g  the plume downward a f t e r  i t  has leveled o f f  a t  a va 

subtract ing V x /p  from W in the plume dispersion equations. 

, t h e  gravi ta t ional  f a l l  ( o r  s e t t l i n g )  veloci ty  in meters 
9 

"g 

ver, by 

ue o f  li by 

Values for 

per second, a r e  
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provided as input d a t a  for  each radionuclide in the source term, The sub-  

t r ac t ed  expression, V x/p, represents the f a l l  of par t icu la tes  a t  x meters 

downwind. For most cases,  

elevation of H. Subtraction of V x/ii from H i n  E q .  ( 13 )  r e su l t s  in the 

following equation used fo r  sector-averaged ground-level concentration of 

a radionuclide i n  a i r  where gravi ta t ional  s e t t l i n g  i s  involved: 

g 
= 8,  and the plume center l ine remains a t  an 

Y 

‘/ 9 

A problem a r i s e s ,  of course, i f  the value o f  \I x/11 becomes greater  

t h a n  W because t h e  center l ine of the plume would be below ground level .  

T h i s  problem i s  solved i n  t h e  code by a statement which se t s  the e f fec t ive  

s t a c k  height equal t o  zero f o r  a l l  cases where H - V x/li has  a negative 
g 

value. 

9 

3 .2 .5  Deposition Processes . . .- _____.._._..__._.____I..____ 

Part iculates  and reactive o r  soluble gases may deposit on g round  o r  

water surfaces t h r o u g h  two d i s t i n c t l y  d i f fe ren t  processes: ( I  dry depo- 

s i t i o n ,  and ( 2 )  scavenging. These are discussed in the following sect ions.  

3.2.5.1 -. D g  I - deposit ion,  - I - . Dry deposition i s  the process by which 

pa r t i c l e s  deposit on grass,  leaves,  and other types of surfaces by 

impingement, e l e c t r o s t a t i c  in te rac t ions ,  o r  chemical reactions o r  by 

which gases react  chemically with surface components o r  dissolve in 

surface moisture. 

The r a t e  o f  deposition on ear th  surfaces i s  proportional t o  the 

ground-level concentration of the radionuclide in air (Slade, 1968), 



Rd = vdj( > 

where 
2 R = surface deposition r a t e  ( p C i / c m  - sec ) ,  d 

x = ground-leuel concentration in a i r  (pCi/cm3) , 

V d  = deposition velocity (cm/sec). 

I t  should be s t ressed here tha-t  V i s  merely a proportionali ty constant 

even though i t  has units of velocity.  

f i e l d  s tudies  and wind tunnel experiments in which the r a t i o  Rd/x can be 

re l iab ly  determined. Care should be taken in select ing values f o r  Vd t o  

be Sure tha t  the values represent the to ta l  deposited radionuclide per 

un i t  o f  ground area and n o t  jus t  the quantity deposited on vegetation, which 

i s  often reported in the 1 i terat i i re  (Hoffman, 1977;  Miller e t  a1 . , 1978) .  

If  a radionuclide plume i s  t reated as being t i l t e d  downward by gravi ta t iona .  

s e t t l i n g ,  the deposition velocity f o r  the radionuclide should be a t  

l e a s t  as great  a s  i t s  gravi ta t ional  f a l l  ( o r  s e t t l i n g )  veloci ty .  

d 
Values of V d  must be obtained from 

3.2.5.2 Scavenging_. Scavenging of radionuclides in a plume i s  the 

process t h r o u g h  which rain or snow removes par t ic les  or  dissolves gases 

and  deposits them on ground or water. 

soluble gases removed by scavenging from a ver t ical  column of a i r  per 

u n i t  tiine d u r i n g  rain or snow i s  Q, the scavenging coef f ic ien t ,  which 

has uni ts  of second-’. 

The fract ion of par t ic les  or  

The r a t e  of deposition from scavenging i s  

where 

R = surface 
S 

Q = scaveng 

deposi t i a n  

ng  coeff ic  

2 r a t e  (pCi/cm - sec ) ,  

ent  ( s e c - l ) ,  



21 

average concentration in ver t ical  column u p  t o  l i d  height 

l i d  height (cm). 

The scavenging coef f ic ien t  used fo r  each radionuclide i s  the sum o f  

scavenging coef f ic ien ts  fo r  washout, ra inout ,  and snowout f o r  par t ic les  

o r  the coef f ic ien t  fo r  dissolving gases in rain drops. 

concentration i n  the ver t ica l  column, xave, i s  computed through use of 

E q .  ( 1 7 ) .  The scavenging coef f ic ien t  i s  averaged over an e n t i r e  year,  

which includes a l l  periods during which r a i n  or  snow does n o t  f a l l .  The 

treatment of scavenging can be described, therefore ,  as a continuous 

removal of a f rac t ion  o f  the plume per second over an en t i r e  year. 

The value f o r  the to t a l  ground deposition r a t e ,  Rt, computed in 

The average 

subroutine CONCEN f o r  each environmental locat ion,  i s  the sum o f  Rd and 

Rs'  

3 . 2 - 6  Depletion of airborne plumes 

Deposition on ground surfaces by dry processes, scavenging and 

radioactive decay deplete the airborne plume as i t  i s  blown downwind 

from the release point. Depletion i s  taken in to  account by subs t i tu t ing  

a reduced release r a t e  Q '  f o r  the or iginal  release ra te  designated by Q 

in Eq.  (13) and  (18) f o r  each downwind distance x (Slade, 1968). For 

scavenging, the depletion f rac t ion  Q ' / Q  f o r  each x value i s  the simple 

exponential expression 

(21 1 I_... Q '  = e-@t 
Q 

The value o f  t i s  the time in seconds t h a t  i s  required fo r  the plume t o  

reach a point x meters downwind. 
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The depletion f rac t ion  takes a much mor? coniplex form fo r  dry depo- 

s i t i o n .  Derivation o f  t h i s  dep le t i on  frartioxi (Van der Hovpn,  1968) 

s t a r t s  with Fq. ( 6 ) ,  where E i s  s e t  ~ q u d l  t o  /era f o r  ground-level 

concentrations and t h e  q?rant-ity V x/p i s  subtracted from H f o r  a t i l t e d  

p 1 m e  : 
4 

The ra te  o f  deposition on the  ground i s  

d x ,  Y )  = V d X h  YY a >  * 

Depletion per unit  distance downwind i s  

( 2 3 )  

I f  we l e t  A represent the expunential expression containing H and recognizt. 

symmetry, we now have 

The def in i t e  integral  of E q .  ( 2 5 )  can be evaluated as 

T h e n ,  by integrat ing 
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' -  After subs t i tu t ing  fo r  A, the depletion fract ion can then be represented 

f o r  any value o f  downwind distance x.  

The integral  expression must be evaluated numerically. Values f o r  

the ver t ica l  dispersion coeffic3ent oz are  expressed as functions o f  x 

. -  i n  the form x / F  where D and F a re  constants w i t h  d i f fe ren t  values f o r  D 

each Pasquill atmospheric s t a b i l i t y  category. 

Values fo r  the quotient Q'/Q ( the depletion f r ac t ion )  f o r  cases i n  ; 

which V 

C O N C E N .  

= 0.01 m/sec and u = 1 m/sec fo r  each Pasquill s t a b i l i t y  category from 

= 0 are  obtained from Subroutine Q Y ,  which i s  cal led from 

Subroutine Q Y  obtains depletion fract ions for  the conditions Vd 
9 

the  data storage subroutines Q Y l ,  QY2, a n d  QY3. These storage subroutines 

contain values f o r  re lease heights of 1 ,  1 .5 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7, 8, 9, 

10, 12.5, 15, 17.5, 20, 25, 30, 35, 40, 50, 60, 70, $ 0 ,  90, 100, 120, 

140, 160, 180, 200, 240, 260, 300, and 400 m and f o r  the following 

downwind distances i n  meters: 35, 65, 100, 150, 200, 300, 400, 500, 

650, 800,  1,000, 1,500, 2,000, 4,000, 7,000, 10,000, 25,000, 60,000, 

90,000, and 200,000. 
. .  
.I 
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The stored depletion fract ions were i n i t i a l l y  calciilatPd numerically 

by use of a Simpson's rule computer subroutine. Linear interpolat ions 

by Q Y  produce a f ract ion for  t h e  required x value, release height,  a n d  

Pasquill category for V d  = 0.01 m/sec and 1 1  = 1 m/sec. 

value to  the appropriate value for  the actual V d  and  u by use o f  

the  equation, 

[hen, Q Y  converts 

( 2 9 )  

i n  which subscript  2 re fe rs  t o  the desired value and subscr ipt  1 re fe rs  

t o  the value f o r  Vd .: 0.01 m/sec and 11 r- 1 m/sec. 

Calculation o f  depletion fract ions by Q Y  t h r o u g h  use o f  stored 

depletion fract ions i s  a very f a s t  computer process as compdred with 

numerical integrat ion,  which would be required otherwise. I f  V g ,  the 

gravi ta t ional  f a l l  veloci ty ,  i s  not zero, however, QY cannot be used. 

In  t h i s  case, a Simpson's rule subroutine using numerical integrat ion 

to  evaluate the depletion f rac t ions .  

applies t o  

t. distance 

For downwind distances 

the yround-level concentrat 

downwind i s  

(Subroutine Q X )  i s  called by C O N C E N  

greater  

on in a 

than 2xi where Eq.  ( 1 6 )  

r ,  the depletion per u n  

Integration i s  accomplished by u s i n g  the def in i te  integral  
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. 1. 

2 2  J;; exp ( -a  Y 1 dy = 

0 

where a = l / ( J2-  c ry ) .  The resul t ing equa-tion 

when integrated from 2xL t o  x produces the relat ionship 

(31 1 

in which Q;( and Qhx  are  the reduced release ra tes  a t  distances x and 

The depletion frac-  
L 

2 x L ,  respect ively,  for  x values greater  than 2xL. 

t i o n  a t  2 x L ,  Q' 

Eq.  (33) t o  give the depletion fract ion a t  x ,  Qk/Q. 
/ Q ,  obtained from Eq. (28) i s  multipls'ed by Q A / Q '  in 

2xL 2 x L  

Use of a reduced release ra te  t o  estimate depletion by dry pro- 

cesses ,  referred t o  as the source depletion model, i s  a descr ipt ively 

un rea l i s t i c  treatment because i t  removes material from the en t i r e  

ver t ica l  column, while, in f a c t ,  removal occurs only a t  the bottom of a 

plume. Proposed surface depletion models (Markee, 1967; Horst, 1977) 

have n o t  come in to  general use, however, because of t h e i r  computational 

complexities and because concentrations in a i r  calculated from these 

models do n o t  d i f f e r  great ly  from those calculated using source de- 

plet ion f o r  elevated releases and moderate deposition strength (Horst, 

1977; Miller e t  a l . ,  1978). The source depletion model as implemented 
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in AIRDOS-EPA meets the important requircrnents o f  maintaining material 

balance as a plume i s  blown downwind o-f a source. 

The depletion fract ion fo r  radioactive decay i s  
- A r t  Q'= e 

Q 

in which A r  i s  t h e  radioactive decay constant and t i s  the t ime re- 

quired f o r  plume t rave l .  lhe decay constant used i n  CONCEN i s  referred 

t o  a s  the "ef fec t ive  decay constant" since i t  i s  not the t rue radio- 

logical decay constant f o r  a radionuclide X i  in a17 cases. 

a radionuclide i s  a short--l ivcd daughter i n  equilibriuni with a longer- 

For example, i f  

l ived parent, the e f fec t ive  decay constant fo r  the daughter would be the 

t rue  radiological decay constant o f  i t s  parent. 

The overall depletion fract ion used i n  the code i s  the product o f  

the  depletion f rac t ions  f o r  dry deposit ion,  scavenging, and radioactive 

decay. 

The atmospheric dispersion equations use the reciprocal-averaged 

wind speed pr  b u t  nei ther  11 

adequately be used t o  calculate  reduced release ra tes  t o  account f o r  

no r  the t rue average w i n d  speed ua can r 

radiological decay and scavenging losses because averaging o f  exponential 

terms i s  required. An approxiinate calculational method used -in A I R D O S -  

E P A  f o r  t h i s  purpose involves establishing three w i n d  speeds (1 m/sec, 

pa m/sec, and  6 m/sec) t o  sitnulate the actual wind-speed spectrum f o r  

each spec i f ic  wind direct ian and Pasquill category. The wind speeds 1 

a n d  6 rn/sec were chosen because they approximate the upper and lower 

bounds  in most meteorological data se t s .  

I f  f, , f 2 ,  and f3 are designated as t h e  time f rac t ions  . for  w i n d  

speeds 1 , u a ,  and 6 m/sec, respectively,  then 

c 
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, .  , .  . -  

I 

and 

f 4 - f  - c f  = 1  . 1 2 3  

Solving the above three sirnul taneous equations resin1 t s  in 

and 

f l = l -  f2 - f 3 
The depletion f rac t ion  t o  account for r a d i o a c t i v e  decay i s  then 

< 

approximated by 

i n  which x 

in un i t s  o f  

scavenging 

f exp 1 

s the downwind d i s t a n c e  i n  meters and A r  i s  t h e  decdy 

seconds-" Simi l a r l y ,  t h e  d e p l e t i o n  f r a c t i o n  account 

osses i s  

T h e  overall depletion f r ac t ion  i s  

(37)  

(38 j 

constant 

ng for  
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in  which (r)dry Q '  i s  the depletion fract ion fo r  dry deposition. 

3.2.7 Values .... of ... . .- parameters ... . . used . ... . .. .... ... in dispersion -. . equations 

The values of the horizontal and ver t ical  dispersion coef f ic ien ts ,  

0 a n d  oz (Table 1 ) ,  used f o r  dispersion calculations i n  CONCEN and t o  

ca lcu la te  depletion f rac t ions  in QY and Q X  are  those recomniended by G .  A. 

Briggs of the Atmospheric Turbulence and Diffusion Laboratory a t  Oak Ridge, 

Y 

f f e ren t  functions of Tennessee (Gifford, 1976) .  These values, which are d 

the downwind distance x f o r  each of the Pasquill s tab 

t h r o u g h  F ,  a re  used i n  the code a s  the functions o = 

t o  f a c i l i t a t e  integrat ions over x.  The parameters A ,  
Y.  

l i t y  categories A 

C ,  0, and F f o r  

added t o  

subt rac t  

from the 

Re c 

category 

each Pasquill atmospheric s t a b i l i t y  category and spec i f ic  ranges of x are  

stored in a data statement. 

the code. 

n g  half of the difference between values fo r  categories E and F 

Pasquill category G (extremely s t a b l e )  was 

Values for  CJ and ciz f o r  category G were derived by 
Y 

values fo r  F f o r  each downwind distance.  

procal-averaged wind speeds f o r  each w i n d  direct ion and Pasquill 

a r e  used fo r  1-( values i n  the dispersion equations instead o f  the 

t rue  average values because 11 i s  in the denominator o f  the equations. The 

process of averaging over a s e r i e s  o f  ranges of wind speeds actual ly  i n -  

volves averaging a se r i e s  of terms containing the fac tors  l / u l ,  1 / u z 9  l / u .  

e t c .  
" 
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Table 1 .  Formulas recommended by Br-s’ggsa for 0 and Y b . -  oZ f o r  open-country c o n d i t i o n s  

_. 

Pasqui 11 
t Y  Pe 

0.22 x (1  i- 0,0001 x )  -’/* 

0.11 x (1  i- 0.0001 x) -l/’ 

0.20 x 

0.16 x (1 + 0.0001 x )  0.12 x 

0.08 x ( 1  i- 0.0002 X )  -1 /2 

0.06 x (1 f 0.0015 x )  -1/2 

0.03 x ( 1  f 0.0003 x )  -1 /2  

0.016 x (1 + 0.0003 x )  -1 / 2  

-’I2 
-I/’ 

-’I2 

0.08 x (1 i- 0.0001 x )  

0.06 x (1  i- 0.0001 x )  

0.04 x ( 1  + 0.0001 x >  

G .  A.  Br iggs ,  Air Resources Atmospheric Turbulence and Di f fus ion  
’ . abo ra to ry  National Oceanic and Atmospheric A d m i n i s t r a t i o n ,  Oak Ridge, 

~ Tennessee. 

a 

Values o f  x are downwind d i s t a n c e s  i n  meters. b 

... .... . .  
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3.2.8 x/Q tabulations 

The value x / Q  i s  the actual concentrdtion o f  the radionuclide i n  a i r  

a t  ground level divided by t i l e  release rate  o f  the radionuclide. Subroutine 

C H l Q  cal led .from C O N C t N  calculates  x/Q values and  pr ints  a table  f o r  each 

radionuclide l i s t i n g  x/Q values in seconds p e r  cubic meter for  each o f  the 16 

compass direct ions f o r  the spec i f ic  downwind distances (fi-oiil 1 t o  20) 

supplied as input. 

arm i s  a square g r i d .  

The x / Q  values are n o t  calculated i f  the aswssment 

3.2.3 Area sources __ 

A t  the o p t i o n  of the user, the source can be a f i n i t e  area with the  

reference point f o r  the grid system a t  i t s  centroid.  

t o  be released uniformly t h r o u g h o u t  t h e  area.  

environmental concentrations r-esul t ing from area releases i s  a rnodificatibft 

by Christopher B .  Nelson ( E P A )  o f  t h e  method described by Mills a n d  Reeves 

(1973) and implemented by Culkowski and Patterson (1976) .  

Radionuclides are assumed 

The method used to estimate 

- I he iiiethod consis ts  basically o f  transforming the original area 

source i n t o  an a n n u l a r  segrrient w i t h  the same area.  This transformation 

i s  dependent on the distance between the centroid o f  the area source and 

the receptor. A t  large distances the transformed area source approaches 

a point source a t  t h e  origin while a t  distances very close t o  the centroid 

i t  becomes a c i r cu la r  source centered a t  the receptor. 

Ihe pr inciple  of  reciproci ty  i s  used t o  calculate  the e f f ec t ive  x / Q .  
T h a t  i s ,  the problem i s  equivalent t o  interchanging source and receptor and . 

calculat ing the mean x / Q  from a point source to  one o r  more sec tor  segments 

according t o  the angular width o f  the transformed source. 

o f  x / Q  f o r  each sector  segment i s  estimated by calculating x / Q  a t  the 

The mean value 
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distance which would provide the exact value of the mean i f  the variation 

f o r  distances from the point source t o  in x / Q  were proportional to  r 

locations within the sector  segment. The x/Q for  the e n t i r e  transformed 

source i s  the sum o f  the x/Q values for each sector  weighted by the por- 

t i o n  o f  the to t a l  annular source contained in t h a t  sector .  

-1 .5  

Point-source x / Q  values fo r  a typical annual-average meteorology 

were found t o  be nearly ident ical  t o  those fo r  a c i r cu la r  area source 

w i t h  a diameter o f  718 m a t  distances greater  t h a n  1600 m from i t s  

center.  For t h i s  reason, the code includes a statement providing defaul t  

t o  point-source tredtnient i f  the r a t i o  o f  downwind distance t o  source 

diameter exceeds 2.5. 

Any uncertaint ies  in the area-source treatment stemming from the 

o r  other assumptions in the -1.5 assumption t h a t  x / Q  is proportional t o  x 

model are applicable o n l y  t o  locations near the edge of an  area source. 

Comparisons were made of calculated concentrations in a i r  a t  ground level 

with values calculated by AREAS (Moore, 1978), an area-source code based 

on en t i r e ly  d i f f e ren t  pr inciples ,  which was developed t o  evaluate widely 

dispersed pollutant sources w i t h i n  a 20 by 20 square grid system. A 718-m 

djameter c i r cu la r  area was used. 

greater  t h a n  600 m from the edge o f  the area source. 

20% higher a t  330 m and 90% higher a t  100 m from the edge. 

Agreement was within 10% a t  distances 

The AREAS values were 

The differences found w i t h i n  a few hundred meters from the edge o f  

the source may n o t  be re levant ,  however, because, the AREAS values repre- 

sent  averages over a square g r i d .  

from the actual value fo r  a receptor point located i n  a region o f  rapidly 

changing x / Q .  

The average can d i f f e r  subs tan t ia l ly  

Nevertheless, caution should be exercised when applying the  
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area-source treatment where the r a t io  o f  distance from the center t o  the 

diameter o f  a source i s  l e s s  t h a n  ~ 1 . 3 .  

3 .2 .10 Limitations o f  the di'spcrsion treatniexit .....-.._.__I_ __._.I...._........ I_ ~ I_ ~ 

The A I R D O S - E P A  treatment 0.f dispersion uses the Gaussian plume 
- equation. lh i s  equation i s  an  empirical formula which i s  based on an 

analyt ical  solution t o  the diffusion equation under the r e s t r i c t i v e  

assumptions o f  constant wind speed, no wind shear,  f l a t  topography, 

Fickian diffusion,  and no chemical or physical interact ions 0.f plume COM- 

ponents during plume t rave l .  

exp l i c i t l y  by the mathematical assumptions o f  the model. 

determined empirically. The Gaussian plume equation has shown considerable 

success unde r  ideal f i e l d  t e s t  conditions,  However, dispersion in plumes 

i s  increased by surface roughness caused by buildings, h i l l s ,  and other 

envfronmerrtal factors .  Thermal sources present in urban  areas a lso increase 

dispersion. The met.eorologica1 d a t a  employed in an assessment near a 

The parameters 0 and uz are  n o t  defined 

They must be 
Y 

source for  which these factors  are  

atmospheric i n s t a b i l i t y .  

'There i s  a lower 1 imit of app 

respect t o  wind speed. Dispersion 

s igni f icant  shnu 

i c a b i l i t y  of the 

i s  treated only 

d r e f l e c t  t h i s  increased 

Pasqui 11 equation w i t h  

n crosswind and ver t ica l  

direct ions and i s  ignored in the downwind direct ion.  Consequently, x 
unrea l i s t i ca l ly  approaches a as  wind speed approaches zero. The cont r i -  

bution o f  periods of re la t ive  calm, which s igni f icant ly  a f f ec t  average 

pol lutant  concentrations, may therefore be overestimated. Wind speeds much 

l e s s  than  1 in/sec should probably not  be used in dispersion estimates.  

The ideal plume described by the Pasquill equation often does not 

e x i s t  under real atmospheric conditions. Instantaneous changes in wsnd 
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di rec t ion ,  and updrafts and downdrafts produced by t e r r a in  features  and 

other  meteorological changes produce s igni f icant  deviations from the ideal 

plume. 

i s  used t o  estimate average concentrations o f  pollutants released continu- 

ously from a source. 

Many of these deviations average o u t ,  however, when the equation 

The dispersion treatment in AIRDOS-EPA assumes a continuous plume 

extending indef in i te ly  outward from the saurce in a s ingle  direct ion 

with a s ingle  wind speed and atmospheric s t a b i l i t y .  Fractional contribu- 

t ions  t o  downwind concentrations in each compass direct ion are based on 

frequencies of wind speed and s t a b i l i t y  category. 

wind speed and direct ion often f luc tua te  almost continuously, a n d  the 

atmospheric s t a b i l i t y  will u ?  timately change as a plume i s  blown downwind. 

A1 so, deviations from s i t e - spec i f i c  annual-average meteorology can be 

expected a t  locations beyond a few miles from the plant s i t e .  

Rea l i s t i ca l ly ,  however, 

These l imit ing fac tors  as applied t o  dose assessments can be resolved 

in to  two components: 

individual dose in the area,  and ( 2 )  factors  affect ing population dose 

estimates.  The highest individual doses are usually close t o  the release 

p o i n t  - a t  the plant boundary a t  distances from the source o f  perhaps 800 

t o  1000 m o r  l e s s  f o r  low-level releases o r  a t  distances of only a few 

thousand meters f o r  elevated releases.  The Gaussian model as applied t o  

annual-average meteorology using sector  averaging i s  generally regarded 

as applicable over these short  distances.  Uncertainties a r i s e  mainly 

because of possible a i r  turbulence o r  downdrafts created by buildings 

and  other s t ruc tures  in the immediate plant area.  

e f f e c t s  can be accomplished in a conservative manner by reducing the 

e f f ec t ive  stack height. 

( 1 )  factors  affect ing estimation of the highest 

Correction f o r  building 
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Population dose assessments depend largely on estimated concentra- 

t i ons  a t  greater  distances. 

use of the Pasquill equation a re  eliminated a t  distances f a r  enough 

downwind t h a t  ver t ica l  dispersion i s  r e s t r i c t ed  by the l i d .  A t  such 

distances sector-averaged dispersion i s  simply calculated as propor- 

t ional t o  the area o f  a rectangle w i t h  dimensions o f  the  l i d  height 

and the cross-section distance,  

deviations from s i te -spec i f ic  meteorology, par t icu lar ly  w i t h  respect to 

frequencies o f  wind direct ion.  

d i s t r ibu t ion ,  population dose estimates should be f a i r l y  re1 i ab le  to  the 

extent t h a t  atmospheric dispersion i s  involved. On the other hand, i f  a 

heavily populated area l i e s  f a r  o u t  from the source, b u t  within the assess- 

ment area and contributes subs tan t ia l ly  to  the calculated population 

dose, a correction may have t o  be made f o r  changes i n  frequencies of 

Uncertainties a r i s ing  spec i f i ca l ly  from the 

The most serious question here concerns 

For a r e l a t ive ly  uniform population 

w i n d  direction. 

L i d  heights a re  not known precisely,  and they vary great ly  from 

season t o  season and wen change great ly  from daylight t o  dark and vice 

versa when so la r  i n p u t  changes. Uncertainties i n  l i d  values can r e s u l t  

in  dose uncertaint ies  for  those downwind d i  stanc-es great enough t h a t  

ve r t i ca l  dispersion i s  r e s t r i c t e d  by the l i d .  This would not usually 

a f f e c t  areas close t o  the plant where the highest individual dose wil l  be 

received b u t  may a f f e c t  population dose t o  some extent. The treatment i n  

the  code would seem t o  overestimate concentrations a t  a l l  distances some- 

what, however, by not considering l i d  penetration. T h i s  e f f e c t  can occiir 

a t  cer ta in  times, such as i n  e a r ly  morning, when a low l i d  lying just  above 

the top of a s t a c k  i s  penetrated by the stack gases. Pollutants can be 
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blown o u t  of  the a r e a  under these c o n d i t i o n s  wi thou t  d i s p e r s i n g  downward 

a t  a l l .  Condi t ions  f o r  l i d  p e n e t r a t i o n  a r e  infrequent a t  most s i t es .  

Ignor ing  the e f f e c t ,  t h e r e f o r e ,  probably does not  g r e a t l y  a f f e c t  dose 

e s t i m a t e s ,  b u t  i t  does impart  a small  degree of conserva t i sm t o  the 

c a l c u l a t i o n s .  

3.2.11 ___c_ D i r e c t  i n p u t  -II__ of c o n c e n t r a t i o n s  i n  a i r  and r a t e s  of d e p o s i t i o n  on 
ground s u r f a c e s  ( s u b r o u t i n e  DIRECT) 

Environmental c o n c e n t r a t i o n s ,  i n t a k e  r a t e s  by man, and r a d i a t i o n  doses  

can be c a l c u l a t e d  i n  AIRDOS-EPA from c o n c e n t r a t i o n s  i n  a i r  and ground 

d e p o s i t i o n  r a t e s  provided d i r e c t l y  a s  i n p u t  t o  the code by s p e c i f y i n g  

OPTION ( 1 )  = 2 i n  M A I N .  Subrout ine  DIRECT i s  c a l l e d  by t h i s  o p t i o n ,  which 

bypasses CONCEN,  t h e  a tmospher ic  d i s p e r s i o n  s u b r o u t i n e .  

fo r  DIRECT a r e  ( 1 )  i n t e g e r s  s p e c i f y i n g  the  lower and upper bounds of the 

assessment  a r e a ;  ( 2 )  SQSD, as a l s o  r e q u i r e d  in  C O N C E N ;  ( 3 )  the s p e c i f i c  

downwind d i s t a n c e s  (IDIST v a l u e s )  f o r  the c i r c u l a r  o p t i o n ;  ( 4 )  S, 

(SEQWL) , t h e  assumed f r a c t i o n  of equi 1 i b r i  um f o r  222Rn short-1 i f e  progeny 

used f a r  working l e v e l  (WL) c a l c u l a t i o n s ;  ( 5 )  number of  r a d i o n u c l i d e s  

(NNUCS); and ( 6 )  a d a t a  s e t  f o r  each r a d i o n u c l i d e  c o n s i s t i n g  of t h e  name 

Data requi red 

o f  the r a d i o n u c l i d e ,  i t s  d e p o s i t i o n  v e l o c i t y ,  and i t s  scavenging c o e f f i c i e n t ,  

fo l lowed by 400 a i r  c o n c e n t r a t i o n s  i n  a 20 by 20 a r r a y  and 400 ground 

d e p o s i t i o n  r a t e s  i n  the same format .  

p r i n t e d  l i s t i n g  a i r  c o n c e n t r a t i o n s ,  and the d r y ,  wet, and t o t a l  d e p o s i t i o n  

r a t e s .  These d a t a  a r e  used i n  DOSEN t o  c a l c u l a t e  doses ,  environmental  

Tables  o f  the i n p u t  d a t a  a r e  

r 

c 

... . .  

c o n c e n t r a t i o n s ,  and r a t e s  of i n t a k e  by man. 
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3.3 C a l c u l a t i o n s  o f  Radia t ion  Doses, Environmental 
Concen t r a t ions ,  and In t ake  Rates by Man 

Subrou t ine  DQSEN, c a l l  ed from the main program , e s t i m a t e s  doses ,  

c o n c e n t r a t i o n s ,  and i n t a k e  r a t e s  a t  s p e c i f i e d  environmental  l o c a t i o n s  

through the use o f  ground-level  c o n c e n t r a t i o n s  in  a i r  anrl ground depos i -  

t i o n  r a t e s  computed in  Subrout ine  CONCEN o r  provided d i r e c t l y  a s  i n p u t .  

Doses a r e  e s t ima ted  f o r  11 orydns inc lud ing  t o t a l  body. Modes o f  exposure 

desc r ibed  below a r e  ( 1 )  immersion in  a i r ,  ( 2 )  exposure t o  ground s u r f a c e s  

contaminated by depos i t ed  r a d i o n u c l i d e s ,  ( 3 )  immersion i n  water  such a s  by 

swimming in  a backyard pool , ( 4 )  i n h a l a t i o n  o f  air- c o n t a i n i n g  r a d i o n u c l i d e s ,  

and ( 5 )  i n g e s t i o n  o f  food produced on contaminated l and .  

3 .3 .1  Ai r  iiiirnersion I.I_ doses 

The equat ion  used f o r  e s t i m a t i n g  e x t e r n a l  doses frorii immersion i n  

a i r  c o n t a i n i n g  gamma e m i t t i n g  r a d i o n u c l i d e s  i s  

"i mm = (1 .0  x 10-6)(87S0) x Cimm , 

i n  which 

= a i r  immersion dose ( r en i jyea r ) ,  Di mrn 
x -: ground-level  concen t r a t ion  of the r a d i o n u c l i d e  i n  a i r  

= dose convers ion  f a c t o r  f o r  immersion in  an i n f i n i t e  c loud ' imm 

(44) 

1 .O x = p c i / p c i ,  

8760 = hr /yea r .  

The code r e c e i v e s  a s k i n  dose conversion f a c t o r  a s  i n p u t  d a t a  f o r  

each r a d i o n u c l i d e  f o r  i n f i n i t e  c loud exposure.  This s k i n  dose convers ion  
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- 6 -  

- - -  
.... 

fac tor  i s  multiplied in the code by an external dose correction f ac to r  

( F R O G )  f o r  t o t a l  body and each reference organ ,  a lso supplied as input 

d a t a  f o r  each radionuclide. 

Equation (44)  applies t o  environmental locations a t  which the airborne 

plume has e s sen t i a l ly  reached ground leve l .  I t  can, however, overestimate 

doses near a low-level release because of the small ver t ica l  spread o f  the 

plume under these conditions. 

dose f o r  overhead plumes a t  locations close t o  the stack where x may be 

very low, b u t  where the individual may be i r rad ia ted  from above. 

in point would be a release o f  energetic gamma emit ters  from a t a l l  

stack of a plant with a close-in plant boundary. 

On the other hand,  Eq. (44)  can underestimate 

A case 

For such a case,  a 

separate calculat ion should be made for  dose from the overhead plume, 

a n d  t h i s  dose should be added t o  the immersion dose calculated by E q .  

(44).  

3.3.2 Surface exposure doses 

Dose due t o  gamma emissions from radionuclides deposited on ground 

surfaces i s  estimated by 

1 - exp(-XTt) 
'surf = (1 .0 x 10-6)(8760)Rt (86400)Csurf 9 (45 1 

where 

= dose from surface exposure (remslyear),  Dsurf 
2 R t  = surface deposition ra te  (pCi/cm - sec ) ,  

AT = radioactive decay constant X r  + environmental decay 

constant Xw (day-' ) ,  

t = time a l lo t t ed  fo r  surface buildup (days) ,  
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= dose conversion fac tor  fo r  surface exposure t o  an cs urf 
z i n f i n i t e  plane a t  a point 1 m above ground (rems-cm / 

V C i  hr) ,  

1.0 x = r.lci/pci, 

8760 = hr/year,  

86400 = sec/day, 

Input data includes a s k i n  surface dose conversion f a c t o r  which i s  

multiplied i n  the AIRDOS-EPA code by external dose correct’ion fac tors  (FROG) 

f o r  to ta l  body and reference organs. 

The  expression in Eq. ( 4 5 ) ,  

1 - e x p ( - + - t )  
1; _____...̂.....I (86400) , 

represents the surface concentration i n  picocuries per square centimeter 

a f t e r  a buildup time o f  t days. 

on environmental removal ra tes  from ground surfaces ,  so a value o f  zero 

There is  very l i t t l e  avai lable  information 

i s  usually used f o r  the environiriental decay constant. 

then would be simply the radiological decay constant. 

The value of AT 

3.3.3 Water immersion doses __._I___.......... ____ -_._ 

Doses resul t ing from immersion i n  water. subjected t o  deposition O F  

radionuclides from the atmosphere are  estimated sirnilarly t o  those 

resul t ing from a i r  inirnersion. 

i n  a body o f  water i s  inversely proportional t o  i t s  depth, so swimming 

T h e  ul timate concentration of a radionuclide 

i n  a shallow body of water such as  a backyard swimming pool i s  taken as 

representing the most s ign i f icant  exposure pathway for water immersion. 

Water immersion doses a re  included i n  BC)SEN f o r  completeness S l a t  normally 
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do n o t  contr ibute  s ign i f i can t ly  t o  to t a l  dose even though assumed parameters 

fo r  assessments a r e  usually very conservative. 

The equation i s  

Rt  1 - eXp(-XTt) 
= (1.0 x 10 -6 )(8760) ---A--- (86400) Cwim ( 4 7 )  

T 
"w i mm d 

i n  w h i c h  

= water immersion dose (remlyear), Dwimm 
R~ = surface deposition r a t e  (pCi/cm*-sec), 

d = d e p t h  o f  water (cm) , 
hT = radioact ive decay constant X r  + environmental decay constant 

f o r  water Aw (day-')¶ 

t = time a l l o t t e d  f o r  b u i l d u p  i n  water (days) ,  

= dose conversion fac tor  fo r  immersion i n  a body o f  water 'wi mm 
3 of i n f i n i t e  dimensions (rems-cm /uCi-hr) 

8760 = hr/year,  

86400 = sec/day . 

3 .3 ,4  Inhalat ion doses 

The following equation is  used t o  estimate inhalation dose a t  each 

environmental locat ion:  

..... 

= (1 .0 x 10-6)(8760)  x B,Cinh 9 Di n h  

where 

= i nhal a t i  on dose (rem/year 1 Di n h  
y, = ground-level concentration of the radionuclide i n  a i r  

3 (pWcm 1, 
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Br = brea th ing  r a t e  (cm”/hr ) ,  

= dose conversion f a c t o r  f o r  i n h a l a t i o n  (rem/uCi ) , ‘i n h  
I .O x = p c i / p c i ,  

87613 = h r / y e a r .  

The C i n h  va lues  a r e  dose commitment r e s u l t i n g  from t h e  i n i t i a l  i n t a k e  

o f  1 pCi f o r  the rad ionuc l ide .  These dose conversion f a c t o r s  should in-  

c lude  c o n t r i b u t i o n s  of r a d i o a c t i v e  daughters  growing i n  a f t e r  the i n t a k e  

o f  the p a r e n t  nuc l ide .  

3 , 3 . 5  Inges t ion  doses  

Doses t o  the va r ious  organs from t h e  i n g e s t i o n  o f  r a d i o n u c l i d e s  

o t h e r  than  3H (tritium) and I 4 C  a r e  c a l c u l a t e d  from r a d i o n u c l i d e  concen- 

t r a t i o n s  in  food and  annual consumption r a t e s  f o r  i n d i v i d u a l s  o r  

popu la t ions .  

a r e  c a l c u l a t e d  through implementation o f  models desc r ibed  in U.S. Nuclear - -  

Regulatory Commission ( N R C )  Regulatory Guide 1 . l o 9  ( 1 9 7 7 ) .  The models 

a r e  desc r ibed  below by P l e a s a n t  (1979). 

Radionucl ide c o n c e n t r a t i o n s  i n  meat ,  m i l k ,  and vege tab le s  

3 .3=5,1  _I__ Concent ra t ions  _I__ _...........-I i n  and on v e g e t a t i o n .  ... .- Radioac t ive  m a t e r i a l  

c o n c e n t r a t e s  i n  vegetation as a result o f  d e p o s i t i o n  on to  the p l a n t  

f o l i a g e  and f r o m  uptake o f  a c t i v i t y  i n i t i a l l y  depos i t ed  on t he  ground. 

The fo l lowing  equa t ion  -is used f o r  e s t i m a t i n g  the c o n c e n t r a t i o n  

Cy(r, 0 )  i n  p i ’cocuries  per kilogram o f  nuc l ide  i i n  and on v e g e t a t i o n  a t  

t h e  l o c a t i o n  ( r ,  9 ) :  
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where 

_ .  _ -  d i ( r ,  0 )  = the deposition r a t e  o f  radionuclide i onto  ground a t  
2 7 

f location ( r ,  O ) ,  in pCi/m -hr ( d i ( r 9  6 )  = 3.6  x 10 K t ) ;  
- _  

R = the f ract ion o f  deposited a c t i v i t y  retained on edible  

portions o f  crops, dimensionless; 

X i  = the radioactive decay constant of nuclide i, i n  hr-'; 

= the e f f ec t ive  removal r a t e  constant fo r  radionuclide i 'Ei 
from crops ,  in hr- ' ,  where h 

removal ra te  constant f o r  physical loss by weathering; 

7: A i  + h Ei W '  
and Xw i s  the 

= the time per-iod tha t  crops are exposed t o  contamination te 
during the growing season, i n  hr; 

Y v  = the agricul tural  productivity ( y i e l d ) ,  of the edible 

portion o f  vegetation in kg/mz; 

= the concentration fac tor  f o r  uptake of radionuclide i from 'i v 
s o i l  by edible parts o f  crops, in pCiJkg per pCi/kg  dry 

s o i l  ; 

tb = the period of long-term buildup fo r  a c t i v i t y  i n  s o i l ,  in hr; 

P = the e f fec t ive  density of the top 15 cm o f  s o i l ,  in kg(dry s o i l ) /  
2 m ;  

th = a holdup time t h a t  represents the time interval between 

harvest and consumption o f  the vegetation, i n  hr. 

In the AIRDOS-EPA code, when E q .  (45)) i s  used t o  calculate  C y  fo r  pasture 

grasses ,  Y v l  and B i v ,  values based on dry weight, are  used fo r  Y v  and 

' i v o  
weight values Y V p  and B i v 2  are  used. 

When the equation i s  used fo r  fresh produce ingested by man, fresh - _  
I n  a d d i t i o n  a washing fac tor  DD1 i s  

.. 
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m u l t i p l i e d  by the f i r s t  term of E q .  ( 4 9 )  t o  account  for  removal o f  s u r f a c e -  

adhered r a d i o n u c l i d e s  dur ing  process ing  o f  food consumed by man. 

The above model h a s  s e v e r a l  conceptual  l i m i t a t i o n s .  The model may 

o v e r e s t i m a t e  rad ionucl  idcl concent ra t . ions  i n  v e g e t a t i o n  v i a  r o o t  uptake 

because the model assumes t h a t  r a d i o l o g i c a l  decay i s  the only removal 

p rocess  from t h e  s o i l .  

p a s t u r e  g r a s s e s ,  e r o s i o n  of s o i l ,  arid l each ing  0.f r a d i o n u c l i d e s  i n  

p e r c o l a t i n g  wa te r  may a l s o  reniovcl r a d i o n u c l i d e s  from the  r o o t  zone s o i l .  

The model may a l s o  underes t imate  rad ionucl  i d e  c o n c e n t r a t i o n s  i n  v e g e t a t i o n  

because r a d i o n u c l i d e s  i n i t i a l l y  depos i t ed  on vege ta t ion  s u r f a c e s  may be 

inco rpora t ed  d i r e c t l y  i n t o  t h e  p l a n t  ma t r ix  and not  be completely removed 

by environmental  processes ,  A d d i t i o n a l l y ,  t h e  model does n o t  a t tempt  t o  

s i m u l a t e  daughter  bu i ldup  in  the v e g e t a t i o n .  R method t o  account  f o r  

daughter  bu i ldup  i n  t h e  AIRDOS-EPA code wil l  be d i scussed  e l sewhere  i n  

However, ha rves t ing  of  vege tab le  c r o p s ,  g raz ing  o f  

t h i s  report. 

3.3.5.2 Concent ra t ions  ~ in  mi lk .  The c o n c e n t r a t i o n  o f  r a d i o n u c l i d e  i 

in inilk depends upon t h e  amount arid contaminat ion l e v e l  o f  the  feed  con- 

suliled by the animal .  The concen t r a t ion  o f  r a d i o n u c l i d e  i i n  t h e  a n i m a l ' s  

I eed i s  c a l c u l a t e d  by use o f  the oqr-mtiion c 

V Ci(r, O >  = f f cP(r, e >  +- (1  - f f ) ~ ? i r ,  3 1 ,  
P S '  P s  1 

WhPW 

V Ci(r, e )  = the c o n c e n t r a t i o n  o f  r ad ionuc l ide  i i n  the a n i m a l ' s  f e e d ,  

i n  pCi/kg; 

C y ( , ,  e )  = t h e  concen t r a t ion  of' r a d i o n u c l i d e  i on pasture gi"ass 

[ c a l c u l a t e d  using Eq. ( 4 9 )  with th = 03, i n  p C i / k g ;  
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Ci(r, 8 )  = the concentration of radionuclide i i n  stored feeds [calculated 
_ .  using E q .  (49)  with th = 2ISO h r  (90 days)], i n  p C i / k g ;  

f = the f rac t ion  o f  the year t h a t  animals graze ora pasture,  

f, = the fract ion o f  daily feed that i s  pasture grass  when the 
. . "  P - _  

aniriial s graze on pasture e 
v Using t h e  value of Ci(r, 0 )  calculated by use o f  this equat ion,  the concen- 

t r a t ion  of radionuclide 1' in m i l k  i s  estimated a s  

where 
M Ci(r, 0 )  I: the concentration i n  m i l k  of nuclide i ,  i n  pCi / 'Wi te r ;  

_ I  

... . .  

. -  
' r  

V C i ( r ,  f j )  = the concentration o f  radionuclide .i in the animal 's  feed, 

in p C i l k g ;  

Fm = the average f r a c t i o n  o f  t h e  driitrial 's d a i l y  intake o f  

radionucl ide i wh id) appciirs i n  each l i t e r  o f  ~ i l  a < ,  i n  

days/l i t e r ;  

Q, = the amount of feed cnnsuined by the animal per bay, i r )  kg lday;  

t f  = the average t ransport  t i m e  of the a c t i v i t y  from t h e  f e e d  

i n t o  the milk and t o  the receptor;  

hi = t h e  radiological decay constant o f  t.liaclicte i, i n  days- ' .  

3.3.5.3 _II...̂ _....--- Concentrations in meat. ~ The radionuclide concentration i n  

meat deperids upon the amount and contamination level of the f e e d  consumed 

by the  animal ,  as -in the m i l k  pathway. 

calculated i n  Eq. ( S O ) ,  the radionuclide ccmcentral'ion in meat  i s  estimated 

v Using the v a l u e  o f  C j ( r 3  e )  as 

* -"  . -  
as  

(52)  
~ .. F v . - . .  Cijr,  8) F f C i ( r ,  O)QF e x p j - X i t s )  
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where 
- .  F Ci(r, e )  = the concentration of nuclide i i n  animal f l e sh ,  in p C i / k g ;  

_ .  Ff = the f ract ion of the animal's daily intake o f  nuclide i 

which appears i n  each kilogram o f  f lesh ,  i n  dayslkg; 
V Ci(r, e )  = the concentration of r,adionuclide i i n  the animal's feed, 

in p C i / k g ;  

Q, = the amount of feed consumed by the animal per day, in kg/day; 

A i  = the radiological decay constant o f  nuclide i , i n  days- ' ;  

tS = the average tinie (days) from slaughter t o  consumption. 

For concentration i n  beef, i t  is  assumed tha t  beef c a t t l e  are  on open 

pasture fo r  the same g r a z i n g  periods as given fo r  milk c a t t l e .  

3.3.5.4 Calculation o f  annual organ doses. The following equation . 
.~ _____I ___. ~ __ ~. 

i s  used to  calculate  the annua l  dose comniitied to organ j of  an individual 

resu l t ing  from ingestion of a l l  radionuclides other than 31q and 14C i n  

produce, milk, meat, and leafy vegetables. 

Dj(r, D 6) = x D F I .  .[U v v  f C.(r, 8 )  + U M M  Ci(r, 8) + U F F  Ci(r, e )  + U L fRC:(r, e ) ]  , (53 i 1 J  g 1 

where 
D 
J 

D.(r, e )  = the annual dose coinmitted t o  organ j of an individual 

from dietary intake of atmospherically released radionuclides; 

DFIij = the dose conversion fac tor  fo r  the ingestion o f  nuclide i 

fo r  organ j in mill iremlpci;  

= the ingestion ra tes  of  produce (nonleafy vegetables, U v ,  U', U F ,  U'- 

f ru i t ,  and g ra ins ) ,  m i l k ,  meat, and leafy vegetables, 

respec t i vel y , fo r  i ndi vidual s ; 

f = t h e  f r a c t i o n  of produce ingested grown i n  garden of 9 
i n t e re s t ;  
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fK,  = the f rac t ion  o f  leafy vegetables grown in garden of 

i n t e re s t .  
V M F L The terms i n  Eq. (53) containing Ci(r, 0 ) ,  Ci(r , e ) ,  Ci(r,  0 ) ,  and  Ci(r, 0 )  

represent the dose t o  organ j from ingestion of produce, milk, meat, and 

leafy vegetables, respectively. 
M F cu la te  Ci(r, 0 )  and Ci(ry 0 ) ,  respectively.  

ca lcu la te  Ci(r, e ) ;  the values used for  the parameters te ,  Y v ,  and t h  are  

those appropriate f o r  produce consumed by man. Similarly Eq. ( 4 9 )  i s  used 

t o  calculate  Ci(r ,  0 )  w i t h  parameter values te, Yv,  and th chosen so as to  

be appropriate fo r  leafy vegetables consumed by man. 

Equations (51)  and (52 )  are  used t o  cal-  

Equation (49)  is  used t o  
v 

L 

Dose conversion factors  fo r  dose commitments resul t ing from an 

annual intake of a radionuclide are  provided as i n p u t  to the code i n  units o f  

rem per microcurie and a re  converted t o  units of millirem per picocurie fo r  

use i n  Eq. (53) .  

by both the radionuclides and i t s  daughters growing i n  a f t e r  intake. 

Doses resul t ing from ingestion of produce and leafy vegetables a re  combined 

in  DOSEN and designated simply as  vegetable doses. 

The dose conversion factors  should include contributions 

I n p u t  data required f o r  calculation o f  ingestion doses include number 

of meat producing animals, number o f  dairy c a t t l e ,  and area (square meters) 

o f  vegetable crop production for each environmental location. The area 

of land associated with an environmental location i s  the g r i d  area i f  

the 20 by 20 square grid option i s  used. For the c i rcu lar  option, the 

area i s  t h a t  of the portion of a 22.5" sector  having the environmental 

location a t  i t s  central  point. Population data fo r  each location are  

included f o r  population dose calculations.  
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Various possible assimptions w i t h  regard t o  food sources can be 

handled w i t h i n  the  code. For each o f  the three types o f  food, a number 

i s  included i n  t h e  input data t h a t  specif ies  the r a t i o  

A / ( A  + B )  (58) - 

i n  which 

A = quantity ingested which i s  prodsiced a t  the  individiral 's 

envi ronmental 1 ocat i  on, and 

B .= quantity ingested whose source represents an average produced 

over t h e  assessment area.  

Another number f o r  each food type specif ies  .the m i n f i n m  f ract ion the 

individual ingests t h a t  comes from outside t h e  assessment area a1 together 

and t h a t  i s  assumed t o  contain no radionuclides. The fract ion imported 

for each type o f  food may be calculated by the code and can be greatxr 

than t h i s  minimum value i f  needed t o  inpet the nutrftfonal requirements 

f o r  the population. 

miniinurn value so t h a t  i t  wil l  n o t  be exceeded under any conditions. 

The user can e x e r c i s e  an optinn, however, to  f i x  the 

I f  i t  WPW desired not t o  consider ingestion a t  a l l ,  each o f  the 

three minimum f ract ions imported could be se t  a t  1 . O .  

o f  the iiiaxirniirri individual dose i n  t h e  area.? i t  is usually desirable  t o  

s e t  a n d  f i x  the minimum fract ion t o  be imported a t  zero. 

defined i n  Eq.. (54)  each have values of 1 . O ,  complete ava i lab i l  i t y  o f  

each of the three food types produced a t  the individual ' s  spec i f i c  

location i s  assumed in t h e  code regardless o f  i i i p i i t  values used f o r  

numbers o f  meat producing animals and dairy c a t t l e  or a rea  o f  vegetable 

crop production. 

For calculations 

I f  the r a t i o s  
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.I 3.3.6 Calculations fo r  -._I__ special cases 
>- 

I f  a radionuclide in t e rac t s  with environniental corriponents in a un.ique 

fashion, i t  m u s t  be t rea ted  as a special case, 

given special  treatment in Subroutine DOSEN because the s t a b l e  forms o f  

Tritium (31i) and I 4 C  are 

these elements cons t i tu te  s ign i f i can t  f ract ions of the elemental composi- 

t ion  o f  the hunian body and man’s f ood  and drink. 

within s o i l ,  p lan ts ,  c a t t l e ,  and man which apply to t race quant i t ies  o f  

radionuclides do  n o t  necessarily apply t o  cases where the corresponding 

Transport processes 

s t ab le  elements arc  

s i q n i  f i cant.  

I f  tr-itiurn ( T )  

T may exchange w i  th  

present in such quant i t ies  t h a t  sa turat ion e f f ec t s  are  

i s  released t o  the atmosphere as HT or T 2 $  atoms o f  

hydrogen atoms i n  water molecules .in the a i r ,  and we 

may wish t o  t r e a t  the plume as t h o u g h  i t  contained HTO i n i t i a l l y .  The 

t r i t ium [nay then be assumed t o  follow water almost precisely t h r o u g h  the - 1  

environment. For t h i s  reason doses from drinking water are  included for  

t r i t i um,  Rather t h a n  attempting t o  r e l a t e  the doses t o  the g round  deposi- 

t ion  r a t e ,  i t  i s  assumed t h a t  doses from ingestion of  food and drinking 

water a t  an environmental location are proportional t o  tritium concentra- 

t i o n  i n  the a i r  (Killough and McKay, 1976). 

The to t a l  ingestion dose from t r i t ium i f  the source of a l l  o f  an 

ind iv idua l ’s  f ood  and drinking water i s  assumed t o  be a t  his spec i f ic  

environmental location i s  

D t  = C f X  4- cwx 
- _  where 

i 

_ .  .~ Dt = t o t a l  ingestion dose (remlyear), 

(55 1 
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C = dose conversion fac tor  fo r  food (rem-cm 3 /pCi-year), f 
Cw :: dose conversion factor  f o r  drinking water (rein-cm 3 /pCi-year), 

x = ground-level concentration o f  tr i t iuni in a i r  a t  an environ- 
3 mental location (pCi/cm ) .  

For the purpose of summarizing in the code the f ood  ingestion p a t h -  

ways f o r  a l l  radionuclides in a source term, t h e  t r i t ium ingestion dose 

from f ood  i s  a r t i f i c i a l l y  broken down into ingest.ion doses from vegetables 

( D v ) ,  meat ( O b ) ,  and  m i l k  ( D c ) .  

t r i t ium ( D  ) i s  equal t o  the sum o f  D v ,  Db, and  D . t c 
in t h e  code a re  

The to ta l  food ingestion dose f r o m  

The equations used 

where 

D v ,  D b ,  and Dc = t r i t ium food ingestion dose from vegetables, meat, 

and tnil k ,  respectively (remlyearj, 

xv = average ground-level concentration of t r i t i u m  in a i r  

over t h e  assessment area weighted by quant i t ies  o f  

vegetables produced as  a function o f  locat ion,  

xb  = a s  above for  x except applied t o  meat, 

= as above fo r  xv except applied t o  m i l k ,  

= f ract ion of vegetable intake which i s  produced a t  

V 

XC 

f"l  

f V  2 

i n d i  vi dual ' s envi ronmental 1 oca t i  o n ,  

= f ract ion of vegetable intake whose source represents 

a n  average produced over the assessment a rea ,  
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I 

- -  
L .. .,. . 

= as above fo r  fv ,  except applied t o  meat, 

= as  above fo r  f v 2  except applied to  meat, f b 2  
f c ,  = as above f o r  fV,  except applied t o  milk, 

= as above f o r  f v 2  except applied t o  milk, 

f b l  

c2 
0.505 = the f rac t ion  of Cf fo r  vegetable ingest ion,  

0.155 = the f ract ion of Cf f o r  meat i nges t i on ,  

0.310 = the f rac t ion  of Cf f o r  milk ingestion. 

T h e  total-body dose conversion fac tor  f o r  ingestion is  8.3 x 

rem per microcurie (Killough e t  a l . ,  1978).  This number is used t o  derive 

the value of C f $  based on the spec i f ic  a c t i v i t y  of t r i t ium i n  atmospheric 

moisture w i t h  an average spec i f ic  humidity of 8 grams of H20 pels cubic meter 

of a i r  (Killough and McKay, 1 9 7 6 ) .  

atmospheric t r i t ium and man consumes 1638 g of water dai ly  i n  his food, 

Cf  i s  6.18 rem-cm lpCi-year. The Cw value f o r  an assumed dai ly  drinking 

I f  tritium i n  food i s  i n  equilibrium with 

3 

3 water intake of 1512 g i s  5.70 rem-cm /pGi-year. 

used, however, only i f  the source of each ind iv idua l ' s  d r i n k i n g  water i s  

assumed t o  be a t  his  spec i f ic  environmental location. For a l l  other 

cases ,  Cw should be reduced to  account f o r  d i lu t ion  by d i s t an t  sources. 

This value should be 

The code breaks down the food ingestion dose from tritium i n t o  percentage 

contributions of  50.5% from vegetables, 18.5% from meat, and 31 .O$ from 

milk. The percentages a re  based on approximate water contents o f  foods: 

82.4% f o r  vegetables, 62.3% fo r  meat, 87.5% f o r  milk (t*loore, 1 9 7 7 ) ,  f o r  

da i ly  intakes o f  0.532 kg of vegetables, 0.258 kg o f  meat, and 0.307 kg 

of m i l k  (Rupp ,  1979) .  

Tritium i s  the  only radionuclide i n  a source term i n  which t h e  

t a t a l  dose estimated t o  derive from vegetables, meat, and milk may not 
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equal the total  ingestion dose. The difference i s  the dose from drink- 

i ng water. 

Tritium doses via inhalation o f  a i r  and skin absorption are  estimated 

by the code and added t o  the dose estimated t o  be received via ingestion. 

The dose conversion fac tor  fo r  inhalation of  a i r  containing t r i t ium i n -  

cludes a contribution for skin absorption from a i r .  

I f  1 4 C  i s  released i n  the form of C02, i t  will mix with atmospheric 

C02,  and become avai lable  fo r  plant photosynthesis. 

pasture wil l  take i n  1 4 C  in grass ,  and then man will  receive i t  i n  milk 

Cat t le  grazing on 

and beef. Factors i n  a data statement are  used it1 the code t o  multiply 

by the concentration o f  " C  in a i r  t o  obtain an ingestion dose f o r  each 

reference organ. These dose conversion f ac to r s ,  l i s ted  i n  'iahle 2 ,  a re  

based on spec i f ic  a c t i v i t y  calculat ions fo r  1 4 C  i n  body t i ssues  in 

equilibrium with atmospheric 1 4 C  (Killough arid Rohwer, 1978). 

Nearly a l l  o f  the 1 4 C  doses come from ingestion. Breakdown by the 

three  food pathways is  accomplished by estimating carbon intakes for 

meat, milk, and vegetables. The weight of t o t a l  carbon intake per day 

i s  approximated by the re la t ions  (Moore, 1977) 

W,, = 79.96 V , (59)  

W I- 68.9 T,, and c 

W = W + W b + W c  t v  9 

where 

(62)  

W v 3  W b ,  Wc, and W t  = weight o f  dai ly  carbon intake via vegetables, meat, 

milk, and to t a l  intake,  respectively 
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Table 2. Dose conversion fac tors  for  1 4 C  

Organ Dose conversion factorsa 
(rem-cm 3 /pC i -year 1 

Whole body 

Red marrow 

Lungs  

Endosteal c e l l  s 

Stomach wall 

Lower l a rge  in t e s t ine  wall 

Thyro i d 

1.16 x IO3 

2.03 l o3  
2 5*07 x 10 

1.85 x I O 3  

7.43 x IO2 
2 8.92 x 10 

5.27 x 102 

7.30 x l o 2  

6.49 x IO2 

4.46 x 10' 
2 Ovaries 4,46 x 10 

These fac tors  are  based on the assumption t h a t  the CL 

s p e c i f i c  a c t i v i t y  'in human t i s sue  is  equal t o  the average 
steady s ta te  value i n  the atmosphere (Killough a n d  Rohwer, 
1975) * 
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V = dai ly  vegetable consumption ( k g ) ,  

Tb = dai ly  meat consumption ( k g ) ,  

P = dai ly  m i l k  consumption ( l i t e r s ) .  C 

Normalization i s  accomplished by using weight f rac t ions  of 1 4 C  f o r  

each food type i n  the dose equations: 

Dc =: C F c  ( f C ] X  + f c 2 X c )  5 (65 1 
where D v ,  D b ,  and Dc = ,ingestion dose for  I 4 C  from vegetables, meat, and 

milk (rem/year); 

C = dose conversion factor fo r  14C (rem-cm 3 / p C i -  

year)  ; 

Fv = weight f ract ion o f  14C from vegetables ( W v / W t ) ;  

Fb = weight f ract ion of 1 4 C  from meat ( W b / M t ) ;  

Fc = weight f ract ion o f  1 4 C  Froin milk ( W c / W t ) ;  

f v l  f ract ion of vegetable intake which i s  produced a t  

ind iv idua l ' s  environmental location; 

= f ract ion of vegetable intake whose source represents f v 2  
an average produced over the assessment area;  

= as above for  fv l  except applied to  meat; 

= as above f o r  f v 2  except applied to  meat; 

= as above for  fv l  except applied t o  milk; 

= as above for  f v 2  except applied t o  milk; 

x = yround-level concentration of 1 4 C  i n  a i r  a t  

fbl 

f b 2  

fc l  

fc2 

ind iv idua l ' s  environmental location (pCi/crn 3 ) ;  
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xv = average ground-level concentration o f  1 4 C  in a i r  

over the assessment area weighted by quant i t ies  

of vegetables produced as a function of loca t ion ;  

xb = as above fo r  xv except applied t o  meat; 

= as  above f o r  x, except applied to  milk. XC 

The to t a l  dose from 14C i s  the sum o f  D V ,  Db, and D c .  

3.3.7 Environmental concentrations and intake ra tes  

Health risks t o  man as a r e su l t  of radiat ion exposures a re  not  

d i rec t ly  re1 ated t o  dose commitments , b u t  a re  more closely correlated 

w i t h  environmental concentrations and ra tes  o f  i n t a k e  of radionuclides 

by ingestion and inhalation. To f a c i l i t a t e  health risk estimations,  

DOSEN ca lcu la tes  and prints tables  of the following fo r  each radionuclide 

and specif ied environmental location: (1)  concentration in a i r  (cur ies  
3 2 per m ) ;  ( 2 )  ground concentration (cur ies  per m ) ,  (3)  ingestion intake 

r a t e  (picocuries per yea r ) ,  and (4 )  inhalation intake r a t e  (picocuries 

per year ) .  

so t h a t  they may be used as input data f o r  computer assessments of 

health risks. 

In addi t ion,  these values a re  written as unformatted output 

3 - 3.8 Working 1 eve1 cal cul a t i  ons for 222m 
Working level (WL) i s  calculated fo r  "'Rn and i t s  sho r t - l i f e  

progeny a t  each specif ied environmental location. One WL is  defined as 
2 any combination of s h o r t - l i f e  progeny ('18Po, 214Pb,  *14Bi, and 

i n  one l i t e r  o f  a i r  t h a t  will  release 1 . 3  x 10 MeV o f  alpha par t  

k ine t ic  energy during decay t o  '"Pb. 

i s  

5 

c 

The equation used (Evans, 
. -  

4P0) 

c l e  

1969) 
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WL 0.01 SeC 

c = concentr-dtion of z 2 2 ~ n  i n  a i r  (pCi/ l i tPr-) ,  

in which 

0.01 = conversion fac tor ,  

Se = assumed fract ion of equi 1 i briurn for short-1 i f e  progeny. 

The value of Se i s  i n p u t  i n  C O N C E N  as SEQNL. 

Calculations o f  SdL. and p r i n t i n g  sf tables  are done in subroutine DOSMIC. 

[he defaul t  valucr i s  0.7. 

3.3.9. 
I_ Buildup _̂_.I........... of radioactive ~ daughters -.~-._..I_..____.....__.... on surfaces a f t e r  deposition . .... . . . 

o f  a parent radionuclide ......_..I __ __._...........I ~ 

A radionuclide b u i l d i n g  u p  on ground surfaces or i n  water as a 

r e s u l t  of the deposition o f  i t s  parent may contribute to  doses from 

surface exposure, water immersion , and food ingestion. Po calculate  

t h i s  e f f e c t ,  the daughter should be added t o  t h e  source term w i t h  a zero 

release r a t e  i f  i t  i s  r i o t  a l s o  released t o  the atmosphere a t  thc  source. 

I n p u t  paranieters for the daughter a rg  supplied a5 fo11ows: 11, 12, 13, 

14, and I5  ( in teger  indices for  one to as many as f ive parent radionuclides 

i n  the source term) and F1 , F2, F3, t-4, and F5 (b t l i l dup  fac tors  f o r  each 

parent) .  

daughter from parent decay per unit aer ia l  deposition r a t c  o f  the parent. 

The F fac tor  i s  defined as t h e  surface i n p u t  r a t e  u f  the 

The to t a l  sur face  input r a t e  From buildup of a daughter i s  the  sum 

o f  the products of each F value multiplied by the a e r i a l  deposition r a t e  

o f  the parent, This sum added t o  the aer ia l  d e p o s i t i o n  r a t e  o f  the  

daughter, d i y  i s  d i e f f y  

The value o f  d ie f f  

a f t e r  buildup time tb. 

the e f f e c t i v e  surface i n p u t  r a t e .  

i s  used t o  calcirlate surface and water concentrations 

The use of d i e f f  f o r  i n g e s t i o n  i n t a k e  i s  more 
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- complicated and  requires the use o f  a modified version o f  E q .  (49)  for  

calculat ing the concentration Cy(r, 0 )  of a nuclide in and on vegetation. ., . 
I- 

1 The appropriate equation i s  

R[1 - exp(-hEi te ) ]  
+ .__ Ci(r, V 0 )  = d i ( r ,  8 )  

'vhEi 

4. USE OF THE CODE 

Options avai lable  t o  the user and d a t a  requirements are described below. 

4.1 Options Available t o  the User 

4.1.1 - Oetions IC__- in the main program ( M A ,  
.~ The options avai lable  in MAIN a re  applied t o  subroutines CONCEN 

and DIRECT. Option ( 1 )  spec i f ies  the f l o w  of the code. I f  option ( 1 )  = 0 ,  

CONCEN i s  cal led t o  estimate concentrations of the radionuclides in a i r  and 
. -  

r a t e s  o f  deposition on ground surfaces,  a n d  then subroutine DOSEN i s  cal led 

t o  ca lcu la te  doses t o  inan, environmental concentrations,  and intake r a t e s .  

I f  option (1 )  = 1 ,  however, the program i s  terminated a f t e r  completion of  

the  calculat ions in C O N C E N .  I f  i t  i s  desired t o  calculate  doses and intake 

r a t e s  d i r ec t ly  from input values o f  radionuclide concentrations i n  a i r  and 

g r o u n d  deposition r a t e s ,  option ( 1 )  i s  specified a s  2 .  MAIN w i l l  then ca l l  

subroutine DIRECT,  which reads the required input d a t a ,  and then i t  will 

c a l l  DOSEN. 

* -  Option ( 2 )  determines whether a square grid environmental canfigur- 
- *  

,- at ion [ o p t i o n  ( 2 )  = 01 o r  a c i r cu la r  configuration [option (2) = 1 3  a re  
- .  - 

used i n  the assessment. 
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Option (3 )  determines whether the values calculated by CONCEN will  

represent averages over sectors  of 22.5" [option ( 3 )  '= OJ or will repre- 

sen t  the center l ine of a plume [option (3)  = 11. 

Option ( 4 )  determines how plume r i s e  i s  calculated.  If  option ( 4 )  = 

0 ,  Briggs' equations fo r  buoyant plumes are used. If option ( 4 )  = 1 ,  Rupp's . 

equation for  momentum-type emissions i s  used. Specific values for  p 

r i s e  f o r  each Pasquill atmospheric s t a b i l i t y  category can be entered 

input d a t a  i f  option ( 4 )  i s  specified as 2 .  

Option ( 5 )  allows the user t o  vary the deposition velocity o f  e 

radionuclide in the source term with the direction and distance from 

plant .  This option i s  invoked f option ( 5 )  = 1 and i f  the c i r cu la r  

configuration [ i . e . ,  option ( 2 )  = 11 i s  used. 

Option ( 6 )  i s  an integer value from 0 t o  a maximum of 36 which 

utne 

as 

C h  

the 

spec i f ies  the number of radionuclides i n  the source term fo r  which con- 

centrat ions in a i r  and  ra tes  o f  deposition on ground surfaces are  punched 

on cards. For example, i f  option ( 6 )  = 4 and there are 1 6  radionuclides in 

the source term, concentrations a n d  deposition rates  will be punched f o r  

the f i r s t  four radionuclides in the l i s t .  

Option ( 7 )  i s  specified as 1 i f  t h e  radionuclides in the source term are 

assumed t o  be released uniformly from a c i rcu lar  area such as from a t a i l i ngs  

p i l e  of a uranium mil l .  The reference p o i n t  for  environmental locations i s  

the center of the c i rcu lar  area.  

assumed . 
If o p t  

The user can el iminate the printing 

CONCEN, which l i s t s  estimated concentrat 

on ( 3 )  = 0, a p o i n t  release i s  

o f  the main o u t p u t  table  of 

ons in a i r  and ground deposition 
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r a t e s  in the environment, by se t t i ng  option (8) = 1 .  I f  option (8) = 0, 

.* then the table  i s  printed.  

A t ab le  of x / Q  values fo r  each radionuclide in the source term i s  

normally printed by subroutine CHIQ cal led by CONCEN i f  the assessment area i s  

c i r c u l a r ,  b u t  the user can eliminate these tables  froni the o u t p u t  by se t t i ng  

option ( 9 )  = 1 .  If  option ( 9 )  = 0,  then the tables are printed.  

Details o f  options selected in M A I N  are given below. 

4.1.1.1 The c i r cu la r  option. For t h i s  option, the area around the .--....I_ I___̂ ___.II_ 

plant i s  divided in to  sixteen 22.5" sectors  emanating from the release 

p o i n t .  The midpoint of edch sector  i s  one o f  sixteen compass direct ions 

numbered 1 through 16 s t a r t i ng  with direct ion 1 fo r  due n o r t h  and proceeding 

counterclockwise t o  NNE fo r  direct ion 96. As many as 20 distances are 

ons fo r  . entered as input data t o  represent midpoints o f  environmental l o c a t  

a l l  sectors .  
* The parameter SQSD i n  Subroutine CONCEN s e t s  Lhe length o f  a s de of 
I- 

each o f  the 400 grid squares fo r  the square grid option discussed i n  

Sect. 4 .1 .1 .2 .  A value for  t h i s  parameter must a l s o  be selected for  the 

c i r cu la r  option because i t  i s  used in the code in a statement tes t ing  

the importance o f  radiological decay during plume t r ave l ,  

should be approximately equal t o  0.1 o f  the radius of the c i r cu la r  assess- 

ment area.  

The SQSD value 

4.1.1.2 The square grid omon. --- I f  the square grid o p t i o n  i s  

selected in the main program, the code will estimate concentrations in a i r  

,? arid ground deposition ra tes  a t  the midpoints o f  each o f  400 square gr ids  in 

a 20 by 20 array with the release point located a t  the center .  
- .  . -  _ _  

The array i s  

. 



aligned north-south and car, t -west with the abscissa numbers go ing  from 1 

t o  20 from west t o  east  and with the ordinate numbers going from 1 t o  20 

from sou th  t o  n o r t h .  An inpuL parameter SQSD sets  Lhe length of the s i d e  

o f  each of the 1100 g r i d  squares. 

The code computes concentrations by s t a r t i ng  a.t g r i d  ( 1  , 1 )  and  pro-  

ceeds t h r o u g h  grid (1 ¶ 20): and therr goes t o  ( 2 ,  I ) ,  proceeds t o  ( 2 ,  20), 

and continues t h i s  process t h r o u g h  grid (20, 2 0 ) .  For each grid square, 

the center 0.f the square i s  ident i f ied  a s  within on@ of 16  sectors  

emanating from the release p o i n t  by reference t o  a data statement w i t h i n  t h e  

computer code. The compass diwct-ions a t  the midpoints o f  each o f  .these 

22.5"  sectors  are  numbered from 1 t o  1 6  s t a r t i ng  with 1 for due n o r t h  

and proceedi i j r J  coimtercl ockwi se t h r o u g h  d i  rec t i  oil 16 .  

i s  calculated from t h e  grid iden t i f i e r s  and the value of SQSD. 

Dnwnwi n d  d i  stance 

The very poor  resolution for  the area near the p l a n t  afforded by 

the preceding procedure i s  improved wi thin the computer code by recornperti n g  '. 

concentrations f o r  the innermost 16 grid squares. i h i s  16-grid area i s  

converted i n t o  a 20 by 20 g r i d ;  the concentration in each o f  the ?6 

inner grid squares i s  then cornpirted as .tihe average value f o r  25 unifornily 

dis t r ibuted smaller gr-i'd squares. 

- 

The square 91-i d configuration has an advantage over -the c i rcu lar  

con Fi guration in t h d t  the P n v i  ronmental areas are more compdct and , 

hence , a r e  more amenabl e t o  di sc re te  character izat ion.  A more impor tan t  

consideration, however, i s  t h a t  concentral ion values in a square g r i d  

arrangement can be tiare readily adapted t o  mult iple  point source o r  a w a  

source assessments. 
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- 
4.1.1.3 Option for  varying deposition velor:i t~-.  A n  i n p u t  val i ~ e  --_ ... - -- . . __ 

. . -- fo r  dry deposition velocity i s  entered for  each radionuclide in the 

. I  source term. In a normal computer r u n ,  this value i s  used t o  estimate 

the r a t e  o f  dry deposition of the radionuclide on ground o r  water surface 

and  the resul t ing depletion of the plume f o r  a l l  d i rect ions arid distances 

from the plant.  

uniform environmental cha rac t e r i s t i c s  b u t  i t  may be inaccurate f o r  areas 

consisting o f  a wide var ie ty  of s u r f a c e s  such as  t a l l  grass, fo re s t s ,  

o r  lakcs. 

i n  deposition veloc-ity between bare s o i l  and f o r e s t  canopy (Sehrriel e t  

a ] . ,  1973), fo r  example, a n d  t h i s  may l ead  t o  considerable differences 

in  a i r  concentrations downwind of a fores t  versus a bare-soil region. 

T h i s  procedure i s  adequate fo r  areas with r e l a t ive ly  

There may be as  much as an order of magnitude difference 

To dsspss non-uni forin areas more real i s t i  cal l y  , the user of the 

code may e l e c t  t h r o u g h  option ( 5 )  t o  use a d i f f p r e n t  value for deposition 

(. veloci ty  For each environmental location ident i f ied by direct ion and 
.L 

-a’sl;dnce from the plant .  Tha’s option i s  avai 

configuration L i n e . ,  o p t i o n  ( 2 )  = I ]  because 

equationt; must proceed outward from the plant 

cover each envi roniilental location i n  stepwise 

able only f o r  t h e  c i r cu la r  

ntegration o f  p‘lurne depletion 

f o r  each direct ion and  

fash ion ,  For th is  option, 

rnultipl-ier parameters f o r  each environmental l o c a t i ~ n  specified by 

direct ion and distance and upper and lower bounds for distances must be 

added t o  the input d a t a .  The deposition v e l o c i t y  for each radionuclide 

within a spec i f ic  environmental location i s  the p roduc t  o f  the i n i t i a l  

deposition velocity entered for  the r a d i o n u c l i d e  and t h e  m u l t i p l  ier  fo r  

the 7 oca t ion  I 
- -  _ _  

> 
.. 
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4 .1 .1 .4  The -. area source option. ___ For t h i s  option, the source i s  

be an area such a s  a t a i l i ngs  pi le  with a uniformly d is t r ibu ted  assumed t o  

r a t e  of re  

in Sect. 3 

the source 

t h i s  value 

ease o f  radionuclides. 

2.9.  The diameter in meters of a c i r c l e  of the same area as 

must be entered as input i n  CONCEN t o  me t h i s  option. I f  

i s  l e s s  t h a n  10 m, however, the area source i s  t reated as a 

'The dispersion treatment i s  described 

point source. 

4 .1 .2  O$-ionaal ... ..... features ... of  subroutine ... CONCEN 

The f i r s t  d a t a  input of CONCEN are specif icat ions o f  lower a n d  

upper bounds  for  grid abscissa and ordinate as  integer values fo r  NOL, 

NOU, NRL, and NRU. Normally, for  the square grid option, the abscissa 

l imi t s  are  NOL = 1 a n d  NOU = 20, going from west t o  e a s t ,  and the ordinate ~ 

l imits are NRL = 1 and NRU = 20, going from south t o  n o r t h .  The user 

can, however, specify higher values for  NOL and NRL or lower values for  

NOU a n d  NRU fo r  special applications.  Integers for  NOL t o  NOlJ are 

column numbers, and integers for  NRL t o  NRU a r e  TOW numbers. Ihe c i r cu la r  

option requires t h a t  NOU must n o t  exceed 1 6  as an upper bound f o r  column 

numbers because only 16 compass direct ions are involved. The numbering 

s t a r t s  a t  NOL = 1 fo r  due n o r t h  and proceeds counterclockwise t o  16 fo r  

NNE. 

range from 1 t o  20, re fer  t o  distances i n  meters from the source, which 

are  supplied by the user as integer values o f  the IOIST input parameter. 

I f  the square grid option i s  selected in the main program, ,the grid 

- 

The row numbers for  the c i rcu lar  option (NRL. t o  NRU),  which may 

s i r e  i s  specified in CONCEN as the  value SQSD, the length o f  t h e  side o f  ~ 



- .  
. , ... 

... 

the  g r i d  squares i n  meters. 

square assessment area superscribing a c i r c l e  w i t h  a r a d i u s  o f  50 miles.  

A value of 8000 m f o r  SQSD produces a 

For the c i r cu la r  configuration, the number o f  distances f rom the 

plant i n  each compass direct ion (IDIST values) should be equal t o  the 

value of N R U .  

The  assessment area for which doses and i n t a k e  ra tes  a re  calculated 

i n  DOSEN i s  ident ical  t o  t h a t  defined by the bounds s e t  i n  CONCEN. 

agr icu l tura l  and population i n p u t  d a t a  entered i n  DOSEN in 20 by 20 

arrays should contain 0 values fo r  a l l  elements o f  these arrays lying 

The 

outside the bounds o f  the assessment area. 

- .  
. .... . .  

. -  

. -  
I .  

4.1.3. Opt ions  and optional features  of subroutine DOSEN 

The f i r s t  i n p u t  data f o r  DOSEN a re  six options. The f i r s t ,  L I P O ,  

i s  a specif icat ion as t o  whether the calculat ions are  to  be made fo r  the 

maximally exposed individual (LIPO = 0 )  or fo r  the population in the 

area (LIP0 = 1 ) .  

The second option (NNTB)  determines the nurnber o f  tables  t o  be 

printed l i s t i n g  doses by g r i d  locat ion,  exposure mode and organ by i n d i -  

vidual radionuclide. Each o f  these tables i s  lengthy, and i t  i s  usually 

desirable  t o  minimize the printed o u t p u t  by specifying NNTB = 0 .  

Doses by radionuclide, organ, and pathway are  punched on cards i f  

o p t i o n  (31, NRTB, i s  specified as 1.  

values i s  omitted. 

I f  NRTB = 0, punching o f  these 

I f  option (4 ) ,  NSTB, i s  1, concentrations i n  a i r ,  ground concentra- 

t i ons ,  ingestion intake r a t e s ,  and inhalation intake r a t e s  by man fo r  

each environmental location f o r  each radionuclide except 222Rn a re  
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printed and written as  unfsrmatted output. I f  NSTR = 0,  o u t p u t  o f  
22% these values i s  o m i t t e d -  Working levels fo r  Rn are  outputted i f  

NSTB =: 1 and omitted i f  NSTK = 0. 

The f i f t h  and s ix th  options,  NTTR and NUTB, control calculat ions 

and pr int ing by DOSMIC. Dose summary tables a re  pririted i f  NYTR = 1 a n d  

omitted i f  N I I B  0. Working l eve ls  for '"Rn ar:! calculated a n d  tabu- 

l a t ed  i f  NUT8 = 1 b u t  omitted i f  N U B  -1 0. 

In  addition t o  the s i x  specif ied optioi- is above, there  are  several 

options avaj lable  t o  the u s p r  for trezLliny ingestion. The parameters 

R V F G ,  R B E F ,  and RMLK f o r  vegetables, meat, and m i l k  specify the r a t i o  o f  

the quantity o f  each type of food ingested by a person t h a t  f s  produced 

a t  h i s  environmental location t o  the sum o f  t h a t  praduccd a t  his location 

axid the quantity t h a t  he ingests t ha t  i s  produced throughout the e n t i r e  

assessmen-t area.  The radionuclide content o f  each o f  the three food 

types produced throughout t h e  ent-i re assessment area i s  a weighted 

average over the g r i d  system. The assessinent area i s  bounded by t h e  

integers  NOL., N R L ,  N O U ,  and N R U  in a 20 by 20 grid system. Iherefor-e, 

quant i t ies  s f  food produced (and human population) should be l i s t e d  as 0 

f o r  a l l  locations lying outside of these bounds .  

- 

The min imum f rac t ions  o f  each of the  ind iv idua l ' s  intake o f  each 

f o o d  type t h a t  comes from outside of the assessment area al together ,  and 

assuiiied t o  he uncontarnina'ted, are  specified as F3VEGM, F3BEFM, and 

F3MLKM. The code can compute a higher imported f rac t ion  f o r  each f o o d  

type i f  required t o  meet nutr i t ional  requirements as specif ied in the 
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input data.  The user can f i x  the minimum imported f rac t ions  t o  be U C - ~ Z S ~ ~  

f rac t ions  by s e t t i ng  IMPFIX = 1. 

Fa1 lout. interception fract ions for  pasture grasses and fresh 

vegetables cnnsurned by man are designated R 1  and R2, respectively.  

These fac tors  are applied t o  a l l  radionuclides, b u t  may be optionally 

changed f o r  any spec i f ic  radionuclide by se t t i ng  IFL.AG, normally I), a t  1 

or 2 .  I f  I F L A G  = '1 I special  parameters R D l  and Rf .2  a r e  used instead o f  

R 1  a n d  R2. I f  I F L A G  = 2, R D l  and RD2 are  used for  dry deposit ion,  and  

RWI and RW2 a r e  used f o r  wet deposition. 

4.2 Data I n p u t  and Example Run 

The l i s t i n g  of the AIRDOS-EPA COIvlPUTtR CODE IN Appenda'x A identif-ies 

the order arid format o f  the i n p u t  parameters i n  the  READ statements and 

the i r  correspsndi ng  FORMAT staterrients a Parameter names and t h e i r  de- 

-. f i n i t i o n s  and u n i t s  are  l i s t e d  i n  Tables 3, 4 ,  5 ,  and 6 f o r  the mairi 

prograni and subroutines CONCEN, DIRECT, a n d  UOSEN,  respectively.  Table 

7 lists t h e  parameters from these tables  with t h e i r  d a t a  card formats. 

Appendix 8 i s  the outpmt o f  an example run o f  the code. 
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Table 3. Input parameters for main program 
~~ __.__.-.-______ ___-__ ...... ~._l __ ........ ~---__.I_ 

Number o f  
Name Val ues Definition 

MOR0 1 the word OPTIONS 
OPTION 9 O p t i o n  .-... .__ ( 1 )  0 t o  ruil t h e  e n t i r e  code 

_ _ ~  __ __ ~ -... _____ ~ _ _ _ . -  

1 i f  i t  i s  desired t o  r u n  
only siibroutine GONCEN 
2 i f  subroutine DIRECT i s  
t o  be cal led instead o f  
CONCEN 

grid conf i gura-ti on 
1 for the c i r cu la r  con- 
figuration 

- . ~ _ I _  Option (39 .._- O for  sector-averaged 
coinplrtatioris 
1 f o r  p l  u n i ~  center1 i ne 
computations 

I. O n t i o n  - ~ .  (4) . __ 0 t o  compute plume r i s e  For 
buoyant plumes using Briggs' 
equations 
1 t o  compute plume r i s e  for 
momentum-type emissions by 
R u p p ' s  equation 
2 t o  use spec i f ic  values fo r  
plume r i s e  entered as input 
data fo r  each Pasquill 
a.I;tnospheri c s tab i  1 i t y  category 

-..-.._.-_I Option ( 5 )  - 0 i f  deposition velocity i s  
not varied with direct ion and 
distance f o r  each radionuclide 
1 i f  deposition velocity var ies  
w j t h  d i rect ion and distance h a y  
only be used i f  option ( 2 )  = 11 

~ _ _ . _ _ _  O p t i o n  ( 6 )  A n  integer  from 0 t o  36 
specifying the number o f  radio- 
nucl ides in  the source term f o r  
which a i r  concentrations and 
g r o u n d  deposi tion r a t e s  are 
punched on cards 

Option .-....I_ ( 2 )  0 -For the 20 by 20 square 
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Table 3. (continued) 

- 
L 

. .. 

-...I.-I._ -._. , --I_ __ .-I_ 
N uiii be r o f 

Name v a l  ues De f i t i  i t i on 

. . - - . _ - - ~  Option ( 7 )  0 f o r  point-source atmospheric 
dispersion calculat ions 

1 f o r  calculat ions for  a uniform 
c i r cu la r  area source 

___.^-I_ Option ~ (8)  0 t o  p r in t  the  main o u t p u t  t ab le  
of CONCEN 
1 t o  o m i t  pr int ing the above 

_.11___4-_ O p t i o n  ( 9 )  0 t o  p r in t  x/Q t ab l e s  
1 t o  omit x / Q  tables  

- .  
J 



Table 4 .  Input parameters fo r  subroutine C O N C E N  

NmSer o f  
Name Values 

NGL 
NOU 
NRL 
XRL! 

? R  
WORD 
SQSC 

SEQWL ( S e )  

JDIST 
WORD 

FIDAI ( L )  
R i i  
-[A 
TG 

PERD 

1 
1 
1 
1 
7 

1 

1 

20 

? 

1 
3 

I 6  

Lower gri'd; l imi t  (absc issa)  
Upper grid 7 i r n . i ' ~  (absc issa]  
Lower grid l . i m i - t  (ord ina te)  
Upijer g r i d  1 imit  ( o r d i m t e )  
Specif ic  p7me r i s e  fgr each Pzsqai'i; category 
The word A R E A  

meters 

mrters The exact length o f  the s ide o f  each g r i d  square when us:'ng 
the square gr - id  configuration. 
be used fo r  + h i  c-ircu'lar o p t i o n  whicki corresponds t o  -tee 
approximste length o f  sach grid square i r :  a 20 by 20 grid 
scperscribed on the c i r c s : a r  assessment area 
Assiinied f rac t ion  o f  equi ' l  .i5rj LGI -Fcr the snort-1 i f e  progeny 
o-f 222Rn (Gefault value = 0.7) 

A v a l u e  for SOSD must a l s o  

Distances froin p l a n t  t o  be used w i t h  c'ircular opt - ion  

Height 3f 1 i d  

4ain-fal;  rz te  irr  area 
Average a i r  temperature ii: area 
Vertical temperature grad-ient fo r  Pasquill categories E, 
F, and G 
Wi n3 d i  rection frequency (1 6 6-i rectiorrs ) 

Ti?? ~ o r d  AX 
meters 

r e f e r s  

c en t i li:e t e r s /yea r 
@ K  
@ K/meter 



Tab le  4. ( C o n t ' d )  
Number. o f  

Naiiie values Def i: n-i t i o r :  Units 

112 

112 

112 

1 
i 

NUMST 
NUMST 
NUMST 
NUMST 
NUMST 

1 
1 

NNUCS 
NNUCS 
NNUCS 
NNUCS 
NNUCS 

tiiMUCS x NUMST 

Feciprocal-averaged wind Speeds ( 7  Pasquill ca tegor ies ,  mete rs / sec 
16 d i rec t ions )  
True-avera e wind speeds ( 7  Pasqus ' l l  categories ,  16 iile t e  rs / s ec 

Frequencies f o r  Pascjujl l  s t a b i ' i  i t y  categories  (each 
o f  16 d j r e c t i o n s )  
The word STACKS 
Number o f  s tacks or  release areas  
Physical height of  stack 
Diaiiieter o f  stack 
Velocity of s t a c k  gases 
Heat re lease f r ~ m  stack 
Diaiiieter o f  area source 
The word NUCLIDES 
Number o f  n u z l  ides i n  source term 
Name o f  nucl ide,  such as 1-13] or RLI-103 

d i rec t icns  B 

Effective radiological decay constant -in the  plume 
S c a ve n CJ i II g c o e f 1' i c i en t 
Dry deposs ' t ion velocity rile t e  r sJ  sec 
Gravitations? (cir s e t t l i n g  j"veioci ty  mete rs / s ec 
Re1ei;s.e r a t e  o f  radionuclide f r o m  s tack  c ur i es /yea r 

day-? 
-1 sec 

meters 
meters 
meters/sec 
cal /sec 
meters 



Table 4 .  ( C o n t ' d )  

Number o f  
Name values Def i n i t i  on Units 

BOUND 

VDCOEF 

1IST 

20 f i y s t  valGe i s  upper bound o f  area represented by f i r s t  met e :rs 
IDIST value and lower bounci o f  area represented by secand 
IDIST value, and continuing fo r  a l l  20 possible IDIST 
values [ B O U N D  values and subsequent VDCOEF and LIST 
values are  t o  be entered only i f  Option ( 5 )  = I] 
f a c t o r  t o  be mu'itiplied by V D  t o  give dry deposit ion 
veloci ty  representat ive o f  the area for  a spec j f i c  
compass direct ion and IDIST value 
0 t o  pr in t  concentrations fo r  dis tance corresponding t o  
IDIST 
1 t o  suppress pr int ing for  IDIST distance 

(NOU- N O i + l  ) 
X(NRU-NRL+1 ) 

20 



Table 5. Input parameters f o r  subroutine DIRECT 

Number of 
Name va7 ues De f i n i t i  on Units 

NO L 
NOU 
NRL 
NRU 
SQSD 

IDIST 

SEOWL (Se) 

NNUCS 
NAMNUC 

SC ( G  

ACON ( X )  

GCON ( R t )  

20 

1 

1 
NNUCS 
NNUCS 
NNUCS 
400 

400 

Lower grid l i m i t  (absc issa)  
Upper grid 1 imit  (absc issa)  
Lower g r i d  1 i m i  t (ord ina te)  
llpper g r i d  l i m i t  (ord ina te)  
The length o f  the s ide  o f  each grid square i f  i n p u t  a i r  
concentrations and ground deposition r a t e s  a re  f o r  a 
square gr id  configuration 
Distances from point of re lease  o r  center o f  c i r c u l a r  
area source f o r  a c i r c u l a r  configuration 
Assumed f rac t ion  o f  equi'l ibrium for the s h o r t - l i f e  progeny 
of 2 2 2 R n  (default  value 2 0 . 7 )  
Number of nuclides i n  source term 
Name of nucl i d e  
Dry deposition veloci ty  
Scavengi ng coe f f i c i en t  
Concentration i n  a i r  a t  ground level f o r  each environmental 
location (input i n  a 20 by 20 a r ray )  
Rate of deposition on ground surface f o r  each environmental 
location (input i n  a 2U by 20 a r ray)  

meters 

meters 

meterslsec 
sec -1 
picocuri es/cm 3 

2 picocuries/ctii - 
SeC 



Table 6.  Input parameters f o r  subroutine DOSEK 

Number of 
!lax val Lies L'n i  ts 

L I P 0  
NNTB 

NRTB 

N S T B  

NTTB 

Ns-3 

NOBCT 

NOMCT 

T NTFC 

I NTPA 

I NTNA 

IMPFIX 

1 

I 

400 

400 

400 

4.00 

400 

1 

Cption - 0 PGC individual dose, 1 f o r  pooL;;ation dose 
Number o f  individual radionuc'i -;de dose tab7es by g r i d  
'iocation and pathway t o  5e printed.  Used t o  suppress 
pr int ing 
'dption - 1 f o r  piinching or: cards doses by n u c l  i de ,  
c rgan  and pathway, 0 f o r  omit-ting the above 
Option - 1 f o r  pr int ing and unformatted outpd: o f  envi- 
ronmenta: concentrations and intake r a t e s  by man f u r  each 
nuclide,  ci F o r  omitting tQe above 
Opt io r i  - 1 -For pr int ing dose summary tab les ,  @ f o r  
omit - t inG .the above 
O?tion - I! f o r  p r i n t - i n g  c f  w r k f n g  leve's -For 2 2 2 2 n  if i t  -is 
i n  t h e  S O L I ~ C E  tern, 0 for om- i t t i ng  the aSove 
Nurnber o f  meat producing zn i tml  s far each envi ronmenta? loctitiori 
( i n p s t  ir! 6 20 by 20 a r r a y )  
Number o f  da-i ry c a t t l e  f o r  each environmental locatl'on 
( input  $ n  a 20 by 20 a r r a y )  
Area o-F vege-tab: e crop product-ion f o r  each ezvi ronmenta; 

Popul  a.tion f o r  each envi ronnientai 1 o@at ion ( input  in a 
2 C  by 20 ar ray)  
Ident i f icat ion as t o  whether an erivi rorirnental location 
,con-taiss s ign i f icant  wate:* a:reas (0 o r  'i) :input i n  a 
20 by 26 aimray) 

The integzr  1 f ixes  .the frac-tjon of each food type iinporteci 
- in to  the assessment area a t  the rn-in-inum f rac t jon  specif ied 
a s  F3'JEGM , F3BEFM , arid F3M~i(,"/i def- i  ned be! ow 

iit in s 20 by 20 a r r a y )  
2 rn 



Table 6. (continued) 

Number of 
Name values U e f i  n i  t i  on h i  ts 

RVEG 

F3VEGM 

RBEF 
F3BEFM 
RMLK 
F3F"LKM 
BRTHRT (Br)  
DILFAC ( d )  
USEFAC 
T f t )  
DD1 

1 

1 The f rac t ion  representing the quant i ty  o f  ingested vegetables 
produced a t  the environmental location divided by the to t a l  
quant i ty  ingested which i s  produced t h r o u g h o u t  the assessment 
area including the quant i ty  ingested which i s  produced a t  the 
envi ronrnenta 1 1 oca t i on 
The minimurri f rac t ion  o f  ingested vegetables which i s  imported 
i n t o  the assessment area.  
value t o  be used unless IMPFIX = ? 
Saine as R V E G  except a p p l i e d  t o  meat 
Same as F3VEGM except applied t o  meat 
Same as R V E G  except applied t o  m i l k  
Same as  F3VEGM except applied t o  m i l k  

The code may compute a higher 

Breathing r a t e  o f  man 
Depth of water t o  be used for water immersion doses 
Fr*aLtion 0.f time spent swiminiq 
Buildup time a l l o t t e d  for surface deposition 
Fraction of rad ioac t iv i ty  retained oci ?mfy vegetables 
a n d  produce a f t e r  washing 
Time delay - ingestion o f  pasture grass by animals 
Time delay - ingestion c f  stGred feed by animals 
Time delay - ingestion o f  leafy vegetables by man 
-,.a lime delay - ingestion o f  produce by ivan 
Removal r a t e  constant f o r  physical loss by \veathering 

cm3/ hr 
cent i met e ins 

days 

hr 
hr 
hr 
hr 
iir -1 



Table 6. (continued) 

Number of 
Name values Def i n i  t i  on U n i  ts  

TSUBEl ( t e l )  
TSUBE2 ( te2)  

YSUBVl  ( Y v , )  

FSUBP if,) 
FSUBS (f,) 

QSiJBF { Q F )  

c 

1 

1 

1 

1 

1 

-1 

1 

Period of exposure during growing season - pasture grass 
Period of exposure during growing season - crops o r  
leafy vegetables 
Agrjcultura! productiv’ty by unit  area (grass-cow-mi! k- 
pat k way ) 
Agricultural productivity by uni t  area (produce o r  leafy 
vegetab; 2 s  

Fraction o f  year animals graze on pasture 
Fraction o f  dai ly  feed t h a t  i s  pasture g r a s s  when animals 
s r a z e  on pasture 
Consumption r a t e  of contaminated feed o r  forage by a2 
an’ma’i (dry  ideight) 
Transport time from animal feed-mi 1 k-man 
Rate o f  ingestion o f  produce by man 

Rate o f  i ngestior: o f  m i  1 k by man 

Rate of ingestion o f  meat by man 

Rate o f  ingestion 0-F leafy vegetables by man 
Average .time from slaughter  o f  meat animal t o  consumption 

Fract;on of prodsce ingested grown in garden o f  i c t e r e s t  

Fraction of leafy vegetables grows in garcier! o f  j n t i r e s t  

Period o f  long-term buildup f o r  ac t iv i ty  i n  so i l  

Effect’ve surface densi ty  o f  s o i l  (dry weight) (assumes 
15-cm plow layer )  

hr 
hr 

kg/;g 

kg/m 

2 

2 

k g /ye a r 

kglyea r 
dsys 

years 
2 

kg/rr: 

I I  I 



Table 6. (continued) 

Name 
Number o f  
val ues Definition Units 

TDCF (C,) 

TDCW (C,) 

FROG 

1 
1 
1 
1 
1 

NNUCS 
NNUCS 
NNUCS 
NNUCS 
NNUCS 
NNUCS 

NNlJCS 

NNUCS 

NNUCS x 17 

Fraction of meat producing herd slaughtered per day 
Muscle mass of ineat producing anima1 a t  s laughter  
Mi 1 k production of cow 
Fallout intercept ion f rac t ion  fo r  pasture 
Fa1 l o u t  intercept ion f rac t ion  for  vegetable crops 
Number of oraans considered for the radionuclide 

k i  1 ograms 
1 i ters lday 

Radi 
S k i n  
Skin 
Skin 
Us ua 
i s  a 

u 

act ive decay constant fo r  the radionuclide 
dose conversion fac tor  fo r  submersion in a i r  
dose conversion fac tor  fo r  submersion i n  water 
dose conversion fac tor  for  surface exposure 
ly  0; a value of 1 i s  used f o r  a radionuclide which 
daughter product assumed t o  have an  e f f ec t ive  decay 

constant in the plume (ANLAM) equal t o  the decay constant 
o f  i t s  longer-lived parent, and  i t  i s  desired t o  use the 
ANLAM value t o  ca lcu la te  i t s  decay on ground surfaces and 
i n  water instead of i t s  t rue  decay constant ,  LANRP 
Dose conversion fac tor  fo r  food; always 0 e'xcept fo r  
t r i t ium 
Dose conversion fac tor  fo r  drinking water; always 0 
except fo r  t r i t ium 
Dose correction f ac t a r s  f o r  whole body and each reference 
organ  t o  multiply by external doses fo r  skin.  The order 
of the organs i s  given under FiAFlORG in t h i s  tab le  

day-' 
rem-cm 3 /uCi -hr 
rem-cm 3 /uCi -hr 

3 rem-cm /pCi -hr 
w 
G, 

rem-crn 3 lpCi-year 

rem-cm 3 /pCi-year 
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Table 7 .  Data deck preparation for  AIFIDOS-EPA 

Parameters 
Number o f  
Val ues 

Number o f  
cards Data type Format 

W O R D ,  OPTION 

N O L , N O U , N R L , N R U  
PR 
WORD 
SQSD 
SEQWL 
IDIST 
W O R D  
L I C A I  
R R  , iA , TG 

P E R D  
L'DCAT 
U DAV 
FRAW 

Main program 
1 f o r  W O R D ,  1 
9 for  OPTION 

Subroutine C O N C E N  
1 f o r  each parameter 1 
7 1 
1 1 
1 1 
1 '1 

20 3 
1 1 
7 -1 
1 for  R R ,  1 
1 f o r  T A ,  
3 f o r  TG 

1 6  1 
i 72 7 
112  7 
112 16 

WORD= 0 P T IONS 
O P T I O N S  val Ges- 
integer  

Integer 
Fixed po'nt 
W@RD=AREA 
Fixed point 
F i x e d  p o i n t  
Integer 
WORD=AIR 

Integer 
Fixed point 

Fixed po- in t  
Fixed pojp; t  
F i x e d  p o i z t  
Fixed point 

A8,5I1 , I 2 , 3 I l  

8110 
3 F ? 0 . 0 
A8 
8F10 .0  
F IO .  0 
8110 
A8 
811 c 
8F10.0 

16F5.0  
16F5 .0  
16F5 .0  
7 F l O . O  
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c A s e t  of the  three cards i n  t h j s  Sracket i s  required ?or each radionhciide.  The nl;:nSer of 
these s e t s  of cards must be equal t o  T h e  value a-f  N N U C S .  

deck unless OPTION ( 5 )  = 1 .  
%he cards -in the bracket f o r  BCUND, VDCOEF, and LIST should not be included ir: the data 

e A s e t  o f  the  cards i n  t h i s  bracket i s  required f o r  eaci-1 ,radionac\ide. The to t a l  number o f  
these s e t s  i s  the value of Nl\iUCS. 

‘One s e t  o f  cards in  t h i s  bracket i s  reclu-ired f o r  each radionuclide. Each s e t  i s  referred 
t o  as  the radionuclide d a t a  deck f o r  the spec i f i c  radionuc’l-id@. The number o f  radionuclide data 
decks must be equal t o  the value of NNUCS.  The s e t  o f  cards f o r  NAMORG, CFINHA, F l I N G ,  and 
CFINGA fo r  each radionuclide i s  referred t o  as  the organ data deck f o r  the specific radionuciide 

co 
0 
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5. TERRESTRIAL TRANSPORT INPUT PARAMETERS 

The parameter values l i s t e d  in the following sections have been 

For the used in the demonstration computer run given in Appendix B. 

parameters Bi v, 

b e i n g  performed. The values l i s t e d  for these parameters r e f l e c t  the 

current s t a tus  of t h i s  review. 

change as new references are  reviewed or become avai lable .  

other  parameter values l i s t e d  are derived from Lhe extensive and we’ll- 

documented reviews by Ng e t  a l .  (1977)  and Hoffman and Baes (1979) .  A 

s t a t i s t i c a l  d i s t r ibu t ion  has been described fo r  many of the parameters 

reviewed by Hoffman a n d  Baes (19799, and the values taken from t h i s  

and F f ,  a review of original references is current ly  
‘ m y  

The l i s t e d  values will  undoubted y 

Many o f  the 

- -  review and l i s t e d  in t h i s  section are the mean values with respect t o  

the d is t r ibu t ion  described fo r  the parameter. 

.- The values l i s t e d  fo r  the so i l -p lan t  bioaccumulation fac tor  B i v ,  

the  forage-to-milk t ransfer  coef f ic ien t  Fm, and the forage-to-meat 

t r ans fe r  coeff c ien t  Ff were derived froni a review o f  original  experimenta 

d a t a  according t o  the methodology described below. Individual observations 

o r  the average of rep l ica te  observations (whichever given by the a u t h o r )  

spec i f i c  fo r  the parameter were taken from the reference. When necessary, 

reported B i v  d a t a  were transformed t o  adhere t o  the s t r i c t  def in i t ions  

of the parameter by using appropriate fresh weight-dry weight conversion 

fac tors  (Morrison, 1956; Spector, 7956). Ingestion ra tes  given by Liden 

and  Gustafsson (1967) and Bell (1978) were used t o  derive some values o f  

Ff from associated meat and forage data.  All measurements applicable t o  

the parameter i n  a reference were used t o  calculate  an ari thmetic mean 

. .  
I .  

- T  . 
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value fo r  t ha t  reference, Finally,  the values f o r  each reference were 

used t o  derive an unweighted ari thmetic mean for  a l l  references combined. 

This f ina l  value, unless otherwise noted, is  .the value l i s t e d  f o r  the 

parameter. 

The parameters used i n  the t e r r e s t r i a l  transport  models i n  Sect. 3 

a r e  designed t o  represent annually averaged values a t  equilibrium over’ a 

wide range o f  environmental conditions. Empirical d a t a  used in deriving 

values fo r  these parameters may not always r e f l e c t  annual average or 

equilibrium conditions. I n  addition, da. ta  from laboratory or otherwise- 

controlled experiments which do not adequately simulate f ie ld  conditions 

may lead t o  erroneous evaluations fo r  spec i f ic  assessment s i t e s .  Further- 

more, empirical data may no t  adequately r e f l e c t  the t rue d is t r ibu t ion  o f  

values associated w i t h  each parameter under various conditions. T h u s ,  

caution should be used i n  the interpretat ion of parameter Val lies presented 

and  r e su l t s  generated by the sample r u n .  

5.1 Agricultural Productivity by U n i t  Area Y v  

I n  th is  report agr icul tural  productivity,  i n  kilograms per square 

meter, i s  given in dry weight for  the above-ground portion of pasture 

grasses Y 

and produce ingested d i r ec t ly  by man Y v 2 .  

of productivity f o r  pasture grasses are most conimonly found i n  the 

1 i t e r a tu re ,  d i r ec t  comparison wi t i )  productivity estimates f o r  stored 

feeds and  s i lage  can be made. Frcsh weight productivity estimates f o r  

leafy vegetables and produce consumed d i r ec t ly  by man arc appropriate 

because data on human food consumption i s  generally given i n  fresh 

and in f resh weight for  the edible portions o f  leafy vegetables vl 
Since dry weight measurements 
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weight. I n  addition, modern packaging and 

designed t o  reduce desiccation and present . ‘ r  

.I 

re f r igera t ion  techniques are 

a p r o d u c t  a s  s imi la r  t o  

harvest cnnd i t io r i  as possible. Table 8 presents m a n  values of Vvl m d  

derived from the review and analysis of dyricul tural  productivity by L 2  
Baes d n d  B r t o n  (1979).  

5) .) 2 The Fraction o f  Atmospheri ca1’B.y Depositing Kad’ionucl a” 
Intercepted by Above-Ground F o r t i o n s  o f  PI an ts  K 

The f rac t ion  of a%mos herical  l y  deposi k i n g  radionuc’l i des  i n t e r -  

cepted and in - i t i a?  l y  re-taiwd on above-graund portions o f  e i t h e r  forage 

crops o r  leafy  vegetables and fresh produce ingested by rim i s  symbol- 

i z e d  by R1 and respect ively,  where R1 > R2 : 1 ,  I t  i s  assumed in the 

model t h a t  unedible portions o f  vegetable crop plants are plowed in to  

the soil a t  harvest. 

5 ,2 .1  Interception .I.._-.._-. - f rac t ion  ~ __... -- Kl-  f o r  forage -. crops .-. .. 

Caution m u s t  be exercised when select ing a va be o f  K for  assess- 1 
ment pirrposes because a correlat ion between R and Y has been demonstrated 

fo r  forage craps (Chamberlain, 1970; Miller ,  197%) .  

i s  l i ke ly  because the fract ion o f  an atmospherically depositing nuclide 

intercepted by a p l a n t  i s  highly dependent on the surface area  avai lable  

f o r  interception. 

area jndex i s  highly correlated t o  the above-ground standing crop b i o -  

mass or productivity Yv1 a 

\I 

T h i s  correlat ion 

For forage crops,  the available siurface area o r  leaf  

Miller (197%) analyzed associated measured values o f  R and Y v  and 

described a d i s t r ibu t ion  for  the r a t i o  R/YV based on lognormal s t a t i s t i c s .  

T h e  resu l t ing  d is t r ibu t ion  of t h i s  r a t i o  has been used in the present 
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report  t o  derive an ari thmetic iiiean value of R1 = 0.57. This R1 value 

has been determined such tha t  when combined w i t h  the mean Y v l  value of 

0 . 2 8  (Table 8)  the resu l tan t  r a t i o  o f  R1/YV1 numerically equals the mean 

value (2 .03)  of  the d is t r ibu t ion  of R / Y V  described by Miller ( 1 9 7 9 a ) .  

5 . 2 . 2  Intercepti-on fract ion ______2_.. R f o r  . . .. . ... leafy vegetables ........-. and fresh produce 

The correlat ion which Chamberlain (1970) demonstrated between R and 

Y i s  spec i f ic  for  pasture grasses.  

t o  e x i s t  fo r  a l l  leafy vegetables and fresh produce ingested by man fo r  

Such a re la t ionship i s  not expected V 

the  following considerations:  

1 .  On a weight basis ,  the edible portion of vegetable plants 
var ies  by species from nearly 100% for leafy vegetables t o  a 
very small Fraction for  food grains;  

Surface area-to-weight ra t ios  d i f f e r  great ly  among various 
types of vegetables; and 

Edible portions of some vegetables are enclosed by t i s sue  
layers and f a i l  to  intercept  atmospheric radionuclides ( i  . e . ,  
corn, peas, e t c . ) .  

2 .  

3. 

Measurements of the interception fract ion R2 spec i f ic  f o r  edible 

portions of leafy vegetables and fresh produce ingested d i r ec t ly  by man 

a re  unavailable. 

t ha t  of R1 s ince most vegetable crops are  usually cul t ivated i n  rows. 

On a u n i t  area basis ,  t h i s  spacing of vegetable crops exposes more 

I t  i s  expected tha t  the value o f  K2 will  be l e s s  t h a n  

surface so i l  t h a n  the dense spacing of most forage crops. Booth e t  a l .  

(1971)  recognized t h i s  problem in t h e i r  t e r r e s t r i a l  model YEKMOD and s e t  

the interception fract ion value fo r  fresh produce and vegetable crops 

lower t h a n  t h a t  f o r  grasses.  However, the magnitude o f  the actual 

difference between R1 a n d  R 2  i s  speculative. The R2 value o f  0 . 2  used 

by the N K C  (U.S.  Nuclear Regulatory Commission Regulatory Guide 1.109, 
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Table 8. Estimated values of above-ground agricul tural  productivity 
f o r  forage grasses and edible portions of vegetable crops 

Parameter 

measured in dry weight 
y V  1 
(forage grasses)  

Yvz measured i n  f resh weight 
(1 eafy vegetables) b 

measured in f resh weight y v 2  
(non-leafy vegetables)" 

0.28 

1.9 

0.57 

The mean estimates given above are the inverse o f  values a 
derived by Baes and Orton (1979)  fo r  estimates o f  l / Y v  based on experi- 
tnental da t a .  

'Y,2 fo r  leafy vegetables i s  based on edible  portions o f  cabbage, 

e 
l e t tuce ,  and spinach. 

cauliflower,  green peas, lima beans, and sweet corn. 
Yv2 f o r  nonleafy vegetables i s  based on edible  portions of broccoli ,  

, 
I .  . .. . . ., 
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1977) i s  less than t h e  R value of 0.57 presented in Sect. 5.2.1; and 

therefore ,  we chose t h e  NRC value fur  us? i f 1  the AIRDOS-EPP, saniple riiii 

(Appetidix R ) ,  

1 

5 .3  Deposition Velocity Vd 

- ]he deposition velocity V d  (centimeters per second) i s  used i n  t h e  

code a s  a t r ans fe r  fac tor  re la t ing  an a i r  conccntration t o  a surface 

deposition r a t e  (Hoffman, 1537; Miller e t  a l . ,  1978). Field measure- 

ments of V d  are  general ly  based on nieasured concentr-ati ons i n  vegetation 

cut; a t  a spec i f ic  height dbove the ground surface and Fail t o  measure 

to t a l  deposition on a uni t  area h a s i s .  The f ract ion o f  radionuclide 

deposited on s o i l ,  leaf  l i t t e r ,  and uncut v e g e t d t i o f i  i s  usually n o t  

measured, Thus, an estimate o f  V apprwpr'. iate f o r  .the t o t a l  deposit  on d 
a u n i t  ared basis i s  derived from a V 

vegetation by .the following method: 

spec i f ic  fo r  deposition o n t o  d 

Vd ( t o t a l )  = V d  ( spec i f ic  fo r  vegetation)/R , (68)  

where R i s  the f rac t ion  o f  atmospherically depositing nuclides in t e r -  

cepted by t h e  above-ground edible portion o f  t h e  vegetation. Values o f  

V d  ( t o t a l )  a re  appropriate for use i n  the WIRDOS-EPA code because V d  i s  

used t o  e s t i m a t e  plume dcp le t jon  and t o t a l  ground area deposition. 

T h e  followirig values O F  V d  appear t o  he relevant f o r  forage grasses 

under dry coni"-'?ns (Heincnann and Vogt ,  in press) :  

1 .  2 crnJsec for  reactive gases (molecular iod ine) ,  

2 .  0.1 cm/sec f o r  small par t icu la tes  (<4 ubi in diameter),  and 

3. 0.01 cm/sec fo r  r e l a t ive ly  unreactive gases ( C H 3 1 ) .  
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Dividing the above spec i f ic  V d  values by a mean forage grass in t e r -  

ception f rac t ion  R, o f  0.57 (Sect.  5.2.1) produces the followiny values 

of  V d  ( t o t a l ) :  

1 a 

2.  0.18 cm/sec fo r  small par t icu la tes ,  and 

3 .  

These values are  spec i f i c  f o r  deposition on grasslands. 

3.5 cm/sec fo r  react ive gases, 

0.018 cm/sec f o r  r e l a t ive ly  unreactive gases. 

I t  i s  

assumed in the code t h a t  the vd ( t o t a l )  fo r  grasslands i s  equal t o  the 

vd ( t o t a l )  f o r  vegetable crops. 

depositional conditions f o r  grasslands and vegetable croplands are 

probably d i f f e ren t  (Hosker, 1974) ;  however, measured values of V d  

( t o t a l )  have n o t  been published f o r  vegetable cropsr 

the value of Vd ( t o t a l )  f o r  par t icu la tes  >4 pm in diameter be s e t  equal 

t o  the gravi ta t ional  fall; velocity o f  the pa r t i c l e  s i ze  considered 

(Sehmel e t  a1 . , 1973) - 

T h i s  assumption may be f a l s e  since 

We propose t h a t  

There i s  a potential  fo r  e r ro r  i n  calculat ing plume depletion in 

atmospheric t ransport  models from a spec i f ic  value of V d  ( t o t a l  ) cal cu- 

la ted  fo r  a grassland environment. When various environmental condi t ions 

such as buildings,  t r e e s ,  rough t e r r a i n ,  and other potential  scavengers 

a re  present,  the use of a d i f f e ren t  vd ( t o t a l  1 may be warranted. 

5.4 The Plant/Soil Bioaccumulation Factor B i v  

The t ransfer  of radionuclides from so i l  t o  the above-ground portions 

o f  pasture grasses i s  parameterized by B i v l .  Radionuclide t r ans fe r  from 

so i l  t o  the edible  portions o f  leafy vegetables and fresh produce ingested 

by man i s  parameterized by B i v 2 .  I n  the model, i t  i s  assumed t h a t  
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radionuclides incorporated in to  nonedible portions of vegetable crops 

a re  returned t o  the soi l  by the plowing under of the rionedible portion 

a f t e r  harvesting of the edible portion. 

A review of the available l i t e r a t u r e  was made t o  determine values 

of  B i v l  and B i v 2  f o r  various elements. Measurements of radionuclide 

concentrations i n  so i l  and vegetation reported in the l i t e r a t u r e  are  

given i n  b o t h  fresh and dry weight fo r  vegetation and may be spec i f ic  

f o r  both edible a n d  nonedible plant portions. Thus, only d a t a  which was 

applicable t o  ( o r  could eas i ly  be converted to  conform with) the following 

def in i t ions  of B i v l  and B i v z  were considered. The def ini t ions o f  B i v l  

and B i v 2  a re  as follows: 

= radionuclide concentration in en t i r e  above-ground portion o f  
........................ .................. ~ 

Biv l  plant a t  maturity per uni t  dry- w t  
radionuclide concentration in so i l  per uni t  dry w t  

= radionuclide concentration in edible p o r t i o n  of  plant a t  
........ maturity per .......... unit  ._ - fresh wt 

-. 

B i ~ 2  
radionuclide concentration in so i l  per u n i t  dry w t  

The e f f ec t s  o f  chemical and physical forms of the element will  

l i ke ly  influence B i v  values t o  a greater- extent t h a n  isotopic  e f f e c t s .  

Therefore, e lenent-specif ic ,  ra ther  than isotope-specific values of B i v  

were chosen. 

values a n d  incorporation of a greater  number of references into the 

determination of B i v .  

T h i s  consideration allows consolidation of measured B i v  

Determinations of  B i v l  and B i v 2  (Tables 9 and 10 ,  respect ively)  

were made from original l i t e r a t u r e  references whenever avai lable .  

However, the review docurnetit by Ng e t  a l .  (1965) was used to  derive B i v  

values when original sources were unavailable. References i n  which 
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. *  - ,  T a b l e  9. Values o f  B i v l  d e r i v e d  from a review o f  the l i t e r a t u r e  
~ 

1 -  - .. 
- c  

Bi V I  
Element References 

S r  

T C  

1 

C S  

Pb 

Po 

Ra 

Ac 

Th 

Pa 

U 

Pu 

0 1 . 2  x 1 0  

2 2.2 x 10 

2.0 x 10-1 

1 . 5  x 10-1 

1.1 x lo-’ 

4.2 

9 . 7  x 

1 . 0  x 

2.7 

8 .5  

2.2  IO-^ 

1 . 0  x 

Hardy e t  a l . ,  (1969) Arkhipov e t  a l .  (1974) 
Romney e t  a l .  (1957) Romney e t  a l .  (1966) .  

Wildung e t  a l .  (1977) .  

Ng e t  a1 . (1978) .  

Rediske e t  a l .  (1955) ;  Haak and Eriksson 
( 1  973) ; Frederi ksson e t  a1 . (1966) ; Frederi k-  
sson e t  a1 e (1969) ;  Evans and Dekker (1968) ;  
Hardy e t  a1 . (1977) ; Romney e t  a1 . (1957) ; 
Barber  (1 9 6 4 ) .  

Cox and Rains (1972) ;  Zimdahl e t  a l .  (1978) ;  
Rabinowi t z  (1 972) ; Dedol ph  e t  a1 

Watters  e t  a l .  (1969) .  

Kirchmann e t  a l .  (1968);  Taskayev e t  a l ,  
(1  977)  ; Debortol i and Gag1 ione (1  972) .  

Ng e t  a1 . (1968) (based on 25% d r y  m a t t e r ) .  

B o n d i e t t i  e t  a l .  ( i n  p r e s s ) .  

Ng e t  a1 . (1968) (based  on 25% d r y  m a t t e r ) .  

B o n d i e t t i  e t  a1 . ( i n  press). Adam e t  a1 . 
(1955) .  

Romney e t  a l .  (1970);  Price (1972) ;  Rediske 
e t  a l .  (1955) ;  Cummings and Bankert  (1971) ;  
Adam e t  a l .  (1975) ;  Hardy e t  a l .  (1977);  
Brown and McFarlane (1978) ;  B o n d i e t t i  e t  a l .  
( i n  press). 

(1  970) .  
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Table  10. Values o r  R i v 2  d e r i v e d  from a review o f  t h e  l i t e r a t u r e  

Bi v 2  Element References 

S r  2 . 9  x 10-1 

0 1 . 1  x 10 - a  I C  

I 5 .5  x l o - ?  

cs 9 . 3  

Pb 

Po 

Ra 

Ac 

T h  

Pa 

U 

P u  

3.9 

2.6 x l o m 4  
- 2  6 .2  x 10 

2-5 

3.5  x 

3 .5  x 

2.9 x 

2 . 0  x 10-A 

Romney e t  a l .  ( 1 9 5 7 ) ;  t s s i n y t v n  e t  a l .  (1962) ;  
A r k h i p o v  e t  a i .  (1974) ;  Hardy e t  a l .  (1977) .  

Wildung e t  a l .  (1977) .  

Ng e t  d l .  (1978) .  

Romney e t  a l ,  (1957) ;  Schlrlz ( 1 9 6 5 ) ;  tiask 
and Eriksson (1973) 1;-edriksson e t  d l .  
(1966) ;  Fredri ksson e t  dl  . (1969)  ; Evans and 
Dekkcr (1968) ;  Hardy c t  a l .  ( 1 9 7 / ) ;  Essington 
e t  a l .  (1962) .  

Wilson and  C l i n e  (1966) ;  P e r  Haar (1979) ;  John 
and  Van Laerhoven ( 1  977 ; Rabi r t ow i t z  ( 1  972)  ; 
Dedolph et a1 ( 1 9 / 0 ) .  

Mat te rs  e t  a l .  (1969) .  

Vavilov e t  a:. (1964) ;  Mordbery e t  a1 . (1976: 
Kirchrnann e t  a l .  (1968) ;  DeBortoli  and 
Gaglione (1972) .  

Ng e t  a l .  (1958) .  

B o n d i e t t i  e t  a1 . ( i n  p r e p a r a t i o n  ) . 
Ng e t  a ] .  (1968) .  

B o n d i e t t i  e t  a1 . ( i n  p r e s s ) ;  Adam e t  a1 . 
(1975) .  

C 1  i ne ( 1  968)  ; lili 1 son and C1 i ne,  ( 1  966) ; Currinii ngs 
and Ranker.l: ( 1 9 7 7 ) ;  Dahlinan e t  a1 ( 1 9 7 6 ) ;  
B o n d i e t t i  and Sweeton (1936) ;  Schulz  e t  a1 * 
(1975) ;  Adams e t  a l .  (1975) ;  I-lardy e t  a l .  (1977:; 
Brown a n d  McF-arlane (1978) .  

1 -- The der ived v a l u e  Far technet ium was 5.5 x 10 . I his va lue  has been U 

a d j u s t e d  t o  account  f o r  removal of v e g e t a b l e  crops by h a r v e s t i n g  o v e r  100 - 
y e a r s  ( s e e  Sect. 5 . 4 . 1 ) .  
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d i rec t ly  deposited or resuspended mater-ial may have siyni f i c a n t l y  con- - .  
, . .  
.- 

- \  - .* 
- 1  ._ 

t i - i b u t e d  t o  the reported p l a n t  radionucl ide concentration were n o t  

considered i n  our analysis o f  B i v .  

The derived value o f  R i v 2  f o r  technetium i s  r e l a t ive ly  high with 

respect t o  BiV2 values f o r  the other elements (Table 10 ) .  

and removal o f  vegetable C W ~ S  from the so i l  may remove s ign i f i can t  

The harvesting 

q u a n t i  t i e s  of technetium from the agri crnl tural  system over 1 ong periods 

o f  t i m e a  This removal a f t e r  100 years may be qui te  s ign i f icdnt .  The 

following procedure t o  adjust  the technetium B i v 2  i s  made t o  siniulate the 

e f f e c t  of  harvesting a n d  removal o f  vegetable crops on the so i l  concen- 

t r a t i o n  of technetium. 

netium given i n  Table  I O ,  the AIKDOS-ERA model ~ o u l d  overpredict technetium 

Without an adjustment o f  the B i v 2  v a l w  For tech- 

concentrations i n  vegetables a f t e r  100 years wi th  an aver,:ge o f  one hdrvest, 

per year ,  because the model assumes ria radionuclide loss from the so i l  v i a  

u p t a k e  lay crop plants a n d  t h e i r  subsequent harvesting. An estimate o f  t h i s  

removal e f fec t  k i s  given by the following equation: 

where 

k = adjustment fac tor  t o  account for  reriaova3 o f  technetium from 
soil via harvesting o f  crops,  

= concentration o f  technetium in soil a f t e r  100 years with 
harvesting of vegetable crops, h 

= concentration o f  technetium in s o i l  a f t e r  100 years with no 'sn harvesti n y  o f  vegetable crops 

T h e  concen t rd t i on  o f  technetium i n  s o i l  w i t h  a deposition r a t e  of 1 
2 Ci /n i  -year would be C s n  = 100 C i / m 2  a f t e r  100 years with no removal via 
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harves Ling o r  o ther  removal processes. The concentration o f  technetium 

in  s o i l  with reanoval by harvesting of t r ~ e  crop a f t e r  100 years i s  g i v e n  

by: 

where 

f = the f rac t ion  o f  technetium remaining i n  t h e  so i l  a f t e r  one 
yea r ,  

n = time in ycsrs = 100 years ,  

ds  = deposition r a t e  an so i l  (Ci/m2-year). 
- 
I h e  f rac t ion  o f  technel.ivm remaining in the s o i l  a f t e r  one year  i s  given 

hy : 

where 

B i v 2  = tile plant /soi l  binaccutnulation f ac to r ,  

Y v 2  = t he  standing c r o p  biomass of the edible portion o f  the 

P = the e f fec t ive  surface density o f  the so i l  in kg/rn2. 

2 vegetable crop in kg/m 

1 B i v 2  = 5.5  x 10 y 
2 Using values of n ::: 100 year ,  ds = 1 C i / m  year ,  

= 2 . 0  kg/’m2, a n d  P = 21 5 k g / m 2  and subs-titiAting Eq. (7.1 ) in to  E q .  y v  2 
0 (701 ,  a value o f  Csh  2 . 0  x 10 r e su l t s .  .Thus, the value O f  k i n  E q .  

( 5 9 )  i s  2 .0  x lo-*. Multiplying k by the above value o f  B i v 2  f o r  tech- 

net i i i i r i  g i v e s  an ef fec t ive  B. o f  1.1 x 10 . This adjusted value o f  

B i v 2  i s  given in T a b l e  10. 

0 
1 v 2  

Fa r  our  determination of B i v l ,  i t  i s  assumed 
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t h a t  technetium removed from .the so i l  by forage p lan t s  i s  retuu.ned to 

t h e  s a i l  v i a  excretion by g r a z i n g  animals and decay cf inrigrazeid grasses.  

T h i i ~ ,  the above calculat ion was not performed f o r  iliv,. 

The m i  1 k-transfer coef f ic ien t  F represents the f r a c t i  un o f  the  

t o t a l  da i ly  intake of a i i iuc l ide which i s  transferred t o  a l i t e r  05 the 

cow' CJ m i  1 k a t  eqiii 1 i bri u ~ ,  

involve e q u i l i b r i u n i  conditiions. Usual'ly, s ingle  oral  doses are a d r ~ i n ' s -  

t e w d  t o  the cow, a n d  milk cuncentratisns a r e  monitored .for several 

days .  

the  methodology described by Ng e t  a'l. (1977) i n  which t h e  to ta l  f rac t ion  

a f  the oral dose recovered i n  m i l k  a f t e r  six ddys o r  niore i s  d i v i d e d  by 

the da i ly  r a t e  of  milk production, 

m 

Unfortunatxly , w r y  f e w  mca~urements o f  F m 

?ia'lues of Fitl can be derived f r o m  such experiments according ,to 

Determinations of Fin (Tab1 e 11 4 were made from o r i  g j  nal  'I i t e r a t u w  

references whenever ava i  1 ab1 e ,  However, for many elements the we1 1 - 

documented review by g e t  a l .  (1977) was the primary l i t e r a t u r e  source, 

References i n  w h i c h  the  chemical form o f  the nucl-ide Lidministered ora l ly  

t o  the cow was c lear ly  a typ ica l  o f  forms found i n  the environment were 

excluded from the analysis  of F,,,. As for t h e  analys is  o f  Biv, the values 

o f  Pm g i v e n  i n  Table 11 are element- ra ther  than nucl ide-specif ic ,  

5.6 The Meat-Transfer Coefficient Ff 

The rneat-transfer coef f ic ien t  Ff represents the fract ion o f  Lhe 

t o t a l  d a i l y  intake of a nuclide which i s  t ransferred t,o a kilogram ci-F 

muscle i n  t h e  meat-producing animal a t  equilibrium. (For the demonstratian 
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Table  1 1 .  Estimates o f  the m i l k - t r a n s - r e r  c o e f f i c i e n t  F f o r  d a i r y  cows m 
I _ _  ........... .- .... - .... ~ - .... ____  __ ............. .......... ~ . . .~  - - -. ~ 

References Fm El errlent 
(day/ ]  i t e r )  

Sr 

Tc 

I 

Cs 

Pb 

Po 

Ra 

Ac 

Th 

Pa 

U 

P U  

2 . 4  

9 . 9  x l o - ?  

5 . 6  

9.9 

1 . 0  x 

1 . 7  x 

5.9  x 

2.0 x 

5.0  x 

5 .0  x l o m 6  

1 .2  x 

4.5 x l o - 8  

Cragle  and Dcrmntt ( 
Squire e t  a1 . (1958)  

Ng e t  a l .  (1977) .  

9 5 9 ) ;  Garner e t  a1 ( 1 9 5 0 ) ;  
Comar et. a1 . (1  961 ) . 

Ng e t  a l .  ( 1 9 7 7 ) ;  Hoffman (1979) .  

Hawthorne (1967)  ; Ward e t  a1 . ( 1  955) ; Johnson 
e t  a l .  (1968) .  

S t a n l e y  e t  a1 . (1971 ) ;  Kerin and Kpriir (1931 ) ;  
Nelmes e t  a l .  ( 1 9 7 4 ) ;  Donovan e t  a l .  (1969) ;  
Bovay ( 1 9 / 1 ) ;  Lynch e l  a l .  (1974) .  

Mclnt-oy ( 1 9 / 3 ) .  

Kirchniann e t  a1 . (1972) .  

Ng e t  a l .  (1971) .  

Ng e t  a l .  (1977) .  

Ng e t  a l .  (1977) .  

Chapinan ani1 tiarnmons ( 1  9 6 3 ) .  

Sansoiri (1 964)  ; Garten (1 9 7 8 ) a  
......... .......... __ . . . . . . . .. . .... . . . . . _ . . .. . I _- -_ . . . . . . .. . .. . . . . . . -. . . . . . -. .. .___ 

Derived froill range based on a review o f  S t a n l e y  e t  a l .  (1976)  arid il 

r e p o r t e d  by Garten (1978) .  
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- 
runs beef i s  the meat consumed a t  the specified environmental loca t ions . )  

I t  i s  assumed t h a t  equilibrium conditions e x i s t  when slaughter occurs. 
- -  - -. Measured intake r a t e s  and associated meat and forage elemental concentra- . - -  

tiaras may yield values o f  Ff which are  suspect,  because i t  has n o t  bccn 

conclusively shown t h a t  equilibrium between intake r a t e  arid rrieat con- 

rom 

LIE? * 

mate 5 

centratioti  are  ever a t ta ined.  

intake for  each animal may s igni f icant ly  .influence the measured va 

M o ~ e v e r ~  a review of the avai lable  l i t e r a t u r e  was made t o  give e s t  

o f  Ff f o r  beef c a t t l e  (Table 1 2 ) .  

T h u s ,  the age and time o f  exposure 

Values o f  Ff kased on immature c a t t l e  ( l e s s  t h a n  6 months of age) 

were excluded from analysis when da.ta fo r  adult  c a t t l e  were avai lable .  

D a t a  f o r  other ruminant species were included when 1 iteratrnre references 

far- c a t t l e  F f 8  s were unavailable. 

beef c a t t l e  may r e s u l t  i n  invalid conclusions.. 

Extrapolation from these species t o  . _  
.*  

5 . 7  Other- Environmental Ter res t r ia l  Transport Parameters I. 

A l i s t  o f  environmental parameters used in the AIRDQS-EFA code 

demonstration run, and  n o t  previously discussed above, are given in 

Tables  73 and 14. Values of the radiolosical  decay constant A i  (day- ')  

re taken fronl KOcher (1977) .  

f s ,  Q,, and P (defined in Table 6)  are  the means of t h e i r  respective 

s t a t i s t i c a l  d i s t r ibu t ions  as described i n  Hoffman and Baes (11979) I Other 

garatneter values are  taken from the U.S. NRC Regulatory Guide 1.109 

P 9  
The values f o r  the parameters f 

(1 977) 
^r . 

. .  . 
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Table 1 2 .  Es t imates  o f  the m e a t - t r a n s f e r  c o e f f i c i e n t  F f o r  beef c a t t l e  
f 

.............. __~._ ............. _.l__.l .... ..................... 

Element Ff References 
(day/kg)  

..... .......... ~ -.- .. ......... ................... 

Sr 

Tc 

I 

Cs 

Pb 

Po 

Ra 

Ac 

Th 

Pa 

U 

PU 

3.0 

8.7 

7.0 

1 . 4  x lo-'  

9 .1  x 

4.0 

3.0 

1 . 6  x lom6' 

1 . 6  x lo-'' 

1 . 6  x 

1 . 6  x 10"" 

4.1  x 

Ng e t  a l .  (1978) .  

Ng e t  a l .  (19683. 

Ng e t  a 1 . , ( 1 9 7 8 ) .  

Ward a.nd Johnson (1965) .  

. (1974) .  

Palmer ( 1 9 6 6 ) ;  Holtzman (1966,a)  

Hardy e t  a l .  (1969) ;  Bell  ( 1 9 7 8 ) ;  Holtmman 
(1955a , b ) .  

Nelrnes e t  a 

Beasley and 
H i l l  (1965) 

Ng e t  a1 . ( 1 9 7 8 ) ;  Garten (1978)  d 

F .  values  a r e  s p e c i f i c  f o r  c a r i b o u  and reindeer u s i n g  d a i l y  f ood  i n t a k e  a 

r a t e s  e l t i m a t e d  by Liden and Gustafsson (1966) .  

'Ff v a l u e s  a r e  s p e c i f i c  f o r  sheep, c a r i b o u ,  and r e i n d e e r  u s ing  d a i l y  food 
in t ake  r a t e s  e s t i m a t e d  by Liden and Giustafsson (1966)  f o r  c a r i b o u  and reindeer 
and by Re11 (1978)  f o r  sheep. 

Ng e t  a f .  (1978) .  
F value  e s t i m a t e d  by us ing  va lue  for americium and curium g i v e n  by e 

% ? r i v e d  from range based on a review o f  S t a n l e y  e t  a l .  (1978) arid r e p o r t e d  
by Garten (1978) .  
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T a b l e  13. Radiological decay c o n s t a n t  X i  f o r  selected nuclidesa 

Nucl i de 
) ._I__I -.---..-. _.-.._-I_.̂  

3H 1.54 

4c 3.32 

89Sr  4.32 x 

' O S ,  6.54 x lo-5 

"Tc 8.92 x IO-' 

1311 8.62 x 

*' OPb 8 .52   IO-^ 
OPO 5.02  

226Ra 1.19 x 

228R, 3.15 

228Th 9.93 

222Rn 1.31 x I O - '  

227Ac 8.72 x 

230Th 2.47 x 

232Th 1.35 x d3 
231 Pa 5.82 x 

234" 7.77 x 

2 38" 4.25 1 0 - l ~  

238PU 2.17 

239Pu 7.79 x 

235" 2.68 x 

.... - -  ~ 

D e r i v e d  from Kocher (1917) .  a 
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T a b l e  14.  E n v i r o t m e n t a l  parameters used ii-~ AIRDOS-EPA t o  e s t i m a t e  
r a d i o n u c l  i d e  c o n c e n t r a t i o n s  i n  meat, m i l k ,  

and vegetab les  consumed by mana 
- ..-.--. ~ 

- ..... - - - - - -  .. ..... .. ........ .... _._._ - 

Parameter Va 1 ue U n i t s  Reference 

td 

e2 t 

P 
f 

f s 

Q; 

t r  
I 

tb  

Lh 1 

t h 2  

t h 3  

L 

xw 

P 

RD,’ 

R O l b  

RW,h 

b RW 

720 

1440 

0,40 

0.43 

15.6 

4 

20 

8 . 7 6  x l o 5  

0 

21 60 

336 

336 

0.0021 

21 5 

0 . 6 3  

0.20 

0 .63  

0.20 

hr .  

h r  

W d a y  

days 

days 

h r  

h r  

hi. 

h y’ 

h r  

U.S. NKC Keg. Guide 1.109 
(1977)  

U,S. NRC Reg. Guide 1.109 
(1977)  

Shor and F i e l d s  (1979b) 

Shor and F i e l d s  (1979b) 

Shor and F i e l d s  (1979a)  

U.S.  NRC Reg. Guide 1.109 
(1 977)  

U.S.  NRC Reg. Guide 1.109 
(1977)  

U.S. NRC R i g .  Guide 1.109 
(1977)  

U.S. NRC Reg. Guide 1.109 
(1977)  

U.S. NRC Reg. Guide 1.109 
(1977)  

1J.S. NRC Reg. Guide 1.109 
(1977)  

hr-” ’  U.S. NRC Reg. Guide 1.109 
( I  9 7 7 )  

k g / m  2 ( d r y  w t )  D e r i v e d  fro~ii  Baes (1973) 

____.I_... I -. ................ - -  I- ~ ~ .* ....................... 

a Foi- a d e s c r i p t i o n  o f  t h e  parameter  see Table 6. 

bWe have n o t  been a b l e  t o  deter in ine va lues  o f  R1 and R2 s p e c i f i c  
f o r  d r y  and we t  d e p o s i t i o n .  
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5.8 Ingestiori and Inhalation Rates IJ f o r  t h e  Averacje A d u l t  
aP 

. .  
The avai lable  surveys on f ~ o d  ingestion and a i r  inhalation r a t e s  

have recent ly  been reviewed by Rupp (1979).  

the mean values o f  t he  ranges found by Rupp and a r e  s p e c i f i c  f o r  t h e  

average a d u l t .  

code t o  estimate p o p u l a t i o n  doses. 

The values in T&le 15 are 

These values a re  used i n  t h e  dcnionstration r u n  o f  t h e  

.... 
. .  

.- 
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Table 15. Ingestion a n d  i n h a l a t i o n  ra tes  U f o r  the average a d ~ i l t ; ~  a P  
...... ........... ~ _ _ _  - .. 

Pathway Rate 

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

18 kg/year  L 
aP Leafy vegetables U 

176 kg/year V 
aP Other . f resh produce U 

1 Meat (excluding f i s h )  U 

M i l k  U 

I n h a l a t i o n  U 

94 kq/year aP 

11 2 1 i t e r lyen r  M 
aP 

3 8030 m /year I 
aP 

.__ .... .~ -__ - ............. -.-.~ 

Values l i s t e d  are  given by Rupp (1979) .  a 
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- .  
- 1  . f 

- c  . .~ .. -.. 

I 

.. . . ... 

. - -  
1 .  

. F  

- . c  - . ..... -. 

0 
5 

1 0  
15 
20 
2 5  
30 
3 5  
40 
45 
50 
5 5  
60 
65 
a 0  
7 5  
e o  
8 5  
90 
95 

a 00 
105 
110 
115 
1 2 0  
7 2 5  
130 
135 
1 4 0  
765  
150 
155 
160 
765 
170 
1 7 5  
180 
185  
190 
195 
200 
20 5 
29 0 
215 
220 
225 
230 
2 3 5  
24 0 
245 
250 
255 
260 
26 5 
27 0 
2 7 5  
280 
28 5 
29 0 
29 5 
300 
30 5 
31 0 
315 
320 
3 2 5  





115 

come 2 8 0  
C313NC 285 
CO%!C 290 
CONC 195 
CONC 300 
CONC 305 
CONC 310 
COFlC 3'85 
COVC 320 
CONC 3 2 5  
CONC 3 3 0  
CONC 335  
CONC 340 
C U I @  3 4 5  
CONC 350 
CONC 3 5 5  
CONC 360 
CONC 3 6 5  
C o a l  370 
cowc 375 
COMC 386 
conc 3 8 5  
FOWC 390 
CBIJC 395 
CONC 400 
cowc 405 
CONC 419 
CON@ 415  
CONC rr20 
CQNC 4 2 5  
COMC 430 
C O l F  435 
COMC 4'40 
CONC 445 
rQWC 450 
CORC 455 
TONC 469 
COmc 465 
C O N t  470 
CONC 475 
COETC 480 
rowr 485 
CONC 490 
C O P r  495 
CONC 500 
C O W  505  
CONC 510 
cowc 515 
CONC 520 
CONC 5 2 5  
CQWC 530 
CONC 5 3 5  
COHC 548 
CONC 545 
CONC 550 
CONC 555 
CONC 560 
CONC 565  

- .. 
..... - -  
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WRITE (5  1,9025) 
WRITE (5 1,9026) 
WRITE (51,90277) [PH (I)  , 1 = 7 , X U N S P )  
WRITE (5  1,9028)  ( D I A  ( I )  , I= l  , NIJESTg 
WRITE(51,9029) [ V E E I I )  ,P=I,NUMSF) 
WRITE ( 5 1 , 9 0 3 0 )  ( Q M I I )  , I = I , N U l S T )  
IF ( L A B R . E Q .  1) WRITE (51 ,9066)  ( D I M  (I]) , I= l  , N U E Y T )  
WRITE (5  1,9035)  
WRITE (5 1,9036)  
WRITE (5 1,9037) 
WRITE (5  1,9073) 
D O  76 J=l,FHYMST 

DO 6 0  I = l , P I B U C S  
WRITE(S1,9038) J , N A P I N B C ( I ]  ,REL ( J , I )  

60  C O N T I N U E  
7 0  C O N T I N U E  

WRITE (51,9039) 
WRITE (5l,9040) 
WRITE ( 5  1,904 1) 
WRITE(51,9042) 

DO 80 I = I , l J N U C S  
WRITE (51,9013) 

WRITE(51,9043) N A H b ? o @ [ I j  , V G ( P )  , V D ( I )  , S C ( I )  , A W L & R ( L )  
8 0  CONTINUE 

C 
WRITE (51,903q) 
WBITE(51,9013) 
WRITE (5 1,9032)  
WRITE (51,9033) 
WRITE (51,9013) 
DO 9 0  R0=1,16 

WRITE[57,9034) MO, (PRAW ( I , # O )  ,I=l,7) 
90 C O N T I N U E  

WRITE (5 1,9094) 
URbTE(51,9013) 
WRITE ( 5  1,90f45) 
WBSTE (5 1,9046)  
WRITE ( 5  1,9047) 
WRITE(51,9313) 
DO 100 I = 1 , 1 6  

WBITE(51,9048) I , P E B D ( I )  ,UDCAT ( 1 , I )  ,UDCAT ( 2 , I )  , U D C A T ( 3 , 1 ]  
> UDCAT (f4,I) ,UDCAT (5 , I )  ,UDCBT (6,I) , U D C A T ( 7 , 1 )  

100 CONTINUE 
WRITE (5 7,9049) 
WRITE (5  7,9050) 
WRITE(51,3083) 
WRITE (5 1,9045) 
WRITE (5  I ,  9046) 
WRITE (51,90&7) 
WRITE (5  1,9013) 
DO 110 1 1 . 1 . 1 6  

CONC 570 
CON@ 575 
CONC 580 
CONC 585 

CONC 595 
CONC 600 
CORC 605  

CONC 615 
C O N C  620 
CONC 625 
CONC 630 
CONC 635 - 
CON@ 640  
CONC 6 4 5  
cowc 550 
CON@ 655 
CON@ 5 5 0  
CONC 665  
CONC 670 
CON@ 675 
COFC 5 8 0  
cowc 6 5 5  
cowe 5 3 0  
CONC 695  
CONC 700 
CONC 705 
CONC 710 
C O N C  745 
CONC 720  
CONC 7 2 5  
C O N C  '730 
cowc 735  
COHC 740 
CONC 745  
CON@ 750 
C O N C  755 
CONC 7 b o  
CONC 765 
CONC 770 
C O F C  775 
C O I C  780 
CONC 785 
C O N C  790 
CONC 7 9 5  
CONC 800 
COVC 805 
C O N @  810 
CON@ 8 1 5  
CONC 820 

cowc 590 

coNc 610 

WRITE(5i,9059) I, P E R D ( 1 )  ,UDAV (1 , I )  , C f D A V ( 2 , I )  ,UDAV ( 3 , I )  ,IJDWV (4,T) CONC 8 2 5  

110 C O N T I N U E  CONC 835 
WRITE (5 1 9049)  CONC 840 

> , U D A V  [!?,I) , U D A V  (6,I) , I J D A V  (7 , I )  CONC 830 

I F  ( L D E P . N E . 1 )  G O  TO 130 c m e  845 
WRITE (51,9061)  CONC 85C 
WRITE (51,9062)  CONC 8 5 5  
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WRITE ( 5  1,9063) CONC 860 
WRITE ( 5  1,9013) CONC 865 
DO 120 I=NOL,NOU CONC 870 

WRXTE(51,9064) I , I D I S T ( J )  .VDCOEP (X,,J) COOC 880 
1120 C ONTINU E CON@ 8135 

TF (CTA3.EQ.  1) GO T O  150 CONC $90 
130 URITE (5  I ,  9052) CONC 895 

D O  120 J=NRL,NRU CONC a75 

WRITE(51,9053)  CONC 900 
WRITE (5l,9054) COlPC 905 
IF (LORT.EQ.0) G O  T Q  1UQ CONC 910 
URITE(51,9055) CONC 915 
WRITE (5 1,9056) CONC 920 
l J R I T E  (5 1,901 3) CONC 925 
GO TO 150 CONC 939 

1 4 0  WRITE (5 1,9057) COhTC 935 
WRITE ( 5  1,9 0 9 3 1 CQNC 940 

350 CONTINUE CONC 945  
DO aao J = ~ , N U M S T  CONC 950 

DO 160 I = I , W N U C S  CONC 955 
460 REL 1[J,I) = R E L ( J , I )  *3.1709834 CONC 960 
? a 0  CONTINUE CONC 965 

C---END OF I N P W T  R O U T I N E  CONC 970 
C CONC 975 
c--- T H I S  SUBROUTINE CALCULATES AIR CONCENTBATION ( ACONi) CONC 980 
C--- R I D  GROUND D E P O S I T I O N  RATE(GC0FI) CLPNC 985 

DO 180 K=1,20 caNc 9914 
DO 180 J=1,20 CONC 995 

DO 480 I=1,36 CONC1000 
AVON (J ,  9) =O. CQNClOO5 
ACON (X, J , K )  =0. COMC1040 

lt30 GCON (I,J,K) =O, CONCS 0 15 
IP(EXP(-(ANLAM(I) *SQRT32*~0*5QSD**2)/(2*R,64E4)) .LT.Q.99) 1 CONCl020 c----- 
REDUCES TO CONC 1025 c----- 

C----- PP ( A N L A I I  (1) e GT. (122,188054/SQSD) ) CONC3030 
DISTG=? 22-18  8054/5QSD CBNC1035 

C CONC 4 0 40 
P - - - - -  ., THIS 3 L W K  EXAARINES CERTAIN ' INPUT VALUES FOB EQUALITY.  I F  THEY CONC1045 
c----- ARE EQUnL,  THEN BUCH OF THE POLLOWIIG CBLCUEATION NEED NOT BE CONC3050 
C---- PERFORMED F O B  THAT NUCLIDE. NOHA I S  THE ARRAY OF FLAGS THAT CONCl055 
C---- EQUALITY FflS BEEN FOUND S WITH U H I C B  NUCLIDE,  CONC1060 
C CONC1065 

DO 196 I=2,NWUCS CORC 1070 
IEN=I- 1 CONC 7075 
DO 190 A = t , I E N  CONC1 080 

I F  (REL (1, a). EQ.0) GO TO 190  CONC 108 5 
IF ( Y D ( I ) . N E . V D { H ) )  GO TO 190 CONf'B 090 
IP ( V G ( I )  . N E . V G ( H )  1 GO TO 190 CQNCIQ95 

IF (ANCAPI(I ) .GT.DISTG) GO T O  190 CONCtl05 
IF ( S C ( I ) - N E , S C ( M ) )  GO TO 190 CONC1100 

IF (ANLAM(N).GT.DISTG) GO TO 190  CONCl110 
NOHA (I) =M CONC% 115 
H=1EN CONCl120 

190 CONTINUE CONCll25 
I F  (LORT, BQ. 1. AND. NOPI. GT. 161 STOP 10 CONC 7 130 

c CONC1135 
c----- THIS BLOCK LOOPS THRTJ THE G R I D  COVERING THE AREA A R O U N D  THE P L B N T . C O N C I 1 4 0  
c CONCl145 

. - _  .- 
. -  
- , .__ . ., .. 
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DO 600 NO=BOL,YOU COUC 1 1  5 0  
DO 200 I=?,NNUCS CONI'I 155 

IP (LDEP-NE-1) GO PO 210 COE!C1160 
DO 200  J=I ,NUI \ IST C O p i C 1 1 5 5  

DO 200  K27.7 covc t 1 10 
PDSTOR(I,J,K) =1 C O N C l l  ? S  

2 0 0  C O N T I V D E  C O h C  'i 180 
210 DU 670 NR-PfRL,PIRU C O b C 1 1 8 5  

J PI. AG= 0 COWL'I 130 
DO 226 I-I,NNOCS C O H i " l 1 9 5  

T A I  {I) =o. C O P C  1200 
220 T G D  ( I $ r O .  CONC 120 5 

IF (LORT. EQ.1) GO T O  240  CONC'I 2 1 0  

c----- S Q U A R E :  G R I D  BY D I V I D I N G  EACH SQUARE IYTico 2 5  SEALLER SQUA!?ES CONC 1 2 2 0  
C----- R O U T I N E  TO R E F I R E  THE 4 B Y  U BLOCk UP S Q U A R E S  AT THE: CEITKH O F  T B E C O M C 1 2 1 5  

I F  (WO.T~,'r,9.OX,TJC1.GT.12) GO T O  239 C O N C l 2 2  5 
IF ( N X .  Ja'l'- 3.OB.NR.GT. 1 2 )  GO T O  3 3 0  C O N C 1 2 3 0  
J P E A G - 1  CONC 1235  
DO 610 I O P = 1 , 5  C OH@ 4 240 

DO 610 W R P = 1 , 5  CO W t  1 2 4 5 
r----- COElPIBTE DlSTAWCC FROH CENTFIB 3F SU%SQUARE '1'0 CENTER OF G 3 I D  CO"r?Cl?FiO 

X=SQRP ( ( 1  1. -NO- (NOPS2.-  1. ) / l o .  ) +*2+ ( 1  1 --FIR- (HRP*2, - 1.) CONC 1755 
> / l o - )  442) * S Q S D  C O B C l 2 6 0  

(------ EACH SUBSQUkEE I S  PVALUAFED 1N D I R E C T I O N  T R A T  I T  WOilLD BE IN IF ITCOHC1265 
c----." WERE IN Ti32 SAME POSITION A S  A P U L L - S I Z E  SQUARE CONCl370 

no=wswMo 159 (NO-9) taop, s* (NR -9; P N B P )  C O N C 1 7 7 5  
GO TO 250  C O N C 1 7 8 0  

230  X - s Q R T (  (10.5-NOj*(10.5-NO) c ( 1 0 . 5 - N R ) * ( 1 0 , 5 - N X )  ) * C O N C 1 2 8 5  
> SQSD CONC 1790 

Pl0;ITSFTXO (NO, WR) c o w c 1 2 9 5  
G O  T O  250  C O H C 1 3 0 0  

2 4 0  X = I D I S T :  (NR) C0?1?c1305 
iYO=YO COUC 1310 

250 x o = x  COWC 13 15 

Zl=Q C O N C 1 3 2 5  
c COEC 9330 
e---- TLTS BLOCK LOilPS THRE TrrE STACKS ( E A Z S S I O W  POT'NTS). C O N C 1 3 3 5  
c C O r l C l 3 4 0  

DO 6 0 0  J=l,IUYSF C 0 WC 1 34 5 
LF (LARE.EQ.0)  G O  TO 230 C O W C l 3 5 0  

c CONC 1355 
C----- SOu%?CE 8fd:>cI( ( B y  C H R I S T O P H E 2  5. NELSfiR,E?A).  C ON C 1 3 6 0 

Ce-. CONSIDER SOURCES TU BE P O I N T  SOURCES IF LESS THAN 1 0  S E T E R S  2 OM C 1 37 0 
C... DIAR. O B  IF R A T i O  OF D Y S T B I C E  X T O  THE D i A R ,  IS GREATER THAN 2.5. C O N C 1 3 7 5  
c C O N C l 7 8 0  

CONC 1 38 5 
IP (DTI ' I ( J )  .T~,lO..OR,TESTAR,GT,2.5) GO TO 2 9 0  C O N C 1 3 9 0  

C CONC 1395 
c,, I R O  1s P:IE R A D I U S  ay T H E  SOURC:?, c o w  1 '&no 
C - - -  89 IS THE I I JKER RllnTUS OF THE TBW3SPBRYZD SOURCE. CORC 1 40 5 
C... R?l IS THE OUTER RAnTigS OF THE TRANSFORHCD SOUBCB. e o w i  U I  o 
C... f IS T 9 E  EPFECTIVR D1STAWC"E FOR CALL'ULATTXC C i i I / Q .  C O N F 1 2  7 5 
C... THETA IS THE kWGDLAR W I D T H  IN SECTORS OF THE TRANSFORMED SOURCE.  C O B C 1 4 ? 9  
C... (XFLTTPEY THETA B Y  PId8.O TO C O N V E R T  THETA T O  R A D I A N S , )  C O B C 1 4 2 5  

Tkr: CA-1.0 c o u e " i 3 2 0  

C c ON@ 136 s 

TETT'AR=X/ ( D I P 1  <*I) + r 0000 1 )  

@. .. 0.88522693=SQHT(PI/4.) C O N C l ~ ' 3 0  
e. I. 2 . 5 1 9 d b 2  ti-Ll,@*'e iZ/3) CON@ 143; 
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C Q l C  159 a 
CONC 'B 59 Ea 
c ON c a 4 0 0 
COBC a 60  5 
C 0 NC 1 6 1 0 
C O W C l 6 1 5  
CO RC 1 6 2 0 
COfQC11625 
C ONC 1 6 3 0 
CONC1635 
CONC15r%O 
COWC1645 
CONCl650 
e ow c 1 6 5 5 
C Q N C 1 6 6 0  
C c NC 1 6 6 5 
cow c 1 6 9  0 
t- OWC 1675 
CONC 1680 
COPJC 158 5 
rONC 7690 
COWC ;9 695 
CORJc1700 
CONC 1705 
C O W C 1 7 1 0  
CQVC 1 '7 3 5 
COWC4720 
CONC 172 5 

- i + ..... 
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FP l = I . - P F 2 - - P F 3  C O N C 1 7 3 0  
eo TO 330 C O N C 1 7 3 5  

320  PP 1=0. C O N C l 7 4 0  
FP2=1. couc 1745 
FF37O- COBC 1750 

THIS BLOCK C A L C U L A T E S  PT.U>IIE B I S E  C O W C l 7 5 5  c--- -- 
c----- R I S E = O .  .BRIGGS* E Q U A T I O N S  FOR BUrS)YBNT PLU;WS COPjC 1760 

RPSE=1. .RUPP'S E Q U A T I O N S  FOB I O X E N T U N  -TYPE ERLSSc lOXS C O N C 1 7 6 5  c-.---- 
RXSE=2.  .READ PEUNE R I S E  PROF! CARDS CONC 1778 C--- -- 

330 I P  ( L R i S E . E Q . 1 )  GO TO 360 COPSC 1775 
I P  (LR1SE.EQ.Z) GO TO 370 COkC 178 0 
I F  (CSISE.WE.0) STOP11 C O N C 1 7 0 5  
I F  ( J H - G T . 4 )  G O  TO 3 B O  C O N C l 7 9  0 
TP ( X . T , E . l O . * P H ( J ) )  GO TO 359 CON@ 17 '9  5 
M = P E ( J )  *(1.6/U*{ ( . o O 3 7 0 0 0 * a H ( J ) ~ P H ( J ) ~ ~ ~ r ( J ~  c O N C 1 8 0 0  

> ) ** - 3 3 3 3 3 3 3 3 )  ) C O N C 1 8 0 5  
G O  TO 380 CONC 181 0 

34 0 S = 9 , 0 0 6 6 5 / T A + ( T G  (JH-4) +. 0 0 9 8 )  C O H C 1 8  15 
IF ( X . L E . 2 .  U*SOJ'SQRT (SI ) GO TO 350 C O N C 1 8 2 0  
H =F;1 (J] + ( 2 -  9* { (. 0000 3 7 * Q H  ( 8 7 )  /U/S) ** C O N C l 8 2 5  

> - 3 3 3 3 3 3 3 3  1 ) C O N C 1 8 3 0  
G O  T O  380 C O N C 1 8 3 5  

35 0 Fi = P H ( J )  + ( 1 . 6 / U * f  ( .000037*QH (J) *X*X) * *  c o w i 8 u o  
> - 3 3 3 3 3 3 3 3  ) ) CONC 1 8 4  5 

G O  T O  3 8 0  C O W C 1 8 5 0  
360 €I =PH ( J )  +1. 5+VET, ( J )  * D I A  (J) /a C O F I C l 8 5 5  

GO TO '380 C O H C 1 8 6 0  
37 0 B = F H  ( J )  +DE ( J H )  CONC 186 5 

C END OF PLUME R I S E  C A L C U L A T T O N S  C O N C l 8 7 0  
380 N X =  I co NC 1 8 7 5 

I F  ( W - G T . 1 0 0 0 )  BX-2 C O N C 1 8 8 0  
I F  (X.GT.3000) N X = 3  C O W C 1 8 8 5  
IF (X.GT. 10000)  NX-4 
A : A A { J H , N K ,  1 )  
C=AA ( J H ,  NX, 2 )  C O N C 1 9 0 0  
D = A A  [ J A , N X , 3 )  COE9C1905  
P = A A  ( J H , N X ,  4) CON( 19 I O  

e coNe19is 
c----- TIIIS BLOCK LOOPS T H R U  THE D I P P E X E N T  NUCLIDES RELEASED IN T R E  PLUMr:CONC1920  
C CONC 1925 

DO 570 L-1,NWUCS CONC 19 30 
IF (ROY;& (I) ,GT,O.AWD.J.EQ. 1 )  GO TO 576 C O N C 1 9 3 5  

c----- DETERMXNE X L I D O  ( V a L G E  OF X W H E R E  L I D  AFFECTS V E R T I C A L  DISPERSION) C O N C 1 9 4 0  
Y 1=0. CONI" 19 4 5  
Y2=10000.  C O N C l 9 5 0  
DO 420 IX1=1,3 COBC 19 5 5 

DO 3 9 0  T X 2 - 1 , l O  C O B C l 9 6 Q  
Y = Y  l + Y  2*:TKZ C O N C 1 9 6 5  
IF (Y**D.GT. ( *  &7*'1'4 f L I D l + Y * T G  (i] J U U )  C O N e ' 1 9 7 0  

> ) )  eo " 0  ' too c O N C l 9 7  5 
39 0 C 0 NTI N U E COWC 19 8 0 
4Q 0 E I = Y 1 + Y 2 *  ( 1 x 2 - l j  C O N C 1 9 9 5  
@ a  o Y2=Y2/10. C O N C l 9 3 0  

X L I D O = 2 .  *Y COHC 199 5 
T H I S  BLOCK F I N D S  DY'PLETION FRACTION CONC 20 0 0 c----- 

V D 1  =BD (I ) CONr2005 
C-----SECTION TO FIND DEPLETION IF BY ' FABTABLE DEPOSITBOPl C O N C 2 0 9  0 
C----- t D E P = l  I S  OPTIOW FOR V A R I A B L E  D E P O S I T I O N  VELOCITY C:OPC~O 7 6 
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90 1 8 FORHAT 9 0' , T u g ,  ' i d  STABT1. € T I  C L A S S  E *  , T 100, F 'i 0.4) COWC2 8 9 0 

9020  PORN AT 9 G * , ~ % 4  o I * IN s ' r A a I n T Y  c-t A S  s ti' , T I 0 0 ,  r 1 I). 4) C O N C 2 9 0 0  
9 0 2 1  F O R B A T C w O ' , T 3 0 , ' H E I G H T  OF L I D  ( M E T R H S ) * , T 1 0 0 , 1 1 0 )  C O N C 1 9 0 5  
9022  F O R M A T ~ u 8 * , T 3 0 , ' R A f N ~ A ~ l ~  RATE ( r H / Y E ? t R !  ' , T T O O , F 1 0 , 2 )  C O N C 1 9 9 0  
9073 F O R M A T I a @ ' , T 3 0 , ' N ~ M B e R  OP ST1CKS bN THE P L A N T F , T 1 O O , I 1 O )  COHC?9 15 

9035 PO~MWT((O',T89,'SPACK N U I I E E R P )  C O W C 7 9 1 5  
?926 FORMAT ( ,T70, a 7 @ ,  TZO, ' 2  I ,  T 9 0 ,  3 ' ,  T 1 0 0 ,  4' ,TI 10, 5" Tl20, 6 ' )  C O N C 2 9 3 3  
3627  FORMAT ( 0' , T 2 0 ,  * METGiinT (XET'ZRS) ,'I%?, 6 P 9 0 . 4 )  C O N C 7 9 3 5  
9 0 2 8  P O R ~ A T ( P 0 1 , T 2 0 , 1 D i A M E T E R  [EIETERSj * , T 6 2 , 6 P 1 0 . 4 ]  CONC?940 
9029 F O R M W T [ P O ' , T 2 0 ,  @ E P P C U E X T  VELOCITY ( P l E T E R S / S E C )  *,T62,6F10.4) CONC2 94 5 
9030 P O R M A T ( a 0 ' 8 T 2 0 ,  'RATE: OF HEAT E X L S S I O N  (CAL/SECOh'D) I , T 6 2 , 6 E l 0 . 2 )  CONC?950 
9 0 3  1 FORBTAT ( a l * , T 2 6 ,  FREQUENCY OF ATMOSPHEBJC S T A B I L J T Y  C L A S S E S  TOR EBCCOWC2955 

>tf D i R E C T I O N ' )  C O N C 2 9 6 0  
9032  PORMAT(Ge',T7,ESECTOR' ,TYO, C O N C 2 9 6 5  

> * F R A C T I O N  O F  TIHE I N  EACH S T A B I L I T Y  C L A S S ' )  C O N C 2 9 7 0  
9333 FORHkT ' 0  ',T25, A *  ,T3 i ,  I B l ,  Tug, * C1, T 6  1, D E  S T  1 3 ,  # E p  , F85, * F r  , T 9 7 ,  C O N C 2 9 7 5  

> 'G') C O N C 2 3 8  0 
9334 FORMAT ( ',T7,rY,~23,F6,4,135,P6.U,TY7,PB.4 , T 5 9 , P 6 . Y , P 7 1 , F 6 . 4 ,  C O J C 2 9 8 5  

> T R 1 , Y 6 . 4 , T 9 5 , ? 6 . 4 )  C O N C 2 9 9 0  
9035 P O R K A T ( @  I 1 , T 5 O , ' R E % E A S E  RATES FOB R A D I O N U C L I D E S * )  C O N C 2 9 9 5  
9036 F 8 R H W T ~ 7 0 ' , T 4 ~ , * S T A @ K " N U @ L I D E D , T B 0 , * ~ E ~ E ~ ~ ~  R A T E @ )  C O B C 3 0 0 0  
9337 F'ORWXTgJ ' , T 8 0 , *  ( C O R I E S / Y E I R )  ' )  CONC3 00 5 
9038  PORN AT ( a  *, T35, $ 2 , T 6 3 ,  A 8 , T 8 0 ,  E l  0 . 3 )  C O N C 3 0 1 0  
9039 FGRHRT f a  1*,T46, 'PLUNE D E P L E T I O N  A N D  DEPOSITION PARAMETERS') CONC30 15 
9040  FORKaT ( G 0 ' , T 2 0 ,  ' N U C L I D E ' ,  T40, SRAViTATIONAL ,T60, C O N C 3 0 2 0  

> ' DEPOSITIOi'? VELOCI?YO,  T 6 5 ,  'SCAVENGING' ,  T 100, C O N C 3 0 2 5  
> ' R P P E C T I V Z  D E C A Y  CONSTANT')  C O N C 3 0 3 0  

9OQ1 FORYRT t Z  *,160, ' F A L L  VELOCITY'  , T 8 5 , ' C O E P P I U f E N T '  , T l 0 8 , * E N  PLUPiic9) C O A C 3 0 3 5  
9 0 4 2  P3BPIAT('  ',T4Iu' ( f lETERS/SEC)  ' , P 6 3 , '  ( K E T E R S / S E C )  ' , T 8 7 , '  (l/SEC) * ,  CONC304O 

> T 1 0 8 , ' ( P E R  D A Y ) ' )  C O N C 3 0 4 5  
3 0 4  3 FORH liP ( C O N C 3 0 5 0  
30'39 FORMAT{ 1 ' , T 3 6 , '  PHEQ?JENCIES OF W I N D  D1REC"C"BONS A N D  RECPPROCAL-AVEBCONC3055 

>AGED W I R D  S P E E D S ' )  C 0 ?T C 3 0 6 0 
9 0 4 5  FORPIAT ( j O ' , T 2 0 ,  ' W X W D  TOWARD' ,ESO, 'FREQUENCY' , T 8 2 ,  CONC3065 

> * W I N D  SPEEDS FOB EACH ST#BII,ETL CLASS' )  CONC3070 
90116 PORISIYT{~ ',T94,' (MRTEHS/SEC) a )  C 0 N C 3 0 7  5 
90ft 7 FORM AT [ 0 * ,T73, A * , T B  1 , * B , T90, C' , T9 9 ,  * D' , T 10 8, E * , T 1 1 6, P p, T 4 24, CONC 3080 

> 'GI) C O N C 3 0  85 
904 8 PORETAT 4 *, T 2 5 , 1 2 , I ' 5 2 ,  F5.3 ,T71, F 5.2 .. T79,  P 5 . 2 , T 8 8 , P 5 . 7  ,T37, P 5  .? I C O N S 3 0 9 0  

> T 1 0 5 , F 5 . 2 , T 1 1 4 , P 5 .  2 , T 1 2 2 , P 5 . 2 )  C O W 3 0 9  5 
9 0 4 7  ?OR?l&T ( ,T?O, * W I N D  D I R E C T I O N S  ARE NUPIBERED COUNTERCLOPKWISE STABCBNC3lnO 

9C50 FORMAT f a  1 * , T 3 8 ,  FREQDEKCIES 07 NIND D l H E C T I O N S  A N D  TRUE-AVERAGE W1CONC3110 
> N D  S P E E D S ' )  C O N C 3 1 1 5  

9051 P 3 R X h T ( :  r , T 7 5 . d ? , . C 5 2 , F 5 . ; , ~ ; " T 1 , P 5 . 2 , ~ 7 9 , P 5 , 2 , T 8 8 , P 5 . 2 , T ' 9 7 , F 5 . 2 ,  C O N C 3 1 1 0  
> T 1 0 6 , r 5 . 2 , T l l 4 , P S -  2 , ~ 1 2 2 , ~ 5 . 2 )  CONC 31 75 

9 0 5 2  FORMAT ( a I '  , 9 4 5 ,  ' E S T i m I S E D  RADIONUCLIDE COiTCENTRhTIONS')  C O N C 3 1 3 0  
9 0 5 3  F O R d ~ T ~ ' O ' , T 1 0 , ' A R E A 1 ~ ~ ~ ~ , * ~ ~ C ~ ~ ~ E ~ . . ~ 4 ~ ~ * A ~ ~  C O N C E N % R A T i O W p , T 6 4 ,  C O N C 3 1 3 5  

> *GROUND D E P O S I T I O N  RATEP CONC 3 1 4 5 
90511 FORMAT (T47, ( P C I / @ C )  ',P64,' ( P C I f S Q U A R E  CN-SEC) * ,1.88, C O N C 3 1 5 0  

> (PCTfSQUARE CM-5EC) ',TI 43,* ( P C I / S Q U A R E  CM-SEC) * )  COBC3 155 

9056 PURMATfa  ' , T 1 7 , @  ( B E T E R S )  ' 1  COWC3 165 
e?- ) 3 7 Y OR R A T  ( * COWC3170 
9 0 5 9  P73RE"IAT(n ',T6,I2,~98,I5,T31,A8,T~+S,ElO.3,T68,E10.3,T92,i?10.3,T118,CONC3175 

9019 F O R t i A T ( E C 1 , T 4 0 ,  'IN STABILITY C L A S S  F 1  ,T 108, F i 0 . 4 )  ~ 0 ~ ~ 2 8 9 5  

9074 FURHAT 1 O ' , T 3 0 ,  ' STACK I N F O R t 4 ? A T I G N - - n )  C O N C ? 9 7 0  

, T2 1 A 8, P" 3 7, F 10.3, T6 1, F 10.5, T8 5, E 1 0.3, T 07, E 1 0.3) 

>TIN<;  AT ? POR D U E  NORTH' )  c OH c 3 1 0 5 

> ' D R Y  DEPOSYTTON R A T E f , T 8 8 , ' W E T  D W G S I T P O W  R A f F g v , T 1 1 2 ,  CONC3 1 uo 

9055 FC)RMAT( E W I N D  TOWARDB , T I T ,  * D I S T & N C E B  ) cowc3 160 

* , T & , * c o c u r( 1: 9 , ~2 i , * R o H 0 1 
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C 
C 
C 
c 
e 
C 
e 
c 
c 
c 
C 
c 

0 
5 

10 
1 5  
20 
2 5  
3 0  
3 5  
4 0  
45 . 
50 
55 
60 
65 
70 
7 5  
80 
8 5  
9 0  
9 5  
100 
105 
110 
115 
120 
125 
130 
135 
1 40 
145 
150 
155 
160 
165 
170 
175  
180 
1 8 5  
190 
195  
200 
70 5 
210 
21 5 
22 0 
225 
230 
735 
240 
245  
250 
2 5 5  
2 6 0  
265  
27 0 
275 
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280 
28 5 
290 
29 5 
300 
3 0 5  
310 
315 
3 2 0  
32 5 
13.30 
33 5 
340 
345 
350 
3 5 5  
3 6 0  
3 6 5  
370 
375 
380 
385 
39 0 
395 
400 
405 
410 
015 
420 
42 5 
430 
435 
440 
445 
450 
455 
u.60 
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5UBROl iTI iuF  Q I 1  QY 7 0 
r m R s   con/ R P F A  130,7,29) oy  9 5 
D I E S B S i O N  SEFA ( 3 Q V 7 ,  20) o r 1  10 
D I 8 E B S I D N  Ah(114) , A E I ( l l Q )  ,AC[114) ,AD(114) ,Ae(114)  ,AP(llIF) , A G ( l l a )  , Q Y 1  1 5  

> A H C 1 1 L s ) , A T 1 1 1 4 ) , A J ( 1 1 4 ) , A I ( I I 1 1 ~  , A L ( l l u )  , A P l ( 1 1 4 ) , A N ( l l r 6 ) , A 0 ( 5 0 )  gY1 2 0  
E Q U I V A L E N C ?  ( S E Y A (  1,1,  1 )  , A A ( l ) ) , ( S E P A ( l 3 , 8 ,  l ) , A B ( l ) )  , ( S E F A ( 2 5 ,  Q f 1  2 5  

> 7 ,  l ) , A C ( 1 ) ) , ( s E F & (  3.h' 2 ) b A D ( l ) ) , ( S E P A ( 1 5 , 7 ,  2 ) , A E ( l ) ) ,  Q ' Y T  30 
> ( S E F A ( Z . / , J ,  3 ) , A F ( l ) ) , ( S E F A i  5.7, 3 )  , A G ( i j ) , ( S E F A ( l 7 , 3 ,  Ls),AH{l))QYI 35  
> , (SEFA ( 2 9 , 6 ,  4 )  , A I  ( 1) ) , (SEFA ( 7 ,3 ,  Y O  
> ) , ( S E r # ( 3 1 , 1 ,  6),AL{l)), (SEFA! 9,6, S ) , A P l ( l ) ) , ( S E P k ( 2 1 , 2 ,  7 ) ,  QYI 45 
> AN{l)) , (SEFA(33,5,  7 ) , A 0 ( 1 ) )  QY1 50 

D A T A  A A /  .9219p 00,.3370E 00, .9483E 00,.963$2 00,. 9728Z 00,.9798F QY1 55 
> 00, ,9851R 00,.9882E 00,.991?E 00,.9941E (i0,.9957E 00,.9982E G O ,  QY1 60 
> .8991E 00,.9993E 00,.9991E 00, .  1000T 01,.100UE O l , . l O O O k l  01, Q Y ' i  65 
> m l o o o r  01,.1005F 01,.1000E 31,,1000E 01,.1000E 01,,1000k: 01, Q Y 1  7 0  
> .1000E 01 , .  10FOE 01,. 1OOOE 01, .  1000E 01,.1000E 01 , .  1OOOE 01, Q Y 7  75 
> .1000F 01,.1000E 01,.1000E 01,.10OOE 01,.9051E 00,.9283E 00 ,  QY1 80  
> .9448E 00,.9665E 0 0 ,  .979OE 00,. 9878E 00,.9939E 00 , .  9359E 00, Q'V? 8 5  

51 , AJ (1  ) ) , ( S P F A  1 T 9,6, 5)  , A K  (1) QY? 

> .9978E 00,.99&8K 00,.99912 0 0 , - 9 9 9 i E  0 0 , . 1 0 0 0 ~  01,.1030E 01, Q Y T  90 
> .1000E 01,. 1030E 01 , .  1000E 01,. 100DE 01 , .  l0OOP 01,. l O O O E  01, QY1 3 5  
> . l o 0 0 5  01,.10OOE 01,.1000E 01,.1000E: Ol,.lOOOP 01,.1000E 01, Q Y 1  100 
> .1008E Ol,.lOOOE 01,. 1OOOE 01,.100OE 01,.1000E 01,.1000E 01, Q Y 7  105  
> .1000E 01,.1000E 01,.891&3E 00, .9259E 00,-9476E 00,.973BE 0 0 ,  QY1 110 
> .9894E 00, .9943C 00, .  9976E 00,- 99502 0 0 ,  .9990E 00,.9990E 00 ,  QY1 115 
> .999'?E OO,.lOOOE 01,.1000E 01,.1000E 01,.1000E Gl,.lOOOE 01, Q Y ?  120 
> .1oOOt: 01,.1000E 01,.1000E 01,.1OOOE 01,.1000E 01,.1000F 01, Q Y I  1 2 5  
> .lOOOF: 01,.1000E 01,.100@E 01,. 1 m o c  01,.1000E 0 1 , . 1 0 0 0 ~  07, Q Y 1  130 
> .1000E Oi,.1000E 01 , .  1OOOE 01,. 1 O O O E  01,.1000E 01,.1000E 01, Q Y 1  135 
> .38-?9E 00,.97342 00, .91 '?4L i?G,.?791B Or) , -9922E 00 , .9374E 00,  QY1 1/40 
> .9?9?F 00,.9991CE 00,.9989E. 00,. 1OOOE 01,. 1OOOE 0 1 , .  1OOOF: 01/ QY1 1Y5 
D A T A  AB/ .lOOOE 01,. 1008E 01,.1000E 01,. lOOOE 01,.1000E QP,.1000E QY1 150 

> 01, .1006E 01,.1000E 01,.1000E 01,. l O O O E  0 1 , .  1000E 01,.1000E 01, QY1 155  
> . l o 0 0 2  01,.1000E 01,.1000E 01,.100OF: 01,.1000E 01,.1000E 01 ,  Q Y f  160 
> .1000E 01,. l O O O f ?  01 , .  1000E 01,.1OOOE 01,.8958E 00,.9996E 00, Q Y T  165  
> -9775E 00,.9965E 00,.9988E 00 , .9999E 00,.1000E O l , . l O O O E  91,  Q Y ?  170 
> .1000E 01,. 1OOOE 0?, .1000E 01,.  1000E O l , . l O O O E  01,.1000E 01, Q Y ' i  175 
> .1000E 01,.  1OOOr: 0 1 , .  l O O O E  01,. 1OOOk: 01,.1000E 0 1 , .  l O O O E  01, Q Y ' i  180 
> .1000E 01,.  100OL 01,.1000E 01,. lOOOb 01,.1000E 01,.1oOob: 01, QY? 185  
> -1000E 01, .  lOOOE 01,.1000E 01,. l O O G 7  D1,.1000e 01,.1000E 01, QYI 190 
> .1000E 81,. l O O O E  01,.9598E 00, .9944E 00,,9994E Or7,,1000'd 01, Q Y 1  1 9 5  
> .1000E 01,.1000E 01,.1000E 01,.1001)2 01,.1000E 01,.10001.: 01,  QY1 200 
> .lo009 OT,.100DE 01,.1000E 01,.  1000E 01,.1000E 01,.10001.: 01, gY1 205 
> .1000E 01,. l O O O E  0 1 , .  1OOOE 01,.  1000E 01,.1000E 01,.100OE 01, QYI 210 
> .1000E 01,.1000E 01,.1000E 0 q p m  10DOE 01,.1000E 01,.1000E 31, QY1 215 
> .1000E 01,.  1OOOE 01,.1000E 01,. 1DOOE 01,.1OOOE 01,.1000E 01, QY? 2 2 0  
> -99943  00,,1000E 01,.1000E 01,. l O O O E  01, .1000E 01,.1000E 01, Q Y ?  225 

> -1000E 01,.1000E 01,.1000E 01,,100OE 01,.1000E Ql,.lOOOE 01, Q Y 1  3 3 5  
> - 1 O O O P :  01,. 1000E 01, .  1000E 01, .  l O O O E  01,.1000E 01,.1000E 01/ Q Y l  2s30 

D A T A  AC/  .1O00E 01,.1000E 01,.1000E 01,.1000E 01,.1000E 01 , ,1000E  QY4 2 4 5  
> 01, .1000E 01,,1000E Ol,.lOOO? 01,.1000E Ol,.9004E 00,.9151E 00, QY'O 250 
> .9256E 00,.9408E 00,.951OE 00, .?590E 00,.9655E 00,.9708E 00,  Q Y l  255 
> .9752l? 00,.9789E 0 0 , . 9 8 ? 0 E  00,,9875E 00,.9921E 0 0 ,  .99482 00,  QY1 260 
> -9967E 00,.9987E 00,.99BT?: 00,.9996E 00,.9999E 00,.1000E 01, Q Y l  265 
> -1000E Ol,-lOOOE 01,-1000E 01,.1000E Ol,.lrJOOE 01,,1000E 31, Q T 1  270 
> .1000E 01,.1000E 01,.1000E 01,.1000E 01,.1000E 01,,1000E 01, QY1 775 

> .1000E 01,.10002 01,.1000E 01,.100OE 01,.1000E 01,.1000B 01, QY1 230 
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> .98T9E eG,.99(15E 00,.9976E 00,.9989E 00, .9SDIE 00,.999!?1Z 00, 271 5 7 0  

> .1OOOC 01,. l O O O E  01,.  lOOOE 01,. 5000E 01,.1000E 01,.1000E 0 1 ,  QY1 580 
> .1000R 01,.1000E 01,.1000E 01,.  lO0OE 01,.1000E 01,.10OOE 01, QY1 5 8 5  
> .1000E 01,.1000E 01,.100aR 01,.1000E 01,.71b5X 00,.83(EgE 00, Q Y 1  590 

> ,1000H 01,-1000E 01,.100OE 01,.1000E 01,.1000E 01,.100OE 01, Q Y 7  600 
> .1000E 01,.1000E 01,.1000E 01,.1000E 01,.1000E Ol,.lOOOE 01, Q Y 1  605  
> .10OoK 01,.1000E 01,.1000E 01,. 10OOE 01, ,10008 01,.1OOOFi 01,  QYI 610  
> .10ooE 01,.1000E 0*1,.1000E 01,.1000E 01,,1000E 01,.1000E 01, Q Y ?  615 
> . looOK 01,.1000E 01,,8569E 00,.973OF, 00,-9965S 00,.9939E O O /  QY1 6 2 0  
DATA AG/  .10009 01,.1000E 01,.100OE O l , . l O O O L  01,.1000E 01,.1000E QY1 6 2 5  

> 01, -1OOOE 01,.1000E 01,.1000E 01,.1000E! 01,.1000E 01,.1000E 01, Q Y I  630 
> .100UE OP,.1000E 01,.100UE 01,.  100OE 01,.1000E 01,.10002 01, QTI 635 
> .1000E 01,. 1OOOE 01,. l O O O E  01,. 1 O O O E  01,.1000E 01,.1000E 01,  QY’I  640 
> .1000E 01,.1000E 01,.1000E 01,.1000E 01,,1000E 01,.1000E 01, Q Y 1  6U5 
> ,8704r 00,.88’POR 00, .8952E 00,.9098E 00,.9203E 00,.?285E 00, Q f ’ i  650  
> .9352E 00,.9411F: 00,.9&58E 00, -9501E 00,.9529E 0 0 ,  .9630E 0 0 ,  Q Y I  6 5 5  
> -9683E 00,.9734E 00,-9777E 00 , ,9843E  0 0 , , 9 8 8 2 8  00,.9923E 00, Q Y 1  660 
> -99147P 00,.9976E 00,.9930E 00,.3939E 00,.9995E OB,.9998E DO, 2Yl 6 6 5  
> ,9989.E 00,.100OE Oi,.lOOQY 01 , -  100OE 01,.1000E 04,,1000E 0 1 ,  Q Y 1  6 7 0  
> . I O O O E  01,. 10001: 01,.  1 0 0 0 ~  01,. I O O O E  o i , . a 2 1 7 ~  OO,.BL~ ’J~E 00, QP1 6 7 5  
> -8504E 00,.3838E 00,.9006E 0 0 , . 9 1 3 7 ~  00,.9243E 00 , .9333F  00, QY1 680 
> .916092 00,.31677E 00,.9535E 00,.9651E 00,.9739E: 00,.9799SE 0 0 ,  Q P 1  685 
> .9855E 00,.99??E 00,.9559E Oi9,.998OE 00,,9990E 00,.999UE 00,  Q Y ’ I  690 
> .9999E 00,.100OE 01,.1OOOE O1l.lOOOE 01,,1000E 01,.1000E 01, 2 f l  695 
> .1080E 01,.1000E 01,.1000F: 01,. lO00E 01,,1OOOE 01,.1000E 01, QY1 T O O  
> -1000E 01,.1000E 01,.7782E 00,.8583E 00,.8307E 00,.8533E 00, QYl 705  
> .8872E 00, .9@58l? 00,. 9208E 00,. 9335E 00,.9433E 00,. 9527E 00, QY1 710 
> .9601E 00, .9742P 00,.98370 00,. 9 8 9 8 S  00,.993%E 00,.9979F 00/  Q f ?  715 

DArb  AH/ -9994E 00,.9994E 00,.99959 00,.1000E 01,.10OBE 01,.1000E Q Y 7  7 2 0  
> 01, .100c)E 01,.100tlE 01,.1000E 01,.1000E 01,.1000E 01,.100Oti: 01, Q Y 1  7 2 5  
> .1003E 01,.100UE 01,.1000E 01,.1000E O l , . l O O O E  01, ,1000E 01, QY1 730 
> .7296E O08.7568E 0 0 , . 7 5 6 4 E  00,. 8 4 2 0 E  00,.8565E 00, ,9035E 00, QP1 735  
> -9251E 00, .9421E 00,.9556E 00,.9662E 00,.9748E 00,.9884E 00, Q f l  7 4 0  
> -9950E 00,.997YE 00,.9992E 00,.99972 00,.100BE 01,.1000F: 01, QY1 745 
> .1000E O f , .  l O O O E  01, .  l O O O E  01,. l O O O E  01, .  l O O O E  01,.1000E 07, Q Y 1  ’150 
> . l o o O K  01,.1000R 01,.1000E 01,.1000E 01,.1000E 01,.100OE 0’1, QY1 155 
> .1000E 01,.1000E 01,.1000E 01,.1000E 01,.6637E 00,.7259E 00,  Q Y l  7 6 0  
> .7745E 00,.8465~’ 00, .8968E 00,.9318B 00,.9552E 00,.3%96E 00 ,  QY1 7 6 5  
> -9839sZ 00,.9902X 0 0 , . 9 9 4 4 E  00,.9987F: OQ,.9992E 00,-9393’E 008 QY1 770 
> . l O o O E  01,.1000E 01,.1000E 01,.  1000E 01,.1000E 0 ~ , , . 1 0 0 0 E  01, Q Y 1  775 
> -1OOOE 01,.1000E 01,.1000E 01,.1000& 01,.1000E 01,.100OE 01,  QI1 780 

> . l Q O O E :  01,. l O O O E  01,.5022E 00,. 7193E 00,.807OE 00,.91602 00 ,  Q f l  790 
> .96ao~: oo8.9a92e O O , . ~ ~ G ~ E  0 0 , . 9 9 9 o ~  0 0 , . 9 9 9 2 ~  0 0 ? . 9 9 9 8 ~  00, QY1 795 
> -1000E 01,.1000E 01,.1000E Ol,.f000E 01,.10OOE 01,.1000X 01, Q Y 1  8 0 0  
> .lOOOE 01,.1000E 01,.1000E 01,.1000E 01,.1088E 01,.1800E 09, QY1 805  
> .1000E Ol, . lO00E 01,. 10908 01,.1000R 01,.1000E 01,.1000E 01/ Q Y l  810 

DATA A I /  . l O @ O P  0 1 , .  1OOOE 01,. lOOOE 01,- 100OE 01,. 1 O O O E  01,.1000E Q Y 1  815  
> 01,  .6767E 00,.8770E 60,.962‘PE 00,.9981& 00,.989dE 00,.1000E 01, QF1 820 
> .1003E O l , . l O O i ) E  01,.100i)E 01,.10QOE 01,.10OOE 01,.1000E 01, Q Y 1  825  
> -1000R 01,.1000E 01,.1000E 01,. l O O O E  01,.100OE 01,.1000E 01, QY1 830 
> .1000E 01,.1000E O l , . l O O C E  01, .  l O O O E  01,.100OE 01,.1000E 01, Q Y 1  835 
> - 1 O O O E  01,-1000E 01,-1000E 01,.1000E 01,~lOOOE 01,-1OOOE 01, Q Y 1  810 
> -1OOOE 01,.1000E O l , . l O O O E  01,.1000E 01,.8607E 00,.8749E 00, Qfl 6345 
> - 8 8 5 0 2  00,.8995Z 00,.9098E 00,.9180E 00,.9246?3 00,.9303E 00, Q Y 1  850 
> ,9352~ O O , . ~ ~ W E  o o , . g w m  oa,.9515~ O O , . ~ ~ ~ I E  0 0 , . 9 m 5 ~ :  00, Q Y 1  6 5 5  

> . i o o a E  o i , , i o o o ~  O I , . I O O O E  o i , , i o o o ~  o i , . i o o o ~  O I , . I O O O E  01 ,  Q Y 1  575 

> .909IE 00,-9773E 00,-9957E 00,.99922 00, .9937E OO,.1000E 01, QY1 595 

> . i a o o s  O I , . I O O Q E  O I , . I O O O E  o i , - i o o o ~  o i , . i o o o ~  o i , . i o o o ~  01, QI7 785 
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860 
865 
87 0 
8 7 5  
8110 
88 5 
89 0 
895 
900 
90 5 
910 
975 
970 
9 2 5  
930 
9 3 5  
946 
9 Q5 
950 
9 5 5  
9 60 
965  
97 0 
97 5 
980 
985  
990 
995 

1000 
1976 5 
4010 
1015 
1020 
1925  
a930  
4035 
$ 0 4 0  
1 0 & 5  
1050 
4 os5 
1060 
1065 
1 0 7 0  
7 075 
1080 
1085 
1090 
1085 
7 100 
a105 
1110 
9115 
1120 
1 I 2 5  
1130  
1 1 3 5  
11q0 
1145 

. . . . . .. 
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> -1000E 01,.1000E 01,.1000E 01,.100OE 01,.1OOOE 01,.1000E 01, Q Y 1  1150 
> .1000E 01,.1000E 01,.1000E Ol,.lOOOE 01,.1000E 01,.1000E 01, QYI 1155 
> -5547E 00,.6084E 00,.6516E 00,.7197E 00,.7728E 00,.8157E 00, Q Y 1  1160 
> .8510E 00,.8803E 00,.9042E 00,,9238E Q0,.9401E 00,.9682E 00, Q Y 1  1165 
> -9841E 00,.9925E 00,.9966E 00,. 9994E 00,.9997E 00, 1 OOOE 01, Q Y 4  1170 
> .1000E 01,-1000E 01,.1000E 01,.1000& 01,.1OOOE 01,.1000E 01, QYl 1175 
> .1OOOE 01,.1000E 01,.1000E 01,,1000E 01,.10OOE 01,.1000E 01, Q Y I  1180 
> .10002 01,-1000E 01,.1000E Ol,, lOOOE 01,.427lE 00,.5210E 00, QYI 1185 
> -6001E 00,.72572 00,.8180E 00,.8833E 00,.9280E 00,.9574E 00/ QYI 1190 
DATA A \ /  -9758E 00,.985SE 00,.9929B 00,.9986E 00,.9993E 00,.9999E Q Y 1  1195 

> 00, -1000E 01,.1000E OI, . lOOOF 01,.100OE 01,.1000E 01,.100OE 01, QTP 1200 
> .1000E 01,. 1OOOE 01,.1000E Ol,, 1000E 01,. 1OOOE 61,.1000E 01, QY4 1205 

> .I0003 01,.1000E 01,.3527E 00,.5497E 00, .7944E 00,.9105E 00, QY’O 1215 
> .9790E 00,.9961E 00,.9993E 00,,9997E 00,.1000E O1,.1000E 01, Q Y I  1220 
> .100011’ 01,.1000E 01,.100OE 04,.1000E 01,.100OE 61,.1000E 01, QYI 1225 
> .1000F 01,. 1OOOE 01,. lOOOE 01,. 1OOOE 01,.1000E 01,.1000E 01, Q Y I  1230 
> .1000E 01,.100OE 01,. 1000E 01,. lOOOE 01,.1000E 01,.’1000E 01, QYI 1235 
> .10@8E 01,.1000E 01,.1000E 01,.1000E Ol,.lOOOP: 01,.1000E 01, QP4 1240 
> .8372E 00,. 8509E 00,.8607T? 00,. 8749E 00,.8850E 00,. 89302 00, Q Y 1  1245 
> ,8995E 00,.9050E 00,.9098E 00,.9111E 00,.9180F 00,.9261E (90, QY’O 1250 
> .9328E 00,.9380E 00,.9436E 00,.9515E 00,.9581E 00,.9645E 00, QY4 1255 
> -9683~ 00,.9757~ 00,.98i3~ 00,.9856~ 00,.9a82~ O O , . ~ ~ I ~ E  00, QY1 1260 
> .9336E OO,.9964E 00,.9980E 00,,999OE 00,.3987E 00,.9993E 00, QYI 1263 
> .9998E 008.9999E 00,.1000E 01,. 100OE 01,.7698E 00,.7909E 00, QYI 1270 
> .SOS~E 00,. 8 2 8 3 ~  00,- ~ 4 4 2 ~  00,. 8568~ 00,.86~3& OO,.E~~IE eo, Q Y 1  1275 
> .8838E 00,.8906E OO,.B952E 00,. 9099E 00,.9206F: 00,.9295E 00, QYI 1280 
> .9391E 00,.9500E O08.9597E 00,.96?6E 00,.9739E 00,-9832E 0 0 /  QYI 1285 

DATA AN/ .3893E 00,.9933E 00,.9959E 00,.9976E 00,.9986E 00,.9988E QYI 1290 

> ,100OE 01,.1000E 01,.7036E 00,.7303E 00,.7513E 00,.7?3%5E 0 0 ,  Q Y I  1300 
> .8040E 00,. 8220E 00,. R 3 7 0 E  00,- 85OOE 00,.8621E 00,.8416E 00, Q U I  1305 
> .8807E 00,.9OOOE 00,.9157E 00,. 9287E 00, .93986 00,.9569E 00, QY’I 1310 
> -9681~ 00,. 9784~ 00,. 9850~ 00,. 9 9 3 7 ~  00,.9969~ 00, .99an 00, Q Y 9  1315 
> .9993E 00,-9995E 00,,9998E 00,.7000E Ol,.lOOOK 01,.1000E 01, Q Y 4  1320 
> .1000E 01,. lOOOE 01,. lOOOE 01,. lOOOI? 01,.1000E 01,.1000E 01, QY1 1323 
> .6157E OO,.6479E OQ,,G735E 00,.7446E 00,.7474E 00,.7750E 00, QY1 1330 
> .8OOOE 00,.8200E 00,.8387E 00,- 8555E 00,.8731E 00,.9023E 00, QI1 1335 
> .9268E 00, -9U57E 00,.9602E 00,. 979 I E  00,.9902E 00, .9956E 00, QT1 13UO 
> .9980E 00,.99913 00,.9999E 00,. lOOOE 01,.1000E 01,.1000E 01, Q Y 4  1345 
> .1000E 01,,100OE 01,. lOOOE 01,. 1000E 01,.1000E 01,.1000E 61, QYI 1350 
> .1000E 01,,1000E 01,.1000E 01,.1000E 07,.5120R 00,.5618E 00, QP1 1355 

Q Y I  1360 > .6020E 00,. 666333: 00,,7 17UE 00,. 7599E 90,.8002E 00,. 8257E” 00, 
> ,85339 00, .87646 00,.8960E 00,. 934OE 00,,95911E 00,.9758E 00, Q T l  1365 
> .9861E 00,.9959E 00,.9988E 00,.9991E 00,,9998E 00,.1000E 01, Q Y I  1370 
> ,1000E Ol,.lODOE @1,.1000E 01,.1000E 01,.1000E 01,.1000E 01, QY1 1375 
> .1000E 01,. lOOOE 01,. lOOOE 01,. lOOOE 01,.1000E 01,.1000E 01/ QYI 1380 

DATA AO/  .1000E 01,.10OOt? 01,.3662i;: 00,,4477E OO,.5183E 00,.6357E QY1 1385 
> 00,  .7283E 00,.8025E 00,.8590E 00..901rsE 00,.9331E 00,.9556E 00, QY9 1390 
> .9712E 00,.9910E 00,.9976E 00,.9993E 00,.999SE 00,.100oE 61, QYI 1395 
> .lOOOE 01,,1000E 01,.1000E 01,.1000E 01,.1000E 01,.1000E 01, QY1 1400 
> .lOOOE 01,.1000E 01,.1000E 01,.1000E 01,.1000E 01,.1000E 01, Q Y 1  l Q 0 5  
> .1000E 01,. lOOOE 01,.1000E 01,- lOOOE 01,.1000E 01,.1OOOE 01, Q Y I  1410 
> -2497E 00,.4085B 00,.5622E 00,.7878E 00,.9235E 00,.9758E 00, QY7 1415 
> .9935E 00,.9984E 00,.9993E 00, .9997E 00,. lOOOE 01,. lOOOE 01, QY1 1420 

> ,1000E 01,.100OE 01,. lOOOE 01,. 1000E 01,.1000E 01,.1000E 01, Q Y I  1430 
> .1000E 01,.1000E Ol,,lOOOE 01,.1000E 01,.1000E 01,.100OE 01, QYI 1435 

> ,1000F: 01,.1000E 01,.1OOOE 01,,1000E 01,.1000E 01,.1000E 01, Q Y I  1210 

> 00, -9996~ OO,.W~~E OO,.IOOOE O~,.IOOOE 01,.1eoo~ OI,.IOOOE 01, QYI 1235 

> . l O O O F :  01,. 100OE 01,. lOOOE 01,. 100OE 01,.1000E 01,.1000E 01, QYl la25 
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- 
> .?OOOX 01,. 100OE 01, .  l0OOE 01,. 1 O O O E  O?/ - DO 30 P=1,311 

DO 20  K=Y,7 _ .  
DO 10 L=1.7 

10 REPA & I , K , L )  =SEPA ( I , K , L )  - -  20 C O N T I N U E  
. . -  30 C O N T I N U E  

R E T U R N  
END 

- -  

Q Y 1  1440  
Q Y 1  144.5 
QY1 1450 
Q Y I  1Y55 
QY1 1460 
Q Y 1  1465 
QPI  1070 
Q Y 1  1475 
QYI 1480 

- .... . .. 
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S U B R O U T I N E  QY2 OY2 
COifI4QN , t*QCO:f/  REQXf34,7,20) 0 I2 
D I P I X N S I Q N  SEPW {34,7,20) O Y 2  
D I N E B S I O N  BQ (98) ,BC ( 114! , B D  (114) ,BE (1 If$) ,BP (1 14) ,9G ( 1  1") ,BB (114) , Q Y 2  

> B 9  ( 9  1'4) , RJ (1 1'4) ,BK (1 14), ET. { ?  14) , Scd ( 1  1(!) ,F(N (11 Y) ,BO (1 19) ,BP (863 Q 9 2  
EQUIVALEPiCK ( S E P A (  1,1,14) ,BQ(l)),(SePa(31,3,1~~ , S C l l ) )  ,(SEPA[ 9, 0 1 3  

> 7,14.) ,BD(l)),(sEPa(21,3,15) ,BEjl)), (SPFA(33,6,15) ,BP(l)), Q Y2 
> (SEFA(11,3,16),BG(l)), (SEPAg23,651h) , B H ( l ) ) ,  (SEPA( 1,3,17) ,Bi(l))OY2 
> , ( s E P a ~ 3 ~ , ~ , l r ) , B J ( l ) ) , ( ~ ~ P ~ ( 2 5 , 2 , 1 8 ) , B ~ ~ l ) ) ,  ( s E Y A [  3,5,18) ,sL(l) Q Y 2  
> ) ,  (SEPW(15,2,19) ,BM(l)), (SEYA(27,5,19) ,BI(l)), (SEFK( 5,2,20), QY2 
> B8(1)), (SEPA(17,5,20),BP(l)) Q Y Z  

DhTA B Q j  .7636E 00,.7751E 00, .785OE 00,.7979E 0 O r . 8 0 T 4 E  00, QY2 
> .8143+& 00,.8204E 00,-825bT: 00, - 8 2 9 8 E  00,.8306E 00,. 83T2E 00, QY2 
> . 8 4 4 8 E  00,.8509E 00,.8562F: 00, .86OIfi 00,. 8585E 00,. 87@9E 00, O Y 2  

> .9141E 00,-918OE 00 , .9246X 00, .9303E 00,.9352E 00,. 9399E 00, Q Y T  
> .8803E 00,.885r)F 00,.8930E 00, - 8 9 9 5 E  00,,9050E 00,.9093E 00, QY7 

> .9436E 00,.9501E 00,.95189 00, .9581E 00,.9683E 00,.6605E 00, Q Y ?  
> .6785E 00,.691SE 00,.7105T 00, .724?F 00,,7?51E 00,,74JOE 00, Q Y T  
> .7517E 00,.7585B 00,-764llE 00, -7698B 00,. 7'813E 00,,7909E 00, Q Y 2  
> ,7490E 00,.806lE 00,.8182E 00, .a2833 00,.8367E 00, .84fi2E 00, Q Y ?  
> -85583 00,.86?3E 00,.8761E 00, .8838E 00,.8906Y 00,.5952E 00, QY2 
> .9075E 00 , .9?66E 00,.9243E 00, .93l?E 00,- 9391E 00,- 9477E 00, QY2 
> .9527E 00,.9597E 00,.9739E 00, -53603 00,,5569E 00,.5725E 00, QY2 
> -5956E 00,.6084E 0 0 , . 6 2 6 i E  DO, .6384E 00,.6485E 00,.6335R 00, Q Y 2  
> .6656E 00,.6733E 00,.6889C 00, .702BE 00,. I t b l b  00,.724SE 00, Q F 2  
> .1402F 00,.7575E O O , . S ? ' O I E  00, .782uE 00,.8028E 00,.81139E 0 0 ,  QY2 
> -8348E 00,.8603E 00,.86OUE DO, .8714C 00,,8912F 00,.9076E 00, Q Y2 
> -9219E 00,.9343E 00,.91SBlE DO/ Q Y 7  

D A T A  BC/ .950OE 00,.9b62\? 00,.9581E 00,.9323F 00, .340uff  00 , .3592E QY;! 
> 00, .3726E 00,.3958E 00,.4!46E 00,.@309E 00,.4453E 00, ,@585E 00, BY2 
> .'240SE 00,. Y 8 1 9 R  00,.4375E 0 0 ,  e 51650 00,.5369F 00,. 5585E 00, Q Y 2  
> -5771E 00,.61?OE 00,.6~17E 00,-6700E 00,.636QE 00, . 7 Y u l E  00, QY2 
> .7871E 00.,82251;: 00,.135U I t :  00,. 8820E 00,,9C51X 00,.9409E 00, QY2 
> .9648E 00,.9799E 00,.989OE Q0,.9940E 30,,998UE Q0,.9993E 00, Q Y 2  
> .9999E 00,.1000E 01,.2136E: 00,.27Q6E i I0 , -7518E 00,.2797E 00, Q Y2 
> .3028E 00,.3229~ o0,.3409~ 00.. 3 5 7 4 ~  00,-373i~ 00,-3873~ 00, OY2 
> .cSOllE 00,.0330E OG,,4622E 00,,4896E 00,.5157E 00, .56u7E 00, OY2 
> .5101E 00,,6527E 00,.6928E Q0,,7548E 00, .8252E 00,.87ufE: 0 0 ,  Q Y 2  
> -911Se' 00,.9431B 00,.9605E 00,.?8uOE 00,.9340Z 00,,?378E 00, Q Y 2  
> .9994E 00,.9998E OO,.lOOOE Ol,-lOOOE 01,.lOOOE 01,.1000E 01, QY2 
> .6861E-0 1,. 8950E-01, - 9387E-01,. 12U5E 3 0 , -  1481E 00,. 1 1 U 3 E  00, QY2 
> .i?i7~ 00,.212tic 00,.233i~: 0 0 , . 2 5 1 5 ~  0 0 , , 2 7 3 a ~  00,.32~3~ no, Q12 
> .3750l? 00,.4250E 00,.47b9E 00,.5765E OOuc663SE OO,.T49SE BO, QYZ 
> . a i T 5 z  OO,.~I~OE o o , . a a 5 e  OD,. 9853~ 0 0 , . 9 9 1 t 7 ~  o o , - a w i ~  00, Q YZ 
> .9995E OOu.10003 01,,100OR 01,.10002 01,.1000E 01,.1000E (11, Q Y 2  
> .lOOOE 01,. lOO0E 01,,1000E BJ,.lOOOF: 01,.~687~-0?,,5?aRE-02~ QY2 
> .106Qf-Ol, ,  7151E-01, . 3 T 0 5 E - O ?  = 5805R.01, .85?0E-31,. 1190E 00/ Q f2 
DATA BD/ ,1536e 00 , ,2015$  00,.2539< 00, .4086E 08,.5b28E 00,-6993E QY2 

> 00, .8076E 00,.9341E 00,-9R16E 00,.9953E 00,.9990E 00, .1000E 09. Q Y 2  
> -1OOOE 01,.1000E O1,.1ODOE 01,. 100011: 01,.1000E 01,-1000E 01, Q Y2 
> .lo002 01,.1000E 01,.1000E 01,-10OOE 01,.1000E 01,.1000E 01, QY2 
> .1000E 01,.100OX 09,.7&39E 00,.7587E 00,.76496 00,.7801E 00, Q f 2  
> .786@E 00,-7953& 0 0 , . 8 0 2 0 E  00,-8071E 00,.8085F 00,.8152E 00, Q Y2 

> .8555E 00,. 8607E 00,-8654E 00,. 8737E 00,.8796E 00,. 81i50E 00, Q Y 2  
> -8183E 00,.826OE OQ,.R321E 00,.83I2E 00,.3'437F: 00,.8@93E 00, Q Y 2  

> -8897E O n , . 8 9 3 9 E  00,.8377E 00,.3043K 00,.9098E 00,.91$7E 3 0 ,  Q Y 2  

0 
5 
10 
15 
20 
25 
30 
35 
14 0 
%5 
50 
55 
60 
6 5  
30 
4 5  
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
190 
145 
150 
155 
160 
165 
170 
1'75 
180 
185 
190 
19 5 
200 
205 
210 
215 
2 2 0  
225 
2 7 0  
235 
240 
24 5 
2 50 
255 
260 
26 5 
270 
275 
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. -  

. - ?  - . ,  

280 
28 5 
290 
29 5 
30 0 
305 
310 
315 
320 
325 
330 
3 3 5  
340 
345 
3 50 
355 
36 0 
365 
370 
3 75 
3 8 0  
385 
390 
39 5 
400 
$ 0 5  
410 
4 1 5  
420 
02 5 
430 
435 
440 
445 
450 
455 
46 0 
45 5 
470 
4-75 
480 
Q84 
490 
49 5 
500 
50 5 
570 
5 %  5 
5 2 0  
5 2 5  
53 0 
5 3 5  
540 
5 4 5  
5 5 0  
555 
560 
56 S 

r -. 
... 

1 

- -  
. .... 
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> -1243E 00,.  1382E 00,. 1496E 00,. 1597E 00,,1688E 00,.1772E 00 ,  9 Y2 
> .185UE 00,.1925E 00,.1996E 00,. 2164E 00,.2323E 00,1?4T6E 00, O k 2  
> .2626E 00,.2a22E 00,. 322 i E  00,.3526X 00,.3839E 00,-4484E 00 ,  # Y 2  
> .514SE 00,.58192 00,.6u41E 00,-7043E 00,.7591E 00,.8489F 00 ,  Q Y2 
> .9119E 00 , .  9520E 00,.9756E 00,.98826 00,.9977E 00,.9985E 00, 0 f 2  
> - 9 9 9 7 Z  00,. 10@OE 0 1 ,. 1 7 0 5 ~ - 0 1 , .  210UE-01,. 2 46 1E-0 1, .  3 11 le-01,  Q Y  2 
> Q k 2  
> .7216E-01,.8897E-O1,.1061E 00, .  1258E 00,,1@?9E 00,.1392E 00 ,  Q Y 2  
> -2602E 00,.3299E 00,.4059C 00,.5647E 00,.7102E 00,.824OE 00/  Q y 2  

D A T K  Bh/  -9016E 00,.9489& 00,.9?53E 00,.9951E 00,.9987E 00,,9998E QP2 
> 00, .1000E 01,.1000E O l , . l O O i ) E  Ol,,lOOOP 01,.1000E 01,.1000E 01, 9x2 
> - 11 17E-03,. 2060E-0 3 , .  3 3 18E-03,. 7035 E -03 , . 1 2  94E-0  2,  - 2 200E-02, QY2 
> - 356 le-0 2, - 5 56OE-02,.  8 44OE -02, 12552-0 1 , 18 09E-0 1, .  4 159E- 0 1 , QY2 
> .84UUE-O1,.1521E 00,.2460B 00, .48273 (?0,,/077E 00,.8603E 00, Q 12 
> .94193 00,.992TE 00,.9988E 00,.9999E 00 , ,1000E O l v . l O O O K  01, QY2 

- 3 7  13 E -0 1 , . 4  2 9 4 9 - 0 1 , . Ib 8 6 5E- 0 1 - 5  43 7 E-O 1 - 6 0 16 E- 0 1 , - 6  6 08E- 0 1 , 

> . 1 o O O E  0 1 , - ~ 0 0 0 E  01,.10008 O 1 9 .  l O O O E  01,,1000E 01,,1OOOE 0 3 ,  0 f 2  
> .1000E 01,.1000E 01,.1000E Olv.lOOOE 01,.7105E 00,.7L21E 00,  #Y2 
> ,7294E 00,.7&14E 00 , .7500E 00,.7557E 00,.7623E 00,.Tb41E 00: O Y  2 
> -7711E 00,.7748E 00,.7780E D0,.78SOE 00,.7907& 00,.9956E 00, Q Yi !  

> .8358E 00,.8410E 00,.84551: 00,.  8695E 00,,8531E 00 , ,9599E  00, OY2 

> .8916E 00,.9018E 00,.5851E 00,.6005F: 00,.6130E 00,,6289E 00,  Q y3 
> .6410E 00,-6506S 00 , .6586E 00,.665bE 00, .6713F 00,,6766E 0 0 ,  Q Y 2  
> .6811bE 00,.6916E 00,.7000E 00, .  9031833 00, .7135E 00, .  P2tE2E 00. Q Y? 
> .733%E 00,.7366E 00,.7472E Q0,.758YE 00,.7677r: 00,. 171(lE 00, QY2 
> .78259 00,.7887E 00,.7943E 00,. 8OUOP 00,.8079L? 00, .  8195E 00, QY2 
> . e2613  00,.8?18X 00,.8619E 00,,8464E 00,-8544Z 00,.8703@ O O /  Q Y2 
DATB %I/ .3B78E 00,.40296 00,.Ul42E 00,. u3flsE 00,.4402E OO,.rdS3aE Q Y 2  

> 00, -4619E 00,.46923 00,.4728E 00,.4816E 00,.48TlE 00,.4955E 00, Q Y 2  
> .5083F: 00,. S 1 6 8 ~  00,. 52n3E 00,. 5 3 5 i g  0 0 , , 5 4 8 4 ~  O O , . ~ ~ ~ O E  00, QY2 
> .566’8E 00,.5820E 00,-5950E: 00,,60553 00,.6171E 00,.6768E 00,  o r 2  
> .6476E 00,-65?8E 00,.66’38E 03,.5317E 00,.6945P 00,- i t 9 6 O E  00, QY2 
> .7285E 00,. 7386E 00,.7579E 00,. 7982E 00 ,- 1120E 00, .  1179E 00, QY2 
> .1226E 00,.1303E 00,.1365E 00,.141PE 00,.1657E 00,,1511K 00, QY2 
> ,1552E 00,.1590E 00,.1626E 00, ,1709& 00,.1779E 00,-1R55F, 00, Q Y 2  
> 1922E 00,. 20‘13E 00, .  2170E 00, .  22863 00,.2402E 00,.2633E 00. Q Y2 
> -2871E 00,.310!4E 00,.33U9?2 00,,359BE 00,,3851E 0 0 , . 4 ~ ~ 9 P  00, Q Y2 
> .Y903E 00,.5431E 00,.5949F O0,06bY8E 00,,7339E 00,.7732E 00, QY2 
> .8399E 00,-9123E 90,. 2555E-01,-  780 9E-01,- 3013E-03, -335 lE-  01, QY2 
> a 363  1E-0 1, - 3 879E-0 1,. Q H 2  
> QY2 
> .8513E-0l,.9603E-01..1CB2E 00,. 1365E 00,.171?E 00,.2131E 0 0 ,  Q Y2 
> -2608E 00,.3156E 00,.3761E 00,.5068E 00, .6372E B O , ,  I521E 0 0 ,  Q Y2 
> ,8426F: 0 0 , . 9 0 6 5 2  00,.9727E 00,.9851E 00,.9968E 00,.1000E 01, QY2 
> QY2 
> ~2953E-O2,.3335E-O2,,3733i+~--O2,, ~154E-02,.YSOuE-O2,. 5800E-O2/  QY2 

D A T A  B J /  - 7h39E-02,. 9 3 7 2 E - 0 2 , .  11 78E-01,. 1852E-01,. 2885E-01,. 4129E-QI2 
> 01, .665TF-C1,. 1385E 00,.2527E 00,.4015E 00,.5617E 00,.7066E 0 0 ,  Q Y 2  
> , 8 1 9 i E  00,-9452E 00,-8854E 00,.9972B 00,-9996E 00,-9999E 00, Q T 2  
> . l O O O E  01,.1000E 01,.10OOE 01,.100OE 01,.9~35E-07,.1762E-OE, QY2 
> % 2900E-06,. 65 l4dE-06 , -  1310E-05,. 2483E-O5,.lA5 18E-05,.8309E-05, Q Y 2  
> .149 &E-04,. 26 77  E-04, - 4 72 3 E -  04,. 1 902E -0 3,. 7 1 J2E-03,. 2 U2QE- 0 2  QY2 
> .7350E-02,. 45333-O1,-1643E 00,.3761E 0 0 , . 5 1 2 T E  00,-9074E 80, QY2 
> -98541P 00,.9983E 00,.9999E 00,. 1 O O O E  01,.TODOE 01,.1OOoF: 01, Q Y2 
> .10QOE 01,.1000E 01,.1000E 01,.101rOE 01,.1000E 01,.1000E 07, Q P ?  
> .10QOE 01,,1000t? 01,.6847E 00,.6959E 00,.7021E 00,.7136E 00, Ql 2 
> -7219;; 00,.72D3t? 00,.7337E 09,. 7359E 0 0 , . 7 4 7 2 E  QO,,T458E 00 ,  Q Y Z  

> .79992 00,.807lE 00,.8130E 00,. 81805 00,.822uE 00,.8298E 00 ,  QT2 

> -8644E 00,.8693& 00,.673@E 00, .87713 00,,88351?: 00,.985QE 00,  QY2 

70 4Ff- 0 1,. 631 32- 0 1 ,  - a 5 2  1E-0 1,. 4 700E-0 1, 
-48  85E -0 1 , . 5 32 5 E-0 1 .575 J b  E- 0 1 , 6 I82 E-0 1 , . 6 6 ’i 7 E-9 1, I 7 52 JdE- 0 1, 

- 10 07E-C 2,. 124 U E-0 2,. 1 957E- 03 ,. 1849E-0 2,. 22 19 2 . 0 2 ,  2 58Z;E- 92, 

570 
575 
580 
58 5 
590 
59 5 
500 
EO 5 
610 
61 5 
620 
6 2 5  
630 
6 3 5  
6 40 
645 
5 5 0  
655  
660 
66 5 
670  
675 
680 
68 5 
690 
69 5 
700 
705 
710 
715  
7 2 0  
725 
930 
7 3 4  
740 
7 4 5  
750 
755 
760 
765  
77’0 
775  
780 
785 
790 
79 5 
800 
8 0 5  
810 
81 5 
820 
8 2 5  
830 
835  
840 
845 
850 
8 5 5  



137 

. - .  
I . r  

. .  
. .... 



138 

> . 48%3-0  1,. 5YO7SZ-3 0,.5950E-01, . S503E-01,.7 1OUF-01, .47YOE-01, OY2 1150 
> . R 4 1 4 E - O ~ , . 9 9 0 9 E - O 1 , , 1 1 5 5 e  00,. 1338E 03,.1539F 00,.1866B 00 ,  QP2 1155  
> . ?239E 00,-2502E 00,. 7064E 00,. '4595E 00,. 1 152P-i333. 126CZ-Q3, Qf2 1160 
> .136UF-O3,. 15 15E-0 3 , .  164 5E-03,. 116 2E-03 , . 187OK-01 I .  1973E- 03, 9Y2 1 1 6 5  

> .335 2°C-03,. Y O 6  4 E-3 3 , .  4 950E- 03,. 6 2 36 E-Q 3,. 7 555E:-0 3 1 7 1  5P- 02, QY2 1175 
> - 2 0  19E-C 2,. 3Y04E -02, 5762T:-02, . 9766E-02 i. - 163cUE -01, .  4.29OE-Ol/ Q'Y2 1180 

> 00, -9550,Y 00,.9986R 00,.20R?E-01,.2579~-0~,.3~3~~-~~,.3895E-Q~, QY2 1790 

> -2077E-03,. 21 TOE-03,.  2268s-09,. 2513E-03,. 27 7lE-03, . 3flu7E-03, 0Y2 7 1 7 1 1  

DATA at?/ . 9 8 9 2 ~ - o i , .  1 ~ 5 7 ~  0 0 , . 3 3 1 5 ~  o o , . o a 7 8 ~  O O , . T S Q ~ E  00,.8557~ o r 2  1185 

> .'&152E-07,- 565 11.;-07,. 6627%-01, - 7  11 12-07,. 89383-07,.  1035~3-05, QY2 1195 
> . 11 98E-06, 1 7 3 9 ~ 3 6 ,  - 2555E-06,. 3873E-06 5466%-06, . 15046-05, Q Y Z  1200 
> .40@4E-05, .  1136E-OY,.325?E-04,. 2618P-03,. 1804E-02,.3618E-02, QY2 4205 
> .3775P-O1,. 1086E 00,. 23603 00,. 5815E 00,.8398E 00,,9532E 00 ,  Q Y 2  1710 
> .9887E 00,.9971h 00, .89993 00,. 1OOOE 01,.1000E 05,.1000E 01, 9YZ 1215  
> 0 Y 2  11220 
> .30f&.OE-1 5 ,  e 8674E-16,. 2603% 15,. 823 1 E-15,. 2698E-14, e 6 l98X- 13,  QY2 1275 
> . 1639B- 11,. U478E-10, . 114 5E-08,  . 4389E-06, . 570 3R-04 , e 3 3 4  JE-02, QY2 1236 
> .2790E-31,.3603E 00,.7961E 00, .  9608E 00,.99Y4& 00 , -9992E 00 ,  QY2 1235 
> .9999B 00,.1000E 01 , .  1OOOE 01,. l O O O R  01, .1000E 01,,1000E 01, 9Y2 1240 
> . l O Q O E  O l , . l Q O O E  01,.1oOoS O l , . l O O O E  01,.5953E 00,.6050E 00, QY2 1245 
> .6104E 00,.6204E 00,.6275E 00,.6332E OO,.h379E 00,.6398E 00, QY"2 1250 
> . 6 4 5 3 E  00,. 6484E 00,.6510E 00,.6569E 00,.6617E 00,.6658E 00 ,  Q Y Z  9255 
> .65925 00,.6T58F 00,.6802B OD,.6845E 00,.6881E 00,.69~7F 00, Q Y 2  1260 
> .699YX 00,.7038E 00 , -7079E OTr,.7108E O0,mn~438E 00,.7130E 00, QY2 1265 
> -7236E OO,-727'4.E OO,e7308E OOp.7339E OO,, IJ93E O O , . S ( S $ 7 E  00, QY2 1270 

- 1773R-I e , ,  3477E-18,. 6lO3E-13, . 1653e-14,. u26TE-17, (. 1 11 / E -  15, 

> .7460x O O , . ~ W ~ E  00, .4818z O O , . Y O ~ O E  o a , - 5 a w E  O O , . S ~ ~ I E  001 QY2 1 2 7 5  
DBTR BO/ , 5 2 6 : ~  00, , 5 3 4 0 ~  O O , - ~ ~ O ~ E  OO,.SY~IF oa,. 5 5 1 0 ~  o o , . 5 5 5 ~ ~  Q Y ~  1x10 

> 00,  .5593F: 00,.5676E 00,.5746E 00,.5805E 00,.5857E 00,.5941%E 00, QY2 1285 
> - 6 0 1  7R 00,.6078R 00,.6131X 0 0 , - 6 2 2 4 2  00,.6300E 00,.5365E 00,  QY2 1290 
> .5fi22E 00,.6472C 00,.6518Z 00 , .5598B 0 0 , . 6 6 6 5 Z  00,.57252 0 0 ,  QY2 1295 
> ,6718F 00,.68?6R 0OS.6909F 00,- h W 6 E  00,.7013E 00,.7148R 0 0 ,  QY2 1300 
> . 1665C 00,.1730f.: 00,.1778E 00,. 1850E 00,.189OP 00,.1947E 00,  QY2 1 3 0 5  
> .1983E 00,.2015E 00,.2030E 00,.2058E 00,.2092E 00,.2140E 00 ,  QY2 1310 
> .2162F 00,.2219E 00,.2251E 00, .23OO€? 00,.235SE 00,.2397B 00,  QY? 1313 
> .223&E 00,.2500E 30,.25553 00,,260TE 00,.2653E 00,.2696E 00. 0I2 1320 
> ,2384E 00,-2811E 00,.7879P 00,. 2942E O08.3003E 00,.3058E 00, Q Y 2  1 3 2 5  
> .3168F, 00,. 321 6 E 00,. 3 31 5 E  0 0 , .  3514 1E 00,. I! 445E-02, - U 679E-02, QY2 1330  
> .4866E-O2,. 5170E-02,. 5418E-02, - 5633E-02 - 5  82r6E-02, ,5999E-02, QY2 1 3 3 5  
> .5 16272-02,. 6 3 1 4 ~ 0 2 ,  - 6458E-02,. 6792E-02 n -  T O  l8E-02, ,7388E-02, QY2 1340 
> .7663E-02,. 8 iR9E-02,. 8693X- 0 2 ,  - 9 19 lE-02,- 97OOE-02, 1077E-01, QY2 131r5 
> - 1  1 86 &- I) 1 . 1 30 1 E--0 1 , - 1 42 7 g- 0 1, .) 1 56 2 E-0 1 , - 1  ' I  06E-0 1 , - 2  036l?-- 0 1, QY2 1350 
> . %409E-0 1,. 28373-0 1,-  3324E-Cr 1,. 3873 E - 3  1 , .  5 173E-01,. 59J?E-01, QY2 1355 
> .7684E-01,, 1353E 0 0 , . 3 1 2 8 E - 0 1 , . 3 4 ' 3 0 & - 0 7 , . ? ~ ~ 6 ~ - ~ ~ , . ' ~ ~ ~ ~ ~ - 0 7 ,  QY2 1360 
> .44 i i c - 0 7 , .  48 11 E:-07,. 5 126E-07,. 5433E-07, - 5  'I52E-07,. 6 04SE--07, Q Y Z  1 3 4 5  
> .6362E-07,.71943-0 7,. 8128E-8 1 , ,  9203E-07,. 1045W-06 1 ?74E-06/ Q Y Z  1370 
DATA BP/ .18u9E- 06,. 2553E-06,.3615E-O6,, 7781E-06,. 1815h-05,.  Y51uE-QY2 1375  

> 05, .1165E-0~,.3083E-Q~,.81~~~~-0~4,.5U358-03,.~0~1~-~2~.1'3~~~~-01, QY2 138Q 
> .459GE-O1,.1173E 00,.3945E 00,.5580E 0 0 , . & 1 ? i P  00,.9Ti70E 00 ,  QY2 1385 
> . 1 5 5 5 ~ - 1 4 ,  1933B-1 IC.,. 2286E- 10,. 297iE-  1 ti,. 37OGP-I  4 ,  4522F:-14, Q Y 2  1390  
> .5uS3E-14,, 66093:-14,. 7995E-14, . 9Tr  l e -1  4 , -  118SE-l3,  20188- 13, QY2 1395  
> .360TE-13,. 57983-13, .) 13Y9E-12, 6143R-I 2 $ -  3299E-11, . 21113C ~ 30,  QY2 l b O O  
> .1339E-09,. 65593-08,,2887E-05,.  9102S-OS,, 1779E-O3;,2027E-62, QY2 1405  
> . 1 3 5 4 ~ - 0 1 , .  1 5 0 2 ~  o o , . u 9 0 7 ~ ;  00,. 7 8 8 4 ~  O O , . ~ ~ P E  00,. 9a201.: 00, QY2 1410 
> .93s8z o o , . g w a ~  O O , , I O O O E  oi,. I O O O E  0 1 , . 7 3 1 7 ~ - 3 3 , , 2 2 ? 2 ~ - 3 3 ,  QY2 1015  
> -2231 ,~ -33 , .  2265E-33,. 2369E - 3 3 ,  2738E-33,- u 361E-33,. 126SE-32, QY2 1420  

> - 3S73E-20,. U526E-15, i 309E- IO,. 4985E-04, . 2 293E- 84,. 2 5353- 0 1, Q Y 2  1430 
> .6166E-32c. 3199E-31,,2596E-30,. 56UOE-28,.  1856X-.25,.7880E-73, QY2 1 4 2 5  

> -35782 0 0 ,  . S ~ I O E  00,. 9 5 7 0 ~  00,. 3 9 3 2 ~  oa ,- 9 3 9 3 2  00,. 1 O O O E  01 ,  QY2 18'35 
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S f i d R O U T I N E  Q Y 3  QY3 0 
CUf iNON /QCOM/ XEPA(34,3,20) QY3 5 

DPMEBSEGA C a ( f ~ 4 ) , A P h l l 4 ) , A Q ( l l 4 )  ,AH[ l l4 )  , A S ~ l l Y ) , A T ( 1 1 4 ) , A U C " I 4 ~ .  QY3 15 
> AV(114),A@l(IIf4) ,AX[114),AY(llU) , A Z ( T 1 4 )  .BA (114) ,EB(16)  Q Y 3  20  

EQUIVbLENCE ( S E P A (  1 ,1 ,  8 )  , C A ( l ) ) ,  (SEPA{11,2, 8)  , A P ( l ) ) ,  (SEPA(23,QY3 2 5  
> 5, 8 ) , A Q ( l ) ) , ( S E F A (  I , % ,  9 ) , A R ( l ) ) , ( S E F A ( 1 3 , 5 ,  9 ) , A S ( 1 ) ) ,  QY3 30 > ( S e a a ( 2 5 , 1 , l O ) , A T ( 1 ) ) ,  ( S E T A (  3,5,10)  , A Z T ( l )  ) , ( S E F A [ l 5 , l , l l )  ,AV{I))QY3 35 
> , (SEPA (27, [E, 1 1) , AB ( 1) ) , (SEPA Q C 
> ) , ( S E P A ( 2 9 , 7 , 1 2 a , A Z ( 1 p ) ,  (SEPA[ 7 , 4 , 1 3 ) , B A [ l ) ) ,  (SEPA(19 ,7 ,13 ) ,  Q Y 3  4 5  
> BB(1)) Q Y 3  50 

D A T A  CA/ .829RE 00,.8434E 00 ,  -8531E 00,.?3672E 00,,8771F: 00,  QY3 5 5  
> .8850E 00,.8916X 00,.8970E 00, .9018E 00,.9060E 00,,9098E 00 ,  QY3 6 0  

> .3556E 00,-9617E 00,.9683E 00, .9744E 00,.9742E 00,.9839r? 0 0 ,  QY3 7 0  
> .9863E 00,.9882E 00,.9928E 00, .9951;E 00,.9972E 00,.9983E 00, QY3 75 
> .9990E 0 0 , . 9 9 9 ' i E  0 0 , , 9 9 9 4 E  00 ,  ,9998E 00,.1000E 01,.7585E 0 0 ,  Q Y 3  80 
> .'1792E 00,.7943B 00,-81hOE 00 ,  -8318E 00,.8442E 0 0 , , 8 5 4 5 E  00 ,  QY.3 8 5  
> .8632E 00,.8709E 00 , -8777E 00/ QY3 90  

D A T A  AP/ -8838E 00,.895%E 00,.9075E (50,.9166E 00,.9243E 00,.9391E QY3 9 5  
> 00, .9477E 00,.956!E 00,.9631E 00,.9739E 00,.9816E 00, .987lE 00 ,  QY3 100 
> - 9 9 1  1E 00,.99YOE 00,. 9959E 00 , .  9982E 00,.9993E L108 .9992E 00 ,  QY3 105 
> -999TE 00,.9999E 00 , .~0009  01,.1000E 01,.1000E 01 , .1000E 01 ,  QY3 110 
> -5371E 00,,7439E: 00,.7338E 00, .76?4E 00,.'18SJE 00,.8030E 00 ,  QP3 115 
> .B17&3E 00,.83063 00,.8418E 00,.8518E 00,.8616E 00,.88043 00 ,  QY3 920 
> .3963E 00,.9120E 00,.9213E 00,. 94012 00,,9542E 00,.9652E 00,  QY3 1 2 5  
> -9737E 00,.9853Fl 00,-9922E 00 , .  9959E 00,.9979E 00,.9990E D O ,  Q Y . 3  130 
> .9987E 00,.9997R 00 , .  10OOE 01,. l O O O E  01,.  lOOOE 01,-1000E 01 ,  QY3 1 3 5  
> . 1 0 O O E  01,.1000E 01,.1000E 01,.1000E 01,.5895E 00 , -6204E 00 ,  QY3 140 
> . 6 4 5 0 &  00,.6846E 00,,7153E 00,.7432E 00, .7667E 00,.7875E 00, Q Y 3  1 4 5  
> .5053E 00,,8232F; 00,.8386E 00,.8717E 00,,8386E 00,,9202E 00, Q Y 3  150 
> -93'73E 00,.9631E 00,.9790E 00,.9886E 00,.994OE 00 , -9985E 00, Q Y 3  1 5 5  
> .999lX 00,.9.938E 00,.1000E 01,.1000E 01,,1000E 01,.1000E 01,  QY3 160 
> . 1 0 0 0 E  01,. l O O O F 1  01, .  1000E 01,. 1000E 01,.1000E 01,.1000E 01, Q P 3  '165 
> .1OOOE 01,.1000E 01,.&?99E 00,.5268& 00,.5644E 00,,6257E 00, QY3 170 
> .6746E 00,.7f60E 00,.7515E 00 , .  782SE 00,.8098E 00,.8339E 00 ,  QY3 775 
> -8553E 00,.8987i? 0 0 , . 9 3 0 4 E  00,-9532E 0 0 , . ? 6 3 2 E  00,.9875E 00, QY3 180 
> -99552  00,.9983E 00,.'3992E 00,.9999E 00,.10OOE 01,.1000E 01/ Q Y 3  1 8 5  

D R ' T A  A Q /  -1000E 01,.1U~OE 01,.1UOOF: 01,-1000E 01,.1000E 01,.1000E Q Y 3  190 
> 01, .1000E 01,,1000E 01,.1600S 01,.1000E 01,.1000E 01,.1000E 01, QY3 1 9 5  
> - 3 2 2 6 E  00,.3959E 00,.4595E 00,.56802 00,.6573E 00,-7318E 00 ,  Q Y 3  200 
> -7931E 00,.8Q24E 00,.8820E 00,.9129E 00,.93'70E 00,.9737E 00, QY3 205 
> .9899E 00 , -996SE 00,.9987E 0 0 , - 9 9 9 6 E  00 , .1000E 01,.10OOE 01, QY3 210 
> -1000E 01,.1000E 01,.1000E 01,-1000B 01,.1000E 01,.100OX 01, QY3 215  
> .1000& 01,- l O O O E  01,.1000E 01,. 100OE 01,.1000E 01,.1000E 01,  QY3 220 
> .1000E 01,.10OOE 01,.1000E: 01 , -10008  01,,186SE 00,.3136& 00,  Q Y 3  2 2 5  
> -4b51?; 00,.5825E 00, .844lE 00,.9331E 00,,3'?!4OE 00,.99'lr(E 0 0 ,  QY3 230 
> .9973E 00,.9991E 00,,9991E 00,. 1OOOE 01,,1000E 0?,.1000E 01,  Q Y 3  235 
> .1000E 01,.1000E 01,.1000E Ol,.lOOOE 01,,1000E 01,.1000E 01, Q Y 3  2QO 
> .1000E 01,.1000E 01,,1000E 01,.1000E 01,.10002 01,.1000E 01, QY3 2 4 5  
> .1OOOE 01,. 1 O O O E  01,.1000E 01,. 1OOOE 01,.1000E 01,.1000E 01,  QP3 250 
> .100OE 01,.1000FI; 01,.8211E 00,.8317E 00 , .8b r (3E  00,.85SlE 00, Q f 3  255 
> -86808  00,. 8758E 00,.5792E 00,. 8890E 00,.8924E 0 0 ,  .8366E 00, Q Y 3  260 
> . 9 0 0 4 E  80,. 9060E 00 , .  9 15 1 E  03,. 9207E 00,.9 256E 00,. 3337E 00, Q T 3  265 
> .3(108E 00,.9461E 00,.9510E 00,.959QE 00,.9655E 00,.9TOBE 00, Q Y 3  2 7 0  
> . 9 7 5 2 ~  O O , . W B ~ E  00, .9820e o o , . g ~ a ~  O O , . ~ ~ O ~ E  0 0 , . 9 9 3 3 ~  00, Q Y 3  275 

DPIYENSION SEPW (34,7,20)  QF3 1 0  

5 ,1 ,12 )  , A X  (1  ) ) , (S E P A  ( 1 7, 9, 7 2 )  , A Y f 1) Q Y 3  

> -9180E 00,.9246E 0 0 , = 9 3 0 3 E  00, -9352E 0 0 , - 9 4 3 6 E  00,-9501E 00, QY3 6 5  
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280 
2 8 5  
29 0 
295 
300 
30 S 
31 0 
315 
320 
325 
330 
335 
340 
345 
350 
3 5 5  
3 6 0  
36 5 
370 
375 
3M0 
385 
390 
39 5 
400 
905  
490 
r(15 
a20 
4 2 5  
430 
435 
4 4 0  
445 
450 
455 
460 
465 
47 0 
475 
480 
485 
490 
495  
500 
505 
510 
515 
5 2 0  
5 2  5 
5 3 0  
5 3 5  
54 0 
545 
550 
555 
560 
565 
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D A T A  A U /  .4898E 00,-5436E 00,,5870E 00,.62&3E 00,.657013 00,.686,4E O f 3  570 
> 8 0 ,  .7092F: 00,.7373E 00,.755QE 30,,8013E 00, .84658 00,-8188S 00, QY3 5 7 5  
> .90”8B 00,.943?E 00,.96/’3S 00,. 3830E 00,.9905E 00,.9917E 00,  Q Y 3  580 
> -3992F; 00,.9997E 00 , .999SE Q Q , . l O O O F :  01,.1000E 01,.1000E 01, QY3 585  
> .10007 C;I,.lGGOE O ) , .  1OOOE O i , .  1000Z 01,.1003P O l , . l O O O E  01, Q Y 3  590 
> . l O O O F .  01,. lOOOE ir 1,,.2WeE 0 0 ,  . 30119  00, .35076 OO, .Q37fLE 00, QY3 595 
> -5127E GO,.SSY!iE 00,,538?E 00,.69151i: 00,-7383E 00,. 77135Z 00 ,  QY3 600  
> .a1 U E  00,.  88::8E 36,.9315E 00,. 961 OE 00 , .  9768E 00 ,  .39Qf‘E 00, Q Y 3  6 0 5  
> .9985E 00,.9S?Crl 0!3,.9999E 08,. l O O G E  O l , . l O O O E  01,.1000E 01, QP3 610 
> - 1 O O O E  01,.lOOOE 01,.1000E 01,.1000E 01,.1000R 01,.1000E 01, 9Y3 615  
> . l O O O F :  04 , . 1000 t  Oi,.1000E O l , - l O O O E  01, ,1000E 01,.1000E 01,  QP3 6 2 0  
> .go900 Cl,. 1655E 00, .  2 0 1 2 E  00,. 4 6 00,.5953E 00,-7377E 30, Q P 3  62’5 
> . W O ? E  00,.9094E C3,.951C(E 00,.9 E 00,.9881E 00,.3984B B O ,  QF3 630 

> .1000E ~ 1 , . 1 0 0 0 E  ii:,.1oooe 01,.  1 I: 01,.1000E 01,.1000E 01, QY3 640 
> -1000E 01,.1000E 08,.1000E 01,.1 E 01,.1000E 01,.1000 Q Y 3  645 
> I 1OOOE 31,. l O O O E  01,. 100OE 01, -  1 O C C Z  0 1  , -8071C 00,.8204 Q Y 3  650  
> .8298E OO,.SU3SE GO,.853lE 00,.8507E 00,.8677E 00,-8725E 00, Q Y 3  655 

00,.8781fi OCP,.8850E 00,.8930E 00,.R995E 00 , ,9050E  00/ QY3 6 6 0  
/ - 9 0 9 8 %  00, .’3 18OE 00,.9246Z 00,.9303E 00,. 9352E 00,.34362 Q Y 3  6 6 5  

> 30, .9501A 0 0 , . 9 5 5 5 &  06..951lE O3,.364TE 00, ,9563& OO,.SSQQE DO, QY3 670 
> . 9 i 9 L E  00,.  9831k 00,.9853r: 00,- 98e2x 0 0 . . 9 9 2 8 ~  00,- 9 W 3  00,  QY3 6 7 5  
> . 9 9 5 ~ ~  O O , - ~ ~ ~ O E  1 : 0 , . 7 ? u 2 ~  00,. V W ? E  00,. T S ~ ~ E  o o , . i i 9 7 x  00, QY3 680 
> .7943E 00,.806?E D0,.8160E 00,. 8 2 4 4 E  00, .83SBE 00,,8383I? 00, Q Y 3  685 
> .8%82B 0 0 , . 8 5 6 8 2  OC,.8673C 00,.8753E 00,.8833E 00,-8952I? 00, QY3 690 
> .9075E 013,.3166~ isO,.92u?r: 0 0 , . 9 3 9 1 ~  0 0 , . 9 4 7 i r ;  00 , .9561~ :  00, O Y 3  695  
> .96316 00,. 968?E OC,. 9739R 00,. 9815E 00,.9871r: 00,,9911P: 00, Q i 3  700 
> -99UCE 00,.3959E OO,.998?F: 00,. 99833 00,.3988L. 00,-9999E 00, Q 5 3  705 
> -637675 0 0 , - 5 6 2 @ 3  00,.68091: 00,-708&E 00, .1235E 0 0 , , T & 5 3 2  00, QY3 710 
> .7592E 00,.77126 CU,.’7770E 00,. 791 3 E  00,,8003E 00 ,  .81862 00, Q 5 3  715 
> -83U3E 00,.841PE 00,.8597E 00,.8770X 00 , .8J5CE 00,.9038E 00, QY3 7 2 0  

> .9993E 60,.3999E 0 0 , .  10000 01,. 1 E 01,.1000E 01,.1000E 01, O I - 3  5 3 5  

> -9216E 00,.9408E 00,.9551e 00, .96626 03,.97bBE 00,.3813E 00, Q Y 3  3 2 s  
> .9862E 00,.9?30E UG,.9964R 00,.9982E 00,.9392E O0,,9990E 00,  O Y 3  7 3 0  
> .999SE 00,.99??Z 00,.1000x 01,.1000E 01,.5086E 00,.5353E 00, O Y 3  735 
> .556?E 00,.5911E 00,.6190E 00,.6429:: 00,.6639E 00,.6829E 00 ,  Qf3 740 
> .5002E 00,.’1152~ O G , . 7 3 9 0 ~  0 0 , . 7 6 @ 1 ~  00 , ,79043  0 0 , . 8 1 7 8 ~  00, Q Y 3  745 
> -8398E 0 0 , . 8 7 b 8 S  00,.90679 00,.928BE 00,.9471!i 00,.9718E 00, QY3 750 
> -3858E 0 O , . J B S ? E  50,.9970d 00,.99862 00,.9991E 00,.9997E 00/  Q 5 3  7 5 5  

DA4’A A‘@,’ ,100OE Ol,.lODOE 01,,10OOC Ol,.iOi)OR 01,.1000E 01,.10@0E ()Y3 760 
> 01, -1,OOOE 01,.1000E 31,.3873E OO,.4252E 0 0 , . 4 5 6 ; E  00,.5062E 00, Q Y 3  755 
> . 5 U T i E  00,.5823E G3,.5133E 00,.6412R 00,.6683E 00,.5901E 00, Q Y 3  770 
> .7120E BO,. 7596E 00,.7997E 00,. 8338E 00,.863OE 00,.9079E 00, QY3 77’3 
> - 9 3 9 8 ~  00,.96isx 00,- 9 7 6 ~ ~  0 0 . .  9 9 1 8 ~  o o , . g g ~ ~ z  00,.9992z 00, Q Y 3  780 
> .9993E 00,.9938E 00,- 1OOOE 01,. l O O O E  Ol,.lOOOE Oi,.lOOOE 01, Q Y S  785 
> -1000E OY,.1000E 0 1 , .  1003E 01,. l O O O E  Ol,.lOOOE Ol,.lOOOE 01,  QY? 790 

> .566QE 00,,5167E 00,.6625E 00,.7040E 00,.7417& 00,.8195E 00 ,  Q Y 3  800  
> - 8 7 7 7 ~  0 0 , . 9 1 9 6 ~  00,. 9‘48 ae O O , . ~ ~ I O E  0 0 , . 9 9 3 5 ~  00,. 9 9 8 1 ~  00, Q Y 3  805 
> .989YE 00,.9999E 00,.1000E 01,.1000E 01,.1000E 01,.1000E 01, Q Y 3  816 
> . lOCOP O I , . l O O O E  01, .1000E 01,.1000E O l , . l O O O E  01,.1000E 6’1, QY3 8 1 5  
> . l O O O F ,  O ~ , . l O O O E  01,.1000E 01,. l O O O E  01,.6700E-07,.1182E 00,  Q Y 3  870 
> -1791E 00,.3204E 00,.470%r2 00,.6098E 00,-7277E 00,.8190E 00,  QY3 8 2 5  
> .8851E 01),.9300E 00,.9590E 00,.  99C8E 00,.9983E 00, .3989E 00, QY3 830 
> -9998E 00,.1000E 01, .  1000E 01,. l O O O E  O1,.100OE 01,.1000y;: 01, QP.3 8 3 5  
> . l O O O E  o r , .  l O O O i ?  0 1 , .  l O O O E  01,-  lO0OE 01,,1000F: 0 1 , ~ l O ~ O ~  01, OY3 8 a 0  
> r l O O O E  01,.1000E 01,.1000E 01,.1000& 0 1 , ~ 1 0 0 0 a  01,.1000E 01, oY3 8 4 5  
> .1000E O7,.1000E 01,.7’341ii 00,.8071E 00,-8164E 00,.8298L 00/  QY3 850 
DATA AX/ - 8 3 9 4 E  00, .8469K Ca0,,13539E 00,.8556E 00,.8630E 00,.8672E QY3 855  

> .213aE 00,. 2625E 00,.3062E 00,.3830E 00,.&505E 00,.5112E 00, QY3 7 5 4  
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> -8'421E 00,.8851E 00,.9171F OO,.9425E 00,.9609E 00,.9739E 00, Q Y 3  1150 
> - 1 1 8 2 9 ~  00,.9933~ O O , . ~ ~ T ~ E  O O ~ - ~ ? ~ E  O O , . ~ W ~ B  ~0,.9999e 00, Q Y 3  1155 
> .1000E 01,. lOOOE 0 1 , .  lOOOh2 01,. 1OOOE 01,.2994E 00,.3288E 00, Q Y 3  1160  
> . 3 5 2 4 ~  00, . 3 9 1 8 ~  0 0 , .  4 2 3 8 3  00,. 4516r: O O , . Q ~ ~ ~ E  O O , . Q ~ ~ O E  00, Q Y 3  1165 
> .5211E 00,.5394@ 00,.5578E 00,.5994E 00,.6358E 00,.5706E 00, Q f 3  1170 
> .7015E 00,.7556E 00, .8020E 00,.84!6E 00, .8746E 00,.9251E 00, Q Y 3  1175 
> .9579E 00,.3776E 0 0 : * 9 8 8 4 E  00,. 9YE7F: 00, .997% 00,.99942 0 0 ,  Q Y 3  1180 
> .9998E 00,.1000E 01,.1000E 01,.100Oh~ Q1,-1000E 01,.1000E 01, Q Y 3  1185 
> .1OOOi3 0?,.1000E 01,.1309E 00,.1612E 00,.1883E 00,.2366E 0 0 ,  Q Y 3  1190 
> .2801E 00,.3206E 00, .3588E 00,.3952E 00, .4300X 00 , .4635E 00, Q Y 3  1195 
> .4958E 00,.5713E 00,.64002: 00, .7018E 0 0 , . 7 5 6 5 E  80, .8450E 00, Q Y 3  1200 
> .9075E 00,.3&81E 00, .9725E 08,.993rCE 00,.9981E 00,.9996E 00, Q Y 3  1205 
> .9999E 00,.1000E 01,.1000E Ol,.lOOOE 01,.1000E 01,.1000E 01, Q Y 3  1210 
> .1000E 01,. '1000E 01,. 10005 01,. 1OOOE 01,.1000E 01,.1000E 01, Q Y 3  1215 
> -19 03E-0 1,. 3a28E-0 1,. 5245E-  0 1, I 10343 00,. 1578E 00,. 2 UU3E 00,  Q Y 3  1 2 2 0  
> . 3 2 9 6 E  00 , .4194E  00,.5092E 00,.5953E 00, .6741E 60,.8284E 00,  Q f 3  1225 
> .9200E 00,.9661E 00,.9875E 00,.9934E @0,.3988E 00,.?000E O?/ Q Y 3  1 2 3 0  

DATA BB/ -1000E 01,.1000E 01,.1000E 01,.1000E 01,.1000E 01,.1000E Q Y 3  1235 
> 01, . l O O r ) R  01,.10Oc)Z 01,,1000@ 01,.1001)E 01,.100r)E 01,.1000E 01, Q Y 3  1240 
> .1000E 01,.1000E 01,.1000E 01,.1000E 01/ Q Y 3  1245 

DO 3 0  I=1,3$ Q Y 3  1250 
DO 2 0  K=1,7 O Y 3  1255 

10 FIEPA(I ,K,L!  =SF:PA ( I , K , L )  Q Y 3  1265 
20 C 0 Nee" L W U E Q P 3  1270 
30  CONTTNUZ Q Y 3  1275 

RE'tURZv" QP3 1280 
E N D  Q Y 3  1285 

DO 10 2;8,13 Q Y 3  1250 
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SUBROUTINE QX(BND,KfU,UD, HS,VDrVG,INDEXl,QXR) Q X  0 
c Q X  5 

NUMERICAL IXTEGRATION BY SIflPSON'S RULE Q X  10  
Q X  1 5  
Q K  20 

FUNC (D, F,HH, X) =P+EXP (- (HH**2*F**2) / (2,*iT** (2"D) ) 1 / X * * D  Q X  25  
REAL AB (7,4,2) Q X  30 
I N T E G E R  AC[5,4) Q X  35 

C 1 2 3 4 5 6 7 QX 40 
D A T A  AB/ i . o o o o ,  i . oooo ,  .9540, -8061, . 8 6 0 0 ,  ,8823,  .8257, Q X  45 

> 99.9999,99.9999, -8330, .6715, -6290,  ,6321, -6547, 99.9999, Q X  50 
> 99.9999, - 5 5 2 4 ,  ,5099, .JO54, -3710, ,3818, 99.9999,99.9999, Q X  55 

Q X  60 > 99.9999, -5251, - 1 1 1 0 ,  .1106, . 1106, 5.0200, 8.3500,10,0150, 
> 7.U800, 15.5000,3@- 7OOcP,b 1.2500, 99-9999.99-9999, 4.4000, 2.9500, Q X  6 5  

Q X  7 0  > 3.1500, 6.1320,18-8000, 99,9999,99.9999, . 3 3 2 0 ,  -8100 ,  ,5240, 
> .7640, 2.1150, 99.9999,99.9999,99.9999, ,9300,  , 0349 ,  . 3 6 9 4 ,  Q X  75 
> ,173!3/ Q X  80 

DATA AC/ 0, O,Y9999, 1000, 1000, 1000, 1000, 0,110000, 3000, 10000,QX 90 

IF (IWDEXI-3) 70,20,30 Q X  100 
Q X  105 
Q X  110 
Q X  115 

tIE?1 A I D  L1#2 D E T E R M I N E  T H E  ROWS OF AC USED Q K  120 
THEY ALSO DETERMINE WHICH VALUES OF D A N D  F SHOULD BE USED Q X  125 

Q X  130 10 I N D E X 3 = I  
Q X  135 I l DEX U= 3 

&Ii?2=1 Q X  140 
L I H  1- 1 Q X  945 
GO TO 4 0  Q X  150 

20 I H D E X 3 = 1  Q X  1 5 5  
INDEX4= 4 Q X  160 
1[,IM2=3 Q X  165  

IF (BND-GE.  1000,) LIN7=2 Q X  175  
IF (BND,GZ. 10000) T,IM1=3 Q X  180 

Q X  1 8 5  GO TO Q O  

I NDEX4=5 o x  195 

c----- 
c----- R O U T I N E  CHANGED BY D.P, STEWBRT 7/76 
c 

c 1 2 3 4 5 ax 85 

> 3000, 0,99999, 10000# 0, 10000# 0, 0,99999/ Q X  95 

e--...-- SET UP BOUNDS OF I N T E G R A T I O N  
C-- --INDEX3 G I V E S  COLUHIW OF AC C O B T A X N I N G  LOtTER B O U N D S  
c----- INCEX4 GIVES COLUMN WITH UPPER B O U N D  
C----- 
c-...-...... 

LIBl=l Q X  170 

30 INDEX3=2 Q X  190 

LIM2=4 
LIMS= 1 
IF (BND.GE.  1000) LIH1=2 
I F  ( B N D .  GE. 3050) L I H  1=3 
IF ( B N D - G E .  10000) LIM1=4 

STOBI=AC(~NDEX3,LIMl) 
AC (INDEX3,LIN 1) =BND 
At3 (INDEX4 ,LIM2) = X  

40 QXR=O 

.- - --  
y x  200 
q x  205 
Q X  210 
Q X  215  
Q X  220 
Q X  225 
Q X  230 
Q X  235 
Q X  240 

EPS=. 1 Q X  245  

DO 90 INDEX2=LIHl,LIH2 Q X  2 5 5  
D=AB Q I N D E X l , I N D E X Z ,  1) Q X  260 
F=AB (INDEX1,XNDEX2,2) Q X  265 
B=AC (TNDEX4,INDEX2) Q X  270 
IF ( X . L T . B )  B=X Q X  2 7 5  

c----- THIS LOOP SPLITS T H E  INTEGBATIOW ACCORDING TO CHANGES I N  D AND P Q X  2 5 0  

. - .  
.. . 
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Q X  280 
QX 285 
Q X  290 
QX 395 
Q X  300 
QX 305 
QX 310 
Q X  315  
QX 320 
Q X  3 2 5  
OX 3 3 0  
Q X  3 3 5  
Q W  340 
Q X  3 4 5  
QX 350 
Q X  3 5 5  
Q K  3 6 0  

EP5iSX 3 6 5  
QX 370 
Q K  375 
OY 380 
QIi 3 8 5  
O X  390 
Q X  395 
Q X  400 
ox a 0 5  
OX a10 

g w  Q20 
Q X  Y2S 
Q X  (130 
Q X  4 3 5  
Q X  4QO 
Q X  445 
Q X  450 
Q X  (155 
Q X  460 
Q X  465 
Q X  Q70  
Q X  Y75 
Q X  IF80 
Q X  4 8 5  
Q X  490 
Q X  495 
Q X  500 
Q X  505 
Q X  5 t 0  
Q X  515 

Q X  475 
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$001 FGRRAT('0') CHIQ 280 
9002  FGRNAT ( I  * .T20, DISTAPICE@ ,T52,'CHI/Q TOBARD INDICATED DIRECTIONP) CHIQ 285 
9003 FORHAT(' ',T20,* (NETERS)  ,T60,* ( S E C / C U B I C  METER) ' 1  C H I Q  290 
9004 F O R H A T ( '  ',T32,'Ya,T43, ' N N R ' , T S U ,  ' N U a  ,T65,P~MW',,T46,'~',T8~,~~~~i*,CH~~ 295 

> T98,*SW4 ,T909,*SSW8) CHIQ 300 
9005  F O R B A T ( '  I)  C H l Q  305 
9 0 0 6  FOR14 AT ( ' ' E *  ,T87, @ E YE',  CHIQ 31  0 

> T98,'NE~,T109,'NNEw) C H I Q  315 
9007 F O R A B T ( *  1,T19,il,T30,E9.3,T41,E9.3,T52,E9,3,T63,~9.3,~7~,E9-~~ CEiQ 3 2 0  

' ,T32, * S' , "43, 'SSE' , T54, ' . S E E  , T6 5, * ESE f, T76 

> T85,E9.3,T96,E9.3,T10~,~9.3) C H I Q  3 2 5  
END CHIQ 330  
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SUBROUTINE D I R E C T  (LURT) D I R E  0 

C READS A I R  CONCENTRATIONS AND GROUND D E P O S I T I O N  R A T E S  F O R  D I R E  5 
C R A D I O N U C L I D E S  DIRECTLY FCR T R A N S H I S S I C N  TO THE DOSEY D I R E  1 0  - c SUBROUTINE. D I R E  1 5  

CORWON /OCOM/ NBMNDC ( 3 6 )  , WORr), NNUCS, A N L A Y  (36) , R R ,  S Q S D ,  ACON ( 3 6  I 20 D I R E  20 
. I  > 20) , G C O N ( 3 6 , 2 0 , 2 0 )  , L I P O , N O F I M ( 3 6 , 1 1 )  , N f i B N ( 3 6 , 1 1 )  I ORHODI ( 3 6 , 1 2 , 8 )  D I R E  25 
- - -  > , V D ( 3 6 )  , V D C O E F ( 2 0 , 2 0 )  ,NOL,NOU,NRL,NRIJ D I R E  30 

COMMON /PCO?I/ REL(6 .36)  ,XDIST(’LO)  ,EIUFIST D I R E  35 
COVMOV /FCOB/ PEQWL,INTPA ( 2 0 . 2 0 )  D I R E  40  

REAL*8 NABNUC,RORD D I R E  50 
READ ( 5 0 . 9  000) NOL , NOU , NRL, N X U  D I R E  55 
R E A D ( 5 0 , 9 0 0 1 )  SQSD D I R E  60 
READ (50,9000) I D I S T  D I R E  65 
READ (5OS9OO2)  SEQWL D I R E  70 
READ (50,9000) NNUCS D I R E  75 
DO 10 I = l , N N D C S  D I R E  80 

R E A D ( 5 0 , 9 0 0 3 )  NAMIVUC(1) , V D ( I )  , S C ( I )  D I R E  85 
DIRE 90 

R E A D  (50,9004) ( ( G C O N ( I , N O , N R )  , N R = 1 , 2 0 )  , B O = 1 , 2 0 )  D I R E  95 
16 CONTINUE D I R E  1 0 0  

FEQWL=SEQWL D I R E  105 
Q R I T E  (5  1,9005) DIRE 110 
WRITE (51,9006) D I R E  115 
WRITE (51,9007)  D I R E  120  
I F  (LORT.EQ.0) GO TO 20 D I R E  125 
WRITE (5 1 . 9 0 0 8 )  D I R P  130 
WRITkl(5 1,9009)  D I R E  135 
WRITE (51,9019) D I R E  1 4 0  
GO TO 30 D I R E  745 

. -  20  W R I T E ( 5 1 , 9 0 1 0 )  D I R E  150 
W R I T E ( S 1 , 9 0 1 9 )  D I R E  155 

30 CONTINUE D I R E  160 
IF ( L O P T . E Q . ~ ~  GO TO 70 D I R E  165 
DO 60 NO=NOL,NOU D I R E  170 

DO 50 NB=NRL,NRU D I R E  175 

V D l = V D  (I) D I R E  185 
DRYCON=ACON (I, N0,NR) *VD 1*100 D I R E  190 
WETCOY=(GCON(I,NO,NR)-DRYCOY]* ( S C ( I ) / ( S C  (1) +1,030)) D I R E  195 

4 0  WRITE ( 5 1 , 9 0 1 8 )  NO, NR, NAHNUC (I) , ACON {I, NO, 1R) ,DPYCON, D I R E  200 
> WETCON, G C O N  (I, NO, NR) D I R E  205 

50 CONTINUE D I R 3  210 
60 CONTINUE D I R E  215 

GO TO 110 D I R E  220 
7 0  COBTIHUE D I R E  2 2 5  

D O  1 0 0  NO=NOLvNQU D I R E  230 
DO 9 0  NB=NBL,NRU DIRE 235 

D O  80 I=i,Nmcs DIRE 240 
VD1-VD (I) D I R E  2 4 5  
DRYCON= ACON (I, BO, YR)  *V D 1 * 10 0 D I R E  250 
UETCOS=(C;CON (I,NO,IMR)-DRYCON)*(SC(I)/(SC(I) +1.E-30)) D I R E  255 

> DRYCON,WETCON, G C O N ( 1 ,  NQ,NR) D I R E  2 6 5  
90 CONTINUE D I R E  270 

100 COWTXNDE D I R E  275 

DIMENSION S C ( 3 6 )  D I R E  Y5 

READ (50,900U) ( (ACON (I, NO, NB) , N R =  1,20) ,NO= 1,201 

. - *  

. -  
D O  uo I=l,IHU@S D I R E  180 

86  W R I T E ( 5 1 , 9 0 1 8 )  N O , I D I S T ( N R )  ,NAMNBC(I)  .A@ON(I. ,NO,NR),  D I R E  260 

- _  .-. 
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15 1 

SUBROUTINE DOSEN DOSE 0 
DOSE 5 

U S l R C  REG, G U I O E  1.109 PiODELS FOR TNGZSTICN DOSE CALCULATIONS 30SE 10 
WERE I V P L E A E N T E D  BND I N C O R P O R A S F D  WITHIT DOSEN BY J. C. PLEASARTDOSF 1 s  
OF T H E  #ATBEMATICS DEPARTNENT, EAST TENNESSEE STATE VNIVERSITV. DOSE 20 

DOSE 25  
COEEBOp9 /OCOMCI/ i?AMNtTC(36) ,WORD,NNUCS,ANLA8(36) .RR,SQSD, ACON(36,20,DOSE 30 

3 20) ,GCON(36,20,20) ,LIPO,MO~N[36,11) ,lIXMH(36,11), ORlYODI (36,12,8) DOSE 35 
> , V D ( 3 6 )  ,VDCOEF(20,20) ,NCL,NQU,NRL,YRU DOSE 40 

C C B H O N  NONL(11) ,NFPIL(lI) DOSE 50 

casmN /TCOA/ K I Q ( ~ ~ , ~ o , ~ o )  DOSE 60 
COHMON /PCON/ REL (6,361 , I D I S T ( 2 0 )  ,NUNST DOSE 65 

DOSE 75 
DIHENSION VAGRC ( 3 6 )  , V A C C O N  (361, BAGAC (36) ,BAGCOY (36) DOSE 80  

C O H H B N  / I N G D O S / L A M U  ,TSTIEiB, PI BSUBV ,DR ,RAT U R  DOSE 45 

COMMON /RVAL/ S1 , S 3 ,  SD1 ,SD3,ACN, GCN, SUI ,  SW3 DOSE 55 

COliHON /FCQA/ FEQWL,INTPA (20,201 DOSE 70 

D Z M E N S I C N  F I N G  (36,%0,20) ,GBUP(36,20,20) DOSE a5 
D I N E l S I O N  G I  l36.4) ,PARSSZ ( 3 6 )  ,CLASS (36) DOSE 90 
DIlYENSICN G P I N  (36,20,20) DOSE 95  
REAL KI(; DOSE 100 
PEAL*8 ~AM~nCIWOaD,BADECl,NADEC3,NAnES(I l), N A Y O R G ( 1 1 )  DOSE 105 
R f A L  CPINGA(11) . C P I N H B (  11) , DOSING (11) ,FROG( 11) , I N T P A  (20,20 DOSE 180 

'r LRMHZO,LAMSVR, MSUBE,LAMBRIINTPC ( 2 0 , 2 0 )  , DCC 3 U  ( 3  1) , D O S I N (  11,36] , DOSE 11s 
> VEGDOS (1 1) ,BEPDOS(l1) , MLKDQS ( 1  11, L A n T , ~ , ~ M R , L E F D O S , n A G A C  436) I DOSE 120 
? MAGCON(36)  DOSE 125 

I N T E G E R  I N T B A  (20,20) ,NOBCT (20,20) .NOPICT (20,201 ,TWORCT,TMOHCT DOSF: '030 
I N T E G E R  CLASS DOSE 135 
DATA HAMES/qTOT.BQDY*r'R M A R  ','LUNGS * , ' E N D O S T  ','§ W A L L  n,DOSE 140 

2 'LLI WRLL','THYROIC ' , ' L S V E R  ' , ' K I D N E Y S  *,aTFSTES ' DOSE 145 
> 8 O K R R l E S  e /  DOSS 150 
DATA NADBN/'RN-222 * /  DOSE 155 

DOSE 160 
DOSE 165 

DATA NACECl/* H-3 '/,NADEC3/'C-14 '/ 
DATA DCCl4/l. 16E3,2.03l?3,5.07E2, 1.85E3,Y.43E2,8,92E2,5.2782,  

> 7,3V)E2,6- 49E2,4,  46E2,4.46'~?2/ DOSE 170 
R E A L * 8  N A D R N  DOSE 174 

C - - - E N C  OF D E C L A R A T I O K S  
DG 1 0  U-1,36 

DO 10 J=l,ll 
D O S I N  (J,K) =0, 
DO 10 I=1,8 

10 ORMODI ( R , J , I )  =o  
DO 40 I=1,36 

DQ 3 0  NO=1,20 
DO 20 NR=1,20 

G B r J P ( I , N D , N R ) = O ,  
PING (X, NO, NR) =O, 
C 0 NTI: ?I U E 20 

30 CONTX N U X  
40 C O N T I N n F  

READ{50,9061)LIPO 
R F A D ( 5 0 8 9 f 1 6 1 )  NNTB,MRTB,llSTB,??TTB ,NUTB 
B E A D  (50,906 2 )  (NGBCT (I, J) ,Y= II ,201 .r= 1,201 
REID (50,9063) ( ( N O M C T ( I , J )  , J = 1 , 2 0 )  ,1=1,20) 
READ(50,9064) ( ( INTFC (1,J) #J=1,20) , 1 = 1 , 2 0 )  
BEAD[50,9065) ( ( I N T P A ( 1 , J )  , J = 1 , 2 0 )  ,1-1,20] 

D O S E  180 
DOSE 185 
DOSR 190 
DOSE 195 
DOSE 2 0 0  
DOSE 205 
DOSE 210 
DOSE 215 
DOSE 220 
DOSE 225 
DOSE 230 
DOSE 235 
DOSE 2 4 0  
DOSE 245 
DOSE 250 
DOSE 2 5 5  
DOSE 260 
DOSE 265 
DOSE 2 7 0  
DOSE 275 



READ(50,9066) ( ( INTWA (ISJ) ,J=1,20) , E = l , 2 0 )  
R E A D  (50,9063) SMPPIX 
R E  AD [ 5 0 9 0 6 9) R V E G F 3 VEG M R B E P, P 3 B EF M , RI l  L K , F 3 ELK PI 
READ(50,9069) B R T K R T , D I L P A C , U S e F B C , T , D D I  

R E  A D  ( 5 0,9 00 0 ) TS U B 1% '9 , TS U BH 2 ,  T SUB B 3 , T S U BH Y 
R E A D  (50,9000) L A M W  
R E A D  (50,9000) TSUB'E1 ,TSUEE2 
READ(50,YOOO) YSUBYl ,YSUBV2 
READ(50,9000) FSlTBP 
R E A D  (50,9000)  PSUBS 
BEAD(50,9000) QSWBF 
READ(50,9000) TSUBF 
READ (50,9000) U V ,  O X i i ,  LYP,WL 
READ(50,9000) TSUBS 
READ(50,9000) FSUBG, PSBBL 
R E A D  (50,9000)  PSUBE 
READ(50,YOOO) P 
R E A D  (50,9070) TAUBEP,BSUBB,VSORt l  
T AOC B = U MJ 3 6 5. 
TAUBR=iJF/355, 
V =  (UL+EV) /365, 
A= ( U V a U E )  /PSUBV2 
READ(50,90'70) B 1 , R 2  
S10=R2 

s 1=R2 
s3=w 1 
WBITE (5 1,900 1 )  
6P (I.XPO.EQ. 1) G O  TO 50 
WRITE (5 1.9002) 
GO TO 60 

5 0  WRITE (5 1,9003) 
6 0  CONTINUE 

C READ PABBHETZRS PUR NTIC HODEL 

s30=2 1 

IF (NNTB.GT.0) GO TO 70 
WRITE (5 1,9004) 
G O  TO 8 0  

7 0  WRXTE(51,9005) HNTB 
80 CONTBWWE 

I F  ( I R T B .  NE. 9) W R I T E  (51,9006)  
IF (NSTB. NE.@) W R I T E  (51,9007)  
I F  (WTTB.WE.Q) tiRHTE(51,9008) 
TP (NUTB. NE.8) BRITE(51,9009) 
WRT%E(51,9071) 
WRITE (5 1,9072) 
WRITE ( 5  1,9072) 
WRITE (5 1,9873) 
WRITE (51,907rJ) 
WRITE(51,90?5) 
WRITE (5  1,9076) 
WRITE (5  1,9072)  
DO 100 NO=I,20 

DO 90 NR=1,20 
WRITE(51,9077) NO, NR,NORCT(MO,NR) , N O M C T [ N O , N R )  , f W T F C ( N O , N R ) ,  

> INTWA (WO, NR) . I N T P A ( N O , N B $  
c 

99 C ONTH NUE 
100 CONTINUE 

D O S E  280 
DOSE 285 
DOSE 290 
DOSE 295 
DOSE 300 
DOSE 305 
DOSE 310 
DOSE 315 
D O S E  320 
D O S E  325  
DOSE 330 
DOSE 335 
DOSE 340 
DOSE 345  
DOSE 350 
DOSE 355 
D O S E  360  
DOSE 365 
DOSE 370  
DOSE 3 7 5  
DOSE 380 
D O S E  385 
DOSY 390 
DOSE 395 
DOSE 400 
DOSE 405 
D O S E  410 
DOSE 415 
DOSE 4 2 0  
DOSE 4 2 5  
DOSE 430 
DOSE 435 
D O S E  440 
D O S E  4185 
D O S E  450 
D O S E  455 
DOSE 460 
DOSE 465 
D O S E  470  
D O S E  475 
DOSE U80 
D O S E  485 
DOSF: 490 
DOSE 495 
D O S E  500 
DOSE 505  
D0SY 510 
DOSE 515 
D O S E  5 2 0  
DOSE 525 
D O S E  530 
DOSE 535 
D O S E  540 
D O S E  595 
DOSE 550 
D O S E  555 
DOSE 560 
D O S E  565 
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VRITE (51,9078) 
WRITE(51,9079) 
WRITE (5 1 90aQ) NNUCS 
WRITE(51,9012)TSURH1 
WRITE(51,9013) TSUBH2 
MRITE (51,9014) TSUI3H7 
WRITE (51,9015) TSUBH4 
WRITE ( 5  1,9016) LAMW 
WRITE(51,9017)TSiJBE1 
WRITE (51,9018) TSUBE2 
WRITE ( 5  1 9 0 19)  Y SUBP 1 
WRITE ( 5  1,9020) YSUBV2 
WRITE(51,9021) FSUBP 

WRITE (51,9023] QSUBF 
WRITE ( 5  1,9024) TSURP 
WRITE (5  1,9025) BY 
WRITE ( 5  1,9026) U M  
WRITE ( 5  7,9027) OF 
WRITE (51 ,9028)  UL 
WRITE 45 1,9029)  ?!SUBS 
WRITE ( 5  1,9030) FSIJRG 
WAITE(51,3033)PSUBL 
MRITE (5 1,901 1) TSTJBB 

B R I T E ( 5  1,9022) PSUBS 

WRITE ( 5  1 96182) R B E F  
klRITi? (51,9063) RMEK 
WRXTE(51,9872) 
IF (IPIPFIX.EQ.0) GO TO 110 
WRITE ( 5  4,9084) 
GO TO '820 

1 t (1 
120 WRPTE(51 ,9086)  F3VEG19 

WRITE ( 5  1,9087) F3BEFM 
~ ~ ~ ~ ~ ~ 5 ~ , 9 ~ 0 ~ ~  P3HLKH 
WRITE (5 1 90893 BRTHRT 

WRITE ( 5  1,909 1) DILPAC 
t lP ITE [ 5  4 I 9092)  TllSEFAC 
WRITE ( 5  1, "3939 NSUBB 
WRITE{51,9096] TAWBEF 
UBITE (5 1 ,WW) VSOBR 
WRITE (5 I 9894) S 1 
WRITE ( 5  1 #9095153 

B R I T E  ( 5  1,9885j 

U R I T E  {5 4, 9098) T 

WRITX(51,9098) D D 1  

T axPF c = i l  
DO 140 lO=NC9L,B00 

TPOP=INTPA [NO NR) +TPOP 
SNOBCT=NOBCT( fO,lR) +TNOBCT 
THOMCT=NON@T (BO, NR] +TNOBCT 

130 TARFC=INTFC ( N 0 , N R )  +TBRFC 
940 C O N T I N B E  

~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ / ~  

DQSE 570 
DOSE 575 
DOSE 580 
DOSE 585  
DOSE 590 
DOSE 595 
D O S E  600 
DOSE 605 
DOSE 6110 
DOSE 615 
DOSP 620 
DOSE 425 
DOSE 6 3 0  
DOSE 635 
DOSE 648 
DOSE 645 
DOSE 6 5 0  
DOSE 655  
DOSE 668 
DOSE 665 
DOSF 670 
DOSE 675 
DOSE 680  
DOSE 6 8 5  
DOSE 690  
DOSE 695 
DOSE 700 
DQ5.E 7015 
DOSE 710 
DOSE 715 
DOSE 720 
D O S E  725  
D 9 S Z  770 
DOSE 7 3 5  
DOSE 7 4 0  
DOSE 7 4 5  
D O S F  750 
DOSE 7 5 5  
DOSE 360  
DOSE 'a65 
DOSE 770 
DOSE 775 
DOSE '880 
DOSE 78% 
DOSE 790 
DOSE 795 
DOSE 800 
DOSE 8 0 5  
DOSE 81Q 
DOSE 815 
DOSE 820 
D O S E  8 2 5  
DOSE 8313 

D O S E  840 
DOSE 845 
DOSE 850 
DOSE 855 

DOSE a35 
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TKGBC A =  TA OR W *  36 5. *T FOP 
ANOBCT=TNORCT 
T K G R P A = B N O H C ~ ~ T A n B E P ~ 3 6 § -  *PISUBS 
C 0 N p1 K=T A U CPI *T PO P 
A WOPiCT=TNOKCT 
PR N 15 K= V TSU HFI * B W OM CT 
YCOWIl R= CO N b1K * 36 5 I 
YPRBHK- FBNRK * 3 6  5 e 
PFCYs-. YS Uti72 * T A R  PC 
C FC Z=T P 0 P * 7 * 3 6 5. 
A ? - A N U  MX/TPOP 
I F  (BNUKB.GE.TFOP)  AP=l. 
F 3V=F 3v EG A 
TP 6 (1. - A f ) .  GE, P3V) F3V=T .-AP 
IF {LPlPFIX-  EQ, 1) P 3 V = P 3 V E G X  

P2V=%.-P3V-P1V 
BP=TKGR PA/TKGBCA 
I F  (TKGBPB. GE-TKGRCA) Bt?=l. 
F3B= P3B EFH 
IF ([1.-BP] I GE. P3B) F3R=I,-BP 
IF [ I N P F I X - E Q .  1) P3R==p3REQII 
F 1 B=E?BEF* ( 1 - - F33) 
F 23 = 3 .  - P3 B-F 1 €3 
C F=P R W A K/CO Ni l  R 
'lip (PRWHR.GE.CONMR] CP=?.  
F3M=P3nEKn 
IF c ( ~ . - c F ~  . G E L F ~ ~ ~  P~M=~.-cP 
EP {XRFTIx.EQ.  1) H3M=P3MIaKW 
F1M=W?.lI.K* (l.-F3M) 
F21.I= 4. -P3H-P18 

FlV=HVEC;* [ I.-P3V) 

WRITE (5  1,9092)  
a a P T E  (5  1 ,9  400) TPOP 
WRITE (5 1,9101)  TNOBCT 
WRITE ( 5  1,9102)  TNOlYlCT 
WRITE(51,9103)TARPC 
WRITE (5 1,9 10 ld) FKGBC A 
WRITE (51,9105) TKGBPA 

WRITE (51,9107)  Y P R W F I K  
URITE ( 5  1 ,9  108) CFCY 

DO 680 E = I ,  NNi3CS 

WRITE (5 1,9106) YCONMK 

P R I T E ( ~ I , ~ ~ O ~ )  eFcr 
R E A D  (50,9110)  W U ~ O X G , L A ~ R N , C F S B A , C ~ S E ~ , ~ ~ S ~ ~ , K ~ ~ L A G ~ ~ ~ ~ ~ , T ~ ~ ~  
BEAD(50,9111) ( P R O G ( I M )  ,IA-1,11) 
R E A D  (50,9000) PSUBMI, FSrJEPI, BSOBV 1 ,  BSUBV2 
BEAD(50,?112) LA~SnR,LAMH20,IPL~G,RD1 ,RD2,RWl,RV? 
R E A D  15 0.9 0 32) I 4 3: 2 ,  I3,115 ,I 5, P 1 , P 2 ,  F 3 ,  PlB, P5 
LAY1 = L A N R R / 2 & .  

C IPEAG=1 IF SPECIAL VALUES USED FOR R i i  A N D  R2 
C IPEAG=2 IP R 1  A N D  R 2  ARE G I V E N  FOR D R Y  AND WET DEPOSITIOBW 

SD3ZRD1 
S D 1 = R D 2  

SWl-BW2 
S V ~ = R W  1 

C R E A D  INHALATION DOSE CONVERSTOW FACTORS 

DOSE 860 
DOSE 865 
DOSE 8 7 0  
DOSE 875 
DOSE 880 
DOSE 885 
DOSE 890 
DOSE 6 9 5  
DOSE 900 
D O S E  905  
DOSE 9 ? 0  
DOSP 915 
DOSE 9 2 0  
DOSE 9 2 5  
D O S E  930 
D O S E  935 
DOSE 9 4 0  
DOSE 9 4 5  
DOSE 950 
DOSE 955  
DOSE 960 
DOSE 965  
DOSE 970 
D O S E  975 
DOSE 980 
DOSE 9 8 5  
DOSE 990 
DOSE 995 
B O S  E l000  
DOSE100 5 
DOSEl 0 10 
DOSE101 5 
DOS E1070 
DOSE1 02  5 
DOSE 10 30 
DOSZ 1035 
DOSETObO 
DOSEl 0 4 5 
DOSE 1050 
DOSE1055 
DOSE1060 
DOSE9065 
DOSEl 070 
DOSE1075 
DOSE1880 
DOSE1 085 
DOSE1 090 
DOSE1095 
DOSEl 100 
DOSE1 1 0 5  
DOSE1 110 
DOSE 1 11 5 
DOSE1 128 
DOSE 1125 
DOSEl 130 
DOST31135 

c HEADZ3 CARD GIVES S O E f l B I E I T Y ,  P A R T I C L E  S I Z E ,  AID G, I., UPTAKE PRACTIORDOSEllls0 
R E A D  (50,9033) SSOLrAHWDrFIINH DOSE1 1 4 5  



rr 

. -.I - . .  

c 

DCD 150 9 - 1 , W l l I f . O R G  
READ (50,9034) BAMORG (J )  , C P I N I i A  (J) 
C O N T I N U E  

I 6 0  
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2 2 0  
23 0 

2 0 0  

> 

2 5 0  
26 0 

> 

25  0 
28 0 

29 0 

30 0 

3 1  0 
320 

BAGCON (I) = N O B C T ( N O , N R )  *GCI+BAGCON(I) 
5AGL"ON (I) =NOMCT(NO, N R J  * G C I + H A G C O N  [i) 
CON T I  N 71' E 

D 0 S E 1 4 4 0 
DOS9'1345 
DOSE 14 50 
DCIS 2 I955 

V A , G C O N  (I) ZVAGCON (I) / T A R F C  DOSE I 4 6 0  
BAGSON [I! -BAGCON (I) /A;:anCT DOSE1455 

D O S E  1 0  70 
GO T O  290 DOSE1075 
MODE= 3 D O S E  7 lbS 0 
B S i i B V = B S D E V 2  D O S E 7 4 8 5  
T 'SUBE=PSUBE2 DOSE1490 

D O S E 1 5 0 0  TSUBHzTSUBH4 
DR: :DDi  D O S E  150 5 
DO 260 NO=NOL,NOU DOSE1 5 1 0  

u13 250 N R -  D O S E 1 5 1 5  
GCW-GCG D O S E  1 5 2 0  
A C N = A C O  DOSE1525 
CALL R V A L U E  ( X P L A G ,  BODE, I , N O ,  N R ,  R)  D O S E 1 5 3 0  
A=CV (I, L A B I ,  1 .  , l  . , T S U B E , T S O D V , T S O n B , R )  D O S E 4  535 
G C i 2 ; P l  *GCON (I1 , N O ,  NR) +F2&GCON(I2,NO,NR) +F3*6CON(I3,NO, NR) D O S E 1  560 

G P A = G C O N ( T , N B , N B ~  +BATiJA*GC% D O S E  9 550 
VAGCON (I) - I N T F C ( N O , W R )  *GPA+VAGCON(  1% DOSE 7 5 5 5  
CO H T L FJ 0 E D O S E 1  560  

DOSE 156 5 
VAGCON (1) =VAGCON (I) /TARPC DO S E 1 5'1 I) 
P1ODE=2 D O S E 1 5 ' 1 5  
DR-1 .  D O S  E's 580 
T S OB E=T S O  B E 4  DOS E1585 
Y s u s v= YS D a v  1 DOS E l  530 
H S O B V = B S i 3 B V  1 D O S E 1 5 9 5  
'p 5 UB H= 'T 5 fj '9 7 D O S E  I600 
DO 280 NO=NOE,WOU DOSE 1 6 0 5  

UOSEISI 0 D O  370 HX=39i,B93 
D O S E 1 5 1  5 G C N r G C O N  I?, NO, N K )  
D O S E 1 6 2 0  ACN=ACON ( % , N O ,  N R )  
D O S E 1 6 2 5  C k L C  RVALlTE j l B L A G , M O D E , I , N O , B H , R )  
D O S E 1 5 3 0  A=CV ( I , L A W I ,  I . ,  l , , ~ S U R E , ~ S ~ U ~ , T S U E ~ , 9 9  

G C T = F l  *GCON (I F , N O ,  N R )  +FZ*GCON(i2,NO,WR) +F3*GCON(I3,NU, NR) DOSE1 635 
+ P4"GCON (TY,NO,NR] +F5*GCON{IS,NO,NR) D O S E 1 5 4 0  

G Y A = G C O N ( I ,  NO, HR) + R A T I J A * K I  DOSE1645 
ON (.XI =NOBCT'[BO,NR) * G P A + B W E C O N ( i )  D O S E 1 5 5 0  

D O S E 1 6 5 5  
D O S E 1 6 6 0  i N U E  
DOS F 1665 E 
D O S E  16 70 

(i 1 -MBGCON (13  ./A%QMCT D O S E 1 6 7 5  
DOSE 1680 
D O S E 1  685 iF ( N A f l H B C ( T )  - 2 A D K C l )  3 0 0 , 3 1 0 , 3 0 0  

H r R F T  -- 0 D O S E 1 6 9 0  
G O  TO 320 D O S E  169 5 

D O S  E 1 'TO 0 I i i i i l T  = 1 
D os E 1 7 0 5 CONTINUE 

DO 560 NO=HGL,NOO DOSE 17 9 0 
DO 5 5 0  MR=??!RI, ,HRU D O S E 1 7 1  5 

D O S  E 1 '7 2 0 
DOS E 1'7 2 5 

C 0 N TI NU JZ 

XBGCON (I) - 3 B G C O N  (.K) , /AXOECT 

Y S U B Y = Y S U 3 V 2  DOSE 1495 

+ Flb*GCON (I4,NO,WR) * F 5 * X O Y  (IS,NO,NR) DOS E 1 54 5 

C O N T I N U E  

ox (11 =mEc*r (NO, wsg * G P A ~ W A G C O W  (I) 

1 - a - 3 7 -  

G C I - 0  
IF (11. EQ. 0)  GO TO 333 



1.5 7 

> 
3 3 0  
34 0 - *  

350 

420 
> 

190s E 173 5 
DOSF: 17 4 0 
DOSP17atS 
DOSE175m) 
DOSE1755 
CaOSEI760 
DOS F 1765 
D O S E  3730 
DOSE3 7 75 
DO 5 E 1 7 8 0 
130SE'1785 
D os F 1 7 9 0 
DOSE1795 
D0SB-I  8 0 0  
DOSEP805 
DGSP 98 IO 
DOS R ?  137 5 
D O S  F 182 0 

.a os c 1 8 3 0 
n 0:; F: 1 8 3 5 
D O S E  1840 
DOSE1945 
DOS P 1850 
DOSE 1855 
noSX ? a 6 0 
DOSE? 855 
% O S E 1 8 7 Q  
DOSE: 1875 
D O S E i i 8 S O  
DOSE I885 
DOSE1 890 
D O S E ?  895 
nos E 190 0 
DOSE1905 
90s E 3 9 1 0 
DOSE89 95 
DQSE 1920 
D os E 1 9 2 5 
DOSE1930 
DOSE 19 35 
DOSE1940 
DOS El 9 4 5 
DOSE19 50 
DOSE1 955 
DOSE1960 
DOSE 1965 
DOSE1970 
DQS E 19 75 
D O S E 1 9 8 0  
DOSE1985 
DOSE1990 
DOSE199 5 
DOSE2000 
DOSE2005 
D O S E 2 0 1 0  
DOSE20 15 

DOSE 1 a 2  5 

.... 
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c 

C 

z 
e 
c 
c 
c 
C 
c 
c 
c 

c 

> 
> 
> 

490 
. INGESTION DOSE 

> 
> 

> 
> 

> 
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C SECDYD TEB?.1,, USE TSQBH V A L U E  FOR INGESTION BY ANINALS OF STORED FEEDDOSE2285 
TSTJ BB=T SURH2 D O S E 2 2 9  0 
TERiY2=gl.O-PSUBP*PSnBS) * C V ( I , L A A I , D E P R A T ,  GCRU,TSUBE, D O S E 2 2 9 5  

> YSOBB,  TSUBH, R )  5 O S  E 2 3 0  0 
C I V = T E H R 1  * TERM2 D O S E 2 3 0 5  

C DOSE231 0 
C CALCULATE C I a = N U C L I D E  CONCENTRATZOY IB MILK USING EQ C-10, BEG G U I D E  D O S E 2 3 1 5  
c 1.109-27 DQ5E2320 

CIN=PSUBMI*CTVaQSUBF"EXP (-LA MRR*TSUBF) D O S E 2 3 2 5  
C D P L J  IS T H E  DOSE CONVERSION P A C T O R  PQB THE INGESTION O F  NUCLIDE E ,  O R G D Q S E 2 3 3 0  
c IN nata/ec1,  DOSE2335  

D F I J  = O a O O 1 * C P I N E  DOSE2340 
C CALCULATE HLKDOS (J) =ANNUAL D O S E  TO ORGAN 3 PRQM INGESTION OF ~A~~~~~~~~~~~~~~~ 
C IN HILX U S I N G  E Q  C-13, R E G  G U I D E  I . ,  109-28. DQSE2350 

IF ( I I , N E . O . A N D . R E L  ( 1 1 1 )  ,NE, 0, )  nq=FlM+FZn*(M~ccoN(T)/DOSE2355 
3 (GCON ( I , W O ,  N U )  + B A T U A * G C I )  j DOSE2360 

IF (11, NE.O.AWD.REL (9,1) -NE. 0.) D J = F 1 B + P 2 B * ( R R G e O H ~ I )  /DOSE2365 
> (6CON (I,WO, N R )  *RATUA*GCI))  DOS82370 

nos E 2 3 7 5 
C TME NRC RODET. G I V E S  DOSES IN MRE?I/YR., TO CONVERT TO BEN/YR, D o S E 2 3 8 Q  
C RrJLT'1PI.Y BP 0,001 DOSE2385 

f l L K D O S [ J ]  = MLKDOS(J) +.001 DOSE2390  

CIFz PSUBFI*CIV*QSUBF*EXP ( -CABER *TSUFIS) DOSE2400  
C CALCULATE B E F D O S ( J ) = A N X U A L  DOSE TO ORGAN J FROfl HNCESTION OF D O S E 2 4 0 5  
C R A D I O N f J C L T D X  1: I N  BEAT, (REG G U I D E  1.109-28, EQ C - 1 3 )  DOSE2410 

BEPDQS ( J )  = D F I J * U P * C I F * D 3  130s E24 f 5 
BEPDOS(J) L- B E F D O S ( J )  * , D O 1  DOSE2420 

C CALCULATE CIVP=CONCENTRATION OF R A D I O N U C L I D Z  I N  PEODUCE CONSUMED BY MADOSE2tl2S 
C USE PARAMETERS FOR CROP/VEGETATION-RAN PATHWAY. TSUBH VALUP F O P  PBODUDOSEZ430 

TSrJAE= TSUBE2 1) O S  E 2 u 3 5 
YSUBV= YSOBV2 D O S E 2 0 4 0  
TSUBH- TSOBH4 DOSE24YS 
B SI! B V =B S UBY 2 D O S E 2 4 5 0  
DR=DD 7 DOS E24 55 
MODE= 1 DOSE2460 
CALL RV A E D E  ( I P L A G ,  N O  DEI I, NO, NR I R )  DOS E 2 4 6 5  
C I V P = C B  ( I , L A H l ,  DEPUAT,SCRU,TSUBE,YSUBV,TSUBH,R) D O S E 2 4 7  0 

C @AT.CULR"I'E P R O D O S = A N N U A E  DOSE TO ORGAN J FBOH INGESTION BY N A N  OP R A D I O D O S E 2 4 7 5  
C TW PRODUCE. (REG G I J X D E  1,109-28, E Q  C - 1 3 )  DOSE2480 

IF (111. NE,U.AWD.REL(1,1) .NE.Q.) D 2 = P l V + P 2 V * ( V A G C O N ( I )  /DOSE2r(BS 
> (GCDN (I, WO, NR) + R A T U A * G C I )  ) DOSE 2490 

D 1 = D 2  D O S E 2 4 9 5  
P R D D O S = D F I J * O V * F S U B G * C I V P * D 2  DOS E250 0 

C CALCQLATE CIVL=CONCEWTBATION OF RADIOWQCLIDE IN LEAFY VEGETABLES. D O S E 2 5 0 5  
C USE PAWAiYETERS FOR CRQP/VEGETATION-MAN PATHHAY. DOSE2510 
C THE TSUBH VALUE IS F O R  LEAFY VEGETABLES. D O S E 2 5 1 5  

TSUB Et-TSUBE 2 D O S E 2 5 2 0  
Y S U  89-Y SIJBV 2 DOSE2525 
TSUBH-TSOSH3 DOSE2530 
B SU % V=B SUB V 2 D O S E 2 5 3 5  
DR=DDl D O S E 2 5 4 0  
CIVLZCV (I 8 L ANI, I, EPR AT GCRU, TSUB E, Y SUB V I  TS UB H p R) D O S E 2 5 4 5  

C CALCULATE LEFDOS=ANWlJAL DOSE TO ORGAN J F R Q X  INGESTION OF R A D I O Y U C L I D E D O S E 2 5 5 0  
C IN L E A F Y  VEGETABLES, (REG G U I D E  1. 109-28, EQ (2-13) D O S E 2 5 5 5  

L E P D O S = D F I J * U L * P S U B t * C ~ ~ L * D l  DOSE2560 
C V E G D O S 6 J )  IS THE ANNUAL DOSE TO ORGAN J PROM INGESTIO?? OB RADIOWUCLEDEDQSE2565 
C TW PRODUCE A N D  LEAFY VEGETABLES. DOSE2570 

J) =DFKJ*UE+CIH+D4 

c m I . c r m m E  CIP=WBCLTDE CONCENTRATION IN M E A T  USING EQ c-128 BEG G U I D E  1 0 0 ~ ~ 2 3 ' 3 5  
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47 0 
C WATER 

480 

(!9 0 

> 

5 0 0  

510 
> 

> 

VEGDOS ( J )  =FRODOS + LEPDOS DOSE2575 
V E G D O S ( J )  = Y E G D O S I J )  *.001 DOSE2580 
D O S I N G  (J)  =BEFDOS ( J )  + MLRDOS (3) + V E G D O S  (J) D O S E 2 5 8 5  
IY ( J . N E . 1 1 )  G O  TO 4 7 0  DOS E 2 5 9 0  
K f Q ( I , N O , N R ) - U L ~ P S O B L ~ C I ~ ~ ~ D l ~ U ~ ~ ~ ~ ~ ~ G * C ~ ~ P ~ D 2  D O S E 2 5 3 5  
G P L N  (1, NO, N R )  =FP*CZPa33 D O S E 2 6 0 0  

GCN= D E P R A F / 3 . 6 E 7  D O S E 2 6  10  
S U BiJ ER S I O N  DO S E CRLC UL AT PONS D O S E 2 6 1 5  

X= 9. A 3 X R  + L A  kl H2 0 DOS E252 0 
I F  (RPLAG.EQ.  1 )  X=D.BLAM (I)  %LAE'H2O D O S E  2 62 5 
IP (GCN. Eo. O j  D055=-0 D O S E 2 6 3 0  
IF (GCN.EJ.0)  G O  TO 510 D O S E 2  6 3 5  
A L F =  ?I*T D O S E 2 6 4 0  
IF ( A L T - G T . 0 . 0 3 )  G O  T O  SUO D O S E 2 6 Y  5 
D O S S - - G r N * l .  E-6+8760. *CPSBW*PRilG ( S )  *USEPAC/DILFAC* D O S E 2 6 5 0  

( ( 0 . 1 6 6 6 6 6 7 *  ALT-O.5 )*PILT+T)  *3600.*24, DOS E 265 5 
G O  T O  S f 0  D O S E 2 6 6  0 
DOSS=GCN*1.  E - 6 * 8  760. *CPSBY*FROG ( J )  * U S E F A C / D I L F A C *  ( a -  D O S E 2 b 6 5  

EXP (-X*ie: ) /X *3500. *ZY- D O S E 2 6  7 0  
T'DOS=DO S 1 cDOS 2 + D Q S 3  + D O S T l G  ( J )  + D  0 5 5  D O S E 2 6 7 5  
I F  (1,GT.WWTB) G O  T O  520 DOSE2680 
W H P T E ( 5 1 , 9 1 1 8 )  NO,XIR,  WANES (J) , D O S l , D O S 2 , ~ O S 3 , D O S I W G ( 9 )  .DOSE2685 

D O S 5 .  TDUS D O S E 2 6 9 0  

Pl?IC; ( ? ,NO,  N B )  =53*CTY*D4 DOS 52605 

5 2 0  C O N T i N t i E  
IF ( L P P O . R Q . 0 )  GO TO 530 

ORT401PT(I, J,  1) = C 3 S l * I N T P A ( N O ,  NR) +GRNODI  (I, J, 1) 
ORHOBT (I ,  J, 2 )  = D O S 2 * I N T P A  ( N O ,  NR) +ORROD1 (II J, 2 )  
B R ? l O D I ( I , J ,  3) = D O S 3 * I N T P A  (NO, ARQ + O R P l O D I  [Ib J , 3 )  
O B M O D I ( I , J ,  4) = D O S I N G ( J )  + I B T P B ( N O , N R ]  *OR:IODI ( I , J , B )  
OHPOD? (I,J, 5 )  = D O S 5 * I N T P A  ( B O ,  NE?] +OREqODI g Z , J , 5 )  
O R M O D I ( I , J , 6 )  -=VEGD3S (J) * P N T P A ( M O , R R )  +OBHODI[I,J,6) 

O R M O D I / l , J , 8 )  =NEKDOS (J) * I N T P A ( K O , N R )  * O R M O D P ( I , J , 8 )  
GO T O  5 4 0  

C C A L C U L A P I O R S  OF THE H I G H E S T  I N Y T V I D U A L  DOSE FOR E K H  RADIONUCLTDE 
C AND ORGAY ABD G R I D  LOCATIOR WHERE R E C E i V E D  

C P O P U L A T I Q N  DOSE CAECGZATPONS 

O R B O D I ( I , J , 7 ) = B E P D O S  (J)  * I W T P A ( N O , N R )  + O R M O D I ( I , J J )  

53 0 I F  (TDOS.LE,DOSIN(J,i)J GO 'TO 5 'dO 
NOI4M fig J) -NO 
A R R M  ( I I  J )  -WR 
ORBODI (I, J ,  1) -DOS1 
O R H O D I  (I, J ,  2 )  = D O S 2  
O R ? l O D I ( I , J , 3 )  ==DO53 
O R M O D I ( 1 ,  J ,  4) = D O S I N G  (J) 
O R Y O D I ( I , J , S )  = D O 3 5  
O R E O D I  [ I ,  J, 6) =VEGDGS (J) 
O R B O D I  ( I ,  J ,  7) =E EPDO S ( J )  
ORMQDI (I ,  J, 8 )  =MLRDOS ( J )  
D O S T N $ T , L )  =TDOS 

540  CONTI N U  E 
55 0 
56 0 CONTLNUE 
570 COHZ'INUE 
580 BRWTE (5 1 9 119)  NAMNUC (I) 

590 IF ( I P L A G . N E .  1 )  G O  T O  600  

co NT 4: I TJ E 

IF (IPL,AG.GF. 2.OR.iFEAG.LT.O) PRINT 9 120  

WRITE (51,9121) SD 1 

D O S E 2 6 9 5  
D O S E 2 7 0 0  
D O S E 2 7 0 5  
D O S E 2 7 1  0 
D O S E 2 7 1  5 
D O S E 2 7 2 0  
D O S E 2 4 2 5  
DOSE2730 
DOSE2735  
D O S E 2 7 4 0  
D O S E 2 7 4 5  
D O S E 2 7 5 0  
D O S E 2 7  55 
D O S E 2 7 5 0  
D O S E 2 7 6 5  
DOSE2770 
D O S E 2 7 7 5  
D O S E 2 7 8 0  
D O S E  278  5 
D O S E 2 7 9 0  
D O S E 2 7 9 5  
D O S E 2 8 0 0  
D O S E 2 8 0 5  
D O S E 2 8  1 0  
D O S E 2 8 1  5 
DOS E2820 
D O S E 2 8 2 5  
D O S E 2 8 3 0  
DOS E 2 8  35 
D O S E 2 8 4 0  
D O S E 2 8 h 5  
DOS E 2  8 50 
D O S E 2 8 5 5  
D O S E 2 8 6 0  
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6 0  0 
- 6  

610 - - .  

6 2 0  

6 3 0  

. .  

.. . . _ -  

6 Y O  
650  

> 
660 
67 0 
680 

WRITEQ51,9122] SD3 
IF ( IPLAG.NE.2)  GO T O  610 
WRITE (Sl,9 123)  S D 1  
WBITE(51,¶ 1 2 4 )  SW1 
WRITE (51,9 1254 S D 3  
WAITE(S1 I 9 126) 5213 
WRITE (51,9 4273 L A E R R  
IF ( K P L A G - N E .  1 )  GO TO 620 
WRITE (51,9 628) 
WRITE (51,9 '129) 
WRITE (51 9 130) LA Y S U R  
WRITE (51,9131) LAMH20 
IF (NTRTT.NZ.1) GO TO 6 3 0  
WRITE 15 1 I 9 132) TDCF 
WRITE(59,9133) TDCW 
IF (NTRIT.EQ. 1) GO TO 650 
BRITE(51@ 9 0 3 6 )  P S U R N X  
HRITE(51,9537) FSUBFI 
WRITE(51,9038) B S U B V I  
YRXTE(51,9039) 
WRITE (51,901jO) BSUBV2 
WRIT E (5 1,904 1)  
WBITE(51,9042)FIIBH 
VRITE(51,9043) F l l N G  
WRfTE(51,9044) A H A D  
WRITE(51,9045) XSOL 
IF (I1.EQ.O) GO TO 640 
WRITE ( 5  1 , 9 046) 
WRITE (51,9047) 
WRITE (51,9048) 
WRITE(51,9049) 8AMIUC (11) ,P1 
PP (P2.EQ-0.)  GO TO 640 
WRIT E [ 5 1,9 05 0 1 NW MNUC ( I  2 )  ,, P 2  
IF (F3.EQ.0.) GO TO 640 
WRITE (51.9050) NATlNUC (13) ,,P3 

WRITX(51,9050] NAiYNUC 1x4) ,Fa 
IF [FS.EQ.O.) GO TO 6 8 0  
WRITE(51,gOSO) N A N N U C ( I . 5 )  ,P5 
C O N T  IN TJE 
C O N T I N U E  

IF IW,EQ.O.) GO TO 640 

DOSE2865 
DOSE2870 
DOSE2875 
DOS E2680 
DOS E20 6 5 
DOSE2890 
DOSE2895 
DOSE2900 
DOSE2905 
DOSE29 10 
UOS329 15 
DOSE2925 
DOSE2925 
DOSE2930 
DOS E 2  93 5 
DOSE2940 
DOSE29115 
DOSE2950 
DOSE2955 
DOSE2960 
DOSE2965 
DOSE2970 
D (is E 297 5 
DOSE2980 
DOSE2985 
DOSE2996 
DOSE2995 
DOS33000 
DOS E3005 
DOS E30 10 
DOSE3015 
DOS E3020 
03SE3025 
DOSE3030 
DOSE3035 
DOSE30 40 
DOS E30 Y5 
DOSE3050 
DOSE30 55  
DOSE3060 
DOSE3065 

BRIT E (5 1 9 1 3 4) DOSE3070 
WRITE (51,9 135)) DOSE30 75 
WRITE (51,9 136) DOSE3080 
WRITE (51,9 137) DOSE3085 
WRITE[51,9072) DOSE 3090 
DO 670 J=I,NUMORG DOSE3095 

TF ( N A N O R G ( J )  ., N E . N A M E S  ( K ) )  G O  TO 660 DOSE3105 
C A S B A = C P S B A * F R O G  (K) DOSE31 1 0  
CASUR=CFSUR*FROG (K) DOSE3115 
C A S B W = C F S B B * F R O G  (R)  DOSE3125 
WRITE(51,9138) N A i f O R G ( J )  .CFINHA (JJ , C F I M G A  (J) * C A S B A , G A S U R ,  3QSE3125 

C A S B W  DOSE3130 
CONTINUE D O S E 3 1  35 

C O N T I N U E  DDS E3 140 
CONTINUE D O S E 3  1 4 5  

DO 660 K=l, 11 DOSP3 100 

. 

. - C S T A R T  OF H A X I B I Z I N G  C A L C U L A T I O N S  FOR THE I N D I V I D U A L  DOSE OPTION DOSE3150 
_ -  

e 
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I F  ( L I P Q . E Q . l )  GO TO 850 
DO 8 4 0  J=1,11 

D O S E 3 1 5 5  
DOSE? 160 

69 0 

T O O  
> 

> 
> 
> 

790 

> 

> 
> 

720  

730 

740  
3 5 0  

D O s P 3 1 6 5  ADSE=O 
DO 750 N O = N O I . , N O U  DOYE 3 170 

D 0 5 E 3 1 8 0  DSE=O 
A K R = O  D OS 17 3 1 8 5 
BKR= 0 D O S E 3  190 
D K R - 0  D O S E 3  195 
ERR=O D O S E 3 2 0 0  
VEG=O D O S E 3 2 0 5  
BEF=B D O S E 3 2 1 0  
AME-0 D O S E 3 2  15 
DO 7 3 0  I=l,IBUCS DOSES220 

A C = A C O ~  (I, N O M M  ( i C q  , N m P i  ( I ,  J)) D O S E 3 2 2 5  
iP (AC.EQ.0.) GO TO 690 D O S E 3 2 3 0  
A K R = B R Y O D I  (T ,J ,  1) / R C * K O N  ( i , W O ,  N R ]  t A K R  D O S E 3 2 3 5  
BRR-ORROD1 {X,d,?) /AC*ACOB (I# KO, NR) +BKR D O S E 3 2 4 0  
BCZGBUP [ I , N O Y P i  {Ins) ,NRY3 {ISS)) D O S E 3 2 4 5  
IF (5C. EQ.0) GO TO 700  DOSE3250  
DRH-ORXODI [I J, 3 )  /BC*GBUP (ir 80,  R R )  + D K R  D O S E 3  2 5 5 
E R R - O R R O D I  (I,J,S) /BC*GBUP (P.AO, YB) +EKH D O S E 3 2 6 0  
IF [ N & i . l W C ( I )  . E Q . N A D e C l . o R , N A ~ ~ ~ ~ ? e ( I )  . E Q . N A D E C 3 )  G O  TO DOSE3265 

798  DOS Y377 0 
ZP ( B C 3 Q . O )  GO TO 7 2 0  DOSE 3375 

DOSE3280 
DOSE378 5 

RBP=OBNODI(i,J,7) * ( G F I N  ( I , N O , N R ) / ( G P H M q I , N s a n ( I , J ) ,  DOSE3290 
D O S E 3 2 9 5  

A f l R = O I I I O D i  [ I , J E 8 ) * ( P I N G  (r,Wo,NH3/(PINe(r,NoaM(I,J), DOSE3300 
D O S E 3 3 0 5  

GO Ti) 720  D O S E 3 3 1 0  
A@O=BCOX( l ,NO,WR)  Dose 33  15 
YE(;= (P IV"RCO+P2P*VAGAC ( I ) )  / (PIV*AC+P2V*VAGAC (I) t.1. E-- D O S E 3 3 2 0  

601 1 * O R M U D I  (T ,J ,6 )  +VEG D O S  E3325 
BEY={ (PIB*BC06F2B*aAGAC(I)) / ( F 1 f l * A C + P ~ B * B W G A C  (I) t.1.E- D O S P 3 3 3 0  

A a ~ = ( ( a r f l ~ w c o + P 2 a e ~ u s A C ( I ) )  /(F;~*WC9P2n*~BGAe(I% + l . E -  D O Y E 3 3 4 0  

CONTINUE D O S E 3 3 5 0  
T I I G = V EG+ B E: F+ A PI T; D O S E 3 3 5 5  
IF ( N A H I W C  (I). EQ. NADEC1)  ZING-TING+ACO*TDCW D O S E 3 3 6 0  
D S E r B K R + B K R + D K R + e K B * % % N 6  D O S E 3 3 6 5  

I F  (DSE.LT.ADSE)  G O  TO 7 4 0  D O S E 3 3 7 0  
A DS E=DS E D O S E 3 3 7 5  
NOflL ( J )  =NO D O S E 3 3 8 0  
NRHF, (J )  = W R  D U S E 3 3 8 S  
CONTINUE D O S E 3 3 9 0  

C O N T I N U E  D O S E 3 3 9  5 
N O l N O H L  ( J )  DOSE31100  
NR-RRBBL (LJ) DOSE3405 
DO 830 I=S,HIUCS D O S E 3 4 1 0  

AC=lhCON (I p NOHM ( I C J )  NRiTH (i I J )  ) D O S E 3 4 1 5  
ACI=ACON(I,NO,NB) D O S E 3 4 2 0  
PP (ACT.EQ-0,)  GO "426 760  DOS E3425 
ORMODI (.I,J, 1) =ORMOD1 ( I , J ,  1 ) / A C * A C I  D O S E 3 4 3 0  
O R M O D I  ( I q J s  2) -ORHOD1 ( T s J r  2 )  / W C * A C I  D O S E 3 4 3 5  
GO TO 770 D O S E 3 4 4 0  

D O  7QO NH=NR&,NRU DOsa3175 

V EG 0 BM 0 D I ( 1 J 6 ) * ( f 1 Q ( I 9 10, NE: 3 ,' (K 1: Q ( P: I N 0 HIT (I I J ) , 
NHEH (1,J) )*1.2-60))  4VEG 

N R M M  (I, J)  ) * I .  E - 6 0 )  1 *BEF 

N K M H  ( I  J )  ) + 1 + E - 6 0 )  ) 4 BElE 

60) ) * O R N O D I  (1, J , 7 )  + B E P  D O S E 3 3 3 5  

6 0 )  ) * G R R O D I  (I, 5 , 8 )  + A H E  DOSE? 345 
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C 
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WRITF ( 5 1 , 9 0 5 4 )  DOSF3735 
G O  TC 9 2 0  DOSE3740 

9 1  0 WHITE ( 5 1 , 9 0 5 5 )  DOST37Q5 
920 WRITE ( 5 7 , 9 0 5 6 )  DOSE3750 

3OSE3755 
WRIT F ( 5  1,9 0 5 8 )  DOSE3760 
A L E  P = Z I  PO DOST3 765  
DO 960  NO=HOL,HOii  D O S E 3 7 7 0  

DO 950 N R = N R C , N R U  DOSE3775 
ACOP=ACON (I,WO,WR) *I .  E-6*"(LlP* (IWTPA (??O, N R )  -1,) + 1 .) DOSE3780 
Ga4 P=GE U P [I I N O ,  N R ) * (AL I P * (I NTP A ( N O  , N R )  - 1 - ) + 1 . ) DOSE3785 
P I O P = ( K l Q ( T , B O , P 1 R ) + G 7 I T L N  ( I , P I O , N R )  + P I W  ( I , M O , N R ) ) *  (ALIP* DOSE3790 

> (INTPA ( B 0 8 N R )  -1.) + l . )  DOSE3795 
FINH=ACON(I,NO,NR) *3RTHXl?*8760. * ( A L I P *  (IHTPA (N0,NR)-1.)  + DOSE3800 

> 1.) DOSE38 03  
DOSE3810 
DOSE381 5 ik ( N A M N r f r 7 ( I % . E Q . N A D x n )  GO P O  9 3 0  

R R E T E  (7  5) ACUP,GB TP,FIOP ,FINK DOSF382 0 
G O  TO 9 4 0  DOSE3875 

DOSE3830 
 WRITE^^^) FEQwL,waL DOSE3835 

94 0 COWTIWiJ E 90.5 F38YO 
95 0 CONT i NU E DOSE3845 
9 6  0 C O N T I N 5 E  305733850 

W R I T E ( 5 1 , 9 8 6 0 )  D O S E 3 8 5 5  
IF (LIPO. EQ.  1 )  W R L T E  ( 2 5 )  IT?TPA DOSE3856 

970  CONTINUE DOSE3860 
980  CONTINUE DOSE3865 

CALL DOSMIC (NTTB, N U T 8 1  DOSF3870 
9 9 0  STOP DOSE3873 

FETUBN DOSE3 8 8 0 
9 0 0 0  FORPlAT(8E10.3) DOSE3885 
9 0 0 1  POBMAT(P11,TY2, DOSE3890 

> 'OPTIONS S E L E C T E D  FOR DOSE A N D  I W r A K E  C B E C U L A T I O W S * )  DOSE389 5 
9 0 0 2  FORITAT( 0 0 ' 8 T 2 0 ,  'CALCULATIONS A R E  PIADE FOR T H E  Y A X I B A L L Y  - E X P O S E D  INDOSE3900 

>CIVIDt?AL, I )  DOSE3905 
9 0 0 3  F O R ~ A T ( * O ' , T 2 0 , ' C A l , C U L A T I O N S  A R E  B A D E  FOR T H E  POPULATION.') D O S  E39 '0 0 
9004  ',120,'TABLFS F O R  EACq N U C L I D E  L i S T l N G  DOSES BY ORGAN ANDDOSE3915 

> PATHWAY AT EACH r lNVIRONMZNTWL LOCATSOW ARF' OHITTEE). * )  DOSE3920 
9005 PCRMATfS ',T20,'TAELES LISTTVIG DOSES B Y  O R G A Y  A N D  PATL1WAY RT EACH D O S F 3 9 2 5  

> E N Y I R O N N E N T A L  L O C A T I O N  A R E  P B I I T E D  FOB ' ,12, ' NUCLIDES')  D O S E 3 9  3 0 

> C A R D S P )  DOSE 3 9  40 
3007 FORPIAT ( I ,T20 ,  'ENBTRONNEHTAL CONCENTRATIONS A N D  I N T A K E  BRTES BY fiIDOSE3945 

> A N  FOR EACH NISCC1[Di? A R E  P R I N T E D  AWD WRITTEN UNFOBPIATTED.')  DOSF3950 
9 0 0 8  POQVAT ( ' ,T20 ,  ' D O S E  SUEHABY TABLES ARE PRINTED') D O S  E39 5 5  
3 0 0 3  PCRMAT(' ',T20, 'WORKING L E V E L S  A R E  CALCULATED POW RN-222 I F  IT IS D O S E 3 9 6 0  

> I N  THE SOURCE T E R M P )  DOSE3965 
9010 F O R n A T ( O O ' , T 1 3 , ' E P P E C T f V F  SURFACE D E N S I T Y  O F  S O I L  ( K G / S Q .  M, DRYE,DOSE3370 

9011 F O R R B T I B 0 1 8 T 1 3 , 1 P E R I O D  OF LONG-TERM 9UILDWP FOR I ,  DOSE3980 
> 'ACTIVITY IN S O I L  ( Y E A R S )  ' , T l l O , E 1 2 , Y J  D O S E 3 9 8 5  

9017 P O R R b T ( 1 0 ' , T 1 3 , 1 T t H E  DELAY--INGESTION OF PASTWRE G R A S S  BY DOSE3990 

DOS EUOO 0 9 0 1 3  FORiTAT('O',T13,'TTME DELAY--INGESTION 13P STORED PEED EY ', 
> 'ANIMALS ( H R )  ' , T l l O , E 1 2 - 4 )  DOSE4005 

9 0 1 4  FORNAT(wO'8T13, 'TIIYE D E E B Y - - I N G E S T I O N  OF LEAFY VEGETABLES * ,  DOS E 4 0  I 0 
> ' B Y  M A N  ( H R ) '  , T 9 1 0 , E 1 2 , 4 )  DOSE40 9 5 

N R I T F  4 51 , 9 057) 

WRITE ( 5  1.9 0 5 9 )  NO, IDi ST ( N R )  , ACUP ,GE X P ,  F I O P ,  FINH 
-1 

9 3 0  W AL=FE QWL 4 1 0.3 ACO X ( I, NO, 57 R 1 * 4 A L IP * (I NT PA ( NO, N R )  - 1. ) + 1 . ) 

9006 FORPIAT f u  * , ~ 2 0 ,  ' D O S E S  B Y  N ~ C L I D E , O R G A N ,  A N D  PATHWAY P U M C H E D  O R D O S E 3 9 3 5  

> WEIGHT) (ASSUaES 1 5  CPI PLOW LAYFH)',T1IO,E12.4) DO s E 3 9 7 5 

> ' A N I M A L S  (HR) a , T l l O , E 1 2 . 4 )  DOSE3995 
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. . -  

8 

- . c  

9015 F Q R ~ B T ( ' O ' , T 1 3 , ' T I B E  DELAY--INGESTION OF PRODUCE BY 9 ,  ' M A N  (HR) 0 # D O S E 4 0 2 0  
? T l l O , E 1 2 . 4 )  D O S E 4 0 2 5  

9Q16 FORMAT~'O',T13, 'RZHOVAL RATE CONSTANT PUR PHYSICAL LOSS BY a ,  DOSE4030  
> 'WEATHERING (PER H O U R )  8 v T 1 1 0 , 3 1 2 , 4 )  DOSE4035  

9011 FORfiAT('D',T13, * PERIOD OF EXPOSURE DURING GROIING SEASON--* , DOSE4040  
> 'PASTURE GRASS (HR) * , T l l O , E 1 2 , 4 )  DOSE4 OU 5 

9018 PORHAT( 'Og ,T13 ,  'PERIOD OF EXPOSURE D W R I N G  GROWING SEASON--a, DOS E40  50 
> 'CROPS O R  LEAFY VEGETABLES ( H R )  ' , T l l 0 , E l 2 , 4 )  90SE4055 

9019  F0RMAT(@OgvT13,'AGRICU~T~RAL PRODUCTIVITY B Y  UNIT AREA q ,  DOSE4060 

9 0 2 0  F O R ~ A T ( ' 0 1 , T 1 3 , ' A G R I C U ~ T U R A L  PRODUCTIVITY B Y  UNfT AREA t v  DOS E4 0 7 0 
> ' (GRASS-COB-MILK-MAN FBTHHAY (KG/SQ. NETER)) ' , .T l lO ,E12 .U)  DOSE4065 

> (PRODUCE O R  LEAFY VEG INGESTED BY N A N  ( K G / S Q .  HETEB)) u , T 1 l O ,  D O S E 4 0 7 5  
> E12 ,U)  DOSX4080 

9027 F0R~aT('O9,T13,'FRACTIOM OF Y E A R  ANIHALS G R A Z E  ON PASTURE q e  T l l Q , D O S E 4 0 8 5  
> E12 .4 )  DOSEISO9Q 

9022 fORMAT('O',T13,'PRACTION O F  DAILY PEED THAT IS PASTURE G R A S S  g e  DOSE4095  
> 'WHEN ANIMAL GRAZES ON PASTORE' ,T11O8El2 .4 )  DOSE4 100 

9 0 2 3  F O R N A T ( ' D ' , T 1 3 . ' C O N S U N P T ~ O ~  RATE OF CONTAMINATED FEED OR PORKSE * , D O S E 4 1 0 S  
> 'BY A N  ANIBAL I N  K G / D A Y  (RET U E I G H T ) ' , T l l O , E l 2 . 4 )  DOSELIl10 

9024 FORMXT (8Ofl ,T33,*TRANSPORT F I R E  PROM I N I R A L  FEED-HILK-NAN (DPiY)  e DOSE4115  
> T l l O , E 1 2 . 4 )  D O S E Q 1 . 2 0  

9 0 2 5  PORNAT[q0* ,T13 , 'RATE OP INGESTION OF PRODUCE BY M A N  (KG/YR)*, D O S F 4 1 2 5  
? T l l O , E 1 2 , 4 )  DOSE4 130 

9026 P O R Y A T ( ' O g , T 1 3 v w R A T E  OF INGESTION OF MILK BY M A N  (LITERS/YR)  DOSE4735  
> T l l Q , E 1 2 . 4 )  DOSE@ 340 

9 0 2 7  PQRMRT('O'0T130 @RATE OF INGESTION OF HEAT BY 14AM (KGPYR) * #  T110, DOSE4945 

9028  FORHAT ( r O g  ,TI 3, BATE OF INGESTION OF LEAFY VEGETABLES BY M A N  a DOSE4155  
> ' (RG/VR) q p T 1 1 0 , E 1 2 - 4 )  DOSE4160 

9029 FORHAT(*O'gT13, 'AVERAGE TIME PROM SLAWGHTER OF NEAT APIMZ\'I, TO UOSEO165 

9030 PORHWT('O',T13. 'FRRCTXOI! OF PRODUCE INGESTED GROWN I N  GARDEM DOSE4175 

9031 PO%MAT('01,T13,'PRACTZOW UP LEAFY VEGETABLES GRORN IN G A R D E N  * I  DOSE4165  
> 'OF INTEREST' ,  T 110 E l  2 . U )  D O S E 4  I90 

9032 F O R N X T ( 5 I U , 5 E 1 0 . 3 )  DOSE4 195 
9633 DOSE4200 
9034 F9RFlAT (A8 ,T108E1 0.3) DOSE420 5 
9035 P O R M A T ( T I I , E I O . ~ )  DOSE4210  
9036 FOR~AT( 'O ' ,T13 , 'AVERAGE PRACTION OF AN1MAG"S DAILY XlUTAKE DOSE421 5 

> E12 .4 )  DOSE422 5 
9037 POBMAT{*O',T13,'FBACTIOM OF A N I R A L " S  D A I L Y  INTAKE OF NUCLIDE *, DOSE4230  

> 'WRXCH APPEARS I N  EACH KG Of FLESH ( D A Y S / K G )  I T 1 1 0 , E 1 2 , 4 )  DOSE4235  
9038 FORBAT ( 'O ' ,T13€  'CQNCENTRATIOW FACTOR FOR UPTAKE OP NTJCLIDE FROM SODOSE4240 

>IL F O R  PASTURE AND FORAGE',T110,E72. 41 D O S E 9 2 4 5  
9 0 3 9  FORHAT[' ',T20,' (IN PCIJXG DRY WEIGHT PER PCI/KG D R Y  SOIL)  * )  DOSE4250 
9 0 4 0  FORnAT('O',T13,'CONC~NT~ATION FACTOR FOR UPTAKE O F  XUCLIDE FROR SDDOSE4255  

>PL BY EDIBLE PARTS OF C B O P S " , T 1 1 Q , E 1 2 . Q )  D O S E Q 2 6 0  
9 0 4 1  FORMAT(* '8T20,' (IN PCI/KG WET REIGHT PER PCIfKG D R Y  SOIL)  @ I  DO5 E 4 2  6 5 
9 0 4 2  P O R M A T ~ a O * 0 T 1 3 , m G I  UPTAKE FRACTION [XNHAEATION) ' , T 1 7 0 , E 1 2 , 4 )  DOSE4270  
9 0 4 3  P O R t i ~ ' I ! ( ' O ~ , T 1 3 , ' G I  UPTAKE FRACTION ( I I G E S T I O N ) '  , T l l O , E 1 2 . 4 )  DOSE4275 
9OU4 FORtiAT ('0' ,T13,' PARTICLE S I Z E  ( I I ICRQBS)  $3'1 1 0 , E 1 2 , 4 )  DOSE42 8 0 
9 0 U S  F O R ~ A T ( @ O ~ , T 1 3 , ~ 5 O L U B I L I T Y  CLASS' v Y 1 l O , A 1 )  DOSE4 28 5 
9046 F03RAT ( 'O' ,T20, 'CONCENTRATfONS ON GROUND A N D  WATER INCLWDE CONTRIBDOSE4290 

>UTIOBS RESULTING FROM DOSE4295 
9 0 4 7  FORFIAT(' ',TZO,'DECAY OP THE POLLOPING PARENT NUCLIDES AFTER DEPOSDOSE4300 

>ITION-- ') D O S E 4 3 0 5  

? E72.4) DOSEQ 150 

> 'CONSUMPTION (DAY) @ , T I  1 0 , E 1 2 . 4 )  D Q S E Q  370 

> a OF INTEREST'  ,T 1 10, E1 2 .4 )  DOSE4180 

PORN AT (T 11, A 1 ,TI 5 ,E  1 0 . 3 , T 2 7 ,  E 10.3) 

? 'OF NUCLIDE WHICH APPEARS I N  EACH L OF MILK {DAYS/L}', T l I O ,  DOSE&220 
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..... 

- '. 

. 1, 
... 

9087 P O R ~ A T ( g O ' , T 1 3 , ' 8 T N I M U ~  FRACTION NEAT INGESTED FROM OUTSIDE AREA',DOSE46OO 
> T l l O , E 1 2 . 4 )  D O 5  E 4 6 0  5 

9088 P Q R ~ A T ( ' 0 8 , T 1 3 , ' M I N l M U ~  FRACTION MILK INGESTED FROM OUTSIDE AREA',DOSE4610 
> T I l O , E 1 2 . 9 )  DOSE461 5 

9089  F O R f i A T ( ~ O ' , T 1 3 , ' I N H A L A T ~ O N  RATE O F  M A N  ( C U B I C  CENTIRETFRS/HR) ' ,  DOSE4620 
> T11O,E12.4) DOSE4625  

9090 FORMAT ( ' Q ' , T 1 3 ,  v B U I L D U P  T I M E  FOR RADIONUCLIDES DEPOSITED O N  GROUNDDOSE4630 
> A N T )  WATER (DAYS) r,!l!110,E12.4) DOSE4635  

9091 POBMAT(wO',T13,'DILWTION FACTOR FOR WATER POR SWIPlFIIG QCM)' ,T170,DQSE4640 
> E12.U) DOSE4b45 

9092 PORMRT ( ' 0 ,T 13, ' FRACTION O F  TIHE SPENT SBLMklINGn .T 1 10 , E  12.4) DOSE4650 
$043 PQRMAT(*O',T13,'MUSCLE M A S S  O F  B N I H A L  AT SLAUGHTER (KG) ',T110, DOSE4655  

> E 1 2 - 4 )  DOSE4660 
909U PORMATI'O"T13, 'PAttOUT INTERCEPTION P ~ ~ C T I O ~ - Y ~ G ~ T A B L E S ~ ,  T110, DOSF4665  

9 0 9 5  FORMAT('O"T13,'PALLOOT INTERCEPTION P R A C T I Q N - P A S T U R E q , T l 1 0 , ~ ~ 2 . 4 ~ D O S E 4 ~ 7 5  
9096 F O R M ~ T ( 1 0 ' , T 1 3 . q F R A C T I O N  OF ANTHAY, HERD SLAUGHTERED PER D B Y ' , T l l O , D O S ~ 4 6 8 0  

> E12-4) DOSE4685  
9097 FOBMAT('Oa,T13, "ILK PRODUCTXON OF COW fLITERS/DAY) ' , T l l O , E 1 2 , 4 )  DOSE4690  
9098  PORMAT('Om,IT1 3, 'FRACTION OF RADIOACTIVITY RETAINED ON LERPY VEGXTADOSE4695 

9099 FORnATI ' l ' , ,TS l , 'CORPDTZD VALUES FOR THE A R E A Q )  DOSE4705  
91100 FORHATI'O',T13, 'TOTAL POPULATION',TI 1O,P12. 1) DOSE47 10 
910 1 FORMAT ( '0 I, T 1 3 ,  ' TOTAL NUMBER OF MEAT ANZMAL Sg , T 1 1 0 , $ 1 2 )  DOSE471 5 
9 1 0 2  F 0 R M A T ( ' O o ~ ~ 1 3 , ' T O T A L  NTIEQBER OF BILK CATTLEys,T110,112) DOSE4720 
9 1 0 3  FORHAT [ '0 .T 13, DOSE4725  

9 1 0 6  PORMAT('Og,Tl3, 'TOTAL MEAT CONSaMPTION [RC PER Y E A R )  (I , T l l O , E d 2 , 4 )  DOSE4735 
9105 POFMAT('O*,T13, 'TOTAL BEAT P R O D U C T I O B  (KG PER YEAR] 8 , T 1 1 0 , E 1 2 , 4 f  DOSE4740 
9106 FORMAT( * O a  ,T13, 'TOTAL WILR CONSUflPTION [LITERS/YEAB) (I , T l l O , E 1 2 . 4 )  DOSE4745 
9107 FORMAT( 'O ' ,T~3 , 'TOTAL N I L K  PRODUCTION (LITERSJYEAR) * , T 1 1 0 , 2 1 2 , 4 )  DOSE4750 
9108 FORHAT ( e O ' , T 1 3 c  'TOTAL VEGETABLE FOOD CONSURPTION (KG PER YEAR9 *, DOSE4755 

3 T l l O , F 1 2 . 4 )  DOSE4760  
9109 FORMAT('O',T13,'TOTAL VEGETABLE FOOD PRODUCED [KG PER YEAR) ' ,T910 , i ?OSE4765  

> E12.4) DOSE4770 

91 A 1 FORMAT ( 1 1 F S - 3 )  DOSE4780 

9113 FORMAT(* 1',T42, 'RESULTS OF DOSE COMPUTATIONS ?OB NOCLIDE * # A 8 )  DOSE4790 
91 lld FORMAT ( '0"  , T I  5,OAREA' .T26, ' O R G A N '  .T60 ,  DOSE479 5 

> *DOSE T H R O U G H  EACH PATHWAY (REMS/YEAH) ' )  DOSE4800 

9116  F O R ~ A T ( o O a , T 4 0 , ' I N H A L A T I O M * , T ~ ~ ,  'SUB#eRSION9,T70,'S~RPRCE",T85, D O S T ( U 8 1 0  
> @IINGESTION' ,T100,' SUBMERSION', TI 17, 'TOTALv) DOSE4815  

9117 PORPKAT(m ' ,T5?,'IN ATR8 .T69, 'EXPOSURE' ,T102,  'TN WATER') DOSE4820  
9 1 1 8 FORB AT [ ' e , T 1 3, I2 ,T 20,12, T 2  5, A 8, T 40, E 10.3 T 5  5, E 1 0 , 3  I T  70, E 1 0.3 ,T85 DOSE482 5 

> El2.4) DOSE467 0 

>BLES A N D  PRODUCE AFTER WASHING',T1IO,E12.4) ~ 0 ~ ~ 4 7 0 0  

3 *TOTAL AREA O F  VEGETABLE FOOD CROPS (SQUARE METERS) ' . T l l O , E 1 2 . 4 )  DOSE4730 

911 0 FQRHAT ( I 1 0 ,  U E l Q .  3,1 IO, 2 E 1 0 - 3 )  nose4775 

9 1 '1 2 FORFIAT ( 2 E 1 0 , 3 , I l i l  6P8.4) D O S E U 7 8 5  

9115 FOR#&T('O$ @ T 1 l r  'COLUfl!T* ,T20, ' B O W ' )  D O S E ~ ~ O ~  

> E 1 0 , 3 , T 1 0 0 , E l O .  3, T I  15,ElO..  3 )  DOS E4 8 30 
9 11 9 FOBHAT ( '  1 * ,T47, ' L I S T  OF INPUT O i l T A  FOR NUCLIDE ' , A 8 )  DOSE4835  
9 f 2 0 FORMAT ( ' 0 I, T 1 3, PLA G ERROR ' ) DOSE4840 
9 129 FORNBT ('0' ,T13, FALLOUT INTERCEPTION FRACTLON-VEGETABLESu, TT 16, DOSP4845  

> E12.4) DOSE4850  
9 122 PQRMRT 0 @ , T 13, FALLOUT 1 NTERCEPTION FRACTI OW-PASTURE * , "17 0 , E 1 2 . 4 )  DOSE4855  
9'123 PORMBT ( ' O u , T 1 3 ,  'FALLOUT INTERCEPTIOV P R A C T I O N  (DRY) -VEGETABLES*, DOSE4860 

> T 1 7 0 ,  E 1 2 . 4 )  DOSE4865 
9124 FORMAT ('0',T13, 'FALLOUT INTERCEPTION PRACTfON(~ET)-VEGeTA~LE$', DOSE4870  

> TIlUI, E12 .4 )  DOSE4875 
9 12 5 POREAT ( 0 * T 13, ' FALLOUT INTERCEPTION FBACTI O N  (DRY) -PASTURE' , l! 110, DOSE4880 

> Zi12,U) DOS E4885 
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9126 FORMAT ('01,T13, 'FALLOUT INTERCEPTION F R A C T I O N  (WET3 -PASTUREs T W O ,  DOSE4890 
> E12. 4) D O S E Q 8 9 5  

9127 ~ O B ~ ~ A T ( 1 0 ' , T 1 3 b s E A D X O ~ ~ T ~ ~ E  DECAY C O N S T A N T  (PER D A Y )  E ,TllO,E12.4) DOSE4900 
9128 FORFIAT ('O1,T25,'RADXOACTIVE DECAY FOB SURFACE EXPOSURE AND FOR UATDOSE4905 

> E R  I I l f l E R S I Q N  PROCEEDS I N  ACCORDANCE WITH THEq& DOSE4910 
9129 FORHAT(' ',T25, sEPFECTPVE DECAY CONSTANT IN THE PLUNE TNSTEAD OF TDOSE4915 

>HE ABOVE V A L U E ' )  DOSE4920 
9330  P O R f i A T ( ' O ' , T 1 3 0  s E N V I W O N M E N T A E  DECAY CONSTANT--SURFACE (PER D A Y )  a ,  DOSE4925 

> TllO,E12.4) DOSE4930 
9431 P O R M A T ( ' O ' , T 1 3 , 0 E N Y ~ R O B n E N T A k  DECAY CONSTANT--WATER ( P E R  DAY) ', DOSE4935 

> T11O,E12.4) DOS E49 40 
9132  POREBAT ('O',T13, @ D O S E  C O N V E R S I O N  FACTOR PQR FOOD I N G E S T T O N  (REH-CC/DOSE4945 

>P@.C-TEAR) ' , T 1 10, E 12.4) D O S E 4 9 5 @  
9133 P O R F l A T ( g 0 1 , T 1 3 ,  DOSE C O N V E R S I O N  FACTOX F O R  WATER I N G E S T I O N  (REPI-CCDOSE4955 

> / X I - Y E A R )  ' ,T 180,  El 2- 4) DOSEb960 
9 1 3 4  POB~WT(~~'.P§5, 'DOSE C O N V E R S I O N  FACTORS*) DOSE4965 
9135 FORPIAT ( 'O' ,T5,  " O R G A N  ,920 INHILATIONP , T38, 'INGESTION',TS&, DOSE4970 

> ' S U B B E R S I O N  IN A I R ' , T 8 3 , ' S U R P b @ E  EXPOSURE8 ,T107, DOSE4 975 
> 'S iSBBERSION IN WBl'ERPj DOSE4980 

9136 FOBWWT [ '  ',TI'], ( R E M S J I l I C R O C U X I E )  ',T34,' (REAS/MICROCURIE) ' ,T59, DOSE4985 
> ' (REPIS-CUBIC. CM/',T83, ' (REPiS-SOQARE Cil/',T109,' ( R E X S - C D B I C  CaC/') DOSE4990 

913'3 P O R N A T ( '  ',T60,'nXCBOCURlC-HR) ',T84,'HICRnC~RIE-HR) ' , T I  10, DOSE4995 
> 'MICROCU2IE-WR) ' )  DOSE5000 

9 " r 8  F O R B A T  ( ¶  DOSE5305 
> E 1 0 . 3 )  D O S E 5 0  I O  

9139 FORflAT{A8) D O S E 5 0  15 
9 140 POHEAT ( 6 2  10-4) DOSE5020 

END DOSE5025 

' ,T4,AB,T2 1 , El 0.3, T38. E IO. 3 ,T61  ,El 0.3,T86, E l  0.3, TI 11, 
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- ... 
FUNC TXON CV (I, LA Pix, DEPR AT , GCRU, T S UBE I Y S U E V I TSWB H I €3 cv 

C CALCULATES THE CONCENTRATION OF NUCLIDE 7 IN A N D  ON VEGETATION U S T N G  CY 
C EQ C - 5 ,  R E G  GUIDE 4.109-25, THE INPUT PARAMETERS ARE DEFINED AS POLLOHCV 
C cv 
C I P ND E x E s w n CL I DE Cib 
C LAMI RADIOACTIBE DECAY COtTSTANT F O R  T R E  N U C L I D E  ( H R * * - l )  C B  
C DEPLlAT DEPQSITXOET RATE OF RADIONUCLIDE I QBTO GROIIWD CV 
C AT THE G I V E N  LOCATION [ P C I  /M**2-NB) CV 
C T S U B E  PERIOD OF CROP, LEAPT VEGETABLE, OR PASTURE GRASS EXPOSL?ICV 
C DURING G R O W I N G  SEASOY (HR) cv 
c YSUBV AGBICOLTURAL PRODUCTIVITY B Y  'OMIT A R E A  (f'lIEBSURED IN WET CV 
C ' rJEfGHT) (KG/IYI**2) c v 
C TSUBB TIME D E L A Y  BETWEEN B A R V E S T  OF VEGETATTON O R  C R O P S  1 N D  
C INGEST1011 (HR) cv 
C R FRACTION OF DEPOSITED ACTIVITY RETAINED CY 
C ON CROPS, DIMENSIONLESS CV 
c cv 

REAL In~EI,LA~I,LA~RR,LAnW CV 
CONMOM @NGDOSfiAHW TS'ORS, E", BSTJEV,DR ,, RATTR r: v 
CQPlFJtIN /OfOM/ NA HNUC ( 3 6 )  , WORD, N N  UCS, BIG A Y  (3  6 )  R R ,  SQ SD I BCOW ( 3 6 , 2 0 ,  C V  

P 20) ,GCON(36,20,20) , L I P Q , N O F l P I ( 3 6 , 1 1 )  . N R ~ P I ~ 3 6 , 8 7 ) , O R ~ O D I ( ~ ~ ~ ~ 2 ~ ~ ~ ,  CI 
> VD (36) ,VDCOEF (20.20) ,NOL, NOU,NBL,IBU cv 

'A E AL* 8 NA MNUC P 0 R D PV 
C THE BPFECTIVE R E R O V A I ,  RATE CONSTANT POEL THE RADZOYUCLIDE FROH CROPS C B  
C I N  ,PIR**-d 1 5  (REG G U K D E  1.609-4) CV 

LAME% = L I M I  + ZAMW cv 
C WWERE EASW IS THE REPIOVAL RKTE CONSTANT FOR WEATHERING-  c v 
C CY 
C TRE FOILLOPING CODE CALCULATES CV= C ~ ~ ~ E ~ ~ ~ A ~ I ~ ~  OF' N U C L I D E  I r J S l N G  EQ C V  

STVBB=TSUBB*8760 CB 
ALT=LAMEI*TSUBE CY 
IF (ALT.GTe0,03) EO TO 10 csp 
XIVD 1 = ( R * D R / Y S U B I )  * ( 0.2 6 6 6 6 5 73 A 1. T- 0.5 ) * A L T + TS U U E 1 cv 
GO TO 2 0  cv 

1 0  X N U ~ ~ = ~ ~ * ~ R ~ ~ ~ U B ~ ~ *  ( (s ,o-EXPC-IAaEr*TsnBE) 1 /LAHEI)  cv 
2 0  CONTINUE C V  

ALT=IAKT*STOBB CB 
IF (ALT.6T,Oa03) GO TO 30 F V  
XNUD2=(BSUEV/P$ * ((0.,1666667*ALT-O,5) *BLT+STUBBJ CP 
GO TO 418 C V  

3 0  XNUDZz (BSUBV/P)  * 4 (1 0-EX?? [ -LAHI*STUBB) 1 /LkKT) c 0 
4 0  CONTINUE CY 

SUB=XNUD1+XMUD2 cv 
P R O W  SUM* EXP [-LA flI*TSUB €I] CY 
S D 8 2 = XEJ UD 2 CV 
PRODZ=S UEIZ+E X P f -LAHI*TSW H) cv 
R ATfJA= S UM 2/5 @PI c'd 
CV CCRU * PROD + (DEFSAT-GC3.U) *PROD2 CB 
RETURN CV 
END cv 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
5 5  
6 0  
65 
70 
75 
8Q 
8 5  
90 
95 
100 
705 
110 
115 
130 
1 2 5  
130 
135 
140 
145 
150 
1 5 5  
160 
165 
170 
175 
1 8 0  
185  
'899 
49 5 
200 
20 5 
210 
21 5 
3.20 
225 
230 
23 5 
240 
245 
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SUBROUTINE R V A L U E  ( I F L A G ,  R O D E ,  1, N O , N R , R )  R V A L  0 
COMMON J R P A L /  S l , S 3 , S D l , S D ~ , A C Y , G C ~ , S W ~ , S ~ 3  R V A E  5 
COPIFION /OCO?i/ N A H X U C ( 3 6 )  , P Q R D , M N 1 4 C S , A N C A M ~ 3 6 )  ,RB,SQSD,ACON(36,?0, R V A L  10 

15 > 20) ,GCOW (36,20 I 20)  ,CIPO, N O N H  ( 7 6  , 11) , NRPIZI (36,11) , O R E l O D I  (36,12,8) ,  R V A L  
> V D ( 3 6 )  ,VDCOEF(20,20) ,NOH, ,ROU,  B R L , N R i J  H V A L  2 0  

R E A L * 8  N A A N U C , W Q R D  R V A L  2 5  
C T B I S  S U B W O ~ T I I J E  A S S I G N S  A VALUE TO T H E :  P A R A M E T E R  R V A L  30 
C R = THE F R A C T I O N  OF D E P O S I T E D  A C T I V I T Y  RETAINED ON CROPS ( D 1 Y E N S T U W R V F . t  35 
C AS F O L L O W S . .  R V A L  40 
C ( I )  IF T H E  VALISES USED FOR S 1  A N D  S 3  A R E  NOT NUCLIDE-SPECIFIC [ N O R M A L  RVAE 45  
c I P L A G = O )  , T H E W  R V A L  50 
c R = 5 1  FOR V E G E T A B L E S  ( W O D G l )  R V A L  55 
c R = S3 FOR P A S T U R E  ( M O D E = 2 )  R V A L  6 0  
C ( 2 )  I F  VALUES FOR S 1  A N D  5 3  A R E  NVCLXDt$-SPECIPICI  A N D  D E P O S I T I O N  Z A T E S R V A I .  6 5  
C A3E HOT S P E C I F I E D  S E P A R A T E L Y  FOR WET AND D R Y  D E P D S X T I O B  (SPECIAL R R V A L  70  
c PFLAG=1) , T H E N  R V A L  7 5  
c R = S D 1  ?OR VEGETABLES ( X O D E = l )  R V A L  80  
C R = SO3 FOR PASTURE ( Z I O D E r . 2 )  R V B E  8 5  
C (3)  IF V A L U E S  FOR S I  A N D  S3 A R E  NKiC&IDE-SPE@IFIC, AND D E P O S I T I O N  B A T E S R V A E  90  
C A R E  SPECXPIED S E P A R A T E L Y  P O R  WET AND D R Y  D E P O S I T I O N  ( I F L A G = 2 ) ,  T B E R V A L  3 5  
C R IS CALCULATED B Y  A V E R A G I N G  D R Y  AND MET D E Q O S I Q X O N  RATES WS Y O L L O R V A L  100  
C R W A L  105 
C R = ( S D I + D R Y  D E P  R A T E  f SUI*UET DEP RBTE) / ( D R Y  DEP R A T E t V E T  DEP R V A E  110 
C FOR V E G E T A B L E S  (EIODE -= I ) .  R V A L  115 
C B V A L  120  
C R = ( S D 3 * D R Y  DEP B A T E  + SW3*WET DEP R A T E ) /  ( D R Y  D E ?  R A T E  4 WET D E P  R A T E I R V A L  1 2 5  
C FOR P A S T U R E  (?!ODE = 2 )  R V & E  130 

I F  ZnPLAG.EQ.O.AWD.aoDE.EQ. 3 %  R=Sl R V A L  135 
IF IrFLaG,EQ.o,AND.aQDE.EQ.2) R = S 3  R V A Z  140 
IF ( I P L A G , E Q .  l . A N D . M O D E . E Q . 1 )  R = S D I  B V A E  1 4 5  
I F  (IFLAG. EQ. 1. AND. NODE. EQ. 2 )  R=SD7 R V A L  150 

C C A L C U L A T E  D R Y  A N D  WET D E P O S I T I O N  R A T E S .  R V A I .  155 
D R Y D E P  = A C N * V D  (I) * V D C O E F  ( N O , N R )  R V A L  160 
V E T D E P  = GCN - D R Y D E P  R V A L  165 

C THE S U N  OF T H E S E  D E P O S I T I O N  BATES I S  G I V E N  B Y  GCH. R V A E  170  
I F  (IPLaG.EQ.2.AND,HODE.EQ.1)  R =  (SDl*DRYDEPeSWI*kETDEP)/ GCN R V A L  175 

C PRINT ERROR RESSAGE IF NONE OF T H E S E  C O N D I T I Q I \ T S  I S  NET. RVAL 185 
IF (ICFLAG.EQ. 2. A l D ,  NQDE.EQ. 2) R =  (SD3*DR'IDEPeSW3*WETDEP)/ GCN R V A L  180 

I F  ( 3 O D E . B E .  l . A N D . M O D E , N E , 2 )  U R I T E ( 5 1 r 9 0 0 0 )  R V A L  190 
IF ( I F X . A G , N E . O .  A N D . I P L A G , N E .  S , A N D . I F L A G ,  BE,  2) Y R I T E  (51,9001) R V A E  195  

9000  FORHAT~sOERBOB,. N O D E  S H O U L D  BE 1 O R  2 IN SISBROVTINE R V A L O E 1 )  RVAY, 205 
RET u R a R V A E  200  

9001 FORMAT('OERR0R.. IPLAG S B O U L D  B E  0 , 1 , O B  2 I N  S U B R O U T I N E  RVALUE') R V A E  210 
END R V W L  215 
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lU0 C O P I T T N U E  
150 C O N T I N U E  

DO 170 J=1,11 
DO 160 MD21,8 

160 I F  (TOTJR(J,ND) .LT. 5.E-40) TOTJN(9,RD) =J.E-L{O 
170 CONTINUE 

DO 190 J=1,11 
DO 180 B D = 1 , 5  

180 TOTJ(J)=TOTJB[J,ND] +TOTJ(J) 
190 COITINUW 

DO 770 J=l,ll 
no 2 0 0  m=1 ,5  

DO 2 1 0  RD=S,E! 
200 PTOJM(J,AD) =TOT3V (J,F?D)/TOTJ(J) *loo .  
210 
220 C O N T I N U E  

PTOJM ( J , Y D )  ZTCTJ'H (J ,5) / P O T 3  (J) * 100 .O*TOTJH ( 5 ,  N D )  / T O P J i ! I ( J g  

DO 300 J=l,ll 

D 0 5 N  265 
DOSM 2 7 0  
D O S H  275 
DOSM 280 
DOSM 285 
DOSW 290 
3 0 5 8  295  
DOSM 300 
DOSY 305 
DOSF1 3'10 
DOSH 315 
DOSN 320 
DOSM 3 2 5  
DOSV 330 
DOSM 335 
D O S F  340 
DOSN 345 

2 3 0  
240 

2 5 0  

26 0 

2'7 c 

280 

29 a 
> 

2 R I T E ( T 5 , 9 0 0 0 )  M A a E S ( J )  DOSri  350 
I F  ( L I P O . E Q .  1) GO TO 230 DOSV 355 
FI'IIITE (91,9001) DOSN 360 
GO TO ZlilCa DOSM 365 
WRITE (51,9002) POSH 370 
W 9 I T E  (51,9003) DOSW 375 
DO 290 P 7 1 , N N U C S  DOSF1 380 

SUMA=O DOSM 385 
DO 750 KD:l,5 DOS4 390 

SUMA=ORNODl ( L , J , Y D )  4 S I J H A  DOSM 3 9 5  
I F  (SiTNA-LT. l m E - 4 0 )  SlJN&=l .E-'4O D O S E  400 
DO 260 ND=1,5 DOSV 405 

PCT (HD)= (ORBODX(I,J,MD] / S U H A ) * I B O ,  DOSM 410 
XDrl D O S X  415 
P T O T = O R M D D I ( I ,  J ,? lD)  /TOTJN(J,MD) *100.  DOSfiq 420 
WXrle(S1,9COS)nAMNU@(8) ,~ODE~HD),08?10Dl(I, J, WD) ,PCT(Mi))  ,PTOTT)OS'VI 425 
DC 2 7 0  RD=2,% DOSiq 430 

PTOT=ORnODI (I, J,ETD) / ' T O T J a [ J , H D )  *loo. DOSPI 435 
WRITE (51,9004) MODE ( B D ]  O R E O D I  [I ,J, MD) ,PCT (MD) ,PTOT DOSE 440 

D C  280 MD=6,8 DOSN 445 
LF ( O R N O D I  (I,J,s) .Eg.O.) PCT (PID)=O.  DOSY 450 

IF (ORMODH (rC,J,S) .EQ.O.) GO 'PO 280 DOSPI 460  
DOSM 465 

P T 0 T ; O R M O D I  ( Z , J , H D )  /TOTJM(J,5) * l o o .  DOSR 470 
WRITE(51,9006) M B D E ( M D )  ,OR!qODI ( I , J , H D )  ,PLAG(MD),PCT(XD), DOSM 475 
FLAG (MD) , FTOT D O S Y  480 

'IF ( O R M O D I  (IqJ,5) .Ea.().) PTOTr-0. DOSH 455 

PCT ( H D )  =ORMOD1 [I#Y, HD) / O i i 3 Q D I  (1#Jn 59 *PCT ( 5 )  

C 0 N T T 8 U E UOSN 485 
300 CONTINUE 

D O  340 J=1,11 
W R I T  E (5 1,9007) NAMES (J) 
% P  ( I Y P O . E Q . 1 )  GO TO 310 
WRTTE(51,9008) 
GO TO 320 

310 URI'~F(S1,9009) 
320 DO 330 :qD=1.8 

IF (TOTJN(J, f lD)  .LF, l.E-&O) TOTJH(J,ED) =o- 
n B T T E ( 5 1 , 3 0 1 0 )  aODE(BD,) . P & W G ( M D )  ,TOTJM(J,MD) , P L A G ( ? I D )  

C C NIP 1: N U E 
> PTOJM (J, MD) 

330 
340 COWTTWUE 

DOSM LS30 
DOSM LS95 
TmSA 500 
D O S E  505 
DOSPl 510 
DOSR 515 
DOSW 520 
D O S N  525 
DOSM 530 
DOSM 535 
DOSM 548 
DOSM 545  
D O S f l  550 
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WRITE (5 1,901 1) 
IF ( tKPQ.EQ. 1) G O  TO 350 
MBITE (59,9012) 
60 TO 3 6 0  

350 WRITE ( 5  1,901 3) 

370 WRXTX(51,9014) NAMES(J) , T O T J ( J )  
360 DU 370 J=1,11 

DO Y O 0  I=I,INWCS 
DO 390 J=1,11 

DO 380 pJ3=1,5 
T I J  (1,J) = O R f l O D I ( I , J , M D )  +TIY gX,J) 
P T I  J (I, J ) = T I J  (I, J)  /TOTJ (4 *.100- 38 0 

390 C C N T I  N U E  
400 C O N T I N U E  

WRITE (5 9.9095) 
W R I T E  (5 1 , 9 0 1 6 )  
WRITE[51,9017) ( N A t 4 E S ( J )  # J = l , l I )  
WRITE (51,9019) 
DO 4 1 0  I = l , N J B U C S  

WRITE(S1,9018) N A I S N ' J C ( I ) ,  ( P T I J ( 1 , S )  ,S=l,ll) 
410  C O N T I N U E  

IF (LTPO.EQ- 1) G O  TO 4 4 0  
WRITE (51,9020)  
WEITE (5 1,9021) 
WRXTT3 (5  1,9022) 
DC: 430 I = I , N N U C S  

DO 420 9=9,11 
R R I T E ( S 1 , 9 0 2 3 )  N A M N I Y C ( I )  , N A H E S  (J),TXS(I,J) ,NNaWE(J) , M R M L ( J )  

420 CQNTIlPUE 
430 C O N T I N U E  

GC TO 4 7 0  
440 QFPTE 15 1,9024)  

WRITE ( 5  1,9025) 
DO 460 X=l,NNUCS 

DO 450 J=l,ll 
WRITE (51,9026) NABNUC (I) , N A M E S  (J) ,TIJ [I,S) 

450 C O N T I N U E  
460 CONTPNUF 
470  C O N T I N U E  

I F  {NUTB.EQ.O) GO TO 570  
Db 480 I = l , N N D C S  

IF (NAPlNUC (I) . EQ. NADRN) GO TO 490 
480 C O N T I N U E  

GO TO 570 
490 CONTINUE 

A L I = L I P O  
CWL=0 
DO 510 NO=NOL,NOU 

DO 500 N R = N R L , N R U  

DOSH 5 5 5  
DOSq 5 6 0  
D O S T  565  
D O S N  570  
DOSM 575 

DQSFl 585 
DOSE 590 
OOSM 595 
DOSR 600 
D O S R  505  
DOSM 610 
DOSM 615 
DOSE 620 
DQSFi 625 
DOSN 630 
DOSb 635 
DOSM 640 
DOSM 645 
DOSW 650 
DOSM 655 
DOSF? 660 
DOSE 665 
DOSY 6 7 0  
DOSY 675 
DQSR 680 

DOSM 690 
DOSH 695 
D O S R  700 
nosr 705 
DOSE 710 
DOSE 715 
DOSM 7 2 0  
DOSE 7 2 5  
DOSE 73a 
DOSH 735 
DOSM 740 
DOSE 745 
DOSII 750 
Dosn 755 
DOST 760  
DOSM 764 
QOSM 770 
DOSPI 775 
QOSR 778 
DOSM 779 
DOSM 730 
DOSE 785 
DOSf i  790 

DOSPI 5 8 0  

D O S F  685 

I F  (PEQBL. EQ. fl.) PEQHL=O. 7 
WZ, ( N O ,  N R )  =FEQWL*I 0. *ACQN ( I  , 10,119) * [ALI* (IlilTPA (NC, NR) - 1. ) * 1 .) DOSn 795 
CWL=CWL+WL(NO,NR) DQSn 796 

500 CQNTI N W E DOSM 800 
510  C O N T I N U E  DOSl l  805 

WRITE (5 1,9027) DOSM 810 
WRITE (51,9038) PEQHL DOSE 815 
WglTE (51,9003) DOSM 820 
WRITE (5 1.9028) BOSM 825  
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IP ( L I P O ,  f. 0.11 BRX'iF: ( 5  1 # 90GO) 
WRiTE(51,9319) 
PY (LORT.EQ.0) GO TO 5 3 0  
U E I P E  ( 5  4,9029) 
% R I T E  (59,9030)  
WRITE (57,9003) 
G C  TO 530 

520 WRITF(5~,9031)  

538 COWT'IWUE 
kBI7E(53,SOG3) 

I F  ( L O R T . E Q - 0 )  G O  TO 540 
W81TE(51,9032! ( (  ( t i O , I D I S T \ N W )  , k ' L [ N G , N R )  1 , P i H = U R L , N R B )  , 8 @ = N O T A , l < O i i f  
G C  TO 550 

540 W ~ I T E ( S ~ , ~ O ~ ~ . I  ~ ~ ( N O , N R , ~ Z  ~ N L , N R )  1 , H R = S X L , R R U J  , H T P = ~ T ~ I ,  NOO) 
5 5 0  C C h T i N D E  
560 CON'IPPIUE 

TP ( L I P O - E Q - 1 )  GO TO 569 
FkRiTE (57,9034) 
PWITF(51,9035) 
WRITE (53,9036)  
W R I T E  (51,9019)  
WRiTE(51,9037) ( ( N A X E S ( J )  , d O I I L ( J )  , N R k L ( J !  ,VI (NictlLgJ) , N R E i ( J ) ) ) ,  

> 1 , l l )  
569 I P I i , i P O . E Q .  1 )  &RiTE(51,9039)CWL 

570 CCWTIXUE 
FETUBN 

DOSfl  825 
D O S N  830 
DOSE 835 
DOSM 8UO 
D O S q  8 4 5  
DOSE 850 
DOSM 855 
DOST 860  
DOSM 8 6 5  
DOSM 8 7 0  
DOSP? 875  
DOS73 880 
B O S V  885 
DOSM 890 
DOSM 8 3 5  
DOSf'1 903 
D O S E  305 
DOSP? 910 
DOSM 915  
DOSA 920 
DOSN 9 2 5  

.I= DOSN 930 
n o s y  935  
DOSY 939 
D O S 8  9140 
DOSH 9/45 
DOSP 950 
DOSPl 9 5 5  
DOSN 960  

DOSE 1000  
DOSfl1005 
DO s 3 1 0 1 0 
DOS?f1015 
DCIST51020 
DOS3 1025  
DOSF11 030 
DOSR 1035 
DOSB1040 
D O S  W 104 5 
DOS 37 10 50 
DOSH1055 
DOSM 1050 
DO S i4 1 0 6 5 
305 8 1070 
DOS ;lg 1 0 7 5 
DOSR1080 
305% 108 5 
DOS Pi 109 0 
D O S  Q? 109 5 
DOSV1100 
DOS31105 
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- 
9027 FORMAT('I',T21,'WDRK9NG LEVELS FOR BN-222 A N D  I T S  S H O R T - L I F E  PROGEDOSMlllO 

> N Y  AT V A R I O U S  LOCATIONS I N  THE E N V L R O N t I E N T * )  DOSMll15 
9028 F O R R A T  ( *  ',T40, *AREA' ,T86,'WORKING LEVEL']  D O S F I l 1 2 0  
9029 FCEMRT(" ',T32,9 WIND T O W a R D ' , T 4 7 , * D T S T A ~ C E ' )  DOSFIl a25 
9 0 3 0  FORMAT(' ',T47,' (METERS) * )  DOSM1130 

e -  9 0 3 2 P 0 R AT ( ' ' T 3 6 8 12 T 4 7 v 1 7 8 T8 7 8 E 1 0 0 3) 130SM11 Y O  

- -  

9031 P O R E A T ( '  ' I T ~ ~ , ' C O L ~ ~ ' I W ' ~ T U ~ ,  ' R O B ' )  DOSRll35 

903 3 FORMAT ( '  * ~ T ! 3 5 , 1 2 , T 4 7 , 1 2 , T 8 7 , E l  0.. 3 )  DOS M l 145  
9034  FORMRT('lq,T32,'WWORK~~~ LEVEL FOR RN-222 AND SHORT-LIFE PROGENY ATDOSM1150 

> LQCATTCN OF N A X I H T J H ' )  DOSM1 1 5 5  
9 0 3 5  PORNAT ( a  ',T43*@1NDIVIDlJRL DOSE PROM ALL PATHWAYS FOR EACH ORGfi'ldi') DOSR1160 
9036 F~HMAT('~',T35,"0RGAN'.T56, 'LOCATION OF PlAKIMUE DOSE',T91, i3OSHl165 

903.7 FOHEAT ( @ DOSM? 115 
9 0 3 8  F C R V A T  ( '  *,T32, ' (FRACTIGN OF E Q U I L I B R L T J M  ASSUMED FOR WORKING LEVELDOSM1?80 

> CAZCULATIONS=',FS. 3, ' )  ')  DOSM1185 

> 'WORKING L E V E L ' )  DOSYl110 
', T34, A 8,T63,12 .T7 1 ,I2 I "9.3 , E 10.3) 

'3039 FORMAT(aO',T32,'COLL3CTIVE W O R K I N G  LEVFL= ,E10*3) D O S ~ 1 1 9 0  
9040 FORMAT(' ',T86, a ( P O P U L A T I O Y )  DOSr1195 

END BOSM1200 

. - ?  
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Appendix 8 

r 

. -  

- .  

- _  

. 

OUTPUT OF AN EXAMPLE CASE RUN OF THE AIRDOS-EPA CODE 

The example case i s  for  a hypothetical atmospheric release of four 

radionuclides ( 226Ra, 210Po, "'Rn, and  3H) near ground level (1 m 

elevation) from a c i rcular  area Source 1000 rn in diameter. The meteorology 

and population distribution are representative o f  a western s i t e  in the 

U.S. 

A period of 100 years was assumed for the buildup o f  radionuclides 

on ground surfaces result ing from aerial  deposition. 

o f  the daughters of 226Ra (*"Pb and 210Po) on ground surface i s  calculated 

f o r  t h i s  period. - 

The buildup o f  two 

The example r u n  computes annual population doses (man-rem) within a 

Population-weighted concentrations in a i r  radius o f  00514 rn (55 miles). 

arid on ground surfaces, and  population intake rates by ingestion a n d  

inhalation within t h i s  radius are  also computed for each radionuclide a t  

11 distances away from the source i n  each o f  16 compass directions. 

Working levels f o r  2 2 2 R ~  are computed for each o f  these environmental 

locations. 

Dose conversion factors for  the external exposure modes used in the 

example run are from D .  C .  Kocher (1979) .  The internal dose conversion 

factors (inhalation and  ingestion) are for 50-year dose commitments 

(Killough e t  a l . ,  1978). 

... .. . ' ' 
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METEOROLOGICAL B N D  PLAXT I B P D R ? I A T I O N  SUPPLIED T O  PPOGRA?l---- 

AVERAGE A I R  TEHPERAT3RE (DEG K) 

AVERAGE VERTICAL TEMPERATURE GRADIZNT OT THE A I R  ( D E G  K/RETER) 

I:{ STABILITY CLASS E 

I N  STABILITY CLASS F 

IX STABILITY CLASS G 

R A I N F A L L  RATE (CE/YEAB) 

HEIGHT 09 LID (RETERS) 

NUNSEK 09 STACKS XW ?BE PLANT 

STACK INFORNATION-- 

HEIGET {EETERS] 

DSAMETEX (HETEBS) 

EFFLUENT VELOCITY (RETERS/SEC) 

R I T E  OF HZAT EBICJSiGIl { C A L / S E C O N D )  

UIAflET3R OP A R E A  SOWBCZ (METERS] 

STACK WU3BE9 

7 2 3 4 

7 . 0 0 9 0  

0 .0  

0.0 

0.3 

7030. G O O 9  

2911.0 

0 . 0 7 2 8  

0.1090 

0.7455 

20.32 

20 00 

1 

5 6 
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. .  
1 

4 1  I I  .& \ h '  i ,  
1 ,  

i FREQUENCY OF ATHOSPBERIC S T A B I L I T Y  CLASSFS POI 3 DIRECTION 

SECTOR 

B 

1 
2 
3 
4 
5 
6 
7 
e 
9 

1 0  
1 1  
1 2  
1 3  
14 
15 
16 

0.0266 0.1531 
0..0173 0.1026 
0.0150 0.071 0 
0.0120 0.0420 
0.0092 0.0460 
0.0218 0.1033 
0.0256 0.1180 
0.0089 
0.0159 
0.0155 
0.9326 
O.OU27 
0 . 0 5 2 1  
0.04114 
0.0409 
0.3308 

0.1101 
3.0889 
0.1335 
0- 1855  
0.21 16 
0- 2398 
0- 2 2 6 7  

0.1856 
0.2358 

FRACTION OF TIYE IH EACH STABILXTY CLASS 

B c D E F 

0.1764 
0.1137 
0.072 1 
0.0442 
0.0369 
0.061Q 
0.0764 
0.1003 
0.1203 
0.1613 
0.1526 
0.7474 
0.1703 
0.1727 
0.2057 
0.2092 

0.2935 
0.1939 
0,1817 
0.4096 
3.5786 
3.2902 
0.1654 
0. 1727 
0.2928 
0, 2935  
0.3277 
0.3271 
0.3032 
0.322 6 
0.2873 
0.3364 

0.1 I67 
0.1629 
0.1754 
0.1356 
0.0867 
0.1291 
0.1370 
0.2399 
0.2153 
0.1k47 
0.1003 
0.0900 
0.0823 
0.0891 
3.3897 
0.1073 

0.2337 
0.4096 
0.4848 
0.3566 
0.2426 
0.3912 
0.4776 
0.3682 
0.2667 
0,2514 
0.2013 
0.1612 
0.1517 
9.1484 
0.1397 
0.1308 

G 

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 

d 

aJ w 
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3 
3 
3 
3 
3 
3 
3 
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3 
3 
3 
3 
3 
3 
3 
3 
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3 
3 
3 
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3 
3 
3 
3 
3 
3 
3 
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3 
3 
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3 
3 
3 
3 
8 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
& 
4 
4 
I, 
4 
4 
4 
U 

4023 
4023 
4023 
11023 
5632 
5632 
5632 
5632 
5632 
7243 
7241 
7241 
7241 
7241 

12068 
12068 
12068 
12068 
120 68 
201 13 
20733 
201 1 3  
201 13 
201 1 3  
321 80 
321 80 
329 50 
321 80 
329 80 
48273 
46270 
48270 
48270 
48270 
54360 
64360 
64360 
64360 
54360 

801r50 
80450 

60653  
1207 
1207 
1207 
1207 
1207 
2414 
2414 
24 74 
2is 14 
2u14 
$ 0 2 3  
5023 
4023 
4023 
4023 
5632 
5632 
56 32 
5632 
5632 
3 2 4 1  

a04 so 

a0450 

4 I 1247 

PB-L 7 U 
PO-210 
RN-222 
H- 3 
RR-226 
PB-210 
PO-240 
RN-222 
H- 3 
91-226 
P8-219 
PO-290 
RN-222 
H- 3 
RA-226 
PB-270 
PO-2 1 0  
RN-222 
H- 3 
NA-226 
PB-2 10 
PO-2 10 
RN-222 
A- 3 
RR-226 
PB-210 
PO-2 10 
Rl-222 
H- 3 
RA-226 
P9-210 
PO-210 
RN-222 
H- 3 
R1-226 
PB-210 
PO-270 
RN-222 
8- 3 
RB-226 
PY-2 10 
IO-290 
RN-222 
8- 3 
?A-226 
PB-210 
PO-210 
RN-222 
A- 3 
RB-226 
PB-210 
PO-21 0 
RN-222 
H- 3 
RA-226 
PB-2 10 
PO-210 
RN-222 
fl- 3 
R1-226 
PB-210 
PO-210 
RN-222 
H- 3 
RA-226 
PB-29 0 

2.0 
3.754E- 10 
0.20 1 3-07 
0-2022-07 
3 .19  BE- 10 
0.0 
0.397E- 10 
0.3253-07 
0.1273-07 
0.1 1 3 E -  10 
0.0 
0.226E- 10 
J 8 8 3  E- 08 

0.4 1OE-14 
0.0 

0.453E-08 
0.462E-08 
0.160E-11 
0.0 
0.3 2OE- 3 1 
0.2 523-08 
0.2603-08 
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9- 3 
17 A - 2 2 6 
PB-210 
P.3-27fi 
FH-222 
5-  3 
RA-226 
PB-210 
PO-2 10 
9 H- 22 2 
B- 3 
R A -  2 2 6  
JB-210 
?O-210 
9 w - 2 2 2 
8- 3 
IiA-226 
PEl-210 

0.0 
6.3773-10 
6.662E-38 
0.6 66 E-38 
0.10 ?E- 10 
0.0 
0 -203E- 83 
0.4063-08 
0. Y 10 E- 08 
0.6 23E- I 3  
0.3 
0.128E-30 
0.282E-08 
0.286E-08 
0.2UBE- 11 
0.0 
0.4 96E- 1 1  

0.744E-08 
0.1 0 6 %  1 I 
0.0 
3.2 ? 3 3 -  7 1 
0.76 6E-09 
0.74 Y 8-09 
0.4 723-42 
3.0 
0. Y Q5E-32 
0.436E-09 
3.463E-CS’ 
J - 2  39 E- 12 
0.0 
3.43EE-12 
0. 2 6JX-09 
0.2853-09 
0.7303-42 
0.0 
0.2 6 ‘I E- 7 2 
0.1 R7E-09 
0.238E-39 
0.6518-13 
9.0 
0.3722-?2 
0.13 12-09 
0.451 2-39 
G. Z 19B-39 
0.0 
0.437E-39 
0.525E-07 
0.5262-01 
0.Y26 2- i! 0 
0.0 
G. 8 523- 5 0 
0.11 42-07 
G.741iE-07 
c.159e-70 
0.0 
0.319E-13 
0.5 17E-08 

0.86YE-I 1 
0.3 
0.774E-10 
0.316E-08 
0.32OE-08 
Q.53BE-1  t 
0.0 

o . Y ~ ? x - o ~  

0. 5 23 E-oa 

3.0 
0.377:-i 0 
3.0 
3.0 
0.101E-30 
0.0 
0.2933-10 
0.0 
3.0 
0.620E-17 
3.0 
3.124E-1 0 
0.0 
0.0 
0.248E-11 
0.0 
0.496E-11 
0.0 
0.0 
3.736E-11 
0.0 
C.233E-I 4 
e. 0 
c.0 
0.472E-12 
0.0 
0.9453-1 2 
0.0 
0.0 
0.2393-7 2 
0.0 
0.478E- 12 
0.0 
0.0 
0. ’130s-12 
0.0 
G.26?E-12 
0.0 
0.0 
0.56!8-13 
0.0 
3 .  !352-4 2 
3.0 

3.2393-09 
0. 0 
0.s137E-33 
0.0 
3 . 0  
0.4263-30 
3.0 
5.3523-:0 
0.0 
0.0 
0.159E-30 
0.0 
0.3TZaE-9 0 

3 . 0  

0.0 
0.0 
O.869E-2 1 

i. ?74E-;  0 
0.0 
0.0 
0.: 1’6 
0 2 0  

3 .0  

0.0 
G.333Y- 1 I 
0. c 
c. 0 
O.lt5E-ll 
0.0 
0.230E-17 
0 .0  
0 .0  
0.865E-12 
0. c 
0. 7733-11 
0.0 
0 . 0  
0.49 1 E- 12 
0.0 
0.9 82E- 12 
0.0 
0.0 
0.275E-32 

0.549E-t2 
0.0 
0.0 
0.156E-12 
0.0 
0.31 2E- 72 
0.0 
3.3 
0.937E- 13 
0.0 
0. 1872-12 
3.0 
0.0 
0.625E- 13 
0. 0 
3.1258-72 

0. 3 

0. 0 
0.0 
0. $563-13 
0. ci 
0.9122-33 
0.0 
0.0 
0.599E- 9 I 
0.0 
0.120E- 10 
0.0 
0.0 
0.221E-?I  
0.0 
I?. 4433- ! I  
0. 0 
0.0 
0 .125E-1 I 
0.0 
0. 25OE- ‘I 
0.0 
0.0 
0.8637-12 
3.3 
3.173E-> 1 
0.0 
3.0 
3.549E- 32 
3 . 9  

3.0 
0. U l  O E - 1 0  
3.0 
0.0 
0 .113E-10  
0 .0  
0.226E-1 Ll 
3.0 
3.0 
3.737E-1 1 
3.0 
3. 7 4  4 E - I  0 
2.9 
0.0 
0.297E- B 1 
0. 0 
0 . 5 9 4 E - 1 1  
0 .0  
0.0 
0. 13UE-7 1 
0.0 
‘2.2682-1 ’I 
G.0 
0. c. 
0.628E-12 
0.0 
0- 1 2 6 E - i  1 
0.0 
0.c: 
0.33 3E- 1 2  
3 . 0  
0.65 62- 1 2  
0.0 
3 .0  
3.193E-72 
3.0 
0.385E-’I 2 
0 .0  
3 .0  
3.132E-12 
3.0 
0 . 2 6  3E-12 
0 .3  
0.0 
0.225E-39 
e.  0 
0. a 4 9 E - 0 9  
3.0 
0.0 
0. C b S E - : O  
0 . 3  
0.896 ’ ; - . iG  
0.0 
3.G 
0 . 1 7 2 Y - T O  
0.0 
0 . 3 4 4 E - 7 0  
0 .0  
0 .0  
0 .955E-1? 
0 .0  
0.75 I E-? 0 
0 .0  
0.0 
0.63lE-Y 1 

13. e d 



1 .  . 

16 
16 
16 
16 
16 
16 
16 
16 
36 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 

. /  
I241 
72U1 
7 2 4 1  

1 2 0 6 8  
1 2 0 6 8  
12068  
72068  
120 68 
201 1 3  
20113 
20113 
201 13 
201 13 
32180  
32180  
3 2 1 8 0  
32180  
32180  
48270  
48270  
48270  
48270  
48270  
64360 
6 4 3 6 0  
64360 
64360  
64360 

80U50 
8 0 4 5 0  
8 5 4 5 0  
80450 

a 0 4 5 0  

PO-210 
RN-222 
3- 3 
Rlr-226 
PE-2 10 
PO-2 10 
RK-222 
I!- 3 
RR-226 
PB-2 10 
PrJ-210 
RN-222 
H- 3 
RA-226 
PB-210 
F0-210 
RN-222 
li- 3 
Rh-226 
PB-210 
eo-2 10 
RN-222 
H- 3 
Rb-226 
PB-210 
PO-210 
RN-222 
H- 3 
Rh-226 
PB-2 10 
PO-210 
R!4-222 
H- 3 

0 . 1 0  / E -  10 
0.221E-05 
0.224E-08 
0.218E-l? 
0 .o 
0.4 35?- 11 
0.11 1E-05 
0.113E-OB 
0.940E- 12  
0.0 
0. I83E- 1 I 
0.6 0lE-09 
0.6 20E-09 
0.4 16E- 12 
0.0 
0.83 1E- 12 
0.3 4 3E-09 
0.36OE-09 
0 .21  1E-t2 
0.0 
0.421R-12 
0.2 10 E-09 
0.2 26P-09 
O.t l3E-12 
0.0 
0.2 27E- 12 
0.lU7E-09 
0.163E-09 

0.0 
0.150E-12 
0.11 1E-09 
0.126F-09 

a .  7 s IE-I 3 

L . ' . t .  

v. 3-10 
0.b 
0.0 
0.21BE-1 I 
0.0 
O.435E-f l  
3.0 
0.0 
0.94OF-12 
0.0 
0.188E-11 
0.0 
0.0 
0. U16E-12 
0.0 
0.831 E- 1 2  
0.0 
0.3 
0.21 ?E-1 2 
0.0 
0 - 6 2 l E - I 2  
0.0 
0.3 
0 ,913F-12  
0.0 
0.2273-1 2 
0.0 
0.0 
0.751E-13 
0.0 
0.150E-12 
0.0 
0.0 

0.130E-11 ' 

0.0 
0.0 
3. ISBE-I2 
0.0 
0,737E- 12 
0.0 
0.0 
0.206B-12 
0. e 
0.413E-12 
0.0  
0.0 
0.1?RE-12 
0.0 
0.2363- 12 
0.0 
0.0 
0.71 3E-13 
0.0 
0.143B-12 
0.0 
0.0 

0.0 
0.956E-13 
0.0 
0.0 

0 . 4 7 8 ~ 4 3  

0 ;  352E- 1 3  
0.0 
0.7OUX-13 
3.0 
0.0 

8 , .  :. j 

I "  

0.120E-10 
0.0 
0.0 
0 . 2 5 4 P - 1 1  
0.0 
0.5DgE-11 
0.0 
0.5 
O.11SE-11 
0.0 
0.229B-11 
0. 0 
0.0 
0.5333-12 
0.0 
0.137E-13 
0.0 
0.0 
0.292E-12 
0.5 
0.56rlE-12 
0.0 
0.0 
0 - l b l E - 1 2  
0.0 
0.32 3E- 1 2  
0.0 
0.0 
0 . l lOE-12  
e. 0 
0.22 1 E- 1 2 
0.3 
0.0 

, :. . ' .  



G B O J X D - L E V E L  CBI/Q VALSES FOR RA-226 AT V.9KIOUS D I S T A N C E S  IN B A l ; 1  COEPASS D I R E C T I O Y  

D I  STXNC E 
(3ETEP.S) 

1207  
2Y1Y 
4023 
5 6 3 2  
7241  

12068  
20713  
32180  
q6270  
6U360 
80450  

1207  
2Q 24 
4023 
5 6 3 2  
7 2 k ?  

20143  
32130  
48270  
64360 
80450 

: 2 0 a  

h' 

3.921 E-06 
0.2 72E- 0 6  
0.9772-07 
0.522E-07 
0.3 123- 07 
0.122E-07 
0.509E-08 
0.2 J4E-08 
0.706E-08 
P.550E-09 
0.357E-09 

S 

0 . 4 3 1 E - 0 5  
0.4438-06 
0.164E-06 
0.6891-07 
0.5 16E-G? 
0.2 14E-07 
0.896E-08 
0.3 67 E- 09 
0.1822-06 
0 .8  72E-09 
0.5582-09 

x3a 

0.107E-05 
0.2302-06 
0.7 3 0E- 07 
0.3833-07 
0.22OE-07 
0.82117-08 
0 . 3 2 3 . ~ - 0 8  
0.1212-08 
0.579E-09 
0.2653-09 
0.157E-G9 

S SE 

3. f00E-05 
0.2073-06 
0.753E-07 
0,4353-07 
0.243E-07 
0.95OE-36 
0.394E-06 
0.167E-08 
0.794E-09 
0.14989-09 
J. 2573-09 

C B I / Q  T O W A R D  INDICATED D I R E C T I O N  
(SEC/CLIBIC METERj 

A #  

3.1272-05 
0.3 4 9E- 06 
G.123E-06 
0.6 2 5E- 0 7  
0.35 6E- 0 7  
0.131E-07 
0.504E-08 
0.1 8 ?E-08 
3.8 5 2B- 09 
3.3 70E- 09 
0.2 3 OE- 09 

SE 

0.6 7il E- 06 
0.167E-06 
0.5 8 73- 07  
0.3 152-37 
0.1 9 0 E- 3 7 
0.7 9 E- 0 8 
0.315E-(18 
0.1353-08 
3.6 793-  09 
0.36 2E-0 9 
0 - 2 38 E- 39 

W N  P 

0.11 02-05 
0.280E-06 
8 -99 33-07 
0.5273- 0 7  
0.3 1 OE- 07 
0.11 93-07 
0 -  U78E-08 
0.187E-06 
0.9122-09 
0 - 4 4  82- 09 
0.2692-09 

ES E 

0.570E-06 
0.74YE-06 
0.5133-37 
0 .2758-07  
0.16 7E-07 
0.663E-08 
3.28 4E-OE 
3. T23E-39 
0.624E-09 
0.34 0 E- 0 9  
0.22 5E-09 

r 
3 .6  83E- 06 
0. t 472-06 
0.5 34E-07 
0.29OX-07 
0.17hE-07 
0.7 033-08 
0.292E-08 
0.324E-08 
0.475-09 
3.3 30E- 09 
0 . 2  13E-09 

E 

0 .  ST5B-06 
0.12PE-06 
0. I) 39E- 07 
0.2362- 0 7 
0. I 43E- 07 
0 .5  703-06 
0.2452-38 
0.7 0 9 F 3 8  
0.5 582- 39 
0.3 099-09 
0.2 05 E- 09 

HSR 

0.558E-06 
0.95 IE-07 
0.32UE-07 
0. 369'2-07 
0.9763-08 
0.367E-08 
0. 1472-08 
0.592E-39 
0.2892-09 
0. 742E-09 
0.9 0 9 E- 7 0 

SSE 

0.544P-06 
0.132E-06 
0.490E-07 
0.265E-07 
3.142E-07 
0.6li9E-GA 
0.2792-08 
0.123E-08 
0.62bE-09 
0.3432-09 
0.228E-09 

su 

0.6402-05 
0.  f SEE- 06 
0.527E-07 
0.27 1E- 07 
0.152E- '37 
0.548E-08 
0.2'12E-08 
0.7923-09 
0.38 1 E -  09 

0. 1122-99 
0. I 783- 09 

N E 

0.5412-86 
0.1323-06 
0. Q90E-07 
0.265E- 07 
0.1 6 2 E- 07 
0.549E-08 
0 . 2 7 9 ~  08 
0.823E-03 
0.626E- 09  
0.343E-09 
0.22 8X- 09 

SSK 

0.976E-06 
0.185E-06 
9.6552-07 
0.31182-37 
0.204E-0 7 
0.786E-08 
0.322E-08 
0. T 2 7E-08 
0.6 2 3E-0 9 
3 .2833-09 
0 . 2  7aE-09 

XN.? 

3.6898-06 
0.13UE-06 
0.503E-07 
0.274E-07 
0 . 4  5 9E- 0 7 
2.6 0.2963-5 3 6E-0 8 6 

3.1313-08 
3.6603-09 
0.35 8E- 09 
0.237E-09 

t.3 
0 
0 



0'0 0 '0 
0.6 0'0 
0-c. 0 '0 
3 'C 0 '0 
C'O 0 '0 
6.C r: 0 
0 - 0 0'0 
C'C 0 '0 
0'0 0'0 
0-0 0'0 
0-0 0 '0 

ZNN zx 

0 '0 
O'c. 
0'0 
0 '0 
0'0 
0-0 
0-0 
rJ-0 
0'0 
O'C 
0 - r. 

0'0 
0-0 
C '0 
0'0 
0 '0 
0 '0 
0 '0 
0 'C 
0 '0 
0'6 
r; "0 

0'0 
0-0 
0 'C 
G"G 
0-0 
C'G 
6.0 
0 '0 
0'0 
I] * fJ 
0 -0 

C'O 
0'3 
0°C 
5'C 
3 -0 
0'0 
0'6 
0-0 
0'0 
0 * n 
0'0 

B 

0 '3 
0'0 
c '0 
0 '0 
0'0 
c '0 
0 '0 
6'3 
c. '0 
0'0 
0 'C 

0-0 
0 'C 
G'C 
O'C 
0 'C 
0°C 
0-0 
0-0 

0'0 
C'Q 

0-0 

a S3 

0'0 
0'0 
0'0 
0'0 
0'0 
0 '0 
0 'C 
0-0 
0'0 
C'C 
li-0 

c '0 
li '0 
C '0 
c '0 
0 '0 
0 'C 
0'C 
0'0 
c '0 
0'0 
0'0 

as 

0'0 
c-0 
0'0 
0'0 
0'0 
0 '0 
c '0 
0 '0 
c 'C 
c-6 
c 'C 

0 '0 
c 'C 
c '2 
3 '0 
I: '0 
0 '0 
0 '0 
0 '0 
0 '0 
c 'c 
0 '0 

ass 

c '0 
0 '0 
0 'I! 
0 '0 
0 '0 
C '0 
C '0 
0 '0 
C '0 
0 '0 
0 '0 

0'0 0StlO8 
0'0 09Etr9 
0'0 OLZSh 
O'G CRlZE 
0'3 FblOZ 
5'0 890ZL 
Q'C L*ZL 
0'0 ZE95 
0'0 tZ0b 
0-c tiltlZ 
0'0 LOZL 

S 

0-0 
0-0 
0 "0 
0'0 
0 '0 
0'0 
0 '0 
O'C 
0 '0 
C'G 
0'0 



GROUBD-LEVEL CBI/Q YAL32S F09 PO-2'13 AT VARIOUS DlSThFlCZS 3 8  EACH C3XIPASS D I R Z C T I O N  

DISTANCE 
(MeTsas) 

7207 
2414 
4023 
5632  
7241  

1 2 0 6 8  
204 13 
32180 
48270  
64360  
80450  

1207 
24 14 
4823 
5 6 3 2  
3244 

1 2 0 6 8  
20113  
3 2 7 8 0  
482?0 
64360  
80950 

C E I / Q  T O W A R D  INDICATED DIRECTIOY 
(SEC/CUBIC mETER] 

0.921E-O6 
0.2 728-0s 
0.9 77 2-  0 7  
0.522E-07 
0.3 1 2 E- 0 7  
0.122E-07 
0.5 09E-08 
0.2 14E- 08 
0.106E-08 
0.550E-09 
0.3573- 09 

S 

0.137 E-05 
0. 444E-06 
0. W E - 0 6  
0.8 EYE-07 
0.536E-07 
0 .  2 I4E-07 
0.8962-08 
3.3673-08 
0.3823-08 
0.872P-09 
0.558E-09 

3.107E-OS 
0.233s-36 
0.7302-07 
0.3833-07 
0.220E-i)7 
0.821 E- 08 
0.3232-08 
0.121E-00 
0.5 792- 09 
0.26513-09 
0. ?678-09  

SSE 

0. 1 0 0 E- 05 
0.207E-06 
0.753E-07 
0.405E-07 
0.2433-07 
3.950E-08 
3.394B-08 
0. P51E-98 
0.7948-09 
0.3 98E- 0 9  
0.257E-09 

0.1272-05 
0.3 4 9E- 0 6 
0.120E-06 
0.625E-07 
0.3568-07 
0.13 1E-07 

0.2 813-08 
0.85 22- 0 5 
0.3702-  09 
0.23OE-09 

0. 50 4 E-oa 

Si?, 

0.5743-06 
0.164E-06 
0.5 8 7E- 07 
0.315E-07 
3.7903-07 
3 .7  4 92- 0 8 
3.315E-08 
0.135E-38 
0.6 7 93- 09 
0.36 2E-09 
0.238E-09 

0.910E-05 
0 -2802-06 
0.99 1 E-07 
0.52 7E- 07 
0.31 DE-07 
0.1 1 9E- 07 
0.478E-08 
0.187E-08 
0.9 4 2E- 0 9  
0. 134 8E- 09 
D. 28 9 ~ - 0 9  

ES 3 

0.570E-56 
0.141P-06 
0.5 13E-07 
0.2752-0? 
3.367E-0? 
0.66 OE-08 
0.2812-08 
0 .123x-08  
0.6242-09 
0.340E-09 
0.2252-09  

0.6 84E- 5 6  
0.1473-06 
3.5 34E- 07 
0.2903-07 
0.1763-07 
0.7 03E- 0 8 
0.292E-08 
0.124E-08 
0.615B-09 
0.3 302- 0 9  
0.2 172-09 

E 

0.5 75E-06 
0.120E-06 
0 .4393-07  
0.2 36E- 07  
0.1 03E-07 
0.57OE-38 
0 .2452-38  
0.1093-09 
0.5 58E-0 9 
8 .3  09E- 0 9 
0.2 O5E- 0 9  

0.518E-06 
0.95 1E-07 
0.32UE-07 
0.1632-07 
0.976E-08 
0.367E-58 
0.147E-08 
0.5925-09 
0.2892-09 
0.142E-09 
0.909E-13 

ESZ 

0.544E-06 
0.132E-06 
O.4YOB-07 
0.2659-07 
0.7523-07 
0.6 49 E-06 
3.279E-08 
0.123E-08 
3.626:-39 
0.343E-09 
0.228E-09 

0.640E- 06 
0.158E- 36 
0.5272-  07 
0.2792-07 
0.152E-07 
0.548E-06 
0.2 12E-08 
0.7923-09 
0.383 E- 09 
0.978E-05 
0.1722-09 

X E  

0.5 44E- 06 
0.132E-06 
O.il90E-07 
0.265E-Q7 
0.162E-0? 
0.61193- 08 
0.2798- 08 
0. T23E-08 
0.6 26E- 09 
0.3Y3E- 09 
0.22az-09 

0.976E-C6 
0.1852-56 
0.65 5E- 07 
0.348E-07 
0 -204E-07 
0.786E-08 
0.322E-06 
0.12 7E-08 
0.6233-09 
0.2833-09 
0.178E-39 

BYE 

0.589E-06 
0.134E-06 
0.5032-07 
0.27 ill?-0 7 
0. I 6  9E-07 
0.6863-08 
0.2963-08 
0.131E-06 
0 -6 6 4E- 0 9 
0.3582-09 
0.2373-09 



D1 ST ABCE 
{KETERS) 

1207 
2 4 1 4  
(1023 
5 6 3 2  
724 1 
12068 
20113 
32180 
Y8270 
64360 
80450 

1207 
2n14. 
4023 
5632 
7241 

3 2068 
20133 
32180 
4 827 D 
64360  
80450 

0.2 4 2E-4 5 
0.977a-05 
0.Q27E-06 
3 e 26 19-06 
0.183E-06 
0.923E- 07 
I?. 5O6E-31 
0.290E-07 
0.178E-07 
0.9252-07 
D.947E-08 

S 

0 . 3  138-0 5 
0.1 293-05 
0.596E-06 
0.37OE-05 
0.26OE- 05  
(J, f32E-35 
0,7 2FE-07 
0.4lSE-07 
0.258E-07 
0.182E-99 
0.1393-07 

0.301E-05 
0.777E-06 
0.360B-06 
0.22%-06 
0 ,  158E-06 
0.803E-07 
0.U48E-07 
0.259E-07 
0. Y63E-07 
0.113E-07 
0.85aE-w 

SSE 

0.237E-05 
0.6 10E-06 
0.280E-06 
0.174E-36 
3.122B-06 
0. h1SE-37 
0,3383-07 
9.194E-OT 
0.120E-01 

0 ,  b4jE-08 
0. ~ Y ~ E - C B  

0.36 rl E- 0 5 
3 , 1 3 6 ' 4 - 0 5  
0.6 3 32- 06 
0 .3  9 6E- 06 
0.2792-06 
0 .143E-06  
0.7 9 4E-0 7 
0-9 6 OE-0 7 
9.235E-07 
0.20 1 E-0 7 
0.353E-07 

S E  

0.1632-35 
0.4 8 9E- 06 
0.2 2 3E-06 
0.138E-36 
0.96 1E-07 
0.9 8 &E- 07 
0.26Ua-97 
0.1578-07 
0.9 2 9E-i) 8 
0.6532-08 
0.394E-08 

0.3 I 5E-05  
0 "  f C 4 E - C S  
0 -98  22-06 
0.30 I E- 0 6 
0 - 21 2E- 06 
0 1082-06 
0.5Y9E-07 
3.34 68-01 
0.213E-07 
0.150E-07 
9.71 @E-07 

BS 3 

0.140E-05 
0.44 3E-06 
0.202P-r?6 
0.125E-05 
0 86 9'2-07 
I? = 43  7E- 07 
0 e 23OF-07 
0.1378-07 
0.83 EE-G8 
0 58 8E- 08 
0.49YE-OR 

0.7 99B-05 

0.2 46E- 06 
0.1543-06 
0 - 7 08E-0 6 
C I 5 51 E-0 7 
0.3022-07 
0.173E-07 
0 1 06 E-07 
0.743E- 06 
0 562E-08 

0 . 5 3 ~ ~ - 0 ~  

E 

3 .  f 23E-05 
0.3 55E- 06 
0,161E-0b 
0.9 89E- 07 
0-6  8az- 03 
0.3 44"-07 
3.188E-37 
0.1 O m 0 7  
0.6 58E- 38 
0.4 67 E-06 
0.31192-08 

0.163E-05 
0.42:E-3: 
0.798E-06 
0,123%-06 
0.866E-07 
'3.4432-07 
0-2452-07 
0.141E-07 
0.3673-08 
0.6 f C E - 0 5  
0,461E-08 

ESP: 

0.1262-05 
3.370B-06 
0.168E-36 
C. T03E-56 
0.718E-07 
0.359F-07 
0. 195E-07 

0.197x- 05 
0.6 97B-36 
0.324E-06 
0.232E-06 
0.142E-06 
0 7 27E-07 
0.403E-07 
0.233E-07 
0.144E-07 
0.13ZE-07 
0.76w-OB 

RE 

0.126E-05 
0.37QE-06 
5'. 7ESE-OS 
0.103e-06 
0 I 7 1 SE- 0-1 
0.35 9E- 07 
9.1953-37 
0.1?2E-07 
3.683s- 08 
3,Y792-08 
0.3628-013 

O.256E-05 
3.6383-06 
0.296E-36 
0.184E-06 
0.12953-06 
0 . 6 5 2 3 4 7  
0.36 7E-07 
0.21 2E-07 
0.13 1E-07 
0.92 8E-08 
0.7952-08 

BYE 

3.166E-05 
0 e 35  9E-06 
0.163E-06 
0.70i)E-06 
3.6973-07 
0 I 34 9E- 3 7 
0.1905-37 
0.3083-$7 
0.6 E 22- 0 0, 
0.46 4E-08 
3.35 1E-08 



tR03XO-LE7EL CZH/Q VALrCZS FOR ii-3 AT V A R I O U S  DISTANCXS IN R A C R  C O H P A S S  D I X E C T I O N  

DISTANCE 
[ a  ETEES) 

C 8 I / Q  T9IIARD I B O I C A T E O  D I R E C T I O N  
(SEC/CW B I C  HETER) 

N N N a  ?Tg V N  W R WSV SB ss w 

1207  0.2Y2E-05 
2414 0.9213-06 
4023  '3.424E-06 
5632 9.2633-06 
7 2 4 1  0.1853-06 

1 2 0 6 8  0.9B2E-07 
20113 0.523E-07 
3 2 1 8 0  0.306E-07 
48273  0.1933-07 
64363 0. '!40E-U7 
80453 0.3083-37 

1207  
24'14 
Q023 
5 6 3 2  
7 2 4 1  

2 0 4 1 3  
32180  
48270  
64360  
00450 

7206e  

S 

0 - 3  7 4 E-05 
0.130E-05 
0 -5992-06 
0.3733-05 
0.2525-06 
U.739X-06 
0.7Q7E-07 
0-4373-07 
0.2763- 03 
0.499E-07 
0.1 55E-07 

3.3GlE-35 
0.780E-06 
3.363E-06 
0.2272-06 
0.760E-06 
0.823E-07 
0.462E-07 
0.272E-07 
5.1123-07 
0.125E-37 
0.9723-08 

SSE 

0.238E-05 
0.6'32E-06 
0.2623-06 
0.1752-06 
0. 123E-05 
0.6263-07 
0.348E-07 
0.20QE-07 
3.128E-07 
0.927E-09 
0.720E-08 

0.3 5 5E- 0 5 
D. 133E-05 
0.6 37E- 0 6 
0.3993-06 

0.146E-06 
0.8 19 E-07 
0.4 B3E- 07 
0.307E-07 
0.2 2 2E- 0 7 
0.1733-97 

0. 2 a 23- 06 

SE 

0.1643-05 
0.491E-06 
0.2 2 5E- 06 
0.139E-06 
0.972E-07 
0.4932-07 
0.2 73 E- 07 
0.159E-07 
0.1 OOE-37 
0.7 2 3 ~ -  oa  
0.56 I E- oa  

0 .. 31 6E-05 
3.1104E-'35 
0.48 5E-06 
0.30 4E- 06 
0.21 43-06 
0. 'I 103-06 
0.61 BE-07 
0.36 3E-07 
0.23 OE- 37 
0.?66E-07 
0.130E-07 

ES E 

0. ' I l i  1E-05 
0.44 5E-06 
0.203E-06 
0.126E-06 
0.879E-07 
0.44 6E-07 
0.247E-05 
0 19 4E-31 
0.90BE-08 
0 .65  5E-09 
3.509E-08 

0.1992-05 
0.536X-OC 
0.2 49 E- 0 5 
0.156X-06 
O.110E-06 
0.562E-09 
0.3 12E-07 

0.115E-07 
3.830E-08 
3.64572-38 

0.1833-07 

E 

0.123E-85 
0.3 572- 06  
0.1623-06 
0.9983-07 
0.6 962-07 
0 .3  5 ?  E-07 
0.194E-07 
0.113B-07 
0 - 7  I3E- 08  
0.5 I 4E- 08 
0.3 99E-08 

0.7649-05 
0 . 4 2 9 ~ 0 6  
0. I99E-06 
0.425E-06 
0.9782-07 
0. 4529-07  
0.254E-07 
0.149E-07 
0.947E-06 
0.686E-08 
0.534E-36 

ES E 

0 2 6 E- 0 5 
0.33lE-06 
0.169E-06 
0. iO4E-06 
0.725P-07 
0.366B-03 
0.202E-03 
0.117E-07 
0.7372-08 

0.U12E-08 
0.5313-0a 

0.1973-35 
0.6993- 06 
0.326E-06 
0.204E-06 
0.144E-36 
0.7423- 07 
O.418E-07 
0 - 2  46 6 3 - 07 
0.156E-07 
0.113E-97 
0.863E-06 

I E 

0. 'I 26E- 05 
0.3713-06 
0.7 6gE-06 
0.109E-06 
0 -72 52-07 
0.3663-07 
0.202E- 07 
3.3  37E-07 
0.737E-06 
0.5311-08 
0.49 12E- 06 

0.2563-05 
0.64 OE-06 
0.297E-P6 
0.186E-06 
0.13 i E - 0 6  
0.674E-07 
0.378E-07 
0.223E-07 
0.14 7E-07 
0. lO2E-07 
0.796E-08 

NNE 

0.I66E-05 
0 . 3 6  IE-06 
0 .564E-06 
3.7017-06 
0 . 7 3  5E- 0 7 
3 .355E-07 
0.196E-07 
0.1?4E-07 
0.7 7 3E-08 
0.5 13E-08 
0.398E-08 
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. .I , '!. * ,  = I .  'L ' 
L I S T  OF INPUT VAL'JES FOR RADIONUCLIDE-INDL >ENT VARIABLES t 

NUMBER OP NUCLIDES CONSIDERED 

T I 9 2  DELAY--INGESTION OF PASTURE GRASS BY ANIHALS (HR) 

TINE DELBY--INGESTION OY STORED PEED BY ANIMALS (HE) 

T I R E  DELAY--INGESTION OF LEAFY VEGETABLES BY Y A N  (BR) 

T I R E  DELAY--1VGESTION O F  PRODUCE BY M A N  ( H 3 )  

REMOVAL RATE CONSTANT FOR PHYSICAL LOSS BY WEATHERING (PER HOUR) 

PERIOD OF EXPOSURE DURING GROWING SEASON--PASTURE GRASS (BR) 

PERIOD OP EXPOSUFE D'JRXNG GROWING SEASON--CROPS OF LEAFY VEGETABLES ( H R )  

AGRICULTURAL PRODUCTIVITY BY UNIT X R E A  (GRASS-COW-MILK-MAN PATHWAY (KG/SQ. EETER) ) 

AGRICULTURAL PRODUCTIVITY BY UNIT AREA (PRODUCE 09 LEAFY VEG INGESTED BY K I N  ( K G / S Q .  RETER)) 

FRACTIOU OF PEAR ANISALS G R A Z E  ON PASTURE 

PRACTION OF DAILY FEED THAT I S  PASTURE GRASS WHEN ANIRAL GRAZES 011 PASTURE 

CONSUNPTION RATE O F  CONTAMINATED FEED O R  PORASE BY A N  ANINAL T N  KG/DAY (DF?Y VElGHT) 

TRANSPORT T I S E  PROM ANIMAL PEED-AILK-fiAN (DAY) 

RATE OF INGESTION OF PROD'JCE BY M A N  (KG/YR) 

RATE OF INGESTION OF RrlK FY N A N  (LITERS/YR)  

RATE OF INGESTION OF aSAT B Y  M A N  (KG/YR) 

FATE OP INGESTION O F  LEAFY VEGETABLES BY N A N  (KG/YR) 

AVFRAGE T I N E  F90R SLAUGHTER OF MEAT ANIYAL TO CONSDEPTION ( D A Y )  

FRACTION OF PRODUCE INGESTED G 9 0 H N  I N  GARDEN OF INTEREST 

FRACTION OF LEAFY VEGETABLES CROWN I N  GARDZN OF INTEREST 

PERIOD OF LONG-TERN B U I L D J P  FOR ACTIV1TY I N  S O I L  (YEARS) 

EFFECTIVE SURPACE DENSITY OF S O I L  (KG/SQ. N, D R Y  WEIGHT) ( A S S U X S  15 CY PLOW LAYEP) 

VEGETABLE INGESTION RATIO-I #MEDIATE S U R R O U N D I N S  AR EA/TOTAL W I T B I  N AREA 

MEAT INGESTI9N RATIO-IMSEDIATE SURROUNDINS AREB/TOTI\L WITPIX AREA 

PIILK INGESTION RATIO-IXMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

5 

0.0 

0.2160E 0 4  

0.3360E 03 

0.3360E 03 

0.21OOE-02 

0.7200E 03 

0.144OP 0 4  

0.28006 00 

0 . 7 1 6 0 E  0 0  

0.4000E 00 

0 .43OOE 00 

0.1560E 0 2  

0.2000B 01 

0.1760E 03 

0 . 1 2 2 0 9  03  

0 . 9 4 0 0 E  02 

3 . 1 8 O O E  02 

0.2000E 02 

0.1000E 04 

0.1000E 0 1  

0.1000E 03 

0.21506 03 

0.5000E 0 0  

0.53OOE 00 

0.5000E D O  

w 
W 

Y I N I M U M  FRACTIONS O F  FOOD TYPES F R O 3  OUTSIDE AREA L I S T E D  BELOW ARE ACTUAL F I X E D  VALUES 

M I N I M U f l  FRACTION VEGETABLES INGESTED PROM OUTSIDE AREA 0.2DOOE 0 0  

N I N I S U M  FRACTION MEAT INGESTED PRO3 OUTSIDE AREA 0.20OOE 00 

0.20006 CD f ' l I N I f l U f l  FRACTION K I Z K  INGESTED FROfi O'JTSIDE AREA 



IBH9116TIOEi RAT3 OF E19 {CUBIC CEMTIflETERS/HR) 

BUILDUP T I f l E  POK RADIONUCLIDES DEPOSITED ON GAOUNI) A N D  WATER (DAYS) 

DZZUTION FACTOR FOR WATER FOR SWIMflfNG (CM) 

FBACTION OP T I B E  S J E S T  S U L E L Y I H G  

KOSCLE Y A S S  OP ANLEAL AT SLAUGHTER ( X G )  

PBACTIO?i O F  R N l E t l L  ZZR3 SLAUGBTERZ3 PER DAY 

n I L X  PRODUCTION OF COW rLITEHS/DAY) 

PALLOOT INTERCEPTTON FRACTION-VEGETABLES 

PALLO'JT I N T E B C E P T I O N  ?RACTIOH-PASTURE 

PRPlCTION O F  R A D I O A C T I V I T Y  ,YETBI#ZPD OEi LEAFY VEGEThRLZS AND PRODUCE BPTE3 WASHING 

0.9E67E 06 

0.3650E OS 

0.'1524E 03 

0.1000E-3? 

0.2000E 03 

0.3810'~-02 

0.1100E 02 

0.2000E 00 

0.5700E 00 

0.100OE 04 



1 '  

, I \) 

COYP3TED VALUES FOR THE AE 

TOTAL POPULATION 

TOTAL NUXBER OF MEAT AAIMALS 

TOTAL NrJRBEB OF MILK CATTLE 

TOTAL AREA OF VEGETABLE F O O D  CROPS (SQUARE BETERS) 

TOTAL MEAT CORSUMPTION ( R G  PER YEAR) 

TOTAL HEAT PRODUCTION (KG PER YEAR) 

TOTIL MILK CONSURPTION (LITERS/YEAR) 

TOTAL KILR PRODUCTION (LITERS/YEAR) 

TOTAL VEGETABLE F O O D  CONSUMPTION (KG PER YEAR) 

TOTAL VEGETABLE F O O D  PRODUCED (KG PER Y E M )  

531O3.Q 

17coooo 

?703030 

0.176QE 23 

0.4992E 07 

0.U895E 09 

0.59488 07 

0.70663 10 

0.1030E O B  

0.1260E 2 3  



O R G A X  

TOT. BODY 
S PALL 

LUEIC-s 
KSIDEi2YS 
31V38 

LLI oIaLL 

O V B S Z 3 S  
H R A R  
ENDOST 
TESTES 
TNYROID 

L I S T  OP I N P U T  DATA FOR NUCLIDE 8 1 - 2 2 6  

0.33908-05 RADIOACTIVE DECAY CONSTANT (PEB DAP) 

ENVIRONMENTAL DECAY COYSTANT-C SUEPACE [PER DBY) 0.0 

ED71RONMENTAL DECAY CONS'?ANT--WATER (PEB DAY) 3.0 

0 . 5 9 0 0 B - 0 3  AVERAGE PSACTION OF ANIMAL'S DAILY I N T A K E  OF NJCLIDE W H I C H  AJ?EARS I N  E1CZ L OF MILK (DAYSD) 

FRACTION OF ANXiIkL'S DAILY INTAKE OF NUCLIDE WHICH APPEARS IN EACH K G  OF PLESA (DAYS/KG) 0.3000E-02 

CONCEIITRATIOB PACTOR FOR ilPTAKE OF NUCLIDE FROB S O I L  FOR PAST'SRE A N D  FORAGE 0.97OOi?-01 
( I N  PCI/RG D R Y  WEIGHT PER PCI/KG D R Y  S O I L )  

COXCEXTRATION FACTOR P O 3  EPTAKE OF NUCLIDE PROK S O I L  B Y  E D I B L E  PART5 OF CROPS 0.6200B-03 
(IN P C I / K G  IET XEIGNT PER ?CI/KG D B Y  S O I L )  

G I  UPTAKE FRACTIOB ( I N i l A L A T I O N )  

G I  (IPTAXE FBACTIOY ( INGESTION) 

PARTICLE S I Z E  { t r X C R O N S )  

SOLUBILITY CLASS 

0 . 9 0 1 E  01 0 . 7 2 6 2  O i  
0.2703-02 0 . 4 3 7 2 - 0 2  
0 . 4 7 9 9  0 3  0.33313 0 0  
0 . 5 5 7 3  02 0 - 5 9 53- 0 4 
0.6622 0 3  3.5903 00 
0.6628 03  3 . 5 9 3 E  0 0  
0.664E 0 3  0 . 5 9 2 E  0 0  
0 . 1 9 2 E  01 0 . 1 7 1 E  0 1  
0 . 9 9 0 e  01 0.882F 0 1  
0 . 6 6 4 E  0 3  0.591E 0 0  
0.664E 00  0.591E 0 0  

DOSE COYVEBSIOB FACTORS 

SUBEEESION IK AIR 
< 3 E ? I S - C U B I C  CN,' 
HZCROCURIE-HR) 

0 . 4 3 6 2  0 1  
0.2848 07 
0.2392 0Y 
0.3E5X 0 1  
0.3353 3 1  
0.333E 01 
C.229E 0 1  
0 . 6 2 6 B  01 
5 . 7 2 6 E  07  
0.5323 0 1  
0 . 4 3 5 3  0 1  

SURFACE EXPOSORE 
~ B z E s - s p o A s z  cn/ 
MIC ROCURI E-NE;) 

0.100E-02 
0.6 5 [{E-03 
0 . 5 4 8 E - 3 3  
0 . 8 8 4 E - 3 3  
0 . 7 2 5 3 - 3 3  
3 .76  LIE- 0 3 
0.526E-03 
0 . 1 4 4 2 - 0 2  
0 . 1 6 7 E - 0 2  
0. '122E-02 
0. 'IOOE-02 

0.20OOE 00  

0.2000E 00 

3.1000B 0 1  

w 

SUBMERSION I?! WIBTER 
(REMS-CUBIC CM/ 

RICROCURIE-HR) 

0 . 9 3 6 E - 0 2  
0 .6  1 OE-02 
0.5 > 2 E - 0 2  

0 . 6 7 6 E - 0 2  
0.7 13E-02  
0. Li9 I E-02 
0 . 1 3 4 E - 0 1  
0 .156E-  0 1 
0. 'I 1 G E-$1 
D . 9 3 4 E - 0 2  

o . a 2 5 ~ - 0 2  

N 
0. 
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L I S T  OF IYPOT DATA PO4 N3CLIDS PO-270 

RADIOACTIBE D3CP.Y COISTAWT (PER 3 A Y )  

E N Y I R O N  N3 NTAL DECAY CON ST ANT-- S U RP AC E (PER DAY) 

EHVlRONMENTAL DECAY CONSTANT--WATER (PER DAY) 

AVERAGE PRACTIO?! OF X F I K A L ' S  DAILY INTAKE OF BDCLIDE WHICH APPEARS Irl E A C H  L OF PIILK {DAYSIL) 

FRACTION OF A N I ? I A E ' S  irAIEY I N T I K E  OP NUCLIDE UKICA APPEARS I N  EACH KG OF FLESH [DAYS/KE) 

COXCEXTRATION PRCTOR TOR 'JPTAKE OF NUCLIDE FROB S3IL FOR PASTORE A N D  F O R A G E  
( I N  PCI/KC: D R Y  WEIGHT PER PCI/I(G D R Y  S O I L )  

CONCENTRATION 'FACTOR F O R  UPTAX3 OP SUCLIDE FRON S O I L  EY EDIBLE PAETS OF CROPS 
(I3 PCI/KG WET WEIGHT PER PCI/KG D R Y  S O I L )  

G I  'J?TAKB PRACTXOX (INSALBTION) 

O R G A N  

TOT. YODP 
s Idr4L.L 
LL1 WALL 
ZWBGS 
KIDNEYS 
LIVER 
OVARIES 
R N A X  
ENDOST 
TESTES 
TBYROID 

G I  OPTRXB F'BACTSOX {INGESTION) 

PARTICLE S I Z E  (?IrCFtONS] 

SOLWBILITY CLASS 

C3NCEHTBBTTOMS ON GROUND AND WATER INCLUDE COBTRIBUTIONS RESULTING FRON 
DECAY O F  THE POLLOBXNG PARENT NUCLIDES AFTER DEPOSITION-- 

NUCLIDE B V l L 3 U J  PACTOR 

RA-226 0 . 1 2 4 3  03 

30SE COSVERSI011 P R C T O R S  

INHALATION XNGESTION SUBMERSION I N  A I R  SURFACE EXPOSURE 
(RE!'IS/NICROCURIE) (REMS/flICHOCURIE) (RETS-CUBTC CM/ {REMS-SQGARE CM/ 

AI?ROCOBIE-HR) 81 C ROC TJ I t 1  E- H R 1 

0.Y562 01 
0.2222-02  
0.879E-G4 
0.458E 0 2  
0.44YE 0 2  
0 . 2 4 8 3  0 1  
0 . 8 0 3 E  00 
0 .855E O D  
0.374E 00 
O.803E 00 
0.503E 00 

0 . 5 6 2 1  0 0  
0.4543-02 
3.17YE 0 0  
0.1 1 3 E - 0 7  
0.932B 07 
0.161E 01 
0 . 5 2 1 E  0 0  
0 . 5 5 4 E  00  
0 . 2 4 2 E  0 0  
0 . 5 2 1 E  0 0  
0.521B 0 0  

0 . 5 2 5 E - 0 2  
0.4PC.E-02 
3 . 3 5 1 E - 0 2  
0 . 4 9 4 E - 0 2  
0 . 4 8 5 E - 0 2  
0 . 4 4 9 E - 0 2  
0 . 2 7 2 2 - 0 2  
0.5543-02 
0 .6  3 4 E - 0 2  
0 . 5 1 3 3 - 0 2  
0.402E-02 

0 . 3 0 2 E - 0 5  
3.9 7 43-06 
0.634E-OB 
0 . 9 6 2 E - 0 6  
0 . 9 4 4 E - 0 6  
5 .87UE-06 
0 . 5 2 9 3 - 0 6  
0.l08E-05 
0.923E-05 
0 . 9 9 8 E - 0 6  
0 . 7 8 3 E - 3 6  

0.50 2 OB-02 

0.0 

0.0 

0 . 1 2 0 0 E - 0 3  

0.40 O O E -  0 2  

0 . 4 2 0 0 E - 0 2  

0 . 2 6 0 0 E - 0 3  

0.100DE 00 

0.1000E 00 

0.1000E 0 1  

W 

SUBEiERSION IN WATEI: 
(REMS-CUBIC CY/ 
B I C R O C U B I  E-HR) 

3 . 7  133- 0 4 
3.10'iZ--O4 
0.757E-05 
0. '107E-OY 
.3. JOSE-04 
0 . 9 6 8 E - 0 5  
0.586 E-05 
0.120E-34 
3 . 1 3 ? 3 - 3 4  
3.7  11E-3FI 
0 .867E-35 



I t  
1 L I S T  OF XBPUT DgTA FOd Z I D E  RN-222 . *  

RADIOACTIVE DECAY CONSTANT (PER DAY) 

ENVt RON MEPT AL DECAY CON STAN T-- SUEF AC B (PER D hY) 

, ,  : , 

., .'., , .,. . . I r ,  

jl 

0.18103 00 

0.0 

ENVIRONBE NTAL DECAY COXSTANT--WATER (PER D A Y )  C. 0 

AVERAGE PRACTIOY OF A N K F I B L ' S  n a I L Y  INTAKE O F  NUCLIDE WHICH APPEARS I N  E A C H  L O F  MILK (DA'IS/L) 0.0 

FRACTION #F A l f R A L ' S  DAILY INTAKE 0% RUCLIDE ? l H I C K  APPEAXS IN EkCH K G  DF FLESX {DhYS/KS) 0.0 

CONCEXTRATION PACTOR FOR 'JPTAKE OF NUCLIDE FBOK S O I L  PDR PASTURE A N D  PORAGE 
(IN PCI/KG m r  UEIGHT P E R  P C I / K G  D R Y  SOIL) 

C O N C E H T R A F I G N  FACTOR FOB CiPTIIKE OP BUCLIDE FROM S O I L  B Y  EDIBLE PARTS CP CBOPS 
(fB PCI/KG RET MEIGHT PER P C I / K G  D R Y  S O I L )  

0.0 

0.0 

G I  OPTAKE FRACTION ( I B H A L A T I O N )  0.0 

G I  UPTAKE FRILCTIGN (INGESTION) 0.0 

PARTICLE S I Z E  ( H I C R O S S )  0.100OE 01 

S G L U B I L I T Y  C L A S S  * 

ORGAN 

TOT. BPJDY 
s WALL 
L L I  WALL 
L U f l G  s 
KIDNEYS 

OVAUIES 
P, E.98 
ENDOST 
TESTES 
TAPXOTD 

LrmE: 

DOSE CONVERSION FACTOBS 

SDBEERSION I N  X I R  SURFACE EXPOSURE SOBNERSION IN W9TER 

XICROCUBIE-BB) MICROCUFIE-RR) MLCAOCURIE-HR) 

INHALATIOl  I R G E S T K O N  
fR.ENS/NXCsQcClRXE) ( R E K S / N X C R O C O R f E )  [RBES-Cf.rBIC CK/ (RERS-SQDRRE C?l/ (RERS-CUBIC C5/  

0.229E-04 
0,488E-Ch 
0.141E-C)3 
0, IGOX-02 
0 . 5 0 3 3 - 0 4  
O.&13E-OS 
0.825E-06 
D.St9lE-OS 
0.334E-BY 
0.818E-06 
0.837E-06 

3,459E-02 
3,148E-01 
0 , 6 8 6 3  00 
o.l t5a-0: 
0.116y.&-01 
0.130E-02 
0.543E-02 
c. e(73E-92 
U.131E-01 
0.6793-03 
0.2f4E-33 

0.2P4E 00 
0.24ZE 00 
0.17EE 00 
0.22EE 90 
C ' Z I S E  00 
Q . Z I 1 E  00 
3.908E-01 
0 , 2 3 3 a  00 
0.3118 00 
0.271;E 00 
0.202E 00 

0.502E-Ob 
0 I 4 97E-04 
0.3662-04 
oaa69E-O4 
0.437E-04 
0. 434E-04 
C .  187E-04 
3.582E-34 
0.639E-04 
n, 5 6 3 E - 3 4  
0.415F-04 

0.52 1 E-0 3 
0.54 64-03 
0 . 3 8 0 3 - 0 3  
0 . 4 8 7 2 - 0 3  
0.453E-03 
0.Y512-03 
0 . ? 9 4 3 - 0 3  
0.509E-03 
C.66YE-03 
0,585E-03 
0 . 4 3 ' 1 ~ - 0 3  



0 
N 
N 

G'O 
0'0 
0 '0 
0 '0 
0'0 
0 '0 
C '0 
0 '0 
0 '0 
0'0 
0'0 

i C-30QLS '0 

LC aot319-0 

0-0 

0'0 

EO-ZObSb'C 

G 'C 
O'C 
0'0 
0 '0 
0 '0 
0 '0 
0 'C 
0 '0 
0 'C 
0 '0 
0 '0 

c-0 
0 '0 
0 '0 
0 '0 
0 '0 
0'0 
0 '0 
0 '0 
c '0 
G '0 
0 'C 

bO-Z6 Z8 '0 
9 0-30 f 9 '0 
!l0-8959 '0 
R I1 -a 9 z 9 - 0 
h 0-36 28 * 0 
t1Q-Z8 ZB '0 
tr0-89 SB '0 
tr 0 -3 9E8 '0 
EO-BEOL '0 
EO-BBGL '0 
clo-go €8 -0 

EO-3bZt 'G 
io-aszt '0 
910-8596 '0 
EO-ahZL-0 
EO-ZbZl '0 
€0-ZBZL '0 
E 0-262 t '0 
fO-ZSZL 'C 
EO-BEEL 'G 

EO-BSZ L '0 
EO-BSZL -a 



A R E A  

D IR EC TIOB DIS TA NCE 
(METERS) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 2 0 7  
2414  
4 0 2 3  
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
20113  
3 2 1 8 0  
48270  
64360  
8 0 4 5 0  

1 2 0 7  
2414  
4023 
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
20113  
3 2 1 8 0  
48 270 
64360  
8 0 4 5 0  

1207  
2414  
4 0 2 3  
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
20113  
3 2 1 8 0  
48270  
6 4 3 6 0  
80450  

1 2 0 1  
2414  
4 0 2 3  
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
20113  
3 2  180  
48270  
64360  
8 0 4 5 0  

1 2 0 7  
2414 
4 0 2 3  
5 6 3 2  
7249  

12068  
20113  
3 2 1 8 0  
48270  
64360  
8 0 4 5 0  

. I  1 

POPULATION-WEIGHTED COBCEMTRATIONS AYD ' L A l d C N  I?I'IARES POX RR-226 

JIB CONCENTRATION G R O U N D  CONCENTRATION I Y G E S T I O N  I N T A K E  
( f l A N - C U a I E S / C U 3 I C  AEPER)  {?AN-CVRIES/SQUARE METER) (MAN-PCI/YEAR) 

0.0 
0.0 
0.0 
0.0 
3.0 
0. t 473-15 
0.0 
0.0 
0.16YE-17 
0.533E-16 
0.264E-15 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 0 2E- 15 
0.3493-16 
0.7532-  16 
0.165E-16 
0.958E-17 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
3.0 
0.0 
0.17UE-15 
0.101E-15 
0.2 67E- 16 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1553-15 
0.8OlE- 16  
0.978E-16 
0 I 4 20E- 15 
0.448E- 15 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 16E- 15 
0.182E-I5 
0.0 
0.1541-16 
0 .721  E- 17  
0 I 2 882-15 

0.0 
0.0 
0.0 
0.0 
0.0 
0.5233-08 
0.0 
0.0 
0.6863-1 0 

0.118E-07 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0 ,7132-08  
0.130E-OB 
0 .  ?91E-08 
0.687E-09 
0 .4  12E-09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .649E-08 
0. 403E-08 
0.11OE-08 
0.0 
0.0 
0.0 

0.0 
0.0 
0 .53 lE-08  
0.286E-08 
0.358E-08 
0.1612-37 
O . I 9 6 ~ - 0 7  
0.0 
0.0 
0.0 
0.0 

0 . 2 3 i ~ - o a  

0.0 

.. . 
0.0 
0.7329-08 
0.6352-08 
0.0 
0.571F-09 
0.2772-09 
0 ,113E-07  

0.0 
0.0 
0 . 0  
0.0 
0.0 
0 .1682  0 4  
0.0 
0.0 
0.199E 03 
3 . 1 2 1 2  05 
0.919E 05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.800E OU 
0.3623 04  
0.162E 05 
0.776E 04  
0 . 7 1 2 3  04 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 .0  
0.255E 05  
0.338E 05  
0.144E 05 
0.0 
0.0 
0.0 
0 . 0  
3.0 
3.0 
0 .420E  04 
0 .5413  0 4  
0 .1343  05 
O.117E 06 
0.192E 06 
0.0 
0.0 
0.3 
0.0 
3-0 
O.f.4083 04 
0.7973 04 
0,o 
0,312E 04 
0 .272% 04 
0.!652 06 

I N H A L A m T 3 N  IWTAK E 
(EI A X  -PCI  /YEAR) 

3.0 
0.0 
0.0 
0.0 
0.0 
0 . l l a E  0 1  
0.0 
0 .0  
0.135E-0 1 
0.428E 0 0  
0.212E 0 1  
0.0 
0. G 
0.0 
0 .0  
0.0 
0.0 
0.162E 0 1  
O.250E 0 0  
0.605E 0 0  
0.133E 00 
0.76 9F-0 1 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
O.l?OE 0 1  
0.809E 0 0  
0.214E 0 0  
0 . 0  
0,0 
F.0  
0.0 
0.0 
0.0 
0 . 1 2 J E  01  
0 .643E  0 0  
0.755E 0 0  
0.337E 0 1  
0.360E 0 1  
0.0 
0.0 
0.0 
0.0 
0" 0 
0.174E 09 
0 . 1 4 7 2  O f  
0.0 
C.124E 0 0  
0.57YE-0 1 
0.231E 01  
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k 

l a  
12 
12 
12 
12 
12 
12  
12 
72 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
1 4  
14  
1 4  
14 
1 4  
14 
1 4  
14  
14 
15  
15 
15 
1s 
15 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
16 
16 
1b 
16 
16 

1207 
2414 
9023 
5632 
7241 

12068 
20113 
32 180 
48270 
6 4  360 
80450 

1207 
2414 
4023 
5632 
7241 

12068 
20113 
32180 
48270 
64360 
80450 

1207 
2414 
U023 
5632 
7241 

12068 
20113 
32180 
48270 
64360 
80450 

1207 
2414 
4023 
5632 
7241 

12 068 
20113 
32180 
48270 
64360 
80950 

1 207 
2414 
4023 
5632 
7221 

12068 
20113 
32180 
4827'3 
69360 
80450 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.360E-? 5 
0.0 
0 9 56E- 16 
0 il 2 08E- 16 
0.234E-36 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.552E-16 
0.0 
0.103E-16 
0.3 822- 17 
0 .49  1E-16 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.4 10E- 16 
0.181E-16 
0.9882-16 
3.1612-15 
0.0 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
0.191 E-16 
0.2 53E- 16 
0.103E-15 
0.0 
0.0 
0 . 0  
0.127E-14 
0.0 
0.0 
0.0 
0.0 
0.1 4lE-16 
0.2WE- 16 
0. 4 5 4X- 15 

1 

# .  

J 
0.t 
0.0 
0.0 
0.0 
0.0 
0.0 
O.tQ5E-07 
0.0 
0.403E-08 
0.928E-09 
0.107~2-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 172-0 8 
0.0 
0.44 SE-0 9 
0.175E-09 
0.232E-08 
0.0 
0 -0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.166E-08 
0.7653-09 
0.444E-08 
0.747E-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.8223-09 
0.11  5E-08 
0.486E-0 8 
0.0 
0.0 
0.0 
0.4302-07 
0.0 

0.0 
0.0 
0.5832-09 
0.1293-08 
F. 2062-07 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,173E Os. 
0.0 
0.197E 0.761E 04 05 

0.129B 05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2672 04 
0.0 
0 .2293  04 
0.154E Of4 
0.297E 05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O.Ul8E 04 
0.360E 04 
0.3593 05 
0.679E 05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.317E 04 
0.766E 04 
0.472E OS 
0.0 
0.0 
0.0 
0 . 7 3 1 B  04 
0.0 
0.0 
0.0 
0.0 
0.265E 04 
0.102E 05 
0.2383 06 

0.0 
0. a 
0.0 
0.0 
0 - 0  
0.0 
0.3952 0 7  
0.0 
0-758E 0 0  
0.167E 3 0  
0 . l B G E  0 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0,444E 00  
0.0 
0.82 5B-0 1 
0.306E-01 
0.395B 00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.329E 0 0  
0.145E 0 0  
0.793E 0 0  
0 .1292  (51 
0.0 
0.0 
0 - 0  
0,o  
0.0 
0.0 
0.0 
a. 0 
0.1543 00 
0.203E 0 0  
0.8273 30 
0.0 
0.0 
0.0 
O.lQ2E 0 2  
0.0 
0.0 
0.0 
0 . 0  
0.113E 0 0  
0.2362 03 
0 . 3 6 5 E  31 

N 
N 
W 

D I R E C T I O B S  ARE HUNBERED CODBTERCLOCRQISE STARTING RT 1 FOR DUE NORTH 



224 



b . 3 L U I  
6 ' * ,  b , ?414 

I 4023 
5432 

6 7241 
6 12068 
6 20 113 
6 32180 
E 45270 
6 64360 
6 80450 
7 1207 
7 2414 
7 4023 
7 5632 
7 7241 
7 12068 
7 20113 
7 32180 

7 64360 

8 1207 
8 2418 
8 4023 
8 5632 
8 7241 
8 12068 
8 20113 
8 32180 
8 48270 
8 64360 
8 80450 
9 1207 
9 2414 
9 4023 
9 5632 
9 1241 
9 12068 
9 20113 
9 32180 
9 48270 
9 64360 
9 80450 
10 1207 
10 2414 
10 4023 
10 5632 
10 7241 
10 12068 
10 20113 
70 32180 
10 48270 
10 64360 
10 90 450 
11 1207 
11  2414 
11 4023 
11 5632 
11 7241 
11 12068 
11 20113 
11 32180 
11 48270 
1 1  64360 
11 80450 

7 482-10 

7 a0450 

U.U 
0.0 
0.0 
3.0 
0.0 
3.0 
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 
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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

G1 (I 

0.; 
0.0 
0.0 
0.0 
0.0 
0.870E-09 
0 .445E-03  
3.7 1 4 E - 3 %  
0.4383-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.201E-08 
0.593E-09 
0.772X-09 
0.9883-10 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,8083-08 
0.5893-08 
O.lU3E-08 
0.507E-09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0 

9 ' 0 i 37-n .'3t. , 

0.5673-07 
0.0 
0.170E-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.8723-07 
0.0 
0.104E-07 
0.2513-08 
0.983E-09 
0.862B-09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.591E-07 
0.428E-OB 
0.0 
0.254E-08 
0.103E-08 
3.165E-lC 

u. u 
3.461F 03 
0.3 
9.0 
0.3 
0.0 
0.5 
0.215E 03 
G-231E 03 
3.710E 04 
0.664E 04 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.388E 03 
0.2283 03 
0.5935 03 
0.1173 03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.U29E 03 
0.747E 03 
0.358E 03 
0.2623 03  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2552 04 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.6 
0.167E 04 
0.0 
0.9982 03 
0.4683 03 
0.342E 03 
O.450E 03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1368 3(L 
0.214E 03 

o . ? a w  03 

0.0 
0.5263 03 
0.3763 03 
O.892E 01 

0.0 
0.0 
c. 0 
0.9 
0.0 
0,0 
0.0 
0.0 
0.0 
c. 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 
c. 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 
0.0 
0.0 
0.0 
0.0 



RO BLtL'O 
EO BOEE'O 
20 3858'0 

0 '0 
0 '0 
a '0 
0'0 

€0 ZLEZ'C 
0 'C 
c '0 
0'0 

RC ZE56'0 
EO 361:Z'O 
EO 3E0t'O 

0 '0 
0 'C 
0'0 
0'0 
0'0 
0'0 
0 '0 
C '0 

$70 atiEZ'O 
hO E9LL'O 
EO 39tL-0 
EO ESEL '0 

0 '0 
0 '0 
0'0 
0 '0 
0 '0 
0 '0 
0 '0 

F0 3196'0 
ZO ZL6C'O 
20 3ZbL'O 

0 '0 
ZO 3fZ6-0 

0 '0 
0 '0 
0 '0 
0 '0 
0'0 
0'0 

ED sate-o 
EO 39trz-0 
EO X8L9'0 

0'0 
EO aess-0 

0 -0 
0 'C 
9 'G 
0 'C 
0 '0 
0 '0 

a '0 
0.0 
0'0 

LO-E66Z '0 
0'0 
C'O 
0'0 

60-3EEE'O 
60-3 LOB'O 
6 O-ZOLS '0 

0'0 
P '0 
0 '0 
0 '0 

0'0 
0 '0 
0'0 

e 0-3 6 b s -9 
80-ZI80E'O 
60-3LES-[I 
BO-BSbl '[I 

0'0 
0'0 
3 '0 
3 '0 
0 '0 
3-0 
0 '0 

8 0-8 L 9 I '0 
60-8 I21 '0 
60-560E '0 

0'0 
80-30S6 '0 

0 '0 
0'0 
0 '0 
5: '0 
C'O 
0 '0 

6 0-2s CL 'C 
6 0 -3 ti h 9 '5 

0 '0 
L0-3LOL 'C 

0 '0 
C'C 
0'0 
0'0 
0'0 

0-0 

eo-aoez-o 

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 
3'0 
0 '0 
0-0 
0'0 
0-0 

0'0 
0'0 
0'0 
0'0 
0'0 
0-0 
0-c. 

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 
C'O 
0 '0 
6'0 
9'0 
0'0 
0'0 
0'0 

0-e 

0-0 

OSh08 
09ER9 
OLZBh 
08bZE 
ELL 02 

LhZL 
Zf35 
EZOQ 
hbhZ 
LOZ 1 
OS*C8 
09Eb9 
OLZBb 

ELbOZ 
890ZL 
ikZt 
ZE95 
TZOC 
OLQZ 
LOZ L 
OStr08 
09Eb9 
OLZRC 
QBLZE 
ELL02 
890Zb 
1fiZL 
ZE95 
EZOb 
BlhZ 
LOZ t 
OSh08 
09EC9 
QLZ9h 
OBLZE 
ELL02 
890 Z L 
ChZL 
ZE9S 
EZOtl 
klflZ 
LO2 1 
OShOR 
09EB19 
OLZBh 
O8lZE 

89QZt 
LCZL 
ZE9S 
EZCb 
hlbZ 
LO21 

e9ozI 

oe ZE 

Eat02 

9L 
9t 
91 
9i 
91 
9L 
91 
9L 
9t 
SL 
9t 
Sb 
SL 
SI. 
SI 
s 1. SL 
Sb 
SI 
SL 
SL 
Sb 
hi 
h: 
hi 
$1 L 
$1 
+?I 
rr4 
hl 
CL 
CL 
hl 
EL 
EL 
EL 
EL 
EL 
EL 
EL 
Et 
EL 
EL 
EL 
ZL 
ZL 
Zb 
ZL 
db 
Zb 
ZL 
ZL 
Z1 
21 
71 



AREA 

D I R E C T I O N  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

DISTANCE 
<HETERSE 

1 2 0 7  
2 4 1 4  
4 0 2 3  
5 6 3 2  
7 2 4 1  

12068 
20113  
3 2 1 8 0  
48270  
6 4 3 6 0  
80450 

1 2 0 7  
2314  
4 0 2 3  
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
20113  
32180  
48270  
64360  

1 2 0 7  
2414  
4 0 2 3  
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
2 0 1 1 3  
3 2 1 8 0  

6U360 
80450 

1 2 0 7  
2414  
4 0 2 3  
5 6 3 2  
7 2 4 1  

12068 
20113 
3 2 1 8 0  
48270  
6 4 3 6 0  
80450 

1207 
2 Q 1 4  
4 0 2 3  
5632 
7 2 4 1  

1 2 0 6 8  
2 0 1 1 3  
3 2 1 8 0  
48270  
64360  
8 0 4 5 0  

a0450  

48270  

PGPOLATIOE-WEIGHTED CORCENTBATIOUS AND - 0 L A T X G J  1NT;ZRES FOR PO-270 

AIR CONCENTRATION G R O U N D  CONCENTRATION INGESTI3W I N T A K E  
(aAN-CIJRIES,lCUBIC '3ErER) (KA!?-CUEIES/SQOARE METER) ( N A H - P C I / Y E A H )  

0 - 0  
0.0 
0.0 
0.0 
0.0 
0.2 94E- 15 
0.0 
0.0 
0.3 37E- 17 
0.107E- 15 
0.527E-35 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,404E-15 
0.698E- 16  
0.151E- 15 
0.33 1E-16 
0.192E-16 

0.0 
0.0 
0.0 
0.0 
0,0 
0.0 

0 .348E- I s  
0 ,2072-15 
0.533E-16 
0.0 
0.0 
0.0 

0.0 
0.0 
0.3092-15 
0.16OE-15 
0.196E-15 
0.8 39E- 15 
0.896E-15 
0.0 
0.0 
0.0 
0.0 
0.0 
O.432E-15 
0 - 36 5E- 15 
0.0 
0.308E- 16 
0.144E-I6 
0.576E-lf  

0.0 

0.0 

0.0 

0. i) 
0.0 
0.0 
0.0 
0.0 
0.368E-OB 
0.0 
0.0 
O.482E-1 0 
0. '1633-08 
0.831E-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,501E-08 
0.93 4E-09 
0.204E-08 
0.483E-09 
0.289E-09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.456E-08 
0.2832-08 
0.7718-09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.373E-08 
0.201E-08 
0.2528-08 
0.113E-07 
0.323E-07 
0.3 
0.0 
0.0 
0- 0 
0, 0 
0.51 4E-0 8 
0.446E-0 8 
0.0 
0.40 1 E-0 9 
0.195E-09 
o . m 6 ~ - 0 a  

0.0 
0 - 0  
0.0 
0.0 ' 
0.0 
0.119E 04  
0.0 
0.0 
O.143E 0 3  
0 .8729  04 
0-652E 05 
0.0 
0. c 
0.0 
0.0 
0.0 
0.0 
0.574" 04 
0.261E 0 4  
0.717E 05 
0.559E 04 
0.513E 04 
3.0 
0.0 
0.0 
0. ct 
0.0 
0.0 
0.0 
0 -  0 

0.2442 OS 
0.104E 05  
0.0 
e.0 
0.0 
0.0 

0 . 1 8 4 ~  os 

0.0 
0.0 
0.301E 04 
0 . 3 8 Y E  04 
0.965E 04 
0.84OE 0 5  
0,139E 06 
0.0 
0.0 
0.0 
0.0 
0.0 
0.291E 94 
0.5722 0 4  
0.0 
@-125f? 0 4  
0.196E 94 
0.119E 06 

I N  H A L A T I3 rd IN 1 A RE 
(N A N -  PCI/Y E R R )  

0.0 
0.0 
0.0 
0.0 
0.5 
0.236E 0' i  
0.0 
0.0 
0.271E-01 
0,857E 0 0  
0.424E 0 1  
0.0 
0.0 
0.0 
0.0 
0.0 
0. F 
0.324E 0 1  
0.561E 00 

G.266E 0 0  
0 , 1 5 4 2  00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .279E  0 1  
0.162E 0 1  
0.428E 0 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.249E 0 1  
0.129E 0 1  
0.157E 01 
0 . 6 7 4 E  3 1  
0.719E 0 1  
0.0 
0.0 
0.0 
3. 0 
0.0 
0.347E 0 1  
0.293E 0 1  
0.0 

0.116Z 0 0  
0 . 4 5 3 E  0 1  

0.1212 e 1  

0 . 2 4 7 ~  De 



b 
6 
6 
5 
6 
6 
6 
6 
6 
5 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
El 
8 
8 
a 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

'10 
10 
10 
10 
10 
10 
10 
10 
!O 
13 
10 
11 
31 
1 4  
11 
11 
11 
I t  
19 
1'1 
1' 
4 

1 Z U I  
2 4 1 4  
4 0 2 3  
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
20113  
32180  
48270  
64360  
80450  

9 207 
2414 
4 0 2 3  
5 6 3 2  
7 2 4  f 

12068  
20113  
32180  
48270  
64360  
80450 

7 207 
2914  
4 0 2 3  
5632 
7 2 4 1  

1 2 0 6 8  
20113  
3 2  3 80 
48270  
64360 
80450  

1207  
241 D 
4 0 2 3  
5 6 3 2  
7 2 4 1  

1 2 0 6 8  
20613  
32 780 
4 8 2 7 0  
64360  
80450  

4 207  
24114 
4 0 2 3  
5 6 3 2  
7247  

1 2 0 6 8  
20143  
3 2 1 8 0  
48270  
64360  
8 0 4 5 0  

1207 
2414  
u 0 2 3  
5 632 
7 2 4 1  

1 2 0 6 8  
20113  
32180 
48270  
6Q360  
$!Ob50 

0.0 
0.1 3 5E- 7 3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.630X-15 
3 . 3 3  IE- 16 
3-50 3E- 15 
0.301E-TS 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 'I 52E- 15  
0.4323-16 
0.525E- 4 6 
0.652E- 17 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.668E-15 
0.467E- 15 
0.17 ?E-15 
0.3 69E- 16  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3 . 3  
3.45C12-74 
0.0 
0.1293-15 
3 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.7212-14 
0.0 
0.787E-15 
0.184E-95 
0.6761-46 
0.5753- 16 
0.0 
0.0 
0.0 
0.0 
0.0 
0.473E- 4 u  
0 .. 3 2E2- 15 
0.0 
0.777E-15 
0.6 78E- 16  
0.1062-17 

0.3 
0.4292-06 
0.0 
0.0 
0.0 
0.0 
0.0 
0,8372-09 
0.45 13-03 
0 . 7 2 3 2 - 5 9  
0.44162-38 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2043-08 
O.GOOX-09 
0.7822-09 
0. YOOX-00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.879E-08 
0.596 E-0 8 
0.445E-08 
0.5943-09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.574E-07 
G. 0 
0.1723-08 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.8833-07 
0 . 3  
3.105E-07 
0.254E-OB 
0.9958-09 
0.873 E- 0 9 
0.0 
0.0 
0.0 
0.0 
0.0 
C.5Y9E-07 
C. (a34E-08 
0.0 
0 .2572-08  
0.7' ' - 0 8  
0.3 .10 

0.0 
0.9512 04 
0.0 
0.0 
0.0 
0.0 
0 .0  
3. u732  ocr 
0.5142 04 
0.153E 06 
O.lilBE 06 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.864E 04 
3 .5093  04 
0 .1323  0 5  
0.261E 04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .9522  Oa 
0 .7652  35 
0.7973 34 
0.5853 04 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
3 . 0  
3.0 
0 .5652  0 5  
0.0 
0.643E 04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3 .3671  05 
0.0 
0.222E 0 5  
0.404E 05 
0.762E 04 
0.1003 35 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3073 35 
0.4982 0u 
0 .0  
3.1172 05  
0.R39E 04 
0.199E 0 3  

0.0 
0.9252 0 2  
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.5062 0 0  
0.266E 0 0  
3 . 4 3 4 3  0 1  
0 .2423  3 1  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.322E 0 1  
0.347E 03 
0.421E 0 3  
0.5243-3 1 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.536E 0 1  
C.375E 0 1  
O.eB8E G O  
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0.0 
0.0 
3 .0  
3.0 
0 . 3  
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0.0 
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0.0 
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0.0 
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1 PERCEBT OF R M A R  DOSE By EACH PATHAhY 

10 CL I D E PATf!PAP DGSE (3 A I - R E  ES) "ERCEBT OF TOTAL 

PB-210 

PO-210 

BN-222 

H-3 

RA-226 SUBY AIR 
SURFACE: 
SWIMEING 
ICNHAL. 
INGEST. 

BEGET. 
MEAT 
KILK 

SUBH A I R  
SORPACE 
S VIM KI NG 
I B K A L .  
INGEST.  

PEG ET. 
REAT 
t l I L K  

SUB8 A I R  
SURFACE 
SWIM K I NG 
L N N A L .  
INGEST. 

VEGET. 
BEAT 
U I L K  

SUBR A I R  
SURFACE 
S R I H B I N G  
I N H A L .  
INGEST. 

VEGET. 
MEAT 
nrr,n 

SUB3 A I R  
SURFACX 
S l I M n I n G  
I N H A L .  
INGEST. 

VEGET. 
REAT 
M I L K  

0.12 06X- OB 
0 - 9 8  98E-03 
3.6 0 b 2X-0 6 

0 . 3 6 1 5 2  01 
0 . 3 3 3 0 2  01 
0.2309E 00 
0 .54  08E-0'1 
0.0 
0 . 6 5 6  1E-03 

0.0 
0.97 07E-0 1 
0.7 9 7 2E- 0 1 
0.1536E-01 
0.19943-02 
0.2140E-11 
0.522UE-0 6 
0.37 97E-0 9 
0.30 l8B-03 
0 . 8 4 2 3 3  0 0  
0.7261E 0 0  
0.1122E 0 3  
0.43903-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.255YX-04 
0.1  U 4 2E- 02 
0.72733-03 
0.2669E-03 
0.41)64E-03 

0.3388~-03 

0.98 5 I E - O ~  

0. 00 
0.03 
0.09 
0.01 

9 9. SE. * 92.09 * 6.38 * 1 - 5 0  
0.0 
0.67 
0. eo 
0.0 

9 9 . 3 3  * 31.57  * 1 5 . 7 2  
* 2.04 

0.00 
0.00 
0 ,  00 
0.04 

9 9 . 9 6  * 8 6 . 1 3  * 13.31 * 0.52 
0.0 
0. n 
0.0 
0.0 
0.0 * 0-0  * 0.0 

* 0.0 
0.0 
0.0 
0.0 
1.71, 

9 8.26 * 49.57  * 18.16  
* 3 0 . 4 3  

C .  

PERCENT OF DOSE F.9011 ALL NUCLIDES 

99 .82  
60 .32  
85-97 
5 0 . e 6  
7 9 . 3 4  * 7 3 . 0 9  

* 5 . 0 7  * Y.19 
0.0 

3 9 . 8 5  
13 .97  
0.0 
2.13 * 1.75 * 0.3a  * 0.04 
0.18 
0.03 
0.05 

45.30 
18.50 

* 15.94 * 2.46 * 0 . 1 0  
0.0 
0.0 
0,o 
0.5 
0.0 * 0.0 

* 0.0 * 0.0 
0.0 
0.0 
0.0 
3.63 
0.53 

* 0.02 * 0.01 
* 0.01 

. .  

, ", , . :  * 



FL. 
0
 



rn w 
4
 

w
 

r
l 
u
 

D
 
z
 

k
 
0
 

w 7
. 
w V

 
* 

' 
'4

 
N

 
-_ ' 

01 

t
)
 

U
 

el 
-
,
 

0
 

E.r 
$
4
 

0
 

a: 
U

 
4
 
w
 

M
 

. 
m

w
 

.C
I 

u
lt

,5
r
 

.
L
(
 

0
 

N
 

I m $4 

r- 
N

 
N

 
N

 
I Z 
a
 

0
 

N
 

0
 

$4 

r
 

m
 I a: 



M3CLIDE 

BA-226 

PD-2 YO 

eo- 2 1 0 

El-222 

H- 3 

2EECZNT OF S HALL 305% B Y  EACH PATHWAY 

PAFHWBY 3052 ( Y A M -  RZYS) PXRZEYT OF TOTAL ?Et?CSNT 0:' DQSE F93F ALL P C ' C L I 3 T S  

SOBY AIR 
SURFACE 
S R I ? I I ' 1 I Y G  
IJkAL. 
I ?i G E S 'S. 

'J E 2 ET. 
NEAT 
RlLT 

SDBB AIR 
SURPACS 
SUIMBING 
IN fl A L . 
INGEST. 

VEGET. 
M36T 
IILX 

SUB8 A I R  
SURFACE 
S W E M A I N G  
INHAL, 
INGEST. 

VEGET. 
Q E b T  ~~ 

RILK 
SGBPI A I R  
SGRPACE 
SHXASI Ni 
I X H A L  
INGEST.  

VEGET. 
3 E I T  
MILK 

SUB5 31R 
SDRFACS 
S86iYRu,IK 
INBAL. 
I N G E S T .  

VEGET. 
MEAT 
MILK 

0.54 77E- 09 
3.4495E-03 
0.2753E-06 
0.4 7 6SE- 0 6 
0.92373- 02 

0.5897E-03 

0.0 
0.23098-03 
0.3467E-07 
Q. 7 
G. 12928-04 
G.7361E-04 
0.2044E-05 
0.265133- 96 
0.1808E- 1 1  
0 . $ 4 4 4 E - 0 6  
0.3 2 0 9E- 0 9 
0.78 36E-06 
0.69068-02 
0.59 5OC-02 
0.9 194E-03 
0.3597X-OY 
0.0 
0. c 
0.0 
0. rj 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.25753-34 
0.14 42E- 02 
0.7 27 3E- 0 3 
0 . 2 6  50E-01 
0. 44643-03 

0. a 5  042-02 

0.13823-a3 

0. e0 
4 . 6 k  
0. 03 
0.00 

95.35 
* 67.811 * 6.39 
* 1-43 

0.01 
0.3 
5.30 

# :I. 35 
t 0.8Q 
* 0.71 

e. 00 
0.07 
0.00 
0.01 

93.98 
* 86.15 
* 0.52 
* 13.3: 

0.0 
0.0 
0.0 
0.3 
0.0 * 0.0 * 0.0 * 0.0 
0.0 
3 .0  
0.0 
1.75 

98.25 
* U9.56 
* ?8.16 
* 30.42 

* 
c * 

* * 
* 

t 
li * 

99.67 
6 6 . 0 3  
BE. 7 2  

7 . 7 6 
5 2 . 4 9  
4 8 - 3 5  

3 . 3 5  
0.79 
0.0 

33.94 
'; ? . 'I 7 
0. 0 
0.07 
0.06 
0 . 3 : 
0.00 
0 .33  
0 .  3 6 
0.70 
2.90 

39.20 
33.8 1 
5.22 
0.20 
0.0 
0.0 
0.0 
0.c' 
0 .  S 
0.3 
9.0 
0.3  
a. n 
0.0 
0.0 

95.33 
8.39  
4 . '1 3 
?.51 
2.54 
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NUCLIDE 

RA-226 

PB-2?0 

PO-210 

RW-222 

3- 3 

PERCENT 0P TSYPOID DOSE BY E A C H  PBTQWXY 

PAT H Y B 1 DOSE (RAY-REYS] PZBCENT OF TOTAL PEPCEWT OF DOSE PROM ALL NUCLIDES 

SCBn A I R  
SERFACE 
snsn?lr 9G 
I N H A L .  
INGEST. 

vEeET. 
NEAT 
MILK 

S U B K  A I R  
SURPACZ 
s 01 I M M I NG 
IEiShL. 
KXGEST. 

VEGET. 
nEhF 
B I L K  

SUBM AIR 
SURFACB 
S Y I B M I N G  
INHAL. 
INGEST. 

VEGET.  
MEAT 
EXLY 

SLYBM A I R  
S U A P A C E  
S'RI n a r  Ne 
I N M A L ,  
INGEST. 

VEGET. 
MEAT 
EILK 

SUEM AI3 
SURFICE 
S H I B E I N G  
I B A A L .  
1 BGE ST. 

PEGET. 
MEAT 
BILK 

0.83 6 19-09 
3.68 79E- 03 
0. (12 ?3E- 3 6  
0.1 1 7 2E- 0 3 
0.1249E 0 7  
0.1159E 01 
0.79769-03 
0.1869E-0 1 
0.  !I 
0.4050E-03 
0.6081E-31 
0.0 
0.207 'IE-02 
0.17 03E-02 
3 .32783-03  
0.4255E-OQ 
0.1548E- 7 7 
0.37802-06 
0.21473-09 
0 . 2  8 3 YE- 03 
0.7925E 0 0  
0.6829Z 0 0  
0.1055E 3 0  
0.4 128E-0 2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
3.0 
3.0 
3.0 
0.0 
3.255ilE-03 
0.7 442E- 02 
0.7273E- 3 3  
0.2664E-33 
O . k a 6 Q E - 0 3  

0.00 
0.06 
0. 0C 
0.0'1 

99.9u * 92.06 
* 6.38 * 9-50 

0.3 
16.35 
0.30 
0.3 

83.54 * 63.69 * 73.24 
* 1 - 7 2  

I). 00 
0.00 
0.00 
0.04 

99.96 
* 86.13 
:* :3.37 * 0.52 

0. D 
0.0 
0.0 
0.0 
0.0 

* 0.0 * 0.0 
* 0.G 

0.0 
0 . 3  
0.3 
7.7U 

9 8 - 2 6  * 49.57 * 19 .16  
* 30.43 

95.82 
52.92 

27.50 
6 1 . 0 8  * 56.27 

* 3.90 * 0.91 
0.0 

37.011 
72 .61  

0.0 
0. I O  * 0.08 * 3 . 0 2 

* 0.00 
0 .18  
0.03 
0.06 

6 6 . 5 1  
38.75 

* 3 3 . 3 0  * 5.?€ 
* 0.20 

a 7 . 3 4  

0.0 
0.0 
0.0 
0.0 
0.0 * 0.0 

* 0.0 * 0.0 
C.0 
0.0 
3.0 
5.59 
0 .07  * 0.04 * 0.01 

* 0 .02  



4 I  

r l  ..* 
j PERCENT OF L I V E R  DOSE BY EACH PATHWAY 

NUCLIDE PATH H A Y  DOSE (#AN-RE?rS) PERCENT OF TOTAL ?ERCENT CiP DOSE PROM ALL NUCLIDES 

PB-2 10 

PO-2 10 

RN-222 

B- 3 

RA-226 SUBH A I R  
SUiiPACE 
SWIRfi!TNG 
I A Y A L .  
INGEST. 

VEGET. 
KEAT 
KILK 

SUB# A I R  
SURFACE 
SWIMBING 
I N H A L .  
INGEST. 

VEGET. 
NEBT 
MILK 

SUBB BIR 
SURFACE 
SWI3MING 
I A H A L .  
INGEST. 

VEE ET. 
KEAT 
MILK 

SUBK A I R  
SURFACE 
S P I K N I N G  
INHAL. 
INGEST. 

VEGET. 
KEAT 
MILK 

SUBR AIR 
SURFACE 
SUINSING 
INHAL. 
INGEST. 

VEGET. 
KEAT 
KILK 

0.64 01E-09 
0.5254E-03 
0.32 1 8E-06 
0.11 683-03  
0.32473 0 1  
0 .1149E 01 
0.7 9 62E-0 1 
0.1866R-01 
0.0 
0.21693-03 
0.3 2 57E- 07 
0.0 
0.9 8 44E-0 1 
0. 8 0 8 44-0 1 
0.1 5 58E- 0 1 
0.2022B-02 
0.17283-1 1 
0.4 2 2 OE- 06 
0.3 0 678-0 9 
0.8 7 53E- 0 3  
0.24493 01  
0.2110E 01 
0.32619 00 
0.1276E- 0 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
3.0 
0.25548-Oil 
0.1 4 4 2E- 02 
0.7 2 1  3E-03 
0.26643-03 
0.U964E-03 

0.00 
0.0G 
0.00 
0.01 

99.95 * 92.07 * 6.38 * 1.50 
0.0 
0.22 
0.00 
0.0 

99 .78  * 8 1 - 9 4  * 15.79 * 2.05 
0.00 
0. 00 
0.00 
0. ocr 

99.96 * 86.13 * 13.31 
* 0.52 

0 -0  
0.0 
0.0 
0.0 
0.0 * 0.0 * 3.0 * 0.0 
0.0 
0.0 
0.0 
1.74 

9 8 . 2 6  
* 49.57 
* 1 8 . 1 6  * 30 .43  

99 .73  
70.74 
9 0 . 7 3  
11.48 
3 2 . 8 5  * 30.26 * 2.13 * 0.49 

0.0 
23.20 

9 - 1 8  
0.0 
2.59 * 2 - 1 3  

* 0 .41  
* 0 . 0 5  

0.27 
0.06 
0.09 

86.01 
64.52 * 5 5 . 5 9  * 8 . 5 9  * 0 . 3 4  

0.0 
0.0 
0.0 
0.0 
0.0 * 0.0 * 0.0 

* 0.0 
0.0 
0.0 
0.0 
2.51 
0.04 * 0.02 * 0.01 * 0.01 

h) 
P w 
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3 .  &IDE 

RA-226 

RA-226 

RA-226 

RA-225 

~ ~ - 2 2 6  

RA-226 

RA-226 

RA-226 

RA-226 

RA-226 

BA-226 

PB-210 

PB-210 

PB-2 10 

PB-2 10 

PB-2 10 

PB-2 1 0  

PB-2 10 

PB-2 1 0  

PB-2 10 

PB-2  10 

PB-2 10 

PO-2 10 

PO-21 a 
PO-21 0 

PO-2 t 3 

PO-2 13  

PO-2 10 

PO-2 10 

PO-2 19 

' B C ' Y L  'POPDILATION DOSES (MAN-REMS) 

ORGAN 

T3T. E3 G Y  

R B A n  

LUNGS 

Z133ST 

S WALL 

L L K  H A L L  

T H Y R O I D  

LIVER 

KIDNEYS 

TEST% 

OVARIES 

TOT. B O D Y  

R B A R  

L U N G S  

ENDOST 

S HALL 

L L I  *ALL 

THYROID 

LIVEP 

KIDNEYS 

TESTES 

O V A R I E S  

TOT.BODY 

R N R R  

LUNGS 

EN DO ST 

S WALL 

LLX WALL 

T H Y  F O I  D 

LIYER 

D9SE 

0.15359 e2  

0 .36163  07 

0. IO55E-01  

0 * ? 8 G 5 E  02 

0.9687E-02 

3.70436 00 

0.125OE 01 

0.1248E 01 

0.1248E 01 

3.1250E 01 

0.12SZE 07 

3.5015E 00 

0.9773E-01 

0.27603-03 

0.6599E 00 

0.243a~-03 

0. l5lOE-02 

0.2476E-02 

0.9866E-O? 

0.2074E 30 

0.2442E-02 

0.2291E-02 

0.8554~ 00 

0.84306 00 

0.1617E-01 

9.3692E 00 

0.69 OSX-02 

0.1723E C O  

0.79286 03 

0.24503 01 

"? I :., ... 
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i .  
1 6  

' ,  

5ib~nING LEVELS FOR EN-222 AND ITS SfiORT-LIPE' PBOGEVY AT V A R I O U S  LCCATlONS IM THB E N Y I P C N E E T  
(PRACTIOH OF E Q U I L I B E I U f i  ASS'JSED FOR WCBXICXG ZBVEL C A L C 3 L A T I C H S = ? . ? 3 0 )  

WIND TOWARD 

7 
1 
1 
1 
t 
1 
1 
1 
4 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 

DISTANCE: 
(M ETEF(S) 

1207 
2414 
4023 
5032 
7241 
12068 
20113 
32180 
48270 
64360 
80450 
1207 
2414 
40 23 
5632 
7241 
12068 
201 13 
32180 
48270 
64360 
80450 
1207 
3 14 
4023 
5 6 3 2  
7241 
12066 
20113 
32180 
48270 
64360 
80450 

1207 
2414 
4023  
5632 
7214 
12058 
20113 
32180 
48270 
6 4 3 6 0  
80*50 
1207 
2414 
4023 
5632 
7241 
12068 
20 113  
32768 

0" 3 
0.0 
c. 3 
0.0 
0.0 
0,779E-06 
0.0 
0.0 
0.198F-07 
0.851E-06 
os 49FE-05 
0.0 
0.3 
0 .0  
0. D 
0.0 
0.0 
0.196E- C5 
0.523E-06 
0. 14EP-05 
0.494E-0& 
0.345E-06 
0. r) 
0.0 
0.0 
0.0 
0. c 
0.G 
0 . 0  
0.0 
0,406E-95 
0.383E-95 
0,124E-C5 
0.0 
3.0 
0.0 
Q.0 
0. 0 
0.0 
0,?36.p-55 
0.1043-05 
F. 160F-05 
0.996F-05 
0,724P-04 
0.0 
0.0 
0.0 
0 - 0  
0.0 
0,719E-05 
0, Y 32E-05 
0 * 3  



5 
5 
5 
6 
6 
5 
5 
G 
a 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

8 
8 
8 
3 
8 
8 
8 
8 
b 
8 
% 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

40 
70 
Y O  
10 
I 0 
40 
10 
30 
90 
'1 0 
'I 0 
7 :  
7 1  
7 9  
I 3  
7 1  
1 1  
1 1  
1 4  

a 

$6273 
t ;3m 

9207 
2414  
4023 
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