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Preface zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
T. V .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACrawford, p r e s e n t l y  assoc ia ted  w i t h  E. I .  

du Pont de Nemours & Co., Inc. ,  a t  t h e  Savannah R ive r  

Laboratory ,  se t  up t h e  b a s i c  framework o f  t h e  cont inuous-  

po in t - sou rce  code be fo re  l e a v i n g  the  Lawrence L ivermore 

Laboratory .  

L. A.  Lawson i n i t i a l l y  programmed the  code and has 

made numerous programming changes t o  a r r i v e  a t  i t s  

present  form. 

K. R. Peterson has e x t e n s i v e l y  mod i f ied  t h e  code and 

has in t roduced a number o f  improvements t o  extend i t s  

v e r s a t i l i t y  and usefu lness .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

“Reference to a company or product 
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recommendation of the product by 

the University of California or the U.S. 

Energy Research & Development 

Administration to the exclusion of 

others that may be suitable.” 
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/ \  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACPS: A CONTINUOUS-POINT-SOURCE 

COMPUTER CODE FOR PLUME DISPERSION 
AND DEPOSITION CALCULATIONS 

Abstract 

The cont inuous-po in t -source  com- 

p u t e r  code c a l c u l a t e s  concen t ra t i ons  

and su r face  d e p o s i t i o n  a t  d i s tances  

f rom 0.1 t o  100 km, assuming a Gauss- 

i an  plume. The bas i c  i n p u t  i s  atmos- 

p h e r i c  s t a b i l i t y  ca tegory  and wind 

speed, bu t  a number o f  re f inements  

a r e  inc luded:  

1 .  Wind speed as a f u n c t i o n  o f  

he igh t .  

2. Enhanced d i l u t i o n  from b u i l d -  

i ng  wakes c l o s e  t o  the  source. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 .  C a l c u l a t i o n  o f  plume-center 

t r a j e c t o r y  as a f u n c t i o n  o f  e f f l u e n t  

heat f l u x  and wind speed. 

4. Phys ica l  s t a c k  h e i g h t .  

5 .  Topography as a f u n c t i o n  o f  

d i s t a n c e  f rom the  source. 

6. Dry d e p o s i t i o n  r e s u l t i n g  from 

t u r b u l e n t  processes. 

7. Wet d e p o s i t i o n  r e s u l t i n g  f rom 

p r e c i p i t a t i o n .  

8. Rad ioac t i ve  decay. 

9. Nonzero background f o r  t h e  

p a r t i c u l a r  e f f l u e n t  invo lved.  

10. Whether a re lease  i s  r o u t i n e  

o r  a c c i d e n t a l .  

Two k inds  o f  ou tpu t  can be ob ta  

1 .  The concen t ra t i on  as a f u n c t  

ned : 

on 

o f  d i s tance ,  c a l c u l a t e d  f rom one s e t  

o f  me teo ro log i ca l  da ta .  

2.  Contour p l o t s  o f  concen t ra t i ons  

as a f u n c t i o n  o f  az imuth and d i s tance ,  

a t  d i f f e r e n t  p r o b a b i l i t y  l e v e l s ,  c a l -  

c u l a t e d  f rom many s t o r e d  me teo ro log i -  

c a l  da ta  se ts .  

Th i s  r e p o r t  descr ibes  t h e  code i n  

d e t a i l .  I t  presents  the  equat ions  

used as w e l l  as i npu t /ou tpu t  v a r i a b l e s  

and format ,  i n t e r n a l  v a r i a b l e s ,  a code 

f l o w c h a r t ,  a FORTRAN l i s t i n g ,  t h r e e  

sample problems, and u s e r - l e v e l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin- 

s t r u c t i o n s .  

Introduction 
. _  

1 
The con t i nuous-po 1 n t -source '  fCPS) Energy, 1968 t o  c a l c u l a t e  t h e  

code uses the  commonly accepted meth- * -  

I D .  H. Slade, Ed., 
Atomic Energy, 1968 ods d iscussed a t  l e n g t h  by Slade 

e t  a l .  i n  Meteoro logy and Atomic Energy Commission, '1968). 
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concen t ra t i ons  i n  a con t inuous ly  

emi t ted  plume. C a l c u l a t i o n s  a r e  made 

f o r  d i s tances  o f  0.1 t o  100 km down- 

wind. The Gaussian p lume-d i f f us ion  

equat ion  i s  used; t he  v e r t i c a l  and 

h o r i z o n t a l  s tandard d e v i a t i o n s  o f  t h e  

d i s t r i b u t i o n s  a re  f u n c t i o n s  o f  t h e  

d i s t a n c e  downwind and o f  t h e  atmos- 

p h e r i c  s t a b i l  i t y  ca tegory .  These 

f u n c t i o n s  a r e  a p a r t  o f  t h e  code, bu t  

t h e  user  must i n p u t  t h e  P a s q u i l l -  

G i f f o r d  s t a b i l i t y  ca tegory .  

Wind speed i s  i n p u t  f o r  t h e  above- 

ground h e i g h t  o f  t he  anemometer b u t  

i s  ad jus ted  t o  t h e  h e i g h t  o f  t h e  plume zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
centerl ine by the  use of a stabil ity- 

dependent power-law p r o f i l e  equat ion .  

The code w i l l  handle topography as 

a f u n c t i o n  o f  d i s t a n c e  f rom t h e  source 

by changing t h e  v e r t i c a l  d i s t a n c e  be- 

tween t h e  plume c e n t e r l i n e  and t h e  

ground. 

The cont inuous p o i n t  source can be 

l oca ted  a t  any h e i g h t  between t h e  

ground su r face  and the  t o p  o f  a s tack.  

I f  a s i g n i f i c a n t  heat  f l u x  i s  a s s o c i a t -  

ed w i t h  t h e  e m i t t e d  e f f l u e n t ,  t h e  code 

c a l c u l a t e s  t h e  t r a j e c t o r y  o f  t h e  buoy- 

an t  plume, us ing  t h e  heat  f l u x  r a t e  

and the  mean wind speed between t h e  

phys i ca l  s tack  t o p  and t h e  e l e v a t i o n  

above t h e  ground o f  t h e  plume ( t h e  

code c a l c u l a t e s  t h i s  average wind 

speed and f i n a l  plume h e i g h t  i n  an 

i t e r a t i v e  procedure) as a f u n c t i o n  o f  

, d i s t a n c e  downwind. 

For near -sur face  sources t h e  e f -  

f e c t s  o f  c a v i t y  d i l u t i o n  r e s u l t i n g  

f rom bu i ld ing-wake e f f e c t s  can be i n -  

c luded i n  t h e  c a l c u l a t i o n .  The user  

must p r o v i d e  the  c ross -sec t i ona l  area 

o f  t h e  b u i l d i n g  normal t o  t h e  wind 

d i r e c t i o n .  

The mass o f  e m i t t e d  m a t e r i a l  i n  t h e  

plume f l o w i n g  pas t  a p a r t i c u l a r  p o i n t  

downwind can be dep le ted  by t u r b u l e n t  

d r y  d e p o s i t i o n  (a d e p o s i t i o n  v e l o c i t y  

i s  s p e c i f i e d )  o r  p r e c i p i t a t i o n  (a 

washout / ra inout  c o e f f i c i e n t  i s  spec i -  

f i e d ) .  A i rbo rne  concen t ra t i ons  a r e  

a p p r o p r i a t e l y  reduced, and t h e  cumu1,a- 

t i v e  amount depos i ted  on t h e  ground i s  

calculated as a function of distance 

downwind. S i m i l a r l y ,  i f  t h e  e m i t t e d  

m a t e r i a l  i s  r a d i o a c t i v e ,  a h a l f - l i f e  

can be speci  f i e d  

w i l l  be inc luded 

There a r e  two 

Wi th  one meteor0 

and r a d i o a c t i v e  decay 

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

types of ou tpu t .  

o g i c a l  da ta  se t  

(wind speed, s t a b i l i t y  category,  

wind d i r e c t i o n ,  and occurrence o f  

p r e c i p i t a t i o n )  plume-center1 i ne  

concen t ra t i ons ,  g round- leve l  under- 

p lume-concentrat ion,  and ground- 

l e v e l  sector-averaged a i r b o r n e  

concen t ra t i on  a r e  ou tpu t  as a func-  

t i o n  o f  d is tance.  A l s o  t h e  sec to r -  

averaged d e p o s i t i o n  on t h e  ground 

( v i a  d r y  and wet processes) and t h e  

va lue  o f  t h e  v e r t i c a l  i n t e g r a l  

th rough t h e  plume c e n t e r l i n e  a r e  

o u t p u t  as a f u n c t i o n  o f  d i s tance .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi ,  

n 
Wi th  a l a r g e  amount o f  meteoro- 

l o g i c a l  inpu t - -say  h o u r l y  da ta  f o r  a 

-2- 
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year - - the  code c a l c u l a t e s  concentra- o f  t he  t o t a l  accumulated d e p o s i t i o n ,  

t i o n s  and d e p o s i t i o n  as a f u n c t i o n  o f  

azimuth and d i s tance .  Running sums present .  

a r e  s to red .  A t  t he  end o f  t he  da ta  

s e t ,  con tou rs  o f  concen t ra t i ons  (plume 

center1 ine, g round- leve l  under-c loud 

c e n t e r l i n e ,  and sector-averaged a t  whether t h e  re lease  i s  r o u t i n e  o r  

ground l e v e l )  f o r  d i f f e r e n t  p r o b a b i l -  a c c i d e n t a l .  For r o u t i n e  emissions, 

i t y  l e v e l s  a r e  prepared. By assuming a 

log-normal d i s t r i b u t i o n  o f  concentra- pe rs ion  "wind rose." For an a c c i -  

t i o n s  a t  p o i n t s  downwind, p r o b a b i l i t y -  den ta l  re lease,  t h e  contours  can be 

l e v e l  con tours  a r e  a l s o  prepared. used f o r  p lann ing  purposes and g i v e  

These contours  w i l l  be exceeded 10, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ,  concen t ra t i ons  t h a t  migh t  be expected 

1 ,  and 0.5% o f  t h e  t ime.  A l so  o u t p u t  

a r e  contour  p l o t s  o f  t h e  a r i t h m e t i c  and 

geometr ic average concen t ra t i ons  and n o t  known p r i o r  t o  t h e  acc iden t .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

u a l l o w i n g  f o r  r a d i o a c t i v e  decay i f  

For t h i s  second type zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof o u t p u t ,  an 

' i n p u t  parameter i s  used t o  s p e c i f y  

t h e  con tou rs  resemble a type o f  d i s -  

f rom zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa r e l e a s e  l a s t i n g  tens o f  minutes 

t o  days when t h e  wind d i r e c t i o n  i s  

U ser-Level Instructions 

. INPUT d e f i n i t i o n s  o f  the v a r i a b l e s  a r e  g i ven  

i n  Table 1. When p repar ing  the  i npu t ,  

A sample i n p u t  sheet f o r  use w i t h  the equals s i g n  must f o l l o w  immediate- 

the CPS code i s  shown i n  F i g .  1 .  The l y  a f t e r  t h e  v a r i a b l e  name; the  number 

L ine  

1 
2 

3 
4 
5 
6 
7 
8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 

24 
25 

40 
41 
42 

- 

, -  

T i t l e  (any l e n g t h  up t o  50 spaces) 

Q= H= VDEP= N 0 RM= 

GZHT= ZSFC= UM I N= THALF= 

I TOP= ITDI= SDZMX= CA= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I STACK= S Q= I PF= P P= 

TSTEP= NP L ETH= ,~ 

B KG= . INPT= S I ZE= KEPLOT= 

PLETH= 

D I ST= 

\ 

HGT= 

zzzzz 
D I R =  USFC= I SCAT= PRECP= 

dj F ig .  1 .  I npu t  sheet f o r  t he  CPS code ( f i lename:  CPSIN). 

zzzzz 

-3- 



T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Table 1. Input for the CPS code. 

D i mens i on Units Definition Name 

BCD 

B KG 

CA 

D I R  

DlST 

4 

GZHT 

H 

HGT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I NPT 

I PF 

I SCAT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I STACK 

ITDl 

I TOP 

KEPLOT 

6 

10, 16 

10, 16 

units/m3 

m2 

degrees 

m 

m 

m 

m 

Title of the current problem 

Background concentration of an emitted ma- 
terial 

Building-wake factor 

Direction from which the wind is blowing, 
relative to true north 

Distance of HGT values downwind (maximum 
number of distances is 10, and last value 
must be >lO5; for 16 different azimuths 
(22.5' sectors) start ing toward the north 
(N = #l) and going through east to south to 
west; last entry is toward the north- 
northwest 

Height of ground zero above mean sea level 

Physical hei-ght o f  release above GZHT 

Height of terrain; above mean sea level at 
the corresponding distances and azimuths o f  
DlST 

Determines printout; if - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<O, will not print 
D I R  and USFC input 

An input flag for washout; if LO, it is not 
necessary to check for precipitation 

Stability categories 1 through 6, correspond- 
ing t o  Pasquill-Gifford categories A through 
F 

If ISTACK > 0, the effective plume rise must 
be calculated 

A flag for the number of sets of meteorologi- 
cal data that are t o  be processed; if 50 
code will expect large number of data sets 
and will do probability plots 

I f  ITOP > 0, use the topographical input; 
otherwise all topography is considered to 
be at sea level (GZHT must also be zero if 
ITOP 0) 

If KEPLOT > 0, the DD80 o'utput is held for 
viewing on the TMDS; otherwise the ~ ~ 8 0  file 
is automaticallv sent to the Dlotter zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI -  

-4- 
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Table 1 .  I npu t  f o r  t he  CPS code (con t inued) .  

Name D imens i o n  Uni t s  D e f i n i t i o n  
~- .. 

NORM F lag f o r  t ype  o f  r e l e a s e  (normal re lease,  
- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<O; a c c i d e n t a l  re lease,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA> O )  

NPLETH 1 t o  6 Opt iona l  e n t r y  t o  draw fewer than s i x  
contours  

PLETH 1 t o  6 un i ts/m Opt iona l  e n t r y  t o  draw t o  contours  s p e c i f i e d  
instead o f  con tours  a u t o m a t i c a l l y  se lec ted  
by the code 

PP 

PRECP 

sec-1 Washout c o e f f i c i e n t ;  n o t  used i f  IPF - < 0 o r  
i f  PRECP < 0 - 
A f l a g  f o r  occurrence of  p r e c i p i t a t i o n ;  i f  
no p r e c i p i t a t i o n  occur red ,  I P F  - < 0 

Q un i t s  Source term 

SDZMX 

S I Z E  

m 

m 

The maximum depth o f  mixed l a y e r ;  i f  t he  
i n p u t  i s  50, t he  maximum va lue  o f  oZ i s  
2000 

Determines l e n g t h  o f  square p l o t t i n g  g r i d ;  
maximum i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 x 10 5 m 

SQ ca 1 /sec Stack heat f l u x  

THALF 

TSTEP 

sec H a l f - l i f e  o f  r a d i o n u c l i d e ;  i f  THALF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 0, the 
decay op' t ion i s  skipped 

sec Time i n t e r v a l  between meteo ro log i ca l  
observat ions 

U M l N  d s e c  Minimum wind speed a l lowed 

USFC m/sec Wind speed a t  h e i g h t  ZSFC 

VDEP m/sec Depos i t i on  v e l o c i t y  

ZSFC m Height o f  su r face  wind-measuring system 
a boveg round 

f o r  a g iven v a r i a b l e  may go any p l a c e  

a f t e r  t he  equals s ign.  However, p o i n t  number; o the rw ise  the number 

the  number w i l l  be read as a f l o a t i n g -  

. .  t h e r e  must be no spaces i n  t h e  number w i l l  be read as a f i x e d - p o i n t  number. 

(e.g., 4.3E03, no t  4 . 3 E  03).  The num- Any v a r i a b l e  whose name s t a r t s  w i t h  

. _  bers a r e  read i n t o  the  computer i n  the  l e t t e r s  I through N should be en- 

the  format s p e c i f i e d  on the i n p u t  t e r e d  as a f i x e d - p o i n t  v a r i a b l e .  A l l  

sheet. I f  a decimal p o i n t  i s  used, o t h e r s  a r e  f l o a t i n g - p o i n t  v a r i a b l e s .  
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NPLETH and PLETH a r e  o p t i o n a l  e n t r i e s .  

Specia l  a t t e n t i o n  should be p a i d  

t o  t h e  v a r i a b l e s  DlST and HGT. These 

a r e  two-dimensional a r r a y s  t h a t  may 

have up t o  10 d is tances  o r  h e i g h t s  f o r  

each s e t  o f  meteoro log ica l  data.  I f  

t h e r e  i s  more than one s e t ,  each s e t  

must have e x a c t l y  10 e n t r i e s .  The 

f i r s t  l i n e  corresponds t o  topography 

toward t h e  n o r t h  ( f o r  a wind f rom t h e  

south) ,  the  second s e t  t o  the  n o r t h -  

n o r t h e a s t ,  t h e  t h i r d  s e t  t o  t h e  n o r t h -  

east ,  through t h e  s i x t e e n t h ,  which i s  

t o  t h e  nor th -nor thwest .  I f  t h e r e  a r e  

l e s s  than 10 r e a l  va lues,  an appro- 

p r i a t e  number o f  zeros must be p u t  i n  

t o  make 10 e n t r i e s  b e f o r e  s t a r t i n g  

w i t h  t h e  n e x t  s e t .  The l a s t  r e a l  

va lue  o f  DlST i n  any azimuth must 

have a v a l u e  g r e a t e r  than l o s  in. 

space must be p u t  i n  between each 

v a r i a b l e  i n  an a r r a y ;  commas a r e  n o t  

used. 

A 

The f i r s t  l i n e  o f  t h e  i n p u t  form 

has been l e f t  b lank.  For t h e  code t o  

run, t h e  t i t l e  o f  t h e  problem must be 

en tered  on t h i s  l i n e .  Between t h e  

t i t l e  ( f i r s t  l i n e )  and DlST e n t r i e s ,  

t h e  v a r i a b l e s  may be en tered  i n  any 

o r d e r ,  w i t h  severa l  e n t r i e s  on each 

l ine ' ,  as long as t h e  i n p u t  does n o t  

go pas t  column 72. 

OUTPUT 

Two d i f f e r e n t  s e t s  o f  o u t p u t  a r e  

a v a i l a b l e ,  depending on i n p u t .  I f  

ITDl > 0, t h e  o u t p u t  i s  prov ided f o r  

each s e t  o f  m e t e o r o l o g i c a l  da ta  t h a t  

i s  i n p u t .  I f  ITDl = 0, t h e  code makes 

c a l c u l a t i o n s  f o r  many s e t s  o f  meteor- 

o l o g i c a l  da ta  and then produces zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa s e t  

o f  average and p r o b a b i l i t y  ou tpu ts .  

The v a r i a b l e s  t h a t  a r e  p r i n t e d  o u t  

when us ing  one s e t  o f  data a t  a t i m e  

a r e  t h e  f o l l o w i n g :  

XD I ST 

XCP 

XSFC 

X I  

V I  

DEP 

GHT 

U 

UA 

Distance from the  o r i g i n a t i n g  

source, m 

Plume-center l i n e  concentra- 
t i o n ,  un i ts /m 3 

Ground-surface c o n c e n t r a t i o n  

under t h e  plume c e n t e r l i n e ,  

u n i  ts/ rn3 

Sector-averaged concentra- 

t i o n  a t  ground, un i ts /m2 

V e r t i c a l  i n t e g r a l  through t h e  

plume c e n t e r l i n e ,  un i ts /m 

Wet and d r y  d e p o s i t i o n  on 

ground, un i t s /m2  

Ground h e i g h t  a t  d is tances  

descr ibed by XDIST, m 

Wind speed a t  c loud-center  

a l t i t u d e  f o r  each XDIST va lue,  

m/sec 

Average wind speed o u t  t o  

XDIST, m/sec zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 

Two p l o t s  accompany t h i s  p r i n t e d  

o u t p u t .  The f i r s t  shows c o n c e n t r a t i o n  

i n  u n i t s  p e r  cub ic  metre versus d i s -  

tance downwind i n  metres; three'  curves 

a r e  p l o t t e d :  p lume-center l ine  concen- 

t r a t i o n ,  ground- level  c o n c e n t r a t i o n  on 

c e n t e r l i n e ,  and sector-averaged ground- 

l e v e l  concent ra t ion .  The second p l o t  

- *  

- _ .  
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i s  t h e  v e r t i c a l  i n t e g r a l  through t h e  t h r e e  c o n c e n t r a t i o n  p l o t s  f o r  t h e  

plume c e n t e r l i n e  and t o t a l  d e p o s i t i o n ,  a r i t h m e t i c  average and t h r e e  f o r  t h e  

bo th  i n  u n i t s  p e r  square metre, versus geometr ic  average. The s c a l e  f o r  a l l  

d i s t a n c e  downwind i n  metres. p l o t s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  determined by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS I Z E ;  f o r  each 

When t h e  p r o b a b i l i t y  o p t i o n  i s  run, p l o t ,  t h e  s m a l l e s t  contour  i s  s e l e c t e d  

t h r e e  types o f  o u t p u t  a r e  presented. 

The f i r s t  and second types a r e  t h e  

t h a t  w i l l  most n e a r l y  f i l l  t h e  g r i d  

w i t h o u t  hav ing  two ad jacent  p o i n t s  o f f  

a r i t h m e t i c  and geometr ic  averages. 

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

percentage p r o b a b i l i t y :  10, 5, 1 ,  and 

0.5%. The c a l c u l a t i o n s  fo r  each o f  

these percentages represent  t h e  va lues 

t h a t  w i l l  be exceeded t h a t  percentage 

o f  t h e  t ime.  V a r i a b l e  names i n  t h e  

p r i n t o u t  a r e  

DlST Dis tance downwind f rom the  

o r i g i n a t i n g  source, m 

CP Plume-center c o n c e n t r a t i o n ,  

un i t s/m3 

t h e  g r i d .  The p l o t s  a r e  always square. 

P r o v i s i o n  i s  made i n  t h e  code t o  

prepare countour  p l o t s  f o r  normal o r  

a c c i d e n t a l  re leases.  The v a r i a b l e  

name zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANORM i d e n t i f i e s  t h e  t y p e  of  r e -  

lease. Whi le  t h e  code i s  running,  

each o f  t h e  c o n c e n t r a t i o n s  i s  accu- 

mulated. For  a normal re lease,  these 

accumulated va lues a r e  d i v i d e d  by t h e  

t o t a l  number o f  observa t ions ,  w h i l e  

f o r  an a c c i d e n t a l  re lease t h e  va lues 

w i t h i n  each s e c t o r  a r e  d i v i d e d  by t h e  
S F C  Ground-level  c o n c e n t r a t i o n  - -  

number o f  observa t ions  w i t h i n  t h a t  
under t h e  plume center ,  

s e c t o r .  
un i ts/m3 

ERROR HALTS X I  Sector-averaged c o n c e n t r a t i o n  

a t  ground l e v e l ,  uni ts/m3 

TDEP Total d e p o s i t i o n  ( t h i s  i s  n o t  

an average, b u t  t h e  t o t a l  wet 

and d r y  d e p o s i t i o n  f o r  t h e  

whole t ime;  i f  r a d i o a c t i v e  

decay i s  present ,  t h e  p l o t  

g i v e s  the  amount remain ing a t  

the  end o f  the  t o t a l  t ime,  
2 

un i ts/m ) ' .  

Two e r r o r  h a l t s  a r e  inc luded i n  t h e  

code. Both a r e  caused by i l l e g a l  i n p u t  

data and cause t h e  code t o  te rmina te .  

I f  D I R  exceeds 360" o r  i f  ISCAT exceeds 

6 ( s t a b i l i t y  ca tegory  F) ,  a message i s  

sent t o  t h e  t e l e t y p e  and t h e  p r i n t o u t  

f i l e .  I n  bo th  instances t h e  code w i l l  

te rmina te .  The card  i n  e r r o r  w i l l  be 

A contour  p l o t  i s  p rov ided f o r  each t h e  l a s t  one p r i n t e d  on t h e  p r i n t o u t  

, .. of the  t h r e e  types o f  c o n c e n t r a t i o n  a t  f i l e  i f  INPT > 0. I n  o r d e r  t o  r e s t a r t  

each of  the  f o u r  percentage l e v e l s .  t h e  program, t h e  i n p u t  must be c o r -  

Fo l low ing  these p r o b a b i l i t y  p l o t s  a r e  rected.  
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AVAILABILITY T h i s  l a t t e r  program cannot handle more 

than one case a t  a t ime. 

The CPS code has been w r i t t e n  f o r ,  
SAMPLE PROBLEMS 

and r u n  on, a CDC 7600 computer. An 

abbrev ia ted  v e r s i o n  ( w i t h o u t  topogra- 

phy) has been programmed f o r  a pro-  

grammable desk c a l c u l a t o r  and p l o t t e r .  

Sample problems f o r  bo th  modes o f  

o p e r a t i o n  have been prepared and a r e  

inc luded i n  Appendix B. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Theory 

BAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI C EQUAT IONS 

The theory  used i n  t h e  CPS code i s  

taken l a r g e l y  f rom Meteorology and 

Atomic Energy, 1968. The b a s i c  plume 

d i f f u s i o n  equat ion  used i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 

where 
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx = c o n c e n t r a t i o n ,  un i ts /m 

Q = source s t r e n g t h ,  u n i t s / s e c  

ay = h o r i z o n t a l  s tandard d e v i a t i o n  

( S G Y )  i n  cross-wind d i r e c t i o n ,  

m 

az = v e r t i c a l  s tandard d e v i a t i o n  

( S G Z ) ,  m 

u = wind speed (UA) , m/sec 

h = h e i g h t  o f  plume c e n t e r l i n e  

above ground (SMH), m 

I cA = c a v i t y  d i l u t i o n  term, where 

c i s  between zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.5 and 1 and A 

o f  t h e  b u i  

y = cross-wind 

z = v e r t i c a l  d 

i s  t h e  c r o s s - s e c t i o n a l  area 

d ing,  m2 

d is tance,  m 

stance, m 

The code uses v a r i a t i o n s  o f  Eq. (1) 

t o  c a l c u l a t e  c o n c e n t r a t i o n s  a long t h e  

a x i s  o f  t h e  plume c e n t e r l i n e  ( y  = 0 

and z = h ) ,  a t  t h e  ground under t h e  

plume c e n t e r l i n e  ( y  = 0 and z = 0) ,  

and sector-averaged (over a 22.5' sec- 

t o r )  a t  ground l e v e l .  The equat ions 

f o r  these t h r e e  concent ra t ions  a r e  

Q 
2.rr(ay0, + (cA/.rr)u 

XCP = 
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Q zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I T [ G ~ O ~  + (cA/ IT) ]u  

XSFC = 

and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA80 

X I  = XSFC ($) --$ - 

( t h i s  average U i s  c a l l e d  UA i n  t h e  

code). 

( 3 )  
STANDARD DEV I AT I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAONS 

Equat ion zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(4) f o r  t h e  sector-averaged 

c o n c e n t r a t i o n  can be made e q u i v a l e n t  

t o  t h e  equat ion  i n  Ref. 1 by s u b s t i -  

t u t i n g  XSFC f rom Eq. ( 3 ) .  The symbol 

y i n  Eq. ( 4 )  i s  d i s t a n c e  downwind and 

i s  X D I S T  i n  t h e  code. 

. WIND SPEED 

The wind speed i n  the  above equa- 

t i o n s  i s  f o r  t h e  h e i g h t  o f  t h e  plume 

c e n t e r  and i s  t h e  average wind speed 

between t h e  source and t h e  d i s t a n c e  

downwind f o r  which t h e  c a l c u l a t i o n  

i s  beir;g done. The wind speed a t  

each p o i n t  downwind i s  c a l c u l a t e d  

f rom 

where USFC i s  the  wind speed (m/sec) 

measured a t  h e i g h t  ZSFC and XN ( I  SCAT.) 

. .  i s  an a r r a y  of  exponents as a f u n c t i o n  

o f  s t a b i l i t y  category.  The a c t u a l  

v a l u e  used i n  Eqs. (2) and (3)  i s  an 

average o f  t h e  U values between t h e  

source and t h e  d i s t a n c e  o f  concern 

The s tandard d e v i a t i o n s  (a and 
Y 

0 ) were e x t r a c t e d  f rom t h e  Pasqui 1 1 -  

G i f f o r d  curves i n  Meteoroloav and 
Z 

Atomic Energy, 1968. The v e r t i c a l  

s tandard d e v i a t i o n s  have been en tered  

i n  the  code as a two-dimensional 

t a b l e  t h a t  uses s t a b i l i t y  ca tegory  

and d is tance.  The maximum v a l u e  

a l lowed i s  2000 m. The cross-wind 

h o r i z o n t a l  s tandard d e v i a t i o n s  have 

been approximated by s t r a i g h t  l i n e s  

on l o g - l o g  paper. The regress ion  

equat ion used i s  

S G Y  = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS I GY ( I  SCAT) (XD I ST) 0.917 (6) 
9 

where SIGY(ISCAT) i s  an i n p u t  a r r a y  

f o r  s i x  s t a b i l i t y  c a t e g o r i e s  ( 1  

through 6) corresponding t o  P a s q u i l l -  

G i f f o r d  s t a b i l i t y  c a t e g o r i e s  A 

through F. 

PLUME HEIGHT 

The h e i g h t  o f  the  plume c e n t e r l i n e  

above t h e  ground (SMH) a t  any d i s -  

tance downwind i s  c a l c u l a t e d  from the  

d i f f e r e n c e  between plume c e n t e r l i n e  

a l t i t u d e  and t h e  a l t i t u d e  o f  the  

ground; bo th  can be f u n c t i o n s  o f  d i s -  

tance downwind. The h e i g h t  o f  r e -  

lease (H) i s  i n p u t .  T h i s  can be 

ground l e v e l  (H = 0) o r  an e l e v a t e d  
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source. I f  t h e  e f f . l u e n t  has a s i g -  

n i f i c a n t  heat f l u x  (SQ) ,  t h e  t r a j e c -  

t o r y  o f  t h e  plume c e n t e r l i n e  (H + DH) 

above t h e  emiss ion a l t i t u d e  i s  c a l c u -  

l a t e d  w i t h  t h e  f o l l o w i n g  formulas,  
based.on work by. Montgomery e t  a l .  2. . 

For s t a b i l i t y  c a t e g o r i e s  1 through 

(7) 

For s t a b i l i t y  ca tegory  5, 

i s  equal t o  3.75 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 10-5SQ, where SQ 

i s  t h e  heat  f l u x  i n  c a l o r i e s  per  sec- 

ond. The wind speed UBAR i s  t h e  aver -  

age speed between t h e  ground and 

plume c e n t e r  and i s  ob ta ined by i n -  

t e g r a t i n g  Eq. (5 )  between these 

l i m i t s  and d i v i d i n g  by DH. T h i s  

s o l u t i o n  f o r  DH and UBAR i s  done i n  

an i t e r a t i v e  manner u n t i l  t h e  l a s t  

i t e r a t i o n  changes DH by l e s s  than 10% 

f rom t h e  p r e v i o u s l y  c a l c u l a t e d  va lue  

o f  DH. 

The s tack  h e i g h t  H i s  added t o  DH 

a s  a f u n c t i o n  o f  d i s t a n c e  downwind t o  

o b t a i n  t h e  t o t a l  h e i g h t  TH o f  t h e  

plume c e n t e r l i n e  above t h e  ground. 

For s t a b i l i t y  ca tegory  6, 
DRY DEPOSITION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

( 9 )  

The maximum values o f  XDlST a l lowed 

a r e  4000 m i n  Eq. ( 7 ) )  4000 m i n  Eq. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(8), and 2000 m i n  Eq. (9 ) .  Plume 

r i s e  due t o  heat  f l u x  i s  assumed t o  

cease a t  these d is tances .  The param- 

e t e r  F i n  these t h r e e  equat ions i s  a 

h e a t - f  1 ux parameter f rom B r  iggs3 and 

'T. L. Montgomery, S .  B. Carpenter,  
W. C. Colbaugh, and F.  W. Thomas, 
"Resul ts o f  Recent'TVA I n v e s t i g a t i o n s  
o f  Plume Rise," paper presented a t  
t h e  64 th  Annual Meet ing o f  t h e  A i r  
P o l l u t i o n  Cont ro l  Assoc ia t ion ,  
A t l a n t i c  C i t y ,  New Jersey, June 27- 
J u l y  2, 1971. 

'G. A. Br iggs ,  Plume Rise ( U . S .  
Atomic Energy Commission, D i v i s i o n  
o f  Technica l  In fo rmat ion ,  November 
1969). ' 

The d e p l e t i o n  o f  mass r e s u l t i n g  

f rom d r y  d e p o s i t i o n  i s  c a l c u l a t e d  f o r  

each d i s t a n c e  downwind by c a l c u l a t i n g  

t h e  r a t i o n  R o f  the  mass a c t u a l l y  

pass ing a p o i n t  downwind t o  t h e  mass 

t h a t  would have been pass ing t h e  same 

p o i n t  w i t h o u t  any d e p l e t i o n .  T h i s  

r a t i o ,  f rom Ref. 1 ,  i s  

R= 

T h i s  equat ion  i s  evaluated f o r  each 

d i s t a n c e  downwind u s i n g  UA and an i n -  
* 

p u t  d e p o s i t i o n  v e l o c i t y  ( v  = VDEP) .  

The products  o f  R and c o n c e n t r a t i o n  
d 
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va lues  w i t h o u t  d e p o s i t i o n  y i e l d  con- 

c e n t r a t i o n s  t h a t  i n c l u d e  d e p l e t i o n  

r e s u l t i n g  f rom d e p o s i t i o n .  

WET DEPOSITION 

I f  p r e c i p i t a t i o v  occurs ,  i t  i s  

assumed t o  occur over  t h e  d i s t a n c e  

f rom the  source t o  100 km. The c o r -  

rec ted  concen t ra t i ons  a t  a p a r t i c u l a r  

p o i n t  a r e  ob ta ined  by m u l t i p l y i n g  by 

where PP i s  a washout c o e f f i c i e n t .  

VERTICAL INTEGRAL 

A f t e r  these f i n a l  va lues o f  con- 

c e n t r a t i o n s  a r e  ob ta ined,  t he  v e r t i -  

c a l  i n t e g r a l  upward through t h e  plume 

cen te r  i s  c a l c u l a t e d  w i t h  the  f o l l o w -  

i ng  equat ion  t h a t  makes use o f  t h e  

a l ready  eva lua ted -va lues  o f  XCP: 

XCP ( 2 ~ ) '  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[oZ + (cA/r )  '1 

1 + exp(-2h' /aZ) 
V I  = 2 2  * zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(13)  

TOTAL DEPOSITION 

T o t a l  d e p o s i t i o n  (d ry  and wet) i s  

c a l c u l a t e d  by means o f  t h e  f o l l o w i n g  

equat ion :  

RADIOACTIVE DECAY 
DEP = TSTEP[ ( X I  - BKG) (VDEP) 

I f  t h e  e m i t t e d  m a t e r i a l  i s  rad io -  

a c t i v e ,  t he  code uses an i npu t  r a d i o -  

a c t i v e  h a l f - 1  i f e  (THALF) t o  c a l c u l a t e  

t h e  decrease i n  concen t ra t i ons  a t  

d i s tances  downwind by en r o u t e  decay. 

The corrected concen t ra t i ons  a r e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAob- 

t a i n e d  by m u l t i p l y i n g  by 

exp[- 0 . 6 9 3 ~ )  I ST ] 
TTHALF) (UA) 

BACKGROUND 

A t  t h e  complet'ion o f  t he  c a l c u l a -  

t i o n s  f o r  XCP, X S F C ,  and X I ,  an inpu t  

background (BKG) va lue  i s  added. The 

background va lue  can be se t  t o  ze ro  

i f  des i  red.  

The sector-averaged c o n c e n t r a t i o n  

( X I )  minus background (BKG) t imes t h e  

d e p o s i t i o n  v e l o c i t y  ( V D E P ) ,  a l l  i n t e -  

g ra ted  over  t h e  t ime  TSTEP, g i ves  t h e  

d r y - d e p o s i t i o n  component. The prod- 

u c t  o f  t h e  washout c o e f f i c i e n t  (PP) , 
t h e  v e r t i c a l  i n t e g r a l  ( V I ) ,  t h e  r a t i o  

o f  sector-averaged t o  non-sec tor -  

averaged concen t ra t i ons ,  bo th  minus 

t h e  background (A), and TSTEP g i v e s  

t h e  we t -depos i t i on  component. 

MODES OF OPERATION 

When t h e  i n p u t  c o n s i s t s  o f  o n l y  

one me teo ro log i ca l  da ta  s e t ,  Eqs. ( 1 )  
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through (14) are used and the primary 

outpu t  consists of XCP, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX S F C ,  X I ,  DEP, 

and V I  as a function of distance down- 

wind. 

When a large number of meteorolog- 

ical data  sets are i n p u t ,  wind direc- 

tion is used to place observations 

into the 16 wind sectors. For each 

data  set a check is made to determine 

whether the value exceeds background 

at each distance downwind; f so, run -  

n i n g  sums of the concentrat on, the 

logarithm of the concentrat on, a n d  

the square of the logarithm zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the 

concentration are continued. Count- 

ers keep track of the number of times 

each radial g r i d  point is increased. 

All previous depositions are decayed 

over TSTEP, a n d  the deposition from 

this particular data set is added to 

that already deposited along tha t  

azimuth. 

After all data  sets have been proc- 

essed, the arithmetic and geometric 

average concentrations--as well as 

the geometric mean a n d  the standard 

deviation d u r i n g  those times when the 

concentrations were greater than back- 

ground--are calculated. The fraction 

of time that a particular point (for 

16 azimuths a n d  28 points along each 

azimuth) is above background is also 

available. These calculations are 

used to prepare contour plots, in an 

azimuth-distance sense, of arithmetic 

and geometric average concentrations 

and contour plots of concentrations 

that will be exceeded at specified 

probability levels (10, 5, 1 ,  and 

0.5% of the time). 

plots, a log-normal probab i l i t y  dis- 

tribution o f  concentrations is 

assumed for the fraction of the time 

tha t  the concentrations exceeded 

background. 

/ 

For the latter 

Contour plots are also prepared 

for the total deposition existing 

at the end o f  the last meterological 

data set. This is the integrated 

deposition over the time period of 

the meteorological data, appropri- 

afely decayed if a radionuclide is 

re1 eased. 

Program Description 

The variables used in the CPS code A FORTRAN listing of the CPS code 

are listed and defined in Table 2. is given in Appendix A. Insofar as 
. .  The values that are entered as possible, variable names in the code 

data statements in the CPS code are are consistent with those in the,text. 

listed in Table 3. Table 4 gives the In addition Appendix A contains a 

array used to determine the vertical computer-prepared flowchart of the 

standard deviation (SIGZ). code. 
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Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. C P S  variables. 

-u Name zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAD imens ion Units - -Definition 

AXC P 

AX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

AXSFC 

BETA 

C O N  

CP 

cs 

DEP 

DH 

EX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

F 

GHT 

I TOT 

N N  

N N N  

. .  ODH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Grrs OSGZ 

16, 28 

16, 28 

16, 28 

4 

16, 28 

16 

28 

16, 28 

16, 2% 

16 

units/m’ Running sum and arithmetic average for plume 
centerline concentration 

Running sum and arithmetic average for 
ground-level sector-averaged concentration 

un i ts/m 

units/m3 Running sum and arithmetic average for 
ground-level under-plume-centerline concen- 
t ra t ion. 

Intermediate parameter used in calculating 
the effect of dry deposition between 0 and 
100 m downwind 

Standard deviation associated with the prob- 
ability levels desired in a log-normal prob- 
ability distribution 

units/m Temporary storage for plume-center1 ine con- 
centrations at different probability levels 

The cosines of the angles formed by the 16 
direction lines 

uni ts/m Wet and dry deposition 

m Height of plume centerline above height of 
emission 

Temporary storage for ground-level sector- 
averaged concentrations at different prob- 
ability levels 

Buoyancy flux parameter = 3 .7  x lo-’ SQ m /sec 

m Ground height at distances described by 
XD I ST 

hours >Total number of meteorological observations; 
the code assumes them to be at 1-hr intervals 
only for purposes of writing on CRTs 

Number of meteorological observations by 
d i rect ion 

’ Total number of meteorological observations 

Previous value of DH 

m Value of SGZ for J - 1 
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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Table 2. CPS variables (continued). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r\ 

Name Dimens ion Units Definition zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcur'- 
OSMH 

PPP 

R 

RK 

S FC 

SGY 

SGZ 

SlGY 

SlGZ 

SMH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SN 

SUM 

SUM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SQ 

SXCP 

SXCP2 

sx I 

sx12 

SXSFC 

m Value of SMH for J - 1 

If PRECP > 0, PPP = PP; if PRECP - < 0, 
PPP = 0 

Plume depletion fraction from dry deposition 

Parameter used in calculating the effect of 
dry deposition 

r 

16, 28 un i ts/m Temporary storage for ground-level concen- 
trations, under the plume centerline, at 

m 

m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I different probabi 1 ity 

Standard deviation in 
of the plume Gaussian 

Standard deviation in 
the plume Gaussian di 

6 An array o f  constants 
for the six different 

6, 28 m Vertical standard dev 
o f  stability category 

m 

16 

levels 

cross-wind direction 
distribution 

vertical direction of 
t r i bu t ion 

used t o  calculate S l G Y  
stability categories 

ation as a function 

Difference between the ground height and 
the plume height 

The sines of the angles formed by the 16 
azimuths 

Used to calculate UA 

Parameter used in calculating the effect of 
dry deposition 

ca 1 /sec Heat flux into buoyant plume 

16,  28 uni ts/m Geometric average for XCP 

16, 28 

Running sum of the squares of the logarithms 
and the geometric standard deviation for XCP 

Running sum of the logarithms and the geo- . .  
metric average for XI 

Running sum of the squares of the logarithms _ .  

and the geometric standard deviation for XI 
n 

16, 28 Running sum of the logarithms and the geo- crr' 
metric mean for XSFC 
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Table 2. CPS variables (continued) 

Name Dimens ion Units Definition 

SXSFC2 16, 28 Running sum of the squares of the logarithms 
and the geometric standard deviation for 
XSFC 

TDEP 16, 28 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAun i ts/m Total deposition 

TH 28 m Total plume height above the ground 

U 

UA 

28 m/sec Wind speed for the current interval from 
XDIST(J - 1 )  to XDIST(J) 

28 m/sec Average wind speed at plume centerline 
height out to XDIST(J) 

UBAR m/sec Average wind speed between height of 
source ( H )  and TH at the source 

VI 28 un i ts/m Vertical integral through plume center1 ine 

XCP 28 un i ts/m 3 Plume-center1 ine concentration 

XD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI ST 28 m Distance from source 

XI 

XN 

28 units/m Sector-average concentrat ion at ground 
1 eve 1 

6 Array of constants used in the power-law 
wind profile as a function of stability 

XSFC 28 un i ts/m Ground surface concentration under plume 
centerline 

~ ~~ 

Table 3. Values entered as data statements i n  the CPS code. 

a Stability category 

Pa ramet e r 1 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 4 5 6 

XN 0.14 0.17 0.21 0.25 0.33 0.45 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SlGY 0.34 0.24 0.19 0.12 0.09 0.06 

CON zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 . 9  0.95 0.99 0 * 995 

XD I  ST^ 1 .OE2 1.3E2 1 JE2 2.2E2 2 .8~2  

3.6~2 4.6E2 6.OE2 7.7E2 

1 . O E ~  1.3E3 1 *7E3 2.2~3 2.8E3 

3.6E3 4.6E3 6.OE3 7.7E3 
1 .OE4 1.3E4 1.7E4 2.2E4 2.8E4 

3.6E4 4.6E4 6.OE4 7.7E4 1 .OE5 . -  
~ 

a Corresponding to Pasquill-Gifford stability categories A through F. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 bXDIST values are scaled as a geometric progression so that eight points lie 
between decades. 
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a Tab le  4. Values o f  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAoZ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(SIGZ) used i n  t h e  CPS code. n 
Dis tance  S tab i  1 i t y  category,b ISCAT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(km) 1 2 3 4 5 6 

0.10 

0.13 

0.17 

0.22 

0.28 

0.36 

0.46 

0.60 

0.77 

1 .o 
1.3 

1.7 

2.2 

2.8 

3.6 

4.6 

6.0 

7.7 
10. 

13.  

17. 

22. 

28. 

36. 
46. 

60. 

77. 
100. 

17 
21 

27 

38 

56 

83 

150 

200 

360 

740 

1700 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

10.5 7.7 5 3 

15 
18 

23 

30 

40 

55 

71 

97 

150 

200 

320 

500 

890 

1700 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

10 

13 

17 
21 

28 

34 
42 

52 

66 

82 

110 

150 

180 

200 

260 

300 

380 

460 

580 

700 

850 

1000 

1200 

1500 

1800 

2000 

2000 

6.3 

7.7 

9.5 
12 

15 

18 
22 

27 

34 
40 

50 

59 

69 

80 

91 
110 

130 

150 

170 

190 

210 

250 

280 

310 

360 

400 

450 

4 

5 
6.4 

8.2 

10.5 

13 

16 

19 

23 

28 

34 
40 

47 

53 

60 

68 

77 
84 

94 
100 

110 

120 

140 

160 

170 

175 
180 

1.5 

2 

2.6 

3.4 
4.6 

5.9 

7.5 
9.1 

1 1  

14 

18 

20 

24 

28 

31 

35 

39 
44 

49 

53 
60 

65 

70 

74 

79 
84 

89 

94 
~~ ~ 

a h i t s  a r e  i n  metres.  

bcor respond ing  t o  Pasqui 1 1 - G i f f o r d  c a t e g o r i e s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA th rough F. 
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Appendix A 

CPS Code Listing 

and 

Corn pu ter-P re pa red Flowchart 



1 % I D  166GAR 
2 * CBNTRBLLEE ( 0, CPS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
3 * DUMP (UCT,DEC) 
4 * XEQ CPS 
5 * CARDS DBUG zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 

6 * LUD 
7 * LUD 70000; 
8 * P R I N T  C 
9 * L I S T 8  

10 * FURTRAN 
1 1  c 
12 c 
1 3  C 
14 C 
1 5  C 
i 6  1 

17 
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72 
73 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
349 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
76 c 
77 c 
78 
79 
80 
81 
82 

CPS Code Listing 

CPSF 

CPSF 

KEN BBXW75000001 

PLSET = 1 .  
A 0 2  I F  ( H  - 1 . )  , A03, A 0 3  

H = 1 .  
A 0 3  PPP = 0.  

I F  (PRECP) A05, A05, 
PPP = PP . .  

A 0 5  'I' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 1 
I F  (SDZMX) , , A 0 7  
SDZMX = 2000. 

A 0 7  I F  ( I T B P )  
DB A10,  J = i, 4h8 

A 1 0  QHT(J1 = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0. 
QB T B  A 5 1  

A 2 0  DB A50, I = 1, 1 6  

CUNVERT INPUT HEIGHT BF QRBUND (HOT) 
T B  GRBUND HEIGHTS (QHT)  AT F I X E D  D I S  

A 2 0  

AT THE VARIABLE DISTANCES 
tTANCE INTERVALS(XDIST1 

Q 

(GHT 1 

Q 
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K - 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA83 
84 
85 
86 
87 
88 
89 
90 
9 1  
92 
93 
9 4  
95 
96 
97 
98 
99 

1 0 0  
1 0 1  
1 0 2  
1 0 3  
1 0 4  
1 0 5  
1 0 6  
1 0 7  
1 0 8  
1 0 9  
1 1 0  
1 1 1  
1 1 2  
1 1 3  
1 1 4  
1 7 5  
1 1 6  
1 1 7  
1 1 8  
1 1 9  
1 2 0  
1 2 1  
I22  
1 2 3  
1 2 4  
125 
126 
1 2 7  
1 2 8  
1 2 9  
1 3 0  
131 
I32 
1 3 3  
1 3 4  
1 3 5  

, 1 3 6  
1 3 7  
1 3 8  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
139 
1 4 0  
1 4 1  
142 
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 8  
? 49 
1 5 0  
1 5 1  
I52 
153 
1 5 4  
1 5 5  
1 5 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
187 
158 
1 5 9  
160 
1 6 1  
1 6 2  
1 6 3  
1 6 4  
165 
1 6 6  
1 6 7  
1 6 8  

1 1 0  
1 7 1  
1 7 2  
1 7 3  

? 29 

DO A50, J 1, 28 
A 2 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAK = K + l  I F  ( D I S T ( K , I )  - X D I S T ( J ) )  , , A 3 0  

GO T g  A 2 5  

G0 TO A 5 0  

A 3 0  I F  ( K  - 1 )  A 4 0  

A 4 0  GHT(1,  J)  HGT(I<-1, I )  + (HGT(K,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI )  - HGT(K-1,  1 ) )  / 

A 5 0  CONTINUE 
A51 I F  (USFC - UMIN) , A52,  A 5 2  

A 5 2  I = 1 

GHT( I ,  J) = ( H ~ T C K :  I -GZHTI DIST(K, I x XD,IST(J) 

1 D I S T ( K - 1 , I ) )  * ( X D I S T ( J )  - D I S T ( K - 1 , l ) )  - GZHT 

USFC = UMIN 
- _  

DO A53,  J 1, 28 
S D Z ( J )  = ,465  x SDZMX 

I F  ( I T D I )  A 7 0  

I F  ( D I R  I 360 . )  A58, A58, 
WOT 3 WR14 
WOT 54 WR14 
CALL E k I T  

D I R  = D I R  + 360. 

WOT 3, WR15 
WOT 59, WR15 
CALL E X I T  

A 5 3  T H ( J )  H 

C COMPUTE I WHICH is THk INDEX O F  THE D I R E C T i 0 N  D I R  
C WHEN SUMMARIZING THE RESULTS OF MANY 0BSERVATldNS 

A 5 8  I F  ( D I R  - 1 6 8 . 7 5 )  , A60, A 6 0  

A 6 0  I ( ( D I R  - 1 6 8 . 7 5 )  / 22 .5 )  + 1 .  
A 7 0  I F  ( ISCAT - 6 )  A80, A80, 

WR14 FORMAT ( 2 3 H D I R  EXCEEDS 360 DEGREES) 
WR15 FBRMAT ( 1 5 H I  SCAT EXCEEDS 6)  

A 8 0  IF ( I S i A C K )  8 1 0 0 ,  8 1 0 0 ,  
C COMPUTE THE R I S E  0F THE PLUME AS I T  TRAVELS DBWNWI 

RPn 830 

F 3,755-5  s: SQ 
UBAR USFC x ( H  / Z S F C ) * * X N ( I S C A T )  

C = 56 
x = XN(ISCAT) 
GO TO 8 4 0  

B = 3 .75  
c = 49 

00 TO 8 4 0  

820 A 3.75 * 4000.*x.49 * F x t r ( l . / 3 . )  

x = XN(ISCAT) 

B 3 0  A = 1 3 . 8  Xc 2 0 0 0 , * * . 2 6  Fxx( 
B = 1 3 . 8  

B4O 

B 5 0  

C = - 2 6  
X XN(1SCAT) 
ODH = A 1 UBAR 
DH = BDH 
llBAR = USFC .I (ZSFC*xX 
BH A / UBAR 
I F  IABSF(dDH-DH)  / 0DH 
UDH = O H  

* (X.1. 

- . 1 )  

860 

B63 
865 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
870 

580 

. - . . - . . 
@O T 0  850 
DB 870. J = 1 ,  1 3  
T H ( J )  H + B m X D I S T ( J  
I F  ( T H ( J )  - SDZMX) B 6 5  
IF ( T H ( J )  - 1 . 7  Y S D Z M ~  
SDZCJ) = T H ( J )  - SDZMX 
GB TO 870 
T H ( J )  = SDZMX 
SDZ(J1 = ,465 8 SDZMX 
CONT 1 NUE 
I I  = Id 
I F  ( ISCAT - 5 )  B80,  , 
1 1  = 1 2  
Da B 9 0  J = I 1  28 
TH(J)  H + oh 

1 * x C  
BE5 

1 e65 

. TH 

ND, 

( D I S T ( K ,  I )  - 

IS IS ONLY USED 

SUM U( l1 j 'U  X D I S T ( 1 )  
S L I M 1  

cos SGZ = S ~ G Z ( I S C A T , J )  

. . .', 
. .  I 

TRATlUN, 

( I SCAT 1 

INTEGRATED 
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174 
1 7 5  

1 7 9  
1 8 0  
1 8 1  
182 
183 
184 
1 8 5  
1 8 6  
187 C 
1 8 8  
189 
1 9 0  
1 9 1  
192 
1 9 3  
194 
i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6s 
196 
1 9 7  
198 
1 9 9  
200 
20 1 
202 
203 
204 
205 
206 C 
207 
208 
209 
21 0 
2 1 1  c 
2 1  2 
2 1  3 
2 1  4 
2 1 5  C 
21 6 
2 1  7 
21 8 
2 1  9 
220 
22 1 
222 
223 
224 
225 
226 
227 
228 
229 
230 C 
2 3 1  C 
232 
233 
234 
235 
236 
237 
238 
239 
240 
24 1 
242 
243 
244 
245 
246 
247 
248 
249 
250 
25 1 
252 
253 
254 
255 
256 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9s7 

I F  ( S O 2  - S D Z ( J I 1  C10, C10, 
SGZ = S D Z ( J )  

I F  ( J  - 1 )  C15, C15, 
U ( J )  = USFC * (SMH / Z S F C ) * * X N ( I S C A T )  
SUM = SUM + ( U ( J )  + U ( J - 1 ) )  / 2. * ( X D I S T ( J )  - X D I S T ( J - 1 ) )  
U A ( J ) =  SUM / X D I S T ( J )  

CUNA = E X P F ( - . 5 *  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(SMH / S G Z ) * * 2 )  
C0NAA-z  E X P F ( - 2 .  * (SMH / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASQZ)**2) 
X C P ( J )  = CUNST * ( 1 .  + CUNAA) 
X S F C ( J )  = CUNST * 2. * CUNA 
I F  (VDEP) C30, C30, 

RK = - SQRTF(2  / P I )  * VDEP / UACJ) 

BETA = 2. * X b l S T i J )  / (SGZ * EXPF( S M H * * 2 / ( 2 , *  SGZ**2) ) )  
GO TU C25  

C 1 0  SQY = SIGY(1SCAT)  * X D I S T ( J ) * * . 9 1 7  

C15  CUNST = Q / (TUP1 * (SOY * SGZ + C A / P I )  * U A ( J ) )  

DEPUSIT IUN UPTIUN 

IF ((SMH sozj - 37. )  , , c25 
I F  ( J  - 1 )  c20 

C25 C 2 0  I F  (USMH /. USGZ - 3 7 . )  

C25 Z SUM1 + BETA 

Z = 740. 
C 2 7  R = E X P F ( Z ) * * R K  

USMH = SMH 
USGZ = SGZ 
X C P ( J )  = X C P ( J )  * R 
XSFC<( J) = XSFC( J) * R 

I F  (PRECP) C 4 0  C40, 

X C P ( J )  = X C P ( J )  * CUNB 
XSFCCJ) = X S F C ( J )  * CUNB 

XCPCJ) X C P ( J j  * CUNC 
XSFCCJ) = X S F C ( J )  * CUNC 

X I ( J )  = ( X S F C ( J )  * SQRTF(2 .  / P I )  * 8.  * SGY / X D I S T ( J ) )  + BKQ 
X S F C ( J )  = X S F C ( J )  + BKG 
V I ( J )  = XCPCJ) * SQRTF(TdP1)  * (SGZ + S Q R T F ( C A / P I ) )  / ( 1 .  + CUNAA 
I F  (XSFCCJ) - BKG) I C 3 3  

SUM1+ ( X D I S T C J )  - X b I S T i J - 1 ) )  * 2. / (USGZ * EXPF(BSMH**2 / lsY!:'* U S Q Z * * 2 ) )  + SO2 * EXPF(SMH**2  / (2 .  * S G Z * * 2 ) ) )  

I F  (2 - 740.)  C27, C27, 

C30  I F  ( I P F )  C40, C40, 

pRE~aEbTsT:SPF~~T!~N* XD 1 ST ( J 1 / UA ( J 1 1 

C 4 0  I F  (THALF)  C50, c501 

DEc%N~pI1%!PF((- 693 * XDISTCJ)  / U A ( J ) )  / (3600. * THALF) )  

ADD I N  BACKGRUUND NUISE 
C 5 0  X C P ( J )  X C P ( J )  + BKG 

A = 0.  
GU TU C 5 6  

C 5 3  A 3 ( X I ( J )  - BKG) / (XSFC!gLG; i K t A E p  +ppp 
A C56 DEPCJ) = TSTEP * ( ( X I ( J )  

I F  (TRACE) C60, C60, 
WUT 3, WT, SMH, SGZ, SOY, CUNST, CUNA, CUNB, CUNC, RK, 

C60  CUNTINUE 

IF ( I T D I I  E 1 0  E 1 0  
WT FURMAT ( 1 0 E 1 0 . 3 )  

THE F I R S T  PLUTS ARE U t  CENTER CBNCENTRATIUN GRUUND LEVEL 
AND SECTUR~AVERAGED GRUUND LEVEL C ~ N C E N T R A T ~  ON, 

VMAX P . , .. .. . 
DU DIO - j  = 1 28 
IF ( xcP(J )  - +MAX) DIO, DIO,  
YMAX = XCPCJ) 

YMIN = YMAX * 1 . E - 6  
CALL MAPGLL ( 1 , E 2  1 . E 5 ,  YMJN, YMAX) 
CALL SETCH (40 . ,  5 . .  1, 0, 0, 0, 0)  
WUT 100, WRl 
CALL SETCH (30 l,, 1 ) -  
WUT 1 0 0 J W R 2 , ( B C b ( L ) ,  L - 1, 6)  
CALL SETCH ( 1 .  , 30., 1, 0, 0, 1, 0 )  
WUT 100 WR3 

WUT 100, WR4 
CALL SETCH (90. , 63. , 1 )  
WUT 100 WR5 

WUT 1 0 0  WR6 

CALL TRACEP (XDIST ,  XSFC 28) 
CALL TRACEP (XDIST ,  X I ,  28) 
CALL SETLCH ( X D I S T ( 1 3 ) ,  X C P ( 1 3 ) ,  1 ,  0, 0, 0, 0 )  
I 1  = 1 
1 2  = 2 
13 = 3 

D 1 0  CUNTINUE 

CALL S E ~ C H  (go .  , 64.  , I, 0, 0, 0, 0 )  

CALL S E ~ C H  (go .  , 62. , 1 

CALL TRACEP (XDIST, XCP, 28) 

Q 

SUM 1 

CBNCENTRAT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI UN , 

-- . 
258 W6T 100, WR7, I 1  
239 CALL SET'LCY ( X D I S T ( 1 3 )  , X S F C ( 1 3 )  , 1 )  
260 WUT 100 WR7 1 2  
26 1 CALL S E f L C H J ( X D I S T ( 1 3 ) ,  X I ( 1 3 ) ,  1 )  
262 WUT 100,WR7, 13 
263 CALL FRAME 
264 C THE SECUND PLUTS ARE VERTICAL INTEGRAL THRBUGH THE CLUUD CENTER AND 
265 C TUTAL DEPUSIT IUN.  
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266 
267 
268 
269 
270 
27 1 
272 
273 
274 
275 
276 
277 
278 
279 
280 
28 1 
282 
283 
284 
285 
286 
287 
288 
289 
290 
29 1 
292 
293 
294 
295 
296 
297 
298 
299 
300 
30 1 
302 
303 
304 
305 
306 
307 
308 
309 
3 1  0 
3 1  1 
3 1  2 
3 1  3 
3 1  4 
3 1  5 
3 1  6 
3 1  7 
3 1  8 
3 1  9 
320 
32 1 
322 
323 
324 
325 
326 
327 
328 
329 
330 
33 1 
332 
333 
334 
335 
336 
337 
338 
339 
340 
34 1 
342 
343 
344 
345 
346 
347 
348 
349 
350 
35 1 
352 
353 
354 
355 
356 
357 

D 2 0  

YMAX 0 .  
DU D20, J = 
I F  ( V I f J )  - 
YMAX = V I  ( J  
CUNT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI NUE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Y M I N  Y M A X  

1, 28 
YMAX) D 

1 
120, D20, 

CA.LL 

WUT 100 ,  WR 
CALL SETCH 
WUT 100,WR2 
CALL SETCH 
WUT 00. WR 
CALL 
WUT 
CALL 
WUT 
CALL 
CALL 
CALL 
WUT 
CALL 
WUT 
WUT 
WUT 

1 U ( J  

* 1 E - 6  
1 . E 2 ,  1 . E 5 ,  YMIN 

( i o . ,  3 . ,  1, 0, 0, 

, ( B C b ( L j  

1 
(30 1 

( 1  , ,  30. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 

SEiCH"T85 . ,  64 
00, WR9 
SETCH (85.,  63 
00, WR10 
TRACEP (XD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI ST, 
TRACEP ( XD I ST, 
SETLCH (XDISTC 
00,WR7, I 1  
SETLCH ( X D I S T (  
00,WR7, 12 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWRl l  

1 
= 1  6 
0, '0,  

0, 0, 

28 1 
28 1 

V I  ( 1 3 )  

DEP( 1 3  

, YMAX) 
0, 0 )  

) 
1 0 )  

0, 0 )  

1, 0, 0. 0, 0 )  

1 

: wRi.2,. (XDI  S T (  J)  XCP( J 1 ,  XSFCC J 1, XI ( J 1, VI ( J)  , DEP( J 1, GHT( I ,  J)  , 
~ X I T  

U A ( J ) ,  J = 1, $8) 
CALL _... 

WR1 FURMAT (2 lHDISTANCE DUWNWIND - M )  
WR2 FURMAT ( 6 A 1 0 )  
WR3 FURMAT (26HCUNCENTRATIUN - UNITS/M%*3)  
WR4 FORMAT ( 2 3 H  1 CENTER CUNCENTRATION) 
WR5 FURMAT ( 3 5 H  2 GRUUND LEVEL CUNC €YN CENTER L I N E )  
WR6 FURMAT ( 3 1 H  3 SECTOR AVO GRUUND LEVEL CUNC) 
WR7 FURMAT (12 )  
WR8 FURMAT (23HDEPOSITIUN - U N I T S / M % * 2 )  
WR9 FURMAT ( 3 5 H  1 VERTICAL INTEGRAL THROUGH CENTER) 

WR10 FaRMAT ( 3 5 H  2 TCTAL DEP (WET + DRY) BVER TSTEP) 
W R l l  

WR12 FURhAT ( 9 E C 2 . 4 )  

FURMAT ( 4 X  JHXDIST,  8X. 3HXCP, 8X, 4HXSFC, 9X, 2HX1, l o x ,  2HV119X,  3HDEP, 

C T H I S  LAST P 0 R T I 0 N  UF THE CODE IS USED ONLY WHEN RUNNING MANY BBSERV 

C DECAY UPTIUN 

1 9X 3HGHT' l ox ,  lHU,  lox ,  2HUA) 

E 1 0  IFCEND) F15A 
IF ( T H A L F ~  E ~ O ,  E ~ O ,  

DU E20,  I 1  1, 1 6  
DU E20,  J = 1, 28 

E 2 0  T D E P ( I 1 , J )  = T D E P ( I 1 , J )  * E X P F ( - . 6 9 3  * TSTEP / ( 3 6 0 0 . u :  THALF) )  
C STURE THE CONCEMTRATIUN AND D E P O S l T l 0 N  VALUES WHICH WERE CUMPUTED 
C EARLIER.  THEY ARE SAVED BY DIRECTION ( 1 1 ,  

E 3 0  " ( 1 )  = " ( 1 )  + 1 
DU E40,  J 1, 28 
I F  ( X C P ( J )  - 2 . * B K G )  E 3 3  E33,  
XNXCP(1,J )  = XNXCP(1 .J )  1 
A X C P ( 1 , J )  A X C P ( 1 , J )  + X C P i J )  
SXCP(1,J )  = SXCP(1 ,J )  + L U G F ( X C P ( J ) )  

E 3 3  I F  ( X S F C ( J )  - 2 , * B K G )  E 3 6  E36, 
XNSFC(1 ,J )  XNSFC(1 J) + ' 1 .  
AXSFC( I , J )  AXSFC(I:J) + XSFCCJ) 
S X S F C ( 1 , J )  = S X S F C ( 1 , J )  + L U G F ( X S F C ( J ) )  

E 3 6  I F  ( X I ( J )  - 2 . * B K G )  E40, E40,  
X N X I ( 1 , J )  = X N X I ( 1  J)  + 1 
A X I ( I , J )  A X I ( I , J ~  + x i t i )  
S X I ( 1 , J )  = S X I ( 1 , J )  + L U G F ( X I ( J ) )  

E 4 0  T D E P ( 1 , J )  = TDEP(1 ,J )  + DEPCJ) 
I F  (TRACE) E 5 2  E52, 
DU E 5 0  J = 1, b8 

E 5 0  WUT 3, T2, I ,  J, A X C P ( I , J ) ,  SXCP(1 ,J )  A X S F C ( I , J ) ,  

E 5 2  INPUT DATA D, 2, INPT 

1 SXSFC(I,J), A X I ( I , J ) ,  SXI ( I , J ) ,  TDEP?I,J) 
C READ THE INPUT I N  HERE & CHECK FOR MORE DATA SETS 

PPP = 0 .  
I F  (PRECP) E55,  E55, 
PPP = PP 

E 5 5  I F  ( D I R  + 999.)  A51, , A51 
E 5 6  REWIND 2 

R I T  2, W13, ( B C D ( I 1 1 ,  I 1  = 1, 6)  
INPUT DATA B, 2 
INPT = 0 
END = 1 

C 
C 
C AVERAGED GROUND LEVEL CUNCENTRATIUNS. 

CUMPUTE THE AR I THMET I C & GEUMETRI C MEANS AND THE GEUMETRI C STANDARD 
DEVIAT IUN FOR CLUUD CENTER AND SURFACE C€YNCENTRATIONS AND SECTUR 

I F  (NURM) , , E 6 5  
NNN = 0 
DU E 6 0  I = 1, 1 6  

TTT = NNN 

I F  (NURM) E70,  E70, 
TTT= " ( 1 )  
I F  ( T T T )  , , E 7 0  
TTT= 1 .  

E 6 0  NNN = NNN + " ( 1 )  

E 6 5  DU F10 ,  I 1, 1 6  

AT IONS, 
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358 
359 
360 
36 1 
362 
363 
364 
365 
366 
367 
368 
369 
370 
37 1 
372 
373 
374 
375 
376 
377 
378 
379 
380 
38 1 
382 
383 
384 
385 
386 
387 
388 
389 
390 
39 1 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
41 0 
41 1 
41 2 
41 3 
41 4 
41 5 
41 6 
41 7 
41 8 
41 9 
420 
42 1 
422 
423 
424 
425 
426 
427 
428 
429 
430 
43 1 
432 
433 
434 
435 
436 
437 
438 
439 
440 
44 1 
442 
443 
444 
445 
446 
447 
448 
449 

E70 DU F10, J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 1 28 
AXCP(1 J )  (AXCP(1,J) + (TTT-XNXCP(I,J)) * BKQ) / TTT 
IF(XNXbP( I ,  J )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 F03, F03, 
SXCP(I J )  = SXCP(I;J) / XNXCP(1,J) 

IF (XNSkC(1,J)) F05 k05, 

IF (XNXI(I,J)) F10, F10, 
SXI(1,J) = SXI(1,J) / XNXI(1,J) 

IF (TRACE) F14 F14, 
DU F13 I = 1, !6 
DU F13 J = 1, 28 
WUT 3, W R 1 2  XNXCPCI J), XNSFC(I,J), XNXI(1,J) 

F13 WUT 3, T2, 1 ,  J AXCPtI J), SXCP(I,J), AXSFC( 

F14 WUT 3 W15 

F15 WUT 3, T2, I ,  J, XDIST(J1, AXCP(I,J),AXSFC(I,J 

F03 AXSFC(1 J )  = (AXSFC(1 J )  + (TTT-XNSFC(I,J)) * BKQ) / TTT 

SXSFCCI J )  = S X S F C ~ ~ , J )  XNSFC(I,J)  
F O ~  A X I ( I , J ~  = ( A X I ( I , J )  + (TTT-XNXI ( I , J ) )  * BKQ) TTT 

F10 CUNTINUE 

1 SXSFC(I J), A X ~ ( I , J I ,  & X I ( I , J )  
QU TU F I  ~ A A  

DU F16 1 = 1, 16 
DU F15 J = 1, 28 

F15AA INPUT DATA D, 2 
GU TU A05 

IF (XCP(J) - 2' * BKG) F15AB F15AB, 
SXCP2( I ,  J )  = SXCP2( I ,  J )  + (LbQF(XCP(J) 1 - SXCPC I ,  J )  )**2 

F15AB IF (XSFC(J) - 2. * BKQ) FlbAC, F15AC, 
SXSFCP(1 J )  = SXSFCP(1 J )  + (LUQF(XSFC(J)) - SXSFC(1,J)) 

Fl5AC IF tXI(Jj - 2 * BKQ) #15AD, F15AD 
SX12(1,J) = SXl2C1,J) + (LUQFtXI(Jj1 

F 1 5AD CUNT 1 NUE 
INPUT DATA 0, 2 
PPP = 0. 
IF (PRE$P) F158, F15BJ 

F15A DU Fl5AD J = 1 28 

- SXI(I,Jl)**2 

nnn - 
F15B 

F15BA 

F15C 

F15D 

F15E 

F16 
F20 

F25 
F30 

F35 
F40 

F43 
T2 

F45 

999. ) A51, , A51 
1 .  16 

= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAj '  26 
I J j )  F15C F15C 

SQRTF(SkCP2(1: 
I,J)) F15D F15D, 

I )  = SQRTF(&XSFC2( 
,J)) F15E, F15E, 

SQRTF(SX12(1,J) 

= 1 ,  4 

/ XNXCP( I 

J )  / XNSFC 
' XNXl ( I , J 1 

CPMAX 5 0 
SFCMAX = 6. 
EXiMAX = 0. 
DU F40, I = 1, 16 
DU F40, J = 1 28 
A I  = 1 .  - X N X ~ P ( I , J )  TTT 
A2 = 1 .  - XNSFC(I,J) / TTT 
A 3  = 1 - XNXI(1,J) / TTT 
IF (CUNCK) - All  F16, F16, 
PL = (CUN(K) - A l )  / ( 1 .  - A l )  
CALL ZPL(PL) 
CP(I,J) = EXPF(SXCP2C1,J) * PL + SXCP(1,J 
IF (CP(I,J) - BKQ) , F20, F20 
CP(1,J) = BKQ 
IF (CUNCK) - A2) F25, F25, 
PL = (CUN(K) - A 2 )  / ( 1 .  - A 2 )  
CALL ZPL(PL) 
SFC(1,J) = EXPF(SXSFC2(1,J) * PL + SXSFCC 
IF(SFC(I,J) - BKQ) , F30, F30 
SFC(I J )  = BKG 
IF (CbN(K1 - A3) F35, F35, 
PL = (CUNCK) - A31 / ( 1 .  - A3)  
CALL ZPLCPL) 
EXI(1,J) = EXPF(SX12(1,J) * PL + SXI(1,J) 
IF (EXI(1,J) - BKQ) , F40, F40 
EXI(I,J) = BKQ 
CUNT I NUE 
WUT 3, W16, PRNT(K) 
DU F43 I = 1, 16 
DU F43 J = 1, 28 
WUT 3 T2 I ,  J XDISTCJ), CP(I,J), SFCCI FUR MA^ (2f3, iokii .3) 
XMAX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 CPMAX 
I D  3 

i"X-='3, * PI / 8. 
DU F45, N = 2, 4 
SN(N) = SINF(SNX1 
CS(N) = CUSF(SNX) 
SNX = SNX - PI / 8. 
SN(1) 1 .  
CS(1) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 ,  
SN(5) = 0. 
CSC5) = 1 .  
S N i g j  = - 1 ,  
cs(9)'= 0. 

J J ) J  

, AXI'( I ,  J )  , TDEP( I ,  J 1 

**2 

EX I ( I , J 1 
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u zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA450 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
455 
4 5 6  

46 i 
462 
463 
464 
465 
466 
467 
468 
469 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4ii 
473 
474 
475 
476 
477 
478 
479 
480 
4 8 1  
482 
483 
484 
4 8 5  
486 
487 
488 
489 
4 9 0  
49 1 

495 
496 
4 9 7  
498 
4 9 9  
500 

5 1  3 
5 1  4 
5 1  5 
5 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 1  7 
s i 8  c 
5 1 9  C 

S N ( 1 3 )  = 0. 
C S ( 1 3 )  = - 1 .  
S N ( 8 )  = - S N ( 2 )  
SN( 1 0 )  - S N ( 2 )  
S N ( 1 6 )  = S N ( 2 )  
S N ( 7 )  = - S N ( 3 )  
S N ( 1 1 )  = - S N ( 3 )  
S N ( 1 5 )  = S N ( 3 )  
S N ( 6 )  = - S N ( 4 )  
S N ( 1 2 )  = - S N ( 4 )  
S N ( 1 4 )  S N ( 4 )  
C S ( 8 )  C S ( 2 )  
C S ( 1 0 )  = - C S ( 2 )  
C S ( 1 6 )  = - C S ( 2 )  
C S ( 7 )  = C S ( 3 )  
C S ( 1 1 )  - C S ( 3 )  
C S ( 1 5 )  = - C S ( 3 )  
C S ( 6 )  C S ( 4 )  
C S ( 1 2 )  = - C S ( 4 )  
CS ( 1 4 1 -CS ( 4 1 
C S ( 1 7 )  C S ( 1 )  
S N ( 1 7 )  = S N ( 1 )  

CALL MAPG (XMN. XMX, +MN, ' Y M X )  
F 4 7  CALL GRSZ (CP.XMX,XMN YMX YMN) 

F 4 8  CALL SETCH (30. ,  3 . ,  1 , 0, 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 )  
GU TU (F50 F60, F70 H20, H3b, k40, 

F50 WUT 1 0 0 ,  Wh 
GU TU F80 

F60 WUT 100, W4 
GU TU F80 

F70 WaT 100,  WS 
F80 CALL SETCH (30.,  1 1 )  

WUT 100,  W 6 ,  P R N T t K j  
F85 CALL SEICH 1 9 0 ~ , 6 4 . , 1 , 0 , 0 , 0 , 0 ~  

WUT 100,  W7 
XX 63. 
DU F90, N = 1 NPLETH 
CALL SETCH (96 .  , XX , 1 1 
WUT 100,  W8, PLETH(N1 

I F  (XMX + YMX - 2 . )  , GOO 

WUT 100,  W14 
GO T b  645 

GOO DU GO2 J = 1, 28 
GO2 CP(17,  J) = CP(1,  J) 

DU 040 N = 1, NPLETH 
DU 030 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI = 1, 1 7  
DU GO5 J = 28, 1, - 1  
IF (PLETHCN) - C P ( I , J ) )  607, G07, 

GU TU G20 

DU G10 J = 1, 28 
I F  ( P L E T H ( N )  - C P ( 1 , J ) )  G l l ,  0 1 1 ,  

(310 CUNTINUE 
G11 I F  ( J  - 1 )  0 1  2 

H I 1  ( P L E T H ( h )  / ' C P ( I , J ) )  X X D I S T ( J  
GU TU 0 1 3  

G12 H I 1  X D l S T ( J - 1 )  + (PLETH( l4)  - CP(1,  

F90 XX XX - 1 

GALL SETCH (30.,  G O . ,  i )  

GO5 CUNTINUE 

GO7 HUl  = XDISTCJ)  + (PLETHCN) - C P ( I , J )  
1 * ( X D I S T ( J + l )  - X D I S T ( J ) )  

1 * (XDIST(J) - XDISTCJ-1)) 
G13 X1 HUl  * C S ( 1 )  

Y1 HUl  * S N ( I )  
X 2  = H I 1  * C S ( I )  
Y 2  = H I 1  * S N ( I )  
I F  (FLG)  0 1  5 
I F  ( I  - 1 )  G i 7 ,  6 1 7 ,  

F I R S T  B0UNDARY CUNDITIUN 

I I = I - 1  
GU TU GBOO 

G15 CALL L I N E  (X3,  Y 3 ,  X1 Y 1 )  
CALL L I N E  (X4,  Y4, X2: Y 2 )  

0 1 7  X3 X1 
Y 3  Y1 
x4 = x2 
Y 4  = Y 2  
FLG 1 
GU TU 030 

020 I F  ( F L G )  030, (330, 

SECUND BOUNDARY CUND I T I  UN 

OB00 DELT ( H a l  - H I 1 1  / 4 .  

C 
I I = I - 1  

I F  ( H I 1  + DELT - X D I S T ( 1 ) )  
H M ( 1 )  = X D I S T ( 1 )  
GU TU GB08 

GB07 HM(1 1 H I  1 + DELT 
GBO8 H M ( 2 )  = H I 1  + 2.  p DELT 

H43, H45, 

1 

J - 1 ) )  / ( C  

, 6807 

H47,  t i 5 0 ) ,  I P  
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54 1 
5 4 2  
543 
544 
5 4 5  
5 4 6  
547 
548 
5 4 9  
550 
55 1 
552 
553 
5 5 4  
555 
556 
557 
558 
559 
560 
56 1 
562 
563 
5 6 4  
565 
566 
567 
568 
569 
570 
57 1 
572 
573 
5 7 4  
575 
576 
577 
578 
579 
580 
58 1 
582 
583 
584 
585 
586 
587 
588 
589 
590 
5 9 1  
592 
593 
594 
595 
596 
597 
398 
599 
600 
60 1 
602 
603 
6 0 4  
605 
606 
607 
608 
609 
6 1  0 
6 1  1 
6 1  2 
6 1  3 
6 1  4 
6 1  5 
6 1  6 
6 1  7 
6.1 8 
6 1  9 
620 
6 2 1  
622 
623 
6 2 4  
625 
626 
627 
628 
629 
630 
63 1 
6 3 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

SNi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 1 
C S ( I 1 )  
S N ( I 1 )  - P L E T H ( N ) )  / (CM(KK)  - CMA K K ) )  

+ D l  * (XA - X I  
+ D1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 (YA - Y )  

XB YB, 5)  
G I  7, 

HM(3)  = H I 1  + 3. * DELT 
DU 0 B 2 0  KK = 1, 3 
DU OB10 J = 1, 28 
I F  ( X D I S T ( J )  - HMCKK)) , , 0 8 1 5  

OB10 CUNTINUE 
0 8 1 5  FACT = (HMCKKI - X D I S T ( J - 1 ) )  / ( X D I S T ( J )  - X D I S T C J - 1 ) )  

CMCKK) = C P ( I  J - 1 )  + FACT * ( C P ( 1 , J )  - C P ( I  J - 1 ) )  
CMA(KK) = C P ( ! I , J - 1 )  + FACT * ( C P ( I 1 , J )  - C b t l l , J - 1 ) )  
X = HM(KK) * zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS(1) 
Y = HMCKK) * 
XA = HMCKK) 
Y A  = HM(KK) 
D1 = (CM(KK) 
X B ( K K + l )  = X 

OB20 Y B ( K K + l )  = Y 
X B ( 1 )  = X2 
X B ( 5 )  = X1 
Y B ( 1 )  = Y 2  
Y B ( 5 )  = Y1 
CALL TRACEP 
I F  (FLG)  0 1 7  
FLQ = 0.  

(330 CUNTINUE 
0 4 0  FL0 = 0. 
045 C A L L  FRAME 

050 I P  = 2 

060 CP(I ,J)  = S F ~ ( I , J I  

070 I P  = 3 

080 CP(I ,J)  EXI(I,J) 

0 U  TU (050, 070, 090, H60, H80, H90, H110,  H130, H150,  H 2 0 0 ) ,  I P  

DU 060, 1 = 1, 1 6  
DU 060 J = 1 28 

GU TB F 4 7  

DU 080, I = 1, 1 6  
DU 080 J = 1 28 

GU TU F 4 7  

I P  = 4 
DU H10, I = 1, 1 6  
DU H 1 0  J = 1 28 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
08 T 6  F47 

H 2 0  WUT 1 0 0  W 9  
GU TU H 6 5  

H 3 0  WUT 100 ,  W10 
0 U  TU H 5 5  

H 4 0  WUT 1 0 0  W11 
0 U  TU Hh5  

H 4 3  WUT 1 0 0  W17 
0 U  TU H6S 

H45  WUT 1 0 0  W18 
QU TU H 5 5  

H 4 7  WUT 100 ,  W19 
(3f3 TU H 5 5  

H 5 0  WUT 1 0 0  W12 I T B T  
H 5 5  CALL S E f C H  ( b o  .1 1 

WUT 1 0 0  WR2, ibCDiL), L = 1, 6 )  
GU TU Fb5 

H 6 0  I P  = 5 
DU H70, I = 1, 1 6  
DU H 7 0  J = 1 , 2 8  

H70  C P ( I  J)  = AXSFC(1,J )  
06 T 6  F 4 7  

H 8 0  I P  = 6 
DU H85, I = 1 1 6  
DU H 8 5  J = l,h8 

H85 C P ( I  J)  = AXI(1,J)  
GU T 6  F 4 7  

r 

090 CUNTINUE 

HIO CP( I  J) = A X ~ P ( I , J )  

C SET UP TU PLUT QEUMETRIC MEAN VALUES 

H90 h:T=s7 W20 
D€I H l b O  I 3 1.  1 6  

H 9 3  

H 9 6  

C PRINT UUT GEUMETRIC MEAN VALUES 
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H 1 3 0  I P  = 9 633 
634 
635 

638 
639 
640 
64 1 

-. 642 
643 
644 
645 
646 
647 
648 

. .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
63 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

652 
653 
654 
655 
656 
657 

668 
669 
670 
67 1 
672 
673 
674 
675 
676 
677 

682 
683 
684 
685 
686 
687 
688 
689 
690 C 
6 9 1  C 
692 
693 
694 
695 
696 
697 C 
698 C 
699 C 
700 
70 1 
702 
703 
704 
705 
706 
707 
706 
709 
7 1  0 
7 1  1 
7 1  2 
7 1 3  C 
7 1 4  C 
7 1 5  C 
7 1 6  C 
7 1 7  C 
7 1 8  C 
7 1 9  C 
720 C 
7 2 1  C 
722 C 
723 

w12 
W13 
W14 
W15 

W16 

W17 
W18 

DU H 1 4 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI = 1, 1 6  
DU H 1 4 0  J = 1 28 

H 1 4 0  C P ( I  J) = S X I i l , J )  
GU T 6  F47 

H 1 5 0  I P  = 1 0  
DU H160, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI = 1, 1 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
DU H 1 6 0  J = 1, 28 

H 1 6 0  CP(1 ,  J )  = TDEP( I , J )  
DU H 1 7 0  I = 1, 1 6  

H 1 7 0  I T U T  = i T 0 T  + N N ( 1 )  
GU TU F 4 7  

H 2 0 0  CALL E X I T  
W 3  FURMAT (41HPLUME CENTER CbNCENTRAT10N - UNITS / M * * 3 )  
W 4  FURMAT (54HGRUUND LEVEL PLUME CENTER CBNCEWTRATIBN - UNITS / M * * 3 )  
W5 F0RMAT (54HGR0UND LEVEL SECTBR AVERAGED CUNCENTRATIUN U N I T S / M * * 3 )  
W6 FURMAT ( 1 6 H W I L L  BE EXCEEDED, 
W 7  FURMAT ( 1 0 H  CUNTaURS) 
W 8  FURMAT ( E 1 0 . 3 )  
W9 FURMAT (52HPLUME CENTER ARITH.  AVG CUIJCENTRATIUN - U N I T S  / M * * 3 )  

W10 FdRMAT (54HGRBUND LEVEL PLUME CENTER ARITHMETIC AVG CONCENTRATIUN, 

W11 F0RMAT (43HGRUUND LEVEL SECT0R AVERAGED ARITHMETIC AVO, 

F 5 . 1 ,  20H PERCENT 0F THE T IME)  

1 15H - UNITS / M * * 3 )  

29H CUNCENTRATIUN - UNITS / M * * 3 )  
FURMAT (33HTUTAL ACCUMULATED OEPBSIT IBN OVER, 15, 6H HUURS) 
FURMAT ( 6 A 1 0 )  
FURMAT (25HC0NTUURS BELBW BACKORBUND) 
FURMAT ( 1 H1, 2 3 X J  14HAR I THMETI C AVO, /, 6H I 

FURMAT (1H1  7X,16HWILL B E  EXCEEDED,F5,1,16H PERCENT OF TIME, / ,  

FURMAT( "PLUME CENTER bE0METRI C AVG CUNCENTRATI UF 
FURMAT ("GRdUND LEVEL PLUME CENTER GEBMETRIC AVC- JUNCENTRATIdN 

J 3X, 4HDI ST, 8X, 2HCPJ 
8X, 3HSFC, 8 X J  PHXI ,  8X, 4HTDEP) 

6 H  I J, bX, 4HDIST 8X, PHCP, 8X, 3HSFC, 8X, 7 H X I )  
UNITS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi M**3::  1 

, - U N I T S  / M * * 3 " )  
W19 FURMAT ("GRUUND LEVEL SECTUR AVERAGED GEBMETRIC AVO ' I ,  

W20 F0RMAT (1H1,23X,  14HGEBMETRIC MEANJ/ ,6H I JJ3X,4HDIST,8X,2HCP,  
1 CUNCENTRATIUN - UNITS / M * * 3 " )  

1 8X, 3HSFC, 8X, 2 H X I )  
END 
SUBRUUTINE ZPLCPL) 
DIMENSIUN X X ( 1 3 )  Y Y ( 1 3 )  
DATA (XX= I 000068$, I 01 ,  I 05, . 1 , . 15,  .3, - 5 ,  ,7, -85, ,9,  ,95, 

DATA tYY= - 3 . 8 1 ,  -2.33, - 1 . 6 4 ,  - 1 . 2 8 ,  - 1 . 0 4 ,  - .52,  O . ,  -52, 1 - 0 4 ,  

DU A l b  I = 1, 1 3  
I F  ( P L  - X X ( 1 ) )  A20, A20, 

P L  = Y Y ( 1 3 )  
RETURN 

P L  = Y Y ( 1 )  
RETURN 

RETURN 
END 

1 -99, 9 9 9 9 3 1 5 )  

1 1 . 2 8  1 . 6 4 ,  2.33, 3 . 8 1 )  

A 1 0  CUNTINUE 

A 2 0  I F  ( I  - 1 )  , , A 3 0  

A 3 0  P L  = Y Y ( I - 1 )  + ( ( P L - X X ( I - 1 ) )  / ( X X ( I ) - X X ( I - l ) ) )  * ( Y Y ( l ) - Y Y ( I - l ) )  

SUBRbUTINE GRSZ (XA XMX, XMN, YMX, YMN) 

DIMENSIUN X A ( 1 7  28) 
CBMMON /A /  XDIS~(28),SN(17),CS(17),SlZE, TNLO,PLETH(G),PLSET,NPLETH 
TNLG L U G F ( l 0 . )  
AMX = 0 
XMX = XMN = YMX = YMN = 0. 

T H I S  R0UTINE DETERMINES THE MAPPING FUR THE GRID AND THE VALUES 
UF THE C0NTUURS. 

I F  
WE 

.ETH VALUES BUT USE THUSE THAT CUMPUTE PL 
1 .  

. .  

A 0 2  

A 0 3  

A 0 4  
A 0 5  

' PLSET 1 THEN DU NUT 
:RE INPUT.  

I E,, ( PLsET 1 A04, A04. - Akin = I U .  
DU A 0 2  I = 1, NPLETH 
I F  ( P L E T H C I )  - AMX) 
I F  ( P L E T H ( 1 ) )  A02, A 0 2  
AMX = PLETHCI 1 
CUNT I NUE 
DU A 0 3  I = 1, 448 
I F  ( X A ( 1 ) )  , , COO 
CUNT I NUE 
GU TU B 1 4 0  
DO A 0 5  I = 1, 6 
P L E T H ( 1 )  = 0. 

THE L I N E S  ARE C0NSIDERED I N  P A I R S  
FURM A LUNGER STRAIGHT L I N E .  TU S f A R T  WITH THE SMALLEST CUNCENTRATI0N 
THAT CAN BE FUUND AT BBTH ENDS IS C6MPUTED. THEN THE X AND Y DISTANCES 
BETWEEN THESE PUINTS ARE CdMPUTED AND CUMPARED WITH " S I Z E  

UF CUNCENTRATIBN IS USED. 
UF L I N E S .  THE VALUE 0F THE CBNCENTRAT10N IS OF THE FURM l . * l O * * N  UR 
3.  * 1 0 * * N .  

THE I T H  AND THE 1+8TH L I N E S  

I F  
EITHER THE x UR Y DIST I S  GREATER THAN "SIZE" THEN A LARGER VALUE 

T H I S  PRUCESS IS REPEATED FUR EACH P A I R  

DU 8 1 3 0  I 1, 8 
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724 J = 28 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
725 c 
726 C 
727 A 1 0  I F  ( X A ( I , J )  - X A ( I + B , J ) )  , A20,  8 1 0  

XLN = XA( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1+8, J) 728 
729 
730 A 2 0  I F  ( X A ( 1 , J ) )  , 

F I N D  THE LARGEST CUNCENTRATIUN AT THE END UF A L I N E  P A I R .  

GU TU 820 , 810 
J = J - 1  
I F  (J)  8 1 3 0 ,  8 1 3 0 ,  A 1 0  

731 
732 
733 8 1 0  XLN = X A ( I , J )  
734 c 
735 C CUMPUTE N I N  l . * l O * * N .  
736 820 LEXP = LUQF(XLN) / TNLG - 1 .  
737 XM = l O . * n L E X P  

TRE = 0. 

I F  ( 3 , * X M  - XLN) , 830, 830 

GO TO 840 

RE = 1 

I F  (XM - XLN) j J 840 
738 
739 
740 
7 4 1  825 XM = XM * 10. 

?% 830 XM XM * 3. 

$50 j = 27, 1 -1  
I F  (XM - X A ( I , J ) !  860, 860, ?% B50 CUNTINUE _ - -  
x1 = Y1 = 0. 
GU TU 870 

748 
749 

7 6 7  890 XD2 = X D I S T C J :  
1 ( X A ( 1 + 8 ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE x2 = C S ( ,  

764 Y 2  = : 
765 0 1 0 0  I F  I 

C 
C CUMPUTE THE D I S T  FRUN THE U R I G I N  AND THEN THE X AND Y CBURDINATES. 

860 X D l  = X D I S T C J )  + ( X D I S T ( J + l )  - X D I S T ( J 1 )  * ( ( X A ( I , J )  - XM) / 
1 ( X A ( I  J)  - X A ( I , J + l ) ) )  

X1 = C S t I )  * XD1 
Y1  = S N ( I )  * XD1 

870 DU zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA880 J = 27, 1, - 1  

880 CUNTINUE 
I F  (XM - X A ( 1 + 8 , J ) )  890, 890, 

x2 = Y 2  = 0.  
GU TU 8 1 0 0  

1 + ( X D I S T ( J + l )  - X D I S T ( J ) )  * ( ( X A ( I + B , J )  - XM) / 
J) - X A ( I + B , J + l ) ) )  

1+8) * XD2 
5 N ( 1 + 8 )  * XD2 

B 1 3 0 ,  
8 1  1 0  

( X 1  + X 2 + Y l  + Y 2 )  
I F  ( A B S ( Y l - Y 2 )  - S I k E )  
I F  ( A B S ( X l - X 2 )  

8 1 1 0  I F  ( T R E )  830, 830, 
XM = XM / 3. 

!E = 0 
38 TU 825 

IS THE CUNCENTRATIUN CHUUSEN FUR A L I N E  P A I R .  

- S I Z E )  8180, 8 1 2 0 ,  

++2 c 
773 C 
774 C 

XM 
AMX IS THE LARGEST CUNCENTRATION CHUUSEN FUR A L L  L I N E  P A I R S .  

8 1 2 0  I F  (XM - AMX) 8130, 8 1 3 0 ,  
AMX = XM 
TR = TRE 

775 

??? 
778 8130 C~NTINUE 
779 I F  (AMX) , J coo 
780 8140 XMX = YMX = 1 ,  
781 RETURN 

lOW CUMPUTE THE MAX AND M I N  X AND 
COO DU C 7 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1 16 

DO C 1 0  J = 2 f  1, - 1  

x1 = Y 1  = 0. 

IF (AMX - XA(I,J)) c20, c20, 
I N T I  NUE 787 c i o  ce 

GU T U ' C 7 0  
C 2 0  X D l  = X D I S T ( J )  + ( X D I S T ( J + l )  - 

1 ( X A ( 1 . J )  - X A ( I , J + l ) ) )  
XD 1 792 x 1  = C S ( 1 )  * 

793 
794 
795 
796 
797 

C 3 0  

C 4 0  

C 5 0  

C 6 0  

C70A 

38 808 C7[ 
809 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
:I? C70C 
a i  2 Y 
81 3 
8 1  4 
8 1  5 

C70D 
C 
C TH 

Y 1 ' =  S N ( I )  * XD1 
I F  (XMN - X 1 )  C40, C40, 
XMN X1 
I F  (XMX - X 1 )  , C50,  CSO 
XMX = X1 
I F  (YMN - Y 1 )  C60, C60, 
YMN = Y1 
I F  ( Y M t 1 -  Y 1 )  
YMX = 

YNTI NUE 

XMX = -XMN * .IJ 
GO TO C 7 0 0  

XMN = -XMX * . 1  

, 1  YMX = 
GO TU C70D 
I F  (YMN) C700,  , C70D 

CUNT I NUE 

, C70,  C 7 0  

C70A 

I F  (XMN) C 7 0 8  , J C7OB 

I F  (YMX$MN ; , C70C 

MN -YMX * 

IS IS TU MAKE SURE THAT XMX-XMN = 
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S I Z E  AND YMX-YMN S IZE.  

Q. 
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8 1  6 
81 7 
8 1  8 
8 1  9 
820 
82 1 

830 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
83 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
832 
833 
834 
835 
836 
837 
838 
839 
840 
84 1 
842 
843 

C 
C 

C7 1 

C72 

c73 

I F  (XMX - XMN) 
XMX - 5  * S I Z E  ' 
XMN = - 5 * S I Z E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
86 TU C j 2  
FACT = S I Z E  / (XMX 
XMX = XMX * FACT 
XMN = XMN * FACT 
I F  (YMX - YMN) 
YMX = . 5  * S I Z E  ' 
YMN = - 5 * S I Z E  
86 TU C 7 4  
FACT = SIZE / (YMX 
YMX = YMX * FACT 
YMN = YMN * FACT 

, c 7 1  

XMN 1 

1 c73 

YMN 1 

NUW COMPUTE THE VALUES UF THE 
C74 I F  (PLSET)  , c90 

I F  ( T R )  , c j 5  
P L E T H ( 2 )  AMX'n 3. 
GU TU C 8 0  

C7S P L E T H ( 2 )  AMX / 3 ,  * 1 0 ,  
C80 P L E T H ( 1 )  = AMX 

P L E T H ( 3 )  = P L E T H ( 1 )  * 1 0 .  
P L E T H ( 5 )  = P L E T H ( 3 )  Y 10. 
P L E T H ( 4 )  = P L E T H ( 2 )  * 1 0 .  
P L E T H ( 6 )  = P L E T H ( 4 )  * 10. 

C90 RETURN 
END zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I NNER CONTOUR L I NES. 
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Corn puter-Prepared Flow Chart 

PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

CALL 

ASS I GN 

TNLG-LOGF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIO. 1 
T O P I = 6 . 2 8 3 1 8 5 3 0 7  

CALL 

ASS I GN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A RE TURN 
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PAGE 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

PPP.0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

P P P = W  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA--g 

: A T  THE VARIABLE DISTANCES IGHTI 
IC TO GROUND HEIGHTS (GHT) A T  FIXED DIST zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: 
:ANCE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  INTERVALS(XD1ST) .... 

-29- 

GHT I JJ =O. 

1 

K= I I 



PAGE 3 

[USFC=UMIN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. -  

:IRECTION OIR. THIS IS ONLY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUSED 
:C W E N  SUMMARIZING THE RESULTS OF MANY i 
i OBSERVAT I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAONS. .. , . . . . . . .. ._ , . . . . . . . . . _. . . . . . .r.. . .. . . . . , .. . .. . . .. . . . .. . . . .. . 
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PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 

> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
WOT59, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWR I5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

.............................. .I.. ............................ 
i C  COMPbTE THE R I S E  OF THE PLUME AS I T  T 
............................................................. !RAVELS DOWUIND. 

l J 8 A A = U S F C * ( H / Z Y C i * *  

11.13.)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8=2.5 
C = . 5 6  

-31- 



A=3.75.9000.**.49*F* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
* (  1.13. I 
0=3.75 
cs.99 
X=XN(ISCAT) i 

PAGE 5  

I 

A=13 .E*200O. f * .26*F*  
* (  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 . /3 . )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8=13.8 

C=.26 
X=XN(ISCAT) 

I 

ODH=DH 

i_yJ 

/ DO 870 \ 
\ J= l ,13  / 

-32- 

TH(JI=SDZMX 1 

SDi'(JI=.965*SDZMX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I ]=I9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 



. -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

PAGE 6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 

1) 

.............................. .I.. ............................. 
:C COMPUTE CENTER CONCENTRATION. CRWND ; 
:LEVEL CONCENTRAl ION. INTEGRATED 
IC GROUND LEVEL CONCENTRATION AND VERTIC 
:AL INTEGRAL. ~ 

U ( I  l=USFC'((TH(Il-GH 
TII.I))/ZSFC)**XN(IS 

SUM=U(II*XDIST(I I  
SUM1 = O .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-33- 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 F  I SGZ-SDZ (Jl 1 > 

I+ SGZ-SDZIJI 

> 
/' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I / 

> 

*'XN(ISCAT) 
SUM=SUM+(UlJl+U(J-Il 
)/2.*(XDISTIJl-XDIST 

UA ( J )  =SUM/XD I ST ( J  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

CONST=O/lTOPI*lSGY*S 
GZ+CA/TOPII*UA(JII 

GZ1**21 

SGZ) * 2  I 
XCPlJI=CONST*(I.+CON 
A A  I 
XSFCIJI=CONST*E'.*CON 

CONA=EXPF(-.5*(SMH/S 

CONAA=EXPF(-E'.*lSHH/ 

I 

.. , , , , . . , . . . . . . . . . . . . . . . . . . . . . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.I. . .. .. . . . . . . . . . . . . . . . .. .. . . . . . . 
ic DEPOSIT'ON OPTION ...., .... . . .  .............. i 

. '  ' . '  "'I. ' " 
.... ..., ...... .... .... . 

RK=-SWTFl2 . /P I ) *VDE 
P/UA(Jl 

I 

\ 

- .  

-34- 



IF(OSMH/OSGZ-37,1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr-9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. 

SUMI=SUMI+(XDIST(Jl- 
XDIST(J-I ) lb2./(0SGZ 
*EXPF(OSMH**2/(2.*OS 

GZ**2lI+SGZ* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

> 

&I Z=7qO. 

R=EXPF ( Z  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 *RK 
OSHH=SMH 
OSGZ=SGZ 
XCP(Jl=XCP(Jl*R 
XSFC(Jl=XSFC(JI*R 

> 

> 

> 

.............................. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. I . .  ............................ 
iC DECAY OPTION 

ST(J)/UA(J)I/THALFl 
XCPlJl=XCP(Jl*CONC 

.............................. ............................. 
iC ADD IN BACKGROUND NOISE ................................ , .............................. 

-35- 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

A = ( X I ( J I - B K G I / ( X S F C t  
J l - B K G I  

D E P ( J ) = T S T E P * t ( X I ( J )  
-BKGl *VDEP+PPP*VI (J l  
* A )  

YMAX=O. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Do 010 

J=l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,28 

L<- YMAX=XCP(JI 

/CALL 

n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-36- 



SETCH 

NOT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA00, wR2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. (BCD(L1 .L 

WT LOO .WR3 

PAGE 10 

MOT IO0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.wRI -i-: 

WOTIOO.WR5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc' 
-37- 

TRACEP + 
CALL 

TRACEP 

CALL 

TRACEP 

CALL 

SETLCH 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,e, 1 1 . 1  

13.3 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(+-) 

SETLCH 

................................ ............................... 
:C THE SECOND PLOTS ARE VERTICAL INTEGRA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
:C TOTAL DEPOSITION. 
:L THROUGH THE CLOUD CENTER AN0 
.............................................................. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1, YMAX=O. 

/DO D20 \ 
J=l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 28  i' 
/' 
> 

YMAX=VI (J  

YMIN=YMAX*IE-S L zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e3 APGLL 

I 

WOTIO0,WRI (-5 
(+) 

SETCH 

{ - )  
SETCH 

WOT100.HR8 lr; 
/ 4 CALL 

WOTIOO.WR9 Q 
$-) 

SETCH 

Q 
I 

- .  



. .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl 2  I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i 

($) 
TRACEP 

SETLCH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f-5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWOT IO0 ,WR7 

(CALL \ 
SETLCH Y 

WOTIOO.WR7 c.1 

.............................................................. 
iC THIS LAST PORTION OF THE CODE IS USED 
i ONLY WHEN RUNNING MANY OESERVAT 

; 

.............................. .I. .............................. 
iC DECAY OPTION ............................................................. ~ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-39- 

I+EXPF(-.693*TSTEP/T 
HALF 1 

i_ 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA13 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.............................................................. 
:C STORE THE CONCENTRATION AND DEPOSITIO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 
:N VALUES WHICH WERE COMPUTED 
:C EARLIER. THEY ARE SAVED BY DIRECTION i 
: ( I ] .  .......................... .... ............................. 

\ J=l ,28 / 
I 

> 

I 

XNXCPlI.Jl=XNXCPiI.J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
) + I .  
AXCP(I,Jl=AXCP(I,Jl+ 
XCP(JI 
SXCP(I.J)=SXCP(I.Jl+ 
LOGFlXCP(J1) 

> 

) + I .  

AXSFClI,Jl=AXSFC(I.J 
l+XSFC(Jl 
SXSFClI.Jl=SXSFC(I.J 
)+LOGF(XSFC(Jll 

AXI(I.JI=AXI(I.J)+XI 

SXI( I.J)=SXI(I.J)+LO 
GFLXI(J1) 

lDEPiI.JI=lDEP(I.J)* LTI 

................................ ............................... 
jc READ THE INPUT I N  HERE a CHECK FOR MOR j 

i E. ?AT!!. SETS. i 

- .  

-40- 



. -  

$' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
RE TURN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I INF'T=O I 
END= I . 

-I-- .............................. .I. .............................. 
:C CO'PUTE THE ARITHMETIC GEOMETRIC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE j 
:ANS AND THE GEOMETRIC STANDARD 
i C  DEVIAT ION FOR CLOUD CENTER AND SURFAC f 

/ :  ' E  CONCENTRATIONS AND SECTOR 
i C AVERAGED GROUND LEVEL CONCENTRAT IONS. i ............................................................. 

I 

-41 - 

<I F ! T T T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 '> 



PAGE 15 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
J- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.28 v 

tITTT-XNXCPtl.Jll*BK 
Gl/TTT 

I 
SXCPIl.J)=SXCP(I.J)/ 
XNXCP1I.J) 

AXSFC(I.Jl=(AXSFC( I .  
JltlTTT-XNSFC(I.Jl)* 
BKGllTTT 

> 

I SXSFC(I,J)=SXSFClI.J 

&> '\ 
'r; 

- .  

-42- 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA16 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. .  

UOT3. W I5 p) 
\ 1.28 / 

> 
J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-43- 



PAGE I7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I= 

F I58A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.28 

> 

> 

SXSFC2(I,J)=SQRTF(SX 
SFC2Il.J)/XNSFC(I.J) 

I I 

I- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E3 K = l  .'+ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

SFCMAX-0. 

A2=I.-XNSFCII,J)ITTT 

> 

-44- 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA18 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A 

1- 

> 

121 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

1 

I 

. -  
SFC(I,J)=EXPF(SXSFC2 
(I.Jl*PL+SXSFC(I.Jll 

SFC(I.J)=BKG 1 

PL=(CON(Kl-A3)/(1.-A + 
l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

-45- 



PAGE 19 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4GQ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

[EXI  ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI ,J I=BKG I 

RNT(K) 

iP= I 

DO F45 

N=2. 4 

SNX=SNX-PI/B. 
SNI I ) = I .  

CSC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 ) = O .  
SN(5) -0 .  
CS(51=1. 
SNl9)=- I .  
CS(9) =o. 
SN( 13) = O  . 
CS(13)=-I. 
SN(BI=-SNl21 
SN(IOI=-SN(21 
SNt l6)=5N(21 
SNl7)=-SN(31 

'SNl I I )= -SNl3)  
iSNl15)=SN(3) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-46- 

- .  



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20 

WOTIOO.W4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 
A- 

XX.63. T 
/*\ 

. -  

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWOTIOO.Wl4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I .'8 

, *  

'e3 I ,NPLET 

-47- 



PAGE 21 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
28. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI . - I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

I 

HOI=XDIST(J)+(PLETH( 
Nl-CP(I.J)l/(CP( I,J* 
I)-CP(I.J)l*(XDIST(J 

+lI-XDIST(Jl zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 

-48- 

YI=HOI*SN(I )  
X2=HII*CS( l )  

I 



.u zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
PAGE 22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

> 

............................ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . . I . .  ............................. 
iC FIRST BOUNOARY CONDITION .............................................................. 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4= I I = l - l  

x3=x I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Y 3 = Y  I 51 x’(=x2 

1) 
.............................. _I. .............................. 
iC SECOND BOUNOARY CONDITION : ............................................................. 

I 

I 

i--Tk% , 
HMlIl=HII+OELT 

-49- 



PAGE 23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 
FACT=(HM(KK)-XDIST(J 
-Ill/(XDIST(J)-XDIST 
(J-l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

CM(KK)=CP(I.J-II+FAC 
T*(CPlI.J)-CP(I,J-II 
CMA(KKl=CP(II,J-I)+F 
ACT*(CP(II.Jl-CP(II. 
J-I) 1 

X=HM(KKl*CS(ll 
Y=HM(KKl*SN(Il 
XA=HM(KKl*CS(II) 
YA=HMlKKl*SNlII) 
DI=(CMlKK)-PLETHlN) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
/ICM(KK)-CMA(KKl) 
XB(KK+I)=X+DI*(XA-E 

YE(KK+I)=Y+DI*(YA-Y) 
XBI 11=x2 
xe (5 I =x  1 
YB( I ) = Y 2  

> 

Ye(5l=YI 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAL.7 
TRACEP 

-50- 

FLG=O. 

RAM€ 

HI50 

I 

I IP=2 

DO G60 

I=i,i6 
I 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA24 

CP(I,Jl=SFC(I.J) i____r__l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I;I; F47 

[ IP.3 1 

CP(I.JI=EXI(I,J) : 

-51 - 

WOTIOO.U9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(3 

;-. WOTIOO.WI0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

TI WOTIO0,Wll 



PAGE 2 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
WOTIOO,W18 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(7 

& zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI P=5 

I 
DO H70 

I = I ,  I6 

I 

-52- 

DO 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.28 

C P l I . J l = A X S F C ( I . J I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 

DO HB5 

1 - 1 .  I6 

C P I I . J ) = A X I ( I . J I  L__i__--l 
I 

.............................................................. 
i C  SET UP TO PLOT GEOMETRIC. ,MEAN,VALUES,, , , i  ............................... 

WOT3, W20 

- .  



PAGE 26 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
/ DO \ 
\ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1.28 / .............................. .I.. ............................. 

iC PRINT OUT .............I. GEOMETRIC MEAN VALUES ..: .................. .......................... zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
n 

CP(I.J)=SXCP(I.J) =7= 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

# 

CP(I.J)=SXSFC(I,J) =7= 

z zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,28 

-53- 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA27 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C P l I . J ) - S X l l I . J ~  + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 

[ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIP=IO 

1-1.16 

C P l I . J I = T D E P ( I . J l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 

-54- 



PAGE 28 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
JOBCHART 

ROUTINE MAIN.  

CALLS : ASSIGN, KEEPBO. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEXIT , MAPGLL, SETCH . TRACEP. SETLCH. FRAME . ZPL , GRSZ . MAP6 . LINE 

-55- 



LABEL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A02 

A03 
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n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 AMX= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIO. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 .NPLET 

:E ITH AND THE I+BTH LINES 
: C  FORM A LONGER STRAIGHT LINE. TO START 

: C  THAT CAN BE FOUND A T  BOTH ENDS IS COM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 
: WITH THE SMALLEST CONCENTRATION 

:PUTED. THEN THE X AND Y DISTANCE .............................................................. 
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PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

................................ .............................. 
j C  BETWEEN THESE POINTS ARE COMPUTED AND 
: COMPARED WITH S I Z E  . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIF 
:C EITHER THE X OR Y O I S T  IS GREATER THA 
jN S I Z E  THEN A LARGER VALUE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
fS IS REPEATED FOR EACH P A I R  
i C  OF L I N E S .  THE VALUE OF THE CONCENTRAT j 
:ION IS OF THE FORM I . * I O * * N  OR 
:C 3 . * 1 0 * * N .  

: C  OF CONCENTRATION IS USED. THIS PROCES : 

I 

J.28 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

-_ 

LEXP=LOGFlXLNlITNLG- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 

1 I F ( XM-XLN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
* XM=XM* IO. 

XI=Vl =o.  L______-l 

.............................................................. I 
:C qOMPUTE THE DIST FRON THE ORIGIN AND zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
;THE!?. ?!E. .!. .AND. .y . .C.ooRP.!NA!.E.s:. . . . . . . . . . . . . . . . . . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 

XDI=XDISTlJl+tXDIST( 
J+Il-XDIST(J) )*l(XAl 
I,J)-XMl/lXA(I.J)-XA 

XI=CS(I)*XDI 
Y 1 =SN( I 1 'XDI 

# zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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8120 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4, XM=X!4/ 3. 

IC AMX IS THE LARGEST CONCENTRATION CHOO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
:SEN FOR ALL LINE PAIRS. 

AMX=XM 

RE TURN 

.............................. ............................. 
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XI=Y I=O. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1-. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

XMX=X I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1II] * -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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............................................................. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
iC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 
iIZE AN0 YMX-YMN = S I Z E .  ............................................................. ; 

THIS IS TO MAKE SURE THAT XMX-XMN = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS 

XMX=XMX*cACT 
XMN=XMN*FACT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘r’ 

YMX=.S*SIZE 
YMN=- .5 *S IZE 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 
YMX=YMX*FACT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

.............................. .I.. ............................. 
: C  NOW COMPUTE THE VALUES OF THE INNER C j zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
iONTOUR,C!NE5,:. : 

I 

PLETH(2l=AMX/3.*IO. 
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PROBLEM 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Appendix B 

Sample CPS Problems 

The f i r s t  sample problem i s  f o r  

t he  one-data-set mode. A source o f  

2500 u n i t s / s e c  i s  re leased a t  ambient 

temperature f rom a 60-m stack.  

e f f l u e n t  h a l f - l i f e  i s  1.5 h r .  As i n -  

d i c a t e d  by t h e  DlST and HGT inpu t ,  t he  

t e r r a i n  downwind r i s e s  s l o w l y  o u t  t o  

3 km and then descends t o  sea l e v e l  a t  

15 km. The t e r r a i n  r i s e s  aga in  a t  30 

km and con t inues  t o  r i s e  o u t  t o  110 km. 

Note i n  t h e  p r i n t o u t  (Table B - 1 )  t h a t  

NORM, NPLETH, PLETH, and S I Z E  a r e  n o t  

en tered  s i n c e  these v a r i a b l e  names a r e  

o n l y  encountered i n  t h e  many-data-set 

mode. The d i s tances  DlST may be i n  

mixed fo rmat  w i t h  a s u f f i c i e n t  num- 

ber o f  zeros f o l l o w i n g  1 . 1  x zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlo5 m t o  

make up 10 e n t r i e s .  

The 

I n  t h e  f i r s t  p l o t ,  F ig .  B-1 ,  t h e  

s l i g h t l y  curved l i n e  f rom upper r i g h t  

t o  lower l e f t  represents  t h e  plume- 

c e n t e r l i n e  concen t ra t i on .  The e f f e c t  

o f  topography i s  ev iden t ,  bu t  no t  t o o  

prominent .  The o t h e r  two curves a r e  

su r face  concent ra t  ions (bo th  w i t h  and 

w i t h o u t  sec to r  averaging)  under t h e  

plume c e n t e r l i n e .  The e f f e c t  o f  t h e  

t e r r a i n  f a l l o f f  t o  sea l e v e l  and the  

subsequent r i s e  i n  topography a r e  

c l e a r l y  ev iden t .  F igu re  B-2 shows 

t h e  v e r t i c a l  i n t e g r a l  through t h e  

plume cen te r  and d r y  su r face  deposi -  

t i o n ;  t h e  l a t t e r  cu rve  i s  f o r  a 1-hr 

(TSTEP = 3600 sec) p e r i o d  o f  deposi -  

t i o n  a t  a d e p o s i t i o n  v e l o c i t y  V D E P  o f  

0.01 m/sec. 

PROBLEM 2 

The second sample problem i s  f o r  a 

3-month normal o p e r a t i n g  re lease  

(NORM = 0) o f  1 u n i t / s e c .  These i n -  

pu t  v a r i a b l e s  and da ta  se ts  a r e  f o r  a 

por t . ion  o f  t h e  da ta  used i n  p repar ing  

a Safe ty  Ana lys i s  Report f o r  t h e  LLL 

Livermore Pool Type Reactor (LPTR). 

About 3300 da ta  se ts ,  rep resen t ing  30- 

min averages ob ta ined f rom s t r i p  

c h a r t s ,  were used i n  t h e  c a l c u l a t i o n .  

To conserve space o n l y  one page 

of meteoro logy p r i n t o u t  i s  shown i n  

t h i s  r e p o r t .  The remainder o f  t he  

p r i n t o u t  c o n s i s t s  of concen t ra t i on  

versus d i s tance ,  arranged i n  16 sec- 

t o r s .  t = 1 i s  f o r  a wind f rom the  

south. Again, t o  conserve space, 

o n l y  t h e  f i r s t  page o f  each type  o f  

concen t ra t i on  i s  shown ( t h e  a r i t h -  

m e t i c  average, concen t ra t i ons  t h a t  

w i l l  be exceeded 10, 5,  1 ,  and 0.5% 
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o f  t h e  t ime, and the  geometr ic aver -  

age). 

a r e  the  plume cen te r ,  sur face ,  and 

sector-averaged concen t ra t i ons ,  

r e s p e c t i v e l y ;  TDEP i s  t h e  t o t a l  depo- 

s i t i o n  over the  da ta  p e r i o d  (app rox i -  

mate ly  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3300 x 0.5 = 1650 h r ) .  

VDEP = 0, a l l  TDEP values a r e  zero. 

A r i t h m e t i c  and geometr ic average and 

p r o b a b i l i t y  con tour  p l o t s  a r e  pre-  

pared f o r  CP, SFC, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX I  concentra- 

t i o n s .  I n  t h i s  appendix o n l y  p l o t s  

f o r  t h e  5% p r o b a b i l i t y  o f  be ing  ex- 

ceeded and the a r i t h m e t i c  and geo- 

m e t r i c  averages a r e  shown. (A 

d e p o s i t i o n  p l o t  i s  prepared, b u t  i s  

b lank  i n  t h i s  case s ince  VDEP = 0.) 

I n  t h e  p r i n t o u t ,  C P ,  SFC, and X I  

Since 

The p l o t s  f o r  t h e  normal o p e r a t i n g  

case are'shown i n  F igs.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8-3 through 

B-11 .  I n  each o f  these p l o t s ,  ' the 

t o p  va lue  i n  the  1 i s t  o f c c o n t o u r s  

represents  t h e  o u t e r  contour .  Unless 

o the rw ise  s p e c i f i e d ,  s i x  contour  

values a r e  l i s t e d ,  bu t  a r e  n o t  drawn 

when they  do no t  e x i s t .  Those p l o t s  

t h a t  do n o t  f i l l  o r  o v e r f i l l  t he  page 

can be regenerated by us ing  a d i f f e r -  

e n t  va lue  f o r  S I Z E  and re runn ing  the  

code. Reference t o  t h e  i n i t i a l  

p r i n t o u t  i s  h e l p f u l  i n  s e l e c t i n g  the  

c o r r e c t  va lue  f o r  S I Z E .  Note t h a t  i f  

the contour  f o r  two o r  more ad jacent  

sec to rs  l i e s  o u t s i d e  the  g r i d ,  t h e  

contour  w i l l  no t  be drawn; t h e  code 

w i l l  s e l e c t  t h e  next  sma l les t  con- 

t o u r  instead. 

PROBLEM 3 

The t h i r d  sample problem i s  iden- 

t i c a l  w i t h  t h e  second, except t h a t  

NORM = 1 ,  rep resen t ing  an a c c i d e n t a l  

re lease.  The p r i n t o u t  f o r  t h i s  prob- 

lem i s  om i t ted .  F igures  8-12 through 

B-20 show contours  f o r  t h e  acc iden t  

case and a r e  arranged i n  t h e  same o r -  

der as F igs.  8-3 through B - 1 1  f o r  t he  

normal re lease.  

Q 
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e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
T a b l e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB-1 

c ' ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 

W 
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CPS EXAMPLE - ONE D A T A  SET 
Q=2500. H=60. VDEP=.OI TSTEP=3600. 
GZHT=400. ZSFC=IO. UMIN=.5 THALF=5400. 
ITOP=I ITDI=I SDZMX=I500. CA=O.  
ISTACK=O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASQ=O.  IPf=O PP=O. 
BKG=O. INPT=l KEPLOT=I 
DIST= 2000. 3000. 5000. I.E4 l.5E4 3.E4 4.Eq I.IE4 0. 0. 
HGT= 450. 600. 500. 300. 0. 0. 200. 300. 0. 0. 
z z z z z  
DIR=310. USFC=5.0 ISCAT=4 PRECP=O. ZZZZZ 1500 030176 

XDIST XCP XSFC XI VI 
1.0000E+02 1.2531E+O0 4.8008E-29 2.5091E-29 1.5706E+01 
1.3000E+02 7.9180E-01 3.751!E-18 1.9183E-18 1.2346E+01 
1.7000E+02 5.0043E-01 '-t.l421E-12 2.0716E-12 9.6588E+00 
2.2000E+02 3.2059E-01 4.5747E-08 2.2395E-08 7.634lE+00 
2.8000E+02 2.0381E-01 2.3680E-05 1.1363E-05 6.1307E+00 
3.6000E+02 *1.2985F-01 8.0214E-04 3.7696E-04 4.8823E+00 
4.6000E+02 8.6752E-02 4.6006E-03 2.1184E-03 3.9142E+00 
6.0000E+02 5.59Lt8E-02 1.3810E-02 6.2204E-03 3.0846E+00 
7.7000E+02 3.6868E-02 2.3362E-02 1.0307E-02 2.4692E+00 
1.0000E+03 2.5739E-02 2.7056E-02 1.1681E-02 1.9584E+00 
1.3000E+03 2.1555E-02 2.4512E-02 1.0355€-0? 1.5564Ec00 
1.7000€+03 1.7644E-02 1.8618E-02 7.6917E-03 1.2404E+30 
2.2000E+03 1.9123E-02 l.4125E-02 5.7118E-03 I.O446E+00 
2.8000E+03 1.0582E-02 1.0583E-02 4.1948E-03 9.1531E-0: 
3.6000E+03 7.7308E-03 7.731"E-03 3.0012E-03 7.7525E-01 
4.6000E+03 5.6054E-03 5.6057E-03 2.1322E-03 6.3938E-01 
6.000@E+03 3.6272E-03 3.6274E-03 1.3496E-03 5.0011E-01 
7.?000E+03 1.7078E-03 1.8871E-03 6.8774E-04 3.5254E-01 
1.000@E+O4 6.5743E-04 6.7506E-04 2.4074E-04 2.2416E-01 
1.30COE+04 3.3828E-04 9.1531E-05 3.193YE-05 1.4410E-01 
1.700CE+04 1.9637E-04 2.0934E-05 7.144OE-06 9.3429E-02 
2.2000E+O4 1.2000E-04 2.1790E-05 7.2786E-06 6.3161E-02 
2.8003E+04 7.0913E-05 2.6067E-05 8.53Lt6E-06 4.4387E-02 
3.60OCE+04 4.6241E-05 4.2043E-05 1.3481E-05 3.0839E-02 
4.6000E+O4 2.7753E-05 l.8236E-05 5.7297C-06 2.1305E-02 
6.0000E+O4 1.5991E-05 1.3618E-05 4.1853E-06 1.3900E-02 
7.7000E+04 9.6139E-06 9.2675E-06 2.7899E-06 9.0003E-03 
1.0000E+05 5.4123E-06 5.7128E-06 1.6829E-06 5.4329E-03 

DEP GHT 
9.0328E-28 2.5000E+00 
6.9059E-17 3.2500E+00 
7.4577E-ll 4.2500E+00 
8.0623E-07 5.5000E+00 
4.0906E-04 7.000OE+00 
1.3570E-02 9.0000E+00 
7.€=64E-02 1.1500E+01 
2.2395:-01 1.5000E+01 
3.7106E-01 1.9250E+Ol 
4 .2 05 OE - 0 1 2.5 0 0 IJE + 0 1 
3.7276E-01 3.2500E+01 
2.7690E-01 4.250GE+01 
2.0563E-01 8.0000E+01 
1.5101E-01 1.7000E+02 
1.0804E-01 1.7000E+02 
7.6760E-02 1.2000E+02 
4.8587E-02 6.0000E+OI 
2.Li759E-02 -8.0000E+00 
8.6668E-03 -1.0000E+02 
l.1498E-03 -2.8000E+02 
2.5719E-04 -4.0000E+02 
2.6203E-04 -4.0000E+02 
3.0725E-04 -4.0000E+02 
4.8533E-011 -2.8000E+02 
2.0627E-04 -4.0000E+02 
1.5067E-04 -4.0000E+02 
1.0044E-04 -4.0000E+02 
6.0585E-05 -4.0000E+02 

U 
7.7426E+00 
7.7172E+00 
7.6830€+00 
7.6396E+00 
7.5865E+00 
7.5139E+00 
7.4200E+OO 
7.2824E+00 
7.104OE+00 
6.8389E+00 
6.4388E+OO 
5. 750t3E+00 
2'.8117E+00 
2.8117E+00 
2.8117E+00 
2.8117E+00 
2.8117E+00 
8.0742E+00 
I .OOOOE+OI 
1.2074Et01 
1.3021E+01 
1.3021E+O: 
1.3021E+01 
1.2074€+01 
1.3021E+O! 
1.3021E+01 
1.3021E+01 
1.3021E+O1 

UA 
7.7426E+00 
7.7397E+00 
7 7304Et00 
7.7147E+00 
7.6929E+00 
7.66 12E +00 
7.6189E+00 
7.5565E+00 
7 .9763E+00 
7.3602E+00 
7.1937E+00 
6.935 1 E +00 
6.3320E+00 
5.5776E+00 
4.9639E+00 
4.9953E+00 
q.l025E+00 
4.3989E+00 
5.4653E+00 
6.751 OE+OO 
8.1149E+GO 
9.2301E+00 
1 . OO4tE+O 1 
1.0599E+Ol 
I .1023E+O 1 
l.l989E+01 
1.1827E+01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1.2102E*01 



DISTANCE DOWNWIND zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- M zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
CPS EXAMPLE - ONE DATA SET 

Fig. 6-1 
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F ig .  B-2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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DIFFUSION ESTIMATES - DEC. TO FEB. - LLL REACTOR 
Q = l ,  t i=15,9 VDEP=O. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANLSRM=O 
GZHT: 189, ZSFC= 10. UMI N= I 5 THALF=O, 
I l O p = l  I T D I = O  SDZMX=O. CA=300. 
ISTACK-0 SQ=O. IPF=O PP=O. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
BKG-0. INPT=l S IZE=I .ES KEPLBT=l -. .- 
TSTEP; 7 800 I 
D I S T =  6000. 7000. 11000. 12000. 15000, 16000. 19000. 20000. 26 I ,  

100001 
4000. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA$000. 6000. 7000. 8000. 9000. 10000, 12000. 13000. 100001, 
3000, 4000. 5000. 6000. 7000, 8000. 9000. 10000. 16000. 100001 
2000. 5000, 7000. 8000. 9000. 10000. 12000. 15000. 18000. 100001. 
4000. 7000. 10000, 14000. 16000 18000. 20000, 24000. 29000. 100001. 

5000. 8000. 11000, 15000. 18000. 23000. 26000. 100001 0. 0 ,  
4000. 6000. 9000. 10000. 11000. 14000. 17000. 18000. 26000. 100001 

6000. a000. 10000, 12000. 13000. 16000. 18000. 19000, 24000. 100001, 
6000, 8000. 9000. 15000, 18000. 19000. 22000. 23000. 24000. 100001 
12000. 13000, 14000, 15000, 17000. 20000. 23000. 24000. 26000. 10000 
10000, 19000, 21000. 22000. 23000. 25000. 100001, 0, 0 .  0 
9000. 10000. 11000. 12000. 14000. 15000. 21000. 26000. 100001. 0. 
5000. 11000. 15000. 16000. 17000. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA19000. 21000. 22000. 23000. 100001 
7000 10000. 11000, 13000. 15000. 16000. 18000. 20000. 23000. 100001 

4000, 7000. 8000 .  9000, i oooo.  i o500 ,  15000. i 8ooo .  20000. i oooo i  , 

3000. YOOO. i i o o o .  14000. 17000. 20000. 21000. 22000. 26ooo. i o o o o i .  

HBT= 366. 488. 274. 335. 244. 274. 61. 122. 30. 0. 
274. 183, 366. 244. 305. 274. 305. 152. 274. 0 .  
244, 396, 305. 366, 244. 274. 152. 183. 30. 0. 
213. 427, 335. 183. 213. 183. 122. 61, 30. 0 ,  
305. 488. 366. 244. 274. 183. 91 61. 30. 0. 
305, 6113. 488. -579.  335. 457. 213. 700. 305. 0 ,  
305. 518, 671. 732. 762. 914. 853. 0. 0. 0. 
244. 366, 549. 366. 488. 975. 792. 618. 618. 0. 
213. 366, 244. 701.  1097. 1097. 914. 610. 914. 0. 
305. 213. 457, 244, 610. 366. 732. 610. 213. 0 .  
244, 152, 244. 122. 274. 122. 366, 244. 366. 0. 
244. 305. 244. 122, 122. 488. 122. 244. 122. 0. 
122. 241. 244. 366. 2 4 4 .  366. 0. 0 .  0 0 
152.  274. 500, 274. 244. 152. 183. 152. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 .  0. 
152, 244. 244. 305. 244. 244. 427. 366. 488. 0. 
183. 305. 427. 488. 427. 618. 549. 549. 701. 0.  

USFC=Z, S PRECP=O. 
USFC=3,5 PRECP=O. 
USFC=3 I 0 PRECP=O. 
USFC=l , O  PRECP=O, 
USFC= 1 , 5 PRECP=O. 
USFCz1 , 0 PRECP=O, 
USFC=l, 5 PRECP=O. 
USFC=2.5 PRECP=O, 
USFC=3,0 PRECP=O I 
USFC=4.0 PRECP=O I 
USFC=2 I 0 PRECP=O, 
USFC= 2. (3 PRECP=O. 
USFC= 1 . :5 PRECP=O. 
CISFC=2.0 PRECP=O, 
USFC=2.5 PRECP=O. 
USFC=2.0 PRECP=O, 
USFC-5.0 PRECP=O, 
USFC=6,0 PRECP= 0.  
USFC=6.0 PRECP-0, 

zzzzzz 
SCAT= 1 
SCAT=2 
SCAT=2 
SCAT= 1 
SCAT-3 
SCAT= 1 
SCAT= 1 
SCAT=8 
SCAT=5 
SCAT= 1 
SCAT= 1 
SCATr3 
SCAT=4 
SCATZ5 
SCAT=5 
SCAT=4 
SCAT=5 
SCAT=6 
SCAT=5 

D I  
D I  
D I  
D1 
D I  
D I  
D l  
D I  
D l  
D1 
D1 
D1 
D l  
D1 
D l  
D I  
D1 
D I  
D I  

R=030 I 
R=100. 
R=270 I 
R=340. 
R=335 I 
R=045 I 
R=100. 
R=18O. 
R=170. 
R=135. 
R=245. 
R=090. 
R=100. 
R=140. 
R=170, 
R=180. 
R=100. 
R=095. 
R=100. 

1 .  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I J  
1 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i i  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 
1 1 1  
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 1 8  
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi S  
1 20 
1 21 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
1 28 
2 1  
2 2  
2 3  
2 4  
2 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 6  
2 7  
2 8  
2 9  
2 10 
2 1 1  
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 
2 23 
2 24 
2 25 
2 26 
2 27 
2 28 
3 1  
3 2  

DIST 
1 I 000E+02 
18300E+02 
1 .700E+02 
2 I 200E+02 
% ,  800E+02 
3.800Ea02 
4 I 600E+02 
6 I 000E+02 
7 I 700E*02 
1 I 000E+03 
1 I 300E+03 
1 I 700E+03 
2 I 200E+03 
2,80OE+03 
3*600E+03 
4.600E+03 
9 I 000E+03 
7.700Ei-03 
1 I 000E+04 
1 I 300E+04 
1 I 700E+04 
2,20OE+04 
2 I 800E+04 
3.600E+04 
4 I 600E+04 
6.000E+04 
7 I 700E+04 
1 , OOOE+05 
1 .000E+02 
1 I 300E+02 
1 I 700E+02 
2.200E*02 
2.800E+02 
3 I 600E+02 
4 I 600E+02 
6 0 000E+02 
7 I 700E+02 
1 I 000E+03 
1 I 300E+03 
1 .700E+03 
2.200E+03 
2 I 800E+03 
3 600E+03 
4 I 600E+03 
-6 I 000E*03 
7.700€+03 
1 I000E+04 
1 I 300E+04 
1 .700E+04 
2 a 200E+04 
2 800E+04 
3 I 600E+04 
4 I 600E+04 
6 I 000E+04 
7 I 700E+04 
1 I 000E+05 
1 I000E+02 
1 I 300E+02 

A R I  TI 
t?P 

1 I 525E-05 
1.565E-05 
1 I 258E-05 
9.922E-06 
8 I 157E-06 
7.175E-06 
6.450E-06 
5 I 028E-06 
3.81 5E-06 
2.726E-06 
1.923E-06 
1 377E-06 
9 I 735E-07 
6.994E-07 
5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 156E-07 
3 753E-07 
2.666€-07 
1,903E-07 
1 I 373E-07 
9.91 1 E-08 
6 I 900E-08 
1 I 932E-08 
8.578E-09 
4.807E-09 
3.045E-09 
2 I 0O3E-09 
1 I 408E-09 
9 .92  1 E- 1 0 
1.393E-05 
1 I 095E-05 
8.490E-06 
6.4O8E-06 
4.93OE-06 
3.9b2E-06 
3.241E-06 
2 .51  BE-06 
1.874E-06 
1 I 336E-06 
9.578E-07 
6 I 570E-07 
4 I 639E-07 
3.320E-07 
2.422E-07 
1 I 751 E-07 
1 I 225E-07 
8.656E-08 
6 I 243E-08 
4.422E-08 
3.236E-08 
2.337E-08 
1 I 698E-08 
1 I 132E-08 
6 I 371 E-09 
3.112E-09 
1.623E-09 
8.756E- 10 
2.368E-65 
1 I 942E-05 

HMETI C AVO 
SFC 

5 I 093E-06 
5.636E-06 
6.303E-06 
7.265E-06 
7.993E-06 
7.750E-06 
6.585E-06 
5.042E-06 
3.823E-06 
2.730E-06 
1.92SE-06 
1 I 378E-06 
9.740E-0: 
6 .997E-07 
5 I 157E-07 
3.754E-07 
2.666E-07 
1.904E-07 
1.373E-07 
9 - 9 1  2E-08 
6.902E-08 
1 I 664E-08 
5.397E-09 
3.489E-09 
2.399E-09 
1 I 61 9E-09 
1.148E-09 
8 I OBOE- 10 
3.727E-06 
4.24OE-06 
4.572E-06 
4 I 966E-06 
5.033E-06 
4.368E-06 
3.450E-06 
2.552E-06 
1,876E-06 
1.337E-06 
9 I 583E-07 
6.572E-07 
4.640E-07 
3 I 320E-07 
2 I 422E-07 
1 ,751 E-07 
1,225E-07 
8 I 657E-08 
6.243E-08 
4,422E-08 
3.236E-08 
2,337E-08 
1 I 696E-08 
1 132E-08 
6.476E-09 
3.298E-09 
1 I 771 E-09 
6.892E- 10 
3.702E-06 
4 .31  BE-06 

X I  
6.157E-06 
5.71 6E-06 

I 5 I 1 1 OE-06 
4,581E-06 
4 -  065E-06 
3.341E-06 
2,548E-06 
1 -846E-06 
1 I 324E-06 
8.998E-07 
6, 177E-07 
4.21 4E-07 
2.888E-07 
2.O2OE-07 
1 I 482E-07 
1 I 031E-07 
7 .  128E-08 
4.970E-08 
3.506E-08 
2.467E-08 
1 I 695E-08 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 ,  035E-09 
1 I 938E-09 
1 ,242E-09 
8.452E-10 
5.670E- 1 0 
4 I 000E- 10 
2.806E-10 
4.450E-06 
4.287E-06 
3,834E-06 
3.348F-06 
2.856E-06 
2.209E-06 
1 .60SlE-06 
1 I 136E-06 
7.946E-07 
5.400E-07 
3.758E-07 
2,492E-07 
1 I 703E-07 
1 I 191E-07 
8 .51  8E-08 
6.009E-08 
4.112E-08 
2 I 842E-08 
2.001 E-08 
1 I 388E-08 
9.91OE-09 
7.025E-09 
5.020E-09 
3 .341 E-09 
1 ,943E-09 
1 ,016E-09 
5 I 662E- 10 
3.045E-10 
4.346E-06 
4 . 2 8 9 E - 0 6  

TDE 
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0.  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0.  
0.  
0 .  
0 .  
0 ,  
0 .  
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0.  
0 .  
0 .  
0.  
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0 ,  
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0 .  
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1 
1 . J  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 11 
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 
1 20 
1 21 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
1 28 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 8  
2 9  
2 10 
2 1 1  
2 12 
2 13 

' 2  14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 
2 23 
2 24 
2 25 
2 26 
2 27 
2 28 
3 1  
3 2  

WILL BE EXC 

l1000E+02 
1 .300E+02 
1 .700E+02 
2,200E+02 
2.800E+02 
3,60OE+02 
4,6OOE+02 
6,000E+02 
7,70OE+OZ 
1.000E+03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
DIST 

i ; 7 0 0 ~ + 0 3  
2 .'200E+03 
2,80OE+03 
3,60OE+03 
4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 600Et03 
6,00OE+03 
7,700E+03 
1 ,000E+04 
1 .300E+Od 
i ; 7 0 0 ~ + 0 4  
2,20OE+04 
2,80OE+04 
3,60OE+08 
4,60OE+Od 
6,000E+04 
7.700E+Od 
1 ,000E+05 
1 000E+02 
1 I 300E+02 
1 ,700E+02 
2,20OE+02 
2,80OE+02 
3 I 600E+02 
4,600E+02 
6,00OE+02 
7,70OE+02 
1 ,000E+03 
1 .300E+03 
1 ,700E+03 
2,2OOE+03 
%,800E+03 
3,60OE+03 
4,60OE+03 
6,00OE+03 
7,7OOE+03 
l1000E+04 
1 ,30OE+O4 
1 .700E+O4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i :  200E+04 
2,80Ot+O4 
O1600E+04 
4,60OE+04 
6 .000Et04 
'7; 700E+04 
1 .000E+05 
1 .000E+02 
i ; 306E+o2 

:EEDED 
CP 

0. 
0. 
0 ,  
0. 
0. 
0 ,  
0. 
0 ,  
0 ,  
0. 
0. 
0 .  
0. 
0 .  
0. 
0. 

,O  I 
0. 
0 ;  
0.  
0. 
0.  
0. 
0 .  
0 ,  
0. 
0. 
0. 
0: 
0.  
0. 
0. 
0. 
0 ,  
0. 
0. 
0 .  
0. 
0.  
0. 
0 .  
0 .  
0. 
0. 
0 .  
0. 
0. 
0 ,  
0.  
0 .  
0.  
0 .  
0 ,  
0. 
0. 
0 .  
0 ,  
0 .  

10 .0  PERCEI 
SFC 

0 .  
0 ,  
0. 
0. 
0. 
0 .  
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0 ,  
0. 
0 .  
0. 
0. 
0 ,  
0 ,  
0. 
0. 
0. 
0 .  
0 .  
0. 
0 .  
0 ,  
0 .  
0 .  
0. 
0 ,  
0. 
0. 
0 .  
0. 
0 .  
0 .  
0 ,  
0 .  
0. 
0. 
0. 
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0 ,  
0 ,  
0. 
0 ,  
0 ,  
0. 
0 .  
0. 
0. 

TIME 
X I  

0. 
0.  
0. 
0. 
0 .  
0 ,  
0. 
0. 
0.  
0 .  
0 ,  
0. 
0. 
0 ,  
0. 
0. 
0. 
0. 
0. 
0. 
0 ,  
0. 
0 .  
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0 .  
0.  
0. 
0 ,  
0. 
0 .  
0. 
0. 
0.  
0 ,  
0 ,  
0.  
0. 

n 
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I J  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 
1 1 1  
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 19 
1 20 
1 21 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
1 28 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
2 10 
2 1 1  
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 
2 23 ~ 

2 24 
2 25 
2 26 
2 27 
2 28 
3 1  
3 2  

WILL BE EXCEE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
DIST 

1;060E+02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 ,  
1.300E+02 0. 
1.700€+02 0. 
2.200E+02 0. 
%.800E+02 0. 
3.600E+02 0. 
4.600E+02 0. 
6.000E+02 0. 
7.700E+02 0. 
1.000E+03 0. 
1.300E+03 0. 
1.700E+03 0. 
2.200E+03 0. 
2.600E+03 0. 
3.600E+03 0. 
4.600E+03 0. 
6.000E+03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .  
7.700E+03 0. 
1.000E+04 0. 
1.300E+04 0 .  
1,7OOE+04 0. 
2.200E+04 0. 
%.800E+04 0. 
3.600E+04 0. 
4.600E+04 0. 
6,00OE+04 0. 
7.700E+04 0 .  
l,OOOE+O5 0. 
1.000E+02 0. 
1.300E+02 0. 
1.700E*02 0 .  
2.200E+02 0. 
2.800E+02 0. 
3,60OE+02 0. 
4.600E+02 0. 
6.000€+02 0 
7.700E+02 0: 
l 0000E+03  0. 
1.300E+03 0 .  
1.700E+03 0. 
2.200E+03 0. 
2.800E+03 0 .  
3.600E+03 0. 
4,60OE+03 0,  
6,00OE+03 0, 
7.700€+03 0 
1,0OOE+04 0 :  
1 #300E+04 0, 
1.700E+04 0. 
%.200E+04 0. 
2,80OE+04 0. 
3.600E+04 0. 
4.600E+04 0. 
6.000E+04 0. 
7.700E+04 0 .  
1.000E+05 0. 
1.000E+02 0. 
1.300E+02 0. 

:DED 
CP 

OF TIME 

0. 
0. 
0. 
0. 
0.  
0. 
0 ,  
0. 
0. 
0.  
0. 
0. 
0. 
0.  
0. 
0.  
0. 
0. 
0 ,  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0.  
0. 
0. 
0. 
0 .  
0 ,  
0. 
0. 
0. 
0 .  
0. 
0. 
0 .  
0. 
0. 
0.  
0. 
0 .  
0. 
0. 
0 .  
0.  

. 0 .  
0.  
0. 
0 ,  
0 ,  
0. 
0.  
0 .  

X I  
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I J  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 
1 11 
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 
1 20 
1 21 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
1 28 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
2 10 
2 11 
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 23 
2 24 
2 25 
2 26 
2 27 
2 28 
3 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

WILL BE EXC 

1 ,000E+02 
1 ,300E+02 
1 ,700E+02 

2,80Ot+02 
3,6OOE+02 
4,600E+02 
6.000E+02 
7,700E+02 
1 .000E+03 
1 ,300E+03 
1 ,700E+03 
2,20OE+03 
2,80OE+03 
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 600E+03 
4,60OtE+03 
6,00OE+03 
7,7OOE+03 
1 I 000E+04 
1 ,300E+O4 
II700E+04 
2,2OOE+04 
2,800E+04 
3,60OE+04 
4,6OOE+04 
6 I 000E+04 
7.700E+04 
1 ,000E+05 
1 I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA000E+02 
l I300E+02 
1 I 700E+02 
2 I200E+02 
2 I 800E+02 
3,60OE+02 
4,60OE+02 
6.000E*02 
7.700E+02 
1 ,000E+03 
1,30OE+03 
1 ,700E+03 
2,20OE+03 
%.8OOE+U3 
3,60OE+03 
4,60OE+03 
6,00OE+O3 
7,70OE+03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I ,000E+04 
1 I 300E+Od 
1 ,7OOE+04 
2,20OE+04 
2,80OE+04 
3.600E+04 
4 I 600E+04 
Cj1000E+04 
7,70OE+04 
1 ,000E+05 
1 ,000E+02 
1 .300E+02 

D l S T  

2.2005+02 

3 2 

:EEDED 1 . 0  

6.O97E-04 
4.925E-04 
3.937E-04 
3.092E-04 
2.542E-04 
2.178E-04 
1 - 8 1  8E-04 
1.383E-04 
9.868E-05 
6.780E-05 
4.724E-05 
3 I 1 76E-05 
2. 177E-05 
1 I 529E-05 
1,117E-05 
8.033E-06 
5.641E-06 
3,987E-06 
2.863E-06 
2.039E-06 
1 I 442E-06 
5 I 120E-07 
2,396E-07 
1.386E-07 
8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 929E-08 
5.936E-08 
4.204E-08 
2.978E-08 
5.237E-04 
4.037E-04 
3.149E-04 
2.354E-04 
1.772E-04 
1 I 352E-04 
1 ,014E-04 
7,458E-05 
5.133E-05 
3.325E-05 
2.321E-05 
1 ,569E-05 
1 ,085E-05 
7,6835E-06 
5.690E-06 
4,120E-06 
2.928E -06 
2.032E-06 
1 ,502E-06 
1 ,069E-06 
7.782E-07 
5,654E-07 
4,157E-07 
2,922E-07 
1,736E-07 
9.663E-08 
5.450E-08 
3,098E-08 
6.679E-04 
5.547E-04 

CP 
PERCENT OF 

6.686E-04 
4.194E-04 
2.809E-04 
2.358E-04 
2, w 4 E - 0 4  
2,330E-04 
1,844E-04 
1 ,356E-04 
9.  S80E-05 
6.785E-05 
4.726E-05 
3.177E-05 
2.177E-05 
1 ,529E-05 
1,117E-05 
8.034E-06 
5.642E-06 
3.9B8E-06 
2.863E-06 
2,039E-06 
1,442E-06 
4.886E-07 
1 ,681 E-07 
1 ,091 E-07 
7.532E-08 
5.099E-08 
3.624E-08 
2,553E-08 
6.076E-05 
1 ,327E-04 
1,688E-04 

1 ,81'7E-04 
1 ,467E-04 
1,063E-04 
7 .531 E-05 
5.137E-05 
3.327E-05 
2.322E-05 
1 ,570E-05 
1,085E-05 
7.686E-06 
5.691 E-06 
4,120E-06 
2.928E-06 
2,082E-06 
1.502E-06 
1 ,069E-06 
7.782E - 07 
5.654E-07 
4,157E-07 
2.922E-07 
1,815E-07 
1 ,004E-07 
5 .81  2E-08 
3.163E-08 
1,436E-03 
6.880E-04 

SFC 

1 . a 6 3 ~ - 0 4  

TIME 
X I  

6.063E-04 
3,686E-04 
2.344E-04 
1 ,609E-04 
1 (I 298E:-04 
1 ,067E-04 
8.067E-05 
5,765E-05 
4.083E-05 
2.728E-05 
1 . f356E-05 
1 I 217E-05 
8 I 156E-06 
5.635E-06 
4.034E-06 
2.845E-06 
1 ,957E-06 
1 ,356E-06 
9,559E-07 
6.686E-07 
4.641 E-07 
1 ,597E-07 
6.237E-08 
4.011E-08 
2.729E-08 
1 I 831E-08 
1 ,293E-08 
9.O92E-09 
5 . 3 1  4E-05 
1 I 127E-04 
1 -352E-04 
1 ,276E-04 
1 I OR9E-04 
0.331E-05 
5.852E-05 
4,043E-05 
2.694E-05 
1 ,705E-05 
1 ,163E-05 
7.678E-06 
5.192E-06 
3 . 6 1  1 E-06 
2.619E-06 
1 ,857E-06 
1 ,291 E-06 
8.997E-07 
6.356E-07 
4.432E-07 
3.160E-07 
2.252E-07 
1,627E-07 
1 , 1 2 1  E-07 
6,847E-08 
3,733E-08 
2.137E-08 
1 , 167E-08 
1 ,116E-03 
5,199E-04 
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I J  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 
1 1 1  
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 
1 20 
1 21 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
1 28 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
2 10 
2 1 1  
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 
2 23 
2 24 
2 25 
2 26 
2 27 
2 28 
3 1  
3 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

DIST 
1.000E+02 
1 I 300E+02 
1 .700E+02 
2 I 200E+02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 800E+02 
3,60OE+02 
4.600E+02 
6.000E+02 
7 I 70OE+02 
1 .000E+03 
1 ,300E+03 
1 I 700E+03 
2 a 200E+03 
2 I 800E+03 
3.600E+03 
4 I 600E+03 
6.000E+03 
7,7OOE+03 
1.000E+04 
1 ,300E+04 
1 I 700E+04 
2. mOE+04 
2.800E+04 
3.600E+04 
4,60OE+04 
6*000E+04 
7 I 700E+04 
1 ,000E+05 
1.000E+02 
l,300E+oa 
1.700E+03 
2 I200E+02 
2 I 800E+02 
3.600E+02 
4 I 600E+02 
6.000E+02 
7 I 700E+02 
1 .000E+03 
lm300E+03  
1,70OE+03 
2.200E+03 
2 I 800E+03 
3 e 600E+03 
4 I 600E+03 
6.000E+03 
7.700E+03 
1 I000E+04 
1 .300E+04 
lS700E+04  
2 I 200E+04 
2.800E+04 
3 I 600E+04 
4,60OE+04 
6.000E+Od 
7 I 700E+04 
1.000E+O5 
l0000E+02  
1 300E+02 

QEOM 

3.981 E-04 
3.144E-04 
2.448E-04 
1.834E-04 
1 ,386E-04 
1 0,4GE-04 
7.331E-05 

CP 

5 ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 34E-OS 
3.307E-05 
1 I 952E-05 
1 I 323E-05 
9 I 055E- 06 
6.279E-06 
4.4O5E-06 
3.296E-Q6 
2.434E-06 
1 I 765E-06 
1.283E-06 
9,406E-07 
6.8326E-07 
4.91 8E-07 
2.230E-07 
1.169E-07 
7 .  iiaE-oa 
4.849E-08 
3.321 E-08 
2.40GE-08 
1 I 732E-08 
4.211E-04 
3.234E-04 
2.4'77E-04 
1 - 8 1  O E - 0 1  
l I3OSE-04 
9,392E-05 
6,412E-05 
4 I 522E-05 
2.893E-05 
1 ,717E-05 
1 179E-05 
8 .11  1E-OB 
5 I 666E-06 
4.026E-06 
3.028E-06 
2 I 229E-06 
1 - 6 1  7E-06 
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 171E-06 
8 I 557E-07 
6.171 €-n7 
4; 522E-67 
3.31 $E-07 
2.475E-07 
1,789E-07 
1,152E-07 
6 5'32E-08 
3.924E-08 
2.338E-08 
4 I 243E-04 
3 .41  3E-04 

IETRIC MEAN 
SFC 

3.027E-06 
3.577E-05 
9.901 E-05 
1 ,448E-04 
1.420E-04 
1 ,094E-04 
7.394E-05 
5.140E-05 
3 .31  OE-05 
1 I 953E-05 
1 I 323E-05 
9.058E-06 
6.280E-06 
4.405E-06 
3.297E-06 
2.434E-06 
1 .765E-06 
1,283E-06 
9.407E-07 
6.827E-07 
4.919E-07 
2.21 1 E-07 
9 I 527E-08 
6.324E-08 
4.451E-08 
3.089E-08 
2.24OE-(38 
1 .612E-08 
1 I 589E-05 
7.338E-05 
1.281 E-04  
1 I 504E-04 
1.344E-04 
1 I 003E-04 
6.648E-05 
4 I 556E-05 
2.894E-05 
1.71 7E-05 
1 I 179E-05 
8.112E-06 
5.667E-06 
4.026E-06 
3.028E-06 
2.229E-06 
1 - 6 1  7E-06 
1 . 1 7 1  E-06 
8,557E-07 
6.171E-07 
4.522E-07 
3.31 6E-07 
2 I 475E-07 
1 ,789E-07 
1.161E-07 
6,770E-08 
4.120E-08 
2.394E-08 
1.102E-08 
1.797E-OC 

X I  
2.098E-06 
2.425E-05 
6.565E-05 
9.399E-05 
9.035E-05 
6.819E-05 
4.51 4E-05 
3.070E-05 
1 I 936E-05 
1 I 118E-05 
7.412E-06 
4.961 E-06 
3.367E-06 
2.31 5E-06 
1 -697E-06 
1 ,228E-06 
8.707E-07 
6.201 E-07 
4.448E-07 
3 I 158E-07 
2.226E-07 
9.79OE-08 
4.136E-08 
2,689E-08 
1 I 854E-08 
1 I 259E-08 
8,342E-05 
6.295E-09 
1 ,180E-05 
5.332E-05 
9. 100E-05 
1 ,046E-04 
9 I 163E-05 
6 695E- 05 
4.350E-05 
2,916E-05 
1 .814€-05 
1 I 053E-05 
7.076E-06 
4.762E-06 
3.256E-06 
2.268E-06 
1 ,670E-06 
1 I 205E-06 
8.547E-07 
6.064E-07 
4.336E-07 
3.06OE-07 
2.193E-07 
1 ,574E-07 
1 I 151E-07 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 .  151 E-08 
5.181E-08 
2,956E-08 
1 ,762E-08 
1 I OOZE-08 
6.033E-09 
9.627E-07 
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i i  
1 3  
1 4  
1 5  
1 6  . -  
1 7  
1 8  
1 9  
1 10 
1 .1 1 
i i 2  
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20 
1 21 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
1 23 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  - 
2 7  
2 8  
2 9  
2 10 
2 1 1  
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 
2 23 
2 24 
2 25 
2 26 
2 27 
2 28 
3 1  
3 2  

WILL BE EN 

1 .000E+02 
l1300E+02  
1 .700E+02 
2*200E+02 
2,800E+02 
3,600E*02 
4,600E+02 
6,000E+02 
7,700E+02 
1 ,000E+03 
1 ,3OOE+03 
1,700E+03 
2,2OOE+03 
2,80OE+03 
3,60OE+03 
4,600E+03' 
6,00OE+03 
7.700E+03 

D I S T  

i ; 0 0 0 ~ + 0 4  
1 ,300E+04 
1,70OE+04 
2,20OE+04 
2,8OOE+04 
3.600E+04 
4,60OE+04 
6,00OE+04 
7,70OE+04 
1 ,000E+05 
1 ,000E+02 
1 ,300E+O2 
1,70OE+02 
%,200E*02 
%,300E+02 
3,60OE+O%. 
4,60OE+02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6,000E+02 
7,70OE*02 
1 ,000E+03 
1 .300E+03 
i i 700E+03 
2.200E+03 
2.800E+03 
5 16OOE+03 

1 ,300E+04 
1 ,700E+04 
2,20OE+04 
2,30OE+04 
:3,60OE+04 
4,60OE+04 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
G .  000E+04 - . - . . .- 
7,70OE+04 
1 ,000E+05 
1 .000E+02 
1 ,300E+02 

:EEFED 0 . 5  

a. Z ~ E - O ~  
6,7'76E'04 
5,518E-04 
4.483E-04 
3,912E-04 
3,668E-04 
3,469E-04 
2,694E-04 
2.146E-04 
1,643E-04 
1,167E-04 
7.748E-05 
5.267E-05 
3,704E-05 
2,658E-05 
1,877E-05 
1 .289E-05 
8,926E-06 
6,315E-06 
4,438E-06 
3,096E- 06 
9,242E-07 
3.988E-07 
2,203E-07 
1,378E-07 
8,970E-08 
6.2151E-08 
4,379E-OU 
7,337E-04 
5 . 8 1  3E-04 
4.563E-04 
3 ,  533E-04 
2.833E-04 
2,373E-04 
2.061E-04 - 
1 .617E-04 
1 , 241';E-04 
9.248E-05 
6.619E-05 
4.355E-05 
2.9163E-05 
2,089E-05 
1 ,51  O E - ~  
1 065E-05 

3.5'89E-06 
2.5O2E-06 
1.802E-06 
i , 2 9 0 ~ - 0 6  
9,270E-07 
6.242E-07 
3.570E-07 
1.75OE-07 
9,058E-08 
A .  7RQE-08 
6 :  3,48E-04 
7.043E-04 

PERCENT t3F 

3.101E-02 
2.41 3E-03 
5.895E -04 
3.334E-04 
3.902E-04 
3.986E-04 
3.531E-04 
2.701 E-04 
2.150E-04 
1.64SE-04 
1 ,168E-04 
7.751 E-05 
5.269E-05 
3.705E-05 
2.658E-05 
1 ,877E-05 
1 ,289E-05 
8.927E-06 
6.31 6E-06 

SFC 

4.438E-06 
3.097E-06 
B.587E-07 
2.51 8E-07 
1 ,608E-07 
1 ,095E-07 
7.28OE-08 
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PLUME CENTER CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ 'M**3  

WILL BE EXCEEDED 5 . 0  PERCENT OF THE TIME 

F i g .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8-3 



i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Fig. 6-4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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GROUND LEVEL SECTOR AVERAGED CONCENTRATION UNITS/M**3 

WILL tx EXCEEDED zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 . 0  PERCENT OF THE TIME zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Fig. B-5 



w zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
PLUME CENTER ARITH. AVG CONCENTRATION - UNITS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 M * * 3  

DIFFUSION ESTIMATES - DEC. TO FEE. - LLL REACTOR 

. 
F i g .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8-6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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GROUND LEVEL PLUME CENTER ARITHMETIC AVO CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS / M”3 

OlffUSlON ESTIMATES - OEC. TO f E B .  - LLL REACTOR 

F ig .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8-7 
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PLUME CENTER GEOMETRIC AVG CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI M * * 3  

OlFFUSlON ESTIMATES - OEC. TO FEE. - LLL REACTOR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
F i g .  B-9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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W 

GROUND LEVEL PLUME CENTER GEOMETRIC AVG CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM**3  

DIFFUSION ESTIMATES - DEC. TO FEB. - LLL REACTOR 

Q 
. 

F i g .  B-10 
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GROUND LEVEL SECTOR AVERAGED GEOMETRIC AVG CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM * * 3  

DICFUSION ESTIMATES - DEC. TO FEB. - LLL REACTOR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t 

F i g .  B - 1 1  
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GROUNO LEVEL PLUME CENTER CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM * * 3  

HILL BE EXCEEDED 5.0 PERCENT OF THE TIME 

. a  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i 

F i g .  8-13 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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F i g .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8-14 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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PLUME CENTER ARITH. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAVG CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS / M * * 3  

DIFFUSION ESTIMATES - DEC. TO FEE. - LLL REACTOR 

.. 

F i g .  B-15 
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W zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
GROUND LEVEL PLUME CENTER ARITHMETIC AVG CONCENTRATION - UNITS / M * * 3  

DIFFUSION ESTIMATES - DEC. TO FEE. - L L L  REACTOR 

F i g .  8-16 ' 



GROUND LEVEL SECTOR AVERAGED ARITHMETIC AVG CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- UNITS / Ms.3 

DIFFUSION ESTIMATES - DEC. TO FEE. -' LLL REACTOR- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
F i g .  8-17 
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DIFFUSION ESTIMATES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr DEC. TO FEE. - LLL REACTOR 
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GROUND LEVEL PLUME CENTER GEOWTRIC AVG-CONCENTRATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- W I T S  / Me.3 

DIFFUSION ESTIMATES - DEC. TO FEE. - LLL REACTOR 

F i g .  B - 1 9  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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