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ABSTRACT

RADOS 1s a computer code that represents the finite
gpatlal distribution of alrborne source material as an
infinite number of line socurces., The code provides a
means of rapldly calculating whole body gamma dose from
a finite cloud of radicactive material.| The simplifying

¢ The material release 18 Instantaneous and
regsults in a radlecactive cloud of unit _
thickness in the X or downwind direction, T

o There 1s no change in the slze and shape
of the cloud during passage over the
effective range of the receptor,

¢ The gamma bulldup factors can bhe expressed
analytically with sufficlent accuracy.

These assumptions limit the applicability of RADOS as
follows: the material release should occur over a rela-
tively short time; the receptor dlstance should be more
than 600 meters downwind from the release point: and
the gamma energles should be in the specified range.

A b-group, 12-1sotope, l-receptor-point problem
requires approximately 1.75 seconds on the IBM System/
3 60_ 65 .
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INTRODUCTION

Hazards analyses assoclated with the design and coperation
of nuclear plants frequently requlre the study of postulated
accidents involving the release of radiocactlve material to the
atmosphere, Individuals downwlnd from this postulated release
could be subjected to (1) an inhalation dose if enveloped by the
cloud of material and (2) an external or whole body gamma dosge
even 1f there were no contact with the cloud. Because dlspersion
conditions are likely to vary wldely at a particular site, a
parametric survey may he useful in estimating doses., This usually
requires a large number of machine computations, Inhalation doses
may be readily and economically estimated by calculations with
existing codes. However, avallable methods for calculating
external gamma doses elther over-simplified the problem (such
as the semi-infinite cloud method) or required excessive running
time for the more valid finlte cloud method. The RADOS code was
therefore wrltten to provide a fast running and reasonably accu-
rate gamma dose calculation utllizing a finite cloud model, The
code is based on a mathematical model developed by L. M., Arnett, .

SUMMARY

RADOS has been used to evaluate external gamma doses for
postulated releases at the Savannah Rlver Plant, The simplifying
assumptions were limiting only for very speclal and Infrequently
encountered cases, RADOS calculatlons agree well with the more
detalled CLOUD‘E) calculations as shown 1n Table I, The running
time for RADOS is approximately 8% of that regquired for CLOUD.

A FORTRAN IV 1listing of the code, including the reqdired
Bessel functlon routines, 1s 1lncluded in Appendlx A,

TABIE I

Comparative Calculations

Relative Dose
Conditions CLOUD RADOS

Stable 100,0 g98.0

99.7 97.0

95.7 96.3

87.0 75.7

50.3 4y, 0

Instable 22,8 23,2
-5

)



ANALYTIC DESCRIPTiON

The principal assumption in this calculatlonal method is
that there 1s no change in the size and shape of the cloud of
unit thickness during the time the cloud will irradiate the
receptor, Beyond 600 meters from the pcint of release, this
agsumption introduces negligible error for meteorologlcal con-
ditions of interest, For a cloud of constant size and shape
during the exposure interval, the entire dose may be consldered
ag belng accumulated in unit time from a cloud extending to
infinity in both directions from the receptor, This assumption
permits the total dose to be calculated as the summatlon of the
doses from an infinlte number of line sources,

The dose from a line source at a distance "a" from the
receptor 1is

Dla) = e SHalo{pa) (1)

= —
4y a
where

Vv = factor to convert source intensity in units®
such as Mev/s to intensity in units such as
roentgens per unit time

U = average wind velocity

S(a) = source per unit distance at "a" !

attenuation of the radiation due to gir from
the line source at the distance "a"

Fool
L)
=
o
[]

B = linear attenuatlon cocefficlent of air for
gamma radlation

The total dose is then

D =S¥ fm f(a)G(ua)da (2)

4y a
C

* Although units in meter-seconds are speclfied in the code
description, any set that is consistent may be used.




where

3 ==f S{a)da, the total source
[a]

f(a) = relative source strength in the cloud, and

f f(a)da = 1
o

This total dose D is the composite of doses from the individual
isotopes, i, in the source or

(3)

exp(-?xit)fﬂ‘ f(a)G(uia)da

5;%4
D=3 i

i o]

a

S, 1s the source strength at time of release and "t" 1s some
average time to allow for decay of the source during the passage
from release polnt to receptor.

The function G{pa}, the attenuation due to air of the radia-
tlon emltted from the line source, 1s

1'!'

5 /2
G(ua) = = Jﬂ B exp(-pa sece)d¢ (4)
o

The bulldup factor B in alr for gamma energles from 0.5 to 2 Mev
hag been taken as

2
a :
B =1+ pa+ Bl -
ba + o od (5)
where E is the energy of the gamma photon in Mev, For this
value of B,

2

2
olua) = 2 Ji, (a) + uar (na) + S2LK, (ua) (6)

1
where the X's are Bessel functions,.

The space distribution function f(a) can be chogen to fit
the meteorologlical condltions of Interest. St,xt‘-;on(3 and many
others“’ have assumed that the concentration in the c¢loud 1s
Gaussian both vertically and horizontally. When this form of
f(a) is assumed,




kil
f(a)da = % aaavde~ expl{-%aa[szvzsinze + (ycos8 - 1)2]}d9 (7)
Q

where

h = height of the center of concentration above the
ground

0,50, = Gausslan constants of the concentration in the
vertical and horizontal directions, respectively

a = h/o,
B = cz/cry
¥ = a/h
Also
f(aazda - F(vh)d'v . (8)
where

T
Fly) = % aaqj' exp{~£a2[627231n26 + (ycos8 - 1)2]}d6
o

Equation (3) now becomes

8,Vy exp(-lit) ®
D-); = { F(v) 6w, hy)ay (9)

The expression before the integral in eguation (9) is the dose
that the receptor would receive 1f alY the activity in the cloud
were concentrated In a line source at the distance h, The
integral 1s a correction factor for the absorptlon of the gamma
radlation 1n the alr and for the distribution of the activity in
space. The value of the Integral 1g near unity for most cases of
Interest, It ls always true that

o

f F(y)dy = 1

o)

£ s g —

i =y
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Another space distribution of interest is "fumlgation" which
arigses when the atmosphere is near neutral at the ground but an
inversion is based at some higher level. To slmulate these
atmospheric conditions, the concentration of the activity is
assumed to be homogeneous vertically and Gaussgian horizontally.

The expression that corresponds to equation (9) 1s

S. vV exp(-\ t) 1 ®
D ,; L1 =7 El [f F. () elw, #v)ay +jl' FE(*/)G(uiﬂv)dv] (10)

where

£ = helght of inversion layer or 1id

/2
Fl(v) -\ﬁg-ﬁj. exp(-4p2vy®81in26)a6
(s}

\ /2 \
F, () '\ﬁ%.%[ﬂ exp(-4p=y2sin®0}de
arcsecy

B = ﬂ/dy

v =a/l

CALCULATIONAL PROCEDURE

RADOS presently accepts meteorcloglcal data in either of
two forms, .

e Sutton's diffusion parameters C,, C_, and n, the
" horizontal and vertical diffusion coefficients
and stablllty parameter, respectively.

e Generallzed Gaussian dispersion parameters Oy
and G,

The relationship: between these two sets of parameters are

o X(e-n)/z CZX(2-n)/2
= ag = T 11
o, ?g}- and .= T2 (11)

gl %




where X is the dilstance from the release point to the receptor.
The code determines the form of input by testing for the presence
of n, the stabllity parameter 1n Sutton's equatilon. This
parameter will be entered as zero or left blank if the general-
ized Gaussian dispersion parameters are used. In elther case,
the appropriate calculational procedure will be automatlcally
selected. The results shown in Table IT were obtalned by solving
equation (9) with Sutton's diffusion parameters as input.

TABLE TT

Dose Calculations by CIOUD and RADOS

Release helght = TO meters
Wind speed = 3 meters/second

Distance X = 8 x 10° meters

Sutton's Parameters

Cys metersn/2 Cys metersn/e n g;é;;iveRiggg
0,060 0.030 o.43 100.0 98.0
0,060 0.030 0.38 99.7 97.0
0.064 0.036 0.34 95.7 96,3
0.076 0.056 0.30 87.0 75.7
0,094 0,086 0.26 50.3 44,0
0.116 0,130 0.23 22,8 23,2

The equation for normal Gaussian dlstribution, in both the
horizontal and vertical plane, is solved 1f the inversion 1lid
parameter is omltted or set to zero, If a 1id 1s epecifled, the
distribution of materlal 1s treated as being homogeneous in the
vertical plane and Gaussian in the horizontal plane. Both
equations are integrated numerically by a double Gausslan quad-
ratures technique. '

The dimensionless parameters & and B are generated internally
for substitutlon into the differential equations., A parametric
survey of the dose integrals may be made by simply using the
dy,dz option and adJusting ratilos,

Total concentration of radlioactive isotopes at each detector
position 1is determined by a simple parent-daughter decay scheme:

exp(-h_ .t) (12)

S Jtj= 8
p’iK 0,p,1 psi
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8. [thi= 8 exp(-A, .t)

d,i‘.“ O_’d,i d,i

S A

A E
dxi p: ) p,1,k

+ T [exp(—hp’it) - exp(-hd’it)] (13)

where
th
8 = parent activity of 1™ isotope, Mev/s
8 = daughter activity of s isotope, Mev/s

= total release lanventory of parent activity for
10 y50tope, Mev/s

= totaltﬁelease Inventory of daughter actlvity
for i“" isotope, Mev/s

A, = decay constant for ith 1sotope, seconds

-1
th
E = g a energy of the k energy group of the
i,k %ﬁm
isotope, Mev

t = cloud transit time from release point to down~
wind receptor = x/u

Input Preparation

A1l input information for RADOS is entered by the 6E12.6
format with the exceptlon of the header card for each set of
problems, The header card ls a 72 column alphameric field that
muet be supplled with ldentification Information to be ueed as a
tltle for the output data for each set of problems, A set is a
group of problems that use the same lisotople inventory, gamma
energy group structure, and downwlnd receptor points.

A parametric survey of calculated dose as a function of wind
speed, release height, and dispersion conditions 1s performed
with minimum preparation since each problem requires only one
card of the set, Any number of problems may be included in a set.

If the dispersion parameters are entered in the form of
Sutton's C_'s and C_'s, the program will calculate a dose at each
downwind receptor point for the dispersion conditlons on each
problem, If the parameters are entered as J_'s and o, 's, a new
problem will be read iIn for each receptor po{nt Therefore, it
1s necessary that the parameters for a glven set of problems he
conslstent in form,

- 11 -




FPollowing the identification card, all input should be
entered In the order as listed below:

Lard Type Mnemonic Definition
2 a) GP No, of energy groups 1 £ GP ¢ 4
b) h No. of isotopes 1 £ IS 20
c) DIST No, of downwind receptors 1 £ DIST ¢ 12
d) PROB No. of problems in this set
3 a) GNU, Dose convereion factor, Group 1,
r Mev
hr/ m*-seconds
b) GMU, Linear sttenuation coefficient,
Group 1, m™*
c) EN, Gamma energy, Group 1, Mev 0,5 £ Mev € 2,0
a) GNU,
e) QMU Group 2 constants
f) EN,,

There may be two Type 3 cards with up to four sets of
constants (Groupe = GP, Card Type 2a).

4 a)
b)
c)
d)
e)
£)
One Type 4

5 a}
b)

P
PL
DEE,
Dy
bL,
DED,

card must

ER:

Parent source activity, Mev/s )
Parent decay constant, seconds™?!
Parent energy group number
Daughter source activity, Mev/s
Daughter decay constant, seconds !
Daughter energy group number

be supplied for each 1sotope,

Downwind receptor distance, m

Up to 2 cards and 12 distances
(XD = DIST, Card 2c¢)

- 12 =




Card Type Mnemonlc Definition

6 a) STKHT Release height, m
b) cY Cy or O s mP/E or m
¢) cz ¢, or g, mn/2 or m
d) STP Sutton's stability parsmeter n,
dimensionless
e) UBAR Average wind speed, m/s
f) FLID Inversion 1id height; zero or leave blank

for no inversion, m

The number of Type & cards should be equal to PROB on
Card 24,

Other sets of probleme may be run sequentially by repeating
the header card and the above requirements,

Output

Output from each set of probleme 1a identified by the
information supplied by the header card for the set, Gamma energy
group congtants and isotope parameters, as supplied by input data,
are printed out after the ldentification on the first page only.

The output for each problem of the set will be one data line of
12 parameters wlth an appropriate column heading for each parameter,
Computed integrals by gamma energy groups are edited to provide

-Information independent of the isotopic content of the cloud; i.e.,

they are geometric conslderetions pertaining only to the size and

- shape of the radloactive cloud.

The input and output for a sample problem are given in
Appendlx B,

- 13 -
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APPENDIX A

RADOS MAIN PROGKAM

DIMENSION GNUl4),GMUL4A)
DIMENSIUN. EN(4),P(20)
DIMENSEON PLLZO}DEP(20)
DIMENSIUN UED(20),WwORDS(18)
DIMENSION D{20),DL(20)
UIMENSION X{B)H{8}
DIMENSIUN SUMGP (4),D0SPL{20)
DIMENSION DOSDL20).5P(20)
DIMENSION S0(20)+TIME(LZ)
DIMENSION XD{12)

COMMON STKHT s PI+UPLIMsALPH BETA,GMU s XoHsENo SUMGPyNG»FLID

FURMAT {6E12.81

FURMAT (18A4}

FORMAT (1H1,18A4!

FORMAT (6X)8HSTACK HT $2X ¢ THCY=SIGY 43X 9 THCL=SIGZ1 0Ky LHNy TX94HUBAR, 3
1X, BHGP~1 INT2X, BHGP=2 INT.2X,8HGP=3 INT,2Xy8H0P=4 INT+4X44HDOSE, 3
1X+ BHDISTANCE+/ /1

5 FORMAT (1X413+11{1Xy1PE9.3))

26 FORMAT (1X,17HRELEASE INVENTOWYs2Xyl12ZHPARENT MEV/Ss3Xs14HDECAY CON
15T9/7593Xyl2HENERGY GROUP ¢3Xy14HDAUGHTERyMEV/S+2Xs14HDECAY CONST,/5
1+3Xy12HENERGY GRUUP+/)

T FORMAT (//})

27 FORMAT (12X%,1343X,6{1PE14464+2X))

30 FURMAT (1X,22HENEKGY GROUP CONSTANTS »3X,9HDOSE CONV6Xs1IHATTEN CO
1EFFy Xy 1Z2HENERGY + MEV/ S0/}

31 FORMAT (18Xs13+43X93{1PE1%e6))

£ 0w o=

NIN=5

NOUT=6

CALL EFTM{64)
PI=3.141593
X(1)=45894009E+0
X{2)=+9445750E+0
X{3)=,8656312E+Q
X{4)=e 7554044E+0
X{5)=.61T8T82E+0Q
X{6)=e4580168E+0
X{T)h=42816036E+0
X{8)=.9501251E-1
H{1)=,2715246E-1}
H{2)=.6225352¢~1
H(3)=,9515851E~1
H{4)=41246290E+0
HU5 )=, 1495960E+0
H{6)=41691565E+0
H(T1=.1826034E+40
HiB)l=,1894506E+0
i=0

SQ2=SQRT(2.)

- 15 -

I T e




23 READ (NINy2) (WURDS(i)y1=1,18) :
READ (NINy1)GP,514DIST,PROB -
NG=GP+0,1 L
[5=5i+0.1
NDIST=DIST+0.1
NPRO=PROB+ 1
KEY=0
NP=0
DO 24 N=1,4

24 SUMGPIN}=0,

READ (NINy1){GNUIL)GMULIL) ENCI}4I=14NG)
READ (NINsLM{P(I),PLLI},DEP(L),D(1),sDLI1},DED(I},I=1,15)
READ (NINyLM{XD(I)sE=14NDIST)
WRITE (NOUT,T)
42 WRITE (NOUT+3) (WORDS{(1)sI=1,18)
WRITE {(NUUT,7)
LINES=5
IF (KEY)44,44,22
44 WRITE (NOUT,26)
DO 28 1=1,1$

28 WRITE (NOUT.27)1.PL1),PLUL1),DEP(I),0L1),DLE{I),DED(T)

WRITE (NOUT4T}
WRITE (NOUT,30)
DO 29 I=1,NG

29 WRITE (NOUT»3L21,GNU{I),GMULI)ENLI)

WRITE (NOUT,7}

WRITE (NOUT 4}

LINES=IS+NG#12
9 N=Q

10 READ (NINyl)STKHT4CYyCZsSTPyUBARFLID
IF{STP.NE.O) NPROB=NPRO®NDIST
NPROB=NPRO

12 N=N+1
NP=NP+]

IF (STP)11,11,32 '

11 siGZ=CZ
SIGY=CY
GO T0 13

32 XD2=XDIN)*%{{2.=5TP)/2.)

SIGY=XD2#LY/5G2
S16Z=XD2*C1/54Q2

13 ALPH=STKHT/SIGZ
BETA=SIGZ/SIGY
UPLIM=1.2543,75/ALPH
TIME(N)=XD{N)/UBAR
DO 14 NI=1,IS
NOP=DEPINI)+0.1
NDD=DED(NI}+0.1
PLT=EXP{=PLINI)*TIME(N))

___DLT=EXP(~DL{NI)*TIME(N))

SPANI)=P(NL)*PLT

F« SUCNII=DINE)*OLT+ (P INI)*(EN(NDD}*DLINL)/LENINDP}I*{DLINI)=-PLINI})))

1*#{PLT=DLT)}

T CONST=TIME(N) /{44 *XD(N))

IF (FLIDI15,15,16

15 CALL RADOS1
CUNST=CONST/STKHT
G0 TO 17

- 16 -




16

17

18

19

20
21

40

41
22

25
124
125

BETA=FLID/SIGY

CALL RADOSZ2

CUNST=CONST/FLID

DOSE=0.

DO 18 NI=1,15

NDP=DEP(INI }+0.1

NDD=DEOINL )} +0.l
DOSPANIEI=SP (N1 ) =GNUINOP ) ®SUMGP I{NDP)
DOSDANE 1=SOUNI)*GNUINDD ) *SUMGPINDD)
DGSE=DUSE+DOSPINILI+DASOINI)
DOSE=DOSE*CUNST

L=NP

NT =4

IF (STPIL9+19,420

WRITE (NOUT 5L s STKHT s SIGY»SIGZsSTPsUBAR» {SUMGP{T}eI=14NT),DOSE,XD
1{n)

GU TO 21

WRITE (NOUT,,51LsSTKHT yCYC2,S5TPyUBARy (SUMGPUI ) 4I=]1+NT},DOSELXDIN}
CONTINUE

LINES=LINES+]

IF (56=-LINES)40,40441

KEY=1

GU TO 42

CUNTINUE

KEY=0

IF (N=NDIST)25,124,124

IF (STP)10,10,12
IF(NPROB=-NP}1254125,4+9

GO TQ 23

END

SUBROUTINE RADOS1
DIMENSION GMUi4),X(8)
DIMENSION H{B)+ENI4)
DIMENSION SUMGP (4),THETAL4)
DIMENSIUN GAM(B2824) DINT(8B484+4)
DIMENSION BINT(B+844)
COMMON STKHT sPI,UPLIMyALPHIBETAGMUsXsH ¢ ENy SUMGPsNGFLID

DBLNZ2{B+BSQ+ENI=(2.,%BEKI3(B)/{BSQ+1ls )+ (B-B/{85Q+14) }*BKOL(B)+{(B5Q)
1/085Q+14 ) +BSQ/{ T *EN*#244) ) *BK1(8))

ALPHZ=ALPH¥*ALPH
BETAZ=BETA*BETA
CON=(2 ®*ALPH*®2#BETA) /P I*%2

A=0.

B=PI

C=0.
G=UPLIM
=0.5%{B-A)
G=0.5%(B+A)
R=C+5%(G=C}
W=0.5%(G+C )
M=8

DO 10 1I=1.M
D4 10 J=1.,M

- 17 -




&

10

11
14

THETA{Ll)=v¥*X{Jd}+Q
THETA(2 )=~V X {J)+Q

THETA{3)=THETA(])

THETAL&4)=THETA(2}

GAMUIsJsl)=REX{I )+

GAMII,Js2)=GAM{Isd,y1)
GAMIL,Jd,3)=~REX([)+W

GAMITI o Je4)=GAMIL4J,+3)

DO 10 K=1,4
DINT(IrJoK’=EXP(‘Oo5*ALPH2*(8ETA2*GAH(I)J'Kl**Z*SIN(THETA(K)!**2
1 *(GAM‘IerKl*COS(THETA‘K)l-lci**z}’
DO 14 N=1,NG

SUM=O-

DO 11 I=1,M

DU 11 J=1.+M

DO 11l K=1,4

BARG=GMUIN}*GAM( I yJyK)*5TKHT
BASQ=BARGXBARG

IF(BARG=1T744)8,11,11
BINT{I+JeK)=0OBLN2{BARGsBASU+ENIN}I
SUH=SUH+BINT(IvJ:Kl*DINT(IszKl*H(Il*HlJl
CONTINUE

SUMGP (N )= SUM*V*R&CON

RETURN

END

SUBROUTINE RADOS2
DIMENSION GMU(4),X(8)

DIMENSION H{8),EN(4)

DIMENSION SUMGPL{4),5M(2)

UIMENSION THETA(4),GMM{2)

DIMENSION T(2),P(2) }
DIMENS ION GAM(By844)sBINT(B48B,4)

DIMENSION DINT(B3s8,44)

COMMON STKHT,PI,UPLlNgALPHoBETAoGHUtX'HoEN.SUHGP.NG.FLID
DBLNZ(B'BSQ'EN)=(2.*BEKI3|Bi/IBSQ+lol*(B*BIlBSQ*l.lI*BKO(BI*((BSQJ
L/(BSQ+1. b+BSQA T #EN®%2,4) )*BK1(B)) '
DBLNI(BET:GAHQTH)=EXP(-(BET*(GAM*SIN‘THJ)**2.]’
BET=BETA*BETA/2.

ALPH2=ALPH*ALPH

BETAZ=BETA*BETA

Gl=0,

G2=1.0

F1=0,

F2=P1/2.

CON=(2./P1)%*] .5%«BETA

V=0.5%(F2~F1}

Q=0s5%(F2+F1)

R=0.5%(G2~561)

W=0.5%{G2+Gl)

M=8

DO 10 I=1,M

DO 10 J=1,M

THETALL})=VX{J)+Q

THETA{2)=-V*X{J)+Q

THETA(3)=THETA(1)

THETA(4)=THETAL2)
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10

11
l4

58
56

61

-1

-

GAMIIsJdsl)=REX(1)+NW
GAM(I2J92)=GAM(]+dyl}
GAM{I,Jde3)==REX(I)+HW
GAM(I+Js4)=6AM{1+J,3)

DO 10 K=144

DINT{L+JsK)=DBLNL{BET+GAMIIL yd,K)yTHETALK})
DD 14 N=1,NG

SUM=0,

DO 11 I=1,M

DU 11 Jd=1.M

DO 11 K=1l,4

BARG=GMUINI*GAM{I+JsK)*FLID
BASQ=8BARG*BARG

IF(BASU=-174.)8,11,11

BINTU{I s J¢K)=DBLNZ(BARGyBASUIENI(N))
SUM=SUM+BINT(I yJ o KIFDINT{ L v JoKI*H{I)*H(J)
CONTINUE

SUMGPIN])=SUMRYRR%{ 0N

Gl=1.

GZ2=UPLIM

RR=0.5*%{G2-G1)

S55=0.5%{G2+Gl}

DU 60 N=1sNG

SuM=G,

DO 59 I=1,M

GMM{L1)=S5S5+RR¥X(1])

GMM{2})}=55-RR¥X{ 1)
FP=ATAN(SQRT{GMM{1)**2~1,)}
FH=ATAN(SQRT{(GMM{2)*%2«1,.)}
PI1)=0ue5%{F2~FP)

T{L1)=0.5%(F2+FP})

Pl2)=0.5%(F2-FM)

TLl2)=0.5%{F2+FM)

DO 56 K=1.2

SuMi=0,

DO 58 J=1,M

THi=T(K}+P{K)%X(J}

TH2=T{K}=-P{K})*X{J) ,
SUMI=SUMLI+HLJ)*(DBLNIIBET yGMMIK) s THLI#DBLNL(BET GMMIK )y THZ)})
SMIK)=S5UM1*P(K)

DO 59 K=1,2

BARG=GMU(N) *GMMIK)*FLID

BSG=BARG*BARG

IF{BSQ~1T744161+59,59

SUM=SUM+HT{I )*DBLN2(BARG+BSQsENIN)I*SM(K)
CONTINUE

SUMGPIN)=SUMGP {N}+SUM*RR*LON

RETURN

END
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FUNCTION BIO(X)
IF (X=3.75)24243
£ L={X/3.75)%%2
BIO=1,04¢2%(3,515623E0+42Z#(3,089942C0+Z%(1.206T49EQ+I*{+2659732E0
i +1%{,360768E~1+1%,45813E~2))1)))
GO TO 4
3 [=3.75/X%"
BIO={EXP{(X}/SQRT{X) 1%{.3989423E0+2%(,1328592E-1+1%(.2253187E-2
1 +1% (=g 15T564FE=2+47%1.9162B08E=242% (= 2057TO06E~142%(.2635537E~1
2 4+l (=, 164T633E=1+2%.3923767TE-2})))}) )}
4 RETURN
END

FUNCTION BIL1(X)

IF {X=3.75)2+2+3
2 L={X/3.75)%%2
Bll=l +5+i%(,8T789059E0+1%(45149887E0+7%{,1508493E0+1%{,.2658733E-1
1 +1%{.301532E=2+1%,32411E-3))))))%X
GO TO 4
3 I=3.75/X
BIY=(EXPIX}/SQRTIX) )*{.3989423E0+2%{ ~,3988024E~1+I¥{~,3620183E-2
1 +1%(,1638014E=-2+7%(=o1031555E~1+I%(.228296T7E~1+i%(~.2895312E~-1
2 +1#%(s178T654E~1=1%,4200587E=2))2)41)))
4 RETURN
END

FUNCTION BKO(X)

IF (X=2.0)2+2,3
2 I=2{X/2+0}%%2
SERIES=—o0TT215TEO+I*{,422T842471%(+.2306976E0+1%( 3488591
1 +I%( 4 262698E=2+47%( J10T5E~3+L% . T4E=5)}1) )
BKO=SERIES—ALUGIX/Z2.0)*BIGIX}
G0 T0 4
3 I=2.0/X
BKO=(1.253314E0+Z%(=,TB32358E~141%(.2189568E-1+1%(-,1062446E~1
i +1¥{ 45BTBT2E~24 1%L~ 25154E=-2+2%,53208E-3)) ) ) ) 3/ (SQRTIXI*EXP{X))
4 RETURN :
END

FUNCTION BK1(X}

IF (X=2400242+3
2 I=(X/2.0)%%2
SERFES=1e+21#%{41544314E0¢20{=a6T2785BE0+2%{~,181569E041%(-.1919402E
1 =147%{—-4110404E~2~1%.4686E=4)))))
BK1=SERIES/X+ALOG(X/2.,0)%BI1LX)
GO TO &
3 I=2.,0/X
BK1=(1e25331447%(,2349862+2#%(~.365562E=1+7%(.15042568E~1+.%(~,
1 TBO353E=2+44%({ 4325614E=2=2%,68245E=3)) ) ) )/ {SARTIX)*EXP(K))
4 RETURN
END
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FUNCTION BEKI3(X)

IF {(X=elll42+2
1 BEKI3=.T7366554/(+G37938B9+X#(1.194192+X*{.58824524¢X*¥{,5703372¢X*

1 (=1.5791174X%4,2G524691111))

G0 1O 9

2 IF (X=e4) 344,44
3 BEKI3=.5TL49TB/{.T2T6TBT+X% (9254691 +X*{.4T41521+X%{.2508204+X*%

1 (=e2593008E-1+X¥,55708E=131)1))

60 TO 9

4 IF (X=-1a)5y646
5 BEKI3=.327247a/1.4166T7414X%(, 5295655+X¥{27542734¢X%{.12837754¢X*

1 («1191915E-1+X*,1392095E~1))1}))

G0 TO 9

6 IF (X~-2.5)7,8,8
7 BEKI3={,221594+X*(=49388379E-1+X*%(.1473822E-1-X*.85765E-3)))/

1 {e2826T244X¥ (42356324 X% (,06340205E~1+X*,13460032E-1)))

GO TO 9

8 Y=1./1X+3.25)
BEKI3=21,2684406%SQRTIY)ISEXPI-X)/(1+0120744Y*(~a325432E-3+1%*

1 {(~1e164632+4Y%(]1,387386~-Y%4,465521)1})))

9 RETURN
END
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RADDS SAMPLE PROBLEM, 2 GROUPs 1 ISOTOPE,y 12 DISTANCES (INPUT IN CM)

RELEASE INVENTORY PARENT,MEV/S DECAY CONST./S ENERGY GRAUpP DAUGHTER MEY/S DECAY CONST+/S

1 1. 290000E 10 60 949999E-05 1.000000E 00 2,120000€ Q7 6. 489998E-04
ENERGY GROUP CONSTANTS DOSE CONV ATTEN CUEFF ENERGY»NEV/S
1 4e499998E-10 6.149999E-05 2.000000F 00
2 5 719998E-10 14340000E-04 5,000000E=-01
STACK HT CY=-SIGY Li-5lGz N UBAR GP=] INT GP-2 INT GP=-3 [NT GP=-4 INT

1 2.150F 04 1.300E 04 1,400 04 0.0 3.500E 02 64074E-01 5.536E-01 0.0 0.0

2 2415CE 04 2.050E 04 2.150E 04 0.0 3.500E 02 4.764E-01 4.290E-01 0.0 0.0

3 2415CE 04 2.950E 04 3.150F 04 0.0 3.500E 02 3,164FE=01 2.763E~DL 0.0 0.0

4 24150E 04 4,T00E 04 4.950FE 04 0.0 3.500E 02 1.594E-01 1.333E-Ql 0.0 0.0

5 2+150E 04 5.600FE 04 5.850E Q4 0.0 3.500E 02 1.194E=0]1 9.832E-02 0.0 0.0

6 2.15CE 04 7.100£ 04 T7.500E 04 0.0 3.500E 02 T.766E-02 6.303E~02 0.0 0.0

7 2.150E Q4 B.700E 04 9.100FE ¢4 0.0 3.500E 02 5,385E~-02 4.320E-02 0.0 0.0

8 2.150E O4 1.600E 05 1,200E 05 0.0 3.500E 02 24299E-02 1eB22E-02 040 0.0

9 2,150E 04 2.500E 05 1,200 05 0.0 3.500E 02 14477E-02 1.168E-02 0.0 0.0

10 2.150E 04 3.000E 05 1.,200E 05 0.0 3.5008 02 14232E-02 94T37E-03 0.0 0.0

11 2.150E 04 3.800¢ 05 1.200E 05 0.0 3,500E 02 9.735E-03 T.690E-03 0,0 0.0

12 2.150E 04 7.000FE 05 1.200E 05 0.0 3.500€ 02 5.289E-03 4.1T6£E~03 0,0 0.0
IHC 2171 TRACEBALK FOLLOWS- ROUTINE I SN REGISTER 14

I1BCGM 100 8E0QD14C
MAIN 046 00004908 |

LOAD POINT = 0000L£820

ENERGY GROUP

2+000000E 00

DOSE  DISTANC

F.462E-08 1.000E
$+33TE~-08 1.500E
WoNNbM‘OW 2+ 500E
2.421E-08 3.000F
1.5T8E~08 4.000E
1.092E-08 5.000E
4e466E-09 1.000E
246L0E-09 1.600€
24030E-09 2,000E
1.459E—-09 2.500¢
4+841£~10 5.000EF

£

04
05
05
05
05
05
05
06
1.3
06
06
06

8 XIONiddV
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SAVANNAH RIVER LABORATORY
AIKEN, SOUTH CAROLINA 23801

¢TWX: B03-824.0018, TEL: BD3.-824-8331, WU: AUGUSTA, GA.)

TO: Recipients of DP-1098, RADOS, A Code to Estimate Gamma
Dose. f;om &, Cloud of Radioactive Gases, by R, E Cooper N

'CQRREGTIQN;NOIIQEJ
Please make the following corrections in youg<9¢gy of DP-1098;

Page 9, Last paragraph relationships, Eq (11) denominators
should be V2

Page 10, Eq (12) 8; 4(t)
Page 11, Eq (13) Sd,i(t)f Aq,1 should be A, 4 in numerator
Page 16, Delete thé following FORTRAN statements:

SP(NI) = P(NI)*PLT
4 SD(NT) = D(NI)*DLT + (P(NI)*(EN(NDD)*DL(NI)/(EN(NDP)*(DL(NI)-PL(NI))))
1 *(PLT-DLT) o '

Replace with the following statements:

IF(NDP,NE.O) G TP 116

SP(NI) =

SD(NI) = D(NI)*DLT + P(NI)*PL(NI)*EN(NDD)*(PLE-DLT)/KQL(NI)ePL(NI))

GO T 14 |
116 SP(NI) = P(NI)*PLT

IF(NDD,.EQ.O) GZ T8 33 |

SD(NI} = D{NI)*DLT + P(NI)*PL(NI)*EN(NDD)*(BﬂTéDLT)/ﬁEN(NDP)*(DL(NI)—

1 PL(NI))) o "

g TO 14
33 SB{NI) = O.
1% CONTINUE

© BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY
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These changes remove an error in statemeﬁf 14 and in addiﬁion

‘will allow the use of an isotope chain in whidh Ynly the daughter
is a gamma emitter.. To utllize this feature, the following 1nput
‘requireménts should be observed only for these pdrticular chains:

(1) The parent source term should be entered as
disintegrations per second rather than Mev/s.

(2) The parent decay energy group number should be
entered as zero.

W. B. Scott
Technical Information Service



ERRATA

DP-1098, RADOS, A Code to Estimate Gamma Dose from a Cloud of Radioactive

%‘%Es R , Cooper L
L&‘L.Jt Ay relaionshipay
Page 9, dg (11) enominators should be ¥ 2

Page 10, Eg (12) S s 4 (%)
Page 11, Eg (13) Sg,4(%)s \d 1 should be \p i in numerator

" Page 16, Appendix—A——RADOS mxIN Program
A Jrﬂtg‘;ﬂ?‘che following FCRTRAN statements:
SP(NI) = P(NI)*PLT ‘
14 SD(NI) = D(NI)*DLT + (P(NI)*(EN(NDD)*DL(NI)/(EN(NDP)*(DL(NI)-PL(NI))))
1 *(PLT-DLT)
Replace with the followlng stateménts:
IF(NDP.NE.O) Gf TF 116 |
SP(NI) = O. |
SD(NI) = D(NI)*DLT + P(NI)*-PL(NI)*EN(NDD)*(PLT-DLT)/(DL(NI)-PL(NI))
6@ TF 14
116 SP(NI) = P(NI)*PLT
IF(NDD.EQ.O) GZ TF 33
SD(NI) = D(NI)*DLT + P(NI)*PL(NI)*EN(NDD)*{PLT- DLT)/(EN(NDP)*(DL(NI);
1 PL(NI)))
ef ¢ 14
33 SD(NI)'= O,
14 CONTINUE

)

These changes remove an error in statement 14 and in addition will
allow the use of an isotope chain in.which only the daughter 1s a gamma
emitter. To ubilize this feature, the following input regulrements

should be observed only for these particular chains:

L R LR R SR LI S e e
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(1) The parent source term should be entered as disintegrations

per second rather than Mev/s.

(2) The parent decay energy group number should be entered as zero.



