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SUBDOSA - A COMPUTER PROGRAM FOR CALCULATING EXTERNAL DOSES
FROM ACCIDENTAL ATMOSPHERIC RELEASES OF RADIONUCLIDES

D. L.iStrenge, E. C. Watson and J, R{,H0uston-

SUMMARY .

A computer program, SUBDOSA, has been-deVe]oped,for calculating exter-.

nal gamma and beta doses to individuals. from .the accidental release of

radionuclides to the atmosphere. Characteristics of SUBDOSA are:

.Doses from both gamma and beta radiation are calculated as -a .

function of depth in tissue, summed -and reported as skin, eye,
gonadal and total body dose. ': o
Doses are calculated for releases within each of several release

time intervals. Up to six time intervals can be allowed and
separate nuclide inventories and atmospher1c d1spers1on cond1t1ons

"~ are considered for each ‘time interval.

Radioactive decay is cons1dered dur1ng the release and/or trans1t
using a chain decay scheme with branching to- account for

““transitions to and from 1somer1c states

The dose from gamma rad1at1on 1s ca]cu]ated us1ng a numerical

,1ntegrat1on techn1que to account for the f1n1te size of the p]ume

The program computes and Tists ‘the normalized air concentrations
at ground level as a function of distance from the point of
release. -



CINTRODUCTION |

The computer program SUBDOSA has been developed ‘for the purpose of cal-
culating the dose to humans following accidental atmospheric releases of
radionuclides. SUBDOSA calculates the dose from airborne radionuclides
external to the body and does not consider the dose resulting from radio-
nuclides deposited in the. body and its organs via inhalation. Doses are

“calculated as a function of: ‘quantity released, duration of release, atmo-
spheric conditions during the release, and ‘horizontal distance from the
release point. ‘ ' ‘

The dose to organs of reference in adults frem airborne radionuciides

external to the human body is primarily dependent.upon the type of radiation,

the energy of the radiation and the spatial distribution of the airborne
radionuclides surrounding the human;receptori The.energx_and‘type'qf radia-
tion are characteristic.of each radionuclide. Spatial distrtbution of air-
borne radionuclides is determined by the quantity released, the duration of"
release, the atmospheric conditions prevailing ddring the release and the
d1stance between the dose receptor and the po1nt of release.

The organs of reference most frequent]y -.considered in externa] dose
calculations are the skin, Tens.of the eye and total body Corresponding
tissue depths for these organs used in SUBDOSA are 0.007, 0.1 and 5 cm
respectively. The ma]e gonads are 1ess often cons1dered 'in dose . ca]cu]a-
tions but when such calculations are made with SUBDOSA the tlssue depth is
1 cm. ' '

\-‘./
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DESCRIPTION OF MATHEMATICAL MODELS

Mathematical models used to calculate gamma and beta doses and normal-
ized air concentrations are described in this section. The expressions of
gamma dose are discussed first followed by the beta dose and normalized air

. concentration equations. .

TOTAL BODY TISSUE DOSE FROM GAMMA RADIATION

The basic equation for the external total body tissue dose rate from a
gamma emitting radionuclide present in an incremental volume of a cloud is:

EYxB(ukr),eXP (=p, 1)

dY = Kk 5

- dxdydz . (1)
4rr

where:

d e incremental dose rate to tissue, from gamma radia_
tion emitted from an incremental cloud volume,
dx;'dy, dz at a distance r meters from the point
of interest, rad/sec
x ® concentration in incremental cloud volume, Ci/m'3

"E_ e photon energy, MeV/disintegration
B(ﬁkr)'o dose buildup factor for air
u, ® total linear attenuation coefficient in air, m_],

. for photons with gamma energy in energy group k.

K, e dose conversion factor,'(rad-mz)/(Ci»sec) per
MeV disintegratidn.

The conétant kk is:

i ' 2
3.70 x 10'0 —415_ y 50 x 1076 €19 1974 o
K = Ci-sec A MeV cm” [ Ha
‘k 100 _8rgs - ' Pk

Va

. . ". g-ra
0.,059,2(—) _
P Jk



where:

U : '
. (Efl) e mMass absorption/goefficient, émz/g_in tissue for . .
k average gamma energy of.energy group k. .
A quadratic expression is used to calculate the dose buildup factor. I \#
‘ 2 s S, o ‘
B(ur) = 1+ Ayr + o (1 r) (2)

where:

A, and o) are empirical constants. determined. to fit buildup

(1)

factor data of Berger.

Since dose rate is a function of y-ray.energy, the gamma spectrum has
heen divided into encrgy groups. The 1ncremenLd1\ddse is calculated sepa-
rately as a function of photon energy and integrafed over the cloud volume
to obtain dose rate factors for each energy group. The dose rate factors
are coupled with,radionuC]ide.re]ease to give individual -dose rates. The
total dose is calculated as the time integral of dose rate. |

Before integrating Equation (1), it is first necessary to describe
mathematically the plume concentration, x. To obtain a useful expression,
several assumptions are necessary:

e Diffusion along the direction of cloud travel can be ignored.

e Vertical and lateral crosswind concentration is normally dis-
tributed and the standard deviations are a funct1on of atmospher1c
stab111ty and distance from the release po1nt In some dis-
persion models, the standard deviations are wind speed dependent.

e The dose receptor is at ground Tevel.

® C(Cloud depletion by fallout, washout and rainout can be described
by a factor dependent on the distance of travel and is independent
of travel time and displacement from the centerline.

e The concentration of radﬁonuc1ides in ‘the cloud at distances
beyond three standard deviations in:-the vertical.and lateral
directions is insignificant and therefore makes-1ittle
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contribution to-the dose rate., Rad1onuc11de concentrat1ons .
at_distances greater than +800 m. 1n the d1rect1on of c1oud
travel can also_ be. ignored.

o Radionuclide decay is calculated for each radionuclide
based on travel time to the exposure. point. This L, _
concentration is used for all dqwnwind:infegratioﬁ. :
points' (i.e., over +800 m from the exposure point). .

The b]ume concentration at a vertical positioh z and 1a£éfa] position y is

given by:(z)

" exp[-(z-h)z/Zci-yz/Zcﬁl ’ (3)
x = Q" - .

fZHUhOyoz :

where:

u, e average wind speed in direction of travel méasured '

5

at height of release, m/sec

o_ e crosswind vertical standard deviation of cloud
concentration, m- '

o e crosswind lateral standard deviation of cloud
concentration, m '

h e height of ré]ease, m

.y o lateral displacement from cloud centerline of
jncrementa] element of cloud, m

z o height of 1ncremenfa1 element. of ciouq, m

" Q'e rate of release from source, corrected for decay
during transit: to exposure point, curies/sec.’

Equation (3) does not include a factor of two for ground reflect1on " Deter-
mination of ey and o s d]SLUSSEd in a sub cqucnt sect1on



The dose rate from all radionuclides withiin the plume is obtained by
performing a space integfation of‘kquation“(1) with 'y defined by Equation (3).
For a given nuclide and distance from release po1nt the dose rate is
(rads/sec): '

Energy Photons in <~
Groups Group k. et

Z,DRFK Z (AE, k)l | (4)
k=1 L =1 :

where:

D' Dose rate, rad/sec

ke abundance of g-th photon in energy group k,
photons/disintegration

x>
[}

E ® energy of g-th photon in energy group k,

Yk
MeV/photon . s
Xy 2 A o
DRF, = 1_ f 2/ 2 exp-[‘(z-h)2/2cr§]
2nuy. . : @ ‘
h X7 N ? |

: A ( 2,5 2 R
/ B(nrdexp(-y~/2ay=)exp(-u r)k, o
5 dxdydz (5)

Y » bar o :

The Dose Rate Factors, DRF, have un1ts of rad/sec per curie (at the
distance of interest) per MeV/d1$1ntegrat1on fram photnnq in energy group k.
Equation (5) is integrated using a numerical technique as described in
Reference 3. The dose rate from all nuclides is obtained by adding the
contributions from all nuc11des .present. The total dose is the time inte-
gral of the total dose rate. S1nce the re]ease rate 1s the on]y t1me depen-
dent parameter, the total dose may be expressed as:

T, .
D, = D!dt (6) -
Y 0 Yo
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where:
~ T, ® duration of release period.

Often the total release is given as input~and,no time integration is
necessary. However, if the total release is not known, it may be calculated
from knowledge of the initial amount4bre§ent:and the nuclide decay schemes.
The nuclide. decay scheme:used by SUBDOSA accounts for chain decay including
transitions to and from isomeric states. The general equation for such a
scheme is: '

d M; 1' S .
at "Z MM o (7)

where:

M. e rate of re]ease for nuclide i after decay for travel
time T, atoms/sec '

M. ® rate of re1ease'of~parent nuclide j, atoms/sec
'. X; ® decay rate constant for nuclide i (sec ])
Kj e branching ratio for nuc11de J decay1ng to nuc]1de i.

Equation (7) may be solved analytically to obtain the rate of release at

- any time t as:

n

O T N O §
k=1 _ : S .

where:
ne pos1t1on in decay chain of nuc11de i

phys1ca1 decay constant for cha1n member k

>
>~
[ ]

coefficient composed of decay fract1ons and physical -

=
[ ]

decay constants for nuc11des 1n the cha1n

=~
‘

the. summat1on is over a]] nuc11des of the cha1n down
to nuc11de . '



When the nuclide inventory is given as the amount present at the start
.of the release period, it is necessary to integrate over the release pe}iod
to determine the actual release for Equation (6). If release is assumed to“
be constant (except for‘decay)fMi of Equation (7) can be replaced by:

L e )

where:

Qi(t) ® amount (atoms) of nuclide i present after decay
for time t

Tr * release period.

The resu1t1ng equation can be solved in the same manner as Equation. (7)'to
obtain a solution corresponding to Equat1on (8): '

Q(t) n Ak ot : .
L' (t) ‘=»—}r—— =Z e Ak, | o | '(jo)

where the terms are as preyioutiy defined, except that Qi'(t) is in units
of atoms. This equation is easily integrated over the release period to
give the total release for use in Equation (6) as: '

Qi(;l'r) =f’ '(t)dt Z
: 0

The total release Qi(Tr) must be converted from atoms to curies for usé in
Equation (6). In practice. the decay calculation, Equation (8), and time
integration, Equation (]]), are performed in units of curie- sec, i.e.,
curies divided by the phys1cal decay constant for the nuclide. Cnnv9r<1nn _
to units of curies/sec or curies is then made: by s1mp1y mu1t1p1y1ng the
resuits by the physical decay constant, '

*k”) )

Equation (6) gives the gamma dose to the éurface}tis§qe. The dose to
tissue below the surface is calculated by applying an attenuation factor to
the dose rate factor of Equation (4).



w%EneF§y  : '.':: ' - Photons'1ha'
Group S d Group 'k

' — | N\
la = s () DRFk > (AkEYk)JL (12)

k=1 | =
where the terms are as defined for Equation (4) and:

' ‘D;(d) e gamma t1ssue dose rate at a depth d, rads/sec

de depth in t1ssue of exposure point, cm

T linear total attenuation toeffi;ient of water

- for photons-in‘ energy group k, cm-].

The results of Equation (12), expressed as D;(d)/Q', are used in Equatioﬁ (6)
to determine the gamma tissue dose at depth d.

SURFACE TISSUE DOSE FROM BETA RADIATION -

The beta dose ca]cu]at1on is cons1derab]y s1mp1er than the gamma dose
calculation. Because of the short range of beta part1c1es in a1r the
radionuclide cloud may be assumed-to: bBe semi-infinite in dimension. With

this assumption the beta dose to sUrface-tissUe'is:(z)

D

0.229 E, v S N O &) §
where:

y e t1me 1ntegrated a1r concentrat1on at the receptor,
Ci sec/m ’ '

» effective beta energy for the nuclide being con-

m|
°

sidered, MeV/disintegration

-6 ergs _ 10 _ «dis L
(1.6 x 10 NeV ) (3.7 x 10 EEE-EUFTEO (1/2)

3 _frgs
(1293 g/m) (100 gorrdSrh)

I

0.229

The factor of 1/2 is to account for body self shielding from half the
radioactive cloud. . The total beta dose is the sum of dose contributions
from each nuclide.



The time integral of air concentration is ca]cu]ated from the instan-
taneous air concentration of Equat1on (3) as:

= 2<é—>/ ' Q'dt | (14)

The integration is performed és for the gdmme dose caTCu]etfoh Since the
exposure point is assumed to be ‘on or below the- cloud centerline at ground
level, the term exp(-y /20 ) is.not included .in eva]uat1ng x/Q' for the beta
dose calculation. The factor of 2 is for plume reflection about the ground
plane.

TISSUE DEPTH DOSE FROM BETA RADIATION

Equation (13) determines the beta dose to surface tissue. To determine
beta dose to t1ssue below the surface, the effectlve beta energy at the
g1ven t1ssue ~depth must be known

To correctly determine the effective beta energy emitted by a particu-
lar nuclide, the contributions. from all.beta peaks of the spectrum must be
considered. A computer program has heen deve]oped to calculate the effec-
tive beta energy at a tissue depth of d mg/cm2 using beta spectral data es
input. In Appendix A the spectral data used are described together with
the resulting effective beta energies as a- function of tissue depth.

The effective beta energy for a giveh emission peak is calculated as
the integral of the beta spectrum:.
- [E
% EN(E) dE |
E..(d) = P(d,Eq)—2— L (15)

/ E. .
/_0 N (E) dE .
o .

fei(d)" effective beta energy at.a depth'd in Lissue
for peak i MeV/disintegration o

where:

d e exposure point tissue depth in mg/cm2.

10



P(d,Ep) e ratio of effective:energy. at a.tissue depth-of .: .
d to the effective energy at the surface

. Eg e end point energy fér the given beta’emission
spectrum, MeV - K '

N (E) ® relative number of, beta particles:emitted in the:
~interval from E-to E+dE..-. . '

The total effective energy for a nuclide’ ¥s the sum of the individual®effec-
tive energies weighted by the peak abundance.

Number of
Beta . Peaks

where:

'Ai e beta particle abundance for peak i, part1c]es/
o d1s1ntegrat1on ' ‘ e

S

A formulat1on of the beta energy reduct1on factor 1nd1cates that 1t 15 .
a function of tissue depth and beta end point energy.(4) Beta dose is pro-
portional‘to beta energy’(for the semi~infinite cloud assumption); thus -
the beta energy reduction factor is'equal to“the beta dose’ reduct1on factors.

The beta energy reduction factor 1s g1ven by

E.(d)

P(d,E,) = = — = o[A6% + exp(1 - vd)] (17)
E,(0)
where: 7 5 S
A = 3-rexp(T - vd/§) - ((vd/8) (2 + 1hi 8/vd) o
A=0ford>8/v
and: v e effect1ve attenuat1on coeff1c1ent for “a peak viith

endpunnt energy E , €M /mg
de tissue depth mg/cm o
E_® maximum energy of characteristic beta energy speetrum, MeV

a,& ® empirical constants dependent on Eo‘ dimensioniess.

no



The effective attenuation coefficient v for tissue is given by:

18.6 ., T & | | .
v = (2 - E/E%) o (18)
(E, - 0.036) *37 L o ~

The ratio Eé/EE is the ratio of the'actua] average beta energy to the hypo-
thetical allowed average beta energy. 'This ratio is 1.0 for allowed emissions.
Values of o .and & are given in the table below. ‘

Values for w and’s

o 8

0.10 < Eg < 0.5 Mev ' 0.260 2.0

AN

0.5 <Ey<1.5MeV  0.207 1.5
1.5 Ep

1A

3.0 MV 0.333 1.0

For values of E, less than 0.10 MeV, the reduction factor is set to zero.
For values of E; greater than 3.0 MeV, values of 6 and o of 1 and 0 333
respect1ve1y are used w1th the actua] va]ue of E0

To determine the average beta energy for a character1st1c spectrum,
the shape of the peak must be known. For allowed spectra the>shape is .
given by: (5.6)
2
)

N(E) €€ = KF (L OE-DYE et aE (1)

where:

K e arbitrary constant which cancels oﬁt in Equation (16) -

F(z,w) e Fermi function for emissions from an -atom of atomic
number Z '

W e total energy of the beta particle in units of
rest mass o L L ' , v

E e kinetic energy. of beta partjé]e.in units of rest
mass (W=E+ 1) | ‘ W

12.°
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. L = atomic mass number

Energy is.converted to :rest -mass units by- d1v1d1ng ‘the energy in MeV .
by 0.514. :

The Fermi function is evaluated as’

Pz = 2 et o [ L]

A ‘ . TF(2y ]) : :
where:

v =1 - (a2)21'/2 (dimensiontess)
o = éz/hc " 1'/137 (d1mens10n1ess)

Fe.; e]ementary charge esu
A= h/2m
h e Plank's constant, erg-sec
co speed of 1ight, cm/sec

y.¥ Zw/p (d1mens1on1ess)

.;'TR.= 1/2 a A 173 , nuclear rad1us;‘cm "fz
P = (w )]/2, betarpart1c]e momentum -

A - atomic weight

The data libraries of computer program SUBDOSA include data ph 331
fission products plus 144 activation pgoducts‘or'trén5uraﬁic elements.
Effective beta energies have been calculated for each of these nuclides for
tissue depths of 0, 7, 20, and 100 mg/cm2 . The resu]ts have been incor-
porated 1nto a data llbrary for use by SUBDOSA

SKIN, EYE, MALE GONAD, AND TOTAL BODY DOSE

The consequences of accidental radioactive releases to the étmosphere

are often determined’ in terms’ of dose to skin; eyes; male gonads and total

13,



body. The skin dose is the.sum of the surface gamma dose and “the beta depth
dose at 7 mg/cm2 (thickness of outer skin).. The:eye dose is.the sum of the -
surface gamma dose and the beta depth dose at 100 mg/cm2 (depth of lens).

The dose at a tissue depth of 1 cm is representat1ve of the dose to the

male gonads. The total body dose as calculated as the gamma dose at a t1s-
sue depth of 5 cm with no beta contributions included. The computer pro-
grdm SUBDOSA has been designed for'calculation of these special do%es.

NORMALIZED AIR CONCENTRATION

The normalized air concentration has been described for gamma and beta
dose calculations by Equations (3) and (14). These equations include a term
for radioactive decay for a specific isotope.  For hand calculation, values -
of x/Q' which do not include decay are desirab]e.i Such values are calculated
as: R

X eéxp [-h%/20,]

—- e
Q T uh.o a, :

Plume reflection at the ground plane is 1nc1uded in Equat1on (L])

Methods for detenn1n1ng the d1spers1on parameters o, and o 1nc1ndp

. Y Z
the Hanford equatmns,(2 7) Sutton's equat1on,(2 8) Brigg's equat1ons(9)

and the curves attributed-to Pasqui11.(2) The Hanford equationsrare:

Q
[

SA[T-a (1-e %

ca [1 - exp (-k2T2)] + bT

Q
"

where:
t - duration of the re]ease. sec
T . transport time from the point of release to the” receptor, sec
A =[c+ 230 (oeuh)] | ._ o o
)2 o S o (a2)

o A/[Z (o

and a, b, c, k and Oeuh are parameters whose va]ues depend. upon atmospher1c
stability. ’

14



The Sutton Model "defines ‘the variances as: -

C X(]in/z)
g = _1____—— -
Yooz
c (j-n/z) | - | -
o, = Z_____- co ‘ (23)
V2 : .

where Cy, CZ, and n are parémeters"whdse values are dependent upon atmo-
spheric stability. Characteristic values of the parameters for the Hanford
and Sutton equations’ are listed in Tables 1 and 2, réspective]y

Briggs re]at1onsh1ps of oy and g, with distances for Pasqu111 Sta—
b1]1ty classes A through G are listed 1n Table 3.

Graphical representations of o

. y
categories(z) have been tabulated and incorporated in a library for the

computer code KRONIC(]O) (Tables 4 and 5).

and o, for the six Pasquill stability

TABLE 1. Values of Meteoro]og1ca1.Parameters e
for the Hanford Model-.

~ | Moderately Stable - Very Stable
Parameter L . Conditions . = - Conditions-
a 97 - . 34
b | 0.33 . | 0.025
C 13 R 13
k 2.5 x 10'4 8.8 x 1077
MINIMUM VALUES OF CA |

Assumed Durat1on -

of Release, min ' 'foeu)

10 0.024
60 . 0.040
120 0.080
240 0.10
480 0.18



TABLE 2. Numerical Values of Atmospheric Dispefsjon Parameters
for Neutral and Unstable Atmospheres

Parameter .  Release Level . = Wind Sgeed ‘ Unétab}e;i ~ Neutral
C, ~ ‘Ground A 1 m/s 0.35 0.2
- 5m/s 0.30 0.15
10 m/s 0.28° 0.14
Elevated -1 m/s 0.30 0.15
5 m/s 0.26 0.12
| | 10 m/s 0.24 0.11
c, ~ Ground /s 0.35 0.17
| 5. m/s 0.30 0.14 -
1o m/s '0.28 0.13
" Elevated 1 m/s 0.30 0.15
' 5m/s " 0.26 0.12
10 m/s 0.24 0.1
n 0.20 0.25

. TJABLE 3.- Re]ationshﬁps BRetween Diffusion Parameters
and Distance - ‘

Stability . Horizontal - Vertical

Class . Parameter, o __ Parameter, o_
- ey rameter, o
A 220 x/(1 + 0.1 x) 200 x
8 160 x/(1 + 0.1 x)1/2 120 x
c 110 x/(1 + 0.1 x)1/2 80 x/(1 + 0.2 x)'/?
o sox/+0ax0Y2 0 x/(1+ 1.5 )7
£ 60 x/(1 + 0.1 x)'/2 30 x/(1 +0.3x)
r 40 x/(1 + 0.1 x)172 20 x/(1 + 0.3 x)
G 27 x/(1 (1+0.3 x)

0.1 )% 12w

(a) x is distance in kilometers

16
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TABLE 4. Values of'oy for Pasquill Stability Categbries

2,000

17

T4

Downwind
Distance A cy for Pasquill Type
(Meters) - A B C D E F :
100 21 16 12° . 8.0 6.0 3.9
250 54 40 28 20 14 9.8
500 100 - 76 - 55 37" ‘28 18
1,000. 1200 150. -110 72 52 - 36
2,500 450 340 240 160 - 120 81
5,000 830 630 450 310 220 150
10,000 1,600 1,200 80 ° 570 410 280
25,000 3,400. 2,600 1,800 1,200 880 610
50,000 " 6,200 4,700 3,400 2,300 1,600 1,100
100,000 11,000 8,500 - 6,300 - 4,100 ° 2,800 2,000
TABLE 5. Values of o, for Pasquill Stability Categories
Downwind o ' v
" Distance 9, for Pasquill Types
(Meters) A "B’ C D’ E F
© 100 15 10 7.8 ° 4.7 ‘3.0
250 3 26 - 18" 10 7.1 4.0
. 500 140 - 57 .34 19 13 7.6
1,000 670 140 64 33 22 14
2,500 2,000 580 140 62 a1 25
5,000 2,000 . 2,000 260 . .95 61 35
10,000 2,000 - 2,000 . 440 140 84 47 .
25,000 -+ .2,000 2,000 . 880. 220 120 64
50, 000-. 2,000 2,000 1,400 320.. - 140 - 79
- 100,000 2,000 . 2,000 450 170 . 94



. COMPUTER PROGRAM

The models described in ‘thé previous section have been incorporated
into-a computer program for use on CDC CYBER 74 computers. The main program.
SUBDOSA is executable with or without two auxiljary programs, BELI and BIVAR.

BELI - a program fdr preparation;bf effective beta energy data.

BIVAR - a_program for ca]culation‘df dose rate factors for a
bivariate plume. ‘

SQBDOSA - main brogram for calculating doSé and normalized air
concentrations. -

A listing.of the program is given in Appendix B. Input card preparation is
described in Appendix C and sample problems are illustrated in Appendix D.
" A program flow diagram is given in Appendix E.

BELI

The program BELI calculates effective beta energies for each nuclide
as a function of tissue depth, Equations (15) through (20). Beta spectrum
data for each beta peak (abundénce and endpoint energy) is used as input.
Appendix A describes input data for BELI and source references'for'the beta
spectrum data, -

BIVAR

The program BIVAR calculates dose rate factors by performing the space
integration indicated in Equation (5). A modified version of subroutine
PLUME from the computer program RACER‘ﬁs used to.perform the numerical inte-
gration.(B) The actual integration is performed ih the following ordeb:

y direction (lateral), z direction (vertical) and x direction. The first:
two integrations are performed for each position in the x direction (as
located to give sufficient accuracy). The resulting double integral répre-
sents the dose rate per unit length of downwind plume per curie of a nuclide.
The integration is performed for each energy group at each x position. Inte-
gration in the x direction then gives thé dose rate factors.
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A1l integrations are performed>by an- eight point polynomial integration

subroutine.
Xg xg = X 8
Fx)dx = <t > F(xg) Wy (24)
X i=1

where C is 17;280'éndlwg‘afé the‘{ﬁtedrétfdnywéights as follows:

N] = W8 = 751
N2 = w7~= 3577
W3 = Wg = 1323
W4 = Wg = 2989

Each 1ntegrétion‘range is divided into sections and Equation (24) is applied
to each section. This technique allows computing time to be minimized with-
out Toss of accuracy. ’ ' ‘ ' o

The dose factors are automatically punched ont§ cards for future use.
They may be used directly by the gamma dose calculation in .the program .
SUBDOSA or they may'be 1ncbrporated into a dose rate factor library (Appen-
dix A) for direct access by the computer.

SUBDOSA

The main program SUBDOSA calculates gamma doses, beta doses, and nor-
malized air concentrations. The calculations in the program are completed
as indicated by Equations (1) through (14) uf the previous section. However,
several features are worth,mentibning.

e The program uses as many.as three data libraries (described in
Appendix A):

1. Radionuclide data library - physical half 1ivés, decay
fractions, effective beta energy as a function of tissue
depth

2. Gamma energy library - photon energies and abundance

19~



3. Gamma dose rate factors -.as calculated by BIVAR for use
in finite cloud gamma dose calculation

Data is included for nearly 500 radionuclides which include
fission products and,activation‘p'nﬂodlj'cts."7 :

.

Dose calculations are performed for eaeh release period and
summed to give the total dose after each successive period.

Depth dose may be calculated for both gamma and beta exposure.
Default values of tissue depths are 0, 1, and 5 cm for gamma
doses and 0, 7, 20, and 100 mg/cm® for beta doses.

Combinations of beta and gamma depth doses may be summed to
simulate: eye dose, skin dose, dose to male gonads and total
- body dose. The skin dose is the sum of .surface tissue dose from

+gamma. rad1at1on .plus the dose at 0.007 cm depth in t1ssue from

beta contr1butors The eye dose is the sum of surface tissue
dose from gamma rad1at1on plus the dose at 0.1 cm in tissue from
beta contr1butors Both gonada] and total body doses neglect
contributions from beta rad1at1ons However, absorpt1on of
ugamma radiation in tissue at the correspond1ng dppths is
accounted for in the dose calcu]at1on

20
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R ,:AP.PENDAI'X A A e

 DATA LIBRARIES

This-appendix describes data Tibraries used by BELI and SUBDOSA. Input
libraries for BELI are BISLIB (beta spectrum data) and RNDBET (radionuélide
and beta energy data library). SUBDOSA uses RNDBET, GISLIB (photon data
Tibrary) and BIVLIB (gamma dose rate factor library). A_]isting of each
library is inc]uded’at the end'of‘this abpendik. ‘

INPUT FOR BELI - BETA SPECTRUM DATA LIBRARY

The program BELI uses libraries BISLIB.and part of RNDBET.to calculate
effective beta energies for 1ibrary RNDBET. BELI compares the nucTidgs of
each library and ca]cu]gtés effective beta energies for nuclides ppesen#!iq“‘
both 1ibraries. For nuclides present only.in RNDBET, effective energies of .
zero are entered (zeros are entered for only a few nuclides in the activa-
tion product section of the libraries).

Data of the beta spectrum library; BISLIB, include the maximum beta« -
energy for each peak and the fraction of total disintegrations for the peak.
Also included at the beginning of the library are the ]itefature.soufces
for the data. A listing of BISLIB is given in Appendix B.

The beta spectrum data for each'nuclide are contained on from. 1 to 15
cards. The first card for each nuclide has the following format:

Column ~ Tormat . “Variable
-3 13 ‘Atomic Mass Number
4-5 12 Atomic Ndhber |
6-7 A2 . “Nuclide name
8 on - Nuclide state: 1 - istmeric

_ o . .2 - ground- -

.. 910 . 1I2 “Number of beta peaks,to:be,fegg_ f _

11-15 . F5.0 . -Abundance of first beta peak (if any):
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Column Format A 0 Variable

16-20 F5.0 Maximum energy of first peak, MeV -
21-25 F5.0 Abundance of second peak (if any)
26-30 F5.0 Maximum energy of second peak, MeV
61-65  F5.0 Abundance of sixth peak (if any) -
66-70 F5.0 Max1mum energy of sixth peak, MeV

76 I Spectrum type: blank - allowed
o -1 - unallowed
If the nuclide has more than 'six beta peaks, additional cards are. needed:
The format for additional cards is 14F5.0, with the abundances and maximum. - -
beta energies submitted in pairs (for up to-seven peaks) as: on thegfirst‘
card but starting in column 1. A maximum of 99 peaks may be supplied for .-
each nuclide (15 cards). S '

RADIONUCLIDE AND BETA ENERGY DATA LIBRARY

“‘This data library ‘contains data on radionuclide decay schemes and half-":
lives and beta energy as a function of tissue depth. Program BELT only con-
siders the list of nuclides and ignores the phyéieaT data. ~Program SUBDOSA.
uses some of the half-Tives and decay scheme data.

The order of isotopes in this library determines the order for which
data are supplied in the photon probab1]1ty library. . When the order of data
is changed in the radionuclide data library, correspond1ng changes must be
made in the photon probab111ty 11brary '

The first card image of the rad1onuc11de data library contains the
number of fission products in the library (Format 13). There is one card
for each fission product. The'cards are arranged in an ascending atomic
number order within an ascending atomic mass sequence. The current radio-
nuclide data library contains 331 fission products.




The card aftef the last fission‘productlcard‘contains*thevnumber‘of
activation products in the Tibrary (Format I3). - The term "activation prod- -
uct" includes all radionuclides that are not in the fission product portion.-
of the 1ibrary. There is one card per activation product. - The current
Tibrary contains 144 activation products.

The format for each radionuclide card is:

Column Format _ Variable
1.3 . 13 Atomic Mass Number
- 4-5 I2. Atomic Number .
6-8 A3 - Nuclide symbol w1th isomeric states

indicated by an aster1sk, i. €., KR*,
left justified.

9 I ‘ Interger to indicate isomeric" state
1 - isomeric state
2 - ground state

10-18 £9.2 - Physical half-life in days:

19-25 F7.4 If in isomeric state, fraction.of .
decays by beta emission; if in ground
state, fraction of decays to an isomer.

26-35 F10.6 'Effective beta energy pervdisintegra-
tion, MeV

36-45 F10.6 Effective beta energy per disintegra-
‘ tion coErected for penetration of
7 mg/cm of t1ssue MeV

46-55 F10.6 Effective beta energy.per d1s1ntegra-
tion corEected for penetration of
20 mg/cm¢ of tissue, MeV

56-65 F10.6 Effective bela encrgy per disintegra-
: ' tion corrected for penetration of
100 mg/cm? of tissue, MeV '

The radionuclide library available with SUBDOSA is called RNDBET and is
listed in Appendix B.

PHOTON PROBABILITY LIBRARY

The photon probability library contains data for use by subroutine
SUBDOSA in calculating the cloud gamma dose. The first card image contains
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the number of energy groups (Format I3)-for.which-data are given in the.
library.. The-second card: contains_ the upper energy;bound for-each group.
(Format 16F5.0) -starting from the lowest -energy group (number of:entrigsiis~
number of groups minus one). The next cards contain dose conversion factors
in units of: ‘

rad-cm2 | , e s

Ci-sec
One value is supplied for each energy ‘group starting from the 16we§iienergy.
The dose conversion factor of Equation (1) in the tcxt is Lhe library value
divided by the average energy for the group. " The average -energy is calcu-
lated as the midpoint of maximum energies as supplied on the second “library
card. The average energy for the'first group is,2/3 of its maximum energy
and the average for the last energy.group is 1.25 times the maximum for the
next lower group. | o ’

The photon probability and gamma energy cards for each nuclide: follow
the dose conversion factor cards. There are from one to three cards for
each nuclide” (in the order of nuclides as in the radionuclide data library).
The first card for each nuclide has fhe following format:

Column Format : Variable
1-3 I3 . Atomic Mass Number
45 I2 ~ Atomic_number '
6-7 A2 Nuclide name
8 I ‘Nuclide state: 1°- isomeric
~ 2-ground . -
9-10 12 . Number of photon energies to be read
11-15 F6.0 Aburidance of first photon (if any)

- 16-20 . F5.0 Energy -of first photon, MeV. _
21-25 F5.0 Abundance of second photun (if any) =~
26-30 F5.0 Energy of second photon, MeV
61-65 F5.0  Abundance of sixth photon ({f;any)

66-70 F5.0 Energy of sixth photon, MeV
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If the nuclide has more than 6 photons, additional cards are supplied '
in Format 14F5.0 with abundances and photon energies submitted in pairs (for
up to 7 photons/card) as on the first.card, A maximum of 99 photons may be
supplied for each nuclide (15 cards).” Similarities are noticeable :in the
data sections of the photon probability ]1brary and the"beta spectrum
11brary ' ek -

Buildup and attenuation data are stored after the photon data Con-
stants for the quadratic bu1]dup equat1on [Equat1on (2) in text] are g1ven
next in Format 8F10.0. The first card gives va]ues for A for each energy
group (if there are more than eight groups, more cards are needed) Next
" the values of o are given, followed by va]ues of ay " (a dummy variable) and
values of p last (tota] mass attenuat1on coeff1c1ent 1n air, cm2/g)

The photon probab1]1ty 11brary ava1]ab1e with SUBDOSA is ca]]ed GISLIB
and is listed in Appendix B. The 11terature_data sources for GISLIB are
listed near the beginning of the library. The data'EOUfges for nuclides
with a source code of 0 (for other) are Tisted in Table A-1 by ﬁeeiide
number (Columns 77-79 in‘ GISLIB). o o

A TABLE A-1. .Phptoq Data Literature Sources
Nuclide ’ : !
Number A ‘ Photon Data Source :
060~ Nuclear Abstracts, Abstract #8968, p. 915
N (March 15, 1969) -
074  Nuclear Physics A98 337-64 (1967)‘ '
103 Nuclear Data Sheets, Section A. (Feb..1968) -
116 . Physical Review 154: 1116-25 (Feb. 20, 1967) ..
118 Nuc]ear_Data Sheets - Section A (Feb. 1968)
119 Arkir for Fysik 34: 259-62.(1967) . -
129 Nuclear Physics-A109: 369-79 +(1968): -
152 Nuclear Physics 75: -209-14. {1965)." : -
155 ¢ Physical Review 146: 883-6-(June.17,:1966)
159 <= -Nuclear Physics 75: - 209-14:(1965) - -
165 Radiochina Aeta 7: 114-15 (dune*1967)
168" . -Physical Review 140B 1516-28 (Dec.:20, 1965) -
- The Handbook of Chemistry and Physics (1964-5),
pp. E74-5 : .
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TABLE A 'I (Contmued) . A. , ‘

e A A SN

NucTide : ;
- Number - .. U Photon Data Source. - oo

172 Nuc]ear Phys1cs A103 385 :405 (1967 ) :
182 - Physical Review 143: 918722 (March 18,11966) == . : v
191 Nuclear Data Sheets - Section A (Feb. 1968)
194 . Nuclear Physics A126:  273-99 (1969)
195 Nuclear Physics A126: 273-99 (1969) _.
196 Nuclear Data Sheets - Sect1on A (Feb., 1968)
201 Nuclear Physics AT22: 57~ 566 (1968)
242 _ Nuclear Data Sheets - Sect1on A (Feb. 1968)
249 Nuclear Phys1cs A113: 581 92 (1968)
259 " Info. comes from article referenced in ]968

Vol of Nuclear Abstracts . i
201 ., Nuclear Data Sheets .- Section A 1::.521-602 *

(August 1966) o L
265 Nuclear Physics A124: T19e-211 (1969)
269 ' Nuclear Physics A126: 428-30 (1969)
277 Nuclear Physics A99 547~ 76 (1967) »
279 “Canadian Journal of Physics 44 “F313420 (June 1966)i
788 Nuclear Physics A123: 481-96 (1969) e
289 Nuclear Physics A123: 481-96 (1969)
308 - Physicdal Review 172: 1253<61;(Aug._20, 1968) ..
309 Physical Review 172:  1253-61 ‘(Aug. 20, 1968)
315 Airkir for Fysik 37: 203-12 (1968) g
316 ‘Airkir for Fysik 37: 203-127(1968) "
319 ° Canadian Journal of Physics 46  2579-88

. (Dec. 1,-1968) ' FR—

334 Arkir for Fysik 37: T-]T.(1968)
343 Arkir for Fysik 34: 447-57-(1967).
45 Nuclear Physics A119: " 53-64 (1968) . .
347 Physical Review-167: .1105-16 (March 20, 1968) © -
348 Physical Review.167:.- 1105-16 .(March 20, 1968) .
350 Nuclear Physics A113: 33-56 (1968): . .
358 ' Physical Review 167: 1105-16 (March, 20, 1968)
379 “° The Handbook of Chelistry and- Phys1cs (1964 5),

E 74-5
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TABLE A-1. (Continued)

Nuclide . '
Number ‘ - Photon Data Source I T e
382 The Handbook of Chemistry and Physics (1964-5),: " ~
E 74-5
391 Nuclear Data Sheets - Section A (Feb. 1968)
-~ - . The-Handbook of- Chem1stry and Phys1cs (1964 5),
| E 74-5 —
.393 . . The Handbook of Chem1stry and Phys1cs (1964 5) —
E 74-5 | e
403 The Handbook of Chemistry and Phys1cs (1964-5);
: E 74-5
417 Nuclear Physics A123: 1-23 (1969)
420 Nuclear Physics 82: 614-24 (1966)
425 iPhysmcal Review 147: 845-52 (July 22, 1966)
437 Physical:Review 153: 1310-11 (Jan. 20, 1967)
438 "Physical Review 153: 1262-9 (Jan. 20, 1967)
Nuclear Physics A118: 78-96 (1968)
440 Nuclear Physics 84: 424-42 (1966)
45?2 Physical Review 175: 1275-82 (Nov. 20, 1968)
478 - The Handbdok of Chemistry and Physics (1964-5)
. E.78-5 |
Vo492 Nuclear Data Sheets - Section A (Feb. 9, 1968) V.“
493 Nuclear Data Sheets - Section A (Feb. 1968)
" 494  ‘Nuclear Data Sheets - Section A (Feb. 1968)
496 Nuclear Physics A84: 481-504 ‘
. 498 Nuclear Data Sheets - Section A (Feb. 1968)
499 Nuclear Data Sheets - Section A (Feb. 1968)
500 . Nuclear Data Sheets - Section A (Feb. 1968)
. TO6M . :
~Notes: 171 ( RH45) The info on the first 12;y-rays,came

from Tab]e 1 of The Table of Isotopes The last two

y-rays seem to have come from some source that cou]d -
~not be located.’ S '

6]). In The Table of Isotopes much’ d1sagree—
" ment over the probab111t1es attached to- the em1ss1on '

of certain Y- rays by th1s 1sotope Therefore, the
probabilities listed are very uncertain. '
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DOSE RATE FACTOR LIBRARY

The dose rate factor library: is .for. supp1y1ng dose rate factors, DRF
as described by Equation (5) of the text. . The factors are ca]cu]ated by
program BIVAR. ‘ '

Data for this library are shpplied.fh"sets with each set containing
DRF values for one release height, one wind speed andiUp to ten distances.
The first card of the library gives the number of sets contained in the
Tibrary (Format I5). The DRF sets follow with the.struétUre indicated below:

Card Column Format Var1ab]e/Use
1 1-10 F10.2  HD, height of re]ease for th1s DRF set.
11-15 I5 MD, number of meteoro]og1ca1 stab111ty cate-

‘gories. This variable was included for’
- future expansion only.. MD must-be 1.

16-20 I5 MRD, number of distances for which DRF values
are supplied, .maximum is 10.

21-25 15 IEN, number of energy groups for which DRF
values are submitted. This number must equal
the number of energy groups as supplied on
the first card of the photon probability
‘Tibrary. The current number is.12.

2 1-10 - 8F10.2 RD, downwind distances (meters) for which DRF
“10-20 values are given in this set. The number of

. " values submitted must correspond to MRD -above.

If MRD is greater than 8, two cards are needed.

3 1-10 8F10.2 DRF values for a given release time and dis-
tance. One DRF value 1s given for each energy
 group. Because the current-number of energy
groups is 12, 2 cards are needed for each
distance/release period combination.

The number of cards of Tybe 3 needed depends on values given'for MRD and
also IEN, whcnever ltN s greater than 8 (and’ less than ]6)

The dose rate factor ]1brary supp11ed with SUBDOSA is ca]]ed BIVLIB
and is listed in Append1x B. The dose rate factor sets 1nc]uded in BIVLIB
are listed 1n lab]e A- 2, 1n order " The dose rate factor sets may be called
by number for each release perlod as des1red when do1ng the gamma dose
calculations.
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TABLE A-2. Dose Rate Factor

sets in BIvLIB(?)

Set Release Wind Speed ‘
No. Height, m m/sec Dispersion Model
_ 1° 0 1 Pasquill F
> 2 0 1 Pasquill E

3 0 1 Pasquill D

4 0 1 Pasquill C

5 0 1 Pasquill B

6 0 1 Pasquill A

7 0 1 Sutton unstable

8 0 1 Sutton neutral

9 0 1 Hanford very stable, Oéa = 0.024

10 0 1 Hanford moderately stable, ggu = 0.024
1 0 5 Hanford moderately stable, oeﬁ = 0.024
12 0 10 Hanford moderately stable, oeﬁ = 0.024
13 0 1 Hanford moderately stable, o U = 0.04.
14A 0 5 Hanford moderately s$table, ggu = 0.04
15 0 10 Hanford moderately stable, o u = 0.04
16 0 10 Hanford moderately stable, gpu = 0.18
17 10 1. Hanford moderately stable, ogu = 0.024
18 10 1 Hanford moderately stable, ogu =-0.04
19 10 1 Hanford moderately stable, o,u = 0.06
20 60 1 Hanford moderately stable, ggu = 0.024
21 60 2 Hanford moderately stable, ggu = 0.024
22 60 10 Hanford moderately stable, o u = 0.024
23 60 1 Hanford moderately stable, oqu = 0.04
24 60 5 Hanford moderately stable, ogu = 0.04
25 60 10 Hanford moderately stable, o u = 0.04
(a) A11 of the above sets_contain data Xor meters): 100,

- 200, 500, 103, 2 x 103, 5 x 103, 104, 2
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APPENDIX B

PROGRAM LISTING

This appendix provides a 1isting of the computer program with informa-
tion useful to the experienced programmer who may wish to modify the program.

The subroutine and function- Eal]ing sequences for each of the three
parts (BELI, BIVAR, and SUBDOSA) are shown in Figures B-1 and B-2. BIVAR
and SUBDOSA both use subroutines cal]ed PASSIG These subrout1nes are not '
the same and should not be: 1nterchanged oL o

The purpose of - each program, subrout1ne .and funct1on is descr1bed

be-low RS :" e R R VR O T C E

BELI Program to control calculation of effective
beta energies at specified tissue depths
(D in statement 12 of BELI).

BLIBE Subroutine to read library (BISLIB) of
beta end point energies.
LIB Subroutine to read library (RNDBET) of nuclides

to be included. in output.

SIM3NI Function to perform Simpson 3/8 rule numerical
integration of energy of the shape of the
beta spectrum as defined by function FERMI.

FERMI - Function to ca]cu]ate'?é]at1€e abundance of
© . beta particles of a given beta energy for
the spectrum being considered. ~

GAMMA  Function for evaluation of the Gamma function.

DEPTH - Function to ca]culate the depth dose reduction
:  factor: for-a particular beta spectrum

- BIVAR Program to control calculation Gf dose . rate
factors. Imput data is read; subrout1ne PLUME
“is called to calculate dose rate-as-a function
“of distance (x direction); and 1ntegration
over distance is performed to g1ve tota] dose.
rate factors.

FINT - Function for integration according to Bode's
rule for integration of order 2 through 7.
A1l integrations in BIVAR and PLUME are
seventh order (8 points).
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SUBDOSA

- 274

pv—  BETADRF
( CHAINT
{BLIBE | -|DEPTH| [LIB| | SiMBNI A : .
' . | < DLIBE
FERim o o - GLIBE
GAMMA | . ' —
‘ S LIBK
BIVAR] ¢ . . { METIN [ PASSIG |
. S R REPT
| | PLUME | ]
B , SOURCE
UNITS.

FINT{ | PASSIG

FIGURE B-1. Calling Sequence for | , FIGURE B-2. Calling Sequence
BELI and BIVAR ' : " for SUBDOSA )



®
PLUME

PASSIG

SUBDOSA

-BETADRF

GLIBE
DLIBE
LIBK

CHAINT:

METIN
PASSIG,
-REPT. |
" SOURCE,

-.UNITS“

Subroutine to perform dose rate factor inte-
gration in lateral (y) and vertical (z)
directions.

Subroutine to determine standard deviation

of cloud concentration in lateral and verti-
cal directions (o, and o,) as a function of
distance for Pasquill dispersion categories.

Program to control and perform 1nd1v1dua1
beta and gamma dose calculations.

Subroutine to calculate beta dose rate
factors for each distance, meteorological
condition and release period specified.

Subroutine to read photon production data -
library from input file GAMLIB. ?' 

Subroutine to read dose rate factor data
library from input file DRFLIB.

Subroutine to read nuclide physical data . . =
from input file RNDLIB.

-Subroutine to perform fission product nuc11de

-decay calculation by decay chains. This sub:

routine is also used to determine the time .
integral of release when release is to include

% .decay during the release period (ITZ = 0 or:1).

. " Subroutine to read atmospheric stability cards
(Types 8-]0) and calculates stability parameter

Loy and o, ' ' HIRIRE

fi?Subrout1ne (Same as PASSIG above.) ?3}{
 Subrout1ne to prepare output reports and
ipunched card output. \ L

Subroutine to read. nuclide inventory cards

" (card Types 4-6. )

Subroutine to determine units of re]ease t1mes SR

rfor output reports

The programs, subrout1nes, and funct1ons are ]1sted 1n F1gures B 3

: through B- 9 The order-of the listings is the same-'as - the order given: 1n.F1g-

ures B-1 and B.2.

BISLIB
RNDBET

. GISLIB
" BIVLIB

Data ]1brarJes follow the program listings in the order:

(Beta spectrum data for BELI)

(Radionuclide and beta energy data 11brary for BELI and
SUBDOSA)

(Photon data ]1brary for SUBDOSA)
(Gamma dose rate factor library for SUBDOSA)
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PROGRAM BELI

A FIGURE B-3. Program BELI Listing
T3/73  0PTxy FTN 4,44R401 27/07/75

PROGRAM BELI (PUNCH, OUTPUT.BET&IE RNDLIB, “APE6SQUYPUT, TAPESSBET.
118, TAPE2S=RNDLIA) :
DYMENSION AVE(120),EM(L00), FF(!OU)

DIMENS[ON TARY(S)

DIVENSINN A(2)

DIMENSTON RFAC(U,100),RBF(4)

LOGICaAL ReL.

INTEGER RFC.RECS ’ N

C3vMON/3ETAZISOS, DCu),ML(500),REC(600),RETENS(2,2000),I8ESUB(60
107,LFIS,LACT, N1, N2, MLBZ600),RECRI600),IFOR(200),LAB(600),RAT(600)
CIHv0N aTH, ATa,IFOQBO,EHA:,ALPHA PI,GAP,ALVIH RAD, X1

EATERNAL FERM]

Data DIO..7..£0.-100./

CRRT(x)SXam(1,/3,)

Tedv(t)=n

Tary(2)=20 i

CaLl SYSTEMC(11S,[8RY)

CaLL LIB

CaLL RLIBE

CalLPHAS1 /137,

Pr1z3,14159

Max]T=20

EQ=, 001

NELs, TRUE,

a¢y113,001

t LONY¥ on FISSION PRODUCTS

2v3

403

503

303

1100

DN 9 1s0=1,LF1§ .
IC=§HIFT(PEC(ISN),18) ,aND, 119
IF(IC,EQ,478) GO 10 103

1F(1C,£49,558) GO T0 203

Gh TO ¢

QEr(ISU)'REC(ISO) AND..NO‘.17nooOOnoononnooB
REC(ISNI=REC(IS0), 0K, 34e00000000000008 .

GO TQ 303 B :
IC=SHIFT(REC(ISN), 12),40D,778

IF('C.EQ a78) GO YC 403 ’
1F¢3C,Eu,55H) GO TG S0% ’
q:ccrso) RECCTISN), nwo..~o~.77oocooooooonoooa
RECCISOY=RECCISN),OR, 8§5000000000000008

GO 10 303 . ) . v
RECIT8§D)=RECIISO), aND, JNOT,27770600000000000008

REC(1§0)= ner(1<0) o, 5:34000000000000006 :

GO 10303

GECLISOY=RECCISO), auo..uor.'777nooooooooooaoos
KECEISN)=RECIISDY,0R,5535320000000000003

CONTINUE

TFEUL(TSD) B, ML3(TS0) 4 aND,REC(TSD),EG,RECH(1S0)) GO TO 3

PRINT 5900, MLCISD)Y, QLEII%Ulo*LF(IGO) ReCBLISO)

FORMAT(" SEQUENCE ENRED «THERM JSU "I3,ald," HETLIB [SO “IB.AS)
AEWTNZ 1~tsuatxso‘xn «IEESJ3([50)

EFF= 0,

50 104 121,4

BF(1)=z0,

+

17,29,02,

PAGE
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» N 7 .
PROGRAM BELT 73,73 7 peray, .. FIN 4,usR401 07/07/75 17,29,02, PAGE
: 100 CONTINUE, © ,0f =7 T e
55 I=(~Pnr~ LE«O) 6O TO &

.5 15-1.~9HYN
Inr 1~r5ua(150)-s
IFOD%D IFUQtISOJ .
S ENAXZRETENS 12, TRT41B) ©
60 1F'tE AX LE .l ,E=20) 6O TO S
: E= ErAx :
Em(IH)=  EMAX
F= d&f#vﬁ(),:atoxa)
_— -FF(Ia) 13
6S at2) ﬁfax
2RLUAT,(LAR(I50)) o
LT OMLLCISHY ) t - T
GA“-:IQ1(1,-(ALPHA*ATN)tt2)
N AL YAMZ ALPHA&ATN
70 ' RAD-.RAALPHAtCBRT(AYN)
X122,+G8M¢1
IF(IFOQBD LEWQ) RAT(ISO) 1.0
(THT leSVI(FERNI A ER,REL ,MAXTT,1,1ER)

BV IS [;r[:*]qq 204
143 204 EDENCMaSININI(FERMILA, ER, REL.MAxIT.a 1€RY
s IF(Irx) 94,305, .
= 309 EAvt FNUH/EDEVOMtHAT(ISO)
AVE(IH) EAVE
o & D(JU’I’“ o
- 80 ﬂ:Ac(Y.IH)’DEPJﬁ(trD(I)r lFOR(ISOL:ISOJ ;;‘

L. RELDY. SHF(D) +F-EnvE«aFAc(1 18)
- ’ T4 CONTTIVUE LT
 EFF=z ELVERF4EFF
. i S CoMTINUE .
8s - PRINT. 1500 HL(ISU) REC(ISOJ RAY(ISO)n(EH(I) AVE(I) FF(I) ‘I'=1,NPHTN)
1)
1soo FnPMATf"fISOIUDE "I},A}," ENERGY RATIO ="FS,2/(" "3(2F8,.4,F8, S,6X)
1)) ' L .
< . 8F (1)zEFF,
90 Gn Y2 A L.
.6 007 EEL e, L.
dF(nyso, . 0
7 Cf’NYINlIE o
o c PRINT/PUNCH R»SdLrs FOR. CURRENT FIGSION PRODUCY
95 PRINT 12004 TMU(IS0),REC(ISN), (HF (ID),1D=1,0)
.. PUNCH - 1300, MLC1S0),REC(ISO), (BF(ID),10=1,0)
1200 FORMAT(1X,13,243, 4F10, 8).
1300 FODHAY(IS 43,uF10,6)
; cmuvlvus
100 c Pn;ur aLA~< ACTIVATION PRQDUcr L]BQARV
D0 17,°1502N1, NS
Do 10 In=1,4
8F (1D0)E0,
10 -CONTINUE
105 .. - res GﬂlPT(REC(1$0).lv) aND, 778
) s " 1F(I1C,EQ, LUTR) N TO 11t



9-9

110

115

120

T125

130

138

140

150

158§

PROGRAM BELY

211

13

2

73/73  0PTey FIN 4,0eR0D1

IF(1C.ER,558) GO T 21°

Go 10 1

REC(!SOJ-REC(ISO).lNDa.NOT T70000C0)00000008
PEC(ISOJSPEC(ISO) OR, 34000000000001008

GO 10 3,]

1cs S“IFYtREC(1501.12) END, TTR

IF(IC,EG,a7H) GO T a4

ifFerc, E W5%8) Gy 1D 511 : )
“EC(ISO)=REC(ISU). ND, (NOT(77000000000000008
RPECCISOYSRECCISN) DR, 15000000000003008

G6n T3 311
RECGISG)=REC(LISN) (uND, JNOT,T7772000000000000008
REC(ISOISREC(ISNY DR, 56§54000000000000008

GNn 1O 311

QEC(TS0)=REC(ISE) ENT, NOT,TTT7T700000000000000R
REC(ISUIZRECIISO) ,LR.G535000700000000008
CnuTINUE

DN 11 1AS=Nt, 1808

IF(MLCISD) E MLB(LIBSY AND,REC(ISO) EQ, RECH(138)) GO 70 12
CONTINUF
PIINT 1400, ML(ISOM REC(1S0)

FORVAT(PNNG MATCH FOR "[3,43)
PRTI«T 1200, ML(ISVOX,REC(IS0), (BF(1D),1D31,4)

PUNCH 1300, MLCISOY,REC(ISO) . (AF(ID),1021,4)

G0 10 11

NRBS=IBS

NPHTNS XHLSUB(NHS*II-IBESUB(NHS)
DC 13 I=1,4

BF(1)s0,

CONTINUE

TF(NPHTN,LELO) G0 TD s

EFF=0,

PO 1S 1B21,NPHTN
IRT=I3ESURINGSS) =]
[EFORADSTIFNR(NBS) -
EMsYIAETENS(2,IRTeT8) o,

TR (EMaX LEL L, F-?O) 60 0 1§

EcEMax
Em(19)sE™AX
F:nEYtNS(lrleTOIB)

“FF(1R)=F
A(2)2EMAX

ATNSFLOAY(LAB(NKS))

AYWsFLOBT (ML (MESY)

GAM-SQPT(1.-(ALPﬂAtlTNlt'2)
LLYAM AL YHACATN
RANZE ,5#ALPHARCART(ATW]

'i!:QQ-GAMO'.“
RAT(NAS)E]L O

ENUMSSTHANT (FERMT,ARER,REL,MAN]IT,,1ER)
IF(LIER) 9M,214

COEMOMISTINI(FERML W0, ER,REL,MA1T, Z.IER)
Ie(IER) 98,814

07/07/7%

17,29,02,
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160

165

170

175

PROGRaM BELI

4.

14

]

17
1

1009

39
98
S00

LA

737713 oPT=t FIN 4,0eRu0! . 07/7/07/15
Lt B s S 7135..;;5?;_3. e e T ’

EAVEIENUM/EDINGMaRAT (NAS)

AVE (IR)=EAVE

Dw 44 1= 2,48 v, AN T

BFAC (.1, 18)3OLPYH(E D(I’OIFOR(NBS)rIHO)

8F (13 BF(I)OFtSFAC(I IB)#EAVE

CONV[NUE

Lo BF (1) sr(l)or}EAve
15

Cn*!IHUF
PRINT 1500, ML(ISO) REC(ISO) RAT(ISO .(EM(I) AVE(I) FF(I), I8l ,NPHTN)
1) -
60 TO s
CoNTINUE
9»!\« 1000, Iso,!c REC(ISO) MLCISO)
onnan(" CHAR Iotnr ERROR, 1S0 CHAR,REC,ML, 8"4(020,1X))
STO8:
Prrvf soo, TN, Arw'
anvar(" tﬂkOk IN SIM3INI. FOR aTOMIC NUMBER® £§,0," AND ATOMIC WEIGHT
1HT. "FS 0)
- STRP ! - e
ErD. oo i !i C ’

e
T :
¥ . .
LA G s R e
I :
LN E e
- SR} vey
- " .
“ Py
v-r, - -
. - f
&y ' ' I
. - J
- ’ s
: A T
" F28 S o
¢
e ‘ -
. . - - . ®
. . at
1 w oLt - P [ -t * =
: 5 . - H N
\ - . . : & R ¥
* . e
v M 5
. “ B PO <.
i

17,29,02, PAGE
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.

10

1s

20

25

3o

noos

35

a0

4s

S0

SUBROUTINE B_18B

&po
9y
4ne

300
20

511
Sq2
500

30

:  13/7%  opT=y © FIN 4,ueR401 . 07/07/75  17,29,02, PAGE

SUBROUTINE BLIBE _
SUSRQUTINE TO READ THE RETA END POIJT LIBRARY
: 007

"IMTEGER RECE,&NA ' '

CO¥MON/RETA/ISOS, Cea),ML(500),REC(609),HETENS(2,2000), IBESUB(60
10),LFIS,LACT, N1, N2,MLE(H00),RECB(602),I70R(00N),LAB(600),RAT(600)

GO TO 300

D0 w0y JJJsi,NCHMT

READ (S,U4C2) NCMMT?

FIORMAT (41) . .

63 T0 2% . ’ . 12712769

REAf, (5,20) NPHCD, ISOS,NIMMT :

Fravay (213,64x,I2}

IFCTSOS LLE, 0) ISaS = N2HCD

TF(HCuMT GF, 0) GO TC u)d0O -
CONTINVE : - . 12/712/69 : .
SET UP INDEYES FOR READIWG IN LIBE, ‘ ' :

1RESUB(1) 3 1

NewTN 3 |

DO LOOP 10 READ. LIBE,

20 100 1=21,:50S"

JEND = NPHTH ¢ S

30 T4 S00

D0 502 JJJSL,NCHMT

READ (9,402) NCMMTY

TFE1995% LT, NPHTINY GO TO 60

RE2D (S, 301 MASS,LATND, £NA,NPC,((BETENS(J K), J=1.2) KENPHTN,1END),
1 NCHMT, TFRD

’WD\M‘I’(I},I? A} I?' 265.2.12'3‘11‘)

“IFOR(L)=IFEOD

! FE(NCHMMT 6T, 0) GO TG SO1 . . .. o .. s

3%

wo~

109
60
7C

INFHTN B NPHTN 4 7nPC - g G T TR
“1HESUR(T+1) = NEHTN ) - :

TJEHPE JLE, 6).60 TO 3. - - o e e

¥ 2001 LT, ”PﬂTN) ] 70 60 R e '

CTHEGIN SNPATN ¢ 6 NPC

TTEND £ MPHIN e}

RELD (S,3%) {(BETENS(J,X), le,al.K=IBEGIN 1END) \ )

FOAMAT (J4BS,2)Y . - . - - . . S S SO PR
"CONTINUE : : ted R
“LB(I)‘ MASS .
.LAG(I)"LATN)

Rfcafl)z ANA | :

CANTINUE 0 Lo ' .

END LOOP T0: Hsnn REIA EN) POIMT LIHE;

RETURN .

PURCIE BESR T

WRITE (b,70) {9

FNRMAT (3UMOBETA END “Y. L: Bg. EXCEECLS Ll*XY.IS {4H ISUTOPES USED)

. EMD
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b

~t

FUNCTION DJEPTH 13/73 OPTat . FTN 4,ueRU0} 07,07/75 17,29,02, PAGE

1 FUNCTION  DEPTHCEMAX,DD,IFORBN,ISO"
C THIS SUBROUTINE CALCULATES D0/D0 FOR BLTA ENERGY EMAX AT A DEPTM OF
€ D MGsCM2, IFOBIDO GT 0 FOR FORBIODEN SPECTRA,
INTEGER RECH
S REAL NU
COMMON/BETA/1S80S, X(4),ML(600),REL(H00),BETENS(2,2000),IBESUB(60
10),LFIS,LACT,N1,N2,MLB(600),RECB(601),IFCR(600),LaB(600),RAT(600)
DaTa RAT(SS)IZY,/
DaTA ROT(71)/%,/
10 ’ Dars nAf(ze)/l./
DatTh RAT(8G)/1,/
DATA KAT(Q&)/1,/
DsTae RAT(R2)/1,17/
DaTa RAT(RUY/1 02/
1S DavTs “AT(Q1)/t,04/
: DaTA RAT(&1)/1,03/
" RATIO=!,0
XF(IFURED GT,0) RATIO:R&Y(ISO)
[F(RATIOLELO,1) RATIOsl 0
20 RAT(ISO)= QATIO
. TF(EMBX,LT,,17) GO TO &
IF(E™ax,LY,,SY 60 T0 3
TFCEMAX, LT,1,5) 6O YO 2
: IF(EMaX,GEL.3,) GU TO 5
2% : 1 C=3,0
AFms, 333
GU 10 &
- :fAuu:,;O?

30 6o TG 6,

4 VRINTI 100, EMAX,MLA(IS0),RECB(ISO)

35 100 FOIMAT(Y. BETA ENERGY =2 "Fg8,5," FOR ISOTOP "13,A3)
. . le(t“AX.GT..x) GO 10 3
L OebTHzO, . e . I
QFTUQ\ -:.{ e ', ; B P S T S
S _ S -PYINT: 200, EMAXS, HLB(ISO) RECB(ISO)
40 270 ‘ﬂRMAT(" RETA ENERGY"FS {, " GREATER TH4N 3, FOQR 1SOTOP "XB.AS)
: . . "Gc TO RS

6 NUE 18 ba(a,-QAIIO)/(EMAX- 036)-a1 37
DNU NUiDO- OJl,
. A=nNU/C
as D= ExP(1, -0NU1
FF(A, GE.!;) 53 T0 7
BsEXP (], =A)
"CC=2,+4L06GC1,78) °
. SPAC 3e=B= AaCC
S0 Go 10 8
o R BRACS Q0. . .
& T nw 8 DEPTNAPHa(C*+CeRRACHD) : s ‘ Comn R R
) . . RETURN ) '
END

-~



oL-¢

SUBROUTINE LIB " T73/73  OPTap -~

1o

15

&

SUSROUTINE L18

¢ THIS SURROUTINE READS & MASTER LIST OF VUCLIDE NAMES

INTFGER REC
REAL LA&MADA -

cpwubqfaErN/rSOS, D¢d),MLC600),RECI600),BETENS(2,2000), IBESUB(60
109, LFIS,LACT,N1,N2,ML3(590),RECB(600),IFOR(600),LaB(600),RAT(600) .

€ RED FISSION PRODUCT NAMES
~ READ (2%,1) NCD -
Y FORMAT(IY)

REAN(29,2) (”L(J) QEC(J)-J=1 NCO)

2 Foavar(i3,2x,a3)

€ RE4D 8CTIVATION PROOUCTS AND TR‘NSUEANI. NAMES

READ(25,1) N2
NEsNCDeY L. T
CN2sM2eNCD , . YT
NFPz=NCD. S
LFIS=nFP

HEAN(29,2) (MLCJ),REC(ID, JENE,N2)

TREWIND 28
REIUQN :
€MD

FIN U,4eRU0}

17,29,02, PAGE
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15

20

25

30

35
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S0

FUNCTION SIMINI 73773 0PT=1 . FIN d4,8eRU0Y 07707775

FUNCTION SIMINI(FX,A,E,REL,MAXIT,FK ,IER)
c""-'..".-""""--'.'."."'--."."'""‘--.."""f"""".'""s1MSNI
c NUMERICAL INTEGWRATIQON USING SIMPSUN-S 3/8 RULE, SIM3N]
C.-v’-..-.---m.---p..-..o..-.-.-......--.---.----..-.--.-..----.---'-.--sIM}NI

INTEGER FX

DIMENSION A(2) o SIM3INT

LNGICAL RE: . SIMINT

PREv=0, STM3INT -

c.,...---..--.......-....-.-._..........--.. LA XL X LA XL YL LR X L L4 AR L X042l
¢ INITIALIZE M, X, N, M, § ' SIMINT
c....-...--'..-...-.-.'-..'....-'....--... L L LR A XXX YRR NN A L LA L LRER 24
MS(A(2)=A()))/3, . SIMINT
Xza(l) . SIM3INT
Nz0 STM3IN{
Mz 1y : SIMIN]
1§20, ' SIM3INT
c..-..--...---.---v-.-.....--...--.--..,----.---.----...-.--..-D...‘-..-.-
c LOQP TO COUNT MAXIMUM NUMRER OF EVALUATIONS SIM3INI
00 3 J=1,MAX]T STM3NT
c.-.---..'.--'----..-.-...-c--.--.----.----.-.---.--..---.--.-----------.
¢ LNOP TO CONUNT THE NUUMBER OF FUNCTION EVALUATIONS ) SIMINT
[ R L L L L Y R R R T e e T P Y P Y T T Y
DO 1 13N, M ' SIM3ING
R=3, - SIM3NT
c---.....--...---...-.-.....-.-.G-.....-.‘....'...-.-.-..--.‘.-.--...----
¢ DETENMINE THE COEFFICIENT R SIM3IN]
[ R R e e R L L L L L T L L T e e o R T T Y T P
IF(MOD(T,3),EL,22N) RaNsy, " SIM3INI
c------.-..-------o--.---i--.---.-.0.-.:-.5:-.----q-.--..-.--o-.-----.--
c SuUM THE FUNCTION EVALUATIONS - STM3NI
c..-..-.-...-.-.-.....--.......-.--...'.-. LA A X L L AN Y FE R Y XX KR KN & X X X J
S=S+F Y (x,FX YR S[f“}.N'I
t-....-..........---...-...-.-.-....'..-...-..-.-....-......---..-9.-.--
C  INCREMENT X 77 . . , : T L 31M3N1

c-----.-..--.-'..-.-'..-.c.--..-.'.-.---... -..-o-.-.-......---.--.c-.----

1 XzxaW e . ) - : S SIMINT
E"f";:?:I;':E:'GZCGE'B;'I:?EELZ?I5§""'"""°""'7""""""""'sxns~x
°""';;;;LI'Z:EI';?;;I:IZZ?"'ff""'f""'"""""'”""""""""sxnsN:
N

Cv----.-----w-----u.---.-.------..-.....-.c.-...-...-....--.--.-.------.

IFINLER,D) GO T0.2 * T SIM3INI

C-.---c-...-------o.-----.----..-..--.-..--..---------.-..-.--..--.-n-.--
(W NOT FIRST LOUP, HALVE W AND DOUBLE M SIMINT
c'-;oo--.o.rnoq-..b-.q-.-.-.--....-n...-..-.-..--------.-.-..'.-......--;
“zHe G SIMINT
Mz eM ) ' sxnswx
c...-.--..-.-.---.--.-----..-....-..--.--.--..-.-.---...---...---..-.---‘
(o CHECK FOR ERROR CONTROL " SIM3INI

c.-.-----c-d------.-‘-.-.--.-----e.-.-------..------.--o.o---.-.-.-.-poa

17,29,02,

PAGE



-ay

.2t-q

5SS

60

65

70

FUNCTION ST43nD. . 73773 OPTs: . . . .

FIN 4 4sRUOL ..  0QT/07/75

RESIMINTPREV. & . . o« e e e ‘ . SIM3NI
TF(REL) R=R/SIMINL . o SIMINI
c......-.-o.'..-.----Q..--‘-...-.....-.‘-..-.-B...-......'.-.....'-.....
c ERQOR WITHIV ERAOR LIMIT, FINIEH SIMANI
c....-.-....--..- ...-...-.-.-..-.-.--_....-....-'--.-....-‘.....-..”...---..
1F (8RS (R LTLE) ;GO T0 4« - : SIMAN]
c-.-.-.-..-....-.I’..----I.-.--.---.‘..--.--.‘---....-..----...-...--...
c SET NEW. VALUE :OF INTEGRATION SIM3IN]
c.-.-.‘.--.---..-.O..-..-.-.---.--.--'.---..-.--.-.---..'---.-----.....-
2 PREVESIMINT . . -~ : o SIM3INT
Nzl - . e e : v . SIMBNT
c.-.---.-.Q..--...-.--...-..--.-.O.--.-...‘...-..---..-.-...-.-.....‘-..-. ! ot
C .. Qaraln MEW LOVER LIMIT SOR FUNCTION. EVALUATION . SIM3N]
c---.-......--.---....--."--.-.-..--....--..-‘---.‘..-.-...-.--...-'-..- .
3 XzA(1)+,SeH . . . PR e L SN ve e s SIM3N]
1eQst . .- . .
.= -4 RETYRN : - R . . . -
QNO . e .

< ¢ . R
v - > N =
‘ R a .
N < . » . =
T
x " - - - - -
¥ - IR s
- .
w ~ ~ - ~ - - B3 <

.

f

. - ;

: .

i -~ - w - - - e s
- .
- - - e
" .
é
- - - D
. .
< - - -

17,29,02,
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FUNCTION FERMT 73713 0PT=a} : : FTIN 4,4¢RU0!

1 FUNCTION FERMICENERGY, 1)
COMPLEX R,25,2
REAL LAN,LAW
COM™IN LAN,LAw, IFORBD,EQ ,ALPHA,PI,GAM,ALYAM, RAD,X!
5 CSINH(Z)=,5«( EXP(Z)=CEXP(=2))
ASFHERGY/Z ,5107¢4,
P:SQQT(NQQZ-l.)
YAMzALYAMawW/P
. © lee=0
10 CaLl GaMMa(x1,Yi,1ER)
- IGO=IER«Y
GO 10 (10,25%,27),140
10 Zisylae?
.- . 23TCMPLY(YAM, (1 ,=GamM))
18, HePIxZ4/CSINH(PI®Z3)
22zCanud (R)

FF=> w(1 ,+GAM) (2 #aP*RAD)aa(2,¢(GAMe], ))'ExP(PItVAM)QZP/Zl

IF(leH“D €E3,n) GO 70 S
i : f:DOOZ‘(EO-ENtRGY)iiZ
20 ’ : 0 TJ 6
K $ C= e,
. [ F&QMISCtFFﬂPiNt(EO ENERGY)tae
TRl £, 1) FERMTS ktathengksv
o ’ RE TR
2s - - 25 PAINT dan
‘27 PRINT 400 . o
499 FORMAT(Y ERdCR IN GA\MA“)
© Stop
E\”,)!; i

e

£l-9

o

07,07/75

<

17,29,02,

PAGE
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25

SUBROUTINE GaMma 73773 . 0PTsi i . FIN d,0eRu01Y

SUBROUTINE GAMMA(X,GAMMAX,JER)

CALCULATION OF THE GAMMA FUNCTION 0OF X

OIMENSINON 8(8)
DATA (A(l),134,8)/-, 57719‘052.,9882(5891,- B97056937,,918206857,
le, 756700078..08219939u. .193527818,,035808343/
IF(ARQ(!) LT.33,) GO TO
ThE “AGNIYU)E OF X Is GREATFF THAN 33
1ERsY
RE TURN o
InlviaLlze FACTCOR (FACTORIAL Xx) AND XFACT (x=1)
1 FacraRsy, T
XFACTEXal,
IF(xFACT LT,0,) GU TO 3
POSITIVE X
@ IF(xFaCT, LT, l )y 6 TO §
‘FACTOHaFlCTORanACf
XFaCTaXFACT1,
60 10 2

" NEGATIVE X

3 - XFACTEXFACTel,
vacrnq=FACtORthAc1

St VECXFACTY 3,7,48 -
¢ Facransy, IFACTOR

CILCULATXDN OF GAMMA FUNCTIO& OF XFACTe¢},
S. GAmMAXERD,
D06 IXIIDQ

- 129«11 -

® GAHHAXI(GAHHllot(l))'IFACT
’ GAnunxs(a,.sAnnAl).FAttoa
RETYURN - .
7 ‘l1€Rs2
RETYRN
Enp: -

X

07/07/1S

17.2930?.

PAGE
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FIGURE B-4. Program BIVAR Llst1ng
oy ~ FIN @,ueR401 07,07/75 18,50,014, PAGE

BRI

PROGRAM BIVAR.. - 73/13 0PT=1

1 PnoGRAM BIVAR(INPUT.QUTPUT.PUVCH TApES:INPUT TADEb OUTPUT)
- DIMENSION R(10),URAM(B),AM(H)3BME6) 2ZM(6),DHM(6),SM(6,8), KSQM(6)
DIMENMGIOM:CYM(6),CZM(6),ENM(6),0UMMY(7),ITY(6),MNAME(3,6))DRF(16)
DIMENSION STSl(b).STSY(b) PRSI
S DIMEMSION "TARY(S) . .

SRR S —————— | 2 Y RS- 1 €10 T 1 0D O Y €T ] T NN . U . P

INTEGER -TYP:3
INTEGER TVP-'GROUPS
. ’ CGMMON, DRDXA(ST7,16) NXINT,X(57),GROUPS,UBAR,TYPE,A,B,C,0H,51GTUB
10 CoMnON KSUD,CY,CZ,EN, TYPES,H HANDIb YP,s8Y(S7), SZ(57) INEXT
100 FOQMAT(3I5,2E10;3)
C i e e 200 FORMAT(BELO(3): oo oo o o - - . - e e e e . .
' 300 FORMAT(T10,TEL10,3)
. . o0 FORIMAT(" b RROUK IN SYABILITY SPECIFICATIQON, I1Em ="[3,/"0STABILITY
18 ' ’ IS N : 8. c D K$02D SIGTUB Cy

2; CZ NI')
larv(1)=C ,
i icmem L TARY(2)30 : e e . . . e -
37 CCALL SYSTEMC(115,1aRY) :
20 " 500 FORMAT("0"J5,3x,1P9E10,2)
600 FORMAT(" ERRON.IN NINDSPEEO/DISTANCE/STAGILITV SPECIFICATION, lER
12913y - o i

700 FOR“AT("O"TS," wINn SPEEDS ", ﬂFlO 3) :
i e .. 800 FOR™AT(wOnE3Z,n DISTANCES . v,10F10,0) .. .. e -

s 900 FORMAT("ONT3," .gTARILITIES ", 6(3a6,1X))

GL-8

1900 FNAMAT(1248) _
1100 #0URMAT(23H1IDOSE RATE FACTORS FDR ,3A40,5H DATE,A10)
1200 FOR4AT(17HC WIND SPEED =,F7.,1s11H METERS/SEC)
1300 FORMAT(3HOMS,FQ,0,UH YP-,FB 0,1P12E9.2)

B0 e L UOO FORMAT(BFIC,4) e . - e et e et e e e e e o enm i« v e o R

1500 FORMAT(F10, 2 41s) - :

1600 FORMAT("QEND OF CaASE"/®1Y)

1700 FLAMAT(SH DRDX,1P10E10,3/(5%X,10E10,3))
1800 FORMAT(SY X - ,10F10,0/(SX,10F10,0))

3§ 19gC FORMAT(20m IE, .NXINT, DRF(IE) ,213,1PE10,3)

e €000 FORMAT(Y™ END OF FILE « STOP"Y . | . e i e e e B,
2100 FuoMAT(wOoRELEASE HELGHY =F7,1,¢ METERS") : ’
CALL DATE(DD)
: . GrROUPSS12
40 . 1 READ(S,1000 NUBSR,MET, NR HiYPF -
TIFCEOF(S)Y 29,1018 . :
- 10t CUNTINUE U N PUPUU

C VYPF .z FacTNR FOR nFF cENTERLINE PU%ITIOP. YPIX4YPF

C 'NUBAW & NUMBER UF »IND SPEEDS

C MR = -~nUMBER OF RADIAL DISTANCES ’

cC ™ = wEIGHE OF RELEASE, METERS, CONVERT TO CM FOR PLUME
REBD.(5,200)(R(1),I=1,NR) ’

LREBD(5,200) .(uBA&AM(T),I=1,MUBAR) . : . e e e e e e o
g c MET -= NUMRER QOF -ATMOSPHERIC SrABILITV ‘CLASSES -

50 1ER=0

) IF (MR, LE, O, QR NR.GT.10) TERaTER+!

IF(hUnA“ LE 0 0R, MUBAR,GT,®) TERTIEReL
1F(TER,GT,0) GO TO 8



PRUOGRAM BIVAR..~ "73/73¢ QGPT3:: e . - FIN 4,64R401- 07/,07/75 18,50,01, PAGE

: OD 2 181 NuBAa
.S - 2 IF(UBAM(IY, LT, 1, E-:01 1ea=1£n¢:

Do 3 12 ,nW :

3 IF(OC(T),LT,1,E=30) IFFEIER+ s
IF (MET,GT.6.,0R.MET LLE, 0) 1z R:IEiti I .
s TR SSPRPSTR, § T - 28 Gr,,q) -TERRIER+T - - - e e i e
60 . ;IF(IER 6T, 0) GO TO 8
. “HHEgH
: A=2100, %9 .
C READ aATMOSPHERIC STARILITY DaATA,
RE 4D. 1000 ((HNA%t(I.J) I:i 3),Ja1,MET)

B L TRy 'Y SN ————— 1 Y1 - et e e - e o et e e e e ¢ st o i s 23 ae 4 e s ea s

On s xmzt MET .
REAO(S.;OO) 17v(1r).0unnv
1TYPSITY(IM)
N TRCTTYP LT, 1) IE":;ENOt
70 : ' TFITYP,GT,9) TEMzIEM4y o
e e , TF(1EM,GT,0) GO.TO.-6 L - ' — e
o IF(LTYP,GT,3) GO TO &
- IECITYP,EQ,2) 60 TC S e
IFLITYP,ER, 1Y GO TC d
1S . IFCITYP,EN,3) Gp TC 108 ..o
T IEM=TEMe) : '
© e e 30 TOQ 6 o - — it e e o o pe ot e e o e
! ‘“(IM)=DUNMY(1) , . .
' : 5M(IM)FDUMMY(Z) o - -
® 80 ) ’ sh{IM)SHUUMAY (3) o
= : - . ... DHM(IM)BDUMMY(4) '
: IFe1TYP,ER,1) READ >oo. tsM(IH 1) xtl.NLBAR) . . .
e e m et s £ e e e e e xson(xn)gounﬂV(s)“_ e oot T e e s s et in e et s e i e ee eeeee -
. : 60 10 & : '
as S CyM(IM)SDUMMY (1)
C2M(Im)BDUMMY (2)
ENM{IM)ROUMMY (3)
. GO T0 6 - . .
e e i 108 STSYLIMIBOUMMY (1) _ , e e e
90 . srsz(xM)sounwvta) =0 S : .
' . -® CONTINUE. : C L.

’ ~ 1F(1EM,EG,0) GO TO 3
v . PRINT 400, IEM oL - - .
: ' Co 7 IMs1,MET ' '
9s ERINT. Soo. xTYtxHJL_At14844BM(xn1¢£u£1ni4nnu11n3435nnLIN).SM(IM.11 e e
10 CYM(IM),CIM(TIM) ,ERM(TM) .
7 CONTINUVE
StoP :
. . 3 IF(1ER.GT, 0) PRINT eoo IEM
100 : PRINT 700, NUBAR, (UEAM(CI),ln},8) - : '
. ——— PRINT 800, NR,(R(I). 181,100 . .. ... . N e e -
. : PRINT 900, MFT ((numn&(x Jlstzi, 3).Jll HET) - .
PRINT 2160, M
o LFCIER,GT,0) STOP
. 108 . € LOOP ON ATMOSPHERIC STABILITIES
- o : . PLUNCH 15003 HH, "ET,NUEAR;NR GwouPs

-~ -

,~ v S S R . ST




(-4

130

140

PROGRAM BIVAR - r;/7{

00 15 IM=zy,MET

TYPESITY(IM)

TYPE3=TYPE«3 o )
J(MNAME(I,IM),T31,3},00

PRINT 1100,

P ORTsL:

MR

AzaM(IM)xt EU

ce REAMIIM) &Y JEU e

CaCHM(IM)#] EL
OHsDHM(IM)*100,
"kSIDIKSAM(IM)
Cv=Cym(IM)sti00,

. C2zCM(IMYIt00,

ENZENN(]IM)

I£ (TYPE GE, $) 6o TO 1
GU TN (9, 10).IVPE

9 TYPE=?
GO T 1t
10 T¥RE=y

LJ0P On wlnd SPEEDS. e

11 0n 14 Iy=t, N}HARJ
SIGTURESM(IM,JU)*100,
URAR=IIBAM(IU)*100,

PRINT. 1200,

UgaM (1Y)

LOOP ON DISTANCES

DU 13 IRZ1,HE oo o s e

“4aNDIS=R(IR)*100,
YPaMANDIS*YPF

ER9z 2,

SY(1)2STSY(IN)
S2(1)=STST(IN)

- CapLy PLUME
LOOp ON ENERGY

5K0uPS

Do 12 I=1,6RIUPS Coe

DeF(lIy=o0,

.12 CoMTINUE

00 212 N=i1, N‘INT

14s

150

155

J= 7t(ﬂ'1)#1
KzJe7

FIN 4,u4R401

DIFFX=(X(K)=X(J))/T,

Do 112 IE=\,

GRAUPS

Dk‘(IF)-DHF(IE)‘DIFFXtFINT(DQDX(J IEY,B)

112 CUNTIMUE

— 212 CONTINUE

YP=yP/100,

PPINT 1300,

PIUNCH 1400,
END nF LnOP ON
13 COnTINUE

. END NF LOOP ON

14 COAONTINUE

END GF LOOP ON

1S CONYINUE
PRINT 1600
"G TO o

R{IR),YP, (DRF(1),1=1,GROUPS)

cDRFtI).I 1, GnOuPS)
DISTANCE

WIND . SPEED. .o e

ATMOSPHERIC STARILITIES

07/07/75 18,50,01,

PAGE



SUBROUTINE PLUME 73773 0PT=y . - FTIN 4, 4eR401 07/07/75 318,50,014, PAGE
1 SUBPOUTINE PLUME
: C SURRQUTINE PLUME READS HET‘OROLOGICAL oAaAwE1ERs AND CALCULATES
c oog: QTE PER CURIE PER t™ OF DOwkuINO CLOyD FOR £aCH ENERGY GROUP,
s ¢ ERSY IS Eﬂqov RETURN "FOR INCONRECT. VALU‘ OF vARTABLE TYPE
e e e . C- ERW2. 1S ERuoa RETURN .FOR” suoaT EXPOSUPE TIME.OR DISTANCE TOO LONG, — - s i e
c
DIMENSTION T(S7), ZLIM(22|.YLIM(?E).EOJERQ(57)
DIMENSION 2SUM(1e),ZLIS” (5 16). YLIST(Balb)oYSUﬂtib) 07716770
10 © DIMENSION' DEP(57) .
. DIMENSION Y(22),2022).YPMC10),2PM(10)
e = am woee . DIMENSION CAPA(16),ALFACY8),MEV(1H), MU(16) e e e e e e e e -
INTEGER Tvpg;Tvpes.snauPs.VERT,DosxT
INTEGER ENFRGY
1s 2EAL MU, MEV,KSQ0,MaNDIS
-0GICAL ZDUYR,YDUW,PASS i
COMMUN DROX(S7,16),9XINT,X(S7),5R0UP5,UBAR)TYPE,A,B,C,0H,S5IGTUS
.= - COMMON KSWO,CY,0T,EN,TYPE3, N, MANDLS, (P,8Y(57), sz(57) INEXT . SO -
DATA (CAPA(I),131,12)7.4,242,2.75,2.35+1,5%,1,0,1, 0,.9,.85..8..7So
20 - 1,657 )
' DATA (ALFA(I),T21,12)7,0000,,343,,754,1,.287,1,287,,831,,402,,211,
1. 0837,.0375..0?00..0103/
oaTa (MUCEY,Is1,121/, 691..239..17¢,.159,.1,u.,106,.080p.0693..057.
- - - . S s l 0“80.0“2,.0333/
25 DATA ICaLL/O/
T JATA (MEV(IY,I=1.12)7303, 1 00.08,18.94.15.2‘7.:6,00.!8.68-.19.50.
® 18,33,17,58,10,16,15,08,13,79/
= B IF([CALL GT,0) uo Tu 3
SO T S —— -1 1 [T T T ' ",.'1 —_ - S A . -
Co .o 2 181,12 ¢
2 MULT)aMUllIn] ,298Ews
3 ICaLL=ICALL Y ’
Pass= ,FalSE, 08719770
35 MYPaSQRT(HaH$YPaYP) )
e e e e e P AN ES 0000, #2 o Y P e e e o e e e
USTHRE15000,42,#HYP - : :
UPTWOE S000,+2,aNYP
UPONEz1500,
a0 C UPDIs IS UPWIND INTEGRATICN DISTANCE.
UPDISSAMINY(BOOGN, MANDIS,UPMAX) ’
- C—DWNDZIS IS O0wWNWINO: INTEGRATION_DISTANCEA AMAY BE NEGATIVE ) o o s i e - —
DUNDISTANING (800600, ,UPMAX)
¢ TEST e UPWIND PLUS DUWNWIND OISTANCES ZERO IMPLIES NO EXPOSURE
4s IF¢ UPDIS+DWNDIS) 135,13,15
13 PRINT tu, yPOIs,DwNDIg ‘ _
14 FRRMAT(" ND XeINTEGRATION INTERV‘L. UPDIS s"1pEt0,2," METERS, DOwWw
e e i o+ 1018 =svE1Q,2," METERS") . . R ’ . L. — i e -
syoP ‘ .
50 C TEST « IF DANDIS LESS THAy 120CM, SKIp OqwnwInC INTEGRATION,
, 15 1F(DWANDTS,LE,100,) GU T |3 _
"€ YEST e IF 4AMDIS LESS THAN 100 CM, SKIP UPWIND INTEGRATION,

Te (MANDIS LT, 100,) GO v 21

2




© SUBHOUTIME PLUME 13/13 oPTst

"S55

60 . .

1S

80

v

..00.4”_

-95.

100

10s

C SET UPWIND INTEGRATION

X(1)SMANDIS«UPDTIS+10, :
1F (UPTHR ,GT,UPNIS=3000, ) GO T0 1o
X(B)SMANDTIS=UPTHR
X(195)s4ANDISeUPTW(
X(22)sMaNDISeUPCNE - .. . .. ’ JR—
X(29)=MANDIS
NXINT=d.
-Gn 10 14 :
16 TF(UPTAQ,GT, UPDIS-lOOO ) GO YO 17
X(A)Z¥ANDIS«UPTH]
A1(1S)2MAND IS UPBNE . . .-
2(22)sMANDIS
MYINT23
GO 10 18 )
17 IF(UPOANE ,GT,UPDTS=300, ) Gog T0 1017
o X(8)= M"DIS-UPONE

CXCUSYEMANDLS oot s e e e e s

NYInTz22
60O 19 -18
1017 x(8)=MANDILS
NXINTs1
18 INExY=7¢(NXINYQl)¢l

~C.. SET DOsMALIND INTEGRAYIUN.LIMITS -

X(TNEXT)=1aND1S+UPONE .
X(INEXT47)SHAGUDISHUPTHO
XCIHNEXTLU)EMAMDIS+UPTHR
XCINEXT421)2MANDIS+DWNDIS
NYTNT=NXINT+Y
G0 10 25
21 X({)=MANDIS
NxIMT=s0
GO YO 18
25 CONTINUE
€ CALCULATE x=GRID POSITIONS .
~31 CuNTINUE cet e et e e et e 2
U0 33 TEf,NXINT
JsTe(l=1)et
Kz JsT -
DIFFXz(X(K)= X(J))/7. e e
00 32 Ls2,7 ’
POSITz7=(l=1)¢.

FIN 4,u+R401

07/07/75 18,50,01,

"08/04/70

oe9s1ss70

X(PnSIT)= X (POSITe 1)+DIFFX
312 CONTINUE ) . e e
33 CONTINUE
€ CALCULATE TRAVEL TIME TO EACH POSITION
TANEXT=TwriXINT4Y

Do 3¢ 1=1, INExr_,;"w"m,_m_h"__xﬂmmmw~.~mu;nw_.NLM U

T(1Ys X(IY/UBAR |
DEP(II=1,0
34 CONTINUE

C CALCULATE SIGMA ¥ aND SIGMA Z FOR EACH I'OSITION

39 TF(TYPE,LE,3) 60 TO 45

106/30/70

PAGE



. SUBRAOUTINE PLUME

7373 OPTEY - . . FTN W,4eR401 . . 07,07/75 18,50,01, PAGE

ERR:O
capL FAQSIG(ERR)

» 1F(ERF) 38,38,40

348

, .

CONTINUE

118

100e

-1007

PRINT - 0 g 8 ¥ oo e e o e 05/19/70———mo . C—
FORMAT(" SY = "10F10, 2/'" "10F10,2)) 05719770

PRINT 1007, SZ 0 - : 05/19/70

FORMAT(" 52 = "10F10 le' "10F10,2)) 0S719/70

6N 10 S2 -

EQHOR RETURN FROM PASSIG = CISTANCE TOO LONG FOR LIBRAPY DATA

120

02-9

130

125

48 .
ut

'Y
-SU

[

PRINT- 4y, TYPEY e e e s e i+ e
FORMAT (" LIBRARY DISTANCE DATA TO SHORTY FOR PASOUILL TYPE "12)

GO TO 3a

If (TYPE,EQ, 3) GO 10 29

IF(TVP_.EO 2) 6o To 37
TTON EQJATION

w-00- 46 T2t INEXT . monee s vmm et e e o e R R

XPOwR =(X¢1)7100, )t"l.-ENt 5)11 017

. SY(1)sSYeXPOWR - - e e e

- 4e

47

¢

S2(1)s-Z#XPOWR ’ e
CONTINUE . e - . . I . AR ’
PRINT *006. sY . ) 08s25/770

CPRINT 00T, sz_ e - - e e . 08225770 . - -

Go 10 S2

HANFORD. T e e

BlGazC~ OHQSIGYUS . ‘
AL”H‘:,StB'GA/(SIGTUEnuZ) e e
NO. 48 131, INEXT

EXPOSTUI)ZALPHA e e s ieeeerem e . 06429770 o -

149 .

147
247

1F(EXPC,LT,,008) GO TD 17 : ) 06/29/70
SIGY2eFRIGA*(T(I)=ALPHARL | ,»EXPC=T(1)/ALPHA))} .

GO 'TO. 247 ' 06/729/70
$1GY2=12100, - . ——— . 07/16/70
CONTINUE : . ' . ‘ 06/29/70

...A_.u_._.___._.__._._'.«svu);:.;[.uu:su;va)._~~ ) : e = e e e -

. 1“5

. 347
a4y

150

.48

EXPO=KSIDwT (L) an2 06729770
TF(EXPO,LT,,001) GO TI 3L7T ' e . . 06/29/70
51622:&.(1.-ExP(-KSQDtT(l)tna))oBtT(I) :

50 10.437 + . L : 06/29/70

51622=1210¢,. - - - . . - 07/216/770 :
CONTINUE. .. . 06/29/70 e it e

8Z(1)eS89RT(816Z2)

LONTINUE . : G e e
PRINT 1006,.:8Y . ' ©07/16/70
PRINT- 1807, 52 . - . - 01/16/770
GO 70 52 . . .

SOP———L N 1o I 32 3% .1 Uy VN UV S ’ -

50

S2€¢12)=S2(1)*100,
SY(12)=5Y(1)1%100,
CONTINUE
5Z(1)=83(2)
‘V(l)aS\(Z)




SUBROUTINE PLUME -

160

FUPIEE ¥y 3

178

180

185

12-8

200

170

190

199

152

o l" [ }

" PRINT 1006, 8Y

73773

0PT=1

PRINT 1007, 82
€ CALCuLaTE ‘aND PRINT &/Q VALUES
S2 DN 152 I=1,INEXTY
EYP=(YP«22)/(2,2SY(1)%e2)
EZPz( Han2)/ (2, x52(13%x%2) .

ENVEQD(])=EXP(eEYP~ EZP’/(?.tS l“lSGtUBARiSY(I)'SZ(I))*l Eé

CONTINUE
PRINT S3,

GO 110

(EOVERQ (1), 121, INEXT)
g3 FOQMAT("QE/Q VALUES AT EACH DUWNWIND POSITION ARE"/(1P10EL10,3))

~ SIGYSSY(IX)
SIG[:SZ(IX)
CeMann]SaxelX?

Mép

205

210

55

Sé

57

0=aRS(D)

2LTH(1)53,%5152

HZINT=Z0

IF(O,LT,101,) 6N TO S8

vazyg, =0

1F(S152Z,LT,00) GO TO 57

018=15, tD

TE(SIGT,LT, 015) GO 10 SS

050550v‘0 :
L IF(SIGZ,GT,DS0) . GO TO S4 . i

NZINT=z4

ZLIM(S)=0,
LIvta)sne

ZLIM(3)=0)S -
2y IM(2)25162

... GO TQ 62

NZINT=S

L IMls)ed,
ILIM(S)=0u

2L IM(u)=D1S
ZLIM(3)=050

GO TG b2
NZINTS3

L IF(STGZoLTe0) GO.TO S6err oo oo e e

FTN 4,4+R401

07/07/75

02726771
02/26/71
02/26/71
. .02726/71%
02726771
02726771
02726771
02/726/171

CALCULATE DOSE FACTORS FOR. EACH "POSITION AND gnencv’
Ixsy, INEXT ,

01712771

"¢ SET LIMITS FOR Z-INTEGRATION STARTING AT o3 SIGMA I AND WORKING DOWN,

I IMO2)YESTIGZ e o

ZL.IMCy)s0,.

ILIn(3)=ny

ZLIM(2)=51G2

GO T2 62

2LIM(2) =0,

NZINT=Y
G0N TO b2
NZINTS=2

ZLIm(3)30,

B/
~

18,50,01, PAGE



SUBROUTINE PLUKE - . 73/73 OPTsi ... . .o . e .FTN G,4eR40Y.

. 07/07/75 18,50,0%,

21s

ZLIM(2)88162 -

S8 Sz04sSIG2/4,
kF(S162,L7,800,) GO TO ¢oO
IFESIG24LT,4000,) GO TC ot

2e-8

229

~-1F(81G6Z,674,200004)-6C-TC--59
NZINT=3S

ILIM(6)=20, e

2LIM(5)8200,

ILIM(4)s1000, o

TLIM(3)eS5204

R——_—— T U3 15 {7 S — . - o e

GO TN 62
S9 NZINTz6
LImC?)z0,
ZLIM(O) 200. e e JOO O
ZLIM(S)=1000, .

SZLIM4)85000,
2L1%(3)=2S204
ILIM(2)3816G2
GO Y0 62° . oo
60 NZINT=3 R . C
ILIM(u) =0, ST

ZL[P(E)SSXGZ L
60- 10762
61 NZINT3U .
ILTM(5) =0
ILIM(4)=200,
—2LIM(3)=8204

2 IM(3)E5204 : : | B

ZLIM;Z)zsIGzT
¢ -1
c
62 .ourruue “

¢ SET 2 INTEGRTION LIMITS BELON CLOUD CENTERLINE,
—-€.FOR.GRCUND LEVEL RELEASE.DOUBLE UPPER .INTEGRAL.. (DUBLE®,TRUE,).

20UBe, FALSE, .
e ot MDUBS FALSE, .. e
IF(HLT,L100,) ZDUBG YPUE.
cF(YP, LT, 100,) YDUBE,TRUE, ....
IF(Z0UB) GO 10.87 B N B T
MOS23H/S1G2.. e e et Do e e e e oo M,

07/186/70

. 260 . ..

s JF(HOSZ,.LT, 1 ) GG 10 lb!
523z3, tsIGZ - LT T e
EMINS=S2%: - s :
IMAXBHISZY e . -
zpn1~=u.5,.sxc‘

e il BETCLPMIN GT JZMINY. ZMINBZPHUIN. o e i e s

1e1y= 2ZMAX *

2(2)3M

EFCZMIN,LE, 0 } 60 T0 142
2(3)En=S73

Beu)aZMIN .

PAGE

S



 SUBROUTINE PLUME Ti(?i “ OPT=Y

285

v‘zbo o

£2-8

L89S ...

3Joc

NZINY=$
1162 n:vztwtol
00 1202 1=§,N
1262 ZLIM([)IS2Z(1l)eH
G2 T0 87 .

162 IP023R/2, - e e e e

I¥103523.
IF(2(2)LE,ZMIDY ZMID=7(2)
IF(ZP0E,57,2M1D) ZM10=ZP02
- 00 262 J=1,MZINT .
262 IPM(J13 ILIM(NZINT=J¢1)
: DG 362 Jal,NIINT . R
. IF(Z°M(J) GT 2IM1D#*,9) Go TO 062
362 ConTIWUE
NZzNZINY
Gn T0.S582
4p2 NZ2iJed o
S22 1F(NZ,EQ,0) G TO 782 n oo o oo
DO 862 Jx1,NZ .
662 1(Js$2)37PK(NI=J+1)
762 Z(FiZ+3)20,0
DO .662 Jei,NZINT
Lanzeded
201)20ZLI%INZINT®1=d) .
IF¢z{(1Y,LT,2ZMIN) GO TO 962

.- 862 CONTIVUE

Gn 19 106?
962 Z(1)SZMIN
1062 N2INTalet ) :
86 -T0 1162 | . e e e
163 DO 63 JZst, NZINT ) :
7222 ,%2LIM(NZINT Jze1)
IF!ZZ GT,H) GO TO sl
€3 CONTINUE
J2zJl+1

FIN 4,44RU01

3

T T LY £ B B A B e T S R

308

310

318

.

L2z20J0248 -,

INDEX=UZ#N2INT

IF(JZ GT. NZINT) INDEX-INDEX-1
TF(KZ,LT,1)-GO TO. 66

NU &5 T-l.KZ -

m_mﬂ_“T"ZLINtNIINTklfl) SZLIM(NZINT=I¢1). . ...

LLIMUINUEX=])SoH4ZLIM(NZINT=]+1)
65 CONTINUE . . . )
56 ZLIM(INDEXYa=H
1F(JZ,LELNZINT) ZLIM(NZIMT+J2+1)c-H/?.
D0 &7 Izi,NZINT

_— CILIMCINDEY#I)==HeZLIM(NZINT= I#l)

6? CONTINUE
MZINTs IND&X¢NZINT 1
87 CUONTINUE

SIGY2=SIGYASIGY

SET v INTEGRATION LIMITS STARTING AT 0, AND wORKING uP,

07/07/77%

07716770
07/16/770
07/16/7¢C
07/16/70

L0T/16/70.... ..

07/16/70
07/16/70
07/16/70
07/16/70
07/16/70

07716779
07716770
07/16/70
07716770
0771671790
07716770
077186770
07/16/70C

07716770, . ...

18,50,01, PAGE



SURROUTINE PLUNE

b

320

3eS
89

330 - e

338

-D0 A9 ENEWGYS|,GROUPE-——

‘-.PgﬂpasuRT(PERPZ)

o 73/13?1 6pTay

DLNO”’SIG"SIGVQUBAR!Z w3, 10159

sxszz:sxs‘¢sxcz g et
Sy3s3, +SICY. .
Ds1GYs SIGY'SIGY*Z. v

ls:ﬁ(ENEnGv) 0,0, - - i
CONTINUE - T
0n 108 1Z=1, NZI~7 -

DELZ® (ZLIP(IZ) ILIM(1Z+1)377,
2z 1M(T12044, 0
D0 .06 VER1s1,8 ° -
Z"~2=(ZZ-P)f~2
VERTEXE ,SwZHuH2/51G22

PERP2EDXDSZZI*T2

YLEM(1)Z0,0 "

IFLPERP, LT.1oz.) GO 79 q;
1FLsiGgY LT, PERP) GO TI 9]
PERP43U, .psnp
T6CsIGY. LT, PERPUY GO TO 92
PERP15315,+PERP
IF(S1GY,LT,PERP15)..60-10-08

FIN U4, Ue¢RUOL

189

. 90

.360. ‘ !

91

3oS

O?M

0. . .93

PERPSOE50,4PERP.
1F(stiey, GT PERPSO) 60 70
NYINT=U

len(g)zpaRPu
YLIM(3)ZPERPLS

YLIM(U)E srbv

189 .

" 07/07/75

e
07/16/70

YLIM(S)=§YY

30 T0.96 T S,

-

NvINT S

YLIM(2)=PEHPUY C e e e e

YU IM(3)EPERPLS
YLIMULU4)=PERPSO

07/16/70

07/16/70

07/16/70
07716770 L

vEIM(5)eSIGY |

YLIM(p)s 5v3_ S A 10 RS

GO T0 9

WYINTES - 5 L e

YLIM(Q):PEﬁPU
NEI4(3)sSI6Y ...

07/16/70
07/16/70
07716770

ALIMC(4)28YS

30 10 96 o AU

YLIM(2)ESYS

AYINT=1 PR

%0 10 96
AYINTz2 '
TLIM(2)ESIGY
TLIM(3)28Y3
50 10 9%
synusslIGy/4,
[E(SIGY,LT,B800,) GO TO 9

18,50,01,

PAGE
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SUBROUTINE PLUME 73073 OPTsL . . . .. . FIN 4,4¢R401 07/07/75 18,50,01, PAGE

IF¢sIGY,LT,4000,) 6O TO 95 . 077167790
If¢(S1GY,67,20000,) GO TO 163 ) .. 07718770
NYINT=S ’ ' .
375 YLIu(2)=s200, ael e
YLIM(3)=1000, '
- YLtM(u)=SYOd B T L T T TP . e
YLIM(5)=SIGY '
T YLIM(6)SSYS | . -
380 6O TO 9 ;.- : _ .
193 NyINTz$ . : 07/186770
. YLIM(2)2200,. o : . 07716770
TR U8 C YT & BT X K1 1 W O S DRUIRURPIR | & /¥ -Y 2 X S e e
;0 YLIMCU) 25000, - . . 07/16/70
385 YLIM(S)=SSYOL .- L . . 07716/70
YLIM(6)=SIGY. . 01/716/70
YLIMOT)SSYS, N 07/16/70
.o 60 10 Se o 07/16/70
..... . e e 2T MY INTEY e s e e e e . :
390 YLIML2)=SY04 ¢ S
: YLIM(3)=SIGY
YLIMCU)SSYY - -
GO T 9B .. - e e
. 95 Nylaps=d. -
388 . . ... Y Im(2)R200,. e e e o L : -
s YL (3)ESYUd
TP YL IMLE)SSIGY
YLIM(S)=SYY
, 96 00 97 ENERGYE{,GROUPS .
400" ST YSUMIENERGY) 20,0,
e e e e 2 22T CONTINUE U -
e 1F(y0OuB). GO TO e097 '
€ SET.y LIMITS FOR OFF CENTERLINE DOSE
) YPOSYZYP/SIGY
‘@08 = TF(YPOSY, Lr.l.) GO 70 1297
WMINT=SYY .o . . :
e YMAXSS e SIGY. . et e s e e i

U T & L T L L A T . e

YPMAXSYP4SY3
A, JFCyPHAX LT, YMAX) YMAX:YPMAX
10 Y (1)YSeSY3
E— e Y0,
IF(yMax, GT VP) GO T0 297

L. Y (pu)y=yMaX
41s . NYINT=3
1897 N=NYINT ey
.- .00 1997 1=¢,N
1997 YLIM(1)=Y(]] B . ‘
S U 1 s B & o T | L % VO D - .
420 297 CONTINUE ’ :
YpPp2:zYP/2,
YMIDESYS
IF(YPO2,LT,5Y3) YMIDaYPO?R
0N 307 Jai ,WNYINT



aes

SURBROUTINE PLUNE

. 73473 oplEr

YEU(JYEYPaYLIM(Je1)
DC 497 Jsj,NYIMT

CIFCYPM(JY,LTL,YMID) GO TN 597

CONTINUE -

L NYENYINT

60_10;¢97 . o o
Nyzgel

TFnY, EG 0.} G0, 7O 897.M4

00 797 Jst,,NY . , .

YL Je2)SYPH (MY e =]}

YCNYs3)RYP )

09 997 Jsi, NYINT B . ——

ISNy+34d

Yy s Y9¢YLIM(J+I)

TFLY(1) 6T, vrax) GO rn 1007
COdTlNUE .

_.G0 10 ll°7 . - .
YGlysyMaAX 5‘;, B TS

NY*NTeley -

GO 10 -1'A97 .

DO 1397 Nvsl, NYINT

Y222,sYLIMONY#1) ' . el
I#(v2,GE, VP- 9) GO TO 1““7

ZONTINUE - - et e e v s s
KyzNYel - .

. Lys2enYet .

. INGEX=LYeNYINT

1B CNY,GT NYINT) INDEXEINDEXe]
IF(RY AT, 1) GO TO Le97

+14] 1507 Tet, Ky - e I T T

T(MYINT¢I¢1) VLIM(1011
YCINDEXel)SYPayY IMC)41)
¥ (CINOEX)BYP
LFCNY,LESNY.INT) Y(NYINTelaliy)ayYP/2,
co 1797 Ial )NYINT
Y(xuO&tvI) YPvVLIM(IQlI

4,u4RU01

07/07775

18,50,01,

v(N"INT Te1)zeYLIM(I*1)
Y(N'INTol)ao,A }
NYINTaNYINTHINCEX=

6o 1O .1897 L A

VEXPOZEXP (»VERTEX)

00 t00.1Y=1,NYINT

c: LY=(YLIM(IV+1)-YLIM(IY))/T....“,“" e
YYsYLIMEIY)

LOOP -ON:Y POSITIONS WITHIN MAJOR xNTERVAL
Do toe2- LATzl e .

Y2sYYeYY . AP T U .
VMYPEa(YY-YP)ﬁﬁz 2 EE

RSQ=PERPIeYMYP

R=SART (RSN

LooR .ON NUMBER. oFmMAJoa.J_IMJEGRALLON.INIERVALS

CALCULATE INVERSE~SQUARE FACTOR FOR CURRENT X.».Z POSIT!ON.

% L

397
4y
.. 430 o
597
697
797
435 8q7
440 997
1097
1107
uss 1292
e 1387
P 1897
4S80
[.-]
[]
~nN
(o4}
ass :
1597
1697
e U800
1797
iss 2097
- c_D00.
470 ¢ oo
Q79 .
¢

E0AzExP (= Y2/OSIGV)/DENO

‘v

PAGE
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SUBROUTINE PLUME

480

490

- ... W8S . .C

500

505

L2-2

510

73773  OFT=y FIN 4,4+R40!

IF(RLT,1) GO TO 99

GNUMEY, _

IF(R,GT,140,) GO TO 98

GNUM=t ,»EXP(=FSQ»,0006283196)
98 GRATIOSGNUM/(12, seoSO-Rso) '

e GO TO 100 . - e e

90 GRatTINz 000065
€ CaLCylarve UOSE RATE KERNEL FOR EACH ENERGY GROUP AT x,.Y,Z.
100 VGsVExPQO«GRATIO&EODR
DN 101 ENERGY=1,GROUPS
w*u:Mu(enequann
ATTENZEXP (eRMJ) . R -
Ri{nipsz 1.0(’A“A(ENERGY)OALFA(ENERGY)'R”U)'QHU
YLIST(LAT,ENERGY)SVGNATTENXBILDUP«MEV(ENERGY)
101 CoONTINUE '
YyzyYe+DELY
102 CONTINUE
. INTERRATE AND SUM COVER Y LINE FOR X,2 G e -
DQ 103 ENERGYS1,GROUPS
IfF(yYOULB) GO TO 1103
YSUM(ENERGYIEYSUM(ENERGY)4DELY*FINT(YLIST(1,ENERGY),B)
G 10 103
YSUM(ENERGY)S YSUM(ENERGY)ooELthINT('LIST(loFNERGv) 8)#2,0
CONTINUE .
CONTINUE
DO 108 ENERGY=Y,GROUPS
ZUIST(VERT,ENERGY)ISYSUMIENERGY)
CONTINUE
21322-0ELZ .
CONTINUE e e e e e

1103
103
1cu

108

106

‘¢ INTEGRATE &ND SuM OVER Z FOR CyRRENT X POSITION

DO 108 ENERGYSEY,GROUPS
IF(Z0UB) GO TO 107
ZSUM(ENERGY)ZZSUM(ENERGY)4DELZAFINT(ZLIST(1,ENERGY), 8)
GU 1O 108

197.

S15-

CONTINMUE. |

00 109 ENERGY = 1.GROUPS
ORDX (X, ENERGY) = ZSUMCENERGY)
ZSUM(EN&RGV)to 0 e
comMTIHUE

108

109
—110

520

CONTINUE ... . e
_RETURN ’
END

ZSUN(ENERBY’ ZSUM(ENERGY)QDELZ*FINT(ZLIST(!;ENERGY) BI®2q.

67/,07/75 - 18,50,01,

11718770
11718770,

05719770

PAGE
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FUNCTION FINT I3/73  OPT&l o« oo e .. FTIN G,UeRUO1 07/07/75 18,50,01, PAGE

FJ~cTION FINT(LIST.NJHB R)

Reay tISsT

DIMENSION A(35),B(7),C(7),LIST(R)

DATA B/Z281 40200240500 14a770C72,0341B4085,,288,,140,,17280,/

DaTA A/3#1,,U0,,2%8,,2%3,,14,7¢532,9124732497¢+19,475,+2450.+75,, .
..---—-~--—-—-—-.—-_——.--Al°.,al..216..27.;272..2”,216..01..751.,3571..1323902*2939.0 ¢ e s s e e e - ——
. 8.1323,,3577,,751./
c
1~ogx-(NUMsEWt~UMBER‘/2-l-NUMBFR/a
FINT=20,0 .
Or 1 I=y,MUMBER , ;
e e B, TADEXSINDEXSL .+ . L. e e e e e e e —
1 FINT=FINY+LIST(I)tA(INDEx) : L ]
FINTS FlNTtF(\'JMBER-lJIC(NUMBER'-I) o i '
RETURN & . C ’
Ehn . o R
S -
g ' ae s
-« . N
1 n%
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SUBKOUTINE PASSIG 73773 opT=1 . ) . FTN 4,4+RU0Y 077077175

S
19
1s

20

25

D30 e

3¢

40

PR o3

4s

S0

SURROYTINE PASSIG(ERR)
INTEGFR TYPE,TYPE3,GROUPS
DIMENSION DIST(20),SIGY(6,20),816Z(n,20)

COMMUN DRDX(S7,16), NXINT,X(R7) GROUPS,UBAR,TYPE,A,B,C, DH SIGTUB
COMMON XSUD,CY,C2,EN,TYPEZ,H,MANDIS,YP,SY(S7), SZ(S?) INEXT

102,849,2,960,8,564,b,1E4,8,8384,1,12E%,1,59€59,2,2E5,3, ues 4,5tS,
Ze 2F5,8,2E5,1,1F6/

DaTa (SIGV(CIX) 1212007100491 ,6E3,2,4E3,4,E3,5,5E3,7,.,6FE3,1, ObEa,
11,48E4,2,15E4,3,9E4,4,6E4,6,3E4,8,4884,1,2E5,1,68E5,2,6E5.3, SES,
24,7E5,6 NES,B ,5E5/

Dﬁfh (SIGV(B.I) 121,20)/7100,,9,263,1,75€3,2,85¢%3,4,63,5,5€63,7,6E3,
11,04%4,1,55¢€4,2,484,3,364,4,5E4,56,184,8,5¢4,1,2€5,1,85E5,2,5€E5,
2V, UES U, TES b4 3ESY

baTa (SIGY(u,I1Y,1I31,20)/7100,,800,,1,.263,1,95E3,2,6563,3,7E3,5,1E3,
17,283, 1,00F4,1 ,4BU,2,26F 4,3 ,164,4,284,8,7E4,7,1E4,1,25ES5,1,7E5,
22,3ES5,3,ES,4,1E8/ -

DaTa (SIGY(5,1),121,201/100,,000,.900,,1450,,2,E3,2,BE3,3,7E3,

15,2E3,7.5¢3,1,20€4,1,65E4,2,2E4,3,E0,4,1E4,5, 7€d A, 8E4,1,18ES,

21,6E5,2,1F5,2,8E5/

DATA (SIGv(bll) I ’ ?O)I’OO.5390006(o.lQ&Oq01350.'185000255000
13000.,9200.,8100..1.1E4 1,53€4,2, lEl.a REU,d4,EU,6,184,B,2b4,1,12ES
21, URES 2. E57

DaTa (S162¢1,1), I-l.20)/1oo..lsoo.,¢zso.,u3oo..7 El.l.ss&a 2.7E4,
16,784,2,E5,11+2,E5/

DaTa rSIGZ(a.I) I-l,20)/100..1mE3,1500.,2550..3700.,5700..8600.,
11.;seu,e.uEu,5;nEu.1.255.?.ES.6-2.£5/

DATA (S1GZ2(3,1),1=1,20)/100,,780,,1100,,1750,,2400,,3400,,4600,,

.1ouom..°000..1 dEU, 1 9EU, 2, 6EU,3,4E0, 4 uEL,6,Eu,B,BFU,1,12E5,1,40E5
wZ".78tS]-.ES/ |

Data, (SUSZCarT))121520)/100,04700s680,,10504,1400,,19004,25094,

.13300.,0300.,6200.,7600.,9500.,l.15E0pl.QEU'I.]EQ.Z.ZE“oZ.OSEU:A

23,2€4,3,7F0,4,5%0/
DATA (SIGZIS.I) 121,20)7400,,300,,430,,710,,940,,1300,,1700,,2200,

»1.2900,.“\00.,5000,,5100.,7200..8“00..9900..1.17E0 1,384,1,4L4,

[~ N\ VI g

n

21,8564, 1,7E44 .
DATA. (STRZ:16,11,1= 1.aoallno.,1uo..220..u00..53o.,7bo..1000..1550..
11770,,2500,,3000,,3500,,4100,,4700,,5500,,6400,,7200,,7900,,8600,,

29400,/

DATA (OISTLI),151,20)/.0,,14E4s1,5EU,2,5EU,3.5E4,5,E4,7,E4,1,E5,
e5F5,2,565,3,565,54E5,7,E5,1. Fbal SE61245E6,3,5E6,5,E6,7,E6,1,E7/

CALC“LATE SY AND SZ FOR EACH X POSITION DESIRED

ToaTA=zy
CERR=0, . .
Do 19 I-x,!NExT

C1F(IDATA,GT,20) GO TO A8
TTIF(SIGZ(TYPEY,1DATA)) 8,8,3
dF(X(1)= DISTLIDATA)) 6, 5 4
‘TDATA=]DATA+]

GO 10 1}

SZ(I)-SIG’(TYPE} IOATA)

GO 10 9

IF(InaTA,EQ,1) GO TO S

.Datea (sxcv(x.x) 1=21,2037100,,2,1E3,:,2E3,5,43,7,5E3,1,05t4,1,42E4.

ey .
-

18,50,01, PAGE
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SURKOUTINE PASSIG  74/73  ©OPfs1 . . . FTIN 4,4sRu01 07/07/75 18,50,01, PAGE

$z21% SSIGZ(TYPES, 10aTA=]Y. u
SsS $22=SIG2(TYPES, IDAT‘) ';: P
DIsNIST(INATASY) )
D2ENIST(IDATA)
SZ(!):SZH(X(I)-O!)*(512-82131(02-01)
. . e Go 10 9 . — . e e e e e e _
60 Errs1,0 o : .
Ir(tonrn G¥,20) 1pATA= 21 N i
S2(1)= SIbZ(TVPE3'IDA'A-!‘ T L
9 CONTINUE : S
. t1 IF(10aTA,GY,20) GO TO -8 - . .
85 .. ... e IF(SIGY(TYPES{IDATA)) 1B g8y 1B . g e e = s e g e e e s e —
13 IFCx(1)-DIST(IDATA)) 16, ﬁs,xa : - :
- @ 18 IDATA=IDATAWY o . - . S
' . GO 1O 11 .- A . . . X . ) PR
15 Sy(I)= SIGV(rvphs,loArAl : A o SEER e
70 GO TO 19 - - ‘ . . .
e _ 16 IF(10ATA,ED.1). GO 1O - S S R A S i e s -
. 5v1-SIGv( YFPE3,IDATA=LY : c Lot SR
- . SY2zS1GY(TYPES,I0ATAY R . [PUR
. 01=DIST(I0ATA=L) _ . - : .- . . .
13 A D2=0IST(FDATA) e e e e = -
Sy (1)= SVH(K(I)-M)NSYE SH)/"DZ-DI) :

T GO 710 19 S e e e ettt e e s+ i e 4t m o a e am eemmr st i e s e e e e

L.

- 1A ERR=1,0
o 1F (1OATS,GT,20) 10&TAT2] :

w 8n : Sy(1)= SIGY(TYPES 10ATA.1) . S
& 19 CONTINUE - k o oo sy R D
e RE TURN ' LT T e 2 L

S BND T e s . .

1y . ¥ g . '
- \ . .
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PROGRAM SUBDOSA  73/73  0PT=y

FIGURE B-5. Program SUBDOSA Listing
o o ' © FIN 4,8¢Ru0}

P°OGRAM SUBDOSAkXNPUT OUYPUT PuNCN PNDLIB GA"LIB DRFLIB BETLIBr

07/,07/75

" susd

JTAPFS=INPYT,TAPEGS: Oquur TAPE2S= DRFLIB.rAPEEb BETLIB,TAPER8=GAMLIB SUBD

.,1A°F2° RNOLIF)
DIMENSION KT (€}, BOEP(“):NBDX(U)
DIMENSTION 149%(S)

CIMENSION TOTMU(12),DEPTH(12,3),TDEF (3) » oo e

LOBTCAL LIBARY,ELIB,GLIK,DLIB,FORF,EETA,ORFP, CHIOG,GAMA
INTEGE® REC,CHAINS,SKIP,GROUPS

Re AL | LAMBDA,MASS :

COMMﬂV/“A[NC/ﬂFD NAC,NTOT, NﬁFNUC(Qb),sKIP(Qb) MASS (500, 7)o
LLaMADE(5a0),CHATNS, DXFRCT(350,3) s BUFST(500,12),REC(S500),0(10),

"-BFTEN(SOO U)p:ROUPS'”L(SOO) DRF(120,1+6) /NMET,HH,NREL, ICL(S500)

"SuUBD
suBo
SUPPRE

SUBD
sUBD

" SUBD
. NEWLIB
NEwL18

NEwLIB .

Cﬂ“"ON/D‘DTCOﬂ/hDOSF(SO,l,6) 8DOSE (40,1, b);SCOSE(lO 1,6),TOOSE(L100 REPTCUM
Ye1.6),NBD,NGD, NEG, NGG,NBS,NGS, NBE,NGE, NSDI CHIO(10,1,6),EDOSE(10,4: REPTCOM
"216), IRPT TITLECLY)Y, RTN(!O) RYH(10),GN508$(¢10,1,6),TDEP,BNEP
COMMON/METCOMN/SY (10,15, 8),82(10, 1,6),UBAR,H,NIN,DRFB(10,1,05),NR,NM, METCOM

1RC10),MET (T, b):VDQF(b)l

L COMMOK/LOGIC/LIKARY,BLIS,GLIB, DLIB FOWF,BETA, ORFP CHIDW,GAMA

100,
200
Son
600
. Tyo
RYO:
Q0o
1nna
1200
1300
1500
1600

c TH
[ " F

DATA TDEP/0,4,1,,5.7
DeTa RDEP/0,,7,,20,,100,/

. REPTCOM

SMETCOUM
LOGIC

--SUED
SUBD

"SUBD e e

Data “cToTMUCT),IS1,12)/, 35..23..19..10..13..10,.oea,.Oas..osc..oa SUD
)8..ouz..ose/

NAMELIST/INPLI/NEXT,NREL,D,RT,URAR, H,LIB,LBLIR,LGLIB,LOLIB,LFDRF,
- JLRETA,

LNRFP,LENIOO, LGAMA,NR,KINT, NMET, ITZ,NDPTH, TCEP,NBD,NGD,

‘SUBD
SuUBD
S SUBD

2N8S, NG5S, INPT , NRG,NGG,BDEP,NBDT,NBE, NGE,INX,NDRF
FnRMAT(]]Ab La)
FCRMAT(tH1,1346,42)
FORMAT ("1END OF INPUT. FILE AT TITLE CARD REAG")
FURMAT (M {END OF INPUT FILE AT NAMELIST READ")
FORMATLBEIO,3) .
FQQMAT("ONO CALCULATION SPECIFIED, L5AMA, LBETA, LCHIOG ="315)
OQ“AT("OERR‘Q TN NA*ELIST INPUT, CHECK CONTROL INTEGERS")
FORUAT(MONEXT OUT OF RANGE"IIO)
FUAMAT (pA10)
FORMAT("OEXECUTION TIME FOR THIS CASY WAS "Fe,3," SECONDS")
FOGMAT(]X.\ZElO 3) . . .
FORMAT((10ETY,2) ~ ~ = )

ESE 3 STATEMENTS SUP°REb$ DIAGWGSTIC .15 FOR SMALL ARGUMENTS IN

UNCTIGH EXP(ANG) wHERE ARG 18 LESS TH\N 700

TaRy (1320

1aRy(R)=0

CaLl SYSTEML(115aIAPY) . . - e e e
LTRARYS FALSE, :

CaLL” SECONDITIMEY)

BLIHE,FaLSE,

GLln=, FALSE,

DLYes, FALSE, o
FDRFs,FALSE, s e

' "RFTaz FALSE,

DRFpPz FALSE,

»-CH1n0=.FALs_.'

GaMaz, FALSE.,
{EKksO

CSUBRD
SUBRD
‘SUBD
SUBD

- SUBD

. SUBD

. SUFD
-7’SU8D

< SUBD

= SUAD

. SusD
::SUBD
SURD
“SUPPRE
SUPPRE
SUPPRE
SUPPRE

SUPPRE ..

SURD
.SUBD
SUBD
SUBD
SUBD
su4o
SURD
SUHD
SUsD
SUKD
susn

19,01,20,

SRS = o -
OCEPNTUMENWNNEWNWN-S O NGT—~WVNE W

N R s e .
[ VIR =)

LU, YU
[V, <3 V2

e G RO U U U
-0 O®™~O

., N
N & Wi

£ E L B W N W W
W= O OX 4O U E

PAGE
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PROGRAM SUBDOSA  73/73

OFtai

: Reno(s.xoo) T!TLE
SS IF (EOF(S))

2,3
2 PRINT S00 . o
Go 10 99 : . -
3 PRINT 200, TITLE .

FIN 4,44RG01

READ NAMELIST INPUT
IF(EOF(S)) 4,5
4 PRINT 600
30 10 99
6S. e C-—EOLIT INKUT

READ(S,» INPUT) ,_35;.2 e

5 EFcLIn.GT, 01 LIBARYB.TRUE,
L1830
[FeLBL 18, GT, 0) BLIB=.'RUE.

.. 48LI8z0 . e
70 TFCLGLIA,GT,0) GLIR=,TRUE,

- LeLIB20 . . L

IFCLOLIB,LGT,. 0) DLIB-.IRUE.
JAF(LFPRF ,GT,0) FORFgz, TRUE.
1F(LRETA,GT,0) BETAS,TRUE
_UF(LDRFP,GT,0) DRFPS,TRUS
C LF(LCHI0Q,6T,0) CHIOn=, TAUE,
LF (LGAMA,GT,0) . GAMAa=, TRUE,

75 e

6F=0n,

8Fz0, . : S

80 , IF(GAMAY GFE1,

T . . ... [IF(BETA) BF3{,
NIN:NREL )

0D....9..JR2§,NR

F(IP) D(¢IR) .
CONTINUE
\N4ETS
NMSNMET

8s _ . .9

IF(NEXT,LT,1,0R,NEXT,G7,6) 6D 'TO 98

.Go 10 (xo.ll.iloao.al &), NEXT

% ¢
. . 10.IFCLIBARY)Y CALL LIBX .-
IF(GLIB) CALL GLIBE

R &

T Ik ¢EDRFY GO 10 12

07707715 19,

suBo
SUBD
SUBD
suUBD

suBD -

SUBD. .. ...

SURD
SUBD

suBd .

susod
SUBD

- SU8BD -

SURD
SUBD
SUBD
sUaD
suBD

.. SuUBD

SUKD

SuUBD -

SUBD

SUBD-.

suso

suep- . L

SUBD
. SUBD

SuUBD

* sUBD

svap
.8uBD -

SURD
SUBD

SUBD -

susD -+
<'SUBD - °
. SUBD ... .

STAR” OF CALCULATION OR .NEW SOJ?CE

NJENroaxes

READ(S,1200) . (. HET(l.I)'Ial NREL].-_WW_“_,*Wm

' §uUBD
SuUKD

SUBD:

suso

sSuUBD " :

100

) m———————— i

93 . "tOLXB) caLL-DLIBE
' DI 112 1Rs1,NR
112 ReIR)IZD(IR)
IF(NEXT,EQ,3) GO 10 18
...eye.

Ge 19 18

e 32 IF (GAMA) do.to.sxz”nmw_m

caLL sOuRcE C e e

IF(NEXT EQ,3) GU TO 18
GO 10 212
312 CONTINUE
READ DRWF FROM CARDS -

105 . € ,
: 00 S INsy,NREL

$uBDd
suBo

SubdD -

su8D
SuBD
. SukD
“sUD
sus0
SuU8D
suBeD

"SURD

.SUBD ...

01,20, PAGE 2

ma&

45

ue

ar

uB )

49, - R
50

51

52

s3 -

5S4

ss -
S6 .

S7?

S8 -

59 .
60

D

62 .

- 1 YRS,



PRNGRAM SURNOSA - " T73/73 OPT=1y . FTN 4,4+Ru01 07,07/75 19,01,20, PAGE
no 1u 1~=;,~wgr suBD 98
DO 13§ IR®i,NR ' suBD 99
112(12=1)«GROUPSY : R . SUBD 100
110 . 12e11+GROYPS=1 . © §UKBD 101
_ RESD!S,700) (DRF(I,IM,INY,2211,12) : . SU8D 102
---—~-~—-~--—--—----—--4--‘--4—---A--—--—------—-v--m---n]F( NOT DRFP) 60. 71043 . .- it e e SUBD - - 103 e i et ——-
PRINT lsoo. (DRF(1,1IM, x~) I=I1 12) Susp - 104
o 13 CONTINUE SU8BD 108
. 118 14 CONTINUE ‘ ’ - : : suUBD 106
Pl T 15, CONTINUE : : e . ~ SURD 107
TP (NEXT,EQ,3) GO ro 18 - SUBD 108
e e e Gn Y0 212 SO GG USSP 1 V1 10 JROO 109
18 IF(LNx,GT,0) GO ro 26 . SUBD 110
120 CalLlL METIN ) . SUB0 111
1F(BETA) CALL BETADRF SUBN 112
, 69 10 2% S - . _SUBD 113
C READ €009 vaLutEs FRQOM CARDS : SUBD 114 )
st e e e e e v, @0 D0 2T INSYLNREL L R - .. 8UBD _.._ 118 . e e
125 REAU 1600, (CHIQ(I,1, IN) 121 ,NR) SUBD 11e
: - DO 27 IRs1,NKR SULD 117
DRFB(IR, 1, IN)=CHIQ(IR.1.I~)t 229 . SUBD 118,
27 CONTINUE _ . SURD J119
TG0 10 28 : 3U40 120
130 . . ... .21 CALL -SOUYRCE e e e e e e+ e e — .. suspb . . 121
20 CONTINYE ' SURD 122
€ CALCULATE UNITS FOR. RELEASE TIME SUBD 123
-] 25 CALL UNITS(RTYN,RTH,NREL,RT,{) Sunbd 124
o c EOIT INPUT ‘ . 5UdD 125
w 135 : IF(NRFEL,LE,N) IER2IER41 SUBD 126
e e i 1F (NREL,GT,b) IERSIER¢) e e s SUBD . 127
: IF(NR,LT,0,0R,NR,GT,10) IER IERo! ‘ SusD 128
IF(IER,GT,0) Go YO 97 ] . SUBD 129
¢ D0 LODP 0N TISSUE DEPTHS SURD 130
140 D0 39 IDEPTM=1,NGD . D) 151
. PO 39 JE=1,GROUPS SURD 132
. . S . TOTMsTDEP(IDEPTHYI-TOTMUCLIE) e e e . $U8D 133
39 DEPTH(IE, IOEPTH)ZEXP(=TOTMIn (], orurr) . SUBD REL
€ 00 LOOP ON RELEASE oeaxoos SUBD T 138
145 ' 11830, : : _SUAD 136
. : T16= o . } o . . suUBD 137
DO 70 INs1,NREL SusD ‘138
e et e e 00 31 I={,NTOT - e e et e e e e+ - susD . 139
31 MASS(1,7)s0, ) SubD 140
150 : 0e 32 Isy{,CHAINS SUBD 141
32 SKIP(I)=0 . SUBD 142
c ELI"INATF UNUSED CHAINS o . SURD 143
1s070P=0 . . SUBD- toquu
e e o oai. DE O3S . KS1,CHAINS. - e e e e e e - © SuUBD 148
155 L IMaNOFNUC(K) SurD )
IF (SKIP(K) NEL0) GO TO 34 suep o tar
0N 3% Iz=1,LIM . SUs0D 148
LzIS0TO0PeI ’ SUBD 149

IF(MASS(L,IN) ,GT,1,E=30,aND LAMBDA(L).GT, 1,E=30) GO TO 34 SUBD 159



PROGRAM SUBDOSL  73/73 . OPTEy S ... ... _FIN 4,dsRru0l 07/07/75 19,01,20,

160 33 CONTINUE ° R U ENEDY 151
SkIP(K)=LIM . - . e e e . . suso 152 °
3¢ ISOTOP=1SOTOR+LINM suBD. 1583
35 CCNTINUE - . ‘ SUBD 154
¢ IN[TIALIZE ARRAYS -t . SUBD 155
— - 1O8 i e . NNNSY - et it e o e e+ e e . SUBD -..196
. 0o 38 IM‘I,NNN o SuED’ 157
D0 36 IR=1,30 . e e U . SuBD 158
TDUSE(IR.IM.IN)zo. ’ suUaD- 159
TOOSE(IR#TO,IM, INY=O0, - - -~ -0 oo o m o . - susn 160
170 36 GDNSE(IR,IM,IN)Y=0, SuBD 1hy "~
s EEde e D0 BT IRE L G A0 e SUBD . .—.. 62"
TOVSE(LIR+30,IM,IN)E0, SUBD 163
37 BDISECIR,INM,IN)SBO, = . - . e SUBD | 164
38 CONTINUE " N SUKD - 165
175 IFEL,NOT,GAMA) GO 10 53 SUBD 166
T C CA_CH_ATE Gamma DDSE FOR CU?RENT FERIOD AT EACH DISTANCE . SUBD 167
- . 40~00.91 IAsi,NR - . e e+ e e e e am et e ime  .—. SUBD . . 188
' IF{IT2,EQ,0) rrcsrrc¢?rt[n ) SUBD 169
TTSR(IR)/UBAR+TTG . _— . ’ SUBD 170
180 CaLl CHAINT(7,TT,IN, 0| SUKD - 171
N{sNFP+1 - e . i . . . .. susD 172
DO 4t I=N|I,NTOT SUBD 173
JUNDU N ~IFvMASS (I, INY, Gr.t EAJO+_SlssLLr14lﬂAssil+INltEXP(-LAMBDA(I)nLIJ_“.SUBD._.“nA17dA
4y COoMTINUE - SUBD 175
185 C CALCyULATE.TIM:Z INTEgRAL aF. cLCuDHCONcENyﬂATION = GAMMA .. UKD 176
¥ o IFe117,80,2) GO TO 142 SUBD 177
X 71 RY(IN) - . .. . SUBD 178
TALL CHAINT(T,T1,7,1) , 4 - SUBD 179
20 -42. IsNy,NTOT R . SUBD ! 180
190 IFeMagSiT, IN) LT, E~10) GO T0 42 SUBD. 1817
: : *Asstl.’):Hasstx.7)a(1.-ExP(-LAMBDA(X)n77))/tLAM&oatlinTT) SUBD 182
42 -CONTINUE - . SUBD: 183
~-142 CONTINUE - e i e N . . . suBpD 184
C CaLCULATE GAMMNA OOSE . SUBD. 185
U Y 1 ISOTOPSEG : e i — . susp” . 186
.- 00 :48 Kz1i, cuax~s SUBD 187°
S LIMaNOFN{C(K) _— L . . SUBD 188
IF (SXIP(X),NE,O) GO TO 47 susoD 189
- . ... DO uS - Ist,LIM R e e e n e e e el o e - SUBD 190
200 © L2T50T0P«! SURD 191"
_: JE(¥ASSCL, 7Y LTt Ee30 OR LAMBDACLY LY. 1, E=30) G0_T0 dS _SUBD. 192:
20 u4:IM3y,NMET. . SUBD 193
20 93 . I€31,GROUPS" .. - -i_. . . - . . . susp . 194
: B Tl2(IR~1)e12¢1E . . SUBD 195
20S 30 43 IDEPTHSIZNGD . 7 e i et o ams . ... SuBD 196
o [0={IDEPTH=1)#10¢]R SUBD 197
- 43 _600sE(ID, I*.IN)=GDQbEi1D415+JN1¢ﬁAsSiL4113BuRstlL.IEJ%DRF(LI IMJIN SUBD 198
11s OEPTH(IE, JDEPTH) SUBD 199
44 CONTINVE: - . e —— e . ... §UBD. 200
.210 4S CON-INUE . ‘ SuBD 201
u? 1s0-Qp= lsﬂtnPoLIM SuBsD 202
4l LOoN-INUE - ST L - 8UBD 203

PAGE
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suBDd

PROGRAM SUBDNSA 73773 . OPT=t . o .. FIN G,4eR401 07/97775
00 so L=N1,~tGT $UBD
TF(MAaSS(L,7),LT,1,E=30) GO TO. So suso
215 DN 49 IMszy,NMET SUBD
DY 4 Jg=4,GR0UPS SuUsD
TI=(IRe1)412¢1E Susob -
- 00.-00 I()ED,'I;N:;\,NGO..._— e —— e suﬁ[) SR
: INS(I0EPTHe1)+10¢]IR SuUBD
20 U9 GOOSEC(ID, M, IN)=GDOSE(ID,IM, xNioﬁAs‘(L'7)-eURsTtL IE)»DRF(II,IM,IN SUBD
. 1)«DEPTH(IE, IDERPTH) SuUBD
§) CONTINUE SURD’
SF CONTINUE sSUBD
S ——— - T o s 178 2 3TV ] S, R et e e et o i 4+ i - SUBD ...
225 $3 IfF(¢,%0T, BETA) Go ro 62 SUbD
C CaLCyLaTE AETa DOSE . ~SURD
C 00 LO00OP oON DISTANCE FOR BETA NOSE SUBD
00 61 IR=1,NR : --SUBD
) IF(IT2.,62,0) TYAR=S TTB*RT(IN) . SUBD
R 2. 1+ SRR & & R(:R)/UBAForra e e e e e e e e e e - . =~ SuBD. .
Call CHAINT(T.TT,IN, 0) SURD |
N{zNFP+1 SUBD
00 Su I=z=Ni,N"0T sSuUso
IF(MASS(I,INYI G111 ,E=30) MASS(I,T)SMASS(E,INISEXP(=LAMBDA(I)»TT) SUBD °
235 Y4 CONTINUE . SUBD .
- . C.CALCULATE TIME INTEGRAL OF. CLOUD CONCENTRATION = 8ETA SURD
IFCIT2,E2,2) GO 10 1585 SuUsDd
TT=RT(IN) ‘ SUBD
*® CalLL CHAINT(7,T7,7,1) SUBD .
w 240 00 85 I=Ng,NTOT . SURD
TF(MASS(I,7),LT,1,E=30) GO TO SS sSuBD
J S MASS(1.7)s= NASS(I 7)*(1.'EXP( LAMBDACI)*TT))Y/C(LAMBDA(LI)»TT) SUBD
ss CONTINUE SUBD
] 155 CONTINUE SUKRD
24s C CAtCuyLarte BETA DOSE SUBD
Isor0P=0 SUsB0
DO 59 K=z={,CHAINS "suBD
e e e e e e e e — e LIMEZNOFNUC XY L L S PUURPRUI - 19110
IF(SKIP(K) NELO0) GO 10 58 - SUBD
250 D0 57 1=21,L1IM suHD
L=1s0T0P+T suBh
IF(mags(L,T).LT1. 1, E 30,0R, LAMBDA(L) LT.1,E=30) GO TO S7 - suBD
DO S6 Iu=y,NMET : SURD
v e e i e e e e DO Se& NDEPTH=1,NBD - e . . A . "SUBD
255 ID=(NOE°TH-1)*10019 ’ ’ susD
INEPTHSNBL I (NDEPTH) SUBD
BONSE(ID, TN, IN)2BDOSE(ID, IM, IN)SMASS(L,7)#BETEN(L, IDEPTH)*DRFB(IR, SUBD
dIM,INY AL AMBDA(L) SuUBD
56 CONTTINUE SUBD
260 S7 CONTINUE SUBD
S ISOTIPSISOTUP+LIM SuUBD
S9 CNONTINUE sugD
NN /K0 LNy ,NTOTY susD
IF (MaSS(L,7),L1,1,E~30) GO TO 60 SUBD
26% DO 160 IMz1,VMETY

19,04,20,

204
205
206
207
.208
. 208
210
211
21
2l3
214
215
2l
217
218
219
220
221
222
223
224
225
22b
2et
228
229
230
231
252
233
234
235
236
237
238
239
2uo
i
2u2
243
244
245
246
247
2us
249
250
251
25¢
253
25¢u
255
256

PAGE
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9¢-4

PROGRAM SUBDOSA 73/73 - OPT=y . . .. e . FTN G,0eR001 07/07/75

00160 NDEPTH=1,NBD
IDE(NDEPTH= 1) *104LR -~ oo o o o
IDEPTHZNBOI (NDEPTH)
BCOSE(ID,IM, INY=BDOSZ (L0, IM) INI#MASE (L, 7)*BETEN(L IDEPTH) *DRFB (IR,
270 dIMyINY#LAMBDA(L)
¢ e e -3 0. CONT INUE SR N LI P S . b i e s e
60 CONTINUE
61 CONTINJUE
C END OF DOSE CALCULATIONS = ADD GAMMA NG TO BETA NB FOR SKIN DOSE,
271s 62 1F(NAS,LE,0,ANOiNGS,LELO} GO TD 66 .
€ CA.CULATE SKIN DOSE N : :
© o e = . DO 65 IR21,NR e e — e e v s s 2t
L. ING=(NGS=1)#10+1IR
IDA=(NBS=1)#1041R - . : : -
280 . D064 IM=1,NMET
: SDOSE (IR, IM, IN)aGDOSE (IDG,IM, IN)«GF+BDOSE (1DB, IM, IN)«8F
64 CONTINUE

CEn e e 88 CONT INUE . —_ - : ; -

66 IF(NBG,LE,O, AND NGG,LE,D2) GO TC 170
28S . C CALCULATE GENETIC 008&
00 69 IRs{,NR .- .
I0G=(NGGe1)x]10+IR
I0Bs(NBG=1)#10+]R

290 GNDOS (IR, IM, IN)Y= GoosE[IDG IM, IN)-GF+BDOsE(IOB IM, IN) «BF
68 .o~11vue
69 CONTINUE® .

- 170 IF(NGE,LE,0,AND NBE,LE,0) GO TO 7¢

C CALLuULATE EYE DOSE- -

.295. ; DO 269 IRs1;NR ... ' i ' e s

JOGs(NGE=1)#j0+IR
1033 (NBE~1)21041R
=0 169 IMai,NMET,
EDOSE (LA, IM, IN)aBDOSE(IVG, IM, IN)ﬂGF*BDOSE(IDB IM, IN) x8F
300 169 CUNTINUE .
ce e .- 289 CONTINUE . .. JT et e e e — R _
‘ . 70 CONTINUE : -
7t :1F(GAaMA) GO TG 72
. IF(BETA) GO 7O 72 :
3o0s Ce e 12¢cH10Q) GO TO 79. e e e e+ o

G 10 94
—_— e C_.suﬂ D0sE OveR ALL. RELEASE PERLQDS —e
. 72 NDD. 78 IRay,NR CoL T Lo "

DO 77 IMat,NMET - -
310 IF (NREL LT, 2) GO. 710 77 :
TnOsE(IR IM,1)=GD0SE(IR, IM,1) -
TDOSE(IR+10, M, 1)2GDOSE (IRe1N, IM, 1y
TOOSECI420, 14, 1)=G00SECIR420,IMs 1) e e
TZ0SE(13430,IM,152300SECTIR;, IM:1 ),
315 TENSE(TR+UNIM, 1 )=280USECIR+0,1IM,1)
TAOSE (LRe%0, [N, 1)SAPOSELTR20,TH,1)
TOOSEEIRem0, 1M, 1)ZAU0SE TREI0,TM, 1)
TONSE(IR470,:IM,1)sSDOSELTR, 1M, )

DO 6B..IM31,NMET S

Csuso
SUBD -

SUBD

SUBD |

susn
SUBD
sund
SusD

SUBD.

susb
SUBD

. SUBD
SUHD
SUBD

SURD

SUBD-

SUBD

SuUBOD-
SUBD .

SUBD

SuBhn-

SUBD

SUBD
SUBD ...

SUBD
SUkD
SuBD
SUBD
SUED
SUBD
SURD
sUBD
LD
SUBD
SUBD
Su8D
SUBD
su8D
SUHD

SUBD~
SUBD:-:
SUBD ©..

suBo
suspd
suapD
5uUBD

SUBD:
SUBD
SUBD |
SURD.

suBo
SURD

. §UbD

19,01,20,

257
258
259
260
261

. e8e-

2ol

FLY

265
266
267

268

269
270

271,
272

273
274 .
215
276.

277

278
279:

280
281
282
283
284

2865,

286

287

288

289
290
291
292
293,
294:

295,

296

297

298-, .

299
300

308,
302

303
304

305

306
307
308
309

PAGE



PROGRAﬂ SUADOSaA 73773 oPT=y . . FTIN 4,44R401 07/s/07/75 19,01,20, ) PAGE
YOOSE(Inoao In.l) GNDOS(IR,IM 1) : SURD 310
320 . TNOSE(IR+90,IM,1)sEDUSE(IR,IM, ) SUKD 311
D0 76 IN=2,NREL SUBD 312
DU 74 JJ=1,NGD : "SUSD 313
ID=(JJ=1)el0¢]IR sUBO 314
e s s e e T4 TROSE (1D, IM, [N)STDOSE(TD, IM, IN-:)osonsh(xD IM, INY - e e SUBD e 318
3e2s Do 75 JJ=1,NRD susD 316
In=(JJd=1)x10¢[R SUBD 317
Int=1n+30 . . SUHD 3118
‘7S T0OSE(INT,IM,IN)=TDOSECIDY,IM,IN=1Y4BNDOSE(ID,IM, IN) . SUHKD 319
T00SE(IR+70,IM,IN)=TDOSE(TReT0,1IM,IN={)+SO0SE(IR,IM,IN) SUBD 320
e 3 T TONSE ({R4+RO, IN, INYZTDOSE (IR$RO, TM, IN=1)+GNDOS (TR, IM, IN) - susp .. 32t . .. .. ...
: : TDOSA(IR+90,IH,IN)=TDOSE(IR+90, IW IN*1)+EDOSE(IR, IM,IN) ) SUBD - 322 L
76 CONTINJE . : sSuBD 323
77 CONTINUE . SUBD 324
76 CONTINUE ) . SUBD 328 :
138 79 IF(,NQT,CHIORY GO TO 83 sSuUBD 32o ) *
O tr(-oprq 6,0} GO 1O 83 . e i e e e . SUBD .. 327 S,
: c ClLCHLAYE vopﬁ:LIZED AlR CONCENrRATION ) . : SUBD 32d
IF(,NOT,BETA) CALL BETADRF : . . . 8UBD 329
. Do 82 XN:l.NREL SUED 330
340 00 81 IMsy,NMET : ~ SuBD 354
DO 89 [(R=2t,NR ‘ S : SUBD 332
R CHIQ(IR, IM, INYSORFB(IR,IM,INY/, 229 . . , B . SUBpD .. 333.
80 CONTINUE ' SURD - 334
o 81 CONTIMUE . . SUBD - 33%
= 345 . B2 CONTINUE . suHD 330
& C PRINT RESULTS SuUBD : 337
~ - ' 83 CALL REPT(IRFT) SUBD 338
e e CaLL SECOND(YIMER2) Lo . Lo o . . SUBD 339
SECSTI4E2=TINEY . suHb 340
350 . PRINT 1300, -SEC ‘ SUBD T
. GO 10 t Su8n LYY
C PRINT ERROR “MESSAGES . sSuBD : 343
c . SUHD 34
. ¢ NO DOSE cALCULATION SPECIFIED . . .. . SuBD 345
38S 96 PRINT 800, LGAMA,IBETA,LCHIOG . B ) SUBD 3db
Go 10 99 : : ) SURD 3u?
€ INPUT ERROR = NAMELIST ) : : SubD 348
37 PRINT 900 ' SusD- 3u9
6o TO 99 E ‘ SusD 350
e 360 ... € MEXT Oyt OF RANGE OV ; SUBD . . 351
98 PRINT 1000, NEXT . . SuBD 352
99 srvOP - : : -SukD 353

EnD ' SUBD 354



ge-8

10

15

SUBRCUTIMNE BETA

NRF 73/713  0PTal : FIN 4,ueRU01 07/07/15

SusaonTINE FEVADRF
COMMOMZMETCOMASY(10,1,6)032C10,1,6),UBAR,H,NIN,CRFE(10,1,6),NR,HNM,
TR(10),¥ET(1,61,NDRF(8)
COMMON/LOGIC/LIBARY,B_18,6LIB,CLIB.FORF,BETA,DRFP,CHIOA,GAMA
LN31CalL NRFP :

ROy INSYONIN el e e e e s e e e e

LD 2 TR=Z1,NR -
DA ¢ IM=1,NM L. N
$72287 (1R, 1M IN)#»a2

TUENOMzU3ARASZCIR, IM, THI&SYCIR, IM, IN)3,14159

TORFA(IR, IM, IM)SEXP{=(=4aH /s (2, iSZZ))/DENOMt 229

COmMTINUE —— [, — et e e e e e e
CONTIHUE ’

IF¢,N0T,DRFPY GO TO -3

PRINT 100, (DRFBI(I, l.IN)-Itl NR)

TURMAT(® DKFB"IP10ELL ,3)

CC\YINUE» .

PETURN - -+ . - R e e e e .-
Enny ’

Wi

SUBD
METCOM

METCOM

LOGIC
SURD..
SUBD -
SUBD:
SUBD
SUBD .
sueD
SUBD .
SUED
SUBD
SuBD
SUBD
SUBD
SURD

- SUED

suBd

19,01,.20,

805
2
3
2
gog
.809 .
810
811
812
813
8lda .
815
816"
817,
818.
819
20
821
82e

PAGE



SUBROYTINE C*A!NY» ' 7}[73. OPT=1

FTIN 4,4+R401 07707715
1 SUBROQUTINE CHAINT(LOC,THETA,PQSIT,IHT) suBo
€ SUBROUTIME CHAINT DECAYS FISSION PRODUCTS IN MASS ARRAY POSIT FOR A T SUBD
C THETA AND STORES RESULTS IN MASS ARRAY (.0C, SURD
C SUBD
S DI“ENSION ExPO(S) SuUBD
e e e+ e ... COMMON/MAINC/NFP,NACINTOT, NOFNU:(Q&).SKIP(961 MASS(S00,7)s .. ... NEWLIB . ..
JLaMaDa(S0n), CHAINS.DKFRcT(SSO.S) BUKST(S00,12),REC(500),0(10), NEwL 8
SIFTEN(S00,4), GROUPS ,ML(S00) ,DRF(120,1,6) yNMET,HH,NREL,1CL(500) MEWL B
dE AL LAMRDA,MASS susp
10 INTEGER CHAINS,SKIP,POSIT SUBD
1S0T0PEQ SuUspD
e et et s i G D0, LOOP. OGN NUMBER OF e CHALINS o oo e SUBD . _.
DO 11 Kz, CHAINS suBD
L 14=NOFNUC (K) SUBD
15 IF(SKIP(X),NE,C) GO TC 10 SUED
J=0 SuUsD .
C 00 LnOpP 0N ISOTOPES IN THE CHAIN . SUBD
e et e . DD 9 TELL,LIM SRS 1 11-Y ) S
Isoropelsuroﬂ+1 . SUBD
20 J=Jet - SUBD
IF(LA~BDA(ISOTOP) Lr 1 E=30) GO YO & SUBD
ExPO(J) = ExPt-rHETAtLAMaoA(ISOTOP)) SUED
IF(INT,GT,0) EXPO(J)s (1.-ExDO(J))/(YHETA-LAMBDA(ISOTcPJ) SUBD -
e e oo €. TRENSFER QW rHAIh MEMBER J . .. - SURD .
2% GO 10 (1,2,3,4,5,0,7),J o SUKD
C FIRSY CHAIN nfﬂ&&? . L. . SubkD -
o 1 A41smMASS(1S0T0P,POSTIT) - SUBD
o "Asc(ISOTUP LOCISAL#EXPO(Y) suBD
G0 10 & SUBD
— e 30 . €. SEZOMD CHALIN MEMBER. .. . SUED . ...
2 A2zDKFRCT(ISOTOP, 1)tLAMaoA(Isoropol)~A1/(LANBDA(ISOTOP)-LAMBDA(ISO SUBD
17C¢Pe1)) . SUBD
AlzMASS(ISOT0PR, POSIT)-AZ SUBD
*A%S(ISOTOP,LOC)=A3tEXPO(2)+A2tEXPO(l) SUBD
38 6o 10 9 SUBD
I ~.C....THIRD CHALIN MEMBER ... .. . VRGOS 1V -1 » SR
3 ARLE=ZDKFRCT(ISOTOP,1)4LAMADA(LISOTOPL) suUBD
Agz (23LE«a2+0RFXCT(ISOTOP,2)+«LAMBDA((ISOTOP=2)nA))/(LAMBDACISOTOP)= SUKD
1LAM3DA(ISOTCRP=2)) sudd
N 4o .. AS= ABLE-As/(LAMBDA(Isorop)-LAMauA(IsﬁrUP-i)) SubD
AosMASS(ISOTOR,POSIT)=44oAS SURD
MASS(ISOTOP;LUC];AbaEXPO(l)tASnEXPO(’)fAQtEXPOKLl- SUBD .
GO 10 9 sUBD
C FOURTH CHAIN MEMBER SuBD
as 4 BRLEIVOAFRCT(ISOTOP,1)#LAMSDA(ISNTOPe]) SUED
N MAKERZDKFRCT(1SUTOP,2)«LaAMBDA(ISOTUP~2) SUBD .
ATs(ARLE#AU+RAKERXA24DKFRCT(ISOTOP,3)«LAMBDA(ISOTOP=3)=A1)/(LAMBDA SURD
. A01SOTOP Y=L AMBDACTISOTOP=3Y)) ... SUBD
As:(ARLE&ASOBAKERtAS)/(LA”BDA(ISOTOP\-LA"BDﬁ(ISOTOP-B)) SusD
50 AGzABLEx Ao/ (LAMBRDA(ISOTOP)=LAMBDA(CISNTOP=1)) suso
A1 0=MASS(ISOTOP,PNSIT)mAQaAB=ATY SuBD
MASSCISUTOUP,LUC)ISALQWEXPO(U)+AGREXPO(3) +ABREXPO(2)+AT#EXPO(]) SUHD
SUBD

GO Y0 9

901

Q02

903 -

904
905

2
3
907
908
909

— 910

911
912
913
914
915
916
917
918
919

920

921
Q22
Q21
924
925
Q26
927

.~ 928

929
930
931
932
933
93y
935
93
937
CXY)
939

— 9490

94}
94de
943
4y
S Qus
Qus
Qu7
9u8
Qu9
9%0
951

1.

}9,01.20.

PAGE
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SUBROUTINE CHaINT 73/713 oPT=zy FIN. 4,4+RU0Y 07/07/75
C FIFTH CHAIN MEMBER s$uUBD 952
5S S ABLEaNKFRCT(ISNTAP,$)aLAMBDACISOTOP.Y) $UBD 953
BAKER2DKFRCT(1SOTOP,2)eL AMBDA(]SOTOF=2) SUBD 954
CHARLYSDKFRCT(ISOTOP, S)nL AMBDA(CTSOT(Pel) SUBD 955
Alia(ABLt~A1+HAnEAaAu cHARLV'AZJI(L/MBDA(ISOTOP)-LAMEDA(ISO 0P=4) SUHD 956
N YOO -1y - - ——— R—— . SURD — -mrnQ8 7
60 ' A!Z:(ASLEaAa oeAKfH-ASoCNARLVtAa)/(LAHBDA(ISOTOP)-LAMBDA(ISOTOP 3) SUBD 958
1) SUROD 959
‘813z (ABLE*AQe BAKER=AL)/(LAMBDA(ISOTOP)=LAMBDA(]ISOTOP=2)) $UBD 960
A{UaARLE«310/(LAMADA(ISUTOP)=LAMBDA(ISOTOP=1)) SUBD . 961
A16=MASS(ISOTOP,POISITYeAlUmAl3wal2usl] SuUsD 962
e e 88 e HMASS(ISOTNR,,LCC)ISALISAEXPO(S)*AlUnEXFO(LI4AIIREARO(SI)GA12#EXPO(2)¢ SUBD .o 03
: 1411 #EXPOC(YL) SURD 964
- -~ .. Go 10 9 : - : - SUHD 965
C SIxTH CHalw MEMRER suso 960
6 ARLESUKFRCT(ISOTOF, 1)L AMBDACISNTNP«]) SuUBD 967
70 RAKERZDNFRCT(ISOTAOP,2)#LAMBDA(ISOTOF=2) suBsD 968
et o e ot o SR . CHARLYZDXFRCT(ISOTOP,3)4LAMBDA(ISOTCPw3) .. . . SUBD . —_.. 969
ﬂlh:(ABLE'At1¢ﬂAKtR-A7oCHARLv-Au)/(LAMBDA(IsOTOP)-LAMBOA(ISOTOP-S) SURD 970
1} sudD 974
. A17:(ABLE.A1>oBAKERt&s+CHARLv*A5)/(LAHBDA(ISOrOP) LAHSDA(ISOTOP-U) SUBD 972
1S 1) susDd 973
Atas (ABLE'AlSOBAKE?*19¢CHAPLYfA6)/(LAVBDA(ISOTOP)-LAMBDA(ISOTOP-SJ susd 974
- VR 1 B SUHD 97s
AN:(ABLEMN#BAKERMIB)/(LAHBDA(ISOYOP)-LA‘!BDA(ISOTDP-B)) SUED 976
, A20=ARLESAIS/ (LAMBDAIISOTOP)=LAMBDA(ISOTOP=1)) s$uBsD 977
b 80 421aMASS(ISOTOR,PUSIT)=A20A19=A18A)T7"A)0 - SUBD 978
3 MASS(ISOTOP,LOC)=sAR]~ E!PO(o)oAzoatXPO(5)¢A19texpo(u)¢ulu-kx90(3) SUBD 979
HM?-UPG(Z)#AM-F!PO(I) - SUBD 980
J— - SR GO T0 ¢ e e .. R— e I — - . SUBD . .98%
) c SENE’\‘YH CHAIN MEMHER - SUBD 982
as ‘7 ABLEINDKFRACT(ISOTRP, 1 )«LAMBDA(CISOTOR1) . . SUBD 983
BAKERSCKFRCT(ISOTUP, ) =L AMBDA(ISOTOP=2) suBD 984
CHARLYSDKFRPCT(ISOTCUP,3)«4LAMBDA(ISOTOP=3) SUBD 985
422z (ABLEtAlboBAK&-thx10CHARLY.A7)/(LAMBDA(ISOTOP)-LAMBDAIISOTOP-O SUBD 986
R - LIS 1 B | suBD 987
90 - Azsz(ABLEax17¢BAKEH-A12~CHARL1aAe)/(LAMBDA(ISOTOP)-LAMBDA(ISOTOP-S susd 988
1)) SUBD 989
AZ“:(ABLE.AlB*BAKEP*AIBOCHARLY-AQJ/(LAMBDA(ISOTOP)°LAMBDA(ISOTOP~“ SUBD 990
R )] suBD 991
. AaSa(AeLE~A19+BAKEE.A1aoCHARLYtAIO)/(LAHSDA(ISOIOP)-LAMBDA(KSJYOP- susD 992
Q5. $3)). e - SUBD ..993
0263(ABLE*AZO#BAKEMUSH(LAMBDA(!SOT(IP)~LAMBOA(!SOTOP 2)) SUBD 994
. A27xARLE#A2)/(LAMBOA(ISOTOP)=LAMBDA(ISOTOP=1)) C e SUBD . . ... 995
B A2@eMASSCISOTOP,POSIT)ed27eA2608250424°423m822 SuBD 998
o . MASS(ISLTIOP,LOC): Azsttxpo(7)¢A27tex90(6)anthxP0(S)¢AZStEXPO v4)¢+  SUBD 997
100 1320'EXP0(3)+A23OEX90(8) AR2#EXPOC(Y) SyeD 998
F— —. G0 70 9. R - R, e e e = - 8UBD L. 999
8 Jzo - o SUBD 1000
9 CONTIMUE - SUBD 10014
. 6o v0 11 . SUKD 1002
108 10 ISOTOPBISUTOPLIM SURD 1003
{1 CONTINUE %%%% {%%g

— - R BN - o o e o e e e e e et e a2 s ot + e

ES;U N SURD 1007

19,01,20,

PAGE
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SURROUTINE DLIBE 73773 0PT=t e7,s,07/775 19,01,20,
1 : SURROUTINE DLIBE SusD 358 °

DIMENSINN RDILIN),DNDD(12,10) -SUBD 356
COMMON/MAINC/NEP,NAC,NTOT,NOFNUC(96),SKIP(96),MA85(500,7), NEWLIB: 1
JLAMBDA(S00Y,CHAINS,DRFRCT (350,3),BURS3T(500,12),REC(500),0(10), NEwWL1B 4
S JIETEN(S0V0,4),GROUPS,ML(SNH0),DRF(120,%t,6),NMET, HN,NREL,ICL(500) NEwLIB 3
COMMON/METCOM/SY(10,1,6),52(10,1,6.),UBAR,H,NIN,DRFB(10,1,6),NR,NM, METCOM 2
AR(10),MET(1,6),NORF () METCOM - 3
CouMOK/LOGIC/LIRARY,8L]8,6LIB,DL1B,F )RF,BETA,DRFP, CHIOG GAMA LOGIC P4
LOGICAL GAMA,DRFP sU8D 30
10 IF(GAMAY) GO TH 22 SUBD 361
21 PRINT 900 : SUBD. 362
(RIS o T £+ T8 B} e e e - e e SUBRD 363
22 CONTINUE : : Susd: Ibu
) READ(25,100) NSETS SUBD" 365
15 1F (EUF €25Y)) 99,122 SuUBD; 366
122 CONTINIE SUBD’ 3e?
no 2 1s{,NREL SURD 368
S e JFANDRF (1) (GT(NSETS). 60. TO 98 oot e o ot e i e SUED 369
] IF(NORF (1), LE,0) GO TN 98 suBn’ 370
20 2 CONTINUE SUBD - 371
0D 8 1Sst{,NSETS SuUBD’ 372
- READ(25,200) HO,4D,MRD,IEN SUED 373
IF(EOF (25)) 99,102 SUBD 374
et ammeim mven m e e e e e b 0@ CONTINUE . et ee e e e i+ a2 - SUsD 3715
2s -READ(2S, 300) (RD(I) 1:1 MRD) SuUbD 376
. IF(EOF(25)) 99, 103 © SUBD. 377
® 103 CONMTINUE SUBD. . 378
. B e 00 3 INzt,NREL SUBD 179
‘IF(vo~F(I~) GE, ISJ 60 t0 4 SU8D 380
e e 30 3 CONTINUE L e vt e e e e e e e e e e e Jsusb .. 3861
GO T0 3 SUBD 382
4 DO S :I1%=1,“RD N - SUBD 383
READ(25,300) (DODD(I, IR) I=l IEN) ¢ "SUBD . 384
e . IF(EOF(ES)) 99,5 . e . 8UBD ;385
3s " 5§ CONTINUE SURD : 386
..00.7 INSI,NREL .. ... : B OTRRT 1V 1 -1 0 SR 1 - &
IFCLORF(ING L NELIS)Y GO TO 7 © SuUHD -388
pp e B . - D0 6 IR=1,MRD " . . e e e e e ... 8SUBD . 389
DO & I=1,1EN . : "SUBD 390
N S Y S - - ... 1la(IR=1)«lENe] N susD 1391
: ORF(I1,1,IN)= DDD(I IR) SUsD 392

o 6..CCNYTINUE ~. SUBD .. 393 .
7 CoNTINUE SURD 394
4 - e i e e n e BCONTINUE. e SuBD 39%
4s Q NRz=MRD : su8o 396
o e e . " INSNREL e e N SuBD ‘397
00 10 IR=1,NR - . ‘SURD 398
10.D¢IRI=RO(IR) - e U SUEBD 399
REWIND 25 SURD 400
— —. .50 IF(,NOT,DRFPY 6O ro 14 . - -SUBD L0t
€ PRINT nusE RATE FACTORS -SUBD 402
PRINT S00 SUKD 403
SuBD 40U

DO 13 IMm=g,NMETY

PAGE

!



SUBROUTINE DLIBE.  .73/73.. OPTSfors o oo e -

FIN 4 ueRUCY

07/07/75 19,01,20,

SuBD

405

PAGE

2

ch-t

DO 12 INai,NREL ST :
55 PRINT 600, MET(IM,IN),IN - - - sSuU8o uoe
D0 11 IRz, ,NR susd 407
T1a(TR=1)«TENS] sSUBD 408
12311+ JEN®] SUKD. 409
PRINT--800, - (09F441%Mr%n+7%'++r%e+—— SUBD -l 0 - e e
&0 ) ‘11 CONTINUE SUBD 1l
te CONTINUE - , SUBD a2
13 CONTINUE- - SUBD 413
14 RETURN ° w e e e e e - - SUBRD u4lu
98 PRINT 400, NSETS,NDRF SUBD 415
- 'Y U — ;QG-PPINT 306G~ . . SUBD - — . -0l & — -
’ STOP : ‘ : SUBD Uy
100 FORMAT(IS) - SUBD . uie’
200 FORMAT(F10,2,5(5): SUBD 419
300 FORMAT(AF10,2) . - ) suBD u2o’
400 FORMAT(Y:-DRF L[BRARY INPUI ERROR. NSETS -"xs," NORF 613} susn 4l
e e . 500 FORMAT(1M1,"DOSE RATE_FACTORSM™) - oo o im e SUBD. . u22 . _
: 600 FORMAT("OSTARILITY “A1D," RELEASE PERIOD "xs) . Susp 423
700 FORMAT(" END OF FILE DN . yWlt 25, DRFLIB")' . B SUBD. 42u
800 FORMAT(1X,1PloEB,2) ’ susD | 42s
900, FORMAT("ONO GAMMA 003, CALCULATION PEQUESTED, GAMMADRFLIA NOT PEA SUBD.~ = 426
10 IN") . L SUBD’ ua7
END ... i .. 4s,A‘f,..»W:~, oL — - . - YLD 428 -
- ‘A ¢
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SUBROUTINE GLIGE 73/713  0PTsy _ FTN 4, 4eRH01

10

15

20

40

SUBROUTINE GLIRE
c THI§ SURROYTINE KEADS A PHOTON PROBABILITY LIBRARY = GAMLIB = AND
o CALCULATES AURST(ISO,I1ENY FOR EACH ISCTOPE AND ENERGY GROUP,
c A RADIONUCLUDE DA&TA LIBRARY MUST BE READ FIRST,
OTMENSINN FRACT(100), ENERGY (1001, HEV(16), ENG(16)
DIMENSION KEV(!6) . ce
COMMON/MAINC/NFP,NAC,NTOT,NOFNUC(96),SKIP(96),MA55(500,7),
+LAMRDA(S5N0),CHAINS,DKFRCT (350,3),BURST(500,12),REC(500),0(10),
WJAETEN(SQ00,4),GPOUPS,ML(500),DRF(120,1,6),NMET HH,NREL,ICL(500)
REAL LAMAEDA
INTEGER GKOUPS . ‘
KgaL MEV,KEYV R .. . . . . . i
READ(28,1) GROUPs
1 FOQMAr(IS)
KEV(HRO1PSI=S, 0
LIM2GROyPset
C KEV IS UPPER MEV L IMIT OF GROUP FUR LOWER 15 GROUPS

HEAD (2R,16) (KEV(I),l=3,LIM) ... . e v+ o e e e

16 FORMAT(16FS,0)
READ(28,216) (MEV(1),1=1,GROUPS)
216 FORMAT(8EL0,0) .
IF(GRCUPS,GT.1) GO TO 31p
ENG(1)E .7
R GU TC 616 . e e -
31e IF(GROUPS,GT, Z) GO YO ule
ENG(1)=,hR8THKEV(])
ENG(2)31 ,2+XEV (1)
GU 10 616
ule FMNG(LIYS ,p6b67*KEV(Y) '
ENG(GROUPS)IZL ,24KEVIGROUPS*L) ... . . . . . L
. L=GRUIIPS=} .
DO sl Iz2,L
S1h ENMG(IIS(KEV(I)4xKEV(TI=1))/2,0 . .
615 CONTINUE :
00 716 1=31,6LROUPS

R AW S MEV(I):MEV(IIJENG(I)_”_m"mwwnm-ﬂf"“;_:ﬁ. e e e et e e

.. READ(2A,1{00) MCN,1S0S -
100 FQRMAT(213)
00 23 ISOTuP=1,NTOT )
. DO 116 L31stc. - [ e e e .
tte AURSTCISNTOPL)=0,0
Blp..READ(28, 17)"!1NOL(F&ACIIJJJENLRGILJJJJ 1L61LNCMMT

4s

S0

17 FORMAT(3x,[2,3%,12,12F5,0,12)
NUMzNY
CNPINZQ
IF(NCMMT LE,0) GO 10 217
N0 117 JJJ=1,NCHMT

L7 HEAD(28,200) NCHUT. . —— —_ - e e e s e e

Zoo FORMAT (AY)
G 10 816

217 ICL(Is0rNP)=d :
IFINLJEV, 1A, UR N EQ 36,08 N,EN,S4) ICL(ISOTOP)=]
IF(M,EQ, 84, DR N EQ S2,0R M FN,55) ICL(IS0TOP)=3

19,04,20,

638 ...

077077175

SUBD S99 -
SUBD 600
SuUBD 601
suBD 602
SUED 603
SUsD . 604
NEWLIHB 3
NEALLIB e
NEmLIB 3
SUEBD 608
SUBD 607
SUBD 608
sunp 609
suBD 610
SUsD 611
SUBD 612
SuUBD 613
SUBD ... 614
SUBD 61%
SUBD 6lo |
sSUsD 617
suBD 618
SUED 619
SLBD . . 820
suap LY-3Y
SusD 822
SUBD 623
SUSD 624
SuUBD 625
susp . . 626
SUBD Y3/
SURD 628
SunD 629
LD 630
SUBD 631
SUBD ... 632
SUBD 633
SuUsD 634
SUSD 635
SUBD .. .. .&l3s
SUBD 637
SUBD __ __ .
SUBD 6359
SUED 6490
SUBD b4}
Sus0 642
SUKD o4l
sSuslD .. .. 644
SuB0D bus
SUB0 6dh
SUBD bUu7
SUsD sU8
SusD 649

PAGE

!
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SURROIITINE GLIRE‘E

19

20
21

22
23

c Ca

13/73

oPTat .. :"H %{

1Frua, E..O) Gu Tu 23
18 (0;LT,7) GO TO 20

NO)SNDewe

NPTNSNPTNGT
NPTS2NP TN S
TF(NPTS,GT,
" READ(28,19)

-

NUMY) NP TSENYM

(FRACT(J),ENIREY(JY,JENPTN, NPTS)

FF(NO LT, Bﬁ GO 10 20

NUsNDa?

GO TGO 317
FOKMAT(JUFS,0) . o -
CyALTE HRYSY FOR CYRRENT JSOTOPE

DO 22 K=y, Ny4”
L-1,1I*

N 24
T=i

IF(ENERGY (X)), LE.KEV(LIY G TO 22

ZONTINUE
1=6ROyYPS
JuRsT(Isorar,I)s BURST ISLTOP.I)rFQACT(K)'LAMBDA(ISOTOP)-EN RGY(K)
CONT TNUE
PFEATND PA

ﬁsruﬁu
END

)

CFTH 4,4eRE0]

'I‘(N.QQ 17, UR N, LQ 35 OQ Ngo EG S3, OR N EG 91 XCL(ISOTOP)BZ

07/07/75

SuBD
SuBD
SUAD
suUBD
sU8D

SUBD - -

SURD
$UBD
SUBD
SUBD
SUBD

SUKD . e .

SUKD
SUBD
SuHD
suBD
SUKD
susp
SuBD
suBD
SuaD
SUKD
SusD
SUBD

19,01,20,

650
651
652
653
654
658 ..
656
657
658
659
660
661
bh2
663
664
665
bbb
. .687
668
559
670
6714
bl2"
673

W

PAGE
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15

20

25 o

30..

3S
40
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SURPOUTINE LIsK
C SURRQUTINE LIBK READS A RADIONUCLIDE 0/TA LIBRARY, RNDLIB, AND
€ CALCuLaTES DKFRCT(FRACTIONAL YIELD FROM PARENTS), -

ODIMENSINN FRACT(350),180(500),NA(50C)

G e e COMMON/MAINC/NFR  HAC NTOT NOFNUC(O6) , SKIP(96) ,MASS (500, 7Yy e omomrvv

,LAM““A(SOO) CHAINS,D¥FRCT(350,3),BURST(S00,12),REC(500),0D(10),
«HETER(SO0,4), G“OU”S ML(S00),0RF(t120,1, b) NMET ,HH,NREL , ICL(SOO)
INTEGER CHAINS
LOGICAL EKRCOR
REAL (aMBDA

READ (29,1) NCO

1 FORMAT(IS) ) .
READ(29,2) (MLCJY W NACI),REC(I)»ISC (), LAMBDAC(Y), FRACT(JY,
» (RETEN(I,1),151,4),J051,NCD)

et recime e . @ FORMAT(I3, 12,83, 11,E9,1,FT,4,4E12,2) . . . — o oo ... .

102 FORMAT(13,12,43,11,E9,1, 7!,UE10 2)
RtAD(29 1) w2
NyINCDeY
N&C=z=Ng
O N2EM2eNCD
R NFPz=NCOD - .

. NTOTSN2.

'RFAO(ZQ 102) (MLCJ),Na(J),RECCJ), ISO(J) LAMBDA(J)p
“(SETEN(J,1),131,4),J8N1,N2)

Dﬁ 202 LNy, N2
IF(LA"FCA(L) LE,1,E=30) GN TO 202

e e e LAM%uA(L)-.6931u/abuoo /LAMBDA(L) o e e e -

202 CONTINUE
REwWIND 29
ERIQR=,FALSE,
MPza
CHAINGZ0

e UG 3 1=1,98 R O -

3 NOFNUC(T)=S0
€ CaLCulLaTE LAMBDA IN SEC=1
Do 10 J=1,NCD
IF(LAMRDA(J) LE.1,E=30) Go T 100
LaMaDa(J)z, bGSIQ/LA"BDA(J)/ebuoo.

ceeems e 3 CH CUNTINUE . e e e e

IF (WPeML(J)) 4,204,86
204 IF(NA(U)eNA(I=1),LT,2) GO TO S
4 MpsvL(J) -
t NEW Magg CHALIN
CHATNG=CHAINS+Y

. LC.COUNT NUMBER OF VuCLIDES IN THIS CHAIN _ . .. _ .. . -

5 NOFNuc(CHAINS):norvuc(CHAINS)ol
60 70 8
6 ERROR=,TRUE,
PRINT 7,0
7 FURMAT("OLIHRARY ENTRY"14," [s Ouy OF PLACE")

07/07717S

SUBD
SURBRD
SUKD
SUBD
NEWlL1B
NE=L 18 ..
NEwWLIB
NEwWLIB
SUBD

- SUBD

SuUBL
sSuab
SUED
SUBD
NEwL 1B
$/722/7%
5/22715C
NERLIB
S/722/7%8
suBh
SUBD
SUED
SUBD
SUKHD
susd
5722775
$/722718
SUBD
SUED
SUBD
SUED
SURBD
SUBD
SUBD
Sus0D
SUED
sueDd
sueDd
SUBD
SUKD
SUBD

.SUBD

NtWLIS
NEwWLIY
SUBD

suB0

SUHo
SuhD -
SUBD
SURD
Sue0
SUBD
SUED

19,01,20,

482
483
4By
u8s

491

499
S00
501
502

S0S
‘506
507
508
509
S10
5113
512
513
514
515
516
517
5te
. 519

10
521
522
5e3
Seu
Sés,
526
527
528
529

PAGE
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SUSROUTINE L1BK CoT13s13 opTar R peN 4 4eR401 07/07/75  19,01,20, PaGE

e 0C 9 L=1,3 L 4 sSUBD - 530
S © 6§ DKFRCT(J,L)=0,0 . . . . .i'. .. . . o ©5UBD 534
10 CONTINUE : ‘ ' o SUBD 532
IF (ERROR) STOP - SuBD 533
c 18031 MEANS ISOMERIC STATE, =2 MEANS GROUND STATE SUBD 534

N ——— 11} 40 [ 214 g - RN —— {U]-1) R X 1 N
60 DO 15 Kz1,CHAINS : sueop $36
CoLTus NOFNUC(K) . ‘ susb 537
J=0 : SUH0 538
£ DETERMINE FRACTIONAL DECAY" VIELDS - SUHD 539
' DO 14 Isf,LIM : SUBD 540

65 e J2 44 . I .. _ e e - SUBD .. B e
 ISNTOPEISOTOP+1 . SURD 542
IFCJ.EU,1) GO TO 13 - . SURD 543
IFCISO(ISOTDP) ,EQ,2) GO 10 1} ' SUBOD 544
. , . JKFRCT(ISOTOP,1)EFRACT(ISOTOP=l) . . . .. . - 8UBD 545 .

70 - 30 10 13 ‘ SUBD 54k
et e e e § 1. DKFRCT(ISOTOP, 1 )81 (»ERACT(1S0T0P®1) - e m e e e - SUBD ... 54T
IF(J,EQ,2) 60 TO 13 sUBD 548
IFCISO(ISOT0R=]),EQ,1) GO TD 12 A — . : SUBD 549
' _ IF(1SO(ISOTUP=2) ,EQ,2) GO TO 13 SUBD 550
15 . .. ... DKFRCT(150T0P,2)sFRACT(ISOFOP=2} e o . .. - SUBD -1
‘GO 10 13 ' SUBD . 55¢
rm e 3 @ UKFRCT(1SQTOP, 2) 314, vFaACI(ISOroP-z)-, i et e . SUBD T . 553
IF(J.EQ,3,0R, 150(13070°=8),£Q,2) GO T0 13 SusD - 554
L CKFRCT(1SOTOP,3)FRACT(IS0TOP=3) SUBD 955
80 ' 13 TFCLAMBDA(ISOTOP)Y, LT, ,E=30) J=0 SUBD 556
- ) 14 CONTINUE . . SUBD §57
15 CONTINUE : sUsD 558

S OVUUOSRNEE ] 2 £V TS - oo e . SUBD .. 559 -

. END . : . . . _ SUBD 560



SURROUTINE METIM 73773 oPT=y . - ’ . : ~ FTIN d,a+R40! 07/s/07/75 19,01,20, PAGE

1 SURROUTINE MET [N : . SUBD 823
NDIMENSION DUMBY(7) SU=D 824 ,
RFaL IEP . ' susnh 825
. REAL XSu SURD 6§25
5 . COMMON/METCOM/SY (10, 1,6).52(10 1,6),UBAK,H,NIN, DRFB(!O 1, 6)'NR NM, METCOM 2
e i e e e e e o TREVO)LMET(L,6),NDRF(B). . . METCOM.. . 3 e
C READ METEORGLOGICAL PARAMETERS AND DETERMINE SIG“A Y AND Z FOR N CLASS sugD R28
00 17 Inzi,NIN SURD 829
D0 17 Imzy, MM ' SUED 830
10 Rean 100, ITYHE,IFR,DUMRY SUED 831
: 160=1TYPE SURD 32
e T . [F(1GN,6T,4) IGO=4 . R o . . SUBD 833
: 60 T0 (4,1,7,9),1G0 ‘ ’ suap 634
z FANFQRD MODEL . . SUBD 83%
15 1 AmzDyMBY (1) SURD 83h
Huzeyriy (2) SUbD 837
CHsDUARY(3) ’ SUHD 83n
DranuyMaY (4) e e . e I — e . SURD ‘839
. SINYNEY () SUKD R4
20 STURZDUMAY (8) ’ SUED 841}
IF(IPRGT,Nn) 2KINT 300, IN,AH,BH,CH,DH,XS0,5TUB SUKD aue
DO 2 [R=],MR : ’ SUBD 843
TIsR(IF)/UBAR SURD 8dd
e e . T 1T122TTRTY e - e e Susd - . B4S Lo
25 - EXPhizexSNaTT2 ’ SUED © 84de
" ExxzExP(¥¥PO} : - ' SUBD 6u7
@ O F=1,=Exx : . S . "SuKD -]
& - §72= ﬂHﬁrT¢UMEtAH R . suab 849
ST(IR,IM,IN)= aURT(szz) ' : T SURD 850 ]
oo B0 e STGASCHSDHASTUB L e e e .. - SUBD . 851 e e
APZRIGAS ,5/7(STU3ax2) - . ) SUHKD 852
EvPOz=(T/AP . : . . SuUbD 853
OnEs=y, =kxP(EXLPO) ] “ suan 8S4
© SY2zFIGAA(TT=LP#OME) SuaD 85%
35 SY (IR, IM, INYZSART(SY2) SuUBD 856
e ettt e e e et et e rerne o ot zucvrrlwu& R ORI 1 U1 - 1§ BRI . 3 | . ——
: 60 7015 : ‘SUBD 8538
C SUTTON *MNDEL . . i o SUBD . 859
4 Cy=numidy(l) - . . d - “SUBD 860
40 : < C2=0uMBY(2) - . o SURD 861
’ EnsnNyuiEay (3) SUHD 862 Co-
e LFCIPR.GT,0) PRINT. UO004IN,CY,C2,EN_ . s i e e SUBD . 803 e i e
$02=21,/780RT(2,) -8UBD - Hou
D0 & IR31,NR ’ ] L . . ) SUBD . 865 -
4s - SUTSSAR2+ (R(IRY*w(],=,S#EN)) ‘SURD 866
SY(IR,IM,IN)BSUTCY . "SuUHD 807
SZ(IR, 1M, INYASUTHCZ ) . . SUBD 868
___,____~_"m_”__,mmm__?_.w5 CONTINUE e SURD ... .. 869 U
w Gy TU 1S SusD 870 - c
S0 € INPuY SIG™Ma Y AND [, ’ ' SUED 8714
T READ(S,200) (SY(TR,IM,IN),IR=],NR) . SURD 872
Re&D(S,200) (S2CIn, 1M, IN),IR31,NR) : SuuD LRE

GO TU 1S ~ sueD 874



A

8p-9

§S

S B8 e e e e

79

15

60

c P:
e

17

109
200

END

SUBRIUTINE METIN . - 73/73 S OPTEY . sl - . FIN G,4¢RU01 07707775
SOUILL CURVFS FOR SXGHA ¥y AND Z. SUBD
[TMIS]1TYPE=] . SUsD
CaLy PA&SSIG(SY(), I".;N) Sztl IM IN)pR ITHS.NR IER) SUBD
00 10 IR=y,NR SUBD
SY(IR,IM, IN)SSY(IR,IM, INY*, 0t SUBD

ST IM P INYSSZ (IR IMp INY Mg O oo m e e suBD. . -

CONTINUE . . SUB0
IF(TER) 1S,15,11 - SUBD
PRINT S00, IN,ITH3 SUBOD
IFCIPR) +7,17,10 - SUKD
PRINT 600, IN, (9(1) I=1.lo) (SY(I IM.IN) IBl 10) tSZtI I* IN) 131' SUBD
1‘0) e — e e e e e e e e et e e — SUAD
CONTINUE : ’ SUBD
RETURN - $usD
FORMAT(2!15,7F10,2) SuBD
FORMAY(8EL10,2) : SuUnD
300 FORA4AT("ODATA FOR STASILITY "IP/"OHANFORD MODtL. A a"£§0,3," B =" SUBD

1E10,3," C. ="E10.3," . D =4E{0,3," .. kSQ =2_"E10,3," . 5IGTUB ="E10,3) SUBD .
400 ‘OP“AT(“ODATA FOR STABILITY "Ial"osu170N EQUATIONS, CY ="F6,3," SUbD.
© 422 s"F6,3," EN E"Fb, 1) susD

S00 FORMAT("OLIMITS OF 'STCREC PASQUILL DATA EXCEEDED FOR TIME PERIOD"™ SUBD -
LE3,™ AND MET.TYPE"I3) SURD
600 FORMAT("OSIGMA Y AND 2 FOR STABILITY"I3/43X,"DISTANCE FROM RELEASE SUBD
APOINT ﬂ5TER3"/131.loF:o.o/ﬂﬁslan Yoo ..-M10Ft0.81/7" SIGMA Z SUBC
250F10,1) " SUBD

susp

19,01,20,

875
876
877
ara
8719
- B89
881
882
883
834
885

.. BHS

887
888
869
890
891
- 892
893
894
89s
896
8S7
.. 898
e99
900



10

15

20

25

6v-8

ld.4v"A

35

DI4ENSION Xx(10),8Y(10),S52(10)
DIMENSION DIST(R20),SIGY(6,20),SI62(~,20)

IMTEGER TYPEZ
DATA

1.2,F4,2,9t8,-,5E4,6,1E04,8,3E4,1,12E5,

~-26,2E5,8,2E5,1

ae

45

Data (SIGY(2,1),1=21,20)/7100,,1,

11,48Eu,2,

24 ,7ES,6,4ES,8,

DatTa (SIGY(3,

23,UES,U,7E5,0
DaTa

«1E8/

SFS/
I,

v3E5/

.~ SUSROUTINE PASSIG(SYsSZ,X,TYPES, INEAToERRY oo o

1=1020)/100.01.25301075E302-65£3100E
11,06€0,1,5588,2,4€64,3,3€48,4,5FU,6,184,8,5E4,1,265,1,8%5E5,¢2,

(S16YC1,1),1=21,20)/100,,2,1€3,5.,2E35,%,4E3,7,5E3,1,05E4,1,42€E4
1,55E65+2,2E5,3,4E5,4,5ES,

6E3,2,4E3,U,E3,5,563,7,6E3,1,06E4,
1SE¢,3,4F0,4,6E4,6,380,8,480,1,2E5,1,68E%,2,6E5,3,5E5,

3,5,5t5,7,6E3,
SES,

(SIGY(“ 1),131,20)/7100,,8004,%,263,1,95E3,2,65€63,3,7E3,5,1E3,

17,263,1,04E4,1, bEu 2.25€4,3,1E0,4,2¢84,5, 7Eﬂ 7,184,1,25E5,1,7€5,

22,3€S,3,65,4,
DATA
15,2€3,7, SE3, 0,
?1 BtS, e.lfs._

1ES/

(SIGY(S 1),1=1,20)/100,,600,,900,,1450,,2,E3,2,8E3,3,7E3,

20€4, 1.65€4,2,284,3,EU0,4,1E4,5,7E4,5, BEU 1,185,

+RESY/

”ﬁYA (SIGV(ouT).I l;éO)/lCO.,390..600.'9R0.p1350.,1“50..2550.,
S3IEU,2,1EU,2.REU, U EU,b6,1E4,R,2E4,1,12E5

1¥520,,5200,,3
2,1, 4AES,2,E5/

100,,1.184,1,

CATA (S162(1,1),121,20)/100,,1500,,2250,,4300,,7,E3,1,35E4,2,764,
16, TE4,2,E5,11%2,E5/
.Aoara (SI1GZ(2417,021,20)/100,01,E3,1520,,2550,,3700,,5700,,8600,,.

C3SEY,2,UF4,5,8EU,1,2E5,2,ES,8%2,E5/

DAYA (S1GZ2(3,1), 1<1, 20)/100,,7804.,1130.,1750,
.1hu00.,°ooo.,1.4F4,1.°Fu,? oE4,3,4E4,

2:1,78E5,2,E5/

DATA (5162(4,1),1=1,20)/7100,,470,,680,,10%0,,1400,,1900,,2500,,
.13330.,4300..6200.,7b00,,QSQO.a1 1SE4,1.404,1,7EW,2,2E4,2,05E4, . .

23,2E4,3,7E4,4
DaTA

WSEU/

Q.UEQ,O.EU,&\.EEU'lol?[S:

,2400,,3400,,4620,,

1,44E5

(SIGZ(S.I) Is1,20)/100,,300,,430,,710,,940,,1300,,1700,,2200,

1'2900;00100.05000.,6100..7200.,8000,,9900,,1.17Ea $,3k4,1,4E4,

21,55Eu, 1,764/

OATA (SIGZ(a.I) I=1,20)/100.,100..22(.,000..530..760,,1000.o1350..

11770.,2500..3000.,3500

C 940G,/

[V, VR

S0

Pl

‘DaTA (DISTC(IN,1=21,20)/0,,1,£4,1,

$4100,,4700,,8500,,86400,

17200,,7900,,8600,,

SEU,z ,5FU4,3,564,5,B4,7,E4,1,ES,

11 .SES5,2.5E5,3.5F9, 85,7, b5, 1,F6,1,56h,2.5E6,3,9k6,5,E8,7,L0,1,E7/
€ CALCULATE SY 4:D SZ FUR EACH X PUSITION DESIRED :

IJpataz]
EuQ:O

DO 19 1=
X¢1)=x(J1)+1CO

N, IMEXT

JFeIDaTA,:T,20) GO TO 8
IF(SIGZ(TYPE3,INATA)) B,8,3

I# (Xx(T1)=0D1ST(1DATAY) 6,%5,4
InATAZINATAS] . ‘

Gn 10 1
$2(11=8132
Ge 16 9

(TYPE3Z,IDATA)Y

IF(1D4TA,FQ,1) GO 1O S

SUBD
SUBD
SUBD
D)
U]
SuBD
sU3D
SUBD
SUBD
SUED
SUBD
SUBD
SUHD
SUBD

.SuBD

SURD
SUKD
SURD
IVED)
Suinb
Sudl
SURD
Sus0

SUBD

SUBD ...

SUER
SUsD
SUHD
SueD

T SunD
sSuUBD . .

susD
SUHD
SuBD
3ULD
SunD
suU8D

.SUSD
SUED
'sueD

SueD
SURD
SURD
SuBo
suan
SUBDd

SUBD

SUBD
SURD
sSuet
Sunh
SUBN
SUHD

722

723
724
725
726
727

‘728

729
730
734
732
733
734
735
730

L7137

738
759

. 740

Tuy
Tae
743

LT
749
. Tus

747
74

‘7u9

750
751

- 152

754
754

7S5

756
757

158
799

760
761
162
763

- 764

765
7006
767
768
769

770

771
772
773
174
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e

SUBROUTINE PASSIG - 73/73

SS

.6%.

5

80

70

18

19

JENE L .runﬁuwgg‘

19,01,20,

'OPTsl i, . - FIN W4, 4¢RU0L 07/07/75
321aSIGZ(TYPESaIDATA-1) Susp
$72=S1GZ(1YPE3LIDATA} su4n
01z0IST(ICATA=Y) SUBD’
02=DIST(ILaTA) SUBD
aZ(I)=‘214(X(I)-Dl1'f522-521)/n02 D1 SUKD

.GO ¢ G L. . e e [ e e em . . susn .. ...
- ERR=1,C SUBD
I‘(!DATA G1,26). IDAT‘=2! S$UBD
EYASBE SIGZ(TYFES:!OATA-!’ SUBD
CONTINLE SUBD
TF(10ATS, 6T, 20) GO T1C 15 _ SURD
CIF(SIGY(TYPES, INATA)) 1B, 18,13 - - e i o e —~  SUBD- ..
IF(x(T)eDISTCINATA)) 16.:5.14 . SUBD
Ioatasipataet TS P e SuBD
Gn TO 1y : SURD’
SYILI1)=SI1GY(TYPE3Z,IDATR) sUBD
G 10 19 SURD'
IF(IDATALER, L) GO TO 15+ e b D . —  SUmD
fv*-sIGVtrvpsﬁ.IDATA-l) sUeD
SY23SIGY(TYFE3, IDATA) - SUBD
DIeDIST(IDATA=Y) e SUBD
D2zDISTIDATA)’ - susn
SYfI)s srlo(xtX)-Da)~(512-=v11/(02-01) SUKD .
Go 10 319 . e s e o e — - - SubD
ERFZ1,0 . . ' : sUBD:
IFEI0ATS,67,20) IDATA=2Y . . SUBD
svc1)=5'rv TYPES.IOATpoll . N sUBD
K(I)sx(Tye, 01, e SUBD
RE TURN: suBD
— SUBD .._.

118

776
777
778
779
780 .
781
782"
78%:
784
785
786.
7187
788
789
790
791 -
792
793%
794°
79%
7196
187
798
799
800
80}
802
803

...804-

» AGE 2
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SUBROLTINE REPT 73773 opTat L N L FIN d,4¢RU0!L 07,07775 t9,.,01,.,20, . PAGE
1 3uanourxup REP- - .SUBD 1008
c SURRnuthE REPT GENERATES REDORTS SUBD 1009
NDIMENSION TOEP?3)Y,BDEP (W) . suBh 1010
. OIMENSIGN NBDI(W) . $URD 1011t
S DIMENSION GNAHE(3),BNAME () SUBU 1012
i e e COMMOR/METCOM/S3Y(10,1,6),52(10,1,6),UBAR,H,NIN,DRFB(10,1,6),NR,NM, METCOM ... . 2 SR
1RC10),HET(1,6) o NDRF (6) METCOM 3
ComnMon/REFPTCOM/GODSE(30,1,6),B008E(40,1,6),5005E(10,1,6),TDOSE(100 REPTCOM e
. 1-1.b).NSD.NGD,NBG,NGG.NBS,NGS.NEE.NGE,NBDI,CHIQ(10aX.b).EDOSE(lO.1 REPTCOM .3
10 ) 2s6)Y, IRPT, TITLE(1Y),RTN(C10Y,RTH(10),6ND0S(30,1,6),TDEP,BDEP REPTCOM 4“4
: COMMIN/LNGIC/LTRARY,HLIR,  GLIB,DLIH,FORF,BETA,DRFP, CHIOO GAMA LOGIC R
LOGICaL ARETA, GAMa,CHING - SuHD 1016 e e
DaTa RHOEP/0,,7,,20,,100,7 SLBD 1017
DATL ENAME,SNAME/"EVYE . M,MSKIN "y SUHD 1018
S "DATA RNAME/"HETA 0 MG Y, RETA 7 MG ","BETA 20 MG","BETA 100MG"/ SUB0D 1019
DATA GNAME/"G2MMA 0 CM","GAMMA | CMY ,"GAMMA § CMYy SUsD . 102¢
c L ’ SUBD - 1021
-t IRPT OFTERMINES TYPE OF REPORTS TQ BE 2RINTED, e - SUBD - . 1eeel L
c Co T S suan 1023
20 c  IRPT = | FOR DETAILED REPORTS, SuBD 1024
r ’ SUBD 1025
€ IRPT = 2 .FDOR SUMMARY REPDRTS (CUMULATIVE DOUSES ONLY), ’ suph 10ee
C - ' e susD 1027
o c IRPT =z 3. FOR B«IgF REPORY (DOSE AT €M) UfF LAST RELEASE PERICD). susbh . . 1ogu
2s (o B ’ SUHD 1029
(o IRPT = { - IS OEFAULT VALUE. SUHD | 1030
c o . SUHD . 1031
caLL DAYE(DOD) SuUBDd . 103e2
IF(IRPT LE,O0, 0K, IRPT,GT,3) IRPT2] SUED - 1633
30 . . GO TO (10,10,10),1RPT . - - SusD 1034 R
c 4DPTAILED HEFOKRT OF DUSES, ’ SULD 4038
c . : suBD 1036
[ o0 LNOP ON SYAEILITY SETS - : SUHD 1037
10 lF(,NOT,GAMA, AND..MOT.quA) GO 70 20 SubD 1036
15 DO 19 IM-l,NV - . SUbLD 1039
: . C. DO -LOOP ON RELEASE PERIODS.».., e e e SuBL . touo .
. 00 18 INZi,NIN SUHD 104}
PRINT 100, TITLE,LDD . . SutD : 1oue
PRINT 200, RTN(IN)  RTHCIN) ,MET(IM, INC ,H, (R(I},I=t,NR) SURD 1643
4o : IF(.,NOT, GAMAY GO TO 13 SURD. 10ud
DO 12 I6=1,M4GD SURD 104S
Tuz(16=1)x304+1 . . . . S . SUBD - 1046
1621B4Nnay SuBep 1047
PRIMT 300, TOEP(IG)y(GOOSE(II,IM,INY,II=1IB,I1E) suBD 10u8
4s IF(IRPT EQ,1) GO TO 112 SUED 1049
. PuyncH 1700, TITLE(l):GNAHE(IGJ Susn 1050
Pumcr 1600, (GDOUSE(II,IM,IN),II=IB,IE) . SUBD 1051
..112 CONTINMUE . .. SuUbD 1052 .
. IFLIN,EQ,L1) GO TO 12 SURD 10538
S0 . PRIMT w00, C(TDOSECII,IM,IN),II=IR,1E) SUSD 1054
12 CONTINUE: SUKD 1055
13 15 (,N0T 8L TAY GC TO 1S SUKD 1056

C. PRIUT RETE DOSE : SuBD 1057



70

SUBRIUTINE REP- - 137713 OPTey

5SS

60

.65 .. ... .

1S

80

8s

S 00 16 IKz1, N80T

Tys(IRet)en0ed: -+ . oos

T2z]1eNRet .
InsnADI(IR)

PRINT 500,-8 0‘9(14)afBDOSE(XI I"nIN)olllil 12)

IFCIRPT, Fh.i) GU TO0 11g Ce—
PUNCH 1700, TITLE(1),BNAME(ID)

PUNEHY 1600, C(300SECIT,IM,IN),I%8ly,22): v,

114 CONTINUE
IF(IN,EQ,1) GO TO 14
It=s11+30
12212430

PRINT 400, (TOOSE(IT,IM,IN),1Tal1,12)-

14 ConTTINUE

PRINT SKIN DOSE

15 TF(NRg, LT, 1, ,2NMD NGS,LT,1) GO TC 1o
PRINT 600, (SDOSE(L,IM, IN),I=1,NR)
IFCIRPT ER,1)Y GO TO 116
“PUNCH 1700, TITLE(1),SNAME
PuUMNCH 1600, (soos&tl.IH.IN).I=1.NR)

116 CONTINUE .
IF(IN,EDQ 1) GO TO 16
I9=71 .
122704NR | .
PRINT 400, (TDOSELT, IM INY,Is II.IZ}

BPRTWMY £YE OOSE | .

16 IF(NSE LT, 1,AND, NPE.L' 1) GO 7D 17
~PRINT-700, (EOQSECT,IM, INY, 121 ,NR)
IF(IRFT FRLL) HSC 107117

CPunCn 1700, TIFLECL),ENAME .
PyrtcH 1600, (LDOSEEI.IM,IN)'I=1.NR)
117 ContInge |
TP (TN,ED, 1) GN TU 17
i 21s91
[2=90eNR
PRINY 400, (TDUSEC(], IM.lnn.Izll 12)

CPRINT GENETIC-DUSE -

17 1P (NBG LT, AND NGG,LT, 11 GO TO llB
PRINT 800, (GNDCS(I, XH.;N\,1=1 NR)
IFLIN, EO,)) GU 10 118
11281

PRIMT “00 (YOUSE(I.IH INY,Tell,I2)
118 JE( NOT,HETA, 4ND,  NOT GaMaY GO TV 18
HRINI lSﬂo ’

I3 (M98 o LTl AND NGS, LT 1Y GO YO-21H
FxINT 1200, THEP(4GS), ENEP(NRY)

218 LF(NSE.LT,1,4N0,NGE,LT,.1) GO T0 518

PRINT 1300, TOEP(NGE),RBOFP(NBE)
318 IF(NHG,LT, 1.AN0 MGGLLT,1). GD TO 18
PRINT 140O0,. tUE°(~GG) whES(NBG)
{R CoNTIMUE
19 COaNyINgt

FIN U, 4eR401

J123B0eNR o e e

07/07/15
SUBD 1058
SUKD 1059
SURD 1060
SUHD 108)
sVsD 1062
SUBD . 1063
SUED 1064
SUBD 1068
SUBD 1066
SUBD 1067
sUBD 1068
SUHD ... . 1069
SUBD 1070
suBd 1071
suBsD 1072
SUBD 1073
SUBD 1074
SURD . 1078
SUBD 1076
$§uBD 1077
SUBD 1078
$usl 1079
SUbED 1080.
SUBD 1081
SUsD 1082
SUBD 1083
SUKD 1084
SUBD 1085
susD 1080
SUBD . 1087
SUKD 1088
SUBD 1089
SUBD 1090
SUED 1091
SUBD 1092
SUBD ... 1093
SUBD 1094
D) 1099
suBD 1096
SUBD 1097
SUED . 1098
susD. ... 1099...
SUBD T 1100
SUBD 1101
SUHD . 1102
SUBD: 1103
susn 1104
SUBD ... 1109
SUBD 1106
SUBD 1107
SURD 1108
SUsD 1109
SUBD 1110

1qo°1e2°o

PAGE
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€5-9

115

120

125

130

135

140 .

145

150

SUBROUTINE REPT 73773 0PT=1 . . FIN.4,4eRGEOY . 07/07/75
€ PRINT CHI/Q VALUES SUBD
20 IF(,/NNT,CHIVG) 60 TO 30 SUBD:
9°'NY 100,TIT_E,DDD SUHD
PRINT 900, W, (R(I),I21,NR) e : - SUED
. DU 22 Tz NM ) ' . SUuD
- e DO 2L INSE ONIN e e e [ R - Sysp -
PRINT 1000, RIN(IN),RTH(IN), MET(IM IN): (CHI@(I IM IN) I=l VR) SuBD
21 CONTINUE sUBO
PRINT 1100 SURD
22 CONTYNUE . . SuUBD
C- HEADING FORYMAT FOR DETAILED DOSE REPORT SuUBsD
100, FORMAT("1"1346,42,70£,"DATE "A10) - . Ve
200 FORMAT("O"son.?DDSF FOR "FlU,1,45," RELEASE PERIOD, STABILITY "a10/ SUHD
"1 " ©D0SE TYFE"' T 50X "oISTANC&, METERS"10X,"RELEASE HEIGHT"FS5,0 SUBD
2," METERS"/21X,10F11,0) : SUBD
C Gamma DNSE FOSMey sUBD
3C0 FORMAT(NOGAMNA  "F35,0," CM"6x,1P10EL1,3) SUBD
- € CuMulATIVE DOSE FORMAT . SUBD
. WE0 FORMAT(" TOTAL DOSF THIS 1VPE"1910511 3) SUBN
€ BETA DOSE FORMAT SUBD
Son FORMAT("WOBETA "Fu.o," MG/CMZ "lPlOEll 3y SYso
€ SKIN DOSk FORMAT _ Su@an
600 FDPHaj("0SKINW1oX, JPIOEL, 3 SU30.
C EYE  DOSt FORMAT © - e SUBD
700 FURMAT("0EYE"17x,1P10EL], 3) Sisn
€ GENETIC UOSE FO<MAT . SusBDd
690 FORMAY("OGE h-TIC"ISXolPIO£1i 3 SybD
€ CHI/Q TITLE FURMAT SUED
950 FORMAT (40X, "NORMALTZED ATP CONCENTRATION', SUBD.
. /"QPERIDD * . STABILITY "40X,"DISTANCE, METERS"10X"RELEASE HE 3UBD
1IGHT wFs, 0,"METERS /21X, {0F11,0) SLHD
1000 FORMAT(IX,Fd,17vAS,1X,A10,1P10E11,3) SUBD.
1100 FORMAT (V) s ) SubD
1200 FORMAT (™ SK1IN DOSE Is"  FS,i," CM GAMA DOSE +"FS5,0," MG/CM2 BETA SUBD.
"1 ©OsE,"™ F ] SUBD
1300 FORMAT(" EYE DOSE Is " . FS5.,1," CM GAMMA DOSE ¢"FS,0," MG/CM2 BETA SUSLD
. 1 bOSE,") SuBD
1400 Fomap(" GENEYICZ DOSE IS"FS,1," CM GA“MA DOSE ¢"FS5,0," “G/CM2 BETA SuBb
{ pose,"y - SURD
1500 FORMAT(//) SURD
1600 FORMAT(10ER,3) - ) ' SuUsD
mmrrreeeee e 1700 FURMAT(AS, AL 0.“1“) S S o SuBD
30 RFTURHN S SR o . - SUED
END SubL

B

19,01,20,

PG VIR i e R
-0 O NN & Wi

et A s G s et s e b el
n
AV}

L
-
AV V)
8w

1125
{1120 -
1127
1128
1129 -
1130
1131

?. 1132

1133
1134
1135
1135

SLo1137.

113¢
1139
1140
1141
{142
1143
1144
1145

L

1147
1144
1109

. 1150

1151
1152
1153
1154



SUBRQOUTIME SOURCE

137173 0PTzy

FIN 4, 4eRE01

07/,07/75%

1 SURARQUTIME SOURCE suBD
C SUKHKROUTINE SOURCE CONTR0LS LIBRARY READING AND RELEASE RATE SPECIFICA SsuBbd
c ) SUBD
DIMENSION TITL(14) _ SUBD
S DIMENSION QUANTY(60)) . SusD
- . DIMENSION NAME(wO0Y,M(A00) . — ~ SUBD
COMUMON/MAINC/HFP,MAC,NTOT, NOFNUC(QO),SKIP(O&) MAsqtsoo 7). NEWLIB
-LA”HDA(SOU) CHAIMS,ORFRCT(350,3),8URST(S00,12),REC(500),0(10), NEwLIB
JHFTEN(S00,4),GR0UPS, ML ; 5(0) DRF(120,1,6) ) NMET, HH,NREL,ICL(500] NEwLIB
10 REAL LAMEDA,MASS ‘SUBD
INTEGER REC ‘SUEBD
- . xu1§$59 CHAINb,SKIP - e - ‘SuUBD
[4 7 - SuRD
. 1 FORMAT(TY) SUKD
15 PRINT 300 SURD
N IGO0 FORMAT("LIM) SURD
o~ DG 37 IM=y,NREL “SUKD
; - DREAD 100, TITL ot ot e e e e - — sudD
PRINT 2¢0, TITL SUBD
20 10) FURMAT(1546,42) SUBD
202 FORMAT("0"134b,A2) SUBD
’ DU 104 I=i,NTOT -SUBD
104 MaSSCI,IN)I20, ‘SUBD
. N - — - - .SUBD
25 c KEan uucLInE INVENTOHV FRO* rAnos . SUBD
10 READ 1oHUMBER SUBD
‘@ O READ 11, (mAME(ID, Mex),oJANTY(I) I=1,NUMBER) 5UB0D
< - 11 FORMAT(4(83,13,E14, ¢)) SUB0D
’ : PRINT 6, "IN SUBD
e v 30 e B OFORMAT (" MUCLIDE. INVENTORy IN cuHIES FOR. PELEASE TIME "12)_“"m__ suU8D
. . T PRINT 7, (MAMECD), MCI)LAUANTY L), I=1'NUMB&R) SUBD
| FnkMATtutaxﬂS 13,1PE10,2) ) ~SUBD
c ) SUED
¢ TSY 10 INENTIFY NUcLIDES RzAp FROM CARpS SUKD
35 . 00 16 Iz1,NUMBER SUBD
et e e 0013 J= 1.5707 e e —ot e—emn .. SUHD
TF (NAME(D) (EQ, REC(J).AND H(!).EG ML(J)) 60 T0 - 15 SUKD
- 15 conr:nue A . —— T, ‘SuUBD
¢ s C SURD
. oo c !F CAN NOT IDENTIFY NUCLIOE -STOP T —_ - .SUED
PRINT 14, NAME(T),M(]) SUBD
e e e 11 FORMAT("QUNKMOWN..JSOTOPE .«. "A3,13) . R — JZ8UBD:
stop - . v " SUKD
C CONVERTY CURIFS 70 CuRIE-sEC S & *SUBD
49 15 IF(LAMBDA(J).LE 1.,E=301 GC 10 1o SutsD
. MASS(J IN)=QUANTV(I)-LANECA(J) _ . SUBD
te CONYINUE : suBD
e e - 11 CONTINUE .. e e e e et e, - SUBD
- RETURN SUBD
50 Enp
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St e e e DATA ATHRFESSHROURS/ wommn e ol e | e wl e e e . SUBD . 434 e e
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s £ IUNIT INCICATES UNITS OF NUMMERS TO BE 1ESTED SURD 487
lo v .. Dno101b L=1,NDT i SU8D 43A
AL ASCES 0t © GO 10 (1,2,3,4,5), TUNIT - ) SUBD 439
o ANISCET n - C -~ INPUT UNITS ARE SECONDS — mmi o crcmios e e e e e — .. SUBRD . wWdy . -,
AEQATES U 1 DLELIsX (LY . . SUARD udy
3T eze v GO TI & . SUBD 4de
18,430« ¢ € INPUT UNTYS ARE MINUTES . SuUbBD uuy
TR 2 DeeLy=Xx(L)e60, SUs0L 44y
PR GO 1I & - SUbD 4us y
- € INPUT yUNITS ARE HCuRs e e e e e e . SuUHD .. 4o .
.3 DdLeLYsx(LY#3s0C, i _ ' SURD . 4u7 .
"GN TO & N . e SUBD uus
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.- GG 10 b _ A SUED 451
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e . ,10!2 TLN(L)Y=60,¢TRY - . e e e e e e . . SUED 464
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- 4 ROSTRy (490588 . - .
‘_Q,‘u.},gg .

JDui628
LA07378 491537
1,83996u  1,461095%
1,242090 1 ,0R1242
,7uB534 Luu2412
230001 L 055364
2.50987d 2,117748
124530 LN22260
TLUUTHRT ,2047uS
L,B0S784 - ,U90%68
2.,509674 2,117./u8
«9RSHOG L0558 04
L,RO02045% 490558
L0353¢4 L00AnY
,49us5H8 ,229.56
1,080548 739369
LI57288 L, unuty
JT17147 JUUE 11T
,N03263 ,000:15
1,042545 L700239

.758829 suu9rul
1.312%20  ,95b4u4b
1,210313°  ,B866570

.2585u48 L0b7783

167944 L 028459

2715233 SU11954
1,31urah .958560

«192000 ,05B70S

265655 L0TUIRe

L00605%6  ,000101

1,054053  ,T16743.

,000000 0,000)60
Jh203RD , 332440
LS3178) 261300
+ 063903 , 006830
RCELL RS 0539574
L uuTs24 L19929%
3122, .,300288
2100346 s01150
,001099 0,000000
n,000000 0,60C9C0
,227695 ,055284
1,635266 §,260330
U EAL L002368
552402 ,306393
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ta%s608D 2
1u9sypm 2
1glelND 2
15161Pv 2
151625~ 2
18261P™ 2
152635y
15263F0U 2
" ig3etP¥ 2
153525 2
1506 1P™ 2
{Ssesfu 2
155628 2
19564k 2
155028 2
15663ky 2
1976480 2
15803€1y 2
18963Fu0 2
1595460 2
feiosdsu 2
1606374 2
Thleunih 2
1616578 2
162850 2
1626578 2
1636518 2
{8562 vey
163660Y 2
1a5mn6(0Y. 2
lanal=D 2
16753FRwy

1614

3 =
T yec

.10 4He

{s of

18 9t
224108
241184
311481
1215p
35148
3a17CL
3837CL
gty dex
42«
ur2cce
4s2o0ce
u72pcn
e 40 218C
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us8215¢C
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glautw
§223%N
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§32eFt
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T,2tEep2=0,0000
2,21F+0C=0,0000
8,33Fed3en,0006
1,176490=0,0000
3,29 ¢nu=n, 0006
4,1T7Fen3ep,000C
3,8Rge0) 1,0000
4,5 Fen3en, 0000
3,80F%03°0,0C00
{,96F¢80en 0000
Y, TuF=03en 0000
S,r4fenlen (000
1,538 erPen, 0000
5,57 402<6,0000
3, 92pefrfen, 0000
1,52FE+C1an 0000
6, 83k=Ct=0, 0000
3,19 =2=0,0000
1,32k =02-0,0000
7,50Fanten 000
1 7dewx2en, 0000
Te2NFeXlen 0000
2,57k =0%=n,0000
6,208 enden 00100
3,68k eg2=n 0000
8,33ten2en G000
2,71Fes8t1en, 000D
4,73 00,0300
9,10k enP=n,0000
S,u02t400e0,0000
1,13er%=n 0000
2,80 ert=0,0000
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6,508 e08e0,0000
S, 5¢E4Cie0,0N00
9,18 40E=0,0000
2,008406-0,0000
T R0Fep2en, 0000
G508 4+02°n,0000
5,30€a0len, 0000
1,19820120,0000
1.,43E¢01=0,0000
B,716401=0,0000
1.2NEe0F=0,0000
Z.60F=05=0,0000
1,638=0¢=0,0000
5,20Ee0)=0,r000
2.97&007-0.0000
1,04 +02=0,0000
4,90F 400, 0000

‘¢, 50E401w6,0000 ..

5,43E400e0,0000
1,83g¢00=0,00%0
1,6VE+01=0,0000
2,788+01=0,0000
5,58F¢n0=0,0000
1,00e402-0,0000
1 10Ee)ti=n 0000
1, 1NEs0ien, 0000
4,591g¢01=0,0000

LUS6962  ,3B3137 304785
J35975¢9 286040 212209
«T65¢A38 «6993R0 617522
127?020 ,20}]“0 .100907
,019123  0,000006 0,000000
LBS3KOS  [T8TSye 700392
,534d3y Lu8319Y LU20978
JOuT098 068162 «N50608
26084875 o5ul3Th7 JusSule
«219710 +1518AR8 «09351%
,999779 ,9239206 B19068
L217R3S LN88197 109840
(556213 ,u900Bu  ,dy13B61
L0uud?s 004970 ,00087Y
L166895 103439 ,0570%4
,409ut9 Jlus107 0291547
, 827099 LY S RERATTH
1,09%5088 LYY 4 ,903150
761860 596131 510270
RLEUAS 219037 152567
{,u96nTt  1,42961T 01,3416 -
- 1085890 130651 078788
«ShETUY 508250 48233
L1u5718 W0A3b6T «Nu0n7sS
,093389 035824 ,009861
RYLITA 559727 LUB1640
.503917 431644 .35231¢
,007%37  ,005754 004050
,437113 363405 ,285794
,1120682 ,051496 J018032
ehb3uTR .598993 520678
n,000000 0,000000 17,000000
JNOE3AL 0,000000 0,000000
o, 000c00 0,000000 0,000000
.203523 1254835 ,0686108
,050277 «003297 .000040
n,000€00 0,000000 0,500000
0.,000000 . 04000000 04900000
.55%u0u L472848 .3R0013
591346 L504R80 L 411192
,695487 524610 J5318029°
0,000000 - 0,000000 0,000000
n.000000 0,0000600 0,000000
0,000000 0,000000. 0,000000
0,0n0000 0,000000 C,000000
0,700000 0,000000 6,000000
0,600000 0,800000 6,000000 -
N78374 JN18928 ,002592
6,000000 0,000000 0,000000
,112653 . ,0uS679 . ,013637 -
.159728 087418 .CU0337
0,700090 0,000000 0,000000
0.000000 0,000000 5,000000
o,n00000 9,000000 D,000000
0.000000 04900000 9,000000
0,700000 0,003000 0,000000
L 308RRS JTHY9RT ,A50311
0,00000¢ 90,000000 0,000000
122128 L056039 J 022383

,102873
LNUBUS
331407
, 0255130
W 000350
Ju054qte
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000030
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u2408
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,987919
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, 183000
000874
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L 086804
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o
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2
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e
2
H
1
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2,70E40220,0000
3,80E=n1+0,0000
7,208401=0,0000
1,90E403=0,0000
2,90E407«0,0000

2.90E46000,0000°

1.10E=01=0,0000
9,30E=01=0,0000
2,3564020,0000

5,h0E*01=0,0000.

3,60E202«0,0000
1,20E401=0,0000
T,6GE401=n,0000
1,75¢¢01=0,0000
1,27 e0P=n, 0000
4,905 =02e0,0000
6,50E¢0ten, 0000
1,10E30520,0000
$,00E=02=0,0000
W, 30Een0"0,0000
2,5N€E=nt1a0 /0000
3, 70E«0mar,0C0N
2, ENE¢DNen , DN00
1.70E¢G1=0.0000

WL, 00ES0Lan, 0000

U, T5Een2en,f0C0

1,30F=02-0,0000 .
1,12845220,0000,
5;untoﬁl-ﬂ.0009,

1433E401°040000,
{,u0E¢nten n0O00O
1,16Es010,0000
2,36E402%0,0000
4, 36Fe085en 6000
9,u4l0Ee00=0,n000
3,10E=01=n 0000
1,27 en2-0,0000

6,94 402-0,0000

U,10E+00=0,0000
6,80E400=0,0000
4,6CE401=0, 0000
1,12E402«0,0000

L1, U0E4020,0000

7, 40€601=0,0000

1,00 +0G=0,0000 .

7.30E401-0,0000
3,79E+00=0,0000
l.nnos’\‘s.OoCo“n

" 7,10E~01+-0,0000

9,50E401=0,0000

-8,80E.01=0,0000-

1,60E401=0,0000

" 1,30E400=0,0000

1,20Fen1=n,0000
T.45te¢n1=n,n0n0

7,90Fe01en,0000

1,05ke0Nen, 8000
S,ufEen0en 000
1,60Ee05-0,0000
S,80Ee02=0,0000

0,000000
0.,000000

0.000000 -

097617
n,000000

.0.060000
. £,006000

NT1668
0,000000
0,000600

. 319654
000000
0,000000
o,n00000
0,000000
0,000060
g,000000
0,000000
0,000000
0,000000
6,000000
6,N00000
6,000009
0.00000N

‘0,000000

a,000000
0,000000
n,N00000

2009243
04000000

N, 000000
0,000000
0,000000

JN16262
0,000000
9,000000

0,000000_

L,024001

0,000000
0,000000

0,000000
5,000000
0,000000
8,000000

223065

0,000000
o.nh00000

0.000n00.

0,000000

. 0,000000.
0,000000
0,000000.

0,000000

A,000000
. 0eN00000

0,000000
0.0000600
N,000000
0,000000
0,000000

0,000000
0,000000
0,000000

2035113
0,000000
0,000000
0,000000

045098

0,000000 -

0,000000

262817
0,000000
©,000000

" 0,000000
S 0,000000

0,n00000

D 00000

0,000000
0,000000
A, 000000
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0,000000
0,000000
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0,000000
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0,000000
0,000000
0, 000000
04000000

0,000000
0,600000

0.000000
0,000000
0,000000
0,000060
0,0006000
0.000000

‘0,000000
0,000000
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0,000000

0,000060
10,600000
T 158771

0,500000

0.600000,
04000000,
0,000000

0.000000

L 0,000000

0,000000
0,000000
0,000000
0.0000C0
0,000000

0,000000
0,000000
0.,000000 "
0,000000 -

0,000000
f,000000
-0,000000
,00898%

0,000000

n,n00000
0,000000
T, 024293
0,000000

_0,000000

W 1692K8
0,000000
p.ANNDOO

0,000000

0,000000
0,000000
0,000000
0,000000
0,000000
0,000000
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0,000000

0,000600-"

0eDONGODO

0,600000 -

f,0000C0
0,000000
0, 000000
0,000060
0000000

o.000000°

6,n00000
0,000000

£,000000°

0;000000
“n,000000
“0,000000
0000000
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n,000000
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0;000000
0,000000
0,000000
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0,000000

0.000000
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©0,000000

0,000000
0,000000
0,000000

0,000000
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0,000000
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0,000000
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0,000000
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0,000000
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19774pPY 2 7,50E=01=0,0000 0,000000 0,000000 0,000000 0,000030
196794l 2 S,60E«00=0,0000 0,000000 0,000000 0,000000 0,000020
108794U 2 2,70E400e0,0000 .. ,29869S +230808 «16508% 030430 ..
1097840 2 3,1SF400=0,0000 - 0,000000 0,000000 0,000000 00,0000
197800541 1,00E40G=0,0000 0,000000 0,000000 0,000008 0,000030
197TRING 2 2,70E+nG=n, 0000 0,000000 0,000000 0,000000 0,0000:0

2uQ94Py
2u194PU

2,40E+0b=n, 0000 "0,000000 0,00C000 0,000000 9,000000

4, ,R0EWNSe0,0000 L009360 ¢,000000 0,000000 0,000000

2ud9upy 1 UGE+0Ren, N000 0,000000 0,000000 0,000000 0,000000

. 2ulupy g, " hbeplen, 0000 LdadeTo 2088165 L0ub328 001264

. 2Ud494PY 2 2.92F+10%0,0065...0,000000__0,000000__0,000000._.8,000000. e
201058% 2 1, 70FenSen 0000 0,000000 0,000000 0,060000 C€,000000 -

2uc958Mat S hGFe0U=0,0000 0,000000 0,000000 0,0060000 (,000000

24295AM 73 6,7TE=Q1 =N, 0000 W142090 + 094269 «05474% 002753

253805 2 4,58E¢01%0,0000 052620 0009234 «00068° 0,600090
2008(TL 2 1,13E¢00=-0,0000 0,000000 0,0000C0 ¢,00000¢ 0,000010
20181TL 2 3,00Ee00en,0000 0,000000 0,000000 - 0,000006 0,000000 —— - .. ... .
T202841L 2 1,20E401=0,0000 0,000000 0,000000 0,00000C 0,000090 i
20481TL 2 1,10E+03-0,0000 0,000000 0,000000 0,000000 0,00000
2038203 2 2.17Ee0n0~n,0000° 0,000000 0,000000 0,000000 0,00000
2106228 2 7,108423=0,0000 *9,7200000 0,900000 0,00000C 0,0000:0
21242728 2 4,unE=0i=n,N000 0,000000 0,000000 0,000000 .0,000000 .
20883R] 2 B,U6E400-0,0000 0,000060 0,000000 0,0600000 0,000000 - — - et rie s om0l e e -
2078381 2 2,90EeC3-0,0060 0,002000 0,000000 0,000000 0,00000:0 '
2103381 2 S,00e¢00en, 0000 371378 301679 ,230271¢ 08614350
212R38R] 2 U4,20Fe02«0,0000 0,000000 0,000000 0,000000 0,000000
210u4P0 2 1 ,3RE+02e0,M000 0,N00000 0,000000 0,000000 0,000010
2113587 2 3,00E=01=0,0000 9,%00000 0,600000 0,000000 0,000000
2238384 2 1,17E401=0,0000 0,060000 04000000 0.000000 0.,000000 - -
22uSHRA 2 3 bUFegOan, N000 9,000000 0,000000 0,000000 0,000000
2252354 2 1, 4BFed1an, 000 093885 .03970s L,012626 - ,000C'8
2268808 2 S, 9NEe0S«n, 0000 9,000000 0,000000 0,0000600 0,000000
224B4RA 2 2,u0pe03en, 0000 012924 0,000000 0,000000 0,000000
225895C 2 1,0CEe01=0,0000 2,000000 0,000000 0,000000 0,000000
2276894C 2 8,00E403-0,0600 . .,009135 0,000000 0,000000 0,000000. . . . ... .. ... —
27RR948C 2 2,6NFe0ten,f000 .3,000000 0,000000 0,000000 0,000000
2279014 2 | BeE401=(,0000 8,000000 04000000 0.000000 0,000000
22591uTrn 2 T7,06E¢020,0000 €,000060 0,003000 0,000000 0,000000
2299014 2 2,36F¢04=0,0000 & 000000 0,000000 0,000000 0,000000
230991 2 2,90E+07en, 0000 ,000000 0,00000C D,000000 0,000000
23190Tm 2 1,078400%5G,0000 C,3C0006 0,000000 .5,000000 0,000000 ..o oo .. .- e e
2329011 2 S,10F+}20,0000 6,000000 0,000000 9,000000 0,000000
234Q0TH 2.2,41E4010,0000 G,000000 0,000000 2,000000 0,0000¢0
2139194 2 1,77Ee01=0,0000 @,000000 0,040000 6,000000 0,7000C0
2319198 2 1,30E+07=0,0000 0,000000 N,000000 @,000000 0,0000¢0
21391pPa 2 2, TUEenter, 0000 , 0582088 ,013190 ,003537 .000077
232920 2 2,0%E401e0,0G00 0,000000 0,000000. ¢,000000 0,000000 .__.... ... .. . .o -
23292y "2 2,70Fe0U-n,N000 0,000000  0,000000 ¢,000000 0,0000C0
21592y 2 §,90p+07-0,00%0 0,000000 0,000000 @&,000000 0,0000(00
23402y 2 G,10E+NTe0,0000 ©0,00000C 0,000000 ¢,000000 0,000000
231592U 2 2,6CEe11=n, 0000 0,000000 0,000000 0,000000 0,000000
S215924 2 B, TnEen9ea,0000 0,000000 0,000000 M.N00000 0,000000 : )
2317920 2 &, 7SE+00en,0000 . ,055956 .012597 .. 001489 . .0,0000C0 . U S
233920 2 1,70Fe12e0,0000 0,000000 0,000000 0,000000 0,00C000
2u092) 2 S, AkE=01=n,0000 L0R3T724 L08A308 .010984 .N00010
21708%P 2 8, NEL4OR=N, D000 0.000000 0,000000 0,000000 0,000000
21398up 2 2,83E400~0,0000 0,000000 0,000000 0,000000 0,000000
23794PU 2 U, 56F+01-0,00N0 0,000000 0,000000 0n,090000 0,000000
. 23894PL 2 3,30F+C4=£,0000..0,000200..0,000000..0,000000 ..0,000000 — e e ot ¢ o arae©
‘239940U 2 B,90E+0b-0,0000 0,000000 0,000000 0,000000- 2,000000 :
4
2
2
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249974%
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2u936CF
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2,30E4060,0000
4,21k=01en,0000
1,56364020,0000
1,30f40Uen, 0000
&,708403en,0000
7,30F408e0,0000
2, U0FE¢)hen CNAQ
S, BuF+3Qan, 0000
$.,72F403=0,0000
2., 90F402=0 0000
1,.3UE=01=0,0000
1,3164)S=0,0090
1,70E+03-0,0000
B, NYgei2e0, 1000

0,000000

ELTIYT)
0,000000
0,000000
0,000000
A,N90000
0,000000
0,00000C
a,00000°0
0,000000

,237n%a

0,000000
n,000000
6,000009

0,000000
NI

0,000000:-

0,000000
9,000000
n,000000
0,000000

0,000000
0,000000-

0,000000

+179005
0,000000
0,000000

0.,000000

0,000000

.014050
0,000000
0,000000
n,000000
0,000C00
0,000000
0,000000
¢,000000
0,000000

125809
n,NN0NNO
06,n00000
n,000000

0.000100

L000127
0,000300
0,000)6¢
0,000300
0,000,00
0,000)00
0.,000)00
0,008)00
0,0N0100

0291382
0,000300
0,000000
0,000700
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THE SYMBOLS IN COLUMNS 73e5 INDICATE THE SOURCE OF THE DATA OV A
PARTICULAR I1SOTOPE,

J— SYMBOL oo o oo
18T TARLE IN

o3 |

H2
MR
NO
Ni
N2
NB
0
LIs}
o™
- OR
NO
N2Q

« INDI

AND PFHLMAN ~ :
N T~E TABLE OF [SOTOPES

2NN TasLE ]
BOTY TAELES

IN -THE

--REFERENCES - -
THE TABLE OF ISOTOPES 8y LEDERER, HOLLANDER,

ST SE—

TABLE OF IS0TOPES.

NUCLEAR DATA SMEETS we SECYICN 8 11966+1963)

AD AND kY
ND AND =2
ND AND MR

OTHER REFEF

"y AND
K2 AND
uR AND
ND AND
N2 AND

QaAaamn

ENCES

IN COLUMN 75
CATES (1) INCLUSION OF xeRAY(g) FRCM INTERNALL CONVERSION PROCESS
AND  (2) THAT gOmE OF THE XNFO ON X=RAy(8) COMES PP, S70«1 OF

THE TARLE OF I§0-0PES

) INDICATES THE SAME THING AS » AND ' ADDI1!0MALLV. THAT SOME OF THE
INFD A{ SO CUMES FROM PP, ETU=S5 OF THE MANDBOCK OF CHEM]STRY AN
PHYSICS (1964e5).

72302N2 o L,41  ,009 L07 L0114
- TR31GA2U1,0003-,115 4072 601
,08 ,78s 043 E% 95 ,E347
L,0071,219 ,0141,252 ,0131 268
J03dy, 406U L003 {,48 ,0091,573
07 $.859 ,0112.816,9007 2,315
16 2,508,0007 2,09 ,0052,84¢6,
e 73307N2 0 . ..
7331642 8 005 ,087 87 296
W07 - ,Tu2 017 P7
74316222 ,02 .36 11 Lu93
L00 .98 ,0% 1,103 ,08 1,208
,06 1,93 ,02 2,18 .49 2 35
R - 4017 3,33 ,02 3,14 ...
98316822 L0 ,3s (03 .’R
©95326E1 2 ,24 ,01 34 139
75325€2 17,0004 ,031,C027 ,db0
«00t6,6177
7031682 3 ,5 52 .S 563
G 763345218 04 . (559 L4} 45593
20015 ,Re% ,02 1,203y .0us51,216
.¢00091,8RY ,00s82,037 ,0032,112,
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LI X

. 200,70
100000,70
31,0 )4

q1,06E="0

Lyn2E=Dl

SySufF=ng

Qn.é'qﬁ'ﬂ‘

2,82 =38

SOESE'ﬁqh

1,23t=u8
f,uofec5S
6,3SE=0p

U, hUEenp,

2,5Ufenn
£,558 .05
1,73Ew0y
E,QuE=(7

b,228mu7 .

3,22€=07
2 UdE=C?

1,5uE=CT.
1.23e=07

\ 10
2h0elN

100300,Cn,

2,17k=C4
T, ubsa(s
1,15E=Ca
3,00k CS
2,535aCS
1.,HUE~CS

§, 98 ~05

A, \UE=Dp
CIRIET I
G 18F~T5

1

2
500,00

2.,47Ee0d
167604
1,33Fe0d
8,31E=08
hy10E=0S
3,uhtenS
3,3180S
1,80F«0S"
1,79F=nS
9, 77E=0b
Te0hE=06
U IREwOB
I.UulE=0p
2,20F=06"
t.0REwns
1.,15k=0p
6,27F=g7
U, h2E=0T7
3.0% o7

2.,38E.07

12
500,00

1,5uf-n0

9,636208

: 8.58E~05

S.12f=0%
3.0UE =S,
2,15¢an8
2¢12E=05"
l1elutens
10SE«QS
5,93t =06
3,69E«06
2.39€=06
1.636=06
1.17F=06
T4k 07
5,07F=07 -
2,80E<07
2,35E07
1,35E«07
{,19Fe0?’
12 '
500,00 .

1. 13Fa00
0,%s =08
n,37E=«0S
3,680E=08
FIEY TR
1,52E=55
Se 3“”‘:"75
T RAE-0h
6 88Felp
I RIF e08

PASQUILL F, YBAR s | M/SEC

3,01t a0

. Fo
1000,00 2000,00
1,93E-04 1 uEap4
1,53t =04 - -
f,00E=08 1,013=04
T.0UE=0S
U,B2E=05 ¢,52:=35
5,19t =05
2,69E=0S 2, UREenS
1 ,hSE=0%
1,51£=05 1, 41€enS
8,96t=0¢8
6,32E=06 6,10E=06
3.,ATE~08
3. 14E=08 3,12F=0¢
2,05E=08
1.576=08 | ,58E=0s
1,03E=08
6.01E=0T7 " 6416E=0?7
U,37k07 ’
2.99E=07 3.10E=07
2,25€E~07

PASQUTILL. Es URAR

1000,00 230¢C 01"
1,20F«006 | L8EaQu
9,056=0%
6,R0E=05 6,40E=0S
4,TE=0S
!.IAE'(\S 2."“5'05
1,90t =05 )
1477€=05 | ,05E=05
1,05k=08
0,21E-06 B,"TEeps
S.4BE~0b - - C
3,4UE=06 3 ,42Ee06
2,23E=06
1,56£=06 1,b0E=d6
1,10E=08 - .
7.458%07 7,77E=07
S BSE®0Y i il o N
2,77E=07 2,33E~07
2.,2UE=07
1,356=07 1, 2uE=0?
1 JH4E=07

S459UTel Dy UBAR

1900,00.. . 200,00
B, R0E«05" B,47E=03
6,34E~0S
5,02E«09 4, T0E=05
3,32E0S
2,33E=05..2,15€=0%
1,40E<9S
1,196=05 {,:2E=-0§
5.90E05
5,876~ §,T3E=Cp

5009.00
2,13E-04
1407E=04
4e546E=0S
2,42E«08
1,33E=08
S«73E~00s
2.%E=06
1:51E=06
Se96E=07
3+02E=07

%} M/SEC
5000,00

1,2hE-D4

6,6RE=0S
2.8RE=0S
1:56E=08
B,1%E =00

1,54€=26

7.59€07"

2.90E=07

1e4uk=07

s 1 “/SEC
Sonn.0n

8,92€ <GS
4,75E=05
.2,085=05
1,05E=05

S.3nE=04

3,20E-06

16006,00
2.17€=04
lﬁoée-Ou
u}s?E-oS
2,38E«05
1,29=09
5.06k=06
2. 82E=08
1. 4uE=0s
S.oHEwy7?

2.89E=07

"10000,00

1,29 04t

6.74E=05
2. 85E=0%
1.51€=05
7.82E=06
1 07E=06
1.46E=06
7. 25607
2.79E=~07

1, 39€«07

11000400
9,055-55
4. 70E-0%
2.02¢=05
1. 00Ee0S

5.08E=0s

20000, 00
2,09€=04
1,04E«00
4, 3UE=0S
2,256%05
1.21€=05
5,09E~06

2,62E=06

1,35606"

S.32E=01

2.7!E-0?

20000,00

‘. 2“5'02‘
‘6,43E=05
2,698 06"

1,42€=05

7,29E=06
2,Rb6E=006
1,36E=00

6,79E=01

2.03E207

1.31k=07

20000,C0 .. ... ...

8,67E=CS
4,53E«05
1.90E«05
9,37E=00

4,72E=006
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2,50E06

2,32E=08

1,S86=28  1,0Btelp
9,31E=27 9,026-07
5,90E«D7 p,pRE=0?
3.88k=07 3,RIE-07
3,22E«37 3,188e07
9,8ufenf | ,nlfan?
9,20E-0R L9, 20Ea0R
3,87:38  u,{0c.n8
3,876-08 3,85E-743
10,00 \ 10
190,00 269,30
50090,00 100020,00
4. hoteld ) ,u0E0U
3,13:20% 4,73:.08%
1,782-90  7,28E-0¢
2,775 =08 " 2,6QF (8
3,728006  2,426-08
1,035e0% 9, m0EeNy
1.08E=05 B8,99E«9s
Uob8500h u,39E=0¢
3, 2% <00 3 ,05:e08
2,025=06 ) ,93Eenp
6,2U:e07 m, u1Ee07
§,87E%57 §,30E=07
1.91E=07  2,902E=07
1,08E-07 |, ,ahE=07
" 6,31E-08 o,gaEeNg
6,52¢-08 b&,53F=08
1,70E-08 {,51E=0Q
§1.,556-08 " 1,58E<0R
Te77E09  4,00F=NQ.
6,07E«00 &n,12F=0Q
. 0,00 1 10
100,00 200,00
S0000,00 100000,00
-3,09%e04  1,06Fe04
3,87605 3,57¢«05
9,81g+05 4 ,BRf=nS
1,87L=05. §,716<05
1.67E205 1,30k-05
6429506 §,BRF=04
3.71k=06 3,47Eeqgh
2,27E=08 2,16E=ip
8,30E~07. 6,60507
S,65E«07 5,536~07
7477608 $,02E=08
5,99€-08  4,00E=NA
4,NRE-08 3,15E-78
3,17k-08 3 ,9RE=03
- .2,235298 1,77E=0R
1,788 =08 1,79%.03
"1,0UE=GA B8,05f=00Q
B,1%8=09 AR, 1QE=09
S.7hE=00 gy, ySEe00
4,57t=00 J,50E~00Q
6,00 1 10
{na.nn 200,00

SoAna, 0N 100NN, NN

1,83a0u

7,00 <3S

1,95€<00
1,ulpenb
T RUE=07
6,U3E=07
3,ulEe=07
3,0nF=07
7,23% =07
3,05F-n8
3,756.08

3,808-08

12
SN0, 00

7,53F <05
4,37F=n8
d,2nF=09S
2.31FE«0S
1.68F =05
R,Q37Z=9s
b.87E=06
Uy12E=0h
2.S5TcelH
1483200
§,69:.07

5, 1ugenT

1,Ruc=07
1.x30=07
b, 09F =210
b,47€08
§,38F=08
1.556=08

Ssulf=0@

b, 11600
12
500,00

5,90f.05

. 3,30F <05
T 3,02F <05

{,rlE=0S

9, 64F=0b

5.50E=06
2.91E=pb
2.05Fe0>
S.UuE=q7

5.37&'07-

S.,ulE=08
S,96F <08
2,83FE-08
3,178-08
1,536 =04
1,79:+08
7,25¢g-n9
B,18E=09
4,01F=09
4,51€E-09
12
500,00

4,31t«08

FIGURE
1,876e06. §,92E08 |,85F=0b
1,326=06
7T.74E=07 8,17€E=N7 8,06E=07
b6,10E=07
3.4tE=07 3,66E=07 3-685507
2.,93E=07
Q,30F=y8 |, 31807 {,03E=07
A, THE=08
3,B0E=08 W,13E=08 4,23F=08
3,72E=08 .
PASQUILL €, USBAR & | M/SEC
1000,00 2000,00 5000.00
9,98t205 Y ,5REe0S5 S,72Fe0S
4, 02g-08
J,01F«96 3,15E=0G 3,09E=09
Z.12E=08 .
J.41F=05 {,32E«05 1,2%3KE=06
F .23k eyp .
£,2TE=06 6,12E=06 S,T1E=0b
5,82E=08 R
2,4Tte0s  2,54E«0b 2,44E=06
t L, T2E=06 :
3,09607  6,126-07 6,14p07
8, 93E«07 -
T ATE=07 2,03E-07 2,075=07
1,79€=07 .
ne26E=0A $,91E=08 7,12F-08
8,35E«08
1,42E=08 §,S8E«08 {,p55=08
t,53c-08" .
1 5,5uE*09 6,1uE=09 p,43E=09
5,05t-00
. PaSIUILL 8, UBAR 3 | M/SEL
1000470 2000.00 S000.00
4,60EeDS 4,32E405" 4,35E-05
3,03E=05 | .
2,45E=05 2,27E=05 2,17g~NS
1,478-05 B
d,60E=06 B,23Eend T,bufeQh
LG, NdE=0s ) .
2.80E=08 2,87E=pb 2,75E°0s
1,91E«0p
S.95E=07 6,40E=07 6,43E=07
S,1UE=07 S . .
"§,55E208 5,15E~08 b,42E-08
S,86E%08 .
2,90E-08 3,22E-08 3,37E=uB
3,13E08 . . .
1..63E=08" {,81E~-08 1,B89F-08
1,776 =08: . . '
7,42¢-09 B,235=08 B,61E=09
R,10E-09
4, 10F=09 4 ,S5SE=09 y,T74E=NQ
4,Uqk=09
PASUYYTLL A, URAR = | M/SEC
1000.00 2000.00 S000.N0
3,42E<05 3, 15E€205 3,10Ee0S

1.76E=06

7-71E«07

3.55E=07
1,01E=Q7

4,15€=08

11:0V0.00
S.76E«05
3.06E=05
1.19E=0S
5.39E=06
2.31E=06
S.96E=07
2.02E=07
6.97€=08

1.64E=08

6.38E«09

16000500
" 4.36E=~0S

2.13-05

7.25k=06

2,59t =06

6,21E=07

6.34E=08

3.34k=03
1.87£=0A8

BASQE-OQ

4.T3E=U9

12000.00

AGLIXSIL)

B-9. Library BIVLIB Listing

1,64E=08
7.24E=01
3.36E207
9,59£=08

3,97€08

20000,00
5,50E=05
2,90E05
1,11€05
S.01E«06
2,15E+06
S.hUE=0T7
1,94t=07
5:5§Eb08
1,58E08

b,18E«09

20000,00

4,15E405

2,01€-05
6,74E=06
2,u1E~06
5,88E-07
6,12E208
3,23E408
1, 81E0R
8,27E=09

4,58t-09

20000,00

2,92E=05
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2,72f«08
4,00E008
1.22€+05
5.21E=06
2,59F =08
S,278=07
d,77teQ7
11325.0’
9,02E205
5,90t«0R

4,91k .08

1.155'05
2,4pEepA
1,75¢=08
f,12Ca04
7.,5%-09
6,16F«(09
dy,uBiage
3, 48E00
0,00
10,90
50000,00
2,285a04
3,i7€<0%
T.81EaGS
l.6uE=05
l,65Eeng
6,280y
U,8uE=06
2,7% =06
1.378%0s
Lo278eny
2.568=07
2,51E=27
T.6bte08
7,678.08
2,77g=08
2,2xEa08
9,13E-09
d,02-=00
Weld2tedQ
{,00te00
0,00
100,900
50000,00
6,705.04
6,71E=0S
2,77E=00
3,c58-05
7T,08Ee0S
1,55E«08
2,27¢=08
7.55E=0
6,90Ee0p
3.57Leup
1.335‘33
1,07E«04
JyC3Een7
3,774 a0
1,19€=07

2,51Ee85
3,016=08
1413E=0S
4, 7BEe(s
2.7“E'r6
5,41E=(C?
u,aleery
1,026=C7
9,56E«R
4,55E=CA
4,59€«CR
2.uukelg
2,4T7E=NR
1.15€=03
1,37F=0A
By 1009
b,21E=39
Y.uutedo
3,51E=00
1 10
200,00
100000,0D
8,70F-08
2,03£-03
4,29F05
l.ilF-O%
1.2°E-05
SeBIFeDy
UedlFmCa
2,61kl
1,338«C,
10350,
2,70k en"
2 Ut e
Teb2E=08
T.6TE=NB
P,22E08
2,27E~N&
LAY
$.678-00
2,7%E=0¢
1.60F=0¢
.1 1c

200.0¢ ..

100000,0¢
1, R2€=04
6,19F=0%

9,93F=08

3,3RE«08
), Q0Ee0S
1,UuFE=05
1 .,66g=05
TelUE =0
0,09F=0g,

3,37k <04,
1¢3%€=0s

1,03E=04
Le2NE=07
1,770}
1,Puf=07

2.33Fe0S
1,99F <05
1,056=085
3.93E~06
P.5RF 06
4,915-97
4,58 07

"9, 10F-0%

9,61E=08

4e10E«08

4,52F«089
2,19t -08
2.,47E=08
1,226=03
1,376«98
S.QQECOQ
6,20t .09
3,108-09
3,50k09
12
500,00

H,°<E-05
2,71v«0S
Z,585a(GS
1.,40fF=08
I.61E=08
EPLAIE T
LebnFe0b
2,4750%
l,21Fuiy
9,528+07
2,887 eny
2edEe0?

T7,00Ee08

T.60Fe08
2.0ZE;OB
2.,27F«08
L,37F«09
L,b3Ee00
1.37:«09

“§.ST7E-N9

- 12
500,00

. G,b1Fe05

S.72€=05
S,61FenS
3.125«0%
2,50E95
1,337=05

1,20F=n8

LI L
4.90E=00
3.12Ea04

[PEILEN

9,94E«n7
§.FYEeN7
§.0% a0y
talhEe07

2.14E=08
1 n7E=0S

S,03t«08
3,728=y8
2,U0E=0¢
4,975e07
4,5ut=07
9,26E-08
9,17€=08
U 19E~08
4,dptenl
2,25kenA
2,44E=08
{,2uE=08
1,35E-08
§,a82E«09
6,1UE=09
3,17E09.

3,4T7E=09

SUTTION
100000

3,92E.0S
2, UFENS
2,10E=05
1.29E~05
805°E'06
§,)7E«0p
3.3“&'00
2, 30E~08
1, 19E=-0p
Q,yVE=07
2,52£-07
2.378=07
7.2UE=08
7.,47€=08

"2,07g~08

2,2dE=08
4,24E-09
4,58k =0Q
1,t0E=09
1.53E=09
“SUTTON
1600400

7,49E05

S.E6E=0S

U U4UE-05
2,R7E40S .

2.,07E=05
1.23£=05
1,05€05
5,15t-06
4oS59E=0p
?,90F 0y
1,2VE=0p
Q,ulEe0?
§,86E=07
3,50€%07
1.18k«07?

"1,54E=08

3.,75E=0s
5.39€.07
1.025-07
GunuEels
2,496-08
1,38E=038
b,2UE=09
3,52E«09

UNSTARLE,
2600,00

3,526405
2,22E=0S
8,53E=08
JeusE=08
1,68E04
2¢TUEw07?
B,0UE=08
2,29g«08
4, tLE«009
l.e7t =09

NELTRZL, ..

2000,0C

7, 198405
4,14E=-0S
1,92E205
9,906
d4y56te0p
1e27ECo
4 17E=07

1e32Een7

1,44E~05

3.54E=06

S,UaEen?
1,056=07

G.BaE=28

‘2,61E~08

{.uuE-08

6.53E=09

3.68E=09

USAS 3
5000400

3.59E-05

1,92E=CS
T.buk«0s
3,35€=08
1.25&-0§
2.798-07

8,35:=08

L 2,40E~08"

4,98E=09
1.712-09

UBAR 2 1§
S000,0)

7, U3E=05

4,14E-0S

1.,82E=05

‘9, 2ug=08

4,29E=04

1425E=0p

0.325'07

1.53%€E=07

1,40Ee0S

3.33E=00

'5,26Ee07"

1,036«07

4,79E=08

2.59E=04

11u43Ee0R

6. 48ESQ9
S.6nt=09

M/SE

10000,00

31,5905
1.87E%0S
T.24E~08
lslotk=0p
1,200
eT72E=0T
€.20E-08
¢ 3Bge08
{492E=09
P.73E=09

M. S€
10020.00

" e52E«05

“.ISE.OS

T TTEe05
8lE=06"
1.05E=0n

W20E°0n

fo1lE=0T

L 30E=07

13108

3.08E«08

4,97E07

9,90E=08 -

4,63E-08"

2,50E=08
1,39€408
5,28E=09

3.SUE«09

20000,00
J,UlE«0S
1,76E=05
6,73Ee0b
z.aséaae
1,:2Ee00
2,59g-07
7.,H6E-08
2,10E408
4,77E09

1,67£=09

20000,00

7.19E=05

3,92E=05

1,66E205

B, R22E~D0H

“3,75E-08

1L.136-0m

1,91€«07

1.258-07

[

—



€6-9

- -1,21E=07..

2,89E =08
2,55E=08
1,22E-08
T.17E-00

0,00

e 100,400

50000,00
1,50E-03
1,23E-04
1,02€-03
9,21E08
S,05E=04
5,52E=05
2,60E-04
J,d3g-C5
1,22E=04
2,00E408
4,10E=08
B,95E«06
1,74F«05
8,018 e06
'70305106
20}75'05
T2,47E=Ds
L 1,02E=08
1olnE=ln
5.675007
0,00
100,00
50000400

4:9,555.00

8,54g=05
6;02E-04

- . 6,16E<08

‘2,T1E=04
3,62E=05

C1,26Ee04

PP

,2,22E-05
5,22E=0%
‘1,27E=05
1.50E=05
"G,54ke0s
SeTaE=po
2,77E-00
2426E=06
1,3uk=00
7.,21E«07
5,24Ea07
3,26E-07

2,67E07"

0,00
100,00
50000,00
Ty11Eete
5,02€+08
3,.85Fe04
2,90t e05

" 1e9twny

1e72t=08

1421E=07
2,U9E=08
2.,56E«0R
8,18E«09
7.R2E=009
1 10

- 200,00
100000,00
3,238=04
1,10E=04
2.“5&'0“
RLU9E=0S
1,49E=0Cy
S.,106«08
9.20k=05
3,17€=08
S:+15E=05
‘uGSE'OS
2,105=0%
R,33F=06
1.,00e-0%
4,3uc=006
Ue77E=0p
2,2%=0p
I.EGE'QG
9,45E-07
9,57E=07
Se41E=07Y
1 10
200490
100000,00
2,28E=04
7.RB8F<«05
1,65E04
S.6B8E=05
99,7808
}0355'05

5.83E05 °
1,97€<05

"2,05E-08
3,10E=05g
1.18£05
1.13E=0S
S.19E«0p
deBb6E=00
2,02E°0¢

" 2.05E=0s

1,28E=0s
[6492E=07
"S407E=07
3,2ug-07
2,61E-07

1 10

200,00
"100000,00
1,25€-04
4,62E-0S
?,6RE=05
2o T6E=05
4.53E=nS
1,59E=05

2.2R8E«08
elSSE‘Oe
6,99E=09
7.80F=09
12
500,00

t,04Ea04
1,05E«0d
1,276=04
7.85€«0S
A NnEeNS
4,72E«29
S:23E=05
2,94E0S
3'115'05
1,71E=06

"1,.37€=NS

T.76E=06
6,87E=06
4, 00F=uo
3.ulE=9s
2.10E=08

"talitelb

9,13E=07
7.S4E=07
S5.14E=07

12

500400

1,17E<04
~7,28g=05
 8,8UE-0S

S,25E4905

_5454g=05

3,10E«0S
3:453E=05

2,04E-05
xolpE'OS
8,3bE=00
4oRGE=Dy
3384E=¢6
2.476-00
1e7T$E=06
1,22608
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2,UE=D7?
HANFOURD NS, SIGY = ,Du , UBAfC |
1006400 200,00 5090.00 3100000400 -
h,3dE«05 6,02Ea05 » 6,22E=05 6.,27E«25
4,3Bge0S
4,99E=05 4, 68E=05 4,73E=05 4, 74E=DS
3,30E=0¢% . .
3,23F=05 2,98E<(S 2,91E=05 2.8BE=dS
2,00Ek05 :
2.08E=0S 1,92E«05 |, ,82E=05 1,78E=0S
1,23k08 R
1,206=09 { [3E-05 1,0nE=0S §,02t=05
7.08E=08 .
§,008=06 U, 8906 4,0%E=06 U,37te98
3.13E-0s
2.u3E=06 2,uuFe0b 2,32E=06 2,21E=V6
1.63E=06.. . . - .
1.19€=086 | ,22E=CS {,1BE=06 1,12E=06
B.,56E-07
G 82607 §,)8EeC? §,0:E=07 4,80€=07
3,R3E-07 ] )
2.4TE=07 2,5UE=C7? 2,65E=07 2,56E-07
2,11E=0C7 - ..
HANFORD M3, SIRY s 08, UBAF .
1000,00  2300,00 Sor0,00 1€000,00
5,62805 5,29Ee0S S5,UcEe0S S,udfels
3,80E=08

8,39€=07
3.53€-07
1. ABE=07

9,A3E=08

20000,00

6,99E=0S

T 5,uTE=05

3,49E=05
2,24E=05
1,32€«05
5,RSE=006
2,93Ea06
1,U2E=086

S, 49E~07

2,79E.07.

20000,00

5,99E-05

4,S1E=05
2,72E=0S
1.67E%05
9,uBE=0h
4,07k06

2,06E=00

l.OSE-OOM

4,528-07

2,42E-07,

21000,00

5,195-05
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5

ve o 2,59Em00.

3,51€£=05
1,00Feny
2,02k 95
4,90E0%
1,218«0%

oo 24, 1UE 3

6,7T1E=06
b, 7%E=0s

T 2,B0Fe0p
2,90E=0p

. 1.5ct=0s
1,358 ens
8 27E~0?
S5,158-07
3,79Ea07
205?5'“7
zlan.°7
80,00
169,00
SOGN0.00
1,20tkw086
4,91Fe0n
1,5utk=06
S,40E=0p

2,01E=0n

S,68E=08
“4,S56E=086
5,60E«08
0,63E=08

e 9,81E 004

Selebele
©3,S5cEelp
T 3.u7E-08

D 2,15E=0p

1.,7uE=06
. Y 17Eens
6,4 =97
4,91E=07

"3,11E.07

" 2,59E=07
N 50,00

cmee o 100000

50000400
1,30E07
9,38g-07
1.57€E=07
l.OSﬁfOb
e 2eWlEeQ7
1,03E=0¢
.3.09E=0?
1.11E=0¢
Y.4uE=0?
1,13E=0p
9,12E=07
1,13ke00
1,300
1,0uE=08
1,2752048
8,0%E07

9,54F=05

3,2Ug-05
S.28E=08
tou7E=08
24928 =05
1,12E-05
1'“55’05
he2hE=0p
.5,85E=06
2,736«04
2.53E-04
1.u5E=0p
. 1,2%E=06

7,932.07

4,9hF=0T?
3,67E=07
2,51€=07
2,03E=07
1 10
200,C0

10000000 .

9,15ke08h
4,59 =08
9,71E«08
9.0Sk=0g
1,026=0%
5.3}£f06
1,0UE=DS
S,3uE=06
9,36E=06
4,89E=04
S RoE=0p
3,35E=04

3}&°E'°b.

Rs05E=0p
1.65E=06
1,12E=04
6.,27E=07

0.735.07'
}.07E-07j
L 2,50E=07

110
20000
100000.00

1,68Ee08

. 8,77€-07
1,76E«08
9,02E-07
1,88F=06
1,02t 08
1.95E=06
1,04k=0¢
2.N2E=0p
1,0hE=0p
2:08F=0p
1,07€=08
1,87E=00
9.105-07
1,357 =08
7,58E=07

. 5,626205 .

3,N0E=NS
3,24E-0S
1,74E=05
1,93F«05
1,048 =05
1,038<08

5.R5E=06
4,0SE=00

2,576=04
2-03t~00

-10395'06

{,C3Eedo

7,58E=07

4,30Fa07

3,59F=07

2.27E07

1,98E=07
12

500,00

A, 21Fe00
“-2°E-“°-

8,7RE=06
U,72¢=08

9 03F =06

4,99€086
8,94E=nb
S, 00Fenb
7.89¢ 06
4,5080p
4.92E =06
S.,1nk=00

2,77E=06
. 1.95E=08

1.ulE=06
1.,07E<06

. SeuTE=07

u,p?F'07
2-1?E’07

T2,4Tke07

12

500400

1,56Ea08
8,196=07
1. bbE=06

. 9,00E=07
1e73Ew06 -

9,59t «07
1e76E=b
9,77E=07
loﬂoE'Oﬁ
9,93E-07
[«79E=08
t.00E-06
1,5KE=00
9,1%E<07
].]ﬂf-ﬂé
Te13Ee07

4,29t=05
a,76E=0S
€ 0LE=DS
ﬁ.bOE'“S
1.62E=05
€,59t =06
C,01E=08
L ulE=08
1,73E=0p
¢.39E=06
1,90E=06 -
1 .29E«0¢
e, 8707

Te18E-07

4,24g=07
31,3707
2,21t=07
1,90E=07
HANFOR
1000,00

7.65ENb

§,98L=06
3,25E~06
4,36E06
B,us8k=06
4,61E=08

T B,32E-06

u,0%Ee06
7,37€=06
4,25E=06

Web7E=0p

2,94E=0p
2,66E=U8
1,82E=0s
1.,37E=06
1.01E=06
S.uif=07

L4, U1E-07

24728207

' 2,38E-07 .

HANFOR
100000

1,47ke06

7,55€=07

_1,58E~06
8,30E-07

1.64E=0b

3,99E«05 .

2.,4UE=0S
:1,51E205
8.59E=06
3,67E=06
1,91E«06
1,91E<06
G,ubE=nT
2,37E=07

D MS, SIGT
2000,00

7,20ke06
7.,85E~06

6.985-09

7.98E=06 .

7'155'06

"4ebbE=0p

2.,72E0¢
1,260

S.73E=07

2,92E907

0 ™S, SIGY
2000400

1,39E.06
1,51Ee00

1eSTE=08

B RTE=0T

1.66E=06 .
"9,03E-07

1,69E=06
Q,19E=07.
f.07E=06
Q,25F=07
187k =006
8,50E=07
1,03g=08
6,62E<07

1459E=06
1.61E=06
) 00E=0b
1.03£-06

1,07g=00

31°°Ef05 . 1,97E«0S
2,34E=05. Z,30£=05
1,43E=05 1,3BE=0S
8,05E=06- 1,70E=06
3.UTE=06 3,31E=06
1,82E=06 1,73E<06
Q,7YE-07 9,33E.07
G,61E=07 U,22£-07
2,37€=07 2.29e=07
s 026, UBAR .
5000,00 10000,00
6,276-06 S5,77t=06
6,89E=06 6,3UE=0b
7.176=06  6,03E=08
7.10E=06 6,63E=06 -
6, USE=06 . 6,05E=00
4e36E=06 4, 08E=06
2,60E08 2.45E=06
1,38E=08 1,31E=06
5,68E-07 S.uSE=07
2.93E=07  2,84E=07
= 024, uBaR
5000400 - 1000.0,00
1,20Eapb 1,10E008
1,32E-08 1,21E-06
. 1439E°06 . .28E=08
1,41E=06 1.,30E=06
1,43E=06 1,32E%06
1,03k=06 {,33E=08
1,30E06 1.,21E=06
9.92407 §,28£07

3,77€<0S ..

2.17E=05

"1,29E«0S

7.,18E=06
31,08E=06

1,62€06

8,73E=07 .

3,97E07
2,17E=07
20000,00
5,28E=08
5,80E06
H,N9E=06
6,10E06
5.58E=06

3.,78E~06

‘2,28E=06

"1,23E<06

5, 14E-07
2,69E=07
20000,00
1,01E=06
1.10E=06
1.17E=06
1,19E=06
1,21E206
1,22€a06
1.,12E=06

8,58E=07
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6,%40F=07
4,30L=07
3,unEe07
2,33E=07

60,00

100,00
SA009,.00
6,3SE=0R
4,b7507
0,70L=0R
S,08E-07
8,58t =08
5,32te07

1,22€<07.
S,Upte0?

1,50t=07
5,95L=07
2,61E07
S,60E=07
4,56%«37
S.QQE'°7
b.,03E=07
5-215'07
S.76E=07
3,5ut=07

3,u7te07"
2,188.07"

T 40,00

100,06

50000,00
l,l°€-06

4,906-08

1,4nts06
5.3S§706
2,Nakeatin
S,untes
l,OuE-Op
4,998=04
GylTE =00
dollite0p
3,68E=06
2,548 «0h
2,36g%08
1,53E-0¢
1,278°04
8,0%t=07
50326'07
4,0uE=07
2.70E+07
2,25E=07

“h0,00

100,00
50000'00

1,3¢EenT.

9,38¢e07

1,57E07

1,03t=06

2,40fen?
1,00t=0n"

2.93E=07

6,58E-07
4,10g-07
3,29F-07
2,24E-07
1 10
200,00
100000.00
8,30E=07
U, 36607
8,60F-07
4,756=07
8,9uF=n7
4,90F a7
9,u42£=07
S.135=07
9, 73£=07
S,21E-07
1IO?E‘°6
S.33k=07
1, NuF=0p
5-3“6‘07
9,36F=07
4,A0F=D?

S.B6EIT
'3.3§E-37

38,2967
2,95807
[T
202,00
100000,00

9,t11F=0b

4,58 =08
9,568«06

L5 DO wla

EIR LY
35,7768
A 49F=Clp

4,59t =6

n,07f=1s
3,RBE=Jp
1, 88F«0
2,01F=D8
2.P4gedb
1sURE D4
1.,206=08

B,1uf07-

S,lufF=ay
3,03F-07
2.n7E=07
2.20E-07
11
200,C2
100000,¢9

|1 hRE (i’

B,77F=C7?
1,7hf=lin
9,82E«07

1, BPEGS -

10028 =08
1-°2F'0@

S.54E=n7
loaqf'07
2,81E=07
2,14E=07
12
$00,00

T. 74607
4, 08«07
Rylaf=07
4,USE=07
A,39Fen7
4,68FE=n7
8,65¢=07
U, A0E=07
W ,22F=07
4,88ke07
Q.an.°7
S.00fe07
A,uE=07
S,00E=07
7.,39E=07
4,%9€=07
U,92€=07
Y,10e07
2,77Fe07
1,95%F=07
12

500,00

B, 18Fe0h

0,27t «006
BoenTESOL -

4 hAE=0h

TR,E0F <08

4,75 =05
T.h3E=06
U, UlFang
5,92E=0h
$,05E=08
3,30ca006
2.,2%Fe0b

A!,QO;.Ob‘
‘o‘qﬁ'ob%
1.03E=06.

A, 00F=07
4, u?E=07
3,P1Fe0?
Relbted?

R,15€=07

1e

550,00 .

1,56F-06
A, 1%k an7
1.,6hTapb
9,00¢a07
713608
Q,87Fe07
faTUE®0b

S,32E=07 S,43E-07 5,19E=07 U,91E=Q7
3,6%€=07
2.73E=07 2,81E«07 2,76E07 2,63E~07
2,03E=07 '
HANFORD ™S8, SIGT = ,024, UBAR
1000.00  2090,00 S300.00 10000.00

7,306-G7 &,9:Ee07 §,99E«07 5,49E-07
3,76E-07 .

7.80E=07 7, ,4BE=0T7 6,53E«07 5,97E-07
¢, 10E=DT.

A,ONE=DT 1_.70E«07 &,T3E=07 b,23Fe07
4,33E-07 . N

B,19Ee07 T7,8EEaDT b,%WEeDT 6,397
4,4uge07

G,31E07 T,9¢E=«07 T,CuE=07 b6,49=07
4,52t«07 ]
8,45€E=VU7 8,08Ee07 7,17E=07 b6,6ut=07

4,62E+07
R, 32807 7.96E«07 7,1uf=07 6.63E-07
U,p3E=07
737607 7,.15€=07 46,4907 &,05E=07
G,2%F =07y

UehTE=07 U4, 66E=CT (,34E=07 W.0BF=07

L @4QUF=0T7

2,66E-07 2,728e07 2,60E=07 2,u5E«07
1,R26-07
HANFORD %S, SIGT z ,04 , yRs:!
1000,60 2u0),00  S0D0,00 11000,00

T7.63E=06 T, 18Ee06 6,23E«06 S TSEans

3,9“[000 L

B,16F«06 7,78E=06 6,R5E=06 ©6.2T7E=06
4, 31F=08 -

R, U2E=06- 7,70E=0h s, Bakv0n & 31F=0p
4, 89F«N6 ’

"7.2ub=06 7,935e0b 4,30E-05 5.A2E-06

4 ,0RE=0ps

S.0RE=06 §,53E«Ch  S.lak=Ue 4. 77E=0s
3,39e=08 :

3,22t206 3,27E«C6 3,10Ee0b 2.91E<00
2,1uk=00 )

"1,8u4ge06 1,89Ee0b. 1,8iEv06 1, 73E06

1,31€=0p _
1,000 .1,0UE~08 1,076<06 9.71t=07
7.58€E=07

U,uUE=07 4,70E=07 y,b67E~07 4,uhE=0T7

3,64E=07
2.36E=07 . 2,53E«07 2,55E-07 2,40k=07
2,07E=07
"HANFORD M%, SIGY a ,04-, uBat
teee,00 200,00 Sqo00,cn 1(020,00

1,47E=06  1,39E=05 1,20F=06 {,10E«00
7.5SFE=07

1,.50F=08  1,91t=06 1,328=06 1,21%k=0h
&,30E~-07 : . )
{,60Fa06 1,5TE=00 1,3R:e086 1,27=06
8, HSE=07 : o
1.65E=08 |,5BEe0d (,u0Eert 1,29 =06

4yS5TELQ7

2,U6E~07

20000,00
5,02E07
S,ubEe0?
$,70E-07
S,R6E=07
S.95€07
6,10£207
6,10E=07
5.58£07
3,78E07

2,28E207

20000,00
5,27€a06
S, 75€-06 :
§,.,79E=«00
S, 356006
u.;oe-ogv
2,706006
1o61E=06 .
A 11E=07
U, 23507

2,34E-DT .

20000,00

1.01E=Ch
1.108m06
1,17E=08

1,18E=08



1,10E=06 1 ,01Ea0b 9,6BFah7 8 ,95te07. ) . .
3,72Ee07  1,90Ea0A 1,72Fa0b {,n3t=06 1,56Ee06 1,38E=06 1,28E«06 1,17E=06
1,098=06 1,01608 9,81ge07 8,89 =07

'6,00E«07 1,7(f«0s 1,53cenh 1,uSE«06 1,41Ee0b 1,20E=06 1,16Ffelb 1,07E=0h
9,90f«nT O, tGte(T R,R!1C=0T7 &,16E-07

E,34Fe0T | ,3LEe08 1,18F-06 1,1uEeU6 §,t13E=06 {,03E06 Q9,55E=07 8,79€E~07
8,2V =T 7,70F=07 7,30 e0? A,7REeD7

J,04Fe07 T,Rufa07  7,56E«07 7,6%E«07 T7,18E-07 4#,72E=07 &6,23E-07
S, 88807 §,25t=07 W, ,R9E=07
4,07E=0C7 1,A0Fe07 3, 68E=NT 3,79E«07 3,656=07 3,46E«07 3,23E«07
©3,08E<G7 2,76E«07  2,82E=07 .

€,53zen7 2,008e07 2,01E=07 2,09E«07 2,04E~07 {,9UE=07 {,R2E«07
1,7% =07 VoelE=nT7 1 ,82b=07 :

K, 00 12 MANFORD M8, SIGY = .My , UBAK

fao,an

500,00 1000,00 2000,00 S000.,00 10200,00 20000,00
Sanad, a0 1a0a00, 00 : - .
8, 3nzenf B, 30To07 7, ,TUFenT  7.30€-07 6,91Ee07 5,99E.07 5,39Ee07 S5,02E=07
U,0TE=D3T U, 4t edT a,0RE«nT 3 THE-07
De0E iR 3,50k w07 M InEe0T  7,80E=07 7,4BEeCT  5,53E°07 S5,97E=07 5,45Ee07
5,08E«07 4,7%E=07 4, ,USEe=07 U 10E=07 ; :
B,S5&t~t8 £,05FaliT R, 31RF=07 R, 00£=07 7,69E«07 6,78E=07 6,22E07 S,70€«07
Se318edT 4,097e07 d,adg=07 4,33Ee-07 ) . :
1,082 9,49707 B,p3F=07 . B,18E~C07 7,84E=07 4,92E=07 6,37€=07 5,R4E=07
S5,U%=07 S,1.E=07 4,79te07 4, 44E-07 ’
1,408e37 9 RFF0T 3,72tad? B,24E=0NT7 7,89E<07 6,93te07 b6,43Ee07 S,90E~07
5,5%837 S,i0f5-07 u4,A4Eed? 4,48Eed7
2,0hE«07  9,187«07 B,5%:«07  R,027«07 T,71E=07 6,84g=07 b,51e=07 S,80F=07
5,U01E=37 5,r36«07 d,76E=07 G UNE=0T
3.04E=07 B,u9t=07 7T,63FeDT7 T,24E=07 7,03E«07 6.30E=07 $,APE*07 S,315E-07
4,99E=Nn7 U, p9E=07 Jd,81k=07 4,08E-07 :

Gol7H=27 p, 87607 5,02Fm07 &,68E707 5,63E«07 GS,14f~07 4,77E=U7 4,d0Ee07
Uy11E=D? B3,R2E=07 3,43F-07 33,3907 .
3,66Ee07  3,R3E=07 3,1ufe07 §,22E-07 3,27E«07 3,10E<07 2,C1E~07 2,70E=07
2,56E=07 2,4lE=N7 2,29Fe07 2,14€=07
2¢3uE=DT  2,53E«07 1,90Fa07 1,84¢E=07 | ,B9E=07 1,82E=07 1.73£<37 1,61ke07
1,507 |,u85E=07 1,89 =07 {,31E=07 - :

«0,00 1 10 1p HANFORD M$, SIGY = ,04 , UBAR
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APPENDIX C . . =& o

INPUT_PREPARAT ION

" The preparatfdn'of input cards for SUBDOSA is descfibed in this appen-
dix. The input to Part II, BIVAR, is discussed first followed by input
to PART III, SUBDOSA. No input cards'are'hecéssary‘foriPart i,’BELI, since
data are supplied as data Iibrariés‘generally stored on-disk. “The features
and operation of BELI are described in Appendix A.

PART II - BIVAR

Program BIVAR calculates dose rate factors as a function of energy
(described in text). The current version uses the energy groupings of
photon probability library GISLIB (Appendix'A).

Input to BIVAR is by card sets. Each set will command dose rate factor
calculations for all combinations of up to-six atmospheric stability cate-
gories, eight wind speeds, and ten downwind distances. The‘program varies
distance, keeping wind §peed and atmospheric stability constant.. Wind speed
is varied within each‘stébiijty category. The dose rate factors calculated
are automatically pUnchedbonto'cards for use by SUBDOSA or for preparation
of a dose rate factor library. |

Six types of cards are used as input to BIVAR as described in Table C-1.

PART III - SUBDOSA

The program SUBDOSA uses NAMELIST for'ihput of control variables and
some data. The first card for each case is a;title card followed by the
NAMELIST card§. ;Additional cards depend on.Values'submitted for control
variables. A diagram of inpUt logic is given in Fiqure C-1. The figure
should be used with the description of card types and variables given in
Table C-2 when preparing input to SUBDOSA._.Dimensioned variables are indi-
cated by their dimension in parentheses following the variable name.



TABLE C ] " BIVAR -Input Cards

Card Format Var1ab1e Use

1 15 NUBAR JWinafébééHé~to consider. Maximum is 8.
I5 MET Atmospher1c stab111t1es to cons1der Max imum
, : - is: 6. . S L
15 NR ... Distances to consider. Maximum is 10.
£10.3 H _,Re]ease he1ght in meters : -
E10.3 YPF B Ratio of 1atera1 off center11ne d1stance to

“downwind' distance. This value of YPF is used
for each downwind distance. :

2 8E10.3 R Downwind distance from re]ease point, meters

The number of R values must correspond to NR. .
3 8E10.3 UBAM Average wind speeds in meters/sec. ' The -number
of UBAM values subm1tted shou]d correspond to
NUBAR.
4 - 4(3A6) MNAME. Titles for atmospheric stabilftﬁes.f.Threé'

6 character words are read per stability. The
number of titles should correspond to MET.
5 - 110 ITY. . Integer to indicate: method of determining.
v, and o_.
y .oz S o :
ITY Stabi]ity Type

1 Hanford Model
2 Sutton Model
3 Not Used. .
4 Pasquill A"
5 Pasquill.-B -
6 Pasquill C
7 Pasquill D
] Pasquill E

o . 9 - Pasquillt F R

7E10.3 DUMMY Values read‘depend on value of ITY., For ITY =

1 (Hanford Model) inpul is: "’ o .

DUMMY (1) = a

DUMMY (2) = b ..

DUMMY (3) - ¢

DUMMY . (4) = d-

DUMMY (5) = k2 :

(Also for ITY = 1, a card 6 is'read.) -

For ITY = 2 (Sutton Model):

.~ DUMMY (1) = Cy
DUMMY (2) = C, .
“DUMMY (3) ='n
' For ITY 573, -DUMMY is not used.
6 8E10.3 SM Values of o4u are submitted for each wind
speed. A card 6 is needed for each card 5
with ITY = 1.
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START OF CASE

:_5 . ) . =3
DOon N = I,NREL

NUCLIDE
NVENTORY

®,

END OF INPUT
FOR THIS CASE

FIGURE C-1. Input Logic for Program SUBDOSA



TABLE C-2.

SUBDOSA Input Cards

Card Type - Format Variable/Use
1 8A10 TITLE, title for current case to be printed
' in-report heading.
NAMELIST Integer NEXT, input control integer.”
' 1 - first case, initialize variables.
2 - input all but data libraries RNDLIB and
‘GAMLIB (DRFLIB may be read).
3 + read new meteorological cond1t10ns only
: (DRF and/or XIQ): :
4 - change NAMELIST variables only.
5 « read new nuclide inventories only.
o 6 - stop, end of run.
NAMELIST Integer LIB, -control integer >0, read rad1onuc11de
: ' data library (NEXT = 1); <0, do not read
_ the library. .
NAMELIST " Integer - LGLIB, control 1nteger >O read gamma energy
» - 11brary (NEXT = 1); <0y do not read the
4 o "~ library. : S
NAMELIST . Integer | LDLIB, control integer >0y read dose rate
o L - factors from data library (NEXT =1,.2, or
L . 3); <0, do not read the library. .
NAMELIST Integer LBETA, control integer >0, do beta dose )
. "~ calculation; <0, no beta- dose La]Lu]dLIOH'
NAMELIST Integer LGAMA, control 1nteger >0, do gamma dose
T Pa1cu|at1on, <05 no gamma dose calculation,
NAMELIST Integer LCHIOQ, control integer. >0, calculate and
- print X/Q; <0, do not print:¥X/Q.
NAMELIST Integer NREL, number of release periods, maximum is
' 6. ;
NAMELIST - Floating RT(6) release times in seconds.
Point :
NAMELIST Integer NR, number of d1stances to consider, maximum
is 10. , - :
NAMELIST Floating (10), downwind distancés (meters) at which
Point dose is to be calculated.
NAMELIST Integer NMET, number’of weather stabilities to be

considered for each input period. NMET is
not currently in use and is set to 1.
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Card Type Column'

TABLE C-2. (Continued)

Format ~.

. Variable/Use o=

NAMELIST
NAMELIST

NAMELIST

NAMELIST

NAMELIST

NAMELIST

NAMELIST

NAMELIST

" Floating -

Point -

' Floating

Point

Integer

UBAR, wind:speed in“iieters/sec.

H, height of release point above ground - -

-~ level, -meters.

ITZ, control integer-'to ‘indicate when nuclide
decay is to be considered. 1ITZ = 0, for
inventories specified at start of accident -
with decay considered to start of each
release period and dur1ng travel to exposure

-~ point. ITZ =1, for'inventories specified

Integer.

Integef
Floating
Point

Floating
Point

Integer

at start of each period with decay during
release and travel....ITZ = 2, for inven- ..

- tories specified as time integral of release

during each release period with decay con-

::s1dered during travel only.
“NBD, number of tissue depths to cons1der

for beta dose calculation. The standard
beta energy 1library has data for t1ssue-
depths of 0, 7, 20, and 100 mg/cm2. If

other tissue depths are to be cons1dered
a new library must be supplied with data

~ corresponding to the tissue depths desired
- (Appendix A). Maximum for NBD is 4.

NGD, numberof tissue depths to be considered
for the 'gamma dose calculation, maximum is

-3.  The program uses default va]ues of 0,

1; and -5 cm tissue.depths. Other values
may be used by input of variable TDEP below.

‘BDEP (4), beta dose tissue depth specifica-

tion to be used with- .NBDI below. BDEP is .. .

-used only for reports. Units of BDEP are

mg/cm2.,

TDEP (3), tissue depths for gamma dose cal-
culation, cm: Values stored in data state-

‘ments are 0, 1, and 5 cm.
- -NBDI. (4), index to indicate the relation

between the beta energy library data sets
(tissue depths) and the beta dose sets. For
example, to indicate a 7 mg/cmZ depth as

the first beta dose set NBDI(1) =-2 since

7 mg/cm2 is the second beta energy library
data set. The number of values submitted
must be at least equal to.NBD.
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TABLE C-2.. (Cont1nued)

Card Type Column. _-Format . _ Var1ab1e/Use
NAMELIST Integer _NBE, index to indicate: the beta t1ssue depth,
that contributes to eye dose.
NAMELIST Integer. .. NGE, index to indicate the gamma tissue .
' depth that contr1butes to eye dose. =
NAMELIST - Integer NBG, index-to indicate the beta tissue.depth
4 . that contr1butes to’ genetic dose.
NAMELIST - - Integer NGG, index to indicate the gamma tissue
T - -depth that contributes to genetic dosc.
NAMELIST ‘Integer _ NBS; index to indicate the beta tissue depth
‘ ; . that contributes to skin dose.
NAMELIST : Integer NGS, index to indicate the gamma tissue
- .depth that contributes to skin dose.
NAMELIST  Integer . LFDRF, control integer >0 to indicate DRF

values are to be read from cards (overrides
LDLIB). <O0,-do not read DRF from cards.. .

NAMELfSTa o Integer LDRFP, control integer for printing DRF
' : : values. >0, print DRF va]ues, <0, do not
pr1nt DRF va]ues

NAMEL IST ' Integer NDRF(6), index integers to be used when DRF
- : : ' values are to be read from a data Tibrary.
One value is submitted for each release
period (NREL total). The value submitted.
corrcsponds ‘to the DRF sct (in the DRF -
library) to be used for thc rclcasc period.-

NAMELIST o Integer INX, control integer to indicate X/{ values
‘ o : are to be read from cards. INX > 0, read
X/Q from cards... INX < 0, do not read X/Q. -

NAMELIST ' ‘Integer - IRPT, output control:integer. IRPT = 1 for
S standard output reports. IRPT = 2 for stan-
dard reports p]us punched card output of
dose values.

NAMEL.TST : Integer KINT, NDEPTH not ncnd at this time.

2 1-10 6A10 MET(6), atwospheric stability titles for
11-20 each release period. - ' RN
. 51-60 . -
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TABLE C=2. -(Continued).
Card Type Column Format Variable/Use
3 1-10 8E10.3" DRF(120,1,6) values submitted in sets for .
11-20 - each re]ease period. Data within each
. release period set are for distances cor-.
~ . responding to values supplied for D. Two
G s2e-.0..cards -are-needed for each distance contain-
71-80 ing DRF values for each of the 12 energy
groups.

4 1-80 8A10 TITL, nuclide inventory t1t1e card for cur-
rent release per1od

5 1-3 I3 NUMBER , number of nuclides to be read for
current inventory set.

6 1-3 A3 NAME (500), name of first nuclide, i.e.,
KR* (* indicates isomeric state).

4-6 I3 M(500), atomic weight of first nuclide.
7-20 E14.0. QUANTITY(500) curies of first nuclide.
21-23 A3 NAME for second nuclide. '
24-26 I3 M, atomic weight for second nuc11de
27-40 E14.0 QUANTY, curies of second nuclide:
Four nuclides are entered per card with 20
columns for each as indicated above.

7 1-7 10E7.2 CHIQ(10,1,6) values of XIQ, one card sub-
mitted for each release period. Each card
contains XIQ values correspond1ng to dis-
tances D.

8 This card contains data used to calculate
XIQ values.

1-5 I5 ITYPE, integer to indicate method of deter-

y and q,-

ITY Stability Type

‘Sutton Equations
Hanford Equations
Input oy and oz -
Pasqui]¥

Pasquill
Pasquill
Pasquill
Pasquill
Pasquill

mining o

ORI WM~
TMTMmMoOmI>
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TABLE C-2.. *(Continued)

Card Type Column Formati.‘ Vaﬁjgb]ngse _,,;,'
8 6-11 IS5 IPR, control .integer for printing values .of
..oy-and o,. IPR > 0 for printing values;
S I%R < 0, do not print values.
" 11-20 - 7F10.2 "'DUMMY(7);T'VaJues read depend on the value
' of ITYPE. “For ITYPE = 1, Sutton equations,
dinput is: - o7
DUMMY (1) = Cy
DUMMY (2) =-C;
DUMMY (3) ='n
For ITYPE:'= 2, Hanford equations; input is:
DUMMY (1) = a
DUMMY (2) =b"
~DUMMY (3) = ¢
DUMMY (4) = d
DUMMY (5) = k2.
DUMMY (6) = ogu
DUMMY is not used for ITYPE >-3.
9 1-10 8E10.2 SY(10,1,6) values of o, to be read when
11-20 ' ITYPE = 3.0n card 8.. %a]ues,are;submitted
. corresponding to values of distance D.
71-80
1-10
11-20 4 ‘
10 1-10 8E10.2 " SZ(10,1,6) values of o, to be read when
11-20 * ITYPE = 3 on card 8. {alues are submitted
. corresponding to values of distance, D.
71-80
‘1-10
11-20

Input under the NAMELIST routine consists of one or more cards with
variables listed by their names as indicated above. The first NAMELIST
card must be blank in column 1 with $INPUT in columns 2-7, followed by at
least one blank, followed by data items. The data items are separated by
a comma, and the ‘last data items must have one of the following forms:
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e Variable name = constant, where the variable name may be either

subscripted or not.

e Array name = set of constants (separated by commas).' The number
of constants must be equal to the number of elements in the array
'and they must be in the same order as the array is in storage,
i.e., the f1rst subscrlpt changes most rap1d1y

® Subscripted variab]e = set of constants (separated by commas).

This form results in the set of constants being placed in con-
secutive array elements, starting with the element designated
by the subscripted variable. The number of constants supplied
must be equal to or less than the number of array elements
between the'given element ahd.the last element in the array.

‘The NAMELIST variables retain their values throughout execution of -the
program and need not be respecified, with the following exceptions. Control
integers LIB and LGLIB are set to zero prior to the start of each case.
Also, when DRF values are to be read from a data library, the distance
values of the library replace values submitted for D. It is important to
remember that XIQ values submitted by card input will not .correspond to
distance values used by-the program (unless values. submitted as-D are the
same as those in the DRF library). |
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'APPENDIX D

' SAMPLE PROBLEMS

Two sampie problems are presehted‘to_iiluétrate“preparation‘of fnpuf
cards for BIVAR and SUBDOSA. No input cards are needed for program BELI.

The first sample problem is fq? éa]cuTation"of_dosé;hate factors using
program BIVAR. Dose rate factors are calculated for Pasquill Type F and
Hanford moderately stable meteorological conditiens, a wind speed of 1'm/sec,'-
a ground level release and downwind distances of from 100 to 105 m. - Input
, cards for this problem are shown in Figure D-1. A listing of the output
cards produced by BIVAR is given in Figure D-2.

NOTES:

® The first output card gives (in order) the release height, numberof
stabilities (MET), number of wind speeds (NUBAR), number of distances -
(NR) and the number of photon energy groups (GROUPS):

e The remainder of the output cards give dose rate factors, two-cards
per downwind distance. '

A listing of the printed output is given in Figure D-3.
NOTES: | |
e Inciuded in the output listing are values u;ed}for oy‘(SY)g o, (5Z),
and x/0 for each X-grid inteqration position.
®* The dose rate factors are the last ]2-numbers of thg_]iné.beginning

with D=. " i '

The second sample problem illustrates use of SUBDOSA to calculate gamma/
beta skin and eye dose for two release types. The f1rst release is 1 curie
of 85Kr re]eased at ground level under Pasqu111 Type F stab111ty cond1t1ons,
wind speed of 1 m/sec, and for a puff release (RT(Y) = 1 sec): The doses

are calculated for the standard 10 downwind" d1stances from 100 to 105
The second calculation is for release of various quant1t1es .of four noble
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gas nuclides in three release per1ods Both ca]cu]at1ons are to be performed

in the same run. Input cards are Tisted in F1gure D-4.

NOTES:

The first card is the title card for release of .1 curie 85Kr.
The next three cards are the NAMELIST cards for this calculation. .

The parameters LIB and LGLIB are set positive to cause the main data
libraries to be read from appropriate files.

"LULIB = 1 and LFDRF = 0 (not specified) ind{cating gamma dose rate

factors are to be read from input file DRFLIB (in this example Library
BIVLIB is assigned to file DRFLIB through an "ATTACH" CYBER control
card).

LBETA, LGAMA, and LCHIOQ are set positive to cause calculation of
beta and gamma doses and normalized air concentration.

NREL = 1 and R(1) = 1 indicate one release period of 1 sec duration
(puff release) is desired.. ’

NR = 10 indicates that 10 downwind distances are to be considered.
Values of U need not be supplied when dose rate factors are read from
DRFLIB since distance values are supplied with the dose rate factors.
in tact, distance values submitted in NAMELIST would be overridden By
the DRFLIB value. '

ITZ = 2 indicates that nuclide decay during transit only will- be
considered.

The parameters NBD = 2 and BDEP(1) = 7., 100. indicate that two beta
tissue depth dose calculations are desired (at 7 and 100 mg/cmz).

NGD = 2 and TDEP(1) = 0., 5. indicate that two gamma tissue depth dose
calculations are desired (at 0 and 5 cm t1ssue depth) '

NBDI(1) = 2, 4 indicates that the effect1ve beta energy data are to be
taken from the second and fourth position of the effective beta energy
library (RNDBET, Appendix.A). ‘ a

D-2



® The parameters NBE = 2 and:NGE:=.1 indicate -that the eye dose s to- be
the sum of the second beta tissue depth dose'{100 mq/cm ) and-the fjrst
gamma tissue depth dose (0 cm). ' EEREE

‘e Similarly NBS = 1-and NGS = 1 -indicdte that the skin-ddse is to be the
sum of the first beta tissue depth dose (7 mg/cmz) and the,fjrsthamma
‘tissue depth dose (0 cm). S

e LDRFP =1 causes‘printing"of’gammavand beta dose*rate-factors'

e NDRF(1) = 1 1nd1cates that’ the First set of dose rate factors on f1]e
DRFLIB are to be used for the gamma dose calculation. ‘

. ® The next card 1s a t1t1e card for atmospher1c stab1]1t1es (card Type 2).

® The next three cards spec1fy 1 curie of 85

Kr for re]ease 1n per1od 1
(card Types 4 6) '

®* The last card for th1s calculation (cardiType.8),iﬁd1cates‘that Pasquill
Type F stability.will be used for the beta dose and normalized air con-
centration ca]cu]ationé and that the va]ues.of,cy,andicziare‘tp[be'
printed.
The second calculation follows with a title card and one NAMELIST card.
The NAMELIST card includes values only for the parameters that are to be
changed from the first calculation. (LIB and LGLIB are set to zero before

each case to avoid unnecessary rereading of data libraries.)
NOTES: |
* NEXT = 2 to allow change of all variables but no 1ibrary reads.

e Parameters NREL = 3 and RT(1) = 1800., 27000., 57600. specify three
release periods are to be considered of duration 30 mih. 7.5 hr, and
16 hr. This corresponds to release over 1 day in three periods 0 -
1/2 hr, 1/2 - '8 hr, and 8 - 24 hr.

® ITZ = 1 indicates that decay will be calculated from time zero to the
‘start of each release period and during transit.
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e NDRF(1) = 1, 1,3 indicates Pasquill Type F dose rate factors will be
used for the first two release periods-and Pasquill. Type D for the
third period. '

® The next card (Type 2) gives the stability titles for each release
period. o S '

e Next follow three sets of inventory cards (Types 4-6), one set for
each period. The curies of each nuclide represent the time integral
of release rate with decay accounted for during release only (because
T2 = 1). '

® The last three cards indicate the stability type to be used for the
beta dose and normalized air concentration calculations and also cause
printing of oy and o, values used. ' ’

Output for the second sample problem is shown in Figure D-5. The
output is éeiffexplanatory; the execution time is printed for each case.
The first case took considerably longer than the second case because the
three main data 1ibraries were read during the first case.
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4 ,RuEens
3, PnFens
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J.,188
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1,57ke0n
1,07F=0p
S,%Ee07
4,35F ")
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2,2uE=n7
9,13E-08
6,6TE=0S
5,91E=2%
4, 81805
4,148 ens
2,REE=0S
2,Retely
1, 749E=09
t,71E=2%
1,n1€e0y
T,45€E*n8
4,urf=Ddp
31,S~teds
2,3nfFe"n
t,83te3e
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S,R=E=)7
d,62€e07
2 hiFeny
2,uct=d7

1,494E~nu

1,)1E~0y

“{S“EQGS-

2,49E«05
1,91E=ny
A, 10Eens
3,:2Ee0s
1.,88E-08
6,5E+n7
3,-0Ee07
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e,80kens
d4,0Y%E=ns
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!!OTEOQH
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Q.but-oe

3,34k =00
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2,19E-05
1,09E=05
S,i8kepd
2.,E3k=2s
Letht=00
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9,9%E-09
8,63E=05
U,10t =09
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t,LeE=0Y
e.ﬂbﬁ-ob
3,19k =06

,ESé-Ob
S,E1t=-07

2,956-07

2,00E=04-

1,04E)u
4, 37635
2.,”5E*05
1,2160%
<.6=E-nb
2.,62E=00
1,55¢t«00
S,¥eken?
2,71%en7
9,13F45
6.80E=0S

3.8RE=09

?2,30E=35

1,30t=05
S,93E00
2,95Eenp
1,628<00
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80"

Sy = 100,29 120,98 1ut 60 152,31 182,99 224,33 245,00
288,50 303,90 317,50 - 332,00 3dn, 50 352,714 358,93 365,14 371,3e 377,57
383,79 303,N9 399,00 499,00 u17,00 426,190 435,00 auy, 00 4s3,00 474,00
4¥s, 00 516,50 537,00 S§HR,00 579,00 800,00 653,29 708,57 762, A6 817,14
AT71,43 025,71 980, ¢ 1155,00 1850,00 “1S16,07 1683,3% 1850,00 202%,00 2200,00
-------- - 0,00 0,00 -~ 0,00 - - 8,00 0,00 0,00 - 0,00 ’ . )
Sz = 100,04 102,89 105,74 198,99 111,49 114,40 117,18 120,00 122,00 124,00
tes, 00 128,20 136,00 182,00 136,00 180,k 155,7) 136,57 137,45 138,29
159,14 149,90 ted, ug 146,806 150,29 153,71 157,14 160,57 164,00 172,00
1RO, C0 1K3, 0N 196,00 204,00 212,00 220,90 2us, 7 271,43 297,14 322,606
Yan, 87 374,20 400,00 4nsS,00 530,00 806,07 683,33 760,00 820,00 880,00
0,00 0,00 d,00 0,00 0,00 0,:0 0,00 .
E/3 vALUES. 8T EACHM _NOnNalAn POSITION ARE .
1,58hE=01 1,270Eent | ,n63Zary 9,030E=02 7,805Ee0? 5,837Fa02 6.6565-02 S,U13Een2 5,027E=C2 4,658Ee02
8,374g=02 d 10“5 02 3,EShEet2 3,032F=02 S.HZBF-OE 3,306Fe02 3,207¢-02 3,192E«02 3,119E=(2 3,04BE=02
Q,960Fwf2 2,015Ea02 2,7%)Ee02 2,850ke02 2,540E=02 2,U31E02 2,328F=UF 2,232E02 2,142E~02 1,952E=02
1,780€6-02 1.bunE-02 1.512E-#2 1.308E<02 1.2072-0271.203&-02 Q49)0E=0] 5, 27%Ee0) 7,021E=0S b,083E=0S
5,260F03 4,591Fe03 U,060Ee03 2,938E=03 2,224Le03 |,730F<08 1,348dEe0) | ,132Ee03 9,505k~04 6,22 E=04
bF] 1008, vPz 0, 2,03 «CY 4,95B w0y 2,U0kepy 1,93E~00 1,94E-04 2,12E04 2,18E=0u 2,09t0& | ,95E=00 1,79Ea0l 1,67E-004 1, S3tatd .
Sy s 100,29 120,% 1ul,64. 152,31 182,98 203, 0% eaa.ss 245,00 286,43 327,88
369,29 4en,no 4nd,00 Sun, 00 600,00 619,)0 63A, 00 ‘887,00 678,00 69%,00
118,00 738,00 . . T4l,14 749,29 757,43 765,57 113,71 Tel.8 790,00 795,:u
806,29 R14,43 R2e,57 830,71 A38,80 847,10 864,00 “88,00 u4,00 923,00
Qu2,Nnh Q61,00 980,00 1032,R6 1085,71 1138,57 f1e1,43% 120d,29 1297,14 135¢,00
1815,67 t683,33 L 1859,00 2025,00 2200,00 2375,70 550,00
$7 = 160,00 102,49 105,74 108,59 - 111,45 114,%0 117,18 120,00 125,7: T 131,43
137,14 .151,43 174,29 197,14 220,00 . 229,70 233,00 247,00 246 ,00° 205,00
274,00 293,00 286,86 230,71 . 204,S7 298,43 302,29 306414 310,0€ 313,85
nin 21,587 325,43 329,29 333,14 " 357,90 346,00 355,00 364,00 373,00
$82,00 391,00 4nn 00 413,57 ayr,14¢ 459,71 gra,29 d492,8s 511,43 S30,00
TS AEY 3T 760,00 a0,00 ARD,00 9uQ, "0 o000, 00
E/J vaLuSS AT FACH DNwhaln) POSITIOR ARE .
1,5F0€e01 1,279Ee0: 1,063Ee0l 9,030E«02 7,805Ew02 6,837E«02 6,0:6E0028 S,413Ew02 4, ,u20k=02 3,694E02
J, 1ulcend 2 6026e02 1,9000e02 | ,U05Fe02 1,206E«02 1,123F002- 1,0 15E«08 9,807Ee08 9,107E=04 B,6udlE=03
CB,139F 0% 7,572E«03 7,486Ee03 7,300t=03 7,133E«03 6,9%6803 6,0 19E=01 6,400808 6,499E=03 6,351E=03
6,218508 6,0798=03 S,086ke03 S,a'uEe03 5,605k=0T 5,576Fe03 5,5:26208 S, 0hnte0l 4, MiTL03 d,0like0d
4,423208 4, 23,ke05 U NQHECNY 3, 4R1E003 §,393E03 3,067603 2,4!7E=02 2,595E=0} 2,599E038 2,224E-0)
1,730Fn) 1 3RaFa0l 1,132Fe03 9,485%Ca0u #,221Fenu 7,129 «0d 6,231k=04 Co
'H ‘2en, YPs N, 1,10E=0Y 2,56E%04u 1,528a04 1,00Ee00 §,0iFe0d 1 ,NTE-CU 1,09k 204 ],04E=Cd 9,73E=0S 8,95E05 B8,33Ee05 7 b2iecS
Sy .= 100,29 2465,2% 390,30 600,22 790,16 °ao 1 1165,05  1350,00 1397, 42 144S,24
: 14e2,86°  :5un,ug 1SRA,10 1035.71 1683,33 1700, 10 171n,067 1783,3% 1750,08 1700,67
178,33 1800,00 1807,14 1814,29  1821,43 1825,57 1835,71 1242,80 1850.00 1857.50
Tt 18eS,M0. 1A72,50 1380,00° 1887, so 1R05,00 16002,90 is2a,00 1937,.50 19%5,00 1972,50
e 1030,0n " 2007,%0 202%,¢0 2075,00 212%,00 2115, 10 €ez5,.00 2er15,00 2325,00 2375,00
28453,00 2725,00 2900,00 3015,00 3250,00 3428, 10 Je0n, 00
$2 = . 100,08 120,03 140, 11 220,190 -310,08 400,04 4sS, 02 530,00 551,90 S73,81
s9s,. 1y h17,82 639,42 6o1,43 nR3,38 691,170 69k, 07 766,%3 ‘T14,00 721,67 .
723,33 137,n0 Tun,29 "Tu3,57 . Ta6, 86 750, !4 753,43 756.71 700,00 702,57
765,14 77,7} 770,29 117,88 715,48 778,99 Tha,00 790,00 196,00 802,00
AR 0N ALE,00 520,00 837,14 - as4,29 R71,438 Er8,S7 - 909,71¢. 922,80 940,00
1ACH, 00 1058,3% 1116, ,07 1175,00 1233,35 1291,57 1356,00
< E/3 VALUES 4T BACH DOw wINP POSITIUN ARE

DOSE QATE FACLTORS FON PASQU[LL‘TVPE F

a]&D BPFED =

1,0 METERS/SEC

DATE 07/07778

203,68

259,54

274,00



60

i€

1,586Ee01 5,406Ea02 2,910Ee02 1,205E=202 6,496E=03 4,059E-03 2,%38E=03 14919€=03
o 790E=03 1 673E=038 1,567Fe03 {,U71E=03 1,384Ee03 1.355€=03 1,:.276-03 1,30C€=03 R 2T4E=03 1.2065-03
1,224E=03 1,2006=03 1,190E003.1,1R0E=03 1,170E~03 §,160E=03 1,:51E=03 {,143E»03"1,1326-03 1,124E=03 -
1,115E=03 1,107E«03 1,099E+03 ,091E=03 {,083E=03 §,07SE~03 1,157E=03 {,040E=03 },023E=03 1,006t=03
9,803F=04 9,7008-04 9,585F204 0,162E04 B,767E~0u R,397E«04 8,(50E<04 7.72u£-nu 7.“16E-0u T.129€-04
6,241Ee0u 5,519E«0U 4,915E 204 4, ,u05E=0d 3,971EapU 3,598E=04 3,:75Eand
D3 500, YP= 0, 3.31E=04 1,09E=04 6,11E=05 U,B8uFe0S 4,4UE=05 4,58F«0S U,62E=05 4,37E=05 U4,07E=053,75kL=05 3,49«05 3,20E05
Sy = J1850,35 2n25,39 2260,25 2375,20 . 2550,15 2725 10 ?Goo 05 5075 00 5145 00 $175,00
3225,.00 3275,00 3325,00 3375,00 3u2s,00 3uu2,.5¢ 360,00 3477,50 3495,00 3%12,50
3839,00 ° 3%547,50 35%5,00 31562,50 370,00 3577.50 3585,00 3592,50 3000,00 3o0o,8s
3513,71 3620,57 _ 3627,43 3834,29 36ut, 14 3648,00 3664,00 5680,00 3696,00 3712,00
3128,00 3yud,00 31160,00 3805,71 3RS ,43 3897, 14 3942,86 3988,57 4034, 29 u080,C0
- yaun,00 4us0,00 4Se0,00 4720,00 URRO,00 5060,00 $2¢0,00 .
S = 760,12 - 820,10 8k0,09 Quo,07 - 1000,05 $058,37 1116,68 1175,00 1191,07 1208,33
. 1225,00 1241,67 1258,33 1275,00 1291,67  1297.5%0 1303,33 1309.17 1315,00 1320,483
1326,57 1312,50 1335,00 1337,50 - 1340,00 1342.50 1345,00 1347,50 1350,00 1351,80
1353,80 155,40 1357,20 1359,00 1350,80 1362, 60 1366,60 1371,00 1375,20 1379,40
1363,60 1367 ,40 1392,00 14¢e, 00 1416,00 1ues, 00 160,00 1652,00 1d64,00 1¢76,00
151R,00 1560,00 1662,00 16u4d,00 1'6B6,00 1728,00 -1770,00
E/9 VALHES (3] enc~ DOrNWIND PGSXTION ARE )
1,172F=03 .9 SB2Ea0U R,219Ee00 7,1268Fw0l o,2u1Eend 5,516Fall U,5%15te0d 4,u0SE0l 4,27UE=04 4, 1u8E=0u
0,02°€-Du'3.°|u€-0u 3,Rous.ou 3.0605-00 3,598E«0U X,563F~0U 3,%29F«04 3,u9AFe0d 3, dn3E-04 3,ul0b=~04
3,3688200 3,307E=00 3,355k-08 3,3UC0Ee08 3,327E=04 3,31UF=0U0 3, 01E=~04 3,2B8F=0U 3,275E-04 3,264E=04
23,25dF a0 3 20%Fe0y 3,23%Fe04 3,PP2EeNd 3,212E=04 3,202F=0U0 3,  TAE=0U 3,155F=Nd 3, 1351E=0¢ 3,108E=04
3,046E04 §,0h38068 3,001Ea00 2,979E w04 2,918EeNy 2,B60E0U 2,:03Ea04d 2,T7uBke0d 2,095b=0d 2,6U3EmQU
2,373Eenu 2,319E030 2,1795204 2,051E-08 |,934Ee0d 1,827E004 1,729Ee04
Ds 120, vPs G, 1,21E204 S, UIE=0S 3,30F=0S 2,h96=0Y 2,¢ 9«05 2,U1Ee05 2,39b=05 2,25k «0% 2,09¢=05 1,93ke05 1 20E-09 1§, eSE-v,
Sv = $200,2° S%usS, 25 5690, 21 5639,17 5780,12 5925, 04 ao1o ou 6215,00 6256,43 6297,88
~139,29 6380,71 buR2,14 - buULY,S7 6505,00 6519,50 6534,00 6548,50 6563,00 6577,50
6592,00 . &a0K,50 612,71 6618,938 8625,14 6631, 30 6637 ,57 6643, 79 ueso.oo obso.el
CLUPIRCS bhoH,ou 60674 AN oerl, 07 6hp?,29 6693, 50 670A8,0) 6722,50 6737,60 a751,50
eTns, 00 6780,50 5735,00 6836,43 &R77,.88 6919, 29 69460,71 7002,14 7043,57 7085,00
230,00 7315,00 75290,00 T685,00 7810,00 7955.00 8100,00
S7 = T 177a,07 180N 56 18¢3 05 1879,5¢ 1916,03 1952, %2 1989,01 2025%5,50 2035,93 20u6,38
2156,79 2067, 21 2977, 04 20K8,07 2098,50 2102, 15 2105,80 2109,45 2113,10 2116,75
2120,49 2124,05 2125,61 2127,18 2128,74 2130, 31 2131,87 2133,44 2135,00 ~ 2136,56
2138,13 2139,69 21u1,2s  2142,82 2144,39  21u5,95 2149,60 213,25 2156,90 2160,58
2164¢,20 2167,85  2171,50 21R1,93 2192,3» 2202,79 e213,21 2223,64 2234,07 2244,50
2281,00 2317,50 2384,00 2390,50 24217,n0 243,50 2500,00
E/o YaLUES AT FaCH NNWNSIND POSTTINON Akg . : "
1,729Ea04 .1 ,648Ea04 1,5735a0U 1.,503Em04.1,437En04 1,376Ee04 1,718E=04 |,26UE=00 1,249E=04 1,235E=04 e =
l,2>lr-ﬂu 112075-00 1.1°3E-0U 1e179 =94 1 ,166E=04 1,160504 1,357E=04 1,152E=00 1, 1UBE=04 |,1u3E=04
b,189g20d 1,1 UFend 1,1326-048 §,130F=00 §,129E=-04 1,127E=04 1, 25E~04 1,123E=04 1,121F=004 §,119E-0u
I, 1 {7E=Dd 1 ,118Fe0U 1,1 1UFeld J,11PFE=06 1,110E=04 §,10RE=04 1.:04E-ou 1,099E=04 "1 ,095E=04 |,091E=04
1,087E«04 1, 083E«04 1,079E«090 1,067E=04 |,055E=04 1 ,040f=04 1,033E=0u 1.022&'0“.1.911Ef0" de 001E=0u
9.6515-05 9 512‘-05 8,991E=05 8,686E-05 B,397E-05 8,121E<05 7 HO0E«0S ’ '
D= annn, vz N, H,626«05 2,68F«05 1,78F=05 1,51E«05 J1,t1E=05 1 336405 1,29E=05 1,21E-05 1,12E05 1,04E=05 9, I}F-oe 8, 92E-0¢
Sy = 13866,95 14€10,25 14153,54 14296,83 feuy0,12 14583,42 L“726 71 1“570 ] l“°l0 95 - 1u951,90
16992 ,86 15033 ,81  15074,76 1S115,71 1S156,67 15171.,00 15145,33 15499,67 §5214,00 15228,33
15242,57  15297,0U0 15263,14 15269,29 15275,43  152R1,97 15247,71 15293,k8 15300,00 15306,11
15312,21 15314,32 15320 43 15330 ,50  1533a .80 15342,75  15357,80 15371,25  15385,50  15399,75
15010,00 15062R,25 - 1S442,50 1S483,21. 15523,93 15564,6W 19605,36 .15646,07 15670.79 15727,50
19870,00 16n12,50 18155,00 1029/,50 108440,00 10%62,50 18725,00
§7 = 1V43,17 33150,0% 335h, 469 3383,1% 3400,01 Ju1b, 68 Ja3s,3u 3us50,00 3454,70 3459,92
3454,29 3un9 0% 3473 ,R]) 3ur4,57 3J4RY, 33 JuRS, 00 SURL 6T JuURB, 88 3a90,00 Juc) 87

.,22uk=03 2,063E-03
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oL-0

309%,133 3497 14 36 3500,00 31500,04
3501 ,29 3501,93 3502;57 350%,21 3503,.86 3504,50° 3506;00 3507,50°  3%09,00 3510,50
1512,00 513,50 . 3515,00 3519,29.  3%523,97 382,86 §5132,14 35%36,43 . 3540,71.. 3545,00 -.-
3So0,00. 3575,00 35°b,00 U$§05.00 3620,00° 3935199‘ 3550.00‘ !
E/0 JALUES &T FACH DOWANWIND POSITION ARE
TV, 443Fe05 $,391E.05 3,340EeNS 3,290Fe05 1,2626a05 3,198E405 3,148F=0% 3,102E«05 3,090E-05 3,177E«0S
s,caag-ns !.0525-05 3,039Fa08 3,027€«05 3,315€<05 5.0105~05 3,000E=05"56,002E05 2,997E=05 2,993E«05
~2,983F =05 2,985E05 2,9R3EN5 2,981F«05 2,379E=05 2,977¢=05 2,970E=05 2,974ke05 2,972E=05 2,370E=05 - ..
2,9095e05 2,047E 005 2,950k e05 2,963E=05 2,362FNS 2,960E<05 2,956:-05 2,992E=0% 2,94RE«0S 2,398€=08
2,9408enh 2, 930Ka05 2,942%405 2,921E005 2,710FenS 2,898LaNS5 Z,637E05 2,8764E-05 2,855E«09 2,355E-05%
2, 817‘-05 2,780E =05 2,744Ee05 2,799FE05 2,57dEeNS 2,6U0E=05 2,607L=0S" : o
0= $rCa, YP3 0, 1,31E=05 9,58E«Nn 7,05E=0p 0,316294 6,10t=tp §,71FE~06 S,48E=N6 5,09E-00 4,75E~06 4, ,0UE=06 U,19E=086 3,80E<00
Sy = 26R31,57 26650,20 27006,R3  27143,47 27300,10 27416,73 2753%,37 27650,00 27685,33 27716 67 .
27150,00 271983,%8° 27M14,67 27450,00 27AR3,33 27895,00 27906,67 27918,38 279%0,00 27941,67
27953,33  27685,00° 27979,00 27975,00 27080,00 27985,00 27990,00 27995,00 2b6000,00 zaoos.tu
2R210,29. 2301S,43 28020,57 2H025.,71 28n30,86 2R03A,00 280aA, 00 28060,00 28072,00 2K084,00
2A195,00 2880B,00  2R1Q2N 00 2R154,26 2R{HB,57 2R222,Re 2B257,14_ 28291,43 28325,71 28360,00
23430,00  23pR0N,N0  2RT720,00  2BRUN,NC  PBAO,00 2900, 00 29200,00 - *
S$7 = 480,02 Ge1N,02 .. 4E2C,00 4s30,0%  uau0,01  us50,01 4600,00 0670,00 w&72,86  u67S5,74
in718,97 Upiy 43 UeR: 29 JpR7,1¢ dp90,00 591,00 4892,00 u693,00 469u,00° 4b95,00
598,00 ukQa7,9n 4597,43  U4697,R6  4KOR,29 4698, 11 UbuS, 14 699,47 4T00,00 ut00,34
4700,09 4191,03 a1a1,37 4r01,71 47102,06 4702,49 4703,20 4704,00 470u4,80° 4705,60
. 4704,40 4707,20 4708,00 4718,29 4712,57 4714,88 4717,14 4719,43 4r21,71 474,00
ur32,00 4su0,00 UTUH, 00 456,00 4764,00 4772,00°  4780,00 C
E/% VALLUES &T EACH NCwNaTND POSTITION ARE
1,2490e0% | ,281E«05 1,2738eCS 1,265E«05 1,256E«0% |,2URE=08 §,2UCE=0S 1,23 =05 1,230E=05 1,226E=-05
1,820:05 1 ,22u6w05 1,221Fe08 §,2196aCS 1,217E=0% 1,210E6-0% {,215E«05 1,215E~05 1,21UE=05 1,218E=0%
1,2128-05 1,2128=05 1,211FEa0S 1,211E2C5 1, 211E=05 §,219E0% 1,210E05 1,210E=05 |,209€=05 1,209E~83
1,2696205 1, 208F=NS 1,20REe(S 1,20RE«05 1,208E=05 {,207E<0% {,206E%09 1,206E=05 1,205E-05 1,J00E-058
.l,ZGQE-OS 1,203E«0S 1,202E«05 1.,200€=05 1,198g<05 1,196£-05 1,190E»05 1,192E=05 1,190E-05 {.188E-0S
1.1816905.1.1105-05 1,167E=0% 1,180E=05 1,159E«05 1,147€=05 1,1U0E=0S . ’

3495,00

3495, 71

349643

3497,

34%98.,57-

3499, 29

50215,00
S0437,00-
505€C, 00
S0503,00
5078%,00

5957,79
5943,30
$945(,00
595¢,70
596¢,21

S.ektbe06 5, 2R6E
5;256§f00.5.2525-

1117¢4,.57

0= 10302, YPs Ve G&,u3E=00 u,ulE~06 3,u2E=0h 3,15E=006
Sy = 494%0,21, 49855,38 49860,1% 06976%,12 49870,09 49975,06 50080,03 S0185,00
50275,00 S0195,00 50335.00 50355.00 50305,00 S040S,5¢ 5S0dtm, 0N 80420,50
50058,00 &0upB,50 503473,00 S0477,50 042,00 S04As,5¢ S50U91,00 S0495,50
50509,00 50513,5Q Se0S518,00 S50S22,50 S50527,00 S0531.50 50%5¢2,00' S50552,50
5058u,00 S0S94,50 S50e05,00 S0635,00 50665,00° '50695,00 S5S0725,00 S0755,00
. 50329,00 S132%,60 S1139,00 S$123%,00 S1340,00 S5tudS,00 S1550,00
S7 2 $905,01 5909,53 - 5914,01 894&,51 %923,00 5927,%0 992,00  5936,50 .
5940, 5341 ,hu 5942,93 S94w, 21 5945,50 © S9u5.9% 594b, 89 5946, 8%
5948,20 534K,4S  S943,84  H9u4¢,04  5949,23  59u9,42  Hou9v,.mp  H949,R]
5952, 39 5355,68 5959,77 $950,9% 5951,1e a5, 3% 5451, 80 592,25
§953,60 $254,09 5954,50 $595%,73 5957,07 S9%y, 36 SYR9, ky 960,93
5968,00 5972.,51 $977,00 5981,50 5986,00 $990.50 5995,00
E/s0 VALUES 4T EaZh DO&NSIND PISITION ARE
. 5,450Ee0% 5,43SELn6 9,41 ado S,404E-d0 5,388Z.06 S,373E.06 5,357Ee0h S, 302E-006
S,SZQr-ob 5,325Ee0h S,12CEeNn S, 3tnFede 5,3125ens S5,310E=0n 5,3)7E=00 S,INTE«00
S,303Fe08 5,301Fe006 S5,500Ee00 5,3006«30-5,2992208 §,299Ee06 5,:936006 §,2976<06 S,297F=006 5,2956E
$,2955=n8b 5,2955m086 5,29 Feln 5,294gedd 5,295500 §,292F=06 5,2Y1Ee0b6 S,2R0F N0
285EC=Nn $5,2a35e06 S5,2RCE=00 5,2785=06 5,273Fan0b §,2h9F«0h 5,'65E«06 5,201F=0h
S.237Fe0p §,22%F=Np §,20nEehn §,193Ee0s 5.179E=Np §,10uE=0p 9, SNE=Db
Oz 20000, YP= Ny PeUOE=0b 2,08E=06 1,6TENb |,57E«0n 1, 8E=0b6 1,S1E-ChH
SY & 111000,20 111100,07 111200,14 1113%308,11 1§1400,09 {11500,0& 131e0f,04 111700,00
11176571 111R14,29 111RU2,8a 111871,48 111900,00 111910,00 111920,0A0 111930,00

111940,00

502u%,00
504u7,S0
50504,50
$0573,80
Sn815,00

5939,07

5947,75
5950,19
5953,1%

5963,50

S,383HF=06 5,333E-006
S,30ek=06 5, 80Uk~

06
“0s

~06

0o

111757, 14
111950,00

3,3P2FE=06 2,95E«00 2,83E=06 2,62E-06 2,ubE~06 2,32E=006 2,20E-06 2,0utv0e

1.4SEm06 1,35E=06 1,27E=06 1,20E=06 1,156=06 1,076=06"



Li-a

111970, 00

111974,29 111978,57 111982,86 111987,44

111960,00 11199¢,43 11199%,71 112000,00 112003,86
112007,71 112011,57 112915,43 1$12019,29 112023,14¢ 112027,99 112036,00 112045,00 112054,00 112063,00 .- .
112672,00 112083,00 112093,00 $112115,71 $12141,43 112167,14 112192,88 112218,57 112244,29 112270,00 .. . -
112360,00 112850,00 112542,00 112630,00 112720,00 112810,90 112900,00
52 s TRTa, 67 TR79 00 78R, 34 7883 ,67 7886,00 7888,133 7R90,67 76893,00 7893,67 7894,33
1835,00 789%,87  7895,33 7897,00 7897,867 7897, 10 7898,13  7898,37  7898,60 7898,83
71890,07 7899,30 7893,40 7899,50 7889,60 7899,70 7899,80 7899,90 7900,00 7900,08
7000,15  7060,23 . 790D0,30 7900,37 7900,45 7900,33 7900,70  7900,88° T7901,05  7901,23
e s 7001,4n 7001, 5k 7901,75S 7802,25 71802, 15 7903, 2% 7903,75 7904,25 7904,75 7905,25 . . .
79¢7,00  7904,75  7910,50 1912,25 7914,00 7915,758 7917,50
€77 VaLUES 8T gaCk DCanw]ND POSITION ARE i
1,320E«06 : ,B18F=05 1,316Ee06 §,8 0Ee0b 1,R12Ee06 §,410E006 1,3)7Le05 {,895Ew06 1,805E-06 1,80uE«00
1,803F=06 . 803606 1,802Ea006 1|,802E<06 1,801E=n6 {,B01E-06 1,R)0E=086 |,B00Ew=06 {,500E-06 | ,800E=06
S 1,3008=00 1, 7936200 1,799 00 1,799k=06 1,799F =06 | 799606 1,779 =06 {,790Ea0b 1,799E~006 1,799€E=06 -
1,799€=06 - ,790€=08 1,7QRE=06 1,798E=06 1,798E«06 {,798E=00b },771kE=06 |,79AE=0b 1|,798E=06 1,797E=006
1,797E206 % ,797E«06 1,797E«06 1,795E=0b 1,796E=06 1,795E=006 1,735E=-06 |,790E=00 §,794k=06 §,795E00
1,791F="s *,790E=00 1,783k=06 1,786E=06 1,78UE=06 1,782E=06 1,730E=0b

D= §h100, YP=

0, 8,22b«07 7,S1F<07 0.256-07\5.905-07 el dE=07 5,94F =07 5,70t07 $,326=07 S,03E°07 4,81Ea0? 44,6367 4,35E07
LIBRAIY JISTALCE DATA TO SWORT F0R PASWUILL TYPE :

Sv 3 199133,581 199220,15 1939306,79 199393,43 1994R0,07 199566, '2 199653,36 199740,00 199764,75 199789,52
199F . 4,29 199819,05 199R63,81 199A88,57 1999¢3,33 199922,10 199030,h7 {99939,33 1999uR,00 1939S50,67 .
1030eS5,33 {QQ074,00 199977,71 199981,43 1999A5 14 {99084, 18 199992,57 199994,29 200000,00 200000,00
2INAIA AN 204G 00 240040,30 200000,00 200100,00 200000,10 200000,9) 2n0000,00 200000,00 200000,00
PAafa0 NG 2a0000,00 200000,90 20000000 200300,00 200000,30 200000,00 200000,00 200000,00 20¢000,00
2ARNAA 0N 2A0A00,00 200000,90 200000,00 200000,00 200000, 10 200000,00

$7 = QIAN 67 . 9138 00 Q93A9 14 9399 ,467 Q392,00 Q193,33 394,67 931946,00 9395,38 9395,76

a197, 14 9197 ,%32 937,90 93193, 29 9398 ,6/ 919R, iy 938,91 9199,97 93199,20 9399 33
9340,47 93%00,60 Q409,36 9399,71 93199,77 9399,13 9399,49 9396,9¢ 9u00,00 Q400,00
969,09 Qunn,d9 Q400,50 940,00 9400,00 9uo0, '0 9400,00 9400,00 9400,00 9uo0,00
CYRINGY)) 9u90,09 QU0 N0 T 9U00,90 Q400,00 Qu00, 19 QuQ0,0d 9u00,00 9400,00 Q400,00
9uJ0,00 Qu00,00 Qu00,50 9400,00 9u00,00 9UY0, 10 9400,00

E/J3 VALUES aT EACH DOWMWIND POSITION ARE )

B,3V5F27 4,510Ee07 3,5065=07 8,5)08=07 8,495E«n7 B,4Q0E=07 3,4 5E=07 4,ud0E=07 8,479E=07 8,uTbE=07

8,470E=07 ¢,375807 §5,8738-07 B,472E«07 B,UT1E®07 B, UT0E=D7 B UTOE=Q7 8,d00E-07 B,UbFE=0T 8,u6BE=07

8,4h50=07 3,0675=07 A,ub7E=07 B, U457E<-07 B,UNTF=07 8,465 =07 B,8r6E=07 R,U4HE=0T 4,U0bE=0] B8,066E=07

B,4685207 B, Upnt=n7 B 1aeEa07 B,4naE~07 B,Us6E=0T R,UbnE-07 B.4: 6E~07 B,UbnE=Q7 B,Un0E~07 B,ub0E-07

B inaF=07 3a,upsfe0] R, UspFe07 R,yUnpE"C7 B,UsnE=07 §,46nEe07 B8,416E=07 g,400E=07 B,6060E~07 8,u6b6E«07

B8,460E=07 4,06pE=07 B,uspEe07 8,456E207 B,466E«07 B, Ubok=07 B,4r6E=07

0z 100000, Y¥= 0. 3.88E=p7 3,64E~07 3,08E=07 2,99€E=07 3.1(Ek=uT? 3,01E=07 2,90E=07 2,71€=07 2,S57E=0T 2,47€=07 2,38E-37 2,24E=07



DOSE RATE FACTORS FOR WANFORD M0D, STABL DaTE 07/07/7S. e

e WEND. BBEEN 8o 1y 0-METERESSEC— e

: Sy 3 110,00 110,00 110,00 51,55 68,65 RS,7S 102,83 119,94 131,92 143,91
. 155,89 167,88 179,86 191,84, 203,82 208,95 214,09 219,22 224.35 229,49
o 234,42 239,75 244,88 250,02 255,18 260,28 265,41 270,54 275,67 287,04

299,81 - 311,58 323,55 335,51 347,48 359,44 393,62 427,78 461,93 496,08

. 530,21 Sod, 34 598,45 TF77. 816,96 956,04 1074,98 1193,81 1312,52 1431,10
ot 200000, 00 -200000,00- 200000,00-200000,00--200000,00 200000,00 200000,00 —- - e . .
8t = t10,00 190,92 310,09 420,28 523,43 619,00 706,27 784,73 834,36 879,56
920,42 957,11+ 989,84 1018,90 1044,59 1054,64 1064,10 1073,18 1081,718 1069,80

1097,48 1104,71 111,58 118,11 1124, 31 1130,20 1135,82 11d1.17 slus,27 1157,37

1167,47 1176,78 1185,4s 119304 1201,43 1208,°3 1229,23 12u8.58 1267,41 1285,90

1304,141 1322,07 1339,78 1400,00 1457,74 1513,47 1566 ,84 {618,064 1068,83 1717,58

e e e e . QUDO,00. Q400,00 - Q400,50 9400,00 - QuW00,00 - Bu00,r0 -..9400,00 - - - .

E/3 VALUES &T EACH DOWNWIND POSITION ARE
1,319€=01 7,579E432 u,667Ee02 7,3006F=02 4,L29E02 2,998E=02 2,1%1Ee02 1,09 1F=n 1,UUbE=02 |,257E=02
1,100£292 9,905E«D23 A,943€-08 8,162E=03 7,075EeC3 7,222E+03 6,906E=03 6,7656=03 6,556E=03 b,364E03
6,181E=93 §,079E«)3 S,8U7Ee03 5,593E=03 5,54RZer3 S,410Ee03 5,2R0E=03 5,|S5Ew03 5,037E=C3 4,381E=03
- 4,55(FE=)) 4,341Ee)3 U4,150E«03 3,974kedI 3,81259C3 3,463Ee03 5,209E=03 2,980E«03 2,7I18EC3 2,.95E=03 e -
2,372E03 2,13%€«)3 1,085E203 1,584E=03 {,3045eC3 | ,100F=03 9,40QE=04 g ,230EwNd 7,2606E~C4 6,L75E=0u

0s 100, YPa 0, 9,51E*04 2,25E=04 1,17€=04 9,14E-0S B8,87E~05 9,3TE=05 9,98E=05 ,:06<05 8,52E05 7,B83E=05 7,29 (S o,67E={5S
Sv 3 110,00 110,00 . 110,00 51,55 68,65 85,75 102,85 119,94 tS4,18 188,42
222,64 256,86 231,06 325,26 359,44 371,40 383,36 395,32 807,28 419,24
- 431,20 4ul,is 4u8,27 4s3,u0 458,52 usl, b ub8,70 473,89 479,01 B4, 13
480,25 T 4oy, V7 439,49 S04,61 509,73 14,89 526,80 38,74 550,69 562,63

- S74,57 S8b6,51 $38,45 632,55 b6b,65 700,73 734,80 768,87 802,92 836,90
956,04 1074,98 1133,81 1312,52 $431,10 1549,%0 1667,90 ' .
$2 3 110,00 190,90 310,00 420,28 523,43 619,00 706,27 784,73 914,84 1010,96

1074,9? 1126,31 1150,34 1186,66 1208,93 1216,19 1223%,27 1230,21 1237,0% 1243,80

125¢8,4R 1257,11 . 1259,93 122,74 12659,55 1268,15 1271, ¢ 1273,92 1e76,70 1279,47 -
242,23 - 12a4,99 1237, 74 1290,48 1298,22 1205,45 1302.30 1308,02 1314,91 132117

1327,40 133,00 1389,78 1357,.20 1374,5% 13601,56 1608,39 1425,03 164,48 14s7,74

1S1y,27 1566,84 1618,64 1668,83 1717,58 1764,94 1811,08

2i-0

E/9 VALUES 4T FO&CH NOWNWINTD ROSTITION ARE
e o1 315E201.7,579 0l 2. 4o0bTERD02. T, 360E"02 4, uRES02 2,998Ew0Q 2,191E=02 §,69ikeD2 |,128E=02 8,3%%€E=08 .. . . _ _.
6,626E-03 5,501E«CY 4,712E+03 a,12UE=0F 3,663E«03 3,52UE=03 3,394Fw)3 3,273E=03 3,159E«03 3,052E-03
2,9%¢€e03 2,857Feld 2, 41kEe03 2,7A0E=03 2,7USE=03 2,70tFe03 2,671E°23 2,634E=33 2,6038E-03 2,569E=03
2,537E+03 2,59S€<0Y 2,U7d4E«03 2,04UE=03 2,414E-03 2,385E=03 2,320E=93 2,257E=03 2,198E~03 2,14¢1E=03
2,087FE=0% 2,036E=3 1,9RS5F=03 :,A5UE=03 {,737E«03 1,632€-03 1,538€~93 {,453€=03 1,375€~03 |,3004E«03
1,1N00803 Q JUQE=CY 8,23pE0U 7,256E=00 5,d75E«0U 5,819E=0d §,R26vE=04

D3 260, YPs= 0. S¢7BE=qU |, b64E=0u 8,81E=pS 6,91E=05 6.A0E=0S 6,R2F«05 6,93E+95 6,60E=05 o0,14E~05 5,65E=05 5,20€«05 4,B1E-035 -
Sy 2 110,00 120,14 239,92 359,58 479,11 598,52 717,80 836,98 A71,00 905,02
939,03 973,04 1007,03 1041,01 1074,98 1080 ,87 1098,7s 1110.6S 1122,5% 1134,4¢
1146,%0 1158,18 1163,27 1163,86 1173,45 1178,54 1183,63 1188,72  1193,81¢ 1198,90
1293,99 1209,08 12:4,17 1219,26 1224¢,38 1229,4u 1201,3¢ 1253,18 126%,05 1276,92
e o ... 288479 .. 1300,65 .. .1312,52 ...1346,391 _ . 1380,29. 414,17 1uen, 03 16481,88 1515,72 | 1549,58 .
1667,99 1786,11 {964 21 2022,18 2140,03 2257.76 2375,%7
82 s 110,00 785,62 1104,94 1209,51 1276,715 1339,81 400,02 1457,74 1473,32 1489, 73
1505 ,47 §1§21,03 1530, ,46 151,73 1S66,84 1572,10 1S77,3u 1542,50 1587,77 1592,95
15948,12  1603,28 105,48 1607,58 1609,88 1612,07 16146,27 1616,46 1618,54 1620,82
103,00 1625,18 1527,348 129,53 1631,69 1633,8s 1638,90 1643,93% 16u8,30 16%3,93
e} 858,92 1663 ,88___1668,83.__1682,90___1696,85___1710,68 . 172u,40 .. 4738,02.. . 1758,53 . 1764,94
1311,08 tase,07 19¢9,00 1942,94 1983 ,94 2026,08 206h,40

E/Q VALUES AT EAC~ DOwNWIND POSITION ARE

L



el-¢

1,3:5E=0t 1,084Ea02
1,12603 { ,07SEen?
B,0RHE~NU B8,571Ee0d R,522E=Nd
8,165FeNu 8,100nFEe0n
T UBUF=by 7, 3GuE=04
5,269F=0u 4,30 |Falu

5,006EN3
1,029E«03

R,055E=04
T.?264E=04
d,399E«0U

3,661E-03
9,R53Ea0d
3.U73k-04
R 011E=04
7.020E=04
4,051E«04d

2.,602E«03
9,649Een0
R,U25Ew0U R, 377F=0U
7-967E‘°u
6.795Ek=04
3,747E=0u

9, 31500

7.923E04
§,579€=04
3,479E~04

1,985E203 1,59ute03
9.!‘.‘55:.0“
‘Be330E=0U
7.823E~-04
6e3TUE=NU
3,2U2E=04

1s30uEe0s
9,085E=00
8,283E«04
7.725€=04
holTOE=04

1,240E=03
8,930E=04
8,230E=04d
7,630E=04
S,995E-04

1,180E=03
B,807E=04
8,190E=04
7,536E=04
5,819¢=04¢

0z 500, YPs 0, 2,70E=04 9,73E=05 &,52E=«05 4,38E=05 4,0%E=08 u,08Ew05 U4,106=05 3,8BE=05 3,61E~0S 3,33Le05 3,10E«05 2,8uEe05
Sy & 1194,08 1312,72 1431,27 t549,69 1668,00 17846,18 1904,24 202? 18 2255,.87 2089,5%0
2123,23 2156 ,% 2190,50 2224, 14 2257,7e 2269,33 2281,%0 2293,00 2304,82 2316,58
2328,%u 2340 .10 2345, 14 235n,18 2355,22 2300,26 2365,30 2370,3¢ 2375.37 2380,01
2%e5,u% 237049 239%,52 2400,58 2605,80 2U10,53 2422,39 2634413 2uds , By 2457,83
2469,3a 2URt 12 2492,86 2526, 4) 2559,95 2593,47 2h26,99 2660,50 2694,00 2727,48
2R4u,61 2961 A2 307R,51 3195,28 3311,93 Ju2s, 6 3544 88
- 87 = i&1R, 74 16hR,Q2 1717,63 1764,99 1811,12 18S6,i0 1900,01 1942,94 1955,03 1967,05
1e79,00 foen,R7 2002,68 2014,41 2026,04 2n30,1s 2034,21 2038,26 2002,30 2046,34
2°86,3y 20%4,39 2088,11 2057,82 2059 ,54 2061, 26 2062,97 2064,69 2ne6s, 40 2068,11
26n9 82 2n7%,52 2173,23 2074 ,94 2n1h, bU 20768, 34 205231 2086,20 2090,22 2094,16
2393 nq 21v2,02 2125,94 2117,11¢ 2128,21 2139,20 2150,25 gi61;18 2172,08 2182,89
2¢20,%s 2257 ,21 27293, 47 2329,16 23h4,32 2398, 7% 2u33 1
£/G VALUES AT FACH DOwWNaIND POSITION ARE
8,23uEeny 7,2k5E00u b, UTu€a0y 5,A1960U §,268E04 U, B01Ee0U U,37SEe0U u,(S1E=04 3,900E=04 3,B872E-04
3,728Ee 50 3, 70KE-NU 3 626k a0U 3,552Fe04 3,0T9Ew0d 3,45u5=004 3,0i0E=04 3,405Ea0U 3, 3R1E=04 3,357E04
3,33uceru § 31 FrU 3,3017200 3,201F =08 3,2R1E-04 3,2715-0u §,¢ 2E-04 3,2508-004 3,202E=04 3,233F~04
3,2735%%30 3.20uk«0u 3.20€P-4a 3.106E=0g 3,104E=04 3,177E~04 3,155F0u 3,0 40fe08 3, 113k=0¢ 3,092b=0u
3 072F«nd 3 9G0E<0d 3, 0020 e0d 2,9ThE=DN 2,0P1E«0U 2 HbIF~0U 2, hiaFeNd 2,7hhE=04 2,720E04 2,6T3F=04
@520k =DU 2, SutFali 2 0NUF -0l 2,139k =0d 2, 033Fe0d §,930F =04 1,8 'She0U

D= jppo, vPe Ny 1e25E=04 S,B0F=05 3,52F«08 2,ARE«05 7,6 .Ee05 2,55k«05 2,53E~05 2,38E=08 2,21E%05 2,04tw09 1,90E«05 1,76E=CS
Sy & 3508, 1 1a61,37 3777,51 3893,54 4009, 44 4129,7% 4240,90 4356,45 4389,d6 4aze,us
uesSS,uy wuBl ey 4$21,37  64554,33  4SB87,27  4598,:0  4610,33  6621,85  4633,3K  4bud,90
4656,8% . UK67,95 4672,R8 8677,82 4bR2,70  UbwT, 0 ue92,6% 4697,57 4702,%0 4707,44 -
0712, 35 4717,31 47122,2% Wr27,18 4r32,32 4787,'5 44k, 57 46760,08 ur71,5%9 4783,10
8796,01 4a0n,12 ug17,62 4usS0,49 usp3,3s uQ16,79 49497,04 4981,87 S014,69 5047 ,51
S182,27 5276,92 9391,46 5505,88 S620,18 S734,7 5ul, 6y
$7 = 263t 17 QUeh  RU 2500,0S 2532,82 2585,18 2597,.3 2428,70 2659,89 2668,78 2077,5%
20€5,3u 2695,10 2703,83 2712,54 2721,21 2724,:4 2127,27 270,29 2733,31 2736,33
2739,3u. 2742,38 2y43,64 27u4,93 274s,22 274741 2748,79 _27%50,08 2751,36 2752,065 . ... .. . e e e
2753,9% 2715%,22 27%h,50 2757,78 27159,00 2160, %4 27163,313 2706,3¢2 2769,30 271712,27
2775.25% 27718 ,22 27&41,19 2789,65 218,09 2806,40 2814,R8 2823,25 2831,58 2839,89
286R 80 2R97 4y 2925,75 2953 ,81 2941,81 3009,:5 3036,458 ’ :
E/D VALUSES &T FACH NOWNKIND POSITION AWE
. 1,BUSEefd | TE2EL00 1,685Ea0u 1,6 1U0Ee0d | ,S4TEQU 1, ,UBbEAOU {,Ui8Ee0d |,373E=04 1,599E=004 §,34UE~04 e -
1,3CECU 1,310F=00 §,302€=0U |,288E=04 §,275E=00 1,270E=04 1,¢nbE=04 1,261E=04 |,2597E=04 1,252E=0U
§,24860u 1 ,2U3Ee0U "} ,2UtEaNt |,239E=04 §,2368=04 | ,286E=00 } 2o0E=0d 1,232Ee0U 1 ,230E-00 1,2268E=04
1,2206E04 1,225Fend |,2738a08 },2218=04 1,219E=04 |,217E«04 1,2 3E«0U 1,209E«04 1,204E=Nd |,200E=0u
JI19BEw0U 1,192E004 1,1RRE=CU §,1T76F~0& {,165€e0u {,15UE=0U 1,14E-04 1,132E=04 |,121E=04 |,110€=04
1,075¢€e0y 1 ,0U1E=NU )1 ,000Ee0y 9,7ROE=0% 9,U9RE=NS 9,223k=06 AR, 9L2E=05 -
0= 20nd, YPg 0. S.18E=0S 3,08EenS 2_04ke0S 1.71F=065 1.95%E=0S 1,50E=05 §,46E=05 1.36E«05 1,27E=05 1.17€=05 1,10E=05 1,01E«05
Sy = 10319,03 10428,49 10537,85 10647,10 10756,24 10RGS,¢7 10974,19 110A3,01 11114,09 13114S,16
11176,23 11207,28 11238,33  11269,36 11300,39 11311,85 11322,10 11332,96 11343,81 {1354,67
1130%,52  1137R,87  113a1,02 113mS,A87 11390,32 11%04,07 11%3Q9,4A2 11404,27 11408,92 114313,957
11418,22 11422,86 11427,51 11032,16 $1436,A1 1144d1,006 11d682,30 114n8, 14 (1473, 98 {fukd b3
11005,86 11505,50 11517,34 11548,380 11570,25 118610,19 1ledl, 12 (1672,04 11702,96 11733,87
11491,07 1toug,a7 12057, A 1216S,04 12278,32 123a0,¢0 12unf, 37
Sy s $977,48 3994 ,10 4018, 74 uni3q 21 4ns9,57 4n79,¢e 4 6100,01 u120,07 4125,79 4131,.%0
g137,20 G142, 80 4lud,%8  6415d,206 U1%9,93 4161,1 Q163,80  41e5.87 @lo?,8Y CRE AN 31



vi-a

174,81
<181,00
419S,u7
4257,9%

4173,79
4382,2s
4197,44
4217, 27

476,63
4183 10
4196,40
42né&,51

ux?é,ua
4183,
4205,01

4315,67

E/G vaLUES AT EAC+ DCSNAIND POSITION ARE )
3,8737405 3,817€.105 3, 758E.05 3,701Fe05 3,6USEarS 3,590Ew05 3,5%7Ea0S 3,0856405 3,471E05 3,u50Ex05

D2 10000, YPs
Sy s 33977,94
13631 ,45
3775,91
39R1H,12
396/5,23

40139,62 .

§2 » ap6e,10

e e 8161 B9

8179,49
A18L,3R
R191,58
8223,75

De 29000, YPs
Sy s 79%5u2,68
79977.94

0, S,t9E=nb 4,83Ee0s 3,83E-08 3,56E=06

. E/Q VALUES 8T EACH DOWNKIND.POSITION ARE
5,0526<06 5,035Ea0b 5,01RE408
4,920E-06 4,916E=0D
4,B802E-06 4,H90E=0D
4,38UE=-006 d4, BB3ELe0D
4,8725«06 4, 8T1E0D
4,821Ee06 4,805Ea0b

4176,1338
4184,79
4210,62
4334,74

177,47
418%5,03
416,29
4353, 13

178,02
4187,60
421,80
432,64

178,87
4189,57

6227,38

4179,7}
4191,54
4232,95

180,56
4193,51¢
u2ss, 5

3,4027405 3,426E~29 3,014E095 3,400E=05 3,386E«05 3,381E«05 3,3 0E=05 3,371E=05 3,356E=05 3,351E=0%

.3,357%+08 3,352F35 '3,350t=05 3,348E=05 3,3unEens 3,30UE=08 3,342Ew05 3,3U0E=05 3,336E=05 3,336Ee06

3,3332405 3,331Fe25 3,329F-05 3,327E~05 3,325E~05 3,324€-05 3,3 0f=05 3,314E«05 3,309E=05 3,395E=0S

3,300705 3,295k e09 3,291t 205 3,277F=05 3, 26UE=05 3,251FE=05 3,2 pE=05 3,226E«05 3,213E=05 3,250E=05

3,1565%08 3,11UEedS 3,0726005 3,031E-0% 2,992E-05 2,953F=0S 2,9.5E=05 .

Dz 5000, YP:z Os 1,d8E=05 1,12E=05 8,33E=06 7,45E=08 7,10E=Q0 6,5REalb 6,40E=08 5,93E=06 5,53E=06 5,16E=06 4,8bEe0b 4,47Eain

Sy = 23759,43  20858,87  20933,21 21057,47 21156,63 21255,70 21350,68 21453,50 21:¢81,84 21510,04
21534,27  21566,49 21533 ,71 21422,91 216S1,11 21€60,9s 21670,85 21680,72 21690 ,568 21700,ud
21710,31 21720,17  21720,00 21728,52 21732,85 21737,08 21741,30 21745,585 2174975 21753,°08
21758,20 21762,43 21758,65 21770,88 21375,10 21779,:3 21789,18 21799,n¢ 2180K 849 21K18,74
21828,60 21838,45 213ud,30 21876,4¢ 21904,57 214932,30 21960,81 21988,92 22017,u2 220u45,12

) 22163,30  222d41,58 22319,h7 224%7,57 22535,58 22633,00 22731,1%

§7's S6€S5,10 5699,%9 5714,04 S728,uS 5742,83 5757,.18 5771,49 5789,76 789,83 5793,90
5797,97 5802,0% §3135,09 5410,15 5814,21 5815,¢3 5817,00 SB18,40 5819,58 $621,350
SR22,71 524,13 S224,74 Saey, 34 $825,95 5826,56 5827,17 5827,77 5828 ,34 5€28,99
S829,59 Sa30,20 S430,40 533,41 Sa32,02 SR32,¢62 Sa3u,0u S835,4S 5830,867 5838,¢28
S8439,69 Sp01,10 5342,52 SAdp,SY $8%0,58 5854,¢1 5858,83 5802,65 5606,67 5870,09
Segu, 7}y 5898,73 5912,70 5926,03 5940,54 5954, 0 5968,2S

E/Q VALUES AT EaCw DOWNAINS POSTTTION &RE .

1;SUPF-GS‘1,33°E.OS 1,329€.05 |,319E«05 1,310€=n5 1,301Fa05 1,291Ee05 1,282E~05 1,260E=05 1,277€=05

1,27460S '§,272Ee05 1,02696«05 | ,257F=05 1,20UE=05 1,2636=05 {,203E«0% 1,262E=05 1,261E=05 1,2¢c0E=0S

1,253F 05 | ,25REefis 1,258E«06 |,257E205 |,257E=05 ],257ke05 1,256t~05 1,256E«05 1,25%6E=05 1,255E=05

1,255695 1,250Ee05 1,250E=05 |,25uE=05 ],253E=05 1,2535=05 §,252E~05 1,251E6«05 |,2%06=05 },2L9E<05

1,2«9&-05_1,zue5.as 1,207€205 |,2UUE«05 1,242Ee05 1,239E-05 1,2376w05 1,235E«05 1,232E=09 {1,230E~05

1,2216=05 §,213805 1,205€95 1,197E=05 {,1R9E=NS 1,181E05 1,173E~05 '

3,5(Em0t 3,3uEa0b 3,19E«06 2,95teC0 2,77E=06 2,61E=0b 2,48E4086 2,30k=3

39061,35 3914y, 69 39227,96 39%1),l6 393904,10 39477,37 39560,37 39584,08 39607,78
30655,17 3957R,RS 36702,53 39726,2! 39734,09 39742,7B 39751,06 39799,54 39757,03
39784,19 30737,7¢ 36791,29 30704,83 39798,38 39801,93 39805,48 39899.03 3981¢2,58
33819,67 30323,22 39326,77 390A30,31 Joal3l.e6 39R42,14 39850.“} 39B58,69 39866,98
39883,5%1 39331,78 359915,91 39939,03. 39962,t5 399;;.57 40009,88 400535,05 40057,08
4p222,10 40394,52 d03ub,86 W0UA9,1U WOSS51,38 40b633,50 : )
5:92:30 etae:ua 8112,56 8122,82 8132,9%8 8143,10 8153,22 856,11 A159,00
Bieu,78 _B157,86  8170,55 8173,43 8174,44 8175,48 8176,46 8177,47 B178,08 .
“¥180,50 R180,93 8181,36 e181,79 B182,22 81R2,b8 8183,09 8183,5¢ 8183,95
8184,82 8135,25 81AS.58  81R6,11  8186,%4 8187,55 8188,56 6189,57 8190,57
4192,% 8193,60 8196 ,47 £199,35 8202,¢2 8205,09 8207,97 5210,64 8213,74
B233,77  8243,79  B82S3,79 p263,78 8273,75 82a3, 72
5,001E=06 4,93uEaDb 4,966Ea00 U4,95%1Ea00 4,933E=006 4,930E=06 u.qg55-00
‘0,911E06 4,900E=00 4,902E=06 4,900E=00 4,858E=06 4,BI7E~00 4,B95E-06 4,4935E~00
U,RQ0E0b U RNQE=0b6 U ,ARRE=NS U, ARTFeNd U, BE7E=Nb U ARAE-DL 4,HRB5E=06 u.nﬁSg-Oo
4, RY3Em00 3,8082E206 U4, RALE=06 U,pR1E=00 U,B1QE=06 W ,HTTEe00 4, 870E=006 U,B8TuE=N0
0,559k s06 3,ah5E=00 u,B50E=0b 4, h96F=06 4,B851Ee00 4, HUANE=06 U4, RU2E=06 4,ALTE=0Ob
L 4,790Ea06 4,7TuEw0b 4, 759E«06 4, TUUEeQS U, T72BECH;
0, 2,236 290 2,00E=006 1,70E=06 1,63600 |, 67E=06 1,00k=06 1,53F«06 1,42b=Cn 1,34ke0h 1,28En00 1,¢¢Le0b 1,140
79598,17 79533 64 TO709,08  T97pd,u9 790819,87 79375,21 79930,53 79°ue.{u 79962,14
79993,73 809)9,53 80025,32 800G1,11 B0046,e3 @0052,14 AO0ST,68 80003, 1 80063,73



st-a

“

Lad ]
RAGT4,24 8O079,78 AG0R2,1S BUDAUL,S51 aN0Ap,AB BOOR9,25 840091,62 B0093,98 80096,35 B80098,72
AO1C1,CR ARO173,45 R010S5,82 80108,18 A”0110,55 a0112,92 80118,ad B80123,96 H0129,48 B80135%5,00
8a1un,52 a014b6,0y 8015),5¢ B8O0167,33 ROTAR3,10 8O198,86 BG214,AT B80230,39 E024s,14 B80261,90
80317,02 AO372.11 ROU27,13 87482,2)1 HKOS3I7,2Y AR0SQ2,19 #0647,13
S = 129:1R, 78 12R25,18 12A831,81 12848,0d 1284u,ue  12859,88 12857,30 12R863,71 1286%5,5¢ 12687,37
12809,20 12871,04 12872,87  12874,70 '12876,53: 12877,17 12877,81 12878,45 12879,09 312479,73
12aR80,37 12apt1,0t 12R’1,29 128A),S50 12481,R4 128R2,11 12882,39. 12Rd2,b6 12R82,93 128K3, 21
12AR3,4u 12RA3,T6  12484,03 ° 128x4,31 128R4,58 - 12884,80 1288S5,50 12886,1d 12886,78 12RAT 4
12348,0, - 12884,70 12389, ,34 12891 ,17 12A02,99 [1F89¢,KS 12896,65 12A9A,4n 12900,30 12902,13
12990 ,52 12914,91 12921 ,3  12927,68 12934,06 12940,u4 1Q9ub,R1
L]
E7Q VALUES AT EACH DOWNWIND FOSITJON &RE
1,5618«06 1,559E00 1,557E~06 1,555E=00 1,553E=06 1,552E=06 §,550t~ype |,5GREeN6 |,54TE=06 |,54TE=06 *
1,S4ot«0s 1,5UnEe0h §,5U8Fahy {,5L5Em0p | ,GUdEaly | ,SUYEaln 1, ¢ UUE=0p |,S5Uute0b 1,5ult=Cn §,543E=08
1,53380p 1,54360p 1,543Faln 1,5c8E=00 1,503E=08 1,S5ul3F=0p6 |,%a5E=Np 1,502E=0b 1,562k=00 |, ,5U2t=0b
1,5u2f=00 ! ,5U2Ea086 1,542Eens },562Fe00 §,542Emn 1,502Fe0b §,5u2Ee0b 1,501E=Nb §,541k=006 },5U1E=08
1,9016=086 1,%01E<06 1,501Ea06 |,580E«006 |,540Ee0s {,539E=06 1, 3RE=00 1,535E06 1,537€=06 {,537Ex00
1,9356-0e 1,S5336-06 1,531E«06 1,530FE=06 1,528E«06 §,5286¢=06 1,5240E=00
03 5i0n0, YPg 0, 7.09E%07 »,86E~07 5,97E«07 §,BRE=07 6,20E07 o, 095-07 S,8TE=07 S,U9E~07 5,23E+07 9,00E=07 o, ¥9Ee07 U,b2E-07
Sy = 3122122,83 12U360,038 12u3Q97,17 124434,30 124471 ,d1 $124508,.52 1245u5,62 1245R2,70 1easqs 30 124503,89
1P35614,09 124425,04 12u035,07 124b46,27 173856,86 12Us60,56 124bhL, 27 124667,98 124671 ,08 124b75,39
125879,10 12UAR2,R0 {2ubad, %9 1246RS, 98 1246K7,57 12u6R9,1H 12uboo,7u 124692,35 124093.93 12«005.51
123537,10 124han,hi 120700,37 126701 ,86 24703,45 124705,08 12470R, 70 124712,45 12aT16,15 12uT19,86
-, 12e723,56 12u727,27 12u730,37 J24r0),50 124752,14 1247A2.72 124773,30 120783,88 124794, 40 124b05,04
123842,06 120A79,07 124916,37 124953,086 176990 ,08 125027,00 125063,95
Sz 14147,19  1RA151,73  4R156,27 1%1e0,81 1R165,3n {8169,90 1b6170,43 (BITA,97 181R0,27 181A1,56
1as 2 A6 LHIRY, 1A  t&1AS,US 1A1A6,7S 1AR1IAAR,05 1ATRA.S0 1414H, 95 1B189,41 1AIH9 B 18190,3)
18190,77  18191,22 18191,u1 1A191,61 1A191,R80 1K192.00 18192,19 18192,39 1819¢,58 (K19, 7H
14192,97 1R193,1A 1810%,36 1A4103,59 14193,75 1AR193 94 18104,39 18194,85 18195,30 16199,7%
14196, 21 1RI96 A6 1R107,12 181904,01 1R169, 71 1R201.00 18702,30 18203,59 1R204,89 18200,18
13210,71 1R215,24° 18219,77 18224,30. 1R228,82 18233 35 18237,87
E/Q VaLUES aT paCH NOWNNIND POSITIUN ARE
7,05UFenT 7, 051507 7,0U78a0T 7,043FEay? 7,039E<0? 7,035t-07 7, 31Ean? 7,027Ew0T 7,026t-07 7,025t-07
T,024g807 7,023E=07 7,022E=07 7,021E07 7,020607 7, 0!95-07 Toe 7198207 7,018E«07 7,018E«07 7,016E«07
T, 017807 7,0176-07 7,017E=07 7,017607 7,017E07 7,010E«07 7, 116t=07 7,014E=07 7,016E=07 7,010E-07
“1,010E=0? 7,0155a07 7,04% =07 7,015Ew? 7,015E07 7,015k007 7, 11dE~0T7 7,014E«07 7,016E=07 7,083E=07
T7,0136=07 7,0126=07 7,012b07 7,Ci1E=07 7,010E=07 7,0005-07 7,°08g«07 7,0C7E=07 7,005E=07 7,004E=07
T.001E=07 6,997F«07 6,993E207 §,G89E=07 £.,985E=07 ,982E=07 64 '/RE=07
Dz 106030, YPs 0s 3423E=07 3,20E=07 2,8UE=07 2,8uE=D7 3,19E=07 3,00E07 2,96E=07 2,7BE~07 2.606E-07 2,59E=07 2,53E«07 2,4QE=07

TEND OF CaSt

el



9L-0

FIGURE D-4.' Second Sample Problem. Input

SAMPLE PROBLEM 2 « PELEASE OF | CURIE OF Kk 35
-SINPUT NEXTEY, LT1R21,LRLTIASL,LGLIRST,LOLTIRZY ) LEETASY,LGavas),LCRIONSE,
NRELZ1,RT (1) el ) NSl 0, URAG =, ,%20,0 11222, NED22,85022,TDEP (102045540 .
ADFPL1YE7,4,800,,NEPTC1Y32,3,NHEZ2)NGES1,NHEX1,NG521,LORFPE1,NDRF(1)z218
PASQUILL F
OnNE CURIE OF xR 8BS »
1

KR 8s 10
Q 1 :

. SAMPLE PRORLEM 2 = RELEASE [N 3 PERIODS

$INPUT MEXTS) NRELES,RT(1)21R00,,27000,,57620,, I1Zm1,N0RE(1)31,1,3%
PaSQUILL FPaASNULILL FoasaulyL 0
INVENTHRY FOR PERID T

. . . .
KRe .85 1,8 KRk 8% . 1,2XE £33 2.0XE 135 t,0
CINVENTIRY FONR PERIID 2
. .
KQs BS 27 ,XR RS ) 18,¥F 133 . 39,XE 13§ 15,
INVENTORY FOR PERIZA 3
! .
KR* 8§ STus%R 85 38,uxt 1383 04,0k 135 32,0
9 1 .
9 1
-1 i

fig
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FIGURE D-5. Second Sample Problem Output

SAMPLE PROBLEM 2 = RELEASE OF 1 CURIE OF XR 85

DNSF RATE FACTORS

STABILITY PASQUILL F RELFASE PERTOD i .

2,6UEaN}U,97Fent? 47Fm00] ,93Ea0b] QUL atl?, 13Ee0U2,17te0u2,0% =dil ,95L0u],A0Fa0U], 67kl 53 =00
1, 11Ee032,57€001,33Fandl, 0Ur=06]1,015=00],07Ew0U],00E=001,00E=019,/Ugw058, 986 e05A,31F 07,6415
3,27€001,00EanUb 1NE«NSU,ARE=050,52E=054,56E«050,57F =50, 3UE =034, 09853, TUEa05Y UbE=S3,19¢F 205
1,21Ea0US UbEa0SY, 316eN52,60FeNS52 4aFe052,02Ee052, SRFeN52 259 =052,00L Nt 04 eSSt B0E =051 ,6%F =08
U4,0582052,60F051,70p =051 ,51Ee051 [ U1E«051,33£2051,29E6«051,21E=051,13Fend] noEeN59,72E=0h8,90Ffm0h
1,32E059, 6 8 a0h? 0RENbDE, 328 =0b6, | 0LeNb5,T3Ee045,06ke0hs 09F el Thtenhn,utkenhd, lrt=0ns 37508

— 5, 90EnbU UTEanb, UTE LR, 1AF Gt 120 ep62,00E2082, 825 00h2,62E2052,07Eanp), (3 a0k, 20E=002,05f =08

2,U3Fe082,00Eenb]  0ALe0b] STE=I0] (SRE DB S1EaN6] 43E=0h],358=0n1,2 =061, 1F=0n1,15F=061,04F=0h
B8, 326=077,59E0070,2762076,C1F=076,16E=075,96E=075,688075, 32k =U15,04F <074, RUta17d,62E=070,57F=07
3,01£2073,65E=073,0062072,00F073,10Ee073,02E2072,49E=072,71E=072,57E072,¢RE=072, 386 2072,25¢=07

ONE ‘CIRTE oF ki A% : AR
NUCLTDE INVENTORY In CURIES FOR GELEASH TIME {
XR RS 1,00Ee00 s

S1GMa Y aND Z FOR STaRILITY 1 A - :
e DISTANCE FROM RELFASEI'NINT -METERS

et e e e 1004 T 200, - oo 500 .. 1000, 2000, w006, to0c0, . 20v00, 'S000, 100000,
S1Gma ¥y, - . 3,9 7,8 18,5 3,0 T Leb.S 153,0 40,0 55,0 1120,0 2009,0
SIGMa 7 1,4 3,1 7.6 18,8 o2t u 35,0 a7,0 © 89,5 79,0 ' 94,4 -
ORFB  1,3355-02  2,976E~03. S.184E=04 1,500E=04 5,134E=05 1,361t-oslv§,53°eqoa 2,U26t =06 " H,23KE~0T7 3,877E-07



SAMPLF PROWLEM 2 = RELEASE OF | CURIE UF KR 85

DOSE TvPE
GaMmMa 0, CM

e BAMMA 5, CH.
BETaA T MG/CH2

BETa 100, MG/CH2
" SKIN
T EvE

POSE FOR

deSTIE=0T 2,297E

1,0 SEC, RELEASE PFRIOD, STABILITY PasuutLl *
DISTAYCE, MFTERS
100, 200, 500, 1000,

<07 9,0%1E-0A 5,016t =08

4,285Ee07 2,153E«07 9,0256+08.- 4,700¢=0¢

L]
2,702F=03 6,020F
9.,063k=05 2,221E
2,7026e03  6,026F

.I.Qﬂlfnou 2,2864E

=08 1,0u0Fe04 3 _035k=05

=08 3,As0te0p t,110FeUp

“04  1,0%0E.04 3,0u0fe0%

=05 3,9£5Ee06 1,169Fe0L

SKIN p0SE I8 .0,f €M Gav¥a DOSE 0. "Te MG/CM2 RFTA DOSE,

EYE CNSE IS 0,0 CM Ga“ma NOSE

gi-0

SAMPLE PRCHLEM 2 »

< PER10D STaRTLITY

+ 100, MG/(C42 RETS DOSE,

RELEASE OF § CURIE OF X5 85

too, 2

NORZALTZED ATR CNUCENTRATION

on, S00, 1000,

2000,
PeT10t=0n
2s54RFeQR
1,030E =08
s, 832807
1,042k 08

de103E=07

DIS ANCE, F&YFQS

2nan,

Soun,
1,151F=08
1,078k=08
?2¢155ken
V1, 016k=07
?.7obkeds

1,131k=07

Saue,

RELEASE HEIGHT

{000g,
5,961t =09
5,506t 09
1,121 =08
6,134t =08
1,127F <08

4,72+t ~08

RELEASE MEIG-T

100,

CDATE  08/12/75

0, METERS

20000, 55000,
3,0635E209 1,1978-09
2,84up=u?  1,122E-09
U,909F =07 1,667E=07
1,810E=08 6,148E=00
4, 940Ee0T  1,679E<07
2.11uke08 7,345E=09

DATE 08712775

ANang,

0, ETEWS

50000,

.0 -SEC, PASAUTL. £ S RINE=DZ  1,3008202 2,284F=03 6,550F =04 2,2a2b=0u  5,00Gkevt  2,41vE=05 1,059E=uh  3.5VEE=De

Lo EEN
. ¢

[ PR

T Execurion TIg FoR

T41S CESE Wa$S 7,373

RELEASE IN 3§ PFRIODS

$FZONDS

100009,
6,089E-10
S,700E=17
7,buUSEeS
2.893k=09
7,908k w56

3,502k-09

100vud.
1,693k =yts



610

DOSE RATE FuCTORS

STABILIYY PASQUILL F RELEASE PER[DD |
Z,eue-o3u.9?£-002.u7£-ou1.o\s-nal.9u&~oaz.13£-042.11r-ou2.n°£-ont.vst-oux.uoc-oul.o7t-ou1.ssr-oa
1,11E2032,57E«041,33Eu008],00Ea0d) N1Ea0U), 0TE=NYY N9 e04] ,0Ub a0 19, 7ULaOSH QRE=G58,31F=057,6UFf =05
3,27g«041,09 onde,10F=054,A2e050,52¢2054,56E«050,57Fa054,3UE~05d,09Fm053,7dEw053,46F=053,19 =05
1,21E005 4BEe0SY, 81E=057,h0FeNSP JQE=052,42E=052, 35Le052,256=032,006=051,24F=051,80E=051,65F =08
U, 5Ew052,50FenS |, TOEe051 ,S1FnnSt ,dlFe0S],38360051,20F 051,21k 1, 13F=051,05t2059,72E-058,96k=05
1,3262039,83Ew0h) ,0RE~NNb,32E«0h, [0E«0bY,73E=065,46F=069,00k =N U, 70k etbl, dbt=0hd, 18E=ih] BTEeub
5,508e0p8,48Eens? U Fe0h3, 162003, 12F+062,94F=0h2 ,R2Fm0p2,62E~(12,87t=062,33Ee062,20E=002,0%8 =06
2,udEn0n2,000 208,008 e0n] G7E~0061,3B8E=081,5182041 ,4uE=0p1,35F=0,1,27k=001,21Fatl, 1% =0h],0Rt=08
8,32E2077,50F207¢,27E=078001E=070,16E=075,04E2075 , nRF«079,37E=0.5,0utenTd, Bufal?d, 02E=0Tu,370=0T
3,91E2073,65€e07%,005e072,9QF«n?8 [NEet?3 02E=0072, 49F 072 TIEw072,5TbenT2,uBE=0T72,38L=07¢,25F=07
SYABILITv PASOUILL F RELEASE PERIOD 2

2,008eu3d, FTLaQUZ ,UTEanl] 93Fa0d], 3“6-”"2.!!&-042 |7t-002 09ty 41,95t a0l ADEeNUL HTE=DEY,S3L=00
1 llt-dle STeendl,3%c =0t ,Clfe oﬂl.rlE-UJ\ 17 w0U] N9 aBlU) NUF« 19, TUF 058, YBF a0, S1EedS T, bUF=05
3 2788041, 09‘-ﬁdb.lﬁt-ﬂ§d,5eb-u<u 5269059 ,50E =054, S k=S, SUran U, USE«088, TUE =98, 2AE"NS3, 19 e)s
l.Blioous,uﬂi-osl.S\E-nS?.hQE-OSe.avt-OSZ.HZF-052.ERE-OS?.25E~012,3vt-OS!.OUF-dSl.OOh-NSI.bSF-OS
4, 55EeNB2 638 enNSY,70L NS ,S1FeNSt, 316051 ,31F 051,200 081 2 1F el ,13E=051,05FenB9, T2F=008 90t =00
1,32Ee050,03Fa0h],0RE«060,32f 000, 10k="65,73E-045,ubFe085,00t))d,70tedhd dbtadby, lB8k=00),37t=00
S, 5NEedpl UBEenpl,d3fmnpd, 16F=0b3,12E=102,90E"0482 ,R2E=082,62E~0,2,47L=0h2,33Fa0h,20t=052,05C=ub
2,u3E062,09E°061,nRte0p),STb o] (3BE«041,51E«0n1 ,yute0pl 358051 ,2760n) ,21Eeubl, IDE=001,0k =00
8,328 SuFanYe 2Tben?h 01EartTh, 16LeCTS VAEeNTS o8F TS, 32Fe1S, (Ube0TU RUEaNTY b2t =074, 50Ee0T
3,916073,65tenT1,00E072,996a073,108-073,02k=072, u95.01a T4 e072,5Tb eyl URE=0T2,380=072,25F=07
SYARILITY DASMUIL\ D' MELFASE Pt?xeo 3 ) -
'5[575.0:42 ';’5-001,11,_.04“ HOE 0SS T elSd QPF =059, n‘,g-ns ohTEC058, 09057, U6E=056,50E=05h,3uF =05
3,uS=-04\hlib-naa.s7rln's.o?f~n§1 FJOE«OSY  7SE=054 , 76F=NSU 53 «05340,22f=053,20F 053, BNE=TY S, 32k =nS
9,01
2,%te0s1,93E-051, 35530:\.|°£-051.12t-nsl.vq€ 081 ,0NE =169, 37F~04R T3k =NbR, {UbelaT SRE=0AHL, 00 =iih

1 056 NS, UREmNGSE UL aNDS ,aTFed85 TIE=065,36E=06S,08F=064,72E=09G U1EeNbU,15ta0b3,89E=003,01(~vb’

2,506+062 ,326-0b1,05F 001, n7E-ob\.q?t-ﬂbl RSE«NRY 7bF-no\.auE o081 ,55Felh] aMFelnl ilben],32F=08
9, SlE-oro 02?7 RUF @0 77,706 007R, 175 =07R,0hEe0P7,71Fe077,24E~01b,00F w070, 6REa070,43k=0Tr 10E=DT
3, Bk 07y ATEnT U1t enT ] d1Ea?d n6ban?3 REEaUTY 55FauT}, 86F <073, 27ben78,15k=073,06t=072,958¢07
9 auF.oel 08079, 2160089 ,30Een3 1, 01En071,03ka07) ,P1Ead?9,59E 019,29t w039,20E039,03E <08k, Tat=08
3 B7,-08u {1~ oﬂ..75g-uﬂs RoganBu, 1;g-nﬂu 23 =0R4, 15 =R, 97p-n~5 Rlganf}, R5F 0“5.&0t-"ﬂ5.12$-05

050,90 w002, mUt SR, Y36 052,15t w082, 0AF =052 027051 ,90L 01, 778 ~051, ati-cﬁ1.58t-)~1.u01-ﬂ§

<8



0z-0

. INVENTORY FOR PERION. 1

NUCLIDE INVENTORY [N CURTES FOR RELEASE TIME I

kRe 85 {,80F¢00 xR B85 1,20E¢00 Xg 133 2,00c400
INVENTORQY FOR DEi!Oo 2
NUCLIDE INVENTORY IN CURIES FOR RELEASE TImE 2

KRa RS 2,70E40t -KR 8BS . 1,80F+01 --xb
o

INVEATORY FOR RERKIOD 3

NUCLINE TnVFNTORY IN CURIES FOR RELEASE TIFE 3

 KRs AY  S5,ToEeD1 xR 8S 3,84€s0f XE 133 5,40E401

SIGMA Y AND T FOF STARILTI'Y -1 -

13

xXE

135

135

1,00E400

135 - 3,00E4+01— xE 135 ..:,50E+01

5,20Ee0)

CISTANCE FROM RELEASEPOINT METERS

103, 200, s00, 1000, 2000, 5000, 10000,

S16ML v 3,9 7,9 18,5 36,0 66,5 153,0 280,0

831GMa 2 1,4 3,1 7.6 13,5 21,4 35,0 41,0

SIGNA Y ANy 2.FOR STABILI Y - 2. . . - - . ..

i . : SISTANCE FROM RELEASEPOINY METERS
PR 100, 200, 500, 1000, 2000, S000, 10000,
;‘s[c”l-' 30° L. 709 ]605 ) 16.0 . 0605 153.0 ?5000

SIGMA 2 144 3,1 Teb - 13,5 21,0 < 35,0 ar,0
;. S1G*a Y AND 2 FOR STARILIZY. 3 S e e o

o . . SISTANCE FROM RELEASEPQINT METERS
L L L 100, 200, soo, 1000, 2000, S000, 10000,
CSIGMA ¥ R,0 15,8 37,0 72,0 132,0 310,0 570,0

Si6Ma 2 a,7 8,7 19,0 33,0 52,5 95,0 40,0

DRF8 | ,335F=02 2,07hE=08 S,184E=00 1,500E«00 S,134E=05 1,361Ee05 5,539E=06 .

DRFB .| ,335€e02 2,976te03 S,184Ee04 1,500Ee04 S,13uEe05 1,36tEe05 5,589F=06
© DRFB | ,939Ee0Y 5,350E~04 1,037E«04 3,088E=05 1,052E05 2,475E-06 9,134E=07

2cot0,
50%,0
59,5

20030,
503,90
53,5

20000,
87,0
195,0

2,U20E=06h
2,20t =00
$,814L=~07

$0000,
1120,0
19,0

50000, .
1120,0
19,0

50600,

2300,0
. 320,0
8,258E=07
H,2345L«07
9,90ufe08

100000,

-2000,0

96,0

100000,
2009,0
94,0

100000,

4160,0
4s0,¢
3,677/F=07
31,877¢-07
3,951E=08
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p

SAMPLE PROBLEM 2 « RELEASE IN 3 PER100S

DOSE TvyPE

GAMMA 0, CHM
GAMMA G, CM-
BETA 70 MG/LM2

BETA 100, MG/CM2
. SKIN

EVE

DOSE FOR 30,0

100,
$235u€e0y
1,140E=04
1,090F=02
T,717E+00
to112Ee0Q

9,071F~04

SKIN DOSE 18 0,0 CM GaMmaA -NOSE
EYE DOSE IS 0,0 CM GAMMA DOSE

200,
5,88SE=0S
5,850Ee0g
!.qasz;ol
1,716E=04
2.514Ee03

2.,40dga0d

so00,
2¢950F =05
2,5tdkelsy
4,232F=04d
2,96UE 05
4,527 04

5,91UF<08

MIN, RELEASE PERIOD,

DISTANCF, METERS

1000, 2000,
10551E=05  B,2huE=06
1,325E=05 7,0a7F=0n
1,212E04  4,06%E=0%
B, UbIE=0S 2,820F=0h
1,307E04 U BD2EeNS
2,397p«05 1 ,108E=0%

. 7. MG/CM2 BETA DOSE,
¢ 100s MG/CM2 BET4 DOSE,

STABILITY PaSQUILL F

‘5000,
3,216E=086
2,767t =06
1,016E=05
6,909E=07
t,333L.05

3,907606

10000,
1,430E=06

1,256t-00

3,775F 00

2 udTTE=07
5,211E~00

1,084E=06

DATE 087127175

20000,
5,7036=07
4,880Em07
1,411E=08
4,588E =08
1,961E=u0b

b,562E=07

RELEASE =EIGRT .0, ™ETERS

50000,
1.P54E=07
1.6515'07
3,u938=07
1.6%4c=08
W TulE=07

{,u2ee=07

100000,
3,599 ~08

T2,894E-08

1.318E~07
4,187E=Q9
1.,078ke07

§,078¢ =08



SaAMPLE PROBLEM™ 2 = ELEASE IN 3 FER1IODS
DUSE FOR
nOSE TyPE
100, 200,
GAPNRA 0, CM 14582UE=03 7,70bE~013
TOTal DOSE THIS TYPE |,659FE«03 B8, u56E=04d
GaAMNA S, CM {.28UEe03 b, 509 n0d
TnTAL DOSE THIS TYPE 1,399F=03 7,134F<04
8ETA T, MG/CM2 1,327E=01 2,95dk=02

TOTAL OOSE TtTHIS TYPE 11,4370}

BETY 100, HMG/CM2 8,b01E=03
TOTAL OODSE THIS TYPE 9,373F«03

Sulw 1.3U3Ee0)
10TAL OOgE TH1g TYFE §,454Fe01

EYE 1,¥13¢-02
TOTAL DOSE THIS TYPE 1, ,103EeD2

Sx{N NOSE IS 6,0 CM GaH4a NOSE
EYE ONSE -8 0,0 €™ Ganua DNSE

3,199 «02

1,913E=03
2,085t =03

3,0n82t=n2
3,283E02

2,690£=03
2,930E=03

500,

3.533E=00
;.6286'00

2e818F04

3,069 =0

S.120F=03
S.0U3E03

3,504F04
SebNUFall

SedS3iFEe«0]
S,906E<03

C bUlFeON
1:232E04

DISTANCE, MFTERS

100¢, 2000,
1,752E=(U  9,331E«05
1,907L=04 1,0ipt=Nu
t,480E=(u  7,938E=05
1,618Fe(4 B,buTE«0G"
1,469 «03 4,9 %k e0u
1,590E=G3 5,352E«04
9,855k=(5 $,160F=05
1,0306=(0 3,402Fe05
{,bUutery S,B7Rtaena
1,781E=03  6,30ktany
2,09HE=(d 1 ,209F=0y
2,937€=04 1,360F=04

¢ 7. MG/CM; WETA DOSE,
¢ 10U, MG/CMe BETA DOSE,

7.5M0JFS RELEASE PFRING, STABILTTY PASQUILL F

5000,

1,642k =05
3,963E=05

3,109t 05
3,3R60=095

1,290k=04
1,352E=0u

T.H80RLe(6
R,U99L=0b

1,blat =04
1, JurEeny

4,423t =05
4,813E005

& . -

L00u0,

1,605% 05
1, TRRE=0S

1,4nut=0%
1,925%E 0%

U, T27F =05

S.135E«05

2, HI1E=-0b
5,0abF =00

b, 5725205
6,834t =05

1,929¢ <05
2,097¢ <05

Datt 66712715

20000,

6,709t =0b
7.,27% =Js

S,695E =08
b, 180t =it

1,826E=05
1,96KEenG

1,014F =0
1,100k =26

2,497 =05
2,095t -uS

7.7236-48
8,379¢c=u6

RELEASE HEIGRT v, "ETERS

50003,

1,591 =96
1,717E=Co

1.319t=06
{1,424t =Co
t,8%6t =06
5,2ubk=%0

2,156E=-07
2,3208 47

b,uuBt=00
5,922E =06

1e6507L =00
1,949t =nn

1000¢3,

U,9688=07
S,328€e0"

3.902t=0"7
“,252t={"7

1,9268=06
2,058

6. 715 =05
7,193£-03

2,425k=00
2,591t=25

8,639 =07
5,047E=27



SAYPLE PROBLEM 2. » RELEASE IN 3 PERIOOS

DOSE Typg

GAMMA 0, CM
TOTAL ODSE THIS TYPE

GAvwa S, €™

TnTAL DOSE WIS TYPE

BETa T, MpsCm2
TOTAL ODOSE FHIS TYPE

- BETA ton, MGsLwe

TATAL DOSE THIS TYPE

SKIN

"TOTAL DOSE THIS TYPE

EveE
ToTaL DNSE THIS TYPE

SkIN DOSE 1S g,3 CH
EYE ONSE 1S 0,0 O

DOSE FCR 16,0HOURS RELEASE éERIOOo STARTLITY PASQUILL ©

100,

1,076€E=93
2,736f03

R,987TE=N4
EQEQBE-OS

3, 44202
J4781E<01

2,034E-03
1,141E02

3,5u9F=02
1,809E=01

3,110Ee03
1, 414E=D2

GAMMA DNSE
faMMa 00SE

200,

5, 795E=00

1,425Ee0%"

d,aursoou
1,198¢«03

9,d4Rbgepd
UgtUTEC02

§,602beny
2,6US5E=03

1,007ten2
4,290F«02

1,140£%03
G, 070003

500,

2,495F <04
b,123F <04

2,097¢.04
S.ianranu

1,831E=03
T4374F=03

1,079y
4,6A5E=04d

2,0RNE=03
T.9R80F <03

$,57ut «04
1,081E=03

S, 381Eeut
2,128L503

3.,157F 03
1,3ubE=0

b,609Emp4d

2,442E-08

1,5944E01
G, us1F=01

T, MG/CH2 BFTa NOSEH,

+ 100, MG/THZ RETA DOSE,

NISTaNCE, METEWS
1000, 2000,
1,228E04 5,930Em05
3,136E004 1 ,000b=04
1,088201 S,043E=nG
2,6%6E=04 1,369 =04

1,62|E-uu
To.173E=04

1,060F =05
4,502€=08

2,4tlutkeny
n,782be04d

h,9UBFE=05
2,060Fe0u

Su00,

1,828E=0%
§,7925 =05

1,560E=0%
4,947E=05

4,125€E=05
$o760k=0U

2,301F=06
1,080t <09

5,954t eub
2,548k aty

2,063E=25

6,876L=05 .

RELEASE MEIGHT

10000,

6,991F =06
2 4B Tk enS

$,960k=06
2,120k =08

1,4378=0%

6.50?5'05'

T,8uat=0?
3,874E=00

2,130E=05
9,02uE=0Y

7;77St-hb
2,875t=05

-
DATE  08/12/7%

0, YETERS

20006, s0000,
2.508E=ub  U,b0EE=0/
Q. bTubeio 2,177c=05
2,200E=06  3,814be07
8,349Em06  1,5CbE=Gb

5,ua)é-ub
2,512b=0Y

2,TubE=0t
1,574t =00

B,036EaU6
§,U99EuS

FAL U T )
t,125€=0%

1 171E=08
6,377t =y5

u,hlop=te
2,830

f.t3ft=0t6
H,9%4Leps

LRI

2,490t =No

1c0000,

1,229L=07
6,557Ew07

Q,814E=gb
5,283E~07

4,098 =07
2.,ublEw0b

t.378L 08
8,57T1t=08

5, 8226=07
3,1288=08

1,367Ee07 -
7,614te07



v2=Q

SAMPLE PROBLEM 2 e RELEASE IN 3 PERIDDS DATE 08/12/775
NOHMALTIZED AIR CONCENTRATION
PERIOD STABILITY DISTanNCE, METERS RELEASF HETONT 0, ETERS
100, 200, 500, tnoc, 2000, 5000, 19000, 29000, 5600, 100000,
30,0 MIN, PASQUILL F  5,830€e02 |,300E=02 2,204E0} 6,550Ee(4 2,202E«04 5,944E=05 2,0149E=05 1,059E=09 3,598t =06 1,693t-0n
7.S5HOURS PASOUTLL F  5,830£-02 1,300E=02 2,27UFEeD3  5,550F(08 2,2u2E=0u 5,9u4E=~0S 2,019E-05 1,099E<CS  3,59Bk-i» 1,693t-00
16,0HOURS PASBUILL D B8, ub6E=03 2,336E=03 4,528E=004 1,340E04 4,593Fe05 1,081b=0% 3,9R9F 06 L, 000bm0e 4, 825807 1,725t=27

EXECUYION TIME FOR THIS CASE wa$ 2,884 SECONDS

8
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APPENDIX E

CODE _FLOW DIAGRAMS




APPENDIX E

CODE_FLOW DIAGRAMS
This appendix gives general flow diagrams for program logic. Diagrams
for BELI, BIVAR and SUBDOSA are given in Figures E-1, E-2, and E-3
respectively. ' - : '



¢-1

DOES THIS NUCLIDE .
GIVE BETA RADIATION

BELI

) CALL LIB TD READ
RADEONUCLIDE CATA LIBRARY

2

i CALLBLI3ETO
READ BETA ENDPOINT

QO LOOP ON 18 = NUMBER OF BETA ENERGIES —]

DATA LIBRARY : " [CALCULATE AVERAGE BETA ENERGY
P g . | (USES SIMBNI, FERMI AND GAMMA)
LINITIALIZE PARAMETERS] ¥

<DO LOOP 0N 150 = NUMBER OF FISSIOI PRODUCTS ><P—-_"_‘ ‘
’ CALCULATE EFFECTIVE BETA ENERGY

FOR CURRENT TISSLE DEPTH AND
SUM FOR NUCLIDE :

' TES) o : R
, +SOMERIC CHARACTER J» I :
INDICATOR . | ‘ 4 __'
| - v
600D . : PRINT AND PUNCH ZFFECTIVE BETA
l ENERGIES FOR CURRENT ‘

~ NAME THE SAME IN
BOTH LIBRARIES

AN

< IS CURRENT NUCLIDE

NUCLIDE-
FRINT V
D AGNOSTIC

THE LOOP ON 150 1S REPEATED |CHARACTER |}
FOR ACTIVATION PRODUCTS:  [gRROR

SET EFFECTIVE B\ PRINT DIAGNOSTIC /

BETA ENERGY TO ZERQ  [— ' [] \
. : |soi

YES

FOR CURRENT NUCLIDE )
~¥ IV
FIGURE E-1. Flow Diagram for BELI




€3

WAS ANY
STABILITY DATA
BAD

PRINT DIAGNOSTIC
MESSAGES

9 Con T
. A

PRINT INPUT

! DATA
: PUNCH DESGRIPTIVE -
) N DATACARD /- e
¥ s v . . - ¢
» '<uo LOOP'ON 1A+ NUMBER OF STABILITIES ><—- ——| :
. ' DO LOOF'ON 111 - NUMBER OF STABILITIES, MET > 1 : I | ’
. ReapSTABILITY | 5 | | :
¢ DATA 5 | a : . . : I 3
i : "* | CALL PLUMETO CALCULATE] . | I ¢ 10 %
: Y-Z'DOSE RATE INTEGRALS ——— SUBROUTINE
| . -« roreacweroronenerov.f - | T | eume
| . CALCULATE DOSE RATE FACTORS I I I ‘
: AS X INTEGRAL OF Y-Z FACTORS I '
I WSES SUBROUTINE FIND I B
: Lo ) ' | PRINT RESULTS I { II
(HANFORD) .~ - (SUTTCI) (PASQUILLY ) :
L 4 L 2

ﬁEAb 6 ] | P PARAMETERS |

L |

PRINT "END
. OF CASE'

FIGURE E-2. Flow Diagram for BIVAR



b-3

‘SUBROUTINE .
PLUME - )~ -

SET GRID POSITIONS | ’
N X:DIRECT ON {
CALCUATE oy AND g7 |~
FOREACH X POSITION ~
¥ . v
N CALCUATE ANDPRINT  / P
\____EQVALWEs " /- P
* ) !

Co LOOPONH:'L‘!UI&BEROFXPOS\TIONS>‘_—-;—~._‘ o S ?
|
|
I
I

J

Y

[YIN‘ITIVALIZE VARIABIES |

< DO'LOOP ON IE = KUMBER OF ENERGY GROUPS>4-.

SCTGRID POSITIONS | ' ‘ R ° '
IN Z DIRECTION . CALCULATE Y LINE INTEGRAL
3 _ _ (USES FINT) .

<UO LooP ON IZ NUMBER OF Z POSITIONS>4'—'—1

I
SETGRID POSITIONS |~ - | ‘

INY DIRECTION

N
< oa LooP ON 1Y - NUMBER OF Y POSITIONS Y=y |

- € 00 LOOP O IE = NUMBER OF ENERGY GROUPS ><-|
| CALCULATE Y-7 INTERAL | - 3~
ﬁ {USES FIND) I

R 2
GO LOOP ON IZ = NUMBER OF ENERGY GROUPS ><-I .'
: |

CALCULATE DOSE Kr.RNAL
FOR CURRENT PCSITION:
ANDIENERGY

—
H
[ o

FIGURE E-2. (Continued)

~ e : : . ) . ' "



G-3

SUBDOSA o _

START o 2
_ K < 00 LOOP ON IN - NUMBER OF RELEASE PERIODS Y@
INlTlALIZECONHOL L ; ¥ ‘ |
L_PaRwETERS | 7 NTIALZE |

PARAMETERS
ELIMINATE UNUSED CHAINS
FROM DECAY LOGIC

READ CARD 1

READ NAMELIST

< DO LOOP ON IR = NUMBER OF DISTANCES ><-I

EDIT INPUT, : o DECAY INVENTORY FOR |
SET PARAMETERS _ o TRAVEL TIME TO CURRENT
3 P POSITION (USES CHAINT) I I
READ ADDITIONAL INPUT,
SEE INPUT FLOW DIAGRAM : : :
IN APPENDIX A : . Yes I ,
. NO l
TEST PRINT DIAGNOSTIC ,
INPUT MESSAGES . (CALCULATE TIME INTEGRAL OF l '
_RELEASE.OVER CURRENT RELEASE
PERIOD (USES CHAINT) I
GOOD

Y

INITIALIZE | ' .
PARAMETERS u | INI

FIGURE E-3. Flow Diagram for SUBDOSA




9-3

7 - . ’
QDO LOOP ONK = NUNBLR OF CHAINS —_ —_-l |§ I ? J @ I
e l l | INCREMENT ] I
. l I CHAIN I
IS CNNO [ ' y
o THIS avacTive = I . _ _J
\ O"AlN 4 ] . /, B .
\ ‘ | , l REPEAT DO LOOPS ‘ON-NUCLI DES,
. ENERGIES, AND TISSUE DEPTHS | .
VES ) I I FOR ACTIVATION PRODUCTS.
, _ ADD CONTRIBUTION FO DOSES
< 00 LOOP OF: I - NUMBER OF NUCLIDES I CHAIR ><-—-—i I
/ 1S \
) /

) ACTI/ITY OF 5
<\ NUZLIDE :
N ~o7l////-

YES

< DC LOOP Of IE = NUMBER OF ENERGY GROUPS > —

v

<_DO LOOP ON IDEPTH = NUMBER OF GAMMA THSSUE DEPrHs><-|

* .
CALCULATE AMND SUM GAMALA
DOSE FOR NUCLIDE, DISTANZE,
ENERGY AND TESSUE DEPTH

S |

I

Z

{ ' -YES

- : DO LOOP ON IR = NUMBER OF DISTANCES >¢-I - !

LOGIC OF GAMMA DOSE CALCULATION
ABOVE IS REPEATED FOR THE BETA DOSE
EXCEPT NO LOOP ON ENERGY 1S NEEDZD

e

|s'\\ NO :

1] ! u SKIN DOSE >—»l : o
' DESIRL ’

K in . . -

YES

FIGYRE E-3. (Continued)
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¥

SUN APPROPRIATE BETA
ANU GAMMA DOSES TO
GIVE SKIN DOSE

IS
GENETIC DOSE
DESIRED ne
?

YES
4
* SUM APPROPRIATE BETA
i AND GAMMA DOSES TO GIVE
i - GENETIC DOSE

>
i

IS
EYE DOSE
DESIRED

SUM APPROPRIATE BETA
AND GAMMA DOSE TO GIVE
EYE DOSE

SUM DOSES OVER RELEASE
PERIODS TO GIVE TOTAL DOSES

f—0

CALL BETADRF TO CALCULATE
BETA DOSE RATE FACTORS
(USED TO CALCULATE X/Q)

AYES

«

A

CALCULATE X/Q FOR EACH
RELEASE PERIOD AND DISTANCE

¥

CALL REPORT TO
PRINT RESULTS
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