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ABSTRACT

WRAITH is a FORTRAN computer code which calculates the doses received
by a standard man exposed to an accidental release of radiocactive material.
The movement of the released material through the atmosphere is calculated
using a bivariate straight-line Gaussian distribution model, with Pasquill
values for standard deviations. The quantity of material in the released
cloud is modified during its transit time to account for radicactive decay
and daughter production. External doses due to exposure to the cloud can be
calculated using a semi-infinite cloud approximation. In situations where
the semi-infinite cloud approximation is not a good one, the external dose can
be calculated by a "finite plume" three-dimensional point-kernel numerical
integration technique. Internal doses due to acute inhalation are calculated
using the ICRP Task Group Lung Model and a four-segmented gastro-intestinal
tract model. Translocation of the material between body compartments and
retention in the body compartments are calculated using multiple exponential
retention functions. Internal doses to each organ are calculated as sums of
cross-organ doses, with each target organ irradiated by radicactive material
in a number of source organs. All doses are calculated in rads, with
separate values determined for high-LET and Tow-LET radiation.



SUMMARY

WRAITH is a computer code written in ASCII FORTRAN, which calculates the
doses resulting from an atmospheric release of radiocactive material. The
user supplies a source term, including the quantity and solubility class of
each radicnuclide in the release, and specific information describing the
atmospheric conditions at the time of the release. WRAITH calculates the
atmospheric transport of the radicactive material to each of a number of
downwind receptor points, and calculates the external and internal doses to
a reference man at each of the receptor points.

The external dose caiculation can be performed by assuming that the
reference man is submersed in a semi-infinite cloud or by assuming that the
reference man is exposed to a plume of finite dimensions. The finite plume
caiculation can assume that the plume is overhead, or that the dgse point is
anywhere inside the plume. This calculation is performed using a three-
dimensional point-kernel integration.

The internal dose commitment evaluation assumes that the material is
introduced into the body by acute inhalation. The ICRP Task Group Lung Mode]
and a four-compartment gastrointestinal tract model are used to calculate
radionuclide movement in the body. Clearance of the radioactive material from
other organs in the body is evaluated using multiple exponential retention
functions for the organ. Doses to each organ are calculated using a cross-
organ dose evaluation method in which radicactive material residing in each

"spurce organ" irradiates each "target organ."

Doses to each target organ from all internal and external sources of
radiation are summed at each receptor point. A1l doses are evaluated in
units of rads, with separate evaluations for low-LET and high-LET radiation.
These doses can then be converted to dose equivalents {in units of rems),
using a value for the quality factor for high-LET radiation supplied by the

user.
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WRATTH - A COMPUTER CODE FOR CALCULATING INTERNAL
AND EXTERNAL DOSES RESULTING FROM AN
ATMOSPHERIC RELEASE OF RADIOACTIVE MATERIAL(a)

R. I. Scherpelz, F. J. Borst,(b) and G. R. Hoenes

INTRODUCTION

The computer code WRAITH (Which Results Accompany Isotopic Transport to
Humans) was developed at the Pacific Northwest Laboratory for the U.S. Nuclear
Regulatory Commission's study of Early Effects of Inhaled Radionuclides.
WRAITH is specifically intended to determine doses for use as input to a dose
response model. This model would predict mortality and morbidity in a popu-
lation exposed to a cloud of radionuclides released during an accident at a
nucleayr facility. The release is assumed to occur during a short time inter-
val, so that any exposure to the cloud will result in an acute dose. The
source term (the quantities, in curies, of all radionuclides in the release)
and meteorological conditions at the time of the release are assumed to be
known, WRAITH then calculates doses which would be received by a reference
man at each of a number of points directly downwind from the release,

WRAITH calculates the atmospheric movement of the released cloud using
a bivariate straight-line Gaussian distribution model. The standard devia-
tions are taken from Pasquill curves. Corrections may be applied for plume
meander or building wake effects, for plume rise or for plume depletion by
dry deposition.

Doses are calculated to three target organs: total body, red bone
marrow, and the lungs. All impertant sources of radiation, both external and
internal, are considered in evaluating the dose to each organ. The external
dose contribution may be calculated either by assuming submersion in a plume
of infinite dimensions or by a finite-plume calculation. Contributions from
radiation emitted by nuclides in ten different source organs are considered

{a) Work on this project was performed for the U.S. Nuclear Regulatory
Commission, Division of Safeguards, Fuel Cycle and Envirconmental Research,
under DOE Contract DE-AC06-76RLO 1830.

(b) Present address: Ft. St. Vrain, Public Service Company of Colorado,
Platteville, CO B0651.



as irradiating the target organ. Movement of the material through the body
is calculated using the Task Group Lung Model for the respiratory system and
a four-segmented gastrointestinal tract model. Retention of radionuclides in
other source organs is described by multiple exponential functions.

Dose commitments are calculated in units of rads, with separate values
determined for high-LET and for low-LET radiation. The dose response model is
not valid for high-LET radiation other than alphas. Therefore, WRAITH's
high~LET dose calculation ignores the contributions of neutrons, spontaneous
fission fragments and alpha reccil nuclei. If the user supplies a quality
factor for alpha radiation, the summed dose commitments will be expressed in
rems and in rads. Since the code was developed specifically for use with the
dose response model, doses to only three organs are considered and acute
inhatation is the only pathway for material to enter the body.



DESCRIPTION OF MATHEMATICAL MODELS

ATMOSPHERIC DISPERSION

The atmospheric dispersion in WRAITH is calculated using a bivariate
straight-1ine Gaussian distribution modei, with standard deviations for
lateral and vertical plume spread taken from Pasquill curves. Elevated and
ground-level releases are handled differently: ground-level releases consider
building wake effects and the effects of plume meander, while elevated releases
may inciude plume rise correction factors. In all cases, plume depletion by
dry deposition may be calculated.

Pasquill Standard Deviations for Plume Spread

Material released from the accident site is assumed to travel at the
average wind speed in a straight line from the release site to the receptor
site.

The receptor site is assumed to be at ground level, on the plume center-
line for ground-level releases, or directly below the plume centerline for
elevated releases. Plume spread in the x-direction (parallel to the direction
of the wind} is assumed to be negligible; thus, plume spread occurs only in
the y direction (horizontally cross-wind) and z-direction (vertical). The
piume spread is assumed to result in Gaussian distributions of material con-
centrations about the centerline in both the y- and z-directions. The con-
centration distributions are described by the standard deviations, Oy and g e

Values for oy and oy were obtained from the Pasquill curves.(]) These
curves were plotted for each of six atmospheric stability classes, called A
through F, where classes A, B and C are considered unstable, D neutral, and
E and F stable. The ¢ values depend only on stability class and distance of
plume travel. Data from the curves were tabulated, and the data from the
tables are stored in WRAITH. The code interpolates these table values to
determine the o values for each case. The ¢ values in WRAITH are listed in
Tables 1 and 2.



TABLE 1. Pasquill Standard Deviations for Horizontal Plume Spread

Distance Values of oy(m) for Pasquill Type
(m) A B “C D F
100 21 16 12 8 6 3.9
150 32 24 17.5 12 9 6
250 54 40 28.5 19.5 14.5 9.8
350 75 55 40 26.5 20 13.5
500 105 76 55 37 28 18.5
700 142 106 76 51 37 25.
1,000 200 148 106 72 52 36
1,500 290 215 155 104 75 52
2,500 450 340 240 160 120 81
3,500 610 460 330 225 165 110
5,000 830 630 450 310 220 153
7,000 1,120 840 610 420 300 210
10,000 1,550 1,200 850 570 410 280
15,000 2,200 1,680 1,200 710 570 400
25,000 3,400 2,600 1,850 1,250 880 610
35,000 4,500 3,500 2,500 1,700 1,180 820
50,000 6,200 4,700 3,400 2,300 1,600 1,120
70,000 8,200 6,400 4,700 3,000 2,100 1,480

110,000 12,000 9,200 6,800 4,500 3,000 2,200

TABLE 2. Pasquill Standard Deviations for Vertical Plume Spread

Distance Values of oz(m) for Pasquill Type
{(m) A B C D E F
100 15 10 7.8 4.7 3 1.4
150 22.5 15 11 6.8 4.3 2.2
250 43 25.5 17.5 10.5 7.1 4
350 70 37 24 14 9.4 5.3
200 135 57 34 19 13 7.6
700 270 86 46 2b 17 10
1,000 670 135 64 33 22 13.5
1,500 2,000 240 30 43 29 17.7
2,500 2,000 580 140 62 4] 25
3,500 2,000 1,200 190 76 50 30
5,000 2,000 2,000 260 g5 61 35
7,000 2,000 2,000 340 115 72 41
10,000 2,000 2,000 440 140 84 47
15,000 2,000 2,000 600 170 99 55
25,000 2,000 2,000 880 220 117 64
35,000 2,000 2,000 1,120 265 130 72
50,000 2,000 2,000 1,440 320 140 79
70,000 2,000 2,000 1,780 370 155 86
110,000 2,000 2,000 2,000 480 175 97



Ground Level or Vent Releases

When material is released at ground level or from building vents, the
atmospheric dispersion calculation may include dilution due to wake effects
from nearby buildings. Under stable atmospheric conditions with low wind-
speeds, the calculation may also include effects due to the plume meandering
about the centerline. When averaged over the time of the release, the plume
is still described by a Gaussian distribution along the y and z axes, but
meander will contribute to increased plume spread. Nuclear Regulatory

(2)

selectively used for calculating relative air concentrations:

Commission Regulatory Guide 1.145 lists three equations which should be

£/Q = —— (1)
U(T‘I’ G’y az + A/Z)
£/Q = — (2)
U(a'ﬂ' G'y UZ)
_ 1
E/Q = - (3)
um E‘y UZ
where: E/Q = time-integrated relative air concentration (sec/m3),
u = average windspeed at an evelation 10 meters above
ground level {m/s),
oy = lateral (horizontal crosswind) plume spread (m),
oz = vertical plume spread (m},
A = smallest vertical plane cross-sectional area of the
building near the release point {mé},
; _ [M oy far distances of 800 meters or less {m)
y (M—%) ayg00 + oy for distances greater than 800 meters (m)

Oyg00 = Oy at 800 meters, and
M = determined from Figure 1.

The notation for the relative air concentration is E/Q rather than the
more common x/{Q teo identify it as a time-integrated quantity, integrated over
the duration of the release. The total amount of material discharged in the
release is multiplied by E/Q to yield the time-integrated air concentration



at the receptor point., This value is used to determine the total dose,

rather than a dose rate.
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FIGURE 1, Determination of M, A Correction
to Pasquill ay Values

Values for E/Q are calculated using Equations (1) and {2) for unstable

stability classes or high windspeeds, or using Equations (1), (2) and (3) for

stable classes with low windspeeds. The appropriate £/Q value is then chosen

using the following selection rules:

For Pasquill classes A, B or C - or for T > 6: The maximum of
the two values determined by Equations (1) and (2) is the
appropriate value of E/Q.

For Pasquill classes D, E or F - and u < 6: The value of
Equation (3) is compared to the maximum of Equations (1)

and (2). The minimum of these two values is the appropriate
E/Q value.



Elevated Releases

Atmospheric dispersion calculations due to releases from a stack elevated

(1)

well above adjacent buildings use the following equation:

1 ~he®
E/Q = expl— (4)
T Uh Oy Oz 2 o,
where: T, = average windspeed at release height {m/s),
he = effective stack height {m),
hg = elevation of top of stack above ground level (m),
Ah = stack height correction due to piume rise (m).

Two types of plume rise correction factors are commonly employed:

(3)

ity of the effluent as it leaves the stack is responsible for the momentum-

momentum-dominated plume rise and buoyancy-dominated plume rise. The veloc-

dominated correction, while the heat content of the effluent determines the
buoyancy-dominated correction. Either factor could act independently or in
conjunction with the other.

Momentum-dominated plume rise is independent of atmospheric stability

class and distance from the stack. It is calculated by:(4)
Vo, d
sh = 1.5 =— (5)
Up
where: Vg = velocity of effluent leaving the stack {(m/s), and
d = 1inside diameter of top of the stack (m).

Buoyancy-dominated plume rise depends on atmospheric conditions and dis-

(5)

tance from the stack, in addition to properties of the effluent. For

Pasquill classes A, B, C and D:

1/3 y2/3
ah 1.6 F X

Uh



where:

X

It

Lt

1]

distance from the stack, or 10 hg, whichever is larger (m},

3.7 x 1072 q,

or

gV Ta
L ]'i)’

\

heat emission rate from the stack (cal/sec),
9.8 m/s?,
effluent volume flow rate (m3/5),

ambient air temperature at top of stack {°K}, and

temperature of effluent as it leaves the stack (°K),

Either expression may be used for F, depending on the available data.

For Pasauill classes E and F:

where:

Ah

v

o2
-
=13

|

a2

ah

1.6 F1/3 y2/3

Uh

if v < 2.4 GpsT/?

range (stack-to-receptor distance) (m),

_ g {97, N T)
Ta (32 ’

vertical air temperature gradient (°K/m),

adiabatic lapse rate of the atmosphere
= 0.0098 °K/m, and

1/3
2.9 FY/

Un

if r o> 2.4 G572

(7)



Plume Depletion by Dry Deposition

Radioactive material may be Jost from the plume when the plume touches
vegetation or other surfaces. These processes may be included in the plume
dispersion calculation by means of a correction factor for dry deposition.

)

for plume depletion by dry deposition which depends on Pasquill stability

Nuclear Regulatory Commission Regulatory Guide 1.111(6 recommends a model
class, elevation of release, and downwind distance of piume travel. The
correction factors are expressed as the fraction of material released which
remains in the plume. When the appropriate correction factor is multiplied
by the material's concentration in air assuming no dry deposition, the effec-
tive plume concentration is obtained. Mathematical expressions fitting the

(6)

The correction factor for each range, Dd(r), can then be multi-

curves in Regulatory Guide 1.111 have been included in a subroutine in
wrAITH, (7}

plied by E/Q to calculate the corrected time-integrated relative air

concentration:
E(r) _ E{r)
= D 9
q d(r) q (9)
where: E{r) _ time-integrated relative air concentration at range r,
Q including appropriate correction factors {sec/m3),
Dgr = 1 if no plume depletion is calculated

or fraction of material remaining in plume at range r after
plume depletion by dry depositicn.

RADIOACTIVE DECAY AND PRODUCTION DURING TRANSIT

The concentrations of radiocactive material in the plume can change due
to radioactive decay while the plume is traveling from the release site to
the receptor site. The quantity of a radionuclide present in the original
release must be modified to account for radioactive decay and the production
of daughter radionuclides during transit ffom the release point to each
receptor point. This apparent quantity released can be multiplied by E£/Q to
give the nuclide's air concentration at each receptor point. Thus,

Ei(r) = gi'(ry EH (10)




where: E;(r) concentration of nuclide i at range r (curies-sec/m3),

Qi ' (r)

activity of nuclide i in release, corrected for
radicactive decay and production during transit
to range r (curies).

For radionuclides present in the original release, Q;'(r) is found by:

r
0f(r) = Qgj et trir) (1)
where: Qg; = quantity of nuclide i in release (Ci),
f} = rad1oact1ve decay constant for nuclide i (d_])
= ]nZ/T
T: = rad1oact1ve half-1ife of nuclide i (d)
te(r) = transit time for plume travel from release site to
range r (d)
= _r
86400 U

If a radionuclide is a decay product of one or more radicnuclides in the
release, then its concentration must be adjusted for production from each
parent nuclide in the release. For each parent i, production of each dau-

ghter, j, can be found by:(s)

n n
r
Q;'(r) = Qp; I (P\k fk)z e Me trlr) tr(r) (12)
k=2 2= IE[( 0
p:
p#L
where: fE = the fraction of nuclide (k-1) decays which produce

nuclide k, and subscripts obey the following rules:

Subscr1p¥a k and efer to the nuclide which
is the k or p h member of the chain path
which ]eads from parent i to daughter j. Daughter
j is the nth member of the chain path.
A radionuclide chain handied by WRAITH may have as many as eight mem-
bers, and each daughter may have as many as two parents in the chain. Thus
several paths may lead through the chain from a parent to a daughter, and

Equation (12) must be performed for each chain path, summing all the results

10



to get the apparent release rate. If a nuclide is present in the release,
then the results of Equation {11) and all necessary applications of Equa-
tion (12) must be summed to give Qi'.

EXTERNAL DOSE CALCULATION

The component of the dose to a person at the receptor site which is due
to radiation emitted by radionuclides outside the body is called the external
dose. The external doses calculated by WRAITH are all 5 cm depth doses
(doses to tissue by radiation attenuated by 5 cm of tissue). Since alpha
and beta radiation do not significantly penetrate 5 cm of tissue, all the
external dose calculations only consider gamma radiation. Two different
methods of calculating external doses are available in WRAITH:

submersion in a semi-infinite cloud, and
numerical integration of doses over the finite plume volume.

Submersion in a Semi~Infinite Cloud

In a uniform infinite cloud of photon emitters, a small volume of air
absorbs energy at the same rate as the rate of energy emission by that volume.
Thus,

n
c o (1.6x 1078 (3.7 x 10'7) S‘i -
°° (1220} (100) o 2. 'vg Fyg
g=1
. Ny (13)
Do = 0.485X; Z fyg Evg
g=1
where: D, = dose rate to air at the center of a cloud con-
taining nuclide i (rad/s),
X3 = concentration of nuclide i in the cloud (Ci/m3),
Ny = number of photons emitted by nuclide i,
ng = abundance of the gth photon,
EYg = energy of the gth photon (MeV)
1.6x107% = numer of ergs per MeV

3



10

3.7x10 = number of disintegrations/sec/Ci,
1220 - density of dry air at 760 torr, 290°K (g/m°), and
100 = energy absorbed per gram of air/rad {erg/g-rad).

If the small volume absorbing energy is at ground level, it is exposed
to only half of the plume (a semi-infinite plume). Equation {13} can there-
fore be used to find the dose rate to tissue at ground Tevel by dividing by
two and multiplying by the ratio of electron density in tissue to that in air:

Dei = & x 111 x D
. nY
Dei = 0.269 x; > fyq Eyq (14)
g=1
where: bti = dose rate to tissue at ground level (rad/s}, and
» 1.11 = ratio of electron density in tissue to that in air.

Integrating the dose rate over the total time of exposure to the cloud
gives the total dose:

n
ty Y ty
Dyi(r) = j( Dyj dt = 0.269 > fiqEyg j( ¥ dt
0 Q=] 0
Ny
Di{r) = 0.269 Ei(r) Zi: fyvg Eyg (15)
9=1
where: Dii = the dose to tissue from gammas emitted by nuclide i
at range r (rads), and
t. = total time of exposure to the cloud (sec}.

To convert Equation (15) for use in a depth dose calculation, attenua-
tion of the gammas by 5 cm of tissue must be included. Thus, Equation (15)
is multiplied by an exponential attenuation factor and a buildup factor.
WRAITH uses this equation in a slightly different form, calculating the
product of a constant, the nuclide concentration, and its external dose

factor:

12



1
Di(r) = ——— Ei(r) Dpy (16)
X 3.6 x 107° fi

where: Dxi(r) = external dose to tissue from gammas emitted by
nuclide i in a semi-infinite cloud, after
attenuation by 5 cm of tissue {rad},

3
, - . . {mrad-m
D4 external dose factor for nuclide i TﬁﬁTFTT)
ny
-5 ~Ueh
Dey = 9.695 x 10 3 fyg Eyg (1 + ugax) e g™ (17)
g=1
where: g = linear attenuation coefficient for gammas of energy
E g n tissue (em=1), and
Ax = b cm

The total external dose due to a semi-infinite plume containing a number
of gamma-emitting nuclides is found by evaluating Equation {16) for each nugc-
lide and summing all the contributions.

Exposure to a Plume of Finite Dimensions

WRAITH finds the external dose resulting from exposure to a cloud of
finite dimensions by performing a three-dimensional point kernel numerical
integration. The dose rate due to a monocenergetic photon emitter in an
incremental volume of air is:

EiBak(rg) Ey exp(-ugy rg)

dy = Ky X dx dy dz (18)
4wrd
where: d; = incremental dose rate to tissue due to photon-

emitters in differential c¢loud volume, dx dy dz
(rad/sec),

Ky = dose conversion factor for energy groups K
rad.-m? MeV/di
(Ci-sec per MeV/ 1S)’

13



10 -6 -4
e _ (3.70 x 10™7) (1.60 x 107°) (1077 (u_a)k,

100 p
10 _ . .
3.70 x 10"~ = number of dis/sec/Ci
1.60 x 107°% = number of ergs/MeV
]04 = number of m2/cm2
100 = number of ergs/g-rad
E5 = time-integrated concentration of photon emitter
(Ci-sec/md),
Bak(ry) = dose buildup factor in air for photons in energy
group k,
2
Bak(rd) =1+ Ak Pak T4 +oay (pak rd) . (19)
Ak, o = empirically-determined coefficients to fit buildup
data from Berger(9),
E, = enerqy of photons {MeV/dis),
Lak = total Tinear attenuation coefficient in air
for photons in energy group k (m-1),
rd = distance from cloud volume to dose point (m), and
1]
(Eg) = mass absorption coefficient in tissue for photons
k in energy group k.

Since a number of variables in Equation (18) are energy dependent,
WRAITH performs this external dose calculation using energy groups. The
photon energy spectrum is divided into twelve energy groups, and a calcula-
tion is performed for each one individually.

The radionuclide concentrations in the differential cloud volumes are
found using the following equation:

2 2
E/Q = ————— exp (é";h‘? . gﬁz) (20)

where: z height of the volume above plant grade {m), and

horizontal distance of the volume from the plume
center line {(m).

<
H

14



The denominator of Equation (20) has a factor of two which does not appear
in Equation (4}. Equation (4) must include ground reflection, while a
volume of air above the ground does not, resulting in a factor of two dif-
ference. In the event of ground level releases, the values of oy and o,
are modified to reflect the effects of plume meander and building wake
effects described by Equations (1), (2) and (3).

WRAITH uses Equations (18} and (20) to calculate an energy dose factor
for each photon energy group. For each nuclide, the energy dose factors are
combined with the energies of all photons, and the photon attenuation in
5 cm of tissue, to calculate the external 5-cm dpeth dose for each nuclide.

12
Oxi(F) = Q3 (r) D D (r) (1 + yyean) e %%,
k=1

nYk
-
fkg EYkg
g:
where: bk = linear attenuation coefficient for tissue, for

garmas in the kth energy group (cm-1},

Nyk = number of gammas emitted by nuclide i in the kth
energy group,

fkg = fraction of nuclide 1 decays which produce the gth
gamma in the kth energy group,

Evkg = energy of the gth gamma in the kth energy group {(MeV),
Dyk(r) = energy dose factor for gammas in the kth enerqgy group
at range r (rad/Ci-MeV).
X2 22
2
_ 1 1 -{z-he)
Dyk(r) = — f f — exp (—LZ—U—Z—) .
21TUh Zz z
X Z
1 1
22
Bak(rd) -y
——5—  exp\57 ] exp(-ugy rg)Kk dx dy dz
41Tr‘d a Y
Y y

15



The integrations in Equation (22) are performed numerically, using repeated
applications of an eight-point polynomial integration formula {Bode's rule).
The 1imits of integration are usually selected as three standard deviations

from the dose point.(]o)

INTERNAL DOSE CALCULATIONS

WRAITH calculates doses to three "target organs"-

total body,
red bone marrow, and
pulmonary region of the iungs.

A1l doses are calculated in rads, with separate determinations of doses for
Tow-LET radiation (photons and electrons) and high-LET radiation (alphas).

Cross-Organ Doses

For the internal dose calculation, each target organ is considered to
be irradiated by radiation emitted by radionuclides in nine "source organs":

red bone marrow + upper large intestine
pulmonary region of the lungs + lower large intestine

1iver - respiratory lymphatic system
stomach - other

small intestine

The source organ called "other" is included to account for radionuclides in
the body which are not present in any of the other source organs. The quan-
tity of any radionuclide not included in the other eight source organs is
assumed to be evenly distributed through the entire body.

The basic equation used to evaluate the dose commitment due to radio-

nuclide n in source organ X irradiating target organ Y is:(11’12)
tc
Dy (Y+X) = S, (Y«X) ,/- Ayp(t)dt (23)
0
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where: Dp(Y«X) dose commitment over time period tc to target
or?an Y from radionuclide n in source organ

X (rads),

Sp{Y<X) = S-factor for radionuclide n in source organ X
jrradiating target organ Y (rad/uCi-days), and

tc

jr Ay (t)dt = activity-residence time of nuclide n in

3 organ X over time period tc {uCi-days).

The dose calculated in Equation (23) is due to nuclide n alone, and
assumes no contribution from any daughters of nuclide n. Thus, the activity-
residence time for each of n's daughters must also be cajculated and mul-
tiplied by the appropriate S-factor to obtain the total dose to an organ
resulting from the introduction of n into the organ.

The general formulation for calculating an S-factor for radiation type

p is:
"p
Spl¥+X} = 51.15 Z fom Epm o (Y<X) (24)
m=1
where: 5115 _ {9-rad X disintegrations
: MeV uCi-day ’
Np = number of different particies of type p emitted,
fom = intensity of the mth particle of type p {number/
disintegration),
Epm = energy of the mth particle of type p (MeV), and
¢pm(Y+X) = specific absorbed fraction: fraction of energy

emitted from source organ X absorbed in target
organ Y, per gram of Y (g-1).

The Jow-LET S-factor for a nuclide is found by summing the S-factors for
photons, betas and other electrons emitted by that nuclide. The high-LET
S-factors include contributions only from alphas.

Respiratory Tract Model

Since the internal dosimetry calculation in WRAITH deals with particles
which are introduced to the body by acute inhalation, the model for the
respiratory tract is of prime importance. The model used in WRAITH is
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adapted from the report of the ICRP-II Task Group on Lung Dynamics.(]a) This
model was developed for radionuclides which are attached to particles, and
other radicnuclides, such as noble gases, are treated differently.

The respiratory tract in the Task Group Lung Model is divided into three
regions: the nasopharyngeal region (N-P), tracheobronchial region (T-B), and
the pulmonary region (P). The radionuclides introduced into the respiratory
system are assumed to be attached to particles whose sizes are log-normaily
distributed about an activity median aerodynamic diameter (AMAD). The AMAD
of a group of inhaled particles determines the fraction of the group which
is deposited in each of the three regions. These deposition fractions are
identified in the calculations as:

D3 = the fraction of inhaled particles deposited in
the N-P region,

Dg = the fraction of inhaled particles deposited in
the T-B region, and
Ds = the fraction of inhaled particles deposited in

the P region.

Accepted values of D3, Dg, and Dy for AMAD values ranging from 0.1 to 20
microns are presented in Figure VI-8.6 of the USNRC's Reactor Safety Study. ' *)
WRAITH evaluates the fractions using equations which fit these curves from

a subroutine of the code INREM-II.(!5)

Material deposited in the three respiratory compartments is assumed to
leave the compartments via specific pathways. 0One pathway from each compart-
ment leads directly to the bloodstream. Either one or two pathways from each
respiratory compartment lead to the stomach, which is the first segment of
the four-segmented gastro-intestinal tract model. One pathway from the
pulmonary region leads to the lymphatic system. Additional pathways lead
from the G.I. tract and from the lymphatic system to the blood. Figure 2
illustrates the compartments and pathways of the biological model used in
WRAITH.

The chemical form of the inhaled radionuclides and the physical form
of the particles they are attached to determine the clearance of the radio-
nuclides from the respiratory compartments. WRAITH allows any mixture of
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TABLE 3. Clearance Half-Times and Fractions for
Respiratory Tract Model\16)

COMPARTMENT CLEARANCE CLASS
D W Y
Path- b b b b b
way j Tj fj TJ fj TJ
NP a 0.01 0.5 0.01 0.1 D.01 0.
b 0.01 0.5 0.40 0.9 0.4 0.
T8 c 0.01 0.95 0.01 0.5 0.07 0.
d 0.2 0.05 0.2 D.5 0.2 0.
P e 0.5 0.8 50 0.15 500 0.
f -- 0.0 1 0.4 1 0.
g - 0.0 50 0.4 500 0.
h 0.5 0.2 50 0.05 500 0.
Lymph i 0.5 1 50 1 1000 0.
INHALATION
————= ___ _RESPIRATORY SYSTEM
| NASOPHARYHGEAL |
| g \?3 REGION | b
| |
| | _ | cimaa
| .| |
| [ e o |
| — D, o —— (5D |
! i
I
PULMONAR Y | | s i
: ef W REGION | | ] |
! % | | | ueeer Larer ||
| - | ] M |
? 3 | | . !
| LYMPHAFIC | | 1 vower Larce | |
| SYSTEM | : INTE STINE !
ol / —— | . i |
¥ ' L R
1 BLOODSTREAM |
! S T
lDRGﬁnN ‘ DRGAN ‘ | oRGAN 1'
T N 1

FIGURE 2. Models for Radionuclide Movement
in the Human Body
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three clearance classes for each radionuclide: D class, W class or Y class.
The class of a radionuclide determines the altocation of the radionuclides
deposited in any respiratory compartment among the various pathways leading
from each compartment. The clearance class (sometimes called "solubility
class") also determines the rate at which a radionuclide clears the compart-
ment. The clearance rate is described by a biological half time. Clearance
rates and allocation fractions for all pathways are compiled in Table 3. It
is assumed that any daughters of an inhaled nuclide share their parents',

clearance class for the respiratory tract calculation.

The material leaving a respiratory compartment by a given pathway is
assumed to clear exponentially, with the pathway's biological half time deter-
mining the exponential decay. This biological exponential clearance is
coupled with the nuclide's radioactive exponential decay. The governing dif-
ferential equation for this process is:

dN-i‘('t)
J _ r .. b oy
T % N N1J(t) %j N1J(t) (25}
where: Njj(t) = the number of atoms of radionuclide i present in
a respiratory compartment at time t which will
clear the compartment by pathway Jj,
f; = radio?ctive decay rate constant for nuclide i
(day™'),
f = bio!o?ica1 decay rate constant for pathway j
J (day-T1),
kp = JDEE—, and
J T
J
T? = clearance half time for pathway j (days).

To calculate the activity of an inhaled nuclide in a respiratory compartment,
c, at some time t days after inhalation, Equation (25) is solved, and summed
over all pathways leading from compartment c:
J¢
- . oMnjt 2
Qlc(t) = Qn[ DC fJ e ( 6)
J=1
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where: Qlc(t) = agtivity of nuclide n in compartment c at

time t (uCi),

Qn1 = quantity of nuclide n inhaled (uCi),

QnI = Ep x és

B = ventilation rate (cm3/sec),

Be = fraction of inhaled material depcsited in
compartment ¢,

Jc = pumber of pathways leading from compartment c,

fj = fraction of material in compartment ¢ clearing

via pathway j,

A = effective decay constant for nuclide n 1in
compartment j{sum of radicacti*e and bio-
logical decay constants](day~';, and

r b
. = + ).
Anj Mt

The subscript "1" is redundant in Equation (26} sin-a it refers to the
first nuclide in nuclide n's decay chain, which is nuciide n itself. Subse-
quent equations will drop the “n" subscript on Qp, assuming that Qp always
refers to the quantity of a specific nuc?ide inhaled. Members of this nuc-
Tide's decay chain will then be referenced by an integer subscript.

An important step in evaluating internal doses is determining the
activity-residence time in each source organ. When a nuclide is inhaled,
the activity-residence time for the nuclide and each of its progeny nuc-
lides is evaluated in all source organs. These calculations use equations
with complex exponential expressions similar to the Bateman equation
[Equation (12)] but with many more exponentials. The equations used in
WRAITH for internal dosimetry use a shorthand for these exponential

. y
express1ons:(]?’

Ey = exp(—Ait)

The subscript on the E corresponds to the subscript on the 2. The E notation
omits the t in the expression, and it also omits any superscript which may be
on the x. The time value and any appropriate x subscript should be obvious
in each equation.
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For a more complex exponential expression with two or more exponential
terms, the E notation uses one subscript {or one set of subscripts) for each
A, with the subscripts separated by commas. When more than one subscript is
used on the E, it indicates a combination of two E's of the next lower level
of complexity:

Ei - Ej oMt gt
E_I :—..-....:._= :
»J N - A A M
and Bkt Eikag
Eijk,e ~ X, T X (27)

In internal dosimetry equations, one subscript is often insufficient for com-
pletely specifying one decay constant. Therefore, the equations which follow
usually use one or two subscripts and a superscript:

r b
= +
J\n(: An A'c

where: r : 1indicates a radioactive decay constant for nuclide n
indicates a biological cliearance constant in body compartment c
no superscript indicates an effective decay
constant (sum of biological and radioactive}.
When a large number of subscripts would make the E notation cumbersome,
or when the number of subscripts may be variable, a shorthand for the sub-
script 1ist uses the symbol f7.

E = E

n l¢,2c,3c, ... NC
Il ic
i=]
, . , .
The A's used in this expression could be Alc’ Azc’ Aaps oo Anc’ for the

effective decay constants of the ith nuclide in compartment c. Thus, using
the notation of Equation {27), we could rewrite Equation (12} as:
n
1 - . r gr
Q) = oy I (% o) E
k=2 ni (28)
2=1
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If the exponential expression is integrated over a time period, t, the
notation is:

t
A
a.b,c a,b,c
0

The activity-residence time in respiratory compartment ¢ for the nth
daughter of an inhaled nuclide is:

te n Je .

[ omewe <o TG A)E S

© k=2 jzl HEJ (29)
2=1

Use of the E notation simplifies the solution of the differential equa-
tions for radionuclide movement in the body and provides a simple and
efficient method of programming the equations. Using the exact solutions
to the differential equations eliminates the need for numerical integration
techniques which can be time censuming and approximate.

Respiratory Lymphatic System

Material which clears the puimonary region through the respiratory
lymphatic system is held in the lymph nodes for a period of time and, there-
fore, the lymphatic system is used as a source organ. For material in
clearance classes D and W, fj = 1, so that all material entering the lymph
system eventualily passes to the bloodstream. For Y class material, only
90% of the material in the lymph nodes clearsto the bloodstream. The other
10% remains in the Tymph nodes indefinitely, subject only to radiocactive
decay. The equation for the activity-residence time of the nth daughter of
an inhaled nuclide in the respiratory lymphatic system is:
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tc n

f An{tldt = Q05 1T (y F ) Fy 20y
0 k=2

n
s
fiZEs .
5=1 ITkh IT mi S=1-  ITkh [nr
k=1 =3 k=1 m=s

where: ApL{t)dt

il

activity-residence time of the nth daughter
in the lymph nodes over time period tc
(uCi-days).

tc
0

In the E notation, subscripts h and i refer to pathways h and i while
subscript r refers to radioactive decay:

_ b r
A T o T A

_ b r
Am'i = )\_i + )m
_
Amr. = )\m

A complication arises for D and W class material since ﬁi = g . Thus,
evaluating the E terms in Equation (30) using the method of Equation {27)
would result in an undefined result due to a zero in the denominator. This
problem can be solved by looking at the definition given for E12 in refer-

{18)

ence 17 and working out the special case where A T Yy The result is:

=it

/. _ 1 {1 -el% -2t

2 T (*ﬁ_ “tee (31)
1

This value can be used in obtaining any higher order E terms using the form

of Equation {27).

Gastrointestinal Tract Model

The model used by WRAITH for the G.I. tract is a four-compartment
mode].(]g) The four compartments and their relationship to the respiratory
tract are illustrated in Figure 2. Al] material is assumed to enter the
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G.I.
ance

tract via pathways b, d, f and g, all leading to the stomach. The clear-
rates for material passing from one G.I. compartment to the next are

assumed to be independent of the material's isotopic content and solubility

class. All material in the stomach is assumed to either pass into the small

intestine or experience radioactive decay in the stomach. The smail intes-

tine

is the only segment contributing material to the bloodstream and fip,

the fraction of nuclide n in the small intestine which is absorbed into the

btoodstream, is a property of the nuclide. The rest of the material in the

small intestine either passes to the upper large intestine or decays in the

small intestine. The only biological clearance path from the upper large

intestine leads to the Tower large intestine, and material leaving the lower

large intestine is assumed to Teave the body. The decay rates for movement

between G.I. segments are listed in Table 4.

tine

TABLE 4. G.I. Tract Clearance Rates

Compartment Material Compartment Material Biological Cl?arance
_ Exits Enters Rate (d~')

ST ST 24

S1 ULT 6

ULT LLI 1.85

LLI -—- 1.0

The biological clearance rate for material absorbed from the small intes-
into the bloodstream is determined by the fraction of material which

moves by that path:

where:

£
J‘tfsr-ab)n - PSI T%T (32)
ﬁSI - ab)n = biological clearance rate for nuclide n
absorbed from the small intestine into
the bloodstream (d'])
fgl = biological clearance rate for material passing
from the small intestine to the upper large
intestine (d~1)
f1n = fraction of nuclide n absorbed from the small

intestine into the bloodstream.
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The activity residence times in the four G.I. compartments for the nth
daughter of an inhaled nuclide follow:

STOMACH:
tc n
b
fﬁ\nST(t)dt = Q1 n (}\E ‘FE) ZDCj 'FJ‘ }\j'
k=2 J
(]
(33)
n f
EE: E o« m
- T mj I pST
k=1 ~ -
m=1 p=K
SMALL INTESTINE:
tc n
b b
fAnSI (e = oy 1 ({k fE)z Dej f5 2y e
5 = J
(34)
n n Jf
EE: EE: Eox m n
kel mex {1 p3 AT oST /1 rSIeT
p=1 q=K r=m
UPPER LARGE INTESTINE:
tc n
b b ror b
AnuLT (t)dt = Qp a A 1 (}\ f ) D.: s AL e
f ISISTkzzkaCJJJ
0 J (35)
n n n f _
9 :E: E & m t n
k=l wek tem ooy A gst T opsper 1Ty
p:] q:k r=m v=t
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LOWER LARGE INTESTINE:

te "
.]- AnLL1(t)dt = Qg JLLI ﬂgI J%T n (fL f:).
5 k=2
:i: b n n n
SELIS RSP VD VD D)
] k=1 m=k t=m y=t
IE k m t Y n
nnpi T qST 17 vSI T 7 vULL [T zLLI
p=1 g=k r=m v=t 2=y
tc
where: .]- Apst{t}dt = activity-residence time of the nth
0 daughter in the stomach over dose
commitment time period t¢ (uCi-days)
tc
JF AnSI(t)dt = activity-residence time of the nth
0 daughter in the small intestine over
te (nCi-days)
tc
JF ApuL1(t)dt = activity-residence time of the nth
0 daughter in the upper large intestine
over tc (uCi-days)
tc
Jr ApLL1{t)dt = activity-residence time of the nth
0 daughter in the lower large intestine
over te ( Ci-days)
h| = the jth pathway from the respiratory
tract, including pathways b, d, f and ¢
D¢ = the lung deposition fraction in the
compartment which includes pathway j
f} = the biological decay constant for pathway ]
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5

b

As1 = the biological decay constants for
{LLI clearance from each G.I. compartment
b to the next compartment.

ALLI

Each E term is integrated over time period t.. The E terms use the
following decay constants:

_— J\t:_j + Ar;n

‘s T *%T**;

ST T T ﬂ%x ol ( 1r ) +
-1,

ALr T JLLI O

far T JTLI *

Other Source Organs

Three body compartments outside the respiratory system, G.I. tract and
respiratory lymphatic system are treated as source organs: red bone marrow,
liver, and "other". A1l material reaching each of these organs is assumed
to come from the bloodstream. Three types of pathways lead from the respira-
tory system to the bloodstream: direct pathways (a, ¢, e); pathways through
the G.I. tract (b, d, f, g); and a pathway through the lymphatic system (h).
Material is assumed to move through the bloodstream instantaneously, but
several different biological half times can be used to describe the clear-
ance of a nuclide from an organ. Thus, a nuclide's activity in an organ can
be described by a multiple exponential retention fraction:

"no

AHO (t) = Ano (0) Cnow exp ('AHOW t) (37)
w:

28



where: Apg (t) activity of nuclide in organ o at time t, (uCi)

Ano (0) = activity of nuclide n in organ o at time 0, (uCi)

Wno = number of terms of nuclide n's retention function
for organ o

Chow = wth coefficient of the retention function for
nuclide n in organ o

Anow = wth decay constant for nuclide n in organ o,
(d-1)

Anow = %w-+ f;

In many cases, the coefficients for a retention function are all positive and
sum to one. In these cases, the coefficients can be viewed as allocating
fractions, determining the fractional quantity of a nuclide clearing the
organ by the coefficient's associated decay constant. In other cases, how-
ever, some coefficients are negative and the sum may be different than one.
For all organs, material leaving the organ is assumed to simultaneously leave
the body. Any daughters of ar. inhaled nuclide are considered to be indepen-
dent of their parent after entering the bloodstream. Thus, a daughter's own
retention function and other metabolic parameters are used for each of the

organs.

In calculating the movement of material passing through the G.I. tract
to other organs, the material is assumed to experience no delay in the G,I.
tract. Since clearance half-times are one hour for the stomach and about
four hours for the small intestine, this delay is negligible with respect to
a 50-year dose commitment time period. With this assumption, the equations
for the activity-residence times of material in other organs all follow the
same format for pathways (a) through (g}:



n g
fAno (t)dt = Q ﬂ(k k)\_‘ Dcj f5 4}

0 k=2 j=a
Ing
> tnozy, Fg JE n
In=1 - tgq tj.noz,
Z(n-'l)o j
+ > C(n-1oz(n-1) <{ (n-1) E” n tj»(n-1) oz,
Z(n-1)=1 t=!
Lso
bJ; n
+ + Z Csozs[Fs E o ti g uozy
Ig=1 t=1 u=s
220 b d
Irq

where;
tc

-]}l (t)dt = activity-residence time of the nth daughter in organ o
no over time period tc.
0

IA = contribution to the activity-residence time of the nth

noh daunhter in organ o by the material passing through the
1ymph system,
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f201 for pathways a, ¢, and e.

b
F~ =
3
f201' f]i for pathways b, d, f, and q.
f20f= fraction of the ith nuclide transferred from the bloodstream

to organ o.

Material moving via pathway h to an organ is held up in one more com-
partment than material moving via the other seven pathways. Thus the equa-
tion for this pathway is somewhat more complex than equation {38):

z n
! _ Ry T b b o
Aoh = O g1 Ay Dp fray Ay 3 G g 2.
k=2 — n n
7 =1 q=1
Jo q n z(”:J)O =
E Tth  TT Ui, noz, ¥ 7 EL, . C(n—l)oz(n_]) fZo(n_]) &
=] = -
t bthu q (n-1) :
fq io:
i - + ... ...
{Z?h u££U1, {n ])Oz(n-l)’nozn . £ Csoz
s=]
S JE Z20
f a 5 n + +
[205 Z 2, th ‘{Z Ui J voz Z Co0z.°
=1 = =q " v=8 Y 7 =] 2
9 2
z
2 f 19
f E 2 n + C f '@ . N
20 E ﬁ : _ Z loz, 20 1h,1i, rpv02 .
( 2 & _=1th£qU1 \{zzvozn 7 1 %1 JL v) . ]

}’ (39)
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THYROID:

For certain nuclides, the thryoid is treated as a tenth source organ.
Equations (38) and (39) are used to calculate the activity-residence times
of the nuclides in the thyroid. The thyroid calculations are performed only
for the radioisotopes of iodine and the iodine daughters. Thus the thyroid
is not generally considered as a source organ.

In situations where a radionuclide's daughter is an isotope of a noble
gas, the nobte gas nuclides produced in an organ by radioactive decay are
assumed to clear that organ with a two-hour half 1ife., None of the noble gas
radionuclides are considered to be transferred to an organ without such

decay, however. Thus f = 0 for all organs o when i is an isotope of a

201
noble gas.

Internal Doses Calculated Using Dose Factors

For a number of nuclides, the Task Group Lung Model is a poor model for
describing the movement of inhaled radionuclides. Since isotopes of noble
gases enter the Tungs as a gas, they are not attached to individual particles.
Thus the model for the respiratory system cannot be used to determine deposi-
tion fractions for the three compartments or allocation fractions for the
eight clearance pathways. WRAITH calculates internal doses due to inhaled
noble gases by assuming that the lungs are filled with the noble gas at the
same concentration as it occurs in the air outside the body. The noble gas
experiences no movement from the lungs to any other part of the body.

0,,(t) = (3.7x10")(1.60x107%) x_(1) %%G (40)
where:
bﬁn(t) = dose rate to the lung from nucliide n (rad/s)
V. = vital capacity of the lung (m3)
Mg = mass of the lungs {g)
€ = energy/disintegration deposited in the lungs (MeV/dis)
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Integrating the dose rate over the time of the release gives the total dose

to the lungs:

m

Ln
where:

E {r)

n

Dﬂz,n

3

2.371x10 ¢ En(r)

(41)

time-integrated air concengration of nuclide n in the air
at the dose point (Ci- s/m3)

inhalation dose factor for nuclide n, to the tung
(rad - m3/Ci - s)

Since contaminated air in the Tungs would act as a source organ

irradiating other target organs, doses to the other target organs can be

calculated by using appropriate dose factors. The dose factor for dose to

another organ can be found by adjusting the lung dose factor by the ratio of

the appropriate S-factors.



COMPUTER PROGRAM

WRAITH is a computer program written in ASCII FQRTRAN for the UNIVAC
1100/44. The code is designed to be run interactively from a demand terminal,
with a detailed output routed to a high-speed printer. Running the program
requires about 72K words of core on the UNIVAC. A simple WRAITH case will
require less than 10 seconds of execution time on the UNIVAC, but the more
time-consuming options could require execution times of 30 or 40 seconds per

range.

PROGRAM STRUCTURE

WRAITH contains a main program, 16 subroutines and five functions. Most
of the calculations are performed in the subroutines. The main program con-
trols the program execution, calling the subroutines in the appropriate order.
There is only one common block, so that data is transferred between subroutines,
program main, and functions through the common block, through function or
subroutine arguments, or using both means. Figure 3 is an illustration of the
subroutines and functions in WRAITH, and it shows the relationships between
the units. A vertical line connecting program units indicates that the lower
unit is called by the upper unit. A Tisting of the computer code is presented
in Appendix A. Appendix B is a dictionary of the variables in the common block.

DESCRIPTION OF SUBROUTINES

MAIN reads data from the interactive terminal, calls subroutines and
prints much of the output. MAIN performs some of the calculations, but most
calculations are performed in other subroutines. MAIN prints out the Q.A.
page, nuclide decay chain data, lung deposition fractions, external dose table,
activity-residence time tables, cross-organ dose tables and summed dose tables.

SECOND is a system-supplied subroutine to display the run's execution

time.
DATE is a system-supplied subroutine to display the date of the run.
TIME is a system-supplied subroutine to display the time of day of the

run.
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BANRF is a system-supplied subroutine to print the banner on the title
page. Function PICTUR is called by BANRF,

NUCLIB reads data from the radionuclide data Tibrary on logical unit 10.
It identifies radionuclides requested by the run, and selects all daughters of
the requested nuclides, and stores all necessary half lives.

ORGLIB reads organ data from Togical unit 12 for all requested nuclides
and their daughters. It also reads submersion dose factors, S-factors, and
inhalation dose factors from logical unit 14. ORGLIB prints out tables of
organ data, S-factors and inhalation dose factors.

SFACTR is called by ORGLIB to calculate some of the low-LET S-factors.

DEPLET calculates plume depletion by dry deposition. It calculates the
fraction of material remaining in the plume at each distance {not considering
the effect of radicactive decay).

PASSQ controls the atmospheric dispersion calculation. It calculates
£E/Q for each distance, and prints the atmospheric calculation summary table.

SIGYZ 1is called by PASSQ. It interpolates stored data to calculate

oy and 9, It also calculates plume rise correction factors.

DEP calculates the Tung deposition fractions D3, D4, and DS'
EXDOSE controls the external dose calculation. It selects the appro-
priate type of external dose factor for each range, then prints the table of

external dose factors.

EXTRN is called by EXDOSE. EXTRN calculates external dose factors for
overhead plumes and plumes of finite dimensions. It calls SIGYZ to get the
necessary values of oy and T e It also uses function FINT.

ACHAIN calculates the radioactive decay of the nuclides in the release
during the time of transit from the release point to the dose point. It calls
functions ASUM and SUMPRD.

ACTINT calculates activity-residence times. It finds these values for

the lungs; respiratory lymph; the organs "other," red marrow, and Tiver; and

the four G.1. compartments. There are separate activity-residence time
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caiculations for requested nuclides and for daughters of requested nuclides.
The activity-residence times in the thyroid are also calculated for iodine
nuclides and daughters. ACTINT calis function RECEXP to evaluate the "E" terms
which occur in equations (28} through (39).

XORGAN muttiples activity-residence times by S-factors to get cross-organ
dose commitments. It also multiplies inhalation dose factors by nuclide
concentrations in the air to get inhalation doses for noble gases. A1l contri-
butions to the dose for each organ are sunmed up to give the summed doses to
each organ.

DATA LIBRARIES

Three Tibraries contain data used by WRAITH: NUCDAT, the nuclide data
library; ORGDAT, the organ data Tibrary; and SFACTR, the library of S-factors
and inhalation and external dose factors.

Nuclide Data Library

NUCDAT contains radicactive half lives and decay chain data for all
nuclides. It contains two sections, one for all nuclides, and one for nuclides
used in the thyroid calculation. In the first section, there is one line of
data for each nuclide, containing the following:

Columns  Format Variable
1-2 A2 Element abbreviation
3-8 Ab Atomic mass number, and "M" if isomeric state
9-18 £10.4 Radioactive half 1ife {days)
19-20 I2 Chain member identification number
21-22 12 Identification number of first parent
23-2¢9 F7.4 Fraction of first parent decays which produce this nuclide
30-31 I2 Identification number of second parent
32-38 F7.4 Fraction of second parent decays which produce this nuclide

Following the last nuclide's entry is a line with a zero in column 20.

The second section of the nuclide data library contains information on
the iodine isotopes and their daughters, used in the thyroid calculation. The
format of each line is identical to the nuclide entries in the previous sec-
tion, except for the chain member identification. The ID numbers in the
thyroid section run from 1 to 13 and are not reset to 1 at the beginning of
each decay chain.
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The final line of the nuclide data file has a number less than zero in
columns 9-18,

Organ Data Library

ORGDAT contains data describing the movement of radionuclides in the
body. This Tibrary also contains two sections, one for all nuclides and the
other for only iodine and iodine daughters in the thyroid.

The first Tine of the organ data Tibrary contains the title (Format A128).

For each nuclide there are at least seven lines of data:

Line 1:
Column Format Variable

1-2 A2 Element abbreviation

3-8 A6 Atomic mass number and "M" for isomeric state

9 Al Clearance class for this data ("D", "W", "Y', or "A" for all)

10-14 [5 Number of gammas listed

15-19 I5 Number of terms in retention function for the organ "other”
20-24 15 Number of terms in retention function for red marrow

25-29 I5 Number of terms in retention function for liver

30-39 E10.4 fy1, the fraction absorbed from the small intestine into the

bloodstream
40-49 E10.4  fo, the fraction absorbed from the bloodstream to "other"
50-59 E10.4 f9, the fraction absorbed from the bloodstream to red marrow
60-69 E10.4 f5, the fraction absorbed from the bloodstream to Tiver

Line 2:
Column  Format Variable

1-10 E10.4 Biological half 1ife for first term of retention function for

"other" (days)

11-20 E10.4 Biological half Tife for second term of retention function
for "other" (days)

21-30 E10.4 Biological half 1ife for third term of retention function
for "other" (days)

31-40 E10.4 Biological half life for fourth term of retention function
for "other" (days)

41-50 E10.4 Biological half life for fifth term of retention function
for "other" (days)

51-60 E10.4 Biological half Tife for sixth term of retention function
for "other" (days)
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Line 3:

Column  Format Yariabie

1-10 E10.4 Fractional coefficient for first term of retenticn function

for "other"

11-20 E10.4 Fractional coefficient for second term of retention function
for "other"

21-30 £10.4  Fractional coeffictient for third term of retention function
for "other"

31-40 E10.4  Fractional coefficient for fourth term of retention function
for "other"

41-50 E10.4 Fractional coefficient for fifth term of retention function
for "other" ‘

51-60 E10.4 Fractional coefficient for sixth term of retention function
for "other"

Line 4:
Biological half 1ives for retention function for red marrow (format
identical to Tine 2).

Line &:
Fractional coefficients for retention functions for red marrow {format
jdentical to line 3).

Line 6:
Biological half lives for retention function for liver (format identical
to Tine 2).

Line 7:

Fractional coefficients for retention function for liver (format identi-
cal to line 3).

Line 8: (if necessary)

Column  Format Yariable

1-10 E10.4  Energy of first gamma {MeV)

11-20 E10.4  Fractional yield of first gamma
21-30 £10.4  Energy of second gamma (MeV)
31-40 E10.4  Fractional yield of second gamma
41-50 E10.4  Energy of third gamma (MeV)
51-60 E10.4 Fractional yield of third gamma
61-70 E10.4 Energy of fourth gamma (MeV)
71-80 E10.4  Fractional yield of fourth gamma
81-90 E10.4  Energy of fifth gamma {MeV)
91-100 E10.4 Fractional yield of fifth gamma
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Lines 9-27: (if pecessary)

Energies and fractional yields for all remaining gammas are entered here,
in formats identical to line 8. The total number of gammas entered is indi-
cated in the first line of the nuclide's organ data entry. This number may be
as high as 200.

Following organ data for the last nuclide, there is a negative integer
in columns 10-14.

The second section contains biological data for the thyroid., The first
Tine of this section is a title.

Line 2:

Column  format Variable
1-5 15 Number of terms in retention function for I in thyroid
6~10 Is Number of terms in retention function for Xe in thyroid
11-15 15 Number of terms in retention function for Xe in thyroid
16-20 I5 Number of terms in retention function for Cs in thyroid
21-3C E10.4  Fraction of iodine absorbed from the bloodstream to the

thyroid
Line 3:
Column  Format Variable

1-10 E10.4 Biological half Tife for first term of retention function
for I in thyroid (days)
11-20 E10.4 Biological half Tife for second term of retention function
for 1 in thyroid {days)
21-60  4E10.4  Could be used for successive terms if the retention function
were modified

Line 4:

Column  Format Variable

1-30 E10.4 Fractional coefficient for first term of retention function
for I in thyroid

11-20 E10.4 Fractional coefficient for second term of retention function
for I in thyroid

21-60 4E10.4  Could be used for successive terms if the retention function
were modified

Line 5:
BioTogical half Tives for the retention function for Xe in the thyroid
(format identical to Tine 3).
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Line 6:
Fractional coefficients for the retention function for Xe in the thyroid
(format identical to line 4)}.

Line 7 and 8 are identical to Tines 5 and 6, since some jodine isotopes have
two xenon daughters.
Line 9:

Biclogical half Tives for the retention function for Cs in the thyroid
(format identical to line 3).
Line 10:

Fractional coefficients for the retenticn function for Cs in the thyroid

{format identical te line 4).

The final line of the organ data library has a negative integer in
columns 9-15.

S-Factor Data Library

SFACTR contains S-factors, external dose factors, and inhalation dose
factors for noble gases. There are three sections to S-factor: one for all
nuclides, one for S-factors with thyroid as the source organ, and one for
noble gas inhalation dose factors.

The first line is the library title, format A128,

For each nuclide, Section 1 contains three Tines:

Line 1:
Column  Format Variable

1-2 A? Element abbreviation

3-8 Ab Atomic mass number and "M" for isomeric state

9-18 Ei0.4 External dose factor fcr five-centimeter depth dose

(mrad-m3/pCi-hr)

19-28 E10.4 High LET S-factor for [Total Body <« Other] (rads/uCi-day}
29-38 E10.4  High-LET S-factor for [Red Marrow <« Red Marrow] (rads/uCi-day)
39-48 E10.4  High-LET S-factor for [Lung <« Lung] (rads/uCi-day)

49-58 E10.4  Low-LET S-factor for [Total Body <« Other] (rads/uCi-day}
59-68 E10.4  Low-LET S-factor for [Red Marrow « Red Marrow] {rads/uCi-day)
69-78  E10.4  Low-LET S-factor for [Lung « Lung] (rads/uCi-day)
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Line 2:

Column  Format Variable
1-10 E10.4  High-LET S-factor for [Total Body <« Red Marrow] (rads/uCi-day)
11-20 E10.4  High-LET S-factor for [Total Body < Lungs] (rads/uCi-day)
21-30 E10.4  High-LET S-factor for [Total Body <« Liver] (rads/uCi-day)
31-40 E10.4  High-LET S-factor for [Total Body <« Stomach] (rads/uCi-day)
41-50 £10.4  High-LET S-factor for [Total Body + Small Intestine]
{rads/uCi-day}
51-60 E10.4  High-LET S-factor for [Total Body +« Upper Large Intestine]
(rads/uCi-day)
61-70 E10.4  High-LET S-factor for [Total Body « Lower Large Intestine]
{rads/uCi-day)
71-80 E10.4  High-LET S-factor for [Total Body <« Respiratory Lymph Nodes]
(rads/uCi-day}
Line 3:
Column  Format Yariable
1-10 E10.4  Low-LET S-factor for [Total Body + Red Marrow] {(rads/uCi-day)
11-20 E10.4 Low-LET S-factor for [Total Body + Lungs] (rads/uCi-day)
21-30 E10.4  Low-LET S-factor for [Total Body <« Liver] (rads/pCi-day)
31-40 E10.4  Low-LET S-factor for [Total Body <« Stomach] (rads/pCi-day)
41-50 E10.4  Low-LET S-factor for [Total Body <« Small Intestine]
{rads/uCi-day)
51-60 E10.4  Low-LET S-factor for [Total Body <« Upper Large Intestine]
(rads/uCi-day)
61-70 E10.4  Low-LET S-factor for [Total Body <« Lower Large Intestine]
(rads/uCi-day)
71-80 E10.4 Low-LET S-factor for [Total Body « Respiratory Lymph Nodes]
{rads/uCi/day)
81-90 E10.4  Low-LET S-factor for [Lungs < Respiratory Lymph Nodes]
{rads/uCi-day)
Following the last nuciide's data is a 1ine containing a negative number

in columns 9-18.

The second section contains a title in the first Tine. Foilowing the

title there is one line for each iodine isotope and iodine daughter:

Column  Format Variable
1-2 A2 Element abbreviation
3-8 Ab Atomic mass number and “"M" for isomeric state
9-18 E10.4  Low-LET S-factor for [Total Body « Thyroid] (rads/pCi-day)
19-28 E10.4  Low-LET S-factor for {Red Marrow < Thyroid] {rads/uCi-day)
29-38 £10.4  Low-LET S-factor for [Lungs <+ Thyroid] (rads/uCi-day)
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The last 1ine in the second section contains a negative number in
cotumns 9-18.

The third section contains a title in the first line. Following the
title there is one line for each noble gas nuclide:

Column Format Variable
1-2 A2 Element abbreviation
3-8 A6 Atomic mass number and "M" for isomeric state
9-18 E10.4  High- LET 1nha1at1on dose factor for total body
(rad m?/Ci sec)

19-28 E10.4 H1gh LET inhalation dose factor for red marrow

(rad m?/Ci sec)
29-38 E10.4  High-LET inhalation dose factor for lungs (rad)
39-48 E10.4 Low-LET inhalation dose factor for total body {rad)
49-58 E10.4 Low-LET inhalation dose factor for red marrow (rad)
59-68 E10.4  Low-LET inhalation dose factor for lungs (rad)

Following the third section is a line containing a negative number in
columns 9-18.

Status of Nuclides in Data Libraries

Table 5 lists the current status of the data Tibraries used in WRAITH.
For each nuclide, the table lists the reference source for the data in each
library. The nuclides are identified by the notation which appears in the
data libraries, and this notation should be used in WRAITH runs. The entry
"N" under organ data source indicates that the nuclide is a noble gas, with
two-hour clearance half lives used for any organ in which it is proauced by a
parent. Nuclides are grouped by decay chains. Generally, calculations can
give complete results only when all data is available for the nuclide and
all its daughters (daughters are those nuclides listed below the parent in a
group). "N/A" indicates that the necessary data is not Tisted in any of the
references used in this table.

A complete listing of the three data libaries used by WRAITH is in
Appendix C.
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H 3

BE10
¢ 14
N 13
F 18
NAZ?Z
NAZ4
P 32
P 33
AR39
AR41
CARY
SC46
CR51
MN54
MN56
FES5
FESQ
€057
€058
Co60
NI59
NI63
NI65
Cued
IN65
AS76
SE79
BR82
BR84
KR90
KR3T
RB86

Reference for
Nuclide and

TABLE 5.

Reference for

Status of WRAITH Data Libraries

Reference for

Gamma Data Organ Data S-factors
20 21 11
20 21 N/A
20 21 11
20 21 11
20 21 11
20 22 11
20 22 11
20 22 11
23 21 N/A
23 N N/A
20 N N/A
20 21 N/A
20 21 1
20 21 11
20 22 1
20 22 1
20 22 11
20 22 N
20 22 22
20 22 11
20 22 11
20 21 1
20 21 11
20 21 11
20 21 11
20 22 11
23 21 11
20 21 N/A
20 21 11
20 21 N/A
20 N N/A
23 N N/A
20 22 11

M0O93
TC101
PO107
AGT11
CD113M
SNTT7M
SNTT9M
SNT21M
SN123
SB124
TET23M
I 130
€S1306
PM149
SM153
EU152
EUT54
EU155
EU156
GD153
TB160
HO166M
W 18]
W 185
U 234
U 236
PU236
PU237
CM246
ctM248
CF252

Reference for
Nuclide and

Reference for

Reference for

Gamma Data Organ Data S-factors
20 22 M/A
20 22 N/A
20 21 N/A
20 2] 11
20 2] N/A
23 21 N/A
23 21 N/A
23 21 N/A
23 21 N/A
20 22 11
23 22 N/A
20 22 11
20 22 1A
20 22 11
20 22 11
20 21 N/A
20 21 1
20 21 11
20 21 N/A
23 21 11
20 21 11
20 21 N/A
20 21 N/A
20 21 N/A
20 21 12
20 21 12
20 21 N/A
23 21 N/A
20 21 N/A
20 21 12
20 21 12



1Y

Reference for
Nuclide and

Reference for Reference for

TABLE 5.

Gamma Data Organ Data S-factors
20 22 11
20 22 11
20 21 N/A
20 N N/A
20 21 N/A
20 N N/A
20 N N/A
20 N N/A
20 22 11
20 N N/A
20 22 N/A
20 N N/A
20 22 N/A
20 22 11
23 22 N/A
20 22 12
20 22 12
20 22 1
20 22 11
20 22 11
20 22 11
20 22 11
20 22 11

(Contd. )}

Y 93
ZR93
NB93M

ZR95
NB95M
NB9S

ZR97
NB97M
NB97

M099
TC99M
TC99

RUT03
RH103M

RUT05
RUT05M
RH105

RUTO6
RH106

PD10O9M
PD109
AGTO9M

AGT10M
AGT10

Reference for
Nuclide and

Reference for Reference for

Gamma Data Organ Data __S-factors
20 22 11
20 22 1
20 22 11
20 22 11
20 22 1
20 22 17
20 22 11
20 22 1
20 22 11
20 22 22
20 22 1
20 22 11
20 22 11
20 22 11
20 22 1
20 22 11
20 22 17
20 22 11
20 22 11
23 2] N/A
20 2] 1
20 21 11
20 21 N/A
20 21 N/A
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IN114M
INTT4

CDT15M
D115
IN115M
IN115

SNi125
SB125
TE125M

SN126
SB126M
SB126

sB127
TE127M
TE127

TET29M
TE129
I 129

TE131M
TET31
I 131
XE13TM

TE132
I 132

Reference for
Nuclide and

Reference for

TABLE 5.

Reference for

Gamma Data Organ Data S-factors

23 21 11

23 21 11

20 21 11

20 21 1

20 21 11

20 21 11

20 21 N/A
20 22 N/A
20 22 11

20 21 N/A
20 22 N/A
20 22 N/A
20 22 22

20 22 11

20 22 11

20 22 11

20 22 N

20 22 11822
20 22 11

20 22 11

20 22 11822
20 N N/A
20 22 11

20 22 11822

{Contd.)

TE133M
TE133
133
XET133M
XET33

TE134
I 134

CS134M
CS134

I 135
XE135M
XET35
€S135

XE137
CS137
BA137M

XE138
C5138

XE139
€S139
BA139

XET40
CS140
BA140
LAT40

Reference for
Nuclide and

Reference for

Reference for

Gamma Data Organ Date S-factors
20 22 N/A
20 22 N/A
20 22 11822
20 N 22
20 N 22
20 22 N/A
20 22 11822
20 22 N/A
20 22 11822
20 22 11822
20 N 22
20 N 22
20 22 11422
20 N N/A
20 22 11
20 22 11
20 N N/A
20 22 N/A
23 N N/A
20 22 N/A
20 22 N/A
23 N N/A
23 22 N/A
20 22 IR
20 22 11



it

TABLE 5. (Contd.)

Reference for Reference for
Nuclide and Reference for Reference for Nuclide and Reference for Reference for
Gamma Data Organ Data S-factors Gamma Data Organ Data S-factors
BA141 20 22 N/A U 232 20 21 N/A
LAT41 20 22 N/ A TH?32 20 21 12
CE141 20 22 11 RA228 20 21 12
AC228 20 21 12
BA142 20 22 N/A TH228 20 21 12
LA142 20 22 N/A RA224 20 21 12
PB212 20 21 12
CE143 20 22 11 BI212 20 21 12
PR143 20 22 17
U 235 20 21 12
CE144 20 22 11 TH231 20 21 12
PR144 20 22 11 PA231 20 21 12
ND144 23 22 N/A AC227 20 21 N/A
TH227 20 21 N/A
ND147 20 22 11 FR223 20 21 N/A
PM147 20 22 11 RAZ223 20 21 N/A
PM148M 20 22 N/A U 237 20 21 N/A
PM148 20 22 N/A NP237 20 21 12
PA233 20 21 12
PM151 20 22 N/A U 233 20 21 12
SM151 20 22 11 TH229 20 21 N/A
RA225 20 21 N/A
W 187 20 21 N/A AC225 20 21 N/A
RE187 20 21 N/A
U 238 20 21 12
TH230 20 21 12 TH234 20 21 12
RA226 20 21 12 PAZ34M 20 21 12
RN222 20 N 12 PAZ234 20 21 12
PB210 20 21 12
BIZ10 20 21 12

PO210 20 21 12



1317

AM242M
AM242
CM242
Pu242
NP238
PU238

CM244
PU244
U 240
PU240

Reference for
Nuciide and

Reference for

TABLE 5.

Reference fgr

Gamma Data Organ Data S-factors
20 24 N/ A
20 24 12
20 21 12
20 24 12
20 21 12
20 24 12
20 21 12
20 24 12
20 21 12
20 24 12

(Contd.)

Reference for
Nuclide and Reference for Reference for

Gamma Data Organ Data S-factors
CM247 20 21 N/A
CM243 20 21 N/A
PU243 20 24 N/A
AM243 20 24 N/A
NP239 20 21 12
PU239 20 24 12
CM245 20 21 N/A
PU241 20 24 12
AM241 20 24 12



PROGRAM EXECUTION

WRAITH was written to be run from an interactive terminal on the UNIVAC
1100/44. The user assigns data and program files and begins execution from a
remote terminal. After program execution is initiated, the user types in
responses to prompting messages printed by the program. This input from the
terminal directs the program to choose the appropriate options, and it pro-
vides the job-specific data needed in the calculations. At the end of program
execution, a summary of the calculated doses is printed at the terminal, and
the detailed output can be routed to a high-speed line printer.

Appendix 0 contains a detailed description of the user input. This
appendix is intended to be sufficiently detailed to be a self-contained unit.
Appendix 0 also contains a description of the required control cards and a
description of the output.
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APPENDIX A

LISTING OF CODE SDURCE DECK

NOTE: Text appears in microfiche form at end of report.
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APPENDIX B

DICTIONARY OF VARIABLES IN COMMON




ALAMB{200, 3, 6)
(NUC,10,1C)

ALAMDA(200)
{NUC)

ALBTHY(4, 6)
(IE,IC)

ALRTHY(13)
{LTHY)

AW{200)
{NUC)

BDAREA

BRATE

BURDN(9, 200)
(10,NUC)
(
(

COELM(200, 3, 6)

2
NUC,I0,IC)

COETHY(4, 6)
{IE,IC)

D3

D4

APPENDIX B

DICTIONARY OF VARIABLES IN COMMON

I

Biological decay constant for nuclide NUC for the
ICth term of the retenticon function of organ 10

Radiological decay constant for nuclide NUC
Biological decay constant for the ICth term of the
retention function in the thyroid for element IE

Radiological decay constant for the LTHYth nuclide
used in the thyroid calculations

Atomic mass number {plus isomeric state, if any) of
nuclide NUC

Cross-sectional area of building for a ground-level
release

VYentilation rate

Activity-residence time of nuclide NUC in organ IO
Coefficient for term IC of the retention function
of nuclide NUC in organ IO

Coefficient for term IC of the retention function
of element IE in the thyroid

Fraction of particles deposited in N-P region of
respiratory tract

Fraction of particles deposited in T-B region of
respiratory tract

Fraction of particles deposited in P region of
respiratory tract

Date of WRAITH run

Summed Tow-LET dose commitment to organ 10

B-1



DCFAH(3, 200, 2)

(10,NUC,LET)

DCHI(3)
(10)

DELH(10)
(10)

DIASTK
DOSTIM

ELT{200)
(NUC)

E0Q(10)
(IR)

EXDOSF(1D,200)
(IR,NUC)
F1(3, 200)
(IS,NUC)

F2(3, 200)
(10,NUC)

FRC2CH(200)
(NUC)

FRCTCH(200)
(NUC)

H

HIDOSE(11, 200)
(I0P,NUC)

HISF{11, 200)
(I0P,NUC)

ICHN{200)
(NUC)
IPAGE

JXCAL(10)
(IR)

Inhalation dose factor to organ IO from (high- or
low-)LET radiation due to noble gas isotope NUC

Surmed high-LET dose committment to organ 10
Plume rise correction factor at range IR

Stack diameter for plume rise correction
Time period over which dose commitment is calculated

Element abbreviation for nuclide NUC
Time-integrated X/Q for range IR

External dose factor for nuclide NUC at range
IR. Also--external dose due to nuclide NUC at
range IR

Fraction of nuclide NUC transferred from small
intestine to bloodstream for solubility class IS

Fraction of nuclide NUC transferred from blood-
stream to organ I0

Fraction of nuclide NUC's second parent decaying
to form NUC

Fraction of nuclide NUC's first parent decaying
to form NUC

Release height

High-LET dose commitment for nuclide NUC,
source-organ/target-organ pair IOP

High-LET S-factor for nuclide NUC, source-organ/
target-organ pair IOP

Number of nuclides in a decay chain (NUC = re-
quested nuclide); or code containing chain
information for daughter nuclide NUC

Page number of 1ine printer output

Flag indicating external dose calculation option
at range IR
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LB(200, 3}
(NUC,10)

LBTHY{4)
(IE)

LTHY (200)
(NUC)

LTP1{13)
(LTHY)

LTP2(13)

NUCOUP{200)
(NUC)

Q(200)
(NUC)
QHSTK

R(10)
(IR)

SFACT(9, 3, 200)
(IS,IT,NUC)

SFTHY(3, 13)
(IT,LTHY)

SOLCLS(200)
(NUC)

TAIR

THFR1(13)
(LTHY)

THFR2(13)
(LTHY)

THYBUR(13)
{LTHY)

THYDOS(3, 13)
{IT,LTHY)

Number of terms in retention function for nuclide
NUC in organ IO

Number of terms in retention function for element
IE in thyroid

Code to identify nuclide NUC as an iodine isotope
or daughter

Code to identify first parent of iodine isotope or
daughter LTHY

Code to identify second parent of iodine isotope
or daughter LTHY

Code to jdentify any nuclide, NUC, which is both
a requested nuclide and the daughter of another
requested nuclide

Quantity of nuclide, NUC, in the air at any range

Heat rate of gases leaving the stack

Range IR (or the release point to dose point
distance)

Low-LET S-factor for nuclide NUC residing in source
organ IS, irradiating target organ IT

Low-LET S-factor for nuclide LTHY residing in the
thyroid, irradiating target organ IT

Code to identify the percentage of nuclide NUC in
each solubility class

Air temperature for plume rise correction

Fraction of first parent of iodine daughter LTHY
which decays into LTHY

Fraction of second parent of iodine daughter LTHY
which decays into LTHY

Activity-residence time of nuclide LTHY in the
thyroid

Dose from nuclide LTHY residing in the thyroid to
target organ IT
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THYF2

TIM

TITLJ

TMPGRD

TOTDOS(10, 3, 2)
(IS,IT,LET)

TSTACK

UBAR

VELSTK

VOLSTK

XDFLIB{200)
{(NUC)

XDOSE(9, 3, 200)
{IS,IT,NUC)

Fraction of iodine transferred from hloodstream to
thyroid

Time of day job is run
Title of job

Temperature gradient in air for plume rise
correction

Summed cross-organ dose for high- or Tow-LET
radiation from material residing in source organ
IS irradiating target organ IT

Temperature of effluent coming out of the stack
Average wind speed at height of stack for elevated
release, or at 10 meter elevation for ground-ilevel
release

Velocity of effluent coming out of the stack

Volume flow rate of effluent coming out of the
stack

External dose factor for nuclide NUC from data
Tibrary

Low-LET cross-organ doses for nuclide NUC residing
in source organ IS irradiating target organ IT
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APPENDIX C

LISTING OF DATA LIBRARIES

———s

Line Printer Qutput for Sample Run 2

NOTE: Text appears in microfiche form at end of report.

€-1






APPENDIX D

WRAITH EXECUTION




APPENDIX D

WRAITH EXECUTION

WRAITH is designed to be run on the UNIVAC 1100/44, from an interactive
terminal. Input data files are assigned at the terminal, data defining the
specific case are entered by the user at the terminal, and a brief summary of
the calculated results are printed at the terminal. A detailed output is pro-
duced in a file which may be printed automatically at the main line printer,
or routed to any other printer.

This appendix is partly intended for the user who is unfamiliar with
WRAITH, and has not carefully read the sections of this document describing the
mathematical models and the computer program. Thus it includes many explana-
tions which duplicate discussions in those sections. The user who is more
familiar with WRAITH will find Tables D.1, D.2, and D.3, and the section on
Instructions for Running WRAITH, most important.

DATA LIBRARIES

Three libraries contain data needed by WRAITH:

® RSS*NUCDAT (logical unit #10): This is the Radionuclide Master Data
Library, containing the half 1ife and radionuclide chain decay scheme
for each nuclide. It also contains similar data for nuclides used
in the thyroid calculations.

® RSS*ORGDAT (logical unit #12): This is the organ data library. It
contains biological data for each nuclide, such as blood-to-organ
transfer fractions, and organ retention function coefficients. It
also contains the gamma energies and abundances for calculating
S-factors and external dose factors.

® RSS*SFACTR (logical unit #14): A number of S-factors are stored in
SFACTR. Generally these include the S-factors which cannot be
calculated using gamma energies alone. Thus all high-LET S-factors,
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and those where a given organ is both source and target, are
included in the data tibrary. External dose factors (5-cm depth
doses) for submersion in an infinite cloud are also stored here,
as are inhalation dose factors for noble gases.

INPUT FROM TERMINAL

Four types of statements are entered by the user from the remote terminal
at the start of each run to specifically define the case:

I. A job title to be listed on each page of the output.

II. A namelist, called "$INPUT", which specifies the optional calculations
to be performed, and gives many of the input values.

ITI. Data specifying the quantity and clearance class of each nuclide
in the release.

IV. External dose factors for each nuclide at each range (user-input

dose factors are requested only when that option is specified}.

After execution of WRAITH is initiated, the code will type out a brief
message asking for the appropriate input. The message is followed by a
carriage return, and the computer will print a prompting "greater-than" sign
{(>), indicating that it is ready for a line of input. The user should type

the appropriate information directly after the prompt. A detailed description
of the user input follows.

I. JOB TITLE

Prompt message: ENTER JOB TITLE {MAX. 80 CHARACTERS)
Format: A80 '

Since the format is AB0, whatever is entered in the first 80 spaces after
the computer's prompt sign will be read by WRAITH as the job title. It will
be printed on the title page of the 1ine printer output and reproduced at the
~ top of each succeeding page of output. Thus it is an easy way for the user
to identify runs.
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IT. NAMELIST

Prompt message: ENTER NAMELIST

Variables entered: Table D.1 1lists the varjables in the Namelist, the
type of variable (integer, real, or alphameric), the units, and a brief

description of each.

TABLE D.1. Variables in Namelist

Var{able Type Unitsg Jescription

NR integer -—-- Number of ranges

R{10} real meters Ranges

PASCLS alpha {A1) -—-- Pasquill stability class

UBAR real m/sec Average wind specd

H real m Stack height

E0Q(10) real s/m E/Q at each range

AMAD real microns  Average median aerodynamic diameter of
particles

03 real —- Fraction of inhaled particles denosited in
N-P region

0d real -— Fraction of inhaled particles deposited in
T-B region

05 real ——-- Fraction of inhaled particles deposited in
P region

NNUCLD integer ——-- Number of nuclides

DOSTIM real days Time perigd for dose commitment calculation

BRATE reil cm3/sec Yentilation rata

QFALPH real -—— Quality factor for alpha

JYXCAL{10Y}  integer -—-- Flags to indicate type of external dose
calculations

IDPLET integar -——— Flag to indicate use af plume deaclation
factors

BDAREA real i’ Building area for ground-Tevel ar vent
relegses

DELH (10} real b ! Plume rise correction factors

YELSTK real m/saec Yelocity of gas leaving stack

DEASTK real m Diameter of stack

JQHSTK real cal/s Heat emission rate af stack

TAIR real ¥ Ambient 2ir temperature at top of stack

TSTACK real ¥ Temperature of effluent leaving stack

TMPGRD real “K/m Temperature gradient of air at top of stack

YOLSTK real m3f5 Volume flow rate of effluent Teaving stack
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Format:

a)

b)

c)

Free format, with certain important restrictions:

The first 8 characters following the prompt must be

B $INPUT B, where "B" indicates a blank space.
Variables are given values by assignment statements,
such as "UBAR=2.5"; assignment statements must be
separated by commas. Variables may be assigned in

any order, and unnecessary variables may be omitted.

To terminate the assignment statement, enter $END

{or just $) after the last assignment statement.
Assignment statements should use the correct type of
constants: integers should not have decimal points;
real numbers should have decimal points, and scientific
notation can be used by putting an E before the exponent
{1.5 x 103: 1.5E+3). PASCLS is a one-character
alphameric symbol, which must be in quotes (PASCLS='C').
Arrays: Each of the four arrays have one element for
each range. Values can be assigned by having the array
name on the left side of the assignment statement, and
values separated by commas on the right {R=100.,200.,
300.). A specific array element can be specified
[R(3)=300.], and an asterisk can be used to assign the
same value to several elements of an array {DFLH=3.3,
4.1, 8%4,9). Note that unneeded array elements can be
omitted.

Sample Namelist Entries:

ENTER NAMELIST
>B $INPUT ¥ NR=2, R=100., 1000., PASCLS='B', UBAR=4., H=10., AMAD=1.0,
NNUCLD=3, BRATE=300., DOSTIM=300., JXCAL=1, DELH=2*2.1, $END

ENTER NAMELIST
>h $INPUT p BRATE=1., D3=.310, D4=8.F-2, D5=0.259, DOSTIM=1825D.,
NNUCLD=1,$



A discussion of the Namelist variables must necessarily include a
discussion of the optional modes for running WRAITH, and some of the idiosyn-
cracies of the code itself.

For all Cases

NNUCLD: The number of nuclides released must be specified (see the dis-

cussion of limits to NNUCLD in the nuclide data entry description).

DOSTIM: The number of days in the dose commitment time period must be
specified.

D3, D4, and D5: The fractions of inhaled particles deposited in the

three regions of the respiratery tract {D3: nasopharyngeal region, D4:
tracheobronchial region, D5: pulmonary region) may be input directly. If not
directly input, they must be calculated by inputting:

AMAD: The average median aerodynamic diameter of the particles, used to
calculate D3, D4, and D5. The model is only valid for AMAD values between
0.1 and 20 microns.

QFALPH: The quality factor for alphas, may be input or omitted. If
omitted, doses will be calculated in rads, with no dose equivalents. If
QFALPH is input, its value will be used to calculate dose equivalents (in rems)
from the doses {in rads).

Bypass Atmospheric Dispersion Calculation

If the user knows the quantity of radicactive materiat inhaled, there
is no need to perform the atmospheric dispersion calculation, and it can be
omitted. The flag for bypassing the atmospheric dispersion calculation is
setting the Namelist variable "BRATE" equal to one.

The only other variables entered in Namelist for this mode of calculation
are those listed above: NNUCLD; DOSTIM; QFALPH (optional); and D3, D4, D5,
or AMAD.

When the atmospheric dispersion calcutation is bypassed, the external
dose calculation is also omitted. The quantity of material {entered in the
nuclide data input) for each nuclide is in units of uCi inhaled--for all other
cases the units are Ci released.
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Atmospheric Dispersion Calculation

The values for E/Q (X/Q integrated over time) may be either input
directly by the user, or calculated by WRAITH. For both options, the following
variables must be included in the Namelist:

NR: The number of ranges for performing dose calculations. NR<10,

R: The ranges (distances from release site to receptor sites), in meters.
There must be NR values of R input.

UBAR: The average windspeed, in m/sec. For ground Tevel and vent releases
UBAR should be the windspeed 10 meters above the ground. For elevated releases,
the windspeed should be that measured at the height of the top of the stack.
Although UBAR 1is primarily used in the calculation of EOQ, it is also used in
calculating radioactive decay between the source and receptor sjtes, and there-
fore it must have a value even when EOQ values are input by the user,

BRATE: The ventilation rate, in cm3/sec. BRATE must be greater than 1 to
perform atmospheric dispersion calculations.

JXCAL: is an array of integers to indicate the type of external dose
calculation to be performed at each range. Thus, JXCAL(1) determines the
external dose calculation technique used at the first range, JXCAL(2) at the
second, etc.

JXCAL=1: WRAITH calculates the external dose factor at the specified
range. (Remember: this option cannot be used for user-inout E/Q).

JXCAL=0: Dose factors for submersion in a semi-infinite cloud are taken
from a library.

JXCAL=-1: The user inputs dose factors calculated in a previous WRAITH
run.

Defauit values for JXCAL are all zero. If JXCAL is not specified in the
Namelist input, submersion dose factors will be used for all ranges. Likewise,
if JXCAL values are specified for only several ranges, the other JXCAL values
will all be zero. A discussion of the external dose calculation options is
inctuded at the end of the input instructions.

Enter E/Q Values

If the user knows the values for E/Q much of the atmospheric dispersion
calculation can be avoided by entering these values in the array EOQ in the
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Namelist. One EOQ value for each range must be entered, with units of sec/ma.
{Sample input: E0Q=).30E-5, 1.97E-5, 6.28E-6).

Beside EQQ values, the user must input the other Namelist variables
common to all cases: NNUCLD; DDSTIM; QFALPH {optional), and either AMAD or D3,
D4 and D5, and the user must enter values for NR, R, UBAR, BRATE, and values
for JXCAL are optional. For the user-input E/Q option, the only allowed
values for JXCAL are D and -1.

E/Q Values Calculated by WRAITH

The user indicates that WRAITH should calculate E/Q values by simply not
including EDQ in the Namelist input. B8RATE must be greater than 1 to avoid
bypassing the atmospheric dispersion calculation. The variables common to
all cases must be included in Namelist input: NNUCLD; DOSTIM; QFALPH {optional);
and either AMAD, or D3, D4, and D5. Namelist input should also include those
variables needed in all atmospheric dispersion caiculations: NR, R, UBAR,
BRATE, and JXCAL (optional). Alsc, the following variables are needed for
E/Q calculations:

PASCLS: The Pasquill Stability class: A, B, C, D, E, and F. Since
PASCLS is a l-character alphameric variable, the letter must be enclosed in
quotes (Sample: PASCLS='D').

IDPLET: An integer which determines whether or not to calculate plume
depletion by dry deposition.

IDPLET=1: calculate plume depletion

IDPLET=0: do not calculate plume depleticn.

Default value=0, so omitting IDPLET also turns off the plume depletion
calculation.

H: The height of the release in meters. If it is a ground level or
vent release, a value for BDAREA should be included. For stack releases,
various plume rise modeis may be calculated. Discussions of both cases
follow.

Ground level or vent releases. WRAITH uses the methods of USNRC Regula-

tory Guide 7.145, which includes plume meander, to calculate plume dispersion
from a ground level or vent release. This must include a value for:
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BDAREA: The smallest vertical-plane cross sectional area of the reactor
building, in mz. A value of zero for BDAREA will work in the claculation, but
this value must be input. If the Namelist input sets H=D, but omits BDAREA,
the default value for BDAREA is -1, which turns off the plume meander, and
calculates atmospheric dispersion as an elevated release from a height of zero.
The results obtained by the two different methods may differ.

Elevated releases. Omitting BDAREA in the Namelist input turns on the
elevated release calculation. H is the height of the stack from which the
effluent is emitted. If no plume rise correction factor is used, H should be
the effective stack height, and DELH and the other variables for calculating
plume rise should be omitted from the Namelist. Otherwise, the effective

stack height js found by adding the plume rise correction factor to H. The
plume rise correction factors can be either input or calculated.

To input plume rise correction factors, include in the Namelist input:

DELH: The plume rise correction factors, in meters. The DELH array must
include a value for each range, but identical values can be input easily by
using the '*' notation {DELH=10*2.7, or DELH=1.8, 2.3, 2.7, 4*2.9).

For caiculating the »itme rise correction factor, several ontions exist:

® Momentum-dominated plume rise::
The user must input values for two Namelist variables:
VELSTK: The velocity of the effluent leaving the stack (m/s)}
DIASTK: The diameter of the stack {m)}

® Buoyancy-dominated plume rise:
For Pasquill stability casses A, B, C, or D {unstable to neutral):
The user should input either:
a. QHSTK: The stack's heat emission rate {cal/sec) or:
b. VCLSTK: Tne effluent volume flow rate (m3/s)
TAIR: The ambient air temperature {°K) and
TMPGRD: The temperature gradient of the air at the top of the
stack (°K).
For classes E or F {stable):
The user should input either:
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a. QHSTK
TAIR
and TMPGRD: The temperature gradient of the air at the top of the
stack {°K/m). Recommended values are:
TMPGRD=.0102 (E class), and
TMPGRD=, 0252 (F class).

b. VOLSTK
TAIR
TSTACK

and TMPGRD,

It should be noted that the plume rise correction can either be momentum-
dominated or buoyancy-dominated, or it can have both mementum and buoyancy
components. WRAITH is designed to sum the two components into one correction
factor, or handle either component without the other.

Summary of Namelist Use

Tabte D.1 summarizes the variables in the Namelist, defining and
describing each one. Table D.2 summarizes the use of the Namelist variables
under each of the different options. Table D.3 shows the uses of the plume
rise variables for each of the options.



TABLE D.2. Use of Namelist Variables in Atmospheric Dispersion Options

Bypass

Calculate E/Q

Namelist Atmospheric Input Ground Level Elevated

Variable Dispersion E/Q Release Release
NNUCLD enter enter enter enter
DOSTIM enter enter enter enter
AMAD or D3, D4, & D5 enter enter enter enter
QFALPH optional optional optional optional
BRATE enter 1.0 enter enter enter
ECQ omit enter omit omit
NR omit enter enter enter
R omit enter enter enter
UBAR omit enter enter enter
JXCAL omit optional optional optional
PASCLS omit omit enter enter
IDPLET omit omit optional optional
H omit omit enter enter
BDAREA omit omit enter omit
DELH or plume rise

parameters omit omit omit opticnal
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Calculate Momentum-

TABLE D.3. Plume Rise Correction Variables*

Calculate Buoyancy-Dominated Piume Rise

Namelist Plume Rise Dominated Pasquill A, B, C, D Pasquill E, F
Variable Factors Plume Rise Option 1 Option 2 Option 1 Option 2
DELH enter omit omit omit omit omit
VELSTK omit enter optional optional optional optional
DIASTK omit enter optional optional optional optional
QHSTK omit optional enter omit enter omit
YOLSTK omit optional omit enter omit enter
TAIR omit opticnal omit enter enter enter
TSTACK omit optional omit enter omit enter
TMPGRD omit optional omit omit enter enter

* These variables may be used only when WRAITH calculates E/Q due to elevated releases.
A11 these variables may be omitted to turn off the plume rise correction calculation.



ITII. NUCLIDE DATA ENTRY

Prompt message: ENTER NUCLIDE DATA
EEAAAAAAQQQQQQQQQQDDDDDDDDDDWWHHWWWHIWWYYYYYYYYYY

Variables entered: Element name, atomic weight, quantity released, per-
cent in D class, percent in W class, percent in Y class (one set for each
nuclide requested).

Format: A2, A6, 4E10.4

The format must be followed exactly, or values will be misread. To help
in 1ining up the input, the E's, A's, Q's, D's, W's and Y's on the second line
cf the prompt message define the fields for each variable. The element names
and atomic weights must have all characters placed in the proper columns to
ensure proper reading and identification.

The last four variabies are real numbers, and if their values are entered
without exponents, they may be anywhere in the proper ten-space field. The
decimal point must be included to avoid misreading. If a value is expressed
in scientific notation {i.e., 1.23E-01), it must be right-justified--that is,
the last digit of the exponent must lie in the tenth space of the field. The
computer will give a prompting "greater-than" (>) for each nuclide requested.

Nuclide name: FEach radionuclide is identified by a two-Ttter element

name, and a six-character "atomic weight." Standard one- or two-Tetter
abbreviations are used for each element name, with the qualification that a
one-letter name must always have its letter in the first space, with a blank
in the second. To correctly identify the nuclide, the numbers in the atomic
weight must be Teft-justified in the six-character field, with blanks filling
14C is represented by CP14pBEP, and 232Th is
TH232BpP. Isomeric states are identified with an M following the final digit
of the atomic weight {XE135MBBP or YYSOMBBE). The proper characters must
always be in the correct spaces, or WRAITH will not be able to match the

the right-hand spaces. Thus

requested nuclide with the nuclides in its data files. If in doubt, the user
can refer to a data file listing to find the proper representation of a
radionuciide.



Quantity: The quantity of each nuclide is either:

® The quantity inhaled (in microcuries) if the atmospheric dispersion
calculation is bypassed, or

® The quantity released (in curies), if the atmospheric dispersion
calculation is performed.

Solubility Classes: The calculation of the nuclide's transport through the
respiratory tract is done by the ICRP Task Group Lung Model. This model was
developed for particles described by three clearance classes: D class {with a
bioclogical half 1ife in the pulmonary region of 0.5 days), W class {with a
biological half life in the pulmonary region of 50 days), and Y class (with a
biological half life in the pulmonary regian of 500 days).

The class should be determined by the chemical form of the radionuclides.
WRAITH handles each nuclide as a combination of the three classes--the user
specifies the combination by inputting a value between 0 and 100 for the
percentage in each clearance class. The sum of the three values must equal
100 for all nuclides except noble gases. If the requested nuclide is a noble
gas (Ar, Kr, Xe, Rn), zeros must be entered for the percentages in all three
classes as a flag to use inhalation dose factors for these nuclides.

There is a limitation to the number of nuclides which may be requested by a
WRAITH run. The arrays are dimensioned to handle a total of 200 nucliides,
which includes the decay chain members of requested nuclides. Thus the maxi-
mum number of requested nuclides would be under 100 if each one had at least
one daughter,

IV. EXTERNAL DOSE FACTQRS

External dose factors are entered for each range for which JXCAL=-1. These
dose factors must be taken from previous WRAITH calculations, performed with
identical atmospheric conditions.

Prompt message: ENTER EXTERNAL DOSE FACTORS--START A NEW LINE FOR EACH
NUCLIDE {FREE FORMAT)
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Yariables entered: External dose factors (rads/Ci) for each nuclide at
each range identified by JXCAL array.

Format: A1l the input dose factors for each nuclide must be entered as a
group, beginning with the value for the first range. More than one 1ine may be
used for each nuclide, but data for the first range for each nuclide must
begin on a new line. If input dose factors are not required for the first
range (or first several ranges), but they are needed for later ranges, dummy
values (not used in calculations) must be entered for the first range {or first
several ranges). No values need to input for ranges after the last required
input value, however.

Notes: Much computer time can be saved by inputting external dose factors
which have been found by previous WRAITH calculations (see next section on
external dose options). Care must be taken, however, to ensure that the proper
dose factors are used. These dose factors are not the same as submersion dose
factors - usually the units are different, and confusing the two can result in
grief for the user. Be sure that the input dose factors were caiculated for
the identical atmospheric conditions--including release height, plume rise
correction, and plume depletion--as those in the present calculation. Also be
sure that external dose factors are input for all nuclides used in the
calculation, Remember that WRAITH automatically finds the daughters for any
requested nuclide. If these daughters are produced in a significant amount
during the transit from release to receptor point, external dose factors will
be required. The best method is to 1ist each daughter as a requested nuclide
with the quantity released equal to zero.

External Dose Calculation

Options for calculating external doses in WRAITH basically come to a choice
between an expensive, precise calculation, and a cheap, approximate calculation.
However, a happy medium can sometimes be used - inputting the results of a
former expensive calculation to give a cheap, precise calculation. There are
also cases in which the approximate calculation is as good as the expensive
one.



Calculate External Dose Factors {JXCAL{IR)= 1}: This is the expensive,
precise option. With this option, WRAITH performs a numerical volume inte-

gration over the plume in the vicinity of the exposure point to calculate a dose
factor for each photon energy group. The dose factor for a nuclide is found by
reading the nuclide's photon energies and abundances from the organ data
1ibrary, and summing up the energy dose factors for all the photons. This
external dose factor is in units of rads per curie released, and WRAITH con-
verts the dose factor to dose by multiplying it by the guantity released,
modified by the radioactive decay or production during transit. {(Note that

the dose factor is multiplied by curies released, not a concentration at the
receptor site.} The doses calculated are all 5 cm depth doses (the doses to
tissue after attenuation by 5 cm of tissue}, and only photons contribute. This
method of caiculating doses is especially desirable in cases where the plume

is overhead, such as in an elevated release at a short range. It is also
useful when the plume has not spread very far laterally or vertically, as in
stable conditions, short to medium ranges. Unfortunately, the numerical
integration is quite time consuming, requiring from 10 to 55 seconds of execu-
tion time per range (on the UNIVAC 1100/44).

Use Submersion Dose Factors from a Library (JXCAL{IR)= 0}: This is the
cheap, approximate option. With this option, WRAITH reads the externai dose

factor from the S-factor library. This dose factor was calculated assuming
that the person receiving the dose was immersed in a "semi-infinite" cloud of
radionuclides. (Semi-infinite means that the dimensions of the cloud are much
larger than the ranges of the photons emitted by it.) This dose factor is
multiplied by the radionuclide concentration at the receptor site to give

the external dose, which is also the 5 cm depth dose. Of course, this avoids
all the dose factor calculations of the previous option, with a large savings
in execution time. Under unstable atmospheric conditions, at long ranges,
the plume does approximate a semi-infinite cloud, and this option calculates
external doses which agree with doses calcuiated by the previous option to
within a few percent.

Input External Dose Factors (JXCAL{IR)}= -1}: When this option can be used,
it produces the most accurate results with minimal execution time. It can




only be used, however, when the requested nuclides have been used in a
previous WRAITH calculation at the same ranges, under exactly the same atmos-
pheric conditions. Remember that only previously calculated dose factors can
be used - submersion dose factors cannot.

Selection of External Dose QOption

The user must consider cost, importance of the external component to the
dose, range and atmospheric conditions, and the nature of the particles emitted
by the radionuclides in the calculations. If unlimited funds are available
for the calculation, the user can be sure of always getting the most accurate
doses possible by using JXCAL= 1. In the more 1ikely event that cost is
important, however, other factors should be considered. If the external com-
ponent to the dose is not important, such as the case in which none of the
905r—90Y),
there is no need to calculate external dose factors. Submersion dose factors

requested radionuclides emit any gammas or only weak gammas (such as

from the Tibrary would do nicely, or the user could input zeros for dose
factors to give zero external doses.

There are cases in which submersion dose factors would obviously give very
poor results, such as elevated releases at ranges near the .stack. In other
cases submersion dose factors give very good results--ground-Tevel releases
under unstable conditions at long ranges. In between these two extremes is a
gray area where the user must make (hopefully) educated guesses.

The plume closely approximates a semi-infinite cloud when the plume's
standard deviations (oy and cz) are both significantly greater than the mean
free path in ajr of the highest-energy gammas emitted by material in the
plume. As an example, the GOCO gammas have mean free paths in air of about
120 meters. Thus for Pasquill A, °y=450m and oz=2000m at a range of 2500m,
and the semi-infinite cloud model is a fairly good approximaticn (the approxi-
vation improves, of course, as the range increases). For Pasquill F class,
however, at 100,000m cy=2000m, but oz=90m, and the "flat" plume is not a good
approximation to a semi-infinite cloud. This particular rule of thumb may be
somewhat unsatisfying, since a few hand calculations must be performed before
applying it, but when coupled to the other considerations, it should be a good
guide for the WRAITH user.

D-16



INSTRUCTIQNS FOR RUNNING WRAITH ON THE UNIVAC 1100/44

WRAITH is designed to be run primarily in the interactive mode from a
remote terminal, The user first assigns input files and the program file to
his run, and (optionally) assigns an output file. Logical unit numbers are
assigned to the data files, and then the @XQT command is typed in. During
program execution, the user enters input data in response to the prompting
messages printed by the code. The end of program execution is signalled by
an end-of-run message, and the user can then route the output file to a printer,
if he originally assigned the file to his run. There is no automatic restart
option for WRAITH - the user must assign a new output file, type the @XQT
command, and proceed as before.

The control cards for a typical WRAITH run:

@ASG,UP A*15.

@ASG,A RSS*NUCDAT
@USE 10. ,RSS*NUCDAT.
@ASG,A RSS*ORGDAT
@USE 12., RSS*ORGDAT
@ASG,A RSS*FACTR
@USE 14. ,RSS*SFACTR
BASG,A RSS*WRAITH
@XQT RSS*WRAITH,ABS

W00~ P N

(interactive data entry)

10. @FREE A*15
1. @SYM A*15,,,PR

Notes:

OQutput Files: For the first WRAITH run in a runstream, statements 1, 10,

and 11 are optional - if omitted, the code will automatically assign a file
called 15 to the run, then route it to the Tine printer upon completion of
execution. However, if a file called 15 already exists and is not assigned
to the run, an attempt to run WRAITH without assigning an output fite will
result in an aborted execution with an obscure I/0 error message ("ERR MODE
ERR-TYPE:02 ERR CODE:21", and more). Any output file can be routed to the
printer by @SYM (statement 11), if it is @FREE'ed first (statement 10). The
output file, 15, can have any qualifier in front of it, but it must be a
permanently assigned file.
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Shortcut: For the first WRAITH run in a terminal session, statements 2-9
can be replaced by one command: @ADD RSS*RUN.WRAITH. RSS*RUN.WRAITH is a file
element containing statements 2 through 9, so typing in the ©ADD command adds
all these statements to the runstream, and the computer types all the responses
to the commands. Thus the previous runstream could look like this:

@ASG,UP A*15
@AD> RSS*RUN.WRAITH

(interactive data entry)

@FREE A*15
@SYM A*15., .PR
Do not be dismayed-- when the computer responds to statement B with a

message warning that the write key is missing --the program can still be
executed.

Re-running WRAITH: In order to run WRAITH after the first execution in a
terminal session, the user must first assign a new output data file, then

type in the @XQT command, and upon termination of execution, route the output
files. A typical runstream with a total of three WRAITH executions follows:

@ADD RSS*RUN.WRAITH
(interactive data entry for first run)

BASG,UP A*15
SRQT RSS*WRAITH.ABS

{interactive data entry for second run)

@FREE A*15

@SYM A*15.,,PR
@ASG,UP B*15

@XQT RSS*WRAITH.ABS

{interactive data entry for third run)

@FREE B*15
@5YM B*15.,,PR

Terminal Qutput: After all the input data is input for a WRAITH exe-

cution, the program types out a message saying that it's running. Then there
is a pause while the program executes, and the user should remember that an

external dose factor calculation can take a minute or more of computer execu-
tion time--thus the pause could be lengthy. Then a summary of doses at each
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range is printed out. Unfortunately, even this summary printout can sometimes
seem slow - on a 300 baud Decwriter it takes about 30 seconds per range - so

a ten-range case takes 5 minutes for the summary printout. The user can avoid
much of this printout by using the command: @@SKIP n; where n is the number of
Tines to be skipped, n<63. There are 14 Tines per range if no quality factor
is specified, 16 1ines per range with a quality factor.

Appendix E includes the terminal printout for two sample cases.

Running WRAITH in Batch Mode

Rather than running WRAITH from a remote terminal (in demand mode), the
user may wish to run WRAITH as a batch job, either with a file that is @START'ed,
or using a card deck. This option can be used satisfactorily, with the warning

that the run card must call for 75K words of memory:

@RUN WRAITH/75///,BCAQOQ/BCACOQ . USR NAME

Since the detailed file is on logical unit 15, it is not automatically in-
cluded in the Tine printer output, and if an output file is assigned to the
run, it must again be @FREE'ed and @SYM‘ed after program execution.

DESCRIPTION OF QUTPUT

The Tine printer output {from logical unit 15) records all the input
information used in the calculation, both from terminal and data Tlibraries;
calculated parameters used in the dose calculation; and the detailed results
of the dose calculations. At the top of each page is a heading 1isting the
job title (input at the terminal), the page number, and date and time of the
run.

The first page of the output is the Q.A. page. It l1ists the titles of
the data l1ibraries used and the input data entered from the terminal, and
it provides a summary of the optiocns used in the calculations. A1l the input
entered from the terminal, except the data in type III statements (nuclide
data), are included on the Q.A. page.



Page 2 of the output lists a summary of the nuclide data entered from the
terminal, and information about the decay chains. The top table simply
tabulates the data input concerning the nuclides requested for the run. The
second table shows the decay chains for each requested nuclide. (The chains
were read in from the nuclide data library.) The daughters for each requested
nuclide are Tisted, and a chain ID number is assigned to each chain member.
Each daughter can have up to two parents, identified by their chain ID's. The
decay fraction is the fraction of parent decays which produce the particular
daughter. If a zero is listed as the ID for the second parent, it means there
is only one parent in the chain, If a zero is listed as the 1D of the first
parent, the first parent is not a direct product of the reguested nuclide's
decay chain, In some cases, a requested nuclide may be in the decay chain of
another nuclide., It will then be Tisted in both places in the table, and
will be used twice in the calculations, once for each capacity. The calculated
doses, however, will be summed and reported only once. If a requested nuclide
has no daughters, it will be listed alone under the decay chain table.

A table summarizing organ data follows the nuciide decay chains. This
table includes the data read from the organ data library: The coefficients
of the organ retention functions, the transfer fractions from blood to the
organs, and the transfer fractions from the small intestine to the blood.

There is a listing for each nuclide used in the run.

A compilation of S-factors follows the organ data tables. The S-factors
are in rads/uCi-day; some were calculated, and others were read in from the
S-factor library.

If the run includes any noble gases, following the S-factor table is a
table 1isting the internal dose factors due tc inhalat on of the nuclides.
These dose factors are multiplied by the guantity of the nucltide inhaled to
give doses to the organs whenever the gas is inhaled. If the noble gas

I35Xe produced by }351)

nuclides are daughters of other nuclides (such as
which are inhaled, the gas is assumed to clear the organ in which it is

produced with a biological half time of two hours.

If the atmospheric dispersion calculation is not bypassed, a table Tists
the parameters used in that calculation. Input values are listed, as are
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values for E/Q at each range (whether input or calculated), and tables may also
include Oy» Ty plume rise correction factors, and plume depletion fractions,
A table of the Tung deposition fractions follows.

It should be noted that the execution time, in seconds, follows various
tabTes. This time isset to zero at the start of program execution, and aliows
the user to see how much execution time has been used up to each point. It
is especially helpful in letting the user determine which options are time
consuming, and should help in choosing options for future runs.

Following the Tung deposition fractions, there is a table of the external
dose factors. If any factors are calculated, the external dose factors by
gamma energy group are 1isted for each range (zeros are listed under ranges
with other external options). Then the external dose factors are tabulated
for each nuclide at each range, and the top of each column shows how the dose
factors were obtained at each range:

CALC indicates that this run calculated the dose factors [JXCAL{IR)=1];

LIB indicates athe submersion dose Tactors were read from the S-factor
Vibrary [JXCAL{IR)=0];

INPUT indicates that dose factors calculated by previous WRAITH runs
were input [JXCAL{IR)=-1].

3
Units for CALC or INPUT values are (rad/Ci); units for LIB values are (Eg?th )_

If the atmospheric dispersion calculation is bypassed, the dose calculation
results follow the Tung deposition fractions. First the activity-residence
times (in uCi-days) are listed for each nuclide in each organ. Then a table
1ists the cross-organ dose commitments for each nuclide, due to both high-LET
and Tow-LET radiation (units are rads). On the final page are listed the
"totals" for cross-organ doses: the contributions from all nuclides to each
source-organ--+target-organ dose are summed. Finally there is a summary of the
dose to each organ, and the dose equivalent, in rems, is listed if a quality
factor for alphas had been input (this table is the same as the summary listed
at the terminal).
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In cases where the atmospheric dispersion calculation was performed, a set
of doses is listed for each range. Ffirst a listing of the external dose due
to each nuclide at the particular range is tabulated, and the activity-
residence-time table follows. Then the cross-organ dose tables for the range
are printed, and the summary table concludes the 1isting for each range.
The user should note that the summed dose table inciudes all the cross-organ
doses to each source organ, plus the 5-cm depth doses due to external radiation
from all the nuclides.

Following the dose summary for the last range, a final message indicates
that the WRAITH run has been successfully completed.

The line printer output for two sample cases are reproduced in Appendix
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APPENDIX E

SAMPLES PROBLEMS

Reproduction of Terminal Session for Sampie Run 1

CEASG - UE BNLD

RIauy

FEANT RSSRHUN.WRAITH
ROnbY

REAlr

KAl

REaTiY

URITE KEY H13SIag

EMTER Jox TITLE {(MAx, BT CHARALDTERS?
> 3AMPLE WRAITH RUN 1-5—-GROUND LEVEL RELEASE

PLT BNUCL =2y DOSTIN=10250, ¢ 030,31y 4=0, 03 1550, 245 s BRATE =30C . »
QeR-=LU0, 2250, 00, r 20300 v BO00 . v 10000 » 23000, 2 40000, 275000 »
COrURARSD, r JXCAL=34K1» 281 s PATCLS= 57y ILFLET=1 H=0., y EDAREA=2300 .0 #

3
Sy o F R

ENTER NUCLTLE DaTH L
EEARAAAAATARIUGGAGHDDIDD B DD DWW WMWY YY Y Y Y Y Y Y Y

I o1z? a4 10, ' [+
FXE133 iQUCo, 2. 0 [

ENTER €XTERNAL TDSE FACTORS——-START & NEW LINE FO% EACH NUCLIDE {FREE FORMAT!
AR, p 4215825, 34F-9 i — e —

»3%3.r 1 U8E7»14BEE-E

OFF AND RUNNING ~=

DISTANCE FAROM RELEASE POINT = 150.0 M
SUMMED [GEE COMMITMENTS FOR 18250, DAYS

TARGET GLOSE COMMITMENT (RAT)

DRGAN HIGH-L.ET LOW-LET
T ELY 00 &+ G1E-03
R MAR 00 1,135E-02
LUNGS ) 00 L FN0BE-03_

DISTANCE FROM RELEASE FOINT = 250.0 H

SLUNKED LDSE COMMITHENTS FUR 1B250. ODRYS —

TRRGET DOSE COMMITHMENT <RADD

ORGAM HIGH-LET LGW-LET

TBUY W00 3.57F-u3 e
R raR £ 00 £.76E-03

LUNGS 00 4.00Z-03

E-1



LisiANuE FrUr RKeLBEAse roimi =

obd.0n

SUMMED DOSE COMBITRENTS FOR 18250, DAYS

TARGET .
_ ORGAN_

T BGY
R HaR
LUNGS

LOSE COMMITHENT <RaD)

__ HISH-LET LOW-LET
.00 1.84E-03

.00 2. 49E-03

00 2.Q1E-03

DISTANCE FROM RULEASE P

OINT =

10G0.0 H

SUMMED DCSE COMMITMENTS FOR 18250. DAYS

TARSET DOSE COMMITHMENT (RALs

JROAN HIGH~LET LoW-LET

T ELY L 00 1.03E-03

R MAR +30 1. 3PE-03

LUNGS .00 1v10E~03 o )
DISTANCE FROM RELEASE FOINT = 5S000.0 M
SUMMED LODSE COMMITMENTE FOR 18250. DAYS -
TARGEY IOSE COMMITHENT (RAD)

ORGAN HIGH-LET LOW-LET

T EDY L00 S 1.83E-04
ROHEN 00 1.57E-04

LUKGS - 00 1. A0E-O~

DISTANCE FROM RELEASE FOINT = 1

a000.0 N

SUMMED DOSE COMMITHENTS FOR 18250. DAYS

TARGET
_ ORGAN
T BOY

R HAR
LUNGS

DOSE COMMITHMENT (RALD

_HIGH-LET

Ny
‘00
+ GO

LOW-LET _

7+47E-05
B.54E-05
7.70E-05

NISTANCE FROM RELFASE FOINT = 2

2000.0 M

SUMMED DOSE COMMITMENTS FOR 18250, DAYS

T TARGET T TLOSE COMMITMENT (RADT T
JRGAN HIGH-LET LOW-LET
T BLY .00 1:E7E-05
R MAaR +CO 2.19E-05
LUNGS .00 1.35E-05
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DISTANCE FROM RELEASZ FOINT = 40000.0 #

SURKED DOSE COMMITMENTS FOR 18230, TAYS

TARGET TNOSE COMSMITHMEMT (R&D)
JRGAN HIGH~LET LOW-LET
T BEY .00 _ Bes%E-0s e
R MaR 00 1,00E-05
L UWGS OO0 8.93E-08

DD5TAMCE FROM RELEASE POIN0 = 75000.0 M

SUMMEDR LofE COMMIVHMENTS FOR 1A250. DAYS

TaRGET LSSE DCAMITMENT (RADD
ORGAN HIGH-LEY ooboWeLer
T BEY .30 3.15E-06
S OMAR L00 3.445-04
LLUNSE , 00 325004

D1STAMCE FRCH RELEALZE FOINT =100000.0 M

SuMHED LOSE COMMITRENTS FOR 18250. LAYS

TARGZT S03E COMMLTHENT (RADD
CRIAN RIGH-LET LCW-LET
T ORDY Rste) 1.84E-06
ROMAR OO 22 130-04
LUNGS 00 1.90E-04

END OF WRAITH RN
CBFREE AR1S

REALY

eSTH BH1S.s PR
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INPUT
InPUT
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SAMPLE WRAITH RUN 1-B=-~GROUND LEVEL RELEASE
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HALF LIFE
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HELEASE PT (M} M} (r)d PLUME RIGE (M) fSEC 433 FRACTION
15C 12.0 [ -0 G534 -ty « 975
250. 19.t 1C.5 i} T7652-"4 + 963
&0 T 44.0 22.0 o0 T.OT&E-C5 529
L0CG 3. ) 12.0 33.0 i} 3,097 =23 703
5000, 118.0 94,0 o 3.28 7E -6 L9l
100GC. STL.2 PLCab e 1-255E-26 #7222
CEO0Y. 1252.5 2L ] 3.0 3E~GT a3l?
4UULl. 190G 223.3 L2 1.5382-07 eE50
=000, "i157.5 382.7 +2 2.588E-02 T
130800, 41i5.5 4sz.8 -3 Sei 1E~CH JHLE

LunG COMPARTMINT OEPGSITION FRaAaCTILNS

IFRSH INFUTH

C3 = L3100 iH-F COMPAATRENRT
U4 = CBLS (T-o CUFMPARTMENT )
U3 - 24390 (P CORFARTHIRT)

EAECLTIGH TIME C 6,509 SECOMDS



-3

WRALTH HUN =~

SAMFLL WRAITH AUN )-8--GRQUND LEVEL RELEASE

EXTERNAL DOSET FACTORS

TR0/ 5=L1~4 0V ))

Eonue  LPPER aO0UND

IBY BAMMA ENERGY GROUPS)

00.M. &QUDJC.H TS050 WM

(LI 150N 1 LGO.M 1CLOum SC00.M 10CuQ.n 250
1 .03 ToIBL=0% 3.45E~05 ) 47E-LS «00 .L0 +00 00 .00
2 0% C«6ZE-05 1.69E~L5 BJ54E=26 +30 L0 ) G0 1]
3 T 1452E-08  1.04L-05 S.I7E-06 .00 =00 +00 00 Ml
- P ¥+ LuZ9E-05 Ea51E-Lb 4,E9%E=0p 08 A +00 «00 G0
H +20 1e2CL=05 T.66E-C6 &449%E=06 5 20 L0 +GO .L0
[3 .3 1+1RPE=95 7.52E~06 4.33E-L& 00 Nl ] 0 «CO
7 o b 1elEE-38 T,490-3g u.l9E~-0b .00 .CO 06 +5C s00
8 1«30 loIZE-QY% 6.%8E-0C6  3,9LE=~05 «an WO «0C +00 -0
? b 50 1aGUE-J5 Bed4%i=Cb Jeb8E-C6 .0b +L0 QT W00 viid
10 2.0 PLEEE-Q4  segal-l6 3.37E-Cb 00 il +30 35 L 30
11 2.5¢ H.¥2E-06 EL,58E-0& 3.16E-0e .an a0 00 «00 -00
12 16Ty 245) balbE=36 Selli~pb 2.89E-06 k! GO «00 00 + 00
ERTERKAL DOSE FACTORS -- 5 (M DEPTH CGSE $RAD/CIJ=-~FOR INPUT CR CaLC,
GISTANCE=- 150, 250, &p3. 1C3d. 50G0. 1Cul0. 25033,
fCaLc) (Lol 1Cacs tINPUT) {INPUT) (LI 1LIg)
NUCLIDE
1 329 3.05E-07 JaBSE~CT £ 4cE~-CA 4.21E-28 S5.3%E-CF leLl3E~08 l.U3E-08
LELR3 5.32E-D7 3.36E-C7 1+84E-07 1.08E-L7 1.68E-0a 2.50E-28 2+%0E~LC8

EXECUTION TIME = 33,171 sSEChinDbS

T
00
«00
L0
00
0N
00
«00
«00
.DE
=30

H00CT.
thLIpt

1.03E-08
2.%30C-08

Cif1z/8D

1L0000H

+CO
03
.20
«00
«0q
00
03
30
=20
«0g0
+00
«00

{MRAD-M*0T yPCI-HR}=-~FOR LIS

TS0CC»
wigi

i.03E-C8
2 .5CE-08

PAGE

1545842

10C00% .
(LIS}

1.03E-C8
2.900~-08

T



£l-3

4RALTH rtly —-
LAMPLE wRaITH RUK L-B--GROUND LE¥EL RELEASE

CISTANCE FROM RILEASL pgINT = i5C.0 M

EXTERKAL DOSES
5 CM DEPTH

WUCL IDE QQLE IRALSI
1 12% to 1SE~D04
RE133 S 1BE-C3

DUSE COMHITHMIKT PERIQD 1 3BI5J. OAYS

ACTIVITY-RESIDENCE VIMES (MICRO-CI=OAYS:

MICRG~L]
NUCLIOE INAALED OTHEK K MAnRGW LUKGS LIVER STOMACH 5H INT U LG IKTY L LG INT
ro1ze 4,11E-01 1. 13E+00D ZL58E-S1 To38E-02 ¥.IPE-C2 2. T2E=03 Sa4uE=Q4 1.77E-02 3.27E-03
Xi 133 lad7o+0d «LE LT 00 [yels) «0B « 00 «CC «ua

Ciplldreg

RE SP
LYNFEH

1.48E-02
«00

PAGE

15.58.42

THYRQID

le34E+01
.au



vL-3

. 8L Tn AUN -=- PAGE 1]
SAksLE mRAITH RUN 1=B-=CROUNU LEVeL HILEASE
G333 2780 15.55 442

ViSTANCE FROM RELEASE POINT = 150.0 H

CROLS ORGAN COSE COPMITHENTS FOR  13250.0 DAYS (RADS)

RESP
AUCLIOE LUUKRCE -=JTHER R MARRCa LUkGS LIVER ATGHACH 5K IHT U LG InNT L LG iNT LY MFR THYROIOD
TadukEY
I 1.y Liw-btT LOLES
T kDy Gau3e-L5 1.932-05 Y510 =06 SeTEE-CE L SSE=07 lew:b-Ca 1.13E-07 2.93E-27 9.12E=07 7.02E-04
f MaR I.07e-L5 S+bJE-Cw latE-Ca be515=07 l.36E-58 la48E-74 4.39E~p8 2.ChHE-OT 2.21E~0Q7 2.42E-05
Luh5 leobE-LS lar 2E~CE 2e 6LE -0 1.87E-06 246FE-08 & 6,E=11 2.628-10 5432611 5«2 lE-OS 2«4 2E~05
HIGk=-Le T [LS.S
ToLuy i J Pra] «LO 00 «C3d =GO « L3 « G0 «Gl w23
K mip «dG bl «Co «CG «d32 G0 +G0 «Ca <00 By =41]
LLLLS +Z0 [ PRl G4 i [yel] 59 +OC «oC «02
LE135 LOw=L 57 UCSES
T GODY e «LC ZaS3E LA i el 0 GO G0 LT 00
R mar el .15 S.6ZE~G3 «CC G0 .03 »L0 =00 »08 Nk
Lokl L1 «C3 leb3E-53 «0C +0d <00 «05 «CC 00 00
HIGh-LET DGLLS
T oY -0 N P .20 «3u <09 +L0 « GO L0 03
7 KaR W0 Akl =00 wLO «Gd 00 <60 «OC «GC «03
LLNGS i WLl . o0 Y «00 «03J « G0 «00 «d0 «03



Gl -3

WRAlTH FUK =~ PAGE 10
SAMPLE wRAIYH RUN 1-B-=6ROUND LEVEL RELEASE
£3r3 24560 15.58.42

DISTANCE FRCHM RELEASE POINT = 15C.0 =

CRoS5 GRUAN DOSE COMEITMEANTS FUR  1E8230.C OAYS (RATS)

KESP

NUCLIDE SOURCE ~=OTHER R KARKOW LUNGS LIVER STOMACH M IRT U LS INT L LE INY Lyven THYROID
TARGET

YOTALS LOw=LET DOSES
T BSY b.b3JE~0S 1.92E-05% 2. PIE=0E S« THE~DE LeASE-DT SeNZE-DH l.231C-07 2.02E-07 9.1 3-n7 TeOZ2E-J4
R MAR I+LTE-DS 5«8 3E-Gn S.620-33 6.91E~07 1+36E€-08 l.45E-C¢& 4. 30E-08 2.055-07 2421E~07 5.06E=05
LUNGS l.b8E-CS 1.2GE~38 Le TIE~23 1e67E~D6 2.69E-03 b.EME~]11 ZabZE-LD . 32621 £.21E-DS 2.42E-05

HIGH-LET COSES

T sLY vl Mh| «TC $T0 N5 00 Nl +CO ) 052
R HMAR G0 .03 +CO N3] W53 .00 + 0D + 00 UL 00
LuKGS a0 : L »00 N 33 +00 N .00 [els] 00

SUMMED DGSE COMMITHENTS FOR 1&25C. DAYS

TARGET DGSE COMMITHENT (RAULG
QRGAL AlGH-LET Low-LET

T BOY 00 6.L1E~G3
A MaR L0 1.15e~=32
LUNGS -Gd T«l8E=-T3

EXECUTIGN TIME =  33..90 SECUNGS



9iL-1

shalld hUH ==
SAMPLE wRal¥y RUN 1-BE=-=GROUAD LEIVEL RELEASE

DISTANCE FROM RLLEASE PCINY = 2ET.T M

EXTERNAL DOSES

S CM DEPTH
WUCLINE DOSE LRAOIY
1 1z¢ S.TBE~CT
xL133 I.28E~C3

UOSE COMAIYMENT PEARICD 1 1BZ250. JAYS

ACTIVITY-RESIGENCE TIvES (MICRO~CI-DAYS)

KILRG-CI
HUCLIDE INHALLZD 0THER R MARRDU LUNGS LIYER STOMACH “H INT b LG INT L LG INT
1 12% 1,650=-01 Bo4JE-Cl 1o l4E-3l 2.96E-C2 3. TTE-Q2 1.29E-03 2+1BL-0% T« DBE-D4 1.31E~D3

XEL3I 5.GRL+L2 «LD [ «0C «O0 P ] <00 «CU [

Jir1 2785

RESP
LY#PH

5.92E~03
0O

PAGE 1%

15458442

THYROID

S«39E+00
«J0



L1

MRALTH RUN == PAGE 12
LAPPLL wRAITH RUN 1-B--GROUND LEVEL RELEASE
Cisl2sad 15.58.,42

UDISTAMCE FROM RiLEASE POINWT = 25040 m

CAYSS ORGAN NOSE CORMITHENTS FOR  18250.0 DAYS SRADS)

RESP
NUCLIDE SGURCE -—OTHER R MERROL LUNGS L IVER STOKACH M INT U LG INT L LG INT LYMPH THYROLID
TARLET
I 1z Low-Lil LCSES
T eoy 2e66L~05  T.T5E-C6  1.83i=06 2.32E~Cé  6.62E-56  1.37E-08  M.470-08  B.18E-D8  3.66E-07  2.R2E-O%
R Fai 1a23E-C5  2.34E~C4 4o #3E=G7  2.TTE=-07  S.46E-09  S.8GE-09 L1.73E-08  0.336-08 B.6LE-O08  9.69E=06
LUNGS 6.736-06  84.6CE~DT  laGUE=D4  7.51E~0T7  1.06E-08  2.66E=11 1.05E=310 2.338-11 2.0%E-05 9.6%9E-06
AWIGH-LET CGSES .
1 8ULY <20 -GD .Co .OC .00 0o G0 -00 .08 .00
K MAR .0 : o035 - 06 .08 .00 .00 .C0 .00 .00 .00
LLAGS «50 N .00 .0C -G0 .00 -CD «CD .0C .00
XEi3 LOW=-LET GOSES
T oacy .30 .00 1.02E-35 .CG .04 .00 -0e .00 .00 .00
R MAR LG +CG 2.25E-03 « 06 .00 «00 «CO .C0 .00 .00
LLNBS D .03 6 15E =04 w36 .03 A .Go .00 .ac .an
HIGK-LET DOSES :
T 8oy .00 oG « 03 .30 .C0 «B0 .00 .00 .00 .00
R MiR .00 -Lo .00 « DL .09 .00 «50 .00 .ac .00

LLNGS L0080 GO «dd «0C =03 +00 «C0 « Q0 «00 +00



8L-3

dRALTH hlbh ==

SAMPLEL wRALTH RUM 1~E-=GRGUKWD LEWEL RILEASE

MUTLIDE
T#RLET

TOTALS
T BLY
B HAnR
LUhGS

T BDY
R MAR
LLKGS

EXECUTIGN TIME =

S5CUACE -~0OTHER

LOw-LET DOSES

2.6 86 =05
1.238-55
&+ TIE-CL
HIGH-LET COSES
L0
+07
G

R KARRUW

T«T5E-Ck
~ISE-CH
Hag E-07

Lo
«G0

040

QIS TANCE FROM RELEaSg POIHTY =

LHN5SS ORGAN COLE COHMITHMENTS FOR

33.408 sSECONDS

2500 N

18250.0 JAYS

LUNES LIVER STOMACH 54 INT
la20E-CE 2 3CE-DE 6.62E-08 1.37E-Ca
2.25E-03 2.73E-07 LeubE-L9 S«BCE=-D9
Te2lE =Lk te51E-07 l.06E~CB Z2.6BE=11

) «0C .00 03
« 00 +Lo «J2 [%s]4]
00 e -02 <00
SUAMED DOSE COMMITMENTS FOR 18258, CGAYS
TAHSET OCSE COMMITMENTY (RaAD)
GROAN HIGH-LET LeW-LETY
T any N Z.57E-p3
R HAR 0N S.THL-03
LUNGS L0 4.00E~-03

{RADS)

U LG IWT

W4 YE=D8
1.73E~CB
1.CSE-LD

+« 00
00
[ +lal

t L6 INT
8. 14F-08
&.33E-CB
2+13E-11
«CO

-CO

«0G

C3/fl 2780

RESP
LY¥PH

I 6LE-DT
8.8 EE-0B
2.0%E~Q5

.0C
DO
+G0

Page 12

1545842

THYROID

2.82E-0%
2+,03E-0S
9.6¥E~D8&

lun
«DG
«00



6L-4

WRALTH RUN ==~

SAMPLE BRAITH RUN E=bE==GROUND LEYEL RELEASE

HICRO=-¢I
NUCLIDE = IMHALEQ
112y La3%E~C2
1E133 1.97E+02

DOSE COMRITHENR

1.15£~02

DISTANCE FROM RELEASE POUINT < 60C.0 mn

EXTERKAL EGOSES

NUCL ILE

T12%
Elds

ACTIVITY-RESICENCE TLHES

L IVER

PERIOD

lew6E-G2
«03

5 CH CEPTH
GOSE (RADS)

ZaSEE-0T
l.7lE~C3

T VEZSO. QAYS

fHICRO -CI-DAYS)

STeMALH SH INT

bW 23E-04 8.47TC-00
Nyt « 00

C3712/80

RESP
LYMPH
Z.30E-02

«00

PAGE i

15.58.47

THYRDID

2.0%E+0D
]



0¢-3

WRALTH &UN
SAMPLE wRALITH RUW I-B~-LROUND LEVEL RELEASE

NUCLIDE

1128

XEL 33

LiSTANCE FROM RELLASE POINT =

CRGSS QROUAN DOSE COHHITHENTS FOR

SQURCE -=-0THLR R HARACW LUKGS
TARGET
LOw-LET LCSES
T BLY 1.C3¥E=0% 3.CLE-Ch T« 10E~07
R Magr G.T?E~DH FeleE~C5 1,72E=-(07
LLNGS ZuLlE-CS 1.86E-LT 4.C5E=C5
HIOGH-LET LOSES
T BOY vind -B0 =« 035
R MAR «an Ld +CLC
LuhGS 332 «d « Gd
LOW-LET DrALS
T a0Y¥ «ad LG 3. 94 -08
R MAK «Co L &4 Tal=-0%
LbLpbS «00 +LO 2. 39E-L4
MIGH=Le T [OSLS
1 &0¥ «La +LC « G5
F Miak +00 «L3 «C0
Lukgs «50 LG « 032

LIVER

8.59L-07
lLaDeE=C7
S.BIE=CT

« 00
«C1
«COa

0G0
« 20
« 00

e 00
« O
« 20

STOMACH

bUC.C M

1825040 DaAYS

SMOIKT

2.5e£-CE “I2E-0%
2.12E-C%  2.25£-C9
“.lBE-D%  1,03C-13

3G
G2
-3

30
-0

«od

~20Q
.00
«00

«0d
L0
« 13

oL
«C0
- 0o

ton
«03d
«LO

{RADS:

U LG TINT

1.73E-C8
5.&6%E-0%
4.08E-11

«LC
037
«L0

«CO
0O
+C0

« L0
« G0
L0

L Lh INT

3o 1SE-05
3.2I[-04
8e28F~12

L0
« 00
=G0

«0nu
00
« 00

O
«CO
« 00

c3zrzsec

REISP
LYHPH

1.%2E~-07
Y.4 4E-08
8.1CE-06

.0t
(]}

«Qac

M
AC
«CC
«aC
$UC

.0f

Fage 1§

15,5842

ThYROGLD

1.09E-04
3.THE=D6
3.T6E~D&

00
« 20
32

.00
=00
03

+00
)
«J0



12-3

BRAITH RUp == PAGE 16

SAMPLE WRAITH RUN 1=-p~-GROUND LEVEL RELEASE
03712780 15.50 .42

OISTANCE FFGA FPELEASE PODINT = 50C«0 H

CR)S5 OWGAN DOUSE COMMITHENTS FOR 1825040 JAYS (RADS)

RESP

sUCLLIDE SOURCE ==0THLR R hAREOW LLNGS L IVER STOHACH SM OINTY L LG INT L LG INT LYMFPH THYROID
TARGET

TOTALS LOS-LET D4LSES
T bLY i.033E=35 3.LCE -2 4e 6SE~{6 B+ 99E=07 2.56E-08 S.320-09 1.73E-D8 Y. 15E-08 Y 2E-QT 1.0%E-DO%
H AL 4.17C-06 YLLEE~DS G THE=DN 1.08E=D7 2.12E=09 2+25E~09 6+69E=09 3.23E-08 3.44E£=-08 T.BTE=D6
Lihus L<6LIE-06 lediE=id? 2« T9E =04 2.%1E-D7 4.1B8E-0C¥ i.03E-11 4.08E=12 8,28E-12 8.1CE-D6 Y.76E~08

HIGH-LET [OSLS

T LY -0 00 «CC Lo «00 110 «L0 «-00 =08 «00
R Mag «0a aLG «CO +0C 00 «00 « 00 « 00 +00 «D0
LLAGS LG ! «G0 « 00 « 20 «QD =00 « G0 « D0 «08 +00

SUMMED DOSE COMMITHENTS FOR 18250. DAYS

TARGET GOSE COMMITMENT (RED)
ORG AN HIGH=LET LOw=LET

T sdY GG 1.66E€-23
i HMAR «-CC Z.&9E-013
LUKNGS M 4] 2+.01E-03

EXECVTION TiwE = 334527 SECONDS



¢¢-1

we bl Tie RUN

ShMPLL aRALTH

Neobilbt

ML
XE ]33

Mlenu-~CI
InmaAaLEDd

Z.Tlb-0e
Beldbiedl

AUN 1-=C-~“GRCUILL

L¥eh WLLEASE

C1SYANCe FARGH FL A4S PLINT = 10450.0 M

ExT{RKhAL LOSES
5 CHM DEPTH

*oCe IDE RCSE (RAUS)

; da23IE-07F
; GaTIL-34

+
P

B

[N

UDSE COMHITHONT FERLGD ¢ 18Z5D. DAYS

ACTIVITY-Ro5ibiNee IRE . EHICRO=CY=DLAY5S)

WOMARKOW LUNGYy LINEw STOMACH K OINT U LG INT L Lo IKT
1e700 -0 4.BHTE-(3 L.2CE-02 1.5LE~04 3.59E-05 1.14E-0O8 2.16E-C%
) .00 «GE +0OC «Q30 «C0 00

c3syzzsan

RE SP
LYMPH

S THE- N
«00

PAGE 17

15.58.42

THYROLO

8.84E-D1
.Ou



£¢-3

WRALTH kUNW --
SAMPLL WRA]JTH RyM 1=B=~GROUND LEVEL RELEASE

NUCLIGE

I 129

KEL133

SOURLCE «=0THER

TARGET

T BOY
R Mii
LuLhGS

T BOY
R mAR
LuWNES

T 80Y
R MR
LLhbs

T BLY
R Han
Liukbs

LOM-LLT COSES
B .33 -0s
2.L3E-Ce
1.11E-Cé

HIGH=LET
o0
«G3
-0

TOSEs

LOw-LET LOSES

]
-00
Lo
HIGH=LET
-L0
Lo
«00

CoSES

CISTAMCE FROM RELEARSE PCINT

CROS> ORGAN DOSE COMMITMENTS FOR

R KAREQ. LUNGS
1.27E-00 F#01E=CT
J.E5E-0% T.25E-CR
TLa¥E-08 1.,72E=C5
L0 « 00
L3 « 00
+LL « G0
«C0 Lab¥c -6
«CO 3. TIE~DQ4
«Bd 1aClE-CH
elid «00
+Co « 030
«00 « 00

L)LER

3.8I0-07
G SLE=08
1.24E-07

«Og
- 00
L

00
0L
«0L

«OC
« 00
«0C

STGHACH M INT
l+09E=-C8

BeF9E-1T

1.77E-0% 4,38£-12
«03 00
«00 [ i}
.32 +00
«23 .00
oa +C0
el ] 00
« 00 + 0
Nt} .Co
+00 .00

18250,.C DAYS {RADS)

2 .T6E-0%
%.55E~10

U L3 INT

T«35E~T9
2+BHE-CY
1.738~11

LD
[ ]
«00

«00
« 00
+00

« LD
.80
.00

L LG INT

le34E~08
1.37E-38
J.E1E-12

<00
=00
« 00

00
00
«C0

«CC

-CU
.cu

AV F IS

R ESP
LY HFH

6.02E-G8
l+4BE~DB
ILAME-DS

+GC
«0C
83

<O
.Bc
«0C

«0C
»LC
00

PAGE 18

15,52.02

THYRGED

Lot JE-05
1.5%E£~06
1.59E£=-06

09
«03J
03

«0D
0D
«00

«00
«00
U0



be-1

WdRalTH RUK =~ PAGE 19
SAMPLE wRAITH RUN 1=B==GRGUND LEVEL RLLEASE

Cirz127s80 15.56.42

CLSTANCE FFOM RLLZASE POINT = ICO0.0 M

CRCSS ORGAN DOCE COMMITMENTS FOR  18250.0 DAYS LRADS)

RESP

WUCL1DE SQURCE =-0OTHER R MARRDR LUNGS LIVER STEMACH SH OIKT U LG INT i LG INT LY kPH THYRQI1D
TARGET

TOTALS LGw-LET DCSES
T BLY 4.38€6-C¢ 1.27E+C le 97E~0S 3.62E-07 le0%E-05 Z+20E-0% TeISE-QY 1. 34E-08 6,03E-08 %a63E-05
R MAR 2.G3E-06 I.B5E-CE 3. T1E-CH 4.56E~08 B.%5E-10 %.55e~10 2+bUE-CY 1.37C-08 l.4kE-QA F.34E-0
LLNGS l.11E-0% - TebY¥E-CS le lBE-CH l.2%E~D7 1.17e-0% 6,38E-]12 1.73E~}1 3.E1E~12 3«4 dE=-0b 1.59E~C6

HIGH-LET DOSES

T DY a0 6L «E0 DL «03 =00 «C0 «50 -0 -.C0
R MAR 20 G0 «CO L 50 «C0 -0G « 00 +0C <00
LLhgS 50 « 30 20 00 Cgete! « 20 00 «CC .CC «Co

SURMED D05t COMMITHMENTS FOR LE250. DAYS

TARGET OGSC COMMITMENT (RAD)
ORGAN HIGH~LLT LOR-LET
¥ BDY «0C 1.03E-C2
R MaR «C0 1.39E-03
LUNGS Gd 1-10E-02

EXECUTIUN TIME = 336845 SECONDS



Gg-3

WRALTH wUN -- PAGE 20

SAMPLL WRAJTH RUN L-B--LROUND LEWEL RELEALE
L3s1278¢C 1545642

CISTANCE FFROM RELEAS. PCINT = L5JC.0 M

EXTERNAL CO5ES

5 CM DEPTH
NuCt IDE DUSE {/RALS)
I 129 I1.3YE-Cs
XE133 TeNHE=EN

GOSE COMMITHMENT PLRIOD : 175y, DAYS

ACTIVITY=RESIDENCE TIRLS {MICAC-CI-DaY¥S)

MICRG=(1 RES#
NJCLIOE IhnALEL CTHER R MARROKE LUKGS LIVER STOMALH sH INT U kLG IKT L LS INT LY¥®PH THYRGID
i 129 2.51e-03 Ea73E~03 l+58E =03 4+51E-Cx 5. T4L~0% leb&E-05 323306 1+CoE~D5 2.00QE-0% 5.03E~-05 8.21E-02

XE133 T«T4E+0Q «00 L0 .00 «LO »CD =00 ~ 00 00 +Q0 «00



9¢-3

RRLLTH nUN ==

SABPLL WRAITH HUN 1=B--GROUND LLVEL RLLEASE

NUCLIDE

1129

rLiss

SOURCE ~-OTHER

YARGETY

T ECY
BT
LuMizy

3
VT o=

T o
H KA
Luki

K mim
LLKGS

T 20Y
R HAR
LLNS

LOw=LET [OSES
4 eleb =07
1.66L-CT
laddE -7

HILH-LET
fay
«0d
=0

LOSES

Ldw-LET LQSES

«GD
Palr]
oL
HiGh=ty
«al
-5
La

CGsL S

DiSTANCE FROM RELEASE POINT

CRCSS ORGAN DOSE COMMITHMENTS FOR

H MARRIW LUNGS

I.16E=0T7 2. 79C~02
3.57E-06 &, THE=Q9
TLILE~S9  1.59E-06

- .

(PR
oo

akd
S L0
=00

« L0
« 60
» 00

1.54E =07
3.u3E =55
YaIoE=la
.02

« 08

« 00

L IVER

ZeG4E-CE
wa22E=09
1#35E-06

.ot
.0g

« 03

L
- 00
» L

+ G0
«L2

.00

S5TGHALH

S0U0.0 M

16250.0 DAYS

sM LAY

1.31E~-C9 2.09E-13

5.330-11 B.85E~11
l.bul-10 4.r5E 13
«Jd Py |

« i el

«ul »J0

« 030 » 00

«J32 rJ

a0 +C0

+21] R

~L0 el

« 00 00

[RaDS5)

U LG INT

G.BIE-1D
2+03E-1D0
L.61E-12

«C3
o0

.GD

- 00
«L0
sul
LD
«C0
- 00

L LG INT

la25C-0%
L.27E-Q9
3. 25€~-13

« D0
-00
.00

QDD
« 00
- 00

+ GO
« 00
.00

Cis1?780

RESP
LY HPd

5.5 % 09
1.35L-0%
I.19E-27

«OC
«4r
O30

.0a
a0
WG

VRS
g
(31

PAGE 21

15.58.42

THYRGLO

We2FE-06
1.48f-07
L.48E-0QF

00
03
«09

.00
«Gd
.Ca

L3
.00
-0



{2-3

MRAITH RUK ==
SAMPLE wRAITH RUN 1=F=~=GROUAND LiVEL RELEASE

PAGE 22
C3rlzzE0 13.568402

GISTANCE FARCM RELEASE PGINT = 50GC.0 M

CROSS CROGAN DOSE COMMITHeWTS FOK  18256.0 DAYS {RADS)

FESP

NUCLIDE SOURCE -=~QTHER 3 RARKCW LUNGS LIVER STUHALK 5H INT J LG IKT L LG OINT LY KPH THYRGLE
T4RGET

TOTALS Low=LET UOSES
T EGY GWGeE-0OT LalsE =47 ladze-ad7 3. 54E-C4 L«J1E-C9 2.0%5-10 bebB1E-11 1.24C~09 5,55 -0% H.Z5E-08
R HAR 1.886~-07 3,578 -20 I.8E-55 4 Le09 La 3R =12 GaBAE=11 2+63E-10 la270-0% 1.3EE-29 I.13E-07
LuhiGS 1.53L-507 Te3iE-2Y e IGE-LS 1. o-38 el HE=LD W, bE-13 laplE-12 3.250-13 3.1%6-07 l.4BE-27

HIGH=~.ET Cosis

T 8Ly -C0 FRvIN w0 = U T e W00 ] w20 .30
R HAR 02 R siha L . E o 05 0L 032
LUNGS «LC -Lu L3 Al PR el £ 0N LT GO 02

SUMMEID COSL « v mu HENGS T2R Lo lea

FARLET L SF CLMH YR R
IRGEN Aalbe-LET e

T aOY ol MEL- RS
4 MAR oD LB L=
LUNGT [ AmbIE-

EXECUTIgN TIME = IT.764 SECONDS



8¢-1

WRALTH KUN ==

SARMPLE wRAITH RUk 1=-8=~GROUND LEVEL RELEASE

MICRO-C]
MUCLIDE INHALED
I 119 B.BNE-GH
XELII 2+T2E+0D

QTHER

2.36E-03
«C0

R RMARROW LUKGS LIVER STOMALH SHOLNT

5. 56C=0k Le S9E~D% 2+0Z2E-0N f.86E-06 1217c=06
.0p .00 . 00 .00

« L0

GISTANCE FROM RELEASE POINT = 10JCGC.C M

EAVERNAL DOSES

S LM DEPIH
nullL IDE DOSE {RALS)H
Il29 B.43E-C9
x€133 T.2%E-pd

DOSE COMAITMENT PERIGP : 18250. DAYS

ACTIVITY-RESIDENCE TIMES (MICRO-C1-DAYS)Y

U L6 INT
3. B80E~D6
.Eﬂ

L LG INT
T.03E-086
.uu

C3s127a0

RE SP
LYMPH

F.14E-08
»04

PAGE 23

15.58.52

THYROTD

2.849E~C2Z
D)



62-1

WRAITH hUMN
SAPMFLL WRAITH RUN 1-B--GROUKD LEVEL RELEASE

WUSLIDE

ALl a3

SOURCEL «=GTHER

TLAGE

T

WOw-LET [OSZS
laa3E-07
6.61c-0B
I.6ig~ge

HIGhR-LET
o0
«o0
-C0

LOk=LZT
306
Ll
» 0

HIWH-LET
00
L0
L0

LOstEs

OLsSEs

DOSES

CISTANCD FWROM RELEASE POINY

CRO5S ORGAN DCSE COFMITHMENTS FGR

R MARROW LUNGS
4.16E-Ch ¥.BIE~GY
ie2uE-Co 2.38E-0%
2+5TE-09 S+l ~D7
«Lo + OC
+LC3 «0d
«C0 « 03
Lo S«42E-Q08
06 1.2oE-Gs
05 I 29E-L8
wub «CO
0 « 00
«LJ «0G

LIWER

laz5E-C8
1o46E-Lg
4L03L~CY

« 00
«C3

=00

«£9
«C0L

03

00
UGD
-00

STyMACH SH IKT
3.55£-10
Z2.93E-11
5aTBE-11
OO 00
« 20 £
00 «Ca
-d0 U0
N4 -0
-3 LG
.0 390
0 .00
«0c «C0

= 1CCOC.0 M

1625L.0 DAYL (RADS)

T.37E-31
IJ11E-1)
la43E~13

W L6 INT

2+4JE-1D
F.ib6E=-11
Se65E~13

+C0
+C0
-00

+ 00
«GD

«00

«L0
=G0
«CD

L LG INT

G.3TE=}D
. 4TE-1D
1s15~13

«00
«CC
« 110

=00
-0
00
IUG

.Uu
«C0

L3li2/6C

RESP
LYNMFH

I1.97E-09
We7EE-1D
1.12E-07

-Qr
«ar
«dL

.aﬁ
«0C
UDE

+0C

.BG
«0C

PAGE 2w

15.58.42

THYRGID

l.51E=-06
5.20E-C8
5.20E-D&

+032
«03
.00

«['D
00
.Ga

)
=00
-0



0g-1

MRALTH hUk == PAGE 25
SAMPLE WRAITH RUN 1=k~==GROUNL LEVEL RELEASE
G3fl2/80 15.58.82

GISTANCE FROM RELEASE POINT = 10205.0 W

CipS5 CRUAN DUSE COMHITHERTS FOR  18230.0 OAYS (RADS)

RESP

kJCLlDL SULRDL -~RTHLE R Mardni LUNGS LIVER SToMACH M IKT b LE INT L LG INT LY MFH THYROID
TaRCLT

TOTALS LOw~LET GCSES
T BOY 1.43E-07 4l -G8 Gevlp-Sa l.250=08 J.58E-10 Taile-11 2+40E-1D 4.37E-10Q 1.571E-09 1.51E-06
R MaR b.b1E-08 lazeE-CE 1,208 -0% laynl-09 Za3lb-11 3.11E-11 9e26E-11 G.HTE-1D 4.THE-1Q 1.09E-07
Litiss TuBLiE-GA CaBTE-TY Zad5E =36 4.C3L-09 S.T78E-11 1.438-13 5.b5L0~13 le 15€~13 1.12E-07 S5.20E~08

HiGH-LET DesEs

T eLY -L0 e - 3ad « L3 =02 00 «50 +CO s 00
A MAR sl [y « 00 « L3 00 « 0 =G0 00 U0 U0
LuniS LD «LE « LD «EQ G0 00 «CD « 20 05 00

SUMMED JOSE CUMMITHENTS FOR 1B250. DAYS

TARGEY COSE COUMMITHMENT (RADD
CRGERN HIGH-LET Liw-LET

T eby [ iges TH470-0%
R HAR «C0 E.c4b~d5
LUHLE «50 7.70L-C%

EXECUTIGN TIME = 33,863 SECCOKECS



LE-3

WRALTH RUNW ==

SAMPLE WRAITH RUN J=B=--GROJAD Livh:. gL . .7

BIcRC-C1
NUCLIOE InAMLED
I 129 2.2BE D4

RELI33 &L.BHE-(]

ciw TAACE FROH RFELEL~s #otn™ o 257.0.0 8

ExTLhMar
L L0
I
133
v BE selrne NTOFEA I

OTHER e AARR Lol Live
L. C3E-D4 L L Pa i 0L Taam T
=L0 P L »LO

LIS
EEN o
uusf B
A
P et




2€-3

BRA1TH hUNM ==
SAMPLE ¥RAITH RuM 1-B=--GROUKD LEVCL RELEASE

NUCLiOE

I 129

X£133

SOURCE ~~0OTHER
T AAGET
LOk~LET DGSES
T 80Y }.45L~-0n
£ MAR lab%E~0D8
LULNGS Ful L0V
HIGH-LET QOGS
T 507 «lD
F MiR «Q0
LukGS 0O
LOw=LET DgSES
T EDY G0
R MAR +00
LuNGS «320
Rlon=LETY DOSES
T bOY +LO
R NAR «d0
LLMGS «d0

CROSS DRGAN DLSE CORMITHMERTS FOR

R MARROW

1.06E~08
3.21E-D7
6+57E-1Q

L0
+CJ

«Co

«CO
«CC
.co

=00
90
.co

CISTANCE FROK RELLASE PGINT S 250U0.0 M

LUNGS

2 51E-L%
b.CTE~- il
l=43e-C7

[ 0ta]
«L3J
.ca

1.37C-C8
3+05E-Ce
Ba.32E~07

53
«C1
» 00

LINER

3.1B8E-09
3. 8CE~10
lL.03E-D¥

+ 0%
«GC
« 04

+0C
00
+CL

«CC
«0C
«00

STOHACH

9.ChE-11
Ta%E-12
la%a3E~-11

«00
=00
«0J

«030
.Da
.40

L0
=0
=00

M OINT

1.88E-11
Ta9hE~12
I.65E=14

«00

L3

30

«00
.Ca
-00

.cu
00
-0G

16250.0 DAYS (RADS)

4 LG INT

Bel2E-12
2.37E-11
lauug-13

« 30
#G0
G0

« 00
L0
=00
+0c

»0Q
« 00

L LG INT

1.11E-10
1. 14E~10
2a¥2E-Q%

«CC
» 00
«3J0

«CU
«CD
«CC

00
00
00

C3712/86

RESP
LYMPH

S.02E-1D
L.21E-1D0
2.86E-08

0L
0
«Uc

=00
00
«0C

«0C
«0C
«LL

PAGE 27

15.58.42

THYRGID

3.85E-07
1.33c-g8
1.23£-38

.00
«00
030

#3530
«00
=03

[yals}
03
(i



£e-3

HRAITH KUy ~~ PAGE 28
SAMPLL ®RATITH RUN 1-B--GROUND LEVEL RELEASE
L3s12780 liesBaa2

DISTANCE FROM RELEASLC PRINT = 25Q006.0 M

CRO4S DRGAW DOSE COrRPMLTMENTS FOR 1825040 DAYS (RADS)

RESP

NUCLIBE SOURCE —-QTHESR R MARROW LUNGS LIVER SToMACH 5H INT UV LG IMT L LG INT LY PPH THYROLD
TARGET

TOTaLS LOW~LET DOSES
T BDY 3.b5E-(03 Y.05E 08 1.62E=08 3. 16E-C9 9.0BE~-11 l1.88E~11 bEW.12E-11 i«11E~-1D0 5.C2E-1D I.B6E~-0T7
R HAR l.09E-CH 3.21E-07 3.05E-06 3.6LE~10 T43E=12 T.95£-12 2.3TE-1L lel14E-10 1.21e~10 2+TBE-CB
LuhGE Geo2E-09 & HTE-1C Ve THE=LT i.03E~D9 letBE=11 J.650~14 1.44E=13 2.92E=14 2,.,66E-08 1.73E-08

HIGH-LET QOSES

T sDY +00 « 0D » 00 Py «D2 «00 =00 =00 =G0 +00
F MAR «20 <L « GO0 L0 « G0 «00 «C3 + 00 +aad -0
LuhGs 1] : ] « 05 «CL +CC <04 «G0 « 00 «Ga «aa

SUMMEG DOSE COMMITWENTS FOR 1E6250. DAYS

TARGET DOSE COMMITHEMNT {RaD)
GRaAN HiGrn-LET LOW-LET

T EDY b 1.89E-55
R mbH [yvisl 2+19E-0S
LUNGS .00 1.95E-05

EXECUTION TIME = 344002 SECUNDS



bE-3

dPALTA nUN ==

LaMFL L

NUCLIVE

I 1:2%
AELD3

wRAITH PUy 1=FE--GROUND LIvEL RELEASE

FICRI-C 1
IhHALED

LeOnE~Lk%
JalbE-G

W THER

2+ TFE=04
bt‘ﬂ

UIZTANCE FROM RELEALL »uin] - 80ull.0 »

ACTINVITY-RESILIKLE

R rhkRow

e BHL~U5

el

FXTERbag

MNUCL D

B k-

L

H
1

o

JUSE DuRHMIT e R

Ltlh ot

i.88E-TS

«0

o

El
a

I

L D

”

-l i

VR

s

ol T e TH

CGLL RRELS
Se9el 10

Satthi -0l

Pari Fad

LI



ge-3

dRALTH RUN
SAMPLEL WRALITH RUN 1-B--GROUND LEVEL RELEASE

NUCLl DL

I 129

1L135

SOURCE --C¥HER
TARGET

T BLY
R MAR
LUNGS

T BLY
B AR
LLKLS

T 8CY
R MAR
LLhiS

T OELY
R PaR
LuhGS

LOWw~LET TOSES
l.69E-08
T.B0E 09
Ya.cbE-G9

HIGH-LET
«GQ
+Gd
G0

CUSES

LO&-LET DOSES

«ul
«J0
el
hiGh=~LE T
g
il
«Ld

COSER

BISTANCL FRON RELEASE POCINT = 8#500C.U H

CR 5%

K MWARHCH

GeGlE-CY
1.494E-GT
Jalst-lo

Gd
'Ea

«LG

«La
-Co
«Lo
LG

«La
«Gd

DRGAN DQSE CORMITHENTS FOR

LUNGS

1.16£-0%
2,81E-10
G.820~C8

» 0o
« L2

« 0

6. JLE-09
1+4CE~L§
3.62E-0T

L0
«GC

- 00

LIVER

1.43E-C¥%
l.7.E=10
4.TLE-1G

«OC
»Co
w04

»CC
0L

«LC

« 00
« 08
00

STOHACH

H.1%E-11
JaueE-12
6.33E-12

«J0
« 00
00

» 33
«00
30

«33
=00
«00

1c25C.0 DAYS

S5H OINY

E.TOE-12
3.65E-12
1.6SE-3y

Mh]
« 00
«CO

PuT]
00
L
L0

«CG
-CO

(FeBS)

U LG INT

debZE-11
1«2%8=11
beGTE~1Y

L0
«L0
«C0

«C0O
« 00
+CO

+030
00
.Dc

L LG INT

S.16E~11
S.28E-11
1+ 35€-1%

[ s
«0d
00

« 20
+L0
«0C

« 3
00
« 00

CIrl2/ED

REESP
LY¥FH

2,3iE-10
Set2E-11
1.32e-08

«ac
«CQ

Ul

«0C
«LC
«J 0

-CC
=0c
«QC

THYROULD

l.78E-07
6.1 4E-0F
Eal4E-09

00
«CO
.ga

D0
«CJ
<03

.00
+00
«-00



9¢-1

MRALTH hup -~ FAGE 3]
SAMPLL WRAJTH RUM 1~B~-GROUND LEVYEL RELEASE
C3/l2sE0 15.58.42

UISTANCE FRGM RLLEASE POINT = &0JCC.D M

ChOSS ORGAN DOSE COXMITMENTS FOR 1825C.C DAYS LRADS)

RESF

NuUCLlUc LJURCE -~QTHER R RMARKCW LUNGS LIVER STOMACH SM O INT U LS ENT L LG IKT LY KPH THYRQLD
TARGETY

TOTALS LOw-LET DOSES
T BOY 1..PE=C5 4.51LE-C¢ T-uTE-Q09% 1. 4T7E-G9 Qel9l-11 E.70E~32 ZaBIE-I1} 5.16F-11 2,32E-10 1.73E-07
R MAR 7.80E-09 lewgE~-D7 | I 3T ) la7eE-1C JatbE-12 JebBE~12 1-0%E-11 5.26E~11 SebE-11 1.29E~08
LihGS Y.ZBL-0v S.OHE'lg 4sLBE=QGT 4.TeE-1D beB3E~12 1.690-14 6+6TE-18 l.35E~14 1.32E=D& 6. 14E~D9

HIGH=LET DG3ES

1 BDY w0 « DG +CU 00 « 03 « LG « G0 « 03 00 «00
R MLR L0 «03 « 02 «20 « 53 3] «J0 -0 [y 2y «02
LUNGS #20 ' o « 20 00 «ud «J3 By #1] « 0 «OC «J]

SUMMED GOSE COMMITHEMTS FOR 15750. DRYS

TARGEY DGSE COMMITHMENT (RADY
DRGAN HIGH=LET [ )

T LY « 00 B L9L-4b
I MhR «GC 1.563L-P%
LUNGS LD T

EXECUTION TIME = 34,121 SECGNDS



££-3

WARALTH hUN ==
SAMFLE WRALITH RUN 2-C~-GRCUND LEVEL REILEASE

QLSTAMCE FROM RELEASE POIHT = Y5000.0 ™

EATERKAL DCiCS
& €M DEPTH

NUCL IDE DOSE eRALS)
I 12% 3.67€-1C
XE133 3.O07TE=CS

SOSE CoMmITMEMNT PERIOD 3 182%0. DaAY¥S

ACTIVIYTY-RESIOENCE TIMES (HICKO~CI-DAYS)

RicRu-C1
SUCLIOE IMHALED A THER R MARRGS LUKES LIVER STOMACH SM INT
1 L:9 I.d3l-05 e DZE-CW JWGFE -GS 6. %2E-Cé b.8lE~08 2.55E~07 5.11E=-08
XEL13s ladhE-=01l LD Py 1] « 00 a0 «00 «00

o3/f12/B0
RESP
U LG INT L LG INT LYMPH
I.E6E-D7 J.GHE-OT l.JEE-D6
00 «00 00

PAGE 32

15.58.42

THYRD IO

1+26E-03
1 11]



8t-1

WRAITH mUN ~-— FAGE 313
TAMPLE #FAJTH KLN 1-B--GROUMD LEYEL RELEASE
CIF127ED 15.58.42

DISTANCE FROM RELEASE POINT = 73000.0 MW

CHGSS ORCAN DOSE COMMITHENTS FOR  1E25C.0 DAYS {RAOS]

RESP
MICLIPE S0URCL ~~OTHEKW R HARROw LLUNGS LIVER STQMACH SH INT U LG INT L LG INT LYMPH THYRGID
TARLETY
I lz9 LOw-LET DOSES
T BOY wa22E-0y l.61E-0v woldE=30 S.u3E-10 1-.55E-11 I.2lE-12 l.045E-11 1.90E-11 8.57£-11 &+59E~08
R FeR 2.6 EL-09 LLWTE-DE l,gHE-1n 6 ¥E-11 l.28E-12 1.36E-12 baQRE-L2 le%5E=11 Z2+GTE-11 2.27TE~09
(ST Labtl-0% leizcf-~10 2eaNE~LB le76E+10 Z.520-312 &,22E-15 2a4bE-1N 4u9FE-1% 4.8%E-0F 2.27e-07
HIGH-LET COo50s
T ELY «u0 wilo « 00 «C3 w33 UG «0C - 00 «C3 03
R Mii L0 =-Cd L2 L0z O3 w00 Lo «C0 OC [ #1)
LirtGh L0 «LT » 20 03 aud «30 «L0 « 00 £ac «0d
~L13i LOa=, £T GCSES
T 6Ly L0 -C0 2+2%E-09 » 35 50 «C0 =C0 L0 00 00
K har el «0G 5.LTE~CT « 20 « 02 <00 =50 =30 «Or +00
LuNGS O L] i 39E-QT «aG «0a «LO 00 + 00 Q0 0D
RIDH=LET COSES
T BOY PRviv] -L3 -3 <06 «J0 . +L0 «CO +LCO GG <00
A KAR L0 PR . L0 O ld «LL «LO 00 «0cC .00
whbS -0 LT s ud « OO «02a «00 « 03 <O 0t =0Q



6£-1

WRALTrt hUl == PaGE 3
SAMPLE WRAITH RUN 1-E~-GRCUAD LEVEL RCLEASE
C3f12/Ed 15.58.42

DISTANCE FROM RLLEASE POINT = TS000.0 M

CACSS ORLEAN DUSE COMMITHENTS FOR  18250.0 DAYS (RAOSH

RESP

NUCLLIGE SOURCE ==3THLH R MARROW LuhGs LiVEFR STOMECH M INT U LG INT LG InY LYMPH THYFOLG
TeAGET

ToTaLS LOW-LET GCSES
T BOY b.22E-09 l.&61E~-0Y 2+ T1E~C9 5.43E-11] le&5E~11 3.21E~12 lalHE~]] 1.9CE-L1 8,5T7E-11 5-55E~08
R MAR ZeoBr-0Y SemTE-CE 5,CBE-LT bathwE~11} le26L-12 le2bE~L2 W.C4E-L2 1.%5E-11 Z«GTc-11 4,758 -59
LLKGS LedTE-CY leliE-id L. &3E-07 Ly T6E-iD 2+52E=12 65,22E-15 Za4tE=14 4.9vE =15 4, BSE-3Y 2a2TE-0Y

HIGH-LLT GGSEs

T LOY a2 vl « 50 0O « 30 LT PYisl -3 L0 <0
R “hi L0 Lo 03 «0C « 0 «CU « 00 » 03 L =03
LURLS +CD Lo «Ca - 0L il ] «LC «00 ot «00

SUMMED OCGSE COMMIVHENTS FOR 1&Z5U. Da¥YS

TARGET DGSE CURHITHENTY ({RAD)
CRGAY HIGH=LET LCw-LET

T 5Dy «C3 3-15E~06
" MaR «20 3.59E=006
LUNGS LG 3.25E-06

EXECUTIGN TIMEL = 34.7u40 SECOKDS



0v-3

WRALTH KUN —=
SARPLE WRALITH RUN LI=B=-=-GROUNU LEVEL RELEASE

OISTANCE FRCHM RELEASE POINT -100000.0 M

EXTERNAL DOLES

5 CH DEPTH
NUCL 1DE DOSE (RALS)
I 129 2.18E-10
XELII 1.8DE-06

DOSE COMHITKENT PERIOO ¢ 18250, DAYS

ACTIVITY-RESIDENCE TIRES ({MICRO-CI«DAYS)

BRICRO=-C I
NUCLIDE INHALED JTHER R MARROW LUNGS LIVER STGHACH SM INT
| 4 2.2BEL=pa 6.0%E-DS lebwIE-0S %« LOE~DCE 5.21E-06 1.51E~07 5.02E-08

XL133 babY¥E-L2Z G0 [yt 1] «00 = Cd =00

Gaslzrsan
RESP
U LG INT L LG INT LYMPH
5 .BOE-CB 1.61E-C7 B ZoE-D7
«00 i s

FALE 35

15.56.82

THYROID

TaqsE -G
«QQ



{v-3

RARLTH kuh

SAMPLe WRAJTH RUN 1-E~~GRIUND LEVEL RELEASE

NUCLILE

I 12%

XEL 53

SUUKCE ~=G1HER

TARGETY

T BGY
HOMAR
LubhiS

1 LY
R MER
LLNGS

T ELY
R MAR
LukGs

[l
F-R AN
L2 I o
[ I

Low-LET DCSLS
3euPE-Uv
1.700-0%
9.32E-1¢C

hlGh-LL T
PV
«00
sl

LOw-LET
w00
N
P

HEGH=LLT
L0
L
+Ga

COLLS

UgSES

coscs

D15 TAMDE FROPR RELEAS; PLINT -1

ChedS DRCAN CUSE COMMLTMENTS FO

R MARROW

1.07E~-C%
Lai4E-Le
Eebit =1l

«LQ
L2

Lo

N ie]
LY
[y
w03
«0g
=00

LUNGS

Qulhe=ib
b, j4E-il
Le kB =6

« 0N
« 00

Le3uE-29
a9 FE~DT

R

[ ]
moo
[ S

LIVER

3. Z21E-1n
I.a4%E-11
PL0LE-1D

oo
£ ry

Lo I e
[ |

L]
€1

LG
« G

STGHMALH

Fulbi-1

DOGGD.2 o

18230.0 DAYS

M INT

2 le90€-i2

T457E~13 £.03E~13
PP S S ey 3LE5E~15
+G3D «23

« 30 «C0

«00 «00

+3J0 Ly

00 00

oS3 »CL

«03J [y st

a0 00

+03 «0

LRADS )

U LG IWT

6.19E-12
2.39E-12
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«C0
LG
.Jc

L LG IKT

la13E-11
lei8E-11
Zu9H6E-15

-00
U
+CC

«00
« 00
.0

« G0
=00
- 00

L3sresac

RESP
LYHPH

SOG?E'-‘.I
1.23E-11
Z2.85E-39

0C
-00
«+00

=00
GG
=00

[yegs
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0L
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wRALTH KUN -- PAGE 37
SAMPFLL WRAITH KUK 1=5==-GROUND LEVEL RELEASE
pis12/8¢ 15.58.42

BISTAMCE FFOM RELEASE PCOINT 1000300 M

CRQ5S CRGAN LOSE CORMITMENTS FOR 18250.0 DAYS (RADS)

RESP

NUCLILE SAUAEL ==UTHESR ] MARATM «wNGS LIVER STOHACH M OINT U LG INT L LG INT LYMPH THYROIN
TAREET

ToTaLS L0a=L:T DGSES
T BLY Ju.bSE-09 1.07E-0% 1+ 5SE-CY9 1.21E-10 9.16E-12 1.90E=-12 6.19%E-12 1.13E-11 5,07E-11 1.90E-08
o OMPAN 1+ TUE~T7 TeZ8E-DE 2.97C=-07 XTI To2PE-13 8.03E=-13 é»39E-12 le150-11 1a23E-11 2.8iE~-C9
LN ES $u22i=lU BugsE-31 FaSUE-LE l1.D4E~1C 1.49E-12 3.69E-15 ladsk~14 2+ 96E~15 2B SE-OY 1u3%E-09

RIGH-LET OGEES

T Ly +00 .50 s G0 «CL «00 00 -GO .00 «GC +0d
F HAR Lo «GG .00 «0d 4 «00 « 00 =00 #QC .00
LLkGS L0 o « 00 N o] =00 «00 «an « 00 +0C «00

SUAMED DOSE COMMITRENTS FOR 1525C0. pa¥s

TARGLET DCSE COMMITHMERT (RAD)
ORGAN HIGH=-LET LOwW-LET
T BOY L0 1LeBUE-JE
R MAR «CC 2+13E~06
LUNDGS La 1.908-0&

EXCCUTION YIWE = 38.3&C SECONGS

END OF whAITH RUM



Reproduction of Terminal Session for Sample Run #2

READY

READY

FAacTLETY WARNTING  CO0Z00080000 _ ;
WRITE WEY MISSING

CHTZA J0B TITLE (MAX, 80 CHARNCTERS)

T QANPLE WRALTH RUN 2B -- TLEVATED RELEASE

ENTER MekZLTST

W HiNFUT WNUCLDS10 DOSTIM 35S s AMAD =L, L rtiFALFH= 1 s OFATE -300 v N 10

R Gy p SO, BOD. e 1500y
W MUCLIDE LATA

EfmamnARRR0Ne

ZA00, T [ T
H e Q. 100, .
fu C 130, 5]
100000, 100, . G.
[+ 3. [P G
U U a. G, )
25000, 100, G [t
G. 128, a. 1.
1000, Q. 25 Fi.
15, O e G
ENTER EXTEARMAL DOSE FACTORS--5TART A WEW LINE
Pag 1038
Ay 3if-ASELDAE-6
SA L UYE-Grl.l1FE-S
S TV
+1,80E-7+a,132-8
OFF AND RyNNING == i T
LISTANCE FRON RELEQSE FOINT = 200.0 M o
SUMMEL DROGE COMMITHENTS FOR 3485, [AYS
TERGET —e e DGBE COMMITAENTEmmmmr———— == m o -
DOMH LN
MIidh=-lET O LJE-LET . ALFEA G.F.=10.
LRAD (Al (REM)
T EDY 2.35E~G3 1.B3E+00 1.71E+00
R HMASR J.0ZE-02 3.188+09 3. 48E+00
[TEEE Ao1uE (32 7 ORF+N0 7.BIE+O0D

O e BI00, s 1000, » 3000 T
LSy IRNCAL=2~1 p 2L s PASCLS= A« IDFU ET T2l ert= 3 0y w070 70002 0 %

[ekeein) (el mbd s RPU M AHHNHATE S 4 S I §
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FOR EACH NUCLIDE (FRFn FLRMAT)




DISTANCE FROM RELEASE POINY = S00.0 M
_SUMMED' DOSE COHMITHENTS FAOR _ 385, DAYS &~
TARGET  ——-=--- LOSE COMMITHENTS === mmmmmmm s
COMEINED
HIGH-LET LOW-LET AL FHA 0.F.=10.
3 . traly _(RADY (REM)
T EBOY J.892EQ3 2, 38E+00 2L.32E4+00
K HaR 4, 52E~02 4,21E400 4.66E400
LUNGS 1.21E-01 P.ETEF0CO 1,12E+01
BISTANCE FROM RELEASE POINT =  800.0 M
SUHMED DOSE CONMMITHENTS FOR 345, DAYS
. TARGEY _ -—-----DDSE COMHITHENTS----—mmro-ommmmen
T ’ COABINED
AIGHE-LET LOW=LEY ALFHA 0,.F.=10.
{Ra0?} (RAD) (REM?
T BDY S .39CE-04 &.15E-01 &, 24E-01
R Mak \21E-02 C1,13E#6G0_ 1.,25E400
LUNGS I.24E-02 2, 45E4+00 2.9FE400
DISTANCE FROM RELEASE FUINT = 000,00 W
SUMMED DOSE COMAITHENTS FOR 359, LAYS
TARGET ~ —-——=—-- DOSE COMITHENTS-——————=mm e
COMBINED
HIGH-LET CLOW-LET  ALFPHA Q.F.=10,
VRALD) (Rali (REM )
T BDY 4,5%E-04 J.01E-01 I.0&4E~-01
R HaR S.90E-D3 2.33E-01 &e12E-G1
LUNGE 1.58E-02 1,I0E+00 1.44E+00
NISTaMCE FROM RELEASE POINT = 2500,0 M
SUMMZD LOSE CDMMITMENTS FOR  345. DAYs
TORGET ~ -——--—- DOSE COMMITHENTS-~-mmms==mmmmemmm
COMEINED
HIGH-LET LOW-LET ALFHA OQ.F.=1Q.
(RAD) L ARAID_ {REM) _
T RLY H.S4E-0S 4. 34E-02 4.42E-02
r Hak &.10E-04 7+ FSE=-02 B,79E-02
LUNGS 2.25E-03 1.86:2-01 2.09E-01
DISTANCE FKOM RELEASE POINT = 5000.0 M
SUMKED GRSE COMMITMENTS FOR 365, DAYS
JJARGEY | —-—---~D0SE COMHITHENTS-rmm—w——- mmm— bt
COMEINED
HIGH-LET LOW-LET ALFHA Q.F.=10.
. (Ral) {RaD} {REH)
T RDY 3.37E~05 2,24E-02 2, 28E-02
R MAR_ _ 4,33E-04 4.09E~02 4,52E-02
LUNGS 1.14E~03 P+SBE-02 1.07E-01
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PISTANCE FRON RILEASE FOINT = 10000,0_H

SUMNELD LCDE COMMITMENTS FOR 357, DAYSE

TARGET m = LIEE COMMITHENT S mmmm e m oo
COMBINED
HISH-LET  _ | LOW-LET  ALPMA O.F.=1Q.
(RATD (Ram (REM)
T EDY L TOE-DS 1,13E-02 1.146-02
BOMAR Z.1BE~24 2L H6E-G 2,276-02
LUs#GS 5. ASE- G4 4,B1E-02 S.39E-02

RISTANCE FRIM RELEASE FOINT = 30000.0 M

SuMMId LLGE COMMITHENTS FOO 335, [ATS

TARGET  —mmmm o DCSE COMMITMENTS==me e mmm e m e
COMBINED

HIGU-LET LOU-LET ALFHA R.F,=10,

(HAT . iRAD) L (REHY
T aov S.74E-04 3, 7EE-03 z.42€-03
5 HAL 7.27E-0% &.91E-63 7 7,84E-03
LUNZS 1.98E-04 1.6iE-02 L. 6OE-02

DISTACCE FROM RELEASE FOINT <= 70000.0 H

SUMHED TGOHE COMMTIMENTS FiiR 34, LAYy

TARMET  ~mmmmoe NOSE COMRITREN T m e m o e
’ JOMEINED
HIGH-LET LOW—LET ALFHA 0.F.=10,
(Rl (RALDD {REM)
T BLY 2.03E-96 1.345~03 1.38E-¢3
R MAR | 2 &FE-CS5 _ _ 2.4BE-03 2,75E-G3
LUNGS 7 17E-053 3.71E-03 6. 23E-03

SUMNEE DUSE CO&NITHENTS £FOR 385, Daves

TRRGET T o LLEE COMBITHINTS e
. COMRINED
HIGH-LoT . LOU-LET L RLEHA DLF =10,
3 . (RAT: - ARATIY v (REM)
T BOY L. Zod 44 PV OE-G4 d.115-04
R ﬂﬁR 1.A1E -05 1.,48E~-03 1.463E-03
LUNGS 4.32E-05 J.40E-03 3 EBE-03
ZND OF

TRFREE Oz
REARY

SBSYM O CHLD, e PR

s o B - -
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Line Printer Qutput for Sample Run 2

NOTE: Text appears in microfiche form at end of report.
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