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I. INTRODUCTION

The Air Transport of Radiation (ATR) code has been de-
veloped to provide a fast running computer code to predict
energy-angular radiation environments from neutron, gamma-ray
and X-ray sources in the atmosphere. During the development of
ATR, there have been several reports(l's) describing the capa-
bilities of each version of the code and the generation of the
data bases on which the parametrizations were based. This re-
port summarizes the total capability of ATR-4 - perhaps the most
definitive time-independent version of ATR. Detailed descrip-
tions of the generation and parametrization of each data base
component were described in the previous reports and only a brief
description is provided here. Emphasis is placed, however, on
the capabilities, limitations and use of the code. As such, this
report may be considered as a user's manual for the ATR-4 code
and except for special cases where the ATR code has been cus-
tomized to a particular computer capability, this version of
the code should replace all earlier versions. The time-depen-
dent version TDATR is documented elsewhere and is treated as a
separate code.

The Defense Nuclear Agency (DNA) has for some time
sponsored efforts to develop sophisticated transport techniques
and to accurately evaluate cross sections in order to increase
the confidence in and precision of atmospheric radiation trans-
port calculations. ATR was designed to embody the results of
these efforts and make them available to the general community
in a form that eliminates the need for data tables and hand
folding. ATR does not perform radiation transport calculations
but contains, instead, parametric representations of fluence
results derived from such calculations. This approach enables
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the ATR users to obtain satisfactory results without requiring

either radiation transport expertise or programming sophistication.
Figure 1 illustrates the characteristics of the ATR model.

Neutrons amma Rays it Fission Product
4 Srare Gamma Rays

Faag ]

® Source Spectrum
e Source-Target Geometry INPUT
e Output Specifications

Atmospheric Models of :

Density Radiation g;-rxi?ggzund
Model a.nd' i Transport <= .nd Non-Uniform
Mass Scaling in Uniform, Air Effects

Laws Infinite Air

1

eEnergy/Angle Dependence

eInternal/External Responses

OUTPUT

e Constant Response Contours
e Output-Data Regroup

Figure 1. ATR Model




A summary of the development of the ATR code is presented
in Table 1 which describes reports which have been published
with a very brief description of their content. Since ATR has
been an evolving code, changes in later versions have made
the previous ones incomplete or obsolete. In addition, new
features such as a simple fission product model have been added
and are documented in this report. Thus, this report serves to
document the new features in ATR-4 as well as to summarize the

capabilities of the complete code package.




TABLE 1.

Report

SAI-71-565-LJ
(November 1971)

DNA 28031 (1)
(May 1972)
DNA 31447 (2)

(April 1973)
pNA 32797 )
(August 1974)
DNA 33627 (¥
(August 1974)

DHA-3819F ()
(July 1975)

DNA 4061  (©)
(January 1976)

This report

ATR DOCUMENTATION SUMMARY

Content

Paper given at RSIC Workshop on Radiation
Transport in Air. Describes logic of code
and some data base development.

First report describing basic concepts of
ATR and the first distributed version of
the code--describes neutron and secondary
gamma ray data base generation. Includes
air-ground and exponential »ir correction
factors.

Users manual for ATR-2 version of the code--
does not describe data base generation.

Describes data base generation for photons
(prompt gamma rays and X-rays) and the prompt
gamma ray air-ground correction factors.

Summary of the capabilities of the ATR code
with updates to ATR-2.

Describes ATR-3 including new data base using
DNA cross section library, new air-ground cor-
rection factors, low energy X-rays and new
REGROUP routine.

Describes TDATR, the time dependent prompt
photon and secondary gamma ray version of ATR.

Describes fission product model and summarizes
total capability of the ATR-4 code.




2. GENERAL DESCRIPTION OF THE ATR CODE SYSTEM

The ATR code was developed to provide an easy-to-use
means of determining the complete radiation environment from
a nuclear weapon burst in the atmosphere. An '"engineering'" ap-
proach was taken in that the results of detailed calculations
were parametrized to provide a compact data base instead of
providing a table of results from a radiation transport code.
This '"engineering' approach results in a trade-off in accuracy
and data storage requirements. In addition the treatment of
the effect of the air-ground interface and exponential atmo-
sphere is provided by utilizing 'correction factors"
rather than parametrizing many detailed transport results.
Because of the lack of detailed data bases for these two ef-
fects, the "engineering' approach may be inadequate for some
applications, but the philosophy of utilizing the best data
available in a consistent manner has been adopted. Due to

lack of data available, correction factors are only applied

to integral quantities.

The ATR code is a user oriented code which can be executed
in either a batch mode or from a desk teletype unit. For many
problems the built-in sources and responses may be adequate,
thus reducing the amount of input data that is required. Yet
the flexibility to investigate a very specific case is main-
tained by allowing all aspects of the problem to be input.

Table 2 lists the components of radiation that can be calculated
by ATR. Results are provided at fixed detector locations with
any source, detector or ground elevation allowed. Figure 2

shows the definition of the geometry models utilized. The




TABLE 2. RADIATION ENVIRONMENTS CALCULATED BY ATR

Types of Radiation:

Neutrons

Secondary Gamma Rays
Prompt Gamma Rays

X-rays

Fission Product Gamma Rays

Results:
Energy-angular fluence and current
(except for fission product gamma rays)
Angle integrated results

Energy weighted results

mass thickness of air is determined between the source and
detector and results are scaled to an equivalent distance in
homogeneous air. The data base was calculated with an air den-
sity of 1.11 mg/cm3.

The fundamental calculation in ATR is to determine the
free-field fluence for a given problem geometry and source
spectrum. In order to calculate such problems for the actual

atmosphere, two assumptions are made:

1t The transport of radiation between source and
target can be approximated by homogeneous air
transport results for a density equal to the
average density between the source and target
altitudes.

L The corrections due to air-ground interface
and exponential air density effects can be
included as perturbations to homogeneous air
results.

10
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Figure 2. ATR Geometry Model
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The general calculational scheme in ATR is therefore to scale
transport results from the parametric model density of 1.11
mg/cm3 to the average density of the problem and then to in-
clude correction factors for the effects of an air-ground
interface and exponential air density. These correction factors
were essentially negligible for altitudes from 1-15 km. Density
scaling laws for the Boltzmann equations show that the angular
flux @t(E,Q,r) in the transformed system of density pt(rt) is

related to the flux in the original system at density p(r) by

o e
$(E,2,r) = K~ ¢ (E,q,c.)

where

rt = Kr
and

ot(rt) = p(xr)/K

i.ey, Eor

Herg R

This is the well known result that the 4nr2 flux depends only
on the mass of air through which the neutrons and photons are
being transported. The ATR parametric model is based on Anrz
quantities as a function of penetration distance in gm/cm
The total mass of air between source and target for a given
problem is calculated from RSE and used to obtain 4nR§ quan-
tities from the parametric data base, i.e.,

4R 6 = 4TRS &,

For

12




where
p = average air density of the problem
B3 air density of ATR data base (1l.11 mg/cm3)
g P radigtion free-field fluence calculated by para-
metric equations at density Py and distance Ro
B radiation free-field fluence of the geometry of
interest.

The average air density of the problem is calculated from

fHT (z) dz
P
Hq -

PEE= =
Hp = He

where p(Z) 1is the variation in the atmospheric density

as a function of altitude above sea level.

The atmospheric-density is modeled from the 1962 U.S.
Standard Atmosphere for altitudes from 0-300 km based on a
product of 32 exponential terms and is used for altitudes from
0-100 km. Above 100 km, an empirical curve fit is used.

The data base of ATR-4 was calculated for neutrons, second-
ary gamma rays, prompt gamma rays and X-rays using the ANISN(7)
discrete ordinates code and utilizing the DNA cross section li-

(23) Results as a function of source

brary(8) for all but X-rays.
energy and range, detector energy and angle for ranges to 550
gm/cm2 were determined. Since the earlier versions of ATR were
based on neutron and secondary gamma-ray results determined with
the cross sections evaluated by Straker, the new data base was
produced by the parametrization of correction factors to the
earlier data base. Thus it is possible to evaluate differences
due to cross sections since the earlier data base was not de-

stroyed. The fission product gamma-ray capability in ATR-4 is

i3




based on simple empirical models, and the basis of the radiation
transport used in the fission product model comes from pervious
ATR techniques. A more detailed discussion of the data bases

is given in Section 3.

One of the main features of the ATR-4 code as well as pre-
vious ATR models is the use of control commands for selecting and
executing options. The list of control commands for setting up
an ATR run is discussed in Section 6. In general, the order of
control commands is immaterial for any given set of problems. The
initialization routine contains some calculations on parameters
which can be evaluated on the basis of other parameters as well
as some storage initialization. When a command is read in and
interpreted, the corresponding subroutine is called to interpret
and properly place all of the parameters corresponding to the
command. Errors in control command format or structure are noted
immediately but no other visible action is taken by the code until
the *EXC command is used, at which point output is generated which
may be just a few numbers or hundreds of pages, depending on the
input parameters.

The code also contains a set of subroutines which permit
an essentially format-free placement of numbers. The reading
of values is upward compatible in that real values need not
contain decimal points. Control commands and their associated
parameter values are cumulative so that even after the results
of a particular problem have been displayed, the parameter
values and flags remain the same for the next problem unless
specified anew with another command of the same type. Con-
sequently, only the most essential parameters need to be
specified from one problem to the next. This feature allows
multiple runs to be made easily which require only a few para-
meter changes to be made for each problem. In order to clear
out unwanted parameters the *STOP command is used after which
the problem must be completely respecified.

14




2.1 T =AMETRIZATION ACCURACY CONSIDERATIONS

:g the accuracy of ATR parametrization of one
dimens ation transport, the convention is adopted
that the a. .ucra.y is relative to the data base from which the
fits were produced. Comparisons with other independent calcu-
lations using, say, different cross sections, energy group
structure, or transport methods should first be made with the
data base. In this manner, the accuracy of the parametriza-
tion can be separated from the problems associated with making
comparisons of independent transport calculations. The data
base used for parametrization of the neutron and secondary
gamma ray transport is similar to the data reported by Straker
and Gritzner.(g) The generation of the data bases for the
prompt gamma rays and X-rays are described in a document by
Woolson, et al.(3)

The parametrization of the data bases contains three
separate fluence quantities which were independently fit. These
quantities, the total fluence, the normalized scalar fluence,
and the angular dependent ratio function are described in fol-
lowing sections. During the fitting process, accuracy standards
were established for each of the fluence quantities. These
standards are given in Table 3. The parametrization was based
on finding téchniques which would fit most of the data to the
average accuracy standards given in the table. A second order
correction method was then employed to improve the accuracy of

the fits which exhibited anomalous errors.

The final parametrizations incorporated into the ATR code
are generally accurate to within the stated standards. In parti-
cular, the total fluence functions and normalized scalar fluence
were found to be generally much more accurate than the standards
indicate. The ratio function fits, which contains the informa-
tion about the angular variation of the fluence, were

15




TABLE 3. ACCURACY STANDARDS FOR PARAMETERIZATIONS OF
INFINITE HOMOGENEOUS AIR TRANSPORT IN ATR

Accuracy

Fluence Type Definition Standard
Total fluence T(ES,R) = {f ¢(ES,R,Ed,u) du dEd 5%
Normalized [ ¢(E{,R,E 1) du
scalar F(E ,R,E,) = 10%
fluence o < T(ES'R)

] ) ¢(ES,R,Ed,u) It
Ratio function R(ES,R,Ed,u) = T(ES,R5 F(ES’R'Ed) 20%

compared only on the average with the data base values for prompt
gamma rays and X-rays since the angular fluence calculated by
discrete ordinates for photon transport usually exhibit non-
physical variations due to the strongly peaked angular distri-
butions. Although the scalar fluences (integrated over angle)
are accurate, the differential angular fluence required some
smoothing. Thus, the comparisons of the ratio function fits

were made with the smoothed angular fluences and not directly
with the individual data base values.

16




3. ATR DATA BASES AND THEIR PARAMETRIZATION

Different components of the ATR data base have been
developed over a period of about five years. The first neu-
tron and secondary gamma ray data base utilized the cross
sections assembled by Straker around 1967. This data base

was used in Versions 1 and 2 of ATR and was replaced by a new
data base generated with DNA cross sections evaluated around
1974. The new data base for neutrons and secondary gamma rays
was first distributed in Version 3 of ATR and because of the
need for comparisons with older calculations, the new data base
was incorporated as a modification to the original data base.

The prompt photon data base first appeared in Version 2
of ATR with modifications to the X-ray data base to extend it
to lower energies in Version 3. A delayed gamma ray (fission
product) data base was added in Version 4. A separate version
of ATR, TDATR, contains the time dependent prompt gamma ray
and secondary gamma ray data base.

The ATR data base consists of four separate entities: a
neutron and secondary gamma ray data base, a prompt gamma ray
data base, an X-ray data base and a fission product data base.
The first three sets of data were generated in infinite, homo- H
geneous air at a density of 1.11 mg/cm3 by the discrete ordi-
nates radiation transport technique. The transport calculations
were performed out to a range of SSOgydcmz for neutrons, secondary
gamma rays and prompt gamma rays. For the X-ray calculations the
range was dependent on source energy but covered at least 15
mean-free-paths for uncollided (source) particles.

17




Each radiation transport data base consisted of energy and

angular dependent fluence as function of range for individual
source energy bands. Thus, each separate data base can be
described in terms of a four-dimensional array of fluence
values, defined by

/'Ek+1 f“j+1
S iy " J dE du lbs(ri,E,u)/AEk Auj

k ¥3
where

bsikj = four-dimensional array of fluence values com-

puted by discrete ordinates with source energy
index, s; range index, i; receiver energy index,
k; and angle index, j; for neutrons, secondary
gamma rays, prompt gamma rays, and X-rays. The
units on the fluencs quantity are particles
(neutron,photon) /cm%“-MeV”™-steradian-source ''par-
ticle" in energy group s.

(r.,E,u) = radiation fluence environment at range rj,

energy E and angle cosine yu 1in particles/

cm2-MeV-steradian per unit source in energy

group s.

r. = range mesh point, in air at density 1.11
mg/cm3.

(Ek'Ek+1) = lower and upper limits of energy band k.

AE = E - E

k k+1 k-

(Uj'“j+1) = lower and upper limits of angle cosine bin j.
Yaea T My

In the following the average value of the energy within a
group denoted by En and defined by

keV for X-rays.

18




B e En+En+1

n 2

is used. Similar relationships will be used for the angular
bins. Additionally, the notation EL, EH will be used to
indicate the lower and upper energy limits of a particular
data base.

The ATR models of the radiation environment retain the
group-wise features of the data base for source energy groups,
receiver energy groups, and angle cosine groups but reconstruct
the environment as a continuous function of r. The ATR scattered
fluence model was constructed as a product of three functionals
which exhibited slower variation as a function of range than the
basic fluence quantity. The fluence model including the un-
collided contribution is given by

62
e sk | 1Jh
2 AE 2nAuj

¢Skj(r) =T (x} - Fsk(r) : Rskj(r) e
h

where

. (r)

'DskJ

ATR fluence model at range, r, for source band
s; receiver band, k; agd angle cosine band, j.
Units are particles/cm4-MeV-steradian-source in

group S.

total scattered fluence in units of particles/

T (¥)
cm? - source in group sS.

Fsk(r) normalized scalar fluence shape in units of

{fraction of Tg(r) 1in energy group k}/MeV.

~
2t

~
]

ratio function in units of {fraction of
Tg(r) - Fgk(r) in cosine bin j}/steradian.

¢ = total macroscopic multigroup cross section for
energy group S.

xik = kronecker delta function.

jh = forwardmost angular bin.

19




In this representation, most of the spatial variation of
the fluence is built into the total fluence function Ts(r);
the energy dependence is contained in the scalar fluence shape
Fsk(r); and the angular distribution, in the ratio function.

Several relationships exist between the real environment
@S(r,E,u), and the ATR modeled fluence q)skj (r). These relation-
ships are summarized in Table 4.

TABLE 4. SCATTERED FLUENCE RELATIONSHIPS

T
ATR Model ' Radiation Environment
|
. Epaa  Hja
¢skj (r) x f dE f dugp, v, E, u/\Ek ‘\“j
l Ek u].
EH 1
Tg (r) Zn/ dE / dugp, (r, E, p)
EL -1
L 1
2",/ dE f du¢s (r, E, n)
E -1
F_ (r) k
sk EH 1
2nAEk/ dE/ du@s (r, E, u)
EL -1
Hi+1
/ dug (r, E, 4)
R_.. (r) Hi
k
ski Ek+l 1
ZﬂApj/ dE / du ¢s @, E, p)
Eyg -3

-

) Notation defined in the text, uncollided fluence not included.
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Note that with the fluence model utilized by ATR there
may be several ways to construct a given fluence quantity. For
example, the energy-dependent scalar fluence could be constructed
from the ATR models by the operation

2m % Auj ﬁskj(r),

however, it can be also retrieved by

=@ e

(r) G o Gsk
T () B + ey
s sk(r) aﬂrz AEk

The second alternative is more accurate because it does not
contain possible errors present in the ratio function fit. Inter-
nally ATR employs the most accurate representation in calculating

fluence quantities.

The ATR code always performs integral mass scaling to
correct for density differences between the input problem
geometry and the data base calculation. If necessary, cor-
rections are made for air-ground interface or high altitude
perturbations. The resulting scaled and corrected fluences,
denoted by the primed quantities, are functionally related to
infinite homogeneous models by

04y () = £6 () b b b
where hg is the ground height relative to sea level; hs,ht
are the source and target heights respectively relative to
the ground height; and

h +h

1 4 1 g
y =3 * Th_-h_] e
1.11x10 N hg+hs
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where p(h) 1is the atmospheric density at height h above
sea level. Detailed information concerning the scaling con-
siderations can be found in Ref. 1. The ATR output quan-
tities will now be given in terms of operations on the scaled

and corrected data.

Energv-Angular Dependent Fluence

' ticles
Frox) = F 8_¢" o .(x) AE e
kJ s E ] cmz-MeV-steradian

where

. . source
Ss source strength in “Mev for energy band AES.

Angular Dependent Fluence

particles

F ey = 5 §'5 @l (x) AR, &R
J R AL " S cm“-steradian
where AEk is the receiver energy band for group k.

Energy Dependent Fluence

-0 r
s :
articles
F(r) =18 IT'(x) Flo(x) BE_ + = 8
k g F S =8 i 4rr sk cm” «MeV
Total Fluence
-0 ¥
F(r) = J S_ AE T'(r) + g = particles
g 8 s s Aan cm2
Energy-Angular Dependent Energy Fluence
MeV

skj

ekj(r) = E S & . . (r) E, AEg

cmz-MeV-steradian
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Angular Dependent Energy Fluence

MeV

cm” esteradian

cj(r) = g g sS ¢;kj(r) Ek AEk AES

Energy Dependent Energy Fluence

=
S

= T ' ' 4 €
ek(r) by g — = Ts(r) Fsk(r) BEF = T B

4rr

Total Energy Fluence

-0 r

e(ry = J 1 S_ E AE. | T'(x) F'.(r) AE, + & 8
£ 5 k" 5l"s sk k 4nr2 sk :;7

9]

Energy-Angular Dependent Number Current

particles

e, (x) =7 8 ¢ .(xr) U. AE
K e skj J & cmZ'MeV-steradian

where u., and Wiyp are the cosine boundaries of cosine group

15 d . = T 2
e (uJ ”J+1)/

Angular Dependent Number Current

— ticles
e;(r) =F 8 ¢! .(r) u, AE, AE ~—BAL
J g k. ®° sk J K e cm2~steradian
Energy Dependent Number Current
' - ticles
e, (r) =] 1 S .(r) u, 2m Au, AE ar
k s j 8 " skj J J cm” *MeV

Total Number Current

o ' — articles
() = g g % Sg gij (¥) Wy 21 Ap, AE, AE BETEZZRES

cm
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Energy-Angular Dependent Energy Current

MeV
cmzoMeV-steradian

bkj (r) = g S ¢ Sk_] (r) Ek uj AES

Angular Dependent Energy Current

MeV

s 2 3
cm” *steradian

cj(r)= g g ss ¢Skj(r) E. Iy AEk AE

Energy Dependent Energy Current

[ =5 = MeV
g ey = T8 65 ) E 1. 20 Au, AE
k &4 = skj k "j j S am?-MeV
Total Energy Current
- MeV
e(r) = g § 1 8 SkJ(r) E by 27 Auj AE, AE Z;Z

Energy-Angular Dependent Response

response
s MeV-.steradian

Rkj(r) Z S ¢skJ(r) R, AE

where R, 1is the response function in units of response/

particles/cm2 for energy group k.

Angular Dependent Response

Ry (1) = y 2 Sg ® apj (*) Ry O, OE response

s s steradian

Energy Dependent Response

=0 . T
R, (r) = Z Sg R |To(x) Fg (x) AE  + —7_4“ r_e.ﬁpesnse
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Total Response

-0 X
s
- ' ' e
R(r) = g E S Ry AEg Ts(r) Fsk(r) AE, + Z;;Z— 8¢k | response

An option exists in ATR to obtain "4nr”" quantities. When
"4nr2" output is desired, the previous defined quantities are
multiplied by the Aurz constant and units of cm2 are placed

in the numerator of the unit definition.

3.1 NEUTRONS AND SECONDARY GAMMA RAYS

The data base for neutrons and secondary gamma rays was
generated using the DNA cross sections for nitrogen and oxygen

as they existed in early 1974.

The cross section data actually used in generating the ATR
data base were in the multigroup form. Briefly, multigroup cross
sections are produced by expressing the angular variation of the
scattering cross section as constants in a Legendre series ex-
pansion and performing weighted averages of all cross sections

over the energy variable. The AMPX(IO)

code, which at the time was

only fully operational at the Oak Ridge National Laboratory (ONRL),

was used at ORNL to generate the multigroup cross sections. The

same 22 neutron group and 18 photon group energy structure in

previous ATR versions was used. A hand modification was made

to add 10.8 MeV nitrogen capture gamma-rays to the top photon

group (8-10 MeV). The cross sections used in generating the

new ATR neutron and secondary gamma-ray transport data base can be

obtained from ORNL, Radiation Shielding Information Center (RSIC).
The radiation transport calculations were performed us-

ing the ANISN one-dimensional discrete ordinates code. The

calculations were carried out in a manner similar to the pre-

vious data base calculations. Gaussian quadrature of order

16 (516) and a P5 Legendre expansion were employed. The
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calculations were made in spherical geometry out to a range of
5 km in air, of density 1.11 mg/cm3 and 185 radial intervals
were used. A separate transport calculation was performed for

a uniform source in each of the top 18 neutron energy groups.

If @S(ES,Ed,r,u) represents the old data base for source
energy group Es, detector energy group Ed, range r and angle
p  and ‘DD(ES’Ed’r’“) represents the new data base with the
latest DNA cross sections then by integrating both quantities

over angle, the following ratio function is obtained:

RE,EQT) = § - E 75

Previous versions of ATR made available the approximation
(E Ed,r) to the Straker data base. Thus by parametrizing
R(E Ed’ r)

o 3\
$p(Eg-Eq.t) = R(E ,Ey,1) ¢g(E . Ey,T)

is the representation of the new data. In actual practice, the

following ratio function was parametrized:

’ Yr IR e 0 Supated W s
s’ d (E E

G
The ratio function for neutrons was relatively straight-
forward to curve fit by:

2

= + +

R(ES ,Ed ,T) exp(a0 apr a,r ) -
0 0

that is, for a given source and detector energy group the log

of the ratio function is presented as a polynomial function of

distance in gm/cmz. Thus, the parametrization coefficients are

functions of source and detector energy. For some sources even

26




the quadratic term was not necessary. Fewer than 600 coefficients

were necessary to completely represent the neutron ratio function.

For the secondary gamma rays, the curve fitting procedure

|
1
was significantly more complicated. Each curve was examined |

as a function of distance and the more complicated curves re-
quired fourth order polynomials. Furthermore, there were some
ratio functions which required a function of the following form: |

o 2 gy 5
R(Eg,Ey,T) = exp(ap + ajr + a,r° + a,r” + — + ag /1)
for adequate representation. In all, nearly 1200 coefficients

were necessary to represent the secondary gamma ray ratio func-
tions.

A final comparison was made with the data base to
make sure that the approximations did not compound in an un- _
reasonable manner. The spectral comparisons show that the |

AV
i ( e i h |
maximum error of bD(ES,Ed,r) versus ¢D(ES,Ed, ) 1is on the
order of 10 percent.

After the spectral parametrization was complete, com-
parisons of the angular dependence were made and large errors
were ''massaged' or corrected by simple combinations of linear
functions of distance. These massage functions were applied
to the four forwardmost angles and the averaged backward angles.
Attempts were made to keep angular errors in the parametrized
data compared to the calculations less than 20 percent, however,
larger errors may occur in isolated cases. Special attention was
given to the four forwardmost angles since they constitute most
of the importance of the angular distribution as well as behave
in a manner that lends itself to parametrization by smooth func-
tions. The averaged backward angles were not compared pointwise
directly with the data base because at some points the data base
values contained zeros or exhibited other nonphysical behavior.

The averaging scheme assures the physical trends in the data.
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3.2 PROMPT GAMMA RAYS

The prompt gamma ray data base was generated in a manner
similar to that for neutrons. Multigroup cross sections were pro-
cessed from point data using the SMUG(IO) code. DTFXRAY(ll) cal-
culations were performed for a source in each of the 18 gamma
ray groups. The resulting energy-angular fluence was then
processed to subtract the unscattered fluence. The scattered
fluence ¢S(Es,r,E,u) is a function of source energy, Es;
range 1r; detector energy, E; and angle cosine with respect
to the source receiver ray, u. The parametric modeling was
performed with the goal of achieving accuracies in modeling
the integral fluence quantities such as energy spectra with-

out compromising the modeling of the more differential data.

The total scattered fluence function, F(Es,r), was fit

with a function of the form:

A

4 , , b 5 S b
w(o)—A1+A2/F+A3p+7+o—2+03
2

where p 1is the distance parameter in gm/cm® and the Ai are

the constants of the parametrization.

The first step in modeling the scalar fluence was to
generate a ''reference shape'" by fitting the spectra for a given
source band at a range (several mfp's from the source) where the
spectra displayed the asymptotic variation. Next, the energy
fluences from each mesh point of the data base were normalized
to the reference shape such that the value of juxtaposed fluences
agreed at one energy normalization point, EN'

Several different techniques were used to generate the
spectral shape at a given distance. The scalar fluence func-
tion integrated over energy is normalized to unity by defini-
tion, thus only the relative variation of shape at a given
distance has to be computed from the fits. The reference shapes
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for the gamma-ray sources were chosen at a distance of 3 mfp (at
the source energy) and modeled with a third degree polynomial,

2

2 \ 3
SO(E,DO) = exp{A0 + A, nE + Az(lnE, + AB(QnE) }

1

where p_ = is the reference distance in gm/cmz.

A five parameter fit in distance was then made of the shape
at the detector energy which corresponds to the source energy, ES

= 2
S(E;,0) = exp{By + By &np + B,(tnp)

1

£ B3(2np)3 + Ba(an)- }

The spectral shape for energies above the normalization energy
(0.75 MeV) was computed with SO(E,OO), and S(Es,o), by

S(E,p) = exp

n SO(E,OO)

N
N

¢n E-¢n E
+

Zn Es-ln E )(Qn s(Es’p) S So(Es'po)) ’ EN<L5ES

The shape below EN was assumed to be identical to the re-
ference shape

Then the normalized scalar fluence is given by
S'(E,p) = S(E,p)/S S(E,p) dE

Special techniques were used for the lower source energy
groups. Here, the fluence in each group was fit as a function
of distance:

Si(p) o exp{A0 + Al tnp + Az(znp)2 + A3(2np)'l}
p < 142 gm/cm2
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5, (0) = exp[}n s, (142) + Eﬁ%%%%%gé%%%%zy(ln 5, (522) - n si(142)ﬂ

142 < p < 522 gmien”

where Si(p) is the unnormalized shape for energy group i
(i < 4), and the quantities Si(142) and Si(522) were saved
in ATR.

Comparisons of the parametric fits of the normalized
scalar fluence and the data base values indicated the fits
were generally within 107% of the data base except at the .511
MeV annihilation peak. A constant factor was used to correct
this anomaly.

The angle dependent ratio function is generated from the
data base by the equation

¢)(Es.r,E,u)

1
f ¢ (Eg,r,E, 1) du
=1

R(ES,I,E,U) =

The parametrization of the ratio function for photon transport
was considerably more difficult than fitting the scalar fluence
function. The ratio function is three dimensional for a given
source energy, adding one more independent variable to the para-
meterization. Furthermore, several of the angular quadrature
points had zero fluence values, particularly close to the source.
The zero values arise from negative flux fix-up in DTFXRAY which
is employed where the gradient of the fluence is so steep that
extrapolation to adjacent quadrature points results in a negative
fluence.

The first techniques that were tried in fitting the ratio
function were unsuccessful. These attempts avoided the zero fluence
problems by fitting a cumulative or integral function defined by

30




3t
I(Es,r,E,u) =~/. p(Es.r,E,U) dy
u

The fluence could then be retrieved by differentiation of the
integral fit. This technique appeared at first to provide a
smoother function to fit across quadrature points with zero
fluence values. Although the integral function could be fit
with good accuracy, the functions differentiated from the fits
were not of satisfactory accuracy when compared to the data

base values.

The method finally employed involved grouping the
sixteen angular fluence values into a set of six groups. The
ratio function for each of these six angular groups was
modeled with two dimensional fits in detector energy and
range for each source energy. The ratio function for the
sixteen angular bins was then reconstructed from the six

group fits.

The ratio functions for the gamma rays were collapsed

to the six groups according to the data presented in Table 5.

TABLE 5. ANGLE COSINES OF COLLAPSED ANGULAR
GROUPS FOR GAMMA RAYS FROM AN

ASYMMETRIC Sl6 SET

Angular Index Angular Cosine

.9983100
.9808660
. 2358195
.9245530
.5174825

i .7786290 ]

(o) WO, I o UL N SN
QOO0

The collapsing consisted of averaging the angular dependent
fluence over the quadrature points in each particular group.
The new data was normalized at the lowest energy according
to the formulas

31




Ri(E,p) = fi(n) Ri(E,D) 1= 1.6
Ri(EL’D) = 1

where the source energy variable has been dropped for con-
venience, EL is the lowest detector energy in the data base
(0.02 MeV), and the index 1i refers to one of the six collapsed
angular groups. The functions Ri(E,p) were then fit with third

degree polynomials in range and detector energy by

Ri(E,D) = eXP{AO(D) t Al(o)(inE) 52 Az(y)(lnE)z + A3(ﬂ)(9n5)3*

and

< ey S PR e
Aj(y) eXP{BjO + le(ﬁnp) + sz(&nw) + Bj3(~n>) S 0

The actual number of coefficients required was reduced by over

a factor of four by combining coefficients over several groups.

The normalization factors f,(0) were found to be ap-
proximately constant in . These factors were simply saved

in an 18x6 array, one for each source and angular group.

3.3 X-RAYS

The X-ray data base was generated in the same manner as
the prompt photon data base. The DTFXRAY discrete ordinates
code was used to determine the X-ray fluence for a source in
each of the 18 X-ray groups. The parametrization of the X-ray
transport data was also performed in a manner similar to that
for gamma rays. However, the reference shapes for the X-ray
data base were chosen as the shape at the distance 53.8 gm/cm2

and fit with a third order polynomial: |
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- 2 3
SO(E,oo) = exp{Ao + A, enE + AZ(QnE) + A3(2nE) }

1

A fit of the fluence in the fourth group (25-30 keV) was made as

a function of range
= 2
S(E,,p) = exp{B0 + By inp + B,(4np)"}

where E4 = 27.5 keV and for all energies below EN (50 keV)
the spectral shape was computed by

S(E,p) = exp{n SO(E,pO) + (4n S(E4,p)

- %n S(E4’po))} E < EN

Several specialized corrections were made to shapes just below
EN to increase the accuracy of the models.

For energies above E a difference function was formed

N ’
from the data defined by

tn S (E,p.) = n S(E,p)
D(E.p) = 75 ?E o) - ¢n S(E_,0)
o S,po S’o

This function was fit both in energy and range
D(E,p) = Ag(p) + Ap(p) inE + A,(p) (:nE)® + A5 (p) (4nE)°

where

i 2 3
Ai(o) = BiO + B,y fnp + Biz(an) + BiS(Rnp)

| :
+ Bia(lnp) : P x1<3
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Finally, for energies above E_ the shape was computed by

N
S(E,p) = exp[zn SO(E,pO) - D(E,p) « {2n SO(ES,QO)

- %n S(ES,Q)}] E E > By

where the shape at the detector energy corresponding to the

source energy was fit in range

3

-1
30 P

o 2
S(Es,p) = exp{CO + Cip +C e + 1€ }

2P 4

with five parameters.

Similar to the gamma ray models, special techniques were
used for lower source groups. For the third and fourth source
group, each non-zero fluence group was fit in range. The
second source group was fit in range with a fifth order poly-
nomial.

The normalized scalar fluence function for the X-ray
sources was calculated by normalizing to unity the spectral
shape computed using the techniques discussed above.

The angular data are treated similarly to the gamma rays.
The data are grouped with the X-ray data base being collapsed
into the six groups according to Table 6. The four most forward

TABLE 6. ANGLE COSINES OF COLLAPSED ANGULAR GROUPS
FOR X-RAYS FROM A SYMMETRIC Sl6 SET

Angular Index Angular Cosine

.98940
.94460
.86560
.75540
.36980
. 75540

TSP wLWwN
OO OOOO0O
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angles were each allocated one group. Again, the functions
were normalized at the lowest energy, EL, by the equations

R;(E,p) = f;(0) Ri(E,p) 1 =1,6

: 0) = T e
RI(E, .p) = 1 i

and the Ri(E,p) functions were modeled.

A 4x6 array consisting of the Ri for the highest four
energy groups (including the source group) and the six angle
groups was saved at two ranges. The value of R' for any
range for the highest four energy groups and six angular groups
was found by linear interpolation between the two ranges. For
any energy group below the four highest in energy, Ri is found
by linear interpolation in energy between the fourth from the
highest energy group and the value at the lowest energy which
is required to be unity by the normalization.

The six angular fluence values are computed for both the
gamma and X-rays by the following relationship

b5 (E ,0,E) = F(E ,0) - S(E,0,E) * R{(E,0)-f;(p), i =1,6

A straightforward interpolation scheme as a function of angle
cosine is then used to obtain the 17 angular values of
Di(ES,o,E). The original data base had a low energy cutoff of
10 keV, but for some high altitude applications the lower energy
fluence can be important. The decision to employ a 10-keV cut-
off in the earlier versions was based largely on the results ot

(12)

Banks and Coleman. Their calculations indicate that energy

fluence from photons below 10 keV drops at least five orders of
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magnitude in about 2 gm/cm2 of air--about 10 meters at sea
level but 2 km at 40 km altitude. The extension of the photon
data base below 10 keV was performed by treating the uncollided
component only. Table 7 gives the group structure and cross
sections used internally to determine the uncollided fluence.
The 18 fine groups are collapsed to two groups (.1l-1. and 1.-10
keV) for output.

TABLE 7. LOW ENERGY X-RAY TOTAL CROSS SECTIONS
oo iy o A

1 0.1 - 8.2 24.3608

2 6.2 -~ 0.3 7.29217

3 0.3 = 5.4 3.44374

4 0.4 - 0.5 6.39955

5 0.5 - 0.6 15.5199

6 0.6 = 0.7 11.9949

7 8.7 - 0.8 8.35611

8 9.8 « 0.9 6.07217

9 0.9 - 1.0 4.60307
10 1.0 = 2.0 1.54431

11 7~ 30 0.325121

12 3.0 « 4.9 & S
13 4.0 - 5.0 6.23239(-2)"
14 5.0 - 6.0 3.40691(-2)
15 6.0~ 3.0 2.18828(-2)
16 7.0 - 8.0 1.42225(-2)
17 8.0 - 9.0 9.54224(-3)
18 9.0 - 10.0 6.8529(-3)

Read as 6.23239 x 10




That is, the 18 fine group structure is used internally in
ATR, however, only two summary groups appear in the output.
The two groups represent the accumulation of results for
those energy limits. Thus, if ¢i(r) represent the output
of the response (fluence or dose) in the first two groups

and ®j(r) stands for the internal representation of the fine
group structure, then the following relationships hold:

-ojr
ACE) =05 )
;bJ() gy e
P
o, (r) = .2’ ¢j(r)
J=3q
where
r = the slant range
Sj = the source spectrum values
D. = the dose weights (Table 18) or other fluence weights~
J as applicable
Cj = the cross section values listed in Table 7
i=1or 2
j = an index into the fine group structure
j1 = 1 and j2 = 9 when 1 = 1
j1 = 10 and j2 = 18 when i = 2

Section 6.1 deals with the X-ray source specification.

7
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3.4 FISSION PRODUCT GAMMA RAYS

The fission product gamma ray data base consists of em-
pirical equations which describe the growth of the debris cloud,
the rise of the debris, the mass thickness of air between the
debris and the detector, and the transport of the photons
through the disturbed atmosphere.

The air transport data for the fission product model was
generated by Version 3 of ATR. The source values given in
Table 14 are the result of integrating the time dependent source
distribution of Engle and Fisher(l3)over all time and regrouping
the results into the ATR energy group structure.

The following four dose responses

Henderson Tissue
- Concrete Kerma

Air Kerma

Silicon Kerma

were calculated using the dose response function values of
Table 16. These dose values were calculated at several points
of slant range as a function of rho-R (i.e. units of gm/cmz)
to a maximum distance of 300 gm/cm2 for an air density of
1,11 % 1072 gm/cm3. The dose values were then fit by the
following six parameter equation:

2 e R 5
f(r) = 4wR°D. (r) = expla, + a, VT + o =2 1 )
i P( 0 1 = . ge s

V)

where Di(r) represents one of tge four dose responses as a
function of r 1in units of gm/cm®, R in cm and the a, are
the parameterization coefficients. Thus, 24 coefficients give
an excellent representation of the transport data for the four
dose responses. In fact, the relative error is on the order

of a percent.
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The source strength of fission product gamma rays is
given by:

3

S(T) = 1.45 x 1023 Fyc(T)

at time T after fission; where it is assumed that there are
23
1.45 x 10

Y in KT and a time dependent fission product gamma emission

fissions/KT, a fission fraction F, a total yield

rate of G(T) photons/sec/fission. The decay rate G(T) is
given by

G(T) = T?%%7T photons/sec/fission

which is obtained by a fit to the Engle and Fisher data. Note
that the number of fissions/KT is included as a multiplier, and
thus the number of 'particles'" generated/KT must be included as
a normalization factor for neutrons and gamma rays if they are

to be compared with the fission product results.

Thus the total dose is:

23
L. L6 x 10 FYf (x)

5
4nR" (1+.87T)

Di(T,r) =

It should be noted that r and R are related to each other for a
particular geometry configuration. R is the line-of-sight dis-
tance measured in cm and r is the mass thickness of air in that
same distance measured in gm/cmz. For a fixed R, r can change

due to the shock wave.

Further modifications such as air-ground interface effects,
cloud rise and hydrodynamic effects are applied. The air-ground
interface correction factors utilized in the fission product data
base are from a modified first-last collision model. Table 8

presents a summary of air-ground functions which are used in
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TABLE 8. AIR-OVER-GROUND CORRECTION FUNCTIONS
FOR FISSION PRODUCT GAMMA RAYS

Mean Free
Path C(HS) C(HT)
0.00 0.834 0.875
0.01 0.843 0.882
0.02 0.847 0.887
0.05 0. 855 0.897
0.10 0.867 0.910
0. 25 0.893 0.935
0.50 0.921 0.959
0.75 0.943 0.973
1.00 0.961 0.981
1350 0.983 0.991
2.00 0.992 0.995
3.00 1.000 1.000

the following manner. If HS is the source height and HT
the target height (both measured relative to the ground), then
the dose at slant range r* is corrected by the following factors:

D (r) = D (r) C(H C(Hp)

where C(Hq) and C(HT) are obtained from the values in Table 8
by interpolation. H and HT are converted to a corresponding
number of mean-free-paths by assuming an average energy of 1.3

MeV for the fission product gamma rays.

The cloud rise effects are inherently time dependent,
therefore, R becomes time dependent: R(T) and its formulation
comes from the fitted equation for the cloud height HC measured

. ; ’ 4
from the burst point as a function of time T:(1 )

HC(T)= 61 Y'19 T'82 meters

* r is mass thickness.
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where Y 1is the weapon yield in KT. If RH is the
horizontal range between the source and detector , then
the following equation holds for R(T):

g i 2
R(T) = /§;7+ {HC(T) ot HS HT}

and

r(T) = R(T) p

where p is the average density in gm/cm3 of air between H
and HT. The fireball rise model is independent of height
of burst and thus may differ from other more detailed models
such as that in the IDEA(lS) code.

S

A modification to the mass thickness r(T) is made to
account for the hydrodynamic effect which creates a perturbation

of the air mass. The following expression gives the scaled dis-
tance, J:

178
J= 3.473 % 104 (%;) meters

where Y 1is the yield in KT as before, P is the air pressure
in dynes/cm2 at the source altitude and Q 1is given by the
following relationship:

S FB
HS k
@ =k == 6 1-7—@5 if HS’\_._RFB

where Hg is the source height above the ground and RFB is
the radius of the fireball.
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Given the yield Y in KT and letting Ry represent the ratio
of air density at the burst point to the density at sea level,
the following expressions are used to determine the fireball

radius:

i G
RA = .033 ET7K
D

G
R. IR R,
(0] G A
5 9
Rpg = 1000[3Ro SR el S S Roﬂ tnatera)

The fireball radius is also used to control a validity indicator
on the output, that is, an asterisk will appear on the dose out-
put corresponding to distances that are less than two fireball
radii away from the source.

A scaled unitless time is calculated from the scaled

distance by:

23

L= 011831 (P/p) 3

where p 1is the air density at the source altitude.

On the basis of J and L there are two other quan-
tities which are calculated:(la)

If L < 6.55 then

C=J .55974 L-31278 | g57 (1.00025 .4

.95134 + .17505 L~ - 98722

<
]

42

 C—— .




If L 2 6.55 then

C J(L + .67279) and

\Y 1.0

A parameter X 1is obtained from V:

2
" 105§v -1

W +.335

Finally, the modified mass thickness, r'(T) 1is given by

21v2 (RS)X
r'(T) = r(T) — for < €
56V2 - 35 %s
r'(T) = r(T) |1 - (35("2'1)) (—C—) for H > €
56v2 - 35/ \Bs

where Rg 1s the original slant range between the source and

detector.

The final equation for the time dependent dose including
the cloud rise and hydrodynamic effect is given by:

b, (T,1) - 1.16 lOZ;FYf [r' ()]
4TR(T) (1 + .87T)

This must be integrated over time in order to obtain the

fission product gamma ray dose:

%.16 X, 1o23 FYf f[r (1) ]dT

Bon) = R(T) (1 + .87T)
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To is chosen to be 60 seconds and the integration is per-

formed by a 12-point gauss quadrature in each of three regions:

i 0 - 1 seconds
2. 1 - 10 seconds
3. 10 - 60 seconds

The air-ground interface correction factors are administered
for each term of the integral since the configuration of the

source height is time dependent.
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4. BUILT-IN SOURCES, RESPONSE FUNCTIONS
AND ANGULAR QUADRATURE

Although ATR has the flexibility to utilize any neutron,
gamma ray or X-ray source or any response function, it is con-
venient to have '"'standard' sources and responses that can be
used with a minimum of input. All built-in sources and response
functions are in the 22 neutron and 18 gamma ray group structure
given in Tables 9-11. Note that the neutron source energy range
is narrower than the response energy range. It is also noted
that the neutron group structure starts at the lowest energy group
with the highest energy - 15 MeV - being the upper boundary of the
last group. Similarly, the photon groups increase with energy.

Table 12 contains the group structure for X-rays.

Two neutron source spectra are built-in. A weaponized
fission source and a typical thermonuclear source are con-
tained in ATR-4. The built-in values are given in Table 13.
The prompt and delayed gamma ray sources are given in Table 14.
There is no built-in X-ray source spectrum although a black

body spectrum may be easily specified.

Many common response functions are built-in. Tables 15-17
give the response functions for neutrons, gamma rays and X-rays.
As noted in Section 3, a low energy (<10 keV) X-ray fluence is
calculated internally. The response functions used in this
energy range are given in Table 18. For specific problems,

other response functions may be utilized, see Section 6.4.

All sources and response functions are isotropic but an
energy-angular dependent response may be used by performing the
integration with the energy-angular fluence external to the ATR
code. The angular quadrature weight and angular intervals are

given in Table 19.
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TABLE 9. SOURCE ENERGY BOUNDARIES FOR NEUTRONS (MeV)
1, .05 - 2.9(-5) 10, 285 - 246
2. 2.8(-5) =~ 1.0L(-4) 1L, 2.46 - 3.00
3. L00¢-5) - 8. Bit-G) N 3 R
&. 5.83(=4) - 3.35(-3) 13, 4.07 — %97
5, 3.95¢-3 - 0111 16,  4.97 - 6.36
6. 0.111 - 0.55 15. 6,36 = 8.19
7. 0.55 o LN 16 - 8.19 - 10,8
8. 1.11 - 1.83 17.  10.0 - 12.2
9. 1.83 - 2.35 18. 12.2 - 15.0

TABLE 10. DETECTOR ENERGY BOUNDARIES FOR NEUTRONS (MeV)

- L4 k=T) =
.12(-6) -
06(=-6) -
JOF(=3) -
(=0} =
.01(-4) -
.83(-4) -
.35(-3) -
111 -
. =

O 00 NN O 1 B~ W N+

|
o
O O W W FH NMFH WMH PO

O O W WL H NN H W H &

=
=

L14(-7)
.12(-6)
.06(-6)
.07(-5)
«I(=5)
.01(-4)
.83(-4)
.35(-3)
. 111

. D

<4l

12,
13,
14,
LS.
16.
L.
18.
e
20.
2L,
22.

i §
.83
33
.46
.01
JO7
o 9T
« 36
W

fo o B o RIS I T Z I S I e

=
o
o

2.2

.83
«3D
.46
.01
.07
97
.36
« 19

o O LN -

'—J
o
o

19:9

* .
Numbers in parentheses

denote factors of powers of ten.
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TABLE 11. SOURCE AND DETECTOR ENERGY BOUNDARIES FOR
PROMPT GAMMA RAYS, AND DETECTOR ENERGY
BOUNDARIES FOR SECONDARY GAMMA RAYS (MeV)

1 0.02 - 0.05 0. 1.33 - 1.66
2 0.05 = 6.1 abl 1.66 = 2.0
3 0. - 0.2 17 2.0 - 2.5
4 0.2 = 0.3 13. 2.5 = 3.0
5 0.3 ~ 0.4 14. 3.0 = 4.0
6 0.4 - 0.6 15, 4.0 - 5.0
7 0.6 - 0.8 16. 5.0 = 6.3
8 0.8 = 1.0 ) 6.5 =~ 8.0
9 10— 33 18. 8.0 - 10.0
TABLE 12. SOURCE AND DETECTOR ENERGY BOUNDARIES FOR X-RAYS (keV)

L, 10 - 15 10. 79 = 90

4. 15 - 20 L1, 90. - 105
3. 20 - 25 1.2 105 - 120
4. 25 ~ 30 13 120 - 140
>, 3= 35 14. 140 - 160
6. 33 = &5 15 160 - 190
7 45 - 55 16. 198 - 220
8. 3y =65 % 220 - 260
9. o = I3 LS 260 - 300
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TABLE 13. SOURCE SPECTRA FOR NEUTRONS

Fission Weapon Thermonuclear
iGroup Energy Boundaries Source Values Source Values
(MeV) (Fraction in Group) (Fraction in Group)

1 1.07(-7) - 2.9(-5) 0 0

2 2.9(-5) - 1.01(-4) 0 2.00(-3)

3 1.01(-4) - 5.83(-4) 0 2.40(~2)

4 5.83(~4) - 3.35(-3) 0 122 (=1L)

5 3.35(-3) -~ 0.111 2.227(=1) 3.65(-1)

6 0. L1 - 0.55 1.693(-1) 1.02(-1)

7 0L 35 = 2. 1591(=1) 8.50(-2)

8 1Ll = 1.83 1.468(-1) 6.20(-2)

9 1.83 - 2.35 1.060(-1) 2.80(-2)
10 2. 35 - 2.46 5. 743(-3) 5.00(-3)

3¢ 2.46 - 3.01 2.871(-2) 1.90(-2)
15, 3.01 - 4.07 5.481(-2) 2.60(-2)

13 4.07 - 4.97 1.177(-2) 1.70(-2)

14 4.97 - 6.36 1.832(-2) 1.80(-2)

15 6.36 - 8.19 1.274(-2) 1.47(-2)

16 8.19 - 10.0 7.342(-3) 1.41(-2)
L 10.0 = 12.2 0.0 2.56(=2)
18 12,2 - 15.0 0.0 7.06(-2)
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TABLE 14.

SOURCE SPECTRA FOR GAMMA RAYS

Prompt Fission Delayed Source
Group | Energy Boundaries Source Values Values (Fraction
(MeV) (Fraction in Group) in Group)

1 0.02 - 0.05 3.084(-2) .0363

2 0.05 = 0.1 1.355(-2) .0580

3 0Ll = 052 8.164(-2) .1052

4 OFsINC RIS O S 6.872(-2) .0942

5 0.3 = 04 8.678(-2) .0835

6 g.4 = 0.6 1.7681(-1) .1380

7 0.6 - 0.8 1.4017(~-1) . 1090

8 0.8 - 1.0 1.0042(-1) .0835

9 3 P80 (M R 1.0729(-~-1) .100
10 1.33 = 1.66 6.183(-2) .0644
Ll 66" =10 2.0 3.935(-2) L0424
12 2.0 .= Za5 3.756(-2) .0401
L3 23 = 30 2.233(-2) .0218
14 3.0, = 4.0 2.116(-2) .0182
15 4.0 - 5.0 7.483(-3) .0054
16 S = 6.5 3.2301C=3) 0
17 6.5 =~ 8.0 6.790(-4) .0
18 8.0 = 10.0 1.580(-4) 28,
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TABLE 16. DOSE RESPONSE FUNCTIONS FOR GAMMA RAYS (rad/(Y/cmz))

Group gggigy Hepderson Concrete Air Silicon

(MeV) Tissue Kerma Kerma Kerma
1 0.05 8.37(-11) 5.90(-10){4.40(-11) | 4.13(-10)
2 Q.1 3.90(-11) 1.20(-10){9.75(-11) | 7.25(-11)
3 0.2 6.60(-11) 8.00(-21)]5.92(-11) § 7.25(-11)
4 0.3 1.22(-10) 1.20¢=-10)]1.11(=210) | 1.17(-10)
5 0.4 1.77(-10) 1.68(-10)(1.63(-10) | 1.65(-10)
6 0.6 2.56(-10) 2.42(-10)(2.38(-10) | 2.37(-10)
7 0.8 3.50(-10) 3.30(-10)|3.26(-10) | 3.28(-10)
8 1.0 4.45(-10) 4.10(-10) |4.10(-10) | 4.10(-10)
9 10233 5.30(-10) 5.05(-10)|5.05(-10) | 5.05(-10)
10 1.66 6.44(-10) 6.15(-10)|6.15(-10) | 6.10(-10)
Ll 2.0 7.35(-10) 7.15(-10)7.13(-10) | 7.12(-10)
12 RS 8.75(-10) 8.40(-10)|8.30(-10) | 8.40(-10)
13 3.0 1.08(-9) 9.80(-10)|9.52(-10) | 9.85(-10)
14 4.0 L. 27(=9) 1.18(-9) |1.12(-9) 1.20(-9)
15 5.0 1.59(-9) 1.46(-9) |1.34(-9) 1.48(-9)
16 6.5 1.76(-9) 1.80(-9) |1.60(-9) 1.83(-9)
7 8.0 2.07(-9) 2.18(-9) [1.90(-9) 2.28(-9)
18 10.0 2.42(-9) 2.65(-9) [2.24(-9) 2.80(-9)
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TABLE 17.

(rad/(x/cmz)) except the gold dose which is ((cal/gm)/(x/cmz))

DOSE RESPONSE FUNCTIONS FOR X-RAYS

Group ggZi;y Hggggizon Gold Kerma| Air Kerma Sééi;gn
(KeV)

1 15 6.05(-10) 6.39(-14) 4.68(-10) 3.56(-9)

2 20 2.89(-10) 7.32(-14) 2.04(-10) 1.73(-9)

3 25 1.70(-10) 4.82(-14) 1.24(-10) 1.00(-9)
4 30 1.12(-10) 3.44(-14) 8.09(-11) 6.49(-10)
5 35 7.99(-11) 2.59(-14) 5.78(-11) 4.52(-10)

6 45 5.48(-11) 1 -83i(=14) 4.07(-11) 2.94(-10)

7 55 3.97G=11L) 1.23(-14) 3007 (=11) 1.84(-10)

8 65 3.46(-11) 8.96(-15) 2.7 C=-1L) 1.30(-10)

9 75 3.37(-11) 6.80(-15) 2.79(-11) 1.01(-10)

10 90 3.54(-11) 1.65(-14) 3.06(-11) 8.19(-11)
11 105 4.06(-11) 1.93(-14) 3.55(-11) 7.12(-11)
19 120 4731 1.53(-14) 4.16(-11) 6.78(-11)
k3 140 5.58(-11) 1.22(-14) 4.95(-11) 6.883(-11)
14 160 6.59(-11) 9.68(-15) 5.92(-11) 7«36 (=Ll)
15 190 74961~ 1E1E) 7.54(-15) 7.19(-11) 8.22(-11)
16 220 9.67(-11) 4.83(-15) 8.76(-11) 9.50(-11)
L7 260 1.16(-10) 4.56(-15) 1.06(-10) 1.11(-10)
18 300 1.40(-10) 3.61(-15) 1.27(-10) 1.31(-10)
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TABLE 18. LOW ENERGY_X-RAY DOSE RESPONSE FUNCTIONS
(rad/ (x/cm#)) except the gold dose which

is ((cal/g)/(x/cm2))

oo s e s
1 0.1 - 0.2 3.79(-14) 5.349 (-8) 2.083(-7)
2 0.2 - 0.3 12.94(-14) 2.618(-8) 1.761(-7)
3 0.3 - 0.4 20.98(-14) 1.381(-8) 1.323(-7)
4 Q.4 = 05 23.29(-14) 1.339(-7) 1.001(-7)
5 0.5 - 0.6 23.44(-14) 1.279(-7) 6.295(-8)
6 Q.6 = 0.7 24.20(-14) 1.118(-7) 4.893(-8)
7 Qg = 108 22.92(-14) 9.043(-3) 3.918(-8)
8 0.8 - 0.9 21.70(-14) 7.450(-8) 3.213(-8)
9 0.9 - 1.0 19.91(-14) 6.198(-8) 2.684(-8)

10 1.0 - 2.0 14.26(-14) 3.477(-8) 2.918(-8)
11 2.0 = 3.0 18.56(-14) 1.189(-8) 7.063(-8)
12 3.0 = 4.0 21.56(-14) 6.083(-9) 3.837(-8)
k3 & 0v=1" 5.0 15.97(-14) 3.935(-9) 2.413(-8)
14 5.0 - 6.0 11.59(-14) 2.601(-9) 1.652(-8)
15 6.0 = £, 8.91(-14) 1.898(-9) 1.209(-8)
16 7.0 - 8.0 7.08(-14) 1.418(-9) 9.310(-9)
17 8.0 - 9.0 5.81(-14) 1.100(-9) 7.300(-9)
18 9.0 - 10.0 4.87(-14) 8.773(-10) 5.780(-9)
a3
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TABLE 19. ANGULAR QUADRATURES, COSINES AND ANGLES

Cosine Angle

Inden Quadrgture Quad?ature Boundary Boundary
Cosine Weight Lower Upper Lower Upper
1 -.989401 1.35763(-2)|-1.0 -.97284 | 180.0 166.6
2 -.944575 3.11268(-2) | -.97284|-.91058 | 166.6 155.6
3 -, 865631 4.75793(-2) | -.91058|-.81542 | 155.6 144.6
4 -.755404 6.23145(-2) | -.81542|-.69080 | 144.6 133.7
5 -.617876 7.47980(-2) | -.69080|-.54120 | 133.7 1228
6 -.458017 8.45783(-2) | -.54120|-.37200 | 122.8 111.8
7 -.281604 9.13017(-2)| -.37200|-.18940 | 111.8 100.9
8 -.095012 9.47253(-2) | -.18940|0.0 100.9 90.0
9 .095012 9.47253(-2)| 0.0 .18940 90.0 79.1
10 .281604 9.13017(-2) .18940| .37200 795 L 68.2
11 .458017 8. 45783 (-2) .372001 .54120 68.2 Dl
’ 12 .617876 7.47980(-2) .54120| .69080 S 46.3
3 . 755404 6.23145(-2) .69080| .81542 46.3 35.4
14 .865631 4.75793(-2) .81542| .91058 35.4 24. 4
15 .944575 3.11268(-2) .91058 | .97284 24. 4 13.4
16 .989401 1.35763(-2) .97284 (1.0 13.4 0.0
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5. AIR-GROUND AND EXPONENTIAL AIR CORRECTION FACTORS

The ATR data base is a parameterization of infinite air
results. Many problems of interest involve the location of a
source or detector near the air-ground interface or near the
"edge of the atmosphere'. A rigorous solution to the treat-
ment of these two extremes would involve the generation of a
much larger data base than that required for infinite air.
Because such a data base does not exist and its generation was
beyond the scope of the present work, an engineering approach
was taken in correcting the infinite air results to account

for the air-ground interface and the exponential atmosphere.

The earlier versions of ATR utilized a first-last collision
model which was dependent on the source height and detector
height in mean-free-paths. This model which was developed for
neutrons was also used for secondary gamma rays. It was ex-
tended for use for prompt gamma rays and modified for use in
treating the exponential air correction. It was realized that
the logical reasoning behind the appropriateness of a first-
last collision model does not hold for secondary gamma rays
and when a better data base became available it was incorporated
into ATR-3.

The correction factor approach based on a limited data
base leads to uncertainties in the results and the user should
examine the applicability of ATR for each particular problem
based on his accuracy requirements. For all correction factors,
corrections are only made to intensity and no change in spectra
or angular distribution results from a correction for the air-
ground interface or exponential atmosphere.
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5.1 AIR-OVER-GROUND FACTORS FOR NEUTRONS AND SECONDARY GAMMA
RAYS

For the neutron and secondary gamma ray transport model
in ATR, air-over-ground correction factors are based on calcu-
lations utilizing the two-dimensional discrete ordinates code
DOT.(16) Several dose responses were calculated in an air-over-
ground geometry for a series of source altitudes up to 300 m.
The calculations were performed with ENDF-IV cross sections in
the 22 neutron and 18 photon group structure of ATR. The
air and ground compositions employed in the calculations are
given in Table 20 and only two separate neutron sources were

used at each burst height - the 14 MeV source and the weapon

fission source given in Table 21. The source heights used
in the calculations were 1, 50,100 and 300 meters.

TABLE 20. AIR AND GROUND COMPOSITIONS
(atoms/b-cm)

Element Air (p = 1.22 g/2)|Ground (p = 1.7 g/cm3)
H 9.7656-3"
J N 4.0242-5
1) 1.0697-5 3.4790-2
Al 4.8828-3
831 1.1597-2

Read as 9.7656 x 10~ °.

Jorrection factors for air-over-ground radiation trans-
port involve the ratio of the air-over-ground result to the
infinite air result at the same slant range and air density.
The tissue dose in infinite air was calculated by ATR.
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TABLE 21. WEAPON FISSION SOURCE

Group Upper Energy (MeV) Spectrum
1 15 0.0
2 12.2 0.0
3 10.0 7.360-3"
4 8.18 1.274-2
5 6.36 1.832-2
6 4.96 17T =2
7 4.06 5.481-2
8 3.0L 2.871-2
9 2.46 5.743-3
10 2.35 1.060-1
11 1.83 1.468-1
12 1.11 2.159-1
13 0.55 1.693-1
14 0.111 2.227-1
15=22 0.00335 0.0
* 3

Read as 7.342 x 10~

In the air-over-ground calculations, for each source (14 MeV and
fission) there are four burst heights and for each burst height,
four target altitudes were selected at approximately 0.5, 50,

100 and 400 meters above the ground.

If D (Hs T
a function of source height (H ), target height (HT) and hori-
zontal range (R), and D (HS T,R) represents the infinite
air ATR tissue dose results in a similar functional form, then

R) represents the air-ground tissue dose as

the correction factor C(HS T,R) is

D (H R)
S’ T’
C(Hg Hp ) = o Ry
S’ T DA g HT’R

57




This correction factor was parametrized as a power series:

b n
,HTO,R) aO + a,R+ ... + anR

C(H 1

0
That is, for a given source height and target height, the cor-
rection factor is curve fitted as a function of horizontal range.
The number of terms is 4, 5, or 6 depending on which polynomial
fit gave the best approximation. For neutrons and secondary
gamma rays, two sources, four source heights and four target
heights, a total of 281 coefficients were necessary to ade-

quately represent the selected data base.

The correction factors are applied differently depending on

the source and detector heights, see Fig. 3.

HS (100 m)

-

o0 . 1 2 3 4 5 6 7 8 9 10 11

1{ 4a 3a

HT(lOO m)

[$2}

10

3b 5

11

Regions of Interest for Air-over-
Ground Correction Factors
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For a geometry configuration in region 0, (i.e. source less
than 300 meters and detector less than 400 meters) the cor-
rection factor C(HS,HT,R) is evaluated from the parametriza-
tion. In region 5, C(HS,HT,R) = 1. For the other regions

the correction factor is computed by the following formulae:

lOOO-HT
10F C1 =1+ {C(300,400,R) - 1} ~E50
1000-HS
C(HS,HT,R) =1+ (Cl-l) 00
1000—HS
28.. C(HS,HT,R) el 1 -+ {C(3OO,HT,R) = 1} —-7—00——
1000—HT
2b. C(HS,HT,R) =1+ {C(HS,AOO,R) £ 1} i _3_0_6——
ZOO—HT
Sar C(HS,HT,R) =1+ {C(3OO,HT,R) - 1} 500
200-HS
IOOO-HS
48. Cl ™ 1 *+ {C(3OO,HT,R) = 1} % —m——
200-HT
IOOO-HT
ZOO-HS
C(HS,HT,R) = Cl e {C(HS,QOO,R) = Cl} ¥ 'm——

59




These calculated correction factors then multiply the
infinite air results in ATR to produce the air-ground corrected
data. The correction factors from the parametrization of
the 14 MeV source are used for source energies above 5 MeV.

The correction factors from the fission source are used for
source energies below 5 MeV. Due to the parametrization in

the different spatial regions some minor changes in shape can
occur near the boundaries but these ''perturbations' are generally
less than 107%. Since the correction factors are based on a

tissue dose response, values for other responses may be in error.

5.2 AIR-OVER-GROUND FACTORS FOR PHOTONS

There is no data base or first-last collision model
similar to that developed for neutrons with which to correct
for air-ground interface effects on the transport of photons
in air. Because of the predominant forward scattering dis-
tribution of high energy photons, there is less of a perturba-
tion of infinite air results due to the air-ground interface.

The correction factors that were employed for the prompt
gamma-ray transport were based on a modification of French's(l7)
first-last collision method. Because the Klein-Nishina scatter-
ing distribution is peaked in the forward directions for gamma-
rays, those gamma rays which leave the source in directions
pointing away from the detector point (or target) will
have little effect on the dose at the detector. This is true
for photon transport in both homogeneous atmosphere and ait-
over-ground geometries. Calculations bv Woolson in infinite
homogeneous air(ls) and air-over—ground(lg) indicate that in
both cases the contribution to the dose from backward directed
photons is generally about two orders of magnitude or more
below the dose contribution from forward directed photons. This
suggests a revision of French's method to account for the fact
that the most important effect of the ground is to remove the
contribution to the dose from photons which have left the source

in directions toward the detector and scattered into the ground.
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The original first-last collision model does not dis-
tinguish between the directionality of the source particles
in accounting for the effect of ground removal of first
collisions or for the effect of removal of the last flight
photons due to the presence of the ground. To account for
these "effects" the model was modified for prompt gamma rays
by assuming that a fraction of the photons are unaffected.
That is

FY = (1-x) + xF

where FY is the prompt gamma-ray correction factor, F 1is
the first-last collision model correction factor and the para-
meter X 1s a number between zero and unity. The lower the
value of x the greater the importance of directionality, i.e.,
the effect of ground removal of photons is only important for
the fraction x of isotropically emitted photons and it is
assumed that (1l-x) photons are not affected by the ground.
The value of x was chosen, rather arbitrarily, to be .25 and

does not vary with photon energy.

The correction employed in ATR for the air-ground inter-
face effect on prompt photon transport can be expressed by
the equation

6 (Hg,Hy R) = F. (Hg) F, (Hy) ¢ (R)

where b(HS,HT,R) is the ATR result for source and target
heights HS and HT respectively at range R and ¢ _(R) is
the infinite air fluence at range R. The functions FY(HS)
and FY(HT) are the modified source and target first-last col-
lision model correction factors for prompt gamma rays. These
factors are given in Table 22 as a function of the number of

mean-free-paths from the ground.
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TABLE 22. AIR-OVER-GROUND CORRECTION FACTORS
FOR PROMPT GAMMA RAYS

Mean Free F(H.) F(H_)
Path S T
0.00 0.834 0.875
0.01 0.843 0.882
0.02 0.847 0.887
0.05 0.855 0.897
0.10 0.867 0.910
Q.25 0.893 0.935
g.50 0.921 0.959
073 0.943 g9
1.00 0.961 0.981
1.50 0.983 0.991
2.00 0.992 0.995
3.00 1.000 1.000

This method of correcting for the air-over-ground per-
turbations in gamma ray transport does not account for the
increased dose over the infinite homogeneous air dose for
ground ranges close to the source for source heights within,
say, 100 meters of the ground which is due to albedo scattering

in the ground.

Correction factors for the air-over-ground interface
effect for X-ray transport were derived from a series of photon
transport calculations performed by Coleman to generate EMP
sources due to the air-ground asymmetry. Coleman reported
results for 1 meter and 200 meter source heights and horizontal

ranges to 1000 meters.

An analysis of this data indicated that doses at targets
above the source point for most cases were within 10-20% of the
infinite medium doses for the same slant range. This data also
indicated a general trend that the dose at ground targets was
on the order of 507 below the infinite medium dose.
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A two dimensional air-over-ground correction function
CX(R,y) was generated from Coleman's data for X-ray transport.
This function is used in the following manner

b (Hg,Hp,R) = C (R,y) ¢, (R)

where b(HS,HT,R) is the ATR result for source and target

heights HS and HT respectively at range R, ¢ _(R) 1is the

infinite medium fluence at range R and y = HT/HS. Tabulated

values of the correction factor CX(R,y) are given in Table 23.
Functional values for given R and y arguments are found by
interpolation in the table. Correction factors are employed
in this model only if the target height is within 200 meters
of the ground.

TABLE 23. VALUES OF THE X-RAY AIR-
GROUND CORRECTION FACTOR

Range y = HT/HS
<) 0 3 20
50 0.12 0.201 412
95 0.16 0.35 B
140 0L 0.37 85
185 .19 0.42 .86
223 0.224 0.45 .87
273 0.286 0.54 .89
325 0.39 0.65 P
373 0.48 0.68 1.0
425 0.48 0.70 it .:0
475 0.48 0.72 L0
525 0.49 0.73 L0
575 0.50 0.74 1,
645 0.50 0.83 1.0
715 0.50 0.83 1.0
785 0.50 0.83 L.Q
855 0.50 0.83 1.0
925 Ue 3D 0.85 L0
1000 0..959 0.90 Q)
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b CORRECTION FACTORS FOR EXPONENTIAL ATMOSPHERE

Due to the decrease in atmospheric density near the
"edge'" of the atmosphere, radiation transport results may
exhibit a significant departure from results which are scaled
by the mass thickness of air along a line from the source to
detector. At altitudes above 40 km, the dose may deviate sig-
nificantly from one dimensional, density scaled results because
of significant changes in atmospheric density over distances

comparable to a particle mean-free-path.

Corrections for non-uniform air density effects were ob-
tained by extending the first-last collision model to include
the density variation versus altitude in the numerical integra-
tion scheme. The first collision correction factor for source

altitude was obtained by numerical integration of the equation

(Z)/Q +7Z

i
u e o) = i

F<HS) = ‘*)T‘ f f LiCART. (2)82 7 dXdz
= —HS X“+Z

where is the total cross section in air in cmz/gm, W(Z) 1is

i
a weighting factor given by F(HS+Z) to account for multiple

scattering and is obtained by an iteration of the above equation.

A term to account for reflection is zero, since neutrons are
not reflected from the top of the atmosphere.

The last-collision correction for target altitude was ob-
tained from numerical evaluation of the above integral without
the weighting function. The numerical results for F(HS) and
F(HT) are listed in Table 24 as a function of altitude in terms
of the mean-free-path to the top of the atmosphere. These cor-
rection factors were applied uniformly to the scaled infinite-
air results in ATR for both neutron and secondary gamma rays.
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TABLE 24. EXPONENTIAL AIR CORRECTION FACTOR FROM
THE FIRST-LAST COLLISION MODEL AS A
FUNCTION OF MFP FROM THE TOP OF THE
ATMOSPHERE

)
%
2 o}
=
N

H (MFP) F(HS)

0 0

.067
.092
S183
.166
.210
<20
i
.491
.642
. 808
920
e ik
.985
- 996
.000

Y VT O M 5 TR S s TR 2o RN o T s SR o Y o IR o 1 0 (O

OO O 9 90O O 0 QO O 0 0 9 O
O O 0 800 90 OO0 O 0 0 a o

Verification of the adequacy of this model is not complete due

to the lack of an adequate data base.

There are no high altitude correction factors in ATR for
prompt gamma rays and for X-rays. Results at high altitudes
for these sources are infinite air results scaled to the actual
mass thickness of air. When an adequate data base becomes avail-
able, correction factors should be included for photon sources.




In summary, air-ground correction factors based on
Henderson tissue dose are used to correct the intensity of
infinite air results for neutrons and secondary gamma rays.
Only intensity corrections are made to energy-angular distribu-
tions and corrections are based on results for a 14 MeV source
(for source energies greater than 5 MeV) and on results for a
fission source (for source energies less than 5 MeV). A
modified first-last collision mcdel is used for prompt gamma
rays and a data base is utilized for X-rays. Exponential
atmosphere corrections are based on a modified first-last
collision model for neutrons and secondary gamma rays and
no corrections are applied to prompt gamma ray and X-ray re-
sults. As a more complete data base becomes available, both
the air-ground and exponential atmosphere correction factors
should be reevaluated.
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6. ATR COMMANDS

In the development of ATR, attempts were made to utilize
a command structure which is user oriented, simple and con-
venient yet provide a wide variety of options for describing
the problem. The ATR command structure can be divided into
four separate groups:

Source
Geometry

Output

Execution

The source commands deal with the description of the source
energy distribution and intensity for the various components
of radiation. The geometry commands are used to describe the
burst, ground and detector locations. The output commands are
used to insure that the required quantities are available in
the desired units. The execution commands provide the means of
performing several calculations without repeating all the in-
put.

All of the commands utilize the same basic structure;
a typical command is of the general form:

*<COMMAND WORD>, <UNITS DEFINITION>,<LIST OF VALUES>

All commands must begin with an asterisk. If an ATR command is
too long to fit on a single 80-character line, the command may

be continued on subsequent lines not beginning with an asterisk.

The restrictions on continuation are that no single part of an
ATR command, such as a number, may itself be split into two
lines and there should be at least two numbers (values) on the
first card image. The command word is generally a mnemonic

name for the type of action to be taken.
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Figure 4 illustrates the various general commands and
the portion of ATR affected by each. A list of the command
words is given in Table 25 with a verbal description of the
command words given in Table 26, and a summary description
of the ATR commands is given in Table 27.

The second field of the general command, or units de-
finition, is delimited by commas. The units definition field,
which is optional, serves to explain the meaning of the

numbers in the list of values that follows. Typical units

include:
MEV = Energy values
KEV = Energy values
PER MEV - Source values
COS - Cosine angle values

Specific sets of unit definitions are appropriate for
each command. A default unit definition has been selected
from the set appropriate to each command, and is used when-
ever the units definition with its surrounding commas are

omitted.

The list of values field of an ATR command is used to
specify the numerical data a command may require. A number in
a list may appear in a variety of forms to suit the particular
user or problem. For example, some of the forms in which the

number 400. may appear are as follows:
400 400. 4.E+2 4.+2 4+2 4000-1

At least one number must appear in a list of values element.
Two or more numbers are separated from one another by the

occurrence of one or more blank characters. Therefore, the

user is restricted from specifying a number in which internal
blanks appear, or which is split on two or more card images.
A further restriction exists upon the magnitude of such
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TABLE 25. LIST OF COMMANDS

*z~SOURCE(i) value
*z~SVAL, units, values
*z-EVAL, units, values
*z-NORM value

*z-YIELD value
*BBODY-y, units, values
*FP-y, value

*xx, units, value(s)
*Cxx, units, value(s)
*GROUND, units, value
*EXC, 4PIRSQ

*DEL command(s)

*STOP

*FIN

*TITLE n
*PRINT/z/ (i, i
*WRITE/z/ (i i
*DOSE/z/

9 e
2 iy

*CONSTRAINT/z/ (xx i value), units
*FLUXWT/z/, units, values
*E~-REGRP/z/, units, values
*A-REGRP/z/, units, values
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SOURCE (1)

SVAL

EVAL

NORM
YIELD
BBODY

FP

XX

Cxx

GROUND
TITLE

PRINT

WRITE

DOSE
CONSTRAINT

FLUXWT
E-REGRP

TABLE 26. SYNOPSIS OF ATR COMMAND WORDS

indicates that the ith source option will
be chosen

indicates that an energy dependent source
intensity will be entered

indicates that the energy group boundaries
will follow

source normalization value follows
yield of the weapon

indicates that a black body X-ray source
spectrum will be specified

indicates parameters for fission product source

indicates that the geometry component and
associated values will follow

indicates the location of constant response
calculation

specifies the ground elevation above sea level

alphanumeric character string identifying the
problem

specifies which response option will be
printed as output

indicates which response options will be
written on an external storage device

indicates types of dose to be calculated

indicates that the coordinates for a constant
response value are to be determined

fluence weighting factors which are to be input

regroups energy dependent fluences into desired
energy groups
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TABLE 26.
A-REGRP -~
EXC =
DEL =
STOP -
FIN -

SYNOPSIS OF ATR COMMAND WORDS (Cont'd.)

regroups angular dependent fluences into
desired angular bins

an action command to execute the problem
specified by prior input

deletes individual geometry or output commands

indicates the end of a problem, initializes
input flags

indicates the end of a session
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numbers since a number is interpreted as a function of up to
three integer parts (a whole part, a fractional part, and an
exponent), none of the parts of a number may exceed in magnitude
the greatest integer value appropriate to the host machine, nor
can the number generated from these three parts exceed the host
machine's allowable range of representable numbers.

There are three different numeric formats in which
data may be input:

1. A string of numbers all separated by one or more
blank characters from each other.

2. A starting and ending number separated by an incre-
ment specification in parentheses.

3. A repetition factor followed by an asterisk(*)
character followed by the number to be repeated.

Numeric entries of all three types may be mixed and can be used

in any order.

A detailed discussion of the input commands is given in
the next four sections.

6.1 SOURCE COMMANDS

The source commands are number 1-7 in Table 25.
There are several ways that an ATR source spectrum can be
specified. For each particle in ATR there are standard,
built-in source spectra which can be used or new values may

be input. The following specific commands may be used.

*z-SOURCE (i) wvalue

z = N, G, X for neutrons, prompt gamma rays, and X-rays re-

spectively, and has the same meaning for other source
related commands.

i=1, 2, 3, 4, 5, or 6 with meanings that are described in
Table 28 for each particle.
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TABLE 28. SOURCE OPTIONS FOR ATR

invi;?SOS§Cé (i) . Neutrons Ggg;ggéays X-Rays
il Fission Fission Black Body
2 Thermonuclear Not Used Not Used
3 12.2-15 MeV Not Used Not Used
4 Histogram Histogram  Histogram
) Point Polnit Point
6 Fission/ Not Used Not Used

Fusion Mix

For example, the command: *N-SOURCE(1l) will select the
internal spectrum for the neutron fission source (see Table 13
for the actual values) which then will stay in effect until it is
replaced by another neutron source command. (Note that the
neutron detector energy spectrum covers a wider range than
the source spectrum.) For X-rays the *X-SOURCE(l) command
must be accompanied by *BBODY-y commands to specify the para-
meters of the black body spectrum.

Histogram and point values of the source spectrum can
be entered by using the *z-SOURCE(4) and the *z-SOURCE(5)
commands respectively in conjunction with the *z-SVAL and

*z-EVAL commands which are used to enter source values and
corresponding energy values. Only the *z-SVAL is needed if
the source values being entered correspond to the internal
energy structure. The source values must be placed in se-
quence of low to high energy values. When both the source
and corresponding energy values are input,then the energy
values either correspond to histogram boundary values by
having one more energy value than source value, or they cor-
respond to point source values in which case there will be
the same number of energy and source values. Again, the
energy values must be specified in ascending order, and the

source values must correspond to the energy values.
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In the event that external energy values are specified,
routines are called by ATR to regroup the source values to the
internal energy-source group structure. The user must exercise
caution when the input spectrum to be regrouped contains ex-
treme gradients at the end points or embedded zero source values.
The maximum number of energy or source values is arbitrarily
limited to 50.

Source spectrum normalization (in units of particle/KT)
and yield (in units of KT) can also be affected by using the
*z-NORM and the *z-YIELD commands. The spectrum will not be
normalized if *z-NORM is not specified (standard internal
spectra are normalized to 1). The default yield is 1 KT. The
total source output which is printed with the source spectrum

configuration is the product of the normalization and yield.

Some care must be exercised in source specification when
running sequential problems with ATR. When both sourco and
energy values are needed it is not adequate in sequential
problems to specify only the source values. Subsequent problems
in which only source values are given will assume the source
values apply to the internal energy group structure. Therefore
both the energy and source values must be specified every time

one or the other is to be changed.

It is a common programming technique for a user to set
up energy and source values in one problem, changing only the
yield and/or the normalization for subsequent problems. When
both the yield and the normalization are subsequently specified,
there is no confusion. When the normalization is specified

at least once, and only the yield is changed, ATR will always
normalize the source spectrum to the given normalization before
administering the yield. 1If the yield is never specified, it

is assumed to be unity. A problem can arise if the normalization
is never specified. Because ATR assumes no inherent normalization,
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it integrates the source and uses the result as the normaliza-
tion (but does not save that number as the normalization value
for subsequent problems), and then administers the yield. There-
fore, if only the yield is changed in the next problem, ATR will
integrate the source spectrum it used for the previous problem

to arrive at a new normalization. In other words, the normaliza-
tion for the next problem is essentially the total output from
the previous problem. Therefore a normalization should be
specified at least once even if the standard internal source

spectra are used.

The '"value" is only meaningful for z=N and i=6 in which
case the value (between 0 and 1) represents the fraction of
fission neutrons relative to the total number of neutrons
(fission + 12.2 - 15 MeV).

Examples:
1. *N-SOURCE(2)

which selects the internal thermonuclear spictrum
(no other commands are necessary for the source
spectrum specification).

2. *G-SOURCE(1)

which selects the internal prompt gamma ray fission
spectrum.

3. *X-SOURCE(4)

which means that accompanying *X-SVAL and optional
*X-EVAL command(s) specify an external X-ray histo-
gram source.

&, *N-SOURCE (6) )
which selects a neutron source of fission/fusion

(i.e., 12.2 - 15 MeV) mix each contributing one-half
to the total source spectrum.
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*7-SVAL, units, values

Z = N, G or X.

PER MEV, PER KEV, PER GROUP, and defines the units on the
source values. If the units are not specified then the
default choice is set internally to PER GROUP.

units

values= source values corresponding to either the internal energy
structure or the energy values read in by the *z-EVAL
command. The order is assumed to be from low energy to
high energy.

For X-ray sources and when the *X-SVAL command is used alone
without the *X-EVAL command (see below) then the source spectrum
is represented in a 20 group structure: The two summary groups
followed by the standard 18 groups. When both the *X-SVAL and
*X-EVAL commands are used, the low energy groups are regrouped
into the internal 18 fine groups and the spectrum above 10 keV
is regrouped into the high energy 18 groups for internal repre-
sentation. The output will appear in the 20 group structure

as discussed above.
Examples:
I SIS SVAES - O S S 3SR IR
which defines the neutron source values for the low
five energy groups. Other groups are automatically
filled with zeros.
2. *N-SVAL, PER GROUP, .01 10 33 100 20.

which has precisely the same effect as Example 1.

8 *X-SVAL; PERCKEVGS 2002 Lo 3 SIS

which puts source values into the lowest eight energy
groups of the X-ray source spectrum where the first
two groups are .l1l-1. keV and 1. - 10 keV.




*z-EVAL, units, values

% = N, G, X.

units = MEV, KEV. The default unit is MEV for neutrons and
prompt gamma rays and KEV for X-rays.

values = source energy boundary values (if option (4) was
chosen) or source energy point values (if option (5)
was chosen). The order is assumed to be from low to
high energy values.

Examples:

1. *N-EVAL 1E-7 1E-4 2E-2 .11 .56 2 5 12.2 15
which defines the source energy values in MeV for
neutrons.

2. =X-EVAL, KEV, 10 50 1700 235
which defines the X-ray source energy values in keV
although the unit designation is not necessary since
the default unit definition is keV for X-rays.

*2-NORM value
z = N, G, X.
value = source normalization in particle/KT. The default value

of the internal source spectra is 1 and there is no ex-
plicit unit definition for this command.

Examples:
L.

*N-NORM 2+23

which normalizes the neutron spectrum to the value of
2.1023 neutrons/KT.

*G-NORM 1

which normalizes the prompt gamma ray source spectrum
to 1 gamma ray/KT.




*z-YIELD value

=% = N, G, X.

Il

value source yield in KT. The default value of the source

vield is 1 and there is no explicit unit definition
for this command.

Examples:

1. *N-YIELD 100
which produces a yield for neutrons of 100 KT.
2. *G-YIELD .2

which produces a prompt gamma-ray yield of .2 KT.

*BBODY-v, units, value(s)

y = one of E, T or W representing the total energy
normalization, black body temperature or weight
associated with each black body component.

units = KEV, MEV for y=T (default unit in KEV) and is KEV,
MEV, KT (kiloton) for y=E (default unit is KT). y=W
indicates the fraction of energy in each black body
component.

value(s) = total energy value or temperature values or weight

values.

This command only applies to X-ray source spectra which
are described by components represented by a black body dis-
tribution. The black body spectrum specified in terms of

frequency, v, is written in standard notation

3
_ 8mhv i
B} = S JReRTE]
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and the total energy released is,

f“’U(E) Froe g (k) f x3dx _ 8n(xD)* (ﬁ)
0 R g et G VD

where X = hv/KT.

If we define the energy normalized spectrum by:

3
ok d
g(E)dE = X

Ofmg(E) dE. = 1

then the correspodning number spectrum is given by:

w
>
>

"5

(]

so that

2 |
£(E)dE = 1_2- . ’K‘1T Xxdx :
T e -1

The total number of photons emitted for an energy normalized
spectrum is,

L
i

f F(E) dE
0

It can be shown that

I
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ks 8] X2
f f— dX = £(3) - T(3) = 2.404
0 e -1

where ¢ is the Riemann Zeta function and I the gamma function
and
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so that when

then

" F(E) dE = .37/KT
i

For a series of black body energy weights Wi such that

§wi=1, and for a total energy output E then the number of

T ’
photons in energy group (Eg, Eg+1) is given by

3 s e
N, = 2By ] o ./. £'(E) dE
" L £

where £'(E) = Ez/eE-l and the total number of photons is

N

W.
_ i
T " ET(.37) /] KTZ

Notes on black body source spectrum specification:

1. If no y=E command is specified,then the default
value E=1 keV will be used.

2. If only one value is given on the y=T command and
no y=W command is present  then wl 1s set to 1
automatically.

3. If more than one value is given by the y=T command,

then there must be the same number of values given
by the y=W command.

Examples:

1. *X-SOURCE(1)
*BBODY-E .2
*BBODY-T 25
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which specifies one black body x-ray spectrum with
the following parameters in terms of Eq. (1):

= { = 2 =
E 2R, T 25 ke, Wl 1

2. *X-SOURCE(1)
*BBODY-E 20
*BBODY-T, KEV, 3 12 28
*BBODY-W .5 .2 .3

which specifies a composite of three black body spectra
with the following parameters: N=3, E = 20 KT, T; = 3 KEV,
Ty = 12 KBV, T3 = 28 KEY, Wy = .5, Wp = .2, W3 = .3. That
1s 507% of the energy is represented by a 3 ‘keV black body
spectrum, 20% by a 12 keV and 30% by a 28 keV spectrum.

*FP-y values

Y for defining the yield in KT
F for defining the fission fraction

«
"o

I

value yield in KT or fission fraction

Since the fission product model is source spectrum independent,
these are the only commands that are needed. The fission
fraction is preset to one in ATR and is the default value.

There is no default value for the yield.

Examples:

I ARP =¥ 100
*FP -F D

represents a weapon yield of 100 KT and a fission
fraction of .5.

6 2 GEOMETRY

The geometry configuration for ATR is illustrated in Fig.2
(pg. 17) where the component coordinates are:

source altitude

]

HS(HS)

HT(HT) = target altitude




RS(RS) slant range

RH(RH) = horizontal range
6 (AN) = slant angle

Three consistent component specifications define a complete
geometry configuration with respect to the ground level (as
long as one of them is either HS or HT), and the other two

components can be calculated from the three. Therefore, ATR
requires the specification of three geometry components, one
of which may have up to 50 different values. The specified
output results are then displaved for the various geometry

combinations. The format of the input command is
*xx, units, values

where xx 1is replaced by one of HS, HT, RS, RH, AN. The unit
options include most of the reasonable units that are ap-
propriate. Values may be specified in a list separated by
blanks or in the format: ny (n) n,, signifying values rang-
ing from n, to n, in steps ‘of n. In this case n, must be

arithmetically greater than ng.

Two of the possible geometry coniigurations result in
ambiguities. When RH, RS and HT are specified, there is no
inherent information whether HS should be placed above or
below HT. In order to resolve the ambiguity the characters
"+'" and '"'-" should be used with the *HT command to indicate
that HS should be placed above or below HT respectively (e.g.,
*HT -~ 1000). The other ambiguity occurs when RH, RS and HS are
specified and the placement of the target height is in question.
In this case, the + and - characters are used with the *HS com-
mand to place the target above or below the source respectively.
1f no character is specified then the default is +.

There is also an option in ATR to move the ground to a
desired altitude. It is effected by the *GROUND command and




all specifications involving HS and HT are interpreted relative

to the ground. When sequential runs are computed with ATR, the

ground is not automatically reset to zero unless respecified by

another *GROUND command or a *STOP command is encountered.

To specify the fixed coordinates for a constraint calcu-
lation, the command: *Cxx should be used in conjunction with
the *CONSTRAINT command. In this case xx has the same meanings

and options as the other geometry components (except RS, the
slant range, is not allowed as it is the geometric component

to be determined by the constraint problem).

*xx, units, value(s)

one of RH, RS, HT, HS and AN denoting horizontal
range, slant range, target height, source height,
and slant angle respectively (Fig. 2).

XX

one of M (meters), KM, MILE, YD, KFT, and FT for

the distance specification and one of DEG (degrees),
RAD (radians), and COS (cosine) for the angle speci-
fication. Because of the symmetry of the geometry
configuration about the source the range of admissible
angles is from -90° to +90°. Default unit for the
distance specification is M (meters) and for angle

it is DEG (degrees).

units

value(s) = one or more values of the corresponding geometry
component. The maximum number of values for any
coordinate is arbitrarily fixed at 50.

As mentioned above, three of the geometry commands define
a complete ATR geometry. Each geometry component may have
several values in principle; however, the intended use is for
two of the components to have single values and the third °
component to have one or more running values. Another typical
use is to have multiple values for two components and one value
for the third, in which case the two components with the multi-
ple values will be successively paired and used with the single

value of the third component.
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There is a special unit definition option (CM) for
xx = RS which is allowed if the following geometry configuration
is specified: HS, HT, RS. In this case the values associated
with the xx = RS command are interpreted as g/cm2 of the slant

range. The GM unit option is restricted to this configuration
only.

Examples:

T eHE E, RN S
SRS, KFE, .5 (.5 10
*RH 100

which specifies the target height at 1 kilomete,
several values of the slant range starting at .5
kilofeet and ending at 10 kilofeet in steps of .5
kilofeet, and the horizontal range at 100 meters.
Note that the coordinates may be specified

in different units. Also, the source altitude will
be calculated to be above the target altitude.

2. *HS 2000
*AN, DEG, 10 (10) 80
*RS, KM, 1

which specifies the source altitude at 2000 meters,
the slant angle ranging from 10 degrees to 80 degrees
in steps of 10 degrees, and a slant range of 1 kilo-
meter. The DEG unit specification for the slant
angle is superfluous since it is the default unit.

34 =HS, KM, 2
ZHE KM, 2
*RS, GM, 50 120 380 410 550

which specifies coaltitude source and target

at 2 kilometers above the ground and the slant range
of 5 different values in units of g/cm2.

*Cxx, units, value(s)

XX = RH, HT, HS or AN.
units = same as above.
value(s) = one or more values specifying the geometry component.
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Two of these constraint geometry commands must accompany
the *CONSTRAINT command with one of the geometry components hav-
ing a single value and the other having one or more values. If
both have more than one value then ATR will arbitrarily pick the

first value of one of the coordinates as the fixed value.

Examples:

I

[RS]

*GROUND,

*CHS, KM, 10
*CAN -90 (10) 90

which defines the fixed coordinates for a constraint
calculation. The source altitude is fixed at 10 kilo-
meters and the slant angle has several values between
-90 degrees and +90 degrees in steps of 10 degrees.

*CHT, KFT, 0 20 50 80 150 180
*CAN 0

which specifies six different configurations for the
target altitude in kilofeet and zero slant angle.

units, wvalue

units =

value =

same as distance units above.

distance value of the ground relative to sea level for
the ATR problem geometry.

If this command is not specified then sea level will be

used for the ground level. If this command is specified, cor-

responding HS or HT specifications are interpreted relative to

the ground level.

Examples:

L.

*GROUND, KM, .5

which specifies the ground to be at half of a kilo-
meter above sea level.

*GROUND 500

which has the same effect as example (1) since the
default unit definition is meters.
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6123 OUTPUT

This section contains the description of commands that
either directly or indirectly affect the output of results from
ATR. By specifying several of these options, many different
problems can be run concurrently.

There is a problem counter built into ATR which is auto-
matically incremented by one every time an *EXC command is
encountered; however, each of these problems can be assigned
a title by using the *TITLE command. The problem counter is
reset to one following a *STOP command.

The primary output mechanism is embodied in the *PRINT
and *WRITE commands, by which the fully detailed angle-energy
output of ATR response characteristics can be obtained. It is
also possible to limit the detail of the output to obtain an
integral radiation response environment. Table 29 contains the
possible ATR response options corresponding to options in the
*PRINT and *WRITE commands and Table 30 further details the
units associated with the responses. Of course, the output

is labeled with the proper physical units for all of the responses.

The read and print logical unit definitions correspond to
the industry standards. The built-in logical unit values are:

5: input unit for command inputs
6: output unit associated with *PRINT command

8: output unit associated with *WRITE command.

The *WRITE command is used to place the results from ATR on an

external storage device such as disk or magnetic tape for further
analysis.

Dose at several geometry coordinates can be obtained simply
by the use of the *DOSE command and in this case no other output
command is necessary. There are eight sets of built-in dose re-

sponses for neutrons and four for photons, see Section 4 for

’
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values of the response functions. In the event that the standard
dose responses are not adequate, the user can specify responses
of his own by the *FLUXWT command. Up to five sets of these out-
put commands can be specified: one each for neutrons, secondary
gamma rays, prompt gamma rays, combined secondary and prompt
gamma rays, and X-rays. These responses are stored until deleted
by the *DEL command or *STOP command or the termination of the
program by the *FIN command.

Isodose contour values of any of the integrated responses
can be obtained by the use of the *CONSTRAINT command which cal-
culates the geometry configuration corresponding to a predeter-
mined response level for given values of two other geometry

coordinates.

The output of differential results or results integrated
over only one of the independent variables can be displayed
according to user-desired energy or angle boundaries by using
the *E-REGRP or *A-REGRP commands respectively. The output
will be regrouped from the internal energy and/or angle repre-
sentation to the user specified boundaries. These two .ommands
can be used individually or together. If a full angle-energy
distribution is specified by the output commands, then a two-
dimensional regroup will take place before the results are
displayed.. The angle and/or energy spectrum is regrouped over

the ranges specified by these commands.

It should be emphasized that for any given ATR problem
any and all of the output commands can be specified for any
and all of the particles provided that the set of commands is
consistent and that the proper source spectrum has been specified.
An ATR problem in this sense includes all cumulative specifica-
tions prior to an *EXC command. One example of inconsistent
output definition is to specify *E-REGRP or *A-REGRP without
specifying a non-zero response index for either a *PRINT or
*WRITE command.
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6.4 SPECIFIC OUTPUT COMMANDS

*TITLE n

n = up to 74 characters used as a problem descriptor title to
identify the output. The title will remain in effect until
a new title is entered or a *STOP command is encountered.

*PRINT/Z/(iliz...)

z =N, G, X, NG, GG, T representing neutrons, prompt

gamma rays, X-rays, secondary gamma rays, coOm-
bined prompt and secondary gamma rays and total
response respectively. The GG option sums the
quantities obtained for the secondary gamma rays,
prompt gamma rays and fission product gamma rays.
The T option is used in conjunction with the PRINT,
DOSE and CONSTRAINT commands to obtain the total
neutron plus total gamma ray results for the fol-
lowing doses:

Henderson Tissue

Concrete

Air

Silicon (ionizing)
The resulting reponse value, of course, will depend
on which source defintions are present. That is,
if both neutron and prompt gamma ray source spectra
are specified than all three values of neutron,
secondary gamma ray and prompt gamma ray results
are accumulated. If only the neutron source spec-
trum is specified, then the results for neutron and
secondary gamma ray radiation are accumulated. Table
31 details the possible input and output configurations.

i

l,i2,etc. = integer values between 0 and 13 separated by

blanks corresponding to the response options
listed in Table 29. Note that options 9 through
12 are used only for neutrons. If a minus sign
(""-") precedes the number, the fully differential
angle-energy display of the output will be sup-
pressed and only output detailing the response as
a function of angle (integrated over energy) and
as a function of energy (integrated over angle) is
displayed accompanied by the cumulative total re-
sponse. The minus sign makes no sense preceding
the 0 option which is the summary print option
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TABLE 31.

OUTPUT POSSIBILITIES AS A FUNCTION

OF SOURCE SPECIFICATION

Dose or Required
Constraint Source Effective
Activated By Specifications Qutput
N N N
G G G
X X X
FP FP FP
NG N NG
GG N,G NG+G
GG N,G,FP NG+G+FP
GG N,FP NG+FP
GG G,FP G+FP
& N N+NG
T N,G N+NG+G
T N,FP N+NG+FP
T N,G,FP N+NG+G+FP
Key: N: Neutron
G: Prompt Gamma Ray
X: X-Ray
FP: Fission Product Gamma Ray
NG: Secondary Gamma Ray
GG: Combined Gamma Ray
i Total
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which includes total integrated quantities of
Henderson tissue dose, ionizing silicon dose,
fluences, currents, external flux weight and

average energy.

The summary printout also includes forward and
backward quantities which are obtained by inte-
grating over the forward angles (i.e., p > 0) and
backward angles (i.e., u < 0) respectively. Any
number of appropriate integer options may be in-
cluded and their order is immaterial. Also, print
option commands are cumulative through successive
*EXC commands unless turned off by using the *DEL
command. Fission product dose output cannot be
obtained using the PRINT command--the DOSE and
CONSTRAINT command must be used.

Examples:

1. *PRINT/N/(0 -1 4 -9 13)

which specifies the output for neutrons of the
summary as well as following responses: number
fluence (omit full energy-angle detail), energy
current (with full energy-angle detail), concrete
dose (omit full detail) and external flux weight
(with full detail).

2 *PRINT/GG/ (0 -2 6)
which specifies the summary of re: <« , number
current (omit full detail) and conc: . dose re-

sponse for combined secondary and prompt gamma
rays.

3. *PRINT/X/ (6)

which specifies the full detailed printout of the
gold dose response for X-rays.

4. *PRINT/T/ (0)

which specifies the summary of the total responses
from all specified sources.
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*WRITE/Z/(il iz gt )

This command is analogous to the *PRINT command in terms
of option interpretation with the exception that options 15 and
16 must be specified if the results from the *DOSE or *CONSTRAINT
commands, respectively, are to be placed on the external stor-
age device. (Note that option 14 is not used.) Options 15 and
16 are not used with the *PRINT command because the *DOSE and
*CONSTRAINT commands automatically turn on the corresponding
print options.

The consequences of the *WRITE options are precisely the

same as those of the *PRINT options except that they are
output to a different output device.

Examples: |
1. WRITE/NG/(2 5 8) !

which specifies the detailed output of number current,
Henderson tissue dose and silicon dose for secondary
gamma rays to the external storage device.

2. WRITE/G/(6 15 16)

which is the specification of detailed output of con-
crete dose, the results from the *DOSE command and
the results from the *CONSTRAINT command for prompt
gamma rays to the external storage device.

*DOSE/z/
z=N, G, X, NG, GG, T, FP

This command automatically prints integrated dose values
as a function of the running coordinate specified by the geom-
etry setup. There are eight different dose responses for
neutrons and four different dose responses for photons.

The FP command is used to activate the fission product
model. The summary and other print options cannot activate
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the fission product model because there is only dose informa-
tion in the model and also because it does not contain any

T

angular dependence. Table 31 details the possible output
configurations for the DOSE and CONSTRAINT commands as a
function of source specification. This table illustrates

which sources must be defined in order to get the effective
output when the '"particle' definition construction is used. For
example, if the command *DOSE/GG/ is specified for the output
and neutron, prompt gamma ray and fission product sources are
specified, then the output will be the sum of secondary gamma
ray plus prompt gamma ray plus fission product gamma ray

radiation.

Examples:
1% *DOSE/N/

which specifies the dose vs. running geometry co-
ordinate for neutrons.

2. *DOSE/X/

which specifies the dose vs. running geometry co-
ordinate for X-rays.

5l *DOSE/FP/

which specifies the fission product dose at the
running geometry coordinates.

4. *DOSE/T/

specifies that the total dose from all specified
sources be determined for the running geometry
coordinate.

*CONSTRAINT/z/(xx i value), units

z = same as for DOSE.

XX = RS.

o | = is the response designator (only options 1-13 are
meaningful).

v




value

units

constant response value of (non 4nR2) fluence, current,
dose or external flux weight for which the constraint
geometry is evaluated. The value cannot be a 4mR2 re-
sponse, since this may be double valued.

same as the standard distance unit definitions. This
unit definition designates the output units of the geo-
metry distance coordinates. If no units are specified,
the default is meters.

This command combined with two geometry coordinate speci-

fications calculates the value of coordinate RS which corresponds

to the predetermined response level given by the value. Of

course,

care must be taken to specify a consistent and valid set

of geometry configurations.

Examples:

)

*CONSTRAINT/N/(RS 13 3+15), KFT

This combined with two commands (Cxx) of constraint
geometry coordinates specifies isodose values of the
slant range (Rg) for neutrons where the response
value is 3-1012 of the external flux weight. The
distance values will be output in units of kilofeet.

*CONSTRAINT/GG/(RS 1 5+6), MILE

which specifies the constraint calculation of the
slant range on the number fluence value of 5-.106
for combined secondary and prompt gamma rays. The
distance values will be displayed in units of miles
on the output.

*CONSTRAINT/X/(RS 6 2+12)

which specifies the constraint calculation for x-rays
on the slant range, thg constant response value of
the gold dose is 2-1012 and the distance coordinates
will be output in meters which is the default when
the units are not specified.

*CONSTRAINT/FP/(RS 5 1E+5)
specifies that the distance RS in meters corresponding

to a fission product dose of 102 rads is to be deter-
mined.
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*FLUXWT/z/,units, values

z = N, G, X, NG (same as G).

units arbitrary, user specified units, up to 16 characters
(not including a comma) that will appear on the output.

If no units are specified then the commas should not

appear.
values = flux weight values to be used for weighting the ATR
energy spectrum and must correspond to the internal
energy structure (low to high energy values) and con-
tain 22 neutron, 18 gamma ray and 20 X-ray numbers
depending on x.
The flux weight values will remain stored by ATR
until the termination of the run or until a *STOP
command is encountered.
Examples:
L *FLUXWT/NG/,CM**2 ERGS/GRAM, 5.9-8 1.2-8
8.-9 1.2-8 1.7-8 2.4-8 3.3-8 4.1-8 5-8 6.15-8
7.15-8 8.4-8 9.8-8 1.2-7 1.5-7 1.8-7 2.2-7 2.65-7
this command specifies external flux weights for
secondary gamma rays corresponding to the internal
18 detector energy groups in order of low to high
energy values.
2 *FLUXWT/N/, RADS SIL. KERMA, 0 O

G 0 0 0 0 0 0 2«11 3.1-11 3.4-11 4, 2«11
4.7-11 4.8-11 4.8-11 5.1-11 5.5-11 6.6-11 6.4-11
6.6-11 7.5-11

which specifies external flux weights for neutrons, the

22 values correspond to the internal neutron detector
energy structure, the 9 low energy values being zero.

*E-REGRP/z/, units, values

N
]

N:. G, X, NG, GG.

1]

MEV , KEV. The default unit is MEV for neutrons and
prompt gamma rays and KEV for X-rays.

units

vy




values = energy boundary values (low to high) which will be
used to regroup output results.

In versions 1 and 2 or ATR, problems have been encountered
with the regroup function. Version 3 incorporated a new method.
The basic problem can be stated by the following. Given a set of
{f(xi)} defined on the set {xi}, one needs a mechanism to cal-
culate the set {f(x.)} corresponding to a given set {x.} which
is different from {xi}. In actual practice some of the {Xi}

may be the same as some of the {xj}.

These data may be in either histogram or point form and
the regroup mechanism must account for both types of data. The
approach utilized is based on procedures that fit a third order
polynomial spline function based on five adjacent points. The
consequence of the spline is that the derivatives are also
matched at the transition points.

The form for the polynomial is:

2 3
Yy = Pg t Pp(x-%x)) + py(x-x)7 + py(x-xp)

Py = V1
Ry

Py = 1Y ) [ (Ng=Xg ) = 28y = E5hidmy=%s)
Py = (ty + ty = 2(y,-y1)/ (Xy=x)) }/ (xp=x)7

In addition, the slope t at the middle point is defined in

terms of the slopes m, at the corresponding points:

t = (\ma-m3l m, + |m2—mllm3)/(lm4-m3| + :mz—mll)
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This spline interpolation scheme is applied to the cumu-

lative integral and the interpolated values are differentiated.

Examples:
1. *E-REGRP/NG/,MEV, .1 .5 . 2 3 5 10

which specifies the six (seven boundary values)
groups to which the output will be regrouped for
secondary gamma rays. The unit definition is
superfluous since MeV is the default unit for this
case.

2. *E-REGRP/X/10 45 70 95 150 240 300
which specifies the energy boundaries in keV (the

default unit) to which the output will be regrouped
for X-rays.

*A-REGRP/z/, units, values

2 = N, G, X, NG, GG

units DEG (degrees), RAD (radians), COS (cosine). Default

units are degrees.

values angle boundary values (low to high cosine values)

which will be used to regroup output results. An
odd number of values must be input.

Since the natural unit for the angle dependent data in
ATR is the cosine of the angle, the user must exercise some
care in the treatment of this command. The default unit is
degrees and the value range is 0-180 degrees. However, this
means that if the cosine values (ranging from -1 to +1) must
be entered low to high then the degree values must be entered
high to low. Also since degrees and radians are directly re-
lated, if radians are used for the units then the values must
occur high to low.
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Examples:

11 *A-REGRP/N/,CO8, -1 ~.5 0O .25 .5 .75 1,

which specifies the angular regroup of neutron out-
put to the given cosine values.

2. *A-REGRP/X/,DEG, 180 120 90 60 45 1¢ O

which specifies the angular regroup of x-ray output
in units of degrees although the unit definition is
not necessary in this case.

6.5 EXECUTION

Several commands in ATR are concerned with the flow of
control of the execution. Many ATR commands fill corresponding
buffer regions or set appropriate flags, and their order is
immaterial. However, commands described in this section take

effect immediately after being entered.

When the *EXC command is encountered, ATR executes all
concurrent problems and displays the results.

The *DEL command deletes selected input buffers, i.e.,
it clears the effects of certain previous commands or group
of commands.

The *STOP command nullifies all previous commands and
clears the internal flags; it would normally follow an *EXC.

*EXC, 4PIRSQ

This command causes the execution of the concurrent ATR
problems and the display of the results. If the comma appears
after the *EXC then the resulting values will be multiplied
by 4nR2 where R 1is the slant range in centimeters.
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*DEL command(s)

command(s) = one or more of the following list:
1. GEOM
2. DOSE
3. CONSTRAINT
4. E-REGRP
5. A-REGRP
6. PRINT
7. WRITE
8. FP

Several deletions may be effected at once with a single *DEL
specification, provided that the corresponding command words

are separated by blanks. There is no command for source

spectrum deletion since the effects of a source can be nullified
by deleting the corresponding print opticns. In any case, the
*STOP command also resets all specifications, even those relating
to source, including the ones that can be selectively reset by
*DEL.

The special command (GEOM) can be used to erase the set
of buffers associated with the geometry coordinates. When the
user specifies a set of coordinates, the components already
specified can be changed. When it is desirable to define the
geometry with a different set of components, the *DEL GEOM

command should be used and the complete geometry specified.
Examples:
1. *DEL DOSE CONSTRAINT FP
this command deletes the effects of the dose and con-
straint commands previously entered as well as those
specifying the fission product source.

2. *DEL GEOM A-REGRP E-REGRP

this command deletes the previously defined geometry
configuration as well as the angle and energy regroup
boundary values.
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*STOP

This command clears all flags and internal buffer areas
set up by previous specifications. ATR is initialized and

complete problem specification must follow the STOP command.
*FIN

This command terminates the program with a FORTRAN STOP.
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7. ATR APPLICATION INFORMATION

The ATR code has been implemented on several different
computers and an attempt has been made to keep the code as
computer independent as possible. The code is written in
FORTRAN IV with Hollerith constants kept at a maximum of four
characters to the computer word. ATR versions have run on
the following computers: Univac 1108, CDC 6600, CDC 7600,

DEC System 10, GE 635, IBM 360, IBM 370. The code can be run
in a timesharing interactive mode as well as in a batch oriented

environment.

Version 4 of the ATR code takes about 62K words of core on
the DEC System 10. The execution time is typically one second

or less for most ATR problems.

71 COMMON ERRORS

Most user errors on input occur in the specification of
the source. The convention is that energy values and corre-
sponding source values are to be entered from low energy to
high energy. Also, if point values of the source are specified,
then the number of energy values must match the number of source
values. Similarly, if a histogram source spectrum is specified
in a group structure other than that used in ATR, then the
number of energy values must be one more than the number of
source values. If source values are entered corresponding to
the internal energy structure then the energy values need not
be specified but only 18 values are required for either neutron
and /or gamma ray sources.

When multiple problems are run and only the yield com-
ponent of the source is changed from one problem to the next,
then at least once (preferably for the first problem) a
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normalization should be entered so that the code will normalize
the source to the normalization value for every problem before
multiplying by the yield.

A common geometry error occurs if an impossible configura-
tion is specified. For example, the following set of geometry
specifications:

*HS ,KM, 2
*HT,KM, 1
*RS 500
is in error since the slant range value is too short to reach

from the source to the target.

The following describes the error diagnostics that are
possible from ATR Version 4.

Error messages produced by ATR are of two types:
1. errors in the form of commands
2. errors in the content of commands

The first is associated with the input phase and the second
with the execution and output phase of the code. The next
two sections will elaborate on the error messages and corre-
sponding probable causes. Error messages are always preceded
by two asterisks.

7.2 INPUT PHASE ERROR MESSAGES
1. **UNRECOGNIZABLE CONTROL COMMAND <input characters>

Which means that the command just entered is invalid.
The <input characters> field displays the first ten
command characters as interpreted by ATR.

2. **MISSPELLED CONTROL COMMAND--INTERPRETED TO BE
<ATR Command>

In certain instances ATR "'forgives'" the misspelling

of a command and displays the form of the command as
interpreted by ATR. Further processing of the com-

mand then takes place beginning with the first blank
or comma character, whichever occurs first.
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10.

**QPTION <Option numbers> NOT IMPLEMENTED

This signals that the command was recognized but the
option corresponding to the command is not imple-
mented in this version. This error message should
not be seen in Version 4 .

**ILLEGAL SOURCE SPEC

This covers a multitude of errors relating to the
form of the *z-SOURCE(i) command, such as parenthesis
left off or in wrong place, or the value of i does
not correspond to permissible values.

**ILLEGAL UNITS SPEC

Which reports errors encountered relative to the
",units," specification for source related commands.

**ILLEGAL NORM SPEC -- ASSUME 1.0

Which will appear if an illegal normalization command
is specified. This error need not be corrected if

the value of 1.0 is an acceptable source normalization.

**ILLEGAL YIELD SPEC -- ASSUME 1.0

Which is very similar to (6) but applies to source
yield.

**PARTICLE DEFINITION ERROR

This will occur if the particle definition of an out-
put command is in error.

**UNIT DEFINITION ERROR

Which reports errors encountered relative to the
",units," specification for non-source related
commands. Further processing of the command begins
with the first blank or comma character whichever
occurs first.

**VALUE PARAMETER ERROR
Which means that a value entered as part of the
"value(s)'" field does not correspond to acceptable

value definition. This error message does not cover
all possible value errors.
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12.

3,

14.

i S B

**QVERFLOW OF NUMBER OF VALUES

This signals that the number of values entered by
the particular command exceeds the number of values
allowed (for most commands this number is 50).

**VALUE SEQUENCE ERROR

Which usually means that the "low-to-high" condition
was violated in the '"values'" field; however, only
the first two values are examined.

**ILLEGAL OUTPUT SPEC

Which means that an error was detected concerning
the processing of a *PRINT or *WRITE command.

**CONSTRAINT DEFINITION ERROR

Which means that the form of a *CONSTRAINT command
is in error.

**COMMAND DOES NOT BELONG - <command>

Which means that the argument of a *DEL command is
recognized as an ATR command but is improper as the
argument of the *DEL command.

7.3 EXECUTION AND OUTPUT PHASE ERROR MESSAGES

**ERROR IN <particle> SOURCE SPEC

Which means that the source specification correspond-
ing to the <particle> is found to be in error. Usually
this is due to regroup errors in the source specifica-
tion or non-corresponding number of source and energy
values or the wrong choice of parameters in the
*z-SOURCE (i) command.

*%*NO SOURCE SPEC
This error message usually follows those of type (1)
above and signals that all of the source specifications

are found in error. This message is usually followed
by: **EXECUTION ABANDONED.
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**GEOMETRY CONSISTENCY ERROR

This means that the specified geometry coordinates
specified are inconsistent, i.e., the three coordinates
chosen by the user do not specify a consistent geometry.

**GEOMETRY DEFINITION ERROR

Which means that the given values of the geometry co-
ordinates specified are in some way in error, e.g.,
specifying a longer horizontal range than slant range.

**CONSTRAINT FLUX WEIGHT DESIGNATOR ERROR

Which means that the response designator index specified
by the *CONSTRAINT command is in error.

**CONSTRAINT EVALUATION ERROR i

Which means that the evaluation of the constraint
problem for the given constraint geometry configuration
cannot be obtained because of one of the following
reasons depending on the value of i:

geometry consistency error

geometry evaluation error

number of initial iterations is greater than 10
number of gm/cms is greater than 1050 during the
iteration process -20

number of gm/cm2 is less than 10 during the
iteration process

no convergence after 20 iterations

(o)) v SN

**ABOVE CONSTRAINT RESULT MAY BE IN ERROR

Which refers to the line of the geometry configuration
just above this error message and it indicates that
the computed slant range is less than the built in
acceptable value.

**REGROUP ERROR

Which signals that some kind of error was encountered
when regrouping the input source spectrum or that an
error was encountered on regrouping output results.
One possible source of error is embedded source spect-
rum values which are zero.
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**EXECUTION ABANDONED

Which usually means that there was not one acceptable
source spectrum specification.

**EXECUTION COMPLETED
This message appears whenever ATR has completed its

intended purpose and is ready for more input commands.
It is not an indication of an error.
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APPENDIX A
FISSION PRODUCT GAMMA RAY DOSE COMPARISONS

The engineering model utilized in ATR to predict the fis-
sion product dose is based on empirical equations which provide
a reasonable fit to experimental data from large yield weapons.
The parametrized models used in other codes such as IDEA(ll)
are generally much more complex and are based on detailed
phenomenology calculations. To provide a comparison between
the two models several calculations have been made.

Figure A-1 shows the fireball rise rate for a 10 KT burst
as it is modeled in ATR (independent of height of burst) com-
pared with the burst height dependent data for IDEA. Since
the phenomenology used in IDEA (based on the LAMB(ZO) code from
the Air Force Weapons Laboratory) is still undergoing develop-
ment, the more simplified model is used in ATR. As further
data on fireball rise becomes available, the model used in ATR
should be reevaluated.

Comparisons of dose values generated by the fission
product model in ATR are made with other available data.
Figures A-2 to A-4 present comparisons with curves generated
by the IDEA code. For these figures the ground level in ATR
was placed at 300 meters in order to correspond to the air
density at which the IDEA curves were generated. The target
height is 1.75 meters. Figures A-5 and A-6 also have the same
ground and target parameters and they illustrate the source
and fireball rise model sensitivity respectively.

Figures A-7 through A-10 represent other examples of com-
parisons with IDEA and also TDM which is a code used to calculate
tissue dose in air-over-ground geometries.(ZZ)
parisons the ground is at zero as is the target height.

For these com-
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In general these comparisons show that the ATR model
represents the fission product component of radiation reasonably
well. The areas of serious disagreement with other codes are
due to the simple fireball rise model used in ATR since the
fission product model is relatively sensitive to the fireball
rise rate. The objective of implementing a fission product
model in ATR that is very fast, with each problem taking only a
fraction of a second, has been met. The limitations must be
realized however.
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APPENDIX B

SAMPLE PROBLEMS

The following sample problems are a representative sam-
ple of some of the capabilities of ATR Version 4. Each problem
was chosen to point out some of the major features of the code.
Each problem will be described in some detail, and the input
as well as the output is presented. If these problems are run
in a single ATR session, then the *STOP command should be used
after each problem definition.
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Sample Problem 1

This problem presents the use of the fission product part
of ATR. The fission product source has a yield of 10 KT and
a fission fraction of 0.5. The source and target are both at
1 km height and the separation slant range starts at 500 meters
in increments of 100 meters to a maximum of 1000 meters. The
dose is evaluated for each of the geometry configurations

and presented.
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ATR SAMPLE PROBLEM 1 - INPUT

ST ITLE SESPLE Bnap Bt f = alad vl RS
AfP=Y 10

*f Pt S

AHS, kb,

kb T, ke, |

ERS QOOET 0T LR

A NSE /L B/

*F X
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ATR SAMPLE PROBLEM 1 - OUTPUT

ATR PHOBL Y gt ARE R ) SAMPLE PROKBLEM 1 « ATK VERSTIOY a4
X kK A A Ak x Ak k X & X kK Xk A Xk Kk * x kX X Xk A Ak k Kk X X A A X Xk x k Xk %X
FISSTUN PROGGC T YIFp D=1 00«01k T, FISSTON FRACTIONS S,00F=01

Ak & KA x Kk * A Ak kx k A kK k * &k kX A x K*& kA A K X A A Kk x KX Kk Kk A X kX £k K
AR PROKLE A U ibFR 1 SAMPI B PROKLEM 1 = ATR VERSTOIN 4,

x A A F A A A A kX A A X A Xk X A A Kk KX K& X Kk Kk A k * & A kA KA * Kk * *x %
GROIND ) L vk g0 OKM, OgiuM/CMxrp, NLOONKET, 0.0NOMILES
xHORTZ, RIGE KHzZ 1oHO UK s S8 SREGM/Crxkp, 1.A00kFT, Q811011 kS
SLANT KANGE KRSz 0 _ 500K, 55 GR3LE/CHax?, 1.600KFT, 0,311MLLFS
TARGET aL1T, M= JODOK, 1 1b, TuiLM/CHarx)p, 3.°81AF 1T, D621 MITLES
SOHURCE AL T, HS= le0OUKIty 1T1ATU1G/Crrrp, $.,281kF 1, Oeb21MILES
*SLANT AtitlF A= DGNNOPELREFRS (L0S= 1, ,00000)
ACALCULATED Futid GTHER CONRDINATES

X Kk kX k Kk kK Kk Kk & & x Xk * Kk Kk A k k& X X k A R A kX Ak k x &k * X x * Xk %

FISSINN PRODUCT  DSE v&s.  SLAMNT RANGE (HALS )
ISE L= HEMDEFRSHN TTSSHIF
MmISE 2= CiiwCKETE
SF 3= AW
DOSF a= S1LICH

SLANT RANGF DISE 1 nESE o DUISE 3 NUISE 4
Se(O00UF +02 TaB9 08 1 35F +0d BB +03 1 ,15F+04
6.000F ¢ ™ Na19E+03 1 .P21E40% 3,.A5F+08 6,128+073
Te0NOFE 402 Pe?3bE 4038 S.79F 403 1.9UE4+03 3,23F 403
BeonNOF+ne 120F+08 2004038 1e0NF+08 1.71E+073
9.000F¢n2 heblFa40e 1.07TH408 So77F 402 9,24E 402
1.000F+03% 3.A9F 400 HeRbE+0p $5.24F402 S.0lE+0p

* kX X X & A * X Ak A x kA * %k kK X A Kk x A Kk x £ A A X A Xk & * * X X R XK
AxEXFECUTTON COMPLETED
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Sample Problem 2

This problem demonstrates the total dose option of the code.
The source spectra used for the calculation are specified as
the internal standard option of fission source for both

neutrons and prompt gamma rays. Th: normalization and

weapon yield values are not specified, thus the internal de-
fault values are used. The geometry configuration is such that
the source is at a height of 1 km, the detector is at a height
of 2 m and the horizontal range varies from 100 m to 500 m in
steps of 100 m. For each one of the geometry configurations

the total dose is evaluated and displayed. The total dose in
this case is the sum of the dose contributions from neutrons,
secondary gamma rays and prompt gamma rays. The dose values are

4nR2 quantities.

NOTE: 1If fission product gamma rays were also included, they
would dominate the dose, since the source consisted of
one neutron and one gamma ray but the fission product
results include the number of fissions/KT.
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ATR SAMPLE PROBLEM 2 - INPUT
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ATR PROKLEM NyMRER

ATR SAMPLE PROBLEM 2

OUTPUT

SAMPLE PROBLEM 2 = AJR VFRSIUN 4,

® kX R X X A X K Ak R X A R K X R R R X X R R A A R A 2 A & X X Ak X X K

NEUTRUON  SOHURCFE TNTERNAY FISSION
NORMALIZATION=L _000E400 NEOTIRON /KT, YIELD=1,000E400 KT
TITAL QUTPUHT=L,n0NE+0D NEUTRIN
SOURCFE SPECTKRUM
EMNERLY(MFV ) N N/MEV FNFRGY (MpV ) N N/MEV
1.07E=05=2,90F=058 n.n0FE=01 Gennb=n1 2,35t 400=2.06Fa00 S, 7ab=03 S,22t=u?

2.90F=05=1.01F=a4
1.01E=04=5,88E=4

nenoF=01
nendFE=n1

VeDNE=(1
Vel)OE =(r]

Ptk +na=3.n1F +yn
3.01F400=4eulbenn

)'A]F—ﬂr)
S URE=np

Se2Pb =02
Lo TiE =12

5.835=04=3.35F=03 n.nob=01 Nennf=ny d.n7Etng=a.97Ft00 1. 15F=np 1.31t=4?
3.85E=03=1.11t=0) 2.23F=01 2.7t a0 4,97t 400n=b.36F 200 1, RYF =02 1.32F =02
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1.83E400=2.3%F #0950 1.00E=n} 2.ndb=0] 1.22F4001=1.50b401 no6nk=0) @,u0t =¢
£ N R KK Kk K X N A KR EK AR AR AKX R K KRR A XX E KRR R X
ATR PH.]QIIM NUMBRFR 1 SA(.H’][ PR fs 2 = ATR VERS] e
L

£ X X K £ ® % ¥ & % &% ® & X & &£ X & KX X &® &£ X & ® X * X & * % % ¥ x %
GA4MA SOHIRCE TNTERNA| FISSTnN

NORMALTZATTENST (NODFE+00 GaMtp /KT, YIFCID=1 000F 400 KT

TOVAL hllTb‘vll':l.nuﬂl» +00 GAMMA

SIRCF SPFC TR

ENFRLY (MEV ) (3 G/iAE v FNERGY (#EV ) G G/ V
2eN0E=02-5.00E=02 3,08FE=02 1.03 400 1.33F4n0=1.6ht40n Hhot8b=02 | (RTE =01
Senpf~g2=t.0nk=n1 1.36F=n2 2.71E=01 t<b6Ftga~2.0aF+an 3.94F~02 1.16F =0
1en0E=01=2.0nb=n1 R 1hE=02 ho1hF =01 2.00F 400=2.50E 400 3. 7At =02 .51t =02
P2ennbE=ng1=3.00F=01 6. RIF=32 6. KTE=01 PHot tna=3,00V 400 2.2%F =02 107t =0p
3.00E=01=d,.q0b=01 R.nHE=qp E.6RFE=n1 3,00F00=0.00t 400 2.12E=02 po12f =2
G.n0F=01=6.00F=nt 1.77F=01 b.hab=p1 4.00F+00=5.00f tpn 7,d3F=n03 7,a48F =03}
6, 00E=01=8B.0nE=01 1,408 =01 Zon1E=01 S.00bt400=6.50E+00 3.24F=03 2,185t =03
B.noF=01=1.00F+00 1enpb=n1 S.n2F=01 b6.50F+00=R, n0f +u0 A, 79F =00 a0 S3%F =4
1.008400=31.33b 400 1oalt=n]1 3.25F=01 R,n0E¢00=1.00F401 1. 98E=n0 /.90F=0%
L T S S * * L 13 - * * * 4+ » * * * * ' * . * * * * * * * * A * * ’
ATR PROBLEM MUMKFI ! SAMP)F PROBpEM 2 = ATR VERSTor

L U U T TN DU TR S TR S TN SN S SN SN ST T S S S R S S T T DR S T S S S SR S B 1

GROUND L EVEL g OKrY, Y LOOOGM/CMARD, a0, 000KFT, g.006™11IFS

HORTZ, RANGF K= Yo luuxm, 11 131N /CmRn D, N SP28xF 1, NellbePMT F S
ASLANT RANGFE  RS= 1, 003kb, V1), Da0GM/0Vasr, 3,.291AFT, Ve P SHILES

TARGET aALT, MWis= 0, 002K, N P45GA/CHER), N on7nkl, Fe B I E S

SOAIRCE ALY, HS= 1,.000KM, 116.7416GM/Caka)p, F.P2BIFTy 0b2) 4T LS

S ANT AMGI K Az «p U 27R80FLRNEVES (ST 0,04970)

ACALCHYLATFYD FROM 01wk R Croinivb 1 IaTES
L S I T I S 2 T T DR S S DN SN DN SN SN T S S S DN S SN T SR B S S S I O R
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ATR SAMPLE PROBLEM 2 - OUTPUT (Cont'd.)

"HORTZ. RANG
1.000E+02
2.000E4+02
3.000F+02
Q,000E+02
Se.000F+02

A K X X * &
*2EXECUTTON

5
M
M
M

[
M

POSE  vS., MORTZ. RANGE (RADSAC A%

DOSE ks HENDERSON TISS'IE
PNSF 2= CONCRETF

NDOSE 3= AILR

NPNSF d= STLTCON

NDNSE 1 DUSE 2 DOSE 3 NDUSE 4
P.E=10 1.65E=10 1,.39E=10 j.41E=)0
2.52E=10 . utE=10 1:19E=10 1 H1IE =10
2«08E=40 f<18E=10 9.60E~11 9.SUF=11
1.656=10 8.82F=11 T.,dobt=11 7,.,3hE=-1
{1 «26E=10 6, ToE=11 S66E=11 5,56E=11

R A A A R R R R A A X R R R A X A R A A X A A #
COMPLETED

*

*

* Kk R




Sample Problem 3

This problem illustrates the X-ray related capabilities
of the code. The source definition is a composite of two
black body spectra, one with a temperature of 10 keV and the
other of 20 keV. The weighting of each of the black body
spectra is the same: 0.5. The total output is 0.4 KT. The
geometry configuration consists of both the source and the
target being on the ground and two slant ranges are used, one
at 100 m and the other at 200 m. For each of the geometry
configurations, the radiation summary is displayed on the output.
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ATR SAMPLE PROBLEM 3 - INPUT

*xTHETLE SAMIPELF PRl &4 ¢ = Al VERS TN U4
AX =Sl WOE (1)

AR I Y=F
XA D Y= Y 2w
B Y -

.
) o

LTI

kel 0

xRS 10N Py
*PRINT/ZZE 0
kb X (
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ATR SAMPLE PROBLEM 3 - OUTPUT

ATR PROBLEM NUMBER 1 SAMPLF PRORBIFM 3 = ATR VERSIUN 4,
A X kX kX X R K A & %k Kk K A KA k R KX Kk k A & k %k k R Kk A K R Kk Kk % Kk K R

X=RAY SNRCE TNTERNAL Bl ACk  BnbY
TNTAL ENFKGY OUIPUT= 1,045F +28 KtV
TOTAL QUTPUT=2,902F 245 X=RAY

SUURCE SPECTRIIM

ENERGY (KEV ) X X/kEV ENERGY(KEV ) X X/KEV

1.00E=01=1.00F 00 d,3dF (23 U R2E423 A.50FE4N1=7.50E 301 1.13F425 1,13t 4074
1e00Ft00=1e00F*+0) 3.23E425 3,59 404 /.SaFtn1=9.0nF+u1 {.07E+DS T8 +p7
1.00F401=1.5% 401 2.96E472% S.91E 424 9.00F401=1.05F402 6,26E420 woylt +03
1.506401=2.00F %0y 3.13FE+05 6,068 +240 1.nSE+p2=1.20F4¢0p 3.70b+206 poubb+py
2.00F401=2.52F 401 3.01F425 0,010 424 1.20F+02=1.400402 2.68E4+24 1,34 4238
2.50F4+01=3.0nE+01 2.72F+425 S.aub 424 (.aofF+0P=1.60E402 1.29E424 b.dbctp)p
3.00F4¢01=3.50b401 2.37E425 o /3F 420 1.60E400=1.900 402 T.71E423 2. S50t 402
T90E40 =004 3.687E405 s, hTH+Dy 1, 0F+pp=0.0nF+0p 2, 88E+D 4 7,931 ¢
4.50F401=5.50b+01 2.50F 425 2.50b+2 1 2,20F¢n2=2.60F 002 7.9564272 1,991 421
5.50E4n)=6.50t+01 1.68F+25 168 +t2ou pohaFHnL=3 00402 1ouBb P2 3,600 40

R
X Ak R X A Kk R X A A A A X X * * A & Kk K £ £ * k £ 4k x * K & A £ R F %

ATR Pkﬂ“l_[iu INTILRVIRY ™ 1 SAMPF o priBLEM 3 = ATR VERST0 1,
A A R K Kk A A A A € A K A Kk A A Kk A K A K A K Kk Kk & * R A Kk * K Kk * &
GROUND LEVEL DLV00KY, 0.000GM/CHxx2,  0,000kFT, A 000¥]1ES

*HARIZ., RANGE RY=  0,100k", 12.29006m/00%k0, 0, 828kF 1, Deh2 Al b S
SLANT RANGF RSz O 100kt , 12?2 250G8/CHexP, O 326rfT, 0, Ch2MILES
VARGET ALY, HI=z a,03uX%, D NQOGHIC 22D, 0 00DFFT, NeLNOMTIES
SUURCE ALT, A8z 0,600k, N oNUNGi/Canrp, N,000pF T, Doty kS

*SLANT ANGIF Ati= N,0000F GREFS (COS= 1,00000)

ACALCYLATED FROM MKk CONRDINATES

X kK & Kk 2 kA A & R A A kX & F £ & & X A A A K K K& F 4 x K & A& £ & A #

X=RAY St tAKY

vacuLt , TOTAL nwiTEnuk FACKREARD FURAAKD
TISSUE DNSk (raDS ) H,91E405 1.1RBF406 2,408 400 7,84k 402 118406
SILICON DOSE (»uSsS ) 1,89 40A S,185F+0h 2, 713 +00 $.5284038 S o15F 406
NURER FLUFENCE ( XyCknp ) 103416 P3REAtLA 2,91 400 3,0k 415 s vl
NUAKRER (Chkwr e T ( AR Ly ) 1.al2b41h 1,.56FE 316 1 S3T400=1 6241 [, 72041A
FNERGY FLUFCE( X=(A_/Ct xxp ) .09 401 S.37H401 2. o0kt A 3P40 a Tdb 4y
ENFRGY CURREET( X=Chl O a2p ) 2 bbb 40l FASE GO 1 L A8 400=2,90F 400 u 1db 401
EXYs FPLYs WY € ) 0,00FE=01 D,00E=01 0 G0E=0y 0,00k=0] ( 0NE=01
AVERAGF FNEROGY(CAL ) PebbIF=1Y P, 26F=1S B BAEFSN] 1RIFR1S 2SSE=gH
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ATR SAMPLE PROBLEM 3 - OUTPUT (Cont'd.)

AYX PRIV OmBER 1 SAMP|F PROKLEM 3 = AWK VEKSTI0 0

X R A A R & & A 2 A & R Kk A A A k& Kk A X A & A A A Kk & R A A A A 4 ax &

GROVMD LF VL D 000KY, NN00LM/(CHARD, N, 000k 1, el DO E S
AMHNRTZ, KALOLE Ry= W20, CdHOOLM/CrR)D, 0,.6%0nF T, Dall2ualt b S
SLANT CANGF RS= U 2V0KMN, ClHUNLEN/C A en), D.o508 1, NgllParlLES
TARGETY ALT, HT= D,000KY, 0,00064/C4%42, 0.N00KE T, Vo NOEMLEES
SUURCE ALY, HS= 0,000k, N,000LM/CMaRY, N ONOKFT, 000011 ES
£SLANT ANGLE  An= 0,N00NEGRFES (CS= 1,00000)

ACAL CHLATED FRUM OTHER COIRDINATES
R R R A K A R R A A K KX A A A K X K K& R R A £ R A A A2 K A A 4 A * & A

X=RAY SUMMARY

UNCOLL, T1OTAL BULLDIP  KACKWAKRD FORWARD
T1SSUE DNSF (RADS ) 1.23E40U R.26F404 6,70 +00 1.356+402 B,25k404
SILICON DOSE (KADS ) 3.66E404 3,.597F20% 9 7S5F+00) 6.37E 402 S.56E+05
NUMBEK B L UENCE ( X/CMax2 ) .80 410 1,76F 415 6,28 +00 a,01fF 414 1.56F415
NUMBER CHRRENT( X/CUrRP ) 2.77E41a B .22FE 414 2,97E+400=1,90F414 1,01E+15
FNERGY FLUENCE ( X=CAL/CMrnp ) B.hTF=01 3.97E400 1.58b400 7.,6uFE=0) S.21E+00
ENERGY CURRENT ( X~CAL/CMAx2 ) B,S5PE=01 2.15E400 2,50F400=3,57t=01 2.50t 400
Exr. Fix, wl. ( ) 0.00E=01 0,00E=-01 0,00F=01 0,00E=01 0,G0t=01
AVERAGLE FNERGY(CAL ) 3.90F=15 2.26E=15 7,29 =01 1.90kE=15 ¢2.86k=1%

R OA K A K R K K K R & K R A Kk A K K Kk X K A A K KX R K Kk K R A A K & %
#*EXECUTION COMPLETED
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Sample Problem 4

This sample problem illustrates the use of the *CONSTRAINT
command. The prompt gamma ray source spectrum uses is the stan-

24

dard fission source with a normalization value of 10 gammas /KT

and a yield of 20 KT. The neutron source is the built-in
thermonuclear spectrum with a normalization of 6 x 1023 neu-
trons/KT and a weapon yield of 100 KT. One fixed component

of the geometry is the source height at 1 km the other is the
slant angle which varies from -10 degrees to 30 degrees in
steps of 10 degrees. For each of the five geometry configu-
rations the slant range is evaluated for which the response
value is the same as specified by the *CONSTRAINT commands. The
prompt gamma ray total fluence is constrained to have a value
of 10, the neutron total fluence is constrained to have a
value of 104

constraint value is 0.1 rads.

and the secondary gamma ray Henderson tissue dose
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ATR SAMPLE PROBLEM 4 - INPUT

% 0T e Siae R R ETRRLR R s e L T Ve ST
k(=S (YD)

LA CE NN AN I e

xC=YIEL D fue

ANeSHIURCE C2)

ANar(IKM 424

*\:-VHU 1Y

«r_qs,»\n,s

ACAL =10 (10 &
ACIWWSTRATT/L/ERS 1 V&)
ACONSTRAT T /7%/ (<8 1 1+4)
ACONSTRATI NI A/ RS S 1=1)
xr X(C




ATR SAMPLE PROBLEM 4 - OUTPUT

ATR PROBLEM NUMBER 1 SAMPLFE PROBLFM 4 = ATR VERSION 1,
A A R X AR R A A KRR AR KRR KA KKK K KK A AKX KKK XK

NEUTRON  SNURCE INTERUAL  THERMONOC) FAR
NORMALIZATIN =6 N0OE+23 NELTRON /KT, YIFLD=1,000F 402 KI
TOTAL NUTPUT=z6,000EL+25 NEOUTRON

SNURCE SPECTRUM
ENEFRGY (MpV ) N N/ME Y FNERGY(MEV ) N N/MpV
1.07E=05=2.97% =05 0,00t=01 (.00E=01 2.35F400=2,d6F 400 3,.00F4238 2,78 424
2290 =05=1.01F =04 1 20E428 1.6TF 42T pLiunb gm0t ton 1.rat4pu 2Ll 4y
1.01E=0d=5S,R38t =00 1,3dF 424 2,99 327 3.01F400=a.07t +0n 1,50 420 1.ult 424
SeB3E=0u=3.35 =03 7.32F404 265427 qon/F +n0=d97t vgn 1.0 5424 1413 404
3.85F=03=1 .11k =01 2.19E425 03426 U 97F400=6.3hF 400 1.08F 424 1.77F 403
1e11F=01=5.50F =01 6a1,b 400 14395426 A, 36F+an=RB.19F+nn . RpF 404 Naetspb 423
SeS50F=01=1.11E400 So1nF4+2d 9114240 Ro19F400=1 008401 B, dnF423 a6t 423
l‘ll“on-I-“}}’ﬂ(l -"7'-’5"2""‘ 5"”"8” l-oﬂ'-’{)l"].),’"’u' 168428 6,90 203
1.83E400=2435F 400 1.68E424 3,238 420 1.22F401=1.50F 401 d.2ube2i 1,51 421

X & & X R A Kk A 2 A X A K & X X K R X K k X 4 * £ X A Kk Kk A £ X A A A
ATR PROBLEM (liviER { SAmPLE PRAK M 4 = ATR VERSTHN 4,
A A R X & Kk A& X A A Kk K A R X A R R A £ KX Kk X K A X Ak A K R X KX X A *

GAMMA SOURCE TNTERNAL  FIGSTON
NORMALTZATIONSL 009E+42d GAaMMA /KT, YIELD=2,000F+02 KT
TAOTAL ONT2UT=2,000E+26 LAl A

SOURCE SPECTR!IM

ENFRLY (MLV ) G G/ME Y ENERGY(MEV ) G /M V

2.00E=02=5.00F=02 6.17F42d 2.06F 426 1.38E 400=1.66E 400 1,24k 425 4,75t 405
S.n0E=02=1.00b=0y P.T71E+20 S.Upb 425 1.66F400=2.00F+00 7.87E40d 2,21 400
1o00E=01=2.00E =01 1.638E425 1.63E426 2.00F400=2.50F 400 7,.51F 420 .01 4025
PenobE=ng=S.0nb =01 1 376425 (L87tkeb 2.Sabtan=3 n0b4on n.da7F 406 M4 40y
3.00F=01=d.00F=01 1,74F425 1746426 3,0  s00=4.00F 400 4,28 420 a8 4o
dooob=01=6.00t =0y 3.54F 425 1. 77E+26 d.noF+a0=S.unt ton 150k 420 1 hat 40
bo00b=01=B.00 =01 2. R80E429 140426 5,00 400=6.50F 400 hodhF 423 .81 428
BoooF=01=1.00F%09 2.01F 425 1.00E+26 A.Sobrag=R.onttan 1.3k 123 G a8k 40
1en0F400=1e33t 400 24158425 Ha50F 425 Roennb 400=1.00F 401 3160427 0081 400

A A %2 A A ok A R & k& A K * K R X A R & R kR K Kk A x4 kLR R A a4
.|.

ATR PROBL EM NIMAFR 1 SAMPLE PROBILEM d = ATR VERS]IOH

A A X X & A& A Kk 4 * x K X Ak K A A X X A A X KA * & A 4 A R X F X F 2 *

NEJTRUN CONSTRATHT FOR SEALT RANGE  AMD NUNRER FLUENCFE = 1,00 404
*HORTZ, RANGF SLANT RANGF *TARGET ALT. SOUSCE ALT, St ANT ANGLF
5.2386FE403 5.319dE+03 M T.6290E+01 1.0000F403 =10.,000 NDFG
5.5775E+03 5.5775E+03% M 1.0000t+03 t.00ack+03 ve.0N0 DEG
S5.70108F+03 5.8293E403 » Pe0123L403 1o0000F403 10,000 DEG
5.7312E403% heN9QUE4O3 M 3.0860F 4073 1,0000F+03 20,000 DEG
5.55196+03 6. 4108BE+03 1t 4.2054E403 1.0000E403 30,000 DEG

ACALCULATED FROM NTHER CONRDINATES
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ATR SAMPLE PROBLEM 4 - OUTPUT (Cont'd.)

R R * R K X kK A £ A& Kk KX kX K X X AR & R k & &k Kk K KX Kk & * Kk 4

ATR PROBLEM NUMAUER 1

® X X X ® Kk & kX & k& & KX & kX kX KX A & A

GAvMA

*HOKIZ,
S5.5668F+073
S<BBRIF+0S
6.0600F+03
6., 0641F 404
S.892E+03

A * kX ®* K &
ATR PROBLE 4

Rk kK &k & &

NEUTRION GAumA

RANG

SAMPLE PRD

CHONSTRAT T FOR SELANT RANGE
3 SLAG PLUGE *TARGET AL
Q. AS2KhF+0 8 ¢+ 18431F4+01
S.RUREE+03 * 10000403
b.1535E4038 1 C.U6RSE+03
AJ1H32F 403 3.2071£ 403
f1N6GE4NS - BeUNS3IE403

2CAL CULATHG FROY DITHER CONRDINATES
A A K *2 A X K X &t X & R X A X * %
NHMSE R 1 SANPLE PN
A & A & a2 K & k A KX K K K A & & &

CilnSTRATAT PR S AT RANGF
SLANT RAYLE *TARGE Y Al

aHilk1Z,
4,0493F 4038
4,6704t4+403
4.7602E4+03
4e77538F+0 4
4,0927F+03%

‘rM_C ILAaTED )i MK

A K R A A& 4
..EXF_C[.T]”N

RANGF

N.5179F 403
UehTndF+n 3
MTR4T6FE 40
S, NG73F+7
Pl AL AR NS

® L3 * £ X A A
COBPLE TR

3

3

t

Pel15GTF 402
10000k %03
1.8393F4+03
CeT1phRE 40T
$§.5939F ¢9 3%
CaneDTATES

£ R & * A & K A

140

BLEM 4 AIR VE

Anh e RER F U}
SNURCE Al
1.000)F407%
1.0000F40%
1.n000F 403
1.n0NGFE40OJ
1.0u00F 404

X R A& A K R R

- AlR VE

l\‘ fv 4
* Rk A A % k&

AND HEfDERSON
SHRCE AL
TeNVONE 4038
tenupc kel
1.nunpk 03
1.000N0E 40 ¢
tenO0uE 403

Te

A k& A 4 4 & &

* kX A R R

RSI0ON 4,

A X A& R A ® X & %k Kk &K K X KX Kk A

OE = 1,00 #0A
TS SLAT ACVGLE
=1 ,000 DFG
O 000 RES
10.u00 DEG
2N N0 DFG
9,000 nFiLs
A * F A %
R&ELwy dg
A x & A &
1SSuk= 1.0 0E=01
i ) SLa g Aus|E
=lueun0 DFG
hentr DFG
1o, 600 NEG
)_lv.(nn]ﬂ Ny
2,000 DELK




Sample Problem 5

This problem illustrates the output of spectral information
for neutrons and secondary gamma rays. The neutron source is
the built-in 14 Mev spectrum with a normalization value of
2 % 105

located on the ground, the target is at 1 km and the slant

neutrons/KT and the yield is 10 KT. The source is
range is 200 gm/cmz. The output details the summary and spectral

fluence values distributed over angle and over energy but not
the full angle-energy distribution.
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ATR SAMPLE PROBLEM 5 - INPUT

2T L TLE SAMDY = Ruene | g8 e A TR VR SBTAN g
AN=S VIR (5)

ANwr [ WiV D404

ANey TH| | I

xS U

*HT RN,

*"}.':l'(ﬂ"’f’n\'

xPRANT /700 =1)

XPLINI/NG /e =1

X,
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ATR SAMPLE PROBLEM 5

OUTPUT

ATR PROBLEM NUHER

* X * ® X * R Rk &

NEUTRON  SOURCF

NORMALTIZATIONS2 00
TOTAL OUTIPUT=2,00

ENFRUGY (MEV )
1.,0676=05=2 .93t =ng
2«20E=05=1 .1k a4
1.01F=04=5,83F=021
S.83k=0u=3.35F=n3
3.35F=03=1.11F=u1
1.11F=01=5.50t =0y
S.50k=01=1,11F+00n
1.11F+00=1.R3+00n
1.83E400-2.55t ¢0ip

* A X & A KX x Xk x

ATR PRUHLEM MU MHF R

A X X X kX Kk k Kk &
"GROUND LEVEL
*HORIZ. RANGF Rz
SLANT RANGEF RS=
TARGET ALT, M-
SNURCE ALT, Ms=
2SLANT ANGLE  An=

*2Cal.CYULATED

£ * A & X x K X %

NFOTRON
TISSUE DPDSE (RAD
SILICON DUSE
NUMKEK L UEXNCE
NUMBEK (LURRFaT(
FNFEGY FLUFNCE (
ENERGY CHRRENT(
EXT. FLXse wTo (
AVERAUFE FENFRGY (NFV
A

A kK * kK Kk Kk % *

(RAD

1 SAMPLE PROBLEM S « ATR VERSTON a,
A A %X X X A £ KX % £ £ R £ R A& R R % % A A % £ £ 2% *
INTERRAL 14MFV
O #2238 b IRy /KT, YIELOSL,00NF 0] T
NE+24 SEHUT RO
SMRLE SPFCTRUM
N N/MEV FNRpRGY(MEV ) % VA
NeNE=01 0 ,00F =01 2.35F400=2.dnbsnn 0, 00b=0) 0.0 0t=r
Hen(F=01 teb=ul 2efibFtnn=3 01k +nn ponpb=n) n.anf=4y
NedliE=i) CanOF=01 3,01F400=a,07t 400 p,00b=01 a,000 =0
Yen0F=01 0agnb=01 4.07E+00=~4,97t40n n oabk=0y H.00F =0y
N.NDF=n1 0.n0k=01 4,97F300=6.56E+00 0, 00Fk=01 0,00F=11
Ne0DF=01 Den0b=01 6.36F+00=~8.1%F+un a,00k=n1 a2t =0y
NNGE=01 D e0NE=0] B 19 ¢00=1 . 00GF4+01 0,00 =0] @ 00k =y
NeNVE=NY DepnF =01 1e00F*01~12F4a1 n.nnb=0n1 ne.cab=ui
Jen0F=01 nonob=01 1.22F401=1.90bs0 2.00FE424 7o00b 468
X A X R R Kk ® &k x Kk X &£ X R £ A A & k A Kk & x A &
1 SAMPLE PRORLENM S = AR VIRSTON a,
X & A X kX Kk R A A A X X k kX x R A x 4 £ *x % A A R
ND,0NNK™M, NLN0NGM/CrixkD, 0,NOOKF T, NeNOMILES
1.891Kte 170,40004/Cu%xx2,  #4,.564nF1, 0, t86uml S
1,713k, 200.0006M/C1%x2, q KP1KRT, 1, GagMILES
Lo020KM, 116, /74164/Cixxp, 3,281RF 1, 0,621 ES
VeDDK™e NaNGn/Caxr?, N.N00F I, De0MILES
3G 7120 LREFS (CHS= 0o, k1197)
FROA DTHER CONKNDINATES
XA kX kX & * kX & R A A * X Ak Kk x Xk Ak » Rk £ Kk % * A %
Sl AY
tHICOeL TOTAL RATL NP KA K 20D FaRsaKD
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