©
w
N
o))
LD
=
h
o
<
AN
3
Lay
waf
3

IRCREW DOSE AND ENGINE DUST INGESTION

FROM NUCLEAR CLOUD PENETRATION

THESIS

IT/GNE/PR/85M-4 Stephen P. Conners
Capt ‘ USAF

" This document has been up?wvod
f~r public releasa'm}d sale; its
i distribution ia unlimited

DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio

f5 00 17




. v

A A AN S At ol S A Wl el MR S M A Wi A o el A Anaacen oty Those Shan dhnn SRt I Sanil e
<« . PP AN . . ot PR A . AR e -

/)

AFIT/GNE/PH/85M-4

AIRCREW DOSE AND ENGINE DUST INGESTION

FROM NUCLEAR CLOUD PENETRATION

TEESIS . SEP 18 1085

"N 7
\r!_

AFIT/GNE/PH/85M4-4 Stephen P. Conners

Capt USAF A

Approved for Public Release: Distribution Unlimited

AT

SN | agf SR

PV Caall ILEKQW LIRS



R A i B i Y

AFIT/GNE/PH/85M-4

le AIRCREY DOSE AND ENGINF DUST INGESTION

FROM NUCLEAR CLOUD PENETRATION

THESIS

Presented to the Faculty of the School of Engineering
of the Air Force Institute of Technology
Air University

in Partial Fulfillment of the

Requirements for the Degree of
Master of Science
{ o ekt
/ -l
|
) by .
if' Stephen P. Conners, B.s.
- Capt USAF - -
A Graduate Nuclear Engineering .
4
5 March 1985
9
2 T
) Approved for Public Release; Distribution Unlimited ! _
I.‘ i 'N)‘kl‘c:';o
4 v
e




Preface

This independent study began as an effort to perform a more
detailed, more realistic, analysis of the factors contributing to
aircrew radiation dose from a descending nuclear cloud. Military
planners are interested in this problem both for strategic and
¢command and c¢ontrol aircraft. Recent exposure of aircraft to
volcanic dust clouds has also generated interest in predicting the
dust mass characteristics of nuclear clouds. The dust as well as
the radiation in & nuoalezz n~loud will contribute to equipment
degradation. Accordingly, this study was extended to include
calculations of dust ingestion by the aircraft as well as dose to
the aircrew.

This study is based on the AFIT Fallout Smear Code as
modified by Hickman (Ref 10) and EKling (Ref 16) to allow airborne
dose rather than ground dose to be determined.

The nuclear c¢loud model developed by this study allows
various activity size distributions to be used. The distributions
are affected by fractionation and target and weapon
characteristics. The distributions are converted to 100 discrete
equal act;vity groups, and each group’s initiai vertical and
lateral locations in the nuclear cloud are determined by fits to
an initial cloud computesd by the DELFIC fallout code. Each group
is then tracked as it falls using McDonald-Davies fall mechanics
and as it expands laterally using a modeL suggested by the WSEG-10
fallout code.

I would 1like to acknowledge my gratitude to Dr. Charles J.
Bridgman for help during this research. I am also indebted to my

wife, Ceecy, for the patience and love given during this work.
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Abstract

This study evalunates the threat to aircraft and aircrew
members from th? dust and radioactivity in a cloud generated by
nuclear surface bursts.

A model of the nuclear cloud is generated, using any number
and type of weapons and any desired dust size distribution. The
cloud is propagated through the atmosphere for a given time, then
penetrated by an sircrafc¢. The activity density in the cloud is
converted to dose to the crew for a given path through the cloud.
Radiation shielding and dust filters are included in the
calculations. Alternatively, the cloud dust mass density can be
ccnverted to mass trapped in a filter or the cabin:.or to the dust
mass that has entered the engine.

Methods for determining particle size and altitude
distributions are presented. The ionizing dose to the crewmember
is computed for both sky-shine and the dust trapped in the cabin
during cloand passage. A method of computing the shielding power
of the crew compartment against sky-shine is.preseﬁted. Given the
air flow fﬁte into a filter or engine, the mass of ingested dust
is found.

The nuclear cloud and aircraft models developed by this study
are incorporated imn a computer code oriented toward operational
use. A significant feature of the code includes the ability to

easily change the scenario with menun driven options.
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AIRCREW DOSE AND ENGINE DUST INGESTI1ON
FROM NUCLEAR CLOUD PENETRATION

I. Introduction

Background

Defense planners have expressed growing concern over the
radiation exposure to strategic and Airborne Command Post aircraft
in the event of a massive nuclear strike on the United States.
Such aircraft may be required to pemetrate nuclear clouds im the
course of their wartime missions. A realistic estimate of the
radiation dose to the aircrew penmetrating the cloud is necded. In
addition, recent experience with aircraft losing power while
flying through volcanic ash clouds (Ref 13) has generated interest
in determining the effects of dust inpestion onm aircraft engines.
Coarrently, experimenters are attempting to determine the tofera;ce
of engines to dust ingestion (Ref 14)., A realistic estimate of
dust densities in a nuclear cloud is needed also to relate engine
dust tolerance to the survivability of the aircraft,.

Aircraft penetration of radioactive dust clouds is hazardous
in at least four ways. First, the aircrew is exposed to ionizing
radiation from the cloud through the aircraft’'s skin and by dust
trapped in the cabin. Second, the aircrew may ingest or come in
contact with the radioactive particles. Third, electronic
equipment could malfunction if the 1ionizing dose rate is high
enough., Fourth, if the dust density is high enough the aircraft’s
engines could fail or be degraded by ingestion of the dust
particles. This study focuses on the first and l1ast hazards. The

second hazard can be nearly eliminated if tke crew wears normal
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equipment to prevent exposure of bare skin and uses oxygen masks
to preclude inhalation of particles. An estimate of the dose to
electronic equipment c¢an be made by converting tissue dose to

rad (S1).

Problem

No wuseable data on previous flights through radioactive
¢louds could be found (Ref 28, 29).1 The problem addressed in this
study is to determine the doses to -ircrews for different size
distributions of nuclear cloud dust particles and for different
aircraft. For comparisor purposes, the baseline case wili be a
one megaton burst, fission fraction of 0,5, DELFIC (Defence Land
Fallout Informationm Code) defaunlt particle size distribution, a
cross track wind shear of 1 (km/hr)/km, an 8~hour mission duration
after cloud penetration, and a KEC-135 aircraft.

The computer program developed for this study finds 100 equal
activity—size groups for a given particle size distributiom. The
distribution is a function of the mean resdius (rm) and standard
deviation of the mean radius (orm). From the yield, the imnitial
altituede distribution of the particles is determined: then the
cloud is allowed to fall for a specified time. This allows the
activity density at any altituode to be computed. Cabin dose,
caused by the ingestion of particles at the aircraft's altitude,
and sky—-shine dose from the distributed clond are computed from

the activity density.

1. Manned B-29 in Operation Snapper (1952 surface burst) amnd F-80
drones in Operation Upshot-Knothole (1956 airbursts).

2

W W Y T T T e N

L PRITLY T WA LA

- aal

RSN 1) JELIR T R SN

'
AR - .| KRN

PO S USRI ey Jeune S T 5 VR

PR ATSIRSS |

KISV I SR

]

170

(R

Y PP P



N AN

Gs

The dust mass density of the cloud is determined by the same
nethod, if the equal activity-size groups are replaced by equal
mass—-size groups. The mass of dust trapped im a filter or passed

through an engine can be found from the dust mass density.

Sgope

This study highlights modeling of the nuclear cloud and
aircraft likely to be exposed to the cloud, The initial nuclear
cloud model is based on the AFIT Fallout Smear model (Ref 1),
Chenges to the model include finding new terms for the clocd
horizontal distribution 9, and the vertical normal distribution .
at stabilization time, The new terms are polynomials least-square
fit to DELFIC predictioms for % and 9, at cloud stabilization
tirs. The horizontal expansion model of the cloud for later times
is taken from the AFIT Smear Model as modified by Btidgﬁ;n ;nd
Hickman (Ref 2),

The aircraft model uses a worst-case approximation for cabin
dose, in that all of the dust that enters the cabin is assumed to
stay there. However, allowance is made for particle removal from
the air before entry into the pressurized cabin,. This removal
allows the effectiveness of known or proposed engine and filter
designs to be considered. The same method is used to compute the
mass of dust ingested by an engine or trapped in a filter.

A method of finding a realistic shielding factor for
sky-shine radiation is developed to replace Klimg's (Ref 10)
approximation of a single 0.063 inch thick aluominum skin. This

model is detailed enoagh so that the sky-shine dose <can be

considered a realistic estimate rather tham a worst-case limit,
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Specd, altitude, and payload for each aircraft used in this
study were selocted to reflect typical wartime missions, These Y

parameters can be varjied to allow for different missions ot

e

changed entirely to represent different aircraft.

Although other effects may be present, only tissuec dose from
external gamma radiation and dust ingestion in engines and filters F
are addressed in this report.

The crew dose and dust ingestion information provided by this
study will 2llow planners to determine the threat to the aircraft !
if location, time of burst, yield and wind profiles &are Xknown.
The aircraft’'s planned flight path or altitude can be changed to
reduce the threat if required. The accompanying computer code
also allows resecarch into the effects of different particle size

distribuotions, aircraft configurations, and types of filter.

Assumptions

Several explicit assumptions are made in this report. They

'i 1, The initial conditions for the stabilized cloud are those for ??
DELFIC as shown in Appendix A,

2. The activity density of the mnnclear cloud does not vary
significantly within five gamma mean free paths of the
aircraft,

3. All of the gamma-rays have energies of 1 MeV,

4. All of the dust that enters the cabin is trapped and there is

SN Y Y
' e
: .

no internal shielding from the dust except by the air in the

cabin.

5. The shielding factor for sky-shine (external) radiation can be F-




found by using an 'average’ mass integral taken directly from
tue mass and surface area of the cabin and that all of the
cabin mass has the gamma-ray cross section of aluminum.

These assumptions are discussed in more detail later im the

text.

Approach

The development of the nuclear ¢cloud model and a summary of
the results for the baseline scenario in terms of activity density
in Curies per vertical meter versus altitude at various times are
presented in Chapter II, Also presented are results for larger and
smaller particle size distributions. Nuclear clouds composed of
more than one burst are oxamined.

The mathemstical development for the external dose from both

. trapped cabin dust activity and sky-shine is presented in Chap£or

III, The results for a single, one megaton ground burst are then
presented in tabular form. These tables include the doses
received and the particle contributing the most activity at the
spocified altitude for several different aircraft,

Treatments of nuclear c¢loud dust density, cabin air filters,
and engine dust ingestionm are in Chapter IV, Results for the same
aireraft and nuclear clouds used in Chapter III are given.

Conclusions and recommendations are in Chapter V,
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II. Cloud Model

Background

This chapter relies heavily on data computed by DELFIC. A
brief description of this code will be givenm to clarify later
discussion.

DELFIC is recognized as a benchmark against which other
fallout codes are measured: however, its size, complexity and
expense to run prevent easy use. DELFIC is constructed as a set
of sequential modules. Here we are concerned only with the
predicted initial, stabilized auclear clound. The modules of
interest are Fireball, Cloud Rise, Interface, and Diffusive
Trensport, The cloud parameters at the end of Cloud Rise are
printed at the beginning of the Diffusive Transport module,

A near surfnce nuclear burst gonerates a fitebaii tﬁlt
vaporizes a significant quantity of material from the target
saros, This vaporized soil mixes with vaporized weapon material,
such as the weapon case, unburned fuel, and fission products,
which are-highly radioactive. The Firebsll module models this
phase of the burst, A default particle size distribution
represeating Nevada soil is bauilt into DELFIC,

As the ocloud rises, the vapors cool and the radioactive
material is mixed in with condensed soil material, Fractionation
occcurs a3 materials condense at different temperatures: some of
the radiocactive material will be distributed throughout the volume
while radijoactive elements that melt at lower temperuturos will
condense on the surfaocoe of the particles. The number, size, and

fractionation of the particles will be determined by the type of
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weapon and the type of soil im the target area, The fractionation
predicted by DELFIC along with the default particle number-size
distribatioa produces the defaunlt activity-size distribution used
in DELFIC., This phase is described by the Cloud Rise module.
Examination of DELFIC output for this study shows that cloud
stabilization occurs in two steps. In the first step, wvertical
stabilization takes place. This happenes when all particles have
reached their maximum altitodes and the largest ones begin to fall
back. This occurs from 3 to 6 minutes after the burst. The
radius of the cloud that DELFIC predicts at this point is the
valoe that Ruotanen (Ref 25) wused to <correct the standard

deviation of the initial cloud radius, for the WSEG model and

X
is the value this study will use to determine %"

In the second step, the cloud does not rise any further but
continues to expand rapidly in the horizontal direction. .Tiis'is
due to the momentum of the toroidal circulation which began during
step one. The end of this second step is what is usually referred
to as the stabilized cloud. The 1econd step ends at 5 to 15
minutes after the nuclear burst,

The DELFIC Interface module couples the stabilized cloud to
the winds over the target and allows the cloud particles to be
blown downwind in the Diffusive Transport module. Further
sections of the code determine the location, activity, and dose of
the fallout on the ground. In this study, we will use only the
initial stabilized cloud. The parameters for this initinl'cloud
are printed at the beginning of the Diffusive Transport section of

a typical DELFIC printout.

DELFIC is a disc tosser code, so called because it subdivides
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the particles in a cloud into monosize groups, models each group
as @ disc, then tracks each disc as it falls and is blown
downwind. DELFIC is normally set to track 100 discs. Each-disc
is din turn composed of 20 wafers, each containing 5% of the
monosize particle group. The radii and the altitudes for the top
and bottom of each wafer are printed in the output. The DELFIC
data used in this study are reproduced in Appendix A,

The ¢loud model used in this study will be presented in the
following manner.

First, particle size distributions will be discussed and the
distribuotions wuwsed in this stady will ©be presented. The
distributions are converted into 100 equal activity-size and 100
equal mass-size groups.

Second, the model of the DELFIC initial ocloud will be
presented. This includes the stabilization time and radiu§-o£ ;he
cloud. The rigid DELFIC discs are converted to the 'smeared’
discs of the AFIT Fallout Smear model. The determination of
initial altitude and vertical distribution of each particle size
group are thenm considered,

Third, a description of the activity distribution in the
¢loud will be developed.

Fourth, c¢loud growth, cloud fall, and smeering by wind will
discussed.

Finally, clouds consisting of multiple bursts will ©be

cons idereod.
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Particle Size Distributions

; RS Dust particles found in nuclear burst clouds have particle

i N size distributions that have been found to fit the cumul#tive
lognormal function as described in Bridgman and Bigelow (Ref 2).

This funcction is given as:

: 1 1 I1a(rm) - a 2

. F(r) = ——m—m— exp - - [ z ] {(1/m] (1)

: Jiﬂ ﬁl‘ 2 B

i where

E a, = iIn(rm) ;
3 B = ln(arm)

E ¢y T % * ap’

A usefunl feature of cumulative lognormal functionms is that

v

different moments of the expression (represented by n) are also

-~ g

0. cumulative lognormal with the same slope. The value of n in this '

LA

equation determines the type of distribmtion. A value of n = 3

will create a volume diatribaotion, and, if the particle density is

At st A

VO

il
" s
ek

uniform, a mass distribution. If an =2 ¢then Eq (1 ) will

describe a surface area distribution. When n = 0, the original

v
¢

aumber—-size discribution results,

- -

. A

The valunes in Table I are number-size distributions from

Py e '-"

1w,

Bridgyman (Ref 3). Except for DELFIC thoy were computed from the

ik

experimentally determined cumulative lognormal activity-size

Lo

distribantions by using the 2.5 moment approximatiom suggested by

Freiling, which is explained below,.

g Fracticonation effects will cause refractory radionuclides to

main s e

[

1.

; be distributed throughout the volume of the particles, while

ala’a

volatile nuclides will be deposited on the surface. The ratio of
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volume deposition to surface deposition is difficult to determine

experimentally or theoretically, but it must 1ie at s point

i

between n = 2 (all surface) and n 3 (all volume). As an
approximation, Freiling suggested n = 2.5.

The activity-size distributiomn of a nuclear c¢cloud is
generally found directly by experiment,. If that activity-size
distribution is lognormal, then a iognormal number—-size
distribution can be computed, wusing Freiling's =an = 2.5. The
number~size distributions in Table I were all computed in this
manner except for the DELFIC default distribution.

DELFIC activity-size distributions are found by DELFIC
computing the fractiomation of each decay chain of the fission
products, Bridgman and Bigelow (Ref 2) found that the DELFIC
activity-size distribution which results from this chain by chain
calculation can be represented by the sum of two cnﬁ;lnt;ve

lognormal distributions:
F(r) = Fv c¢laf(n=3) + (1 - Fv) clnf(n=2) (2)

where the - volume fraction Fv equals 0.68 an? claf(m) is the
cumulative log normal fumctionm in Eq ( 1 ). *This study nuses
Bq ( 2 ) to coumpute the DELFIC activity-size distribution., DELFIC

is the only distribution in Table I to use this method.
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:’.', TABLE I
’ P icle Nu =S D mtions
1 T NANME ra(um) . SOURCE REMARKS L
) TTAPS .25 2 Turco no tail
'f' NRDL-N61 .00039 7.24 Freiling Nevada soil
NRDL-Cé61 .0103 5.38 Freiling Coral
- NRDL-D .01 5.42 Polsn Nevada Dynanmic
{ DELFIC .204 4 Polan Fv = .68 ¥
USWB-HI 3.48 2.72 Polan Hicap '?
‘ US¥WB-LO 3.84 3 Polan Locap i
¢ FORD-T 5.98 2.23 Polan t,
RANDWSEG 10.6 2 Polan E
NRDL-SII 27.1 1,48 Polan Saltwater II ;
¥ {* wmor-ss 36.8 1.51 Polan Saltwater I g |
ﬁ; TOR-C 50.6 1.36 Polan Coral u
2: DELFIC was selected for the baseline case. ‘ NRDL-N61 and ;
TOR~-C were selected because they are extreme examples of ‘small’ #
and 'largex size distributions, Figures ( 1 ) and ( 2 ) plot the
cumulative activity-size and mass-size fractions versus radius of i
| ‘ the particle. Tables II through VII list the 100 equal activity
7 and equal mass particle groups for these three distributions.
A They were generated by the program in Appendix C using Eq (1), ;
. ;
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TABLE II ]
P\:
R DELFIC Mean radii in microns of the 100 equal-activity groups =
computed from rm = .204: o = 4: Fv = .68 L‘l
rm o
.473 904 1.27 1.62 1.97
2.32 2.68 3.04 3.41 3.80
4.19 4.60 5.02 5.45 5.89 .
6.35 6.83 7.32 7.82 8.35 -
8.89 9.45 10.0 10.6 11.2 P -
11.8 12.5 13.2 13.9 14.6 .
15.4 16.1 17.0 17.8 18.7 S
19.5 20.5 21.4 22.4 23.5 ]
24.5 25.6 26.8 28.0 29.2 *j
30.3 31.8 33.2 34.7 36.2 -
37.1 39,4 41.1 42.8 44.7 ¥
46.6 48.6 50.7 52.9 55.1 -
57.5 60.1 §2.7 65.5 68.4 -
71.4 74.7 78.1 81.7 85.5
89.5 93.8 98.4 103. 108.
. 113. 119. 126. 133, 140. 54
- 148, 157. 167. 177. 189, o
202, 216. 232, 251. 272. =
297. 326. 361, 403, 457, )
529. 629. 782, 1064, 1917, ]
’ o]
O TABLE III %1
-
DELFI in.micron 100 -m o .=
computed from rm = .204: o __ = 4: Fv = .68 o
1.83 3,21 4.30 5.28 6.20 ga
7.10 7.97 8.84 9.71 10.5 =)
11.4 12.3 13.2 14.1 15.0 T
15.9 16.8 17.8 18.7 19.7 -
20.7 21.7 22.8 23.9 24.9 "
26.1 27.2 28.4 29.6 30.8 !:
32.0 33.3 34.7 56.G 37.4 ]
38.8 40.3 41,8 42.4 44.9 -
46.6 48,3 50.0 51.8 53.7 =
55.6 57.6 59.6 61.7 63.9 Sy
66.2 68.5 71.0 73.5 76.1 “
78.8 81.6 84.6 87.6 90.8
94 .1 97.6 101. 105. 108,
113, 117. 122. 126. 132.
137. 143, 149, 155. 162,
169. 177, 185, 194. 203,
214, 225, 237, 251, 265,
282, 300. 320. 343, 370.
400. 436. 478. 531, 596.
682. 802 . 985. 1318. 2311.
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TABLE IV

NRDL-N61 mean radij im microns of the 100 egual-actjvity groups
computed from rm = .00039: om = 7.24

.0432 .095§ .145 .194 .245
296 .350 .406 464 .524
.587 .652 .720 .790 .864
.940 1.02 1,10 1,18 1.27
1,37 1.47 1.57 1.67 1.78
1,90 2.02 2.14 2.27 2.41
2.55 2.70 2,85 3.01 3.18
3.36 3.54 3.73 3.93 4.14
4.35 4.58 4.82 5.07 5.33
5.61 5.89 6.19 6.51 6.84
7.19 7.55 7.94 8.34 8.77
9.22 9.70 10.2 10.7 11.2
11.8 12.5 13.1 13.8 14.6
15.4 16.3 17.2 18.2 19.2
20.3 21.6 22.9 24.3 25.8
27.5 29.3 31.3 33.4 35.8
38.4 41,3 44 .6 48,2 52.3
57.0 62.3 68.4 75.5 83.9
94.0 106, 121. 140, 166.
201. 253, 340. 517. 1161.
TABLE V

NRDL-N61 mean radiji in microns of the 100 equal-mass groups
computed from rm = .00039: O m = 7.24

.303 678 1.02 1.37 1.73
2.10 2.48 2.87 3.29 3.71
4.16 4.62 5.10 5.60 6.12
6.66 7.23 7.82 8.43 9.07
9.74 10.4 11.1 11.9 12.6
13.5 14.3 15.2 16.1 17.1
18.1 19.1 20.2 21.4 22.5
23.8 25.1 26.4 27.8 29.3
30.9 32.5 34.2 35.9 37.8
39.7 41.8 43.9 46.1 48.5
$1.0 53.6 56.3 59.2 62.2
65.4 68.58 72.3 76.1 80.1
84.3 88.7 93.5 98.5 103.
109. 115. 122. 129. 136.
144, 153, 162. 172. 183,
195. 208, 222, 237. 254.
272. 293, 316. 342. 371.
404. 441, 485. 53s. 595.
666 . 752. 860. 996. 1177,
1427, 1797. 2409. 3651. 8140.
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IABLE VI
JOR-C mean zadii ip microns of the 100 equal-actjvity groups
computed from rm = 50.6: % m = 1,36
29.0 32.8 35.0 36.7 38.0
39.2 40.2 41.1 42.0 42 .8
43.5 44 .3 44.9 45.6 46.2
46.9 47.5 48.0 48.6 49.2
49.7 50.2 50.8 51.3 51.8
52.3 £2.8 53.3 53.8 54.3
54.7 55.2 55.17 56.2 56.6
57.1 $7.6 58.1 58.5 59.0
59.5 59.9 60.4 60.9 61.4
61.9 62.3 62.8 63.3 63.8
4.3 64.8 65.3 65.8 66.3
66.8 67.3 67.9 4.4 69.0
69.5 70.1 - 70.6 71.2 71.8
72.4 73.0 73.6 74.3 74.9
75.6 76.3 77.0 77.17 78.4
79.2 80.0 80.8 81.6 82.5
83.4 84 .4 85.4 86.4 87.5
88.17 89.9 91.2 92.7 94 .2
95.8 97.7 99 .7 102. 104.
107. 111, 117. 124. 141.
TABLE VI
TOR-C mean radii in microns o he 100 equal-mas roups
computed from rm = 50.6: S m - 1.36
30.4 34.4 36.7 38.4 39.8
41.1 42.1 43.1 44.0 44 .9
45-.17 46 .4 47.1 47.8 48.5
49.1 49 .8 50.4 51.0 51.5
52.1 52.17 §3.2 53.8 54.3
54.8 55.3 55.9 56.4 56.9
57.4 57.9 58.4 58.9 59.4
59.9 60.4 60.9 61.4 61.9
62.4 62.9 63.3 63.8 64.3
64.8 65.4 65.9 66.4 66.9
67.4 67.9 68.5 69.0 69.5
70.1 70.6 71.2 71.7 72.3
72.9 73.5 74.1 74.7 75.3
75.9 76.6 77.2 77.9 78.6
79.3 80.0 80.7 81.5 82.2
8$3.0 83.9 84 .7 85.6 86.5
87.5 88.5 89.5 90.6 91.8
93.0 ¥4 .3 95.7 97.1 98.7
100. 102. 104. 107. 109.
113. 117. 122. 130, 148.
16
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Injtial Stabilized Cloud

The initial cloud is modeled as an upright circular cylinder
that resembles a tomato soup can, as in Figure 3. The DELFIC data
for stesbilization time and borizontal cloud radius as a function
of yield were least—squares fit to a polynomial im 1a(Y) for this
study. The data taken from DELFIC to generate these fits are
reproduced in Appendix A. The expressioms to fit the DELFIC data

are:

Tvs = 385.295 - 99.1476 (1nY) + 64.6314 (lnY)2

- 8.21379 (1aY) + .323598 (1oY)  [s] ( 3)

where Tvg is vertical stabilization time inm seconds and Y is yield

in kilotons: and

S, = 868.277 - 632,399 1aY + 625.132 (1aY)"

- 112,586 (lnY)’ + 7.16648 (lnY)‘ (m] ( 4)

where So is the cloud radius in meters at vertical stabilization
time. This radins is assumed here to represent a 20 distribution
so that when finding o and ay using the formulae for toroidal

growth (discussed later in this section), the initial <cloud

horizontal distribution ao will be

The expressions for the time since burst and cloud radius at

the end of horizontal stabilizatiom step are givem in Appemdix A.
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In this study, no DELFIC information for times later than verticsal
¢loud stabilization is used,

Hopkins (Ref 11) developed a it for the vertical
distribution of the cloud. Hopkins ran DELFIC with yields from 1
kiloton to 15 megatons and fitted particle size versus altitude to
a linear function for each yield, The altitude used for this was
the average center altitude of all of the wafers for a given
particle size group. The slopes and intercepts were them fit to
polynomials in logarithmic yield so that
z = I +2rm S [m] ( 6)
where :mi is the mean radius of the particle size group |in
microns, zoi is the initial center altitude of each particle group
distribution in meters, IIn is the (zero~radius) intetéépt .in

meters, and Sm is the slope in meters (of altitude) per micron (of

radius). Hopkins found:

I_ = EXP(7.889 + 0.34 (1a¥) + .001226 (127) "
- .005227 (12Y)  + .000417 (1a21) ) (1)
s_ = -EXP{1.54 - .01197 (1a¥) + .03636 (1a1)°

- 0.0041 (lnY)’ + ,0001965 (lnY)‘] ( 8)

where Y is the yield inm kilotons,

Hopkins developed the above equations wusing the DELFIC
default particle size distribution, Mapy DELFIC runs were made
with a variety of particle size distributions for this study. It

was determined that Hopkins’ size versus altitude functiom does

18
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not change when different size distributions are used. This 1is
discussed further in Appendix A,

Bridgman and Hickman (Ref 2) incorporated Hopkins' vertical
¢cloud distribution into the AFIT Smear Code fallout model, and
further assumed that the vertical distribution of each sizs group

was gaussian with

i i
o, = .18 20 [m] (9 )

i.e. the higher the particle, the larger its o Study of DELFIC
data has shown that this approximation is valid only for yields
above 1 megaton., Particles lofted by megaton size yislds have a
nearly constant az at all altitudes, while sub megaton yields show
a decreasing °, with increasing altitude. The DELFIC dats for
vertical partiocle distribution were incorporated in s polynomial
least-squares fit to yield inm a manser similar to Bopklns'.iit ;Ot
particle initial altitude,
1 i

Az~ = Id + 2 rm Sd (m) ( 10 )

where Az1 is the predicted vertical thickness of the 1th monosize

particle group and Id and Sd are thoe intercept and slopes, It was

found that

S = 7 - EXP{1.78999 - .048249 (1nY) + .0230248 (1n¥)

- .00225965 (1nY) + .000161519 (1aY)') (11 )

3
I = EXP(7.03518 + .158914 (1nY) + ,0837339 (1aY)

- .0155464 (1aY) + .000862103 (1aY¥) ") (12 )

19
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The o, is then arbitrarily teken as

] = 1 Az (=] ( 13 )

That is, Az is assumed to be a 20 distribution about a point
midway between the top and bottom of the Az function. Funoctions
that independoently fit particle size versus altitude for the upper
and lower limits of each monosize particle group cam be found in
Appendix A. Hopkins' formulae Eq ( 7,8 ) are fits to the average

altitude of the 20 wafer centers in each group.

Clond Activity Distribution
The cloud takes 3 to 6 minutes to stabilize vertically at a

height and diamoter deponding on weapon yield. The initiel,

stabilized, gsuclear cloud is modoled as a right cirocular -

¢ylinder. The oylinder represents the 1limits of a 20 =normal
distribution in the lateral dimensjions and the limit of the sum of
the 20 normal distributions of the ajirborme particle groups io the
vertical dimension. 8ee Figure 3,

The activity in the cloud varies as ; fonotion of position
and time.-.Tho vertical distribution of the different size groups
is assumed to be that of DELFIC, ss modeled by Hopkins. Each
individual partiole size group is assumed to be normally
distributed both vertiocally and horizonmtally: and those spatial
distributions are assumed to be independent of each other. Thus
the sctivity density A’’’ at a point ism the oloud {1

A" (z,y,z,t) = IO Ar '"'(x,y,z,r,t)dr [Cilm'] { 14 )

whore A" (x,y,z2,2,t) is the sapecifio activity donsity in

20
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3
Curies/m -micron, The three spatial dimensions are independent,
thus separable. The horizoantal distributions im (x,y) are assumed

to be independent of particle size r so that

Ar"’(x.y,z.t) = f(x,t) f(y,t) IO Ar'(z.r,t)dr [Ci/m,] ( 15 )

where Ar’(z.t.t) is the specific activity in Curies per meter of
altitude per micron of radius as s function of r and time t. The

normalized horizontal distribuntions are of the form

1 1175 =z - X, 12
f(x,t) = exp - - e (1/m] ( 16 )
JZa o (t) 2 1 o _(t) )
z x
1 1 f y - yO 12
f(y,t) = exp - - [1/m] ( 17)
JIn ay(t). 2 1 ay(t) }

where the point 250 Yy is defined as thoe oenter of the oloud,
The integral in Eq ( 15 ) can be replsced by a summation over

100 discrete monosize partiocole groups.

100
fo A '(z,2,t)dr = EAi tiiz, ) (Ci/m] ( 18 )
r im1

where oach group Ai contains 1% of the total activity at umit time
and the normalized vertical activity distributionm for eaoch group

is
i 1 1 zi -z 2 :
£7°(z,t) = c— oxp - - { -_— ] {1/m] ( 19 )
In o 2 oz

o ay. and o, will be discussed later in this ochapter,.
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Nowv, Eq ( 14 ) can be rewritten as
100

i

A''"'"(x,y,z,t) = f(x,t) £(y,t) 2 A fi(z.t) [Ci/m.] ( 20 )

i=1

Note that this equation gives the activity density for any point
in the cloud. If we set Ax = =%, = 0 and Ay = ¥V < 0 in
Eq ( 16,17 ), we have the activity at the horizontal cloud center
as a function of altitude, which is the maximum activity density
at any altitude.

Finally, activity is a function of time, as radioactive decsay
takes place. The Way-Wigner approximation is used:

-1.2

A(t) = At {Ci] ( 21 )

where A(t) is the total activity in Curies at a givenm time t in
hours since burst and where Al is equal to 530 gamma meg;cnties
per kiloton of fission yield at unit time (1 hour since burst)
(Ref 8).

This completes our description of the imnitial stabilized

cloud. In the next section we will c¢onsider horizontal <clouad

growth due to wind shear and toroidal <c¢lood expansion, and

vertical cload growth as the particles fall to the ground.
. Late Time Cloud
- 100
) i

We define the term A" f°(z,t) in Eq ( 20 ) as f(z,t),
- i=1
N the (total) activity per vertical meter. Values for f(z,t) used
A in this study are shown in Figures 6-9. These vertical activity
¥

densities can be converted to Curies/meter (the activity demsity)
1 23
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by evaluating f(x,t) aand f(y,t) in Eq ( 16,17 ) for Eq ( 20 ).
This requires that the horizoatal size of the cloud, in terms of
m ¢ and o, be found.

x y

DELFIC output for this study included information omly omn the

initlial cloud conditions. No attempt was made to model the cloud

ui in time. Therefore, the toroidal growth and wind shear terms
gﬁ incorporated in the AFIT Fallout Smear Code for o and dy are
f% retained.

;I Wind shear is the term representing the change im wind

velocity with altitude normally observed in the atmosphere. The
total wind shear is composed of two components. Directional shear
£ is due to & change of wind directionm with altitude, and speed
shear is due to s change of wind speed with altitude. These two
factors are summed in quadrature to obtain the total shear St in

® km/hr-km,
The upright circular cylinder used to describe the initial
cloud is stretched in the direction of the total wind shear (due
to the difference in velocity of the top and bottom of the cloud)

until the c¢loud resembles a sardine can from above as depicted in

ii' Figure 4.

é Fallout modsls designed to produce ground dose, such as WSEG
ik_ or the AFIT Smear model, usually employ a8 single comstaat wind
?l‘ {assumed to be in the x direction) for simplicity in determining
, the fallout hotline. For this 'average’ single constant wind, the
o speed shear term 1is applied to the downwind direction and the
;; directional shear term is applied to the transverse (crosswiund)

direction, The directional shear used in WSEG and AFIT models is

called Sy and is given a wvalune of 1 km/hr-km. The speed shear,

‘sl
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ﬂi Sx' is ignored because any elongation of the cloud in the downwind

direction will change the time of deposition, not the amount, of

fallout. The cloud is transported downwind by the average wind
velocity v and translated crosswind by the directional shear Sy'

Hickman (Ref 10), who developed an airborne dose model from

f_ the AFIT Smear model, and Kling (Ref 16), who refined Hickman's

}. model, retained this interpretation of the single comstant wind in

their theses, In effect, the aircraft was held fixed at a point

3 over the ground and the cloud passed it at velocity Ve equal to

the aircraft cruise speed. Bridgman and Hickman (Ref 2) S

recognized that, for am airbornme cloud penetration, the choice of -

p = a preferred coordinate system was arbitrary: relative to an

aircraft penetrating the <cloud, the wind c¢ould be from any

direction, They arbitrarily assigned Sx equal to Sy and applied

e N

(o

them to o aad ay respectively, as discussed 1later im this
section.

That assumption of similar magnitudes for Sx and Sy can be
improved upon. A typical wind has a speed shear of 8 to 10

kn/hr—-km, an order of magnitude larger than the directional shear ]

B of 1 km/hr-km proposed by WSEG?'This means that the clcud will be

elongated much more in the downwind direction (due to speed shear)

[ ) 2. This can be verified by watching a typical summer thunderstorm,

g which has dimensions similar to a nuclear c¢loud <(for similar
reasons: the energy released in a2 thunderstorm is the same or
greater than a nuclear burst). The main shaft of the thunderstorm
resembles Figure 4 when seen from the side, stretching from west
to east, During the storm’'s mature stage, the direction and speed

L | of the stratospheric winds can be easily visualized as they ’'blow

) off' the top cloud layers. This unpper level wind velocity can be -3
compared to that perceived at the surface (beyond the distance
that the storm’s gust fromt reaches) to obtain a feeling for the
qQuantities involved.

: 8 25
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than in the <crosswind direction (duve to directiomal shear).
Because this downwind elongation was ignored by Hickman and Kling,
the activity densities (and dose rates) inside their cloud models
can be considered too high. In the next chapter, however, we will
see that elongation of the cloud in the direction of penetration
(assumed by Hickmanm and Kling to be downwind) will not affect
dose.

In this study, the motions of an aircraft are considered
relative to the surrounding air, not the ground. The aircraft is
allowed to ©penetrate the <cloud at any altitude, direction,
airspeed, or time after the burst. Thus speed as well as
directional shear is required. Because we are concerned only with
the cloud and the aircraft, we will ignore the ground and define
the x axis as relative to the aircraft and in the direction of its
velocity vector. Total shear will be brokem down in£o ;ts
components relative to the aircraft direction, rather than
relative to the wind direction., This is equivalent to choosing an
gircraft cloud penmetration angle relative to the wind direction
(se¢ee Figure 5) by using the law of cosimnes.

These shears are defined as:
S = dV /dz {1/hr] ( 22 )
b 4 x
S = 43V /dz {1/ks] ( 23 )
Yy y

where S is wind shear and V is the wind velocity. The x end y
coordinates are now referenced to the aircraft, where x is in the

direction of the aircraft heading and y is at right angles to

this.
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Figure 5. Penetration of Late Time Cloud
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The total shear St is squal to the square root of the sum of

3 3
(Sx) and (Sy) . In this study, we will take Sy = 1/hr and Sx =

o 0/hr in the same sense that Hickman and Kling used, for comparison -
L

- purposocs. In the next chapter, we will see how penetration

- direction affects dose.

5 From WSEG, the enpirical formulae relating shear to the ;

\

. standard deviation of the normal distributions are

._ 3 3 ¢
. (6.) = (e.) {1+(8TA)/TC) + (o S_ t) [(m] ( 24 )
) x 0 z x
: k
3 3 3 "
(6.) = (a,) {1+(8TA)/TC} + (o_ S_ t) [m] ( 25 ) -
y 0" z 'y -
\ where TA = t for times less than three hours and TA = 3 for times .
_' greater than three hours, and TC from WSEG is 4
) ,
TC = 12(Ec/304.8)/60—{2.5((Hc/304.8)/60) ) {1/hr] ( 26 ) B
{ de Polan (Ref 24) incorporates a correction factor so that E
2 Y
TCP = TC 1.05732 (1 ~.5 EXP{ -((30/304.8)/25) }) [1/hr] (27) -

l '

‘ TCP is the time constant for the toroidal growith term im this 1
study. Toroidal growth is assumed to stop at the end of three ﬂ
hours. Hc is the cloud activity center height. In this study, "

! the empirical Hc from WSEG is not used, but rather Hc is taken %

from Hopkins formunla Eq ( 6 ) where ral for the medianm size ;i
particle group (i = 50) is selected.

The fall mechanics of the particles in each size group belave
according to the equations of McDonald (Ref 18) and Davies (Ref 6)
after Bridgman and Bigelow (Ref 1), An atmosphere with no vertical

wind is assumed.
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The fall velocity of each group is found by this method sand

the distance fallen in an interval 1is

i i i
2z = 2 - v At [m] ( 28 )
3 -1
where zij is the new altitude of the vertical distribution center
of particle size group 1 and zi is the altitude at the end of

j-1

the previous interval.

The fall velocity vi is determined by the atmospheric density

i
j-1

and viscosity at altitude =z The initial altitude the
particle falls from is given by Eq( 6 ). The interval At must be
small enough 0 that the atmospheric properties do not change
significantly in the distance fallen during the interval.

It was determined by Hickman (Ref 10) and Kling (Ref 16) and
confirmed in this stody that at early times (less than aboat one
hour) the <c¢loud fall <calcuolations are inaccnrate with time
intervals of less than 0.1 hour. Each interval uses a large amount
of computer time. A variable At was found to reduce the amount of
calculation needed. For times greater thanm one hour, 4t can be
increased ;ecaus the heaviest particles have already ‘fallen out’
end tbhe remaining cloud settles more slowly wiih time,. Also,
particle groups more than 30 away from the aircraft or more than
30 below ground level can be ignored. With these modifications,
the cloud model can be advanced 48 hours from burst time in less
than 35 minutes on a typical 8 bit howme computer (Kaypro II),.

Solutions for specific activity in Curies per vertical meter

from Eq( 20 ) for a variety of times and altitudes and the DELFIC

defanlt particle size distribution are shown in Figure 6.
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Figures 7 and 8 show solutions for sizes weighted towards smaller
(NRDL-N61) and larger (TOR-C) distributions.

Note that both NRDL-N61 and TOR-C have larger specific
activities than DELFIC at the vertical asctivity centers. This is
balanced by lesser activities at other altitudes, It can be seen
that for DELFIC and NRDI-N61, the settling rate of the dust
thr::z2h the atmosphere is sunimportant compared to the rate at
which the activity decays with time. In these cases, the vertical
activity center remains near its initia! st.bilized sltituue until
the activity has decayed to low levels. An aircraft may reduce
its exposure by flying as far below or above the peak activity as
feasible: although the latter is wunlikely for megaton size
yields.

Figure 8 for TOR-C shows that the large particles im this
distribution settle very gquickly compared to the decay rn£e:.in
this case, an aircraft may be better advised to stay high after
about an hoar after burst. This plot 1is presented againm in
Figure 9 with a linear activity scale so that the cloud fall may
be more easily visualized.

These plots are presented based on a fission fractionm of 1 so
that activities for any desired fission fraction can be found by
aprlying a simple multiplicative factor. Dose calculations in the
next chapter will be carried out with a fission fraction of .5,

which is more nearly representative of a one megaton burst.
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Multiple Bursts

Crandley (Ref 5) has shown that a munltiburst attack om a
limitod area, such as a missile field, can be modeled by a simploe
burst amplification factor applied to the activity density of a
i single burst case.

FPor target field of dimensions Lx by Wy, attacked by a total

of N = Nx*Ny uniformly distributed equal yield bursts,

/Aot 1 1 x-v_ -
f(z,¢ ) " —— j exp - - { ] dzx ( 29 ) b
e J_. IIn g (t) 2l o (¢ )

()
where z = Lz/2, . is the wind velooity, and & similar b
expression for t(y.t.). These reduce to |
' Nx _ . .
R G Fx = — JIn o_(t.) ( 30 )
e Lx X a
and
, Ny
Fy = === [Tn o _(t) ( 31)
'y y a
f where the burst amplification factor F is multiplied by the single
" burst aotivity demnsity in Eq (16) to produce the multidburst
: activity density. This faotor ocan also be applied to the dust F
i deusity in Chapter IV. E
.. ‘i
'} The next two ochspters must be considered before resnlts for i
. b
multiburat dose and dust ingestion ocan be found. Appendices I and :
\
J present results for a rcultiburst attask of 300 one megaton ,
N i
[ ] woapons in a 150 km square fiocld. |
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III. Dose Analvsis

Background

There are four ways that an aircraft crew can be exposed to
gamma radiation from a nuclear <cloud. They are ground-shine,
skin-shino, sky-shine, and exposure to the radioactive dust that
enters with the ailr provided to pressurize and cool the cabin and
equipment.

Ground-shine is disregarded in this stady. Hickman and Kling
have previously shown that ground—shine exposure to an aircraft is
negligible for an as2ircxraft flying a few gamma mean free paths
above the ground. At ses level, the 1 MeV gamma mean free path is
120 meters. .Hictman (Ref 16) has shown that for an ‘aircraft

flying 305 meters above the ground, the dose rate at the if:crAft
is equsl to 10_11 times the ground activity.

Skin—~shine results from nuclear cloud particles attached to
the outer skin of the aircraft, No quantifiable information on
this phencmenon could be found, However, dust particles small
enough to stay sirborne for significant periods may not be able to
penetrate the aerodynamic boundary layer outside the skin of the
airoraft and attach to the skin in numbers large enough to cause a
significant dose to the crew inside. Skin-shine will be
disrogarded as being beyond the scope of this study.

The baseline aircraft used to compate sky-shine amd cabin
dose in this study is & KC-135 asircraft. For simplicity,'doaes

are computed for the conter of the cabin. Note that the model

used in this study is very different from those employed by
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Hickman and Kling. Different cabin sizes . {ding ‘uctors, and
alrflow rates are used, It should ale- e noted that the KC-135
and EC-135 aircraft are based on the Boe.ng 717 which is .very
different from a Boeing 707. The E-3 i: wa -~d the 707 not the

KC-135. These differences will be discussed in more detsil later.

Cabin Geometry

The internal dimensions of the cabin are assumed to be a
cylinder. Although a8 cylinder is a reasonable model for most
sircraft cabins, some adjustments need to be made,. For instzance,
the values used by Hickman and Kling for cabin radius aand length
result in a volume more than twice as large as the pressurized
volume stated for the cabinm, resulting in too much dose. Part of
this is due to a too large radin;, vat the rest is due to the fact
that in a KC-135 or EC-135 aircraft (Boeing 717, NOT 707) the
floor is a pressure bulkhead. The entire circular cross section
of the fuselage is not pressurized.

"To allow for variations of the simplified cylindrical model
compared to the real aircraft, a pseudolength is used for this
model. This length represents the value obtained by dividing the
pressurized volume of the <cabin by the c¢cross sectional area
{pressurized volume/(nr’) = pseudolength}. This is the c¢abin
length that will be used for the <cabin dose rate integral
described later inm this chapter. Length is chosen to vary rather
than radins becsuse radius is the most accurately known and least
variable dimension, and because the cabin geometry factor i; more
sensitive to radius thanm length.

In the case of certain aircraft, such as the B-52 or B-1 with
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square or trianmgular cabin cross sections, both length and radius
most be adjusted to find & cylinder similar to the <cabin
configuration and having the same volume. Appendix D provides the
data needed to evaluate a variety of aircraft, Numbers shown are

for a typical operational wartime mission for each aircraft,

Sky—shine Shielding

Attenuation of gamma rays by any material follows the formula

-(ut/p) MI

A = Ao e {Ccil ( 32 )

where AO is the incident gamma activity, ut/p is the gamma ray
3
attenuvation coefficient in m /kg, MI is the mass integral inm
3
kg/m , and A is the activity after passing through the shield.

-("t/p) M1 will be referred to

The dimensionless exponential term e
as the gamma transmission factor Ty'
The shielding model developed for this study finds the mass
integral by dividing the mass of the cabin by the surface area of
the cabin, resulting in the desired kg/m‘ for the mass integral,

This model-necessitates the assumptions:

1. The mass and area of the wings, tail, fuel, and in bombers the
fuselage aft of the crew compartment are ignored.

2, The radiation from the distributed cloud is isotropic.

3. The cabin wall is homogeneous. It is composed of a single
material (aluminum), which is evenly distribated with a single
thickness,

Althoungh these assumptions may seem quite limiting, in

practice they are not. In fact, they are generally conservative,

The wings and tail in the first assumption may provide a good
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shield, but they subtend a small angle as observed from the cabin,
thus contributing little to overall shielding. The amount of fuel
carried in the fuselage (if any) varies with time, and is ignored
for simplicity. The fuselage aft of the crew compartmont on
bomber type aircraft can be considered an infinite shield. The
angle subtended by the shield is highly variable at different
points within the <cabin, however. The aft fuselage is also
ignored for simplicity. These are conservative choices,

Isotropic radiation from the distributed cloud was assumed in
the previous section and does not pose a problem,

In the last case, about 80% of typical aircraft structure and
equipment is aluminum and most of the remainder is low atomic
number material with similar cross sections for gamma rays in the
1 MeV range.

All mass, including equipment inside the cabim, is iﬂcln&ed
in the shield. Numerical analysis of several worst case mass
distributions in the cabin 1leads to the conclusion that any
reduction in shielding due to anisotropic mass distribotion would
be similar in magnitude to the increase in shielding realized by
using a cylindrical rather thanm the implied spherical geometry,
thus justifying the assumptions. These factors are on the order
of -15% and +15% for a KC-135 type sircraft. The third assumption
implies a spherical geometry for the shield becsuse we assume the
attenunation to be uniform for walls of a single, <constaxt,
thickness, This implied geometry is comsorvative: For a fixed
wall thickness, any enclosed volume will receive the least

shielding from a sphere.
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Sky-shine Dose Rate

As the aircraft approaches the cloud, it will not be exposed
to a significant amount of radiation until it is within a few
gamma mean free paths of the cloud., Activity will rise until it
reaches a peak at the center of the cloud, and will then fall off
as the aircraft exits the cloud. There are three assumptiomns to
be made st this point:

1. The activity demsity of the clousd does not vary vertically
within a few gamma mean free paths.

2, The lateral cloud dimensions are at least 5 gamma mean free
paths.

3. The aircraft does not penetrate the cloud prior to
stabilization.

Those assumptions are needed so that the integration for dose
rate can be carried out anslytically. The first two ussiﬁptisns
establish that the cloud is homogeneous im the vicinity of the
aircraft. These assumptions are unlikely to be violated except at
times less than 1 hour and altitudes above 40,000 feet. Any
sircraft wviolating the last assumption is likely to be destroyed
either by prompt effects or by turbulence and debris in the rising
fireball.

The activity density A''’(x,y,z,t) in Cilm’ for the nuclear
cloud is given by Eq ( 20 ). An aircraft immersed im the cloud
will ezxperience a dose rate from sky-shine calculated from the
spherical integral

2n

D= C A’''(z,y,2z,1t) j

n e s
2 ry sin® d¢ de ds ( 33 )
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where A’'''(x,y,z,t) is the activity density in the cloud and s is
the radial direction from the aircraft. C is a factor to convert
activity to dose rate and has a value of 2131 [rem-kg/Ci-hr] for
1 MeV gamma rays. The term ua/p is the tissue absorption
coefficient, and By is the total attenunation coefficient of air.
The attenuation due to the self-shielding of dust suspended
in the air is negligible and is ignored. Information on dust
densities developed in the next chapter is found in Appendices H
and J, Comparing dust density to air density indicates that
self-shielding from dust amounts to less than 0.3% of the
self-shielding due to air for a single 1 megatomn burst.
Integrating Eq ( 33 ) allowing 8 to spproach infinity, and
allowing for cabin shielding with the gamma transmission factor T?

from Eq ( 32 ), the dose rate inside the cabin is

. 1 h
D=CT A""'(2,7,2,t) o — [rem/hr] ( 34 )
7 Ft P

where activity is still at unit time reference and must be
converted to penetration time by the Way-Wigner decay formula.

If the aircraft flies completely through the cloud in the =x
direction with velocity v then the sky-shine dose inside the

cabin will be

+@ +®
D = I_m D(x,y,z,t') dt’' = I_a D(x,y.z.ta) dx/vx {rem] ( 35)
where dx = vxdt’ and t' = 0 whena t = t.. the cloud pemnetration

time. The cloud penetration time is defined as the time when the
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aircraft passes the cloud centerline, y = Yo+

Computing dose im this fashion assumes that the activity
density profile in the cloud is constant with respect to both
cloud expansion and activity decay with time. The ocloud 1is
therefore 'frozen' at time t = t, during the aircraft transit.

A rigorous treatment would have the activity density higher
on the entry side of the cloud than on the exit side, since the
cloud is expanding and activity is decaying during the time it
takes the ajircraft to transit the cloud. However, a numerical
analysis for this study has shown that s rigecrous treatment tends
to aversge the doses roceived on each side of the cloud so that
the cloud ‘'frozen’ at t = t‘ in this study results in doses within
1% of the more detailed treatment for typical cloud sizes and
saircraft velocities.

Collecting and expanding terms from Eq ( 35 ), dose 15.

T c

+@
M
D = X 2 f(y,t) A'(z,t) j_o f(x,t) dx [rem] ( 36 )
3600 v By p

where the .factor 3600 changes velocity from m/s to m/hr to match
the conversion constant C., For an ajircraft flyinmg through the
center of the cloud, x-x, = 0 and y-¥oq *® 0. From Eq ( 17 ), f(y,t)
then reduces to (ff?oy)_l. From Eq ( 16 ), the above integral of
f(x,t) is then just equal to unity, the value of the cumulative
lognormal function integrated over all x.
Thus the dose is
T c u (1)

D = I_ 2 A'(z,¢t) [rem] ( 37
P JSIn ay
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where A’(z,t) is the activity per vertical meter found in
Fq ( 18 ), Figures 6 through 9 show the numerical results fouad

for A'(z,t) in the cases uvused for this study.

Cabin Dust Dose Rate

The aircraft flies through the clousd in the x direction
sweeping ont all of the activity at a given altitude. The
activity in a unit cross section of the cloud projected along the
x axis is A''ly,z,t), which might be described as an

‘activity-integral’ analogous to the ’'mass-.ntegral’ MI,
+ @
A''"(y.z,t) = f(y,t) A'(z,¢t) I_o f(x,t) dx [Ci/n’] ( 38 )

where f(y,t) is found from Eq ( 17 ) and A’'(z,t) is fouand from

Eq ( 18 ), The integral _°f+° f(x,t) 6z is again equal to 1. )
The amount of activity that eonters the ocabin <can be

determined by finding an equivalent inlet area IA for the

cd
cabin. This is

A - (o] ( 39 )
cd

where Q2 is the mass flow rate of air into the cabin from the
engine compressor im kg/sec, Pair is the air density at the

s
~ircraft altitade in kg/m , and v is the aidrcraft velocity in

m/sec.
The totel amount of activity Acd in Curies trepped in the
cabin is the prodact of Eq ( 38 ) and Eq ( 39 ). It is the

activity ‘'scooped out’ from a tunmnel that extends through the
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cloud (Figure 4).

Note that because the mass flow rate of air,Q,into the cabin
is constant, a higher aircraft velocity will tesult in a smaller
effective inlet area, reducing the amount of dust ingested. This
is because the ocloud is traversed in less time, therefore a
smaller volume is ingested at the constant mass flow rate.

Further note that increasing the dimensions of the cloud

(either by expansion vwith time or smearing by wind) in the x

direction while aircraft velocity is oconstaant will not changetke

amount of dust ingested becamse the integral _af+w f(x,t) dx is
constant: all of the dust in a cross section throngﬁaflond will be
swept out, regardless of the particle location in the x
direction. However, clond expansion in the y direction
(transverse to the aircraft's flight path) will reduce the amount
of dost ingested becauvse the value of f(y,t) in Eq ( 38 ) will
decrease as o_ increases.

We will assume that all of the dust that enters the cabin is
trapped and stays saspended for the remainder of the flight. This
assumption is not true, but is used due to the complexitiss of
flow and'-settling in the cabin. This is @ worst case
approximation.

The dose rate at the ccnter of a cylindrical cabin is

3 3 1/3

+H.R .2n “He (r +2 )

. A n 0
p-c —=d 2 jj[ — r d8 dr dz ( 40 )
PV P -0 Yo 4n (¢ +z )

where C is a factor to convert activity to dose rate and .has a

value of 2131 (rem-kg/Ci-hr] for 1 MeV gamma rays. Acd is the

unit time activity inm Curies of the dust trapped inside the cabin
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and PV is the pressurized volome of the cabin. The term Acd/PV is
the activity density in the cabin. The term u‘/p i3 the tissue
absorption coefficient in n’/kg. R is the radius of the cabin, H
i3 one half the pseudolength of the cabin and the exponential term

allows for self attenuation by the asir inside the cabin: B is the

-1
total attenuation coefficient of air in m R The cabin air is

maintained at a pressure equivalent to an 8000 foot altitude when
the aircraft is higher than 8000 feet by the aircraft
pressorizaticn system, For this reason, e for air at 8000 feeot
is used.

The dintegral of Eq ( 40 ) wben eovaluated results in a
constant factor K which is dependent on the cabin geometry. This
cabin geometry factor K Las units of [{m] and is a measure of how
'close’' the distributed activity of the dust in the cabim is to a
given point in the cabin. Ia this study, .we con;ute dose to the
center of the cabin. The above integral is solved numerically. A
program to carry this out is found in Appendix K. Values of K for

a variety of aircraft are found in Tadble VIII.

The unit time dose rate at the center of the cabin is

D=CEK cd a (rom/br] ( 41 )
PV p
The dose is then
t +At
a
D =D I 1-1'2 dt [rem] ( 42 )
t
a

where D is the wunit time dose rate, ta is the openetration

time since burst, and delta t is the time remaining from cloud
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¢lound
each
_1n a

time

!Eﬁ penetration to mission completion. Doses for multiple

is encounters can be obtained by summing the doses from

%i ‘2; individoal encounter. If this is done for multiple oclouds
single mission, ocare must be taken so that the mission
remsining from penetrationm time, At, is adjusted in each case so

equals mission duration minus

that the doses are computed for realistic exposure times,

i.e

penetration for each cloud encountered during the mission.

. At

the time between takeoff and c¢loud

i. The following table was cvomputed using the above equations

;ﬁj and the data for each aircraft found in Appendix D. It provides

;?i information on dose factors, airspeeds, and cabin sizes and

;sg airflow rates for a varietsy of typioal aircraft om operational

m type missions.

o TABLE VIII

<  AIRCRAFT_DOSE_DATA

- ‘ Gamma Cabin Velocity|Cabin Alir Cabin

S Aircraft|Transmission]Geometry Hass Flow|Prossurized]Cabin

e Type Factor T Factor X V2 o] Yolumo Radius

e 7 M M/S | KG/MIN e M

n B-1B .5265 1,395 279.2 17 28.3 1.07

iki 5-526 ' .4360 2,035 231.5 22 51.9 1.75

B-52H .4493 2.035 231.5 22 51.9 1.75

gi: E-3 .5808 2,505 164.7 61.5 356.1 1.79

i E-4B .5246 4,586 164.7 216 1686 3.28

2 EC-135 .4537 2.468 154.2 50 244 .2 1.79
EC-135 .7043 2,459 231.5 50 232.,2 1.79

Filters

ﬁii Exposure to dust in the cabin can be prevented or reduoced in

fia' several ways. Depressurizing the cebin during oloud transit would
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LA

prevent dust eonatry. Mission requirements may prevent this,

e 18

Another method is to use a filter to prevent larger particles from

LN
AR |

LR

.~. eutering.

e Smaller particles could be allowed to pass through, as the
fé mean residence time for air in the cabin is on the order of §
minutes and the small particles would be quiockly flushed out. In
this case, the dust in the cabin would contribute to dose only
e while the aircoraft was inside the cloud. PFor this study, hovwever,
. the small particles that pass through the filter will remain
E! trapped in the cebin as a worst case for comparison purposes.

: It is possible that centrifugsl effects im the compressor
:; seotion of the aircraft engine could reduce or increase the dast
density in the <cabin airflow prior to filtration, Engines

currently undergoing testing for dust oerosion effeots may provide

o - dats on this (Ref 147,
W (e

This study will model filtration by subdividing the nuoclear

cloud into to two oongruoent olouds. One oclocud consists only of

those pasrticles which are small enough to pass through the

filter. The other o¢loud oconsists of the remaining larger

patticlu.~ The activity scocoped out of the ’'small particle oloud’

BTt b

is assumed to be trapped in the cabin and will be used for oabin

?; dose computations. The activity scooped out of the 'large 3
?i particle oloud’ is trapped in the filter. Sky-shine dosoe i
f; calvulations vse the summed asctivity of bLoth oclouds. ?
. 3
:i5 A filter studied by Rockwell for the B-1 bomber (Ref 15) will j
%i trap all particles with a radius greater than 10 microns. Thus a i
Ei filter transmission factor for all groups greater than this size ﬁ
;Z in BEq ( 18 ) would be O, 4i.e., none of them enter the ocabin. %
e :
L 46 ;
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Pariiocles botween 5 and 10 microns in radios are trapped with a
90% officiency for a filter transmissiom faotor of 0.1. All
particles smaller tham 5 micron. pass through the filter, for a
fiiter transmission factor of 1.0.

It should be recognized that if a filter traps enough
radioactive dust, it may present a hazard greater than unfiltered
air would pose. Care must be taken that the filter is shielded or
distant from the sircrew, ground orew, and electronics oquipment.

If the filtering efficiency of eagines and other parts of the
cabin air supply system ocanm be quantified, then s filter
transmission factor for the entire system can be used.

Any filter has 8 limit to its capacity. The filter memtioned
above will trap about 2235 grams of dust before becoming clogged.
After the filter is oclogged, it must be bypassed and unfiltered
sir alloved into the ocabin, The mass trapped in the filter for

esch ocloud enoounter ocan be doetermined as discussed in the next

chapter.

Rose Rosglts

The oitpnt for the baseline case is presentad inm Tadble X. The
next two tables will be the same, oxcept that the DELFIC partiole
size distribution is replasced with the NRDL-N61 distribution of
rm = ,00039 micrometers and o " 7.24 (Table XI). The TOR-C
distribution of rm = 50.6 and 9 m " 1,36 is used for Table XII.

For comparison purposes, the baseline oase in this study will
be a one megaton burst, fission fractiom of 0,5, DELFIC (Defease

Land Fallout Information Code) defanlt partiole size distribution,

a oross trasck wind shear of 1 (km/hr)/km, an 8 hour mission
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duration after cloud penotration, and a KC-135 aircraft.

Table IX ocontains the input parameters for the baseline
case.,
lable IX
Basecline Caso Input Paramotors

31 Doc 1438
This is a dose report.
CUSTON SCENARIO: Baseline case¢ - DELFIC and KC-135

WVEAPON/TARGET DATA:

Nomber of woeapons —=--—ececcommaua—c- 1
Weapon yield —---—-c-mcmmrcem e 1000 KT
Fission fraction ==-c-c-ccccmcmac—— 0.5
Dust fraction --c-reeccccccecceccana- 1/3

The size distribuntion inpuot file is~ DELFIC.RMA
Rm = ,204 : sigwma Rm = 4

The so0il density isg ~~-ccercercaccaa 2600 IG/I'

The airoraft specification file is - KC-135.8SPC
Airoraft velooity is ~—------ceeccacaa 231.5 N/S

Time frem cloud penetration

to end of mission ~veremccemccmcanaeaa 8 HR

Wind shear X (along traock) --——------ 0 (KEM/HR) /KM
Wind shear Y (oross track) ———c---—o 1 (KM/HR) /KN
The output file will be named -~=~-- A:BASELINE.DOP

Tables X and XI show that compared to DELFIC, an NRDL-N61
oloud will csuse an incressed dose at high altitudes, from 30% to
80% more, deponding on the time since burst., Conourrently, the
NRDL-N61 ¢loud has from 66% to 30% less dose at low altitudes.
These eoffects are due to the large numbers of small particles in
the NRDL-N61 distribution. The smaller particles are ocarried to
higher altitudes and stasy up longer, thereby adding to the
activity density at high altitudes snd subtraoting from it at low
sltitudes. This can be seoen by comparing Figuzre 7 to Figure 6,
The dose is further increased at high sltitude because the lower
air density provides less attenmumation,

Table XII shows the results for the TOR-C cloud (composed of

relatively large partioles) which canses similar doses compared to
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DELFIC at early times, but at lower altitudes, Doses fall off
very rapidly after the second hour at all altituodes. The dose at
tvo hours is 30 percent less than DELFIC and at an altitude 4000
meters lower., These effects are caused by the rapid fall of the
large particles and because the large particles start falling from
a lower altitude. The aircrew dose is low because the cloud has
fallen out of the air omnto the ground. This can be easily
visualized in Figure 9,

Tables XIII and XIV are for the B-1B in a DELFIC o¢loud,
without and with a filter, The dose dune to dust in the cabin is
completely removed at low altitudes, and st high altitudes where
thoere are particles too small for the filter to trap, the dose is
reducod by 80%. As expected, the sky-shine dose does not change.

This study assnumes a constant gamma ray energy of 1 MeV, It
would be possible to make the gamms onergy s function pg time
using dats derived by Drinkweter (Ref 7), which gives gamma
energies from 1,44 MNeV at 0.27 hour to 0.5 MeV at 27 hours, A
sample ocaloulation, shown in table XV, carried out for a gamma
onoergy of 0.7 MeV results in & shielding cross saction increase of
10%. Combined with the lower gsama energy, dose is reduced about
35%.

In the baseline case, we took wind shear 8x = (0 and Sy = 1.
If the nuclear cloud is stretched by wind shear in the x direction
(the direotion of penmetratiom), the acotivity-integral and ay will
not ochange and tne dose will remain the same (see Eq ( 37 )). This
is shown in Table XVI, where Sx = 10 and Sy = 1: this represents a
long, narrow cloud.

Table XVII shows the results if the aircraft in the last case
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penetrates the ocloud in the transverse direction. This is

accomplished by setting Sx = 1 and Sy = 10, so that the aircraft

flies through a short, wide cloud. Both sky-shine and cabin dust
dose are reduced by a factor of 5 at one hour and by a factor of
10 at eight bhours. Dose 1is also iaversely proportiomal to
velocity, as shown for sky-shine in Eq ( 37 ) and for cabin dust
in Eq ( 39 ).

Tables XVIII to XX show the doses that can be expoected for a
B-52G, E-4B, and EC-135 respectively. They penetrate the same
DELFIC cloud that the baselinme KC-135 in Table X used. The
sky-shine dose varies with the gammsa transmission factor, aircraft
velocity, and the transverse size of the cloud. The cabin dust
dose varies with velocity, mass flow rate of air into the cabin,
the cabin geometry factor K, and the transverse size of the

cloud.
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Table E

N

Baseline Case - DELFIC Cloud and KC-135 E

N

(I T T TIPS ARSI R SRR QTR R AR R RS AR 2R RS2 R 2R 2 R R 2R RER R D 2 2]
31 Dec 1438 CUSTOM SCENARIO: Baseline - DELFIC and KC-135
time (hr) =1 Jdeltat (hr) = .0967423 %airborne = 90 sigmax = 3958.03 M
sigmay = 4355.52 M 3 sigmay cloud diameter = 26133.1 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 3.62 6.72 10.3 31.8

10000 1.1 3.19 4.90 55.1

8000 .790 1.46 2.25 78.1

6000 .440 .817 1.25 103,

4000 .275 .511 .786 126.

2000 .180 .335 .5158 157.

080088800003 800888508 03008880 UESEISSEEREESIRASSSSORESERSSESISOBOUSESINNNISENTS

31 Deoc 1438 CUSTOM SCENARIO: Baselino - DELFIC and KC-135
time (hr) =2 deltat (hr) = .0967423 %airborne = 81 sigmax = 4865.07 M

sigmay = 6148.72 M 3 sigmay cloud diameter = 36892.,3 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 1.44 1,73 3.18 22.4
10000 .702 .842 1.54 36.2
8000 .332 .399 .731 48.6
6000 .196 .236 .432 60.1
4000 .133 .160 .294 74.7
2000 .0934 112 .205 89.5

0SS SPELPEISSRBEBEES IS0 0PEDSCCIPINSES00008883005S0SSLESESIRNIEERTERIERLAOsSRNS

31 Dec 1438 CUSTOM SCENARIO: Baseline - DELFIC and KC-135§
time (hr) = 4 deltat (hr) = ,166667 %airborne = 69 sigmaz = 5627.78 M

sigmay = 9500.64 M 3 sigmay cloud diameter = 57003.8 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 - .482 .404 .886 15.4
10000 .240 .200 .441 24.5
8000 .116 .097 .214 31.8
6000 .069 .058 .127 39.4
4000 .046 .038 .085 46.6
2000 .033 .028 .061 52.9

(TT YT T RIS SRR R R RRR R ISR RIS R RS TR RS R R R L2 AR R R R 22 2 2 2 2 22 ]2

31 Dec 1438 CUSTOM SCENARIO: Baseline — DELFIC and KC-135
time (hr) = 8 deltat (hr) = .363636 %airborme = 57 sigmax = 5627.78 M

sigmay = 16435.6 M 3 sigmay cloud diameter = 98613.5 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 .130 .083 .213 11.2
10000 .067 .042 .109 17.0
8000 .033 .021 .054 22.4
6000 .019 .012 .032 26.8
4000 .013 8.58 E-03 .022 30.5
2000 9.68 E-03 6.17 E-03 .015 34.7
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Table XI

NRDL-N61 Clioud and KC-135

PSPPSR0 SRR LR VRN SENOSEBSAISERL POV AEER RN RAISBES0SDEI00880808bddss0000 .
30 Dec 1300 CUSTOM SCENARIO: NRDL-N61 and KC-135 N
time (hr) =1 deltat (hr) = .386969 %airborne = 97 sigmax = 3922,13 M o
sigmay = 4329.41 M 3 sigmay cloud diameter = 25976.5 M "
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle .l
) M REM REM REM microns radius -
! 12000 4.69 8.70 13.3 31.3 ),
N 10000 1.46 2.711 4.17 52.3 N
~ 8000 .407 7157 1.16 715.5 S
. 6000 .176 .327 .503 94.0 =
g 4000 .100 .185 .285 121, g
8 2000 .061 114 .176 140, -
N (LI IR IS SRR R R L A R 2R SRR R RRRNS R RS2 RS2 R 22222 R 222222222 22 £ 2 !_
30 Dec 1300 CUSTOM SCENARIO: NRDL-N61 and EC-135 o
time (hr) = 2 deltat (hr) = .386969 %airborne = 94 sigmax = 4806.59 M R
sigmay = 6097.57 - 3 sigmay cloud dismeter = 36585.4 M .
Altitude Cav.n st Sky Shine Total Dose Prominent Particle -
» M REy REM REM microns radius .
{ 12000 2.13 2.5 4.68 22.9 |
- 10000 .688 .825 1.51 38.4 oo
8000 .204 .244 .448 52.3 ]
6000 .094 113 .208 62.3 :
- 4000 L0857 .069 .127. 75.§ s
h 2000 .037 .044 .082 94.0 S :
e 6:». [ X E I I TR ISR AR R 2SRRI SRR RS YR RQ TR RS R R R R RR 2 R 2R 2 d R 20Xt 2} )
30 Dec 1300 CUSTOM SCENARIO: NRDL-N61 and KC-135
time (hr) = 4 deltat (hr) = .386969 %Rairborne = 90 sigmax = 5551.88 M g
sigmay = 9443.7 M 3 sigmay cloud diameter = 56662.2 M T
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle fj'
M REM REM REM microns radius
, 12000 .800 .669 1.46 16.3 b
! 10000 .270 .226 .496 25.8 )
- 8000 - .086 .072 .158 33.4 3
6000 .041 .034 .075 41.3 it
4000 .025 .021 .046 48.2 -
2000 .016 .014 .031 57.0 z
P Y R R R Y R R R T R R Y R A RN R P PR RIS R R R SRR RS R RSN R R R 2 0 20 .
30 Dec 1300  CUSTOM SCENARIO: NRDL-N61 and EC-135
time (hr) = 8 deltat (hr) = .386969 %airborne = 84 sigmax = 5551.88 M -,
sigmay = 16402 M 3 sigmay cloud diameter = 98411.9 M .
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle -
[ M REM REM REM microns radius )
‘8 12000 .244 .155 .399 11.2
= 10000 .086 .05S5 .141 18.2 .
2 8000 .029 .018 .047 22.9
g 6000 .014 9.12 E-03 .023 27.5
- 4000 8.94 E-03 5.70 E-03 .014 31.3 L
1 2000 5.99 E-03 .003 9.81 E-03 35.8 i
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Table XII

TOR-C Cloud and KC-135

SISO ELIICT ISR OAAEPPIRORNRSNRSREERSGERL NS00S0 E0RROBACESEREB NSRS IRIGRRD
30 Dec 1420 CUSTOM SCENARIO: TOR-C and KC-135
time (hr) =1 deltat (hr) = .386969 %airborne = 100 sigmax = 3994.61 M

sigmay = 4394,87 M 3 sigmay cloud diameter = 26369.2 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 2.64 4.90 7.54 32.8
10000 3.67 6.81 10.4 54.3
8000 2.79 5.18 7.97 75.6
6000 1.25 2.32 3.57 99.7
4000 .366 .680 1.04 124,
2000 .078 .145 .223 141,

FIRRE ISR SIS IEONEIITEIEI0EINOIEIISISIEPIETEUNRIEEEEEiNtaOsesteIITIISES
30 Dec 1420 CUSTOM SCENARIO: TOR-C and KC-135
time (hr) = 2 deltat (hr) = .386969 %airborne = 100 sigmax = 4 4.5 M

sigmay = 6190.69 M 3 sigmay cloud diameter = 37144.2 M
Altitude Cabin Dust Sky Shine T ~al Dose Prominent Particle
M REM REM REM microns radius
12000 .337 .405 .742 29.0
10000 .745 .893 1.63 38.0
8000 .996 1.19 2.19 51.8
6000 .890 1.0¢6 1.95 64.8
4000 .573 .687 1,26 79.2
2000 .281 .337 .619 94.2

‘.“‘.‘.‘“..“‘.““““‘.““".“..‘..‘...'l..‘“"“.““.‘..‘;;.“.;.‘..‘
30 Dec 1420 CUSTOM SCENARIO: TOR-C and EC-135§
time (hr) = 4 deltat (hr) = .386969 %airborne = 84 sigmax = 5704.79 M

sigmay = 9539.53 M 3 sigmay cloud diameter = 5§7237.2 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 8.21 E-03 6.86 E-03 ©.015 29.9
10000 .032 .027 .060 29.0
8000 - .076 .063 .140 32.8
6000 .121 .101 .223 41.1
4000 .148 .123 .271 48.0
2000 .151 .126 277 55.2

AN ENINEE0E0CUNEEEIEINIRINNSNENItItOEtOsttstnNttttetdattstansesessns
30 Dec 1420 CUSTOM SCENARIO: TOR-C and KC-135
time (hr) = 8 deltat (hr) = .386969 %airborne = 25 sigmax = 5704.79 M

sigmay = 16459.7 M 3 sigmay cloud diameter 98758.1 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 0 0 0 29.0
10000 1.44 E-04 9.18 E-05 2,35 E-04 29.0
8000 1.07 BE-03 6.84 E-04 .002 29.0
6000 3.35 E-03 2.13 BE-03 5.48 E-03 29.0
4000 6.27 E-03 3.99 E-03 .010 32.8
2000 9.35 E-03 5.96 E-03 L0158 35.0
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Table XIII

DELFIC Cloud and B-1B

WITHOUT CABIN AIR FILTER

(T F IS R R R 2R AR RS2 R R 2RSSR RS R TR TSR R RO SRR R 2R 2 2 3}
12 Jan 1406 CUSTOM SCENARIO: Baseline + B-1B without filter

time (hr) =1 deltat (hr) = .0967423 %Rairborne = 90 sigmax = 3958,03 M
sigmay = 4355.52 M 3 sigmay cloud diameter = 26133.1 M

IS G A

LITU el

) : H » N .
‘a Gt

Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 4.77 4.16 8.94 31.8
10000 2.26 1.97 4.24 55.1

8000 1.04 .909 1,95 78.1

6000 .580 .506 1,08 103.

4000 .362 .316 .679 126.

2000 .237 .207 .445 157.

OB EE0LESEELBER 0L SEREBANSSPNIELPCDNILEPS PRS00S0 S0200¢ 200220200200 ES0SS
Baseline + B-1B without filter

12 Jan 1406

CUSTOM SCENARIO:

time (hr) = 2 deltat (hr) = .0967423 %airborne
sigmay = 6148.72 M

Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 1.90 1.07 2.98 22.4

10000 .925 .521 1.44 36.2

8000 .438 .247 .685 48.6

6000 .259 .146 .405 60.1

4000 176 .099 .275 74.7

2000 .123 .669 .192 89.5

SUS SIS SSUSSE0R0S SN0 0S08880032¢0808088803888000088SRSISRNRITOERANRESESRRR

3 sigmay cloud diameter =

sigmax = 4865.07 M

36892.3 M

12 Jap 1406 CUSTCM SCENARIO: Baseline + B-iB withont filter
time (hr) = 4 deltat (hr) = .156667 %Sairborne = 69 sigmax = 5627.78 M
sigmay = 9500.64 M 3 sigmay cloud diameter = 57003.8 M

Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 .636 .250 .886 15.4
10000 - .316 .124 .441 24.5

8000 .154 .060 .214 31.8

6000 .091 .035 .127 39.4

4000 .061 .024 .085 46.6

2000 .044 .017 .061 52.9

SPLVENIGa SN

2 a

raatl TS

B i SIAISITIPICI

DY Janl SUERRNEE haaas

TTLL

SSNSISSPESSICHESOESEESISEPPAS ISR ARV SEORESSEESISENISSEEC0RE2EREBRR25230008808

12 Jan 1406 CUCSTOM SCENARIO: Baseline + B-1B without filter
time (hr) = 8 deltat (hr) = .363636 %airborne = 57 sigmax = 5627.78 M

EAEN 2 SN

sigmay = 16435.6 M 3 sigmay cloud diameter = 98613.5 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 172 .051 .223 11.2
10000 .088 .026 .114 17.0
8000 .043 .013 .056 22.4
6000 .02¢€ 7.81 E-03 .033 26.8
4000 017 5.32 E-03 .023 30.5
2000 .012 3.82 E-03 .016 34.7
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Table XIV

DELFIC Cloud and B-1B
WITH CABIN AIR FILTER

1048882003800 30022020 0RE 0SSR RSN E? "SRRG OEOR NS REERELVERAROSPRRR SRRt ERERS

14 Feb 1452 CUSTOM SCENARIO: Baseline B-1B with filter
time (hr) =1 deltat (hr) = .0967423 %airborne = 90 sigmax = 3958.03 M

sigmay = 4355.52 M 3 sigmay cloud diameter = 26133,1 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 .850 4.16 5.01 31.8
10000 .166 1.97 2.14 55.1
8000 011 .909 .921 78.1
6000 0 .506 .506 103.
4000 0 .316 .316 126.
2000 0 .207 .207 157.

SOV E20 000005000 S0PSN0SRE 0000 ENSRPSSESNISSRSEGESOPOBEESISIPIOSEPROSSERERBERS

14 Feb 1452 CUSTOM SCENARIO: Baseline B-1B with filter
time (hr) =2 deltat (hr) = .0967423 %airborne = 81 sigmax = 4865.07 M

sigmay = 6148,.72 M 3 sigmay cloud diameter = 36892.3 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 .408 1.07 1.48 22.4
10000 .080 .521 .602 36.2
8000 5.88 E-03 .247 .253 48.6
6000 0 .146 .146 60.1
4000 0 ©.099 .099 74.7
2000 0 .069 .069% 89.5

2009803000800 80¢04 00 8S0RR0R00800SR0PRIRERENRNESSCERENEPSOSESENRERSOSSSERESSES

14 Feb 1452 CUSTOM SCENARIO: Baseline B-1B with filter
time (hr) = 4 deltat (hr) = .1665667 %airborne = 69 sigmax = 5627.78 M

sigmay = 9500,64 M 3 sigmay cloud diameter = 57003.8 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM : REM microns radius
12000 .167 .250 .417 15.4
10000 - .033 .124 .158 24.5
8000 2.52 E-03 .060 .063 31.8
6000 0 .035 .035 39.4
4000 0 .024 .024 46 .6
2000 0 .017 .017 52.9

SECIIER G0V RCRIIVS SV NSUSEIP0SINR 00002 VRSEREVEEE NP OSSR ISPSESHVONSOSS

14 Feb 1452 CUSTOM SCENARIO: Baseline B-1B with filter
time (hr) = 8 deltat (hr) = .363636 %airborne = 57 sigmax = §5627.78 M

sigmay = 16435.6 M 3 sigmay cloud diameter = 98613.5 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 .056 .051 .108 11.2
10000 .012 .026 .038 17.0
8000 9.5 E-04 .013 .014 22.4
6000 0 7.81 E-03 7.81 E-03 26.8
4000 0 5§.32 E-03 5.32 E-03 30.5
2000 0 3.82 E-03 3.82 E-03 34.7
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Table XV

DELFIC Clou KC-135§ ing O MeV gamma ravys

LS B EIR S ARV OICE S NS SENBE STV NG URSRORSIRSIRUEOS 00000000kttt gRERbe

26 Feb 0041 CUSTOM SCENARIO: DELFIC cloud: FT-135: 0.7 MeV energy f xsec
time (hr) = 1 deltat (hr) = .0967423 %airborne = 90 sigmax = 3958.03 M

sigmay = 4343.43 M 3 sigmay cloud dismeter = 26060.6 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 2,66 4.11 6.78 31.8
10000 1.26 1.95 3.21 55.1
8000 .582 .898 1.48 78.1
6000 .324 .500 .825 103,
4000 .202 .312 .515 126.
2000 .132 .205 .338 157.

(A2 R R AR R T2 2222 2 22 2 22 R 2 PRI R AR RS TR SRR 21 22222 222222222

26 Feb 0041 CUSTOM SCENARIO: DELFIC cloud: KC-135: 0.7 MeV energy B xzsec
time (hr) = 2 deltat (hr) = ,0967423 %airborne = B1 sigmax = 4365.07 M

sigmay = 6133.43 M 3 sigmay cloud diameter = 36800.6 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REY. microns radius
12000 1.06 1.06 2.12 22.4
10000 .517 .515 1,03 36.2
8000 .245 .244 .489 48.6
6000 .145 .144 .28%9 60.1
4000 .098 .098 .196 74.7
2000 .068 .G68 .137 89.5

SO TP SIS PSRN NS SRBSRCHSSEBLERBLBEINABLBESBEESEE83880008008460000008240008

26 Feb 0041 CUSTOM SCENARIO: DELFIC cloud: EC-135: 0.7 MeV energy f xsec
time (hr) = 4 deltat (hr) = .166667 Tsirborme = 69 sigmax = 5627.78 M

sigmay = 9479.4 M 3 sigmoy cloud diameter = 56876.4 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M KEM REM REM microns radius
12000 .355 .247 .603 15.4
10000 .176 .122 .299 24.5
8000 - .086 .059 .145 31.8
6000 .051 .035 .086 39.4
4000 .034 .023 .058 46.6
2000 .024 .017 .041 52.9

SO S P ISESSBESSOSPSA SRS E00P0 0B ILERESESSISRLESICERNNN RSSO NN IIS P IINESSESS

26 Feb 0041 CUSTOM SCENARIO: DELFIC cloud: KC-135: 0.7 MeV energy B xsec
time (br) = 8 deltat (hr) = .363636 %airborne = 57 sigmax = 5627.78 M

sigmay = 16403.4 ¥ 3 sigmay cloud diameter = 98420.1 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius

12000 .096 .050 .147 11.2
10000 .049 .026 .075 17.0
8000 .024 .012 .037 22.4
6000 .014 7.71 E-03 .022 26.3
4000 9.92 E-03 .005 .015 30.5
2000 7.13 E-03 3.77 E-03 .010 34.7
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Table XVI

DELFIC Cloud and KC-135: Sx=10' S =1

SN IS ESRRLERIRCE SRR SNBSS NS0 NEEICR0 NSRS RO RORRBINTSOEREEesARRARESR

1 March 0503 CUSTOM SCENARIO: Baseline + Xshear = 10: Y shear = 1
time (hr) = 1 deltat (hr) = 0967423 %nirborne = 90 sigmax = 18319.7 M

sigmay = 4343.43 M 3 sigmay cloud diameter = 26060.6 M
Altitude Cabin Dust Sky Shine Total dose Prominent Particle
M REM REM REM micrens radius
12000 3.62 6.72 10.3 31.8
10000 1.71 3.19 4,90 55.1
8000 .790 1.46 2.258 78.1
6000 .440 .817 1.25 103.
4000 275 .511 .786 126.
2000 .180 .335 .518 157.

SRR EIRSISBINNV VLSS S FNIS SRS R ER RS RV E RS RILEBENASESBEIOEESB LRSS S0 REESBOEY

1 March 0503 CUSTOM SCENARIO: Baseline + Xshear = 10: Y shear = 1
time (hr) = 2 deltat (hr) = .0967423 %airborne = 81 sigmax = 37665.1 M

sigmay = 6133.43 M 3 sigmay cloud diameter = 36800.6 M
Altitude Cabin Dust Sky Shine Total dose Prominent Particle
M REM REM REM microns radius

12000 1.44 1.73 3.18 22.4
10000 .702 . 842 1.54 36.2

8000 .332 .399 .731 48.6

6000 .196 .236 .432 €0.1

4000 .133 .160 .294 74.7

2000 .093 112 .205 89.5 - -
A 2 2RISR RS R RS2 RS2 2 22 RS2 F SRR 2R 222 R R 022 R R R R SRR YRR R RT Y Y )
1 March 0503 CUSTOM SCENARIO: Baseline + Xshear = 10: Y she- . =1
time (hr) = 4 deltat (hr) = .166u67 %®airborne = 69 sigmax = 76487.8 M
sigmay = 9479.4 M 3 sigmay cloud diameter = 56876.4 M
Altitude Cabin Dust Sky Shine Total dose Prominent Particle

M REM REM REM microns radius

12000 .4229 .4040 .386 15.4
10000 .2402 .2009 .441 24.5

8000 - 1169 .0977 .214 31.8

6000 .0693 .0580 .127 39.4

4000 .0464 .0388 .085 46.6

2000 .0335 .0280 .061 52.9

20000080 SR L0 0SS ESELBESVESOCOEEIPORIENSSSEE82SEEELSSRREPSREREBRIPESTESSSSSOD

1 March 0503 CUSTOM SCENARIO: Baseline + Xshear = 10: Y shear =1
time (hr) = 8 deltat (hr) = .363636 %airborne = 57 sigmax = 154180 M

sigmay = 16403.4 M 3 sigmay cloud diameter = 98420.1 M
Altitude Cabin Dust Sky Shine Total dose Prominent Particle
M REM REM REM microns radius

12000 .130S§ .083 L2137 11.2
10000 .0670 .042 .1097 17.0
8000 .0331 .021 .05843 22.4
6000 .0197 .012 .0323 26.8
4000 .0134 8.58 E--03 .0220 30.5
2000 9.587 E-03 6.17 E-03 .015¢8 34.7
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Table XVII

DELFIC Cloud and KC-135: Sx=1' § =10

G008 09895208 SE TSI ESSETRESASEBEESSNDIUSISENSRISONOEESSNOSIEEERCUSEICETUESSERESS

1 March 0618 CUSTOM SCENARIO: Baseline + X shear = 1: Y shear = 10
time (hr) = 1 deltat (hr) = .0967423 %airborne = 90 sigmax = 4355.52 M

sigmay = 18604.2 M 3 sigmay cloud diameter = 111625 M
Altitude Cabin Dust Sky Shine Total dose Prominent Particle
M REM REM REM microns radius
12000 .8086 1.50 2.30 31.8
10000 .3870 .718 1.10 5§5.1
8000 .1795 .333 .512 78.1
6000 .1010 .187 .288 103.
4000 .0636 .118 .181 126.
2000 .0422 .078 .120 157.

SESUSEUSENINESNELSS00EESSSIENSEICENREINNEENNNSLESSNARECRICESIINEEIRNENEORRNS
1 March 0618 CUSTOM SCENARIO: Baseline + X shear = 1: Y shear = 10
time (hr) = 2 deltat (hr) = .0967423 %airborne = 81 sigmax = 6148.72 M

sigmay = 37913.8 M 3 sigmay cloud diameter = 227483 M
Altitude Cabin Dust Sky Shine Total dose Prominent Particle
M REM REM REM microns radius
12000 .2302 .2761 .5064 22.4
10000 L1121 .1344 .2465 36.2
8000 .0533 .0639 L1172 48.6
6000 .0316 .0379 .0696 60.1
4000 .0215 .0258 .0474 74.7
2000 .0151 .0181 .0333 89.5

A IR R R R R R SRR R SRR R RRRRRR R R R RS AR R TR RRRRTR 2120}

1 March 0618 CUSTOM SCENARIO: Baseline + X shear = 1: Y shoar = 10
time (hr) = 4 deltat (hr) = .166667 %airborne = 69 sigmax = 9500.64 M

sigmay = 76750.9 M 3 sigmay cloud diameter = 460505 M
Altitude Cabin Dust Sky Shine Total dose Prominent Particle
M REM REM REM microns radios
12000 .059 .049 .1091 15.4
10000 .029 .024 .0543 24.5
8000 - .014 .012 .0264 31.8
6000 .0088 7.16 E-03 .0157 39.4
4000 5.° E-03 4,80 E-03 .0105 4€.6
2000 4.15 E-03 3.47 E-03 .0076 52.9

(PRI ISR SRR RIS R IS NS RYRRRINRRTRR2ARRR RR 2 R  ddR R21Rdd a2l 2 2t Ry )

1 March 0618 CUSTOM SCENARIO: Baseline + X skear = 1: Y shear = 10
time (hr) = 8 deltat (hr) = ,363636 “%airborne = 57 sigmax = 16435.6 M

sigmay = 154523 M 3 sigmay clovd diameter = 927139 M
Altitude Cabin Dust Sky Shine Total dose Prcwloent Particle
M REM REM REM microns radius

12000 .013 8.83 E-03 .022 11.2
10000 7.12 E-03 4.54 E-03 .011 17.C
8000 .003 2.24 E-03 5.77 E-03 22.4
6000 2.10 1.-03 1.34 E-03 3.44 E-03 26.8
4000 1.43 E-03 9.13 E~-04 2.34 E-03 30.5
2000 1,03 E-03 6.56 E-04 1.68 E-03 34.7
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Table IVIII

DELFIC Cloud and B-52G

SSH0S0 S0 SENOBIESESESNS NS00 RSN NBENRASEIESNENENSEEeIINSSENOPROCEINNREIERND

12 Jan 1549 COSTOM SCENARIO: baseline + B-52G
time (hr) = 1 deltat (hr) = ,0967423 %airborne = 90 sigmax = 3958.03 M

sigmay = 4355,52 M 3 sigmay cloud diameter = 26133,1 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 5.91 4.16 10,0 31.8
10000 2.80 1.97 4.78 55.1
8000 1.29 .908 2.19 78.1
6000 719 .506 1.22 103.
4000 .449 .316 .766 126.
2000 .294 .207 .502 157,

A SSERDBIISS SIS T ESINOIDICITENSIISESICIOPBENEISNISEITEIIINES USSR 00000888 ISRSS

12 Jan 1549 CUSTOM SCENARIO: baseline + B-52G
time (hr) = 2 deltat (hr) = .0967423 %airborne = 81 sigmax = 4865.07 M

sigmay = 6148.72 M 3 sigmay cloud diameter = 36892.3 M
Altitode Cabin Dust Sky Shine Total Dose Prominent Particle
M REM RENM REM microns radius

12000 2.36 1.07 3.43 22.4
10000 1.14 .521 1.66 36.2

8000 .543 .247 .790 48.6

6000 .321 .146 467 60.1

4000 218 .099 L3117 74.7

2000 .152 .069 .221 89.5 :

o.o-ouooa‘o.u't-o-ou..-tta-.---no--n--o.-ooo-o..on-totoo-o-o.ooonto;on.non‘ooo
12 Jan 1549 CUSTOM SCENARIO: baseline + B-352G
time (hr) = 4 deltat (hr) = .166667 %airborne = 69 sigmax = 5627.78 M

sigmay = 9500.64 M 3 sigmay ~loud diameter = 57003,.8 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 .788 .250 1.03 15.4
10000 392 .124 . 516 24.5
8000 - .190 .060 .251 31.8
6000 .113 .035 .149 39.4
4000 .075 .024 .100 46.6
2000 .054 .017 072 52.9

I EEIEII RIS R R IR RERSES RIS RN RLTIE R RA TR R 2 A2 RR2 R 2 222 AR 2R 22 2 ]

12 Jan 1549 CUSTOM SCENARIO: baseline + B-52G
time (hr) = 8 deltat (hr) = .363636 %airborne = 57 sigmax = 5627.78 M

sigmay = 16435.6 M 3 sigmay cloud diameter = 98613.5 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM RE¥ REM microns radius

12000 .213 .051 .264 11.2
10000 .109 .026 .135 17.0
8000 .054 .013 .067 22.4
6000 .032 7.80 E-03 .040 26.8
4000 .022 5.31 E-03 .027 30.5
2000 .015 3.82 E-03 .019 34.7
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Table XIX

DELFIC Cloud and E-4B

0808380800003 0 008NN RNNREENESEPEREREPSNESRVOPPISEEEEENIVISCSANETEISOSEES

12 JAN 1756 CUSTOM SCENARIO: Baseline + E-4B
time (hr) =1 deltat (hr) = .0967423 %airborne = 90 sigmax = 3958.03 M

sigmay = 4355.52 M 3 sigmay cloud diameter = 26133.1 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 7.41 7.03 14.4 31.8
10000 3.51 3.34 6.85 55.1
8000 1.61 1.53 3.15 78.1
6000 .901 .856 1.75 103,
4000 .563 .535 1.09 126.
2000 .369 .350 .720 157.

SO NEIIIISNIEEE S0P I0S22A4000000088000SCS00OOIIITEIINEIItPIINTISOOI0IEPIEINSS
12 JAN 1756 CUSTOM SCENARIO: Baseline + E-4B
time (hr) = 2 deltat (hr) = .0967423 Fairborne = 81 sigmax = 4865.07 M

sigmay = 6148.72 M 3 sigmay cloud diameter = 36892,3 M
Altitude Cabin Dust Sky Shine Total Doso Prominent Particle
M REM REM REM microns radius

12000 2.96 1,81 4,78 22.4

10000 1.43 .881 2.31 36.2

8000 .681 .417 1.09 48.6

6000 .403 247 .650 60.1

4000 .273 167 .441 74.7

2000 ° .191 L1317 .308 B9.S -

SO SNSES S SENSH NSNS NS NI OSSN EOEEASS N0 S0808ACLEOUIENEI PSPt btdtstdttd
12 JAN 1756 CUSTOM SCENARIO: Baseline + E-4B
time (hr) = 4 deltat (hr) = ,166667 %airbornn 1+ ¢2 sigmax =» 5627.78 M

sigmay = 9500.64 M 3 sigmay cloud tjuaster = 57003.8 M
Altitude Cabin Dust Sky Shine Toral Duso Prominent Particle
M REM REM ROH microns radius
12000 .988 .423 1.41 15.4
10000 .491 .210 .702 24.5
8000 - .239 .102 .341 31.8
6000 .141 .060 .202 39.4
4000 .095 .040 .135 46.6
2000 .068 .029 .098 52.9

I L P I LS RN NPT R RN TRRRRARINN SRR AR AR R R R R AR R 2R 22 R0 2]

12 JAN 1756 CUSTOM SCENARIO: Baseline + E-4B
time (hr) = 8 deltat (hr) = ,363636 %Sairborne = 57 sigmax = 5627.78 M

sigmay = 16435.6 M 3 sigmay cloud diameter = 98613.5 M
Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 .267 .087 .354 11,2
10000 .137 .044 .182 17.0
8000 .067 .022 .090 22.4
6000 .040 .013 .054 26.8
4000 .027 8.99 E-03 .037 30.5

2000 .019 6.46 E-03 .026 34.7
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Table XX

DELFIC Cloud and EC-135

SEOELEL I8P E500080080800 88300008008 00088800008800888¢000800888888880888¢0
13 Jan 0926 CUSTOM SCENARIO: Baseline + EC-135

time (hr) = 1 deltat (hr) = ,0967423 %airborne = 90 sigmax = 3958,03 M
sigmay = 4335.52 M 3 sigmay cloud diameter = 26133.1 M

Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
| REH REM REM microns radius
12000 5.18 6.50 11.6 31.8
10000 2.46 3.08 5.54 55.1
8000 1.13 1.41 2.55 78.1
6000 .631 .790 1.42 103.
4000 .394 .494 .888 126.
2000 .258 .323 .582 157.

S80I IRERSNRBNVERRPR RSNSOI PRS 0SS0 00S0S000S00PSSRSEENOENNOGNBRRY
13 Jan 0926 COSTOM SCENARIO: Baseline + EC-135

time (hr) = 2 deltat (hr) = .0967423 %airborne = 81 sigmax = 4865.07 M
sigmay = §148.72 M 3 sigmay cloud diameter = 36892.3 M

Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
.| REM REM REM microns radius
12000 2.07 1.67 3.75 22.4
10000 1.00 .814 1.82 36.2
8000 .476 .385 .862 48.6
6000 282 .228 .510 60.1
4000 191 .155 .346 74.7
2000 .133 .108 242 89.5

0008080080000 020009008080008800089080080800080898008008S8080098080000800088850080088

13 Jan 0926 COSTOM SCENARIO: Baseline + EC-135
time (hr) = 4 deitat (hr) = ,166667 %airborne = 69 sigmax = 5627.78 M
sigmay = 9500.64 M 3 sigmay cloud diameter = 57003.8 M

Altitude Cabin Duat Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 .691 .390 1.08 15.4
10000 .344 .194 .538 24.5
8000 - .167 .094 .262 31.8
6000 .099 .056 .155 39.4
4000 .066 .037 .104 46.6
2000 .048 .027 .075 52.9

DI EPPIENNPPSNN NS E000880000008000805000003000300000000000008¢80000¢RSesttts
13 Jan 0926 CUSTOM SCENARIO: Baseline + EC-135

time (hr) = 8 deltat (hr) = .363636 %airborne = 57 sigmax = 5627.78 M
sigmuy = 16435.6 M 3 sigmay cload diameter = 98613,5 M

Altitude Cabin Dust Sky Shine Total Dose Prominent Particle
M REM REM REM microns radius
12000 .186 .080 .267 11.2
10000 .096 .041 .137 17.0
8000 .047 .020 .068 22.4
6000 .028 .012 .040 26.8
4000 019 8.30 E-03 027 30.5
2000 .013 5.97 E-03 .019 34.7
61
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Backgronad

There are two reasons why it is important to determine the
mass of dust ingested by an aircraft. The first 1is that any
filter designed to prevent radiosctive dust from entering the
cabin will eventunally oclog when exposed to enough dust. When this
point is reached, the filter will be bypassed and unfiltered air
will enter the cabin.

The second reason is that alrcraft engines may be degraded or
disabled by cxcessive amounts of dast. Rocent experience with
volcanic ash .Y uds (Ref 13) shows that erosion of turbine blades
and glass-11. deposits of melted dust may drastically increase

fuol consumption or casuse ongine failure.

rq

heory

Determining the mass of dust ingested by the cabin, an air
filter, or tho engines in an aircraft, is identicel in primociple
to the method described in Chapters IJ and IXII. The only changes
needed are to substitute mass and mass densities for unit time
activltios"and activity densities so that Eq ( 14 ) and Eq ( 18 )

are roplaced by

+ o

M''"'"(x,y,z,t) = IO Mt"'(x.y.z.t.t) dr [KG/m’] ( 43 )
and
e 100
Io M (e, t) dr = 2w f1(z,t) [KG/m] ( 44 )
r (=1 .

where the equal activity-size particle groups are replaced bdy

equal mass—size particle groups. The mass density of the cloud is
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¥ defined as mass of rock per unit volume of air with units of
ks/n’. Figures 10, 11 and 12 show mass density versus altitude in
the cloud in the same manner that Figures 6, 7, and 8 depicted
activity density versus altitude. Note that the mass density
decresases at a much slower rate than the activity demnsity, This
is because the radioactivity is decaying with time as well as
settling out.3 y

The total amount of mass initially 1lofted in the nuoclear
‘;' cloud depends on the target materiasl, the height of burst, and the
k yield., A ocommon rule of thomb is 1/3 ton of dust per tonm of

yield. This study found a least—squares fit polynomial to DELFIC

o~
P

default Nevada so0il predictions for mass of dust lofied: this

RS bl

relationship is

DF = ,204731 - ,0240532 1aY + .00139148 (lnY)’

’ 6' -4 Y -1 . C ’
ﬂa . - 4.88467x10 (1aY) + 8.62805zx10 (1aY) ( 45 )

where Y is yield in kilotons and DF is dust fraction, the ratio

tons dust/tons yield so that total dust mass in kilotoms equals ;
the dust fraction times the yield in kilotons. DELFIC predicts a
dust fraction from .1 to .2 depending on yield, for the default
-‘ Nevada so0il surface burst., This stody will use a dust frectionm of

5} 1/3 becaunse dust fractioms for other soils were not found and

. becanse it is defense comnservative.

] 3. It is also possible to determine the mass fractionm in each r
activity-size group or the activity fracticem in each mass size
groop so that the celoulations nmed be done only once. DELFIC
operates in this manner. This is not dome here.
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DELFIC
EQUAL MASS GROUPS
17.500 RM = ,204UM SI0OMAR= 4
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o
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Figure 10.- BASELINE - DELFIC MASS - ONE MEGATON
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The mass of duost ingested into the cabin or trapped in a
filter depends on the mass flow rate of air into the cabinm. As

before, the effective inlet area is

0 32
IA = [m ] ( 39 )
cd v
b 4 puir
wvhere )7 is the mass flow rate. The mass of dust is the

product of the above wequation and the mass integral of the
sirborne dust. The dust mass integral is found by the same method
as the ‘'activity-integral’ in Eq ( 38 ), where the activity

densities are replaced by mass densities so that

4o
u"(y;:.t) = f(y.t) u'(l't) I_. f(x't) dx [kg/m’] ( 46 )

whereo N'(z,t) is given by Eq ( 44 ).

Engines may be affected both by dust density and by the total
mass of dust ingested. The peak dust density is foumd ian the
conter of the cloud in the same manner that activity densities
were fonnd in Chapters II and III, The amount of dust passiag
through an engine is found by substituting the mass flow of air
into the engire for the mass flow of air to the cabin. Note that
the physical inlet area of the engine is not wused. If the dust
entering the core section of a turbofan engine is desired, the
total mass flov of the engine must be divided by the bypass
ratio, Data for the engines used for the aircraft in this.study

are found in the following table.
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TABLE XXI

L ENGINE DATA

i;: Aircraft Engine Mass Bypass
R Type Type Flow Ratio
s EG/S

iﬂl B-1B F-101-GE-102 161 2.3
2 B-526 T57-P-43WB 83 0

T B-52H TF-33-P-3 204 1.4
- E-3 TF-33-P 204 1.4
,;f' E-4B CF-6-50E2 729 4.3
i%" EC-135 J57-P- VB 83 0

. KC-135 J57-P- WB 83 0

The above flow rates are for each engine at unavgmented military
rated thrust and standard (sea level) conditions.

Hass flow sceles directly as thrust to a good approximation.

" L. oo
I , . SN
“. -
FRVARE ~ N N

BN

ii; If the percent thrust used for cruise speed at the penetration
altitude is known, this percentage can be multiplied by the mass
7 flow of the eongine at ses level. This will result in a more
S realistic (and lower) mass flow throogh the engine. This
5@!_ refinement was not included in this study to simplify the
:ng treatment of the many different altitudes and aircraft exzaminod:
;2} the percentage will vary for both these parameters.
»
Mass Results
Tables XXII, XXII1, and XXIV give the results for dust
)‘_ ingestion wusing the equal mass groups for the same DELFIC,

NRDL~Né61, and TOR-C clouds and initial conditions used in
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Chapter III,

e
y

o The amount of dust trapped in the cadbin in Table XXII is much
R

; = less than the capacity of the filter mentioned in Chapter III., It
; would appear that there is little danger of clogging the filter
L
}".

- unless a large multiple burst cloud is encountered or a single

cloud is entered many times.

o
5.
b

Although no reliable quantitative data could be found on
engine dust tolerance, the amount of dust ingested in these cases

appears to be minimal, PEarlier times and multiburst cloud results

are given in Appendices G and I,
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TABLE XXII

DELFIC Dust Cloud and KC-135

(A 22222 2 R 22 222 AR 22 22 a2 2 R R R YL R 2R R R R AR R 0 R 222 12 )

13 Jan 0959 CUSTOM SCENARIO: Baseline DELFIC dust, EC-135,Dust Fraction=1/3
time (hr) = 1 deltat (hr) = .0967423 %airborne = 85 sigmax =~ 3994,.78 M

sigmay = 4389.7 M 3 sigmay cloud diameter = 26338.2 M Prominent
Altitude Cloud Dens Filtered Dust Cabin Dust Engine Dust Particle
M mg/M"3 Kg Kg Kg microns r
12000 235, ) .027 2.1 32,0
10000 185. 0 .016 1.61 53.7
8000 129. 0 8.84 E-03 .883 76.1
6000 97.0 0 5.28 E-03 . 527 101.
4000 77.3 0 3.39 E-03 .339 126.
2000 63.4 0 2.26 E-03 226 155.

S8V RESS4 PSSR R NSRBI EPNSESEEFSNERRICESSVNSIBISESINEESSES2S000SR28300080S

13 Jan 0959 CUSTOM SCENARIO: Baseline DELFIC dust, KC-135,Dust Fraction=1/3
time (hr) = 2 deltat (hr) = .0967423 %airborne = 73 sigmax = 4924.79 M

sigmay = 6198.22 M 3 sigmay cloud diameter = 37189.3 M Prominent
Altitude Cloud Dens Filtered Dust Cabin Dust Engine Dust Particie
M mg/M"3 Kg Kg Kg microns r
12000 101, 0 .014 1.44 21,17
10000 83.4 1] 8.96 E-03 .894 36.0
8000 60.6 0 5.11 B-03 .510 48.3
6000 48.9 0 3.28 E-03 .328 61.7
4000 42.6 0 2,30 E-03 .230 73.5
2000 37.4 0 1.65 E-03 .164 87.6 -

CRBIRC DS ILSG O PP 0¢EPESENVEIEOESICE ANV RRREL LIRSS SEDABEPLSEEHNESHFIRREETRCENNN

13 Jan 0959 CUSTOM SCENARIO: Baseline DELFIC dust, KC-135,Dust Fraction=1/3
time (hr) = 4 deltat (hr) = ,166667 %airborne = 57 sjigmax = 5705.15 M

sigmay = 9544.24 M 3 sigmay cloud diameter = 57265.5 M Prominent

Altitude Cloud Dens Filtered Dust Cabin Dust Engine Dust Particle

M mg/M"3 Kz Kg Kg microns r
12000 41.6 0 .006 .684 15.9
10000 35.4 0 4.41 E-03 .440 24.9
8000 - 26.7 0 .002 .261 32,0
6000 21.8 0 .001 .169 38.8
4000 18.9 0 1.19 E-03 .118 46.6
2000 17.3 0 8.85 E-04 .088 53.7

988880 E L8008 80080008 ¢80 08808 RPRIIOPSESEIICGEECR0ONPNEERRNRPPRERNNNRDSS00OS

13 Jan 0959 CUSTOM SCENARIO: Baseline DELFIC dust, EKC-135,Dust Fraction=1/3
time {(hr) = 8 deltat (hr) = .363636 %airborne = 43 sigmax = 5705.15 M

sigmay = 16462.4 M 3 sigmay cloud diameter = 98774.5 M Prominent

Altitude Cloud Dens Filtered Dust Cabin Dust Engine Dust Particle

M mg/M"3 Kg Kg Kg microns r
12000 17.1 0 2.82 E-03 .281 11.4
10000 15.2 0 1.89 E-03 .189 16.8
8000 11.8 0 .001 .115 21,7
6000 9.81 0 7.64 E-04 .076 26.1
4000 8.75 0 5.49 E-04 .054 30.8
2000 8.0 0 4.09 E-04 .040 34.7
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TABLE XXIII 5

NRDL-N61 Dust Cloud and EC-135

SR ESEEENPIIERNINEETAIIEI SIS SEESEEUE I IEEINIEINNINEEISINUSIOIEIIRITENTIRESR
11 Jan 2207 CUSTOM SCENAR1O: NRDL-N61 Dust Cloud,EKC-135,Dust Fraction=1/3
time (hr) = 1 deitat (hr) = .0967423 %airborne = 81 sigmax = 3973.99 M
sigmey = 4360.21 M 3 sigmay cloud diameter = 26161.3 M Prominent

Altitade Cloud Dens Filtered Dust Cabin Dust [Engine Dust Particle
. M mg/M"3 Kg Kg Kg microns r
- 12000 254. 0 .029 2.91 30.9
W 10000 158. 0 .013 1.36 53.6
8000 93.8 0 6.39 E-03 .638 76.1 -
- 6000 68.0 0 3.69 E-03 .368 103. .
;] 4000 55.0 0 2.40 E-03 .239 129, i
2000 46.2 0 1.64 E-03 .164 153,
[ (I XA LTI R T R RE Y R R PA R AR R SIS ISR R RS RRRAS R 2R R R 22 R 22222 R Rldd ?
= 11 Jan 2207 CUSTOM SCENARIO: NRDL-N61 Duost Cloud,KC-135,Dust Fraction=1/3 i
1 time (hr) = 2 deltat (hr) = .0967423 %airbornme = 71 sigmaxr = 4891.,03 M
. sigmay = 6153.33 M 3 sigmay cloud diameter = 36920 M Prominent s -
t. Altitude Cloud Dins Filterved Dust Cabin Dust Engine Dust Particle :
: ¥ ng/M73 Kg Kg Kg microns r
12000 122. 0 .017 1.73 22.5
10000 77.3 0 8.25 E-03 .823 35.9
8000 46.3 0 3.88 E-03 .387 48.5
6000 34.8 0 .002 .232 62.2
4o 4000 29.9 0 1.60 E-03 .160 -76.1 -
' 2000 26.1 0 1.14 £-03 .114 85.7
(2 2 IR R AR ER IS R R Y22 RS R R RS 22 R R 2 R 2R R R R IR R R R a2 g 2 222 1) .
11 Jan 2207 CUSTOM SCENARIO: NRDL-N61 Dust Cloud,KC-135,Dust Fraction=1/3 » -

time (hr) = 4 deltat (hr) = .181818 %airborne = 60
sigmay = 9493.12 M

sigmax = 5661.43 M
3 sigmay cloud diameter = 56958.7 M Prominent

Altitude Cloud D{ns Filtered Dust Cabin Dust Engine Dust Particle

- M mg /M3 Kg Kg Kg microns r

= 12000 57.3 0 9.39 E-03 .9371 16.1

[ - 10000 36.7 0 4.53 E-03  .4526 25.1

¢ 8000 22.3 0 2.17 E-03 L2167 32.5

3 6000 16 .6 0 1.28 E-03 .1285 39.7

' 4 4000 13.9 0 8.67 E-04 .0865 46.1

& 2000 12.4 0 6.29 E-04 .0628 53.6 :
;; (RIS R RS ERESZI SRS REER SR RSS2 RO SRR 222 RER 2R R R R 2R 22 2 ié
. 11 Jan 2207 CUSTOM SCENARIO: NRDL-N61 Dust Cloud,KC-135,Dust Fraction=1/3 i
& time (hr) = 8 deltat (hr) = .363636 %airborne = 50 sigmax = 5661.4, M

[ sigmay = 16412.3 M 3 sigmay cloud diameter = 98474 M Prominent

| | Altitude Cloud Dens Filtered Dust Cabin Dust Engine Dust Particle

- ~ .

[ - M mg/M 3 Kg Kg Kg microns r

t' 12000 27.5 0 4,49 E-03 .448 11.1

- 10000 18.0 0 2.23 E-03 2222 17.1

: 8000 11.1 0 1.08 E-03 .107 22.5

= 60060 8.29 0 6.41 E-04 .0639 26.4

r‘ 4000 7.02 0 4,37 E-04 .0436 30.9

t' 2000 6.22 0 3,15 E-04 0314 34.2
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TABLE XXIV ’

TOR-C Dust Cloud and KC-135

{
T

S9000800008000000403000880080800000800808800000400048000080808803000088008R88488438
12 JAN 0107 CUSTOM SCENARIO: TOR-C Dust Cloud,KC-135,Dust Fraction = 1/3
time (hr) = 1 deltat (hr) = .38696% %airborne = 100 sigmax = 3998.88 M

: sigmay = 4396.15 M 3 sigmay cloud diameter = 26376 9 M Prominent
v .Ititude Cloud Dens Filtered Dust Cabin Duost Engine Dust Particle
- M r '3 Kg Kg Kg microns r
12000 18¢ 0 .021 2..5 30.4
10000 369. 0 .032 3.21 54.3
B - 8000 386. 0 .026 2,64 75.9 o
‘.- ' 6000 236. 0 .012 1.28 98.7 -
. 4000 94.1 0 4.14 E-03 413 122, il
. 2000 27.2 0 9.76 E-04 .0974 148. .

AR 22 R AR RS 2R ER AR A2 2R R 2R R RS2 R 2222222 S22 2222222 2 ]

12 JAN 0107 CU:-"0M SCENARIO: TOR-C Dust Cloud,KC~135,Dust Fraction = 1/3
time (hr) = 2 del.at (hr) = .386969 %airborne = 100 sigmax = 4931.45 M

sigmay = 6178.95 M 3 sigmay cloud diameter = 37073.7 M Prominent 2
q Altitude Cloud Dens Filtered Dust Cabin Dust Eogine Dust Particle | 8
M mg/M*3 Kg Kg Kg microns r .
12000 25.8 0 3.68 E-03 .367 30.4
10000 80.9 0 8.71 E-03 .869 38.4
. 8000 148, 0 012 1.25 51.5
Y 6000 179. 0 .012 1,20 64.3 N
| (% 4000 154, 0 8.38 E-03 .836 79.3 .
' 2000 100, 0 4.42 E-03 .442 94 .3

I J A2 RS PR R AR R R R R RS R R R R R PRI R ERRAIE RIS SRR R 2 2]
12 JAK 0107 CUSTOM SCENARIO: TOR-C Dust Cloud,KC-135,Dust Fractionm = 1/3
] time (hr) = 4 deltat (hr) = .386969 %airborne = 80 sigmax = 5713.77 M
" - sigmay = 9521.,07 M 3 sigmay cloud diameter = 5§57126.4 M Prominent

Altitude Cloud Dens Filtered Dust Cabin Dust Engine Dust Particle i

) M mg /M3 Kg Kg Kg microns X
12060 717 0 1.18 E-04 .012 30.4 R

10000 4.20 0 5.24 E-94 .052 30.4 .

8000 13.3 0 1.30 E-03 .130 34.4 -}

6000 28.2 0 2.19 E~03 .219 41.1 .

& 4000 45.4 0 2.85 E-03 .284 47.8 )

2000 60.4 0 3.08 E-03 .308 55.3

(LI EA RIS R 2 AR R RS RN RN R-AR2RE 2]}

12 JAN 0107 CUSTNM SCENARIG: TOR-C Dust Cloud,KC-135,Dust Fraction = 1/3
time (hr) = 8 deltat (br) = .386969 %airborne = 20 <igmax = 5713.77 M

- sigmay = 16429 7 M 3 sigmay cloud diameter = 98578.3 M Prominent
-‘ o { Altitude Cloud Dens Filtered Dust Cabin Dust Engine Dust Particle P
- | mg/¥M"3 Kg Kg Kg microps r
il 12000 0 0 0 0 30.4
L " 10000 .018 0 2.24 E-06 2.24 E-04 30.4
w . 8000 .223 0 2.18 E-05 2.18 E-03 30.4
.o 6000 1.10 0 8.57 E-05 .008 30.4
« % 4000 2.83 0 1.78 E-04 .017 30.4 J
:' . 2000 5.41 0 2.76 E-04 .027 36.7 .
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V. Conclusions and Recommendations

Conclungions

This study has extended the culculation of aircrevw dose to a
wide variety of strategic aircraft. An improved model of the
aircraft cabin was developed to allow better estimates of
shielding from external gamma rays and dose rates for internal
gamma rays. A 22% incrc¢ .se in the shielding factor and a 16%
decrease in the cabin goeometry factor reduce the sircrew dose cGue
to sky-shine and cabir dust by proportionate amounts, compared to
Kling's KC-135 model.

Additions to the nuclear cloud model as suggested by Bridgman
and Bigelow (Ref 1) have allowed the effects of different particle
size distributions to be <comsiderd, Tavy differences are
significant. Comparing doses at the waxinum dose altitudes due to
clouds composed primarily of small (NRDL-NS1) and 1large (TOR-C)
particles, the NRDL-N61 cloud ceused 30% more dose to the aircrew
st one hour for both sky-shine and cabin dust. After 4 hours, the
differences in dose reached an order of magnitude: the totsl dose
is small, bhowever, due to decay of activity with time.

A simple ext~p ion to the cloud model allows dust densities
and the mass of dust ingested by an engire or a filter to be
found., Differences in the dust densities between the NRDL-N61 and
TOR-C clouds were reversed compasred to the doses at early times.
At one hour, the TOR-C cloud had a 50% greater dust density. The
rapid fallout of the larger particles in the TOR-C cloud reduces
the cloud density much more rapidly, however, so that after 4

hours the densities are similar and after 8 hours only 20% of the
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original cloud was still sirborne. Fifty percent of the NRDL-N61
cloud was still aloft at 8 hours,

Addition of & filter to the cabim &.t ‘uvpply made a major
difference to the dose dune to the dust tr.p- -4 in the ocabin and
demonstrated that filters need not stop sub-micron particles t., be
effective., For an 8 bhour mission, a filter stopping particles
larger than 20 microns trapped B80% of the cabin dust dose at
37,000 feet for 1 hour after the burst, a: ' trapped all of it
below 20,000 feet at any time. Since the smaller particles that
pess through the filter are 1less 1ikely to settle oot im the
cabin, the filter should be even more effective than these
calculations showed.

Comparison of air density with dust densities likely to be
found in a megaton size nuclear cloud indicates that
self-gshielding of the dust is ne, KoL oav Tho dust donsity is
only 0.3% of the air density, :ind gamma cross sections are
similar., Thus the attenuation due to air is much larger thanm any
attonuation done to dust.

Splitting the single wind shear into two components allowed
the aircr;ft to penotrate tke late time clood inm any direction.
After 1 hour of a typical wind (St = 10,05), penetrating the cloud
along the major axis will result im 5 times as much dose as
penetrating along the minor axis. Aftcr 8 hours, there will be a
factor of 10 differemce in dose, The increase in dose is due
equally to sky-shine and cabimn dust dose. Aircraft required to
orbit an area downwind of a target area could follow a 1long,
narrow racetrack at right angles to the prevailimg wind, thereby

minimizing dose.
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Recommendations

q
= There are six recommendations to be made. First, the :
constant gamma ray energy assumption of 1 MeV could be replaced by :
a time dependent energy. This would involve making all of the ::
absorption and attenuation coefficients variables as well., Doses ‘\
would be incressed at early times and decreassd at late. times, .
Second, the airflow through the cabin conld be modelsd to
detormine what size particles could be expected to sray suspended [.
b long enough to be removed from the cabin by the outgoing air,
-
[ Patrick (Ref 20) suggests a method for doing this.
ri Third, equipment and structure inside the cabis c¢ould be P
b - b
[" modeled to account for shielding from the dust traipped in the -
- cabin, ;
E 6. Fourth, aircraft engines could be tested to deterwine whether 4
b -
- the dust densities predicted to exist in a nuclear c¢loud would .
- "
t‘_;_ degrade engine operation and thus be a concern for determining .
b survivability of the aircraft. E
= "
b Fifth, a more reslistic wind model could be developed. e .
e Last, an algorithm to adjust engine thrust (thus mass flow
g
E_j and ongine dust ingestiom) with altitude and airspeed could be
' added so that & more realistic engine mass 1ingestiom could be -
- .
- foand. -
e -
| '
b .
b
.
L_.
*.
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!
[
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APPENDIX A
DELFIC Data

This Appendix contains data and polynomials least-squares fit to data
predicted by DELFIC for an initial nuclear cloud. Only data that appeared
to be potentially useful for this studywere extracted and reduced. Do not
consider this study or this appendix to be a complete summary of DELFIC.
The traw data in this Appendix represents less than 1% of all data in a
typical DELFIC printout. The term "DELFIC default" refers not omly to the
particle size distribution used (see Chapter II), but to the winds,
fission fraction of the weapon, type of soil, and other variables. See
Chapter II for more inf —mationVDELFIC. See Gogdin (Ref 9) for further
details and information - «+ to run DELFIC.

The modules of interest for this study are Fireball, Cioud Rise,
Interface, and Diffusive Transport. The data from them are presented below
in no particular order. All times are in seconds, all altitudes -are- in
meters, all massec are im kilograms, all particle diawmeters are in
microns, Note that DELFIC assigns the smallest group number to the
largest size group. The programs in this study use the opposite
convention. Also note that this study refers to particle size in terms of
radius. “DELFIC refers to particle sizes by diameter.

The data presented here are for the:

1. Altitudes of the top and bottom, and the thickness of each disc for
every ten particle size groups at vertical stabilization time.

2. Time since burst and radius of the cloud at vertical stabilization.

3. Time since burst and radius of the cloud at horizontal stabilization.

4, Time of solidification of the surface material evaporated in the

fireball, and mass of dust airborne at solidification time.
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Al, Particle Size versus Altitude at vertical stabilization time

DELFIC divides a particle size distribution into 100 equal mass-size
groups. Each group is modeled as a disc, and each disc is subdivided into
20 wvafers. Among other things, DELFIC prints the altitude of the top and
bottom of each wafer for the initial cloud at wvertical stabilizationm
time. Each wafer and each disc may overlap adjoining wafers or discs.
This data is printed at the beginning of the Diffusive Transport module.

DELFIC predicts the same altitude for a given size particle for all
of the particle size distributions tested; DELFIC default, NRDL-N61,
TTAPS, and TOR-C (Ref 3) (see Table I).

To limit the emount of data to be handled, altitude information was
extracted for every tenth particle size group rather than for all 100
groups. The data extracted from DELFIC follows. BB refers to the
altitude of the bottom of the lowest wafer in a particle size group. TIT
refers to the altitude of the top of the highest wafer in a particle size
group. DeltaZ is the difference of these altitudes computed by this

study.
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WRRERERRARRAREEETEARARRERRAERA I RRRE AR RTRERERREN XA AT AT RRRRRR ARk Rk kkh Ak

PRIMARY DATA - from DELFIC default fitches and printout

initial cloud height data
FRRIR AR IR TR AR AR LT AR AR AR AT IR KR T T A A eI ok e g e de vk et e i v de A Ak e e ek ok

SHIRE o DR

y e e
P A o)

o 1, kt 20 Oct 84 Delfic default Rm=.407 sigma = 4 silica soil ;
= - Delfic group diameter BB TT DeltaZ -
3 10 799.84 0 0 0 H

20 427.59 0 1181 0 5
30 273.97 508.3 1886 1377.7 R
40 187.75 1057 2369 1312 ]
50 132.13 1426 2682 1256 5
. 60 93.105 1663 2895 1232 n
o 70 64.063 1846 3043 1197 91
- 80 41,447 1957 3135 1178 '
. 90 22.824 2021 3189 1168 5
- 100 3.6513 2050 3212 1162 ]
:: dekdckddehh d kR kR ARTEAREEKEEAKERRKRERKAKA KRR ARARARAARFARARARAER A AR R AR AT AR A TR :{
o 10, kt 20 Oct 84 Delfic default Rm=.407 sigma = & silica soil ;
.3 Delfic group diameter BB TT DeltaZ g
10 799.84 0 2583 0 0
20 427.59 1663 4269 2606 Ry
30 273,97 2721 5199 2478 -
. 40 187.75 3357 5747 2390 '
- 50 132.13 3785 6095 2310 «
L 60 93.105 4062 6334 2272 K
: 70 64.063 4272 6494 2222 '
80 41.447 4400 6595 2195
90 22.824 4474 6652 2178
: 100 3.6513 4505 6677 2172 _
i 6.' S taza s st et ol et st et At Rt e il sttt Rttt nan sttt ey nx 2 a2 ) s gt S i
100, kt 20 Oct 84 Delfic default Rm=.407 sigma ~ & silica soil -1
Delfic group diameter BB TT DeltaZ -
10 799.84 1015 5676 4661 -
20 427.59 3755 8384 4629 ¢
30 273.97 5139 9786 4647 ]
40 187.75 5980 10600 4620 [
50 132.13 6543 11110 4567 "1
60 93,105 6921 11470 4549 v
70 - 64.063 7195 11700 4505 -
80 41,647 7365 11840 4475 .
- 90 22.824 7470 11930 4460 -4
P 100 3.6513 7505 11960 4455 L1
- TR hRd Rk Rk kdkdkhhkkhkhhkhkhhthddhkhhitdhikhkdlhkkkdhkkthtdtkhkrkhhkkkkkithkkikkii ..
1000, k+ 20 Oct 84 Delfic default Rm=.407 sigma = 4 silica soil g
Delfic group diameter BB TT DeltaZ o
10 799.84 2269 8646 6377 ;
. 20 427.59 5653 12460 6807 2
1 30 273.97 7412 14980 7568 )
3 40 187.75 8497 16190 7693 B
50 132.13 9221 16960 7739 5
60 93.105 9725 17480 7755
70 64.063 10070 17800 7730 : ,;
80 41.447 10300 18000 7700 o
1 90 22.824 10470 18150 768&¢ k.
g < 100 3.6513 10470 18150 7680 B
ﬁ:- g
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15000, kt 20 Oct 84 Delfic default Rm=.407 sigma = 4 silica soil

Delfic group diameter BB TT DeltaZ
10 799.84 8187 19020 10833
20 427 .59 12530 28610 16080
30 273.97 14900 32620 17720
40 187.75 16360 34830 18470
50 132.13 17350 36070 18720
60 93.105 17980 36790 18810
70 64,063 18430 37210 18780
80 41,447 18670 37450 18780
90 22.824 18810 37610 18800
100 3.6513 18810 37610 18800

HREKARRKKAR A KKKk e defr ekt ek s dede dedek ok deod Ao e e de e sk e ke ek ek ek e dok e de e ok
50000, kt S Dec 84 Delfic default Rm=,407 sigma = 4 silica soil

Delgrp diameter BB T DeltaZ
10 799.84 7847 24020 16173
20 427 .59 12390 37930 25540
30 273.97 14890 43790 28900
40 187.75 16440 46660 30220
50 132,13 17490 48230 30740
60 93.105 13220 49110 30890
70 64.063 18650 49810 30960
80 41,447 19040 49950 30910
90 22.824 19040 50110 31070
100 3.6513 19040 50150 31110

Values for the 50 MT burst were not incorporated into the polynomial
fits; Hopkins' data covers 1 to 15000 kt only and yields larger than this
will be uncommon in any event.

Following a method developed by Hopkins (Ref 11}, for each yield a
linear least-squares fit was obtained for particle diameter in microms
versus altitude in meters. Deviations from linearity were quite small,
with devistions in altitude typically less than 1%. DeltaZ was fitted in
the same manner as altitude. The least-squares linear fits to the above

data follow.
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KhAAATKAAAARATAREARRRRARRRNAARAERARARRARRAR AT IR A AR Addkddd ddkdkkkdk dk sk ke

o INTERMEDIATE DATA - slope and intercept for BB, TT, and DeltaZ
L L baa g et xda s o 2t fE LR s e T Ty e e T Y S Y e RS R Y R T 2 g

S TOP_OF TOP WAFER

YIELD (kt) slope(m/micron) intercept(m)
1 -5.01902 3316 .48

10 -5.87268 6820.28
100 ~-8.7145 12182.5
1,000 -12.582 18456.3
15,000 -23.9386 38680
50,000 -33.4709 51809.4

L | BOTTOM OF BOTTOM WAFER

g? YIELD (kt) slope(m/micron) intercept(m)

E. i -5.91157 2171.19

- (o 10 -6.95509 4656.53

g 100 -9.19309 7703.61

E; 1,000 ~10.7505 10608.7
15,000 -14.0467 19077.2
50,000 -14.8734 19348 .4 h

DELTA_Z

YIELD (kt) slope(m/micton) intercept(m)
1 +1.01059 1135.89
10 +1.08241 2163.75
100  +0.260011 4503.59
1,000 -1.8315 7847 .69
15,000 -9.89187 19603.5

50,000 -18.5842 32454.3




The natural log of each of the above slopes and each of the abtove
intercepts were least-squares fit to a polynomial in 1n(Y), the natural
log of the yield in kilotons. The values for slope were cowbined with
additive factors to make them non-negative so that the 1logs could be
taken. This method of fit was used because it gave the smallest errors of
all the methods tried.

Values for the 50 MT bursts were not incorporated into the polynomial
fits; Hopkins' data covers 1l to 15000 kt only and yields larger than this
will be uncommon in any event.

Slcpes and Intercepts for the various fits are identified by
subscripus. The subscript T identifies the fit to the Top of the top
wafer, b identifies the fit to the bottom wafer, and d refers to the fit
of the DeltaZ for each group. These polynomials are given below.

Also included below is the polynomial fit used by Hopkins. Hopkins
found the center altitude for each of the twenty wafers in each group,
then averaged them to obtain an (average) center altitude for the group.

These polynomials are identified by the subscript m.
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TOP OF TOP WAFER

The altitude of the top of the disc is the altitude of the
topmost wafer in the disc.

Sp = -EXP {1.61324 - .0682128 (lu¥) + .084398¢ (1aY)

- .0123826 (1aY)3 + .000634405 (1aY)%)

I, = EXP {8.10667 + .302301 (1aY) + .0191831 (1nY)2

- 00748407 (10%)> + .000518155 (1aY)“}

- - —— ———— - - - - - - — ———— —————

BOTTOM OF BOTTOM WAFER

The altitude of the bottom of the disc is the altitude of the
lowest disc in the wafer.

Sb = -EXP {1.77691 - .0325444 (1nY) + .0679667 (lnY)2

(o -.0114241 (lnY)3 + .000590821 (1nY)4}

I = EXP {7.68304 +.372472 (la¥) - .0107429 (1nY)*

-.0039146 (1nY)> + .000358551 (1a¥)%}
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DELTA 2

The thickness of the disc , DeltaZ, is the difference in
altitudes of the top and bottom of the disc. X=.an(Y)

Sd = 7 - EXP {1,78999 ~ .048249 x + ,0230248 x2

-.00225965 x> + .000161519 x°)

I, = EXP {7.03518 + ,158914 (laY) + .0837539 (1a7)?

- 0155464 (lnY)3 + .000862103 (1nY)h}

- e ————— ————— - - WS W - Y P S g G S T e G -

DISC CENTER ALTITUDE

Altitude of the average center of a mono-size particle disc.,
The average center is determined by averaging the center heights
of the wafers of which the disc is composed. (Ref 11)

sm = - EXP (1.574 -,01197 (1nY) +.03636 (1nY)2

- .0041 (1nY)3 + ,0001965 (1nY>4}

I_ = EXP {7.889 + .34 (ln¥) + .001226 (1n¥)2

- .005227 (lnY)3 + ,000417 (lnY)a)

———_—— - O > D o e e e i S e}y T D > - P P D A — = T > D D > - - ——— " - - -

The altiiude for a given particle size for any of the above fits
is found by using the equation below. It will tvpically return
values within 52 of the original data listed above.

WhRIERITTTARAKERTRRAKKKARRERERRKARRRNERRKEARRARE kR kR k Ak kkhhhkkhdkhhkhhkikhkk

PARTICLE SIZE VS INITIAL ALTITUDE 1 KT T0 15,000 KT
B e e e e e T 2 e L e

Particle Altitude Z = INTERCEPT + 2 (Particle Radius) (SLOPE)

where the particle radius is in micrometers and the altitude is
in meters, and the yield for the intercepts and slopes is given
in kilotoas.
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o q
- A2. Time since burst and radius of the cloud at vertical stabilizstion. E
4

DELFIC raw data for vertical cloud stabilization 3

yield (KT) RADIUS (M) TIME (SEC) «

1 856 .6 347.1 g

10 1612 347.0 b

100 3324 313.2 ﬁ

1,000 5651 845.2 é

15,000 13680 162.9 E

50,000 22850 166.2 1

R L L e T e At ettt I e L) .E

POLYNOMIAL FITS FOR VERTICAL CLOUD STABILIZATION 1 KT TO 50,000 KT g

B L L S L s B T et T T e e S e e h

:

Vertical Stabilization Time (seconds) é

‘l‘s = 385,295 - 99.1476 (1lnY) + 64.6314 (lnY)2 .

- 8.21379 (107)° + .323598 (1nY)”

Vertical Stabilization Radius (meters)
(see Eq ( 5 ) to convert radius to sigma radius)

§, = 868.277 ~ 632.399 (Ia¥) + 625,132 (10Y)2

- 112.586 (1a¥)> + 7.16648 (1n¥)*

el Batates e aiaad

LA




A
N A3, Time since burst and radius of the cloud at horizontal stabilization. k

DELFIC raw data for vertical cloud stabilization

R Lol TO U

t YIELD (RT) RADIUS (M) TIME (SEC)
1 902.8 382.1 .
: 10 1788 424.5 -
5 100 5213 610.7 3
- 1000 16620 845.2 :
15000 52330 850.4 B
| 50000 110000 918.7 ]
%k Btk Ak AR KWK KK KKK KRR T KK TR K KKK TR KT Ik d g g kK ke de Fe K Yok ke de e e v d e s A v g e s de v & K e e -—;
POLYNOMIAL FITS FOR HORIZONTAL CLOUD ~TABILIZATION 1 KT TO 50,000 KT .
KEAARKAREAAEKEAKRREARRARARERRRRKR AT AR RKRRRA LR KRR RERAKRRAERRREARERARERERE A A KNRAR ;
. (Cloud Rise modu.e termimation) <
£
Horpizontal Stabilization Time (seconds k
T, = 385.295 - 99.1476 (lnY) + 64.6314 (1n¥) .
E o 8.2, 3 (an)? + 323598 (1a1) |

Borizontal Stabilization Radius (meters)
(see Eq ( 5 ) to convert radius to sigma radius)

. 5, = EXP {6.08948 + 0546004 (1n¥) + .136646 (1a¥) L
' ] - .0173576 (1o¥)> + 7.42803E-4 (1aD)%) .
4 k
1 ]
:
[
] [

85




(o

e T

A4, Time of solidification and wass_of dust airborne at solidification time,.

Delfic Raw Dats For Dust Mass

Yield Condensation Mass Dust

Time Fraction

KT SEC KG ton dust/ton yield

1 2,3278 9.0287e+5 .204732

10 3.6658 6.8862e+6 .156150
100 5.8238 5.2521e+7 .119095
1000 Y.,4618 4.0058e+8 .090835
15000 17.4996 4,3693e+9 .066052
50000 21,9029 1.2641e+10 .05733

L 222t 2222 e L el d 22 tsssias st sl stlenas sl ety e s st sndal s s

POLYNOMIAL FITS FOR DUST MASS AND SOLIDIFICATION TIME 1 KT TO 50,000 KT
B e o T e s ]

(Fireball module)

Solidification Time (seconds)

T ., = 2.31466 + .786315 (1nY) - .149574 (lnY)2
solid

+ .035455 (107)> - .001189 (1o1)?

Dugt Fraction
DF = ,204731 - ,0240532 (1nY) + 1.39148E-3 (lnY)2

- 4.88467E-05 (1nY)> +8.62805e-7 (1a¥)™*

- —— - " - D - = ——— - ————— . T - - - - — - — " > D —— - -
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ACCELLG
ACTIVITY .REPORTS
ACTSIZE .REPORTS
AIRCRAFT ,FILES
AIRCRAFTS

ALPHA

ANSS

ANSWERS

AR(G)

.DoP

.MOP

Al .,PERCENT

RM

RMA

.RMM

.SPC

BETA
BOMB,DENSITY
BURST .AMP .,FACTOR
CABIN.ACTIVITY
CABIN.AR

CABIN.DOSE

Appendix B

Glossary of Program Terms

9.80665 m/s*

menu control variable

menu control variable

name of aircraft specification program
name of aircraft to report omn
cumulative log normal distribution term
menu control variable

meou control variable

activity of a particle group at an altitude

dose report file name extant

dust report file name extant

unit time activity of a particle group
mean radius of a dust particle

equal activity group file extant

equal mass group file extant

aircraft specification file extant
cumulative log normal distribution term
density of multiple bombs in target area
factor for multiple bursts

total cabin activity

activity due to a given group

dose due to trapped dust in cabin

86




e

CABIN .DOSE .RATE
CABIN.GEOMETRY
CABIN.SUM,ACTIVITY .PER.METER
DATE .TIMES

DCF

DELAY

DELFIC
DELFIC.DOP
DELTAT

DELTAX

DELTAY
DINTERCEPT

DOSE

DSLOPE

DUST .DOSES$
ENGINE .MASS.FLOW
ETAZ
FALL.VELOCITY

FF

FIELD .WIDTH
FILTER,.ACTIVITY
FILTER.AR
FILTER.CAPACITY
FILTER.SUM.ACTIVITY.PER.MLTER
FILTER.TX .,FACTOR
FV

FX

FY

at the center of the cabin

dimensionless factor for dust dose
activity density of "unfiltered" cloud
date stamp for files

dose conversion factor

menu control variable

default particle size distribution
default output file name for dose report
time interval for cloud fall

aircraft miss distance to cloud center
aircraft miss distance to cloud center
formula for thickness of particle group
to aircrew in rem

formula for thickness of particle group
menu control variable - dust or dose report?
air mass flow through engine

vigcosity of air at altitude z

of a particle

fission fraction of weapon

width of target area for multiple bursts
total filter activity

filter activity due to a single group
dust mass that will clog filter

activity density of "filtered" cloud
fraction of a dust size that goes through
fraction of activity inside a dust particle
gaussian term for horizontal distribugion

gaussian term for horizontal distribution
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FZ
GAMMA .TX .FACTOR
GAMMA MFP
GAUSSIANZM
G.AT.Z

HC

HOW .MANY . TIMES
HR

INPUT .FILES
INTERVAL

LAST .AREA

LAST .TIME.STOP
LASTG

1K

MASS

MASS .FLOW
MASS . INTEGRAL
MASS .REPORTS
MASS .SIZE .REPORTS
MAXG

MEV

MINTERCEPT
MSLOPE
MSN.TIME.REM
MUARHO

MUT.Z13

MUTRHO

NUMBER .BOMBS

gaussian term for altitude distribution

gammas that make it through cabin walls

mean free path of a gamma ray in air
contribution of a partice group at an altitude
gravity at altitude =z

initial activity center altitude

the number of report times

time in hours

name of an input {ile

time between report times

used in trapezoidal integration

the last time a report was made

largest particle group still airborne
atmospheric temperature lapse rate

of the cabin

of air into the cabin

of the aircraft cabin

menu control variable

menu control variable

group that adds the most activity at altitude
gamma ray energy in MeV

Hopkins formula for initial altfade of particle
Hopkins formula for initial altiGde of particle
time from cloud penetration to landing

tissue absorption crossection

gamma ray transmission coefficient for aluminum
gamma ray cross section for air at aliitude z

number of weapons in multiple burst problem
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OUTPUT.FILES
PART.TIME
PER(G)

PI

PRESSURE . VOLUME
PV.,AREA

PV.MASS

PZ

RADIUS

REYNOLDS .NUMBER
RHOAIRZ
REOFALLOUT
SHARPS

SHEAR

SIGMA .RM

SIGMAX

SIQMAY

SIGMAZ

SIZE ,LABELS
SKYSHINE .DOSE
STAB.TIME

STARS
SUM.ACTIVITY.PER.METER
TA

TC

TIME

TIME . STOP

TK

name of output file to be created
interval counter for cloud fall loop

%2 activity at an altitude due to group G
3.14159

volume of aircraft pressurized cabin
area of aircraft pressurized cabin

mass of aircraft pressurized cabin
atmospher ic pressure at altitude z
radius of dust particle

dimensionless

airdensity at altitude z

target material density

tag denoting multiple burst is too early

variation of wind speed with altitude

_particle cumulative log normal distribution

horizontal normal distribution of cloud
horizontal normal distribution of cloud
vertical normal distribution of cloud
report label for size groups

dose to crew due to immersion in cloud
time of cloud vertical stabilization
tag denoting gamma mfp > .2 sigmax
activity density for all groups at an sltitude
time for toroidal growth

time constant for toroidal grcwth
counter for cloud fall loop

one of the output report times

atmospher ic Lemperature in degrees K
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TRANSIT .TIME
TRAP .CENTER
TZ

vac

WHICHZ
WHICHS
WIND.SBEAR.X
WIND.SHEAR.Y
YIELDKT

ZAC
WORST.ALT
ZAC I
ZAC.LO

ZAC .STEP

2 .STEFS

M(G)

time to cross a multiple burst cloud
center of trapezoid of integration
acmospheg:}c temperature lapse rate
True Air Speed of aircraft in m/s

menu selection command

menu selection command

longitudinal component of wind
crosswind component of the wind

yield of weapon in kilotons

height of aircraft

estimat:}d worst peunetration altitude
highest penetration altitude

lowest penetratior altitude

distance between penetration altitudes
the number of altitudés to be reported

altitude of particle in group G
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Appendix C

Particle Size Program

This program will compute 100 equal activity groups and 100 equal
mass groups from the rm and L of a number size distribution, Examples
of some number size distributions that have been proposed for nuclear
clouds are given in Table I, See Chapter II for details,

The program is menu driven and easy to use. Simply input the
requested data at the prompts; both the activity size and mass sgsize groups
will be computed and stored in a disk file. The program can be used by

itself or called by the menu program in Appendix E.

8000 "2, 2.5, 3 moment

8010 “compute size (um) of 100 equal activity and equal mass groups
8020 “given Rm, sigma Rm, and volume fraction, find equal activity
8030 “and equal mass size groups from the number size distributioun
8C4y “28 Dec 84 Capt Conners

8050 DIM RM(100)

INPUT "What is the date and cime";DATE.TIMES

GOSUB 8991 :’print header

PRINT "Select a number size distribution from the following list:"
PRINT

PRINT " Rm Sigma Rm"
PRINT " micrometers"

PRINT " 1 NRDL-N61 .00039 7.24"

PRINT " 2 NRDL-C61 .0103 5.38"

PRINT " 3 NRDL-D .01 5.42"

91

IO G W - 3 . - a PO GG ST S S G Y




PRINT ' TOR-N

PRINT DELFIC

PRINT USWB~HI

PRINT USWB~LO

PRINT FORD-T

PRINT RANDWSEG

PRINT NRDL-SII

PRINT 11 NRDL-SI

PRINT 12 TOR-C

PRINT 13 other"

INPUT WHICH2

IF WHICHZ = 0 THEN WHICHZ = 5 : “default distribution
IF WHICHZ < OR WHICHZ > 13 THEN 8070

IF WHICHZ THEN DFILES "NRDL-N61" :RM=.00039 :SIGMA.RM=7,24

IF WHICHZ THEN DFILE$ "NRDL-C61" :RM=.0103 :SIGMA.RM=5,38

IF WHICHZ THEN DFILES = "NRDL-D" :RM=,01 :SIGMA .RM=5.42

IF WHICHZ DFILES "TOR-N" :RM=,079 :SIGMA .RM=4 .48
IF WHICHZ THEN DFILES$ "DELFIC" :RM=,204 :SIGMA .RM=4

IF WHICHZ THEN DFILES "OSWB-HI" :RM=3,48 :SIGMA .RM=2.72
IF WHICHZ THEN DFILES "USWB-LO" :RM=3.84 :SIGMA ,RM=3

IF WHICHZ 8 THEN DFILES "FORD-T" :RM=5.98 :SIGMA .RM=2.23
IF WHICHT = 9 THEN DFILES = "RANDWSEG" :RM=10,6  :SIGMA.RM=2

IF WHICHZ 10 THEN DFILE$ = “NRDL-SII'" :RM=27,1 :SIGMA .RM=]1 .48
IF WHICHX 11 THEN DFILE$ = "NRDL-SI" :RM=36.8 :SIGMA .RM=1,51
IF WHICHZ 12 THEN DFILE$S = "TOR-C" :RM=50.6 :SIGMA .RM=],36
IF WHICHZ 13 THEN 8430

PRINT "Distribution selected is: "DFILES" Rm ="RM" Sigma Rm ;"SIGMA.RM

FOR DELAY = 1 TO 300 :NEXT DELAY :GOTO 8480




A

8430
8440
8450
8460
8470
8480
8490
8500
8510
8520

8530

2 input section FERRAIKAKRAKAAKERARARKERLHARRKATHRKRRRUE AT AR R AR KK RANNR

ThRARAXAREAATREARAERREEARRTARRERRATRAAARA AR R AR R AR AR R TR R KRR R khkkkdkkkkkk

INPUT "MUST BE UPPER CASE: output file name (SOURCE)";DFILES

INPUT "mean radius of particle (Rm) (microms)";RM

INPUT "sigma of mean radius";SIGMA.RM

OUTPUT.DFILES = DFILES+" .RMA"

’ get CONStants XFAKXXAKKRKA kI kkhhhKhRAERRHAKKIKRRARIATERARAK KA KRKERA
L e L L L T,
PI = 3,14159

ALPHAO = LOG(RM)

BETA = LOG(SIGMA.RM)

8540 SQR2PI.BETA = SQR(2*PI)*BETA :’increase compute speed

8545 ALPHA(O0) = ALPOAO :“used to produce equal number size distributions

8550 ALPHA(2) = ALPHAO + 2*BETA"2 :“=area size

8560 ALPHA(1) = ALPHAQ + 2,5%*BETA"2 :“mactivity size by Frieling approx
8570 ALPHA(3) = ALPHAO + 3*BETA"2 :““mass size

8580 FV = .68 :“for DELFIC activity

BS90 N = 1

8600 “continue

8610 R =0 :“dummy for A(R)

8620 RADIUS = 0 :“radius of particle in um

8630 AREA = 0 :“initial area under curve at 0 radius

8640 LAST.A(R) = 0 t“initial activity at 0 radius

8650 G = 1 :“group # counter

8660 DELTAR = ,01 :“initial dr

8670 TRAP.CENTER = .005 :"half a hundredth; center of 1% activity increment
8680 “ compute radius of each 100 equal activity groups Tk kAR KRk AR kKR
869 0 7 e e %k ok Je e K KA K o ek e A ke e e e e de R e d e Jo g de ek de e e o A A T ek R ok T e Kk e e A ek v e e ok de e e o e vk ok Kok ke ke ok
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8700
8710

8720

8730
8740
8750
8760
8770
8780
8790
8800
8810
8820
8830
8840
8850
8860
8870
8880
8890
8900
8910
8920
8930

8940

RADIUS = RADIUS + DELTAR

A(R) = EXP(-,5*( (LOG(RADIUS)-ALPHA(N))/BETA)~2)/(SQR2PI.BETA*RADIUS)

IF RIGKTS(DFILE$,6) = "DELFIC" AND N = }

A(R) = (FV/(SQR2PI.BETA*RADIUS) )*EXP(-.5%((LOG(RADIUS)-ALPHA(3))/BETA)"2)
+ ((1-Fv)/(SQR2PI .BETA*RADIUS) )*EXP(-,5*((LOG(RADIUS)~ALPHA(2))/BETA)"2)

LAST.AREA = AREA

AREA = AREA + (A(R) + LAST.A(R))*DELTAR*.5 :“trapezoidal integration

LAST.A(R) = A(R)

IF AREA < TRAP.CENTER GOTO 8700 :“is curve area = to 12? if not, go back

RM(G)=( TRAP .CENTER-LAST .AREA)*DELTAR/ (AREA-LAST .AREA) + (RADIUS - DELTAR)
IF G > 1 THEN DELTAR = (RM(G)-RM(G-1))*,1

G=G+1

TRAP .CENTER = .01*G - ,005

IF G <= 100 GOTO 8700

4 store 100 rm's in a disk file o dede e e 9 Fede e e o v e A 9 ek vk ok P e ke e e o ok e sk e ke o e de v e ok ok ok
7 e sk g K e e sk de Kk e K e %k e sk Je g ke YA B e e e e ve do K e e e o 7o I e v e e e v de e dedke sk ok e e e e e o ek e o e ke v Kok ke w de ke e ok ek ok

OPEN "0",#1,0UTPUT .DFILES S a2

FOR G = | TO 100 STEP 5

PRINT#1 ,RM(G) ;RM(G+1) ;RM(G+2) ; RM(G+3) ; RM(G+4)

NEXT G
PRINT#1,"Bm = ";RM;"; sigma Rm = ";SIGMA.RM -
PRINT#1," " :PRINT#1," "

IF N=]1 THEN T$="activity" ELSE T$="mass" E
PRINT#1,"Mean radii in microns of the 100 equal "T$" groups"

PRINT#1 ,0UTPUT .DFILES"; computed from rm = ";RM;"; sigma rm = ";SIGMA.RM
PRINT#1,"using inverse transform alpha = "N')"

PRINT#1,"from the program SIZE.BAS 28 Dec 84 by Capt. Conners”

PRINT#1 ,DATE . TIMES

CLOSE
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8970
8980
8990
8991
8992

8993

8994

IFN =1 THEN N = 3 ELSE PRINT STRING${10,7) :CHAIN'MENU",1000,ALL

OUTPUT .DFILES = DFILES + " ,RMM"

GOTO 8600

‘menu header e fek Feve de e e e ok ok e e e ook AR AR R KK ke Ak A kA ARk A AR KRR RA KTk hk ki

PRINT CHRS(26)

PRINT WHICHS :PRINT

RETURN

:“clear screen
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Appendix D

Aircraft Data
And Sample Specification Program

An Aircraft Specification Program must be coustructed to input the
nec:basary information about the aircraft into the main program. The
winimum data needed for a variety of aircraft are listed in the BASIC
AIRCRAFT DATA table belov., From this, the data listed in the DERIVED
AIRCRAFT DATA table must be computed by the user or the user’s program. A
sample program is included for the B-1B bomber. A similar program must be
constructed for each aircraft desired. The program must start at line
7000 and the program name must have an .SPC file name exteunsion.

The cabin geometry factor K can be computed using the program in

Appendix K,

BASIC AIRCRAFT DATA

Cabin Cabin Pressure Mass @30,000 Radius
Aireraft Mass Atea Volume Flow feet
KG M*2 M*3 KG/MIN MACH M
B-1B - 11,511 107.9 28.3 17 .85 1.07
B-52G 11,262 81.6 51.9 22 J2 1,75
B-52R 10,854 81.6 51.9 22 .72 1.75
E-3 36,949 408.8 356.1 6l.5 «53 1.79
E-4B 137,551 1,282 1686 ,0 276 .53 3.28
EC-135 40,750 310 244,2 50 «50 1.79
RC-135 18,073 310 232.2 50 72 1.79

Fede S de de ek de Rk kdededededd e Aok dedededede ke de ok ARk ek A AR hhhdeh xR Rk Rk d W hhkhdkhhhhhdik
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DERIVED AIRCAFT DATA

Aircraft Masse Trauswission Poeudo Geometry Veloc.ty
Integral Factor Length Factor
KG/M*2 T M K M/S
g amma
B~1B 106 .68 .5265 7.9 1.395 279.2
B-52G 138.0¢4 4360 5.4 2.035 231.5
B-52H 133.06 4493 5.4 2.035 231.5
E-3 90.38 .H808 35.4 2.505 164.7
E-4B 107.29 5247 50 4.586 164.7
EC~135 131.45 <4537 24,3 2,468 154.2
RC-135 58.30 .7043 23,1 2,459 231.5

RRNEERTEENNRAERAANE AR EAIERRNRAAARARAA AN RRANANANARCAEN AR AR N R XA RN NNAR

7000 “Prograw B-1B.SPC specification program **¥dikikwksaisbhhdnd kitikirkiithid

7010 “4 dec Capt. Conners for Dr. Bridgman

7020 “activity depsity *eshierdwridaohkkiiksk fook b A dk A hih KAk ANt d s Sk ko ek ek

7030 VAC = 279.2 :"M/S TAS M.85 @30,000”
7040 PRESSURE.VOLUME = 28.34 :’M*3 ¢rew and forward avionics
7050 MASS,FLOW = 17.01 :’KG/min .

range 11.34 to 22.68 dependirg on altitude, temperature, ard leak -ates.
Source uses 21.64 kg/wmin.

7055 engine.vass.flow = 161 :’KG/8 bypass ratio = 2.3

7060 “shielding £actor **RWWHRIRdANI Rk ddhdRNTANRAANNHHRRHN IR SN IR A A
7070 PV,MASS = 11511.1 :’KG to station 542"

7080 PV.AREA = 107.9 :’M*2 wetted area to statiom 542"
7090 MASS,INTEGRAL = PV,MASS/PV,AREA : ‘RG/M™2

7100 MUT,Z13 = 6.0)271E-03 :'M"2/KG for aluminum at 1 MeV

7110 “aysume average gauma = | MeV gnd fuselage materials have similar
gamma ray crossections (low z)., Total error in MUT estimated to be -0/+10%2
based on the .7 and 1 MeV xsec of Al, C, 0. See RB Drinkwater gne/ph/74<3
7120 gaoma.tx.factor = EXP(-MUT,Z13*MASS,INTEGRAL)

7125 _abin.geometry = 1.39961 :“space integral of cabin

7130 “since all fuel is carried aft of the crew compartment, it is part of

7140 “an infinite shield and does not cootribute to gamma.tx.factor
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AP

7150
7155
7160
7170
7190
7210
7220
7230
7235
7240
7250
7260
7270
7280

“source: phone calls to George Clark, RI 16 Nov 84; letter 3 Dec 84;
‘visit to B-1 SPO at WPAFB 16 Nov 84
RIKKIRIKKKKRRRFARIRIE AR KR E K AI AR AR IR IR AR KRR KRR A AR KRR KRR hhAK
“filter routine

FOR G =1 TO 109

IF RM(G) < 5 THEN filter.tx.factor(G) =~ 1!

IF RM(G) >= 5 AND RM(G) <= 10 THEN filter.tx.factor(G) = .1

IF RM(G) > 10 THEN filter.tx.factor(G) = 0

filter.tx.factor(G) = 1

HEXT G
FILTER.CAPACITY = ,225 : ‘KRG
“trap 225 g dust defined by m(R)=6.5-1n(R) AND lOmicromne<= R <= 80microns

‘filter.tx.factor=l for none trapped;=0 if all trapped; =.1 if 90Ztrapped

“source: TFD-82-890 "Radiation Threat From Nuclear Dust In The ECS

Particle Pilter", W.Clark Powell III, Rockwell Internationmal 16 Dec 82, pl3

7300

chain"DOSE" ,4000,ALL
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- Appendix E
- ;’ Menu Program
€

This program prompts the user for all the data necessary for the main
program to compute dose to the aircrew or the dust ingested by the
aircraft. To save memory and increase the speed 0of the main program, many
housekeeping functions are accomplished by this part of the code. The
program is written in Microsoft Basic version 5.02, No exotic software or
machine dependent functions are used so that the code is highly portable.

The code is heavily documented; out of 40K of code, about 12K is
documentation. The program is laid out in modules and is structured to
prevent impediments in following the program flow. Long logical lines are
o broken up into a series of shorter physical lines. A semicolon
: ) separates logical lines on a single physical line, aud an apostrophe ° is
E. (! | a short form of rem, the BASIC remark stateiment.

) . The program is run by entering BASIC and LOADing the menu program.
‘ The menu program takes over at this point and prompts the user for all
b necessary input. All other programs are called automatically by the CHAIN
statement. All programs and data files must be on the same disk or the

filename calling the CHAINed program or data file must be preceeded by the

Pl ol S O

),
b

dri ve designator.

1000 ON ERROR GOTO 3810

1010 “master menu for dose and dust program
: 1020 “set uyp default scenario or accept user inputs
o 1030 -
R
- 1040 “2,7,8,20 dec 84 Capt. Conners for Dr. Bridgman
o 99
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iE 1050 PRINT CHRS(26) :“clear screen

1060 PRINT “AIRCREW RADIATION DOSE AND DUST DENSITY PROGRAM" :PRINT

1070 PRINT "Version 8.0 ~-—-28 Dec 1984"
. | 1080 PRINT "Created by Capt. Stephen P. Conners for Dr. Bridgman"
- 1090 PRINT STRING$(10,13)
1100 PRINT "All keyboard entries must be terminated by <CR>" :PRINT
) 1110 INPUT “Enter the current date and time";DATE.TIME$ :PRINT
.Eif 1120 PRINT "Do you wish to:"
gﬁ 1130 PRINT "1 Use the standard scenario"
:  1140 PRINT "2 Create your own scepario" :PRINT
| 1150 INPUT WHICHZ :IF WHICHY = 2 THEN 2320 i
1160 IF WHICHYZ < 0 OR WHICHYZ > 1 THEN 1120
»P. 1170 “default scenario *¥#iiirkiikikhhkkiiskihhkrakiohhhihiihkhhkkhhikinkhhhtk
. 1180 “bomb design/target data **Frkiwirhikiihiihihiihidik ik Kk kI kR AR IR K
E 1190 WHICHS = "DEFAULT OPTION FOR STANDARD SCENARIO"
- o 1200 YIELDKT = 1000 :“1 megaton
ff? 1210 NUMBER .BOMBS = 1
~ﬁ3 1220 FF = .5 :“fission FRACTION
f%. 1230 DF = ,333333 :“dust FRACTION
1/3 ton of dust per ton of yield
1240 SIZ£$ = "DELFIC" :“size distribution rm=.2035, sigma=4,
1250 DUST.DOSES = "dose" :“select crew Gose, not dust density output
1260 ACTIVITY.REPORTS = "n"
1270 ACTSIZE.REPORTS = "n"
ks 1280 INPUT.FILE$ = SIZE$ + ".RMA"
- 1290 RHOFALLOUT = 2600 :“KG/M*3 density of silicate rock
1300 ’aircraft type oo e e e e e e e Jo e e e de vk e e e g sk de e e e e de de e e de sk e e do ke g K de v e odedede Je Kok Kk deke d dekokokkkk
[ 1310 AIRCRAFTS = "KC-135"

1320 AIRCRAFT.FILES = AIRCRAFTS + " .SPC"

100




.

l.'
y /4

A AL S e ar M SO St e Al A S g B A B St S0 A At ek S b AR R RS R i e

1330 ‘mission parameters *¥kkddiikiickkikikhkiinbk ikt dkdkdiohikkkdkbhkk ik

1340 ‘reporting times *rhkkkdkiikAkkhkhhkkh kA ARARAARFRRAREKARRNRAKRANARKARNRK K

1350 MSN.TIME.REM = 8 :“HR crew is exposed to cabin dust
for 8 hours after encounter

1360 HOW.MANY,TIMES = &

1370 TIME,STOP(1)

1 :“BR

1380 TIME.STOP(2) = 2

1390 TIME.STOP(3)

4

1400 TIME.STOP(4)

8 .

1410 ‘reporting altitudes and winds **rkkkkkAAkkdk Rk kAKX AR RAXRARIAKHRRA KRR
1420 Z,STEPS = 6

1430 ZAC.HI = 12000

1440 ZAC.LO = 2000 :’M

1450 ZAC.STEP = 2000

1460 WIND ,SHEAR.X = 0 :“(KM/HR) /KM for computing sigma x
1470 WIND.SHEAR,Y =1 :“(KM/HR) /RM for computiug.;igm; y
1480 “output Hssrkshiodd i ok ek ik ek ok Sk ok ok Ak et R A ik Aok ook
1490 OUTPUT.FILES = "DELFIC.DOP"

1500 PRINT CHR$(26) :PRINT WHICH$ :PRINT

1510 PRINT "WEAPON/TARGET DATA:"

1520 PRINT "Number of weapons - -'"NUMBER .BOMBS

1530 IF NUMBER.BOMBS > 1

THEN PRINT "Width of target field —--==—=—ccew—-- "FIELD ,WIDTH/1000"KM
1540 PRINT "Weapon yield ===-cre—mmecmcmcmmeecnaa "YIELDRT"kt"

1550 PRINT "Fission fraction -—- "FF

1560 PRINT "Dust fraction ===e=w—-e-ccec——ceca——" "DF

1570 PRINT "The size distribution input file is- "INPUT.FILES

1580 PRINT "The soil density is = —— "RHOFALLOUT"KG/M"3'" :PRINT

1590 PRINT "AIRCRAFT DATA:"
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et

1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840

1850

R RN R it n 2l SRR TR L AL IR AV SN LIl h o ok st bt~ SRCaRC givi-b Al St A ah & A bl Bate. S At i e Bt it i

PRINT "The aircraft specification file is - "AIRCRAFT.FILE$ :PRINT

FOR DELAY = 1 TO 1500 :NEXT DELAY

PRINT CHRS(26) :PRINT WHICHS :PRINT

PRINT "TIME DATA:"

PRINT "Time from cloud penetration"

PRINT "to end of mission —==-=c-mm———cmceu- "MSN ,TIME .REM"HR" :PRINT
PRINT "Reporting times:"

FOR T = 1 TO HOW.MANY .TIMES

PRINT TIME.STOP(T)"HR"

NEXT T

FOR DELAY = 1 TO 1500 :NEXT DELAY

PRINT CHRS$(26) :PRINT WHICHS :PRINT

PRINT "WIND AND ALTITUDE DATA:"

PRINT "Wind shear X (along track) ===-=---- "WIND .SHEAR .X" (RM/HR) /KM"
PRINT "Wind shear Y (cross track) -~==e-—--- "WIND ,SHEAR.Y"(KM/HR) /RM"
PRINT :PRINT "Reporting altitudes:"

ZAC = ZAC .HI + ZAC.STEP

FOR Z = 1 TO Z.STEPS

ZAC = ZAC - ZAC.STEP

PRI&T ZAC"M"

NEXT 2

FOR DELAY = 1 TO 1500 :NEXT DELAY

PRINT CHR$(26) :PRINT WHICHS :PRINT

PRINT "The output file will be named ------ "OUTPUT.FILES :PRINT
PRINT DATE .TIMES

DIM RM(100),zM(111),GAUSSIANZM(101),AR(101) ,PERCENT,25(101),PER(101),

SIGMAZ(101) ,CABIN.AR(101) ,FILTER.AR(101) ,FILTER,TX .FACTOR(101)

1860

DIM SUM.ACTIVITY.PER.METER(Z.STEPS),A3(Z,STEPS),CABIN.ACTIVITY(Z,STEPS),

CABIN.DOSE(Z.STEPS) ,SKYSHINE ,DOSE(Z,.STEPS) ,GAMMA .MFP(Z.STEPS),
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ii? STARS$(Z2.ST"PS) ,CABIN.SUM.ACTIVITY .PER ,METER(Z,STEPS)

1870 DIM FILTER.SUM,ACTIVITY.PER .METER(Z.STEPS) ,FILTER.ACTIVITY(Z2.STEPS),
MAXG(Z.STEPS) ,ENGINE .MASS(Z.STEPS)

1880 “DELFIC initial cloud parsmeters *kkdkkkhikkkkkkmkkhickkihihkhkAARIKARNRK
- 1890 X = LOG(YIELDKT)

1 1900 MSLOPE=-EXP(l .54 -.01197*X +,03636*X"2 ~.0041*X*3+,0001965*%X"4)
iii 1910 MINTERCEPT=EXP(7 .889 +.34%X +,001226*X"2 -.005227*X"3 +,000417%X"4)
1920 DSLOPE=7~EXP(1.79-.048249%X+.0230248%X~2-2,25965E-03*X"3+1.61519E-04%X"4)
1930 DINTERCEPT=EXP(7,0352+.15892*%X+,083754%X"2 -.0155464*X*3+8.62103E-04*X"4)
. 1940 ° compute initial alt for each =activity or group *¥¥¥kkkkidkkdikbibbikktk
1950 “dkdkkkddkhk A RiokkrkhEA AR ARERARERARRARKKRRIAIARRRARAR R A IR hA R RRA KA
1960 PRINT "Now loading "INPUT.FILE$

1970 OPEN "1I",#2,INPUT.FILES

1980 FOR G = 1 TO 100
1990 INPUT#2,RM(G) :“radii in UM of 100 =activity groups
.ll P 2000 ZM(G) = MINTERCEPT+MSLOPE*2*RM(G) :°METERS altitude of e
. | 2010 SIGMAZ(G) = (DINTERCEPT+DSLOPE*2*RM(G))/4 :°M DeltaZ/2 = 2 gigma
2020 NEXT G
n 2030 INPUT#2,SIZE.LABELS
L 2040 CLOSE#2
- 2050 ’WS%G fUNCL iong FAFFIEAIRF AR RAKKAKARAAK A IR IAKIAAHEAAHRRIHN KK ARARARK A ARk
Qi; 2060 °Y = LCG(YIELDKT/1000) :“1ln yield megatons
L 2070 “HC=(44+6.1%Y-.205%(Y+2.42)*ABS(Y+2.,42))*304.8 |
) 2080 “SIGMAO=EXP((.7+Y/3)-3.25/(41+(Y+5.4)72))*1609.34 :'M
.. 2090 ’DELFIC functions e e %o 3 Pe 7¢I Fe Yo Kede K e Fo R Aede Fede v 9o % K v Jo A % e 9 Jo e e de Ve de e ok e de et e de ke ok e e sk e de ek deode
;;i 2100 BC= ZM(50) :“M to =activity altitude
;tg 2110 SIGMAO = (868.277-632,399*%KX+625.132%X"2-112.586*KX"3+7.16648*X"4)/2
' :“delfic radius = 2 sigma .:. |l sigma = delfic radius/2

2120 IC = 12*%(HC/304.8)/60-(2.5*%((BC/304.8)/60)"2) :“1/HR
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2130 TC=TC*1.05732*(1!- .5%EXP(-((HC/304.8)%2))/(25%2)):”correction from Polan
2140 ° program cONSLants *¥kkkikdikikkikiihihkkhihihhikiok iRk Rk ik sk h ik A A hhhh Ak

2150 2R kK KRR ERTKIERTREKTKNKRRAREEREENEREREEEREAERERRAAIAARAREA R T R TR Ak kR hk

2160 Al .PERCENT=5,3E+08*YIELDKT*FF/100 :“unittime activity in CURIES/group

2170 ACCELLG = 9.80665 :“M/8"2 acceleration due to gravity
2180 LASTG = 100 :“initially 100 -size groups are used
2190 L0OG10 = L0G(10) :“used to convert lu to log

2200 MASS] .PERCENT = DF*YIELDKT*(1000*2000*,4535923700000003#)/100 :“KG/group

2210 MEV = 1 :“Ev*leb

2220 MUARHO = .00306 :“M"2/RG tissue absorption xsection @l MeV
2230 MUT = 6.73015E-03 :"M*2/KG air xsection (Std Atm) @1 MeV
2240 DCF=3.7E+10*1.6E-11*3600*MUARHO*MEV :“dose conversion factor

2250 SQR2PI = SQR(2%3.14159)

2260 STAB.TIME = (385,295-99,1476*X+64.6314*X~2-8.21379*%X"3+,323598*X"4)/3600
:“HRS time for cloud stabilisation

2270 TIME = STAB,TIME :“minimum time is cloud stab time

2280 TIME.STOP = STAB,TIME :‘mipimum time is cloud stab time

2290 Rkkhk Ak hkAAKIRRNAKII KRR AR AA R E AR AR AR AR A AR ARk SRk ek
2300 PRINT "Now loading "AIRCRAFTS" specifications file."

2310 CHAIN AIRCRAFT.FILE$,7000,ALL

2320 'cr;ate JOUL OWD 8CENATIO FXAKAXNKXAKIXARKAAKARKFINUKHAIKA KKK RRRAXKHKAIINNR
2330 INPUT "What is the titie for your scenario';WHICHS

2340 WHICHS = "CUSTOM SCENARIO: " + WHICHS

23 5 0 ’ repor t screen e Je K 20T TR Ko e e R AW 0 %0 70 T Tt % 2 e e A e v Fe e vt e vl e e e de I e de vk e e e e o dede ok ek dedede e e K
2360 GOSUB 3610 :“print header

2370 PRINT :PRINT "Do you want a:"

2380 PRINT "1 Crew dose report"

2390 PRINT "2 Dust density report" :PRINT

2400 INPUT "(Default = 1 (dose))" ,WHICHZ
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3
{? 2410 IF WHICHZ = 1 OR WHICHX = 0 THEN DUST.DOSE$ = "dose" :GOTO 2440
;; 2420 IF WHICHT = 2 THEN DUST.DOSES = "“dust" :GOTO 2500
e 2430 GOTO 2780

2440 PRINT "You have selected a crew dose report" :PRINT

2450 INPUT "Do you wish an activity report (y/n)";ANSS$

2460 IF ANSS = "N" OR ANS$ = "n" THEN ACTIVITY.REPORT$ = "n"

2465 PRINT

2470 INPUT "Do you wish a prominent particle report (y/mn)";ANSS$

2480 IF ANSS$ = "N" OR ANSS = "n" THEN ACTSIZ2E.REPORT$ = "o

2490 GOTO 2530

2500 PRINT "You have selected a dust density report' :PRINT
2502 INPUT "Do you wish a cloud mass report (y/mn)";ANS$

2504 IF ANSS$ = "N" OR ANS$ = "n" THEN MASS.REPORTS = "n"

b
Mo
:
tc

2506 PRINT
Geo 2510 INPUT "Do you wish a prominent particle report (y/n;";ANS$
2520 IF ANSS = "N" OR ANS$ -« "n" THEN MASS.SIZE .REPORTS = "n"
2530 “bomb Screep ki dkkiiiiohkk iAok hdkob dhokdekk ok ke bk ek Aok
2540 GOSUB 3610 :’print header
2550 PRINT :PRINT "What is the weapon yield in RILOTONS?"
2560 INPBT "(Default = 1000 kt)",YIELDKT
2570 IF YIELDKT = 0 THEN YIELDKT = 1000
2580 PRINT :PRINT "How MANY weapons created the cloud?”

2590 INPUT "(Default

1)" ,NUMBER .BOMBS

M A on s b (g e R P Pl S AR I S A R -
e o C .

0 THEN NUMBER.BOMBS = 1}

P 2600 IF NUMBER .BOMBS
" 2610 IF NUMBER..O¥3S > 1 THEN GOSUB 3720

2620 IF NUMBER.BOMBS < 1 THEN 2580

q 2630 PRINT :PRINT "What is the fission FRACTION of the weapon?"

2640 INPUT "(Default = ,5)",FF
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do

2650
2660
2670
2680
2690
2700

2710
THEN

2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900

2910

P B S Bl E s - M Sh A bl AedE Sof 2adl ek Sull 54 Aadh Sed ant gl sk bedl And aad sl Sk Snd el aniack sk Ak Sl el Sl Alh Sk Vel A o

IF FF < 0 OR FF > 1 THEN 2630

IF FF = 0 THEN FF = .5

PRINT :PRINT "What is the dust FRACTION of the weapon?"
INPUT "(Default = DELFIC prediction)",DF

IF DF < 0 OR DF > 1 THEN 2670

X = LOG(YIELDKT)

IF DF = 0
DF = ,204731-,0240532*X+1.39148E-03*X"2-4 .88467E~05*%X"3+8.62805E-07*X"4

‘8 o1l screen P R T e ae ek e e e e v v v e e e vl vede v e vie sk vie e o e e e ke vk o e e e e e de sk e ok e e e ke e ke e ok
GOSUB 3610 : “print header

PRINT "What is the size distributiom input FILE NAME?"

INPUT “(Default = DELFIC)",SIZE$

IF SIZE$ = "" THEN SIZE$ = "DELFIC"

IF DUST.DOSE$ = "dose" THEN INPUT.FILES = SIZES + ".RMA"

IF DUST.DOSE$S = "dust" THEN INPUT.FILES = SIZE$ + " ,RMM"

PRINT :PRINT "What is the soil density in KG/M"37" | | -4
INPUT "(Default = 2600 RG/M~3)",REOFALLOUT :
IF RHOFALLOUT = 0 THEN RHEOFPALLOUT = 2600 :
saircraft screen ¥AKRAAKKARAKAKARRKAIIRAREXAEAARXKRXIRRARREEAXXKRIRANRKRR
GOSUB 2610 :“print header

PRINT "Select an aircraft from the following list:' :PRINT

PRINT " 1 B-1B"

PRINT " 2 B-52G"

PRINT " 3 B-52H"

PRINT " A E-3" "
PRINT " 5 E-4B"
PRINT " 6 EC-135"

PRINT " 7 KC-135"
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2920 PRINT " 8 other"

2930 INPUT WHICHI

2940 IF WHICHZ = 0 THEN WHICRZ = 7 :“default aircraft N
2950 IF WHICHZ < 1 OR WHICHZ > 8 THEN 2830

2960 IF WHICHZ = 1 THEN AIRCRAFTS = "B-1B"

2970 IF WHICHZ = 2 THEN AIRCRAFTS$ = “B-52G"
2980 IF WHICHZ = 3 THEN AIRCRAFTS = "B-52H"
2990 IF WHICHZ = 4 THEN AIRCRAFTS = "E-3"
3000 IF WHICHZ = 5 THEN AIRCRAFTS = “E-4B"
3010 IF WHICHI = 6 THEN AIRCRAFT$ = "EC-135"
3020 IF WHICHZ = 7 THEN AIRCRAFTS = "KC-135"

3030 IF WHICHZ = 8 THEN 3860
3040 PRINT "Aircraft selected is: "AIRCRAFTS
3050 FOR DELAY = } TO 300 :NEXT DELAY
3060 AIRCRAFT.FILES = ATIRCRAFTS + " .SPC"
O. 3070 'time screen *****”*******************************‘************'****;*****
3080 DIM TIME.STOP(10)
3090 GOSUB 3610 :“print header
3100 ERASE TIME.STOP
3110 PRINT "How many cloud encounters do you wish to examine?"
3120 INPUT "(Default = 4)" ,HOW.MANY .TIMES
3130 IF HOW.MANY.TIMES=0 THEN HOW.MANY.TIMES = 4
:DIM TIME.STOP(HOW,MANY.TIMES)
:TIME.STOP(1l) =1
:TIME.STOP(2) = 2
. :TIME.STOP(3) = &
I :TIME.STOP(4) = 8
:GOTO 3220
3140 DIM TIME.STOP(HOW.MANY.TIMES)

3150 PRINT "Please enter time in HOURS since burst in inmcreasing order.”

3160 PRINT




3170
3180

3190
THEN

FOR E = 1 TO HOW.MANY.TIMES
PRINT "What is time"E"?" :INPUT TIME.STOP(E)

IF TIME.STOP(E) < ,l15
PRINT "Time must be exceed .15 HR to allow cloud stabilization"

:PRINT "and the Way-Wigner decay approximation." :GOTO 3150

3200
3210
3220

3230

IF TIME.STOP(E) < TIME.STOP(E-1) THEN 3150
NEXT E
PRINT "The following times will be used:"

FOR E = 1 TO HOW.MANY.TIMES

:PRINT TIME.STOP(E)'"HR"
:NEXT E

3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410

3420

INPUT "Is this acceptable (y/n)";ANSWERS

IF ANSWERS = "N" OR ANSWERS = "n'' THEN 3090

PRINT

PRINT "How many HOURS from encounter time to end of mission 2"

INPUT "(Default = 8 Hr)" ,MSN.TIME.REM

IF MSN.TIME.REM = O THEN MSN.TIME.REM = 8

i alt i tude screen ********'lr*"********************************"k*.****-******
GOSUB 3610 :“print header

PRINT "All sltitudes are in METERS" :PRINT

INPUT "Whst is the HIGBEST penetration altitude you wish to use";ZAC.HI
INPUT "What is the LOWEST penetration altitude you wish to use';ZAC.LO
INPYT “What altitude INCREMENT do you wish to use";ZAC,STEP

IF ZAC.BI = () THEN ZAC.HI = 12000 :ZAC.LO = 2000 :2AC.STEP = 2000

I¥ ZAC.STEP = Q THEN 3310

Z.STEPS = INT(((ZAC.HI-ZAC.LO'.'ZAC.STEP)+1.49999)

CHAKA HEKAAERRRIEATIAIRRIIEARIEHRERRRERARIARRARHR IR ARAENRARARAERAR AR AN
GOSUB 3610 : print header

PRINT "The following altitudes will be used:" :PRINT

ZAC = ZAC.HI + ZAC,STEP
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3430
1 ZAC

FORZ =1 TO 2,STEPS
= ZAC - ZAC.STEP

:PRINT ZAC'"M"
¢ NEXT 2

3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3565
3570
3580
3590
3595
3600
3610
3620
3630
3640
3650
3660

3670

INPUT "Is this acceptable (y/n)";ANSWERS

IF ANSWERS = "N" OR ANSWERS = '"n" THEN 3310

“ e dede e B T 905 v de e e e e v de e e e e e Je v & v v o vk e e v e v e ke ok e o e vk v s e de ek A de ke e e de e e sk ek ok ek ek ke e vk
GOSUB 3610 :“print header

PRINT "Wind shear is given in (RM/HR)/RM"

PRINT "What is the wind shear in X (along track)"

INPUT "(Default = 0)";WIND.SHEAR.¥

PRINT "What is the wind shear in Y (cross track)"

INPUT "(Default = 1)";WIND.SHEAR.Y

IF WIND.SHEAR.Y = 0 THEN WIND.SHEAR.Y = 1

IF WIND.SHEAR.Y = 1 THEN INPUT "Do you want Y shear to be 0?(y/n)',ANSWERS
IF ANSWERS = "Y" OR ANSWERS = "y" THEN WIND.SHEAR.Y = 0

PRINT : PRINT "What is the output FILE NAME"

IF DUST.DOSES = "dose" THEN D$ = ",D" ELSE D$ = " M"

PRINT "(Default is "SIZE$;DS"oP)"

INPUT OUTPUT.FILES

IF OUTPUT .FILE$="" AND DUST.DOSE$="dose" THEN OUTPCUT.FILES=SIZES «+ " .DOP"
IF 6UTPUT.FILE$-"" AND DUST.DOSES="dust" THEN OUTPUT.FILES=SIZES + " ,MOP"
GOTO 1500

'menu header Yo 7o % % 2 e Y Je o e de Arde e o de & drdc Je do e e e e e e o e vk ok o o e o v de e e v de v ot e e b sk de e dek ok ok oo dede
PRINT CHR$(26) :“clear screen

PRINT WHICHS :PRINT

PRINT "All file names MUST be in UPPERCASE!"
FRINT "Hit <CR> to insert the default value for any input."
PRINT

RFTURN
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3680 “create non~delfic size files F¥kdkwkhdkhdkikkhkhhkkhhkhhkkhhhkikohkhk kA&

3690 PRINT "This option currently unimplemented." D
:FOR DELAY = 1 TO 700 :NEXT DELAY :GOTO 2740 :

3700 “create other aircraft files WHAAARARIRAAAKAKKKAkkikhhhikhhkkrkhkdhihhirr

3710 PRINT "This option currently unimplemented." 3
:FOR DELAY = 1 TO 700 :NEXT DELAY :GOTO 2830 .

3720 'numbet.bombs subroutine oo W Yo de o e e e &k Yot A ok e de ok dede e e I e de ek dede de v e e el ek WA Rk ek A kodk
3730 PRINT

3740 PRINT "The target field is assumed to be square."”

;* 3750 INPUI "What is its width in KILOMETFRS?",FIELD.WIDTH

3760 IF FIELD.WIDTH < .1 THEN 3740

3770 FIELD .WIDTH = FIELD.WIDTH*1000 : “convert KM to METERS e
3780 BOMB,DENSTTY = NUMBER,BOMBS/FIELD.WIDTH

3790 RETURN

3800 IF ERR = 53 AND ERL = 1970
THEN CHAIN"SIZE",8000,ALL

(o 3810 IF ERR = 53 AND ERL = 2310
THEN PRINT "This file does not exist on the specified disk drive."

3820 TF ERR = 53 AND ERL = 2310
THEN FRINT "You must create and/or place the specified file on the correct drive."

3830 PRINT STRING$(10,7) :“Hey, you!
3840 ON ERROR GOTO0 0O

3850 END

3860 PRINT "This option currently unimplemented"

3870 FOR DELAY = 1 TO 1500 : NEXT DELAY

3880 GOTO 2820
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4000
4010
4020
4030
4040

4050

4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210

4220

Appendix F

Main Program

‘DOSE  .BAS

‘MegaCi/m at a given alt at a given time after burst

“find MCi/m~2 & MCi/m"3, compute skyshine and dust dose for crew

“using eigmaz(G) = dslope and dintercept

“15,16 Dec 84 Capt Stephen P, Conners for Dr, Bridgman

PRINT "US Standard Atmosphere (Mid Latitude, Spring/Fall).
No vertical winds."

GOSUB 5120 :“print output header

IF

GOTO 6200

DUST.DOSE$ = "dust" THEN Al ,PERCENT = MASS1 ,PERCENT :“for dust report

:“main program; subroutines first for speed

* US std atmosphere WHRWHRAIAIhikkARAANNIRHNARARIARAAINUNARINARAR RN R RN XA

CRIHNENEARNNREERRRRNEVRAEA AN AR ANRNAEETNRRANRRRNTAAARARE AR ANNTRNTAN RN N

IF

IF

IF

IF

IF

IF

IF

IF

1F

¥

ZM(G) < 0 THEN RBOAIRZ = 1.22473 :ETAZ = 1,78938E-05 :GOTO
ZM(6G) < 11000 THEN TK=288.15:PK=101300!:1E=~,006545 :ZK=0 :GOTO
ZM(G) < 20000 THEN TK=216.65:PK=22690 :LK=0 :ZK=11000 :GOTO
IM(G) < 32000 THEN TK=216,65:PR=5528 :1K=,001 :ZK=20000 :GOTO
ZM(G) < 47000! THEN TK=228,65:PK=888.8 :LF=,0028 :ZK=32000 :GOTO
ZM(G) < 52000! THEN TK=270.65:PK=115.8 :1K=0 :ZK=470001 : GOTO
ZM(G) < 710001 THEN TK=270,65:PK=115,8 :LK=-,00283:2K=52000!:GOTO
M(G) < 848521 THEN T@"=214,65:PK%3,956 :lK=-,002 :ZK=71000!:GOTO
ZM(G) >= 848521 THEN PRINT "Cloud MUCH too high! zm =~ "ZM(G):END

LK = 0 THEN TZ=TK :PZwPK*EXP((-,034164*(ZM(G)~ZK))/TK) :GOTO

TZ=TK + LK*(ZM(G) =~ ZK) :PZ=~PK*(TK/TZ)"(.034164/LK) :7if LK

“tz = temperature in degrees K :“pz = pressure in TORR
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4250
4200
4200
4200
4200
4200
4200

4200
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4240

4250

4260 °

4270
4280
4290
4300
4310
4320

4330

RHOAIRZ=(28,964/8314)*(PZ/T2) :“density KG/M"3
ETAZ=(T2)"1.5*%1,458E-06/(TZ+110.4) :’dynamic viscosity KG/M-S

RETURN

cloud fall computations *FKKIKAAXEAXARRKKXXXHINKAARIRRAA NIk Kk kA AN Nk ek
'mdona 1d - davies formulae Kkkhkhkkhkkhkhkhkhkkhhkkkkkhkkhkhkhkhhkhhhkkhhkhkkdhhhkhikk
7 3 Ytk % e de dede de de drdedede v o de dede s e e s e e oy e e de ook o e e dede e R e e e e R ke A W ke o ke e Ak e e ek e e ok ek e Ak ke k
IF ZM(G)<0 THEN G.AT.Z = ACCELLG:GOTO 4310:°realistic settling rate@zm=0
G.AT.Z=ACCELLG*6370.95%2/(6370.95+¢ZM(G)/1000)“2 :“correct g for altitude
Q = 32*RHOAIRZ*RAOFALLOUT*G.AT.Z*(RM(G))"3/(3*ETAZ*2) :“q=Re”"2*Cd

1L0G10.Q = L0G(Q)/LOG10

IF Q < 140 THEN REYNOLDS .NUMBFR = Q/24

- 2.3363E-04*Q"2 + 2.0154E-06*Q"3 - 6.9105E-09*Q"4

4340

IF Q >= 140 THEN REYNOLDS.NUMBER = 10°(-1.29536 + .986*(L0G10.Q)

- .046677*(L0G10.Q)"2 + ,0011235%(L0G10.Q)"3)

4350
4360
4370
4380
4390
4400
4410
4420
4430

4440

IF Q > 4.5E+07 THEN PRINT "q tno large = "Q

FALL.VELOCITY = REYNOLDS ,NUMBER*ETAZ/(2*RHOAIRZ*RM(G)) 1w/

FALL .VELOCITY = FALL.VELOCITY*(1 + l.165E-07/(RHOAIRZ*RM(G)))'.
‘correction for drag "slip" at high altitude

ZM(G) = ZM(G) - FALL.VELOCITY*DELTAT*3600 :“new altitude after deltat
RETURN

’CO‘BPULC 'lgmﬂ x, y and dose to crew o e e Ao e e W e 2 o e e e e e e e e e e e e o Y e s e de e e de e e de e
TRNNNNHRERARRNBNNERERERRKEEREEKERARERAATARARRRANEENNRAARRRTRRRR TR NIRRT ANRRN ARk,
IF TIME > 3! THEN TA = 3| ELSE TA = TIME

SIGMAX = SQB.((SIGMA0"2)*(1!+(81*TA)/TC)

+ (SIGMAZ(MAXG(Z.STEP) )*WIND .SHEAR .X*TIME)"2)

4450

SIGMAY = SQR((SIGMAO0~2)*(11+(8I*TA)/TC)

+ (SIGMAZ(MAXG(Z,STEP))*WIND.SHEAR .Y*TIME)“2)

4460

DELTAY = 0 :“M fly through center of cloud

deltay = yl - v0 in meters

4470

4480

‘FX = 1 :“by definition

FY = EXP(-.5*((DELTAY/SIGMAY)"2))/(SQR2PI*SIGMAY)
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4490 IF NUMBER .BOMBS = 1
THEN BURST.AMP.FACTOR = 1
ELSE BURST.AMP.FACTOR = BOMB.DENSITY*(SQR2PI*SIGMAY)

4500 CABIN.SUM.ACTIVITY .PER.METER(Z,STEP) =
CABIN .SUM.ACTIVITY .,PER.METER(Z .STEP) *BURST .AMP .FACTOR

4510 FILTER.SUM,ACTIVITY .PER .METER(Z.STEF) =
FILTER.SUM.ACTIVITY .PER.METER(Z ,STEP)*BURST .AMP .FACTOR

4520 CA2 = CABIN.SUM.ACTIVITY.PER.METER(Z,STEP)/(SQR2PI*SIGHUAY)

4530 FA2 = FILTER.SUM.ACTIVITY .PER.METER(Z.STEP)/(SQR2PI*SIGMAY)

4540 A3(Z.STEP) = (CA2 + FA2)/(SQR2PI*SIGMAX)

4550 G=111 :ZM(G) = ZAC :GOSUB 4090 :“us std atm; fetch rhoairz

4560 CABIN.ACTIVITY(Z.STEP) = CA2*(MASS.FLOW/60)/(RHOAIRZ*VAC)

4570 FILTER.AC11VITY(Z.STEP) = FA2%(MASS,FLOW/60)/{RHOAIRZ*VAC)

4580 ENGINE .MASS(Z.STEP) = (CA2 + FA2)*(ENGINE.MASS,FLOW)/(RHOAIRZ*VAC)

4590 CABIN,DOSE.RATE=DCF*CABIN.ACTIVITY(2,.STEP)*CABIN,GEOMETRY/PRESSURE .VOLUME
4600 CABIN ,DOSE(Z.STEP) = 5*CABIN.DOSE .RATE*(TIME"-,2-( TIME+MSN.TIME ,REM)"~.2)
4610 MUTRHO » MUT*RHOAIRZ :"M*2/RG air cross section at Z -
4620 CAMMA.MFP(Z.STEP) = 1/MUTREO

4630 IF GAMMA,MFP(2.STEP) < ,2*SIGMAX

THEN STARS(Z.STEP) = ""

ELSE STARS(Z.STEP) = "*"

4640 FZ = (CABIN,SUM.ACTIVITY .PER.METER(Z.STEP)
+ FILTER.SUM.ACTIVITY.PER.METER(Z,STEP))

4650 D1 = DCF*(FZ/MUTREO)*(FY/(VAC*3600))

4660 SKYSHINE .DOSE(Z.STEP) = DI*(TIME"-1,2)*GAMMA.TX.FACTOR

4670 IF NUMBER.BOMBS = 1 THEN RETURN :“else

:,680 “BURST.AMP.FACTOR = BOMB.DENSITY*(SQR2PI*SIGMAY)

4690 IF SIGMAY < (FTELD.WIDTH/1000)/SQR(NUMBER.BOMBS) THEN SHARPS = "#'
4730 DELTAX = 0 :“Fly through center of cloud
4740 FX = EXP(-.5%( (DELTAX/SIGMAX)"2))/(SQR2PI*SIGMAX)

4750 TRANSIT.TIME = (2%#2*SIGHAX)/(VAC*3600) :“HRS to cross 2 sigma cloud
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4760 SKYSHINE .DOSE(Z.STEP) = D1*GAMMA ,TX .,FACTOR*(FX*VAC*3600)*5%
((TIME-TRANSIT.TIME/2)"-.2-(TIME+TRANSIT,TIME/2)"-.2)

:“The overlapped gaussians create 2 cloud with little horizontal variation
4770 RETURN

4780  compute & sum the gaussian at A/C alt for each group Fhk Rk kA AR KRRk
47 90 7t S dede de <J e de Yo dedk do K e de Ak de gk ok v e de v e de sk dedede ek ke h Ak ke ek ek ke de ok k ke k dkdek ok kR k kR A kkhhkkhkhkhikk
4800 “activities are at unit time

4810 ZAC = ZAC.HI + ZAC.STEP :“start at zac.hi

4820 FOR 2,STEP = 1 TO Z.STEPS

4830 ZAC = ZAC - ZAC,.STEP

4840 CABIN,.SUM.ACTIVITY.PER.METER = 0

4850 FILTER.SUM.ACTIVITY ,PER METER = 0

4860 FOR G = 1 TO LASTG

4870 IF AB3(2AC - ZM(G)) > 3*SIGMAZ(G) THEN GOTO 4960

4880 IF ABS(ZAC-ZM(G)) < ABS(ZAC-ZM(G-1)) THEN MAXG(Z.STEP) = G :“top down!
4890 GAUSSIANZM(G) = EXP(-.5*%({ZAC-ZM(G))/SIGMAZ(G))~2)/(SQR2PI*SIGMAZ(G))
4900 ‘gaussian part of zm{(G) contributing to activity at ZAC a -

4910 AR(G) = Al.PERCENT*GAUSSIANZM(G)

4920 CABIN.AR(G) = AR(G)* FILTER.TX.FACTOR(G)

4930 PILTER.AR(G) = AR(G)*(1-FILTER.TX.FACTOR(G))

4940 CABIN,.SUM.ACTIVITY .PER.METER= CABIN.SUM.ACTIVITY.PER.METER + CABIN,AR(G)
4950 FILTER.SUM.ACTIVITY .PER.METER=FILTER.SUM.ACTIVITY .PER .METER +FILTER.AR(G)
4960 NEXT G

4970 CABIN,.SUM.ACTIVITY .PER.METER(Z.STEP) = CABIN.SUM.ACTIVITY.PER.METER
4980 FILTER,SUM.ACTIVITY .PER.METER(Z,STEP) = FILTER.SUM.ACTIVITY .PER.METER
4990 IF ZAC = WORST.ALT THEN GOSUB 5030 :“compute Zactivity

5000 GOSUB 4410 :“compute dose

5010 NEXT 2.STEP

5020 RETURN
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‘compute percent activity Wh&Fdhdkikiikkikkddhdkkhkhkhaddkhhhkkkikdhkkin
8 L g L T T
FOR G = 1 TO LASTG

PER(G) = (AR(G)/(CABIN.SUM,ACTIVITY.PER.METER

+ FILTER.SUM,ACTIVITY .PER .,METER))*100

5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170

5180

TF PER(G) > PER(G-1) AND ZM(G) < 0 THEN PER(G) = PER(G-1)

PERCENT.25(G) = INT(PER(G)*4*100)/100

IF PERCENT.25(G) > 255 THEN PERCENT.25(G) = 255 :“max basic line length
NEXT G

RETURN

2 print header **FAFAkkkRIKAAKKXRKIAKRIKAKNAIKEIRAKIKRAKKKAIRRAKKRKKRRKIRK
2 drdede et ek ke Akt A A e ok A SRk Ak e de e e e S kA ke e de e ke ke
OPEN "0" .#1,0UTPUT.FILES

PRINT#1,DATE.TIMES :PRINT#1,"This is a "DUST.DOSES$" report.”

PRINT#1 ,WHICHS :PRINT#L," "

PRINT#1,"WEAPON/TARGET DATA:"

PRINT#]1,"Number of weapons ==-===cec—mememana ""NUMBER .BOMBS

+IF NUMBER.BOMBS > 1

THEN
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280

5290

. - . . . R R 3 N N - - Y . - . L 4 -, . N . . .. . ._," . .-
N F) O R ana CS ST WA Pl Wil U-¥ WP W Syl D 3. W i Dl m P Al mec al oA 8. al s e e e

PRINT#1,"Width of target field "FIELD .WIDTH/1000"KM
PRINT#1,"Weapon yield "YIELDKT"KT"
PRINT#1,"Fission fraction -— "FF

PRI&T#I,"Dnst fraction ——— "DF

PRINT#1,"The size distribution input file is- "INPUT.FILES

PRINT#1," "SIZE.LABELS :PRINT#1," "

PRINT#1,"The soil density is -— "RHOFALLOUT"RG/M*3"
PRINT#1,"

PRINT#1,"The aircraft specification file is - "AIRCRAFT.FILES
PRINT#1,"Aircraft velocity is ~—==-====coco—= "VAC"M/S"

PRINT#1,"

PRINT#1,"Time from cloud penetration
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; '_c-'
N 5300 PRINT#1,"to end of mission == -— "MSN.TIME .REM"HR" %
N 5310 PRINT#1," " 2
~ S
<~ 5320 PRINT#1,"Wind shear X (along track) =----=--- "WIND .SHEAR .X" (KM/ER)/RM" N
- 5330 PRINT#1,"Wind shear ¥ (cross track) --------= "WIND .SHEAR.Y"(KM/HR) /RM" L
: 5340 PRINT#1," " 5
i 5350 PRINT#1,"The output file will be named =~=~--- "QUTPUT .FILES :PRINT#1," " _t_‘
- 5360 RETURN L
- 5370 “report subroutine FRRERKEXANKKAKKRIXIKAIK AL KKAXERIRAAR AT AINHRIA AR AR :Ejf
i 5380 IF DUST.DOSE$ = "dust'" THEN GOTO 5800 :“print mass report "

5390 “ print dose report to disk FFkREREEIRIKIRIK AR hKAIEAHIIIRIIIR kIR IK A Ik !

5400 PRINT#1,STRINGS$(78,42) g

r 5410 “activities are in unit time and must be converted before printing -

L L,

5420 PRINT#1,DATE.TIMES" "WHICHS -

5430 PRINT#1,"time (hr) ="TIME;SHARP$" deltat (hr) ="DELTAT" Zairborne =

"LASTG" sigmax ='SIGMAX"M" "

l Qe 5440 PRINT#1,"sigmay ="SIGMAY"M 3 sigmay cloud diameter = L.

3 "2%3 % STGMAY"M" -

5450 PRINT#1,"Altitude",”Cabin Dust”,"Sky Shine","TotalDose","Prominent Particle" bt

I 5460 PRINT#1,"  M"," REM"," REM"," REM "," microns radius" .-

_ 5470 ZAC = ZAC.HI + ZAC.STEP 5

: 5480 FOR Z.STEP = 1 TO Z,.STEPS '

i 5490 ZAC = ZAC - Z2AC.STEP L

- 5500 PRINT#1,ZAC,CABIN.DOSE(Z.STEP),SKYSHINE .DOSE(Z.STEP) ,CABIN.DOSE(Z.STEP)

- +SKYSHINE .DOSE( Z.STEP) ; STARS(Z . STEP) ,RM(MAXG( Z .STEP) ) *1E+06

5 5510 NEXT Z.STEP
| |

5520 IF STARS(1) = "*" THEN PRINT#1, '—

" Skyshine may be inaccurate due to large gamma mean free path (mfp >.2sigmax)" 'S

:“only highest alt need be tested because if it occurs at some altxtude. .

: it will occur for any higher altitude o

‘ 5530 IF SHARPS = "#" THEN i

- PRINT#1,"# Dose inaccurate because burst field has not yet coalesced.” ELSE

PRINT#1,"" X

- 116 ~
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5540 IF ACTIVITY.REPORTS = "n" THEN 5690
5550 “print activity report *¥kkdkkdkkkkkkkikkkkkkkhhkAdkkkkkkrbhkhhiokikkrrkrkd
;’. (:~ 5560 PRINT#1,STRING$(78,45) :PRINT#1,DATE.TIMES" "WHICHS

5570 PRINT#1,"time (hr) ="TIME;SHARPS" deltat (hr) ="DELTAT" Zairborne =
"LASTG" Bigmax ="SIGMAX"M"

: 5580 PRINT#1,"Altitude,","Cloud Act","Filter Act","Cabin Act",
e "Prominent Particle"

$590 PRINT#1," M"," MCi/M","  Ci","  Ci","microns r"
5600 ZAC = ZAC.HI + 2AC,STEP

b 5610 FOR Z.STEP = 1 TO Z.STEPS

5620 ZAC = ZAC - ZAC.STEP

5630 PRINT#1,ZAC,(CABIN.SUM.ACTIVITY.PER,METER(Z.STEP)
+FILTER .SUM.ACTIVITY .PER .METER(Z ,STEP) ) *(TIME*~1.2) /1E+06,

FILTER.ACTIVITY(Z .STEP) ,CABIN .ACTIVITY(Z .STEP) ,RM(MAXG(Z.STEP))*1E+06
5640 NEXT 2Z,STEP
5650 PRINT#1,"For Group #","size (microms)","Altitude (M)"
. 5660 FOR G = 10 TO LASTG STEP 10
o : 5670 PRINT#1,G,RM(G)*1E+06,ZM(G)
5680 NEXT G
‘_ 5690 IF ACTSIZE .REPORTS = "n" THEN 5790
3 5700 “print actsize vs alt report *ikkkkkickiiiikkikkikkik kRN KIKIRNR KR AR KA
5710 Pxxﬁr#l,sraruc$(78,45) :PRINT#1 ,DATE . TIMES" "WHICHS
9_ 5720 PRINT#1,"The graph shows percent of total cloud activity for eachgroup at
y;_ the maximum activity pemetration altitude of "WORST.ALT"meters (1/4Z per star)"
f{A 5730 PRINT#1,"Group#";" Size"," Altitude","PERCENT of Total Activity"
- 5740 PRINT#1," v NCHRS(197)™M MM MY,
_\’ . "t 1 I - I i 10| N A
L 5750 FOR G = 1 TO LASTG
‘ 5760 PRINT#1,G;RM(G)*1E+06,ZM(G) ,STRINGS(PERCENT.25(G),42)
' ' 5770 NEXT G
i;i; 5780 PRINT#1," o "o ",
7;ff 117
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5790 RETURN

5800 ‘print density report *hikkskikkkkikkdikikkihkhdihhkkddAhh kAR Ak kR AAIIK AR
5810 PRINT#1,STRINGS(78,42) :PRINT#1,DATE.TIMES" "WHICHS

5820 PRINT#1,"time (hr) ="TIME;SHARPS" deltat (hr) ="DELTAT" Zairborne =
"LASTG" sigmax ='"SIGMAX'"M"

5830 PRINT#1,"sigmay ="SIGMAY"M

AN 3 sigmay cloud diameter =
2 SIGMA

5840 PRINT#1,"Altritude","Cloud Dens","Filter Mass",'Cabin Mass","Engine Mass";
"Prom Part"

5850 PRINT#1," M","  mg/M~3"," Kg"," Kg"," Kg ""microns r"
5860 ZAC = ZAC.HI + ZAC.STEP

5870 FOR Z.STEP = 1 TO Z.STEPS

5880 2AC = ZAC - ZAC.STEP

S890 PRINT#1,2AC,A3(Z.STEP)*(1000*1000) ,FILTER.ACTIVITY(Z.STEP),
CABIN,.ACTIVITY(Z.STEP) ,ENGINE ,MASS(Z.STEP) ;" ";RM(MAXG(Z.STEP))*1E+06

5900 NEXT Z.STEP

5910 IF MASS.REPORTS = "n" THEN 6080

5920 “print mass Teport **¥dirkkkkidikikihhiikhihikhihhhkkhdhihkhdihhihkakhhhhn
5930 PRINT#1,STRING$(78,45) :PRINT#1,DATE.TIMES" "WHICHS

5940 PRINT#1,"time (hr) ="TIME;SHARPS" deltat (hr) ="DELTAT" Zairborne =
"LASTG" sigmax ="SIGMAX"M"

5950 PRINT#1,"sigmay =""SIGMAY"M

"oxk MY 3 Sizmay ¢'~ud diameter =
SIGMAY"M

5960 PRINT#1,"initial dust lofted = "MASS1.PERCENT*100"Kg",
"  dust now airborme ='MASS1.PERCENT*LASTG"Kg"

5970 PRINT#1,"Altitude","Cloud Mass"

5980 PRINT#1," MY Rg/M"
5990 ZAC = ZAC.HI + ZAC.STEP
6000 FOR Z.STEP = 1 TO Z.STEPS
6010 ZAC = ZAC -~ ZAC,.STEP

6020 PRINT#1,ZAC,(CABIN.SUM.ACTIVITY.PER . METER(Z.STEP)
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+ PILTER.SUM.ACTIVITY .PER ,METER(Z,.STEP))

6030 NEXT Z.STEP

6040 PRINT#1,"For Group #","size (microns)","Altitude (M)"

6050 FOR G = 10 TO LASTG STEP 10

6060 PRINT#1,G,RM(G)*1E+06,ZM(G)

6070 NEXT G

6080 IF MASS,SIZE.REPORTS = "n" THEN 6180

6090 “print mass size VS alt report FXFHKAXXKAKKIKFKIhIhKIREILhkkhdhiRhihiwndk ik
6100 PRINT#1,STRINGS$(78,45) :PRINT#1,DATE.TIMES" "WHICHS

6110 PRINT#1,"The graph shows percent of total cloud mass for each group at
the waximum density penetration altitude of "WORST.ALT"meters (1/4% per star)"
6120 PRINT#1,"Group#”;" Size"," Altitude","PERCENT of Total Mass"

6130 PRINT#1," . YCHR$(197)"M "," M",
"0 | | | I 5 | | | I 10| | i

6140 FOR G = 1 TO LASTG

6150 PRINT#1,G;RM(G)*1E+06,2ZM(G) ,STRINGS(PERCENT .25(G),42)

6160 NEXT G
6170 PRINT#].," ";" u'n n, |
"0 | | | 5 | | | Il 101 | e
6180 RETURN

6190 7ok kA e ok ok ek A Kok kAR KA KK AR AR AR A KRR R AR AR AR kA ARk Ak
6200 “main program *rHEAEEAEEAKEEK IR KRR IAIEATIHIHKRKIAIAR K I AR ERTA R IR AE N KKk
6210 ~HAhdktkhhhhdkhkh kAR Ak AR KAk AR AR ARRIRER KT AR LAIAAREERARARR AR TRk h ARk
6220 FOR G = 1 TO 100

6230 RM(G) = RM{G)*,000001 :“convert micrometers to METERS

6240 NEXT G

6250 “find initial delta f *wkkdddkhkkkkadhkoddihkkhtkhrAArrrdh ikt ok kA kkk kK

6260 G=90 :2z90 = zm(90) :2M(90)=0

6270 GOSUB 4090 :GOSUB 4260 :“find fall.velocity of 1 hr group at lowest alc
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6275 zm(90) = 290

6280 INTERVAL = TIME.STOP(l) - TIME.STOP
6290 DELTAT = INTERVAL/INT(INTERVAL/(1400/(FALL.VELOCITY*3600)))

:“find the largest deltat that will not cause the largest particle to fall more
than 1400 meters; also, deltat must be an imtegral divisor of interval.

6300 “1400 meters is chosen because empirical testing has shown that this

is the largest distance a particle can fall without significantly affecting
the result.

6310 IF DELTAT < .1 OR DELTAT > 100 THEN DELTAT = INTERVAL/8

6320 “find worst case altitude to to plot Zactivity vs rm **kddtkdkdkdiiriiiy
6330 IF YIELDKT < 10000 THEN ZSHIFT = 1000 ELSE ZSHIFT = 2000

6340 IF TIME <= 2 THEN WORST.ALT = HC ELSE WORST.STEP = HC - 2SHIFT

6350 “yield and time correction factors empirical from vertact for delfic

6360 “(worst case means maximum Ci/m; might not be maximum dose)

6370 IF DUST.DOSE$ = "dust' THEN WORST.ALT = ZM(50)

6380 2AC = ZAC.HI + ZAC.STEP

6390 FOR Z.STEP = 1 TD Z.STEPS

6400 ZAC = ZAC - ZAC.STEP

6410 IF ABS(ZAC-WORST.ALT) <= ,5*ZAC,STEP

THEN WORST.STEP = Z.STEP

:WORST ,ALT = ZAC

1 GOTO 6440

6420 NEXT Z.STEP

6430 WORET.STEP = 1

6440 “compute activity vs altitude for various fall times *¥**Akkkkkdkbhhhiiihk
6450 “ e Fede b e e 3 Fo kAo Ko K Fe e Fek dod K 9o Fode Yo K9 Jo de v 2o ke de A de e de dodehe de A Yo Yo de dede o e e ok e dedede ek ok de e dede o vk dede ke
6460 FOR T = 1 TO HOW.MANY .TIMES

6470 LAST,.TIME.STOP = TIME,STOP

6480 TIME.STOP = TIME.STOP(T)

6490 PRINT "Now computing for time ="TIME,STOP"hr"

6500 INTERVAL = TIME.STOP - LAST.TIME.STOP

6510 IF FALL,VELOCITY*DELTAT*3600 < 1400

120




THEN DELTAT = INTERVAL/INT(INTERVAL/(1400/(FALL.VELOCITY*3600)))
:IF DELTAT<.l OR DELTAT>100 THEN DELTAT = INTERVAL/8
:"1f the largest size group falls<l400 meters in deltat, compute larger deltat

6520 G = 1

6530 WHILE G <= LASTG

6540 FOR PART.TIME = 1 TO INTERVAL/DELTAT

6550 GOSUB 4090 :“us gtd atm
6560 GOSUB 4260 :“cloud fall
0570 IF ZM(G) < -3*SIGMAZ(G)

THEN LASTG = G-l

:FOR CC = G TQ LASTG

:ZM(CC) = -100000!

:NEXT CC

. “skip drift down if > 3 sigma underground

6580 NEXT PART.TIME

6590 G = G + 1

6600 WEND :°g <= lastg

6610 TIME = TIME + INTERVAL

6620 GOSUB 4780 :"sum gaussians for each altitude
6630 GOSUB 5370 :“print output

6640 NEXT T

6650 PRINT#1,CHRS(12) :“form feed

6660 CLOSE

6670 PRI&T STRINGS$(10,7) : “awaken operator

6680 PRINT "Computations complete. File is stored in "OQUTPUT.FILES

6690 END
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Appendix G

Sample Single Burst Dose Qutput - Full Report

14 Feb 1556
; This is a dose report.,
CUST(M SCENARIO: B-1B; WITB filter; DELFIC cloud; one 1MT bomb
-; WEAPON/TARGET DATA:
- Number of weapons -- - -1
! Weapon yield ---~ 1000 KT
[~ Fission fraction --- 1
L Dust fraction ====evecec—mercrcewa—e .333313
$.- The size distribution input file is~ DELFIC.RMA
= Rm = .204 ; sigma Bm = 4
- The soil density is 2600 RG/M*3
i The aircraft specification file is - B-1B.SPC
Aircraft velocity is =—--eecmrmmmecaa 279.2 M/S g
R Time from cloud penetrition )
o to end of mission = 8 HR :
. Wind shear X (along track) ~---==-e- 0 (RM/HR)/RM '
- Wind shear Y (cross track) —---=---- 1 (RM/ER)/RM
4 The output file will be named ----——- B: GAPP .DOP
T L T L & L2 Lt LSt s e e o
14 Feb 1556 CUST(M SCENARIO: B- 1B; WITH filter; DELFIC cloud; one LMT bomb
B time (hr) = .15 deltat (hr) =-9.50774E-03 Zairborne = 98 sigmax = 2977.15 M
b . sigmay = 2983.01 M 3 sigmsy cloud diameter = 17898 M
i e Altitude Cabin Dust Sky Shine TotalDose Prominent Particle
M REM REM REM microns radius
17000 3.89241 58.7864 62.6788 * 473992
16000 7.05376 118,791 125.845 * .473992
T 15000 9.85256 187.335 197.188 * 473992
oy 14000 10.6072 231.806 242,413 * .473992
' .) 13000 8.80336 226 .604 235.407 42,8646
12000 5.6323 176,928 182.56 126.317
11000 - 2,77723 112,437 115.214 202.228
10000 1.,09192 62.2996 63.3916 272.629
9000 .331339 30.981 31,3123 326.279
8000 .0777644 15.1821 15.2599 403.868
& 7000 0 7.64285 7.64285 457.979
- €000 0 4,65089 4,65089 529.291
o 5000 0 3.12039 3.12039 529.291
= 4000 0 2,17059 2,17059 629.064
N 3000 0 1.,49812 1.49812 629.064
..‘ 2000 0 1.24043 1.24043 782.496
o5 1000 0 1.1288 1.1288 782,496
e 0 0 .72757 72757 782.496
R * Skyshine may be inaccurate due to lsrge gamma mean free path (mfp >.2sigmax)
4
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14 Feb 1556 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one IMT bomb
time (hr) = .15 deltat (hr) =-9.50774E-03 ZRairborne = 98 sigmax = 2977.15 M

Altitude, Cloud Act Filter Act Cabin Act Prominent Particle
M MCi/M Ci Ci microus r

17000 123.019 9.06398 3.00584 ,473992

16000 291.046 18.9426 5.44714 .473992

15000 537.382 30.8546 7.60847 473992

14000 778,527 39.4025 8.1912 473992

13000 890.88 39,7273 6.79824 42,8646

12000 814.094 31.9767 4 .34945 126.317

11000 605,527 20.9404 2.14466 202,228

10000 379.584 11.9479 .843216 272.629

9000 215.261 6.10505 .255871 326.279

8000 117.655 3.05709 .0600522 403,868

7000 66.4701 1.5692 0 457 .979

6000 45,2521 .954904 0 529,291

5090 33.8754 .640669 0 529.291

4000 26.2107 445659 0 629.064

3000 20.0758 30759 0 629.064 -
2000 18.392 .254681 0 782.496 .
1000 18.4828 .231761 0 782.496

0 13.1261 .149382 0 782,496

For Group ¥ size (microms) Altitude (M)

10 3.80268 13593.3

20 8.35085 13509.8

30 14,6576 13401.4

40 23.5162 13262.6

50 36.2252 13084.8

60 55,1961 12844.3

70 85.5478 12480.7

80 140.637 11797 .8

90 272.629 9955.32

14 Feb 1556 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one 1MT bomb

The graph shows percent of total cloud activity for each group at
the maximum activity penetration altitude of 13000 meters (1/4% per star)

Groupf .Size Altitude PERCENT of Total Activity
uM M 0 | I ! I s | | | | 10 | | I

1 .473992 13657 .2 babaladl

2 .904308 13648.8 badalodl

3 1.27327 13641.6 ededek

4 1,62603 13634.8 *ekdok

5 1.97515 13628.1 balad i

6 2.32639 13621.3 aladobd

7 2.68294 13614.5 laladedl

8 3.04692 13607 .6 bladedd

9 3.41978 13600.5 Fikiek

10 3.80268 13593.3 *kdekk
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11 4.19655
12 4.60222
13 5.02038
14 5.45171
15 5.89686
16 6.35641
17 6.82098
18 7.321:9
19 7.8276

20 8.35085
21 8.89157
22 9.45039
23 10.028

24 10,625

25 11.2422
26 11.8803
27 12.5401
28 13.2223
29 13.9278
30 14.6576
31 15.4124
32 16.193
33 17.0015
34 17.8378
35 18,7035
36 19.599
37 20.5276
38 21.4887
39 22.4844
40 23.5162
41 24,5856
42 25.6944
43 26,8444
44 28,0374
45 29.2756
46 30.5€l11
47 31.8962
48 33,2835
49 34,7255
50 36,2252
51 37.7855
$2 39.4098
53 41.1016
54 42,8646
55 44.7032
56 46,6215
57 48.6246
58 50.7175
59 52.906

60 55.1961

........
.............

13585.9
13578.3
13570.5
13562.5
13554.3
13545.9
13537.2
13528.3
13519.2
13509.8
13500.2
13490.3
13480.2
13469.8
13459.1
13448.1
13436 .9
13425.4
13413.5
13401.4
1338¢

13376.3
13363.2
13349.9
13336.2
13322.2
13307 .8
13293.1
13278

13262.6
13246 .8
13230.6
13214

13197

13179.5
13161 .6
13143.2
13124.3
13104.8
13084.8
13064.1
13042.8
13020.7
12998

12974.4
12950

12924.7
12898.7
12871.8
12844,3
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61 57.5948 12816.1 babededodod

62 60.109  12787.3 et
63 62.7472 12757.7 Nl
64 65.5178 12726.7 T
65 68.4309 12692.1 itk
- 66 71.4967 12651.7 ki
67 74,7277  12612.4 Rtk
68 78.1363 12570.9 otk
69 81.7377 12527 i
70 85.5478  12480.7 Tk
71 89.5848  12431.5 it
72 93.8697  12379.3 Tt
73 98.4248  12323.7 Hikkd
74 102,277  12264.3 i
75 108,456  12200.7 il
76 113,995 12132.3 ik
77 119.933  12058.6 ik
78 126.317 11978.9 kwk
79 133,198 11892.2 Tk
80 140.637 11797,8 . wwww
81 148,708 11694.4 ek
82 157.495 11580.3 e
. 83 167.101 11454 *kn
[ 86 177.652 11313.2 *rk
85 189,298 11155.7 *en
8 202,228 10977.5 i
87 216.678 10774,8 *x
88 232,947 10542,1 o
‘ 89 251,428 10272.1 o
o 90 272,629  9955.32 *
T 91 297.255 9578.12 *

92 326.279 9121.48
93 361.108 8557.42
94 403,868 7842.96
95 457.979 6908.04
9 529.291 5631.13
97 629.064 3776.22
782,496 896,84
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14 Feb 1556
time (hr) =1

CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; ome 1MT bomd

deltat (hr) = ,10625 Zairborme = 90

sigmax = 3958.03 M

sigmay = 4343.43 M

3 sigmay cloud diameter = 26060.6 M

4;3- Altitude Cabin Dust Sky Shine TotalDose Prominent Particle
M REM REM REM microns radius

17000 1.15023 2,59592 3.74614 * 473992

16000 2.09225 5.1946 7.28685 * 473992

15000 2,93373 8.14236 11.0761 473992

14000 3.17099 10,1127 13.2837 473992

13000 2.64601 10.1119 12,7579 17.0015

12000 1.70168 8.33252 10,0342 31.8962

11000 843251 5.89719 6.74044 42,8646

10000 .333273 3.95198 4,28525 55.1961

9000 .101657 2.61766 2,71931 65,5178

8000 .0239879 1.81552 1.83951 78.1363

7000 0 1.31614 1.31614 89.5848

6000 0 1.01115 1.01115 103.277

5000 0 .793417 .793417 113,995

4000 0 631872 631872 126.317

3000 0 .508593 .508593 140,637

2000 0 414059 414059 157.495

1000 0 .338848 .338848 167.101

0 0 .278331 .278331 189.298
* Skyshine may be inaccurate due to large gamma mean free path (nfp >.2sigmax)
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14 Feb 1556

time (hr) = 1 deltat (hr) = ,10625 Zairborme = 90

CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; ome IMT bomb

sigmax = 3958.03 M

Altitude, Cloud Act Filter Act Cabin Act Prominent Particle
M MCi/M Ci Ci microns r

17000 8.02132 3.18426 2.00859 473992
16000 18.7928 6.73761 3.65361 473992
15000 34,4885 11.1649 5.12305 473992
14000 50.1508 14.6921 5.53736 473992
13000 58.6231 15.6072 4.62061 17.0015
12000 56 .4814 13.6967 2,97156 31.8962
11000 46 .7546 10.3242 1,47253 42,8646
10000 35.4182 7.32352 .58198 55.1961
9000 26 ,4852 5.05882 177519 65.5178
8000 20.6628 3.58987 .0418891 78.1363
7000 16,7965 2.63278 0 89.5848
6000 14,4225 2.02269 0 103.277
5000 12.6149 1.58714 0 113,995
4000 11.1662 1.26399 0 126.317
3000 9.96142 1.01738 0 140.637
2000 8.96404 .828279 0 157.495
1000 8.09427 677828 0 167.101
0 7.31141 556771 0 189.298

For Group # size (wicronms) Altitude (M)
10 3.80268 13573.5
20 8.35085 13420.4

30 14.6576 13133.9

40 23.5162 12595.6
50 36.2252 11615.5

60 55.1961 9937 .44
70 85.5478 7302.32

80 140.637 3084.51
90 272.629 -4810.92

14 Feb 1556 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one 1IMT bomb

The graph shows percent of total cloud activity for each group at

the maximum activity penetration altitude of

Group# .Size
uM
1 .,473992
2 .,904308
3 1.27327
4 1.62603
S 1.97515
6 2.326139
7 2.68294
8 3.04692
9 3.41978
10 3.80268

Altitude
M
13656.6
13647.2
13638.9
13630.6
13622.2
13613.4
13604.2
13594.5
13584.3
13573.5

PERCENT
o ! |

khhhkkk
ARARRRRK
Rk de ke kh
dedkekkkhk
k2 220 2 2
Wk kA dedk
Khkkkkk
Yededk ke dekek
sk ddrd ik
khhhhkk

of Total Activity
I 5 |
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13000 meters (1/4X per star)
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& 11 4.19655 13562 it .
- 12 4.60222  13549.9 Kk Ak N
13 5.02038 13537 kdkkkek N |
o - 14 5.45171 13523.3 Fedkek dokek ~
e 15 5.89586  13508.7 Wk ok )
L - 16 6.35641 13493.2 bbb i N
- 17 6.83098 13476.6 Fokdkkk ok K
18 7.32119 13459.1 kA kk 3
19 7.8276  13440.4 Sededdokk :
20 8.35085 13420.4 ke )
- 21 8.89157 13399.2 stk ok k 5
o 22 9.45039 13376.6 *ekek ook P
: 23 10.028  13352.6 Fkdokdokk X
~4 10.625 13327 iddded X
<5 11.2422  13299.7 ddad :
26 11,8803 13270.6 Fedek ik .
S 27 12.5401  13239.6 ok ek 3
g 28 13,2223 13206.6 Rk ddok 4
: 29 13,9278 13171.4 ke Ak Y
30 14.6576 13133.9 eleboobdd o
31 15.4124 13094 Fokekdkok
32 16.1934  13051.5 bbb dod .
% 33 17.0015 13006.2 Fokededkk 3
¢ 34 17.8378 12958 ik -
3 35 18.7035 12906.6 bbb 3
36 19.599  12851.9 bedddod i B
37 20.5276 12793.6 KAk -
38 21,4887 12731.7 Fekrdedcdek . 4
- 39 22.4844  12665.7 Fickdohkk B :
4 (o 40 23.5162 12595.6 i i
: 41 24,5856  12521.1 FERAAKR 3
42 25.6944 12442 Midddd E
43 26.8444  12357.9 Lidodd ] :
44 28.0374 12268.8 kA dck ;:
45 29.2756 12174.4 kbl :
» 46 30,5611  12074.5 Hedrkdrkdok L
- 47 31.8962 11968.8 bbbl i
; 48 33,2835 11857.2 ik '
49 34,7255 11739.,5 fadadedoded :
50 36.2252 11615.5 bbb .
51 37.7855 11484.9 thddedd ‘
. 52 39.4098 11347.7 ke :
g 53 41.1016 11203.5 bebadadobd 0
9 54 42.8646 11051.9 il .
(- 55 44,7032 10892.3 *hokk %
g 56 46.6215 10723.4 Rk 2
1 57 48.6246  10545.6 ek “3
g 58 50,7175 10355.9 *hek :
b 59 52,906  10154,1 *x a
% 60 55.1961  9937.44 *x E
- 3
L 3
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57.5948
60.109
62.7472
65.5178
68.4309
7).4967
714.7277
78.1363
81.7377
85.5478
89.5848
93.8697
98.4248
103.277
108.456
113.995
119.933
126 .317
133.198
140.637
148.708
157 .495
167.101
177.652
189.298
202.228
216.678
232.947
251.428
272.629

9705.86
9463 .34
9221.43
8987 .47
8742.13
8483 .64
8208.73
7921.02
7619.13
7302.32
6968.98
6620.18
6253.74
5868.45
5463.14
5036.52
4585.97
4112.48
3612.63
3084.51
2525.55
1933
1303.91
634.534
-78.9946
~-843,808
-1682.04
-2605.78
-3650.72
-4810.92
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Appendix H

Sample Single Burst Dust Output = Full Report

14 Peb 1540
This is a dust report.

CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one 1MT bomb

WEAPON/TARGET DATA:

1

Number of weapons

Weapon yield

1000 KT

FPission fraction

.5

Dust fraction

.333333

The size distribution input file is~ DELFIC.RMM

Rm =

.204 ; sigma Bm = 4

The soil density is

2600 KG/M"3

The aircraft specification file is - B-1B,SPC

279.2 M/S

Aircraft velocity is

Time from cloud penetration

8 HR

to end of mission
Wind shear X (along track)
Wind shear Y (cross track)

________ 0 (KM/HR) /KM
........ 1 (KM/HR) /KM

The output file will be camed ------ B:HAPP.DOP

=T ORT AT T T T AT N T W

TRARARARTR R KA AEAAR AR AR TE TR AT AR AR AR XA AR RN TR AEANRRTAELR AT RN RRRR RN AR Ah

14 Feb 1540

sigmay = 2990.18 M

Altitude Cloud Dens
M mg/M™3
17000 96 .0304
16000 239,548
15000 466 .649
14000 715.181
13000 868.852
12000 846 .547
11000 - 674.985
10000 455.84
9000 276.339
8000 163.329
7000 98.2576
600C 67.5878
5000 50.5038
4000 39.6719
3000 31.9375
2000 26 .9662
1000 24,0379
0 17.8357

Filter Mass

CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one 1MT bomdb

time (hr) = .15 deltat (hr) =-9.50774E-03 Zairbornme = 97 sigmax = 2984.51 M

3 sigmay cloud diameter = 17941l.1 M . .

Cabin Mass

Kg Kg
4.68404E-03 4,.6579E-04
.0101235 8.4865E-04
0170645 1.19152E-03
.022608 1.28914E-03
0237215 1.07498E-03
.0199445 6 .9087E-04
.0137109 3.42125E-04
.0082512 1.35056E-04
4.,45783E~-03  4.11434E-05
2.35157E-03  9.69034E-06
1.26553E-03 O
7.77917E-04 O
5.20975E-04 O
3.67796E-04 O
2.66809E-04 O
2.0351E-04 0
1.642728-04 O
1.10625eE-04 O
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Kg

2.9246
6.2311
10.3676
13.5712
14.082
11.7188
7.98073
4.,76257
2.55497
1.34096
718694
44178
.295862
.208872
151521
.115573
.0932903
.0628238

Engine MassProm Part

microns r
1.83114
1.83114
1.83114
1.83114
43.4013
126.928
203.969
265.922
343.731
400.475
436.194
531.013
531.013
596 .673
682.738
682.738
802.408
802.408
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14 Feb 1540 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one 1MT bomb N
time (hr) = .15 deltat (hr) =-9,50774E-03 Zairborme = 97 asigmax = 2984.51 M -
sigmay = 2990.18 M 3 sigmay cloud diameter = 17941.1 M .
initial dust lofted = 3.02395E+08 Kg dust now airborne = 2,93323E+08 Kg N
Altitude Cloud Mass L
M Rg/M .
17000 5400 .47 .
16000 13471.5 ;.
15000 26243
14000 40219.7 :
13000 48852 .6 k
12000 47581 .4 .
11000 37926.3 .
10000 25606 .5 N
9000 15518.5 N
8000 9170.19 -
7000 5516 .02 )
6000 3793,01 ;
5000 2834.26 o
4000 2225.89 ST
3000 1791.44 ;
2000 1512.6 :
1000 1347 .86 X
0 1000.09 -
For Group # size (microns) Altitude (M) ;
10 10.58 13470.6 -
20 19,7693 13319.5 :
30 30.8404 13157.7 F
40 44,9982 12970.6 E
50 63.9711 127441 -
60 90.8408 12416.3 ' :
70 132.016 11907.1 -
80 203,969 10953.3 .
90 370.042 8410.07 E
14 Feb 1540 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one 1MT bomb t
The graph shows percent of :otal cloud mass for each group at K
the maximum density penetration altitude of 12000 meters (1/4% per star) .
Group# Size Altitude PERCENT of Total Mass 4
uM M o !t 1 v 1 st 1t 1wl 1 I h
1 1.83114 13630.8 hhxk &
2 3.21367 13604 .4 bl dd A
3 4.30037 13583.9 babdade
4 5,28023 13565.7 whkk -
5 6.20587 13548.6 falaidd .
6 7.10111 13532.3 Hkkk it
7 7.9791 13516.5 HhhK -
8 8.84808 13501 bobedebd .
9 9,71369 13485.7 Fkhk
10 10.58 13470.6 kkk .
|
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11.4502
12.3266
13.2115
14,1066
15.0134
15.9334
16.8678
17.8178
18.7846
19.7693
20.7729
21,7967
22.8416
23.9087
24.9991
26.1139
27 .2543
28.4213
29.6162
30.8404
32.0949
33.3813
34,7007
36.0549
37.4452
38.8732
40.3407
41.8495
43.4013
44,9982
46 .6422
48.3356
50.0805
51.8797
53.7356
55.6511
57.6291
59.6728
61.7856
63.9711
66.2332
68.5758
71.004

73.522

76.1352
78.8492
81.6698
84.6039
87.6583
90.8408

13455.5
13440.5
13425.,5
13410.6
13395.6
13380.5
13365.4
13550.2
13334.9
13319.5
13304

13288.4
13272.7
13256.8
13240.7
13224.5
13208.1
13191.6
13174.8
13157.7
13140.5
13123

13105.2
13087.1
13068.6
13049.8
13030.6
13011.1
12991

12970.6
12949.7
12928.3
12906.5
12884.3
12861.8
12838.9
12815.7
12792,2
12768,5
12744,1
12718.5
12690.3
12657.9
12627.1
12595.2
12562.2
12527.9
12492.2
12455

12416.3

*hkk

*kdkk
ko
ek

wkk%
*hkkk
drdedeok

whkkk
L & 2.1

*khk
*kkk
*dkk
hdkk
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61
62
63
_ 64
SN 65
66
67
68
69
70
71
72
73
14
75
76
77
78
79
80
81
82
83

85
86

87

88

g 89
(o 90
| 91
92

93

95
96
97

94.1597
97.6242
101.244
105.031
108,996
113.153
117.516
122.102
126.928
132.016
137.386
143,065
149.079
155.463
162.252
169.487
177.217
185.497
194.389
203.969
214.324
225.559
237.799
251.192
265.922
282.217
300.358
320.709
343,731
370.042
400.475
436.194
478.866
531.013
596.673
682.738
802.408

12375.8
12333.5
12289.2
12242.8
12194.1
12142.8
12088.7
12031.6
11971.2
11907.1
11839.2
11766 .9
11689.6
11606.9
11518.1
11422.3
11319.1
11207.3
11085.9
10953.3
10808

10648.3
10471.8
10275.6
10056 .4
9809.62
9529.92
9210.09
8840.96
8410.07
7900.48
7288.29
6538.93
5599.73
4385.95
2752,.28
S41.882

.........
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14 Feb 1540 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; onme IMT bomb
time (hr) = 1 deltat (hr) = ,10625 Zairborne = 85 sigmax = 3994.78 M

sigmay = 4378.37 M 3 sigmay cloud diameter = 26270.2 M
Altitude Cloud Dens Filter Mass Cabin Mass Engine MassProm Part
M ng/M"3 Rg Kg Rg microns r
17000 22,7993 1,32932E-03  3.0722E-04 .929394 1.83114
16000 56.6174 2.90802E-03 5.63101E-04 1.97125 1.83114
15000 110,898 5.01159E-03  7.95494E-04 3.29785 1.831l14
14000 173,446 6.89122E~03 8.66153E-04  4.40542 1.83114
13000 221.131 7.71939E-03  7.27852E-04 4.7972 16,8678
1200¢ 235.488 7.21194E-03 .0004714 4.36338 32,0949
11000 218.207 5.84564E-03  2.35215E-04 3.45333  43.4013
10000 185,638 4,4777BE-03  9.35721E-05 2.59607 53.7356
9000 153,775 .0033223 2.87353E-05 1.90306 66,2332
8000 128.932 2.48813E-03 6.82243E-06 1.41689 76.1352
7000 110.215 ° 1.90005E-03 O 1.07904 87,6583
6000 56,7586 1.49065E-03 0 846539 101,244
5000 £<,9754 .0011871 0 674155 113,153
4000 77.1518 9.57393E-04 O .543704  126.928
3000 69.6583 7.7892E-04 0 442349 143,065
2000 63,237 6.38787E-04 O .362768  155.463
1000 57.5372 5.26304E~04 0 .298888 169.487
0 52.3251 4.34401E-04 O .246697  185.497
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14 Feb 1540 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; ome IMT bomb
time (hr) = 1 deltat (hr) = 10625 Zairborne = 85 sigmax = 3994.78 M

B0 ™ SN

- B sigmay = 4378.37 M 3 sigmay cloud diameter = 26270,2 M
B e initial dust lofted = 3.02395£+08 Kg dust now airborne = 2,57035E+08 Kg
T4 Altitude Cloud Mass 4
- M Kg/M R
17000 2546 .49
16000 6323.67 A
15000 12386 .3 .3
- 14000 19372.4 4
. 13000 24664.8
- 12000 26230.3
e 11000 24280.7
- 10000 20637.6
® 9000 17076.3
;' 8000 14304.9
' 7000 12215.¢8
o 6000 10711.5
5000 9507.85
4000 8521.78
3000 7683.29
2000 6967 .52
L 1000 6331.85
g 0 5750.36 -
For Group # s8ize (microns) Altitude (M) R
10 10,58 13328.9 "
20 19,7693 12841.3
3 - 30 30.8404 12052.,5 . . >
| (e 40 44.9982 10866 .5 }
- 50 63.9711 9118.46 s
o 60 90,8408 6866 .34 -
= 70 132,016 3697.73 K.
= 80 203.969 ~944.,286 ﬁ
| 14 Feb 1540 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; one IMT bomb ; .
o The graph shows percent of total cloud mass for each group at .
o the maximum density penetration altitude of 12000 meters (1/4% per star) ¥
- Group# Size Altitude PERCENT of Total Mass ¥
N uM M ol It 1 st 1 1 1 1wl 1 | 3
. 1 1.83114 13625.7 *kkkkhk
. 2 3.21367 13590 Tk kkkhk s
N 3 4.30037 13559 Fkkkkhk g
~ 4 5,28023 13528.8 Fkdkdkdedek
- 5 6.20587 13498.3 Tk ddkokk
- 6 7.10111 13467 Tk kdkdk
9 7 7.9791 13434.7 *hkAkkk
i 8 8.84808 13401 Thkkkhk
N 9 9.71369  13365.8 *hAdkik
Z 10 10.58 13328.9 fudabadobabed
1 i
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11 11.4502 13290.3 Rkokekkk ok ok

12 12.3266 13249.7 Tk khkkk
13 13.2115 13207.1 Hdktdciokk
- 14 14,1066 13162.3 kdeddiok &
RS 15 15.0134 13115,3 Kk kkkkk
7 g 16 15.9334 13065.8 kkdkkikk
e 17 16.8678 13013.8 Ttk dekkk
18 17.8178 12959.1 Kk k Rk Ak
19 18,7846 12901.7 Fodek ki
20 19,7693  12841.3 Tk
3 21 20.7729 12778 it LTt
v 22 21.7967 12711.4 Fdk Ak Ak
S 23 22.8416  12641.7 Tk Ak Ik ®
E 24 23.9087 12568.5 Ttk deokk
> 25 24,9991 12491.8 ekt R Ik
- 26 26.1139 12411.5 eddedriekok: &
: 27 27.2543  12327.5 Tk Ak xRk
. 28 28.4213 12239.8 Tk Ak AN
- 29 29.6162 12148.1 Kkt kkhk
30 30.8404 12052.5 Fkddkakdhk
31 32.0949 11952.9 etk ook
32 33,3813 11849.3 Aok ek ke
. 33 34,7007 11741.5 ddedtiad £ 20
e 34 36,0549 11629.6 otk Ak
: 35 37.4452 11513.5 *h R Ak KKK
36 38.8732 11393.2 dodk Ak ko Ak
37 40.3607 11268.5 *akkddokkok
- 38 41,8495 11139.4 tdoddkk ok
- : 39 43.4013 11005.5 Yook
A (o 40 44.9982 10866.5 KHEEAKER
41 46,6422 10721.6 Tk kkdkkk
42 48.3356 10571.5 ek dokkk
43 50.0805 10414.4 dedededrdkok
44 51,8797  10249.3 Hkkkkk
- 45 53.7356 10076.2 Ak
> 46 55.6511  9893,3 Tkearkw
- 47 57.6291 9702.54 ok Rk
- 43 59.6728  9505.04 ek
~ 49 61.7856  9306.29 Tk
o 50 63.9711 9118.46 rhk
. 51 66.2332 8927.23 ke
P 52 68,5758 8729.88 *%k
- 53 71.004  8524.63 *k
sS4 73.522  8310.94 *
55 76.1352 8089.71 *
o S6 78,8492 7861.08 *
® 57 81.6698 7624.8 *
- S8 84.6039 7380,54
;- 59 87.6583 7128.02
o 60 90.8408 6866.34
.
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61
62
63
64
65
66
67
68
69

71
72
73

75
76
77
78
79
80
8l
82
83

85

94.1597
97 .6242
101.244
105.031
108.996
113,153
117.516
122.102
126 .928
132.016
137.386
143.065
149.079
155.463
162.252
169.487
177.217
185.497
194.389
203,969
214,324
225.559
237.799
251.192
265.922

6596.72
€317.82
6029.23
5730.49
5421.24
5100.92
4769.05
4424 .04
4067 .66
3697.73
3313.33
2914.9
2500.2
2068.61
1619.14
1150.56
661.687
151
-383.061
-944,286
-1545.16
-2191.07
-2880.13
-3637.58
-4445.72
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o Appendix I

'{ﬁ Sample Multi Burst Dose Ougtput - Full Report -

" 14 Feb 1621
. This is a dose report.
CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 1MT bombs

WEAPON/TARGET DATA:

- Number of weapons - 300
\ Width of target field -———-—-------- 150 KM
.- Weapon yield 1000 KT
AN Fission fraction 1 3
N Dust fraction .333333 3
o The size distribution ioput file is- DELFIC.RMA "
N Bm = .204 ; sigms Rm = &
T The soil denmsity is 2600 RG/M"3
- The aircraft specification file is - B-1B.SPC p
Aircraft velocity is - 279.2 M/8 s
Time from cloud penetration .
. to end of mission ~=-.~= 8 HR :
- Wind shear X (slong track) ——=----~- 0 (KM/BR)/KM X
Wind shear Y (croes track) -~--—---- 1 (KRM/HR)/KM
The output file will be nawzd ------ B: IAPP ,DOP

~y oy

et raaaa s tas st s s DAL PN T o R e st st e a s aa st a t e bt gt f e syt sttt 2t d

14 Feb 1621 CUSTOM SUFNARIO: B-1B; WITH filter; DELFIC ¢loud; 300 IMT bombs
time (hr) = .15 deltr.t (hr) =-9,50774E-03 Zairborne = 98 sigmax = 2977.15 M

! (Q. eigmay = 2983.01 M 3 sigmay cloud diameter = 17898 M :
. ' Altitude Catin Dust Sky Shine TotalDose Prominent Particle ’
M REM REM REM microns radius
17000 58.3781 1407 .91 1466 .29 * .473992 :
16000 105.792 2845.01 2950.8 * .473992 ’
15000 147 .768 4486 .62 4634 ,39 * .473992 A
14000 159.086 5551,69 5710.77 * 473692 . -
> 13000 132.007 5426 .07 5558.08 42,8646 T
& 12000 84,4263 4235,02 4319.45 126,317 .
11000 41.6165 2690.48 2732.1 202.228
10000 16 .3577 1490.34 1506.7 272.629
9000 4.96265 740.976 745.939 326.279 p
8000 1.16438 363.006 364.17 403.868 :
7000 0 182,706 182.706 457 .979 y
6000 0 111,154 111,154 529.291 A
5000 0 74,5758 74,5758 529.291 :
4000 0 51.8589 51.8589 629.064
g 3000 0 35.7926 35.7926 629.064
e 2000 0 29.622 29.622 782.496 ’
b 1000 0 26.9561 26.9561 782.496 :
- 0 0 17.3747 17.3747 782.496 v
B, * Skyshine may be inaccurate due to large gamma mean free path (mfp >.2sigmax) y
| | i
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14 Feb 1621 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs R
g - time (hr) = .15 deltat (hr) =-9,50774E-03 Zairborne = 98 sgigmax + 2977.15 M X
- ) Altitude, Cloud Act Filter Act Cabin Act Prominent Particle B
‘< O M MCi/M ci Ci microns t 5
- - 17000 1845.03 135.941 45,0815 .473992 L
A 16000 4365.1 284.1 81.6959 .473992 -
15000 8059.62 462,755 114.111 473992
14000 11676.3 590.956 122,851 .473992
13000 13358.8 595.716 101.94 42,8646
" 12000 12203 479.321 65.1968 126.317
B 11000 9073.77 313,791 32.1376 202.228
3 10000 5686 .42 178,988 12.6319 272.629 K
S 9000 3194.12 91.4386 3.83232 326,279 v
- 8000 1761.67 45,7743 .899172 403.868 )
. 7000 995.074 23.4914 0 457.979 R
o 6000 677.265 14.2916 0 529.291 y
v 5000 506.996 9.58857 0 529.291
' 4000 392.153 6.66776 0 629.064 L
3000 300.365 4.60202 0 629.064 i
2000 275.044 3.80864 0 782,496 T
1000 276.403 3.46588 0 782.496 "
. 0 196.295 2.23395 0 782,496 ;S
'l For Group # size (microms) Altitude (M)
- 10 3.80268 13593.3 )
20 8.35085 13509.8 Co
30 14.6576 13401.4 .
40 23.5162 13262.6 . rd
- 50 36.2252 13084.8 . . ] 2
4 (o 60 55.1961 12844.3 ‘
. 70 85.5478 12480.7 g
80 140,637 11797.8 -y
90 272.629 9955.32 .
14 Feb 1621 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs
The graph shows percent of total cloud activity for each group at t
the maximum activity penetration altitude of 13000 meters (1/4% per star) "
Group# _Size Altitude PERCENT of Total Activity .
uM M o | I | I 5 | | | I 10 | | I .
1 .473992 13657.2 *kk . N
2 .904308 13648.8 budadobd L L
3 1.27327 13641.6 bl L
. 4 1.62603 13634.8 wkkk :j
X 5 1,97515 13628.1 wrkn o
- 6 2.32639  13621.3 *hak ::lj
~ 7 2.68294 13614.5 *hkK R
- 8 3.04692 13607.6 ks 2
Rt 9 3.41978  13600.5 ke ~
3 10 3.80268 13593.3 ek driek .
3 .@
R g
f
L 3
- *]
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11

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

35
36
37
38
39
40
41
42
43

45

47
48
49
50
51
52
53
54
55
56
57
58
59

Al el .

4.19655
4.60222
5.02038
5.45171
5.89686
6.35641
6.83098
7.32119
7.8276

8.35085
8.89157
9.45039
10.028

10.625

11,2422
11,8803
12.5401
13,2223
13.9278
14.6576
15,4124
16,1934
17 .0015
17 .8378
18.7035
19.599
20.5276
21,4887
22.4844
23.5162
24,5856
25.6944
26 8444
28.0374
29-.2756
30.5611
31,8962
33.2835
34,7255
36.2252
37.7855
39.4098
41,1016
42,8646
44,7032
46,6215
48.6245
50.7175
52.906

13585.9 khkkk
13578.3 adadad i
13570.5 balakadedd
13562.5 heddododol
13554.3 fadadaddod
13545.9 *edkdkdk
13537.2 hadabodeded
13528.3 ek ddk
13519.2 Tekkkok
13509.8 fadabadaled
13500.2 kkk
13490.3 kel
13480.2 halafadded
13469.8 *akkk
13459.1 Rkkkk
13448.1 adadadedel
13436 .9 ik
13425.4 Hekdekek
13413.5 wekdokk
13401.4 *irkhk
13389 Fookodekok
13376.3 hadadeldl
13363.2 badabobobd
13349.9 badabaladed
13336.2 hadadddel
13322.2 badaddall
13307.8 hwkk
13293.1 badadadaded
13278 hdohh
13262.6 hdabadaied
13246 .8 irkdkk
13230.6 Fhkkdh
13214 . - domkwk
13197 badadaladel
13179.5 ko
13161.6 badadadode
13143.2 fadadadody
13124.3 fadedadadel
13104.8 babadadoded
13084,8 fadadadadel
13064,1 fadabadoly
13042.8 whkkk
13020.7 rkdkok
12998 badadadol
12974.4 badababoded
12950 ok dkdrk
12924.7 *hkdok
12898.7 bl
12871.8 badadoboled
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55.1961
57.5948
60.109

62.7472
65.5178
68.4309
71.4967
74.7277
78.1363
81.7377
85.5478
89.5848
93.8697
98.4248
103.277
108,456
113.995
119,933
126.317
133.198
140.637
148,708
157.495
167.101
177.652
189.298
202.228
216.678
232.947
251.428
272.629
297.255
326.279
361.108
403.868
457.979
529.291
629.064
782.496

12844.3 badadadedod
12816.1 Tkdokk
12787.3 Fekdick
12757.7 Fekkkk
12726 .7 Hekdkkk
12692.1 hababobodol
12651.7 kdokok
12612.4 Fekekkk
12570.9 kA k
12527 Wik
12480.7 whAhkk
12431.5 badadededed
12379.3 Fekdokk
12323.7 hadadododd
12264.3 bl
12200.7 hadadadeled
12132.3 akkk
12058.6 Fekdok
11978.9 drkkk
11892.2 *hik
11797.8 badadodd
11694.4 Fokdok
11580.3 hk
11454 *khk
11313.2 dhk
11155.7 okl
10977.5 Tk
10774 .8 bl
10542.1 *%
10272.1 K
9955.32 *
9578.12 *
9121.48
8557 .42
7842.96
6908,04
5631.13
3776.22
896 .84

ol 1 1 1 5|
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14 Peb 1621 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs
time (hr) = 1 deltat (hr) = .10625 Zairborne = 90 sigmax = 3958.03 M

sigmay = 4343.43 M 3 sigmay cloud diameter = 26060.6 M g
3 o Altitude Cabin Dust Sky Shine TotalDose Prominent Particle 3
- - M REM REM REM microns radius 2
A 17000 25.4727 91.7404 117.213 * .473992 .
" 16000 46 .3348 183.578 229.913 * 473992 r
- 15000 64,97 287.753 352.723 473992 N
o 14000 70.2242 357.387 427 .611 473992
o 13000 58,5092 356.816 415.325 17.0015
v 12000 37.5767 293.627 331.203 31.8962
= 11000 18.6022 207.601 226.204 42,8646
10000 7.34381 138.968 146 .311 55.1961
9000 2.23797 91.9615 94.1994 65.5178
8000 52749 63.7091 64.2366 78.1363
B 7000 0 46.1374 46.1374 89.5848
: 6000 0 35.4026 35,4026 103.277
2 5000 0 27.7528 27,7528 113,995 ;
: 4000 0 22.078 22.078 126.317 S
3000 0 17.7481 17 .7481 140,637 .
2000 0 14.4278 14,4278 157 .495 *)
2 1000 0 11.7971 11.7971 167.101 .
4 0 0 9.67145 9.67145 189.298

* Skyshine may be inaccurate due to large gamma mean free path (mfp >.2sigmax)

Y Py
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14 Feb 1621 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs
time (hr) =1 deltat (hr) = .10625 Zairborne = 90 sigmax = 3958.03 M
Altitude, Cloud Act Filter Act Cabin Act Prominent Particle
M MCi/M Ci Ci microns r

17000 177.639 70.5181 44,482 473992

16000 416.183 149.21 80.9124 473992

15000 763.778 247 .255 113.454 473992

14000 1110,63 325.368 122.63 .473992

13000 1296.29 345.11 102,172 17.0015

12000 1247 .23 302.454 65.6186 31.8962

11000 1031.41 227 .752 32.4843 42.8646

10000 780.456 161.377 12.8242 55.1961

9000 583.069 111.369 3.90807 65.5178

8000 454,372 78.9406 .921134 78.1363

7000 368.973 57.835 0 89.5848

6000 316.435 44.3786 0 103,277

5000 276.511 34.7892 0 113.995

4000 244,489 27.6756 0 126.317

3000 217.833 22.2479 0 140.637

2000 195,733 18.0857 0 157.495

1000 176.592 14.7881 0 167.101

0 159.204 12.1235 0 189.298

For Group # size (micronms) Altitude (M)

10 3.80268 13573.5

20 8.35085 13420.4

30 14.6576 13133.9

40 23,5162 12595.6

50 36.2252 11615.5

60 55.1961 9937 .44

70 85,5478 7302.32

80 140.637 3084.51

90 272.629 -4810.92

14 Feb 1621 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs

The graph shows percent of total cloud activity for each group at
the maximum activity penetration altitude of

Group# _Size
uM
1 .473992
2 .904308
3 1.27327
4 1.62603
5 1.97515
6 2.32639
7 2.68294
8 3.04692
9 3.41978
10 3.80268

Altitude
M
13656.6
13647.2
13638.9
13630.6
13622.2
13613.4
13604.2
13594.5
13584.3
13573.5

PERCENT of Total Activity

ol |
ek e

hkkEk*k
RERERRER
Kok kdedk ke
*khkikk
L2t el st
dedede ke ek
dekodek ke ke
dektkk kR
dededededrdedr
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13000 meters (1/4% per star)
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n 11 4.19655 13562 -
- 12 4.60222 13549.9 TRERRAH
= 13 5,02038 13537 Sk
S 14 5.45171  13523.3 Wk
R 15 5.89686 13508.7 Tk
P 16 6.35641  13493,2 THEXRNK
' 17 6.83098  13476.6 ek

18 7.32119  13459.1 ThA R kAR
g 19 7.8276  13440.4 ibaat
- 20 8.35085 13420.4 Firkcdekk
- 21 8.89157 13399.2 it
[ 22 9.45039  13376.6 Nhdaad
- 23 10.028  13352.6 i it
- 26 10.625 13327 FRRE A
- 25 11.2422 13299.7 bebabdd i
- 26 11.8803 13270.6 *RIok
s 27 12.5401 13239.6 Ttk
. 28 13,2223 13206.6 TRARRAE
= 29 13.9278 13171.4 bt
- 30 14.657.  13133.9 ek
- 31 15.4i.+ 13094 Ak
o 32 16.1934  13051.5 Wk
- 33 17.0015  13006.2 Fhkdkk
4 34 17.8378 12958 bbobodeodad
1 35 18.7035  12906.6 Sk
2 36 19.599%  12851.9 deedekak
. 37 20.5276 12793.6 Hickik
- 38 21,4887 12731.7 etk
§ 39 22,4844  12665.7 akhohkk
B (e 40 23.5162 12595.6 FEARRAR
RS 41 24,5856  12521.1 ek ek
- 42 25,6944 12442 etk ik
b 43 26.8444  12357.9 haddds
- 446 28,0374 12268.8 Srickiek ok
- 45 29,2756  12174.4 Wikdeakx
’ 46 30.5611 12074.5  wewwwws
) 47 31.8962 11968.8 Fik ek
N 48 33,2835 11857.2 et
N 49 34,7255 11739.5 Tk
. 50 36.2252 11615.5 Hrirkdekk
2 51 37,7855 11484.9 Wik
1 52 39,4098  11347.7 etk
! 53 41.1016  11203.5 Fedesek

S4& 42,8646 11051.9 i

55 44.7032  10892.3 Ak

56 46.6215  10723.4 *iax
E 57 48.6246  10545.6 ke
; 58 50.7175  10355.9 Wi
) 59 52,906  10154.1 o
- 60 55.1961  9937.44 o
e
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57.5948
60.109

62.7472
65.5178
68.4309
71.4967
14,7277
78,1363
81.7377
85.5478
89.5848
93.8697
98.4248
103.277
108.456
113.995
119,933
126 .317
133.198
140.637
148.708
157 .495
167.101
177 .652
189.298
202,228
216.678
232.947
251.428
272.629

*

9705.86 *

9463.34
9221.43
8387 .47
8742,13
8483.64
8208.73
7921.02
7619.13
7302.32
6968.98
6620,18
6253.74
5868.45
5463.14
5036.52
4585.97
4112.48
3612.63
3084.51
2525.55
1933
1303.91
634.534
-78.9946
-843.808
-1682.04
-2605.78
-3650.72
-4810.92

* % % %
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Appendix J

S le M i Burst Dust Output - Full Repo

14 Feb 1642
This is a dust report.
CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs

WEAPON/TARGET DATA:

Number of weapons 300

Width of target field —————-——=-v-—- 150 KM

Weapon yield 100Q KT

Fission fraction 1

Dust fraction .333333

The size distribution input file is~ DELFIC.RMM
Bm = .204 ; sigma Rm = 4

The soil density is -~ 2600 RG/M"3

The aircraft specification file is - B-1B.SPC

Aircraft velocity is 279.2 M/S

Time from cloud penetration

to end of mission 8 HR

Wind shear X (along track) ——==ce-=e 0 (KM/HR)/KM

Wind shear Y (cross track) --——---=—- 1 (RM/HR) /RN

The output file will be named ------ B: JAPP ,MOP

R L Ll Lt L a st e
14 Feb 1642 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs
time (hr) = .15 deltat (hr) =-9,50774E-03 Zairborne = 97 sigmax.= 2984.51 M

sigmay = 2990.18 M 3 sigmay cloud diameter = 17941.1 M
Altitude Cloud Dens Filter Mass Cabin Mass Engine MassProm Part
M mg/M"3 Kg Kg Kg microns r
17000 1443.77 .0704225 7.00295E-03 43,97 1.83114
16000 3601.49 .152202 .0127591 93.6817 1,83114
15000 7015.86 .256557 .0179139 155.872 1,83114
14000 10752.4 .339901 .0193816 204,037 1.83114
13000 13060.4 .356577 .0161589 211.677 43.4013
12000 - 12720.5 .299693 .0103813 176,091 126,928
11000 10139.3 .205959 5.13924E-03 119,883 203.969
10000 6845.7 .123915 2.02824E-03 71,5232 265.922
9000 4148.75 .0669267 6.17697E~-04 38,3585  343.731
8000 2451.58 .0352973 1.454538-04 20.128  400.475
7000 1474.67 .0189932 0 10.7863 436.194
6000 1014,03 0116712 0 6.62811 531,013
5000 757.719 7.81628e-03 0 4,43888 531,013
4000 595.075 5.51691E-03 0 3.13306 596.673
3000 478.929 4.00102E-03 0 2.27218 682,738
2000 404,381 3.05179E-03 0 1.73312 682,738
1000 360.34 2,46252E~03 O 1.39847 802.408
0 267.367 1.65832E-03 0

.941762  802.408

146



L R R ARt AR S e C A Nl e S i el N A Thl S R N S S M 40 S S N A e ", W~ N S ST R CE IO e S e N S

14 Feb 1642 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bowmbs
time (hr) = .15 deltat (hr) =-9.50774E-03 Zairborne = 97 sigmax = 2984,51 M
sigmay = 2990.18 M 3 sigmay cloud diameter = 17941.1 M
O initial dust lofted = 3,02395E+08 Kg dust now airborne = 2,93323E+08 Kg
: Altitude Cloud Mass
- M Kg/M
. 17000 81193.6
16000 202537
N 15000 394551
. 14000 604685
[ 13000 7343641
- 12000 714974
11000 569712
10000 384553
9000 232984
- 8000 137645
| 7000 82785.3
K 6000 56907 .3
- 5000 42523
4000 33388.2
: 3000 26864.2
_. 2000 22682.6
» 1000 20205.1
N 0 14991.9
For Group # size (microns) Altitude (M)
. 10 10.58 13470.6
T 20 19.7693 13318.5
. 30 30.8404 13157.7
B (e 40 44,9982 12970.6
- h 50 63.9711 127441
60 90.8408 12416 .3
< 70 132,016 11907.1
- 80 203.969 10953.3
E 90 370.042 8410.07
o 14 Feb 1642 COSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs
T The graph shows percent of total cloud mass for each group at
the maximum density penetration altitude of 12000 meters (1/4% per star)
Group# Size Altitude PERCENT of Total Mass
' uM M ol ! 1 v st 1t 1 10! 1 i
o 1 1.83114  13630.8 ok
. 2 3.21367 13604 .4 *hAK
o 3 4.30037 13583.9 bedadodod
= 4 5.28023 13565.7 Fkkk
L: 5 6.20587 13548.6 *hdk
‘ 6 7.10111 13532.3 Tk
- 7 7.9791 13516.5 Fetriek
i 8 8.84808 13501 balabadl
. 9 9.71369 13485.7 Ldd b
'f 10 10,58 13470.6 *kkk
»
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

31
32
33
34
35
36
37
38
39

41
42
43

45

47
48
49
50

52
53
54
5%
56
57
58
59
60

11.4502
12,3266
13.2115
14.1066
15.0134
15.9334
16.8678
17.8178
18.7846
19.7693
20.7729
21.7967
22.8416
23.9087
24.9991
26.1139
27.2543
28.4213
29.6162
30.8404
32,0949
33,3813
34.7007
36.0549
37 .4452
38.8732
40.3407
41.8495
43.4013
44.9982
46 .6422
48,3356
50.0805
51.8797
53.7356
55.6511
57.6291
59.6728
61.7856
63.9711
66.2332
68.5758
71.004

73.522

76.1352
78.8492
81.6698
84.4039
87.6583
90.8408

13455.5
13440.5
13425.5
13410.6
13395.6
13380.5
13365.4
13350.2
13334.9
13319.5
13304

13288.4
13272.7
13256 .8
13240.7
13224.5
13208.1
13191.6
13174.8
13157.7
13140.5
13123

13105.2
13087.1
13068.6
13049.8
13030.6
13011,1
12991

12970.6
12949.7
12928.3
12906 .5
12884.3
12861.8
12838.9
12815.7
12792.2
12768.5
12744.,1
12718.5
12690.3
12657.9
12627.1
12595.2
12562,2
12527.9
12492,2
12455

12416.3

bk

*rkkk
*hekk
*kkk

Akdek
dededede
Tdedew
*hkk
*kkk

drkkk
de ek

*kkk
*kkk
dkdkk

Irkededr

hkkkk
*kkhk
*hkkk

R
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& 61 94.1597 12375.8 Tk

. 62 97.6242 12333.5 *kkkk
- 63 101.244 12289.2 ik
. 64 105.031 12242.8 Fdhkdok
SRR 65 108,996 12194.1 Ikdekk
. 66 113,153 12142.8 Wdek
o 67 117.516 12088.7 Tk wkk
68 122,102 12031.6 *dokhk
69 126.928 1i971.2 Fkkek
70 132.016 11907.1 ik
- 71 137.386 11839.2 ekhkkk
% 72 143,065 11766.9 Yk
- 73 149.079 11689.6 ki
. 74 155.463 11606.9 kK
& 75 162,252 11518.1 *khkk
s 76 169.487 11422.3 ke
- 77 177.217  11319.1 Yk
. 78 185.497 11207.3 ko
y 79 194,389 11085.9 bbbkl :
80 203.969 10953.3 *hkkk S
81 214,324 10808 dkkkk o
82 225.559 10648.3 ik
) 83 237.799 10471.8 *kkk
° 84 251.192 10275.6 badadede
L 85 265.922 10056.4 babode
86 282.217 9809.62 okk
87 300.358 9529.92 **
, 88 320.709 9210.09 **
X 89 343.731 8840.96 *
7 (o 90 370.042 8410,07 *

91 400,475 7900.48
92 436.194 7288.29
93 478.866 6538.93
94 531,013 5599.73
95 596.673  4385.95
9 682.738 2752.28
97 802.408 541.882 '

jov= v o
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14 Feb 1642 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 IMT bombs
time (hr) = 1 deltat (hr) = .10625 Zairborre = 85 sigmax = 3994.78 M

sigmay = 4378.37 M 3 sigmay cloud diameter = 26270.2 M
Altitude Cloud Dens Filter Mass Cabin Mass Engine MassProm Part
M mg/M"3 Kg Kg Kg microns r
17000 508.615 .0296549 6.85355E-03 20,7332 1.83114
16000 1263.04 .064873 .0125618 43,9754 1.83114
15000 2473.,95 L1118 0177461 73.5695 1.83114
14000 3869.29 153732 .0193224 98.2776 1.83114
13000 4926 .36 .171973 .0162151 106.872 16 .8678
12000 5239.02 .160447 .0104874 97.0741 32.0949
11000 4849.64 .129919 5.22764E-03 76.7499%  43.4013
10000 4121.99 .0994262 2.07771E-03 57.6442 53,7356
9000 3410.69 .0736875 6.37338E-04 42,2092 66.2332
8000 2857.15 .0551374 1.51186E-04 31.3985 76.1352
7000 2439.88 0420624 0 23.8873  87.6583
6000 2139.43 .032959¢8 0 18.7179 101.244
5000 1899.02 .0262206 0 14.8907 113.153
4000 1702.07 ,0211214 0 11.9948 126.928
3000 1534.6 .0171599 0 9.74512 143,065
2009 1391.64 .0140576 0 7.98332 155.463
1000 1264.67 .0115682 0 6.5696 169,487
0 1148.53 9.53506E-03 0 5.41497  185.497
o 150
d




14 Feb 1642 CUSTOM SCENARIO: B-1B; WITH filter; DELFIC cloud; 300 1MT bombs
time (hr) =1 deltat (hr) = .10625 Zairborne = 85 sigmax = 3994.78 M

- sigmay = 4378.37 M 3 sigmay cloud diameter = 26270.2 M
" i;j initial dust lofted = 3.02395E+08 Kg dust now airbornme = 2.57035E+08 Kg
f Altitude Cloud Mass
. M Kg/M
17000 56807 .9
16000 141070
15000 276318
: 14000 432166
i 13000 549483
' 12000 583557
11000 539637
10000 458245
. 9000 378747
. 8000 317000
| 7000 270428
6000 236843
5000 210009
4000 188002
3000 169266
_ 2000 153332
' 1000 139175
: 0 126220
For Group # size (microns) Altitude (M)
10 10.58 13328.9
20 19.7693 12841.3
30 30.8404 12052.5
[ ge 40 44,9982 10866.5
K ’ 50 63.9711 9118.46
: 60 90.8408 6866.34
R 70 132.016 3697.73
. 80 203,969 -944,286
! 14 Feb 1642 CUSTOM SCENARIO: B~1B; WITH filter; DELFIC cloud; 300 1IMT bombs
: The graph shows percent of total cloud mass for each group at
tie maximum density penetration altitude of 12000 meters (1/4% per star)
Groupf#  Size Altitude PERCENT of Total Mass
uM M o | I | I 5 | | | I 10 | I
’ 1 1.83114 13625.7 ARNAARK
3 2 3.,21367 13590 Tdhdkdokk
' 3 4.,30037 13559 bl ot
4 5,28023 13528.8 Tk kdkkx
5 6,20587 13498.3 bl bbb
6 7.10111 13467 Fokdrddkdk
] 7 7.9791 13434.7 *hAhkAk
- 8 8.84808 13401 Fk Ak dkok
; 9 9.71369 13365.8 dhkhhak
‘ 10 10.58 13328.9 *ANREKK
’
: 151
4
A i o e T e e T

IS o PEVINIUEISAL? (ol SMOSNAT IS | ) S A

L
s
"

-

CLAPLILILE R DN oo

RENEAY hugt WAL LSS S BSTVETSISIEIS S GNP

D e e -
J iy U



'4! 11 11.4502 13290.3 Tk hkickk ;

12 12.3266 13249.7 habdddt
13 13.2115 13207.1 Fekkekikkok a
- 14 14.1066 13162.3 bodabadddod i .
AR 15 15.0134 13115.3 Hkkkdkhk :
R 16 15.9334  13065.8 *hkkkhokk :
' 17 16.8678 13013.8 Fkekdkkiek B -
18 17.8178  12959.1 kdekhekk & 3
19 18.7846  12901.7 Friededdek i .
20 19.7693  12841.3 ik ikt ek :
- 21 20.7729 12778 Tk Kk :
22 21.7967 12711.4 it i ¥
23 22.8416  12641.7 Hkkhkkhok e N
24 23.9087 12568.5 kckekkk ik L
25 24,9991  12491.8 dekdedciek e ;
g 26 26.1139  12411.5 ik ;
- 27 27.2543  12327.5 ke dok & . ]
’ 28 28.4213  12239.8 bbb bbbt k
- 29 29.6162 12148.1 *kkRk Ak k "
30 30.8404 12052.5 Fikdokdokkokk Lo
- 31 32.0949 11952.9 edeickdnkiokok -
« 32 33.3813  11849.3 il A
5 33 34,7007 11741.5 bbbt b
¢ 34 36.0549 11629.6 AR ik
' 35 37.4452 11513.5 *ihiokhkokk
36 38.8732 11393.2 setieieokodek -
37 40.3407 11268.5 ok dik ek -
38 41,8495 11139.4 Ficddicdrkkde .
- , 39. 43.4013  11005.5 Sk
Ml (e 40 44,9982  10866.5 HHEAENK
- ’ 41 46.6422 10721.6 hebadebotd £ "
42 48.3356  10571.5 kkkkk 5
43 50,0805 10414.4 Tk k g
44 51.8797  10249.3 Jweh ok ’
45 53.7356 10076 .2 Fkkekkk -
46 55.6511  9893.3 badod i '
47 57.6291  9702.54 Fickkk g
48 59.6728  9505.04 Hkkk -
49 61.7856  9306.29 hhkk 1
50 63.9711  9118.46 ok -
51 66.2332  8927.23 kk :
A 52 68.5758  8729.88 x ;
o 53 71.004  8524.63 *x
54 73.522  8310.94 *
55 76.1352  8089.71 *
56 78.8492  7861.08 *
® 57 81.6698 7624,8 *
s 58 84.6039  7380.54

59 87.6583 7128.02
60 90.8403  6866.34
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61 94.1597 6596.72
62 97.6242 6317.82
63 101.244 6029.23
64 105.031 5730.49
o 65 108,996  S5421.24
> 1 66 113.153  5100.92
. 67 117.516 4769.05
68 122.102  4424.04
69 126,928 4067.66
70 132,016 3697.73
- 71 137.386 3313.83
% 72 143,065  2914.9
; 73 149.079  2500.2
74 155.463  2068.61
75 162.252 1619.14
76 169.487 1150.56 *
77 177.217  661.687
78 185.497 151
79 194.389 -383.061
80 203.969 -944.286
81 214,324 -1545.16
2 225.559 -2191.07
- 83 237.799 -2880.13
q 86 251.192 ~3637.58
& 85 265.922 -4445.72
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Appendix K

Cylindrical Integration Program for Cabin Geometry Factor K

This program takes the pseudolength and radius of a cylinder (in
meters)that represents the cabin of an aircraft and computes the spatial
integral fcr the center of the cabin. It includes the self attenuation of

the air in the cabin. The integration intervals are automatically

computed by a method found to give results within 53 of using .l meter

° intervals.

10 “mult ‘vle integral algorithm 4.4

20 “Bur -, Paires, Reynolds, NUMERICAL ANALYSIS, 2ed ed.

30 ‘1. ._proximate I=double integral ((f(x,y) dy dx)) with limits
40 ° of integration from a to b for x and from ¢ to d for y.
50 -

60 “Input: endpoints a,b,c,d: positive integers M,n.

70 “Output: approximation J.

80 -

90 ‘Limits of integration

100 DEF FNXY = EXP(-MUT*SQR(Y"2+X~2)) *Y/(Y"2+X"2)

110 MUT = 6,.48072E-03 :“for cabin air at 8000 feet

120 INPUT "pseudolength,radius”;B,D

DRRIREIRY B SRSkl al SUATST SIS ML sl WSPIEARGII u.q SO S P | s Lo LA

% 125 b = b/2

F 130 A =0 :C =0

. . =
t'% 140 M = IN7(2%D) h
b
[ . 145 IF M < 5 THEN M = 5 _ »
& :
i‘ 150 N = INT(8*B) i
< 155 IF N < 10 THEN N = 10 i
o 1564 g
- -
3 :
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A 160 H = (B-A)/(2*N)
170 FOR I = 1 TO 2*N+l
180 X = A+I*EH

ﬂ 190 HX = (D-C)/(2%N)

200 Y = C :LL = FNXY

210 ¥ = D :UL = FNKY

220 K1 = LL + UL :K2 = 0 :K3 = 0
230 FOR J = 1 TO 2*M-1

240 Y = C + J*HX :Z = FNXY

- LT T, e T T T T,
. P I Lt T .
. PP e .
. AR R < e

[ . dfe e e e K .. L
A L R P

250 IF J = 2%(J\2)
TEEN R2 = K2 + Z oo
ELSE K3 = K3 + 2 ‘

260 NEXT J

'—--Fv‘gr,v,',".
.“ . S

. LT i
x *. AR P
) SRR L L .
4 L . .
. P .o A T ]

.{'/

270 L = (R1 + 2%K2 + 4*K3)*HX/3

\: —

280 IF I=0 OR I=2*M
THEN J1sJl+L

ELSE IF I=2*(I\2)
TEEN J2=J2+L

ELSE J3=J3+L

——c

A

290 NEXT 1

v vy wvrw
el Ya T
o,
S
DO

I

300 J = (J1 + 2%J2 + 4%J3)%H/3

-
]

B tale

N S

e A

310 PRINT "The Cabin Geometry Factor K is:";J

320 END

{T" N ]
. x L
L) T

.

yYryYyvwvy TVw
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Stephen P, Conners was born 9 November 1954 to an Air Force
family at lrigﬁt-Patterson AFB, Ohio. He grew up at a variety of
Air Force Bases and completed high school at Rogersville,
Pennsylvania. He entered Duquesne University in August 1972 with
an AFROTC scholarship. He gradunated with a B,S, in Physics in May
of 1976. He was called to active duty in December 1976, assigned
to Undergraduate Navigator Training School at Mather AFB,
California. He continued his training at the Electronic Warfare
School there. After completing B-52 Combat Crew Training School
at Castle AFB, California, he was assigned to the 325th Bomb
Squadron at Fairchild AFB, Washington as an Electronic Warfare
Officer. He upgraded to instructor status ia February of 1982. In
July of 1984 he completed work leading to an additionsl AFSC for
Aircraft Maintaince Officer. Captain Conners was assigned to the
Air Force Ianstitute of Technology's master’'s degree program in

Nuclear Effects in July of 1984,
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2 CHANGE 1
/A to
{7
ouy! ?\ AIRCREW DOSE AND ENGINE DUST INGESTION
RS 68 FROM NUCLEAR CLOUD PENETRATION

%
§§> by Capt. Stephen P. Conners

Thesis date: March 85 DTIC number: ADA 159 246
Change 1 date: 1 May 86 **xxsxraxsxkxxdkrxhkdkkkhkrrhkrrax ] 1 29 May 86

NOTE: Many of the colons in the text should be semicolons; the problem
was that the greek printwheel used to print the thesis did not have a
semicolon available. Other slight irregularities are due to this problem.

Add "ch 1" next to all changes
Title page: below name block, add: CHANGE 1 - 1MAY 86
page i: below "March 1985", add: CHANGE 1 - 1MAY 86

page iv: )
change "Sample Activity Output®" to "Sample Single Burst -
Activity Output”

change "Sample Multi Burst Output” to "Sample Multi Burst
Activity Output”

nage 9:
” paragraph 1, line 3: change "in" to "by"

in Eq 1, in the first term after "where", add after ln(rm):
"{rm is the mean radius of a distribution]"

in Eg 1, in the second term after "where", add after 1ln(c¢

"[orm is the standard deviation of the mean radius of a dié@rlbutlon]"
page 10: Add the following note at the bottom of the page.

"NOTE: Nomenclature used here for lognormal functions

follows that used by DELFIC. A statistician would be more

comfortable with the following equivalent terms:

particle size distribution: radius distribution
volume distribution: volume distribution with respect to radius
surface area distribution: surface area distribution with respect

to radius”

page 12: in F.gure 1, the line for DELFIC was not plotted
properly; DELFIC is the sum of two cumulative log normals, and is
therefore not a straight line on this graph. The maximum
deviation of the proper line is no more than 1/8" left of the
existing line at midpoint. The proper line can be found by
plotting data from Table II on Figure 1,

ﬁ=§F 17: Equation 3 is incorrect; the equation given is actually
et he' which is also found on

the horizontal stabilization time, T




X

é page

! page

y

!

E

]

"
page
page
page
page
page

page 85. The correct expressions for Equation 3 follow: -

"For 1 teo 10 KT:
Tvs = 347.0 [s] ( 3.1)

“e:é’.;’::s
For 10 to 15,000 RT: 2 \‘;\2‘\"!
TVS = 368.384 - 37.0093 (1lnY) + 21.7003 (1lnY)

- 4.8593 (lnY)>+ 0.288198 (1n¥)? [(s] ( 3.2

For 15,000 to 50,000 KT:

Tvs = 164.0 [s] (3.3 )"

28: paragraph 3, line 4: change "less" to "more"

39:
paragraph 1, line 5: change "three" to "two"

paragraph 1, line 7: change assumption 1. to read:

"1. The activity density of the cloud does not vary
vertically or laterally within five gamma mean free path
lengths.”

paragraph 1, line 9: delete assumption 2. .

paragraph 1, line 11: change assumption "3." to "2."
paragraph 2, line 2: change “"two assumptions” to "assumption”
paragraph 2, line 3: <change "establish" tc "establishes" ,fﬁ

44: paragraph 2, line 7: add the following sentance:
" (An analytical solution is also available in Appendix K.)"

45:
Table VIII: after "Cabin Radius M" add a column as follows:
n | Analytical Cabin
| Geometry Factor
1 K

B-1B 1.53
B-52G 2.20
B~52H 2.20
E-3 2.69
E-4B 4.86
EC-135 2.65
KC-135 2.65"

51: see below
67: see below
70: add:
NOTE
Tables X through XX and Tables XXII through X4KIV were
created using the horizontal cloud stabilization time rather than
the vertical cloud stabilization time. The text of the thesis
correctly uses the results of the vertical cloud stabilization

.
time for comparisons. No major differences in output o
between the two cases (vertical or horizontal stabilization time) Rt

-2 -
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will be noted for the Time = 1 hr cases used in the text of

the thesis. At very early times computed by the user, there
would be differences. This problem is fixed by changing Equation
3 (above, page 17) and changing Appendix A2. and Appendix E
(below, pages 84, 104).

ﬁ@;
" page 73: paragraph 14, line 2: change "Offut"™ to "Offutt"

page €4: in the first table, change the line that reads
"1,000 5651 845.2" to
"1l,000 5651 202.7"

change the equation for Vertical stabilization Time (secopds) to:
"For 1 to 10 KT:

T, = 347.0 [s)
For 10 to 15,000 KT: 2
T g = 368.384 - 37.0093 (lny) + 21.7003 (lnY)

- 4.8593 (1nY)3 + .288199 (1n¥)? [s]

For 15,000 to 50,000 KT:

T, = 164.0 [s) "

page 85: 1line 2: change "vertical"” to "horizontal"®
page 88: 1line 13: change "largest particle™ to "largest size particle"

page 90:
line 7: change definition to read "component of wind

“ along track"®

line 8: change definition to read '-omponent of wind
across track"

line 14: change "distance" to "vertical distance”
page 91: paragraph 2, line 3: change "a disk file" to "disk files"

page 98: 1line 7235 must be deleted or commented out if the
filter described in lines 7210, 7220, and 7230 is to be used.
Line 7235 overwrites the variable filter.tx.factor(G) with the
factor 1 (none are trapped) when it is desired to run the case
without a filter.

page 100:
add line 1045: "1045 ‘'change 1, 1 May 8% by Capt. Conners”

replace line 1070 with the following line:
"1070 PRINT "Version 8.l===c-crrerememcccrccccncreenene 1 May 86"

add line 1165: "1165 'ELSE CONTINUE : ' (WHICHS = 1) "
add at the end of line 1220: " :'number of bombs"

3 add at the end of line 1230: " - see text for justification”

A’
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page

page

page
page
page

page
page
page

page

101:
line 1370: change ":'HR" to ":'HR since burst"

line 1430: add ":'M" to the end of the line
line 1450: add ":'M" to the end of the line AN

104:
add line 2245:
"2245 'Units - 3.7E+10 Curies/sec - 1.6E-11 J/MEV - 3600 sec/hr"

replace line 2260 with the following lines:
"2260 IF KT >= 1 OR KT <= 10 THEN STAB.TIME = 347.0/3600

2261 IF KT > 10 OR KT < 15000 THEN
STAB.TIME = {368.384-37.0093*X+21.7003*X"2-4.8593*X"3+,288199*X"4) /3600

2262 IF KT >= 15000 OR KT <= 50000 THEN STAB.TIME = 164.0/3600
:'HRS time for vertical cloud stabilization - CHANGE 1 - 1 MAY 86"

106: add to end of line 2710: ":'DELFIC prediction, Nevada soil"
113: add to end of line 4650: ":'unit time dose, no shielding"

115: add line 5145: -
"5145 PRINT#1, "DUST/DOSE ver 8.1, 1 May 86 by Capt. Stephen P. Conners"

117: line 5650: change the third comma (,) to a semicolon (;)

119: line 6040: change the third comma (,) to a semicolon (;)

120: o ﬁi’

line 6340: change "ELSE WORST.STEP" to "ELSE WORST.ALT"
line 6470: add to end of line: ":'penetration time"

121:

change line 6510 from
":IF DELTAT<.1l OR DELTAT>100 THEN DELTAT = INTERVAL/8"

to
":IF DELTAT < .1 THEN DELTAT = INTERVAL :'to reduce compute time
:IF DELTAT > 100 THEN DELTAT = INTERVAL/8"

add to end of line 6530
":'for each group (disc)..."

add to end of line 6540
":'for each deltat”

add to end of line €550
":'let cloud fall"

add to end of line 6570
":'get rid of grounded groups"”

add to end of line 6610 ==
":'advance time to next penetration/stop time" Pt




add to end of line 6620
":'find activity and dose, or mass, etc."

page 154: add to beginning of line 1: "K1."

page 155:

add below the last line:

"Note that a Cabin Geometry Factor K can be computed for a

point other than the middle of the cylinder.

Determine the

distance from the desired point to each end of the cylinder; call

these two distances D1 and D2.

The program is then run twice

using using D1 and D2 for the pseudolength, producing results Kl

and R2.

note

The aggregyate K factor is then (K1 + K2)/2, Further
that the less central the point is, the less reliable

the assumption of uniform distribution of mass around the cabin.

2 Jvtical Solution for Cabi .

2 Lt. Peter Vanden Bosch of the USAF School of Aerospace Medicine
has developed an analytic solution for the cylindrical cabin

integral contained in Eq 40.

The solution to this equation is

the term K in Eq 41.
1

R = --—- H 1n(H%+R%) + R tan" ! (H/R) - H 1ln(H)

2

10 2..2..5 2 2..2..5 2 2
SEde + === | uH (H®4R®) " + uR“In[H+(H“+R“)°~] - uH® - uR
‘i’ 2 |_

1

+ -—- u?Rr%y
4

page 156:
paragraph 1, line 13: change "1984" to "1983"
paragraph 1, line 13: change "1984" to "1983"
add: "Current address is: Capt. Stephen P. Conners
- Chief Physicist
544 SIW/DIA
Offutt AFB, NE 68113-5000
Current telephone is: 402-294-4666, AUTOVON 271-4666"
NOTE: A clarificacion of the lognormal distribution aryuments in
DELFIC and a derivation of the analytical solution of the
5’@ cylinderical cabin integral are available at the above address.
o
Post this change at the back of the thesis.

for a cylinder of radius R and length H.

Non-central cylinder 1locations can be determined by the
same method noted above,

1n(R)




