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1.0 INTRODUCTION

The low lying layer of dust created by nuclear bursts over
desert-like ground surfaces produces several effects which are of
importance to the defense planner. First, this layer, referred to as
shock-entrained or sweep-up dust, contributes to the loading of the dust
stem which is of importance in considering RV or interceptor erosion,
radar propagation disturbance, and radiocactive {allout. Secondly, the
low lying layer can itself adversely affect propagation of radar and
other electromagnetic or optical communication signals. Thirdly, this
dust is of concern because it may alter the waveform of the shock wave
and because its concentration may be so great as to affect the dynamic

load imposed upon a s¢ructure.

Jo

A newly devised tcchniquen for determining shock-entrained
dust concentration through analysis of existing Nevada atmospheric test
photographic records is described in this report. Results obtained by
application of the technique to s .ected motion picture frames of several

nuclear test shots are also presenced.

1.1 BACKGROUND
The extensive Nevada test movie footage has been elfectively

exploited in the past to arrive at mathematical expressions for the

At the outset of this research the name "Visual Range Technique" was
coined. The designation used herein, which better connotes the more
general aspects of the method, is "Contrast Attenuation Techi ique™.




spatial dimensions of the precursor shock-entrained dust layer as a

function of weapon yield, burst altitude, and time. This was accomplished

by correlating, for a variety of test shots, measurements of dust layer
film images with known burst data and time (Reference 1). 1In somewhat
related investigations (Reference 2) measurements of the height of the
thermally generated pre-shock dust layer werz made utilizing the Nevada

Test Site (NTS) films.

Merely a cursory examination of the NTS photographic data
reveals that there exists a large collection of movies produced to record
various nuclear effects on a variety of objects. The objects are usually
at ranges varving from a few meters to about a hundred meters from the
camera. Almost invariably, during or shortly following the observed
effect, both the photographed scene and the camera become immersed in a
cloud of dust. As the dust is swept to and fro «cross the field of view
by the post-shock winds, objects are alternately rendered visible or
sbscured by the nonuniform billows. Toward the end of the negative phase
the dust cloud approaches uniformity, and the objects become more or less
clearly visible, depending on their distance from the camera and on the

veneral level of dust concentration.

These observations of the reduction in visibility of the

photographed objects led to the present attempt to express this measureable

reduction in terms of the unknown dust concentration and the usuallv known
observer/object distance. This would then allow one to determine the

concentration level., Indeed, previous investivations based on this

LSO




approach can be found (e.g., Reference 3). Although these studies
involved fog as the obscuring medium, and visual measurements were taken
at the actual scene and not from photographic replications of the scene,

the principles employed are quite applicable to the present problem.

In the cited study an approximate theoretical relationship
between the meteorological range (related to the visual range) and the
liquid water content of fog was developed. The relationship was later

refined (References 4, 5, and 6) to include precise specification of

the particle size distribution. In these studies, predicted water content
based on observed meteorological or visual range was in good agreement

with measured water content, as exemplified in Figure 1.

The visual range is roughly defined as the distance in an
attenuating medium at which an object is barely perceptible to an
observer. Based on this rough definition, the cited studies may be said 3
to have determined the concentration of the fog by measuring how far the
human eye can see into it. Actually, the concept of visual range is
derived from the ideas of contrast attenuation and visual threshold
(Reference 7) and may be more precisely defined as the distance, under ]
daylight conditions, at which the apparent contrast between an object
and its background becomes just equal to the observer's threshold of

contrast detection.

In observing an extensive landscape on a hazy day the reader
has doubtless observed the phenomenon of contrast attenuation. The

photograph of successive mountain ranges shown in Figure 2 clearly depicts
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Figure 1. Meteorological range versus liquid water

the phenomenon.

content of arctic fogs. From Kumai (1973).

It is observed that the tree covered hills in the fore-

ground are in pronounced contrast with the horizon sky background, whereas

the contrast becomes progressively less pronounced for the more distant

ranges. Contrast attenuation is further demonstrated in the photograph

of Figure 3 for

which fog is the attenuating medium. Here, it is seen

that the trees become less darkly contrasted against the light background

as their distances increase until eventually no contrast is detectable.

A tree just at the threshold of detectability would be said to be at its

visual range.

For the particular fog in which this photo was taken this

distance was measured to be 45 meters.

The present study has applied the concepts of contrast

attenuation and

visual range in analyzing selected Nevada atmospheric test |
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1

photographic records. 1n particular, photographs of objects at known
distances and under various degrees of obscuration by dust are examined
either visually or with the aid of a microdensitometer to arrive at a
determination of the level of concentration of the dust. It should be
pointed out that the techniques used here are rather crude compared to
those involving the sophisticated dust analyzing instrumentation currently
employed in high explosive tests. However, it is felt that the visual

and photometric approach set forth here is well suited to gain otherwise
unobtainable dust concentration information from the photographs of past

nuclear tests.

1.2 OBJECTIVES
The objectives of the present study are enumerated below.
The respective section of the report which documents the accomplishment

of each objective is noted.

1.2,1 Formulation of Theoretical Principles

Although the principles on which this study is basqd are not
original, nevertheless they have never been applied in connection with
the determination of dust concentration. Therefore, a brief summary is
given in Section 2 of the concepts of brightness contrast attenuation,
visual range, particle size distribution, and Mie scattering cross-
section as they are applicable in the present context. The theoretical
relationships from which one obtains the desired dust concentration in

terms of observed contrast attenuation are also presented.

12
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Exhaustive Survey of NTS Films and Associated
Weapon Test (WI') Documents

The DASIAC catalogue of Nevada atmospheric test films was
searched in an attempt to locate all motion picture footage which is
relevant to the present shock-entrained dust concentration study. Films
were selected based on documented descriptive comments on the objects
and action within the field of view as well as furnished quantitative
data pertaining to frame rate, time duration of film, and range of cameras
and objects from the burst. The quantitative data was considered in
conjunction with known time of arrival and spatial extent of the dust
layer to select promising footage for further visual examiration. Each
candidate movie was then viewed to ascertain the degree of obscuration
of objects within the field of view in order to determine whether contrast
attenuation and/or visual range could be measured at various times

following dust arrival.

In addition to the survey of the film archives, the associated
weapon test documentation was also searched to obtain parameter values

required in performing the dust concentration determinations. The

e
=

1t should be borne in mind that, during the Nevada test series, dust
was generally regarded as merely a nuisance to be avoided in performing
nuclear effects photography. On occasion, definite steps were taken to
alleviate the visibility problems caused by the dust. These included
stabilization of the so0il in the photographed region and elevation of the
cameras well above the groupd surface. It should also be mentioned that,
since there was little interest in photographing the dust itself, much of
the footage showing pronounced obscuration of the test objects was dis-
carded. In view of the present defense interest in nuclear dust these
circumstances are unfortunate, cspecially so now that atmospheric testing
is disallowed. In spite of these drawbacks, however, a large number of
motion picture sequences were tfound to exist which can provide dust
concentration information when analyzed by the contrast attenuation
technique.




requisite quantities include photovraphic lavout ceometries, tilm and
Praming rate intormation, and weapon burst parametoers.  The analvsis
also required the satherine o data pertainin te size distribut ion and

refractive indes of tie NS dast particles,

.23 Pertormance o a Consistency Choeck on Contrast

Attenuation lechnique Results

Aopurpose of the prosent studs was Lo opertorm preliminar:
tests tor validatine the aewl. devised technique Lo cain cont fdence in

{ts suitability 1or phvtosraphically deterrinine nuclear dust concen-
tration levels.  One <ucnh test, whivh was considerad essential, was to
check the consistency o the dust concentration predictions when the
method was applicd te tilms o1 ditrerent shots for which the test
conditions were approximatels cquivalent.  The results of this consistency

study are presented in scection 3,

1.2.4 Determination ot Scensitivity of Dust Concentration
Predictions to Variations in Particle Size Distribution

It was suspected that the dust concentration determined by tiw
contrast attenuation technique woald stronely depend on cholee of parti-
cle size distribution. A sensitivity both te the shape and the sice
timits of the distribution has been demonstrated in visuad rance doter-
mination of tos density (Reterences 4, o, and 0), lo ascertain the
decree ot this sensitivity tor the present dust considerations the
investivation described in Section 4+ was carricd out. Tt was expected
that this investication would provide an indication ot the uncertainity
in the determined dust concentration levels arisine trom possible

uncertainity in measurcd particle size distribation.
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1.2.5 Microdensitometer Measurements of Contrast
Attenuation

To complement the determination of dust concentration through
visual detection of threshold contrast (reported in Sections 3 and 4),
contrast measurements were made with the aid of a microdensitometer
(reported in Section 5). One of the purposes of these measurements was
to provide a check on the visual measurements. The other purpose was to
extend the contrast attenuation technique to cases involving general

contrasts below and above visual threshold.

1.2.6 Investigation of Error Sources

In addition to the investigation of the effects of uncertainty
in particle size distribution on the predicted dust concentration, pre-
liminary examinations of other expected sources of error were made as they
were encountered in the study. There are basically three categories
of error sources. These are, 1) uncertainties in contrast attenuation
and threshold associated with the actual viewed scene, 2) inaccuracies
introduced in the photographic replication of the scene, and 3) limita-
tions of the theoretical models which relate the desired concentration to
the measured contrasts. A thorough determination of error bounds of the
contrast attenuation technique will require performance of the experiment
planned in objective 1.2.7.
1.2.7 Development of a Comprehensive Validation Test Plan

To accurately quantify the accuracy of dust concentration

levels predicted by the contrast attenuation technique a detailed plan

of a validation experiment was devised (see Section 6). This experiment

R
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is designed to be performed in connectien with a future high explosive
test. The experiment will determine the accuracy of the technique by
comparing dust concentrations deduced from photographically recorded

contrast attenuation with those obtained simultaneously using state-of-

the-art dust sampling and measuring instrumentation.
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2.0 FORMULATION OF THEORLETICAL PRINCIPLES
This scection presents a4 summary ol the concepts of brightness
contrast attenudation, visoal range, particle size distribution, and
Mic scatterine cross=section as they pertain to the present dust consid-
crations.  Also presented is the theoretical tramework tor relating
thoese quantitivs to persit solving tor the desired dust concentration.
‘ 2l NAUTENUATTON OF CONTRANT

Consider an obscrver and an object viewed under daviicht

conditions, both {mwersed o o anitors attenuating particulate medium

as oshown in Fioure S It the object is an ideally black one its image
witen obscervaed at close rance (oo, B = 0, and no interveninge medium)
represents g conplete absence ot Tight, and the image is darkly contrasted
asalu=t the light backeround .  As the observver moves awav from the object
tive "airlichd™ pheneorcnon causes the object to appear lighter and hence
Tess darkls contrasted wainst the backeround.  This phenomenon results
Pros the scattering o Ticht into the cone ot vision trom all points in

tite partivalate tediun and the subscquent rescattervins ot osome of this

Pty i Coo Liae o oottt ch ety inte Lin Choerver's ove,
ol brtter s it tered TEont veavioes thie cne irer Lhie divection o i
(S G bt Lite b oo o Drionlte ain i1 [ TR N P it ‘ troastl,
e brichtness contrast, when the obh oot da viowe s 110
et o W oo b el the tpoarent o contrastd g [
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OBSCURING MEDIUM
OBSERVER OBJECT
DISTANCE
R

Figure 4. Object viewed by an observer through

a light attenuating medium.

where B b(R) is the brightness of the object as measured from the distance
o -

R
by

contrast of the object when viewed at close range is

where C  is the contrast measured at close range (i.e.
0

y

the inherent

contrast of the object). We note that, for an ideal black object,

B (0) is 0, and C 1is -1.
ob O

1.

, and B is the brightness of the background. Similarly the brightness

(2)

[t is known that the contrast "attenuation'" caused by the

medium is wiven by

this relationship is well established experimentally,
it mav be derived theoretically trom tirst principles

ot Reterence 7).

Furthermoere,
(>Cu (?I).I}'VI [Sh S

(3

+
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where R is the object distance, and Bg is the scattering extinction

b

coefficient of the medium. Accordingly, the contrast "transmission” is

defined as

CRY/C) = exp(-ER) . )

DETERMINATION OF EXTINCTION COEFFICIENT BY
MEASUREMENT OF VISUAL RANGE

i~
(B

As the observer/object distance R is increased the contrast

transmission drops in accordance with Equation 4. When the contrast

transmission drops to the threshold at which the image is barely
distinguishable against the background, then the object is by definition
at a distance equal to the visual range V. Under these conditions we

have:

: = exp(=f V
(L/Co)thrcsh exp Ls\)’ (5)

from which we can calculate the extinction coefiicient.

L (C/C
o }{K 7(7 }{)'tlyrjzf;h

Vs v (6)

Thus, if opre measures the distance at which he just perceives an object,

and if he knows his cve's contrast transmission threshold for the

*II' the object is not ideallv black then it "emits" some light, and dirvect
beam absorption in addition to scattering of this light by the inter-
vening medium must be taken into aceount.  For the completely black
object, however, the contrast attenuation is caused solely by light
being introduced into the ficld »f view, and this process involves only
scattecing. Al the cases considered in the present study iovolved
objects which more or lTess approached blackness, so that only scattering
wits considered. there is no reason, howvever, why the method cannot be
used tor objects having non-zero inherent brightness, as long as the
absorption cross section is appropriately introduced.




particular object, he can determine the extinction coefficient of the

medium from Equation 6.

Obviously, measurements of visual range by different observers
would be expected to differ somewhat because natural evesight variations
result in differences in contrast perception from once individual to
another. Tests in which thousands of threshold measurements were made
on a large number of individuals give a measure of the statistical varia-
tion to be expected (References 7 and 8). In these tests each observer
determined the visual range by measuring the distance from a range marker
at which he just perceived the marker. Simultaneously, the extinction
coefficient of the medium was measured with a transmissometer. Then,
from Equation 5 the contrast transmission threshold associated with each
measurement by each individual observer was calculated. The thresholds
were found to be distributed log-normally as shown in Figure 5. Using
the midline between the two sets of measurements one sees that only ten
percent of the measured thresholds fall below .0l5 and only ten percent
lie above .067, and the median threshold is .030. We summarize in
Table 1 the experimentally determined variation in observers' thresholds
and the corresponding variation in the extinction coefficient determined
from Equation 6. The foregoing data imply that if a random observer
determines visually the visual range for one of the scenes shown in the
selected films and employs the expression CS = 3.5/V, then eightv percent
of the time the true value of BS would lie approximately within plus or

minus twenty percent of the calculated value.
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PERCENTAGE OF OBSERVATIONS HAVING LESS THAN THE INDICATED VALUE
OF CONTRAST TRANSMISSION THRESHOLD

Figure 5. Statistical variation among individual

observers' contrast transmission thres-
hold for a black object (Co = -1).

Table 1. Observed variation in
contrast transmission
threshold and corres-
ponding variation in
extinction coefficient.

(C/Co)thresh Ps
NOMINAL LOWER LIMIT .015 4.2/
MEDIAN VALUE .030 3.5/V
NOMINAL UPPER LIMIT . 067 2.7V
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It is important to point out that exrept for very small dark
objects and very poor lighting conditions, the threshold distribution
shown in Figure 5 is independent of object size and background lighting.
Indeed Blackwell (Reference 9) shows this independence to exist for
objects whose angular diameter exceeds 200 arc-minutes (approximately
cquivalent to a dime viewed from one foot away) and for lighting
conditions varying from those of noon on a clear day down to one quarter
hour after sunsct. We mention that the lighting conditions and the object
. (or rather, film imayge) sizes encountered in the present study do not

exceed these limits.,

It should be noted that a possible error is introduced when
one makes the visual range determination from a photograph of the scene
instead of the scene itself. The differences between the actual visual
range and the "photouraphic" range can arise from threc sources. First,
a variation from unity of the slope of the emulsion's characteristic
curve can result in a difference between the contrast on the photograph

and the contrast existing in the actual scene . Second, there is usuallw

some scattered light present in cameras. Addition of this "“veiling glare”

to the licht in the direct imave can cause a reduction in contrast.

Third, the emulsion has a spectral sensitivity that usually deviotes from

| that of the eve.  This fact, coupled with the attenuating medium's possible
preferential scattering of certain wavelengths in the resions containing

the spectral sensitivity deviations, can alter the contrast.

In spite of this alteration in contrast, films with aon-unity soamma can
still be usced to determine the dust extinetion coert leicnt, and hwence

the dust concentration, as is demonstrated in Section 5.

I




The exact extent of the effect of these photographically

introduced errors on the results obtained in the present dust study can
only be determined by duplicating as nearly as possible the experimental
conditions which existed in the nuclear test. Duplication of conditions
pertaining to attenuating medium, lighting conditions, and cameras and
film emploved is planned in the high explosive validation experiment
described in Section 6. Preliminary to this comprehensive experiment
some measurcments have been made in the present study which give a rough
indication ot the magnitude of the difference between visual and photo-

graphic range which might exist.

This preliminary experiment involved measurement of the visual
range in foy instead of dust. Various objects immersed in this fog were
approached by uan observer, and the distance at which each object became
visible (visual range) was measured to be 45 meters, The object was
photographed from this distance using high speed Kodak Tri-X Pan film
at £/5.6 and 1/250 second. Photos were also taken at measured increments
nearer to and farther from the object. Figures 6 and 7 arc photos of a
cabin and rail fence taken at the visual range and at 10 meters (22 percent)
nearer. The cabin is seen to barely approach the threshold of visibilicy
on the photographic record only when the camera is moved closer bv this
amount. Similarly, Figures 8 and 9 are photos of a tree taken at the
visual range and at 15 meters closer. Here, there is scen to be a
23 percent difference in the visual range and the photographic range.
These photos demonstrate that an error could possibly be invelved in

determining the visual range from photographic records in the present
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Figure 6. Cabin photographed from the visual range of
45 m in fog.

Figure 7. Cabin photographed from a distance
10 m less than the visual range.
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ure 8. Tree photographed from the visual range of
45 m in fog.

Fiyure Y. Tree photographed from a distance 15 m
less than the visual range.
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dust study. If such an error does exist for dust it would have to be
added to the inherent uncertainty associated with visual range measured

at an actual scene (Figure 5).

2.3 THEORETICAL RELATIONSHIPS BETWEEN THE EXTINCTION
COEFFICIENT AND THE DUST CONCENTRATION

Subsection 2.2 demonstrates how the extinction coefficient of
the dust can be determined through measurement of the visual range. It
is now shown how the concentration of the dust can be calculated from

this extinction coefficient.

The scattering extinction coefficient BS can be expressed in
terms of the microscopic scattering cross section O and the particle

size distribution function f as follows:

r
max

B = Os(r,ﬁ,A)N f(r)dr

Tmin (7

Here, f(r)dr is the fraction of particles having radius between r and

r + dr, N is the particle concentration (total number of particles per cubic

centimeter), and n is the complex index of refraction. The smallest
and largest particle radii present in the distribution are denoted by
r . and r , respectively.

min max

The cross section for scattering of light of wavelength X by

a particle of radius r can be calculated on the basis of Mie theory. This

has been done for spherical particles having the appropriate index of

refraction for southwest desert dust (References 10 and 11) and for a wave-

length corresponding to the peak of the photopic vision response curve
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(A = O.SSU).“ The ratio Q(r) of this calculated cross section to the

§ e e oo 0

geometrical cross section is plotted in Figure 10 as a function of

particle radius.

We now note that the particle number concentration can be
expressed in terms of the mass concentration p, as:

s}
N - m B

’ (8)

r
max

. 3 -
(4/3)0 7 p [(r)dr
min &
where p_is the particle "grain" density, assumed here to be 2.6 gm/cm’

g “

(Reference 13). Substituting this expression into Equation 7 and solving

for the desired dust mass concentration, we obtain

r x 3
rma‘ r- f(r)dr

) _ e " min

{ m (4/}> H};B s - - . (9)
max

Q(r) rz f(r)dr

r .
min

Equation 9 is employed in Section 3 and 4 to calculate dust

mass concentration levels based on visual range determination of tg using

There is no fundamental reason which prohibits generalizing the caleula-
tion to include the entire visible spectrum. To effectively exploit

this generalization, however, the film response to the various wavelongths
would have to be taken into account in equating Equation 7 to Equation 8
when solving for the desired dust concentration. Moreover, the capability
exists to calculate the scattering cross section for more realistic
irregularly shaped particles (e.p., Reference 12) as opposed to perfectly
spherical ones. However, these generalizations are beyond the scope of
the present investivation.
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Figure 10. Ratio of Mie scattering cross section
to geometrical cross section as a
function of particle radius.
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Note: This is not to be confused with the commonly plotted ot/ﬁr
(where 0L = scattering plus absorption cross section) for

which the asvmptotic value is exactly 2.
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Equation 6 and Table 1. In Section 5 dust concentration is calculated at

times other than those at which rhe viewed object is at the threshold

of visibility. In this case Eg is determined by the replacement of the
log-contrast-transmission threshold value of 3.5 by the general value

measured by the microdensitometer and by the replacement of the specific

visual range V by the general camera/object distance R,
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3.0 CONSISTENCY TEST OF THE CONTRAST
ATTENUATION TECHNIQUE

To test the consistency of the contrast attenuation technique,
films of two different, but roughly equivalent, shote were analyzed, 1In
this particular case a specific aspect of the technique, namelv, dust
concentration prediction through visual range determination, was tested.
In Section 5 one of the selected films (GRABLE) is analyzed further
from the more general standpoint which involves concentration predictions
at times other than that at which the viewed object is precisely at the
threshold of visibility. For considerations of the present section
threshold determinations were made visually from the projected image of a
positive copy. For the extended study of Section 5 the original negative
as well as the positive copy were analvzed with the aid of a microdensi-
tometer, and some observations were made concerning the suitability of

employing the copy as regards to tidelitv of contrast reproduction.

3.1 TIME OF OCCURENCE OF VISIBILITY THRESHOLD
The two shots under consideration are UPSHOT-KNOTHOLE shot 10

(GRABLE) and TUMBLER-SNAPPER shot 4 (DOG), for which the burst parameters

are given in Table 2. Also shown in the diagrams are the burst altitudes,
ranges to photographed scene, and burst clevation angles. 1t is to be
noted that the upper diagram corresponds to tie lesser vield or 15 KT,
whereas the lower diagram corresponds to the greater vield ot 19 KT,

Some vield-scaling relationship for shock=entrained dust concentration
undoubtedly exists which, if known, could be applied to the diagrams to

more nearly equalize them.
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On this basis the two shots are scen to be roughly equivalent | and
we now demonstrate that at about the same time at ter sihock arrival,
rthe extinetion coertficient and the

about the sane respective values tor both shots.

Figure 11 shows two frames from the GRABLE film (EGG 16725)
picturing a boxcar viewed from a camera mounted 5.2 meters above ground.
The boxcar is located 37 meters from the camera. The first frame
corresponds to the instant of shock arrival from the left. The second
frame (number 628 measured from shock arrival) corresponds to a time
after arrival of 9.8 seconds and is the frame adjudged to picture the
lower left quadrant of the end of the boxcar at the threshold of visi-
bility. It will be noted that the contrast varies somewhat f{rom quadrant
to quadrant. The vertical increase in contrast is a systematic variation
which is consistently noted in the films and which is associated with
a decrease in dust concentration with height above ground. Horizontal
variations result from the fact that all the billows in the originally
turbulent sweep-up rarely smooth out into a statce of perfectly uniform
density. The lower left quadrant has been sinpled out for examination
because it is in an appropriate position for comparisons to be made with

the viewed object of the TUMBLER-SNAPPER/DOC film.

“One should bear in mind that , althoupgh an abundance ot suitable tilm
footage exists, it is nevertheless ditticult to tind exactly equivalent
shots having equivalent camera locations, and most importantly, having
objects viewed from cquivalent distances and vantape points.  The latter
cquivalences are essential in testing whether cqual visual ranges are
observed at roughly equal times after shock arrival.
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Figure 12 shows two tframes from the DOC fitm (GG 13396). I he

dark object sclected Yor observation here is the pair ot horizontal black
smoke streamers enanating trom the pole in the lower lett toreground.  The
camera's vertical vantage point Is the same as in the GRABLE 1ilm, and

the distance to the smoke streamers is 46 meters,  The irst tfrane
corresponds to the onset of the necative phase and the sccond pictures the
smoke streamers at the threshold of visibilitv.  The frame picturing
threshold is number 277 from shock arrival and corresponds to a time of

7.9 scoeonds.

3.2 DETERMINATION OF INHERENT CONTRAST

To arrive at the extinction coefficient using Lquation 6,
together with Figure 5, one must know the inherent brightness contrast,

CO, of the viewed object. The reason for this is that the (C/C‘)
thresh

of Figure 5 is based on observations of an ideal black object (CO = -1),
and unless the object observed in the present investipation is ideally
black, appropriate adjustment of the ordinate scale of Figure 5 must be
made. Determination of CO would require another photograph of the object
taken at close range (i.e., no intervening dust) at exactly the same
instant of time that the visibility threshold is detected. The pre-shot
view will not suffice, although it does view the object with no inter-
vening dust present. This is because it corresponds to a different time
and, hence, to different background lighting conditions. Thus, the
background brightness of Equation 2 would differ from that at the time

Cthresh is observed (Equation 1, with R = V). At anv rate, the preceding




. Black smoke streamers in 1-S.DOG
test (Film EGG 135390) viewed
during necative phase and at

re

Fioure |1

/oY seconds atter shock arrival.




considerations are academic from the present standpoint since we are

limiting ourselves in this section to measurements performed with the

1inaidn
uliaiadi

d cye. But the

eye can only detect threshold contrast and is
unable to assign a value to a non-threshold contrast such as Co'

Therefore, CO must be deduced from other considerations.

With regard to the T-S DOC film it mav safely be assumed that
the black smoke approximates an ideal black object sufficierntly closely
that the value -1 may be adopted for CO. Concerning the boxcar of the
U-K GRABLE film, however, CO must be deduced from an experimert which
fairly closely simulates the nuclear test conditions. This experiment
involved measurcment of the brightness or, equivalently, the reflectance
of ordinary boxcars under background lighting conditions which varied
sufficientlv widelv to encompass the actual test conditions involving

the enveloping dust layer.

Preliminary to the experiment, color {ilm footage of railroad
equipment involved in the UPSHOT-KNOTHOLE series was viewed with the
intent of ascertaining the color of the boxcars used in the black and
white GRABLE film presently being considered. Tt was concluded that the
GRABLE boxcars were either of the ordinary rust red variety or were dull

black in color.
It will be recalled that the inherent contrast is defined as

B . (0) - I
¢c = ob 7

Bpy (10)
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where BO (0) is the brightness of the object as measured at close range,

b
and Bbg is the brightness of the background. But the brightness of the

object is simply

B.(0) =R B s

ob ob "bg (11)

where Ro is the reflectance of the object. Thus, by substitution we

b

have

This equation was employed in conjunction with meacsurements of Rob’
performed on black and rust red boxcars, to determine the appropriate

CO to use in analyzing the GRABLE film.

The experiment was conducted as follows. A freight vard was
visited around dusk on a clear day, and suitable boxcars were selected.
Measurements of the brightness of the boxcars were made at various times
shortly preceding and following sunset. The instrument emploved was a
silicon photodiode photometer ("spotmeter™) having a one-degree view
angle. Simultaneously, measurements were made of the background, which
in this case was the sky. For calibrating the instrument scale simul-
taneous measurements were performed on standard Kodak 18 percent (grey)
and 90 percent (white) reflectance test cards. As check points, mea-
surements on a piece of black velvet cloth mounted on the boxcar were
included. This cloth is known to very closely approximate an ideal

black object (R = 0).
ob
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The value of C0 for the rust boxcar was determined graphically
as shown in Figure L3, Spotmeter readings of the sky were plotted at
the LU0 percent retflectance level. This is because the sky, being the
sole source of light, mav be treated as a pertfect reflector in the
present context. The spotmeter readings tor the standardized reflectance
cards were plotted at their respectively known 90 percent and 18 percent
levels.,  These three sets of points defined straight lines on a log-log
srid. Extrapolation of the lines allows one to locate the reflectance
associated with spotmeter readings of the boxcar. The reflectance of the
rust boxcar was found to beabout 8 percent, and measurements on the
black boxcar gave essentially the same result. This value of reflectance
corresponds tu a Cu value of =-.92, As a check on the procedure, the
reflectance associated with the spotmeter readings of the black velvet
was determined.  As expected, this reflectance turns out to be very

nearly zero (0.3 percent).

3.3 DETERMINATION OF EXTINCTION COEFFICITENT AND DUST CONCENTRATION
Emploving Equation 6, Firuve 5, the visual ranges deduced

from the films, and CU values of -1 and -0.92 for the smoke streamers

and boxcar, respectively, we obtain the values of extinction coefficient

shown in Table 3. Here, the wedian value tor (C/C

) Coaiven in
o thresh

Table 1 has been enploved.

We now emplov Equation 9 and the just obtained values of
extinction coetticient to calculate the dust concentration. For these
calculations a lognormal particle size distribution is used which has a

median radius 0.61), a standard deviation of 0.94, and particle radius

'
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limits of 0.2 and 25u. These experimental data, obtained in the
TEAPOT/MET shot, are discussed in Section 4. The resulting dust con-
centration levels at the times indicated are shown in Table 3. It is
appérent that the results for the two test cases agree sufficiently
closely to establish the consistency of the approach. The slight
deviation is certainly within the range one would expect as a result of

the known dissimilarities of the two cases.

Table 3. Measured visual range and calculated
extinction coefficient and dust
concentration for the two test cases.

EXTINCTION DUST
TIME AFTER | VISUAL
- sooE AETER | et COEFFI_C]IENT CONCENTRA3TION
SHOT (SEC) (M) (M (cM/cM3)
UK-GRABLE 9.8 37 9.2« 104 | 1.6 x 1077
-4 -7
TS-D0G 7.9 6 | 7.6 x 10 9.5 x 10
L40




4.0 SENSITIVITY OF DUST CONCENTRATION PREDICTLUNS TO
VARIATIONS IN PARTICLE SIZE DISTRIBUTION PARAMETERS

The particle size distribution assumed for the dust particles
figures prominently in the expression for the mass concentration of the
dust (Equation 9). Therefore, it is of interest to investigate how
sensitive the calculation of the concentration is to variations in the
distribution. This investigation is undertaken in this section in con-
nection with the dust concentration level calculated by visual range
determination for the TUMBLER-SNAPPER/DOG shot as recorded in DASIAC

film number F1481l, (Produced by the U.S. Forest Service).

Selected frames from this movie are shown in Figure 14. The
viewed object under consideration is the tree that remains standing
after shock arrival. It is known to be 49 meters from the camera, and
both tree and camera are 1463 meters from ground zero. At a time of 26
seconds after shock arrival the tree is just at the threshold of visibility.
Thus, at this instant of time the visual range in the dust cloud is 49

meters.

The reader has perhaps observed that the burst/camera/object
geometry for this film is fairly similar to that of the T-S/DOG film
examined in Section 3. However, the times at which threshold occurs are
found to be quite different. There are two reasons for this apparent
discrepancy. TFirst, in the present film the camera is mounted much
closer to ground level than in the previously analvzed tilm. Secondly,
the time of threshold in the present {ilm is determined after the obscura-

tion has peaked and has begun to lessen. But in the previous case,

a4




Pre-shot view

(b) Shortly after
shock arrival
(burst to
right)

Fizure 14, Sclected trames 1rom TUMBLER=SNAPPER /DOG

film (DASTAC Number FL481).
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time of threshold was determined before obscuration had peaked and was
still increasing. The much lower camera in the present casce Is looking
carly through verv dense dust and, consequently, the tree is obscured
very soon aflter shock arrival. One must wait until the dust has thinned

out considerably before visibility of the tree is restored,

Using then the visual range of 49 meters, an appropriate value
of CO for the tree, and the data in Figure 5, one can obtain the value of
the extinction coefficient of the dust at 26 seconds. One can then
investivate the sensitivity of the dust concentration predictions to

particle size distribution variations by emploving different choices of

this distribution in Equation 9.

The value of CU for the tree was deduced from spotmeter mea-
surements on a pine tree in an experiment like the one involving the
boxcars described in Section 3. The values obtained were -0.85 for the
branches and -0.88 for the trunk. We will select the latter value for
use here although the true value for the tree in the tilm is probably
somewhat closer to -1 due to charring caused by the thermal pulse. With

C = -.88 and V = 4Ym we obtain for the extinction coefficient an expected
)

) e B ) ,
(median) value of 6.9 x 10 cm with the usual nominal error bounds

of 120 percent applying due to variations in observer contrast threshold.

In the present parameter sensitivity study the particle size
distribution to be considered first is that determined experimentally in
the TEAPOT/MET test shot. This shot, which was detonated at Frenchman
Flat, had a vield of 22 KT and a burst altitude of 122 meters. Samples

of dust entrained by the shock wave were collected at elevations of




I and 3 meters and at distances trom ground zero rangineg 1rom 600 neters
to 90U meters.  The particle size distribution, averaved over all
collecting stations, was Tound to be 10',;110“!1;11* in shape with a number
sedian radius of 0.61,0, a mass median radius or 7.5, and a standard
deviation of 0.94 (Reverence B3).  As far as the present authors have
been able to ascertain, these data constitute the only particle size
distribution measurements reported in connection with shock-entrained dust
venerated by nuclear bursts.  Reference 14 does not specify the lower

and upper radius limits of the sampled particles L and F But

from the quantities supplied, tosether with the definitions of the
distribution, number median, and mass median, two equations canbe derived

from which these limits mav be determined uniquely to be r = 0.2.

. 3
min

e detinition wve are usine tor the (cumulative) losnormal distribution
and its associated parameters is as follows:

v )
i B 1
C dt = | ’_l + ort (}')],
Ry 2
t(r/r )
[ . . N
wnere vo= - ,ooand roand o oare the median radios and standard
. O

1.l

deviation, respectively.




Usine the TEAPOT/NED size distribution and the provicasis
determined extinetion coerticiont, we calculate sroon Lguativn Y Lo aist
concentration at 2o scconds atter shoos arrival.  the value ontained
is 5.0 - 0 S/ on as osnown as Lhe tirst o entry ot fable o [he 1 irst
parameter variation considered 7s snown in the sccond cotrys fiere, ti
maxinmum particle radius was incressed droastically while at the sanc tine
Sowas altered to preserve the number and mass pedians acasured in MET.
It is secen that this variation produces only a small change in dust con-

centration. Next, the distribution shape was arbitrarily changed to two

exponential torms commonly found in nature (shown in the next two entries).

At the same time the lowver and upper radius limits were modificd to
preserve the MET median radius data. Both exponential distributions are
seen to give significantly lower dust concentrations than do the Tognormal
distributions. For the final paramceter variations considered we
arbitrarily adopt the lognormal distribution measured from samples of
thermallv produced pre-shock dust collected in the T-8/DOC test shot
(Reference 15, page 49). The size distribution of dust produced by ther-
mal blowoff is obviously expected to differ greatly from the distribution
of dust generated by the shock entrainment mechanism. We consider it
here only for purposes of dust concentration sensitivity analvsis.  This
pre-shock dust distribution, shown as the last entryv, viclds a dust
concentration value which is more than an order of magnitude tower than

that predicted with the MET lognormal distribution.

Obviously, only a small set of an unlimited number of

possible size distribution variations has been considered.  From

i,

R .




Table 4. Sensitivity of dust concentration calculations
to variations in particle size distribution.

ALCULATED DUST CONCENTRATION
SIZE DISTRIBUTION LA CONCENTRATIC

ASSUMPTTONS (10_’GM/CM5)
TEAPOT/MET SHOCK ENTRAINED
DUST MEASUREMENTS
MUMBER MEDIAN RADIULS = .61..
MASS MEDIAN RADILLS = J.2.
LOGNORMAL (= = .94)
MIN T = .2 8.6
MAN r = 1)
LOGNORMAL (- = .91) 8.0
MIN v = 2.
MAX r = 100,.
-3.0
v
MIN v = 6.
MAN ¥ = 2% 1.2
_"6
r
MIN r o= a8,
MAX r o= 116;. 1.7

TUMBLER=SNAPPER/DOG PRESHOCK
DUST SNTASURLHERNTS
SUMBER MEDTAN RADIUS = L0311,
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those variations made, however, it is apparent that dust concentration j
. - . . . . e i

results are quite sensitive to the size distribution assumed. This is i
to be expected since Equation 9 makes it apparent that there is a :
|

complex interplav between the third moment of the distribution (cumula- i
tive mass between the limits) and the second moment (cumulative area). i
4

4

The intluence ot this latter term is further complicated by its %

. convolution with the widely ranying and fluctuating O of Figure 10. This
is not to imply that great uncertainty exists in the results obtained
bv the contrast attenuation technique.  This would be so only if the .
originally assumed MET distribution were suspect, and there is no

reason to adopt this position.

In this connection it might be argued that it is inappropriate
to use the TEAPOT/MET particle size distribution in calculations of
T-S/D0G dust -oncentration, since the latter shot occurred at a different
location of the test site, namely Yucca Flat, which might be expected to
have different dust properties. It will be recalled, however, that this
choice of particle size distribution led to consistency between measured
extinction coefficients for the U-K/GRABLE (Frenchman) and T-S/DOG
(Yucca) tilms analyzed in Section 3. This fact, considered together

with the connection bewween extinction coefficient and particle size

distribution (LEquation 7) stronglv implies that the distribution is

essentially the same in both locations.




5.0 MICRODENSTTOMETER MEASUREMENTS OF
CONTRAST ATTENUATION

In Sections 3 and 4 the extinction coefficient and the corres-

ponding dust concentrations were arrived at for a particular time through

the determination of the visual range in the dust at that time. 1In the

present section the extinction coefficient and concentration will be
determined at general times other than that at which the object under
examination is at the threshold of visibility. This will be done with
the aid of measurements of general contrast attenuation performed on a

microdensitometer.

Ut
—

INSTRUMENTATION AND PROCEDURE
The measurements were performed on the Marshall Space Flight

Center IDAPS (Image Data Processing System) which was developed for

N

Skylab experiment analysis. The IDAPS hardware consists of the following

items:

A
=

1) Film scanner

2) Terminal minicomputer

3) Interactive display and control

4) Hard copy devices

5) Host computer

The film scanner has a scan aperture of 351U and can perform integration

at four levels of precision to obtain progressively enhanced signal/noise

See Fivure 15
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ratios from 20 Jdb to 46 db. The precision level adopted for the present

measurements corresponds to S/N of 40 db.

An example of a hard copy image displav and data readout is
shown in Figure 16. The user defines rectangular areas of the object
over ecach of which the instrument will average the transmittance and
provide a numerical value tor the corresponding average brightness. An
absolute brightness level calibration is not required in the prescent
study since only brightness ratios are necded to determine contrast. The
rectangle to the right was implaced to obtain an average brightness level
over the lower left quadrant of the end of the boxcar. The rectangle to
the left was implaced to obtain the average background brightness level.

The readout on the left corresponds to the boxcar rectangle and gives

in histogram form the frequency of occurence of brightness levels associated

with cach elemental area in the scan. An elemental area is 5 pixcels
x 5 pixcls, where a pixel is 17.5¢. The minicomputer then computes from
this distribution the mean brightness, seen here to have the value 165.

The corresponding value for the backuround was 173.

From the definition in Equation 1 the contrast observed from

a distance R (37 meters in this case) is found to be

C(R) = ,I:‘lb.(,R)g:_ ],stl?:’v = Bib,(ji) -1
Poy Doy (13)
R
= 73 L =-.0730 .

Using the value of -.92 for C’, determined in Section 3, one can solve
{

Equation 4 for the extinction coefficient to obtain the value

=4 -1

o= 6.8 « 10 cm . Substituting this value into Equation 9 and emploving

s
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the TEAPOT/MET particle size distribution presented in Section 4, one

. -7 .
obtains a dust councentration of 8.6 x 10 gm/cmj.

At this point a deficiency of IDAPS, which has an impact on
the results obtained here, should be mentioned. ELach elemental film area
is assigned an integral grey value lying betweein 0 and 255, the specific
value depending on the measured transmittance of the particular elemental
area. The minicomputer properly averapes these integral values over the
designated rectangle. However, the software routine is such that this
average is rounded off to the nearest integer before being displaved on
the screen. Unfortunately, time wasg not available to modify the software

so as to allow retrieval of one or more extra dipits.

s

Thus, error bars had to be assigned to each measured brightness
and to each subsequently calculated contrast, extinction coefficient,
and dust concentration. For the preceeding example these error limits

are determined as follows:

¢ - 1035y 0676

lowver 177.5

. _ 164.5 _ ,

upper 178.5 L =-.0785, (14)

with corresponding lower and upper limits being calculable for the C
dependent quantities Yy and Pm- This round-oft error becomes particularly
bothersome when the values of Bob and Bbg are fairly close together and

arce in the tens range (i.e., rounded ol to a two-digit integer). 1t should
be emphasized that these errors arise from a rectifiable deliciency o

the instrument used in the present study, and the resultant uncertaintics

in the calculated quantities should not be attributed to the contrast

attenuation technique itself.
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MEASUREMENTS AND CALCULATIONS
Microdensitometer measurements were performed on selected
frames of two U-K/GRABLE movies. The [irst {ilm analyzed was EGG 16725
which was previously examined in Section 3 in connection with visual
determination of extinction coefficient and dust concentration. This {ilm
was shot from camera A as shown in Figure 17. The second film considered
was EGG 16726 which views the same boxcar during the same time period but

from camera B.

Figure 18 shows the shock arrival frame and the selected suc-
cessive frames of ECG 16725 for which contrast measurements were made.
Note that the boxcar end is conveniently divided into quadrants. DMea-
surement of brightness contrast averaged ouver each quadrant or pairs of
quadrants separately allows investigation into the nonuniformity of the
dust cloud. Care was taken not to include in a rectangle any portions of
the light cross or letter "P" on the boxcar. Inclusion of these light
regions is not appropriate when using the CO value of -.92 and will lead

to erroneous results.

Figure 19 shows the extinction coefficient as a function of
time after shock arrival as calculated from contrast measurements performed
on film EGG 16725. Corresponding results for dust concentration can be
obtained from these curves by application of the multiplicative constant
noted. Measurements were performed on the nepgative original (obtained
from DNA Field Command) as well as on a positive copv (obtained from
DASIAC). It is seen that the copv consistently vields slightly hipher

values of extinction coefficient than the original. The lower two sets
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Figure 19.

TIME AFTIR SACCK ARRIVAL [CEC

Extinction coefiicient of dust
based on microdensitome*er mea-
surements of contrast performed
on boxcar image in GRABLE shot
(Film EGG 16725).

Dust concentration (GM/CMj) = 1,20 ~ 10—3
(based on Equation 9 with TEAPOT/MET particle size distribution).

.

extinction cocetfticient




of curves demonstrate the expected tendency toward decreasing concentra-

tion and extinction coefficient with increasing height above ground. The
middle set of curves (original) are seen to be somewhat wider spread than
the lower sel {copy). This is because the rouid-of [ citor buuids wetc
greater for the original (on account of the two-diypit difficulty mentioned
earlier) and because, in addition to the quadrant averaging noted,
averaging was also performed over these bounds. The tendency of the curves
in the two lower sets to become compressed together at later times demon-
strates the gradual approach toward uniform concentration in the dust cloud.
Additional data points were gathered for corroborating the
values of extinction coefficient and dust concentration obtained from
measurements performed on {film EGC 16725. The first set of these addi-
tional points were obtained from EGG 16726 through measurements of contrast
of the same areas of the boxcar seen from camera B at the same times.
As before, LEquation 4, with CO = -.92, was emploved to solve for the
extinction coefficient. However, in this case R is now 61 meters instead
of 37 meters. Figure 20 shows the boxcar at the instant of shock arrival
as viewed from camera B. Note that camera A appears in the foreground.
Contrast measurements were made on the original at 6.3 and 7.9 seconds
atter shock arrival and on the copy at 6.9 and 7.9 scconds,  Calculated
extinction coefticient values corresponding to these measurcments for
the lower left boxcar quadrant are denoted by squares in Figure 21, Thev
are seen to be in good agreement with the values obtained tfrom EGC 16723,

which are denoted by circles.

Still further data points were obtained bv applving measurements

from EGC 16725 and EGG 16726 in combination. Here, a slightly different
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approach, which eliminated the use of C , was taken. In this case the
Q

attenuation in contrast observed in moving the viewpoint from A to B wa

used to arrive at the extinction coefficient. Here tg is obtained fror

¢, Toene Ry ’ (13

where CB and CA are the contrasts of the lower left boxcar quadrant as

measured {rom tframes photographed at the same time bv cameras B and A

L}

respectively, and R\B is the distance between A and B, namely 24 meters
Iy

The resulting extinction coefficient values, denoted bv trianvlies in
g s A &

Fivure 21, are seen to corroborate the other data.

Finally, the diamond shaped data point on the lower curve (¢
of Fieure 21 is the value of the extinctioon coeflficient deduced in
Section 3 strictly from visual threshold determination, 1t is notewert
that this determination was made prior to and independentliy or the wmicr
densitometer measurements.

5.3 tt AND D CURVE CONSIDERATIONS

Up to this point no consideration has been wiven to the
application of i and D curve corrections in arriving at the desired
brivhtness levels from the microdensitometer transimittances.  No such
corrcections were applied because, at the time of writing, this data had
not been located for the films under examination.  lLowever, the ol lowis
discussion will provide assurance that, at least in so far as the orisis
nesative is concerned, such corrections to the brishtness contrast leve,

and to the resultant extinction coetticient and dust concentration value

arv tikely to be insioniticant.




In the first place it is quite reasonable to assume that the
exposure latitude of the emulsion employed was such that, in the moderate
exposure region considered in the selected GRABLE films, the characteristic

curve is linear (Reference 16). For this situation we have

D = 1lug10(BL) + D“ .

(16)
where D is the film density, Bt is the exposure (with t beinyg the exposure

time), and ' is the slope of the linear portion of the curve. But the

density as determined by the microdensitometer is

where T is the measured transmittance. Combining Equations 16 and 17
we obtain

e = Ruw s (18)
where K and t are constants.  In terms ol the ratio of the reciprocal

transmittance of the imave ol the object to that of the background we

have
(1/r Loy o= =k LS ) .
AN b el on o’ (19)
wow 17 is assumed to be unitv as it has up to now, Lhien the object/back-

cround contrast is obtained directly from the transsittance as measured
by the microdensitoneter.  ‘That is,

: = = ; ) - = Ty -
Ceo= 1) (o /By) = b= QT = . o

ob
I, however, 7 is not unity, then these same measurced transmittances must
be moditicd as follows to obtain the corrected value ot contrast:

L/
COFL)y = a (a1

[hﬁ/ ob




But 'l'l /T is simply the uncorrected ratio, Therefore, the
by -

lob I)(»b/hbg'

corrected contrast is given in terms of the uncorrected brightness ratio
bv

, ) , 1
c = /8 ) 1 : (22)

Corr. by uncorr.,

Because the original ilm was processed under precision
conditions, it is quite likely that the ' of the negative does not vary
more than five percent from unity in either direction (Reference 16).
Assuming this maximum deviation, the corrected contrast can be determined
from Equation 22 together with the uncorrected brightness ratios used to
arrive at the negative original curves of Figure 19. Vhen this is done,
the curve obtained by averaging over all quadrants is found to differ by
less than three percent from the ' = 1 case, with the variation in
cxtinction coefficient being in the same direction as the [ variation.
Thus, the extinction coefficient and corresponding dust concentration
results obtained from analysis of the original negative can be considered

very reliable apart from H and D corrections.

It is seen in Figure 19 that the positive copy curve is
displaced upward from the negative original curve by an average of about
twenty peccent.  This deviation can be explained on the basis of Equation
22 topether with the assumption that the processing of the copy was
performed in such a wav as to produce an approximate forty percent

cuhancement in ..

Ordinarily, this is considercd a verv pronounced enhancement,

but it can casily be accomplished in copving a film (Reterence 17).




Moreover, such an enhancement of ' is in accord with caveats given in

Reference 18 as to the unadvisability of using the copies in photometric
analysis., This reference states that the processing of the copies
involved deliberate deviations from normal procedure in an attempt to
maximize the usefulness of the films as regards to certain visuwal intor-
mation ot interest to the userg at the time of filming. Thus, the GRABLE
copies emploved in the present study represent an extreme example of
contrast distortion., In spite of this fact, It is reassuring that
extinction coefficient and dust concentration results derived from the

copy differ so little from results derived from the original .

J U has been broucht to thie attention ol the authors that the nesative
coploved [n the measurcments actual iy was not the oricinal but g cops
therceot (Ret. 19). Recardine the acceptability o the use o this

nesative the anthors have consal tod with an dndividual wie was principaiis
involved with BOC in toc SIS photosrapny, wis toe fnventor of Uhe i

used, and Is recognized as oa toremest scnsitometrist (Res . 26) . T Qs
= opinion that the copying procedute i tnds case wis s lelengis wel
controlbbed that the chavacteristic curve o Lhis copy s very neariy U
Same s that ot the ovicinal s He ds, therctorey cf tac opinion toaat, tor
Lhe prosent considerations (foe. Drichiaess 1atie feasurenent g cpiesco
Lo absolute bricshtuness), the tase of thils cope o shoubd cor b prac Ui
Srpeses cdve toe o sane vesults as the cricinad o necative wonld i,



6.0 TEST PLAN
6.1 INTRODUCTION

The contrast attenuation technique tor deducinge dust concentra-
tion tevels from NTUS [ilms shows wgreat promise tor extracting usctul data
from the existing film tibrarv., In addition to providing a new tyvpe of
measurement from these archived films, the technique can also be usced to
normalize existing computer codes and/or assist the phenomenclogy modelers
in their formidable task of describing dust environments. However, unless
the accuracy, limitations and sensitivities of the technique are quantita-
tivelv known, the resulting dust concentrations will be viewed with a
skeptical eve by any potential user. 1t was to dispel this skepticism
and to provide conerete validation of the contrast attenuation technique

that compelled us to recommend the series of tests given below,

As mentioned above, there exists a considerable number of rilms
taken duriny atmospheric testing over an extensive period of time. Manyv
of these films contain contrast attenuation information, i.e., a target
and camera separated by a known distance and both enveloped by the sweep-up
dust so as to partially or totally obscure the target at a known time.
Cntortunately, for manv of the films there exists little or no details
which we could locate concerning photosraphic procedurces, processing, and
oven canera settines.,  Rather than clbiminate such ilms trom the analvsis
eftort altorsether, it mav be possible to at least bound the dust concen-
tration derived trom them by a caretul and svstematic studvy of the expected

s itivities to these parameters.




Dur ing

the analysis effort reported herein, the nuclear tests
that provided the data were TUMBLER-SNAPPER and UPSHOT-KNOTHOLE. Both
of these test series have adequate documentation available to determine
the necessary experimental configurations; therefore, we will model the
validation experiments upon these specific cases. During the validation
tests, we will also obtain data for use with films from other nuclear

tests cven where sufficient experimental details are lackin.

A number of known potential sovurces of error exist in the
contrast attenuation method of determining dust concentration from NTS
films. Table 5 lists these critical parameters. The intent of the valida-
tion experiments is to measure the sensitivity of the deduced dust con-
centration to cach parameter as well as the cumulative errors,

¢

bBoth the cancra cawl Tilm to be used foer the validation experi-
ments will be selected to mateh, as closely as possible, those used for
the nuclear tests.  In this way we will be able to perform specific tests
under both laboratorv and field conditions to determine theirv behavior

and relate it to the nuclear test film data.,

There are a number of parameters which arftect the film data
titat relate to actual test conditions.  These are the background Juminance,
dust particle size distribution, and particle absorption and scattering
relations. We will measure the background luminance, dust density,
particle size, and the index of refraction for the dust particles actually

cncountered during the photographic sessions,




Table 5. Critical p:

tion rom

accuracy of

trameters aftecting the
the contrast attenuation

method of determining dust concentra-
NTS {ilms.

PARAMETER SPECIAL 1SSUES
SCATTERED LIGHT
CAMERA LENS SPEEU
FILM SPECTRAL RESPONSEL
SPEED
PROCESSING

ORIGINAL VS COPY OF FILM

BACKGROUND LUMINANCE

SPECTRAL CHARACTERISTICS
TIME DEPENDENCE
UNIFORMITY

PARTICLE SIZL
DISTRIBUTION

SHAPE
MAXIMUM AND MINIMUM SIZES

DUST ABSORPTION AND
SCATTERING

INDEX OF REFRACTION SINGLE
VS MULTIPLE SCATTERING

VISUAL RANGE

FILM VS EYE

PEST REOUTRED s

Vb fvintdos oo

gttenuation b b

e contrast moethoo will done
reproniie ine oy e e ey several NS tilms vYror the S UMBLER=-
SNAPPER and LPsHo =l cobd gue fear tosts, Basod on the test toports
LU thiese shote, Ui croa ok i used te produce the data in oonr
dust densite o lbraces are i v Iabie 6.

Ihere were thrce olirrerent tapes of cameras usced to obitain
data to o which the contrast attenuation method vas applicds ihese were
the TG el Ty CSAP, and Pastas tvpes vach one is desceribed below,

0



Fable 6. List of cameras and films used Tor
determining dust concentration by
contrast attenuation method.

SPEED FILM
TEST SERIES CAMERA (FRAMES/SEC) (TYPE;
TUMBLER-SNAPPER | MITCHELL 35 918
FASTAX 700 913
UPSHOT-KNOTHOLE | BELL & HOWELL 64 516
‘ *
GSAP

6.2.1 Mitenelt Camera

The 35 mm Hich Speed Mitchell Camera is a precision unit
capable of tframe rates up to 128 frames/sce. Optically, it has the high
resolution characteristics of protessional motion picture cquipment and
was used for work between 24 and 100 frames/sec. Duce to its large trame
and fine resolution, it produced the maximum amount of information per
frame of film and could casily incorporate a timing licht mounted on the

housing door to obtain timineg marks on the side of the tilm,

Unfortunately, it is a larze and expensive picee of equipment
which restricted its use. Additionally, for nuclear testing, its large
size made lead shielding more difticualt. Theretore, the use o this
camera was restricted to stations where quantitative information was

desired and bevond the distances where shiclding was considered necessary,

Cun sight aiming point camera.



6.2..2 Fastax Camera
The 16 mm Fastax Camera usced o continuoas notion-rotatinge
prism tor verv hivh speed movies.  Althoogh the imapre quality was poor,

this camera save a high exposure =o that It was used when o low Level on

Ltllumination was available.

6.2.3 GSAP Cameras
3 The Bell & Howell CGun Sight Adming Point (GSAP) 16 mm Carerds
were used for the majority of cases. Due to its small and compact size,
., they were casily shielded. Alsoy it was relatively inexpensive, with

film mavazines to facilitate loading.

The stock GSAP camera was furnished with a so-called universal
Focus lens which was not satistactory for the type of photorraphic results
desired.  These were replaced by the manufacturer with a tocusine loens
and the camera modified to provide a "C" tvpe lens mount.  This chanoo
was made because the photouraphy was not all at the etftective intinity
of the standard lens and also because the quality of the replacement

lenses was much better than that ot the original cequipment.

The cameras as received from the manutacturers vere placed on
a collimator and the lenses shimmed to pive the sharpest tocus possible.
New T iducial marks were than etehed on the Tens mounts.  The resualts
were most gratitvine.  Cameras which had oiven a resolution of approxinatel
15 lines per millimeter and less before collimating started to cive a
consistent resolution of trom 30 to 50 Hines per millimeter, AT cameras

were then checked mechanicalty and clectrically and minor adjustoents made.




s

As a result of the care given them, the CSAP cameras operated cxtrencel
well mechanically on all shots and pave cacellent resolution in the

tield.

0.3 TEST REQUIREMENTS

The validation ot the contrast attenuation method will be b
on NS 1 ilms already existing. By duplicating as manv of the actual t
conditions as possible, new sources of errers between the validation
experiments and the NTS ones wili be minimized. 1t is for this reason
that the choices of cameras, tilms and other cquipment are constrained
For manv choices, we could improve the quality of the data but since

a true reproduction is desired, this will not be done.
6,31 Lgquipment Requirements
{tly

6.3, 100 Camervas and Film Requirements
A visit to the EGEC facility in Los Alamos was made to disa
careras, Cilms and other detalls with personnel intimately familiar wi

the NS rilem data.s Tt was thelr consensus that sceveral problems exist

in daiticalie reproducing the cquipment usced during the nuclear tests.

First, the GSAP canmeras were all scorapped by PCLC many vear:
aocoand are net avaitables Thev did think it would be possibic to Loc
otirer GSAP s and obtain them for onr experiments,but this will require
search As mentioned in Section L2, 3, the Tenses usad on the CSAP can
werte not o tie oricinad o ones sapplicd by the rianutacturer but of botter

gl ity with caretul cocuesine done in o the lab. o Avain., the actual len:

oaed e ne boncer avad bable o and new ones will bo o required.




A second problem mentioned by EGSG personnel was the procu
ol Kodak Type 918 ilm used for all of the NI'S films we have consider
is film is no longer manufactured by Kodak and would be difricult t
obtain., A carceful study will be required to sce if available films m
the 918's characteristics or if Kodak will manufacture Type Y18 in su
cient quantity for our experiments.

Use of Mitchell and Fastax cameras {or the validation cupe
ments should not pose anv problems.  There are sulticient quantities
these cameras in EGSG's hands to satisfv our needs. Film for these o

should also be Tvpe 918 so the previous remarks apply here as well.

6.3.1.2 Dust Mcecasurements

A number of in situ dust measuring instruments will be usce

to abtain time-resolyed particle sizes.  From this data, the particle
size distribution will be interred and used to calibrate the contrast
attenuation dust concentration determination.  The need 1Tor time=-reso

peasurenents is o to precisely mateh the tine when a specitic contrast

level 15 observed on the tilm tor the ditterent dust concentraticos a:

ciated with ditierent tarcet=vamera pathlenths,

Woe o rccornize that the measurenent of o sito dust particle:

wITD he vere challencing and will require carcrul plannins.  Althoush
there are o aneber o instruments available wiideh are claimed te prony
such mcasurcinents, in tact, the choices available 1or cur applicat ion
are very Limited.  Below we brictly describe several dittoerent instru
ments currently o availables A more detadled description is ocdven in ot

Appendais,




enent

meras

An Elecerical acrosol Size Analvzer is manutactured by
\ . . . . .o e

and has been extensivelv used In air pollution studies . this in
ment cives size and namber Intormation 1or submicrometer gerosels
Lions associated with this instrument include: 1) its use onlyv i
Less than one micron in size, 1) ils requirenent for approsisatel
minutes to process o sanple (whilch elininates time-resolved aata)
3) Its rvalrly copensive cost, (L.e., 520-3U8 per iastrument).

Another instrument available is an optical intertferonet

tem built by ULST and Spectren anag called o Particie Sizine loter
3

(Ps1)™. Le obtains in situ particle size, velocity, and nusber d
vs o time.  lhe particle sizes that can be measured cxtend over oor
2001 with the mean =sicge casity agjustabdle trow about Lo to milid
Thus, o very broad vance can be covered byouasin: several instrune
Al advantare claimed 1oy this instroocent i= tiat e is aen—invasi
does not disturd the tlowiiclds the maln disadvantioes are the =
dust o ovolune and e processing of Lne aata. vuestions have oarise
concernin thie uniqueness ol tne resulting particle sicess Tor ot
{n whicihr the particle sice ranse is Known that Qs not oo oserious

but tor the ceneral casce of an unknowin sige distrivoticn, iU coud

a lisdving tactor,

loe tinal instruzent which we will aiscases d= Loc 0 aws

) . . D .
Seattering Specirometer Probo buailt by Piis o, S e Thio
by sty Iacernerated, St Pauar, ianesotoa.
(2) Univelrs=10 0 Tenie=see Shoace DUl it o,y 0 el oty Tt o

(3 Particie Deasuria s Sonlers, soliier oot so,




air by using a Ulowtube placed in the free alrstream.  Time resoly
measurcements arce obtained aad by scelecting the appropriate componc
dittferent size ranges can be measured.  Manv o these instrusents
been used tor measuring dust concentration and particle size distr
in a varicty ol ficld tests.

We have tentatively chosen the PMS lostruments for our v
tion experiments.  Several ol these instrurents are available ior
any DOL sponsored test.  In addition, prior to ficld tests, we pla
conduct trials to improve the data treom these instruments and cenha

their ceredibility for this application.

b.3.2 Analvsis Requirements
As with any major test prosram, the requircenents or ana
rall into two general arcas:  Predictlons and Test fata tocess i

will discuss cach ol these below.,

o.5.201 dest Predictions
Prior to conducting tests that validate the contrast ot
tion method ot determining dust concentration, scoveral parascteo:

be det ined or estimated., Ihese include tarcct=-car

dust concentrations, duration of Jdust cloud, cotion of dust coowd,
pressure cxpected 15 onear an oexplosion, and ruriaance o tarcot oo
backyaround.,  Ater considering these tactors, o test plan wili b
produced specitving all of the Tocations 1ol carneras ang tar et -

woell as any necessary protection. dccorate predictions o0 tac po

Whoto

alo

thipdartors

.

vtoers boecone
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cvent occurs. A proeterable sethod wonlu be to conduct sia
witich can be repeated soveral times seoas to optlmize thce

cLers, ihen usine these resules and some scaling relation:

cont idently prodict the values tor the larcer HE test.

booLlol bata Analvsis
Data tres the vad bdation experiments will tall

catecories.  idrst, there will be Vilws of tarcets from whe

attenuation ntorcation will be obtained. Secend, there w

particle measurcreats Lesen at the = location

data to provide sbhsolute calibration of the dust concentrad

by the contrast attenuntion method,

Filr provessioe and analvsis will contorm to the
as much as possibles We will use the capabiltities and rtac
EGEG Taboratory in Los Alamos Lo insure maxinum consistenc
processiong. No difticultics are expected In reproducing t
conditions since many of these Tilms were processcd in thi:

by the sanme personncl.

For a quick=leook capabilityv, we mav asscable a g
cessing facility that can be transported and used at the t
used, this facility will provide pre=test calibration and
b virious test paramncters,

Analvsis o the dust particic data will depend

mentation vhmosen to make Lhe reasureroents., v e v et




be used to deduce dust concentration, particle size distritb
temporal characteristics,  Also, dust saoples will be analy
determine indes ot rerraction data tor use In computing the

coctrivient.

0.3 fest Pacilitices
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this sitey woe tav obtafn contrast attenuativon data, bul e
sivalate realistic dust clouds vill i SIS TON Vhi~ e e e

Sveo s enve lop o st o besid arenng The carera S Lol a




althousn we nay kick up dust between them using a truck so as to obscure

the visual path while photosraphing toe tarset.  In tods W

vy by having
the opportunity to test ditferent contivurations uader controlled condi-
tions, we will be able to prepare for MILL RACL with sone cont idence in

1

cur oability to obtain all ol the required data.

0.3.3.2  MILL RACL
The planned validation cxperiaent will be conducted at the

SILL RACL HE Test io lTate summer/tall of 1951, At the present Ulme, there

Is no Inforcotion available to us tor anv detailed test planning.  However,

based on similar tests conducted in the recent past, we can speculate on

some of the environments to be csmpected at MILL RACLE.

First, the location is to be at the White Sands Missile Rane
In Hew Mexico,  Depending upon the specitic test site, we mav not create
adust cloud compesed of sinilar size and tyvpe o1 dust porticles as was
done at the JTs shots, This mav or may not be important to our test.
The previowsly described Tield tests will be used to determine anv sucn

sensitivities.

We cxpect that cur location at JTLL RACE will be somewhere
arcund the 10=-20 psi distance tron oZe This will ensure an adequate dust
cloud and also adequate dust concentration within the clond.  Oney cameras
and tarvets woo b be placed at approximately the same distance trom Gooso
dwo Lo produce o unitorm sweep—up dust clond between them. Hardened coanera
rl tarcel sites wi.. be required as will protection for the dust particle

Pt oiment s,
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The cameras will have {ilm lengths suitable for the expected

test duration. This may range from one tou several minutes depending

upon the predicted dust cloud's behavior. TFor both the GSAP and Mitchell
cameras, the required film lengths will be about 200 ft/min, while the
Fastax camera will require considerably longer lengths if used at the

very high speeds shown in Table 6.
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7.0 CONCLUSTONS AND RECOMMENDATIONS

1t is concluded from the preceding study that measurement
of photographic contrast attenuation is a feasible means of ascortaining
the extinction coefficient and the concentration of shock-entrained dust.
The contrast attenuation measurements can be performed visually at
specific instants of time at which an object at a known distance from
the camera is at the threshold of visibility. Alternatively, and more
venerally, measurements at times other than the instant of threshold may

be obtained with the aid of a microdensitometer.,

Extinction coefficient results obtained by visual means werce
found to be in excellent agreement with those obtained using the cali-
brated instrument. Morcover, consistency of the method was veritied
when results obtained for two different test shots having roughly
equivalent scaled test conditions were Pound to be in close agreement.
Further consistency was established when measurements on simultancous
frames of the same object photographed rrom different distances vielded

closely asreeing results.

Microdensitometer measurements were made on selected {rames
of the original negative, and identical measurements were pertormed on
the same frames of a positive copv. Due to precision processing ol
originals, the results obtained from them arce expected to be very
reliable.  However, the study indicated that even copies, which were
processed carcelessty or with deliberate contrast distortions, are

capable of vicelding extinction coetficient values talling within twenis

percent ol those determined from an oricinal.,




Dust concentration levels woere oaleulated 1von the measured
extinction coefticient values using several (in some vases, arbitrary)
choices of particle size distribution. The resulting concentration was

found to be quite sensitive to variations in the distribution, implving

that care must be taken to correctly specify the distribution.  Fortunately

no uncertainty in the calculated dust concentration is introduced by this
sensitivity since reliable experimental particle size distribution data

for shock-entrained dust from an NTS shot is available.

A number of potential error sources associated with the
contrast attenuation technique were identified in the study. With regard
to visual determination of threshold contrast the most prominent error
source is that resulting from variation among individual observers in
the eve's threshold level. This source of error is eliminated, however,
when tlie alternate approach of measuring the contrast with a microdensi-
tometer is taken. A potential error source that remains, however, is
the possible lack of fidelity of contrast reproduction through the
photographic process. Such a lack of fidelitv was experimentally
demonstrated in the study for the case of fog, but it is impossible to
extrapolate the results of this experiment to the dust and the particular

film and processing associated with the NTS tests.

In view of the established practicability of the contrast
attenuation technique it is recommended that it be fullv exploited
through a program of comprehensive measurements on all suitable NS films.
Bv this means scaling laws can be constructed which relate the deduced

dust concentrations to all relevant parameters (e.g., vield, HOB, range,

altitude, time, cte.).  Concurrently, sw. up dust code calceulations




should be performed for comparison purposes. It is further recommended
that a similar comprehensive measurement program be carriced out for

films depictiny pre-shock dust. Also, any possible refinements to the
theoretical machinery for reducing this comprehensive set of contrast
measurements to dust concentration data should be undertaken concurrently.
For instance, refinement of Mic cross section calculations to take into
account the entire visible spectrum and the non-sphericity of the dust
particles should be undertaken. Furthermore, in order to be able to
correct for any deviations in contrast which may be introduced by the
photographic process, the extent of these deviations should be ascer-

tained by means of the simulation experiment discussed in Section 6.
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APPLENDIX

DUST MEASUREMENTS FOR CAT  VALIDATION

Contributed by br. J. E. Cockavnue)

The requirements for dust data include averape mass concentra
tion along the optical path, the complete PSD%% for the colfective-scatt
spherical size, the index (complex) of refraction, the complete PSD for
the eftective-mass=spherical size, and the specitic gravity., ‘These dat
are needed tor validating the CAT using cquation (Y). TFortuitousiv,
the PSD Iy weighted by "almost" the same moments above 0.1 micrometer

so absolute accuracy s partially alleviated by the ratioins of the two

integrals over the PSD. A decreasing specific cravitv, tor increasing

size, is possible due to the transition from grains to augresatos

auplomerdates so the third power could also be effectively veduced and
set the powers closer.
The primary devices tor measuring the path averazed dust dens
include microwaves, nuclear radiation and multiple point samplers o
various desians.  Microwave phase shifting has recently been applicd n
SRE dnternational to cases with vastly larper amounle of mass alom i
z
pativ (o/m7 )0 Thos complete reevaluation would be roequired as owell oas
probably more sophisticated instrumentation. (The wavelengtn could be
decreased trom UIF but 1t must be kept large coouph to keep all partic
in the Ravieivh scattering regime).

K

Contrast attenuation techuique

W

Particle sizce distribution




Various nuclear cages are proven but none s currently cont iy

for this application.  DBeams of cauma ravs, =-ravs, beta particles and
SAL proprictary hvbrid are available but need o sensitivity analvsis (o
these distances and densities, as well for the other conditions such as
ceventual blast hardening.  The multiple point approach mav be synergist
because or the need ror more detailed data (i.e., PSD) along the path,
h' Fhe need 1tor collected particles, to mecasure both specitic gravity and
lndes of retraction, can also tafluence the likelyv sensor for multiple
stations.

Tie Psb data can be automatically measured by techniques usin

an electric riclhd, acrodynamic droage and at teast two optical Interactio
for sorting/sizing. Untortunately, the large range of nusber concentra
Limits the effectiveness o any sinale probe to appresimately a tactor
of 10 to 20 in size, unless the temporal and/or dimensional resoluation
dearaded. These time resolved data can be supplemnented by casc tvpe
analvses in o laboratory using dust collected by tilters or coated

W

il oalse be svnergistical v combined with cne DD

Lpactors.  Ylters
devicee tor multiple station data.  That possibility is discussed ot
tollowin: approaco.

A aspirated svstem can be assenbled that obtains both aensit
and the weivhited modes ol the Pshe o The PSD micasarenent by tie Forwarg
Scattering Spectrometer Probe® (FSSP) usces aspivation to o pull the daaee
air thvourh g Tascer boean, e PRSP lowtabe e o phed e e e

al fls center so oparticles that are aeslomerated tooothor wiis noat be

anuiacturea by Particie deasuring Svstors, oo o0 nealder, Goleradoe




they are sized and enter the aspirator on

broken up until after
ol the tube svstem. A Pilter can casily be added to the outlet
(integrated) density measurcments. By normalizing the FSSp's Ps

oulput to the rilter's mass gain, the time varving density can b

¢
recovered.  The FssSPocan be automatically operated at approsimat
.o, L, 2, or 3 omicrometer (diameter) threshold and resolution s
. nating between the Doy and 3 scttings will produce zood PSh data
boand 50 micrometers, whicn snould detinitely Incluae the mode o
diviorential mass.  The mode of the ditrferential scatterin. area
oceur at oda osmall o osice but not sivailficantly below U0 micromoter
15
) the tatlort ol O (Filpure 10). Because o single in-sita cxperine
lons
CFEAPOL METT) had its number median dianmeter at 1.0 ricrercter, t
x median will detinitely be larveer 16 that empivical PsD Is acoura
=

maass medlian diameter was 1D micrometers. e Tactor ot 20 =smail

median tor TIMBLER=SNAPPER DOC (Table ) thermal blowort (proe-si
{mplicvs that the FSSP would neoed to be replaced by its clone ior
sizes; or an additional prebe added but that doubles the require
acquisition intertaces in o multiple station contlauration,

The path averaged/deasity caleutated fron multiplie sta
would prebably use mony extra 1 ilter stations in order to accura
represcent the variationeao glons the patin. iy it case, Uhie s
Atonds should be painted black o order for the photerapiny to

Gene ity estinates tor many short paths that are wore anitors,




Other PSD o instruments ol interest are the Electrical A

section 3
g
Analvzer (EAA)® and Lhe Particle Sizing Interlcerometer (PS1)s#,
tor -
sicing technique o the EAN s limited to acrosol sizes whicl is
)
ansaitable here, based on the TEAPOT (LT PSD. Another disadvant.
& the reqular LA system is the two minute processing tiwe Tor cac
L‘l',’ -
E wirich precludes time resolved PSDs.
alter=
i The PSS uses a projected bright/dark tringe pattera prg
botween
_ laser beam intertference for a particle to traverse.  Under very
Cothe
‘ conditions, the wide bandwidtn signal can be processed to obtain
will 3
: arca and both particle "diameter' and velocity transverse to the
Glic Lo 4
P lives/bands.  The inherent intertferometric principle makes this
1wt sy i
] very sensitive to any chance(s) in the clectrical mechanical or
eodatred
subsvstems.  Thus the PST is not divectly compatible with the jo
tes the i
_ unattended operation dictated by the farge @il QILL RACL) ltest p
Iomnboer »
#

The advantage of the PSL is that it is nen—invasive, whilch nav b

tor highly turbulent precursed shock waves.  bul the photocrapid

=i ey
integrates along a path so it eliminates any alrcet seasitivity
Wi
associated inhomogencitics.  Despite the flowtube ot the FSsiy L
‘ diagnosed air volume is totally sheathed by air so the particles
Slons
anatiected until atter sizsing.  the principle of the PSSP ois ot
L
.
“..i\;k

Hanutactured by TS, Toce o St Paul, Minnesota

hnufactured by Spectron Development of "South Los Anpeles", €
i |

and the University o Tennessce Space Iastitute ot Tultabioma,
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lennessoe,

scattering in tihe forward direction so [t Is also sensitive
scattering arca ol the particle despite tne tact that the ou
roraatted as diameter.,

A tinal PsD lonstrument tor consideration is Lie ot
cascade fmpactor.  This sensor uses acrodvnamic sortin: wits
"wicro-balances" (VCM)F at cach stage/ Lupactor Tor resl tine
the Psb o —-byv ditrerentiating the cumul, tive mass on ocach lope
Because sensitivity is controlled by the intesrated masses,
s afmost inverse in tine to that destred tor tihe shock ontr
layer. Other disadvantages include tne mass carrv=ever rros
stazes as theyv saturaie and the conversion rrom acrodynanic

optical (scattering) arca tor this application.

N

anutactuared by Calirornia Moegsureoents ey o siorr s T
md Berkeley (Gedcoee) Instraments, e o bervine, vaoior
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