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ANALYSES GF SWEEP-UP, EJECTA, AND FALLBACK MATERIAL
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Kenneth H. Wohlctz and Robert Raymond, Jr.
Los AlarnosNational Laboratory
Los Alanros, New Mexico, 87545

Glen Rawson (consultant) and Tom Mazzola
!l&DAssociatesr Marina del Rey, California, 90295

ADSTRACT

Ihe MISTY PICTURE surface burst was detonated at the White Sands
Missle Rang: in May 6f 1987. The Los Alamos National Laboratory dust
characterization program was expardcd to help correlate and interrelate
aspects of the overall MISTY PICTURF dust and ejects characterization
program. Pre-.shot sampling of the test bed included composite samples from
15 to /5 m distance from Surface Ground Zero (SGZ) representing depths down
to 2.5 m, Interval samples from 15 to 25 m from SGZ representing depths
down to 3 m, and samples of surface material (top 0.5 cm) out to distances
of 190 m from SGZ. CJccta and fallout samples were collected mostly alonq
3 radials (?25, ?70, and 337) from the crater lip to distances of 900 m
from SC?. Sweep-up samples were collected in GR[G/SNOi? gages located
witilin the [)Pi?.All samples were dry-sieved between 8.0 nnnand 0.045 MM
(16 size fractions); select.cd samples were analyzed for fines by a
ccnLri fugal settling technique. Ihe size distributions were analyzed usinq
spectral decomposition based upon a sequential fragmentation model.
Results >ugqest that tilesame particle size subpopulations are present in
th~ cjecta, fallout, and sweep-IJp samples as arc present In the pre-shot,
test.i)(-’d.lhc particle si;c distribution in post-shot cnvlronmcnts
a~~i~(~r(’ntiycan bc rnodcllmi t.akinq into account hrtcrogcnclties in the prr-
stliltt~!ltbe(i,lflddomin[lnt.wind direction duriflq dnd following the shol .
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this report are for a dust and ejects sampling and analybis rffort,

initiated to help correlate and interrelate aspects of the overall dust and

ejects characterization program. A unique aspect of this work is the

examination of sweep-up samples collected from sites subjected to peak air

blast pressures ranging from 1.7x105Pa to 5.44x105?a. Sampllng heights

ranged from 2.5 cm to 150 cm above the ground. lhesc sweep-up data are

compared with analyses of samples from the explosion test bed, fallout and

e.jecta samples, and fallback material located very near the cratf’r, and

with analyses of reconstituted soil make by F3.Phillips (1987). Particle

size data for the different environments ;~rcdecomposed into sub-

populatlons that reflect size of starting materials and can be used to

infer the mechanisms of fragmentation ~ncitransport for alffercnt size

ranges.

‘7
. . [IACKGROUN[)
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showed that the Lotal dust lofted was 3x109 grams. The cloud was

dig inctly binmdal wi, Ist maxima at 4.1 km and 2.9 km. The upper mass

peak was cnrichcd In th~ (plosive tracer and represented the nmre buoyant

fireball fraction of the c. IIJ. The lower altitude peak was enriched In

the SOI1 tracer enplaced ar.md the charge.

The tracer approach was expanded for MISTY PICTURE. Three tracers

were enplaced in the charge and 8 tracers

at 45 degree intervals and at d~pths down

ejected in the cratcring process. In addq

were distributed along 8 radials

to 1.8 m In material to be

tion 5 organic tracers were

distributed along 8 radials at 45 degree intervals at ranges of 91.4 m to

915 m to tag sweep-up material. No tracers were added tu the radial used

to simulate the thermal layer of non-ideal dusty air blast where the

reconstituted soil test bed had been prepared. LANL then fielded cloud

and fallout sampling programs to characterize both general dust and trarer

occurrence. Preliminary results have been reported separately (Bayhurst c~

al., 1988). lhc MIS1’I

cloud cover which made

th,lllfor MINOR SCAII.

PICTURE event was detonated under a substantial

dust cloud detection and sanpling nmrc difficult

[“urthcnnnrc,the time of cloud entry was delayed

rclatlvc to that of MINOk SCAII. Both of these factors suggest that lCSS

than optimum sa~lcs m,~yhave bcrn collrct.rdrcprcscnting only part of thr

dust cloud. lsti~~tcs from wciqhcd dust on the filters and c~ut{~tions

based on traccrdat~ were found tobr lxlOg gm, or 1/3 that ofHINOR SCAII.

However, this ap~]arcntIMSS Iof:.cdwithlllthe ztablirnd cloud is most

probably a minimal valur.

Other agrncics arcwkinq siqnifiuant contributions to the MISIY

PICIW?I.dust chi~rartcri~ationprogrilm. Cloud and fallout sa~lcs wrrc

collcfltcd.lndarc bcinq st.udirdby Scienct’!Applications lnt. Corp.

and I]articlcMPalSllrlllgSystmns Int’.(PMS). SAIC ,~lsohas prqrnms

:1
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the scourlnq of pebbles in the sweep-up region as well as tracking ejccta

balls marked by flares in flight (Cockayne, personal conununlcatlon;

Wisotski, 1987). The Waterways Experiment Station of the Army (WES) has

characterized the soil along the Dusty Prticursed Radial (Pt~illips, 198

WES has also conducted an ejects missile survey after the shot (Scott, in

progress). New Mcxlco Engineering Research Institute (NMERI) has me~surcd

and documented crater size and shape, surface displacements, and the ejt?cta

blanket extent and thickness (Benson, et al., 1988). Numerous marked

cjecta objects from penny- to bowllng-ball-size were also recovered. The

11S(icalogical Survey has photodocumented the crater and lip excavations and

provided gcotechnical interpretation (Benson et al., 1988).

As a supplement to the above projects, we were able to sample the

MISTY PICIURE test bcd prior to the shot and to collect sweep-up, ejects,

and fall-back material followlng the shot. In this paper we present

details concerning the sampled materials that shou’

bearing on all Interpretationsof transport mecha~

shot.

d have significant

sms resultlng from the

3. SANPI.ING

All samples collcctcd by I.AW were dnl~blcwrapped In scaled plastic

bags. Slflccsami)lcSIZC prol~lbltcdsl~llsl,lc~llyvalld dala for cobble anti

boulder sl~cctpdrticlc.i,no partlcl~s lart~crthaflabout 7.5 cm were

Cf)lll?ctrd.The Inrgcst boulders ohscrvcd In the pretest trcnchcs were

about 4!)cm x 60 cm ~n size. Ihcsc lar~.erocks occurred Infrequently; 10

cm to 15 cm cobbles cropped out much m:~rcconmonly along trench walls.

GR[G/SNOllgage SN~)lCS, collcctcd by Abcrc!ccnResearch aml H-1och

[dboraturlcs, Inc., were sciIlod~n mall zip-lock plastic Imqs.



3.1 PRE-SHOTSMPLING OF THE TEST BED

WES contracted to characterize soil of the Dusty Precursed Radial

(DPR), an area that was later to be covered by ItelIum-fi1led bags

(discussed below). As part of this characterization, approximately the top

0.6 cmat 24 localities were sampled w?thin the DPR. Average wet density

and thickness measurements were made prior to the final loosening of the

soil surface (Phillips, 1987).

Other than the sampling WES

was planned for the pre-shot test

contracted for, no additional sampling

bed. However, considering the need for a

comprehensive understanding of the starting materials, we collected samples

at the test bed as opportunities became available. Augered drill holes for

the LANL tracers and for the NMERI crater edge characterization using

buried columns of colored sand provided an opportunity to sample interva’

from the surface down to depths of 3 m. These are shown as open circles

figuri 1 (labeled MULTIP1.EHORIZONS SAMPLED). Co~osite sanples from th[

surface down to depths of 2.5 m are shown as solid dots and were obtained

from augered drill holes and ●lectrical cable trenches. Near the zero

azimuth radial, 4 samples of surface material (less than 1 cm depth) were

collected, 2 at 160 m and 2 at 170 m to 190 m. Three of the sanples are

typical of the bladed test bed: the nmst d!stant sample was virgin soil

composed of winr%lown silt.

3.2 POST-SHOT SAMPLING OF CLOSE-IN FALLOUT, EJECTA,

Fallout and ejects sampling was restricted to

s

on

AND FALLBACK MATERIAL

concrete surfaces

where It was unnecessary to define the boundary between deposited materials

and the in situ soil surface. Dependent upon sample thickness, areas from

0.1 to 1.0m2 were sanpled such that 1-2 kg sa~les were collected: mass

per unit area could then readily be Determined. Figure 2 shows the

sanpling locations of close-in ejectl and fallout. Dominant wind
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direction during and following the MISTY PICTURE shot had a west north west

trend. Thus radial 270 was closest to down wind and radials 225 and 337

were each approximately 500 off the dominant wind direction. Figure 3

provides the massfarea plots with respect to distance from SGZ for ejects

collected along radials 225, 270, and 337.

NMERI trench excavations of the crater lip revealed horizons that

included fallback from the coilapsed stemof the cloud. The upper two

horizons were sampled at distances of 60mand 67 m fromSGZ (Figure 4).

3.3 SWEEP-UP SANPLES FROH THE DUSTY PRECURSED RADIAL

The DPR contained a large area of reconstituted soil over which

helium was enplaced beneath large plastic bags. This produced a low

density “air” layer insnediatelyabove the ground that simulated the layer

heated by thermal radiation from a nuclear burst. Within this layer were a

number of GREG and SNOB gages to document the dusty flow and pressure

history. The gage pairs differentiate gas pressure from the pressure

exerted by the gas and dust mixture. The design of the SNOB gage includes

a tube that is 3.8 nsnin diameter. It is in these tubes that dust

collects. In the abse,lceof larger dust collectors, these provided swept-

UP sanples of the prepared test bed. Because of the small quantities

collected, individual sa~les were composite to enable analyses c6~arable

to the other samples being studied. Compositing was based on pre-screening

and microscopic examination (Rawson, 1987a,b).

Three sets of samples were collected from tubes where the GREG/SNOB

gages were installed. LAtlLhas obtained those supplied by Aberdeen

Research Center from the Hard Mobile Launcher (HML) mdels at peak

pressures of 2.0x105 Pa to 3.4x105 Pa, respectively at 278mand 346m.1

lNoel Ethridge of Aberdeen Research Center provided samples md locations.
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The tubes were Installed at heights ranging from 3.3 cm to 24 cm normal to

both the front and rear inclined surfaces. Initial analyses of the small

amounts of material in the 52 tubes indicated no systematic variations of

particle size distribution or mass with either elevation or pressure

(Rawson, 1987a). Thus it was determined all of these could be composite

for analysis. The second set of samples were obtained from H-Tech.2 These

covered a pressure range from 1.7x105 Pa to 5,4x105 Pa and heights from 2.5

cm to 150 cm. The tubes were mounted parallel to the ground on vertical

rakes. Preliminary analysis indicated variations mostly with elevation

(ltawson,1987b), so samples collected at heights from 2.5 cm to 23 cmwere

conposited and those of heights 30 cm to 150 cm were composite. The size

of the basal conposite was chosen to to be comparable in height to that of

the HHL sample. Due to the small size of sanples, the second co~osite had

to include all remaining sa~les up to a height of 150 cm. A small nunher

of sa~les held by Carpender Research Corporation have not been analyzed.

4. RESULTS

All samples were c!ry-sievedbetween8.O and 0.045nmI [-3# to4.5#:

#= - log2 (diameter in nss)],and selected samples were subjected to a

fires analysis by a centrifugal settling technique between the sizes of

0.0625 and 0,0001 IISII.The results of these size determinations were

subjecicd to distribution analysis using a spectral deco~osition (Sheridan

ct al., 1986) based upon the sequential fragmentation/transport (SFT) model

of Wohletz ●t al. (1987: in press). The underlying assun@ionof this

analysis is that sanple particle-size distributions are composed of several

2Bruce Hartenbaum supplied sanples and location information after samples
had been collected, weighed, and examined.
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subpopul~tlons, as shown by the polymodal nature of their size-frequency

histograms. A second assun@lon of the analysis is that the constituent

subpopulations are not lognormally distributed in size, but arc better-

characterlzed by the SFT distribution.

The SFT distribution was f “s1 introduced by Brown (1986) as the

sequential fragmentation distribution, which belongs to the Weibull f~mily

of distributions. Brown (in press) later showed that this model fits

observed size distributions of many types of particular matter, including

high explosive aerosols, bali mill products, and volcanic ash. Wotiletzet

al. (1987: in press) developed the SFT

materials and advocate its application

distribution (contrasted with comnonly

for application

because it is a

used lognormal,

to geologic

non-empirical

Weibull, md R6ssin-

Ramler distributions). The SFT distribution is formulated to express the

distribution of particle sizes derived from a sequence of fragmentation and

transport processes by which an initial mass is broken step-wise into

smaller fragments and sorted by one or inuretransporting processes. The

formof the distribution is similar to that of the lognormal except that it

has - built-in skewness, which is controlled by a free parameter:

@M=
3+

K2LGexp
d~ [-L ‘71)17+1

whereM is the sample mass retained in log~rlthmically spaced size bins (#

defined above), K2 is unity for distribution totalllng 100 Z, L Is particle

diameter, and ~ is the free parameter that determines the position and

width of the distribution. This equation is in part analogous to the

standard deviation of the lognormal

from -1 as the distribution matures

distribution, and ganma value Incre?ses

and becomes more narrow. Sa~le

8



subpopulations were fit to this distribution; five subpopulations were

required to account for over 95% of the variation noted for all samples.

4.1 PRE-SHOT SAMPLES

Those pre-shot samples analyzed were taken from radial distances of

15.8m (O - 0.8 mdepth) and 25.9m (O - 1.8 mdepth) along three principal

radials (337, 225, and 270 degrees). The pre-shot desert-alluvium size

characteristics are summarized in Table 1. Using normal statistics, the

mean grain diameter averages 1.45 nwnwith a standard deviation of 0.65 (log

units).

4.2 EJEcTA AND FALLBACK SAMPLES

Ejects and fallback were sampled and analyzed to a distance of 1000 m

from SGZ along the same three radials as were pre-shot samples. The

overall dispersal size characteristics are sunrnarizedby bulk sample

(single population) lognormal statistics in Figure 5, for which a ge,leral

increase in mean particle diameter is coupled to a decrease in st?ndard

deviation for samples taken at Increasing distance. This coarsening and

better sorting with distance is portrayed for each radial in Figures 6a and

6b: however, there is a marked variation in overall size characteristics of

ejects and fallback with azimuth.

To better characterize ejects and fallback size characteristics,

samples were decomposed into constituent subpopulations, because none of

the samples are unimodal, the product of a single grain-size population.

Subpopulat~ons of the SFT distribution were best-fit to each sample by the

method of Sheridan et al. (1986). In all samples 5 subpopulations were

rrquired to explain better than 95% of the observed variation. An

important result plotted in Figure 7 is that the mode (peak size) of each

subpopulation is fairly consistent for all samples with increasing distance

from SGZ. Furthermore, Figure 7 includes subpopulation modes for pre-shot

9



samples (shown as <100 m), which also bear close resemblance to thuse of

the ejects samples. Note that subpopulatlon 5 (the silt fractio~) is shown

only for those samples subjected to centrifuge analysis. The weight

fraction and gmna value (sorting) of each of these subpopulations varfes

with distance as shown in Figures 8a and 8b, in some cases showing marked

inflections at abcmt 500 m. In general, the abundance of subpopulation 5

is less than 6%, very nearly the same proportion noted in pre-shot samples.

Note that in Figure 8a subpopulation 1 shows a rapid decrease in abundance

out to 500 m beyond which it shows a strong increase; subpopulation 3

mimics the behavior of subpopulation 1 in a weak manner; conversely,

s[!bpopulation2 Increases markedly out to 500 m and then decreases

thereafter; subpopulation 4 decrease linearly in abundance with distance.

Gamma values In Figure 8b also show inflections at 400 to 600 m. The high

gannnavalues for subpopulatlon 1 are somewhat biased in that the

distribution could not be statistically analyzed for rocks bigger than a

few centimeters: thus the subpopulation shows an artificial good sorting.

Subpopulation 2 attalrrsIts lowest ganmnavalue (broadest dlstributlon) at

medial ranges where it Is also most abundant, whereas subpop~~atlon 3 15

better sorted where it Is most abundant. Subpopulatlon 4 shows a distir,~t

decrease in ganwnawith distance, indicating that It Is becoming much more

poorly

poorly

defined as a subpopulation. Subpopulation 5 remains broad and

defined for all sample locations.

The azimuth effect upon subpopulatlon behav’or Is illustrated in

Figures 9 and 10. Only subpopulatlons 2, 3, and 4 are considered because

of bias, mentioned above, inherited from analytical method for the coarsest

(subpopulatlon 1) and finest (subpopulatlon5) modes. Figure 9 shows the

marked difference In subpopulation abundances versus distance for the three

analyzed radials. For radial 337 subpopulatlons 2 and 3 decrease with

10



distance, while they are generally increasing for radials 225 and 270.

Radial 337 also shows an opposite behavior for subpopulation 4, increasing

with distance while it drops to near zero abundance beyond 300 m for the

other two radials. This opposite character of radial 337 is only shown for

subpopulation 3 gansnavalues (Figure 10). Subpopulation 2 gannnavalues

show a 10V at about 200-500 m for all radials where they are all most

poorly defined in terms of central tendency or peakedness. Subpopulation 3

shows a decrease in gansnabeyond 400 m, except for radial 337 where git~ti

increases markedly with distance (while subpcpllatlon 3 becomes less

abundant--Fig. 9b). In contrast subpopulatlon 4 gansnavalues decrease with

distance along radial 337 as the subpopulations abundance increases. Much

of the interpretation of these graphs is dependent upon corroborating

observations, di::ussed later.

4.3 SWEEP-UP SAMPLES

Composites of the pre-shot desert alluvium and prc-shot DPR were

analyzed in the same manner as were ejects samples. While a composite of

the desert alluvium (cobbles and pebbles removed) at 15.8 m from SGZ (O -

0.8 mdepth) shows a mean diameter of 0.895 mn and a standard deviation of

0.55, a composite (dry- and wet-sieved) of 24 samples (top 6.4 m) of the

DPR has a mean and standard deviation of 0.187 IIHIIand 0.79, respectively.

This difference reflects the fact that the pre-shot desert alluvium

contained granules and pebbles not added to the DPR test bed. Overi ‘1, the

same subpopulations are found in both, although in different abundances

(Fig. 11).

Results of analysis of sa~les collected in the tiREG/SNOBgages are

shown in ~igure 12. The HML sa~le (Fig. 12~) is significantly finer than

the H--ie~hsamples. Avery slight fining of composite 3 (Fig. 12c)

relative to conposite 2 (Fig. 12b) is obser~able, shown by an increase in

subpopulation 4 abunddnce. Overall, the two H-Tech composite samples look

11



remarkably similar. A comparison of test bed and GREG/SNOB samplt=sby

subpopulatlons is sunsnarlzedin Table 2.

5. DISCUSSION AND CONCLUSIONS

The results presented within this paper represent only partial

analysis of the samples collected at the MISTY PICTURE test site.

Furthermore, only a limlted amount of time and effort has been made

available to Interpret the data so far acquired. Nevertheless, several

conclusions can be drawn based upon the work to date.

To begin with, it is obvious from Figure 3 that mass/area of ejects

and fallout decreases with dfstance from SGZ. The effect of wind on ejects

distrlbutlcn Is also obvious In Figure 3. The radial that must closely

follow? wind direction, radial 270, has the greatest mass/area values near

SGZ clueto addlt”lonalstem fallout loading along that radial. With I

Increased distance from SGZ (>250 m) ejects occurrence along all radials

becomes more slmllar although the wind should also play a role in

dlfferentlatlng various ;ubpopulations along dlff.rent radials.

Second, the Increase In mean particle size of ejects with distance

from SGZ for all radials (Figure 5a) In conjunction with better sorting

(Figure 5b) suggests that different mechanisms control the distribution and

sorting of particles within different environments relat~ve to SGZ. For

Instance, the better sorting with Increased particle size suggests that a

balllstlc transport meckanlsm Is responsible for the accumulation of distal

ejects while paorly Sorted, mixed size fractions proximal to SGZ are the

result of mult{ple transport mechanisms.

The Inflections In weight fraction percentages and ganunavalues for

many subpopulatlons In the 400-600 m range suggest that a major change

dominance by a particular transport mechanism it occurrlnq at this

12



distance. The decrease in subpopulation 1 to 500 m with an increase

following 500 msuggests that the dominant mechanism affecting

subpopulation 1 is ballistic transport, that ballistic transport becomes

more dominant beyond the 500 m range, that particles affected by this

transport mechanism are not heavily affected by wind direction, and that

heterogeneity of the test bed is not a major factor in subpopulation 1

dispersal. However, the

subpopulations (2-4), wh

Radial 337 and the other

great variation seen among azimuths for the finer

ch is markedly illustrated by comparisons between

two radials, documents the potential effect of

azimuths on ejects/fallout occurrence. This is most likely as a result of

both wind and starting materials (Figures 9 and 10). For instance,

although subpopulatlon 2 shows very dlverg~nt weight fractions among the 3

radials (Figure 9), the gansnaplots are very similar (Figure 10). This

fzct suggests that subpopulation 2 was responcilngto a similar transport

mechanism that controlled its sorting, that accumulation of subpopulation 2

may have been influenced by wind, a~d that the occurrence of subpopulation

2 In the ejecta was heavily influenced

materials.

Subpopulations 3 and 4 represent

between approximately 0.1 and 0.7 IISII.

these subpopulations strongly increase

by Its ?bundance in the pre-shot

fine ejects materials with modes

Figure 9 shows thiit. along radial 337

with distance, whereas along the

other two radial~ they gen~rally decrease (with exception to sl’bpupulation

3 along radial 225). Observation of wet aggregation of fine materials into

larger clumps of ejects along radial 337 suggests that the reason this

radial shows an increase in abundances of subpopulation 3 and 4 is the

addition of aggregated fines from finer subpopulations. This possibility

is especially true for subpopulation 3, which becomes better sorted with

distance along radial 337 (Fig. 10b).

13



The same 5 subpr)pulationsare present in the composite samples taken

from the test bed as are found in all post-shot ejects and fallout samples

(Figure 7). Weight fractions of the subpopulations in post-shot samples

may vary greatly, but the fingerprint of the starting materials is always

present. Transport models that consider all possible mechanisms, while

taking into account asynmretricalaberrations such as wind, should be able

to (1) predict the occurrence of particls distributions following the shot

throughout the test site, based on test bed data, or (2) based on

ejects/fallout data, define starting test bed heterogeneities. Overall we

note the fact that subpopulation 5, fine dust ;ess than 45 micronz in

diameter (average about 4-8 microns for analyzed samples) is about as

abundant in the ejects as in the starting materials. With this information

and knowledge of the ejects and crater volume the abundance of fine dust

injected into the atmosphere can be calculated.

Variations in the materials collected in the GREG/SNLIBgages located

in the DPR also fit into a predictive scheme. In general, the same

subpopulations were present in the pre-shot alluvium as occurred in ths I’!7R

pre-test bed. The HML sample is significantly finer than the H-Tech

samples, probably because the HML gage sampled along inclfncd planes rather

than parallel to the ground surface as did the H-Tech gages. The fining in

H-Tech composite 3 relative to composite 2 can be attributed to its higher

sampling hcigh~ compar~d to composite 2. Thus, the .tibpopulationsfound in

the gages have been inherited from the test bcd and only vary with respect

to gage locattcm.
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Table 1. Particle-size characteristicsof pre-shot desert alluvium fit to
the SFT distribution*

—.

Subpopulation Mode Ganwna Weight
(n’ml) (7) Fraction

1 9.707 2.36 0.29
z 2.197 -0.85 0.36
3 0.636 -0.47 0.16
4 0.185 -0.25 0.14
5 G.066 -0.28 0.04

* Data obtained by dry-sieving and centrifugal settling techniques. SFT
(sequential fragmentation/transport) distribution of Wohletz et al. (1987) is
similar to the lognormal distribution and is applied to subpopulations found
to comprise each sample. The mode is the peak location of each
subpopulation, and gansna is analogous to the standard deviation where better
sorting (narrower distribution) is obtained with increasing gannna.
Subpopulatims 1 and 5 are somewhat biased by analytical technique, such that
subpopulation 1 at nearly 10 mm includes larger pebbles and cobbles, while
subpopulation 5, the silt fraction, might for some samples be near the 10 to
20 micron size, as determined by centrifuge.
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Table 2. C~arlson of test bed and GREG/SNOB sanples by subpopulatlon

Subpopulation Pre-shot DPR Comp. 1 Comp. 2 Comp. 3
Alluvlum Radial* (HML) (l-9”) (12-60”)

Modes (inn)

4.595
; I

4.000 3.031
1

0.953 1.516 2.805
1.414 1.414 0.683 0.599 0.616 0.599
0.574 0.660 0.177) 0.165 0.189 0.189

: 0.227 0.177 0.046
1

0.085 0.072 0.069
5 0.077 0.046 0.011 0.(?08 0.015 0.015

Weight Fraction

0.27 0.10 ‘0.14
: 1

0.03 0.05 0.07
0.31 0.06 tO.25 0.11 0.18 0.16
0.18

i
v

0.24 0.34 0.58 0.38 0.33
0.21 0.32 0.20 0.28 0.32 0.41

5 0.04 0.21 (0.04 0.01 0.05 0.03

Gamma

1 -0.78

II
-0.78 -0.86 -0.69 -0.86 -0.49

2 -0.80 -0.80 -0.60 -0.76 -0.76 -0.82
3 -0.70 -0.60 -0.80 -0.88 -0.92 -0.99
4 -0.80 -0.77 -0.57 -0.70 -0.83 -0.83
5 -0.70 -0.60 -0.60 -0.80 -0.87 -0.87

— .— ——

* Subpopulatlon statistics for the DPR I’adlalwere calculated first to reflect
coarse modes present In the pre.-shotalluvium and then In parentheses to
reflect finer modes concentrated In the upper 6 m of the L)PRtest bed,
materials lclf’tedand sampled by the GREG/SNOB gages.



FIGURE CAPTIONS

1. Map showing location of pre-shot samples taken from the MISTY PICTURE
Test Bed.

2. Hap showing location of post-shot samples collected within 1000 m of
MISTY PICTURE SGZ.

3. Plot of grams/sq. m vs. distance from SGZ for ejects collected along
the 225, 270, an~ 337 radials. Radial 270, being nearly downwind from SGZ,
has a greatermass/area of ejects near SGZ due to additional stem fallout
loading.

4. Cross-section
along the 220 radia’
from SCIZ.

of the crater resulting from the MISTY PICTURE shot
. Fallback sample locations are shown at 60 m and 67 m

5. Plot of ejects, bulk-sample, mean particle diameters and standard
deviation versus disiance. The polynomial best-fit shown illustrates
general behavior of sample data with increasing distance from SGZ (distance
❑Ore). Samples generally increase in mean particle diameter and decrease
in standard deviation with increasing distance from the crater. Note that
the standard deviations are given in logarithmic units which pertain to
lognormal (gaussian) statistics.

6. Plots showing the variation in mean and standard deviation of
particle didtWterS with distance and azimuth designated as radials 337,
225, and 270. A) Mean diameters along all radials generally increase with
distance, except for an initial decrease noted for radial 225 at distances
less than 300 m and a decrease along radial 337 at distances Greater than
approximately 700 m B) Standard deviations aloug all ‘“lreeradials
decrease with distance, showing that bulk samples are better sorted (have a
narrower distribution with greater centri~ltendency) with distance.

7. Plot of sample subpopulation mode (distributionpeak) ~:ithincreasing
distance. In this plot, data from pre-shot alluvium samples, taken within
the area cratered (distance< 100 m), are included with ejects sample data.
Ftve subpopulations were required to explain over 95 % of distribution
variances for each sample. Nearly the same subpopulation mode is present
In all samples, indicating that the ejects distributions inherited
subpopulations from the prc-shot materials. Note that values fur
subpopulatton 5 (the finest) are s$own only for those samples analyzed
along radial 337, but we consider these to be representative of all
samples.

8. Plots showing subpopulation weight-fraction and gamma values
(analogous to standard deviation) as a function of distance. Data are
simplified by polynomial curves best-fit to each subpopulatlon and include
only ejccta samples: data obtained by sequential fragmentation/transport
(SFT) analysis. Compare these data to those listed In Table 1 to see
variation between pre-shot and ejects samples. A) Weight fractions of
:;llbpopulatiorr5 are small, generally less than 6 %, so that the other 4
subpopulations make up the bulk of ejects samples. B) Gansnavalues for the
five subpopulations vary with distance; those of subpopulatlon 5 are for
only those samples analyzed along radial 337. Gairwnasfor subpopulat~on 1
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(coarsest subpopulation) are biased towards higher values because its
distribution is not completely analyzed to diameters greater than 12 mm.

9. i{elght-fractionplots of subpopulations 2, 3, and 4 versus dl~tance
and azimuth; data represented by best-fit polynomial curves. A)
Subpopulatlon 2 (approximately2-nmIdiameter) shows a general Increase
along radials 225 and 270 but a decrease along radial 337. B)
Subpopulation 3 (approximately0.6-nsndiameter) shows slmllar trends with
distance as subpopulatlon 2. C) Subpopulation 4 (approximatelyO.1-nnn
diameter) shows a marked Increase along radial 337 and generaI decrease
along the other radials In contrast to subpopulations 2 and 3.

10. Gamma plots of subpopulatlons 2, 3, and 4 versus distance and
azimuth; data represented by best-fit polynomial curves. A) Subpopulation
2 shows a general increase In gamma values witn distance for all radials at
distances greater than about 500 m, signll”,yi:lgthat the distribution tends
towards better sorting. B) Subpopulation 3 shows that samples from radial
337 (gamma increasing with distance) contrast with those from the other
radials. C) Subpopulatlon 4 gannnavalhes markediy d~screasewith distance
in contrast with values for the other radials. The distinction of
subpopulations 3 and 4 for radial 337 is attributed to f!nes aggregation
that could broaden the distribution of 4 while narrowing that of
subpopu?atlon 3.
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