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I. INTRODUCTION AND SUMMARY

Systems, Science and Software (S*®) has developed a
computer code (SCOUR2) that calculates the time varying
structure and intensity of the near-surface dust storm
produced in the aftermath of nuclear detonations. This
information is required by systems designers concerned with
"hardening" missile sites to withstand the high dust dynamic
pressures in the positive phase of the blast wave flow field,
and for those concerned with near-surface dust concentrations
in the late time (negative phase) dust environment.

SCOURZ2 was developed over a five year period from
December 1970 to December 1975. Most of the S® effort has
been reported in References 1-4. This report completes the
documentation of SCOUR2 development and calculations. It
covers, primarily, the third annual report period from March
1973 to February 1974, but also includes some unreported work
from later periods.

The SCOUR code is briefly described in the second
chapter of this report. An appendix is provided that lists
code parameters, nomenclature, and input-output formats.
The latter are taken from the most recent version of the
code.

Our primary interest in this time period was the pre-
diction of the nuclear dust storm cloud dimensions, concen-
trations, and dynamic pressure. Approximately fifteen cal-
culations were performed to provide state of the art input
data for particular detonations that were of interest to the

defense community.[5-7]

The results of these calculations
are summarized in the third chapter of this report. They
include surface burst calculations from 32.5 KT to 20 MT, and
the results of the first SCOUR calculation with a precursor

flow field (36.6 KT at 350 ft HOB).
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It should be noted, however, that the results pre-

sented in Chapter III have been superseded by the more re-
cent calculations reported in References 3-4. The latter
were necessary because a number of minor coding errors in
the original SCOUR computer program[g?re detected towards
earlier results (reported in Chapter III) are very close to
those calculated with the SCOUR2 code[3'4]
crucial to the continued development of the SCOUR code. In

the end of the third report period. Nevertheless, these

and they were

addition to providing enhanced insight of surface burst
dust cloud phenomena, the precursor calculation demonstrated |
the feasibility of using the SCOUR code in more complicated
flow field calculations. i

Chapter IV is a presentation of SCOUR results for the
MIDDLE GUST (100 tons of TNT) and MIXED COMPANY (500 tons of 1
TNT) high explosive detonations. Near-surface dust cloud

observations and concentration measurements (at the 25 psi
overpressure station) are compared to SCOUR predictions.

The earlier SCOUR results, some of which have been reported
in Reference 2, were very encouraging but the coding errors
(referred to above) necessitated a recalculation of the HE
dust storms. These later results (SCOUR2-~1975) are published
in Chapter IV to provide a convenient comparative study with
the SCOUR calculations of 1973-74. It is shown that the
SCOUR2 predictions differ in detail from the earlier results.
For large diameter pebbles and sand grains, the aerodynamic
shear lofting is greater than with more claylike soils. It
was also shown that the particle impact model seriously af-
fects the late time dust concentrations just above the sur-
face.

The fifth and final chapter is a presentation of the
s?® study of "reverse percolation". This is the condition ]
that occurs when the air in porous soils is trapped and
pressurized during the early positive phase of the blast
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wave flow field. 1Initially, the air flow is into the ground,
but when the overpressure decays, the trapped air rapidly per-
colates up through the soil matrix. Under nuclear blast wave
conditions this percolation could be so intense as to blow off
surface dust and/or "prepare" the surface for aerodynamic
shear lofting of soil particles. This effect has been ob-
served in experiments conducted in an inverted shock tube,[8]
and was analyzed by S® with the aid of a simple modeltg] for
flow-through porous media in Reference 2. 1In Chapter V, some
examples of reverse percolation have been computed with the
aid of a new S? code (FLUB) that was developed to study the
dynamics of fluidized beds.[lo’lll The FLUB calculations
demonstrate that the potential exists for massive blowoff due
to reverse percolation; but under the assumption of uniform
fluidization, the velocities are too small for particles to

be actually ejected into the flow field. Rather, the effect
would be to make particles more susceptible to aerodynamic

shear pickup and to modify the impact lofting processes cur-
rently included in the SCOUR model.




II. SCOUR CODE

The S? SCOUR code has been described in the other
annual reports. In this chapter, the 1973 version of SCOUR
is briefly described with special emphasis on those sub-
routines and models that are discussed in subsequent chapters.
An appendix is provided that summarizes 1975 SCOUR2 nomencla-
ture, input, output, and special diagnostic routines.

2.1 BASIC DESCRIPTION

SCOUR was originally written to calculate the dust
sweepup contributions to the nuclear dust cloud. The surface
around the blast center is divided into annular rings. Given
an axisymmetric hydrodynamic flow field input (from SHELL or
HULL calculations), SCOUR calculates the amount of dust mass
lofted from each ring, the time at which it is ejected from
the surface, and the trajectories of representative dust
particles as they move in the near-surface boundary layer or
the (free stream, hydrodynamic) blast wave flow field.

The air equation of state, spherical particle drag
coefficient routines (including Mach number dependence), and
the routines for retrieving the hydrodynamic flow field prop-
erties for the trajectory calculations have been obtained
from the AFWL's DUSTY code. During this report period, a new
subroutine was written that allows tracer particles to be pre-
loaded at specified positions and velocities.

A typical SCOUR calculation proceeds as follows. The
preload particles are input, along with soil particle size
distribution, and any special parameter changes from the
nominal SCOUR prescription. The radial increment for the
SCOUR zones are scaled by the cube root of the yield of the
burst that was the source for the input hydrodynamic flow
field. At 1 MT, these zones are 50 meters wide. The air




shock is located in the hydro flow field at the maximum air Qé
density position. As the air shock traverses a surface zone,
the mass of dust for each particle size to be lofted via aero-
dynamic she:r is calculated from the aerodynamic mass lofting
equation using the free stream air flow conditions. This
determines the mass, Mp, to be represented by shear lofted
particles from that surface zone. The mass lofting rate is
then time-integrated for each subsequent time step in the

calculation. Whenever a zone's mass integral for any of the
particle sizes exceeds Mp, or some specified fraction of Mp,
a new SCOUR particle is created. During this time period it
was decided to use 0.2 Mp as the mass lofting criteria for
all particles launched after the first batch of shock lofted
particles were introduced to the flow field. (This has the
advantage of improving the resolution of the SCOUR code by
more than doubling the number of particles to be tracked in

a SCOUR calculation.) During the positive phase it is pos-
sible that a finite time delay exists between the air shock's
arrival and significant vertical motion of the activated sur-
face particles. This occurs because the shear first moves
particles in a nearly horizontal direction. Should the delay
time for the particle be less than the time step in the hydro
flow field input, the representative particle is ejected into
the boundary layer. If the reverse is true, particles are
stored until the accumulated time exceeds the delay time.

All particles are lofted from random positions in the zone.

Particles in the boundary layer are subjected to tur-
bulent diffusion and advection by the local air flow. Those
particles that are transported out of the boundary layer are
moved only by the free stream wind field. As the winds die
down, particles may impact the surface. SCOUR's impact model
enables particles with sufficient momentum to eject new
particles. In such a manner, t#negative phase dust storm

will degenerate to a saltati%p fype of dust transport, as
&




described in Reference 12. Should a particle impact the
surface with sufficient momentum, a new particle with equal
representative mass is ejected. The diameter of the new
particle is randomly selected from the in situ soil distri-
bution. The mass of impacting dust is subtracted from the
aerodynamic mass lofting integral so that at late times
there is very little mass added to the dust cloud. Finally,
when impacting particles do not have sufficient momentum,
new particles are not ejected and the dust is deposited.
This is referred to as a particle "kill"” and the dust mass
is subtracted from the total lofted dust mass for the zone

where deposition occurs.

SCOUR2 has been initially written to use four particle
sizes to represent the in situ soil. The mass distribution
among these particles is prescribed as code inpwut. (This is
not mandatory, however, and randomly selected particle dia-
meters between certain ranges could easily be included, al-
though the price of each calculation would increase with each

additional particle size class.)

In a typical calculation, approximately 5,000 particles
are tracked in SCOUR at a given time. Once introduced to the
flow field, particle trajectories are calculated during hydro
flow field time steps. Each particle's mass, position, and
velocity are stored as it is moved by the flow field. A 180
second surface burst SCOUR2 calculation will require approxi-
mately one hour of computer time on the Univac 1108. With a
complete set of output, a typical price per calculation is

approximately $300.

The on-line output of SCOUR is geared for rapid diac-

nosis of the dust environment. It includes:

e Particles' mass, position, and velocity stored
for each hydro cycle — available for printout.

This includes the tracking of pre-selected

10




particles (e.g., positive phase dust, pre-loaded
dust, etc.).

® Local dust concentrations and dust dynamic pres-
sure for combined and individual particle sizes

in a grid superposed on the dust flow.
e Total mass airborne.
e Mass above given surface zone.
® Mass in disc between two altitudes.
® Boundary layer details.
® Local erosion/deposition depth.
e Maximum altitudes of particles.

A second off-line output format is also available. The
code user specifies the overpressure locations, vertical zones
of interest, and dust cloud parameters of interest. The new
output routine averages the time histories of the specified
variables over a spread of three radial zones for each radial/
vertical location. The spatial averaging eliminates trouble-
some "zeros" in the digital output. Computer plots of these
time histories can be provided per user requirements. Cur-

rently, SCOUR2 off-line output covers the following variables:
e Dust concentration.
e Dust flux, horizontal.
® Dust flux impulse.
e Dust flux, vertical.
e Dust flux impulse, vertical.
® Mass averaged dust velocity, horizontal.
® Mass averaged dust velocity, vertical.
e Dust dynamic pressure.

e Dust dynamic pressure impulse.

11
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The input-output format for SCOUR2 is fully described in the

appendix to this report.

2.2 NON-INTERACTIVE FORMULATION

The basic SCOUR model was formulated during the first
year of the S*® dust sweepup program. A number of basic assump-
tions were made at the outset that define the scope of the
modeling problerm. These were based on measurements of dust
clouds and earlier calculations of the dust cloud[l3-15] which
indicated that only in the near-surface region may particulate
concentrations become dense enough to measurably affect the
local flow field.* Typical dust loading ratios[lel indicate
that dust concentrations in the stem and mushroom portion of
the cloud are between 10 ° g/cc and T gty g/cc. It is entirely
reasonable, therefore, to approach the dust lofting problem

with the following non-interactive formulation:

® Particles are moved by the flow field but do not
affect it.

e Characteristic particles, representing a large
number of real particles, are introduced to the
flow field in lieu of following each and every
particle or treating the raised dust statistically.

@ Trajectories of characteristic particles are inde-

pendent of other particles.

e The boundary layer at the surface may be computed
under the assumption that the input hydrodynamic
flow field provides the free stream information.

The non-interactive model is an important simplifica-
tion as it precludes the expenditure of time, funds, and ef-
fort on reformulating the air flow hydro codes. Hence for a

*
This was confirmed in the original (and subsequent) SCOUR cal-
culations.

12
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given weapon yield and HOB, the most appropriate calculation
in the tape library of SHELL or HULL hydro calculations can
be used to compute the dust cloud.

2.3 SCOUR2 BOUNDARY LAYER MODEL

The boundary layer model in SCOUR2 is almost identical
to that described in References 1 and 2. It was derived on
the basis of a set of simplifying assumptions, consistent with
the non-interactive formulation, that make the problem tract-
able within the scope of the overall study. One of these is
the assumption that the roughness effect of the dust particles
moving just above the surface is similar to that produced by
very rough walls, i.e., the "perfectly rough" regime of turbu-
lent boundary layers. The shear in the near-surface "perfectly
rough" boundary layer is dependent only on free stream velocity
and a suitably selected "effective roughness". On the basis of

(171 it was determined that the

high velocity wind tunnel tests,
average height of the near-surface particles provides an ade-

quate measure of effective roughness.

The SCOUR formulation has

i S 207 X (2.1)
e (2.87 + 0.7 n )T:‘) s
s
where
u, = shear velocity in the boundary layer
=‘/r°7p ’ To = shear at wall
p = air density
Ue = free stream velocity

distance behind air shock for the positive phase,
and.jhedt in the negative phase (to is time)

13
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kS = roughness height

The maximum ratio of u*/Ue is 0.248, but in our calculations

0.15 » %1 > 0.03 is a typical range of values.
e
From the "perfectly rough" shear law, it was also pos-

sible to derive integral expressions for the blast wave boundary
layer that are evaluated under the assumptions that the local
air flow is quasi-steady (i.e., keyed to shock motion), incom-
pressible, and the horizontal velocity in the boundary layer

is governed by

P (2.2)

where
u = radial component of air velocity
Y = altitude above original ground surface
§ = boundary layer thickness

n = boundary layer profile exponent, 8 > n > 2;
(n = 2 in SCOUR, on the basis of wind tunnel ex-

periments[l7]).

The turbulent boundary layer development behind the
blast wave from a 100 ton HE detonation (MIDDLE GUST) was
measured at the 30 and 70 psi overpressure locations.[lB]
These results for the blast wave boundary layer and the pre-
dictions of turbulent boundary layer growth behind the air
shock are provided by more sophisticated boundary layer models
and compared to the SCOUR boundary layer predictions in Fig-
ure 2.1. The SCOUR results at early times are independent of
particle roughness effects because the topographical rough-
ness dominates the SCOUR boundary layer development. It is
interesting to note that the SCOUR results are in good agree-
ment with the other theories, except at later times where the

14

NLE dend i

P

i ol




Boundary Layer Thickness, 6(in.)

4
&0 MG-IV (Temperature Boundary Layer) [18]
o 00 MG-IV (Pressure Boundary Layer) (18] y Crawford,
b Quan and
ol ug;enberger
a SCOUR
g ey
i 20

] et // Mirels (20]
a 2|
2 =
b o

= I Predicted Arrival

o of TNT Products
L
/
ol L g
0 5 10 15

Figure 2.la.

Time after Shock Arrival, t - ts' msec

Comparison of SCOUR boundary layer thickness to
other predictions and the experimental data at
the nominal 70 psi overpressure location (280 ft

station) for MIDDLE GUST. [18]

A Ausherman Data [21]
0—O0 MG-IV Pressure Data [18]

Shock Tube

| e B ]

Crawford, Quan and

Predicted
Arrival of
TINT Products

Figure 2.1b.

5 10 15
Time after Shock Arrival, t - ts’ msec

Comparison of SCOUR boundary layer thickness to
other predictions and the experimental data at
the nominal 30 psi overpressure location (260 ft

station) for MIDDLE GUST. [18]

15

25




rough wall assumption leads to significantly greater boundary
layer growth. The major reasons for the slight underpredic-
tion at early times are that the shear law (Eq. (2.1l)) has a
maximum shear limit that reduces the initial growth of the
boundary layer and that code resolution at early times is in-
sufficient to accurately compute initial growth even when the
shear is below the upper limit.

In any SCOUR2 calculation, there is a regime of non-
uniform behavior and rapid boundary layer growth associated
with the transition from the positive to negative phase.
Generally, the velocity and density gradients are relatively
small during flow reversal. An exact formulation of the
problem would have to treat the interaction between the
boundary layer and the free stream. To avoid this difficult
(but not crucial) portion of the boundary layer calculation,
a maximum boundary layer height, DELMAX, is prescribed for
each SCOUR calculation. DELMAX was originally based on the
maximum size of the zones in the hydrodynamic flow field to
be used in the SCOUR calculation. It was later determined
that SCOUR predictions were insensitive to realistic changes
in DELMAX.[2] Currently the prescription for DELMAX is

DELMAX = 175 (w)1/3 (2.3)

where W is the yield in MT.

It should be noted that a minor programming error in
the subroutine for transition to the negative phase boundary
layer calculation was noted during this report period. The
error had the effect of delaying the negative phase calcula-
tion by one hydro time step. It was corrected at the end of

the report period.
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2.4 AERODYNAMIC LOFTING

The aerodynamic mass lofting prescription in SCOUR2 is
based on a simple premise.

The force required to loft particles out of the
fluidized surface layer is supplied by some fraction,
bND' of the net shear in the near-surface boundary
layer. For a given particle size,

Y = $ % ?
Mpv° bup lpau* Tth)dAi (2.4)

where 4
b = shear transfer coefficient

Ten = threshold shear (taken as 1 dyne/cm?)

dAi = surface area of zone
ﬁp = lofting rate (at da)
V = initial ejection speed of particulates

Conceptually, bND’ Vo and Teh are all dependent on:
particle size, soil type, local wind conditions, soil surface
cohesion, vegetation cover, etc. In SCOUR2, the nominal pre-
scription is that there is an overall 10 percent conversion of
near-surface aerodynamic shear to the vertical force trans-
mitted to lofted particles.* The lofting efficiency for each
particle size class is directly proportional to its mass
fraction, i.e.,

bND = quN (2.5)

—
According to Bagnold,[zzlb could be as high as 0.3 for dry,

hard soils that are characgerized by both large and small
surface particles.

17




where
My = mass fraction of soil represented by particle
with diameter, D
bN = overall shear conversion coefficient (nominally

0.1)

The remainder of the shear is assumed to be dissipated
in the near-surface tangential motion of the particulates (the
so-called "creep" layer). Hence, the SCOUR code tracks only
those particles which are ejected out of the near-surface

"creep" layer.

(21,23] of particle entrain-

Based on recent observations
ment at high velocities, the particle ejection speed, Vo, is
randomly selected between 0.5 u, and u,, with initial direction
chosen so that the slowest particles are ejected at an angle
of 10° to the horizontal while the fastest are ejected at 90°.
The horizontal component of the particle velocity was pro-
grammed to be in the direction of the positive phase flow,
even in the negative phase. This error was detected at the
end of this report period and the present version of SCOUR2
contains the prescription that ejects particles with horizontal
velocities in the same direction as the instantaneous local

air flow above a surface zone.

2.5 IMPACT LOFTING AND DEPOSITION

When the wind speeds decay, the bigger particles will
fall back to the ground (particularly those above 1 mm in dia-
meter). The SCOUR impact model treats this situation by re-
ejecting a particle, whose diameter is randomly selected from
the in situ particle size distribution, and which represents
the same mass as the impacting particle. It is ejected verti-
cally with 0.1 of the horizontal momentum and all of the verti-
cal momentum of the impacting particle. The mass ejected is
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subtracted from the mass lofting integral, for the ith sur-

face zone,

(m_) = ./.ﬁ dt, (mass lofting integral) (2.6)
P aa, A
i

which computes the amount of mass being lofted due to shear
for a given particle size (ﬁp from Eq. (2.5)). Hence, as
particles fall out, the mass lofting integrals at a given
surface zone may no longer increase, resulting in the estab-
lishment of the equilibrium saltation mode of particulate
motion at the surface (wherein no net erosion or deposition
is occurring).

Experiments in both natural and laboratory conditions
have revealed that there are threshold levels of shear in the
boundary layer, below which saltation ceases.[zzl In the
shear threshold regime, impacting particles begin to deposit
(rather than cause the ejection of other particles). As one
might expect, this process is dependent on soil type and
particle size. Figure 2.2 shows the variation of the thres-
hold shear velocity, Ugpp with particle size for uniform
sandy soils.

The particle deposition model in SCOUR is based on the
principle that particle motion at the surface is directly
linked to the existence of the threshold shear. That is,
particle impacts will no longer be self-sustaining if the
ejection velocity for a SCOUR particle is less than the

threshold ejection velocity (u*th in Figure 2.2). Thus, for :
an impact where the particle ejection velocity is less than
Uih? SCOUR "kills" the impact particle and the deposition is
recorded in the surface zone erosion integral. When subse-
quent new particles are created by the action of aerodynamic
shear, they replace the killed particles in the SCOUR data
storage subroutine.

19




(gt ot

TN

M

Figure 2.2.

in cr/sec
> 18] (=)}
o = ' )

w
<

Values of u,,,

1 1 1 1 It 1 I 1 | i

<O 048 SRS ST G Tl G e S
Grain Diancters, dp, mm

Plot of the fluid threshold and impact threshold
shear velocities that are necessary to induce
saltation (from Reference 22). For aerodynamic
lofting, the fluid threshold is appropriate

(T¢p = 1.0 dynes/cm used in SCOUR). Impact
1o§ting is governed by the impact threshold.

20

-—-—«,_.‘




2.6 PARTICLE ENTRAINMENT

The movement of the enormous guantities of dust raised
by the blast wave winds is treated in SCOUR by monitoring the
motion of numerous (v 5,000) individual particles, each repre-
senting a much larger number of particles in a certain diameter
class. The trajectories of the representative particles are
computed by integrating the equations of motion in time steps | 4
corresponding to the time sequence of data "dumps" in the
hydro flow field being used in a particular SCOUR calculation.
The equations are

a’y, 1 j md?
mp o = -mpg + cD(f pa) (VP-Va) (Yp-va) —ZE (2.7)
a*x md?
P 1 /- g -
= — V = - -
mp g CD(Z pa> ( P Va) \Xp ua) 7 (2.8)
where
V_ = speed of particl =‘/}.(2 + 2
b P P icle p p
vV, = local wind speed = u; etk
Qp, ip = components of particle velocity in y, x
directions
V,r U, = component of wind velocity in y, x directions

The drag coefficient, C is a function of Reynolds number (Re)

D'
and Mach number (both based on the relative speed between air
and particle). A subroutine for CD and the air equation of

state was extracted from AFWL's DUSTY code.

2.6.1 Diffusion Model

It is evident from Egs. (2.7) and (2.8) that, except for
the initial conditions given to each particle, all dust motion
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is governed by the action of aerodynamic drag and gravity
forces exerted on the individual dust particles. The hydro
flow fields used as input to the SCOUR calculations do not
include boundary layer effects or turbulent diffusion in the
free stream. Hence, particles injected into an unmodified
flow field can only be entrained and suspended if the vertical
components of the air velocity are great enough.

SCOUR takes into account the diffusion of particles in
the boundary layer by prescribing diffusional (or transport)
velocities that are superposed on the horizontal and vertical
velocity boundary layer profiies. Hence, particles will be
suspended and/or transported out of the boundary layer depend-
ing on the particles' susceptibility to the prescribed trans-

port velocity.

The SCOUR model for transport velocity is based on the
analogy to diffusion in atmospheric boundary layers. Assuming
that dust concentrations will change over the same spatial
scale as the dominant mixing eddies, it can be shown that the
transport velocity in the boundary layer, Ver is approximated

by

Ve = (0.45) o u (2.9)
where
Gy = standard deviation of the horizontal wind angle
fluctuation
u = local horizontal wind velocity

This suggests that a simple prescription for Vf would be of

the form

V.= Eku {2.10)
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-k” = 0.45 Fe * (2.1%)

This is the diffusion prescription in the SCOUR2 model.

S The observed values of Oe yields values of k“ in the

[2]

range
G.004 < 'k” < 0.12 , (2.12)

where the lower end of the range is associated with very stable

stratified boundary layers (i.e., cold air near the ground,

warmer air above). At neutral stability where the thermal
gradient matches the temperature loss associated with the ?
adiabatic rise of a gas particle through the atmosphere, -
k” % 0.06. The high end of the spectrum is associated with

unstable atmospheres.

The nominal value for k” is 0.08. This value gives good
agreement for the dust cloud concentration measurements ob-
tained from the MIDDLE GUST and MIXED COMPANY HE detonations.
It could be anticipated that for the case of a preheated sur-
face layer, the dust transport would be intensified due to
boundary layer instabilities. For this reason, k” is 0.20
for precursor cloud calculations. The advection of the dust
behind the shock wave in these cases is dominated by the free
stream precursor flow field, and the exact value of k” does

not play a significant role in dust cloud development.

To account for the effects of near-—surface diffusion
phenomena in the SCOUR2 model, numerical turbulence was super-
posed on the boundary layer velocity prescription to simulate
[2]

a randomized mixing process due to local disturbances.
Specifically,

Ve = k"u + 0.1 uyy y <6 (2.13)

where the sign in front of 0.1 u, is randomly chosen.
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2.6.2 Entrainment at the Shock

The SCOUR boundary layer model does not compute the
boundary layer parameters above a surface zone until the air
shock has completely traversed the zone. As a result, parti-
cles which are being swept along by the shock and are in the
same radial zone as the shock will not be subjected to either
of the entrainment models discussed above. To compensate for
the enhanced entrainment and diffusion that has been observed

[21]

in shock tube experiments, the velocity field in the shock

radial zone is prescribed as follows:

Y
u=U (1 -—P-) (2.14)
e X
s
V=0.0810 +U<—6—) (2.15)
i e e\X - x. °
s is
where
yp = particle altitude

XS = radial location of shock

X._.r 0 = radial location and boundary layer height at
nearest zone completely traversed by shock
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III. NUCLEAR DUST CLOUDS

Two sets of dust cloud calculations were made during
this report period. The first group (I) consisted of cal-
culations for 32.5 KT and 5 MT surface bursts and a 36.6 KT
detonation at 250 ft HOB. These were primarily intended to
provide "state of the art" dust cloud information and order
of magnitude comparative predictions for input to other

[5-71 prior to the setting of nominal

defense contractors,
values for SCOUR parameters. These results are summarized

in Sections 3.1 and 3.2.

The second set of nuclear dust cloud calculations (II)
were made for surface burst yields of 0.1 MT, 1.0 MT, and
20 MT. SCOUR parameters were set at nominal values so that
the effect of scale on the SCOUR dust cloud predictions could
be studied. The particle size distribution of the soil was
the same as that used in most of the previous SCOUR calcula-

tions;[l'2]

i.e., representative particles of 0.8 cm, 0.3 cm,
and 0.07 cm in diameter were assigned 20 percent each of the
total soil mass. The remaining 40 percent was assigned to

representative particles with a diameter of 0.005 cm. These

results are summarized in Section 3.3.

The SCOUR code results presented in this chapter, as
has been previously explained, have been superseded by later
calculations published in References 3 and 4. Nevertheless,
they provide a qualitative indication of the SCOUR code's pre-

dictive capacity.

Sedl SURFACE BURST DUST CLOUD PARAMETERS — I

A number of SCOUR calculations were made in the first
half of the report period, at yields between 32.5 KT and
5.0 MT. For the purposes of this report, the results for the
32.5 KT and 5.0 MT surface bursts are briefly reviewed to
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illustrate the sensitivity of the code to changes in the

(1,2] and newer version of SCOUR |

diffusion model in the old
(fully described in Reference 2). The 32.5 KT calculation |
was made with a scaled version of AFWL/SHELL flow field

No. 1002.055 (100 KT surface burst, 0-300 secs). The 5.0 MT

calculation utilized AFWL problem No. 143.000 (1.4 MT sur-

face burst, 0-600 secs). Both used the nominal in situ

particle distribution (20 percent mass to 0.8 cm, 0.3 cm,

0.07 cm diameter, 40 percent mass to 0.005 cm diameter).

Typical concentrations in the dust sweepup cloud for
a 5 MT surface burst are presented in Figure 3.1. During
the positive phase, these range from 2 X 10-3 giec Eo
Qa2 X 10-3 g/cc, over an overpressure range of 500 psi to
2 psi. Negative phase concentrations are predicted to be ap-
proximately 0.25 x 10~  g/cc with the old SCOUR diffusion

1. 1e2] o8 0.05 % 107 glce in the (mote diffusive) new

mode
SCOUR calculations. (This is the present diffusion model in
SCOUR.) Predicted values of the near-surface cloud height
as a function of radial distance from ground zero (at t =
180 secs) are plotted in Figure 3.2 for a (typical) surface

burst.

The mass loading of the cloud for two new SCOUR cal-
culations for a 32.5 KT surface burst are presented in Fig-

) ure 3.3. These curves represent mass (MT) per MT yield that
is lofted above the indicated altitudes. 1In one case, the
diffusion constant, k° (in Eq. (2.10)), was maintained at
0.225. These results are compared to that of a second calcu-
lation wherein the diffusion velocities were reduced to one-

tenth the previous values (k” = 0.0225).

The order of magnitude change in k“, the diffusion
parameter, has the greatest effect on sweepup contribution to
the high altitude dust cloud. These results are similar to

that obtained in the 1 MT calculations presented in Figure 6.7

26
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Figure 3.2.
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Variations of cloud height with range for a 5 MT
surface burst. Points represent altitude of cells
above ingévidual surface zones populated with dust
above 10 g/cc. Note that these results, while
qualitatively consistent with subsequent SCOUR2
calculations, are superseded by results published
in References 3 and 4.
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Figure 3.3.

Time, seconds

Dust loading due to sweepup. Curves show mass
lofted above ground level (0 m) and 300 m for a
32.5 KT (surface burst) using two different
values of k” (kj = 0.255). Note that these re-
sults, while qualitatively consistent with subse~
quent SCOUR2 calculations, are superseded by re-
sults published in References 3 and 4.
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of Reference 2. In the present calculations, the cloud rise
velocity is 57 m/sec (compared to 115 m/sec for the 1 MT
case in Reference 2). It was concluded, therefore, that the
50 percent variation in total cloud loading, and order of
magnitude variation in high cloud loading, represents the
general sensitivity of the SCOUR code to the possible range

of values for the diffusion parameter.

Figure 3.4 is a plot of the predicted depth of soil
eroded from the surface at t = 18.3 secs and t = 168 secs
for a 5 MT surface burst. Peak erosion (1.35 cm) due to
aerodynamic shear occurs at about 2 km, the 70 psi air shock
overpressure location. About 40 percent of the erosion oc-
curs during the positive phase. The appearance of a maximum
in erosion at R ¥ 2 km (rather than a monotonic increase in
erosion as ground zero is approached) is due to smaller air
dynamic pressure impulse in the positive phase for R < 2 km,
and relatively smaller horizontal velocities at close-in
locations during the negative phase (corresponding to the

stem region containing large updraft velocities).

32 LOW HEIGHT OF BURST DUST CLOUD -— 36.6 KT AT 350 FT HOB

The dust clouds raised by the air blast waves associated
with the various tower shots at the Nevada Test Site (NTS) have
been recorded on film. These motion picture films provide a
reservoir of data to make qualitative comparisons between the
calculated and observed dust clouds created by non-cratering
nuclear explosions. During this report period an important
[24-26] The

focus of this study was to develop a phenomenological under-

review of the NTS dust cloud data was initiated.

standing and model for the development of precursors to the
air blast waves. As described in Reference 25, the precursors
are distortions in the blastwave structure caused by the
radiant preheating of an air layer just above the ground sur-

face.
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Systems, Science and Software obtained (and converted
for use with SCOUR) the hydro output of an AFWL SHELL calcula-
tion of a precursor flowfield for a 36.6 KT yield at 350 ft
HOB (AFWL No. 362.017, 0.09 sec-5.0 secs). In this AFWL
problem, the air near the ground was preheated prior to the
inception of the calculation. The preheat layer was roughly
5 meters high and extended out to a range of 420 meters. The
presence of a preheated layer causes the shockwave structure
to "toe out" just above the ground surface, leading to higher
dynamic pressures and lower overpressures when compared to

ideal surface flow fields.

Preheating was achieved by designating a fraction of
the incident thermal energy on the ground (from the fireball)
to be transferred to the air layer above the ground. The
flux of incident energy at a slant range, I or was assumed
to be equal to (eh/4ﬂr;2) where e is the fireball flux and
h 1is the burst height. AFWL also assumed that the fraction
of incident energy transferred to the air layer was equal to
the ratio of h to r. To simulate the popcorning threshold
of dust, the air layer was not heated until 5.5 calories per

square centimeter (or some multiple thereof) were accumulated.

The precursor flow fields resulting from these imposed
heating laws, such as those presented in Reference 27, were
qualitatively similar to observed flow fields but were dif-
ferent in detail. For the purposes of the SCOUR calculation,
however, we were most interested in demonstrating that SCOUR
could be used with multiple shockwave flow fields and that the
resulting dust cloud structure was in qualitative agreement

with observed precursor dust clouds.

Figure 3.5 is a plot of the air velocity vector in the
hydro flow field for two times. At 0.38 seconds, the precursor
region is shown to consist of a distorted velocity field, with
high updraft velocities just behind the leading shock. These

.
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thermal perturbations leave a wake of local eddy disturbances
in the negative phase flow field, but the leading shock
eventually overtakes the precursor and a more conventional
shock structure develops as demonstrated by the air flow at
1.9 seconds shown in Figure 3.5b.

With this hydro field as input, a SCOUR calculation
of the dust cloud was made. The early positive phase results
are compared to a NTS shot of similar yield and height of
burst (HARRY) in Figure 3.6. These results indicate that the
predicted height of the precursor cloud, which moves out as
hemi-torous behind the shock, is quantitatively and qualita-
tively comparable to the NTS observations. An additional cal-
culation using a non-precursor flow field (No. 362.018) at the
same yield, gave cloud height predictions one-half those shown
in Figure 3.6. This indicates that the precursor effect is
important to include in dust cloud calculations when theory

predicts a precursor will be evident.

An anomalous result in this preliminary precursor cal-
culation, due to a coding error then present in SCOUR boundary
layer diffusion models, was most evident in the late time dust
cloud predictions. The error in the subroutine lead to ex-
tremely large diffusion velocities as particles approached the
outer edge of the boundary layer. In effect, particles would
slowly diffuse through the boundary layer and then, inadvert-
ently, be ejected out of the boundary layer. This effect was
not immediately recognized, and the results were reported
in Reference 28 as follows:

"The agreement between predicted cloud dimensions and

the NTS films extend to the early development of the

negative phase cloud. Results of the SCOUR precursor
calculations are compared to traces of the TURK event

(43 KT at 300 ft) dust cloud taken from Reference 28.

In Figure 10 the representative particles (dp =

0.005 cm) entrained in the flow field are plotted on

the same axes as traces of the cloud. It is clearly

evident that the bulk of the predicted distribution
of material lies within the dust cloud traces.
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Figure 3.6. Comparison of predicted precursor cloud heights
(at t = 0.23 and 0.7 sec) to that obtained from
motion pictures of the HARRY event.[24] Note
that these results, while qualitatively consistent
with subsequent SCOUR2 calculations, are super-
seded by results published in References 3 and 4.
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This result lends further confidence to the general
boundary layer-diffusion model in SCOUR. If there
were no diffusion, the near-surface dust cloud would
be extremely localized, even with a precursor. This
is demonstrated in Figure 11 where the minimal cloud
calculated with zero diffusion is compared to the
nominal calculation and the TURK cloud. It is evi-
dent that diffusion is required in the model to
accurately predict cloud dimensions."
Once the diffusion subroutine error was recognized, it ‘
|
became obvious that the late time cloud profiles in Figures
3.7 and 3.8 would be markedly higher than those predicted by
a correct version of the code. Subsequent calculations[3’4]
indicate that the SCOUR predictions, without the free stream
diffusion of the dust particles, actually fall in between the
two cloud outlines in Figure 3.7. Moreover, the puffs of

dust at very high altitudes in Figure 3.7 were solely the

result of the subroutine error.

These problems notwithstanding, this first calculation
with a precursor flow field did provide a demonstration that
SCOUR could be utilized (on a first-pass basis) to calculate
the precursor dust storm. The code was later corrected and
modified (in this report period) to include preload particles
that represented popcorn dust. No further precursor calcula-
tions were made in this report period, but subsequent SCOUR2
calculations[3’4] have provided much valuable information on

precursor dust cloud phenomenology.

3.3 NUCLEAR SURFACE BURSTS ~ (II)

The following calculations were made subsequent to
those presented in Sections 3.1 and 3.2. The anomalous dif=-
fusion at the outer edge of the boundary layer was corrected,
but as previously mentioned, some minor coding errors still
were present in SCOUR. Nevertheless, these calculations pro-

vided very close estimates of the corrected SCOUR results
that are described in References 3 and 4. The diffusion
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SCOUR predictions of the near-surface dust cloud
height with and without diffusion, at 5 seconds
compared to the TURK cloud at 6.5 seconds. These
results are superseded by those published in
References 3 and 4. They are qualitatively in-
consistent with the later results due to a coding
error that magnif 'd the diffusion at outer edge
of the boundary layer.
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parameter, k”“, was 0.08 for both the positive and negative
phases of these calculations, and the nominal soil particle
size distribution was assumed.

3.3.1 Mass Lofting Capacity

The amount of dust lofted by the air blast wave flow
field in three different SCOUR2 calculations is plctted in
Figure 3.9. Dust mass has been non-dimensionalized by the
yield, and time is scaled by the cube root of the yield (in
MT). Figure 3.9 also indicates the total dust mass deposited
and the dust lofted into the high cloud (Y > 3 km).

Roughly speaking, both the total airborne dust and
dust deposition fall on the same approximate curve. This
indicates that the basic aerodynamic shear dust lofting model
can be characterized with a "universal" curve. There is a
discrepancy in the 100 KT results between 10 and 100 secs,
due primarily to lower speed negative phase winds. However,
it is evident that one will not lose much accuracy if a com-

promise curve is used for this time period.

The rate of dust deposition is comparable to the dust
lofting rate at times greater than 100 secs. Maximum air-
borne mass can, therefore, be estimated from these curves to
be 0.4 MT per MT yield.

The bhlast wave contribution to the high cloud cannot
be represented by a single curve, as evidenced by the results
of the three calculations. This indicates the significance
of energy per unit volume dumped into the fireball and the
subsequent influence of the increasing fireball rise velocity
at the higher yields. One could anticipate, therefore, that
cloud structure and cloud dynamics are closely linked.
Nevertheless, it would appear that as much as 0.1 MT of dust
per MT yield in the high cloud can be traced back to the air

blast wave contribution. This represents approximately
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qualitatively consistent with subsequent SCOUR2
calculations, are superseded by results pub-
lished in References 3 and 4.
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one-third the total dust believed to be present in the high

altitude cloud produced by surface bursts.

3.3.2 Near-surface Dust Cloud

The extent of the near-surface dust cloud is strongly
dependent on the yield of a surface burst. Figure 3.10 shows
plots of dust cloud altitude as a function of range from
ground zero for 100 KT, 1 MT, and 20 MT. In addition, the
lesser yield cloud altitude versus range curves are scaled
by the cube root of the yieid ratio, (20/W)l/3,
comparison to the 20 MT results. Note that the times for

for direct

which the dust clouds are traced are equivalent to approxi-

mately 120 secs at 1 MT. Cloud altitude versus range at

180 secs is plotted in Figure 3.11 for the 100 KT, 1 MT, and
20 MT cases, to provide a same~time comparison of the near-

surface cloud geometry.

These results give an indication that, at least for
the early part of the negative phase, near-surface cloud de-
velopment can be represented by the time history of a single
curve that bounds the three results, where both height and
time are scaled by the cube root of the yield ratio.

The potential damage to be caused by the nuclear dust
storm is strongly dependent on the augmented dynamic pressure
attributable to the blowing dust. Figure 3.12 shows the peak
dust dynamic pressure (qdust) calculated at overpressure loca-
tions up to 100 psi. Three nuclear bursts are compared to the
MIXED COMPANY HE calculation (discussed in Chapter IV). Note
that the nuclear burst calculations are only mildly influenced

by yield, and within a factor of + 25 percent, for sur-

9qust
face bursts is a function only of overpressure location.

In all of the nuclear cases, the peak dust dynamic pres-
sure was achieved by dust that was trailing right behind the
air shock at an altitude of 1 meter to 3 meters above the
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Peak dust dynamic pressure calculated with
SCOUR2 versus peak overpressure for three
nuclear surface bursts and the MIXED COMPANY
HE detonation (Chapter IV). Note that these
results, while qualitatively consistent with
subsequent SCOUR2 calculations, are superseded
by results published in References 3 and 4.
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ground surface. These dust particles actually preceded the

scouring of dust off the surface at a given radial location. .
When the scale of the SCOUR calculation is reduced to the |
one-half KT HE explosion, the high density dust is trapped

in the boundary layer and does not reach the free stream {

velocities necessary to achieve the higher values of d4ust

The total peak dynamic pressure loading in the non-
interactive formulation of the nuclear surface burst dust

storm is the sum of : PR and gq These values are plotted

versus overpressure in Figure 3?1?. They are compared to the
light dust and heavy dust total dynamic pressure taken from
the current edition of DNA Report EM-1, Part I, "Capabilities
of Nuclear Weapons," 1 July 1972. The basis for the latter
curves is obscure. Presumably they are developed from a
limited amount of dynamic pressure data obtained in actual
above-ground nuclear explosions. In most cases, these were !
low HOB detonations, and DNA Report EM-1 dust predictions in-

volve extrapolation of these data to surface bursts.

SCOUR2 gives lower dynamic pressure predictions at the
higher overpressures, possibly due to the absence of crater
ejecta in current SCOUR2 calculations. Dynamic pressures for
a subsequent 36.6 KT, 350 ft HOB calculation were also com- i
pared to DNA Report EM-1 values (see Reference 3), and these
indicated that the addition of neutron lofted dust to the
region just under the blast significantly boosted the SCOUR?2
predictions of droT* The higher SCOUR2 dust loading and |
dynamic pressures at the lower overpressures (p < 30 psi) in

Figure 3.13 may be attributable to lower (ideal surface) air

dynamic pressures used in the derivation of the DNA curve.

The particle size distribution in the near-surface dust
cloud varies with time and altitude. At early times the posi-
tive phase dust cloud closely adheres to the original in situ

size distribution. However, at later times, the large particles
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for nuclear surface burst. Note that these
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subsequent SCOUR2 calculations, are superseded
by results published in References 3 and 4.




have fallen out and only particles with diameters less than
E 0.001 cm are left in the near-surface cloud. Results for a

1 MT surface burst are shown in Figure 3.14.

Peak dust concentrations in the positive phase range §
from 0.1 x 10~ to 3 x 10 ° g/cc between the 0.5 psi and t

100 psi overpreséure location. In the negative phase, the

more diffuse near-surface cloud consists of only the small
size particulates (d_ < 0.001 cm) in concentrations between
B T 1 g/cc and 2 X 107" g/fec.

The total mass flux of positive phase dust at the 50 psi
overpressure station is plotted versus altitude in Figure 3.15.
At each yield there is an altitude (Y) at which dust activity
is most intense. Both the total mass flux and Y increased
with yield. Note that for the one-half KT HE calculation,

intense dust activity is confined to altitudes less than

2 meters (Y = 0.5 m). At multi-megaton yields, this is ex-

panded to 25 meters (§ = 75 m)
++
The peak dust impulse in the positive phase, .{ pduédt,
" :
scaled by (W)l/3, is plotted as a function of peak overpressure

in Figure 3.16 to illustrate that for nuclear surface bursts,
dust impulse (like air impulse) can be scaled by the cube root

of the yield ratio. This is because the peak dust dynamic

i pressure is almost independent of yield (see Figure 3.12) and

the positive phase duration scales by (W)l/3.
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Positive phase dust mass flux profiles for three
nuclear surface burst SCOUR calculations at 50 psi
peak overpressure location. Inset gives profile
from 500 ton HE SCOUR calculations discussed in
Chapter IV. Note that these results, while quali-
tatively consistent with subsequent SCOURZ cal-
culations, are superseded by results published in
References 3 and 4.
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IV. SCOUR CALCULATIONS OF BLAST WAVE
DUST LOFTING EXPERIMENTS

4.1 INTRODUCTION

During the course of the S*® effort to develop the SCOUR
code, two major atternpts were made to obtain blast wave dust
storm data from large scale high explosive (HE) experimental
detonations. Dust cloud necasurements of cloud height and
particulate concentration as a function of time were made at
MIDDLE GUST, EVENT IIIBl] (100 tons of TNT) and MIXED COMPANY
(500 tons of TNT). Although the data recovered were incomplete

[32]

and far from comprehensive, they do provide an experimental

basis for camparison to SCOUR calculations.

In Reference 2, the previous and present diffusion
models had been evaluated by comparing the results of calcula-
tions achieved with a special version of the SCOUR code de-
signed for use with an idealized blast wave flow field. The
focus was on the MIDDLE GUST results, and it was determined
that the present diffusion model was adequate for the computa-
tion of the in situ dust cloud altitude versus time as well as
the concentration of lofted particulates. (A "soil" of 5 mm
diameter glass beads was used in the MIDDLE GUST experiments
to deternine particulate concentrations.) A set of calcula-
tions for MIXED COMPANY, using the newer diffusion model
(discussed in Reference 28) were made shortly thereafter, and
corroborated some preliminary (unpublished) results; i.e.,
without changing the SCOUR parameters from those used in the
MIDDLE GUST calculations, the SCOUR model yielded a high degree
of correlation to the experimental measurements of the in situ
dust cloud.

These early SCOUR results were extremely encouraging,
but due to the incomplete nature of the experimental results,
it was only possible to conclude that SCOUR was "in the right

ballpark". Moreover, it was realized at the end of the present
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report period that a number of coding errors were present

in the special version of the SCOUR code used in these cal-

culations. While the errors were expected to have a minor

effect on overall cloud characteristics, it was felt that

they might exert a major influence on the SCOUR predictions

for near-surface particulate concentrations, particularly in

the negative phase. The corrections to the SCOUR code were

as follows:

Boundary layer transition — in the earlier versions

of SCOUR, transition from the positive phase boundary
layer to negative phase model was delayed by two time
cycles. This was modified so that the negative phase
boundary layer calculation is initiated immediately
after a negative radial (inward) velocity is indi-

cated for a given surface zone.

Negative phase particle lofting — in the earliest
version of SCOUR,[I]
flow field at 90° to the horizontal. A later ver-

(2] included a lofting model that ejected parti-

particles were ejected into the

sion
cles, randomly, between 10° and 90° to the horizontal.
Due to a coding error (that has been corrected), the
negative phase particles were ejected in opposition
to the wind.

Random number sequence — a coding error was inadver-
tently introduced to the SCOUR code (1974 version)

whereby the random number sequence was automatically
restarted whenever certain computer operations
occurred during a calculation. This results in a
bias in the random numbers, and was subsequently

corrected for the SCOUR2 calculations.[3’4]

Our main concern, of course, was to determine if the

tentative conclusions in References 2 and 28 were still justi-

fied; i.e., that the nominal SCOUR prescriptions for the mass

o2

B ——




lofting coefficient, b = 0.1, and the diffusion parameter,

ND |
k“ = 0.08, were adequate for the calculation of near-surface |
particulate concentrations as observed in the MIDDLE GUST II |
(5 mm glass beads) and MIXED COMPANY (in situ dust) particu-

late lofting experiments.

The MIXED COMPANY event was recalculated with SCOUR2

three times to evaluate the effect of using different values

for the negative phase diffusion parameter. The results were
slightly different than the earlier values and indicated that

the nominal prescription was superior in the positive and
- early negative phases of the flow field (on the basis of com-

parisons to experiment).

Based on these results and some unanswered questions
about the earlier MIDDLE GUST SCOUR calculations, the cor-
rected SCOUR2 model was then used to recalculate the 5 mm
diameter glass beads lofting experiment. These new results
indicated that the nominal SCOUR mass lofting coefficient

(bND
the experimental results. In addition, it was determined

= 0.1l) was approximately half that required to match

that the SCOUR deposition model may be primarily responsible
for the overestimation of near-surface particulate concentra-

tions at late times.

In this chapter, the results of these four sets of
SCOUR calculations are presented in the following sequence:
MIDDLE GUST II (1974), MIXED COMPANY (1974), MIXED COMPANY
(1975), MIDDLE GUST II (1975). The MIDDLE GUST II (1974)
results have been published in Reference 2, but are included

in this chapter for ease of reference.

4.2 MIDDLE GUST (1974 CALCULATIONS)

The MIDDLE GUST event was a detonation of a 100 ton

sphere of TNT located two sphere radii above the surface.

An assortment of particulate lofting experiments were




[31] These consisted of

conducted by a TRW research team.
motion picture coverage of the early time rate of rise of
the in situ dust cloud kicked up by the air shock at the

50 psi and 25 psi overpressure locations. In addition,

5 mm diameter beads were placed in prepared beds, 7 ft by

70 ft, that preceded the nominal 50 psi and 25 psi over-
pressure stations. Concentration histories of 5 mm glass
beads at the 25 psi overpressure location were measured with
a microwave attenuation system. Concentration data were not

obtained at the 50 psi location.

The SCOUR dust cloud predictions require a hydro flow
field input. An idealized prescription of the blast wave
flow field was utilized, to avoid complications in the output
of hydro calculations of HE detonations associated with the
presence of reaction products. (Moreover, AFWL tapes of the
HE calculations made available to S® do not cover the negative
phase of the event.)

The input flow field, fully described in Appendix B,

[33]

is similar to that used by Bannister. Essentially, the

predicted shock location, Xs' as a function of time t, has

been fit by the following expression:

R L (4.1)
This gives the shock arrival time and peak (shock) flow con-
ditions at a given radial location, X. This is combined with
an idealized prescription of the positive phase and negative
phase flow histories at X that require only the predicted
positive phase duration as input. The air is assumed <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>