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20. ABSTRACT (Continued)

",A calculation was performed for the conditions of the MISERS BLUFF 11-2

test, six j20-T ANFO charges separated by 100 m. Comparisons with overpressure

and shock arrival time measurements show good agreement, within the data

uncertainty, un=:il the incident shock is within about 7 m (20 feet) of the

array center. The peak overpressure predicted for the main reflected wave,

which contains the highest pressures, agrees well with test results near the
array center, Improvement would require reducing the cell sizes and applying
the "sharp" (Rankine-Hugoniot) shock modelling not just to the initial shock
but to two later shocks as well.
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SECTION 1

INTRODUCTION

The interaction of blast waves from two or more simultaneous
explosions can lead to much higher pressures than would be found from
the individual blast waves. This phenomenon bas been called cumulation

by Kuhl (Reference 1) in a thorough analysis of the interaction for a
six-burst situation described below.

A field test designated MISERS BLUFF 11-2 (MB 11-2) was con-
ducted by the Defense Nuclear Agency at the Planet Ranch test site near
Lake Havasu, Arizona, 30 August 1978, for measuring the interaction of
six blast waves from the simultaneous detonation o' six 120-ton ANFO
charges arranged in a hexagonal pattern with l00-.meter separation,

Reference 1 ptesents a comprehensive analysis of the basic

interactions involved in this six-burst blast interaction. Reference 1

also develops a semi-empirical method for prediction of the peak shock
overpressures and makes comparisons with the measured data from the
MB 11-2 test. The need for a hydrocode to be used in prediction of the
interaction, particularly to obtain overpressure-time waveforms, is
noted in Reference 1.

The objective of the present investigation has been to deter-
mine whether the REFLECT hydrocode would have the potential, if modified,
for computing the interaction of blast waves from multiple nuclear
bursts simultaneously detonated at ground level and to indicate the
modifications needed.

A principal feature of the REFLECT code is the representation
of the refracted (reflected) shock %aves in a two-burst interaction as
"sharp" shocks using the Rankine-Hugoniot (R-H) equations. If blast
waves from additional bursts interact with these blast waves, as for the
six-burst array being studied, it is expected that the additional shock I
waves might also have to be represented in such a calculation by the

R-H equations in order to obtain satisfactory accuracy.

The approach taken has been to make a limited modification to
the REFLECT code so that a preliminary comparison could be made of the
code results with the MB 11-2 test data. Only the two shock waves that
are currently modelled in the code as R-H shocks, the first refracted
shook and the first Mach shock, would be modelled. The shock waves
appearing later would then be smeared shocks in these calculations.
This comparison would en:able an assessment to be made of the potential
of the REFLECT code were one or more of the additional shock waves to be
modelled as R-1- shocks.

5



L Sharp R-H shock representation is expected to be very important
to accurate calculation of blast wave interaction from -multiple bursts.
Without R-H 3hock modelling, the shocks become smeared as compressions,

V over a number of cells introducing strong numerical viscous effects into
L the computed interaction. Several other improvements to the REFLECT

code should also be considered for the c~alculations, an-3 they will be

discussed and summarized below.
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SECTION 2

REFLECT-3 HYDROCODE

2-1 REFLECT-l MODEL FOR TWO-BURST INTERACTION.

The blast wave pattern for six charges in a hexagonpl pattern
is shown in Figure 1 for a time shortly after the waves be-,i i.nter-
act. The blast waves all first interact at the charge bisec,.
Because the cqarges are equally spacec and equidistant from the array I
center, the wave pattern is symmetrical on the two sides of ach of the
six charge bicectors.

The REFLECT-l code (ReferencL. 2) computes the flow field
within the shaded region for a plane of symmetry which is in this case

the charge bisector plane. The solution is axisymmetric about the line
joining the two charges. A sketch illustrating the REFLECT-I solution
and its relationship to the six-burst problem is shown in Figure 2. The
code computes the flow field between the refracted blast shock and the
charge bisector plane until the time that the refracted shock intercepts
the plane of the charge radial.

(Reference 3) with an expanding cell system. The cell system, Figure 2,

is axisymmetric about the a:-is passing through two adjacent burst
centers. Each cell is a torus centered about the axis. The cells are
arranged in columns with the generators for each column emanating from a
common point on the axis on the opposite side of the charge bisector
plane.

The refracted blast shock R1 is one boundary of the cell
system. The charge bisector plane is the second boundary of the cell
system. After the Mach shock M1 forms between the intersection of the
shocks I1 and R, and the bisector, it becomes the third boundary of the
cell system. Further description of the cell system is given in Reference 2.

The Godunov method conserves mass, momentum and energy in each

IV cell. The equation of state for air is taken from Brode (Reference 4).

The REFLECT-I code then computes the flow within the region in
Figure 2 bounded by the refracted shock RI, thb charge bisector plane
and the Mach shock MI after it fornis, Figure 3. The boundary conditions

for the calculation are the following. At the shock RI the properties

and flow velocities of the blast wave immediately outside of the shock
!•provi~de the boundary conditions. At the bisector plaue the imipermieable

surface conditions apply. At the Mach shock Ml, when it forms, the
atmospheric condiitions apply at the boundary.

The cell layout used in the present calculations is the same
layout employed in Reference 2. There are 24 columns of cels between
the axis and the triangular corner cell at the juncture of the R, wave

7
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Figure 1. Blast pattern shortly following simultaneous burst
of a hexagonal array of charges.
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with the charge bisector. The number of cells in a column decreases
stepwise from the axis to the corner cell. Also, the number of cells

within a column increases with time as the cell system expands. The
maximum number of cells in a column is limited to 16.

After the Mact" shock M1 is formed the triangular corner cellis replaced by one or more four-sided cells. This cell array is called

tlhe outer mesh system in Reference 2. The maximum number of cells
reached in the outer mesh system in the prc ent calculations was 16 in a
4 x 4 array.

The number of cells used in the present calculations was
limited to the capability of the REFLECT code developed in Reference 2.
A recommended improvement to be emphasized below would be to increase
the number of cells significantly. j
2-2 SIX-BURST INTERACTION.

Up to the point in the calculation where the shock R1 reaches
the charge radia" the REFLECT-3 code is the same as the REFLECT-l code
of Reference 2, with the exception of improvements made to the code
regarding iteration methods, tolerances and other associated techniques.

When the R1 shock reaches the charge radial the changes made
for the REFLECT-3 code apply. The cell layout for this period is shown
in Figure 3, where each cell shown in the sketch represents four cells
in the calculation.

The adaptation made to the REFLECT-I code for this problem has
been to limit the expansion of the cell system to the boundary provided

by the chaige radial. Therefore each column of cell cross-sections
shown in Figure 2 expands until it reaches the c Iharg radial, as shown 1
in Figure 3. In the inner nine columns shown in the sketch the cells

are bounded by the charge radial. The outer four columns are bounded by
the reflected shock R1 and the Mach shock Mi. As the incident shock Ij
moves closer to the array center, the remaining columns one by one reach
the charge radial. During the whole period, of course, the width of the
columns increases.

When the cells reach the charge radial, a pressure wave
reflects back towards the charge bisector. This is the refracted shock
wave from the next clockwise burst, 90 degrees from the bisector.

The sequence of waves from the time the blast waves first
interact is shown in Figure 4. The waves are sketched in this figure I
essentially in the shape obtained in the REFLECT-3 results. The shock
waves that are computed correctly as R-lf shocks are identified by double

lines and the other shocks by single lines.

111



Adjacent blast waves first interact on •he charge bisectors at

284.1 feet from the array center, Figure 4a. The shock pattern after
the initial interaction is shown in Figure 4b. Up to this point all the
shock waves are computed by the REFLECT-3 code as R-I1 shocks.K: The pattern after the Mach shock Ml forms is shown in Figure 4c.
The refracted shock R2 is not represented as an R-H shock ir the REFLECT-3
code, so it smears over several cells. The results of the REFLECT-3
calculations indicate the triple point I-RI-M1 intercepts the charge
radial at 24.5 feet frum the array center. This compares well with the
24 feet given by the method of Kuhl (Reference 1).

After the triple point II-RI-M1 intercepts tile charge radial,
the Mach shocI. M2 is formed with tile triple point MI-R 2 -M2 . Because the
shock R2 is smeared in tiva present form of the REFLECT-3 code, the
triple point beccomes spread out along the incident shock MI-M 2. Te u
smeared triple point therefore would be expected to reach the charge
bisector ahead of the time it would if instead it were formed by al
R shock that is sharp.

The arrival of the principal part of tile smeared triple point
was identified from the REFLECT-I results by the abrupt rise in pressure
behind tile M1 shock as being at 9 feet. This compares well with the
arrival of tile triple point given by Reference 1 an 8 feet.

rhe shock R2 refracts across the charge bisector as the R3
wave shown in Figure 4e and the Mach shock M3 is formed. The shock R:3
is smeared in the REFLECT-3 calculations, but the front of the imploding
wave coatinuws to be formod by the R-I1 shock in thu code. This imploding
shock has the triple point M2 -R3 -M3 according to the model of Reference 1.

The triple point M2-R3 -M3i is smeared in the calculauions
because the shock R3 is smeared. The arrival of the leading edge of the
smeared zone at the charge radial is indicated in the e'omputed results
by a marked rise in pressure behind shock M2 at the racial at 3 feet
from the array center. From there inward the results indicated that the
pressure on the rad il behind the incident; shock IJncreauled to entmioun:.al.ly
equal the pressure at the bisector. j

The REFLECT-3 calculations were continued until the incident
shock on the bisector reached withL.n 0.43 feet of the array center. At
that point the cull system was frozen. Frolm then on the wavou moved
through the mesh with all the waves being smeared. At this po:iLnt the
cell system had four cells along the imploding shock between the charge
bisector and charge radial. Each cell had a 0.056-ft front on tile

imploding shock and a length in the radial direction of 0.20 feet.

The calculations were continued until 0.073 seconds after the
scaled AFWL I-KT-STD(REV) burst. This corresponds to about 0.080
seconds for the 120-ton ANFO bursts.

12
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The PFAB code has been deveLoped for computing the shock wave
that radiates from the array center after the imploding wave r iaches the-
center. (This wave is called the main reflected wave in Reference 1).
This code is described in the Appendix. The code computes the region
inside of the outward-facing shock and the sector bounded by the charge
bisector and radial. The boundary conditions for this zone are the
conditions ahead of the outward-facing shock, given by che REFLECT-3
calculations, and the impermeable surface conditions at the charge
bisector and radial. The PFAB code for computing this region has been
prepared and debugged.

A computer routine Is required to input the necessary data
from the REFLECT-3 code into the PFAB code. The REFRA mating code was
developed for use with the REFLECT-1 code output, and minor modifications
are required for its use with the REFLECT-3 output.

There is a point concerning the three-dimensionality of the
REFLECT-3 model that should be noted, The vertical plane from the
ground along the charge radial is represented in the REFLECT-3 code as a
slightly curved surface. This is due to the fact that the call geometry
of Lhe RIEFLECT-3 code is axisytunoLric about the axis joining the charges.
In the code the boundary fuv the charge radial 114 a Conical surface

having its apex at the charge. The charge radial on the ground is a
geueratrix of the conu. The includod angle of the cone is 120 degrees,
so the radius oF curvature uormal to the surface is very large compared
with the distance from the radial to the bisector, and the ratio of the
two becomes infinite approaching the array cnter. B3ecause the radius
of curvaturu becomes increasingly large relative to the distance between
the charge radial and chargu bisector as the incident shock approachue
the chargeo center, calculations have in1dicated that the curvature ill not
expected to have a significant influence on the results, particularly
approaching the array center.

.16



SECTION 3
RESULTS

The test results of the MISERS BLUFF 11-2 test are presented
in Figures 5 to 12. These results have been photocopied from Reference 1.

The free-air blast data are an input: to ti, h REFLECT-.3 code.
Two blast models are compa-red with the test da'a In FI.gures 5 and 6.

The records of the overpressures measured in the MB 11-2 test
are presented in Figures 6 and 7 for stations aleng the charge radials I
and bisectors, respectively. The records have been reproduced from
Reference 1 j Tie stations are ide;ntified by the radial distance from
the array center in meters and angle from one of the charge bisectors in
degrees; e.g., Stationi 25-30 is 25 meters from the !irray cenlter -and
30 degrees front the baseline charge bisector,.]

The output of the REFLECT-3 calculations Is compared wi Lh
the test results in Figures 6 and 7 for the charge radials and bisectors,
respectively. The times for the REFLECT--3 results presented in these I
two figures have been adjusted to match the measured arrival of the-
first shock of each pressure record. The incident shock pressure-range
results are compared with the test data in Figure 8. The pressure-range

•' resu.lts for tile main reflected wave aru compared with tile Lust. data illi

Figures 9 and i0. The shock positions as a function of time are compared
with the test results in Figures 11 and 12.

3-1 BLAS'1-WAVL MODEL.

T31J..1 Shock Overpressure.

The REFLECT code uses the data from tho uiidiLturhed blast wave
fjrom a siugl burst as inipuL to the code calculLtions. The calculat:.lins
are as accurate as this input.

The in .1dm t s hock overpres usure, Apj.j, given by two methods Lu
COmlI)ared in Figure 5 w.ith data from t) Le MB 1.1-2 Lest results., The
SMB 11-2 data used here for COmpl)ritons have been obtained from ReifLrence 1.
T'lhe absci,,sa iu the distance from ethei cLuter of the 6.,burst array.

'fThe crosqe- inl Figure 5 represent the ANFO calculation by AIWI,
for the MB 11-2 test au g&ven in Reference 5. The shock overpressure
presented here for these data wast determined by the curr,,t method
recommended by Refereuwv 6 wherein the shock overpressur., is taken as
the peak uomputed pressure and the location of! the shock is taken as
the point where the computed pressure is u. -half of the peak pressure.
Previously Reference 7 had reconmmended a 4-point extrapolation of the
pressures to obtain the shock overpressure. Ihat method generally gives
a shock overpressure about 2 to 4 percent higher clhan for the curve
shown. At the 82-ft station tihe ANFO calculation gives a shock over-
"pressure that is 10 percent higher than a mean of the data. Fur the
41.-ft station the ANFO calculation shows good agreement with thia test
data.
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The second blast model was obtained from scaling the AFWL
l-KT-STD(REV) of Reference 8 for a free-air yield of 0.67 KT for the
ambient conditions of the MB 11-2 test. The shock overpressure for
this model is also compared in Figure 5 with the MB 11-2 test results.
The agreement with the test data is very good at both the 82 and 41-ft
stations.

3-1.2 Overpressure Wave Form.

At test stations on the radials at a distance of 82 feet from
the array center, Figure 6a, the overpressure during approximately the
first 0.025 seconds following the arrival of the i1 shock is produced by
the blast wave from the charge located on the radial. For this period
the overpressure wave forms for the ANFO calculations and the scaled
I-KT-STD(REV) models cau be compared against the test data. Two records
have been used in the comparison: from Stations 25-30 (300 radial) and
25-210 (2100 radial). For Station 25-30 the ANFO computed values, using
at the shock the 4-point extrapolation, are about 10 percent higher (as
a fraction of the shock overpressure) than the test data during about
the first 10 milliseconds, they essentially agree with the test data
during the middle of the period and fall about 5 percent below toward

the end. The scaled I-KT-STD(REV) values are in good agreement for
the whole period.

For Station 25-210 the ANFO calculations agree fairly well
with the test data. The scaled I-KT-STD(REV) values are about 10 percent
lower than the test data at early times and about 10 percent higher when
the period ends (with the arrival of the R1 wave). It is concluded
from these comparisons that the waveform measurements at 82 feet from
the array center support the ANFO and l-KT-STD(REV) blast models about
equally well.

Two stations were located on charge radials at 41 feet from
the array center: Stations 12.5-30 and 12.5-150. The records are
shown in Figure 6b. The I1 waveform lasts only about 0.005 and 0.003
seconds, respectively, at the two stations. The record for Station
12.5-150 indicates the I1 waveform is terminated by a double peak.
Except for that the scaled l-KT-STD(REV) values agree well with these
waveform data to within the resolution of the graphs (about 0.2 to
0.4-in. amplitudes).

These comparisons on the radials provide an evaluation of
the modelling of single ANFO blast waves at the ground level. From
these comparisons it is concluded that the scaled I-KT-STD(REV) blast
model agrees with the test data within the data scatter at 82 and 41 feet
of the array center until 0.06 seconds. There are no single-burst blast
data nearer to the array center than the 41-ft station or later than
about 0.06 seconds, because of the blast interactions from the other
charges.
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I
3-1.3 Selection of Scaled AFWL i-KT-STD(REV) Blast Model.

Because of the differences in shock overpressure at the

82-ft station, It is concluded that the scaled AFWL I-KT-STD(REV) blast
model is in som• 'hat better agreement with the test data than is the
ANI'O calculational results. As far as the overpressure wave form
comparisons, however, the two models agree about equally well with the
test results.

There is another problem with using the ANFO calculational
rusults. The properties in the region of the smeared shock must be
defined atd that would require some exploratory work.

Therefore the decision was made to use the scaled AFWL
SI-KT-STD (REV) blast model with a free-air yield of 0.67 KT as the irput

to the l•IJ0FICT-3 calculations to represent the 120--ton ANFO charges used
int M11 11-2 tet It is concluded that the ANFO calculational results

.ispport this blast model for use in this inner 100-ft region of the

blast array within about 10 percent in shock ovorpressure.

3-2 R1 -MI WAVES,

1The initial ioteraction of the blast waves occurs along the
bliiectors. The R1, waves are produced by this initeraction. A record for
Lhiu intLeraction is shown ia Figure 7a fo•: Stations 86.6-60 and 86.6-240.

The initLial shock overpressure for an 86.6-m bisector station
can be calculated directly from the properties of the incident shocks by
uilnig the R-Ih equations. Th1is is essentially an exact calculation,
dependeun upon tLhe sjLrength of the incident shocks. Because the two
blast models (ANFO computed and scaled l-KT-STD(REV)) were shown to
14,0:01V within about .10 plurcent with the measurements of the 11 shock
()VL'X)2e•'urite and overpressure waveform, this calculation might be con-
siderred For use as an valwuation ofC the test simulaticn. The ANFO
calculaLctd blast wave gjrives an initial shock overpressure that is
7 percent higher than the scaled l-KT-STD(REV) value at the 86.6-ni station.

The Let data from Station 86.6-60 has a shock overpressure
1that is 25 perc(ent below the scaled J.-K - ND(REV) value and the test

data of !tat"ion 86.6-240-AB has a shock ove-iprolssure that- is 36 percent
,e.luw that value. 'Therefore IL is concluded that the shock overpressures
,.0.measu)L., OL initial blast intercept appear to be low by about 25 percent

_i ~or, mlor'e.

"Thes.te differences cannot be used as a dcfiliut:o evaluation of
the uxper:iment because of questions regarding use of the blast models at
Lho 1..4-fLt (50-111) .1. ast rnqll•.•,U . TiTh colnpaar -i ons made Ln Figure 5 are

'k!
[d 131
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,*, for 246-ft and 287-ft blast ranges, respectively, for the 82-ft and

41-ft stations. The ANFO calculation showed a shock overpressure that
A tends to be high at the lower blast radius (82-ft station). The scaled

AFWL l-KT-STD(REV) shock overpressures, although they agreed at the 246
and 287-ft blast ranges, are much larger in the proximity of the burst
center than for a high explosive. Therefore a definite conclusion
cannot be reached at this point on the test accuracy. But the com-
parison does point up the possibility that the Lest overpressure might
be low by as much as 25 percent or more compared with an ideal test.

The predicted overpressure waveform for Station 86.6-60 from
the REFLECT-3 calculation are shown in Figure 7a to be within 10 percent
of the test data by one millisecond after shock arrival. The differences
with the test data for the 86.6-240 Station are much greater until about
five milliseconds after the intercept.

The record for the 164-ft station on the charge bisector,
Figure 7b, appears to indicite that one blast shock arrives about 1 1/2
milliseconds ahead of the other, tending to reduce the peak pressure.
The REFLECT-3 shock value is 29 percent higher than the measured peak.

At the 82-ft stations or the charge bisector, Figure 7c,
Station 25-0 has k, large shock juup at 0.0448 seconds followed by a
second jump about- 0.003 seconds later. Station 25-240 shows a similar
sequence, although the overpressure in the later case falls off about
15 percent before the second jump. The REFLECT-3 prediction essentially
fairs through the test data of Station 25-0 for about 0.013 seconds

after the arrival of the M1 wave. The second jump in the overpressure
may be due to an irregular type of Mach reflection. Irregular Mach
reflectiorL resultsj in a compressive peak following the Mach shock due
tc the ir.teraction of a sl.ipline with the (virtual) reflecting surface.

At about 0.058 seconds the RRYLECT-3 overpressures in Figure 7c

begin to climb above the test values. This departure is attributed to
the early arrival of the leading edge of the smeared R2 shock. The
R3 wave arrives early as a result. It is expected that this effect

could be eliminated by making the R2 shock a sharp R-H shock in the
REFLECT-3 code, as are the R.1 and Ml shocks. In general, however, the
predictions shown in Figure 7c are in fair agreement with the test record.

For the 52-ft staition on the charge bisector, Figure 7d, the
RuFLECT-3 prediction agrees well with the first peak of the trace. The
measuread pressure trace has a slight dip until about 0.06 seconds, but
the agreement with the REFLECT-3 prediction otherwise is good. Beginning
at 0.06 secou~ds the predictions again show the effect of the early
arrival of the smeared R2 shock follov'ed immediately by the R3 wave.

At 41 feet on the charge bisector, Figure 7e, the REFLECT-3
prediction agrees well with the first peak measured value for the MI
wave for Station 12.5-240 shown in the lower trace. However, the measured
peak for Station 12.5-0 is about 20 percent lower and has a flat waveform
for about 3 milliseconds, followed by a sudden dip, instead of the more
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classical wave form of Station 12.5-240. At about 0.060 ieconds the
overpressure predicted by the REFLECT-3 code rises above the measured

values for both the 0-deg and 240-deg stations due to the smeared
R 2-R 3 Wave.

TIe comparison for the 20-ft stations on the 240-deg bisector

is shown in Figure If. The REFLECT-3 predictions for the M1 wave are

25 to 50 percent higher than the measured values for Station 6-240. flow-
ever the predicted values fall below the measurements of Station 6-180

by up to 25 percent. So the REeLECT-3 prediction falls between the measure-
ments. Several. factors make it appear that the calibration of the record

for Station 6-180 may be in error; this will be discussed in Section 3-5.
The predicted overpressures begin to rise at about 0.065 seconds due to
the early arrival of the smeared R2 -R 3 wave.

3-3 RI-R 2 WAVES.

The R] wave in the REFLECT-3 code reaches the radial as a

sharp shock as shown in Figure 4c. It refracts across the radial as

the smeared R2 wave in the present form of the code. The R1 shock

appears to refract at the radial as a regular shock reflection. The
R2 wave following the intercept of the R1 shock is indicated on the

traces in Figure 6.

In Figure 6a the I12 wave comparison1s are shownI for 82 feet from
the array center. The arrival time of the RI-R2 wave for the IEF],MCT-3

prediction is within 0.0008 seconds of the measured arrival time for

Station 25-30 (note: the measured variatior in arrival time between the
30 and 210-deg test stations is 0.0004 seconds). This is good agreemenLt.

A second shock arrives 0.00085 and 0.0021 seconds after the first R1

shock at the two 82-ft radial stations. The REFLECT-3 result,1 also show
a rise following the shock arrival 'o a second peak about 0.004 seconds
later. In fact both of the test traces show a third peak a few milli-
seconds behind the second. The second peak may indicate a delayed

arrival of one of the RI waves at each of the stations, and the third
peak may indicate an irregular type of interaction of the shocks.

The REFLECT-3 results in Figure 6a again fair through the test
data for Lhe R2 wave fairly well up to about 0.056 seconds. At that
point the REFLECT-3 values become higher, which is attributed again to

early arrival of later waves due to shock smearing. Resolution of the
sharply peaked R2 shock wave shown in Figure 6a would also jequire

reduction in Lhe size of the cells for the REFLECT-3 code.

Figure 6b shows the comparison at the 41-ft distance. For
Scation 12.5-30 the predicted arrival of the R -R 1 wave is 0.0010
seconds after the measured arrival, which is within the 0.00125-s

difference measured between the arrivals for the two stations. Again
the REFLECT-3 results fair through the test results until 0.067 seconds.

The predictions then rise, which is again attributed to the wave smearing

by the code, in this case by the smeared main reflected (M-R) wave.
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The predieL ioie-; agaiii do n1LHot IIOW tSlim 1- 1) poilk oi I' he 11 1n Ml (lilt ýi , 1)1L
that would reqJuire Olesalrul..TepeilosdootgAL

apparent: Itj-R 2 wave giving a signifficantly differentL Overall waveformil
than for Station 12.5-30.

AL the 20-ft stations onl the charge radials, Figure 6c, Ole
lUFET3overpressure p~redict~ions ha1ve a waveform1 soliewhat: simlilarl Lu

that; of Station 6. 21.0 for about: 0.004 Seconds af ter arrival of the tihock
M2. AL St~ation 6-270 the M2 shock is preceded by a weaker shock, whereas
at the 150 (niot; shown) and 210-deg radinit-ithe M2 ahock arrivutn first.
The level of: the predictions is about 25 to .50 percent higher' t-a tlmhe
meaCsured V4.lues0, but theure aire differenceii of' +20 percent bsetween the

-meaured12oepenuewv om for the threeL Ltation at hiL
range , so it; is not c Lear that the .iiuasuruil 11nteractLoans at this dill-
Lan1CeI from the array ceit~er are accurate enough for muchl better runolu ioul.
But; it; does appear that; the trend of the prodicted values ill high,"r th11114
for the tent. data atL Lhisl Vali~le.

begin to rise i ignif ican tly above the Lent; values.* Thit I llownl thu

trend at the more outward st'at ionn attrvibuted to the ef feettn of ihuock
smelarini dand Cell slize.

I,3-4 It - I WAVE.

The It Wave in tercupa Lu he chmarge b I uec to and 1-0 1 VV 1el
(regular.) an" anl R3 sluo~k , as "hlwwn in 1" [guru 4o. Bo* Jit i ho ka are smeared
in the ItEF]ACT-3 codeL. The0 R3 walve appears at theC 82-ftL st~ations shown
Ill Figure 7e, but itL occursi too lat~e for compluetecomparionul with1 tile
testt data. Comparison of thle REJLECT-3 resuu]lt wiLh the(- 1(3 wave [unl"it'i
Figures 7d to g alhow that the REFLECT-3 wave iu smeared and would need
a sharp It sHock anld Stina 11r cells to rep)odluce thle re~latively 11l ta1'p
peak o1. L 113 wave.

Figure 4e UshoWJ that st~ations onl charge bisiectors w1lthini 9
feet; of thle array cOlente would be expeceuv~ to have the Macli shock M3
arrive first. CareOful inspectLion of the trace for Stat ion 1. 22-180
ShoUws a iltech) iniial shock -jump very necarly eqluil to t-le REFI.ECT-3
nhuock Jump iid len ted by tLie0 first point . Thei UREFLECT-3 values cotInuie
to c:limb as do thle teSt data, but; 1 IthE I'ECT-3 values conitinlue to e!limbll
due to thle early arrival or the Smeared N-It wave. The inlitial shlock
jullip is notL quite an diutinict: for the L-race of Station 1.22-2410, but [tie
REFLEC-3 results comp1Iare simlilar ly.

3-5 M-R WAVE.

The blast waves from chairges thiat are located more than 90
degrees away around the hexagon produce the wave. identified here as thle
M-R wave, taken again from tie, terminology In Reference 1. where it: Is
called the main& reflected wave. For oi'onts on the radials, as shown in
Figure 6, the N-R wave IS p~roduced by three charges. For points onl the

bisectors, as shown in Figure 7, it is proluced by two charges.
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At Lteu staLlionu Wi thun 20 loeut of Lthe Ilri~ay cutjqt'rj thle t-It
wave, arIA. lyo oii ny vunough Lo allow cuinpn rl~oii,; of the REVI'tlCT-3 rurnults.
IILhote comp tri 4Lt4 int are Iahown Iin 10I gureo 6c anti 7 f to I..

Thew ti-K waIve p)red ic d by the RSVLS'FI,-,G3 code IsH of coIurtic
flbil 1.1'(I, butLL, W.11 Lic Ou' XcOI) I iOui Lite. iligni .ttid ol' l:t he peiik ovorprotititruiA
gunet'al.ly iigrI'uHI4 hilly well WI LII OWii Lout I~A U rL8U * The oxctep.1OL Ii!on 4ofo
SWttLIoul 6-180 which is bolievul. to have an cvomtm ruwun lflb nat ioii k* wth cI
*LH suppo I lod by nevo rn ut hou Ioat uvo (Lthe rap Id duvcroaiw h% thlet over-

proimu v of Lte1 Ml i hook a lung t11w 2410-do p. cliii gu hI 1100 t~ol O unt WoulidI
VOusu.1. t hoLwenL 20 and 10 itw L otf Ht.,1 array ecotone and by coinpat-Itnon ofI! nVUuL0 nWithi LlIoNo For' S tat on 6-240).

'3-6 ARRAY ci;NT'IR.
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aI, rmomivoL hit L vlow ul' Ih IU~ 2.1' 1IitLVl.Lv' y IlL L4tC IL .Lz ui: LI u co .1.it) O empopod iii
Lthe an1I1WIc do 111I Hil uuuimun rl'Lp oh' Lteu R2 mid R:,j uuhuouk WAVOW. T1i1

W4AVU It) li of L lit iLSI"IHi(Y'- 3 0uVe np nJun u Wo o aroaI; I vo ly 14ni mlIanL W (thu
IlOlunLH I)od waVO Ifor of Out' N-H wave u xuopt For Him 11ria Lur %vi anth d~l'
).tdueutd I'Oak. * 'iu oompianiuoul III Very ulicuuuL4L:hig For the P poLcl itj 1(11:o
thu cudu

3-7 I NC IDEINT 1,1OCK UVERP1RES'SURES,

Thul uliuc uVk oj'.,L\pn IALItnru for intete 111idu'lit; ulioo k Lit pol.ntf ouni
HLIidlil InI( 11111 h moo tot wI LiiII 100 futL'tl u ii. di1 array ceniter arot pl .I~u toi I
I Igur 8e retoprnoduced Lruin Ru £UruLcu 1. fTh '11w LLFV~i-3 valuoij mro 10plotL c0

The 1Li'l" idCJ'- r adhitJ voluo ii frum 100 fOUt 1Inwardl to 26 Neot
arc thuc t caliud I.-KT-STIJ , ' i'npiit VI viiuc L o Lit hO odt', 01 tioy do no I
pvLovLd hit c umlparin [ULL f or codeuvalVu i'L:I on Chi Ole b Inot: to at 82 foot.
Uliu REFIl.ECI- 3 vadluem ir abro ut.lIL .1.0 to 2. 5 hlurccl~t hit~le Hium. phLI 0 I 11i fu
tle Luutont IL diLUl H owo~ver Lthe Lent, IdaLa, ]"Jgtu'r 7 c, have n viocund peak
OCcuL'Iit, in ug(JLly about Of.003 acuIOOIIando 41 r Lteu:11 [d n buck , dand tho

ht~"LCCJ 3valueL ifH 01)ly 7 percent). F iligor Him chu f~iouccoind -,peak Valme ior
Stait~on 25-0O..AB3.

At 52 feet onl the blauctur the REF]LI'CT-3 vuluoii apYrcc with1 the
test puakl value . At 41 f'cuu On tile bisector the REELECT-) .Mi~o',k ovor'-
pinuHitire. agructi with the toLut value for thu 240'-dog titafton. TIhe hoclt
VUalIC fur the 0-.-dug HutaI in -LU lower by 16 puincu~t , but Ohis recuord,
Figo'rC 7C 111 1.1. a puCIul.Lan1 wa1VUf7oVu, 8O t-.110a V1LoQ in quen~on II fl!
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14i1ock Isi gener iall[y strionger L111 hnlvia~uluvd , boitb IV hlu t ilivi tit hu Inc idun L
N~hock iN nua tilth, ar ray Ceonvl Lit, r HVI)-AVIILI on ill arrval vL.II! buhot:Wtivi
tit!u j) od IIC~ c hod(Nlc anld Oetv8Lw u do Ln hat; ducreased by LdbOUL 0.0 Miili -
secondnl

Thu 141h0ck Fconlf L Liral Lie tovrIus along Lilt!~ b.J.HvcL0torN aro commpa redI
Iln F' [guru 12, At tho 82-ItL. IILIILIOII t 11o RIIALI'CT-3 ShImCk IlrVI.VoN thl~ldO. of'
thIIu t. oN1 it) c IWc 1) I 1) y ahU ti 06 2 Mm.I. 1. 1. 11 uCon C 0 Thu No .or TI L IVIIton do CrCUHVNO
NI. ightiL~y , to IlbunLt 6.*0 Muill II ocondtN ot; about thu 50-ftL sLa Lion, and it.
rumailm innS Un1L~all Ivcoinlsf.ant. I'mom L ho r onl hI awnd to thuaria y con11 Curl~j

IL hi nuotwort~my LhaLthu prod jI.-IcLud nipvd of' thu Incl[dualt Nhock AInoruatwt
Ii n1 L flInin I IW ow Voo L frum Lhe culn L or roughmly q mm~a to the NjpooU~qp
lwhwn by 11w Lent. data.
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A ~SECTION 4~

DISCUSSION

'The (lvi Cp ri..045u re iieaaur .2mcnLs 14 V ow the MIGi IlY MACHI 11 -2
(Nil 1 1-2) a I X-bul'at 1. eat. hatVe b0011n 0ifi).l.OyCd herC 1aH the baaist, for
cviii uatLoul ol Lh lIt' R i1i ET- 3 code' resul.L 4. Bet ore rev lewilug' the coli-
parls 101, ai I tW colmiiienlHtire noted regarding tile us8eO L-of'it Leit reulltit'1

The CIi e tuna L 01' HlaiX 1l1ji, hg i gli-VIXI)IOaI iv lla' gU to prOduce
V bL.'I!Iatwves al' fi' cItot J.Y ide.ltlel.x1 Ill optce and timei to conIverge1 at Oil-

111C Cly Centeil ' VW11.11 LIII 10 C ~ Oiic2> LA tIIi l oitccur lo C ii~lUca le~ xplos ions
-il a ti I'lca.I[t te(iiiiI1ca1. LIIIIi(. LEvtdil.1CL olf Li11' problem can be seen 'il

LAlIe d.1l' I (t'011iCC oh tai med ill LiL' OVer p1.`1l-uiitC!u hii La'-10 t lea mslured onl
(~i'0 -Ii'rn b 1 s'c Lo fo 4 'o th le in Le a ioii ot a im1piY two b~~J mtwaves,

i`gule 711 Th SholI lc k oulIVeI lOSHl' 1'01CC 10 th p~lit C intercepting oil tile
M4 (10-, eg1 iscc oto ill 3 p e CcCIL lower thaon b'r tile 1)11 r in te rep ting onl

te(110 tlc 00UQ i b[Ht'tLOV, 41i1d the idLtLer isi 25 mnd 310 pecVCilL bellow the two
VII tleAW t'oiiipiLud I row tile hllsL I: modt'I a (SeC 1>1on 3-2,)

Tihe oveU C'ISMIl' 0040e teilL yve(2i dil lire C'i)'Co aeed Iill ligo rca 0 and 7
pi-ouiiod Ill pa iiin by a hub 111-Lca 10C1111- for: 001iIpIIiO01 pll ,)OCPOH4. 11 Uii
di1.1'VVi1C illce betLweel ,netrces for any One! paiir iii readily appn-rent. TIJio

dii'ieI~iicei l'0 Ill liii. IVIIIL.1.1110, W11OC01-111 1111d1 magnitude.

Manly 01' tile difflie relcoN (11 liul enid be expected betweenl tile
1)1114L WaIves t hemsel.ves -- aL~ Lc sIN hue1 o01' or rivll, spheric ity , etc.
would gene iratly be t'XpeLcted toLVI) ld Lo iow'~t tile illt!Lerct ionl Over-
p rca no rca . A iiyd iocude aCUIIciaL Ion , Oil the ot her h aud , having idenutical
bi1:104 Wav es 1111d LIM liuit CilIoy ed accurt hLICiydrodynamiic modelling,- o4uch as

~'4iliIR1.I1ki1.11t-11''-i U hogo otaliC k waven , ant ticLteIi tly usmall. cull. or muesh

Ei Izes, etc. -- Would lie LXp'c Led LO) g'ive OVCl'i)r'0lLlUl'e8 th1Lt Would occur
UiIRhVidci Idul ho ul-t and1L a tmonijphiic C Ic coziIftiolona. A good iiyd rocode cal -
dIIIIt Ion Ls e xpec. td to se rve ill defI.inling tue up por ll.1ixi. of. over-
p1i'0f1ll i C e1 LiIII Cool1 bIle L)XI)t! ted Ifo r blm. t WaeIVCituorac LlI (11, inl[ ~ ~~parlt Iicu or for nluclealr hruL

'File IfI'LECT-3 code inl I La present forml is expec ted to be mlost
accutrute. pri-or Lt) 'Interaution of tile refracted R-1j waves at tile charge
radiaii ls 1.1 T)Cl peiod term inaites with tile inteurcelpt tonl Of the triple
p~oint 11 R- 1 and the chiarge radial, Figure 4c, whlicih is piredicted toI
occur onl rod Iala- at 24. 5 feet ClOli the array center. During this period
the shock overpressures predicted along LI charge bisector for thle
IncidentL sihock Mi are i ound to agree well. With the maximium overpressiures
mieaisured from 82 feet inward to 4.1. feet in the MB 1:1-2 tests, Figure 8.
Tile 24.5-ft interceptL of thle triple point and the charge radial is in
good agreemtent with the 24 feet predicted by Ku~hl (Reference 1) and the
test results. Definite conclusions regarding the overpressure wave
forms predicted for thi~ii period cannot be made because of someI anomalies[ ~in tihe test data for points onl the charge bisectors, Figures 7a-e.j
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1L)uwVer t here IS Food 111CL111ement bet-Weenl the! re-Ld icted Wave Form And One
teISt eod o the )oi~ltLo'1i-Lii~reLa 28/4 feet. oil the 60-deg,
charge lsector Fiur a, S I-ng Itoea...scn fte.r shock

arrivl'I nd thr sH -t~ t .i y g rooe eni; withi o tlie r records.

The RtVIA.ILCT- 3 p redict ion Of the R1 -qhoc 1K arrt .1 1. t inie 1 foI
points onl Lhe charge rad Lal is InI good agreement. With1 the tust' resuilts
for Ltie 82 and 41-ft stat~ions, F0igUres 6a-b. Th[le REFLECT-3 prediction
has the, shock I ullp It t he beg inning of' th R2 wave , he cause it employs
the HhlaV1 HI shoe k. The test teOCO rdo Show LI very sharp) pressure spike'
for1 tLiio R2 walve loillowing the shock anlid the p rediCted r' Sulht s ess.ti t ini. ly
Cal r through t 11LheSe WaVe' forms1,1. ROSOItolut ol 01 he overpressure p~eak
would require s;omel redcteionl in1 the Cell HoLIe5 used III L1he code.

'Thle R2 and R,, shocks (I'llgore 4c ) have no0t, beenCl modelled ill the
pl-relent: £oril of tlhe REF'LEC'- 3 code mo shar p Rankine-1 lugon lot. shocks 4, so
the0HU shocks becomle smeaired over sevoral celis in the results, T I'Iiis,
simearing, caluses the pressures ahead of these shocks tO riise early. ForI
eXWallple , thle riseu of the incident: MIj shock overpressure pl-ired ced along,
a chanrge bi joe te, Fi gure 8, colmliencinig at the 22-F'L H tationi and nmounit Ing
to about: 10 percentL Is at ributeud LO this R2 -oholý, smearhing e fleet. TIhe!
p r-dicted incidentL sh1ock overpreosure is founld to he Ii ighier th11n mea11sured
by Up to 30 1)ercuti~ Lr om 18 1/2 feet inward to 10 Ieet Whi-1Ch is at trI.-
but ed inl part to thle smuared R2 shock. The mla iked U11111 f ib in te Mi. sohck
OV*1~l oveprSSUre co110I~iunnlng utL the 9-ftL st~atilon is USSoC Ia ted wi thi the
arri.-val, of the bulk of' the smeared R2 shlock.1

TIhe K2 Shocks ileteurcepti igý at a1 charg 'e h)Isc C C1.0o'r form the R:3
waves. The early arrival Of thle leading edge Of thec smeared R(2 waves
appears to affect; t1C predicted overprCSSuirc wave forms at; stations oii
the bisect!or from 82 feet inwcird to 10 feet, Figure 7c-jr. From 82 feet:
Inward to 42 feet: It appears to cause a pressure rise about: 0.01 to 0.02
seconds early , beg:lnilng, a.L about; 0.00 seconds. At 20 and 10 feet: tle
overpredictLios beg.,inning immudiately of~ thcaria o ie incident M hc a
ML shock aire attributed te it.

K24.5 feet) onl the radial and the incident M3 shoQck (,at 9 feetL) oa the
bisector, the incident shock ovurpre~st-ure predicted by the RLFLEC1r-3
code climbs monotonically alonig both the radial and the bisector inlward
to the array center, Figure 8. T].his result: is in contrast to the trend

given by the shock interaction analysis of Reference 1. of decreasing

[ The predicted incident shock ,,rerpressure at 22.5 feet on the radial
agrees well with the prediction of Referonce 1 and the test results at
20 feet, Figure 8. Comparisons of predicted wave forms and test: records
have not: been made for the radial Inside of 20 feet, so anl evaluation
cannot; be given. At 10 feet on the bisector the advance arrival of the
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smeared R shock affects the comparison. But by 4 feet this effect
would be. ecpected Lo be essentially over, and at. 4 feet and 0 feet the
predicted incident shock overpressure agrees well with the test results,
Figure 7h1-1. I.t is concluded from this comparison that tLhe strength of

the incident shock increases after the M2 and M3 shocks are formed, but
the conclusion is tentative, dependent upon calculat ions with sharp R2
and P(3 shocks and smaller cells.

The ;;ain reflecu.ed (M-R) wave formed from the implosion of all

s Lx blast waves at the array center is of primary concern as it results
in the highest overpressures observed, Figures 9 and 10. At 0.43 feet
From the center the peak overpressure predicted for the M-R wave by the
REFLECT-3 code is about 23 percent lower than measured, Figure 10. At
4 feet on the bisec-or the predicted value falls slightly below the data
and at 10 and 20 feet on the bisector and radial, respectively, it lies
s01IL'WI1lL NI )oveU. '1.1Ler•'e is Hi'hureho re a 1L-7011d IOr tL1e prod!i 't.cl i)(•Ik
overpressure of the M-R wave to decrcase more slowly than for the test
results and to be higher at the further distances than measured in the
test.

The test records indicate a rather sharp peak for the M-R
wave, varticularly for the array center. The predicted M-R wave forms
are stretched out more in time. This stretch-out is expected to affect
the peak value predicted. The stretch-out is attributed to the finite
coll size, and it is expected to have a greater effect on the comparison
close to the array center where the cell dimension becomes more important
and the tesL record indicates the most rapid decay timewise.

A reducti-Lon in the cell size used in the REFLECT-3 code would
tend to raise the peak pressures predicted in the M-R wave. the in-
crease could well result in raising the peak pressures of the M-R wave
at all distances from the center. In fact, thu predictions might well
then all fall well above the measured peak overpressures. Without
further informatlon on the characteristics of the imploding shock
segments i!. a mul.tiplc-burst event relative to the effects of non-
uniformity in blast: detonations, atmospheric and terrain effects, etc.,
it is reasonable to speculate that perhaps h.igher peakl ovw1presures
might be attainable. This possibility is supported by the rapid decay
indicated in thie measured ove rpressure in Figures 9 and 10, a factor of
two in a distance of only 4 to 6 feeýt, Figures 9 and 10, which might
imply stringent time-of-arrival requir,.ments.

]in general it is conclu(ied that the potential of the REFIECT-3
code has been well demonstrated in these comparisons with the MISERS
BLUFF 11-2 data. T'he two improvements to the code that have been
indicated throughout are (1) to represent the reflected shocks R2 and
R as sharp Rankine-Hugoniot shocks, as are the R1 reflected shock and
the three incident Mach shocks, MI, M2 and M3, in the present REFLECT-3
code, and (2) to reduce the cell sizes for better wave form definition.

I
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SECTION 5

CONCLUS IONS

The REFLECT-3 code has been developed by making limited

modifications to the original REFLECT code (DNA Report No. 3470F). The
objective has been to determine from comparisons with the test results
of the MISERS BLUFF 11-2 event the potential of the code, if modified,

for computing the interaction of multiple nuclear blast waves from

ground-level detonations. The MISERS BLUFF II--2 test consisted of the
simultaneous detonation of six 120-ton ANFO charges placed in a hexa-
gonal array with 100-ft separations. The following conclusions were
reached from the comparisons.

1. Between 100 and 41 feet of the array center the predicted
incident shock overpressures for the charge bisector agree
well with the maximum values measured.

2. Within about 22 feet of the array center the smearing of the
R and R3 refracted shocks affects the predictions of the
incident shock overpressure. Overpredictions relative to the
test results of up to 30 percent are observed. Within 4 fect
of the array center, where the smearing effect may be less,
the predictions agree well with the incident shock overpressures
measured.

3. The peak overpressure predicted for the main reflected wave i,,
1615 psi at 0.43 feet from the array center (the closest point
from the center computed), which is only about 23 percent
below the test result. At 4, 10 and 20 feet from the center
the agreement is very good. Based on considerations concerning
the code calculations and test factors, it is possible that
higher overpressures might be obtainable than measured; it is
expected that they could be adequately predicted following
code improvements indicated below.

4. Thu two improvements to the code that have been indicated
throu,'hout are (i) to represent the two reflected shocks R2 I
and R3 as sharp Rankine-Hugoniot shocks and (ii) to reduce the

sizes of the cells. j
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APPENDIX

THE PFAB CODE

GENERAL DESCRIPTION OF CODE.

The PFAB computer code was developed as a modification of
the FAB-2D code of Reference 9 for computing the main reflected wave

in the six-burst problem. The method employed is to solve the planar

two-dimensional transient fluid-flow problem of the reflection of an
initially prescribed blast flow from the corner of a wedge-shaped
boundary, as indicated in Figure 13.

The flow field outside of the computational cell system shown
in Figure 13 is a prescribed time dependent flow, which is in the present
application given by the REFLECT-3 code. While the REFLYECT-3 code does
compute this same problem as part of its late time solution, the PFAB

code is more realistic in that the main reflected blast wave is repre-
sented as a sharp Rankine-Hugoniot shock front (which is smeared in the
REFLECT-3 code) and the PFAB geometric cell layout is better adapted

to the features of the main reflected wave.

The code computes the flow in a moving cell coordinate system
similar to the one shown in Figure 13. The cell system consists of an

arbitrary number of "sectors", three are indicated in Figure 13 (designated

J=1 to 3) each of which is subdivided into an arbitrary number of cells,
as illustratud in the figure for sector 2 (J=2) for a 5 radial cell con-
figuration (I=1 to 5). Cell dimensions and distances are expressed in
terms of the radial distance r and the polar angle 0, with the origin of
coordinates being taken at the corner of the wedge-shaped space.

The outer boundary of the cell system represents the outer

limit of the calculated flow region, which is initially specified and
moves radially thereafter for each sector according to the speed of
the shock wave at the outer boundary of the outermost cell of the sector
and the local outer prescribed flow region. The inner and outer
boundaries of all cells, such as aa', bb' in Figure 13, are taken to
move outward similarly, at speeds proportional to the ratio of their I
initial radial distances from the origin of coordinates to the initial

shock front radius for the same polar angle.

Within each sector the radius from tle origin of coordinates

to the curved circumferential cell boundaries (aa', etc) is taken to

vary linearly with the polar angle between the values at the two rays

designating the sector boundaries.

These shapes are not precisely true sectors in that their outer

boundaries deviate slightly from circular arcs. I

fltIW=UNJ PAGN BLAxK-v0T F1 1iý&!
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The pressure, density and velocity components in each cell

(abb'a'a, etc.), as expressed in polar coordinates, are taken to be
constant throughout the cell.

The flow between adjacent cells in the moving coordinate system

is computed using the Godunov technique in the same manner as for the
REFLECT-l code (Reference 2). More specifically, in the interior of the
disturbed region, the flux conditions at cell boundaries are computed
as locally isentropic shock-expansion phenomena for large pressure and
velocity differences between cells, using an isentropic exponent

L 1(Y = (dln(p)/dln(p)) ) which is the average of the values for the two
e s

adjacent cells; for small pressure and velocity differences between adja-

cent cells a linearized approximation is used. For the outermost cell
bcundary of the disturbed region, the shock front velocity and associated

fluxes are calculated on the basis of the exact Hugoniot relationships
for air.

The code assumes a real air medium with thermodynamic equation-

of-state properties given by Brode's 1965 analytical representation
(Reference 4).

Input to the code consists of the specification of the
pressure, density and velocity in the entire disturbed fluid field at
a time shortly before the incident blast wave strikes the corner and
also the time dependent incident blast flow conditions outside of the

computed flow region for all later times. These required initial and
time dependent flow conditions would be obtained from the results of a
REFLECT-3 run. The conditions would be inputted to the PFAB code by
an interpolation code designated REFRA (Reference 10). The REFRA mating
code was developed for use with the REFLECT-l code. Minor changes are
required for its use with the REFLECT-3 code.

Program output consists of tables of pressure, density and

velocity and configuration geometry printouts for selected times.

The PFAB code has been set up on a CDC CYBER 176 computer.
The code has a core requirement of 164K octal SCM and 376K octal LCM

for a 5000 cell configuration.
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