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Purpose
USAFETAC Technical Notes are published by the USAF Environmental

disaeminate aercspace soliences
information to units of the Air Weather Service. Subject matler
contained in these Technical Notes, while pertinent, is not deemed
sppropriate for publication ae Air Weather Service Technical Heports
which are confined to those stwiies, reports, techniques, etc., of a
more permanent and specific nature. Tochnical Notes include such
material as wing seminar 1listings, bibliogrephies, speciel data
compilations, climatic studies, and certain USAFETAC project reports
which may be of special interest to units of the AWS organigation.
This series is published under the provision of AFR é-1 and AWSR 80-2,

as amended.

Distribution

Technical Notes will normally be given the same distribution as
AWS Technical Reports which incluaes all AWS units through detachment
level, Additional special distributior mey be provided certain issues
when the subject matter is believed to warrant wider dissemination
within the scientific community. A smaller distribution of the Notes
will be made when the area of interest and applicability is considered
limited.
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A PREDICTION METHOD FOH BLAST FOCUCING

INTRODUCTION

During the past several years large nonsnuclear bombs (8,000 to 10,000 lb TNT equivalent)
have been tested at Eglin AFB, Fla, Under certsin atmospheric conditions, the explosions
from these munitions have created overpressures which have caused uncxpected damages. After
several incidents, such as plate glass windows shattering twelve miles avay and a communica-
tion center unine miles away being knocked off the ailr, project officials contacted the ADTC
Staff Mcteorologist for assistance in providing future operational forecasts, Lt John
Forsing, & STAFFMET mathematician, attacked this problem initially. Later, u three-jman
team — — Lt Forsing, Lt Ed Keppecl, and Capt Richard Rasmussen — — combined their talents to

solve thce problem.

After a literature search, the errpressure-forecasttng technique established by the
Ballistic Research Laboratories (9RL) at Aberdcen Proving Ground, Maryland wae selected.
This method involves calculating the forecast repregentative value of the speed o1 sound for
a specific azimuth (based on forecast winds and temperatures) for esch 1,000-ft layer from
the surface to 10,000 ft. Values of the major positive and negative speed-of-sound graedients
are the entering arguments to BRL grapgé from which the unfocused overpressure and the focal
distance are obtained. A comparison of the speed=of-sound profile with BRL profile catego-
ries yields & multiplicative factor for the overpressure intensity. However, the un-
certainty involved in selecting focus factors, together with a high rate of unacceptaebiy
large predictions of overpressure, suggested the need for further refinement of the BRL

techniques for our operational use,

The next source of information came from Kirtland AFB, where STAFFMET personnel fur-
nished us a compuierized prediction model, Allsond. ‘lhis progrem was criginally developed
by the Kaman Sciences Corporation, Colorado Springs, Colorado, Unfortunately, Allsond ran
into difficulty very soon with its Monte Carlo perturbations, parabolic model requiring
rather sophisticated climatology, and its lengthy machine time. It had been designed to be
a test model of sound propagation, not mn operational model of blast-focusing forecasting.
Shortly afterwards, we learned that the NASA Missisrippl Test Facility near Slidell,
Louisiana had been employing a modified version of the NASA Sound Intensity Prediction
Program. This program used only & linear model and did not require as much input data; how-
ever, it too had several drawbacks, It required & or 5 radiosondes to be released within
six hours of actual testing, fixed receivers and mobile communication units blanketing the
local area, sund exclusive computer privileges during this entire period.

By either of these computerized approaches there would always exist the veiled threat
of direct application of the computer overpressure predictions by a customer who did not

understand the variable accuracy of inputs and would assume the computer outputs to be
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extremely rellable, Both programs used as input the predicted atmoapheric values which, of
course, could not be expected to verify with 100% accuracy. The computer programs gave the
meteorologiat no contrcl over the prediction, What was needed was a flexible subjective
method which vould allow one to temper the forecmst, knowing the rellsbility of the forecast
atmospheric parapeters. It was decided that the aritnmetic advantage of using a computer did
not offset the danger of user interpretation of results, Tnerefore, both programs were }
eventually diacarded, .

While the two computer programs were undergoling evaluniion, discussions were also held
with Mr, Jack W, Reed, Test Effects Department, Sandie Laboratories, Albuquerque, His
extensive research and operation im the blast-focusing fleld proved to be of great value, By
placing focus factors and damage limits in probabilistic terms, he had arrived at solutions
to the forecast prediction in terms of economics rather than those of absol ite safely. Even
80, the Sandia method is quite simlilar to the BRL method, and requires the following informa-
tion either directly or indirectly: speed-of-gound profiles, ray tracings, a functional

relationsliip of the standard overpressure versus distance, attenuation ccefficient, and focus
factors, Therefore, in the operational checklist, the BRL and the Sandia methods have been
combined, incorporating tire most desirable features of both,

Problem Statement

The problem is twofold., First, usirg the most “ecent upper=-air
data, to forecast the winds and temperatures fium the surface
to 10,000 ft for mission time, Secondly, to use these fore-
casted values in obtalning a speed~of-sound profile and
determining any significant areas of focusing of the acoustic
shock wave and the intensity of the focusing in these areas,

Definitions
Blast Focusing =- The rufraction patterns of ghock vaves through the earth's atmosphere.
Shock waves == The pressure and sound waves created by am explosion,

Fucal Area -~ The location upon which the refracted shock waves are expected to be
concentrated.

Overpressurcs == The pressure expected at various locations due to the refraction pattern
of the initial shock wave,

Speed ~of ~-Sovnd
Profile -- A vertical plot of the representative values of the speed of sound,

Reference Angle = The direction (clockwise from north) that one is interested in for
deternining the amount of focusing expected in that area.
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A DESCRIPIION OF THE SPEED OF SOUND AND BLAST FOCQUGING

Focusing of an acoustic shock wave 1s caused by variations of the apeed of scund in the
stmosphere, Theae variastions arc primarily causcd oy two meteorologicsl poramcters, tempera-
ture and wind. Moisturc and density varistions in the atmusphere have such a relatively

minor effect that they were pot congidered in these calculations,

For surface or near surface blast sources, the horizontsl changes 1n the speed of sound
contribute very little to the focusing potentials. The horizontal variations of the tempera=
and wind ficlds are not nearly a5 pronounced as arc the vertical shears, Hence, thc primary
concern i$ for the vertical changes in the speed of sound since these changes are the main

phenomenoh responsible for any type of focusing.

In order to determine the vertical changes, an empirical equation is need to calculate

the representative speed-~of-sound values from the surface to 10,000 ft in 1,000-ft intervals:

v =21 - V coe v (see note)
5

Vs = representative speed of sound
T = tempcrature (C®)
V = wind speed

Yy = 8 - a, where @ = direction the wind is coming frum
and g = reference angle

Above 10,000 ft, the speed-of-sound changes are neglected. If any shcck wave wraveled that
far upward, it would decay so considerably by the time it was refracted back to the surface
that it would be of very little significance,

1, Here are some visual presentations of how the wind and temperature variations each affect

the speed-cof-sound profile,

a. Wind Speed Effect (temperature and wind direction are constant with altitude)

HEIGHT HEIGHT HEIGHT
| P
- —— 3
—_— —
SPEED OF SOUND SPEED OF SOUND
OBSERVER DGWNWIND OGSERVER UPWIND

NOTE: This equation does not give one an actual value for the speed of sound, It only shows
the changes in the speed of sound from layer to layer.

3
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2. 1n genersl, the spead-of~sound profile varies direotly with the wind variations whep one
is dovuwind, and indirectly vhen one is up wind. This holds true when the wind direciivu is
fairly conptani with height, as obe can then determine the downwind and upwind location.

a. Temperature Effect (vinds calm at all levels)

rl Z fR

TEMPERATURE SPEED OF SOUND
In general, the speed of sound changes about 2ft/sec for each 1°C change in temperature. The

stronger the inversion, the more pronounced the focusing,

3. The relationship of the speed-of-sound profile and the focusing of shock waves 1s baged
on the following physical principle: When the apeed of sound decreages with height, the shosk
vaves arc refracted upwards; when the epeed of sound increases with height, the shock waves
are refracted downward. Many different epeed-of-sound profiles are poesible, Here are some
of the predominant profiles with their assoclated shockewave patterms:

a. VWind is celm and temperature is constant with altitude, (No focusing/standard over-

pressure)
HEIGHT l I ; /
/"
—
SPEED OF SOUND BLAST SOURCE
b, Wind end temperature decrease wiih height, cbessiver is downwind (Mo !ocusiug,/less

than standard overpressure)

HEIGHT

—_— e e
—
SPEED OF SOUND BLAST SOURCE
4
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c. Winds and temperature increase then decrease with height,
focusing. amplification greater than stundard over-preasure),

— ///// -

SPCED OF SOUND BLAST 30URCE
d.

Winds and temperature decrease, increase, and then decresse with hzight, observer is

dowonwind, (focusing/overpressure and focal distance depending on height sud inteczity of

the speed of sound inversion),

SPEED OF SOUNL BLLAST SOURCE

e, Wind and temperature increase slightly, then greater with helght, observer is downe

wind. (focusing and amplification),

| . |
HE;'GHT ' j @

SPEED OF SOUND BLAST SOURCE

In ceses 3a through 3e, it has been assumed (for simplicity) that the wind direction is fairly
constant with height (within 100 de

. The specd~of~-sound profile can become ygiite
complicated, however, especially when the wind reverses direction and the speed varies. Such
conditions will be apparent during the calculation of actual cuses.

4, The following generulizstions can be quite helpful in calculating blast focusing:

a, The strongest focusing and/or amplification will oceur when the wind shears and

temperature inversions coincide,

b, Thc area of stirongest focusing will be downwind.
5
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c. Strong winds will generslly produce more intense focusing ithan light winds,

d. Th<c stronger the speed-of-gound inversion, the cloeer the focal area will be to the
blast source and, hcace, the more intense the overpressure,

e. The closer the speed-of-sound inversion ig to the surface, the closer the focal area

will be to the blast source and, hence, the more intense the overpressure.

S5. The procedures that are fully described in the checklist Appendix 1 are basically the
following: First, forecast the wind and temperature vulues for each 1000-ft layer. Next,
calculate the representative speed-of-sound values for each level, plot them on the worksheet,
and determine the major gradients. Apply these gradients to the BRL, and Sandia graphs to
determine the focusing and/or amplificatiun possibilities. Select the focus factors for bvoth
methods, and calculate the intensity of the overpressures. Compare the two answers, and

select the one that appears most reasonable,
VERIFICATION

To actually verify such a procedure as thils would require considerable sophisticated
instrumentatisn, For the area size with which we are dealing (approximately a 20-mile radius
circle for a 1C,000 lb TNT equivalent explosion), this has not been possible, The primary
verification we can offer are several specific incidents that have happened since this check-

list and procedures have been developed.

On two separate occasions, we predictled that overpressures just below the damage criteria
would strike Eglin AFB, During both cases, tre entire base felt quite an appreciable Jolt,
yet not one pane of glass was broken., On another occasion we had a critical building, down-
wind of the drop zone, yet closer than the area of expected focusing. The test was performed,
and pevsonnel at the building did not hear anything as the focusing was on the other side of
them as predicted. Without our checklist, we certsinly would have recommended cancellation

on that day. As it turned out, the test was a success.

Since July 70, when our checklist and procedures were pu in use; we have had no damage
claims, law suits, or even broken windows due to blast focus.ng. The time used for an initial
forecsst ranges from a half hour to ¢ne hour, depending upon the meteorclogicel situation and
specific test ares, The time used in providing these specinlized forecasts is well Justified,
due to the significance of this type of nonenuclear experimental testing.

CONCLUSION

By combining the BRL methods and the Sandia reports into a checkllst with worksheets, an
efficient yet economical operaticunal technique has been devised for forecasting blast focusing.
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ter items 1 thru 9 shown below on the workcheets (sce Altochment 8).

1. Forecast the wind direction (theta, 8) and speed (V) at 1000-ft intervals from the gurface
to 10,000 ft for the scheduled time of the mission,

a. Three key items to consider are the location of the drop zone, the sea-breeze effect,
and the amount of heating expected by wission time. Aany frontal systems or low-level weather
phenomena should also be considered. The lowest several thousand feet are the most critical,

80 be extremely careful,

2. Uslng the average wind direction in the first 5,000 ft, determine the 180~degree
reciprocal direction (alpha, a), the direction of expected wmaximum focusing. Also, select
the directions (alpha's) of potentially sensitive areas for use in successive calculations.
These alphas arc the reference angles.

a, Example: If the winds are from the southeast, then the area northwest of tne drop
zone would be expected to receive the most focusing., If the winds were from the west, tnen
the area to the easst would be the most critical. The first time through the entire calcula-
tions one should consider the probable area of maximum focusing. Then, repeating the entire
procedure, use any other angle to look at one specific ares in determining how thst area will
be affected.

3. Calculaie the relative angle of the wind for each level and represent *aem as gemma (vy),
vwhere y= g - &,

a8, Example: 8 a
Z70" 0* re’[a'f
200° 20° 180°

20° 200" -180°
b, Using the gamma values and the forecast wind speeds, determine the wind component tc the
speedaof-sound profile by the graphical computation aid, which gives V cos y .

4, The graphical wind computation aid is Attachment 9. Be sure to use the wind-velocity
scale that is in knots. This computation aid takes the cosine of gemma, multiplies it by V,
and converts it to ft/sec, How to use it: Center the ruler on the chart with the wind scale
on the angle gamma., 0 along the ruler until you get to the forecasted wind speed (in knots),
Then read off the value of the V cos y term on the parallel lines.

5. Determine the sign of the -V cos y term by looking at the magnitude of gamma, Consider
V to be positive,

If yis from 0® to 90°% then Veos y= + and = V cos v= -.
If yis from 90° to 270°%, then V cos y= = and = V cos y = +.
If v is from 270°* to 36C°, then V cos y= + and = V cos y = =,
NOTE: cos (- y) = cos vy

A1
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6. Fortcast the ieaperature (T') in degrees centigrade from the surface to 10,000 fi in
1000-ft intervals ror the scheduled mission time.
7. Doutle &l the rorecast temperature values (2T),

a. For negative itemperatares, simply multiply the value by 2 and let it remain a negative
number.
8. Add the doubled tempersture values (2T) to the wind cowmponent (-V cos vy) and determinc the
values for the speed-cf-aound profile (Vs), where V_ = 2T + (-V cos vy).

a. This equation is taken {rom the BRL report. It considers the temperature profile to
be twice as important as the wiud component, The 2T term is considered to be in ft/sec, i.e.,
the value 2 has the dimensions of ft/{sec) (degrees).
9. Plot the Vs values versus altitude on the speed-of=sound profile worksheet.

a. The values for the dottom scale (Vs) have been omitted on purpose. Due to the range
that the V$ values can have, room did not permit the insertlon of various values. It has
been left to the discretion of the forecaster, depending upcon the values that he determines,

Some examples can be sten in the next item.
PART 11
INTERPRETAT ION

10. Determine the first two significant gradients in the speed-of-sound profile., Enter the
numerical values of these two gradients and the height of change on the worksheet.

a, Significant gradients are those that are initially negative and become positive at
a higher altitude, initially zero then positive, positive then negative, positive then zero,
and positive becoming signifizantly more positive. Smoothing can be applied to insure that
the overall pattern is defined, not the trivial fluctuations. In some rare cases one might
have 3 or more significant gradients. Oue must consider all possibilities, If the first
significant gradient will not refract a majority of the rays, then the combination of the
second and third major gradients could possibly affect the total outcome. (sec examples for

one of these rare cases),

1 It Il

10,000 FT 10,090 FY ¢ \ 10,000 FT ~
\
\
\Y
\ \
5,000FT 3,000 T} 8,000FT }-
p 7
'’
!
i S
src YT - & S Y S SO S S, emcl a2
30 %0 50 &0 -20 -10 [+] 1]

Vy = V,-; Vg -

Examples: Solid Line: Actual Sovading
Dashed Line: Smoothed Soucding

A-2
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1. Negative (-15/3000ft = -.005), then positive (+15/7000 = +.002).
Height of change = 3000ft.

IX, Positive (20/4000ft = +.005), then negative (=15/6000 = «.0025).
Height of change = 4000ft,

11i, PNegative (-15/2000f1 = -,0075), then poeitive (10/2000 = +.003),
than negative (-10/6000 = ,0016),
Height of change = 20001t,
Neglect the third gradient as it is a weak gradient.
11. If there are no positive gradients, it can be assumed that the overpressure exceeds 4 mb
to a range of 16000 fi in e.l directions for a 30,000-1b ground burst. (Sandia Chart, Attsche
ment 1 to Appendix 1).

a. The value of 16 kft was determined using a zero speed~of-sound profile, (Sandia focus
factor = 1,0) Other ylelds have a value determined by:

R = [2h3(wkt H.E. )O'bj -833

vhere

Wkt H.E. = yield in kilotons of high explosive

In fact, this method overestimates Lthe range for negative gradients since focus factors (from
Jtem 14) of 0.2 teo 0.9 should be applied. This, however, doesn't produce operationally sig-

nificant differences, BRL uses a focus factor of 0, which would give us absolutely no safety
criteria at all. Due to the large WKT H.E, we are dealing with, we feel that the Sandia re-

sults are more representative in the case,

12. 1If the first major gradient is positive and the second gradient is negative, zero, or
less positive, one has no focusing, Just amplification., Use the values from Item 10 of the
significant grad ent and the height of change, and do the following:

a, For the Sandia methnd, select a focus factor from Item 14, Using Attachment 1 to this

I o, ikeln 15 - 28 AtLRchi

Appendix, desermine the rangz where the overpressure is & mb for this focus factor,

b, For BRL, take the magnitude of the positive gradient and the height of the gradient
top, use Attachment 2 and determine the maximum range of rays returning to the grouné. A
focus factor is not pbeeded iu this case, as it has already been incorporated into the chert,

(1) Tne focus factor is always used to multiply the overpressure expected, not the
distance, For cases of amplification only, one has to use the Sandia chart for different
focus fagtors for determining the distance that one expects 4 mbs overpressure. There is nat
a linear relationship between distances and focus factors (see Equation for Ap in Item 14p).

c. Comparing this walve to the Sendia values, select the lesser of the two. Forecast
the overpressure to excead 4 mb to this distance,

I
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13. If the first gradient is positive and the second gradient i1s more positive, the predic=
tion method is & combination of Items 12 and 14, There¢fore, the predicted areas of over-
pressures exceeding 4 mb are composed of an expansion of the ares close to the blast as well
as an area of focusing at a distance.

14, For all other combination of gradients, the following procedure will apply. Take the two
gradients and the height of change and determine the focal distance from the charts in Attach-
ment 3.

a. BRL Method: Using Attachwent 4, determine the unfocused overpressure expected at the
above focal distance. (Convert pei to mb by sultiplying psi by 69). Usiug the BRL profile
classification (Attachment 5), determine the focus factor and entar this value on the work-
sheet,, Muliiply the unfocused overpressure by this value and arrive at the expected over-
pressure at that focal distance and direction. Try to be subjective with the higher—-valued
focus factors (Categories 4 & 5), since a repreaentative value for a "stirong” gradlent is
never given, We would estimate a gradient of ,020 or greater could be couvsidered strong,

b. Sandia Method: Take the following thrve parameters: The focal distance from Item
14, Attachment 1 of Checklist, and the focusing factor expected (from the table below). With
these, determine the mmount of overpressure expected, Uase the following table for the focus

factor:
FOCUS FACTOR SITUATION

0.2 Large negative gradient entire V‘s profile

0.9 Slight negative gradient (entire v, profile)

1.0 Zero gradient (vertical VB profile)

3.0 Wind shear in lower several thousand feet

5.0 Temperature inversion in lower several
thousand fest

6.5 Combination of wind shear and temperature
inversion (rare cases!)

8.6 Average of extremse cases of focusing on
record

16,5 Highest ever recorded.

The sbove focus tactors that deal with wind shears would apply
vhen calculating for a target directly dowvnvind (area of
stroongest focusing/amplification). These focus factors Lecome
proportionally less as one turus away from the downwind direc-
tion. At this time there are no definite relationships among
the focus factors, the direction of interest, and the general
wind direction, Any such relationship would have to be
measured on an instrumented range., For any point in the
pressure rleld of blast regardless of the profile, the
following values have been calculated: 99.9% of cases are
focus factor "5" or lower;99.9% of cases are focus factor

"2" or higher,

A-4
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(1) Four mb 1s considered to be the critical limit for glass breaksge, Auy values
o less than 4 mb ai'e pafe structurelly but can still create a lot of noise. Any values &bove
. .1035 md (115 decibals) is considered loud to the average esr, For th VT PIe

the predicled overpressure,

the following equatior applies:

TR RTEIE TR

Ap (ob) = incident overpressure = kHAR =34 aF

TR

where , k = constant = 357

W = yileld in nuclear kilotons

T

R = range in kilofeet
A = constant = O, 4

a = vigcoue attenuation coefficient = 1

focus factor (dimensionless)

‘_.n"wm..
-
L

Also,
P = incident peak-to-peak overpressure = 1.35 Ap = 4p + Ap~-

P * = reflected incident peak to peak overpressure = 2P

k k

Ap™ = recorded overpcessure = P*, 2 P,
Therefore, O,L «1.2

spw = ug2 WhgleRy

T

' * = *
‘ P 24p

This is the predicted overpressure (P*k)

PRESSURE VS TIME RECORDING
ap

V

TR
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0= Pi = REFLECTED PLUS INCIDENT
PEAK -TQO-PEAK OVERPRESSURK

{The amount oF encrgy lost
due to the growd refraction
15 considered minimal)

15, Compare the BRL results with the Sandia results., One can either combine the resultis or
select the one method that seems to be most epplicable for this case. Novw refer back to the
original forecssted winds and teapersture, Attempt to visualize what would happen if oie had
more heating, less heating, no sea breeze, etc. Then fipalire your guesstimste and contact

the project officer.

Three examples are fuirnished:

Example 1 Attachments 7a, b, and ¢
Exemple 2 Attachments 8a, b, and ¢
Example 2 Attachmento 92, b, and ¢

* Attachment 6 1s the deslgn and
specifications of a Wind Board,
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COMBINATION OF GRADIKNTS

SINGLE NEGATIVE GRADIENT

POSITIVE GRADIENT NEAR
SURFACE WITH NEGATIVE
GRADIENT ABOVE

ZERO GRADIENT NEAR
SURFACE WITH POSITIVE
GRADIENT ABOVE

WEAK PCSITIVE GRADIENT
NEAR SURFACE WITH STRONG
POSITIVE GRADIENT ABOVE

NEGATIVE GRADIENT NEAR
SURFACE WITH STRONG
POSITIVE GRADIENT ABOVE

ATCH. §

NN NN

USAFETAC TN T1-8

MULTIPLICATION FACTOR
FOR REGION NOTED

0 -~ FROM ORIGIN TO LIMIT
Of OBSERVATION

5 - ORIGIN TO LIMITING RANGE

10 - FOCAL AREA ONLY

25 - FOCAL AREA ONLY

100 - FOCAL AREA ONLY

VARIOUS TYPES OF VELOCITY GRADIENTS TO BE EXPECTED AND THE INCREASE

IN INTENSITY AT A FOCUS FOR EACH TYPE.

A-13
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September 1971 ATCH. 7a USAFETAC TN T1-8

STAFF MET SUPPORT CHECKLIST

Glary AETECROLOGTNT e Capt R.A, Rasmussen

PAGSACT /AT 4535K005  Pave Pat II _ . - —
MLY ol #8030 . e

RAZE W LAUNT 500 Pocosin Pond (12 miles NW of Eglin AFB)

TN TG, o Ly 091 5al115/13 - Nov.]

D E AT | A O R . S
BRTGL L i 0 0730/13 Nov 70

P . r N .- EUE v
) S TR L G RTT ORI Rl Capt Carlson
POt It

22810 . — e —

WAL JUPPORY w0, Lo Gtk P,
PROOICY o Llling:

, CAR G Slim, (YL ORDMR, AND

_Blast Focueing Torecagt

NOT REPRODUCIBLE

SYROPSIS OF JUPPUORT RENDERED (REASONS FOR HOLDS, CANCULLATTONS,
PROBLEMS ENCOUNTLRED AND RECOMENDATTIONS)

4

2

{

0730 = Maximum smplification would extend 7.5 miles toward Eglin. This would

be cutoff for > 4 mb overpressure, Therefore, looks like a go situation as no

critical targets are expected to receive > 4 mb overpressure.

0900 - Surface temps and winds just as forecast - Situation still looks good.

1030 - Mission went, Eglin heard large BOOM, but, no demage wes reported: We

had less than 4 mb overpressure,

A~15
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TWT FQUIVALENT:

Septewber 1971

ATCH. 7b

BLAST FOCUSING WORKSHEET

10,000 1lbs

DATIS: 13 Ney

RA0L AVATLABLE:

13Z

DATA MODIFIEDY: Yes = lower level winds & temps

RueskS . ANGLE:

CORECAST ALY

.
M

_'a) __145° (Eglin AFB)

A= (8- q)

WINDS Y |-Vcos?7| T&) 2T Vs
360/05 215 +7 11 22 29
360/10 215 +14 10,5 21 35
310/08 165 +13 10.5 21 34
280/13 135 +16 8.5 17 33
270/18 125 +17 9.5 19 36
270/18 125 +17 9.5 19 36
275/18 130 +20 10.5 21 L1
280/18 135 +22 10,5 21 43
280/20 135 +24 10.5 21 k5
275/25 125 +2h 9,0 18 42
270/25 120 +21 7.5 15 36

FIRST 3RADIENT: + .002

SECOND GRADIENT: = -005

HEIGHT OF CHANGE: 8,000 Ft

FOCAT, DISTANCE: N/A Amplification, ipstead

SANDIA BRL

OVERPRESSURE:

UNFOCUSED OVERPRESSURE: Tg 16KF > Off scaie as gradients are to0 weak

L M
MULTIPLICATION FACTOR: X3 (wind

therefore 1 p51 = f)%). 9“76mb
should stick

shear) with SANDIA results!
To LOKF ~yMB MB

A-16
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USAFETAC TN T71-8 ATCH. 8a Septeiubes 1971

STAFF MET SUPPORT CHECKLIST

STAFF METEOROLOGIST: Capt. K. A. Rasmussen

PROJECT #/NAME: 4535K005 PAVE PAT II
MISSION #: 1030

RANGE/LAUNCH SITE: _ Pocosin Pond (12 miles NW of Eglin AFB)

LAUNCH/T.O. DATE/TIME:_ 1130 - 1330 16 Nov 1970

WX SCOUT STN/T.O. TIME: N/A

BRIEFING TIME: 0945 16 Nov
PROJECT OFFICER/KEY CONTACT: Capt. Carlson
PHONE NUMBER: 222517

WEATHER SUPPORT REQUIRED (CHECK P.D., CARD FILE, OPS ORDER, AND
PROJECT OFFICER):

Bla Focusi ecast

SYNOPSIS OF SUPPORT REND ERED (REASONS FOR HOLDS, CANCELLATIONS,

'D‘DI\‘DT'E‘MQ 'I.'.'"MI"{“TT\YW‘E‘D'E‘T\ ANTY LONMONTIAMTANC .
L ASAVAVIL R wT st wh Wy s U F U J.u.:VVAu.auuna..Luuu/

Qoky - For the first Gradient I expect only amglificaficn a5 it extends only
to 1000 ft altitude, The BRL distance of 23 Kilofeet looks more reasonable

t 's et, There are no significant targets within 8 miles,

but I am worried about possible focusing effects downwind due to the L=5000

ft speed of sound increase, This is a rare case where one must consider such

__possibllities as not all the rays will be refracted in the lower 1000 ft. A

lot will be Jjust bent downward, For the leading edge of the base, I expect

critical overpressures around 4 mb, As such & good possibility exists for

damaging overpressures, I predict a NO-GC situation,
A-18
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USAFETAC TN T1-8

BLAST FOCUSING WORKSHEET

TNI' EWJIVALENT: 10,000 1b

DATLE: 16 Nev 10

RAQE AVAILABLY:. 122,

DATA MORIFLEDT:  Yes Lower levels

RessRel2l AlGLE:  (a) 145°

PURECAST VALUEG:

As (8 - @)

WINDS Y |-Vcos?7| T&) 2T Vs
360/05 25 6 5 10 16
330/18 185 30 1.5 3 33
330/20 185 34 -2 -k 30
330/20 185 3k =45 -9 25
330/18 185 30 -5.5 =11 19
330/1% 185 28 1.5 +3 31
330/17 185 28 2,5 5 33
335/17 190 28 2,5 33
335/17 190 28 5 1 29
330/15 185 25 =1.0 -2 23
310/13 165 21 -3.0 -6 15
FIRST GRADIENT: + 017 Facusing =00k

SECOND GRADIENT: __ = OOk +.0L
HEIGHT OF CHANGE: 1,000 Ft L, 000 ¥t

FOCAL DISTANCE: _N/A Amplification

65 KF ~ 13 milen

SANDTA BRL

UNFOCUSED OVERPRESSURE: 16 xF > 4 MB -

MULTIPLICATION FACTOR: X3 (wind shear) —

OVERPRESSURE WKF2h MB 23 gy 24MB

A-19

SANDIA X5
overpressure = 3.8 MB
BRL X20
overpressure = 4.2 MB
1 psi = O, 9476mb ;
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September 1971 ATCH. 5a USAFETAC TN Ti-B

STAFF MET SUPPORT CHECKLIST

SThe i\ﬂ;"lEOR(';L()GI.‘JT:_-____'Qm_n A, Rasmussen e
PROCECT A/ZNAME: _  4535K005 Pave Pat 11
MISTICN 370 3034 e
RATC 0/ LAGLS DT Ca52,  Populated area 1k mileg SW. Site C-( 8 miles enst,

LAYSTIL/ D 0. DA/ T 1215-1400 25 Nov O
WA CoOU AT Gl T N/A

By TR 10bs L

PRy i “]*::‘Ti:_’,l' RO ISR Capt_Carison
PHenl AR 2-2

WisA e GUPPORLY fa0H ey S0l P, CARD NILs, GF  vRUGIR, AND

Piu wlr n tWECHER) S

Blast Focusing Forecast

SYNGFSIS OF JUPPORT RENDERED (RBAZONS IPOR HOLDS, CANC-LLAYTCNS,
PROZLENT BNCOUNTXRED AND RECOMUNDATIONS):

1045 - For 090° - focusing should be on the other side oOf site Cb qnto an

_unpopulated area, The intensity of the focusing is doubtful - San:lia focus

factor - only used X5 as wind shear was not oo stroug - speeds were light.

BRL focus factor - way out of line as gradients aren't that strong (est. <.02).

either way - focusing will occur on other side of critical target. For 2h0°

no sweat - such light focusing and gradients are slwost all negative or zero -

m el T o

PO
——tdid. b LA SRl (hdedus,

1300 - Misgion successful., People st C-6 didn't hear & thing,

A=21
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September 1971
ATCH. 9b

BLAST FOCUSING WORKSHEET

PNT e UIVALENT: _ 10,030 1b DATE; 25 Nov T0
RAOR AVAILABLE:  Yeg 127 . —_
JATY HODIFILED?: Yes __ iower level winds & iemps
RAFEECe ANCLE: _ (Q) o0t (for site C-6) -and-240
- (towns)
‘_Li_) oA VAL,
Ae (8 - q)
WINDS Y |-Vcos?”| T&) 2T Vs
140/08 50 =100 =9 3 10 20 11 23
120/10 30 -120| -15 9 3 6 -9 15
100/05 10 T ) 7 -1 -2 b1l
360/0h b0 120 0 1,5 3 3 6
330/05 40 90| +k o) 2,5 5 9 5
330/12 PLO 90! +10 0 4,0 8 18 8
335/16  pU5 95] +11 3 3.5 7 18 10
330/18 PLO 90| +15 0 3.5 7 22 7
1.330/18 PLO 90| +15 0 3.5 1 22 1
| 395/20 __R35 +20 -3 2.0 L 2h 1
320/20 30 8¢l +21 41 20 L 25 -2
FIRST GRADIENT: =.0ll -, 009
SECOND GRAVIENT: 4,011 +.001
HEIGHT OF CHANGE: 2000 F 2000 Pt
FOSAL DYSTANCE: ™ 72 KF ~13,6 miles 340 KF m 65 miles
SANDIA BRI

UNFOCUSED OVERPRESSURE: _7 M «0075 PSI &, 175 MB ‘
X5 temp & 1 psi = 56.9476mb

OVERPRESSURD: 3,5 1B 17,5 MB

A-28
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SPEED OF SOUND PROFILE WORKSHEET
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SPEED OF SOUND (V)
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CHANGE USAFETVAC PN 7L-0

1972

Taniria iy
vaiiuaily

A PREDICTION METHOD FOR BLAST FOCUSING

1 ITCATRINMAN M T d T NAatan
oo vonss

-l

Anhnd Ao 71 _8R Cred-nmbo v a7y 8 m memtinaitiased Vo
FE N Y 4V Al LA NChd LTS WL [ U, U&—HUUH-UCL J-l.:[ .L’ LD k’.l k~L‘k-llb_LJ
undergoing revision and will be reissued at a later date. Pond-
ing receipt of the revision, the following pen and ink correct-

ions shculd be made in the existing copies:

Page Action to be Taken:
3, line 7 last word should be “"temperature"

A-1, line 29 change "Attachment 9," to "Attachment 6"
A-4 in bottom line, "2" should be ", 2"

D732 7685

. A-5, line 15  insert "3" in front of P}

"‘A-S, line 16 omit "0,4 - 1.2" after the word "Therefore"

A-5 in drawing,"Px” should be "Pk" and "-ap"
should be "ap-"

A-T Equation on right side of graph should be
"Pﬁ = 28p = 4 mp"

2. After necessary action, file this change in front of page 1.

RICHARD A. RASMUSSEN
Captain, USAF
Detachment 10, OWWg
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