THIS FILE IS5 MADE AVAILABLE THROUGH THE DECLASSIFICATION EFFORTS AND RESEARCH OF:

THE BLACK WAULT IS THE LARGEST ONMLIME FREEDOM OF INFORMATION ACT { GOVERNMENT
RECORD CLEARING HOUSE IN THE WORLD. THE RESEARCH EFFORTS HERE ARE RESPOMNSIBLE
FOR THE DECLASSIFICATION OF THOUSANDS OF DOCUMENTS THROUGHOUT THE U.5. GOVERMMENT,
AMD ALL CAM BE DOWNLOADED BY VISITING:

HTTP:{WWW.BLACKVALULT.COM
YOU ARE ENCOURAGED TO FORWARD THIS DOCUMENT TO ¥YOUR FRIEMDS, BUT

PLEASE KEEP THIS IDEMTIFYING IMAGE AT THE TOP OF THE
-PDF 50 OTHERS CAMN DOWNLOAD MORE!


http://www.blackvault.com/

DEFENSE TECHNICAL INFORMATION CENTER
8725 JOHN J. KINGMAN RD, STE 0944
FT. BELVOIR, VA 22060-6218

IN REPLY

REFERTO: DTIC-R (FOIA 2013-06) oCcT 1 8 2012

Mr. John Greenewald

Dear Mr. Greenewald:

This is in response to your email dated October 8, 2012, received in this office October 9,
2012, requesting information under the Freedom of Information Act (FOIA) (enclosure
1). Under Department of Defense rules implementing the FOIA, published at 32 CFR
286, your request was categorized as “other.”

At enclosure 2 you will find a copy of document AD0351230, entitled “Operation
Blowdown”. 1t has been approved for public release. To date, there are no assessable
fees for services from DTIC. Please understand that other members of the public may
submit a FOIA request for copies of FOIA requests received by this office, or the names
of those who have submitted requests. Should such occur, your name and, if asked for, a
copy of your request will be released; however, your home address and home telephone
number will not be released. Other private citizens who have obtained your name by
using such a request may contact you; however, correspondence from the DoD about
your request will be on official letterhead. Please contact me at (703) 767-9204 if you
have any questions. Thank you for your interest in obtaining information from DTIC.

Sincerely, :
s / AT ,
{ § 4

2 Enclosures MICHAEL HAMILTON
FOIA Program Manager



UNCLASSIFIED

AD NUMBER
AD351230
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Adm nistrative/ Qperational Use; JUN 1964.
O her requests shall be referred to Defense
Threat Reduction Agency, 8725 John J. Ki ngman
Road, Fort Belvoir, VA 22060-6201.

AUTHORITY

DNA Itr dtd 16 Mar 1988; DNA |tr dtd 16 Mar
1988

THISPAGE ISUNCLASSIFIED




UNCLASSIFIED

AD

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

DOWNGRADED AT 3 YEAR INTERVALS
DECLASSIFIED AFTER 12 YEARS
DOD DIR 5200.10

T G ST o £V Y . h-“"s' .«a ‘Hﬁi -

UNCLASSIFIED



3 n,m
tn;mm\swnmmg‘c 15

M 'm

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with s definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
deta 1s not to be regarded by implication or other-
wise as in any manner licensing the bolder or any
other person or corporation, or conveylng any rights
or permlssion to manufacture, use or sell any
patented invention that may in any way be related
thereto.

NOTICE:

S DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATICNAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONAGE IAWS, TITLE 18,
U.S.C., SECTIONS 793 and 794%. THE
TRANSMISSION OR THE REVELATION OF
1TS CONTENTS IN ANY MANNER TO AN
UNAUTHORIZED PERSON IS PROHIBITED

BY LAW.




CONFIDENTIAL 7
DASA-545

OPERATION BLOWDOWN

dant dig,

Edited by Mr. Jack R. Kelso
and
Lt Col C.C. Clifford, Jr.

~

|

CY™  PRELIMINARY REPORT
N

e

LD

D

Blast and Shock Division
Headquarters, Defense Atomic

Support Agenc \") SN
Washington 25, D S 05N

)A “"'

(‘}V“ ‘t\‘\.'\
A
Ju \J\‘ T )\\‘\\
T ":'/’
; AR J\
U.S. parti-..ation in Operatican BLOWDOWN was s \svalygA A

the Defens2 Atomic Support Agency under NWER Subtask 02 065

GROUP-1
E..~luded from automatic

Foreign announcement and dissemination

dowri rading .nd declassification.

T: .3 material contains information affecting
“;a national defense of the United States
within the meaning of the espionage law:s
Title 18, U. 8. C., Secs. 793 and 794, t+ -
transmission or revelation of wiich in 2.y
manner {0 an unauthcrized person is pro-
hibited by law.

of this report by DDC is not authorized.

U.S. Government agencies may obtain
copies of this report directly from DDC,
Other qualified DDT users shall request
through Director, Dei{rnse Atomic Support
Ager-, M0 G T €. 20301

CONFIDENTIAL

2357




CONFIDENTIAL

DASA ~545

PRELIMINARY REPORT
OPERATION BLOWDOWN

V\“‘n‘m- -
o1 AT fsrr e

REog ""“‘*M"“q A

) : ALL Dno
ORIGINAL MaY B s BLACS ARD Winig

SEN IN Luc HDAuQ UARTERS,

Edited by Mr. Jack R. Kelso
and
Lt Col C.C. Clifford, Jr.

Blast and Shock Division

Headquarters, Defense Atomic
Support Agency

Washington 25, D.C.

U.S. participation in Operation BLOWDOWN was sponsored by
the Defense Atomic Support Agency under NWER Subtask 02.065

June 1964

GROUP-1
Excluded from automatic

downgrading and declassification.

This material contains information affecting
the national defense of the United States
within the meaning of the =spionage laws
Title 18, U. 8. C., Secs. :33 and 794, the
transmiasion or revelation of which in any
manner to an unauthorized person is pro-
hibited by law.

Foreign announcement and dissemination
of this report by DDC is not authorized.

U.S. Government agencies may obtain
copies of this report directly from DDC.
Other qualified DDC users shall request
through Director, Defense Atomic Support
Agency, Washington, D.C. 20301

CONFIDENTIAL




THIS PAGE INTENTIONALLY I.EFT BLANK

CONFIDENTIAL



ABSTRACT

This report on Operation BLOWDOWN describes an Australian field test
in which a 50-ton HE charge was detonated over a typical rain forest at the
Iron Range Test Site, North Queensland, Australia. U.S. participation in-
cluded the establishment of a blast line to obtain overpressure and dynamic
pressure measurements, as well as the loan of instrumentation and photo-
graphic equipment.

The experiment also included military trial projects which examined the
blast effects in rain forests on items of military material, field fortifications,
supply points, and foot and vehicle movement.

This report presents preliminary results in each area of the experiment.

Key words: Operation BLOWDOWN
Project DOLPHIN
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PREFACE

The Defense Atomic Support Agency (DASA) expresses its appreciation
to the Australian Government for inviting U.S. project participation in
Operation BLOWDOWN, a 50-ton HE test held at Iron Range, Queensland,
Australia, ip July 1963. Special thanks are expressed to the military and
scientific staff at the Iron Range Test Site, which was composed of personnel
from the Royal Australian Army, the Department of Supply, 2nd the Defence
Standards Laboratory, for the friendliness, flexibility, competence, =vd
spirit of good will with which all project matters were handled. In particular,
Lt Col R.I. Fraser, R.A.E., Commander, BLOWDOWN Force and Military
Project Leader, and Dr. P.W. A. Bowe, Department of Supply, Scientific
Project Leader, were mcst helpful in furnishing the data and figures contained
in Chapters 1, 4, and & of this report.

DASA also acknowledges the considerable assistance of Mr. Julius
Meszaros, U.S. Army Ballistic Research Laboratories, in the planning and
preparation of this event.

It was with deepest regret that news of the untimely death of Mr. W. L.
Fons, Southern Forest Fire Laboratory, Macon, Georgia, on 20 October
1963, was received by members of DASA. Mr. Fons’ effor*, in Operation
BLOWDOWN contributed materially to the success of this experiment.
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Chapter 1

INTRODUCTION

(Prepared by LtCol C. S. Grazier, Combat Development Command, U.S. Army, and Mr.
Jack R. Kelso, Headquarters, Defense Atomic Support Agency.)

In July 1961, the Australian Department of Supply completed a study of the requirement
for a high-explosive forest blowdown experiment and plans for conduct of such an experi-
ment (Reference 1). This large-scale fiel.l trial, designated by the code name Operaiion
BLOWDOWN, is part of an overall research pr1ogram which has the following technical
objectives:

(1) Review previous work.

(2) Develop simplified theory of damage to be expected.

(3) Conduct model experiments with small charges.
(4) Determine tree characteristics from static tests.

(5) Conduct large-scale field test.

(6) Evaluate results and derive scaling laws.

(7) Extrapolate information to other yields and forest types.

The overall objective of this program is to obtain empirical data and verify current
prediction techniques as applicable {o tactical employment of nuclear weapons in tropical
rain forests.

Reference 1 was forwarded to the United Kingdom, Canada, and the United States early
in 1962 in order to ascertain the interest of each country in the information to be obtained,
determine possible participation in or observation of the experiment, and obtain any gen-
eral comments cn the proposed program.

The U. S. reply was prepared by the Defense Atomic Support Agency (DASA) following
a comprehensive review of Reference 1 in conjunction with various Army agencies, serv-
ice laboratories, and private contractors. DASA expressed interest in the proposed ex-
periment and recommended limited U. S. participation along the following lines to obtain
maximum correlation with previous research conducted by the U. S.

(1) Provide technical assistance in designing the ficld cxperiment and evaluating
the resulis of laboratory studies.

(2) Provide technical assistance in developing pretest predictions of blowdown
based on physical characteristics of the trees.

(3) Loan of certain U. S. electronic instrumentation to the Australian teams as
suggested by the Working Party (Reference 1).

(4) Provide assistance in procurement of U. S. electronic gages by the Australian
teams if desired.

(5) Provide a small U.S. field party to perform basic blast measurements using
self-recording gages.
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(6) Provide a minimum number of technical observers to assist in the posttest
analysis of airblast phenomena and tree blowdown, and in assessment of the obstacle
created to troop and vehicle movement.

(7) Provide a party of official ¢cbservers.

The preparation of the test site and construction of the base camp was carried out in
two phases as described in Reference 1. During Phase I, Mr. Julius J. Meszaros, Bal-
listic Research Laboratories (BRL), and Mr. Jdack R. Kelso, DASA, visited the Iron
Range Test Site in June 1962 to complete preliminary planning for U.S. participation and
to coordinate necessary logistical support. The impiementation of the large-scale field
experiment was carried out in Phase IIT of Operation BLOWDOWN.

As a portion of U.S. participation, Mr. Fred M, Sauer, Stanford Research Institute
(SRI), and Mr. Wallace L. Fons, U.S. Department of Agriculture, Forest Service,
visited the Iron Range Test Site in September 1962. During this visit, Messrs. Sauer
and Fons observed and evaluated the tests which were being made to determine the char-
acteristics of the trees, discussed the application of tle tests to the prediction of blast
damage to tree stands, and discussed with Australian representatives the instrumentation
and analysis which would be required to best utilize the results of this test in a general
way. A reporti of this visit is contained in Reference 2. Following this visit, predictions
were made by Mr. Sauer of the expected effect of the explosion on the forest stand and a
comparison made of these results (Reference 3) with the predictions by Mr. J. L. Cribb,
Defence Standards Laboratories, Australian Department of Supply (References 4 and 5).

The biomedical participation and assistance in the proposed field experiment was ar-
ranged for by DASA through the Surgeon General’s Office, Department of the Army. A
technical plan wus prepared by Lovelace Medical Foundation.

The U.S. Army prepared a technical plan dealing with the engineer aspects of Opera-
tion BLOWDOWN, which was furnished to the Australian Army and integrated where
possible in the plans for the experiment.

Edgerton, Germeshausen and Grier, Inc. (EG&G) prepared comments on the Australian
camera plan and loaned a number of cameras to the Department of Supply for their use in
obtaining technical photography.

LtCol C. C. Clifford, DASA, coordinated the participation of the U. S. team of 11 scien-
tific and military personnel during actual field operations.

Mr. Jack R. Kelso, DASA, coordinated arrangements for the party of 10 U. S. official
observers who visited the test site at the time of the detonation.

At 0830 hours, Australian time, 18 July 1963, the spherical charge of approximately
50 tons of TNT was detonated on a stccl tower at a height of 136 feet, over a rain forest
at Iron Range, North Queensland, Australia (see Map 1, Appendix I).

This preliminary report contains general information concerning all projects in this
_experiment, to acquaint the reader with general information in a specific area in which
he may be particularly interested.

The following chapters, each complete in itself, present the preliminary details of
individual projects. An interim report will be published by the Australian agencies in
1964. Final project reports for the U. S. participation will be distributed by the respec-
tive participating agencies.

1.1 DESCRIPTION OF TOWER

Early in thc planning stages for the test, several types of towers for supporting the
charge were considered. Consideration narrowed to a light guyed tower and a heavier
straight-sided tower. The straight-sided tower was the final choice. The tower was
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constructed by a civilian contractor. Figure 1.1 shows the tower with the charge in place.
Figure 1.2 is an elevation view of the tower design.

Specifications:

Height, overall: 153 feet
To center of charge: 136 feet
Sections: Nine of 13 feet
Or= of 12 feet 4 inches
One of 11 feet 11 inches
One of 12 feet
Plan size: 18 feet by 18 feet
Material: Hot-rolled angle iron
Uprights: 8 inches by 8 inches by % inch
Cross braces: 6 inches by 6 inches Ly 1/2 inch
Cross braces: 3Y, inches by 3Y, inches by ¥ inch
Base overall: 28 feet by 28 feet by 2 feet 9 inches TK
Reinforcing rod: I-inch square twisted rod

The upright legs were welded to base plates containing four 3/,‘—inch holddown bolts
each 2 feet 4 inches long. These bolts were set in a stiff grout. The concrete had a
design strength of a minimum of 2,000 1b/in® at 28 days.

For access to the tower platform a sectionalized vertical ladder was provided. The
ladder was constructed of 3- by l/2—inch flat steel sides with 1“/16—inch O.D. by 10-gage
steel rungs welded 101/4 inches apart. Safety hoops of 2- by l/‘ﬁ—inch flat steel were
placed 1 foot 9 inches apart along each section of ladder.

An electric platform hoist was welded to the side of the tower to assist in raising the
tins of TNT and other materials to the working area at the top of the tower. The tower
was constructed to a design wind loading of 120 miles per hour.

1.2 DESCRIPTION OF EXPLOSIVE CHARGE

The charge was built from specially made tins each containing about 41 pounds of TNT.
The TNT was the type used in 155-mm shells, remeited and cast into tins. Support tins
filled with a lightweight plastic were manufactured to be used for support of the lower
surface of the sphere. The final shape of the charge as built up was a sphere having a
diameter of 12 feet 10 inches (Figures 1.3 and 1.4).

The detonation system consisted of 70 CE/TNT tins as a booster. At the central can
an intermediary of CE pellets was inserted with primacord aitached which passed through
an aluminum tube and then to electric detonators at ground level. This primacord was
boosted with a detonator just outside the charge and with regularly spaced CE pellets for
the remainder of its length. This method of firing was used to insure accurate timing of
test equipment.

Extreme care in all phases of packaging, transportation, and stacking was used to
insurc a minimum of damage to the tins filled with explosive and to minimize air gaps
between tins stacked in the charge. It was thought that propagation of the detonation
would be affected if air gaps developed duie to poor stacking or damaged tins. A large
crack or gap developing from settling or stacking might have caused jetting to occur or
a deformation of the blast wave.

Scientific instrumentation was inserted into the charge at various locations to obtain
specific detonation measurements.
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i.3 DESCRIPTION OF FOREST STAND

The forest stand selected for Operation BLOWDOWN at Iron Range is representative
of rain forests occurring in North Queensland; in Southeast Asia; and on the Malayan
Peninsula. This stand is urmanaged, naturally occurring, and comprised of approxi-
mately 70 different tree species. It is characterized by a random distribution of stem
diameters from small to large, with a large proportion of the trees in the smaller diam-
eter classes. This situation is shown in Figure 1.5 taken from Reference 6 which com-
pares the size distribution of trees at Iron Range with similar curves for light and dense
Malayan rain forest. Details of this stard are presented in Table 1.1.

The forest floor within the stand is generally free of fallen dead trees. Underbrush
composed of about 60 different species is generally light, while young reproduction with
heights less than 20 feet comprising the understory is heavy. The uinderbrush and under-
story have dense foliage and are vigorous in appearance. Because of the heavy understory
and the dense fecliage, the visibility in most parts of the stand is less than 100 feet.

Average spacing of trees with girth greater than 13 inches is 14 feet by 14 feet, which
should permit vehicles such as weapon carriers to muneuver within this type of stand
without much difficulty.

1.4 GENERAL INSTRUMENTATION PLAN

The general plan of all instrumentation for this program is shown in Figure 1.6.

1.5 METEOROLOGICAL CONDITIONS

The meteorological conditions existing at the test site at the time of detonation are
discussed below:

1.5.1 Wind Velocity. Three anemometers were located at heights of 100 feet on the
tower, 70 feet on a mast in the clear cector, and 6 feet on a mast in the clear sector.
No wind was recorded at any of these stations during the 15 minutes prior to the detona-
tion. The meteorologist estimated the wind to be less than 1 ft/sec at these three loca-
tions.

The wind velocity was measured with a balloon flight at 0600, 18 July, with the follow-
ing results:

Height Velocity
ft ft/sec
250 0
500 38

1,000 11 E

1,500 12 E

2,000 34 E

The meteorologist estimated that wind speeds were essentially the same at 0830,
except for the 500-foot height which may have been 7 ft/sec.

1.5.2 Temperaturec Measurements. The results of temperature measurements at the
time of firing, combined with the study of conditions on previous similar days, are as
follows:
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Forest location {K13) 106 feet from GZ, 4 feet off ground, 13.3° C. (Remote-
reading thermometer)

Clear sector, 1,100 fect from GZ, 4 feet off ground, 12.9° C. (Autographic
recording)

Forest location (B2) 1,200 feet from GZ, 4 feet off ground, 12.2° C. (Autographic
recording)

Forest location (K12) at GZ, 100 feet off ground, 17.2° C. (Remote-reading
ther mometer)

Based upon data obtained prior to shot date, the central areas of the forest and clear
sector near the ground would be fairly even in temperaturc (within 5.5° C) at 13.2° C. At
a height of 100 feet over the forest (20 feet above the canopy) and probably lower in the
clear sector, the temperature was about 17.3° C. The temperature would be fairly uni-
form with height in the forest above 3 feet (and up to below the top of the canopy) at 13.2
+0.5° C.

In the clear sector a gradual increase in temperature from heights of 4 to 100 feet
could be expected (from 13.0 to 17.3° C), and the next 100-foot interval would have a
fairly uniform temperature both above the forest and above the clear sector at 17.3° C.

1.5.3 Humidity. Records taken on the hydrograph prior to D-day and the record to
0600 on D-day show that the humidity in the clear sector and in the forest was always
over 90 percent at 0830. When the accuracy of the hydrograph was taken into considera-
tion, the humidity was 95 + 5 percent (the hydrograph showed 100 percent) at shot time.

1.5.4 Pressure. The station level pressure measured on a Kew barometer was
1,013.0 mb (an interpolation between the 0400 and 1000 readings, 18 July 1963). These

readings were obtained at a height 60 feet above sea level.
Based on 1,013 mb, tl.e pressurc at 60 feet above MSL = 14.70 psi.
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TABLE 1.1 STAND TABLE FOR IRON RANGE RAIN FOREST

Girth ’ Average No.trees Basal area at breast height

Class Midpoint height per acre By girth class Cumulated
in in ft 2 ftr
13-15 14 41 48,78 5.27 134.0
16-18 17 47 45,73 7.30 128.7
19-21 20 53 27,13 .99 121.4
22-24 23 58 21,00 6.14 115.4
25-27 26 62 19.25 7.19 109.3
28-30 29 66 12,69 5.90 102,1
31-33 32 69 10.50 5.94 96.2
34-36 35 71 8.76 5.93 90,3
37-39 38 73 7.87 6.28 84,3
40-42 41 75 4,59 4,26 78.0
43-45 44 77 5,47 5.85 73.8
46-48 47 78 2.85 3.48 67.9
49-51 50 80 1.54 2.13 64.5
52-54 53 81 2,63 4, 08 62,4
55-57 56 82 2.63 4,56 58,4
58-60 59 83 2,63 5.06 53.8
61-63 62 84 2,41 5.12 48,7
64-66 65 85 0.88 2,05 43.6
67-69 68 86 1,54 3.93 41,6
70-72 71 87 2.63 7,32 37.6
73-75 74 88 0,66 2.00 30.3
76-78 77 89 0.66 2.16 28.3
79-81 80 89 0,44 1.56 26,2
82-84 83 90 1.10 3.39 24,6
85-87 86 91 0,44 1.80 21.2
89 91 0.22 0.96 19.4
94 92 0,22 1,07 18.4
97 93 0.22 1.14 17.4
103 94 0,22 1.29 16,2
107 94 0,22 1.39 14.9
108 94 0.22 1.42 13.6
125 95 0.22 1.90 12,1
154 96 0,22 2,88 10.2
161 97 0,22 3.15 7.4
186 98 0,22 4,20 4,2

Total trees: 237
Average spacing: 14 ft. x 14 ft,
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Chapter 2

RAIN FOREST EFFECTS ON BLAST WAVE PARAMETERS

(Prepared by Mr. John C. Keefer, Ballistic Research Laboratories.)

The primary objectives of the BRL participation in Operation BLOWDOWN were to: (1)
establish a U.S. blast line within the forest area, utilizing the BRL self-recording over-
pressure and dynamic pressure gages to study, on a limited scale, the b ast phenomena
variations within the forested area; (2) assist the Australian scientists with the elec-
tronic instrumentation phase by making available on loan a number of electronic trans-
ducers and a recording system; and (3) have available at the test site qualified personnel
for consultation to insure that the instrumentation on loan was operating correctly.

2.1 PREDICTIONS OF BLAST PHENOMENA

The BRL participaiion in Operation BLOWDOWN was primarily concerned with the
measurement of airblast overpressure and dynamic pressure within a rain forest. It
was planned to correlate these measurements with similar ones made in a cleared area,
to determine the blast attenuation within the forested area. No attempt was made at
BRL to predict the attenuation that might be expected within the forest, but the cleared
sector blast parameters were predicted. The assumed input values were a yield of 50
tons or 100,000 pounds of TNT detonated at a height 140 feet above ground surface.
Standard sea-level conditions were also assumed to prevail.

2.1.1 Airblast Overpressure. The values used in the prediction of the free-field
overpressure along the surface versus horizontal distance for the stated height of burst
and yield were taken from various sources. The primary source was a Sandia Corpora-
tion report for overpressures below 75 psi (Reference 7). The overpressures in the
regular reflection region were calculated using a computer program developed from
J. Von Neuman’s work on reflection of oblique shock waves. The predicted values are
listed in Table 2.1 and plotted in Figure 2.1. Those values below 30 psi check exceptiou-
ally well with some height-of-burst curves for TNT developed by the Atomic Weapons
Research Establishment (AWRE), located in Great Britain. The final report is in the
process of publication; therefore, the title, report number, and authors are not avail-
able for reference at this time.

The airblast arrival times predicted for BLOWDOWN were also obtained from various
sources. In the regular reflection region, the TNT free-air shock arrival time values
from DASA—-1200 were used. From a ground range of 88 to 481 feet, the arrival values
were obtained from nuclear height-of-burst curves assuming 1-kt nuclear yield equiva-
lent to 500 tons of TNT. From a ground range of 502 to 1,812 feet, the values of shock
arrival times were obtained from the AWRE report. The values overlap quite well and
form a smooth curve as shown in Figure 2.2. The values are listed in Table 2.1.

The predicted duration of the positive phase of the blast wave was obtained from
DASA—1200 for distances from ground zero out to 80 feet which is in the regular reflec-
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tion region. Here it was assumed that the duration of the reflected wave is upproximately
the same as the side-on or incident shock wave at a similar radial distance. The dura-
tions at distances from 100 to 1,266 fect were obtained frcm Reference 7. These values
check quite well with the AWRE values which range from 336 to 932 feet. The predicted
durations versus distance are listed in Table 2.1 and plotted in Figure 2.3.

The predicted positive impulse of the blast wave along the surface of the ground was
obtained from three sources. The reflected impulse at ground zero was obtained from
BRL Report 1093. The next impulse value was obtained from the Sandia report at a
distance of 130 feet from ground zero. Values from Reference 7 are plotted as “0O” on
Figure 2.4, while values from the AWRE work are noted with a “A.” There is some
deviation in the data, but the mean curve has been drawn between the peints. The pre-
dicted values of the positive overpressure impulse versus distance from ground zero
are listed in Table 2.1 and plotted in Figure 2.4.

2.1.2 Dynamic Pressure. The dynamic pressures predicted to meet the objectives
of this project are those associated with the horizontal component of the particle velocity
along the surface. Therefore, the dynamic pressure would be zero at ground zero and
increase with distance until the Mach stem is formed. After the Mach stem is formed,
then the dynamic pressure follows a normal decay with distance. This decay bears a
relationship with the peak overpressure of the blast wave and may be calculaied from the
following equation,

py - 2.5 (Pg)

7 (Py) + Pg
Where: D3 = peak dynamic pressure
Py = peak overpressure
P, = atmospheric pressure (14.7 psi)

The dynamic pressure along the surface within the regular refiection region was cb-
tained from a compuier program based on Von Neuman’s oblique reflection theory. The
values obtained from these two methods are listed in Table 2.1 and plotted in Figure 2.5.

The dynamic pressure impulse was obtained from two sources, DASA-1200 and cal-
culations using the classical decay equation from TM 23-200. A comparison between
the Australian and U. S. predictions is shown in Figure 2.6. The dynamic pressure im-
pulse was rather a difficult parameter to predict because of the small amount of experi-
mental data available.

2.1.3 Height of Mach Stem. When a charge is exploded near an unyielding surface,
the blast wave moves out initially in all directions. When this incident blast wave reaches
the surface, a complicated interaction takes place, and a new blast wave is formed by the
reflection process. This reflected wave then moves back up into air which has already
been heated by the passage of the incident wave. The reflection process can be considered
as occurring in three distinct zones: (1) normal reflection, which occurs directly under
the charge; (2) regular or oblique reflection, which occurs when the shock front impinges
with a small angle between the plane of the shock and the plane of the reflecting surface;
and (3) irregular or Mach reflection, which occurs at near-grazing incidence. In the
latter case, a new phenomenon takes place at a critical angle and shock front overpres-
sure, as determined by theburst conditions. At this point, termed the “limit of regular
reflection,” the reflected wave catches up with the incident wave, and their intersection
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rises off the ground. This intersection is known as the triple point, since it represents
the convergence of three shock fronts, namely, the incident, reflected, and Mach. The
latter, called the Mach stem, is essentially vertical, and propagates radially from
ground zero. The path of the triple point and the Mach stem height for the conditions of
the Australian experiment, i.e., 50 tons of HE at 140 feet, are shown in Figure 2.7.

2.2 INSTRUMENTATION

The self-recording gages used in the U.S. sector were BRL designed. These standard
gages have been successfully used on many nuclear and HE tests in the past 10 years. The
gage is basically a self-contained pressure versus time recording instrument, employing
a nestled diaphragm-type pressure sensing capsule (Figure 2.8). A stylus attached to the
capsule scribes the diaphragm movement on an aluminum-coated glass disk that is rotat-
ed by a chronometrically governed dc drive motor. The dynamic pressure gage employed
microphoned metal recording.disks. Pictorial views of the self-recording pressure-time
gage are shown in Figures 2.9 and 2.10.

The dynamic pressure self-recording pressure-time gage employs two separate pres-
sure sensors, scribing simultaneously on a one-motor-driven recording disk. These
sensors record total pressure and overpressure. Basically, the recording mechanism
is the samc as the standard pressure-time gage, mounted in a probe of pitot tube design
as shown in Figure 2.13.

The pressure capsule ranges used were from a low of 0 to 15 psi to 0 to 1,000 psi.
Motor speeds were 10 and 20 rpm operating on 6 and 9 volts. A preset number of turn-
table revolutions was determined by a limit switch mechanism.

Initiation of the gage was accomplished by a remote timing signal originating in the
main control bunker. The signal activated a relay distribution box that, in turn, fur-
nished a starting closure to the individual gages.

Appendix A provides additional discussion of instrumentation recording equipment.

2.3 FIELD LAYOUT

The U. S. lane comprised 10 stations extending from GZ to 950 feet in the forest and
normal to the cleared sector (Figure 2.12). One standard pressure-time (P-T) gage
was located at each station. In addition, three gages Lo obtain dynamic pressures were
included in the lane as shown in Figure 2.12.

The dyaamic pressure gages were mounted on concrete bases, and the first five P-T
gages were flush-mounted in concretc boxes.

The remaining P-T gages were embedded in the soil. All P-T gages were mounted
flush with the surface of the ground. The axis of the dynamic pressure gage (pitot tube)
was parallel to the ground at an elevation of 36 inches. The surrounding forest foliage
was disturbed only a minimum.

2.4 CALIBRATION

Calibration of the self-recording gage pressure sensors was performed in the labora-
tory before shipment to Australia. A commercially available calibrator with interchange-
able dial gages was used to apply pressure to the sensors. The dial gages were checked
for accuracy with a deadweight tester prior to being used. The disk-drive motors, used
for a time base on the recerds, were checked for constancy of rpm with an accurate
timer. The BRL shock tube facility was used to dynamically test the gages.
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2.5 RESULTS

2.5.1 Overpressure. Records were obtained irom all gages. All records with the
exception of the two close-in P-T gages were of good quality. The 94-foot station was
apparently subjected to extremely high accelerations resulting in a questionable record.
At the 144-foot station, acceleration affected both the pressure capsule and the turntable
drive motor. Photographs of the pressure-time records are displayed in Figure 2.13
and the values listed in Table 2.2.

A plot of the maximum overpressure versus distance from GZ is shown in Figure 2.14.
Duration of the positive phase versus distance is shown in Figure 2.15. The 260-foot
gage motor governor apparently malfunctioned. This motor will be examined at BRL.

2.5.2 Dynamic Pressure. Records were obtained from all gages, and all are of good
quality. Photographs of the records are not available, since field facilities are inadequate
for photographing metal disks.

The dynamic pressure versus distance from GZ plot (Figure 2.16) was obtained by
subtracting the overpressure from the tolal pressire. No gage or compressibility cor-
rections were applied in this report.

The effect of variation in the horizontal component of dynamic pressure from a zero
value at ground zero to a predicted maximum of 235 psi along the surfacc at 130 feet can
be seen in the postshot aerial photograph (Figure 2.17).

2.6 DISCUSSION

2.6.1 Overpressure. The pressures measured along the clear sector were somewhat
higher than predicted (Figure 2.18). This small increase can be attributed to the increase
in the effective charge weight by the addition of booster blocks. These blocks were added
to the charge in order to insure complete detonation. The total weight of the boosters
was 2,880 pounds with a ratio of 1.31 TNT equivalent. This gives a iotal charge weight
of 51.2 tons. Calculating the charge weight from the measured overpressures at 30 psi
and comparing this with prediction, one obtains a yield of 51.3 tons, which agrees with
the apparent weight of the charge if the booster blocks are considered.

Based on the measured data from the clearcd sector and comparison of overpressures
measured along the U. S. lane, the conclusion is that a reduction of approximately 8 per-
cent of overpressure existed in the forest within 500 feet. Beyond 500 feet, the difference
decreases with distance, and the curves merge. A comparison of the curves is shown in
Figure 2.19.

2.6.2 Dynamic Pressure. The dynamic pressures measured along the clear sector
are also higher than predicted (Figure 2.20). This increase corresponds with the higher
measured overpressures along the clear sector. Using the measured data from the clear
sector and comparing it with the dynamic pressure measured along the U. S. lane, one can
conclude that in close a reduction of as much as 40 percent was present within the forest
(Figure 2.21). At 360 feet, the difference decreases to approximately 10 percent, and
beyond this point the curves are believed to merge as in the overpressure case.

The complex interaction of the shock wave with the dense foliage of a tropical rain
forest poses many problems. Leaves and twigs on small trees and vines provide a con-
tinuum of foliage from the ground to the crowns of the tallest trees. A leaf density of
one per cubic foot with accompanying small twigs was estimated within the forest. Post-
shot photography shows the large amount of sinall missiles that were picked up and car-
ried by the blast wave (Figures 2.22 and 2.23).
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Figurc 2.1 Predicted peak overpressure versus ground ranze.
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Figure 2.2 Predicted time of arrival versus grournd range.
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Figure 2.3 Predicted positive phase duration versus ground range.

33

CONFIDENTIAL

10,000




000’0l

*e8uea punox3 snsasa esjndwl aanssaxdiasaso aseyd aanjisod pajopead ¥°g oandtg

1334-39NvY ONNOY¥I

000! on o

I 00!

Y
L) (0]
q/ﬁ

4 3 - o

-

=

5 b - J

N 1 3

o

52 =

.W/ -] -

/o/ Jooor 3

S

o

(2]

N =

&

JIMY V¢ —X =

™

DIPUDS @ 1 =

yo01

34

CONFIDENTIAL



1000

100

DYNAMIC PRESSURE - PSI

100

GROUND RANGE —FEET

Figure 2.5 Predicted dynamic pressure versus ground range.
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Figure 2.6 Predicted dynamic pressure impulse versus ground range.
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Figure 2.9 Front view of self-recording overpressure-time gage.
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Figure 2.10 Rear view of self-recording overpressure-time gage.
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Figure 2.12 Layout of U.S. lane.
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Figure 2.14 Measured maximum overpressure versus ground range.
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Figure 2.15 Measured positive phase duration versus ground range.
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Figure 2.16 Measured maximum dynamic pressure versus ground range.
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Figure 2.18 Comparison of measured overpressure in clear sector with predictions.
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Figure 2.19 Comparison of measured overpressure along clear sector and U.S. lane.
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Figure 2.20 Comparison of measured dynamic pressure in clear sector with predictions.

50

CONFIDENTIAL




DYNANIC PRESSURE - PSI

Figure 2.21 Comparison of measured dynamic pressures along clear sector and U.S. lane.
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Clear Sector - 300 feet

Figure 2.22 Leaves and twigs around dynamic pressure gages.
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Figure 2.23 Leaves and twigs stopped by missile traps.
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Chapter 3

TREE BLOWDOWN

(Prepared by Mr. Wallace L. Fons, Forest Service, Department of Agriculture.)

Prior to the actual detonstion, every effort was made to obtain every ccncceivable form
of data, as time allowed, which would be needed to assess the blowdown and to compare
this forest stand with other types in extending the results of the experiment to forests of
other types.
The following types of data were obtained prior to the detonation:

(1) Tree height versus diameter at breast height or girth.

(2) Detailed tree counts of several sample plots along a radius from ground zero
at several azimuths.

(3) Data for estimating cenicr of pressure of trees by girth classes.

(4) Number of trees less than 13 inches in girth per acre, to establish the density
of the understory.

(5) Data for e¢stablishment of number of trees per acre by girth classes.

3.1 HEIGHT VERSUS GIRTH RELATIONSHIP OF TREES IN THE FOREST STAND

To establish height versus girth relationship for the forest stand, the heights of 54
trees growing adjacent to the clear sector were measured with a theodolite. The data
is plotted in Figure 3.1.

3.2 DAMAGE ASSESSMENT SAMPLE PLOTS

The pretest survey of the sample plots consisted of a tree count and the recording of
detailed data for all trees in the following categories with a girth greater than 13 inches:
(1) Measurement of girth at breast height.
(2) Estimation of total height of each tree.
{3) Estimation of height to first limb.
(4) Identification of each by species.
(5) Information obtained in (1) through (4) above was written on tags and attached
to the trees at breast height to assist in the posttest surveys.

Under the supervision of Mr. W. L. Crofts of the Defence Standards Laboratories of
Australia, two 4-man crews were organized for the detailed survey of the damage assess-
ment sample plots. A Biltmore stick to measure tree heights was used to check the two
crews on their height estimates by eye at the beginning of the survey. It was found that
in estimating tree heights by eye there was a tendency to underestimate the height of the
trees. Estimated height versus measured girth relationship on the 24 sample plots is
shown in Figure 3.2 and compared with measured heights and girths as shown in Figure 3.1.

Table 3.1 indicates the location of the sample plots. These locations in the test site
area are shown on Map 2, Appendix I.
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3.3 HEIGHT TO CENTER OF PRESSURE

From the estimated height to first limb and estimated total height of each tree on the
damage assessment plots, the height of crown, H,, was calculated. The data v.as then
grouped into girth classes. For each girth class total height, H;, was detcrmined from
the curve in Figure 3.1. The center of pressure was assumed to be 1/3 H, measured
from the top of the tree; thus, the height to the center of pressure, measured from th:
ground surface,

- 1
Hcp = Hy — /3 Hg
The height of center of pressure versus girth of trees in the test area is shown in Fig-
ure 3.3.

3.4 DENSITY OF UNDERSTORY

To establish the density of the understory for the stand, the trees or saplings were
counted on 47 subplots, each 10 feet by 10 feet square, located in damage assessment
plots D6A, F8B, F-16(2-7), and Q11A. The count included all saplings 1 to 20 feet in
height. Figure 4.4 shows the relationship between height of tree stems and the number
of trees per acre with total height less than 20 feet in the stand composing the understory
at the test site. :

3.5 VISUAL ASSESSMENT OF RESULTING TREE BLOWDOWN

For several days following D~day,; a caretul visual appraisal was made along several
radii from ground zero of the damage to the trees. The results of this visual assessment
are discussed below:

(1) Damage appeared to be symmetrical with respect to ground zero.
(2) There was no appearance of so-called domino effect in the tree blowdown area.

(3) There was surprisingly little evidence of hang-ups, that is, broken stems or
large limbs leaning on or being supported by crowns or stems of undamaged trees.

(4) Within the first week following D-day, several irees which had the stems or
the root systems presumably damaged by the blast wave were blown down by natural wind
during the day. For example: the “blue tree” (Figure 6.1) in the clear sector with stem
damage near the ground level fell within 24 hours after the shot.

(5) A layer, approximately 6 inches deep, of shattered green leaves, was found on
the ground out to 200 feet from ground zero. Tree stems and limb wood on the ground
were covered with a layer of green leaves. This indicated that, after the leaves were
blown off the trees by the blast wave, they were moved upward by the convection column
created by the ascending fireball and then dropped to the ground when the vertical wind
weakened.

(6) At H+2 hours, several small fires were found burning in decayed wood out to
150 feet from ground zero.

(7) The accumulated fine litter, mainly composed of shattered green leaves, in the
tree blowdown area within a radius of 500 feet from ground zero, could easily become a
potential fire hazard after a few days of dry weatner.
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Preliminary visual assessment of damage was made along radii from ground zero at
several azimuths by Mr. Volek and Mr. Fons. It was concluded that the extent of damage
at equal distances from ground zero for the several azimuths was practically identical.
As a result, detailed notes were compiled of the damage observed along the primary lane.
The extent of damage found at specified distances from ground zero along the primary
lane follow:

(1) From ground zero tc 50 feet. Severe damage.
Some trees were sheared off at 10 to 40 feet above the ground, and others were
uprooted. There was no evidence of limbs on the ground. The ground was covered with
a deep layer or shattered green leaves.

(2) From 50 to 100 feet. Severe damage.

The smaller trees, less than 18 inches in girth, were literally pulled or lifted
out of the ground and moved 10 to 20 feet away from their original positions. The larger
trees were either broken along the stem or uprooted. Broken pieees of limb wood and
small tree stems were covered with a layer of shattered leaves.

(3) From 100 to 150 feet. Severe damage.
Both large and small trees were either brcken along the stem or uprooted.
Most stems were broken up into vacious lengths. There was no evidence of limbs in the

area.

(4) From 150 to 200 feet. Severe damage.
All trees were down. Approximately 90 pereent were downed by stem break-
age, and 10 percent were uprooted. All stems on the ground were intact. There was
practically no cvidence of limbs on the top of the layer of the aceumulated litter.

(5) From 200 to 250 feet. Severe damage.
There was some uprooting of small trees but no uprooting of the large trees.
Approximately 5 percent of the large tree stems remained standing but were denuded of
limbhs. Some broken limbs were in evidence on top of the layer of accumulated litter.

(6) From 250 to 300 feet. Severe damage.

Approximately 80 percent of the tree stems were broken. Tree stems broken
near the ground level were still attaehed to the stump. The remaining 20 percent of the
tree stems still standing were denuded of limhs. There was some accumulation of large
and small limbs on the ground.

(7) From 300 to 350 feei. Severc darmage.
Approximately 50 percent of the tree stems were broken. The trees that re-
mained standing were mostly denuded of limbs. The ground was covered with a heavy
accumulation, 4 to 6 feet deep, of small and large limbs.

18) From 350 to 400 feet. Moderate damage.
There was some stem breakage of small trees but no stem breakage of the
larger trees. On some of the large trees, there was extensive breakage of large limbs.
A few of the large trees were not completely defoliated. Part of the heavy limb aceumula-
tion at this distanee appeared to have come from the 300- to 350-foot seetor.

(9) From 400 to 450 feet. Moderate damage.
There was no stem breakage or uprooting of the trees, but there was a consid-
erable amount of limb breakage, espeeially of the small limbs. The understory was
defoliated, but its stems and limbs remained intact.
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(10) From 450 to 550 feet. Light damage.
Limb breakage on all trees was light. Limb accumulation on the ground was
moderate. Defoliation of trees and understory was approximately 90 percent.

(11) From 550 to 750 feet. Light damage.
Breakage of small limbs was light. Defoliation of trees and understory was
about 50 percent at 600 feet, dropping to about 20 percent at 750 feet.

(12) From 750 to 950 feet. No damage.
Defoliation of the trees was noticeable beyond the distance of 800 feet only
because there were new leaves scattered on the ground.

3.6 POSTTEST SURVEY OF DAMAGE ASSESSMENT SAMPLE PLOTS

Following the detonation, two survey teams assessed the damage resulting to the
individual, tagged trees in the sample plots. Preliminary results of this survey are
given in Tables 3.2 through 3.10.

Table 3.2 is a recapitulation of all trees in these sample plot areas. Tables 3.3
through 3.10 contain data for trees counted within girth classes as indicated.
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TABLE 3.1 LOCATION OF DAMAGE ASSESSMENT SAMPLE PLOTS

Secondary Lanejy Primary Lanei/ 450 Lane
M-11B K-2B H-1CB
N-11B K-4A F-8B
0-11B J-SB E-7B
P-11B K-6B D-6A
Q-11A K~-7B B-4B
R-11A K-8B
S-11A K-10B

K—llg/

Z-2(M6-M7)
Z-4(N17-017)

Z-7(F16)

3/ Plot sizes: 50 ft x 100 ft
2/ Plot sizes:; 70 ft x 70 ft

§/ Plot sizes: 100 ft x 100 ft
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TABLE 3.2 RECAPITULATION OF DAMAGE TO ALL TREES
AT GROUND RANGES FROM 25 TO 1,130 FEET

Distance Total No. Percent Percent
Range from of trees Undamaged Standing
GZ, ft
25 - 115 74 0 0
95 - 155 117 (o] 1.7
140 - 200 159 0 3.8
190 - 250 141 (o] 1.4
210 - 290 65 0 0
240 - 300 127 0 1.2
290 - 365 204 3.5 17.0
350 ~ 410 115 31.3 42.5
250 - 430 52 7.5 41.5
400 - 460 114 53.6 58.8
420 ~ 510 126 62,4 70.5
500 - 565 135 71.2 78
550 - 610 485 82.0 90.8
570 - 660 159 92.5 93.0
650 - 700 155 91.6 92.3
700 - 770 174 95.5 95.5
750 - 800 iOS 97.2 99.0
780 - 850 161 96.4 97.0
850 - 900 165 98.8 98.8
900 -1000 210 98.6 98.6
1000 ~1130 211 98.2 99.0C
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EXPLANATORY REMARKS FOR TABLES 3.3 THROUGH 3.9

Column (1)
Column (2)
Columau (3)
Column (4)

Column (5)

Column (6)

Column (7)

Column (8)
Column (9)
Column (10)

Center distance from GZ.

Total number of trees in area counted for the girth class, N .
Number of trees uprooted and percent compared to Ny .

Number of trees with broken stems and percent compared to N; .

The number of trees which could not be found ar*er the explosion.
This number is actually the difference between (U+ B + S + Un-
damaged) and N; . Note that this number decrsases rapidly with
distance from GZ, is nearly 100 percent for small girth trees
near GZ, and near zero beyond approximately 350 feet. The
number is also less for large girth trees that could be identified
in the debris.

Refers to trees with all or nearly all limbs removed, but the stem
itself still intact.

Includes trees with moderate limb breakage, defoliation, and nil
damage.

Number of trees not counted as undamaged.
Number of trees with stems intact.

Number of trees with stems broken, trunks on the ground, or not
present.
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